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INTRODUCTION 

THIS REVIEW surveys and characterizes papers comprising 
various fields of heat transfer that were published in the 
literature during 1991. It is intended to encompass the 
English language literature, including English translations 
of foreign language papers, and also includes many for- 
eign language papers for which English abstracts are 
available. The literature search was inclusive, however, 
the great number of publications made selections in some 
of the review sections necessary. 

Several conferences during 1991 were devoted to heat 
transfer or included heat transfer topics in their sessions. 
They will be briefly discussed in chronological order in 
this section. The 1991 International Seminar on Heat and 
Mass Transfer in Porous Media was sponsored by the 

International Center for Heat and Mass Transfer on 20-24 

May at Dubrovnik, Yugoslavia. The majority of the 
papers are available at the Center in a bound volume. The 
ASME Turbo Expo--Land, Sea, and Air sponsored by the 

International Gas Turbine Institute and held on 3-6 June 
at Orlando, Florida included in its program session on 

ceramic technology, fii cooling, coatings and compos- 
ites. Printed papers are available through the ASMB order 

department. The ACHEMA 91, International Meeting on 

Chemical Engineering and Biotechnology, connecting 
with a large exhibition, was held at Fra&mt/Main, Ger- 

many on !+-15 June. The Second World Conference on 
Experimental Heat Transfer, Fluid Mechanics and Ther- 
modynamics was organized by its assembly on 23-28 
June at Dubrovnik, Yugoslavia in 10 keynote lectures, 7 
panel discussions, 25 invited lectures, 209 contributed 
papers and open forum sessions. Papers are available at 

Else&r Science Publishing Co. Raymond Viscanta was 

awarded the first Nusselt-Reynolds Prim. The 26th 
Thermophysics Conference was organized by the Ameri- 
can Institute of Aeronautics and Astronautics on 24-27 

June in Honolulu, Hawaii with sessions on spacecraft 
coatings, solidification and convection, thermal analysis, 
heat pipes, and hypersonic non equilibrium flow. Confer- 
ence pmceedings are available and selected papers are 
published in AIAA journals. 7’7~ 7th International Con- 
ference on Numerical Me&oak in Luminar and Turbulent 
Flow was sponsored by Lockheed Missile and Space Co. 
and by Stanford University on 15-19 July at Stanford, 
California. The 1 st International Conference on Compu- 

tational Modeling of Free and Moving Boundary Prob- 
lems was held on 2-4 July at Southampton, U.K. Proceed- 
ings are available at Computational Mechanics Publica- 

tions. The International Numerical Heat Tran#er Con- 
ference and Software Show wa.. organized by the Intema- 
tional Center for Heat and Mass Transfer on 22-26 July at 

Guilford Surrey, England. The 27th National Heat Trans- 
fer Conference and Exposition was organized by the 
American Institute of Chemical Engineers at 28-3 1 July at 
Minneapolis, Minnesota in 48 sessions on high speed/high 
temperature flow,nuclearcontainment andreactor design, 
two-phase flow, phase change, non-Newtonian fluids, 
electronic packaging, geophysical media, heat pipes, foul- 
ing, fiis and combustion, metals processing, cryogenics, 
microgravity, plasma, and fundamentals. The 1990 Max 

Jakob Memorial Award was presented to R. J. Goldstein 
andthe 1990DonaldQ.KemAward toA. E.Bergles. The 
Awarders presented lectures on “Buoyancy Generated 
Flow in Enclosed Layers” and “Heat Transfer Enhance- 
ment - The Maturing of Second-Generation Heat Trans- 
fer Technology.” Papers presented at the meeting arc 

collected in special volumes available from the ASME 
order department. 

The International Center for Heat and Mass Transfer 

organized a Symposium on Heat an Mass Transfer in 
Biomedical Engineering on 24 September at Dubrovnik, 
Yugoslaviawith 12 sessions and avideo forum. The 1991 
ASME Cogen-Turbo V was held on 3-5 September at 

Budapest, Hungary, organized by the International Gas 
Turbine Institute. Selected papers are available in relevant 
ASME! journals. The 1991 Yokohama International Gas 
Turbine Congress, organized by the Gas Turbine Society 

of Japan, held on 27-31 October at Yokohama, Japan, 

included sessions on turbine cooling and heat transfer, 
ceramics, and heat exchangers. The 112th ASME Winter 
Annual Meeting was held on 27-3 1 October at Atlanta, 
Georgia; included in the field of heat transfer were 

sessions on bio-heat and mass transfer, fluid&d bed heat 
exchangers, micro heat and mass transfer, phase change, 
superconductivity, manufacturing processes, spray sys- 
tems, cryogenics, fire and combustion, heat exchangers in 
transportation systems, multiphase transport in porous 
media, nuclear reactors, and plasmas. 

The 11 th ABCM Mechanical Engineering Conference 
held on 11-13 December at Sao Paulo, Brazil devoted one 
fourth of its sessions to heat transfer and thermal energy. 
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A list of books related to heat transfer and new journals 
published during 1991 is presented on the following 
pages. To facilitate the use of the review, a listing of the 
subject items is made below in the order in which they 

appear in the text. The letter which appears adjacent to 
each subject heading is also added to the references cited 

in each category. 

CompositesJiayered and anisotropic media 

Conduction, A 
Boundary layer and external flows, B 

Channel flows, C 

Studies in this subcategory included thin fii deposi- 
tion on composite substrates [23A], stability of large 
composite semi conductors [IgA], thermal response of 
fireexposedcomposites [21A],heattransferinanisotropic 
media ]24A], effective thermal conductivities of trans- 

versely isotropic composites [19A], thermoplastic matrix 
compostie filament winding and thermal conductivity of 
coated short-fiber composites and fibrous composites 
]lhA, 17A, 22A], and heat flow in solid bodies including 

anisotropy of thermal conductivity [2OA]. 
Flow with separated regions, D 
Heat transfer in porous media, DP 
Experimental techniques and instrumentation, E 
Natural convection - internal flows, F 

Natural convection -external flows, FF 
Convection from rotating surfaces, G 
Combined heat and mass transfer, H 
Change of phase -boiling, J 
Change of phase - condensation, JJ 

Change of phase - freezing and melting, JM 
Radiation in participating media and surface 

radiation, K 
Numerical methods, N 

Transpon properries, P 
Heat transfer appiications - heat pipes and heat 

exchangers, Q 

~serf~ulse heating, propagation and shock waves 
Numerous papers encompassing the effects of laser and 

of pulsed sources on materials, propagation of themal 
waves and shock waves due to sudden heating and the like 

have been investigated and appear in [25A_48AJ. 

Heat co~u~tion in ~iscel~ous geometries 
Conduction heat transfer studies in fii, tubes/rods, 

cylinders, plates, and miscelhuteous geometries are re- 
viewed in this subcategory. The studies include investiga- 

tions involving variable heat transfer coefficients, 
triJaminated fins, cychc surface heating effects, optimum 

shape designs, and extended surfaces [49A-53A]. 

Conduction with convectionlstrar~icction aspects 
Heat transfer applications - general, S 
Solar energy, T 
Plasma heat transfer and MHD, U. 

CONDUCTlON 

The mode of conduction which is fundamental in heat 
transfer encompasses a w icie variety of issues in engineer- 
ing applications. This past year, numerous papers dealing 
with theoretical, ana&ticaI/numeric&, and experimental 
studies have been attempted for a variety of scenarios. The 
various sub-categories for tiris section on conduction 
include: contact conduction/contact resistance; compos- 
ite/layered/anisotropic media and mater%&; hise.r/p&e 
heating effects, propagauon and shock waves; conduction 
heat transfer in various geomenies; conduction influenced 

by convection; new and approximate methods, algorithms 
and numerical formulations; therrnai-mcchanicai prob- 
lems, inverse problems; miscelianeous conduction stud- 
ies; special applications; and special experimental con- 
duction studies. Papers deaiing with each sub-category 
are described next. 

Natural and forced convection effects in solidification 
processes appear in this su‘bcategoty to include laminar 
forced and mixed convection studies, measurement of 
temperature fieids for conduc~o~onve~on problems, 
conjugate hear transfer issues, huninar tube flow coating 

of moving surfaces, and comparative experimental and 
numerical studies [54A-62A]. 

Methods and ap~roacilesinumeri~ai studies 
As always, there is a weaith of cocoon involving 

smdies attempting to employ new and aitemate methods, 
algorithms and numeric& smdies in conduction problems. 
Attempts to inciude comparative experimental and nu- 
merical studies are aiso inciuded. These papers appear in 
[63A-WlA]. 

Jnterdiscip~htuuy thermal-stxuctu& problems have al- 

ways been an inyorii~ issue in the design of engineering 
components and stmctures. Thermal-stresses mduceddue 
to various heat loading scenarros have been investigated in 
both isotropic and coIRposilt: material. These appear in 
[105A-WA]. 

Contucr conduction.Wontuct resistance Inverse probiems 
Papers in this subcategory invoived ‘both theoretical, In comparison to direct strategies for me sohrtion of 

numerical and experimental investigations. Included are temperature fields and the like, inverse formulations have 
studies irwolving contact resistance in a heat-sink assem- received increased anention in recent years. Various 
bly, slidingcon~~,insulafionm~e~s,e~~~si~n studies invoived in this subcategory inchrde mu&i-param- 
problems, contact issues in geometries, periodic contact, eter inverse probiems, measumm ent of heat transfer coef- 
dissimilar metal contacts and miscelbmeous studies [l A- ficients, inverse convolution methods and inverse solu- 
15A]. tions for unsteady problems [125A-128A]. 
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Miscellaneous conduction studies 
Nume.rous other related studies involving conduction 

have also been attempted for a wide variety of problems. 
These appear in [129A-141A]. 

Particularly unique or special applications are grouped 
in this subcategory. Several of these studies often are not 
restricted to conventional heat transferproblemstradition- 
ally encountered. These papers appear in [142A-189A]. 

Special experimental conductiort studies 
Papers in this subcategory include applications of ex- 

perimental techniques to clothing, finned tubes, heat- 
conducting materials, magnetic refrigerators, conducting/ 
radiating films, influence of ultrasonic effects, andmecha- 
nisms of heat transfer augmentation involving conduction 
[19OA-202A]. 

BOUNDARY LAYERS AND EXTERNAL FLOWS 

The research on boundary layers and external flows 
during 1991 has been categorixed as follows: flows 
influenced externally, ffows with special geometric 
effects, compressible and high-speed flows, analysis and 
modeling techniques, unsteady flow effects, films and 
interfacial effects and flows with special fluid types. 

External effects 
Several papers documented the effects of buoyancy, 

imposed vibration, external disturbance level, impinging 
wakes, disturbance folds induced by a nearby cylinder 
and by large eddy breakup devices. Several documented 
the responses of boundary layers to pressure gradients and 
curvature. Results of several entries showed effects of 
embedded vortices, magnetic fields and bubbling jets on 
boundary layer heat transfen two discussed boundary 
layer flow with conjugate heat transfer [lB-22B]. 

Geometric @ect 
Papers in this category focus on special effects due to 

global or surface geometry. Several were for cylinders, 
cones and other geometries with stagnation flows and 
cylinders at various orientations to the flow. Other 
geometries include plates of ftite thickness, wall jets, 
curved hills, swirling cavity flows, planetary flows and 
heat transfer with short heating lengths. Wall geometries 
include semi-permeable walls, permeable walls and rough 
walls. A study was presented for the particular geometry 
of a mechanical face seal [23B--43B]. 

Compressibility and high-speed flow @ects 
High Mach munber flows were investigated for a cold- 

plate, a plate at an angle of incidence, bhmt bodies, an 
aeroassist experiment and reentry vehicles. The effect of 
heat transfer on boundary layer stabiity was analyzed 
[44B-53B]. 

Analysis and modeling 
Analytical papers include application of integral tech- 

niques, the development of a complete turbulent velocity 
profile for non-Newtonian fluids, an estimation of the 
boundary heat transfer coefficient distribution and an 
exact solution for convective diffusion. E+&nental 
results were presented for spsnwise eddy diffusivity. 
Analytical techniques include a “large vortices” model, a 
mixing length model for rough surfaces, analysis of chemi- 
cal non-equilibrium effects, analysis of an orthotropic 
layer, and characterization of variable temperature effects. 
Several papers dealt with turbuIence and transition in gas 
turbine blade flows [54B-66B]. 

Papers in this category include results of studies ofwavy 
films, effects of large-amplitude gas oscillations, heat 
exchange processes with periodic intensity, rn~~~onof 
combustion and the analogy between unsteady heat and 
mass transfer. Transient analyses were conducted for 
rocket nozzles, wag transfer probes and unsteady laminar 
boundary layers [67B-74B]. 

Films and interfaces 
Studies of films include two papem on falling films and 

one on a wavy film of LiBr. One paper dealt with 
microconvection at an air-water interface and another 
discussed heat transfer processes on counter-current con- 
tact plates [75B-79B]. 

Fluid types 
Results were presented for studies of the effects of 

temperatnre-dependent properties on the heat-mass tmns- 
fer analogy, of lowconductivity fled behavior, of the 
evolution of impurity distribution and of thickness scaling 
for boundary layer flow in 4-He films. One paper was 
presented for a liquid and particulate system and another 
presented results for agas-particulate system @OB-%B]. 

CHANNEL FLOWS 

Forced and mixed convective heat transfer in ducts was 
examined under a variety of geometries and flow condi- 
tio~~dw~~~~o~efo~o~gc~go~~~t- 
walledc~arandrectangularducts;inegulargeametries; 
entrance effecta; finned and proftied ducts; flows with 
swirl and secondary motion; oscillatory and transient 
flow; two-phase flow; low-temperature applications; and 
miscellaneous studies including non-Newtonian flow, 
magnetofluid-coated channels, electro-convection, and 
channel/fhtidized bed studies. The lMature also con- 
tained a review paper [ lC] highlighting the heat transfer of 
gas flows in channels at higb heat loads. 

S~aig~t-waled circular and rectangular ducts 
Avarietyofnubulencemodels~mtestedinthcs~ple 

geometry provided by straight-waIled ducts, in&ding a 
low Reynolds number k-a model, higher order Reynolds 
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stress models, and mixing length approaches. Channel 
modeling was compared to experimental results and direct 
Navier-Stokes calculations. The majority of channel flows 
were examined under mrbulent flow conditions, although 
selected laminar flow situations were studied. The fol!ow- 
ing applications were treated: combusting flows; the flow 
of hydrocarbon fuels; wall heat generation to model the 
cooling of electronic equipment; channel flow drying 
using desiccants; and pemreable wali situations [2C- 
24C]. 

Irreguiar geometries 
T’he heat transfer literature examined a variety of irregu- 

lar duct geometries under conditions conducive to the 
enhancement or reduction of the heat transfer rate [25C- 
49C]. Straight-walled annular ducts were studied under 
chemically reacting non-equilibrium conditions, for 
relaminarization situations in strongly heated gas flow, 
and for annuli with moving cores. The heat transfer of 
accelerating and decelerating flow fields were investi- 
gated in a number of geometries, including propulsion 
nozzles, convergent-divergent rectangular ducts, and for 
ducts with periodically varying walls. Several complex 
geometries were also considered, including cusp-shaped 
ducts, axial flow rn rod-bundle clusters, and in ducts with 
jet crossf!ow injection. 

Entrame ejjects 
Many practical heat exchanger systems require efticient 

thermal transport before fully-developed hydrodynamic 
or themtat conduions can ‘be established. There were a 
number or papers in the literature which examtned these 
spa&thy deveioping fluid flow and heat transfer situations 
[.5OC-K2C]. The entrance region of an annular channel 
was treated as a Sturm-Liouville problem. Prmance re- 
gions of trapezoidal, semi-circular, and rectangular ducts 
were investigated under a variety of conditions, including 
strong three-dimensional flow and rn convergmg-diverg- 
ing ducts. Para.Uel plate channel tlow was studied at low 
Reynolds numbers and for asymmetnc heating. Mixed- 
mode heat transter was considered in the following situa- 
tions: forced and natural convecuon in a semi-circular 
duct; axral conduction and radiation m a circular pipe; as 
well as conductron and convection in a circular pipe. 

Finned and profiled ducts 
The hear transfer augmentanon due to profiled duct 

surfaces was au active area of research during the year 
[6X-94C]. Twice as many conmbutions were made in 
this subcategory in the 1991 literature, as compared to the 
previous tinee years. f+nthermore, the work was approxi- 
mately two-thirds experrmental i~ld one-third numerical, 
a trend which was also somewhat unexpected based on 

recent reviews showing a emphasis on numericai work. 
Apphcations most commonly encountered inthe iiLemtLLR 

weLe for gas turbine blade cooling and the heat removal 

from electronic equipment. These studies included v- 

shaped ribs in square passageways, angled discrete ribs in 
rectangular channels, opposing wall roughened channels, 

and a number of studies of low-profile electronic compo- 
nents in various arrangements. The following configura- 
tions were also examined: supercritical flow with spacer 
elements; channel junctions with dissimilar surface rough- 
ness; a square rod in a channel; grooved channels; periodi- 
cally dimpled channels; and longitudinal fins. 

Ductflows with swiri and secondary motion 
Secondary motion in ducts set up by the radial imbal- 

ance between momentum and pressure forces can lead to 
either heat transfer augmentation or a reduction in heat 
transfer if relaminarization is experienced. Secondary 
motion can also be imposed on the flow by swirl-inducing 
inserts called twisted tapes. The literature examined a 
number of flow configurations including swirl in a cy- 
clone chamber, variable-density swirling pipe flow, flow 
in coils including steeply bent coils, alternating curved 
pipes or serpentines, and curved square ducts. Hot and 
cold fluid exchange was also studied in a circular duct 
through a process called eversion [95C-112C]. 

Oscillatory and transient flow 
Periodically forced and transient channels flows were 

examinedin anumber of situations intheliterature [113C- 
119C]. Oscillatory flow in a porous medium channel 
formed by two large parallel plates revealed areduction in 
overal! heat transfer rate with increasing permeability 
parameter. Oscillating pipe flow with applications to Stir- 
ling engme heat exchangers was studied numerically. A 
periodically varying inlet temperature was imposed on a 
fully developed Graetz problem to model the heat transfer 
inpulsedlasers.Transientflowwasstudiedunderavariety 
of conditions including: unsteady conjugate heat transfer 
in lamtnar pipe flow; unsteady flow of Freon 12 in chsn- 
nels to model vertical heat pipes; and ageneral study of the 
effect of changes in wall temperature, coolant flow rate, 
and wall heat flux on overall performance of cooling a 
fluid in a pipe. 

Two-piusr Jlow in ducts 
‘Iwo-phase flow with applicanons to duct geometries is 

reported here as refs. [12OC-128C]; a more complete 
examination of phase change heat transfer can be found 
elsewhere in this review. Film condensation heat transfer 
was studied under a variety of conditions including vapor 
condensauon in parallel plate channels, droplet deposition 
and misr supercooling in turbulent channel flow, and in 
annular tubes having helically placed ribs and wires. 
Boiling heat transfer was invesugated in a vertical channel 
with the upward and downward flow of fluid under con- 
stant pressure drop conditions. Other studies included air- 
water plug-slug flow, micro-encapsulated phase change 
in slurries, and gas-particle suspension flows. 

Cryogenic upplicutions 
Low temperature applications included the following: 

the stability of superconductors cooled by He II; the theory 

of thermal hydraulic quenchback; the examination of 
radial heat transfer of He II in a diverging channel; the 
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effect of channel geometry on heat transfer in He II; and a 
performance study of a superconducting generator [ 129C- 

133Cl. 

Miscellaneous studies 
There were a number of channel flow studies which did 

not fit well into the subcategories reviewed above [ 134C- 
155C]. Non-Newtonian flow of a viscoelastic fluid was 
examined between two parallel plates and non-Newtonian 
particle-fluid heat and mass transfer was investigated. The 
heat transfer and associated drag of magnetofluid-coated 
channels were investigated, planar and sinusoidal coat- 
ings were considered. The effect of organic liquid deposits 
on heat transfer in a channel was studied, as well as the 

downward flow of a viscous electrically conducting fluid 
in a magnetic field. Electroconvection due to corona 
discharge was also treated. Several studied examined the 
heat transfer in circulation systems including fluidized 

bed-channel arrangements and combustion chambers. 

ROW WITH SEPARATED REGIONS 

Flow configurations characterized by large scale flow 
separation and fluid recirculation were categorized as 

follows: flows encountering a backward-facing step; fluid 

flow and heat transfer characteristics of a single circular 

cylinder in crossflow; multiple cylinder arrays and tube 
banks; 5ow past irregular bluff-body geometries; and a 
handful of studies examining flow separation in miscella- 

neous applications. 

Flow past a backward-jhcing step 
Numerical and experimental studies examined the fluid 

flow and heat transfer behavior downstream of bachward- 
facing steps and sudden-expansion geometries [lD7D]. 
Experiments in air, oil, and viscoelastic fluids were con- 

ducted; transient flow past a step was also studied in a 
Ludwieg tube. Various turbulence models were applied to 
the separated flow downstream of a step and compared to 
experimental data. The heat transfer characteristics down- 
stream of a step having a cylinder positioned at the top 
comer were examined. Heat transfer enhancement or 

deterioration was possible depending on the location of 

the cylinder. 

Flow over an isolated circular cylinder 
Oneofthemosrclassic5ows,thatofunsteadyseparated 

flow past a circular cylinder, remains an active research 
topic in the hear transfer community [8D-15D]. The 
vortex shedding phenomenon behind the cylinder is bott 
rich in detail and fascinating to observe in the laboratory; 
a complete description of the flow physics will no doubt 
allude researchers for decades to come. A number of 
studies examined the influence of flow disturbances on the 
cylinder heat transfer characteristics; free stream turbu- 
lence, pulsation, and a tripping wire were considered. The 
influence of thermal boundary conditions on azimuthal 
heat transfer characteristics was studied, as well as the 
effect of thermal ratcheting. Electrostatic cooling of a 
cylinder was also investigated experimentally. 

Multiple cylinder arrays and tube banks 
The fluid flow and heat transfer characteristics of mul- 

tiple-cylinder configurations am quite complex andhighly 
dependent on cylinder geometry and arrangement. Studies 
in the literature covered the spectmm from complete heat 
exchanger arrays to fundamental work aimed at&scribing 
the fluid-thermal behavior downstream of two circular 
cylinders in crossflow [ 16D-241. Numerical solutions 

were obtained for diamond-shaped pin fm arrays; a total 
of 18 arrays were examined as a function of vertex angle 
and Reynolds number. The heat transfer in gas-solid 
suspensions was considered in a staggered tube array. The 
effect of wall roughness in circular tube arrays was inves- 
tigated experimentally in air. A single cylinder placed 
downstream of a row of cylinders, as well as several hvo- 

cylinder arrangements were studied. 

Irregular bluff-body configurations 
Separated flow downstream of bluff objects can lead to 

either the enhancement or reduction of heat transfer de- 
pending on flow conditions and geometty. A number of 
irregular geometries were considered in the literature 
including surface-mounted protrusions, blunt flat plates, 

wedges, and bodies at incidence in supersonic flow [25D- 

36D]. The naphthalene sublimation technique was used to 
deduce heat transfer characteristics in the neighborhood of 

wall-mounted cylinders. Surface-mounted cubes, plates, 
and vortex generators were also employed to study wall- 
obstruction heat transfer behavior. Turbulence modeling 

schemes, in particular the k-~ model, were compared to 
experimental results for variously shaped blunt objects. 

Miscellaneous studies 
Flow separation and heat transfer were investigated in a 

number of configurations which did not fall into the 

categories identified above [37WD]. The mixing char- 
acteristics of a free turbulent jet issuing from a rectangular 
orifice were examined. Jet mixing in a cylindrical vessel 
was studied under a number of jet nozzle configurations; 
vortex chamber flow was also considered. Hybrid k-& 
turbulence modeling of recirculating flow was compared 

to experimental results. Stagnation region flow and sepa- 
rated flow around accelerated/decelerated particles were 

also treated in the literature. 

HEAT TRANSFER IN POROUS MODIA 

Porous media means a mixture of fluid and solid phases 
that have interconnected pores or mtergranular spaces 
through which fluid can move. Such systems are often 

advsntageous because they have a large fluid-solid inter- 
facial area which can enhance physical and chemical 
processes. As can be seen from the sub-headings in this 
section, many of the categories are parallel and duplicate 
the areas covered in other sections of the review. The 
unifying feature of papers in this section is the essential 
role of porous media. 
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Conduction 
Several studies [lDP-8DP] concern the calculation cf 

an average thermal conductivity for a porous medium. 
Inhomogeneities may be considered random or ordered. 
Cases considered include saturatedpacked beds and solids 
with small fractions of a second phase. 

Packed beds (forced convection) 
Many applications consider a fixed solidmaterial where 

fluid is forced through it by an externally imposed pressure 
difference [IlDP, 12DP, 14DP-17DP, 19DP, 21DP, 
22DP]. Most of these studies involve experiments where 
the primary objective is to maximize the heat transfer 
while minimizing the required pressure drop. Another 
situation where packed beds occur is at the start-up of a 
fluidized bed reactor [lODP]. The possibility of phase 
change in the solid bed is important for thermal storage 
systems [9DP, 13DP, 18DP, ZODP]. 

Packed beds (natural and mixed convection) 
Natural or free convection in packed beds was consid- 

ered in several analytical or numerical studies [24DP, 
26DP. 29DP. 35DP, 36DP, 45DP, 47DP, 50DP]. A few 
studies were directed toward finding efficient computa- 
tional schemes for 5ow in porous media [49DP, 53DP]. 
Experimental studies using flow visualization were also 
reported [26DP, 44DP]. Anisotropy of the porous media 
[30DP, 42DP], non-Newtonian fhrids [40DP] and radia- 
tion [25DP] were considered. Mixed free and forced 
convectionwas studiedinseveralnumerical[34DP, 37DP, 
46DP, 51DP] and experimental [38DP] studies. The onset 
of convection and instability was the focus of other studies 
[28DP, 43DP, 48DP, 52DP, 54DP]. The occurrence of 
phase change in the packed bed was considered including 
liquid-gas interfaces in the fluid [23DP]. Non-Darcy 
effects were the object of several studies [27DP, 31DP- 
33DP. 39DP, 40DP, 55DP]. 

Fluidized beds 
Fluidized beds are of great current technological utter- 

est, and a large number of articles for the current year are 
reported. Analytical scaling [64DP] and particle modeling 
studies [8 1 DP] have been conducted, and several compu- 
ter models [61DP, 62DP. 70DP] have been constructed. 
Many studies have focused on the heat transfer coefficient 
between the fluidized bed and the wall [57DP, 58DP, 
59DP, 69DP, 72DP, 73DP, 75DP, 76DP, 84DP] while 
others have studied the heat transfer between the gas and 
individual particles [6ODP, 77DP]. There have been stud- 
ies of the heat transfer between the fluidized beds and 
objects inside the beds including tubes or cylinders [66DP, 
67DP, 79DP], wires [74DP] and larger particles [56DP]. 
Other studies involved bubble formation [71DP] and 
interaction [78DP]. Experimental studies have consid- 
ered expansion [65DP], conditions at minimum fluidiza- 
tion [63DP], vibrationally fluidized beds [83DP], local 
hydrodynamics [85DP] and the relationship between par- 
ticle motion and heat transfer [68DP]. Two studies were 
done in the related area of heat transfer to slurries of 
particles [80DP, 82DP]. 

Heat transfer combined with mass transfer or chemical 
reactions 

Numerous studies were done of combined heat and 
mass transfer in porous media. Models and numerical 
results for non-reacting systems concerned coupled heat 
andmass transfer in differing configurations [89DP, 9ODP, 
93DP, 96DP-98DP]. Specifically, the effect of Hall cur- 
rent and wall temperature oscillations for rotating porous 
media [88DP], steam-water counter-flow [102DP] and 
sublimation cooling [lOlDP] were considered. Two pa- 
persreportedexperimentalresults[91DP,103DP].Analy- 
sis and numerical results for heat transfer in chemically 
reacting systems of porous media were also reported 
[86DP, 87DP, 92DP, 94DP, 95DP, 99DP, lOODP]. 

Specific applications 
Many paper addressed specific applications of porous 

media. These papers also could have been included in one 
of the sub-headings above but are listed here to highlight 
specific applications areas. Fixed beds are analyzed in the 
context of dehumidification [ 13 lDP], solid rocket propul- 
sion [136DP], oxidation of methane [123DP], ammonia 
synthesis [ 109DP], coke ovens [ 122DP], regenerators 
[132DP] and in situ vitrification of hazardous waste 
[ 107DP]. One study suggests capillary-porous powdered 
material as an unproved porous media [135DP], another 
considers regeneration strategies for catalysts [132DP] 
and a third considers the migration of moisture in building 
materials [114DP]. The largest number of papers ad- 
dressed the problem of the drying of materials, a fmed bed 
problem involving combined heat and mass transfer 
[108DP, 1 llDP, 1 i3DP, 117DP, 120DP, 121DP, 124DP, 
126DP-130DP]. Studies concerning specific applications 
of fluidized beds also included drying [ 112DP], combus- 
tion of coal [104DP, 119DP, 133DP], avoidance of frost- 
inginheatpurnps[137DP],freezingoffood[116DP],low 
temperature thermal storage [115DP], incineration of or- 
ganic waste [134DP] and fluidized bed nuclear reactors 
[106DP]. Many studies addressed the problems of heat 
and mass transfer in soils including the migration of water 
and nutrients [105DP, llODP, 138DP] as well as soil 
testing in an ion-exchange resin [139DP]. Environmental 
apphcatrons include models of heat transfer in sedimented 
lake bottoms [ 118DP] and heat and mass transfer in root 
systems ]125DP]. 

EXPERIMENTAL MEWODS 

Temperature 
Several papers described new temperature sensor de- 

signs or quantified the performance of existing sensors. A 
fast-response temperature sensor for measuring atmos- 
pheric temperature was described [9E]. By decreasing the 
time constant by a factor of five the radiation error was 
increased by a factor of two. An in-process workpiece 
temperature sensor was described that could be used to 
measure the real-time temperature of a workpiece to 
prevent thermal damage [lE]. The bias error associated 
with a thermocouple located close to a waLl was estimated 
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by analyzing the conjugate heat transfer in a body whose 
surface temperature is being measured [8E]. The resist- 
ance-temperature characteristics, self heating effect and 
stability of a new type of encapsulated rhodium-iron 

resistance thermometer were studied [4E]. The thermal- 
electric force generated across a specimen due to a small 
change in the surface temperature is used to follow phase 
transitions within the specimen [6E]. This technique can 
also be used to precisely calibrate the temperature sensing 
element when the transition temperature is known. The 
thermodynamic behavior of a self-calibrating thermocou- 

ple is simulated [7E]. The model includes the effects of the 
junction location and the mass and heat of fusion of the 
encapsulated metal. The effects of parameter changes on 

the response of a thermocouple used in avacuum environ- 

ment were simulated [3E]. Temperature measurements of 
a thin fii of aluminum have been made using ion beam 

bombardment from 100 keV argon ions [ 1 OE]. A multi-bit 
optical sensor multiplexing and networking concept is 

presentedinwhichthe accuracyofthedataisnotnecessar- 
ily high but a large number of sensors are to be monitored 

[5E]. Internal temperature distributions within a solid can 
be determined from surface temperature measurements 

PEI. 

Heatjlux 
Several papers reported experimental and theoretical 

work on the design and use of heat flux transducers [ 125 

14E, 16E_20E] Sensors were described to measure sur- 
face heat flux in fluidized beds [ 15E], on a porous surface 
with through flow [21E] and to measure surface shear in a 
blast wave [ 11 E] . Improvements in heat flow meters used 
to measure the amount of energy transported in a fluid 
stream were given [22E, 23E] 

Liquid crystals 
Liquid crystals have been used to visualize the surface 

temperature distribution onmodels in subsonic and super- 

sonic flow [27E], on flow past rough surfaces [26E], and 
on thin metallic foil heaters under an impinging jet [25E]. 
A theoretical study was conducted to determine the 

reorientation of liquid crystal molecules induced by laser 
beams [24E]. 

Infrared thermography 
Infrared thermography has been used in a variety of 

applications to determine surface temperature distribu- 
tions [28&3OE]. Surface temperature measurement us- 
ing infrared techniques has been used to deduce the 
internal temperature distribution within a solid [3 1 E] 

Optical tomography 
A review of axial tomography was given [34E] applied 

to heat transfer and fluid flow. A review of holographic 
interferometry was also presented [33E]. Tomographic 
methods were applied to measure a temperature field in a 
gas [35E] and a two-dimensional heat transfer coefficient 
distribution on a plate [32E]. 

Optical methods 
The spherical aberration on an interferometric system 

was quantified when using wedge fringes [39E]. 

Interferon-retry was used to measure substrate temperature 
[40E]. Other optical temperature measurements include 
the use of coherent anti-Stokes Raman scattering [41E], 
Rayleigh scattering [36E]. and combustion product ab- 
sorption spectrum [37E]. The local convective heat trans- 

fer coefficient on a surface could be measured in a trsn- 
sient process using a pulse of radiant energy on the surface 
[38E]. 

Frosting 
Frost density has been measured using beta-ray and 

gamma-ray tr ansmission measurements [42E]. A differ- 

ent non-contact technique has been developed for meas- 

urement of frost formation on heat exchanger surfaces 

[43E]. 

Particles 
Particle image velocimetry continues to be improved by 

using a two-dimensional Fourier transform analysis of the 
Young’s fringes [45E]. A related method has been devel- 
oped to measure temperature distributions in a fluid using 
temperature sensitive micro-encapsulated liquid crystal 

particles [44E]. 

Radiation 
A fully automatic spectroradiometer has been designed 

to measure the absolute spectral irradiance of light sources 
in the 800-2400 run spectral range [46E]. A blackbody 
source for use in the -50 to 2OO“C range has been described 
[50E]. Measurement of spectral emissivity [48E], 
broadbandemissivity [47E] and total hemispherical emis- 

sivity [49E] of various materials has been reported. 

Thermophysical properties 
A variety of techniques have been used to measure the 

thermophysicalproperties of solids [51E, 52E, 54E, 55E, 
59E, 61E, 63E, 67E] Other methods use radiant heating 
methods [53E, 57E, 66E]. Two publications describe the 

measurement ofthermophysicalpropertiesofliquids [56E, 
60E]. A method to reduce radiation errors [65E] and a 
measurement technique for porous materials [62E] have 
been described. A method to measure in situ wall-rock 

thermal conductivity in mines [64E] and a continuous 
measurement of the effective thermal conductivity of 
rock-water mixtures in well cuttings have been given 

[58E]. 

Hot wires 
Calibration of hot wires at low velocities (15-95 cm 

s-l) [71E], the effect of the wire length on eddy size 

measurements [70E], correction for measurements near a 
surface [74E] and the use of a flying hot wire using a four 
bar linkage [68E] have been described. Two methods for 
measurement of turbulent stresses have been presented, a 
rotating, slanted technique [73E] and a combined flow and 
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temperature measurement procedure [75E]. The fre- 

quency response of cold wires has been determined in two 
applications [69E, 77E]. Measurement of flow direction 

[76E] rurd measurement of a small liquid flows using a 

transient thermal method [78E] have been reported. A 

long hot wire that traverses the entire wake of a cylinder 

has been used to measure the drag on the cylinder [72E]. 

Miscelluneous 

A review of the naphthalene sublimation technique 

[87E] to model convective heat transier was presented. An 

acousttc method to detect boiling is being developed 

[79E]. Uncertainty analyses were used to characterize a 

heat transfer facility [83E] and to assist in cost optimiza- 

tion in the design of heat transfer experiments [85E]. Non- 

destructive thermal testing has been used to observe ma- 

terial defects in petrochemical plants [84E] and defects in 

the layer below a surface layer in a multilayered wall 

[82E]. Specific applications of heat loss measurements 

have been made in directional solidification furnaces 

[80E], a thennohydraulic facility [86E] and in buildings 

[81E]. 

NATURAL CONVECTION-INTERNAL ROWS 

Buoyancy dnven flows in enclosed layers continue to 

be of interest. A number of geometries, boundary condi- 

tions, physical phenomena, and applications attract re- 

searchers in basic and applied sciences including engi- 
neering, physics, astronomy, meteorology, and geology. 

For example, studies of horizontal layers heated from 

below provide insight into a number of problems includ- 
ing the evolution of flows from simple to complex forms, 

the development of solutions to non-linear phenomena, 

and important knowledge of turbulence. 

Honzontul &uyers heard from beiow 

For horizontal layers of fluid heated from below at 
low Rayleigh number questions of stability and the 

onset of flow have been the focus of several studies [3F, 

IlF, 12E‘, 14F, 16F, 21F]. They include the influence or 

non-influence of Prandtl number on the critical Rayleigh 
number, instability in amulti-layer system, stabilization of 
the flow, influence of apemteable barrier, and stability of 
thick layers of fluid. Post-stability studies [SF, 7F, 15F] 

include the effect of a number of factors on the wave- 

length of cells or rolls and their onerttation. ‘lhese include 

experiments in apentagonal vessel, control of the iongitu- 
dlnal rolls in a raxmgular duct and a feedback mechanism 

for suppressing the deveiopment of the flow. 

Analytical and numertcal studies at moderate and high 

Rayleigh number [lF, 9F, lOF, 13F, 17F, 19F, 23F] 
examine sevetai phenomena including scaling effects, 

flow at moderate Rayleigh numbers to the pomt where 
chaotic convectron can take place, convection m a fluid 
with temperature-dependent viscosity, and convection in 
a horizontal layer at a very low Rayleigh number. At high 
Rayleigh number coherent structures were sought. An- 

other study concems the influence oftemperature varying 

viscosity on convection in a magnetic fteld. A number of 

other smdies consider various aspects of convection in 

horizontal layers. These include analysis of flow in a 

mushy layer where local chimneys are found and in a 

partially filled horizontal enclosure [2F, 20F]. The infh~- 

ence of magnetic fields on convection in horizontal layers 

including those with internal heat generation and in in- 

clined magnetic fields have been studied [6F, 18FJ. The 

influence of spatially varying boundary temperature, in- 

ternal heat sources, and vibration [4F, 8F, 22F] have been 

examined numerically and analytically. 

Double difisive jlow 

In buoyancy-induced flows variations in density may be 

due to concentration as well as temperatute variations. 

Investigators considered double diffusive convection in 

rectangular enclosures with density differences across 

flint layers between vertical walls, combined experimen- 

tal andnumerical studies including variations withelectro- 

chemical convection and thermal buoyancy forces [25F- 

27F, 29Fj. Convection in binary gases where Soret and 

Dufour effects can be important [33F-35F] has been 

examined numerically and experrmentally. Other phe- 

nomena m double diffusive convection that have been 

studied [24F, 28F, 3OF-32I;I include asymmetric oscilla- 

tions, the influence of key dimensronless parameters on 

steady flow phenomena, opposed flows and convection in 

large scale geothermal systems and combustion of aero- 
sols. 

Murungoni convection 

If a tree surtace 1s present in a fluid layer or if there are 
overlaying layers of different fluids (fluids with different 

surface free-energy) then variations in surface tension 

across the surface can induce flow in addition to the flow 
due to differences in density. A number of studies have 

been undertaken tn this area [36F-5 IF]. These include the 

influence of surface derormation on the free stuface of 

such Marangom or thermocapillary flows. Other studies 

include the influence of internal energy sources, in a single 
layer or at the mtertace between two immrscible fluids. 

The onset of flow and the initial flow planform have been 
examined analytically and experimentally. Other studies 

include me potennal interfacial reaction, and dissipation 
in high Rayleigh number tlows. Studies of floating zones 
including periodic instability and applications to ctystal 

growth and melting problems have been presented. 

Inclined luyers 

Unlike horizontal fluid layers, inclined layers generally 
do not have a critical Kayleigh number for the onset of 

flow. Flows in such layers are of inrerest in a number of 

applications as well as for their potential for testing of 
numerical codes andexperimental techniques [52F-S6FJ. 

Studies rnclude those for flow in square enclosures with 
internal energy SOUTCGS as well as convection in inclined 
rectangular enclosures. Numerical expenments with con- 
vection III inclmed non-rectangular enclosures and in 
inclined slots with a hexagonal honeycomb core have been 
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presented. Experiments have been performed on convec- 
tion in uniformly heated inclined tubes. 

Vertical enclosuresdiqkrentilly heated layers 
Differentislly heated layers have a horizontal tempera- 

ture gradient impressed upon them. The flow depends 
strongly on the geometry (e.g. whether the layer is very 
shallow, something on the order of a square container, or 
a vertical channel). 

Studies in differentially heated shallow cavities [83F, 
88F, 93F] include experiments with an oscillatory flow 
and with liquid metals. Other studies include analysis of 
the convection in a Hele-Shaw cell and a shallow layer of 
water near its maximum density point. Many studies 

reported on flow in differentially heated square cavities 
[6lF, 75F, 76F, 80F-82F, 9OFJ. Such geometries have 
been the testing ground for anumber of numerical schemes 
for laminar flow. These include special algorithms for 

accurate numerical calculations, details of the flow in the 

comers of a cavity, studies over a large range of Rayleigh 
number, of transient convection with different thermal 

boundary conditions or lid motion on the top of the cavity. 
Other studies in a square cavity include the effect of 
discrete heat sources and porous layers as well as the 
influence of a cooled top and partially heated sidewall and 

the influence of turbulence at moderate Reynolds numbers 

[58F, 68F, 73F, 84F]. Three-dimensional flows in similar 
geometries include a numerical study for flow in a cube 
and experiments on transient convection in differentially 
heated enclosures [65F, 66F, 83Fj. 

Flows in vertical channels (large in height compared to 
the spacing between the walls) have been examined [64F, 
67F, 70F, 72F, 75F, 87Fj. These include correlations for 
heat transfer, alow Rayleighnumber asymptotic solution, 
visualization of a three-dimensional flow that can occur in 
such a channel, numerical analysis to include effects of 

potential mass transfer and experiments on channels with 
air, and some using laser speckle photography to indicate 
the temperature variations. Other studies on vertical 

channels [61F-63F, 69F, 88F, 94F] include the influence 
of variations in surface finish including wall roughness 
elements, partitions, internal permeable screens, as well as 
the effect of counter induced fatling liquid film on flow 

and heat sources embedded in the wall. Studies on vented 
channels [60F, 82F, 9OF, 91FJ in which flow can leave 
the layer include numerical and experimental works, and 
interferometic visualization of the 50~. 

Numerical and experimental studies have been reported 

on the 5ow in vertical circular tubes, and coaxial cylinders 

[57F, 71F, 76F, 85F, 93F]. These include studies of 
convection in pipes at high Raleigh number, details of the 
5ow structure and temperature distribution, the effects of 
thermophysical properties of the two walls as well as 
applications and analysis of low Rayleigh number flow in 
the annuhrs between coaxial cylinders. 

Horizontal tubes and annuli 
Several different geometries have been examined in the 

past year io terms of convection in layers between a body 

and a surrounding enclosure as well as heat transfer to 
fluids in completely enclosed cylinders and related 
geometries. The work on flows inside. tubes includes the 

influence of a nonuniform distribution of temperature on 
the boundaries and convection to an-water layers in a 
horizontal cooled circular tube [98F, 102Fj. Studies of 
5ow and heat transfer in the annulu~ between two-hori- 
zontal circular cylinders [97F, 99F, lOlF, 103F, 104F’J 

include the prediction of instabilities in the upper region of 
the snnulus at high Rayleigh number and numerical pro- 

cedures for analyzing such flows, three-dimensional ef- 
fects in relatively short annuli, innuence of open ends on 
the annuli, measurements of 5ow in an annulus partially 
filled with liquid, and trainsient 5ow in an annulus. 

Reports on a 5ow in other enclosures [95F, 96F, lOOF, 

105F, 106FJ includes 5ow in cylinders containing heated 

octagons, heated flat plates, flow in a cube containing a 
heated plate and flow with enclosed inner bodies of 
various shapes. 

Themosyphons 
In thermosyphons or natural convection loops [107F- 

112F] 5ow is generated by differences in density (usually 
from temperature differences) on the two opposite sides of 

a 5ow loop. These are often used in energy systems to 

provide a self generaring and regulating 50~. Applica- 

tions include solar water heaters, nuclear core cooling, 
rotating machinery, and some geothermal processes. 
Correlations have been provided for such loops including 

feedbackmechsnisms. Instability experimentsandanaly- 
sis of cellular structure, as well as of steady 50~s in 
systems of arbirrary cross section have been reported. 

Porous media 
Many ofthe studies on 5ow in porous media are covered 

in section DP of this review. However, some of special 
interest to buoyancy driven flows are covered herein 
[113F-122F]. Studies in horizontal layers include the 

influence of multiple heat sources and experimental veri- 
fication of the equations of motions. Through flow effects 

on instability and local cooling along the height of a layer 

have also been considered. Numerical studies have been 
perfomred on the 5ow in a vertical porous annulus as well 
as in avertical enclosure with internal energy sources. The 
influence of large properry variations, non-Darcianeffects 
and applications to combustion systems have been consid- 
ered. 

Mixed convection 
Mixed convection flow is generated by externally 

induced pressure differences as well as by body forces. 
Many works in this area am covered in section B on 

channel 50~s in this review; some [123F-136F] are. 
covered in the present section. A number of these relate to 
50~s in horizontal tubes or channels. These include 
influence of forced 5ow on the platform in a channel 
heated from below, a bifurcation in the structure of the 
5ow in a rectsngular duct, and the heat transfer in a tube 
with periodic heat input. Other studies consider laminar 
mixed convection in the entrance region of rectangular 
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ducts and the influence of discrete heat sources as well as compressibility has been considered. Some studies in- 
the influence of convection on system tubes with internal clude mixed convection in different configurations. Natu- 
tapes. In vertical channels, prediction of the mixed flows ral convection in porous media is treated in some papers. 
and convection flows at supercritical pressures in both One analysis investigates natural convection on a surface 
opposing and assisting flows when asymmetric heated ribs covered with hair. Other special features of the reported 
are present in the channel and transient flows have been investigations include: very highprandtl numbers, MHD, 

described. waLl plumes, and falling liquid films. 

Miscellaneous Horizontal surfaces 
A number of other boundary conditions, special cases, 

and geometries have been studied [137F-155F] These 
include use of electrochemical techniques to study buoy- 
ancy driven convection, and cooling of protruding fins 
and arrays inside enclosures, with and without partitions. 
Still other studies examine convection in enclosures with 

conducting plates, flow ofcryogenic suspensions, convec- 

tion in enclosures with participating radiation, and mag- 
netic effects on a pammagnetic fluid. Stratification of a 

cryogenic liquid, convective stability of a layer in a high- 
frequency vibration field and during solidification, as well 
as transient convection with a time-dependent body force 
have been described. 

Natural convection Tom horizontal surfaces such as 

plates and cylinders has been studied in [20FF-31FFJ 
Some papers deal with multiple cylinders and the interac- 

tion of screens with horizontal surfaces. Investigations 
have been reported for non-Darcy flow in porous materials 

and for fluids described by the Ellis model. The presence 
of thin liquid films and film boiling on horizontal plates 

has been studied. Features such as composite surfaces and 
electric fields have also been included. 

Inclined surfaces 

Appiications and buoyancy drivenjlows 
Buoyancy driven flows occur in a number of applica- 

tions. Many of these are described in earlier sections of 
this chapter, some specific ones are described here [156F- 
164FJ. Studies include convection in Trombe walls as 
used in solar collectors and in the upper region of solar 
ponds. Cooling of electronic components mounted on 
both horizontal and vertical boards have been examined. 
Convection in horizontal district-heating pipelines has 
been analyzed to optimize design considerations. Nu- 
merical studies examine stratification in thermal energy 

systems and experiments have been done on convective 
flows in hot water storage devices. Unsteady analysis has 
been applied to convection in chemical vapor deposition 
devices. 

The effect of inclination of the surface on natural 
convection has been considered in [32FF-38FFJ. The 
investigations include semi-infinite and finite plates, ver- 

tical comers, and plates with finite heat sources. One 
analysis deals with the effect of non-uniform gravity on 
micropolar fluids. 

Cavities 
Natural convection around cavities of different 

geometries and orientations is the subject of a number of 
investigations [39FF_45FFJ. The geometries include rec- 
tangular, cubic, and hemispherical cavities, backward- 
facing step, comers, and heated blocks mounted on plates. 
Mixed convection in a cavity is considered in some stud- 
ies. 

Instability and turbulence 

NATURAL CONVECTION - EXTERNAL FLOWS 

A significant amount of work has been reported on 

natural convection in external flows. The work involves 
fundamental and applied studies, in which experimental, 
analytical, and/or numerical results are reported. The 
topics of turbulence and instability have been vigorously 
investigated. A number of geometries including vertical, 

horizontal, and inclined surfaces and cavities have been 
considered. 

Vertical su7jGaces 
Experimentalandtheoreticalinvestigations [lFF--19FFl 

have been reported for natural convection on vertical 
surfaces such as plates, cylinders, and cones. The work 
includes different thermal boundary conditions and the 
use of suction or blowing at the plate surface. whereas 
most papers deal with Newtonian fluids, some work on 
power-law fluids and micropolar fluids has been de- 
scribed. The effect of variable properties and of 

An important aspect of natural convection is the insta- 

bility it causes. In particular, when a fluid layer is heated 
from below, an unstable flow pattern is quite common. A 
number of investigations [46FF-65FF] have dealt with 
instability orturbulence in natural convection. The stabil- 
ity of the flow has been studied for internally heated fluid 
layers, mixed convection boundary layers, porous materi- 
als, and thermocapillary convection. The stability of 

double diffusive interfaces has been investigated. A 

number of papers deal with vortex flows and v0rte.x 
shedding. These include: longitudinal vortex rolls, spa- 
tially periodic electric vortex flows, vortex shedding in a 
pool fm, and vortex instability over a non-isothermal 
horizontal flat plate. One study pertains to the fluctuations 
in particle-fluid flows. Two-equation turbulence models 
have been used to analyze turbulent natural convection. 

Other studies 
Natural convection in more complex geometrical 

configurations is considered in [66mi_72FF]. Free con- 
vection from power-law fluids is investigated for arbitrary 
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geometries. An experimental and theoretical study of the 
convective drying of solids is made. A mathematical 
model is used to predict the spread of fire through fuel 

beds. Natural convection from wavy surfaces is experi- 
mentally investigated. Mixed convection in a Heldhaw 
cell is considered for a circular cylinder. 

CONVECTION FROM ROTATING SURFACES 

Rectangular channels 
Heat transfer measurements have been made in rectan- 

gular channels rotating around an axis that is orthogonal to 

the channel axis [ lG,4G, 6G, 7G, 8G1. Theoretical studies 
have also been made on the thermal entrance region in 

laminar flow [5G], and in the fully developed regions in a 
rectangular channel [2G] and in a cylindrical channel 

[3G]. Experiments were performed for more realistic gas 
turbine engine conditions including serpentine passages 

f9G, lOGl 

Rotaring disks 
Theoretical solutions for centrifugally-driven fiow near 

rotating disks have been obtained with mass transfer at 
large values of Schmidt number [15G] and for power-law 
fluidsnearadiskwitb astepchange insurfacetemperatnm 
[I IG]. Solutions were presented for radial flow through a 
cavity consisting of parallel rotating disks and a shroud 

[12G, 14G] A similar study was made with no superirn- 
posed flow [13G]. 

Cylinders and annuii 
Measurements have been made for heat transfer from a 

cylinder rotating about an orthogonal axis [16G], a rotat- 

ing cylinder in cross flow [ 17G], and in an annuius with a 
rotating inner cylinder and a stationary slotted outer cylin- 
der [19G]. A theorettcal study was made of the heat 
transfer from a rotating cone with suction or injection in 
forced flow [18G]. 

Liquid films 
Several papers reported work on the formation of iiquid 

fls on rotating disks used in processes such as spin 
coating [2OG-24G] 

Jets 
Liquid crystal technology was used to measure the local 

heat transfer coefficient on a rotating disk with an imping- 
ing jet [26G]. Numerical solutions were obtained for the 
mixing of a lateral jet with swirling crossflow [25G]. 

Natural convection 
Nan& convection in a variety of rotating systems has 

been studied. Convection within a rotating, horizontal 
cylinder [29G], within a rotating spherical shell [30G], 
5ow above an infinite rotating disk [27G) and flow in a 
rotating cubical tank with a heated bottom have been 
considered [2gG]. 

Applications 
Several a@k&ons of rotating flow systems were 

discussed [32G]. A theoretical analysis of a rotating 
annular reactor [31G] and rotating flow past a porous, 
heated plate [33G] were presented. 

COMBINED HEAT AND MASS TRANSFER 

Papers reviewed in this category cover a number of 
different areas. These include convective heat transfer to 
surfaces through which mass is injected into or taken out 

of the main sneam, such as transpiration cooling, ablation, 

and frlrn cooling. Also covered are jet impingement and 

wall jet heat transfer, and spray cooling where liquid drops 
impact on a surface. Drying systems are considered as ate 
other systems with simultaneous mass and heat transfer. 

Transpiration cooling 
With transpiration cooling a surface is protected from a 

hot mainstream by having relatively cool fluid flow through 
the seeable} surface. This cool fht~d mixes and inter- 

acts with the hot mainstream. Transpiration cooling has 

been studied [lH-6Hl in relation to hypersonic vehicles, 
asymmetric biowing, and flame tubes in combustion sys- 
tems. Other geometries inciude channel flows with lateral 
injection, the thermal entrance region of an annulus and 
flow along a venical plate and on a surface with either 
injecsion or suction. 

Film cooiing 
Film cooling [7H-19H] has many applications in pro- 

tecting surfaces exposed to high temperature gas streams. 
Particular emphasis over the iast year has been focused on 

cooling of the fued and rotating biades in the hot sections 
of high temperature gas turbines. Recent studies have 
described flow ioss in a linear turbine cascade, film cool- 

ing on a 5at surface, and the influence of acceleration, 
density ratio, and a second row of holes. Phenomena 
studied include the infiuence of swirl fiow, vortices with 
different circulation, as weti as pressure gradient and 
streamline curvature. Fluorescence measurements have 
been used to determine fiim cooling effectiveness and 
studies have been made on the discharge coefficient from 
film cooling holes to predict the pressure drop. 

Jet imp~ngeme~ heat nansjkr - submerged jets 
A number of studies consider heat transfer from sub- 

merged jets (e.g. air jet into still or moving air) impinging 
upon an opposite wall. Impinging jets can provide high 
local heat transfer in controiied regions where there is a 

high surface heat flux. Studies [20H, 22H, 24H, 27H, 
28H, 33H, 34H] of circuhu jets indicate the effects of 
entrainment of ambient fiuid on heat transfer with a single 
jet as well as an array of jets. The study of entropy 
production in impinging jets may be useful in getting 
further information on heat transfer. Supersonic imping- 
ing jets with crossfIow and twisted jets have been studied. 
Comparison has been made between ~p~g~g isother- 
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mal jets and flame jets. 
Impinging slot jets [21H, 22H, 25H, 26H, 29H-32H, 

35H, 36H] are also widely used. Recent studies include 
the influence of impingement-surface curvature on heat 

transfer in the stagnation region on a flat plate and on a 
wedge surface. Other studies of stagnation region heat 

transfer include the influence of a moving surface. Models 
and experiments have been described for slot jets with 
flow through the surface on which they impinge, for 

annular jets, and for submerged jets of carbon dioxide in 
the region near its critical point. 

Jet impingement heat transfer- liquid jets 
If the fluid in a jet is very different in density from that 

of the ambient fluid through which it flows before imping- 
ing on a wall one has a free jet. Generally this might be a 

liquid (perhaps passing through air) jet. Heat transfer with 
liquid free jets can be quite large because of their high 

conductivity compared to the ambient gas. A number of 
studies with such systems have been performed recently 
[37H-UH], mostly experimental ones. A system was 

designed to organize overall measurements with slot jets 
with different thermal boundary conditions. Circular 
liquid jets have also been studied including single-phase 
jets in some case with collection of the spent fluid. 

Spray cooling 
Somewhere between submerged gas jets and free liquid 

jets is spray cooling in which a spray of liquid droplets 
impinges on a surface providing high local heat transfer 
[45HA8H]. Reports presented include experiments on 
water droplet sprays, interaction between droplets and 
surface mass transfer, analysis of the contact heat transfer 
in such impinging sprays, and the drying rates which occur 
in spray drying. 

Drying 
Heat and mass transfer are closely interlinked in drying 

systems. Studies recently done [49H-54H] include simul- 
taneous estimation of heat and mass transfer coefficients, 
experiments on convective drying of materials, conduc- 
tion effects in a desiccant/regenerator, drying of wet 
pipelines and paper, and fin surfaces for heat and mass 
transfer from moist air streams. 

Miscellaneous 
Other papers cover a variety of processes in which heat 

and mass transfer can occur simultaneously [5.5H-62H]. 
These include second law analysis of combined processes 
as well as examination of the entropy generated in heat and 
mass transfer systems. Numerical models have been 
applied to heat and mass transfer in ducts and experiments 
have been done on heat and mass transfer to partially 
wetted surfaces, Analysis and numerical studies have been 
done for falling film absorbers and crystal/melt systems. 

CHANGE OF PHASE - BOILING 

Thermal transport phenomena, associated with liquid- 
to-vapor phase change, continue to attract considerable 

attention in the heat transfer community. The 199 1 archi- 
val literature reflects considerable activity in evaporation 
from droplets and films (48 papers), bubhle characteristics 
and nucleate boiling incipience (22 papers), pool boiling 

(63 papers), flow boiling (43 papers), steam generators (15 
papers) and two-phase thermohydraulic phenomena (17 

papers). In addition to the 208 papers dealing with 
evaporative and ebullient heat transfer surveyed in this 
section, the interested reader will find reference to these 
phenomena in some of the papers included in Change of 
Phase-Condensation (JJ), Heat Transfer Applications- 

Heat Pipes and Heat Exchangers (Q), and Heat Transfer 
Applications--General (S). 

Droplet andfilm evaporation 
The evaporation of small, single drops is of special 

importance in internal combustion engines and 

turbomachinery, as well as in various cooling and drying 
processes. During this review period, archival studies of 

the evaporation rate of a single isolated droplet included: 
development of a kinetic mass transfer model [15Jl, 

examination of the associated irreversibilities [ 1 lJ1, the 
use of a Lagrangian simulation to determine the influence 
of turbulence [6Jl, exploration of the effect of a nearby 
heated surface [48J], and of an electromagnetic field [SJ1. 

While evaporation and heat transfer within a flowing gas/ 
droplet mixture is the subject of refs. [14J, 2OJ, 23J1, 

surface cooling induced by evaporating droplets is studied 
inrefs. [lJ,44Jl, for single drops, andinrefs. [28J, 27Jl for 
humid air and mist flow, respectively. Refs. [24J, 41J] 

explore the effect of coatings on droplet evaporation from 
solid surfaces, ref. [38J] evaporation of droplets into an 
immiscible liquid, and ref. [4OJ] enhancement by electro- 
static forces. 

The successful design of refrigeration, distillation, 
desalination, and food processing equipment often re- 
quires an understanding of thin liquid fii evaporation. 
Studies of surface evaporation from a cylindrical jet into 

a vacuum [35JJ, from a stationary liquid film into a 
gaseous flow [8J, 1271, horn a thin layer of an aqueous 
solution [36J], from a film flowing in an inclined groove 
[421], from turbulent falling films [3J, 21J1, from corru- 
gated surfaces [13J], from a surface exposed to arrays of 
circular air jets [43J], in the presence of a binary gas 
mixture [16Jl, and under the influence of a centrifugal 
field [9J] can all be found in the 1991 archival literature. 
The evaporative cooling of liquid films in smooth, vertical 

parallel-plate channels is explored in tefs. [45J, 46J, 4711 
and in smooth horizontal tubes and channels in refs. [19J, 
3 1 J, 3951. The thermofluid characteristics of evaporative 
cooling in internally-finned channels are described in refs. 
[7J, 251, 265, 32J]. Solvent evaporation and diffusion 
within crystal growth apparati is discussed in refs. [33J, 
34J1. 

The relatedphenomenaof flashing, or explosive vapori- 
zation associated with homogenous nucleation in the bulk 
liquid is explored, for several different geometries, includ- 
ing drops [lOJ, 17J, 29JJ, jets [18J], layered liquid pairs 
[4J], and confined liquids [2J, 3OJ, 3731. Existing applica- 
tions and future possibilities for the use of homogeneous 
nucleation are discussed in ref. [22J]. 
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Bubble characteristics and nucleate boiling incipience 
An understanding of bubble formation, growth, and 

break-up is essential to the design and optimization of 

equipment and processes in the chemical and metallurgi- 
cal industries. Bubble formation at an orifice submerged in 
water and in a non-Newtonian liquid, as well as from a 
vertically-oriented nozzle in water, is examined in refs. 

[5OJ, 53J, 68JJ respectively. The 1991 literature also 

addtesses heterogeneous vapor bubble formation on a 
smooth surface [49J] and a surface covered with a porous 

coating, the departure diameter of bubbles [67J] in nucle- 
ate pool boiling [62JJ, and the liquid motion induced by 
nucleate boiling [59Jl. Ref. [57Jl describes the initial 

growth rate of a vapor-gas bubble, refs. [66J, 69JJ bubble 
growth in a decreasing ambient pressure field, ref. [52J] an 

experimental study of gas diffusion from an air bubble into 
water, and ref. [56J1 bubble break-up in a turbulent flow. 
The acoustic noise generated by a boiling liquid [54J, 605, 

6151 and the excitation [51J, 65J1, as well as attenuation 
[58J], of thermoacoustic waves in gas-liquid mixtutes are 

also described, along with the characteristics of gas bub- 
bles in gas-liquid flows [7OT] and in gas fluidized beds 
[55J], as well as in an-water fluidized beds [63J, 64J]. 

Pool boiling 
Thermal transport by pool boiling from immersed sur- 

faces continues to attract considerable attention. An over- 
view of the boiling process, with emphasis on mechanistic 
models for all the boiling regimes, is provided in ref. [79Jl. 
Ref. [ 123Jl describes a new correlation of pool nucleate 
boiling based on nucleation site density; ref. [91J] pro- 

vides detailed data on vapor bubble characteristics, and 
ref. [127J] proposes an expression for the nucleation site 
density. 

Other studies in this category generally deal with par- 
ticular parametric effects on pool boiling heat transfer, 
including the effects of heating methods [107Jl, the influ- 
ence of subcooling [93J], and the impact of a centrifugal 
force field [ 1004. The effect of the heater configuration on 
surface superheat and vapor bubble characteristics is ex- 

amined in refs. [77J, 88J, 106J] for cylindrical geometries 
and in refs. [72J, 96J, 9711 for closed-bottom, vertical 
tubes and slots. While water is still the most common 
boiling liquid, cryogenic ebullient coohng of supercon- 
ducting materials, with nitrogen [73J], helium [895] and 
hydrogen [103J], andthe resultsofboilingofhydrocarbon 
fuels [82T] are reported in the literature. 

Effective industrial utilization of nucleate pool boiling 

requires accurate prediction of the peak nucleate boiling 
heat flux, or the so-called critical heat flux (CHF). Reflect- 
ing the growing challenge to the hydrodynamic instability 
models of CHF, ref. [ 1054 re-interprets the widely-used 
Kutateladze correlation in terms of macrolayer evapora- 
tion, ref. [9OJl provides an improved macrolayer conduc- 
tion model, and ref. [94JJ suggests that a smooth, non- 
critical transition may be possible between nucleate and 
film boiling. The influence of heating surface thickness 
and size on CHF are explored inref. [126J, 10411, respec- 

tiveiy, and the effect of stepwise heating on CHF behavior 
is described in refs. [117J, 121JJ. Interest in the critical 
heat flux associated with pool boiling of liquid nitrogen 
lead to the publication of refs. [74J, lOlJ, 102T]. 

At surface superheats inexcess of those associated with 
CHF, nucleate boiling and film boiling appear to co-exist 
on the heated surface. Mechanistic studies of this “transi- 

tion boiling” regime are described in refs. [95J, 12OJ, 

131J1, an analytical study of the temperature distribution 
across a heated surface in ref. [86J], and experimental 
results for the contact area of bubbles in ref. [129Jl. 

Further increases in surface superheat lead to operation in 
the stable ftiboiling regime. The 1991 archival literature 
contains a relatively large number of film boiling studies, 
including development of a simple correlation for the 

minimum film boiling superheat [118J], large superheat 
film boiling from an upwardly-facing horizontal surface 

[8OJ], film boiling from a downwardly-facing flat plate 
[lOOJ, 114J], and heat transfer in film boiling from a 

vertical surface [75J, 844 as well as from an inclined plate 
[113J], from a rotating sphere [1195], from a horizontal 

cylinder [ 124J’J, and into a porous medium saturated with 
a binary mixture [8lJ]. The development of a thermal 
measurement technique for ceramics quenched in water is 

delineated in ref. [98Jl and film boiling to helium in ref. 

[71J]. 
Analytical and experimental studies of the enhance- 

ment of pool boiling, especially in the nucleate boiling 
regime and at the critical heat flux, continues to occupy a 
large number of investigators. The effects of high-veloc- 
ity, submerged liquid jets [108J, 11 lJ1, porous coatings 
[109J, llOJ, 13271, porous structures [78J, 1127, 122T], 
miniature pin fins [ 115J1, drilled plates in close proximity 

to the boiling surface [ 125J1, and more conventional fins 
[85J, 83J] are described. The poorly-understood improve- 
ments associated with the boiling of liquid mixtures [87J, 
927, 12851, the addition of surfactants [76J], and the 
imposition of an electric field [116J, 1304 also received 

considerable attention. 

Flow boikg 
Heat transfer in flow boiling is intimately related to the 

mass fraction of the vapor and the prevailing flow regime 
and is, thus, strongly influenced by the enthalpy of the 
coolant and both the geometry and orientation of the 
coolant channel and/or the heated surface. The archival 
literature in 1991 documents several theoretical studies of 
the relationships among the commonly correlated flow 
boiling parameters [162J, 168J, 175J] and the generation 

and/or modification of flow boiling regime maps [155J, 
1674. Similarly, acarefulsearchof the literatureuncovers 
a phenomenological model for subcooled flow boiling 

[173J] and reveals several studies of flow nucleate boiling 
in vertical channels with low-velocity water [138J], 
isopropanol/water mixtures [172J], refrigerant R-113 
[149J], andliquidnitrogen [136J], aswell asebullient heat 
transfer in a horizontal tube with a flow of refrigerant 
HFC-134 [148Jl. Ref. [14351 discussesthe onset ofnucle- 
ate boiling in pipes, while ref. [ 153Jl explores the boiling 
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characteristics of a magnetic fluid flowing in a non- 
uniform magnetic field. 

As in pool boiling, the critical heat flux represents the 
upper-bound on flow nucleate boiling and is a key design 
parameter. The recent literature has been emiched by new 
attempts to correlate CHF data [ 16OJ, 156J] and by experi- 
mental studies pertaining to high aspect ratio channels 

[139J, 1521, 1694, tubular nuclear fuel elements [147J, 
157J], fuel rod assembly cells [ 137J3, and arrays of ther- 
mally-simulated electronic components [164J], as well as 
with studies of CHF for nitrogen flow in a vertical channel 
[134J] and sodium sulfate in a vertical pipe [14OJ1. Two 

additional papers deal with the thermal behavior encoun- 
tered during transition flow boiling of water 11444 and 

Refrigerant R- 113 [ 165J1 in circular tubes. 

The heat transfer rates associated with post-CHF condi- 
tions in flow boiling are of parricular imponance in he 

design of nuclear reactors. An overview of recent work in 
post-CHF heat transfer is given in ref. [151Ji. Several 

other articles discuss the performance of specific heated 
channel configurations, including a nuciear fuei rod bun- 
dle [17OJ1, a spiral tube [lSiiJ& and a circuiar passage 

[UOJ]. Subcooled flow fti boiling is examined in ref. 
E142J], for a wedge geomeuy, in refs. 11333, 146J], for 

horizontal flat plates, and in ref. [l66J] for high veiocity 
flow through a horizontal duct. Translenr flow film boiling 
and the influence of thermal radiation on hear transfer in 
this regime, are expiored in ref. [163J] and ref. [14151, 
respectively. 

The cooling demands imposed by modem reactors, heat 

exchangers, and rn~uf~~g processes have sheath 
further effort in the correlation of fiow boiiing in aug- 
mented tubes and compact evaporators [154Jl and the 
generation of enhanced flow boiling data for transverse 
andlongitudinalrib’ning [135J], twisted-rape swirled flow 
rl61J], porous coatings [ 1591,17131 and porous matrices 
or insens [145J, 17431. 

Steam generutors 
Much of the research in flow boiling is reiated to the 

design andoptimizationof steamgenerators. Consequenriy , 
some of the papers appearing in the 1991 archival litera- 
ture deal specifically with various aspects of steam gen- 
erator design, including the development of a mainemati- 

cal model for heat transfer in a once through boiler 1183JJ, 
the influence of porous coatings [189Jl and smfactants 
[ I88J] on the thermal characteristics of steam generating 

equipment, and improvements in the sub-models used in 
the steam system simulators: RE?..AP/MODZ Cl 8 1 J, 185a 
and the Dynamic Simuiator for Nuclear Power Plants 
[179J]. Due to the importance of helically-coiled tubes in 
steam generators, flow boiling behavior in this geometry 
and, in particular, nucleate boiling heat transfer [177J, 
187J’J, helium-hearing of the steam tubes [176J, 18OJ, 
19OJ], heat transfer in the post-dryout zone [ i84Jl and in 
the supercritical domain [186Jl, and the reliability of 
modular boilers relying on tightly-coiled tubes [178J], am 
singled out for detailed coverage in the archival literature. 

Two-phase thermohydraulic phenomena 
The study of the thermal phenomena associated with 

flow-boiling can not be divorced from the analysis and/or 
prediction of the vapor (void) fraction, two-phase flow 
patterns, and two-phase pressme drop encountered in 
liquid-vapor flow in tubes and channels. T&e literature 

provides discussion of the flow patterns which develop in 
small, horizontal rectangular channels [207J1 and a hori- 
zontal flow divider [2021], the theoretical prediction of 
two-phase flow properties in coarse porous media [204Jl 
and vertical separating flow [198J], as well as the 
thermohydraulic characteristics of mist-annular flows 
[205J] and frIm fiow boiling [191J]. 

Modeling of thermohydraulic instabilities in two-phase 
flow is essential to the prediction of thermal transport rates 

and failure modes of steam generators. References [2OOJ, 
19551 provide broad reviews of void wave propagation 

and oscillatory insabilities, while xefs. [193J, ZOlJ, 20351 
deal with ~sr~~ities encountered in vertical channels 

experienchg natural circulation and forced circulation, 
respectively. The application of fractai and chaos theory to 
flow boiling [199J], void fraction associated with non- 

uniform heating [194J, 19751, critical flow of boiling 
water in long pipes [196J], slug fiow in horizontal pipes 

[206J], and boiling shock fronts [l9m are also described. 

CHANOE OF PHASE - CONDENSAIIDN 

Research on condensation in 1991 included investigat- 
ing the effects 0ftGbe surface geometry as well as system 

global geometry and thennat boundary conditions. There 
were modeiing techniques presented and results of analy- 
ses and experiments with droplets, films, and jets were 
discussed. Severai studies dealt with non-condensable gas 
effects, transient effects, the effects of having binary and 
ternary mixtures, and of having fluids with variable fluid 
propcnies. 

Surface geometry effects 

i%nnerouspapersinvesrigdredtheeff~tsoffins,grooves 
and sin&u surface features designed for enhanced con- 
densare removal. One showed the value of introducing a 
po~~~y~dene coating to the s&ace and another investi- 
gated condensation on spheres Fred with phase change 
material. [lJJ-14JJI. 

Global geometry and thermal boundary condition 

effets 
Effects of geomeuy, including SW&X inclination, flow 

direction, and thermosyphon and vacuum cohnnn con- 
figurations were investigated. Additionally, the effects of 
electric fields, ion ixnplanration, and rotation were dis- 
cussed. Finally, effects of a variable wall temperature and 
variable fluid properties were documented [ 1 SJJ-3OJJ& 

Papers in this category stress analytic& techniques. 
Topics range from application of a monomoiecular con- 
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densate model to theories of recondensation and 
resublimation. Analyses were presented for short tubes 
and for non-Darcy flow within a porous medium. Meth- 
ods were applied to the analysis of dropwise condensation, 
analysis of the effects of flow of departing condensate, and 
analysis of co-current channel flow. Models for simula- 
tion of power plant condensers were also suggested and a 
study of condensing flow in a steam turbine was reviewed 
[3lJJ-43JJl. 

Free sqface condensation 
Papers which investigate the growth of droplets in a 

vapor showed the effects of droplet diameter and velocity 
and flow within a horizontal tube. Other studies were on 
coexisting films and droplets, droplets in turbulent and 
separated flows, condensation at the stagnation point 
between two impinging flows, coaxial flows withconden- 
sation, and vapor condensation on a free surface mixed 
with a liquid jet flow [44JJ-5 1 JJ]. 

Noncondensable gas effects 
The two-phase boundary layer with non-condensable 

gas effects was investigated under forced convection. 
Recommendations on non-condensable gas effects for 
m~ti-~ageev~mto~ and OTJX condensers were made 
[52JJ-54JJ& 

Transient effects including nucleation 
Film condensation of a rapidly-moving vapor and fog 

formation with simultaneous thetmophoretic droplet depo- 
sition were investigated [55JJ-56JJl. 

Binary mixtures and property efsects 
Studies with binary and ternary fluids include conden- 

sation on falling fii, condensation of refrigeration fluid 
mixtures, and three-phase flash with partial condensation. 
Condensation studies were presented also for metal com- 
pounds, nitrogen, and fluids with variable condensate 
viscosity, Knudsen number or Stefan number. The effects 
of surfactants and organic heat transfer agents were also 
documented. One paper dealt with condensation of alkali 
halide crystals and another discussed the effect of disso- 
ciation [57JJ-71JJ]. 

CHAIUGEDFPHASE-FREEZIIWANDMELTINQ 

Phase change problems, freezing and melting are re- 
viewed in this section. Such phenomena take place in 
many processes of technological interest. Theoretical, 
experimental and numerical ~ve~gatio~ have been at- 
tempted this past year. The various papers are sub- 
categorized as follows: Stefan problems; solidification 
involving alloys/metals and casting processes; solidifica- 
tion: crystals and directional solidification issues; freez- 
ing and melting: frost, ice and snow; freezing/melting and 
thawing: applications; convection effects; continuous 
casting processes and mold filling; methods, models and 
numerical studies; special experimental/analytic and/or 
comparative studies; thermal storage; and miscellaneous 
applications. 

Stefan problems 
An enthalpy formulation for the Stefan problem is 

discussed in [UM]. 

SoL~l~ca~on of ai~o~s~~~is and casting processes 
Papers in this subcategory involved theoretical, numeri- 

cal and experimental investigations which deal with vari- 
ous aspects of phase change in alloys and metals and 
casting processes. Studies in this subcategory included 
knowledge-based systems involving CAD for casting 
processes, continuous casting studies, fnzezing and solidi- 
fication of binary alloys, solidification simulations in 
centrifugal casting processes, and studies involving so- 
lidification behavior and material deformation in strip 
casting process [2JM-1lJMJ. 

Solidification: Crystal and directional solid$cation 
~e~h~~nalotof~~~h~tiv~~p~ye~on 

a variety of issues relating to crystal growth and ditw- 
tional solidification. The numerous investigations include 
issues relating to crystal growth simulations, directional 
solidification, instability, convection effects, magnetic 
gravity, and thermal field influences, and thermal stresses 
induced during ~~~c~on of crystals. These papers 
involve theoretical, experimental and numerical computer 
simulations [12JM-S3JMJ 

Freezing and melting: frost, ice, snow 
Papers in this subcategory include calculations of ther- 

mal resistance of cryoscopic deposits, ~~~~~ of 
growth in ice, melting of ice in a porous medium, holo- 
graphic interferometric measurements, tiost growth in a 
forced air stream, and melting heat transfer in fluid&d 
liquid-ice beds [84TM_9oJMl. 

Freezing~~i~ng and tying: ~p~ica~o~ 
Research in this subcategory involved cyclic melting 

and freezing, microwave thawing of cylinders, effects of 
porous layers and pulsed concentration of energy fluxes, 
mathematical models of thawing, rapid solidification is- 
sues, direct contact melting processes, buoyancy and 
surface tension effects on metal melting, gravity and 
sokiification-shrinkage in ingots, and fibre formation 
during melt extraction [9lJM-1OOJM). 

Convection Eflects 
Theoretical, exp+rimental and numerical papers appear 

in this subcategory addressing effects due to convection 
during solidification. Issues included surface-velocity 
induced convection, steady solidification of a liquid on a 
moving wall with forced convection, natural convection 
effects, cross-flow effects, gravity conditions, convective 
stirring, solutal convection and viscous-inviscid interac- 
tions [lOlJM-1 lzB?%J. 

Continuous casting and moki filling processes 
A numerical study involving finite element modeling of 
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tmbulent fluid flow and heat transfer in a continuous 
casting appears in [113JM]. 

Methods, models, and numerical studies 
Numerous papers which appear in this subcategory 

address new methods or modeling techniques and studies 
involving numerical simulations. The studies involved 

thermal diffusivity diffe=nces across interfaces, crystaI 
growth studies, melting and freezing, non-linear proc- 
esses, flow-thermal effects, alloy solidification, solidifi- 

cationinpuremetalsanddixectionalsolidification[114JM- 

124JMl. 

Special experime#aI{a~l~~ical and/or comparative 
s&ies 

Those papers which have conducted special experimen- 

tal studies, analytical and/or drawn comparisons between 
experiments and simulations appear in [125JM-128JMl. 

Ti%ermat storage 
Papers addressing problems related to thermal storage 

appear in [129JM--132JMl. 

Miscellaneous applications 
A variety of miscellaneous applications dealing with 

freezing and melting have been studied. The reader is 

encouraged to refer to them in [133~-174~1. 

RADIATIVE TRANSFEFt PROCESSES 

Radiative transfer is important in a variety of high 
temperature systems, but until recently, many problems 
have been difficult to at&y= because of the difficulty in 
solving the integro-differential equations involved. Nu- 
merical techniques have been developed rapidly over the 

last several years, and a number of researchers are now 
employing spherical harmonic approximation (first 

order = P, and third order = P, are popular) and discrete 
ordinate (fourth order = S,) methods to solve the radiative 

transport equation. This solution is often coupled with 
finite element solutions of the energy equation, and some- 
times continuity and momentum equations as well. The 
following subsections review the past year’s research in 
several application areas. 

