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Visualization of liquid jet surface behavior
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Report of the Nukiyama Memorial Award

M BRI (EER)
Masanori MONDE (Saga University)

e-mail: monde@me.saga-u.ac.jp
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Board) FX&E, S HICZEE~EONDE R LI
ODWTHMZRFNEERLE L., Z0DiEEE D
T, BELLTHESNTWET. WEB RX—U %
S S, RERIEEIZ L - THIE S
BETHDHZILICESLENINDTLED.
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IR END BRECTRAIIREIZBG L £ L.
BREVZRFEAEIE, SARZBROEBEAIRAE O S
% & o T, International Centre for Heat and Mass
Transfer ICHMT) ###H & LC, AL RISz
LOLBSTHET. £, HLERERAND VT
Ly MR 1D, Begell tho ZHFE CIEF LYK
BRYLOEERLCHEEE L., 2 ZIC5E LR
Wiz LET.
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Avram Bar-Cohen CK[E)

Ping Cheng (#'[H)

E3= Gian Piero Celata (4 % 1V 7)
Satish Kandlikar CK[E)
HFHFEA (BAE)

(BT R & )

#£2 HRILFEASEBEEREE TO HEEQ0124)

A+ THH
2012/09/30 | Call for Nomination by e-mail
2012/01/31 | Deadline for submission of nominations BEE 1 KRUZSEBREOEIR

2012/02/07 | Report of evaluation of niminees

2012/04/01 | Election of awardee by Award Board

2012/04/21 | Approval of awardee from HTSJ

2012/04/23 | Notification of awardee

2012/11/14 | Award ceremony at IFHT2012
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3 H AA= B2 T DO The 3rd International Forum
on Heat Transfer (IFHT 2012, 20124E11 5 14H A&
&) (2 TIThinE L.

FURERHICENL o T, R BEFE OB EICE -
TN O RIBA N ETITRbE L. B
H41X, %57 % E #F Peter Stephanffi+ 2 IFHTS N
FHITBNT L TV BT T

KL SEBRE OB 18 & BIE 05K T 1%,
=2 B # Peter StephanZi% O B Rt &GRIENTHOILE
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OTHRH LR OBANGIREY, TEHD
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THRZICHIBIIEICBIT 2 2o OBk - v )
NAETLE. FIEKRKILEZEE L 5EbL
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R ORRT T, RIS AEDHFER ZF T L TVD &
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The Nukiyama Memorial Award: Honor and Challenge

Peter STEPHAN (Technische Universitdit Darmstadlt)
e-mail: pstephan@ttd.tu-darmstadt.de

Boiling is an important phase change and heat
transfer method with a wide variety of technical
applications in all branches of energy and process
technology. Probably each and every undergraduate or
graduate course on boiling heat transfer worldwide
starts with a presentation and further discussion of the

Nukiyama Curve (see Fig. 1).

AT )
Fig. 1: The Nukiyama Curve [1]

In his pioneering work, published in 1934 [1],
Shiro Nukiyama describes for the first time the
relation between the wall superheat AT (compared to
saturation temperature) and the supplied heat Q in the
He found this

characteristic relation using an electrically heated

different pool boiling regimes.
metallic wire evaluating accurately temperature and
input heat flux. Important heat transfer states such as
the onset of nucleate boiling (ONB), the critical heat
flux (CHF), and the Leidenfrost temperature are
related to characteristic changes in the slope of the
Nukiyama Curve. Also the hysteresis with increasing
or reducing heat flux was observed. Nukiyama’s work
became a guideline to heat transfer engineers for the
design and control of boilers and/or steam generators.
all the
developed which contributed very successfully to the

Intense research activities over world
basic understanding of the physical phenomena and to

the derivation of empirical correlations describing the

REN 201344 A

influences of wall material, fluid properties, and
process parameters.

Today, almost 80 years after Nukiyama’s
pioneering publication, the boiling heat transfer
research community is still very active. Typically, the
aims of their research have slightly changed. From a
fundamental point of view, the research is more
focused on the very local heat and fluid flow
phenomena in the two-phase thermal boundary layer
including the dynamic wetting behavior. This is
supported by (i) the order of magnitude increase of
spatial and temporal resolution of measurement
devices and (ii) the enormous progress in numerical
simulation methods and computer power in recent
years. From an application oriented point of view,
today’s research is strongly driven by (i) a huge
technological demand for high heat flux applications
on small scales, e.g. electronic cooling, (ii) the newest
possibilities of targeted material design, e.g. surfaces
with patterns of superhydrophilic and superhydro-
phobic nanostructures, and (iii) new fluids, such as
nanofluids.

