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A Numerical Study on the Cooling channel of Permanent Magnet Motor
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ABSTRACT

This paper describes thermal analysis of a cooling channel in high-speed permanent magnet motor for a 75 kW, 73,000 rpm
class turbo-compressor. To cope with the demagnetization risk of permanent magnet motor in the turbo-compressor, the
numerical analysis was performed to the cooling channels and the model of the PM motor. Two types of the cooling channel,
water cooling channel and air cooling channel, are compared. The air cooling channel is excellent with respect to cooling

performance. Also, the cooling performance according to the shape of the air cooling channel was conducted.
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Table 1 Rated specification and materials of PM motor

Rated specifications
Output [kW] [ 75 [ Rotating speed [rpm] | 73,000
Materials
k [WmK] | G [kgK]
Permanent magnet (NdFeB-N42UH) 8.9 502
Sleeve (Inconel 718) 11.2 435
Shaft (STS304) 16.2 502
Cooling air _
outlet e
Permanent maa Impeller
[ (2" stage)
Cuolln air )!
%Water cooling
channel
Motor stator

: .mpeller
(1% stage)

Fig. 1 Main part of turbo compressor
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Fig. 2 Modeling view of cooling channels :

water cooling

channel (left), air cooling channel (right)
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k:2 Table 3 Boundary conditions of cooling fluids
k—g B9l 1y, =c,p— 5)
€ Water cooling channel
Inlet (Mass flow) 0.1 kg/s
Table 2 Number of nodes for main components Outlet (Static pressure) 101,325 Pa
Temperature 150
Mesh . Wat.er A1.r Total - -
type Housing Shaft cooling | cooling nodes Air cooling channel
channel | channel Inlet (Total pressure) 180 kPa
Hybrid | 7.2x10° | 1.3x10° | 4.6x10° | 1.4x10° | 1.0 107 Outlet (Static pressure) 101,325 Pa
Temperature 250

Fig. 3 Grids of cooling channels : water cooling channel
(left), air cooling channel (right)
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Fig. 4 Grid dependency test
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Table 4 Electric losses of PM motor

Copper Loss [W] Core Loss [W]

Total [W]

663 918

1,581
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[1] : Stator upper / [2] : Stator lower
/ [4] : Shaft upper
[5] : Shaft center / [6] : Shaft lower

[3] : Housing

Fig. 5 Points for measuring temperature
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Fig. 6 Comparison of temperature on each points
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Fig. 7 Comparison of temperature on heat sources
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Fig. 8 Comparison of temperature on each points
with mass flow conditions
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