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SOME THOUGHTS AND OBSERVATIONS RELATING TO THE
INTERNATIONAL SYMPOSIUM ON COLD REGIONS HEAT TRANSFER

K.GC. Cheng

Department of Mechanical Engineering
University of Alberta
Edmonton, Alberta, Canada T6G 2G8

Recently the 1989 International Symposium on GCold Regions Heat
Transfer was held on the campus of Hokkaido University in Sapporo (June 28-
30, 1989) with a great success thanks to the great efforts of the Japanese
National and Local Committees and the active participation of top research
workers in this field in Japan. The participation of 13 foreign delegates
are considecred to be small and may be attributed to travelling expenses
from foreign countries to Japan.

The 2nd International Symposium was held in Edmonton, Canada in June,
1987. The proceedings containing 8 review papers and 29 general papers
were published by ASME. The following technical sessions were held:

(1) Ground freezing and frost heave

(2) Frazil ice and supercooling

(3) Atmospheric icing on structures

(4) Freezing phenomena in pipes

(5) Solar energy and heat recovery

(6) Snow melting and frost formation

(7) Heat transfer with freezing or melting
(8) Special topics

(9) Free discussion on future research topics

The 37 technical papers came from 5 countries (Japan 15, Canada 13,
U.S.A. 6, China 3, Norway 1) and about 100 participants came from 6
countries. The 3rd International Symposium will be held in Fairbanks,
Alaska on the campus of University of Alaska, June 11-14, 1991. It is

believed to be of some interest to provide some thoughts and background
information on International Symposium on Cold Regions Heat Transfer.

fESLIFSE Vol. 28, No. 111



COLD REGIONS HEAT TRANSFER

Since 1960 engineering activity in the polar regions of the world has
increased significantly, due mainly to the search for and development of
energy, petroleum and mineral resources, as well as the desire to improve
the standard of living of northern residents. Because of the development
of mnatural resources and related industrial activities in the Arctic
regions in recent years, arctic engineering or cold regions engineering has
clearly emerged as an important interdisciplinary subject in its own right.
The subject encompasses all fields of engineering (mechanical, civil,
architecture, chemical, mineral and aerospace), science (physics,
chemistry, meteorology, oceanography, geophysics, =zoology, physiology,
biochemistry), agriculture and medicine.

The completion of the Trans-Alaska Oil Pipeline System in 1977
including the first permanent bridge (Yukon bridge) north of the Arctic
Circle and the construction of the offshore artificial islands and plat-
forms in the Beaufort Sea for petroleum exploration clearly mark the
beginning of a new era in the development of Arctic engineering technology.

Heat transfer phenomena (conduction, convection, and radiation) occur
in a variety of forms under the natural and industrial conditions in the
cold regions and freezing and thawing processes are usually the limiting
factors in the design, construction and operation of all types of
engineering structures and facilities, such as building foundations,
pipelines, roads, railways, airfields and utility systems.

The problem of heat transfer is encountered in almost every industry
in cold regions and the scope and diversity in the fields of application
can be seen from various ice forms in the atmosphere, on the earth's
surface (lake, river and ocean), and in the soil. One observes that heat
and mass transfer processes (freezing and melting) relating to water
circulation in Lithosphere, Hydrosphere and Atmosphere lead to many
complicated natural phenomena which become the subjects of cold regions
science and engineering. The mentioned physical processes are noted below:

(1) Freezing and Melting between Water (Liquid) and Ice (Solid)

(2) Sublimation (Evaporation and Solidification) between Water Vapor (Gas)
and Ice (Solid)

(3) Evaporation and Condensation between Water Vapor (Gas) and Water
(Liquid)

It is also noted that superheating, supercooling, supersaturation,
molecular effects, materials, wind effects and geometry add to the compli-
cation of heat transfer problems involving conduction, convection and
radiation.

The melting or solidification problem plays a special role in the
design of buried pipelines in the arctic region. For example, in the
design of an arctic pipeline transporting crude oil in the 50 to 80°C
temperature range, one must consider the engineering aspects due to the
melting of the permafrost on the outside of the pipeline. On the other
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hand, for the chilled arctic gas pipeline at high pressure and low
temperature in the discontinuous permafrost regions, one must consider the
frost heave problems in its engineering and design.

Cold regions may be defined as those areas of the earth where opera-
tional difficulties due to freezing temperatures may occur. Tn this
connection, one may identify the following temperature ranges for various
heat transfer phenomena:

© No upper limit to temperature

4 x 107°K Fusion reactions, Joint European Torus (JET) for 0.6 S

6000°C Temperature at surface of the sun (several 106°C,
interior)

+10°C ~ -80°C Climatic low temperature (natural phenomena, effects on

animals and plants, and engineering problems) for cold
regions heat transfer

-150°C ~ -273°C Cryogenic temperature range
-273°C Lowest temperature (absolute zero temperature)

One may also identify the temperature ranges for power cycles (above
normal sink temperature), reverse power cycles for cyrogenics and
refrigeration and sub-millikelvin cryogenics (0 ~ 10-3°k).

The International Symposium on Cold Regions Heat Transfer was designed
to provide a focus on such cold regions heat transfer problems as (1)
Permafrost and Ground Freezing, (2) Atmospheric and Marine Icings of
Structures, (3) River and Lake Ice Engineering, (4) Freezing and Melting
Heat Transfer Problems, (5) Hot-0il and Chilled-Gas Pipeline in Permafrost,
and (6) Applications and Utilization of Cold Regions Technology. Recently,
Fukusako [1] presented a comprehensive review on heat transfer problems in
cold climates. Saito and Tokura [2] provide an overview on heat transfer
problem of frost layers and frosting surfaces. Practical cold regions
research problems are also reviewed in a recent issue of the Journal of
Heat Transfer Society of Japan [3]. It is also important to identify the
research problems and make available the most recent research results in
cold regions heat transfer to students and practicing engineers.

Recent technical information relating to cold regions science and
technology can be found in the proceedings, journals and monographs listed
below:

International Conference or Symposium

International Conference on Permafrost

International Symposium on Ground Freezing

International Workshops on Atmospheric Icing of Structures
International Conference on Offshore Mechanics and Arctic Engineering
IAHR (International Association for Hydraulic Research) symposium on
Ice Problems

mEew N
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6. IAHR Ice Symposium
7. International Gonference on Port and Ocean Engineering Under Arctic
Conditions

Specialty Journals

Cold Regions Science and Technology
Journal of Glaciology (International Glaciological Society)
Snow and Ice (Seppyo) (Japanese Society of Snow and Ice) (in Japanese)
ASME - Journal of Offshore Mechanics and Arctic Engineering
- Journal of Energy Resources Technology
5. ASCE - Journal of Cold Regions Engineering

W

Monographs

1. Higashi, A., 1981, Fundamentals of Cold Regions Engineering Science
(Kokon-Shoin Co. Ltd., Tokyo (in Japanese).

2. Lunardini, V.J., 1981, Heat Transfer in Cold Climates, Van Nostrand
Reinhold Co., New York.

3. Johnston, G.H., ed., 1981, Permafrost - Engineering Design and

Construction,John Wiley & Sons, New York.