I personally had the privilege to carry out both,
high resolution experimental studies and numerical
simulations. Supported by several brilliant students in
my team and in close collaboration with numerous

colleagues from many different countries we further

developed the measurement methods and the
numerical methods. The close gearing and link
between these two approaches allowed wus to

contribute to the further understanding of the local
transport phenomena and to start building numerical
prediction methods. This work must and will go on.
Hence, when receiving the Nukiyama Memorial
Award in November 2012 at the occasion of the

International Forum on Heat Transfer in Nagasaki, |

J. HTSJ, Vol. 52, No. 219
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felt much honored, because the research outcome was [1] S. Nukiyama, The maximum and minimum
recognized by international peers, but also challenged, values of the heat Q transmitted from a metal
because there are still so many open questions and to boiling water under atmospheric pressure,
potential improvements in boiling research. J. Japan Soc. Mech. Engrs., 367-374 (1934)
I sincerely thank the Heat Transfer Society of 37, reprint Int. J. Heat Mass Transfer,
Japan and the members of the Board of the Nukiyama 959-970 (1984) 27.

Memorial Award for bestowing this splendid award
and honor to me. And I’ll promise to deliver more
results in future.

REL 201344 A -5- J. HTSJ, Vol. 52, No. 219
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For the Discussion of the Nuclear Power

)l e (BEVE RE)
Hisashi UMEKAWA (Kansai University)

e-mail: umekawa@kansai-u.ac.jp

BRSO ORISR S 5 A Sz H X, BEOFEMED, FFHT5E2HIX
LI 2IhHv, #003%2%%%4@1}**1/71. za) O SIS TEEEM A LD TTE H{EH
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Development of the Japanese Nuclear Power Generation and its

Historical Background
W4 gt R TP S8R AT
Hajimu YAMANA (Research Reactor Institute, Kyoto University)
e-mail: yamana@rri.kyoto-u.ac.jp
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Dol ELHBETERN. 2O XKD REME

RO GE 2L T Z L%, Hitgics
STHEETHD.
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JEKFUEEAKGE (PWR, 1957) 35 X OB K Al /K
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EPEDJFE T, EEOREIT, EEDIFEZIED,
BAEOEROAIFIZHFST A0 - - HEEE
BUZIRIEWN D L CED TP <, £ 50 D EHA L
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HZETHY, TOEREMEDTERINLZNL S,
FERED X A I T hR LT E ISR,

4. £&6H

EFROXIIZ, BPERFIBEORES L ZD
HTRIIEHETHD. =XV —EREFF- 20
MENZE T, MAKFENE BEE- X LX
— L LTHRA DR HIREEIL, =X —L2fR
EOBENOEETHD. ZOEKED=—X%
HEE LT, 1960 FA0 5 OUFEIMA DE N & H
firsmik, QEKIF DS BIEREL & &EEL, OFRT
FINxY A, ORISR - THRATE . —F,
@1970 FAK O ORI RR T N EEDOFAE
LRI OE, OENTOELSLIEFD
A, @R HECHEER O & 28, OEAR
B2V 7 0 OFFEILR, E W IOEELWR
MIZHHET B Z ENRROOLNTEZ, ZOEHLW
TALOHFTIL, HIFCHIER 2 L > 20 7 5
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T, EOHNTF LU AIRER DT Bbis.
—7, BKTHRIILTWD I, ZoH I
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DEE (k) ZRERTIUL, EFZ2ERNETO
AUy MEENLT, RFARHICE D= xLF
— R RREORERZ MG Rk 5 ATRetElL, £727%
ShnaThshH. BEEZREL, KEL, EMH

EIED LIRS, SHOEND FEERBIZEZD
EN, BRELAKICRD NS, BAREEFESIC
b, TOLDREBEDPHEIND.
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Development of Light Water Reactors and Cooling Systems

RRE TR (BUEREE)
Hideki NARIAI (University of Tsukuba)
e-mail: hdnariai@maill.accsnet.ne.jp

1. [FL&HIZ
P EABAKIFIIKREZ LI BEE Y, B
ARIXINEKEIVHEAL CHEFEL, MAHENE
MAxTHR L. ZZTIEKEE BHAROBKIFR
FIZOXHHIY AT L EFLIEEI[1]117].

