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A numerical study of the flow field in the IRWST of KNGR

284, FEg, 59, sy, AET
Hyung Seok Kang, Hwan Yeol Kim, Juhyeon Yoon, Yoon Yeong Bae, Jong Kyun Park

Safety Depressurization System of the Korean Next Generation Reactor prevents the Reactor Coolant
System from over-pressurization by discharging the coolant with high pressure and temperature into the
In-containment Refueling Water Storage Tank(IRWST) during an accident. If temperature in the IRWST
rises above the temperature limit of 200 °F due to the discharged coolant, an unstable steam
condensation may occur and cause large load on the IRWST wall. To investigate whether this condition
can be reached or not for the design basis accident, the flow and temperature distributions of water in
the IRWST were calculated by using CFX 4.2 computer code. The results show that the local water
temperature does not exceeds the temperature limit within the transient time of 5 seconds.
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A Fola M5 A LA Z(Korean Next Generation Reactor)e A Az 7 A4 o)
gridoz F4d NFY JAFgL2olg. AAULRZE TFH GPRAHYR AGHAAYAF
(Safety Depressurization System)® =% 4=ZF(In-containment Refueling Water Storage Tank,
IRWST)E 4A8ld AlnAl T, 15 YAZYAAE IRWSTZ WEstd FA2WHAAATF
o] 4HE AEsA AYsd A2 E BE AlTA JMdriE2RE AR RYAA AT 1Y
Z717} sparger& £84 IRWST %2 929 v Z£7]E sparger FHolA 22 &9t} o
A9l F F71WE Aol A& W IRWSTU sparger FHY 24 2EA4F0] Ao BEFH
£ 717 Aoz B $EHAY F7|wEo o= FE AP o] sparger FHY FE2F &
=7t o FALEE 2T}EE Fr)SEFo] EAANAGAN $FE5IF @Al LAstd IRWST
FZE £ 8F ¢ LT & A1,2345] ¢k S EAAT FU|EFELR AT sz
2 "5 72 (Boiling Water Reactor)|A& &5 4Z(suppression pool)?] A A Fo] &
E Al dold A7t AH2345] WEtA LAY FAZIBAME AlREA Y EAASE F7]
54 E 4Y € X402 Y AHNE vHoR vFATE T2 YTFe JRE
27t ¥4 d4FFo gl o 200 °FE dA ¥=E Fxudn JYoil45] AHuiYZ e
AAAUAZTH IRWSTE v 5AFZ29 AQAAYAT 2 $5F529 75T AFFAl KA
o2 HSZAs-Z2e 28L& IRWST 24 x84 HLE 4 Ao25]. detr] FAUa=E
o] GAHAYAT ¥ IRWSTY HA7 53 ¥4ZdFe g W EUX4A F718%F 84 228
AL BFAI=AE HUterl A E 717 IRWSTE w3 € o IRWSTU S $-5848 #
A mhelsfjobyt drt, o] & A WL AMFAZ=Q CFX 428 A4 AAALAZT A7
#4322 IOPOSRV(Inadvertent Opening Power Operated Safety Relief Valve)Al @xi2w 3zt
7 RWSTUE w&d 99 #5884 L IRWST 524 28X d4S Holgdaes & 52
Ax AldstEd.
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AANYAZ IOPOSRV A sparger® %3 #H&EHE F7]1& IRWST 244 o8 $&do
ol BE&HE Fr)9 ¢HE HH 15 MPa FEolx IRWST FRFE u7igo]r) n&d
YART 2A) AF3S sparger2HEH WS HE F71H%FL IRWST ¢ Augle] od @
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AT E wigez 79 AX(equilibrium quality)E T U YARFSS AN Az ¢
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a8 5 ¢599 =d

