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A Numerical Study on the Conjugate Heat Transfer
inside a High Speed Motor for a Small Radial Compressor

T. G. Kim, N. Hur, S. ]eongm, S. B. ]eon*m
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ABSTRACT

In a small centrifugal compressor system, a high-speed motor needs to be developed to drive impellers
directly. Heat is generated by both electrical heating due to copper coil resistance and aerodynamic heating
in the gap between the rotor and stator in a high-speed motor. Removal of the heat is essential to the
design of such motors since most magnetic materials are brittle and can be easily fractured by the heat. In
the present study the cooling flow fields and temperature distributions are analyzed by using computational
fluid dynamics simulation for a high-speed motor which has air cooling system as well as water cooling
system. In the analysis, a conjugate heat transfer problem is solved by considering both convective heat
transfer in the cooling system and conduction heat transfer in solid parts. Based on design drawings of a
motor, air cooling system and water cooling system are analyzed to obtain temperature field and thus to
check the colling system performance. Also the cooling performance are studied for various flow rates of
cooling air and water at the inlets.
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Table 1 Domain of motor
Dimension(mm)
Outer Radius of Motor 262
Axial Length of Motor 304
Radius of Rotor 61
Clearance between Rotor and Stator 2
Depth of Coolant Channel 18

Table 2€ £ 744 4 ¥4 3719 W=

frako] digt AA 24& vehlidth Case 12 7]E
o] AAoH, Case 28 HAHoZ {F3& 28] &d
Zoltk. Case 3, 42 WZ+e] 3wt 2w, 49 =9
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Table 2 Boundary conditions for various computational cases

Case 1 | Case 2 | Case 3 I Case 4 | Case 5 l Case 6
Rotor rotating velocity(rpm) 70000
Cooling air Flowrate(g/s) 525 105 525 525 105 26
at the hole TEK) 315 315 315 315 315 315
High pressure Flowrate(g/s) 36 72 36 36 30.75 3865
cooling air TK 315 315 315 315 315 315
Low pressure Flowrate(g/s) 136 212 136 136 136 136
cooling air T(K) 458 458 458 458 458 458
Cooling Flowrate(g/s) 525 105 105 21 525 525
water T(K) 323 323 323 323 323 323
Table 3 Material properties used in the computation
Material Density( o) kg/m’ Conductivity(k) W/kg’C Specific heat(Cp) W/kgK
SUS304 8000 15.003+0.013T 502.41
AL2024 2710 104.17+05137T-0.0008T° 850.74+0.5585t+0.00021°
Inco 718 8220 10.64+0.0167T 409+0.3095T
Cu 8933 401.54-0.068T 384.84+0.0997T
S5410 7800 23512+0.0148T 460.54
SmCo 8862 93.315-0.082T 36852+0.5145T
Silicon Steel 8027.17 17.987 468
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Table 4 Heat generations from each part of the motor

Heat Generation(W)

Stator Core loss 989

Copper loss 1733

Stator teeth loss 425

Windage loss 1136

Rotor loss 250
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Fig. 2 Temperature distribution of the solid parts of the high

speed motar

FHOIAME M4, W1z, 2001

S| el =8 gug

H/\-i

~

o

H 2=

CPU, 2GB memory, 54GB HDD)3® KORDICY Cray
C9 Super Computer® ©]&3t9 A4hg Fastach
AF7)efM = e #3 AR &g weba
7178 FgEH, of ¥zt F7)E oAl | e
T3 wro® gk o W4 Ve A
2b Afolell Al ofe] 7hx| AT o3 B
de A AAS]) A8 2olA Hul, 2R F94
ZA9& AA3le] 9L A ik

Fig. 22 71& A9 case 19 A% AF7|dA4
T RBEoty. . AFIME LEE
O ssAEm, HA2EE 316K
7HAA "k W2 377F fEE BRI

Al EH, g 374 719

Ao Hf R o o2
o o o

ok

)
-0,
fo

¢

ORI
s o
bl
=

oxl B 1"_>i

N
-

e
= o
1B
2
N
o
Hi
o
rlo
bt
M
e
G
f
o
=
0
do
o
ik

H3 2%e Hh6KE YET HAH XEE 310KE=
eS8 5 Ak feE B Sl v 2k
7h @ Aske Fdaet A AbolE AWl HEE,
27t AR etk miEEn ofd wet dA A
S X ¥ £ ¥4 3719 55 W wet
Wzt 3717y 2elvke weer 257 A sk
A% B 4 Atk Fig. 45 37 27)0A9 EdEs
tebdth ddge JA&ert 22 a4 THdA
A doluhal g Ae & 4 drk 2 o9 Wz
Y fE Fm7 W2 REAANE Exge] A7
o] @i AeS ¢ F Uk B fEol wiE
e #ellA 2 dd2e] dEs & F Atk oA
Y BT 379 EUA e SR8 A 3L

PROSTAR 3.00

TQTAL TEMPERATURE
ABSOLUTE

KELVIN

LOGAL MX= 505.6
LOCAL MN= 315.5

5056
292.0
478.4
648
4513
4577
4.1
4106

Fig. 3 Temperature distribution of the coolant air
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Table 5 Max. and Min. temperatures for each part of the motor depending on cooling flow rates

Max. Temperature(K) Min. Temperature(K)
Case 1| Case 2 | Case 3 | Case 4 | Case 5 | Case 6 | Case 1 | Case 2 | Case 3 | Case 4 | Case 5| Case 6
Cooling air | 5056 | 5007 | 498 | 5000 | 4998 | 4997 | 3150 | 3150 | 3150 | 3150 | 3150 | 3150
Cooling water | 3381 | 3330 | 3330 | 3330 | 3330 | 3330 | 3189 | 317.7 | 3176 | 3176 | 3175 | 3175
Rotor 4978 | 4979 | 4975 | 4978 | 4977 | 4977 | 3317 | 3274 | 3294 | 3304 | 3299 | 3316
(Copspt:rtoxirire) 4935 | 4930 | 4934 | 4933 | 4936 | 4937 | 3180 | 3171 3180 | 3178 | 3180 | 3183
Cooling fin | 4846 | 4842 | 4840 | 4839 | 4849 | 4828 | 3225 | 3211 3229 | 3229 | 3231 3232
Casing 4899 | 4901 4902 | 4899 | 4903 | 492 | 3150 | 3154 | 3158 | 3160 | 3158 | 31569
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