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Shape Optimization of a Micro-Channel Using Kriging Model
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Abstract

Microchannel heat sink shape optimization is performed using Kriging method. Design variables relating
to microchannel width, depth and fin width are selected, and thermal resistance has been taken as objective
function. Design points are selected through a three-level fractional factorial design of sampling method.
Navier-Stokes and energy equations for laminar flow and conjugate heat transfer are solved at these design
points using a finite volume solver. Solutions are carefully validated with experimental results. Using the
numerically evaluated objective function, a surrogate model (Kriging) is constructed and optimum point is
searched by sequential quadratic programming. The process of shape optimization greatly improves the
thermal performance of microchannel heat sink under constant pumping power.
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Fig. 1 Schematic diagram of microchannel heat sink
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(Problem setup)
Objective function & Design variables
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(Design of experiments)
Selection of design points

v
(Numerical Analysis)
Determination of objective function
values at each design point
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(Construction of surrogate)
KRG model

Vv
(Search for optimal point)
Optimal point search by constructed
surrogate using search algorithm
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Is optimal point
within design space?

Optimal Design

Fig. 3 Optimization procedure
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Table 1 Design variables and design space
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Table 2 Results of optimization for optimal point and objective function value

F .
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S t ;
W) | woH) | W) l(,r:;ﬁz;) Calculation)
Reference™ 0.154 0.116 1.0 0.1988 0.1922
Optimum (KRG) 0.247 0.038 0.754 0.1701 0.1707
0.002

(Rm' Rm.upl)/ th,apl
o
3

0
-10 -5 0 5 10
Deviation from Optimal Point (%)

Fig. 5 Sensitivity analysis of objective function near
the optimum point
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