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FIG. 12 - ADIABATIC WALL TEMPERATURES FOR FILM COOLING.
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4. Conclusions

Velocity and temperature measurements were made in
the boundary layer on a flat plate covered by air film. The
coolant air was injected from the preceded porous section.
Based on those measurements, a theoretical equation for the
effectiveness of film cooling was derived by approximating
the velocity and temperature profile with simple curves.

The theoretical equation for the effectiveness of film
cooling in turbulent region is

TO—_;:‘ =0.0877B(16 -11md)md

0 w

Where mJis a root of the next equation:

A%
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(m8)* —1.5(mS)* +0.0417 +%=o 0<ms <1

B=(). Re’*
q

The measured adiabatic wall temperature well agreed
with this theoretical result.

[Niichi Nishiwaki, Masaaru Hirata and Akira Tsuchida,
“Heat Transfer on a Surface Covered by Cold Air Film,”
Proc. Int. Heat Transfer Conference, Part IV, 1961, pp.
675-681. U Bkl
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Tetsu Fujii — Personal reflections

John Rose (University of London)

e-mail: jw.rose@qmul.ac.uk

It was with great sadness that I learned of the death
of my long-time colleague and friend, Professor Tetsu
Fujii. Over the past 40 years, dating from the
international heat transfer conferences in Paris and
Tokyo, we have met continually in Japan, China, UK,
USA and elsewhere. During this time our common
research interests in fundamental aspects of natural
convection and condensation heat transfer developed
into a bond of friendship. I became more closely
acquainted with Tetsu in 1986 when I visited Kyushu
University having been invited by Professor Ichiro
Tanasawa to spend some months in Japan, under the
auspices of JSPS. Professor Fujii was director of the
Institute of Advanced Material Sciences of Kyushu
University at that time. My wife, daughter and I
remember well his and his wife Hiroko’s kindness. A
particularly memorable occasion was when Tetsu and
several of his colleagues took us to Mount Aso.
Setting out in warm spring sunshine we were all ill
equipped for the bitterly cold conditions at the
summit.

I have always regarded Professor Fujii as a true
scholar and have sought his advice on many occasions,
not only on technical matters. Others, I am sure, will
write of his many prestigious accomplishments and
honours. I was particularly impressed by his
fundamental approach to scientific problems together
with his detailed and clearly expressed descriptions of
both experimental and theoretical work as exemplified
by his book Theory of Laminar Film Condensation
and by a short paper “Overlooked factors and
unsolved problems in experimental research on
condensation heat transfer” Experimental Thermal and
Fluid Science 5, 652-663. The former treats the
problem with great clarity and in exhaustive detail. An

aspect of the latter, of particular interest to me, was

fEEL 2011 4E 10 A

that “mixed mean temperature” cannot be measured
accurately in transition flow. I had encountered this
problem in my PhD work on dropwise condensation
many years before.

It is through Tetsu Fujii and Ichiro Tanasawa that I
came to know many of their colleagues, associates and
former students. I am glad to say that I am still in
close contact with many of them and visit Japan as
frequently as I can and always receive a warm
welcome.

It has been an honour and privilege to have known
Tetsu over many years. He will be sadly missed by his
colleagues and friends as well as by the worldwide

heat transfer community. His wife and family have my

sincere condolences.

The Great Wall, China, October 1985 — with Professor
and Mrs Fujii

J. HTSJ, Vol. 50, No. 213
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A Review of Japanese Research on Condensation Heat Transfer

AHE  HEE GoiUNRE)
Hiroshi HONDA (Formerly Kyushu University)
e-mail: hhonda@pb4.so-net.ne.jp
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Turbulent flow

Smooth flow to Wavy flow

wavy flow

Fig. 1 Condensate flow pattern on a vertical flat plate®
BRI B O RIZ O TIE Udidsd L, &Lk
B2 LR S, BRSO IIERE AR EOFRIER
ROEEEICEET 2 —HEOEREZITV, BYRZEEOR
BAEG. KRR ATO2% S 298 m OfF
BN 2 D CTBLUER LT BENE IR O TRENERAE 2~ d .

TRENERFE OB X, RIEE L ORUNMESL AR EEIZHE
g4 252 L2k > TiEEZ 5. Stuhltriiger 5 DIISHE
bR DO ERIEFR R DOEEREIC OV T, NusseltVOfig %
WIS & U C ZIRIEIETE & i DEAEARAT 21T\,
PRI £ COMAE ST, Miyara® 13RI R m 5
7% & T RS LT BB AR AT 24T - 1o BT A B ECR
T~DOBEBIEL A NV ZEIE P RE VT ENE
<, BRBALEO T CIIEN I RE L.

