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STUDY ON FORCED CONVECTIVE HEAT TRANSFER IN CURVED PIPES
(3RD REPORT, THEORETICAL ANALYSIS UNDER THE CONDITION OF
UNIFORM WALL TEMPERATURE AND PRACTICAL FORMULAE)

YASUO MORI and WATARU NAKAYAMA
Department of Mechanical Engineering, Tokyo Institute of Technology, Tokyo, Japan

Abstract—In the authors’ previous reports, the theoretical and experimental studies on flow and temperature
fields in a curved pipe were made under the condition of uniform heat flux. In the former part of the present
report, a theoretical analysis is made about temperature field far downstream from the pipe inlet under the
condition of uniform wall temperature, following the same procedure as in the previous papers. Nusselt number
is found to be remarkably affected by a secondary flow due to curvature. The result shows that in the first-order
approximation the Nusselt number of heat transfer in a curved pipe does not differ for uniform wall temperature
or uniform heat flux case, in both laminar and turbulent regions.

In the latter part, the formulae of Nusselt numbers obtained by the authors’ study are arranged so as to have
simpler expression for a practical use.

It is also investigated what temperature should be chosen in calculation of physical properties when these

Nusselt number formulae are used.
[Int. J. Heat Mass Transfer, Vol. 10, pp. 681-695 (1967). L V) $ifk]
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#l 3 Minnesota XE¥##Z Richard J. Goldstein

I am pleased to send greetings to the Heat Transfer Society of Japan on the
occasion of your 50th anniversary.

I have had many interactions with Japan’s heat transfer community dating back to
the mid ‘60’s when I made my first visit to Japan. Since then I have returned many times

including a stay at the University of Tokyo with a grant from the JSPS. I have also had

many excellent graduate advisees from Japan, all of whom returned to either teach, or
work in industry or government labs.

My respect for Japanese heat transfer research dates back many years. Recently I re-read (in English
translation) the elegant, classic and precise 1934 paper on the boiling curve by Shiro Nukiyama. Of course |
have used many other excellent works by Japanese researchers. I have also been privileged to interact with such
international luminaries in the thermal sciences as Professors Niichi Nishiwaki, Yoshiro Katto, Yasuo Mori,
Masaru Hirata and Kenjiro Suzuki.

I am honored to send my hearty congratulations on this particular occasion and wish you many more

years of continued success.

Sincerely,

Richard J. Goldstein
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On behalf of the International Centre for Heat and Mass Transfer, I am pleased to sendgreetings to the

Heat Transfer Society of Japan, the representative orvganisation of the Japanese Reat transfer research
community, on the occasion of its 50" anniversary. In those 50 years, the Society Ras builtan enviable

reputation forthe size and quality of its symposia and publications, as well as the number and
_professionalism of its membership. The Society’s publications - Thermal Science and Fngineering, now in
its19™ volume, and the Journalof Thermal Science and TecAnology, now up to volume 6 - are read
widely within and outside Japan for the high quality papers they contain.

ICHMT has Aad a long and cordial cooperation with HTS]. We Aave co-sponsored some of the meetings
organized by HIS] and their members fiave regularly attended ICHMT meetings, both in Turkey and
away. We warmly and strongly promote each other’s professional activities.

‘We are delighted to congratulate HTS] on this happy anniversary.

AL é‘%ﬁ—- = Graham de Vahl Davis

,CZ;‘“RM _ President, ICHMT
P

-]

n

m

The Assembly of International Heat Transfer Conferences (AIHTC) is delighted to
congratulate the Heat Transfer Society of Japan on celebrating its 50-year jubilee. The
AIHTC was founded in Chicago in 1966, to sustain a worldwide forum for the presentation,
discussion, and identification of future direction and priorities in the various domains of
thermal science and engineering. Since its earliest days, the HTSJ has been a stalwart
member of the AIHTC, participating in hosting the 5t International Heat Transfer
Conference in Tokyo in 1974 and, along with the other 23 national organizations, nurturing
and expanding international cooperation in thermal science and engineering. The invited
Keynote lectures and numerous presentations by HTS] members in the quadrennial IHTC's,
along with the annual HTSJ National Heat Transfer Symposium of Japan and HTSJ’s
Thermal Science and Engineering journal, have defined Japan as one of the major
international centers for heat transfer and thermal engineering research and development
and contributed in a most profound way to the goals of the AIHTC.

Following the highly successful IHTC-14 in Washington DC, the AIHTC looks forward to an
outstanding IHTC-15 in Kyoto in 2014, Chaired by Prof. Nobuhide Kasagi, current President
of HTSJ, and to continuing contributions on the world stage by the Heat Transfer Society of
Japan.

