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Key factors affecting the thermal performance of annular fuel elements in LFR

WANG Yuxuan MA Longhui ZHAO Pengcheng LIU Zijing ZHU Enping YU Tao

(School of Nuclear Science and Technology, University of South China, Hengyang 421001, China)

Abstract  [Background] The key factors affecting the thermal performance of the lead-cooled fast reactor (LFR)
annular fuel are very important to improve the core power density of LFR. [Purpose] This study aims to analyze
those key factors and provide guidance for improving reactor core power density. [Methods| Firstly, one quarter
thermal analysis model of typical annular fuel element of lead cooled fast reactor was established, followed by the
thermal resistance analysis of typical LFR annular fuel element to evaluate the key factors affecting its thermal
performance. Secondly, four indicators, i.e., the temperature difference between the coolant outlet inside and outside
the channel, the maximum temperature of annular fuel pellet, the position of adiabatic surface and the temperature
difference between the inner and outer cladding, were used as evaluation criteria to analyze the influence of various
factors on the thermal performance of the annular fuel element. [Results] The thermal resistance analysis results
show that the key factors affecting the thermal performance of LFR annular fuel element are gas gap width, cladding
thickness and flow distribution ratio. Evaluation and analysis results indicate that temperature difference of coolant
and the maximum temperature of annular fuel pellet can be significantly reduced by increasing the flow distribution

ratio whilst slightly increasing the width of the outer gas gap and reducing the width of the inner gas gap can reduce
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the coolant outlet temperature difference and the average temperature difference between the inner and outer

cladding. Changing the cladding thickness has no significant effect on the thermal performance of annular fuel

element. [Conclusions] Studying the key factors that affect the thermal performance of the LFR annular fuel has

importance value for optimal design of the LFR core.

Key words LFR, Annular fuel, Thermal performance, Key influencing factors
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Table 1 Design parameters of annular fuel and boundary conditions

#1124 Design parameter H{H 14541 Boundary conditions ZH
Values Parameter

MR Grid pitch / mm 13.9 WA Fuel materials MOX
440,58 4% Inner diameter of inner cladding /mm  3.643 586} ¥} Cladding materials T91
W 5E 4% Outer diameter of inner cladding / mm  4.243  AZ1725% Type of coolant Lead
PRRLEERL N 42 Inner diameter of fuel pellet / mm 4393 A EIFEE IR E Coolant inlet temperature / K 673
PRRLE ELAME Outer diameter of fuel pellet / mm 6.427 A ¥R E Coolant outlet temperature / K 753
AL 5E P 4% Inner diameter of outer cladding / mm  6.577 ¥ #1533k 0 £ 5% Coolant inlet pressure / MPa 0.6
AMLFEAME Outer diameter of outer cladding/ mm ~ 7.177  JliE i 2 Mass flowrate / kg-s™ 355
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