Mult~ime~io~l models and enclosures 
As mentioned above, numerical solutions have ad- 

vanced rapidly in the last several years, and papers [3K- 
5&9K, lOK, 14K, 15K, 17K, 19K,23K,24K,26K,27K] 
present a variety of techniques applicable to rectangular 
enclosures with both participating and non-participating 
media. Examples include zonal methods, discrete ordi- 
nates, fiite element, boundary element, Markov chains, 
an n-bounce approximation, andeven an analytical method. 
Implementation of a Monte Carlo technique on a mas- 
sivelyparallelcomputerwas alsodiscussed[l lK],aswere 
concentric spherical cavities [2K, LX]. Two papers 
examined the ~licab~i~ of mean surface temperatures 
for heat transfer in rooms [13K. 6K], while one other 
presented work related to the optimal placement of radia- 

tors [16K]. 
Related to the above works were some developments in 

calculating view factors for various geometries [lK, 8K, 
22K, 25K], as well as an algorithm for calculating the 

mean projected areas of seated and standing people [21K]. 
In addition, other theoretical treatments of multi-dimen- 
sional radiative transfer in non-enclosed systems with 
participating media [7K, 18K, 20,28K] were published. 

See also the following papers in subsequent subsec- 

tions: [63K, VK, 97K, 102K, 113K, 116K]. 

Radiative transfer in scattering media 
Five papers presented theoretical calculations of trans- 

mission, absorption, and/or scattering in aerosol&uticulate 

media [31K, 33K, 34K, 56K, 58K], ~clu~g~l~ation 
and multiple scattering effects, cylindrical geometries, 

and applications to solar thrusters and spray coating sys- 

tems. Experimental measurements, generally used in 
conjunction with inverse scattering models, were pre- 

sented in [29K, 53K, 59K3. Other studies examined 
different geometries or rn~ap~~~s such as anisotropy 

or inhomogeneity [32K, 35K, 36K, 37K, 39K, 48K]. 
Interactions between particles and incident fields were 
also reported, e.g. chain agglomerates and coated spheres 
over a substrate, as well as the internal distribution of 

absorbed energy within spheres [4OK, 5OK, 51K, 57K]. 
Radiative transfer through packed beds [38K, 41K, 

42K, 43K, 52K] and porous media [45K, 47K, 49K] also 
received considerable attention, with a new gas-gas heat 
exchanger based on the latter. Theoretical and experimen- 
tal results for fiber systems are presented in [44K, 46K, 
55K], white [3OK] estimatestheerrorincurxed byemploy- 
ing diffusive transfer models near boundaries in such 
media. 

Related papers in other subsections include [7K, 9K, 

19K, 76K, 78K, 87K, 89K, 9OK, 92K, 98K, 1lOK and 
135K]. 

Radiative tran.@er in gases 
Several papers presented theoretical models, including 

anew methoddubbedthe hannonicaltmnsmissionmodel, 
which is reportedly capable of accounting for spectral line 
structure in multi-dimensional radiative transfer calcula- 

tions [63K]. Other models included a discrete ordinates 
solution method for non-gray gases [62K] and a model for 
gas-surface interactions under the condition of a tempera- 
ture discontinuity [65K]. Emission and/or absorption by 
H,O, CO,, and mixtures thereof are discussed in [67K, 
69K, 72K]. The influence of gas flow velocities and 
velocity gradients in plasmas are described in [6OK, 66K, 
7OK], while non-equilibrium and equilibrium radiative 
transfer behind reentry shock fronts were simulated in 
[61K, 64K, 68K, 71K3. 

Related papers in other subsections include [9K, 27K, 
59K, 86K, 128K, 133K]. 

Radiative tranqfer in combustion processes and systems 
S~~r~~on~ornhotg~s~~c~~s~ often 

important in combustion systems, a number of papers 
examined the effect of radiant heat transfer on flame 
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characteristics. Examples include premixed gases in a 

vertical tube [74K], candle flames [84K], lum.inous and 

non-luminousmrt&ntdiffusionflames[79K,82K],drop 
let burning [8SK], particle suspensions [76K, 9OK], and 
porous burners [78K, 87K]. Radiation was also found to 
play a significant role in oil pool and wood suucture tires 
[8OK, 81K, 88K]. Rounding out this category, both 
munerical modeling and experimental measurements of 
combustion systems ranging from rocket engines [77K] to 
fluidixed be combustors [89K] to boilers and furnaces 

[73K, 75K, 83K] to exhaust flues [86K] were reported. 
gee also [lOlK, 105K, 106K] in other subsections. 

Radiation combined with conduction 
Several mrmerical methods were investigated for their 

ability to accurately solve two-dimensional or transient 
combined radiation/conduction problems in participating 
media [92K, 96K-99K]. The introduction to [97K] may 
be particularly useful to those unfamiliar with alternative 

numerical techniques, and the body compares the results 
of several methods. Two related papers considering the 
behavior of plane layers of liquid organic compounds 
[91K, lOOK] were also published. Finally, papers [93K- 

95K] consider radiative transfer from fins, with the aim of 
optimixing fin geometry and/or mass. 

See also [ 119K, UK] in other subsections. 

Radtition combined with convection 
Five papers presented numerical solution methods for 

combined radiation and convection in enclosures [ 102K, 

103K, 108K, 113K, 115K], with two papers looking 

specifically at flow in pipes [ 104K, 116K]. External flows 
included studies of fins and plates [l lOK, 11 lK, 114K], 
and plane layers [l UK]. As one might expect, the 

radiation component was dependent on the characteristics 
of the media involved, and played sn important role in 
determining temperature, heat flux, and velocity profiles. 

A series of papers considered specific systems in which 
coupled convection and radiation was considered. Among 
these were numerical simulations of turbine vanes [105K, 

106K], chemical vapor deposition chambers [lOlK], cir- 

cular foil heat flux gauges [ 107K], and thermal imaging of 
terrestrial objects [109K]. 

Papers [26K, 58K, 7OK, 73K] may include additional 
information of interest. 

Surface interactionsllaser irradiation 
The papers in this section focus on the response of 

various surfaces when subjected to an incident radiation 
flux. Applications of laser welding and cutting are cov- 
ered in the section on Conduction, so the papers listed here 
concentrate on laser ablation of metal foils, which is used 

in X-ray lasers and fusion experiments [12OK, 121Kl. 
Several other papers discuss substrate heating processes 
which may or may not incorporate lasers [117K, 123K], 
while others model interactions with diffuse or incoherent 
radiation fluxes [ 118K, 124K]. Absorption characteristics 
for short wavelength radiation are also important for 
shielding applications involving X-rays and gamma rays 

[119K, 122K, 125K]. Obviously, many more papers in 
these fields have appeared elsewhere, but these papers 

considered the associated heat transfer phenomena in 

some detail. 

Radiative propem’es 
Properties of interest in radiation calculations include 

emissivity, absorptivity, transmissivity, and reflectivity, 

which apply to gaseous as well as condensed phase sys- 

tems. The wavelength dependence of these properties is 
often of primaty importance in modeling radiative trans- 
port. In systems comprised of mom than one ma&al or 

phase, scattering is also important, and the directional 
properties of the scattered field need to be esmnated. 
These depend on size, morphology, and refractive index of 

the scattering particle/surface, as well as on characteristics 
of the incident radiation. 

Rxperimentsl me asurements and analytical predictions 
of the radiative properties of various metallic, oxide, 
semiconductor, and superconductor thin films were re- 
ported [127K, 13OK, 132K, 136K, 137K]. Application- 

specific material properties encountered in cryogenic sys- 
tems[126K],lasercuttingofCusndAl[139K],radiation 
shielding [131K, 134K], and carbon reinforced plastics 
[129K] were also presented. A molecular model for 
predicting the far infrared spectra of arbitrary gases and 
liquids was discussed in [ 128K], and the spectral distribu- 
tion of CO emission/absorption was modeled in [ 133K]. 

Finally, the refractive indices of shmina particles [ 135KJ 
and fibers [ 138K] were measured. 

Additional papers of interest include [46K, 47K. 51K]. 

Experimental methods and devices 
This section includes papers describing new radiation 

sources for such applications as extreme ultraviolet gen- 
eration, miniamm sources, and high power gas discharge 
lamps capable ofIvfWm-rheatfhrxes [141K, 143K, 144K. 

14SK]. Alsoincludedaredescriptionsofahighspeednear 
infrared spectrophotometer [ 146K] and a direction selec- 
tive radiometer designed specifically for pyrometric meas- 

urements of molten metals in vacuum chambers [142K]. 
In addition, a review paper describing uses for and meas- 
urements of the optical Kerr effect [147K] and a book 
review of a monograph on radiation themrometry [ 14OK] 

may be of interest. 
Readers should also check the section on Experimental 

Techniques and Insttumentation, as well as the following 
papers cited under other categories here: [46K. 47K, 91K, 

93K, 94K and 107K]. 

NUMERICAL MEI-HODS 

The number of publications pertainins to numerical 
methods is increasing very rapidly. New numerical meth- 
ods are developed vigorously and applied to awide variety 
of problems. In this review, the papers that focus on the 
application of a numerical method to a specific problem 
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are included in the category appropriate to that applica- 
tion. The papers that deal with the details of numerical 
method are reviewed in this section. 

General review articles 
A number of review articles [lN-12Nl pertaining to 

numerical methods have appeared. Some of these papers 

describe the use of computational fluid dynamics in differ- 

ent industries (including petrochemical industry). Gen- 
eral issues regarding the solution of the Navier-Stokes 

equations are discussed. Computer software for the solu- 
tion of flow and heat transfer is described. One paper deals 
with the simulation of fire in an aircraft, while another 

presents the concept of cellular automata for analysis. 

Heat conduction 
Heat conduction continues to be an important area of 

interest as it provides a testing ground for a number of 

numerical methods. Research continues on techniques 
employing ftite-difference, finite-element, and botmd- 
ary-integral methods. The papers on heat conduction 
[13N-31NJ deal withirregulargeometry.movingbounda- 
ties, and non-linearity. In addition to the conventional 
methods, a combination of the Laplace transform and the 
finite-element method has been proposed. Some articles 
have employed methods for conduction and radiation. 
Fluid/thermal/structural interactions have also been con- 
sidered. Methods dealing with mass diffusion employ a 
methodology similar to that for heat conduction. 

Convection and di’sion 
The formulation of a satisfactory numerical method for 

the treatment of the convection and diffusion terms in the 
transport equations for momentum and energy continues 
to be a topic of major interest. New schemes are proposed 
to reduce the numerical diffusion that is present in lower- 

order schemes. It is also important that the scheme does 
not lead to unphysical wiggles in the solution. The papers 

in this category [32N-53NJ examine false diffusion in 
lower-order upwind schemes and present new schemes 

that produce less diffusion and remain bounded or wiggle- 

free. Some of the suggested schemes are third-order 
upwind scheme, upstream-weighted higher-order scheme, 
and other variants. 

Phase change 
The special features involved in the calculation of heat 

conduction with phase change have been described in 
[54N-72NJ. The use of the enthalpy-based method is quite 
common. Some techniques employ a fixed grid, while the 
use of adaptive remeshing is proposed in others. Inverse 
techniques for phase change have also been described. 

Fluid flow 

Since the calculation of convective heat transfer is so 
important, the solution of the flow field becomes au 
essential ingredient of the total heat transfer solution. 
Considerable amount of work has been reported on meth- 
ods for solving the flow equations [73N-117NJ. These 

include the finite-difference and finite-element methods. 
Some emphasize the solution of the natural convection 
problems. Methods employing staggered and non-stag- 
gered grids have been proposed and compared. Adaptive 
grids and adaptive finite elements have been employed. 
To improve the efftciency of solution, multigrid methods 

and direct solvers have been proposed. In addition to the 

standard methods, the use of Monte Carlo techniques, of 
spectral methods, and of vorticity-potential methods is 
described. 

Other Studies 
A number of other studies [118N-129N] related to the 

numerical solution of fluid flow have been reported. 

These include the use of turbulence models, largeeddy 
simulation, and direct numerical simulation of turbulence. 

TRANSPORT PROPERTIES 

As in previous years the research in this area occurs 
most extensively in the subcategory of thermal conductiv- 
ity, its measurement and estimation for a variety of sub- 
stances and mixtures. Noteworthy is the attention directed 
toward composite materials. 

Thermal conducn’vity 
A number of general studies examined the temperature 

dependence of thermal conductivity of metals and semi- 
conductors in solid and liquid phase, the conductivity of 

dense fluids and their mixtures, the effective conductivity 

of three-phase systems, and the use of a converged laser 
beam to determine thermal diffusivity of microscale sarn- 

ples. 
For specific substances results have been reported for 

liquid nitrogen (transient hot wire method), uranium 
hexaflouride (by reactor heating), gaseous helium-3, ten 

amorphous alloys, a-mercuric iodide, several glasses, al- 
ternative substances to CFC compounds, selected super- 
conducting materials, pressure-sintered alloys, five rock- 
marble samples and the powdered cryogenic insulation 
perlite. 

For composite materials several aspects are considered: 

conductivity measurements of high temperature super- 
conductor composites, influence of interfacial layer at low 
temperature, conductivity of filed epoxy composites and 
sintered metal fibers, effective conductivities of ceramic- 
fiber insulations, fiber-reinforces composites, andKnudsen 

diffusivities in structures of randomly overlapping fibers. 
The calculation of thermal conductivity of heterogeneous 

composites is considered as is the related problem of heat 
conduction through multi-layered media. 

The conductivity of films and coatings receives atten- 

tion as does micro electronic encapsulants. At low tem- 
peratures a number of studies treat: conductivity of mag- 
netic intermetallic compounds, contact conductivity of 
insulation material, liquid crystal polymers and modified 
epoxy resins. The influence of internal cavities on overall 
thermal conductivity is reported on in several contexts, 
e.g. foam plastics and dried powders [lP-52P]. 
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Di@sion 
Measurements ate reported for the diffusion coefficient 

in heteropoly acid catalyst, the effective coefficients for 

commercial catalysts and for nitrogen monoxide through 
porous ceramic catalysts. An estimation method is given 
for coefficients in multicomponent liquid systems [53P- 
56P]. 

Specific heat 
Several papers report measurements at low tempera- 

tures: an epoxy resin below 1 K, xerodur and xerodur M, 
gadoliniurn near the Curie point, and the use of carbon and 

thick fihn chip resistors as thermometers in heat capacity 
determination [57PdOP]. 

Thermodynamic properties 
The estimate of various thermodynamic properties in- 

cludes an equation for calculating the vapor pressure of 
organic solids and vapors, oil and gas condensate mixtures 
and the use of mixture fusion properties to interrelate 
excess thermodynamic functions. Multi-component mix- 
ture heat and mass transport is considered from the view- 
point of irreversible thermodynamics and simple met&able 
liquids examined by theories of the liquid state. Real air 

acoustic velocity and isentropic exponents are reported 
[61P-67P]. 

Transport propem’esconrbined 
A collection of expressions are reported which readily 

yield thermophysical property values for saturated fluid 

and compressed liquids of technical interest; a method is 
suggested for calculating the Prandtl number; and aver- 
aged transport equations for multiphase system with inter- 
facial effects developed. For reacting systems the effect of 
uncertainty in the constants in gas phase air reactions is 
assessed, turbulent diffusivities are considered, energy 

quantities reported for the formation, vaporization and 
sublimation of organics. For particulate systems heat 

transfer is considered in dense media, suspensions of 
inelastic particles, and moderate concentrations of sus- 

pended rigid spheres [68P-76P]. 

Viscosity 
The viscosities of liquid mixtures are modeled and a 

genera&d viscosity equation for pure, heavy, hydrocar- 
bons developed. The viscosity of several glasses is meas- 

ured and the corresponding states principle tested for 

atomic transport properties. The viscosity in hysteretic 
systems is approached stochasticslly [77P-81P]. 

APPLlCATlONS 

An impressive number of works, analytical and experi- 
mental, explore various aspects of heat exchangers ap- 
plied in widely diverse technologies. 

Heat pipes 
Analytical models predict the overall thermal perform- 

ance for a gas-gas exchanger, guide the design of high 

performance sintered-wick devices and address the prob- 

lem of fdm condensation within a finned, coaxial, rotating 

heat pipe. Transient considerations dominate a number of 

works: vapor dynamics during start-up, characteristics of 
a micro device, one-dimensional compressible flow, non- 
conventional pipes with uniform and non-unifomr heat 
distributions and amethod for reducing solution computer 
time. Other works examine heat transfer control by 
magnetic fields, thermal coupling indouble-pipeexchang- 
ers and entrainment limitations. 

Experimental efforts study gravity and non-condensa- 
ble gas effects on condensation and heat transfer rates in a 

Closed, two-phase device operating in fully-developed 

boiling regime. As was the case with the analytical works, 
transient operation is also the focus of measurements: 

start-up of a frozen heat pipe, behavior of micro-heat pipes 
in ceramic chip thermal control, high and low temperature 
units with multiple heat sources and sinks, short, low- 
temperature pipes, and the use of heat pipes in developing 
geothermal energy. Liquid flow in pipe wicks and the 
permeability of screen wicks also receive study [lQ- 

24Ql. 

Heat exchangers 
The review of the large body of information in this 

subcategory was facilitated by further subdivision. 
Design. Numerical models, algorithms, empirical rela- 

tions are directed toward perfecting and simplifying the 
design process. A few experimental studies further our 
basic lmowledge. A second law approach to design is 

presented by some authors; others advocate improved 
measures of thermal efficiency. Crossflow exchangers for 
optimal surface ama and maximum effectiveness are de- 

scribed. Consideration is given to specific exchanger 
types or factors influencing their design: flow configura- 
tions, the microtube strip version, variable heat capacity 
and high-N,exchangers. predicting critical heat flux in 

rod bundles, turbulent flow in furnace chambers, axial 
flow effects in condensers and models for exchanger 
control in nuclear power plants. Survey results provide a 
glimpse of heat transfer in the 21st century [25wQ]. 

Direct contact and evaporators. Analytical models are 

proposed for spray-column exchangers and evaporators 
and measuxements given for air bubbling through water, 
and the performance of a nocturnal radiator. Cooling 
towers are studied parametrically and in counter and 
crossflow. An inflated fabric cooling dome is evaluated as 

an alternative to conventional designs, and intensive heat 
transfer surfaces advocated for refrigerators [45&52Q]. 

Enhancement and extended surfaces. The 
electrohydrodynamic @-ID) technique for enhancing heat 
transfer is pursued by a number of investigations who 
report impressive results. For tubular exchangers a com- 
prehensive study of heat transfer enhancement is reported 
and an optical design for closed fhmedchannels described. 
Heat flow and pressure drop data for finned tube banks is 
the focus for a number of works including one which deals 
with the effect of radial ridges on the fin surfaces. The 
influence of fm andpiu-fmprofile shapes is studied as well 
as the effect of sidewall ejection flow, and individually 
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finned, flat, multichannel tubes, tubes with spirals, tubes 
with corrugations, and helical tubes are investigated ex- 
perimentally for their influence on heat transfer. Grooved 
surfaces of a vertical tube are studied as a means of 
achieving nucleate boiling stability in the liquid film. 
Internally fined tubes, wavy and corrugated fins and 

louvered fins are all examined for their enhancement 
potential though caution is given that extending surfaces 
does not always result in improvement in heat transfer. 

Other works consider the influence of segmented surfaces, 
passages with sharp tums and swirl generators [53Q- 

8241. 
Fouling, deposits and swface @em. Fouling, deposi- 

tions andsurfaceeffects infhrence the effectiveness of heat 
exchangers. Accordingly, a number of efforts seek to 

analyze the change in thermal efficiency when a uniform 
fouling deposit is added to an extended surface, to deter- 
mine the influence of scaling on the performance of shell- 

and-tube units, and to study microscopically the effect of 
CaCO, scaling on exchanger surfaces. Additional factors 

are consider& effect of variable surface roughness, 
particle motion and deposition in channels and around a 

cylindrical surface, influence of oil on energy flow in 
refrigerant evaporators, and an investigation of a method 

which simultaneously measures the fouling factor and 
water velocity in a tube. The use of titanium to counter sea 

water corrosion, wear damage of tubes due to flow induced 
vibrations, and the comparative performance of two foul- 
ing probes conclude the work iu this area [83Q-9341. 

Materials. High performance titanium provides tubes 

able to withstand highly corrosive conditions. Surface 
treatment of Al-brass products with nianzinethiols is 

found to promote dropwise condensation and a PVC 

exchanger is field-tested for use in housing animals. At 
very low temperatures new silver powders with large 
surface area have become available as au exchanger ma- 
terial, porous coatings are tested for heat exchanger mate- 
rial, porous coatings are tested for heat exchanger with 
superfluid helium and a survey report the status of knowl- 
edge for frequently used soldered aluminum plate ex- 
changers [94Q-9841. 

Network-s. For heat exchanger networks a new design 
option is discussed, a sensitivity analysis is presented, and 
a new concept, the diverse pinch, described for heat 
exchange network synthesis. For the later the use of a dual 
temperature approach is noted. 

For district heating networks a code is being developed 
for dynamic calculations and the disadvantages of steam 
use in such instances is reviewed [99Q-104Q]. 

Packed beds. Fluidized beds are investigated using an 
emulsion layer model for wall heat transfer and liquid- 
solid beds modeled using an immersed heater. Energy 
storage using the two-phase model is simulated, the ther- 
mal characteristics of packed bed storage modeled, and a 
metal hydride heat transformer tested. The matrix ex- 
changer is analyzed as is the influence of temperature and 
moisture on energy storage in loose granular systems 
[105Q-lllQ1. 

Regenerators and rotary devices. A solution is pro- 
posed to the regenerator problem involving asymmetric- 
unbalanced counterflow using Gale&in’s method. In 
another work an optimization of the regenerator is sought 
with respect to volume and energy efficiency. For rotary 
heat exchangers interest focuses on desiccant cooling 
systems and the effect of air purging on efficiency of 
energy recovery [112Q-115Q]. 

Shell and tube exchangers. Physical modeling is em- 
ployed to search for possible vibration tendencies of the 
mechanical elements of heat exchangers. For laminar 
flow in porous tubes the finite element method is used to 
describe the flow field. The same technique is applied to 
exchangers with phase change. A new dynamic model is 
tested against measured exchanger behavior and the tran- 
sient responses of an exchanger are predicted using feed- 
back control loop analysis. Aspects of tubular exchangers 
have been combined with those of plate-type exchangers 
tocreateahybridwhichhasimprovedheattransfer[116Q 
121Q]. 

Transient. Several works treat exchanger behavior 

under transient conditions: the response of gas-to-gas 
cross flow exchangers with primary fluid inlet tempera- 
ture variation and in a second instance with regard to finite 

wall capacitance. Another paper presents an analytical 
method for analyzing non-stationary processes in ex- 

changers and the response of pulsed gas laser exchangers 
to periodic temperature inputs is considered. An ex- 
changer cooled by natural air convection is modeled and 
compared with experimental results, tube oscillation in 

two-phase heat transfer is analyzed, and approximate 
solutions found for the transient response of a shell-and- 
tube exchanger [ 112Q-12943. 

Miscellaneous 
A number or works cover applications not included 

above but important in certain technical areas: enhance- 
ment of refrigerant vapor absorption, aspects of automo- 
bile heat exchanger operation, thermal loading for con- 
crete roof slabs and walls, drying, and cooling of electrical 
and electronic components. Other efforts treat the cyclone 
exchanger, exchanger defrosting and the performance of 
an exchanger-type anaerobic biotilm reactor. Fire re- 
search results are reported by a group of papers and the 
thermal performance and analysis of split-flow exchang- 
ers discussed. 

Heat pump exchangers and heat pump use to assist 
distillation systems are investigated, the problem of ex- 
changer leak detection taken up, and the influence of 
mixing in stirred apparatuses considered. At low tempera- 
tures the thermal efficiency of short heat exchangers is 
measured and the cooling of commercial thermal analysis 
systems discussed. Further efforts deal with applications 
in a number of areas: nuclear containment cooling sys- 
tems, steam generators, heating plants, heat engines, fuel- 
cells, refrigeration, heat-recovery systems, heat storage, 
rail transportation, waste disposal, waste water neatment, 



Heat trader-a review of 1991 literature 3173 

and pm-heating of winter ventilation air in livestock 
enclosures [13OQ-16741. 

HEAT TRANSFER APWCAWONS - OENEfW. 

It is shown that the ram jet combustion wall of a 
hypersonicplanecattbecooledwithhydrogengas[102S]. 
The transient behavior of an active thermal protection 
system for rocket nozzles and reentry vehicles was studied 
[63S]. The design and redesign of the Galileo spacecraft 
is described [8lS, 98S, 99S]. 

Bioengineering 
A hypothermia protocal can be designed based on a 

finite element model of a tumor bearing human lower leg 
[26S]. The transient temperature field created in skin 
during surface burn is studied using a finite element 
technique [3OSJ showingthat in siru bumscanbe modeled 
by experiments using a flap chamber. 

Digital data processing, e~e~~o~i~s 
A data bank is being set up in France at the Getme 

National d’Etudes des Telecommunications to study the 
principles for selection of thermal modeling codes and the 
choice of package values [56S]. Experiments studied 
boiling heat transfer from a 12.7 x 12.7 mm heat source to 
a jet of Fluorinert K-72 [69S]. Experiments investigated 
also the heat transfer from model packages with fii in a 
channel between circuit boards for a variety of heat sinks 
[66S]. The effectiveness of different heat ~~s~rpa~ on 
the overall thermal performance of a typical electronic 
package was investigated in anumerical study [91S]. It is 
concluded that natural convection has only aminor effect. 
The effects of thermal fluid interactions of neighboring 
components on air-cooled circuit boards am reviewed 
[62S]. 

Energy 
The coolant and cylinder wall temperatums of diesel 

engines during the warm-up period are estimated [108S] 
and wall heat losses are studied by similarity considera- 
tions [SSS]. Conservation laws of near wall turbulence are 
used to calculate convective heat transfer [49S]. 

Secondary flows near the end walls of gas turbines are 
studied by visualization and local mass (heat) transfer 
~~ernen~ [46S]. Infiamd ~e~o~~hy is used to 
obtain local heat transfer coefficients in turbine blade 
passages [59S]. Attention is directed toward psrtial load 
conditions of stationary gas turbines [89S]. 

Computer models predict convective heat transfer and 
boiling transition in nuclear reactors using boiling water 
[2S, 43S]. Transient heat transfer during loss of coolant is 
discussed [3SS] and studied experimentally [SOS]. En- 
ergy storage is discussed [83S]. 

Experiments on flow and heat transfer in a chelnicaI 
reactor result in good agreement with a ftite modeling 
analysis [34S]. Expressions for heat transfer in a draft tube 

are derived [106S]. 
Models are developed fox the study of heat transfer in 

reheatingj%rmces and blast furnaces [25S, 18S]. Com- 
plex heat and mass transfer causes erosion of refractories 
rw 

Heat transfer is studied in a lithium bromide r@igera- 
for [MS], for a cool storage system [82S], for helium 
superconducting magnets [84S], and for HFC-134a and 
CFC-12 [32Sl. Equations for heat and mass transfer rue 
derived for adsorption cooling/heating systems [42S]. 
Po~n~~~ of active insulation for cryogenic m&tines 
are studied [94S] and numerical analyses of heat transfer 
in a cryopump were performed [SSS]. 

Experimental and analytical studies deal with heat pipes 
[5Sl and tbermosyphons [27S, 36S], with removal of 
contaminants on beat transfer surfaces [57S], heat transfer 
~d~~dflow ~~ch~gel~ps [24S]. ~~~ys~l~~ 
at cold storage in porous capsules [28S]. 

Several papers consider heat transfer in buildings. spe- 
cif~cally through a slab on ground [4S, 41S], frosting 
effects [103S], sensitivity to wo~~p [lo%], the 
themral response of a roof to intermittent spraying [3S], 
the indoor radiant environment studied by Monte Carlo 
simulation [73S], and energy conservation by p&eating 
of air in earth tubes [72S]. 

The heat extraction from a hot dry rock geothermal 
reseNoir in the ground is modeled [71S] as well as for 
aquifers [19S, 9OSf. Energy budget models for lakes 
under various atmospheric conditions were compared 
with experimentrd results [96S]. 

The temperature field in the noctumal stable boundary 
layer of the atmosphere resulted from a solution of the 
energy equation [lOlS]. Global warming can be detected 
by the spatial temperature variation in the earth [114S]. 
Field measurements determined heat transfer in an urban 
canyon [117S]. 

The characteristics offires were studied on an aircraft 
cabin [53S] and in forests [38S, 39S, 47S]. 

The thermal aspects of processing methods are studied 
by numerical simulation, in a few cases compared with 
measurements for drawing [67S, 1 lSS, 48S], rolling [78S, 
86S, 11X$ grinding [55S], welding [SOS], cutting[21S], 
laser cutting [13S], and annealing [llSS]. Heating of 
titanium particles by laser radiation is investigated [lOS]. 

Conjugate heat and mass transfer in convective dryirtg 
is discussed [3 IS]. Processes considered are: intermittent 
core drying [121S], vacllnmdrying of viscous food [52Sf, 
atmospheric drying of peat [I US], superheated steam 
drying of glass spheres [87S]. The state of drying in the 
French industry [!%S] and future technologies [7OS] are 
examined. 

Thermal aspects of melting occur in continuous CaSing 
[20S], in spinning of nylon [74S], in melt spinning [37S], 
in molten slags [68S], in gas injected iron baths [109S], in 
the ball forming process of semiconductor chips [44S] and 
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in freeze-drying of thin plates by microwaves [93S]. 
Heat transfer in agitated vessels [97S] and in mixers 

[ 12S], between a water cooled belt and a metal [95S] am 

examined. Computer-aided engineering enters the foun- 
dry industry [92S]. 

Analyses are performed on deposition processes [6OS], 

on calcium carbonate deposition [22S, 23S], on epitaxial 
deposition of silicon [61S], of spray-deposited tin-lead 
alloys [ 16S], on coatings of refractory metals [ 1 lOS]. 

Fluid motion due to a stretching surface occur in extru- 
sion processes [l 1 lS]. Injection molding is studied by 

analysis and measurements [64S, 65S] also for rubber 
[45S]. Microwave heating of food andpolymers [ 11 S] and 

retort heating of liquid food [SlS] found attention. 
Temperature maps showing the surface temperature 

caused by frictional heating of a couple of dry sliding 
solids [9S] are useful in tribology. 

SOLAR ENERGY 

A high level of interest and activity characterizes the 
research in this sector. 

Buildings and enclosed spaces 
A number of papers pertain to maintaining comfortable 

conditions in enclosures exposed to high ambient tem- 
peratures. These include a large research center building 
cooled by solar energy, the design and thermal analysis of 

passive solar houses, natural-cooling techniques for msi- 
dential buildings, cost-effective use of thermal insulation, 
and the reduction of heat loads on tents caused by solar 

radiation during extremely hot weather. 
Other works investigate the effect of solar absorptivity 

and emissivity of exterior surfaces on the thermal per- 
formance of buildings and wall design for heating and 
cooling in North A&can climates. Multi-layer walls and 
their thermal response factors and the infhrence of addi- 
tional thermal insulation (prefabricated, lightweight pan- 
els) on the performance of existing walls are also investi- 
gated. Glazing and its influence on building energy 
behavior is the focus of a number of works including the 
use of coated, low-emissivity glass, tinted and reflecting 
glass and multiple layers of glazing and various mounting 
and seals. 

The direct solar slab heating floor is modeled, the heat 

loss to ground from a buihhngs studied, and an isothermal 
mass is employed to stabilize the temperature of a “winter 
house” in a cold region in India. Solar energy storage for 

a dwelling and the thermal behavior of sunspaces are 
simulated, and the effective heat storage capability of a 
building estimated [IT-2OTJ. 

Collectors 
A number of studies are of general interest. The thermal 

behavior of a solar collector is modeled numerically and 
account taken of the effect of non-uniform and non-steady 
boundary conditions. The maximum efficiency for collec- 
tors, with and without concentration and utilizing diffuse 
solar radiation, is investigated. 

For concentrating collectors the following features are 

considered: atwo-stageopticaJ,parabolictroughequipped 
with tubular absorber design, two stage fYesne1 reflector 
analysis, flux density distribution in the focal region of an 

optical system and analysis and design of two stmtched- 
membrane parabolic dish types. Other papers treat radiant 
energy transmittance for honeycomb and parallel slat 

arrays and heat exchange in a multi-cavity volumetric 
receiver. The influence of geometry is considered by work 
considering the influence of pipe radius on energy gain, 
optical properties of v-trough receivers and the perform- 
ance of a cylindrical collector. 

For flat-plate designs the effect of cover thickness and 
double glazing on top loss is reported, as are test results for 
a tubeless phase-change collector and the use of dielectric 
materials in condensers for energy collection. Application 

of solar collectors for assisting a heat pump andpreheating 
ventilation air for farm buildings join the growing list of 
uses for this energy source [21T40T]. 

Radiation characteristics and related effects 
The design and optimization of solar energy devices 

require accurate data of hourly global and diffuse radiation 
which in turn depend on local conditions. Jn addition, 

quantities such as ultraviolet radiation, relation of diffuse 
to global radiation, global radiation to sunshine duration, 
comparison of estimated and measured hourly and daily 
solar fluxes, spectral band energy distribution, seasonal 
correlations and others are reported for the following 
locations: Arctic and alpine sites, various Australian 

stations, Bahrain and Dhtian in Saudi Arabia, Rio De 

Janeiro, Lesotho in Southern Africa, a French Mediterra- 

nean site, eastern Nigeria, Sri Lanka, and Turkey. Such 
factors as atmosphere haze, short-wave sky radiance in an 
urban atmosphere and for cloud cover conditions are also 
treated. The response of Arctic permafrost to global 
warming is considered in a related study. The effect of 
tilted surfaces on received radiation and the modeling of 
this process is the focus of a number of investigations. 
[41T-62T]. 

Solar heaters, cookers and dryers 
These devices often are the end application of solar 

energy and occur with increasing diversity. There are 

combined concentrating/oven type cookers, mirror boost- 
ers for solar cookers, finned matrix and packed-bed air 
heaters and performance prediction of a corrugated cover 

heater. A useful review of testing procedures for air 
heaters covers various experimental techniques and de- 
scribes a method for generating design data. For domestic 
water heaters the problems encountered by those operat- 
ing on thermosyphon 5ow are discussed and a two-phase 
thermosyphon heating system simulated by a computer 
model; apartially insulated heater with natural circulation 
is experimentally studied, the economics of energy con- 
servation and payback periods examined for large water 
heaters and a rating method for domestic hot water sys- 
tems presented. 

Solar pools and ponds are the focus of several papers: 
design parameters for indoor swimming pools, lake evapo- 
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ration,performanceofapondheaterwithsemitransparent, 

multilayer surface insulation and a survey of work on salt 

gradient solar ponds. Related heating processes involve 

melting wax, photocatalytic destruction of chlorinated 
solvents, solar dryers for copra production and the effect 
of reflectors to boost dryer performance [63T-83T]. 

StillS 
Several factors influencing the performance of solar 

stills are examined radiation transmission across a sahn- 

ity gradient, density plumes in salt gradient ponds, internal 
air motion, and water depth. Analytical works consider: 

thermal efficiency for a passive still, performance of ahigh 
temperature system, and heat-transfer coefficient estima- 
tion. Greenhouse heating and solar still combinations are 

also studied [84T-93T]. 

Power and reversed cycle systems 
The use of solar energy for lunar power, process heating 

and storage is the major theme of a number of papers 
treating several aspects of power production: magnesium 
hydride for storage, hot-spots in photovoltaic modules and 
arrays, reflectors for silicon ahoy solar cell application, 
and mirror bidirectional reflectivity measurements. Other 
research takes upmaximum power-conversionefficiency, 
temperature control, and the thermodynamics of radiative 
heat transfer in closed Brayton power cycle. A solar air- 
conditioning system for shaving peak electrical loads and 
analysis of hybrid double absorption cooling systems are 
also of interest [94T-105TJ. 

Storage and Trombe walls 
Because of its intermittancy solar energy utilization for 

continuous power and process heating necessarily in- 
volves storage. A group of reports consider aspects of 
storage: outside, insulated water storage tanks, rock bed 
storage materials, open cycle, absorption solar cooling 
system with solution storage, thermodynamic optimiza- 
tion of a sensible thermal energy storage system and 
storage device evaluation for solar dynamic systems. 

Trombe walls ate studied with respect to free convec- 
tion effects, flexible analysis by computer modeling and 

energy management for a composite wall of porous con- 

crete [106T-114T]. 

PLASMA HEAT TRANSFER AND 
MAGNEl-OHYDRODYNAMICS 

Modeling for plasma characterization 
The majority of the papers in this category deal with 

applying previously developed models to different plasma 

configurations, replacing equilibrium chemistry with 
chemical kinetics, improving expressions for the radiation 
heat transfer, and with description of transient phenom- 
ena. A modification of the rf induction plasma modeling 
approach has led to a description in which the easily 
measureable current in the induction coil is the input 
variable rather than the input power, thus allowing easier 

comparison with experimental data [25u]. The transition 

from convective energy transport to conduction at the 

boundary ofanrfinductionplasmaistrea~din [13U], and 
the insertion of a metallic tube into such a plasmahas been 

shown to have little influence on the temperature and flow 
profilesmthereactor [3UJ. Anewmodel for adc arc torch 

including electromagnetic forces in the momentum equa- 
tion is presented in [23u], and recirculation has been 
found for an arc plasma flow in a converging channel due 

to increasing current density in the flow direction leading 
to the Maecker effect [7UJ. A novel plasma reactor 
configuration has been modeled in which a plasma jet is 

opposed by a jet of an atomized liquid [ 1OUJ. Composition 
distributions for Ar-G, and Ar-N, in an rf induction 
plasma ate obtained using akineticmodel for the dissocia- 

tion [22u], and an ionization/recombinationkinetics model 

for non-ideal plasmas is presented in [4UJ Chemical 
kinetics models am also presented for non-equilibrium rf 

discharges in NaO [9u] and in CH, [17UJ. 
The influence of using different descriptions of radiative 

transfer is presented for cylindrical plasmas [l lU, 12UJ 
and for a rf induction plasma [ 16uJ. The influence of non- 
LTE on the Ar radiation properties is discussed in [24UJ 
where a non-equilibrium ground state population is as- 

sumed, and in [21u] with a full colhsional-radiative 

model. Total net emission coefficients for cylindrical 
plasmas in Na-SF, mixtures are given in [6U]. 
Bremsstrahlung spectra in Al plasmas have been calcu- 
lated with different approaches, and ranges for the appli- 
cability of the approaches are given [2UJ. Formalisms for 
determining Bremsstrahhutg in dense plasmas are given in 

[lU, 14u, lSU]. 
A new method has been developed for determining the 

motion of an arc under its own magnetic field by using 
experimentally determined magnetic field values as the 

input variables [2Ou], and a model for transient discharges 
e.g. after a sudden change in discharge current has been 
developed [SUJ. Description of an arc with a superim- 
posed axial nozzle flow using finite volume discretixation 
is presented in [19U]. The expansion of a pulsed arc is 
described fluiddynamically with the arc boundary being 
the shock front [5u] and with a lumped cicuit model 

describing an overdamped arc discharge [ 18UJ. 

Modeling of plasma -solid interaction 
Stagnation heat transfer in a plasma boundary layer as 

experienced in space reentry situations has been treated by 
determining the effects of chemical non-equilibrium and 
of radiation [27UJ, of surface recombination [32UJ and of 
thermoelectric and space charge processes [36U& The 
influence of wall ablation on the break-up of a magneti- 

cally driven arc such as in an electromagnetic launcher has 

been studied [3OUJ, and another study of ablation of arc 
boundaries (TEE, ice) has found that the changes of the arc 
characteristics can be represented by three different time 
constants each responsible for a different energy transfer 
mechanism [26uJ. The heat transfer to rails of electromag- 
netic launchers hasbeencalculated [41u], and the cooling 
requirements for repetitively pulsed launchers have been 



3176 E. R. G. Eckert et al. 

determined [33U]. Models for welding arcs include the 
calculation of the metal transfer using a force balance 
including the magnetic pressure effects with a perturba- 
tion method [35U], and a calculation of the transient heat 
tmnsfer using temperature dependent materials properties 

139Ul. 
The interaction between a plasma and particles has been 

modeled including the effect of material evaporation with 
a study of the influence of different assumptions for the 
boundary conditions [4OU], and particle charging effects 
[38u] and temperature gradients within the particles have 
been found to be important [28U, 29U& Thermophoresis 
has been found to depend strongly on the sheath thiclmess 
[31u]. Particle generation through homogeneous nuclea- 

tion from a gas-vapor mixture has been studied and a 

strong influence of charged species densities in the mix- 

ture has been found [37UJ The growth of nucleated 
particles through coalescence has been described using a 
statistical approach [34u]. 

Experimental characterization of plasmas and plasma 
heat transfer 

The effect of cold gas entrainment in a plasma jet 
emanating into an air environment has been studied with 

several different diagnostic methods, and surprisingly 

poor mixing of the cold gas with the plasma has been found 
[7OUJ. Very short voltage pulses in high pressure Xe arcs 
have been explained by a finite relaxation time for the 

energy transfer from the electrons to the heavy particles 
[46u], and the influence of ablation of an insulating 
boundary on the arc characteristics has been investigated 
using spectroscopy and probe measurements [42UJ. A 
summary of the changes in the arc characteristics for 

changes in the arc current is presented in [73UJ. 

The heating and evaporation of particles flying in a 
plasma jet has been determined using several optical 
measurement techniques [56uJ providing a significant 
advance in our prediction capability for plasma-particle 

heat transfer. The drag force on a sphere exposed to an Ar 

plasma stream has been measured and the difference to 
theoretical predictions discussed [81u, and drag coeffl- 
cients have been measured on W-300 pm diameter Al 

particles [49l_Jl. The heat tiansfer from aplasmajet to abed 
of granular material has been obtained by calorimetric 
determination of the temperature distributions [66Uj, and 
the fluid flow in a bed of particulates fluid&d by a rf 
induction plasma and the increase in pressure drop due to 
the plasma heating has been determined [71u]. 

An energy balance of a specific transferred arc reactor 
configuration yielded the different heat transfer mecha- 
nisms to a surrounding wall and to the electrodes [69UJ, 
and the heat transfer from a cutting arc to the workpiece 
electrode has been determined for different operating 
conditions [63U]. A magnetic pick-up coil has been used 
for determinin g the arc motion of a magnetically driven 
arc [65UJ, and for the determination of the current density 
of an arc electrode attachment while the arc moved over 
the coil which was imbedded in the electrode surface 
[75UJ A comprehensive study of arc-cathode interaction 

for a welding arc with different cathode materials is 
reported [SOQ, in particular the erosion characteristics 
and surface temperatures as function of cathode material 
work function. An overview of arc-cathode attachment 
mechanisms is presented in [46u]. The interaction of 
plasmas generated by the irradiation of a surface with a 

high power laser pulse with the surface has been studied 
and the observed formation of erosion pits has been 
attributed to heat transfer non-uniformities due to insta- 

bilities [51u]. IR thermography has been used to deter- 
mine the temperature distribution on surfaces exposed to 
plasmas [48u]. The enhancement of the heat transfer from 
a gas flowing in a channel to the channel walls if the gas 

is partially ionized by a corona discharge has been demon- 
strated [77U, 78UJ A new type of calorimeter has been 

used to measure the heat flux from an electromagnetic 
launcher arc to the rails [59uJ, and the improvement in 

uncertainties in plasma heat transfer measurements due to 
the availability of new type of calorimeters is shown in 
[55UJ. The interaction of a nitrogen arc with an ahuninum 

anode has led to synthesis of fiie AlN powders [62UJ, and 
the formation of monodisperse powders of refractory 

metals in a plasma jet is described in [74u]. 
Radiation measurements on arcs have been performed 

to derive net emission coefficients for cylindrical high 

pressure Hg arcs [5OU], and for the determination of 
Biberman factors for the free-bound continuum of Ar 

plasmas [83u]. Non LTE diagnostics applied to MPD arcs 
is discussed in [61u], and the influence of a plasma layer 
covering a metallic surface on the microwave absorption 
and reflection of this surface is presented in [6Ou]. 

Transient effects have been studied by determining the 

spectral change of the emitted radiation during a pulse 

discharge [45u], including the influence of chemical 
reactions and chemical non-equilibrium [43U, 44u]. 

Temporally resolved temperature measurements have been 
performed on Arplasmas generated by alaser pulse [76u], 
and the establishment of an arc column has been found to 

proceed in three stages each characterized by a different 
dominating energy transfer mechanism [72U]. 
Spectroscopic measurements of a pulsed arc in a water- 
filled capillary tube have shown a transition from optically 
thin to optically thick radiation [54UJ. The fluorescence of 
a phosphor with a selected broad band sensitivity irradi- 
ated by a plasma via a rotating mirror has been used for 
plasma characterization with high temporal and spatial 
resolution [85u], and fast changes ofrefractive index have 
been measured with an arrangement of a cw laser and a fast 
Si photodiode, [58u]. A new technique for Langmuir 
probe measurements allows correction for the distur- 
bances experienced in rf plasmas by using a second 

unbiased probe [67UJ, and corrections for perturbation of 
signals from magnetic probes by the presence of the 
probes have been derived [53u]. Other reports of diagnos- 
tics include temperature measurements in a hydrocarbon 
synthesis reactor using CARS [64U], and mass 
spectrometric probing of plasmas containing hydrogen 
and carbon for carbon film deposition [68U, 84Uj. An 
interesting new method for determining the current densi- 



Heat transfer-a review of 1991 litexatnre 3177 

ties in cathode spots has been developed using the Zeeman 
splitting of emission lines [82U’J. 

Descriptions of new designs of plasma sources include 
a large volume arc discharge with an array of small 
cathodes operating in parallel each with a series resistor 
for electrical stability [Snrj. Another approach for creat- 
ing a large vohune discharge uses a low energy electron 
beam Corn thermionic filaments to sustain the discharge 
[SOUJ. Apulseddischarge generathrg a supersonic plasma 
jet for observation of short lived radical species is de- 
scribed in [52UJ* 

MHD 
This topic remains a source of theoretical studies with 

respect to power conversion system issues [94U, 95U, 
98U. lOOU, lOlu] as well as with regard to specific 
magnetofluiddynamic effects [88U, 89U, 91U-93U, %U, 
97U, 99U, 104U-106Uj. An overview of the current 
issues is presented in [103UJ. The MHD power system 
studies are concerned with improved efficiency [94U, 
98UJ, e.g. by considering separation of electricity genera- 
tion from the heat transport [98v], and with transient 
system performance [95u] and system stability, offeriug 
linear and non-linear treatments for open cycle disk gen- 
em~~[l~U,lOl~.Ac~efors~~~g~~m~ra- 
ture and flow fields in a closed cycle high temperattu~ 
reactorhasbeendeveloped[1O6Uj,audthediscontinuities 
of the properties at the boundaries have been considered in 
amodelforMHDchannelflows [89U]. Currentcollection 
by a cylindrical electrode has been modeled [ lOSUj, and 
the decay of turbulence in the flow has been analyzed 
[ 104UJ. An approximate analytical solution for an MHD 
fluid between rotating spheres is compared with anumeri- 
cal solution [93v], and stability issues are addressed by 
considering influences of finite electrical conductivities 
[99vJ, by analyzing propagation of discontinuities in 
relativistic MHD ftuids [9lUJ, and by using a non-linear 
wave analysis [92UJ. The influence of magnetic field 
gradients on free convection is modeled for a magnetic 
colloidal fluid [88uJ, and modeling results for this effect 
are compared with experimental results (86UJ. The infhr- 
exe of magnetic folds on free convection has also ken 
studied for the case of a magnetic fhtid in contact with a 
porous plate [97UJ. and a diagnostic method has been 
developed to observe the free convection patterns using 
flow visualization with aliquid crystal screen [ 102Ul. The 
enhancement of the susceptibility for breakdown across 
the insulating channel walk is predicted due to non-linear 
temperature gradients in these walls [87Uj, and the in- 
crease of the electrical conductivity of a flowing combus- 
tion plasma while the droplets of the seed solution are 
evaporating has been demonstrated [9OUJ. 

Applications. 
A special issue of the IEEE Transactions on Plasma 

Science is devoted to plasma applications. Invited articles 
review applications like surface processing [ 1 lOvJ, ther- 
malplasmaprocessing [108uJ,bulkchemicalprocessing 
usinghighpxessumnon-equilibriumplasmas[1O9U, 112UJ 

in particular ozone generation using silent discharge 
plasmas[112u],lightingbyLTE[116uJandnon~~ 
riumplasmas[1l1u],powerswitches[114UJandpulmd 
power switches [l lSUJ, and mate&k analysis [low. 
Articles emphasizmg other applications have been mfer- 
enced already in other contfxts, e.g. welding [35U, 39U, 
8O~~d~~g[63~,pl~~~y~g[28U,29U,3lU, 
38U, 49U, .56U, 7OUJ circuit breakers [19U, 2OU, 42UJ 
reentry [27U, 32UJ and electromagnetic launchers [3OU, 
33u, 41u, 59lJl. 

CONDUCTlON 

Contact condmionkontact resistame 
1A. R. F. Babus’Haq, C. Gibson, P. W. 0’0Uaghsn and S. D. 

Probert, Mul~~~y~~~~ CO!&CtS‘ 

J. Thennophys. Heat Traqfer 5(3). 429 (1991). 
ZA. R. A. Buxton and R. G. Barton, Cooperative intaactions of 

3A. 

4A. 

5A. 

asperities in the tbermotribology of sliding contacts, IEEE 
Trans. Compon. Hybrids M$ Technol. 14(l), 23 (1991). 

C. J. C&n, Constriction-induced local electrodeposition. 
The principle of self-tiuced repair, J. EZectrachem. Sot. 
W(4)‘ %9 (1991). 

Z.F.~~,Z.Q.~~Q.J.W~~MA.~ 
-tale analytical study of contact meltin in a 
y9c$+ar cavq,J. Thermophys. Hear Transfer 5(3), 347 

B. P. A. Grandjean sod I. Thibault, A new criterion for 
assomm8negligibleinteraatbermalresistanceinbansient 
heat conduction problem, I. Heat Transfer 113(l), 239 
(1991). 

6A. L. G. Gulyanskii, Featares of ~~~ periodic contact 
heat &an&r, J. Engng Whys. 60(l), 130 (1991). 

7A. L. G. Gulyanskij, Peculiarities of nonstationary periodical 
contact beat exchange, Inrhenemo-FizichesRii zhurnal 
60(l), 151 (1991). 

8A. MJ.M.~e,Constrictionnsistanceinrectsngularbodies, 
1. Electron. PacRoging 113(4), 392 (1991). 

9A. A. Mxjumdm anb C. L. Ties Practal network model for 
contact condactance, J. Heat Trat@r 113(3X 516 (1991). 

IOA. V. K. hfaudgal, J. Kliman, J. Miles and J. E. Sutkdcrland, 
Transient thermal contact n&stance in a diode heat-sink 
assembly, Appl. Energy 39(l), 31 (1991). 

11A. S. B. Mil’man and M. G. Velkmova, Contact conductivity 
study for cryogenic thermal insluation materials, 
Z~~~~-Fi~che~~ Zhurnal 60(l), 12lfl991). 

12A. G. P. Peterson, G. Starks and L. S. PIetcher, ThermaI 
conductance of two space station cold pIate attachmutt 
teclmiqucs,J.Themophys. HeatTransfer 5(2),246(1991). 

13A. G.P.PetersonandL.S.Pletcher,Heattransfere&uxment 
techniques for space station cold platea, J. Thermaphys. 
Heat Tranrfer S(3). 423 (1991). 

14A. P.F.Stevenson,G.P.PetersonaudL. SF&etcher, ‘ikrmal 
rectifkation in similar and dissimilar metal contacts, J. 
Hear Transfer 113(l), 30 (1991). 

EA. K.-K. Tio and S. S. Sadhal, Analysis of theamal constriction 
resistance with adiabatic cinxlar gaps, J. Thermophys. 
Heat Tran@er S(4), 550 (1991). 

Compositeslktyered and a&tropic media 
16A. Y. Benveniste and T. Miloh, On the effective thermal 

~~ti~~ of coated &or&m composites, J. Appt. 
Phys, 69(3), 1337 (1991). 

17A. M. N. Gbasemi Nejbad, R. D. Cope and S. 1. Giiceri, 
lkxmal analysis of in-situ thermoplastic-malric compos- 
ite filament winding, J. Heat Transfer 113(2), 304 (1991). 



3178 

18A. 

19A. 

E. R. G. Eckert ef al. 

X. Huang and Y. M. Eyssa, Stability of large composite S(l), 32 (1991). 
superconductors, IEEE Trans. Magn. 27(2), 2304 (1991). 41A. B. S. Seplyarskii, Ignition of condensed materials in the 
H. C. Lee and D. T. Fam, Variational estimates of the presence of heat losses on the lateral surface, Comb. Explos. 
effective thermal conductivities of transversely isotropic Shock Waves 26(5), 497 (1991). 
composites, J. Engng Phys. 59(4), 1245 (1991). 42A. J. Solis andC. N. Afonso, Early stages of melting inSiunder 

20A. 0. H. C. Messner, Directing the heat flow insolid bodies by 
anisotropy of the thermal conductivity, Metall. 44(11), 
1038 (1990). 

21A. J. A. Mike and A. J. Vizzini, Thermal response of fiie- 
exposed composites, J. Compos. Technol. Res. 13(3), 145 
(1991). 

22A. R. Pitchumani and S. C. Yao, Correlation of thermal 
conductivities of unidirectional fibrous composites using 
local tiactal techniques, J. Heat Transfer 113(4), 788 
(1991). 

23A. M. E. R&alla, G. A. Girgis and M. M. Holdmann, 
Optimizing high frequency response of thin films depos- 
ited on composite substrates, IEEE Trans. Magn. 27(2), 
1313 (1991). 

%A. V. R.Sobol’andT.A.Krivo~chko,Heattrausferanisotropic 
metallic media, .I. Engng Phys. 58(4), 514 (1990). 

Laserlpulse heating, propagation and shock waves 
25A. A. M. Abdel-Raouf and W. Gretler, Quasi-similar solutions 

for blast waves with internal heat transfer effects, Fluid 
Dyn. Res. 8(56), 273 (1991). 

26A. 

27A. 

28A. 

29A. 

30A. 

31A. 

32A. 

M. F. Becker, C. Ma and R. M. Walser, Predicting 
multipulse laser-induced failure for molybdenum metal 
mirrors, Appl. Opt. 30(36), 5239 (1991). 
L. N. Brush, G. B. McFadden and S. R. Coriell, Laser 

melting of thin silicon films, J. Crysr. Growth 114(3), 446 
(1991). 
Yu. A. Bumai, N. E. Domorod and A. G. Ul’yashin, 

Comparative analysis of ion and laser pulse annealing of 
silicon, J. Engng Phys. 60(3), 395 (1991). 
N.-H. Cheung, Pulsed laser heating of thin fthn.% An 

efficient algorithm for computing temperature profiles, J. 
Appl. Phys. 70(12). 7654 (1991). 
J. J. Dubowski. Pulsed laser evaporation and epitaxy of 
Cdl-x Mnx Te, J. Cryst. Growth 101(14), 105 (1991). 
C. Garrido, B. L&n and M. P&ez-Amor, A model to 

calculate the temperature induced by a 1aser.J. Appl. Phys. 
69(3), 1133 (1991). 
D. E. Glass, K. K. Tamma and S. B. Railkar, Hyperbolic 
heat conduction with convection boundary conditions and 
pulse heating effects, J. Thermophys. Hear Transfer S(l), 
110 (1991). 

nanosecond laser pulse irradiation: A time-resolved study, 
J. Appl. Phys. 69(4), 2105 (1991). 

43A. A. C. Tam, W. P. Leung and D. Krajnovich, Excimer laser 
ablation of ferrite& J. Appl. Phys. 69(4), 2072 (1991). 

44A. K. K. Tamma and R. R. Namburu, Hyperbolic heat- 
conduction problems: Numerical simulations via explicit 
lax-wendroff-based finite element formations, J. 
Thennophys. Heat Transfer S(2), 232 (1991). 

45A. B. M. Tissue, L. Lu, L. Ma, W. Jia, M. L. Nortoaand W. M. 
Yen, Laser-heated pedestal growth of laser and IR- 
upconverting materials, J. Crysr. Growth 109(14), 323 
(1991). 

46A. D. Y. Tznu, Thermal shock formation in a three-dimen- 
sional solid around a rapidly moving heat source, J. Heat 
Transfer 113(l), 242 (1991). 

47A. M. Yamada, Temperature distributions produced in 
multilayer structures by a scanning CW laser beam, Jap. J. 
Appl. Phys. Pan I 30(7), 1418 (1991). 

48A. J.-Yangyang, 2. Shuqing, H. Yujing, Z. Hongwu, L. Ming 
and H. Chaoen, Growth of lithium !riborate (LBO) single 
crystal fiber by the laser-heated pedestal growth method, J. 
Cryst. Growth 112(l), 283 (1991). 

Heat conduction in miscellaneous geometries 
49A. L. A. Belousov, S. P. Blinov, I. B. Volkova and I. A. 

Mmtazin, Temperature fields of infinite pipe and plate 
under cyclic surface heating by heat local source, 
Inrhenerno-Fizicheskii Zhurnal 60(l), 166 (1991). 

5OA. Y.-H. Ju, Y.-P. Shih, C.-Y. Chiu and W.-C. Lee, Designof 
a tiaminated rectangular fin, Znt. J. Hear Muss Transfer 
34(4/5), 1097 (1991). 

51A. S. W. Ma, A. I. Behbahani and Y. G. Tsuei. Twodlmen- 
sional rectangular fin with variable heat transfer coeffi- 
cient. Inr. J. Heat Mass Transfer 34(l), 79 (1991). 

52A. B. Name&& D. Beader and P. Skerget, Heat transfer on 
extended surfaces surrounded with moist air by the method 
of boundary elements, Stroj. Vesr. 36(1012), 173 (1990). 

53A. U. Natarajau and U. V. Shenoy, Optimum shapes of 
convective pin fins with variable heat transfer coefficient, 
J. Franklin Inst. 327(6), 965 (1990). 

Conduction with convectionlstratijication aspects 
33A. U. Gratzke. P. D. Kaoadiaand J. Dowden. Heat conduction 

in high-s&cd la.& welding, J. Phys. ‘D 24(12), 2125 
(1991). 

54A. W.-Z. Cao and D. Poulikakos. Freezim? of a binarv allov 
saturating a packed bed of spheres, J. Thermophys. Heat 
Transfer S(l), 46 (1991). 

. I 

34A. 

35A. 

36A. 

37A. 

38A. 

39A. 

A. N. Grigorenko, P. I. Nikitin, D. A. Jelski and T. F. 
George, Thermoelectric phenomena in metals under large 
temperature gradients, J. Appl. Phys. 69(5), 3375 (1991). 
B. Haba, B. W. Hussey and A. Gupta, Temperature 

distribution during heating using a high repetition rate 
pulsed laser, J. Appl. Phys. 69(5), 2871 (1991). 
D. L. Heinz, J. S. Sweeney and P. Miller, A laser heating 
system that stabilizes and controls the temperature: Dia- 
mond anvil cell applications, Rev. Sci. Inshum. 62(6), 1568 
(1991). 

55A. F.-C. and W.-Y. Lien, Effect of wall heat conduction on 
laminar mixed convection in the thermal entrance region of 
horizontal rectangular channels, W&me Srofiebertrog 
26(3), 121 (1991). 

56A. R. 0. C. Guedes and R. M. Cotta, Periodic laminar forced 
convection within ducts including wall heat conduction 
effects, Inr. J. Engng Sci. 29(5), 535 (1991). 

57A. P.R. Johnston, AxialconductionandtheGraetzproblemfor 
a Singham plastic in laminar tube flow, Inr. J. Hear Mass 
Transfer 34(4/5), 1209 (1991). 

C. L. D. Huang and G. N. Ahmed, Dynamic responses in 
hollow concrete cylinders under hazardous thermal loads, 
Inr. J. Heat Mass Transfer 34(10), 2535 (1991). 
R. Kant and K. L. Deckert, Laser-induced heating of a 
multilayered medium resting on a half-space: Part II- 
Moving source, J. Hem Transfer 113(l), 12 (1991). 
R. S. Pate1 and M. Q. Brewster, Gas-assisted laser-metal 
drilling: experimental results, J. Thermophys. Hear Trans- 
fer S(l), 26 (1991). 

58A. S. P. Ketkar, M. Parang and R. V. Arimilli, Experimental 
and numerical study of solidification and melting of pure 
materials, J. Thermophys. Hear Trunsfer 5(l), 40 (1991). 

59A. A. Rezaiau and D. Poulikakos, Heat and fluid flow proc- 
esses during the coating of a moving surface, J. Thermophys. 
Hear Transfer S(2), 192 (1991). 

60A. A. K. Tolpadi and T. H. Kuehn, Measurement of three- 
dimensional temperature fields in coniugate conduction- 
convectionproblemsusingmultidirectionalinterferometry, 

40A. R. S. Pate1 and M. Q. Brewster, Gas-assisted laser-metal Inr. J. Hear Mass Transfer 34(7), 1733 (1991). 
drilling: theoretical model, J. Thermophys. Heal Tranrfer 61A. A. A. Uglov, I. Yu. Smurov and A. M. Lashin, The effect 



Heat transfer-a review of 1991 literature 3179 

of a periodic pulsed energy flux structure on the dynamics 
of melting and evaporation phase boundaries, Teplojiziku 
Vysokikh Temperutur29(2), 294 (1991). 

62A. W.-S. Yu, H.-T. Lin and T.-Y. Hwang, Conjugate heat 
transfer of conduction and forced convection along wedges 
and a rotathrg cone, hr. J. Heat Mass Transfer 34(10), 
2497 (1991). 

Methods and approacheslnumerical studies 
63A. T. W. Abou-Arab. K. M. Saleh and 1. Ramadan Study of a 

multidimensional transient heat conduction process with a 
moving heat source. Part 2. Numerical and experimenta.l, 
Muteriuls nt High Temperatures 9(l), 41 (1991). 

64A. T. W. Abou-Arab and M. A. Al-Nimr, Study of a multidi- 
mensiotud transient heat conduction problem with a mov- 
ing heat source. Part 1. Analytical solution, Materials at 

High Temperatures 9(l), 35 (1991). 
65A. K. Anxai and T. Uchida, Efficient explicit-implicit finite 

difference algorithm for transient heat conduction prob 
lems, Nippon Kikai Gakkai Ronbunshu B Hen 57(536), 
1434 (1991). 

66A. I. V. Baryshuikov and V. A. Datskovskii, Calculation of 
temperature fields in domains with piecewisehomogene 
ousmediajoinedalonganon-canonicalboundary, J. Engng 
Phys. S(4), 532 (1990). 

67A. A. R. Batchelor and V. Postoyalko, Thermal analysis for 
improved performance of transferred-electron oscillators, 
J. Appl. Phys. 70(2), 1028 (1991). 

68A. E. M. Berliner and V. P. Krainov, Analytic calculations of 
the tcxnperature field and heat flows on the tool surface in 
metal cutting due to sliding friction, Wear 143(2), 379 
(1991). 

69A. T. N. Boichenko and L. A. Koxdoba, Computational 
experiment to solve problems of optimization in pulsed 
heating regimes, J. Engng Phys. 59(2), 1064 (1991). 

70A. C. J. Camarda and H. N. Murmw, Solving the structures 
problem for hypersonic vehicles, Aerosp. Engng 
(Wurrendule PA) ll(12). 15 (1991). 

71A. K. C. Chang and U. J. Payne, Analytical solution for heat 
conduction in a two-material-layer slab with linearly tem- 
perature dependent conductivity, J. Heat Trun.rfer 113(l), 
237 (1991). 

72A. H.-T. Chen and J.-Y. Lin, Hybrid Laplace transform 
technique for non-linear transient thermaJ problems, Int. J. 
Hear Muss Transfer 34(4/S), 1301 (1991). 

73A. H.-T. Chen and J.-Y. Lin, Application of the hybrid method 
to transient heat conduction in one-dimensional composite 
layers, Compur. Srrwr. 39(5), 451 (1991). 

74A. H.-T. Chen aud J.-Y. Lin, Application of the Laplace 
transform to nonlinear transient problems, Appl. Moth. 

Model. M(3), 144 (1991). 
75A. M. K. Chyu and C. E. Oberly, Numerical modeling of 

normal zone propagation and heat transfer in a supercon- 
ducting composite tape, IEEE Trans. Mogn. 27(2), 2100 
(1991). 

76A. S. Da Gama and R. Martins, On the solutions of the energy 
transfer problem in a non-convex black body with convec- 
tive/tadiativelwundaryconditions,Inr.J.Non-LinearMech. 
26(S), 641 (1991). 

77A. J. Dowden, P. Kapadia and D. Sibold, Mathematical 
modelhng of laser welding, ht. J. Joining Mater. 3(3), 73 
(1991). 

78A. V. F. Formalev, Analysis of two-dimensional temperature 
fields in anisotropic bodies with allowance for moving 
boundaries aud a high degree of anisotropy, High Temp. 
28(4), 535 (1991). 

79A. I. V. Goncharov and V. L. Mikov, Solution of the inverse 
problem on determining three fiber composite characteris- 
tics, J. Engng Phys. 58(3), 364 (1990). 

80A. A. Haji-sheikh, L. Yan and S. P. Kinsey, A single-equation 
solution for conduction in tins, Inr. J. Heat Mass Transfer 

34(l), 159 (1991). 
81A. C. H. Huang and M. N. Gxisik, Gpthnal reguh&ation 

method to determine the strength of a plane surface heat 
source, Int. I. HeatFluid Flow lZ(2), 173 (1991). 

82A. C. H. Huang and M. N. &i&k, Direct integration approach 
for simultaneously esbmating temperature dependent ther- 
mal conductivity and heat capacity, Nzuuer. Heat Trunsfer 
Int. J. Comput. Methodol. Part A Appl. 28(l). 95 (1991). 

83A. L. W. Hunter and J. R. Kuttler, Bntbalpy method for 
ablation-type moving boundary problems, J. Thermophys. 
Heut Transfer 5(2), .240 (1991). 

84A. Y. Jarny, M. N. Oxisik and J. P. Bardon, A general 
optimization method using adjoii equation for solving 
multidimensional inverse heat conduction, Int. J. Heat 
MussTrun@r 34(11), 2911 (1991). 

85A. K. Kurpisx, Numerical solution of one case of inverse heat 
conductionproblems, 1. Heut Tranrfr 113(2),280(1991). 

86A. A. Lippke, Analytical solutions and sine function approxi- 
mations in thermal conduction with nonliuear heat genera- 
tion, J. Heat Transfer 113(l), 5 (1991). 

87A. S. Y. Ma, Boundary element solution to transient heat 
transfer problems of thin plates, Engng Anui. 8(3), 155 
(1991). 

88A. B.-D. Mohamedein, Gnwiimensional, linearmodelof rigid 
thermal conductors exhibiting phonon viscosity. A nu- 
merical example, Appl. Moth. Model. 15(2), 82 (1991). 

89A. W.Y.RawandS.L.Lee, Applicationofweightmgfunction 
scheme on wnvectio~onduction phase change prob- 
lems, Int. J. Hear Muss Transfer 34(6), 1503 (1991). 

90A. H. -J. Rehthardt, NumeticaJ method for the solution of two- 
dimensional inverse heat conduction problems, Int. J. 
Numer. Methods Engng 32(2), 363 (1991). 

91A. M. H. Sadeghi and T. A. Dean Analysis of dimensional 
accuracy of precision forged axisymmetric components, 
Proc. Inst. Mech. Engng PurtB 285(3), 171(1991). 

92A. S. SaigaJ and A. Chandra, Shape sensitivies and optimal 
comigurations for heat diffusion problems: a BEM ap- 
proach, J. Hear Trunsfer 113(2), 287 (1991). 

93A. F. Sartoretto and R. Spigler, Numerical solutionforthe one- 
phase stefanproblemby piecewise constant approximation 
of the interface, University 0fPudovu (1990). 

94A. S. SheenandK. Hayakawa,Finitedifferencesimulationfor 
heat conduction with phase chauge in an irregular food 
domain withvohunetric change.lnr. J. Heat Muss Transfer 
34(6), 1337 (1991). 

95A. V. S. Sipetov, Sh. Sh. Tuimetov and 0. N. Demchuk, 
Solution of the heat conduction problem for laminar 
orthotrpic stabs in a spatial formulation, J. Engng Phys. 
58(S), 671 (1990). 

96A. E. Specht, Simplified computation of heat conduction in 
solids, CFICeram. ForumInr.Ber.DKG 67(1 l), 8 (1990). 

97A. K. S. Surana and K. W. Teong, Twenty-seven-node three- 
dimensional solid element for heat conduction based on p- 
version, Comput. Sht~i. 41(5), 897 (1991). 

98A. C. Third, F. Weinberg and L. Young, Mathematical model 
of internaJ temperature profile of GaAs during rapid ther- 
mal annealing, J. Appl. Phys. 69(12), 8037 (1991). 

99A. G. C. Thomann T. Aabo, E. C. Bascom Jr., A. R. Ghafmian 
and T. McKeman, A Fourier transform technique for caku- 
lating cable and pipe temperatures for periodic and @an- 
sient conditions, IEEE Trans. Power Delivery 6(4), 1345 
(1991). 

1OOA. J. A. Tichy, Closed-form expressions for temperature in a 
semi-intinitc solid due to afastmoving surface heat source, 
J. Turbomach. 113(4), 828 (1991). 

101A. A. S. Trofmov and V. V. Ktyxhnij, Application of 
‘Carrying’ techoique to solution of nonstationary prob 
lems, Inzhenerno-Fizicheskii Zhurnaf 60(l), 166 (1991). 

102A. S. P. Venkateshan aud V. R. Rao, Approximate solution 
of non-linear transient heat conduction in cylindrical go 
ometxy, W&-me Sroffueberrrag Z%(2), 97 (1991). 

103A. S. C. Yang aud G. R. Zheug, Boundary element method 



3180 E. R. G. Eckert er al. 

applied to steady periodic heat conduction, Numer. Heat 
Tramferlnt. .I. Comput. Methodol. PanAAppl. 19(l), 117 
(1991). 

laminated beams: A variational approach using stress 
functions, J. Electron. Packaging 113(l), 68 (1991). 

104A. G. B. Zhestkov, Computational and experimental investi- 
gation of nonstationary heat transfer at a critical point, J. 
Engng Phys. 58(6), 697 (1990). 

Inverse problems 

108A. W. T. Cooley and A. Razmi. Thermal analysis of surface 
mounted leadless chip carriers, J. Electron. Packuging 
113(2), 156 (1991). 

Thermal-mechanical problems 
105A. D. Barker, M. Peckht, A. Dasgupta and S. Naqvi, Transient 

thermal stress analysis of a plated through hole subjected to 
waveso1dering.J. Elecrron. PuckagingllJ(2). 149(1991). 

106A. R. C. Batra and A. Adam, Effect of viscoplastic flow rules 
on steady state penetration of thermoviscoplastic targets, 
Inr. J. Engng Sci. 29(11X 1391 (1991). 

107A. A.O.Cifuentes,Elastoplasticanalysisofbimaterialbeams 
subjected to thermal loads, J. Electron. Packaging 113(4). 
355 (1991). 

125A. D. S. Gilliam, B. A. Mair and C. F. Martin, Inverse 
convolution method for regular parabolic equations, SIAM 
J. Connol Oprim. 29(l). 71 (1991). 

126A. D. B. Kushch and D. A. Rapoport, Solution of the inverse 
problem of nonsteady heat conduction in thermal 
nondestructive quality control, Sov. J. Nondesn. Tea 
X(11), 817 (1991). 

128A. Yu. M. Matsevityi and A. V. Multanovskii, Solution of 
multi-parameter inverse problems of heat conduction, J. 
Engng Phys. 60(l), 117 (1991). 

127A. D. Maillet, A. Degiovanni and R. Pasquetti, Inverse heat 
conduction applied to the measurement of heat transfer 
coefficient on a cylinder: comparison between an analyti- 
cal and a boundary element technique, J. Heat Transfer 
113(3), 549 (1991). 

109A. T. Go&ma and K. Miyao, Transient thermal stresses in a 
circular disk with a hole due to a rotating heat source, 
NipponKikaiG&iRonbunshuBHen57(533),53(1991). 

11OA. G. P. Gromovoi, Solutions of axisymmetrical problem of 
thermoelasticity by the method of component decomposi- 
tion, Prikkzdnayu Mekhonika 27(l), 31 (1991). 

1llA. K. Hou and S. Wen, Analysis of maximum temperature for 
thermo-elastohydrodynamic lubrication in point contacts, 
Weur 150(12), 1 (1991). 

iUiscelianeous conduction studies 
129A. A. E. Abasaeed, Y. Y. Lee and J. R. Watson, Effect of 

tmnsient heat transfer and particle size on acid hydrolysis 
of hardwood cellulose, Bioresource Technology 35(l), 15 
(1991). 

112A. L. Khomlyak, V. N. Maksimovich and A. 2. Kuz’menko, 
Reductionofresidualstresses inweldedplatesbylocalheat 
treatment using moving heat sources, Srrength ofhfurer. 
22(l), 113 (1990). 

130A. H. Benkreira, S. Shillitoe and A. J. Day, Mode- of the 
butt fusion welding process, Chem. Engng Sci. 46(l), 135 
(1991). 

113A. Yu. M. Kolyano and I. R. Tatchin, Inverse coefficient 
problem of thermoelasticity for isotropic bodies, Sfrength 
ofMurer. 22(6), 844 (1991). 

114A. J. H. Lau, Thermoelastic solutions for a finite substrate 
with an Electronic device, J. Elecrron. Puckaging 113(l), 
84 (1991). 

131A. R. C. Chen and H. S. Chu, Study on the intrinsic thermal 
stability of aniso@opic thin film superconductors with a 
line heat source, Cryogenics 31(8), 749 (1991). 

132A. G. N. Dul’ne-v and V. I. Malazev, Theory of flow in the 
conductivity problem of inhomogeneous media, J. Engng 
Phys. 59(3), 1217 (1991). 

115A. M. Lee and I. Jasiuk, Asymptotic expansions for the 
thermal stresses in bonded semi-infinite bimaterial strips, 
J. Electron. Packaging 113(2), 173 (1991). 

116A. J. C. Misra, S. C. Samanta, A. K. Chakrabarti and S. C. 
Misra,Uageetothermoelasticinteractioninaninfiniteelastic 
continuum with a cylindrical hole subjected to ramp-type 
heating, Int. J. Engng Sci. 29(12), 1505 (1991). 

117A. H. S. Morgan, Thermal stresses in layered electrical 
assemblies bonded with solder, J. Electron. Packaging 
113(4), 350 (1991). 

133A. V. I. Kochetov, N. V. Zadvomov and V. V. Mezhuev, 
Temperature field in a rectangular plate subjected to 
nonstationaryheating,Chem.Per.Engng26(78),345(1991). 

134A. A. Majumdar, Effect of interfacial roughness on phonon 
radiative heat conduction, J. Hear Transfer 113(4), 797 
(1991). 

118A. Y. Ootao, Y. Tanigawa, N. Nakanishi, Transient thermal 
stress analysis of a nonhomogeneous hollow sphere due to 
axisymmetricheat supply,NipponKikuiGakkaiRonbunshu 
A Hen 57(539), 1581 (1991). 

135A. A. McNabb and G. C. Wake, Heat conduction and finite 
measures for transition times between steady states, IMA I. 
Appl. Math. 47(2), 193 (1991). 

136A. P. Reinicke and J. Meyer-ter-Vehn, The point explosion 
with heat conduction, Phys. Fluids A 3(7), 1807 (1991). 

137A. M. M. Sorour, M. S. El Din and R. A. Mahmoud, Heating 
of the soil below a cold store, Appl. Energy 39(l). 45 
(1991). 

119A. J. G. Stack and M. S. Acarlar, Heat transfer and thermal 
stress analysis of an opto Electronic package, J. Elecfron. 
Packuging 113(3), 258 (1991). 

120A. Y. Tanigawa, Y. Ootao and N. Takada, Transient thermal 
stresses and thermal deformations of a semi-timte solid 
cylinder with heated moving end surface (effect of heat 
transfer on the end surface), Nippon Kikai Gakkai 
Ronbunshu B Hen 57(536), 852 (1991). 

121A.D.A.Totorelli,G.Subramani,S.C.Y.LuandR.B.Haber, 
Sensitivity analysis for coupled thermoelastic systems, Int. 
J. SolidsSrruct. 27(12), 1477 (1991). 

122A. W.-C. Wang and W.-M. Wu, Transient thermal stresses of 
two near-edge defects due to a moving heat source, Opt. 
LasersEngng 15(4), 215 (1991). 

138A. S. Suda and Y. Komazaki, Effective thermal conductivity 
of a metal hydride bed packed in a multiple+waved sheet 
metalstructure,J.lessCommonMer.174(12),1130(1991). 

139A. T. TerasaJti and K. Ishimoto, predicting heating and 
cooling times due to local preheating, Yosetsu G&i 
Ronbunshu 9(3), 128 (1991). 

14OA. D. Y. Tzou, The effect of thermal conductivity on the 
singular behavior of the near-tip temperature gradient, I. 
Hear Transfer 113(4), 806 (1991). 

141A. L. S. Verma, A. K. Shrotriya, R Sin@ and D. R. 
Chaudhary, Thermal conduction in two-phase materials 
with spherical and non-spherical inclusions. J. Phys. D 
24(10), 1729 (1991). 

Special applications 

123A. A. K. Wang, Non-adiabatic thermoelastic theory for 
composite laminates, J. Phys. Chem. Solids 52(3), 483 
(1991). 

124A. W.-L. Yin, Thermal stresses and free-edge effects in 

142A. A. Al-Turki and G. M. Zaki. Cooling load resuonse for 
building walls comprising heat storing and them& iosulat- 
ing layers, Energy Convers. Munuge 32(3), 235 (1991). 

143A. K. Baba. Y. Aikawa and N. Shohata, Thermal conductivity 
of diamond films, J. Appl. Phys. 69(10), 7313 (1991). 



Heat transfer-a review of 1991 literatum 3181 

144A. J, R. Banga, R. I. Perez-Martin, J. M. Gallardo aud J. J. 
casares, optimization of tile thermal processing of con- 
duction-beated canned foods: study of several objective 
titions, /. Fd. Engng 14(l), 25 (1991). 

145A. Yu. N. Bel’yaninov, On non-linear@ accounting in 
thermal tasks of electric glass melting, Ftziku i Khimiya 
SteWa 17(Z), 169 (1991). 

146A. C. E. Blat, E. H. Nicollian and E. H. Poindexter, Mecba- 
ni~ofn~~v5~~~~~b~~,~.ApPI. Phys. 
69(3), 1712 (1991). 

147A. J. E, Bonevicb, Mm-H. Ten& D. L. Jolmson aad L. D. 
Marks, ~~b-~~ fumact for sinttzin8 studies of 
ultrafime ceramic particles, Rev. Sci. Ins-. 62(12), 3061 
(1991). 

148A. L. Bottura and J. V. Minuvini, Modelin8 of dual stability 
in a cable-in-conduit conductor, IEEEltuns. Magn. 27(2), 
1900 (1991). 

149A. A. G. Butkovskiy, V. A. Kubyshlcin and V. I. Finya8ina, 
Methods and models to deairpl mobile controls on surface, 
Lect. Notes Conrrol Inf. Sci. 159,1(1991). 

