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Abstract The final objective of our study series is to present correlations for condensation heat transfer;
which are used for boundary conditions in CFD (computational fluid dynamics) analysis for thermal-
hydraulic behavior in the containment vessel (CV) of nuclear reactors during accident conditions. The
distributions of condensation heat fluxes g. in the flow direction (x direction) are numerically evaluated with
CFD computations by changing steam mass fraction Y5, and velocities u:» of steam and air mixtures, because
a large-scale facility is needed to do experiments for wall condensation on a vertical flat plate in a vertical
flow channel simulating a CV wall. In this report, CFD computations were carried out with Y5, = 0.113 and
0.84 (win=0.27-3.2 m/s) in addition to the previous CFD computations with Yy = 0.226, 0.453 and 0.68. For
forced convection (FC) condensation, the CFD values g..crp agreed relatively well with the g, rc computed
with existing correlations. On the other hand, for natural convection (NC) condensation (where the g. value
approaches a constant value with decreasing ui), the gcnc values computed with existing correlations were
much larger under the condition of small Ys,x than the g.crp values, and improvement of the g nc correlation
is expected.

Keywords  containment vessel, vertical flat plate, wall condensation, numerical simulation, forced convection, natural
convection, condensation heat flux

FBADMER SN TV DY, JATIF ORI, CV

ZEEROFIITET /MU L, BN TO BT

JETIE I, BRI KX D mER A EH . (LOCA)
72 8 ORRFHEESE R A IAE U LR OVERERL 2N T
i, LOCA REZIL, R 6 EIROM AR DN
Z(CV) I L, ARDWEY R CRE T 5. AT
220 HENE, TR0 CV WIS ~DEEFREEC
bV, KA % (CFD) 22— RO A4 2 S
OB ERIET 52 & Th S,

FEEEERIR (225 LTSRN R) MEET D440
TORHRENZ DN TIEZ < ORFFEDM T, £ < DIEER

k1 (B BFLes 27 DEET il A7 LFZERT

FERIZIEAD W TR S e A BU T 23 £ 72\ MeBVH
B AR L CRGRIAZREN G S 5. —J5, CFD =
— N COMT CIHiVE 2515 5700, W 225 E
CABGHREAZ V2 O EEI Th 5. LarL, FEHIELD
CV x5 &9 % CFD fifiOTIE, £ < O3k T &
M COBEREA T b HABMABIAUCBE T 2 R0k A3 720 e,
b L <IFEBUTHE 25 2R MeBHRBANMER S T
W5, £ ZT, AWFIETIE, CFD i CEH ¥ 2 BEfin
BSOS Z ARy & LTz,



INSS JOURNAL Vol. 32 2025 NT-10

& B — R IR BT C O, CFD 21— R4 {6 ]
U 7= FERARAT O OUB RS T L O RO T 72 ot
TV, EERFHT Tl C OARRE B0y 3R YO AL
V2 HD < BEHFENGE g DAHBARDME F S 4 5723, i
T DR B A OEZ01 mmfEEICT 2 ERH Y, CV
FENT~OJ TR FZA T2, 72, CFDARNT CIIBEHE I
VT pEtHE R L TOmERE (BRSO OEE, BAR
ROy, RET, AKEREERY) & A TEERENE
B2 50NBRFETHS. Lizh> T, KBS0 BARR 72
HAELE, BEfE i CE 9 DRt R L 2 B 5/ L 7 (2%
EL, ZOHEELTOYEEELZ VT K HHEBE
T 22 & THh D, g OB O ELEER S E ~D i
P2 IS 2 NI T 2> © O BB X 2 TR0 5y
HDLENZ T2 D3, y 754 OWEBNIIEF D720

EH OO N—TTlX, M KF L OIS L
T, [ER49.5 mmOBEVE & W TR A & 22X OIRE
RURDHET71) & BRI 8 ODIREE S5 A7 % A L7=0D. fafn
RREAE L CLOBIEMMN DY, D54 &R, plokfL
THEIRERO R ITTE TH D BT v —7 v NESh %
KOTHERILL, V7 TER SN g DB Dz
ShyDFEBIA A3 A L CHLITEIR D B3V 7 TOYPRE A f
AL Cqee THT 2 HEERE L. Zhuc kY, CFD
FENTE T /L CRERNZHET B RHR BV Z AL & /N L 7
\ZRRE L, 2 OFFEE L COYELR A L CEEmELD
BERSM 2 RET& 5. CFD=— RFLUENTZ W T 3ERR
FEMT 21TV, FHEAS RS ORI BRI E A T2 ge D TR
RN S OFPNTH D Z & ZRER L7209, FEHEBCVD
MR A SHIENE A Tl TE 720, FARISK LTI,
Legay-Desesquelles and Prunet-Foch"®1Z J2 % il s s EAfe
CTOIREES AR ORENE 2 FAVNTSh ORI A SR D 7207,
RS ORIERIH D 70 <BREEHTLT L b+ TRV,
SR ERRE | 209 2 RS EVH BN D B (i 1 X — BE s L
AITEROS TR OBEE 235 L7z, B HitEERi o LT
KBV BRSNS 2R D 720, SREAEEFE O
CFDFNTET N2 L CEEREZ R L T 5.

AHETIL, WAL TOERKEREDF Yon EIRGRIK
L i D3 e \ S RATTRBATHG L, g FEBEZ 0 F HPH
PERER D201, SREIEEFLEE CD CFD Tt 7 V%
A LT Yn=0.113, 0.84 B L P uiw=027~32 m/s THIE
T 24T > 72, ZHE TITEEHFHD Yen=0.226, 0.453,
0.68 33 XV win = 0.27~3.2 m/s T CFD fifbiril 002025
T g D CFD &R 2 BEAFFH B & Uil L 7.