Avram Bar-Cohen, President

%‘%‘1 (ﬁ_ % Assembly for International Heat

Transfer Conferences
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X 15

—Ex /L] ORBIELTEEICR7. A
L, BEfE LRRICET HDRME & RBIIKRAL T T
MAZEZR S &<, ZEFARICITBERTHS.
K 13 OY—Fx 7 B/UHITT TRRITHRER OB
MLZEFICHOED FETTE (BR) BILER
ROETIIOBERTH 2. L RE2H AT
— ODOINLERME Chifaga A & AR OERRE %
BLUEHEL Z LlThH o 7=,

P—FT VB LNERIZRVEEELIES &, F
@%L@Hn%%ﬂmﬁf%%% ol
Wieland #= () 72>51% GEWA-T F = — 7 33 F

EZE 20124F 1 A

-39 -

50
[ R-11
0.1 MPa
HighFlux Thermoexcel E
10
_ F Plain
B o s
= i
° | /
I
1:- ff
mﬁ X
0.1 it 1 sl jl e i
0.2 L5 20
AT, [K]
KR EAEE CH DAL Bh g iR
(R-11, 0.1 MPa)
SNz, ThETRIEbNNTE e —7 1

Fa—T DA, K15 ICHEE~T X ) ice—
NTELEZELOTHD. —F 7L EERY,
F AL DZEIR & R & 3B L 72 TRt o
TW5. X 16 IZFFERTEEE CE O U B IEEL
MREZRY. —Fx 7 /L E & GEWA-T Dk
DZEIITRILFENEEL WD EEXLND.
P —Fx 7 ¥/VE TIIAEVWITMST U7-BIFLN %%
WATEY, [IADMEREN & KT ZERN~D
WIEE B 2453 LTV A [53]. —7 GEWA-T ®
HGE L CIIRRIBREDEB YA 7 VN E2 Y,
m@wmb_%ﬁﬂxowé®ﬁ%%WMM\«%ﬁ%
AGEEY—Tt= /A CodtiEiin—7 0
(18 fins/inch) (2, BURERIZL T3 E1D 4
%CH DH[54].

BT IO BE A M/ LTl 2 7. TR
%@»ﬂm IXESNEREEDITD, KB HEN
IH U TERT UEBAMEELZR D, X 5IZEMEE
%&Ebt_k%%ﬁbfwé.ik,E%%#
DA T 2 EIE MR EE R RIET
BT RS I XEFERARCEE
DT 20TIERWNhEDBEN—RICIZTHD. E
VY, ZEFREEICEE DL D, A{bFE T T T
WoONHFARITREE LToOMEZ2HELTEY,
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R-12, 7.03X10°W

(@) Low finned (748 fins/m) tubes
with smooth internal surface

R-12, 7.03X10°W
(b) Shell-side enhanced

17 Y —Fx 7 B LVOBRMBICL DG HEEERE

DI

HEEE Y OfERITMRD TE.

Y—tx 7tV OBFFITIAEHFHEICHIE~R
-k, AN ay s EaroRy NEEEIC
RTHEEOEKRIESINTZLDOTH-TZ. 29
L7-BRRERZ LICHRT A 7 7 OERIZEE L
V. EZRALICIZZ L OATHLOSMNE BB LE
ThY, MHTORESRFENRAENRNEH
FRICMERY Y —RAEHED D Rk, —
¥, TOXIBREEERNMEE I NTCERIZ, &
BUfgEE & LCUEADEZ LI ETH T2 &
=25, Y—Fx I ELOBKICEDST=2 D
WhoeE, HiNEREEEZ S PBE ST

5. E—k\A 7 RKELEBAXMZROLEER

t— " A TOT AT TIE 1944 5, Gaugler 73
FFRFHFE L72[55]. = 0t%, HEEESNTIC@aX7-
23, NASA OFHEFEORNTHY EZ S,
MUNESBRE T CTHW BT A AL LTHE
H &N 7=, 1964 SR D Grover & D7 L[56]73 .
EDOE— A 7OHFERLE LTELGIHSIRT
Wb, 1977 FEFIITRICHRRLEL DI, 77
AT WA T T A NI REBEIEDNEEEED
2. FOEOENPETO L — M3 THFEDO RIS
IXFEHERR D, Tl THREX ) oflo L5
WCARE—IGHTH- = E B Y. 8RO GHS A
WSS L722Y, Yo Bk HERET
t— S TEMELTHEOTIER o7, EH
OFEBIZITn—RA =7 ZE LA E V2 —

EZE 20124F 1 A

- 40 -

A FIZLT, FETENRERSELLOICLE
B 5. FEERICIRFE S LTV,

t— XA TS TEWVABEPRER T 201X
1990 FERFIENBIEE TV a L DE/RTH
5. K18 TN EIC KT 2 EFRIEEOLEERER
HTHBH]. Y arDiFnYt—nR—, U—r
T = a VI EOFEMN SR BRI bih
W, ETHEIEIRE, EELTRAROEL IR
FHLZ. 1996 EOHKR= L7 fbr=7 AFEIZiX
(XY a ZEOBRBEE D | &EDORERH Y,
1996 D/ 2 AEEREIIXATE, 31.3%1H,
1997 FAZIEIF 22.6% 272 5725 9 E FHIL TV 5
[57].