15OA. B.-S. Cbiou, K. C. Liu, J.-G. Dub and P. S. Palanisamy, 
Temperature cycling effects between Sn/Pb solder and 
tick film Pd/Ag conductor mcta&ation, IEEE Truns. 
Compon. Hybrids MMf. Tech&. 14(1), 233 (1991). 

15tA. M. K. Cbyu and C. E. Obcrly, E&+&s of transvm heat 
tram&r on normal zone propagation in metal-clad bi8b 
@mpem&m superconductor coil tape, C~oge&s 31(7), 
680 (l99l). 

15%. C. J. Diedticb and K. Hynynen, The feasibility of using 
electrically focused ultrasound arrays to induce deep 
@pert&&a via body cavities, IEEE Trans. Ultrason 
Ferroelectr. Freq. Control 38(3). 207 (1991). 

153A. 8. R Elliqwood, Impact of fire expom on heat 
transmission in concrete slabs, J. Snuct. Engng 117(6), 
1870 (1991). 

154A. R. C. E&r, N. S. Nogar, R. E. Muencbausen, X. D. Wu, 
S. Foltyn and A. R. Garcia, A versatile substrate beater for 
use in bigbiy oxidizing atmospheres, Rev, Sci. Instrum. 
6X2), 437 (1991). 

155A. Y. Etzion and E. E&l, Thermal storage mass in radiative 
cooi& systems, B~ZdE~v~on. 26(4), 389 (1991). 

l56A. D. 11. Bunilk&, Wall-response factors to estimate the 
conduction beat @ns with time-vazyiq thermal coef& 
cieuts, Energy fox-ford] 16(6), 933 (1991). 

157A. M. C. Falabella, C. Suarez and P. E. Vioilaz, Drying 
kinetics of corn in contact witb a solid adsorbent, J. Fd. 
Engng 13(4), 273 (1991). 

158A. V. I. Gancbar, Heat exchange parameters during anode 
electrolytic heating, Inzhenerno-Fisicheskii ZhurmaI 60(l), 
92 (1991). 

159A. L. R Glicksman, Two-dimensionalbeat wer &ects on 
vacuum and reflective insulations, J. Therm. In&. 1428 1 
(1991). 

16OA. L.R.G~c~H~t~er~a~~gof~~u~fo~ 
insulation, Ceil Fofym. M(4), 276 (1991). 

16lA. J. A.Clreenwood,Interpotatianformulafor~tunprra- 
Rues, Wear 150(12), 153 (1991). 

162A. N. Gtiltekin, T. Ayban and K. Kaygusuz, Heat storage 
~~~materialswhichcanbeusedfordolaesticheating 
byheatpumps,EnffgyConvers.Mu~ge32(4),311(1991). 

163A. R. J. Hausman Jr., K. Yama8ucbi, B. Berkowitz and U 
Potapczuk, Modeling of surface roughness effects on glaze 
ice~tio~J.Thennophys.HeutTransferJ(1),54(1991). 

164A. Y. Harayama, H. Someya and T. Hoshiya, Bffect of 
eccumic pellet on gap conductance in fuel rod, .I. Nud. Sci. 
Tech&. 28(10), %1(1991). 

165A. A. D. Hibbs andD. W. Cox, Areliiblenonma8netic liquid 
helium tight thermal feedthrougb for a fiberglass Dewar, 
Rev. Sci. Instrwn. 62(9). 2289 (1991). 

166A. J. H. Hills, Non-isothermal adsorption in a pelbt, Chem. 
Engng Sci. 46(l), 69 (1991). 

167A. C. L. D. Huan8 and G. N. Ahned, Inthence of slab 
thicknesson~~ofconcretcwallsuodafire,hrwur. 
Heai Transfer Int. J. Comput. Methodol. Part A Appl. 
19(l). 43 (1991). 

168A. M. Jakob, Tbarmal eigenvalues of walls, Forsch 
Ingenieurweiss 57(l), 21(1991). 

169A. B.A.Ju~andM.A.Aisaad.Pamme&icstudyofabox- 
type solar cooker, Energy Convers. hfanuge 32(3), 223 
(1991). 

170A. C. Kazmimwski, S. Balek, G. Walter and P. Wendt_ 
Konvektorp ~~on~~~~ 
w&me zm. 40(P), 402 (1991). 

171A. A. S. Lavirte and C. Baj An analysis of heat transfer in 
Josephson junction devices, L Heat Zktsfer 113(3), 535 
(1991). 

172A. A. S. Lavine and T.-C. Jen, Thermal aspects of grinding: 
Heat transfer to workpiece, wheel, and fluid, J. Heut 
Trunrfe 113(2), 2% (1991). 

173A. V. C. Mei, Heat transfer of buried pipe for beat pump 
application, J. Sol. Energy Eegng 113(l), 51(1991). 

174A. C.Meuris,Heattmqortinimula&nofcablescooledby 
superfluid b&m, Cryogenics 31(7), 624 (1991). 

175A. E. Nanoto and K. Kawasbimo, Study of the beat conduc- 
tionof supercondwtors @&sunxnents andmechanism of 
tbe thermal conductivities of l&b-T= oxide superconduc- 
tars). .IS&E Ini. J. Ser. 2 34(3), 340 (1991). 

176A. B. Oh and R. P. Roberta& Heater for bigb T_ oxide 
superconductin8 &tin-film depositio% Rev. Sci. Inrmun. 
62(12), 3104 (1991). 

177A. Y. Rash&&m and F. J. Wallace, Piston-liner tbumal 
resistance model for diesel engine simulation. Part 1. 
Formulation and Tut@, Proc. Inst. Mech. Engng Part C 
205(S), 343 (1991). 

178A. Y. Ra&ban au P. I. Wallace, Piston-liner thermal reaist- 
amze model for diesel engine simulation. Part 2. Applica- 
tion to various insulation, Proc. Inst. Mech. Engng Part C 
2@5(5), 353 (1991). 

179A. L. Salasoo, Supesconductiq magnet quench protection 
anaysisand~I~ltons.Mogn.27(2),1908(1991). 

18OA. ~Sa~4K.~M.~~~~~~ 
fati8ue life of Pb-Sn alloy in taconnechbns. IEEE Truns. 
Compon. HybrU Mf; Technoi. 14(l), 224 (1991). 

181A. P. Scbeuerpflud, H.-J. Moqer, G. Neube& and J. F&k& 
Low-temperature thermal transport in silica aeqels, .I. 
Phys. D 24(8). 1395 (1991). 

182A. W. Smolee aud A. Thomas, Some aspects of Trombe wall 
beat transfer models, Energy Convers. Munuge 32(3), 269 
(1991). 

183A. R Soler, A. Rousseau and M. Serrano, Modeling of 
thermal phenomena in zinc-oxide sruge anz@ers, Electr. 
Fr. Bull. Dir. Et&. Rech. Ser. B (l), 45 (1991). 

184A. T. Tanaka, Development of the b&&cd and poral type of 
metalbonddiamondwheelJournaloftheJop4nSocieryof 
Precision Engngineen’ng/Seimi~sn Kogaku Kaishi 57(P), 
1573 (1991). 

185A. T.TeraskiandK.~o~,Estimationofthecwlingtimt 
tM and thermal factor of welments with local prebeatiq, 
Yosetsu G&k& Ro&mshu P(3), 118 (1991). 

186A. K. Tsuboucbi, S. Utsugi T. Putatsuyaand N. Mikosbiba, 
T&ore&al analysis for a new package concept. Hi@- 
speed heat removal for VLSI using an AIN beat-spread@ 
layer and microchannel fin, Jap. J. Appl. Phys. Part 2 
L.eners 30(l), 88 (1991). 

187A. J. P. Wallace, J. K. Tien, J. A. Stefani and K. S. Cboe, 
Intemalheat~~inCzochralslrigrownsiliconcrystals, 
J.Appl. Phys. 69(l), 550 (1991). 

188A. S. Yin and P. Hakomq Electron-beam welded Cu-to-A8 
joints for tbcrmal contact at low temperatures, Rev. Sci. 
Instrum. 62(5), 1370 (1991). 

189A. N. Yosbitani, T. Yanai and Y. Nasarmma, optimal slab 

heating control in reheatiug famaces, Nipport Steel Techni- 
cal Repon (49), 45 (1991). 



3182 E. R. G. Eckert et al. 

Special experimental conduction studies 4B. K.Dullenkopf,A. SchulxandS. Wittig,Theeffectofincident 

1POA. J. Al-Sahaf and K. Comwell, Heat transfer under frosting wake conditions on the mean heat transfer of an airfoil, J. 

conditions to plain and thick-finned tubes, Exp. Heat Turbomach. 113(3), 412 (1991). 

Transfer 4(l), 1 (1991). 5B. G. I. Gimbutis, Calculation of the heat transfer of a flat wall 

19lA. T. Angot, J. Suzanne and J. Y. Hoarau, An original in situ with countercutrent, mixed-convection air flow, Therm. 

cleaver for low temperature surface experiments, Rev. Sci. Engng 37(P), 482 (1991). 

Instrum. 62(7), 1865 (1991). 6B. M. Hori, J. Yata, T. Minamiyama and K. Yamaguchi, Study 

192A. K. J. Choi and J. S. Hong, Experimental study of enhanced of turbulent heat-transfer enhancement by a turbulence 

melting process underultrasonic influence,J. Thermophys. promoter placed in a turbulent boundary layer, Heat Trans- 

Hear Transfer .5(3), 340 (1991). fer--lap. Res. 20(3), 274 (1991). 
193A. A. E. Cmzon, A first-order theory for the temperature 7B. M. Iguchi, H. Takeuchi, H. Kawabata, T. Uemura and Z.-I. 

distribution ma thermally conducting and radiating rectan- Morita, Melting process of rectangular prisms immersed in 

gular film observed by transmission Electron micrsocopy, bubbling jet in a cylindrical vessel, ISIJ. Inr. 31(l), 46 

J. Phys. D 24(P), 1616 (1991). (1991). 

194A. S.FujimaraandM.Morita,Quenchsimulationof4.7Tesla 8B. K. Inaoka, H. Kigawa, H. Suzuki andK. Suzuki, Heat transfer 

superconducting magnet for magnetic resonance in a turbulent boundary layer with an insertion of a LBBU 

spectroscopy, IEEE Trans. Mugn. 27(2), 2100 (1991). plate, Nippon Kikai Gakkai Ronbunshu B Hen 57(537), 

195A. R. J. Kind, J. M. Jenkins and F. Seddigh, Experimental 1734 (1991). 

investigationofheat transferthroughwind-permeablecloth- 9B. B. A. Kader, Heat and mass transfer in pressure-gradient 

ing, ColdReg Sci. Technol. 20(l), 39 (1991). boundary layers, Int. J. Heat Mass Transfer .34(11). 2837 

l%A. A. S. Komendantov, Y. A. Kuzma-Kichta, L. T. Vasil’eva (1991). 

and A. A. Ovodkov, Experimental investigation of heat 1OB. B. H. Kang, Y. Jaluria and M. V. Karwe, Numerical 

transfer and burnout in condition of nommifonn megawatt simulation of conjugate transport from a continuous mov- 

heat fluxes, Exp. Hear Transfer 4(3), 281(1991). ingplateinmaterialsprocessing,Nwner. HeatTr&erInt. 

197A. T. Kunugi, N. Akino, K. Ichimiya and I. Takagi, Evahra- J. Comput. Methodol. Part A Appl. 19(2), 15 1 (1991). 

tion of heat conduction and visualization of heat fhrx in a 1lB. Y. Kawada, H. Maekawa, M. Kobayashi and H. Saitoh, 

plate making use of heat transfer experiments, Eqrer. Effect of free&ream turbulence on spawnwise eddy dilfu- 

Therm FluidSci. 4(4), 448 (1991). sivity of heat in a flat-plate turbulent boundary layer, 

198A. Y. Kurosaki and I. Satoh, Mechanisms of heat transfer Nippon Kikai Gakkai Ronbunshu B Hen 57(540), 2812 

augmentation around the stagnation point of an impinging (1991). 

airietladenwithsolid~articles(renort2,Effectsofthermal 12B. J. T. C. Liu and A. S. Sabry, Concentration and heat transfer 

properties of laden particles and heat &sfer surface on in nonlinear Gortler vortex flow and the analogy with 

heat transfer augmentation due to the unsteady heat con- longitudinal momentum transfer, The Royal Society Pro- 

duction), Nippon Kikai Gakkai Ronbunshu B Hen 57(537), ceedings: Math. Physical&i. 432(1884), 1 (1991). 

1787 (1991). 13B. A. B. MEhendale, J. C. Han and S. Chr, Influence of high 

1PPA. Y. Kurosaki and I. Satoh, Mechanisms of heat transfer mainstream turbulence on leading edge heat transfer, J. 

augmentation around the stagnation point of an impinging Heat Transfer 113(4), 843 (1991). 

air jet laden with solid particles (report 1, Evaluation 14B. J. H. Merkin, I. Pop and T. Mahmood, Mixed convection on 

procedure of heat transfer augmentation due to unsteady a vertical surface with a prescribed heat flux. The solution 

heat conduction between laden particles and heat transfer for small and large Frandtl numbers. J. Engng Marh. 25(2), 

surface), Nippon Kikai Gakkai Ronbunshu B Hen 57(537), 165 (1991). 

1780 (1991). 15B. A. K. Mohanty and B.V. S. S. S. Frasad. Experimental study 

200A. J. A. Miller, P. D. Brindxa, M. J. Fowler, W. T. Hunter, S. of heat transfer from pressure gradient surfaces, Exper. 

R. Lassiter and R. R. Thorpe, Cryostat design and Therm. FZuidSci. 4(l), 44 (1991). 

magnetsostatic analysis of the 6 GeV superconducting 16B. T. V. R. Murty, Heat transfer in flow past a continuously 

dipolefortheCEBAFhighmomentumspectrometer,IEEE 
moving semi-infinite flat plate in transverse magnetic field 

Trans. Magn. 27(2), 2292 (1991). 
with heat flux, W&me Stoffuebertrag 26(3), 149 (1991). 

201A. F. A. Moslehy and T. W. Davies, Experimental-numerical 
17B. D. E. Paxson and R. E. Mayle, Laminar boundary layer 

technique for temperature determination in heat-conduct- 
interaction with an unsteady passing wake, J. Turbomach. 

ing materials, Exp. Tech. 15(3), 47 (1991). 
113(3), 419 (1991). 

202A. J. R. Rowe, J. A. Hertel, J. A. Barclay, C. R. Cross, J. R. 
18B. E. V. Shishov, Turbulent heat and momentum transfer in 

Tmeblood and D. D. Hill, Conductivity cooled Nh,Sn 
boundary layers under strong pressure gradient conditions: 

magnet system for a magnetic refrigerator, IEEE Trans. 
Analysis of experimental data and numerical prediction, 
Exper. Therm. Fluid Sci. 4(4), 389 (1991). 

Magn. 27(2), 2377 (1991). 19B. J. Soria and M. P. Norton, The effect of transverse plate 
vibration on the mean laminar convective boundary layer 
heat transfer rate, Ever. Therm. Fluid Sci. 4(2), 226 

BOUNDARY LAYERS AND EXTERNAL FLOWS (1991). 
20B. V. A. Stmlkov. Heat transfer and friction in ahigh-emhalpy 

converging gas flow, Hear TransferSoviet Res. 23( 1). 14 

External effects 
(1991). 

1B. S. D. Abrahamson and J. K. Eaton, Heat transfer through a 
21B. H. Suxuki, K. Suzuki, Y. Kikkawa and H. Kigawa, Heat 

pressure-driven three-dimensional boundary layer, J. Heat 
transfer and skin friction of a flat plate turbulent boundary 

Transfer 113(2), 355 (1991). 
layer disturbed by a cylinder, Heat TramferJllp. Res. 

2B. M. R. Davis and P. Rerkshanandana, The influence of large 
20(2), 97 (1991). 

22B. D. E. Wroblewski and P. A. Eibeck, Measurements of 
eddiesonthermalmixing,Int. I. HeatMassTronsfer34(7), 
1633 (1991). 

turbulent heat transfer in a boundary layer with au embed- 
ded streamwise vortex, Int. J. Heat Mass Tran@r 34(7), 

3B. E. Dorignac and J.-J. Vullierme, Error resulting from the 1617 (1991). 
surface conductioneffects whendetermhdng surface trans- 
fers by ‘thin wall’ or ‘semi-infinite wall’ methods, Recher- Geometric effects 
the Aerospatiale (English Edition) (I), 66 (1991). 23B. S. Bmcker, Calculation of mass transfer on a flat plate on 



Heat transfer-a review of 1991 literature 3183 

24B. 

25B. 

26B 

consideration of invalidity of the law’s of analogy (In 
German), W&me Stofiebernag 26(4), 181 (1991). 
M. Champion and P. A. Libby, Asymptotic analysis of 
stagnating turbulent flows, AIM .f. 29(l), 16 (1991). 
Y.-P. Chyou, The effect of a short unheated length and a 
concentrated heat source on the heat transfer through a 
abort boundary layer, 1nt.f. ~eut~~~ Transfer 34(S), 
1917 (1991). 

J. C. Deane, T. A. My-rum and J. E. Beard, Anexperimental- 
computational investigation of the heat transfer in me- 
chanicalface seals,lnf.J. HeatMassTronsfer 34(45), 1027 
(1991). 

278. V. N. Emel’yanov and I. P. Ktektunova, Numerical simu- 
lation of a two-phase flow in a chamtel with permeable 
walls, Heat Trunsfer~ov~et Res. 22(7), 903 (1991). 

28B. A. B. Ezerskii, Detached flow past a heated cyhnderat low 
ma& numbers, J. Appl. Me&. Tech. Phys. 31(S), 716 
(1991). 

29B. X.-J. Fanand S.-W. Yu, Asymptotic solutions of transient 
temperature and thermal stresses for a surface-cracked 
hollow cylmder subjected to thermal shock, .I. Therm. 
Stresses X4(1), 19 (1991). 

30B. M. H. Host& H. W. Coleman and R. P. Taylor, Measure- 
ments and calculations of rough-wall heat transfer in the 
turbulentboundarylayer,Int.J.HeatMossTronsfer3rH45), 
1067 (1991). 

3 IB. M. H. Hosni, H. W. Coleman and R. P. Taylor, Heat transfer 
measurementsa.udcalculationsintransitionallyroughflow, 
1. Turbomach. 113(33), 404 (1991). 

32B. G. F. Hubmer and U. M. Titulaer, Heat transfer between a 
small sphere and a dilute gas; the influence of the kinetic 
boundary layer, Phys. A 171(2), 337 (1991). 

33B. T. Igarashi and Y. Mayumi, Fluid flow and heat transfer 
around a rectangular cylinder with small inclined angle. 
(The case of a width/height ratio of a section of S), Nippon 
Kikoi Gokkai Ronbunsku Et Hen 97(541), 3149 (1991). 

~B.D.~.Jo~on~dL.S.H~H~t~~ferto~b~entra~~ 
wall jets, J. The~opkys. Heot Transfer S(4), 621(1991). 

35B. S.-W. Kim, Numerical investigation of an internal layer in 
turbulentflowoveracurvedhill,Numer. HeorTronsferInt. 
J. Comput. Methodol. Port A Appl. 19(4), 425 (1991). 

36B. 0. P. Kornienko. Mean heat transfer in transverse air flow 
around a cylinder, J. Engng Phys. 59(4), 1322 (1991). 

37B. S. Mori, H. Nakagawa, A. Tanimoto and M. Sakakibara, 
Heat and mass transfer with a ~~ layer flow past a 
flat plate of finite thickness, In?. J. Heat Moss Transfer 
34(11),2899(1991). 

38B. M. Porch, M. Rau and E. J. Plate, Design considerations for 
wind tunnel simulations of diffusion within the convective 
boundary layer, Atmos. Environ. 2JA(7), 1251 (1991). 

39B. A. Sake and T. W. Simon, Investigation of the effects of 
flow swirl on heat transfer inside a cylindrical cavity, J. 
HeotTroasfer 113(2), 348 (1991). 

40B. H. H. Sogin, An improved correlation of stagnation point 
mass transfer from naphthalene circular disks facing uni- 
form airstreams, J. Heat Transfer X13(3), 772 (1991). 

41B. T.-Y. Wang, General analysis of thermal convection best 
transfer on a vertical cone, Chung-Kuo Chi Hsueh Kung 
Ch’eng Hsueh Poo 12(3), 227 (1991). 

428. X. Wang, S. akin and R. A. Heller, Response of a 
multilayered cylinder to thermal shock, J. Therm. Stresses 
14(l), 47 (1991). 

43B. Ziugzda. Yu. Tonkonogiy and V. Bar, Heat transfer from 
a wire in crossflow at low reynolds numbers, Hear Truns- 
fer--SovietRes. 23(3). 335 (1991). 

C~m~ressi~il~~ and Hugh-~peed~~w effects 
44B. B. A. Bhutta and C. H. Lewis, Comparison of hypersonic 

experiments and PNS predictions Part I: 
Aerothermodynamics, J. Spacecr. Rockets 28(4), 376 
(1991). 

45B. V. V. Bogolepov and I. I. Lipatov, The structure of the 
disturbed bou&laty layer near a cold plate, Izvestiya AN 
SSSR. Mekhonika Zhidkosti i Gaza (1). 19 (1991). 

46B. V. K. Dogma and J. N. Moss, Hyperso&ar~eld flow about 
plates at incidence, AfAA J. 29(S), 1250 (1991). 

478. E. Josyula and I. S. Shange. Numerical study of hypersonic 
dissociated air past blunt bodies, AJAA J. 29(5), 704 
(1991). 

48B. J. A. Masad and A. H. Navfeh, Effect of heat transfer on the 

49B. 

50B. 

5lB. 

52B. 

53B. 

subharmonic instability of compressible boundary layers, 
Phys. Fluids A 3(9), 2148 (1991). 
J. R. Micol, Experimental and predicted pressure and 

heating distributions for aeroassist flight experiment vehi- 
cle, 1. Thermophys. Heot Tron$er S(3), 301 (1991). 
R. A. Mitcheltree and P. A. Gnoffo, ~~~~~~ 

nonequilibrium issues for earth m-entry of mars mission 
vehicles, J. Spocecr. Rockets 28(5), 552 (1991). 
A. Poxxi and M. Lupo, Variable-property effects in super- 
sonic wedge flow, AIAA 1. 29(5), 686 (1991). 
Y. Sakamura and M. Nisbida, Numerical calculation of 
thermal and chemical nonequilibrium flows around a 
hypersonic reentry vehicle, Trans. Jop. Sot. Aeronaur. 
Space Sci. 34(103), 27 (1991). 
S. 0. Seddougui, R. I. Bowles and F. T. Smith, Surface- 
coolingeffectsoncompressibleboundary-layeriastability, 
and on upstream influence, European Journal of Mechon- 
its, BIFluidr X0(2), 117 (1991). 

Analysis and modeling 
54B. E. A. Belov, G. Ya Sokolov. A. S. Sterkov and V. P. Zotov, 

55B. 

56B. 

57B. 

5SB. 

59B. 

60B. 

Determini& the heat-transfer constants of an orthotropic 
layer, J. Engng Phys. 60(3), 376 (1991). 
P. S. Bernard, Convective diflitsion in two-dimensional 
incompressible linear flow, SIAM Rev. 32(4), 660 (1990). 
R. J. Boyle, Navier-stokes analysis of turbine blade heat 
transfer, J. Turbomnch. 113(3), 392 (1991). 
I. G, Brykina, V. V. Rus&ov and V. G. Shcherbak, 

Approximate method of computing the thermal flux in the 
neighborhood of the plane of symmetry of blunt bodies, J. 
Engng Phys. 58(6), 711(1990). 
R. S. R. Gorla and T. Williams, Model for the complete 
velocity profile in non-Newtonian turbulent flows, Polym. 
Plost. Technol. Engng 30(l), 67 (1991). 
L. S. Han, A mixing length model for turbulent boundary 
layers over rough surfaces, ht. J. Heot Moss Transfer 
34(S), 2053 (1991). 
K. Kunisch and L. White, Estimation of a boundary heat 
transfer coefficient, Control Theory Adv. Technof. 7(l), 55 
(1991). 

61B. H.Maekawa,Y.Kawada,M.KobayashiandH.Yamagucbi, 
An experimental study on the spat&se eddy diffusivity of 
heat in a flat-plate turbulent boundary layer, Int. f. Heat 
Moss Trumfer 34(S), 1991 (1991). 

62B. R. E. Mayle and K. Dullenkopf, More on the turbulent-strip 
theory for wake-induced transition, J. Turbomoch. 113(3), 
428 (1991). 

63B. R. E. Mayle, The 1991 IGTI Scholar Lecture: The role of 
laminar-turbulent transition iu gas turbine engines, J. 
Turbomach. 113(4), 509 (1991). 

64B. Y. L. Sinai, Recent appii~ations of integral methods in fluid 
mechanics and heat transfer, GEC J. Res. S(3), 179 (1991). 

65B. R. I. Soziev. Heat transfer with turbulent flow of coolant, 

Therm. Engng 37(S), 422 (1991). 
66B. C. Y. Wang, Shear flow over a wall with variable tempera- 

ture, J. Heat Transfer 113(2), 496 (1991). 

Unsteady effects 
67EK N. Brauner, On the frequency response of wall truer 

probes, Int. J. HeotMassTronsfer 34(10). 2641 (1991). 
68B. Yu. A. Buevich, N. A. Koroleva and I. A. Natalukha, 

InfluenceofmodulationontbecombustionofapoIydisperse 



3184 

84B. 

85B. 

propellant, Comb. Explos. Shock Waves26(5),546(1991). 
69B. R. G. Galiullinand E. I. Permyakov, Flow and heat transfer 

in a nonsteady jet generated by large-amplitude gas oscll- 
lations, 1. Engng Phys. 58(5), 571 (1990). 

?OB. S. W. Joo, S. H. Davis and S. G. Bankoff, Long-wave 
instabilities of heated falling films: two-dimensional theory 
of tmiform layers, J. ~~uidMech. 230, 117 (1991). 

71B. V. I. Mal’kovskii and V. M. Ivanov, Nonstationary heat 
transfer in a laminar boundary layer on a flat plate, High 
Temp. 28(5), 719 (1991). 

72B. T. N. Shakhtakhtinskii and G. I. Kelbaliev, Analogy and 
similarity of nonsteady convectional heat and mass transfer 
processes, Dokl. Chem. Technol. 124,313-315, (1990). 

73B. J. S~,~eoretic~c~c~ationof transient tempera~efield 
of composite no&e in solid rocket motor, 1. Propul. 
Technol. 56(2), 16 (1991). 

74B. Yu. B. Zudin, Calculation of an average heat transfer 
coefficient for heat exchange processes with periodic in- 
tensity, TeplofiizikaVysokikhTemperatur29(2),395 (1991). 

75B. R. S. R. Gorla, Heat transfer to a power law non-ne~o~ 
falling liquid fii, J. Thermophys. Hear TranJfer 5(3), 444 
(1991). 

76B. A. A. Kuznetsov and N. N. Popov, Experimental investiga- 
tions of microconvection at the water-air interface, Water 
Resour. (Engnglish translation of Vodnye Resursy) 17(5), 
454 (1991). 

77B. T. H. Lyu and I. Mudawar, Determination of wave-induced 
~uc~tio~ of wall temperature and convection heat trans- 
fer coefficient in the heating of a turbulent falling liquid 
film, In?. J. Hear Muss Transfer 34(10), 2521 (1991). 

78B. I. Morioka and M. Kiyota, Absorption of water vapor into 
a wavy film of an aqueous solution of Liir, JSME In?. J. 
Ser. 2 34(2), 183 (1991). 

79B. Yu. N. Skryrmik, 0. S. Chekhov and V. L. Zelentsov, 
~te~~~tio~ of heat and mass tmnsfer processes on 
countercurrent contact plates, Teoreticheskie Osnovy 
Khimicheskoi Tekhnologii 25(l), 117 (1991). 

Fluid types 
80B. D. Finotello, Y. Y. Yu, X. F. Wang and F. Gasparini, 

Thickness scabng of the convective conductance of **4He 
films, Physica B: Condensed Mufter 591(l), 165166, 
(1990). 

81B. N. I. Gamayunov, R. A. Ispiryan and A. V. Klinger, 
Exchange of heat in a reverse gas flow with a nonmoving 
dispersed solid phase, J. Engng Phys. 60(3), 348 (1991). 

82B. V. A. Kuxnetsov, Turbulent heat transfer by fluid with low 
thermal conductivity near smooth wall, Teoreticheskie 
Osnovy Khimicheskoi TekhnoZogij 25(2), 286 (1991). 

83B. O.D.N~shova~dO.O.O~~o,Evolutionof~p~~ 
distribution in a boundary layer, Fluid Mech. SOY. Res. 
20(2), 28 (1991). 

J. N. Shadid and E. R. G. Eckert, The mass transfer analogy 
to heat transfer in fluids with temperature-dependent prop- 
erties, J. Turbomach. 113(l), 27 (1991). 
N. G. Stoforos and R. L. Merson, Measurement of heat 
transfer coefficients in rotating ~quj~~culate systems, 
Bio. Tech&. Prog. 7(3), 267 (1991). 

CHANNEL FLOWS 

1C. J. Viiemas, E. Uspuras and V. Simonis, Turbulent momen- 
ttmt and heat transfer in channel gas flow at high heat loads: 
A review, &per. Therm. Fluid Sci 4(4), 375 (1991). 

Straight-walled circular and rectangular ducts 
2C. V. V. Aleksandrov. Yu. A. Kovalenko and N. P. Poddubnyi, 

Coefficient of heat transfer during flameless combustion in 

chamrelswithconstant temperaturewalls, Combust. Expi0.s. 
Shock Waves 25(6), 731 (1990). 

3C. R. A. Antoniaand I. Kim, Reynolds shear stress and heat flux 
calculations in a fully developed turbulent duct flow, Inr. J. 
Heat Mass Transfer 34(8), 2013 (1991). 

4C. Z.-Y. Guo and W.-H Bu, Thermal drag in forced duct flows, 
Int. J. Heat Mass Trunsfer 34(l), 229 (1991). 

5C. K. Harumi, Fundamental study on the near-wall behavior of 
the low-Reynolds-number k-epsilon tnrbulence model, 
Senpaku Gt@tsu Kenkyusho Hokoku 28(6), I (1991). 

6C. E. Hasegawa and J. Yamada, Heat transfer in a steady flow 
of a viscous fluid with temperature-dependent material 
properties between a permeable wall and a solid wall, 
Nippon Kikai Gokkai Ronbu~h~ 3 Hen 57(533), 276 
(1991). 

7C. V. E. KaupasandP. S. PoskasHeat tmnsferintransitionflow 
of air at high heat fluxes [(4. Correlation of data on 
combined (free and forced) convection in the case of 
constant physical properties of the flow)], Heat Trunsfer- 
Sovie:Res. 23(l), 21 (1991). 

8C. T. S. Lee, Iaminar fluid and heat flow through an opened 
ntctangu1arcoolingchamber.Int.J. HeutF~~~d~~owl2(3), 
249 (1991). 

9C. D. Liu and N. Ouyang, Experimental investigation onliquid- 
cooling mechanism for turbine vane, J. Aerosp. Pow./ 
Hangkong Dongli Xuebao 6(2), 175 (1991). 

1OC. S. L. Lyons, T. J. Hanratty and J. B. McLaughlin Large- 
scale computer simulation of fully developed turbulent 
channel flow with heat transfer, Int. J. Numer. Methods 
F&ids 13(8), 999 (1991). 

11C. G. D. Matlmr, Calculating single-phase heat-transfer coef- 
ficient, Heat Piping Air Cond. 62(3 j, 4 (1990). 

12C. E. W. Miner, T. F. Swean Jr., R. A. Handler and R. I. 
Leighton, Examination of wall damping for the k-+z turbu- 
lence model using direct simulations of turbulent channel 
flow, Int. .I. Nmner. Methods Fluids 12(7), 609 (1991). 

13C. G. Pagliarini, Conjugate heat transfer for s~~~eousiy 
developinglaminarflowinac~~~tube,~.HeutTtansfer 
113(3), 763 (1991). 

14C. C. SchulerandA. Campo,CoupledanaIysisoffluid-to-solid 

15c. 

16C. 

17c. 

18C. 

19C. 

20C. 

heat transfer in thick-walled short tubes with uniformly 
imposed temperature, Numer. Heat Transferlnt. J. Comput. 
Methodol. Part A Appl. 20(2), 237 (1991). 
H.-J. Shaw and W.-L. Chen, Laminar forced convectionin 
a channel with arrays of thermai sources, W&me 
Stof@ebertrug 26(4), 195 (1991). 
P. Sourlier, R. Devienne and M. Lebouche, Convection 
lammaire ou turbulente de fluides thermodependants. Cas 
de l’ecoulement en canal de section rectangulaire, Int. J. 
Heat Muss Transfer 34(3), 681 (1991). 
H. Sugiyama, M. Akiyama and K. Shibata, Heat and mass 
transfer analysis of developing turbulent flow in a square 
duct, Nippon Kikai Gnkkai Ronbunsh~ 3 Hen 57(535), 
1044 (1991). 

T. TOmhmt and M. Fujii, Mixed convection heat transfer 
from vertical parallel plates with discrete heat sources 
(effects of conduction in plates), Nippon Kikai Gakkui 
Ronbunshu B Hen 57(534), 676 (1991). 
E. Van den Buick, Transient heat and mass transfer in 
laminar flow forced convection in ducts, int. J. Heat Mass 
Trun.#er 34(4/5), 1249 (1991). 
Yu. V. Vidii, Calculation of heat transfer accompanying 
flow in pipes taking into account the thermal resistance of 
the wall, J. Engng Phys. 58(J), 611 (1990). 

21C. G. Yang and M. A. Ebadian, Effect of reynolds and prandtl 
numbers on turbulent convection heat transfer in a three- 
dimensional square duct, Namer. Heat Transfer Int. J. 
Comput. Merhodol. Part A Appl. 20(l), I1 1 (1991). 

22C. L. S. Yanovskii and B. Ya. Kamenetskii, Heat e&range 
during the forced flow of hydrocarbon fuels at supercritical 
pressures in heated tubes, J. Engng Phys. 60(l), 38 (1991). 

23C. L. S.Yauovskij andB.Ya.Kamenetskij,Heattransferunder 



Heat transfer--a review of 1991 literature 3185 

forced run of supercritical pressure hydrocarbon fuels in 
heated pipes, Inshenerno-F~~ches~i ZhurnaI 60(l), 46 
(1991). 

24C. A. N. Yarking, B. I. Kulikov and G. I. Shvidchenko, A 
~~ativemodelofintracharmeI~uc~tio~,HeatTrans- 
fewSoviet Res. 22(7), 885 (1991). 

Irregular geometries 
25C. 

26C. 

27C. 

28C. 

2%. 

3oc. 

Y.-Y. Bae and G. Emanuel, Performance of an aerospace 
plane propulsion nozzle, I. Aircr. 28(Z), I13 (1991). 
V. T. Buglayev and F. V. Vasilyev, Heat transfer from a 
turbulent air flow in a conical diffuser, Heat Transfer- 
Soviet Rex 23(3), 366 (1991). 
K. S. Chen and J. Y. Hwaug, Experimental study on the 
mixingofoneanddual-lineheatedjetswitbacoldcrossflow 
in a cordimed channel, AIAA I. 29(3), 353 (1991). 
2. F. Dong, M. A. Ebadian and A. Campo, Numerical 
analysis of convection heat transfer in the entrauce region 
of cusped ducts, Numer. Iieai Transfer Int. J. Comput. 
Methodol. Parr A Appl. 20(4), 459 (1991). 
A. S. Dutra, P. R. Souza Mendes and J. A. R. Parise, 
Traasportcoefficientsforlaminarand~~~tflowtbrough 
a four-cusp channel, Inr. J. Heat FIuid Flow 12(2), 99 
(1991). 
S. Fujii, N. Akino. M. Hishida, H. Kawamura and K. 
Sanokawa, Experimental and theoretieal investigations on 
heat trasfer of strongly heated turbulent gas flow in an 
annular duct, JSh4E Int. J. Ser. 2 34(3), 348 (1991). 

3 1C. L. P. Kholpauov, B. R. Ismailov and N. P. Bolgov, Modeling 
of turbulent flow of incompressible liquid in channels of 
complex shape, Theor. Found Chem. Engng 24(4), 313 
(1991). 

32C. A. Kursiene, Analytic prediction of heat transfer and 
hydraulic drag inaunuli, Heat Tran.$er~oviet Rex 23(3), 
316 (1991). 

33C. L. V. Mishina, Heat andmass transfer in a turbulent reacting 
flow inananuular chaunel (internal heat conductor). Part 1. 
Stabilized heat-trausfer segment, J. Engng Phys. 58(S), 555 
(1990). 

34C. C. Naixing and X. Yanji, Numerical solution of 2D and 3D 
turbulent internal flow problems, Int. .I. Nwner. Methods 
FIuids 13(4), 425 (1991). 

3%. B. Parkinand K. Ravindra, Convective gaseous diffusion in 
steady axisymetric cavity flows, J. Nuids Engng 113(2), 
285 (1991). 

36C. K. M. Sahooand A. K.Mohanty,~bulenttransportinwaU 
subchannels and in flte rod clusters, int. J. Heat Fluid 
FIow 12(Z), 142 (1991). 

37C. M. Sano aud Y. Asako, Fluid flow and heat transfer in a 
periodically diverging-converging turbulent duct flow, 
Nippon Kikai Gakkai Ronbunshu B Hen 57(541), 2962 
(1991). 

38C. Yu. 1. Shaniu, V. N. Fedoseev and 0. I. Sbanin, Heat transfer 
inmultilayered direct-flow cooling systems with unilateral 
heating, High Temp. 29(2), 238 (1991). 

39C. Yu. I. Shanin, V. N. Fedoseev aud0. I. Sbaoin, Heat transfer 
in multilayered channel-type cooling systems on unilateral 
heating, TepIoJizikaVysokikh Temperamr29(2), 308 (1991). 

40C. T. Shigechi and Y. Lee, An analysis on fully developed 
laminar fluid flow aud heat transfer in concentric aunuli 
withmoving cores, Inr.J.HeathfassTrunsfer34(10),2593 
(1991). 

4lC. C.-C. Su and H. Lin. Forced convection in convergent and 

42c. 

43c. 

divergent ducts of rectangular cross section, Nun&. Heat 
Tranqferlnr. 3. Comput. Methodol. PartA Appl. 20(4), 445 
(1991). 
H. Sugiyama, M. Akiyama, M. Hirata, S. Weno, Heat and 
mass transfer analysis of three-dimensional turbulent flow 
inadistoniugduct,NipponKikaiGakkaiRonbunshuBHen 
57(539), 2269 (1991). 
K. Suzuki, J. S. Szmyd and H. Ohtsuka, Laminar forced 
convection heat transfer in eccentric annuli, Heat Transfer- 

Jup. Res. 20(Z), 169 (1991). 
44C. S. Torii, A. Sbimizu, S. Hasegawa and N. Kusama, . * 

~tiondlstronglyheattd~largasflows,JSME 
Inr. J. Ser. 2 34(2), 157 (1991). 

45C. S. Toriii A. Shirt&m and S. Hasegawa, -ion 
phenomena of strongly heated anmdar gas flows, Nippon 
Kikai Gakkai Ronbunshu B Hen 57(537), 1858 (1991). 

46C. Yu. G. Volodin and A. V. Fomin, Experimental study of 
unsteady heat transfer iu a convergent channel, Heat Trans- 
@Soviet Res. 23(l), 71 (1991). 

47C. J. C. Y. Wang, 2. Jiang and F. Haghighat, Influence of air 
infiltration on airflow in a ventilated isothermal two-zone 
enclosure, Energy Build. 17(l), 43 (1991). 

48C. G. B. Zdanavicius, A.-R. J. Jonaitis aud A. A. Zukauskas, 
Transfer of heat ma model of gate-type shutoff valve, Heat 
Transfer-Soviet Res. 22(6), 728 (1991). 

49C. V. G. Zubkov, Experimental investigation of heat transfer 
under conditions of 1 ~~0~ of turbulent flows, J. 
Engng Phys. 60(2), 139 (1991). 

Entrance effects 
5OC. W. Aung, H. W. Moghadam and F. K. Tsou, Simultaneous 

hydrodynamic and thermal development in mixed convec- 
tion in a vertical annulus with fluid property variations, I. 
Heat Transfer 113(4), 926 (1991). 

51C. B. Farhauieh and B. Sunden, Threedimensional lamiuar 
flow and heat transfer in the entrance region of trapezoidal 
ducts, In;. I. Numer. Methods Fluids 13(5), 537 (1991). 

52C. F. S. LeeandG. J.Hwaug, Theeffectofasymmetric heating 
on the onset of thermal instability in the thermal entrance 
regionofaparal.lelplatechannel,Inr.J,HeatMassTran$er 
34(g), 2207 (1991). 

53C. F. S. Lee and G. I. Hwang, Tram&m analysis on the onset 
of thermal instability in the thermal entrance region of a 
horizontal parallel plate channel, J. Neat Transfer 113(2), 
363 (1991). 

54C. Q. M. Lei and A. C. Trupp, Experimental study of laminar 
mixed convection in the entrance region of a horizontal 
semicircular duct, Inr. J. Heaf Mass Transfer 34(9), 2361 
(1991). 

56C. 

57c. 

58C. 

5%. 

60C. 

in lamiuar flow with a periodic variation of inlet tempera- 
ture, Int. J. Heat Muss Transfer 34(10). 2581 (1991). 
L. V. Mishina, B. E. Tverkovkin aud L. N. Shegidevich, 
Heat and mass transfer in a turbulent nonequilibrium flow 
in au annular cbaune1. Part 2. Thermal initial segment, J. 
Engng Phys. 58(6), 750 (1990). 
T. V. Nguyen aud I. L. Maclaine-cross, S~ul~eo~sly 
develop& laminar flow, forced convection in the en- 
trance region of parallel plates, J. Heat Transfer 113(4), 
837 (1991). 
T. V. Nguyen, Low Reynolds number simultaneously 

developing flows in the entrance region of parallel plates, 
Inr. J. HeatMass Transfer 34(4/5), 1219 (1991). 
C.-C. Su and H. Lin, Forced convection in the entrance 
region of convergent aud divergent ducts of rectangnlar 
cross section, Chung-Kuo Chi Hsueh Kung Ch’eng Hsueh 
Pao 12(3), 314 (1991). 
J. S. Travelbo and W. F. N. Santos, Solution for transient 
conjugated forced convection in the thermal entrance re- 
gion of a duct with periodically vatying inlet temperature, 
I. Hear Transfer 113(3), 558 (1991). 

61C. G. Yang and M. A. Ebadian, Thermal radiation and laminar 
fo~ed~onvection~~een~cere~onofapi~~~~ 
conduction and radiation, Int. J. Nenr Fluid Ffow 12(3), 
202 (1991). 

62C. R.-H. Yen and W.-S. Lee, Conjugate heat transfer analysis 
in the entrance region of a circular pipe, Chung-Kuo Chi 
Hsueh Kung Ch’eng Hsueh Pao 12(3). 233 (1991). 

Finned and profiled ducts 
63C. 0. E. Aleksandrov, S. P. Obraq V. D. Selernev, B. T. 



3186 E. R. G. &ken et ai 

Porodnov and A. G. FIyagin, Heat refease in a gas flow at 
the junction of channels with different surfaceroughnesses, 
J. Engng Phys. 59(3), 1167 (1991). 

64C. C. J. Chen and R. H. Bravo, Heat trausfer study of staggered 

6X. 

66C. 

67C. 

68C. 

69C. 

YOC. 

thin rectangular blocks in a charmel flow: J. Eli&on. 
Packaging 113(3), 294 (199 1). 
J.-D. Chen and S.-S. Hsieh, Assessment study of longitudi- 
nal rectangular plate inserts as tubeside heat transfer aug- 
mentative devices, Int. 1. Heat Mass Transfer 34(10), 2545 
(1991). 
L. Chen, M. Keybani and D. R. Pitts, Convection heat 
transfer due to protruded heat sources in an enclosure, J. 
Thermophys. Heat Transfer S(2). 217 (1991). 
T.-M. Chen and C.-K. Chen, Analysis of the conjugate 
transient natural conv~tio~onduction heat transfer of a 
fin array in a cavity, inr. J. Heat Fluid FZow 12(l), 29 
(1991). 
C.-H. Cheng and W.-H. Huang, Numerical prediction for 
laminar forced convection in parallel-plate channels with 
transverse fin arrays. Inr. J. Hear Muss Transfer 34(1 l), 
2739 (1991). 
D. Choudtmry and K. C. Karki, C~cu~tion of fully 

developed Row and heat transfer in streamwise-periodic 
dimpled charmels, J. Thermophys. Heat Transfer 5(l), 81 
(1991). 
M. Fiebig, P. Kallweit, N. Mitra and S. Tiggelbeck, Heat 
transfer enhancement and drag by longitudinal vortex 
generators in channel flow, Exper. Therm. Fluid Sci. 4(l), 
IO3 (1991). 

7 1C. M. Gremer, An exigent ~v~tigation of resonant heat 
transfer enhancement in grooved channels, Znr. J. Heat 
Mass Transfer 34(6), 1383 (1991). 

72C. M. Greiner, R.-F. Chen and R. A. Wirtz, Enhanced heat 
transfer/pressure drop measured from a flat surface in a 
grooved channel, J. Heat Transfer 113(2), 498 (1991). 

73C. J. C. Han and P. Zhang, Effect of rib-angle orientation on 
local mass transfer ~s~bution in a three-pass ribrough- 
ened channel,f. Turbomach. 113(l), 123 (1991). 

74C. J. C. Han, Y. M. Zhang and C. P. Lee, Augmented heat 
transfer in square channels with parallel, crossed, and v- 
shaped angled ribs, J. Heat Transfer 113(3), 590 (1991). 

75C. Y.-J. Hng and S.-S. Hsieh. An Exnerimemal investigation 
of heat transfer characteristics for turbulent flow over 
staggered ribs in a square duct, Ever. Therm. Fluid Sci. 
4(6), 714 (1991). 

76C. K. Ichimiya, N. Akino, T. Kunugiand S. Shinkai, Effects of 
a single cubic-type spacer on the local heat transfer and the 
flowinaparallelplateduct,NipponKikaiGakkaiRonbunshu 
B Hen 57(537), 1744 (1991). 

77C. K.Ichimiya,N.AkinoandT.Kunugi,Effectsofrectanghiar- 
type spacer on heat transfer and flow in coolant passage, 
Nippon Genshi~o~ Ga~ishi 33(8), 797 (1991). 

78C. I. J. Kettner, D. Degani and C. Gutfiier, Numerical study 
of laminar beat transfer in internally finned tubes, Nrrmer. 
Heat Transfer Int. J. Comput. Methodol. Fart A Appt. 

79c. 

8OC. 

81C. 

82C. 

83C. 

20(2), 159 (1991). - 
. . 

S. C. Lau, R. T. Kukreja and R. D. McMillin, Effects of V- 
shaped rib arrays on turbulent heat transfer and friction of 
fully developed flow in a square channel, Int J. Heat Mass 
Transfer 34(7), 1605 (1991). 
S. C. Lau, R. D. McMillin and J. C. Han, Turbulent heat 
transfer and friction in a square channel with discrete rib 
turbulators, J: Turbomach. 113(3), 360 (1991). 
S. C. Lau, R. D. McMillin and J. C. Han, Heat transfer 
characteristics of turbulent flow in a square channel with 
angled discrete ribs, J. Turbomach. 1X3(3), 367 (1991). 
G. L. Lehmann and J. Pembroke, Forced convection air 
cooling of simulated low profile Electronic components: 
Part I-Base case, J. Electron. Packaging 113(l), 21 
(1991). 
G. L. Lehmarm and J. Pembroke. Forced convection air 
cooling of simulated low profile Electronic components: 

Part Z-Heat sink effects, J. Electron. Packaging 113(l), 
27 (1991). 

84C. C.-D. Luy, C.-H. Cheng and W.-H Huang, Forced convec- 

85C. 

87C. 

tion in parallel-plate channels with a series of fins mounted 
on the wall, Appl. Energy 39(2), 127 (1991). 
V. M. Marushkin, V. N. Vasil’ev, G. E. Marushkma and I. 
A. Rozenbaum, Correlating the results of ~v~tiga~g the 
~e~ohy~a~~ characteristics of profiled mUed tubes, 
Therm. Engng 37(7), 365 (1991). 
R. E. Mayle, Pressure loss and heat transfer in channels 
roughenedontwoopposedwaIls,J.Turbomach.113(1),60 
(1991). 
R. Numrich, Heat transfer in rough tubes, Chem. Engng 
Process 29(2), 117 (1991). 

88C. P. T. RoeIler, J. Stevens and B. W. Webb, Heat transfer and 
~b~~tflowc~ct~sti~sof~o~ted~e~~io~ 
protrusions in channels, J. Heat Transfer 113(3), 597 
(1991). 

89C. H. W. Ryu, Y. S. Hyeon, D. I. Lee, H. N. Chang and 0.0. 
Park Pressure drop and mass transfer around perforated 
turbulence promoters placed in a circular tube, Znt. J. Heat 
Mass Transfer 34(8), 1909 (1991). 

QOC. V. V. Sergeev, A. 1. Goninand 0. V. Remizov,SupercriticaI 
heat exchange in chaonels with spacer elements, SOY. At. 
Energy 68(6), 521 (1990). 

9 1C. B. Sunden and I. Karlsson, Enhancement of heat transfer in 
rotary heat exchangers by streamwise-corrugated flow 
channels, Exper. Therm. Fluid Sci. 4(3), 305 (1991). 

92C. H. Suzuki, IS. Suzuki, Y. Inoue and Y. Hagiwara, Unsteady 
flow and heat transfer in a channel obstructed by a square 
rod (3rd report, characteristics and mechanism of heat 
transfer), Nippon Kikai GakkaiRonbunshuB Hen 57(536), 
1403 (1991). 

93C. H.Suzuki,Y.InoueandK.Suzuki,Un.steadyflowandheat 
transfer in a channel obstructed by a square rod (2nd report, 
statistical characteristics and time variation of the flow), 
Nippon Kikai Gakkai Ronbu~hu B Hen 57{536), 1396 
(1991). 

94C. H. Suznki, Y. Inoue, A. Nishihara and K. Suzuki, Unsteady 
flow and heat transfer in a channel obstructed by a square 
rod (1st report, validation of nmerical calculation and 
flow visualization of vortex street), Nippon Kikai Gakkai 
Ronbunshu 3 Hen 57(536), 1390 (1991). 

96C. M. Ya. Belenkiy, M. A. Gotovskiy, Ye. V. Simonov and B. 

~u~t~~ows with swiri and seconiia~ motion 

S. Fokin, Convective heat transfer in steeply bent coils, 
Heat Transfer--Soviet Res. 2X% 595 (1991). 

95C. T. W. Abou-Arab, T. K. AIdoss and A. Mansour, Pressure 
drop in alternating curved tubes, Appl. Sci. Res. 48(l), 1 
(1991). 

97C. P. G. Beli~y-~~~ and Ii. saci, I%ow between two 
stationary disks and a rotating shroud, Comput. Fluids 
20(l), 77 (1991). 

98C. A. Bottaro, I. L. Rhyming, M. B. Wehrli, F. S. Rys and P. 
Rys, Laminar swirling flow and vortex breakdown in a 
pipe, Comput. Merhods Appl. Mech. Engng 89(13), 41 
(1991). 

99C. S. G. D’yakonov, V. 1. Elizarov and A. G. Laptev, Modelof 
heat transfer in the Iiquid phase during axial and twisted 
turbulent motion of liquid and gas films in short channels, 
J. Engng Phys. 60(3), 290 (1991). 

1OOC. N. Dave and N. B. Gray, Fluid flow through lances with 
constant and variable pitch swirled inserts, MetaN. Trans. 
B 22(l), 13 (1991). 

1OlC. D. M. France and W. J. Minkowycz, Heat transfer to 
dispersed swirl flow of high-pressure water with low wall 
superheat, Exp. Heat Traqfer 4(2), IS3 (1991). 

102C. K. Hijikata, K. Minami, T. Nagasaki and Y. Aoyama, 
Turbulent heat transfer in a pipe flow with a pair of twisted 
tapes, Nippon Kikai Gakkai Ronbunshu B Hen 57(535), 



Heat transfer-a review of 1991 literature 3187 

1033 (1991). 
103C. K. Hijikata, T. Nagasaki and K. Minami, Enhancement of 

turbulent heat tmusfer of pipe tlow wtih a pair of twisted 
tapes, N%pon Kikai Gakkai Ronbunshu B Hen 57(535), 
1038 (1991). 

lO4C. S, Hirai and T. Takagi, Numerical pred&ian of turbulent 
mixinginavariable-densityswirlingpipeflow,Znt. J.Heat 
Mass Trmsfer M(12), 3143 (1991). 

10X. G. J. Hwang and C.-H. Cbao, Forced lam&tar convection 
inacuntedisotfiemtaisquared~lJ.HeatTr~ferf13fl), 
48 (1991). 

106C. V. A. Kirakosyan, A. P. Baskakov, E. Yu. Lavrovskaya 

S. Spirov, Dynamic characteristics of two-phase media, 
Heat Trun@er-Suvie% Res. 22(6), 764 (1991). 

124C. K. S. Han, H. J. Sung and M. K. Chung, Analysis of heat 
transfer in a pipe carrying two-phase gas-particle suspeu- 
sion, Znt. J. Heat Mass Transfer 34(l), 69 (199 1). 

125C. S. Namie and K. Shioxaki, investigation of aunular liquid 
film flow in tubes with helical ribs and wires (suppression 
ofdropletentrainmentwiththeaimofimprovingevaporative 
heat transfer), Hear7kam$s+&zp. Res. Z@(3), 291(1991), 

126C. A. Narain ax& Ye iCizily&E, Fbssure driven flow of pure 
vapor undergoiug leminar fh condensatian between par- 
allel plates, Znt, .Z. ivon-&ear Z+iech. 26(S), SOl(l991). 

and Yu. A. Popov, Heat-transfer intensity from swirling 127C. R. H. Rangel, Heat tra&erattaIysis of a particle-contain- 
disperse flow to cyclone-chamber wail, J, Engng Phys. ingchanneiflow,W~~S~offueberrug26f3), 153fl991). 
59(4), 1291 (1991). 128C. Z. H. Yang and S. L. Lee, On the droplet deposition and 

107C. G. S. H. Lock and S. Park, NumericaI model of convective mist supercoohng in a turbulent channel flow, Particle & 
eversiollMurh.Comput.Model. (O$ord)X3(7), 107(1990). Particle Systems C’haructerizurion 8(l), 72 (1991). 

108C. G. S. H. Lock and S. Park, Forced convective eversion. 
The laroinar regime, Numer. Heut Traq&r int. .i. Comput. 
Methodof. Part A Apple 19(3), 277 (1991). 

109C. V.K. Migay,Hydraulicdragandheat tmnsferintubeswith 
internal twisted-tape swirl generators, Case of single- 
phase incompressible flow, Heat Tran&r~oviet Res. 
22(6), 824 (1991). 

tiOC. V.A.Mikaila~P.S.Posk;ts,lacafheattransferinc 
tubes at high heat fiuxes (1. Experiment& tmi& te&mique 
and results of prey experiments), Hear Transfer- 
Soviet Res. 22(6), 713 (1991). 

11 JC. K. Sbiozaki and S. Namie, Investigation of ammkrr liquid 
film flow in tubes with helical ribs and wires (experimentai 
correlation and cause of the entrainment-suppression ef- 
fect), Nippon Kikai Gakkai Ronbunshlr B Hen 57(536), 
1316 (1991). 

112C. M. Williams, W. C. Chen, G. Bach6 and A. Eastland, Au 
aoalysis methodology for internal swirling flow systems 
with a rotating wall. .Z. Turbomach. 1X3(1), 83 (1991). 

Oscillatory and transient flow 
113C. G. P. Ce&a, M. Cuino, G. E. Farelfo, A. Maria& aud A. 

Soiim5, Flow pattern recognition in heated vertical chan- 
nef s: Steady and transient conditions, &per. 7’Zrerrn. Plaid 
Sci. 4(6), 747 (1991). 

114C. A. K.Cousins,Boundsonheattransferina~~~cgrae~ 
problem, .Z. Heut Transfer 113(l), 43 (1991). 

11.X. V. F. Falii, Unsteady convective heat transfer in a tube, 
Thernr. Engng 38(3), 144 (1991). 

ll6C. S. Oiek, E. Elias, E. Wacholder and S. Kaizerman, 
W~te~yconjugatedheat~~fer ~~~pipeflow,Zn~” 
.Z. Heat Mass Transfer 34(6), 1443 (199X). 

117C. M.OrawaaudA.K.awamoto,Lumped~purametermodehng 
ofheattransferenhancedbysin~oidalmotionoffluid,Znt. 
J. Heat Muss Transfer 34(12), 3083 (1991). 

118C. V. M. Soundalgekar, Heat transfer in an oscillatory flow 
io a porous medium channel, Model. Simxd. Cantrai B 
32(l), 49 (1990). 

I i9C. J. G. Zbang and U. H. Kmzweg, Numerical &m&&on of 
time-dependent heat transfer in oscillating pipe flow, .Z. 
Thermophys. Xeat Transfer S(3), 401(1991). 

Two-phase flow in ducts 
12OC. P. Cbanmyakorn, S. Sengupta and S. K. Roy, Forced 

co~v~tion~at~~~~c~n~ps~edp~sec~e 
material slurries: flow in circular ducts, Znt. J. Hear Mass 
Tran.$er 34(3), 819 (1991). 

121C. S.D.Desbpaude,A.A.BishopandB.M.K.arandikar,Heat 
trausfer to an-water plug-slug flow in horizontal pipes, 
Znd, Engng Chem. Res. 30(g), 2172 (1991). 

122C. R.B.DuffeyaudE.D.Hughes,Staticflowinstabiiityonset 
in tubes, channels, atim&, and rod bundles, Znt. J. Heat 
Mass Transfer 34(10), 2483 (1991). 

123C. Y. S. Fedotovskiy, V. F. SmyavsMy, L V. Terenikand V, 

Cryogenic applications 
129C. L. Dresner, Theory of thermal hydraulic quenchback in 

cable-in-conduit superconductors, Cryogenics 31(7), 557 
(1991). 

13oC. J. Kafkalidis and J. T. Tough, Thermal counterflow in a 
diverging chaune1: a study of radial beat transfer in He E, 
Cryogen&s 31(g), 705 (I99I). 

i3fC. J. L. Kirdey, Jr., I, L. Smith, Jr. and S. D. Umans, 
Cryogenic fsolilring terque tubes for a ~~~ndu~~ 
generator detailed model and performance analysis, ZEEE 
Truns. Energy Convers. 6(2), 267 (1991). 

132C. H. Tsuruga and H. Kobayashi, Effect of chamtel geometry 
on heat transfer in He II chamber, Cryogenics 31fl I), 927 
(1991). 

133C. S. W. Van Sciver, Stability of su~r~nducto~ cooled 
internally by He fi beat trausfer, Cryogenics 31(7), 516 
(1991). 

Miscellaneous studies 
WC. R. E. Baddour, Therm& bydrauhc jump: theory and 

experiment, J. Z%ddMech. 22&,243 j199Q. 
135C. G. S. Barozzi and A. Dumas, Convective heat transfer 

coefficients in the circulation. X Rju~d~ Engng 1X3(3), 
308 (1991). 

136C. V. G. Bashtovoi, M. S. Krakov and E. M. Taits, Intens& 
cation of heat transfer and reduction of the resistance under 
conditions of flow in channeis with a maguetic-fluid coat- 
ing. 1. Planar coating, .Z. Engng Phys. 58(4), 435 (1990). 

137C. V. G. Bashtovoi, M. S. Krakov and E. M Taits, JntensiE- 
cation of heat transfer and decrease in the resistance for 
flow in channels coated with a magnetic-liquid. 2. 
Sinusoidal coating, J. Engng Phys. 59(3), 1111 (1991). 

138C. V. G. Bashmvoi, M. S. Kmkov and E. M. Taits, Heat 
transfer enhancement and drag reduction in magnetofluid- 
coated channels, Namer. Heat Transfer Znt. J. Comput. 
Methodoi. Part A Appt. 2(tf4), 395 (1991). 

13%. A. P. Baskako~, V. K. Maskaev, J. V. fvanov and A. 0. 
Usol’tsev, Experimenta study of heat transfer from the 
waRs of a Channel to a cimulatiug fbridized bed, .Z. Engng 
Phys. 59(6), 1570 (1991). 

14CC. I. V. Derevich, I. A. Kreatova and L. S. Yauovskij, 
Calculation of intensity of deposit formation at organic 
liquid flow iu heated channels, Teoreticheskie Osnavy 
Khi~‘~hes~i Tek~~Zagi~ 25(6), 677 (1991). 

14X. B. A. Died aud A. 1. Kalyutuik, Heat transfer in a 
downward flow of a f3m of viscous, eleckically cmduct- 
ing flmd in a magnetic field, FluidMech. Sov. Res. 20(3), 
108 (1991). 

142C. H. Fingrhut, The heat exchange surtace of a stirred tank, 
Chem. Zg. Tech. 63(2), 142 (1991). 

143C. M. Jkegami, M. Hida and K. Ni&iw&& Coqn~tati~nal 
fluid-dynamic predictions of heat transfer to the combus- 
d~~~~~ of dieset engines. N&on Kikai Gukkb 



3188 E. R G. Eckert et ai 

Ronbunshu B Hen 5?(534), 744 (1991). 
144C. Y. Kawase, Particle-fluid heat/mass transfer Newtoniau 

and non-Newtonian fluids, Warme Sto#itebertrag 27(2). 
73 (1991). 

145C. M. M. Khonsari and S. H. Wang, On the maximum 
temperature in double-layered journal bearinga, J. 
Turbomach. 113(3), 464 (1991). 

146C. E. F. Matthys, Heat transfer, drag reduction, and fluid 
characterization for turbulent flow of polymer solutions: 
recent results and research needs, J. Non Newtonian Fluid 
Mech 38(23), 313 (1991). 

147C. F. M. J. McCluskey, P. Atten and A. T. Perez, Heat transfer 
enhancement by electroconvection resulting from an in- 
jected space charge between parallel plates, Znt. J. Heui 
Mass Transfer 34(9), 2237 (1991). 

148C. M. M. Obadi, D. A. Nelson and S. Zia Heat transfer 
enhancement of laminar and turbulent pipe flow via corona 
discharge,Int. J. HeatMassTransfer 34(4/5), 1175 (1991). 

149C. H. Salebizadeh and N. Saks, Thermal non-newtonian 
elastohydrodynamic lubricationof rolling line contacts, J. 
Turbomach. L13(3). 481 (1991). 

15OC. A. Takimoto, Y. Tada, Y. Hayasbi and K. Yamada, 
Convection heat-transfer enhancement by a corona dis- 
charge, Heat Trunsfer-Jop. Res. 20(l), 18 (1991). 

15lC. V. Tigoiu. The flow of a viscoelastic fluid between two 
parallel plates with heat transfer, Znt. J. Engng Sci. 29(12), 
1545 (1991). 

152C. S. Wang, C. Cusano and T. F. Corny, Thermal analysis of 
el~tohy~od~~c lubrication of I&e contacts u&g the 
Ree-Evrinafluidmodel,J.Turbomnch. 113(2).232(1991). 

153C. M. Webe; A. Steiff and P.-M. Weinspach, Heat transfer 
and pressure drop of aqueous solutions of surfactauts in 
tubes, Forsch Zngenieurweiss 57(l), 1 (1991). 

154C. L. Zhang and F. Oeters, Model of post-combustion in iron- 
bath reactors, part 2: results for combustion with oxygen, 
Steel Res. 62(3), 107 (1991). 

155C. L.~~g~dF.Oete~,M~elofpost-~mbustion~~on~ 
bath reactors, part 1: theoretical basis, Steet Res. 62(3), 95 
(1991). 

FLOW WITH SEPARATED REGIONS 

FIow past a Packard-facing step 
1D. D. M. Hawken, P, Townsend and M. F. Webster, Numerical 

simulationofviscousflowsinchannelswithastep,Comput. 
Fluids 20(l), 59 (1991). 

2D. K. Kudo, H. Tan&u&i, T. Kobayaahi and T. Fukuchi, 21D. 

Numerical analyses on velocity and temperature fields in 
the recirculating zone behind a backward-facing step (the 
influence of Reynolds number), Nippon Kikai Gakkai 22D. 

Ro~bunshu B Hen 57(535), 1071(1991). 
3D. B. Pak, Y. I. Cho and S. U. S. Choi, A study of turbulent heat 

transfer in a sudden-expansion pipe 4th drag-reducing 
viscoclastic fluid. Int. J. HeatMass Transfer 34(4/5). 119.5 23D. 

transfer downstream of a backward-facing step, 1. Heat 
Transfer 113(3), 583 (1991). 

Flow over an isolated circular cylinder 
8D. S. Aiba, Heat transfer around a circular cylinder with a single 

tripping wire, Nippon lyikai Gakkai Runbunshu B Hen 
57(536), 1371(1991). 

9D. J. W. Baughn and N. Saniei, The effect of the thermal 
boundary condition on heat transfer from a cylinder in 
crossflow, J. Heut Transfer 113(4), 1020 (1991). 

1OD. M. E. Franke and L. E. Hogue, Electrostatic cooling of a 
horizontal cylinder, J. Heut Transfer 113(3>, 544 (1991). 

1lD. H. Fuse, S , Tot-ii and Y. Kondo, Heat transfer mechanism 
behind heated circular cylinders with various cylinder 
~~e~e~,NipponK~~iGu~iRo~bu~hu3Hen57(536), 
1416 (1991). 

12D. M. Gundappa and T. E. Diller, The effects of free-stream 
turbulence and flow pulsation on heat transfer from a 
cylinder incrossflow, J. Heat Transfer 113(3), 766 (1991). 

130. H. Isikawa and Y. Y amamoto, Thermal ratchetting of thick 
cylinder due to heating and cooling, Nippon Kikai Gakkai 
Ro~bu~sha 3 Hen 576533). 47 (1991). 

14D. K. Kitamura. M. Honma and S . Kasbiwagi, Heat transfer of 
combined forced and natural convection from a horizontal 
cylinder@eattransferofaidingflow),NipponKikaiGa~i 
Ronbunshu B Hen 57(534), 670 (1991). 

15D. P. Vaitiekamas, A. Zukauskas and J. Ziugzda, Numerical 
modeliug of separated flow over and heat transfer from a 
circular cylinder or a plate in lo~~d~ flow of air, Heat 
Transfer-Soviet Res. 23(3), 291 (1991). 

Multiple cylinder arrays and tube banks 
16D. E. Achenbacb, Heat transfer from smooth and rough in-line 

tube bat&s at high Reynolds number, Znr. J. Heat Mass 
Transfer 34(l), 199 (1991). 

17D. C. Begoier and P. Fraunie, Double wake flow with heat 
transfer, Inr. J. Heat Mass Transfer 34(4/S), 973 (1991). 

18D. M. Beziei and K. Stepban, Influence of turbulence on heat 
transfer and pressure drop on bundled tubes in a field of 
cross flow, Chem. Ing. Tech. 63(5), 508 (1991). 

19D. V. B. Grannis andE. M. Sparrow, Numericalsimulationof 
fluid flow through an array of diamond-shaped pm fins, 
Namer. Heat Transjer Znt. J. Comput. Methodol. Part A 
Appl. 19(4), 381 (1991). 

20D. V. Katinas, E. Perednis and V. Svedosc, Crossflow-induced 

4D. V. Scherer and S. Wittig, Influence of the recirculation 
region. A comparison of the convective heat transfer 24D. 

downstream of a ~c~~d-~c~g step and behind a jet in 
a crossflow, J. Engng Gas Turbines Power 113(l), 126 
(1991). 

vibrations of staggered bundles of fiied tubes, Fluid 
Mech. Sov. Res. 20(3), 80 (199 1). 
V. Katinas, R. Bakas and V. Svedosc, Vibration of bundles 
of high eccentricity (flat oval) tubes in crossflow, Fluid 
Mech. Sov. Res. 20(3), 71 (1991). 
I. Mabuchi, M. Kumada, M. Hiwada and E. Haaegawa 
Local heat-transfer characteristics of a cylinder placed 
downstream of and perpendicular to a single row of cybn- 
ders, Heat Transfer-Jup. Res. 20(l). 56 (1991). 
D. B. Murray and J. A. Fitzpatrick, Heat transfer in a 
staggered tube array for a gas-solid suspension flow, .Z. 
Heat Transfer 113(4), 865 (1991). 
C.-J. Song and K.-S. Chang, Heat transfer and interactive 
buoyant vortex shedding by a pair of circular cylinders in 
transverse arrangement. Znr. J. Hear Mass Transfer 34(6), 
1347 (1991). 

_ ._ 
(1991). 

5D. H. Suzuki, K. Suzuki, S. Kida and T. Nakamae, Heat transfer 
augmentation in the region downstream of a backward- 
facing step (effects of a cylinder mounted near the top 
corner of the step), Nippon Kikai Gakkai Ronbunshu B Hen 
.57(536), 1410 (1991). 

6D. H.Su~,S.~~,T.N~e~dK.Su~~,~ow~dh~t 
~~erovera~c~~d-f~~st~~~a~~~mo~t~ 
near its top corner, Znt. J. Heat Fluid Flow 12(4), 353 
(1991). 

Irregular bluff-body configurations 
25D. M. Amaouche, On some mixed convection flows described 

by exact solutions of Pmndtl equations, European Journal 
of Mechanics, B/Fluids 10(3), 295 (1991). 

26D. T. Aragaki, S. Iwata, H. Tange, S. Hiraoka, I. Yamadaand 
F. Kawaizumi, Theoretical analysis of turbulent flow and 
heat transfer around a surface-mounted obstacle, J. Chetn. 
EngngJap. 24(2), 171 (1991). 

7D. F. K. Tsou, S.-J. Chen and W. Aung, Starting flow and heat 27D. M. K. Chyu and V. Natarajan, Local heat/mass transfer 



Heat transfer--a review of 1991 literature 3189 

distributions on the surface of a wall-mounted cube, J. Heat 
Tran@er 113(4), 851 (1991). 

28D. M. K. Chyu and R. J. Goldstein, Influence of au array of 
wall-mounted cylinders on the mass transfer from a flat 
surface, Int. J. Heat Mass Transfer 34(g), 2175 (1991). 

29D. K. Hour&an, L. W. Welch, M. C. Thompson, P. I. Cooper 
and M. C. Welsh, Augmented forced convection heat 
transfer in separated flow around a blunt flat plate, Exper. 
Therm. Fluid Sci. 4(2), 182 (1991). 

30D. D. Kundu, A. Haji-Sheikh and D. Y. S. Lou, Pressure and 
heat transfer in cross flow over cylinders between two 
pamllel plates, Numer. Heat Transfer Int. J. Compur. 
Merhodol. Part A Appl. 19(3), 345 (1991). 

31D. J. Lee, S.-L. Fu and J.-H. Chou, Enhancing heat transfer rate 
for simulated packages by vortex generators, Chung-Kuo 
Chi Hsueh Kung Ch’eng Hsueh Pao 12(l), 62 (1991). 

32D. G. Miskinis, P. Daujotas and A. Zulmuskas, Heat transfer 
from and flow over a cylinder located near a flat wall, Heat 
TransferSovier Res. 23(3), 306 (1991). 

33D. S.G.MoulicandL.S.Yao,Heattransfernearasmallheated 
protrusion on a plate, Int. J. Heat Mass Transfer 34(6), 
1481 (1991). 

34D. S. A. Shirazi and C. R. Truman, Simple turbulence models 
for supersonic flows. Bodies at incidence and compression 
comers, AIAA J. 29(11), 1850 (1991). 

35D. L. G. Smimov and I. I. Fedik, Thermoelastic stresses in a 
plane with a circular inclusion in the presence of a thermal 
spot of elliptical shape,J.Appl. Mech. Tech. Phys. 32(l), 84 
(1991). 

36D. P. P. Vaitiekunas, Evaluation of separated flow and heat 
transferinviscousflowoverbluntbodiesofvariousshapes, 
FIuidMech. Sov. Res. 19(5), 24 (1990). 

Miscellaneous studies 
37D. H. Brauer, Fluid flow around accelerated and decelerated 

particles. Part 1 (InGermau), W&meSroj%eberrrag 27(2). 
93 (1991). 

38D. K. C. Chang, C. S. Chen and C. I. Uang, A hybrid k-E 
turbulence model of recirculating flow, Int. J. Numer. 
Methods Fluids 12(4), 369 (1991). 

39D. C. D. S. Devi, H. S. Takhar and G. Nath, Unsteady mixed 
convection flow in stagnation region adjacent to a vertical 
surface, W&me Srofiebernag 26(2), 71 (1991). 

40D. E. W. Grandmaison, A. Pollard and S. Ng, Scalar mixing in 
a free., turbulent rectangular jet, Int. J. Hear Mass Tran$er 
34(10), 2653 (1991). 

42D. 

41D. K. A. Kazakyavichyus, Toward amethod of thermal shock 
testing of structural ceramics, Strength of Mater. 22(7), 
1032 (1991). 
S.-T. Koh, S. Hiraoka, Y. Tada, T. Takahashi and T. 

Yamagochi, Heat transfer coefficient and mixing time in a 
cylindrical mixing vessel with axial jet nozzles. J. Chem. 
$gng Jap. 24(4), 506 (1991). 
0. Smedby, L. Fuchs and N. Tillmarlq Separated flow 

demonstratedbydigitizedcineangiographycomparedwith 
LDV. J. Biomed. Enann 113(3). 336 (1991). 
E. P.~Volchkov, S. ?. Isemen& and ‘V. I. Terekov, Heat 
transferandshearstressattheendwdlofavortexchamber, 
Exper. Therm. Fluid Sci. 4(5), 546 (1991). 

43D. 

44D. 

porous composites, J. Engng Phys. 59(4), 1238 (1991). 
3DP. L. P. Khoroshun and E. N. Shikula, Coupled deformation, 

filtration,andheatconductioninmediawithquasi-spheroi- 
dal pores, Sov. Appl. Mech. 25(12), 1190 (1990). 

4DP. Yu. A.Kovalenko,Thermalconducti&yindisperseporous 
media. A review of modeling results in Soviet research, 
Russ. J. Thermaphys. l(3), 225 (1991). 

5DP. M. Pans and P. Danker, Effective thermal conductivity in 
hydride packed beds I. Study of basic mechanisms with 
help of the Bauer and Schluender model, 1. Less Common 
Met. 174(12), 1147 (1991). 

6DP. A. S. Sangani, Conductivity of incompletely filled periodic 
arrays of spheres, The Royal Sociery Proceedings: Math. 
PhysicaZSci. 432(1885), 153 (1991). 

7DP. D. Yu. Tzou, Universal model for the overall thermal 
conductivity of porous media, J. Compos. Mater. 25(8), 
1064 (1991). 

8DP. Z.-G. Yuan, W. H. Somerton and K. S. Udell, Thermal 
dispersion in thick-walled tubes as a model of porous 
media, ht. J. Heat Mass Transfer 34(1 I), 2715 (1991). 

Packed beds (forced convection) 
9DP. T. Akiyama, Y. Ashizawa, R. Takahashi and J.-I. Yagi, Gas 

flow, heat transfer and cxergy analyses of packed bed for 
heatstoragebylatentheat,NipponKikaiGakkaiRonbunshu 
B Hen 57(540), 2768 (1991). 

IODP. F. Bavarian and L.-S. Fan, Mechanism of hydraulic 
transport of a packed bed at the start-up of a three-phase 
fluidized bed, Chem. Engng Sci. 46(12), 3081 (1991). 

11DP. M. S. Bohn and L. W. Swanson, A comparison of models 
and experimental data for pressure drop and heat transfer in 
irrigated packed beds, Int. J. Hear Mass Transfer 34(10), 
2509 (1991). 

12DP. A. N. R. Bos and K. R. Westerterp, Comments on the 
behaviourof afixed-bedreactor,Chem. EngngSci. 46(12), 
3330 (1991). 

13DP. S. L. Chen, An experimental investigation of cold storage 
in packed capsules with solidification, Exp. Heat Transfer 
4(3), 263 (1991). 

14DP. S. Kimura and M. Yoneya, Forced convection heat 
transfer from a circular cylinder with constant heat flux 
placed in a saturated porous medium, Nippon Kikai Gakkai 
Ronbunshu B Hen 57(537), 1740 (1991). 

15DP. S. Kimura and H. Nigorinm, Heat transfer from a 
cylinder in a porous medium subjected to axial flows, Hear 
TransferJap. Res. 20(4), 368 (1991). 

16DP. T. T. Nam, D. F. Marr, A. M. Gola-Galimidi and W. E. 
Stewart, Transport modelling of packed-tube reactors-II. 
Step-response experiments and a cell model, Chem. Engng 
Sci. 46(11), 2913 (1991). 

17DP. T. A. Rizk and C. Kleinsbeuer, Forced-convection cool- 
ing of a linear array of blocks in open and porous matrix 
channels, Heat Transfer Engng 12(4), 40 (1991). 

18DP. R. K. Sahoo, Mathematical modelling of transient re- 
sponses of refrigeration storage systems with internal heat 
generation, fnt. 1. Refrig. 14(3), 126 (1991). 

19DP. V. M. Soundalgekar, R. M. Lahuriker and S. C. Pohnerkar, 
Heat transfer in unsteady flow through a porous medium 
between two infinite parallel plates in relative motion, 
Forsch Ingenieurwes 57(l), 28 (1991). 

20DP. M. .%zen, K. Vafai andL. A. Kennedy, Thermal charging 
HEAT TRANSFER IN POROUS MEDIA and discharging of sensible and latent heat storage packed 

beds, J. Thermophys. Heat Transfer S(4), 623 (1991). 
21DP. W. E. Stewart, D. F. Marr. T. T. Nam and A. M. Gola- 

Conduction Galimidi, Transport modelling of packed-tube reactors-I. 
1DP. R. T.BonnecazeandJ.F.Brady.Theeffcctiveconductivity Framework for a data-based approach, Chem. Engng Sci. 

of random suspensions of spherical particles, The Royal 46(11), 2905 (1991). 
Society Proceedings: Math. Physical Sci. 432(1886), 445 22DP. Yu. A. Zeigamik, F. P. Ivanov and N. P. Ikryannikov, 
(1991). Experimental data on heat transfer and hydraulic resistance 

2DP. N. A. Bozhkov, V. K. Zantsev and S. N. Obruch, Theoreti- in disordered porous sb-uctures, Therm. Engng 38(2), 76 
Cal-experimental study of complex heat transfer in highly (1991). 



3190 ti R. c;. Eckcrt ei ui. 

Packed beds (narural and mixed convection I 
23DP. I. E. Azizov and V. M. Entov, Formation of a two-phase 

regionduringvaporizationinporousmedia..l.En~n,gPhys 
59(4), 1251 (1991). 

24DP. A. Y. Bakier, M. A. Mansour and I. A. Hassanien, Some 
natural convection flows saturated in porous media, Btro- 
peon Journal of Mechanics, BIFluids 10(4), 39.5 (1991). 

25DP. C. Bouallou and J. F. Sacadur, Thermal radiation, convec- 
tion, and conduction in porous media contained in two- 
dimensional vertical cavities, J. Hear Transfer 113(l), 255 
(1991). 

26DP. M. C. Charrier-Mojtabi. A. Mojtabi, M. Azaiez and G. 
Labrosse, Numerical andexperimental study of multicellular 
free convection flows in an annular porous layer, Int. J. 
HeatMass Transfer 34(12), 3061 (1991). 

27DP. C.-K. Chen and C.-H. Chen, Non-Darcian effects on 
conjugate mixed convection about a vertical circular pin in 
a porous medium, Camp. Strucr. 38(56), 529 (1991). 

28DP. F. Chen and L. H. Hsu, Onset of thermal convection in an 
anisotropic and inhomogeneous porous layer underlying a 
fluid layer, J. Appl. Phys. 69(9). 6289 (1991). 

29DP. E. David, G. Lauriat and P. Cheng, A numerical solution 
of variable porosity effects on natural convection in a 
packed-spherecavity,J.HeatTransfer113(2),391(1991). 

30DP. H. I. Ene, Effects of anisotropy onthe free convection from 
a vertical plate embedded in a porous medium, Tramp. 
Porous Media 6(2). 183 (1991). 

31DP. J. Ettefagh, K. Vafai and S. J. Kim, Non-Dar&n effects 
inopen-cndedcavitiesfdledwithaporousmedium,J. Hear 
Tran@er 113(3). 747 (1991). 

32DP. M.-J. Huang and B.-L. Lin, Analysis of inertia effects on 
natural convection heat transfer in porous media, Chung- 
Kuo Chi Hsueh Kun,q Ch’eng Hsueh Pao. 12(3), 241 
(1991). 

33DP. C.-I. Hung, Note on conjugate natural convcction-con- 
duction heat transfer for a vertical plate fin embedded in 
high-porositymedium,lnt.J.Non-LinearMech.26(1), 135 
(1991). 

34DP. J.-Y. Jang and J.-R. Ni, Mixed convection adjacent to 
inclined flat surfaces embedded in a porous medium. W&me 
Srofiebenrag 27(2), 103 (1991). 

35DP. L. V. Kim Determination of heat-transfer coefficients in 
porous media, J. Engng Phys. 59(5), 1423 (1991). 

36DP. S. Kimura and I. Pop, Conjugate natural convection 
between horizontal concentric cylinders filled with a po- 
rous medium, W&me Stofieberrrag 27(2), 85 (199 1). 

37DP. N. J. Kwendakwema and R. F. Boehm, Parametric study 
of mixed convection in a porous medium between vertical 
concentric cylinders, J. Heat Transfer 113(l), 128 (1991). 

38DP. F. C. Lai and F. A. Kulacki, Experimental study of free and 
mixedconvectioninhorizontalporouslayerslocallyheated 
from below, Int. .I. Heat Mass Transfer 34(2), 525 (1991). 

39DP. F. C. Lai and F. A. Kulacki, Non-darcy mixed convection 
along a vertical wall in a saturated porous medium, J. Hear 
Transf‘er 113(l), 252 (1991). 

40DP. A. Nakayama and I. Pop, A unified similarity transforma- 
tion for free, forced and mixed convection in Darcy and 
non-Darcyporousmedia,Int..I. HeatMassTransfer 34(2), 
357 (1991). 

41DP. A.NakayamaandH.Koyama,Buoyancy-inducedflowon 
non-Newtonian fluids over a non-isothermal body of arbi- 
trary shape in a fluid-saturated porous medium, Appl. Sci. 
Res. 48(l). 55 (1991). 

42DP. J. Ni and C. Beckermann, Natural convection in a vertical 
enclosure filled with anisotropic porous media, J. Hear 
Tran.+r 113(4), 1033 (1991). 

43DP. D. A. Nield. Convection in a porous medium with inclined 
temperature gradient, Int. J. Heat Mass Tranfler 34(l), 87 
(1991). 

44DP. V. Prasad, K. Brown and Q. Tian, Flow visualization and 
heat transfer experiments in fluid-superposed packed beds 
heated from below, Exper. Therm. Fluid Sci. 4(l), 12 

il99lj. 
45DP G. Ramanaiah and G. Malarvizhi, Note on exact bolutioar 

of certain non-linear boundary value problems governing 
convection in porous media, Inr .I fion-Linear Meci! 
26(34), 345 (1991). 

46DP. G. Ramanaiah, G. Malarvizhiand I. H. Me&in, A umfied 
treatment of mixed convection on a permeable horizontal 
plate, Wiirme Stofiebertrag 26(4), 187 (1991j. 

47DP. G. Ramanaiah and G. Malarvizhi. Free convection on a 
horizontal piate in a saturated porous medium with pre- 
scribed heat transfer coefficient, Acta Mech. 87(12), 73 
(1991). 

48DP. D. S. Riley and K. H. Winters, Time-periodic convection 
in porous media: the evolution of Hopf bifurcations with 
aspect ratio, J. Fluid Mech. 223,457 (1991). 

49DP. M. Sahimi and D. Stauffer, Efficient simulation of flow 
and transport in porous media, Chem. Engng Sci. 46(9), 
2225 (1991). 

5ODP. t. Storesletten and M. Tvcitereid, Natural convection in 
a horizontal porous cylinder, Inc. J. Hear Mass Transfer 
34(8), 1959 (1991). 

5 1DP. H. S Takhar, V. M. Sotmdalgekar and A. S. Gupta, Mmed 
convection of an ‘Incompressible viscous fluid in a porous 
medium past a hot vertical plate, Inr. J Non-Linear Mech. 
25(6), 723 (1990). 

52DP. P. A. Tyvand and L. Storesletten, Onset of convection in 
an amsotropic porous medium with oblique principal axes, 
J. FluidMech. 226, 371 (1991). 

53DP. A. Verruijt, Finiteelement modehng of tramport in porous 
me&a, Appl. Sri. Res. 48(2), 129 (1991). 

54DP. V. V. Voinov, Exact solutions of the problem of the motion 
of the interface between immiscible fluids in a porous 
medium, J. Appl. Mech. Tech. Phys. 32(l), 64 (1991). 

55DP. W. S. Y u, H. T. Lin and C. S. Lu, Universal formulations 
and comprehensive correlations for non-Darcy natural 
convection and mixed convection in porous media, Inr. J. 
Heat Mass Transfer 34(1 l), 28.59 (1991). 

Fluidized beds 
56DP. P. K. Agarwal, Transport phenomena in multi-particle 

systems-IV. Heat transfer to a large freely moving particle 
in gas fluidized bed of smaller particles, Chem. Engng Sci. 
46(4), 1115 (1991). 

57DP. P. Basu, D. Lawrence, M. N. Ali Moral and P. K. Nag, An 
experimental investigation into the effect of fins on heat 
transfer in circulating fluidized beds, Int. J. Hea! Mass 
Transfer 34(9), 2317 (1991). 

58DP. V. A. Borodulya, Yu. S. Teplitskii, I. I. Markevich, A. F. 
Khassan and T. P. Eremenko, Heat transfer between a 
fluidi& bed and the surface, J. Engng Phys. 58(4). 446 
(1990). 

59DP. V. A. Borodulya, Yu. S. Teplitsky, I. I. Markevich, A. F. 
Hassan and T. P. Yeryomenko, Heat transfer between a 
surface and a fluidized bed: consideration of pressure and 
temperature effects, ht. J. Heat Mass Transfer 34(l), 47 
(1991). 

60DP. R. S. Brodkey, D. S. Kim and W. Sidner, Fluid to particle 
heat transfer in a fluidized bed and to single particles, Int. 
J. Heat Mass Transfer 34(9), 2327 (1991). 

61DP. S. L. Chang, R. W. Lyczkowski and G. F. Berry, Spectral 
dynamics of computer-simulated, two-dimensional, few- 
tube fluidized-bed combustors, Inr. J. Heat Mass Transfer 
34(7), 1773 (1991). 

62DP. A. M. El-Halwagi, M. A. El-Rifai and M. M. El-Halwagi, 
Maximization of thermal efficiency of fluidized-bed heat 
regenerators, Heat Recovery System & CHP ll(23). 141 
(1991). 

63DP. G. Flamant, N. Fatah, D. Steinmetz, B. Murachmanand C. 
Laguerie, High-temperature velocity and porosity at mini- 
mum fluidization. Critical analysis of experimental results, 
Znt. Chem. Engng 31(4), 673 (1991). 

64DP. P. U. Foscolo, L. G. Gibilaro and R. Di Felice, Hydrody- 



Heat transfer-a review of 1991 literature 3191 

namic scaling relations for fluidisation, Appl. Sci. Res. 
48(34), 315 (1991). 

65DP. L.R.Glicksman,T.YuleandA.Dymess,Predictionofthe 
expansionoffluidizedbedscontainingtubes,Chem. Engng 
Sci. 46(7), 1561 (1991). 

66DP. H. Ishiguro, H. Nariai, and K. Ichikawa, Unsteady fluidi- 
zation shucm and heat transfer mechanism around a 
horizontal heated circular cylinder in a gas-solid fluidized 
bed,NipponKikaiGakkaiRonbunshuBHen57(537), 1775 
(1991). 

67DP. H. Ishiguro, K. Ichikawa and H. Nariai, Unsteady local 
heat transfer characteristics around a horizontal heated 
circular cylinder immersed in a fluid&d bed, Nippon Kikai 
Gakkai Ronbunshu B Hen 57(537), 1765 (1991). 

68DP. Y.Katoh,M. Miyamoto,T.ChimuraandY.Idei,Studyon 
particle behavior in the expansion of fluidized bed using a 
simple optical probe, Nippon Kikai Gakkai Ronbunshu B 
Hen 57(541), 3244 (1991). 

69DP. B. KilJcis, Computer-aided analysis of fluidized bed to 
external wall local heat transfer, Chem. Eng. J. Biochem. 
Eng. J. 46(2), 47 (1991). 

70DP. K. Kudo, H. Tanigucbi, H. Kanedaand K.-H. Guo, Effects 
of several parameters on heat transfer in circulating fluid- 
ized bed boilers, Nippon Kikai Gakkai Ronbunshu B Hen 
57(541), 3136 (1991). 

71DP. J. A. M. Kuipers, W. Prins and W. P. M. van Swaaij, 
Theoretical and experimental bubble formation at a single 
orifice in a two-dimensional gas-fluidized bed, Chem. 
EngngSci. 46(11),2881 (1991). 

72DP. D. Kuniia and 0. Levenspiel, A general equation for the 
heat-transfer coefficient at wall surfaces of gas/solid con- 
tactors, Ind. Engng Chem. Res. 30(l), 136 (1991). 

73DP. Y. Kurosaki, I. Satoh and T. Ishize, Mechanisms of heat 
transfer enhancement for fluidized-bed-type heat exchang- 
ers. (Estimation of direct-contact heat exchange from a 
heat transfer surface to fluidized particles by an optical 
visualization technique), Nippon Kikai GakkaiRonbunshu 
B Hen 57(541), 3128 (1991). 

74DP. A. Macias-Machin, L. Oufer andN. Wannenmacher, Heat 
transfer between an immersed wire and a liquid fluid&d 
bed, Powder Technol. 66(3), 281 (1991). 

75DP. K. Malhotra and A. S. Mujumdar, Model for contact heat 
transfer in me&a&ally stirred grauular beds, Inr. J. Hear 
Mass Transfer 34(2), 415 (1991). 

76DP. K. Malhotra and A. S. Mujumdar, Wall-to-bed contact 
heat transfer rates in mechanically stirred granular beds, 
Inr. J. Heat Mass Transfer 34(2), 427 (1991). 

77DP. S. Maruyama, T. Aihara, K. Tanaka, J. Yamaguchi, T. 
Shimoyama and T. Itoh, Heat transfer from high tempera- 
ture gases in a very shallow fluidkd bed, Nippon K&i 
Gakkai Ronbunshu B Hen 57(538), 2094 (1991). 

78DP. T. Miyahara, K. Tsuchiya and L.-S. Fan, Effect of 
turbulent wake on bubbltiubble interaction in a gas- 
liquid-solid fluidized bed, Chem. Engng Sci. 46(g), 2368 
(1991). 

79DP. D. Moslemian, M. M. Chen and B. T. Chao, Heat transfer 
to horizontal tubes in a fluidized bed: The role of superfi- 
cial gas and local particle velocities, Exper. Therm. Fluid 
Sci. 4(l), 76 (1991). 

80DP. N. Obuskovic, M. Colakyan and J. G. Knudsen, Heat 
transfer between moving beds of solids and a transverse 
fmned tube, Hear Transfer Engng 12(2), 46 (1991). 

81DP. M. R. Panigrabi and J. S. Murty, A generalized spherical 
multi-particle model for particulate systems: fixed and 
fluid&d beds, Chem. Engng Sci. 46(7), 1863 (1991). 

82DP. S. C. Saxena, N. S. Rao and A. C. Saxena, Estimation of 
heat transfer coefficient for immersed surfaces in bubble 
columns involving fine powders, Powder Technol. 63(2), 
197 (1990). 

83DP. N. P. Shryaeva, B. G. Sapozbnikov, V. S. Belousov and G. 
P. Tasnikov, Effective thermaldiffusivity of avibrationally 
fluidized bed, J. Engng Phys. 58(4), 458 (1990). 

84DP. E.TsotsasandH. Martin,Heattransferbetweenawalland 
gas-solid dispersed systems, Int. Chem. Engng 31(4), 629 
(1991). 

85DP. R. L. Wu, C. J. Lim, J. R. Grace and C. M. H. Brereton, 
Instantane4~1s local heat transfer and hydrodynamics in a 
circulating fluidized bed, Inr. J. Heat Mass Tratufer 34(8), 
2019 (1991). 

Heat transfer combined with mass transfer or chemical 

reactions 
86DP. A. S. Evenchik and V. A. Makhlin, Parametric sensitivity 

of catalytic tubular reactor, Teoreticheskie Osnovy 
Khimicheskoi Tekhnologii 25(6), 828 (1991). 

87DP. W. W. Farr, J. F. Gab&o, D. Luss and V. Balakotaiah, 
Reaction-driven convection in a porous medium (Parts I 
aud II)), AI.ChB. J. 37(7), 963 (1991). 

88DP. B. K. Jha, Effects of hall current and wall temperature 
oscillation on free convective and mass transfer flow in a 
rotating porous medium with constant heat source, Im. J. 
Energy Res. 15(2), 79 (1991). 

89DP. M. Kazmierczak and D. Poulikakos, Transient double 
diffusion in a fluid layer extending over a permeable 
substrate, J. Heai Transfer 113(l), 148 (1991). 

90DP. F. CLaiandF. A.Kul&cki,Coupledheataudmasstransfer 
by natural convection from veztical surfaces in porous 
media, Int. J. HearMass Transfer 34(4/5), 1189 (1991). 

9lDP. K.-B. Lee and J. R. Howell, Theoretical and experimental 
heat and mass transfer in highly porous media, Int. J. Heat 
Mass Transfer 34(8), 2123 (1991). 

92DP. N. 0. Lemcoff, S. I. Pereira Duarte and 0. M. Martinez, 
Heat transfer in packed beds, Rev. Chem. Engng 6(4). 229 
(1990). 

93DP. J. Y. Liu and S. Cheng, Solutions of Lu&ov equations of 
heat and mass transfer in capillary-porous bodies, Int. J. 
Heat Mass Transfer M(7), 1747 (1991). 

94DP. V. Kh. Matyushenko and B. M. Markeyev, Analysis of 
nonisothermal industrial processes, Fluid Mech. Sov. Res. 
19(l), % (1990). 

95DP. R Mauri, Dispersion, convection, and reaction in porous 
media, Phys. FlutiA 3(5), 743 (1991). 

96DP. V. V. Migunov, Equation system of filtration-difksion 
heat mass transfer in capillary-porous bodies, Inrhenerno- 
Fizicheskii Zhurnal 60(l), 162 (1991). 

97DP. A. I. Moshinskii, Theory of heat and mass transfer in 
disperse media, J. Engng Phys. 58(3), 339 (1990). 

98DP. A. I. Moshinskii, Nonlinear equations of heat- and mass- 
transfer in dispersed media, J. Engng Phys. 59(5), 1441 

(1991). 
99DP. K. D. P. Nigam, S. Srivaatava and V. K. Srivastava, 

Simultaneous diffusion and reaction in porous media, Inr. 
J. Engng FluidMech. 4(l), 47 (1991). 

lC0DP. J. A. Ochoa-Tapia, P. Stroeve and S. Whitaker. Facili- 
tated transport in porous media, Chem. Engng Sci. 46(2), 
477 (1991). 

1OlDP. S. M. Oseoumov, Analysis of the heat and mass transfer 
in porous-sublimationcooling, J. Engng Phys. 59(6), 15 12 
(1991). 

102DP. C. Satik, M. Parlar and Y. C. Yortsos, A study of steady- 
state steam-watercounterflow inporous media,lnr. J. Hear 
Mass Tranger 34(7), 1755 (1991). 

103DP. M. Schonherr and H. Mocikat, Capillary porous media: 
Intemalheataudmasstrausport,DryingTechnoZ. 9(l), 139 
(1991). 

Specific applications 
104DP. A. P. Baskakov, B. K. Maskaev, I. V. Ivanov and A. G. 

Usol’tsev, The convective component of the coefficient of 
heat transfer in furnaces with a circulating fluid&d bed, 
Therm. Engng 38(3), 125 (1991). 

105DP. J. Bear, J. Bensabat and A. Nir, Heat aud mass transfer 
in unsaturated porous media at a hot boundary. I. One 



3192 E. R. G. Eckert et al. 

dimensional analytical model, Tramp. PorousMedia 6(3). 
281 (1991). 

106DP. V. Borges and M. T. Vilhena, Fluidized bed reactor cell 
calculation, Kerntechnik 55(5), 31.5 (1990). 

107DP. J. Draw, Geochemistry and soil chemistry reactions 
occurring during in situ vitrification, J. Hazard Muter. 
26(3). 343 (1991). 

108DP. A. J. Fusco. J. R. Avanza, R. J. Aguerre and J. F. Gabitto, 
A diftusional model for drying with volume change, Dry- 
ing Technol. 9(2), 397 (1991). 

109DP. A. P. Gerasev and Yu. Sh. Matros, Unstationaty method 
ofammoniasynthesis.TeoreticheskieOsnovyKhimicheskoi 
Tekhnologii 25(6), 821 (1991). 

1lODP. P. F. Germann, Length scales of convection-dispersion 
approaches to flow and transport in porous media. J. 
Conram. Hydrol. 7(12), 39 (1991). 

1llDP. Z. X. Gong, B. Song and A. S. Mujumdar, Numerical 
simulationofdryingofrefractoryconcrete,DryingTechnol. 
9(2), 479 (1991). 

112DP. M. Hasatani, Y. Itaya and K. Miura, Drying of granular 
materials in an inclined vibrated fluid&d bed by combined 
radiative and convective heating, Drying Technol. 9(2), 
349 (1991). 

113DP. D. S. Jayas, S. Cenkowski, S. Pabis and W. E. Muir, 
Review of thin-layer drying and wetting equations, Drying 
Technol. 9(3), 551 (1991). 

114DP. B. Kari, B. Perrin and J. C. Foures, Vapour permeability 
of building materials. Numerical computation, Muter. 
Struct. 24(141), 227 (1991). 

115DP. D. Kay, D. Highgate, C. Knight and S. D. Probert, 
Fluidised beds as ‘~001th’ stores, Appl. Energy 39(3), 241 
(1991). 

116DP. A. Khairullahand R. P. Singh, Optimization of fixed and 
fluidized bed freezing processes, In?. J. Refrig. 14(3), 176 
(1991). 

117DP. J. A. Khan, D. E. Beasley and B. Alatas, Evaporation 
from a packed bed of porous particles into superheated 
vapor, Znt. J. HeatMuss Transfer 34(l), 267 (1991). 

118DP. K. D. Kreiman and S. D. Golosov, Parametrization of 
heat exchange through the water-bottom interface, Water 
Resow. (Engnglish translation of Vodnye Resursy) 17(5), 
459 (1991). 

119DP. R. P. Krishnan, J. Anthony, M. Rajavel, S. V. Srinivasan 
and A. V. J. Rao, Combustion of high ash indian coals in a 
fluidized bed combustor, Fuel 70(10), 1125 (1991). 

120DP. J. Y. Liu, Drying of porous materials in a medium with 
variable potentials, J. Heat Transfer 113(3), 757 (1991). 

121DP. W. Masmoudi and M. Prat, Heat and mass transfer 
between a porous medium and a parallel external flow. 
Application to drying of capillary porous materials, Int. J. 
Heat Mass Transfer 34(8), 1975 (1991). 

122DP. K. Miura, K. moue, K. Takatani and K. Nishioka, 
Analysis of steam flow in coke oven chamber by test coke 
ovens and a two-dimensional mathematical model, ISIJ. 
Inr. 31(5), 458 (1991). 

123DP. L. A. Morton. H. D. Gesser and N. R. Hunter, Partial 
oxidation of CH, to CH,OH at high pressure in a packed 
reactor, Fuel Sci. Technol. Int. 9(8), 913 (1991). 

124DP. M. Prat, 2D modelling of drying of porous media: 
Influence of edge effects at the interface., Drying Technol. 
9(5), 1181 (1991). 

125DP. C. L. Prince, V. Bringi and M. L. Shuler, Convective 
mass transfer in large porous biocatalysts. Plant organ 
cultures, Bio. Technol. Prog. 7(2), 195 (1991). 

126DP. N. A. Prudnikov, M. A. Brich and Ya. S. Raptunovich, 
Numerical modeling of heat and mass transfer during the 
drying of granulated polymers in a packed bed, J. Engng 
Phys. 59(6), 1591 (1991). 

127DP. A.-L. Raoult-Wack S. Guilbert, M. L-e Maguer and G. 
Rios, Simultaneous water and solute transport in &inking 
media. I. Application to dewatering and impregnation 
soaking process analysis (osmotic dehydration), Drying 

Technol. 9(3), 589 (1991). 
128DP. A.-L. Raoult-Wack, F. Petitdemange. F. Giroux, S. 

Guilbert, G. Rios and A. Lebert, Simultaneous water and 
solute transport in shrinking media. II. A compartmental 
model for dewatering and impregnation soaking processes, 
Drying Technol. 9(3), 613 (1991). 

129DP. A.-L. Raoult-Wack, 0. Botz, S. Guilbert and G. Rios, 
Simultaneous water and solute transport in shrinking me- 
dia. IE. A tentative analysis of spatial distribution of 
impregnating solute in model gel, Drying Technol. 9(3), 
631 (1991). 

13ODP. M. C. Robbins and M. N. Gzisik, Drying in capillaty- 
porouscylindricalmedia,Can.J. ChemEngng69(6), 1262 
(1991). 

13lDP. M. Sadasivam and A. R. Balakrishnan, Analysis of 
thermal effects in packed bed liquid desiccant dehumidifi- 
ers, Chem. Engng Process 30(2), 79 (1991). 

132DP. J. Santamaria, A. Monzbn, M. Berbegal and R. Hughes, 
Regenerationstrategiesforcokedfixedbedreactors, Chem. 
Engng Sci. 46(l), 11 (1991). 

133DP. N. Selcuk and Ue. Kirmiziguel, Characteristics of a 
fluidized-bed combustor burning low-quality lignite, J. 
Inst. Energy 64(460). 151 (1991). 

134DP. D. W. Sevon and D. J. Cooper, Modeling combustion 
efficiency in a circulating fluid bed liquid incinerator, 
Chem. Engng Sci. 46(12), 2983 (1991). 

135DP. V. K. Sheleg and V. V. Mazyuk Capillary-porous 
coating materials for enhancing heat and mass transfer 
processes, Therm. Engng 38(l), 38 (1991). 

136DP. N. N. Smirnov and I. D. Dimitrienko, Investigation of 
convective combustion in a combustible solid propellant 
withlongitudinalchannels, Cornburr. Explos. Shock Waves 
26(4), 383 (1991). 

137DP. H. Takeuchi, K. Sato, S. Sato and H. Aoki, Development 
of a new heat collector from air without frost problems, 
Exper. Therm. Fluid Sci. 4(4), 441 (1991). 

138DP. J.K.WolfandA.S.Rogowski,Spatialdistributionofsoil 
heat flux and growing degree days, Soil Sci. Sot. Am. J. 
55(3), 647 (1991). 

139DP. J. E. Yang, E. 0. Skogley and B. E. Schaff, Nutrient flux 
to mixed-bed ion-exchange resin. Temperature effects, 
Soil Sri. Sot. Am. J. 55(3), 762 (1991). 

EXPERIMENTAL TECHNIQUES AND 
INSTRUMENTATION 

Temperature 
1E. J. D. Cogdell, In-process workpiece temperature sensor, 

Precis. Engng 13(2), 135 (1991). 
2E. K.Kurpisz,DeterminQtransienttemperataredistributionin 

solids from measurements of the surface temperature, ISIJ. 
Int. 31(g), 979 (1991). 

3E. H. Levinson, A computerized model of vacuum thermocou- 
ple performance, IEEEInstrum. Meus. 40(2), 356 (1991). 

4E. L. Peng and L. M. Be-sley, The characteristics of Chinese 
encapsulatedrhodium-ironresistancethermometers,Meas. 
Sci. Technol. 2(6), 504 (1991). 

5E. A. Pervez, Multi-bit all-optical temperature sensor 
multiplexing and networking, Meas. Sci. Technol. 2(6), 
540 (1991). 

6E. I. Riess, R. Safadi,E. ZilbersteinandH. L. Tuller, Differential 
thermal analysis of individual specimens by thetmal EMF 
measurement, J. AppI. Phys. 69(3), 1205 (1991). 

7E F. R. Ruppel, Modeling a self-calibrating thermocouple for 
use in a smart temperature measurement system, IEEE 
Instrum. Meas. 39(6), 898 (1990). 

8E. N. Sasaki, Y. Nagano, Y. Yashiro and T. Tsuji, Error analysis 
of S&s method for surfaeetemperature measurement, 
Nippon Kikai Gakkai Ronbunshu B Hen 57(540), 2818 
(1991). 



Heat tmnsfer-a review of 1991 literature 3193 

9E. C. J. van Asself A. P. G. Jacobs, J. H. van Boxel and A. E. 
Jansen, A rigid fast-response thermometer for atmospheric 
research, Meas. Sci. Tech& 2(l), 26 (1991). 

1OE. Y. Zhao, S. Sun and S. Pang, Reseat-& on the temperature 
of thin film under ion beam bombarding, Vacuum 42(16), 
1048 (1991). 

Heat flu 
1 IE. 

12E. 

13E. 

14E. 

15E. 

16E. 

17E. 

18E. 

R. G. Batt, G. A. Magony and L. M. Cohen, Application of 
the flush mounted hot fii gauge for measming blast wave 
surface shear, Rev. Sci. Inswum. 62(4), 1022 (1991). 
B. Brajuskovic, M. Matovic and N. Afgan, A heat flux- 
meter for ash deposit monitoring systemsf. Ash deposit 
prevention, 1nt.J. ~e~~~ass Transfer 34(9), 2291(199X). 
B. Brajuskovic and N. Afgan, A heat flux-meter for ash 
deposit monitoring systems-II. ‘Clean’ heat flux-meter 
characteristics, Int. J. Heat Mass Tramfer 34(9), 2303 
(1991). 
Y. Enomoto, T. Ohya, M. I&ii, K. Enomoto and N. 

Kitahara, Study on analysis of instantaneous heat flux 
flowing into the combustion chamber wall of an internal 
combustion engine (ex~ion in the case of considem- 
tion of heat storage term and the temperature dependency 
of the thermocouple’s thermophysical properties), Nippon 
Kikai GakkuiRonbunshu B Hen 57(539), 2421(1991). 
A. H. George and J. L. Smalley, An instrumented cylinder 
forthemeasurementofinstantaneouslocal heatflux inhigh 
temperature fluid&d beds, Int. J. Heat Mass Transfer 
34(12), 3025 (1991). 
W. K. George, W. I. Rae and S. H. Woodward, An 

evaluation of analog and numerical techniques for un- 
steady heat transfer measurement with thin-film gauges in 
transient facilities, .&per. Therm. Fluid Sci. 4(3), 333 
(1991). 
0. A. Gerashchenko, State of heat measurement in the 
USSR. J. Enana Phvs. 59(31. 1212 09911. 
J. M. Hager, i Si&mo&~~. Smi;h, S.‘Onishi, L. W. 
Langley and T. E. Dilier, experimental performance of a 
heat flux microsensor, J. Engng Gus Turbines Power 
113(2), 246 (1991). 

19E. J. M. Hager, J. P. Terre& L. W. Langley, S. Onishi and T. 
E. Diller, Measurements with the heat flux microsensor, 
Insnum. Aerosp. Ind., Proc. ISA Aerosp. Instrum. Symp. 
37.551 (1991). 

20E. W. Poessnecker, Theory of heat transfer in DSC measure- 
ments, 1. Therm. Anal. 36(3), 1123 (1990). 

21E. S. Polat, A. R. P. van Heiningen and W. J. M. Douglas, 
Sensor for transient heat flux at a surface with througbfIow, 
Int. J. Hear Mass Transfer 34(6), 1515 (1991). 

223% D. Stuck, Verfabren und Gebraucbsnormale zur Pruefung 
hydraulischer Geber von Waermezahlem. (Methods and 
working standards of calibrating flow sensors of heat 
meters), FernWdrmeInt. 20(12), 7 (1991). 

23E. E. A. Zaitseva, V. V. Dutchak and A. D. Tarsis, Increasing 
the measuring accuracy of Electronic heat meters, Meas. 
Techniques 34(l), 56 (1991). 

Liquid crystals 
24i. L. 8. Au, L. So&mar, C. Dettmarm, H. J. Eichler, R. 

MacDonald and J. Schwartz, Theoretical and experimental 
investigations of the reorientation of liquid crystal mol- 
ecules induced by laser beams, Phys. A 174(l), 94 (1991). 
H. Kimoto, H. Izuka and K. Hamabe, Precise and bandy 
measurement of the temperature profile appearing on a 
temperature-sensitive liquid-crystal tii, Nippon Kikai 
Gakkai Ronbunshu B Hen 57(533), 262 (1991). 
Z. Wang, P. T. Ireland and T. V. Jones, Technique for 
measuring convective heat transfer at rough surfaces, Inst. 
Meas. Conaof 13(3), 14.5 (1991). 
G. M. Zbarkova, Temperature field visualization using 
liquid crystal, Exp. Heat Transfer 4(l), 83 (1991) 

25E. 

26E. 

27E. 

infrared thermography 
28E. S.HengandW.Z.Black,Temperaturemappingoflocalized 

hot spots on microelectric chip surfaces, J. Electron. Pack- 
aging 113(3), 286 (1991). 

29E. Z.-Z.Lin,B.-X. Wangand J.-Y.Xu,Amethodformsearch- 
ing natural convection heat transfer from a non-isothermal 
vertical plate by infmred thermovision, Int. J. Heat Mass 
Transfer 34(11x 2813 (1991). 

30E. C. K. Puram, K. Daryabeigi and C. G. Burkett Jr., Evaluation 
of infrared thermography for surface temperature measure 
ment in fluid mechanics and heat transfer, Insmnn Aerosp 
Ind, Prac. ISA Aerosp. Instrum. Symp. 37,75 (1991). 

3 1E. M. Shiratori, M. Haradaand T. Kuwajhna, Development of 
a hybrid system for ~e-~e~io~ heat conduction 
analysis based upon in&red temperature m-em, 
Nippon Kikai Gakkai Ronbunshu A Hen 57(539), 1593 
(1991). 

Optical thermography 
32E. S. Babl and J. A. Liburdy, Measurement of local convective 

heat transfer coefficients using gee-dimensional 
~te~~~~, Inr. J. Heat Mass Trunsfer 34(4/5), 949 
(1991). 

33E. D. Mewes, Measurement of temperature fields by holo- 
graphic tomography, Exper. Therm. Fluid Sci. 4(2), 171 
(1991). 

34E. Y. C. Michael and K. T. Yang, Recent developments in axial 
tomography for heat transfer and fluid flow studies, .&per. 
Therm. FluidSci. 4(6), 637 (1991). 

3SE. M. N. Rolin and N. L. Yadrevskaya, Tomographic recon- 
struction of the temperature field in a gas medium from the 
data of two-aspect spectroscopic measurements, High 7’emp. 
29(2), 271 (1991). 

Ovticaf methods 
36E. 

37E. 

38E. 

39E. 

40E. 

41E. 

R. B. Barat, I. P. Longwelf, A. F. Sarofm, S. P. Smithand 
E. Bar-Ziv, Laser Rayleigh scattering for flame thermom- 
etry in a toroidal jet stirred combustor, Appl. Opt. 30(21), 
3003 (1991). 

D. L. Raulch, J. F. Griffiths and R. Richter, Measurements 
of reactant temperature and free-radical concentrations 
during the oscillatory combustion of hydrogen and carbon 
monoxide in a CSTR, Chem. Engng Sri. 46(9), 2315 
(1991). 
D. J. Crow&r and J. Padet, Measurement of the local 
convection coefficient by pulsed photothennal radiometry, 
Inl. J. Hear Mass Transfer 34(12), 3075 (1991). 

R. Jbzwicki, Influence of spherical aberration of an 
interferometric system on the measurement error in the 
case of a finite fringe observation field, Appl. Opt. 30(22), 
3119 (1991). 

K. L. Saenger and J. Gupta, Laser interferometric thermom- 
etry for substrate temperature measurement, Appl. Opr. 
30(10), 1221 (1991). 
P. Snowdon, S. M. Skippon and P. Ewart, Improved 

precision of single-shot temperature measurements by 
broadband CARS by use of a modeless laser (Rapid Com- 
munication), Appi. Opt. 30(9), 1008 (1991). 

Frosting 
42E. 

43E. 

T. ?. Bong, N. E. Wijeysundera, E. L. Saw and K. 0. Lau, 
Comparison of beta-ray and gamma-ray transmissionmeth- 
ods for measurement of frost density dishibutios Exper. 
Therm. FZuidSci. 4(S), 567 (1991). 
P. F. Monaghau, M. Redfern, P. H. Oosthuizen, F. W. 
~sh~dD.P.F~,~autom~i~noncon~tm~~e- 
ment technique for investigation for the effect of frosting 
onwindconvectorheattransferperfonnance.fiper.Tfwrm. 
Fluid Sci. 4(4), 399 (1991). 



Part&es 
44E. D. Dabiri and M. Gharib, Digital particle image thermom- 

ehy: Themethodandimplementation,Exp. Fluids ll(23). 
77 (1991). 

45E. R.D.KeaneandR. J.Adrian+Optimizationofpartic!eimage 
velocimeters: II. Multiple pulsed systems, Meos. Sci. 
Terhnol. 2(10), 963 (1991). 

Radiation 
46E. P. Corredera, A. Corrons, J. Campos and A. Pans, Realiza- 

tion of an infrared spectroradiometer, Appl. Opt. 30(1(I), 
1279 (1991). 

47E. O.Lillesaeter,Simpleradiometricmethodformeasuringthe 
thermal broadband emissivity of material samples, Appi. 
Opt 30(34), 5086 (1991). 

48E. V. Lippig, R. Waibel, H. Wilhelmi and D. Straub, Measure- 
ments of spectral emissivity of surfaces used in jet engmes 
and space technology, Wiirmc Sroffuebertrug 26(5), 241 
(1991). 

49E. H. Masuda, S. Sasaki, M. Higano and H. Sasaki, A method 
for the simultaneous measurement of total hemispherical 
emissivity and specific heat of metals by the trausient 
calorimetric technique, Exper. Therm. FZuidSci. 4(2), 218 
(1991). 

50E. T. J. Quinn and J. E. Martin, Blackbody source m the -50 to 
+2oo”C range for the calibration of radiometers and radia- 
tion thermometers (Technical Note), Appl. Opt. 30(31j, 
4486 (1991). 

Thermophysical properties 
51E. B. Bode, Measurements of the thermal conductivity of 

liquids under high pressure conditions, Erdoel Erdgas 
Kohle 107(2), 77 (1991). 

52E. M. A. El Osairy, M. H. Aly, Theoretical approach to 
determination of the thermal diffusivity of solids by using 
a periodic heating technique, J. Therm. Anal. 37(5), 983 
(1991). 

53E. A. Figari, Photothermalmeasurement of thermal diffusivity 
with an incoherent pump beam, Meus. Sci. Technol. 2(7), 
653 (1931). 

54E. 

55E. 

I. Fukai, H. Nogami, T. Miura and S. Ohtani, Simultaneous 
estimation of thermophysical properties by periodic hot- 
wire heating method, Exper. Therm. Fluid Sci. 4(2), 198 
(1991). 
A. S. Golosov, V. I. Zhuk, A. A. Lopashev and D. N. 
Chubarov, Determination of a set of material thermophysical 
characteristics from data of nonstationary measurements 
during heating by local heat sources, J. Engng Phys. 60(2), 
270 (1991). 

56E. 

59E. V. V. Moritov,Applicationof the temperaturewavemethod 

57E. 

58E. 

Y. Iida and M. Ouhashi, Simultaneous determination of 
thermal diffusivity and thermal conductivity of liquids by 
the laplace transform method, J. Chem. Engng Jup. 24(5), 
587 (1991). 
K. moue. Thermal diffusivity measurement of porous 

materials, JWRI 20(l), 35 (1991). 
H. Kiyohashi, T. Watanabe and M. Kyo, Continuous 

measurement of effective thermal conductivity of well 
cuttings-water mixture at geothermal conditions by hot- 
wire metbod under transient temperature field, Exper. 
Therm. Fluid Sci. 4(4), 432 (1991). 

to measure the thermophysical properties of materials, J. 
Engng Phys. 60(2), 267 (1991). 

60E. J. S. Powell, An instrument for the measurement of the 
thermal conductivity of liquids at high temperatures, Meus. 
Sci. Technol. 2(2), 111 (1991). 

61E. H. RogaB and J. Poppei, Development of measuring 
techniques for determination of thermophysical properties 
based on analytic solutions of the heat transfer equation (In 

German), W&me Stofieberrrug 26(2), 89 (1991). 
62E. A. Salazar, A. Sanchez-Lavega and J. Femaudez, Thermai 

diffusivity measurements in solids by the “mirage” tech- 
nique: Experimental results, J. Appl. Phys. 69(3). 1.316 
(1991). 

63E. Y. Scudeller and J. P. Bardon, Simultaneous measurement 
of the thermal conductivity and diffusivity of small size 
elements: application to the characterization of integrated 
circuit package samples, Int. J. Hear Mass Transfer 34(3), 
673 (1991). 

64E. X.-J. Shen, S.-Z. Yang and W.-R. Zhang, Portable in situ 
wall-rock thermal conductivity meter for mine pits, Rev. 
Sci. Instrum. 62(6), 1581 (1991 j. 

65E. J. H. Talpe, V. I. Bekeris, M. J. Sanchez and Gabriela 
Simonelli, Reduction of radiation errors in thermal conduc- 
tivity measurements above 100 K, Rev. Sci. Insrrum. 62(4), 
1054 (1991,. 

66E. H. Tan Q. Yu and L. Michel. Inverse coupled heat transfer 
method for thermal conductivity semi-transparent mate- 
rial, J. Aerosp. Pow.lHangkong Dongli Xuebao 6(3), 275 
(1991). 

67E. G. Yang, A. D. Migone and K. W. Johnson, Automated 
apparatus for the determination of the specific heat and the 
thermal diffusivity of nonconducting solids using ac tech- 
niques, Rev. Scr’. Instrum. 62(7), 1836 (1991). 

Hot wires 
68E. H. H. Al-Kayiem and H. H. Bruun, Evaluation of a flying 

X hot-wire probe system, Meas. Sci. Technol. 2(4), 374 
(1991). 

69E. L. J. W. Graham and K. Bremhorst, Jnstantaneous time- 
constant adjustment of cold-wires acting as resistance 
thermometers when using multi-wire anemometer probes, 
Meus. Sci. Technol. 2(3), 238 (1991). 

70E. S. 2. Kassab, Effect of the hot-wire length on the determi- 
nation of the length scale of large eddies, Meus. Sci. 
Technol. 2(7), 647 (1991). 

71E. T. Lee and R. Budwig, Two improved methods for low- 
speed hot-wire calibration, Meus. Sci. Technol. 2(7), 643 
(1991). 

72E. E. Morishita. Wake measurement with a long hot-wire 
anemometer, Jup. Sot. Aeronuuf. Space Sci. 34(105), 177 
(1991). 

73E. S. Russ and T. W. Simon, On the rotating, slanted, hot-wire 
technique, Exp. Fluids 12(12), 76 (1991). 

74E. B. R. Satyaprakash and C. Kim, Hot-wire behavior near a 
surface under static conditions, Exper. Therm. Fluid Sci. 
4(2), 246 (1991). 

75E. S. A. Sherif and R. H. Pletcher, A hot-wire/film probe 
method for the measurement of turbulent stresses and heat 
fluxes in nonisothermal highly three-dimensional flows, 
Exper. Therm. Fluid Sci. 4(l), 127 (1991). 

76E. B. W. van Oudheusden, Thermal modelling of a flow sensor 
based on differential convective heat transfer, Sen. Acruu- 
fors A Phys. 29(2), 93 (1991). 

7’7E. D. E. Wroblewski and P. A. Eibeck, A frequency response 
compensation technique for cold wires and its application 
to a heat flux probe, Ever. Therm. Fluid Sci. 4(4), 452 
(1991). 

78E. C. Yang, M. Kiimmel and H. Soeberg, Dynamic model for 
a thermal transit-time flow sensor, Chem. Engng Sci. 46(3), 
735 (1991). 

Miscellaneous 
79E. J. Aberle, H. A. Rohrbacher, R. Bartholomay, H. Kruse and 

G. Reimann, Acoustic measurements for boiling detection 
at KNK II, Exper. Therm. Fluid Sci. 4(2), 152 (1991). 

80E. M. Banan, R. T. Gray and W. R. Wilcox, An experimental : 
approach to determine the heat transfer coefficient in direc- 
tional solidification furnaces, J. Cryst. Growth 113(34), 



Heat transfer-a rev kv of 1991 literature 3195 

557 (1991). 
8 1E. M. Baudier and D. Ma&lo, Dynamic model identification 

applied to them easming of thermal static characteristics of 
buildings, Energy Build. 17(l), 21 (1991). 

82E. S. Belattar, A. Hamdoun, P. Thery audB. Duthoit, Thermal 
non-destructive testing from in situ measurements of heat 
flow and surface temperature at the same location on a wall 
surface, Meas. Sci. Technol. 2(6), 553 (1991). 

83E. H. W. Coleman, M. H. Hosti, R. P. Taylor and G. B. Brown, 
Using uncertainty analysis in the debugging and qualika- 
tion of a turbulent heat transfer test facility, Exper. Therm. 
Fluid Sci. 4(6), 673 (1991). 

84E. A. M. Ovodov and N. E. Firsova, Passive thermal method 
fortestingofconshuctionmaterialsinthecourseofexploi- 
tation, Defektoskopiya (1 l), 77 (1991). 

85E. J. PetersonandY.Bayazitoglu,Optimizationofcostsubject 
to uncertainty constraints in experimental fluid flow and 
heat transfer, J. Hear Transfer 113(2), 314 (1991). 

86E. J. Sanders, Methods of heat loss measurement for a 
thermohydraulic facility, Exp. Hear Tratufer 4(2), 127 
(1991). 

87E. P. R. Souza Mendes, The naphthalene sublimation tech- 
nique, Exper. Therm. Fluid Sci. 4(5), 510 (1991). 

NATURAL CONVECTION - INTERNAL FLOWS 

Horizontal layers heatedfrom below 
1F. S. Balachanda~ and L. Sirovich, Probability distribution 

functions in turbulent convection, Phys. Fluids A 3(5), 919 
(1991). 

2F. J. E. Belwafa and K. Vafai, An experimental investigation of 
heat transfer in a partially filled horizontal enclosure, 
Exper. Therm. Fluid Sci. 4(3). 369 (1991). 

3F. R. V. Birikh, Vibrational convection in a plane layer with a 
longitudinal temperature gradient, Fluid Dyn. 25(4), 500 
(1991). 

4F. R. V. Birikh and R. N. Rudakov, Convective instability in a 
horizontal fluid layer with a permeable banier under con- 
ditions of arbitrary boundary heat conduction. J. Engng 
Phys. 60(3), 324 (1991). 

5F. V. A. Buchin, Stabilization of the unstable equilibrium of a 
liquid heated from below, FluidDyn. 25(6), 821 (1991). 

6F. F. H. Busse and R. M. Clever, Finite amplitude convection in 
the presence of an inclined magnetic field, European Jour- 
nal of Mechanics 9(3), 225 (1990). 

7F. P. Cerisier, Experimental study of the wavelength selection 
in a pentagonal vessel in Bknard convection, Phys. Fluids 
A 3(9), 2061 (1991). 

8F. M. L. Chadwick, B. W. Webb and H. S. Heaton, Natural 
convection from two-dimensional discrete heat sources in 
a rectangular enclosure, Inr. J. Heat Mass Tramfer 34(7), 
1679 (1991). 

9F. F. B. Cheung, S. W. Shiah. D. H. Cho and L. Baker, Jr., 

1OF. 

11F. 

12F. 

13F. 

14F. 

Turb,,lent &taral convection in a horizontal layer of smaIl- 
prandtl-numberfluid, J. HeatTransfer 113(4),919(1991). 
A. E. Dean and L. Sirovich, A computational study of 
Rayleigh-Btkard convection. Part 1. Rayleigh-number 
scaling, J. FluidMech. 222,231 (1991). 

M. Errafiy and R. Kh. Zeytounian, The BCnard problem for 
deep convection: routes to chaos, Inr. J. Engng Sci. 29(11), 
1363 (1991). 

M. Errafiy and R. Kh. Zeytounian, The Btnard problem for 
deep convection: linear theory, Inl./. Engng Sci. 296). 625 
(1991). 
V. V. Gorlei, Hydrodynamic instability in the convective 
motion of a conducting fluid with a viscosity that depends 
ontempcrature,Magnerohydrodynamics26(3), 375 (1991). 
I. 0. Keller and E. L. Tarunin, Control of the convective 
equilibrium stability of a fluid heated from below, Fluid 
Dyn. 25(5), 495 (1991). 

15F. H. Koizumi and I. Hosokawa, Generation and control of 
longitudinal rolls in combined convection in a horizontal 
rectangularductheatedfrombelow (fullydevelopedturbu- 
lent region), Nippon Kikai Gakkai Ronbunshu B Hen. 
57(535), 1051(1991). 

16F. J. L. Lage, A. Bejan and J. Georgiadis, On the effect of the 
Prandtl number on the onset of B6nard convection, Inr. J. 
Hear FluidFlow l2(2), 184 (1991). 

17F. M. Ogaw&,G.SchubertandA.Zebib,Numezicalsimulations 
of three-dimensional thermal convection in a fhdd with 
strongly temperature-dependent viscosity, J. Fluid Mech. 
233,299 (1991). 

18F. N. Rudraiah and G. N. Sekhar, Convection in magnetic 
fluidswithiuternalheatgeneration, J.HearTransfer 113(l), 
122 (1991). 

19F. L. Simvich and A. E. Deane, A computational study of 
RayleigkB&ard convection. Part 2. Dimension consid- 
erations, J. Fluid Mech. 222,25 1 (1991). 

2OF. M. G. Worster,Naturalconvectioninamushylayer, J. Fluid 
Mech. 224,335 (1991). 

21F. H.Q.Yang,Tbennalinstabilityandheat&ansferinamulti- 
layer system subjected to uniform heat flux from below, 
Int. J. Hear Mass Transfer 34(7), 1707 (1991). 

22F. J.-S. Yoo and M.-U. Kim, Two-dimensional convection in 
a horizontal fhdd layer with spatially periodic boundary 
temperatures, Fluid Dyn. Res. 7(34), 181 (1991). 

23F. G. Zocchi, E. Moses and A. Libchaber, Coherent structures 
in turbulent convection, an experimental study, Phys. A 
166(3), 387 (1991). 

Double diffurivejlow 
24F. R. 0. Fournier, Double-diffusive convection ingeothermal 

systems. The Salton Sea, California, geothermal system as 
a likely candidate, Geothermics 19(a), 48 1 (1990). 

25F. H. Han and T. H. Kuehn, Double diffusive natural convec- 
tion in a vertical rectangular enclosur*I. Experimental 
study, Int. J. Heat Mass Transfer 34(2), 449 (1991). 

26F. H. Han and T. H. Kuehn, Double diffusive natural convec- 
tion in a vertical rectangular enclosure-II. Numerical 
study, Inr. J. Hear Mass Transfer 34(2), 461 (1991). 

27F. C. G. Jeevaraj and J. Imberger, Experimental study of 
double-diffusive instability in sidewall heating, J. Fluid 
Mech. 222,565 (1991). 

28F. H. D. Jiaug, S. Ostrach and Y. Kamotani, Unsteady 
thermosolutal transport phenomena due to opposed buoy- 
ancyforcesinshallowenclosures, J. HeatTran$er 113(l), 
135 (1991). 

29F. K. Kamakum and H. Ozoe. Double-diffusive natural con- 
vection betweenvertical parallel walls-experimental study 
of two-layer convection, J. Chem. Engng Jap. 24(5), 622 
(1991). 

30F. D. R. Moore, N. 0. Weiss and J. M. Wikins, Asymmetric 
oscillations in thermosolutal convection, J. Fluid Mech. 
233,561 (1991). 

31F. E. P. Shchukin, Yu. I. Yalamov, V. M. Gorbunov and B. G. 
Krasovitov. Motion of heated by inner heat sources hetero- 
geneously burning particles in the fields of temperature and 
concentration gradients, Teplofizika Vysokikh Temperatur 
29(2), 303 (1991). 

32F. W. Shyy and M.-H. Chen, Doublsdiffusive flow in enclo- 
sures, Phys. Flu&A 3(11), 2592 (1991). 

33F. J. A. Weaver and R. Viskanta, Natural convection due to 
horizontal temperature and concentration gradients-2. 
Species interdiffusion, Soret and Dufour effects, Int. J. 
Hear Mass Transfer 34(12), 3121 (1991). 

34F. J. A. Weaver and R. Viskanta. Natural convection due to 
horizontal temperature and concentration gradients-l. 
Variable thermophysical property effects, Int. I. HeatMass 
Transfer 34(12), 3107 (1991). 

35F. J. A. Weaver andR. Viskanta, Natural convection iu binary 
gases due to horizontal thermal and solutal gradients, J. 
Heat Transfer 113(l), L11 (1991). 



31% E. R. G. E&en of ai 

52F. M. Al-Arab& M. Kbamis and M. Abd-IJI-A&, Heat transfer 
by natural convection from the inside surface of a uni- 
formly heated tube at di.fIerent angles of inclination Int. .I. 
Heat Mass Tran.$er 34(4/S), 1019 (1991). 
Y. Asako, H. Nakamma. 2. Chen and M. Faghri, Three- 
dimensional laminar natural convection in an inclined air 
slot with hexagonal honeycomb core, J. Heat Transfer 
113(4), 906 (1991). 

54F. I’. Himura, M. Takeuchi and T. Miyauaga, Natural convec- 
tion heat transfer in inclined rectangular enclosure (effect 
of body in enclosure), Nippon Kihai Gakkai Ron~~hu 3 
Hen. 57(539), 2369 (1991). 

5.5F. T. S, Lee, Numerical experiments with fluid convection in 
tilted nonrectangulm enclosures, Numer. Heat Transfer 
Int. J. Comput. Methodology Part A Appl. 19(4), 487 
(1991). 

56F. H.-O. May, A numerical study on natural convection in au 
inclined square enclosure contaming internal heat sources, 
Int. 1. Hear&fuss Traqkr 34(4/S), 919 (1991). 

Marangoni convection Vertical enclosures--- differentially heated layers 
36F. V. A. Buchin and M. P. Zektser, Thermocapillaiy instability Si’l?. G. 1. Abmmov andK. A. Ivanov,Bffect of the thermophysical 

of the interface between two immiscible liquids in the properties of a wall on release of heat in turbulent natural 
presence of volume heat sources, Fluid Dyn. Z-5(5), 781 convection. 1. Experimental research, J. Engng Phys. 
(1991). 60(3), 297 (1991). 

37F. K. G. Dubovik and S. G. Slavchev, Numerical modelling of 
thermocapillary convection in a liquid layer for nonlinear 
temperaturedependencies,IzvestiyaANSSSR. h4ekhunika 
Zhidkosri i Gum (I), 138 (1991). 

38F. A. N. Garazo and M. G. Velarde, Dissipative Kortewegde 
Vries description of ~go~-B~~d oscillatory con- 
vection, Phys. Fluids A 3(10), 2295 (1991). 

39F. M. Hozawa, M. Inoue, J. Sato, T. Tsukada and N. Imaishi, 
Marangoni convection during steam absorption into aqus 
ous LiBr solution with surfactant, J. Chem. Engng Jap. 
24(2), 209 (1991). 

S8F. G. R. Ahmed and M. M. Yovanovich, Influence of discrete 
heat source location on natural convection heat transfer in 
avertical square enclosure,J. Elecnon. Puckuging 113(3), 
268 (1991). 

4OF. J.R.Hy~,D.F.J~ows~~dG.P.Nei~I,~~~~ 
convection in a model float zone, 1. The~phys. Heat 
Tran.$er 5(4), 577 (1991). 

59F. S. W. Armfleld and J. C. Patterson, Direct sedation of 
wave interactions in unsteady natural convection in a 
cavity, Inc. J. Heat Mass Transfer 34(4/S), 929 (1991). 

6OF. M. L. Chadwick, B. W. Webb and H. S. Heaton, Natural 
convection from discrete heat sources in a vertically vented 
rectangularenclosure,.Exp.HeutTranqfer4(3), 199(1991). 

61F. K. S. Chen and P. W. Ko, Natural convection in a partially 
divided rectangular enclosure with an opening in the parti- 
tion plate and isoflux side walls, Int. J. Heat Mass Transfer 
34(l), 237 (1991). 

41F. M. Jmisch, Surface temperature oscillations of a floating 
zone resulting from oscillatory thermocapillary convec- 
tion, J. Cryst. Growth 102(12), 223 (1991). 

42F. C.-L.LaiandC.-H.~,~~dimensionalthermocapillary 
flows with specified heat fluxes upon the free surface, 
Chung-~5 Kung Ch’eng Hsueh 1Y’an 14(3), 267 (1991). 

43F. C. W. J-an, Y. I. Kim and S. Kou, A half-zone study of 
Marangoni convection in floating-zone crystal growth un- 
der microgravity, J. Crysr. Growth 104(4), 801 (1991). 

44F. C. Perez-GarciaandG. Carneiro,Linearstabilityanalysisof 
Btnard-Marangoni convection in fluids with a deformable 
tiee surface, Phys. Fluids A 3(2), 292 (1991). 

45F. L. M. Rabinovichand I. A. Belikova, Conv~tive~~b~~ 
in a two-layer system with an interfacial reaction, J. Engng 
Phys. B(6), 759 (1990). 

62F. H. Chiang and C. Kleinstreuer, Analysis of passive cooling 
in a vertical ftite channel using a falling liquid film and 
buoyancy-induced gas-vapor flow, Int. J. Heat Mass Trans- 
fer 34(9X 2339 (1991). 

64F. 

65F. 

46F. D. Rivas, Viscous effects on the free surface deformation in 
thermocapillary flows, Phys. FluidsA 3(10), 2466 (1991). 

47F. D. Rivas, High-Reynolds-number thermocapillary flows in 
shallow enclosures, Phys. Flui& A 3(2), 280 (1991). 

48P. E. A. Ryabitskii, Tbermocapillary instability of the equilib- 
rium of a flat layer, FZ~dDyn. X(2), 179 (1991). 

49F. R. Velten D. Schwabe and A. Scharmann, The periodic 
instability of thermocapilhuy convection in cylindrical 
liquid bridges, Phys. Fluids A 3(2), 267 (1991). 

SOF. C.H.Wang,M.SenandP.Vasseur,Analyticalinvestigation 
of Benard-Marangoni convection heat transfer in a shallow 
cavity filled with two immiscible fluids, Appi. Sci. Res. 
48(l), 3.5 (1991). 

63F. M. Ciofalo and I’. G. Karavkumis. Natm-al convection heat 
transfer in a pattially~r-completely-partitianed vertical 
rectangular enclosure, Ini. J. Heat Mass Transfer 34(l), 
167 (1991). 
G. De Giorgio, A. Muzzio, F. Sturlese, C. Tarini and M. 
Vezzani, Experimental study of natural convective heat 
transfer in a symmetrically heated vertical channel, 
Termotecnica (Milan) 45(6), 43 (1991). 
T. Fusegi, 3. M. Hymn and K. Kuwabara, Numerical study 
of3DM~~conv~tion~a~~. Eff~~of~~~n~ 
thermal boundary conditions, Fluid Dyn. Res. 8(56), 221 
(1991). 
T. Fusegi, I. M. Hyun, K. Kuwahara and B. Farouk, A 
numerical study of three-dimensional natural convection in 
a differentially heated cubical enclosure, Int. J. Heat Mass 
Transfer 34(6), 1543 (1991). 
Z.-Y. Guo, Y.-Z. Song and X.-W. Zhao, Ekperimental 
investigation on natural convection in channel by laser 
speckle photography, &per. Therm. Fluid Sci. 4(5), 594 
(1991). 
R. A. W. M. Her&es, F. F. van der Vlugt and C. J. 
Hoogendoorn, Natural-convection flow in a square cavity 
calculated with low-Reynolds-number turbulence models, 
fnt. J. Heat Mass Transfer 34{2), 377 (1991). 

66P. 

67F. 

68F. 

51F. A. G. Zabrodin and V. S. Berdnikov, Thermal convection 
and instability mechanisms in liquid with capillary effects, 
Russ. J. Thermophys. l(3), 245 (1991). 

69F. S. H. Kim, N. K. Anand and L. S. Fletcher, Free convection 

70F. 

Inclined layers 

71F. 

72F. 

73F. 

74F. 

between &es of vertical parallel plates with embedded 
line heat sources, J. Heat Trunrfr 113(l), 108 (1991). 
H. Kimoto, Y. Miyawaki and M. Imajyo, Three-dimen- 
sional flow generated in the multicellular natural convec- 
tiontield,NipponKikaiGakhaiRonbunshuBHen.57(533), 
236 (1991). 
R. K- and hf. A. Kalam, Iaminar thermal convection 
between vertical coaxial isothermal cylinders, In?. J. Heat 
Mass Transfer 34(2), 513 (1991). 
J. L. Lage and A. Bejan, The Ra-Pr domain of laminar 
natural convection in au enclosure heated from the side, 
Numer. Heat Transferlnt. J. Comput. Methodology Part A 
Appl. 19(l), 21 (1991). 
P, Le Breton, J. P. Caltagirone and E. Arquis. Natural 
convection in a square cavity with thin porous layers on its 
vertical walls,J. Hear Transfer 113(4), 892 (1991). 
P. Le Qu6re. Accurate solutions to the square thermally 
driven cavity at high Rayleigh mtmber. Comput. Fluids 
20(l), 29 (1991). 

75P. ‘I.-F.LmandT.-S.Cbang,Naturalconvectionheat andmass 
transfer in a vertical channel with end effects included, 
Chung-Kuo Chi Hsueh Kung Ch’eng Hsueh Pao 12(i), 52 
(1991). 

76F. D. L. Littlefield and V. Rateen, Frobenius analysis of higher 



Hat trausfer-a review of 1991 literature 3197 

order equations. Incipient buoyaat thermal convection, 
SIAhfJ. Appi. Math. SO@), 1752 (1990). 

77F. L. Martiu, G.D. Raithby and M M Yovanovich, On the low 
rayleighnumber asymptote for natural convection through 
an isothermal, parallel-plate cbarmel, J. Hear Transfer 
113(4), 899 (1991). 

78F. S. MeyandG.P.Merker,Effectofdensity-anomalyofwater 
on free convection in a shallow cavity with differentially 
heatedend-walls @&man), W&meSto&ebertrag26(2), 
81 (1991). 

79F. A. A. Mohamad and R. Viskanta, Transient low prandtl 
munber fluid convection in a lid-driven cavity, Numer. 
Heat Trans&er Int. J. Compta. Merhodol. Pan A Appt. 
lP(2f. 187 (1991). 

8OF. A. A. Mood and R. Viskanta, Transient naturaI convec- 
tion of low-pr~d~-n~~r fluids in a differentially heated 
cavity, Zest. .I. Nraner. Methods Fluids 13(l), 61 (1991). 

81F. K. P. Morgtmov, T. Yu. Morgunova and V. A. Mkyura, 
Natural convection in a long rectangular cavity, 1. Engng 
Phys. 58(6), 765 (1990). 

82F. D. Naylor, J. M. Floryan and J. D. Tarasuk, A numerical 
study of developing free convection between isothermal 
vertical plates, J. Heat Transfer 113(3), 620 (1991). 

83F. D. A. Olson and L. R. Glicksman, Transient natural 
convection iu enclosures at high rayleigh number, J. Hear 
Tran$er 113(3), 635 (1991). 

84F. P. H. Oosthuizen and J. T. Paul, Free convection in a square 
cavity with a partially heated wall and a cooled top, J. 
The~oohvs. Heal Transfer J(4). 583 11991). 

85F. 

87F. 

88F. 

89F. 

90F. 

91F. 

92F. 

93F. 

94F. 

D. G. Pi&oqtov, 2. S. ~~~~~~, L: S. Tkin and V. 
Yu. Chekhovich, Investigation of flow characteristics and 
heat transfer during natural circulation of nitrogen in a 
vertical tube, Russian Journal of Engngineering 
Thermophysics l(4), 307 (1991). 
J. M. Pratte and J. E. Hart, bdwall driven, low Prandtl 
number convection in a shallow rectangular cavity, J. 
Crysr. Growth 102(12), 54 (1991). 
S. Ramanathan and R. Kumar, Correlations for natural 
convection between heated vertical plate&J. Heat Transfer 
113(l), 97 (1991). 
M. Ruhul Amin, The effect of adiabatic wall roughness 
elements on natural convection heat transfer in vertical 
enclosures,lnr. J. H~tMassTro~~ 34(11),2691(1991). 
A. Sarkar and V. M. K. Sastri, Finite element analysis of 
natural convection in the active comers of a square cavity, 
Nunrer. Heat Trunsjer Int. J. Compur. Methodoi. Part A 
Appl. 19(4), 445 (1991). 
D. M. Sefcik, B. W. Webb and H. S. Heaton, Natural 
convection in vertically vented enclosures, J. Heat Trans- 
fer 113(4), 912 (1991). 
D. M. Sefcik, B. W. Webb and H. S. Heaton, Analysis of 
natural convection in vertically-vented enclosures, Znt. 1. 
Heat Mass Transfer 34(12), 3037 (1991). 
S. S. Vorontsov, A. V. Gorin, V, Ye. Nalroryakov, A. G. 
Khoruzhenko and V. M. Chupin, Natural convection in a 
Hele-Shaw cell, Znt. J. Hear Mass Trunsfer 34(3), 703 
(1991). 
W. M. Yan and T. P. Lin, Theoretical and experimental 
study of natural wnveciton pipe flows at high Rayleigh 
number, Znr. J. Heat Mass Tramfer 34(l), 291(1991). 
2. Zkang, A. Bejan and J. L. Iage, Natural convection in a 
vertical enclosure with titer& permeable screen, J. Heat 
Transfer 113(2), 377 (1991). 

Horizontal tubes and annuli 
95F. D. J. Close, M. K. Peck, R. P. white and K. J. Mahoney, 

Buoyancy-driven heat transfer and flow between a wetted 
heat source and au isothermal cube, J. Hear Traqfer 
113(2), 371 (1991). 

%F. M. M. Elshamy and M. N. Ozisik, Numerical study of 
laminar natural convection &om a plate to its cylindrical 
enclosure, J. Sol. Energy Engng Trans. ASME 113(3), 194 

(1991). 
97F. D. B. J?ant, A. Rothmayer and J. Prusa, Natural wnvective 

flowinstabilitybetweenhorizontalconcenhiccyI~e~,J. 
Thermophys. Hear Transfer J(3), 407 (1991). 

98F. S. Fulmsako and M. Takahashi, Free convection heat 
transfer of air-water layers in a horixontal cooled circular 
tube, Int. J. Heat Mass Traqfer 34(3), 693 (1991). 

99F. B. P. Gerasimov, Yu. A. Yermakov and A. G. Churbanov, 
Free convection in armular spaces, Hear Tran.$er-&vier 
Res. 22(7), 847 (1991). 

lOOF. E.K.GlakpeandA.Asfaw,Predictionoftwo-dimensional 
natural convection in enclosures with inner bodies of 
arbitrary shapes, Numer. Heat Transfe Itti. J. Comput. 
Me&&l. Part A Appl. 20(3), 279 (1991). 

i01F. C. J. Ho and Y. H. Lin, Natural wnvection in a horizontal 
armulus partially filled with cold water, Znr. J. Heat Mass 
Transfer 34(6), 1371 (1991). 

102F. 3. 0. Petrazhitskii and N. M. Stankevich, Nonsteady 
thermal convection in a horizontal cylinder with a 
nontiorm distribution of the temperature of the bounda- 
ries,J. Appl. Mech. Tech. Phys. 32(l), 67 (1991). 

103F. K. Vafai and J. Ettefagh_ An investigation of transient 
tbrec-dimensional buoyancy-driven flow and beat transfer 
in a closed horizontal ammlus, Znr. J. Hear Mass Tran$er 
3qlO), 2555 (1991). 

104F. K. V&i and I. Ettefagh, Axial transport effects on natural 
~nv~~oninsideofanopen-cndedannnlus,J,~eatTrans- 
fer 113(3), 627 (1991). 

105F. M. Yang, W. Tao and Z. Chen, Numerical prediction of 
natural convection heat tmnsfer between cyliical enve- 
lope and internal concentric &ted octagonal cyliader, 
Zhongguo Dianji GongchenXuebao U(4), 58 (1991). 

106F. H. L. Hang, Q. J. Wa and W. Q. Tao, Experimental study 
of natmal convection heat transfer bewteen a cylindrical 
envelope and an internal concentric heated ocatagonal 
cylinderwithorwithoutslots,J.HeatTran.@er 113(1),116 
(1991). 

Thermoq.phons 
107F. Yu.E.Karyakir~,Unsteadynaturalconvectioninatoroidal 

vessel of arbitrary cross section, Fluid Dyn. 25(4), 504 
(1991). 

108F. P. F. Peterson, N. Elkouh, K. W. Lee and C. L. Tien, FIow 
instability and bifurcation in gas-loaded reflux 
~os~~~, J. Heat Truer 113(l), 158 (1991). 

109F. O.Sano,Cellularstructureinanaturalconvectionloopand 
its chaotic behaviour. I. Experiment, Ffufd Dyn. Res. 
8(56), 189 (1991). 

1lOF. O.Sano,Cellularstructureinanahvalconvectionloopand 
its chaotic behaviour. II. Theory, Ffuid Dyn. Res. 8(56), 
205 (1991). 

1llF. J. Singer and H. H. Bau, Active control of convection, 
Phys. Ffufds A 3(12), 2859 (1991). 

112F. P. K. Vijayan, S. K. Mchta and A. W. Date, On the steady- 
state performance of natural circulation loops, Znr. J. Heat 
Mass Tranqfer 34(9), 2219 (1991). 

Porous media 
113F. F. tXien, brow effects on convective instability in 