2. EBEEEREOCRMBEEX LETETIL

IEABUS RO CV 1L, BRI 40 m, &S
180 m THDH. LOCA FEZIE, CV ATIHIRIANSD
—ROHBF DOFEHIT K D 5REHT, 36 LU L CV Hiik
W & DIREFETER T 2 BRI TER S D . —IRIGED
TSR T 5720 CV T T 5 L ZARKD R S, 2K
U CV WEM ORI CTEEMET 5. AMFFETIE, CFD fif
BT CREEW R I CEE RS & LTl 2 2 BEMEEENE D5
FARER A RIS &3 5.

ARFFE UL, KB A3 03 B 75 2 BRI | 32
LW =, SREFRFLE CTO CFD e A& LT
BRI 2 5l L CUN 5. CFD AT s DAs BRI %
R D120, SRR X A RN & O LG 2 A
WThD. £, PSRBT T CFD R4 CV
FRATIZ ST 21 IR LSBT V) |, BEAFAHREA A
ST 5. 2T, TITIE, AR TERL TV D EER
A2 B9 2 BEAFAR B, 36 K OAHIFZE CfE A L QU 5 BE
HEEOMNTET MOV TR+ 5. 72, ZhETIC
el U 7= FEBRFEAT D EE DN TR %

2.1 EEERENEICEY HIEMERE

ABFFETHEH L T 2B e 1 B - 2 AR %
# 1y, AO)~QNIRHsE B LR R ST
WA TH Y, @~ g & 5 2 HHBEATH
5. RQ)D RexiX A / VAL, KQB)D Grld T T AKRT
¥eho, O)TERSND.

FHRI=(@)1X, CFD =1— R V7= SR A S,
M CER SN TV D20 RE /L OEE 0.1 mm 4
— X =T LMEN B DD, D L < IZELFER K O]
S L<ITEARHRICHEATE 5. fHBX@)B L O0G)
RET ITY 7 v a ARBTHY, KA TERIND.
Os ZfEHT 5 & g OFFFEMEMBKIC/ZZY, Y7 a &
BRI Oc DMER SN DA H 5.

FABIEG)IE, ARBER(11) & ARG TR (FC)
eI, FRBIEN(12) A AR C B R (NC) I
RSN, BETILOh=112T5008 L@, fHEX
6)E(NIE, FC EEfEZAGUCIRRE SN TH Y, NC %
M S g ey, FEBIRR)IE, NC e 2 x5
IR TH .



INSS JOURNAL Vol. 32 2025 NT-10

3
1 BEmEENEI BT D sEVHEI [PaliX S, Pr[-lE7 7> M3, R [kI/kmolK]id—f% A
{REVEBEZC =Y AT, Re [N\ELA /VAE, Scl[-1idy =3y ME, Sh
SHAEECD [Es v —y R, TIKNEREE, o [m/s)iases, X[
N = (Va4 o)™ = 4 1 TE, YEIRTRAGE, x[mIEHA TR OREE, [m]
e = WWthre 7 Mbone) - M= M LB OBEBE, 05 [ 2 o 3 TARKK, Oc[- Y2 >
Nux,FC _ hcoriv,FCx _ 0.0296R€;’/5PT‘1/3 2) a ANETFRIK, A[kW/mK] TG, A [kW/mK] VA
g BRG] TEPREIEAREL, p [ke/m®) I3 L.
Nity e = hcorj{i,NCx — 0.13(Gr,Pr)!/3 3) WF a1 322K, b3/ VY, conv 135, FC I35
9 e, m ATEE S L ARRGRME, NCIZBIRRI, s 137
Dehbi et al.© : KI5 32350 R, owIFBER, x 13x 71,y I3BER D D O R
pD 6y dY,
qc‘:l_ya 19 (4) . N = At
s R(6) TOENSE X DO TCOEESSE Y CHAE
Spalding™ : /L7 {563 B EERFRNTR O3 (A AREIE RV, 2(6) TSR ILEE B N RISy
q. = Dp oz g, o "oy, 5 | PTG NS A5, OB o)
X ~ Tsw ISRHEEN G EN TS, HERG) ~) Ty r—7 v K
Araki et a2 /8L 7 IZ5 S5 BRI ¥ Sho \ IR D) B U < IZA2)MMEH Sh 5.
g =D %m(ii’;&vv)hfg © EEEBCE SR R OV WRHTICE TS
sb DIFHFH TR, & 2T, AR TIER ISR TEED
Liaoand Vierow("? : # /27 |23 % Bt >3t BAICRE 7= TR~ go % CFD BT CoRD, KT qocr
PR Y ™ EAHBRIL LT OV ARATOBERAIFIC G2 5 = & AEE
XPM " LTW5. UL, CFD f#HFCIEfihrE 7 L -omBaic
Ae = D% ﬁhfgh;g LDRHEN SN BT, WRRE S ALTZBEFAHBI(5)~(8)
. 2 REEFHMROMAE & C& 2R 5. RRE T,
— =2, P, = ge D CFD FHfEA 2 5 OAEBIZ & el il L 7=,
¢1 Ya,w Mm,b Mm,w
Corradini® : 7SV 27 1Z%89 % BIRRHRO —
, 22 EEEEHEORTETIL
denNe = ke (ps,b - ps,w)hfg Op (®) f
D I, 8,
kx = 0.0225Re;Sc'* = Reyo = == CFD Rt Sk A [ 1 7. FHEfE & e
1850112 , 7 VI Takakietal. 12 L UZIEF U CTh 5. 7 S 18] (x Hh)
L= ¥ 0498P )7 5 L BEG 5 OREBE y SO WIETH Y, TR S
0.565x(1 + 0.494pr2/3)01 SETCOM Z5EO L [A U 6 m T 2. SETCOM ZEED y 75
x = Gro1pre/is MOBEIL 044 m TH D7), CED fi#T O B CcH I
ERAL L — R Sh O ﬁ‘%@{ﬁfﬁ‘i ET?f%ﬁKﬂﬁiﬂ(l@é%/ﬁ\ﬁ%)é 720, i
T 09(py — pp)a TEPNVETIZKWE DI 2140 0.88 m 1T L7z, HBFEELE
== —— ® E20mm DAT U LATHY, AT v L ABENOIRES)
_ ln(l + B) _ ys,w — Ys,b _ 1+ 93 @Bﬁ‘%?ﬂ?ﬁﬁq %j\z&)fl q = qc t Qeonv THY s ﬁﬁgo)i‘—]‘
BT P Ty, 6T T 2 (10) FEBTE Geom = heonl TrT) i AHBIRI(1)~(3) CRSE L 7=
_ hepex _ 4/5¢ 1/3 (11)
Shype = = 0.0296Re}*sc bty 4, Gy
h o o 1000 6000 /Adlabatlc 1000
_ ¢ _ 1/3 B
Shane = =5~ = 013(6rS0) (12) — [t 550]
St _ai . 204 Outlet
D IS IEHERHG, h=g/(Tr 1) AWAPKIAMAEE, by e TAdiabatic | Condensation wal Adidbatic

