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INTRODUCTION 

Tins ~ surveys and characterizes papers compnsing 
vanous fields of heat transfer that were pubhshed m the 
literature during 1989. It ~s intended to encompass the 
Enghsh language literature, including English 
wanslatmns of foreign language papers, and also includes 
many foreign language papers for which Enghsh abstracts 
are avadable. The literature search was inclustve, 
however, the great number of publications made 
selections in some of the review sections necessary. 

Several conferences were devoted to heat transfer or 
included heat transfer topics in their sesstons during 
1989. They will be briefly discussed in chronological 
order in this section An intemanonal symposium on 
Mathemancal Modeling and Computer Simulation of 
Processes in Energy Systems was organized by the 
International Centre for Heat and Mass Transfer 
and held in Sarajevo, Yugoslavia, 20-24 March It 
included papers on rewetfing analyses, and numencal 
modeling of heat transfer in the development of new 
energy technologqes. The proceedings are publmhed by 
Hemisphere, Washington, DC. The 7th Eurotherm 
Seminar organized by the Eurotherrn Committee was 
held on 23--24 March m Rome, Italy, and was devoted 
to direct contact condensation, two-phase flow and 
botlmg, measurement techniques, and transients and 
accidents. The 31stHeatTranfferandFluidMechamcs 
Institute sponsored by the School of Engineering and 
Computer Science, California State Umverstty, 
Sacran~nto, was held on 1-2 June It included papers 
on heat transfer characterisncs of a thermally anti-|ced 
aeroengine intake, heat transfer m an evacuated 
concentrating solar collector, in apulse comtmstor boder, 
m a micropolar fluid and in steel plant refractories. An 
lnternat|onal Seminar on FIsswn Product Transport 
Processes in Reactor Ace|dents organized by the 
International Centre for Heat and Mass Transfer, and 
held m Dubrovnik, Yugoslavia, 22-26 May. included a 
discussion of heat and mass transfer m the behavior of 
fiSSlonproducts The1989 ASME Turbo Expo , Toronto. 
Canada, 5-8 June, devoted seven sessions to heat transfer 
with rotation, internal and external heat transfer, 
augmentation, film cooling, transient, and unsteady 

condition. Inquiries about the presented papers should 
be directed to the ASME Order Deparanent. The 7th 
hahan Congress on Heat Transfer organized by the 
Italian Thermal Fluld Dynamics Socmty and held on 
15-17 June, Florence, included in its program heat 
t~ansfer in single and muluphase systems, in fission and 
fusion systems, in energy conversion and in air-ambient 
systems. The 6th Internationai C orcfer ence on Numerical 
Methods for Thermal Problems in Swansea, U.K., 3-7 
July, included in its program computational aspects of 
heat transfer in composttes and cerarmcs. The 26th 
Naaonai Heat Transfer Conference and EzhiMtion was 
organized by the American Society of Mechanical 
Engineers and the American Institute of Chemical 
Engineers at Philadelphia, Pennsylvania on 6-9August, 
and included seven panel discussions and eight plenary 
lectures in addition to the sessions and poster sessions 
dealing with all phases of heat transfer and its 
applications. More than haft of the 395 papers were on 
two-phase flow. The 1989 Donald Q. Kern Award was 
presented to Abraham E. Dukler, who also presented the 
lecture on "Imerfacial Waves on Thin Liquid Films: 
Mechanics andTransport'. The 1988 Max Jakob Award 
was |eceived by Yasuo Mori, who lectured on "Some 
Optimizing Examples in Forced Convective Heat 
Transfer". The 1989 ASME Cogen-Turbo Ill sponsored 
by the Intemauonal Gas Turbine Institute, Atlanta, 
Georgia, at Nice, France, on 30 August-I September, 
was devoted to combined-cycle technology and 
cogeneration. It included lectures on short hole 
convection at high temperature and high Reynolds 
number and heat transfer in expanding parts. An 
lnternatwnaI Symposium on Hear and Mass Transfer m 
Building Materml and Structure was organized by the 
International Cenme for Heat and Mass Transfer at 
Dubmvmk, Yugoslavia, 4-8 September. Proceedings 
of the conference are available from Hemisphere. An 
lnternanonal Conference on Fwes m Buildings, 25-26 
September, at Toronto, Canada brought togetherexperts 
from the United States and Canada, as well as from 
European counmes. Heat transfer aspecls were included 
in the program. The 6h Hostile Environment and High 
Temperature Measurement C oerf erence, coslmnsored by 
the Society for Experimental Mechanics and the 
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Techmcal Cormmttee on Strain Gages, was held at 
Kansas City, Mlssoun, on 6-9 November. Many 
companies and research institutes participated m the 
discusswn of instruments and measurement techniques 
in various apphcauons The l Oth Brazll~n Congress of 
MechanicalEngmeermg held on 5-8 Decemher, at Rio 
de Janeiro, Brazil, included sessions on conduction, 
natural and forced convection, radiation, multiphase 
flows, phase change, mass transfer in porous media, and 
solar energy. The llOthASMEWinterAnnualMeeting, 
10--15 December, at San Francisco, California, included 
the traditional program in heat transfer and Rs 
apphcations, among others, in gas turbines, 
aerodynamics, machining, superconducung matcnals 
and processing, in biotechnology, and hypertherrma E 
G. Cravalho, the speaker at the heat transfer dinner, 
discussed "Heat Transfer m Biology and 
Medicine ~ Past Success and Future Potential". The 
Heat Transfer Memorial Awards were presented to T. J 
Love, Jr. and R. J. Moffat The papers presented at the 
meeting are collected in special volumes avadable from 
the ASME Order Department The 9th M~amt 
Internatwnal Conference on Energy and Enwronment 
presented by the Clean Energy Research Institute, 
University ofMianuin couperaaonwah the Intemmional 
Association for Hydrogen Energy on 11-13 December, 
at Miami Beach, Florida, included heat transfer aspects 
m their various sessions organized according to 
applications. The proceedings of the Second U.K. 
Natwnal Conference on Heat Transfer held m 1988 at 
Glasgow, Scotland, are now available at the Sales 
Department, Mechanical Engineering Publications 
Limited, Suffolk, U.K. 

A list of books rolated to heat transfer and new 
journals pubhshed during 1989 is presented on the 
following pages. To facilitate the use of the review, a 
lismag of the subject 1terns ts made below in the order in 
which they appear in the text. The letter which appears 
adjacent to each subject heading ~s also added to the 
references cited in each category 

Conduction, A 
Channel flow, B 
Boundary layer and extemal flows, C 
Flow with separated regions, D 
Heat transfer m porous media, DP 
Experimental techniques and instrumentation, E 
Natural convection ~ internal flows, F 
Natural convecuon - -  external flows. FF 
Convection from rotating surfaces, G 
Combined heat and mass transfer, H 
Change of phase - -  boding, J 
Change of phase ~ condensation, JJ 
Change of phase - -  freexmg and me.lung, JM 
Radiation mparticipating media and surface radiation, 

K 
Numerical methods, N 
Transport properties, P 
Heat transfer applications - -hea t  pipes and heat 

exchangers, Q 

Heat transfer apphcaUons - -  general, S 
Solar energy, T 
Plasma heat transfer and MHD, U. 

C O N D U C T I O N  

Research relevant to the various aspects due to 
conduction heat wansfer continues to progress at a 
steady pace. Various mvesuganons and developments 
encompassing analytical/numerical and experimental 
stuches have been attempted in 1989. Subcaregones in 
the areas related to conduction include contact 
conductmn/contact resistance, layered and composite 
mccha, laser/pulse heating effects and thermal wave 
propagation phenomenon; conduction in bodies and 
objects; conducuon combined with convection', 
development of new approaches and algorithms, 
combined thermal-mechanical problems, inverse 
fommlations and other miscellaneous applicanon studies. 
Of special note is the increase m attention towards 
apphcafions to electronics packaging and related areas 

Contact conduction~contact res~stwnce 
InvesUgations in this subcategory have focused on 

theoretical and ~ n t a l  issues towards providing a 
fimher understanding of contact phenomenon and contact 
resistance effects for a variety of situations Included 
are issues relevant to thermal constriction resistance, 
rolling contact heat transfer, modeling, sliding contact, 
applications to electronic packaging, and other 
miscellaneous studies [1A-10A]. 

Composites and layered media 
The class of applications in this subcamgory mcluded 

heat conducUon m anisotropic bodies, thennal properties 
of layewxl plate m'uctures with source effects, and 
prechctton of thermal conductivity, and temperatures in 
aligned fibrous composites [1 IA-14A] 

Laser~pulse heating and thermal wave propagatwn 
Laser applica~ns and~or high energy locaJi,~ heanng 

aspects appear in refs. [18A-20A, 23A] and primarily 
deal with chemical vapor deposiuons, substrates, and 
terr~rature distributions in materials. Of continued 
research investigations have been non-classical heat 
conducuon models which account for finite speeds of 
thermal energy transport [16A, 17A, 21A, 24A]. Other 
applications involving wave propagation appear in refs. 
[15A, 22A] 

Heat conduction: fins, tubes~rods, cylinders, spheres 
Conductlon heat uansfer issues in bodies and objects 

having ~petitive or arbin'ary geometries have primarily 
dealt with effective thermal conductivity formulations, 
closed form solutions, temperature fields in objects of 
simple geometries, and other analyu.cal/nuroerical and 
experimental mvestigatious [27A, 29A, 3 IA, 33A, 38A]. 
Other issues relevant to heat conduction in objects and 
bodies appear in refs. [25A, 26A, 28A, 30A, 32A, 34A- 
37A, 39A]. 
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Conducnon with convection 
The relevant papers appeanng m this subcatcgory 

appear m refs [40A--46A]. Investigations include 
ch arac~nzanon o f blow -up for a semJlh~ar he at equation 
with convection, conduction with forced convection, 
models for a four-stroke heat-bamer-piston engme, and 
analytical formulauons of thee-dimensional conduction 
with convective surfaces. 

Methods, algorithms, and applications 
ApproxLrnate methods and models both from analyucal 

and computattonal viewpoints have been proposed for a 
variety ofapphcanons. General algorithms inconjunctzon 
with numencal smaulauons have been investigated for 
various heat conduction problems They appear in refs 
[47A-63A] Investigations included finite element, fimte 
difference, and other approximation methods 

Thermal-mechanical problems 
A significant number of research investigations have 

been conducted m the area of interdisciphnary thermo- 
mechamcal problems. Of interest lately has been the 
area of electzonics packaging. Thenno-elasuc/plasfic 
effects also seem to be of qmte some concern m most 
applications. Papers dealing with electronics packaging 
and other relevant applications appear in refs. [67A, 
68A, 71A, 77A, 79A]. Papers dealing with general 
thermal-mechanical issues and applications appear in 
refs. [64A-66A, 69A, 70A, 72A-76A, 78A, 80A-92A]. 
Of special interest have also been thermal-stress wave 
propagauon problems. 

Inverse problems 
While direct methods seem to be a natural concern, in 

certain instances, the need to formulate inverse models 
has been a subject of some research investigations. 
Typical papers m tbas area appear m refs. [93A-95A]. 

Miscellaneous conduction studies and special 
apphcanons 

Various sm&es and specud applications dealing with 
conducuon heat transfer have been auerr~ted for a 
variety ofsxmauons. Since it is beyond the scope of this 
review to specflicaUy idenufy individual contribution 
subcategories, readers are encouraged to see available 
references m refs [96A-119A] 

CHANNEL FLOWS 

Forced convecnon In straight-wailed czrcular and 
rectangular ducts 

The heat transfer of hydrodynamically fully-developed 
flow in straight-walled ducts connnues to be an active 
research topic from both the theoretical and experimental 
perspecuves. The flow of liquids and gases in long 
straight ducts is ub~qmmus. The literature covers the 
spectrum from large industrial appficafions, such as the 
opttmzzation of thermal insulation m od-carrying 

pipelines, to the contemporary concerns ofrmcrocharmel 
flmd flow and beat transfer relevant to the electromcs 
inch~u 7 and to the flow of blood m small arteries. These 
simple duct geometries also provide a convenient 
'proving ground' for the vahdafion ofnurnencal schemes, 
most notably those having complicated turbulence 
models Several articles considered wall roughness in 
the turbulent calculauons. Closed form solutions of 
laminar flow and approximate solution for turbulent 
flow ate provided for c~rcular and rectangular ducts 
having both symmetric and asymmetric thermal 
boundary conditions. The flow of supercriucal water 
and mtrogen was also investigated [IB-17B] 

Mixed convection 
Buoyancy-enhanced and buoyancy-opposed fows 

were smdiedprmcipally in vertical s~mght-walled ducts 
w~th isolated investigations of mixed convection m 
horizontal and sloped containers, cross-section 
geometries included circular, rectangular and annular 
regions [18B-26B]. These low Reynolds number flows 
were examined m both the laminar and transitional 
regimes, with some results reported for Reynolds 
numbers as large as 5x10 + in the presence of very high 
heat flux rates. Heat transfer rates were obtained in 
vertically heated ducts for upward and downward flow 
of l~luids and gases The flow of sup~critical carbon 
dioxide was studied experimentally as it passes up and 
down m a vertical tube. Reverse flow was reported in 
simattons when the buoyancy forces were in approxhnate 
balance with the fluid inertial forces. Inflectional 
instabilities in the velocity field contaibuted to local 
enhancement of the heat transfer rates. 

Irregular geometries 
Sumght-walled channels having annular, circular- 

sector and annular-sector cross-section were examined. 
Exact temperature and velocity fields were employed as 
initial condiuons for one-dimensional flow in an annular 
robe. Perturbation methods enabled an ai~roximafion 
of the azimuthal temperam~ vari~ons experienced in 
deformed annular ducts. One study found that a healed 
gas is less likely to relammanzc in an annular duct than 
under sm~lar boundary conditions in a circular duct. 
Combinauons of isothermal, constant beat flux and 
adiabatw boundary conditions were imposed 
parmr~trically on the straight and curved surfaces of 
circular- and annular-sectored prpes. Several studies 
considered the condiuons necessary for heat transfer 
augmentation m channels with wavy/corrugated walls, 
a configuration commonly found in compact heat 
exchangers. The heat transfer characteristics of flow 
through narrow channel gaps were obtained to model 
the flow conditions experienced in rod-bundle 
arrangemcnm. A unique annular duct was examined 
experimemally, wbere rite inner wall was wavy and 
helical in nature. Other studies include a par~mfic robe 
of cLrcular cross-secUon and arrangenumts of multi- 
passage circular pipe [27B--43B]. 
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Finned passages 
The need for heat transfer augmentatton m the cooling 

passages of turbine blades continues to motivate research 
m confined ducts wlth fins and protrusions, the 
corresponding pressme drop penalty was considered in 
most studies [44B-60B]. Rectangular and cylindrical 
fins dominated this area of the hterature, although the 
work was approximately equally divided between 
numencal and experimental approaches. The rib angle- 
of-attack was carefully considered m rectangular 
channels of variable aspect ratio and flow vtsuahzation 
was employed together with heat transfer measurements 
to elucidate the mechamsm responsible for enhanced 
heat transfer downstream of cyhndrical protrustons. 
Various geomemc arrangements ofintemallongltudinal 
fins were examined in rectangular channels; transverse 
fins placed on the ~.xtemal surface of a ctrcular p~pe were 
also studied 

Secondary flow 
The secondary morton of a fired was estabhshed m 

rectangular, circular and annular cross-sectioned ducts 
by the centripetal acceleration encountered around 
comers, bends and m helically coiled channels. The 
placement of belical-tape elements within a duct was 
also used to generate a swirl flow superimposed on the 
longitudinal stream [61B-69B] Heat transfer rates can 
be enhanced under certain operating conditions although 
relaminanzafion and the reducuon in heat transfer rates 
can also be experienced when compared to sinular 
Reynolds number flow m ducts without secondary flow. 
The local heat transfer characterisucs were documented 
experimentally on both the concave and convex surfaces 
of a hehcal flow m a rectangular channel. Under 
conditions of high curvature, the flow on the convex 
surface was observed to separate and form closed 
rectrculatmn regions Three-dimens~unal effects were 
also measured. The axml varianons m the local heat 
transfer rates downstream of a bend were documented 
for both fully-developed and sharp-edged flow entering 
the bend. One numerical study considered the flow 
structure and heat transfer m a recirculating region 
formed in a channel. 

Oscillatory and transtent flow 
Periodically varying inlet temperature and pressure 

fields are common in pulse combustors and Stixling 
engines. Arbitrarily-shaped periodic inlet temperatuxe 
profiles were examinedexpenmentally in straight-walled 
and conical ducts. More controlled periodic temperature 
inlet conditions were imposed throughnumerical studies. 
The beat transfer rates in ptston-dnven flows were 
mvestigated for constant temperature and constant heat 
flux boundary conditions. The literature suggests that 
heat U-ansfer rates depend ontbe frequency and amplaude 
of the re!posed oscillatory motion as well as the shape of 
the temperature profile, Step changes m wall temperatuxe 
were consldered theoretically and transient heat loss 
through long insula ted pipes  was addressed 
experimentally [70B-80B]. 

Two-phase flow 
Gas-hquld flow dornmated flus area of the literature, 

however there were selected mvesugations of gas-sohd 
and liquid-solid flow [8 IB-96B]. The heat transfer and 
pressure drop characterisucs were obtained m elecmcally 
heated vertical tubes of water, glycerine-water and 
sdlcone liquid w~th air as the gas phase_ A description 
of the nucleauon process giving rise to the growth of 
bubbles and droplets was also analyzed m ducts of 
varying geometry. A glass bead-water suspension was 
examined m a horizontal duct; heat transfer depended on 
the sohd-volume fracuon and the panicle size_ The 
transport of large solid bodies m water flowing through 
a duct was treated numer ica l ly ,  Heat t ransfer  
enhancement m gas-sol id  flows was considered 
theoretically in ctrcular ducts and compared to 
experimental results in dusty flows. Heat transfer 
augmentauon was found to be greater m gas-glass bead 
flows for smaller glass bead diameters. 

Non-Newtonian flow 
Non-Newtonian fluid flow and heat transfer was 

considered m the f'ilm lubricataon of high pressme 
rollers; cavitation was included in the analysis. Fully 
deve loped  p o l y m e r  f low (po lyac ry l amide ,  
polyethyleneoxide,  and hydroxyethylcellulose) m 
rectangular channels was invesugated experimentally, 
using constant teml.,erature, constant heat flux and 
adiabatic wall boundary conditions. The non-isothermal 
flow of polymers into mold cavities of irregular geometry 
was simulated numerically. The developing beat transfer 
and fluid flow of a power-law fluid in the entrance 
region of  an arbxtrarily shaped duct was studied 
experimentally [97B-103B]. 

Miscellaneous 
The heat transfer characteristics in the up region of 

turbine blades were obtained by modeling the region as 
a narrow channel flow w~th a recirculauon zone; 
nun~ncal  and experimental results werepresented. The 
enhancement of heat transfer rates by the ~ppfication of 
electrical and magnetic fields was investigated in stratght- 
walled ducts Thermal field characteristtcs in a disk- 
drive storage system were modeled and compared to 
expertmental measurements. Steady flow entrance 
regions were stuched in circular ducts. Recycle in a 
turbulent duct flow was investigated. Helium II flow 
was examined m a variety of flow configurations and 
several rod-bundle arrangements were considered 
[104B-124B]. 

BOUNDARY LAYER A N D  EXTERNAL 
FLOWS 

Research in tins area includes the following effects. 
unsteady and instability considerations, including 
transition; effects of  external influences; effects of  the 
fluid type or nature; flows wsth reactions or chermcal or 
thermal non-equihbnum; compresslbdlty effects; papers 



Heat transfer m a review Of 1989 literature 2353 

which focus on closure models, flow analys~s or 
application of the second law; geome t l  effects and 
low-density effects. 

Unsteady fows, mstabihty and rransmon 
Invesugations of unsteadiness and instability include 

studies oflarmnar and turbulent flow instabtlity,boundary 
layer uansition, dism_,'bances due to obstacles in the 
boundary layer or m the upstream flow, analysis 
techmques and unsteady jet configuralaons [IC-22C]. 
The laminar imtabthty studies discuss standing versus 
txavelmg waves and effects of non-linear disturhances. 
Boundary layer transition papers cover effects of wall 
cooling, acousuc excitatton or surface geometry and the 
influence of wakes from upstream obstacles such as 
airfods or cylinders. Transinon analyses include the 
energy flux theory and the coupled-map latttce model. 
Papers on flow unsteadiness include studies of peristaltic 
transport and unsteady heat transfer from a wne m 
longitudinal flow and from cylinders downstream of 
another perpendicular or parallel cylinder. Results of an 
analysis of jet flapping, observed with opposed plane 
jets, are shown. 

Flows wffh reacriona or chemical or thermal non- 
~l~ "hbrium 
' ~ers in this category invesugate either combustion 

ww.ty high speed flows [59C-63C]. The effects on the 
of a she~ ~ flue to heat released in a reaction 

me dtscusseM and vapor-phase combusuon on the surface 
of a meteor and chemmal reaction on the surface of a 
blunt cone are computed. Large-eddy simulalaon ts 
at~lied to a convective boundary layer wath chemical 
reaction. 

Compresslbthry effects 
Most of the papers in this category deal with the 

effects of shocks on bonndmy layer flows [64C-78C]. 
The effects are: forced transition to turbulence, viscous 
heating, boundary layer separanon and ausmentaUon of 
an'foil heat transfer in gas turbines. Supersonic flows 
ate studied for various body shapes and angles of at'tAck 
(including three-dimensional effects) and on wavy and 
curved walls. One paper m flus category is a presentation 
of measurements of unsteady heat flux in the 
compressible boundary layers within an internal 
combustion engine 

Effects of external influences 
Studies m thin category include effects of vortices, 

flee-stream turbulence, vibration, injection through the 
wall, surface nature such as a stretching sheet, surface 
effects such as conductton within the wall and thcmud 
boundmT condition effects [23C-48C]. The effects of 
nose-cone asymmetric vortices or longitudinal vortices 
generated inside and outside of the boundary layer or 
naturally occurring due to buoyancy are discussed. The 
effects of face-stream turbulence are shown for cylinders 
m cross flow including the stagnation line, turbine 
blades and convex-curved walls. The effect of severe 
mjecuon at various angles through a porous wall 
computed. Vibration effects am documented for spheres, 
discs, cylinders and a stretching sheet wall. Other 
slretchmg sheet studies include one with a rrticropolar 
fluid and another with a wsenelasnc fluid. ConJugate 
heat transfer studies are presented for flow over a 
smaulated computer chap, flow over a surface fdm such 
as a hot-film sensor and an impinging trust spray. 
Boundary condition effects are discussed for step changes 
or gradients m surface temperature. 

Effects of the flmd type or nature 
Special fluid behaviors are drag-reducing polymer 

solutions; viscoelasnc, non-Newtoman and Dareian 
flmds; superfluid hehum, aerosols; fluids containing 
energeuc parucles and flmds experiencing cawtation 
[49C-58C] The non-Newtonian fluid paper ts for a 
wedge flow and the study of superfluid hehum focuses 
on the super-normal interface. The aerosol paper 
discusses thermophoresis effects and the energeuc 
particles are those trapped in the Earth's geomagnetic 
field. 

Analysis and modehng 
Studies in this subcamgory are on turbulence models, 

coherent structures, tmcrosta~ctu~ and thermodynamic 
analysis [79C--g4C]. A two-fluid model of turbulence ts 
atrpl.ied to boundary layers and jets and aReynolds s t ~ s s  

and heat-flux equation soluuon is coupled wath a 

stamneal model for triple pnm'ucts and ~pliexl to vanons 
flows. One paper analyzes heat transport by rnaeroscale 
structures in free-shear flows and another uses the 
acoustic sounding technique to investigate the 
microstructure of planetary boundary layers. An 
expression for entropy generation m combined 
convective heat and mass ~ansfer boundary layers is 
developed for optimizing specific nlTplications. 

Geomerrw effects 
The various geometric effects investigated during the 

last year include ribs and firm, roughness features, baffles, 
disks, tube bundles, jet flows and falling films 
[85C-106C]. The rib and fin configurations include 
heat exchanger surfaces, nbbed plates, parallel channels 
and pipes, and finned plates. A predicuon method for 
roughness is presented and the roughness effect of ice on 
heat transfer is discussed. A study with baffles includes 
their effects on the heat transfer from adjacent pipes. 
Other geometries include flow over a circular disk with 
the axis parallel to the flow, flow over tube bundles, 
plane gas jets and free-falhng films 

Low-density effects 
Papers in thas category include aerosol evaporation in 

a rarefied gas, analysts of the temperam~ jump, effects 
of aplate leading edge geometry and the nature ofarigid 
sphere gas [I07C-I IOC]. 
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FLOW WITH SEPARATED REGIONS 

Regions of flow separation, rectrculatlon and 
reattachmunt can be expected whenever a flow encounters 
a rapid change m geometry Common configurations 
examined m the literature were the backward facing 
step, the forward facing step, and flow past isolated 
protrusions including cylinders, annular fins, and 
electronic components [1D-14D] Studies of the 
separated flow past steps were concerned wtth the local 
heat transfer cneffic~ents m the neighborhood of the 
reattached flow (backward facing step) or separation 
(forward facing step) The heat transfer rate at this 
critical posmon was found to be qmte sensitive to the 
details of the flow in the 'buffer' region of the turbulent 
boundary layer Hypersonic heat transfer and fluid flow 
was examined in the region behind a step, and for cross 
flow over a ctrcular cylinder_ Various tube bundles in 
cross flow were examined, having staggered and m-line 
arrangements. A umque study addressed the heat and 
momentum transport in flexible tube bundles Lamted 
research mjets and flames also appeared m the literature 

HEAT TRANSFER IN POROUS MEDIA 

Porous media is broadly interpreted m this secuon as 
a rmxture; a fluid phase (or phases) combined with a 
sohd phase which has either mterconnectod pores or 
mtergranular spaces through which the flmd may flow, 
Systems like these can have very large flmd--sohd 
interracial area in a small volume, serving to promote 
area-dependent physical and chemical processes 

Packed beds (forced convectwn) 
Many applications employ packed beds m which the 

solid matenal, or bed, is fixed m place and the flmd is 
forced through it by an externally tmposed pressure 
difference. Heat transfer between the phases, as well as 
heat transfer between the bed and ~ts containment, have 
been studied and reported in several articles 
[1DP- 12DP] including effects of unsteady operation, 
of exothermic and endotherrmc reacuons, and of the 
flow of dnst-laden gas. 

Packed beds (natural and mixed convectwn ) 
The general topic of natttral convectton heat transfer 

LS treated separately m Sections F and FF of this review, 
but those articles for which the mare theme is the porous 
medium's influence are cited here. Several studu~s were 
reported of natural convection m porous media 
[13DP- 22DP] Most of these COnsLSted of analytical or 
numerical models, each addressing a particular 
combination of geometry and boundary condiuons. 
Two particular departures from the normal realm of 
Newtonian fluids influenced by a gravitational body 
force were a study modeling behavior of a vlsco-clastic 
fluid and another study revolving a rotating porous 
medium. Experiments with natural convectton's role m 
freezing of water m a porous medmm were described. 

Three mvesuganons of combined free and forced 
convection in porous medm were reported [ 13 DP, 18 DP, 
21DP] 

Onset of natural convectTon and znstabih~. 
Condittons necessary for the onset of natural 

convection in porous media were reported for several 
cases [23DP, 25DP, 27DP, 30DP] including 
experimental studies with the destrattficatlon of a pebble 
bed heat storage umt and with a water saturated layer 
w~th and without salmaty gradients Several analytical 
and numerical studies were focused on the mstabd~ty of 
modes of natural convection m various geometries 
[24DP, 26DP, 28DP, 29DP] including a bottom-heated 
cubical domain, horizontal layers, and horizontal annuh 

Non-Darcy effects 
The Darcy model, which treats the local mass flux of 

flmd as propomonal to the local pressure gradient, Is 
widely used in models of porous media Departures 
from this assurnplaon, acknowledging some combination 
of fluid merual effects and solid boundary effects, wen~ 
at the focus of many studies [31DP -41DP] Most of 
these investigauons were analytical orcombmed analysis 
with numerical methods; one [39DP] provided new 
forced convection data with which the applicability of 
various models can be assessed. 

Flu,dzzed beds 
When compared with fixed beds, fluidized beds have 

an additional mechanism of heat transport, the heat 
capacity of solid particles m mouon. Models offlmdized 
bed heat transfer [43DP, 45DP, 53DP, 54DP, 57DP, 
60DP, 62DP] were proposed and described for mm~rsed 
objects (particularly horizontal tubes) and for fieeboard 
(above the dense bed) surfaces. Experiments of, or 
related to, heat transfer in flmdized beds [42DP, 4,4DP, 
47DP, 49DP-52DP, 56DP, 58DP, 59DP, 63DP-66DP] 
dealt with containing wall heat transfer, heat transfer 
and fluid mechanics near nnmersed objects (again, 
horizontal tubes in particular), freeboard heat transfer, 
the influence of particle size, and surface heat transfer in 
cu'culaung fluidized beds. Analyses and experunents 
were also directed toward novel apphcations of fluldized 
beds [46DP, 48DP, 55DP, 61DP], respocttvcly 
n-nmersion cooling ofelectromc devices, food processing, 
thermal energy storage, and drying of biosynthesis 
products. 

Combined heat and mass transfer m porous media 
The general topic of combined heat and mass transfer 

Is treated separately in Section H of this review, but 
those articles for which the primary feature is the porous 
medium's effect upon the process are cited here 
[67DP - 82DP]. Several models and experiments were 
presented [67DP, 68DP, 73DP, 75DP, 81DP] for 
combined heat and mass transfer in unsaturated porous 
media, chiefly water m soft Models of phase change, 
most commonly m drying of porous materials, were also 
presented [69DP, 70DP, 72DP, 80DP]. Other combined 
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heat and mass transfer efforts included models of porous 
adsorbents, evaporanve cooling using a cellularpacking, 
thermally induced soil consolidation, chssociation of 
hydrates in porous media, and heat and mass transfer m 
metal hydride beds 

Other porous media studtes 
Many models and experiments regarding the effective 

thermal conductivity of porous media were reported 
[85DP, 88DP, 96DF, 98DP, 99DP]. Three papers 
described numencal mvestigatmns of unsteady doubly 
diffnstve (magnetic and buoyant) convection m porous 
media [93DP - 95DP] A model for the propagation of 
phase change fronts in porous me&a [90DP] and a finite 
element method for predicung the evolution of such 
fronts [89DP] were described. Other studies included 
topics as diverse as the critical conditions for counterflow 
of superfluid and normal flutd He II m porous media, 
experiments wtth channel interaction in monolithic 
reactors, and the influence of air motion on the effective 
thermal resistance of insulanon matenals 

EXPERIMENTAL TECHNIQUES AND 
INSTRUMENTATION 

Heat transfer measurements 
New methods and dewces In stuches of convective 

heat transfer from an isothermal surface, a new method 

is reported in which the surface temperature can be 
controlled even if the direction of the heat flux is 
reversed; the necessary energy transfer from the surface 
is provided by using the Pelner effect, e.g. junctions of 
chssimBar semiconductors [22E]. Liquidcrystal coatings 

have been used to determine the heat transfer from a pm 
fin, both, in a transient way by mapping the temperature 

profiles, and with an isothermal surface [3El. Another 
method for local heat transfer measurements from an 
isothermal surface for widely varying heat transfer 

coefficmnts makes use of the change of the wet bulb 

temperature under rachadon heating conchtmns [17El. 
The heat transfer between a hot gas and particulates has 
been measured by determining the change of the magnetic 

properties of the particles when their temperature 
approaches the Curie point [23E]. Periodically varying 
heat fluxes have been measured using a photoacoustic 
method for characterizing semiconductor devices and 
solar cells [26E] Use of a mobile heat source to study 
heat conduction in anisotropic media is described in ref 
[5El New rachometer designs are discussed, for use m 
industrial high temperature furnaces [4El, or for avoiding 
condensation effects [13El The extension of the 
frequency response of an IR detector is achieved by 
combmauon of a thermoelectric and a pyrcelectric sensor 
[IIE] New design features of calorimeters include a 
high pressure device for measuring rnixmg heats of 
l.iquified gases [12El, an adiabatic calorimeter for high 
accuracy calomnetry of metals with heater fine 
adjustment [16El, and a calorimetric flow sensor 
combining athermal resistor and atemperatum dependent 

resistor on pin shaped probe elements [25E]. A dtgttal 
phot0gramrnetric system for evaluations of 
Mach-Zehnder interferograms is described mref. [ 19El, 
including software to deduce the heat transfer rate. A 
new method for measuring the heat transfer coefficient 
revolves the transient heating of a thin metal ring placed 
over a fin of insulating material and comparing the ring 
temperature changes with the values obtained from a 

model [14El. 
Accuracy tmprovement The influence of the transient 

response characteristics of various temperature 
measuring devices on the derived heat transfer values is 
discussed in refs. [1E, 6E, 10El, and an improved 
analysts revolving the use of the time derivative of the 
thermocouple responses is offered [6El. Measmement 
errors due to damping of oscillating heat fluxes in the 
substrate matenal aze considered in ref. [20El, and 
radiation effects on free wire responses are discussed in 
ref. [21El. An analysts of systematm errurs m radiometer 
measurements is presented in ref. [18El, while the 
effects of dynanuc changes of bubble shapes on the 
results of hot film anemometers m two-phase flows are 
showninref [9El Heat transfer measurement accuracy 
can be improved by using conecuons for heat losses 
[24E], and by improving the wall temperature control 
[TEl. Lastly, the error introduced by radiative heat 
transfer from a heater snap for fluid heat transfer 
measurements is discussed m ref. [2El. 

Cryogemc heat measurements_ Measurement of 
phonon pulses using a cadmium sulfide thin fdm are 
reported in ref. [ 15E], and an algorithm for deconvoludon 
of sensor frequency response and phonon capture pulse 
signal ts presented in ref. [8El. 

Temperature measurements 
New developments The unpact of microelectronic 

developmems is seen m refs. [42E, 57E, 60El. ACMOS 
microcixcuit mchides resistance thermometers and 
electromcs and has been used for measurement of 
temperatures, flow velocities and vacua [42E]. Surface 
temperature measurement during thin film processing is 
achieved by a planar-insulated resmtance thermometer 
[57E], and a sdicon IC has been developed for 
measurement of temperature gradients in laminar and 
turbulent flows [60El. 

Laser based technzques. A combination of CARS and 
LDV has been used to sunuhaneously measure 
temperature and velocity m reacnng flows [40El. Use 
of LIF for thermometry of a surface which has been 
prepared with a temperature sensitive phosphor is 
described in ref. [39E] Raman spectra from an Si 
microstructure allows derivation of the temperature by 
comparison with a theoretical profile [52El. Temperature 
and density ¢hstribuuon have been determined using 
speckle photography and optical tomography in 
asymmeuic flows [49E] and m flames [28E]. Flame 
temperature and density have also been measured using 
rune resolved Rayleigh scattering techmques [30El. 

Pyrometry. Accuracy m~provements and adaptation 
to spectfic applicanons are reported. Error considerations 
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include the wavelength error m two color pyrometry 
caused by the use of effective blackbody wavelengths 
[35E, 41E], and by the assumption of a gray body [34E], 
and it is concluded that smgle color pyrometry with a 
good guess for a value for the ermsswity may be better 
than multi-wavelength pyrometry [ME]. Both techruques 
will have to consider that the measured light may be 
partially polarized and that there may be polarizing 
components m the optical system [54E] Pyrometers 
have been used for time resolved measurements of the 
shock temperature ofchermcally reacting powders [29E] 
and m coal combustion chambers [62E, 55E] Response 
tune of optacal fiber sensors m pyrometric apphcanons 

discussed m ref [44E]. 
Thermocouples and resistance thermometers Error 

analys~s and accuracy improvement are the subject of 
refs. [32E, 43E, 46E, 51 E, 63E]. Error causes discussed 
include variable fluid flow velocity [51E], position m 
flow stream [63E], and influence of bead size [46E], as 
well as the error in the measurement of the location m a 
solid body during conduction heat transfer measurements 
[32E] A combination of a thermocouple coated with a 
porous BN layer and an uncoated thermocouple has 
been developed as a miniature psychrometer for 
simultaneous measttmments of temperature and humidity 
[36E]. A thermocouple based furnace calibration system 
with automated data acquisition is described in ref. 
[50E]. Accuracy maprovements over a wide temperature 
range are obtained with a new electromc ctrcmt for a Pt 
reststanc¢ thermometer [64E], and a strmlar objective 
has been pursued in ref. [31E] by the response time 
ch aractermatlon, and by determining the reproducthdlty 
[59E] of  commercia l ly  avatlable thermometers  
Calibratmn of a carbon-glass thermometer is presented 

m ref [38E]. 
Mtscellaneous measurement techmques. Improved 

accuracy for a hquld crystal thermometer has been 
achieved by replacing human sensing with a spectral 
sensor and digital unag¢ processing [27E], and sdicon 
diode sensor accuracy has been unproved through anew 
digital circmt [47E] The use of a sdlcon diode 
thermometer as a sensor m thermoelectric power 
generation equipment Ls described m ref_ [53E] Thermal 
imaging based onradaation detectors IS unproved through 
the use of new image processing algonthms [33E] An 
acoustic temperature measurmg techmque mvolvmg 
sound velocity measurements m acoustic waveguldes 
has been apphed to the determmauon of temperature 
profiles m large fumar.es [61 E] Temperature fluctu ations 
have been determined with a double hot wu-e probe up 
to moderate turbulence mtensmes [48E] 

Cryogentctemperaturemeasurements Extensmns of 
the measurement range have been reported for a constant 
volume gas thermometer by using He3 [58E], and for 
carbon and germamum resistors [56E] New electromc 
circuitry has led to improved responses [37E, 45E] of 
resmtance thermometers at ultralow temperatures 

Specific apphcations. Thermometry of flames is 
discussed m refs [28E, 30E, 40E, 46E], combustmn m 
furnaces is dealt with m refs [29E, 50E, 55E, 61E, 62E], 

rmcroelectroruc apphcatlons appear m refs [52E, 57E]. 
and temperature measurements  relevant to heat 
exchangers or condensers are descnbed m refs [43E, 

51E, 63E1 

Veloct O, measurements 
New developments_ The heat loss from a surface 

acoustic wave (SAW) oscdlator chip results m a 
temperature change of this device, and hence a change 
of its characteristic frequency; the measurement o f th~  
frequency change has been used to measure flow 
velocities causing theheat loss [81El_ A fluidic flowmeter 
has been developed that traps some of the fired in 
vomces and measures the pressure fluctuauons generated 
by these vortices, the pressure signal frequency xs 
propomonal to the flow velocity [87E]. A rmmarure 
five hole presstwe probe aUows the measurement of the 
mean of the three velocity components in laminar flows 
[85E]. An acoustic Doppler velocimeter has been 
designed for non-intrusive measurements of p~pe flow 
velociues, measunng thephase angle between ultrasomc 
signals across the pipe with and without flow [80E]. 

Hot wire anemometers Methods for improving the 
accuracy or reducing the errors dominate [67E, 72E, 
74E, 75E, 93E, 95E] The improvements include a new 
analysis for reducing the error m dLrecttonahty [95E], 
considerauons of effects of too small length/diameter 
ratios [93E], unproved calibration procedures by the use 
of a polynom.tal descnpuon of the flow velocity [75E], 
and a dynamic cahbrationprocedure using a smusoldally 
varymg velocity [72E] True tLme averages of velocay 
components have been obtained by measuring the 
velocity reversal using a combination of two X array 
probes [67E], and a single were probe has been used for 
the determination of the fluctuation of the axial velocity 
component m non-isothermal flows [74E]. Accuracy 
unprovements using new arrangements of three wine 
probes include a combination of a X array hot wire with 
a cold wire to correct for yaw angle and temperature 
effects [65E], three single wires m one plane for 
measunng the three velocity components [68E], and a 
pulsed hot wire between two reststance thermometer 
wires serving as flow sensors in two directions [78E]. 
Several arrangements have been developed m a 
subm_uuature format, i e 0 6 izm were diameter and 
200 ~m wire length [86E]. 

Laser veloclmetry. Corrections for t-mite beam 
du'nenslons have been obtained with two beam focus 
veloctrnetry with a newly developed algorithm [84E], 
and corrections for the non-planar nature of the wavefront 
of light reflected from a cylindrically expanding fluid 
are presented in ref [77E]. Measurement of two- 
dimensional  veloci ty  fields using laser speckle 
veloctmetry for unsteady flow has been improved by 
periodic irradaation of the fluid with a sweeping beam of 
a cw laser instead of a pulsed light source [83E]. 
Additional laser flow measurements are discussed in the 
multi-phase flow sectmn 

Multi-phase flows. The velocity and tile size of 
pamculates or bubbles have been measured using two 
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slightly displaced, crossed laser beams [82E]. 
Holography together with small angle light scattering 
has been used to characterize two-phase flows including 
droplet size [66E] Opucal s~zing of bubbles averted 
into a capdlary w~th two detectors ~s described m ref 
[91E]. Hydrogen bubble flow vlsuahzat~on has been 
unproved by new electromcs for the pulsing of the 
bubble forming WL~ and the detector synchromzat~on 
[69E]. A new method for flow velocity measurements 
of dense suspensions involves the charging of the 
particulates wtth a corona discharge and a downstream 
electrostatic probe for charge detecuon [92E] A 
combmatinn of velocity determinations using charge 
transport measu~ments, and of solid concentrataons 
using capacitance measurements allowed the 
determination of mass flows of solidmatenal in flowing 
suspensions [94E]. Hot fdm anemometry has been used 
to determine the particle mouon in hydr~>acoustic fields, 
wxth the fiLm response hemg proportional to the particle 
&splacement [7 IE]_ An m-q~oved photodetecUon system 
for a laser Raylelgh scattering apparatus has been used 
for droplet concentration measurements in expanding 
fuel jets [70E], and aparticle size measurement tecbmque 
for dense suspensions has been developed making use of 
backscattermg measurements using a btfurcated hght 
fiber assembly [79E]. 

M~scellaneous flow measurements. The deflection of 
a quartz fiber anemometer has been used for 
determination of the average velocity in air ducts wghout 
the need of tiaversmg the duct [73E]. A double spark 
Schlmren system has boen developed for the vtsuahTanon 
of supersomc flows [89E]. Free convection flows in 
porous media have been measured using fluorescent dye 
and an array ofmuluple fiber opucs fluorescence probes 
incorporating excRauon signal transmmer and 
fluorescence sensor [90E]. The use of eleetrochermcal 
probes for velocity measurements is descnhed in ref. 
[76E] for vtsco-elasuc flows, and m ref. [88E] for pipe 
flows_ 

Concentranon measurements. A planar LIF system 
has been developed for the measurement of OH radical 
densities and of local temperatures in &ffusion flames 
for investigation of the large scale structures in the shear 
layers [96E]. A dual wavelength thermal lens 
spectrometer offers trace element analysis in a two 
component mtxmre with very high sensitivity [98E], 
and a theory for thermal spectroscopy is presented 
predicting thermal response charactensucs for various 
reacuon kanetics [97E]. 

Property measurements 
Thermal dzffusivity. Variants of the pulse heating 

method are presented m refs [ 106E, 110E, 111E, 114E], 
including laser heating of a tlun film or a foil and a 
temperature change measurement on the backside 
[111El, the heating for a finite pulse length of the 
centeflme of a cylindrical rock sample at high pressures 
[114E], and the heating of ruby and of PMMA with a 
pulsed planar heat source [IlOE]. Measurement of 
temmerature distributions yields simultaneously values 

for the thermal conductivity. Light induced spatially 
p6ti0dtC temperatuxe distributions in diamond allow the 
derivation of the thermal diffusivtty values from 
dLffraction of a cw laser beam [106El 

Thermal conductlvlty. Improved n-~asurements for 
thermal conductivmes include new curve fits for alumina 
[113E], a dynamic method for h]omatenals involving 
heat pulse exposure and temperature decay measurements 
[100E], ternperamxe &stributaonmeasurements m porous 
medm heated by chemical reacttons after a burst of one 
of the reagents [105E], and the measurement on powder 
metallurgical samples of dLfferent densmes using a 
comparison method [99E]. Transxent wtre heating at 
[ugh pressures has been used for measurements on 
hqutds near the critical state [107El, and the effects of a 
mlcrograviry environment for thermal property 
measurements on metal alloys has been investigated in 
ref. [l12E]. New electronics for providing accurate 
heating pulses [104E], and a new apparatus for thermal 
property measurements at ultra high pressures (e.g. for 
the determinanon of the phase behavior ofhquid crystals) 
axe described in ref. [102El. 

Other properties. A new method for simultaneous 
measurements of viscosity and density has been 
developed using measurements of the propagation of a 
torsional stress wave along two differently sized 
waveguides submerged in the hquid under investigation 
[109E] Methods are described for the measurement of 
thermal expansxon coefficients of thin films using an 
optlcal measurement of the substrate warp {108E], and 
of solid bodies using a computer analysis of the fringe 
shift of an intefferomemc measurement [115El. The 
problem of measuring the temperature dependence of 
total etmsswmes is chscussed m tef. [IO1E] and an 
algonthm and procedures are developed for optunizaaon 
of the experimental conditmns. More accurate results 
for the measurement of an optical Kerr effect can he 
obtained when a cw laser is used rather than a pulsed 
laser, and when correcuons for thermal heating are 
employed [103El. 

Miscellaneous new instrumentatwn. The accuracy 
Lmprovement of pressure or vacuum measurements are 
discussed m and correclaons offered for capillary effects 
in small bore manometers [ 11 gE], and for thermoresistor 
vacuum gauges [116E]. An improved error analysis 
method revolving line regression with two variables 
subjected to errors is presented in ref. [ 119El, and a new 
processing techmque for experimental data by means of 
asymptotic variables instead of dimensionless variables 
ts suggested m ref. [120El. A new method for measuring 
Lrregularly shaped, three-dimensmnal bodies using raster 
stereography is described m ref. [117E] 

N A T U R A L  C O N V E C T I O N  - -  I N T E R N A L  
F L O W  

Horizontal layers heated from below 
Convectton m horizontal fired layers heated ~om 

below remains an area rich in problems and often 
provides understanding of the evolution of flows from 
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smaple to complex forms It has proven an area of great 
interest not only to the engineer, but also to the applied 
mathematician interested m non-linear phenomena and 
to those who use fluid mechamcs m a variety of fields of 
the basic and applied sciences 

Onset of flows and mstabilines. A number of papers 
[1F-15F], using numerical, analytical, or experimental 
approaches examine instabilities and transmons in 

Rayleigh-B6nard convection. Some consider the first 
mstabihty, the onset of flow, m a layer as dependent on 
the aspect ratio, multi-component fluids, and a fluid 
w~th an reversion in its density as a function of 
temperature At Ingher Raylelgh number the instabflmes 
and transmons, and the resulting convection patterns 
have been examined over a range of Raylelgh number 
and Prandtl  n u m b e r  including the possibi l i ty  of  

bifurcations, and the influence of sidewall conductivity. 

Some of  these consider the flow smacture and resulting 
velocity patterns and heat transfer that are present in the 
layer. Other studies consider the influence of thermally 
anisotropic walls on the planform of the convective 
flow, a shadowgraph method for analyzing low Rayleigh 

number convection m l~luid crystals, and the use of 
pseudo-spectral simulations of the flow and instabilities 
over a range of Prandtl number. 

High Rayleigh number convection Several studies 

[16F-22F] consider high Rayleigh number  convecuon 
where there ts potential onset to turbulent flow These 

works include consideratmn of, what has been called by 

one group, hard and soft turbulence, as well as analyses 
of asymptotes for large Rayleigh number and m/mite 
Prandfl number  flows, and the possibdlty of large scale 
vortical structures. Other studaes consider the mfluence 

of coherent structures m a relatively chaotic flow as well 
as the complex convection m a fluid which has a density 

maximum as a fancuon of temperature and high Rayleigh 
number  flow m silicone fluid 

Miscellaneous studies m homzontal layers A number  
of other studies on convection in horizontal layers have 
been described [23F-33F]. Several consider unsteady 
natural convection in horizontal layers, including the 
influence of an arbitrary cross-sectaon and flow m 

pnsmatic shaped enclosures. Studies also have been 
done on the influence of a combined vapor and non- 
condensing gas flow m a horizontal layer, and the 
m.fluence ofturbulent motion on magnetic fields Layers 
with internal energy sources have been considered as 
has the onset of flow with high frequency wbration and 
the influence of rotation. An analysts indicates the onset 
of oscdlatory interracial mstabihty Experimental stuches 
have been reported on convection m layers including air 
superimposed over water, m two mmuscible liquids as 
well as fluids over a porous layer of a dLfferent fluid 
Several of these studies provide flow wsualizanon as 
well as reformation on the heat transfer 

Double-dtffusive flows 
The density varmtion driving convection may be due 

to differences in concentration, as well as differences in 
temperature Such mass transfer driven flows follow 

smadar laws to heat transfer driven flows, though the 
diffusive constants are usually qmte different In a 
number of situations, the density variation across a fluid 
is due to variations In both concentration and temperature, 
giving rise to what ts commonly called double-diffusive 
convection Recent studies [34F-40F] include non- 
linear dynarmcs m such flows, the influence of traveling 
waves near the onset of  flow, and the effect of partmlly 

p e r m e a b l e  boundar ies .  O the r  s tudies  repor t  on 

mstabflitms m a triply diffusive system where three 
components are diffusing, aconvement system for sermag 
up a double-diffusion apparatus with controlled manal 

con&irons, and a simple model of chaotic motaon with 
and without noise present. 

Marangoni convection 
Convection m horizontal layers can be driven by 

variations in the surface tensmn or surface free energy 

across an open or free honzontal  bounding surface of a 
liquid. Such flows are called thermocapillary flows or 

Marangoni flows; they occur in thin layers of fluid, 
sometimes with an overlapping B~nard flow due to 
density differences across the layer. Many problems 
related to thermocapdlary flows occurin manufacturing, 
m winch melting takes place, or in crystal growth. 

Recent studies [41F-51F] mclude a linear stabdity 
analysts for a fluid with a freely deformable surface. 
Other studies consider fluids with localized heatmg or 
cooling of the horizontal surface, in laser processing of 

materials, m a floating zone under normal or micro- 

gravity, and m an open boat or a container of flmte 
damensions. Convectmn m a thin layer of evaporating 

hqmd and the evaporation of a drop of  fluid on a plane 
free surface have also been described. 

lnchned layers 
Buoyancy-driven flows in inclined slots [52F-56F] 

include the effect of variable viscosity fluids, anumencal  
study for different aspect ratios, inclined ducts, and local 

measurements in an reclined arr layer. Related studies 
include convection in an inclined enclosure with a 
partition and m a trapezoidal cavity which is heated non- 
uniformly on ~ts lower surface. 

DIfferennally heated layers and vertical ducts 
A number  of  studies [57F-88F] consider the flow and 

heat transfer in differentially heated layers which are 
heated from one (usually vertical) wall and cooled on the 
opposite wall_ Research  includes theoretical  and 
numencal  work covering the instabilities occurring in 
such flows, numerical work on oscdlatory flow, analysts 
of convecuon rolls in a shallow cavity, a description of 
three-dimensional  laminar  flow in an air layer, a 
serm-empincal analysis which includes a turbulent 
thermal diffusivity, and an analysis of  the transient flow 
when a cavity ts suddenly heated. Experimental works 
include measurement of flow m an open cavity, of  the 
turbulent transport in a cawty containing air, and of  the 
influence of multiple parmions m a cavity. Combined 
moisture and heat transport, and addilaonal temperature 
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variations on the upper and lower bounding surface have 

also been considered. Measurements of the three- 
dtmens~onal structures and the heat transfer in water 

near its maximum density point of 4°C have been 

described 

Horzzontal circular tubes, annuh and spherical shells 
Research on convection m hortzontal circular tubes, 

annult and sphencal shells include a number ofnumencal  
and expertmental studies [89F--105F] These include 
numencal  studies on unsteady convection m horizontal 
armult and non-steady three-dimensiunal flow m a 
horizontal cylinder of compressed gas, as well as an 
analysis of convection m eccentric anmth over a large 
range of Knudsen number Special models that have 
been used included consideration ofterrtporal and spactal 
transmons m such flows m horizontal armult, and use of 
a pressure gradient method for studying transient 

convection in a horizontal cylinder and m a sphencal 
shell A pseudo-spectral method has been apphed to 
high Rayleigh number convection and a different model 
to the flow in a closed spherical container. Expertments 
on the flow in an annulus include apphcation of an 
interferorneter to examine the density field in an eccentric 

annulus, measurements m low temperature helium, the 
use of l iqmd crystals forv~sualtzat~on of the temperature 
and flow pattern, and measurements of the unsteady 
three-dimensiunal behavior in a combined air-water 
layer m a horizontal cooled circular tube where water is 
near Its max tmum denstty point. Experiments of 
convection in a hemisphere give the heat transfer over a 
wide range of Rayleigh numbers. 

Thermosyphons 
Thermosyphons [ 106F- 108 F] are natural convection 

flow loops where one side of the loop is at a higher 
density than the other side. They are widely used m solar 
energy and other systems where they provide self- 
regulated flow and avmd the necessity of pumps_ The 

heat transfer m two-phase thermosyphons m which the 
flow channel is the outer annulus and the inner cylinder 
of vemcal  concentric cylinders and in single phase flow 
m a smaple channelhave been studied. Dynamic behavior 
and chaotic flow have also been reported 

Porous media 
Buoyancy-driven flow in porous media is covered 

partly in ttus section and partly m Secuon DP of this 
review which specifically covers flow inporous systems 
Recent studies [109F-I12F]  consider special models 
for natural convection in a differentially heated shallow 
porous cavity and the onset of convection in ahorizontally 
tmbounded saturatedporouslayer heated non-uniformly 
fxom below. General characteristics of the flow in a 
shallow layer re&care a strong core flow over a wide 
range of paxarneters. 

Mtxed convectwn 
Although much of the recent work done on nuxed 

convection in internal flows ~s cited in the present 

section [ l I3F-137F] ,  there ate some related works 

deses'ibed m Section B on channel flows. The work 
includes studies on mixed convection w~th combined 
natural and forced flows tn vertical ducts, hortzontal 

ducts, mchned ducts and miseellaneous shaped chambers. 
Work on maxed convection in vertical ducts includes a 
stability analysis of convection in an annulus of large 
aspect ratio, an analys~s of convection m narrow vertical 
ducts, and studies of the influence ofa  recirculatmg flow 
in a verucal ptpe, as well as the influence of mass 
diffusion on such flows. Other studies provide empmcal  
correlations for the heat transport m laminar flow and 
experimental results on transitions to turbulence. Studies 

of convection in horizontal tubes and ducts include the 
influence of small cross flows on B6nard cells, the effect 
of wall thermal conduction, and an analysis of flow m an 
asymmetrically heated channel, and one for convection 

m a saturated porous annulus. Analyses of  mixed 

convection m reclined layers includes the upward and 
downward flow in the entrance region between melmed 

parallel plates and flow reversal m opposed convection 
m m c h n e d  p~pes Other  studies consider  mined 

cunvect~on flows m rectangular cawues, in a cavity with 
a moving upper surface, in branches of piping, and 
through small openings m a paxtitmn 

Mtscellaneous studies 
A number of other geometries and flow conditions 

have been considered [138F-152F].  These include 
convection m square caviues w~th partially active walls, 

the influence of variable properties in cawties with 
part~ally heated bottom and side walls, the influence of 

baffles in cawties for ttme varying convection, and flow 
m a container as it approaches a uniform state. Still 

others consider the effects of magneuc  fields on 
convecuon m enclosures, transient heat transfer in hehum 
II, and flow in partially open cavities. 

Apphcatwns 
Some specific apphcatlons examined [153F-159F] 

include flow in the melt during the growing of single 
crystals, using the well-known Czochralski technique, 
convection m a simulated liquid metal cooled nuclear 
reactor and flow in super cnucal  he lmm in a condmt, as 
well as convection m a stau'well and in the early stages 
of a fire before flashover occurs. 

N A T U R A L  C O N V E C T I O N  - -  E X T E R N A L  
F L O W S  

Natural  convect ion m external  flows has  been  
extensively studied. The work mchides both theoretical 
and expe r imen ta l  s tudies  and per ta ins  to many  
geometries. Two common geometrical configurations 
ate vertical surfaces and hoo.zontal surfaces. Whereas 
most Investigations deal with laminar flows, some studies 
have focused on the measurement and/or computation 
of turbulent flows. 
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Vertical surfaces 
Natural convection on verttcal plates, rods, cylinders, 

and stmalar surfaces has been investigated m refs. [1FF- 
40FF] The studies are mosdy concerned with steady 
flow, although some work has been reported on unsteady 
or oscillatory flows. The effects of simultaneous heat 
and mass transfer (or double diffusion),  mLxed 
convection, suction or mjecnon, and stratdication have 

been taken into account Some papers deal with moving 
plates or surfaces Also, plates with nbs and wavy 
surfaces have been considered. Natural convection has 
been studied for, m addition to Newtoman fluids, 
rmcropolar fluids and non-Newtoman flows. 

Hortzontal surfaces 
Natural convection from hortzontal plates and wires 

has been considered in refs [41FF-52FF] The studies 
include steady and unsteady flows The Btnardproblem 
is investtgated in a number ofpapers Natural convection 
m micropolar fluids and porous materials has been 
studied. 

Turbulence 
At large Rayleigh numbers, the natural convection 

boundary layer becomes turbulent. Detailed experimental 
studies and computational predictions for turbulent 
natural convection have been reported m refs. [53FF- 
59FF] The predict.tons include the use of two-equauon 
turbulence models and the coherent structures denved 
from large-eddy simulations, 

Other studtes 
Natural convection m more complex geometries 

and physical  conditions has been considered m 
refs [60FF-79FF] The geometrical complications 
include inclined surfaces, fins or fm arrays, obstacles, 
rectangular comers, and three-dunenslonal bodies of 
arbitrary shape. Mixed convection in a plume and the 
behavior of a buoyant wall jet have been considered 
The effect of  sudden heating has been stuched 

CONVECTION FROM ROTATING 
SURFACES 

A small number of theoreucal investlgauons (and a 
smaller number of expenmental studies) revolving 
rotating surfaces were reported 

enhancement of heat transfer due to the Conohs 
acceleration m a rectangular-sectaon coolant channel 
rotating about an axis perpenchcular to the channel, as m 
a cooled turbine blade A senes of four papers 
[8G- 11 G] descnbed analysis of heat transfer m flows m 
axially rotating pipes the rotanon of which enhanced 
laminar flow heat transfer and impeded heat transfer m 
turbulent flows 

Other flows wuh rotating surfaces 
Heat transfer was also explored within an annulus 

with arotatmg center cylinder [ 12G], m rotating cavmes 
[13G, 17G], m external flows overrotatmg bodies [ 14G, 
15G, 18G], and in botimg of cryogemc fluids [16G] 

COMBINED HEAT AND MASS 
TRANSFER 

Papers reviewed under tim category fall into anumber 
of somewhat disparate areas. One general subject 
concerns convective heat transfer at a surface through 
which mass flows, including Ixansptration coohng, 
ablation, and film cooling A second area relates to jet 
tmpingement flows and heat transfer with wall jets. 
Other areas relate to rmst or spray cooling with hqmd 
droplets unpmgmg on a surface, to drying systems, and 
to general convective transport with simultaneous mass 
and heat transfer. 

Transpiration and ablanon 
Wxth transplranon, tn addition to a convective flow 

over a surface, there ts a net mass flow through a 
permeable surface. Ttus mass flow through the surface 
may be pesmve (blowing) into the region where the 
main convective flow is or it may be negative (suctmn) 
Generally, transpiratton is used with a positive flow to 
protect a surface from a chermcally active main flow or, 
more often, a high temperature envtronment. Studies on 
transpiration related heat transfer [1H-5H] include 
systems with uniform suctmn and/or blowing through 
stmple surfaces and also the Influence of a non-uniform 
blowing and suction, loealmed blowing on curved 
surfaces, nuxed convection and flow through a sheet the 
area of which is increasing from stretching. Reports on 
ablation include the influence of time varying heat flux 
and highly localized heating from a laser beam 
[6H-7H] 

Rotating d~ska 
Flow and heat tzansfer effected by rotating disks were 

studied [IG--6G] via experimental measurements and 
theoretical calculations. The situanons explored 
contained combinations ofstataonaty and rotating dl~ks, 
three of  the six papers focused on the behavmr of disk 
dr ives ,  on ly  one of  which inc luded phys ica l  
experimentation. 

Rotating channels 
Expertments  and analysts [7G] suggested an 

Fdm coohng 
Ftlrn cooling [8H-18H] m which a gas is introduced 

at a dtscrete locanon or locations on the surface over 
which a high temperature fluid flows can lower the 
temperature in the boundary layer and thus the wall 
ternperamre itself. In gas turbine systems t-tim cooling 
~s often used m the high temperature stages of  the turbine 
both for the fixed and rotating blades. Studies have 
conc_,crned the illfluen¢~ of surface curvature, full surface 
film cooling, approaching thermal boundary, and the 
opurmzanon of the cooling processes for gas turbine 
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systems. In addition, measurements with jets in a cross 
flow have been used to maprove understanding of f'dm 
cooling Mass transfer systems with foreign gas mjeeuon 
have been used to simulate the beat transfer phenomena 
in various injecuon geometries. The general mixing of 
heated turbulent jets m a cross flow which occur w~th 
high injection rates was also considered. 

Jet zmpmgement heat transfer 
Submerged jets Impinging jets can provide high 

localized heat transfer because of the very than boundary 
layers present near the center of the irnpmgement region. 
For this reason, they have found a wide application m 
providing high rates of heat and mass transfer A number 
of studies [19H-28I-r] considered heat transfer from 
submerged jets m which the fired m the jet ts the same 
as that m the ambient through which the jet flows to the 
heat transfer plate The influence of jet geometry 
including slot jets, single circular jets, arrays of circular 
jets and annular jets, in some cases with a cross flow, 
have been studied Some of these works consider the 
overall heat transfer, others the velocity and temperature 
distribution to unprove understanding of the flow field 
and transport  mechanisms.  Jet impingement  in 
compartment fires has also been studied. 

Freeiets. In a free jet, the jet fluid is thfferent from that 
of the surrounding ambient. Often the jet Is liquid and 
the ambient fluid a gas, perhaps mr The heat transfer 
with liqmdjets [29H-33H] impinging on solid surfaces 
has been studied including the influence of wall thermal 
boundary condinons, jet geometry, as well as the use of 
two-phasejets Because of the generally large difference 
in the viscosities and densities of the jet and ambient 
fluids, the flow field Is quite different than m submerged 
jets as is the heat transfer disla-ibution. 

Spray and mist cooling 
Related to liquid jet impingement is spray cooling m 

which a spray of hqmd droplets impinges on a surface 
[34H-35H]. In the resulting thin boundary layer, 
evaporation can provide very high beat transfer Such 
systems have been used in casting and other processes 

Drying systems 
One field m which heat transfer and mass transfer are 

closely linked and interdependent is drying. Recent 
work [36H--45H] describes a number of systems for 
drying particles m fluidized beds and spray systems, 
more classical evaporative dryers, dehumidifiers and 
even such apphcauons as drying cut grass. Many of 
these systems are closely linked to industrial applications. 

Miscellaneous 
Other papers cover a variety of processes with 

combined heat and mass transfer [46H-51H]. These 
mcludeproblems with combustion in cellulosic matermls, 
thermal diffusive effects m moistme transfer m the 
ground, small Knudsen number flows, as well as some 
analyses of equilibrium and anisotropic processes_ 

C H A N G E  O F  P H A S E  m B O I L I N G  

In recent years thermal transport phenomena,  
associated with liquid-to-vapor phase change, have 
emerged as primary areas for research, modeling/ 
smaulauon, and system development. The application of 
ev aporatave co ol mg and boiling he at transfer to electromc 
systems has brought new excitement to a field 
traditionally focused on steam generators (fossd fuel 
and nuclear) and refrigerators (conventional and 
cryogemc). The archival heat transfer hterature in 1989 
reflects substantial acuvlty m boiling incipience, vapor 
bubble characteristics, nucleate boiling, critical heat 
flux, film boiling, boiling from porous surfaces and m 
porous beds, enhancement of ebullient heat transfer, 
boilmg of rm.xtures, and boding m heat exchangers and 
electronic systems, as well as evaporative thermal 
transport m films, translatmg/'tmpacting drops, sprays 
and mists. Some 165 papers dealing with ebullient and 
evaporative heat transfer are surveyed in this section. 
The reader may also find reference to these phenomena 
in the sections enutled Change of Phase---Condensation 
(JJ), Heat Transfer Apphcations--Heat Pipes and Heat 
Exchangers (Q), and Heat Transfer Applications-- 
General (S). 

Boihng mczpience and bubble characteristics 
Knowledge of the condiuons required to ininateboding 

ts of crucial importance in the design of boiling systems. 
The 1989 archival literature provides an analytic 
determination of boiling incipience m subcooled water 
[21J] and in binary sohitaons [20J], as well as an analytic 
approach to the determination of the nucleation site 
density on real surfaces [ l lJ] .  The onset of boiling in 
freely-falling fdms is examined in refs. [13J, 14J], 
dunng flashing flow in refs. [9J, 17J, 18J] and during 
rapid depressunzatlon mref.  [10J]. 

The modeling of ebulhent heat transfer, as well as the 
evaluation of the effect of nucleate boding on surface 
chemastry and electrical behavior, requires insight into 
the characteristics of vapor bubbles. Several papers [2.1, 
8J, 12J, 16J, 19J] examine bubble growth, while 
refs. [ 1 J, 3J-7J, 15J] provide numerical and experimental 
results for the physical characteristics of vapor bubbles 
and the temperature field in the surrounding liquid. 

Pool boding 
The traditional concern over the mtluence of surface 

parameters and the wetting characteristics of the liqugl 
on nucleate boiling heat transfer are reflected in 
refs. [24J, 38J, 39J, 523]. However, much of the recent 
nucleate pool boiling literature focuses on the behavior 
of specific liquid families, including: cryogenic liquids 
for cooling of superconductors [26J, 45J, 49J, 54J] and 
fluorocarbons for refrigeration cycles and the thermal 
management of electronic components [32J, 34J, 46J, 
53J]. The pool boiling characteristics of saline water 
solutions [50J], refrigerant mixtures [30/], and organic 
liqmds [23J] are also to be found 
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Although pool nucleate boiling ~s the most efficient 
ebulhent heat transfer regime, the design of boiling 
systems often requires an understanding of the higher 
wall superheat, transition boiling and film boiling 
regmaes Experimental observations of pool transition 
boiling axe reported m refs. [223, 31J, 33J, 51J] and 
theoretical results m refs. [28J, 43J]. The lower ltrrm of 
film boiling is explored m refs. [27J, 35J, 41/] 

A review of the 1989 archaval literature also reveals 
the results of an analytical and numencal study of fdm 
boiling [47J], an experimental study of film boding in 
superfluid helium [40J], and measured values for the 
cnttcal boiling heat flux m ethanol-water nuxtures 
[44J] 

Fdrn boiling and transinon boiling are of special 
unportance m the quenclung of cast matenals and the 
extraction of useful energy from high temperature 
parueles. Boiling behavior during quenching of cast 
metals is examined m refs. [37J, 48J]. Four arlacles [25J, 
29J, 36J, 423] exam.me boiling heat transfer m packed 
beds or porous deposits 

Flow boding 
The mass fraction and distribution of the vapor phase 

in flow boiling is known to exert a profound influence on 
thermal transport along the heated surfaces. How boiling 
data and correlations are, thus, often found to reflect the 
prevailing flow regime, channel geometry, channel 
onentation and direction of flow. The flow boiling of 
fluorocarbons in horizontal channels is discussed in 
refs. [67J - 69J, 74J, 84J, 93/] and of subcooled water 
m ref. [57J]. Bubbly flow boiling in vertical channels is 
the subject of refs. [64J, 76J - 78J] Ebullient heat 
transfer rates associated with downflow in single and 
multiple vertical channels are examined m refs. [622, 
94J]. The interplay of convective and ebullient thermal 
transport processes and the correlation of flow boiling 
heat transfer data is dascussed in refs. [61J, 65I, 71J, 
922] 

The ebullient thermnsyphun charactenstics of liquid 
rmxtures are investigated in refs. [66J, 822, 88J]. In 
ref [89J], the authors explore water jet Impingement 
on a boding surface 

Flow of a boiling two-phase mixture gwes nse to flow 
oscdlauons. The theoreucal acoustic charactenstms of 
bubbly two-phase flow are defined m ref [83J-] The 
thermoflmd instability m a single vertical channel is 
examined in refs, [75J, 90J, 91J], whale oscillations in 
multiple channels are the subject of ref. [60J]. 