~~~~uid~d~ous~ye~, I. FfufdMech. 231,113 
(1991). 

114F. S. C. Gupta, J. D. M. Be&rave and R 0. Moore, Factors 
influencing natural convection and its relevance to in situ 
combustion, AJ.ChE. Syfnp. Ser. 87(280), 1 (1991). 

115F. H. Herwig and M. Koch, Natural convection momentum 
andheattransferinsaturatedhighlyporousme&-An 
asymptotic approach, W&me Sto@knrag 26(3), 169 
(1991). 

116F. S. Kimura and I. Pop, Non-darcian &e&s on conjugate 
natural convection between horixontal wncentric cylin- 
ders filled with a porous medium, Fluid Dyn. Res. 7(56), 
241 (1991). 



319x 1:. R. ~1 Eckert CI ui 

117F. N. Kladias and V. Prasad, Experimental verificanou of 
Darcy-Brinkman-Forcbheimer flow model for natural con- 
vection in porous media, J. Tharmophys. Heat Tran.@er 
S(4), 560 (1991). 

118F. F. C. Lai and F. A. Kulacki, Experimental study of natural 
convection in horizontal porous layers with multiple heat 
sources, J. Thermophys. Heat Transfer .5(4), 627 (1991). 

119F. D. R. Marpu and V. V. Satyamurty, Investigations of the 
validityofBoussinesqapproximationonfreeconvectionin 
vertical porous annulus, Wtirme Sfofi~ebertrq 26(j), 141 
(1991). 

120F. Y. Masuda, S. Kimura and K. Hayashi, Natural convection 
heat transfer in a porous matrix with significant fluid 
property changes, Nippon Kikai GakkaiRonbunshu B Hen. 
57(538), 2065 (1991). 

121F. T. Masuoka, T. Nishimura, S. Kawamoto and T. Tsuruq 
Effects of midheight heating or cooling through a thermal 
screen on natural convection in a porous layer, Nippon 
Kikai GakkaiRonbunshu B Hen. 57(533), 243 (1991). 

122F. Y. F. Rao and B. X. Wang, Natural convection in vertical 
porous enclosures with internal heat generation, Int. J. Heat 
Mass Transfer 34(l), 247 (1991). 

Mixed convection 
123F. P. S. Bandyopadhyay, U. N. Gaitondeand S. P. Sukbatme, 

Influenceof freeconvectiononheattransferdminglaminar 
flow in tubes with twisted tapes, Exper. Therm. Fluid Sci. 
4(5), 577 (1991). 

124F. Y. Chin, C. F. Ma, X. Q. Gu and L. Xu, Mixed convective 
heat transfer from a simulated microchip to liquid flows in 
a horizontal rectangular channel, J. Electron. Packaging 
113(3), 309 (1991). 

125F. R. M. Clever and F. H. Busse, Instabilities of longitudinal 
rolls in the presence of PoiseuilIe flow, J. FluidMech. 229, 
517 (1991). 

126F. J. Ettefagh and K. Vafai, An investigation of ejection, 
mixing, and suction mechanisms in an open-ended hori- 
zontal ammlus, J. Heat Transfer 113(4), 1025 (1991). 

127F. M. Hasnaoui, E. Bilgen, P. VasseurandL. Robilard, Mixed 
convective heat transfer in a horizontal channel heated 
periodically from below, Numer. Heat Transfer Inc. J. 
Compur. Methodol. Part A Appl. 20(3), 297 (1991). 

128F. V. A. Kurganov, Predicting normal and deteriorated heat 
transferwithmixedconvectionofheatcarrieratsupercritical 
pressure in vertical tubes, Therm. Engng 38(l), 40 (1991). 

129F. V. A. Kurganov, Calculating normal and degradated heat 
exchange in mixed convection of supercritical pressure 
coolant in vertical pipes, Teploenergetika (1). 63 (1991). 

130F. J. N. Lin, F. C. Chou and P. Y. Tzeng, Theoretical 
prediction of the onset of thermal instability in the thermal 
entrance region of horizontal rectangular channels, Inc. J. 
Hear Fluid Flow 12(3). 218 (1991). 

131F. T.-Y. Linand S.-S. Hsieh, Mixedconvectionof opposing/ 
assisting flows in vertical channels with discrete asym- 
metrically heated ribs, J. Thermophys. Heat Transfer S(3), 
415 (1991). 

132F. H. V. Mahaney, S. Ramadhyani and F. P. Incropera, 
Numerical simulation of three-dimensional mixed convec- 
tion heat transfer from a finned array of discrete sources, 
Numer. Heat Transfer Int. J. Comput. Methodoi. Part A 
A&. 19(2), 125 (1991). 

133F. J. R. MaughanandF. P.Incropera,Useofvortexgenerators 
and ribs for heat transfer enhancement at the top surface of 
a uniformly heated horizontal channel with mixed convec- 
tion flow. J. Heat Transfer 113(2), 504 (1991). 

134F. K.NandakumarandH. J. Weinitschke, A bifurcationstudy 
of mixed-convection heat transfer in horizontal ducts. J. 
FluidMech. 231, 157 (1991). 

135F. C. Nonino and S. Del Giudice, Laminar mixed convection 
in the entrance region of horizontal rectangular ducts, Inc. 
J. Numer. Methods Fluids 13(l), 33 (1991). 

136F. H.-J. Shaw, W.-L. Chen and C.-K. Chen, Study on the 

Iaminar mixed convective heat transfer in three-dimen- 
sional channel with a thetmal source. J. Electmn. P&z,<- 
in,? 113(l), 40 (1991). 

Miscellaneous 
137F. D. Braithwaite. E. Beaugnon and R. Tournier, Magneti- 

cally controlled convection in a paramagnetic fluid, Nature 
354(6349), 134 (1991). 

138F. Y. A. Cengel and T. H. Ngai, Cooling of vertical sbrouded- 
fm arrays of rectangular profile by natural convection: An 
experimental study, Heot TrunsferEngng 12(4), 27 (199 1). 

139F. A. Draoui, F. Allard and C. Beghein, Numerical analysis 
of heat transfer by natural convection and radiation in 
participating fluids enclosed in square cavities, Numer. 
Heat Transfer Int. J. Comput. Methodol. Pan A Appl. 
20(2), 253 (1991). 

140F. W.-S. Fu and W.-J. Shieh, A numerical study of transient 
natural convection under time-dependent gravitational ac- 
celeration field, W&me Stofiebertrag 27(2), 109 (1991). 

14 1 F. G. Z. Gershuni, E. M. Zhukhovitskii and A. K. Kolesnikov, 
Convective stability of a horizontal layer of reacting me- 
dium in a high-frequency vibration field, Combusr. Explos. 
Shock Waves 26(5), 579 (1991). 

142F. T. T. Hamadah and R. A. Wirtz, Analysis of laminar fully 
developed mixed convection in a vertical channel with 
opposing buoyancy, J. Heat Transfer 113(2), 507 (199 1). 

143F. V. T. Ivanov, S. A. Shcherbinin and 0. I. Vasilevskii, 
Mathematical modeling of convectional current and heat 
flow in electrochemical systems containing a liquid elec- 
trode, Dokl. Chem. Technol. 113,313-315, (1990). 

144F. A. Kangni, R. Ben Yedder and E. Bilge& Natural convec- 
tion and conduction in enclosures with multiple vertical 
partitions,Int. J. HeatMussTrunsfer 34(11),2819 (1991). 

145F. M. Keyhani, L. Cbenand D. R. Pins, The aspect ratio effect 
on natural convection in an enclosure with protruding heat 
sources, J. Heut Trunsfer 113(4), 883 (1991). 

146F. V. M. Kbarin, V. I. Ryazhskikh and R. M. Zavadskikh, 
Stratification of a cryogenic liquid in a reservoir in the case 
of circulation cooling, J. Engng Phys. 60(3), 336 (1991). 

147F. V. M. Kharin V. I. Ryazhskikh and R. M. Zavadskikh, 
Precipitation of cryogenic suspensions in reservoirs, 
Teoreticheskie Osnovy Khimicheskoi Tekhnologii 25(6), 
659 (1991). 

148F. T. F. Lin, C. P. Yin and W. M. Yan, Transient laminar 
mixed convective heat transfer in a vertical flat duct, J. 
Heat Transfer 113(2), 384 (1991). 

149F. T. Misumi and K. Kitamura, Enhancement of naturaI 
convection heat transfer by a V-shaped diverter plate 
Nippon Kikai Gakkai Ronbunshu B Hen. 57(536), 1365 
(1991). 

150F. T. Onions, M. R. Ardron, P. G. J. Lucas, M.D. J. Terret and 
M. S. Tburlow, Codimension-two and hydrodynamic 
hicritical points in **3He-**4He mixtures, Physica B: 
CondensedMatter 521 (l), 165-166, (1990). 

151F. K. Sasaguchi, T. Uemura and B. Takeo, Laminar natural 
convection heat transfer in an enclosure with conducting 
plates (effectofGrashofnumberonnnsteadyheat transfer), 
Nippon Kikai Gakkai Ronbunshu B Hen. 57(535), 1057 
(1991). 

152F. S. B. Sathe and Y. Joshi, Natural convection arising from 
a heat generating substrate-mounted protrusion in a liquid- 
tilled two-dimensional enclosure, Inr. J. Hent Mass Truns- 
fer 34(8), 2149 (1991). 

153F. R. Scozia and R. L. Frederick, Natural convection in 
slender cavities with multiple fins attached to an active 
wall, Numer. HeatTransferInt. J. Comput. Methodol. Part 
A Appl. 20(2), 127 (1991). 

154F. A. A. Wheeler, G. B. McFadden, B. T. Murray and S. R. 
Coriell, Convective stability in the Rayleigh-Benard and 
directional solidification problems: High-frequency grav- 
ity modulation, Phys. Fluids A 3(12), 2847 (1991). 



Heat transfer-a review of 1991 literature 3199 

155P. A. A. Wragg, Use of electrochemical techniques to study 9FF. J. L. Lage and A. Bejan, Natural convection from a vertical 
natural convection heat and mass transfer, J. Appl. surfacecoveredwithhair,Int. J. HeatFltidFlow 12(l), 46 
Ezectochemistry 21(12), 1047 (1991). (1991). 

Applications and buoyancy driven flows 
156F. G.EvansandRGreif,Unsteadythme-dhnenaionalmixed 

convectioninaheatedhorizontalchannelwithapplications 
to chemical vapor deposition, Int. J. Heat Mass Transfer 
34(8), 2039 (1991). 

157F. A. J. Ghajar and Y. H. Zurigaf Numerical study of the 
effect of inlet geometry on stratitication in thermal energy 
storage, Numer. Heat Transfer Int. J. Comput. Methodol. 
Part A Appl. 19(l), 65 (1991). 

1OFF. S.LeeandM.M.Yovanovich,LamhuunaturaIconvection 
fromaverticalplatewithastepchangeinwalltemperature, 
J. Heat Transfer 113(2), 501 (1991). 

1lFF. P. F. Monaghan, F. Grealish and P. H. Oosthuixen, Frost 
growth and heat transfer for a row of vertical cyhudrical 
tubes located outdoors-general trends, Exper. Therm. 
Fluid Sci. 4(4), 406 (1991). 

12FF. V. V. Petukhov and A. B. Zlokaxov, Mist-annular flow in 
heatedverticalchannels, HeutTran#eSovietRes.23(1), 
107 (1991). 

158F. J. 0. Jaber, R. F. Babus’haq and S. D. Probert, Optimal 
location of a district-heating pipeline withhr a rectangular 
duct, Appl. Energy 40(2), 101 (1991). 

159F. J. 0. Jaber, R. F. Babus’haq and S. D. Probert, Optimal 
tbermal-insulation placement of district-heating pipes and 
their support baffles in air-filled trenches, Appl. Energy 
40(2), lll(1991). 