[KI/kg)V FEEMEIEEN,  he'= hgtep (T-To) [K/kg] (ep [kI/kgK]
WY, M [kg/kmol]135y 15, Nul[-]iZX v/ &, P B 1 BEmEEEART 0O F R AR



INSS JOURNAL Vol. 32 2025 NT-10

K2 GRS

AR a— R Ansys FLUENT 2021 R2
i AR L ZBRORERIR,
FAAKUR
A 27 L A4 SUS304
MR TE
ELEET L SST k-0
KR ORI ZRE
JE/) P[MPa] | 0.1013
AR | ARES Yon[] | 0.113 0.84
| B i [m/s] 0.27~32 0.53~3.2
BE T [C] 583 97.2
ELIETRIE 1[%)] 5
H A S JEJ)—E
TEE) & BER A Y o 77 L
BEM | RS 77—
EE LN K@), Os=1
EBHEREDIME Twou [ C) 45 \ 56

TN OFE 'L HET Ax=10mm T—E TH D23,
y FFIANZIZEEE T < THEBUEZ /NS < LERETK
LTV 5. Elffim 8T DRV & R NI
E L, FHBIE@) & W CEREMTE I ZBTR g 2 52 2720
(ZiE % Ay=0.1mm |2 L7z, BRI 387,200 (i
4336,000, [E{A 51,2000 TH 5.

FHRLM AR 2 1R, CFD =— RIZ/% FLUENT Zfifi
AL, FilkE, 78R & ERDOBRAKETHY, HEKA
& LT 72, BERRBEICIZ AT > L A8 SUS304 O¥itfE
A L. BT T WCITBEmEENE O CFD EEBREHT
O X5 SSTk-o 2 L7z, IRAEKIKDO ANS
1%, 4 P=0.1013MPa TH VY, RKEEDE Yo &k
BE uin 2 BEEZ L2 ZHE TS, Yan=04538 KO Yo
=0.226 & 0.680 % FHEHEAHTH Y, AHETIE Yon=0.113
& 0.84 ZBNNEFHE L7 (BOFITREE 1L Tn=>583 £ 97.2 °C).
ZALE T CFD &R0 L 0, 3 win=3.2m/s Ti
ST (FC) B8N, wn=0.53 m/s TlIXHSRAHATES G & HE
E LTz, IBRAKEOHORIHIE I —ERER I L.

BEHCIEA Y » 772 LT ue = 0 m/s, EBAEE ClIhits
A FLUENT (CfAE -7 — U —HICTRHE L, HHBE
@) TEREE IR . 2 5- 272, V7 v a A8 80=1 &
L7273, KEVEESTE Tld Op=1 T Op DRI/ E V. R
IZ X B AEKDOWD & & EHREE~ORBEITFH E LN D
(KR & L CH-2 D728, i CRUARMIERRE R & [ER
AR A5 U< § DM S 5. AT IR &

RMCHEE B Ay =01mm 2% L< LTW52, &
TR R 72 D85 G MBEAE N R L L < 72D &
9 BRI O NBAE A AHIE T 2 LB B 5 . EEERED S i
FEVE, Yon=0.226~0.84 TlZ Tyyou=56 CT—ETH D,
Yoin = 0.113 CIHRAKMAIREE 583 CLDENNEL 7D
728 45 CIZ LTz, BHRRELINOREmIIME S 2 5- 2 72,

23 REEHTOBE

R A FEBR D 25 < 1L PR A N C OB 2 VN T2
HETHY, 1 O X5 i@ SR TOREIT D720,
Takaki et al. "%, SETCOM 7 —# 0% ffi ] L C FC %&fi

(uin=2.98~4.68 m/s) % %G LT 24T\, BAAR ¢
DORPEMIZxF % CFD FHREMEDEER AL s = 7.6~
202% TH I EL —BT HZ L 2R LT (@ HKRE
WIGABIZ s VNEL g VNS WERIT s BRE W) £,
COPAIN® & CONANDTD FC ¥ (uin = 1.25~3.59 m/s)
WX DT A S L TR Y, s=13%CTh-o7iz.