The critical boiling heat flux (CHF) represents the 
upper-bound on the highly-efficient nucleate boding 
regime and is the subject of extensive research. 
Theoretical studies of this lmuting heat flux are reported 
m refs. [56J, 63J, 70J, 73J]. Recently published 
experimental studies of flow boiling CHF include, refs 
[722, 81J] - -  narrow tubes and channels; ref. [80J] - -  
discrete 'chip-type' heat sources; andref. [59J]- -  CHF 
m the presence of power and flow transients 

Imposition of heat fluxes above the CHF value 
generally results m very high heater surface temperatures 

and operation within the f-~n flow boiling regrrne 
Thermal transport in this regime along vemcal surfaces 
is studied m refs. [79J, 85J], along horizontal surfaces in 
ref. [55J], and on plates moving parallel to the flow m 
ref [95J] Amcles [581,861, 87J] examine thequenching, 
by flow f'tim boding, of rods, molten fuel drops and 
metallurgical samples, respectwely 

Boding enhancement 
The ever-increasing heat fluxes m industnal and 

electromc eqmpment continue to stimulate numerous 
studies of enhancement techmques for boiling heat 
transfer. The challenge and possibilities for ebullient 
enhancement are discussed m refs [101J, l14J]. The 
nucleate pool boding and CHF results obtained with the 
use of finned, wire-wrapped, and/or grooved surfaces 
can be found m refs. [74J, 96J, 99J, 100J, 1122, l l3J ,  
115J]. The influence of grooves on boiling heat transfer 
m thin liquid films ts the subject of refs. [107J, 108J]. 

Extensive research was undertaken into the boding 
characteristics of sintered porous coatings in 1989_ 
Expenmental results for water are documented in 
refs [97J, 106J, 109J] Article [ 111 J] offers a comparison 
of pool and flow boiling on an identical enhanced 
surface and ref. [104J] provides a theoretical model of 
nucleate boiling on a porous coating. The pool boiling 
of nitrogen from a smtered metal surface is discussed in 
ref. [116J]. Other studies address the enhanced boiling 
characteristics of a surface modified with a perforated 
polymer film [98J] and a drilled interference plate 
[110J], as well as surfaces influenced by electric fields 
[1022, 105J] and ulu'asonic waves [103J]. 

lndustrml bozhng equzpmem 
The geometric complexity and variety of flow and 

thermal condinons, encountered m steam and vapor 
generators, often require extensive study of pre-destgn 
and prototype configuralaons The thermal and hydraulic 
behavior of tube-bundle heat exchangers with ebulhent 
heat transfer ts examined in refs. [l18J, 120J, 122J, 
124J, 127J, 129J]. Several 1989 studies explore the 
effect of t-ms on boiling heat transfer m channels [119J, 
121J, 128J]. 

The development, design and analysis of nuclear 
reactors continues to monvate alarge number of boiling 
stuches Cntmal heat flux m smaulated fuel-rod bundles 
is the subject of refs. [125J, 126J, 130/] Numerical 
s unulation of post-critical cooling capability is discussed 
m ref [123J] and the effect of dissolved gas on boiling 
heat transfer coefficients in rcf. [l17J']. 

Droplet and film evaporanon 
The evaporation rate of small hquid drops and thin 

films is often of unponance in space conditioning 
equipment, m hquid fuel combustion, and in the control 
of airborne pollutants. The need to define the primary 
parametric trends and to more accurately predict the 
time-dependence of droplet diameter, film thickness 
and vapor flow rates has spawned a large number of 
research studies m this area The thermofluid 
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characterisucs of stattonary, or slowly moving, droplets 
provide a convement reference plane for the more 
complex configurations encountered in actual equipment 
and are descnbedinrefs. [138J, 1423o 144J, 149J, 153J] 
Article [156/] compares theoretical and experimental 
results for the evaporation of sessile drops of binary 
hquid rmxtures 

Droplet evaporation m the presence ofrelauve motion 
betw~n the phases is studied numerically in refs. [135J, 
140J, 141/] and with the aid of a simplified algorithm in 
ref. [131J]. F_,xperanental results for fl'eely falhng nitrogen 
droplets can be found in ref. [1323] and for aerosols, 
behind incident shock waves, m ref [151/]. 

Fundamental consideralaons m the evaporation of 
thin liqmd films am the subject ofrefs. [ 145J, 150J, 154J] 
Experimental measurements using mterferometry to 
study the evaporation of dilute polymer soluuons and 
laser holographic interferometry to examine the 
evaporatton of water into superheated steam ate reported 
mrefs. [134J, 143J],respectively. Articles [147J, 1523] 
examine convecuve evaporanon inside horizontal and 
vertical heated channels. 

The analysts of thin film evaporauon in industrial 
equipment must deal with several complicalang factors 
The 1989 hterature reveals considerable interest in the 
evaporation of binary solutions - -  as encountered wgh 
oil/refrigerant in horizontal evaporator tubes [157J], 
lithmm bromide/w ater m absorption refrigerators [ 137J], 
organic rmxtures m centrifugal molecular stills [136/], 
and m the study of methanol/ethanol and methanol/ 
water systems [139/]. The thermal characteristics of 
thin film evaporauon in complex geometries are 
addressed m several additional studies, including wick 
structures [155J], enhanced surfaces [133J], and along 
micro-fin tubes [146/]. Dtrect contact evaporatxon in 
spray columns is the subJeCt of ref. [148J]. 

Sprays and mzsts 
Spray and mast cooling of heated surfaces can provide 

relatively lugh heat u'ansfer rates while mminuzing 
fired flow rates, but an accurate representauon of the 
thermofluid behavior of an individual droplet impacting 
on a solid surface xs a prerequtsite to the modeling and 
analysis of spray/mist coolmgsystems. References [160J, 
161J, 164J, 165J] report on such fundamental studies of 
droplets The heat transfer rates achieved with both 
ddute and dense liquid sprays are exanained m 
refs [159J, 1623, 163/] and extended to the cryogemc 
range m ref [158/] 

C H A N G E  O F  P H A S E  - -  C O N D E N S A T I O N  

Research m this area mcludes the following aspects: 
non-condensable gas effects; effects of unsteadiness, 
instabdity and transition; geomemcal factors, surface 
and extemal influences; papers predominantly on theory 
and analysis or experimental techniques; condensauon 
in free jet or dispersed droplet geometries; property 
effects and condensaaon in binary or temary m~xtures. 

Non-condensable gas effects 
The investigatiom of this influence [ 1J J-T J J] am with 

various gas species and concentrauons, in film and 
bubble geometries, within a porous medium or in 
conjunction wtth rough surface effects. Condensation m 
a porous medium shows an enhanced sensiuvzty to non- 
condensables. 

Unsteadiness, mstabihty and transitwn 
Studies m this category [SJJ-19JJ] deal with both 

natural and forced unsteadiness. Several discuss the 
effects on condensauon of flow surges m muitxpath 
systems, interracial wave mouon of the condensate in 
f'llm condensation, acceleration waves on droplet 
condensation or oscillating shock waves in a steam 
turbine flow. The effects of forced oscillauon of 
temperature and vaporpressum ate analyzed. Conditions 
for transition from f'dm to drop and drop to film 
condensauon are documented. 

Surface and external effects 
Studies in this category axe on firming and other 

surface modificanons and effects of the environment 
such as bulk velocity [20JJ-40J/]. Configmed surfaces 
include pmf'ded rolled tubes, longitudinally and lldially 
firmed tubes, tubes with saw-tooth shaped fins, low- 
finned tubes, tubes wxth screw-type swirlers, corrugated 
lrmer tubes of a double-tube condenser, helical- and 
ctrcuiar-grooved tubes and an array of other patterned 
surfaces. Surface orientation effects include a horizontal 
plane surface and a downward flowing vapor over a 
bundle of m-line, staggered tubes. Condensation wahin 
a rotating cylinder containing an internal scraper is 
equivalent to that lmedicted with a film model using a 
film thiclmess of 25 u.m. Another study shows that a 
porous fm is effective in thinning the liquid film. A study 
of surface chemasu'y effects shows filmwi~ condensation 
on uncontaminated surfaces and dropwlse condensation 
on a surface impregnated with a promoter agent. Another 
shows the effect of the surface temperature boundary 
condiuon on condensation of a pine vapor. Exlemal 
effects include tmmersion in a granular bed and imposing 
a bulk vapor velocity or an electric field. 

Theory and analyszs 
Papers in th~ category appear to be focused on theory, 

analysis and modeling of condensation [41JJ-52J/]. In 
one, the interacuon between saturated and superheated 
steam with subcooled water is investigated leading to 
the development of a laminar-to-turbulent model. In 
another, condensation of vapor bubbles in subcooled 
water is modeled and compared to dala. In a third, an 
interpolation formula for forced flow condens~uon is 
proposed. The theory of homogeneous nucleation and 
methods of its expertmenml investiganon are discussed. 
Modehng oftnterf~ial fon:~s; subcooling, superheating. 
bulk velocity and non-condensable effects and special 
concerns m heat pipe condensers are attempted in various 
papers. An analogy between condensation on a vertical 
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wall and on a horizontal tube bundle, a two-fluid model 
of ftlrnw~se condensatmn, duect statistical modeling 
and Prandfl's hypothesis and Reynolds' analogy ate 
tmplemented in papers within this category 

problems, sohdfficatmn m casting processes, crystal 
growth, studies of freezing and melting, convection 
effects during sohdfficauon, numerical/analytical models 
and expertrnental investigations, and the like_ 

Expertmental measurements 
Papers in this category appear to focus on 

expenrnents and experimental techmques [53JJ-57JJ]_ 
Documentation of condensate film and vapor flow 
pattems is the most common theme. However in one 
paper, dropwise condensatmn on a PVC surface ~s 
studaed in detail using an interference rmcroscope/laser 
beam technique. 

Droplet and free jet condensanon 
The droplet and free jet flow geometries axe 

mvesug ated in several papers [58JJ---6gJJ]. Tbejetpapers 
deal with coherent and fragmenting, laminar and 
turbulent lets of subcooled liquid Details such as the 
effects of the extt velocity distribution and transition to 
droplet flow axe included. In one paper, a contrast 
between jet and droplet condensation is made. Several 
papers investigate the details of condensation of single 
droplets, one by investigating condensation on 'new' 
surfaces 

Property effects 
Property effects studied mlast year's hterarure include 

the Marangoru effect resultmg from surface tension 
gradients, the viscosity grathent effect, the effect of 
absorption of soluble gases, the effect of an endothermic 
soluble heat-absorbent and non-equilibnurn effects 
[69JJ-76JJ-]. Papers on non-equilibrium effects include 
a comparison between integral and differential 
condensataon, condensataon of bubbles m subcooled 
flow and homogeneous nucleation. 

Binary and ternary mixtures 
Several papers investigate the condensation behavior 

of binary and ternary mixtures [77JJ-83JJ]. They include 
such combinations as chlorofluorocarbon rmxtures, 
ethanol and water, fluoroalcohol and water and a ternary 
mixture of methanol, ethanol and water The 
fluoroalcohol and water rmxture is considered to be a 
good candidate replacement fluid for use in Rankme 
cycles. Geomemes and special concerns include film 
condensanon in vertical tubes, dropwise, drop and streak, 
and rmgwise condensation; and turbulence generated 
by a wavy interface. 

C H A N G E  OF P H A S E  m FREEZING A N D  
M E L T I N G  

During recent years, much interest has been devoted 
to the modeling and analysis of problems involving a 
change of phase - -  a pbenomenon which takes place m 
many processes of technological interest to include 
solidificataon of various fomung processes, freezing 
and melting, applications to crystal growth, castings, 
etc. Subcategodes in this general area include: Stefan 

Stefan problems 
The classical Stefan related problems have long been 

an actxve area of continued mvestigat~ons for 
sohdificationrelatedproblems Papersmtl'us subcategory 
revolve studaes of the generalized Stefan problems, two- 
phase Stefan models, and muludunensmnal solutmns 
and approximatmns [1JM - 4JM]. 

Solldlficanon of alloys~metals and casting processes 
Numerous papers (theoretical, numerical, and 

experimental mvesUgations) appear dealing with aspects 
of phase change m alloys and metals and casting 
processes Studies also included shrinkage effects, 
investlgauons m enclosures, arbitrary shaped bodies, 
amsotropic effects, thssimdar materials, heat source/ 
sink effects, and the like. Specific papers dealing with 
enclosures appear m refs [6JM, 9JM-IIJM, 13JM, 
16JM, 20JM, 22JM, 30JM, 31JM] Those dealing with 
other general issues of solid.tficaraon appear in refs 
[5JM, 7JM, 8JM, 12J'M, 14JM, 15JM, 17JM-19JM, 
21JM, 23JM-29JM] 

Solidlficanon-- crystals 
There has been an increased research actlvlty this past 

year m solidification issues relevant to crystals and 
crystal growth phenomenon. Investigations encompass 
crystal growth stmulations, darectaonal sohdification, 
kinetic aspects, buoyancy and surface tensmn effects, 
growth dynamics, and stresses reduced during 
sohdificauon [32JM --49JM]. 

Freezing and melting, frost, ~ce, and snow 
Research m freezing and melting emphasizing ice 

crystal growth, frost formation m tube-array evatmrators , 
flow-fields over lee accretion shapes and surface water 
behavior, deicing of aircraft components appear m 
refs_ [50JM-56JM] 

Freezing and melting: apphcanons 
Related applications dealing with contact melting and 

fiuction, thermal interaction of pipes with frozen soils, 
and other freezing and melting issues appear in 
refs. [57JM-62JM]. 

Convectmn effects 
Numerous theoreucal and experimental Investigmaons 

dealing with effects due to convection during 
sohdffication have been addressed. Of concern were 
forced convection effects, thermosolutal convectaon, 
natural convectaon, melting of binary mixtures wah 
double-diffusive correction, solid-liqind phase change 
involving surface tension driven convection, and 
magnetic field influences on convective beat transfer 
during solidification [63JM-77JM]. 
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Connnuous casting processes and mold filhng 
Numerical sLmulatmns in continuous casung processes 

appear m refs. [79JM, 80/M]. Effective thermal 
conductivity considerations m continuous casting 
appears m ref [TgJlVl'], and apphcatlons of mathematical 
models to a continuous slab casting mold appear m 
ref. [82JM]. The modeling of fluid flow and heat transfer 
during mold f'dlmg is addressed m ref [81JM] 

Numemcal simulanons 
Computational methods and stmulatlons dealing with 

eutecuc crystal growth, heat transfer calculatmns during 
melting of pure substances, fimte element simulauons 
of heat flow in cuntmuous castings, and numerical 
studies of free and forced convection appear m 
refs. [83JM-89JM] 

M~scellaneous applicanons 
Groundwater flow effects m processes of sod freezing 

are addressed m ref. [104JM] Temperature chstributtons 
induced by heating with line-shaped electron beams is 
presented in ref. [106JM]. Numerous other aspects 
revolving phase boundary motion and phase 
transformations, subcooling or undcrcoolmg effects, 
thermal energy storage umts, consolidauon and thawing 
of frozen sotl, etc, are descnbed m refs. [90JM-103JM, 
105JM, 107JM] 

two-dimensional cylindrical media, conical enclosures, 
and finite clouds_ New formulation of the modified 
differential approxunation, integral formulations for 
amsotroplc scattering media, double integration 
formulation of Ambarzumian's method, and product- 
integrauon method apphed to discrertzc the integral 
equation axe described. 

Radzat~on combined wzth conducnon 
Vanous techmques are used to analyze radiatiow- 

conductxoninteractions m flat glass, m media of different 
refracuve indices, non-gray gases, concentric cylindncal 
media, and scattering media [34K--40K] Temperature, 
flux, and mixed boundary condiuons are considered by 
using such techniques as Hottel's zone method extended 
by ray =acing, nodal approximation, and sphencal 
harmomcs at~roxlmauon 

Radianon combzned w~th convection 
Combined radiation and convection problems are 

studied m the foUowmg papers [4 IK-52K]. Some of the 
studies consider laminar channel flow of non-gray gas, 
two separated layers of different refractive indices, 
boundary layer flows, buoyancy reduced channel flow, 
and flow in porous medium. Thermocapillary motion, 
thermal stabdity, heat transfer in sohd rockets, rarefied 
gas flow, and cylindrical gas reformers are also 
invesngated Radiation in lugh speed flow Is included 
m the section on "Miscellaneous radiation studies". 

RADiATiON iN PARTICiPATiNG MEDIA 
A N D  SURFACE RADIATION 

Participating medta studies 
This fast section includes two review articles, studies 

in one-dimensional participating media" and various 
suggestions for approximate or improved solunons of 
the rathauve transfer equation [IK-19K]. The review 
amcles cover radiative transfer in dispersed medaa and 
experimental techraques for gas fluidmed beds. Improved 
soluuon techmqnes for dispersed systems, for applying 
Galerkin's method, and numerical integration are 
suggested. Scaling, diffra~on-scattermg subtraction 
methods and an reverse radmtion analysis are also 
presented. Radiative transfer in semi-infimte layers, 
planar layers, cylindrical and spherical medaa, a non- 
equihbrmm nitric oxide synthesis reactor are 
investigated. The types of media considered include 
porous layers, layers with reflective boundary, statistical 
media, arusotroplc scattering media, strongly-fluctuating 
continuous random media, and panicle-gas layers 

Multi-dimensional radiative transfer 
New formulations for multa-dmaensional radiative 

transfer and solutions for particular geornetnes axe 
considered in thin section [20K-33K]. Rectangular 
enclosures received the widest attention with published 
numencal results that range from approxamate to 
benchmark accuracy. Other geometries considered are 

Surface radlanon 
Most of the works m this section deal wRh evaluation 

of view factors [53K-62K]. Among the many techniques 
presented, the Monte Carlo technique is used for 
determining the view factors and is also applied to a 
radaative heat transfer calculat,on Theoretical scattering 
from surfaces and the engmeenng model of surface 
speculanty discussions are also included in this section. 

Engineering rad,anve properties 
Most of the papers m thas section present ernittance, 

transmmance, and reflectance data [63K-79K]. 
Ermsslviues of metals, non-metals, composite systems, 
mflectances of environmental surfaces to solar radiauon, 
and transmtssivtty through water droplets and a 

randomly-packed bed of spheres are some of the data 
presented There axe discussions of an enussivity 
measu~ment techruque, and measurement of surface 
temperature with the ermsslvity during laser irradiation. 
Effective optical properties for approximate radiative 
transfer calculations, experimental determination of 
radiative transport properties of particulate and porous 
medm, and electromagnetic levitation with acoustac 
modulauon are also considered. 

Light scanermg from particles 
Studies ofhght scattering from parucles and pamcle 

systems an~ included in this section [80K--92K]. The 
types of particles considered are rough, non-sphencal 
Chebysbev, crystals, and fibers of different orientation. 
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The parucle systems considered are branched chains of 
aerosols, three-dmaensmnal latttce of spheres, aerosol m 
heated atr, and particles m dilute and dense suspensions. 

Radtatton inflames and combustion systems 
Topics considered m this section include: turbulence/ 

radaauon interactions in flames, radiatmn chaxactensucs 
of explosions, effect of radiauon on thermal ~gmtlon, 
focused laser beams on aerosols, measurements in pool 
ftre, flame spread on wood with irradmuon, andmodelmg 
of thermal radiatton m industrial furnaces [93K-107K]. 

Combustmn of coal and soot properttes 
Stuches of soot properties in tsothermal layers, m 

elongated form, surrounding a coal particle, as well as 
the effect of the H/C weight rauo on optical properties 
are sturhed [ 108K-116-K]. The effect ofpanacle radiation 
and flyash properties onpulverized coal fired boilers are 
investigated. Opucal constants of coal slags and the 
combusuon of coal aerosol by intense opucal rachation 
are also considered 

Rad:ative transfer m gaseous media 
The correla ted-k method for inhomogeneous  

atmospheres is one of the topics in this group of papers 
[117K-122K]. Gray and non-gray gas models used for 
radmtlve heat transfer calculattons are compared. 
Analyses revolving NO and steam at lugh pressures 
illustrate the tmportance of accurately specifying the 
spectral properties of the gases. Studies revolving 
radianve transfer in non-gray gases can also be found in 
uther sections of this rewew, e.g. "Radiation combined 
with conduction or convection". 

Radiative property of gases 
Absorpuon characteristics of gases such as N:O, NO, 

CO:, methane, ethylene, propane, are presented in terms 
of line strengths, width, and profiles [123K-142K] 
Some of the properties are correlated into narrow- and 
wide-band models. A table of Voigt functions is also 
presented 

Miscellaneous radiation studies 
Tlus section includes the papers [143K-166K] that 

deal with a variety of topics: blackbody r~tliatiorl, devices 
such as bolometer arrays and photoacoustic cell for 
measurement of absorpuon line prof'des, radiation m 
high speed flows and in various energy systems, transient 
radiative cooling from a single sphere and from hquu:l 
drop radiators, Chandrasekhar' s X-, Y- and H-functions, 
and response of  materials to intense radiation. 

NUMERICAL METHODS 

As m recent years, nun'~ncal methods are being 
increasingly developed and applied to a wide variety of 

pracucal problems In thas rewew, the papers that focus 
on the application of a numencal method to a spectfic 
problem axe included in the category appropriate to that 
applicatmn Papers that deal with the details of a 
numencal method are rewewed m thas section 

Heat conductton 
Numerical methods for heat transfer are often applied 

to heat conducuon as it provides a convement testing 
ground for new techmques. Both dtrect and reverse heat 
conductlonproblems have been analyzed by the methods 
described in refs [1N-23N]. The methods axe pnmardy 
of the fmate difference or fmate element vanery, some 
papers deal with the boundary element method_ The use 
of boundary-fitted grids Is increasing. The papers deal 
with steady and unsteady problems. There ts considerable 
progress m constructing more accurate and more efficient 
methods. Adaptive grids are used m some papers. 

Phase change 
The phase change problems are usually treated as an 

extension of a heat conduction problem with an 
appropriate calculanon of the solidification front Papers 
dealing with the Stefan problem and other phase-change 
SltUatmns have appeared [24N-27N]. 

Convection and daffuswn 
The transport of a flow property such as enthalpy, 

momentum, or concentration is influenced by the 
processes of convection and diffusion. Aproper tIeam~ent 
of these processes ts essential for the success of a 
ntunencal method In papers dealing with convection- 
diffusion formulations [28N-50N], new schemes have 
been increasingly worked out for the f'mite element 
methods. Some papers explore the use of multignd 
techmques, boundary element methods, fltut-corrected 
transport, and Eulerian-Lagrangian splitting Some 
comparisons of a number of  schemes on a set of test 
problems have been pubhshed. 

Flow equatwns 
A large number of papers deal with the development, 

modtfication, wnprovement, and testing of nmnerical 
methods for the calculation of fluid flow and associated 
processes [51N-82N]. The apphcation areas include 
forced flow and natural convection, compn~ssible and 
incompressible flows, and laminar and turbulent flows 
Both finite element and finite dtfference methods have 
been used; some use of  the boundary element method 
has also been reported. Among the numencal issues are: 
parabolic or partially parabolmc formulations, multignd 
techmques,  gr~d staggering, and boundary-fit ted 
coordinates 

General techmques 
Techniques for solving stmultaneous algebraic 

equations, new finite element mterpolations, andmoving 
fimte elements are described in refs. [83N--87N]. 
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TRANSPORT PROPERTIES from cryogenic pipelines [4P, 9P, 14P]. 

Investigations m this category concentrate markedly 
on measuring and predicting thermal conductlvmes and 
diffustvmes for a wide vanety of materials, some of 
which are used at exueme temperatures. 

Thermal conductivity 
For obtaining thermal conductivity and specific heat 

values for liquids and gases various techniques are 
used spherical calorimeter, parallel-plate apparatus at 
pressures up to 150 MPa and temperatures down to 
77 K, and hot wire measurements on noble gases at 25°C 
and pressures up to 1 GPa [15P, 18P, 19P] Using the 
kinetic theory of gases a general correlation gives the 
thermal conducUvlty at low density m terms of known 
quantmes' other gas properties, su'uctu~ parameters 
and interaction quantities [26P]. For improving 
conductivity measurements a model is proposed for 
calculating heat leaks through the powder packing [ 10P]. 
For solids a method is described for obtaining 
conductiwty values from measured temperature profdes, 
a non-local theory of thermal conducUvity is denved for 
heat transport by phonons and a survey ofmeasmements 
for the conductivity of non-metalhc materials under 
pressme is reported [ 16P, 21 P, 25P] At high temperatures 
an apparatus for measunng the temperature dependence 
of the conductivity of small specimens in the range 8250 
K ~s described and kinetic theory applied to a magnetized 
one-component plasma to study longitudinal and 
transverse heat conductivity and to mixtures of reacting 
gases to calculate wansport processes [IP, 2P. 12P, 
23P] 

A number of works focus upon the particular matenal 
conductivity because of its importance m applications 
or m illuminating the relationship between transport 
properties and molecular characteristics In the former 
instance the conductivity of copper powders of different 
parttcle shze is measured by the transJem hot strip 
method. Macor (a mica glass ceramic) and staybnte (a 
stainless steel) conductivity ts measured below 1 K; a 
method of studying thermophysical characteristics of 
ceramics at high temperatures (1800 K) Is described m 
refs. [3P, 5P, 17P, 29P] Other papers report results for 
special materials: moist, unsaturated, baked clay, cerarmc 
and graphite fiber thermal insulation m mat form, 
semitransparent materials (e g. glass and metallurgical 
slags at l-ngh temperature, thermal super msulauons, and 
alkali-metal liquid and vapor [8P, 11P, 22P, 24P, 28P]. 
Conductivi ty measurements on chlorobenzene 
(moderately polar) and analysis of data for glassy As2Se 3 
provide theoreucal insights [13P, 20P]. 

Porous media conductivity is the focus of several 
studies. The non-steady-state probe is modeled and the 
effectlve thermal cunductiwty of high temperature 
particulate beds is measured and compared with 
predtctlons [6P, 7P, 27P] At low temperatures 
experiments a~e described for measuring conductivmes 
for pure metals and elastomers and for reducing heat loss 

Thermal d~fusivzty 
Dcterminauons by analysis are obtained for rate gases 

and methane using data available and corresponding 
states pnnciple, for composite media by computer 
sxmulatlon and for silica fibers, soil under various 
condiuons and molybdenum [33P, 35P, 39P, 43P, 44P, 
46P] Thin, two-layer metalhc plate dtffusivi~es am 
stuched as well as thin-film samples bonded to transpa~nt 
substrates Methods used are plane temperature wave 
analys~s and mterferomemc c a l o ~ r  [37P, 38P,42P]. 
Other measummem schemes employed am hot wtm and 
hot stop for selected organic and polymers, and a fast 
non-steady method using parameter estimation [31P, 
34P, 36P] In the region of high temperature a laser flash 
method is used to measure diffusivity of iron pellets. 
Iron of various purifies, high perfon'nance corundum 
insulation, and heat shields-thermal insulators are 
studied, as is the basic transport of energy by 
electron-electron mteracuon [30P, 32P, 40P, 41P, 45P]. 

VISCOSI~ 
Several papers report measmements of viscosity using 

a variety of methods: argon using a vibrating wtre 
viscometer, suLfur hexafluoride by an oscillating-disk 
device and dilute polymer sohitions employing a new 
high temperature capillary design [49P, 51P, 52P]. 
Material concerns lead to the measuren~nt of viscosities 
of crude oils and their mixmxes, the calculation of the 
effective viscosity of suspensions and emulsions of 
spherical particles, and the gas permeability of sintered 
aluminum matrix [47P, 48P, 50P]. The advantages of a 
new modtfication of Enskog's theory is demonstrated 
by calculating monatomic gas viscosity [53P]. 

Thermodynamic properties 
The continued need for PVT and liqmd-vapor 

cquihbrium data continues to atuact the interest of 
investigators A new variable volume method for non- 
reacting fluids and flmd mixtures is described and 
results for chlorodifluoromethane and mdfurhe.xalluonde 
presented. Other works ~ measured PVTproperties 
of hght and heavy water and calculated thermodynamic 
properties of nin'ogen using the Bcnedict-Webb-Rubin 
state equation. For mulfi-comlxa~nt , multi-phase 
sysmms the tcmpcrarurc of a wetted bulb is modelexl, 
and a computer program reported for calculating 
psychrometric properties [54P, 60P, 61 P, 63P, 64P]. By 
joining theory and expenmem severalpapers attempt to 
maximize the utility of predictive schemes for 
determining tranaport and equilibrium thermodynamic 
properties of fluids [56P, 58P, 65P]. 

For heat capaclty detm'minatinn of small samples a 
modified heat-pulse mchnique is given, a rapid 
measmmnent scheme for single subrn i l l i rn~  particles, 
and a microcalorimeter for liquids [55P, 57P, 62P]. At 
high temperatures plat inum-rhodium alloy heat 
c~DaCltleS were ~ and magnetocaloric effects 
smched in thulium [59P, 66P]. 
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HEAT T R A N S F E R  A P P U C A T I O N S  - -  
H E A T  E X C H A N G E R S  A N D  H E A T  PIPES 

General, tube bundles, shell and tube 
Continuing research in thas area embraces a wide 

variety of special operating circumstances and 
apphcatmns. For tube assembhes, topics considered 
are pressure drop, convective exchange for liquid 
sochum flow over tube-banks, non-condensable gas 
effects and pamculate presence. Further consideration 
is given to the performance of split flow exchangers, 
compact exchangers, relation of geometry to 
effectiveness, orientation, non-Newtoman fluids, and 
the correlation between steady-state and dynamic 
response for counter flow exchangers. Also covered are 
shell and tube exchangers with different NTU values m 
each tubeside pass, a model with dff-femnt turbulence 
models for shell-side flow, an open cavity natural 
convectmn exchanger, andplate exchangers. Transient 
analysis of heat exchangers and Linage processing theory 
and a histoncal perspecnve on heat exchangers are 
noteworthy [1Q---17Q] 

Fins and extended surfaces 
The characteristics and performance of a number of 

schemes for augmenting heat t~ansfer m exchangers are 
reported helically finned tubes, twssted tubes, louvered 
fins with oveflmd grids, gilled pipes and membrane 
heated surfaces, wing type vortex generators, triangular 
lattice with hquid-metal coolant and short-protrusion 
recumgular fins. other effects mfluencmg firmed surface 
performance include fm material and tluckness, shape 
drag of f-luned tube bundles, effect of swirl pipes, flow 
about the up of bayonet tubes and entry region heat 
transfer m turbulent fow. Other works examine steady- 
state and dynanuc simulation of plate fm exchangers 
and the first/second law cost analyses of enhanced heat 
transfer surfaces In the area of atr-conchtiooing, louvered 
finned exchangers are the subject of a three-part study, 
as well as the effect of frost growth on performance and 
assembly ofpartiafiy segmented plates, The comparative 
service of nppled fins and interrupted t"ms and 3-D heat 
transfer m arrays of heated square blocks conclude the 
work m this category [18Q--41Q] 

Evaporators, boders, condensers, recuperators 
Cooling towers are studied by a number of 

investigators design of dry cooling towers by cost- 
optmaal analysis and by the effectiveness-NTU method, 
and dimensioning heat exchangers for extant towers 
(dry). Basic processes are examined for evaporation rate 
m a falling film For boiling processes natural ctrctdation 
boiler systems are treated as well as the modeling of 
vapor generators by design codes for conventional types 
and nuclear reactors. Heat transfer in furnaces considers 
the simulation of coupled modes (radiation and 
convection), a cylindrical configuration with radiative 
rectrculatmn, the importance of tube position on uniform 
heating, and convection m IR furnaces Condensing 

phase change studaes include water vapor condensataon 
on rotating and flied tube banks, a method for measunng 
strnultaneously the fouling factor and water velocity m 
a condenser tube, R- 12 condensanon m a shell and tube 
(pla.m and low fin) condenser, and a dynarmc model of 
a condenser [43Q--47Q, 49Q, 51Q-53Q, 56Q, 58Q, 
59Q, 62Q, 63Q, 65Q--67Q, 69Q, 71Q]. 

Regenerative heat exchanger papers report the effect 
of longitudinal heat conduction, condensation m cross- 
counter flow gas-to-gas exchangers, performance with 
changing flow regLrne, and the maximazation of heat 
recovery m air-to-air exchangers. A number ofnumencal 
analyses examine the penochc behavior of exchangers, 
rapid calculation schemes, and transient behavior [42Q, 
48Q, 50Q, 54Q, 55Q, 57Q, 60Q, 61Q, 64Q, 68Q, 70QJ 

Contact exchangers, bubble columns, rotanng 
surfaces, fluMized/packed beds 

For contact exchangers results are reported for 
enhancing transfer m gas-hquid units, the performance 
of a three-phase spray column, the stability of a spray 
column exchanger, and the numerical analysts of 
hquld-hqmd systems [75Q, 77Q, 79Q, 81Q, 90Q]. For 
bubble columns artentaon is focused on exchange between 
hqmds and suspensions with sttrrmg, heat transfer from 
a cylindrical probe, the heat transfer mechamsm itself, 
and heat exchange m slurry reactors [76Q, 88Q, 89Q, 
93 Q]_ The influence of surface rotataon on beat exchange 
is considered in a number of works, two-coaxial cylinders 
(one cylinder rotaung), mixed convection over rotating 
bodaes, pamcle rotauon as a heat transfer mechamsm 
and falling particles m rotary dryers. Rotary kalns are 
modeled and convective tunnel ktlns optlmLzed 
[72Q-74Q, 78Q, 85Q--87Q, 91Q, 92Q] 

Packed bed regenerators are examined for two- 
dimensional effects, convective exchange m porous 
enclosures, numencally modeled, and considered for 
replacing double-pipe exchangers [80Q, 82Q---84Q]. 

Analysts, opnm~zatton, design codes 
A number of criteria are used in the analysis of heat 

exchangers for optimum service, maintenance cost, 
thermal efficiency, second law analysis tn the case of 
non-equlhbrmm fluid streams, l rreversibdity 
mmlm~ation, available energy, entropy production and 
regenerator effecuveness. Other works describe design 
codes, developed through mathematical analysis and 
subsequently validated, and examine NTU formulas as 
they apply to mulnpass heat exchangers and their 
effectiveness For optunal synthesis of heat and power 
cogeneration systems 'pinch' and operating line methods 
of analysis are compared [94Q-107Q] 

Heat ptpes 
Experiments explore arange of heat pqJepbenomena. 

flow patterns and heat transfer process in vertical closed 
and open systems, capillary limit and vapor flow analysis 
for a concentric annular heat pipe, effect of localized 
heat input on performance and the influence of geometry 
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on closed tube umts at low Rayletgh numbers Other 
measurements address the sodium heat pipe, the effect 
of large length--diameter ratios, the behavior of a variable 
conductance using a binary maxture of refrigerants and 

corrugated tube devices 
Analytical studies consider the screen wick heat p~pe 

and factors influencing its operauon, the suppression of 
the some heat transfer lirmt m iugh temperature umts, 
numerical and analyucal solutions for 2-D gas 
distribution m gas systems, and the effects of conjugate 
heat flow, vapor compresslbdlty and viscous dissxpanon 
on operation_ The design and performance of the closed- 
tube aerosyphon is descnbed and the heat transfer 
examined in molten salt reactor designs [108Q--126Q]. 

Special applicanons 
A number of papers concern rather spectaltzed 

applications of heat exchangers. Thus athm film design 
with agitation ts reported to mirmmze fouling m dany 
processing; performance ofmamces for Stirling engines 
xs tested, and high temperature regenerative exchangers 
for MHD power generauon are studied A ceramic 
exchanger for industrial furnaces is developed and a 
regenerator for cryogenic refrigerators designed For 
regenerators using combusttonproducts as the hot stream 
deslaggmg and slag minimization are chief concerns 
[128Q, 130Q, 131Q, 133Q, 142Q, 143Q, 147Q, 151Q, 
152Q]. 

Vehicle and room radiators are tested and storage 
space-heating designs proposed andcompamd. Elecme 
beating ts used to preheat air for subsequent experiment al 
purposes and to melt metalized pellets m steel making 
For air-cooled heat exchangers the air flow is simulated 
numerically and the effect of frost formation examined. 
Fouling by particulate matter connnues as a concern. 
Sorpuon heat transformers using zeohtes as sohd 
absorption agents extend the working temperatures of 
these units [127Q, 129Q, 134Q, 135Q, 138Q-141Q, 
144Q, 146Q, 154Q] 

Cnucal heat flux for upward cross flow of R-113 on 
horizontal tubes is studied, and for rachative exchangers 
the heat transfer is opmmzed for concentric heating 
elements. A method is presented for opttmming the 
tluckness of atr-duct msulatmn for rrmumum costs 
Mamfold-shaped cooling systems of varying geomemes 
are analyzed and the characteristics of feedwater heating 
m power plants chscussed. A sdectxon process whach 
incorporates optimum pressure drop and fouling in 
exchangers during conceptual design is reported to 
nnprove operaUng efficiency of process plants [132Q, 
136Q, 137Q, 145Q, 148Q-150Q, 153Q] 

H E A T  T R A N S F E R  A P P U C A T I O N S  u 
G E N E R A L  

Papers in this category are arranged m sections 
according to the apphcations in which heat transfer ts 
revolved. Approximately two-thirds of the identafied 
papers are included and preference ts gwen to those 
containing expertmental information. The seenons are 

now discussed m sequence according to the number of 
pubhcatiom starting with the one indicating the largest 
research effort. The numbers beside the subtitles refer 

to the hstmg m the blbhography 

Manufacturing, processing [1S--47S] 
Papers m this secuon included among others the field 

of casting, welding, cutting, drilling, quenching, vapor 
spray deposmon, and melting considering metallic 
rnatenals and polymers. The structure of steel was 
altered by chdl casting. Constant melting point powders 
were used to evaluate the temperature distribution m 
metal cuttings. A heat pipe Lrnproved the performance of 
lathe tools SLmilanty analystswas used to study injection 

casting 

Buildings, ground [48S-65S] 
Publlcauons m this area include papers on heat transfer 

through roof consta-uctions, windows, floors and typical 
houses. They describe the evaluation of the mr 
temperature distribution m air conditioned spaces, and 
heat flow in the ground Heat and motsture transport in 
fires is also discussed. Energy savings are obtained in 
windows by f'flling the space between the panes wtth a 
low conducuvtty gas. Methods to measure thermal 
transrmttances of envelopes of buildings an: discussed. 

Refrigeranon, cryoengineermg [66S--80S] 
Papers m this section deal with air conditioners and 

refngerauon plants, andm alarger group ofpubheations 
with superconductors, cryocoolers and heat transfer in 
hehum II and IV. A new method of high performance 
cool energy storage using ice ts proposed. High 
temperature cerarmc superconductors in subcooled 
supercritical nitrogen have spectal heat transfer 
charactensties. 

Boilers, reactors [81S--93S] 
This section deals w~th heat transfer in furnaces and m 

various kands of reactors such as rotary, moving bed 
pyrolyser, CVD and bioreactors. The corrosion on the 
refractory walls of a furnace is calculated. Radiative 
nets reduce the energy consumption in industrial furnaces. 
A correlation tsproposed for heat transfer in bioreactors. 

Electronics [94S--105S] 
The papers in thts secuon deal with the cooling of 

electromc equipment by heat transfer with air or liquid, 
descnbe a new techmque to cool microcomputers, 
measure heat transfer coefficients of packages in helium 
filled disk enclosures, and study forced convection in 
production by soldering or welding. 

Bwengmeering [106S-116S] 
The heat and mass transfer f~om individuals caused 

by warm and hot exposure, by hypcrthemda have been 
measured. Enhancement of heat transfer to red cell 
suspensions m laser u-radiated tissue, and in the liver is 
discussed. A model is used to calculate the heat gene- 
ration rate wtthm a ussue irradiated by a laser. 
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Nuclear engineering [117S-127S] 
Experiments studied the thermal and hydraulic 

performance of the fuel blocks of hagh temperature gas 
cooled reactors A heat transfer and flow vtsual~zation 
experiment estabhshed the thermal state of spent fuel 
transfer buckets and storage casks. High heat flux 
components in fusion reactors were mvesngateo 

Gas turbines [128S-136S] 
The turbine blades as one of the most significant 

elements m a gas tutbme received attention by various 
thermal analyses. Experiments detemuned heat transfer 
in the channel of an internally water cooled gas turbine 
blade and a steam cooled return flow blade. Studies on 
combustors were concerned with the prediction of the 
convective and radiative heat flow and provided also 
experiment al information A review describes laminated 
porous walls, angled multihole cooling, and composite 
metal matrix cooling of combustor liners. A 
computational procedure to calculate the nozzle 
temperature m turbofans ts proposed 

Piston engines [137S-145S] 
Local heat transfer coefficients on chamber walls of 

gasoline engines have been measured. A computer 
analysis predicts the local temperature field of the piston 
m good agreement with temperatures measured on an 
operatingengme. Numerical analysts treated beat transfer 
in piston engines with diwded combustion chambers, in 
ceramxc, and in ethanol engines. Analysis and 
experiments clarify the unsteady heat transfer m the 
Stlxling engine. 

Drying [146S--153S] 
The drymg process of various materials like wood 

chips m ambient mr, agitated granular beds, equanons 
for drying curves and mmunum energy cycles, as well 
as porous and freeze drying are discussed. Saline water 
ts dried when exposed to high fluxes of air ions produced 
by corona electrodes. 

Aeronauncs, astronautics [154S-159S] 
Interaction between the flow, heat transfer, and 

deformation of panels heated by a 6.6 Mach number 
flow was analyzed by a finite element approach. 
Spacecraft interactions with the harsh environment a~ 
claimed to be similar to high temperature vaporization 
and oxidation and lead to at)]ation even when the surface 
temperature is low. The thermal control system was 
designed for a shuttle-launched experiment to map X- 
ray sources in space. Use of two heat reJection 
temperatures instead of one for spacecraft heat pumps 
reduces waste heat rejection. The cooling temperature 
plume in the presence of uniform and non-uniform cross 
flow has been measured and the transient temperature in 
a cooling pond analyzed. 

Tnbology [160S---165S] 
A model for analysis of the thermal flux dismbution 

in unlubncated friction processes has been used to 

determine the contact surface temperature and wear 
intensity The temperature field in a brake disk has been 
calculated and the results were verified expermaentall~, 

Rockets [166S-170S] 
O-ring erosion m sohd rocket models is found 

analytically haghly dependent on the impingement jet 
temperature and the available fill volume. A smadar 
analysts treats the carbon nozzle regression m sohd 
propellent rockets Agreement with experimental resuhs 
ts obtained, when the boundary layer on the ongmally 
smoother rocket wall is assumed laminar but changing 
to turbulence with roughening of the ablating wall 
Turbulent transport m ram jet combustors ts analyzed 
numencally Heat transfer and velocity measurements 
of single and two-phase flows m a model gun a_re 
described_ 

Coohng towers, ponds [171S-173S] 
Wind tunnelexpenments determined the temperature 

of cooling tower plurnes in the presence of uniform and 
non-umform cross flow The transmnt temperature field 
in a cooling pond was analyzed_ 

SOLAR ENERGY 

Large central systems 
Evaluatmns of the performance of large central solar 

energy systems included the central receiver pdot plant 
m B arstow, Califorma [3T], the Themis central receiver 
plant at Targasorme, France [ IT, 2T], and both a central 
receiver plant and a hybrid nurrors plant in Japan [4T]. 

Collectors 
The thermal behavior of non-concentrating solar 

collectors was studied by numerous investigators. The 
effects of radaation condi.ons and collector odentanon 
[23T, 26T] and methods for evaluating performance 
[22T] and heat loss [18T] were described. Alternative 
collector strategies were studied, including 'reverse 
plate' [21T], compound and composRe configttrauons 
[6T,12T], addition of la'aangular f'ms [ 19T] and mulnple 
collection temperature settings [13"1"]. 

Absorption of solar energy in various types of receiver 
cavities was analyzed [7T, 10T, 20T. 24T, 25T, 27T, 
28"17 Two studies of fluithzed bed collectors were 
descnbed [11T, 14T]. Several papers exammedparabohc 
concentrating collectors [ST. 9T, 15T-17T], and one 
evaluated a stretched-membrane mirror module for 
central receivers [5T] 

Air heaters and dryers, and water heaters 
The International Energy Agency/Small Solar Power 

Systems volumetric receiver, whach heats atr by flowing 
ambmnt atr through the wire mesh layers of a solar 
absorber, was studred both experimentally and 
theomucally [44T] Other air heaters studied included 
a matrix-type porous absorber [36T], a semi-transparent 
packed bed [39T], and a flat plate with or without 
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augmented surfaces [35T]. Use of solar dryers was 
described for use m rural areas of China [40T] and India 
[30"r]_ 

Solar water heaters were the subject of numerous 
papers, including three on thermosyphon systems [29T, 
37T, 38T], one on a self-pumping boiling collector 
system [31T], various other systems studies 
[32T-34T, 42T, 43T, 45T], and a study of the effec- 
nveness of differenual temperature control [41T]. 

Passive heating, energy storage, and solar ponds 
A method was presented for predicting cooling loads 

m passively heated buildings [52T], and passive heating 
was stmulated m an experimental study mvolvmg a 
cubic test box [48T]. Papers on energy storage included 
studies in which the storage medium was ahomogeneous 
wall [47T], the ground [56T], liquid tanks [46T, 49T], 
and a hollow cylinder [54T], as well as storage systems 
uulmmg the heat of fusion of mtrate salts [55T] and the 
heat of dilution of a sdfunc acid-water system [53T] 
Salt-gradient solar ponds were studied [50T, 5IT] 

Miscellaneous apphcatlons 
Papers which discussed specific apphcations of solar 

energy included studies of systems for productmn of 
biogas [64T, 65T], a solar furnace for chenucal synthesis 
[61T], a solar regenerator as part of a cooling system 
[58T], a solar heat pump system [57T], greenhouses 
[59T, 60T], solar stills [66T, 67T], solar cookers [62T], 
and a solar-heated indoor swunmmg pool [63T]. 

PLASMA HEAT TRANSFER AND MHD 

(MHD) or elecmc (EHD) fields, extublt a fascinating 
variety of heat transfer problems. Several different 
asl~tS of MHD heat transfer were reported, including 
flow with porous walls [16U, 21U], wavy walls [22U], 
two-phase flow [19U'], hqmd metal flow [20U], free 
convection and mass transfer to a vibrating vemcal 
cylinder [14U], and an analytacal study of the effect of 
Hartmarm number on heat transfer [24U]. The coohng 
of temperature-sensmve magnetic flmds m a magnetic 
field was examined m two studies [17U, 23U] Heat 
transfer m railguns was investigated [18U]. A corona 
torch generates an EHD flow, with interesting heat 
transfer effects [150] 

BOOKS 

N H. Afgan (Editor), Archives of Heat Transfer, Vol. 1 
(Archives of Heat Transfer Senes). Hemisphere, 
Washington, DC (1989). 

M. Cttrno and A. Naviglio, ThermalHydrauhcs, Vols. 1 
and II. CRC Press, Boca Raton, Honda (1988). 

A. P Fraas, Heat Exchanger Design, 2nd Edn Wiley, 
Somerset, New Jersey 

D Gunn and R. Horton, lndustr:al Botlers. Wtley, 
Somerset, New Jersey 

HeatTrarafer & FluutFiow ApplicationData Genium, 
Schenectady, New York (1988) 

O 

Plasma heat transfer, with emphasis on mater:als 
processing applicanons 

Heat transfer is centralto several matenals processing O. 
techmques revolving thermalplasmas. Plasma--particle 
heat transfer was studied in the context of plasma 
spraying [5U, 12U], m which the object is to melt 
individual particles before they impinge on a target B_ 
substrate Melting ofbulk surfaces was stuched mrelanon 
to metallurgical applicauons [815] and to electrode wear 
[60] Plasma heat transfer m welding was stuched both 
for arc welding [IlU] and for laser keyhole welding T 
[3U]. In many cases arc behavior is itself affected by 
heat transfer to a surface, as m ablation arcs [9U, 100] 
or m the effect of cathode evaporation on a free-burrung E. 
arc [4U] Fundamental studies of plasma heat transfer 
included a review of models for colhsionless one- 
dimensional flow to a surface [ 1 0], heat transfer between D. 
a surface and a low-pressure d.c. plasma jet [7U], heat 
transfer to smooth bodies in the flow of hypersomc rf 
induction plasmas with ehermcal nonequdibnum [13U], 
and heat transfer to thin Films exposed to electron beams S. 
[20] 

Heat transfer m MHD and EHD flows 
Magnetohydrodynamic (MHD) and eleetrohydro- 

dynamic (EHD) flows, which involve the flow 
of elecmcally conducting flmds through magnetic 

G. Martynenko and A. Zukauskas (Editors), 
Convecn ve Heat Transfer. Hemtsphere,Washington, 
DC (1989). 

G. Martynenko and A Zukauskas (Editors), H:gh 
Temperature Heat Transfer Hemisphere, 
Washington, DC (1989) 

S Petukhov, A F. Polyakov and B. E Launder 
(Editors), Heat Transfer in Turbulent Mtxed 
Convectwn. Hemisphere, Washington, I)(2 (1989) 

Ro~owski, Movmg Heat Sources ln Thermoelasticity 
Wdey, Somerset, New Jersey (1989). 

U Schlimder (Editor-in-Claief), Heat Exchanger 
Destgn Handbook, Supplement 5 Hemisphere, 
Washington, DC (1989). 

B Spalding (Editor), Heat and Mass Transfer m 
Gasohne and Diesel Engines. Hemisphere, 
Waslungton, DC (1989). 

B. Yilmaz (Editor), Heat Transfer----Philadelphia 
1989.AIChESymp Series,Vol. 85,No. 269,AIChE, 
New York (1989). 

A. Zukauskas and English edition editor, J. Kami, High- 
performance Single-phase Heat Exchangers 
Hemisphere, Washington, I)(2 (1989). 



2372 E R G ECK~T et al 

NEW JOURNAL 

Chinese Journal of Engineering Thermophystcs, Allerton 
Press, Inc, 150 Fifth Avenue, New York (1989) 

14A A. L Pallsoc, Y. J M.m and C. C. Lee, Thermal 
properties of five layer mfimte plate structures wzth 
embedded heat sources,J Appl Phys. 65(11), 4.438 
(1989)_ 

CONDUCTION 

Contact conductlonlcontact resistance 
1A. J R Barber, An asymptotic soluuon for short-trine 

transient heat conduction between two stmdar 
contacting boches, lnt J Heat Mass Transfer 32(5), 
943 (1989) 

2A. A Bejan, Theory of rolling contact heat transfer, J 
Heat Transfer 111(2), 257 (1989) 

3A. W S. Chtlders and G. P. Peterson, Quantfficatton 
of thermal contact conductance m electronic 
packages, IEEE Trans Compon Hybrids Mf 
Technol. 12(4), 717 (1989). 

4A. A. Degiovanm, G. Simcki, A. Gery and M. Laurent, 
A steady state model of the thermal resistance due to 
contact between cylinders, lnt Chem. Engng 29(1), 
57 (1989). 

5A N J. Fisher and M. M Yovanovlch, Thermal 
constriction resistance of sphere/layered flat contacts: 
theory and experiment, J Heat Transfer 111(2), 249 
(1989) 

6A. X. K_ Kakatstos and A. Dmou, Thermal contact 
resistance during the unsteady state one dimenstonal 
heat conduction in a fiat compound solid body with 
heat sources, Forsch. lngWes. 55(1), 1 (1989) 

7A F.E. Kennedy, S. C Cullen andJ. M. Leroy, Contact 
terrq~erature and its effects in an oscillatory shding 
contact, J. Trlbol. 111(1), 63 (1989) 

8A. W. M. Moses and R. R Johnson, F.,xpenmental 
results for the quasisteady heat transfer through 
periodically contacting surfaces, J, Thermophys 
Heat Transfer 3(4), 474 (1989). 

9A J. W. Sheffield, R. A Wood and H. J. Sauer, Jr., 
Expertmental investigation of thermal conductance 
of finned tube contacts, Exp. Therm FluldSc~ 2(1 ), 
107 (1989) 

10A. Y. Shtmizu and Y. H. Men, Dtrect contact heat 
transfer to bubbles wzth stmultaneous translatton 
and growth, Numer Heat Transfer-- Pt. A. Apphc 
15(4), 509 (1989) 

Composites and layered media 
11A V. E Formalev, Two-damenslonal nordinear heat- 

conduction problems in amsotropic bodies, High 
Temp 26(6), 868 (1989) 

12A G. H Fredrickson and E. S G. Shaqfeh, Heat and 
mass transport in eomposttes of aligned slender 
fibers, Physics Fluids A 1(1), 3 (1989). 

13A. C R_ Havis, G. P. Peterson and L S Fletcher, 
Prechctmg the thermal conductivity and temperature 
distribut~on in aligned fiber composites, J 
Thermophys Heat Transfer 3(4), 416 (1989) 

Laser/pulse heanng and thermal wave propagation 
15A K J Cheng,Wavecharactensucsofhearconductlon 

using a dascrete microscopic model, J.Heat Transfer 
111(2), 225 (1989)_ 

16A_ D Fusco and N Manganaxo, Lmeanzataon of a 
hyperbohc model for non-l inear  heat 
conduction through hodograph-hke and Backlund 
transformations, lnt J Non Linear Mech 24(2), 99 
(1989) 

17A A. F Ghaleb and M. S. E1-Deen Moha.medem, A 
heat conductaon equauon with three relaxation tames, 
Particular solutions, Int J Engng Scz 27(11), 1367 
(1989) 

18A K./.men, J. Y. Lin and S. D. Allen, Steady-state 
temperature profiles in thermally thin substrates 
induced by arbltrartly shaped laser beams, 
J. Appl Phys. 66(2), 488 (1989). 

19A. A. Kax and J Mazumder, Three-dLmenslonal 
transient thermal analysis for laser chermcal vapor 
deposmon on uniformly moving fimte slags, 
J. Appl. Phys. 65(8), 2923 (1989). 

20A V P. Kozlov, Local heating ofa semiinfmate body 
by a laser source, J Engng Phys. 54(3), 338 (1988). 

21A. T.-S Oncil andT B. Moodae, Firute speed thermal 
transients generated by nonuniform sources apphed 
to circular boundaries m mhomogeneous conductors, 
Int J Engng Sci 27(6), 611 (1989). 

22A D Y. Tzou, On the thermal shock wave reduced by 
a moving heat source, J Heat Transfer 111(2), 232 
(1989) 

23A J F. Young, P. Kelly, A. Abtahi, P F. Braunlich 
and S. C. Jones, Transient solution of the diffusion 
equation for a composite system heated wxth a laser 
beam, J Appl Phys. 66(11), 5627 (1989) 

24A W W. Yuen and S C Lee, Non-Fourier heat 
conduction m a semi-m/mite solid subjected to 
oscillatory surface thermal chsturbances, J Heat 
Transfer 111(1), 178 (1989)_ 

Heat conduction, fins, tubes~rods, cyhnders, spheres 
25A A. O. Andnsano, An ©xpertmental investlgalaon 

on the rotating journal surface temperature 
chstribution in a full circular bearmg,J. Tribol. 110(4), 
638 (1988) 

26A. D. Batrnan and M S. Klamkm, Bounds for the log 
mean radius for heat conduction m a multilagged 
cylindrical pipe, SIAM Rev 30(2), 298 (1988). 

27A. Y. Benvemste and T Mdoh, An exact soluuon for 
the effective thermal conductivity of cracked bodies 
with oriented elhptical cracks, J_ Appl. Phys. 66(1), 
176 (1989) 

28A Ch. Chaxach and I L, Rubmstein, On entropy 
generatton m phase -change heat conduction, J. Appl 
Phys 66(9), 4053 (1989). 



H e a t  trensfex - -  a r e v i e w  o f  1 9 8 9  hterature  2 3 7 3  

29A. A. B. Duncan, G. P. Peterson and L. S. Fletcher, 
Effective thermal conductivity within par, ked beds 
of sphencal panicles, J. Heat Transfer 111(4), 830 
(1989). 

30A. M Fujii, Y. Seshmao, S. Ueno and G. Yamanaka, 
Forced atr heat sink with new enhanced fins, Heat 
Transfer--Jap Res 18(6), 53 (1989). 

31A H P. W Gottlieb, On standard eigenvalues of 
vanable-coeffictent heat and rod equations, Appl 
Mech. Trans ASME 56(1), 146 (1989) 

32A J Janata and J. Kr[ttk'y, Analytic solution of non- 
stationary heat conduction in a plate at variable 
envxronment temperature, Warme Stoffuebertrag 
24(1), 43 (1989) 

33A. A. M Mujalud, A closed form solution for periodic 
heat transfer m annular fins, Warme Stoffuebertrag 
24(3), 145 (1989). 

34A G. P. Peterson and L. S. Fletcher, On the thermal 
conductivity of dispersed ceramics, J. Heat Transfer 
111(4), 824 (1989). 

35A. B.Prahlad, R.D Kale, K .V  C RaoandV.M.K.  
Sastri, Effective thermal conducttvity of reflective 
multiple thermal insulation, Exp Therm Fluid Sci. 
2(4), 375 (1989) 

36A A. Salazar, A. Sanchez-Lavega and J. Fernandez, 
Theory of thermal diffumvity determmataon by the 
"mirage" techmque in solids, J. Appl. Phys. 65(11), 
4150 (1989). 

37A. L. N. Tao, The heat conductton problem wah 
temperature-dependent material properties, lnt J_ 
Heat Mass Transfer 32(3), 487 (1989). 

38A. J. A. Tnlleros and J. L. Otero, Temperature 
dtstribution field in simple geomemcal solids m 
heating operations, Revue Metall. 24(5), 320 (1988). 

39A H C U n a l ,  Temperature distnbution m a plate 
with temperature-dependent themaal conductwlty 
and internal heat generation, Ira J Heat Mass 
Transfer 32(10), 1917 (1989) 

Conduction with convection 
40A. J Behemes and D. Ehefly, Characterization of 

blow-up for a sem.dmear heat equation with a 
convection term, Q J. M ech Appl Math 42(3), 447 
(1989). 

41A.D.A B lank and T.-M Shih, Conjugate conduction- 
convection heat transfer model for four-stroke heat- 
barrier-piston engines, Numer. Heat Transfer - -  Pt. 
A: Applic. 15(3), 357 (1989) 

42A. A. Faghn, M.-M Chert and E T Mahefkey, 
Simultaneous axial conduction in the fluid and the 
pipe wail for forced convective laminar flow with 
blowing and suction at the wall, Int J. Heat Mass 
Transfer 32(2), 281 (1989). 

43A C L Ko,Analyttcalsolutionsofthree-dimensional 
steady-state conduction m an orthotropic or 
orthorhombie rectangular block with convecttve 
surfaces, lnd Math. 38, 137 (1988). 

44A A. Pozzi and M, Lupo, The coupling of conduction 
with forced convection over a flat #ate, Int. J Heat 
Mass Transfer 32(7), 1207 (1989). 

45A. A. Pozzt and M. Lupo,The coupling of conducnon 
with forced convection in a plane duct, Int. J. Heat 
Mass Transfer 32(7), 1215 (1989). 

46A. B. Sunden, Transient conduction m a cylindrical 
shell wtth a time-varying incident surface heat flux 
and convective and radmtive surface cooling, lnt J_ 
Heat Mass Transfer 32(3), 575 (1989). 

Methods, algortthms, and apphcanons 
47A S M. Carter, R. F. Barton and R. O. Warrmgton, 

BEM shape opttrmzatton technique applied to 
cryosurgicalprobeUpdesign,Numer HeatTransfer 
- -  Pt A: Applic. 16(2), 229 (1989). 

48A Y. M. Femg, C. C. Chieng and C. Pan, Numerical 
sLmulanons of elecffo-slag r~nelting, Numer Heat 
Transfer - -  It. A: Apphc. 16(4), 429 (1989). 

49A K. M Godlwalla, Use of complex variable 
technique for the solution of steady-state heat 
conducuon problems, J lr~sm Engrs lndza Part ME 
6 9 ( 3 ) ,  89 (1988). 

50A. L. W. Hunter and L R. Kuttler, The enthalpy 
method for heat conducuon problems with moving 
boundaries, J_ Heat Transfer 111(2), 239 (1989) 

51A. Y -H. ]u, Y.-S. Chou and C.-C. Hsiao, A now 
approach to the transient conduction m a 2-D 
rec tangul ar fin, lnt. J. H eat M ass Transfer 32(9), 1657 
(1989). 

52A. C C. Lee, Y. J. Mm and A. L. palisoc, A general 
integration algorithm for the reverse Fourter 
transform of four-layer mr'mite plate structures, 
IEEE Trans. Compon. Hybrids &If Teclmol. 12(4), 
710 (1989). 

53A. K G. Mahmoud, Flmte-element analysts for heat 
transfer dunng flmdmed-hed coating of a cylindrical 
wire, Numer Heat Transfer-- It. A: Applic. 16(4), 
507 (1989). 

54A. R. C. Mehta and T. Jayachandran, Deforming grid 
method applied to the inverse problem heat 
conduction, J. Thermophys. Heat Transfer 3(2), 225 
(1989). 

55A. B. A. Mu'man, Mathematical model of a plated- 
through hole under a load induced by thermal 
mismatch, IEEE Trans. Compon. Hybrids Mf 
Technol. 11(4), 506 (1988). 

56A J. Padovan and Y. H. Guo, Solution of 
nondetermmisfic finite element and fmite difference 
heat conduction stmulations, Numer_ Heat Transfer 
- -  It .  A: Applic. 15(3), 383 (1989). 

57A.K.Ramakrishna, I. M. Cohen and P. S. Ayyaswamy, 
Temperature response of a heated cylinder subject to 
side cooling: asymptotic and numerical soluuons,J. 
Heat Transfer 111(3), 592 (1989), 

58A. N. Sonti and M. F. Amateau, Finite=element 
modehng of heat flow in deep-penetration laser 
welds m alummurn alloys, Numer Heat Transfer-- 
Pt A. Apphc 16(3), 351 (1989). 

59A. K. Taghavi and R. A. Altenkirch, Approxtmate 
method for transient conduction m arbitrary shaped 
solids with a volumetric heat source, J Thermophys 
Heat Transfer 3(2), 229 (1989). 



2374 E R G ECrdmT et al 

60A N M Tstrel'man, Group analysts of the heat- 
conduction equation in displacements of isothermal 
surfaces 2 Obtaining mvanant solutmns of 
boundary-valueproblems, J Engng P hys 54(1), 100 
0988) 

61A. V I. Vlasov and T N. Knvoruchenko, Solution of 
a two-dunens~onal heat-conducuon problem for a 
sector, J Engng Phys 54(1), 104 (1988) 

62A M F Wemer, M. A Dokmmsh and M Shoukn, 
Finite element analysis oftransmnt heat conductmn 
with moving convective boundaries, Numer Heat 
Tramfer--Pt A: Appl,c 15(1), 123(1989)_ 

63A_ G R Zheng and S_ C Yang, Solution of steady 
penodlc heat conduction by the ftmte-element 
method, Numer Heat Transfer-  Pt. A Apphc. 
15(4), 525 (1989). 

Thermal--mechanical problems 
64A L S_ Chcn, H-S.  Chu and J H-H  Wu, 

Thermomechamcal stresses m the layered media 
from friction load, Chong-Kuo Chz Hsueh Kung 
Ch'engHsuehPao/J Chin. Soc Mech Engrs 10(1), 
65 (1989). 

65A. T. Y_ Chen and E D. Ju, Friction-induced thermo- 
mechamcal cracking m a coated medium with a near 
surface cavity, J. Tnbol. 111(2), 270 (1989). 

66A S K. R Choudhuri and G. H_ Chatterjee (Roy), 
Radially symmetric temperature-rate dependent 
thermoelastic wave propagation m an mf'mitely 
extended thin plate containing a circular hole, Im J 
Engng Set. 27(3), 251 (1989). 

67A R. Darveaus, I, Turhk, L. T Hwang and A. 
Relsman, Thermal stress analysis of a multichip 
package design, IEEE Trans Compon Hybrids Mf 
Technol 12(4), 663 (1989) 

68A K L De Weese, C. E. Toups and C. K. H. Dharan, 
Analysis of brazing stlesses m ceranuc-metal joints 
m high-vacuum devices, J Electron. Packaging 
I I  1(I), 21 (1989). 

69A J W. Elschen and J. S. Everett, Thermal stress 
analysis of a bimatenal strip subject to an axial 
temperature gradient, J Electron Packaging II 1 (4), 
282 (1989)_ 

70A D R. Frear, Thermomechamcal fatigue of solder 
joints a new comprehensive test method, IEEE 
Trans Compon Hybrids Mf Technol. 12(4), 492 
(1989) 

71A J C.GlaserandM P.Juaire,Tbermalandstructural 
analysis of a PLCC device for surface mount 
processes,J_Electron Packaging 111(3), 172(1989)_ 

72A N. Hasebe, A. Tomida and T. Nakamura, Soludon 
of displacement boundary value problem under 
umformheat flux,J Therm.Stresgesl2(2),71 (1989). 

73A J Ignaczak, Sohtons m a nonlinear ngid heat 
conductor, J. Therm Stresses 12(3), 403 (1989), 

74A D. A Ischenko and V G Sanchenko, Influence of 
talong account of secondary plastic deformations on 
the solution of the ax~symmetnc thermoplasttcity 
problem, Soy Appl Mech_ Sep, 229 (1988). 

75A A, Kaczynska and S J Matyslak, Thermal stresses 

m a laminate composite with a row of interface 
cracks, Int I Engng Scl. 27(2), 131 (1989) 

76A V D Khatt, Inhomogeneous thermal structures m 
the nonlinear heating of a plane layer, H~gh Terap 
27(3), 445 (1989) 

77A Y Komblum and J C. Glascr, Combined moisture 
and thermal stresses failure mode m a PLCC, 
J_ Electron Packaging 111(4), 249 (1989). 

78A. L Kowalska, On the first boundary-imtlal value 
problem for linear thermal stresses equations with 
obstacles for temperature, Bull Pol. Acad Scz 
36(3-4), 151 (1988) 

79A. J. H Lau, Thermal stress analysis ofSMT PQFP 
packages and interconnections, J Electron 
Packaging 111(1), 2 (1989) 

80A Y J Lee and H. L. Juhen, Calculated temperature 
and stress distribution in the edge cladding of 
a pulsed-laser slab, J Heat Transfer Il l(2),  243 
(1989) 

81A. J M. Leroy, A. Floquet and B Villechalse, 
Thermomechamcal behavior ofmultdayered media. 
theory, J Tr~boL 111(3), 538 (1989). 

