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Research on neutron diffusion coupling calculation based on the UDS and
UDF functions of FLUENT and its application analysis on fast reactor

ZHANG Xue-Bei, WANG Chi, CHEN Hong-Li
(School of Physics, University of Science & Technology of China, Hefei 230027, China)

Abstract; With the great improvement of computer performance, analyzing the complex flow and heat
transfer phenomenon by coupling CFD and neutronics has attracted lots of attentions nowadays. The
study aims to investigate the neutron diffusion coupling calculation based on the UDF and UDS functions
of FLUENT and its application analysis on fast reactor. The neutron diffusion equation is defined based
on the UDF (User Defined function) and UDS (User Defined Scalar) functions of the FLUENT. The
neutron diffusion equation is solved iteratively by using the solver of the FLUENT based on the finite
volume method. At the same time, the mass, momentum and energy equations are solved iteratively. At
each iteration, the power distribution (neutron flux distribution) obtained by the iteration of the neutron
diffusion equation is transferred to the thermal-hydraulics calculation and is used as the heat source
term. At the same time, the temperature distribution obtained from the thermal-hydraulics calculation is

transferred to the neutron diffusion calculation and the macroscopic cross sections of the materials are
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corrected to realize the coupling calculation of the neutron diffusion and the thermal-hydraulics under the
same solver of the FLUENT. Through the modeling and calculation of the 5X5 PWR assembly model
and the hot assembly of a modular lead-cooled fast reactor (M?LLFR-1000). It is proved that this method

is feasible to realize the neutron diffusion and thermal-hydraulics coupling and the data transfer is cor-

rect. And the thermal hydraulics characteristics (the maximum fuel temperature and the maximum clad-

ding outer surface temperature) of the M* LFR-1000 are all within the corresponding thermal-hydraulics

design limits.

Keywords: Neutron diffusion and thermal-hydraulics coupling; UDF; UDS; 5 X5 PWR assembly;

M2LFR-1000 hot assembly
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The continuous macroscopic cross sections of the
materials in different temperature are obtained by
interpolating, and the initial temperature distribution
of the core is asumed.
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Tab. 2 Thermal properties of the assembly materials
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Fig. 2 Radial and axial geometric structure of the as-
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Tab. 3 Size and material parameters of the assembly
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Tab. 4 Boundary conditions of the coupling calculation
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Fig. 11 Temperature distribution in the x axis direc-
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BE BFHEGD o) R B b tem™ )

C 3.890 0X10~* N 1. 660 0X10~*
Cr 7.869 0X1073 P 3.020 0X107°
Ni 1.594 8x10~* S 7.284 5X1076
Mn 3.830 0x10~* Cu 7.360 0X107°
Mo 4.627 0X1074 \% 1. 970 0Xx10~*
Si 5.823 0X107* Al 6.930 0X107°
Nb 4.020 0X107° Fe 7.423 2X10°2
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Fig. 16 Fast neutron flux distribution on the outlet
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Fig. 17 Thermal neutron flux distribution on the outlet
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Fig. 18 Temperature distribution on the outer boundary
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