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Heat Transfer in Japan

R. J. Goldstein

Regents' Professor
James J. Ryan Professor and Head
Department of Mechanical Engineering
University of Minnesota, Minneapolis, U. S. A.

| would like to congratulate the members of the Heat Transfer Society of Japan on
their 30th Anniversary.

| have had many interactions with heat transfer researchers and practitioners from
Japan. My first visit to Japan was in 1967 for the Japan Semi-International
Conference on Heat Transfer. At that time | visited a number of Universities
including the University of Tokyo, Kyoto University, Fukuoka University, and
Hokkaido University. It was an opportunity to see the excelient facilities that were
being operated and to meet senior and young researchers, including Professor
Masaru Hirata of the University of Tokyo, and Professor Kenjiro Suzuki of the
University of Kyoto who have been close friends over the years.

Since that time | have returned to Japan on many occasions. These include the
5th international Heat Transfer Conference in 1974, when my first climb of Mt. Fuji
was frustrated by the need to return to a Conference banquet. In 1980 |
participated in the Japan/US joint Heat Transfer Seminar in Tokyo and in 1987 the
2nd International Symposium on Transport Phenomena in Turbulent Flow. In 1989
| had the honor of receiving a grant from the Japan Society for the Promotion of
Science to work in Japan for three months. | was centered at the University of
Tokyo through the courtesy of Dr. Hirata and Dr. Kasagi, and | was able to visit
many industrial and university laboratories. At this time | also met some of my
close colleagues who were formally students and researchers at lhe University of
Minnesota. During that stay | learned much about Japanese education from

kindergarten up. | was also able finally to "conquer" Mt. Fuji accompanied by my
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son Benjamin and Dr. Tokuda.

Over these many years | have been impressed with Japan's advances in scisnce
and technolody and the high quality of students, faculty, and researchers. Japan
has progressed greatly in a number of areas of technology including the coming of
age of outstanding researchers. Generations of outstanding leaders are taking their
place in the world community of Heat Transfer. | look forward to many more years
of pleasant and fruitful cooperation with my Japanese colleagues.

My students from Japan who received degrees at Minnesota have always been very
close to me. These include; Sadasuke Ito, Kanichi Kadotani, Toyoaki Yoshida, and
the late Tetsuro Aiba. Other close contacts are with those who spent a year or
more working in our laboratories: Toshie Abe, Yutaka Asako, Masaru Hirata, Ryogi
Ishiguro, Kazuhiko Kudo, Hisashii Kuriyama, Takashi Masuoka, Masahide Miyamoto,
Hiroyaki Nouse, Takehito Saito, Shinobu Tokuda, Kahoru Torii, Akina Tsuchida and
Shinichior Yamazaki. These researchers and colleagues worked with ma at
Minnesota and are my most important contacts with Japan. They have probably
taught me far more than | ever could teach them.

Of course there are so many others with whom | have close ties. These include
Professors Katto, Kasagi, Hirata and Nakajima and the late Professor Nishiwaki
from Tokyo University; Professors Fujii, Fujita, and Nishikawa from Kyushu
University; Professors Echigo, Hijikata, Mori, and Nakayama from Tokyo Institute of
Technology, and Professors Ogino and Suzuki from Kyoto University. To these and
other colleagues, to whom | apologize for not including them herein, (truly a sin of
accidental omission not commission) | give my thanks and great appreciation for
your fine progress in the Heat Transfer area and for helping me learn more about
heat transfer and Japan.

To all in the Japan Heat Transfer community, | salute you and wish you continued

great success.
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In honour of the 30th anniversary

of the

Heat Transfer Society of Japan

J. H Whitelaw
Professor of Convective Heat Transfer
Imperial College of Science Technology and Medicine
London

The Heat Transfer Society of Japan has a distinguished history
which has grown with every passing year. It has fulfilled
admirably its purposes to stimulate research on heat transfer
in Japan, and to promote exchange of views and friendship
among the many institutions interested in the subject. These
purposes have extended far beyond of Japan so that Japanese
research is known worid wide and with it Japanese scientists
and engineers who have fostered friendship and cooperation in
many countries. It is not by accident that three Past
Presidents of the Society have received the Max Jacob award
in recognition of their eminence.