2. RFHTS2 FOREK

BT NTT 2 M, 1945 FF£OFE IR KENE
BN AREZEICLVIRFHEKECEB A E LT
BB EE 7. TNEREBEBHICEAT 270K
EZ CHENED SR, HRPORT HHE
W Zh L7- DXk E o & i #E5E EBRJF EBR-1
(Experimental Breeder Reactor-1) T 51 £ CTH 5.
54 £RITIH Y @S BERBOHEANEAKLE, 55 4RIKRED
gk AEZ K JF BWR (Boiling Water Reactor) D32
BRF BORAX THREICA L. 56 FITIFHEED

BB REE T AW AN D 2 — N F— R — VBRI 7
77%% ST NERR A BAAA L7, AT & AL & 3R
NDEARZ VDKL, WER & L TEK
ZHAWSMEKEFE PWR (Pressurized Water
Reactor) 723 FAMEEN ) HICBHFE S0, 55 FITKE
TR DHEKE ) —F 7 X, 61 FIIRT %R
VHE—=TTAXAPHFE L. ZD PWR L
BWR D¥E ﬁ%ﬂﬁ&bf@%%#@@%ht

53 £ 12 RIZ7 A B oY —KFEEDOEETD
“Atoms for Peace””—"*f’\_t VIR 77 O SEFF 23
7, BAY 54 FLIERF ) OFIHA~mIT TEZ
7RIEEN A B AR L7z,

3. BIKFDRHH
3.1 REIZH T+ ZEKIFRFH

KETIE 46 FIZJRT )= F L F—iENHIE S 1,

¥ 51ZEES AEC (Atomic Energy Commission) 73
R I, IRRZRBUNGREE AR H ) T A
JRFIFNERR S V2. AEC 1%, JRFFEORAIZIE
NROBZEHERPREE L L TRIZREFIFLEHE
MZ& B % ACRS (Advisory Committee on Reactor
Safeguards) & 72 DR FIFZEMREZERE 47
WCERE L7, R IP MR O F REERT A~

BN 201344 A

HPHE IR O RBLIZ L D EEMEDPRETH -
7o, FERIRIL, EBMARREIC KDY
B & I I LmEIFR ECCS  (Emergency Core
Cooling System) O5&E{LIZ X 5 IEH BRI LB &R IE
T 62 FFONHIFRFHI KB S 172, FRIT 57 D
EUA A7 —/VOMNEZIRDRNT )V h =17 A
AERRFIFOFDERER COa vHESET Y
LEOHIENL R RICEERBE L 2o,
3.2 MnEKELR (PWR) D BHFE
3.2.1 #IEARHREXRE

X 1 (Z3EEM PWR OEAMR Z <7, PWR (TR
TR RN OBRERZ BHT 5 —RIGER DOEHAH]
KESZIMERIT L VK 150 [EITIE L Tilblg
BNz, MBASNIZSEBEOMEKIZ LY BRREE
#% SG (Steam Generator) THJ 70 K[ED A%
HKZMBA L THERE L THEKY — B ~kD.

M PWR (X WH (Westinghouse) 73 F{£T,
CE (Combustion Engineering) K % B&W (Babcock
and Wilcox Service Co.) HMi v, BRI OEM
NHWE - BRA R I, KEORYIOMEAIEE
JRFJFIZ PWR C, 57 fRICEFEEL AL LIEX
Hi 77 60MWe (412 90MWe) @ Shipping Port T 5.
Z ORI ZE R I S s PWR ORI T,
REHEMIE Y — o RBEERDOL TH T2, s
WH i 61 F3E#:BE45 Yankee Rowe (175MWe),
B&W 78 62 FE#EFALAD Indian Point-1 (265MWe)
R L. 72 PWR (XEWMOEN I HFIH b
BB, B&W O 7] 74MW @O PWR Z 5 L 7=
XTI 62 FRITSERL LAY 10 SRR O ZAT o 7.

1 PWR OEEARER
[3CHk 5, 55 718 (Vol.50,No.4) |
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FREE . =L —,

FF Db FaeEZD —AnALFEDOHERNH—

ARG FERM [Teo] 28 69 FITHEK L7
74 FOH ) ERRBRICHHBRENZEZ L, &
&L T 91 4RI 1 FEM O EBRMIMEE 1T - 7-.

3.2.2 ERHXTBFDOBFE

KEOPWR L3 thic X @GS, 22T
X WH ZFLICZE O EZ .

