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ABSTRACT

The paper presents the optimal design of a oil-free two-stage compressor, which is driven by 75 kW
motor at an operating speed of 39,000 rpm, and the pressure ratio of which is up to 4. First, an attemnpt is
made to obtain the optimal design of a bump bearing which supports a compressor rotor. Second, bump
bearings and shaft are considered simultaneously, and the weighted sum of rotor weight and frictional torque
is minimized. Finally, the optimal geometry of compressor wheel is considered. The mean efficiency and the
minimum efficiency are maximized respectively. The results presented in this paper provide important design

information necessary to reduce the energy loss.
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Fig. 1 Two-stage centrifugal compressor

Fig. 2 Configuration of a bump bearing

Table 1 Optimization results of bump bearings
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Xi xil %10 1 5 3 1 z xiU
R [mm] 2.00E+01 2.70E+01 2.00E+01 249E+01 2.00E+01 2.20E+01 2.00E+01 5.50E+01
L [mm] 1.00E+01 2.70E+01 241E+01 5.50E+01 344E+01 397E+01 344E+01 5.50E+01
C[pm] 5.00E+01 1.00E+(02 5.72E+01 5.00E+01 7.48E+01 5.76E+01 6.02E+01 2.00E+02
a 1.00E-02 2.00E-01 1.00E-02 1.00E-02 1.20E-02 1.00E-02 1.00E-02 3.00E+00
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gmax - 1.66E+00 1.72E-03 2.16E-03 1.67E-03 2.34E-03 2.96E-03 -
IT - - 23 18 14 14 16 -
FE - - 408 284 212 179 328 -
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Fig. 3 Rotor-bearing system model
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Table 2 Optimization result of a rotor-bearing system

Xi X' X % X"

R [mm] 200E+01 270E+01 225E+01 550E+01

L [mm] 100E+01 270E+01 185E+01 5.50E+01

Clem] 500E+01 100E+02 5.00E+01 = 2.00E+02

a 1.00E-02 200E-01 1.00E-02 3.00E+00

& 000E+00 8.00E-01  9.00E-01  9.00E-01

o 100E+01 1.90E+02 190E+02 3.50E+02
OB] - 2.00E+00 - 1.91E+00 -
T - 515E-03  551E-03 -
w - 84BE+00  7.14E+00 -
Grmax - 7.73E-01 839E-04 -
IT - - 9 -
FE - - 76 -
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Fig. 4 Campbell diagram of a rotor-bearing systemn
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Table 3 Optimization result of a compressor shape

*

; L U . S v

X x; X case 1 case 2
B[] -80 -0 -47.281 -45.820 -5
B[] -25 0 -21.852 -1.153 15

b/ D» 0.05 007 0.080 0080 0.08
DyDy 1.2 169 1.700 1.700 17
h/Dh 09 09 1008 097 1.2
DD, 043 0435 044 0.469 06
Dy [m] 007 0106 0110 0105 0.11

63.847
OBJ 66370 72539 639%

Fua108 - -1540 -1570 -2633 -
IT - 18 % -
FE - 154 234 -
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