IRASIROEEFFIZ volume-weighted-mixing-law % fifi
F L728809021F COPAINO®T O NC $#iEIZ 81T Dy
D g 53 DEALE FELIT X eino 1oy, IRGRURDOEE
FHALIC ideal-gas-mixing-law Z i LTV 5 AT Cld g 4
HOEAEFHTE DX 91T/ o7-. NCEEE (um =033
~1m/s) B9 % CFD HRME ORI I3 D I R 2
IXs=13%CThotc. —J5, BEFEIZ volume-weighted-
mixing-law 2 H LT wn OB ITEE D FC EEED S NC
BHE~DOIMLZ R T 5. BEFEOEENREKIED
ORI RIT T NE <, NC B0 ERICE
FDWMNF D q 53 DE LA AT HHERITI 50T
7200,

EREL A N T ORBNE 2 X512 L7- Araki et al.'? & Liao
and Vierow(Z L BB OJIEMEI k9~ DIEAERZEIL s
=30%& 20 % TH Y, WEMEDNTYXRRENZ LG
FHENSIREWERNTH S, ABFFETIE, HIEME, CFD
FHEAE, BT O RN S 2 BE L, EERZAET 10%
PIF (K< —80) ZEEELE L, 10~20%Z% FFaiE (s
k< —8) LHEFL TV,

3. BRRADERJEESROTE
3.1 RRRDIANARS T

mEm (x FIA) OBEEEVFEH ge DA CFD FH&
i LA CTORFMEZK 2 (Yon=0.113) X3 Y=



INSS JOURNAL Vol. 32 2025 NT-10

0.84) (T~ BEFFRIRIC X A HRMEICIE, FCEEFE Tl B ounlT 11T E A EFE LI,

Liao and VierowZ L 2 FEREE(7) & X(10)D Oc 35 LU FC i D(a) uim=3.2m/s TiX, CFD FH5EME gecrp FFHES
(11)D Shyrc Z 1 H L, NC ¥E#fE Cld Corradini®|Z & 2 FHEY KU L DB gorc £V You DEENKE L, Yn=0.113
K(8) EXU0)D Oc A LI=. OplE YemlZ LD KREHE Tl gere LV /INE L, Yin=0.83 TIE gorc LU KE .
720, Yun=0.113 TO=1.03, Y,un=0.84 T O=2.05Th

50
|| (a) Ys,in=0'113l Uin=3.2 m/S (a) Ysin=o'84l uin=3'2 m/S
) ,
\‘ CFD 40 b CFD
, L N e Liao, B¢ _\\ ------ Liao, Bc
& . - = = Corradini, 8c & K - = = - Corradini, B¢
E E 30 - \\\\
: N
& 1 s 20T
O N S ——
O 1 1 0 1 1
0 6 0 2 4 6
X [m] x [m]
2
30
(b) ¥ ,= 0.113, uj, = 1.07 m/s (b) Y, ,,=0.84, u,, = 1.07 m/s
15 CFD CFD

0 1 1 0 1} 1}
0 2 4 6 0 2 4 6
x [m] x [m]
1.5 30
- (¢) ¥,;,=0.113, u;, =0.53 m/s (c) Y, ;,=0.84, u;,, = 0.53 m/s
CFD CFD
------ Liao, B¢
b= =207 - — = - Corradini, B¢
\ E
; ~
2 2
o o 10
s [
0 1 1 0 1 1
0 6 0 2 4 6
x [m] x [m]

2 N OEEEGER g DA (Yeim=0.113) 3 PG TAIOESEERIR gc D534 (Yoin=0.84)



INSS JOURNAL Vol. 32 2025 NT-10

IAFRNREERE D) un=1.07m/s TIE, Yin=0.113 & 0.84
T gecrp DIEAINERE2 D, —J7, MHBERIZ L 5 5HEAEIL x
=3 m C gene = gerc \ 78 Y SAFRIIRERR O R A~ 3. 46
FEXHTRBEEN D BRI oo | I TIRAO 2L L7z,

Gmis = (qc’ch + QC,NCm)l/m, m=4 (13)

Yoin = 0.113 TIX, gecrp=qerc TH Y, gecrp T NC EEHED
BTN TR 5T (FC EEfE OIRREDEGD) , gene 23 gecrp
KO RENWZ EERT. —0, Yan=0.84 TIL, gecrn=qmx
THY, gecr TIAFHTEEN S NC EEfi~DE L AR
LTHEY, g gocrp & D /S0,

NC B O(c) um = 0.53 m/s T, BEAFAHBIRD ST x>
I'm T gene>qerc |27 V) B IRKHRERNE & BRI 4D, —77,
Yoin = 0.113 ClE,  qecr 1IIEAFRIEEFD H NC EEfE~D
EAbERLTEY, goomnld un=1.07 m/s &[RRI genve &
D/NEVY. V=084 TIE, x>1m TNCEEFIALLT
B, gecrn 3 uin=1.07m/s & [FRIZ gove D KXV,

2

Vv (a)Y,;,=0113 [----32m/s

[\ ’ 1.07 m/s

AN Upp 4 ------ 0.53m/s

15 f NS — — 0.39m/s
S~ --=-027m/s

9. crp [kW/m?]
=

0.5

O 1 1
0 2 4 6
x [m]
50
(b) ¥, ;,=0.84 - == 32m/s
— — 1.49m/s
a0 P\ Uiy 1.07 m/s
— N --=-0.77m/s
E ~. Leeee-- 0.53m/s
£ 30
=
=
20
=
10
0 1 1
0 2 4 6
x [m]

4 BEHERO CFD FHE gucr ~DHEE u, DR

2 L3R LTZ L DT, gecrn 13 Yoin=0.113 Tl gere
FVNEL, BT gave KO RIBIZ/N SV, —F7, Yon=0.84
T, gecrn VL gere=C genve £V KEV. Yen=0.113 T Os=
1.03, Yo =084 T 05205 ThoHZ EhD, BEFHARA
T L7z Oc % Op I\ZEE T AU gere = gene D3 gecrn 13T
O EHEESND.