82A.S Motakcf, Thermoclastic study ofGaAs m verdcal 
gradient freeze configuration: limits to the optimum 
growth rate and approaches to its augmentataon, 
J, Crystal Growth 98(4), 711 (1989). 

83A_ I A_ Motovtlovets, Thermomechanical behavior 
of a rubber-metal jomt, Sov Appl Mech. 23( l O),969 
(1988) 

84A D W. Nmholson, A note on umqueness in coupled 
thermoplasuclty, Acta Mech. 78(1-2), 161 (1989). 

85A N. Noda, Inverse problem of coupled thermal 
stress m a long circular cylinder, JSMEInt. J. Set 1 
32(3), 348 (1989). 

86A. J C Prucz, P Smith, L W. Rehfield and A. D. 
Reddy, Influence of temperature on structural joints 
with designed-m damping, J Spacgcr Rockets 
26(3), 137 (1989) 

87A G I Rudin, Thermal stresses and deformauons in 
a plate subject to the action of concentrated energy 
flows, J Engng Phys 54(3), 332 (1988). 

88A A G Shashkov and S Y. Yanovskii, Propagation 
of harmonic thermoclastlc waves in media with 
thermal memory, J Engng Phys 54(4), 458 (1988). 

89A. H. H. Shenef and M. N Anwar, A problem m 
generalxzed thermoclasucity for an mirmitely long 
annular cylinder composed of two different matenals, 
Acta Mech 80(1-2), 137 (1989). 

90A. T Sullivan, J Rosenberg and S. Matsuoka, 
Photoclasuc and numerical mvesngation of thermally 
reduced restramod shrinkage stresses in plastics, 
IEEE Tram Compon. Hybmds Mf TechnoL 11(4), 
473 (1988) 

91A. A. Szekeres, Some aspects in the dynamical tasks 
of thermoelasncity. Heat conduction problems, 
numerical experiments with long bars, Period. 
Polytech Mech Engng 33(1-2), 23 (1989). 

92A B -Y Tmg and W. O. Winer, Fdcuon-mduced 
thermal influences m elastic contact between 
sphencal aspcntaes, J Trlbol. l l l (2) ,  315 (1989) 



Heat transfer - -  a review of 1989 hteramre 2375 

Inverse problems 
93A. G P. Flach and M. N. Oztstk, Inverse heat 

conduction problem of simultaneously estimating 
spatially varying thermal conductivity and heat 
capacity per umt volume, Numer Heat Transfer - -  
Pt A Apphc. 16(2), 249 (1989). 

94A T. G, Lestma, D. A. Kaminska and E. Rodnguez, 
An reverse method to determine the temperature 
profile on a sermconductorpower diode,lEEE Trans_ 
Compon. Hybrids Mf_ Technol. 11(4), 493 (1988) 

95A. E. P. Scott and J V. Beck, Analysis of order of the 
sequential regulanzation sohiuons of reverse heat 
conduction problems, J. Heat Transfer 111(2), 218 
(1989). 

Miscellaneous conduction studies and special 
applicanom 
96A V A Bityurm, A. N Bocharov, V A. Zhelnm and 

G A. Lyubtmov, ConJugate heat transfer at a wall 
withnonuniformpropenies,J Propul Pwr 5( 5 ), 615 
(1989) 

97A. P J. Blau and C. E. DeVore, Sliding behavior of 
alumma/mckel and alumina/mckel alurmnlde couples 
at room and elevated temperature, J Trlbol 110(4), 
646 (1988). 

98A F Claro and G. D Mahan, Transient heat transport 
in solids, J Appl Phys. 66(9), 4213 (1989). 

99A. A. Devred, General formulas for the adiabauc 
propagation velocity of the normal zone, IEEE Tram 
Magn. 25(2), 1698 (1989). 

100A M G. El Sheikh and H E Gad-Allah, On the 
reducuon of lMnchlet-Newton problems to wmg 
equations, Q J Mech Appl Math. 41(4),535 (1988) 

101A_ G F. Leal Ferretra, On the deconvolution of heat- 
pulse-lake signals, J.Appl_ Phys. 66(10), 4924 (1989). 

102A. D Fourmer and A C. Boccara, Heterogeneous 
media and rough surfaces: a fractal approach for heat 
diffusion studies, Physica A 157(1), 587 (1989)_ 

103A. P. J Gallagher and F. Wemberg, High temperature 
deformation of gallium arserLide, J Crystal Growth 
94(2), 299 (1989). 

104A. P. R. Greene, Useful approximation to the error 
function- apphcatmns to mass, momentum, and 
energy transport m shear layers, J Fluids Engng 
Tram ASME 111(2), 224 (1989) 

105A. R H. Jensen, G A Andrejack, D P Button and 
B A Bydel, Comparative thermal performance of 
various substrate materials m a simple packaging 
application actual versus predicted, IEEE Trans 
Compon Hybrids Mf Technol 12(4), 537 (1989) 

106A H. K. Kuiken, Note on the wall singularity of a 
sohd--hquid interface caused by a difference between 
the thermal conductivities of the solid and the liquid 
phases, SIAMJ Appl Math 48(4), 921 (1988). 

107A_ J C. Lambropoulos, M R Jully, G. A Amsden, 
S. E Gilman, M. J. Simcropi, D Dlakomihahs and 
S. D. Jacobs, Thermal conductivity of dielectric thin 
fdms, J AppL Phys. 66(9), 4230 (1989) 

108A. H L Laquer, F. J Edeskmty, W V Hassenzahl 

and S L. Wipf, Stability projections for high 
temperature superconductors, [EEE Trans Magn. 
25(2), 1516 (1989) 

109A Y. C Lee, H. T. Ghaffan and J. M. Segleken, 
Internal thermal resistance of a multi-chip packaging 
deslgu for VLSI based systems, IEEE Tram 
Compon_ Hybrids Mf Technol 12(2), 163 (1989) 

110A_ C. C Lee, A L Palisoc and Y. J Mm, Thermal 
analysis of integrated ctrcmt devices and packages, 
IEEE Tram Compon Hybrids Mf Technol. 12(4), 
701 (1989). 

111A J.-C. Lm and F. D. Ju, Asperity excited terrq~erature 
field m a coated medium wxth a random uniform 
coating thmkness, J_ Tribol 111(1), 129 (1989) 

112A J. I McCool and J. John, Flash temperature on the 
asperity scale and scuffing, J Tribol. 110(4), 659 
(1988) 

lI3A. H Miura, A. Ntshimura, S Kawai and W, 
Nakayama, Temperature dismbution in IC plasuc 
packages m the reflow soldering process, IEEE 
Tram. Compon Hybrids Mf Technol 11(4), 499 
(1988). 

I I4A. K l. Negus, R W Franklin and M M 
Yavanovich, Thermal modeling and experimental 
techniques for rmcrowave bipolar devices, IEE£ 
Tram_ Compon. Hybrids Mr. Teclmol. 12(4), 680 
(1989) 

115A. S W. Park and S. J Na, Cur~nt density and heat 
generation rate in the neighborhood of a single-line 
contact with various space angles, IEEE Trans 
Comport. Hybrids Mf . TechnoL 12(1), 105 (1989). 

ll6A. V G. Prokopov, Y. V. Sherenkovskai, Y. I 
Shvets, N. M. Fialko, G P. Sherenkovskaya and 
V U Yurchuk, Invesugation of bulk temperature 
fields in work being treated by moving concentrated 
energy sources,Soy Surf Engng Appl. Elecrrochera 
Jun ,  84 (1988). 

117A. A S. Romanov and A. A. Stytsyna, Imtial phase 
of developing dynamic perturbations in a nonlinearly 
heat conducting gas,J Appl Mech Tech Phys. 29(4), 
518 (1989) 

118A. R. Subrahmanyan, J. R. Wilcox and C Y Ll, A 
damage integral approach to thermal fatigue of solder 
joints, IEEE Tram. Compon Hybrids Mf Technol. 
12(4), 480 (1989) 

119A. Y_ G. Yune and M. D. Bryant, Thermal evolution 
of hot spots m thermally nonlinear carbon graphite 
sliders, J Trtbol 111(4), 591 (1989). 

CHANNEL FLOW 

Forced convectwn m straight-walled cwcular and 
rectangular ducts 
lB. F. Alicke, B. Hanel and R, Scholz, Numerical 

calculation of flow and heat ffansfer in ducts, Luft 
Kaeltetch. 25(2), 72 (1989). 

2B D Dunitrov, A. Zahanev, V. Kovachev and R. 
Wawryk, Forced convective heat transfer to 



2376 E R G Ecr.~T et al 

supercntical rutrogen m a vemcal tube, Int J Heat 
Flu,d Flow 10(3), 278 (1989)_ 

3B H Fujlta, M Htrota and H Yokosawa, Forced 
convecuon heat transfer m a turbulent flow through 
a square duct.Mere Fac Engng Nagoya Umv 40(2), 
327 (1988) 

4B V Gmelmsk.t, Heat transfer on laminar flow m robes 
and constant wall temperature, Chemze-lngr-Tech 
61(2), 160 (1989). 

5B H Herwig, M. Volght and F. J Bauhaus, The effect 
of variable properties on momentum and heat transfer 
in a tube w~th constant wall temperature, Int J Heat 
Mass Transfer 32(10), 1907 (1989) 

6B M. Issa, Fncttonal heating effect on heat transfer in 
forced convecttve flows, Wahine Stoffuebertrag 
24(3), 133 (1989). 

713 A. M Jaco[u, Flow and heat transfer m rmcrocharmels 
using a rrucrocontmuum approach, J Heat Transfer 
111(4), 1083 (1989) 

8B_ V_ E. Kaupas, P. S Poskas and J V Vilemas, Heat 
transfer to a transttion-range gas flow m a pipe at 
[ugh heat fluxes (2. Heat transfer in laminar to 
turbulent flow transttton), Heat Transfer--Soy_ Res 
21(3), 340 (1989). 

9]3. V. G Lushchtk, A, A Pavel'ev and A. E Y akubenko, 
Transfer equation for turbulent heat flux Calculation 
of heat exchange m a pipe, Flwd Dyn. 23(6), 835 
(1988) 

10B V I Mal'kovska, Yu. M Dashevskax and V B. 
Zhuze, Optinusing the thermal insulation of long 
pipelines, Therm. Engng 36(6), 328 (1989) 

I1B A R_ Mansour, Two-du'nensJonal heat or mass 
transfer in laminar flow between parallel plates 
closed-form solution, J Heat Transfer 111(2), 566 
(1989) 

12B. P. K. Nag and N. Kumar, Second law optarmzataon 
of convective heat transfer through a duct with 
constant heat flux, Int J Energy Res. 13(5), 537 
(1989)_ 

13B M. N Ozasik, R. M Cotta and W S. Kam, Heat 
transfer m turbulent forced convection between 
parallel plates, Can. J Chem Engng 67(5), 771 
(1989)_ 

14B. N E. Petrov and V. N Popov, Heat transfer and 
hydraulic reststance with turbulent flow m a robe of 
water at supercnncal parameters of state, Therm_ 
Engng 35(10), 577 (1988) 

15B B K Rao, Turbulent heat transfer performance of 
Newtoman  fluids in asymmetr ica l ly  heated 
rectangular channels, Exp Heat Transfer 2(3), 227 
(1989) 

16B E A Ta.trov, Nonlinear modelling of dynartucs of 
heat transfer m a channel with a one-phase coolant, 
Pwr Engng New York 27(1), 136 (1989). 

17B. N L Vulchanov and V. D Ztmpa.rov, Stabdtzed 
turbulent fluid friction and heat transfer m ctrcular 
tubes with internal sand type roughness at moderate 
Pranddnumbers,lnt.J HeatMass Transfer 32(1),29 
(1989) 

Mtxed convectlon 
18B, M. S. E1-Genk and D V Rao, Heat transfer 

experiments and correlauons for low-Reynolds- 
number flows of water m vemcal  annuli, Heat 
Transfer Engng 10(2), 44 (1989) 

19B V_ IanneUo and N E Todreas, Muted convecuon 
m parallel channels wlth apphcatlon to the hqutd- 
metal reactor concept, Nucl Sc:. Engng 101(4), 315 
(1989). 

20B V_ A_ Kttrganov, A G Kaptil 'nyt and V B 
Ankudmov, Total flow resistance and fluid fncuon 
associa ted  with  ascending  and descending  
supercnucal flmd flow in heated pipes, High Temp 
27(1), 87 (1989) 

2] B Y Mon and M_ Ohbuc[u, A fundamental study of 
flow and heat transfer performances of downward 
water flow at low Reynolds numbers m a verttcal 
heated straaght tube, Int_ J Heat Mass Transfer 
32(7), 1231 (1989) 

22B M.T.  Ouazzaru, J_ P Caltagtrone, G. Meyer et A 
Mojtabi. Etude num~nque et exp6rtmentale de la 
convectton mtxte entre deux plans horizontanx ~t 
temp6ratures dff-f6rentes, lnt J. Heat Mass Transfer 
32(2), 261 (1989) 

23B_ P S. Poskas, V E Kaupas and J V Vdemas, Heat 
transfer to a transttion-range gas flow m a p~pe at 
[ugh heat fluxes (3_ Effect of buoyancy on local heat 
transfer m forced turbulent flow), Heat Transfer - -  
Soy Res 21(3), 352 (1989) 

24B. U. Svensson and P Andreasson, Mathemattcal 
sa'nulattonofenergy converstons m a fully developed 
channel flow, J Hydraul Res. 27(3), 401 (1989) 

25B. T Usu~, M. Kammaga and Y. Sudo, Combined 
forced and free c o n v e c t i v e  heat  t ransfer  
characterlsucs m a narrow vertical rectangular 
channel with 2 5 mm m gap heated from both sides, 
J Nucl Sc~ Technol 26(6), 580 (1989) 

26B. W. M Yan and T F l.an, Heat transfer m buoyancy- 
driven channel flows with the strnultaneous presence 
of laminar, transmonal and turbulent flow regunes, 
Warme Stoffuebertrag 24(2), 125 (1989). 

Irregular geometries 
27B. H F Bauer, Heat transport in a parabolic tube of 

ctrcular cross-section, Warme Stoffueberrrag 24(2), 
111 (1989) 

28B. A_ V. Belevtsev, A. V Gulevich, A V. Zrodmkov, 
V V Kurnskol, I P SvtridenkoandA.A.Ulanovska.t, 
Perturbation-theory formulas for estimating the 
azmauthal temperature nonumformities m deformed 
annular channels, Htgh Temp. 27(1), 68 (1989) 

29B T_ M Ben-All, H. M. Solirnan and E. K. Zariffeh, 
Further results for laminar heat transfer in annular 
sector and circular sector ducts, J_ Heat Transfer 
111(4), 1090 (1989). 

30B M. A. Ebachan, Convective heat transfer with 
mu hi.flow m an annular pipe ofctreular cross seclaon, 
J Thermophys Heat Transfer 3(1), 89 (1989). 

3!B_ M A. Eba&an, Effect of internal wall thickness 



Heat ~aasfer - -  a review of 1989 hterature 2377 

and heat generation on convective heat transfer in a 
multt-passage circular plpe subJected to an external 
heat flux, Heat Technol 7(1), 65 (1989) 

32B. M A_ Ebadmn, H. C Topakoglu and O A Areas, 
The effect of heat generation on convecttve heat 
transfer for laminar flows m a multtpassage ctrcular 
pipe subjected to an external uniform heat flux, J_ Heat 
Transfer 111(1), 185 (1989) 

33B M. R M. Ektesabi, M Sako and T Cl'uba, Fltud 
flow and heat transfer m wavy smusoidal channels 
(Part H Pressure drop and flow pattern of turbulent 
flow field), Heat Transfer - -  Jap Res. 18(3), 32 
(1989) 

34B. G Galser and V. Kottke, Flow processes and local 
heat and mass transfer m channels with corrugated 
surfaces, ChemwJngr-Tech. 61(12), 992 (1989). 

35B V. S. Gol'ba, V. I Belozemv, G. A. Zmina, V S 
Furnaev and A. S Borisyuk, Local coefficients of 
heat transfer in an annular chmmel, Therm Engng 
36(1), 32 (1989). 

36B. V. M Iyevlev, B. V. Dzubenko, G. A Dreltser and 
V. V. Balashov, Unsteady-state heat andmass wansfer 
in complex-shaped channels, lnt J Heat Mass 
Transfer 32(8), 1389 (1989). 

37B Q. M Lei and A C. Trupp, Maximum velocity 
locatton and pressure drop of fully developed I aminar 
flow m ctrcular sector ducts, J Heat Transfer 111 (4), 
1085 (1989) 

38B. Q M Lei and A. C. Trupp, Further analyses of 
laminar flow heat transfer in circular sector ducts, 
J. Heat Transfer 111(4), 1088 (1989) 

39B. M Osakabe, K. Tasaka and Y. Kawasaka, Annular 
flow transition model in channels of various shapes, 
Heat Tranyfer - -  Jap. Res. 18(5), 51 (1989). 

40B. K. Oyakawa, T. Shmzato and I. Mabuclu, Effects 
of the channel width on heat-transfer augmentatxon 
in a sinusoidal wave channel, JSME lnt J. Ser_ 2 
32(3), 403 (1989) 

4lB. V A Stdlauskas and M. M_ Tamonis, Momentum, 
energy and mass transfer in variable cross-sect~on 
channels (2 Numerical modeling of heat transfer m 
axlsymmetnc channels), Heat Transfer--Soy Res 
21(5), 684 (1989) 

42B S Tom, A Shmuzu,S.HasegawaandN.Kusama, 
High flux heat transfer of concentric annular gas 
flow: analysis by use of modified kappa-epsilon 
model, Nzppon Ktkat Gakkai Ronbunshu, B Hen 
55(518), 3136 (1989) 

43B A C. Tmpp and Q. M Lel, Laminar flow heat 
transfer in ctrcular sector ducts wtth uniform heat 
flux, Trans. Can. Soc Mech Engrs 13(1-2), 31 
(1989) 

Finned passages 
44B A. K Agrawal and S. Sengupta, Laminar flow and 

heat transfer in blocked annuli,Numer. Heat Transfer 
- -  Pt. A: Apphc 15(4), 489 (1989) 

45B. A Campo and F Mtralles-Wilhelm, A lumped 
study of laminar forced conveclaon m pipes with 

c i r ~ a r  transverse fins at the outer surface, Warme 
Stoffuebertrag 24(I), 47 (I 989). 

46B. P. R. Chandra and J. C. Han, Pressure drop and 
mass transfer m two-pass ribbed channels, J 
Thermophvs Heat Transfer 3(3), 315 0989) 

47B. C -H Cheng and W -H Huang, Laminar forced 
convectlon flows m horizontal channels with 
transverse fEnS placed m entrance regions, Numer 
Heat Transfer - -  Pt. A. Apphc. 16(I), 77 (1989). 

48B. M F~eblg, U. Broclm~ier, N K. Mitra and T. 
Gimmrmann, Structure of veloclty and tcmperatu~ 
fields in laminar channel flows w~th longitudinal 
vortex generators, Numer. Heat Transfer - -  Pt A_ 
Apphc 15(3), 281 (1989). 

49B. G. Gaiser and V. Kottke, Flow phenomena and 
local heat and mass transfer in corrugated passages, 
Chem Engng Technol 12(6), 400 (1989). 

50B. J. C. Hart, S Ou, J S. Park and C. K. Let, 
Augmented heat transfer m rectangular channels of 
narrow aspect ranos with rib turbulators, Int J_ Heat 
Mass Transfer 32(9), 1619 (1989). 

5lB. K. M. Kelkar and S. V. Patankar, Numerical 
prediction of heat transfer and fluid flow m 
rectangular offset-fro arrays, Namer Heat Transfer 
- -  Pt. A: Applic 15(2), 149 (1989). 

52B S. C Lau, J. C Hart and Y. S. Kim, Turbulent heat 
transfer and fi-icuon in pin f'm channels with lateral 
flow ejection, J_ Heat Transfer I l l ( l ) ,  51 (1989) 

53B. S C Lau, J. C. Han and T. Batten, Heat transfer, 
pressure drop, and mass flow rate m pm fm channels 
wlth long and short trailing edge ejection holes, 
J Turbomach. 111(2), 116 (1989). 

54B. S. C. Lau, L E. Ong and J. C. Hart, Conjugate heat 
transfer in channels with internal longitudinal fins, 
I Thermophys Heat Transfer 3(3), 303 (1989). 

55B. V. L. Lel'chuk, A method of calculatmg heat 
transfer from a surface having slratght t'ms, m 
longitudinal flow, Therm Engng 36(3), 160 (1989) 

56B. M. Molkd and A. R. Mostouflzadeh,Turbulent heat 
transfer m rectangular ducts with repeated-baffle 
blockages, [nt I Heat Mass Transfer 32(8), 1491 
(1989) 

57B_ T. M. Nguyen, J. M. Khodadadi and N. S. Vlachos, 
Laminar flow and conjugate beat transfer in nb 
roughened tubes, Numer Heat Transfer - -  Pt. A: 
Applic 15(2), 165 (1989). 

58B. K_ Shdna, S. Nakasnura and W. Sagawa, 
Enhancement of forced convective heat transfer in a 
rectangular channel using thin plate-type obstacles 
(2nd report. Heat transfer and pressure drop 
characteristics using spacer configuration), Ntppon 
Kikai Gakl~z Ronbunshu B Hen 55(515). 2041 
(1989). 

5 9 B .  K. S h t m a ,  S.  N a k a m u r a  and N .  S h i m , z u ,  
Enhancement of forced convective heat transfer in a 
rectangular channel using thin plate-type obstacles 
(Part 1. Basic characmristics of heat transfer and 
pressure drop with single phase flow), Heat Transfer 
--Jap.  Res. 18(2), 9 (1989). 



2378 E R G. ~ r  et al 

60B M. Yao, M_ Nakatani and K. Suzuki, Flow 
visualization and heat transfer experiments m a duct 
with a staggered array of cylmders,Exp Therm Fluid 
Sct 2(2), 193 (1989). 

Secondary flow 
61B S N. Alaverdov, A B. Vatazhin and V. A Sepia, 

Heat transfer in subsomc high-temperature gas flow 
through three-dmaensional curved channels, Fluid 
Dyn. 24(3), 403 (1989). 

62B X_ H Deng, Y K Tan and S J. Deng, Heat transfer 
correlation for turbulent single-phase flow m single- 
and multiple-start spiral-fluted tubes, Huagong 
Xuebao/J Chem Ind. Engng China 40(1), 18 (1989). 

63B N. S Gupte and A. W Date, Fnctaon and heat 
transfer characteristics of helical turbulent a.tr flow 
m annul1, J Heat Transfer 111(2), 337 (1989). 

64B. W J Marner and A. E. Bergles, Augrnentqt~on of 
highly viscous laminar heat transfer reside tubes 
with constant wall temperature, Exp Therm Fluid 
Scz. 2(3), 252 (1989) 

65B. M. M. Ohadi and E M. Sparrow, Heat transfer m 
a straight tube situated downstream of a bend, lnt J 
Heat Mass Transfer 32(2), 201 (1989). 

66B. S. K Saha, U N. Gaitonde and A W. Date, Heat 
transfer and pressure drop characteristics of laminar 
flow m a circular tube fitted with regularly spaced 
twisted-tape dements, F_a-p. Therm FluidSci 2(3), 
310 (1989). 

67B. V M Slmoms, V. P_ Suk~ and P. S Poskas, 
Therrnohydrauhc propenms (coefficients of local 
heat transfer and hydraulic drag) ofhehcal channels 
(1 Experimental unit, procedure, and prelmunary 
experiments), FluidMech. Soy Res. 18(4), 62 (1989) 

68B. V M. Stmoms, V. P. Sukis and P S. Poskas, 
Thermohydrauhcs of helical ducts (2. Effect of 
relative width and curvature), FluidMech_ Sov Res. 
19(4), 77 (1989). 

69B. M Kh Strelets and M L. Shut, Influence of 
compresssbdlty on the hydrodynamics and heat 
transfer tn subsomc viscous-gas flows m channels m 
the presence of rectrculation zones,Hl g h Temp 27(2), 
229 (1989) 

Oscillatory and transient flow 
70]3 A. Al-Haddad and N AI-Bmally, Prediction of 

heat transfer coefficient m pulsating flow,lnt J Heat 
Fluid Flow 10(2), 131 (1989). 

7lB. J E. Dec and J O. Keller, Pulse combustor ta.d- 
pipe heat-transfer dependence on frequency, 
amphtude, and mean flow rate, Combust Flame 
77(3-4), 359 (1989) 

72B M. A Ebadlan and H. Y Zhang, An exact solution 
of extended Graetz problem with axial heat 
conduction, Int. J Heat Mass Transfer 32(9), 1709 
(1989) 

73B M. Fujiwara, Research on transient heat loss from 
insulated piping, Denshl GJjutsu Sogo Kenk'yusho 
Iho 53(9), 146 (1989) 

74B. B F Glflmaan and V A. Gur'ev, Nonsteady 
nonisothermal flow of compressible gas in achannel 
with track sampling, J Engng Phys_ 54(4), 367 
(1988) 

75B W. S Kun and M. N. 0zis~k, Turbulent forced 
convecuon reside a parallel-plate channel with 
penodic vananon of inlet temperature, J Heat 
Transfer 111(4), 882 (1989). 

76B K N Knshnan and V M K Sasm, Heat transfer 
m laminar pulsating flows of fluids w~th temperature 
dependent viscosities, Warme Stoffueberrrag 24(1), 
37 (1989). 

77B. R A. Peattin and R. Budwig, Heat transfer m 
laminar, oscillatory flow in cyhndncal and conical 
tubes, lnt J Heat Mass Transfer 32(5), 923 (1989) 

78B W Roetzel, Determmauon of heat transfer 
coefflcmnts in flow through tubes by analysis of 
temperature oscillations, Chemie-lngr-Tech 61 (12), 
99O (1989) 

79B. I_ I Shmal', K I. Soplenkov and V. S. Polonskia, 
Temperature regime of heated channels at 
supercritical pressure under nonsteady conditiom, 
High Temp. 26(5), 726 (1989). 

80B. W Roetzel, Measurement of heat transfer 
coefficmnts m tubes by temperature oscdlauon 
analysis, Chem Engng Technol 12(6), 379 (1989). 

Two-phase flow 
8 lB. V Yu Chekhovmh and N_ I. Pecherkin, Heat and 

mass transfer and wall fnctaon m vertical gas-liquid 
flow, Heat Transfer--Soy Res 21(6), 797 (1989) 

82B I V Derevich, V M. Yeroshenko and L. I Za,chik, 
Hydrodynarmcs and heat transfer of turbulent gas 
suspension flows in tubes - -  2. Heat transfer, Int. J 
Heat Mass Transfer 32(12), 2341 (1989). 

83B. Z Guo and V. K Dktr, Single- and two-phase heat 
transfer in tangential reJection-reduced swirl flow, 
Int J. Heat Fluid Flow 10(3), 203 (1989). 

84B E Harada, M Kunyama and H. Konno, Heat 
transfer with a solid-hquld suspension flowing 
through ahonzontal rectangular duct, Heat Transfer 
- - J a p  Res 18(6), 79 (1989) 

85B M. M Hasan and R. Balasubramaniam, 
Thermocapdlary migration of a large gas slug m a 
tube, J Thermophys_ Heat Transfer 3(1), 87 (1989). 

86B T Htrata and C Hanaoka, Laminar flow heat 
transfer m a horizontal tube with internal fir,,ezmg 
(effects of flow accelerauon and natural convection), 
N~ppon Kika: Gaklcai Ronbunshu, B HenlTrans 
Japan Soc Mech. Engrs 54(508), 3506 (1988). 

87B K. P. Ivanov, A A. Karpov, A. K Orlov and V. Y. 
Ravkind, Llqmd morion m small-diameter channels, 
Leningrad Un,v Mech_ Bull. 2, 7 (1988). 

88B H. Kaanjah and V. K_ Dhtr, F, xpenmental and 
analytical investigation of dispersed flow heat 
txansfer, Exp. Therm FluidSct. 2(4), 410 (1989) 

89B P M Kolesnikov and A. A Karpov, Unsteady 
two-phase gas-hquid channel flows with phase 
rransmons,FluidMech Sov.Res Mar, 139 (1989) 



Heat transf~ - -  a review of 1989 hterature 2379 

90B N. I Mishustm and L N Shchukin, Numerical 
lnvestigatton of hydrodynarmcs and conjugated heat 
transfer with groups of boches moving through a 
pxpelme in a laminar flow of hquid, Therm Engng 
36(3), 167 (1989). 

91B M MondeandY. Mltsutake, Enhancementofheat 
transfer due to bubbles passing through a narrow 
vertical rectangular channel, lnt J M ulttphase Flow 
15(5), 803 (1989) 

92B N.A. Pryadko, V. P Petrenko, N Yu Tobdevlch 
and Ya. I Zasyadko, Analysis of heat transfer of a 
two-phase flow by means of an improved two- 
velocity model, Heat Transfer - -  Soy Res 21(6), 
768 (1989) 

93B. R_ H Rangel and W A. Strignano, An evaluauon 
of the point-source approximation m spray 
calculatlons,Numer HeatTransfer--Pt.A Apphc 
16(1), 37 (1989) 

94B. K S Rezkallah and G. E. Sims, New data on two- 
phase, two-component heat transfer and 
hydrodynamics in a verucal tube, J Thermophys 
Heat Transfer 3(2), 213 (1989) 

95B. Z. Ruder, An analytical approach to estunate local 
hquld heights in horizontal chabatic slug flow, lnt J 
Heat Fluid Flow 10(4), 366 (1989). 

96B N.V Tarasova, L V BoroninaandA I.Lcont'yev, 
Pnncipal characterisucs ofnonequtlibrium two-phase 
pipe flow of water, FlmdMech. Soy. Res 18(1), 127 
(1989) 

Non-Newtoman flow 
97B. H. Herwlg and J. Korbcr, An asymptotic theory for 

laminar pipe flow of a non-Newtoman fluid, Warme 
Stoffuebertrag 24(2), 87 (1989). 

98B K.R. Kumar, G W Rankin and K Sridhar, Fully 
developed flow of power law fluids m curved ducts 
w~th heat transfer, Numer Heat Transfer - -  Pt. A_ 
Applic. 16(1), 101 (1989). 

99B A. Lawal and A S Mujumdar, Viscous dlssipaUon 
effects on thermal entrance heat transfer to power 
law fluids in arbitrary cross-sectional ducts, Chem 
Engng J. Biochem Engng J. 41(2), 57 (1989). 

100B. D. Prasad, P. Singh and P. Smha, Nonuniform 
temperature m non-Newtoman compressible fluid 
film lubrication of milers, J. Tribol 110(4), 653 
(1988) 

10lB. B. K_ Rao, Turbulent heat transfer and pressure 
drop measurements for viscoelastic flows through 
rectangular passages, Exp Heat Transfer 2(3), 201 
(1989). 

102B S Subbiah, D. L. Trafford and S I. Gufen, Non- 
isothermal flow of polymers into two-dimension',d, 
thin cavity molds: a numerical grid generatmn 
approach, Int. J Heat Mass Transfer 32(3), 415 
(1989). 

103B. J. R. Tsai and M N. Oziszk, Rachanon and 
laminar forced convection of non-Newtoman fluid 
in a circular tube, Int J. Heat Fluzd FIow 10(4), 361 
(1989). 

Miscellaneous 
104B. J W. Baughn, C. A. Dmgus, M. A. Hoffrnan and 

B E_ Launder, Turbulent heat transport in a circular 
duct with a narrow strip heat flux boundary condmon, 
J Heat Transfer 111(4), 864 (1989) 

105B. T V Besedma, B. E Tverkovkan, A V. Udot and 
A P. Yakushev, Heat and mass transfer m turbulent 
flow of the N204 reversible reacuon 2NO 2 reversible 
reaction 2NO plus 02 system in a rod bundle 
contained m a hexagonal jacket, J Engng Phys. 54 (2), 
145 (1988). 

I06B. A Campo and J. C. Morales, Simple procedure 
for turbulent forced pipe convecuon m the thermal 
entrance region, Mech Engng News (Washington 
DC) 26(1), 5 (1989). 

107B. M. K. Chyu, H. K. Moon and D. E. Metzger, Heat 
transfer m the up region of grooved turbine blades, 
J Turbomach 111(2), 131 (1989). 

108B P A. Eibeck, N S Clauss and D. J. Cohen, 
Prediction of temperature chsmbuuons and thermal 
expansions wttlun a fixed chsk-drwe storage system, 
J Electron Packaging 111(3), 220 (1989) 

109B. T Fujino, Y. Yokoyarna and Y. H. Mori, 
Augmentation of laminar forced-convective heat 
transfer by the apphcation of a transverse electric 
fluid, J Heat Transfer 111(2), 345 (1989) 

11013. L. G. Gerun, S I Kovalev and V G Svlrdov, 
Convective heat transfer for a liquid metal in a 
pipe m a longituchnal magnetac field, Magneto- 
hydrodynamics 23(4), 374 (1988). 

111B V. V. Goflel, Influence of a magnetic field on the 
stability of convective motion m a vertical channel, 

Magnetohydrodynam~cs 23(4), 365 (1988) 
I 12B A. Kashani, S. W Van Sclver and J. C. Stnkwerda, 

Numencal solution of forced convection heat transfer 
in He H, Numer Heat Transfer - -  Pt. A" Apphc. 
16(2), 213 (1989). 

113B. S-H. Kam and M. S. EI-Genk, Heat transfer 
experiments for low flow of water m rod bundles, 
Int J Heat Mass Transfer 32(7), 1321 (1989). 

114B. D E. Metzger and K. Rued, The influence of 
turbine clearance gap leakage on passage velocity 
and heat transfer near blade tips. Pan I - -  Smk flow 
effects on blade pressure slde,J Turbomach. l l l(3),  
284 (1989). 

l15B D. E Metzger, R. S. Bunker and M. K. Chyu, 
Cavity heat transfer on a transverse grooved wall in 
a narrow flow channel, J Heat Transfer 111(1), 73 
(1989). 

l16B. R. Moeller, Experimental investtgatmns of 
temperature d l smbut ions  and temperature 
fluctuations in the subchannels of the sodium-cooled 
four-rod bundle TEGENA 2, Exp Therm. FiuutScm 
2(2), 151 (1989). 

I17B. J. Moore, J. G. Moore, G. S. Henry and U. 
Chaudhry, Flow and heat transfer in turbine tap gaps, 
J Turbomach. 111(3), 301 (1989). 

I18B_ H. Mort, Study on heat transfer of forced flow 
superfluld hehum, Nappon KJkai Gakkai R onbunshu, 



2380 E. R G EOCm~T et al 

BHenlTrans JapanSoc Mech EngrsPartB 55(514), 
1673 (1989) 

119B G Pagllartru, Steady larmnar heat transfer m the 
entry region of cLrcular tubes with axial diffusion of 
heat and momentum, lnt J Heat Mass Transfer 
32(6), 1037 (1989) 

120B N E Petrov and V. N. Popov, Heat transfer and 
turbulent flow of cooled hehum wxth supercntical 
state parameters in a tube, High Temp. 27(3), 396 
(1989). 

121B K Rued and D E. Metzger, The influence of 
turbrne clearance gap leakage on passage velocity 
and heat transfer near blade ups: Part 11 - -  Source 
flow effects on blade suction s~des, J Turbomach 
111(3), 293 (1989) 

122B.V A Shaposhnikov, I.I Mtkhadov,L.N.Efirnova 
and D G Romchenko, Nonstationary heat transfer 
m a channel containing saturated He II stepped heat 
loadmg, J Engng Phys 54(3), 236 (1988) 

123B S W. Tsai, H Y. Chert and H. M Yeh, Recycle 
effects m a turbulent duct flow with equal fluxes, 
Warme Stoffuebertrag 24(4), 235 (1989). 

124B P L. Walstrorn, Heat transfer by internal 
convection m turbulent He 11 forced flow,J Low Temp 
Phys 73(5-6), 391 (1988) 

BOUNDARY LAYER A N D  EXTERNAL 
FLOWS 

Unsteady flows, instabdzty and transmon 
1C S Aaba, Heat transfer of a downstream cylinder of 

two cixcular cylinders near a plane wall m a cross 
flow of air (in case of pitch rat.to P/D equals 1.2), 
Nippon Kzkaz Gakkm Ronbunshu, B HerdTrans 
Japan Soc Mech Engrs 54(508), 3486 (1988) 

2C. H. W Cho andJ. M. Hyun, Motion and heat transfer 
m the Blasius flow containing apulsating component, 
Int J. Heat Fluid Flow 10(4), 349 (1989) 

3C. R. I Crane and J. Sabzvan, Heat transfer visuahzation 
and measurement m unstable concave-wall laminar 
boundary layers, J Turbomach 111(1), 51 (1989). 

4C P_ E. Doak, Momentum potential theory of energy 
flux earned by momentum fluctuation, J Sound 
Vibr. 131(1), 67 (1989). 

5C M G Dunn, P J. Seymour, S H. Woodward, W K. 
George and R E Chupp, Phase-resolved heat-flux 
measurements on the blade of a full-scale rotating 
turbrne, J Turbomach. 111(1), 8 (1989). 

6C. R_ L Evans, Computanon of unsteady laminar 
boundary layers subject to traveling-wave fi~cstmam 
fluctuations, A/AA J. 27(11), 1644 (1989). 

7C H Fujlta, H. Sato and H. Kawamura, Heat transfer 
from a cylinder laid m a wake of the other cyhnder 
arranged perpendicularly with each other, Nzppon 
Kikai Gakkm Ronbunshu, B Hen 55 (510), 463 (1989) 

8C A_ N Golovanov, Acoustic effect on the heat- 
transfer and flow parameters of a compound jet m an 
mcident flow, J. Appl_ Mech. Tech P hys 30(1), 147 
(1989) 

9C H. P. Hodson and J S Addison, Wake--boundary 
layer interactions in an axial flow turbine rotor at off- 
designcondinons, J Turbomach 111(2), 181 (1989) 

10C M. Horl, K. Yamaguchi, J Yata and T 
Mmamlyama, Study of turbulent heat transfer 
enhancement by turbulence promotor placed m 
turbulent boundary layer, Ntppon KJkat Gakkal 
Ronbunshu, B Hen 55(519), 3485 (1989) 

11C T. Igarasha and H Yamasaka, Fluid flow and heat 
transfer of a rectangular cylinder m the turbulent 
boundary layer on a plate, Ntppon Ktkaz Gak.kaz 
Ronbunshu, B Hen 55(518), 3157 (1989) 

12C V. M Iv anov and V I_ Mal'kovsk_u, Unsteady heat 
transfer m a gas with longitudinal forced flow over 
a wtre, H~gh Temp 26(6), 887 (1989) 

13C M H Jensen, Boundary layer instability in a 
coupled-map model, Physica D 38( 1-3 ), 203 (1989). 

14C J E LaGraff, D A Ashworth and D L Schultz, 
Measurement and rnodelmg of the gas turbine 
blade transition process as disturbed by wakes, 
J Turbomach. 111(3), 315 (1989) 

15C J. S. Perkins, K D. Stephanoff and B T. Murray, 
Mixing enhancement inflow past rectangular cavities 
as a result of periodically pulsed fluid mouon, IEEE 
Trans Cornpon Hybrids Mf Technol 12(4), 766 
(1989) 

16C P. K. Sen and T K Vastust, On the nonlrnear 
stability of boundary-layer flow over a fiat plate, 
Proc R Soc London Ser. A 424(1866), 81 (1989)_ 

17C K F. Stetson, Unsteady transmon locanon, A/AA 
J 27(8), 1135 (1989) 

18C. H Suzuki, Y. Ktkkawa, H. gagawa and K. Suzuki, 
Heat transfer and skin friction of a flat plate turbulent 
boundary layer dxstu.rbed by a cylinder. (The effect 
of cylrnder charneter and clearance between the 
cylinder and the flat plate), Ntppon KIkal Gakkat 
Ronbunshu, B Hen 55(519), 3333 (1989) 

19C. D_ Tang and M C Shen, Penstallac transport of a 
heat-conductrng flmd subject to Newton's cooling 
law at the boundary, Int. J Engng Sci 27(7), 809 
(1989) 

20C P P Vamekunas, A. J. Bulota and J. J. Zmgzda, 
Nttrnencal modeling of transiuon to turbulence m 
the case of convective heat transfer rn the boundary 
layer on acylrnder, HeatTransfer--Sov Res. 21(3), 
329 (1989) 

21C H. Yamashita and Y Wang, Fluid flow and heat 
transfer m an opposed plane jet in a uniform stream 
(analysts m unsteady motion), JSME lnt J Ser 2 
32(2), 231 (1989). 

22C H Yamashita and Y. Wang, Fluid flow and heat 
transfer m an opposed axisyrnmetrie jet in a uniform 
stream (1 st report Experiment rn unsteady rnotsons), 
Ntppon Ktkaz Gakkai Ronbunshu, B Hen 55(513), 
1426 (1989) 

Effects of  external influences 
23C. R S. Agarwal, R. Bhargava and A. V. S. Balaji, 

Ftmte element solution of flow and heat transfer of 



Heat transfer - -  a revtew of 1989 hterature 2381 

armcropolat fluid over a stretching sheet,lnt J. Engng 
Set. 27(11), 1421 (1989) 

24C. D A. Ashworth, J. E. LaGraff and D L Schdtz, 
Unsteady mteractxon effects on a transitional turbine 
blade boundary layer, J Turbomach 111(2), 162 
(1989). 

25C. D V. Bayandm and G. Z. Famberg, Numerical 
simulation of a turbulent plane-parallel convective 
flow m a horizontallayer,Heat Transfer--Soy Res. 
21(2), 143 (1989). 

26C. M F Blair, R. P. Dring and H. D. Joslyn, The 
effects of turbulence and stator/rotor interactions on 
turbine heat transfer: Part I - -  Design operating 
condinons, J. Turbomach. 111(1), 87 (1989). 

27C M. F. Blair, R. P. Drmg and H D. Joslyn, The 
effects of turbulence and stator/rotor interactions on 
turbine heat transfer: Part I I - -  Effects of Reynolds 
number and incidence, J. Turbomach 111(1), 97 
(1989) 

28C B. S. Dandapat and A S. Gupta, Flow and heat 
transfer in a viscoelastic fluid over a stretching sheet, 
Int. J Non-linear Mech. 24(3), 215 (1989). 

29(2. R. M. Howard, M P. Rabang and D P. Roane, l r ,  
Aerodynamic effects of a turbulent flowfield on a 
vemcally launchedmissde,J. Spacecr Rockets 26(6), 
445 (1989). 

30(2. M. Iguchi, J.-I. Tam, T. Uemura and Z.-I Monta, 
Flow phenomena and heat Wansfer around a sphere 
submerged m water jet and bubbling jet, ISIJ Int. 
29(8), 658 (1989). 

31C. O J. Ilegbusi, Turbulent boundary layer on a 
porous flat plate with severe injecuon at various 
angles to the surface, lnt J. Heat Mass Transfer 
32(4), 761 (1989). 

32C. V Kottke, Effects of turbulence on heat and mass 
transfer in stagnation flows, Chem. Engng Technol 
12(3), 176 (1989) 

33C. V Krishnamoorthy and S P. Sukhalme, The effect 
of free-stream turbulence on gas turbine blade heat 
transfer, J Turbomach 111(4), 497 (1989). 

34C M. K. Laha, P. S Gupta and A. S. Gupta, Heat 
transfer characterlst~cs of the flow of an 
incompressible vtscous fired over a stretching sheet, 
Warme Stoffuebertrag 24(3), 151 (1989). 

35C W. R l.,mdberg, R C. Lee and L. B Smathers, 
Turbulent heat transfer in parallel flow boundary 
layers with streamwlse step changes in surface 
conditions, J Heat Transfer 111(4), 1093 (1989). 

3612. R MacMullm, W. Elrod and R. Riwr, Free-stream 
turbulence from a ctrcular wall jet on a fiat plate heat 
transfer and boundary layer flow, J Turbomach. 
111(1), 78 (1989). 

37C B. Prmz and M Bamberger, Determination of heat 
transfer coefficient of mr trust sprays, Mater Sci. 
Technol. 5(4), 389 (1989) 

38C. S. T Revankar, Heat transfer to a continuous 
moving flat surface with variable wall temperature, 
Int J. Heat Fluid FIow 10(4), 357 (1989) 

39C.M.C Smith, D A.HamesandW.A.Mam, Growth 
of buoyancy-reduced longitudinal vortex parrs in a 
laminarflow,lnt.J Heat Mass Transfer 32( l O), 1879 
(1989j 

40C H. A. Stone, Heat/mass transfer from surface films 
to shear flows at atbttraty Peclet numbers, Phys:cs 
Fluids A 1(7), 1112 (1989). 

41C. K. Takahasha and K Endoh, Effect of vibrataon on 
forced convection mass transfer, J Chem Engng 
Japan 22(2), 120 (1989). 

42C R. P Taylor, H W. Coleman, M H. Hosm and 
P. H. Love, Thermal boundary condition effects on 
heat transfer m the turbulent incompressible flat 
plate boundary layer, Int J. Heat Mass Transfer 
32(6), 1165 (1989). 

43C K ToriiandJ I Yanagihata, Effectsoflongitudinal 
vomees on heat transfer oflammat boundary layers, 
JSME Int J Ser. 2 32(3), 395 (1989). 

44C P P Vattek-unas, A. A. Zhukauskas and I- I. 
Zhy-ugzhda, Convective heat transfer in conditaons 
of a transient boundary layer at a cylinder in a 
transverse flow, J. Engng Phys Nov., 467 (1988). 

45C N.T. Van Dresat and R E. Mayle, A quasi-steady 
approach of wake effects on leading edge transfer 
rates, J. Turbomach. 111(4), 483 (1989) 

46C. R. Vasantha and G. Nath, Serm-similat solutions 
of the unsteady compresstble second-orderboundary 
layer flow at the stagnatmn point, Int J. Heat Mass 
Transfer 32(3), 435 (1989). 

47C. S. M. You, T W. Smaon and J. Kim, Free-stream 
turbulence effects on convex-curved turbulent 
boundary layers, J. Heat Tranffer 111(1), 66 (1989) 

48C. A. Zebib and Y. K. Wo, A two-dimensxonal 
conjugate heat transfer model for forced air cooling 
of an electronic device, J. Electron Packaging 
111(1), 41 (1989). 

Effects of the fluid type or nature 
49(2. J. Chormak and A. K. Gupta, Thermophoresls in 

boundary layer flows,J. AerosolSci. 20(1), 1 (1989) 
50C. E R. G. Eckert and J. N. Shadid, Viscous headng 

of a cylinder with fimte length by a high viscosity 
fluid in steady longitudinal flow - -  1. Newtonian 
fluids, Int. J. Heat Mass Transfer 32(2), 321 (1989). 

51C M. Grabinksi and M. Liu, Structure of boundary 
conditions: the super-normal interface,J Low Temp. 
Phys. 73(1-2), 79 (1988). 

52C. A Hirata, M. Kawakarm and Y. Okano, Effect of 
interracial velocity and interracial tension gradient 
onmomentum, heat and mass transfer, Can J Chem 
Engng 67(5), 777 (1989). 

53C J. W. Hoyt and R H I. Sellin, Cylinder cross-flow 
heat transfer in drag-reducing fluid, Exp Heat 
Transfer 2(2), 113 (1989). 

54C. H. Kunoto and S. Kitano, Cavitation effect on heat 
transfer from a circulat cylinder in a conduit, Nippon 
Kikm Gakkai Ronbunshu, B Hen 55(520), 3733 
(1989). 



2382 E R_G EcrJ~r et a/ 

55C I Pop, P ChengandT.Le,Leadmgedgeeffectson 
free convecuon of a Darclan fluid about a serm- 
minute vcmcal plate with uniform heat flux, lnt J 
Heat Mass Transfer 32(3), 493 (1989) 

56C I. G. Semaldn,Nonlmear conveetionofvmcoclastic 
fluid, Heat Transfer--Soy Res 21(2), 154 (1989)_ 

57C A. L Vampola, R D. Jimenez and J E Cox, Heat 
loads due to space particle envtronment, J Spacecr 
Rockets 26(6), 474 (1989). 

58C R. Vasantha, I. Pop and G. Nath, Numerical 
solution for the heat transfer m non-Newtoman flow 
past awedge with non-isothermal surface, Rozprawy 
lnzymerslde 36(1), 157 (1988). 

Flows w;th reactwns or chemtcal or thermal non- 
eqmhbrzum 
59C. L A. Arkhangel'skaya, Heat and mass wansfer m 

the boundary layer of a spherically blunt comcal 
body, Heat Transfer--Soy. Res. 21(5), 601 (1989) 

60(2. L. A Carlson, Approxunauons for hypervelocity 
nonequihbnum radiating, reacting, and conducting 
stagnation regions, J Thermophys. Heat Transfer 
3(4), 380 (1989). 

61C. J. C. Hermanson and P. E. Dimotakl~, Effects of 
heat release m a turbulent, reacting shear layer, 
J FluidMech. 199, 333 (1989). 

62C V. N Pushkin, G. S Sukhov and L P. Yarm, 
Vapor-phase combustion and heat and mass transfer 
during interaction between a lugh-temperamre gas 
flow and a solid, Combust Explos Shock Waves 
24(4), 447 (1989). 

63C. U Schumann, Large-eddy stmulation of turbulent 
diffusion with chermeal reactions m the conveeuve 
boundary layer, Atmos. Enmron. 23(8), 1713 (I 989). 

Compressibihty effects 
64C. S. Aso, A. Z Tan and M. Hayashi, Aerodynarmc 

heating m shock wave/turbulent boundary layer 
mteracnon regions induced by blunt f'ms, Mere. Fac 
Engng Kyushu Umv. 49(2), 109 (1989). 

65C. S. Aso, A. Z. Tan and M Hayashi, Aerodynanuc 
heating in the interaction regions of shock waves and 
turbulent boundary layers reduced by sharp fins, 
Mere. Fac Engng Kyushu Umv. 49(1), 69 (1989). 

66C. V. V. Bogolepov, V N. Brazhko, L V. Dozorova, 
G I. Maykapar and V. Y. Neyland, Aerodynamic 
heating of wavy surfaces m supersonic turbulent 
boundary-layerflow,FluMMech Soy Res. 17(6), 16 
(1988) 

67C. P. Doerffer, An experimental mvesttganon of the 
Mach number effect upon a normal shock wave - -  
turbulent boundary layer interaction on a curved 
wall, Acta Mech 76(1-2), 35 (1989). 

68C M. Hayaslu, S. Aso and A. Tan, Fluctuation of heat 
transfer m shock wave/turbulent boundary-layer 
mteracuoo, A/AA J. 27(4), 399 (1989). 

69C A B. Johnson, M. J. Rigby, M. L. G. Oldfield, R. 
W_ Amsworth and M. J. Ohver, Surface heat transfer 
fluctuatsons on a turbine rotor blade due to upstream 

shock wave passing, J Turbomach 111(2), 105 
(1989) 

70C U. V Polez_b_aev and Yu. N Shishk.m, Possthdity 
of modeling turbulent heat transfer m hypersonic 
flow over bodies m jets ofltrmted size, Hzgh Temp_ 
27(1), 96 (1989) 

71C R. A. Thompson, E V. Zoby, K E. Wurster and 
P A Gnoffo, Aerothermodynamic study of slender 
corneal ve~cles, J. Thermophys Heat Transfer 3(4), 
361 (1989) 

72C Z Wang and P. L. Pntchett, The stabthty of a 
cornpresslble stratified shear layer, Physics Flmds B 
1(9), 1767 (1989). 

73C E. T Wedlake, A J Brooks and S. P. Harasgama, 
Aerodynarmc and heat transfer measurements on a 
transonic nozzle guide vane, J. Turbomach. 111(1), 
36 (1989). 

74C. A. R. Wletmg and M S. Holden, E.xpenrnental 
shock-wave interference heating on a cylinder at 
Mach 6 and 8, A/AA J. 27(11), 1557 (1989). 

75C J. Yang and J. K. Martin, Approximate solution-- 
one-dimenstonal energy equation for transient, 
compressible,low Mach number turbulent boundary 
layer flows, J Heat Transfer 111(3), 619 (1989). 

76C V. I. Zmehenko and E. N. Putyatina, Study of the 
charactenstics ofcoupledhcat transferncar symmetry 
surfaces of bodies with different shape, J. Engng 
ehys 54(3), 351 (1988) 

77C. V. I. Zinehenko and O P Fedorova, Study of a 
three-dnuensional turbulent boundary layer,J. Appl. 
Mech Tech Phys. 30(3), 451 (1989). 

78C. V. I Zuev and V K. Shikov, Convective heat 
transfer m the boundary layer behind a shock wave 
moving over a flat plate with a sharp leading edge: 
cornputmg method and comparison with 
experimental data, Htgh Temp 26(5), 705 (1989). 

Analysis and modehng 
79C_A Campo and C. Schuler, A different iai-du':ference 

approach for the thermal boundary layer under 
laminar conchuons,lnt J HeatFluidFlow 10(2), 170 
(1989) 

80C. O J negbusl and D. B Spalding, Pmchction of 
fired flow and heat transfer chara~risucs of turbulent 
shear flows with a two-fluid model of turbulence, 
Int J Heat Mass Transfer 32(4), 767 (1989). 

81C. G P Macys and A. A. Slanciauskas, Numerical 
analysis of transport of turbulent moraenmrn and 
heat by macroscale structures in self-sunilar, free- 
shear flow (2. Momentum and heat transfer m far 
wakes of a cylmclcr and in turbulent jets), Heat 
Transfer--Soy Res. 21(4), 435 (1989). 

82C Y. Nagano, M. Tagawa and H. Kumc, Turbulence 
model for triple products of velocity and temperature, 
Nippon Ktkat C_,akkaz Ronbunshu, B Hen 55(518), 
3057 (1989). 

83C. D. Pou|ikakos and J. M. Johnson, Second law 
analysts of combined heat and mass transfer 
phenomena in external flow, Energy 14(2), 67 ( 1989). 



Heat transfeT - -  a tx~,iew of 1989 hteramre 2383 

84C_ S. P. Smgal, Sodar studies of the convectlve 
boundary layer, J. So Ind Res 48(2), 84 (1989) 

Geometric effects 
85C. V. N Abrashm, V N Barykan, O G. Martynenko 

and E_ V. Radkevtch, Modeling the field of a passive 
scalar m a nomsothermal turbulent plane gas jet, 
J Engng Phys 54(3), 257 (1988) 

86C I. A. Belov and V M. Litvmov, Behavior of a 
turbulent boundary layer on a cylinder m longitudinal 
flow m the presence ofa tyansverse baffle, FluutMech 
Soy_ Res 17(6), 5 (1988). 

87C_ Y Chang, A. N. Bens and E. E Mtchaehdes, A 
numerical study of heat and momentum transfer for 
tube bundles m crossflow,lnt J Numer Meth Fluids 
9(11), 1381 (1989). 

88C V P. Chepurenko, A. E. Lagutm, N. I Gogol' and 
A. P Parkhomenko, Heat transfer and aerodynamic 
resistance of bundles of pipes with vanously pmf-fled 
ribs, Chem Petrol. Engng 24(7--8), 336 (1989). 

89(2. W. Chun and R. F Boehm, Calculation of forced 
flow and he at transfer around a cylinder m c ross flow, 
Numer. Heat Transfer - -  Pt. A. Apphc. 15(1), 101 
(1989) 

90C Z. B. EI-Oun and 1. M. Owen, Preswirl blade- 
cooling effectiveness m an adiabatic rotor---stator 
system, J Turbomach 111(4), 522 (1989) 

91C M M Gibson and K Servat-Djoo, Effect of a short 
region of high convex curvature on heat transfer 
through aturbulent boundary layer, lnt J Heat Fluut 
Flow 10(1), 75 (1989) 

92C. R. S. R. Gofla and Y. L Nee, Heat transfer in the 
thermal entrance region of alammar non-Newtoman 
falling liquid f'dm, Int J Heat FluldFlow 10(2), 166 
(1989) 

93C M Hlshida, Heat transfer of ribbed surfaces local 
heat transfer coefficxent w~th different heat fluxes 
for nb and basic surfaces, Nzppon Kikat Gakkal 
Ronbunshu, B Hen 55(518), 3166 (1989). 

94C M Kaviany, Forced convection heat and mass 
transfer from a partially hquld-covered surface, 
Numer Heat Transfer - -  Pt A: Apphc 15(4), 445 
(1989). 

95C. C W. Leung and S. D Probert, Steady-state heat 
transfer from vemcal f-ms protruding upwards from 
horizontal bases,J lnst Energy 62( 451), 94 (1989) 

96C. N_ P Linevlch-Yavorskaya, Chaxactenstics of 
compact deformed ribbed sections, Chem_ Petrol 
Engng 24(5-6), 270 (1989) 

97C. K L. McCarthy and R L. Merson, Flmte element 
method to model steam infusion heat transfer to a 
free falling fdm, J Fd Process Engng 11(1), 43 
(1989). 

98C. M R Pats, S N. Smgh and L Zou, Local heat- 
transfer charactensucs ofglaze-~ce accreuons on an 
NACA 0012 airfoil, J. Awcr. 25(12), 1136 (1988). 

99(2 R S. Rarnachandran, C. Kleinso'euer and T.-Y 
Wang, Forced convecuonheat transfer of interacting 
spheres, Numer Heat Transfer - -  Pt A Apphc 
15(4), 471 (1989). 

100C. N. Riley, Heat transfer in Jeffery-Hamel flow, Q 
J. Mech. Appl Math. 42(2), 203 (1989). 

IO1C 1. T. Rogers and S. S. Gomdi, Experimental 
laminar falling film heat transfer coefficients on a 
large diameter horizontal tube, Can. J Chem Engng 
67(4), 560 (1989). 

102C D.B. Taulbee, L. Tran andM. G. Donn, Stagnation 
point and surface heat transfer for a turbine stage: 
predictaon and comparison with data, J Turbomach. 
111(1), 28 (1989). 

103C. R. P Taylor, B K. Hodge and H W. Coleman, 
Discrete element model for turbulent skin fricuon 
prediction for rib-type surface roughness, Heat 
Technol 7(1), 29 (1989). 

104C R P. Taylor, H. W Coleman and B. K. Hodge, 
Predicuon of heat transfer in turbulent flow over 
rough surfaces, J. Heat Transfer 111(2), 568 (1989). 

105C. G. L. Wedekmd, Convective heat transfer 
measurement revolving flow past stationary ctrcular 
disks, J Heat Transfer 111(4), 1098 (1989) 

106C S.-M. Yih, The effect of cocurrem and 
countercurrent gas shear on entrance region mass 
transfer in turbulent falling liquid films, Warme 
Stoffuebertrag 24(3), 161 (1989). 

Low-denszty effects 
I07C V. G. Chemyak and A. Y. Margilevskiy, The 

kinetic theory of heat and mass transfer from a 
spherical parucle in a rarefied gas, Int J. Heat Mass 
Transfer 32(11), 2127 (1989). 

108C. W. L. Hermma, Monte Carlo simulation of rarefied 
flow along a flat plate,J. Thermophys Heat Transfer 
3(1), 7 (1989). 

109(2. S. K Loyalka, Temperature jump and thermal 
ereepshp fi~dspheregas, PhysicsFluidsA 1(2),403 
(1989). 

110C Y. Sone, T. Ohwada and K. Aoid, Temperature 
jump and Knudsen layer m a rarefied gas over a 
plane wall numerical analysis of the lineanzed 
Boltzmann equatlon for hard-sphere molecules, 
Physzcs Fluuls A I(I), 363 (1989). 

FLOW WITH SEPARATED REGIONS 

ID. E Achenbach, Heat transfer from a staggered tube 
bundle m cross-flow at high Reynolds numbers, 
Ira J Heat Mass Transfer 32(2), 271 (1989). 

2D J. W. Baughn, M. A. Hoffrnan, B. E. Launder, D. 
Lee and C Yap, Heat transfer, temperature, and 
velocity measurements downstream of an abrupt 
expansion m a circular tube at a uniform wall 
temperature, J. Heat Transfer 111(4), 870 (1989). 

3D. K Bremhorst, L. Krebs, U. Miiller and J. B. H 
Lisujono, Application of a gradiem diffusion and 
dissipauon time scale ratio model for predicuon of 
mean and fluctuating temperature fields in liquid 
sodium downstream of a multi-bore jet block, Int. J. 
Heat Mass Transfer 32(11), 2037 (1989). 



2384 E_ R. G ECKm~T et al 

4D Y. Chang, A. N. Bens and E. E Michaehdes, A 
numencal study of heat and momentum transfer for 
flexible tube bundles m cross flow, Int. J Heat Mass 
Transfer 32(11), 2027 (1989) 

5D C J Chen andT,-S. Wung, Finite analytic soluuon 
of convective heat transfer for tube arrays m 
crossflow. Part II - -  Heat transfer analysis, J. Heat 
Transfer 111(3), 641 (1989) 

6D. P Dechaumphm, E. A. Thornton and A. R. Wietmg, 
How-thermal-structural study of aerodynarmcally 
heated leading edges,J. Spacecr Rockets 26(4), 201 
(1989) 

7D N Djdah,I GartshomandM Salcudean, Calculation 
of convectwe heat transfer m rectrculatmg turbulent 
flow using various near-wall turbulence models, 
Numer Heat Transfer ~ It. A: Applic 16(2), 189 
(1989). 

8D S. L GaL N. T Reynolds, C. Ross and J. P Baird, 
Measurements of heat transfer m separated high- 
enthalpy dissocmted laminar hypersonic flow beb_md 
a step, J Fired Mech. 199, 541 (1989) 

9D. G. L. Lehmarm and R. A Wirtz, The effect of 
variations m stxeam-wise spacing and length on 
convection from surface mounted rectangular 
components, J Electron Packaging 111(1), 26 
(1989) 

10D. Y. Moil, H. Koizmm and Y. Nogo, A study of the 
tame and spatial rmcro-stnactme of heat transfer 
performance near the separanon point upstream of a 
forward facing step,HeatTrar~er--Jap Res. 18(3), 
91 (1989) 

l ID A. Ullmann and H. Kalman, Efficmncy and 
optmuzed dimensions of annular fins of different 
cross-section shapes, Im J Heat Mass Transfer 
32(6), 1105 (1989). 

12D_ P B Wesling, Thermal characterization of a 149- 
Lad VI.,SI package with heatsink, IEEE Trans, 
Compon. Hybrids Mf . TechnoL 11(4), 512 (1988). 

13D_ R A. Wirtz and W. McAuliffe, Experimental 
modeling of convection downstream from an 
electromc package row, J Electron. Packaging 
111(3), 207 (1989). 

14D_ G P Yogesh and B. N Raghunandan, Flow 
structure and heat transfer characteristics behind a 
chaphragm m the presence of a chffuston flame, Int 
J Hear Mass Transfer 32(1), 19 (1989) 

HEAT TRANSFER IN POROUS M E D I A  

Packed beds (forced convectmn) 
1DP. Y Derni.rel, Expertmental investigation of heat 

transfer in a packed duct with unequal wall 
temperatures, Exp. Therm. FlmdSo. 2(4), 425 (1989). 

2DP. V. A Dryahm and D. M. Galershtein, Heat transfer 
between a staUonary granular packing and a 
descending flow of dusty gas,J Engng Phys. 54(4), 
429 (1988). 

3DP. S. Gutsche, G. Wdd, N. Midoux and H. Martin, 
Hydrodynarmcs and heat transfer m fixed bed reactors 

wah upward binary flow, Chemze-lngr-Tech 61(9), 
733 (1989)_ 

4DP E Harada, M Kunyama and H. Konno, Heat 
transfer between the wall and a solid-hqmd 
suspension flowing through a horizontal, rectangular 
duct, Int. Chem Engng 29(4), 671 (1989) 

5DP I I. Kantorov]ch and V. M Sevruk, Heat transfer 
m ftxed catalytic-bed chermcal reactors operating 
under unsteady-state conchtions, Heat Transfer - -  
Soy_ Res 21(3), 425 (1989). 

6DP. S. B. Koshelev, A A. Plakseev and V. V_ 
Khantonov, Unsteady heat transfer m beds of spheres 
wtth forced convection, Therm_ Engng 36(4), 222 
(1989) 

7DP. B. Pathangey and S. Kovenldioglu, Expertmental 
study of particle to gas heat transfer in f'txed-bed 
reactors, A_I.Ch E J135(1), 104 (1989) 

8DP. A Stankaewlcz, Advances in modelling and design 
of multlmbular f-txed-bed reactors, Chem. Engng 
Technol 12(2), 113 (1989), 

9DP W A. Summers, Y T. Shah and G. E Klmzmg, 
Heat-transfer parameters for an annular packed bed, 
Ind_ Engng Chem Res. 28(5), 611 (1989). 

10DP R J. Wijngaarden and K. R. Westerterp, Do the 
effective heat conductivity and the heat transfer 
coefficient at the wall inside a packed bed depend on 
a chenucal reaction ? Weaknesses and apphcahihty 
of current models, Chem_ Engng Sci. 44(8), 1653 
(1989) 

11DP. D Zlolkowskt andB. Legawlec,Two-phase two- 
dmaensmnal mathematical model of heat transfer 
m a tubular flow reactor with a packed bed, lnz. 
Chem. Proces. 9(2), 293 (1988). 

12DP D Ziolkowski and B Legawlec, Investigation of 
paramemc sensitiwty of two-phase, two-dimensmnal 
mathematical model of heat transfer in tubular 
packed bed apparatus, Inz Chem. Proces 9(3), 513 
(1988) 

Packed beds (natural and mixed convection) 
13DP A. R. Besunan, Free convecuon heat and mass 

transfer to steady flow m a senu-infmite verucal 
poronsmedmm,lnt_J EnergyRes 13(3),311 (1989). 

14DP. S. CheUatah and R. Viskanta, Freezing of water- 
saturated porous media m the presence of natural 
convecnon experunents and analysts, J. Heat 
Transfer 111(2), 425 (1989). 

15DP. G C. Dash and S. B~swal, Mass transfer effects 
of free convection flow of a vmco-elastm fired inslde 
a porous ver,.ical channel wtth heat sources, Modeil 
Simul Control B 21(4), 25 (1989). 

16DP C L. G Dona and W. E. Stewart, Jr., Vartable 
property effects on convecuon in a heat generating 
porous medmm, J. Heat Transfer 111(4), 1100 
(1989) 

17DP A. V. Eletsk.u and E. V. Stepanov, Convective 
transport in heterogeneous thermal catalys~s, Kinet 
Catal 29(3), 621 (1988) 

18DP H. Inaba, K. Sadamori, T. Fukuda and M. 
Sagaware, M_axed, forced and natural convection 



Heat ram.fief - -  a revaew of 1989 bterantre 2385 

heat transfer in a rectangular cavtty packed with 
spherical particles (lst report. Theoretical research 
on small modified Rayleigh numbers), Nippon Kikal 
Gak.kat Ronbunshu, B Hen 55(510), 457 (1989) 

19DP J. P. Mahato and M K. Maiti, Unsteady fzee 
convective flow and mass transfer in a rotating 
porous mechum, Indian J. Technol. 26(6), 255 (1988). 