14000

12000 — —
10000 Computer production {in Japan) [Lrlta,lj/ \'
8000 /r
8000 e
4000 —
2000 e

L]

T T T
1555 2000 2005 2010

Year
X 18 EWNIZET 2 E T EKEEEOHER[9]

Million

300
250
200
150
100
50
0
1580

1985 1590 1985 2000 2005 2010

Year

X 19 #HRIcBIT e — XA TEER
(KR 7v7 7 HHIEFKHE)

RNTH/ — NV aroEIZEREELL,
RN A — T — O BEG O BRI 5 72[58].
VAT NEEROEI N H—F, CPU F > 7O
BIEmEL, Zhé L bICHAENEZ7-. CPU
DOEDIAEY, 77747 A, AHNREE
FEOT A ANEET DG T, BAEBUIHAIZE
R[REBLOTWEATE CEI LERD S.
EHE T NA A TH D e— M3 TORHBRBPET
7. F7z, J—FRYVaRLT, TR by
TRV —NR—THLFFTE L LRV RT N

»‘y&"
— -
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A END. 2D OFEES I R
7 Mo TWABMNE, 48 CHHEMKE FH+
HIENIE LD ETHD. ZHLicar 7 |k
HEER~DIGHICE — XA T RfEDI S L 9127
S K191 (BR) 727 T ZEHIEZFROH#HEH
T, WMHRICBIT D — hoSA TOAEEED 1990
FERPENLRFICER L TWDE Z ERbnb.
X 20 Fb— kA T EEHRE— MUY B
BhOEHAFITHS.

20 b— kA7 b— o7 OEF
((BR) 7v7 o YLHEFKEM

*%%%m@t%hﬂ47@ﬁ%i777?
FREAE, HET, HSER, Bm7ra

v (BBfETL) Z2EBERDA—T— #%%L
2. BE— A FIEREEDiIL D AEO HBIC
FOMEATAY, EBIEAEZMRT &R D HE
BRICA-STo. Lo L, flEHEEICAD L EE, B,
HEZR EOWNA—D—DBB AN LT A —T—
IEAIEE OB WREIZ I E AND K 51Tk D.
T S 5 O — X BVE T 3w — N —F
BRERPA—R—a L P a—Z DDt — h3g
TThHDH., R=r3—F ¥ = LTINSk b —
A T BB E— N7 OMBEDE, &5
e —hT 7 DT 42— b3 THERE R FE
FETELONESRTWS, (BL, 295 LEER
IEERL S XA b <, 2—F— i3 ——7
ERBEDO A —D—IZRHND. 2D A —
H—NEZFEFTHH R b LR EZHFT D, 5k
ILREICTH D, —FH, e — "X T A—=T—D
&m%%ﬁbﬁhﬁ%%,%%%%u%®m@ﬁ
FRiTooHh 5. LIFfEH, EFREkR, RERIRT
DD ZER I BRI EANEAL TN D.

EZE 20124F 1 A

-4] -

6. EFEHERDOAE :
AEHAX FOLEELNRITEFERERT
FHEMORE L BHEMIIERE OB
W% 21 1% 1970 B4R 5 1990 FF(RAIERIC 2
JCAEINERKENAETHEKOREE &
SEFED T — X A BT H D Th H[59]. B,
NEC, HNM&HORET —X T, EHEOT—X
AR EH], KEEOT—ZIEBVEIORLTH
L. FoS, Rolr—Y (EVa—N), T b
R O L~VBINC %&ﬁﬁ%ﬁ% kof
5. 1980 FARAL > 5 1990 FE{RHIEEIC
ZEIIN BRI~ EBIT L2, X 22 iﬁ%ﬁé@ N%%
EMEENTEHEMOERT, 2 EOT v BE—F
VUIFER Y = UNRESERTWS. BLE
20 cm X 40 cm D FER S S N D EEITH
500W Tho7-. K23 dkfa—L R L— &
(T~ VTFF v FEY 2 —)L & FERFETOKE
BEODBEETHD. TV a—/MIH10cm ADELT
Ly 7 ERIZ36EOTF v S EEE T DT, FEL
BIIHRK 720W Tho7o. FEEE OH KI5 L
T BT ETARIT KRN L 72 5 7= D% & )
ThD.

z
o
&
£

1 1 1

01 1 10 100 1000

it [cm?]