PWR [THFK & IS RAULAEA TS, WH OF—
D PWR 1L, 1960 FF{70 5 70 F-H] 6O |2 EHRBA
WROBRHT 500MWe #RIF, 2 _(IE 70 L
HEGEERBAIA D 750MWe FRIF, =% 78 4
VIBEERBRAA D 1000MWe #RIFCTH 5. Z DR,
EAM R ST EED L RS> NEEHR
WREOMEREM B3 22 Sz, WH I 1 RIS
IWHKIREDHE R 2 L —THoEKR, BIH 23,4
N—TL LTHIEL, IZERUKRE EDORS TR
SG M L. H—HAN 2 r—7, AN
3L—"7, BN 4 =T ITHIET S, —F,
HAERIZE LV — 7 OfEZERK I TG L
DN CE & B&W TH Y, K27 OREULZERET D
7o O 1 — 7Tk U CIRIRENZ 2 v—T7
LT2BORy F&E %L#ﬁxSGﬁk@mLt.
SG (¥ WH & CE 28 U F8A %2 A WE TR - 7278
KAEHERT DDl ﬂblmw TIRBGRR & AT
LB A Hu Tz,

BARI=ZZEI2FA—I—L LTWH D PWR
A L7z, 1970 FI2EEEEFHBOEER 1 5
(320MWe) EHFID 2 L—THF, T4 EOEE 1 &
(780MWe) MBEFID 3 L—T7IF, 719 FOKER 1 B
(1120MWe) NEFID 4 L—TIFTH 5.

PWR [ZNENZER D KT A B& R # CIRTIF
REBEON, BHKEEREEORHAR 2K E
OB E LEESETENLEREZMA, BN
RO/ E R DT A A a0 T o RIS 5
LHY, BERTIEIENDO 4 L—F 75 FThb
KEL 1 RO 2 B CTERAINZ. ZOMEEF O
*“kﬂ%@%Lfkéﬂ AR ZN%Z 0.6~0.8
RE O BE R B ICHE O BIE K NE &
(Subatmospheric Contamment) HKREDOK SO
7Y NTCEHHAINE. 20 ORBMESIT M
WV DB 2 5 - O KRB N ER SN S.

HARTIEZ 75 FEEND 80 FEITKETHE SN

72 PWR & BWR [ZDOX, BTk « 5 _RKBIZE%
{bEBEEO a7 e LTITY, IS

TV OfREG L TR Om L% 2 B E L RRE
%ﬁok.it76$’ﬁ%ﬁl%ﬁﬁﬁ/?%
(& DIFF I3 BELATHERE) NERIE S W EIEABRN

BN 201344 A

- 16 -

1Thhiz. BIC=2ET - B3 - K2 2T 0LICH
MR N2 SN ENEDR EIcHfT b EL
7o. 81 D 5 FEROFE =R RIEELT PWR
TiWH&:%EITMNR(NmePWw%
B L. FLoOREEMEKIZ, Fo7 -
WEREEZRKAULT 5 2 & THERD 1200MWe 7
TAD 4 N—THERDOEE T 1530MWe 7 7 A
MAZHERL, ZEERHGE CIIH LV EtEES
JEX 7 8RR L. APWR OKRPIOTZ > k&

LCHE3A FIFENZEBETCTHS.

2000 FERICAY BT NTT 0 NERIEENHE
wLEEZED TEREILL, PWR & LTHET7 T X
@ EPR (European Pressurized Water Reactor), X[E
@ AP1000, HA D APWR CK[EAF US-APWR),
#%[E > APR1400 (Advanced Power Reactor 1400),
1237 @ VVER HENZIEE# 2 ED O OH 5.

3.3 BEBKELE (BWR) DEAF
3.3.1 #HARAFRERRE

BWR (X, JFLOBREMEAZGHEIT 5K 70 [ED
WHKZ R FIFANCHE S8, KUK BEL CHafn
KIUEH—EU~EVRETHVATLTHY,
KIETIE GE (General Electric Co.) 23 E{RAJIZEH