20DP V. Prasad and A. Chui, Natural convection m a 
cylindrical porous enclosure with mtemal heat 
generation, J Heat Transfer 111(4), 916 (1989) 

21DP D. N. Riahi, Non-linear convection m a porous 
layer with permeable boundaries, Ira J. Non-linear 
Mech 24(5), 459 (1989). 

22DP P Singh, J. K. Masra and K A Narayan, Free 
convection along a vertical wall m a porous medium 
wxth periodic permeability variation, Ira J Nume~ 
Analyt Meth. Geomech. 13(4), 443 (1989). 

Onset of natural convection and stabJlity 
23DP J Gounot et J. P_ Caltagtrone, Stabiht~ et 

convection naturelle au sere d'une coucbe poreuse 
non hornog~hae,Ira J Heat Mass Transfer 32(6), 1131 
(1989). 

24DP J.-Y. Jang and W.-J. Chang, Maximum density 
effects on vortex instabtl~y of horizontal and inchned 
buoyancy-mduced fows m porous media, J. Heat 
Transfer 111(2), 572 (1989). 

25DP. B. W. Jones and M Golshekan, Destrafificauon 
and other properties of a packed bed heat store, 
lnt J_ Heat Mass Transfer 32(2), 351 (1989). 

26DP. S. Kimura, G. Schubert and J. M. Strans, Time- 
dependent convection m a fluid-saturated porous 
cube heated from below, J Fluid Mech 207, 153 
(1989) 

27DP. B. T. Murray and C. F. then, Double-diffusive 
convectton in aporous medium, J FiutdMech. 201, 
147 (1989) 

28DP. A C. Or, The effect of temperature-dependent 
vtscosity and the instabilities in convection rolls of 
a layer of fluid-saturated porous medmm, J. F/uu/ 
Mech. 206,497 (1989). 

29DP. Y.-F Rao, K Fuk-uda and S Hasegawa, Stability 
analysis of two-dmaensional natural convectton in 
horizontal fluid satttrated porous annuli,N~ppon Klkai 
Gakka~ Ronbunshu, B HenlTrans Japan Soc_ Mech 
Engrs 54(508), 3501 (1988) 

30DP. M. E. Taslim and U. Narusawa, Thermal stability 
of hortzuntally superposed porous and fluid layers, 
J. Heat Transfer 111(2), 357 (1989). 

Non-Darcy effects 
31DP S. Bhargava and N C. Sacheti, Heat transfer on 

generahsed Couette flow of two Immiscible 
Newtonian flmds through a porous channel: use of 
Brinkrnan model, Indtan J_ Technol. 27(4), 211 
(1989). 

32DP. W.-J. Chang and J.-Y. Jang, Nun-Darcian effects 
on vortex mstabdity ofahorizontal natural convection 
flow in aporous medium, lnt J.Heat Mass Transfer 
32(3). 529 (1989)_ 

33DP. W.-J Chang and J.-Y. Jang, Inertia effects on 
vortex instability of a horizontal natural convection 
flow m a saturated porous rnedaum, Ira J. HeatMass 
Transfer 32(3), 541 (1989). 

34DP S. J. Kin', and K. Vafat, Analysts of natural 
convection about a vemcal plate embedded in a 
porous medium,Ira. 3". Heat Mass Transfer 32(4), 665 
(1989) 

35DP. N. Kladlas and V. Prasad, Natural convection m 
horizontal porous layers: effects of Darcy and Prandtl 
numbers, J_ Heat Transfer 111(4), 926 (1989) 

36DP_ M. Kuman, H. S Taldaar and G. Nath, Double 
diffusive non-Darcy free convectaon from two- 
dimensional and axtsymmetnc boches of arbitrary 
shape in a saturated porous medium, Indian J_ 
Technol. 26(7), 324 (1988). 

37DP. G. Launat and V. Prasad, Non-Darcian effects on 
natural convection m a vertxcal porous enclosure, 
Int. J. Heat Mass Transfer 32(1 l), 2135 (1989) 

38DP A. Nakayama, H Koyama and F. Kuwahara, 
Stmilartty solution for non-Darcy free convection 
from a nonisothermal curved surface m a fired- 
saturated porous medium, J Heat Transfer 111(3), 
807 (1989). 

39DP. K. J. Renken and D. Poulikakns, Experiments on 
forced convection from a horizontal heated plate in 
a packed bed of glass spheres, J Heat Transfer 
111(1), 59 (1989). 

40DP. K. Vafal and S. J. Kim, Forced convection in a 
channel filled with a porous medmm: an exact 
solution, J Heat Transfer 111 (4), 1103 (1989) 

41DP. C.-Y Wang and C.-1. Tu, Boundary-layer flow 
and heat transfer of non-Newtonian fluids in porous 
media, Ira J Heat Fluid Flow 10(2), 160 (1989) 

Fluidzzed beds 
42DP B.-A. Anderson, F. Johnsson and B. Leckner, 

Use of a conductivay heat-flow meter m fluidised- 
bed boders, Trans. Inst Meas. 11(2), 108 (1989). 

43DP. N. V. Antortishin and V. V. Lushchtkov, Heat 
transfer in granular beds, Heat Transfer--Soy Res 
21(3), 381 (1989). 

44DP. T. Bardakci and B. Molayem, Experimental 
studies of beat transfer to horizontal tubes in aptlot- 
scale fluidized-bed combustor, Can. J Chem Engng 
67(2), 348 (1989). 

45DP. S. Biyikli, K. Tuzla and J. C Chen, A 
phenomenolog~cal model for heat transfer in 
freeboard of fluidtzed beds, Can. J Chem Engng 
67(2), 230 (1989). 

46DP. R. C. Brown and S. S. Jasper, Immersion cooling 
ofelectromcs in fluidtzed beds of dielectric particles, 
Heat Transfer Engng 10(3), 36 (1989). 

47DP. H. Cavalmr, M. Thioye and R. Darrigo, Bubbling 
characterization in gas--solid fluidized beds using 
optical fiber probes and transitional analysis, Rev 
3cient. lnstrum. 60(7), 1312 (1989). 

48DP. P. R. Chandrasekhar and P K. Chattopadhyay, 
Heat transfer during fluidized bed puffing of rice 
grams, J_ Fd Process Engng 11(2), 147 (1989) 



2386 E R G Ectmtr et al 

49DP. T.-Y_ Chung and J. R Welty, Tube array heat 
transfer in flutdized beds a study of particle sine 
effects, A_LCh.E J135(7), 1170 (1989). 

50DP_ H Goermar and U_ Renz, Investlgauuns on the 
heat transfer m a flmdized-bed steam generator, 
Brennst. Waerme Kraft 41(5), 222 (1989) 

51DP N. S_ Grewal and A Gupta, Total and gas 
convective heat transfer from a vemcal tube to a 
nuxed particle gas-sohd fluidized bed, Pwr Technol. 
57(1), 27 (1989). 

52DP. A A. ll'chenko and A F Red'ko, Heat uansfer 
from a fumed horizontal cylinder to a flmdized bed 
of large partmles, Heat Transfer-- Soy. Res. 21(4), 
479 (1989) 

53DP. H. M. Keener, I)¢stgn of a 0 3 MW amaosphenc 
fluidtzed bed combustor with a concentric air heat 
exchanger, Trans ASAE 32(2), 403 (1989) 

54DP J Lu and R. Qlan, A modelling study to the heat 
transfer between unmersed surfaces and large- 
particle fluidized beds, lnr J. Heat Mass Transfer 
32(12), 2375 (1989)_ 

55DP. N. Merry and B. Rubmsky, Energy storage m a 
fluidized bed, J_ Heat Transfer 111(3), 726 (1989)_ 

56DP M. Miyamoto, Y Katoh, T. Chimura and Y. Idei, 
Heat transfer to horizontal tube bundles in freeboard 
region of fluidized bed, Nippon Klka~ Gakkaz 
Ronbunshu, B Hen 55(518), 3151 (1989). 

57DP V R Raghavan, Parametric studies of wall heat 
transfer in a flmd~zed bed circulating through a 
packed bed, Warme Stoffueberrrag 24(3), 139 (1989). 

58DP. S. C. Saxena and R. Vadivel, Heat transfer and 
hydrodynan'uc studies in gas-flmdlzed beds, Energy 
14(6), 353 (1989) 

59DP. S C. Saxena, R. Vadivel and A. C. Saxena, 
Hydrodynamic and heat transfer characteristms of 
bubble columns revolving t'me powders, Powder 
Technol. 59(1), 25 (1989) 

60DP J. Schweinzer and O Molerus, Heat transfer of 
submerged surfaces m coarse-grained pressurized 
flmdized beds and lrmed beds, Chem Engng Technol 
12(1), 38 (1989) 

61DP C. Strumftlo, S. Grabowska, W. Kammska andI 
Zbicmska, Stmulatson of fluidized bed drying of 
biosynthesis products, Chem. Engng Process 26(2), 
139 (1989) 

62DP. I -S Sub and W.-D Deckwer, Umted correlanon 
of heat transfer coefficients in three-phase fluidized 
beds, Chem. Engng Scl 44(6), 1455 (1989) 

63DP L. Wang, X. Z. Nl and X Feng, Heating capability 
of gas flmdized bed furnace, Kang T'ieh 24(7), 60 
(1989) 

64DP_ Z M. Wang, N Y. 7_2~ang, W then and G T. 
Chen, Study on the transport behavior of the particles 
of type A plus B, Huagong XuebaolJ Chem. Ind. 
Engng China 40(2), 229 (1989). 

65DP. R.L Wu, J.R. Grace, C J Lmaande.  M H 
Bren:ton, Suspension-to-surface heat transfer m a 
cttculalang-flutdized-bed combustor, A I Ch E Jl 
35(10), 1685 (1989). 

66DP R. L Wu, C J Lun and J R Grace, The 
measurement of instantaneous local heat transfer 
coefficients m a ctrculatmg flmdized bed, Can J 
Chem Engng 67(2), 301 (1989) 

Combined heat and mass transfer tn porous media 
67DP S Azizl, J-C Batsale, C. Moyne and A 

DegJovanm, Measurement of the thermal 
conductivity of nonsaturated porous media_ 
theorencal analysis and expermaents, High Temp - 
High Pressures 21(4), 383 (1989). 

68DP J Ewen and H R Thomas, Heating unsaturated 
medium sand, Geotechmque 39(3), 455 (1989) 

69DP. M. lltc and I. W Turner, Convective drying of a 
consohdated slab ofwetporous matenal, lnt J Heat 
Mass Transfer 32(12), 2351 (1989). 

70DP J D Lmdsa3, and C. H Sprague, MIPPS. a 
numencal moving-boundary model for tmpulse 
drying, J Pulp Pap Set 15(4), 135 (1989). 

71DP_ P Majumdar and W_ M. Worek, Combined heat 
and mass transfer in a porous adsorbent, Energy 
14(3), 161 (1989) 

72DP. S Panday and M. Y Corapcioglu, FORTRAN 
rmcrocomputer program for heat and mass transfer 
in frozen softs, Comput Geoscl. 15(5), 709 (1989). 

73DP. B. Perrm and D Darolles, Relatlonslup between 
heat and mass transfer ceefficmnt at the surface of 
porous materials used in civil engineering, Revue Gen. 
Thermique 27(323), 585 (1988). 

74DP J Pikon and P. Synowmc, Study of the water 
coohng process m a cellular packing, lnz Chem 
Proces. 10(1), 75 (1989) 

75DP J. L. Plkul, Jr., L Boersma and R. W. Rlckman, 
Temperature and water profiles dunng diurnal soft 
freezing and thawing field measurements and 
stmulatmn, Sod Scl Soc. Am. J. 53(1), 3 (1989). 

76DP L. Riekert, Transport of mass and heat m porous 
adsorbents, Chem Engng Process 26(1), 59 (1989) 

77DP C Sawidou and J R. Booker, Consohdatson 
around a heat source buned deep m a porous 
thermoelastlc medium with amsotropic flow 
properties, lnt J. Numer Analyt Meth Geomech 
13(1), 75 (1989) 

78DP M S Seltm and E D Sloan, Heat and mass 
transfer during the dissociation of hydrates in porous 
media, A.I.Ch E J135(6), 1049 (1989). 

79DP. D -W Sun and S.-J. Deng, Study of the heat and 
mass transfer characteristics of metal hydride beds. 
A two-dlrnensional model, J Less Common Met. 
155(2), 271 (1989)_ 

80DP_ K Vafai and H C Tlen, A numencal investigaaun 
of phase change effects m porous materials, lnt J. 
Heat Mass Transfer 32(7), 1261 (1989). 

81DP D. Vaitekunas, G. S. V. Raghavan and F. R. Van 
de Voort, Drying charaeterisucs of soft in a 
rmcrowave envtronment, Can Agric Engng 31(2), 
117 (1989). 

82DP. N E. Wijeysundera, M N. A. Hawlader and Y. 
T Tan, Water vapour diffusion and condensation in 



Heat u~a~er - -  a revtew of 1989 hteramre 2387 

fibrous msulauous, Int_ J. Heat Mass Transfer 32(10), 
1865 (1989) 

Other porous med~a studies 
83DP V A_ Borodulya, Yu. S Tephtsky, Yu. G 

Yepanov and I. I MarkevIch, Heat transfer between 
a surface and an infiltrated bed of solid particles, Int. 
J Heat Mass Transfer 32(9), 1595 (1989) 

84DP Yu A Buevich, Toward a theory oftranaport m 
heterogeneous media, J Engng Phys No~., 518 
(1988) 

85DP K. G. Degen, E. Hummer, R. Caps andJ. Fricke, 
Heat transfer m load-bearing diatormte powder 
insulations, High Temp -Hzgh Pressures 20(5), 593 
(1988) 

86DP. S S Dosanjh, Melting and mfreezmg of porous 
media, lnt J_ Heat FIuM Flow 10(4), 301 (1989) 

87DP T. H. K. Frederkmg, F. A A.f'tfi and D. Y. Ono, 
Critical transport parameters for porous media 
subjected to counterflow, Cry ogemcs 29(5), 498 
(1989). 

88DP A. Haba, J Nastal, W Jaclumczak and Z. 
Kruszynskl, The investigaUons of the effective 
thermalconductavity of porous rnedia by the u'ansient 
heat transfer method, Inz. Chem_ Proces 9(3), 547 
(1988) 

89DP. I Kececloglu and B. Rubinsky, Mixed-variable 
continuously deforming fimte element method for 
parabohc evoluuon problems Part H. The coupled 
problem of phase-change m porous media, Int_ J 
Numer Meth. Engng 28(11), 2609 (1989). 

90DP. I. Kececioglu and B. Rubmsky, A continuum 
model for the propagation of discrete phase-change 
fronts m porous media in the presence of coupled 
heat flow, fluid flow and species transport processes, 
lnt J Heat Mass Transfer 32(6), 1111 (1989). 

91DP S T Kolaczkowska, P. Cmmpton, R. P. J. Lee 
andA Spence, Channel interaction m a non-adiabatic 
monohthlc reactor, Chem Engng J. Biochem 
Engng J 42(3), 167 (1989). 

92DP K Kudo, H. Taniguctu, Y.-M Kam and K 
Miyoshi, Effects of randomness of arrangement on 
radiative energy transrmssion through packed bed 
(two-dlmenslonal arrangement), Ntppon Ktkai 
Gakkal Ronbunshu, B Hen 55(510), 494 (1989) 

93DP M. Kuman and G. Nath, Unsteady mLxed 
convection w~th double diffusion over a horizontal 
cylinder and a sphere within a porous medium, 
Warme Stoffuebertrag 24(2), 103 (1989). 

94DP. M. Kurnan and G Nath, Double dLffUsive unsteady 
free convection on two-dimensional and 
axisymmetnc bodies m a porous medium, lnt J 
Energy Res. 13(4), 379 (1989). 

95DP. M Kuman and G. Nath, Doubly diffusive 
unsteady rmxed convectmn flow over a vemcalplate 
embedded m a porous medmm, Int J Energy Res. 
13(4), 419 (1989). 

96DP. J -P  Laurent, Evaluation des parametres 
therrmques d'un milieu poreux: olmmisation d'outils 

de mesure ' m sau', Int. J. Heat Mass Transfer 32(7), 
1247 (1989) .  

97DP. F. PoweR, M. Kratti and A. Tuluca, Axr movement 
influence on the effecuve thermal resistanoe of porous 
insulations: ahterature survey,./. Thermallnsut.. 12, 
239 (1989). 

98DP. D. R. Shonnard and S. Whttaker, The effecuve 
thermal conductivmty for a point-contact porous 
medium, an experimental study, Int. J Heat Mass 
Transfer 32(3), 503 (1989). 

99DP A Yu. Zubarev and Ye. S Kats, The effective 
thermal conducuvity of granular packangs, Heat 
Transfer--Soy. Res. 21(3), 373 (1989) 

EXPERIMENTAL TECHNIQUES AND 
INSTRUMENTATION 

Heat transfer measurements 
IE. D. N. Assanis and E. Badillo, On beat Uansfer 

measurements in &esel engines using faat-~aponse 
coaxial thermocouples, J Engng Gas Turb. Pwr 
Trans. ASME 111(3), 458 (1989) 

2E. S. R. Atalla and H. F. Hassan, Modified approach to 
the conduction-radiation heat transport mechamsm 
in the ACbeated snip techmque for the measurement 
of thermal properties of hquids, High Temp -High 
Pressures 21(4), 423 (1989) 

3E J W. Bauglm, P. T Ireland, T. V. Jones and N. 
Saniel, A comparison of the uamient and beated- 
coating methods for the measurement of local beat 
transfer coefficients on a pm fin, J. Heat Trarkrfer 
111(4), 877 (1989)  

4E G. B.  B e r e m b l y u m ,  N.  P. K u z n e t s o v a ,  S A 

Krivoshein, R. I. Men'shikov and S. A. Sazhina, 
Meastuement of heat flows m industrial furnaces, 
Metallurgtst 32(1-2), 47 (1988) 

5E. V. V. Berezm, A. A. Kostyurm and Y A. Popov, 
I)etemaining the heat conduction ofanisotropic medm 
on the basts of the scanning method Theoretical 
basts of the method, J Engng Phys. 54(2), 197 (1988 ). 

6E. A M. Bespalov, A I. Mairov and L A. Redometkm, 
Use of the unproved thin-wail method m investigating 
heat transfer m a hypersonic wind tunnel, J Engng 
Phys. 54(1), 4 (1988). 

7E. D. S Campbell, M. Gundappa and T. E. Diner, 
Design and calibration of a local heat-flux 
measurement system for unsteady flows, J. Heat 
Transfer 111(2), 552 (1989). 

8E S. C Edwards, H. bm Ram and J. K. Wigmore, The 
use of superconducting bolometers for detecting 
nanosecond beat pulses,J. Phys E22(8), 582 (1989) 

9E. B. Farrar and H. H. Braun, Interaction effects 
between a cylindrical hot-film anemometer probe 
and bubbles m air/water and off/water flows, J. Phys 
E 22(2), 114 (1989) 

10E. 1. A. Gatowski, M. K. Smith and A. C. Alkidas, An 
experimental investigation of surface thermometry 



2388 E_ R G. Ecgnr et al 

and heat flux,Exp. Therm FluutSa. 2(3), 280 (1989). 
11E. O A. Gerashchenko and V. L Kremenchugsk-y, A 

thermopyroelectric mira-red detector, lnt J Heat 
Mass Transfer 32(3), 521 (1989). 

12E. P. Gopal, J. A_ ZoLIweg and W. B Streett, Computer- 
interfaced low-temperature, high-pressure flow 
calorimeter, Rev Scient_lnstrum. 60(8), 2720 (1989 ). 

13E H B. Granberg and A. Nadeau, An mexpensive net 
radiometer for multipoint spatial surveys,Rev Sczent 
Instrum 60(12), 3796 (1989) 

14E A. Hath and A Deglovanm, Transtent measurement 
of the heat transfer coefficient along a fin in an 
enclosed space, lnt Chem. Engng 29(1), 72 (1989) 

15E D C_ Hurley, G_ A. Hardy, P. Hawker and A J 
Kent, A spatially resolving detector for heat-pulse 
experiments, J Phys. E 22(10), 824 (1989). 

16E M. Kano, Adiabatic calorimeter for the purpose of 
calorimetry m the solid, liquid and supercooled 
phases of metals, J Phys E 22(11), 907 (1989). 

17E T Kumada, Proposed method for measunng local 
heat txansfer coefficients of tsothermal surfaces, 
J Heat Transfer 111(4), 858 (1989). 

18E L. A Nazarenko and V. I. Polevoi, Calculation of 
the temperature field and error of an absolute cavity 
rachometer wtth consideration of the local character 
of heat transfer, High Temp. 26(5), 767 (1989). 

19E M. Newborough, W. J Batty and S. D Probert, 
Automatically-controlled analyser for inter- 
ferograms, Trans lnst Meas Control 10(5), 234 
(1988) 

20E K. Renganathan and R. Turton, Data reducuon 
flom thm-fdrnheat gauges m fluidized beds, Powder 
Technol. 59(4), 249 (1989) 

21E A Sbaibl, P Paranthoen and J C. Lecordier, 
Frequency response of free wires under simultaneous 
radiative-convective heat transfer, J Phys_ E 22(I), 
14 (1989). 

22E E. C Shewen, K. G. T. Hollands and G D Ratthby, 
The measurement of surface heat flux using the 
Peltler effect, J. Heat Transfer 111(3), 798 (1989) 

23E R Turton, T. J. Fxtzgerald and O. Levensp~el, An 
experimental method to determine the heat transfer 
coefficient between fine fluidazed particles and air 
wachanges mmagneucpropemes,lnt J. HeatMass 
Transfer 32(2), 289 (1989) 

24E V VandenBerghe and T_ E. DiUer, Analysis and 
design of experimental systems for heat transfer 
measurement from constant-temperature surfaces, 
Exp Therm Fl,'ul Scl 2(2), 236 (1989). 

25E G Weber, Argument for calorimetric flow sensors, 
Sensors 6(4), (1989) 

26E. M Wolf and D Cahen, Heat flow measurements 
for solar cell analysis,Sol Cells 27(1--4), 247 (1989) 

Temperature measurements 
27E N Akmo, T. Kunugi, K Ichimaya, K. Mitrsusluro 

and M Ueda, Improved liquid-crystal thermometry 
excluding human color sensation, J_ Heat Transfer 
111(2), 558 (1989) 

28E. G. N. Blmkov, N. A. Fomin, M. N Rohn, R I 
Soloukhin, D E Vl[kln and N L Yadrevskaya, 
Speckle tomography of a gas flame, Exp_ Fluzds 
8(1/2), 72 (1989). 

29E M.B BosloughandT.J Ahrens,Asensitlvettme- 
resolved radiation pyrometer for shock-temperature 
measurements about 1500 K, Rev_ Sczent lnstrum. 
60(12), 3711 (1989) 

30E. A. Boukhalfa, S Saxh and I. Gokalp, The use of 
Rayleigh scattering to measure instantaneous 
temperatures in turbulent flames, [nt Chem Engng 
29(4), 654 (1989). 

31E. R K Chohan and M. Hashemian, Response tune 
of platinum resmtance thermometers m flowing gases, 
Fwe Mater. 14(1), 31 (1989). 

32E. M -C. Chyu and A. E. Bergles, Locating method 
for temperature-sensing elements inserted m solid 
bodies, Exp. Therm Fired Sci. 2(2), 247 (1989). 

33E. F. J. J Clarke and J K. Leonard, Radiometnc 
image restoratxon and calibration for thermal and 
other video images, d Phys E 22(10), 841 (1989)_ 

34E. P B. Coates, The least-squares approach to multt- 
wavelength pyrometry, High Temp -High Pressures 
20(4), 433 (1988). 

35E. P. B. Coates, Wavelength specification m multl- 
wavelengthpyrometry, High Temp -HIghPressures 
20(4), 443 (1988). 

36E. A. D. Emner and T. B. Martonen, Design and 
development of a micro-thermocouple sensor for 
determining temperature and relative humidity 
patterns wRb_m an an'stream, J. BIomech. Engng 
111(4), 283 (1989) 

37E M. Fm andM. N Bathich, Inexpensive conductance 
measurement device for low-temperature 
thermometry, J. Phys. E 22(9), 700 (1989). 

38E D J Gdfesple and A. C. Ehrlich, Fttting and 
interpolating calibration data for carbon-glass 
thermometers, Cryogemcs 29(11), 1092 (1989). 

39E. L P Goss, A A. Srmth and M. E Post, Surface 
thermometry by laser-mducod fluorescence, Rev 
Sclent. lnstrum. 60(12), 3702 (1989). 

40E. L P. Goss, D. D. Trump, W. F. Lynn, T. H. Chen, 
W J SchmoU and W. M. Roquemore, Second- 
generation combined CARS-LDV instrument for 
stmultaneous temperature and velocity measurements 
mcombustmgflows,Rev.Sclent Instrum 60(4),638 
(1989) 

41E J W. Hahn and C. Rhee, Calculation of the 
temperature error caused by effective wavelengths 
m the two-colour pyrometer, H:gh Temp.--High 
Pressures 20(5), 491 (1988). 

42E J-B. Huang and Q.-Y. Tong, Integrated multi- 
functmn sensor for flow velocity, temperature and 
vacuum measurements, Sens Actuators 19(1), 3 
(1989) 

43E E. Kaaser, Dynarmc measuring error correctwn of 
encapsulated auxdlary wall heat flux sensors made 
of fdm resistance thermometers, Tech Mess. TM 
55(11), 433 (1988). 



H~t u'ansfez - -  a review of 1989 hterature 2389 

44E. T.K.tmura, S.Takahashi,N. Kobayashi, O. Aknnoto 
and K.-I. Noda, Heat propagation in differential 
thermal analysis system using fther-optics 
technology, IEEE Trans. Instrum Ideas. 38(2), 599 
(1989). 

45E. Y. F.K.tselev, A N.Chermkov,N L Gorodishenin, 
V A. Evdokimov and S. S. Katushonok, 
Autocompensatmg device for ulea-low temperature 
measurements, Cryogenics 29(1), 55 (1989) 

46E. K P Kuz'menko, V A Merkulov, V M. Ntkolaev 
and A. S. Bobkov, Determmmg thermoelecmc- 
thermometer error in gas temperature measurement, 
Meas Tech Jul., 155 (1988) 

47E P. C. Lanchester, Digital thermometer ctrcmt for 
silicon diode sensors, Cryogenics 29(12), 1156 
(1989) 

48E. J. H. Lienhard V and K. N. He[land, An experimental 
analys~s of fluctuating temperature measurements 
using hot-wires at different overheats, Exp. Fluids 
7(4), 265 (1989). 

49E T C Liu, W Merzkm:h and K. Oherste-Lehn, 
Optical tomography applied to speckle photograpbac 
measurement of asymmemc flows with variable 
density, Exp. Fluids 7(3), 157 (1989). 

50E. W N Lutz, G. T. Gillies and S W. Allison, 
Computer-reded data-acquisluon system for thermal 
gradient mapping and calibrations of high- 
temperature cavities,Rev. Sclent lnstrura. 60(4), 673 
(1989) 

51E H. Magdeburg, Errors of measurement of the 
temperature probes of heat meters under quasi- 
pracncal conditions, Tech. Mess TM 55(11), 444 
(1988). 

52E. G. D. Pazionis, H. Tang and I P. Herman, Raman 
rmcroprobe analysis of temperature profiles m CW 
laserheatedsiliconrmcroslzucmres,IEEEJ Quantum 
Electron. 5M, 976 (1989) 

53E P. J. Phillips, T E Whall and E. H. C. Parker, The 
use of diode thermometers for thermoelectric power 
measurements, J Phys. E 22(12), 986 (1989). 

54E O R Popovaand D Ya Svet, Effect ofpolartzmg 
elements of opucal pyrometers on the accuracy of 
temperature measurements, Htgh Temp. 27(1), 119 
(1989). 

55E. M Salto, M Sadakata, M Sato and T Sakai, 
Measurement of the temperature of burning, 
pulverized coal, usm 8 a high-speed, two-color 
pyrometer, Int Chem Engng 29(3), 494 (1989). 

56E. W. Schoepe, K Uhoig and K. Neummer, Carbon 
and germanium resistors m the variable-range 
hopping regime for thermometry below 1 K, 
Cryogemcs 29(4), 467 (1989). 

57E. J. E. Snyder and M. H. Kryder, A substrate temp- 
erature measurement system for use during rf diode 
sputtering, Rev Scient. lnstrum. 60(4), 749 (1989). 

58E. P P.M. Steur and F. Pavese, He-3 constant volume 
gas thermometer as interpolating instrument: 
calculatmns of the accuracy lmut versus temperature 
range and design parameters, Cryogemcs 29(2), 135 
(1989) 

59E.A. Szmyrka-Gmebyk, Reproduclbility of industrial- 
grade plaUnum resistance thermometers type OPT 
11, Cryogemcs 29(7), 761 (1989). 

60E.B.W v an Oudheusden, The hehaviour of athermal- 
gradient sensor in laminar and turbulent shear flow, 
J Phys E 22(7), 490 (1989) 

61E S P Venkateshan, P. Shakkottai, E. Y. Kwack and 
L. H. Back, Acoustic temperature profile 
measurement technique for large combusuon 
chambers, J Heat Transfer 111(2), 461 (1989) 

62E. V. I. Vladmurov, Yu A. Gorshkov and I Yu. 
Smetkin, Wall and combusuon-product temperature 
measurement m lugh-temperature coal combustion, 
High Temp 27(3), 463 (1989). 

63E M. Weber,Temperature measurement. Calculation 
of the error due to the sensor posmon. Application to 
the double pipe condensor, Revue Gen. Thermique 
28(328), 217 (1989). 

64E. D. R. White and C. J. Dowries, Differenual thermo- 
meter for lugh temperatnre flow ca]orin~txy, J Phys 
E 22(2), 79 (1989). 

Velocity measurements 
65E. A. A. Abdel-Rahman, G. J. Hitchman, P. R. Slawson 

and A. B. Strong, An X-array hot-wi~ technique for 
heated turbulent flows of low velocity, J. Phys E 
22(8), 638 (1989) 

66E. A. S. Abrukov, V. N. Bykov,I. V. Knvechenko and 
M. Ye. Lavrent'yev, Holography and light-scattering 
for studying transfer processes in two-phase flows, 
Heat Trat~fer--Sov Res. 21(4), 572 0989). 

67E M Acrivlellis, Determination of the magmtudes 
and signs of flow parameters by hot-wire 
anemometry. Part I. Measurements using hot-wue 
X probes, Rev Soent. lnstrum. 60(7), 1275 (1989), 

68E. M Acrivlenis, Determinauon of the magmtudes 
and signs of flow parameters by hot-w~re 
anemometry Part H. Measurements using a triple 
hot-wire probe, Rev. Sclent lnstrum 60(7), 1281 
(1989). 

69E. R. Budwlg and R. Peatue, Two new circuits for 
hydrogen bubble flow vtsualisation,J_ Phys. E 22(4), 
2.50 (1989). 

70E. D R. Dowlmg, D. B. Lang and P. E Dimotakis, An 
tmproved laser-Rayle~gh scattering photodetectlon 
system, Exp Fluids 7(7), 435 (1989). 

71E P S. Dubbelday, Relaxation behavior of a hot-film 
anemometer under imposed bias flow, Rev. Sctent_ 
In.strum. 60(8), 2745 (1989) 

72E. D. F. Elger and R. L. Adams, Dynarmc hot-wire 
anemometer cahbranon using an oscillating flow, 
J. Phys E 22(3), 166 (1989) 

73E. T. Fujti, N. S. Buenconsejo, Jr. and S. Koyama, 
Development of a fiber anemometer for direct 
measurement of low average velocity inside ducts, 
Rev Scient lnstrum. 60(5), 939 (1989). 

74E. V. V. Garbems, Measurement of the fluctuating 
component of the axial velocity in strongly 
nomsothermal flow, FluwIMech. Soy. Res. 18(5 ), 106 
(1989). 



2390 E R G_ EOtER'r et al 

75E W K George, P D Beuther and A. Shabbtr, 
Polynormal calibrations for hot wires in thermally 
varying flows, Exp Therm Flutd Scl 2(2), 230 
(1989) 

76E. P. Glowacka, On the use ofelectrochermcal sensors 
for local velocity measurement of vtscoelastlC flurds, 
Warme Stoffueberrrag 24(3), 177 (1989) 

77E D R. Goosman, Optical veloctrnetry correction m 
Fabry-Perot  measurements taken through 
cylindrically expanding shocked flurds with no 
dtsperslon, J Appl Phys 65(11), 4496 (1989) 

78E P M Handford and P Bradshaw, The pulsed-wtre 
anemometer, Exp Flmds 7(2), 125 (1989) 

79E D. S. Home, Particle size measurement m 
concentrated latex suspensions using fibre-optic 
photon correlatton spectroscopy, J Phys D 22(9), 
1257 (1989) 

80E G A Jackson, J R Gibson and R Holmes, A 
three-path ultrasomc flowmeter for small-diameter 
prpelmes, J Phys. E 22(8), 645 (1989) 

81E S G. Joslu, Use of a surface-acousnc-wave (SAW) 
device to measure gas flow, IEEE Trans lnstrum 
Meas. 38(3), 824 (1989). 

82E A. Kariyasaka and T Fttkano, Shifted crossed- 
beam (SCB) method for the measurement of local 
values of the charactensuc parameters in a dispersed 
two-phase flow, Exp Heat Transfer 2(1), 71 (1989) 

83E. M Kawahasb..t and K. Hosol, Beam-sweep laser 
speckle velocu'netry, Exp. Fluuls 8(1/2), 109 (1989) 

84E J.C. S Lai and Y. He, Error considerataons for 
turbulence measurements using laser-two-focus 
velocmaetry, J Phys E 22(2), 108 (1989). 

85E. P M Llgrani, B. A. Singer and L. R. Baun, 
Mxmature five-hole pressure probe for measurement 
of three mean velocity components in low-speed 
flows, J_ Phys E 22(10), 868 (1989). 

86E. P M_ Llgrani, R V_ Westphal and F R. Lemos, 
Fabncauon and testing ofsubrmmature mulra-sensor 
hot-wtre probes, J Phys E 22(4), 262 (1989) 

87E H Mansy and D_ R Wdliams, Flow meter based 
on the trapped vortex parr flukhc oscillator, Rev 
Soent lnstrum 60(5), 935 (1989) 

88E_ Z X Mao and T. J. Hanratty, Measurement of 
turbulent fluctuations of velocity grad.tent on the 
wall with a pair of senucircular electrodes, J Chem 
Ind Engng 3(2), 131 (1988) 

89E_ D Papamoschou, A two-spark schheren system 
for very-l'ugh velocity measurement, Exp Flmds 
7(5), 354 (1989) 

90E R A Perkins and M. C Jones, Fiber-optic 
fluorescence array to study free convection in porous 
medta, Rev. Scwnt Instrum. 60(11), 3492 (1989) 

91E E W. Randall, C M Goodall, P. M Fatrlamb, P 
L Dold and C T. O'Connor, A method for measunng 
the sizes of bubbles m two- and three-phase systems, 
J Phys_ E 22(10), 827 (1989) 

92E S L Soo, D A. Baker, T.R LuchtandC. Zhu, A 
corona discharge probe system for measuring phase 
velociues m a dense suspension, Rev Sctent_ Instrum 
60(11 ), 3475 (1989)_ 

93E. O Turan and R. S. Azad, Effect of hot-wtre probe 
defects on a new method of evaluating turbulence 
dasslpanon, J Phys. E 22(4), 254 (1989) 

94E C_ G. Xie, A. L. Stott, S. M Huang, A. Plaskowska 
and M. S Beck, Mass-flow measurement of sohds 
using eleetrodynanuc and capacitance transducers, 
J_ Phys E 22(9), 712 (1989). 

95E F Yoshmo, R. Waka and T Hayasha, Hot-wtre 
duection-error response equation in two-du'nenslonal 
flow, J Phys E 22(7), 480 (1989) 

Concenrranon measurements 
96E E Gutmark, T P. Parr, D M Parr andK C 

Schadow, Planar imaging of vortex dynarmcs m 
flames, J, Heat Transfer 111(1), 148 (1989). 

97E. J R. Schoonover and S. H Lm, Model for tJme- 
resolved photothermal spectroscopy of reactions m 
condensed me&a, Appl Spectrosc 43(7), 1265 
(1989) 

98E C.D.  Tran and M. Franko, Dual-wavelength 
thermal-lens spectrometry as a sensiuve and selectave 
method for trace gas analysis, J Phys E 22(8), 586 
(1989). 

Property measurements 
99E. J. S. Agaplou and M F DeFnes, An experimental 

determmataon of the thermal conductivity of a 304L 
stainless steel powder metallurgy material, J Heat 
Transfer 111(2), 281 (1989). 

100E H Arkan, K R Holmes and M. M. Chen, A 
technique for measuring the thermal conductivity 
and evaluating the "apparent conductwity" concept 
m blomatenals, J Bwmech Engng 111(4), 276 
(1989) 

101E E. A Artyuktun and A_ V Nenarokomov, Optimal 
expertmental design for determining the total 
ermssivtty of matenals, H~gh Temp. 26(5), 761 
(1989). 

102E. A Bartelt and G M Schneider, New iugh- 
pressure computer-assisted differential thermal 
analysis apparatus, Rev Scwnt Insrrum. 60(5), 926 
(1989) 

103E A D Buckingham and J. H. WtUiams, An 
apparatus for quantatafive rneasmements oftbe optacal 
Kerr effect, J_ Phys E 22(9), 790 (1989). 

104E M S Colclough, A pulse generator output stage 
suitable for very low-temperature heat capacity 
measurements, J_ Phys E 22(8), 663 (1989) 

105E. G Dogu, K Munezaoglu and T Dogu, A dynamic 
method for the effecuve thermal conductivity of 
porous sohds, A 1 Ch.E Jl 35(4), 683 (1989). 

106E V V Gorbachev, V. M. Durasov, R. B. Zezin, 
E V Ivakan, A. S. Rubanov and N. A Tatyamna, 
Light-induced thermal gratings in natural diamond, 
Phys Status Sohdl B 150(2), 901 (1988). 

107E. E. Hahne and Y W Song, Measurement of the 
thermal conductivity ofR 115 at l-ugh pressures using 
the transient hot-wtre method, Warme Stoffueberrrag 
24(2), 79 (1989) 

108E Y Iwasaki, M Kaneko, K Hayashi, Y. Ochral, 



Heat transim - -  a review of 1989 hterantre 2391 

M. Hayakawa and K Aso, A new apparatus for 
measuring thermal expansion of thin fdms, J Phys 
E 22(7), 498 (1989) 

109E. J O Ktm and H H. Bau, Instrument for 
simultaneous measurement of density and vtscoslty, 
Rev Sctent_ lnstrum. 60(6), 1111 (1989) 

I lOE L. Kubicar and J Splslak, Measurement of 
thermophysical properues of sohds by the pulse 
method, High Temp--Htgh Pressures 20(6), 619 
(1988) 

111E. H Ohta, H Shibata and Y Waseda, New attempt 
for measttrmg thermal dlffUSlVity of thin films by 
means of a laser flash method, Rev Sctent Insrrum 
60(3), 317 (1989). 

I12E. J.-P. Pra,zey, Benefits of mlcrogravlty for 
measuring thermo-transport coefficients m liquid 
metallic alloys, lnt J Heat Mass Transfer 32(12), 
2385 (1989) 

l13E. B Schulz, Thermal conductivity of alurnma 
cerarmcs for fusion technology, High Temp --High 
Pressures 20(6), 601 (1988). 

I14E. U Selpold, Stmultaneous measurements of 
thermal diffuslvity and thermal conductivity under 
l-ugh pressure using thermal pulses of finite length, 
High Temp --Htgh Pressures 20(6), 609 (1988) 

115E G. H_ Wostenholm, M. I Darby, B W. James and 
B Yates, Apparatus for the absolute measurement of 
the lmea~ thermal expansion coefficient of sohds 
over a wide temperature range, 3"_ Phys_ E 22(4), 222 
(1989)_ 

Mzscellaneous new mstrumentanon 
116E. A A. Birshert and A. M. Gngor'ev, Accuracy of 

pressure measurement with thermoreslstor 
vacuumeters, Meas_ Tech. Jul., 139 (1988) 

117E. D_ Elad, M Sahar, S. Einav, J. M. Avtdor, R. 
Zehser and N Rosenberg, A novel non-contact 
technique for measuring complex surface shapes 
under dynatmc condmons, J. Phys E 22(5), 279 
(1989) 

l18E. D W Guillaume, M Norton and D. DeVries, 
Dimensional considerations for small-bore water 
manometers, Rev ScJent Instrum 60(9), 3062 
(1989) 

119E. F. Nen, G Smtta and S. Ctuofalo, An accurate and 
straightforward approach to line regression analysis 
of error-affected expertmental data,J_ Phys E 22(4), 
215 (1989) 

120E. A D_ Polyanm, V A. Alvares-Suares, V V. 
Dfl'man and Yu. S. Ryazantsev, Experimental data 
processing by means of 'asymptotic coordinates', 
lnt J Heat Mass Transfer 32(8), 1401 (1989) 

N A T U R A L  C O N V E C T I O N  m I N T E R N A L  
F L O W  

Hortzontal layers heated from below 
Onset of flows and mstabihnes. 

IF M. A Azoum, Some expertmental aspects of 

thermoconvectlve instabilities in the non-linear 
regime, PCH PhyslcoChem Hydrodyn 11(4), 531 
(1989) 

2F D Baddey and L S Tuckerman, Traveling waves 
m axlsymmemc convection: the role of sidewall 
conductwJty, Phys,ca D 37(1-3), 288 (1989). 

3F M S Chana and P G. Daniels, Onset of Rayletgh-- 
Benard convection m a rigid channel, J. Flutd Mech 
199, 257 (1989) 

4F. R. M. Clever and F. H. Busse, Thx~e-dunenslonal 
knot convection m a layer heated from below, J Fluid 
Mech 198, 345 (1989). 

5F_ V. Croquette and H Wtl].iams, Nonhnear waves of 
the oscillatory mstabihty on finite convective rolls, 
Phys,ca D 37(I-3), 300 (1989) 

6F. J. A. DomaraclTkl~ Heat transfer enhancement m 
Rayleigh-Benard convectaon, Int J. Heat Mass 
Transfer 32(12), 2475 (1989). 

7F I_ Goldlursch, R B Pelz and S A. Orszag, Numerical 
simulation of thermal convectlon In a two- 
dimensional fLrute box,J FluidMech. 199,1 (1989) 

8F. N Y Lee, W. W. Schultz and J P. Boyd, Stability 
of fluid in arectangularenclosu~ by spectral method, 
Int J Heat Mass Transfer 32(3), 513 (1989)_ 

9F. L R. Leith, Flow structure tt ansition mechamsms m 
thermal convection of mr m rectangular containers, 
Physica D 37(1-3), 334 (1989) 

10F. K A_ Nadolm, Convection in a horizontal fluid 
layer with specific volume inversion, Fluid Dyn. 
24(1), 35 (1989). 

1 IF. A. I. Nikltm and A N. Sharifulin, Concerning the 
bifurcations of steady-state thermal convection 
regimes in a closed cavity due to the Whllney foldmg- 
type smgulanty ,Heat Transfer---Sov Res. 21( 2 ), 213 
(1989). 

12F. A. J. Pearlstein and A. Oztekm, Selection of 
convective planform orientation by boundary 
anisotropy, J Fluid Mech 207,267 (1989). 

13F S Rasenat, G. Hammg, B L. Wmkler and I. 
Rehberg, The shadowgraph method m convection 
experiments, Exp Fluids 7(6), 412 (1989). 

14F Z. Ruzeng, V~scostty-mduced mode splitting on 
potential energy criterion for mode stabJllty,Physws 
Fluids A 1(6), 954 (1989). 

15F G. Terrones and A. J. Pearlstem, The onset of 
convection m a multicomponent flmd layer, Physics 
Fluids A 1(5), 845 (1989) 

Htgh Raylelgh number convecnon 
16E N. Akino, T. Kunugi, Y. Shnna, M. Sek~ and Y. 

Okamoto, Natural convection m a horizontal silicone 
off layer in a circular cylinder heated from bdow and 
cooled from above, Nippon K~kat C, akkat Ronbunshu, 
B Hen 55(509), 152 (1989). 

17F. Yu. A. Ber~zm, V P. Zhukov, G V. Levina, P. B. 
Rutkevich, S S Moiseyev andA. V.Tur, Convection, 
sptral turbulence and generation of large-scale 
vortical structures, Heat Transfer--Soy. Res. 21(2), 
181 (1989)_ 



2392 E R G. EtximT et al 

18F P M. Brdltk and V. A. Filunonov, Turbulent 
friction and heat transfer m a closed cavity heated 
from below, Heat Trans fer-  Soy Res. 21(4), 508 
(1989)_ 

19F. B Castaing, G Gunarame, F. Heslot, L. Kadanoff, 
A Labchaber, S. Thomae, X. Wu, S. Zaleski and G 
Zanettl, Scaling of hard thermal turbulence m 
Rayleigh--B6nard convection, J. Fluid Mech. 204, 1 
(1989). 

20F L Slxowch, Chaotic dynamics of coherent 
structures, Pltyswa D 37(1-3), 126 (1989). 

21F T. L. Spatz, D Pouhkakos and M J Kazrmerczak, 
High Raylelgh number experiments m a horizontal 
layer of water around its density maxwaum, J Heat 
Transfer 111(2), 578 (1989) 

22F. A. Umemura and F. H Busse, Axtsymmetric 
convection at large Rayleigh and infinite Prandd 
number, J Fluid Mech. 208, 459 (1989). 

Mtscellaneous studtes m homzomal layers_ 
23F. F. Chert and C. F. Chen, Experimental mvesttgation 

of convective stability in a superposed fluid and 
porous layer whenheated from below,J_ FluidMech. 
207,311 (1989) 

24F D J Close and J Sheridan, Natural convection m 
enclosures fiUed with a vapour and a non-condensing 
gas, lnt J_ Heat Mass Transfer 32(5), 855 (1989). 

25F. G. Z Gershum, E. M. Zhukhovitsky, A K. 
Kolesmkov and Y. S. Yurkov,Vlbrattonalconvection 
m a horizontal fluid layer with internal heat sources, 
lnt J Heat Mass Transfer 32(12), 2319 (1989). 

26F_ Y E Karyakan, Unsteady natural convection m 
enclosures ofarbttrary cross section, FhadDyn. 24(1 ), 
23 (1989). 

27F Y E Karyakin, Trartsmnt natural convectlun in 
pnsmatic enclosures of arbilxary cross-secUun, lnt 
J Heat Mass Trar~eer 32(6), 1095 (1989). 

28F Yu Ye Karyakin, Unsteady-state natural 
convection m a rectangular vessel, Heat Transfer-- 
Soy Res. 21(5), 581 (1989). 

29F M Meneguzzl and A. Pouquet, Turbulem dynamos 
driven by convecuon,J FluidMech. 205,297 (1989)_ 

30F Y. Mon, Y Ucluda, H Komurm and K. Fuk-uo, 
Study of three-dtmensionally oscillating natural 
convection over aheated horizontal rectangularplam 
installed in a container, N~ppon Klkai Gakkai 
Ronbunshu, B Hen 55(515), 2012 (1989) 

31F. J_ Neymark, C. R. Boardman HI, A. K.irk-patnck 
and R. Anderson, High Rayleigh number natural 
conveeuon m partially divided atr and water fdled 
enclosures, Int J Heat Mass Transfer 32(9), 1671 
(1989) 

32F_ S Rasenat, F. H. Busse and I. Rehberg, A theoretical 
and expertrnental study of double-layer convection, 
J Fluid Mech. 199, 519 (1989) 

33F O Y. Ztkanov and I. M. Yavorskaya, Convective 
stabdity of a horizontal rotating fluid layer with 
dismbuted heat sources,FluidDyn 24(1), 16 (1989) 

Double-diffusive flows 
34F. S. A. Abu-Zaid and G. Ahrnadi, Chaos m a double- 

diffusive convectxon model in the presence of norse, 
Appl Math. Modell 13(5), 291 (1989). 

35F L Hadji and M ScheU, Transition to Soret-driven 
convection m a system with nearly impermeable 
boundaries, Physws Fluids A 1(9), 1467 (1989). 

36F. T. Hosoyamada and H. Honji, A thermohahne- 
diffusion tank w~th a movable plate, Exp. Fluids 
7(3), 208 (1989). 

37F_ P. Kolod.ner, C. M Surko and H Wilhams, 
Dynarmcs of traveling waves near the onset of 
convecnon m binary fluid rmxtures, Physwa D 
37(1-3), 319 (1989) 

38F. S. Leibovlch, S K. Lele and I. M. Momz, Nonlinear 
dynamics in Langmuir circulations and in 
thermosolutal convection, J Fluid Mech. 198,471 
(1989) 

39F I_ M Moroz, Multiple mstabdities m a reply 
diffusive system, Stud Appl. Math. 80(2), 137 (1989) 

40F V. S~v~l~der andJ. P. Peru, Flow structures induced 
by opposing forces in double-diffusive natural 
convection in a cavity, Numer_ Heat Transfer-- Pt. 
A: Apphc 15(4), 431 (1989). 

Marangoni convection 
41F_ H F. Bauer, Marangonl convection in finite 

cylindrical liquid bridges, Z_ Flugwiss_ 
Weltraumforschung 12(5-6), 332 (1988). 

42F R D. Benguria and M. Cnstina Depassmr, On the 
linear stability theory of B~nard-Marangoni 
convection, Physics Fluids A 1(7), 1123 (1989) 

43F B. M. Carpenmr and G M. Hornsy, Combined 
buoyant-thermocapdlary flow m a cavity, J. Fluid 
Mech. 207, 121 (1989) 

44F. H. A. DlJkstra and A. I. van de Vooren, Multiphcity 
and stability of steady solutions for Maranguni 
convection m a two-dimensional rectangular 
container with rigid sidewalls, Numer.Heat Transfer 
- -  Pt. A. Apphc. 16(1), 59 (1989). 

45F R. Natarajan, ThermocaptUary flows in a rotating 
float zoneundermicmgravity,A./Ch.E Jl35(4),614 
(1989). 

46F_V V Nizovtsev,Invesugm~onofnaturalconvecuon 
and convection in a thin layer of evaporatin 8 hquid, 
J Appl. Mech_ Tech Phys. 30(1), 132 (1989). 

47F Y Okano, M. Itoh and A. Hirata, Natural and 
Marangom convections m a two-dimensional 
rectangular open boat, J Chem Engng Japan 22(3), 
275 (1989) 

48F. D Raake, J. Siekmann and Ch.-H. Chun, 
Temperature and veloclty fields due to surface tension 
driven flow, Exp Fluids 7(3), 164 (1989) 

49F Yu. V. Sanochkm, Thermoc~pillary convection m 
a than layer of nonuniformly heated fluid, FluidDyn 
24(2), 264 (1989) 

50F. Y V Sanochkm and Y. S. Ryazantsev, 
Thermocapillary convection assocmted with 



Heat transfer - -  a revaew of 1989 hterature 2393 

nonuniform heating of the flee surface of a hquid, 
FluidDyn 24(1), 113 (1989) 

51F N. Zhang, Z. Jtang and W.-J Yang, Thermal 
Stability m eva:poratlng liquid di.qk.~ by local potential 
techraque, J Thermophys Heat Transfer 3(2), 195 
(1989). 

Inclined layers 
52F. Y.-M Chen and A J. Pearlstem, Stability of fa'ee- 

convection flows of variable-viscosity fluids m 
vertical and inclined slots, J. FluidMech 198, 513 
(1989)_ 

53F. R. L. Fredenck, Natural convecUon in an reclined 
square enclosure wah a partmon attached to its cold 
wall, lnt J Heat Mass Transfer 32(1), 87 (1989). 

54F. F. J. Hamady, J R. Lloyd, H Q. Yang and K T 
Yang, Study of local natural convection heat transfer 
m an inclined enclosure, Int. J. Heat Mass Transfer 
32(9), 1697 (1989). 

55F.S W Lam,R.GamandJ G.Symons, Experimental 
and numencal studies of natural convection in 
trapezoidal cavities, J. Heat Transfer 111(2), 372 
(1989). 

56F. D Majumdar, J Y. Murthy and R. P. Roy, Laminar 
natural convectxon m a high-aspect-ratio reclined 
rectangular duct,J Thermophy s. Heat Tr ansf er 3(4), 
435 (1989). 

Differentzally heated layers and vertical ducts 
57F. J H. Arthur, J T. Beard and R. J. Ribando, Natural 

convection in a vertical, as~,,a,etrically heated, 
permeable walled channel, Numer. Heat Transfer 
16(3), 309 (1989). 

58F. J. H. Arthur, J. T. Beard and R. J. Ribando, Natural 
convection in a vertical, asyaanetricaUy heated, 
permeable walled channel, Nuraer. Heat Transfer-- 
Pt. A. Apphc. 16(3), 309 (1989) 

59F. N. L Bachev and A. A. Kozlov, Numerical study 
of unsteacly flow and heat transport m a vertical 
cylmdiacal container, J. Engng Phys. 54(3), 267 
(1988). 

60F. D V. Bayandin, Turbulent advective flows in 
horizontal hquid layers, High Temp 26(6), 874 
(1989). 

61F S Binngen and G Danabasoglu, Oscillatory flow 
wtth heat transfer m a square cavity, 
Physzcs Flmds A 1(11), 1796 (1989). 

62F. A Bowles and R Cheesewnght, Direct 
measurements of the turbulence heat flux m a large 
rectangular axr cavity, Ea'p Heat Transfer 2(1), 59 
(1989) 

63F S. S. Cha and K. J. Chat, An interferomemc 
mvesuganon of open-carny natural-convection heat 
transfer, Exp Heat Transfer 2(1), 27 (1989). 

64F. A Chmt and S A. Korpela, The secondary flow 
and its stability for natural convecuon in a tall 
vemcal enclosure, J Fluid Mech. 200, 189 (1989). 

65F. T S Cheng and T. F. Lin, Transxent buoyancy- 
reduced flow through a heated, vertical channel of 
finite hexght, Numer Heat Transfer - -  Pt. A. Apphc. 

16(1), 15 (1989). 
66F. E Crespo del Arco and P Bontoux, Numencal 

solution and analysis of asymmemc convection in a 
vertical cylinder, aneffect ofPrandtlnumber, Phystcs 
Flmds A 1(8), 1348 (1989). 

67F. P. G. Daniels, Statlonarymstability of the convecuve 
flow between dffferenually heated vertical planes, J 
FluulMech. 203,525 (1989) 

68F W.J. Hiller, S Koch and T A. Kowalewski, Three- 
dmaens~onal structures mlaminar natural convectton 
m a cubic enclosure, F_,a'p Therm_ FluutSc:. 2(1), 34 
(1989). 

69F S-S Hsleh, W.-S. Han and S.-C. Lln, Natural 
convection of air layers in vemcal annuli with cooled 
outer wall, J. Thermophys. Heat Transfer 3(2), 182 
(1989). 

70F J. M. Hyun and J. W. Lee, Numerical solutions for 
transient natural convecUon m a square cavity with 
dtffenmt sidewall temperatures, Int. J Heat Fired 
Flow 10(2), 146 (1989). 

71F. G. N. Ivey and P. F. Hamhlin, Convection near the 
ten'g~eramre of maximurn density for high Rayleigh 
number, low aspect ratio, rectangular caviues, J Heat 
Transfer 111(1), 100 (1989) 

72F. D. N. Jones and D. G. Bnggs, Periodac two- 
dimensional cavity, effect of linear horizontal thermal 
boundary condition, J Heat Transfer 111(1), 86 
(1989). 

73F. P. Joubert and P. Le Qutrt, Numerical study of 
thermal coupling between conductwe wails and a 
Boussinesq stratified fluid, Numer. Heat Transfer 
- -  Pt. A: Applic. 16(4), 489 (1989). 

74F. J. A. Khan and R. Kumar, Natural convection m 
vertical annnli: a numerical study for constant heat 
flux on the tuner wall, J Heat Transfer 111(4), 909 
(1989). 

75F H. Kimoto and Y Miyawaki, Study on quasi- 
steady mulucellular natural convection induced in a 
vertical slot, Nzppon K~kai Gakkai Ronbunshu, B 
Hen 55(520), 3860 (1989) 

76F. G. S. H. Lock and J.-C. Hart, Buoyant laminar flow 
of air in a long, square-section cavtty aligned with 
the ambient temperature gradient, J Fluid Mech. 
2 0 7 , 4 8 9  (1989) 

77F A. Moutsoglou, An reverse convection problem, J 
Heat Transfer 111(1), 37 (1989) 

78F. T. Nishimura, F. Nagasawa and Y. Kawamura, 
Natural convection in horizontal enclosures with 
multiple partitions, Int. J. Heat Mass Transfer 32(9), 
1641 (1989). 

79F C. Normand, Phase msmbthties for antisymmemc 
convective flows m a vertical cylinder, Phys~ca D 
39(2-3), 267 (1989). 

80F. N. Ramanan and S. A. Korpela, Multignd solution 
of natural convection in a vemcal slot, Numer Heat 
Transfer - -  Pt. A. Applic. 15(3), 323 (1989). 

81F. S. G. Scl'dadow, J. C. Patterson and R. L. Street, 
Transient flow in a side-heated cavity at high Rayleigh 
number anumencal study.J FluutMech. 200, 121 
(1989). 



2394 E_ R G F_,cr,.~'r et al 

82F. P G Stmpkms and J. E_ Godreau, Onset ofpeno&c 
convectmn m a verucal slot, Physzcs Flmds A 1(9), 
1479 (1989) 

83F Y Sudo, T_ Usux and M Kammaga, Heat transfer 
charactensucs m narrow verucalrectangular channels 
heated from both sides, Ntppon Kzkal Gakkm 
Ronbunshu, B Hen 55(512), 1174 (1989) 

84F L P Vozovoy,Nonlmearquasx-penodicconvecnon 
regimes m a vertical layer w~th wavy boundaries, 
Heat Transfer--Soy Res. 21(2), 189 (1989) 

85F T.-M Wang and S. A Korpela, Convectlonrolls m 
a shallow cavtty heated from a s~de, 
Phystcs Flutds A 1(6), 947 (1989) 

86F. B W Webb and D P Hill, High Rayleigh number 
laminar natural convectmn m an asymmemcally 
heated vertical channel,J HeatTransfer 111(3), 649 
(1989) 

87F. H K Wee, R. B. Keey andM J. Cunnmgham, Heat 
and moisture transfer by natural convection in a 
rectangular cawty, Int J. Heat Mass Transfer 32(9), 
1765 (1989). 

88F H Q Yang, K T Yang and Q. Xaa, Periodic 
larmnar convection m a tall vertical cawty, Int. J. Heat 
Mass Transfer 32(11), 2199 (1989)_ 

Homzontal ctrcular tubes, annuh and spherical shells 
89F K- Aoka, Y Sone and T. Yano, Numerical analysts 

of a flow reduced m a rarefied gas betweennoncoamal 
ctrcular cylinders with different temperatures for the 
entire range of the Knudsen number, 
Physics Fluids A 1(1), 409 (1989) 

90F. D Bercovici, G Schubert, G. A. Glatzmmer and A 
Zebib, Three-dunensmnal thermal convection in a 
spbencal shell, J Flu~dMech 206, 75 (1989). 

9IF S Fult-usako, M. Takahaslu and O. Okagaka, Free 
convection heat transfer on art-water layers m a 
horizontal cooled ctreular tube,Nippon Kikat Gakka, 
Ronbunshu, B HerdTrans. Japan Soc. Mech. Engrs 
Part B 55(514), 1631 (1989). 

92F C J Ho, Y H. Lm and T. C Chen, A numerical 
study of natural convecuon in concentric and 
eccentric horizontal cylindrical annuh with mixed 
boundary conditions, Int. J Heat Fluid Flow 10(1), 
40 (1989). 

93F J. Hutchms and E. Marschall, Pseudosteady-state 
natural convectmn heat transfer reside spheres, 
Int J Heat Mass Transfer 32(11), 2047 (1989). 

94F_ S V. Kapstskai, V. I. Mashendzhinov, D. A Nikulm 
and V N. Semenov, Numencal modeling of the 
natural convection of a compressthle gas dttrmg 
laser heating, High Temp. 26(6), 934 (1989). 

95F P M Kolesnikov and V. I. Bubnovlch, Unsteady- 
state conjugated natural convection heat Ixansfer in 
hortzontal cylindrical coaxial channels,Heat Trar~fer 
- - S o v  Res. 21(2), 163 (1989) 

96F A. E. Mcl.,eod and E H. Bishop, Turbulent natural 
convection of gases in hormontal cylindrical annula 
at cryogenic temperatures,Int.J. Heat Mass Transfer 
32(10), 1967 (1989) 

97F P. Metzener and S H Davts, Annulus model for 
tune-space transitmns m Bernard convecnon, 
Physlca D 36(3), 235 (1989) 

98F Y Md~, T. Ohya, K Monta, K Fukuda and S 
Hasegawa, Unsteady thxee-dunenslonal behavsor of 
natural convecuon m horizontal annulus_ (ll) Flows 
patterns m range from transmon region to turbulence 
and measurements of turbulence qualmes, Nippon 
Gensh:ryoku GakkalshJ 30(2), 172 (1988) 

99F Y Mochunaru, Transient natural convection heat 
transfer m a sphencal cawry, Heat Transfer - - J a p  
Res 18(4), 9 (1989). 

100F K. Monta, Y. Mtkl, Y. Nakamura, T Kondoh, K 
Fukuda, S Hasegawa and Y -F. Rao, Vtsualizatlon 
of natural convecuon in a horizontal cylindrical 
annulus by the hquid crystal pamcle suspension 
method, Nippon Ktkai Gakkat Ronbunshu, B Hen 
55(509), 146 (1989) 

101F D. Naylor, H. M Badr and J D. Tasasuk, 
Expertmental and numerical study of natural 
convection between two eccentric tubes, lnt J. Heat 
Mass Transfer 32(1), 171 (1989) 

102F T Ohya, Y M_tka, K. Monta, K. Fukuda and S 
Hasegawa, Unsteady three-dunensmnal behavmr of 
natural convection m horizontal annulus, Nippon 
Genshwyoku Gakkatshz 30(1), 87 (1988) 

103F Y_ Shima, Heat transfer from the tuner surface of 
a sphere by free convection, Heat Transfer--Jap 
Res 18(4), 70 (1989). 

104F. Y. Shana and K. Fujimura, Experimental study on 
natural convectaon heat transfer m a hemisphere, 
Ntppon Ktkai Gakka: Ronbunshu, B Hen 55(518), 
3129 (1989)_ 

105F S. Tada and Y Moch.tmaru, Applicauon of a 
pressure gradient method to a transtent natural 
convectson problem, Nippon Klkat Gakka: 
Ronbunshu, B Hen 55(513), 1329 (1989). 

Thermosyphons 
106F A Faghn, M.-M. Chen and M Morgan, Heat 

transfer characteristics m two-phase closed 
conventional and concentric annular thermosyphons, 
I Heat Transfer 111(3), 611 (1989) 

107F H. Nariai, A Ichmose and I Komoriya, Flow 
charactensucs of single phase natural ctrculauon in 
parallel channel, Nippon Kakat Gakkai Ronbunshu, 
B Hen 55(509), 182 (1989)_ 

108F. P J Wldmann, M Gorman and K. A Robbms, 
Nonlinear dynarmcs of a convecaon loop. H Chaos 
m lanunar and turbulent flows, Physwa D 36(1-2), 
157 (1989)_ 

Porous media 
109F P. G. Darnels, P G. Stmpkans and P. A. Blythe, 

Thermally driven shallow cavity flows m porous 
me&a: the mergod-layer r~gtme, Proc. R. Soc. 
London Ser. A 426(1870), 107 (1989) 

IlOF. D A. S Reds and D. S. Riley, The effects of 
bounda~ trnperfecuons on convecuon m a saturated 



Heat transfer - -  a review of 1989 hterarure 2395 

porous layer' non-resonant wavelength excitation, 
Proc_ R. Soc London Ser_ A 421(1861), 303 (1989) 

l l lF .  D. A S. Rees and D S Riley, The effects of 
boundary tmperfections on convecnon m a saturated 
porous layer: near-resonant wavelength excltanon, 
J Fired Mech 199, 133 (1989). 

112F P Vasseur, C H.Wang andM. Sen, TheBrinlanan 
model for natural convection in a shallow porous 
cavity with uniform heat flux, Numer Heat 
Transfer-- I t  A Apphc 15(2), 221 (1989). 

Mixed convection 
lI3F. R S. Chen and G. J. Hwang, Effect of wall 

conduction on combined flee and forced laminar 
convection m horizontal robes, J Heat Transfer 
111(2), 581 (1989) 

114F. C.-H. Cheng, H-S. Kou and W-H Huang, 
Laminar fully developed forced-convection flow 
within an asymmetrically heated horizontal doublE- 
passage channel, Appl Energy 33(4), 265 (1989). 

115F A M Clausmg, L. D. Lister and J M. Waldvogel, 
Combined convection from tsothermal cubical 
cavtues with a variety of side-facing apemtres, Int. 
J. Heat Mass Transfer 32(8), 1561 (1989). 

116F. M Epstein andM. A. Kenton, Combined natural 
convection and forced flow through small openings 
in a honzontal partition, with special reference to 
fows in multicompartment enclosures, J. Heat 
Transfer 111(4), 980 (1989). 

l17F. R. E. Hayes and K. Nandakumar, Mixed 
convection heat transfer in a tee branch, Numer. Heat 
Transfer 16(3), 287 (1989). 

l18F. R E Hayes and K. Nandakumar, Mixed 
convect)onheat transfer in a tee branch, Numer. Heat 
Transfer-- It. A. Applic. 16(3), 287 (1989). 

119F. S Hogg andM. A Leschzmer, Second-moment- 
closure calculation of strongly swirling confined 
flow with large denstty gradients, lnt J Heat Fluut 
Flow 10(1), 16 (1989) 

120F J M. Hyun and K. M. In, Stratff-ymg process of a 
fluid m an enclosure with a nine-varying vertical 
through-flow,lnt J. HeatMassTransfer32(l 1 ), 2081 
(1989) 

121F. J. D Jackson, M A. Cotton and B. P. AxceU, 
Studies of rmxed convecton in vemcal tubes, Int. J 
Heat Fluid Flow 10(1), 2 (1989) 

122F K C. Karka and S. V. Patankar, Laminar mixed 
convecuon in the entrance region of a horizontal 
annulus, Numer. Heat Transfer - -  Pt. A: Apphc. 
15(1), 87 (1989). 

123F J Kessler, New equatxons for correlating the heat 
transfer by superposed flee convection and laminar, 
forced flow tn vemcal robes, Forsch IngWes. 55(3), 
69 (1989) 

124F R. Knshnamurthy and B. Gebhart, An 
experimental study of transition to turbulence in 
vemcal mixed convectton flows, J. Heat Transfer 
111(1), 121 (1969). 

125F. R. Kumar and T.-D Yuan, Rectrculatmg 
rmxed convection flows in rectangular cavities, 
J Thermophys Heat Transfer 3(3), 321 (1989) 

126E A_ S. Levme, M. Y. Kim and C. N Shores, Flow 
reversal m opposing mixed convecuon flow m 
reclined pipes, J Heat Transfer 111(1), 114 (1969). 

