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Development and verification of a neutronics-thermal hydraulics coupling code with

unstructured meshes neutron transport model

YANG Mingrui  SUN Qizheng LUO Chixu HE Donghao LIU Xiaojing ZHANG Tengfei
(School of Nuclear Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract  [Background] There is usually a strong coupling of neutronics-thermal hydraulics (N-TH) fields inside
nuclear reactors. [Purpose] This study aims to accurately simulate the multi-physics fields in nuclear reactors by
developing a three-dimensional N-TH coupling code MORPHY tailored to advanced complex reactors. [Methods]
First of all, a three-dimensional triangular-z nodal variational nodal method (VNM) was employed for neutronics
calculation. and the stiffness confinement method (SCM) was used to solve the neutron temporal-spatial equation;
thermal hydraulic calculations were based on the one-dimensional multi-channel model and the one-dimensional
cylindrical thermal conductivity model. Then, the accuracy of neutron dynamics was verified by TWIGL benchmark,
Dodds benchmark, and the typical pressurized water reactor (PWR) benchmark NEACRP. Finally, the effects of
different coupling methods and angle discrete orders on the results were analyzed and compared against reference
solutions by PARCS. [Results] Verification results of TWIGL benchmark show that the deviation of relative power
from the reference results is less than 0.5%. Compared with the results of Dodds benchmark, it verifies the MORPHY
code’ s ability to describe unstructured meshes. The transient coupling calculation capability of MORPHY is verified
by NEACRP benchmark. [Conclusions] Numerical solutions by MORPHY are in good agreement with reference
results of the TWIGL, Dodds and NEACRP benchmark problems. It is concluded that MORPHY can adapt to the
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transient N-TH coupling analysis of nuclear reactor cores.
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Table 1 Comparison of core relative powers for the TWIGL A1 problem

(1] DAISY MORPHY MORPHY % 2 Error / %

Time /s A=5 ms Ar=20 ms vs. Af =5 ms vs. At =20 ms
0.0 1.000 1.000 1.000 0.00 0.00

0.1 1.318 1313 1313 -0.38 -0.38

0.2 1.985 1.982 1.982 -0.15 -0.15

0.3 2.103 2.103 2.103 0.00 0.00

0.4 2.121 2.121 2.120 0.00 -0.05

0.5 2.139 2.140 2.139 0.05 0.00
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FfE  DAISY MORPHY MORPHY %% Erorr/ %
Time A=5ms AR20ms g A= vs. Ai=
/s 5ms 20 ms
0.0 1.000 1.000 1.000 0.00 0.00
0.1 2.088  2.089 2.087 0.05 -0.05
0.2 2.106  2.107 2.106 0.05 0.00
0.3 2.124  2.125 2.123 0.05 -0.05
0.4 2.143  2.143 2.141 0.00 -0.09
0.5 2.161 2.161 2.160 0.00 -0.05
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Table 4 Peak power at different time-step sizes for OSSI

method

T iRg IS e e Ty 2

Case Time-step sizes / ms Power peak / %
Al 2.5 149.82

Al 5 155.99

Al 10 169.99

A2 2.5 108.19

A2 5 108.20

A2 10 108.23

x5 ALLRTERAFPIAERRRIKASKEN
IE{ETh

Table 5 Peak power of different thermal-hydraulic time-
step sizes using FPI method in case Al
At /ms Aty /ms UEEH IR AP IR
Power peak / % Absolute error
10 1 141.74 —
20 1 140.10 -0.64
20 20 135.55 -6.19
50 1 129.02 -12.72
50 50 119.99 -21.75
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Fig.10 NEACRP benchmark power distribution
at peak power
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Table 6 Comparison of MORPHY A1l and A2 results with PARCS
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Code Py !% ty./% P,/% T,/°C T./°C Py l% ty../% P,/% T,/°C T./°C
PARCS 126.19  0.54 19.90 29338 686.77 108.14  0.09 103.55 325.03 1703.36
MORPHY(S,) 141.74  0.54 21.93 29345 71635 108.17  0.10 103.54 32585 1716.80
2%} % Z Absolute error  15.55 0 2.03  0.07 2991  0.03 0.01 0.01 0.82 13.44
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