
Inttrnational Journal of 

HEAT and MASS 
TRANSFER 
E. A. BRUN, CARL GAZLEY,JR., U. GRIGULL, J. P. HARTNETT 

0. C. MARTYNENKO, Y. MORI, R,I. SOLOUKHIN, D. 8. SPALDING 

VOLUME 22 1!379 

PERGAMON PRESS 
OXFORD - NEW YORK * PARIS * FRANKFURT 



INTERNATIONAL JOURNAL OF HEAT AND MASS TRANSFER 
BOARD OF EDITORS 

E. A. BRUN, S place du Commerce, Paris I%me, France 
CARL GAZLEY, JR., Dept. of Geophysics and Astronomy, The RAND Corporation. 

1700 Main Street, Santa Monica, California 90406, U.S.A. 

J. GOSSE (Associate Editor), C.N.A.M.. 292, rue Saint-Martin, 75141-Paris Cedex 03, France 
U. GRIGULL, Technische Univcrsitit, Arcisstrasse 21, Miinchen, Germany 

E. HAHNE (Associate Editor), lnstitut fur Thermodynamik und Warmettulhnik, Siedenstrasse 36, 7000 Stuttgart 1, 
Germany 

J. P. HARTNETT, Energy Engineering Dept., University of Illinois, Box 4348, Chicago, Illinois 60680. U.S.A. 

0. G. MARTYNENKO,-Heat and Mass Transfer Institute. Byelorussian Academy of Sciences, 25 Podlesnaya, 
Minsk, B.S.S.R., U.S.S.R. 

W. J. MINKOWYCZ (Associate Editor), Energy Engineering Dept., 
University of Illinois, Box 4348, Chicago, Illinois 60680, U.S.A. 

Y. MORI, Faculty of Engineering, Tokyo Institute of Technology, Meguro-ku, Tokyo, Japan 
R. I. SOLOUKHIN, Heat and Mass Transfer Institute, Byelorussian Academy of Sciences, 25 Podlesnaya, 

Minsk, B.S.S.R., U.S.S.R. 

D. B. SPALDING, Bakery House, 40 High St., Wimbledon, London SW19 5AU, England 

B. R. PA1 (Associate Editor for the Indian Sub-Continent), National Aeronautical Laboratory, 
Post Bag No. 1779, Bangalore-560017, India 

HONORARY EDITORIAL ADVISORY BOARD 

Chitnan: E. R. G. ECKERT’, Universify of Minnesota, Minneapolis, Minnesota 55455, U.S.A. 

Past-chairman: Sir OWEN SAUNDERS, F.R.s., Imperial College, London, England 

L. H. BACK. Pasudeno 
F. J. BAYLEY, Sussex 
J. BEER, Sheffield 
F. BOSNJAKOVIC, Srurlgarf 
J. W. CIBOROWSKI, Warsaw 
J. A. CLARK, Ann Arbor 

I. CURIEVICI, lasi. Romania 

D. A. DE VRIES, Eindhoven 

R. G. DEISSLER, Cleveland, Ohio 

J. J. D. DOMINGOS. Lisbon 

R. V. DUNKLE. Melbourne 

D. K. EDWARDS, Los Angeles 
R. EICHHORN. Lexington 
H. W. EMMONS, 

Cambridge, Massachraeffs 

A. ENDRENYI, Uudapesr 
A. FORTIER, Orsuy 
B. GEBHART, New York 

H. GLASEK. Stutfgarr 

R. J. GOLDSTEIN, Minneapolis 
P. GRASSMAN. Wrirh 

A. A. GUKHMAN, Moscow 
W. B. HALL, Munches/er, Englund 
G. F. HEWITT, Harwell. England 

T. W. HOFFMAN, 
Hamilton, Ontario 

T. F. IRVINE, JK., 
Srony Brook, New York 

Y. KATTO, Tokyo 

S. S. KUTATELADZE, Novosibirsk 

A. I. LEONTIEV, Moscow 
J. MATHIEU, Ecullv 
M. D. MIKHAILOV. SO/&I 
Yu. A. MIKHAILOV, Riga 

TOKURO MIZUSHINA, Kyoro 
H. MONDIN, Grenoble 

1. I_. MOSTINSKY, Moscow 

L. G. NAPOLITANO, h’rrples 

K. NISHIKAWA. Hakozaki. Jupun 

T. D. PATTEN, Edinburgh 

J. R. A. PEARSON, London 

K 1JRT PETERS, l’ie/r,rcr 
A. A. POMERANTSEV, ~Qfoscow 
A. RAMACHANDRAN, Madras 

J. F. RICHARDSON, Swunsea, Wales 
WARREN M. ROHSENOW, 

Cambridge. Mussochusetrs 
J. J. RONCO, Lo P/a/a, Argenfinu 

R. H. SABERSKY, 
Pasadena, California 

T. SATO, Kyoto, Japan 
JIRI SCHNELLER, 

Bechovice, Czechoslovakia 
R. A. SEBAN, 

Berkeley, Calijornia 
S. SIDEM.$Ni Huifu 

R. S. SILVER, Glasgow 

MARIO SILVESTRI, Milan 
E. M. SPARROW, 

Minneapolis, Minnesoru 
M. A. STYRIKOVICH. Moscow 
J. TABOREK, Alhambra, California 
C.-L. TIEN, Berke/e.s, Culijorniu 
Y. S. TOULOUKIAN, 

West Lafayelte, Indiana 
M. G. VELARDE, Madrid 
D. VORTMEYER, Mtinchen 

J. W. WESTWATER. 
Urbana, Illinois 

S. S. ZABRODSKY, Minsk 
Z. ZARIC, Beograd, Yugoslavia 
A. A. ZHUKAUSKAS, Vilnius 
N ZUBER. Washing/on, D.C. 

Annud Subscripfion Rues 1980 
For libraries. research establishments and all other multlplc-reader institutions-U.S. 1292.00(~ncIudingpoztageand1nsurance).l‘wo-yearrate 

(1980/1981): U.S. 1554.80. Subscrl lion enquiries from c~slomrrs in North Amera should be sent to: Pergamon Press Inc.. FaIrview Park. 
Elmsford. NY 10523. U.S.A.. and or the remainder of the world to: Pergamon Press Ltd., Headington Hill Hall, Oxford OX3 OBW, England. P 