Nakaoka-Uehara® 1T O\ AHRER L 0 725 7 L —

b e e D EBRZAITV, BURERORBRNZ G,
2.2 MIZERDKEE LS K WKFEEHRND EE

Vb F 2 — 7 e PN OB XA ROHE & %
TERRROBENRE 2T 5. BRRFHEOF B
LT, EF8E TRARI 4 2T 2 KFE ok
[ZOWCHEERAIRFZE A e S 7z, Sugawara 6 7137%
RN LD AW DB B E Rl —TH 25 & RE
L CIBUIELIR BEAE O S AR 2 5K D 72 Fujii 51378
Rz RN T 2 Vi EARUE L T it ZFHR S E
FEXOESEIC L DEERET 217, (1) & [
T DL BYR R O EE 7.

AEE EOEEEIZ I KF TR T M D2
B L C, Honda-Fujii® 13 & it A 1 2 WU iA
FINF T U T BRRRARAT 22 AT o 1. FEIBMRER
VEERTE T REFR D B KN £ TIXE(2V S <, $hiE
BRI TRNE 720, D SR TR B E A T
B K & 725 7-. Honda-Fujii" I3 E A K K0 & B NG
HRA~DEE B O BFR AT 2 S0 1E T R & 7K

J. HTSJ, Vol. 50, No. 213



e AISZ 50 A A A T

SR, K EBBEOHEAE ORI OWTITo T2, VR
WROK X VKOS, BEmiE & E O E 5 mZ b
AR DO KRICHONTHE T2V, LR ESR
L —AREEIR OfE L D S RIBIIE T T 5 DIZX LT,
ARG RO /NS WAL TIIE LD NS Do T

EBRAOFFE L LT, Fujii 5"VIHEEAKEKR DK
ERICER T 2K EE EOEREER 1TV, BVRiZ
RIZARRFTHEOWERIZONT—EEEEREOMM LY b
VAN 5 = & Z2 B H L7-. Honda 521341
R113 ZRRDOENE TR % 5% T 5 KEE LDk HE
BRa TV, RO AL 21T > 72, BRI T 7
KR DRI HOFLTIEUE, BRI, ELIRICER L,
BURERIIKDGEE LTI ERERE ORIV
BWMAICTNDSZ EERHE L.

EIREREN OEEREICEI LT, Fujii 5" N3EREK
KRADKEROEEBEHB L OTEEHNTO
B EREZITV, R)OEKRTEIC L DBURED
BB AE. #IH - AT EER-0FRIC
DUV TERE TR L OSSR E LRI O FER 2170,
IKEFRDOFER &l U7, TR & KR OB =
RBOEIT/NE L, EHRFR CIEEE Lk CERVnESR
NPEZE(CMETF L7z, Honda 513 R113 OFME T
PO EAE B ERER L OT REREN T O EEfE £ %
1TV, kDT — & 4 & 8 TR & GG I &
DEEZERE LTI BMRZEROKEA %1572, Shida
5UNTEEE R E AN O E) - [REOATRERIEIC
KA RIEZBRRE L, NMUEREOERER L b
L CREFR—E %57~ Sato LI GFEOHE o
— RERAWTKHEBRNOEGRENENT 21T\, EE
B ORI X - T 30%DEEVEREREE 1572,

ZOMORFZE L LT, Yanadori 583 T X KE
MR EOEREFER ATV, MRERN Taylor RE
EDORFIFERED 2 0L JITBRERNRKITA
HZEERHLE.

2.3 R KDENEEE

AR OENEREICOW T, IIERNOEN O
ECAEEICRIT D ES L EK G AW IO A
1EF, BEEKROERNE: Sl W THFgE S Tz, ik
H 5 UNTB BB EGR K DK NG IS B9 5 3
BRa TV, BB K DO ERE & RIE O BVREIZ R
TAHORBRRAMAOEDOE AR EOHEETIRE
L7-. Mizushina 53R F o OBBAEKONE
EWNEEEFER 2 ERIEE TRIEICOWTITYD, &ZK
HOBGEIIEFGIC L > TSRS Z L 2R
L 7=. Ueda-Inoue®" 3K R K DOSE TR LUK
PRI DWW TR T MR 22 23R % B R R IS EE i o 7
BEHE L. 2 L COREROELESR L A ) LR
BUIHEMBREI D b REVWZEEZRAHL, 2ot %
EZE LT BMREROHEELIRZE L2, Hashizume
BTG E O H DR 5 B O 6 E A3
10K DL EICiET A Z L2 R L, £0BEGmTH %

fEEL 2011 4E 10 A

fTo7e. A BT 3 MO GO AT PR
FBREATV, SRR FUBEE & (AR 77 e FTRRAE (=56
2% RFTBMRIER OB Nup & Nup 2 A G DE T2
D — i

Nu = (NufF + Nué )0'5

BIRELT.
24BN BREABLUVERESORLED G

EKERDIMARKIIMEBEDOZER 2 ETe DT, EEfE
DEITIZON RN SN, BURZENMET T 5. &
W AERG 7 8 D7 a2 T TSRS R D EAE
RRE & 70 % FEII TR IR A I XIS - A
DEITIZON CEERENERICA(LT 5. Z ot
BRI LTe— R 7B —L
A7 NVEFEBL, BEELE R DN TOIL.