32 BERGEEDOZE

EEAFEE A D CFD FHBUE gecrp ~OIRAKASHE win O
WEEX 47T, (a) Yow=0.113 TIX, un=32m/s & 1.07
m/s TFCEENETH Y, un = 1.07 m/s THAFHRESFOKF
B (c BRZWVTUET ge WAV ANTHIIN) 23EBAL TV
VN i =027~053m/s TNCEHETH Y, unMETFLT
D Gecrn DMET L7200,

(b) Yo =0.84 TIE, un=32m/s CECEHETHY, wn=
1.49 m/s ClHIAFRTREEEORHEN O TEY x>2m
T gecrn D—TEEIZ 72> TS, un=0.53~1.07 m/s TNC
EHECTHDD, un=1.07 m/s TIIIAFRTRENED D NC §E
ECZET DIBFETH Y NC B ~DOZ LN TN D,

2~ 4R LT L DI Yoin D3 e\ AT T REEDN R X
VY Y IR E L e INRE W& FC ERfED B NC BRI 28
T2 un REL 725,

4. BEfERVRTER DR

Z ZClX, CFD FHEMHE gecr ZEEFAHBIRG)~@)IC X
B RN gerc=0 gene IR L, gecrp & D—B JOBEAF
FEBIRZ 3R 5.

4.1 sEFTREERE

FC BEffEIZ k9% Liao and Vierow |2 L 2 FEBI=(7) T D
FHEAE gerc & CFD FHEAE gecrp DI AR 5 1R T. Yo
=0.453 TOFMTFERINE L ¥ =0.226 & 0.68 TOHEHT
TERCONAIR G TOMHTHER (Yon=0.113 & 0.84) Z/NX
TFRLI.

FC §ifE & i%R] 9 572012, VF v — Y ¥ Ric =
GridRe? < 2% L7z, SUTRLIERERIND gerc &
KELT D720, () TIL 0 ZEH L7203 qore DNEKIZ
720, qecrp & O DIRE IR BIZLTED 2 T qore HRE <
ot —Ji, (b) TOEMHTDHE, qoreld georp L L
B L <~ LT2DS, geomp & s IRELRBIT LTINS -
T qerclqecrn DV/INES L 7 DEHAIDER S 7.



INSS JOURNAL Vol. 32 2025 NT-10

Ysin Uin Ysin Uin
o 0.84,3.2m/s ®  0.84,1.49m/s
o 0.68,3.2m/s x  0.68,1.49m/s
A 0.453,3.2m/s + 0.453,1.49m/s
o 0.226,3.2m/s x  0.226,1.07 m/s
" 0.113,3.2m/s A 0.113,1.07 m/s
" |(a) Liao & Vierow3), 65 .
— 13
Q
3]
$12 n~ 5 \
g 1.1 2 p \
e Y B W
N M
0.9 e
0.1 1 10 100
Adccrp [kW/m?]
o 0.84,3.2m/s B 0.84,1.49m/s
o 0.68,3.2m/s x  0.68,1.49m/s
A 0.453,3.2m/s + 0.453,1.49m/s
o 0.226,3.2m/s x  0.226,1.07 m/s
13 0.113,3.2m/s A 0.113,1.07 m/s
(b) Liao & Vierow!*3), 6,
- 1.2 F
5 n~
s11 o
< 4 =
§ o1 -
= I S Ty v Woeeoree
< , # X
09 } \
0.8 Lt ol
0.1 1 10 100
Accrp [kW/m?]

5 Liao and Vierow!" |2 J2 5 FHEER(7) TOFHAE gorc
& CFD #5HH gecrp O LS

Spalding®\Z X 2 FHBIR(S) & Araki et al. 242 L 5 AHEIZ
(6) COFFEAH gere & CFD FHEAH gecrp DL Z K 6 (TR
7. X 6 (a)?® Spalding®\Z X HFHRER(S) TOFFME gerc
WX gecrp & E <L, qordgecrp iE 120.1 OFPHNIZIN
S72. % 6 (b)D Araki et al."2|Z X B AHEI(6) TOFFEE
gere ClE, Yoin=1.13 @ wiw=32m/s T gerclqecrn=1.2 7>V
LREW.

FC %23 A BEFFERIN() ~(7) TiL, R(5) & 05, =X
(N & Oc DFRLAEITTHUE, HMBAFR(6) & (7)TIX Yon = 113
D uin =32 m/s T gerc/qecrp=1.2 % RO THBAE gorc (ZTH
FI R R AHBER(S) T qerd/gecn 73 1£0.1 OGP
WIZILE ~ 7=,

Ysin Uin Ysin Uin
o 0.84,3.2m/s B 0.84,1.49m/s
o 0.68,3.2m/s x  0.68,1.49m/s
A 0.453,3.2m/s + 0.453,1.49m/s
o 0.226,3.2m/s x 0.226,1.07 m/s
1 20 0.113,3.2 m/s A 0.113,1.07m/s
(a) Spalding??, 65
11 F S
Q
g Al
T 1 b g pofeeeeeseeeees
sl -
=
09 | ¢ x>
0.8 1 1
0.1 1 10 100
Accrp [kW/m?]
o 0.84,3.2m/s ®m 0.84,1.49m/s
o 0.68,3.2m/s x  0.68,1.49m/s
A 0.453,3.2m/s + 0.453,1.49m/s
o 0.226,3.2m/s x 0.226,1.07 m/s
¢ 0.113,3.2m/s A 0.113,1.07 m/s
1.3
(b) Araki et al.(12)
— 12 r ~
Q
[
c&;\ 11 4 o
[
S~
T R Lo S ™
& I %=
09 ’
08 L
0.1 1 10 100
Accrp [kW/m?]