In the interests of maximlsing the dissemination of ihe rc&rch results published in this important international journal we have cuabllshed 
Q two-tier price structure. Any mdividual. whose institulaon takes out 3 hhrary subscription, may purchase a second or additional subscription 
for personal use at the much reduced rate of US 545 per annum. 

hlicroform Subscriptions and Back Issues 
Back issues of all pwiously published volumes are available in the regular edltions and on microfilm and microfiche. Current subscrxptions 
are available on mwofiche simultaneously with the paper edition and on microfilm on completion of the annual index at the end of the 
subscription year. 

t’ublldrrd monrhl) 

Copyright I: Pergamon Press Ltd. 1979 

It is ? condition of publication that manuscripts submitted tothis journal hate nor been publishedand will not be simulraneously submItted or 
publtsh,ed c!sewhere. BY oubmittjng a manuscript, the authors agree that the copyright fortheir article is transferred to the publisher if and when 
the artlcle 19 ,accepted fgr publlcatlon. Howc~er. assignmenl of copyright is not required from authors who work for organisations which 
do not per?ut such ay#gnment. The CopyrIght covers the exclusive rights to reproduce and distribute the article, including reprints, 
photo 
,CPT J 

raphlc 
uce$ 

rcpr~uct~on%, microform or any other rcproductlons of similar nature. and translations. No part of this publication may be 
stored I! a retrieval system or transmitted in any form or by any means. electronic. elec~rosIalic. magnetic tape. mechanical. 

photocopymg. recordmg or otherwise, without permission m Hliting from the copyright holder. 

Headington Hill Hall, 
Oxford OX3 OBW, England 

..- 
PERGAMON PRESS 

Maxwell House, Fairview Park, 
Elmsford, New York 10523, U.S.A. 



J. GOSSE 

ANTONIO CAMPO and 
TOSHIO YOSHIMURA 

T. R. SEETHARAM and 
G. K. SHARMA 

X. GARONNE, R. GUILLAUME, 
A. PAPON et G. SALAUN-PENQUER 

M. R. MOKHTARZADEH and 
A. A. EL-SHIRBINI 

P. H. HOFFMANN and A. E. PERRY 

M. CROSS, R. D. GIBSON and 
R. W. YOUNG 

T. AIHARA, M. TAGA and 
T. HARAGUCHI 

J. K. AGGARWAL and L. TALBOT 

JWO-MIN CHEN and ROBERT G. 
WATTS 

D. R. JENG, K. J. DEWITT and 
M. H. LEE 

J. W. HEMMINGS and J. KERN 

J. F. BRISON, G. CHARNAY et 
G. COMTE-BELLOT 

G. J. CAPONE and E. L. PARK, JR. 

K. S. ADZERIKHO, 
V. I. ANTSULEVICH, YA. K. LAPKO 
and V. P. NEKRASOV 

BENJAMIN GEBHART, MICHAEL S. 
BENDELL and HUSSAIN 
SHAUKATULLAH 

YASUO MORI 

R. I. SOL~UKHIN and 
0. G. MARTYNENKO 

Shorter Communications 
MOHAMED S. EL-GENK and 
AUGUST W. CRONENBERG 

R. M. ABDEL-WAHED, J. W. RAMSEY 
and E. M. SPARROW 

A. KH. MURANEVICH 

1 Edmond A. Brun a I’occasion de son quatre-vingtieme 
anniversaire (Edmond A. Brun on the occasion of his 
eightieth birthday) 

5 

13 

Random heat transfer in flat channels with timewise 
variation of ambient temperature 

Free convective heat transfer to fluids in the near- 
critical region from vertical surfaces with uniform 
heat flux 

21 Sur une nouvelle methode de calcul de l’influence de 
la condensation dans le developpement des panaches 
thermiques 

27 A theoretical analysis of evaporating droplets in an 
immiscible liquid 

39 The development of turbulent thermal layers on flat 
plates 

47 Pressure generation during the drying of a porous 
half-space 

51 Heat transfer from a uniform heat flux wedge in air- 
water mist flows 

61 

77 

Electra-chemical measurements of mass transfer in 
semi-cylindrical hollows 

A steady vortex driven by a heat line source 

89 

99 

Forced convection over rotating bodies with non- 
uniform surface temperature 

The non-adiabatic calorimeter problem and its 
application to transfer processes in suspensions of 
solids 

111 

121 

Calcul des transferts thermiques entre film chaud et 
substrat par un modele a deux dimensions: prevision 
de la reponse dynamique de sondes usuelles 

Film boiling of Freon 113, normal pentane, cyclo- 
pentane and benzene from cylindrical surfaces at 
moderate pressures 

131 Luminescence of two-phase inhomogeneous media 
of cylindrical geometry 

137 Buoyancy induced flows adjacent to horizontal 
surfaces in water near its density extremum 

151 Heat transfer bibliography-Japanese works 

157 Heat and mass transfer bibliography-Soviet works 

167 

171 

173 

Some improvements to the solution of Stefan-like problems 

Photographic study of melting about an embedded horizontal 
heating cylinder 

Lattice thermal conductivities of TiO-Me0 (Me= Ni,Co,Mn) 
solid solutions 

. . . 
111 

Contents 

January 



Contents 

February 

JULES THIBAULT and 
TERRENCE W. HOFFMAN 

T. S. CHEN and A. MUCOGLU 

177 

185 

A heat flux meter to determine the local boiling heat 
flux density during a quenching experiment 

Wave instability of mixed convection flow over a 
horizontal flat plate 

TERUKAZU OTA and NOBUHIKO KON 197 

S. D. R. WILSON 207 

Heat transfer in the separated and reattached flow 
over blunt flat plates-effects of nose shape 

Steady and transient film boiling on a sphere in forced 
convection 

ADRIAN BEJAN 219 A general variational principle for thermal insulation 
system design 

J. P. BARDON, B. FOURCHER et 
B. CASSACNE 

229 

JACOB H. MASLIYAH and 
TRUNG T. NGUYEN 

CHING JEN CHEN and 
CONSTANTINOS P. NIKITOPOULOS 

C. L. D. HUANG, H. H. SIANG and 
C. H. BEST 

237 

Stockage pCriodique par chaleur sensible-aspects 
fondamentaux lies % la cinttique des transferts 

Mass transfer due to an impinging slot jet 

245 

257 

On the near field characteristics of axisymmetric 
turbulent buoyant jets in a uniform environment 

