3% H12M 17 N S D | A = SO S Vol. 53 No. 12
2021412 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Dec. 2021

MRANS A ENIRNHEE 152 CFD {F E

REA BT HARB KT R
(B A 5 Oy FOROR TR TR A 200 (VR TR ) PRI 150001)

W OE. W5 RN E N B (reactor pressure vessel, RPV) CFD( computational fluid dynamics) FENTTERR ¥ 4% R
A (multiple RANS model, MRANS) 77 % 5 RPV CFD {5 E A% &, & H 7 —F#1 & &9 RPV CFD {5 £ 7 %, H T 5 St &
M MRANS 77 % By X 5% % 0 7 % A0 8038 5 4 7 =1 RPV MRANS CFD (5 B 7 £ Wit sk S8R, &, A 28N E
N B BRI AT CFD E W BRI EE RS TR MAEHRATX, BIET A CFD F A M, HA ETREESN T £
BULT THREREATEERENQEEA FAXHAE-RERARKEEREFE, BT TSR CFD FENEFE, & E5,4
AR A A EE R BT m, SBFAENHAER, &5, UM CFD fF ZHE 3 % 4y B 45,8 B T # A MRANS ¥
F,NRERKN A TRBEEEN R AR T EARTEANEARBELEE TR, HEMENITHER S BRITE—
HMEE ;MM MRANS 7 EHR THANE — R EA T E AR ERE T 28.75% , AN TTIIE T 4 1h 4 MRANS B4 &
BRB N, AR R E NEE RPV CFD (F A MR BT —MH Bk iz,

KER: IHERAEA ¥ (CFD) ; 2 RHF M 2 BB A £ A A (MRANS) ¥ £, KR EE

hESES: TL334 XERARERD . A XEHS: 0367 —6234(2021)12 -0127 -08

CFD simulation of RPV based on MRANS scheme

KANG Huilun, TIAN Zhaofei, HU Peizheng, CHEN Guangliang
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Abstract: To improve the computing efficiency of the computational fluid dynamics ( CFD) simulation of reactor
pressure vessel (RPV), a novel CFD simulation scheme for RPV was proposed by combining the multiple RANS
model (MRANS) with CFD simulation. The accuracy of the CFD simulation scheme using MRANS for RPV was
guaranteed by optimizing the domain division technology and the data transmission method of traditional MRANS
scheme which is used in rod bundle simulation. First, a CFD simulation of the integrated RPV model was carried
out, and the validity of the CFD method was verified by comparing the calculated results with the experimental
data. Then, based on the domain overlapping approach, the domain division model of downcomer ( DC) and
lowerplenum (LP) was built, and the modeling of multi-domain CFD simulation was carried out by using the two-
way pressure-velocity data transfer method. Next, the performance of different turbulent models in each domain was
compared and analyzed aiming to select the appropriate turbulent model. Finally, taking the computing efficiency of
CFD simulation as the optimization objective, two MRANS schemes ( RSM-SKE and RSM-RKE) were proposed.
Results show that compared with the traditional domain division simulation scheme, the velocity and pressure
calculated by the two-way domain division simulation scheme based on overlapping had better consistency with the
integrated simulation results. The computing efficiency of the optimized MRANS scheme increased by 28. 75%
compared with the traditional single RANS model scheme, which proved that the optimized MRANS scheme has
high efficiency in CFD simulation of RPV. The research results provide a new way of improving the efficiency of
CFD simulation for RPV.

Keywords: computational fluid dynamics ( CFD); mixing characteristic; domain division technology; MRANS
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Fig. 1 Reactor pressure vessel and sensor distribution
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