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Abstract Thermal and flow modeling and fin structure optimization were performed to reduce the weight of an electrical
device with a staggered fin. First, a numerical model for thermal and flow characteristics was suggested, and then,
the model was verified experimentally. Using the verified model, improvement in cooling performance of the cooling
system through the staggered fins was predicted. As a result, 87.5% of total heat generated was dissipated through
the cooling fins, and a thermal island was observed in the rotor because of low velocity of the internal air flow through
the air gap. In addition, it was confirmed that the staggered fin improves the cooling performance but it also increases
the total pressure drop within the cooling system, by maximizing the leading edge effect. Based on this analysis result,
the effect of each design parameter on the thermal and flow characteristics was analyzed to select the main optimal
design parameters, and multi-objective optimization was performed by considering the cooling performance and the
fin weight. In conclusion, the optimized fin structure improved the cooling performance by 7% and reduced the fin
weight by 28% without any compromise of the pressure drop.
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Fig. 1 Geometry of a totally-enclosed air-cooled induction motor.
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Fig. 2 Design parameters of the cooling fins.

Table 1 Definition and range of design parameters

Xi Parameter Range

Xna Fin angular number 40 < xnz < 52

Xnz Fin axial number 2 < xna <6

Xh Fin height 24 mm < x» < 32 mm
Xp Fin pitch 8§ mm < x < 20 mm
x5 Fin thickness 3mm < x5 < 7 mm
Xf Frame thickness 12 mm < x < 14 mm
Xe Cover thickness 4 mm < xe < 6 mm
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Table 2 Heat generation rate in the induction motor
Part Heat generation rate[W] Volumetric heat generation rate[W/m3]
Winding 970 184,795
Stator core 1,672 335,492
Bar 855 2,196,270
Rotor core 503 545,414
Total 4,000 -

Fig. 3 Computational domain.
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Table 3 Comparison of experimental and numerical results

Part Wi?ding S'iator Ct)ver
Ry[ C/W] Rs[ C/W] RJ[C/W]
Experience 0.0256 0.0187 0.0132
CFD 0.0251 0.0180 0.0126
Error[%)] 1.9% 3.6% 4.6%
Temp. [°C]

Temp. [°C]

- m}‘g‘mu,"m

. 185

165

145 145

125
125

‘ Winding (Slot)

. 105 o105

85 85

65

I 2 Winding(end turn) I Z: %"..““~

25

(a) Isolated view (b) Cross section view

Fig. 4 Temperature distribution of induction motor with in-line cooling fins.
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(a) In-line (b) Staggered
Fig. 5 Velocity vector in the ducts with in-line and staggered fins.

Table 4 Value of design parameters of the cooling fins

Xi In-line Staggered
Xna 44 44

Xnz - 4

Xh 28 mm 28 mm
Xp - 12 mm
Xxs 5 mm 5 mm
Xf 12 mm 12 mm
Xec 5 mm 5 mm
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Fig. 6 Temperature distribution of cooling fins with in-line and staggered fins.
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Fig. 7 Effects of design parameters on the mass, pressure drop and thermal resistance of cooling fins.
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Fig. 8 Optimum solution of the cooling fins.
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