127F H V_Mahaney,S.RamadhyaniandF. P.Incropera, 
Nurnencal simulation of three-dimensional muted 
convecUon heat transfer from an array of discrete 
heat sources m a horizontal rectangular duct,Numer 
Heat Trans fer -  Pt. A: Apphc. 16(3), 267 (1989) 

128F T Mahrnood and J. H. Merkm, Muted convectron 
flow m narrow vertical ducts, Warme Stoffueberrrag 
24(5), 257 (1989) 

129F A. A Mohamad andR Vlskanta, Stabthty of lid- 
driven shallow cavity heated from below,lnt J Heat 
Mass Transfer 32(11), 2155 (1989). 

130F Y. Mort and H. Kotzumi, Study of controlling 
generataon of aBemard cell in the laminar combined 
convectton m a honzontal rectangular duct heated 
from below, Nippon Kikm Gakkai Ronbunshu, B 
Hen 55(511), 820 (1989). 

13IF B. R. Morton, D. B. Ingham, D. J. Keen and P. J 
Heggs, Rectrculating combined convection m 
laminar pipe flow, J. Heat Transfer 111(1), 106 
(1969). 

132F. K Muralidhar, Mixed convection flow in a 
saturated porous annulus, Int. J. Heat Mass Transfer 
32(5), 881 (1989) 

133F E Nalto and Y. Nagano, Combined forced and 
free upward-flow convection in the entrance region 
between reclined parallel plates, J Heat Transfer 
111(3), 675 (1989) 

134F. E. Naito and Y Nagano, The effect of buoyancy 
on downward and upward laminar-flow convection 
in the entrance region between reclined parallel 
plates, Int. J Heat Mass Transfer 32(5), 811 (1989). 

135F B K.Rao,Lammarrmxedconvectionheattransfer 
to fluids in a 5' 1 rectangular channel, lnt J. Heat 
Fluad Flow 10(4), 334 (1989) 

136F. W. M Yan and T F. Lin, Effects of wetted wall 
on laminar mtxed convection in a vertical channel, 
J Thermophys_ Heat Transfer 3(1), 94 (1989). 

137F. L. S Yao and B. B Rogers, M.txed convection m 
an annulus of large aspect rauo, J_ Heat Transfer 
111(3), 683 (1989). 

Miscellaneous studies 
138F. S. K. Aggarwal and A. Manhapra, Transient 

natural convection in a cylindrical enclosure 
nonuniformly heated at the top wall, Numer. Heat 
Transfer - -  It. A. Apphc. 15(3), 341 (1989) 

139F. Y. Asako, H Nakamura and M. Faghn, Three- 
dimenstonal lammax natural convection in a 
honeycomb enclosure with hexagonal end walls, 
Numer. Heat Transfer - -  Pt A: Applic. 15(1), 67 
(1989) 

140F. B. Farouk and T. Fusegt, Natural convection of a 



2396 E_ R. G Eoa~r et al 

vanableproperty gas in asyrnmemcally heated square 
cavmes, J Thermophys Heat Transfer 3(1), 85 
(1989) 

14IF W.-S Fu, J.-C. Pemg and W.-J. Shleh, Transient 
laminar natural convection m an enclosure partmoned 
by an adiabatic baffle, Numer Heat Transfer 16(3), 
325 (1989) 

142F W.-S Fu, J_-C. Pemg and W -J. Slueh, Transient 
lammarnamral convection m anenclosurepartuloned 
by an adiabatic baffle, Numer. Heat Transfer-- Pt 
A: Apphc. 16(3), 325 (1989). 

143F T. Fusegi and B Farouk, Laminar and turbulent 
natural convecuon-radiaaon interactions m a square 
enclosure fdled with a nongray gas, Numer Heat 
Transfer - -  Pt. A: Apphc. 15(3), 303 (1989) 

144F C - J  Ho and J.-D. Jeng, Holographic 
intefferometry study of natural convection in a fully- 
parrataoned air-filled enclosure,Zhonggue Gongchen 
Xuekan A 12(1), 101 (1989). 

145F. J M. Hyun and H. K Chol, Transtent cool down 
of a gas in a closed container, J. Thermophys. Heat 
Transfer 3(4), 441 (1989). 

146F.V.S. Kuptsova, Energy analysis of turbulent natural 
convecuon m closed volumes, Heat Transfer--Soy. 
Res. 21(1), 95 (1989). 

147F M. Mtyamoto, T. H. Kuehn, R J. Goldstein and 
Y Katoh, Two-du'nens~onal laminar natural 
convect~oo heat transfer from a fully or partially 
open squaze cavity, Numer. Heat Transfer - -  Pt. A: 
Apphc 15(4), 411 (1989). 

148F. E. Nobfle, A. C. M. Sousa and G. S. Barozzl, 
Turbulence modelling m confined natural convechon, 
Heat Technol. 7(3-4), 24 (1989). 

149F. H. Ozoe and K. Okada, The effect of the daection 
of the external magnetic field on the three- 
dimenstonal natural convection m a cubical enclosure, 
Int J_ Heat Mass Transfer 32(10), 1939 (1989). 

150F J.M. Pfotenhaner and X. Huang, Two dimensmnal 
transient heat transfer in He H, IEEE Trans. Magn. 
25(2), 1508 (1989). 

15 IF A Valencm and R. L. Frederick, Heat transfer m 
square cawues with pac,.ially active vertical walls, 
Int J Heat Mass Transfer 32(8), 1567 (1989) 

152F. A Y ucel, $. Acharya and M. L. Williams, Natural 
convection and radiation in a square enclosure, 
Numer Heat Transfer - -  Pt. A: Applic. 15(2), 261 
(1989) 

Apphcanons 
153F. F. B Cheung and D. Y. Sohn, Numerical study of 

turbulent natural convection in an mnovaUve air 
cooling system, Numer Heat Transfer - -  Pt. A. 
Apphc. 16(4), 467 (1989). 

154F. W K Chow and W. M. Leung, Fire-reduced 
convective flow inside an enclosure before flashover 
numerical experiments, BMg Serv. Engng Res 
Technol. 10(2), 51 (1989). 

155F. V N. Kazimirov, S. N. Knyazev,V. I. Polezhayev, 
N M. Ponomarev, A I Prostomolotov and I. A. 
Remizov, Convection in a melt during the growing 

of GGG (gadolinium, galhum, garnet) single crystals 
by the Cznchralski technique, Heat Transfer--Soy 
Res 21(6), 846 (1989). 

156F Y.J.K.un and S. Kou,TheffnocapiUary convectmn 
in zone-melting crystal growth - -  an open-boat 
physical su'nulation, J Crystal Growth 98(4), 637 
(1989). 

157F. P E. Phelan, S. M Kuo and C. L Tlen, Analysis 
of transient thermally-reduced convection of 
supercntlcal hehum m a condtm, IEEE Trans. Magn. 
25(2), 1504 (1989) 

158F G. Robinson and R. D Lonsdale, Numencal 
su'nulations of the Sonaco sochum natural convecuon 
expertments, Nucl. Energy 28(3), 183 (1989). 

159F. A. S. Zohrabian, M. R. Mokhtatzatleh-Dehghan, 
A. I Reynolds and B S_ T. Mamott, Experimental 
study of buoyancy-driven flow in a half-scale 
stairwell model, Bldg Environ. 24(2), 141 (1989). 

N A T U R A L  C O N V E C T I O N  - -  E X T E R N A L  
F L O W  

Vertical surfaces 
1FF R. Agarwal and Y. Jaluria, Deflection of a two- 

dimensional natural convection wake due to the 
presence of a vertical surface of close proximity, 
J. Fluid Mech. 201, 35 (1989). 

2FF. D. Angttrasa and J. Snmvasan, Natttral convectaon 
flows due to the combined buoyancy of heat and 
mass diffusion m a thermally s~atified medium, 
J. Heat Transfer 111(3), 657 (1989). 

3FF. T. Asaeda and K Watanabe, The rr~chamsm of 
heat transport m thermal convectmn at lugh Rayleigh 
numbers, Physics Fluuts A 1(5), 861 (1989). 

4FF. R Carmona and M. Keyhani, The cavlty width 
effect on immersion cooling of discrete flush-heaters 
on one vertical wall of an enclosu~ cooled from the 
top, J Electron. Packaging 111(4), 268 (1989). 

5FF C.-K. Chen, C.-P. Chiu and S -C. Lee, Turbulent 
muted flow of free and forced convection between 
verlacalparallel plates,J Thermophys Heat Transfer 
3(4), 454 (1989)_ 

6FF. K. C Cheng and P. Sabhapathy, Ice formation over 
an isothermally cooled vemcal circular cylinder m 
natural conveclaon, J Heat Transfer 111(1), 191 
(1989). 

7FF G. C. Dash and D. P Das, Laminar free convective 
heat and mass transfer of viscous fluid flow past a 
vertical plate m the presence of free-stream oscillatton 
and sottrce/sink, Modeli. Szmul ControiB 22(1), 43 
(1989). 

8FF_ G. C. Dash and D. P Das, Free convective viscous 
flow past a hot vemcal plane wall with periodic 
suction and heat source, Modeli. Stmul. Control B 
21(4), 37 (1989). 

9FF. G. C Dash and S. Btswal, Free convection effect 
on the flow of an elasto-viscous fluid past an 
exponentially accelerated vemcal plate, Modell 
Simul ControlB 21(4), 12 (1989) 



Heat mmsf~ - -  a review of 1989 hterature 2397 

10FF. S. M Elsherbiny, H. S. Fath and G. A. Refat, 
Nun~rical study of natural convection m vertical 
and reclined air layers, Modell Simul Control B 
19(2), 35 (1988). 

11 FF. S. Ghosh Moulic and L. S. Y ao, Natural convecuon 
along a vertical wavy surface with uniform heat flux, 
J Heat Transfer 111(4), 1106 (1989) 

12FF R S R Gorla, Combined forced and free con- 
vection in the boundary layer flow of a micropolar 
fluid on a continuous moving vertical cylinder, 
Int J Engng Sci. 27(1), 77 (1989) 

13FF G Gughelmim, E Nannel and G_ Tanda, Effect 
of shrouding on atr natural-convecnon heat transfer 
from staggered vemcal fins, Exp. Heat Transfer 
2(2), 105 (1989). 

14FF J J Heckel, T S. ChenandB. F.Armaly,Natural 
convection along slender vertical cyhnders with 
variable surface heat flux, J Heat Transfer 111(4), 
1108 (1989) 

15FF. J J_ Heckel, T. S Chen and B F Armaly, Mixed 
convection along slender verucal cylinders with 
variable surface temperature, Int J Heat Mass 
Transfer 32(8), 1431 (1989) 

16FF R. A. W. M. Henkes and C. J. Hoogendoom, 
Laminar natural convection boundary-layer flow 
along a heated vertical plate m a stratified 
envtronment, Int. J Heat Mass Transfer 32(1), 147 
(1989) 

17FF. M -J Huang, L-S. Huang, Y.-L, Chou and C.-K. 
Chen, Effects of Prandtl number on free convection 
beat Warts fer from a vemcal plate to a non-Newtoman 
fluid, J Heat Transfer 111(1), 189 (1989). 

18FF. Y H Hung and W. M. Shiau, An effective model 
for measuring transtent natural convective heat flux 
in vertical parallel plates with a rectangular rib, Int. 
J Heat Mass Transfer 32(5), 863 (1989). 

19FF Y. Jostu, T WLUson and S. J. Hazard rll, An 
experimental study of natural convection cooling of 
an array of heated protrusions in a verttcal channel in 
water, J Electron Packaging 111(I), 33 (1989). 

20FF F I. Kalbaltyev and D P. Mamedova, The effect 
of free convectton on the coefficients of beat transfer 
m transition flow of aromatic hydrocarbons at 
supercnncal pressures, Heat Transfer - -  Sov. Res 
21(5), 595 (1989) 

21FF K. Kato, T. Takarada, K. Yoshie, M. Fukatsu and 
Y Ezure, Natural convective flow between heated 
vemcalparallelplates,J Chem Engng Japan 22(6), 
649 (1989). 

22FF. M Kumari and G. Nath, Unsteady muted 
convectmn flow of a thermomicropolar fluid on a 
long thin vertical cylinder, Int J. Engng Sci. 27(12), 
1507 (1989). 

23FF S Lee and M. M. Yovanovich, Conjugate beat 
transfer from a vertical plate with ¢hscrete heat 
sources under natural convection, J. Electron. 
Packaging 111(4), 261 (1989) 

24FF. S. G Moulic and L. S. Yao, Mixed convection 
along a wavy surface, J Heat Transfer 111(4), 974 
(1989). 

25FF. D. J. Nelson and B. D. Wood, Combined heat and 
mass transfer natund convection between vemcal 
parallel plates, Int J. Heat Mass Transfer 32(9), 1779 
(1989) 

26FF A. A. Neponmyashchu and I B. Stmanovskii, 
Development of thermogravitafional convection m 
the presence of soluble surface-acnve matter at the 
interface, I Appl Mech. Tech. Phys 30(1), 139 
(1989). 

27FF Yu P. Semyonov, Heat transfer from a vertical 
plate under mixed convecnon conditions, Heat 
Transfer--Soy. Res. 21(4), 514 (1989). 

28FF P. Singh, V Radhakrishnan and K. A. Narayan, 
Oscillatory free convection beat transfer along a 
serm- infinite vemcal plate, lng_ Arch. 59( 1 ), 1 (1989) 

29FF. P. Singh, V. Radhakrishnan and K. A. Narayan, 
Non-simalar soluuons of free convection flow over 
a vertical frustum of a cone for constant wall 
temperature, Ing Arch. 59(5), 382 (1989). 

30FF. V M. Soundalgekar, Transient forced and free 
convectton flow wlth rrlasS transfer past an infinite 
vertical plate, Heat Technol. 7(3-4), 96 (1989). 

3 IFF. V M. Soundalgekar and M. Moluuddin, Unsteady 
forced and free convection flow with mass-transfer 
and chemical reacuonpast an re_fume vertical porous 
plate wtth oscillating plate temperature, ZJwngguo 
Gongchen Xuekan 12(5), 643 (1989). 

32FF. L G. Stepanyants and S. I. Shelukho, Predicting 
free laminar convection heat transfer on curvflmear 
surfaces, Heat Transfer - -  Soy_ Res. 21(4), 456 
(1989). 

33FF K Y. Suh, N. E. Todreas and W. M. Rohsenow, 
Mtxed convective low flow pressme drop in vertical 
rod assembhes: I - -  prechctive model and design 
correlation, J. Heat Transfer 111(4), 956 (1989). 

34FF. K. Y Suh, N. E. Todreas and W M. Rohsenow, 
Mixed convective low flow pressme drop m vertical 
rod assembhes: H--experimental vahdation,J Heat 
Transfer 111(4), 966 (1989). 

35FF T. Tsuji and Y Nagano, Veloctty and temperature 
measmements m a natural convection boundary 
layer along a vemcal flat plate, Erp Therm. Fluid 
Sci. 2(2), 208 (1989) 

36FF.T-Y WangandC Klemsueuer, Generalanalys~s 
of steady laminar nuxed convect3on heat transfer on 
vertical slender cylinders, J. Heat Transfer 111(2), 
393 (1989) 

37FF. T. Watanabe and H. Kawakarm, Effect ofumfonn 
suction or rejection on free convection boundary 
layers, Nippon Kdmi Gakkm Ronbunshu, B Hen 
55(519), 3365 (1989) 

38FF. W.-M. Yan, Y.-L. Tsay and T.-F. Lin, Combined 
buoyancy effects of thermal and mass diffusion on 
laminar forced convection between vertical parallel 
plates, Zhongguo Gongchen XuekanlJ Chin. Inst. 
Engrs 11(6), 633 (1988). 

39FF. R. Yang and L.-S Yao, Trading edge effect on 
natural convecuon along a uniformly heated vertical 
plate, Chung-Kuo Chi Hsueh Kung Ch' eng Hsueh 
Pao 10(5), 325 (1989). 



2398 E_ R G. l~mT et a/ 

40FF L S.YaoandB.B Rogers, The lmear stability of 
rmxed convection m avertical annulus,J. FlmdMech 
201,279 (1989) 

Homzontal surfaces 
41FF. A K. Chellappa and P. Singh, Possible smulanty 

formulations for laminar free convection on a serm- 
mr-mite plate, lnt J Engng So. 27(2), 161 (1989). 

42FF. A M. Clansmg and J J. Berton, Measurements of 
the thermal charactenstics of heated turbulent jets in 
crossflow, J. Heat Transfer 111(4), 904 (1989) 

43FF R_ Kumar, Laboratory studies of thermal 
convecuon m the interface under a stable layer, 
Int J. Heat Mass Transfer 32(4), 735 (1989) 

44FF P. A. Maslichenko and N. Yu. Fedorov, Natural 
convection on a horizontal plate in dissociating 
nitrogen tetroxide, Heat Transfer--Soy Res. 21(5), 
588 (1989) 

45FF. J H. Melkin andI. Pop, Free convection above a 
horizontal circular di ~tc in a saturated porous mechum, 
Warme Stoffuebertra& 24(1), 53 (1989). 

46FF. K. Noto, Swaying motion in thermal plume above 
a horizontal line heat source, J. Thermophys Heat 
Transfer 3(4), 428 (1989). 

47FF. D. N. Rialu, Hexagon pattern convecuon for 
Benard-Marangomproblem,lnt J. EngngSci. 27(6), 
689 (1989). 

48FF C. B. Sobhan, S P. Venkateshan and K. N. 
Seetharamu, Experimental analysis of unsteady free 
convecuon heat transfer from horizontal fin arrays, 
Warme Stoffuebertrag 24(3), 155 (1989). 

49FF Y. W Song, Numencal soluuon of transient 
natural convecuon around a horizontal wire, J Heat 
Transfer 111(2), 574 (1989) 

50FF. K.-I. Suglyama, Y. Ma and R. Isfuguro, Natural 
convecuon heat transfer from a horizontal cylinder 
to ltqmd sochum, Nippon Genshwyoku Gakkaish~ 
30(1), 71 (1988). 

51FF A Yticel, Mixed convecuon in micropolar fired 
flow over a horizontal plate with surface mass wansfer, 
lm J Engng Scz 27(12), 1593 (1989). 

52FF R K Zeytouman, The Benard problem for deep 
convecnon, ngorous derivation of approximate 
equatmns, Int J Engng Sc~. 27(11), 1361 (1989) 

Turbulence 
53FF A. M. Brabarm, L. Dehmam et Doan-Kim-Son, 

Structure turbulente de l'6coulement d'interactaon 
de deux panaches therrmques, lnt J Heat Mass 
Transfer 32(8), 1551 (1989). 

54FF R A_ W M Henkes and C J. Hoogendoom, 
Comparison of turbulence models for the natural 
convection boundary layer along a heated vertical 
plate, Int. J_ Hear Mass Transfer 32(1), 157 (1989). 

55FF A.K. Kulkarm and S. L Chou, Turbulent natural 
convection flow on a heated vertical wall tmmersed 
m a strattfied atmosphere, J Heat Transfer 111(2), 
378 (1989). 

56FF. A Murota, K Nakatsujl and M. Tamat, 
Expertmental study on turbulence structure in 
turbulent plane forced plume, Doboku Gakka~ 
Rombun-Hokak~shu 405, 79 (1989) 

57FF V N. Popov and G G. Yan'kov, Fluctuattons of 
velocity and temperature, turbulent st~sses, and 
heat fluxes m a free convection boundary layer, 
Pwr Engng New York 27(1), 118 (1989) 

58FF H. Schmidt and U. Schumann, Coherent structure 
of the convective boundary layer derived from large- 
eddy simulalaons, J Fluid Mech. 200, 511 (1989). 

59FF. Y C Yin, Y. Nagano and T Tsujl, Numerical 
prechction of turbulent natural convection boundary 
layers, Nippon Kikm Crakkaj Ronbunshu, B Hen/ 
Trans Japan Soc Mech EngrsPartB 55(514), 1623 
(1989). 

Other srudzes 
60FF_ M. E. Alessio and D. A Kammski, Natural 

convecuon and radiation heat transfer from an array 
of inclined pin f'ms, J. Heat Transfer 111(1), 197 
(1989). 

61FF. V. S. Belyacv and Yu. D. Chaschechkm, Free 
thermoconcentrauon convection above a localized 
heat source, FIuMDyn. 24(2), 184 (1989). 

62FF. G. Biswas, N. K. Mitza madM. Fiebig,Computanon 
of laminar mixed conveclaon flow in a channel with 
wing type built-in obstacles, J. Thermophys. Heat 
Transfer 3(4), 447 (1989) 

63FF. R. A. Brewster and T F Irvirm, Jr., Laminar 
mixed convectton m power law fluids m continuous 
flow electropboresm systems, Int. J. Heat Mass 
Transfer 32(5), 951 (1989). 

64FF V. V. Dil'man, V. I. Naxdemov and I. I. Khegai, 
Amsothermal Marangoni instability in a falling f'tim 
ofchemosorbent, Theor. Found. Chem. Engng 22(3), 
269 (1989) 

65FF H. J S. Femando, Buoyancy transfer across a 
diffusive interface, J_ Fluid Mech. 209, 1 (1989). 

66FF A. V Hassani and K. G. T. HoUands, On natural 
convectmn heat transfer from three-dimensional 
bodies of arbitrary shape,J.Heat Transfer 111 (2), 363 
(1989)_ 

67FF. A V. Hassam and K G T. Hollands, Prandfl 
number effect on external natural convection heat 
transfer from trrcgular thn~-dimensional bodtes, 
Int J. Heat Mass Transfer 32(11), 2075 (1989). 

68FF. H. Hoffmann, Y. Ieda, K. Marten, H. Tschocke, 
H.-H Frey, K. Dres and D Weinberg, 
Thermohydrauhc investigations of decay heat 
removal systems by natural convectton for liquid- 
metal fast bree, der t~actors, Nucl. Technol. 88(I), 75 
(1989). 

69FF. W. L. Holstein and J L. Fitzjohn, Effect of 
buoyancy forces and reactor orientation on fired 
flow and growthrate unifomuty in cold-wall channel 
CVD reactors, J. Crystal Growth 94(1), 145 (1989). 

70FF. D. B. Ingham and I. Pop, Natural convection m a 



Heat wansfer - -  a revaew of 1989 hterature 2399 

nght-angle comer higher-order analysts, lnt J. Heat 
Mass Transfer 32(11), 2167 (1989) 

71FF. K_ Kapoor and Y Jaluna, Heat transfer from a 
negatlvelybuoyantwalljet,lnt J Heat Mass Transfer 
32(4), 697 (1989). 

72FF M H_ K.im and M.-U Kim, Natural convection 
near a rectangular comer formed by two vertical flat 
plates with uniform surface heat flux, lnt J Heat 
Mass Transfer 32(7), 1239 (1989). 

73FF C. Klemstreuer and T.-Y. Wang, Convection heat 
transfer m water at 4°Cpast vertacal slender cylinders, 
J_ Thermophys Heat Transfer 3(2), 220 (1989) 

74FF. K. R Kurkai and S. Munukufla,Thermal boundary 
layer due to sudden heating of fluid, J Thermophys 
Heat Transfer 3(4), 470 (1989) 

75FF_ H-T Lin, W-S Yu and S.-L Lang, Free 
convection on an arbitrarily haclmed plate with 
uniform surface heat flux, Warme Stoffueberrrag 
24(3), 183 (1989) 

76FF K. Omtrna, K Tsukamoto and I Sunagawa, 
Effect of buoyancy d_nven convection upon the 
surface microtopogrsphs of Ba(NO3) 2 and CdI 2 
crystals, J_ Crystal Growth 98(3), 384 (1989). 

77FF C Y. Yang, Mixed convection plume - -  
apphcanon ofsuperposition, J. Heat Transfer 111 (4), 
936 (1989). 

78FF. H Q. Yang and K. T. Yang, Mixed convection 
from a heated reclined plate m a channel with 
application to CVD, lnt J. Heat Mass Transfer 
32(9), 1681 (1989). 

79FF Y Yokono, T Sasaki and M. Ishizuka, Cooling 
performances for fins under an obstacle, Nippon Kikai 
GakkaJ R onbunshu, B Hen 55(512), 1188 (1989) 

CONVECTION FROM ROTATING 
SURFACES 

Rotating dtsks 
IG. R. S_ Agarwal and C Dhanapal, Heat transfer m 

rmcropolar fluid flow between two coaxial discs - -  
one rotathag and the other at rest, Int. J_ Engng Set. 
27(2), 181 (1989) 

2G. C J. Chang, C A. Schuler, J. A. C. Humphrey and 
R Greif, Flow and heat transfer in the space between 
two corotatmg chsks in an axisymmetric enclosure, 
d Heat Transfer 111(3), 625 (1989). 

3G. P A Elbeck and D J. Cohen, Modeling thermal 
characteristics of a fixed disk drive, IEEE Trans. 
Compon. Hybmds Mf Technol. ll(4), 566 (1988). 

4G. J M. Hyun and J W. Kam, Buoyant convection 
driven by an encapsulated spmmng disk with axial 
suction, J. Thermophys. Heat Transfer 3(2), 189 
(1989)_ 

5G S. R Kaslvtswanathan and A. Ramachandra Ran, 
Exact solution for the unsteady flow and beat transfer 
between eccentrmally rotating diqk.% lnt J_ Engng 
Set 27(6), 731 (1989) 

6(3. D. F Torok and R. Gronseth, Flow and thermal 
fields in channels between corotatmg disks, IEEE 
Trw,a. Compon Hybruts Mf Technol. 11(4), 585 
(1988) 

Rotanng channels 
7G J. Gmdez, Study of the convective heat transfer m a 

rotating coolant channel, J_ Turbomach 111 (1), 43 
(1989). 

8G G Reich and H. Beer, Fluid flow and heat transfer 
m an axially rotating p ipe- -  I. Effect of rotation on 
turbulent pipe flow, Int. J. Heat Mass Transfer 
32(3), 551 (1989). 

9G. G. Reich, B. Welgand and H Beer, Fluid flow and 
heat transfer m an axially rotating p ipe- -  II. Effect 
ofrotauon on laminar pipe flow, Int. J HeatMass 
Transfer 32(3), 563 (1989). 

10(3 B. Weigand and H. Beer, Heat transfer ha an axaally 
rotating p~pe m the thermal entrance regton. Part 1. 
Effect of rotation on turbulent pipe flow, Warme 
Stoffuebertrag 24(4), 191 (1989). 

11G. B. Wetgand and H. Beer, Heat transfer in an axially 
rotating pipe in the thermal entrance region Part 2. 
Effect of rotation on laminar pipe flow, Warme 
Stoffueberrrag 24(5), 273 (1989). 

Other flows wuh rotanng surfaces 
12G. K. V. Chalapathi Rao and V. M. K. Sastri, Heat 

transfer in annulus with rotalang inner cyhnder, 
Chem_ Engng Process 26(2), 173 (1989). 

13G. S A Condie and R. W. Griffiths, Convection in a 
mtafingcavlty, modellmgoceancirculauon, J Fired 
Mech. 207,453 (1989). 

14(3 G G. Klemstem, On trrotalaonal motion past a 
rotating cylinder in a viscous beat-conducting fluid, 
Int. J. Engng SCL 27(11), 1299 (1989). 

15G. C. Kleinstreuer and T.-Y. Yang, Mixed convect3on 
beat and surface mass transfer between power-law 
fluids and rotating permeable bodies, Chem Engng 
Sc:. 44(12), 2987 (1989). 

16G N.M. Levchenko, Invesugafion of the beat transfer 
of cryogemc fluids in a centrifugal force field, 
J. Engng Phys. 54(3), 240 (1988). 

17G. J F Magnan and E. L. Reiss, Rotating thermal 
convection, neosteady and neoperiodic solutions, 
SIAM J Appl Math 48(4), 808 (1988). 

18G. I. Pop, M Kumari and G. Nath, Combined free and 
forced convection along a rotaung vemcal cylinder, 
lnt J Engng Sct 27(3), 193 (1989). 

COMBINED HEAT AND MASS 
TRANSFER 

Transpiranon 
IH. A. V. Botin, Effect of concentrated injection 

(blowing) on the coefficient of local beat transfer to 
the surface of a spbere at low Reynolds numbers, 
Fluid Mech Soy Res. 17(6), 73 (1988). 



2400 E R G F_xaomr et al 

2H B. K. Dutta, Heat transfer from a staxtchmg sheet 
with uniform suction and blowing, Acta Mech 
78(3-4), 255 (1989) 

3H H_ Kuroda and K_ Nishaoka, Heat transfer m a 
channel with uniform rejection through a performed 
wall, J Heat Transfer 111(1), 182 (1989) 

4H E.M. Smtmov and S V. Yurkan, Flow m a rotating 
slot channel with injection through one wall and 
compensating suction through the other, J Engng 
Phys. 54(4), 364 (1988) 

5H. A. Yiacel, Mnted convectaon on a horizontal surface 
with mjectton or suction, J Thermophys_ Heat 
Transfer 3(4), 476 (1989) 

Ablation 
6H A.W. Badey and A. Modak, Ntunerical stmulatton 

of laser ablation with cavity reflections, 
J Thermophys. Heat Transfer 3(1), 42 (1989). 

7H. P G. Berardi, Heat transfer m a composite ablative 
slab subjected to lime-dependent heat fluxes, Heat 
Technol 7(3--4), 57 (1989). 

Fdm cooling 
8H. C_ Camcl, An experimental and numertcal 

investigation of near cooling hole heat fluxes on a 
film-cooled turbine blade, J Turbomach 111(1), 63 
(1989) 

9H.R.S Gupta and S. L. Smgla, Approach for sLmulation 
and optmusation of fdrn cooling system m gas 
turbine blades, Modell S~mul Control B 19(4), 13 
(1988). 

10H B A. Jubran, Correlation and plediction of film 
cooling from two rows of holes, J Turbomach. 
111(4), 502 (1989). 

I 1H. N. KasagL M. Hirata, M. Ikeyama, M. Makano and 
M Kumada, Full-coverage fdm cooling on curved 
wails, Part 3, cooling effectiveness on concave and 
convex walls, Hear Transfer--Jap Res. 18(2), 28 
(1989) 

12H. P M Ltgrani, A Ortxz, S. L Joseph and D. L. 
Evans, Effects of embedded vortices on f'tlm-cooled 
turbulent boundary layers, J. Turbomac h. 111 (1), 71 
(1989) 

13H D. E. Paxson and R. E. Mayle, The influence of a 
mainstream thermal boundary layer on film 
effecuveness, J Turbomach. 111(4), 491 (1989). 

14H J R Ptetrzyk, D. G Bogard and M. E Crawford, 
Hydrodynamic measurements of jets in crossflow 
for gas turbine film cooling apphcations, 
J Turbomach 111(2), 139 (1989). 

15H T. Schobem, Opumum trading edge ejection for 
cooled gas turbine blades,J Turbomach. 111(4), 510 
(1989) 

16H S G Schwarz and R. J. Goldstein, The two- 
chrnenslonal behavior offilrn cooling jets on concave 
surfaces, J. Turbomach. 111(2), 124 (1989). 

17H. S. A Sherff and R. H Pletcher, Measurements of 
the thermal charactermdcs of heated turbulent jets m 
crossflow, J. Heat Transfer 111(4), 897 (1989) 

18H A.J H Teekaram, C. J P ForthandT. V. Jones, 
The use of foretgn gas to stmulat¢ the effects of 
denstty rauos m fdm cooling, J Turbomach. 111 ( 1 ), 
57 (1989) 

Jet tmpmgement heat transfer 
Submerged jets 

19H A. I Abrosimov and A. V Voronkevxch, Influence 
of the velocity profile on the heat transfer of a 
circular impact jet, J Engng Phys. 54(3), 262 
(1988). 

20H. L. V. Arsen'yev, I. B. Mttrayev [dec] and N. P. 
Sokolov, Enhancement of heat transfer from a plane 
duct wall impinged by an array of ctrcular jets m the 
presence of a longitudinal flow, Heat Transfer - -  
Soy Res. 21(4), 464 (1989) 

21H J. W. Baughn and S Shimazu, Heat transfer 
measurements from a surface with uniform heat flux 
and an nnpinging jet, J Hear Transfer 111(4), 1096 
(1989). 

22H S.A.BlokhandL S Blokh, Olmmizmgparameters 
of air jet systerrks used for fast cooling of cerarrucs, 
Glass Ceram. 45(7-8), 262 (1989). 

23H. R K Brahma, I. Padhy and B. Pradhan, Ptechcuon 
ofstagnataonpomt heat transfex for a slot jet impinging 
on a concave semicylmdncal surface, Warme 
Stoffuebertrag 24(1), 1 (1989). 

24H. L Y Cooper, Heat txansfer m compartment fires 
near regions of ceiling-jet impingement on a wall, 
J Heat Transfer 111(2), 455 (1989) 

25H K. Ichmuya andN Hosaka, Experimental study of 
heat transfer charactensttcs due to confined 
unpingmg two dimensional jets heat transfer 
experiment for three slot jets, Nippon Kikai Gakkal 
Ronbunshu, B Hen 55(518), 3210 (1989) 

26H. O. I Kormil'tseva, A K. Nekrasov and A. M 
Sal'mkov, The temperature field m a plate exposed 
to tmpmging submerged jets, Heat Transfer--Sov 
Res. 21(4), 471 (1989). 

27H H. Maki and A. Yabe, Heat transfer by the annular 
impmgmg jet, Exp Heat Transfer 2(1), 1 (1989). 

28H. X S. Wang, Z. Dagan and L. M. Jiji, Heat transfer 
between a cxrcular free impinging jet and a sohd 
surface with non-uniform wall temperature or wall 
heat flux - -  1 Solution for the stagnation region, 
Inr J Heat Mass Transfer 32(7), 1351 (1989) 

Free jets. 
29H. G Barsantx, S. Faggiam and W. Graasi, Single- 

phase forced convecuon coohng of heating surfaces 
by hquid jet impingement, Heat Technol. 7(2), I 
(1989). 

30H. A. K.itron, T. EIpenn and A. Tanur, Monte Carlo 
analysis of wall erosion and direct contact heat 
transferby impinging two-phasejets,Y Thermophys. 
Heat Transfer 3(2), 112 (1989). 

31H X S. Wang. Z. Dagan and L M. Jlji, Heat wansfer 
between a circular f3~,e impinging jet and a sohd 
surface wtth non-uniform wall temperature or wall 



Heat wansfer - -  a review of 1989 hterature 2401 

heat flux - -  2 Solution for the boundary layer 
region, Int J Heat Mass Transfer 32(7), 1361 (1989) 

32H X. S. Wang, Z Dagan and L. M. JUL ConJugate 
heat txansfer between a laminar tmpingmg liquid jet 
and a sohd disk, lnt J Heat Mass Transfer 32(11), 
2189 (1989). 

33H. D. A. Zurnbrurmen, F. P. Incropera andR Vhskanta, 
Convective heat transfer chsmbunons on a plate 
cooled by planar water jets, J Heat Transfer 111 (4), 
889 (1989) 

Spray and mist cooling 
34H. Y Lev, Cooling sprays for hot surfaces, Fzre Prey 

222, 42 (1989) 
35H. U Remers. R Jeschar andR. Scholz, Heat transfer 

during continuous casting cooling because of spray 
water. Steel Res. 60(10), 442 (1989) 

48H. P. Kumar, S. Rout and P. S. Narayanan, Laminar 
natural convecnon boundary layers over buches of 
arbitrary contottr wida vectored surfacemass transfer, 
Int. J Engng Scl. 27(10), 1241 (1989). 

49H_ M Maiellaro and L. Palese, Anisotropic 
thermoconvecuve effects on the stability of the 
thermodiffusive equtlibnum, Int. J. Engng Sci. 27 (4), 
329 (1989). 

50H H_ R. Thomas and R. C. Owen, A stmulatron of 
seasonal temperature and mmsture content changes 
in the ground, Commun.Appl Nuraer Meth 5(3), 171 
(1989) 

51H. T. Vtrag and G. G. Halasz, Integral exluanon 
approach for simulation of heat and mass transfer 
processes, Drying Technol 7(2), 267 (1989). 

C H A N G E  O F  P H A S E  - -  B O I L I N G  

Drying systems 
36H. B. Cermak, K. Houska, M Choe, M. Korger, J 

Valchar and Z. Vtktonn, Recent development of 
drying theory and computing methods m 
Czechoslovakia, Drying Technol 7(1), 101 (1989). 

37H Y K. Chuah, P. Norton and F Kreith, Transient 
mass transfer in parallel passage dehumidtfiers with 
and without solid side resistance, J. Heat Transfer 
111(4), 1038 (1989). 

38H W Ka,nmska, I. Zbiemsk.i, S. Grabowski and C. 
Stnmadlo, Muhiobjeetive optam~ation of drying 
process, Drying Technol. 7(1), 1 (1989). 

39H. S Muralz Knshna and S. Srm]vasa Murthy, 
Experiments on a silica gel rotary dehumidifier, 
Heat Recovery Systems & ClIP 9(5), 467 (1989). 

40H. T. Kudra, Dielectric drying of particulate materials 
in a flmdazed state,Drying Technol 7(1), 17 (1989). 

41H. T. Kudra and A_ S. Mujumdar, Impingement 
stream dryers for particles and pastes, Drying 
Technol. 7(2), 219 (1989). 

42H P S. Kuts and V. K. Samsonynk, Enhancement of 
spray drying of thermosensitive materials, Drying 
Technol 7(1), 35 (1989). 

43H R.S. Rama, V CharanandH K. Varma, Heatand 
mass transfer from a row of tubes m a vertical plane 
of an evaporanve heat dissipator, J Heat Transfer 
111(4), 1120 (1989) 

44H H B Spencer, W J Lamond, R Graham and 
A B. Moore, Factors affecting the resistance to 
moisture transfer during drying of cut grass, Drying 
Technol. 7(4), 747 (1989). 

45H J. B Zhelev, Expertrnental investigation of flow 
pattern m a spray dryer, Drying TechnoL 7(3), 477 
(1989) 

Miscellaneous 
46H A Atreya and I S Wmhman, Heat and mass 

transfer during piloted ignition of cellulosic solids, 
J Hear Transfer l I i (3), 719 (1989). 

47H. A. G_ Gnedovets and A. A Uglov, Heat and mass 
transfer near a phase boundary at low Knudsen 
numbers, High Temp. 27(3), 425 (1989). 

Bothng mctplence and bubble characteristics 
IJ. V D. Chayka, Fraction of heat input taken up by 

vapor bubbles m boiling of water on horizontal 
tubes, Heat Transfer--Soy. Res 21(4), 536 (1989). 

ZI. M V Fyodorov and V V. Klunenko, Vapour bubble 
growth in boiling under quasi- stalaonary beat transfer 
condiuom in abeating waIl,Int.J. Heat Mass Transfer 
32(2), 227 (1989) 

3J. S. Ghosh and D. K. Basu, Superheat layer tluckness 
and temperature profile measurements in saturated 
nucleate pool boiling at hquid-liquid boiling 
interface, J Instn Engrs India Part CH 70(1), 1 
(1989). 

4J. Y. Haramura, Measurement of thickness of hquid 
film formed on a heated surface m high heat flux 
saturation boiling (lst report. A method to measure 
the thickness of the liquid film and the results in pool 
boiling), Nippon KIkai Gakkai Ronbunshu, B Hen 
55(513), 1392 (1989). 

5J Y. Haramura, Charactenstics of pool boiling heat 
transfer in the vicinity of the critical heat flux 
(relanons between bubble motion and heat flux 
fluctuations), Heat Transfer--Jap Res lg(3), 18 
(1989). 

61. M. Jamialahmadt, R. Blocehl and H. Muller- 
Steinhagen, Bubble dynamics and scale formation 
during boiling of aqueous calcium sulphate solutions, 
Chem. Engng Process 26(1 ), 15 (1989). 

7J. R L. Judd, The influence of suhcooling on the 
frequency of bubble emissmn in nucleate boiling, 
J. Heat Transfer 111(3), 747 (1989). 

8J. R. Kattan, A Denat and O. Lesalnt, Generation, 
growth, and collapse ofvatxa-bubbles in hydrocarbon 
hqmds under a high divergent electric field, J. Appl. 
Phys. 66(9), 4062 (1989). 

9J. V. D Keller, I. P. Korchagin. V. N. Zyryanov and 
Y. A Vayuer, Investigation of critical flowrams of 
flashing hot water on a large-scale experimental 
stand, Fluut Mech. Soy Res. 1 8 0 ) ,  113 (1989) .  

10J A.  A .  Kendoush, The delay time during 
del~ssuxiTsttlonofsattll'all~ water, int J HeatMass 
Transfer 32(11), 2149 (1989). 



2402 E_ R_ G_ Ecx~gT el al 

11J. I Z. Kopp, Analytic determination of the number of 
nucleation sRes in nucleate boding of hquids on real 
surfaces, Heat Transfer - -  Sov Res 21(6), 735 
(1989) 

12I. R C. Lee and J. E Nydahl, Numerical calculataon 
of bubble growth m nucleate boding from mceptmn 
through departure, J. Heat Transfer 111(2), 474 
(1989) 

13J W. J. Marsh and I Mudawar, Sensible heating and 
botlmg mctpience m free-falling dielectric hqmd 
films, J Electron Packaging 111(1), 46 (1989). 

14J W_ J. Marsh and I. Mudawar, Predicting the onset 
of nucleate boiling in wavy free-falling turbulent 
hqmd f-tiros, Int J Heat Mass Transfer 32(2), 361 
(1989) 

15J Y Matsumoto and M. Watanabe, Numencal 
smaulation on a bubble motion with full N---S 
equations, N~ppon Kikat Gakkm Ronbunshu, B Hen 
55(519), 3283 (1989). 

16J. H McCann, L. J Clarke and A P. Masters, An 
experimental study ofvapour growth at the superheat 
hrmt temperature, lnt J. Heat Mass Transfer 32(6), 
1077 (1989) 

17J A V_ Reshemakov, O. A. Isaev and V P. Sknpov, 
Flow rate ofboilmg liqmd on tssuing into alrnosphere. 
Conversion from model material to water, High 
Temp 26(4), 598 (1989) 

18J. J. R. Razmc and M. Ishti, Bubble number density 
and vapor generauon m flashing flow, lnt J Heat 
Mass Transfer 32(10), 1821 (1989). 

19J. S. S. Sadhal, Heat transport to a slowly growing 
bubble on a sohd surface, Q. J. Mech Appl Math 
42(4), 477 (1989). 

20J. P. V Skrtpov, Method of forecasting bmary-sohitaon 
superheating, J Engng Phys. 54(3), 233 (1988) 

21J O. A Zyamma, A. A Ivashkev~ch and T. V 
Mttrofanova, Analytical determination of the onset 
of nucleate boiling of subcooled water m pipes, Heat 
Transfer--Soy Res. 21(6), 742 (1989). 

Pool bothng 
223. A. Abbassl, A. A Alem Rajabi and R. H. S. 

Wmterton, Effect of confined geometry on pool 
boding at high temperatures, Exp Therm FluidScL 
2(2), 127 (1989). 

23J H E. Alpay and F Balkan, Nucleate pool boiling 
performance of acetone-ethanol and methylene 
chlonde-ethanol binary mixtures, Int J Heat Mass 
Transfer 32(12), 2403 (1989)_ 

24J. Y Asakura, M. Nagase, S. Uchida, K. Ohsumi, Y 
Nishino, S Yoshikawa, O. Amano and N. Suzuki, 
Deposmon of nickel and cobalt ions on heated 
surface thader nucleate boiling condition,J. Nucl SCL 
Technol. 26(12), 46 (1989). 

25J. J -M. Buchlm, A. K. Stubos, M. Di Francesco and 
C Joly, Experimental andphyslcalmodelmgoftwo- 
phase heat transfer m fuel debris beds, Heat Technol 
7(1), 1 (1989) 

26J G_ R Chandratilleke, S Nishio and H. Ohk-ubo, 
Pool boiling heat transfer to saturated hqmd helium 

from coated surface, Cryogemcs 29(6), 588 (1989) 
27J. K -H_ Chang, L. C. Witte and S Sankaran, The 

influence of end conditions on minimum fdm boding 
from acylmder,J HeatTransfer 111(4), 1123 (1989). 

28J V K DhtrandS.P IAaw, Framework for a unified 
model for nucleate and transttlon 13oolboilmg, J. Heat 
Transfer 111(3), 739 (1989) 

29J. S. Fukusako and N Hona, Water-injectton effect 
on boding heat transfer m a water-saturated porous 
bed, J Heat Transfer 111(1), 207 (1989). 

30J. D_ Gorentlo, P. Blem, G Her'res, W Rott, H_ 
Schoemann and P Sokol, Heat transfer at pool 
boding ofm.txtures with R22 and R114, lnt J. Refmg 
11(4), 257 (1988) 

31J. V S Granovskay, V. B. Khabenskty and S. M 
Shmelev, Investigation of film boding of water on 
vertlcal walls,Heat Transfer--Sov. Res 21(5), 636 
(1989). 

321 K H1jikata, T. Nagasaka and N Kurata, Study on 
boiling heat l~ansfer from diode elements in an 
integrated circuit chip, Nippon KJkat Gakkai 
Ronbunshu, B Hen 55(510), 488 (1989) 

33J Y Htrono, R. Shtmada, S. Kumagal and T 
Takeyama, Macrobubble emission boiling to highly 
subcooled water from honzontal surfaces, Technol 
Rep Tohoku Univ. 52(2), 149 (1988). 

34J F. Kaminaga, Subcooled boding heat transfer of a 
stagnant freon R-113 surrounded by a cooling jacket 
(lst report Heat tiansfer charactertstics of single 
phase natural convection and nucleate boding), 
Nzppon Kikal Gakkm Ronbunshu, B Hen 55(515), 
2024 (1989) 

35J. Y. Kakuclu, T. Eblsu and I Machiyosba, Effect of 
hquld--sohd contacts on the low lmut offdm boiling, 
Nippon Kikat Gakkal Ronbunshu, B Hen 55(515), 
1989 (1989). 

36J. K Kugeler, A. Stulgles, P Schremer and C. Epping, 
Investigation on the behavtor of water in the core of 
pebble-bed lugh-temperature reactors, Kerntechmk 
53(4), 291 (1989) 

37J V G_ Laheish, Heat removal dunng liqmd coohng 
of metal, Steel USSR 19(3), 134 (1989) 

38J S P_ Law and V K. Dhir, Void fraction 
measurements dunng saturated pool boding of water 
onparually wetted verucal surfaces,J Heat Transfer 
111(3), 731 (1989) 

39J. S. M. Lu and D J. Lee, Effects of heater and heating 
methods on 13o01 boding, A I.Ch.E Jl 35(10), 1742 
(1989). 

40J J. Maza, F. Jebah, M. X. Francois and F.Vldal, 
Temperature and heat flux measurements in noiseless 
film botlmg m superflmd hdlum wsth a flat heater, 
Cryogemcs 29(3), 200 (1989). 

41J. I. Mtchayoshi, O. Takahashi and Y Kikuchi, Heat 
transfer and the low lmut of film boiling, Exp. Therra 
Fired Sci. 2(3), 268 (1989) 

423 C Pan, B. G. Jones and A. J. Machiels, Dryout heat 
fluxes for surfaces overlayed with chimney-type 
porous deposits, Nucl Technol_ 88(1), 64 (1989) 

43J C Pan, J Y. Hwang and T L. Lm, The mechanism 



Heat wansfer - -  a review o f  1989 hterature 2403 

of heat transfer in transition boiling,Ira J. HeatMass 
Transfer 32(7), 1337 (1989). 

44J R. P Reddy and J H. Laenhard, The peak boiling 
heat flux in saturated ethanol-water mixtures, J Heat 
Transfer 111(2), 480 (1989). 

45J A Sakurat, M. Shiotsu, K. Hata and Y. Takeudu, 
Quasi-steady nucleate boiling and its life caused by 
large stepwlse heat input m saturated pool liquid He 
1, Cryogenics 29(6), 597 (1989) 

46J. J R Saylor, A. Bar-Cohen, T.-Y. Lee, T. W. 
Smaon, W. Tong and P.-S Wu, Fluid selection and 
property effects m single- and two-phase immersion 
cooling, IEEETrans Compon. Hybr#dsMf Technol. 
11(4), 557 (1988) 

47J T. Slugeclu,N. Kawac, K. Kanemaru and T Yamada, 
Film boihng heat uansfcr fi'om a finite-size horizontal 
plate facing downward, Heat Transfer-- Jap Res. 
18(6), 66 (1989) 

48L M. Tajuna, T. Maid and K. Katayama, Study of heat 
transfer phonomona m quonclung of steel (3rd report 
Cooling curves dunng quenching and transient 
boihng heat transfer), Nippon Kikai Gakkm 
Ronbunshu, B Hen/Trar~ Japan Soc. Mech. Engrs 
54(508), 3491 (1988). 

49J. M. Tanaka and T Kodama, Pool boiling heat 
transfer ofhquld 3He, Cryogemcs 29(3), 203 (1989) 

50J P K Tewari, R. K. Verma, M. P. S. Ramani, A. 
Chatterjee and S. P. Mahajan, Nucleate boiling in a 
thin f'ilm on a horizontal tube at atmospheric and 
subatmosphenc pressures,Int. J. Heat Mass Transfer 
32(4), 723 (1989) 

51J. K. Tortkal, K Suzuka and M Yamaguchi, Study on 
the contact area of pool boding bubbles on a heating 
surface: observation of bubbles m transmon boiling, 
Nippon K~kal Gakkm Ronbunshu, B Hen 55(518), 
3199 (1989). 

52/ K Torikal, K. Suzuki and T. Kaneko, Effect of 
condiuon of heating surface on pool boiling heat 
transfer (on botlmg for unwettable and grooving 
surface), Nippon Ktkaz Gakkm Ronbunshu, B Hen 
55(511), 764 (1989). 

53J. J W Westwater, J C. Zmn and K. J. Brodbeck, 
Correlauon of pool boiling curves for the homologous 
group Freons, J Heat Transfer 111 (1), 204 (1989). 

54J_ V Ye Zhukov, M O. Lutset and V. A. Sobolev, 
Experimental study ofheattransfer to liquid nitrogen 
at acceleration up to 5500g, Heat Transfer - -  Soy 
Res 21(6), 788 (1989) 

Flow boding 
55J A M. Abdallah, Rigorous solution for the problem 

of laminar forced flow film boding along ahorizomal 
plate, Kerntechnik 54(3), 191 (1989). 

56J. B. P. Avksentyuk, Crincal heat fluxes wah forced 
flow of subcooled and saturated hquids, Therm 
Engng 35(12), 694 (1988). 

57J R D Boyd, Sr,  Subcooled water flow hoilmg at 
1 66 MPa under uniform lugh heat flux conditions, 
Fuszon Technol 16(3), 324 (1989) 

58J. F. Casaglm, E. Oliven, S. Talbt and G. Vella, 
Con'elation for the quench h'ont velocity m the 
rewetting of a rod by a falling film, Heat Technol 
7 ( 1 ) ,  21 (1989). 

59J. G P Celata, M. Cumo, F. D'Aunibale and G E. 
FareUo, Cnucal heat flux m transiem flow boihng 
dunng simultaneous variations m flow rate and 
thermal power, Exp Therm Fluid Scl. 2(2), 134 
(1989) 

60J A. Clausse, R. T. Lahey, Jr. and M Podowski, An 
analysis of stabdlty and osciUatlon modes m boding 
multichannel loops using parameter permrbauon 
methods, lnt J Heat Mass Transfer 32(11), 2055 
(1989). 

61J. M. G. Cooper, Flow boiling - -  the 'appa~ntly 
nucleate' regune, Ira J. Heat Mass Transfer 32(3), 
459 (1989). 

62/ K. Fukuda, T. Sakai, T. Kondoh and S. Hascgawa, 
Heating limits of boiling downward two-phase flow 
in parallel channels, Nippon Genshiryoku Gakkaishd 
J At Energy Japan 31(6), 699 (1989). 

63J. W. R. Gambill and J. H. Llenhard, An upper bound 
for the critical boiling heat flux, J. Heat Transfer 
111(3), 815 (1989). 

64J. R. S. Gorelik, O. N. Kashmskii and V. E. 
Nakoryakov, Heat transfer ho~ li a wall to an ascending 
bubbly flow with low hqnid-phase velocities, Hmgh 
Temp. 27(2), 236 (1989). 

65J. E. Hahne,N. Shon and K. Spmdier, Fully developed 
nucleate boil mg m upflow and downflow,lnt J Heat 
Mass Trar~fer 32(10), 1799 (1989). 

66J. E. Hihara, K. Tanida andT. Salto, Forcedconvectlve 
boding experiments of binary maxtures, JSMEInt J 
Ser 2 32(1), 98 (1989). 

67J. D. S. Jung and R. Radermacher, lhedicuon of 
pressure drop dunng horizontal annular flow boiling 
of pure and rraxed refrigerants, Int. J Heat Mass 
Transfer 32(12), 2435 (1989) 

68J. D. S Jung, M McLmden and R. Radermacher, 
Measurement techmques for horizontal flow boiling 
heat transfer with pure and nuxed refrigerants, Exp 
Heat Transfer 2(3), 237 (1989). 

69J. D S Jung, M McLinden, R. Radermacher and D 
Didion, Horizontal flow boiling heat transfer 
experiments with amixture ofR.22]Rl 14,lnt.J. Heat 
Mass Transfer 32(1), 131 (1989). 

70J. Y. Katto and M Yosluwaxa, Analyucal study of 
critical heat flux of subcooled flow boiling in round 
tubes, Ntppon Kikm Gakkm Ronbunshu, B Hen 
55(519), 3515 (1989) 

71J D B R KennmgandM.G.Cooper, Saturated flow 
boiling of water m vemcal tubes, Int. J Heat Mass 
Transfer 32(3), 445 (1989). 

72/. V. B Khabenskh, Yu. A. Mlgrov, V. K. Efimov and 
O V Tokar', Crilical heat u'ansfcr in a single channel, 
Therm. Engng 35(12), 689 (1988). 

73J. W.-S. Lm, C.-H. ~ and B.-S. Pel, Improved 
theoretical critical heat flux model for low-quality 
flow, Nucl Technol 88(3), 294 (1989). 



2404 E R G Etatm~r et al 

74J. D E Maddox and I Mudawar, Single and two- 
phase convective heat transfer f~om smooth and 
enhanced microelectromc heat sources in a 
rectangular channel, J Heat Transfer 111(4), 1045 
(1989) 

75J A Mentes, S. Kakac, T N. Veztroglu and H_ Y_ 
Zhang, Effect of inlet subcoolmg on two-phase flow 
osctlla'.lons m a vertical boiling channel, Warme 
Stoffuebertrag 24(i), 25 (1989) 

76J M_ Monde and Y. Mltsutake, Enhancement of heat 
transfer due to bubble passing through a narrow 
vertical rectangular channel. (Theoretical analysis 
with evaporation on an interface), N:ppon Ktkat 
Gakkat Ronbunshu, B Hen 55(519), 3441 (1989)_ 

77J. M Monde, S. Mdaara and T Noma, Enhancement 
of heat transfer due to bubble passing through a 
narrow vertical rectangular channel (Effect of 
subcooling on heat transfer), Nippon Kikm Gakkai 
Ronbunshu, B Hen 55(510), 483 (1989). 

78J M Monde and Y. Mitsutake, Enhancement of heat 
transfer due to bubbles passing through a narrow 
vertical rectangular channel (theoretical analysis 
without evaporation on an interface), Nippon K~kai 
Gakka: Ronbunshu, B Hen 55(515), 2030 (1989). 

79J M. Mosaad and K. Johannsen, Experimental study 
of steady-state film boding heat uansfer ofsubcooled 
water flowing upwards m a vertical tube, Exp. Therm 
Fluzd Set 2(4), 477 (1989). 

80J I. Mudawar and D. E Maddox, Critical heat flux m 
subcooled flow boding of fluorocarbon hquid on a 
stmulaled electromc chip in a vertical rectangular 
channel,Int. J. Heat Mass Transfer 32(2), 379 (1989) 

81J H Nanaa, F Inasaka and K. Uehara, Critical heat 
flux m narrow tubes with uniform heating, Heat 
Transfer--Jap. Res. 18(6), 21 (1989) 

823_ N_ Yu Ostrovskia, Boiling heat transfer in a system 
of marmscible hquids m a natural circulation loop, 
Therm Engng 35(12), 709 (1988) 

83J. A E. Ruggles, R. T Lahey, D A Drew and H A 
Scarton, The relationship between standing waves, 
pressure pulse propagauon, and cnucal flow rate in 
two-phase mixtures, J Heat Transfer 111(2), 467 
(1989). 

84J K. R Samant and T W Simon, Heat transfer from 
a small heated region to R-113 and FC-72, J Heat 
Transfer 111(4), 1053 (1989) 

85J P. K. Sarma, K V. Sharma and V Dharma Rao, 
laminar film boiling on a vertical fin, Warme 
Stoffuebertrag 24(1), 19 (1989) 

86J. M -S Song and P J Turinsky, Analytic predictions 
of boiling film stabihty for conditions consistent 
with light water reactor degraded core conditions, 
Nucl Sol Engng 101(2), 117 (1989) 

87J H. M Tensl aud P. Stitzelberger-Jakob, Evaluation 
of apparatus for assessing effect o f forced convection 
on quenchmg characteristics, Mater Set. Technol. 
5(7), 718 (1989) 

88J J. R_ Thome, Prediction of the rraxture effect on 
boiling m vemcal thermosyphon reboilers, Heat 
Transfer Engng 10(2), 29 (1989) 

89J K. Tonka~, K Suzuki and M. Takeuckt, Boiling 
heat transfer m unwetted heatang surfaces (effect of 
forced convection),Nippon Kzka: C-akkai Ronbunshu, 
B Hen 55(511), 770 (1989). 

90J G G Treshchev and G. L. Urusov, Numerical 
mvesugauon of the boundaries of thermohydrauhc 
mstabihty of a flow of boding water m a namral- 
ctrculataon loop, FluM Mech Soy Res 18(1), 78 

(1989) 
91J G L Urusov and V A Sukhov, Experimental 

study of the boundaries of the region of self-induced 
flow oscillations m a boilmgwater natural-circulauon 
loop, FluMMech Soy. Res 18(1), 69 (1989) 

923_ P WhaUey, Boiling and annular gas-liquid flow, 
Engng Dzgest Toronto 35(4), 37 (1989) 

93J S Yoshida, T Matsunaga and H.-P Hong, 
Characterisucs of heat transfer to refrigerant flowing 
at low mass velocities m hormontal evaporator tubes, 
Trans JSME, Part B 54(508), 3471 (1988) 

94J.M S Zawya, Localboilmgconvectiveheattransfer 
m two-phase flow, Modell_ S~mul ControIB 26(1), 
1 (1989) 

95J. D. A. Zumbrunnen, R. Viskanta and F P. Incropera, 
The effect of surface mouon on forced convectaon 
film boiling heat transfer, J. Heat Transfer 111 ( 3 ), 760 
(1989). 

Bolhng enhancement 
96J. T. M Anderson and I. Mudawar,/Vhcroelectronic 

cooling by enhanced pool boiling of a dielectric 
fluorocarbon hquid, J Heat Transfer 111(3), 752 
(1989) 

97J A. B. Andnanov and S. P. Malyshenko, Effect of 
charactenstics of porous comings on heat transfer 
during boiling, Pwr Engng New York 27(1), 126 

(1989)_ 
98J V A Antonenko, Causes of enhanced boiling heat 

transferon surfaces covered with perforated polymer 
film, J Engng Phys. 54(4), 391 (1988) 

99J. V A. Antonenko and G. V. Ivanenko, The effect of 
geometric parameters of porous mesh structures on 
the mechanism ofvaponsatlon, Therm. Engng 36(4), 
210 (1989)_ 

100J. V. A. Antonenko, Y. N. Ostrovsku and Yu A 
Splvakov, Critical heat transfer with boiling on an 
immersed surface with a mesh covering under 
condilaons of sharply enhanced heatflux,High Temp. 
26(6), 901 (1989) 

101J.A E Bergles, Challengeofenhancedheatuansfer 
with phase change, Heat Technol. 7(3--4), 1 (1989), 

1023 M.K. Bologa, S M. Kltmov and A N. Malboroda, 
Heat exchange and boiling cnsis in slot channels 
under the action of an electric field, J Engng Phys. 
54(1), 59 (1988). 

103J Y lada and K. Tsutsm, Augmentauon of fdm 
boiling heat transfer by an ultrasomc wave (lst 
report Experiments with a platmttm wire), NJppon 
Klkai Gakkai Ronbunshu, B Hen 55(509), 194 (1989). 

104J. T. Ito, K. Tanaka and T Taman, Evaluation of 
potenttallylugh-performanceporous boding surfaces 



Heat u'anMe~ - -  a review of 1989 hierature 2405 

(3rd report. A proposal of heat-transfer prechction), 
Nippon Kikaz Gakkai Ronbunshu, B Hen 55(513), 
1403 (1989). 

105J. T. G Karayiannis, M W Collins and P. H. G. 
Allen, Electrohydrodynamlc enhancement of 
nucleate boiling heat transfer m heat exchangers, 
Heat Technol 7(2), 36 (1989). 

106J S A. Kovalev and E. G. Shldover, Heat transfer m 
the boiling of water on a porous surface m an annular 
channel, High Temp. 26(5), 712 (1989) 

107J.M O-Ucku, Y.Takamon, M.Izunu, N Yamakawa 
and T. Takeyama, Heat transfer tuechamsm ofliqmd 
film flow m avertlcal finely grooved heating surface, 
Nippon Kikm Gakka, Ronbunshu, B Hen 55(519), 
3479 (1989) 

108J. T. Ohara, T. Yamamotu and K. Matsuzaki, 
Experimental study on boiling heat transfer m rib- 
roughened flat tubes for an evaporator. (Wall 
temperature distributions in vemcal channels with a 
sharp 180-degree turn), Nzppon Kzkai Gakkm 
Ronbunshu, B HenlTrans Japan Soc Mech Engrs 
Part B 55(513), 1438 (1989). 

109J. A.A Shapoval, V.K ZaripovandM G.Semena, 
Influence of characterisucs of porous coating on fu'st 
critical heat-flux density m boding, Soy At. Energy 
Oct, 364 (1988) 

110J R Shamada, I. Kotuai, Y. Htrono, S. Kumagal and 
T Takeyama, B oiling heat transfer m a narrow spare 
resmcted by an interference plate with holes,Nippon 
Ktkaz Gakkai Ronbunshu, B Hen 55(515), 2035 
(1989) 

111J. E. G. Shklover and S A. Kovalev, The effect of 
forced convection on vapour formation condinons 
during boiling on a capillary-porous surface, Therm 
Engng 35(11), 657 (1988). 

112J.J R, Thotue, Nucleate pool boding of hydrocarbon 
mixtures on a Gewa-TX tube, Heat Transfer Engng 
10(1), 37 (1989). 

I13J V. I Tolubinskiy, V. A. Antonenko and G. V. 
Ivanenko, Crisis phe~nomenain boiling on submerged 
wire mesh-wrapped wall, Heat Trarafer--Sov. Res 
21(4), 531 (1989). 

114J V I Tolubmsky, E. D. Domasbev and V. F. 
Godunov, On the possibilities of increasing the 
critical heat flux m channels, Exp_ Therm FIuulSo. 
2(2), 146 (1989)_ 

ll5J.B S Varshney, R.Prakash, B MohantyandH. N 
Slngh, Boiling beat transfer horn wue screen wrapped 
two honzontal cylinders kept in-line m a vertical 
plane, J. Insm En gr s Indla Part C H 70(2), 55 (I 989). 

l l6J_ Y. Xiuhn, X. Hongji, Z. Yuweng and Q. 
Hongzhang, Pool boiling heat transfer to hqmd 
mtrogen from porous metallic coatings of tube 
bundles and expermlental research of hysteresis 
phenomenon, Cryogemcs 29(4), 460 (1989). 

lndustmal boiling eqmpment 
117J V G Asmolov, I. V. Yelkm and L. L. Kobzar', 

The effect of gas dissolved in the water on heat 

ta'ansfer coefficaent~ innuclearreactors,Heat Transfer 
--Sov.  Res. 21(6), 810 (1989). 

118I Yu. D. Barulin, A S. Kon'kov, A. I. Leont'yev 
and T Ye. Nechayeva, Experimental study of heat 
transfer and hydraulic drag m a bundle of rods 
cooled by a steam-water mixture, Heat Transfer-- 
Soy Res 21(3), 362 (1989). 

l19J M. Cohen and V. P Carey, A comparison of the 
flow boding performance charae~rtstics ofpamally- 
heated cross-ribbed channels with different nb 
geomemes,lnt J HeatMass Transfer 32(12), 2459 
(1989). 

120J. S DoddaandA. A. Khan, Heat transfer coefficlonts 
in horizontal multi-tubular evaporators,Int J Energy 
Res. 13(1), 45 (1989). 

121J. N. N Filina and V. E. Kroshilin, Heat transfer in 
the supercritical region of steam-generating channels 
with intenstfiers, H~gh Temp. 26(6), 912 (1989) 

1223 V. G. Genddev, I I Belyakov, I. V. Brazhnikova 
and V. P. Lavrent'ev, Cnucal heat transfer m the 
waterwall robes of steam boilers, Therm Engng 
35(9), 521 (1988). 

123J. Y. A. Hassan, Post critical heat transferpredicuons 
using a modified RELAPS/MOD2 computer code, 
Nucl Sci Engng 103(1), 70 (1989) 

124J M. K. Jensen, M. J. Reinke and J. T. Hsu, The 
influence of tube bundle geometry on cross-flow 
boding heat transfer and pressme drop, EXP Therm 
Fluid 5cz. 2(4), 465 (1989). 

12.5J H Kumamam,Y.KoizunuandK Tasaka, Critical 
heat flux for uniformly heated rod bundle under 
high-pressure, low-flow and mixed inlet conditions, 
J. Nucl. Sci Teclmol 26(5), 544 (1989) 

126]. W.-S Lm, B.-S. Pel, C.-H. Lee and I. A. 
Mudawwar, Th¢oretlCal critical heat flux model for 
rod bundles under pressurized water reactor 
condiuons, Nucl_ Technol. 85(2), 213 (1989) 

127J V. A. LokshmandV A.Malkls,Heat transfer and 
hydrauhc drag coefficients of single-row tube bundle 
in forced convection and subcooled boiling, Heat 
Transfer--Sov Res. 21(2), 245 (1989). 

128J G. D Mandrus]ak and V. P. Catey, Convective 
boiling m vertical channels with different offset strip 
fin geometries, J Heat Transfer 111(1), 156 (1989). 

129J. P N. Rebrov, V G Butkin and G N. Danilova, A 
correlation for local coefficients of heat transfer in 
boiling of RI2 and R22 refrigerants on multzrow 
bundles of smooth tubes, Heat Transfer--Soy. Res 
21(4), 543 (1989) 

130J. C. Savatten, R. Warnsing, F. Gillino and H. M. 
Konowska, Comparison and interpretation of dry- 
out measttmments in grid and wire spaced bundles, 
Nucl Energy 28(3), 145 (1989) 

Droplet and film evaporanon 
131J. B. Abram_zon and W. A. Sn'ignano, Droplet 

vaporization model for spray combustion 
calculations, Int J. Heat Mass Transfer 32(9), 1605 
(1989) 



2406 E. R G F_Xa~.ERT et al 

1322 S O. Awonorm, Evaporatmnrates of freely falling 
hqmd mtrogen droplets in asr, Heat Transfer Engng 
10(1), 26 (1989) 

133J_ M.-C Chyu and A E Bergles, Horizontal-tube 
failmg-fdm evaporation with structured surfaces, 
J Heat Transfer 111(2), 518 (1989) 

134J. L J Gerhardt and P C_ Wayner, Jr, Intelfacial 
phenomena m change-of-phase heat transfer low 
concentration polymer solutions, Tribol Trans. 
32(2), 133 (1989) 

135J R. J Haywood, R. Natztger and M. Renkstzbulut, 
A detailed exatmnation of gas and liquid phase 
transmntprocesses mconvecuve dropiet evaporation, 
J Heat Transfer 111(2), 495 (1989). 

