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Abstract

This work presents numerical optimization for design of staggered arrays of dimples printed on opposite surfaces of a cooling
channel with a fast and elitist Non-Dominated Sorting of Genetic Algorithm (NSGA-II) of multi-objective optimization. As
Pareto optimal front produces a set of optimal solutions, the trends of objective functions with design variables are predicted by
hybrid multi-objective evolutionary algorithm. The problem is defined by three non-dimensional geometric design variables
composed of dimpled channel height, dimple print diameter, dimple spacing and dimple depth to maximize heat transfer rate
compromising with pressure drop. Twenty designs generated by Latin hypercube sampling were evaluated by Reynolds-averaged
Navier-Stokes solver and the evaluated objectives were used to construct Pareto optimal front through hybrid multi-objective
evolutionary algorithm. The optimum designs were grouped by k-mean clustering technique and some of the clustered points
were evaluated by flow analysis. With increase in dimple depth, heat transfer rate increases and at the same time pressure drop
also increases, while opposite behavior is obtained for the dimple spacing. The heat transfer performance is related to the
vertical motion of the flow and the reattachment length in the dimple.
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Fig. 1 Geometric parameters and computational domain
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Table 1 Design variables and design spaces

Design variable Lower bound Upper bound
H/d 0.2 15
H,/d 0.1 0.3
d/S 0.30 0.57
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Table 2 Results of Pareto optimal designs

Variables _ Obijective function values
Designs Hybrid method RANS computed
H/d H,/d d/ S Fy Fy, Fy Fy,
Opt A 0.709 0.112 0.300 0.746 0.542 1.035 0.535
Opt B 0.253 0.229 0.470 2.493 0.157 2.200 0.160
Reference 1.155 0.289 0.499 - - 1.708 0.427
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Fig. 3 Pareto optimal solutions using hybrid MOEA
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(c) Opt B
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