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Design and neutronics characteristics analysis of the fuel assembly

in gas-cooled fast reactor

ZHOU Mengfei LIU Guoming HUO Xiaodong
(China Nuclear Power Engineering Co. Ltd., Beijing 100840, China)

Abstract  [Background] The gas-cooled fast reactor (GFR) has great advantages of finance and sustainability
which combines the features of high temperature gas-cooled reactor and fast reactor. However, safety issue has
become the main challenge in the development of GFR due to the high temperature and high neutron flux in the GFR
core. Coated particle fuel (CPF) has been widely used in high temperature reactor (HTR) due to the excellent high
temperature tolerance. [Purpose] In order to strengthen the safety property in GFR, this paper puts forward a block-
type fuel assembly (FA) model based on CPF. Based on the FA model, neutronics analysis and thermal hydraulics
validation is carried out to verify the rationality of the design. [Methods] Monte Carlo method is used in the
calculation. Physical parameters including plutonium fraction in the U-Pu mixture fuel, diameter of fuel pins/coolant
channels, the number of coolant channels, pitch-to-diameter ratio, thickness of cladding and thickness of assembly
wrapper were selected and sensitivity analysis were conducted on the FA property to these parameters. [Results]
Analysis results show that among the above six parameters, plutonium fraction and pitch-to-diameter ration have the
most obvious effect on the neutronic property and the number of the coolant channels mainly influences the power
distribution of the GFR FA. Finally, temperature distribution of the FA is calculated using single channel model under
a low coolant fraction and requirements in terms of thermal-hydraulic property are put forward for the FA parameters.
[Conclusions] The block-type FA model put forward in this paper meets the design requirements well. The research

conclusion of this paper provides reference for the future study on GFR nuclear design.
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Fig.1 Structural diagram of the block-type FA
(a) Radial, (b) Axial
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Table 1 Parameters of the block-type assembly
A 1S4 Parameters {& Values
FLIH T Z Power / MW 2
ZH %5121 Edge-to edge distance / cm 21.035
A EIFARF) 4 Coolant fraction / % 30
BRI S22 47 %0 Plutonium fraction/ wt% 30
A 173875 % Number of coolant channels S5R(61)

> #5738 1E B 154 Diameter of coolant channels / mm 15

MHEE LY Pitch-to diameter ration 1.74
1,72 )5 £ Clad thickness / mm 0.75
ZH 1 £ )5 F Wrapper thickness / mm 2
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Fig.2 Change of FA burnup with different plutonium fractions
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Table 2 Lifetime of FA with different plutonium fractions

BR A7 242 4 Plutonium fraction / wt% 25 26 27 28 30
1477 #A/EFPD Lifetime/EFPD 6514 6 960 7 400 7 858 8516
L Conversion ratio A 3A%] 0.7217 0.712 1 0.703 4 0.693 7 0.676 3
Beginning of cycle
AR 0.773 7 0.768 9 0.770 1 0.764 8 0.756 3
End of cycle
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Fig.3 Change of FA burnup with different diameter values of the coolant channels
(a) k. value changes with burnup days, (b) k,; value changes with burnup depth
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Table 3 FA lifetime with different diameter values of the coolant channels

1.0

. 1.0 >
15 000 0 50 100 150 200
BurnUp / MWD-kgHM !

A #1738 18 FL 4% Diameter / mm 12 15 18 21
PRELHE % & Fuel loading / kg 63 97 139 188

Y 1% 11 B Edge-to-edge distance / cm 16.894 21.035 25.191 29.340

HEF HI/EFPD Lifetime/ EFPD 5433 7968 10 930 14 165
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Table 4 FA lifetime with different numbers of the coolant channels

¥ H1 73818 %5 B Number of the coolant channels 4R (37)* 5R (61) 6R (91) 7R (127)
H A5 W/EFPD Lifetime/EFPD 8035 7968 7931 8 098
12 [F) 3 3 & [K] 7 Radial power peaking factor 1.0190 1.012 4 1.009 3 1.006 9

TE: * 455 A v B a0 ) B

Note: * The value in the brankets means the number of coolant channels
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Table 5 FA life with different pitch-to-diameter ratios

MG HE P/D 190 174 1.6l 1.51
A ENFARF A 25 30 35 40

Coolant fraction / %

21475 #A/EFPD 8747 7968 7111 6245
Lifetime/EFPD
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Fig.5 Change of FA burnup with different pitch-to-diameter
ratios
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Fig.6 Change of FA burnup with different cladding thickness of the coolant channels (a) and different wrapper thickness (b)
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Table 6 FA life with different cladding thickness of the
coolant channels and different wrapper thickness

41,52 )2 Clad thickness / mm 0.50 0.75 1.00 1.25

ZH0F 75 W/EFPD lifetime / EFPD 8 109 7 968 7 817 7 669
ZH 1 £2 )5 Wrapper thickness /mm 1.0 2.0 3.0 4.0
0175 HI/EFPD Lifetime / EFPD 8232 7968 7 712 7 464
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Table 7 Cell peak temperature with different pitch-to-diameter ratios

PID 1.90 1.74 1.61 1.51

A HF A8 Coolant fraction / % 25 30 35 40
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