LK REEE AT ARG END L, T IA B3R
I & o TEHEHELE L ICEE S L, BVEZEREOIKRT %
X723 ZRIRAERR OBE IR B SR 2 23 R
ROZE&BZ T, ZOBHROEBENT L LT, TR
(298 D B HE R RS I OV ] 6 O J& it Bk EEAE 12
B9 25 1EIC L DO N 2805 = S Tz,
NS O B SRR IC W T, L
VBRI HACEERE 12 D\ T, FRRUAR 2 LT S AR
BHBEREZE X, ThEOTE - WERERLY R
W DHFEERE L. Fujii 53 A BRI W
5 I TR 12 DD T, IERIRE STV D 7R
DOE - MERERO I % Hlg LRHG L 7=

LR w G e E IEARK O E TR _E o B R
#§12 B8 L C, Mori-Hijikata® 1378 K855 FUB N T O
THREZZE LB L DR 21T - 7.
RENGEHT A DBEEN SV IBEROBEL /NS
WIBAIZIE, REERAB I EmE IcsEL, ML
FFEE LRV, ZOBAICHONT 553 5E
FEAT 2 ATV, TR OMEHE 2 & VTR L 57
VIBMREERNMEA MRS 2 L 2R L7-. Hijikata 5
CNIREEEH A 2 G LRRO MY —T P A
PEEREIZ D\ C IR TE OEAEMENT 21TV, T A e
BNV IE EER T BN AR OB N R L 7
HZEERLT.

Mori 5 O35 B O K/NBEIR A B e B TR O
R ETREEREH A DHAEDHEICHONT, FAZERINIC
BT $RIELAR B OBEEEBR 21TV, BEREN O
KRR EPHAE TR R DO HF A & [ UBE 2L ER
HFCRRETAOZBENE Z Y, W OFAIITE
Wbz EERHLE. £ 50T RIVRIE 2 H
W2 AR —E Y A R v OSBRI DUV TSR
L7, &SRS O R IZGEBICEB SH TR
BHEE 2R L, £ OE IPREVERIZ L > TET
Dl Lo CTEIRERFENE LN,

FH A VR R D IR A R R KT B CUEfE
T AR, IRIEN ORE S L HREIES DL

2

J. HTSJ, Vol. 50, No. 213



e AISZ 50 A A A T

Drop Streak
wy =0.534, ¢ = 36.4 kW/m? w, = 0.704, g = 96.6 kW/m*

Ring Wavy

wy=0.761, ¢ = 57.1 kW/m? w, = 0.691, g = 198 kW/m?

Fig. 2 Condensation modes of ethanol/water mixture on
a horizontal tube®”. w;, and ¢ denote mass fraction of
ethanol and heat flux, respectively.
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Fig. 3 Dropwise condensation on a vertical surface
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Fig. 4 Condensation curves for steam®”
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Table 1 Experimental condition for condensation of
refrigerants in staggered bundles of finned tubes

Reference | Refrigerant Fin shape

92 R113 Two low fins
Four 3D fins

93 R123 Four low fins

94 R134a/R123 Four low fins

95 R134a Two low fins
Three 3D fins

96 R407C Two low fins
Three 3D fins
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(b) Herringbone microfin

Fig. 6 Two types of microfin tubes
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1. [FC®HIC
1 ERF A OGEITIAVA, AfETlEAA
DT NFRE L CEREN E OV IZoX, FFIC
BKIF IR AR > T 50 FiCb bR 2509,
T TIEHREL 10 FEITHEREZ ST T, RICEE
DIRER % N — A TE R K DR T R ER BN 8
AR AT L LT 5.

2. RFHE% L ERRETHIEDOREAL
(1960~70 4F)

2.1 RFAFRMAADEFEY

1953 4= 12 ADE#E TOXRET A B U —K
W OES [ Atoms for Peace] 12k Y, EFHDFE
FRANEE 7=, FD 3 » A%IIZAARTHE
FHTE2E3 TS5 EFAPHEINT, 5444
BIZHRELLE. 20 3 AIIZEXF=RIETOKIE
EBRICL DB HEEALOEK (ARILEBEFIAN
HERICTLRD) BDbhoTey, TNETEFN
OFEFRAICKX L TEF ik, RE - B
F Ao 3 FRHIZEBES L CINERFRB L. 2
DRI FHEREICE VAT

