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Discontinuity Factor Applied in Three-Dimensional Diffusion

Calculation for High-Temperature Gas-Cooled Reactor

ZHOU Xu-hua, LI Fu, WANG Deng-ying, YAN Jian-qiu, HAN Song
(Institute o f Nuclear and New Energy Technology ., Tsinghua University, Beijing 100084, China)

Abstract: Three-dimensional calculation is needed for high-temperature gas-cooled reac-
tor (HTGR) to realize three-dimensional burn-up calculation, three-dimensional control
rod calculation, power distribution reconstruction and ex-core detectors response analy-
sis and etc. Because of the strong absorber in control rods and absorber balls region, the
diffusion method can not be used directly. But transport method for detailed 3D model is
very time-consuming. This paper proposes the procedure to homogenize the control rod
region based on discontinuity factor theory, to calculate homogenized cross section and
discontinuity factor by coupling 2D transport and diffusion calculation, then to realize
3D full core calculation with diffusion method corrected by discontinuity factor. It is
shown through verification calculation that normal diffusion calculation is impossible to
get accurate solution, and diffusion calculation corrected by discontinuity factor can re-

produce the detailed transport solution not only in the neutron flux distribution but also
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in the eigenvalue and control rod worth, with much less computation time. Therefore

the diffusion method with discontinuity factors is a nice solution to realize the three-

dimensional calculation for HTGR.

Key words: high-temperature gas-cooled reactor; discontinuity factor; three-dimension-

al; control rod; homogenization
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Table 1 k. of each calculation case

RETFRET ke

HEVES
1 2 3 4 5 6 7 8 9 10
SN 1.081 9 0.984 0 1.026 5 0.970 4
CIT1 1.083 3 1.076 9 0.986 2 1.077 4 1.059 3 1.052 9 1.032'1 0.972 6 1.026 6 0.971 2
CIT2 1.083 2 1.076 3 0.983 8 1.077 2 1.057 3 1.050 0 1.027 4 0.973 3 1.021 2 0.972 2
CIT-DIS ~ 1.081 8 1.075 3 0.983 5 1.076 3 1.058 8 1.052 4 1.0319 0.9717 1.026 2 0.970 3
MCNP 1.082 0 1.075 8 0.983 7 1.076 6 1.059 2 1.052 9 1.032 2 0.972 1 1.026 3 0.971 0
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Table 2 Ap of each calculation case
AR RRET Ao
QECIES
1 2 3 4 6 7 8 9 10
SN 0.092 0 0.049 9 0.106 2
CIT1 0.005 5 0.090 9 0.005 0 0.020 9 0.026 7 0.045 8 0.105 0 0.051 0 0.106 6
CIT2 0.006 0 0.093 3 0.005 2 0.022 6 0.029 2 0.050 1 0.104 2 0.056 1 0.105 5
CIT-DIS 0.005 6 0.092 4 0.004 7 0.020 1 0.025 8 0.044 7 0.104 8 0.050 1 0.106 2
MCNP 0.005 3 0.092 4 0.004 6 0.019 9 0.025 6 0. 044 6 0.104 5 0.050 2 0.105 6
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Table 3 Error of Ap compared to benchmark

TR SR ZS TR 04 A X 22/ 6

ARGV S
1 2 3 4 5 6 7 8 9 10
SN —0.41 —0.50 0.53
CIT1 3.77 —1.62 8.70 5.03 4.30 2.69 0. 48 1.59 0.95
CIT2 13.21 0.97 13.04 13.57 14. 06 12.33 —0.29 11.75 —0.09
CIT-DIS 5.66 0.00 2.17 1.01 0.78 0.22 0.29 —0.20 0.57
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Fig. 3 Thermal fluence rate distribution along @ direction

on fuel region boundary (R=150 cm)
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Table 4 Comparison with benchmark distribution errors

of fluence rate distribution at case CIT2 and CIT-DIS

N S T A DX X Bl 22 / 2% o) DS SR 2 AR R 22/ V6 3 ) Al DX A A AR X AR 22/ %
MAX MIN MAX MIN MAX MIN
CIT2 6.56 —6.08 44.59 —18.29 —22.15 —49.37
CIT-DIS 0.70 —1.17 2.42 —5.81 4.07 —6.52
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