X 21 1980 FEACHIEICRIT 5 EE KRB EKO

RET— 2 (AREENIZEGTE, BRY
FIIKR&GHE) [59]
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22 KEIZeAE— R
(HSEM680 , 1985 4E%%) [60]

198 LI RBRSnC
AT A A

X 23 KG~ILVFF v FEY 2 —)b L BT
D/KEE  (H Iz M880,1990 4£[60])

1980 FRUTIZM AL 33 EE O R 28 -
TV EORBNE LV, FHEBSHIUEWIZE
DEET —~D—D|Z2->7-. X 24 X IBM O
Okaty 575 1986 E|2%& L7~ HE[61] DT DX T,
EEREREIE (VLSD) F v 7 EOBGRHR AL TK
REOEBGHEICT S ETFRILEZLDOTHS.
IBM OFE L - T, BIKEOREWIFER TE
PERERHNCRET DRI 2 o T2, £, T
MEOFEHA — I — L2 D 7. X 24 135
BHZEDOI v a v E G T5L0E LT, &I
LIFLIEBIHEND Z il o Tz

LZAT, ZOEFE TORBMEEBHICHE DT
W R TP RARFIARAR—T T URE (B
W, NAR—F) Thotlz. "M BFR—F %A >
FFNRA A LT HEKIIE R CEET 52, &

EZE 20124F 1 A

-4) -

1986
_ W dys ce
E
E' 105 - T :
_ allistii anity
B s -
E 1F 4 C uelear blast
E chigh (1 Mt, 1.5 Jem)
10 - i Reenh:"&clnemﬂuTrh'l
10° _ Rocket motor case (ext)
Heat flux ih’ 5 s
i 1 = 1 m?” a.|a. aT
1 2 I 4 5 6
X 1000
Surface temperature [K]
24 1986 BT DT v T REED TFHI[61]

HEPRKREVWEZOMELZETSH. LVE0E
HafigThiX, JvE<EaETs. —F, &R
YR AE MM ICHE DL T W
CMOS(Complementary Metal Oxide Semiconductor)
EEIE, HBBENIDRROREEREND RS &
TR, BB, FHEMOEMZEIT, HivoH
HERIIAA R—=F LR TWHIRH o7, Lo
L, CMOS 73 ZAR72 I TREISE DT
W59 HiZ, CMOS D BIZIENRNTZ AR Y v —
A L BEITE KI5 2. CMOS OHEREILA E L,
LB TRUEFFHERICHER D LT o T,
BIHE L WmAI= R S ORI A TOIZ KRG
BHEA — =12 1990 FARUTAD ENA R—F

2002
Power Density
10,000 Sun's surface #—+

~ 1.000 Rocket nozzle =l
_E Muclear reactor gr—————

100
=

10
1 Las
70 ‘80 90 ‘00 M0

25 2002FICBITAAL L TAA 7 aTa kY
DI EETHI[62]
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5 CMOS ~E Dz dhdT=. ZUITIEFIFE
Eio#ER L, CMOS 2 _X—R|Z Lz~ 7 u”
gty OBELRELSESTWNE, vf 707
oty PIEE R Y 3 RIS S s, o)
Varp®gEke i, ikt TRk

KRAVEFZHEE TO CMOS ~DERHAE, F v 7D
HBEREN, TobbLRAELZMEIL, BEGEGH
OWFFTIIB W27, LvL, —B2F7-0l%
HEDMT, v~ 7a7atyVoihEEER L
L& BITREENEE L, 2000 FERICITEOGEIO
RN v —XT7 v 7 ENb5 L )17 -72. K25
A Tt~ A s a oty Y ORAET —
2 L2002 FRFROTRITH S, [Fv 7 EOBR
WA KBREOBGHRIZITOL ] L OFRNEN
BELTWD. 4 H T RBHEKOREFITRR
T — X X EtERT B —N—&, KR

FEHEHDOA—R—a L Ea—XThb. b
OHEMWOF v FEFENCIL, g T X —

R=F b= b, SHIOKRERD
WHNTND. 26 12— —F ¥ Nk — |
T O ERT.

