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Cost-aware Thermo-Fluid Dynamic Topology Optimization of a Heat Sink
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This study proposes a topology optimization approach to design the fin of a heat sink. The fin is expressed by the
mathematical formalism known as Lindenmayer systems (L-systems), in which the phenotypes are the branching
structures resulting from the derivation and graphic interpretation of the genotypes. The total heat transfer rate is
evaluated as the first objective function by a commercial Computational Fluid Dynamics (CFD) solver. The total length
of the fin (i.e., the material cost) is also evaluated as the second objective function analytically. The optimization is
conducted by the Non-Dominated Sorting Genetic Algorithm II (NSGA-II) assisted by the Kriging surrogate model. The
present optimization finds Pareto optimal solutions to improve the heat transfer performance and cut the material cost at
the same time. The distribution of the Pareto optimal solutions indicates that, compared to the current product of the heat
sink, an optimal design with 18 % lower heat transfer performance but 30 % reduced cost is available.
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Tab.1 Symbols and their meanings used in an L-system.
F Move forward a step of length d

4 X Variable
+ Turn right by angle &§
s - Tum left by angle &
[ Make a new branch in the lower level with [
] Make a new branch in the lower level with |
w X
p F —> FF

X = ? (Optimized)

e

FF[+F — FX]—F

FF+[--X]-X

Fig.2 Examples of Tab. 1.
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Fig.3  Schematic views of the CFD model.

Tab.2 Design variables converted to symbols (n = 2,3, -+, 11).

0<dv,<1/6 then F
1/6 <dv, <2/6 then X
2/6 < dv, < 3/6 then  +
3/6 < dv, <4/6 then  —
4/6 < dv, <5/6 then [

5/6<dv, <1 then ]

Tab.3  Optimization problem.

Maximize Total heat transferrate Q [W]

Objective functi
Jective ons Minimize Total length of the branch L [mm)]

dv; :Based on experience knowledge

Desi iabl
esign variables 0<dv,<1 (n=23,,11)

5% 33 EMERENFEL VRO L
B08-3

TOP X4=310

i

EI—

I o

(a) Overall view (b) Cross-sectional view
Fig.4 Reference model (LSI F series 21F50).
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Fig.5 Design domain.
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I:' Real value evaluated by CFD
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i | Estimated value by the Kriging model
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[ Generate initial samples by LHS ]

I

r— Construct the Kriging model

Explore an additional sample
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Evaluate the additional sample

Fig. 6  Flow chart of the optimization process.
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Tab.4 CFD schemes.

Pressure-
loci
e 00} Y Spatial discretization scheme
coupling
method
Gradient Pressure | Momentum Energy
Least d d
Coupled as Body force Secon Secon
squares iahted order order
wei
cell based upwind upwind
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Fig.7 Comparison of CFD results by the body-fitted mesh and the cut

cell mesh.
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Fig. 8 Results of the multi-objective optimization.
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