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Real-time Simulation of Neutron Space-time Kinetics for High-
temperature Gas-cooled Reactor by ILU-GCR Algorithm

SONG Ying-ming' ,ZHOU Zhi-wei’ ,LUO Wen' ,ZHU Zhi-chao'
(1. School of Nuclear Science and Technology , University of South China,Hengyang, Hunan 421001 , China;
2. The Institute of Nuclear and New Energy Technology , Tsinghua University , Beijing 100084 , China)

Abstract; In the neutron space-time kinetics computation program for High-Temperature
Gas-Cooled Reactor,Generalized Conjugate Residual algorithm pretreated by incomplete LU
decomposition (ILU-GCR) is used for dealing with the shape function. Compared with clas-
sical methods, ILU-GCR algorithm has obvious advantages. For the supposable HTGR model,
the variance of the core reactivity ,the average neutron flux of each group,the relative power
and the temperature along with time are computed for the dynamic simulation of the control
rod ejection accident under conditions of over power protection and ATWS.
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Fig.1 Layout of the reactor core for (r-z) coordinates
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Table 1 Energy bounds, y, value and average velocities of each group

RERES (g) A== X, T FEIHA/ (m - s
1 E=0.111 MeV 9.8439 x10"! 1.0 x 10’
2 0.111 MeV=E=130.073 eV 1.5615x107? 5.7 x10°
3 130.073 eV=E=1.855 eV 6.5164x107° 4.8 x10"
4 1.855 eV=E=0 eV 0.0 4.3 x10°
R2 ZEHRTFHOREERZRTEH
Table 2 Delayed neutrons quotients and the decay constants of their precursors nuclei
M5 (i) RN TR (B)) FEIR AR (A,)
1 1.97 x107* 0.012 729 43
2 1.97 x107* 0.031 470 82
3 1.04 x107° 0.118 416 8
4 2.18 x107° 0.316 526 8
5 7.16 x107* 1.409 255
6 1.41 x10°* 3.767 754
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Table 3 Comparison of the iterative methods

b7 AVWIRZN HEAUEL st a] /s
ILU-GCR 5 0.062 5
Jacobi 289 1.963 6
Gauss-Seidel 203 1.379 2
SOR( w =1.10) 159 1.080 3
SOR(w =1.15) 138 0.937 6
SOR( w =1.25) 123 0.8357
SOR( w =1.30) 145 0.9852

SOR( w = 1.35) — —

AU, Jacobi 77 3% A TR LR AQEE , g s AR
HulR 2, AN ] R KK ; Gauss-Seidel 7 5 78 5%

fitlh 1A ir el | (ERCROAR K5 SOR G i R A 7 12
BB ER e (18 2 AR A ) Rk A R B i
TN F o BIEE, IR o S5, W a]
e 23 (3% 07 1 4 8% TLU-GCR %4vE HAT W 8 Ay 4
BORREREE T 1205 I LT LR AR R AR
W FER T ~2 DR

3 AR A SIS M

D E S R B — i 2 i T S AR 2
H A 220 AR, T 25 0 20 8 3 BBV E S T —
ZNBIAE UGB HE. B B ] 25 14 126 A QA (L £
B — 205 A TR ek K, Rt B — 2D B B
R PR ARY AT LABR 177

SE LI E AR BRI

Aty — As

- Aty

A, Aeg OFEITRI R, A Ry sk
PR35 BT F e ]

IR [RIRS BE A1 &0 R, (8 H] Intel (R)
Core(TM)i5-3470 CPU@ 3.2 GHz,4.00 GB N f#
BT EALAE Compaq Visual Fortran 6 ¥i5% N iB717
AT BB ST R R E 2P At = 0.25 s 1%
TR 10 s WA A, S 07 B H R Ol W
K4 . NPIAE SR THE LI E] EoR A, B 40k
B B EOR.

o

x 100% (4)

x4 IWHEITERER

Table 4 Cases of the real-time simulation

A% LR e SHin)
i1 FARTA] s FARFR]/ s HARE
1x107° 0.069 5 2.78 72.2%
Ix10™* 0.094 3 3.77 62.3%
1 %107 0.117 5 4.70 52.3%
1 x10°° 0.1457 5.83 41.7%
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Fig.2 Physical quantity varying for HTGR under

the condition of over power protection
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Fig.3 Temperature varying for HTGR under

the condition of over power protection
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