13FF. I. Pop, M. Rashidi and R. S. R. Gorla, Mixed convection 
to power-law type non-Newtonian fluids from a vertical 
wall, Polym. Plast. Technol. Engng 30(l), 47 (1991). 

14FF. I. Pop aud H. S . Takhar, Compressibility effects in laminar 
free convection from a vertical cone, Appl. Sci. Res. 48(l), 
71 (1991). 

160F. K. Kato, T. Takarada, H. Miyaxaki, H. Sato and N. 
Nakagawa, Heat transfer in a channel between vertical 
Electronic circuit boards cooled by natural air convection 
J. Chem. Engng Jap. 24(5), 568 (1991). 

161F. R. J. Kmne and T. J. Phillips, Natural convection cooling 
of a horixontahy oriented component board mounted iu a 
low-aspect-ratio enclosure, J. Electron. Pachaging 113(3), 
301 (1991). 

15FF. A. Raptis and A. K. Agrawal, Effects of MHD free 
convection and mass transfer on the flow past an oscihating 
infinite coaxial vertical circular cylinder, W&me 
Stofiebertrag 26(5), 253 (1991). 

16FF. D.-Y. Shang and B.-X. Wang, Effect of variable 
thermophysical properties on lamhuu free convection of 
polyatomic gas, Int. J. Heat Mass Transfer 34(3), 749 
(1991). 

162F. R. Mote, S. D. Robert and D. Nevrala, Free-convective 
flows within a hot-water store, induced by a submerged, 
relatively cold heat exchanger, Appl. Energy 39(3), 207 
(1991). 

17FF. Yu. P. Sovit, Free convection heat transfer in an open 
system of vertical rods, J. Appl. Mech. Tech. Phys. 31(5), 
747 (1991). 

163F. K. Unklesbay, N. Unklesbay and K. Biedrxycki, Convec- 
tion heat transfer coefficient for a restructured pork/soy 
hull product, J. Fd. Process Engng 14(3), 197 (1991). 

164F. R. B. Yedder and E. Bilgen, Natural convection and 
conduction in Trombe wall systems, Int. J. Heat Mass 
Transfer 34(4/5), 1237 (1991). 

18FF. T. Watanabe, Forcedandfreemixed convectionboundary 
layer flow with uniform suction or injection on a vertical 
flat plate, Actu Mech. 89(14), 123 (1991). 

19FF. K. Yamasaki and Y. Nagabashi, Natural convection heat 
transfer from a finite vertical plate in low grashof number 
region, Nippon Kikai Gakkai Ronbunshu B Hen 57(540), 
2804 (1991). 

Horizontal surfaces 

NATURAL CONVECTION - EXTERNAL FLOWS 
2OFF. R. S. R. Gorla, Free convection to ellis fluids from a 

horizontal isothermal cylinder, Polym. Plus?. Technol. 
Engng 30(l), 37 (1991). 

Vertical sulfates 
HF. W. H. H. Banks aud M. B. Zaturska, Buoyancy-driven flow 

betweenparallelplaneverticalwalls, J.EngngMath. 25(4), 
375 (1991). 

21FF. W. M. Lewandowski, H. Biesxk and J. Cieshnski, Influ- 
ence of cylmdrlcal screens on free convection heat transfer 
from a horizontal plate, Int. J. Heut FJuid Flow 12(l), 92 
(1991). 

2FF. C.-K. Chen and T.-H. Hsu, Conjugate mixed convection- 
conduction of micropolar fluids on a moving vertical 
cylinder, J. Thermophys. Heat Transfer 5(2), 248 (1991). 

3FF. S. E. Gusev and G. G. Shklover, Controlling temperatures 
infreeconvectionforahigh-viscosityfluid, J. Engng Phys. 
60(3), 303 (1991). 

22FF. J. Ni and C. Beckermamr, Natural convection in a vertical 
enclosure filled with anisotropic porous media, J. Heat 
Transfer 113(4), 1033 (1991). 

4FF. F.M.HadyandF.S.Ibrahim,Thelaminarmixedconvective 
plume along the vertical surface in a transverse magnetic 
field, Znt. J. Engng Sci. 29(10), 1289 (1991). 

5FF. T.-H. Hsu and C.-K. Chen, Transient analysis of combined 
forced aud free convectiomnduction along a vertical 
circular fin in micropolar fluids, Numer. Heat Transferlnt. 
J. Comput. Methodol. Port A Appl. 19(2), 177 (1991). 

6FF. T. htagaki aud K. Kitamura, Turbulent forced and free 
convection along a vertical flat plate, Heat Trunsfer?lap. 
Res. 20(3), 203 (1991). 

23FF. S. Nishio aud H. Ohtake, Natural-convection film-boiling 
heat transfer. (3rd Report. film-boiling from horizontal 
cylinders in middleand small-diameter regions), Nippon 
Kikai GakkaiRonbunshu B Hen 57(538), 2124 (1991). 

24FF. E. Paykoc, H. Ythrctt and M. Bezzaxoglu, Laminar natural 
convective heat transfer over two vertically spaced isother- 
mal horizontal cylinders, Exper. Therm. Fluid Sci. 4(3), 
362 (1991). 

25FF. M. M. Rabman, W. L. Hankey and A. Faghri, Analysis of 
the fluid flow and heat transfer in a thin liquid film in the 
presence and absence of gravity, Int. J. Heat Mass Transfer 
34(l), 103 (1991). 

7FF. J.-Y. Jang, D.-J. Tzeng and H.-J. Shaw, Transient free 
convection with mass transfer on avertical plate embedded 
in a high-porosity medium, Numer. Heat Transfer Int. J. 
Comput. Methodol. PartA Appl. 20(l). 1 (1991). 

8FF. V.KaupasandP.Poskas,Effectofvariabilityofthephysical 
properties of the gas on combined (free and forced) convec- 
tion heat transfer in vertical pipes, Heat TransferSoviet 
Res. 23(3), 352 (1991). 

26FF. G.F&mam&haudG. Malarvizhi,Non-Darcyaxisymmetric 
free convection on permeable horizontal surfaces in a 
saturatedporousmedium,Int. J. HeatFIuidFlow 12(l), 89 
(1991). 

27PF. T. Ryde, S. ArajsandR. J. Nunge, Heat transferfiomawire 
to hexane in a nonuniform electric field. J. Appl. Phys. 
69(2), 606 (1991). 

28FF. K. Sugiyama, Y. Ma and R. Ishiguro, Laminar natural 
convection heat transfer from ahorizontal circular cylinder 
to liquid metals, J. Heat Transfer 113(l), 91 (1991). 



3200 E. R. G. Eckert et al. 

29FF. M. Takeuchi, T. Kimura and A. Hayakawa, Natural 
convection beat transfer from a horizontal surface. (Effect 
of the size of a rectangular obstacle above the heated 
surface), Nippon Kikai Gakkai Ronbunshu B Hen 57(538), 
2070 (1991). 

30FF. C. P. Tso, Simplified correlations for natural convection of 
air between horizontal concentric cylinders, Int. J. Mech. 
Engng Educ. 19(2), 117 (1991). 

31FF. P. Wang, R. Kahawita and D. L. Nguyen, Transient 
laminar natuml convection from horizontal cylinders, ht. 
J. Heat Mass Transfer 34(6), 1429 (1991). 

Inclined surfaces 
32FF. M. H. Kim, M.-U. Kim and D. H. Choi, Natural convection 

nearaverticalcomerofanarbitraryaugle,Inr. J. HearMass 
Transfer 34(6), 1327 (1991). 

33FF. W. M. Lewandowski, Natural convection heat transfer 
from plates of finite dimensions, Int. J. Heat Mass Transfer 
34(3), 875 (1991). 

34FF. M. A. Mansour, I. A. Hassanien aud R. S. R. Gorla, Effect 
of suction/injection on the free convective heat transfer in 
a micropolar fluid from a nonisothermal flat plate under 
non-uniformgravity, Int. J. Engng Sci. 29(5), 637 (1991). 

35PF. S. S. Tewari and Y. Jahuia, Convective heat transfer with 
buoyancy effects from thermal sources on a flat plate, J. 
Thermophys. Heat Transfer 5(2), 199 (1991). 

36FF. G. Wickern, Mixed convection from an arbitrarily inclined 
semi-infinite flat plateI. The influence of the inclination 
angle, ht. J. Heat Mass Transfer 34(8), 1935 (1991). 

37FF. G. Wickem, Mixed convection from an arbitrarily inclined 
semi-infinite flat plate-II. The infhtence of the Prandtl 
number, Inr. J. Heat Mass Transfer 34(8), 1947 (1991). 

38FF. B. Zeghmati, M. Daguenet and G. Le Palec, Study of 
transient laminar free convection over an inclined wet flat 
plate, ht. J. Heat Mass Transfer 34(4/5), 899 (1991). 

Cavities 
39FF. M. Afrid and A. Zebib, Three-dimensional laminar and 

turbulent natural convection cooling of heated blocks, 
Namer. Heat Transfer Int. J. Comput. Methodol. Part A 
Appl. 19(4), 405 (1991). 

4OFF. R. J. Gargaro, Convection in a shallow laterally heated 
cavity with conducting boundaries, J. Engng Math. 25(2), 
99 (1991). 

41FF. D. B. InghamandI. Pop, Ahigher-order analysis of natural 
convection in a comer, W&me Stofiebertrag 26(5), 289 
(1991). 

42FF. T. Misumi and K. Kitamura, Natural convection heat 
transfer in the separationregionof a backward-facing step, 
Heat TransferJap. Res. 20(3), 260 (1991). 

43FF. M. D. Pavlovic and F. Penot, Experiments in the mixed 
convection regime in an isothermal open cubic cavity, 
Exper. Therm. Fluid Sci. 4(6), 648 (1991). 

4&F. G. H. Sedahmed and I. Nirdosh, Natural convection mass 
transfer study of the diffusion controlled dissolution of 
hemisphericalcoppercti~,AMetnNkd82(3),~3(1991). 

45FF. H. Skok, S. Ramadhyani and R. J. Schoenhals, Natural 
convection in a sidefacing open cavity, Int. J. Hear Fluid 
Flow 12(l), 36 (1991). 

Instability and turbulence 
46FF. K. A. Ames and B. Straughan, Penetrative convection in 

fluid layers with internal heat sources, Acta Mech. 85(34), 
137 (1990). 

47FF. D. V. Bayandin, I. I. Wertgeim and G. Z. Fineburg, 
Mathematical simulationof turbulent free convection, Heat 
TransferSoviet Res. 23(2), 204 (1991). 

48FF. A. Bejan, Predicting the pool fiie vortex shedding fre- 
quency, J. Heat Transfer 113(l), 261 (1991). 

49FF. R. A. Brewster and B. Gebhart, Instability and disturbance 

amplification in a mixed convection boundary layer, J. 
Fluid Mech. 229, 115 (1991). 

5OFF. C. C. Chen, A. Labhabi, H.-C. Chang and R. E. Kelly, 
Spanwise pairing of finite-amplitude longitudinal vortex 
rolls in inclined free-convection boundary layers, J. Fluid 
Mech. 231.73 (1991). 

51FF. H.A.DiJkstraandP.H.Steen,‘Ibemrocapillatystabilimtion 
of the capillary breakup of an annular film of liquid,/. Fluid 
Mech. 229,205 (1991). 

52FF. D. A. Drew, Effect of particle velocity fluctuations in 
particle-fluid flows, Phys. A 179(l), 69 (1991). 

53FF. M. R. Drizius and K. Marcinkus, Vertical turbulent 
transport and longitudinal dissipation of heat in cooling 
ponds, Hear Transfer-Soviet Res. 23(3), 394 (1991). 

54FF. I. A. Eltayeb and D. E. Loper. On the stability of vertical 
double-diffusive interfaces. Part 1. A single plane inter- 
face, J. Fluid Mech. 228, 149 (1991). 

55FF. K.-H. Guo and W.-J. Yang, Linear oscillatory cellular 
thermocapillaryconvectioninliquidlayers,J. Themwphys. 
Heat Transfer 5(l), 96 (1991). 

56FF. B. R. Irvin aud J. Ross, Observations of pattern evolution 
in thermal convection with high-resolution quantitative 
schlieren imaging, Phys. Fluids A 3(7), 1699 (1991). 

57FF. 0. S. Kerr, Double-diffusive instabilities at a sloping 
boundary, J. FluidMech. 225, 333 (1991). 

58FF. N. Yu. Kolpakov, Heat transfer in a spatially periodic 
electricvortexflow, HeatTran@erSovietRes.23(1), 138 
(1991). 

59FP. 0. A. Kuz’mitskii and Yu. S. Chumakov, Structure of 
temperature field in freeconvective boundary layer around 
vertical isothermal surface, High Temp. 28(6), 870 (1991). 

6OFF. H. R. Lee, T. S. Chen and B. F. Armaly, Non-parallel 
vortex instability of natural convection flow over a non- 
isothermal horizontal flat plate, Int. J. Heat Mass Transfer 
34(l), 305 (1991). 

62FF. A. V. Malevsky and D. A. Yuen, Characteristics-based 
methods applied to infinite Prandtl number thermal con- 
vection in the hard turbulent regime, Phys. Fluids A 3(9), 
2105 (1991). 

61FF. A. T. Lipchin, Stability of convective viscous fluid flow in 
porous and free vertical layers, Fluid Dyn. 25(5), 651 
(1991). 

63FF. 0. G. Martynenko, A. A. Solov’ev and A. D. Solodukhin, 
Convectiveinstabilityof a free-convectionvortex, J. Engng 
Phys. 58(3), 301 (1990). 

64FF. B. Straugban, Continuous dependence on the heat source 
and non-linear stability in penetrative convection, Int. J. 
Non-Linear Mech. 26(2), 221 (1991). 

65FF. W.-J. Yang, H. Takizawa and D. L. Vrable, Natural 
convection from a horizontal heatedcopper-graphite com- 
posite surface, J. Heat Transfer 113(4), 1031 (1991). 

Other studies 
66FF. S. H. Bhavnarti and A. E. Bergles, Natural convectionheat 

transfer from sinusoidal wavy surfaces, W&me 
Stoffuebertrag X(6), 341 (1991). 

67FF. K. K. Lee, R. S. R. Gorla and I. Pop, Second-order 
correction for convective wall plume in power-law fluids 
over an isothermal wall, Polym. Plast. Technol. Engng 
31(12), 157 (1991). 

68FF. S. Lee, M. M. Yovanovich and K. Jafarpur, Effects of 
geometry and orientation on laminar natural convection 
horn isothermal bodies, J. Thermophys. Hear Transfer 
5(2), 208 (1991). 

69FF. J. Martinez and F. Setterwall, Gas-phase controlled con- 
vectivedryingofsolids wettedwithmulticomponentliquid 
mixtures, Chem. Engng Sci. 46(g), 2235 (1991). 

70FF. A. Nakayama and A. Shenoy, Turbulent free convection 
heat transfer to power-law fluids from arbitrary geometric 
configurations, Int. J. Hear FluidFIow 12(4), 336 (1991). 

71FF. S. A. Safonov, Mixed convection around a circular 



Heat transfer-a review of 1991 litemture 3201 

cylinder in a hele-shaw cell, J. Appl. Mech. Tech. Phys. 
32(3), 356 (1991). 

72PI? R. 0. Weber, Modeling fire spmad through fuel beds, 
Prog. Energy Combw. Sci. 17(l), 67 (1991). 

CONVECTIOIU RK)M ROTAll- RURFACER 

Rectangular channels 
1G. J. Guidez, Bffects of rotation on convective heat transfer in 

rectanguhuchalmelsperpendiculartorotationalaxis,RPM 
Rev. Fr. Met. (3), 199 (1990). 

2G. H. Iacovides aud B. E. Iaunder, Parametric and munerical 
study of fully developed flow and heat transfer in rutnting 
rectangular ducts, J. Trlrbomach. 113(3), 331(1991). 

3G. J. 0. MedweIl, W. D. Morris, J. Y. Xia and C. Taylor, An 
investigation of convective heat transfer in a rotating coul- 
ant channel, J. Turbomuch. 113(3), 354 (1991). 

4G. W. D. Morrts and G. Ghavami-Nasr, Heat transfer measure- 
ments in rectangular channels with orthogonal mode rota- 
tion, f. Turbomach. 113(3), 339 (1991). 

50. V.V.RisandA,E.~Initid~secti~in~ 
flow in a rotating channel with a square cross-section, High 
Temp. 28(S), 712 (1991). 

6G. C. Y. Soong, S. T. Lin and G. J. Hwang, An expetimental 
studyofco~~tiveheattransfcrinradiallyrotatingrec~- 
gular ducts, J. Hear Transfer 113(3), 604 (1991). 

7G. M.E.T~~A.~~S.D.Sp~~e~~ 
htvestigation of heat transfer codfcients in a spanwke 
rotating charmel with two opposite r&roughened walls, J. 
Turbumuch. 113(l), 75 (1991). 

8G. ME.Tasl~L.A.BondiandD.~K~h~,~ex~~~~ 
tal investigation of heat transfer in an orthogonally rotating 
chamrel roughened with 45 deg criss-cross ribs on two 
opposite walls, J. Turbomuch. X13(3), 346 (1991). 

9G. J. H. Wagner, B. V. Johnson and T. J. Hajek, Heat transfer 
~rn~~gp~m~~~~~~~~~~~~ 
flow, J. Turbomach. 113(l), 42 (1991). 

1OG. J.H. Waguer,B.V. JohnsonandI?C.Kopper,Heattrausfer 
in rotating serpentine passages with smooth walls, J. 
Turbomuch. 113(3), 321(1991). 

Rotating disks 
IIG. R.S.R.Gorla,Heattraasfertoanonisothermalrotatiogdisk 

in a non-Newtonian fluid, Polym. Plast. Technol. Engng 
30(l), 75 (1991). 

12G. A. Morse, Application of a low Reynolds number k-e 
turbulence model to high-speed rotating cavity flows, J. 
Turbomach. 113(l), 98 (1991). 

13G. A. P. Morse, Assessment of ~-~~m transition in 
closeddiskgeomet, J. Turbomuch. 113(l), 131(1991). 

14G. C. L. Ong and J. M. Gwen, Prediction of heat transfer in a 
rotatingcavitywitharadialoutflow,J.Turbomach. 113(l), 
115 (1991). 

15G. M. Toren, M. Ungarish, G. Pin&t&and A. SoIan, Centrifu- 
gal convection due to mass tram&r near a rotating disk at 
high Schmidt number, I. Appf. hfech. 58(2), 566 (1991). 

l~.B.V.S.S.S.~A.A.Ta~~~A.~M~~,H~t 
~~~orna~~~~m~~t~~~ 
axis in quiescent air, Ezp. Fluid& lo@), 267 (1991). 

17G. R. Shimada, T. Ohkubo, T. Kobayashi and S. Kumagai, 
Heat trausfer from a rotating cyliuder in a uniform flow, 
Nippon Kikui Gakkai Ronbunshu B Hen 57(533), 210 
(1991). 

18G. T.Wa~~dH.~W~~~~~y~over 
a rotating cone with uniform suction or injection, Nippon 
K&d Gokkai Ronbacnshu B Hen 57(537), 155 i(l991). 

19G. T. Yanagida and N. Kawasaki, Pressure drop and heat 
transfer characteristics of axial airflow through an annuhts 
with a deep-slotted outer cyhnder and a rotating iuner 

cylinder ~~~h~t~~~sti~),~ippon 
Kikai GakkaiRonbunshu B Hen 57(538), 2099 (1991). 

Cylinders and annuli 
20G. S.~J.S.gimaadF.M~~~wofathinliq 

wer a rotating disk, f. AppL Phys. 69(4), 2593 (1991). 
21G. T. Ohara, Y. Matsumoto, & Obaahi and N. Shimamoto, 

Liquid film formation on a rotating disk, Heut Tranqfer- 
Jup. Res. 20(l), 36 (1991). 

22G. B. Reisfeld, S. G. Bankoff and S. H. Davis, The dynamics 
and stability of thin liquid films during spin coating. I. 
Films with constant rates of evaporation or absorption, J. 
Phys. D 70(10), 5258 (1991). 

23G. B. Reisfeld, S. G. Bankoff aud S. H. Davis, The dytramics 
~~~~~~~~d~~~c~~.H. 
Pii with unit-order and large Peclet mtmbem, J. Phys. D 
70(10), 5267 (1991). 

24G. S. Thomas, A. Fagbri and W. Hankey, Bxperimental 
analysis aud flow visualization of a thin liquid film on a 
stationary and matadng disk, J. Fluids Engng 113(l), 73 
(1991). 

Liquid@ns 
25G. Y.-C.chaoandW.-c.Ho,Hcterogcnedusand~~ 

mixing of a lateral jet with a swirling crossflow, J. 
Thermophys. Heat Trwqfer S(3), 394 (1991). 

26G. D.E. Metzger,R. S.BunkeraudG.Bosch,TkansientIi@d 
~~~tofl~~~~~am~~~~ 
with jet ~~~~. Z’nr&oittack 113(l), 52 (1991). 

Natural convection 
27G. S. N. Aristov and A. M. Plchugm, Plow and heat exchange 

in a layer of a viscous conducting fluid between rotating 
plates with horizontal gradients of tempemture in a trans- 
verse maguetic field, J. Appl. bfech. Tech. Phys. 31(4), 627 
(1991). 

28G. H. J. S. Fernando, R.-R Chest and D. L. Bayer, Bffects of 
rotation on convective turbuIence, J. FhddMech. 228,513 
(1991). 

29G. F. Pad&de and K. E. Tomwe, Convection iu a rotating, 
horizontatcylinderwithradialano~~vityforceq 
Fhdd Mech. 223.361(1991). 

30G. K. Zhang, Vacillatory convection in a rotating sphsrical 
fluid sbelI at infhdte Prandtl number. J. F&d Mech. 228, 
607 (1991). 

Applications 
31G. S. Cohen and D. Moalem Maron, Analysis of a rotatiug 

amudar reactor in the vortex flow regime, Chem. Engng 
Sci. 46(l), 123 (1991). 

32G. M. A. Goldshtik, Vorticity processes and alar 
Traa.r@-Sovier Res. 23(2), 147 (1991). 

33G. P. C. Ram, MHD conve.ctive flow in a rotating fluid with 
Hall and ion-slip currents, W&me Stofiebertrug 26(S), 
203 (1991). 

CORIRINED HEAD AND MARR TRANSFER 

Transpiration cooZing 
1H. Z. Changqing and F. Yuadiug, Numerkal method for 

calculauugwalltemperatureoffIametubewithtmuspira- 
tioncoo~,Xi~iGonercDaX~~8(3),335(1990). 

2H. J. Da&ah&s, Comb&d free-forced convective flow with 
mass transfer paat a vertical flat plate, Int. J. Engng Fluid 
Mech.4(1), 1 (1991). 

3H. H. I. Deacon Jr. and D. A. Wallace, Convective heat transfer 
across a duct with asymmetric blowing, J. Thermophys. 
Heat Transfer 5(4), 625 (1991). 



4H. A. Faghri and S. Thomas, Approximate solution of the 
thermal-entry-length fluid flow and heat transfer character- 
istics in annuli with blowing at the walls, J. Thennophys. 
Heat Transfer S(3), 446 (1991). 

5H. A. I. Leontiev, Turbulent boundary layers with injection and 
suction, Hear TronsferSovier Res. 23(3), 371 (1991). 

6H. B. W. WebbandH. S.Heaton,Laminarflowandheattmnsfer 
in a channel with lateral injection, J. Thermophys. Heat 
Transfer S(2), 253 (1991). 

Film cooling 
7H. H. D. Ammari, N. Hay and D. Lampard, Effect of accelera- 

tion on the heat transfer coefficient on a film-cooled sur- 
face, J. Turbomuch. 113(3), 464 (1991). 

8H.T.A.Bnmgart,H.L.Pet_rie,W.L.HarbisonandC.L.Merkle, 
A fluorescence technique for measurement of slot injected 
fluid concentration profiles in a turbulent boundary layer, 
Exp. Fluids. 11(l), 9 (1991). 

9H. K. M. Dyusenov, V. P. Motulevich and E. D. Sergievskiy, 
Flow and heat transfer in the cooling-film zone produced 
by directional injection into a turbulent boundary layer, 
FluidMech. Sov. Res. 19(6), 54 (1990). 

1OH. I. Gartshore, M. Salcudean, A. Riaha and N. Djilali, 
Measured and calculated values of discharge coe.ff&nts 
from flush-inclined holes. Application to the film cooling 
of turbine blades, Can. Aeronuuf. SpaceJ. 37(l), 9 (1991). 

11H. C. Gau, K. A. Yih and S. S. Chang, Swirling flow effect on 
film cooling performance down&am of asudden expan- 
sion, J. Thermophys. Heat Transfer 5(l), 89 (1991). 

12H. K. Komoxi and T. Inagaki, Effect of suction through a slit 
on forced convective heat transfer, Heat Transfer-Jap. 
Res. 20(4), 357 (1991). 

13H. P. M. Ligrani, C. S. Subramanian, D. W. Craig and P. 
Kaisuwwan, Effects of vortices with different circulations 
on heat transfer and injectant downstream of a single fii- 
cooling hole in a turbulent boundary layer, J. Turbomach. 
113(3), 433 (1991). 

14H. P. M. Ligrani, C. S. Subramanian, D. W. Craig and P. 
Kaisuwan, Bffects of vortices withdifferent circulations on 
heat transfer and injectant downstream of a row of fti- 
cooling holes in a turbulent boundary layer, I. Heat Trans- 
fer 113(l), 79 (1991). 

15H. R. E. Mayle and A. Anderson, Velocity and temperature 
profiles for stagnation film cooling, J. Turbomach. 113(3), 
4.57 (1991). 

16H. A. K. Sinha, D. G. Bogard and M. E. Crawford, Fihn- 
cooling effectiveness downstream of a single row of holes 
with variable density ratio, J. Turbomach. 113(3), 442 
(1991). 

17H. A. K. Sinha, D. G. Bogard and M. E. Crawford, Gas turbine 
film cooling: flowfield due to a second row of holes, J. 
Turbomach. 113(3), 450 (1991). 

18H. M. Sivrioglu, An analysis of the effects of pressure gradient 
and streamline curvature on film cooling effectiveness, 
W&me Srofieberfrag X(2), 103 (1991). 

19H. A. Yamamoto, Y. Kondo and R. Murao, Cooling-air 
injection into secondary flow and loss fields within a linear 
turbine cascade, J. Turbomach. 113(3), 375 (1991). 

Jet impingment heat tranger - submerged jets 
20H. K. N. Agafonov, Heat transfer in a turbulent twisted jet 

incident on a plane barrier, Hear Transfer--Sovier Res. 
23(3), 378 (1991). 

21H. T.AiharaandJ.-K.Kim,Heattransferduetoanaxisymmetric 
impinging jet of carbon dioxide iu the near-critical region., 
JSME Im. J. Ser. 2 34(2), 175 (1991). 

22H. J. W. Baughn, A. E. HechanovaandX. Yan, Anexperimen- 
tal study of entrainment effects on the heat transfer from a 
flat surface to a heated circular impinging jet, J. Heat 
Tramfer 113(4), 1023 (1991). 

32U2 E. R. G. Eckert er al. 

for a slot jet impinging on a flat surface, W&me 
Stoffuebertrag 27(2), 61 (1991). 

24H. M. K. Drost and M. D. White, Numerical predictions of 
local entropy generation in au impinging jet, J. Hear 
Transfer 113(4), 823 (1991). 

25H. 0. Famque, R. K. Brahma and R. C. Arora, Impingement 
heat transfer from wedge surface, W&me Stoftcubertrag 
26(3), 175 (1991). 

26H. C. Gau and C. M. Chung, Surface curvature effect on slot- 
&-jet impingement cooling flow andheat transfer process, 
J. Heal Transfer 113(4), 858 (1991). 

27H. R. J. Goldstein and W. S. Seal, Heat transfer to a row of 
impinging circular air jets including the effect of entrain- 
ment, Ini. J. Heat Muss Trumfer 34(8), 2133 (1991). 

28H. C. Lee, M. K. Chung. K. B. Lim and Y. S. Kang, Measure- 
ment of heat transfer from a supersonic impinging jet onto 
aninclinedflatplateat45 deg, J. HeatTransfer 113(3),769 
(1991). 

29H. B. Majumdar and R. L. Shambaugh, Velocity and Tempera- 
ture Fields of Annular Jets, Ind. Engng Chem. Res. 30(6), 
1300 (1991). 

30H. S. Polat, A. S. Mujumdar and W. J. M. Douglas, Impinge- 
ment heat transfer under a codmed slot jet. Part I. Effect 
of surface throughflow, Can. J. Chem. Engng 69(l), 266 
(1991). 

31H. S. Polat, A. S. Mujumdar and W. I. M. Douglas, Impinge- 
ment heat transfer under a confined slot jet. PattII: Effects 
of surface motion and throughflow, Gun. J. Chem. Engng 
69(l), 274 (1991). 

32H. S. Polat, A. S. Mujumdar, A. R. P. van Heiningen and W. 
J. M. Douglas, Numerical model for turbulent jets imping- 
ing on a surface with thrvughflow, J. Thermophys. Heat 
Transfer 5(2), 172 (1991). 

33H. S. A. Sherifand R. H. Pletcher, Jet-wake thedmal character- 
istics of heated turbulent jets in crossflow, J. Thennophys. 
Heat Transfer 5(2), 181 (1991). 

34H. T. H. van der Meer, Stagnation point heat transfer from 
turbulent low reynolds mm&z jets and flame jets, J%xper. 
Therm. Fluid Sci. 4(l), 115 (1991). 

35H. A. P. Yezerskiy and Ye. S. Stepanova, Heat transfer in a 
plane turbulent jet interacting with a barrier, Heat Trans- 
fer--Sovier Res. 23(l), 78 (1991). 

36H. D.A.Zumbnmnen, Convectiveheatandmasstransferinthe 
stagnation region of a laminar planar jet impinging on a 
moving surface, J. Hear Transfer 113(3), 563 (1991). 

Jet impingement heat traMer - liquid jets 
37H. T. Aihara, K. Suzuki, J.-K. Kim and K. Kasahara, Boiling 

heat transferofaLN+icro-jetinaveryslendercryoprobe, 
Nippon Kikai G&i Ronbunshu B Hen 57(538), 2112 
(1991). 

38H. D. L. Besserman, F. P. Incropera and S. Ramadhyani. 
Experimental study of heat transfer from a discrete source 
to a circular liquid jet with ammlaz collection of the spent 
fluid, Exp. Hear Transfer 4(l), 41 (1991). 

39H. S.-J. Chen, J. Kothari and A. A. Tseng, Cooling of a moving 
plate with an impinging circular water jet, &per. Therm. 
Fluid Sci. 4(3), 343 (1991). 

4OH. X. Liu, J. H. Lienhard Vand J. S. Lombara, Convective heat 
transfer by impingement of circular liquid jets, J. Hear 
Transfer 113(3), 571 (1991). 

41H. D. Schafer, F. P. Incropera and S. Ramadhyani, Planar 
liquid jet impingement cooling of multiple discrete heat 
sources, J. Electron. Packaging 113(4), 359 (1991). 

42H. J. Stevens andB. W. Webb, Local heat transfercoefkients 
under an axisymmetric, single+phase liquid jet, J. Heat 
Transfer 113(l), 71 (1991). 

23H. R. K. Brahms, Prediction of stagnation point heat transfer 

43H. D. T. Vader, F. P. Incropera and R. Viskanta, A method for 
measuring steady local heat transfer to an impiuging liquid 
jet, Exper. Therm. Fluid Sci. 4(l), 1 (1991). 

44H. D. T. Vader, F. P. Incropera and R. Viskanta, Local 
convective heat transkr fmm a heated surface to an im- 



Heat transfer-a review of 1991 literature 3203 

pinging, planar jet of water, Int. J. Heat Mass Transfer 
34(3), 611 (1991). 

Spray cooling 
45H. H. Chiang and C. Kleiustreuer, Convection heat transfer of 

colinearintera&ngdropletswithsurfacemasstransfer,Int. 
J. Hear FIuidFIow l2(3), 233 (1991). 

46H. B. Delcorio and K.-J. Choi, Analysis of direct liquid-solid 
contact heat transfer in monodispersed spray cooling, J. 
Themrophys. Heat Transfer 5(4), 613 (1991). 

47H. T. 1to.Y. Takata, M. M. M. Mousaand H. Yoshikai, Studies 
on the water cooling of hot surfaces (experiment of spray 
cooting),Mem.Fac.EngngKyushauniv.S1(2),119(1991). 

48H. B. Liang and C. J. King, Factors iuthrencing flow patterns, 
temperature fields and consequent drying rates in spray 
drying, Drying Technol. 9(l), I (1991). 

Drying 
49H. G. S. Bykov, S. N. Porokhin, A. I. Bakayev, I. A. Dyozhin 

and Yu. I. Ponomarenko, Experimental study of moisture 
removal in wet steam pipelines, Heat TranlferSoviet 
Res. 22(5), 654 (1991). 

51H. 

50H. L.-T.Cheu,Two-dimensionalfineBiciencywithcombined 
heat and mass transfer between water-wetted fin surface 
and moving moist airstream,Int. J. HeatFluidFlow 12(l), 
71(1991). 
V. V. Krasnikov aud S. G. Il’yasov, Mass transfer in 

processes of heat technology, J. Engng Phys. 59(3), 1084 
(1991). 
2. B. Maroulis, C. T. Kiranoudis and D. Marinos-Kouris, 
Simultaneous estimation of heat and mass transfer coeffi- 
cients in externally controlled drying, J. Fd. Engng 14(3), 
241 (1991). 

52H. 

53H. C. J. Nederveen, A. L. vao S&a&-van Hoek and J. J. F. M. 
Dijkstra, Present theories on multi-cylinder paper drying, 
Pap. Technol. Ind. 32(11), 30 (1991). 

54H. Y. Saito, Thermal conduction through a liquid absorbent 
film in the desiccant/regenerator, ASME-JSES-JSME In- 
ternational Solar Energy Conference 469 (1991). 

Miscellaneous 
55H. Yu. V. Apanovich and E. D. Ljumkis, The numerical 

simulation of heat and mass transfer during growth of a 
binary system by the travelling heater method, J. Cryst. 
Growth 110(4), 839 (1991). 

56H. C. G. Carrir@on and Z. F. Sun, Second law analysis of 
combined heat and mass transfer phenomena, Int. J. Hear 
Mass Transfer 34(11), 2767 (1991). 

57I-I. H. M. Habib, T. A. Ameel and B. D. Wood, Effects of a non- 
absorbable gas on the heat and mass transfer for the en- 
trance region of a falling film absorber, ASME-JSES- 
JSME International Solar Energy Conference 475 (1991). 

58H. V. A. Sidlauskas, E. V. Bajarunas, M. M. Tamonis and L. 
S. Yanovskiy, Momentum, energy and mass transfer in 
variable cross-section channels (4. Numerical modeling of 
conjugate heat and mass transfer in ducts), Heat Trunsfer- 
Soviet Res. 23(3), 323 (1991). 

59H. Y.-X. Tao and M. Kaviany, Simultaneous heat and mass 
transfer from a two-dimensional, partially liquid-covered 
surface, J. Heat Transfer 113(4), 874 (1991). 

60H. J. Tong, Entropy generation aoalysis of combined heat and 
mass transfer phenomena in tube flow, Journal of Chemi- 
CalEngngineering ofchineses UniversitiesS(l), 33 (1991). 

61H. J.StevensandB. W.Webb,Theeffectofinchnationonlocal 
heat transfer under an axisymmetric, free liquid jet, Int. J. 
Heat Mass Transfer 34(45), 1227 (1991). 

62H. F. Yuau, S. Chien and S. Weinbaum, A new view of 
convective-diffusive trausport processes in the arterial 
mtima, J. Biotned. Engng 113(3), 314 (1991). 

CHANQE OF PHASE - BOILINQ 

Droplet andfilm evaporation 
1J. K. N. Agafonov, Yu. A. Buevich and V. N. Mankevich, 

Cooling of surfaces by drop aerosol flows, High Temp. 
29(l), 108 (1991). 

27. A. Asai, Bubble dynamics in boiling under high heat fhrx 
pulse heating, J. Heat Transfer 113(4), 973 (1991). 

3J. A. Asblad and T. Bermsson, Surface evaporation of turbulent 
falling fihns, Inr. J. Heat Mass Transfer 34(3), 835 (1991). 

4J. K. H. Bang and M. L. Cormdini, Vapor explosions in a 
stratified geometry, Nucl. Sci. Engng 108(l), 88 (1991). 

5J. S. A. Beresnev and V. G. Chemyak, Drop evaporation in au 
optical-radiation field, Phys. A 29(3), 463 (1991). 

6J. A. Berlemont, M.-S. Grancher and G. Gouesbet, On the 
Lagmr@n simulation of turbulence infhtence on droplet 
evnpotation,Int.J.He&44assTransfer34(11),2805 (1991). 

7J. I. M. Blinchevskii and S. P. Ermolaev, Thermal resistance of 
the vaporization zone for a heat tube with a threaded 
capillary system, J. Engng Phys. 60(3), 282 (1991). 

8J. B. F. Boyarsbinov, E. P. Volchkov and V. I. Terekhov, Heat 
and mass transfer with evaporation of a Iiquid into gaseous 
flow, Russian Journal of Engngineering Thennophysics 
l(l), 93 (1991). 

9J. A. A. Bulatov. F. M. Gimrano v and N. Kh. Zinnatullin 

1OJ. 

11J. 

12J. 

13J. 

Analysis of heat transfer during thin-fti liquid flow in 
centrifugal force tield, Theor. Found Chem. Engng 24(6), 
482 (1991). 

P. Cho, C. K. Law and M. Mixomoto, Effect of pressure on 
the micro-explosion of water/oil emulsion droplets over a 
hot plate, J. Heat Transfer 113(l), 272 (1991). 
S. K. Dash, S. P. Sengupta and S. K. Sam, Transport 
processes and associated h-reversibihties in droplet evapo- 
ration, J. Thennophys. Heat Transfer S(3), 366 (1991). 
K. Hahn aud D. Mewes, Measurement of mass transfer 
coefftcients of thin evaporating liquid films (In German), 
W&me Stoffuebertrag 26(6), 331 (1991). 
I. Kececioglu, Effectiveness of corrugated surfaces in 
limiting the rate of evaporation of cryogenic liquids, Cr-yo- 
genies 3(12), 1008 (1991). 

14J. A. N. Kucherov, Regimes of evaporation of a drop of a water 
aerosol, High Temp. 29(l), 135 (1991). 

15J. V.A.Kuz,EvaporationofsmaUdrops,J.AppZ.Phys.69(10), 
7034 (1991). 

16J. I. A. Kuznetsova, A. A. Yushkauov and Yu. I. Yalamov, 
State of a binary gas mixture near au evaporating surface 
duringintensiveevapotntion,HighTemp.29(1), 121(1991). 

17J. H.-Y. Kwak and S. Lee. Homogeneous bubble nucleation 
predicted by a molecular interaction model, J. Heat Trans- 
fer 113(3), 714 (1991). 

18J. J. C. Leung and M. Epstein, Flashing two-phase flow 
including the effects of noncondemible gases, J. Heat 
Transfer 113(l), 269 (1991). 

20J. 

19J. S. Lin. C. C.K. Kwok R.-Y. Li. Z.-H. ChenandZ.-Y. Chen. 
Local frictional pressure drop’during vaporization of R- 12 
through capillary tubes, Int. J. Multiphuse Flow 17(l). 95 
(1991). 

V. L. Lomtev, A. I. Chufarovskij, V. S. Gahrstov and 0. A. 
Vasil’ev, Hydrodynamics of spraying liquid cone of im- 
pact-jet mechanical sprayer, Teoreticheskie Osnovy 
Khimicheskoi Tekhnologii 25(6), 604 (1991). 

T. H. Lyu and I. Mudawar, Statistical investigation of the 
relationship between mterfacial waviness and sensible heat 
transfer to a falling liquid Elm, Int. J. Heat Mass Transfer 
34(6), 1451 (1991). 
M. M. Martynyuk, Practical applications of superheated 
liquids, Fluid h4ech. Sov. Res. 20(3), 49 (199 1). 
E. E. Michaelides and A. Lasek, Particulate flow with 
sublimation or evaporation aud with thermal and hydrody- 

21J. 

22J. 

23J. 



3204 E. R. G. EC :kert er 01. 

namic non-equilibrium, Int. J. Hear Moss Transfer 34(3), 
601 (1991). 

24J. J. Mb, M. Sako and Y. Kikucbi, Effect of coating on the 
process of evaporation of a droplet, Nippon Kikai GakJcai 
Ronbunshu B Hen 57(539), 2323 (1991). 

25J. T. Ohara, T. Yamamota and H. Fujita, Evaporative heat 
transfer and pressure drop in rib-roughened flat channels 
(effects of oblique rib angle), Nippon Kikai Gokkai 
Ronbunshu B Hen 57(536), 1379 (1991). 

26J. T. Ohara, T. Yamamoto and H. Fujita, Evaporative heat 
trausfer and pressure drop in a rib-roughened flat channel 
(effects of rib height and spacing of transverse rib rough- 
ness), Nippon Kikai Gakkai Ronbunshu B Hen 57(533), 
268 (1991). 

27J. H. Ohkubo and S. Nishio, Transient heat transfer character- 
istics of mist cooling from horizontal upward-facing sur- 
face, Nippon Kikai Gakkai Ronbunshu B Hen 57(539), 
2349 (1991). 

28J. I. Owen, Transient technique for measuring the rates of heat 
andmasstransfertoabodyinahumidairflow,Int.J.Mech. 
Engng Educ. 19(3), 171(1991). 

29J. I. Owen and J. M. Jalil, Heterogeneous flashing in water 
drops, Inr. J. MultiphuseFIow 17(S), 653 (1991). 

30J. P. A. Pavlov, Homogeneous nucleation sites, Fluid Mech. 
Sov. Res. t0(2), 98 (1991). 

31J. M. Rashidi, G. Hetsroni and S. Banerjee, Mechanisms of 
heat andmasstransportatgas-liquidinterfaces,Inr.J. Heor 
Moss Transfer 34(7), 1799 (1991). 

327. R. S. Reid, M. B. Pate and A. E. Be&es, A comparison of 
augmentation techniques during in-tube evaporation of R- 
113.1. Heat Transfer 113(2), 451 (1991). 

33J. L. Sibille and J. K. Baird, Analysis of solvent evaporation 
rates in the vapor diffusion protein crystal growth expezi- 
ments from STSdlC Space Shuttle mission, J. Cryst. 
Growth llO(12). 72 (1991). 

34J. L. Sibille. J. C. Chmie and J. K. Baird, Solvent evaporation 
rates in the closed capillary vapor diffusion method of 
protein crystal growth, J. Cryst. Growth 110(12), 80 
(1991). 

35J. D. Sibold and H. M. Urbassek, Kinetic study of evaporation 
flowsfromcvlindrical iets.Phvs. FZuidrA 3(5), 870(1991). 

36J. B. Simon ani Y. Pomkau, Fr& and guided convection in 
evaporating layers of aqueous solutions of sucrose. Trans- 58J. 
port and sedimentation of solid particles, Phys. FIuids A 
3(3), 380 (1991). 

37J. Ye. N. Sinitsyn, Spontaneous and induced fIashing of 59J. 
superheated liquids, Fluid Mech. Sov. Res. 20(2), 113 
(1991). 

38J. L. Tadrist, J. Sun, R. Santini and J. Pantaloni, Heat transfer 6OJ. 

39J. 

40J. 

41J. 

421. 

43J. 

with vaporization of a liquid by direct contact in another 
immiscible liquid: experimental and numerical study, J. 61J. 
Heat Transfer 113(3), 705 (1991). 
H. Takamatsu, S. Momoki, S. Hiraoka, H. Nakada, S. 62J. 
Koyama and T. Fujii, Experiment on the heat trausfer to 
substitute refrigerantIiFC134aevaporating inahorizontal 
smooth tube, Nippon Kikoi G&i Ronbunshu B Hen 63J. 
57(534), 682 (1991). 
K. Takano, I. Tanasawa and S. Nishio, Enhancement of 
evaporation of droplet using EHD effect, Nippon Kikoi 64J. 
Gokkni Ronbunshu B Hen 57(534). 693 (1991). 
T. Takano and K. Kobayasi, Vaporization behavior of a 
single droplet impinging on a heated surface with a flame 
sprayed ceramic coating, Heot TransferJnp. Res. 20(l), 65J. 
l(l991). 
S. Toyama, K. Murase, S. Kimma and M. Nakamura, 
Surface evaporation of liquid flowing down an inclined 661. 
groove, Desalination 82(13), 387 (1991). 

T. A. Trabold and N. T. Obot, Evaporation of water with 
single and multiple impinging air jets, J. Hear Transfer 67J. 
113(3), 696 (1991). 

44J. T. Y. Xiong and M. C. Yuen, Evaporation of a liquid droplet 
on a hot plate, Inr. J. Hear Moss Transfer 34(7), 1881 

(1991). 
45J. M.-M. Yan, Mixed convection heat transfer enhancement 

through latent heat transport invertical parallel plate cban- 
nel flows, Con. J. Chem. Engng 69(6). 1277 (1991). 

46J. W. M. Yau, T. F. Lin and Y. L. Tsay, Evaporative cooling 
of liquid film through interfacial heat and mass trausfer in 
a vertical channel-I. Experimental study, Int. J. Hear 
Moss Transfer 34(4/5), 1105 (1991). 

47J. W. M. Yau and T. F. Lin, Evaporative cooling of liquid film 
through interfacial heat and mass transfer in a vertical 
channel-II. Numerical study, In?. J. Hear Mass Tramfer 
34(4/5), 1113 (1991). 

48J. S. Zhaug and G. Gogos, Film evaporation of a spherical 
droplet over a hot surface: fluid mechanics and heat/mass 
eansfer analysis, J. Fluid Mech. 222,543 (1991). 

Bubble characteristics and nucleate boiling incipience 
49J. H. Ali and S. S. Alam, Boiling incipience in a reboiler tube, 

Ind. Engng Chem. Res. 30(3), 562 (1991). 
5OJ. P. E. Anagbo, J. K. Bximacombe and A. E. Wraith, Forma- 

tion of ellipsoidal bubbles at a frestanding nozzle, Chem. 
Engng Sci. 46(3), 781 (1991). 

51J. N. I. Antonyuk, V. A. Gerliga and V. I. Skalozubov. 
Excitation of thermoacoustic oscillations in a heated chan- 
nel, J. Engng Phys. 59(4), 1323 (1991). 

52-I. F. Bischof, M. Sommerfeld and F. Durst, The determination 
of mass transfer ratea from individual small bubbles, Chem. 
Engng Sci. 46(12), 3115 (1991). 

53J. S. C. Cho and W. K. Lee, Steam bubble formation at a 
submerged orifice in quiescent water, Chem. Engng Sci. 
46(3), 789 (1991). 

54J. B. M. Dorofeev, Pseudo-cavitation during the boiling of a 
subcooled gasified liquid, Phys. A 29(3), 452 (1991). 

551. N. W. GearyandR. G. R&Bubble sizepredictionforrigid 
and flexible spargers, AJ.ChE. JZ 37(2), 161 (1991). 

56J. R. P. Hesketh, A. W. Etchells and T. W. F. Russell, 
Experimental observations of bubble breakage in turbulent 
flow, Ind. Engng Chem. Res. 30(5), 835 (1991). 

57J. I. N. Ilvin. V. P. Grivtsov and S. R. Yaunalder, -totic 
development of vapor and vapor-gas bubbles, Heir frons- 
ferqoviet Res. 22(7), 911 (1991). 

V. L. Izergin, Attenuation of high-amplitude waves in gas- 
liquid mixtures: Effects of heat transfer, Hem Tronsfer- 
SovietRes. 23(l), 63 (1991). 

A. Nakayama and M. Kane, Liquid motion of a saturated- 
pool nucleate boiling by interfered bubbles, Nippon Kikai 
Gakkai Ronbunshu B Hen 57(535), 1014 (1991). 

Ye. I. Nesis, Growth of vapor bubbles and acoustic noise of 
aboilingliquid, FZuidMech. SovierRes. 20(2), 108 (1991). 
Ye. I. Nesis, Acoustic noise of a boiling liquid, Heat 
TronsferSovier Res. 22(6), 789 (1991). 

N. N. Savkin, A. S. Komendantov, Yu. A. Kuzma-Kichta 
and M. N. burdunin, Effects of a porous coating on boiling 
onset in a tube, J. Engng Phys. 58(5), 626 (1990). 

S C. Saxena and N. S . Rao, Heat transfer and gas holdup in 
a two-phase bubble column: Air-water system-review and 
new data, Exper. Therm. Fluid Sci. 4(2), 139 (1991). 

S. C. Saxena, N. S. Rao and M. Yousuf, Hydrodynamic and 
heat transfer investigations conducted in a bubble column 
with fine powders and a viscous liquid, Powder Technol. 
67(3) 265 (1991). 

V. I. Skalozubov, Effect of wall bubbles on the excitation of 
thermoacoustic oscillations in boiling flows, J. Engng 
Phys. 59(5), 1389 (1991). 
V. I. Skalozubov. The growth of vapor bubbles under 
unstable pressure, Izvestiyo AN SSSR: Energetika i Trans- 
pon (l), 171 (1991). 
W. M. Sluyter, P. C. Slooten, C. A. Copraij aud A. K. 
Chesters, The departure size of pool-boiling bubbles from 
aritificial cavities at moderate and high pressures, Int. J. 
Multiphase FIow 17(l), 153 (1991). 



Heat transfer-a review of 1991 literature 3205 

68J. K. Terasaka and H. Tsuge, Bubble formation at a single 
orifice in non-Newtonian liquids, Chem. Engng Sci. 46( 1). 
85 (1991). 

69J. 2. Wang and S. G. Bankoff, Bubble growth on a solid wall 
in a rapidlydepmssurixing Iiquid pool, Jut. J. hfultiphose 
FIow 17(4), 425 (1991). 

70J. Y. H. Yu and S. D. Kim, Bubble properties and local liquid 
velocityintheradialdirectionofcocurrentgas-liquidflow, 
Chem. Engng Sci. 46(l), 313 (1991). 

Pool boiling 
71J. A. I. Akekseev, V. M. Miklyaev and Yu. P. Fiippov, 

Influence of the two-phase helium flux structure on heat 
transfer dynamics, J. Engng Phys. 58(6), 679 (1990). 

72J. S. B. Alekseev,B.F.Balunov,Yu. P. Plytrkhm, S. V. Svetlov 

73J. 

74J. 

75J. 

761. 

77J. 

78J. 

79J. 

8OJ. 

81J. 

82J. 

83J. 

84J. 

85J. 

86J. 

87J. 

and E. L. Smirnov, Hydrodynamics and the heat-transfer 
crisis in the countercurrent motion of steam and water in 
vertical slot channels of rectangular cross section, High 
Temp. 28(6), 8% (1991). 
V. V. Baranets, Yu. A. Kirichenko, S. M. Kozlov, S. V. 
Nozdrin, K. V. Rusanov and E. G. Tyurina, Experimental 
investigation of heat transfer when the surface of the 
superconducting ceramic YBa$u,O, is cooled with liquid 
nitrogen. 1. Heat emission under the conditions of bubble 
boiling, J. Engng Phys. 59(4), 1233 (1991). 
V. V. Baraneta, Yu. A. Kirichenko, S. M. Kozlov, S. V. 
Nor&in, K. V. Rusanov and E. G. Tyurma, Experimental 
study of heat transfer in liquid-nitrogen cooling of the 
surface of superconducting YBa$u,O, ceramic. 2. Burn- 
out in nucleate boiling, J. Engng Phys. 59(5), 1401(1991). 

P.R. Chappidi, F. S. Gunnerson and K. 0. Pasamehmetoglu, 
Fii-boilingdragandheattransferonaflatsurface,Numer. 
Heat Transfer Int. J. Comput. Methodol. Part A Appl. 
19(3), 327 (1991). 
C.-C. Chou and Y.-M. Yang, Surfactant effects on the 
temperature profile within the superheated boundary layer 
and the mechanism of nucleate pool boiling, J.Chin. Inst. 
Chem. Engng 22(2), 71 (1991). 

M.-C. Chyu and A. M. Mghamis, Nucleate boiling on two 
cylinders in line contact, Int. J. Heat Mass Transfer 34(7), 
1783 (1991). 
M.-C. Chyu and J. Fei, Enhanced nucleate boilng in an 
angular geometry found in stmctured surfaces, Int. J. Heat 
Mass Transfer 34(2), 437 (1991). 
V. K. Dhir, Nucleate and transition boiling heat transfer 
under pool and external flow conditions, Int. J. Heat Fluid 
Flow U(4), 290 (1991). 
M. R. Duignan, G. A. Greene and T. F. Irvine, Jr., Film 
boiling heat transfer to large superheats from a horizontal 
flat surface, J. Heat Transfer 113(l), 266 (1991). 

G. R. Essome and J. Orozco, An analysis of film boiling of 
a binary mixture in a porous medium, Int. J. Heat Mass 
Transfer 34(3), 757 (1991). 

S. V. Golovin, I. Kh. Khairullin, T. N. Shigabiev and L. S. 
Yanovskii, Some unique features of heat liberation in 
boiling of hydrocarbon fuels in large volume, .I. Engng 
Phys. 59(4), 1263 (1991). 

D. Gore&lo, P. Sokol and S. Caplanis, Heat transfer with 
pool boiling of hydrocarbons and halogenated refrigerants 
at a plain and a high performance fried tube (In German), 
W&me Stofiebertrag 26(5), 273 (1991). 
V. S. Granovskii, V. B. Khabenskii and S. M. Shmelev, 
Interfacial stability and heat transfer during film boiling on 
a vertical surface, /. Engng Phys. 58(6). 686 (1990). 

E. Hahne, C. Qiu-Rong aud R. Windisch, Pool boiling heat 
transfer on finned tubes-an experimental and theoretical 
study, Int. J. Heat Mass Transfer 34(8), 2071 (1991). 

Y. Haramura, Temperature uniformity across the surface in 
transition boiling, J. Heat Transfer 113(4), 980 (1991). 
K. Hijikata, T. Nagasaki, N. Himeno, K. Saito and S. 
Katayama, Heat transfer enhancement by bubble formation 

near the heating surface, Nippon Kikai Gakkai Ronbunshu 
B Hen 57(537), 1802 (1991). 

88J. S. Hinata, M_ Sakurai, 0. Kuga, M. Nakaxawa, J. E. S. 
Venart, A. C. M. Sousa and K. J. Ahn, Void fraction and 
temperature measurements for pool boiling around a hori- 
zontal cylindrical surface, Nippon Kikai GakkaiRonbunshu 
B Hen 57(537), 1819 (1991). 

89J. T. Ito and H. Kubota, Dynamic stability of superconductors 
cooled by pool boiling, Cryogenics 31(7), 533 (1991). 

90J. A. M. Jairajpuri and J. S. Saini, A new model for heat flow 
through macrolayer in pool boiling at high heat flux, Int. J. 
Heat Mass Traqfer 34(7), 1579 (1991). 

91J. M. JamialahmadiR.BliichlandH.Miiller-Steinhagen,Pool 
boiling heat transfer to a saturated water and refrigerant 
113, Can. J. Chem. Engng 69(3), 746 (1991). 

92J. M. Jamialahmadi and H. Miller-Steinhagen, Effect of liquid 
additives on pool boiling heat transfer to water, Chem. 
Engng Res. Des. 69(3), 221 (1991). 

93J. R. L. Judd, H. Merte. Jr. and M. E. Ulucakli, Variation of 
superheat with subcooling in nucleate pool boiling, J. Heat 
Trun.+r 113(l). 201 (1991). 

94J. E. K. Kalinin, Critical boiling heat transfer. Special case of 
smooth exchange of bubble and film boiling regimes, J. 
Engng Phys. 59(3), 1140 (1991). 

95J. E. K. Kahnin, The fii boiling crisis and transition boiling, 
Heat TrunsferSovietRes. 23(l), 93 (1991). 

96J. Y. Katto, T. Hhuo, N. Ebihara, A. Kariyama, K.-I. Taniwa 
and K. Nakashima, Critical heat flux of countercurrent 
boiling in a vertical tube with a closed bottom, Nippon 
Kikai Gakkai Ronbunshu B Hen 57(533), 229 (1991). 

97J. Y. Katto and T. Hirao, Critical heat flux of counter-flow 
boiling in a uniformly heated vertical tube with a closed 
bottom, Int. J. Heat Mass Transfer 34(4/5), 993 (1991). 

98J. Y. Kim, W.-J. Lee and E. D. Case, Measurement of the 
surface heat transfer wefflcient for ceramics quenched into 
a water bath, Mater. Aci Engng A Struct. Mater. Prop. 
Microsttuct. Process, A145(1), 7 (1991). 

99J. Yu. A. Kirichenko, Boiling of helium in a centrifugal force 
field, Heat TransferSoviet Res. 22(5), 612 (1991). 

1OOJ. Yu. A. Kirichenko, K. V. Rusanov and E. G. Tyurina, A 
study of heat transfer with film boiling of nitrogen on a 
horizontal surface facing downwards, Therm. Engng 38(5), 
266 (1991). 

lOlJ.Yu.A.Kirichenko,S.M.Kozlov,K.V.RusanovandE.G. 
Tyurina, Heat transfer crisis during liquid nitrogen cooling 
of high temperature superconductor, Cryogenics 31(11), 
979 (1991). 

1021. Yu. A. Kirichenko, K. V. Rusanov and E. G. Tyurina, 
Experimental investigation of heater temperature increase 
at critical bubble boiling of nitrogen, High Temp. 28(4), 
565 (1991). 

103J. Yu. A. Kirichenko, S. M. Kozlov and S. V. Nor&in Heat 
exchange with boiling hydrogen on the surface of heater of 
steel 12Khl8NlOT, C&m. Pet.&gng26(78),417 (1991). 

104J. V. Yu. Kravets. Yu. V. Fridrikhson, and 0. V. Bosaya, 
Heat-tmnfercrisisintheboilingofliquidsonmicrosurfaces, 
J. Engng Phys. 60(2), 215 (1991). 

105J. T. Kumada and H. Saksshita, Studies on pool boiling heat 
transfer (1st report, proposed physical model for 
Kutateladxe-Zuber correlation of CHF), Nippon Kikai 
Gakkai Ronbunshu B Hen 57(536), 1353 (1991). 

106J. S.-P. Liaw and R.-H. Yeh, Analysis of pool boiling heat 
transfer on a single cylindrical fin, Chung-Kuo Chi Hsueh 
Kung Ch’eng Hsueh Pao 11(5), 448 (1990). 

107J. S. M. Lu and D. J. Lee, The effects of heating methods on 
poolboiling,Int.J. HeatMassTransfer34(1). 127 (1991). 

108J. A. A. Maceika and R. K. Skema, Boiling crisis burnout in 
the zone of interaction of a circular submerged water jet 
with a flat wall, Heat TransferSoviet Res. 22(5), 587 
(1991). 

109J. S. P. Malyshenko, Features of heat transfer with boiling on 
surfaces with porous coatings, Therm. Engng 38(2), 81 



3206 E. R. G. Eckert et al 

(1991). 57(535), 1019 (1991). 
11OJ. S. P. Malyshenko, Features of heat transfer during boiling 131J. V. V. Yago and G. I. Samokhin, The mechanism of heat 

on surfaces with porous coatings, Teploenergeriku (2). 68 transfer with transition boiling of liquids, Therm. Engng 
(1991). 37(10), 503 (1991). 

1llJ. M. Monde and T. Inoue, Critical heat flux in saturated 
forced convective boiling on a heated disk with multiple 
impinging jets, J. Heur Transfer 113(3), 722 (1991). 

112J. T.Nakaiima.W.Nakavama,S.O’OhashiandH.Kuwahara. 

1321. W.-J. Yang, H. Takizawa and D. L. Vrable, Augmented 
boiling on copper-graphite composite surface, Inr. J. Heor 
Muss Transfer 34(11), 2751 (1991). 

CriticG hai loads i boil&g heat transfer from porous 
studs to fluorinert liquid, Nippon Kikai Gakkai Ronbunshu 
B Hen 57(539). 2363 (1991). 

113J. S. Nishio, G. R. Chandratilleke and 0. Tsutomu, Natural- 
convection film-boiling heat transfer. (Saturated fiiboil- 
ing with long vapor film), JSME Int. I. Ser. 2 34(2), 202 
(1991). 

114J. S. Nishio, Y. Himeji and V. K. Shir, Natural-convection 
film boiling heat transfer (2nd report, film boiling from a 
horizontalflatplatefacingdownward),NipponKikaiGakkai 
Ronbunshu B Hen 57(536), 1359 (1991). 

115J. H. Ogata, H. Kuwahara, H. Noguchi and T. Nakagawa, 
Boiling heat transfer to liquid helium from surface with 
pin-fins, Cryogenics 31(5), 392 (1991). 

116J. J. OgataandA.Yabe,Augmentationofboilingheattransfer 
by utilizing the EHD effect (3rd report, EHD behavior of a 
bubbleinanelectriclield),NipponKikuiGakkuiRonbunshu 
B Hen 57(533), 250 (1991). 

117J. K. Okuyama and Y. Iida, Premature transition to film 
boiling at stepwise heat generation, Nippon Kikai Gakkai 
Ronbunshu B Hen 57(538), 2118 (1991). 

118J. S. Olek, Y. Zvirinand E. Elias, A simple correlation for the 
mirdmumfihnboilingtemperature,~. HeurTrunsfer113(1), 
263 (1991). 

119J. J. Orozco and H. Francisco, The effect of surface condition 
androtationonfilm/transitionboilingfromasphere,Exper. 
Therm. Fluid Sci. 4(6), 730 (1991). 

120J. C. Pan and T. L. In, Predictions of parametric effect on 
transitionboilingunderpoolboilingconditions,Inr.J. Hear 
Muss Transfer 34(6), 1355 (1991). 

121 J. A. N. Pavlenko and V. Yu. Chekhovich, Heat transfer crisis 
at transientheat release, Russian JournalofEngngineering 
Thermophysics l(1). 73 (1991). 

1227. Yu. V. Polezbaev and S. A. Kovalev, Modeling heat 
transfer with boiling on porous shuctures, Therm. Engng 
37(12), 617 (1991). 

123J. H. Sakashita and T. Kumada, Studies on pool boiling heat 
transfer (2nd report, general correlationof heat transfer and 
method for predicting boiling curves of saturated nucleate 
boiling), Nippon Kikai Gakkai Ronbunshu B Hen 57(539), 
2355 (1991). 

124J. I. A. Shemagin, The natural convection fti boiling on the 
horizontal cylinder with small Reynolds numbers, Izvesfiyu 
ANSSSR: Energetika i Transport (I), 163 (1991). 

125J. R. Shimada, J. Komai, Y. Hirono, S. Kumagai and T. 
Takeyama, Enhancement of boiling heat transfer in a 
narrow space restricted by an interference plate with holes, 
Exper. Therm. Fluid Sci. 4(5), 587 (1991). 

126J. V. U. Sidyganov and E. V. Ametistov, Change in boiling 
regimes on thick heating surfaces, J. Engng Phys. 59(4), 
1257 (1991). 

127J. V. I. Skalozubov, Calculation of the density of vaporization 
centers at the heating surface with an allowance for their 
mutual interaction, J. Engng Phys. 58(4), 483 (1990). 

128J. A.H.TarradandB. M. Bumside,Instabilityinpoolboiling 
of a wide boiling mixture on a horizontal tube, Inr. J. Hear 
Muss Transfer 34(1 I), 2797 (1991). 

129J. K. Torikai, K. Suzuki and M. Yamaguchi, Studyoncontact 
area of pool boiling bubbles on a heating surface. (Obser- 
vation of bubbles in transition boiling), JSME Inr. J. Ser. 2 
34(2), 195 (1991). 

130J. M. Uemura, S. Nishio and I. Tanasawa, Enhancement of 
natural-convection boiling heat tmnsfer to saturated liquid 
by electric field, Nippon Kikai Gakkai Ronbunshu B Hen 

Flow boiling 
133J. A. M. Abdallah, Analysis of turbulent-flow filmboiling of 

a subcooled liquid over a horizontal plate, Kernrechnik 
55(5), 302 (1990). 

134J. F. Abud, V. V. Klimenko, Yu. A. Fomichev and Yu. E. 
Shvaikovskii, Investigating heat transfer crisis withupflow 
of two-phase nitrogen in a vertical channel, Therm. Engng 
37(8), 424 (1991). 

135J. M. A. R. Akhanda and D. D. James, An experimental study 
of the relative effects of transverse andlongitudinalribbing 
of the heat transfer surface in forced convective boiling, J. 
Heur Transfer 113(l), 209 (1991). 

1361. Y. Asao and M. Ozawa, Boiling heat transfer and flow 
pattern of liquid nitrogen, Nippon Kikai Gakkai Ronbunshu 
B Hen 57(537), 1813 (1991). 

137J. V. S. Bashkin, V. N. Smolin and S. B. Shpanskii, Heat 
wan&r crisis during boiling in simulators of rod assembly 
cells, Sov. At Energy 69(5), 917 (1991). 

138J. M. Belhadj, T. Aldemir and R N. Christensen, Dete.rmin- 
ing wall superheat under fully developed nucleate boiling 
in plate-type research reactor cores with low-velocity up- 
ward flows, Nucl. Technol. 95(l), 95 (1991). 

139J. R. D. Boyd, Sr., Critical heat flux and heat transfer for 
subcooled flow boiling, J. Heat Transfer 113(l), 264 
(1991). 

14OJ. A. I. Bronshtein and N. B. Gyul’mamedov, Study of a 
second-order heat-transfer crisis in the boiling of aqueous 
solutions of Na2SO4, High Temp. 28(6), 901 (1991). 

141J. P. R Chappidi. K.O.PasamehmetogluandF. S. Gunnerson, 
The influence of surface radiation on laminar forced- 
convection film boiling,lnr. J. HeurFluidFlow, 12(3), 225 
(1991). 

1421. P. R. Chappidi, F. S. Gunnerson and K. 0. Pasamehmetoglu, 
Subcooled forced convection film boiling drag and heat 
transfer of a wedge, J. Thermophys. Hear Transfer 5(3), 
355 (1991). 

143J. V. L. Fedorov and L. F. Fedorov, Determination of the 
section of onset of high-rate surface boiling in pipes, Hear 
TransferSoviet Res. 23(2), 284 (1991). 

144J. Q. Feng and K. Jo-n, Experimental results of maxi- 
mum transition boiling temperature during upflow in a 
circular tube at medium pressure, Exper. Therm. FZuidSci. 
4(l), 90 (1991). 

145J. Yu. F. Gortyshov, I. N. Nadymv, S. R. Ashikhmin and A. 
P. Kunevich, Heat transfer in the flow of a single-phase and 
boiling coolant in a channel with a porous insert, J. Engng 
Phys. 60(2), 202 (1991). 

l&J. V. S. Granovskiy and V. B. Khabenakiy, Filmboiliq on a 
horizontal plate in a longitudinal flow, Heur Transfer- 
Soviet Res. 22(7), 944 (1991). 

147J. I. I. Gromova, V. I. Esikov and V. N. Smolin, Calculation 
of the heat-transfer crisis inboiling in tubular fuel elements 
on the basis of a control experiment, Sov. Ar. Energy 69(4), 
828 (1991). 

148J. K. Hambraeus, Heat Transfer coefficient during two-phase 
flowboilingofHFC-134a,Inr. J. Refrig. 14(6),357(1991). 

149J. A. Hasan, R. P. Roy and S. P. Kaim, Some meausrements 
in subcooledflowboiling of refrigerant- 113, J. Henr Trans- 
fer 113(l), 216 (1991). 

150J. M. Inoue and H. Tanaka, Study on surface rewet caused by 
uniform collapse of flow film boiling, Inr. J. Hear Muss 
Tran.$er 34(4/5), 1139 (1991). 

151J. K. Johannsen, Low quality aansition and inverted annular 



Heat tram&r--a rev&w of 1991 literature 3207 

flow film boibg of water: An updated review, Erper. 
Therm. FJuidSci. 4(S), 497 (1991). 

1521. M. Kaminaga Y. Sudo, Y. Murayama and T. Usui, 
Bxperimental study of the critical heat flus in a narrow 
vertical rectaugular channel, Heat Tran#er+Zap. Res. 
20(l), 72 (1991). 

153J. S. Kamiyama, T. Kamiya and H. Bm, Boiling tw@ase 
flow characteristics of a magnetic fluid in a nom&form 
magnetic field, Nippon Kikai Gakkui Ronbunshu R Hen 
57(537). 1617 (1991). 

154J. S. G. Kandlikar, A model for correlating flow boiling heat 
transfer iu aqmented tubes and compact evaporators, J. 
Heat Transfer 113(4), 966 (1991). 

155J. S. G. Kandlikar, Development of a flow boiling map for 
subcooled and saturated flow boiling of different fluids 
inside circular htbcs, 1. He& Tranrfe~ll3(1), 190 (1991). 

156J. P. L. Kirillov. V. P. Bobkov. E. A. Boltenko. V. N. 
Vinogradov, I. B. Katan and 1: P. Smogalev, Skeleton 
tables of burnout heat flux, Atomnaya Energiya 71(l), 18 
(1991). 

1573. L. L. Kobzar, Yu. V. Mironov, T. I. Pomicheva and A. M 
Khudykin, RBMK channel boil&J during loss of coolant 
flow at low power, Sov. At. Energy 67(6). 864 (1990). 

158J. A. S. Komendantov, Yu. A. Kuzma-Kichta, V. V. Pauin 
and M. N. Burdunin, Jnvestigation of heat transfer on 
transition and postdryout regions of a spiral tube, Ever. 
Therm. FltddSci. 4(6). 667 (19911. 

159J. A. SKomertdantov, Yu. A. Kuzt&Kichta,L. T. Vasil’eva 
and G. G. Yan’kov, Study of the intensification of heat 
transfer in a st~-ge~m~ chamiel with intensive 
nonuniform heating, High Temp. Z&4), 571(1991). 

160J. H. M Kottowski, C. Savatteri and W. Hufschmidt, New 
critical heatfluxcorrelationfor boilingliquidmetals,iVucJ. 
Sci. Engng 108(4), 3% (1991). 

161J. I. S. Kudryavtsev, B. M. Lekakh, B. L. Paskar’ audYe. D. 
Fedorovich, Nucleate boiling of water in twisted-tape 
~~flow,~eatTra~ff~o~etR~.~(6),7~ (1991). 

1621. 2. Liu and R. H. S. W~~~4 A general correlation for 
saturated and subcooled flow boilq in tubes and annuli, 
based onanucleatepoolboilingequation,Znt.J. Heat&fuss 
Transfer 34(1 l), 2759 (1991). 

163J. Y. Maa&ra, 0. Yokomizo and Y. Yoshimoto, Transient 
analysis of boii transition phenomena using liquid fii 
flow model, J. Nt&J. Sci. TechnoJ. 28(l), 6671991). 

164J. W. R. McGillis. V. P. Carev and B. D. Strom Geometrv 
effects on critical heat flux f6r subcooled convective hoi!: 
ing from an array of heated elements, J. Heat Transfer 
113(2), 463 (1991). 

165J. J. C. Passos and D. Gentile, An experimental investigation 
oftransitionboilinginsubcooledPreon-l13forcedflow,.Z. 
Hear Transfer 113(2), 459 (1991). 

166J. X. F. Peng and B. X. Wang, Turbulent film boiling heat 
trades for liquid flowing with high velocity through a 
horizontal flat duct, Znt. J. Heat Mass Transjer 34(4/S), 
1293 (1991). 

167J. I. A. Popov, Unsteady-state heat transfer due to the effect 
of wave pressures in boiling, Heat TransferSoviet Res. 
22(6), 779 (1991). 

1687. 2. Stosic, Synthesis of elementary thermodynamic proc- 
esses in no~i~~~ two-phase flow without slip, 
KernfecZtnik 55(5), 284 (1990). 

169J. Y. Sudo, T. Usui and M. Kaminaga, Bxperimental study of 
falling water limitation under a cotmter-current flow in a 
vertical rectangular channel. (1st Report, effect of flow 
chaunel configuration and introduction of CCCPL correla- 
tion), JSME Znt. J. Ser. 2 34(2) 169 (1991). 

17OJ. C. Unal, K. Tuzla, 0. Badr, S. Neti and J. C. Chen, 
Convection boiling in a rod buudle: transverse variation of 
vapor superheat temperature under stabilized post-CHP 
conditions, Int. J. Heat Mass Transfez 34(7), 1695 (1991). 

171 J. L. L. Vasil’yev, S. V. Konev and V. M. Khaustov, Boiline; 
heat transfer on a horizontal pipe with a wick-covered 

surface, Heat Tran.@r+Soviet Res. U(1). 117 (1991). 
172J. U. Wenzel and H. MUller-Stciubagen, Subcooled flow- 

boilii of mixtures (In German), w&7?&? sto&&?rtrag 
U(5), 265 (1991). 

1731. J. Y. Yang and J. Weismaq A plt~omenological model of 
subcooled flow boii in the detached bubble region, Zru. 
J. Multiphase Flow 17(l), 77 (1991). 

174J. Yu. A. Keigarnik and I. V. Kahn&w, Boiling in channel 
with porous matrix, Exp. Heczt Transjer 4(l). 59 (1991). 

175J. L.V.Zysio,Theanalogybetwec31theadiabaticaoddiabatic 
boiling, Heat TransferSoviet Res. 22(7), 940 (1991). 

Steam generators 
176J. V. V. Bezlepkin, 0.1. Korotayev, B. P. Simkin, Ye. D. 

Pedorovich and N. V. Mizonov, Thermohydrauhc testing 
ofaheliumheatedsteam-generator, HeatTransferSoviet 
Res. 22(7), 921 (1991). 

1771. V. I. Breus and I. I. Belyakov, Features of surface boiling 
in spiral coils, Sov. Ar. Energy 68(6), 526 (1990). 

178J. V. M. Budov, V. A. Huafonov and V. I. Churyumov, 
R~~~of~~~~~~g~, Heat Trans- 
fersoviet Res. 22(7), 928 (1991). 

179J. D. Gal, D. Saphicr and E. Blias, DSNP movable bom&y 
U-tube steam generator model, NucJ. Technol. #(l), 64 
(1991). 

180J. V. N. Grebennikov, V. K. Burkov, B. P. Sin&in, V. P. 
Rybakov and N. M. Sviridova, Design of steam generators 
withbelium aa a heat transfer agent, Heat Transfer-Soviet 
Res. 22(S), 603 (1991). 

181J. Y.A.~aadO.Rais,~~~flow~t~~~drag 
for once-through steam generators, NucJ. Technol. 95(i), 
77 (1991). 

1827. S. Jayanti and G. P. Hewitt, Prediction of onset of nucleate 
boiling, net vapour generation and subcooled CHP in 
coiled tubes, W&me St@ebertrag M(6), 301(1991). 

183J. Z. Jiugrong and Z. Chenyue, Real-time mathematical 
model for the heat transfer in the furnace and tbe evaporat- 
ing condition of a once-through boiler, Zhongguo Dianji 
GongchEngng Xuebao 11(l), 63 (1991). 

184J. A. S. Komendantov, Yu. A. Kuzma-Kichta, V. V. Pauin 
andM.N.Burdunin,Aninvestigationofheattransferintbe 
transition and post-dryout zones of a tube coil, Therm. 
Engng 37(10), 512 (1991). 

185J. M. I. Mar&v, V. D. Dimitrov and E. L. Popov, Some 
aspects of the RELAP-5-2 hvopbase models verification, 
Atomnaya Energiya 71(3), 255 (1991). 

186J. B.I.NigmamhnandV.N.Kukharenko.Heattransferinthe 
supercritical region in a steam-generating channel with a 
mist flow, Phys. A 29(3), 445 (1991). 

1873. V. S. Polonsky and A. P. Batalo, Temperature regime of 
helical steam-generating cbatmeis, Exp. Heat Trarufer 
4(2), 189 (1991). 

188J. G. A. Sahanov, A. N. K&t&kin, V. P. Nitskcvich, V. V. 
Novikov and Yu. B. Kolomtsev, Impact of additives of 
octadecylamine on heat and hydraulic characteristics of 
steam - generating equipment, l’)wheJoe Mashinostroenie 
(4), 15 (1991). 

189J. N. N. Savkin, M. N. Bmduniu, A. S. Komendantov aud Yu. 
A. Karma-Kichta, An investQation of cnhancunent of 
heattransferinthesubcriticallegionofasteam-gels 
tube, Therm. Engng 37(P), 491 (1991). 

19OJ. O.Watanabe,N.Heya,Y.0hmiandH.Pujita,Heattransfer 
of a boiling two-phase flow in helical coils. (Bffect of coil 
diameter and inclined angle), Nippon Kikai Gakkai 
Ronbunshu B Hen 57(538), 2104 (1991). 

Two-@rse the~~ydrauii~ phetwmena 
191J. M. AndreaniandG. Yadigaroglu, D&%cuIties inmodeling 

dispersed-flow film boiling. W&me Stombertrag 27(l), 
37 (1991). 



3208 E. R. G. Eckert et al. 

192J. A. A. Avdeev, Shock boiling peculiarities in a high-speed 
superheated liquid flow, Teploenergetika (l), 55 (1991). 

193J. B. F. Babmov, Ye. L. Smirnov, A. S. Babykin and T. S. 
Zhivitskaya, Hydrodynamic stability of a natural circula- 
tion loop operating with boiling water, Heat Transfer- 
Soviet Res. 22(5), 575 (1991). 

194J. G. G. Bartolomej,Yu. A.Dunaev, B. I. NigmatulinandYu. 
V. Kharitonov, Studying hue volumetric steam content in 
channels with heat release pulse, Teploenergetika (l), 46 
(1991). 

195J. R. A. Dulevskii, A. Yu. Postnikov, I. I. Belyakov and V. N. 
GrebeMikov, Oscillatory instability limits for a convec- 
tively heated steam-generating channel, Sov. Ar. Energy 
68(3), 192 (1990). 

196J. V. V. Fisenko, Critical flow of boiling water in long 
pipelines, Heat TransferSoviet Res. 22(a), 839 (1991). 

197J. L. F. Fyodorov, P. L. Fyod0rovandE.N. Voropayeva,Void 
fraction for cosinetype heat flux distribution along the 
length of a steam-generating channel, Hear Tran~er- 
SovielRes. 22(7), 933 (1991). 

198J. K. Kim and J. M. Doster, Application of m&nre drift flu 
equations toverticalseparatingflows, Nucl. Technol. 95(l), 
103 (1991). 

199J. R. T. Lahey, Jr., An applicationoffractal and chaos theory 
in the field of two-phase flow & heat transfer, W&me 
Sroffuebetirag 26(6), 351 (1991). 

200J. R. T. Lahey Jr., Void wavepropagationphenomena intwo- 
phase flow (Kern award lecture), Al.ChE. J. 37(l), 123 
(1991). 

201J. A. I. Leont’ev, V. A. Fedorov and 0. 0. Mil’man, 
Thermohydraulic oscillations in a system showing natural 
circulation of a hvc+phase coolant, J. Engng Phys. S(3), 
304 (1990). 

202J. L. Lightstone, S. I. Osamusali and J.-S. Chang, Gas-liquid 
hvo-phaseflowinsymmetricallydividinghorizontaltubes, 
A3.ChE. J. 37(l) 111 (1991). 

203J. H. T. Liu and S. Kakac, An experimental investigation of 
thermally induced flow instabilities in a convective boiling 
upflow system, W&me Sk$%ebertrag 26(6), 365 (1991). 

204J. T. R. Melli and L. E. Striven, Theory of two-phase 
cocurrent downflow in networks of passages, Ind. Engng 
Chem. Res. 30(5), 951 (1991). 

205J. B. I. Nigmatulin, V. I. Milashenko, V. V. Petukhov and S. 
D. Krushenok, Thermohydraulic characteristics of gas- 
vapor-liquid mist-annuhu flows in complex shaped chan- 
nels, Heat Transfer-Sovier Res. 22(7), 970 (1991). 

206J. K. Sekoguchi, H. Shim&u, M. Nakazatomi, G. Miyake, M. 
Takeishi and K. Mori, Bffect of pressure on velocity of 
liquid lumps in horizontal gas-liquid two-phase flow, 
Nippon Kikd Gakkai Ronbunshu B Hen 57(541), 3161 
(1991). 

2U7J. M. W. Wambsganss, J. A. Jendrzejczykand D. M. France, 
Twc+phase flow patterns and transitions in a small, hori- 
zontal, rectangular channel, Inr. J. MultiphaseFIow 17(3), 
327 (1991). 

CHANGE OF PHASE - CONDENSATION 

Surface geometry &ects 
1 JJ. Yu. M. Brodov, K. E. Aronson aud B. V. Berg, Heat transfer 

in condensation of flowing steam acmss vertical twisted 
tubes, Hear Transfersovier Res. 23(2), 269 (1991). 

2JJ. I. I. Gogonin and 0. A. Kabov, Enhancement of heat transfer 

3JJ. 

4JJ. 

at va& condensation by iinning, Russian JOWMI of 
Engngineering Thermophysics l(1). 51 (1991). 

T. Haraguchi, R. Shimada, S. Kumagai and T. Takeyama, 
The effect of polyvinylidene chloride coating thickness on 
promotion of dmpwise steam condensation, Inr. J. Heat 
Mass Tran&r 34(12), 3047 (1991). 

H. Honda, B. Uchimq S. Nom, E.-I. Torigoe and S. Imai, 
Film condensation of downward flowing R- 113 vapor on 

22JJ. 

23JJ. 

staggered bundles of horizontal finned tubes, Nippon Kikai 24JJ. 

Gakkai Ronbunshu B Hen 57(534), 653 (1991). 
5JJ. H. Honda. B. Uchlma, S. Nozu, H. Nakata and E. Torigoe, 

Film condensation of R-l 13 on in-line bundles of horizon- 
tal finned tubes, J. Heat Transfer 113(2), 479 (1991). 

6JJ. 0. P. Ivanov and S. V. Khizhnyakov, Enhancement of heat 
transfer in condensation of refrigerant vapor on horizontal 
tinned tubes, Hear TranferSovietRes. 23(3), 344 (1991). 

7JJ. 0. A. Kabov andI. V. Padyukov. Condensationheat tmnsfer 
on horizontal tubes with ribs of constant curvature, Hear 
TransferSoviet Res. 23(2), 275 (1991). 

8JJ. S. Koyama, A. Miyara, H. Takamatau and T. Fujii, Conden- 
sation heat transfer of binary refrigerant mixtures of R22 
and R114 inside a horizontal tube with internal spiral 
grooves, Inr. J. Refrg. 13(4), 256 (1990). 

9JJ. V. K. Migay, V. V. Pryakhin and V. S. Prokhorenko, Steam 
condensation heat transfer on the outer surface of shaped 
tubes, Heat Transferdovier Res. 22(7), 956 (1991). 

1OJJ. A. V. Mikhaylov, Steam condensation heat transfer on 
smooth and profiled vertical tubes, Hear TramfeSoviet 
Res. 23(2), 261 (1991). 

1 IJJ. K. Nishiyama and Y. Kimura, Study of heat transfer 
performance for a periodic moving condenser. (For the 
case of a vertical spirally guttered tube condenser), Nippon 
Kikai Gakkui Ronbunshu B Hen 57(538), 2078 (1991). 

12JJ. S. Nom, K. Ozaki, H. Inaba and H. Honda, Condensation 
of nonazeotropic refrigerant mixture R114/R113 in hori- 
zontal annuli with an enhanced inner tube (experimental 
results), Nippon Kikai Gakkai Ronbunshu B Hen 57(534), 
645 (1991). 

13JJ. S. Nozu, K. Oz.&i, H. Inaba and H. Honda, Condensation 
of nonazeotropic refrigerant mixture R114/R113 in hori- 
zontal annuli with an enhanced inner tube (correlation of 
frictional pressure drop and vapor phase mass transfer), 
Nippon Kikai Gakkai Ronbunshu B Hen 57(535), 1002 
(1991). 

14JJ. M. M. Weislogel and J. N. Chung, Experimental investiga- 
tion of condensation heat transfer in small arrays of PCM- 
filledspheres, Int. J. HealMass Tran#er34(1), 31 (1991). 

Global geometry and thermal boundary condition 
15JJ. A. V. Butkovw Intensive condensation of gas on spheri- 

cal particles, High Temp. 28(5), 736 (1991). 
16JJ.T.K.Chalmwarty,C.M.NarayananandB.C.Bhattacharyya, 

Experimental studies on heat transfer with phase change 
on diverging+zonverging surfaces, Can. J. Chem. Engng 
69(l), 281 (1991). 

17JJ. P. Kaiping and U. Rem, Thermal diffusion effects in 
turbulent partial condensation, Int. J. Heal Mass Transfer 
34(10), 2629 (1991). 

18JJ. Yu. A. Khmelev and E. V. Shevel’, Theoretical analysis of 
condensation in rotating thermal tube under rotation low- 
% rates, Inzhenerno-Fizicheskii Zhurnal 60(l), 19 

1PJJ. B. L. K&din, I. L. Kreidin and 0. G. Sapunov, An 
experimental study of mean heat transfer with full conden- 
sation of a downflow of saturated vapour in vertical tubes, 
Therm. Engng 38(5), 280 (1991). 

20JJ. S.B.MemoryandJ. W.Rose,Freeconvectionlaminarfilm 
condensation on a horizontal tube with variable wall tem- 
perature, Int. J. Hear Mass Transfer 34(1 l), 2775 (1991). 

21JJ. S.Nozu, H.Honda,T.KobayashiandH. Inaba,Bxperhnen- 
tal study of condensation heat transfer from downward- 
facing inclined surfaces, Nippon Kikai Gakkd Ronbunshu 
B Hen 57(533), 195 (1991). 
B. G. Pokusaev, Z. S. Mesarkishvili, N. A. Pribaturin and 
0. Yu. ShchetinsQ, Condensation study in a vertical slug 
regime, Russian Journal of Engngineen’ng Thermophysics 
l(4), 333 (1991). 
I. K. Savin, M. K. Bologa, V. P. Korovkin and R. S. 

Dumesku, Accumulative properties of the evaporation- 
condensation systems, Eiektronnaya Obrabotka 
Materialov (I), 58 (1991). 
K. Sunada, A. Yabe, T. Taketani and Y. Yoshizawa, 



Heat transfer-a review of 1991 literature 3209 

Experimental stady of E!HD pseudo-dropwise condensa- 
tion, Nippon Kikai Gakk.ai Ronbunshu B Hen 57(536), 
1321 (1991). 

25JJ. M. M. Tsitskiev, A. K. Mauovyan, V. A. Morozov and M. 
A. An&v, Heat- and masswrchauge charactexistics of 
condensation plates in vacuum columns, Chem. Technol. 
Fuel Oils 26(56), 293 (1991). 

26JJ. T. Tsmuta and H. TanaLa, A theoretical stody on the 
constriction resistance in dropwise condensatiorl$ 1nr. J. 
Hear Mass Transfer 34(1 l), 2779 (1991). 

27JJ. T. Tsurata, H. Taoaka and S. Togashi, Expeximental 
verificatiorl of constriction resistance theory in dropwise 
condensation heat transfer, Inr. J. Hear Muss Tranrfer 
34(11), 2787 (1991). 

28JJ. J.C.Y.WangaudY.Ma,Condensationheattransferinside 
vertical and inclined thermosyphons, I. Heat Transfer 
113(3), 777 (1991). 

29JJ. Q. Zhao, D. Zhaq sod J. Lie, Surface materials with 
dropwise condensation made by ion implantation technol- 
ogy, Int. J. Hear Mass Transfer 34(11), 2833 (1991). 

3OJJ. X. Zhou aud R. E. Collins, Measurement of condensation 
heat transfer in a thermosyphon, Inr. I. Heat Mass Transfer 
34(2), 369 (1991). 

Analysis techniques 
31JJ.F.BakhtarandK.S.So,Astudyofnucleatir@lowofsteam 

in a cascade of supersonic bladiag by the time-marching 
method, Int. J. Heat FluidFlow 12(l), 54 (1991). 

32JJ. P. I. Bystmv, A. I. Ivlyutin, V. N. Kharchenko and A. N. 
Shul’ts. On physical mechanisms of transfer of heat, mass 
and pulse in short low-temperature thermal tube. 1. steam 
flow hydrodynamics, Inzhenerno-Fisicheskii Zhurnal 
60(l), 5 (1991). 

33JJ. M. A. Hastaoglu and C. A. Baah,Desublimation: amoving 
boundary problem and numerical solution, Numer. Heal 
Tranrferlnr. J. Comput. Methodol. PartAAppl. 19(2), 219 
(1991). 

34JJ. A. L. Itkin and E. G. Kolesnichenko, Condensing vapor 
flow calculation on the basii of the monomolecular con- 
densation model, Fluid Dyn. 25(5), 765 (1991). 

35JJ. N. I. Ivashchenko. 0. P. Krektunov and L. V. Lebedeva 
Heat traosfer sod hydraulic resistance of vapor condense 
in tubes and coils, Heut Transfer--Soviet Res. 23(l), 1 
(1991). 

36JJ. 0. 0. Mil’man and V. P. Niitochkin, Tube bundle 
~ments in a steam hubine condenser. Therm. Engng 
38(5), 270 (1991). 

37B. A. Mmata, E. Hihara and T. Saito. Heat transfer with 
condensation at a steam-water interface in a horizontal 
channel, Nippon Kikoi Gakkai Ronbunshu B Hen 57(536), 
1385 (1991). 

38JJ. A. Nakaysma, A general treatment for non-Darcy film 
condensation within a porous medium in the presence of 
gravity and forced flow, W&me Stoj?u&rirog 27(2), 119 
(1991). 

39JJ. Y. Song, D. Xu, J. Lin and S. Tsian, A study on the 
mechanicsm of dropwise condensation, Int. J. Heut Muss 
Transfer 34(11), 2827 (1991). 

4OJJ. S. D. Traitak, Theory of recondensationof N drops, Theor. 
Found. Chem. Engng 24(4), 320 (1991). 

41JJ. Y.Utaka,A.Saito,H.NiiandT.Kaue.ko,Effectof 
departing condensate in the condensation curves, Nippon 
Kikai Gakkai Ronbunshu B Hen 57(534), 661 (1991). 

42JJ. A. A. Voloshko, Condensation of vapour in subcooled 
liquid. Therm. Ennnn 38(5). 283 (1991). 

43JJ. 6 Zhang, A.C.M. so&and J.kS. Venart, Numerical 
simulation of different types of steam surface condensers, 
J. Energy Resour. Technol. 113(2), 63 (1991). 

Free swfacc condensation 
44JJ. G. P. Celata, M. Cumo, F. D.-bale and G. E. Farello, 

Direct contact condensation of steam on droplets, Inr. J. 

Multiphase Flow 17(2), 191(1991). 
45JJ. E.D.HughesandR.B.Duffey,Dhxctcontactcomlensation 

andmomentumtransfaintarbulentseparatcdflows,Inr.J. 
Multiphase Flow 17(5), 599 (1991). 

46JJ. I. M. Kennedy, Condensation in a mixiq layer, J. 
Thermophys. Heat Trar@er 5(3), 380 (1991). 

47JJ. S.Kumagsi,S.Tanaka,H.KatsudaandRShimada,Onthe 
enhaacement of iilmwlse condensation heat transfer by 
means of the coexisteaxx with dropwise condensation 
sections, Eq. Heat Trun#er 4(l), 71 (1991). 

48JJ. C.-S. Lin, Vapor condensation at the free surface of an 
axisymmehicliquidmixedbyalaminarj&J.Thermophys. 
HeatTrunsfer 5(l), 69 (1991). 

49JJ. C. S. Lin and M. M. Hasau, Vapor condensation on liquid 
surface due to lamhuu jet-induced mixing, J. Thermophys. 
Hear Transfer 5(4), 607 (1991). 

SOJJ. V. G. Rife& A. I. Sardak, V. V. Lysykh, V. L. Podbereznyl 
and S. V. Grigorenko, Experhnental investigation of heat 
transfex with drop condensation inside horizontal tubes, J. 
Engng Phys. B(3), 361(1990). 

5 1 JJ. X. Xu and V. P. Carey, Numerical simulation of mixing of 
coaxial air flows with c~ndcmati~n, Int. J. Heat Mass 
Tran@er 34(7), 1823 (1991). 

Noncondensable gas effects 
52JJ. K. Genthner and A. Seifert, Calcolation method for con- 

densers ia multi-stage evaporators with non-condensable 
gases, Desalination 81(13), 349 (1991). 

53JJ. S. M. Ghiaasiaao, A. T. Wassel and C. S. I.&, Direct contact 
condensation in the presence of noncondensabks in OC- 
OTECcondemers,~.Sol.EnergyEngng113(4),228(1991). 

54JJ. A. Mataszkiewica and Ph. Vernier, Two-phase structure of 
the condensation boundary layer with a non-condensing 
&as aud liquid droplets, Int. J. Mulfiphuse Flow 17(2), 213 
(1991). 

Transient fleets including nucleation 
55JJ. M. Epstein aud G. M. Hauser, Simultaneous fog formation 

and thermophoretic droplet deposition io a turbulent pipe 
flow, J. Heut Transfer 113(l), 224 (1991). 

56JJ. V. A. Kravchenko and Yu. Y. Fedotkin, Film condensation 
heat transfer of a rapidly moving vapor, Heat Tran$zr- 
Sovier Res. W(7), 963 (1991). 

Binary mimcres and property effects 
57JJ. G. G. Al’mendinger, A. M. Bruxr, V. V. Dil’man and V. 

I. Naidenov. Unsteady film condensation qimes pro- 
duced by dependence of condensate viscosity on tempera- 
tare, Dokl. Chem. Technol. 100,313-315, (1990). 

58JJ. A. B. Didkovskti, M. K. Bologa and S. I. Putivets, Gener- 
alization of experimental data on heat transfer during the 
condensation of vapors of organic heat-transfer agents 
from vapor-gas mixtures, High Temp. B(4), 576 (1991). 

59JJ. T. Fujii, K. Shinzato aad J. B. Lee, Various formulas and 
their accumcy concaning convective heat transfer and 
convective mass hansfer in the vapor boundary layer in the 
case of laminar film condensation of binary vapor mix- 
tares, Nippon Kikai G&i Ronbunshu B Hen 57(541), 
3155 (1991). 

6OJJ. Yu. A. Golubnichiy, Yu. V. Klhnenkov, L. I. Kolykhan and 
V. F. Pulyayev, Condensation heat transfcz in dissociakg 
systems, Hear Transfer-Soviet Res. 23(l), 86 (1991). 

61JJ. R. Hehurich, H. Dabringhaus, H. Frey and H. J. Meyer, 
Investt@on of condensation and evaporation of alkali 
halide crystals by molecular beam methods. XIII. Devel- 
opment of two-dimensional islands on the (100) surface of 
KCl, J. Cryst Growth ll2(4), 82.4 (1991). 

62JJ. L. J. Huang and P. S. Ayyaswamy, E&x of insoluble 
su&ctant in condensation onamoving drop: Solutions for 
intermediate reynolds numbers, J. Hear Tran@r 113(l), 
232 (1991). 

63JJ. S.Koyama,L.Gao,N.ImamuraandT.Fujii,Expcrimenta 



3210 E. R. G. Eckert et al. 

study of condensation of nonazeorropic refrigerant mix- 
tures HCFC22 plus CFC 114 inside a horizontal smooth 

Solidification: ciystai and directional solidification 

tube, Nippon Kikai Gakkai Ronbunshu B Hen 57(538), 
12JM. R. Anauth and W. N. Gill, Self-consistent theory of 

2032 (1991). 
dendriticgrowthwithwnvection,J.Cryst.Growrh108(12), 
173 (1991). 

64JJ. F.-Z. Liu, I. Yamada, H. Mori and S. Hiraoka, Calculation 
of three-phase flash and partial condensation for ternary 
systems, I. Ckem. Engng Jap. 24(l), I32 (1991). 

65JI. R. L. Mabajan, T. Y. Chu and D. A. Dickioaon, An 
experimental study of laminar film condensation with 
Stefan number greater than unity, J. Hear Transfer 113(2), 
472 (1991). 

13JM. B. N. Antar, Convective instabilities in the melt for 
solid@ing mercury cadmium telhuide, J. Crysr. Growth 
113(12), 92 (1991). 

14JM. W. A. Arnold, D. A. Jacqmin, R. L. Gaug and A. Chait, 
Three-dimensional flow transport modes iu directional 
solidification during space processing, J. Spacecr. Rockets 
28(2), 238 (1991). 

66JJ. V. P. Morozov, A. P. Cherepanov and N. D. Zakharov, 
Investigation of heat transfer during the condensation of a 
binary refiigemat, Chefn. Per. Engng 26(56), 292 (1991). 

67JJ. A. Takimoto, T. Teranishi, K. Haneda and Y. Hayashi, 
Study on condensation heat transfer of binary of hnmisci- 
ble liquids (experimental study), Nippon Kikai Gakkai 
Ronbunshu B Hen 57(535), 1009 (1991). 

68JJ. M. Uberoi and F. Shadman, Simultaneous condensation 
and reaction of metal compound vapors in porous solids, 
fnd. Engng Chem. Rex 30(4), 624 (1991). 

69JJ. P. P. Wegener, Cryogenic transonic wind tunnels and the 
condensation of nitrogen, Exp. Fluids Il(5), 333 (1991). 

70JJ. M.-W.Yan,T.-F.LinandW.-M.Yau,Binarydiffusionand 
heat transfer in natural convection with turbulent falling 
film evaporation in a vertical channel, Chug-Ku0 Chi 
Hsueh Kung Ch’eng Hsueh Puo 12(l), 40 (1991). 

7 1 JJ. J. B. Young, The condensation and evaporation of liquid 
droplets in a pure vapour at arbitrary Knudsen number, 1nt. 
f. Heat Mass Transfer 34(7), 1649 (1991). 

15JM. D. Beaglehole, Surface melting of small particles, and the 
effects of surface impurities, J. Cryst. Growth 112(4), 663 
(1991). 

16JM. M. Berkowski, K. Iliev, V. Nikolov, P. Peshev and W. 
Piekarczy~ Conditions of maintenance of a flat crystal/ 
melt interface during Czochralaki growth of bismuth ger- 
manium oxide single crystals, J. Cryst. Growth 108(12), 
225 (1991). 

17JM. D. E. Bormide, T. A. Kinney and R. A. Brown, Mirdmi- 
zation of themloelastic stresses in czochralski grown sili- 
con: ~p~ca~~ of the ~~~~d system model, J. Cryst. 
Growzh 108(34), 779 (1991). 

18JM. S. Brandon and J. J. Derby, Internal radiative transport in 
the vertical Bridgman growth of semitransparent crystals, 
J. Cryst. Growth 110(3), 481 (1991). 

19JM. R. J. Braun and S. H. Davis, Oscillatory instabilities in 
rapiddirectional soliditicatiou: bifmcationtheory,J. Cry& 
Growth 112(4), 670 (1991). 

2OJM. V. L. Bronshteyn and A. A. Chemov, Free&g pot&a&s 
arising on solidification of dilute aqueous solutions of 
electrolytes, J. Ctyst. Growth 112(l), 129 (1991). 

21JM. R. A. Brown and D. H. Kim, Modeling of directional 
solidification: from Scheil to detailed numerical simula- 
tion, J. Cryst. Growth 109(14), 50 (1991). 

22iM. L.N,B~S.R.Co~~~G.B.McFadd~D~~~o~ 
~ti~cationofap~~t~~~~~~ofa~~ 
dependent electric current, J. Cryst. Growth 102(4), 725 
(1991). 

CHANGE OF PHASEmFREPINO AND MELTINQ 

Ste@ problems 
GM. A. W. Date, A strong enthalpy formt&ion for the Stefan 

probkm, fnr J. Heat Mass Transfer 34(g), 2231(1991). 

Solidifcation of alloys/metals and casting processes 
21M. D.-Y. Hu and T. Inoue, Solidification behaviour and 

viscoplastic deformation in the strip casting process by 
twin roll method, Nippon Kikai G&k& Ronbunshu 3 Hen 
57(537), 1147 (1991). 

3JM. D.-Y. Jing, Y. Oshika and T. Inoue, Simulation of solid%- 
cationandt~~~incenbifugalcastingprocess,lour- 
naloftheSociety ofMateriaisScience48(449), 144 (1991). 

4JM. B. Lally, L. T. Biegler and H. Herein, Optimization and 
continuous casting. Part II. Application to industrial 
casters, Mirrull. B 22(5), 649 (1991). 

SN. D. G. Neilson and F. P. Incropera, U~~~tio~ solidifi- 
cation of a binaty alloy and the effects of induced fluid 
motion, ini. .I. Heat Moss Transfer 34(7), 1717 (199X). 

6JM. 0. P. Panday and S. N. Ojha, Production and characteriza- 
tion of rapidly solidified powders of Al-Si alloys, Powder 
Metal/. Int. 23(5), 291 (1991). 

7JM. T. S. F’msamm Kuma~ and K. Narayan Prabhu, Heat flux 
transientsatthecas~c~interfaceduringsolidificati~n 
of aluminum base alloys, Muall. B 22(S), 717 (1991). 

S~.A.~j,K.P.S~B.G.V~y~A.~~H~t~ 
and shell growth in a continuo~ casting mould-an analyti- 
cal study, ht. J. Murer. Prod. Technol. 6(l). 26 (1991). 

9JM. R. Vis~anatb and Y. Jahnia, Knowledgebased system for 
the computer aided design of ingot casting processes, 
Engng Comput. (New York) T(2), 109 (1991). 

1OJM. A.A.~~,S~n~y~e~~y~of~rno~~ 
logical instability of a &eezing binary alloy. Solutal con- 
vection, density cbauge, and noqilibrium effects, IMA 
f. Appl. Math. 47(Z), 173 (1991). 

11JM. A. Zumnak, Contribution to the metal-mold interfacial 
heat transfer, MeraZZ. B 22(5), 729 (1991). 

23JM. Yu. A. Buevich, L. Yu. Iskakova and V. V. Mausurov, 
Nonlinear stability and structural formation during direc- 
tional solidification of a binary melt. Part I., Mel@ (Engngl 
translRasplavy) 3(6), 388 (1991). 

24JM. Yu. A. Buevich, L. Yu.Isk&ovaand V. V. Mansurov, Ch 
the calculation of a directed ~~~~tion~~ a two-phase 
equilibrhun zone, Teplofisik-u Vysokikh Temperatur 29@), 
286 (1991). 

25JM. R. Caram, M. Banan and W. R. Wilcox, Directional 
solidification of Pb-Sn eutectic with vibration, J. Crysr. 
Growth 1X4(12), 249 (1991). 

26JM. Y. T. Ghan and H. L. Grubin, Numerical simulation of 
magnetic l~d~~~~ Czochralski growth of gal- 
lium arsenide, 1. Appt. Phys. 7@(1 l), 7097 (1991). 

27JM. Y. I. Cho and D.-W. Chee, Thermal analysis of primary 
cylindrical litium cells, J. Electrochem. Sot. 138(4), 927 
(1991). 

28JM. K. Choe, J. A. Stefani, T, B, Dettling, J. K. Tien and J. P. 
Wallace, Ef&ts of growth conditions on thermal profiles 
during Czochralski silicon crystal growth, J. Ctyst. Growth 
108(12), 262 (1991). 

29JM. A. G. Crouse, I. E. Huffman, C. S. Tii and M. L. W. 
Thewalt,Ploatzonegrowthof~hparityandhighoxygen 
concentrationsilicon,~.Cry~.Gr~w~h109(14),162(1991). 

3CUM. E. Dobrocka and J. Sl&d&, Thermal-stress analysis in 
horizontal Bridgman growth crystals, J. Cryst. Growth 
104(2), 419 (1991). 

31JM. L. G. Hector Jr., B. Aksel and I. Fridy, Growth instability 
dming ~~~ directional aoliciification of a p&s 
metal plate. J. A&. Mech. 58(Z). 326 (1991). 

32JM. L. N.*Hjelh&,A thermal model for &ochmislci silicon 
crystal growth with an axial magnetic field, J. Crysf. 
Growth 10&2), 327 (1991). 



Heat transfer-a review of 1991 literature 3211 

33JM. A. K. Hobbs and ph. Metzener, Long-wave instabilities in 
direaionalsolidificati~withnmoteflow,l.Crysr.Growtii 
llZZ3), 539 (1991). 

34JM. D. E. Hoghmd, M. J. Aziz, S. R. Stiffler, M. 0. Thompson, 
J. Y. Tsao and P. S. Peercy, Effect on nonequilibrium 
interface kinetics on cellular intakes during rapid solidi- 
fication of Si-Sn, J. C?ysr. Growrh 109(14),-10? (1991). 

3JJM. K. Iliev. M. Berkowski, V. Nikolov. P. Peshcv and W. 
Piekarrz& Conditions of existence and character of the 
tempera&e fluctaations during C!i%&rak& 8rowth of 
o~des~1e~s~,~.C~~.G~owt~1~~12~,219~1~1~. 

36JM. B. Jo&son,-Modeling-of crystal g&&k& rapid 
S0Mitkatiion. Structt4ral Materids: Properties, Micro- 
structure and Processing Materials Science & Engngi- 
neeringA Al33 pt I, 827 (1991). 

37JM. D. H. Kim and R A. Brown, Transient simulations of 
convection and solute segregation of GaAs growth in a 
gradient freeze furnace, J, Crysr. Growth 109(14), 66 
(1991). 

38JM. C. R. Klcijin, C. J. Hoogendoom, A. Hssper, I. Iiollemtm 
and J. Middelbock, Transport phenomena in tungsten 
LKZVD in a single-wafer reactor, J. Elecnochem. Sot. 
138(2), 509 (1991). 

39JM. D. J. Knuteson, A. L. Pripp. G. A. Woodell, W. J. Debnam, 
Jr. and R. Naxayauan, Oscillation phase relations in a 
Bridgxnan system, 1. Cry*. Growth 10!&14), 127 (1991). 

~~.R.J.~ut~o~A.L.F~pp,G.A.W~de~,W.J.~~ 
Jr. and R. Narayamm, Unsteady convection in tin in a 
Bridgman confI8uration, J. Cryst. Growth 110(3), 348 
(1991). 

41JM. S. Kobayashi, S. Miyabsra, T. Fujiwar& T. Kubo and H. 
Fujiwara. Turbulent heat transfer throqh the melt in sili- 
con Czochralski growth. J. Cryst. Growth l&+(14), 149 
(1991). 

42JM. C. W. Lan and S. Kou, l’hermocapillary flow and melt/ 
solid interfaces in floating-zone crystal growth under 
microgravity, J. Cryst. Growth 102(4), 1043 (1991). 

43JM. C. W. Lan and S. Kou, Floating-zone crystal growth with 
a heated ring covering the melt surface, J. Cryst. Growth 
108(12), 1 (1991). 

44JM. C. W. Lmt and S. Kou, Floating-zone crystal growth with 
a heated and immersed shaper--computer sinmlation, J. 
Cryst. Growth 108(12), 340 (1991). 

45JM C. W. Lan and S. Kou, Heat transfer, fluid flow and 
interface shapes in floating-zone crystal growth, J. Cryst. 
Growth 108(12), 351 (1991). 

46JM. C. W. Lan and S. Kou, Floating-zone crystal growth with 
a heated and immw shaper+qerknents, 1. Crysr. 
Growth loS(34), 541 (1991). 

47Jh4. C. W. Lan and S. Kou, Effects of rotation on heat transfer, 
fluid flow and interfaces in normal gravity floating-zone 
crystalgrowth, J: Cryst. Growth 114(4), 517 (1991). 

48JM. K. H. Lie, J. S. Walker and D. N. Riahi, M&lt motion in the 
float zone process with an axial magnetic field, 1. Qyst. 
Growth 109(14), 167 (1991). 

49JM. K. H. Lie, J. T. Hsu, Y. D. Guo and T. P. Chen, Influence 
of through-window radiation on the horizontal Brid8man 
process for rectaqular shaped GaAs crystals, J. Cryst. 
Growth 109(14), 205 (1991). 

SOJM. T. A. Lqrasso and F. A. Schmidt, Solid-state crystal 
growth of rei?actory metals by arc-zone melting, J. Cryst. 
Growth 110(3), 363 (1991). 

51JM. A. Ludwig, G. Prommeyer and L. Granasy, Modeling of 
demiritic growth during ribbon formation in planat flow 
casting, Structural h4amialsr Properties, Microstmcture 
and Processing Matetils Science & Engngineering A, 
Al33 pt 1,722 (1991). 

52lM. A. Ludwig, Limit of absolute stability for crystal growth 
into undercooled alloy melts, Acta Metall. 39(11), 2795 
(1991). 

531141. M. Matsuoka and I. Garside, Non-isothermal effective- 
ness factors and tbe role of heat &ansfer in crystal growth 

from solutions aad melts, Chem. Engng Sci. 46(l), 183 
(1991). 

WM. ~H.PAcCrry,T.D.McCsyN.B.DahotnandC.U 
Sharp, Fosion zone stmctures in Iasor we&d Al-SE 
composites,Journal OfkserApplications 3(3), 35 (1991). 

55JM. G. 0. h%cduoye, D. J. Bacon and K. E. Evans, Computer 
modelling of temperatme and stress distributions in LEC- 
~caAs~~,J.Cryst.Growrh108(34),627(1991). 

56JM. S.A.Moir~H.Joms,Theeffeaoftgnperatnregradient 
~~~~~~~~~~~S~~~- 