ZHUZ KV BARDOBBEB TR IR0 5 HetE
FROME & RN IEE - 72, Bl 54 EEIC, E

BIZL Y RE~OFE—-EREFHEEENIE SN,

B S5 FIIIRFNERE, RANDEESE, KR
NFEBEO WD LT 3 IEBRKM L, HARK
T HRgEET 5 ORE S 72 ST,
EEROBHE LIEFR T, 57 FITFEARF 3
B URE) DL I, YERFRRICHEGH ST ok
E D 32— L& —R— VB 2GS EVE OB NN PE
AT, BEMBEOTDOFERNPIER IR SN
3, R B AR O Hs R O i ENE ORI RE SRR
SN, —HEOE, KETITEKGHEF L L

T, BT AEARMERICBZE S 2 IMEKRE (PWR,

Pressurized Water Reactor) kB L7=H D &, #Hi-
WCEBRTIFN CERE HEE S DKL
(BWR, Boiling Water Reactor) DBIFERED 51T
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BY, EEFCHERRHEN I TV, KE
THEAKIFTH L8 /)58 F JPDR (Japan Power
Demonstration Reactor) 23 A X 4, JRAFIC &%
AT 63 4 10 A 26 HICHIFEBIZKIILTZ. 60 F
BT Z OEAKIFOREEF & L TOEADP AR
IZRRET SR 7.
2.2 BESER

ZOEHBAARDERFETHRFAOFAICHT D
BLamoolz. £ L THlMya T—amMmKEE

CHEFIRREAF) 2 & E LT TR
TOREMIT RIS M 61 4 A~64 3 AF
TiTbhhiz., —BEEITEE 30 BE/RFETEN->
7273, MIT T Heat Transfer Lab.£l|z%3 @ Rohsenow
BIROWMREICEFL, WEONZEL L T&iE
M) ThHotz. FEHFIX62E 4 AICKRFEBE~EFL
720y, WHBEBLEE OWBEEROFERLY L T
ZlbvhY, BEKEONESHEEREONRE TS
AUZSIN LT, KETIEER%Z, JRFFOBRICHL
B OMENCE L TR L dh# 2 & o dhlig o
MFER %A ToH Y, Rohsenow, Forster, Zuber %
DOWFFERC, FRAEENC 1T D Tong, Jens & Lottes
EDHFFRNRHED BTV =, VEO Kutateladze D
MELHoT. BRTE—REEDT 2 —L
BEEWCLABBRAORSEESIIMNKFED L
B )7 - Vg OX, EROERM - —F5%
EOKO T — Vg \—r T v NERELH o7,
ZEE TIEEIHNEOR TR & Tivd ~— R
L7z BNIERIC e Sz, REOMEEIZEIC
TR D A I = X N E o —
FEERNDITIHE « B - ZZEZEDOH WIFIEE D
HEFE L TR, ENMEEOERIC OV THS
L7z, WTFHRIZLTHZEE THLHNHE, IR
AL 40 BERTY, WRREKESEA D 50 AT E W
DT LT, BVWHIHRFEICLDIERRE RN 2 S
ni.

ZORRIT 65 F 6 AT LY, THESEL
frE)] [11& LRS-, iR Em, ke
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B, AREAEEOHEBIZOVWTHLEHELNTND.

Fo, ZESTOELRERMFMIIHELLTY
LZOLRET, TEHEBRETHIHET
WHZV. DT L TH —EEEDEFEREZEKL
HEERTHoT-.
2.3 N\—=27F7 RS

WP RE0%, a5 Sk T4 H 4 A
£V 2 FHITONZORERFEZDON—T U b
SRETH LS. MmAENREIHRE O =T v b (i
fEIRABGEHR) 7 — &0, FEigE - RBREEIC L
DIESSOKEREZHALNIZLE D EWWH Z & T,
WGREIE SR 2 A, BER—EETHEL L TH
FHMTOTEICL VTN, T7hbb, FLU
SFEOT AR =R (AT VL RE) ZHWTE
PR CIRBIR BN S IR A B R D EBR A ATV, T
—HDIELHOXEEER, TOEREEHL X
DELTEbDTHD. EBROBERITLIET Y B
TIESONWT., BHEORBIER D/ — 7D X
IEAEEL TS L2 ICE R, ZOERITA
R - RERMFZEHEE NS L= T, WHM?L
SIMLTCERIZE > TUIERFEIZEZ ORAD
T&ET.
2.4 SAFEZ7O> Y b

KENS OEKIFOBANE 2 STV 63 4
2, BOKBEYNIE O [ ERF R O T 5% 4
PhsdEE O H ] DM, SAFE (Safety
Assessment and Facilities Establishment) Project & L
T, BFEEWNIT DR R AR LRI L
AT, KIETRRZS S L7 8BAKIF O RS BE