Heat and moisture transfer in concrete slabs 

R. G. BILL, JR. and B. GEBHART 267 

W. K. MELVILLE and K. N. C. BRAY 279 

S. S. KUTATELADZE 289 

The development of turbulent transport in a vertical 
natural convection boundary layer 

The two-phase turbulent jet 

Boiling and bubbling heat transfer under free con- 
vection of liquid 

L. L. VASILIEV and V. A. MAIOROV 301 An analytical study of resistance, heat transfer and 
stability in evaporative cooling of a porous heat- 
producing element 

F. T. SMITH and D. S. RILEY 

R. I. SOLOUKHIN and 
0. G. MARTYNENKO 

E. M. SPARROW and L. R. LAING 

309 A model of convector heating from a flat plate 

321 Heat and mass transfer bibliography-Soviet works 

331 Heat transfer bibliography 

Shorter Communications 

P. A. A. LAURA and G. SANCHEZ 
SARMIENTO 

341 Temperature distribution in a composite prismatic rod in the 
case of heat generation in the circular, cylindrical concentric 
core 

SIGURDS ARAJS and J. B. MCLAUGHLIN 343 Natural convection from single horizontal platinum wires 

Book Reviews 
N. C. MARKATOS 

KEITH C~RNWELL 

347 

347 

348 

348 

Heat Transfer in Boiling, edited by E. Hahne and U. Grigull 

E. L. SCHMIDT 

B. W. MARTIN 

Heat and Mass Transfer Source Book,edited by M. A. Styri- 
kovich, A. A. Zukauskas, J. P. Hartnett and T. F. Irvine, Jr. 

New Heating Systems-Decentralised Heat-Power-Coupling 
by Combustion Engines,VDI Report No. 287 

Annual Review of Fluid Mechanics, edited by M. Van Dyke, 
J. V. Wehausen and J. L. Lumley 

iv 



Contents 

K. K. TIEN and E. M. SPARROW 

E. VAN DE SANDE and B. J. G. HAMER 

E. S. GADD~S 

I-I. K. MOHANTY 

Z. P. SHULMAN, V. I. K~RD~NSKY and 
S. A. DEMCHUK 

0. KvERNv~LD 

W. ZIJL, F. J. M. RAMAKERS and 
S. J. D. VAN STRALEN 

C. F. HESS and C. W. MILLER 

K, LUCAS and B. MOSER 

P. BOON-LONG, T. W. LESTER and 
R. E. FAW 

T. N. VEZIROELU, A. WILLIAMS, 
S. KAKAC and P. NAYAK 

M. ROBNIK, I. KUSEER and I-I .LANG 

J. N, CANNON, W. B. KRANTZ, 
F. KREITH and D. NAOT 

Shorter Communications 

B. SCI-IMI~-V. SCHUBERT 

W. HALWACHS and H. R. HOWIND 

Letter to the Editors 
K. REHME 

349 

361 

371 

383 

389 

395 

401 

421 

431 

437 

447 

461 

469 

485 

488 

491 

Local heat transfer and fluid flow characteristics for 
airflow oblique or normal to a square plate 

Steady and transient natural convection in enclosures 
between horizontal circular cylinders (constant heat 
flux) 

Solution of the two phase boundary-layer equations 
for Iaminar film condensation of vapour flowing 
per~ndicular to a horizontal cylinder 

Unsteady natural convection in horizontal channels 
with arbitrary wall temperatures 

The mechanism of heat transfer in magnetorheo- 
logical systems 

On the stability of non-linear convection in a Hele- 
Shaw cell 

Global numerical solutions of growth and departure 
of a vapour bubble at a horizontal superheated wall 
in a pure liquid and a binary mixture 

Natural convection in a vertical cylinder subject to 
constant heat flux 

Laminar film condensation of pure vapours in tubes 

Convective heat transfer in an internally heated 
horizontal fluid layer with unequal boundary temp- 
eratures 

Prediction and measurement of the thermal conduct- 
ance of laminated stacks 

Influence of evaporation and condensation upon 
sound reflection 

A study of transpiration from porous flat plates 
simulating plant leaves 

Effect of wall accommodation on heat transfer and pressure 
in the stagnation region of blunt bodies 

Mass-transfer coefficients of acetone in the volume changing 
system-n-butylacetatelacetone~water 

Comments on “An investigation of heat transfer and friction 
for rib-roughened surfaces” 

V 



Contents 

J. T. TENC;, R. GREIF, I. CORNET 
and R. N. SMITH 

Y. ZVIRIN and R. GREIF 

493 

499 

G. P. MERKER, P. WAAS and 
U. GRIGULL 

505 

E. GERUM, J. STRAUR and 
U. GRI(;ULL 

517 

A. BROWN and C. L. SALUJA 525 

J. R. KKASKA and R. L. SANI 

M. M. SHAH 

535 

547 

M. M. SHAH 557 

STEPHEN K. WALSH and 
S. D. R. WILSON 

Y. KAI-TO 

569 

575 

S~ANISLAW SIENIUTYCZ 585 

D. L. OEHLRECK and F. F. ERIAN 601 

M. BEHNIA and R. VISKAN~A 61 I 

Shorter Communications 

P. A. A. LAURA, G. SANCHEZ SARMIENTO 
and M. E. OLIVETTO 

DAVID W. WOODRUFF and 
J. W. WESTWATER 

Lei:ers to the Editors 

G. M. HARPOLE and D. K. EDWARDS 

M. C. YUEN and L. W. CHEN 

Book Reviews 

B. LEVICH 

R. C. MJOLSNESS 

M. D. MIKHAILOV 

R. W. BILGER 

NORMAN CHIGIER 

625 

629 

633 Effect of radiation on evaporating droplets 

634 Rejoinder 

635 

636 

637 

637 

637 

April 

Study of heat and mass transfer in pipe flows with 
non-Newtonian fluids 

Transient behavior of natural circulation loops: two 
vertical branches with point heat source and sink 

Onset of convection in a horizontal water layer with 
maximum density effects 

Superheating in nucleate boiling calculated by the 
heterogeneous nucleation theory 

Film cooling from a single hole and a row of holes 
of variable pitch to diameter ratio 

Finite amplitude BCnard-Rayleigh convection 

A general correlation for heat transfer during film 
condensation inside pipes 

A generalized graphical method for predicting CHF 
in uniformly heated vertical tubes 

Boundary-layer flow in forced-convection film- 
boiling on a wedge 

Generalized correlations of critical heat flux for the 
forced convection boiling in vertical uniformly 
heated annuli 