4. Andersland, O.B. and Anderson, D.M., 1978, Geotechnical Engineering
for Cold Regions, McGraw-Hill, New York.

5. Kinosita, S., ed., 1982, Ground Freezing - Its Control and
Applications, Japan Soc. of Soil Mechanics and Foundation Engineering,
Tokyo (in Japanese).

6. Kinosita, S., ed., 1982, Physics of Frozen Ground, Morikita Pub. Co.,
Tokyo (in Japanese).

7. ASCE Technical Council on Cold Regions Engineering Monograph Series,
New York.

A brief review of historical developments in the research of cold
regions heat transfer can best be seen by presenting a table of chronology.
However, this will be omitted due to space limitation. In this connection,
it is of interest to observe that Professor U. Nakaya, the first person in
the world to produce artificial snow crystals, has identified many low-
temperature physics problems in 1942 which are still under investigations
today. One is impressed with his foresights and his pioneering works are
still continued today by the scientists at the Institute of Low Temperature
Science at the Hokkaido University. The publications from the Institute of
Low Temperature Science and the U.S. Army cold Regions Research and
Engineering Laboratory, Hanover, U.S.A., for example, provide many useful
technical information on all aspects of cold regions heat transfer. It is
also of interest to note that the recently published "Icing Technology
Bibliography" [4] 1lists over 2000 references under 26 different topics.
The literature in this field is indeed voluminous.

This essay is incomplete and not well organized. The writer wishes to
thank Professors K. Kanayama and K. Hattori for the opportunity of
reflecting on the International Symposium on Cold Regions Heat Transfer.
It is hoped that this symposium will continue to receive strong support
from research workers in Japan and provide a nucleus for future symposiume.
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Symposium Schedule Overview

June 28( Wed. )

June 29C Thu. )

June 30C Fri. )

(9:30-10:00)
Opening Ceremony

A2-1 (8:00-10:00)
Icing Phenomena
and Frost Formation

Session

Al-1 (10:20-12:00)
Heat Transfer with
Freezing and Thawing

B2-1 (9:00-10:20)
Heat Removal and
Thermal Storage

A3-1 (9:20-10:20)
Heat Pump System
in Cold Climates

A2-2 (10:20-12:00)
Solar Energy and
Heat Recovery

B2-2 (10:40-12:00)
Special Topics II

A3-2 (10:40-12:00)
Heat Transfer in
ﬂousing and Cloth-

1ng
(12:00-13:00) (12:00-13:00) (12:00-13:00)
Lunch Lunch Lunch
Session

Al-2 (13:00-14:00)
Heat Transter in

A3-3 (13:00-14:20)
Ground Freezing

Cold Water and Thawing
Session
Al-3 (14:20~15:20) A3-4 (14:40-15:40)
Freezing Heat Technical Tours Artificial Perwafrost
Transfer with (13:30-17:30) and Ice Making
Supercaoling
Session
Al-4 (15:40-17:00) A3-5 (16:00-17:20)
Snow Melting Freezing in Porous
Media
Session
Al-5 (17:20~18:00) (17:20-18:00)
Special Topics I Closing Ccrcmony
(18:30-20:00) (18:30~20:00)
Reception Banquet
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I would first like to extend my welcoming remarks to my colleagues in
opening the 1989 International Symposium on Cold Regions Heat Transfer. I
feel privileged to assume a chairmanship of the Japanese Committee during
the entire course of this syposium.

The idea of the conduct of the symposium was initiated by the
integrated effort made by Dr. Lunadini of America, Professor Cheng of Canada
and myself in order to provide an opportunity for scholars and researchers
to discuss various phenomena in cold regions from various engineering
aspects, especially from an angle of heat transfer. It is also important to
contribute to solutions of problems by mutual concerns crossing boundaries
of countries. Hence, its content can not be confined to heat transfer
engineering in a narrow sense, and we have to cover many fields of science
and technology within the broader content of phenomena found in cold regions
such as atmosphere phenomena, insulation by clothes, civil engineering and
so on. I .think this basic idea has to be carefully kept and taken into
account of the future development of this symposium. For this symposium, 49
papers are accepted after strict screenings which are contributed from the
United States of America, Great Britain, Canada, Poland, China, India, Japan
and other countries.

Obviously, this conference has achicved a substantial progress which is
compounded by the increasing interest of researchers in our symposium, and
it is my pleasure to once again welcome the active participants from various
countries to this symposium. I truly express my wishes that our discussions
during the coming three days will be fruitful and useful, and valuable
results will be obtained for the mutually concerned problems.

I would like to conclude my address with as expression of my personal
thanks to Professor Fukusako and my colleagues of local committee who made
their great efforts for realizing this symposium, and I would also like to
extend my special thanks to the companies which gave us their financially

supports. Thank you.
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{EEAF3E - Vol. 28, No. 111
— 88‘_



REW R ERIZ DD RERMER PSR IS T HY D Th 201, ERESREhi
BERUFEEOEBI 30BN OERBURETHD. RIS VRIILADORARD
WTihS5, 1 HDSession Al-1 (FFHS - BEE LS BBE) TidK.C.Chengps (AFH) IZ
&3 IBHEABHHRICS T IBEENEE] LETIRAREI TORE, Chitdl g,
TS, F G, BRSO (AR) kD8R, TR, AREEEH D oW - BFMEARRS
i, Session Al-2 (A7kHDO#EBE) TikP.W.Richmond CKE) . ¥.J.Chang®d (HE) . K

.C.Cheng (FF &) Sir kB%EHTX0pen Channel ¥ Bk & DR RBRDMEHIS T
DFERDOTREEW.., X SIKTENL Tz SILEERELZOW|E B2 X R, Session
AL-3 GEXHIRMES REREE) TRRES. FES. o (BX) Itk 3KTERLLHBERII
B BBEHE HOKOFEER. BRE LIS ZEBHARD. HHABEOBE R Y OWE
BBH oz Al-4 (BORMRE) THERS. RS, S, U (AR) LB3ETTEZ5D
BRI AL S BB, BAL VAV ABBH BRI KB oM. FMADIntegrat
ed System®DE[FEIERRZE®, LM X OREFKD =2 FIH S A5 LI D582 5
REENT-, Session Al-5 (M Py 7 X)) Tk, J.Reszka® (F—3 > F) | Y.leed (
AFH) X BEERTEHBIXRSEE TV - VAR OZEOTR DD, BRMBITH T
LEBEEYORBEHMBE L Y DREIRGDH >i-, 82 HHSession 42-1 (BERREBOEK)
TIREES (BX) . G.S.H.Looks (BF %) | MRS (BER) itk USEIZ8E> TS
KHEHOFE NS BREBIED, Fiftkd 6 ARy TRAKOBHRIZET 288%, #ial
I R—Fb Y OBBEHRRULEDRFEND >, Session A2-2 (KRBT RNF—LBMER) T
RESS, BEo. RS, BES. FRS (BER) wXIEHKREHRH T RIVF - DR,
West KunluniUfRiZ 3313 ZKFPOHEBR EORLADNS A%, RIHEEIZH T ZKFPHE
E LOBEKDNG L AR, RABERIBT B THRF OO TTRALF -\ED. I
B BAEEBMICN T2 RBHRTRANVF —DEHFIH®, Detached Housesiz BT HRIEED
B R EORKPH >,