LSS 22 IR E TS < OBFZEN 2 ST,

LMLV AT LELTERR, KREARGBHRE
B ORI X HHEIK O 2 - FEH G A
REOLZEFEEBENVLETHD. ZTOHITIE
B T T O B R H R b 22 2 BhEIEE O B Rk
RNEETHAHN, KETIE LOFT (Loss of Fluid
Test) &\ 9 KEGRBROFE N H 5721 OB TH
S, ZOMREZRELCEEEZBO-NEL
AL, TKREZNTIUEE 25 DIXH 72 0 B2 DT
BT DO LWV BREHSET HONKE
FolbtWHIETHSH., ZOWFETHERRES R
B LEULT, HY - HZ - ZED 3 thEhic
EEBRM fTONT. FIINBEELEENLBREL L TGE
FEHERDLOICEDNHE L. BEMIIX

BEAGHNLOERSEKOTHZES) , [=
TAT VA DWAMEK] , ARG AT LA E

HeavREEDHR , =7 VEEHBHOK
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B ZEoXRBOERNMTON[2]. ZOkE
LT, BEEOY Uy MEEIERD S ILAD
X, FEEEMEIE T A RTER O BEHE BVREICBI T 2 N
A - B EX - E)IRE, EIRFIFORZEMENT
THWLNZRRH I, FICEFEEVRERO
KTFICET2NERL, EFEOKRBMRFFFMTL
FAINZ. 7ae—¥vy (BEREEKOHH)
RE ORI R T 2/ EROBER b H o7, L
FERRBHG 7 e —X U VR B AT TR
BRI OETHENBRAEN LT ~ORKEZL L H
> T, BEMFIIFRH CHERIND L Lotz
2.5 RAHOCRHMEDIRR

BKIFOBAMNE Z LIVIRD T 1960 F-HKFIX,
FEHEREFERLOX A T —3HEHE, L CHNE
o7 u CHERIC XA Th T, E
BRAIFZEDS R CTH VD, HRE L ERANFNTH
% McAdams OFEENFEMAMEL LTHWLNT
W LarLZ o, SEREEROBEAIC LY B
TN FERRIICHZ D K )T oTERY, A LER
B 2 C& 7o, B RFOEOMFIRE TIXE
BEOWN AR DHF5EA3 L <, HARYE, WhIE - BEAE,
BHEST T U TR AR AT - T .

REVFIE S MBS SN T- DI o B 23k F
ST LRI 61 D & T, H LWBFZEDOMEHEN
Koz, ZLTEHE 1 BIHARBES VRT T LN
64 FEICHES TR S NZ. ZORRT 1 AFZE= 1 %
FEWHZ LT, WAWARLSEOIR A2 T
RLEIEWVIOBERRH T EbD.

UEFIBIED X 5 RETEHERD 2o T2,
REGHEIZIZ Re D 0.8 L, Prod 13 BED
HENMVETHD., ZOHBEOLHEREZ A T —
SHEME OFEBEREH W TITo 2. BICEHTES
DR T FEROLEDOR, ZOHREFRITE IV
S5V TROD, LEBEOERBELRENEB- L
B ONTHIRT A Z LT o7=72%, FEh B RRLFAR
HEDBENLNATWEZOEFEBEWEYT. ZoRy
i 5 FHE T, Mz BRICE W TR 2 BiE T 5
FHEICH 2D E VI BENTHEH 725 ).

WP LTH, SAFE Y12 ¥ =7 b CTiEHmH
KEERBEDE B R L EMBERBNOBMEERSZ DL
WREEZFHET L2HEFELEERMIRRKRRT, N
HIEAENE L REEERINEZ E2 BT

3. BKIFOBALERRE (1970~80 4)

1 EKFDEA
60 FERDOFTEHEHERICEM I N D RFERIC X
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v, 70 FRECEICHOG Y EFRsins. KE
2B OEKIFEDE AL, General Electric # (GE) ®
BWR & Westinghouse #:(WH) ® PWR Th o7z,
65 FEOEXFET, W5 L LT BWR [IRE
BEREHO 1 k%, PWR IIEEE N (BE) =
IRFBATD 1 5 TR TIRD 9 70 £ ThH -
7o, $EWT 71 4E 3 A2 BWR OBER ST K
FRERT | SN EEERZRG L. Y0
7T NE, 8T, KEOHKFHEY
ICEUEZITV, BASHIE 2 E RO X — & [BY
FEWEWI D ThoT-. Thbh, F4enil
AT E o Tl HWERORIEZIT 72 H AL -
BE - 221X, KEOXE® Y ICEIEREZ <
SRE bR, 7— bRy REMAOXEZ A
— MVELIZETOICREZE 7280 H 2 EThH
5. TOHD 2 SHENLIZAARD A ——REIZ
o THRUWELTED, WTIhIZLThH, KEZED KX
IR LW EBR A2 B T ORKIFBRE ORI H
AIIE72<, BAHERCTHLZ LE2ENTIERD
ATAN