The wave equations for simultaneous heat and mass 
transfer in moving media-structure testing, time- 
space transformations and variational approach 

Heat transfer from axisymmetric sources at the 
surface of a rotating disk 

Free convection in thermally stratified water cooled 
from above 

Numerical experiments on the determination of unsteady 
state temperature distribution in a solid propellant rocket 
motor 

Steam condensation on electroplated gold: effect of plating 
thickness 

Mathematical Theory of Diffusion Phenomena and Reactions 
in Porous Catalysts. by R. Aris 

Turbulence in Internal Flows: Turbomachinery and Other 
Engineering Applications, Edited by S. N. B. Murthy 

Basic Heat Transfer, by M. Necati t)zisik 

Studies in Convection: Theory, Measurement and Appli-’ 
cations, Edited by B. E. Launder 

Studies in Convection: Theory, Measurement and Appli- 
cations, Edited by B. E. Launder 

vi 



S. N. SINGH and J. M. ELLIOT 639 

W. K. MELVILLE and K. N. C. BRAY 647 

J. B. HEILIWELI. and M. F. MOSA 657 

YASUO Ko~zuhu. TATSUHIRO UEDA 
and HIROAKI TANAKA 

D. A. SIMMERS and J. E. R. CONEY 

NORBERT PETERS 

P. E. PICKETT, M. F. TAYL.OR and 
D. M. MCELIGOT 

RAJINDAR SINGH and 
ROBERT L. LAURENCE 

RAJINDAR SINGH and 
ROBERT L. LAURENCE 

B. DULIEU, M. L. BONNIAUII et 
J. P. WALCH 

JERZY K. FISZDON 

R. F. BERGHOLZ, M. M. CHEN and 

F. B. CHEUNG 

shorter eomrnttn~c~tio~s 

JAMES SUCEC 

J. H. LIENHARD and R. EICHH~RN 

M. S. SODHA,~. C. GOYAL, S. C. KAUSHIK, 
G. N. TIWARI, A. K. S~rri and 
M. A. S. MALIK 

Y. KAT~O 783 

P. P. GRASSMANN 795 

P. P. GRASSMANN and M. TUMA 799 

R. MONACO 805 

669 

679 

691 

705 

721 

731 

739 

749 

763 

771 

774 

777 

Contents 

Free convection between horizontal concentric 
cylinders in a slightly-thermally stratified fluid 

A model of the two-phase turbulent jet 

Radiative heat transfer in horizontal magnetohydro- 
dynamic channel flow with buoyancy effects and an 
axial temperature gradient 

Post dryout heat transfer to R-l 13 upward flow in a 
vertical tube 

A Reynolds analogy solution for the heat transfer 
characteristics of combined Taylor vortex and axial 
flows 

Premixed burning in diffusion flames-the flame zone 
model of Libby and Economos 

Heated turbulent flow of helium-argon mixtures in 
tubes 

Influence of slip velocity at a membrane surface on 
uItra~ltration performance--T. Channel flow system 

influence of slip velocity at a membrane surface on 
ultrafiltration performance-II. Tube flow system 

Convection naturelle dans une enceinte rectangulaire 
presque horizontale chauffee par le haut 

Melting of powder grains in a plasma flame 

Generalization of heat-transfer results for turbulent 
free convection adjacent to horizontal surfaces 

Extension of a modified integral method to boundary con- 
ditions of prescribed surface heat flux 

On predicting boiling burnout for heaters cooled by liquid 
jets 
Periodic heat transfer with temperature dependent thermal 
conductivity 

June 

A generalized correlation of critical heat flux for the 
forced convection boiling in vertical uniformly 
heated round tubes-a supplementary report 

Applications of the electrolytic method-I. Advan- 
tages and disadvantages, mass transfer between a 
falling film and the wall 

Applications of the electrolytic method-IL Mass 
transfer within a tube for steady, oscillating and 
pulsating flows 

Time-evolution of spherical droplets in vapour 
environment: a physical-mathematical model 

vii 



Contents 

W. K. GEORGE, JR. and S. P. CAPP 813 

R. D. GIBSON, M. CROSS and 
R. W. YOUNG 

J. A. VALENCIA-CHAVEZ and 
R. C. REID 

J. C. GOTTIFREDI and 0. D. QUIROGA 

827 

831 

839 

E. M. PARMENTIER 849 

R. TAL THAU and B. GAL-OR 857 

Y. JALURIA 865 

J. BRANSIER 875 

R. L. STREET 885 

R. GREIF, T. NAMBA and 
M. NIKANJAM 

E. M. SPARROW and R. G. KEMINK 

901 

909 

A. BEJAN and C.-L. TIEN 919 

P. J. BURNS and C. L. TIEN 929 

A. B. CROWLEY and J. R. OCKENDON 941 

E. M. SPARROW and L. R. LAING 

R. I. SOLOUKHIN and 
0. G. MARTYNENKO 

949 Heat transfer bibliography 
959 Heat and mass transfer bibliography-Soviet works 

Shorter Communications 
J. W. ROSE 

A. BURNS 

W. J. CHEN, Y. LEE and D. C. GROENEVELD 

J. C. LEGROS, J. WESFREID and 
J. K. PLATTEN 

K. MAKINO and I. MICHIYOSHI 

Book Reviews 

969 

969 

973 

976 

979 

983 

A theory for natural convection turbulent boundary 
layers next to heated vertical surfaces 

Pressure gradients generated during the drying of 
porous shapes 

The effect of composition on the boiling rates of 
liquefied natural gas for confined spills on water 

Gas absorption accompanied by first-order revers- 
ible and irreversible reactions in turbulent liquid 
films 

Two phase natural convection adjacent to a vertical 
heated surface in a permeable medium 

Heat and mass transfer in reacting flow systems: 
an approximate theory 

An experimental study of the interface of a condens- 
ing vapour region 

Stockage periodique par chaleur latente aspects 
fondamentaux lies a la cinttique des transferts 

Turbulent heat and mass transfers across a rough, 
air-water interface: a simple theory 

Heat transfer during piston compression including 
side wall and convection effects 

The effect of a mixing tee on turbulent heat transfer 
in a tube 

Natural convection in horizontal space bounded by 
two concentric cylinders with different end tempera- 
tures 

Natural convection in porous media bounded by 
concentric spheres and horizontal cylinders 