136J M. Inuzuka, H Ishakawa, I. Yamada, S. HLraoka, 
T Aragaka, Y InnkatandS Kobayasht, Vaponzafion 
from liquid film of binary mixture m a cenmfugal 
molecular still, J Chem Engng Japan 22(3), 291 
(1989). 

137J. N. Kawae, T. Shigechi, K Kanemaru and T. 
Yarnada, Water vapor evaporauon into laminar f'tlm 
flow of a hthium brormde-water solution (influence 
of variable properties and trdet film thickness on 
absorpUon mass transfer rate), Heat Transfer--Jap 
Res. 18(3), 58 (1989) 

138J D C Kmcaid and T. S. Longley, Water droplet 
evaporation and temperature model, Trans ASAE 
32(2), 457 (1989) 

139J. H Kosuge, T Ishikawa, S, Tanaka and K Asano, 
Evaporation of binary solutions into dry arr on a 
vertical flat plate, J Chem. Engng Japan 22(2), 114 
(1989) 

140J S. K Lee and T. J. Chtmg, Ax~symmetnc unsteady 
droplet vaportzation and gas temperature dtstribution, 
J_ Heat Transfer 111(2), 487 (1989). 

141J T F. Lm, J. F Jou and C. H. Hwang, Turbulent 
forced convective heat transfer in two-phase 
evaporating droplet flow through a vemcal pipe, lnt 
J MuMphase Flow 15(6), 997 (1989) 

142J M. M_ Megahed, M. N. Saeed, M M Sorour and 
M B Madi, Unsteady vaporization of stanonary 
dodecane and alcohol droplets suspended in a hot 
non-reactwe envtronment,lnt.J_Heat Mass Transfer 
32(7), 1299 (1989). 

143J T. Nomura, N Nishlmura and T. Kashiwagi, 
Charactertsncs of evaporation of water into 
superheated steam (lst report Characteristics of 
convecuve heat transfer at evaporating surface by 
laser holographic mterferometry), Nippon Kika~ 
Gak.kai Ronbunshu, B Hen 55(520), 3746 (1989) 

144J C N. Pelss, Evaporation of small water drops 
ma.mtamed at constant volume, J Appl Phys 65 (11), 
5235 (1989) 

145J_ V G Rffert, Y V Puttlm and V. L Podbereznyi, 
Principles of heat exchange m evaporataon of a 
hquid film on a smooth hona_ontal tube, J Engng 
Phys Nov., 490 (1988) 

146J L. M_ Schlager, M. B. Pate and A. E. Bergles, Heat 
transfer and pressure drop during evaporation and 

condensataon of R22 in horizontal rmcro-fin tubes, 
Int. J Refrig. 12(1), 6 (1989) 

147J H Schmadt and D. Sterner, Effect of thermal 
boundary condiuons on heat transfer m a horizontal 
evaporator tube, Warme Stoffuebertrag 24(5), 289 
(1989) 

148J K N. Seetharamu and P Batrya, Direct contact 
evaporation between two trrmuscible hqmds m a 
spray column, J Heat Transfer 111(3), 780 (1989). 

149J. S K Som, S K Dash, A . K  MatraandS. P 
Sengupta, Transport coefficients of an evaporating 
hqmd drop in creeping flow, Warme Stoffuebertrag 
24(3), 169 (1989). 

150J.Y. Sone,T Ohwada and K. Aoki, Evaporanon and 
condensation on a plane condensed phase: numerical 
analysis of the linearized Boltzmann equation for 
hard-sphere molecules, Physws Fluids A 1(8), 1398 
(1989). 

151J. J. Timmler and P Roth, Measurements of high 
temperature evaporation rates of solid and liquid 
aerosol particles, lnr J Heat Mass Transfer 32(10), 
1887 (1989) 

1522. L Tromewski and S. Witczak, Heat transfer 
during convective evaporauon mrectangular channel 
flows, lnz Chem Proces. 10(1), 93 (1989) 

153J. J. C. R Turner, On the reduction by heat transfer 
of mass transfer from an evaporating liquid, Chem 
Engng Sci. 44(10), 2223 (1989) 

154J. P. C Wayner, Jr., A damensionless number for the 
contact line evaporative heat sink, J Heat Transfer 
111(3), 813 (1989) 

155J. V_ N Yakovlev, Heat transfer modes in 
v aporizatlon from a wick structure, Heat Transfer - -  
Soy Res. 21(5), 678 (1989). 

156J W -J Yang, K H. Guo and T. Uemura, Theory 
and experiments on evaporating sessde drops of 
binary liquid mixtures, lnt J. Heat Mass Transfer 
32(7), 1197 (1989) 

157J. S Yoshida, T Matsunaga, H -P. Hong and M 
Miyazaka, Influence of oil on heat transfer to 
refrigerant flowing m horizontal evaporator tubes, 
Nippon Kikal Gakkal Ronbunshu, B Hen 55(513), 
1410(1989) 

Sprays and mists 
158J. S_ O Awonorm, Film boding characteristics of 

liquul nitrogen sprays on a heated plate, Int J. Heat 
Mass Transfer 32(I0), 1853 (1989). 

159J.S DebandS C Yao,Analystsonfdmboilmgheat 
transfer of impacting sprays, Int J_ Heat Mass 
Transfer 32(11), 2099 (1989). 

160J. M_ all.Matzo and D_ D_ Evans, Evaporation of a 
water droplet deposited on a hot high thermal 
conductivity surface, J_ Heat Transfer 111(1), 210 
(1989) 

161J S_ Inada, K Nisluda, M Tonba and M Uchida, 
Transient heat transfer of a water drop impinging on 
a heated surface (2rid report. Study of the hqmd- 
sohd contact state based on the temperature 



Heat  mansfer - -  a r e v i e w  o f  1 9 8 9  hterature 2 4 0 "  

fluctuauon of a heated surface),Nlppon KzkaiGakkm 
Ronbunshu, B Hen 55(519), 3499 (1989). 

1622 T. Ito, Y. Takata and Z-H Liu, On the water 
cooling of hot surfaces (analysts of the fog cooling 
m the region equivalem to film boiling),NIppon Kikal 
Gakkaz Ronbunshu, B Hen 55(511), 805 (1989). 

163J H Ohkubo and S Nlshio, Study on accurate 
prechctlon of mast cooling charactertsucs (Part 1 
Effects of surface roughness ), Heat Transfer--Jap 
Res_ 18(5), 43 (1989) 

164J T Takano and K. Kobayasi, Vaporization behavaor 
of a single droplet tmpmging on a heated surface 
wtth a flame-sprayed ceramac coating (effect of 
surf~e roughness),Ntppon Kikat Gakkai Ronbunshu, 
B Hen 55(515), 2000 (1989). 

165J_ K Turutaru, M Yao, J. Senda and H Fujimoto, 
Numerical analysts of the deformation process of a 
droplet tmpinging upon a surface, Nippon KIkai 
Gakkm Ronbunshu, B Hen 55(511), 814 (1989). 

C H A N G E  O F  P H A S E  m C O N D E N S A T I O N  

Non-condensable gas effects 
1JJ N_ I. Ivashchenko, N. M. Fhsb_man, E. V Shtukma, 

L V Lebedyeva and V. K. Amfiyev, Heat transfer 
Wlth steam condensation from a steam-gas mixture, 
Heat Transfer--Soy. Res. 21(1), 42 (1989). 

2JJ. S K. Loyalka, S A Hamoodi and R V Tompson, 
Isothermal condensation on a spherical particle, 
Physics FImds A 1(2), 358 (1989). 

3JJ S K. Loyalka, S. A. Hamoodi and R. V. Tompson, 
Isothermal condensation on a plane surface, Physics 
Flmds A 1(2), 384 (1989) 

4JJ. R Numnch and R. Rennhack, Heat and mass 
txansfer during condensanon of steam in the presence 
of a~r at pressmes of up to 21 bar, Chem Engng 
Technol 12(4), 235 (1989). 

5JJ R Numnch, D. Berkemeter and R. Rennhack, Heat 
and mass transfer on condensation of water vapour 
in the presence of air at pressure up to 21 bar, 
Chemze-lngr-Tech 61(8), 666 (1989). 

6JJ A Ul.lmann and R Letan, Effect ofnoncondensthles 
on condensation and evaporatmn of bubbles,J Heat 
Transfer 111(4), 1060 (1989). 

7JJ Wang Chaoyang and Tu Chuanjing, The effect of 
non-condensable gas on forced convection 
condensation along a horizontal plate in a porous 
mechum, Int J Heat Mass Transfer 32(10), 1847 
(1989) 

Unsteadiness, instability and transition 
8JJ B. L Bhan, G L Wedekind and K Jung, Effects of 

two-phase pressure drop on the self-sustained 
oscillatory Instability m condensing flows, J_ Heat 
Transfer 111(2), 538 (1989) 

9JJ. V M. Budov, V. A. Kxr'yanov and I A. Shemagin, 
Heat transfer in condensation on the external surface 
of horizontal tubes, J. Engng Phys. 54(3), 253 (1988). 

10JL V. M. Budov, I. A. Shernagin and V. A. Ku'iyanov, 
Interface surface instability during film condensauon 
on the surfaces of tubes, Heat Transfer--Soy Res 
21(1), 35 (1989) 

I IJJ S L. Chen, Effect of interracial waviness on f'flm 
condensalaon, J Chin Inst Chem Engrs 20(2), 91 
(1989). 

122J. M. Clamp] and G Tuom, Condensation m 
homogeneous porous slabs in unsteady conditions, 
Heat Technol. 7(1), 80 (1989). 

13JJ. M I. Fhk and C L. Tien, An approximate analysis 
for general f'dm condensanon transients, J Heat 
Transfer 111(2), 511 (1989). 

14JJ M. O-Ucba, M. Yoneya, M. Izumi, N. Yamakawa 
and T. Takeyama, Transttion from fdm to drop and 
drop to f'tim condensatmn occuring on a hortzontal 
tube at subaunosphenc pressure, Nippon Kikm 
Gakkai Ronbunshu, B Hen 55(519), 3467 (1989) 

15JL H. Schmin, Acceleration waves m condensing 
gases, Acta Mech. 78(1-2), 109 (1989) 

16JL S. A. Skillmgs, Condensauon phenomena in a 
turbine blade pass age, J. Fluid Mech. 200,409 (1989). 

17JL G L. Wedekind and B L. Bhatt, Modeling the 
thermally governed ~anstent flow surges inmulfitube 
condensing flow systems with thermal and flow 
distnbunon asymmetry,J_ Heat Transfer 111(3), 786 
(1989). 

18JJ. G L.Wedekind, B.T.Beck, B L BhattandG.L. 
Roslund, Umqueness of system response time for 
transient condensing flows,J HeatTransfer 111(4), 
1126 (1989). 

19JJ. G. L.Wedekind, B. L. Bhatt and G. L. Roslund, An 
experimental and theoreucal study of transient 
presstne drop in two-phase condensing flows,J. Heat 
Transfer 111(2), 546 (1989). 

Surface and external effects 
20JJ. L. D Berman, Evaluaung the effect of steam 

velocity on heat transfer with steam condensing on 
horizontal tubes m cross flow, Therm. Engng 35(8), 
450 (1988) 

21JJ.J E R Coney, C.G.W SheppardandE.A.M.El- 
Shafei, Fin performance w~th condensation from 
burred atr anumericalmvesugation,lm_J.HeatFluid 
Flow 10(3), 224 (1989). 

22JJ S S Finnicurn andJ. W. Westwater, Dropwise vs 
filrnwise condensation of steam on chrormum,Int. J 
Heat Mass Transfer 32(8), 1541 0989). 

23JJ K. Futagami, L Ikeda, K. Ohhira, Y. Aoyama and 
K Mm, kami, Condensation heat u-ansfer in a rotating 
horizont al cylinder with a scraper, Exp Therm.Fluid 
Sc~ 2(4), 384 (1989). 

24JJ A V. Gorm, V. E Nakoryakov and O N. Tsoi, 
Heat exchange m mouonless vapor condensation on 
a plate immersed m a granular bed, J. Engng Phys. 
54(2), 119 (1988). 

25J1. H. Honda, S. Nozu and Y. Takeda, A theoretical 
model off'tim condensation in a bundle of horizontal 
low finned tubes, J. HeatTransfer 111(2), 525 (1989) 



2408 E. R G. Eotmlr er al. 

26JJ. H. Honda, S. Nozu, Y. Matsuoka, T. Aoyama and 
H Nakata, Condens at.ion of reflagerants R- 11 and R- 
113 m the armuh of horizontal double -tube condensers 
with an enhanced tuner tube, Exp. Therm. Fluid Sct. 
2(2), 173 (1989). 

27JJ M Izurm, Y Isobe and S Ohtani, Drop and 
filmwtse condensation on horizontally scratched 
rough surfaces, Heat Transfer--Jap Res 18(1), l 
(1989). 

28JJ S.Kumagal, H.Fuk-ushima, H Katsuda,R.Shtmada 
and T. Takeyama, Dropwlse-ftlmwlse coexisting 
condensatton heat transfer, N~ppon KJkai Gakicat 
Ronbunshu, B Hen 55(520), 3739 (1989) 

29JJ. V. N Lukm and S G. Zakirov, Condensation of 
water-acetone mixtme on a verucal surface, Chem 
Petrol_ Engng 24(5--6), 281 (1989) 

30JJ. V. M Marushkm, K. S Strelkova, V. N. Vastl'ev 
and A.V. Rezvov, Heat transfer wah moving steam 
condensing on vemcal tubes, Therm. Engng 36(1), 21 
(1989) 

31JJ. V. M. Povolotskay, O. N. Mankovskay andM. A. 
Pivovarov, Heat transfer with vapor condensation 
on a longitudinally ftrmed vertacal surface, Heat 
Transfer--Soy Res 21(1), 11 (1989). 

32JJ. V. G. R.ffert and A. I. Sardak, Intensification of 
heat transfer during condensauon by swirling the 
vapor flow, J. Engng Phys. 54(1), 71 (1988). 

33JJ. P. K. Sarrna, S P Chary and V D. Rat,  
Condensauon of verucal plate fins of variable cross 
secuon-limiting solutions, Can J. Chem. Engng 
67(6), 937 (1989). 

34JJ I K. Savin and M K. Bologa, Combined effect of 
all electric field on condensation of a vapor-gas 
rmxture, Soy. Sur Engng Appl. Electrochem. Jun., 
99 (1988) 

35JJ A Shekarrtz and O A. Plumb, Enhancement of 
ftlm condensation using porous fins, J Thermophys. 
Heat Transfer 3(3), 309 (1989). 

36JJ G G Shklover, V P Semyonov and A M. 
Usachyev, Condensation on a hormontal tube with a 
spatmlly nonuniform temperature chstribuuon, Heat 
Transfer-- Soy. Res. 21(1), 29 (1989). 

37JJ V I Tolubmskly, A A. Kriveshko,V.V Tmputnev 
and A G_ Chemyakov, Coefficients of heat transfer 
for condensation on grooved vertical tubes, Heat 
Transfer--Soy Res. 21(5), 643 (1989) 

38JJ D I. Volkov, N. I. Iva~hchenko and O. P Krektunov, 
Vapor velocl .ty effect on moving vapor condensauun 
mean heat transfer m vertical tube s, Heat Transfer-- 
Soy Res 21(1), 1 (1989). 

39JJ S P Wang, Q. H Ym, Y. K Tan and S J. Deng, 
Numerical study on the mechamsm of erthancmg 
condensation heat transfer for specmlly shaped fm 
tubes, Huagong Xuebao/J Chem Ind Engng China 
40(1), 67 (1989) 

40JJ K_ Yamastuta, M_ Kumagal, Y Watanabe, A 
Yabe, T Taketam and K. Kakucba, Study of a hagh 
efficiency condenser m a heat pump (The 
development of an EHD condenser), Nippon Kzknl 

Gakkai Ronbunshu, B Hen 55(510), 5 I0 (1989). 

Theory and analysts 
41JJ A A. Abramov and M N. Kogan, Intensive 

subsonic condensation of a monatormc gas, Fluid 
Dyn. 24(1), 139 (1989) 

42JJ. G. A. A.tkl-upov, D. I. Volkov, O I. Makarov and 
V A. Chistyakov, Analogy between steam 
condensation on a horizontal tube bundle and on a 
vertical wall, Heat Transfer--Soy Res. 21(1), 20 
(1989). 

43JJ Yu M. Brodov, K. E Aronson and A. Yu 
RyabcbJkov, Heat transfer with a cross flow of steam 
condensing on vemcal tubes, Therm. Engng 36(5), 
270 (1989) 

44JJ. H J. H. Brouwers, Fdm condensauon on non- 
lsotherrnal verticalplates, Int. J Heat Mass Transfer 
32(4), 655 (1989). 

45JJ. C. A. Busse and R. I. Loehrke, Subsonic pressure 
Iecovery m cylindrical condensers, J Heat Transfer 
111(2), 533 (1989). 

46JJ. G P. Cdata, M Curno, F D'Annibale, G. E. 
Farello and G_ Focardl, A theoretical and 
expermaental study of dtrect-contact condensation 
on water in turbulent flow, Exp. Heat Transfer 2(2), 
129 (1989) 

47JJ. A. L. Dushlcm andA. I.Kolornentsev, Condensation 
of vapor bubbles m a flow of subcooled hquid, High 
Temp. 27(1), 107 (1989). 

48JJ. F M. Gerner and C L. Tien, Axlsymmetnc 
interfaclal condensataon model, J Heat Transfer 
111(2), 503 (1989). 

49JJ. J A Pohner and P. V. Desat, A two-fluid analysis 
of f'tlmw~se condensataon in tubes, Int. J. Engng Sci. 
27(5), 549 (1989) 

50JJ. L N. Polyanm, Coefficlonts of heat transfer m 
condensataon, Heat Transfer--Sov Res. 21(5), 656 
(1989) 

51JJ J W. Rose, A new mterpolalaon formula for 
forced-convection condensation on a horizontal 
surface, J Heat Transfer 111(3), 818 (1989) 

52JJ L D Stulov, A. N. Grimberg and A. G. Sutugin, 
Homogeneous nucleat,_on m a field of temperature 
and concentration gradients. Theory and method of 
experimental investigataun, Colloid J USSR 50(2), 
271 (1988). 

Expcmmental measurements 
53JJ. T Haragucha, R ShimadaandT Takeyarna, Drop 

formation mechanism m dropwise condensation on 
the polyvmyhdene chloride surface (Proposing a 
fdm growth hypothesis), Ntppon Kikal Gakkai 
Ronbunshu, B Hen 55(519), 3472 (1989) 

54JJ. H. Honda, B Uc_fitma, S. Nozu, H. Nakata and T. 
Fujfi, Condensation of downward flowing R-II3 
vapor on bundles of horizontal smooth tubes, Heat 
Transfer--Jap. Res. lg(6), 31 (1989). 

55JJ A G Michael, J W. Rose and L. C Daniels, 
Forced convection condensatton on a hortzontal 



Heat uan.ffer - -  a review of 1989 hteramre 2409 

tube--experiments withvemeal downflow of steam, 
J Heat Transfer 111(3), 792 (1989) 

56JJ. H Uehara, S. Egaslura and Y Tagucl'u, Fdm 
condensation on a vemcal smooth surface m flowing 
vapor (lst report. Flow patterns of condensate film 
and local heat transfer coefficients), Nzppon Klkm 
Gakkal Ronbunshu, B Hen 55(510), 450 (1989). 

571J. H Uehara, T Nakanka, S. Egashtra andY Tagucht, 
Body forced convection condensation on a vertical 
smooth surface (2rid report. Flow patterns of 
condensate film and mean heat wansfer coeffictents), 
Ntppon Kzkai Gakkai Ronbunshu,B Hen 55(510), 442 
(1989) 

Droplet and free jet condensanon 
58JJ S N Bogdan, B G Gordon and I. R Ugoleva, 

Experimental study of beat and mass transfer from a 
vapor-a~r mixture to water droplets. Applicauon to 
steam-dousing systems of nuclear power plants, 
Flmd Mech Soy. Res. 18(3), 59 (1989). 

59JJ G P Celata, M Cumo, G E. FamUo and G. 
Focardi, A comprehensive analysis of direct contact 
condensalaon of saturated steam on subconled hqmd 
jets, Int. J. Heat Mass Trar~fer 32(4), 639 (1989). 

60JJ S. Ku-n and A. F. Mills, Condensation on coherent 
turbulent liquid jets- Part I - -  experimental study, 
J. Heat Transfer 111(4), 1068 (1989). 

61JJ S. Kun and A F. Mills, Condensation on coherent 
turbulent liquid jets: Part H - - a  theoretical study, 
J Heat Transfer 111(4), 1075 (1989). 

62J J_ T. L. Lui, H R Jacobs and K. Chen, An 
experimental study of duect condensauon on a 
fragmenting ctrvularjet,J. HeatTransfer 111(2), 585 
(1989). 

63JJ N. S Mochalova, L. P. Kholpanov and V. A. 
Malyusov, Heat transfer in vapor condensation on 
laminar and turbulent liquid jets, taking account of 
the inlet sectmn and variability of the flow rate over 
the.jet cross section,J Engng Phys. Nov., 486 (1988) 

64JJ H Nakajima and I_ Tanasawa, Direct contact 
condensation of the vapor of an immascible and 
insoluble substance on failing liqmd droplets,Nippon 
Kikal Gakkal Ronbunshu,B Hen 55(509), 206 (1989). 

65JJ. I. R. Ugoleva, B. G. Gordon and A. S Gngor'ev, 
Heat and mass transfer between a flowing steam-air 
mixture and water droplets, Therm. Engng 36(6), 343 
(1989) 

66JJ D. I. Volkov, V. I. Ivanov end V. A. Chistyakov, 
Heat transfer in condensation of vapor on a liquid jet, 
Heat Transfer--Soy. Res. 21(6), 776 (1989). 

67JJ. O Zabloudil, A dimensionless equation for the 
heat transfer of stagnant steam and vapors during 
droplet condensation for some fluids (water, glycols, 
refrigerants) and the metal mercury, Warme 
Stoffuebertrag 24(4), 251 (1989). 

68JJ D_ C. Zhang, Z. Q. Lin and J. F. Lm, New method 
for achieving dropwise condensation (III): 
detemxinatlon ofdropwtse condensation heat transfer 
coefficient and life-time test of the new surface, I. 
Chem. Ind Engng 3(2), 272 (1988). 

Property effects 
69JJ. A. S. Babykm, B. F. Balunov, V V. Vakhrushev, 

Y N. llyukhin and V. S. Kuul', Intensity of steam 
condensation m underheated water, Soy. At_ Energy 
64(1), 73 (1988) 

70JJ N Brauner, D Moalem Maron and H. Meyerson, 
Coupled heat condensation and mass absorption 
with comparable concentrations of absorbate and 
absorbent, Im J. Heat Mass Transfer 32(10), 1897 
(1989) 

71JJ S S.Cha, R.K.AhluwahaandK H Ira, Boundary 
layer nucleanon,lra J HeatMass Transfer 32(5), 825 
(1989). 

72JJ A M. Jacobi and V. W. Goldschmidt, The effect 
of surface tenston varianon on filmwise condensation 
and heat transfer on a cylinder in cross flow, Ira J 
Heat Mass Transfer 32(8), 1483 (1989). 

73JJ J Marnott, Condensauon of mixed vapors - -  
integral vs. dLfferenual, Heat Transfer Engng 10(4), 
5O (1989) 

74JJ. V. I. Nmdenov and Y V. Ortashevskii, Nonlinear 
regime of filmcondensanon of avapor on ahorizontal 
cylinder, J Engng Phys. 54(1), 67 (1988) 

75JJ S. I. Ryasnyl and V. I. Gaidukov, Investigating 
condensation of saturated steam on an endothermic 
soluble heat-absorbent, Therm Engng 36(4), 219 
(1989) 

76JJ. A. G Sutugin and Y. I Tokat, Effect ofevolutaon 
of heat of condensation during formation of aerosols 
by nonstationary homogeneous nucleation, 
ColloidJ USSR 50(3), 514 (1988) 

Binary and ternary mixtures 
77JJ S K. Bandyopadhyay and B. C. Bhattacharyya, 

Condemanonofa binary vapourin tubes with variable 
cmss-secuon, lndianJ. TechnoL 26(9), 421 (1988). 

78JJ. J. L. Castillo and D. E. Rosner, Theory of surface 
depositton from a binary dilute vapor-containing 
stream, allowing for equih~rium condensation within 
the laminar boundary layer, Int. l Mulnphase Flow 
15(1), 97 (1989) 

79JJ. T. Fujh, S. Koyama and M Watabe, Laminar fdm 
condensauon of gravity-controlled convection for 
ternary vapor mixtures on a vertical fiat plate,Nippon 
Kikai Gakkai Ronbunsh u, B Hen 55 (510), 434 (1989). 

80JJ. T. Fujti, S. Koyama, Y. Simizu, M. Watabe and Y. 
Nakamura, Grawty controlled condensation of an 
ethanol and water mixture on a horizontal tube, 
NlpponKikaiGakkaiRonbunshu,BHen 55(509), 2i 0 
(1989). 

81JJ. K. Hijikata, N. Hm'~no and S. Goto, Forced 
convective condensauon of a binary mixture of 
vapors (2nd report. Condensation on vertical and 
horizontal tubes), Nappon Kikm Gakkal Ronbunshu, 
B Hen 55(518), 3190 (1989). 

82JJ. K. Hljtkata, N. Himeno and O. Nakabeppu, 
Condensation of a binary nuxtme of vapors in a 
vertacal tube, Nippon Kikm Gakkai Ronbunshu, 
B Hen 55(518), 3183 (1989). 

83JJ. K. Hijikata, N. Himeno, Y.-Q. Zhou and S. Goto, 



2410 E R G ExmF.aretal 

F~ee convective condensation of fluomalcohol - 
water rruxtures, Nippon Klkat Gakkat Ronbunshu, 
B Hen 55(515), 2006 (1989) 

C H A N G E  OF P H A S E  - -  FREEZING A N D  
M E L T I N G  

Stefan problems 
lYM E Bobula and K Twardowska, On the weak 

solutions for the multldunenstonal Stefan problem, 
Bull Pol Acad Sci. 36(1-2), 37 (1988). 

2JM M Pmd'homme et T H Nguyen, Solutions par 
pemu'oations smgull&es pour unprobl~me de Stefan 
g6n6rahs6, Int. J Heat Mass Transfer 32(8), 1501 
(1989) 

3JM. M. B. Stampella and D A. Tarzla, Determination 
of one or two unknown thermal coefficmnts of a 
semi-m/mate material through a two-phase Stefan 
problem, Int J Engng Sci 27(11), 1407 (1989) 

4JM D. A.Tarzm, Inequality for the constant heat flux 
to obtain a steady-state two-phase Stefan problem, 
Engng Anal. 5(4), 177 (1988). 

Solid~ficanon of alloys/metals and casting processes 
5JM. D E Beasley, C. Ramanarayanan and H Torab, 

Thermal response of a packed bed of spheres 
containing a phase-change material, Int. J Energy 
Res. 13(3), 253 (1989). 

6JM C. Beckermann, A general correlanon for melting 
m rectangular enclosures, J Heat Transfer 111(4), 
1111 (1989) 

7JM F. B. Cheung and S W Cha, Soh&fication heat 
transfer on a moving continuous cylinder, J. 
Thermophys. Heat Transfer 3(3), 358 (1989) 

8JM. H. Cluang and C Kleinstreuer, Sohdiflcatlon 
around a cylinder in laminar cross flow, Int_ J Heat 
Fluid Flow 10(4), 322 (1989) 

9JM. M. S Chnstenson and F. P. Incropera, Experiments 
on sohdificataon of an aqueous sodium carbonate 
solution m a horizontal cylindrical annulus, J Heat 
Transfer 111(4), 998 (1989) 

10JM M S_ Chnstenson and F. P. Incropera, 
Soliddication of an aqueous ammonium ckloride 
solutton m a rectangular cavtty - -  I. Experimental 
study, Int. J. Heat Mass Transfer 32(1), 47 (1989). 

I lJM M. S Chnstenson, W. D. Bennon and F. P. 
Incropera, Soh&ficat~on of an aqueous ammonium 
chlonde solunon m a rectangular cavtty - -  II. 
Comparison of predicted and measured results, Int. 
J. Heat Mass Tramfer 32(1), 69 (1989). 

122M. A H. H. Engel and F. P Incropera, Solidificauon 
ofabinary rmxmre, Warme Stoffuebertrag 24(5), 279 
(1989). 

13JM T Htrata and K Nishida, An analysis of heat 
~ansfer using eqmvalent thermal conductway of 
hqmd phase dunng melting reside an ~sothermally 
heated horizontal cylmder,lnt J Heat Mass Transfer 
32(9), 1663 (1989)_ 

14JM W Q Jle and Y. H Zhou, Modehng study of 

convecuon and con,sumtlon variation in ingot dunng 
solidlficauon,Jmshu Xuebao/Acta Metall. Sin_ 24(6), 
B379 (1988) 

15JM G A Khasm, V. I. Potapov, N A. Ermanovlch 
and S.M I:o'ylov, Featu~s of sohd.tficatlon of surface 
layers of ingots, Steel USSR 18(4), 165 (1988) 

16JM A M. Leltch, Evoluuon of a binary system 
crystall~ing m a confined region, Int J. Heat Mass 
Transfer 32(11), 2087 (1989) 

17JM Nal-Ye Li andL R. Barber, Smusoldal perturbation 
solutions for planar solidification, lnt J Heat Mass 
Transfer 32(5), 935 (1989). 

18JM T, Ozls, Novel variation of the coordinate 
transformation method with perturbation techmque 
for dlffUs]on-controlledmovmg boundary problems, 
J Comput_ Appl. Math 25(2), 225 (1989) 

19JM. D. Potdikakos and W.-Z Cao, Sohdtfication of a 
binary alloy from a cold were or pipe modeling of 
the rmxed-phase region, Numer. Heat Trans fe r -  
Pt. A. Applic 15(2), 197 (1989). 

20JM. A Prasad and S. Sengupta, Nusselt number and 
melt time correlations for melting mside ahonzontal 
cylinder subjected to an isothermal walltemperature 
condition, J Solar Energy Engng 110(4), 340 (1988 )_ 

21JM. M. Prud'homme, T. Hung Nguyen and D Long 
Nguyen, A heat transfer analysts for sohdffication of 
slabs, cylinders, and spheres, J Heat Transfer 111(3 ), 
699 (1989) 

2ZIM. S. K. Roy and S. Sengupta, Meltang of a free solid 
m a spherical enclosme, effects of subeoolmg, J. 
Solar Energy Engng 111(1), 32 (1989) 

23JM K. S asaguclu and R. Vtskanta, Phase change heat 
transfer dunng mehmg and resoliditicataon of melt 
around cylindrical heat source(s)/sink(s), J Energy 
Res Technol. Tram ASME 111(1), 43 (1989) 

24JM. V I. Tunoshpol'ski, E. A Gurvich, I. A. Trusova 
and N. L. Mandel', Thermophyslcal analysis of the 
process of sohdlfication, coohng and heating of 
ingots (castings), J Engng Phys. 54(4), 452 (1988). 

25JM A. A. Uglov, I. Yu. Smurov, A G. Gus'kov and 
K. I. Tagtrov, Features of the thermocapdlary mouon 
of a melt m the regton of actaon of concentrated 
energy flows on metals, High Temp 26(5), 745 
(1989). 

26JM. V. R Voller and A. D Brent, The modeUmg of 
heat, mass and solute transport m so]idificatton 
systems, Int J Heat Mass Transfer 32(9), 1719 
(1989) 

27JM. B D. Vujanovm, A vanauonal approach to the 
problem of solidificaaon of a metal sema-mfmite 
thermally nonlinear body, Acta Mech 77(3-4), 231 
(1989). 

28JM S.Q. Wang, S.M. Li, S.Y ZengandQ. C. Lt, 
Microcomputer simulation for casting sohdification 
and prediction of shnnkage cavity and porosity, 
Jtme Gongcheng XuebaolChm_ J Mech Engng 
25(1), 13 (1989) 

29JM. J A. Weaver and R. Vlskanta, Effects of 
amsotropm beat conduction on solidification, Numer. 
Heat Transfer--Pt. A. Applic 15(2), 181 (1989). 



Heat uansfe, w a revtew of 1989 hterature 2411 

30JM W -S Yeung, Engmeenng analysts of beat transfer 
during melting m verucal rectangular enclosmes, 
Int. J Heat Mass Transfer 32(4), 689 (1989) 

31JM. Z Zhang and A. Bejan, Melting m an enclosure 
heated at constant rate, Int. J Heat Mass Transfer 
32(6), 1063 (1989) 

Solidlficanon - -  crystals 
32JM J_ L. Beeby, Simulatmn ofMBE growth,J. Crystal 

Growth 95(1--4), 48 (1989) 
33JM. R Cartwnght, O. J. llegbust and J Szekely, A 

comparison of order-of-magrutude and numerical 
analyses of flow phenomena m Czochralska and 
magnetic Czochralskl systems, J Crystal Growth 
94(2), 321 (1989). 

34JM S. R. Coriell and G. B. McFadden, Buoyancy 
effects on morphologlcalinstability during ditecnonal 
solidafication, J CrystalGrowth 94(2), 513 (1989). 

35JM. S R. Conell, G. B McFadden, A. A_ Wheeler and 
D. T. J. Hurle, The effect of an electric field on the 
morphological stabdity of the crystal--melt interface 
of abmary alloy. II. Joule beating and thermoelectric 
effects, J. Crystal Growth 94(2), 334 (1989) 

36JM. W N Gill, Heat transfer in crystal growth 
dynarmcs, Chem Engng Prog. 85(7), 33 (1989) 

37JM. M E. Glicksman and N. B. Smgh, Effects of 
crystal-melt  interracial energy anisotropy on 
dendritac morphology and growth kinetics, J. Crystal 
Growth 98(3), 277 (1989). 

38JM. J. C. Heyraud, J J. M&ots and J. M. Bermond, 
Surface melting and equilibrium shape; the case of 
PB on graphite,/CrystalGrowth 98(3), 355 (1989) 

39JM. S. Hirano and K Kikuta, Hydrothermal growth 
of calcite single crystal in Ca(NO3) 2 and NH(NO v 
soluttons, J. Crystal Growth 94(2), 351 (1989). 

40JM. A. D W Jones, Flow m a model Czochraiska 
oxide melt, J Crystal Growth 94(2), 421 (1989). 

41JM. M Kaganuda, H. Kanda, M. Akaashi, A. Nukui, 
T Owasa and S Yamaoka, Crystal growth of cubic 
boron mmde using I.,qBN, solvent under high 
temperature and pressure, J Crystal Growth 94(1), 
261 (1989) 

42JM K. Kakimoto, M. Eguchi, H Watanabe and T. 
Hlblya, Natural and fumed convectton of molten 
sdicon during Czochralski single crystal growth, J_ 
Crystal Growth 94(2), 412 (1989). 

43JM. W E. Kramer, A. M. Stewart, W. Gaida, R_ H. 
Hopkans and G. R. Wagner, Crystal growth of 
YB a2Cu jO~ by directional freezing, J CrystalGrowth 
94(2), 572 (1989). 

44JM. K. H. Lie, D N Rilu and J. S. Walker, Buoyancy 
and surface tension driven flows in float zone crystal 
growth with a strong axial magnetic field,Int J Heat 
Mass Transfer 32(12), 2409 (1989). 

45JM. Yu N. Makarov and A. I. Zhmakm, On the flow 
regtmes m VPEreactors,J. CrystalGrowth 94(2), 537 
(1989). 

46JM J Mercmr, J. L. Regolmi, D Bensahel and E 
Scheid, Kanetic aspects of selecuve epitaxtal growth 

using a rapid thermal processing system, J Crystal 
Growth 94(4), 885 (1989). 

47JM.M Ohtsukaand A. Suzuki, Stmulationofepitaxtal 
growth over patterned subsaxates, J Crystal Growth 
95(1-4), 55 (1989). 

48JM. M. Pneto, L. Fenfmdez-Diaz and S. l.,6pez- 
Andrgs, Supersaturauon evolution and first 
prectpitate location m crystal growth m gels; 
apphcatton to barium and strontium carbonates, 
J Crystal Growth 98(3), 447 (1989). 

49JM K Taghavt and W. M. B Duval, Inverse heat 
transfer analysts of Bndgrnan crystal growth, lnt J 
Heat Mass Transfer 32(9), 1741 (1989). 

Freezing and melnng, frost, ice, and snow 
50JM. T. Aihara, H. Gakaxmasawa, S. Maruyama and M 

Hongoh, Frost formation and defrosting on tube- 
m a y  evaporators in a fl uidazed bed and aa impinging 
jet, Exp Therm. Flmd Sci 2(1), 65 (1989). 

5 l JM. S Fukusako, A. Horibe and M. Tago, Ice accrelaon 
characterisucs along a ctrcular cylinder tmmersed in 
a cold stream with seawater supply,Erp. Therm. Fluut 
Sci. 2(1), 81 (1989). 

5ZIM R. J Hansman and S R. Turnock, Invesugafion 
of surface water behavior during glaze ice accreuon, 
J Aircr. 26(2), 140 (1989). 

53JM M. Iguchi, H Takeuclu, H. Kawabata, T. Uemura 
and Z.-I. Monta, Melting process of a rectangular ice 
prism tmmersed m bubbling jet in a cylindrical 
vessel, Tetsu To Hagane 75(11), 2031 (1989). 

54JM. J. N Scott, W L. Hankey, F. J. Grassier and 
T. P. Gielda, Navier-Stokes soluuon to the flowfield 
over ice accn~tion shapes, J. A ircr./5(8), 710 (1988). 

55JM T Sei and T. Gonda, The growth mechanism and 
the habit change of ice crystals growing f/om the 
vapor phase, J Crystal Growth 94(3), 697 (1989). 

56JM. W B. Wnght, T. G Keith, Jr. and K. J. De Witt, 
Two-dtmenslonal simulation of electrothermal 
demmg of aircraft components, J Atrcr. 26(6), 554 
(1989). 

Freezmg and meiting: applications 
57JM. A Bejan, The fundamentals of shding contact 

melting and fncuon, J Heat Transfer 111(1), 13 
(1989) 

58JM S Fukusako and M. Yamada, Freezing 
charactenstms of ethylene glycol solution, Warme 
Stoffueberrrag 24(5), 303 (1989). 

59JM. E. V. Tataurova, Freezing of LK-75-05 brass, 
Met. So. Heat Treat. 30(7--8), 551 (1989). 

60JM. C Y. Wang, Melting from a horizontal rotating 
dask, J Appl. Mech Trans. ASME 56(1), 47 (1989). 

61J'M. C. Wen, J W. Sheffield, M. P. O'Dell and J. E. 
Leland, Analyucal and experimental investigation 
of meltmg heat Ixansfer, J_ Thermophys Heat 
Transfer 3(3), 330 (1989). 

62JM, P. A. Yamtskai, Effect of a beat-insulating shield 
on the thermal mteracuon of a pipe with frozen soil, 
H~gh Temp. 27(1), 74 (1989) 



2412 E R_G F_x:xmtretal 

Convection effects 
63JM C. Beckermarm and R. Viskanta, An experiment al 

study of melting of binary mixtures with double- 
diffuswe convectton in the llqmd, Exp Therm. F luid 
Sct. 2(1), 17 (1989) 

64JM. C Beckermarm and R Viskanta, Effect of sohd 
subcoolmg on natural convectmn rnelnng of a pure 
metal, J Heat Transfer 111(2), 416 (1989) 

65J'M. A. Bejan, Analysis of melting by natural 
convectmn in an enclosure, lnt J Heat Fluut Flow 
10(3), 245 (1989) 

66JM A Bejan, Theory of melting with natural 
convection in an enclosed porous medium, J Heat 
Transfer 111(2), 407 (1989). 

67JM W D. Bennon and F. P Incropera, An 
experimental mvestigataon of binary solidification 
m a vertical channel with thermal and solutai mixed 
convection, J Heat Transfer 111(3), 706 (1989). 

68JM K. Cluda and M. Tajima, Sohdificatmn blockage 
of laminar flow m 90-degree bend (with reference to 
dmaensionless representanon of curved pipe flow), 
Heat Transfer-- Jap. Res. 18(1), 83 (1989). 

69JM J A. Dantzig, Modelling liquid-sohd phase 
changes with melt convection, Int. J Numer Meth 
Engng 28(8), 1769 (1989). 

70JM F. P. Incropera, A. H. H. Engel and W. D. 
Bennon, Numerical analysts of binary sohd-hquid 
phase change wlth buoyancy and surface tension 
driven convectaon, Numer Heat Transfer ~ Pt A. 

Apphc 16(4), 407 (1989) 
71JM. S. L. Lee and G. J. Hwang, Llqmd solidification 

mlow Peclet numberpipe flows, Can J. Chem. Engng 
67(4), 569 (1989). 

72JM. T. D. McCay, M. H. McCay, S. A. Lowry and L. 
M. Srmth, Convectave instabilities during directional 
sohdfficatlon,J Thermophys.HeatTransfer 3(3),345 
(1989) 

73JM. A. M. Morega, Magnetic field influence on the 
convective heat transfer m the solidmfication 
processes Part 2, Rev Roum Scl Tech Ser 
Electrorech 33(2), 155 (1988) 

74JM H. Nguyen Thi, B. Billia and H. Jamgotcinan, 
Influence of thermosolutal convection on the 
solidification front duimg upwards sol~ification, 
J. Fired Mech. 204,581 (1989)_ 

75JM. S B Thomason, J. C Mulligan and J. M. Hill, A 
simple quasi-steady analysis of turbulent flow 
freezing wansients and comparison with experunents, 
Can. J Chem. Engng 67(3), 368 (1989). 

76JM. C Viv~s, Effects of a magnetically forced 
convecuon durmg the crystallization m mould of 
alun'fimum alloys, J Crystal Growth 94(3), 739 
(1989). 

77JM. Z. Zhang and A Bejan, The problem of time- 
dependent natural convecuon melting wRh 
conducuon m the solid, lnt J. Heat Mass Transfer 
32(12), 2447 (1989) 

Connnuous casting processes and mold filhng 
78JM. Anon,  Consideration about the concept of 

effective thermal conducuvtty m continuous casting, 
ISIJ Int 29(6), 524 (1989) 

79JM E. Laltinen and P Nefftaanmakt, On numerical 
solution of the problem connected with the control 
of the secondary cooling in the continuous casting 
process, Control Theor Adv Technol 4(3), 285 
(1988) 

80JM. E. Lzatmen and P Ne~ttaanmaka, On numencal 
smaulation of the continuous castingprocess,J Engng 
Math 22(4), 335 (1988) 

81JM S M~m'na and J. Szekely, Modeling of fired 
flow and heat transfer m mold ftUing, ISIJlnt. 29(4), 
324 (1989). 

82JM. B. G. Thomas, Application of mathemaucal 
models to the continuous slab casting mold, Iron 
Steelmaker 16(12), 53 (1989). 

Numerwal s~nulations 
83JM. V S. Berdmkov, V. L. Borisov, V. A. Makov and 

V. I. Panchenko, Simulation of the hydrodynamics 
of melt in pulling crystals with a conical front and 
annular cross sectaon, Heat Transfer - -  Soy Res. 
21(6), 828 (1989). 

84JM. D A. Kessler and H Levine, Computational 
approach to steady-state eutectic growth, J Crystal 
Growth 94(4), 871 (1989). 

85J'M. M Lacroix, Computation of heat transfer during 
melting of a pure substance from an lsotherrnal wall, 
Numer HeatTranyfer--Pt B. Fundam. 15(2), 191 
(1989). 

86JM. K. V. RamaRao and J. A. Sekhar, Computational 
techmque for heat transfer due to a fast moving heat 
source, Def. Sc:. J. 39(2), 183 (1989). 

87J'M. M E. Salcudean, P. Sabhapathy and F. Wemberg, 
Numencal study of free and forced convectmn in the 
LEC growth of GaAs, J Crystal Growth 94(2), 522 
(1989). 

88JM W C.Yiu, Fimteelementstmulatlonofheatflow 
m continuous casting, Adv Engng Software 11(3), 
128 (1989) 

89JM M-L. Yu, J.-J. Homg, Y.-P. Cben and Y.-H. 
Chung, Computer simulation of the sohdxfication of 
blooms m the continuous casting process, J. Chin. 
Inst Chem Engrs 20(2), 101 (1989). 

Miscellaneous apphcanons 
90JM. B. Caroli, C Carol.i, B. Roulet and G. Faivre, 

ViscosRy-induced stabdlzatlon of the spherical mode 
of growth from an undercooled liquid, J. Crystal 
Growth 94(1), 253 (1989). 

91JM. C. Choudhury and H. K. Sehgal,Chenucalvapour 
deposited SnO2:S b heat mirror coatings for cylindrical 
solar collectors, Energy Convers. Mgmt 29(4), 265 
(1989). 

92JM Y V. Efimov, V N. Dmimev, L. A Ryabtsev 



Heat t r a ~ e r  - -  a revtew of  1989 htemture 2413  

and E. A Myasrtikov, Cooling rate of melts during 
quenching from the liquid state, Melts 1(3), 242 

(1988). 
93JM. M. M. Fartd and A. Kanzawa, Thermal 

performance of a heat storage module using PCM's 
with different melting temperatures mathemancal 
modeling,J $olarEnergyEngng 111(2), 152(1989) 

94JM. A. Friedman and K.-H Hoffman, Control of free 
boundary problems with hysteresis, SIAMJ Control 
Opnm. 26(1), 42 (1988). 

95JM. A. Friedman, S Y. Huang and J M Yong, 
Opmnal periodic conu'ol for the two-phase Stefan 
problem, SlAM J. Control Oprim. 26(1), 23 (1988) 

96JM. D. Galamba and V K. Dhtr, Transient 
condensation-melting of asubcooled vertical surface, 
Numer Hear Transfer - -  Pt. A: Applic. 15(1), 33 
(1989). 

97YM. T. Hirata and K. Nishida, Heat transfer during 
melnng process inside alatent thermal energy storage 
capsule (analysis using equivalent thermal 
conducttvlty of liquid phase), Nippon Klkal Gakka# 
Ronbunshu, B HenlTran$ Japan Soc. Mech Engrs 
54(508), 3480 (1988). 

98JM. C. lhcali, Simplified analytical model for freezing 
tame calculation inbrick-shaped foods,J FdProcess 
Engng 11(3), 177 (1989). 

9 9 J i  D. S. Jung, M. McLinden, R. Radermacher and 
D. Dldion, A study of flow boiling heat transfer with 
refrigerant mixtures, Int J. Heat Mass Tramfer 
32(9), 1751 (1989) 

100JM. J. R. Keller and T. L. Bergrnan, Prethction of 
conjugate heat transfer m a solid-liquid system: 
inclusion of buoyancy and surface tension forces in 
the liquid phase, J. Heat Transfer 111 (3), 690 ( 1989) 

101JM V V. Mansurov andI. A. Natalukha, Nonlinear 
osci]]atlonS in bulk crystal h 7ation processes, J. Engng 
Phys. 54(2), 207 (1988). 

102JM B. Rubinsky, The energy equation for freezing 
of biological tissue, J. Heat Transfer 111(4), 988 
(1989). 

103JM B. C Shin, S. D. Kim and W -H Park, Phase 
separation and supercooling of a latent heat-storage 
material, Energy 14(12), 921 (1989) 

104JM. A. Sluzalec, Groundwater flow effects m 
processes of soil freezing, Numer Heat Transfer-- 
Pt. A: Apphc. 15(3), 399 (1989). 

105JM. M E. Thompson and J. Szekely, Density 
stratification due to counterbuoyant flow along a 
vertical crystallization front, lnt J_ Heat Mass 
Transfer 32(6), 1021 (1989). 

106YM P.J. Tunans, R. A. McMahon, H. Ahmed and G. 
F. Hopper, Temperature distributions and molten 
zones reduced by heating with line-shaped electron 
beams, J_ Appl Phys. 66(6), 2285 (1989). 

107YM. A. A_ Uglov, I Yu. Smurov andA M. Lasl'fin, 
Nonsteady phase-boundary motion when energy 
fluxes act on material, Htgh Temp. 27(1), g I (1989) 

RADIATION IN PARTICIPATING MEDIA 
AND SURFACE RADIATION 

Parnc,panng medw studies 
IK. K. M Andersen and S. Hadvtg, Geometric mean 

beam lengths for the space between two coaxml 
cylinders, J_ Heat Transfer 111(3), 811 (1989) 

2I( Y. Bayazltoglu and P. Kxanse, An improved profile 
for the solution of radiative transfer by Galerkan's 
method,J. Quant Spectr osc Radmt. Transfer41(6), 
419 (1989) 

3K.K. V Dobrego, S A. Zhdanov and V. M. Su'elchenya, 
Radiauve heat transfer in a non-equdibrium mtric 
oxide synthesis reactor, Part ffl, Heat Transfer-  
Soy. Res. 21(3), 401 (1989). 

4K R. L. Dougherty, Radiative transfer in a semi- 
m_t"mite absorbing]scattering mcchumwith reflective 
boundary, J Quant. Spectrosc Radiat Transfer 
41(1), 55 (1989). 

5K. A. V Galaktionov and S. V. Stepanov, Diffusion of 
radiation m an isotropic mechum with a variable 
refractive index, Hzgh Temp. 26(5), 733 (1989). 

6K. G. Y¢. Gon:lJk and V. G. Leytsina, Computation of 
radiauve transport through a porous layer by the 
Monte-Carlo method, Heat Trans fer-  Soy. Res. 
21(3), 308 (1989) 

7K. C.-H. He and M N. Ozisik, An inverse radianon 
problem, Ira. J Heat Mass Transfer 32(2), 335 (1989). 

8K. Y.-Q. Jin, The radiative ffansfer equation for 
strongly-fluctuating, continuous random media, 
J Quant Spectrosc Radiat Transfer 42(6), 529 
(1989). 

9K. K Kanuuto, The dif~action-scanering subtraction 
method for radiative transfer m a highly anisotropic 
scattering medium exposed to cottimated radiation, 
J Quant. $peerrosc Radiat Transfer 42(5), 415 
(1989). 

10K. N. B. Kampp Rasmussen, P. Torslev Jensen and S. 
Hadvig, Numerical integration method of radiative 
exchange (NIMREX), Int_ J_ Heat Mass Transfer 
32(2), 343 (1989). 

I lK.  V A Kuz'mm, E. I. Maratkanova and E. A 
Dautov, Engineering technique for calculating 
thermal rad~atlon of dispersed systems, Soy. 
Aeronaut. 32(1), 95 (1989). 

12K V. A. Kuznetsov, Radiative heat transfer in a 
nomsothermal medium, Therm Engng 36(1), 11 
(1989). 

13K. H Lee, Scaled total hermspherical emittance of 
parncle-gas layers, J Thermophys. Heat Transfer 
3(1), 61 (1989). 

14K. Y Ma and H. S. Lee, Surface exchange model of 
radiative heat transfer from amson'opic scattering 
layers, J Heat Transfer 111(4), 1015 (1989). 

15K. G C. Pomranmg,The Milneproblem in a statistical 
rnedium,J Quant. Specrrosc.Radiat Transfer 41(2), 
103 (1989). 



241,4 E. R G EoizatT er al 

16K. S C Saxena, K K. Srivastava and R. Vadivel, 
Experimental techmques for the measurement of 
radiative and total heat transfer m gas fluidized beds 
a review, Exp Therm Fired Sci. 2(3), 350 (1989)_ 

17K S T Thy'nell, Radianve transfer in absorbing, 
emitting and linearly amsotropically scartenng 
spherical media, J Quant Spectrosc Radtat 
Transfer 41(5), 383 (1989). 

18K J R. Tsa.t, M N. Oz,.~lk and F. Santarelh, Radiauon 
in spherical symmetry with amsotropic scattering 
andvariablepropertms,J. Quant Spectrosc Radlat 
Transfer 42(3), 187 (1989). 

19K. R ViskantaandM P. Menguc, Rathative transfer 
m dispersed media, Appl. Mech Rev. 42(9), 241 
(1989) 

Muln-dimensional radiative transfer 
20K. A L. Crosbie and L C. Lee, Multidimensional 

radiative transfer, a single integral repmsentataon of 
anisotroplc scattering kernels, J Quant_ Spectrosc 
Radmt Transfer 42(3), 239 (1989) 

21K. A_ L. Crosbm and S. M. Slueh, A double-integral 
formulation of Ambaraunian's method for tsotropic 
scattering m a two-dmaensional, semi-infinite 
medium,J. Quant Spectrosc.Radiat. Tran.rfer 42(1), 
33 (1989) 

22K. R. K Iyer and M. P. Menguc, Quadruple sphencal 
harrnoracs ataproximation for radtattve transfer 
m two-dimensional rectangular enclosures, 
J Thermophys. Heat Transfer 3(3), 266 (1989)_ 

23K D. A. Kammski, Radiative transfer from a gray, 
absorbmg--ermttmg, isothermal medium in a comcal 
enclosme,J Solar Energy Engng 111(4),324(1989). 

24K. T -K. Kam and H Skarda Lee, Radiatave transfer 
m two-dimensional anisouopic scattering media with 
colhmated incidence, J Quant Spectrosc. Radmt. 
Transfer 42(3), 225 (1989). 

25K M.F. Modest, Modified differential approximation 
for radiatwe transfer m general three-dimensmnal 
media, J Thermophys. Heat Transfer 3(3), 283 
(1989). 

26K M H. N. Naraghi and M. Kassemi, Analysis of 
radaauve transfer m rectangular enclosures using a 
discrete exchange factor method, J Heat Transfer 
111(4), 1117 (1989) 

27K. D. M O'Brien, A lower bound for the solution of 
the ra&adve transfer equauon m finite clouds, 
J Quant Spectrosc Radlat Transfer 42(6), 551 
(1989) 

28K R. Siegel, Some aspects of transient cooling of a 
radiating rectangular medium, Im J Heat Mass 
Transfer 32(10), 1955 (1989) 

29K. Z_ Tan, Radiative heat transferin multidin~mional 
emitting, absorbmg, and amsotropic scattering media 
--mathematical formulation and numerical method, 
J. Heat Transfer 111(1), 141 (1989). 

30K. S_ T. Thynell, The integral form of the equation of 
transfer m finite, twoMurmnsional, cylindrical media, 
J Quant Spectrosc Radlat Transfer 42(2), 117 
(1989) 

31K. C -Y Wu, Integral equations for radiatwe transfer 
with linear anisotropic scattering and Fresnel 
boundaries, J Thermophys_ Heat Transfer 3(1). 68 
(1989). 

32K C -Y Wu, Exact integral formulation ofamsotropic 
scattering in an arbitrary enclosure, J Quant 
Spectrosc. Radtat Transfer 41(3), 187 (1989) 

33K C. Y. Wu, W. H Sutton and T J. Love, Directional 
enuttance of a two-dunensional scattering medium 
with Fresnel boundaries, J Thermophys Heat 
Transfer 3(3), 274 (1989) 

Radiation combined wlth conduction 
34K. L. I Dagls, L. S. Sagalovmh and M M Tamoms, 

Radiative and coupled (combined) heat transfer m a 
system of media with d.tfferent refractive in&ces (3. 
Correlation of results of calculation of combined 
heat transfer by the method of palliauve stmihmde, 
Heat Transfer--Soy. Res 21(3), 289 (1989). 

35K J A Hams, Solution of the conducuon/radianon 
problem with lmear-anisotropic scattering m an 
annular medium by the spherical harmonics method, 
J. Heat Transfer 111(1), 194 (1989) 

36K. J -D. Lm and J.-H. Tsar, Rathatiorr-conducfion 
interaction in a planar, anisotropically scattering 
medium with flux boundary, Numer. Heat Transfer 
- -P t .  A: Applic 16(1), 119 (1989). 

37K. D. K. Pandey, Combined conduction and rad.tauon 
heat transfer in concentric cylindrical media, J 
Thermophys. Heat Transfer 3(1), 75 (1989) 

38K. T. H. Ping and M. Lallemand, Transient radiative- 
conductive heat Ixansfer m fiat glasses subrmtted to 
temperature, flux and rmxed boundary conditions, 
Int J Heat Mass Transfer 32(5), 795 (1989), 

39K. S, N Tlwari, D. J. Singh and A Kumar, Transient 
energy transfer by conducuun and radiation m 
nongray gases, J Thermophys Heat Transfer 3(2), 
167 (1989) 

40K J.-H. Tsar, J.-D Lm and D.-C Lu, Analysis of 
scattering effect on radiation--conduction interacuon 
using nodal approximanon technique, Chung-Kuo 
Chi Hsueh Kung Ch' eng Hsueh Pao/J_ Chin Soc 
Mech Engrs 9(4), 241 (1988) 

Radiation combined with convection 
41K. A. R. Bestman, Radiative transfer to oscillatory 

hydromagnetic rotating flow of a rarefied gas past a 
horizontal flat plate, Int J. Numer. Meth_ Fluids 
9(4), 375 (1989). 

42/( M. Q. Brewster, Radiation-stagnaaon flow model 
aluminized sohd rocket motor intemal insulator heat 
transfer, J Thermophys. Heat Transfer 3(2), 132 
(1989). 

43K L I. Dagm, L. S. Segalovlch and M. M Tamonis, 
Ra&ative and coupled heat transfer in a system of 
tWO n~dla with different refraction radices (2 
Radiauve-convecttve heat transfer in plane 
semitransparent layers with different optical 
properties), Heat Transfer-  Soy. Res 21(4), 446 
0989). 



Heat wan~er - -  a review of 1989 hmrature 2415 

44K. Y.Kurosald,I. Satoll, T. Horiudu andT. Kashiwagi, 
Effect of Marangom convection on the temperature 
profdes of a f-me surface subject to nonuniform 
rachatwe heating, Exp. Therm Fired So. 2(3), 365 
(1989). 

45K A. Moutsoglou and Y. H. Wang, Convectlon--- 
radiauon mteracuon m buoyancy-mduced channel 
flow, J_ Thermophys_ Heat Transfer 3(2), 175 (1989) 

46K A. E Redmkov and Yu. S. Ryazantsev, 
Thermocapttlary motion of a drop under the acUon 
of rachatlon, J Appl Mech Tech. Phys 30(2), 337 
(1989) 

47I( R. F Pachards and D K. Edwards, Effect of 
boundary rachation on thermal stabthty in horizontal 
layers, lnt J. Heat Mass Transfer 32(1), 81 (1989) 

48K N A Rubtsov, N. N. Ponomarev and A. M. 
Tlmofeev, Radmtive--convective heat transfer at a 
thin plate m a conJugate formulauon of the problem, 
H#gh Temp. 27(3), 440 (1989) 

49K. A Soufiam and J. Taine, Experimental and 
theoretical studies of combined radiauve and 
convecuve transfer in CO 2 and H20 laminar flows, 
Int J Heat Mass Transfer 32(3), 477 (1989). 

50K H Tamguchi, K. Kudo, N. Kumagat, K Guo, T 
Katayama and T. Nakamura, Three-dimensional 
radiation heat ~ansfer analysis in a cylindrical gas 
reformer by the radiative heat ray method, Nzppon 
K;kai Gakkm Ronbunshu, B Hen 55(514), 1724 
(1989)_ 

51K. L R Utreja and T J. (~ung, Combined convection-- 
conduction radiation boundary layer flows using 
optimal control penalty finite elements, J. Heat 
Transfer 111(2), 433 (1989). 

52K D. Vormaeyer, N. Rudraiah andT. P. Sasikumar, 
Effect of rachative tram fer on the onset of convection 
m a porous medium, Int. J. Heat Mass Transfer 
32(5), 873 (1989). 

Surface radiation 
53K. R E.Bedford, C.K.Ma, Z X. ChuandY X. Sun, 

Calculauon of the effective cmussiwty of a drffuse 
plane surface below a specular hemisphere, Hzgh 
Temp -High Pressures 21(2), 211 (1989). 

54K R. P. Bobco and B. L. Drolen, Engineering model 
of surface spccularity: spacecraft design imphcations, 
J_ Thermophys. Heat Transfer 3(3), 289 (1989). 

55K. P J Burns and D. V. Pryor, Vector and paxallel 
Monte Carlo rachative heat ffansfer simulauon, 
Numer Heat Transfer B 16(1), 97 (1989) 

56K. B T F Chung and M. M. Kermani, Radiation 
view factors from a fimte rectangular plate, J Heat 
Transfer 111(4), 1115 (1989). 

57K S.J. Hoffand K. A. Janm, Monte Carlo technique 
for the determinataon of thermal radiation shape 
factors, Trans. A3AE 32(3), 1023 (1989). 

58K. T Ikushima, K. Suzuki and H. Yoshida, Thermal 
rachanon view factor calculation using Monte Carlo 
method, Nippon Genshiryoku Gakkmshi 30(6), 548 
(1988). 

59K. O Keller and P. Sonderkaer, The principles of 

scattering of electronmgnetic waves from a rough 
surface studied by the interaction of two hght-induced 
¢fi]~oles placed near the surface, J Phys. D 22(2), 343 
(1989). 

60K. T Makano, T. Niwa and T. Kasat, Study on thermal 
radiation charactensucs of real surfaces of metals 
(interference and drffraction of radmtion at a three- 
dm3ens]onal nonparallel film element), Heat Transfer 
--Jap Res. 18(5), 64 (1989) 

61K. M. M Mel'man and G G Trayanov, V~ew factors 
in a system of parallel contacting cylinders, J Engng 
Phys. 54(4), 401 (1988) 

62K. J_ van Lcersum, A method for determining a 
consistent set of radiauon view factors from a set 
generated by a nonexact method, Int. J Heat Fluid 
Flow 10(1), 83 (1989). 

Engineering raduative properties 
63K. A. Anderson, Calorimetric measuren~nt ofr~l;*nt 

heat transfer from fast reactor f~el can samples, 
Nucl. Engng. J Inst. Nucl. Engng 29(6), 210 (1988). 

64K. E. I. Averkov and V. N. Zapechnikov, Integral 
deg~e of blackness of fibrous refractory materials, 
Refractories 29(5-6), 286 (1989). 

65K. J.-F. Babelot and M. Hoch, Investigation of the 
spectral emissivtty data of some metals and nonmetals 
m the wavelength range 400-1500 nm, and of thetr 
total emissivity, High Temp.-High Pressures 21(1), 
79 (1989). 

66K. Y Bayamtoglu and P. V. R. Sutyanarayana, 
Electromagnetic levitation wah acoustic modulation 
for property measurement, J. Thermophys. Heat 
Transfer 3(3), 351 (1989). 

67K. G. Ya. Belov, Effective optical properties of 
scattering medium in approximate methods of 
investigating radiant transfer,High Temp. 26(4), 609 
(1989). 

68K. D P. DeWitt and R. E. Rondeau, Measurement of 
surface temperatmes and spectral emissivities during 
laser irradiauon, J Thermophys. Heat Transfer 3(2), 
153 (1989). 

69K K.S. Domingutez and J. R. Wynnyckyj, Spectral 
enussivtty measurement, Ira J. Heat Mass Transfer 
32(8), 1575 (1989). 

70K K.Kamiuto, l~adimivetransferthrougharandomly- 
packed bed of spheres, J. Quara. Spectrosc Radiat 
Transfer 41(1), 23 (1989) 

71K. K. Karmuto, M. Sato and M Iwamoto, Deter- 
mination of the radiative properties of h.tgh-pomslty 
matPrials by use of the emerging-intensity fitting 
method,J. Quara. Spectr osc Radiat. Transfer 42( 6), 
477 (1989) 

72K J. A Menaxt, H. S. ~ and R. O. Buckius, 
Experimental determination of radiative properties 
for scattenngparticulate, E~ .  Heat Transfer 2(4),309 
(1989) 

73K A. Mddos, Z. Bozoki and A Lorincz, Picosecond 
transient reflectance ofthinmetal fdrm,J.Appl. Phys. 
66(7), 2968 (1989). 

74K. T. S. Ravigumrajan andM. R. Beltran, Model for 



2416 E. R G. Ecx~r et al 

ancnuation of fife radmtion through water droplets, 
Fire Saf. J. 15(2), 171 (1989). 

75K H. Rawson, Dependence ofermsslvtty on angle for 
coated and uncoated glass and the calculatton of 
radumt energy exchange m double-glazed umts, 
Glastech Ber 62(5), 167 (1989) 

76K. M A. Tatmarov and F A. GanfiKin, Spectral 
emasslon propemes of components ofboder heating 
surfaces, Soy_ Energy Technol. 2, 16 (1989) 

77K T Togawa, Non-contact skin emissivity: 
measurement from reflectance using step change in 
ambient radmnon temperature, Climc Phys_ P hystoL 
Measure. 10(1), 39 (1989). 

78K G I Vorob'eva and V. F. Getmanets, Effective 
ermsslwty of the endface of a packet of screen 
vacuum thermalinsulanon, J Engng Phys 54(4), 420 
(1988) 

79K A. Yosl'uda, S. Idel, K. Tommaga and T. Ktmitomo, 
Solarradianon spectralreflectances of environmental 
surfaces, Heat Transfer--Jap. Res. 18 (I), 93 (1989) 

Light scattering from parncles 
80K. V. V. Averm, A. S. Dmitnev and A. V. Klu'nenko, 

Thermal radiation of a three-dirnemional latuce of 
spherical pamcles, Hzgh Temp 27(3), 452 (1989) 

81K D. Banner, S Klarsfeld and C. Langlais, 
Temperature dependence of the opucal characteristics 
ofsermtransparent porous media, High Temp.-High 
Pressures 21(3), 347 (1989). 

82K. M. F. lskander, H. Y. Cben and J. E Penner, 
Opucal scattering and absorpuon by branched chains 
of aerosols, Appl. Opt. 28(15), 3083 (1989). 

83K K.Kamiuto,M. Sato andM. Iwamoto, Experimental 
determination of the radiative properties of a large 
diffuse sphere,J Quant Spectrosc.Radzat. Transfer 
42(2), 85 (1989). 

84K Y. Kuga and A. Ishlmaru, Backscattering 
enhancement by randomly distributed very large 
particles, Appl. Opt. 28(11), 2165 (1989). 

85K. S. C. Lee, Effect of fiber onentanon on thermal 
radiation m fibrous medm, lnt J Heat Mass Transfer 
32(2), 311 (1989) 

86K. A. Mugnm and W. 1. Wiscomhe, Scattering from 
nonsphencal Chebyshev particles. 3: Varmbihty m 
angular scattenng patterns, Appl. Opt. 28(15), 3061 
(1989). 

87K. K Mumonen, Scattering of light by crystals- a 
modified Kirchhoff approximation, Appl. Opt. 
28(15), 304.4 (1989) 

88K K. Muinonen, K. Lumme, J. Peltomemi and W. M. 
Irvine, Light scatmring by randomly oriented crystals, 
Appl Opt 28(15), 3051 (1989). 

891(. J. I Peltoniemi, K. Lumme, K. Mumonen and W. 
M. Irvme, Scattering of light by stochastically rough 
particles, Appl. Opt. 28(19), 4088 (1989). 

90K S. B Singham and C F. Bohren, Hybrid method in 
light scattering by an arbitrary pamcle, AppL Opt 
28(3), 517 (1989). 