RN e ST

\ =R F

EFa— N2t CFiRb—Hi-12)
BE

26 ~N—/N—FxNb— kT 7[63]

ST, BEEOHEKELLIZHAI2ZA MO LR
DHMEEIND L) hoTe. Ty 7/ HAELY
MHIT D7D OEPREFT SN TS, FTHE
EMHIRIT, v 7 L TREORFTEE ERNRE
ELRWEIITT DAy ARy MIFIER & —F
Thbd. Tyl 2HOAALTERELE=
Z—L, BENBEELZB-67 vy 7 Bz
T 5. ERFEOEE, BJERRERLRNE SIS

EZE 20124F 1 A

- 43 -

BlET 5. HELBEZITH) 27 2 EEE TR %
DT D (wvFarTTakyW). —o0aT Ry
WALV a 7ERIBEOaTIIBRT. Zhbo
HMRDOIBHDL LD~ A 7 a7 uk vy i
BAENTNDD, MEEEOLONREZ .
Bh7e Rt % 2 WL B I IXE A IR OBE & 29k
BONERECHE AT RIEICER Y fT e BN B D .
BT AEAREILT ~ 7 ORESIEICR ST,
BIERDO/ Ny r—, B, VAT LOEERK
L~ULICh R BN 5[60]. EEDESWITHEZED
a7 MEIZEEWRE > TRY, —7, Hisa
NI MEDESRIZEER IR SR ST —
—, A== Ea—FTHLHRE-S>TND. =
OfEMNL, BRI EWHOWIENHT- /2 RE %
Mz L 2WFESTCND. K 2T X DFEF LR
HT 272000 THSH. ZivE TIHR 27l R
TREFREN R THY, BERMBIETRS L
BROTN EBDOFRNITHEEL TV 5. ZOfke
Th b &, ETREIEONE L RBMIEITTEES L,
EEFFZRFITOT-T 58— N v 7 OMRER R
HATIIX o7,

(a) bk i =

Ty e
2l S

(b) 2T dar oo Py —3f
X 27 HEEEOM L EB-ESREORE

L L, K27b)DFID X 9z, s a7
Men#ETr L B — F 7 BRI D AX—ANR
LMD LI D. Ny r—T L YULOEFEEN
ERDITHEN, BEBEBROBRKILEE T L1
7%, BFEIEOBRFIHO N HAREER OFHE
ZANRTIER LR, Z0=—XXEFERE
W& NEEICR# L T\ T, BFEIK LB
AMEICBET 2R EZVDLEHEZ TV D, Lo
L, GEMENTICEET 2 EAFEMNR A E L TN,
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WREE - AIST 50 BEA ML T

RIEHE TE D HFARRICHED b TV, —
5, AREFIEE DIE D I, l27(a)0>/\%ﬁﬁ”Fﬁ%E®
EOREY D& 5, SR RITBEERFEICH
ﬁ%#w._wiaﬁﬁﬁﬁﬁ_ikm&@%ﬁ
MZ\N[64].

B A FOREIZA— /S —a B a—HF T
BRI 2> TE TV 5. HIEOHINT 2 Bl iE
Fi# A L C ExaFlops () 10" {8/ Mg )
DEEEREZZER L LY ETDHE, A— =0y
Ea—HErZ—IZf#EL T 15 GW LXLDJR
T HREFVBLEI D EORERN I TWD
[65]. MEDA— IN—a L Ea—FTHATT v
NUARVOBBHZLEL LTEY, TOE5EH
HEOMMRAOEATHD. ERICKLERESN
ZEHMICT T2 MLEEFALNTH S, ZHITiE
1990 FARITHRRER L7234 R—TF 5 CMOS ~D
Bl & [FIER D AR A2 & S 5 % 2 7pv. BifE
DT IPAFIRDDHLDELTETAE Y,
=R F ) Fa—"T, =R TT7T747%E

EN—ZZT DT A ARSI TN D, fFk
KA D BTN NI T W 2 FF S 720, —

LN, 78R r—HD 0T/ A
=)L TOREFIENLEIZLD. S5, b
A — L OWRTIL, T34 2AOEHEICEAT 2L
F—NEEICEAD->TL 5. ZOBDLY HIXBIE
DRIV PARIZALNDERRE L [T — X — R
RBHERBLTINWTHA . BEWERIEED
FEEUCEA L Z b o CWA Z LTSN 2 5.

1. I48F v oRILTINAR :
FEARMUERMOKRETLENEY
B RO BE TR ITIIMHEMZ — o DT
¥, LURMNEOERK, RO~y F U 7RE
ENs. ZoFakRAELALTY I aryFy
WG B AT v o 2V Z25%(T 5 2 LR KD
(X 28 [66]). 74T 7 #EANARELT=DITA
27— FROEBELIHRBEFZETH-o &
Tuckerman & F8EHFZ D Pease T, 1981 FED = &
Tho7z[67]. ARfEMITIem O Y a2 F v
I & 300 pm, 18 50 pm OF ¥ > FL%E, 50um
B Var7 4 v ERTTEHRT, ERICE— X —
TLAVINERELTCERELELDOTHD.
b — & —iRE LKA TRED 71°C D & & 790 W
DOREFRETEDLZ L EFEBRICI VAL