70 UL, I3EDOA ANV g v 7 TTRLF—
SEENBERE CTho7-. EEROE XX
—CRTAE N REN-7208, 70 FR02 20 H
DEEIKIFT T v b INEEER A MG L CEME
ICHEBRL7ZO L EORRIZITRE o7,

3.2 MBAZE{L L ARFAR

BB L7 T > ML, Las LS S H
k< 7V, $:1Z SCC (Stress Corrosion Crack, i~ /]
JEEEN)BBETERS L, TORDOXE THRER
HIED 0T, ENOORBRABEZ TE R - 5F
TR BEMRL T, 7T hOMRER B
EEPERE DB BN e ST, F 72 80 U A DRI
BB ST =R BAEE(LTIE, SRS
AKEUF ABWR &2 BINEAKTIAF APWR OB
REN, BRORBTZ U FEe L TENZLDO%
2L Y HiFT=.

ZOM, B A= —FKRAERBRERICLD
EIFREBR A ED T, 76 FICEHEEER L TR
L2+ L% ¥ % — (NUPEC, Nuclear
Power Engineering Test Center) DFRERHFIE K & <
BELLZ. BICMEO-DOLEROIEH L
D% O BAROMERE M EICE# L7z, £72, &

BMEDLL b DL L CIIRBESEORAERH 5.

K72 BWR DRREHZE OO RS ENGRAE 3 R
FOEIEKFT L7720, #TFOBREITRLE
FEMROAERZAT > THEIET —F 2 BG LD,
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T DOFEMIAE FAEE T EERE L beo TS,
.IREMEDLERE

KEVFE R KIFOR 2L, SAFE 71y
=7 bDHEFEHT, HEMELESCHIED D
® ROSA (Rig of Safety Assessment) 51 & L CTiEsD
bz, EIREEKOBKEE OO T a—F
VRREICE S AR o 7 ROSA—1 1% 70 45 L 0 #ABR
ZEAMG L7-. KETIX LOFT HE D= DEFHE =
— FBEZEBME LT, ENEBIEEAE 23cm
DEZMEBRER N 1 V—TDBHZR 2D -7 1
— X URBREEIC L D I X —/ L (Semiscale)
EBRAQMTON TR, 71 F£0 1 AiZ, HEE®ED
DSR2 & 9 RAENAE U 7-.
RMEOEE TH LN L ZOEEEMAL L H &
WO DONREBROER 2O TUHROBRTLHS.
LPLZOZ R ZafEAIEICmL LD 2
LEleoT, FMOREMFEDOREIZ DR T-
ROSA FHEIOIERNEK B, 73 FIITRSEER
Wb DR FIFE2MMFSEF NSRR  (Nuclear
Safety Research Reactor) |2 X AHF5E L& H « K « A
HE L CTIT 9 REFEEKRBESEGS N, £ L
THEFOZEIEZ TS, BEFEOHREZT
L7z TRAFLZETE] P EEKRE T 75 £
BITEINTZ[3]. T 75 FITARIIEBIT DHHM
M- LOCA (Loss of Coolant Accident) B D 4F .0
mAEFR I T 5 EFE A F LA A KR ECCS
(Emergency Core Cooling System) D RERFHFE D
HEIZ D DN o7z,

72% LOFT #EX, EBXRHT 1100MWe #& D
PWR Z#HEL, FEFEK 1/60 I L7-EH 15755
T kW OETNVEETHD. ZOHEEITH 10 F0»
Mo T 76 5B L, 5 BIOMBERRZ{T - 7214,
78 FEIZEBEOBRENT X 5 EBREITV, ECCS ©
BHNEDOMEEE AT > 72, 83 405 1T OECD D EF
ELCEBEH DO TIZERPED S, 89 T
TLZ .

ZDOEDICARBH R BREMIRNIEE 572, K
L BT DHE, 671~ FETu—F T R,
71~79 %% ECCS Bt L3252 L nHKD. Zo
ECCS FERILFMF O L 2R OIEMER T, EFLIC
FEL7LIAMT, AR AT LA, BWR BN EE
OENE EITRD D ENIHIRBRE N TON, £
[EBRROZ2IEE L 7.

F£7- 70 ££4%1% LOCA/ECCS #FZEIC B4 5 & Syt
B DO REBERTH Ho7-. xRS RER
Bov AT AEFEFRBRAEMI N, EERER
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WORZHREEATH-T-. TNHEERLFHO
WFZERE D% < 1 78 4E 0D ECCS MEREFLAMTE ST Dk
TERFIZ M S 7.
S AREMEITI— FOER