91K. G. W Sutton and K Wong, Lxght scattering by 
air heated from an aerosol due to pulsed trradiatlon, 
J_ Appl Phys. 65(6), 2195 (1989) 

92K_ M. Yoset"m and D. J Bergrnan, Weak localtzatlon 
and enhanced backscartermg of light m ddute 
suspensions, Physlca A 157(1), 418 (1989) 

RadLanon in flames and combusnon systems 
93K S W Back and C Lee, Heat ~ransfer m a radlalang 

medium between flame and fuel surface, Combust 
Flame 75(2), 153 (1989) 

94K. S. Bhattacharjee and W. L. Grosshandler, Effect of 
radianve heat transfer on combustaon chamber fows, 
Combust. Flame 77(3-4), 347 (1989) 

95K A. Charette, F. Ercluqm and Y S. Kocaefe, The 
trnagmary planes method for the calculation of 
radaatwe heat transfer in industrial furnaces, Can J 
Chem Engng 67(3), 378 (1989) 

96K J. J. Gregory, N. R. Kelmer and R. Mata, Jr., 
Thermal measurements m large pool fires, J Heat 
Transfer 111(2), 446 (1989) 

97K. M. Katsuk~, Y. Mazutam, A. Ando, Y. Hanon, Y 
Jmja and D. H. Lee, Numencal pre&ction of coaxtal 
flow diffusion flames wtth radianve heat transfer, 
Nzppon Kikai Gakkai Ronbunshu,B Hen 55(510), 523 
(1989). 

98K. M. E. Kounalakis, J, P. Gore and G. M. Faeth, 
Mean and fluctuating radlatwn properttes of 
nonpremixed turbulent carbon monoxide/air flames, 
J. Heat Transfer 111(4), 1021 (1989). 

99K. L. Matthews and R. Longenbaugh, Radiative flux 
measurements m asooty pool fire,Exp.H eat Transfer 
2(3), 189 (1989) 

100K C. V S. Murty, W. Richter and M. V. Knshna 
Murthy, ModeUing of thermal radtauon in fired 
heaters, Chem Engng Res Des 67(2), 134 (1989). 

101K. D A Nelson, Band radaataon from a fluctuating 
mechum, J. Heat Transfer 111(1), 131 (1989) 

102K. V. K. Pustovalov and D S. Bobuchenko, Heating, 
evaporation and combustion of a solid aerosol particle 
in a gas expoaed to optical radiation, lm J.HeatMass 
Transfer 32(1), 3 (1989) 

103K. V. B. Rozhdestvenskii, B. D. Khristoforov and V 
L. Yur'ev, Influence of Raylelgh--Taylor instability 
on the radiation characteristics of the explosion o fan 
explosive in £tr, J. Appl Mech. Tech Phys. 30(2), 330 
(1989) 

104K. G. K. Rubm, Hierarchical calculations of radiant 
heat transfer in electric furnaces, High Temp. 27(2), 
261 (1989). 

105K. K. Saito, F. A. Wilhams, I. S. Wichrnan and J. G. 
Qumtiere, Upward turbulent flame spread on wood 
undercxtemal radiation,J HeatTranffer 111(2),438 
(1989). 

106K S A. Schaub, D- R. Alexander, J. P. Barton and 
M. A. Eroanuel, Focused laser beam interactions 
with methanol droplets: effects of relative beam 
diameter, Appi Opt. 28(9), 1666 (1989). 



Heat transf¢~ - -  a review of 1989 htexatute 2417 

107K W. W Yuen and S. H. Zhu, Effect of radiative 
heattransfer onthermalxgnition,J Thermophys Heat 
Transfer 3(3), 260 (1989). 

Combusnon of coal and soot properties 
108K T T. Charalampoponlos and D W. Hahn, 

Extinctaon efficlencies of elongated soot particles, J 
Q uant S pectr osc. R adga t Transfer42(3),219(1989). 

109K D. G. Goodwm andM. Mitchner, Infrared optical 
constants of coal slags: dependence on cbermcal 
composition,J Thermophys Heat Transfer 3(1), 53 
(1989) 

110K D G. Goodwm andM MRclmer, Flyashradmtive 
properties and effects on radiative heat transfer m 
coal-ftred systems, lnt J Hear Mass Transfer 32(4), 
627 (1989)_ 

111K. A. V. Gorbatov and E. V Samuilov, Radiation 
firom burning carbon particles, Combust Explos 
Shock Waves Sept,  186 (1988). 

112K. K. Kamiuto, Effect of the I-I/C weight ratios on 
the opuc al dispersion parameters o f soots, JSME lnt 
J. Ser 2 32(2), 286 (1989). 

l I3K. K. Kamiuto, Radiation characteristics of an 
lsothermallayer of dispersed soot particles,JSMElnt 
J. Ser 2 32(2), 281 (1989). 

114K. V G. Lisienko, Relation between the emissivity 
and absorptive power of a soot layer of a flame as an 
index of the selectavity of an emisston spectrum, 
High Temp. 26(4), 624 (1989). 

l15K D. W. Mackowskx, R. A. Altenkirch andM. P. 
Menguc, Comparison of electmmagneuc wave and 
radiative transfer equation analyses of a coal 
particle surrounded by a soot cloud, Combust Flame 
77(3-4), 415 (1989). 

116K. F R. Steward and D. N. Tnvic, Assessment of 
particle rachation in a pulverised-coal-ftred boder, 
J Inst Energy 62(452), 138 (1989). 

Rad~atwe transfer m gaseous media 
117K V. I. Antonov and L. I. Zdorovova, Analysis of 

the accuracy for solving problems of radiant heat 
exchange in systems with a selectively radiating 
mechum, J Engng Phys. 54(3), 310 (1988). 

118K. K. V. Dobrego, S. A. Zhdanok and V. M. 
Strelcbenya, Radtatxve heat transfer m a non- 
equihbnum nitric oxide synthesis reactor, Part 1, 
Heat Transfer--Soy_ Res 21(1), 102 (1989) 

I19K. R Goody, R. West, L. Cben and D Crisp, The 
correlated-k method for radiation calculations in 
nonhomogenoous atmospberes,J Quant Spectrosc_ 
Radtat. Transfer 42(6), 539 (1989). 

120K. V. P. Gorsbenm, Radtant beat transfer in a closed 
system ofsermopaque bodies separated by anemimng 
and absorbing gas medium,J EngngPhys. 54(2), 223 
(1988). 

121K B. S_ Mastryukov, Error in using the gray-gas 
approximation m computing radiative beat transfer. 
Systems with a diathermal medium, High Temp. 
26(5), 740 (1989). 

122K. A. A. Tarzimanov and F R. Gabitov, g adiattonal 
component of the beat conduction of steam at htgh 
pressure, High Temp. 26(6), 836 (1989). 

Radiative property of gases 
123K. V. Bakslu and R. J Keamey, New tables of the 

Voigtfuncuon,/Quant.Spectrosc Radiat. Transfer 
42(2), 111 (1989) 

124K J. Bmssoles, C. Boulct, L Bonamy andD. Robert, 
Calculauon of absorpuon in the microwindows of 
the 4.3 ~rn CO 2 band from an ECS scaling analysis, 
J Quant Spectrosc Radtat Transfer 42(6), 509 
(1989) 

125K. V. Dana, A. Valentin, A. Hamdoum and L. S. 
Rothman, Line intensifies and broadening parameters 
of the 11101<-10002 band of nCI602, Appl. Opt. 
28(13), 2562 (1989) 

126K. C. Delaye, J.-M. Hartmarm and J. Taine, 
Calculated tabulauons of I-~O line broadening by 
H20, N 2, O2, and CO 2 at high temperatute,Appl Opt. 
28(23), 5080 (1989). 

127K. K. V. Dobrego, S. A. Zhadanok and V. M. 
Strelcbenya, Radiative beat transfer in a non- 
equdibriurn nitric oxide synthesis reactor, Pt. lI, 
Heat Transfer-- Soy. Res 21(2), 25 1 (1989) 

128K J.M. Hartm,um andM.-Y. Petrin, Measurements 
of pure CO 2 absorption beyond the I, 3 bandhead at 
high temperature, Appl. Opt. 28(13), 2550 (1989). 

129K. M. Margonin-Maclou, A. Henry and A. Valentin, 
Line mmmg effects in the self- and Nfbroadened Q- 
branch of the v 2 + v 3 band of N20, Appl. Opt. 28(22), 
4920 (1989) 

130K. S. Nadler andD. E. Jemungs, Foreign-gas pressme 
broadening parameters of propane near 748 cm -~, J. 
Quant. Spectr osc. Radtat. Transfer 42(5), 399 (1989). 

131K X. Ouyang and P. L. Vatghese, Reliable and 
effictentprogram for fitting Galatxy and Voigtprofiles 
to spectral data on multiple lines. Appl. Opt. 28(8), 
1538 (1989) 

132K. M, Y. Perrin and J. M. Harunann, Temperature- 
dependent measuremems and mcxfeling of absoq~un 
by CO2-N 2 m~tures m the fat line-wings oftbe 4.3 
pan CO 2 band, J. Quant Spectrosc. Radtat. Transfer 
42(4), 311 (1989). 

133K. M. Y. Pernn and J. M. Hartmann, High temperature 
absorption of the 3.39 II.m He--Ne laser line by 
methane,J Quant Spectrosc. Radiat Transfer 42(6), 
459 (1989) 

134K C. P. Rinsland, V. Malathy Devi, M. A. H. Smith 
and D. C. Benner, Measurements of argon broadened 
Lorentz width and pressure-induced line shift 
coefficients in the v 4 band of t2CH(, Appl. Opt. 
28(11), 2111 (1989). 

135K. L.-W. Tang, S. Nadler and S. J. Daunt, Tunable 
&ode laser measurements of absolute line strengths 
m the 2v, band ofNtOnear 8 pan, J. Quant. Spectrosc. 
Radiat. Transfer 41(2), 97 (1989). 

136K. M E. Thomas and M. J. IAnevsky, Integrated 
intensities ofN2, CO2, and SF~vibrational bands from 



2418 E R G.F.x~u~Tetal 

1800 to 5000 cm -~ as a function of density and 
temperature, J_ Quant. Spectrosc Radtat Transfer 
42(6), 465 (1989) 

137K. A. Tuntomo, S H. Park and C. L. Tien, Infrared 
radiation properties of ethylene, Exp Heat Transfer 
2(2), 91 (1989) 

138K. P. Varanasi and S. Chudamani, Measurements of 
colhston-broadened line widths in the v,-fundarnental 
band of IzCH, at low temperatures, J. Quant 
Spectrosc Radmt. Transfer 41(5), 335 (1989) 

139K. P. Varanasi and S. Chndamani, Absolute intensity 
measurements m the v4-fundamental band of 12CH 4 
at planetary amaosphenc temperatures, J_ Quant 
Spectrosc Radtat Transfer 41(5), 345 (1989)_ 

140K. P. Varanasl and S Chudamam, Tunable diode 
laser measurements of line widths in the v l- 
fundamental band of ~4Nz'~O at atmospheric 
temperatures, J. Quant Spectrosc Radmt Transfer 
41(5), 351 (1989) 

141K. P. Varanasi and S. Chudamani, Line st~ngth 
measurements in the v~-fundamental band of 14N2160 
using a tunable diode laser, J Quant. Spectrosc. 
Radlat Transfer 41(5), 359 (1989) 

142K. M Weber, W. E Blass and J.-L. Salanave, 
Tunable diode -laser measurernents of the 14 IL,'n line 
slaengths in C2H v J Quant Spectrosc. Radiat 
Transfer 42(6), 437 (1989) 

Miscellaneous radiation studies 
143K. S. K. Barman, Approximauon to the H-funOaon 

for amsotroplc seatmnng,J. Quant Spectrosc Radzat 
Transfer 41(3), 221 (1989)_ 

144K. N. N. Baulin, O. V. Zverev, N N Pily'ugin and S. 
G Ttidaormrov, Study of the radiation of a shock 
layer around models flying m mr with hypersonic 
velociues, High Temp 27(2), 242 (1989). 

145K Y. Bayazitoglu and P V. R. Suryanarayana, 
Transmnt radlauve heat transfer from a sphere 
surrounded by a participating medium, J Heat 
Transfer l l l (3 ) ,  713 (1989) 

146K. M. Bonmsegm, C Boragno, P. Ortonello and U. 
Valbusa, Low-temperature bolometer array, Rev 
Sclent lnstrum. 60(4), 661 (1989). 

147K. I. G EremeRsev, O V. Zverev and N. N pilyugm, 
Study of the radiation of rmxtures of axr with xenon 
m a shock layer around models flying at hypersomc 
velocity, High Temp. 27(3), 434 (1989). 

148K R P Fmgel, P B Hays and W M. Wnght, 
Photoacousnc technique for the measurement of 
absorption line profiles, Appl. Opt. 28(7), 1401 
(1989). 

149K. S. Gu, G. Fu and Q. Zhang, 3500-K high-frequency 
reduction-heated blackbody source, J. Thermophys 
Heat Transfer 3(1), 83 (1989) 

150K. M. H. Haggag, H. M. Machali and M. Madkour, 
Chandrasekhar's X- and Y-functions, J. Quant 
Spectrosc Radiat. Transfer 41(6), 461 (1989). 

151K W A. Lahoz, An exact linearization and 
decouplmg of the mtegral equanons satisfied by 
Chandrasekhar's X- and Y-functions, J Quant 

Spectrosc. Radzat Transfer 42(6), 563 (1989) 
152K.S C.Li, F.LuandX. E.Shao,Opttmumefficmncy 

ofproducuon of radiation-- a new relaUon for black 
body rachatlon, Infrared Phys_ 29(2--4), 205 (1989)_ 

153K Y. Nakamura, Rachant transport functaon for 
rachant heat transfer problems m buildings and urban 
spaces, Heat Tran,rfer--Jap Res 18(3), 1 (1989) 

154K J. A Nernes andP W Randles, Energydeposmon 
phenomena m partially transparent solids, J 
Thermophys Heat Transfer 3(2), 160 (1989) 

155K. N. N. Pdyugm and L_ A Prokopenko, Van atlonal 
problems of radiative gas dynamics in the presence 
of gas rejection from a surface, J Appl_ Mech Tech_ 
Phys. 30(3), 384 (1989). 

156K. Yu. V Polezhaev, V A. Tlevtsezbev and V. L. 
Strakhov, Study of the behavior of composite 
materials under the combined influence of 
radiatave--convective heat flows,H~gh Temp 27(2), 
274 (1989). 

157K. J. F. Schivell, C. E Bush, D. K. Mansfield, S.S. 
Medley, H. K. Park and F. J. Stauffer, Survey of 
features m radiative power loss prof'des tn the 
Tokamak Fusion Test Reactor, Fusion Technol J 
1520 (1989). 

158K A.B.Shigapov,R Kh.B~anullin,R R Nazyrova 
and Z Kh. Gruzdeva, Rachatmn attenuation by a 
near-wall layer, Soy. Aeronaut. 32(I), 75 (1989). 

159K. R. Siegel, Transient radiative cooling of an 
absorbing and scattering cylinder, J. Heat Transfer 
111(1), 199 (1989). 

160K. R. Siegel, Radiative cooling performance of a 
convergingliquid drop rarhator,J Thermophys Heat 
Transfer 3(1), 46 (1989) 

161K. R. Siegel, Sohdificauon by radiative cooling of a 
cylindrical region filled w~th drops, J Thermophys 
Heat Transfer 3(3), 340 (1989) 

162K. K A Snail and L M Hanssen, Integrating 
sphere designs with lsotroplc throughput, Appl Opt. 
28(10), 1793 (1989) 

163K F Stefam and J. L. Lawless, A heat-driven 
monochromatic light source, IEEE Tram Plasma 
Sc~. 17(2), 295 (1989). 

164K Q Wu, Y. Chen, Z Chu and B_ I_a, Determining 
the integrated cavity emissivity of blackbody 
furnaces, Rev. Sclent Instrum 60(6), 1140 (1989). 

165K. Y Yoshmawa, H Nakajirna and R Echigo, 
Study of the nongray effects of a porous medium 
energy converter, Nzppon Kikai Gakkal Ronbunshu, 
B Hen 55(519), 3523 (1989) 

166K. Y-W.  Zhang and Z.-X. Jang, Equivalent 
blackbody radialaon theory and its use in the raniation 
property measurement of a seminransparent body, 
Appl Opt 28(20), 4482 (1989) 

NUMERICAL METHODS 

Heat conduction 
IN. M. T. Abujelala, ffmite element method, application 

ofheatconductlonproblems,Modell Szmul_ Control 
B 23(3), 29 (1989). 



Heat transfe~ - -  a review of 1989 hterature 2419 

2N J Banaszek, Comparison of control volume and 
Galerkm flmte element methods for diffusion-type 
problems, Numer. Heat Transfer-- Pt B: Fundam 
16(1). 59 (1989)_ 

3N R. Bialecka and R Nahhk, Solving nonlinear steady- 
state potential problems in mhomogenous bodies 
using the boundary-element method, Numer Heat 
Transfer - -  Pt. B Fundam. 16(1), 79 (1989). 

4N U. J. Chol and D. Y. Kwak, Almost sure convergence 
of Galerkin approximations for a heat equation with 
a random imual condition, Comput Math Appl. 
18(12), 1057 (1989) 

5N A L. Coutmho, L. Landau, L C Wrobel and F_ F. 
Nelson, Modal solutton of transient heat conduction 
utilizing Lanczos algonthm, Int J_ Numer. Meth. 
Engng 28(1), 13 (1989) 

6N G. F. Dargush and P. K. Banerjee, Advanced 
development of the boundary element method for 
steady-state heat conduction, 1nt J Numer Meth 
Engng 28(9), 2123 (1989) 

7N. K Davey and S. Hinduja, Improved procedure for 
solving transient heat conduction problems using 
the boundary element method, Int. J. Numer. Meth 
Engng 28(10), 2293 (1989). 

8N F O. Ekogbulu, Predmtor-corrector method for the 
heat conductlonequation,ASME Rev. 10(I), 1 (1989). 

9N G M. Grandi and J C. Ferren, On the solution of 
heat conduction problems revolving heat sources via 
boundary-fitted grids, Commun.Appl Numer. Meth 
5(1), 1 (1989). 

10N J. Hamanaka, Analysis for transient heat 
conduction, Nippon Kikai Gakkai Ronbunshu, 
BHenlTrans JapanSoc.Mech.EngrsPartB55(514), 
1661 (1989). 

l lN. E_ Hensel and R Halls, Steady-state two- 
d~mensional reverse heat conduction, Numer. Heat 
Transfer ~ Pt B: Fundam, 15(2), 227 (1989). 

12N. C K Hsieh and H. Shang, A boundary conditmn 
dissection method for the solution of boundary- 
value heat conducuon problems with position- 
dependent convective coefficients, Numer Heat 
Transfer--Pt. B. Fundam. 16(2), 245 (1989) 

13N. R. Istuda and Y. Ochim, On BEM formulation of 
transient axisymmetric heat conduction problems, 
Nippon Kakal Gakkm Ronbunshu, B Hen 55(519), 
3493 (1989). 

14N_ Y. N. Jeng and S. C Liou, Modified multiple one- 
dimensional adaptive grid method, Numer Heat 
Transfer - -  Pt. B: Fundam. 15(2), 241 (1989). 

15N. M. G KJttur, R. L. Huston and F. B. Oswald, 
Improvement off'mate element meshes. Heat transfer 
m an infinite cylinder, Comput. Srruct. 33(5), 1215 
(1989). 

16N. D_ A Murio, Mollification method and the 
numerical solution of the inverse heat conduction 
problem by finite differences,Comput. Math.Apphc 
17(10), 1385 (1989) 

17N. B_ J Noye, Five-point FTCS finite-difference 
methods for heat conduction, Commun. Appl Numer. 
Meth 5(5), 337 (1989). 

18N K. S Surana and N. J. Onh, P-approximanon 
axtsymmetric shell elements for heat conducuon m 
laminated composites, Coraput_ Struct, 33(5), 1251 
(1989). 

19N. K S. Surana and N. J. Orth, Axisy,m~emc shell 
elements for heat conduction with p-approximation 
m the thickness direction, Comput Srruct. 33(3), 689 
(1989). 

20N K.K. Tamma and S. B. Railkar, Specially tailored 
trans finite--element formulanons for hypcrbohc heat 
conduction revolving non-Fourier effects, Numer 
HeatTransfer--Pt B: Fundam. 15(2),211 (1989) 

21N. K K_ Tamma and A. A. Yurko, Finite-elemem 
thermal modelmg/analysts formulations for layered 
composlte materials,N umer Heat Tr ansf e r - -  Pt. B : 
Fundam. 15(1), 73 (1989) 

22N. T. Terama~ and S. Hamada, Heat conduction 
analysis by the time-space fLute element method 
and its applicatton to a turbine blade, Nippon Kikai 
Gak.kni Ronbunshu, A HenlTrans Japan Soc Mech 
Engrs Part A 55 (512), 930 (1989). 

23N D M. Trujillo and H. R Busby, Optimal 
regulartzauon of the inverse heat-conduction 
problem, J Thermophys Heat Transfer 3(4), 423 
(1989) 

Phase change 
:?AN. Y. Cao, A. Faghri and W. S. Chang, A numerical 

analysis of Smfan problems for generalized multi- 
dimensional phase-change structures using the 
enthalpy transfomung model, lm J. Heat Mass 
Transfer 32(7), 1289 (1989). 

25N. Y. Jarny and D. Delannay, Numerical resolution of 
aphase change problem with zero latent heat,Numer 
HeatTransfer--Pt. B. Fundam. 16(1), 125 (1989). 

26N. C. Prakash and V Voller, On the numerical solution 
of continuum mixture model equations describing 
binary solid--hquld phase change, Numer. Hear 
Tramfer--Pt  B: Fundam 15(2), 171 (1989). 

27N. N. Zabaras and Y. M. Ruan, Deforming finite 
element method analysis of inverse Stefan problems, 
lnt J Numer Meth Engng 28(2), 295 (1989). 

Convection and diffusion 
28N A. Bermudez,J Du~any,M. Posse and C. Vazquez, 

Upwind method for solving transport for solving 
transpon-diffuslon-reaction systems, Int. J. Numer. 
Meth Engng 28(9), 2021 (1989). 

29N. G. F. Carey and A. Pm'dhanani, Multigrid solution 
and grid redistribution for convection---diffusion, 
lnt J Numer. Meth Engng 27(3), 655 (1989). 

30N V. F. Demchenko and S A. Vakulenko, Accuracy 
of difference schemes for the convective dLffusion 
equauon, Hear Transfer ~ Soy. Res. 21(2), 196 
(1989). 

31N E_ Dick, A mul t ignd method for steady 
incompressible Navier--Stokes equations based on 
partial flux sphtting, Int. J Numer. Meth. Fluids 
9(1), 113 (1989). 

32N. D. Y Drag and P. L.-F. Liu, Operator-sphtting 



2420 E.R G. P, ou~r et al 

alogrrthm for two-dimensional  convectlon- 
chsperslon-reacuon problems, lnt J. Numer_ M eth 
Engng 28(5), 1023 (1989). 

33N. U. Ehrenstem and R Peyret, A Chebyshev 
coUocauon method for the Navier---Stokes equauons 
with apphcation to double-diffusive convection, 
Int. J. Numer. Meth. Fluuts 9(4), 405 (1989). 

34N. R E Ewmg, Finite element techmqnes for 
convecuvo--diffusive transport m porous me&a, Adv. 
Wafer Resour. 11(3), 123 (1988) 

35N. A. E. Gmnnakopoulos, Adaptive meshing scheme 
for the steady state convective--diffusion problems 
using FEM, Comput_ Struct. 31(4), 545 (1989) 

36N. T J R.Hughes, L.P.FrancaandG.M.Hulbert,  A 
new finite element formulation for computational 
fluid dynamics- VIII. The Galerkm/least-squarcs 
method for advecnve--dfffusive equations, Comput. 
Meth. Appl. Mech. 73(2), 173 (1989) 

37N. G. Juncu and R Mthail, Multigrid solution of the 
dlffusion--convection-reactmn equations which 
describe the mass and/or heat lxansfer from or to a 
spbericalparticle, Comput. Chem Engng 13(3), 259 
(1989). 

38N. S -M Lmng and J.-J. Chan, An unproved upwind 
scheme for the Euler equataons, J. Comput. Phys 
g4(2), 461 (1989). 

39N. A. A. Mohamad and R Vlskanta, An evaluation of 
different discretizat~on schemes for natural 
convection oflow-Prandfl-number fluids incavlties, 
Numer_ Heat Transfer-- Pt. B: Fundam. 16(2), 179 
(1989) 

40N. W A. Mulder, A new multigrid approach to 
convection problems, J Comput Phys 83(2), 303 
(1989) 

41N. B J. Noye and H. H Tan, Fimte difference 
methods for solvmg the two-dunenszonal advecuon- 
dff-fuslon equatton, lnt J Numer_ Meth. Fluids 9(1), 
75 (1989) 

42N. O O. Onyejekwe, Numerical treatment of 
convecttve thsperstve solute transport e.quatlon at 
high Pedet number, Modell SJmul. ControlB 19(3), 
41 (1988). 

43N. A Rigal, Numerical analysts of two-level finite 
difference schemes for unsteady di f fus ion-  
convection problems, Int_ J Numer. Meth Engng 
28(5), 1001 (1989) 

44N. T. Shlojuna and H. DaagujL TVD convective- 
difference scheme using an arbitrary shaped grid for 
analyzing incompressible viscous flow (lst report 
The steady 2-D Navier--Stokes equations), Nippon 
Kikaz Gakkat Ronbunshu, B Hen 55(515), 1930 
(1989). 

45N. P. Smolinski, A variational formulation for the 
generalized Galerkm method for the convection- 
diffusion equation, Comput Meth Appl Mech. 73(1), 
93 (1989) 

46N P M. Steffler, Upwind basts finite elements for 
convection-dominated problems,Int. J.Numer.Meth 
Fluids 9(4), 385 (1989) 

47N P. Sminle and R. Morrow, An imphclt flux-corrected 
transport algonthm, J. Comput Phys. 80(1), 61 
(1989). 

48N. Y Tanaka and T Honma, Boundary element 
analysis for convecuve diffusion problems adjacent 
to diffusion domams,Appl Math. Modeil. 13(2), 115 
(1989). 

49N J. J Westerink and D Shea, Consistent higher 
degree Petxov-Galerkm methods for the solution of 
the transient convecuon--dfffus~on equation, lnf J 
Numer. Meth. Engng 28(5), 1077 (1989). 

50N X. K Xln and Y S Wong, Eulenan-Lagranglan 
splitting methods for convection dominated 
equauons, FlmdDyn Res. 5(1), 13 (1989) 

Flow equattons 
51N S. Acharyaand F. H. Moukalled, Improvements to 

incompressible flow calculation on a nonstaggered 
curvtlmear grid, Numer Heat Transfer - -  Pt. B. 
Fundam. 15(2), 131 (1989). 

52N. M. E Braaten and S. V Patankar, A block- 
corrected subdomam solution procedure for 
recgeulatmg flow calculataons, Numer. Heat Transfer 
- - P t .  B: Fundam. 15(1), 1 (1989). 

53N T R. Bussing and E M. Murman, Fmite-volurne 
method for the calculatxon of compressible 
chcrmcally reacting flows, A/AA J. 26(9), 1070 
(1988). 

54N. C.-K. Chen, K.-L. Wong and M.-S. Lee, Fimte 
element solution of trine-dependent flow and heat- 
transfer characmristics around a circular cylinder, 
Comput. Struct. 33(3), 771 (1989). 

55N D. Choi and C. J. Knight, Computation of three- 
dunenslonal vtscous linear cascade flows, A/AA J 
26(12), 1477 (1988) 

56N L. Davldson and P. Hedberg, Mathematical 
derivation of a finite volume formulatton for laminar 
flow m complex geometries, lnt J. Numer Meth 
Fluids 9(5), 531 (1989) 

57N. V. DeHenau, G. D. Ralthby and B. E. Thompson, 
A total pressttm correction for upstream weighted 
schcrnes, lnt J. Numer. Meth Fluuts 9(7), 855 (1989) 

58N. L. D. Huebner, J. L. Pittman and A. D. Ddlery, 
Hypersomc parabolized Navrer-Stokes code 
validation on a sharp nose cone, J Awcr. 26(7), 650 
(1989) 

59N. K C Karkl, S. P. Vanka and H C Mongia, Fluid 
flow calculations using a mulugnd method and an 
unproved discretization scheme, Numer Heat 
Transfer - -  Pt. B: Fundam. 16(2), 143 (1989). 

(KIN. C F. Kettleborough, S. R. Husain and C. Prakash, 
Solution of fluid flow problems with the 
vort icity--strearnfunetton formttlalion and the control- 
volume-based firtim-element method, Numer. Heat 
Transfer ~ Pt. B. Fundam. 16(I), 31 (1989). 

61N. C. N Kirn and M. A. Abdou, Numerical method 
for fluid flow and heat transfer m 
magnetohydrodynamic flow,Fusion Technol. 15(2), 
1163 (1989) 



Heat Ixansf~-- a review of 1989 fiteramre 2421 

62N. S -W. Kim and R. A. Decker, Velocity-pressure 
integrated versus penalty fimte element methods for 
high-Reynolds-number flows, Ira. J. Numer Meth 
Fluids 9(1), 43 (1989). 

63N M.-S. Llou, A Newton/upwind method and 
numerical study of shock wave/boundary layer 
interac~ons, Int J. Numer Meth Fluids 9(7), 747 
(1989). 

04N J. W MacArthur and S. V. Patankar, Robust 
semidnect t-mite difference methods for solving the 
Navler--Stokes and energy equataons, Ira J. Numer. 
Meth Fluids 9(3), 325 (1989). 

65N J. Y. Murthy and S. V. Patankar, A pamally 
parabolic calculauon procedure for duct flows ha 
u-regular geometries Part 1: Formulation, Numer. 
Heat Transfer - -  Pt. B. Fundam. 16(1), I (1989) 

66N J. Y. Murthy and S. V. Patankar, A pacdally 
parabolic calculauon procedure for duct flows m 
irregular geornetries. Part lI: Testproblems,Numer. 
Heat Transfer-- Pt. B: F undam 16(1), 17 (1989) 

67N. K. Omshi, Boundary element methods applied to 
transponphenomena,Adv WaterResour. l l(3),  133 
(1988). 

68N. C -Y Pemg and R. L. Street, Three-dimensmnal 
unsteady flow stmulmions: alternative strategies for 
a volume-averaged calculation, Ira J Numer. Meth. 
Fluids 9(3), 341 (1989). 

69N. B. D. Power andT. J. Barber, Analysts of complex 
hypersonic flows with strong viscous/inwscid 
interacuon, A/AA J. 26(7), 832 (1988). 

70N B Ramaswamy, Soluuon of the Boussmesq 
equations by the fimte element method, Fimte Elem. 
Anal Des. 5(4), 319 (1989). 

71N T. M. Shih, C. H. Tan and B. C. Hwang, Equiv- 
alence of artificial compressibihty method and 

penalty-function method, Numer. Heat Transfer-- 
It. B.' Fundam. 15(I), 127 (1989). 

72N T. M. Shth, C. H Tan and B. C. Hwang, Effects of 
grid staggermg onnumerical schemes, Ira J Numer 
Meth Fluids 9(2), 193 (1989). 

73N T Shiojima and Y. Slumazaki, A pressure- 
smoothing scheme for incompressible flowproblems, 
Ira J. Numer. Meth Fluids 9(5), 557 (1989). 

74N. S. A. Shirazi and C. R. Truman, Evaluauon of 
algebraic turbulence models for PNS predictions of 
supersomc flow past a sphere-cone, A/AA J_ 27(5), 
560 (1989). 

75N. P. Skerget, G. Kub.n, A. AIujevlc and C A. 
Brebbia, Time dependent transport problems by 
BEM, Adv. Water Resour. 12(I), 9 (1989). 

76N M. Tanaka, K. K.itagawa, C. A. Brebbia and L. C. 
Wmhel, Boundary element mvesugat3on of natural 
convecttonproblems,Adv WaterResour. 11(3), 139 
(1988). 

77N. T. E. Tezduyar, Finite element formulauon of the 
vomclty--stream function formofthe incompressible 
Euler equatmns on multiply-connected domains, 
Comput. Meth Appi. Mech. 73(3), 331 (1989). 

7gN. C. P Tzanos, A method of adaptive nodes for 
convective heat transfer problems, Numer. Heat 

Transfer-- Pt B: Fundam. 15(2), 153 (1989) 
79N. Y. Wang, J. He and B. Q. Zhang, A calculation 

procedme for steady two-dunensionalelhptic flows, 
Ira J. Numer Meth. Fluids 9(5), 609 (1989). 

80N. J Weber and H. Bech, Energy transfer at natural 
convectJon with rectrculation,H eat Technol 7(3--4), 
62 (1989). 

81N. G L Wilson and R. A. Rydm, Multiple equili- 
brium solutions to the B~nard problem at the third 
criucal Rayle~h number, Numer. Heat Transfer - -  
Pt. B. Fundam. 15(1), 117 (1989). 

82N G.-C Zha, D.-Z. IAu and T.-Y. Ma, An effictent 
upwmd/rela.xation algorithm for the Euler and 
Navler-Stokes equations, Int. J.Numer. Meth Fluids 
9(5), 517 (1989). 

General techniques 
83N. J. A. Hansen and O. Hassager, New moving fimte 

element method based on quadratic approximation 
functions, Ira J. Numer. Meth. Engng 28(2), 415 
(1989) 

84N. I. Kececloglu and B. Rubinsky, M~ed-varlable 
commuously deforming finite element method for 
parabolic evolulaon problems. Part HI. Numerical 
Implementation and computational results, Int. J. 
Numer. Meth. Engng 28(12), 2715 (1989). 

85N. I. Kececioghi and B. Rubinsky, Mixed-variable 
continuously deforming fimte element method for 
parabohcevolutionproblems. Part I. Thevariational 
formulalaon for a single evolution equation, Ira J 
Numer Meth. Engng 28(11), 2583 (1989). 

86N S -L Lee, A su'ongly implicit solver for two- 
dimensional elhpuc differential equations, Numer. 
Heat Transfer-- Pt. B: Fundam. 16(2), 161 (1989). 

87N R R. Thareja, 1. R. Stewart, O. Haasan, K. Morgan 
and J. Peraire, A point nnplicit unstructured grid 
solver for the ELder and Navier-Stokes equations, 
Ira J Numer Meth Fluids 9(4), 405 (1989). 

TRANSPORT PROPERTIES 

Thermal conducnvJty 
IP. B. V Alekseev and I. T. Gmshin, Application oft.he 

generahzad Enskog methodto calculalson oftnmsport 
processes in nuxtmes of reacting gases,H~gh Temp. 
26(4), 518 (1989). 

2P B. V. Alekseev and I. T. Grushm, Application of the 
generahzed Enskog method in calculations of 
transport processes in mixtures of reacting gases IT, 
High Temp. 26(5), 678 (1989). 

3P. K Bala, P. R. P r a ~ n ,  N. S. Saxena and M. P. 
Saksona. Effective thermal conductivity of copper 
powders, J. Phys. D 22(8), 1068 (1989). 

4P. T. Bhowmick and S. Pananayak, Experimental 
setup for the study of thermal conductivity of 
elastomenc material at cryogenic temperature, 
Cryogemcs 29(4), 463 (1989). 

5P W A. Bosch, R. W. Willekers, H.C. Meijerand H. 
Posuna, Heat conductivity below 0.4 K of the glass- 



2422 E R G. Eocm~r et al 

cerarmc Macor and of Staybrite stainless steel, 
Cryogemcs 29(10), 982 (1989). 

6P J. S. M_ Botterill, A G. Salway and Y. Teoman, The 
effecuve thermal conductavlty of high temperature 
particulate beds - -  I Experimental determmatton, 
lnt J Heat Mass Transfer 32(3), 585 (1989) 

7P.J S M.Bottenll,A.G.SalwayandY.Teornan, The 
effective thermal conducuvlty of high temperature 
pamculate beds - -  H Model prechcuons and the 
maphcatlon of the experunental values, Int. J Heat 
Mass Transfer 32(3), 595 (1989). 

8P D Buetmer, A Kreh, J Fncke and H. Retss, Recent 
advances m thermal supennsulataons, Hzgh Temp.- 
High Pressures 21(1), 39 (1989) 

9P D Fonteyn and G Pitsi, Sensmve method for 
determining thermal conductwlty of pure metals at 
low temperatures, Cryogenics 29(1), 51 (1989). 

10P. M V. Gobechiya, Yu. I. Dudarev, M. Z. Maksimov 
and A. A Chilikldi, Heat-loss determination m 
thermal conductivity measurement, H~gh Temp 
27(3), 459 (1989) 

11P. M.-C. Grouhel and M Gmt, Apparent thermal 
conductivity of the mmst unsaturated baked clay, 
Revue Gen Thermique 27(323), 591 (1988). 

12P. A. V. Inyushkin, A. N. Taldenkov and V. V. 
Florent'ev, Apparatus for measurement of thermal 
conducttv,ty of small specimens,lnstrum. Exp. Tech 
31(3), 783 (1988) 

13P S. M Ismailov and S. M Rasulov, Heat capacity 
and thermal conductivity ofglassyAs2Se 3 m the sohd 
and hquid states, High Temp 26(4), 546 (1989). 

14P. T. A. Kurskaya, V. F. Gemaanets and B. V. 
Gngorenko, New method of reducing contact heat 
transfer in vacuum-screen insulation, J_ Engng Phys 
54(3), 307 (1988). 

15P. B. Le Neindre, Y. Garrabos and R. Tufeu, Thermal 
conductivity of dense noble gases, Phystca A 156(1), 
512 (1989). 

16P_ G. D Mahan and F. H. Claro, Nonlocal thermal 
conductivity, High Temp - High Pressures 21(1), 1 
(1989) 

17P E P Mtldashevskaya and A S Yaskm, Compre- 
hensive method of deterrrunmg the thermophysical 
properties of ceramics during combinauon thermal 
loading, High Temp. 27(1), 53 (1989) 

18P R Mostert, H R van den Berg and P. S. van der 
Gulik, A guarded parallel-plate instrument for 
measuring the thermal conductlwty of fluids in the 
critical region, Rev Sclent Instrum 60(11), 3466 
(1989) 

19P Ya M Nazlev, Theoretical basis of determining 
the thermophysical propemes of substances by a 
spherical calorimeter m a monotonic regime with 
variable characteristics of the matenal,Htgh Temp 
26(5), 755 (1989)_ 

20P C A NletodeCastro,M.DLx,J.M.N.A.Fareleira, 
S F.Y. LlandW A.Wakehan, Thermalconductivay 
of chlorobenzene at pressmes up to 430 MPa, Physlca 
A 156(1), 534 (1989) 

21P. R G Ross, Thermal conductivity of solids under 

pressure, Hzgh Temp - High Pressures 21(3), 261 
(1989) 

22P H. Sang, A Yoshida andT. Kumtomo, Conch~cUon- 
rachauon property of cerarmc and graphite fiber 
thermal insul anon mat,Mere F a c. En g n g Ky o t o Univ. 
50(4), 226 (1988). 

23P A J. Schoolderman and L G Suttorp, Long-time 
taLls of the heat-conductivity time correlauon 
functmns for amagnetmedplasma: akinetic-theory 
approach, Phystca A 156(3), 795 (1989). 

24P I-K. Suh, H Shibata and H. Ohta, Effect of 
rachauve heat transfer on thermal conductivity 
measurements for inorganic semitransparent 
matenals at bagh temperature, H~gh Temp Mater. 
Proces. 8(2), 135 (1989). 

25P. P. Tervola, A new method to determine the thermal 
conductivity from measured temperature prof'lles, 
Int. J Heat Mass Transfer 32(8), 1425 (1989). 

26P. F. J. Unbe, E. A. Mason and J. Kestin, A conelauon 
scheme for the thermal conducuvity of polyatomtc 
gases at low density, Physzca A 156(1), 467 (1989). 

27P. W. K. P. van Loon, I A van Haneghem and J. 
Schenk, A new model for the non-steady-state probe 
method to meastue thermal propemes of porous 
media, Int J. Heat Mass Transfer 32 (8), 1473 (1989) 

28P. N. B. Vargaffik and V S. Yargm, Alkali-metal 
hqtud and vapor thermophyslcalproperties,J. Engng 
Phys. 54(1), 109 (1988). 

29P. D A Zych, Thermal conductlwty ofamachineable 
glass-ceramic below 1 K, Cryogemcs 29(7), 758 
(1989). 

Thermal dtff'uslvity 
30P. I. Auerbach, D. A. Benson, S. G. Beard and G F. 

Wright, Jr., Evaluation of thermal and kinetic 
properties stumble for high heanng rate comtmtatiom, 
J. Therraophys. Heat Transfer 3(4), 395 (1989). 

31P. Z. H. Bao and G. H. Xu, Application of parameter 
estimation to non-steady thermophysical property 
measurement, Huadong Huagong Xueyuan Xuebao 
15(2), 205 (1989). 

32P. S. L. Bondarenko and E. Y. L~tovskH, 
Thermophysical parameters of I'ugh-performance 
corundum insulation at 500-2100 K, Refractories 
29(5---6), 307 (1989). 

33P. S. L Bondamnko, E. Y. Ltovskfi, M. N. Zvereva 
and Yu A. Polonskh, Effect of different factors on 
the thermal conductivity and diffusivity of fibrous 
sdica-bearing thermal msulauon,Htgh Temp. 26(6), 
864 (1989). 

34P. A. Z. Dalrroury, M. B. S Osman and A. E.-K. B. 
Mostafa, Thermal propemes of polyvmylpyridine 
solutions, Polym. J 21(11), 947 (1989). 

35P. J. G. Ingersoll, Analytical determination of soil 
thermal conductivlty and diffusiwty,J Solar Energy 
Engng 110(4), 306 (1988). 

36P. M. A. Kenawy, M. B. S. Osman and A. Z. Dakroury, 
Thermal propertres of acetophenone and its 
derivatives in the temperature range 20-900C, High 
Temp- High Pressures 21(4), 487 (1989) 



Heat transfa  - -  a rev i ew of  1989 htcrature 2423  

37P. I G Korshunov, A. A. Kunchenko, V. E. 
Kozhevmkov and B. P. Adnanovskti, Diffusivity 
and thermal conducuvtty of two-layer metallic 
systems at high tempeatures. Iron-nickel system, 
Hzgh Temp. 26(6), 859 (1989). 

38P. I. G Korshunov, A N. Mezcntsev, A. D. Ivliev and 
V. N. Gorbatov, Measurements of the diffus~vity of 
two-layer metallic systems by the plane -temperature - 
wave method at high temperatures Tttamum- 
tungsten system, H~gh Temp 27(1), 58 (1989) 

39P K. Maghc, N. Perowc, A. Dobrosavlevic, V I~. 
Peletsku andA. A Zolomkhin,Sowet-Yugoslawan 
research into the development of a high-temperature 
standard specimen of thermal ~SlVlty, High Temp 
27(2), 283 (1989). 

40P. H. Ohta, T. Aktyama, I.-K Sub, R. Takahasba, 
J.-I Yagl and Y, Waseda, Measu_mment of thermal 
diffusivity of fired and nonfirvd pellets by laser flash 
method, Tetsu To Hagane 75(10), 1877 (1989). 

41P V. E Peletskii, Thermophysicalpropertles of~ron 
spectrnens of different puriraes at high temperatures, 
High Temp- High Pressures 21(4), 377 (1989) 

42P. K. L. Saenger, An intcrferometric calorimeter for 
thin-fdm thermal dLff~sivity measurements, J. Appl 
Phys. 65(4), 1447 (1989) 

43P P. A. Srmth and S. Torquato, Computer simulation 
results for bounds on the effecuve conducuvity of 
composite media, J. Appl. Phys. 65(3), 893 (1989). 

44P. J. J. van Loef and E. G. D. Cohen, Transport 
coefficmnts of simple fluids in a densay range from 
the sohd to the dilute gas, Phys~ca A 156(1), 522 
(1989). 

45P. N. Wiser, Electron--electron scattering and the heat 
ITansport properties of metals, Htgh Temp - High 
Pressures 21(1), 25 (1989). 

46P V. I. Ziskin, A. V. Choba, V. V Pasichnyi and 
G. A Frolov, Determmauon of the thermal diffusion 
coefficient of heatproof materials under self-smular 
heating conditions, High Temp. 27(2), 213 (1989) 

Vtscostty 
47P_ J M. A1-Besharah, S. A Akashah and C J 

Mumford, The effect of temperature and pressure on 
the wscosittes of crude oils and thetr rmxmres, Ind 
Engng Chem. Res. 28(2), 213 (1989) 

48P E Bershadsky,Y Josophy andM.Ron, Permeabthty 
and thermal conductwity of porous metallic matrix 
hydride compacts, J Less Common Met 153(1), 65 
(1989) 

49P. B. Chu, Z. Wang, 11 H. Park and A Tontlsakas, 
High temperature capillary v~scometer, Rev Sctent. 
Instrum. 60(7), 1303 (1989) 

50P_ B. C~chocki, B U. Felderhof and R. Schmitz, The 
effecuve vtscos~ty of suspensions and emulsions of 
spherical pamcles, Physzca A 154(2), 233 (1989). 

51P R Mostert, P. S. van der Gulik and H. R. Van den 
Berg, Comment on the experimental vtscosity of 
argon at ~gh densities, PhysicaA 156(3), 921 (1989) 

52P. T. S trehlow and E. Vogel, Temperature dependence 
and tmtial density dependence of the viscosity of 

sulphurhexafluonde,PhysicaA 161(1), 101 (1989) 
53P. A. A Vasserman and I. P. Khasilev, Effectiveness 

of using areahsnc intennolccular in~ra~donpomnual 
in Enskog's theory, High Temp. 27(1), 32 (1989). 

Thermodynamic properties 
54P T. Asarm and H, Eb~su, Thermodynamic properties 

of mtrogen calctdated from the BWR equation of 
state, Cryogemcs 29(10), 995 (1989) 

55P. A Baxbim, D. Bertolim, M. Cassettan, F. Papucci, 
A. Salvetti, G Salvetti and S. Veronesl, Differential 
rmcrocalorimeter for hquid samples, Rev Sclent 
lnstrum, 60(7), 1308 (1989). 

56P G Btslo, Dependence of thermal conductivity 
upon some variables ,  and corresponding 
thermodynamic effects in one-dimensional heat 
conduction, Hzgh Temp - High Pressures 21(1), 7 
(1989) 

57P, R. N. Dixit, S. M Pattalwar, S. Y. Shete and B. K 
Basu, Modified heat-pulse techmque for high- 
resolution specific heat measurements, Rev Sctent 
Instrum. 60(7), 1351 (1989). 

58P_ A. FAsner, Temperature dependence of the energy 
and entropy of fluid systems, Cryogenics 29(11), 
1075 (1989). 

59P. S. Yu Glazkov, Thermophysical properties of 
platinum-rhodium alloys at high temperatures,High 
Temp -Htgh Pressures 20(6), 615 (1988). 

60P. T. Kamimura, A I s o ,  Y. Htgashi, M Uematsu and 
K_ Watanabe, Apparatus for measurements of PVT 
properties and their derivatives for fluids and fluid 
mixtures with a metal bellows as a variable-volume 
vessel, Rev. Scient. Insrrum. 60(9), 3055 (1989). 

61P G. S. Kell, G E. McLaunn and E. Whalley, PVT 
properties of water. Vapour densities of light and 
heavy water from 150 to 500°C,Proc. R. 5oc, London 
Ser. A 425(1868), 49 (1989). 

62P. E. R Monazam, D. J. Maloney and L. O. Lawson, 
Measurements of heat capacities, temperatures, and 
absorptivmes of single particles in anelectrodynamic 
balance, Rev. Scient. lnstrum. 60(11), 3460 (1989). 

63P Z Pakowska, Modelling of wet-bulb wetted with 
binary rmxture, Drying Technol. 7(I), 87 (1989). 

64P C. Ram, G H. Crap~ste and E. Rotstein, PSYCHR: 
a computer program to calculate psychrometric 
properties, Drying Technol 7(3), 575 (1989). 

65P. W A_ Wakeham, A scientific approach to 
thermophysical property data for fluids, Exp. Heat 
Transfer 2(1), 41 (1989). 

66P_ C. B. Ztmm, J A. Barclay, H. H Harkness, G. F. 
Green and W. G. Patton, Magrmtocalonc effect in 
thulium, Cryogemcs 29(9), 937 (1989) 

H E A T  T R A N S F E R  A P P L I C A T I O N S  m 
H E A T  P I P E S  A N D  H E A T  E X C H A N G E R S  

General, tube bundles, shell and tube 
1Q Anon, Heat exchangers ..an histuricalperspective, 

ASHRAEJ 31(2), 41 (1989) 



2424 E.R. G E, Ot~T et al 

2Q D Dobrmescu, Construction, dtmensmnmg and 
performance ofplate heat exchangers,Mine Pet Gaz 
40(3), 142 (1989) 

3Q. V Jordan, D Koeneke and P.-M_ Wemspach, 
Convectwe heat transfer m a bundled-tube heat 
exchangermramingsolids,Chemie-lngr-Tech 61(2), 
166 (1989) 

4Q S Kawata, H Kanoh and M. Masubuchi, Correlation 
between steady-state and dynarmc response of a 
counterflow heat exchanger, J Dyn Sys Meas 
Control Trans_ ASME 111(1), 115 (1989) 

5Q A. I Khromchenko, I A. Dezhm, Yu I 
Ponomarenko, F. M Aparkhm and Ye V Shtukma, 
Effect of noncondensible gases m a superheater 
made up of bundles of vertical tubes, Heat Transfer 
--Soy Res. 21(5), 697 (1989) 

6Q C W. Letmg and S D Probert, Heat-exchanger 
performance: effect of onentatson, Appl Energy 
33(4), 235 (1989) 

7Q. Y Ma, K -I Suglyama and R. Ishiguro, Combmed 
convectwe heat lzansfer of hquid sochum flowing 
across tube banks, Nippon Genshtryoku Gakkatsh~ 
31(5), 599 (1989). 

8Q. W. Marszalek and G T Kekkeris, Heat exchangers 
and linear tmage processmg theory ,Int J.H eat Mass 
Transfer 32(12), 2363 (1989)_ 

9Q. E C. Peretra, M. Bhartacharya and R V Morey, 
Modeling heat transfer to non-Newtonian fluids m a 
dou ble tube heat exchanger, Trans. ASAE 32(1), 256 
(1989). 

10Q A. Plgnottl, Relation between the thermal 
effectiveness of overall parallel and counterflow 
heat exchanger geometries, J Heat Transfer 111 (2), 
294 (1989). 

11Q. M. Pronobss, Pressure drop m cross flow over tube 
banks, Forsch. IngWes. 54(6), 199 (1988). 

12Q S. G Rawkumaur, K N. Seetharamuy and P A_ 
Aswatha Narayana, Performance evaluation of 
crossflow compact heat exchangers using fLUte 
elements, Int J Heat Mass Transfer 32(5), 889 
(1989) 

13Q. D A. Rlcb_mond and K. G. T Hollands, Numerical 
soluuon of an open cavity, natural convection heat 
exchanger, J Heat Transfer 111(1), 80 (1989), 

14Q. W. Roetzel and B. Spang, Thermal calculation of 
multlpass shell and tube heat exchangers, Chem. 
Engng Res Des. 67(2), 115 (1989) 

15Q. V. V Zakharenko, T. I Protskaya, V V. Nosova 
andV G. Amshtem,Transfer capacity rattos for heat 
transfer stages, Theor. Found Chem Engng 22(3), 
274 (1989). 

16Q. C Zhang and A. C M Sousa, Comparison of 
different turbulence models for shell-side flow m a 
model heat exchanger, Heat TechnoL 7(1), 99 (1989). 

17Q. Z W Zhuang, Comparison of thermal performance 
of spht flow heat exchangers, Jocle Gongcheng 
Xuebao/Chin. J Mech Engrs 25(1), 46 (1989). 

Fins and extended surfaces 
18Q. Y Asako and M. Faghn, Three-dimensional heat 

transfer analysis of arrays of heated square blocks, 
Int. J. Heat Mass Transfer 32(2), 395 (1989). 

19Q. U. Brockmeler, M. Fleblg, T. Guenterrnann and 
N K Mltra, Heat transfer enhancement m I'm-plate 
heat exchangers by wing type vortex generators, 
Chem Engng Technol. 12(4), 288 (1989) 

20Q. B V. Dzyubenko, L. A. Ashmantas, A. B 
Baggdonavlchyus and M D. Segal', Nonstatlonary 
heat and mass transfer wsth a reduction of the heat 
load m heat exchanger with twisted tubes, J Engng 
Phys 54(4), 359 (1988) 

21Q M. Hiramatsu, T. Ishtmaru and K. Matsuzaka, 
Research on fins for atr condiuonmg heat exchangers 
(lst report. Numerical analys~s of heat transfer on 
louvered fins), Nippon Klkat Gakkai Ronbunshu, B 
Hen 55(519), 3449 (1989). 

22Q M. Htramatsu, T. Islurnaru and K. Matsuzaka, 
Research on fins for air conchttoning heat exchangers 
(2ndreport. Study of the heat transfer-characteristics 
of louvered fins), Nippon Klkaz Gakkai Ronbunshu, 
B Hen 55(519), 3457 (1989). 

23Q. M. Hiramatsu, T Ishtmaru and K. MatsuTJakt, 
Research on f'ms for air conditmnmg heat exchangers 
(3rd report Heat transfer analysis for louver array), 
Nzppon Kikat Gakkat Ronbunshu, B Hen 55(519), 
3462 (1989). 

24Q W.-H. Huang, First-law and the second-law cost 
evaluations of an enhanced heat transfer surface, 
Chung-Kuo Chi Hsueh Kung Ch'eng Hsueh Pao/J. 
Chin. Soc Mech Engrs 9(5), 333 (1988). 

25Q V. V Khudasko, G A. Zmma and R Y 
Mltronovich, Heat transfer m triangular lattice wtth 
hqmd-metal coolant in the case of variable energy 
liberation, Soy At. Energy 64(2), 99 (1988) 

26Q. Y M. Ko, C. W l.,¢ung and S D. Prohert, Steady- 
state convectave cooling of heat exchangers with 
vertical rectangular fins: effect off'm material, Appl 
Energy 34(3), 181 (1989). 

27Q. S. N. Kondepuda and D. L. O'Neal, Effect of frost 
growth on the performance of louvered fumed tube 
heat exchangers, lnt J Refrtg 12(3), 151 (1989). 

28Q K. S. Lau and R. L. Mahajan, Convective heat 
transfer fxom longitudinal fin arrays in the entry 
region of turbulent fow, J Electron. Packaging 
111(3), 213 (1989) 

29Q. Y. N. Lee, Heat transfer and pressure drop 
characteristics of an assembly ofpartiaUy segmented 
plates, J Heat Transfer 111(1), 44 (1989). 

30Q C W Leung and S. D. Probert, Thermal 
effectiveness of short-protrusion rectangular, heat- 
exchanger f'ms, Appl. Energy M(1), 1 (1989) 

31Q. J D Maltson, D. Wileock and C J Davonpon, 
Comparative performance of rippled fm plate fm 
and tube heat exchangers, J Heat Transfer 111(1), 
21 (1989). 

32Q. W. Morens, Assessing the profiles of heat exchanger 
pipes, Luft Kaeltetch, 25(1), 28 (1989) 

33Q. H. Pingaud, J. M. Le Lann and B. Koehret, Steady- 
state and dynamic su'nulatlon of plate fm heat 
exchangers, Comput Chem_ Engng 13(4-5), 577 



Heat u-ansfer - -  a review of 1989 hlerature 2425 

(1989) 
34Q. K Rup and J. Taler, Heat transrmssion at gilled 

pipes and membrane heating surfaces, Brennst 
Waerme Kraft 41(3), 90 (1989). 

35Q K. Schubert, W. Bier, O. Linder and D. Seldel, 
Production and testing of micro heat exchangers, 
Chemze-lngr-Tech. 61(2), 172 (1989) 

36Q. Y Seshtmo,K. Ogawa, K. Maturnoto andM Fujh, 
Heat and mass t~ansfer performances on plate fin 
and tube heat exchangers with dehumidification, 
Heat Transfer- Jap Res 18(5), 79 (1989). 

37Q. K. Suga, H. Aoki and T. Slunagawa, Numerical 
analysts of two-dnnensional flow and heat transfer 
of louvered f'ms using overlaid grids, Nippon KIkai 
Gakkm Ronbunshu, B Hen 55(509), 221 (1989). 

38Q V. Vtmtclu and H. Siman, Researches concerning 
the determination on test stands of the overall heat 
lzansfer coefficient and pressure drop coefficient for 
helically finned tubes, Rev Roum Sci. Tech. Ser 
Eiectrotech. Energ. 33(3), 313 (1988). 

39Q. G. N Xi, K. Suzuka, Y Hagiwara and T. Murata, 
Basic study on beat transfer characteristics of offset 
fin arrays (effect of fin thickness in the middle range 
or Reynolds number), Nippon Kzkat Gakkat 
Ronbunshu, 8 Hen 55(519), 3507 (1989) 

40Q_ Y M. 2hang and H. Q. 2~ang, Experunental 
invesugations of flow characteristics about tip of 
heat t~ansfer of bayonet tube, Huagong JLrie/Chera. 
Engng Mach. 15(2), 96 (1988) 

41Q. A. A. Zukanskas, R. V Ulinskas and F. V 
Zinev~cius, Shape drag of fumed tube bundles in 
crossflow, Fluid. Mech. Soy Res. 18(4), 32 (1989). 

Evaporators, boilers, condensers, recuperators 
42Q. M R L. Bantle, E. M. Barber, S Sokhansanj and 

E. B. Moysey, Maximizing heat recovery in an air- 
to-azr heat exchanger by monitoring heat Ixansfer, 
Can. Agrtc. Engng 31(2), 217 (1989) 

43Q J -Y Boivin and D Tincq, Modeling PWR steam 
generators, Elecrr Fr. Bull. Dir. Etud. Rech Ser A 
4, 39 (1988). 

44Q. J. D. Buys and D. G. Kr6ger, Dimenstonmg heat 
exchangers for existing dry cooling towers, Energy 
Convers. Mgmt 29(1), 63 (1989). 

45Q. J. D. Buys and D. G. Kr6ger, Cost-optimal design 
of dry cooling towers through mathemattcal 
programming techniques, J. Heat Transfer 111(2), 
322 (1989). 

46Q. Z. Q. Cao, Dynamic model of a condenser, Modell. 
S~nui ControlB 19(4), 37 (1988). 

47Q. N. R. Cox, Convection in the IR furnace: it's not 
just for panels, Circmts Mr. 29(9), 26 (1989). 

48Q K. El Khoury et A. Neveu, Analyse modale des 
systemes therrmques en pr6sence de transfem non- 
r~.ciproques, Int. J. Heat Mass Transfer 32(2), 213 
(1989). 

49Q. M. Z. El-Feky, S. Abdel-Khaiek, A - M  M 
Metwally and M. E. Nagy, Predicting model for the 
characteristics of a U-type steam generator, Modell. 
Simul_ Control B 24(1), 39 (1989) 

50Q. E. M. Elkanzi and A. Said, Thermal and hydraulic 
performance of beat exchangers under conchtions of 
changing flow regime, lndtan J. Technol. 26(9), 411 
(1988). 

51Q V P. Glebov, E. K. Golubev, E. E. Glazov, B F. 
Vakulenko, V. I. Mkshchenko, I. A Dezhm and 
Yu. I. Ponomarenko, The turbine plant evaporators 
in single-loop nuclearpower stations, Therm Engng 
35(12), 680 (1988). 

52Q v G. Goman and V. E. K.rivosheev, Influence of 
posiuon of radiam tubes in furnace on uniformity of 
charge heating, Steel USSR 19(1), 43 (1989). 

53Q L. Hao and C.-Y. Zhang, Real-time simulation of 
drum metal temperature differences for a home- 
made 400 t/h boiler, Modell. Stmul. ConrroIB 19(4), 
25 (1988) 

54Q A. Hill and A J Wilimott, Accurate and rapid 
thermal regenerator calculations, Int. J. Heat Mass 
Transfer 32(3), 465 (1989). 

55Q. R. B. Holmberg, Sensible and latent heat uansfer 
m cross-counterflow gas-to-gas exchangers,/. Heat 
Transfer I l l ( D ,  173 (1989). 

56Q H. Jaber and R U Webb, Design of cooling towers 
by the effectiveness-NTU method, J Heat Transfer 
111(4), 837 (1989). 

57Q K Kaxczewski, Model investiganons of heat 
exchange and gases flow m metal recuperators, 
Hutmk 55(11), 330 (1988). 

58Q M. Katsukt, Y Mxzutuni and Y. (3no, Numerical 
simulation of a cylindrical furnace with radiauve 
heat recireulation,Nippon KikaiGakkaiRonbunshu, 
B Hen, 55(520), 3766 (1989) 

59Q Z Kawaia and K. Stephan, Evaporation rate and 
separation factor of molecular distillanon in a falling 
film apparatus, Chem Engng Technoi. 12(6), 406 
(1989). 

60Q C -H. Li, Effect of longitudinal beat conduction on 
a regenerative heat exchanger, Zhongguo Gongchen 
Xuekan A 12(1), 119 (1989). 

61Q E. Lorenzini, M. Spiga and M. A. Corticelli, 
Numencai transtent analysis of parallel and counter 
flow heat exchangers, Heat Technol. 7 (2), 26 (1989). 

62Q. Z.-M. Lu, Determination oftbe margins oftbe f'dm 
boiling m natural circulation boiler systems, Dongli 
Gongcheng/P. Engng 4, 15 (1988). 

63Q. J. M. McNanght and C D Cotchin, Heat transfer 
and pressure drop m a shell and tube condenser with 
plain and low-fro tube bundles, Chem. Engng Res. 
Des 67(2), 127 (1989). 

64Q M Murakh T. Fuchino and T. Hayakawa, 
Investigation of a running condition for a beat 
exchanger network, J. Chem. Engng Japan 22(5), 522 
(1989). 

65Q. J. Olive, S. Aubry and P. M. Riboud, Caiculauon 
of natural convection of sodium in a fuel assembly 
with an inlet blockage and validation on the 
SCARLET-R experimental results, Elecrr. Fr Bull 
Dw. Etud. Rech Ser. A 4, 55 (1988). 

66Q G. Pierotti, Experimentalvalidalaons of the CAFCA 
computer code for its applications to pressurized 



2426 E.R. G Ecr..~T et al 

water reactor steam generators, Electr Fr_ Bull. Dtr. 
Etud. Rech Ser A 4, 21 (1988) 

67Q P. M Plehlers and G. F. Froment, Couples 
stmulat~on of heat transfer and reaction m a steam 
reforming furnace, Chem Engng Technol. 12(1), 20 
0989) 

68Q R. Scancabarozza, Une m6thode num&ique non 
it~rattve pour la d&ermmatton du r6gxme de 
foncnonnement l~nodique des r6g~n~rateurs, lnt J 
Heat Mass Transfer 32(3), 409 (1989) 

69Q K -E. Sb_mzato,T. Fujh, S. Koyama and T. Nosetam, 
Experimental verlf~catlon of a method for 
simultaneous measurement of the fouling factor and 
water velocity inside a condensor tube,Nippon Kzkal 
Gakkat Ronbunshu, B Hen 55(520), 3772 (1989) 

70Q. G J. van Aken, Transient modelling of the dynamic 
performance of heat exchangers, Aust_ Refrig Atr 
Cond Heat. 43(4), (1989). 

71Q. Y. N Vasd'ev and V. D. Nesterov, Efficiency of 
water vapor condensalaon on a rotating and fixed 
horizontal tube bank, Sov Energy Technol 2, 7 
(1989) 

Contact exchangers, bubble columns, rotating 
surfaces, fluuhzed/packed beds 
72Q_ K. S Ball, B Farouk and V C Dixit, An 

experimental study of heat transfer in a vertical 
annulus with a rotating inner cylinder, lnt J Heat 
Mass Transfer 32(8), 1517 (1989). 

73Q. P. v.  Barr, J K. Bnmacombe and A P. Watkinson, 
Heat-transfer model for the rotary kiln: Part 1. Pilot 
kiln reals, Metall Trans. B 20(3), 391 (1989) 

74Q. P. V. Barr, J. K. Brimacombe and A. P. Watkinson, 
Heat-transfer model for the rotary kiln: Part 11. 
Development of the cross-section model, Metall 
Trans. B 20(3), 403 (1989) 

75Q. T. ~oban and R. Boehm, Performance of a three- 
phase, spray-column, direct-contact heat exchanger, 
J_ Heat Transfer 111(1), 166 (1989) 

76Q. D-H. Fmbese and M. Bohnet, Heat transfer to 
hqmds and susTenstons m agitated narrow vessels, 
Chem Engng Technol. 12(5), 324 (1989) 

77Q. M. Golafsham and H. R. Jacobs, Stability of a 
direct-contact spray column heat exchanger, J Heat 
Transfer 111(3), 767 (1989) 

78Q H. Hirnsue, Influence of particles falling from 
fl~ghts on volumemc heat transfer cneffic~ent in 
rotary dryers and coolers, Powder Technol. 59(2), 125 
(1989) 

79Q J. F Hutcluns and E. Marschall, Studies m liquid- 
liquid direct-contact heat transfer, Chem Engng 
Technol. 12(6), 388 (1989) 

80Q O. Iordache, R Isopescu, A Isopeseu and G 
Soare, Nearly dispersional model for packed bed 
thermal storage systems, Modell Simul Control B 
24(2), 51 (1989). 

81Q H R. Jacobs and M. Golafshani, A heuristic 
evaluation of the governing mode of heat transfer m 
a hquld--hqtud spray column, J Heat Transfer 111 (3), 
773 (1989) 

82Q. J -Y. Jang and C.-N Chen, Natural convection m 
an reclined porous enclosure w~th an off-center 
diathermal partmon, Warme Stoffuebertrag 24(2), 
117 (1989) 

83Q J A. Khan and D. E. Beasley, Two-du'nens]onal 
effects on the response of packed bed regenerators, 
J Heat Transfer 111(2), 328 (1989). 

84Q D.G. Klaren and R E Baffle, Consider nonfouling 
flmdazed bed exchangers, Hydrocarbon Process 
68(7), 48 (1989) 

85Q. Y. N Lee and W J. Mmkowycz, Heat transfer 
charactensncs of the annulus of two-coaxial cylinders 
wlth one cylmder mtating,lnt_J Heat Mass Transfer 
32(4), 711 (1989). 

86Q V I Maksm, I.G.Vakhnm, O.Z.Standrltchukand 
E. V. Skorobogach, Rotary film evaporator, Sov. J 
Water C hem Technol. 11(1), 104 (1989). 

87Q. R. Raedel, Optinuzation of tunnel kilns by utihzatlon 
of convection, Zlegehnd. Int 42(7-8), 373 (1989) 

88Q S. C. Saxena, Heat transfer from a cylindrical 
probe mamersed m a bubble column, Chem. Engng 
J B,ochem. Engng J. 41(1), 25 (1989) 

89Q. A. K. Verma, Heat transfer mechamsrn m bubble 
columns, Chem. Engng J Biochem_ Engng J 42(3), 
205 (1989). 

90Q V. B Vistyak, A. V. Doroshenko and V. G 
Gaydak, Enhancement of heat transfer in crossflow 
gas-hquld contact umts,Heat Transfer--Sov Res 
21(4), 522 (1989). 