EZE 20124F 1 A

*7-,

-44 -

K28 vUarvFizomyF 7 TERESNE~
Arma7 4 (E7FF ¥ xL) [66]

MEAOD—HOMOENEE 5271 %, BEE
MERRIZIRDTF v F BT 50 ~60 um TH D =
Lx, BitaE LICEERHEICLV AL
ZOFHBEITZORMOMEEIZLD, N EIRE
HEAZEE LY, ELRKICALHEEEEL
-0 LTHBEESN. LML, BREF ¥ RI/IIE
FBJROTEEBIE L TR Y, FEESum DA
T2 D DIFBYROTED 1 em BEOHE
THDHZEIZEDLY TRV, BYEOHENRKEL
AU, mET ¥ o RMEDIEKRL, N T A
rarzuaFy X TIERLS RS,

1980 FE(RHBAICIEIKRBLVE T3 EE OB EICE
ENNVEIZRD7Z5H 9 EFRIS =, Tuckerman
L Pease D CITEB WYY, Bk~A 7T ¥
VRV HNZ BT ARSI TR S D
X9 otz. LaL, ®ifi TiR~72 X 512 1990
FRICE LR EROH R COE(IZ LD
~A 7 aF v o RVRENCE T D 5EIE— R T K
WZioTo. Lo L, ZhvbZeilfifiinc X 512 CMOS
F v T ORBENERKTHICON, v~ 7 aF v
VARNVGHEI O FITHE OB WA LA HICEST
W5, F7o, EREEIRT v TOREAORIR LT,
INRLDOIREIEERL, B ERIT DR & 703 FA X R A R
FEhTWs., BBEIZKIT 2 HFETEENT 1990
EMRBEIITEA > TEBY, OB I3
BT A= 2 — A L 7 — DRFEE[68]0 5
fWED Z LRk D.

P ARLER R OICHIE~ A 7 0 F v o RV
HT A ZADIED, WM E SR A G b
BRaxlpo A7 50O AELZFREICL 2.
MEMS(Micro-Electro-Mechanical-Systems) 7 /3 A A
E—IE L TN S | O EEITE LB - T X
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2000

150

100

BFEER (million)

500

]
‘93 ‘D697 98 5% <00 “01°02+°03 ‘04 05 “06 “07°08 0510

X129 MEMS #4552 FE A o #[69]

FITTWD (X 29). ZDORTEGREERSOH
BEED TS AT A A, =RV F—, MEEE
FHOFE CRENBIFESNTNS[70,71]. Zih
BRIRHIEZ S MEMS T3 A% ~A 7 aT vy
VANV TNRA A (IBHIDOHRTL) LS LI
T5. —fRiIZ~vA 7 aF v U RITRA A T,
F ¥ X VN OFE] (microfluidics) &~ A1 7 &
t—%—%0fH L CRE, OWTIHMbEFERIGR E
RIS, HElCnE e —t~v AT
L7 ha= AREB SN B AT LA THD.
~A 7 aF ¥ FITINA AT, BEFIEX S
&5 WVILREREFEE S BT 5 L, DIT
IR 2 THFREICE D MM L ENRE D TH A
I, HIEIX G OHEAR T — IV REEITNE L 2D
—F, TNEXZDEDEED A r— M EEZ
ENEL B0, T ADZ—W—5H DN
ZWEIRLZHLTHY, ANEOHER 7 — 3%
DO 0T, THAAANRELRNAT—IL
AN DR — EBR N T <L HIENIC
72 AR BT DI, HIEER SR HEEN
TRE Lz —0bRDDZ LD, v
T —IFH A S HIEHRT SRR ORE 2 HEET 5121,
KI5 D K EEE ~OBIRE, o —2NF
TIREG~DOEER 2 I 2L —va Ll
e 6720, L, ARICE-TEvI=ab—
ark VT NEALTITONERDD. HEER
E\HIE CIIHIE R OB EX A LA —/V EJE
VREEDZ A DA — )LD DX v v TN
L. ZOXITHELRMOR T — VR ERE F
noRiE, b~ T A — VL, BECHFZE
FIZBITHI 7 EBOERTHLRVMEE 2T
RS WVWEREIZZ2 > TWDH[T2]. ~ VT Ar—
WY AT ANTATZ— Xy v 70T E, HIE

EZE 20124F 1 A

- 45 -

DDV I 2 b—a CRIEITERICR D, ©
LT, TNEMEL TZOICMLERFEY Y — |3
LT 5. L LERESRICHZ AT 7 v =
U R DTENE DO TR TUIR B, Ak
T 7 0 A EME L TEWT LT Y AACE
EODMEND L. I TIFEMEEROETT L
(ENBEERAT v T O—DI2 5. RO
O EMEER T, BEWITIIZE T U B
Tholz. L, RERET LFIEDH DN
X7 AAFREL SN TW W, Ex ) BD,
T FERCT L2 Y X LA ORESITH Y B
BEFIEEDFE E W, 2 ) LIz a Y v 7
\ZRET DI EIXB A G & kP 5L & T D AR T O 5E
MHEANTNDIND THD. Rk~ /LT R r—
NEIIERALSNOSFTHEE X TRBY, v LT
AL — )VFRHT FIE OREEE A B IO T\ 543
B H 5H[73].

