Fa1E 3 M 1% Hi ¥N Vol.41, No.3
2018 43 H NUCLEAR TECHNIQUES March 2018

BRBEHEEN CFD AR EHE LR

R eHEths FE B

CLIIRY: BRRES TRES: L 200240)

E AR R A O, SR LA S5 R iR IR A, T S A4 ) % (Computational
Fluid Dynamics, CFD){f4—Fi4fi B TR IE KM TR AR sl 7 fr 2, A& E N TS — sl Sk
Jiid, CFD RERNSE A {5 A G BAMITILAEN) CFD 23 M 3 T et i LA 4 1E LR R4 R
HHT, RSB FAAE R BT e, SR 2 2 XL SR ) ] {5 BER Bk ik . AL ST A
SEANTT M Z R DR, NI ERRVSIAE T CFD A 4. ASSCIE X A i s L
JCBETHRCFR 00T, 45 B CFD FIB RSB v, (EUbIEmh b, R Bugik R 550004 35 00 W7 B 1T v
b i AN E PR TR BRI, g5 RN RRETIA 4l 96.11 Pa.

KR HAE), VAR, A R

FESES TLY9

DOI: 10.11889/j.0253-3219.2018.hjs.41.030601

Uncertainty quantification study of CFD on the rod bundle flow

SHEN Hao XIONG Jinbiao CHENG Xu

(School of Nuclear Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract [Background] The rod bundle is the most common geometric structure of nuclear fuel assembly which is
the core component of nuclear reactor. Computational fluid dynamics (CFD), as an auxiliary tool, is widely used in
the flow analysis of rod bundles, but there is no unanimous CFD application method, nor the best practices guideline.
As a result, the CFD simulation credibility is controversial. Meanwhile, CFD analysis is based on the certain
geometry and boundary conditions, while large uncertainty exists in the physical conditions, which will challenge the
credibility of the simulation results. [Purpose] This study aims to find a new method to do the uncertainty
quantification of the CFD simulation for the flow analysis of rod bundles. [Methods] Considering the fact that
traditional uncertain analysis methods, such as Monte Carlo sampling, are not applicable to the uncertainty analysis of
CFD because of its huge amount of calculation, the first step was to sum up the best practice method of CFD on the
single-phase rod bundle flow, based on the analysis of grid, turbulence model and wall treatment. Thereafter, the
sensitivity coefficient method was used to analyze the influence of wall function uncertainty in the prediction of
pressure drop. [Results] The simulation results show that the forecast uncertainty for pressure drop is 3.2%.
[Conclusion] The best practice method of CFD combined with the sensitivity coefficient method can be used to
analyze the uncertainty quantification of the CFD simulation the flow analysis of rod bundles.
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Fig.1 Diagram of the geometry model
(a) Simulation model, (b) Coordinated system
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Table1 Mesh parameters

4% 250 Number #FE)Z Prism layer H—)Z MK Firstcell/mm  FEA S} Base size / mm
MA% 1 Meshl  121.35x10° 5 0.1 0.4
% 2 Mesh 2 63.51x10° 5 0.1 0.6
% 3 Mesh3  34.27x10° 5 0.1 0.9
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