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Thermal Design and Energy Saving Analysis of Liquid Cooling for

SiC Power Module
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Abstract: In order to comprehensively evaluate the cooling effect of the liquid cooling plate of SiC power
module, three kinds of cold plate runner structures in series, parallel and series parallel were designed.
The cold plate performance was evaluated from 10 indicators of device temperature rise, system energy
efficiency and heat dissipation performance. The steady-state distribution characteristics of the flow field
and temperature field of the liquid cooling system were analyzed based on ICEPAK simulation. From the
perspective of energy saving, the project application selection and optimization of liquid cooling scheme
were given. The results show that the temperature rise and heat dissipation performance indexes of the
series runner design are best, but its energy efficiency coefficient of performance is only 1/5 of that of the
parallel design. The improvement of heat dissipation performance reduces the energy efficiency at the cost
of increasing the pressure loss inside the cold plate. For the three runner designs, the coolant flow rate is

increased from 8.2 L/min to 24.6 1./min, and the energy efficiency coefficient of the cold plate are
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decreased from 1 275, 6 407, and 1 425 to 53.2, 258. 3, and 60. 6, respectively. Increasing the coolant

flow rate is not the first choice to improve heat dissipation. In practical engineering applications, within

the allowable range of temperature rise of the device, the parallel runner design and the parallel heat dissi-

pation scheme between multiple cold plates should be preferred, so as to improve the energy saving of the

heat dissipation system.

Key words: power module; thermal design; cold plate; liquid cooling; energy saving
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Fig.1 Power module and internal structure diagram
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Tab.1 Comparison of different turbulent models

it P A b/ C
Standard k-¢ 109.9
Spalart-Allmaras 110.0
Enhanced 4-¢ 109.4
RNG k-¢ 109.4
Realizable £-¢ 110.5
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Fig.3 Temperature distribution in power modules for three kinds

of cold plate

80
79
78
71
76
75

74
73
72
71
70
69
68

—=— A
—e—JiLilB
—a—JiiEC

T T T T T T T T T T

Bk
4 3FVRAR DA ) RARF- IR BE A3 A1 £k
Fig.4 Average temperature distribution curves of the power

module bottom plate for three kinds of cold plate
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Tab. 2 Comparison of MOSFET temperature rise index

Wl /C i/ C Ut/ C £,/C 0/C

TiE A 109.9 95.0 14.9 103.6  3.35
Wi B 115.8 100.2 15.6 108.7  3.78
Wil C 111.2 95.5 15.7 105.1  3.67
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Tab.3 Comparison of SBD temperature rise index

i iE b/ C liin/ C U i)/ C £,/ C 0/C

Wi A 87.5 74.2 13.3 81.4 2.96
Wil B 92.5 78.7 13.8 86.7 3.48
il C 88.3 74.7 13.6 83.1 3.35
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Tab.4 Comparison of energy efficiency and heat dissipation

performance
Wil Apga/kPa P /W G RyY/(CWT) €
WiiE A 30.5 4.17 1275 0.0055 0.339
WiLiE B 6.1 0.83 6407 0.006 4 0.294
Wil C 27.3 3.73 1425 0.005 8 0.325
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Tab.5 Comparison of key indexes of multiple cold plates in series

pikLz! Apya/kPa Ce E
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T B 50.2 258.3 0.160
Ui C 213.9 60.6 0.173
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Fig.5 Peak junction temperature distribution curve of MOSFET

with multiple cold plates in series
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