LZAT, v/ ultRIEDRFRZBR I 7 ol
ROBSEay ban—45 2 LEETE ITH
LWWZ ETER. Bl IXEBRIEOEETRET
E B IR Z 7 W COBERC L 2 SO % i) i
LTWb. XTI Y =y N7 &2 —TIEp2
RIBFATHREY A 7 NV EFIE L TWAH[74]. ZH
52 7 ot ROHIEEN S ERLIZE > T
LD, SEOLEWER, L0 bIREOEEL
BRSO~ A T aTF v T N ZADORERIZE D
L2 EROTUTICEHZHLT-DTEREEZMAT
B0,

8. [ARKEFFRAT HVA Y OEEEIROTR
KZ b O BURERIITRIAR O WE, (BEVE OME
REVE EORIAFRAESOEEE, BEmREE, 2
MO TREIND. TIIFRESRL, HBEIEMN
FeAE B NE T RIS RV R B[ 75] 00 6, 1
B L B HRICKIS T A RIEAEE LR D Z &
MWTEDH., EBEHELIIEMREERmEICET 2 ER T
077 LAO—ET, e OEHS 25 2 - iE -
TR-11 Z¥BlE S, BlaRAEROZ[76]. FEFR
EEIEELDOXE LS —FLE. ZnickbE
WBEAEE S 5~ 10K, BUR A B L Z 04 Wem® D &
X, BAHEBEIZL~10cm?* O TH -2, 3
T EBEORIEL, 52 bh-EEOEAR LT
RIENHEET HHEREZRELTWND.
AR RICR DN DA m® % HAL

J. HTSJ, Vol. 51, No. 214



TR - BISZ 50 AEZ A T

LLTHIZREBZAELTWS. il LCEE 1
m’ DIRBEZE 25 L, ZOREE ORI S D
wHx, EROBEFZSZBICTELRED
10,000 TH A 5. —F, FiaANMEEE LTk
oA L CD0AUE, EE 1 om® OFSICER L
EE, RIBAIXLIESD Z LD, EEICE
— KRR OFERITER. BIAEANREEND,
& 570, FHARFEMRBIKRTET S, [AmE
DA REVEEROSE, #EICHE N U723 Bk
FaEBOTROTZIBEMRER L O F RO
FEHI WA Z e TE 5. B L EHERON
7 CHRIAMERD 2 EmWEA T, REFREICHESR
RFZ R HIATDMENRN, ZDZ L3R A 77—,
FRFERR, BOKIFRREME & O EHIENT CHEER D 5
BTSN TWz=., LarL, YIarsdFv7om
HHENAZ IS 2 O D I X R IAFER A E IS >
TL 5. %T, BRSNS 1~4em’ THD.
F v 7 HE (EREEIRESRT O TWRWNES O
m) ORI (EIFFEE) X7 v 7t B o
A01~04pum OHFEICHDH. FHLFIRE TR
THRESNEERAEOREMIITB LZ 2 um O
LV THLHN D, F v 7 ORI ERSR
IXINTETTHENR VRN EHERIHR S, EIi,
EEREAHICHVLERRETH L 7 Y F—
MIERE & OB ANKE <, BIEKITHERL
KTV, Fo 7 EOBGRERITEICHI L LTHET T
BEL D BREVDS, FEEAEITEZ 5500,
FIAHERICET 2R EITE AR, Fy T ORHA
FRICALEBRH-oTmE LIS, AFEVRE &%t
WREIT K D & O T, ARBFRMNT O T RIFEEE D & 0.
B (ZWlEm A TH AR XS W E IR D L 0
O, EBRICEWBRERNES L5 HERIT A
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The Nukiyama Memorial Award

The Nukiyama Memorial Award has been established by the Heat Transfer Society of Japan to
commemorate outstanding contributions by Shiro Nukiyama as an excellent heat transfer scientist. Nukiyama
addressed the challenges of the boiling phenomena and published a pioneering paper which clarified these
phenomena in the form of the Nukiyama curve (boiling curve). This epoch-making work was done in 1930s, when
heat transfer research was in an early stage and Nukiyama himself was young, under forty years old. The
Nukiyama Memorial Award shall be bestowed to a scientist under/ about fifty years of age, once every two years
in the field of Thermal Science and Engineering.