6 Spalding® & Araki et al "IZ L 2 FHREZC O RE
gerc & CFD FHHEAE oo D FEESR

42 BER*REEE

NC BEEDOAHRIZIC K 2 5HRUE gene & CFD FHHAE gecrm
DA 71T, FHEFERD D Ric=GrdRe?>301%
NC Effii & LT L7=. X 7 (a)? Corradini® OFHBIZ(S)
TIE O ZEH L. FHRAE genve 1E, Yon>0.453 Tl gocrn
EHGH L < B LT, Yo <0226 TIE gecrn £V K&
<Y, Yein=0.113 TIE gocrp & DHENRKE { Ipo Tz,

Spalding®\Z X 2 FHBI=(6) & 05=1 3 LU (12)D Shene
B U725 EAE genve & qocmp DHIEE T OIS, &
OB AL, Chilton #HBI=E LT LP EF /M3
SN D CV f#hr 22— K CAST3M-LP1 [T AA £ 41T



INSS JOURNAL Vol. 32 2025 NT-10

Ysin Uin Ysin Uin Ys,in Uin Ys,in Uin
o 0.84,0.53m/s = 0.84,0.77m/s o 0.84,0.53m/s = 0.84,0.77m/s
o 0.68,0.53m/s x  0.68,0.77 m/s o 0.68,0.53m/s x  0.68,0.77 m/s
+ 0.453,0.39m/s A 0.453,0.53m/s + 0.453,0.39m/s a  0.453,0.53m/s
o 0.226,0.27m/s x  0.226,0.39m/s o 0.226,0.27m/s x  0.226,0.39m/s
15 s 0.113,0.27 m/s o 0.113,0.39m/s g a 0.113,0.27m/s o 0.113,0.39m/s
' (a) Corradini, 6 i Spalding, 65
— 1.6 __ 16
2 L
S 14 & 14 \
o (&)
< - o
212t T 12 ‘
e i N 3 i
1 |revessesesvekessoces \ ,,,,,,,,,,,,, T
0.8 N 0.8 : :
5 10 15 0 5 10 15
9o crp [KW/m?] e crp [KW/m?]
o 0.84,053m/s - 084,077 m/s 8  Spalding® & 0 & V- B S Ftsii R &
° 068,053m/s x 068,077 m/s 5 FHRAE genve & CED GBI ge.crp 0D LI
+ 0.453,0.39m/s a 0.453,0.53 m/s
o 0.226,0.27 m/s x 0.226,0.39m/s
A 0.113,0.27 m/s o 0.113,0.39m/s Ysin Ui Ysin Ui
1.8 - o 0.84,0.53m/s - 0.84,0.77m/s
P (b) Spalding, 65 =1 o 0.68,0.53m/s x  0.68,0.77 m/s
— : + 0.453,0.39m/s A 0.453, 0.53 m/s
— 14 o 0.226,027m/s  x 0.226,039m/s
S A 0.113,0.27m/s o 0.113,0.39m/s
= 1.2 1.4 :
s Spalding, B, Eq. (12) X 0.73
= ! — 12
0.8 2
A <
R g !
0 5 10 15 2
Qe crp [KW/m?] T 08 |
7 EIRRHERE OB X B FHRAE geve & CFD &t 0.6 ! .
A gecrp DECEE 0 5 10 15

WH® AN T Shuneocx TH Y, F(6) T Shenc/x
CTERTIZY , gone DIEIE x ITHKAF LRV . FHRUE gene T
1L, gecrp YIS T gordgecrn WIS 7o TNA.
Ysin=0.113 T 0p=1.03, Yinn=0.84 TOp=2.05 THDHZ L
NG, O ZEATIUL gordgecrp B3 gecrp (28 BT —EMHE
WS, ZOHAITIEAIH T gove S gecrp £ D KEL
720 FEBEN DRI AE IET DTN H 5.

43 EE
7 ()2 BAHEAR(6) & 05 8 LUR(12)D Shane ZAlH

TBE Geern \ZE BT qerdlgecep B—TEMEIZITS< L HIFE
&N 5. Spalding® & 65 % V7= NC EEfEOFHRIRIC L 5

qc, CFD [kW/mZ]

9 AHBIEN6)I L O (12) TIETEARE A IV N - SR

{qcNC & CFD %'»%\:'fﬁ {qc.CFD @tt$§z

FHRAE genve & CFD FHEAE gocrp DIIEEX] 8 (7R T.
Gerclgecrp DIEDTYIEIX 1.36 T 5. Dascalaki et al.?9 T
1%, %< ONCBEEHBEX Ty, X12)Dk
$£0.13 23 0.09~0.14 OFPHIZH D Z LD RENTNS.
SIZBW TR A MIET 5 & 0.13/1.36=0.096 (2721,
0.09~0.14 OFFHIC/2 5.

FEREI=(O) & O B L1 Z A L, Shove DFRER 0.13
% 0.73 fEICEH U CEHE L7z gene & CFD GHEAE gecmp D
S X 9 1T, Yo = 0.226 D uim = 0.27 m/s ZFRVT



INSS JOURNAL Vol. 32 2025 NT-10

Gerclqecrp DEIZ 1£0.2 OHEIFHIZH 5.