PLED X 5 7 BB 7 B fiEAA & 3klc, HET
RE B ILEMTa—FOERTHD. BHERIR
FHRNOEGENREERZEE R T 57290
(I KRB DT 2 — RBMECTH 5. KE D Idaho
ESZAFZERT T 68 AEIZBRA%E S 4172 RELAP = — X
RIRIRFE OBIRAR DO RENVEE 2 I T 5720 D b
DTHARIZHLEAINTZ. LOLERRVAT A
NORNEZRERET 272012, VAT LHNERY 2
— LS, ENEY Y7 v a TS L,
BESCENBRFICERAELA NS L, 2oL
DERWRET LR H Y, FICHREIBEET
WEETH D, 77 FE121% Los Alamos [E STAFZERT
T TRAC =2— FPRFEINTZ. ZhbiXED%E
BRSO ORER LI BERMAZ 5o, B
£ FE CRAKFEOLREMFIICHNONL TN S.
DX D R BEHTICRBWN T, T CTHWS3E
BAROZYMENERICRESEETS. £ 2 THE
WS TIX, 78~81 F AR O (LR = AR K % 3
L LT RFIFLEMHTICET 5 ERAOFAE
mEtofle) ZREL, EBRALZoEbh O
UM ELFE - BT L.
.5 RFHDRAR LA DHE

74 FIEFAR [Te2] OFE EToOH S EHRAR
SRR N T 7R3 H Y, 50 BREOERR
Ll oTe. HEHRMAEMT O R T IIRRERICETE L T
W EE T, B L0 R L SRR OEWEE
Moni-Z 2BV, ZhzEIcEO R+
NEHIORE LN 2SN T, 78 £ 10 AIZETFH
BEFERXNVHFE SN, —REEVITBUT (BE
JFILEER) , _REBENRTFHEEZES LW
IR L e oTz. EOEFEHZD 79 4F 3 HITKET
TMI EFH B FE LT,

4. HMERTOSELREEFH (80~90 £F)
4.1 BRADHEERRERZHMTORE

80 EfRIE, BEEfFORES T & HITRED
EFRIZHREL TRV, BRIIWbDP DT LDk
RTHo72. FFT TMI FHCF =)L) T AU
HHIC BB O 16 HOBKIF T T o FVEEE
A e L. mERFEEMtta LD, 85 F0
ALY v o REEER, 86 FOF v L Vv —FEH
WlFoN ) T4 ) BHEORBEEZRZOOD,
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FEHREAT « AN - I 7 nBREA~LEAT
Wiz,
4.2 M £t - Fz L/ TA)ERERERE

79 %3 A, LB E RS A —< A VG
(TMD JR -+ /1 5B 2 SO EH N HAE LT,
TMI2 5#i% PWR T, FHOFRIEGEILZIRGHHAFRZ D
FaKR Yy T OE &) Bl EmRL TH - 7273,
—WRGBHEZRDOEN N EF L, ESELELLZL2HEN
W, CORERPBEVWEEEFEEZEL-Z S
BHEENR N OB o720, NERBEEND
DBHMELER EFCZ LICRY, S 5I0EER
BOBEOEY b H - T, FLLEEmAEL L TR
BroMERmE 2o b0TH D, ZDOHEMIL,
IHNE CORKEESESEZ P OICKELHEL TE
RENRICEBER527-. Tihbb, 75 FEE»
ORI U A 7 FEAfl (PRA, Probabilistic Risk
Assessment) 25 MIT DT AL v 2L VIThiL
2. TOWETITHRKEE OBBEE LY, /MK
Wr DB HM BRSO NHERICRE Y 2
LRV IDENILOREENTEY, /M
B ORI DIEE -T2 TMI FHICHE T 55D T
Hol. ZDOZ LN PRAFEERIEL LM PSA,
Probabilistic Safety Assessment & &\ 9 ) DF LM%
iz Lvd b roiz. LI, &2
LRI D D2 OFER/N S, YT 77 v
T b (SA) IR D D REMFERNED Lz, R
@ ROSA FHE S 1R D FH KEE Ol H 6/
W E SR ok A~ AT, UL,
SA TFZC 4 EEAKACHED L 5 LT HEHEIZ A A
TIEHZENIEERE IR 5T, FEFCEICEB
HA~DBMEEITOIICE EE T,

L)L, 86 EDOF =)L) 7 AV HHIIERRF
J1H4B8 TIAEA %150 %< OEOELE —BE 7=,
STHNICEARTYH SA OBEEENEROEERT
LBk S, 87 £ 7 AR TFHEREEZES DR
fFe R 2 B ER RS GhER)
WERT O TR ZBLA L7-. FRHIC YR O@EE
B DE BT NUPEC T SA BFENRAZ— K LT-. £
RS 88 FEIZT VT 7 FHEINC LD SA HFZE % BE
WRLT=.