cleS in rapidly soli~cd tqpercutcctic akin 
alloys, 1. Crysr. Grow& 113(12), 77 (1991). 

57JM. S.Motakef,Iut&erenceofbuoyancy-inducedconvection 
with segregation during directional solidification: scaling 
laws, J. Crysr. Growth 102(12), 197 (1991). 

58JM. S. Motakef, Magnetic field diminution of convective 
interference with segregation during v&&l-Bridgman 
Bowthof doped ~co~~~, J, Ctyst. Growth 1@4(4), 
833 (1991). 

59JM. T. Munakata and I. Ttmasawa, Ottset of oscilktory flow in 
a Czochralski growth melt and its suppression by magnetic 
field, J. Cryst. Growth 106(4), 566 (1991). 

6OJM.B.T.Murray,S.R.CoriellandG.B.McI%uldcqTboeffect 
of gravity modulation on solutal wtxvection during direc- 
tional solidification, J. Ctyst. Grow& 11@(4), 713 (1991). 

61JM. P. I. Nandquku, D. R. Poii and J. C. Heimich, 
Momentum equation for dendritic solid&ation, Numer. 
Heat Transfer Int. J. Compat. Methodol. Part A Appl. 
19(3), 297 (1991). 

62JM. Y. Okano. T. Fukuda, A. Hirata, N. T&no, T. Tsukada, 
M.HozawaandN.Imai&i,NumericslstudyonCzochralski 
growth of oxide single crystals, J. Cryst. Growth 109(14), 
94 (1991). 

63JM. A. G. Ostrogorsky, Numerical simulation of single crystal 
growth by submerged heater method, J. Ctyst. Growth 
104(2), 233 (1991). 

64JM. A. G. Oslro8orstq F. Mosel and M. T. Schmidt, Diffu- 
sion-controlled distribution of solute in Sn-1% Bi speci- 
mens solidified by the submerg& heater method, J. Ctyst. 
Growrh llO(4). 950 (1991). 

65JM. H. Ozoe, K. Toh and T. Inoue, lkmsition mechanism of 
flow mode in Czochralski convection, J. Ctyst. Growth 
110(3), 472 (1991). 

66JM. P. Pelct, D. Rochwerger and A, Karma, Oscillatory 
instability and mioimum undercooliq criterion in dire+ 
tional solidification, J. Cryst. Growth 110(4), 815 (1991). 

67JM. S. Rajendran, C. C. Chao, D. P. Hill, J. P. Kalejs and V. 
Overbye, Magnetic and thtzmal field model of EFG sys- 
tem, 1. Cryst. Growth 109(14), 82 (1991). 

68JM. G. H. Rodway and J. D. Hung, lItermeelecttic investiga- 
tion of solidification of lead. I. Pure lead, J. Cryst. Growth 
lI2(23), 554 (1991). 

69JM. G. H. Rodway and J. D. Hung, Thermoelectric investiga- 
tion of solidiiication of lead. Il. I&d alloys, J. Cryst. 
Growth ll2(23), 563 (1991). 

70&f. P. achy and M. E. Salcudean, Numikcal study of 
flow~d~t~~~~~~~~~~~~~ 
magnetic field, J. Cryti. Growth 104(2), 371(1991). 

71JM. P. Sabhapatby and M. E. Salcudean, Numerical study of 
Czochralski growthof silicon inan axisymmetric magnetic 
field. J. Cryst. Growth 113(12), 164 (1991). 

72JM. J. A. Sekhar, Evolution of solidification micn~structures 
at high interface @owth rates, J, Cryst. Growth 109(14), 
113 (1991). 

73JM. J. S&h and W. R. Wilcox, Effect of convection on the 
microstructmeofalamellareutecticgmwingwithastepped 
interface, J. Crysr. Growth 114(3), 357 (1991). . 

74JM. C. H. Su, S. L. Lehoczky and F. R. Szofran, Directional 
solidification of HgCdTe and HgZnTe in a transfer mag- 
netic field, J. Cryst. Growth 109(14), 392 (1991). 

75JM. L. P. Tarabaev, A. Yu. Mash&in and V. 0. Esin, 
Dcndritic crystal growth in supercookd melt, I. Cryst. 



3212 E. R. G. Bckert et al 

Growth 114(4), 603 (1991). 
76JM. D. Thevenard, A. Rouzaud, J. Corn&a and J. J. Favier, 

Influence of convective thermal oscillationson a solidifica- 
tioninte&ceinBridgmangrowtb,~. Cryst. Growth 108(34), 
572 (1991). 

96JM. B. J. Pangrle. K. G. Ayappa, H. T. Davis, E. A. Davis and 
J. Gordon, Microwave thawing of cylinders, AI.ChB. J. 
37(12), 1789 (1991). 

77JM. W. A.Til1erandC.T. Yen, Someconsequencesofastrong 
interface field-effect operating during the growth of Ti02- 
alloy crystals from the melt, J. Crysr. Growth 109(14), 120 
(1991). 

78JM. M. Vijayakomar, S. N. Tewari, J. E. Lee and P. A. Curreri, 
Dendrite spacings in directionally solidified superalloy 
PWA-1480, Mater. Sci. Engng A Smct. Mater. Prop. 
Microstmct. Process Al32(12), 195 (1991). 

79JM.A.Virzi,ComputermodellingofheattrausferiuCzochml& 
siliconcrystalgrowth,J.Cryst.Growth112(4),699(1991). 

SOJM. T. W&her, Generation of slanted gas-filled icicles, J. 
Crysr. Growth 110(4), 942 (1991). 

8 1JM. J. D. Weeks, W. van Saarloos and M. Grant, Stability and 
shapes of cellular profiles in directional solidification: 
expansion and matcbingmethods,J. Crysr. Growrh 112(l), 
244 (1991). 

97JM. A. Saito. H. Hong and 0. Hirokane, Heat transfer enhance- 
mentindirectcontactmeltingprocess,NipponKikaiGakkai 
Ronbunshu B Hen 57(541), 3141(1991). 

98JM. A. A. Uglov and 0. G. Saggdedinov, On evaluation of 
metal melting and solidification processes under pulses of 
concentrated energy fluxes, Fizikn i Khimiyu Obrobotki 
Moreriolov (5), 36 (1991). 

99JM. G.-X. Wang and E. F. Matthys, Modeling of rapid 
solidification by melt spinning. Effect of heat transfer in 
the cooling substrate, Mater. Sci. Engng A Sfruct. Mater. 
Prop. Microstructure Process, Ali%, 85 (1991). 

1OOJM. D. Xu and Q. Li, Gravity- and solidification-shrinkage- 
induced liquid flow in a horizontally solidified alloy ingot, 
Numer. Heat Transfer Int. J. Comput. Methodol. Port A 
Appl. 20(2), 203 (1991). 

Convection effects 

82Jhf. A. A. Wheeler, Four test problems for the numerical 
simulation of flow in Czocbralski crystal growth, J. Crysr. 
Growth 102(4), 691 (1991). 

83JM. V. S. Yuferev, Z. Chvoj and E. N. Kolesnikova, The effect 
of radiative heat transfer on morphological stability during 
directional solidification of a binary melt, J. Cryst. Growth 
108(12), 367 (1991). 

Freezing and melting: frost, ice and snow 
84lkl. S. F’ukusako, M. Yamada, H. Morizane and M.-H. Kim, 

Melting heat transfer along a horizontal heated tube im- 
mersed in fluid&d liquid-ice bed, Nippon Kikai Gakkd 
Ronbunshu B Hen 57(541), 3293 (1991). 

85JM. T. Hirata, Y. Makino and Y. Kaneko, Analysis of close- 
contact melting for octadecane and ice inside isothermally 
heated horizontal rectangular capsule, Int. J. Heat Mass 
Transfer 34(12), 3097 (1991). 

1OlJM. N. Akaiwa, S. C. Hardy and P. W. Voorhees, Effects of 
convection on oshvald ripening in solid-liquid mixtures, 
Acre Metoll. 39(11), 2931 (1991). 

102JM. F. R. Ameen, J. E. R. Coney and C. G. W. Sheppard, 
Experimental study of melting ice cylinders in a warm air 
cross-flow, Int. J. Refrig. 14(3), 168 (1991). 

103JM. A. Ya. Belen’kii and S. N. Zolotarev, Theoretical 
analysis of the hydrodynamics and heat transfer in melts. 
Quenching of the planar flow, Melts 4(4), 319 (1991). 

104JM. K.-C. Chiou and C.-L Lai, Surface-velocity induced 
convection and solidification in a cylindrical metal pool, 
Chung-Kuo Chi Hsueh Kung Ch’eng Hsueh Poo 12(l), 95 
(1991). 

86JM. E. P. Lozowski, S. J. Jones and B. Hill, Laboratory 
measurements of growth in thin ice and flooded ice, Cold 
Reg. Sci. Technol. 20(l), 25 (199 1). 

87JM. B. T. Mariuyuk, Calculation of the thermal resistance of 
cryoscopic deposits from water ice, Chem. Per. Engng 
25(1 l), 700 (1990). 

105JM. E. Hasegawa and J. Yamada, Steady solidification of a 
liquid on a moving wall with forced convection, Heat 
Transfer4op. Res. 20(3), 245 (1991). 

106JhX F. J. Higuem, Viscous-inviscid interaction due to the 
freezing of a liquid flowing on a fiat plate, Phys. Fluids A 
3(12), 2875 (1991). 

88JM. R. &in and S. Andersson, Frost growth parameter in a 
forced air stream, Inr. J. Hear Moss Transfer 34(4/5), 1009 
(1991). 

107JM. M. D. Impey, D. S. Riley, A. A. Wheeler and K. H. 
Winters, Bifurcation analysis of solutal convection during 
directional solidification, Phys. Fluids A 3(4), 535 (1991). 

108JM. G. N. Pankin, V. V. Ponomarev, E. V. Agapova and V. 
0. Esin, Effect of convective stirring of melts on the 
crystallizationof al&m- and nickel-based alloys, Melts 
4(4), 267 (1991). 

89JM. T. L. Spatzand D. Poulikakos, Holographic interferometry 
experiments on the growth of ice from a horizontal pipe, 
Int. J. Heat Moss Tron$er 34(7), 1847 (1991). 

90JM. X. Zbang, T. H. Nguyen and R. Kahawita, Melting of ice 
in a porous medium heated from below, Int. J. Heat Mass 
Transfer 34(2), 389 (1991). 

109JM. W.ShyyandM.-H.Chen,Interactionofthermocapillary 
and natural convection flows during solidification: normal 
and reduced gravity conditions, J. Cryst. Growth 108(12), 
247 (1991). 

11OJM. B. Weigand and H. Beer, Heat transfer and solidification 
of a laminar liquid flow in a cooled parallel plate channel: 
The stationary case, W&me Srofiebertrog 26(4), 233 
(1991). 

Freezinglmelting and thawing: applications 
91JM. E.A.ElljngerandC.Beckermann, On the effect of porous 

layers on melting heat transfer in an enclosure, Exper. 
Therm. FZuidSci. 4(.5), 619 (1991). 

92Jh4. M. Hasan, A. S. Mujumdar and M. E. Weber, Cyclic 
melting and frceziug, Chem. Engng Sci. 46(7), 1573 
(1991). 

1IlJM. G. H. Yeoh, M. Behnia, G. De Vahl Davis and E. 
Leonardi, Numerical study of three-dimensional natural 
convection during freezing of water, Int. J. Numer. Meth- 
ods Engng 30(4), 899 (1990). 

93JM. M. Lacroix, Effects of buoyancy and surface tension 
forces on the melting of a metal, Numer. Heat Traqfer Int. 
J. Comput. Methodol. PortA Appl. 19(l), 101 (1991). 

94JM. I. Lmd, Mathematical modelling of the thawing process, 
J. Fd. Engng 14(l). 1 (1991). 

112JM. H. Yoo and S. T. Ro, Melting process with solid-liquid 
density change and natural convection in a rectangular 
cavity, Int. J. Heat Fluid Flow l2(4), 365 (1991). 

113JM. B . G. Thomas and F. M. Najjar, Finite element modelling 
of turbulent fluid flow and heat transfer in contirmous 
casting, Appl. Math. Model. U(5), 226 (1991). 

95JM. G. Lotze, G. Stephani, W. Loeser and H. Fiedler, Funda- Continuous casting and mold filling processes 
mentals of tibre formation during melt extraction, Strut- 114JM. Y. Asako, H. Nakamura, S. Toyoda and M. Faghri, 
ntral Materials: Properties, Microstructure and Process- Numerical analysis of two-dimensional transient freezing 
ing Materials Science & Engngineering A Al33 pt 1,680 in a spheroidal capsule, J. Heat Transfer 113(4), 1017 
(1991). (1991). 



Heat transfer-a review of 1991 literature 3213 

Methods, models and numerical studies 

115JM. B. Farouk, Y. G. Kim and D. Ape&n, Numerical study 
on the solidification processes ina twin-belt caster, Numer. 
Hear Transfer Inr. J. Comput. Merhodol. Pan A Appl. 
20(4), 375 (1991). 

116JM. S. Fischer, J. V. Smuda and J. V. Wolfersdorf, Modeling 
high non-linear processes of heat conduction by means of 
FEM at the example of changeover between solid and 
liquid phase, Maschinenbautechnik 39(3), 120 (1990). 

117JM. Y. Kim, B. Farouk and J. Keverian, Mathematical model 
for thermal analysis of thin strip casting of low carbon steel, 
J. Engng Ind. 113(l), 53 (1991). 

118JM. H. Kopetsch, Numerical simulation of the interface 
inversion in Czochralski growth of oxide crystals, J. Crysr. 
Growth 102(3), 505 (1991). 

119JM. M. Lacroix, Numerical study of mixed convection 
melting of a pure metal from an isothermal sliding wall, 
Can. Sot. Mech. Engng 15(3), 179 (1991). 

12OJM. S. L. Lee and R. Y. Tzong, An enthalpy formulation for 
phase change problems with a large thermal dit?usivity 
jump across the interface, Inr. J. Heat Mass Transfer 34(6), 
1491 (1991). 

121JM. D.G.NeilsonandF.P.Incropera,Numericalstudyofthe 
effects of transport phenomena on macrosegregation dur- 
ing unidirectional solidification of a binary substance, 
Wiirme Slofiebertrag 27(l), 1 (1991). 

122TM. Z. Rivlin, J. Baram and A. Grill, Mathematical model for 
metal flow aud heat transfer in centrifuge melt spinning, 
Merall. B 21(6), 1063 (1990). 

123JM. M. Saitou and A. Hirata, Numerical calculation of two- 
dimensional unsteady solidification problem, J. Cryst. 
Growth 113(12), 147 (1991). 

124JM. D. Xu and Q. Li, Numerical method for solution of 
strongly coupled bii alloy solidification problems, 
Numer. Heat Transfer Int. J. Comput. Merhodol. Part A 
Appl. 20(2), 181(1991). 

Special experimental/analytical a&or comparative 

studies 
125JM. R. Bmttine,G.RoverandG.Baldi,Experimentationand 

modelling of pharmaceutical lyophilization using a pilot 
plant, Chem. Eng. J. Biochem. Eng. J 45(3), 67 (1991). 

126JM. W. Z. Cao and D. Poulikakos, Experiments on the 
transientfreezingofwaterinaninclined&aqularcavity, 
Inr. J. Heat Fluid Flow 12(2). 116 (1991). . _. 

127JM. C. P. Grigoropoulos, W. E. Dutch&, Jr.‘aud A. F. Emery, 
Experimental and computational analysis of laser melting 
of thin silicon films, J. Hear Transfer 113(l), 21 (1991). 

128JM. K. Sasaguchi,T.NoguchiandY.Moriyama, Experimen- 
tal study on solidification of a binary mixture (effects of 
various parameters on the morphology), Nippon Kikai 
Gakkai Ronbunshu El Hen 57(539), 2315 (1991). 

Thermal storage 
129M. G. Bisio and G. Rubatto, Refrigeration systems based on 

short-term storage by means of ice banks, Energy Build. 
17(l), l(l991). 

13OJM. S. Ito and N. Miura, Heat transfer enhancement by fios 
in latent heat thermal energy storage devices, ASME-JSES- 
JSMEIntemarionalSolar Energy Conference, 223 (1991). 

131JM. A. S. Samba, The use of phase-change coatings for 
estimating the heat transfer characteristics iu a rotating disc 
system, Inr. J. Energy Res. 15(6), 425 (1991). 

132JM. H.-M. Yeh and C.-Y. Cheng, Cool thermal storage by 
vacuum freezing of water, Energy (Oxford) 16(7), 1045 
(1991). 

Miscellaneous applications 
133JM. T. Akiyama, Y. Ashizawa and J.-I. Yagi, Storage and 

release of heat in a single spherical capsule containing 

phase change material of high melting point, Nippon Kikui 
Gakkai Ronbunshu B Hen 57(533), 284 (1991). 

134JM. V. I. Aleksandrov, V. P. Vojnitskij, E. E. Lomonova, V. 
V. Osiko and N. P. Khaneev, Method for studying the 
processes of materials melting and crystallization in a cold 
container under direct high-frequency heating, Priboty i 
Tekhnika Eksperimenta (3). 231(1991). 

135lM. T. A. Bogetti and J. W. Gillespie, Two-dimensional cure 
simulation of thick thermosetting composites, J. Compos. 
Mater. 25(3). 239 (1991). 

136JM. H. M. Budman, J. Dayan aud A. Shitzeq Controlled 
freezing of nonideal solutions with application to 
cryosurgical processes, J. Biomed. Engng 113(4), 430 
(1991). 

137JM. W. Bunk, H. Buhl and U. Mueller, Untersuchungen zum 
Bridgman-Verfahren am System GeGa, Forschungsber 
DtschForschVersuchsanstLuflRaumjahrt91-16,1(1991). 

138JM. Ch. Charach and Y. Zarmi, Planar solidification iu a 
fmiteslab Effectsofdensitychange, J.Appl. Phys. 70(11), 
6687 (1991). 

139JM. J. C. Chen aud Y. C. Huang, Thermocapillary flows of 
surfacemeltingduetoamovingheatflux,Inr. J. HearMass 
Tran@er 34(3), 663 (1991). 

140JM. K. Chen, Q. Li and J. Guo, Research on the model for 
solute redistribution, J. Appl. Phys. 69(10), 7325 (1991). 

14lJM. J. Cmko, Aspects of mathematical modelling primary 
procedures of minute ferrous ore agglomeration, Metaiurski 
fakuhet (1990). 

142JM. K. E. Evans, J. D. Maonapperuma and R. P. Singh. 
Freezing of foods under surface boiling boundary condi- 
tions, Inr. J. Refrg. 14(4), 240 (1991). 

143JM. H. Hashimoto and A. Masuda, Liquid sloshingphenom- 
enon accompanying solidification, Nippon Kikai Gakkai 
Ronbunshu B Hen 57(533), 87 (1991). 

144JM. Y. Hirasawa, A. Saito, T. Sato, E. Takegoshi and S. 
Imura, Study on phase changes of heterogeneous compos- 
ite materials, JSME Int. J. Ser. 2 34(2X 189 (1991). 

145JM. Y. Hiwatari. H. Miyagawa and T. Odagaki, Dynamical 
singularities near the liquid-glass transition. Theory and 
molecular dynamics study, Solid State Ionics 47(34), 179 
(1991). 

146JM. L. J. Huang, P. S. Ayyaswamy and I. M. Cohen, A note 
on the interface condiction in phase change problems, J. 
Heat Transfer 113(l), 244 (1991). 

147JM. E. Kaunatey-Asibu Jr., Thermal aspects of the split-beam 
laser welding concept, J. Engng Mater. Technol. 113(2), 
215 (1991). 

148JM. Yu. A. Kharlamov, Contact heat exchange in spreading 
of molten particles on the solid surface. Phys. Chem. Mater. 
Treat. 24(6), 606 (1990). 

149JM. M. Kocbs, Ch. Karber, B. Nunner and I. Heschel, The 
influence of the freezing process on vapour transport dur- 
ingsublimationinvacuum-freezedrying,Inr. J. HearMass 
Transfer 34(g), 2395 (1991). 

15OJM. M. Yu. Kolosov, A. G. Sioitsyn, I. V. Khokhlov and S. 
I. Shcheglov, Freezing of granules in an apparatus for 
cryogranulation of liquid materials, J. Engng Phys. 60(4), 
463 (1991). 

15 1JM. M. Lacroix. Etude mnn&ique de las fusion d’un m&al 
pur dam une enceinte avec une paroi chauffbe glissante, 
Inr. J. Heal Mass Transfer 34(7), 1663 (1991). 

152JM. G. P. Lisovskaya and V. A. Senatova, Model for melting 
in a glass furnace, Glass Ceram. 47(56), 205 (1991). 

153JM. I. N. Miaoulis, P. Y. Wong, J. D. Lipmanand J. S. Im, 
Thermal modeling of zone-melting-recrystallization 
processing of silicon-on-insulator film structures, J. Appl. 
Phys. 69(10), 7273 (1991). 

154JM. A. A. Mostafa, Modeling of densely loaded two-phase 
flows, Numer. Heat Transfer Int. J. Comput. Methodol. 
Parr A Appl. 20(3), 317 (1991). 

155JM. T. Murakami, T. Ishida, K. Sasabe, K. Sasaki and S. 
Harada. Characteristics of melting process for sewage 



3214 E. R. G. Eckert et al. 

sludge, WarerSci. Technol. 23(1012), 2019 (1991). 
156JM. N. Postacioglu, P. Kapadia and J. Dowden, A theoretical 

model of thermocapillaryflows in laser we1ding.J. Phys. D 
24(l), 15 (1991). 

157JM. P. J. Prescott, F. P. Incropera and W. D. Bennon, 
Modeling of dendritic solidification systems: reassess- 
ment of the contimmm momentom equation, Int. J. Hear 
Mass Transfer 34(g), 2351 (1991). 

158JM. M. Prud’homme, T. Hung Nguyen and Y. K. Wu, 
Simulationnum&iquedelafusion~l’int6rieurd’uncylindre 
adiabatique chauff6 par le has, Int. J. Heat Mass Tramfer 
34(g), 2275 (1991). 

159JM. K. Sasaguchi and T. Matsufuji, Solid/liquid phase 
change heat transfer in porous media (an experimental 
study on the effects of various parameters), Nippon Kikui 
Gakkai Ronbunshu B Hen 57(536), 1340 (1991). 

160JM. A. Sasaki, S. Aiba and S. Fukusako, Transient freezing 
heat transfer in water-saturated porous media, Nippon 
Kikai G&i Ronbunshu B Hen 57(533), 188 (1991). 

161JM. M. ShimaokaaudI. Obnaka,Analysisofsolidificationof 
molten metal jet in the In-Rotating-Water Spinning Proc- 
ess, Mater. JIM 32(4), 368 (1991). 

162JM. Z. P. Shul’man, B. M. Khusid, E. V. Ivashkevich, V. A. 
Mansurov and N. 0. Vlasenko, Kinetics and mechanism of 
solidification and heat transfer of epoxy composites, J. 
Engng Phys. 59(3), 1096 (1991). 

163JM. A. A. Uglov, M. B. Ignat’ev, I. Yu. Smurov, S. G. 
Konstantinov and V. N. Titov, Features of the hea@ag of a 
“coating-substrate” system during laser alloying of the 
surfaces of metals, Phys. A 29(3), 401 (1991). 

164JM. D. C. Wallace, Melting of elements, The Royal Sociery 
Proceedings: Math. Physical Sci. 433(1889), 631 (1991). 

165JM. P. Wang and T. P. Johnston, Kinetics of sol-to-gel 
transitionforpoloxamerpolyols, J. Appl. Polym. Sci. 43(2), 
283 (1991). 

166JM. M. Wautelet, Estimation of the variation of the melting 
temperature with the size of small particles, on the basis of 
a surface-phonon instability model, J. Phys. D 24(3), 343 
(1991). 

167JM. B. Weigand and H. Beer, Transient freezing of liquids in 
forced laminar flow inside a parallel plate channel, Wiirme 
Sroffueberrrag 27(2), 77 (1991). 

168JM. A. W. Woods, Fluid mixing during melting, Phys. Fluids 
A 3(5), 1393 (1991). 

169JM. M. Yanadori and T. Masuda, Heat transfer in the melting 
process of phasechange materials around a horizontal 
single pipe and a heat exchanger with horizontal pipes 
connected by a u-bend, Heat Transfer-Jap. Res. 20(4), 
376 (1991). 

170JM. B. S.Yilbas,R.DaviesandZ.Yil&s,Studyintothelaser 
spot-welding of sheets metals using oxygen and argon as 
assisting gases, J. Mater. Process. Technol. 25(2), 139 
(1991). 

171JM. J. S. Yoo, Effect of fluid flow induced by a rotating disk 
on the freezing of fluid, Int. J. Heat FluidFlow 12(3). 257 
(1991). 

172JM. T. Zacharia, S. A. David and J. M. Vitek, Effect of 
evaporation and temperature-dependent material proper- 
tiesonweldpooldevelopment,MeraZZ.B22(2),233(1991). 

173JM. B. Zappoli, Response oE a solid-gas solidification 
interface to bulk heat sources, Phys. Fluids A 3(4), 578 
(1991). 

174JM. S. V. Zemskij and N. L. Fedotova, Temperature-time 
processes during mass transfer under effect of impact 
wave, Fizika i Khimiya Obrabotki Marerialov (5). 41 
(1991). 

RADIATIVE TRANSFER PROCESSES 

Multidimensional models and enclosures 
1K. V. Adrianov, Calculation of radiative heat transfer in se.lec- 

tivesystems, HeatTransfer-SovietRes. 23(3), 384(1991). 

2K. V. V. Averin, Unique features of heat exchange for spherical 
particles in a concentric cavity, J. Engng Phys. 60(4), 468 
(1991). 

3K. R. Bialccki, Applying the boundary element technique to the 
solution of heat radiation problems in cavities Med by a 
nongray emitting-absorbing medium, Numer. Heat Trans- 
ferlnr. J. Comput.Methodol. PartAAppl. 20(l), 41(1991). 

4K.R.L.Billinas.J.W.Bames.J.R.HowellandO.E.Slotboom. 
Markov &lysis of radiative transfer in specular encli 
sures, J. Hear Transfer 113(2), 429 (1991). 

5K. R. L. Billings, J. W. Barnes and J. R. Howell, Markov 
analysis of radiative transfer in enclosures with bidirec- 
tional reflections, Numer. Heat Transfer Inr. J. Comput. 
Methodol. Parr A Appl. 19(3), 313 (1991). 

6K. M. G. Davies, Mean surface tempemture may be a non- 
quantity, Int. J. Mech. Engng Educ. 19(2), 125 (1991). 

7K. R. E&go, K. Hanamura, Y. Takahashi, M. Okuyama, S. 
Jugjai, A. Hagiwara, Y. Usami and N. Funahashi, Heat 
transfer analysis for a tubular methane-steamreformer with 
a porous radiative converter, Nippon Kikai Gakkai 
Ronbunshu B Hen 57(539), 2329 (1991). 

8K. A. F. Emery, 0. Johansson, M. L&o and A. Abrous, A 
comparative study of methods for computing the diffuse 
radiation viewfactors for complex shuctores, J. Heat Trans- 
fer 113(2), 413 (1991). 

9K. W. A. Fiveland and A. S. Jamaluddin, Three-dimensional 
spectral radiative heat transfer solutions by the discrete- 
ordinates method, J. Thermophys. Hear Transfer 5(3), 335 
(1991). 

1OK. J. I. Frankel, Regularized and preconditioned boundary 
integral solution to heat transfer in a participating gas flow 
between parallel, Numw. Heat Transfer Part B Fundam. 
19(l), 105 (1991). 

11K. R. R. Glenn and D. V. Pryor, Instmmentation for a 
massively parallel MIMD application, J. Parallel Disnib. 
Compur. 12(3), 223 (1991). 

12K. G. Jia, Y. Yener and J. W. Cipolla, Jr., Radiation between 
two concentric spheres separated by a participating me- 
dium, J. Quant. Spectrosc. Radiat. Transfer 46(l), 11 
(1991). 

13K. S Kamal and P. Novak, Dynamic analysis of heat transfer 
in buildings with special emphasis on radiation, Energy 
Build. 17(3), 231 (1991). 

14K. W. A. Lahoz, On the exact linearization and decoupling of 
coupled non-linear integral equations arising in radiative 
tTansfer theory, J. Quont. Spectrosc. Radiar. Transfer 45(3), 
127 (1991). 

15K. J. D. Maltby and P. J. Burns, Performance, accuracy, and 
convergence in a threedimensional monte car10 radiative 
heat transfer simulation, Numer. Heat Transfer Part B 
Fundam. 19(2), 191(1991). 

16K. R. Marchesi and A. Silvestre, Analysis of the thermal 
emission of radiators, measured in closed test booth, 
Termotecnica (Milan) 45(4), 67 (199 1). 

17K. M. F. Modest, The weighted-sum-of-gray-gases model for 
arbitrary solution methods in radiative transfer, /. Heat 
Transfer 113(3), 650 (1991). 

18K. T.B. MoodieandT. S.Oencue,Tempemturedetermination 
for non-linearly radiating half-spaces, Int. J. Non-Linear 
Mech. 25(6), 607 (1990). 

19K. M. H. N. Naraghi and J. Huan, An n-bounce method for 
analysis of radiative transfer in enclosures with 
anisotropically scattering media, J. Heat Transfer 113(3), 
774 (1991). 

20K. V. G. Polevoj, The heat transfer by electromagnetic field 
between perfect conductor and dielectric, Izveaiya Wz: 
Radioelektronika 34(6), 319 (1991). 

21K. G. Rizzo, G. Franzitta and G. Carmistraro, Algorithms for 
the calculation of the mean projected area factors of seated 
and standing persons, Energy Build. 17(3), 221 (1991). 

22K. H. E. Rushmeier, D. R. Bamn and D. E. Ball, Accelerating 
the Hen&Cube algorithm for calculating radiation form 
factors, J. Heat Transfer 113(4), 1044 (1991). 



Heat transfer-a review of 1991 literature 3215 

23K. R. Siegel, Transient cooling of a square region of radiating Hen 57(541), 3191(1991). 
medium, J. Thernxuphys. Heat Trmsfer 5(4), 495 (199 1). 43K. K. Kudo, H. Tan&u&i, Y.-M Kim and K. Miyosi, Side- 

24K. R. Siegel,Analyticalsolutionforboundaryheatfluxesfrom walleffectsontbetransmittanceofradiativeenergythrougb 
a radiating mctarqlar medium .I. Heat Transfer 113(l), a three-dimensional packed bed, Heat Transfer-Jap. Res. 
258 (1991). 20(l), 86 (1991). 

25K. J. Sika,Ev~~tionofdirect-exchangeateasforacyIindrical 44K. Y. Kurosaki, J. Yamada and M. Take-U&i, Estimation of 
enclosure, J. Heat Trunsfer 113(4), 1040 (1991). the radiative proper&es of fibrous medium taking acconnt 

26K. G. Yang, M. A. Ebadian and A. Campo, Radiation convec- of fiber orientation, Nippon Kikai Gakkai Rottbunshu B 
tion in a thermally developing duct flow of noncimuhu Hen 57(541), 3205 (1991). 
cross section, J. Thermophys. Heat Transfer 5(2), 224 45K. V. V. Levdanskii and V. G. Leitsina, Computation of the 
(1991). radiation flux emanating from a highly disperse layer, J. 

27K. Z. Zavargo, M. Djuric and M. Novakovic, Radiation heat Engng Phys. 59(4), 1266 (1991). 
exchange between non-diffuse gray surfaces separated by 46K. S. S. Moiseev, V. A. Petrov and S. V. Stepanov, Method of 
~~a~~~~t~g~,int. J.~eat~~sTrans- determining the effective absorption coefficient and diffu- 
fer 34(4/5), 1003 (1991). sion coefficient of radiition in strongly scattering mater& 

28K. E. Zohi, Radiation heat transfer procedure for two-dimen- experiment, Phys. A 29(3), 359 (1991). 
sional finite element models, Comput. Struct. 40(3), 539 47K. S. S. Moiseev, V. A. Petrov and S. V. Stepanov, A technique 
(1991). for determination of the effective absorption and diffuse 

radiationcoefficientsforstrongscatteringmaterials. Theory, 

Radiative trans$r in scarrering media 
TeploJizika Vysokikh Tetnperatur 29(2), 331 (1991). 

48K. M. G. Mouradian, Analytical solutionof the linear problem 
29K. 

30K. 

31K. 

32K. 

33K. 

34K. 

35K. S. A. El-Wakil, M. T. Attia and E. M. Abulwafa, Radiative 
transfer in a spherical inhomogeneous medium with 
anisotropic scattering, .I. Quant. Spectrosc. Radiut. Trans- 
fer 46(l), 31 (1991). 

36K. S. ci. Il'yasov, N. 1. Angetsbakb and A. K. Anger&&h, 
Heat and mass transfer and ener8y transport of integral 
radiation in light-scattering materials during exposure to 
diffuse and directional fluxes, J. Engng Phys. 58(S), 657 
(1990). 

B. M. Agarwal and M. P. Mengiic, Forward and inverse 
analysis of single and multiple scattering of collimated 
radiation in an axisymmetric system, ht. 1. Heat Mass 
Transfer 34(3), 633 (1991). 
F. Andersen, Error estimates for use of the generalized 
radiation diffusion equation near boundaries, J. Quunt. 
Spectrosc. Radiat. Transfer 45(3), 127 (1991). 
V. 1. Bagryantsev and Z. Ya. Pavlenko, Radiative heat 
transfer in converter lining treatment with au ax&symmetric 
flat jet, Refractories 31(56), 2% (1991). 
A. L. Crosbie and S. M. Shieh, Expansions for two- 

dimensional back-scattering from a semi-infinite medium 
withrefractiveindexgreaterthanunity,J.Qlmnt.Spectrosc. 
Radiut. Transfer 45(4), 205 (1991). 
S. A. El-Wakil, M. A. Madkour, A. Abu El-Ela and A. M. 
El-grayhy, Radiative transfer in au aerosol medium, J. 
Phys. D 24(3), 252 (1991). 
S. A. El-Wakil, M. T. Attia and M. A. Madkour, Radiative 
transfer in spherical and cylindricaJ media containin aero- 
sols, J. Quant. Spectrosc. Radial. Tranrfer 45(4), 235 
(1991). 

37K. 

38K. 

39K. 

40K. 

41K. 

42K. 

55K. N. Therien, B. Cote and A. D. Broadbent, Statistical 
analysis of a continuous infrared dryer, Text Res. .I. 61(4), 
I93 (1991). 

56K. L. Tsang and K.-H. Ding, Po~e~c signatures of a layer 
of random nonspherical discrete scatterers overlying a 
homogeneous half-space based on fist- and second-order 
vector radiative transfer theory, IEEE Geosci. Remote 
Sens. 29(2), 242 (1991). 

Y.-Q Jm, An approach to ~~~e~io~ vector thermal 
radiative transfer for spatially inhomogeneous random 
media, J. Appl. Phys. 69(11X 7594 (1991). 

57K. A. Tuntomo, C. L. Tien and S. H. Park, Internal distribution 
of radiant adsorption in a spherical particle, J. Heut Trans- 
fer 113(2), 407 (1991). 

K. Kamiuto, M. Iwamoto, M. Sato and T. Nishimnra, 
Radiation-extinction coefficients of packed-sphere sys- 
tems, J. Quant. Spectrosc. Radiat. Transfer 45(2), 93 
(1991). 

58K. S. Venkateswaran, S. T. Tbynell and C. L. Me&e, A study 
of thermal radiation transfer in a solar thruster, J. Heat 
Transfer 113(4), 932 (1991). 

59K. D. V. Walters and R. 0. Buckius, Normal spectral emission 
from nonhomogeneous mixtures of CO2 gas and Ax203 
particulate, J. Heat Transfer 113(l), 174 (1991). 

A. V. Kolpakov, L. A. Dombrovskii and S. T. Surxbikov, 
Transfer of directed radiation in an absorbing and 
anisotropicaliy scattering medium, High Temp. 28(S), 753 
(1991). 

Radiative tratqfer in gases 

J. C. Ku, Correction for the extinction efficiency factors 
given in the Jones solution for electromagnetic scattering 
by agglomerates of small spheres, J. Phys. D 24(l), 71 
(1991). 

60K. B. G. Giren, Absorption of laser radiation in an optical 
discbarge plasma in agasmixture stream, J. Phys. D 24(7), 
1086 (1991). 

K. Kudo, H. Tauiguchi, Y.-M. Kim and M. Mizuno, 
M~~e~nt of characteristics of radiative energy trans- 
mittance through packed spheres, Nippon Kikai Gakkai 
Ronbunshu B Hen 57(537), 1867 (1991). 

61K. R. B. Greendyke and L. C. Harhmg, Approximate method 
for the calculation of nonequilibrium radiative heat tmns- 
fer, J. Spacecr. Rockets Z3(2). 16.5 (1991). 

62K. T. K. Kim, J. A. Menart and H. S. Lee, Nongray radiative 
gas analyses using the S-N discrete ordinates method, .l. 
Heat Transfer 113(4), 946 (1991). 

K. Kudo, H. Taniguchi and Y .-M. Kin, Analytical method 63K. R. Koch, S. Wittig and B. No& The harmonical transmis- 
tosolvemdiativeenergytmnsmissionwitbinpackedspheres sion model: a new approach to multidimensional radiative 
by continuous model, Nippon Kikai Gakkai Ronbunshu B transfer calculation in gases under consideration of pres- 

of radiation transfer in a plane homogen~~ layer, J. 
Quant. Spectrosc. Radiat. Transfer 46(5), 477 (1991). 

49K. N. V. Pavlyukevicb, Radiation slip in a bigbly porous 
material layer, J. Engng Phys. 99(4), 1284 (1991). 

SOK. R. Ruppin, Optical absorption of a coated sphere above a 
substrate, Phys. A 178(l), 195 (1991). 

5 1K. K.-H. Shim and J. C. Ko, Optical diagnostics and radiative 
properties of simulated soot agglomerates, J. Heat Transfer 
113(4), 953 (1991). 

52K. B. P. Singh and M. Kaviany, Independent theory versus 
direct simnlation of radiation heat transfer in packed beds, 
Int. J. Heat Mass Transfer 34(1 l), 2869 (1991). 

53K. S. SubramaniamandM. P. Mengtic, Solutionof themverse 
radiation problem for inhomogeneous and anisotropically 
scattering media using a Monte Carlo technique, Int. I. 
Heat Mass Transjer 34(l), 253 (1991). 

54K. A. Tanigawa, K. Hanamura, R. Echigo and T. Tomimma, 
Effectiveheatexcbangemethodbyapairofporousradiative 
cowmtws,NipponKikaiGakkaiRonbunshuBHenJ7(533), 
302 (1991). 



E. R. G. Eckert er ul. 3216 

64K. 

65K. 

66K. 

67K. 

68K. 

70K. 

71K. 

72K. 

sure broadening, Int. J. Heat Mass Transfer 34(7), 1871 
(1991). 
D.A. L.evin, R. J. Collins and G. V. Candler, Computations 
for support design of measurements of radiation from low 
velocity shocked air, J. Thermophys. Heat Transfer S(4), 
463 (1991). 
S. K. Loyalka, Temperature jumps. Rigid-sphere gas with 
arbitrary gas/surface interaction. Nucl. Sci. Engng 108(l), 
69 (1991). 
G. J. Pert, The effects of coherence and redistribution on 
radiative transfer in large velocity gradients, J. Quanr. 
Spectrosc. Radiat. Tran#er 46(3), 165 (1991). 
Yu. A. Popov, Thermal radiation of a cylindrical gas 

volume, Therm. Engng 37(8), 432 (1991). 
S. P. Sharma and W. Gillespie, Nonequilibrium and 

equilibrium shock front radiation measurements, J. 
Thermophys. Heat Transfer 5(3), 257 (1991). 
A. Soufii, Temperature turbulence spectrum for high- 
temperature radiating gases, J. Thermophys. Heat Transfer 
5(4), 489 (1991). 
S. T. Surzhikov, Radiative-convective heat transfer in an 
opticalplasmotronchamber,HighTemp.28(6),926(1991). 
M. E. Tauber and K. Sutton, Stagnation-point radiative 

heating relations for earth and mars entries, J. Spacecr. 
Rockets 28(l), 40 (1991). 
G. Zhao and H. Wang, Radiative effect of increasing CO, 
anditsdetection, JournalofIn~aredandMillimererWavesl 
Hongwai Yu Haomibo Xuebao 10(2), 133 (1991). 

Radiative traneer in combustion processes and systems 
73K. V. I. Antonovskii, M. A. Bukhman, B. R. Chudnovskii, S. 

A. Makhmudov and 0. V. Kiselev, Investigating radiant- 
convective heat transfer when burning mixtures of fuels in 
the boiler furnaces of metallurgical combine heat and 
power stations, Therm. Engng 38(5), 261(1991). 

74K. A. R. Bestman, K. I. Idoniboye and M. F. N. Abowei, 
Radiative heat transfer to flow of a combustible mixture in 
a vertical channel, Inr. J. Energy Rex U(3). 179 (1991). 

75K. B. W. Butler and B. W. Webb, Local temperature and wall 
radiant heat flux measurements in an industrial scale coal 
fired boiler, Fuel 70(3), 1457 (1991). 

76K. I. G. Dik, A. Yu. Krainov and A. I. Makarov, Ignition of a 
gas suspension in a cavity with heated radiating walls, 
Comb. Explos. Shock Waves 26(5), 513 (1991). 

77K. K. J. Hammad and M. H. N. Naraghi, Exchange factor 
model forradiative heat transfer analysis in rocket engines, 
J. Thermophys. Heat Transfer S(3), 327 (1991). 

78K. K. Hanamura, R. E&go and Y. Yoshizawa, Structure and 
transient behavior of radiation-controlled flame in a highly 
porous medium, Nippon Kikai Gakkai Ronbunshu B Hen 
57(533), 31.5 (1991). 

79K. W. P. Humy and G. K. Lee, Improved radiative heat transfer 
from hydrogen flames, In?. J. Hydrogen Energy 16(l), 47 
(1991). 

80K. M. Janssens, Rate of heat release of wood products, Fire 
Safety J. 17(3), 217 (1991). 

8 IK. H. Koseki and G. W. Mulholland, Effect of diameter on the 
burning of crude oil pool, Fire Technol. 27(l), 54 (1991). 

82K. M. E. Kouoalakis, Y. R. Sivathanu and G. M. Faeth, Im?ared 
radiation statistics of nonluminous turbulent diffusion 
flames, J. Hear Transfer 113(2), 437 (1991). 

83K. V. B. Kovalevskii, 0. Yu. Scdyako and V. I. Panasyuk, 
Algorithm for the solution of the problems of body heating 
during radiation heat transfer, J. Engng Phys. 59(5), 1471 
(1991). 

84K. L. A. Luizova, B. M. Smirnov, A. D. Khakhaev and V. P. 
Chugin,Radiativepropertiesofacandleflame, High Temp. 
28(5), 674 (1991). 

85K. T. Saitoh, K. Yamazaki and R. Viskanta, Effect of thermal 
radiation on transient combustion of a fuel droplet with 
finite rate of chemical reaction, Nippon Kikai Gakkai 

Ronbunshu B Hen 57(536), 1485 (1991). 
86K. M. M. Tamonis, A. J. Kuprys and L. S. Segalovich, Radiant 

energy transfer in combustion products of hydrocarbon 
fuels (3. Determina tion of the emissivity of the walls of a 
duct filled -with an absorbing flue gas), Heat Transfer- 
Sovier Res. 22(5), 693 (1991). 

87K. T. W. Tong and S. B. Sathe. Heat transfer characteristics of 
porousradiantbumers,J.HeatTranrfer113(2),423(1991). 

88K. K.-M. Tu and J. G. Quintiere, Wall fIame heights with 
external radiation, Fire Technol. 27(3), 195 (1991). 

89K. M. Tun$ and A. Kara&, The mathematical mode&g of 
thermalradiationinhigh temperature fluid&d bed, W&me 
Stoffueberrrag 26(3), 163 (1991). 

90K. Y. Yoshizawa and K. Yosbida, Study of flame structure in 
the gas-solid two-phase systems containing inert particle 
suspensions. (3rd Report, effects of the furnace wall), 
Nippon Kikai Gakkai Ronbunshu B Hen 57(538), 2145 
(1991). 

Radiation combined with conduction 
91K. V. A. Alyaev, V. N. Veto&kin, A. G. Usmanov and L. S. 

Yanovskii,Ener8ytransportbyradiationandconductionin 
liquidhydrocarboncoolants,HighTemp.28(6),913(1991). 

92K. H.-S.Chu,L.-C. WengandC.-J.Tseng,Combinedconduc- 
tionandradiationinabsorbing,emittingandanisotropically- 
scattering, concenhic, sphericalmedia,J. Quunr. Specrrosc. 
R&at. Transfer 46(4), 251 (1991). 

93K. B. T. F. Chung and B. X. Zhang, Optimization of radiating 
fin array including mutual irradiations between radiator 
elements, J. Heat Transfer 113(4), 814 (1991). 

94K. B. T. F. Chung and B. X. Zhang, Minimum mass longim- 
dinal fins with radiation interaction at the base, J. Franklin 
Inst. 328(l), 143 (1991). 

95K. J. I. Frankel and J. J. Silveshi, Green’s function solution to 
radiative heat transfer between longitudinal gray fii, J. 
Thermophys. Heat Transfer 5(l), 120 (1991). 

%K. T. Heping, B. Maestre and M. Lallemand, Transient and 
steady-state combined heat transfer in semi-transparent 
materials subjected to a pulse or a step irradiation, J. Hear 
Transfer 113(l), 166 (1991). 

97K. T. Y. Kim and S. W. Back, Analysis of combined conduc- 
tiveandradiativeheattraosferinatwo-dimensionalrectan- 
gular enclosure using the discrete ordinates method, Int. J. 
Heat Mass Transfer 34(g). 2265 (1991). 

98K. H. Y. Li and M. i\r. Ozi.& Sim&neo& conduction and 
radiation in a two-dimensional participating cylinder with 
anisotropic scattering, J. Quant. Spectrosc. Radiat. Trans- 
fer 46(5), 393 (1991). 

99K. C. E. Siewert and J. R. Thomas, Jr., On coupled conductive- 
radiative heat-transfer problems in a sphere, J. Quant. 
Spectrosc. Radiat. Transfer 46(2), 63 (1991). 

lOOK. L. G. Vetoshkina, V. A. Alyayev and A. G. Kolupayev, 
Complex heat transfer in liquid organic compounds, Hear 
TransferSoviet Res. 23(l), 54 (1991). 

Radiation combined with convection 
101K. P. B. Chinoy, D. A. Kaminski and S. K. Ghandhi, Effects 

of thermal radiation on momentum, hea& and mass transfer 
in a horizontal chemical vapor deposition reactor, Numer. 
Heat Tran#er Int. J. Comput. Methodol. Part A Appl. 
19(l), 85 (1991). 

102K. A. Draoui, F. Allard and C. Beghein, Numerical analysis 
of heat transfer by natural convection and radiation in 
participating fluids enclosed in square cavities, Numer. 
Heat Transfer Int. J. Comput. Methodol. Pan A Appl. 
20(2), 253 (1991). 

103K. T. Fusegi, K. I&ii, B. Farouk and K. Kuwaharh Natural 
convection-radiation interactions in a cube ffiled with a 
nongray gas, Numer. Heat Transfer Int. J. Comput. 
Methodol. Part A Appl. l9(2), 207 (1991). 

104K. J. M. Huang and J. D. Lin, Radiation and convection in 



Heat transfer-a review of 1991 literature 3217 

circular pipe with uniform wall heat flux, J. Thermophys. 
Hear Trunsfer S(4), 502 (1991). 

105K. K. Kudo, H. Tat&u&i, M. Obata, T. Maya and T. Sasaki, 
Three-dimensional numerical simulation of radiative heat 
transfer to turbine nozzle vanes of aeroengiues, Nippon 
Kikui Gukkui Ronbunshu B Hen 57(538), 2088 (1991). 

106K. K. Kudo, H. Tauiguchi, M. Kawasaki, K. Ftmazaki and S. 
Obata, Numerical simulation of radiative heat transfer to 
high-pressure turbine nozzle vanes of aeroengines, Heut 
Transfer-Jap. Res. 20(2), 184 (1991). 

10X C. H. Kuo and A. K. Kukarni, Analysis of heat flux 
measurement by circular foil gages in a mixed convection/ 
radiation~~~~~nvironment,.HeufTr~rll3(4), 1037(1991). 

108K. G. Lauriat, The effects of radiation on natural convection, 
Inr. Chem. Engng 31(4), 693 (1991). 