AHETIZ V7 (i) & EEfEir O CTER Sz Sh
% PO T EEE BT R O AR B S DO TR L 72 ABFZED
FUE LB S e B3R L Co PR GREE, 1R,
ARKIRED) & W TEERER R 2 T L T CV T DEER
S EEZ DT EThD. ZDHITIE, EEmE DO
ity OB LTRATY v — 7 > N Shy % 3K D 2 W EEN
&% . FCUREIZ% L CIL CFD Rl & AV T Shy 23R,
FARERZAERL L72@). A% OFBYEIX, NC §Efiiloxt LT
CFD 1A% VT Shy &R, MBI Z BT 22 & T
05,

5. BhYIC

AHETIL, 7V & BRI OE CESE S M7= BERER
H ge DFBIIZ DWW TG L7z, BRI ISR B AR
FENDZE & KOG XA HEE 6 m OFEFEAR~
DOREMEEFIZEI9 2% CFD T e7 VAR L, AKJE =
3R Yo = 0.113 & 0.84 35 L ONEAZIROHE win =027~
3.2m/s TEUBEMRNTZAT 72, Yin=0.226, 0.453, 0.68 33X
Wuiw = 027~3.2 m/s TOFEF20ZED T Yom & uim HVEE
MR ge \CMIETHEICOWTHRE L. Bohi-t
PRAEFIILL T OMEY TH D,

(1) Yoin DY qe \TRIFTHEIIRE <, Yo DKRE L g IKZ
VN EIRHIRHTE (FC) HEfED» 5 BAARHRE (NC) EEfFIC A
6T 2 un DIREL 225 . NC EHE Tl un METLTH
AR AP AN

(2) FC EEfECIx, BEFARBICY 27 v a U550 1)
Z i U TR T AULEHRE gere 13 CFD FHAME gecom &
ety 5 < —%9° 5. Spalding DFHBER & 0p 2fEH T
B, qerdqecrp S 1£0.1 OFEIPHNIZINE 7.

(3)NC &#ff§Cl, Corradini OFHBIZUT Yon=0.113 & 0.226
T qore DY qecrp £V BHFIZRE < 72572, Spalding D
B E Op=1 ZfEHT 5 & gc DI gerdgecep
MANE <720, Spalding OB E 05 T 5 &
qerclqecrp DNEYIEDN 136 1272577,

@) AL NCIZKT 53 %—7 > R Shove DFHEIFC
DFREL 0.13 1Zxf L, HIEAREL 0.13/1.36 = 0.096 1% NC
(D BEAFAR RN OE %L 0.09~0.14 OFPHNIZH 5.
Shxne OFRBARUTH FAREEER T 5 & gerdqece 1d—
FROSZAEZFRNT 1+£0.2 OFPHIC /2~ 72,

AWFFED Fehk BT I3 C O BE & %65 W9 e i >

SOMHEE y TO Shy ZANWT g 2 VT HZ L THS.

CFD 52 VT FC BB 22 Shy A 3RD THEBIZ

ZVERL L72@D. NC EEfEIZxHd 5 Shy OFHBIXOERITS
HBORETH 5.

i)

B Pra L RNTG AR (5)
cp EEER (KI/kg K)

D JERAREL (m?/s)

Gr 7T AKRTE ()

h BRER (kW/mPK)

he EEMEMn R (kW/m?K)
hye EERRTE N (KI/kg)

he’ = h + cp (Tv—Tv) (kl/kg)
M & (kg/kmol)

Nu X M ()

P ) (Pa)

Pr 7T MV (5)

qe BERFENEA. (kW/m?)

R — AT ATEE (kI/kmol K)
Re LA VL (-)

Ri UF¥— RV (-

Sc valv MR ()

Sh X =0y N ()

s YR (o)

T R (K)

u I (m/s)

X EILA5R -)

Y BE&HHE (-

x FLALTTIAINLE (m)

y R 2> D O FEEE (m)
FUIYXF

O I va ARE ()

Oc Yo a VIBTEREK ()
A BRI (kW/mK)

e BERRPMaE R (kW/m K)
v BRGVERREL (m?Y/s)

p B (kg/m?)

n"TF

INY
Het
)



CFD

conv

INSS JOURNAL Vol. 32 2025 NT-10

a4

B

CFD G5 fE
PSR

S 1) T

RE A

AH

T L IRRARMA
A7 HF i

EE/ SR

ANl

AR

B It
PRALIT AL TE x
PREE y

51 FASCER

M

@

(©)

4)

Q)

(©)

J. Green and K. Almenas, An Overview of the Primary
Parameters and Methods for Determining Condensation
Heat Transfer to Containment Structures, Nuclear Safety,
Vol. 37 (1996), pp. 26-48.

J. C. de la Rosa, A. Escriva, L. E. Herranz, T. Cicero and
J. L. Muioz-Cobo, Review on Condensation on the
Containment Structure, Progress in Nuclear Energy, Vol.
51 (2009), pp. 32-66.

M. K. Yadav, S. Khandekar and P. K. Sharma, An
Integrated Approach to Steam Condensation Studies
Inside Reactor Containments: A Review, Nuclear
Engineering and Design, Vol. 300 (2016), pp. 181-209.

S. A. Albdour, Y. Addad, N. Alyammahi and 1. Afgan,
Steam Condensation Heat Transfer in the Presence of
Noncondensable Gases (NCGs) in Nuclear Power Plants
(NPPs): A Comprehensive Review of Fundamentals,
Current Status, and Prospects for Future Research. Int. J.
Energy Research, Vol. 2024 (2024), p. 2880812.

F. Liu, Z. Sun, M. Ding and H. Bian, Research Progress of
Hydrogen Behaviors in Nuclear Power Plant Containment
under Severe Accident Conditions, International Journal of
Hydrogen Energy, Vol. 46 (2021), pp. 36477-36502.

A. Dehbi, F. Janasz and B. Bell, Prediction of Steam
Condensation in the Presence of Noncondensable Gases
using a CFD-based Approach, Nuclear Engineering and
Design, Vol. 258 (2013), pp. 199-210.