R

F L. B9, BRMEERLMEHEIEROW S DR
Ftsiuiz. BARERIZIKOBISIC L D BEZELTE

BAOLLTRIEX—EL~ELN, U SG
T LB A 7 Vv bET S, mHITER IS
HKZR 7 CEBRSY, FTERLEAREZE
B —E LD EEYA 7V, SG I L THER
PERTAIMEY A 7L, FEHORKI NI LT
DR SN BERRE Y - UMt T o L
FIFFIZ, RR K7 20D OFMERAKIZED SG %
L TERED “ kAR EMB L CTRIAEKRZITH
2=~ EHET 5 REITER —EY A 7 AREB %
HNRBRMNMTOIZ. X 2 ICHREEREEEY (7
S, BRTEBRMEY A 71, WEER &Y A 7
)b, BEHEITEREREY A 7L, O&aRERT. R:
JFFIE, T:Z—Ey, G: BEHETHSH.
RAOIOMEA BWR X HIMEER &\ 1 7 VIF T,
60 42 E EEHLBIAA D 200MWe @ Dresden-1 Td
L. JFAMCRELEAK R 7 A0 b 0OEE (0 K
JE) AR EEKRNT LOPERAKT SG 240 LTA
Bk L72ARE 35 RJE) BR A ¥ — B OFE L IRE
B~tia L7z, ZEY A7 VFIIA XV TETYH
BERENED, oA MNETHEENOHKIELE.
RN T HRIEERIF CTH D 63MWe O Humbolt Bay 73
63 FICHEEERAMB L. BRMERIFIXZ NS
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12 BWR O 27 LHERE
[SCHk 5, %6 6 [El (Vol.50,No.3)]

Yo AT X OMIT B AR T SRR JRAF) O
JPDR (Japan Power Demonstration Reactor) L C %
B SNT. ZOBRERPIIIEREABEFLT
IXHARETH > =D KA EE L < ZOH%BAEND
#%iB9 5. BARERIFIL 86 FOF =L /) T A VEHE
s, ZENLEFE L L CGE: BZ - HAZlC KLY
SBWR & L Ttk TREFS 7z,

RO OFEREITEEREEEY A 7 VIFIL 72MWe @ Big
Rock Point T 65 FFIEEERRZBRIA LT-. KK
BEIXIFAAOERLG R T 2 &2 AV, &FRKiEEE M
RN T TCRFFMERSEDLFATHS.

oM, JRFFRNCBEAERK L T 5 BEF b
KD MR S AT DS IR EVREN R o BB B O R RE
SR DBEMENZ LB EIBLT.

TN ORI DOREF 4 GE 1L BWR-1 &
BEATE. JRFIF A8 O AL, ST REZ
KZ A BT 7273, Humboldt Bay 75 & HEIARED
BRI B LT 5 mIRARR A E IR E O
7 — LK CEEE S S E M BN E A ST
R aRN 2737 MEL72. BWR O ZRN
VAR S B BRE D K SRIRBE A BE T 2 72 D I EER T
EFRTEMR L CRIEELT 5.

BWR-1 K¢RIZ1E GE LIFMZ Allis Chalmers 112
X 2 REIEBREREY A 7 /L BWR OBRERH Y,
JRFIF RN KK BEE S < OFIRBAFE D e S 4
7.

3.3.2 ERAXEBEWFDOEHFE

BWR-2 (% GE OpEH BWR DR LTI E F
STEBEOTZ 0 N T, b—T ZROEDIHIE
ZHT % MARK- [ BUSIARS, R AESRNER

BN 201344 A

KorBERR, ®IFLREOINTEMREE, FEFRFL
WHIR ECCS a2 7-v AT L THD. BWR-2
1%, 69 FEIZEEIEE A BAA L7- 650MWe @ Oyster
Creek ZXKET 2 £H 20, BROKRVDOMEH
BWR THAHHE 1 5 (341MWe) % 70 FFICEZ%E
EER 2R LT

BWR-3 [TFNY = v bR 7 DE AN EE
BT, &FLREZIFNONL—T %18 1L 7 BWR-2
IZH, AMNEEER RS LIREOK 12 12
L7z, ECCS DR & 7e &z, MARK- I AUt
WMRmZHA, BARATHLEEFE— 1 501 FE%
EER) & BR 1 5 (74 5 EEER) NERINT.

BWR-4 |%, JFLOHIEES 20% EHF w5 &
|2, ECCS ZDWBEN RSN, £/ MARK- 1
BN B L T 508, ZHOFEESV NEE
HT5H MARK-T & % S 4172, BWR4 (3KE
TIX Browns Ferry = 1 LIFE 16 FENAEERK S 7223,
AARLEEE 2 5L AR L.