Session B2-1 (#bhkLEH) TIEAMS (HAK) | Prasad (A F) . C.2.Wus (HE) |
WES (HAR) &3H 7 eVAOE RN HBA S EUREER. Prencl tiIFOMRD, KHE
BRES Y —BH A R OREZEMER, TF LTV a— i T B3y —EF (7 U HDH
REFDOLIal—2ar REDERPH >, Session B2-2 (P I X) TR—E S, #
E6. BE6, FAS (HR) KXIRAMBEZSIS XETERBHNOBORED, MAENIC
B TREROMMEEY. BREEE 2B OBRERD & OFH H RS HEZEED. Open
Cavity W o B AR it & RER X s CoWMEBH T2,

% 3 HHSession A3-1 (BHBEIIBI B —  EU 7Y ATA) CRREMNS, BES. &
S, (BF) RX3BBEICEY 384 DEMEORBERBOREBED, &  F Ak
HARRRE ERBIIT O ELERY, _EEY ¥ 73— MRV TOYAFL
R ABBRBRELR L ORESH T,

g9 fREESE Vol. 28, No. 111



Session A3-2 (REPHMIzHIF ZHUEE) Tik. M.Kvarti CRE) . FES, BHS. B
Ao (HA) WRBIBAWMINIK T SORENHERED, Lunped Constant Y AF AT
E DO REEEY OREBNTY. R OB RIETERBORER Y ORELH - 12,
Session A3-3 (HURPRS 2 BM) Tid. V.J.Lunadini CRE) W Xk28#E% L0 BEHEA
Bz oW TOREEESITORIZ. CHIZ DTN TO.T.Farouki CRE) . K.Szilder® (HF
) WEBAAYIFETHEIISY SMELARITET R TED, EMAARLORFEL T
ANVH-NFUAEYIal— M BEHOBBRRBIEE T DN TORESH - .

Session A3-4 (ALHKARLEKEM) TRIRAE. BSOS, BEs (HA) k&ade—h
S T EF T ATHAARLOAED, ATHXARLIINT 2 e — R3S ZORERER
BRI LB T TOKEE & A7 AT DA B HEBOMABLEDOBENSH D2, Sessio
n A3-5 (BAEAORFE RIS TiRELARS, FEiES, BES (BA) . V.D.Murtyd K
E) W XEERSAENDIEER HFEMREY, ZAPERIBIR-RES Y X —%bY
DFFHRER, HTHAEOHGERG LR, ZAENHD SRz Yy X-£h Y DaRM
RAZRER L DRI D > o

HERRONBRUA LOBRZ LD TH 2P, CORKBSMULAZIBHTH 1404
T, AIREIERICER TS e RET O TEINA»SOSMBERM 1 58 TH o, HHHIC
BT ZE K HEK Y OBMEDHLBOIE L -0 TH B, HENOEHFI L BELR
FEBONRPOEBRBESTH O LLES>TO0E. RIZZOV U REI 2 5EL TOMEE
B,

HTWIWRBOABRDVTTHEID, BRAWRRTEFRIZK > TRBIH LSRR
BholhbiZ, DUBISHLEHEOIETEZLOEBAVRESH > RRICE S, £/~
E A ORI E PZIEZL 2> THRIESMU THEN SRR 8L TEEETH o -
EBS, ULrULAF¥, RESERAELYOSMAL 2 r o ERASEEEEEXBAT
BHot LB, FIKEBRERIZES 5 LActiveRTIFEBPZE OB, SBRIDF4
~OFEBHRBIILEN T LIEHRBPLERZ L OSHELBEL TV L H8I#HI ikt
WU THDIhbENZN,

B2RCDYRI T LADEBMOMBECTH L0, HEMMPTSEETSROMBELHRET D
MWREROI, RELI Y27 Y Ve 2BL UERKENEAR, A7 X &8s U CEHH
KHPR TN LR EDFHREZ X, CORBEEISIHHDHDHDITT B1-HiidHeat T
ransfer& IR OGRFZHBO L R T YA LT ED TR L., KOKERER., BOERRYD
HEEmEA KB OMRE. FHRBEENATIL LI, RHARE COMIERESL LEBWI K
HFRETROP LS ERI DO TERALRBThN T, 20RHIRIDRBOLITES
{zHeat Transfer& 325K Y” Thermal Eng. and Science” 72 ¥ L. HEEmmicbhi- 2EH%
HLEEEDEBERLOLLVIEROLXNES. CRIKEL Q9 173 A% Fairfan
ksic TR E RBINCHRET TS &0 0i,

{EEAHFSE Vol. 28, No. 111 90—



&1, 8312 Proceedings DHIRIZDNT TH EH, SEIHFRINTHNEE D Proceedin
g LTELDORTOED, HRFWTHEMELOEXRABBIITIHEALSH I L %
EX. BRIUELERTH., BLLFTEMEELRT TEOE L EBEEDIITELGLDER
HERI, TORBIZEHE, X MEECIEHLCREREREELL. THhELTD
BFEBREEN, O IONRIOMBEEFairfanks BRI RET B RBLEbNRS, 28
Fairfanks®@it 1 9 O 146 At hs itk oiz.

HWAOMBIRERBOMETH DY, RBH—FE1LHLBRET L. BEREXHE2RET
LD LDV TEITEERNT. HIBREOH RIS REN, FBLEEHIE AN
H—ZEHRTXTORRBII DO TENEPHBIIBMAERS L0 SR EBH B RE. iz
H#EL S ORFBMERENTIHMEIERONZABHNTEX RV E WS MEIET S,
IHULEEERRBLUTSER2HEEOHE 2EIZL., SRV Yy ot — lnERETSN
iz ¥ DTechnical VisititBH Tz WRELTIRBFFETHE DTz, T3 UEEHERSE I Festi
val LTOFBFY 2 EOBBEVR PR EBFMTIME L TRERLSEFTEHLIBTHS
CEERURETH B,

Wiz, 85 OMEZBanquetiz 2T TH B, Banquet DRB R FET ORIz HINT 5
FRDOABPYAE CTHET A LBRRTAEEFT A L ROTHNOREOBELFERT
H3, DHRAELBZLVROFEEH T YA ML TORRIZED B, SRR~ AHK
DA MEPPOTRIEZEEREZRZ, SHREEOHEEREITEINRECREHLETEH 4D
BOSZ0ECETHEDPPHNRN,

Technical Tours

91 {E#TSE Vol. 28, No. 111



RIZ, SBOOMERFBROMETH >z, COVIRIUTLDHEEIZS > TRIEBIIRS
B UHS L DREEFECDFOH BRI % U T KN HRER, DI, fBREHHKB T H
M THRBIKBICHOTITELVHDOTH BN, TITHEEMBEOAHEPEIIEITL,
Ve HET B, COVYRTYAEEL THE LR LOFHTH o715, RDDILZDY
VRS ARBET BN T, AR A0, B, HR, EE. E (LX) . A 1
B (ETA) . @ (LRTK) . BE ETK) 2RUHLITBRFRERDELHIZEL
EROTHTHE THICALE S TR RELR > THW L ICBH L TOWARETH 5.
COLBOBIIEEBRFRLEDAGNIZAS LIABELHEEERY, BATLIOEHS
BRTIRETY.

