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Goal
The goal of this research is to reduce the thermal
resistance of a power module heat sink by 15%
compared to a benchmark pin fin design with oil cooling,
at equal or lower pumping power.

Motivation
• Moving from a separate cooling (water-glycol) and

lubrication (oil) circuit to a combined circuit can
increase a drivetrain’s power density (SingleOilCnL
ICON).

• Oil has inferior heat transfer properties when
compared to water-glycol mixtures, making cooling of
the power electronics challenging.

Approach
Improve thermal performance through:

• Modelling
• Design

• Validation

Using an iterative approach:
• Reference heat sinks

• Advanced heat sinks
• Innovative heat sinks

Advanced heat sinks
• Modelling (computational fluid dynamics)

Key takeaways
• Of the reference designs, pin fin heat sinks perform 

better than impinging jets, metal foam and parallel 
channel heat sinks when optimized for oil cooling.

• Advanced baffle designs for oil cooling can 
outperform pin fin heat sinks.

• Future work: validation and optimization of 
(innovative) heat sink designs.

Baffles

Further reading
• [1] doi: 10.1109/THERMINIC52472.2021.9626484
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• Modelling (lumped parameter) [1]
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Pin fin Straight fin

Jet impingement Metal foam

T
h

e
rm

a
lp

e
rf

o
rm

a
n

ce

Project progress

WG+Oil
= SOTA

Oil
(reference)

Single
OilCnL

continuous breaking 
up of boundary layer

Vortex generators

Pin fin and jets

no vortices due 
to high viscosity

not all jets break 
up boundary layer

101 °C

80 °C

121 °C

80 °C

87 °C

80 °C

metal foam 
not yet tested

relative 
performance
matches 
modelling

models to be updated to 
account for mismatch