BWR-5 X MARK-I iR EEEL L, V=
v NAR VT OBBRIZ L DA EREAEER T &P O
B0 13128 L. KETIX La Salle 1&2 B LI
4 ENEF SN, BARTIIHEEE LI, &
BE—6 5% RDENERIN.

BWR-6 (¥ MARK-II&MAAZR DB S, ¥
WA AT SMTEEARANITIL BWR-5 &[RRI %< D
WREMMAZ 5N T 72 FEIKETRYOFEENR RS
Ni-. BARIZIE BWR-6 (TEA IR o723,
ZORNZEENDHEL OBRRIZTE DRI RIZRE
{£=° ABWR BEFEOH TR I T,

BWR-3, 45,6 ABWR

X3 BWREFIFZAT
[k 5, %6 8[| (Vol.50,No.5) ]
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GE ® BWR 1%, B&WIOTF T F3EEN BWR-2
T 63 4, BWR-3 T 64 £, BWR-4 T 66 4,
BWR-5 T 70 4, BWR-6 T 72 £ & 10 EE HFD
Mz —RICKAULA 2 Sz, BARIZHEZ L AL
EEA—T—LLTInbEEANLL.

HARTIL 75 FENSLDFE—IR « 5 _IRL BAZHE
fEIZ LY, BWR-5 OBEH 2 FIFLUBEDOFET
MARK-II 2ZX° MARK- I t& & FE52 2k B AU A 2

WRFESNLE, BAMAOEMARE SHEAT.

81 D DFE =R BIEMEL TIIHZ - HZ - GE
T ABWR (Advanced BWR) DBAZZ1T-7-.

ABWR [IHEERY = v MR 7%, WS EE
BT A~EE L. NEEIFREEAR S 7 IXEE
MPLAT =—FT D77 FTRRICHWLIL T
=HDOT, IBBFHEEREL—TORE L2 T2 &
WX RFEOEMAL e ST, AINE RS T ERAD
a7 ) — MUOEDHIHIR T, MARK-TH D
B FE %72 < LT BWR-6 ® MARK-TIIZi#T\
KER NEFRE Lz, 2oft, RE&ET 4 VX
JACIEERHIH > AT A OBRBAZEOFHERF NI A
BT, 1996 FEEEEBRLAO 1315 MWe DA
X)) 6 BRNRIDT 7 hC, HEXP 7 5,
i 5 5, BE 2 FREK I, ABWR IZEIR
35, KM PERFTHY, ABETHLEHRFTH
D03, ZOfth 2000 FLUE, KESHEETT T
NERREEI N EL OB D .

X 3 X BWR-1 7*5 ABWR £ TOWE OHEIEX T
»H5H. BWR-1 ©EEOZEK N7 L, BWR-2 D4
HMEMEERA 7, BWR3~6 DY =y hRV 7,
ABWR OWNEFRIFHIFERR - 7B TH 5.

4. BKIFEOTS YV PV RTLETEHKSS
4.1 PWR
411 TSPV RTFLA

X 1R T KL 912, PWRITFLOREHESEK,
—WRHHEIK 2= MEKRBE SRR 2 IESR, —K

ROKERRUICEADRRE LR EERESHEL L,

ZDOMBEKIEERAR L T3 5.

PWR [TJF DO— KR Fa/KELE / AVBNIFLE Y B
EIZH Y, O BLE ik SRR O S R ROIR
RE~BHLEWZ &, ROERK[IERDIFLEY
BEUVMLEICH > T—RAKD BRIERIZ L DI OW
HNARETH D Z L, TROLEMFICAITEE
SRPRREBSREICED TH D Z LR TH S.

BN 201344 A
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4.1.2 FEiH

(M BEEER

BEAKAF DBREHIIRIRANE Wb Y 7 o ORERE -~ L
v hEVLI=T AEEOWBEICFEDZ LD T
o EERRE R VR B E AR I BV TR AR
FHEFFAECTE DEEBAZB A2V K HICERE S
o, BERFICITHEAR+ 55 TET HIBEC K
LWEBEOREOWEE L by XLy b
M OMRTEIZEIC L > TEL D EICLDIWBEED
BEXRH D, BIE LSO R A B2 720
Xolcxitasns.

