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Numerical analysis of heat dissipation performance of heat sink for
IGBT module depending on serpentine channel shape
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Abstract This study analyzed the effect on the cooling performance of the channel shape of a heat sink
for an insulated gate bipolar transistor (IGBT). A serpentine channel was used for this analysis, and the
parameter for the analysis was the number of curves. The analysis was conducted using computational
fluid dynamics with the commercial software ANSYS fluent. One curve in the channel improved the heat
dissipation performance of the heat sink by up to 8% compared to a straight-channel heat sink.
However, two curves in the channel could not improve the heat discharge performance further. Instead,
the two curves caused a higher pressure drop, which induces parasitic loss for the pumping of coolant.
The pressure drop of the two-curve channel case was 2.48-2.55 times larger than that of a one-curve
channel. This higher pressure drop decreased the heat discharge efficiency of the heat sink with two
curves. The discharge heat per unit pressure drop was calculated, and the result of the straight heat sink
was highest among the analyzed cases. This means that the heat discharge efficiency of the straight heat
sink is the highest.
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Fig. 1. Default case geometry; (a) 3D default model,
(b) side view from View 1, (c) side view from
View 2.
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Table 1. Geometrical parameters and the values

Geometrical parameter Value Unit
Height 4 mm
Base Thickness 36 mm
Length 60 mm
Height 6 mm
Thickness 0.86 mm
Length 10 mm
Fin G
ap
(x direction) 25 mm
Gap
(y direction) 114 mm
Side wall Thickness 0.43 mm
Inte-r I.lal Thickness 0.86 mm
partition
(a)
Outlet
<+
Inlet
—p}
Outlet

Inlet
—p

l Internal
Side wall partition

Fig. 2. (a) Fins and channel shape having one curve,
(b) fins and channel shape having two curves.
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Fig. 3. Temperature contour at center plane of

channel; (a) straight channel case, (b) one
curve channel case, (c) two curves channel
case.
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Fig. 4. Velocity vector at two curves channel case.
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Discharged heat [kW]

Volume flow rate [cm3/s]

Discharged heat for volume flow rate at
different channel shape cases; (a) 50 °C of
coolant initial temperature condition, (b) 30
°C of coolant initial temperature condition.
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Fig. 6. Temperature volume rendering at coolant
channel; (a) straight channel case, (c) two
curves channel case.

Table 2. Discharged heat under coolant initial
temperature, 50 °C condition.

Analysis condition Value Unit

3 cm’/s 0.295 kW

6 cm’/s 0.472 kW

gi":s%“?g') 9 cm/s 0.59% KW
12 cm’/s 0.691 kW

15 cm’/s 0.769 kw

3 cm’/s 0.301 kW

6 cm’/s 0.500 kW

(()’lf.l SSCC)H‘%‘)? 9 cm’/s 0.640 kW
12 cm’/s 0.746 13V

15 cm’/s 0.830 kW

3 em’/s 0.302 kW

6 cm’/s 0.502 kW

o |9 s 0641 kW
12 cm’/s 0.746 13V

15 cm’/s 0.828 kW

Table 3. Calculated discharged heat at 9 cm®/s and 40 °C inlet condition for CFD model validation.

Straight channel 1 curve channel 2 curves channel Unit

Interface area, A 0.01366 0.01455 0.01492 m’

Average velocity, V 0.0504 0.0955 0.1571 m/s
Reynolds number, Re 19.79 37.51 61.72 -
Nusselt number, Nu 7.07 7.92 8.87 -

Thermal transfer coefficient, h 1605.75 1799.27 2014.84 W/m?’K

Discharged heat 0.88 1.05 1.20 kW
Discharged heat (CFD) 0.79 0.85 0.86 kW
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each channel case.
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