On the numerical solution of an alloy solidification 
problem 

Boundary-layer flow on a flat plate 

Heat-transfer coefficient correlations for thermal regenerator 
calculations-transient response 

Measurement of boiling curves during rewetting of a hot 
circular duct 

Study of pretransitional induced J%nard convection by two- 
dimensional numerical experiments 

Effects of the initial size of water droplet on its evaporation 
on heated surfaces 

Erratum 987 

. . . 
Vlll 



D. A. LABUNT~~V and 
A. P. KRYUKOV 

T. H. HSIUNG and G. THODOS 

989 Analysis of intensive evaporation and condensation 

1003 

C. K. LAW and M. BINARK 

M. R. BARONE and D. A. CAULK 

1009 

1021 

P. C. WAYNER, JR. 1033 

R. ISHIGURO, K. SUGIYAMA 
and T. KUMADA 

B. S. SINGH and A. DYBBS 

1041 

1049 

G. FLAMENT, F. MOREAUX et 
G. BECK 

1059 

M. S. SAHOTA and P. J. PAGNI 1069 

R. W. HALL and S. J. BOARD 1083 

M. A. HA~~AB and M. N. ~~ZI$IK 1095 

A. J. WILLMOTT and A. BURNS 1107 

S. H. LIN 

B. SUND~N 

1117 

1125 

R. I. SOLOUKHIN and 
0. G. MARTYNENKO 

1137 Heat and mass transfer bibliography-Soviet works 

Shorter Communications 

F. AKOUM and C. KLAPISZ 1147 

R. C. MEHTA 

P. SATYAMURTHY, R. K. MARWAH, 
N. VENKA~RAMANI and V. K. ROHATGI 

D. D. GRAY 

J.-M. CHEN 

1149 

1151 

1155 

1159 

Book Review 

J. F. CLARKE 1163 Moving Boundary Problems, Edited by D. G. Wilson, Alan 

Contents 

July 

Transitional mass-transfer behavior from packed-bed 
conditions to onset of fluidization 

Fuel spray vaporization in humid environment 

The effect of deformation and thermoset cure on 
heat conduction in a chopped-fiber reinforced 
polyester during compression molding 

Effect of interfacial phenomena in the interline region 
on the rewetting of a hot spot 

Heat transfer around a circular cylinder in a liquid- 
sodium crossflow 

Non-isothermal liquid flow and heat transfer in 
sintered metallic porous media 

Instabilitt de la calCfaction g haute temperature sur 
un cylindre vertical trempe dans un liquide sous- 
refroidi 

Heat and mass transfer in porous media subject to 
fires 

The propagation of large scale thermal explosions 

Effects of radiation and convective boundary con- 
ditions on the stability of fluid in an inclined slender 
slot 

The recuperator analogy for the transient perfor- 
mance of thermal regenerators 

Heat transfer to plane non-Newtonian Couette flow 

A theoretical investigation of the effect of freestream 
turbulence on skin friction and heat transfer for a 
bluff body 

Influence on thermal diffusion of the inclination of a column 
with both ends closed 

Extension of the solution of inverse conduction problem 

Estimation of error in steady-state temperature measurement 
due to conduction along the thermocouple leads 

The laminar wall plume in a transverse magnetic field 

Wind and solar energies in the tornado type wind energy 
system 

D. Solomon and Paul T. Boggs 

ix 



Contents 

August 

D. MOALEM MARON and S. COHEN 

F. K. MOORE and 
J. R. RISTORCELLI, JR. 

G. LEBON and PH. MATHIEU 

1165 Non-Darcy flow with change of phase in internally 
energised flat shaped porous element 

1175 Turbulent flow and pressure losses behind oblique 
high-drag heat exchangers 

I 187 A numerical calculation of nonlinear transient heat 
conduction in the fuel elements of a nuclear reactor 

D. W. RUTH 

J. J. VULLIERME, J. J. LAGARDE 
et H. CORDIER 

R. G. HILLS and 
G. P. MULHOLLAND 

1199 On the transition to transverse rolls in an infinite 
vertical fluid layer-a power series solution 

1209 Etude de la resistance de contact entre deux mattriaux 
en frottement-influence de la vitesse relative de 
glissement 

122 1 The accuracy and resolving power of one dimensional 
transient inverse heat conduction theory as applied 
to discrete and inaccurate measurements 

R. I. EDDINGTON and 
D. B. R. KENNING 

123 1 The effect of contact angle on bubble nucleation 

T. C. DANIELS and 1237 The effect of external boundary conditions on 
R. J. WILLIAMS condensation heat transfer in rotating heat pipes 

Shorter Communication 

J. W. ROSE 1243 Boundary-layer flow with transpiration on an isothermal flat 
plate 

September 

B. J. AZZOPARDI 1245 Measurement of drop sizes 

R. SRIVASTAVA and 
D. E. ROSNER 

1281 A new approach to the correlation of boundary 
layer mass transfer rates with thermal diffusion and/ 
or variable properties 

C. L. D. HUANG 1295 Multi-phase moisture transfer in porous media 
subjected to temperature gradient 

I. GOKALP et A. LASEK 1309 Fluctuations de tempirature dans un ecoulement 
turbulent 9 temperature ClevCe 

Shorter Commwzication 

AKIRA IGUCHI, KATSUQ KOMORI and 
RYOTARU Izuhtr 

1319 On the characteristics of heat and mass transfer from a 
rotating disk with sink flow 

Erratum 1322 

October 

F. N. LIN and S. Y. CHERN 1323 Laminar boundary-layer flow of non-Newtonian 
fluid 

X 



J. CRANK and A. B. CROWLEY 1331 

R. A. DENTON and I. R. WOOD 

R. A. MERIC 

1339 

1347 

M. DALLE DONNE, A. MARTELLI 
and K. REHME 

1355 

B. STROM 1375 

M. HUDINA 1381 

L. SIGRIST, 0. DOSSENBACH and 
N. IBL 

1393 Mass transport in electrolytic cells with gas sparging 

W. SCHNEIDER 1401 

J. M: TISHKOFF 1407 

S. M. RICHARDSON 1417 

T. HIRATA, R. R. GILPIN, 

K. C. CHENG and E. M. GATES 

1425 

T. HIRATA, R. R. GILPIN 
and K. C. CHENG 

1435 

W. J. MINKOWYCZ and 
E. M. SPARROW 

1445 

Shorter Communications 
V. SEENIRAJ and M. ARUNACHALAM 

G. PRESTON, J. R. THOME. 
W. B. BALD and G. DAVEY 

J. H. MERKIN 

1455 

1457 

1461 

Book Reviews 
W. J. MCMANAMEY 

N. CHICIER 

A. W. BUSH 

Announcement 

1463 

1463 

1464 

1465 

E. M. SPARROW 

Contents 

On an implicit scheme for the isotherm migration 
method along orthogonal flow lines in two dimensions 