)

®)

)

(10)

(1D

(12)

(13)

(14)

(15)

(16)

10

L. Vyskocil, J. Schmid and J. Macek, CFD Simulation of
Air—Steam Flow with Condensation, Nuclear Engineering
and Design, Vol. 279 (2014), pp. 147-157.

E. Studer, D. Abdo, S. Benteboula, G. Bernard-Michel, B.
Cariteau, N. Coulon, F. Dabbene, Ph. Debesse, S.
Koudriakov, C. Ledier, J.-P. Magnaud, O. Norvez, J.-L.
Widloecher, A. Beccantini, S. Gounand and J. Brinster,
Challenges in Containment Thermal Hydraulics, Nuclear
Technology, Vol. 206 (2020), pp. 1361-1373.

S. Kelm, H. Muller, A. Hundhausen, C. Druska, A. Kuhr
and H.-J. Allelein, Development of a Multi-Dimensional
Wall-Function Approach for Wall Condensation, Nuclear
Engineering and Design, Vol. 353 (2019), p. 110239.

G. Vijaya Kumar, L. M. F. Cammiade, S. Kelm, K. A.
Prakash and W. Rohlfs, Implementation of a CFD Model
for Wall Condensation in the Presence of Non-
Condensable Gas Mixtures, Applied Thermal Engineering,
Vol. 187 (2021), p. 116546.

M. Murase, Y. Utanohara, R. Goda, T. Shimamura, S.
Hosokawa and A. Tomiyama, Measurements of
Temperature Distributions and Condensation Heat Fluxes
for Downward Flows of Steam-Air Mixture in a Circular
Pipe, JRAHTE, Vol. 33 (2019), pp. 405-416.

H. Araki, Y. Kataoka and M. Murase, Measurement of
Condensation Heat Transfer Coefficient inside a Vertical
Tube in the Presence of Noncondensable Gas, Journal of
Nuclear Science and Technology, Vol. 32 (1995), pp. 517-
526.

Y. Liao and K. Vierow, A Generalized Diffusion Layer
Model for Condensation of Vapor with Noncondensable
Gases, Transactions of ASME, Journal of Heat Transfer,
Vol. 129 (2007), pp. 988-994.

M. Murase, Y. Utanohara, S. Hosokawa and A. Tomiyama,
Prediction Method of Condensation Heat Transfer from
Steam-Air Mixture for CFD Application, JEFH, Vol. 35
(2021), pp. 453-462.

M. Murase and Y. Utanohara, Numerical Simulation of
Experiments for Wall Condensation from Mixtures of
Saturated Steam and Air in a Vertical Tube, Mechanical
Engineering Journal, Vol. 10, (2023), 23-00128.

F. Legay-Desesquelles and B. Prunet-Foch, Heat and Mass
Transfer with Condensation in Laminar and Turbulent
Boundary Layers along a Flat Plate, International Journal
of Heat and Mass Transfer, Vol. 29 (1986), pp. 95-105.



a7

(18)

(19)

(20)

@n

(22)

(23)

24

(25)

(26)

@7

INSS JOURNAL Vol. 32 2025 NT-10

M. Murase, Y. Utanohara and A. Tomiyama, Prediction
Method for Condensation Heat Transfer in the Presence of
Non-condensable Gas for Computational Fluid Dynamics
Applications, Journal of Nuclear Engineering and
Radiation Science, Vol. 8 (2022), p. 031404.

FRERE, IS —, SREHRICI T DK L 2
ROIRE KRN b OEEHEE, INSSJOURNAL, Vol.
31, C-1(2024), pp. 158-171.

T. Takaki, M. Murase and Y. Utanohara, Condensation
Heat Fluxes from Mixed Convection Flows of Steam and
Air Mixtures on a Vertical Flat Plate, Journal of Nuclear
Science and Technology, Vol. 62 (2025), pp. 167-178.

M. Murase, T. Takaki and K. Miyoshi, Numerical
Simulation for Effects of Steam Mass Fraction on
Condensation Heat Fluxes from Saturated Steam and Air
Mixture on a Vertical Plate, 21th International Topical
Meeting on Nuclear Reactor Thermal Hydraulics
(NURETH-21), Busan, Korea, Aug. 31-Sep. 5, 2025
(2025), No. 1118.

H AR -, APV R SGTH 5 R, AR
WEEZ (2009).

M. Murase and T. Takaki, Heat Flux Correlations for
Condensation from Steam and Air Mixtures on Vertical
Flat Plates, Journal of Nuclear Engineering and Radiation
Science, Vol. 11 (2025), p. 021401.

D. B. Spalding, A Standard Formulation of the Steady
Convective Mass Transfer Problem, International Journal
Heat and Mass Transfer, Vol. 1 (1960), pp. 192-207.

M. L. Corradini, Turbulent Condensation on a Cold Wall
in the Presence of a Noncondensible Gas, Nuclear
Technology, Vol. 64 (1984), pp. 186-195.

S. Benteboula and F. Dabbene, Modeling of Wall
Condensation in the Presence of Noncondensable Light
Gas, International Journal of Heat and Mass Transfer, Vol.
151 (2020), p. 119313.

E. Dascalaki, M. Santamouris, C.A. Balaras and D.N.
Asimakopoulos, Natural Convection Heat Transfer
Coefficients from Vertical and Horizontal Surfaces for
Building Applications, Energy and Buildings, Vol. 20
(1994), pp. 243-249.

M. Murase, Y. Utanohara and T. Takaki, Numerical
Simulation of Forced Convection Condensation from
Steam-Air Mixtures on Vertical Flat Plates and Evaluation
of Wall Function, Nuclear Engineering and Design, Vol.
442 (2025), P. 114289.

11