{REIFSE Vol. 28, No. 111 92



B EEMBEGRERY DRI AIBMLT

AR RE (BHX-I)

3H3 1 H—SEHBOHELEZBRIDFY - TULNAN—YMNIANLSEHICEDBE (7 ) 2256
HADEFER—RICE-E6 AXKH, #F¥THitiEIcz-~K., C. Cheng##Ert—
HFAHF—D—AThHHEHMBZRERY DRI AVBRTHEIPhZEHE, Y UFRIYTA
EBMLELE. IXA7—7HLENWTELD (7)) KEBH#HL W32 REREROMESL
BICRODD CONXABLIRZDIIBH>TLEVWELE., YURIILATHXERLZD S ES,
BRYsELETEMEOMMIC AR TWEES ZEIZLETS.

LHEE I IEERRICFEEPS ) 2y Iy 7 EPOWTHIPALI—ZARZAT IV AED &
WTHS EZBRWHEASSED 294, iz ehROBRTLE. NAZELID 1BHED T
bEHEICEX, H1BEAMTTEF K-> OS> FORTYT. LIRDLSTRRERIIRD,
BIEaL L OsMIcEENbIcR-TEN, FAEAORTIHERGAEMN X —NHhE
B BERIZELELE., RELABE - LVEOE - VEFEELSIRETLE.

T, YyyKRYIAZ3HM (28H~30H) ichiE > THBERFFRZRKMTITD
N#5 OMORIHEMNSN FLE. BEROKHIHNEN, THIFEAPSORETHICT
—vOHBLE, BRTIRILEE, R, LESMEOBHEENEP2LLDTY.

ABEOHMIMOFRENBEINIZILBWEINBE1IHBIX 9:30 IDF-T=r7 &L
%= —|28l# &, Freezing, Thawing, Cold water, Snow melting HicRIH# LY HH6DEE
5 B LZABOHREN 18:00 ¥T1IEOATITObhELE,  H2BEFAIP Solar
energy % Thermal storage |ZB3 2#EHIfThhEUL7%. /4, Special topics dSection
L LT Free convection heat transfer |ZBEd BZ#EN4EHNEL =, Thbido#E
LR BMEGEHRICEBEERT AMAABTTIERL, IDELOSMBEBLHR/L RIS
N7 Section ORICRZITANET. ZOHWE2EZAMPhTIThbhEZODBMEDLIEL,
DRELWEBUNLELE, FRIE2I-ADTFIZANYT7-DEESh, b6 0ER
F—NOBRTLE. ®iZiZ Banquet WHIRY I FRFLTERICEINFELE. HATHT
P EER%2SOEWHHIBAOSMEN D ZP-> ERICEWET. ER¥YaiCRohnby
REZEH SR IERICRIPPRIFEOH TS Banquet THHT A U E2RARETLENE
L. B3HEIREE 9:20 ID 1BOAT Heat punp system, Ground freezing OREEMN 5
Clothing IZBIT 24D ETEWICHE > EFNBFOBENThR, WIh ELHZHBOTLE.
Ef%ic Closing Ceremony 2% D 3 AHO%2nEAAL £ L. BB OGARMEIIMED

93— fZEMITYE Vol. 28, No. 111



FHMEFBHELTWAFHN SN, HEABH»LFOE, FOMIEOREHI @I AHE X 42/
LEF. SHOOHMEEIRBOFEIAEZRDETF (7) MEP-> EOMRHBTLE.

AT, RESUMALEINELNTWAZ Y, RUSENEE2EBTHEI M5,
FHRFLAT—VOKEWESTEBD FHATLANREIEREICT ¥y 2 —RRBEEN D
D, BMELRII—EBHIBEDELE., $ELHOETORMIIZLA—LTHED EHLHEYX
NEEREHOBHEBABEODDOTIRZNP o ETHE I HBEINET, FHEIARDET
EDHE-TBONAEBTLES. ZTEHRTLE., &, BIGLEOKBESDSIhLZWERL
B#, ChenghtoXv—hX, ZUTHEREORICITEKABAEZRD & DRHET
DESLEFTLTILNBHTL A,

e > TEREEOERSRMICHET A0 INFMOTTHN FLE. FERKITHER
BEOREB%STIE2E (ICM3, ICCM2) REOEBRIIAD $4¥HEMEOKEDR
TROWTHTFFRITFERLAEZWEBRYH D 3. TRLOREERMETERY2 L ITRE
WHDELLZ2TWELE (BROZRINBZWONREAETYT). EEE-T, EFE¥K0OHE
BN EMNOZESRRONBICHERTHT LLBENTWCIEEDbhERAL, ¥AEEOH
ERBERZEEBLRTEINTVWIE ORI RICHLBHITHBITIBECEZLLEVWET. #-T
ERZEL0HE—-OANIEEOMRER L ERTRUBEAEDL b ItB2LBVWEY. #
> TEFNHRZFNEERFSHEOBMI I ET 3 RICBVWET (FaEBalcB{XEL
HEWWA T L TRAVWRERESHD EIH) . SHOF2IFD I LEFT2TEIND
BRERADE LR 22BN ELEVLERMICRTABNRAL-XTHE>LLIZBbhETA. &
HEBEHELEDGATHRABT LD bEFEL2BERTI0I-FHTLE, IROERLOE
DRHHAAALVEETHRLE > THRINEOZWRICB NI ILENELE LT, BB
2DELE, BOSAIZEMELETIXT Lo e BESHV BN EV-AETHSI5LEHERNVS
CHEMhFLZ, SELABRTYT. AMELDLERIHE, HEOHRL2T LA TERL2D
DT, 2EL, BEFDIAY—TLIBRICELISMEDBHZIETLEOL, oY%
BEDIZLREEMoAETLEDS, WEIZ2ERIZTIZATHEINZFETT. BNH
O—BELTSMULAEWHOTY. BRICABICHERTIBSLE A CHERBWELET.