91Q T.-Y. Wang and C. Klemstreuer, Mixed convection 
over rotatmg bodaes with blowing and suction, Int. J 
Heat Mass Transfer 32(7), 1309 (1989) 

92Q. D G. Wang, S $. Sadhal and C S Campbell, 
Particle rotation as a heat transfer mechanism, Int. J 
Heat Mass Transfer 32(8), 1413 (1989). 

93Q. L. Zhou, B. J. Zlaang and Y. W. Cao, Heat transfer 
m bubble column slurry reactors, Huaxue Fanymg 
Gongcheng Yu Gongyz 5(3), 45 (1989) 

Analys~s, opnmlzation, design codes 
94Q. S. Aceves-Sabono, J Ranasmghe and G M 

Relstad, An extension to the ~rreversib]lity 
rmmmization analysis applied to heat exchangers,J 
Heat Transfer 111(1), 29 (1989). 

95Q P. A Agutrre, E O Pabvam and H. A. Irazoqm, 
Comparative analysis of pinch line methods for heat 
and power integration, Chem. Engng ScJ 44(4), 803 
(1989) 

96Q. B. S. Baclic, 1-2 shell-and-tube exchanger 
effectiveness: a stmpltfied Kraus-Kem equatton, J 
Heat Transfer 111(1), 181 (1989)_ 

97Q J P_ Gourlia, Method for interpmtauon of the 
temperature-enthalpy diagram, Revue Gen 
Thermique 28(327), 154 (1989). 

98Q. J. L. Grange, Validation of the CAFCA code in a 
bidtmensional single phase flow through VACARM 
test, Eiectr Fr. Bull Dtr. Etud Rech. Ser A 4, 99 
(1988). 

99Q C. Guiglion, S_ Domenech et L Pibouleau, 
R~cuperation optimale de l'~nerg]e dans les 



Heat uansfer - -  a review of 1989 hterature 2427 

r~seaux d'tchangeurs de chaleur - -  I Etude 
thtonque, lnt J Heat Mass Transfer 32(2), 243 
(1989) 

100Q. C Guiglion, S Domenech, L Plbouleau et M. 
Belkeb~r, Rtcul~ratmn opttmale de l'~nergle darts 
les rtseau.x d'~changeurs de chalettr--  II Etude de 
cas partlcul iers et classification des rtseanx pe ssibles, 
Int J_ Heat Mass Transfer 32(2), 251 (1989) 

101Q S. G. Kandlikar and R. K. Shah, Asymptotic 
effectweness--NTU formulas for mulupass plate heat 
exchangers, J. Heat Transfer 111(2), 314 (1989) 

102Q S G Kandlikar and R K. Shah, Mulupass plate 
heat exchangers - -  effectiveness-NTU results and 
guidelines for selecting pass arrangements, J Heat 
Transfer 111(2), 300 (1989) 

103Q. D. A Kouremenos, Second law analysis of non- 
equihbnum fired streams, Forsch IngWes. 55(1), 10 
(1989). 

104Q M. Kovarik, Optimal heat exchangers, J_ Heat 
Transfer 111(2), 287 (1989). 

105Q_ S B Lmetskaz and A M. Tstrlin, Evaluatang 
thermodynamic efficiency and optmaxsing heat 
exchangers, Therm. Engng 35(10), 593 (1988). 

106Q. K. Malsumoto and M. Shiino, Thermal regenerator 
analysis analytical solution for effectiveness and 
entropy production in regenerative process, 
Cryogemcs 29(9), 888 (1989). 

107Q. J. Olive and P. M. Riboud, Basic mathematical 
model of the CAFCA code, Elecrr Fr Bull. DIr. 
Etud Rech Ser A 4, 1 (1988) 

Heat pipes 
108Q. R. P Bobco, Variable conductance heat pipe 

performance analysis:  zero-to-ful l  load, J 
Thermophys_ Hear Transfer 3(1), 33 (1989). 

109Q. Y Cao, A. Faghri and E T. Mahefkey, The 
thermal performance of heat pipes wah localized 
heat input, Int J. Heat Mass Transfer 32(7), 1279 
(1989). 

110Q. F_ Dobtan, Suppression of the some heat transfer 
ILrmt in high-temperature heat pipes, J. Heat Transfer 
111(3), 605 (1989) 

I l I Q .  A Faghri, Performance charactenst~cs of a 
concenmc annular heat pipe. Part 11 - -  vapor flow 
analysis, J Heat Transfer 111(4), 851 (1989). 

112Q. A. Faghn and M.-M. Cben, Numerical analysis 
of the effects of conjugate heat transfer, vapor 
compressthility, and vaseous disszpation reheat pipes, 
Numer Heat Transfer 16(3), 389 (1989) 

113Q. A Faghri and S. Thomas, Performance 
charactensttcs of a concenmc annular heat p~pe 
Part I--experimental  predicraon and analysts of the 
capillary limit, J.HeatTransfer 111(4), 844 (1989) 

114Q. K. Htjikata, H. Hasegawa andT. Nagasaka, Study 
on a heat pipe using a binary mixture, Nippon Kikat 
Gakkai Ronbunshu, B HenlTrans Japan Soc. Mech_ 
Engrs Part B 55(513), 1469 (1989). 

115Q M. Hirashima, Y. Nishtkawa, M. Taguchi, K. 
Negtshi, K.-I. Kaneko and T. Matsuoka, Heat tzansfer 

performance of corrugated tube thermosyphons (2nd 
report. Condenser performance), Nippon Klkaz 
Gakkai Ronbunshu, B Hen 55(520), 3778 (1989). 

116Q v v.  Ignatyev,V. M. Novtkov and A. I. Stuenkov, 
Heat transfer in closed therrnosyphons as applied to 
molten salt reactor designs, Kerntechnik 54(1), 44 
(1989) 

l17Q G S.H.Lock,K Chong, A.Dyckerhoff, J Huyer 
and B Jones, On the design of wind-augmented 
thermosyphons, Cold Reg Scl Tecimol 16(1), 11 
(1989). 

I18Q. G S. H. Lock and G. A. Simpson, Performance 
of a closed-tube therrnosyphon wah large length-- 
diameter ratios, J. Offshore Mech Arctic Engng 
111(1), 22 (1989). 

119Q. G. S. H. Lock and I. D. Ktrchner, Performance of 
a closed-tube aerosyphon with large length diameter 
ratios, J. Offshore Mech. Arcnc Engng 111(4), 337 
(1989) 

120Q. G_ S. H. Lock and J D. Kirchner, Vtsual study of 
the tubular aemsyphon, Trans. Can Soc M ech Engrs 
13(1-2), 41 (1989) 

121Q. G S. H Lock and Y. Liu, The effect of geometry 
on the performance of the closed tube thermosyphon 
at low Rayle]gh numbers,Int. J. Heat Mass Transfer 
32(6), 1175 (1989). 

122Q. H. Noda, K. Yoshtoka andT. Hamatake, A model 
for the heat transfer limit of a screen wick heat pipe, 
Heat Transfer--Jap Res. 18(3), 44 (1989). 

123Q P. F. Peterson and C- L. Tien, Numerical and 
analytical solutions for two-dimensional gas 
distribution m gas-loaded heatp]pes,J.Heat Transfer 
111(3), 598 (1989). 

124Q T. Ueda, T. Mayashita and P.-H. Chu, Heat 
transport characteristics of a closed two-phase 
thermosyphon, JSME Im. J. Ser. 2 32(2), 239 (1989). 

125Q.H Yamagtshi, R.Ishiguro,T.Kumada, Y Maruko 
and H. Sugiyama, Flow pauerns and heat transfer 
mechamsm of cwcular closed thermosyphons, Heat 
Transfer--Jap Res. 18(6), 95 (1989). 

126QT Y~namoto,Y Tanaka, Y.Ikeda, M.Mochizuki, 
S. Sugdaara and J. F. Liu, Experimental study of 
sochum heat pipes (2nd report), Nzppon KzkaiGakkm 
Ronbunshu, B Hen 55(515), 2054 (1989). 

Special apphcatlons 
127Q A M.Amdur, A.S.Mikhall&ov,S.G.Bratehikov, 

A. M. Eremetov, V. M. Ledovskoi and A. M. Fomin, 
Melting rate of metallised petlets in electric arc 
furnace bath, Steel USSR 19(1), 17 (1989). 

128Q. A. K. Dodeja, S C. Sarma and H. Abichandam, 
Thin fdm heat exchanger in dairy industry, Chem 
Engng World 24(4), 37 (1989). 

129Q.W. Kast, Heating capacity of radiatorS. Influence 
of thermal boundary conditions on the chara~,eristics 
of radiators, HLH, Heizung LueftunglKhma 
Haustechmk 12,555 (1988). 

130Q. Y. Kamu, K. Yoshikawa, Y. Shinagawa and S. 
Shioda, Studies on a high temperature regenerative 



2428 E.R.G. ECrO~T et al 

heat exchanger for closed cycle MHD power 
generation (7th report. Unsteady thermal 
performance under cyclic continuous operation), 
Nzppon Kikm Gakkm Ronbunshu, B Hen 55(512), 
1206 (1989) 

131Q. Y. Kimu, Y. Shmagawa, K Yoshikawa, Y.-Y. 
Cheng and S. Stuoda, Stuches on a i'ugh temperature 
regenerauve heat exchanger for closed cycle MHD 
power generation (6th neport Heat transfer analysis 
m the combustion chamber during the evacuation 
and argon heating periods), Nippon Ktka, Gakkal 
Ronbunshu, B Hen 55(512), 1199 (1989) 

132Q A. J Kuprys, V V. Lappo, N. M. Tamoms and 
O. L. Tufl3rt~, Optxmization of heat transfer m 
radiative heat exchangers (1 Heat exchanger with 
concentric heating elements), Heat Transfer- Soy_ 
Res. 21(3), 299 (1989). 

133Q. P K. Kush and M. Thirumaleshwar, Design of 
regenerators for a Gif ford-McMahon cycle 
cryorefrigerator, Cryogen,cs 29(1 I), 1084 (1989) 

134Q. X. S. Lang and H. H. Zhang, Investigatmn of the 
obhque angle for louvered fins m vehicle radiators, 
Netranjt Xuebao 7(2), 145 (1989). 

135Q. J. Ludwig, Periodical and multi-stage and heat 
transformation, especially m heat transformers, 
Brennst Waerme Kraft 41(33), 96 (1989). 

136Q. T. Kh. Margulova, V. M 7.orm and S. V. Platonov, 
Concermn 8 the heating of feedwater in a horizontal 
steam generator, Therm. Engng 36(2), 95 (1989). 

137Q. V. B. Mltenkobv, V A. Permyakov, I A. Dezhin, 
B. F. Vakulenko and V A. Bozhenko, Determining 
the actualcharactensucs of the low-pressure surface- 
type feedwater heaters of the K-750-65/'3000 turbine 
plant, Therm Engng 36(1), 37 (1989) 

138Q. R. Mote, T M.me, D. Prohen and L Chauvet, 
Comparison of designs and performances of heat 
exchangers for use in a hot water store, Appl Energy 
32(3), 155 (1989). 

139Q. H. Mueller-Steinhagen and R. Bloechl, Particulate 
fouling m heat exchangers, Trans Inst_ Prof. Engrs 
NZ Electr. Mech Chem Engng Sect 15(3), 109 
(1988). 

140Q. P L. M. Mutsaers, R. G C. Beerkens and H De 
Wald, Fouling of heat exchanger surfaces by dust 
particles from flue gases of glass furnaces, Glastech 
Ber 62(8), 266 (1989) 

141Q. K. Myszkoroska, Method for the detemunataon of 
optimum size of a planar heating system, Modell 
Simui. Control B 23(4), 13 (1989). 

142Q K Nishimoto and N. Hleda, Study on a 
performance test of matrices for Surlmg engines (1 st 
report. Heat transfer test of various matrices), Nippon 
Kakm Gakkai Ronbunshu, B Hen 55(518), 3255 
(1989) 

143Q K. Nishimoto and N. Hleda, Study on a 
performance test of matrices for Sttrlmg engines 
(2nd report. Performance comparison of various 
matrices), Nippon Kikm Gak, k, ai Ronbunshu, B Hen 
55(518), 3261 (1989). 

144Q_ K Ogawa and Y SeshLmo, Characteristics ofatr- 

cooled heat exchanger with frost formauon, Nippon 
Kikai Gakkai Ronbunshu, B Hen 55(511 ), 776 (1989). 

145Q. C Plsom and L. Tagliafico, A simple model for 
the flow and temperature distribuuon analysis m a 
manifold-shaped direct cooling system, Warme 
Stoffuebertrag 24(2), 97 (1989) 

146Q. W. A. Schreuder and J. P. du Plessls, Simulation 
ofatr flow about a directly air cooled heat exchanger, 
Bldg Environ. 24(1), 23 (1989). 

147Q. K. Shinozaki, M. Itoh, K. Watanahe, J.-I. 
Hamanaka and T. Sasa, Development of cerarmc 
heat exchanger for industrial furnace, IHIEngng Rev 
22(4), 126 (1989). 

148Q. M. S. Sodha, S. K Bharadwaj and A. Kurnar, 
Optimization ofinsulatton thickness of various pipes 
m air heating applications, Energy Convers. Mgmt 
29(2), 151 (1989). 

149Q. C. Tayler, Take the pressure off heat exchanger 
selecuon, Process Engng London 70(1), (1989) 

150Q. C. Tayler, Take the pressure off heat exchanger 
selection--part 2, Process Engng London 70(2), 45 
(1989). 

151Q. L. N. Toritsyn and L. V. Uzherg, Tests on the 
packing m a regenerative heat exchanger heated by 
solid-fuel combustion products, High Temp. 27(1), 
134 (1989). 

152Q. L. N. Toritsyn and L. V. Uzberg, Remarks 
regardm 8 the development of a regenerative coal- 
heatedheat exchanger, High Temp 27(2),303(1989) 

153Q. S C. Yao and T. H. Hwang, Cntical heat flux on 
horizontal tubes m an upward crossflow of Freon- 
113, lnt J Heat Mass Transfer 32(1), 95 (1989). 

154Q. Y. S. Yuan, A. Q. Zhu and C. Z. Jumg, Performance 
analysis on an electric air heater, Huagong Jme/ 
Chem Engng Mach. 15(2), 107 (1988). 

HEAT TRANSFER APPLICATIONS 
GENERAL 

Manufacturing, processing 
IS. L. N Aksel'rod, V. L. Novtkov, E. Y. Lztovskti and 

V. P. Simonov, Analysis of the temperature field in 
the refractory feeder of a horizontal continuous ballet 
casting machine, Refractories 29(5-6), 371 (1989). 

2S A. Bejan and P. A. Litsek, The contact heating and 
lubricating flow of a body of glass, Int. J Heat Mass 
Transfer 32(4), 751 (1989). 

3S Y. I. Blmov, V. A. Usov, Y. A. Popovtsev, V. I 
Gubmskii, E. R. Afanas'eva, S. Y. 2~ukova and 
A. A. Krivosheeva, Use of water-~ir cooling for 
quenching weld joints m drill pipes, Steel USSR 
19(3), 123 (1989). 

4,5. M. Choi, R. Greff and H. R. Baum, A study of heat 
transfer and panicle motion relative to the modified 
chemical vapor deposition process, J. Heat Transfer 
111(4), 1031 (1989). 

5S. B. T. F. Chung and P. Lm, Re-evaluation of heat 
transfer assocmted wRh drawing of polymers, Appl. 
Polym Sct 37(7), 1961 (1989) 



Heat transfe~ - -  a review of 1989 hterature 2429 

6S. C. F. Corbett, Casting with confidence,FWP J. 29(2), 
(1989) 

7S. P. Dantzer and E Orgaz, Hydndmg kmencs the 
roleofthermaltransfer,J LessCommonMet 147(1), 
27 (1989). 

8S. S. Darwish and R Davies, Invesugation of the heat 
flow through bonded and brazed metal eu tang tool s, 
Int. J_ Mach Tools Mf. 29(2), 229 (1989) 

9S. D R Dug-well and D E. Oakley, Correlauon of 
convective heat wans fer data for tunnel Idlns, J Inst 
Energy. 61(448), 165 (1988) 

10S E. R G. Eckert, Similarity analys~s applied to the 
die castmgproeess,J Engng Mater Technol_ASME 
111(4), 393 (1989) 

l lS.  E. Guuerrez-Mxravete, E J. Lavemm, G. M. 
Trapaga, J Szekely and N. J. Grant, Mathematical 
medel of the spray deposttaon process, M etall Tr ans 
A 20A(I), 71 (1989). 

12S Z. Han, J. Orozco, J. E. Indacochea and C.H Chela, 
Resistance spot welding: aheat transfer study, Weld 
J 68(9), 3638 (1989) 

13S N. Harta and H Osakabe, Numerical modeling for 
cooling process of a moving hot plate by a laminar 
water curtain, 1SIJ Int. 29(11), 919 (1989). 

14S S.-S Hsieh,Transientthermalanalysisofthewater 
lineseffectinthediecastingdies,Appl.Math Modell. 
13(5), 282 (1989). 

15S. J. R. Hull,Kelvm-Helmboltzinstabihty and cooling 
limitations of a vertical molten sheet confined by 
alternating magnetic fields, J Heat Transfer 111(2), 
352 (1989). 

16S. C. A. Iwujl and N. A. Lingorsky, Heat transfer in 
electric arc furnaces equipped with water-cooled 
panels, Iron Steel Engng 65(11), 41 (1988). 

17S_ A. Kapusta and B Mochnacki, Analys~s of heat 
transferprocesses in the cylindrical radial continuous 
casting volume, Bull. Pol. Acad Scz. 36(5--6), 309 
(1988) 

18S. Y. Kato, J.-C. Grosjean, J.-P. Reboul and P. Rlboud, 
Theoretical study on gas flow and heat and mass 
transfer m a converter, Tetsu To Hagane 75(3), 478 
(1989). 

19S. E. W. Kim and T. W. Eagar, Measurement of 
transient temperature response during resistance spot 
welding, Weld. J Miami FL 68(8), 303s (1989). 

20S. W.-B. Kim, Y.-S. Yang and S.-J Na, Heat flow m 
multi-pass arc spraying processes, Surf_ Coatings 
Technol. 37(4), 399 (1989). 

21S S E Kondratyuk, B.B.Vinok-urandL.A Sokarko, 
Use ofimense heat elimination during crystalhzatton 
and cooling to improve the propemes of steels, 
Metal Sci. Heat Treat. 30(9--10), 698 (1989) 

22S. C Kramer and B. A. 1-l.dge, Heat transfer by high- 
rate convection in the heat treamaent of rolled 
products, Gas Waerme Int. 38(3), 112 (1989) 

23S. A. Lau and T. Z. Fahidy, Flow vtsuahzation study 
of the cathode geometry effect inmagnetoelectrolytic 
cells, J Eiectrochem. 5oc. 136(5), 1401 (1989) 

24S. R W. Lech, Heat in a hot-dip galvanizing furnace 
with a steelkettle, Gas Waermelnt. 3g(3), 153 (1989). 

25S. S. Lo Casto, E. Lo Valvo and F. Micari, 
Measurement of temperatme distribution within tool 
m metal cutting. Experimental tests and numencal 
analysts, J Mech Work Technol. 20, 35 (1989). 

26S R. Maass and R Jeschar, Determination of heat 
transfer on quenching metals m quenching agents, 
Gas Waerme Int 38(7), 427 (1989). 

27S. B. R. Meyer, Heat transfer in hydranhc fracturing, 
SPE Product Engng 4(4), 423 (1989). 

28S. I O Mohamed and R. Y Ofoh, Average heat 
transfer coefficients in twin screw extruders, 
BIotechnoL Prog. 5(4), 158 (1989) 

29S M Narazaka, S. Fuchazawa and M Usuba, Effects 
of specimen geometry on charactensuc temperature 
during quenching of heated metals in subcooled 
water, Tetsu To Hagane 75(4), 634 (1989). 

30S P M Nicldason and G. M. Plgort, Simultaneous 
heating, forming and extruding of sunmi-based 
products, J Fd Engng 9(3), 219 (1989). 

31S. M. Pletrz'yk, J. G Lenard and A C. M. Sousa, 
Study of temperature distribution m strips during 
cold rolling, Heat Technol. 7(2), 12 (1989). 

32S. Z. F Qiao and J. N Liu, Design and research of heat 
ptpe type lathe tool, Jixie Gongcheng Xuebao/Chm_ 
J Mech Engrs 25(1), 8 (1989). 

33S Z. Rivlin, A. Grill and J. Baram, Metal flow and 
heat transfer m centrifuge melt-spinning, lsr J_ 
Technol. A 107 (1988). 

34S. Y. Sakamoto, T. Minottra and K. Hashimoto, Heat 
transfer and fluid flow analysis of sinter coolers with 
cons~deratmn of size segregation and imttal 
temperatme dismbuuon,Res. Dev. Kobe Stee139( l ), 
85 (1989). 

35S T P. Skoczkowski and M. F. Kalus, Mathematical 
model of mductmn heating of ferromagnetic pipes, 
IEEE Trans Magn. 25(3), 2745 (1989). 

36S V D. Smolyarenko, Thermal calculation of the 
water-cooled elements of the lining of an electric arc 
steel melting furnace, Refractories 29(5-6), 376 
(1989). 

37S. N Sonti and M. F. Amatean, Fimte-element 
modeling of heat flow m deep-penetration laser 
welds in aluminum alloys, Numer Heat Transfer 
16(3), 351 (1989). 

38S. I D. Stetsenko, E. E. Gavrilov, V. F. Din, N. N. 
Vavilova and V. I. Shmalii, Heat exchange in the 
action ofmohen p~g iron on a copper cooling element, 
MetallurgJst 32(7), 260 (1989). 

39S F.StrekandJ Karcz, Searehofanoptimalgeometry 
of a pitched blade turbine for heat transfer in an 
agltatedvessel, lnz Chem Proces. 9(3), 585 (1988). 

40S. Y. Teraucht, K. Nagamura and C.-L. Wu, On heat- 
balance of gear-meshing apparatus. (Experimental 
and analytacal heat transfer coefficient on tooth 
faces), JSME Int. J. Ser 3 32(3), 467 (1989). 

41S M E Thompson and J. Szekely, The transient 
behavior ofweldpools with a deformed flee surface, 
Int J_ Heat Mass Transfer 32(6), 1007 (1989). 

42S. C. L. Tlen, M. I. Flik and P. E. Phelan, Mechanisms 
of local thermal stabdity m high temperature 



2430 E R G EocmtT a a /  

superconductors, Cryogemcs 29(6), 602 (1989). 
43S. D M Tmjtllo and R A Walhs, Deten'mnanon of 

heat transfer from components dunng quenching, 
Ind Heat. 56(7), 22 (1989) 

44S S.B. Warner, Thermal bonding of polypropylene 
fibers, Text. Res J 59(3), 151 (1989). 

45S. T Zachana, S A David, J. M. Vitek and T 
Debroy, Heat transfer during Nd: yag pulsed laser 
welding and its effect on solidification structure of 
austenitic stainless steels, Metall. Trans A 20A(5), 
957 (1989). 

46S_ T. Zachana, A H. Eraslan, D. K Aidun and S. A. 
David, Three-damensional transient model for arc 
welding process, Metall Trans. B 20(5), 645 (1989). 

47S. Y.Q.2~aao, H.D. Li, S.L Wang,Y.F LuoandX. 
Z. Zhang, New infrared technology for on-line 
measuring slab temperature in reheatmg furnace, 
Kang T'ieh/Iron Steel 24(2), 58 (1989) 

Buddmgs, ground 
48S. A. M. B aumgarmer, R. L. Sank and J. J. Scheldorf, 

Appmxh-nate analysm of a double roof, Cold Reg 
So Technol. 16(2), 211 (1989) 

49S A. M. Brino, C. Sav'vldou, D V. Maddocks, M. J. 
Gunn and J. R. Booker, Numencal and centrifuge 
modelling of coupled heat flow and consolidation 
around hot cylmders buried in clay, Geotechmque 
39(1), 13 (1989) 

50S. R. Cemy, Heat and mmsture transport during ftre. 
A model with a moving boundary, Stavebmcky Cas 
37(2), 89 (1989). 

51S. D. H. Eu.nilkim, Synthesis of normahTcd room 
weighting factors - -  thermal dtscrete transfer 
functions of a single zone model, Energy Convers. 
Mgmt 29(3), 165 (1989) 

52S. D. Feuermann, Measurement of envelope thermal 
transminances in multifamilybuildings,EnergyBldg 
13(2), 139 (1989). 

53S. J. L. A. Francey, M. J. O'Keefe and T F. Smith, 
Heat flow in the underground envixortment of an 
indoor beated swn'mmngpool,Arch/t Sct.Rev. 32(2), 
53 (1989) 

54S. H. Ito, N Nakabara and M. Yokoi, Analysts and 
evaluation of atr temperature distributions during 
heating in an atr-condiuoned space, Heat Transfer 
--Jap_ Res. 18(5), 1 (1989). 

55S. Y. Jaluria and L. Y Cooper, Negatively buoyant 
wall flows generated menclosum fires,Prog Energy 
Combusr. Sci. 15(2), 159 (1989) 

56S R. Javelas, A Malu and B. Souyri, Expertmontal 
stuches of natural convectlon flows m a room of a 
house, Revue Gen. Thermtque 28(326), 95 (1989). 

57S. G. Lefebvre, Characterizauon of the thermal inertia 
of buildings by modal analysis, Revue Gen 
Thermique 28(332), 501 (1989). 

58S B. Moshfegh, D. Lloyd and B Karlsson, Heat 
transfer at modern windows - -  risk of condensation, 
Energy Bldg 13(2), 119 (1989). 

59S S.B. Riffat, Measmement of heat and mass transfer 
between the lower and upper floors of a house, Int. 

J. Energy Res 13(2), 231 (1989) 
60S. J E. Seem, S. A Klein, W A. Beckman and J. W. 

Mitchell, Comprehensive room transfer fimcuons 
for efficient caleulauon of the transient heat transfer 
processes m buildings, J Heat Transfer 111(2), 264 
(1989) 

61S A. Wtshart, Cumputerprogram to assess the tbermal 
performance of small equipment buildings and 
shelters, Telecommun J. Aust. 39(2), 79 (1989) 

62S. A J Wnght, Heat flows from sohd ground floors 
m buddmgs simple calculation model, Bldg Serv 
Engng Res. Technol 9(4), 177 (1988). 

63S. D A Zahmul and R. E1 Dlasty, Thermal 
performance of a typical house m a hot senu-and 
region, lnt J. Hous Sci. Apphc. 13(2), 109 (1989) 

64S J P Zarling and W A. Braley, Gcoteclmical 
thermal analysis, Tech Counc Cold Reg_ Engng 1, 
35 (1988). 

65S. Q. Zhao, J. J. Feddes and J. J. Leonard, Finite 
difference model of heat conduction through sod 
under a barn, Can Agnc Engng 31(2), 179 (1989)_ 

Refrtgeration, cryogenics 
66S. L. G Abakumov, A. A Vtvdenko,A. K. Grezm, Y 

G. Kmpotin and V. P. Movozov,Modeling of thermal 
and hydraulic processes in self-contained a~ 
conditioners, Chem Petrol. Engng 24(7-8), 362 
(1989). 

67S. A. Bejan, Theory of heat transfer-trreversible 
refrigeration plants, lnt J. HeatMass Transfer 32(9), 
1631 (1989). 

68S. E. Borchi, M. Zoli, A Fngo and L. Lombardma, 
Axial conductiv~y and heat exchanges in a hybridized 
Gffford--McMahon cryocooler, Cryogenics 29(3), 
196 (1989). 

69S J Casas and L. Rinderer, Calculataon of normal 
zone propagating velocities and transient thermal 
effects dependence on the superconducting wire 
parameters, IEEE Trans Magn. 25(2), 1492 (1989). 

70S. P W. Eckels, Superconductor stability and helmrn 
heat transfer: the minimum propagating zone 
relationship in design, Cryogenics 29(6), 625 (1989). 

71S. D. Kasao andT.Ito, Review of existing expernnental 
findings on forced convection heat transfer to 
supercritical helium 4, Cryogenics 29(6), 630 ( 1989). 

72S. V. V. Klimenko, M. V. Fyodomv and Y A. 
Formchyov, Channel orientatton and geometry 
affluence on heat transfer with two-C phase forced 
flow of niwogen, Cryogenics 29(1), 31 (1989). 

73S V. N. Lism, B. M. Khab~bullin, E. P. Khaimovich 
and A. M. Shegeda, Attenuation of thermal phonon 
generation by a metallic film under its preliminary 
pulse heating, J Engng Phys. 54(3), 246 (1988). 

74S M. O. Lutset and V. E. Zhukov, Heat transfer m a 
rotating cryostat at high centrifugal acceleration 
fields, Cryogenics 29(1), 37 (1989) 

75S. H Mort and H. Ogata, Effect of counterflow on 
heat transfer to He I1 in a channel, Cryogenics 29(6), 
664 (1989). 

76,5 S. K. Nemirovskix and A. N. Tsot, Transmnt 



Heat transfeT- a review of 1989 hterature 2431 

thermal and hydrodynamic process m superfluid 
helium, Cryogenics 29(10), 985 (1989) 

77S. T. Okamura, Y. Yoshizawa, A. Sato, K Isluto, S_ 
Kabashtma and S. Shioda, Time dependent heat 
transfer mpressunzed supefflnid helium, Cryogemcs 
29(11), 1070 (1989) 

78S. S Sekaya and A. Ichlkawa, Numerical analysts of 
quench transients in forced-f low cooled 
superconductors, Cryogemcs 29(1 ), 25 (1989) 

79S. Y. Utaka, A. Satto, M. Niimi and N Naoka, Method 
of efficient ice cool energy storage using heat transfer 
of direct contact phase change between working 
mechum and PCM in an enclosure, JSME Int. J. Ser 
2 32(3), 469 (1989) 

80S Z. Yan and J. Chen, An optical endoreversible 
three-heat-source refrigerator, J. Appl_ Phys. 65(1), 
I (1989). 

Boilers, reactors 
81S A. Belghit and M. Daguenet, Study of heat and 

mass transfer in a chemical moving bed reactor for 
gasification of carbon using an external radiauve 
source, Ira J Heat Mass Trar~fer 32(11), 2015 
(1989). 

82S. T. J. S. Brain and K L. Man, Heat tzans fer in stirred 
tank bmreacturs, Chem. Engng J. Bwchem Engng J 
85(7), 76 (1989). 

83S H.S.ChoI, B.C. Shin andS.D.Kim, Heatuansfer 
m a latent heat-storage system, Energy 14(9), 513 
(1989). 

84S. M. K. Choudhary, Analys~s of heat transfer in the 
corroding sidewall of a furnace, J Am. Ceram Soc 
72(12), 2325 (1989) 

85S. O V. Dobrocheyev, V. P. Motulevich and L. S. 
Yanovskiy, Turbulent heat transfer to a pyrolytic 
flow reactor, Heat Transfer ~ Soy Res. 21(4), 549 
(1989). 

86S D.-H. Frobese and M. Bohnet, Heat transfer to 
hquids and suspensmns m slender stmed tanks, 
Chem:e-lngr-Tech. 61(9), 758 (1989) 

87S. W L. Holstein, J. L Fltzjohn, E. J. Fahy, P. W. 
Gilmour and E. R. Schmelzer, Mathematical 
modeling of cold-wall channel CVD reactors, 
J_ Crystal Growth 94(1), 131 (1989) 

88S.Y. Kawase and M. Moo-Young, Heat transfer m 
bioreactors with dense suspension broths, Chem 
Engng J. Bmchem Engng J. 41(2), BI7 (1989) 

89S. O. Okuma, K. Mac, T. I-hrano and Y. Nakako, Heat 
tTans fer characteristics of brown coal-solvent slurry 
inadewateringprocess,FueI Process Techrtol. 23(2), 
117 (1989). 

90S. M M. Rubin, The effect of temperature condiuons 
m a furnace chamber on heat transfer, Therm Engng 
36(3), 172 (1989). 

91S. E. Tonuta, Y. Hamamoto and H. Sasaka, Heat flux 
from uzrbulent premixed flame to the wall of a 
constant volume vessel, Nippon Kzkai Gakkai 
Ronbunshu, B Hen 55(512), 1229 (1989). 

92S. F K. Van Dijen and R. Metselaar, Chemical 
reactton engineering aspects of a rotary reactor for 

carbothermal synthesis ofSiC,J. Europ. C erawn. 5oc. 
5(1), 55 (1989). 

93S H Z. ~ a n g  and S. H. Chen, Study on radiation net 
for mdusmal furnaces, gang T':ehllron Steel 24(1), 
5O (1989). 

Electronics 
94S J. Bridger, Coolmg electromc equlpment, Electron 

Prod London 18(6), 19 (1989). 
95S. L. Buller and B. McNelis, Effects of rachauon on 

enhanced electronic cooling, IEEE Trans. C ompon 
HybridsMf Technol 11(4), 538 (1988). 

96S. R. Hannemann, Thermal control for rmm- and 
microcomputers: the hmits of mr cooling, Bull. Ira 
Centre Heat Mass Transfer 3, 65 (1989). 

97S. F. P. Incropera, Liquid unmersion cooling of 
electronic components, Bull Int. Centre Heat Mass 
Transfer 3, 29 (1989). 

98S. R. J. Krane, J. R. Parsons and A. Bar-Cohen, 
Design of a canchdate themml control system for a 
cryogemcally cooled computer, IEEE Trans. 
Compon Hybrids Mf- Technoi. 11(4), 545 (1988). 

99S. C. C. Lee and A. L. Palisoc, Real-time thermal 
design of integrated circuit devices, IEEE Trans 
Compon. Hybrids Mf Technol 11(4), 485 (1988). 

100SL M. L. Martel, Forced convection: the dark horse, 
C~rcuits Mf. 29(2), (1989) 

101S. I. Sato, K. Otani, S. Oguchi and K. Hoshtya, 
Characterisucs of heat tzansfer in a helium-flied 
disk enclosure, IEEE Trans Compon. Hybrids Mf. 
Technol 11(4), 571 (1988). 

102S. S. Subramanyam and W. D. Rolph, Thermal 
analysts of duect chip mount electronic systems 
using ADINA-T, Comput. Srruct. 32(3-4), 853 
(1989). 

103S. C. Wall, Thermal management of anucrocomputer 
using a liquid heat sink, Electron Mf 35(6), 19 
(1989). 

104S. T. Yanagida, Calculation method for temperature 
distribution of IC packages on aprinted wning board 
(2nd report Heat transfer coefficients of IC 
packages), Nippon Kikm Gakkm Ronbunshu, B Hen 
55(513), 1432 (1989) 

105S. Y. Yoneyama, H. Tanaka, T. Satoh, Y. Takatsuka 
and T. Yomzu, Effect of the thermal interference in 
thermomagnetxcally recorded domains,lEEE Trans 
Magn 25(5), 4042 (1989). 

Bioengineering 
106S. R. T. Cart and N. R. Tiruvaloor, Enhancement of 

heat transfer in red cell suspensions in vuro 
experiments,J.Biomech.Engng 111(2), 152(1989). 

107S. C. K. Chamy and R, L. Levin, Blohcat transfer m 
a branching countercurrent network during 
hyperthenrfia, J Biomech. Engng 111(4), 263 (1989). 

108S. C. L Diederich and K. Hynynen, Induction of 
hypcrthcrrnia using an intr~avity muhieicment 
ultrasonic applicator,/EEE Trans. BIomed. Engng 
36(4), 432 (1989), 

109S. J C. Ferguson and C. J. Martin, Bum wound 



2432 E.R. G ~a.tatr et al 

evaporation. An evalualaon of air d i l l o n  resistances 
governing heat transfer m a clean air unit, Climcal 
Phys Physml Measure. 10(4), 319 (1989). 

ll0S. G. H. Galbralth, R. C. McLean and D. Stewart, 
Occupauonal hot exposures. A review of heat and 
mass transfer theory, Proc lnstn Mech. Engrs H 
203(3), 123 (1989). 

111S. C. Y. Lee and B. Rubinsk'y, A muhl-dimenslonal 
model of momentum and mass transfer in the hver, 
Int. J. Heat Mass Transfer 32(12), 2421 (1989). 

1125. S. Rastegar, M. Motarnech, A. J Welch and L. J 
Hayes, Theoretical study of the effect of optical 
propemes in laser ablation of tissue, IEEE Trans 
8wmed Engng 36(12), 1180 (1989). 

1135 T. Tanaka, Y. Yamada, H. Iablguro, M. Takeuchi, 
M. Yamashita and S. Kotake, Consideration of 
thermal burns caused by a mat wtth hot-water 
cJxculatmn (analysts of heat transfer m a body 
contracting amat with hot-water circulatien),Ntppon 
Kzkal Gakkat Ronbunshu, B Hen 55(515), 2018 
(1989). 

1145 J. R Votaw and J. R NicHes, Theoretical 
description of the beam induced heanng of accelerator 
target foils, Nuci. Instrum. Meth. Phys. Res. Sect A 
281(1), 216 (1989). 

1155. S. Wembanm and L M. hji, The matching of 
thermal fields surrounding countercurrent 
microvessels and the closure approxamafon in the 
Weinbaum-Jiji equation,J B wme ch. Engn g 111(4), 
271 (1989). 

1165. A. J Welch, J. A. Pearce, K. R. Ddler, G. Yoon 
and W. F. Cheong, Heat generation in laser irradiated 
tissue, J. Bwmech Engng l l l (1) ,  62 (1989). 

Nuclear engineenng 
1175. M. C. Carroll and G. H. Miley, Local wall power 

loading variations in thermonuclear fusmn devices, 
Fuswn Technol. 15(2), 183 (1989). 

1185. S M. Cho and A. H. Seltzer, Thermal hydrauhc 
characterisncs of a double-walled tube advanced 
nuclear steam generator, Heat TranfferEngng 10(3), 
25 (1989). 

1195. Y Din, M. Akamatsu, K. Takitam, M Hirokawa, 
K. Yoshida and I. Kinoshita, Fundamental experiment 
m water for decay heat removal characteristics of 
FBR spent fuel, FAPIG 1, 12 (1988). 

1205. G. E. Hardy and S. D. Peck, Integzated thermal 
analysis of the production dipole magnets for the 
superconducting super colhder, IEEE Trans Magn. 
25(2), 1624 (1989). 

121S. M. Z. Hasan, Effects of nonuniform surface heat 
flux and uniform volumemc heating on blanket 
deslgu furfusson reactors, Fusmn Technol 16(1),44 
(1989). 

1225. R. Hino, S. Mamyama, K Takase, Y. Mzyamoto 
and H. Shimomura, Experimental studtes on thermal 
and hydrauhc performance of fuel stack of VHTR. 
(V) Test results of HENDEL mulu-channel test rig 
when helium gas was heated up to 1,000 °C, Nippon 

Genshtryoku Gakkmslu/J. At. Energy Soc Japan 
31(4), 470 (1989). 

123S. T. Q. Hua and B. F. P1cologlou, Heat transfer m 
rectangular first wall coolant channels of liquid- 
rnctal--cooled blankets, Fuswn Technol. 15(2), 1174 
(1989). 

124-5. I. Michiyoshi, Futme trends m heat transfer for 
the nuclear indusu'y in Japan, Heat Transfer Engng 
10(1), 45 (1989). 

1255. I. A. Sherenkov and A. P Netyukhailo, Calculation 
of the near field of velocities and temperatures 
beyond a surface discharge of heated water, 
Hydrotech. Constr. 22(1), 33 (1988). 

1265. H Spilker, Natural-convecuon cooling of heat- 
producing radioactive waste m transport and storage 
c~ks, Kerntechnik 54(4), 270 (1989). 

1275. T. Teramoto and M. Saito, Design comparison of 
coated structures for high heat flux components m 
fusion reactor, J Nucl. Scl Technol. 26(3), 379 
(1989). 

Gas turbines 
1285. A. Abdul-Aziz, M. T. Tong and A. Kanfixtan, 

Thermal finite-element analysts of space shuttle 
main engine turbine blade, Fimte Elem. Anal Des. 
5(4), 337 (1989). 

1295. M. da Graca Carvalho and P. J. Coelho, Heat 
transfer m gas turbine combustors, J. Thermophys 
Heat Transfer 3(2), 123 (1989). 

1305. B Dambrine and J. P. Mascarell, Deserting 
turbine blades for fatigue and ¢xeep,Def. Sci J 38(4), 
413 (1988). 

1315. A. Sh. Dorfman and B. V. Davydenko, Heat 
transfer in the blading of a gas turbine engine, 
Therm Engng 35(11), 627 (1988). 

132,5 V.N. Khom/che, nko, Yu. A. Balashov and A. M. 
Tsikulin, An experimental investigation of a channel 
of a gas turbine's water-cooled moving blade, Therm. 
Engng 35(11), 623 (1988). 

1335. P. Koulmos and J. J. McGmrk, Turbofan forced 
mixer/nozzle temperatme and flow field modelling, 
Int J Heat Mass Transfer 32(6), 1141 (1989) 

1345. M. Obata, J. Yamaga and H. Tamguchi, Heat 
transfer characteristics of a return-flow steam-cooled 
gas turbine blade, Exp Therm, Fluid Sct. 2(3), 323 
(1989). 

1355. W. Shyy, M. E. Braaten and D. L, Butrus, Study 
of three-dknensional gas-turbine combustor flows, 
Int. J. Heat Mass Transfer 32(6), 1155 (1989). 

1365. A. R. Wadia, Advanced combustor linear cooling 
technology for gas turbines, Def. Sci J. 38(4), 363 
(1988). 

Piston engines 
1378. G. H. Chen andl. B. Heywood, Nttmencal analysts 

of unsteady heat transfer for the combustxon chamber 
of a ceramic enlone,NetranjiXuebaolTrans CSICE 
6(4), 343 (1988). 

1385. Y. Enomoto and S. Fumhama, Study of the local 



Heat transf¢= - -  s revaew of 1989 hterature 2433 

heat transfer cocf~Clent oil thc combnsuon chamber 
walls of a four-s~oke gasoline engine, JSME Ira J. 
Ser. 2 32(1), 107 (1989) 

1395. A. C Hansen, A. B. Taylor, P W, L. Lyne and P. 
Meirmg, Heat release in the compression-lgnmon 
combustion of ethanol, Trans. ASAE 32(5), 1507 
(1989). 

1405. N. P. Li, L Q. Li and S. Z. Xu, Invesugatmn on 
heat transfer in starling engines, Nezranji Xuebao/ 
Trans. CSICE 7(1), 69 (1989) 

1415. R. Prasad and N. K Samria, Investigatmn of heat 
transfer m an oll cooled piston with and wRhout 
cerarmc msulataon on crown face, lnt J. Mech Sci 
31(10), 765 (1989). 

142,5 R Prasad and N. K Sarnria, Investigation of heat 
transfer inpistonwith andwithout ceramic insulation 
on crown face, J. lnstn Engrs India Part CH 70(1), 
9 (1989). 

1435. K. Terada, Y. Ohta, M. I~tayama, M. Kasluwa 
and M. Ito, On the calculanon of heat release rates of 
IDI engines, Nippon Klk.ai Gaki~i Ronbunshu, 
B HerdTrans. Japan Soc. Mech. Engrs PartB 55 (514), 
1754 (1989). 

1445. H. W. Wu and C. P. Chiu, Finite element model 
for thermal system in real tune operanon dmsel 
piston, Comput 5truct. 32(5). 997 (1989). 

1455 H. W. Wu and C P. Chiu, Computer diagnosis 
system for thermal analysts of engine piston, Warme 
Stoffueberrrag 24(4), 203 (1989). 

Drying 
1465. G. Amaud and J. P. Foht, Drying of wood chips 

with ambient air, Drying Technoi. 7(4), 783 (1989). 
1475. N. N. Barthakux, An electrostatic method of 

chymg sahne water, Drying Technol. 7 (3), 503 (1989). 
1485. P. Chen and D. C. T. Pea, A mathematical model 

of drying processes, Ira J. Heat Mass Transfer 
32(2), 297 (1989). 

1495. K. Malho~a and A. S. Mujumdar, Indm~ct heat 
Izansfer and drying in mechanically agitated granular 
beds - -  an annoted bibliography, Drying Technol. 
7(1). 153 (1989). 

1505. A. A. Nassikas and C. B. Akritidis, Minimum 
energy cycles m drying, Drying Technol. 7(4), 723 
(1989). 

1515 M. S. Smimov and V. I. Lysenko, Equatmns of 
drying curves, Int. J. Heat Mass Transfer 32(5), 837 
(1989). 

1525. E. Wolff and H. Gilbert, New technological 
developments in freeze-drying, J FdEngng 8(2), 91 
(1988). 

153S J C Zavglia and J. D Lindsay, Flash X-ray 
visualization of multiphase flow dunng impulse 
d~ing, Tappz J. 72(9), 79 (1989). 

Aeronautws, astronautics 
1545. R. L. Akau and D. W Larson, Thermal control of 

space X-ray experiment, J_ Spacecr_ Rockets 26(5), 
297 (1989). 

1555 M. J. Chfton and O. Marsal, Heat transfer design 
of an elecffophores~s experiment, Acts Astronaut. 
19(1), 99 (1989). 

1565. D Da and X. Da, Analysts of the heat-cunent 
equation and the thermal simulationerror m avacuum 
simulanon chamber, High Temp-High Pressures 
20(6), 673 (1988). 

1575. D. K Edwards andR F. Richards, Optunum heat 
rejection temperatures for spacecraft beat pumps, 
J. Spacecr Rockets 26(5), 303 (1989). 

1585 E. Murad, Spacecraft interactions as influenced 
by thermochemical considerattons, J Spacecr 
Rockets 26(3), 145 (1989). 

1595. E. A. Thornton and P. Dechanmphai, Coupled 
flow, thermal and structural analysis  of  
aerodynaxmcallyheatedpanels, J.AIrcr. 25(11), 1052 
(1988) 

Tribology 
1605. K. F. Dufi'ane and J. W. Kannel, Thermally 

reduced setzates ofjotwaalbearings,J. Tribal. 111 (2), 
288 (1989). 

1615 J. W. Kanael, Estimate of surfane tem~ratttres 
during rolling contact, Tnbol Trans. 32(3), 305 
(1989). 

1625. M. M. Khonsan and H. J. Kim, On thermally 
reduced seizu~ mjournalbearings,J. Tnbol. 111(4), 
661 (1989). 

1635. H. Moes, P. B. Y. Ten Hoeve and J. Van tier Helm, 
Thermal effects in dynamically loaded flexible 
journal bearings, J. Tribol. 111(1), 49 (1989). 

1645. V. T. V. S. Ramachandra Rao, H. Ramasub- 
ramanian and K. N. Seetharamu, Analysis of 
temperature field in brake disc for fade assessment, 
Warme Stoffuebertrag 24(I), 9 (1989). 

1655. I. B. Shenderov, Thermal flux disu'ibution in 
short-term unlubricated friction processes, Soy J. 
Fnct Wear 9(2), 30 (1988). 

Rockets 
1665. A. F. Bw.en, L. Khezzat, M. Schmidt and J. H. 

Whitelaw, Heat transfer and velocity characteristics 
of single- and two-phase flows in a subsonic model 
gun, Exp. Heat Transfer 2(4), 333 (1989). 

1675 V. Bone ,  J. Brulatd  and G. Lengelle,  
Aerothermochemical analysis of carbon-carbon 
nozzle regressmn in solid-propellant rocket motors, 
J Propul. Pwr 5(6), 665 (1989). 

1685. Y. H. Hwang andY. H. Hung,Turbulent n'anspon 
phenomena m th:ee-dimensional side-dump ramjet 
combustors, lnt J. Heat Mass Tranffer 32(11), 2113 
(1989). 

1695. P. D. Jansen and F. L. Kle~kme, Preliminary 
design for a 3 kN hybrid propellant engine, ESA J. 
12(4), 421 (1988). 

1705. M. O'Malley, Predicting redesigned solid rocket 
motor joint volume pressurization, temperature 
transients, and ablation, J. Spacecr. Rockets 26(6), 
465 (1989). 



2434 E R G. Eot~r et al 

Coohng towers, ponds 
171S. J Andreopoulos, Wiad tunnel experiments on 

cooling tower plurnes Part I - -  in umform crossflow, 
J. Heat Transfer 111(4), 941 (1989). 

172S. J. Andreopoulos, Wind tunnel expertrnents on 
cooling tower plumes. Part 2 - -  m a nonuniform 
cross flow of boundary layer type, J Heat Transfer 
I11(4), 949 (1989). 

173S. V K. Gupta, M Prasad and A. K. Agrawal, 
Transient temperature behavior of a cooling pond 
for a thermal power generator, J. Insm Engrs India 
Part ME 70(4), 62 (1989)_ 

SOLAR ENERGY 

Large central systems 
IT A. Femere, B. Bonduelle and M. Amouroux, 

Development of an opttmal control strategy for the 
Themis solar plant. Part I - -  Themis transient 
model, J. Solar Energy Engng 111(4), 298 (1989). 

2T. A. Femere, B. Bonduelle and M Amouroux, 
Development of an optmaal control swategy for the 
Themis solar plant: Part II - -  Thenus model 
operation: validation and strnulation, J. Solar Energy 
Engng 111(4), 305 (1989). 

3T. L. G Radosevich and A C. Skmrood, The power 
production operataon of Solar One, the 10 MWe 
solar thermal central receiver pilot plant, J Solar 
Energy Engng 111(2), 144 (1989). 

4T. T. Tanaka, System performance of solar thermal 
high l~11peratui¢ Willzatlon systems constructed m 
Japan, J_ Solar Energy Engng l l l (4) ,  318 (1989) 

Collectors 
5T. D. J. Alpert and R. M. Houser, Evaluataon of the 

optical performance of a prototype stretched- 
membrane rmrror module for solar central receivers, 
J Solar Energy Engng 111(1), 37 (1989) 

6T. Y. Bando,M Nishnnura, K Toyoda and M Kuratsha, 
Collection charactensncs of composure solar collector 
wah volume heat trap and surface heat trap, J. Chem 
Engng Japan 22(6), 665 (1989). 

7T. R. Cat'mona, F Rosa, H Jacobs and M. S~mchez, 
Evaluation of advanced sochumrece~verlosses dunng 
operation of the W_,A/SSPS central receiver system, 
J. Solar Energy Engng 111(1), 24 (1989) 

8T. T C. Chew, A O. Tay and N. E. Wljeysundera, A 
numerical study of the natural convection m CPC 
solar collector eaviues with tubular absorbers, J. Solar 
Energy Engng 111(1), 16 (1989) 

9T T C. Chew, N E. W1jeysundera and A. O. Tay, An 
experimental study of free convecuon in compound 
parabolic concentrator (CPC) cavltaes, J_ Solar 
Energy Engng 110(4), 293 (1988) 

10T. K. R. Den Braven, Two-phase heat transfer m 
thermosyphon evacuated-tube solar collectors, 
J_ Solar Energy Engng 111(4), 292 (1989). 

l lT.  G Flarnant, D Gauthaer, C. Boudhari and Y. 

Fhms, A 50 kW flmdazed bed lugh temperature solar 
receiver: heat transfer analysis, J. Solar Energy 
Engng 110(4), 313 (1988) 

12T M Fujlwaxa, Evaluation on the compound 
configurataon of dLfferent types of solar collectors, 
Denshi Gzjutsu Sogo Kenkyusho lho 53(9), 50 (1989)_ 

13T M. Fujiwara, Evaluation on the setmag plan of the 
heat collection temperature, Denshl Gzjutsu Sogo 
Kenkyusho Iho 53(9), 46 (1989) 

14T L. R Glicksrnan, J. Azzola and J. Modlm, Flmdazed 
bed solar collector,J Solar Energy Engng 110(4), 321 
(1988) 

15T J R. Hull, D~electric compound paxabohc 
concentrating solar collector with a FTIR absorber, 
Appl. Opt 28(1), 157 (1989). 

16T L. D. Jaffe, A review of test results on solar thermal 
power modules with dish-mounted Stifling and 
Braytoncycleengmes,J SolarEnergyEngng 110(4), 
268 (1988) 

17T. L. D. Jaffe, A review of test results on parabohc 
dish solar thermal power modules with dash-mounted 
Rankine engines and forproduction of process steam, 
J Solar Energy Engng 110(4), 275 (1988) 

18T. S C. Mulhek and S. K. Samdarshi, An unproved 
teehmque for computing the top heat loss factor of a 
flat-plate collector with a single glazing, J Solar 
Energy Engng 110(4), 262 (1988). 

19T. B. Norton, P. A. Hobson and S. D. Proben, Heat 
removal from a triangular finned flat-plate solar- 
energy collector, Appl. Energy 34(1), 47 (1989). 

20T B. S. Sadykov, Distribution of temperature field of 
a flat-plate solar collector and evaluation of its 
efficiency, Appl. Sol. Energy 24(5), 49 (1988) 

2IT K Sakuta, Research on reverse flat plate collector, 
Denshi GoutsuSogoKenkyusholho 53(9), 81 (1989) 

22T. S. Sawata, K. Sakuta, M Fujlwara, T. Tanaka, N 
lkeda and I. Tsuda, Research on characteristics 
evaluation of solar collectors, Denshl Gtjutsu Sogo 
Kenkyusho lho 53(9), 90 (1989)_ 

23T. M. Segal, R A. Pielke, Jr. and Y Ookouctu, On 
optimizing solar collectors onentation under daffy 
nortrandom cloudiness condations, J. Solar Energy 
Engng 110(4), 346 (1988) 

24T R.D. Skocypec and V. Romero, Thermal modehng 
of solar central receiver cavmes, J. Solar Energy 
Engng 111(2), 117 (1989). 

25T. S. H. Sola'nan and W. H. Tadros, Effect of solar 
augrnentatton on performance of vacuum robe solar 
collector, J. lnstn Engrs India 69(2), 26 (1989) 

26T W. H Tadros and S H Soltman, Effect of solar 
radmt~on on performance of solar flatplate collector, 
J. lnsm Engrs India 69(2), 31 (1989). 

27T. T. Tanaka, Unsteady laminar flow heat transfer m 
receiver tube, Denshl Gijutsu Sogo Kenkyusho 111o 
53(9), 158 (1989). 

28T_ S T Thynell and C U Merkele, Analysis of 
volumetric absorption of solar energy and its 
interactaon with convection, J Heat Transfer 111(4), 
1006 (1989) 



He, at u'ansf¢~ - -  a t~-wew of 1989 htexature 2435 

Azr heaters and dryers, and water heaters 
29T M T AI-Kamil and M. F. N AI-Atragjee, Packed- 

bed solar collector m a thermosyphon water heating 
system, J. Solar Energy Res. 7(1), 17 (1989). 

30"1" S K. Das and Y Kumar, Design and performance 
of a solar dryer with vemcal collector chimney 
suitable forrural application, Energy Convers Mgmt 
29(2), 129 (1989). 

3 IT 1. H. Davidson, H. A. Walker and G. O. G. Lof, 
Experimental study of a self-pumping boiling 
collector solar hot water, J, Solar Energy Engng 
111(3), 211 (1989). 

32T G. De Beni and R. Friesen, Solarplant for hot water 
production with spontaneous downward heat 
tzansport Part 2. Expertmental results, Energ 
Alternative Habitat Terr. Energ. 11(59), 201 (1989). 

33T. A. M. EI-Haggen, Overmght energy redtstnhutmn 
m solar water heater tanks, J_ lnstn Engrs India 
69(1), 10 (1988). 

34T. M. F. M. Fahmy and M. Abd-El Sadek, Modeling 
and analysts of the dynamic behavior of a forced 
ctrculation solar water heating system with storage 
tanks in series, Energy Convers_ Mgmt 29(4), 227 
(1989) 

35T. F. Haghighat, Numerical simulatton of the 
performance of an air heating solar collector, Int J_ 
Ambient Energy 9(3), 135 (1988). 

36T M. A. Hassah and M. M. Sorour, Heat transfer 
studies in matrix-type solar air heaters, J Solar 
Energy Engng 111(1), 82 (1989) 

37T. P. A. Hobson and B. Norton, Verifw, d accurate 
performance simulation model  of  direct 
thermosyphon solar energy water heaters, J. Solar 
Energy Engng 110(4), 282 (1988). 

38T B 1. Huang, Development of long-term 
performance correlauon for solar thermosyphon 
water heater, J. Solar Energy Engng 111(2), 124 
(1989). 

39T. Y. Itaya, K. Adachi, M. Mizuno and M. Hasatani, 
Heat transfer and heat storage characterisucs of 
optically semi~anspa~nt-materialpacked-bed solar 
atr heater, J Chem Engng Japan 22(1), 11 (1989). 

40T. Z -N. Li and Z.-F. Tong, Integrated solar dryer and 
its performance evaluation, Taiyangneng Xuebao 
10(1), 14 (1989). 

41T G. K. Muralidhar, J. Nagaraju and S Mohan, 
Effectiveness ofadhfferential temperature cont~ller 
on a solar water heating system: an experimental 
study, J. Solar Energy Engng 111(1), 97 (1989). 

42T. T. Naegele and 1. E. Hay, Measured and simulated 
performance of a solar domestic hot water system, 
Trans. Can. Soc. Mech. Engrs 12(2), 89 (1988). 

43T N M. Nahax, Performance and testing of a natural 
cLrculationsolarwaterheafingsystem, lnt J Ambient 
Energy 9(3), 149 (1988). 

44T R. D. Skocypec, R. F Boehm and 1. M. Chavez, 
Heat Izansfer modeling of the IEA/SSPS volumetric 
ieceiver, J. Solar Energy Engng 111(2), 138 (1989) 

45T. Y. P Yadav, G. N. Txwan and S. Sucheta, Analytical 
study of a ground collector integrated with heat 

exchanger,Energy Comers. Mgnu 29(4), 245 (1989). 

Passive heanng, energy storage, and solar ponds 
46T. N. K. Ghaddar, A. M. AI-Marafie and A AI- 

Kandari, Numerical simulation of stratification 
behaviour in thermal storage tanks, Appl Energy 
32(3), 225 (1989) 

47T. P. Gruber and J. Toedth, On the optunal thermal 
storage capability of a homogeneous wall under 
smusoidal excitations, Energy BRIg 13(3), 177 
(1989). 

48T. F. D. Heldt and H. J. Streppel, Rachative and 
convecttve heat exchange inside a test box with solar 
gain, Infrared Phys. 29(2--4), 215 (1989). 

49T. M. Issa and M. A1-Nimr, Temperature distribuuon 
reside hot water storage tanks of solar collectors, 
J Solar Energy Engng 111(4), 311 (1989) 

50T. D. R. Munoz, F. Zangrando, R. Viskanta and F. P. 
Incropera, Gradiem layer enwainmem conelation 
for a salt gradient solar pond with storage layer 
rectrculaUon, J. Solar Energy Engng 110(4), 248 
(1988). 

51T.R. L Retd, A. H. P. Swift, W. J. Boegli, V. R. Kane 
and B. A. Castaneda, Design construction, and imtial 
operation of a 3355 m 2 solar pond in E1Paso,J Solar 
Energy Engng 111(4), 330 (1989). 

52T G. J. Schoenau and R. A. Kehrig, A correlation 
method for predicting monthly and annual coohng 
loads in direct gain passive solar heated buildings, 
Energy Convers. Mgmt 29(3), 175 (1989) 

53T. T. Tanaka~ Analysis of heat generation using heat 
ofdiluuon (sulfuric a~id-qvater),Denshl Gijutsu Sogo 
Kenky~ho lho 53(9), 172 (1989). 

543". T. Tanaka, Study on unsteady heat conduction in 
sensible heat storage unit of hollow cylinder type, 
Denshi Gijutsu Sogo Kenkyusho lho 53(9), 139 
(1989) 

55T.T Tanaka, Study on heat wansfer characteristics of 
latent heat storage unit, Densh: Gijutsu Sogo 
Kenkyusho lho 53(9), 132 (1989). 

563". A Tromhe, R. Javelas and M. Petit, Real site 
experimental study of thermic behavtor of a ground 
slab, Revue Gen ThermJque 28(328), 244 (1989). 

Miscellaneous applications 
57T K. Kanayama, H. Baba and M. Yamamoto, 

Estimation of the performance of a solar-heat pump 
system, Heat Transfer--lap Res. 18(3), 71 (1989) 

58T. P. Kumar and S. Devotta, Modelling of the thermal 
behaviour of a solar regenerator for open-cycle 
cooling systems, Appi. Energy 33(4), 287 (1989) 

59T A. K Lau and L. M. Staley, Solar radiation 
uransmassion and capture in gn~enhonses, Can Agric 
Engng 31(2), 205 (1989). 

60T. A.K. Lan and L. M. Staley, Solar heating systems 
design procedure for gxeenhouse with internal 
collection and sensible heat storage, J Solar Energy 
Engng 111(2), 165 (1989). 

6IT. M. Levy, H. Rosin and R. Levitan, Chemical 
reactions in a solar furnace by direct solar irradiation 



2436 E R.G ~ r e t a l  

of the catalyst, J. Solar Energy Engng 111(1), 96 
(1989)_ 

62T_ A. V Narasimha Rao, T. L. Sltharama Rao and S 
Subrabmanyam, Marror boosters for solar cookers 

11, Energy Convers Mgmt 29(3), 157 (1989). 
63T. M Singh, G. N. Tiwari and Y P Yadav, Solar 

energy utilization for heating of indoor swtmmmg 
pool, Energy Convers Mgmt 29(4), 239 (1989). 

64T S. Subrarnanyarn, Use of solax heat to upgrade 
bmgas plant performance, Energy Convers Mgrat 
29(1), 73 (1989) 

65T G N Tiwara, A. Chandra, K. K. Singh, S. Sucheta 
and Y. P_ Yadav, Stuches of KVIC biogas system 
coupled with flat plate collector, Energy Convers. 
Mgmt 29(4), 253 (1989). 

66T. G N. Tiwan, S A. Lawrence and S. P Gupta, 
Analytical study of multi-effect solar still, Energy 
Convers Mgmt 29(4), 259 (1989) 

67T G. N Tlwarl, S P. Gupta and S A_ Lawrence, 
Transient analys is  o f  solar  S till m the presence of 
dye, Energy Convers Mgmt 29(1), 59 (1989). 

8U. D. Morvan, F. Slootman, T Roger, N. Madtgou, P 
Johvet. P. Humbert, C. Joycux and J Amouroux, 
Analysis of heat and mass trans ferphenomena during 
the elaboratmn of matenals by plasma melting. 
Al:rplicauon to silicon and utaniurn, Rev. lnt Hautes 
Temp_ Refract 25(2), 93 (1989). 

9U A D. Stokes and L J Cao, Ablatmn arcs I arcs m 
ice, J Phys D 22(11), 1697 (1989) 

10U A. D Stokes, H. Sibdska and P Kovitya, Ablauon 
arcs IT' arcs in plastic matenals and m bone acid, 
J Phys D 22(11), 1702(1989) 

I lU  S.C Tam,L.-E LmdgrenandL J.Yang,Computer 
stmulatmn of temperature fields in mecharused 
plasma-arc welding, J_ Mech Work Technol. 19(1), 
23 (1989) 

12U. D. Y. We1, D. Apelian and B Farouk, Particle 
melting in hagh temperature supersonic low pressu~ 
plasma jets, Metall Trans B 20(2), 251 (1989). 

13U. M. I. Yakushm, Modeling convective 
noneqmhbrium heat transfer of bodies with 
hypersomc flows at induction plasmotrons, Hzgh 
Temp 26(4), 569 (1989). 

P L A S M A  HEAT TRANSFER A N D  M H D  

Plasma heat transfer, wzth emphaszs on matertals 
processing apphcanons 
1U. R C. Blssell, P C. Johnson and P C. Stangeby, A 

review of models for collislonless one-dmaensmnal 
plasma flow to a boundary, Phystcs Fluids B 1(5), 
1133 (1989). 

2U. A. E. Curzon, The increase in temperature of a 
rectangular film when subjected to electron 
irradlatmn and/or high-temperature thermal 
irrachafion, J Phys. D 22(2), 295 (1989) 

3U J. Dowden, P. Kapadm and N Postacioglu, An 
analysis of the laser-plasma interaction in laser 
keyhole welding, J Phys. D 22(6), 741 (1989) 

4U K. Etemadi, G Y. Zhao and J. Mostaghnm, Impact 
of cathode evaporation on a free-burning arc, 
J Phys D 22(11), 1692 (1989) 

5U P. Fauchais, M Vardelle, A Vardelle and J. F. 
Coudert, Plasma spraying of cerarmc parlacles in 
argon--hydxogcn d c. plasma jets: modeling and 
measurements of particles m flight correlation with 
thermophysical properties of sprayed layers, Metall 
Trans B 20(2), 263 (1989) 

6U F G Feok-tistov, Y. E. Vasfl'ev, A. I Shcherbanov 
and G I. Dommn, Features of the melting of electrode 
surfaces by an arc ¢hscharge in a vacuum, Metallurgxst 
USSR 32(5--6), 210 (1989) 

7U J M Leger, A. Gnmaud, P Rotmulhac and P_ 
Fauchais, Characterization of a low pressure plasma 
torch and of heat transfers between a plasma jet and 
a surface, Rev_ Ira Hautes Temp Refract. 25(3), 159 
(1989). 

Heat transfer in MHD and EHD flows 
14U. A. K. Agrawal, B. IOshor and A. Raptis, Effects of 

MHD free convection and mass transfer on the flow 
past a vibrating infinite vertical circular cylinder, 
Warme Stoffuebertrag 24(4), 243 (1989). 

15U. J. S. Chang and I. Maezono, Effects of 
electrohydrodynarnic flow on a corona torch, 
J Electrostancs 23, 323 (1989) 

16U. G. C. Dash and B. K. Ojha, Hydromagnetic flow 
and heat txansfer of elastico-vlscous fluid over a 
porous plat," in the shp flow regime, Modell. Slmul 
Control B 20(2), 39 (1989). 

17U. V. V. Gogosov and A. Ya Simonovskai, Locally 
nonuniform cooling m magnetic fluid quenching, 
Fluut Dyn. 24(2), 163 (1989). 

18U S.-W. Kang and R. McCallen, Plasma behavior in 
the boundary layer near a raxlgun surface,IEEE Trans 
Magn 25(1), 277 (1989). 

19U J. Lohrasbi. Magnetohydrodynamic heat transfer 
in two-phase flow with temperature-dependent 
transport pmpertics,J Propul Pwr 5( 3 ), 366 (1989 ) 

20U B. F Picologlou, C. B Reed, T. Q Hua and A. S. 
Lavme, Design of a heat transfer liqmd metal MHD 
experunent for ALEX, Fusion Technol 15(2), 1186 
(1989). 

21U. N, C. Sachet1 and A. K. Singh, Heat transfer aspect 
m generalized hydromagnetic Couette flow through 
a channel bounded by a naturally permeable mamrml, 
Modell. S,mul. Control B 19(1), 21 (1988). 

22U. K. Vajravlu, Combined free and forced convecuon 
in hydromagnetic flows, m vertlcal wavy channels, 
with travelling thermal waves, Ira J. Engng Set. 27 (3), 
289 (1989). 



Heat tnm.ff~ - -  a r~.view of 1989 htexature 2437 

23U. N. Yamasluta andK. Nakatsuka, Effect ofmagneuc 
field on the cooling of temperatuxe-senszfive mag- 
netic fired, J. Japan Soc Powder Metall 36(6), 807 
(1989). 

24U. A. Ying, A. S. Levine and M. Tillack, Effect of 
Harffnann and side layers on heat transfer in 
magnetohydrodynamic flow, Fusion Technol. 15(2), 
1169 (1989). 