109K. R. Rao and 2. Song, Natural terrain infrared radiation 
statistics inawindfield, Journul ofInf+uredundMillimeter 
WuveslHongwui Yu Huomibo Xuebuo 10(2), 141(1991). 

1lOK. N. A. Rubstov, V. A. Sinitsyn and A. M. Timofeev, 
Conjugate problems of unsteady radiation-convection heat 
exchange in scattering media on a permeable plate, Russ. J. 
Thermophys. l(3), 211 (1991). 

1llK. P. K. Sarma and P. V. Sunita, Jnteraction of thermal 
radiationwithLaminarnaturalconvectionfromahorizontal 
cylinder in air, Wiinne Srofiebertrug 26(2), 65 (1991). 

112K. B . Straughan, Convection caused by radiation through the 
layer, IMA J. Appl. Math. 46(3), 211 (1991). 

113K. Z. Tan and J. R. Howell, Combined radiation and natural 
convection in a two-dimensional participating square me 
dium, Inr. J. Heat Muss Transfer 34(3), 785 (1991). 

114K. A. M. Timofeyev, Radiativ-onvective heat transfer on 
a thin plate, Hear TrunsferSovietRes. 23(l), 46 (1991). 

115K. A. YiicelandS.Acharya,Naturalconvectionofaradiating 
fluid in a partially divided square enclosure, Nwner. Heut 
Trumferlnt. J. Comput. Methodol. PurtAAppl. 19(4), 471 
(1991). 

116K. H. Y. Zhang and M. A. Ebadian, Convective-radiative 
heat transfer in the thermal entrance region of the semicir- 
cular duct with streamwise internal fm, Int. J. Heat Muss 
Transfer 34(12), 3135 (1991). 

Surface interactionsllaser irradiation 
117K. B. I. Aronov, Yu. K. Lingart, N. V. Marcher&o and S. V. 

Stepanov, Nomnonotonic stationary temperature fields in 
a plane translucent layer during heating by colhmated 
radiation, High Temp. 29(l), 130 (1991). 

118K. G. Ya. Belov, Volumetric energy release in translucent 
absorbing and scattering layers with external diffuse irra- 
diation, High Temp. 28(4), 583 (1991). 

119K. M. Choi, A study of heat transfer for single and double 
layer inclined synchrotmn radiation absorbers, W&me 
Stoffuebertrug M(2), 109 (1991). 

120K. P. Erpelding, A. Miuardi and P. J. Bishop, Determination 
of radiative fluxes in an absorbing, emitting, and scattering 
vapor formed by laser irradiation, J. Hear Transfer 113(4), 
939 (1991). 

121K. T. Kerdja, F. Dahmani and D. Ghobrini, Simple evidence 
of radiation transport in coated plastic targets, Laser Port 
Beum.s 9(2), 563 (1991). 

122K. E. I. Knizhn& B. A. Briskman and V. V. Tokarevskij, 
Radiation heating of polymers. Maximum temperature 
assessment, Atomnuyu Energiyu 70(6), 376 (1991). 

123K. N. N. Ostroukhov, Radiative heat exchange of thin 
substrates during pulsed periodic heating iu vacuum, Sov. 
MicroElectron. 20(l), 33 (1991). 

124K. D. A. Sechenov, A. M. Svetliclmyj, A. G. Klovo, S. I. 
Solov’ev and S. I. Zinovenko, Optimization of reaction 
chamber structure by temperature distribution in 
semiconducting plate during incoherent emission heating, 
Inzhenerno-Fizicheskii Zhurnul 60(l), 130 (1991). 

125K. L. C. Simonsen, J. E. Nealy, L. W. Townsend and J. W. 

Wilson, Martian regolith as space radiation shielding, J. 
Spucecr. Rockets 28(l), 7 (1991). 

Radiative properties 
126K. T. Amano and A. Ohara, An experimental study of thermal 

radiation at cryogenic temperatures, Heat TrunsferJop. 
Res. 20(4), 307 (1991). 

127K. J. B. Cam and N. McKay, Thermal radiative properties of 
metallized films. J. Therm. Insul. 14,221 (1991). 

128K. S. P. Detkov and V. V. Penmkov, Radiationproperties of 
carbon monoxide, J. Engng Phys. 60(2), 248 (1991). 

129K. V. A. Dhtgtmovich.1.N. Dobrokhotov, V.A.Zhdanovskii, 
A. I. Radudin, V. N. Snopko and A. S. Sokol’nikov, 
Reflective properties of carbon-fiber-reinforced plastic 
heated in air by continuous radiation Born a CO2 laser, 
High Temp. u)(6), 860 (1991). 

130K. S. R Domen, Emissivity of aluminized Mylar, Rudiut. 
Phys. Chem. 37(2), 199 (1991). 

13 IK. S . Egusa, Radiation resistance of polymer composites at 
77 K: effects of reinforcing fabric type, specimen thick- 
ness, radiation type and irradiation atmosphere, Cryogen- 
ics 31(l), 7 (1991). 

132K. T. G. Kollie. T. D. Radcliff and F. J. Weaver, Emittance 
of boehmite and alumina films on 6061 ahnninum alloy 
between 295 and 773K J. Hear Transfer 113(l), 185 
(1991). 

133K. S. Matsumoto, M. Shoji and S. Kotake, Far iuframd 
spectra by molecular dynamics method, Nippon Kikui 
Gukkui Ronbunshu B Hen 57(541), 3306 (1991). 

134K. S. Nishijima, T. Okada, T. Hirokawa, J. Yasuda and Y. 
Iwasaki, Radiation damage of organic composite material 
for fusion magnet, Cryogenics 31(4), 273 (1991). 

135K. D. L. Parry and M. Q. Brewster, Optical constants of 
Al203 smoke in propellaut flames, J. Themwphys. Heat 
Transfer 5(2), 142 (1991). 

136K. P.E. Phelan, M. LPlikand C. L. Tien, Radiative properties 
of superconducting Y-Ba-Cu-0 thin films, I. Heat Truns- 
fer 113(2), 487 (1991). 

137K. C. C. Phillips, Y. B. Li, R. A. Stradhng and K. L. 
Vodopyanov, Picosecond saturable absorption measure 
ments on thin film single-crystal In As layers grown by 
MBE, J. Phys. D 24(3), 437 (1991). 

138K. J. Yamada and Y. Kurosaki, Estimation of the complex 
refractive index of fiber material by measuring scattering 
intensity of the fiber, Nippon Kikui Gukkui Ronbunshu B 
Hen 57(541), 3213 (1991). 

139K. B. S. YiJbas, K. Da&man and Z. Yilbas, Measurement of 
temperature-dependent reflectivity of Cu and Al in the 
range 30-lOOOC, Meus. Sci. Technol. 2(7), 668 (1991). 

Experimental methods and devices 
14OK. S. V. Garhnella, Theory and practice of radiation ther- 

mometry-Book review, Exper. Therm. Fluid Sci. 4(4), 
495 (1991). 

141K. C. E. Jenkins Jr., J. A. Costulis and J. A. Jones, Verified 
miniature high stability high temperature space rated 
blackbody radiance source, Instrum. Aerosp. Ind, Proc. 
ISA Aerosp. Instrum. Symp. 37,373 (1991). 

142K. D. Neuhaus, Device for radiometric or high temperature 
radiance m easurement in a vacuum, Rev. Sci. Instrum. 
62(g), 2291 (1991). 

143K. K.-I. Oyama, K. Suzuki, N. Kawashina, K. S. Zalpuri, S. 
Teii and Y. N&unum, An extreme ultraviolet radiation 
source for the simulation of the ionosphere, Rev. Sci. 
Insrrum. 62(7), 1721 (1991). 

144K. M. Parameswaran, A. M. Robinson, D. L. Blackbum, M. 
Gaitan and J. Geist, Micromachined thermal radiation 
emitter froma commercial CMOS process, IEEEElectron. 
Device Lerr. l2(2), 57 (1991). 

145K. B. B. Petrikevich, High-power gas-discharge lamps as 
heating elements of radiant heathig units, Exper. Therm. 
Fluid Sci. 4(4), 491 (1991). 



3218 E, R G. Eckert er al 

146K. A. Saljnikov and B. Repic, Development of a high-speed 
spectrophotometer for transient measurement of pulver- 
izcd-coal flame radiation emmission, _&per. Therm. Ffuid 
Sci. 4(6), 747 (1991). 

147K. D. G. Tyson and B. R. Jennings, Measurement of the 
‘optical’ Kerr effect induced by nanosecond laser pulses, J. 
Phys. D 24(5), 64.5 (1991). 

NUMERICAL METHODS 

General review articles 
IN. G. W. Colenbrander, CFD in research for the ~~~he~~l 

industry, Appf. Sci. Res. 48(34), 211 (1991). 
2N. E. R. GaleaandN. C. Markatos,Themathematicaimodelling 

and computer simulation of fire development in aircraft, 
Int. 1. Hear Mass Transfer 34(l), 181 (1991). 

3N. P. M. Gresho, Some current CJZI issues relevant to the 
incompressible Navier-Stokes eqaations, Compuc. Meth- 
odsApp1. Mech. Engng 87(23), 201 (1991). 

4N. Yu. Ya. Kachuriner, A. M. Trevgoda, R. M. Yablonik, 
Numerical simulation of a nonequilibrium two-phase flow, 
Heat Transfer-Soviet Res. 22(5), 638 (1991). 

5N. F. Moore, Computer software for heat flow applications. Br. 
Ceram. J. 89(6), 233 (1990). 

6N. G. Mueller, Current state of use of finite-etement methods in 
industry, Inr. J. Comput. Appt. Technol. 4(3), 129 (1991). 

TN. A. E. Mynett, P. Wesseling, A. SegaJ aud C. G. M. Kassels, 
The ISNaS incompressible Navier-Stokes solver: invari- 
ant discretization,AppZ. Sci. Res. 48(2), 175 (1991). 

8N Yu. A. Poveshchenko and Yu. P. Popov. Mathematical 
simulation of thermal regimes in technology and produc- 
tion (a review), Heat Transfer--Soviet Res. 22(5), 664 
(1991) 

9N. M. Salcudean. Computational fluid flow and heat transfer- 
an engineering tool. Gun. Sot. Mech. Engng 132). 125 
(1991). 

ION. N. Satofuk, Large-scale method of lines solution of fluid 
dynamics equations on Japanese supercomputers, Comput. 
Methods Appf. Mech. Engng 87(23), 353 (1991). 

1lN. J. A. Somers and P. C. Rem, Flow computation with lattice 
gases, Appl. Sri. Res. 48(34), 391 (1991). 

12N. J. Thibault and B. P. A. Graudjeau, A neural network 
me~odolo~ for heat transfer data analysis, fnr. I Heat 
Mass Transfer 34(8), 2063 (1991). 

Heat conduction 
13N. N. A. Al Mahdi and N. S. Al Bahama. A fast non-iterative 

14N 

15N 

16N 

17N 

18N. 

method for the evaluation of the thermal response of wall 
elements. Energy Ctmvers. Manage 32(6), 529 (1991). 
J. Burger and C. Machbub, Comparison of nnmeri~ 

solutions of a one-dimensional non-linear heat equation. 
Commun. Appl. Numer. Methods 7(3), 233 (1991). 
C.-K. Chen and T.-M. Cben, New hybrid Laplace trans- 
form/finite element method for three-dimensionaJ tran- 
sient heat conduction problem, Int. .I. Numer. ~erhods 
Engng 32(l), 45 (1991). 
H.-T. Chen and J.-Y. f-in, Application of the Laplace 

transform to one-dimensional non-linear transient heat 
conduction in hollow cylinders, Commlm. Appt. Numer. 
Methods 7(3), 241 (1991). 
T.-M. CbenandC.-K.Cheu,New hybridlaplacetransform/ 
finite element method applied to linear transient to linear 
transient heat conduction problems, Chung-Kuo Chi Hsueh 
Kung Ch’eng Hsueh Pao 12(3), 280 (1991). 
G. domini and S. Del Giudice, Physical interpretation of 
conventional finite element formulations of conduction- 
ty$;p;Dblems, Int. J. Numer. Methods Engng 32(3), 559 

19N. G. F. Dargush and P. K. Bauerjee, Application of the 

20N. 

21N. 

22N. 

23N. 

24N. 

25N. 

26N. 

27N. 

boundary element method to transient heat conduction, Int. 
J. Numer. Methods Engng 31(6), 1231 (1991). 
P. Dechaumphai, Evaluation of an adaptive uustructured 
remesbing technique for integrated thrid-tbermal-struc- 
tural analysis, J. Thermophys. Heat Transfer S(4), 599 
(1991). 
S. Farooq and D. M. Ruthven, Numerical simulation of a 
kineticallycontrolledpressureswingadsorptionbulksepa- 
ration process based on a diffusion model, Chem. Engng 
Sci. 46(g), 2213 (1991). 
J. C. Jotiiet, S. Jiang and S. W. Tang, Finite element 

prediction of temperature gradients in walls of cylindrical 
concrete storage structures, Can. J. Civ. Engng 18(l), 12 
(1991). 
E. Kochavi, R. Segev and Y. Yomdin, Numerical solution 
of field problems by ~n~~o~g Taylor discretization, 
Appl. Math. Madel. 15(3), 152 (1991). 
S. R. Robertson and K.-L. Liao, Finite element analysis of 
nonlinear, coupled thermal~lectric problems: The memory 
switch, J. Appl. Phys. 70(l), 63 (1991). 
R. Sasik and R. Cemy. Numerical solution of the non- 
isothermal moving boundary problem in heat conduction, 
Comput. Phys. Commun. &I(2), 241 (1991). 
W. C. Schreiber, Numerical simulation of heat conduction 
in irregularly-shaped materials of thermally-dependent 
properties,lnt. J. Numer.MethodsEngng 30(4). 679 (1990). 
C. E. Siewert and J. R. Thomas, Jr., A computational 

method for solving a class of coupled conductiv~mdiative 
heat transfer problems, J. @ant. Spectrasc. Radiat. Trans- 
fer 45(S), 273 (1991). 

28N. 

29N. 

30N. 

31N. 

J. C. Simo, Nonlinear stability of the time-discrete vari- 
ational problem of evolution in nonlinear heat conduction, 
plasticityandviscoplasticity,Comput.MethodsAppl.Mech. 
Engng 88(l), 111 (1991). 
K. S. Surana and N. J. Orth, Completely hierarchical 

axisymmetric shell element based on p-version for heat 
conductiouinlaminated composites, Comput. Sntct. 38(4), 
429 (1991). 
K. S. Suraua and Y. Guo. P-Version axisymmetric solid 
element for heat conduction, Comput. Snuct. 38(4), 41s 
(1991). 
A. M. Vajnberg, V. K. Kontorovich and R. 2. Kbiterer, 
Solving of the problem of transient heat and mass transfer 
iu non-linear media by Ne~o~K~to~vich method, 
Teoreticheskie Osnovy Khim~&~esko~ T~~no~ogi~ 25(6), 
SOS (1991). 

Convection and difision 
32N. M. Asaba, Y. Asako, H. Nakamura and M. Faghri, Numeri- 

ca.l solution of convection-diffusion problems in irregular 
domains mapped onto acircle, J. Thermophys. Heat Trans- 
fer S(l), 103 (1991). 

33N. A. Brandt and 1. Yavneh, Inadequacy of first-roder upwind 
differenceschemesforsomerecirculatingflows,J.Comput. 
Phys. 93(l), 128 (1991). 

34N. A. A, Busnaina, X. zheng and M. A. R. Sharif, Modified 
skew upwind scheme for fluid flow and heat transfer 
computations, Appl. Murh. Modef. 15(8), 425 (1991). 

35N. M.-H. Cheu, C.-C. Hsu and W. Shyy, Assessment of TVD 
schemes for inviscid and turbulent flow computation, Int. 
J. Numer. Methods Fluids 12(Z), 161 (1991). 

36N. E. G. Dutra do Carmo and A. C. Galeso, Feedback Petrov- 
Galerti methods for convection-dominated problems, 
Comput. Methods Appl. Mech. Engng 88(l), 1 (1991). 

37%‘. L. Ekebisrg and P. Justesen, An exnlicit scheme for 
advectiorZfusionmodeUing intwo dimensions, Comput. 
Methods Appl. Mech. Engng 88(3), 287 (1991). 

38N. J.-M. Grygiel and P. A. Tanguy, Finite element solution for 
advectiorr~dominatedthen&flows,Comput. MethodcAppl. 
Mech. Engng 93(3), 277 (1991). 

39N. A. A. Kochubei, S. E, Mel’nik and A. A. Ryaduo, Applica- 
tion of a finite element method in the mrmerical simulation 



Heat transfer-a review of 1991 literature 3219 

of convective diffusion transport processes in axially sym- 
metric regions, High Temp. 28(4), 560 (1991). 

40N. N. Kondo, N. Tosaka and T. Nishimura, Third-order 
upwind finite element formulations for incompressible 
viscous flow problems, Compur. Merhodr Appl. Mech. 
Engng 93(2), 169 (1991). 

42N. 

43N. 

41N. B.P.~~andS.MBe~ndfirst-orde. 
The ultra-sharp alternative for &-oscillatory steady-stare 
simulation of convection, hr. J. Numer. Methods Engng 
30(4), 729 (1990). 
B. P. Leonard, The ULTIMATE conservative difference 
scheme applied to unsteady one-dimensional advection, 
Comvut. Methods AUDI. Mech. Enana 88(l). 17 (1991). 
B. tiour-Obmid, w. S. Dunbar -an;i A: 6. Wbodb& 

Lanczos and Arnoldi methods for the solution of convec- 
tion-diffusion equations, Compur. Methods Appl. Mech. 
Engng 88(l), 75 (1991). 
B. J. Noye, Some three-level finite difference methods for 
simukttiug advection in fluids, Compur. Fluids 19(l), 119 
(1991). 
B. J. Noye, A compact unconditionally stable finite- 

difference method for transient one-dimensional advection- 
diffusion,Commun.Appl.Numer.Methods7(7),501(1991). 
G. Pagliarini, Finite element analysis of steady periodic 
convection-diffusion transporf Numer. Hear Transfer Int. 
J. Comput. Methodol. Part A Appl. 20(4), 433 (1991). 
G. R. Richter, Explicit fiite element method for convec- 
tion-dominated steady convection-diffusion equations, 
SIAM J. Numer. Anal. 28(3), 744 (1991). 

44N. 

45N. 

46N. 

47N. 

48N. D. G. Roddeman, Some aspects of artifical diffusion inflow 
analysis, Heron 36(2), 65 (1991). 

49N. A. Seidel-Morgenstern, Analysis of boundary conditions in 

50N. 

5 1N. 

52N. 

53N. 

the axial dispersion model by application of numerical 
Laplace inversion, Chem. Engng Sci. 46(10), 2567 (199 1). 
Y.-Y. Tsui, A study of upstream-weighted high-order 

differencing for approximation to flow convection. Int. J. 
Numer. Methods Fluids 13(2), 167 (1991). 
G. Yang, P. Belleudy and A. Temperville, A higher-order 
Eulerian scheme for coupled advection-diffusion tram- 
port, Int. J. Numer. MethodsFluids 12(l), 43 (1991). 
J. Zhu and W. Rodi. A low dispersion and bounded 

convection scheme, Comput. Methods Appl. Mech. Engng 
92(l), 87 (1991,. 
J. Zhu, A low-diffusive and oscillation-free convection 
scheme, Commun.Appl.Numer.Methods7(3), 225 (1991). 

Phase change 
54N. A. Ya. Belenkii and S. N. Zolotarev, Theoretical analysis of 

fluid dynamics and heat transfer in tbe single roller rapid 
solidificationmethod,Int. J.RapidSolidif. 6(1),41(1991). 

55N. Y. Chen, Y.-T. Im and Z.-H. Lee, Three dimensional fluite 
element analysis with phase change by temperature recov- 
ery method, Int. J. Mach. Tools Mf. 31(l), 1 (1991). 

56N. G. Comini, S. Del Giudice and 0. Saro, Conservative 
algorithm for multidimensional conduction phase change, 
Int. J. Numer. Methods Engng 30(4), 697 (1990). 

57N. J.-J. Droux, Three-dimensional numerical simulation of 
solidification by an improved explicit scheme, Compur. 
Metho& Appl. Mech. Engng 85(l), 57 (1991). 

58N. I. H. Farag, N. Virameteekul and G. Phetteplace, Phase- 
change numerical heat transfer analysis with applications 
to frost shielding, Heat Transfer Engng 12(2), 29 (199 1). 

59N. R. W. Lewis, H. C. Huang, A. S. Usmani and J. T. Cross, 
Finite element analysis of heat transfer and flow problems 
using adaptive remeshing including application to solidifi- 
cation problems, Int. J. Numer. Methods Engng 32(4), 767 
(1991). 

60N. F. Mampaey, Stable Alternating Direction Method for 
simulating multi-dimensional solidification problems, Int. 
J. Numer. Methods Engng 30(4), 711 (1990). 

61N. R. I. Medvedskii and Yu. A. Sigunov, Method of numerical 

solutionof one-dimensionalmultnt Stefanproblems. J. 
Engng Phys. B(4), 524 (1990). 

62N. N. A. Mukhetdinov, NumericaI-analytic algorithm of the 
Stefanproblemsolution, J.EngngPhys.60(1), 124(1991). 

63N. N. A. Mukhetdinov, Numerical analytical algorithm for 
solutionofStefanproblem,Inzhenerno-FizicheskiiZhurnal 
60(l), 145 (1991). 

64N. C. M. Oldenburg and F. J. Spera, Numerical modeling of 
soliditication and convection in a viscous pure bii 
eutectic system, Int. J. Hear Mass Transfer 34(8), 2107 
(1991). 

65N. M. E. Rose, Implicit enthalpy scheme for one-phase Stefan 
problems, J. Sci. Comput. S(2), 169 (1990). 

66N. Y. Ruan and N. Zabaras, An inverse ftite-element tech- 
nique to determine the change of phase interface location in 
two-dimensional melting problems, Commun. Appl. Numer. 
Methods 7(4), 325 (1991). 

67N. M. Sugawara and Y. Konda, Melting of snow with a 
diffusion-controlled analytical model, W&me 
Sroffuebertrag 26(4), 225 (199 1). 

68N. K. K. Tamma and R. R. Namburu, Recent advances, trends 
and new perspectives via enthaIpy-based finite element 
formulations for applications to solidification problems, 
ht. J. Numer. Methoals Engng 30(4), 803 (1990). 

69N. V. R. Voller, C. R. Swaminathan and B. G. Thomas, Fixed 
grid techniques for phase change problems. A review, Inr. 
J. Numer. Merhodr Engng 30(4), 875 (1990). 

70N. D. Xu and Q. Li, Numerical method for solution of strongly 
coupled binary alloy solidification problems, Numer. Heat 
Transferlnt. J. Comput. Methodol. ParrAAppl. 20(2), 18 1 
(1991). 

71N. Q. Yu and Y. Zhou, Numerical simulation of convection in 
the two-phase zone of a binary alloy, Int. J. Hear Mass 
Transfer 34(3), 843 (1991). 

72N. J. Zhong, L. C. Chow and W. S. Chaug, Finite element 
eigenvalue method for solving phase-change problems, J. 
Thermophys. Heat Transfer 5(4), 589 (1991). 

Fluid flow 
73N. P. L. Abiduev and V. I. Manzhalei, Numerical calculation 

of thermoelastic stresses in chambers for detonating a gas 
mixture, J. Appl. Mech. Tech. Phys. 32(l), 126 (1991). 

74N. N. Ahmed, Inverse analysis of axisy-mmetric ducts for 
compressible swirling flows, Co-n. Appl. Numer. Meth- 
ods 7(4), 265 (1991). 

75N. C. H. Amon and B. B. Mikic, Spectral element simulations 
of unsteady forced convective heat transfer: application to 
compact heat exchanger geometries, Numer. Heat Transfer 
Int. J. Comput. Methodol. Pan A Appl. 19(l), 1 (1991). 

76N. S. W. Armtield, Finite difference solutions of the navier- 
stokes equations on staggered and non-staggered grids, 
Comput. Flui& 20(l), 1 (1991). 

77N. A. V. Bureev and V. I. Zinchenko, Computation of flow 
over a spherically blunted cone for various shock layer and 
surface blowing conditions, J. Appl. Mech. Tech. Phys. 
32(2), 236 (1991). 

78N. F. H. Busse, Numerical analysis of secondary and tertiary 
states of fluid flow and their stability properties, Appl. Sci. 
Res. 48(34), 341 (1991). 

79N. P. Y. Chang and W. Shyy, Adaptive grid computation of 
three-dimensional natural convection in horizontal high- 
pressure mercury lamps, Int. J. Numer. Methods Fluids 
12(2), 143 (1991). 

80N. P. A. B. De Saumaio. Petrov-Galerkiu formulation for the 
1 

81N. 

incompressible NavierS tokes equations using equal order 
interpolation for velocity and pressure, Int. J. Numer. 
Methods Engng 3116). 1135 (1991). 
E. J. Dean, R. Glowinski and 0. Pironneau, Iterative 

solutionof the stream function-vorticityformulation of the 
Stokes problem. Applications to the numerical simulation 
of incompressible viscous flow, Comput. Methods Appl. 
Mech. Engng 87(23), 117 (1991). 



E. R. G. Eckert er ul 3220 

82N. 

83N. 

84N. 

85N. 

2. F. Dong and M. A. Ebadian. A nwnerical malysis of 
thermally developing flow in elliptic ducts with internal 
fins. Inr. J. Hear FluidFlow lZ(2). 166 (1991). 
C. A. J. Fletcher and J. G. Bain, &approximate factorisa- 
tion explicit method for CFD, Compur. Fluids 19(l), 61 
(1991). 
A. Fortin, D. C&k and P. A. Tanguy, On the imposition of 
friction boundary conditions for the numerical simulation 
of Bingham fluid flows, Comput. Methods Appl. Mech. 
Engng 88(l). 97 (1991). 
R. C. Givler, D. K. Gartling, M. S. Engngelman and V. 
Haroutinian, Navier-Stokes simulations of flow past three- 
dimensional submarine models, Compur. Methods Appl. 
Mech. Engng 87(23), 175 (1991). 

86N. S.N.Ha,Expetimentalnumericalstadiesonasupercomputer 
of MNal convection in an enclosure with localized heat- 
ing, Compur. Marh. Appl. 20(12), 1 (1990). 

87N. W. G. Habashi, V.-N. Nguyen and M. V. Bhat, Efficient 
direct solvers for large-scale computational fluid dynamics 
problems, Comput. Methods Appl. Mech. Engng 87(23), 
253 (1991). 

88N. P. Han&o and C. Johnson, Adaptive streamline diffusion 
methods far compressible flow using conservation vari- 
ables, Comput. Methods Appl. Mech. Engng 87(23), 267 
(1991). 

90N. 

91N. 

92N. 

93N. 

89N. A. D. Harvey III, S. Acharya, S. L. Lawrence and S. Cheung, 
Solution-adaptive grid procedure for high-speed parabolic 
flow solvers, AIAA J. 29(S), 1232 (1991). 

M. S. Jnger and J. Li, Surface pressure solution for 
boundary-element analysis of Stokes flow. Commun. Appl. 
Numer. Methods 7(5), 367 (1991). 
Z. JohaR T. J. R. Hughes and F. Shakib. A globally 

convergent matrix-free algorithm for implicit time-march- 
ing schemes arising in finite element analysis in fluids, 
Comput. Methods Appl. Mech. Engng 87123). 281 (1991). 
A. A. Kislitsyn and R. I. Nigmatulin, Numerical modeling 
of the process of heating a petroleum stratum by means of 
high-frequency electromagnetic radiation, J. Appl. Mech. 
Tech. Phys. 31(4), 562 (1991). 
M. H. Kobayashi and J. C. F. Pereira, Numerical compari- 
son of momentum interpolation methods and pressure- 
velocity algorithms using non-staggered grids, Commun. 
Appl. Numer. Methods 7(3), 173 (1991). 

A. A. Kochubei and L. G. Tatarko, Algorithm for a 
numerical study of the hydrodynamics and exchange of 
heat in a twisted channel of complex cross section on the 
basis of the finite-element method, J. Engng Phys. 60(3), 
388 (1991). 
B. P. Korol’kov and E. A. Tairov, A numerical-analytical 
method for solving the non-linear problem of the dynamics 
of heat transfer in channels, Im. J. Heat Mass Transfer 
34(2), 331 (1991). 
R. 1. Lewis, Free streamline and jet flows by vortex 

boundary integral modeling, Im. J. HearFfuidFlow 12(l), 
77 (1991). 

95N. 

96N. 

complex flow fields, Compur. Fluidr 19(34), 335 (1991). 
103N. S. Murata, N. Satofuka and T. Kushiyama, Parabolic 

multi-grid method for incompressible viscous flows using 
agroup explicit relaxation scheme, Comput. Fluids 19(l). 
33 (1991). 

104N. J. T. Oden and L. Demkowicz, h-p adaptivefiite element 
methods in computational fluid dynamics, Comput. Meth- 
odsApp1. Mech. Engng 89(13), 11 (1991). 

105N. C. L. Ong and J. M. Owen, Computation of the flow and 
heat transfer due to a rotating disc, Inr. J. Heat Fluid Flow 
12(2), 106 (1991). 

106N. N. V. Petrovskaya, A. K. Fadeev and V. I. Yudovich, 
Numerical study of stead-stateregimes ofrotational-gravi- 
tational convection, J. Appl. Mech. Tech. Phys. 32(l), 31 
(1991). 

107N. F. Shakib and T. J. R. Hughes, A new finite element 
formulation for computational fluid dynamics: IX. Fourier 
analysis of space-time Gale&in/least-squares algorithms, 
Comput. Methods Appl. Mech. Engng 87(l), 35 (1991). 

108N. F. Shakib, T. J. R. Hughes and Z. Johan, A new finite 
element formulation for computational fluid dynamics: X. 
The compressible Euler and Navier-Stokes equations, 
Comput. Methods Appl. Mech. Engng 89(13), 141 (1991). 

lG9N. C. T. Shaw, Using a segregated finite element scheme to 
solve the incompressible navier-stokes equations, Inr. J. 
Numer. Methods Fluids 12(l), 81 (1991). 

11ON. L. Simoni andB. A. Schrefler, A staggered finite-element 
solution for water and gas flow in deforming porous media, 
Commun. Appl. Numer. Methoa’s 7(3), 213 (1991). 

111N. A. SoulaImani, M. Fortin, G. Dhatt and Y. Ouellet, Finite 
element simulation of two- and three-dimensional free 
surface flows, Comput. MethodsAppl. Mech. Engng 86(3), 
265 (1991). 

112N. A. E. Taigbenu, Simplified finiteelement treatment of the 
nonlinear Boussinesq equation, Adv. Water Res. 14( 1). 42 
(1991). 

113N. T. E. Tezduyar and J. Liou, On the downstream boundary 
conditions for the vorticity stream function formulation of 
two-dimensional incompressible flows, Compur. Methods 
Appl. Mech. Engng 85(2), 207 (1991). 

114N. T. E. Tezduyar, S. Mittal and R. Shih, Time-accurate 
incompressible flow computations with quadrilateral ve- 
locity-pressure elements, Compur. Methods Appl. Mech. 
Engng 87(23), 363 (1991). 

115N. A.Tomiyama,Y.Ichikawa,K.MoriokaandT.Sakaguchi, 
Numerical method for solving natural&convection domi- 
nating flows, Nippon Kikai Gakkai Ronbunshu B Hen 
57(538), 2054 (1991). 

116N. H. Yang and R. Camarero, Internal three-dimensional 
viscousflowsolutionsusiugthevorticity-potentialmethod. 
Int. J. Numer. Methods Fluids 12(l), 1 (1991). 

11’7N. Z. Zhu and C. A. J. Fletcher, A study of sequential 
solutions for the reduced/complete navier-stokes equa- 
tions with multigrid acceleration, Comput. Fluids 19( 1). 43 
(1991). 

97N. C.-P. Li, Computational methods for shock waves iu three- 
dimensionalsupersonicflow,Comput.Me~hodsAppl.Mech. 
Engng 87(23), 305 (1991). Other studies 

98N. A. Lippke and H. Wagner, Numerical solution of the 
navier-stokes equations in multiply CoMected domains, 
Compur. Fluids 20(l), 19 (1991). 

99N. L. N. Long, Navier-Stokes and Monte Carlo results of 
hypersonic flow, AIAA J. 29(2), 200 (1991). 

lOON. F. T. F. Morgado and L. M. C. Gato, An integral 
calculation method for incompressible threedimensional 
boundary layers in axisymmetric diffusers, Int. J. Hear 
FluidFlok’ 12(2), 150 (1991). 

118N. B. Cardot, F. Coron, B. Mohammadi and 0. Pironneau, 
Simulation of turbulence with the k-~ model, Cornput 
Methods Appl. Mech. Engng 87(23). 103 (1991). 

119N. S. Elghobashi, Particle-laden turbulent flows: direct 
simulation and closure models, Appl. Sci. Res. 48(34), 301 
(1991). 

120N. R. Friedrich, M. Amal and F. Unger, Large eddy simula- 
tion of turbulence in engineering applications, Appl. Sci. 
Res. 48(34). 437 (1991). 

101N. K. Morgan, J. Peraire, J. Peiro and 0. Hassan, The 
computation of three-dimensional flows using unstruc- 
Ned grids, Compur. Methods Appl. Mech. Engng 87(23), 
335 (1991). 

121N. Z. Huiren and L. Songling, Numerical simulation of 
transitional flow and heat transfer in a smooth pipe, Inr. J. 
Hear Mass Transfer 34(10), 2475 (1991). 

122N. S. L. Lyons, T. J. Hanratty and J. B. McLaughlin, Direct 
numerical simulation of massive heat transfer in a Nbulent 102N. Y. Morinishi and T. Kobayashi, Large eddy simulationof 



Heat trsnsfer-a review of 1991 literature 3221 

channel flow. Int. J. Heat Mass Transfer 34(4/S), 1149 
(1991). 

123N. P. Mom Towards large eddy and direct simulation of 
complex turbulent flows, Cornput. Methods Appl. Mech. 
Engng 87(23), 329 (1991). 

124N. H. K. Myong. Numerical iuvestigationof fully developed 
turbuhmt fluid flow and heat transfer in a square duct, Int. 
J: Heat FluidFlow 12(4), 344 (1991). 

125N. H.-Q. Ni, Application and development of turbulence 
models in buoyant recirculating flows, Journal of Hydro- 
dynamics 3(2), 58 (1991). 

126N. U. Piomelli, P. Moin and J. Ferxiger, Large eddy simula- 
tion of the flow in a transpired channel, J. Thermopkys. 
Heat Transfer S(l), 124 (1991). 

127N. D. Roekaerts, Use of aMonte Carlo PDFmethod in a study 
of the influence of turbulent fluctuations on selectivity in a 
jet-stirred reactor, Appl. Sci. Res. 48(34), 271 (1991). 

128N. A. I. Stamou, On the prediction of flow and mixing in 
settling tanks using a curvatoremodhled k-epsilonmodel, 
Appl. Math. Model. U(7), 35 1 (1991). 

129N. N. Taniguchi and T. Kobayashi, Finite volume method on 
the unstructured grid system, Comput. FZuids 10(34), 287 
(1991). 

TRANSPORT PROPERTIES 21P. 

Thermal conductivity 
1P. G. Ahmadi and S. Abu-Zaid, Thermodynamic& formulation 

for heat conducting Jeffreys and Maxwell polymeric fluids, 
Int J. Non Linear Mech. 26(2), 275 (199 1). 

2P. A. A. Akbmetov, V. A. Ahov, 0. V. Filatova and V. V. 
Sytchev, Tempemture pulse evolution in a threedimen- 
sional medium with temperature dependent heat conduc- 
tivity: application to high temperature superconductor 
composites, Cryogenics 31(7), 674 (1991). 

3P. J. E. Anderson, K. M. Adams, P. R. Troyk and R. Frankovic, 
Polymer-coated micro-Electronics: Comparison of bulk, 
surface, and interphase ~onductiv~ties, IEEE Compon. 
Hybrids MT Technol. 14(2), 420 (1991). 

4P. T. R. Antbony, J. L. Fleischer, J. R. Olson and D. G. Cahill, 
The thermal conductivity of isotopically enriched 
polycrystalline diamond films, J. Appl. Phys. 69(12), 8122 
(1991). 

5P. Z. F. Baczyn’ski, On modelling thermoelastic processes in 
layered composites, Acta Mech. 88(34), 245 (1991). 

6P. B. Brami, F. Joly, C. Lbuillier, C. Larat, M. I&due, P. I. 
Nacher, G. TastevinandG. Vermeulen,Heat conduction in 
spin polarized gaseous helium-3: recent theoretical and 
experimental results, Physica B: Condensed Matter 165. 
66(l), 735 (1990). 

7P. B. J. Briscoe and D. Liatsis, Heat transfer iuelastomers under 
hie;hpressurenitrogen,PoIym.Commun. (Gtu’ld&ordEngngI) 
3X7), 196 (1991). 

8P. 0. P. Bruno, The effective conductivi~ of strongly heteroge- 
neous composites, The Royal Society Proceedings: Math. 
Physical Sci. 433(1888), 353 (1991). 

9P. A. Burger, S. H. Morgan D. 0. Henderson, E. SiIberman and 
D. Nason, Thermal diffusivity of o-mercuric iodide. f. 
Appl. Phys. 69(2), 722 (1991). 

1OP. R. Castillo and J. V. Orozco, The thermal conductivity of 
dense fluids and their mixtures using the effective diameter 
revised Enskog theory, Phys. A 166(3), 505 (1991). 

1lP. L. F. Chemykh, Combination of small parameter and iinite 
integral transforms methods for heat conductivity prob- 
lems, Izvestiya AN SSSR: Energetika i Transport (I), 146 
(1991). 

i2P. C. L. Choy, K. W. Tong, H. K. Wong and W. P. Leung, 
Thermal conductivity of amorphous alloys above room 
temperature, J. Appl. Phys. 70(9), 4919 (1991). 

13P. S. V. Dobkin and E. E. Son, Determining the radiative 

14P. 

15P. 

16P. 

17P. 

18P. 

19P. 

2OP. 

22P. 

23P. 

24P. 

25P. 

26P. 

27P. 

28P. 

29P. 

3OP. 

31P. 

32P. 

33P. 

34P. 

thermal conductivity of uranium hexafluoride by reactor 
heating, Phys. A 29(3), 365 (1991). 
S. V. Dobkin and E. E. Son, Determimmon of uranium 
hexaflouride radiant heat conductivity in heating-up ex- 
periments at a nuclear reactor, TepIofirika Vysokikh 
Temperutur 29(3), 468 (199 1). 
W. P. Dub& L. L. Sparks and A. J. Slitka, Thermal 

conductivity of evacuated per&e at low temperatures as a 
function of load and load history, Cvogenics 31(l), 3 
(1991). 
B. V. Blkouin and J. S. Sokolowski, Simple te&nique for 
iucreasiug the conductivity of copper for current lead 
conductors, Cryugenics 31(12), 1053 (1991). 
I. L. Bmkhimovich and M. S. Rivkin, Calculatmg the 
thermal conductivity of heterogeneous systems, A J.ChG. 
J. 37(1 I), 1739 (1991). 
D. Evans and J. T. Morgan, Low temperature mechanical 
aud thermal properties of liquid crystal polymers, Cryo- 
genies 31(4), 220 (1991). 
L. S. Fletcher, G. P. Peterson and R. Schaup, Thermal 
conductivity of selected superconductingmateri&,~. Heat 
TransfEr 113(l), 274 (1991). 
M. P. Gail&e, A. M. To&s, A. Zh. Lagxdin and A. E. 
Terauds, Bvaluating the thermal conductivity of foam 
plastics, Me&. Compos. Mater. 26(3), 315 (1990). 
C. H. Huang and M. N. Gsisik, Direct ~te~tion approach 
for s~uI~usly estimating temperature dependent ther- 
mal conductivity and heat capacity, Numer. Heat Transfer 
Int. f. Comput. Metkodol. Part A Appi. 20(l), 95 (1991). 
Sh. M Ismailov, Thermal conductivity of liquid and solid 
compounds TlAsX, in the crystalline and glassy modiflca- 
tions, Phys. A 290). 388 (1991). 

Sh. M. Ismailov, Heat conductivity of TlA$ compound in 
crystal and glass-like modifications in solid and liquid 
states, Teplojizika Vysokikh Temperatur29(3), 494 (199 1). 
Ixhar-Ul-Haq, N. S. Saxena, S. E. Gustafsson and A. 
Maqsood, Simultaneous measurement of thermal conduo 
tivity and thermal diffusivity of rock-marbles using tran- 
sient plane source (IFS) technique, HeatRecovery System 
& CHP 11(4), 249 (1991). 
M. Jiickei, M. Mttller, A. Licea Claverie and K. F. Arndt, 
~~co~ductivi~ of modified epoxy resins withdiffer- 
em cross-link densities at low temperatures, Cryogenics 
31(4), 228 (1991). 
M. Jacket and W. Scbeibner, Boundary layer induced 
modificationoftbermalandmechanicalpmpertiesofepoxy 
resin composites, Cryogenics 31(4). 269 (1991). 
K. Kamiuto, Two-parameter formula for the total effective 
thermal conductivities of ceramic-fiber insulations, En- 
ergy (Oxford) 16(4), 701(1991). 
M. D. Kats, S. A. Karausb and I. V. Bugaev, Effect of heat 
losses from two-layer specimen surface on variation of 
thermophysical characteristics by pulse technique, 
Inzhenerno-Fizicheskii Zhurnal @I(l), 127 (1991). 
P. G. Klemens, Thermal conductivity of gbre composites at 
low temperatures, Cryogenics 31(4), 238 (1991). 
W. J. Mantle and W. S. Chang, Effective thermal conduc- 
tivity of sintered metal fibers, J. Thermophys. Heat Trans- 
fer 5(4), 545 (1991). 
Yu. M. Matsevityj and A. V. Multanovskij, Solution of heat 
conductivity multiparametrical inverse problems, 
Inzhenerno-Fizicheskii Zhurnal 60(l). 136 (1991). 
S. B. Mil’manand M. G. Velikanova, Contact conductivity 
of cryogenic heat insluation materials, J. Engng Phys. 
60(l), 104 (1991). 
C. A. Miller and S. Torquato, Improved bounds on elastic 
and transport properties of fiber-reinforced composites: 
Effect of polydispersivity in fiber radius, J. Appl. Phys. 
69(4), 1948 (1991). 
P. S. Murti and M. V. Krisbnaiah, Study of the thermal 
~sivi~ and thermal conductivity of zirconate. urauate _ __ .__. _- __^^_. 
and cerate fo strontium, Muter. tin. 11(12), b3 (IYYl). 



E,. R. ti. Eckert er ai. 3222 

35P. 

36P. 

37P. 

38P. 

39P. 

P. R. Pradhan, K. Sachdev, K. Bala, N. S. Saxena and M. P. 
Saksena, Temperature dependence of thermal conductivity 
and thermal diffusivity of some composites using the 
transient plane source technique. Int. J. Energy Res. 15(l), 
49 (1991). 

41P. P. Procter and J. Sole, Improved thermal conductivity in 
microElectronic encapsulants, IEEE Compon. Hybrids Mf. 
Technol. 14(4), 708 (1991). 

42P. M. S. R&man, P. L Pothui and A. Varamit, Thermal 
conductivities of fresh and dried seafood powders, ASAJ? 
34(l), 217 (1991). 

43P. M. Shimada and A. Nagashima, Development of a method 
to measure the thermal diffusivity of microscale samples by 
converged laser beam, Nippon Kikai Gakkai Ronbunshu B 
Hen 57(541), 3300 (1991). 

M. Ogawa, R. Li and T. Hashimoto. Thermal conductivities 
of magnetic intermetallic compounds for cryogenic regen- 
erator, Cryogenics 31(6), 405 (1991). 
A. S. Okhotin, L. 1. Zbmakin and A. P. Ivanyuk, The 
temperature dependence of thermal conductivity of some 
chemical elements, Exper. Therm. Fluid Sci. 4(3), 289 
(1991). 
M. Papini, Influence of sol-gel SiO2/riO2 protective 

coatings on the optical and thermal properties of nickel- 
phosphorus selective surfaces, .I. Appl. Phys. 70(2), 777 
(1991). 

R. A. Perkins, H. M. Roder, D. G. Friend and C. A. Nieto de 
Castro, The thermal conductivity and heat capacity of fluid 
nitrogen, Phys. A 17313). 332 (1991). 

N. Yu Piutalova, L. P. Umsovskaya, 0. S. Shchavelev and 
V. E. Galant, Investigation of thermal conductivity of 
alumofluorophosphate glasses, Fizika i Khimiyu Steklu 
17(2), 334 (1991). 

44P. A. K.Shrohiya,L. S. Verma,R. SinghandD.R.Chaudhary, 

45P. 

46P. 

47P. 

48P. 

49P. 

Prediction df the heat storage coefficient of a three-phase 
system, J. Phys. D 24(g), 1527 (1991). 
C. H. Son and J. H. Morehouse, Thermal conductivity 
enhancement of solid-solid phase-change materials for 
thermal storage, J. Thermophys. Heat Transfer 5(l), 122 
(1991). 
M. M. Tomadakis and S. V. Sotirchos, Effective knudsen 
diffusivities in structures of randomly overlapping fibers, 
AJ.ChE. J. 37(l), 74 (1991). 
D. Y. Tzou, The effect of internal heat transfer in cavities on 
the overall thermal conductivity, Inr. J. Heat Muss Transfer 
34(7), 1839 (1991). 
Y. Ueno, Y. Kobayashi, Y. Nagasaka and A. Nagashima, 
Thermal conductivity of CFC alternatives. (Measurements 
of HCFC-123 and HFC-134a in the liquid phase by the 
transient hot-wire method), Nippon Kikai Gakkni 
Ronbunshu B Hen 57(541), 3169 (1991). 
E. E. Ustjushanin, Thermal conductivity of filled epoxy 
composites, Cryogenics 31(4), 241 (1991). 

50P. L. S.Verma, A. K. Shrotriya,R. SinghandD.R.Chaudhary, 
Prediction and measurement of effective thermal conduc- 
tivity of three-phase systems, J. Phys. D 24(g), 1515 
(1991). 

51P. C.B. Vining, W.Laskow, J.O.Hanson,R.R.VanderBeck, 
Paul D. Gorsuch, Thermoelectric properties of pressure- 
sintered Si0.8Ge0.2 thermoelectric al1oys.J. Phys. D 69(8), 
4333 (1991). 

52P. G. Xu and Z. Bao, Research on measuring thermophysical 
properties using parameter estimation, J. Therm. Anal. 
36(3), 1049 (1990). 

Diffusion 
53P. J. W. Bee&mar& Measurement of the effective diffusion 

coefficient of nitrogen, Ind. Engng Chem. Res. 30(2), 428 
(1991). 

54P. H. A. Kooijman and Ross Taylor, Estimation of diffusion 
coefficients in multicomponeny liquid systems, Ind. Engng 

Chem. Res. 30(6), 1217 (1991). 
55P. R. K. Sharma, D. L. Cresswell and E. J. Newson, Effective 

diffustion coefficients and tortuosity factors for commer- 
cial catalysts, Znd. Engng Chem. Res. 30(7), 1428 (1991). 

56P. T. Utada, N. Sugiura, R. Nakamura and H. Niiyama, 
Diffusion coefficient in heteropoly acid catalyst measured 
by piezoelectric quartz clystal microbalance, J. Chem. 
Engng Jap. 24(4), 417 (1991). 

Specific heat 
57P. S. J. Collocott and G. K. White, Heat capacity and thermal 

expansion of Zerodur and Zerodur M at low temperatures, 
Cryogenics 31(2), 102 (1991). 

58P. Y. H. Jeong, D. J. Bae, T. W. Kwon and I. K. Moon, 
Dynamic specific heat near the Curie point of Gd, J. Phys. 
D 70(10), 6166 (1991). 

59P. M. L. Siqueira, R. J. Vianaand R. E. Rapp, Carbon and thick 
film chip resistors as thermometers for heat capacity meas- 
urements below 1 K, Cryogenics 31(g), 796 (1991). 

60P. M.L. SiqueiraandR.E.Rapp, Specificheatofanepoxiresin 
below 1 K, Rev. Sci. Instrum. 62(10), 2499 (1991). 

Thermodynamic properties 
61P. K. Aasberg-Petersen and E. Stenby, Prediction of thermo- 

dynamicpropertiesofoilandgascondensatemixtures,Intl. 
Engng Chem. Res. 30(l), 248 (1991). 

62P. V. G. Baydakov, Thermodynamic properties and limits of 
stability of simple metastable liquids, Fluid Mech. Soviet 
Res. 20(3), 62 (1991). 

63P. F. Chen, A group contribution method for estimating heat of 
vaporization at 298 K, Chem. Engng Sci. 46(4), 1063 
(1991). 

64P. A. B. Goldberg and L. I. Kheifets, Application of the 
thermodynamics of irreversible processes to heat and mass 
transferinmulticomponentmixtures, Theor. Found.Chem. 
Engng 24(3), 223 (1991). 

65P. A. R. Hansen and C. A. Eckert, Interrelating excess 
thermodynamicfunctionsusingfusionproperties,A1.ChB. 
J. 37(l), 48 (1991). 

66P. D.A. Kouremenos and K. A. Antonopoulos, Soundvelocity 
and isentropic exponents of real air on its compressibility 
chart_ Int. J. Heat Fluid Flow 12(2), 137 (1991). 

67P. D. S. Mishra and S. H. Yallcowsky, Estimation of vapor 
pressure of some organic compounds. Ind. Engng Chem. 
Res. 30(7), 1609 (1991). 

Transport properties - combined 
68P. R. L. Cardozo, Enthalpies of combustion, formation, vapori- 

zation and sublimation of organ&, A.I.ChE. J. 37(2). 290 
(1991). 

69P. M. Furukawa, Practical expressions for thermodynamic and 
transport properties of commonly used fluids, J. 
Thermophys. Hear Transfer S(4), 524 (1991). 

70P. V. A. Kover' yanov, The Prandtlturbulent number, Teplofizika 

71P. 

72P. 

73P. 

Vysokikh Temperatur 29(2), 398 (1991). 
D. Lhuillicr, Transport phenomena in moderately concen- 
trated suspensions of rigid spheres, Phys. A 165(3), 303 
(1991). 

G. D. Maaza, C. A. Berm and G. F. Barreto, Evaluation of 
radiative heat transfer properties in dense particulate me- 
dia, Powder Technol. 67(2), 137 (1991). 
I. Oppenhehn and J. McBride, Transport equations for 
suspensions of inelastic particles, Phys. A 165(3), 279 
(1991). 

74P. A. Soria and H. I. de Lass, Averaged transport equations for 
multiphase systems with interfacial effects, Chem. Engng 
Sci. 46(8), 2093 (1991). 

75P. A. G. Tirkskij and V. G. Shcherbak, The uncertainty in the 
constants of gas phase air reactions and its effect on heat 
transfer at a gliding descent, Teplofizika Vysokikh 
Tempera&r 29(2), 317 (1991). 



Heat transfer-a review of 1991 literature 3223 

76P. H. L. Toor, Turbulent diffusivities in reacting systems, 
A.f.ChE. J. 37(1 l), 1737 (1991). 

Viscnsity 
77P. S. K. Lee, K. H. Tsang and H. W. Kui, Viscosity of molten 

Pd71 Cu6.5 Si16.5, J. Appl. Phys. 70(g), 4842 (1991). 
78P. H.Liu,W. WangandC.-H.Chang,Modelwitbtemperature- 

independent p-etem for the viscosities of liquid mix- 
tures, Ind. Engng Chem. Res. 30(7), 1617 (1991). 

79P. I. D. Mayergoyz and C. E. Kormau, Preisacb model with 
stochastic input as a model for viscosity, J. Appl. Phys. 
69(4), 2128 (1991). 

80P. A. K. Mebrotra, A generalized viscosity equation for pure 
heavy hydrocarbons, Ind. Engng Chem. Res. 30(2), 420 
(1991). 

8 1P. K. H. Tsang, S. K. Lee and H. W. Kui, Viscosity of molten 
Pd40 Ni40 P20, .I. Appl. Phys. 70(9), 4837 (1991). 

APPLlCATlONS - HEAT PIPES AND HEAT 
EXCHANGERS 

Heat vives 

IQ. 

2Q. 

34. 

4Q. 

5Q. 

64. 

74. 

8Q. 

9Q. 

JIG. Ambrose, L.. C. Chow and J. E. Beam, Detailed model 
for transient liquid flow in heat pipe wicks,J. Thermuphys. 
Heur Transfer S(4). 532 (1991). 

P. Andreini and A. Niro, Heat transfer rates in a closed two- 
phase tbermosyphon, Termotecnica (A4ibnJ 45(4), 49 
(1991). 

W. J. Bowman, Numerical modeling of heat-pipe transients, 
J. Thermaphys. Heat Transfer 5(3), 374 (1991). 

P. I. Bystrov, A. I. Ivlyutin, V. N. Kbarchenko and A. N. 
Shul’ts, Physical mechanisms for transfer of heat mass, 
and momenhun in a short low-temperature heat pipe. I. 
Hydrodynamics of vapor flow, J. Engng Phys. 60(l), 1 
(1991). 

P. I. Bystrov, A. I. Ivlyutin and A. N. Shul’ts, Physical 
mechanisms for heat and rnorn~n~ transfer in a short 
low-tempem~re heat pipe. II. Vapor flow structure, J. 
Engng Phys. 60(2), 208 (1991). 

Y. Cao and A. Faghri, Transient multi~e~io~ analysis 
of nonconvez tional heat pipes withuniform and nonuniform 
heat distributions, 1. Hear Transfer 113(4), 9% (1991). 
A. Faghri, M. Buchko and Y. Cao, A study of bigh- 
temperature heat pipes with multiple heat sources and 
sinks: Part l-Experimental methodology aud frozen startup 
profiles, J. Hear Transfer 113(4), 1003 (1991). 
A. Fagbri, M. Buchko and Y. Cao, A shldy of bigh- 
temperature heat pipes with multiple heat sources and 
sinks: Part II-Analysis of continuum transient and steady- 
state experimental data with numerical predictions, J. Hear 
Transfer 113(4), 1010 (1991). 
A. Faghri and M. Buchko, Experimental and mimetical 
analysis of low-tem~ra~e heat pipes with multipie heat 
sources, J. Hear Transfer 113(3), 728 (1991). 
F. Issacci, I. Cattou and N. M. Ghoniem, Vapor dynamics 
of heat pipe start-up, 1. Heat Tran$er 113(4), 985 (1991). 

11 Q. J. H. Jang, A. Fagbri and W. S. Chang, Analysis of the one- 
dimensional transient compressible vapor flow in heal 
pipes, Inc. J. Heat Mass Transfer 34(8), 2029 (1991). 

12Q. L. E. Kanonchik and P. I. Sergeev. Comprehensive iuves- 
tigation of startup regimes for a frozen heat pipe, J. Engng 
Phys. 59(5). 1414 (1991). 

13Q. Y. Kobayashi, A. Okumura and T. Matsue, Effect of gravity 
and noncondensable gas levels on condensationinvariable 
conductance heat pipe, J. Thermophys. Heat Transfer S(l), 
6lf1991). 

14Q. H. Kozai, H. Imura and Y. Ikeda, Permeability of screen 
wicks, JSME Inf. J. Ser. 2 34(2), 212 (1991). 

1SQ. A. Niro, Analytic model for the design of heat pipe heat 

exchangers, Termotecnica (Milan) 45(9), 57 (1991). 
16Q. G. Pagliariai and G. S. Barozzi, Thermal coupling in 

laminar flow double-pipe heat exchangers, J. Heat Trans- 
fer 113(3), 526 (1991). 

174. G. P. Peterson and B. K. Bage, Entrainment limitations in 
thermayphons and heat pipes, J. Engng Mater. Technol. 
113(3), 147 (1991). 

184. D. A. Fruzan, L. K. Klingensmith, K. E. Torrance and C. T. 
Avedisian, Designof high-performance sintered-wick heat 
pipes, Znt. 1. Hear Mass Transfer 34(6), 1417 (1991). 

19Q. D. Salinas and P. J. Marto, Analysis of au internally fiied 
rotating heat pipe, Numer. Heal Transfer int. J. Comp~. 
Merhudof. Parka Appl. 19(3), 255 (1991). 

2OQ. S. Ueno, S. Iwaki, K. Tazume and K. Ara, Control of heat 
transport in heat pipesby magnetic fields, J. Phys. D 69(8), 
4925 (1991). 

214. L. L. Vasil’ev, Geothermal energy utilization with heat 
pipes, J. Engng Phys. 59(3), 1186 (1991). 

224. T. Wadowski, A. Akbarzadeh and P. Johnson, Characteris- 
tics of a gravity-assisted heat pipebased heat exchanger, 
Heat Recovery System & CHP 11(l), 69 (1991). 

234. D. Wu aud G. P. Peterson, Investigation of the transient 
characteristics of a micro heat pipe, J. Thermaphys. Heat 
Transfer S(2), 129 (1991). 

244. D. Wu, G. P. Peterson and W. S. Chang, Transient 
experimental investigation of micro heat pipes, J. 
Thermophys. Heat Transfer 5(4), 539 (1991). 

Hear exchangers 

Design. 
254. S. V. Alekseenko, V. D. Goryachev, I. N. Gusev, V. M. 

Eroshenko and V. B. Rabovskii, Numerical and experi- 
mental modeling of turbulent flows in furnace chambers, J. 
Engng Phys. 59(6), 1545 (1991). 

264. J. Ancheyta, R. Nares, A. Moreno and C. G. Anaya, New 
algorithm simplifies heat-exchanger calculations, Oil Gas 
J. 89(50), 70 (1991). 

274. D. Buttexwortb, C. F. Mascone, Heat transfer heads into the 
21st century, Chem. Engng Prog. 87(9), 30 (1991). 

284. F. D, Doty, G. Hosford, J. B. Spitzmesser and J. D. Jones, 
The Microtube strip heat exchanger, Heat Transfer Engng 
12(3f, 31 (1991). 

294. N. Egrican and S. Uygur, Minimum entropy generation 
design method for the heat transfer process in the 
supercritical region, Energy Convers. Manage 32(4), 375 
(1991). 

304. M. S.El-GenkaudD.Rao,Onthepredictionsofcriticalheat 
fluxinrodbundlesat lowflowandlowpressureconditions, 
Heat Transfer Engng 12(4), 48 (1991). 

314. R. B. Evans and M. R. von Spakovsky, Two principles of 
differential second law heat exchanger design, J. Heat 
Transfer 113(2), 329 (1991). 

32Q. L. Haseler, Setting desigus on heat exchangers, Process 
Engng (London) 71(S), 47 (1990). 

334. G. Jonsson and 0. P. Palsson, Use of empirical relations in 
up-et~ofh~t~xc~g~m~els,~~.E~gn~Chem. 
Res. 30(6). 1193 (1991). 

34Q. H. Kalbitz and M. Bohnet, Influence of static mixers on heat 
transfer aud pressure drop in tube heat exchangers, Chem. 
ing. Tech. 63(3), 270 (1991). 

354. I. I. Kutbi, Physical and state-space models for control and 
system identification of heat exchangers in nuclear power 
plants, Ann. Nucl. Energy 18(11), 617 (1991). 

36Q. U. Lelli, Heat exchanger flow configurations: dimensional 
analysis, Chem. Engrrg Sci. 46(8). 1945 (1991). 

374. Prabbakant and G. N. Tiwari, Analytical study of heat 
exchanger design, Energy Convers. Manage 32(4), 403 
(1991). 

38Q. R. Rautenbacb, C. Erdmaun and J. Kollbacb, Self-cleaning 
tluidized bed heat exc~g~-hy~auli~ and thermal cti- 



32.24 E. R. G. EC :kert et al 

acteristics, operational experiences, Chem. Ing. Tech. 
63(10), 1005 (1991). 

394. K. V. Ravi Kumar and S. Sarangi, On the performance of 
high Ntu heat exchangers with variable heat capacity of the 
working fluid, Heat Trunsfer Engng 12(l), 37 (1991). 

40Q. I. I. Rejxin, Calculation of thertnal conditions of cooling 
complex subjects, Inzhenerno-Fizicheskii Zhurnd 60(l), 
164 (1991). 

414. C. Schenone, L. Tagliafico and G. Tanda, Second law 
performance analysis for offset strip-fin heat exchangers, 
Heat TrunsferEngng 12(l), 19 (1991). 

42Q. L. G. Semenyuk, ‘Ihermodynamic efficiency of heat 
exhangers,J. Engng Phys. 59<6), 1533 (1991). 

430. E. Van den B&k. Ontimal design of crossflow heat 
exchangers, J. Heat h&sfer 113(2i 341(1991), 

44Q. S. R. Yang, G. Sun and E. 2. Wang, Power condenser 
perfoimance simulation taking account of axial effects, 
Zhongguo Dianji Gongcheng Xuebao IO. 92 (1990). 

Direct contact and evaporators. 
454. V. A.Dyundin, G. N. Danilova, Yu. A. Vol’nykhandN. V. 

Tovaras, Surfaces of intensive heat transfer for tube-in- 
shell evaporators, Therm. Engng 37(12), 632 (1991). 

46Q. H. S. Ghazi, Direct-contact heat transfer for air bubbling 
through water, J. Energy Resour. Technol. 113(Z), 71 
(1991). 

474. K. Kamiuto, N. Sase and M. Honda, Thetmal performance 
of a direct-type nocturnal ~diat0r.A~~~. Energy 39(Z), 117 
(1991). 

484. M. Monjoie, Film fill recent research and application data, 
J. Cool Tower Insr 12(l), 31 (1991). 

494. Y. H. Mori, An analytic model of direct-contact heat 
transfer in spray-column evaporators, A.I.ChE. J. 37(4), 
539 (1991). 

5OQ. R. Nicholls, Model tests and economics of inflated 
evaporative fabric cooling domes, J. Energy Engng 117(l), 
18 (1991). 

51Q. M. S. Sodha, J. Kanr, R. L. Sawbney and D. Buddhi, 
Cooling potential of an evaporative cooling tower: para- 
metric studies, ht. J. Energy Res. X5(1), 1 (1991). 

524. S. M. Summers and C. T. Crowe, One-dimensional nurneri- 
cal mode1 for a spray colnmn heat exchanger, A.I.ChE. J. 
37(11), 1673 (1991). 

Enhancement and extended surfaces. 
534. K.N.AgrawalandH.K.Varma,Experimentalstudyofheat - 

transfer augmentation versus pumping power in a horizon- 
tal R12 evaporator, Ittt. J. Refrig. U(5), 273 (1991). 

54Q. H. Aoki and H. Mitsui, Tubular heat exchangers with 73Q. 
internal longitudinal fins for metal hydride reaction beds, 
Nippon Kikai Gakkai Ronbunshu B Hen 57(534), 604 74Q 
(1991). 

55Q. M. K. Chyu, Regional heat transfer in two-pass and three- 
pass passages with 180-deg sharp turns, J. Heat Transfer 
113(l), 63 (1991). 754. 

56Q. I. I. Dyakov and B. E. Pyshkin, Compact heat exchangers 
based on lividly finned flat multich~e1 tubes, Hear 
Recovery system & CHP 11(S), 385 (1991). 

574. B. V. Dzyubenko, A. V. Kalyatka V. I. Rozanov and M. D. 76Q. 
Segal, Nonsteady heat and mass transfer with azimuthal 
nonumiformity of the heat supply to bundles of spiral tubes, 
J. Engng Phys. 59(4), 1316 (1991). 774. 

584. V. N. Fomina, T. V. Abramova, E. Ya. Titova, I. N. 
Barbakadze and A. Ya. Andreeva, An experimental inves- 
tigation of a new heating surface of tubes with spiral turned- 
in fins, Therm. Engng 37(9), 478 (1991). 78Q. 

594. V. Ganapathy, HRSG heat transfer, Hear Piping Air Cond. 
62(3), 99 (1990). 

604. K. Hijikata, S. P. Wang and 0. Nakabeppu, Condensation 
heat transfer on finned tubes with radial ridges on the fin 

720. M. M. Ohadi. N. Sharaf and D. A. Neison. 
Electrohydrodynarnic enhancetnent of heat tmnsfer in a 
shell-and-tubeheatexchanger,Exp. HeutTransfer 4(l), 19 
(1991). 
M. M. Ohadi, Heat transfer enhancement in heat excbang- 
ers, ASHRAE J 33(12), 6 (1991). 
1. A. Rogov, B. S. Babakin, N. A. Mikhajlov and M. R. 
Bovkun, Simulationof electricalconvectioneffect onto the 
heatexchangeinaircondensator,E~ekrronnayaObrubotku 
Murerfulov (l), 54 (1991). 
V. Yu. Semenov, A. I. Smorodin and V. K. Orlov, Heat 
exchange of a bank of tubes in the transverse flow of liquid 
complicated by the formation of the solid phase of the heat 
carrier, 1. Engng Phys. 58(5), 567 (1990). 
8. Spang and W. Roetzel, Them& behavionr of bundled 
tube heat exchangers with segmental baffles, Chem. Ing. 
Tech. 63(2), 134 (1991). 
E. M. Sparrow and V. B. Grannis, Pressure drop cbaracter- 
istics of heat exchangers consisting of arrays of diamond- 
shaped pin fins, Inr. J. Heat Muss Transfer 34(3), 589 
(1991). 
N. L. Vulcbanov, V. D. Zimparov and L. B. Delov, Heat 
transfer and friction characteristics of spirally corrugated 
tubes for power plant condensert2. A mixinglength 
model for predicting fluid friction and heat transfer, Int, J. 
Hear Mass Transfer 34(9), 2199 (1991). 

surfaces (2nd report, Theoretical study), Nippon Kikui 
Gakkai RonbunshuB Hen 57(537), 1719 (1991). 

6lQ. E. K. Ka.linin, G. A. Dreitser, N. V. Paramonov. A. S. 
Myakocbiu, A. I. Tikhonov, S. G. Zakirov, E. S. Levitt and 
L. S. Yanovsky, Comprehensive study of heat transfer 
enhancement in tubular heat exchangers, &per. Therm. 
FluidSci. 4(6), 656 (1991). 

62Q. T. Kawamura, M. Kanzaki, M. Iwabuchi and Y. Takahasbi, 
Heat transfer and pressure drop of finned tube banks with 
a staggered arrangement in forced convection (2nd report, 
Pressure drop characteristics and correlation of spirally 
finned tube banks), Nippon Kikai Gakkai Ron&t&u B 
Hen 57(537), 1759 (1991). 

634. T. Kawamura, M. Kanzaka, M. Iwabuchi and Y. Takahashi, 
Heat transfer and pressure drop of finned tnbe banks with 
a staggered arrangement in forced convection (1st report, 
Heat transfer characteristics and correlation of spirally 
finned tube banks), Nippon Kikai Gakkai Ronbunshu B 
Hen 57(537), 1752 (1991). 

64Q. R. W. Knight, I. S. Goodling and D. J. Hall, Optimal thermal 
design of forced convection heat sinks-analytical, J: Elec- 
tron. Packaging .l13(3), 313 (1991). 

654. S. N. Kondepudi and D. L. O’Neal, Frosting perfotmance 
of tube fii heat exchangers with wavy and corrugated fii, 
Exper. Therm. Fluid&i. 4(S), 613 (1991). 

66Q. T. K. Kumaran, 1. C. Han and S. C. Lau, Augmented heat 
transfer in a pin ftn channel with short or long ejection 
holes, ht. J. ~eut~~ss Transfer 34(10), 2617 (1991). 

674. V. B. Kuntysh, A. E. Piir and A. N. Gerasimenko, Heat- 
transfer and hy~a~c-~g coefficient of staggered tube 
bnndles with variable number of finned tubes in the rows, 
Fluid Mech. Soviet Res. 20(3), 89 (199 I). 

68Q. J. C. Morales, A. Campo and C. Schuler, Heat transfer 
enhancement in internally finned tubes accounting for 
combined convection and participating radiation, Int. J. 
Heat Mass Transfer 34(7), 1861 (1991). 

694. H. Nguyen and A. A&, Heat transfer from convecting- 
radiating fins of different profile shapes, W&me 
Stofiebertrug 27(2), 67 (1991). 

704. A. Nir, Heat transfer and friction factor correlations for 
crossflow over staggered finned tube banks, HeutTran$er 
Engng 12(I), 43 (1991). 

714. M. O-u&i, M. Izumi, N. Yamakawa, Y. Takatnori and T. 
Takeyama, Heat-transfer ~~~~ of liquid f&n flow in 
a vertical, finely grooved heating surface, Heat Trunsfer- 
Jup. Res. 20(2), 130 (1991). 



Heat transfer-a review of 1991 literature 3225 

794. R. L. Webb and Paul Trauger, Flow structure in the louvered 
tin heat exchanger geometry, Exper. Therm. Fluid Sci. 
4(2), 205 (1991). 

8OQ. K. Yamashita, M.Kumagai, S. Sekita, A. Y abe, T. Taketaui 
and K. Kikuchi, Heat transfer characteristics of an EHD 
condenser (second report The development of an EHD 
condenser), Nippon Kikai Gakkai Ronbunshu B Hen 
57(537), 1’727 (1991). 

SlQ. V. V. Zakharenko and M. V. Grokhovskya, Analysis of heat 
~f~~ciency~~~~app~~, Teoreticheskie 
Osnovy Khi~~hes~i TekhnoIogii 25(3), 362 (1991). 

82Q. V. D. Zimparov, N. L. Vulchanov and L. B. Delov, Heat 
transfer and friction characteristics of spirally comrgated 
tubes for power plant condensers-l. Experimental inves- 
tigationandperformance, ht. J. HeatMassTransfer 34(9), 
2187 (1991). 

Fouling, deposits and surface effects. 
83Q. G. Baker and J. S. Graumau, Solving some seawater 

corrosion problems with titanium, Sea Technof. 32(4), 70 
(1991). 

84Q. C. A. Branch and H. M. Miiller-Steinhagen, Lofluence of 
scaiii on the performance of shell-and-tube heat exchang- 
ers, Hear Tra~rEngng 12(2), 37 (1991). 

85Q. R.Ishinuro.H.SakashitaK.-1.SumvamaandY.T~~~ 

864. 

87Q. 

SEQ. 

89Q. 

9oQ. 

91Q. 

924. 

Micro&o&c study of &CO s&&g on heat-transfer surl 
faces, Nippon Kikai Gakka~Ronbansha B Hen 57(541), 
3220 (1991). 
K. Kawamura, A. Yasuo and F. Inada, Tube-to-support 
dynamic interaction caused by turbulent flow-induced vi- 
bration, Nippon Kikai Gakkai Ronbunshu C Hen 57(537), 
1461 (1991). 
G. I. Kelbaliev and L. V. Nosenko, Intensification of heat- 
exchange processes in the presence of a surface with 
variable roughness, J. Engng Phys. 59(2), 960 (1991). 
L. I. Kolykban, V. N. Soloviyov and A. A. Shulzbeolco, 
S&am generation and cleaning of a dissociating heat car- 
rier, Heat Transfer-Soviet Res. 22(S), 625 (1991). 
N. A. Kudryavtsev, M. V. M&nova and V. P. Yatsenko, 
Transverse two-phase flow around a cyrmdrical heat ex- 
change surface, J. Engng Phys. 59(6), 1518 (1991). 
J. Middis and H. M. M~~-Ste~~e~ Heat transfer from 
finned surfaces with a uniform fouling deposit, Can. J. 
Chem. Engng 69(3), 755 (1991). 
H. Miiller-Steinhagen and C. A. Branch, Performance of 
two heat transfer fouling probes for various fluids, Can. J. 
Chem. Engng 69(6), 1283 (1991). 
K. Shinzato, T. Fujii, S. Koyama and T. Nosetaui, Experi- 
mental verification of a method for simultaneous measure- 
ment of the fouling factor and water velocity inside a 
condenser tube, Sumitomo Keikinroku Giho 31(3), 20 
(1990). 

934. S. Yoshida,T. Matsunaga,H.-P.HoongandM.Miyaxaki,A 
experimental mvestigation of oil infhtence on heat traosfer 
to a refrigerant inside horizontal evaporator tubes, Heat 
Transfer-Jap. Res. 20(Z), 113 (1991). 

Muteriaki. 
94Q. D. A. Kennedy, J. J. Leonard and J. I. Feddes, Field test of 

a PVC plate heat exchanger for animal housing, Applied 
Engngineering in Agriculture 7(4), 457 (1991). 

95Q. K. Mon. N. Fuji& H. Horie, S. Mori, T. Miyasbita and M. 
Matsunda, Heat transfer promotion of an aluminum-brass 
cooling tube by surface treatment with triaziuethiols, 
Langmuir 7(6), 1161 (1991). 

964. T. Nishizawa, T. Fujii, H. Sugibayashi and T. Kitarnoto, 
High-performance titanium heat-transfer tube, Furukawa 
Rev (9), s5 (1991). 

974. D. Ringer, Multiflow heat exchangers as soldered alu- 
minium plate equipment-State of the art, Chem. Ing. 

Tech. 63(l), 30 (1991). 
984. V. A. Shapnshnikova and A. A. Yurenkov. Experimental 

studies of heat exchange apparatuses with porous coatings 
usingsup&luidheli~KhimicheskoeiNefrekhimicheskoe 
Mashinostroenie 1,16 (1991). 

Network 
99Q. J. Jezowski, Note on the use of dual temperature approach 

~h~texc~~ne~~s~~~i~co~~t. Chem.Engng 
15(5), 305 (1991). 

10&X J.K~,P.-A.~~~dG.S~los,~schesVer~t~ 
von Femheinmtzen. (Dynamic behavior of district heating 
networks), Fernw&me int. 20(12), 6 (1991). 

1OlQ. R. Pauhnarm, Randprobleme bei der Umstelhmg von 
Dampfnetzen auf den Waermetraeger Heizwasser. (Mar- 
ginal problems with the convention of steam networks to 
the heat carrier heat@ water), FernWErme Int. 20(12). 4 
(1991). 

102Q. R. Ratnam and V. S. Patwardhan, Sensitivity analysis for 
heat exchanger networks, Chem. Engng Sri. 46(2), 451 
(1991). 

1034. E. Rev and Z. Fonyo, Diverse pinch concept for heat 
exchange network synthesis: the case of different heat 
transfer conditions, Chem. Engng Sci. 46(7), 1623 (1991). 

104Q. R. M. Wood, K. Suaysompol, B. O’Neill, K. Brian J. R. 
Roach and K. K. Trivedi, New option for heat exchanger 
network design Cbem. Engng Prog. 87(9). 38 (1991). 

Transient. 
105Q. M. S. Abdel-Salem, S. L. Aly, A. I. El-Sharkawy and Z. 

Abdel-Rehim, Thermal characteristics of packed bed stor- 
age system, Int. J. Energy Res. 15(l), 19 (1991). 

1064. Y. Kang, L. T. Fan and S. D. Kim, Immersed heater-to-bed 
heat transfer in liquid-solid fluidized beds, AJ.ChE. J. 
37(7), 1101 (1991). 

1074. M. Mahahngam and A. K. Kolar, Emulsion layer model 
forwallheattransferinacirculatingfluidizedbed,A.J.Ch.E. 
J. 37(8), 1139 (1991). 

108Q. A. K. Shrobiya, L. S. Verma, R. Singh and D. R. 
bud, Effect of temperature and moisture on the heat 
storage coefficient of loose granular systems, Heat Recov- 
ery System & CHP ll@), 483 (1991). 

109Q. G.VenkatarathnamandS.Sarangi,Analysisofmatricheat 
exchanger performance, f. Heat Transfer 113(4), 830 
(1991). 

1lCQ. K. M. Wagialla, A. H. Fakeeha, S. S. E. H. Elnashaie and 
A. Y. Ahnaktary, Modeling and simulation of energy 
storage in fluidized beds using the two-phase model, En- 
ergy Sources 13(2). 189 (1991). 

11lQ. R. Werner and M. Groll, Two-stage metal hydride heat 
transformer laboratory model. Results of reaction bed 
tests, J. Less Common Met. 174(12), 1122 (1991). 

Regenerators and rotary devices. 
1124. B. S. Baclic and G. D. Dragutinovic, As~e~c- 

unbalanced counterflow thermal regenerator probiem: 
solution by the Gale&in method and meaning of 
diiensionIessparameters.Jnr.J. HeatMassTran#er34(2), 
483 (1991). 

1134. J. J. Rau, S. A. Klein and J. W. Mitchell, Characteristics 
of lithium chloride in rotary heat and mass exchangers, Int. 
J. Heat Muss Transfer 34(1 l), 2703 (1991). 

114Q. M. S. Safanov, N. M. Voslrresenskij and V. K. Vel’nov, 
Optimization of structure of regenerative heat exchanger 
on the criterions of compacmess and care of the thermal 
exergy, Teoreticheskie Osnovy Khimicheskoi Tekhnologii 
25(6), 554 (1991). 

1lSQ. P. Worsoe-Schmidt, Effect of fresh air purging on the 
efficiency of energy recovery from exhaust air in rotary 
regenerators, Int. J. Refrg. 14(4), 233 (1991). 



3222h 5. R G F&ken et ni 

Shell and cube. 
116Q. S. M. Kaphmov. Choice of parameters for models of shell- 

and-tube type heat exchangers and their test conditions. 
Therm. Engng 38(l), 29 (1991). 

117Q. C. M. D. Moorthy, S. G. Raviknmaur and K. N. 
Seetharamu, FEM application in phase change exchangers, 
W&me Stoffuebertrag 26(3), 137 (1991). 

IlSQ. 0. Nasser, Hybrid heat exchanger, C&m. Teclr. 
~~eideZ~rg~ 19(S), 30 (1990). 

I 19Q. B. J. Pangrle. A. N. Alexandrou, A. G. Dixon and D. 
DiBiasio, An analysis of laminar fluid flow in porous tube 
and shell systems, Chem. Engng Sci. 46(f l), 2847 (1991). 

IZOQ. A. M. Tayeb, M. A. El-R&i, Y. A. El-Tad and R. M, 
Abdel-Money Calculation of optimal controller settings 
and transient responses of a shell-and-tube heat exchanger, 
Energy Convers. Manage 32(5), 431 (1991). 

121Q. A. M. Tayeb, M. A. El-Rifai, Y. A. El-Tawil and R. M. 
Abdel-Monem A new dynamic model for a shell-and-h& 
heatexchanger,Ener~yCCon\~er.~.Manajie32(5),439(1991). 

Transient. 
1224. H.-T. Chen and K.-C. Cben, Simple method for aansient 

response of gas-to-gas cross-flow heat exchangers with 
neither gas mixed, fnr. J. Hear Mass Transfer 34(1 l), 2891 
(1991). 

123Q. A. K. Cousins, Response of laser heat exchangers to 
tmsteady spatiaIly varying input. J. Thermophys. Heat 
Transfer 5(l), 76 (1991). 

124Q. B. S. Fokin, Ye. N. Goldberg and A. F. Akselrod, 
Oscillations of heat transfer tubes in a two-phase flow, Heat 
Transfer--Soviet Res. 22(6), 810 (1991). 