{REAHFSE Vol 28, No. 111
— 94—



WOEBHERERY R YYAIIBNLT

ILEBE RE BAET

BHRFOEB TR, HHE. AME—BR - BREAOBKEICE O SR ATEFRIL D TE
TWB, RELZFEROSGE U TR, ABBIERIC S 8REH L IGA T, BRI HTHE
BEPEERERE LTHT SR TS, (BB, REEISAMEE OEE B bE 4K
BTBIEehobbALdil, LROERITE SIIBBMRERDND Y, BIROHEE

DI & HERMEIT 1 TN E)
VAT S IR VLY o) o

HARGE X DMOH Y TRERORESRORTOREBAECG, IhE THREDFR
DT DN T, 2 LTHBABZORM SOMBL L Eh, HEOREH» - OEY
TFHfRE R, AME—HR-BHORTOHREEL TORBEII DO THHREHN
HEx BEEMSEN. DFED. Y- MROFARME W SBEY L 2. AMEFE-HTH
HEhdrE EUTOIHEPEDLDTHEHMRD T, Y- nwXF 2o TAK%E
YL —F L., BEEELNINBEAZFETIXF U PoOBBRELIET S LK
&oT, HEIPOEAMIIHEBOMELIML KD LT IHALBAEIRTE, hid.
REFO—FEHETHEMBED, BEHIRXEBHER LB o TV EIZDORBE Y
x5,

FAOEHIE BRI T, BRI SR BSBEMLIHE 2 WY BoTE - (BRH
Blhd., XM, AEEHEOBMESRMY. SIXTHMESOREBIZ L DROBHNTMAT,
HOBBIZ XY, . B, FEAICDT 6h. ToMmIME. BE. STV,
REREOBMESHEPRBEENS) B, ThODBKROBRELE Ay FUEX ORTL
DEOSEENS, ERTRCEDLIRCH. BHLATHAEIREY (HEEE) T
SR E, RELRROBHBERE GHEFY I X B3E/BLROEVIRREITRT
Bk, MEZDOHDDERYLHRERET DL PLEEEXT.

Y. BRERLBERMEHIOVT. TOENREEBRORET I OEF L
ZRIEZDOTI, BFR, PUN—ZARETHEESI-E 1 EAOEEEEREY RYILAT
WEL I, COMETIR. BRIZWS 2. BEOVBER XY 2D &S 2RO BRI
SENERGEA E TIPS RIEBT A28 TERE 2B, ERECHER
R TIRES IC K DREESEREIIRE I L5000 DTz, WE I K S8R DO TR,
M X 2WHOKY - RIGHEORML . o HOBEEEZE L TEMNE XL HDOR
Wz a3, CoBi20 Tk, REDARERITL TS,

ZHhEAITFLT, AME—RE —#HBHE - KR LS R TORBMHICEEHL., £D

fREAWISE Vol. 28, No. 111
— 95—



EERHRAE LS. SEITZOLE 2EBBERBRY VEY YA THRE L. BIROKR
BEREERD B LT, BEFR AR L OMEARB. L DD RARORENICAE S 3R
PEERERLLDL, COWMETE. SRRBERMEIIDOT, mRPARIHREL:
RO SHWIBMBB XCNETERARBEE L TARA~OBBE L EWE Lz, SEHORR
Tk, AEPOBRBEHHNE <, AR & DRMR SR B DRAETE Ul T
R EIE /KA. BAB R/ REOBREFIV LT B2tk > T, &K
BROBEE~OFLONMER S, RBRE. ML KAE&2oBER, BLUTHE %
BLTORBOHRII DT OREM2ZFMRIT o TOBERKDOIILELD SR
B, BDELBa Ty X ADMEY (10 ¥ n2K!) HRERBR2. Bl 8
BRI OMICNMET ZEAB I, RBML IR SRBT 3. BB/ MR/ KR/ OB
WEEE, ZABOEXHN 0.5 cn FTR. BRBOEXLLHITHATIN, ThAL
DEX TREPNE 2B, Shik, ZRABORBESEH THEI XDk, BX
WHRELRLRBILin kD, TOLER, BREERE. FE-EDO L)V (5 n 2K
D) GEDE, MBI KB RNE SR D, (DFRED SRKA~DRMEKIX, BRI S
DOHBREVBAEV, Thik, HREONM - BPBBEO-HT, ERLOBIBRIEHK
BRI RET B L 2R T. Q) TH (BWE) LA & OBMBEHORE X, 0.02 ¥
K DOLAVTHY, HOBOBER. METhAKOBER LY bREV. ) BRX
ROFT., MEE2BELTOELERICE S BEBRR 2 AR L. BREOBVIHOBE
i, BEI X BBEREFE LA -T2 0B, B BA. CORBOMEE. FAHEOER
BOREGILEKETEIDOT. REZRSOBRESEX T, BEHET CoOMERIZ OV
TORBRETIHTVS,

EBREREXNRTHL S, TEHISIPLEXTOVEIBIZEAMED., ERBEZOH
ROBMNCEREBI LI R>TUED. L L, BROBEEZHBROTEEBHEL,
HRELREZFERYORETH . BHORMEBNCRBLZAD VP LOBEEEIKE.
HBHFEROBEXEZEITREELHTH B,

{EEARFZE - Vol. 28, No. 111 -



E2EEHBEUERERR S > R0 LAICEMLT
RRIBR] (5 1 & > #455H)

EHE & L IBEVABRO Y S SR TY LAORBEICS E b LOVILIROERRS > K
TSYOLICHRTRRO-HSME L TIEEE LA, LR B REOBERITLLRT. &
EALHDHTICELL ., BRELASEAPBOSVEARICHBELHNRERIFE L
7=

SURTHLILEeB28A»S5308% 70 3 HAE. ADEMTREETHI, N
F LN, COBEBBRIAIZVEVDhTVWSIIRICEE L { &R0 2BMEMIC L
EONBEYPRALOEIHEAUTLEY., YOoRIILG117E,SHE0H
NEMEBTHRRUEILE LA, -

SURTYLICETIBBERRNIETEEXZT L. PRI TLTORRDIF L
AEDKEDPSDRRTHY . DEIP SORBUBOREREVEVIRRTLE, F
Al E WD HEED MR T OISR, FICRE. B E Vo ZEE(EICET 38N Y S
CBREINDZIIVCRITLEWD ZETERNEMBICEREBES KED 5 DRERD
Bl hoEBDRETH,. BAODEICS VW TRAT AR, BERSEHAEAL T
#BEAVCHALL S ETIERWHOMREITEDATVIREERT 5 L %D
5NREVSEH THEP > EDRIEFICESICBVE L,

DEDSENMET 358, BHRNENSHEOGEI LOAZOEEN ED LD HEAR
THEEEhTWVED, TOMBRDEICE>TEELLEDI P EVHLRADRBEICE
ELENS. BRREFMPETECHDUTT, SAD L > KT LATIRKEREKEELBE
LARROMICH ZAROHMMDEL M B- EBRIFRFUSh A L. 2R
A—H—DS5BMLTVWBIEBICE>TEEILEDIRIBLB>LEP)TEHEL ., A
TOMEF ERIERANEARED 4% 5 TEBEANEHRL AN TVWEINEMS C
ENTEE LA,