The National Heat Transfer Symposium of Japan has been held
every year since 1964 and is well known for the wealth of
new information which it provides, with the last meeting held
in Osaka continuing this tradition. In its 30th vyear, the
Symposium will be held in Yokohama under the chairmanship of
my old friend Professor Masancbu Maeda of Keio University and
we can expect the usual gathering of Japanese Colleagues and
friends and the presentation of excellent technical papers.
The Society organised the 5th International Conference in
Tokyo in 1974 and has contributed its members and experience
to many other conferences including the very successful Two-
Phase Flow Symposia and Flow-Visualisation Symposia and to
the 9th Turbulent Shear Flows Symposium which will be held
in the Anniversary year under the chairman of another old
friend, Professor Kenjiro Suzuki of Kyoto University. This
process has led to a steady internationalisation of Symposia
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in Japan and has afforded many foreign workers, like myself,
the opportunity to enjoy visits to Japan and discussions with
members of the Society.

This brief essay appears in a special issue of the 32nd Volume
of the Journal of the Heat Transfer Society of Japan which
represents another important vehicle for the dissemination of
information. The articles presented in the Journal are
frequently in Japanese with contents lists also in English but
it is probable that an increasing number of papers will appear
in English. Special Issues deal with many important maiters
and | note particularly those in the 31st Volume dealing with
Heat Transfer in Urban and Building Environments and with
Progress in Computer Utilisation on Heat Transfer and Fluid
Analysis. The first is an example of the promotion of research
on a topic of immediate interest to the environment and our
well being and the latter on a topic which can assist the
former and many other aspects of engineering and heat
transfer in particular. The inter-relationship of the two
topics is evident in the research described and the Society is
to be commended in this example of the way in which it guides
and presents new work.

It is my considerable pleasure to contribute this brief essay
onh the Heat Transfer Society and its excellent work and to
offer my thanks to many of its members for their warmth and
hospitality on visits to Japan by me and my colleagues in the
United Kingdom. Equalily, it has been a pleasure 1o receive an
increasing number of its members on visits to London. In both
cases, the friendship has been coupled with free exchange of
knowledge in keeping with the purposes of the Society.
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RERUIPBRLON, FORIKF_EMMOBREDHLEY AN 2 EMEMFT, F7id ZE MM KR
WZED ZRTHT & MBERERaTS18» 5994 TTRHAFRHEDLDAME L S Lz, F8IX
Ra=6.67x107 ¥ T 0 = B FIFPIA I © = K TFEMAEAT & T HRILEEBR 45 & h 72,

REHMBROMPFAELEEE T T. FE_EMNMOTHF#EEMBA L AAROFEFMIco—
VeV p i SHESREE B N (F9) o FIOCWRAEMEOTEHMNE: LAROREERD
HBRAPRa<10°TH R btz FIITH, SEAMFSENICIAOMBKAERY S 2 HEBEONuK
HABIR & BUEMAT 4513 & /o, F12Tid, KHPRMBAHESG 7 77 74 P EAXIRAOSDHE
ONUEBRRX 2Ra=101 1 CH o N, FISTRABE “EMAM OIS S N7 %HE % Ra=100 %
T, ASNEEELISTE T, TEIWRBILI10T TCOoOKTHEFE S, HEXNSL 501,
F14TWJEFH 0 BE S 25 b 4 O Z K TTH B 2 Pr=0.01 TRa=2.4x10* ¥ T, F15T i3 5%
OHENFLARBWE (HHR) OBRBREEEN A Pr=0~100C oW TEH X bh/z, FI6T ZERME
PR H (BATHR) O BIESEM HRa=10% % TPr=0.02, 0.7, 6.0k DV TRKD LN /2,