12.54. V. F. Getmanets, A. Ya. J&vin and L. G. Potemiua, Heat 
transfer in a system of parallel axisymmetric ribs under 
conditions of a change in the aggregate coolant state, J. 
Engng Ptlys. 59(6), 1505 (1991). 

126Q. D.D.Gvozdenac,Dynamicresponseofthecrossflowheat 
exchanger with finite wall capacitance, W&me 
Stofiebertrag 26(4), 207 (1991). 

127Q. P.N.~s~l’~~dA.Ya.Blagov~bche~~i,‘4~eoreti” 
~ex~~ent~ ~vestigation of the dynamic chamcteris- 
tics of a heat exchanger, cooled by air with natural c&da- 
tion, Therm. Engng 38(4), 224 (1991). 

IZSQ. P. N. Pustyl’nuk and A, Ya. Blagoveshchenskij, Compu- 
terized and experimental investigation into dynamic char- 
acteristics of a heat exchanger cooled by natural air convec- 
tion, Teploenergetika (4), 69 (1991). 

129Q. K. S. Tan and I. H. Spinner, Approximate solutions for 
transient response of a shell and tube heat exchanger, Ind. 
Engng Chem. Res. 30(7), 1639 (1991). 

Miscellaneous 
13OQ. A. M. Anderson and R. J. Moffat, Direct air cool& of 

Electronic components: Reducing component tempera- 
tures by controlled thermal mixing, I. Hear Tramfer 
113(l), 56 (1991). 

131Q. A. ~u~iato, Influence of secondary system conditions 
on steam generator U-tube flow distribution during singIe- 
phasenaturalcirculation,~~c~. Tech&. 96(2),215 (1991). 

132Q. Anon, Refrigerant changes for A/C sytems, Aufomot. 
Engng 99(2), 2.5 (1991). 

133Q. W. Bauer, K.-D. Heide and 0. Plhal, Feruwarme 
elektronisch ueber-wacht - Betriebsdateuerfassung bei den 
Heizbetriebenwien. (DistrictheatingElectronicallymoni- 
tored - Recording operational data at the Vienna heating 
works), Fernwiirme Int. 20(12), 6 (1991). 

134Q. L. Cauli and D. Salimbeni, Control method for speeding 
up response of a heating plant with solar+&& energy 
recovery, Appi. Marh. Model. u(2), 73 (1991). 

135Q. A. V. &er&ovandP. F.L&oda,Timecharacteristicsof 
mixing inenamei stirred apparatnses, Teoreticheskie Osnovy 
Kkjmickeskoi Tekh~olog~i 25(3), 449 (199i). 

136Q. C. J. Clantos L. D. Jacobson and J. J. Boedicker, 
Preheating inlet air with a liquid-to-air heat exchanger, 
MAE 33(6), 2027 (1990). 

1370. T. Doko, H. Takeuchi, K. Ishikawa and S. Asami, Effects 
of heating on the structure and sag properties of bare fins for 
the brazing of automobile heat exchangers, Fcrrukowa Rev 
(9), 47 (1991). 

1384. A. Dworkin, J. Jaffre and H. Szwarc, Cooling device for 
low-temperature thermal analysis studies, Rev. Sci. Insmun. 
62(6), 1654 (1991). 

139Q. C. R. Escalera and S. U&da, Performance of a heat 
excbangm type anaerobic biofihn reactor, Low-Cost and 
Energy-Saving Wastewater Treatment Technologies Wa- 
ter Science and Technology 24(5), 149 (1991). 

140Q. H. Fujimara, N. Kobayashi andK. Ohtsnka, Heat and mass 
transfer in a molten carbonate fuel cellQnd report, analysis 
investigation of performance and temperatnre distribution 
in a cell stack), Nippon Kikai Gakkai Ronbunsku B Hen 
57(535), 825 (1991). 

141Q. A. Henatsch and R. Hofer, Passenger cars with active heat 
insulation, Z Eisenbaknwes Verkekrsteck Glasers Ann 
llS(4). 110 (1991). 

1424. M. J. S. Hirst, Thermal design loads for concrete roof slabs 
and walls. Tran. Inst. Engng Ausr. Civ. Engng CE33(2), 
129 (1991). 

1434. A. H. Iversen and S. Wbitaker, A uniform te~m~e, 
ultra-high heat flux ~~d-~ol~, power s~icon~ctor 
package, IEEE Ind. Appl. 27fl I), 85 (1991). 

144Q. M. Iwabuchi, T. Matsuo, M. Fnkagawa, K. Narita and T. 
Maekawa, Study of high-temperature sensible heat storage 
system. ( 1 st Report, system concept and thermal character- 
isticsj, Nippon Kikai Gakkai Ronbunsku B Hen 57(541), 
3226 (1991). 

1454. T. Kashiwagi, D.-H. Rie, S. Knrosawa, T. Nomura, K. 
Omata, Marangoni effect on the process of steam absorp- 
tion into the falling fii of the aqueous solution of LiBr, 
Nippon Kikai Gakkai Ronbunshu B Hen 57(539), 2277 
(1991). 

1464. V. A. Kirakosyan, Motion of a gas in a cyclone heat 
exchanger, f. Engng Pkys. 60(Z), 224 (1991). 

1474. M. J. Lampinen and J. Vuorisalo, Heat adulation 
function and opinion of heat engines, J. Appl. Pkys. 
69(2), 597 (1991). 

I48Q. M. Law, Fire grading and fire behavior, Fire Safety J. 
17(2), 147 (1991). 

1494. J. R. Lines, Heat exchangers io municipal wastewater 
treatment plants, WaterEngng Manage 138(9), 28 (1991). 

15GQ. K. A. Loparo, M. R. Buchner and K. S. Vasndeva, Leak 
detection in an experimental heat exchanger process: A 
multiple model approach, IEEEAurom. Control 36(2), 167 
(1991). 

15lQ. K. Oedeen, Temperature development in externally fire 
exposed rooms, Fire Safety J. 17(2), 165 (199 1). 

1524. H. Oikawa, Heat removal performance evaluation of 
several passive con-em cooling systems during loss of 
~~tacciden~~. Nuc~.Sci.Tech~~. 28(10),9~(1~1). 

1534. D. J. Rasbash, Major fire disasters involving &shover, 
Fire Sa@y J. 17(2), 85 (1991). 

1544. M. A. Salim, M. Sadasivam and A. R. Balakrishnan, 
Transient analysisof heat pump assisted distillation sytems 
1: The heat pump, In?. J. Energy Res. 15(2), 123 (1991). 

155Q. M. A. Salim, M. Sadasivam and A. R. Balakrishnan, 
Transient analysis of heat pump assisted distillation sys- 
tems 2: Cohmm and system dynamics, Int. J. Energy Res. 
15(3), 137 (1991). 

156Q. G. M. Semenov, M. M. Khazen and L. G. Ruchkina, 
Quality control of cooling systems on the base of degassed 
thermal tube for power semiconductor devices, 
Elektroiekhnika (S), 9 (1991). 

157Q. J. R. Shook, Recover heat from flue gas, Ckem. Engng 
Prog. 87(6), 49 (1991). 

158Q. B. Spang, Y. Xuan and W. Roetzel, Thermal performance 



Heat transfer-a review of 1991 literature 3227 

of split-flow heat exchangers, Int. J. Hear Mass Tranger 
34(3), 863 (1991). 

159Q. D. Steffensrud, J. Bahls, E. Christenson, K. Fassnacht, E. 
Guckel, D. Haniman, S. Nalm, P. Vu and J. Zhang, EfE- 
ciency of short heat exchangers for helium vapor cooling, 
Rev. Sri. Insrrum. 62(l), 214 (1991). 

16@Q. M. Sugawara, S. Sakae and T. Fujita, Basic study of 
defrosting of heat exchanger, Nippon Kikai Gakkai 
Ronbunshu B Hen 57(537), 1874 (1991). 

161Q. K. Suhara, Recent advances in drying technology, Chem. 
Tech. 20(2), 14 (1991). 

162Q. B. Sunden and J. Svantesson, Heat transfer and pressure 
drop from louvered surfaces in automotive heat excbang- 
err., Exp. Heat Tratufer 4(2), 111 (1991). 

1634. H. Takamatsu, S. Koyama, Y. Ikegami, T. Yam, M. 
Kitamura and T. Fujii, Heat pump system with R22/R114 
mixtures as working fluids (2nd report, experiment on 
double-tube evaporator and condenser withgrooved tubes), 
Nippon Kikai Gakkai Ronbunshu B Hen 57(539), 2377 
(1991). 

164Q. M.-Y. Wey, J. Degreve and P. Van Rompay, Simulation 
of a slagging ~~emtion process, Comptu. Chem. Engng 
15(S), 297 (1991). 

1654. Y. Xuan, B. Spang and W. Roetxel, Thermal analysis of 
shell and tube exchangers with divided-flow pattern, Int. J. 
Heat Mass Transfer M(3), 853 (1991). 

166Q. H. Yamaxaki, T. Sakamoto, R. Nakadake and Y. Uwano, 
Basic cooling characteristics of disk windings using a U- 
bend supply of ~~~r~~~n liquid for no~ble 
cars, Nippon Kikai Gakkai Ronba~~hu 3 Hen 
57(539), 2336 (1991). 

1674. G. Xin-Sbi and V. Wittwer, Convective heat transfer 
coefficients from absorber plate to water in integrated and 
plastic bag solar water heaters, Renewable Energy l(2). 
299 (1991). 

HEAT TRANSFER APPLICATIONS - GENERAL 

1 S. R. I. Abraitis and P. P. Vajtekunas, Rupture of refractories by 
high temperature gas flow, Ogneupofy (2). 2 (1991). 

2s. S. M. Aceil and D. R. Edwards, Sensitivity analysis of 
thermal-hydraulic parameters and probability estimation 
of boiling transition in a standard BWR/6, Nucl. Tech&. 
93(2), 123 (1991). 

3s. A. M. Al-T&i and G. M. Z&i, Energy saving through 
intermittent evaporative roof cooling, Energy Build. 17(i), 
35 (1991). 

4s. B. R. Anderson, Calculation of the steady-state heat transfer 
through a slab-on-ground floor, Build Environ. 26(4), 405 
(1991). 

5s. V. A. Antonenko and G. R. Kudritskii, Results of investigat- 
ing the mechanism of vapor-forming processes relating to 
wicks of low-temperature heat pipes,.& Engng Phys. 60(l), 
8 (1991). 

6s. J. F. Arthur and T. R. Rumsey, Two-dimensional drying 
model for stationary bin walnut dryers, ASAE 34(l), 193 
(1991). 

7s. H.Asaka Y. Kukita, T. Yonomoto andK. Tasakq Results of 
0.5% hot-leg break ioss-of-coolant accident experiments at 
ROSA-IV&IF. The effect of break orientation, Nucl. 
Technol. %(2), 202 (1991). 

8s. H. A. Asgbar, Periodic temperature distribution around an 
undergroundwithaperiodicheat source,lnt. JEnergy Res. 
15(6), 509 (1991). 

9s. M. F. Ashby, J. Abulawi and H. S. Kong, Temperature maps 
for frictional heating in dry sliding, Tn’bot Trans34(4), 577 
(1991). 

10.9. L. F. Astafeva, A. P. Prishlvalko and S. T. L&o, Heating 
metallic particles with laser radiation, Phys. Chem. Mater. 
Treat 25(2), 148 (1991). 

11s. K. G. Ayappa, H. T. Davis, E. A. Davis and J. Gordon, 
Analysis of microwave heating of materials with teqera- 

turedependent properties,A.J.Ch.E. J. 37(3), 313 (1991). 
12s. J. R. Baker, Motionless mixers stir up new uses, Chem. 

Engng Prog. 87(6), 32 (1991). 
13s. S. Y. Bang and M. P. Modest, Multiple reflection effects on 

evaporative cutting with a moving CW laser, J. Hear 
Transf+zr 113(3), 663 (1991). 

MS. A. V. Baranenko, V. M. Zyukanov and A. L. Shevchenko, 
Raising absorber heat-transfer performance in a litbium 
bromideretligerator,Chem. Pet.Engng26(910),466(1991). 

15s. D. A. Bermett and R. Bradley, Strategy for an efficient 
simulation of countercurrent flows in the iron blast furnace, 
Appl. Math. Model. 15(10), 506 (1991). 

16s. B. P. Bewlay and B. Cantor, Relationship between thermal 
history and microstmcture in spraydeposited tin-lead al- 
loys. J. Mnter. Res. S(7). 1433 (1991). 

17s. E. A. Bomlarev, F. S. Popov aud 0. S. Smertin, Heat 
exchange between storehouses and frozen soil, Model. 
Simul. Control B 30(l), 41 (1990). 

18s. J. M.Burgess, Recent advances inblastfinnaceiromnaking 
technology in Australia, ISIJ. Int. c31(5), 408 (1991). 

19s. A. Carotermto, F. Fucci. G. La Fianxa ancd P. Reale, 
Physical model and devotion of an aquifer thermal 
energy store, Heat Recovery Sysrem & CHP 11(23), 169 
(1991). 

20s. S. Chakraborty and Y. Sahai, Effect of varying ladle stream 
temperature on the melt flow aud heat transfer in continu- 
ous casting tundishes, ISIJ. Int. 31(9), 960 (1991). 

21s. C. L. Cban and A. Char&a, Boundary element method 
analysis of the thermal aspects of metal cutting processes, 
J. Engng Znd. 113(3), 311 (1991). 

22s. S. H. Cbau and K. F. Ghassemi, Analytical modeling of 
calcium carbonate deposition for laminar falling films and 
turbulent flow in ammli: Part l-Formulation and single- 
species model, J. Heat Tratuj’er 113(3), 735 (1991). 

235. S. H. Ghan and K. F. Ghassemi, Analytical modeling of 
calcium carbonate deposition for laminar falling fiims and 
turbulent flow in ammfi: Part ~-M~tis~i~ model, J. 
Hear Transfer 113(3), 741(1991). 

24.9. P. Y. Chang and W. Shyy, Three-dimensional heat transfer 
and fluid flow in the modem discharge lamp, Int. J. Heat 
Mass Tranrfe 34(7), 1811 (1991). 

25s. K. S. Chapman S.RamadhyaniandR. Viskanta, Modeling 
and parametric studies of heat transfer in a direct-fiied 
~n~uo~r~t~~e,~~aZ~.~22(4),513(1~1). 

265. C. K. C&my andR. L. I.&n, A ~d~~ion~ thermal 
elec~~~ticmodelofwhote~b~~~~a~A, 
IEEEBiomed. Engng 38(10), 1030 (1991). 

27s. K. S. C&en, S. T. Tsai and W. T. Yu, Experimental study of 
the heat transfer characteristics of a two-phase doublsloop 
thermosyphon,.Eap. Hear Trar@er 4(2), 171(1991). 

28s. S.L.ChenandJ. S. Yue,Simplifiedanalysisforcoldstorage 

29s. 

30s. 

31s. 

32s. 

33s. 

in porous capsules with solidification, 1. Energy Resour. 
Tech~ol. 113(2), 108 (1991). 
H. Dieclcerhoff, Efficient use of natural gas in drying and 
heating systems, Gas W&me Inr. 40(78), 324 (1991). 
K. R. Diller and L. J. Hayes, Analysis of tissue injury by 
burning: comparison of in situ and skin flap models, ht. J. 
Heat Muss Transfer 34(6), 1393 (1991). 
A. A. Dolinskiy, A. Sh. Dorfman and B. V. Davydenko, 
Conjugate beat and mass transfer in ~~0~ processes 
of convective drying, Int. J. Iieat Mass Transfer 34(1 l), 
2883 (1991). 
S. J. Eckels and M. B. Pate, Experimental comparison of 
evaporation and condensation heat transfer coefficients for 
HFC-134e and CPC-12, Int. J. R&g. 14(2), 70 (1991). 
D. Eilts, Similarity considerations on wall heat losses in 
internal combustion engines., Proc. Inst. Mech. Engng 
Part A 205(2), 139 f1991). 

345. D. I. Fotiadis, M. Boekholt, K. P. Jensen, W. Richter, Flow 
and heat transfer in CVD reactors: comparison of Raman 
temperature mea surements and fllte element model pre- 
dictions, J. Cryst. Growth 100(3), 577 (1991). 



E. R. G. Eckert et al 3228 

35s. 

36s. 

N. Fujita and D. A. Rice, Core boilmg during midloop 
operation, Nucl. Technol. 93(l), 36 (1991). 
K. Fukuda, S. Hasegawa, T. Kondoh, K. Nakagawa, S. 
Tamura and K. Okabe, Thermal characteristics of double 
tube two-phase thermosyphen, Nippon Kikoi Gakkar 
Ronbunshu B Hen 57(534), 687 (1991). 

42s. 

43s, 

44s. 

45s. 

46s. 

47s. 

48s. 

49s. 

a building. II. Slab on the ground, Build E&on. 26(4), 
395 (1991). 
A. Hajji and W. M. Worek, Simulation of a regenerative, 
closed-cycle adsorption coolin@eating system Energy 
(Oxford) 16(3), 643 (1991). 
Y. A. Hassan and M. Kalyanasundaram, U-tube steam 
generator predictions. New tube bundle convective heat 
transfer correlations, Nucl. Technol. 94(3), 394 (1991). 

L. J. Huang, M. A. Jog, I. M. Cohen and P. S. Ayyaswamy, 
Effect of polarity on heat transfer in the ball formation 
process, J. Electron. Packaging 113(l), 33 (1991). 

A. I. Isayev and T. Hosaki, Temperature in rubber moldings 
during injection molding cycle. Simulation and experi- 
mentation, J. .&scorners Plas. 23(3). 176 (1991). 
M. Y. Jabbarr, R. J. Goldstein K. C. Marston and E. R. G. 
Eckert, Three dimensional flow at the junction between a 
turbine blade and end-wall, W&me Stofiebertrag 27( 1). 
51 (1991). 
J. C. Jones, Self-heating and ignition of vegetation debris. 
3. Heat transfer measurements, Fuel 69(3), 399 (1990). 
M. V. Karwe and Y. Jaluria, Numerical simulation of 
thermal transport associated with a continuously moving 
flat sheet in materials processing, J. Heat Transfer 113(3). 
612 (1991). 
R. Z. Kavtaradze. Solution of problems of convective and 
complex heat transfer in a diesel combustion chamber, 
taking account of near-wall turbulent flow, High Temp. 
28(5), 740 (1991). 

37s. 2. Gong, P. Wilde and E. F. Matthys, Numerical modelhng 
of the planar flow melt-spinning process and experimental 
investigation of its solidification puddle dynamics, Inc. J. 
Rapid SolidifC(l), 1 (1991). 

38s. A. M. Grishin, A. D. Gruzin and S. V. Shevelev, Investiga- 
tion of the spread of the two-dimensional front of a crown 
forest fine initiated by a center of finite size, Combust. 
Explos. Shock Waves 26(4), 377 (1991). 

39s. A. M. Grishin and V. A. Perminov, Transition of the forest 
ground fire to crown fire, Combust. Explos. Shock Waves 
26(6), 644 (1991). 

40s. I. I. Gromova and V. N. Smolin, Heat removal crisis in 
curvilinear steam-generating channels of a thermonuclear 
reactor blanket, Sov. At. Energy 70(3), 218 (1991). 

41s. C.E.HanentoftandJ. Claesson.Heat loss tothearotmdfrom 

51s. 

50s. K. Kawanishi. A. Tsuge, M. Fuiiwara. T. Kohrivama and H. 

Nagumo, Experimental study&t heat remov~dttring cold 
leg small break LOCAs in PWRs, J. Nucl. Sci. Technol. 
28(6), 555 (1991). 

A. Kumar and M. Bhattachatya, Transient temperature and 
velocity profiles in a canned non-Newtonian liquid food 
during steriliation in a still-cook retort, Inc. J. Heat Mass 
Transfer 34(4/5), 1083 (1991). 

E. Kumazawa, Y. Saiki, K. Ido and M. Okazaki, Develop- 
ment of a continuous vacuum dryer for highly viscous 
liquid foods, Heat Transfer-Jap. Res. 20(4), 339 (1991). 

52s. 

53s. E. Y Kwack C. P. Bankston, P. Shakkottal and L. H. Back. 

54s. 

55s. 

56s. 

On the reverse flow ceilmg jet in pool fire-ventilation 
crossflow interactions in a simulated aircraft cabin interior, 
J. Heat Transfer 113(2), 446 (1991). 
A. Larreture and M. Laniau, The state of drying in french 
industry, Drying Technol. 9(l), 263 (1991). 
A. S. Lavine and T.-C. Jen, Coupled heat transfer to 
workpiece, wheel, and fluid ingrinding. and the occurrence 
of workpiece burn Inc. J. HeatMass Transfer 34(4/5). 983 
(1991). 
J. P. Le Jannou and Y. Huon, Representation of thermal 
behavior of Electronic components for the creation of a 
databank IEEECompon. HybridsMf Technoi. 14(2), 366 

(1991). 
57s. M. N. LeClerq-Perlat and M. LaLande, A review on the 

modeling of the removal of porous contaimimmts depos- 
ited on heat transfer surfaces, Inc. Chem. Engng 31(l), 74 
(1991). 

58s. J. W. Lee and Y. K. Lee, Thermal analysis of cryopump first 
stage array, Vacuum 42(7), 457 (1991). 

59s. P. Lefebvre, P. Pellier, 0. Jouan and A. Beauvoit, Local 
convective heat transfer measurement in turbine blades by 
infrared thermography, F&%4 Rev. Fr. Met (3). 191 
(1990). 

60s. Y. T. Lin, M. Choi and R. Greif, A three-dimensional 
analysis of the flow and heat transfer for the modified 
chemical vapor deposition process including buoyancy, 
variable properties, and tube rotation, 1. Heat Transfer 
113(2), 400 (1991). 

61s. R. L. Mahajan and C. Wei, Buoyancy, Soret, Dufour, and 
variable property effects in silicon epitaxy, J. Heat Trans- 
fer 113(3), 688 (1991). 

62s. V. P. Marmo and K. Azar, Thermal-fluid interactions of 
neighboring components on air-cooled circuit boards, J. 
Elecrron. Packaging 113(4), 374 (1991). 

63s. S. Maruyama, T. AibaraandR. Viskanta, Transientbehavior 
of an active thermal protection system, Inc. J. Heat Muss 
Transfer 34(3), 625 (1991). 

64s. T. Matsuoka and H. Takahashi, Measurement and analysis 
of polymer temperature within the mold in the cooling 
stageofinjectionmoldiq,NipponKikaiGakkaiRonbunshu 
A 57(540), 1871 (1991). 

65s. T. Matsuoka, A. Koiwai, J.-I. Takabatake and H. Takahashi, 
Simulation of injection mold cooling by boundary element 
method, Nippon Kikai Gakkai RonbunshuA 57(540), 1865 
(1991). 

66s. H. Matsushima and T. Yanagida, Heat transfer from finned 
LSI packages in a channel between circuit boards, Nippon 
Kikai Gakkai Ronbunshu B Hen 57(537). 1808 (1991). 

67s. R. Menge, Theoretical considerations for the rapid heating 
of copper alloy and composite wires, Wire 41(4), 311 
(1991). 

68s. A. C. Mikrovas, S. A. Argyropoulos andI. D. Sommerville, 
Heat transfer characteristics of molten slags, Ironmaking 
Steelmaking 18(3). 169 (1991). 

69s. I. Mudawar and D. C. Wadsworth Critical heat flux form a 
simulated chip to a confined rectangular impinging jet of 
dielectric liquid, Inc. J. Heat Mass Transfer 34(6), 1465 
(1991). 

70s. A. S. Mujumdar, Drying technologies of the future, Drying 
Technol. 9(2), 325 (1991). 

71s. D. A. C. Nicol and B. A. Robinson, Modeling the heat 
extraction from the Rosemanowes HDR reservoir, 
Geothermics 19(3). 247 (1990). 

72s. C. E. Nilsson, Preheating of ambient air by a system of earth 
t&es as a heat source for buihlings, Chalmers Tek Hogsk 
Doktorsavh (779), 220 (1991). 

73s. T. Omori, Monte Carlo simulation of indoor radiant envi- 
ronment, Inc. J. Numer. MethodsEngng 30(4), 615 (1990). 

74s. R. M. Patel, I. H. Bheda and J. E. Spruiell, Dynamics and 
structue development during high-speed melt spinning of 
nylon 6. II. Mathematical modeling, J. Appl. Polym. Sci. 
42(6). 1671 (1991). 

75s. P. Payvar, Laminar heat transfer in the oil groove of a wet 
clutch, Inc. J. Heat Mass Transfer 34(7), 1791 (1931). 

76s. P. Perre and C. Moyne, Processes related to drying. II. Use 
of the same model to solve transfers both in saturated and 
unsaturated porous media, Drying Technol. 9(5), 1135 
(1991). 

77s. M. Pietrzyk and H. Dyja, Simulation of metal flow and heat 
transfer during hot rolling of bimetal plates, Steel Res. 
62(6), 248 (1991). 

78s. M. Pietrzyk and J. G. Lenard, Study of heat transfer during 
flat rolling. Inc. J. Numer. Methods Engng 30(S), 1459 
(1990). 

79s. P. C. Ram, Recent developments of heat and mass transfer 



Heat transfer-a review of 1991 literature 3229 

in hydromagnetic flows, Inr. J. Energy Res. 15(g), 691 
(1991). 

80s. V. Ravi Vishnu, W. B. Li and K. E. Easterling, Heat flow 
model for pulsed welding, Muter. Sci. Technol. 7(7), 649 
(1991). 

81s. R. T. Reeve, Thermal redesign of the Galileo spacecraft for 
a VEEGA trajectory, .I. Spacecr. Rockets 28(2), 130 
(1991). 

82s. H. W. Ryu, S. A. Hong, B. C. Shin and S. D. Kim, Heat 
transfer characteristics of cool-themial storage systems, 
Energy (Oxford) 16(4), 727 (1991). 

83s. F. Saiufand 0. V. Dobrocheev, Modelingheattransferwith 
nonequilibrium course of catalytic processes in reactors- 
energy storage units, Therm. Engng 37(11), 606 (1991). 

84s. C. Schmidt, Transient heat transfer to a closed volume of He 
I and its intluence on superconductor stability, Cryogenics 
31(7), 618 (1991). 

85 S . L. Schoenman, LOX/propane and LOX/ethanol combustion 
chamber heat transfer, J. Propul. Power 7(4), 538 (1991). 

86s. S. L. Semiatin, M. Ohls and W. R. Kerr, Temperature 
transients during hot pack rolling of high temperature 
alloys, Scripta MeruNurgicu er Marerialia 25(8), 1851 
(1991). 

87s. H. Shibata, M. Ide and K. Funatsu, Superheated steam 
drying of sintered spheres of glass beads under vacuum, 
Drying Technol. 9(3), 657 (1991). 

88s. A. I. Shutov and E. P. Sakuhna, Guaranteed convective heat 

89s. 

90s. 

91s. 

92s. 

transfer coefficient in glass toughening, Sreklo i Keramika 
(6). 10 (1991). 

A. F. Slitenko, A. I. Tarasov. V. B. Titov, A. M. Temirov, 
V. I. Chelak and A. V. Zrelov, The advisability of control- 
ling air flowrate in cooling a gas turbine working under 
partial load conditions, Therm. Engng 37(9), 475 (1991). 
A. L. Slu, B. J. Rown, Y.-K. Li, L. X. Nghehn, W. H. 
Acteson and M. E. McCormack, Fully implicit thermal 
wellbore model for multicomponent fluid flows, SPE Res- 
ervoir Engng 6(3), 303 (1991). 
T. F. Smith, C. Beckerman and S. W. Weber, Combined 
conduction, natural convection, and radiation heat transfer 
in an Electronic chassis, J. Elecrron. Packaging 113(4), 
382 (1991). 
T. J. Smith, R. W. Lewis and D. M. Scott, Computer-aided 
engineering for the foundry industry, Foundryman 83( 1 l), 
499 (1990). 

93s. J. Sochanski, J. Goyette, T. Bose, C. Akyel and R. Bosisio, 
Freeze-dying of thin plates by microwaves, J. Microwove 
Power Electra. Magn. Energy 26(2), 90 (1991). 

94s. M. A. Sofiev, Gptimal design and estimation of maximum 
possibilities of cryogenic systems with active insulation, 
Teoreticheskie Osnovy Khimicheskoi Tekhnologii 25(2), 
306 (1991). 

112s. S. M. Ward, Atmospheric drying model for particulate 
material, Drying Technol. 9(l), 201 (1991). 

113s. P. S. Wei and F. B. Yeh, Factors affecting nugget growth 
with mushy-zone phase change during resistance spot 
welding, J. Hear Transfer 113(3), 643 (1991). 

114s. F. Winterberg. Detection of global warming through 
spatial temperature variations below the earth surface, 
Kernrechnik 56(3), 143 (1991). 

115s. P. Xin, T. Aizawa and J. Kihara, Roll pass evaluation for 
hot shape rolling processes, Inrernarional Symposium in 
Honor of Professor Shiro Kobayashi Journal of Materials 
Processing Technology 27(13), 163 (1991). 

116s. N. Yamamoto and S. Shima, Effect of workpiece material 
and reduction in thickness on friction coefficint in strip 
drawing, Nippon Kikai Gakkui Ronbunshu C Hen 57(538), 
2034 (1991). 

95.9. K. H. Spitzer, Investigation of heat transfer between metal 
and a water-cooled belt using a least square method, Inr. J. 
Heur Mass Transfer 34(8), 1%9 (1991). 

96s. R. E. Stauffer, Testing lake energy budget models under 
varyingatmosphericstabilityconditions,J. Hydrol. I28(14), 
11.5 (1991). 

117s. A. Yoshida, K. Tominaga and S. Watatam, Field investi- 
gation on heat transfer in an urban canyon, Heur Trunsfer- 
Jup. Res. 20(3), 230 (1991). 

97s. F. Strek and J. Karcz, Experimental determination of the 
optimal geometry of baffles for heat transfer in an agitated 
vessel, Chem. Engng Process 29(3), 165 (1991). 

98s. J. W. Stultz, Thermal designof the Galileo spun and despun 
science, J. Spucecr. Rockers 28(2), 139 (1991). 

99s. J. W. Stultz, Thermal design of the Galileo bus and 
retropropulsion module, J. Spacecr. Rockers 28(2). 146 
(1991). 

118s. G. L. Young and K. A. McDonald, Effect of radiation 
shield angle on temperature and stress profiles during rapid 
thermal annealing, IEEE Semicond Mfi 3(4), 176 (1990). 

119s. J. S. Yu and D. M. Kalyon, Microstructure development in 
blow molded amorphous engineering plastics, Plasr. Rub- 
ber Composites Processi. Applic. 15(2), 95 (199 1). 

120s. D. Zhang and R. P. Cavalieri, Thermal model for steam 
blanching of green beans and determination of surface heat 
transfer coefficient, ASAE, 34(l), 182 (1991). 

121s. Q. Zhang and J. B. Lit&field, An optimization of intermit- 
tent corn drying in a laboratory scale thin layer dryer, 
Drying Technol. 9(2). 383 (1991). 

100s. J. Sugimoto, T. Iwamura, T. Okubo and Y. Murao, 
Thermal-hydraulic study on a double-flat-core high-con- 
version light water reactor, Exper. Therm. FZuidSci. 4(3), 
354 (1991). 

SOLAR ENERGY 

101s. A. D. Surridge, Stable boundary layer temperature profile Buildings - encolsed spaces 
and the effect of heat loss from the body of the atmosphere, 1T. M. A. Abdelrahman and A. Ahmad, Cost-effective use of 
Armos. Environ. 24A(5), 1285 (1990). thermal insulation in hot climates, Build Environ. 26(2), 

102s. T. Tamaru, K. Shimodaira, T. Saito, S. Horiuchi and H. 189 (1991). 

Yamada, Hydrogen gas cooling capability of ram engine 
combustor wall for a hypersonic plane, Nippon Kikai 
Gakkai Ronbunshu B Hen 57(537), 1912 (1991). 

103s. Y. X. Tao, R. W. Besant and K. S. Rezlmhah, Unsteady 
heat and mass transfer with phase changes in an insulation 
slab frosting effects, Inr. J. Hear Mass Transfer 34(7), 
1593 (1991). 

104s. X. Tongtang, Approach to calculation of heat exchange in 
turbine labyrinth glands, Zhongguo Dianji GongchEngng 
Xuebwo 11(l), 20 (1991). 

105s. H. A. Trethowen, Sensitivity of insulated wall and ceiling 
cavities to workmanship, J. Therm. Ins&. 15, 172 (1991). 

106s. S. W. Tsai, Heat transfer in an inner loop reactor, W&me 
Sroffueberrrug 26(3), 129 (1991). 

107s. K. Tsubouchi, S. Utsugi, T. Futatsuya and N. Mikoshiba, 
Theoretical analysis for a new package concept. High- 
speed heat removal for VLSI using an AlN heat-spreading 
layerandmicrochannelfin,Jap.J.Appl.Phys.Porr230(1), 
88 (1991). 

108s. H. Tsunemoto, T. Yamada and H. Ishitani, Estimation of 
thecoolantandcylinderwall temperaturesandfuel economy 
during warming-up in a diesel engine (1st report, estima- 
tion of coolant and cylinder wall temperatures), Nippon 
Kikai Gakkai Ronbunshu B Hen 57(536), 1504 (1991). 

109s. H. Turkoglu and B. Farouk, Numerical computations of 
fluid fow and heat transfer in gas injected iron baths, ISIJ. 
Inr. 30(11), 961 (1990). 

llOS.A.A.Uglov,M.B.Ignat’ev,V.I.TitovandA.P.Step~ov, 
Investigation of mass and heat transfer processes in laser 
alloying of iron from predeposited coatings of refractory 
metals, J. Engng Phys. 58(3), 270 (1990). 

111s. C. Y. Wang, Flow across a stretching surface, J. Appl. 
Mech. 58(2), 579 (1991). 



3230 E R G. Eckert er ,I/. 

2T. A. Al-Karaghouli, I. Abood and N. I. Al-Hamdam, The solal 
energy research center building thermal performance evalu- 
ation during the summer season, Energy Comers. h4onag~ 
32(S), 409 (1991). 

3T. D. Arasteh, Analysis of edge heat transfer in residential 
windows, J. Therm. Insul. 14,295 (1991). 

4T. N. K. Bansal, M. S. Sodha, A. K. Sharma and R. &hit, A 
solar passive building for hot arid zones in India. Energy 
Convers. Manage 32(l), l(1991). 

5T. W. J. Batty, H. Al-Hinai and S. D. Probert. Natural-cooling 
techniques for residential buildings in hot climates, Appl. 
Energy. 39(4), 301 (1991). 

6T. B. Bourret and R. Javelas. Simulation of an underground 
solar energy storage for a dwelling, Sol. Ener,ey 47(4), 307 
(1991). 

7T. J. Claesson and C.-E. Hagentoft, Heat loss to the ground from 
a building. I. General theory, Build Environ. 26(2), 195 
(1991). 

8T. M. K. Deshmukh, M. S. Sodha, R. L. Sawhney and A. K. 
Sharma, Effect of solar absorptivity and emissivity of 
exterior surfaces on the thermal performance of a building, 
Int. J. EnergyRes. 1.5(4), 317 (1991). 

9T. N. Ghrab-Morcos, Energy and financial considerations 
related to wall design for a conditioned cell in Tunisian 
conditions, Renewable Energy l(l), 145 (1991). 

10T. R. K. Jha, G. N. Tiwari, H. P. Garg and 2. H. Z.&i, Thermal 
evaluation of a “Winter House”, Energy Comers. Manage 
32(6), 555 (1991). 

1lT. A. F. Khomutov, Influence of additional thermal insulation 
on performance of existing walls using prefabricated light- 
weight panels, J. Therm Insul. 14, 275 (1991). 

12T. J. C. Klainsek, Glazing and its influence on building energy 
behavior, Renewable Energy 1(34), 441 (1991). 

13T. E. H. Mathews, P. G. Rousseau, P. G. Richards and C. 
Lombard, Procedure to estimate the effective heat storage 
capability of a building, BuildEnviron. 26(2), 179 (1991). 

14T. K. Ouyang and F. Haghighat, Procedure for calculating 
thermal response factors of multi-layer walls. State space 
method, BuildEnviron. 26(2), 173 (1991). 

15T. S. Rudd, Arrival of passive solar heating, Glass Inrerna- 
tional61(1991). 

16T. G. J. Schoenau, A. J. Lumbis and R. W. Besant, Develop- 
ment and verification of a simulation model for predicting 
the thermal behavior of attached sun-spaces, Energy 
Convers. Manage 32(4), 319 (1991). 

17T. G. N. Tiwari. Thermal evaluation of solarium-cum-passive 
solar house, Energy Comers. Manage 32(4), 303 (1991). 

18T. G. N. Tiwari. Design of a non-airconditioned passive solar 
house for the cold climate of Srinagar, Build Environ. 
26(4), 371 (1991). 

19T. L. Youcef, Two-dimensional model of direct solar slab-on- 
grade heating floor, Sol. Energy 46(3), 183 (1991). 

20T. G. M. Zaki, A. Al-Turki and A. S. Al-Lhayyib, Study of 
reducing heat loads on tents due to solar insolation, Energy 
Build. 17(l), 13 (1991). 

Collectors 
21T. 

22T. 

23T. 

24T. 

25T. 

V. Badescu, Note concerning the maximal efficiency and 
the optimal operating temperature of solar converters with 
or without concentration, Renewable Energy l(l), 131 
(1991). 
V. Badescu, Maximum conversion efficiency for the utili- 
zation of diffuse solar radiation, Energy (Oxford) 16(4), 
783 (1991). 
A. A. Badran, Thermal performance of a cylindrical solar 
collector, Energy Convex Manage 32(3), 217 (1991). 
P. Bannister, M aximization of energy gain in high tempera- 
tureso1arthermaJreceiversbychoiceofpiperadius.J. Heat 
Transfer 113(2), 337 (1991). 
A. Carotenuto, G. Ruocco and F. Reale, Heat exchange in 
a multi-cavity volumetric solar receiver, Sol. Energy 46(4), 
241 (1991). 

XT. M. Coltares-Pereira, J. M. Gordon, A. Rabl and R. Winston, 
High concentration two-stage optics for parabolic trough 
solar collectors with tubular absorber and large rim angle, 
Sol. Energy 47(6), 457 (1991). 

27T. P. C. Eames and B. Norton, A nonlinear steady-state 
characteristic performance curve for medium-temperature 
solar energy collectors, J. Sol. Energy Engng 113(3). 164 
(1991). 

28T. D. Feuermann and J. M. Gordon, Analysis of a two-stage 
linear fresnel reflector solar concentrator, J. Sol. Energy 
Engng 113(4), 272 (1991). 

29T. N. Fraidenraich and G. J. Almeida, Optical properties of V- 
trough concentrators, Sol. Energy 47(3), 147 (199 1). 

30T. N. D. Kaushika and R. P. Priya, Solar tmnsmittance of 
honeycomb and parallel slat arrays, Energy Convers. Man- 
age 32(4), 345 (1991). 

3 1T. M. J. Lampinen, K. Kirjavainen and T. Pylkk;inen, Analysis 
of the efficiency of a dielectric solar energy collector, 
Energy (Oxford) 16(3), 655 (1991). 

32T. T. R. Mancini, Analysis and design of two stretched- 
membrane parabolic dish concentrators, J. Sol. Energy 
Engng 113(3), 180 (1991). 

33T. T. R. Mancini, Analysis and design of two stretched- 
membraneparabolicdishconcentmtors,ASME-USES-JSME 
International Solar Energy Conference 201 (1991). 

34T. S. D. Oda, K. T. Al-Murrani and M. K. Al-Doory, Estima- 
tion of the required collector area of a solar assisted heat 
pump, Heat Recovery System & CHP 11(23), 121 (1991). 

35T. A. Oliva, M. Costa and C. D. Perez Segarra, Numerical 
simulation of solar collectors: The effect of nonuniform 
and nonsteady state of the boundary conditions, Sol. En- 
ergy 47(5). 359 (1991). 

36T. S. K. Sandarshi and S. C. Mullick, Analytical equation for 
the top heat loss factor of a flat-plate collector with double 
glazing, J. Sol. Energy Engng 113(2), 117 (1991). 

37T. M. Schubnell, J. Keller and A. Imhof, Flux density distribu- 
tion in the focal region of a solar concentrator system, J. 
Sol. Energy Engng 113(2), 112 (1991). 

38T. S. Sokhansanj and G. J. Schoenau. Evaluation of a solar 
collector system with thermal storage for preheating venti- 
lation air in farm buildings, Energy Convers. Manage 
32(2), 183 (1991). 

39T. A. Tamimi and K. Rawajfeh, Testing results of tubeless flat- 
plate phase-change solar collectors, Heat Transfer Engng 
12(3), 42 (1991). 

40T. N. E. Wijeysundera and M. Iqbal, Effect of plastic cover 
thickness on top loss coefficient of flat-plate collectors, Sol. 
Energy 46(2), 83 (1991). 

Radiation characteristics and related effects 
41T. F. H. Al-SadahandF. M. Ragab, Studyofglobaldaily solar 

radiation and its relation to sunshine duration in Bahrain, 
Sol. Energy 47(2), 115 (1991). 

42T. W. Ambach, M. Blumthaler and G. Wendler, A comparison 
of ultraviolet raditaion measured at an arctic and an alpine 
site, Sol. Energy 47(2), 121 (1991). 

43T. C. N. Awanou, Study of heat exchange radiatively in 7-14 
mum band, Renewable Energy 1(34), 335 (1991). 

44T. S. Bivona, R. Burlon and C. Leone, Instantaneous dishibu- 
tion of global and diffuse radiation on horizontal surfaces, 
Sol. Energy 46(4). 249 (1991). 

45T. A. P Bnmger and F. C. Hooper, Measured shortwave sky 
radiance in an urban atmosphere, Sol. Energy 47(2), 137 
(1991). 

46T. R. Burlon, S. Bivona and C. Leone, Instantaneous hourly 
and daily radiation on tilted surfaces, Sol. Energy 47(2), 83 
(1991). 

47T. E. S. C. Cavalcanti, Analysis of experimental solar radiation 
data for Rio de Janeiro, Brazil, Sol. Energy 47(3), 231 
(1991). 

48T. M. A. Elhadidy, Global energy in the different spectral 
bands at Dbahran, Saudi Arabia, J. Sol. Energy Engng 



Heat transfer-a review of 1991 literahuc 3231 

113(4), 290 (1991). 
49T. M. A. Elhadidy and D. Y. Abdel-Nabi, Diffuse fraction of 

daily global radiation at Dhahran, Saudi Arabia, Sol. En- 
ergy 46(2), 89 (1991). 

5OT. K. K. Gopir~~than, Studies on the distribution and variation 
of radiation intensity, Energy Comers. Manage 32(3), 255 
(1991). 

51T. K. K. Gopmathan, Solar radiition on variously oriented 
sloping surfaces, Sol. Energy 47(3), 173 (1991). 

52T. A. W. Harrison, Directional sky luminance versus cloud 
cover and solar position, Sol. Energy 46(l). 13 (1991). 

53T. M. Hussain, Seasonal correlations betweenglobalradiation 
and smxhine duratiom case study for eastern Nigeria, 
Energy Convers. Manage 32(3). 279 (1991). 

54T. D. L. Kane, L. D. r” and J. P. Zarling, Thermal 
response of the active layer to climatic warming in a 
permafrost environment, Cold Reg. Sci. Technol. 19(2), 
111 (1991). 

55T. A. I. Kudish and A. Ianetz, Evaluation of the relative ability 
of tbree models, the isotropic, Klucher and Hay, to predict 
theglobalradiationonatiltedsurfaceinBeerSheva,Israel, 
Energy Cowers. Manage 32(4), 387 (1991). 

56T. A. Lou&e, G. Notton, P. Poggi and G. Simonnot, Correla- 
tions for direct normal aud global horizontal hradiation on 
aFrenchMcditernmeansite,Sof.Energy46(4),261(1991). 

57T. W. W. Moriarty, Estimation of diffuse fiom measured 
global solar radiation, Sol. Energy 47(2), 75 (1991). 

58T. W. W. Moriarty, Estimation of solarradiationfrom Austral- 
iao meteorological observations, Sol. Energy 47(3), 209 
(1991). 

59T. F. M. Ragab and A. K. Som, Correlationbetween estimated 
and measured hourly and daily solar fluxes over Bahrain 
Appl. Energy 40(2), 83 (1991). 

60T. M A. Rosen, The angular distribution of diffuse sky 
radiance: An assessment of the effects of haze, J. Sol. 
Energy Engng 113(3), 200 (1991). 

61T. T. D. M. A. Samuel, Estimation of global radiation for Sri 
Lanka, Sol. Energy 47(5), 333 (1991). 

62T. E. Tasdemiroglu and R. Sever, Estimation of monthly 
average, daily, horizontal diffuse radiation in Turkey, En- 
ergy (Oxford) 16(4), 787 (1991). 

Sohr heaters, cookers and dryers 
63T. T. M. Afeti, N. E. Imide and P. 0. Aiyedun, Bxperimental 

investigation of a partially insulated solar water heater with 
natural circulation, Energy Convers. Manage 32(2), 145 
(1991). 

64T. R. Char&a and M. S. Sodha, Testing procedures for solar 
air heaters: a review, Energy Convers. Manage 32(l), 11 
(1991). 

65T. P. B. L. Chaurasia, Design study of a solar candle device for 
melting wax, Energy (Oxford) 16(5), 879 (1991). 

66T. C. Choudhury and H. P. Garg, Performance prediction of a 
corrugated cover solar air heater, Errcrgy Convers. Manage 
32(2), 115 (1991). 

67T. M. P. M. Fahmy and A. M. Labib, Bxact solution of a model 
for dynamic behavior of a matrix solar air heater, Energy 
Convers. Manage 32(l), 35 (1991). 

68T. H. P. Carp, R. K. Agarwal and A. K. Bhargava, The effect 
of plane booster reflectors on the performance of a solar air 
heater with solar cells suitable for a solar dryer, Energy 
Convers. Manage 32(6), 543 (1991). 

697’. H. P. Garg, R. Jha, C. Choudhury and G. Datta, Theoretical 
analysis on a new fioned type solar air heater, Energy 
(Oxford) 16(10), 1231 (1991). 

70T. S. John,N. V. Shamnugam,E. Vidyasagaran, M. Raghavan, 
P. Ramaiah and C. B. Sooriamooithy, Studies on a new 
combined concentrating oven type solar cooker, Energy 
Convers. Manage 32(6), 537 (1991). 

71T. W. A. Kamal, Solar pond litemture analysis, Energy 
Cowers. Manage 32(3), 207 (1991). 

72T. K. Kamiuto and T. Oda, Thermal performance of a shallow 

73T. 

74T. 

75T. 

76T. 

77T. 

78T. 

79T. 

81T. 

82T. 

83T. 

solar-pond water heater with semi- multilayer 
surface insulation, Energy (Oxford) 16(10), 1239 (1991). 
B. V. Minnerly, S. A. Klein and W. A. Beckman, A rating 
procedure for solar domestic hot water systems based on 
ASHRAE test results, Sol. Energy 47(6), 405 (1991). 
N. M. Nahar, JInergy conservation and payback periods of 
large size solar water heater, Energy Comers. Manage 
32(4), 371 (1991). 
A. V. Nam&imha Rao. T. L.Sitharama Rao and S. 

Subramanyam, Mhror boosters for solar cookers-III, 
Energy Convers. Manage 32(l), 51(1991). 
J. Pacheco, M. Prairie and L. Yellowhorse, Photocatalytic 
&~ti~ofchlorinatadalventrwithalaremg 
JSES-JSME International Solar Energy Corference, 275 
(1991). 
C. K. Sankat and R. A. Rolle, Performance of natural 
convection solar dryers for copra production, Can. Agric. 
Engng 33(l), 85 (1991). 
S. P. Sharma, J. S. Saini and IL K. Varma, Thermal 

performance of packed-bed solar air heaters, Sol. Energy 
47(2). 59 (1991). 
D. I. Stannard and D. 0 Rose&q, Comparison of short- 
term meas~lrements of hxke evaporation using eddy corre- 
lation aud eneqy budget methods, J. Hydrol. 122(14), 15 
(1991). 
S. Subramanyam, T. L. Sitbarama and K. V. K. Nehru 
Improvements to the solar wax smelter, Int. J. Ambient 
Energy 12(l), 9 (1991). 
G. N. Tiwari and S. B. Sharma, Desigu parameters for 
indoor swimmingpool heating using solar energy, Energy 
(O.$ord) 16(6), 971(1991). 
A. Venkatesh, Domestic solar water heater-continuous 
flow type, Energy Convers. Manage 32(l), 71(1991). 
T. Yihnaz, Computer simulation of two-phase flow 

thumosyphonsolarwaterheatingsystem,EnergyConvers. 
Manage 32(2), 133 (1991). 

Stills 
84T. H.M.Ali,Experimentalstudyonairmotioneffectinsidethe 

solar still on still performance, Energy Convers. Manage 
32(l), 67 (1991). 

85T. A. Arbel and M. Sokolov, Greenhouse heating with a fresh 
water floating collectors solar pond: a feasibility study, J 
Sol. Energy Engng 113(2). 66 (1991). 

86T. S. A. Lawrence and G. N. Tiwari, Performance of a 
greenhouse cum solar still for the climatic condition of Port 
Moresby, Renewable Energy l(2), 249 (1991). 

87T. L. B. Mullen, Salt gradient solar ponds. Upper convecting 
zone, Renewable Energy l(l), 49 (1991). 

88T. V.B.SharmaandS.C.Mullick,Estimationofheat-transfer 
coefficients, the upward heat flow, and evaporation in a 
solar still, I. Sol. Energy Engng 113(l), 36 (1991). 

89T. S. K. Six@ and G. N. Tiwari, Analytical expression for 
thermal efficiency of a passive solar still, Energy Convers. 
Manage 32(6), 571(1991). 

90T. G.N.TiwariandN.K.Dhiman,Performance study of ahigh 
temperature distillation system, Energy Convers. Manuge 
32(3). 283 (1991). 

91T. G.N. Tiwari, C. SumeghaandY.P. Yadav,Effectof water 
depth on the transientperformance of a double basin solar 
still. Enernv Convers. Manafle 32(3), 293 (1991). 

92T. G. N. Tiw&i and K. Thakur,-h a&lyticalexpmssion for 
efficiency of solar still, Energy Convers. Manage 32(6), 
595 (1991). 

93T. P. T. Tsilinghis, The radiationtransmisslonacross a salinity 
gradient, Energy Convers. Manage 32(4), 333 (1991). 

Power and reversed cycle systems 
94T. A. Banerjee and S. Guha. Study of back reflectors for 

amorphous silicon alloy solar cell application, J. Appl. 
Phys. 69(2), 1030 (1991). 



E. R. G. Eckert et al. 3232 

95T. 

%T. 

97T. 

G. Bhattacharya and C. Neogy, Removal of the hot-spot 
problem in photovoltaic modules and arrays, Soi. CeZIs 
31(l), 1 (1991). 
R. A. Crane and M. 0. Dusting, Solar dynamic power/ 
process heat generation for the proposed lunar oxygen 
production plant, ASME-JSES-JSME International Solar 
Energy Conference, 405 (1991). 
K. Fathalah and S. E. Aly, Theoretical study of a solar 
~we~a~so~tio~comb~~syste~~e~aZ~~~o~ 
82(13), 245 (1991). 

98T. S. C. KaushikandY.K. Yadav, ~e~~~cdes~~~d 
assessment of hybrid double absorption solar cooling sys- 
tems, Heat Recovery System & CHP 11(4), 255 (1991). 

99T. M. Kellow and D. Jarrar, Design of a solar air-conditioning 
system for peak electrical load shaving, Energy Convers. 
Manage 32(2), 169 (1991). 

1OOT. B. A. Khrustalyov and R. K. Ragimov, Bidirectional 
reflectivity of mirrors in solar power plants, Heat Trans- 
ferqovier Rex 23(3), 413 (1991). 

101T. W. Y. Lee and S. S. Kim Maximum power-conversion 
efficiency for the utilization of solar energy, Int. J. Energy 
Res. 15(4), 257 (1991). 

102T. K. 0. Lund, Heat rejection in thermal energy storage 
experiments for solar-dynamic space power development, 
AS~E-JSES-JS~~ Inter~tio~l Solar Energy Confer- 
ence 387 (1991). 

103T. Y. Tsujikawa, Thermodynamics of radiative heat rejection 
from closed brayton solar dynamic power, Nippon Kikai 
Gakkai Ronbunshu B Hen 57(533), 292 (1991). 

104T. M. Uysal and M. Tunp, Gptlmal temperature control of 
solar heating systems, InrJ. Energy Res. 15(4), 269 (199 1). 

105T. M. Wierse, R. Werner and M. Groll. Magnesium hydride 
for thermal energy storage in a small-scale solar-thermal 
power station, J. Lc?ss Common Met. 1?4(12), 1 I1 l(l991). 

Storage and Trombe walls 
106T. R. A. Crane and G. Bhsmdhwaj, Evahtation of thermal 

energy storage device for advanced solar dynamics, J. Sol. 
Energy Engng 113(3), 138 (1991). 

XOTT. S. M. Eldighidy, Insulated solar storage tanks, Sof. Energy 
47(4), 253 (1991). 

108T. B.A. Jubran, M. A.IIamdenandW. Manfalouti, Modeiing 
free convection in a Trombe wall, Renewable Energy 
1(34), 351 (1991). 

109T. S. C. Kaushik, Y. Kumar and J. V. Kaudinya, Feasibility 
of an open cycle absorption solar cooling system with 
solution storage for continuous operation In?. J. Ambien% 
Energy 12(2), 101 (1991). 

1lOT. J.Khedari, J.~bh~dB.Fa~e,~~retic~~ge- 
ment of the deferred heat supplied by a composite Tmmbe 
wall using a porous concrete, Energy Build. 17(3), 201 
(1991). 

1 IlT. K. Sagara and N. Nakahara, Thermal performance and 
pressure drop of rock beds with large storage materials, So& 
Energy 47(3), 157 (1991). 

1 i 2T. N. K. Taraxi, Model of a Trombe wall, Renewable Energy 
lf34). 533 (1991). 

113T. M. J. Taylor, R. I. Krsne and J. R. Parsons, Second law 
optimization of a sensible heat thermal energy storage 
system with a distributed storage element. Part I. Devel- 
opment of the analytical model,.r. Energy Resour. Technoi. 
113(l), 20 (1991). 

114T. II. Umemiya and II. Kimura, Study on optimum drive of 
thermaI energy storage systemutilixii anquifer, Nippon 
Kikai Gakkai Ronbunshu 3 Hen 57(534), 638 (1991). 

PLASMA H&AT TRANSFER AND 
MAONETODYDRODYNAMlCS 

Modeling for p&zsntu characterization 
IU. A. A. Artem’ev, Bremssnahhmg from multiply ionized, 

stronglycompressedplasma,HighTenyr.ZS(6),799(1991). 
2U. P. M. Bergstrom, Jr., L. Kim and R. H. Pratt, Average atom 

and detailed co~~tion accounting calculations of 
bremsstmhhmg inaluminumplasmas, I. Quant.Spectrosc. 
Radiat. Transfer 45(2), 105 (1991). 

3U. X. C&en and E. Pfender, Modeling of a radio-frequency 
thermal plasma torch with a metallic tube inserted for 
reactant injection, Plasma Chem. Plasma Process. 11(l), 
103 (1991). 

4I.J. W. Ebeling and 1. L&e, Kinetics of io~~tion-rumba- 
tion processes in nonideal hydrogen plasmas, Phys: A 
170(3), 682 (1991). 

5U. T. G. Engngel, M. Kristiansenand H. Krompholx, Expansion 
of hydrogen arcs driven by oscillating currents, IEEE 
Plasma Sci. 19(5), 959 (1991). 

6U. A. Gleixes, B. Rahmani, J. J. Gonzalez and B. Liani, 
C~c~ationofnete~ssion~~fftci~t~N2,SF6~dSF~ 
N2 arc plasmas, J. Phys. D 24(S), 1300 (1991). 

7U. P.C.H~~dE.~ender, Smdyofa~~~~~~tor 
with a converging wall and flow through a hollow cathode, 
Plasma Chem. Plusma Process. 11(l), 129 (1991). 

8U. A. Kadish, W. B. Msier Il and R. T. Robiscoe, Macroscopic 
models of internal dynamics of electrical disharges (invited 
paper), IEEE Trans. Plasma Sci. 19(S), 697 (1991). 

9U. L. E. Kline, W. D. Partlow, R. M. Young, R. R. Mitchell and 
T. V. Congedo, Diagnostics ~~~~ of RF discharge 
dissociation in N20, IEEE Trans. Plasma Sci. 19(2X 278 
(1991). 

1OU. S. Paik, X. Chen, P. Kong and E. Pfender, Modeling of a 
counterflow plasma reactor, Plasma Chem. Plasma Proc- 
ess. ll(2). 229 (1991). 

11U. L. N. Panasenko, Heat loss in the cltannel of a plasmatron, 
J. Engng Phys. 58(3), 376 (1990). 

12U. G. J. Pert, Radiative transfer in cylindrical plasmas, J. 
Quant. Spectrosc. Radiat. Transfer 46(S), 367 (1991). 

13U. A. S. Petrusev, B. V. Potapkin, V. D. Rusanov and A. A. 
Fridman, On the scaling and the stability of burning of 
plasma-chemical high-frequency induction discharges ma 
gas flow, High Temp. 28(6), 808 (1991). 

14U. L. I. Podlubnyi and V. S. Rlinov, Bremsstrahlung of dense 
plasma, High Temp. 28(4), 458 (1991). 

15U. A. Ya. Polishchuk, Optical properties of a plasma in 
extremal states, High Temp. 28(S), 656 (1991). 

16U. P. Proulx, J. Mostaghimi and M. I. Boulos, Radiative energy 
transfer in induction plasma modelling, Int. J. Heat Mass 
Tran.#er 34(10), 2571 (1991). 

17U. A. Rhallabi and Y. Catherine, Computer simulation of a 
bin-de~sition plasma in CH4, HZE Trans. Plasma 
SC:. 19(2), 270 (1991). 

18U. R. T. Robiscoe, A. Kadish and W. B. Maier II, Overdamped 
arc discharge data and an AWA model, IEEE 7Fans. 
PIusma sci. 19(3), 529 (1991). 

19U. J.-Y. Trepanier, M. Regglo and R. Camarero, LTE compu- 
tationof axisymmetric am-flow interactionin circuit-bmak- 
ers, IEEE Trans. Plasma Sci. 19(4), 580 (1991). 

20U. G. Velleaud, M. Mercier, A. Laurent and F. Gary, Use of an 
inverse method on the determination of the evolution of a 
self-blown electric arc in the air, IEEE Trans. Plasma Sci. 
19(3), 510 (1991). 

21U. J. Vlkcek and V. Pelican, A collisional-radiative model 
applicable to argon discharges over a wide range of condi- 
tions. IV: Application to inductively coupled plasmas, 1. 
Phys. D 24(3), 309 (1991). 

22U. T. Watanabe, N. Tonoike, T. Honda and A. Kanxawa, Flow, 
temperature and concentration fields in reactive plasmas in 
an inductively coupled RF discharge-characteristics in 
arxon-oxvnen and argon-mtrogen thermal tdasmas. J. 
&em. En@tg Jop. 24(‘i), 25 (lgl). _ 

23W. R. WesthoffaudJ.Szekelv.Amodeloffluid.heatflow.snd 
electromagnetic phenomena in a nontrausfe&ed arc plasma 
torch, J. Appl. Phys. 70(7), 3455 (1991). 

24U. A.T.M. Wilbers, J. I. Beulens and D. C. S&am, Radiative 
energy loss in a two-temperature argon plasma, J. Quont. 
Spectrosc. Radiut. Transfer 46(5), 385 (1991). 



Heat transfer-a review of 1991 literature 3233 

25U. B. W.Yuat~dS.L.Girshic.k, M~~~~u~vely~upl~ 
plasmas: The coil current boundary condition, J. Appl. 
Phys. 69(2), 6.56 (1991). 

Modeling of plasma-solid interaction 
26U. L. I. Cao and A. D. Stokes, Ablation arc: III. Time constants 

of ab~tion-saved arcs in PTFE and ice, J. Phys. 13 
M(9). 1557 (1991). 

27U. L. A. Carlson and T. A. Gaily, Bffect of Electron tempera- 
ture and impact ionization on martian return AOTV 
flowfields, J. Thermophys. Heat Transfer 5(l). 9 (1991). 

28U. D. K. Das and R. Sivakumar, Modeling of the temperahue 
and the velocity of ceramic powder particles in a piasma 
flame. 1. ~~~ActuMerullurgicaetMute~~~38(11), 
2187 (1990). 

29U. D. K. Das aad R. Sivakumar, Mode@ of the temperature 
and the velocity of ceramic powder particles in a plasma 
flame. J.I. Zircon& Acta Metallurgica et Materialia 
38(11), 2193 (1990). 

30U. P. A. Davidson, Unstable breakup of a linearly accelerated, 
dense plasma, f. Appi. Phys. 69(3), 1237 (1991). 

31U. A. G. Gnedovets, ~~hores~ of microparticle in 
rarefied plasma, High Temp. 28(4), 464 (1991). 

32U. G. R. Inger and J. Elder, Recombination-dominated 
nonequilibrium heat transfer to arbitrarily catalytic 
hypersonic vehicles, J. Thermophys. Heat Transfer S(4), 
449 (1991). 

33U. H. P. Liu, Three-dimensional rail coolii analysis for a 
repetitively fii railgun, IEEE Trans. Magn. 27(l), 68 
(1991). 

34U. P. Proulx and J.-F. Bitodeau, A model forukafine powder 
production in a plasma reactor, Pkwna Chem. Plasma 
Process 11(3), 371 (1991). 

3.5U. S.RheeandE.Katmatey-Asibu,Jr.,Analysisofarcpressure 
effect on metal transfer in gas-metal arc welding, J. Appl. 
Phys. 70(g), 5068 (1991). 

36U. J. V. Shebalin, Aerobrake pacts: macroscopic 
efects, J. Spacecr. Rockets 28(4), 394 (1991). 

37U. B. M. Smimov and N. P. Tishchenko, Selective condensa- 
tion during relaxation of multicompouent gas-plasma mix- 
tures, Plasma Chem. Plasma Process 11(4), 561(1991). 

38U. A. A. Uglov and A. G. Gnedovets. Effect of particle 
charging on momentum and heat transfer from nuefied 
plasma flow, Plasma Chem. Plasm Process 11(2), 251 
(1991). 

39U. R. L. Ule, Y. Joshi and E. B. Sedy, New technique for three- 
dimensional transient heat transfer computations of 
autogenous arc welding, MetaN. Trans. B 21(6), 1033 
(1990). 

40U. M. K. Wu, J. S. McFeaters, B. I. Welch and R. L. Stephens, 
Heat transfer to a particle in a thermal plasma, Chem. 
Engng Res. Des. 69(I), Zl(l991). 

41U. T. A. Z&igir, A. V. Kudryavtsev, I. N. Kucheryavaya, A. V. 
Plekbanov, A. D. Podol’tsev and V. T. Chemesis, Math- 
ematic modelling of electromechanical and heat trausfer 
processes in magneto-plasma accelerator, Teplojizika 
Vysokikh Tempcratur 29(2), 360 (1991). 

perusal c~ra~ter~zati~~ of plwmw a~~~~ 

heat transfer 
42U. M. Ahbaoui and B. Cheminai, Determination of the char- 

acteristics of an electric ate plasma contaminated by vapors 
from insulators, IEEE Trans. Plasma Sci. 19(l), 1 (1991). 

43U. A. F. Aleksaudrov, K. Sh. Isaev and V. A. Chemikov, 
Determination of tbc t empemmm of an erosion-plasma jet 
effusii into air, High Temp. 28(4), 486 (1991). 

44U. A. F. Alekaandrov. K. Sb. Isaev and V. A. Chemikov. 
Radiation and chemical composition of an erosion plasc& 
efhrsing into air, High Temp. 28(S), 615 (1991). 

45U. A. F. Aleksandruv, K. Sh. Isaev, I. B. Timofeev, V. A. 
Chernikov and U. Yustupaliev, Special features and time 

characteristics of radiation ftom a plasma during a shock 
discharge into air, High Temp. U(6), 821(1991). 

46U. A. Anders, H. Schneidenbacb and D. SUnder, ‘Ihermal 
instability of a super-high-pressure xenon d&barge, IEEE 
Trans. Plasma Sci. U(2), 324 (1991). 

47U. S. Anders and A. Anders. On modes of arc cathode 
opera&m+ IEEE Truns. P&z&a Sci. 19(l). 20 (1991). 

48U. T. Ariyasu, T. Yamauchi and A. Kuzugucbi, Measurement 
of temperature distribution and cooling speed in metal on 
IR radiatioq Mater. Sci. Engng A Shuct. Mater. Prop. 
Microsmut. Process Al39(12), 20 (1991). 

49u. M. K. Asanaliev, Zh. Zh. Zheenhaev, V. M. Lcliovkin, K. 
K. Makesheva and R. M. Urusov, Influeace of 
~~~~~ci~ on drag coefficient of a spherical Al 
particle in a plasma, Plasma Chem. Plusmu Process U(2), 
269 (1991). 

5ou. G. Babucke, G. Hartel and H.-G. Kloss, On the energy 
balance in the core of electrode-stabilized high-pressure 
mercury discharges, J. Phys. D U(8). 1316 (1991). 

5 1u. V. M. Bate& I. I. Klimovskii, A. I. Kobylyansk& L. A. 
Selezneva, G. V. Sergienko, A. V. Nbdospacov snd B. P. 
Shet~ev,Intrmctionofa~~withitrvaporpl~ 
afterthet~ tionofa~~p~,~ighTe~.~(6), 827 
(1991). 

52u. S. K. Bramble and P. A. Hamilton, The construction and 
spectroscopic characte&ation of a fast electric discbarge 
in a supersonic jet, MUX Sci. Technol. 2(10), 916 (1991). 

53u. H. Bruzzone, C. Moreno and H. Kelly, Mtasuram;nts of 
current sheets in plasmas with a finite-sized magnetic 
probe, Murs. Sci. Techd. 2(12), 1195 (1991). 

54u. R. L. Burton, B. K. Hilko,F. D. Withexspoonand 0. Jaafari, 
Energy-nrass~plinginhigh-pnssnreliquid-injactedarcs, 
IEEE Trans. Pkwna Sci. 19(2), 340 (1991). 

55U. D. B. Carver and C. T. Kidd, Heat-transfer measurement 
uncertaiuty in arc-heated flows, Instrum Aerosp Ind, Proc. 
ISA Aerosp. Insman. Symp. 37,951(1991). 

56U. X. Chest, J.-Y. Qui and J. Yang, Au wperimental study of 
~e~gf~~a~~u~~~~~n~ 
plasma flow, Pkzsma Chem. Pkumu Process 11(l), 151 
(1991). 

57U. C. E. Clayton, A multiple-cathode arc-discharge plasma 
source, IEEE Trans. Plasma Sci. 19(6), 1244 (1991). 

58U. M. E. Cuneo, T. R. Lockncr and G. C. T&me, A refractive 
index gradient (RING) diagnostic for transient discharges 
or expansions of vapor or plasmas, IEEE 12an.r. Plasma 
Sci. 19(5), 800 (1991). 

59U. T.C.DerbridgeandJ.V.Micali,Agageformeas&gheat 
transfer to the bore of electromagnetic milguns, IEEE 
Trans. Magn. 27(l), 202 (1991). 

60U. W. W. Destler, J. E. DeGrangc, H. H. Fleiscbmann, J. 
Rodgers and 2. Segalov, &pe&ncntal studies of bigh- 
power microwave refIecti~ transm&i~ and absorption 
from a pu plane conducting boundary, J. 
Appl. Phys. 69(9), 6313 (1991). 

6fU. T. L. Eddy, Low-pressure plasma spectroscopic diiguos- 
tics, J. Themwphys. Heat Tran@er S(4), 48 l(l991). 

62U. K. Etemadi, Formation of alumitmm nitrides in thermal 
plasmas, Plarma Gem. Plasma Process 11(l), 41(1991). 

63U. Ya.Yu,~lev~V.K.P~~~~~butionof~e 

64U. V. Ko-inis, v: Sch&on de&a& T. Borncrmu~q H. F. 
D6bele and G. Prom, Tempemture measurements by HZ- 
CARS in the reactive zone of a plasma test reactor for’ 
hydrocarbon synthesis, Pkwna Chem. Plasma Process 
11(2), 171(1991)* 

65U. M. Metier, A. Lament, G. Velleaud and P. Gary, Study of 
the movement of an electric break& arc at a low voltage, 
J. Phys. D Z&5), 681 (1991). 

66U. A. L. Mosse and E. M. Ermolaeva, Effects of plasma flow 
structure on heat transfer with powder particles, J. Engng 
Phys. 58(S), 640 (1990). 



3234 E. R. G. EI :kert et al. 

67U. A. Ohsawa, M. Ohuchi and T. Kubota, Improved RF-driven 
probe method for RF discharge plasma diagnostics, Meas. 
Sci. Technol. 2(8), 801 (1991). 

68U. L. Okeke aud H. St&i, Plasma-chemical decomposition of 
methane during diamond synthesis, Plasma Chem. Plasma 
Process 11(4), 489 (1991). 

69U. P. J. Pbsi and W. H. Gauvin, Heat transfer from a 
transferred-arc plasma to a cylindrical enclosure, Plasma 
Chem. Plasma Process 11(l), 57 (1991). 

70U. E.Pfender,J.FmckeandR. Spores,Entrainmentof coldgas 
into thermal plasma jets, Plasma Chem. Plasma Process 
11(4), 529 (1991). 

71U. T. Rogers and T. J. Morin, Slip flow in fixed and fltidized 
bed plasma reactors, Plasma Chem. Plasma Process 11(2), 
203 (1991). 

72U. M. Saiepour and J. E. Harry, Characteristics of arcs during 
non-contact ignition from cold, J. Phys. D 24(3), 318 
(1991). 

73U. A. D. Stokes and W. T. OppenIander, Elechic arcs in open 
air, J. Phys. D 24(l), 26 (1991). 

74U. A. V. Suslov, L. A. Lyalht and K. I. Semenov, Producing 
monodisperse powders from refractory metals by gas- 
plasma dispersal, J. Engng Phys. 60(4), 430 (1991). 

75U. R. N. Szente, M. G. Drouet and R. J. Muxu, Current 
distribution of an electric arc at the surface of plasma torch 
electrodes, J. Appl. Phys. 69(3), 1263 (1991). 

76U. Z. Szymanski and S. Filipkowski, Nonstationary laser- 
sustained plasma, J. Appl. Phys. 65(6), 3480 (1991). 

77U. Y. Tada, A. Takimoto, D. Ueda and Y. Hayashi, Heat 
transfer enhancement in a convective field with corona 
disctige (analytical study for parallel wire-electrode ar- 
rangement), Nippon Kikai Gakkai Ronbunshu B Hen 
57(533), 223 (1991). 

78U. Y. Tada, A. Takimoto, D. Ueda and Y. Hayashi, Heat 
transfer enhancement in a convective field with corona 
discharge (experimental study for parallel wire-electrode 
arrangement), Nippon Kikai Gakkai Ronbunshu B Hen 
57(533), 217 (1991). 

79U. H. S. Uhm, J. D. Miller, R. F. Schneider and D. J. Weidman, 
A model for steady-state large-volume plasma generation, 
IEEE Trans. Plasma Sci. 19(3), 535 (1991). 

80U. M. Ushio, A. A. Sadek and F. Matsuda, Comparison of 
temperature and work function measurements obtained 
with different GTA electrodes, Plasma Chem. Plasma 
Process 11(l), 81 (1991). 

81U. M. Vardelle, C. Trassy, A. Vardelle and P. Fauchais, 
Experimental investigation of powder vaporization in ther- 
malplasma jets, Plasma Chem. Plasma Process 11(2), 185 
(1991). 

82U. N. Vogel and B. Jiittner, Measurements of the current 
density in arc cathode spots from the Zeeman splitting of 
emission lines, J. Phys. D 24(6), 922 (1991). 

83U. A. T. M. Wilbeq G. M. W.Kmesen, C. I. Timmermans and 
D. C. S&ram, The continuum emission of an arc plasma, J. 
Quant. Specfrosc. Radiai. Transfer 45(l), 1 (1991). 

84U. W.ZhangandY.Catherine,Quadrupolemassspectrometric 

age 32(3), 263 (1991). 
88U. A. Yu. Chukhrov, Influence exerted by concentration 

effects on convective heat exchange in magnetic colloids, 
Magnerohydrodynamics 26(4), 446 (1991). 

89U. S. Cuevas and E. Ramos, Heat transfer in an MI-ID channel 
flow with boundary conditions of the third kind, Appl. Sci. 
Res. 48(l), 11 (1991). 

90U. R. P. Dahiya and S. C. Sbarma, Effect of aqueous seed 
evaporation on combustion temperature and electrical con- 
ductivityofMHDplasmas,J.Phys.D24(10),1738(1991). 

glU.US.GanagiandA.V.Gopap~~Wealrdiscontinuities 
in relativistic magnetohydrodynamics in the presence of 
dissipative mechanisms, Znr. 1. Engng Sci. 29(12), 1673 
(1991). 

92U. N. Gupta, V. D. Sbarma, B. D. Pandey and R. R. Sharma, 
Progressive wave analysis describing wave motions in 
radiativemagoetogasdynamics, J. Thermophys. HeatTrans- 
fer S(l), 21 (1991). 

93U. E. A. Hamza, The magnetohydrodynamic effects of a fluid 
film squeezed between two rotathtg surfaces, J. Phys. D 
24(4), 547 (1991). 

94U. Y. Inui, M. Kato, M. Ishikawa and J. Umoto, Proposal of 
new power consolidation-inversion system for Faraday 
type MHD generator using PWM invexter, Energy Convers. 
Manage 32(2), 153 (1991). 

95U. M. Ish&awa, H. Yawata and J. Umoto, Dynamical behavior 
of MHD-steam combined system of pilot plant scale, 
Energy Convers. Manuge 32(2), 123 (1991). 

96U. A. Jardy, D. Ablitzer and J. F. Wadier, 
Magnetohydmdynamicandthermalbehaviorofelectroslag 
remelting slags, Metall. Trans. B 22(l), 111 (1991). 

97U. B. K. Jha and R. P. Singb, Role of porosity and magnetic 
field on free-convection flow past an exponentially accel- 
erated vertical porous plate, Model. Simul. ConfrolB 31(3), 
35 (1990). 

98U. L.Komblit, Canthermoeclectricgeneratorsbesignificantly 
improved, Energy Convers. Manage 32(l), 97 (1991). 

99U. D. L. Littlefield, Finite conductivity effects on the MHD 
instabilities in uniformly elongating plastic jets, Phys. 
Flu&A 3(6), 1666 (1991). 

1OOU. S. M. Marty, S. W. Simpson and H. K. Messerle, Stability 
of open-cycle MHD disk generators-I. Linear analysis, 
Energy Convers. Manage 32(l), 77 (1991). 

1OlU. S.M.Marty, S. W.ShnpsonaudH.K.Messerle, Stability 
of open-cycle MHD diskgenerators-II. Non-linear anaIy- 
sis, Energy Convers. Manage 32(l), 89 (1991). 

102U. H. Okanaga, A. Saitoh and T. Tanahashi, Natural convec- 
tionofmagneticfluids,Magnerohydrodynamics26(4),426 
(1991). 

103U. R. J. Rosa, C. H. Krueger and S. Shioda, Plasmas in MHD 
power generation (invited review paper), IEEE Trans. 
Plasma Sci. 19(6), 1180 (1991). 

104U. M.S.A.SarkerandN.Kishore,DecayofMHDturbulence 
before the final period, Inr. J. Engng Sci. 29(11), 1479 
(1991). 

105U. B. I. Vashi and N. Shqh, Current collection by a long 

85U. 

study of positive ions from RFplasmas of pure CH4, CH4/ conducting cylinder in a flowing magnetized pIasma, I. 
H2, and CH4lAr Systems, Plasma Chem. Plasma Process Spacecr. Rockets 28(5), 592 (1991). 
11(4), 473 (1991). 106U. J. G. Zhang and S. Angbaie, Modification of COMMlX- 
B. Zurro, A broadband plasma radiation detector with 1B for simulation of thermaI-and flowfields in ulhahigh 

spatial resolution based on the optical scanning of the temperaturevapor core reactor, J. Thermophys. HeatTrans- 
fluorescence of a phosphor, Rev. Sci. Insrrum. 62(l), 118 fer S(2), 242 (1991). 
(1991). 

MHD 
86U. V. A. Ageev, V. V. Balyberdin, I. Yu. Veprik, I. I. Ievlev, 

V. I. Legeida and A. I. Fedonenko, Magnetiofluid convec- 
tion in a nonuniform magnetic field, 
Magnerohydrodynamics 26(2), 184 (1990). 

87U A. Chandraand R,Panwar, Current conductionthroughhot 
insulation walls in IvlHD channels. Energy Convers. Man- 

Applications 
1Oi’U. M. W. Blades, P. Banks, C. Gill, D. Huang, C. Le Blanc 

and D. Liang, Application of weakly ionized plasmas for 
materials sampling and analysis (invited review paper), 
IEEE Trans. Plasma Sci. 19(6), 1090 (1991). 

108U. M. I. Boulos, Thermal plasma processing (invited review 
papa), IEEE Trans. Plasma Sci. 19(6). 1078 (1991). 

109I.J. J.-S. Chang, P. A. Lawless and T. Yamamoto. Corona 



Iieat transfes-a review of 1991 literahire 3235 

discharge processes (invited review paper), ZEEE Trans. 114U. A. N. Greenwood aad A. D. Stokes, Elecbic power 
Pluma Sci. 19(6), 1152 (1991). 

11OU. J. W. Coburn, Surface proccssiug with partiaUy ionized 
switches (invited review paper), IEEE Trans. Plusma Sci. 

plasmas (inv&cd review paper), mm Truns. Plmna Sci. 
19(6), 1132 (1991). 

19(6), 1048 (1991). 
115U. h4. A. Gundeme~ Gas-phase pulsed power switches 

1llU. I. T. Dakin, Nonequilibrium lighting plasmas (invited 
(invited review paper), IEEE Tran.s. PZasma Sci. 19(6), 

review paper), IEEE Trans. Pkzma Sci. l9(6), 991(199 1). 1123 (1991). 

112U. B. Eliasson and U. Kogelscba@ Modelii and applica- 116U. J. F. Waymootii, HE and near-LTE lighting plasmas 

tions of silent discharge plasmas, J..JZE Trans. P&mu Sci. (invited review paper), IEEE Trans. PIanna Sci. 19(6), 

19(2), 309 (1991). 1003 (1991). 
113U. B. Eliasson and U. Kogelscbatz, Nonequilibrium volume 117U. P. I. Wilbur, R. G. Jahn and F. C. Curran, Space electric 

plasma cbe&cal processing (invited review paper), IZ5E.E propulsion plasmas (invited review paper), IEEE Trans. 
Trans. Plasma Sci. 19(6), 1078 (1991). Plrnm Sci. 19(6), 1167 (1991). 


