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Evaluation of Temperature Distribution in a
Containment Vessel during Operation
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Abstract For safety analysis of the containment vessel (CV) in a nuclear power plant, the
average temperature of the gas phase in the CV during operation is used as an initial condition. An
actual CV, however, has a temperature distribution, which makes the estimation of the average
temperature difficult. Numerical simulation seems to be useful for the average temperature
estimation, but it has several difficulties such as predictions of temperature distribution in a large
and closed space that has several compartments, and modeling the heat generating components
and the convection—diffusion of heat by ventilation air-conditioning systems. The main purpose of
this study was to simulate the temperature distribution and evaluate the average temperature in
the CV of a three-loop pressurized water reactor (PWR) during the reactor operation. The
simulation considered the heat generation of equipment, flow due to the ventilation and air
conditioning systems, heat loss to the CV exterior, and the solar heat. The predicted
temperature distribution was significantly affected by the flow. Particularly, openings, which
became flow paths, affected the temperature distribution. The temperature increased with a rise
in height within the CV and the flow field seemed to transform from forced convection to natural
convection. The volume-averaged temperature was different between gas and solid (concrete,
CV wall) phases as well as between heights. The total volume-averaged temperature of the CV
was nearly equal to the average gas phase temperature. It was found to be easy to evaluate the
effect of openings on the temperature distribution and estimate the average temperature in CV by
numerical simulation.
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Keywords containment vessel, PWR, ventilation and air-conditioning system, temperature distribu-
tion, CFD
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SRR E Lo TVD, BHNTOMERTIL, 2R
AP DOHHEROWBEBLEZ bND. T2, FNO
ETIZOWTY, i LTV i 5 s 5
— L2z ez 5N 5. [ 13 (c) (LS Wi
BT 2MERZENDIRESAZRLIZDDTHY,
WERINE SR = LB CRIRZERAME LT\ 525, B
1L (K 12(b)) & HAMERE R OMREAMET L

TWABIEDbhb TOLHZ, HOWIHEET S
LX) FIROREEDTER S, BBk X )
PHOBIRDIRED AR E 2T 5 2 L bhb.
Pbko X512, OO CV N O/ i 12
WEBEEZLZ bbb, ECORA 7Yz 16
BT CVHDOKRFEBRBERAEY I 2L —2 3 VHIT
b, O Z 8@ L TREEMRIEL TB Y, HEOMORF
AT CV NOBRISEE Y52 Twiz. XoT, CV
D & ) BB X AL S R N B T A
FHT L2012, HOEE BEICEFTIMET S
ENEETH 5.

4.4 CV ADOEKIETHEE O

CVNIZB T 2R B & 0% - Ptk Bl o A1
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JINJEE 65 = ¢ BR Jik

(a) JRIHZ VoA
4 B, Elevation 26.9 m

(b) RS A
4 [ Elevation 26.9 m

(c) IREE3 A
SNEZRED

B 13 MEEGFEDBRD % W& OUHE AT & i)

WREARKS5IRT. BEERTETH S 2ROK
R FHmER e LTHIBLTWwD. CV NTIZREE A
EXBiIcoh, BEFEHLTYS 5BXY LET
i, BIEBREEE o TWS, BENENSIZD
NCTHENEL RLENE LT, BHCL ) EiRER
DEFAL7ZE, TREICHKE S NIHRAERRICES
HHZEROME, TRIZa Y 7)) — MEED% oA
Lar 7)) — PEREREINMEN D, Loz LT
EZZbNhb.

PYERNC D &, a v 2 ) — bOIREFRDHIL,
M, CVSIRDMEICIREYE L o TWwb. FFICK
— LD CV @MIE Ktz B8O R D720, M &
DLEIRE AR L o7 CVHIROEE T ~
Z7)=FEDDEOEKNELT, 37— MR
BURERMPE N L, T2 7 ) — FREC AR 225
EPLOFRMICER S L INTVWRWI LR EVEZ
bhs.

Db X512, CV NOKRE I SR8, Wik
TLIEND L. CVERKOEKETFHIRE R, 31T
CV ZMHOMEFREL R U CTh -7, i,
SHACVNIZBW TR O R LR LD L2708 %E 2
bhb.

45 BE>Ia2L—-2a>OFMEER
2|

ABFGETIE, CV 0BG & WG % Hefiat
X DB, KE{LS 3BT 5 HNEH

5 REREH - PR ORR- 3R *

1 2R O (RCFIIRE)
Dy ry s LY LE 1.3
5B~V v 7 &2 b 1.3

4 P 1.2

3 P 1.1

2 & —
KAHAIR 1.2
BMHAE (22 1)—1) 1.0
CV S 1.3
CV#It F—2ih 1.6
CV 4tk 1.3

CV &1k 1.2

* I KMELZER (C) TRLAM L. SHHOIM
FEIZ S B & ORI 2 A L 72 R FIOTRE T H 5.

L OB OWEE 2, BAERO A ML X 2 815
NOHBR L EIMET A EATE . F7o, BHER
REMVB LT, CVAKRD X U&HINTORET
W & OB A 5 A9 5 Z ST & 72 Bl
Hof i, FHEHEEESIUE, AR OFEAZ
DT 2 B KIS B, FERIIAEET R HEERH 2 v
T CV NI ouiH, A2 EHEE LT, WErik
WAXBREED D B 728, BRGRENY; D 3 RITHY 72 31 13
Lw., F72, BEOIKRITHZGAIEL LR ITH
i, PFHREORM O R RL 5.

7272, ARG RO RICEE->TE D,
FBR & DR TEME S E R 2 BRI AT 2 2 72D
TIME 2477 5 T v, SHE O R YO ME
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D7D, EBEOREF—F EDOLBEBILETDH
D, SHOBETH 5.

AWFFETIE, HEiEH O FETCBIT5 CV A
DR EZ T 572012, 3V—FPWR 75~
FERRE L7 CVNIRESMOKEY 32— 3
YERATo7z. LT, CV RN % 3
L7 ZORELTO LD ARSI
® CV NOMEEIZREEA EAHICoN ERH L, Bl
LD B BRI LB ORNIGNEED DL L EZ S
%.

O L E AR E B EZIT A, 72, FO
IR ORI L 7 5720, RS % HHT 5121
B &2 U SR T 2 DD 5.

O VIR IIRE, AU, EMIC X o TRZZH, &
MR ORI G %2 5D 5720, BEHDEDZCV 4
ROKFE IR T FEMERE L 2 5.
OHfiy I 2L —Ya yORMICKY, FOHOAE
AN LA BT T R CV NEBO ARG IRE O
FHEASTTRE & 72 5.
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