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Compact Cooling Unit for High Power Electric Controller
(Numerical Analysis in the Cooling Unit)

Kiyoshi KAWAGUCHI*, Toshihiro MAFUNE,
Masahiko SUZUKI and Yoshiyuki OKAMOTO

** Toyama University, Faculty of Engineering, 3190 Gofuku, Toyama-shi, Toyama, 930-8555 Japan

In recent years, calorific power of semiconductor has been increasing. So more compact cooling -
unit for high power control panel compared with air-forced aluminum fin is desired. We have been
developing the new counter flow type cooling unit having inclined radiation fin. In this paper, we
have established the calculation method of cooling performance of the cooling unit having the heat
exchanger modeled by pressure resistance, considering air velocity distribution at the inlet of the heat

exchanger generated by cooling fan.
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Fig.1 Configuration of high power electric controller

Fig. 2 Appearance of cooling unit for high power elec-
tric controller
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Table 1 Specifications of cooling unit

ltems Specifications
Cooling 2.7kW (AT=19K)
performance AT:Hot air temperature — Cold air temperature
Acoustic 65dB (A)
Noise (1m away from panel cooler)
Size 559 X 1270 X 230 (mm)
Weight 39 (kg)

Pitch 3.6

Fig.3 Appearance of compact heat exchanger with
inclined fin
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Fig.4 Inside structure of compact heat exchanger
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Fig.6 Analysis model of cooling fan
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Fig.7 Comparison of experiment and calculation
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Fig.10 Pressure loss of the single row of the heat
exchanger
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Fig. 11 Propriety of modeling of heat exchanger by
pressure resistance
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Fig. 12 Simulation model of the whole cooling unit
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Fig. 13 Velocity distribution around cooling fan in the
cooling unit
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Fig.14. Comparison of experiment and calculation
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Calculation conditions.
l—Air flow rate: 700 [m3/h] , Fan revolution: 2469 [rpm]
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15 1R d. HERNHIR B DHRE 2 EE L - & Fig. 16 Calculation results (Conventional model)
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Table 2 Calculated results (cooling performance)

Cooling performance Error
Multi rows model 2634 W/ 19K 1% Inlet Inlet Position of
- heat exchanger.
Single row model 2735 W/ 19K 3%
Fig.17 Improved points in the cooling unit
Experiment 2660 W/ 19K

Calculation conditions.
Cooling unit for rAir flow rate:700 [m3/h], Fan revolution:2469 [rpm] ‘

Velocimeter electric controller )
\ Velocity Pressure

. / Thermo couples distribution

for measuring inlet

Thermo couples for  * ;’ M air temperature Outlet
measuring outlet air 7
temperature " i [Pa]

™~ Fan for mixing
Heate
Heat/ ‘ '
exchanger
o [kt Velocimeter
Cold air
l—>] le—>]
S Y4 Inlet Inlet
Fig. 15 Experimental equipment for measuring cooling Improved model
performance Fig.18 Calculation results (Improved model)
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Table 3 Comparison of pressure loss

Pressure loss of | Pressure loss of

heat exchanger. | cooling unit.
Conventional cooling unit 110 [Pa] 215 [Pa]
Improved cooling unit 60 [Pa] 185 [Pa]
Improvement of pressure los_s A 45% A 14%

Static pressure [Pa]

1000 1200

0 200 400 600 800
Air flow rate [m3/h]

Fig.19 Effect of decrease of pressure loss in improved
cooling unit
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