Biography: Shiro Nukiyama

Shiro Nukiyama was born in 1896 in Tokyo, Japan. He graduated from Tokyo
Imperial University, and immediately started his professional career as a Lecturer of
Tohoku Imperial University (currently Tohoku University). He was appointed
Associate Professor in 1921. He visited England, Germany, Switzerland and the
United States in 1922~24. He was appointed Professor in 1926. In subsequent years
he actively conducted boiling heat transfer research.

In 1934, Nukiyama published a pioneering paper*) which was entitled “The

Maximum and Minimum Values of the Heat O Transmitted from Metal to Boiling Water
under Atmospheric Pressure”. This paper clarified and provided an overview of the boiling phenomena in the form
of the Nukiyama Curve (boiling curve).

In this work, Nukiyama made an excellent experiment using a metallic wire or a metal wire+), in which
temperature and heat flux are evaluated accurately, and found that the relation between degree of superheating and
heat flux is not monotonous, and that a maximum heat flux points appears in the nucleate boiling region and a
minimum heat flux point appears in the film boiling region. He also found the hysteresis behavior that occurs in
the transition region between the nucleate boiling and film boiling. Furthermore, he suggested that the boiling
curve can be drawn even in the transition region if the state of the boiling water can be changed quasi-statically.

This was an epoch-making work which clarified the physics of boiling phenomena first. It has been highly
appreciated in the international academic world of heat transfer. Also, it has become a guideline to heat transfer
engineering for the design and control of combustion boilers and/or steam generators, and as such it has laid the
foundation of modern energy technology. The Nukiyama Curve appears in every textbook of heat transfer today.
Nukiyama is a great person in the international academic world of heat transfer.

In 1956 Nukiyama retired from Tohoku University, and was granted the title of Professor Emeritus. He
served as the President of Heat Transfer Society of Japan in 1963~64. He received the Max Jacob Memorial
Award in 1968. In 1983, he passed away in Sendai, Japan.

1 Journal of the Japan Society of Mechanical Engineers, vol. 37, no. 206, pp. 367-374, June 1934. The English

translation was published twice in International Journal of Heat and Mass Transfer, in vol. 9, pp. 1419-1433, 1966 and
in vol. 27, pp. 959-970, 1984.

fZEN 201241 A - 64 - J.HTSJ, Vol. 51, No. 214



BiaoH

Call for Nominations - The Nukiyama Memorial Award

Sponsored by
The Heat Transfer Society of Japan

The Nukiyama Memorial Award has been established by the Heat Transfer Society of Japan on its 50"
anniversary to commemorate the land-mark contributions by Shiro Nukiyama as an outstanding heat transfer
scientist. Nukiyama addressed the challenges of the boiling phenomena and published an epoch-making paper,
which provided an overview of the phenomena in the form of the Nukiyama curve (boiling curve). This
pioneering work was made in the 1930s, when heat transfer research was in its infancy and Nukiyama himself was
young: still under forty years old. The Nukiyama Memorial Award shall be bestowed to a scientist, preferably
under 50 years of age, every two years in the field of Thermal Science and Engineering.

The Award shall be bestowed for outstanding scientific and engineering contributions and eminent achievements
in the field of Thermal Science and Engineering. These contributions and achievements should yield a deeper
insight into the relevant phenomena or should yield significant technological advances. In addition to research, the
recipient should have made outstanding contributions to the field through teaching, design, or a combination of
such activities. The Award is based on achievement through publications in the field of Thermal Science and
Engineering, or achievement through the application of Thermal Science and Engineering. Nationality, gender, or
society membership shall not be considered when evaluating the qualifications of candidates. A candidate must be

alive at the time of designation as a recipient of the Award.

The Award consists of a plaque, an embossed certificate and an honorarium of 500,000 Japanese Yen. The Award
is administered by the Board of the Nukiyama Memorial Award. The deadline for accepting nominations for the
Award is January 31 2012. The Award will be bestowed at the Third International Forum on Heat Transfer

(IFHT2012) during November 13-15, 2012 in Nagasaki, Japan, where the recipient of the Award will present an
Award Lecture.

Nominators can obtain further information and download the nomination form from a webpage at

http://www.htsj.or.jp/index.html

Five reference letters from professionals of at least two different countries who are familiar with the contributions
of the nominee are requested.

Professor Nobuhide Kasagi, Chairperson
Board of the Nukiyama Memorial Award
Department of Mechanical Engineering

The University of Tokyo

Bunkyo-ku, Tokyo 113-8656, Japan

Tel. +81-3-5841-6417; Fax. +81-3-5800-6999
kasagi@thtlab.t.u-tokyo.ac.jp
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