43 ERERVY T FEHRAEARIHE

WIBEEVD B TIE, BB RIEND 20 F2R
WL-ZEbd0, (EBERLIOY = T8
FEMIE SRS & 82 FITHHTFSICREL, &
fAfk—FEEDO L & T, TDOHDOIBIESEOHTED
HREZLE2— L. ZOREEZR—RI, 89 4
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2 TmgEVEE L mH ) NBARTEBR XY HR
Eniz[4]. ZHUIEER S ISHARN D5 H DT,
B SRR T, GEMEERFCRTFIFOLZ 2
B HAREKERE, 77Uy NEH, BEKGE
ELEENTND., BESESNE 20 F£O HARIC
BT DB OERN R TERNS.

4.4 BREBIERETDER

80 FRITIE, JedmEf - X 7 nBEVENER L
FERTHY, 2 a—XOKREL - EmEERN
AT, ZHUTHEWE DB CREEFM N A TZDS,
717 B IS 3B\ T b BAR BV E AR AT DO HE R 23 72
ENnT-. JRFIFE OB E A3 D B AR
MroER L, JRBF - B - B ReFseET (B
W%, 2 L CEERTHBERRTFELZ Lo 2F
AL 2 — R > To 70 EROAFFER
RAE_— A LR EN TR AR effra— K
BROBRREE B LI 2 BU AN STz,
T b LEHF 2 H.0 & 28KF OB E B
GFRNT, B - BRI COEEBEMFEOT Y
LOVEEh & x5 & 5 BARRAENT, = L CEER
TOERANREEENT 2 — NOBREETHSL. BT
JFEET 83 FE LY 91 F£F T, BURENEEMITE
BETINLOER®EToTZ. ZTOREE—R
2, ZHAFIZOWT TRIR AR Oyt (5]
PHRR S 7=,

WD H K O BUK 5172 &R 22— R OARILIC %
THEZFEOHRIILLTOEY ThoT-
KETIIREOERFIE W2 Y, KR 2 —
R~OBEAZABEICBNTEY, K% - ik
B A—D— V7 bR HIImE LT L
TW5. —7F, BARTIERBMEN = — RIZiEs
HEAT D, fEo CTERBRE LTRSS L CH
HKTHEBEMRTFL, o THITa— RE/fW 272
T OIS, £ L CERRBIIRSEIEED
BHIBEHLAH Y, i — REIX=2— FOERIZ
FE— M CEBRRBICET H2HBBRD 2. 20
LR WEOBARDOTHATHLH -T2
45 KRR ORBTIRERER

B K R K IC BN TIE, AR B R AN P
YWEOFERECTHY, ARV NOHIEINT
Wiz, L L, BRREEN R LRV R
FIZRB W CIBUREIIC R R ERBI N ET D 2 &
WY, R & BB RHEN D v ) T
L 7= R 2 ERENR D K E CRER STV
ZOZLIIBEIBSDOETHLEEROEZEND
RS Cnin, BAROBGEHEE ITZIZ
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T72bb,
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CBEALERI o7, MEBEHOREZERINT
B D FRREME S L T2t b dHh
BN, HEARMICIES AT AOEAMBEREZ AT
To TP ZEBERTHLEEZD. B
KT 60 RN Z O R STz,

AR CBKNARLZEMBEIZIAL LR b2z
DX, BIIFZREIBRE EER (B) CREX
AT R AR O B A K[ AR TR T D
REZERBEENET, ZHIChNnb 5% < OFEN
D HILT-.

80 AU 1T La Salle2 547 TOHF LS — KA
IREY 9 5P LZEEMSS Caorso JF CTORFE.LOFEELT
WAL HE OYREN 2 3 2 FHIBIRE /e E A RE L 72 0
MR UGt E M 2 B L CoRBRTIFICR T
LHEEMMBA~NLEFEROL RS, ZORE
PHEOFHECIX, EEKIES & MEEh 5 R EERE
ThdHTF ¥ o2 (BRI REM & ZERHE
DHFETHHFLREEOTEEHE T L%
BEFME LTE R, Tk, F.OLoMEE CTHE
HAZAEE &80 K36k 2 B O M 23 FH R CIT
25 &0y, BEZIND 3 DSOS THAMm
N ENTND.

AARBEFNFEETIE, HEBEMEESZREL
TINbEFEHRRFTL, %IC [BWR BEEUKNZE
PERBOBLIR L3R & LT LD [6].
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IR HELRDBERBIZED L THH[1].

EE L, EMUET, Edinburgh KEOAYR % F
AT HBEEZMTENERL, HHoTH 24 L
TEFY THHNBRY 72 BF %4 Dr. Khellil
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N7 BMEN RN O L DO BREN LELE. b9 —
ATHTEFREQR) S, FEHIT & o TXBEBRIEV IR
TL7-. %2 FTIR, Raman 53 Y6572 & DAL
BRI N E TR 7= 2 LR L, FERITHEET,
B LWVRATHRZMT CE L& 2M0 £
L7=. AlEl, ¥ T Bio transport (2R3 2 HF3E %
TWE LD, FREOBHICIINF L -ULORK
AT O MifE D D BLEROIFFER Z < FR ST
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