
COOLING CHANNEL OPTIMIZATION IN POWER INVERTER DESIGN
Alpiovezza Fabio– R&D Power Electronics – ePT BU



PAG / 

Introduction| Cooling channel optimization in power inverter design

Electric vehicle power electronics:

• Energy efficiency

• Cost optimized

• Weight optimized
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Core technologies| Cooling channel optimization in power inverter design
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V workflow process| Cooling channel optimization in power inverter design

Design optmization
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Baseline configuration| Cooling channel optimization in power inverter design

ID PARAMETER 
1 Elliptical shape of the pins 
2 Channel width 
3 Channel height 
4 X spacing of pins 
5 Y spacing of pins 
6 Pin pattern angle 
7 Pin orientation angle 
8 X spacing dep on pins size 
9 Y spacing dep on pins size 

10 Constant channel gap 
11 Constant pins height gap 

 

Power module

Heatsink
baseplate

Cooling channel
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Analysis| Cooling channel optimization in power inverter design

TYPOLOGY OF ANALYSIS 
CFD STEADY – STATE ANALYSIS 

MATERIALS 

HEATSINK COPPER 

DIEs SiC 
BOUNDARY CONDITIONS 

PARAMETER VALUE UNIT 
FLOW RATE 8 lpm 
INLET TEMP. 65 °C 

HEAT SOURCE 160 W/die 

TOT PWM LOSS 3840 W 
CONSTRAINT 

PARAMETER VALUE UNIT 
PRESS. DROP 100 ≤ Δp ≤ 150 mbar 

COST FUNCTION AND OBJECTIVES 
FUNCTION TEMPERATURE ON SiC DIEs 
OBJECTIVE TO MINIMIZE FUNCTION 
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Sensitivity analysis| Cooling channel optimization in power inverter design

SENSITIVIY MATRIX FOR COOLING CHANNEL PRESSURE 
DROP

SENSITIVIY MATRIX FOR DIE 
TEMPERATURES
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Results – Opt design| Cooling channel optimization in power inverter design

HEATSINK DESIGN 

TYPE OF PINS ELLIPTICAL PIN-FINS 

NR. OF PINS 787 

GEOMETRY CHARACTERIZATION OF HEATSINK PIN-FINS 

PARAMETERS VALUE UNIT 

Ell_top_A 1 mm 

Ell_top_B 1.1 mm 

Ell_bottom_A 1.2 mm 

Ell_bottom_B 1.3 mm 

Height 10.3 mm 

COOLING CHANNEL DESIGN 

PARAMETERS VALUE UNIT 

CHANNEL DEPTH 10.8 mm 

CHANNEL WIDTH 42 mm 
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Results – Δp and T| Cooling channel optimization in power inverter design

CONFIGURATIONS Δp UNIT 

Baseline design 128 mbar 

Optimum design 115 mbar 

Δ 13 mbar 

Δ -10 % 
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Conclusions| Cooling channel optimization in power inverter design
Reduction in time and cost improvement
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Conclusions| Cooling channel optimization in power inverter design
Power module reliability and lifetime expectations 
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OUR VALUES
INNOVATION

DIVERSITY
COLLABORATION
SUSTAINABILITY

EXCELLENCE (Monozukuri)
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