Turbulent convection between two horizontal plates 

Finite element analysis of optimal heating of a slab 
with temperature dependent thermal conductivity 

Thermo-fluid-dynamic experiments with gas-cooled 
bundles of rough rods and their evaluation with the 
computer code SAGAPO 

New computational implementation of non-linear 
derivative boundary conditions for A.D.I. methods 

Evaluation of heat transfer performances of rough 
surfaces from experimental investigation in annular 
channels 

A similarity solution for combined forced and free 
convection flow over a horizontal plate 

A model for the effect of droplet interactions on 
vaporization 

Extended LRveque solutions for flows of power law 
fluids in pipes and channels 

The steady state ice layer profile on a constant tem- 
perature plate in a forced convection flow-I. 
Laminar regime 

The steady state ice layer profile on a constant 
temperature plate in a forced convection flow.-11 
The transition and turbulent regimes 

Interaction between surface mass transfer and trans- 
verse curvature in natural convection boundary 
layers 

Heat conduction in a semi-infinite solid with variable thermo- 
physical propcrtics 

The mcasurcment of growing bubbles on a heated surface 
using a computerised image analysis system 

Free convection boundary layers on axi-symmetric and 
two-dimensional bodies of arbitrary shape in a saturated 
porous medium 

Mass Transfer, by K. Shcrwood. R. L. Pigford and C. R. 
Wilkc 

Combustion, by I. Glassman 

Heat Transfer, by J. Succc 

November 

1467 E. R. G. Eckert on the occasion of his seventy-fifth 
birthday 

xi 



E. R. G. ECKERT, E. M. SPARROW, 
R. J. GOLDSTEIN, C. J. SCOIT, 
E. PFENDER, S. V. PATANKAR 
and J. W. RAMSEY 

H. KECK and W. SCHNEIDER 

H. KECK 

P. EGERTON, J. A. HOWARTH, 
G. Poors and S. TAYLOR-REED 

J. G. ANDREWS and D. R. ATTHEY 

Y. ZVIRIN 

M. JISCHA and H. B. RTEKE 

W. KOLLMANN and 
D. VANDROMME 

1557 

Y. KAITO 1567 

K. P. GOYAL and D. R. KASSOY 

Letters to the Editor 

J. C. HAN, L. R. GLICKSMAN 
and W. M. ROHSENOW 

Y. H. MORI 

Announcement 

E. KHABAKHPASHEVA 

S. S. KUTATELADZE and 
I. I. G~GONIN 

L. B. GDALEVICH, E. F. NOGOTOV 
and V. E. FERTMAN 

J.-P. WALCH et B. DULIEU 

E. M. SPARROW and C. H. LIU 

Contents 

1469 Heat transfer-a review of 1978 literature 

1501 

1513 

1525 

1533 

1539 

1547 

1577 

Thermoconvective waves in a compressible fluid 

Thermoconvective waves in a conducting and 
radiating fluid 

A theoretical investigation of heat transfer in a ladle 
of molten steel during pouring 

The response of a weld pool to perturbations in power 

The effect of dissipation on free convection loops 

About the prediction of turbulent Prandtl and 
Schmidt numbers from modeled transport equations 

The calculation of free turbulent shear flows with 
strong density fluctuations 

An analysis of the effect of inlet subcooling on critical 
heat flux of forced convection boiling in vertical 
uniformly heated tubes 

Heat and mass transfer in a saturated porous wedge 
with impermeable boundaries 

1587 Correction to “An investigation of heat transfer and friction 
for rib-roughened surfaces” 

1588 Comments on “A thcontical analysis of evaporating droplets 
in an immiscible liquid” 

1589 1980 International Conference on Physic0 Chemical Hydro- 
dynamics 

December 

1591 S. S. Kutateladze on the occasion of his sixty-fifth 
anniversary 

1593 Heat transfer in film condensation of slowly moving 
vapour 

1601 Effect of side walls on heat transfer through a vertical 
air layer in laminar natural convection 

1607 Convection naturelle dans une boite rectangulaire 
ltgerement inclinee contenant un milieu poreux 

1613 Heat-transfer, pressure-drop and performance rela- 
tionships for in-line, staggered, and continuous plate 
heat exchangers 

xii 



E. V. SHISHOV, A. I. LEONTIEV 
and P. S. ROGANOV 

B. E. LAUNDER and 
D. S. A. SAMARAWEERA 

F. P. BERGER and 
K.-F., F.-L. HAU 

T. C. CHAWLA and S. H. CHAN 

P.-S. CHEN, W. R. WILCOX and 
P. J. SHLICHTA 

G. E. BELL 

R. W. GRIFFITHS 

A. K. KOLAR, N. S. GREWAL 
and S. C. SAXENA 

V. C. BOFFI, F. SANTARELLI, 
G. SPIGA and C. STRAMIGIOLI 

1705 

Shorter Communications 

M. S. EL-GENK and A. W. CRONENBERC 1719 

N. TULLY 1724 

1627 

1631 

1645 

1657 

1669 

1681 

1687 

1695 

Contents 

Experimental study of the turbulent heat flux balance 
components in the cross-section of a retarded tur- 
bulent boundary layer 

Application of a second-moment turbulence closure 
to heat and mass transport in thin shear flows-I. 
Two-dimensional transport 

Local mass/heat transfer distribution on surfaces 
roughened with small square ribs 

Solution of radiation-conduction problems with 
collocation method using B-splines as approximating 
functions 

Free convection about a rectangular prismatic crystal 
growing from a solution 

Solidification of a liquid about a cylindrical pipe 

A note on the formation of “salt-finger” and “dif- 
fusive” interfaces in three-component systems 

Investigation of radiative contribution in a high 
temperature fluidized-bed using the alternate-slab 
model 

Radiative transfer in an absorbing-scattering slab 
bounded by emitting and reflecting surfaces 

On the thermal stability of a frozen crust in forced flow on an 
insulated finite wall 