EEH 4 m, EDER 3.6 m OREHEIL, —i05
220mm O IEFHHEA-RICEF] L 7= BAEHE & (I A
ANEND. M 4 ITBREBESEOMER TH > TK
BUFETIX I 200 (K< #ERIND. BP0 2
N—TTF v ME 14 Ax14 K (144714 %)) T3 K&
W4 V—TTFF 2 ME 15x15 OEFIRTH - 7278,
ZO% 1717 EEERELER L. ZOEHE I, K
BHEOR LYy F 2SS LTARBEERINT S 2
&, REVEAE AN UIRRE LB O F S 1R E Y
B LT, PRALEEH (PWR TlX DNB, Departure
from Nucleate Boiling) (Zxf9 2R OHEK, H
AT DI LR AN EE N e ST
Q) ZEZRFKERR

RLFEAER SG 1T B&W 12 L 5 E i SG (Once-
Through Steam Generator) & WH X TN CE (2L % U
FTE (W U FREEE) T SG (U-Tube Steam
Generator) 288 575, Z 2 Tl WH © U &2
DOWNTET. K513 U FERIBEROBEEZ R
T. UF® SG 1L, &3 20m OMNESX T, B
L0 FTEO—RMAKEIZIE, FFFENHE 150 K

-
—

X 4 PWR BREHEAE
[3CHk 5, %5 9E (Vol.50,No.6) ]
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, BF DD HTaBEZD Ao LFEORRNE—

X5 PWR ZESRFEE[4]

JERI 320°C OEIE— KB AY, UFEH T3 T
BAODH U FHRO U FRUREVE N % il TIREVE
SO R EIMBL, K 280°CIZ7e > 7= — kK
FERTHAKENOEFIFICED. B{F—E
MO ZIRBAKIZZIRERAKEAODLDB A KK
ﬁﬁﬁﬂgmﬁﬁ%m&ﬁébfﬁzm%&ﬁo
TERIREZ TREL, REVEL CT— B HEIK TINER
éhﬁ54wﬁ®ﬁ0% e sh, UFEHRO L
*B /k4ﬁlﬂ7 SrBEEE, EERE KK B

&U%@L% By mBEss B i 6, —
&ﬁ@ﬂwi::f IIFfAfIAR 72> T SG TH
MOFEEK[ENOEKISF —E L ~M .

SG 1% H K ILIEEB AR E %0 D /KLERIZBE D 5
REVE ORACIS I EREEI N, WIEREIC X 58
FERNZED N7 TANFEE LN, i LTH
E S RE - BEOTRRWESE N SN
(3) hnESS

IEZREL PWR —IRFAKEZT 77— /IRREIZT 5
%@T,ﬁmPWRT@@%2ﬁmrﬂ§Mmk§
9 5. EEEFFICII Z OFZRANOK 60%205 7K THf S
M,L%@%%TT%@A — K F IR AELE |
DIRMND . NEZRNOIRE %2 —RRE D O fafniE
FEIZT 5728, FEH/AKPIZIIMEHAER L — & —

BN 201344 A
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N, BKFOTESBIZIIHKAT LA ) AVBHD,

KEMEAL CEH % BT, Tféﬁ’iﬁﬁwm

ﬁwm%ﬁﬁ¢ T 5. IMESRIITR LR L
EFPED 1 5, Fﬁ@ﬁkiﬂ Ik L

#%%wfmm%mrﬁﬁb&/&«mﬁﬁé.

4.2 BWR

4.2.1 TSI RTLA

FREIPEEREE D A 7 LIF D BWR-2 TR IFAZ

W~DRIKFBERR O NEAL M T2y, Fo bk
HOEKIEEIZR KBRS & ARR I RGEE <.
F 72 BWR-2 (Z&BINEAR - TR S TH 573,
X 3 12H 5 X9 IR elic X v s EER L —
BN 5 —T12H720, S LIZENEIER~DIEK
J ZNVHBFEL X0 TEICH S 72, LOCA FEIZIF
DAFRAKET, IEEHGEBEDNIFLARA T LA
RO THIBINS.

BWR-3 %, AMBHEERR S IR0 NEY =
v hR T Elpol, K6 12V =y FARVTHR
DR FIFRBNHEEEZ T, Yoy bR T %
FNICEE, 2 BOAER S THK 12 OF LR
BAEER S CERER A BT A LD THD.
ZHUC X VAERTERR L — TN 2 RO EET, H
HERIZHRH LTV =y bR T B I IER
BEOMIMIL > THRIETEA Loz, -
HER 7 A O L > THIFLOKMMITY =
vy NRUTOHEE LD TR L3, b7l
Y 2/3 OWFLEKRDBZHED L 51>, BWR4
LI BWR-6 £ T, Z OEAKRARIEERTTOERIC
B iLiehoiz.