EZATHEBRMENE— 1y L3> TORRTKEREBOMMICET 5 HKE
MEINET 3 &V S B THRFENPAEEEEOKOMBICET I RRETEVEL
o MO THEBRESHETHORRTH - - HRXDEIRY OEBRKRDEMETHERIC
BAZZCRBES P LE LAY, EFEREOTER. HICHRCETCOHERIL XX
ENEEERTELIEWERCERORBRIIL - AELBVWET, FEERKTRIC
ABEOOE - THMENDH LS EMEBHRTE LI LHFRICIVEBERT L,

{REAE5E Vol. 28, No. 111



REDBTHALFREDVELEDP O URISOLLEFEE L TEED THPLESE
BERCETL TV EVWSBVWERREE L, ShESmE» Dhdr 2 EHDH
3EBSOTTN. Z0MICHFBDReception. —HEDBanquetFEE&MNE D THD
BASHEIONTVWAZEILHBEZERVET,

BRICSANDYCRIILDER. EZECRADENE LEAL2OBHITLY, S BKE
BMLET,

{EBF3E  Vol. 28, No. 111
— 98w,



22 nIRMEEERESY VRV McEmMLT

K WE (EEIK)

SERAECR 28H~3 0 HIcdtlBEARZILEWT MEHEBEREGEHY VRYIL]1 HEH
e ZOYYRIILR2HEBITDAZBOTHY., SEEEOHE2EETH S, 1HE
HAFEFDIREY R THMNTVE . BEHERSETH TENEETEWE SEHOFE
KUBMUTHEAREERDO AL LTHXBELTREIRBESIEDOT, BERAOERY
DEEEEMETEHLS LT B,

BEEMNLIEARBRY YRV I LLEAZ L, Y USREHRDIMMBEAICED
TWELIKELS. COVURITAR, BLR3RE[/7EETCIERL, HE. LA
BRI A A—UBEEICRUHEEN, EEBSZOMICEDADARTIZNF LX< ED
D%ETHh-oELED,

ET, BREINEHAELFIE. BHEOA£L L, KBH, BHH. SRUKOERE - BE.
PAE. EEBICHIT2ARMR. KOBEOTE, EHEICETEAR—R—Fs T, k&
— bR ZABERTOEE. B, FThH-ok. S5 0HEORIFARRENEN XTI
ZOSBOMBEOEIEREELFNCHRT 22 Y. REIRELEIENE.

SEHOMAABLIL. BHEICRTEASATVARMNAMBE RO MRY LIFTHB L.

a. BEYOLEETLEARYZ L, BYRHELXRIET.

b. HEBEBAEICRIT SAEBTIAEAT, KAKET 3.

c. HIOkMIL zLic kY, HONS Y ABFHh B,

d. EEYOBEATHEDRA TN EREM EIC. BEROBRIEET 5.
¥ hB- k.

T, BHBRERRGEHBLEBIZE LTI
a. BREORERL LTEHIBEDRATAERYOR VO L 2REE IR T LITX Y,
NROBEEB ELEATEBCHLERO LA R MA 3,

b, AREFMALVCRENERBY., TOBASLMELRNF— S FHTERT 3.
%, REBLRBREFZLABNE,

AV AR OWTIE, HHEAREFASHLBER-EEDP LR EBU 2N
1y va YR Yy3~4BHREL. Boda YHOKBIL209WM> ThHo> 2O TERIEY
BhSIKEALE. £, 2HEOFHPHBILS AR EDMRLTBETREAThh
R, YOy ra v IRl eRINEI bk, BRREM (155+7HR549)

99 fREAESE Vol. 28, No. 111



HAARIDHITTLRL, BEBESESIFTURICET. €282 LEFEARLVURY S
LARBTT Z L AHEE,

2HEHOFBIEFT VA y 7 —ladEh, 2TV—F L2 hTREET-E. &
DEMUET VTR ETERAEFATE, BOKCHEIT IWEOFHEEV 2. SFROR
EAEWE YR EZELNSEETTHA IR BHIRBICR IS, O CUTOMMYHEDL
HAHLOHOKSD LB ARBI AR TETICAMUEBEAHOALEETH. 2 H®
KROFHEETREEROE 2o 2 ARBEOPCHARFEIFRICES M LULZh, #L
WENEFTRESBEFNBL 22D FOBRETFREATET. tOKREkOHFICED
DORDEIHRENTVWEIERERY., RREZZTIRBIZ - 2. FEFFHAE FEN
1 1A CHEZAERRBEANRRIATHE., Z2hik. STEOEBE2RALTALY
CEOMBEEY. RBI3DDTHHIN. AIATTCEELLOEBEBORATSICBRLE. K
IR T RV ¥ -t Ntk 2 b, HTHRORBEHALEAE TR - E— RV RS T—V
ATFALATIVMERZEL, BRIV RO E—IVEMETE —IVOBEEAF BBV ERE -V
DRBERELVTHOBVWEARIDE, YREHZ VYR IHEDI BN MBTORBEEAT
BB, BALEIED 2 LRV E,

2 HE O# DBanquet Tk, vy a vTALKDEI Y- EREFICH L, ZAMTH
SEUTHVWAERESL UTHEBNEEHEEBELTCWAEDN RILRIROFVWETATF7EL
Bok.

BLHEZATWTL2EOFRIDBAA—XTHo. TERBDEAN»> L., ALKLRS
BTHECHATWAH A4 LIOVURIYILARBELUTET I LATEEDT. LTHEE
HRBEEBILHTEE. BHLOREDTCOFETHEHZH. BAARLFBEWICEL
ROVEREFEVEEDEL TV IR, ZO0KLYFPERRZATHIZL2EEBL, BBtk -
T, ZORICKERFBZEOELRRUBA 201, PR VEBRELSEBE<BRLTHEL
LIDBTHALMSBEUE. TORLBENSEZH L, BRESHASHOD L S ICHAEA
THAMBDEWI 2L, BATTOASHECKBRR L OBFZ LRI RMBMTERVEL
FEEZOWMREBILL->T. BLHDYIFEWETHS. REAFZ2EBKEOT7 I AHTH I B &
Dz, Fr Y ANDhIEEEEESMEETHE LW,

{E3AF 52 Vol. 28, No. 111
e ? —100—



<EBRL#EBE>

6th International Conference on Numerical Methods in Thermal Problems

Swansea 3rd-7th July 1989

#E EE (hkID

HiioBE2 LEY. 2B IOSHOTLOHEETEH S R. W. Levis BREOHES
2 University College of Swansea T, Swansea & Wales OEAEHRWIcH D, Bristol

33

‘H'*Dd%\l Lul—.lka)ng Lon

2K 2 M, X56I1c# 1 M T Swansea IzEX X 9.