Optimization of wall thickness for a constant heat flux inter- 
mittent operation furnace 

. . . 
x111 



ABDEL-WAHED, R. M., 171 
ADZER~KHO, K. S., 131 
AGGARWAL, J. K., 61 
AIHARA, T., 51 
AKOUM, F., 1147 
ANDREWS, J. G., 1533 
ANTSULEVICH, V. I., 131 
ARAIS, S., 343 
ARUNACHALAM, M., 1455 
AZZOPARDI, B. J., 1245 

BALD, W. B., 1457 
BARONE, M. R., 1021 
BARDON, J. P., 229 
BECK, G., 1059 
BEHNIA, M., 611 
BEJAN, A., 219,919 
BELL, G. E., 1681 
BENDELL, M. S., 137 
BERGER, F. P., 1645 
BERGHOLZ, R. F., 763 
BEST, C. H., 257 
BILGER, R. W., 637 
BILL, JR, R. G., 267 
BINARK, M., 1009 
BOARD, S. J., 1083 
BOFFI, V. C., 1705 
BOON-LONG, P., 437 
BONNIAUD, M. L., 739 
BRANSIER, J., 875 
BRAY, K. N. C., 279,647 
BRISON, J. F., 111 
BROWN, A., 525 
BURNS, A., 1107 
BURNS, P. J., 929 
BUSH, A. W., 1464 

CAMPO, A., 5 
CANNON, J. N., 469 
CAWNE, G. J., 121 
CAPP, S. P., 813 
CASSAGNE, B . ,229 
CAULK, D. A., 1021 
CHAN, S. H., 1657 
CHARNAY, G., 111 
CHAWLA, T. C., 1657 
CHEN, C. J., 245 
CHEN, J.-M., 77,1159 
CHEN, L. W., 634 
CHEN, M. M., 763 
CHEN, P.-S., 1669 
CHEN, T. S., 197 
CHENG, K. C., 1435 
CHEUNG, F. B . ,763 
CHERN, S. Y., 1323 
CHIGIER, N., 637,1463 
CLARKE, J. F., 1163 
COHEN, S., 1165 
COMTE-BELLOT, G., 111 
CONEY, J. E. R., 679 
CORDIER, H., 1209 

CORNET, I., 493 
CORNWELL, K., 347 
CRANK, J., 1331 
CRONENBERG, A. W., 167,1719 
CROSS, M., 47,827 
CROWLEY, A. B., 941,133l 

DALLE DONNE, M., 1355 
DANIELS, T. C., 1237 
DAVEY, G., 1457 
DEMCHUK, S. A., 389 
DENTON, R. A., 1339 
DEB, K. J., 89 
DOSSENBACH, O., 1393 
DULIEU, B., 739,1607 
DYBBS, A., 1049 

ECKERT, E. R. G., 1469 
EDWARDS, D. K., 633 
EDDINGTON, R. I., 1231 
EGERTON, P., 1525 
EICHHORN, R., 774 
EL-GENK, M. S., 167,1719 
EL-SHIRBINI, A. A., 27 
ELLIOT, J. M., 639 
ERIAN, F. F., 601 

FAW, R. E., 437 
FERTMAN, V. E., 1601 
FISZDON, J. K., 749 
FLAMENT, G., 1059 
FOURCHER, B . ,229 

GADDIS, E. S., 371 
GAL-OR, B., 857 
GARONNE, X., 21 
GATES, E. M., 1425 
GDALEVICH, L. B., 1601 
GEBHART, B., 137,267 
GEORGE, JR., W. K., 813 
GERUM, E., 517 
GIBSON, R. D., 47,827 
GILPIN, R. R., 1425 
GLICKSMAN, L. R., 1587 
GOGONIN, I. I., 1593 
GOKALP, I., 1309 
GOLDSTEIN, R. J., 1469 
GOSSE, J., 1 
GCYITIFREDI, J. C., 839 
GOYAL, K. P., 1577 
GOYAL, I. C., 777 
GRASSMANN, P. P., 795,799 
GRAY, D. D., 1155 
GREIF, R., 493,499,901 
GREWAL, N. S., 1695 
GRIFFITHS, R. W., 1687 
GRIGULL, U., 505,517 
GUILLAUME, R., 21 

HALL, R. W., 1083 
HAMER, B. J. G., 361 
HAN, J. C. 1587 
HARAGUCHI, T., 51 
HARPOLE, G. M., 633 
HASSAB, M. A., 1095 
HAU, K.-F., F.-L., 1645 
HELLIWELL, J. B., 657 
HEMMINGS, J. W., 99 
HESS, C. F., 421 
HILLS, R. G., 1221 
HIRATA, T., 1425 
HOFFMAN, P. H., 39 
HOFFMAN, T. W., 177 
HOWARTH, J. A., 1525 
HOWIND, H. R., 488 
HSIUNG, T. H., 1003 
HUANG, C. L. D., 257,129s 
HUDINA, M., 1381 

IBL, N., 1391 
IGUCHI, A., 1319 
ISHIGURO, R., 1041 
IZUMI, R., 1319 

JALURIA, Y., 865 
JENG, D. R., 89 
JISCHA, M., 1547 

KAKAC, s., 447 
KASSOY, D. R., 1577 
KAITO, Y., 575,783,1567 
KAUSHIK, S. C., 777 
KECK, H., 1501,1513 
KEMINK, R. G., 909 
KENNING, D. B. R., 1231 
KERN, J., 99 
K~BAKPASHEVA, E., 1591 
KLAPISZ, C., 1147 
KOIZUMI , Y . ,669 
KOLAR, A. K., 1695 
KOLLMAN, W., 1577 
KOMORI, K., 1319 
KON, N., 197 
KORDONSKY, V. I., 389 
KRANTZ, W. B., 469 
KRASKA, J. R., 535 
KREITH , F., 469 
KRWKOV, A. P., 989 
KUMADA, T., 1041 
KUSCER, I., 461 
KUTA~LADZE, S. S., 289,1593 
KVERNVOLD , 0 ., 395 

LABUNTSOV, D . A., 989 
LAGARDE, J. J., 1209 
LANG, H., 461 
LAING, L. R., 331,949 
LAPKO, YA. K., 131 

xv 



Author Index 

LASEK, A., 1309 
LAUNDER, B. E., 1631 
LAURA, P. A. A., 341,625 
LAURENCE, R. L., 731 
LAW, c. K., 1009 
LEBON, G., 1187 
LEE, M. H., 89 
LEONTIEV, A. I., 1627 
LESTER, T. W., 437 
LEVICH, B . ,635 
LIENWARD, J. H., 774 
LIN, F. N., 1323 
LIN, S. H., 1117 
LIU, C. H., 1613 
LUCAS, K., 431 