REAEBREGAITWDO b Do FITEHEMKBERSE A N — ICHAD Y 2 AN/ b O TRaS
sm&i??mm?zxabﬁﬁo%w&wﬁﬁmonuﬁé%@@ﬂwa(njt\ut\n
CHEREE) %008 - % LR, Pr=0.001~100, Ra=102~10°, FHMEMA R LE, FYNulk s
HEHRER. FIORTFITFRBICHDMEO ) 2 Anizd D F0 BB AT LV OiE» sk -
WHUME F2LRKFAME I L, PRICIBEE AN -BE KRB ERR T B
Ra=10%% T, Pr=0.7, FM% % AFHO F b 11290T ¥ THAL. F22013 KT = fH PIR I 0 BAE R
NuxiRa, WHENZ FVER, F2Z3RAEMAGEFOKTAIKDPOERBOBEDER, KGEHKE
REL~OLAEE,

G, Y—FEH ALKV

GITRAEMY R FUY —EF A 7+ VEHBAOKBHBIT K4 ORI A L TiT%
bz, GZRZHZEFERY ARV THK, =8 /=, RIDBLEHRA L LT, BBHROEN %
Thv, ZEFCLABRIBTEEOIEOBRABRTENE LN, GATREBPH _HOBED
EEIERMMEBE SR, X ¥/ — b, KiLowTke ., SREBLRIT L. ERERBLE O
BMAE G720 GABEAES 7 bONV—FLizb DT, —EM#, —BBE L 72 b 0 ORERIT,
Pr=5.5TRa=8000% T, €K AMHM. BIINuAMAF G 2 6N/, GSHUTFH _EE R MY 1 &
y?L%%bitﬁKLtBGT\mw%ﬁﬁmﬁtL\%m%m%%%&mu*bto65&
RICT 2 L RMEBRVP LR T 5, GOHC2ORTHBRELEN L 72 GTIIHHEMHEEY 1 &
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VIEBWTAIDWCKREDPS$HE F TREA30CE CTHMEE, Nullt KR L7z, G8ix/v—
THERBEBREOEHWED A F XA LT 2, GITRABHMFEHRASHEENORBARITED
B ERICLAER? T b0, ERERNENE COEHHBERE S 25X 2 XN %HES
LEHhNI, GIOTIR, GIORTHHEMICHE 221 2 L hEEELBERGXE M EL 2,
H WHhtE. EHESR, WHREHR

HITHHMESBE0ARZXAORLFAEZEORWOBERFT SN, GREAFRWTIRL
LUCROBEABRE R T o H2EHGBEER (Pr=0.00125) * FTEFRBWTR/FME L 2B 02K T
B HRa=3x10° F T % b Nz, H3 W EEHERIE CPr=0.001~10%Ra=102~10"1 & TFHH L 720

RICEBRBDE, B AKFREL A7y THML 2% 0B % B@AE L, HSELH
GEBLARERSZOMNL ZROGSMACISRTUHERT LB Y~ P L2 WELORELSHO
TR T bz, FERB I HE L EELCIHEFBOo N, HoX L EAEREE TS
FABRBHMOLVE2~Thb, H7T ., F— MIFHN K AFXRHE L BB IEME
MEBETHEERAMEALLBUN T b, HBR L FEFHANBE~DOZH1H 6 0 BIFEN N
FHRDOEVNEEY L2, HYE, BB CEHMLC, FE/S/MOBRRTATGBRLT A2 &R0 L
F2o HI04, KFR— PPN IS ERE PN SN 2R02RTHEE Ho7oo HITEAFHE
5% (BEKES V7)) HOTAOMBEFHCEEORRFZRTCEERT S 0z, HI2RAFY
FIARMARC IO T REY S AN NER T EES T IERS T b, HI3TRAFEREREE
CEMESAAI LV I AARNEOMMBIEERIC L VBTSN, HI4XHIZEF U,