= 5.5 H, Proceedings (HHFFHEM) CHESATL IR IV TEHRD 169 # 7T,
Proceedings i& 2 ST 9 cm HOEATY. LI ULBHEEOLAHENLEICE L, 1/4
WIEBELCWEERCY. #AXTTFEELCEMBICVEYYyay, MicshE%28 1/2 D
D0 2 Miz4i3 T Welsh cuisine, HEHAEHIZBHhY R, fMIcAFEZFT 0TI 0n
S RBEAWTLA HEHEZEDAESIE 220 & (NHAA 10), BoE 38 THD
FI0, EBEOSMEORIINDECESP D EHA. BPAEUIPREEEESLE I
BBRT, ChETOREZ B/B ORBUOBOTWMNMEYI>TED L £.

CORHROHBEEREO - ATHI2RANMEBEBROBH ICLN ET L, SHRBOER
RETHEINABDELAEY, REOPWHESLEMEOZ WKMIr s OHBOBMRT, <
oizhokoZTYd. kMEE 1991 £ 7 HEMIZ San Francisco TFEIRTW
LZEHWTEEL A

WHEWTIERELUAY, 3 BT25HEL NEDOR TS LEREHOBLKT, #HE

HWEORD ZLORBHRLIPRETOT, HFA»LOSMEOAPSLRAGER BB A
ABBRHZBBCEEEZEVWAEZEZLADOEZNEL, ZhATHERNMICRZIZIETWE
- 3 2

-

(A8%xZ: &XI)

DEFERLRIVERLTECIE B W
DREREOTF 72w JIEAPLI0N, BEBIZEEFDSZ2O0EHKT, HEMNKD
ENBNWEZANREODMLLNWERE -

101 BG4 Vol. 28, No. 111



DNHABEF N EYHEROBRAHICHMBEDOE 260005 W,
DBRERE LORELDHBEROBREBOLIAZHELBHAT I LD HNM, 5%D0F
] Tl & v,

(BR#Z: JLKEEEH)

BEHL ST > ThoTH, HTULLEHOEMREFIMVEELTW I DT TEERL,
BLHA—UyNEFLE LARBEHEBIADEZN WS A A—IYTHD, HIZT A
YD LDERBXAOHIEE S BN o BRI HEL (HR) 2RMOE- R —N—
WEL, HBHEIWSONALNE BIZBEBRBERSEL, LRERDE-> 20D
Lot FEFLLVHEHESOFEERELADORBLALRL, ARIEBHEHE
FOBEEIEEN, COHORXBLLTRZAHMLELELHIZE2B/EVWEITHI LR
Cbhr HEAOEBHRY YRZELEBLT, ZXbhRWI LAY, REEKEL, <
—N—RENTERLT, 2O, ZANTELORERECHET, ¥2EHOH L%
Brxgshr.
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PROPOSED TECHNICAL SESSIONS

[1] THERMAL PROPERTIES
- New measurement techniques for thermophysical properties.
- Thermophysical properties for advanced technologies.
[2] HEAT CONDUCTION
- Heat conduction with freezing and melting.
- Heat transfer in superconducting materials.
[3] FORCED CONVECTION HEAT TRANSFER
- Numerical methodology of forced convective heat and mass transfer.
- Augmentation and control of forced convective heat transfer.
- Symbolic computation in convection.
[4] TURBULENT HEAT TRANSFER
- Modeling and fundamentals of turbulent transport.
- Heat transfer in separated flow.
I5] NA'];URAL CONVECTION
Natural convection in enclosures.
- Double diffusive natural convection.
[6] CONDENSATION
- Augmentation of condansation heat transfer.
+ Multi-component condensation.
[7] MULTI-PHASE FLOW AND HEAT TRANSFER
- Numerical simulation of two-phase flow.
- Interfacial phenomena in two-phase flow.
- Phase change heat transfer.
- Heat transfer in solid/fluid two-phase flow.
[8] THERMAL PROBLEMS IN SPACE TECHNOLOGY
- Heat transfer in space processing of materials.
- Thermal control in space systems.
[9] FLUIDIZED BED HEAT TRANSFER
- Fundamental mechanisms of heat transfer in fluidized beds.
- Application of packed/fluidized beds.
[10] COOLING OF ELECTRONIC EQUIPMENT
- High-density packaging of electronic components.
- Immersion cooling of of electronic devices.
- Modeling of conjugate heat transfer problems in electronic packaging.
- Electronic cooling aircraft and space applications.
[11] ACTIVE TECHNIQUES FOR HEAT TRANSFER AUGUMENTATION
- Heat transfer augumentation by applied electric fields.
- New methods of heat transfer enhancement.
[12] ENERGY STORAGE
- Energy storage with phase change or chemical reaction.
 Heat transfer in energy storage systems.
[13] BOILING HEAT TRANSFER
- Fundamentals of flow boiling.
- CHF/MHF in builing heat transfer,
- High-density energy transport by boiling.
- Enhanced boiling and condensation.
- Fundamentals of flow boiling stability.
[14] MEASUREMENT AND DATA PROCESSING
- Visulalization and image processing in heat transfer.
- Computer aided visualization in heat transfer.
- Errors in thermal mcasurement systems.
- Computational and experimental flow visualization.
[15] COMBUSTION FUNDAMENTALS
- Combustion-generated pollutants.
- Laser diagnotics of combustion phenomena.
- Spray combustion.
- Heterogeneous combustion.
- Multi-phase combustion.
- Turbulent combustion.
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[16] COMBUSTION TECHNOLOGIES
- Advanced combustion technologies.
- Waste incineration.
[17] HEAT TRANSFER IN FIRES
- Fires in buildings.
- Large scale fires.
[18] BIO HEAT AND MASS TRANSFER
- Heat and mass transfer in physiological systems.
[19] HEAT EXCHANGERS
- Compact heat exchangers.
- Fouling in heat exchange equipment.
* Feed to effluent heat exchangers.
- Flow-induced vibration in heat exchangers.
- Enhanced heat transfer equipment.
- Heat exchangers for two-phase applications.
- Mechanical design problems associated with heat transfer equipment.
[20] HEAT AND MASS TRANSFER IN POROUS MEDIA
- Advanced applications of heat and mass transfer phenomena in porous media.
- Combustion in porous media.
[21] HEAT TRANSFER AND FLUID FLOW IN MANUFACTURING AND MATERIAL PROCESSING
* Chemical vapor deposition.
- Heat transfer in laser processing.
- Heat transfer in molding processes.
- Heat transfer in crystal growth.
- Heat transfer in processing of electronic material.
- Heat transfer in metals processing.
- Heat transfer in polymer processing.
- Heat transfer in welding and casting.
- Heat transfer in metal cutting.
- Plasma processing.
[22) MICRO-SCALE HEAT TRANSFER
- Molecular approach to thermal engineering.
- Heat transfer at micro-scale dimensions.
[23] ENERGY CONVERSION SYSTEMS
- New thermal energy conversion technologies.
- Heat transfer in advanced heat engines and refrigerators.
[24] CRYOGENIC HEAT TRANSFER
- Cryogenic windtunnels.
- Heat transfer in superconducting magnets.
- Flow measurement in cryogenic systems.
[25] RADIATION HEAT TRANSFER
- Fundamentals of radiation heat transfer.
- Conjugate heat transfer with radiation.
[26] THERMAL PROBLEMS IN ENVIRONMENT
- Reduction of CO7 emission of fossil fuels.
- Heat transfer with Freon alternative fluids.
[27] GENERAL PAPERS
- Thermal driven acoustic stability.
- Interfacial heat and mass transfer.
- Heat transfer in non-combustive reactive flows.
- ACEME as a rcscarch strategy in thermal science.
- Heat transfer in thin liquid films and capillary flows.
- Probabilistic thermal design.
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ANNOUNCEMENT AND CALL FOR PAPER
XXII ICHMT International Symposium on
HEAT AND MASS TRANSFER IN MANUFACTURING TECHNOLOGIES
August 27 - August 31, 1990
Dubrovnik, Yugoslavia

