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Simulation on Coupled Heat Transfer for Reactor Vessel
in Severe Accident IVR
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Abstract. It is very important to remain the integrity of reactor pressure vessel (RPV)
in the core melt severe accident. The high temperature creep failure is the main failure
mode for RPV in core melt severe accident. The altitude distributions of outer and inner
wall temperatures are important inputs for structure analysis. In this work, the CFD
method was used to carry out heat-solid-fluid coupled analysis of the corium in RPV,
RPV wall and outer gas-water two-phase flow heat transfer. The temperature field,
flow field, the fraction distribution of each phase in the coupled situation and the
remaining thickness of the pressure vessel wall were obtained, providing the support for
analyzing the RPV structure integrity in severe accident the reactor corium in-vessel

retention (IVR).
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Fig. 1 Diagram of numerical simulation field

1.1 JEEEH AR

T DAY O AR A 55 RPV A1 35 7 AH i
KB ALY RPV AL 2 R 6 il ) To0ER 25 <
DB DA ) Oy R AL BT L B R R ST
TE 72 -

L rp) Ve (rpUD = Ty =Ty (1)

S pUD Y+ (U, @UD) =

—r.Vp, + Ve (rop,(VU, +(VU)D") +
rp,Uu, —r.u, +M, (2)

Lo h )+ G Uk~ ATTD) =

F;Lﬁhp*mhaﬁLQa (3
Kt re oo Uaspra A b T 50000 o AHEY
RAR G 30 5 UL B I B R R S IR
BOETT I BARLE s Do i SRR A AR 3
o AH Y A A5 i 55 M, S AR D 05 Q. D A
Al REf AL . X T UMMM . AR o B 20 51
AR ASUHH T AR X T B O AR (25 00 il

Y1), 0] 20 AR
1.2 EfiEiEGE A2
EARI SR OT U .
o f — VT 4)

Horoey NICERMAE; T IRIE; ¢ IS [a];



S8l R SEAE U E R TVR R SN HE R 7 A i G 1 OB (E AR 43 AT 1475

1.3 HEzHELZHEER

TESR AR B B A — o A 32 %)
HABARAE FH 3 £ 45 A7 8] 45 0 FAH [R] SR 48 7, mT
LR H

M, = MP + MY (5)

AHTE 8 Ty M Ay B AR AR P A3 T N 7 TR
A T — T i N R A Co (R8T R ED
PV

D __ 3 CD

My = 5 o |U = Ui [« W, =Uo (6
K :dy AR ER m; Co Bk TR
WAL Rey, s A SCR A Tshii-Zuber ™ 3¢ R
or KRS BE U, F U Sy SOR R 3R 2

ARTE R ) MG 32 B A 45 T+ g L BE T
AR SRR o8 O I N e I | B [V
BEAR RN Bk O AR, T T L RE T i
T35 23 WAy A 43 AT 0 5 e A] Z20mE R T Rt R
7 L& T FEHL T .

F'm = C’I‘I)ccd &<& o E)

O\ Ty e
2 Fop it P AR BL AT 5 Con D9 i 0 #E 17 R
Bs Coa O A 18] R 7 2l 8 4% 38 22 %0, 1 Burns
G X R o WBIEREGo N
IR 15 5
1.4 HEHEXHRKEE

AR ) 2 AR T XS RA BELASE Y 34k A -5 53¢ T (1]
(1 1

("

qs = h (T, —TD (8)
Hop s T, 32 BT B s T S WO IR E 5 o
S 1% 4 & B, K A Ranz-Marshall™™ 22 5 56
N
Nu = 2+ 0.6Re}°Pr®® = h,/A
0 << Re, << 200 (9
TEACAHM R I A BE BB, K b, S TE 55
R AR AYCT A8 BT il B B AR AR B
L5 HEREXZHREKEE
K H] Rohsenow #8115 380 2% % 3R, il i
R THT HRU B R

_ g(Pl_‘Ov) Cpl(Tw_Tsat> 3.0
w = il
N e e W

qy
(10)

o g g WA B 0 BB 5 h IR G 00
oo S AR WRRR SR B B 5 g R IR B 5o Ry

IR T 50, MW HRE TRRA s T L To 7390 0
BE AR AR BE 5 Co D 2250 2R 40 Pry D9 WA
WL

BE TR AL AR 28 R0

Cev @y
. _ Lewbw 11
M hlal ( )

Horh, Co g 22 560 2280 3278 BE TR R T 28 %
(173 4

2 MRS RBFRES
2.1 MRSy

2 P BT DX LAl %t AR L 43 TR
Y X ARBLAY , Ry TR FK B F AR IA A B
U rp g S K AE L I B — 5 K AL s KA T B
FESL M HIK A DO E S, i 2 frR, %58
P4k RPV (4 Ak DR i 0] 3 BE 17 X 38 a8 47
DA% Tl 25 o e A0 KA DX Sl . A T AT S
fiff S0 IE L HEOR 3 2 A R 43 B2 e I ST AR )
BT B 2 Fe 24 38 FH 19 D 4 500y 64 023, XA 7
BERWE 3 R,

%

B2 srArs
Fig. 2 Analysis model

P03 B A R A s i

Fig. 3 Schematic of grid analysis model

2.2 MREHG

SR R D 153 O R T T R A Y i R
FAF ASURIE P B 5 48 8 RSN

1) AW R T A RE T i B A A T
% RE T 5

2) H A A AR A2 T - AR A TC T S



1476

BT REREHA 4k

RETHT , P % B R P A i

3) AR« 45 R R AR 5

4) JKBRTER B - H W 5

5) &)@ 2 L R G e B

6) 2 IFPH A KT AT AT,
2.3 R

TR TR R Y BB 1) 4k 3 X FR
2 BRAEE R 5 3) MR, A5 ER
FLZ AL VOF J7 g Ak A 4) 435
FORMFE:5) EIBIRL6) i ALY, H Realizable
K-Epsilon ## ,

THATE % I8 VOF #5518 () 1% 52 7, [ it
K Z AR A R AR (VOF 77, JF %
& R L R B AR R VOF 875 % H Ak §

BHE BT HERBEBERE .
2.4 It

® 1GNP Y TES B 3% 2 B B
I A ARG TS 8

x1 HBBEXYMESH

Table 1 Property parameters for boiling
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Fig. 4 Temperature distribution
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Fig. 6 Velocity vector distribution
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Fig. 7 Imported water flow versus time
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