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TopOPt for heat sink design

Passive cooling devices (natural convection)
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TopOPt for heat sink design

Active cooling devices (forced convection)

Heat Sink

Heating Unit
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TopOPt for heat sink design

Common in TopOPt for heat sink design:

Thermo-fluidic problems
High nonlinear
Topology (layout) determines the response of structure

We need to find the OPTIMAL TOPOLOGY (LAYOUT) to enhance
the heat transfer rate.

Our project use TOPOLOGY OPTIMIZATION to come up with the
optimal cooling channel layout.



Structural Topology Optimization
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Topology optimization

Common in TopOPt:

Objective function

I.e. compliance, flow dissipation, sound pressure
Design variable
Constraint

I.e. volume fraction



Fluid problems
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Navier-Stokes equations

Incompressible Navier-Stokes equation for porous flow
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2D flow distribution problem
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2D flow distribution problem
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Thermo-fluidic problems
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Navier-Stokes equations

Incompressible Navier-Stokes equation for porous flow

(u* .V*)u* =V {— p’l +Rie(v*u* +(V>"u”‘)T )} —a'u’
Vi-u' =0
Energy equation
RePr(u-v")T" =Vv"T", (in fluid domains)
0=V"™T"+Q" (in solid domains)



2D heat exchange problem
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2D heat exchange problem

ﬁ

g

(a) Initial Condition

=

(c) Iteration 17

| vy

rs:‘ \

(b) Iteration 5

=

(d) Final topology

Iterative process
(V=40%)

V=

40%

85 + -

D10

|
]| 210

19
(a) (b)

Optimal channel layout




Flow and Thermal Performance
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Experimental Verification
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Reference case

Channel Layout Experimental Study Numerical Study Experimental Study Numerical Study Channel Layout
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Reference case
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Temp. distrib. (Exper. VS Numerical)

Channel Layout Experimental Study Numerical Study Experimental Study Numerical Study Channel Layout
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Conclusions

- Presented industrial application of TO in fluids, thermo-fluidic
problems

- We are at the verge of being able to send TO results to
manufacturing

Future works...

- 3D channels with 3DP technology
- TO considering turbulent flow
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