ABWR ¥ = v bRV 7 HRITR D Y FEEN
BARIEEER RN T2 AW, kv BHR
B O KREEKTIC K5 LOCA ORIEEMESME T L7-.
4.2.2 FEHIR
(M BHEEER

X 6 OIFLTITAEIHEREIER <D, BWR
BELS PWR E[RIERIC, ZER(LY 7 RO BERE~
Ly haULa=y AEEOHBEICHEDZLO
T 5. BWR BREHE S EFEIRICES S -k
BHEARE L TEFBICHANLTHNLSH, BWR
TIXHENAET 2O TN ZEE 72—
140mm D F ¥ > FNAR v 7 ARNITHAD B 5.

BWR-1 OIEHF#&F1E 6x6 (6 17 6 F) <2 7x7 TH
>72. BWR-2, BWR-3 OFHADO T Z > ML 7x7
THolziy, TORIZEETOT T b)d 8x8 &
20, S HIT 9x9 BREIDEHFE S 7o, PWR & [RIER
WZBRBHEB OB OB L5 H DT
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X6 BWR JEIFAZENEE
[3CHk 5, &5 8[E (Vol.50No.5)]

EENEREOEMER 726 Shviz.
(2) Rk R

6 IZRD K5 ITREHE SR 2 H 7o RUKIRE T
TFE O EEL Y A X RS T i@ o T EHOR
KBRS A D, ROKSTEEER A O ORERIFEIC LY
B8R4 5 2 B2 IR I3 O 1S K 0 RS BE T
(ZAHE L TOMB A~ T 5. KUK BRSO LETIC

BN T AR RS bE O OER 2RI 2723,

INHEBESTZRZDOIEY EIX01%ERE LR D.
QEBRART

BWR-2 TIEJF L2 it 5 it s 2 PR OFEER
N7 THAE L7=25, BWR-3 2 Hldv =y hARY
Telpole. JRFFREBOAD ) ANV EY ATz
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Appendix 1
bkl | EE®E KBRFF FJup & R

FRFHBE - BUNBEIER~DRRE mean mean mean mean F (df)
B HREIIIERTH D 2.42 2.59 252 2. 64 5. 1(3/2496)™
L% BRI EIIL TS 277 2. 89 2 89 2. 98 ns
FFHEEIIRLTHD 4.03 3.87 3.99 3.98 4. 1(3/2496)*
BHEMIIRTFHREOLZEERICHDEHRLTND 2 20 2.27 228 2. 38 3. 3(3/2496)*
[SEgy R EAN ==dhd 5 N
2ﬁxﬁﬁﬁ%ﬁ%@k%bfﬁﬁ@i%%gibf 211 2. 28 219 2.29 4. 8(3/2196)"
EHEEDNART LR TR EBFRIIGEHTE 20 3.97 3.97 3.93 3.83 ns
BUFIXR I EORZLERICHER LTS 1.97 204 195 2. 06 ns
BOFFIZR - HREBICEH L CERONSEAEEL TS 1. 96 2. 06 1. 95 208 3. 1(3/2496)"
BN ART 2R TR EFRISEH T 20 3.98 3.92 4.05 3.93 ns
BURBIZREEH TR I EICH T 3SR BTN D 4.12 3.97 4.15 3.99 4, 6(3/2496)™
T RETE YL 2 IR AY D B E TV B AR LW 3.44 3.32 3.25 3.17 5. 8(3/2496)*
WU BB Y E NS B LI T 72 LR T HRLFRE 3.17 3.20 3.02 3.05 3. 0(3/2496)*
B2 2N HER SN TWNIE, BEE—FHFH
REATENORESC T %, HOoOBRIBERTZ T AN 3.03 3.03 2. 84 2.84 4. 93/2196)™
THEW

**: p<.01, *: p<.05
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Appendix 2
HASoEE | FORER KR | JUHER | &

BEEW OB RS B LERRA % of "ves” | % of “yes” | % of "yes” | % of "yes” | 2(df)
BFRENSEORIEOHS (NK) 51.8 52.0 53.8 45. 8
RO DR (KK) 26.3 25. 2 26.0 32.4
A NEMA LI-REOHAMAZO L O (JRIEHR) 13.2 14.0 12.6 13.0 ns
BEE R NIREFHNIAELTH 72720 (EEFFEHKR) 5.8 5.0 4.4 3.8
Z O 2.9 3.8 3.2 5.0
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