The Twenty-Second International Symposium of the International
Centre for Heat and Mass Transfer will deal with the rapidly
developing field of Heat and Mass Transfer in Manufacturing
Technologies, and will be held in Dubrovnik, Yugoslavia, August 27
- August 31, 1990. The purpose of this Symposium is to provide a
forum for the exchange of ideas and for the review of recent
progress in research. Invited lecturers, as well as contributed
papers will be presented by researchers in heat and mass transfer
from around the world who are active in the various sub-disciplines
of manufacturing. The organizing committee is composed of leading
international experts in the sub-disciplines. A broad range of
subjects will be covered, including but not limited to the
following:

1. Heat and Mass Transfer in Melting and Solidification

2. Heat and Mass Transfer in Metal Removal

3. Heat and Mass Transfer in Metal Forming

4. Heat and Mass Transfer in Polymer Processing

5. IHeat and Mass Transfer in Ceramic Processing

6. Heat and Mass Transfer in Composite Materials Processing

7. Heat and Mass Transfer in Crystal Growth and Rapid
Solidification

8. Heat and Mass Transfer in Laser and Plasma Processing
9. Numerical Techniques in Manufacturing Studies
10. Experimental Methods in Manufacturing Studies

The Organizing Committee welcomes contributions of papers in the
above or other topics related to manufacturing. Papers will be
accepted based on extended abstracts. It is expected that most
contributed papers will be original contributions to the
literature; however, review papers will also be accepted.
Abstracts should be 500 words in length and include sufficient
figures or sketches to give an adequate indication of the full
extent of the contributions. Please send one copy of each abstract
(as_soon_as possible, but no later than the deadline indicated
below) to the symposium chairman for central coordination, and to
the secretary general of ICHMT for information, at the following

addresses:

(1) Dr. Win Aung (2) Professor N. Afgan
Symposium Chairman Secretary General
Division of Mechanical and International Centre for
Structural Systems Heat and Mass Transfer
National Science Foundation P.O. Box 522
1800 G Street, NW 11001 Belgrade
Washington, DC 20550 Yugoslavia
UsSA

Tel.: (202) 357-9542
FAX: (202) 357-7636

The final proceedings will be published in a bound volume following
the Symposium.

Deadline for Abstracts: December 1, 1989

Announcement of Acceptance: February 1, 1989

Full Papers Due: May 1, 1990
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Typing Instructions for Contributors to

Journal of Heat Transfer Society of Japan

Editorial Board for J. Heat Transfer Soc. Japan

c/o Dept. Mechanical Engineering for Production
Tokyo Institute of Technology
Meguro-ku, Tokyo 152, Japan

Manuscripts should be typed single-haif—spaced within a space of 170 x 255
mm, on one side of the page, using A4 (210 x 296 mm) or letter-size (8'/, by 11
inch) white paper and 12-pitch typing letters. The manuscripts must be
typewritten clearly using a black carbon or film ribbon on an IBM or equivalent
typewriter. A word processor may be used with a letter-quality printer. The
printing plates will be prepared by photographing the original manuscripts
submitted. Therefore, it is lmportant for typists to avoid erasers and keep
the manuscripts as clean as possible. The pages will be reduced approximately
14% by the printer so that the data must be large enough to be readable at that
reduction.

On the first page of each chapter, the chapter title should be typed
centered, leaving two lines of space above Iit. The author's name and
affiliation should also be typed centered. Put them on a line separate from
the title and the text, leaving one line of space above and two lines of space
below. On the second and subsequent pages, start typing at the top of the
page. Each text page holds 40 1lines of type. Using a light-blue pencil,
lightly write the page number at the upper right corner of the page.

Equations should be typed if possible. If handwritten, they must be
carefully lettered using black ink, using symbols approximately.the same size
as the typewritten characters. Type the equation and its number enclosed in
parentheses as follows:

St = 0.0287 pr 2/s Re;‘/s (1)
All symbols should be defined in the text. If a nomenclature section Iis
included to define unique symbols, place it at the end of the text just ahead
of the reference section. All data should be reported in SI units.

Place the table/figure preferably at the top or bottom of a page as clouse
as possible to its first mention in the text. Typé captions for tables/figures
right above/under them. Leave one line of space between the table/figure and
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following or preceding text. High quality reproduction of 1llustrations
depends on the condition of the original artwork. It should be prepared as
carefully as the text. In planning sizes of line figures and labels, keep 1in
mind that the final page will be reduced 14% by the printer. Be certain that
labels and data points will be 1legible at this reduction. Glossy prints,
photostats, or reprints of drawings may be used if they are of high quality
with sharp, even lines and lettering. Photographs must be sharp black-and-
white glossy prints.

References should be listed immediately following the text. They may be
listed either in alphabetical order or in numerical order by text citation. In
the text, reference citations should be either by the last name of the
author(s) and the year of publication or by the reference number enclosed in
squére brackets, respectively. Some sample lists of symbols and references
follow:

NOMENCLATURE
cp specific heat at constant pressure, J/kg K
hX ‘local heat transfer coefficient, W/m?2K
Pr Prandtl number
Rex Reynolds number, u X/v
St Stanton number, hx/Dcpum
u, free stream velocity, m/s
X distance from the leading edge, m
v kinematic viscosity, m?/s
p density, kg/m®

REFERENCES
{1} ctark, J. A., 1986, Private Communlicatlion, University of Michigan, Ann
Arbor.

[2] Lee, Y., Korpela, S. A., and Horne, R. N., 1982, "Structure of Multi-
Cellular Natural Convection in a Tall Vertical Annulus,” Proc. 7th Int.

Heat Transfer Conf., U. Grigull et al., ed., Hemisphere, Washington, DC,
vol. 2, pp. 221-228. ‘

[3] Sparrow, E. M., 1980, "Forced-Convection Heat Transfer in a Duct Having
Spanwise-Periodic Rcctangular Protubcrances," Num. Heat Transfer, vol. 8,
pp. 149-167.

[4] Tung, C. Y., 1982, "Evaporative Heat Transfer in the Contact Line of a
Mixture," Ph.D. Thesis, Rensselaer Polytechnic Institute, Troy.

Note that a long list of references may be typed single-spaced.
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