KV VARPIEE T RMAE U B &0 HISHPr=0.010 K FHi#/8 TRa=10'"% tRa=10'"% ¢
O ¥R 0 B EARAT G O BB FHE R A B AT & b L7z, HIETIE . Pr=7T, Ra=1.5x10° %
T THERHIE H M T A 35 O 5 U 0 BB FHE PSR R AR IS X L TR S 7z, dREDH 2R a=5x 107
ARG 7. HITC B EF T E 58P0 5 A 0 BAERT 77 e b7, HIBT RATFH AR T
LERERHRFE > TEAMBEPELIMBELRELERCTHRITL., BRBEOBRFH LR v
L7,

L EEesv, 8. R CHHR

NBHEEAZROBREMNTEOE LV A / VAR k-eT TNV L 5 HERT, REREOFW (5
1) ZREZHAOBRAWEFHOFEIELEZER L ke TTNV ERBISHETVEFRL -
FLWEFNKRTHAT L, Ra=dx 10 CDEBMBE HBL T2, BERI2ER L, 4 EEMEL G
VA VABEFVTRATRa=101 ¢ C, ATRa=10'7 % TRHE L7, ISREK~F— VEEOD
ACEMBAE R  DIBEERGE & 0T,

KL EE, I6RBE - BERRE (LB ETEZ ) KEAH LVElEEIC L 2 EEHE
ORa=10% % COFE. TRBEELERE L TRCHEEE 7V AR 7 EME AV 28R L LB
LEDEHME4TEELATHEL TV 3, BRYUFGEELEMECENOIHOMEOLELIT
o 1o 9 KFE ZEMFAME % & & Bernoullif O BHELHAVLZABRERETHV 26 D,
NP N4 S FOFREERLZL D,
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PE, BRMFEORET 2 TH¥MBEEET ITEF> TwoTwd, 204, B, KK,
RWE, THEYRE PAEE, KHFELFD D, 2B, AV - NARBLT LS HER- -2
THWET AR TELRDEREL TRV, —ROHREZFZTWAZTNEENTH b,
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of Mandelsweig {1960). st
3 Gogonin and Dorekhow (1971), R-21
+  Fuji et al, (19722), steam
a gob s (1975, steam 5. Rt
v
Nusselt(1916) M ;':‘*(lg’g',?k::g;,,f” R
PR
- — G*=7, P*-0.01 ¢ Tonda e u. (1982, RI13
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Vv Michacl ot al. (1988), stcam Y v
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Data source Fluid Pattern p./p; p,/d N Rey, Present McNaught Fujii—()da* Cavallini
) E E. E E. E E. E E.
1 2 1 2 1 2 1 2
Present R113 In-Line 1.0 1.38 450 (4.7 97)"104 -0.7 4.5 -12.9 17.4 5.0 17.4 15.3 18.6
Staggered 1.0 1.38 450 (5.4 ™ 97)"102 2.3 5.4 -26.8 26.8 10.4 12.1 23.2 23.2
lvanov et al. R12  Staggered 3.25 2.44 16 (1.8 ~ 55)x104 -19.2 19.3 -18.8 22.8 ~-12.6 15.0 -16.5 17.5
Cavallini et al. RI11 Sraggered 1.15 1.33 166 (2.1~ 6&)*101’ -10.0 12.3 -13.9 22.0 -0.2 5.9 1.7 4.7
Kutateladze R2]  Staggered 1.73 1,63 305 (2.8~ 50)x10% 0.1 9.9 -0.4 9.2 0.5 7.7 28.4 28,5
et al.
Nobbs-Mayhew Steam In-Line .0 1.25 159 (1.2~ 27)X10" 4,0 13,2 -1.5 9.0 -33.9 34.0 -9.5 11.0
Staggered 1,15 1.25 126 (1.0~ 28)"105 13.9 15.4 4.6 12,4 -23.,0 26.2 15.3 16.9
= Modified
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