Ao, Vi=A,p,V} D
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. X
A, : area of sparger discharger hole (144x X220l -00196 m?
V1 ¢ hole exit velocity
p; : hole exit density
A, : area of at plane @
p, : average density of hot water at plane @
V4 : average velocity of hot water at plane @
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H oMo AL E HEAAFHR=Q CFX 4.2+ ZAADAFHE A (body fitted coordirate), Ao
A 2 ¥ (control volume method), Y] Q& # A AH(non staggered grid), A &4 A} (structured grid)
¢l SIMPLE (Semi-Implicit Method for Pressure Linked Equation) ¢3n#l&& AlL-3iw
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Navier-Stokes &% %, Jyx] ¥ FHFHEH 5& Ed. £ Al AlLE CFX9 4§ 2ds
EZF k-eolt. CFX 429+ ze %“3— AMFHAIZEE FAAEYYEDM)E 7§ 3399 7]
83 2ge 1 2aFql SRy HEsy] d8 FAYLAEAE =dsQd. @e
AARAZES] A2 719 CFX-MeshbuildgE AHg3dted Batg ANDdde 2AstE Aoy
AAE WE O 4 (2), 3 Zo] FAUAAEAE AHE3Y vl P (mapping)dtH FEAEY
& A48y A A2FEA(cartesian coordinate)2 WP}, Q7o) FIAA2PP L F L35
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3¢ a¢ ax Ty @
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v AHAAN F717F B & ZAUE spargers T3 WEHUA 32389 Ago] Ao ugt
249 %ol FlatA ") o9} ol B3 Frs AFERE AT e FEFE CFX
9  d4fE(multi-phase  flow)2]  "homogeneous model’®& Al&3d =AYy}
Homogeneous model€ “multi-fluid model”e] ZHeFg 2 ASAAL A3 & 2w
AR Zo TR WE FIHER A F VY $FFH QAL FAHY, B A o)g8
"homogeneous model”2] AFR EutAPA 25 WA UL P k-cdRd AL
4137 2ok 9714 ofe A4S YEdY v, 29 AHELE g0 £F & A
e ooz ANE FYPsln CFXNA Aulwtg 4o Ao g GRS 4143} 2o
A WANA FgEY (fully implicit backward difference method)2.2 3%t}
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—gt—( VaD H)4V - (Vo po Ve Ha- AoV To))=

;c‘”’( Ty- T >+;(mﬁﬂﬂ My Hy) (6)
SV Pa kT - (Yol P Va kom (s =07 ko))
L w
Ya Sku*'g (kg k )+B2(m,,gk|; m;ak) 7N
%(v Pa€)+V - (V,(pg Vg &o-(p+ ll")V €)=
N o N, .

Va S:u+g (Ep_s )+Fl(mu9£ﬂ—m,,.,sn) 8)
Skn= Pn+ Gn—pu €4 (9)
Se= 16 Po+ Caemax( Gq,0))- Co Pa €4) 10)

k2
Hogg= Ba* U, B = Cp P < 11
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T = X BEOIS|
Ny Ny Np
2 Vemlp= 2 v, Pa =2 Va il (12)
1, &
V=F( 021 YaPoe V) (13)
a0 _ ¢n_¢n 1 B n
T =F(9), At =F(o") (14)
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AU FAZE 29 3, 49 IRWST =9 L oz CFXe dx27] CFX-Meshbuilds
Agste] 19 83 o] tFEEoz HAAL. A4 ARG AN IRWSTS] Z &
57m, ¥ol¥ 48m, $599E& 13 & spargerd) AL 04m ojtk. B AxE IOPOSRVA W&
He 3717 ARG LAT & EdAtrain)gt 343t 6789 sparger® $8t IRWSTZ
HI, AAYLAZTE ol4% IRWST 24 dze nasix ¢x Z7wEz Ad 4zs
TEZST 1ty Wil ANNS syl dH 1/4 WA 2A L AL8H T spargerst 9
A Qe FEE AYsA FAAE FAsHT B AolM sparger MBL 42X A G Qo)A
solidell #F3tmz AxE YPAslx T sparger WEF B EL Dirichlet 270 7=z L
FIASA BETE RASIE BESL ANFAE #A4% %1 W Bros Soh siAga
Azte] ETEUE IRWSTS 4371 3712 AAR7] W&o drige 379 B384 g
Neumann ¢##E72d& FUt Add 4RI AA BB E 249 Tr%°! 498 Aoz
od=ol MAxAE HEdA %u YUXAL FUU. 27RAL SFALI LA AEH
AEE MPOR 259 Fr 2, 4HL 29T, griges MY R '"—x—'r'-—] z27] g9l
© 2% 87 #o] 365m & sHTHTI.
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