MAIOROV, V. A., 301 
MALIK, M. A. S., 777 
MARKATOS, N. C., 347 
MARON-MOALEM, D., 1165 
MARTELLI, A., 1355 
MARTIN, B. W., 348 
MART~NENKO, 0. G., 157,32 

1137 
MARWAH, R. K., 1151 
MASLI~AH, J. H., 237 
MATHIEU, P. H., 1187 
MCELIGOT, D. M., 705 
MCLAUGHLIN, J. B., 343 
MCMANAMCY, W. J., 1463 
MEHTA, R. C., 1149 
MELVILLE, W. K., 279,647 
MERIC, R. A., 1347 
MERKER, G. P., 505 
MERKIN, J. H., 1461 
MILLER, C. W., 421 
MIKHAILOV, M. D., 637 
MJOLSNESS, R. C., 636 
MOHANTY, H. K., 383 
MONACO, R., 805 
MOKHTARZADEH, M. R., 27 
MOORE, F. K., 1175 
MOREAUX, F., 1059 
MoRI, Y., 151 
MORI, Y. H., 1588 
MOSA, M. F., 657 
MOSER, B., 431 
MUCOGLU, A., 185 
MULHOLLAND, G. P., 1221 
MU~NEVICH, A. K. H., 173 

NAMBA, T., 901 
NAOT, D., 469 
NAYAK, P., 447 
NEKRASOV, V. P., 131 
NGUYEN, T. T., 237 
NIKANJAM, M., 901 
NIKITOPOULOS, C. P., 245 
NOG~TOV, E. F., 1601 

OCKENDON, J. R., 941 
OEHLBECK, D. L., 601 
OLIVE’ITO, M. E., 525 

OTA, T., 197 
ijZI$IK, M. N., 1095 

PAGNI, P. J., 1069 
PAPON, A., 21 
PARK, JR., E. L., 121 
PARMENTIER, E. M., 849 
PATANKAR, S. V., 1409 
PERRY, A. E., 39 
PETERS, N., 691 
PFENDER, E., 1469 
PICKEIT, P. E., 705 
Poorj, G., 1525 
PRESIYJN, G., 1457 

QUIROGA, 0. D., 839 

RAMSEY, J. W., 171,1469 
RAMAKERS, F. J. M., 401 
REHME, K., 491,1355 
REID, R. C., 831 
RICHARDSON, S. M., 1417 

l, RIEKE, H. B., 1547 
RILEY, D. S., 309 
RISTORCELLI, JR., J. R., 1175 
ROBNIK, M., 461 
ROGANOV, P. S., 1627 
ROHATGI, V. K., 1151 
ROHSENOW, W. M., 1587 
ROSE, J. W., 1243 
ROSNER, D. E., 1281 
RUTH, D. W., 1199 

SAHOTA, M. S., 1069 
SALUJA, C. L., 525 
SALAUN-PENQUER, G., 21 
SAMARAWEERA, D. S. A., 1631 
SANCHEZ SARMIENTO, G., 341,625 
SANI, R. L., 535 
SANTARELLI, F., 1705 
SATYMURTHY, P., 1151 
SCHMIDT, E. L., 348 
SCHMIIT-V. SCHUBERT, B., 485 
SCHNEIDER, W., 1401,150l 
SCOTT, C. J., 1469 
SEENIRA, V., 1455 
SEETHARAM, T. R., 13 
SETH, A. K., 777 
SHAH, M. M., 547,557 
SHARMA, G. K., 13 
SHAUKA~LLAH, H., 137 
SHISHOV, E. V., 1627 
SNLICHTA, P. J., 1669 
SHULMAN, Z. P., 389 
SIANG, H. H., 257 
SIENIUTYCZ, S., 585 
SIGRIST, E., 1391 
SIMMERS, D. A., 679 
SINGH, B. S., 1049 
SINGH, R., 721 
SINGH, S. N., 639 
SMITH, F. T., 309 
SMITH, R. N., 493 
SODHA, M. S., 777 
SOLOUKHIN, R. I., 157,321,1137 

SPARROW, E. M., l71,331,349, 
909,949,1467,1469,1613 

SPIGA, G., 1705 
SRIVASTAVA , R , 1281 
STRAMIGIOLI, C., 1705 
STRAUB, J., 517 
STREET, R. L., 885 
STROM, B., 1375 
SUCEC, J., 771 
SIGIYAMA, K., 1041 
SUNDI?N, B., 1125 
SAXENA, S. C., 1695 

TAGA, M,, 51 
TALBOT, L., 61 
TAL THAU , R., 857 
TANAKA, H., 679 
TAYLOR, M. F., 705 
TAYLOR-REED, S., 1525 
TENG, J. T., 493 
THKBAULT, J., 177 
THODOS, G., 1003 
THOME, J. R., 1457 
TIEN, C.-L., 919,929 
TIEN, K. K., 349 
TISHKOFF, J. M., 1407 
TI~ARI, G. N., 777 
TULLY, N., 1724 
TUMA, M., 799 

UEDA, T., 699 

VALENCIA-CHAVEZ, J. A., 83 
VAN DE SANDE, E., 361 
VAN STRALEN, S. J. D., 401 
VANDROMME, D., 1557 
VASILIEV, L. L., 301 
VENKATRAMANI, N., 1151 
VEZIRO~LU, T. N., 447 
VISKANTA, R., 611 
VULLIERME, J. J., 1209 

WAAS, P., 505 
WALCH, J.-P., 739,1607 
WALSH, S. K., 569 
WAITS, R. G., 77 
WAYNER, JR., P. C., 1033 
WE~T~ATER, J. W,, 629 
WILCOX, W. R., 1669 
WILLIAMS, A., 447 
WILLIAMS, R. J., 1237 
WILLMOIT, A. J., 1107 
WILSON, S. D. R., 207,569 
WOOD, 1. R., 1339 
WOODRUFF, D. W., 629 

YOSHIMURA, T., 5 
YOUNG, R. W., 47,827 
YUEN, M. C., 634 

ZIJL, W., 401 
ZVIRIN, Y., 499,1539 

xvi 


