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Shape Optimization of LMR Fuel Assembly
Using Radial Basis Neural Network Technique
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Abstract

In this work, shape optimization of a wire-wrapped fuel assembly in a liquid metal reactor has been

carried out by combining a three-dimensional Reynolds-averaged Navier-Stokes analysis with the radial basis

neural network method, a well known surrogate modeling technique for optimization. Sequential Quadratic

Programming is used to search the optimal point from the constructed surrogate. Two geometric design
variables are selected for the optimization and design space is sampled using Latin Hypercube Sampling. The
optimization problem has been defined as a maximization of the objective function, which is as a linear
combination of heat transfer and friction loss related terms with a weighing factor. The objective function

value is more sensitive to the ratio of the wire spacer diameter to the fuel rod diameter than to the ratio of the

wire wrap pitch to the fuel rod diameter. The optimal values of the design variables are obtained by varying

the weighting factor.
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Fig. 1 Design variables and computational domain

Fig. 2 Mesh structure on periodic surface
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Fig. 3 Optimization procedure
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Table 1 Design variables and ranges

Design variable Lower bound Upper bound
Dyw/D 0.16 0.31
H/D 8.0 24.0

Table 2 LHS design points
No. D,/D H/D
1 0.243 15.111
2 0.293 16.889
3 0.210 8.000
4 0.310 11.555
5 0.193 13.333
6 0.260 9.778
7 0.160 24.000
8 0.227 20.444
9 0.177 18.667
10 0.277 22.222
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Table 3 Result of Optimization for w=1.0
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Design Variables

Objective Function
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Optimum
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Fig. 8 Contour plot of RBNN
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Fig. 9 Sensitivity analysis of Fy for optimal shape
(w=1.0)
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