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Rotordynamic Effects Due to Aerodynamic Instability
in a Turbo-compressor with Air Foil Bearings

Tae-Ho Kim, Yong-Bok Lee, Chang-Ho Kim,

Kwang-Ho Kim~, Nam-Soo Lee "

Key Words: Turbo-compressor(E{2 ¢}<7)), Air Foil bearing(37] E Y #]¢] %), Rotor-bearing
system( 3] Fx- Wjo] 3] A2 H), Rotordynamics (3] A A5 8], Aerodymamic Instability( 35 E2HF4)

ABSTRACT

Oil-free turbo-compressor supported by compliant foil bearings which remove oil-contamination by elimination of the
conventional ball bearing and oil lubrication systems is presented. Turbo-compressor makes two individual air
compression with two impellers at operating speed, 39,000rpm. In this study, the rotordynamic effects caused by
acrodynamic instability were investigated with variable mass flow rate. Correlation between frequencies of pressure
fluctuation in two diffusers and those of excitation forces on rotor were clearly developed in aerodynamic unsteady
region. Thus, these results show that it is beneficial to design high speed rotating turbomachinery considering coupling

effect between aerodynamic instability and rotordynamic force.
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Fig. 1 A Turbo-compressor with Air Foil Bearings
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Fig. 2 Air Foil Journal bearing with displacement
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Table 1. Mass Flow Rate with Valve Angle Position

Valve angle] 1st stage comp. | 2nd stage comp.

(degree) ) mass flow(kg/s) | mass flow(kg/s)
0 0.3106 0.2375
40 0.2897 0.2016
45 0.2687 0.1772
50 0.2358 0.1418
53 0.2094 0.1121
55 0.1860 0.0944
57 0.1607 0.0710
53 0.1471 0.0620
60 0.1216 0.0442
61 0.1051 0.0375
63 0.0815 0.0328

Computer

Low Pass Filter
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photoelectiric
triggering drauit

photo sensor

compressor shaft ——

Fig. 3 Data Acquisition Flow with Dynamic pressure
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Fig.8 1st compressor dynamic pressure at 39,000rpm
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Fig9 2nd compressor dynamic pressure at 39,000rpm

of Bt 4ol EAEA ALE & F 3o
g WHe ZEs 60% olE2FE o=
=33 w3 gPaFo LAsLdeH FFS
ZA2AA WEARI 63%] o]2HE Hele ¢
45 FZFo] o Fristed A o 22,600Pa
(peak to peak)2 YUERHITH Fig. I E ¥xE 7
Fe Holtd WEZAL EdHE EHT A3
WXo] Holx @Aut WH Z%Er} 0% o]
2L e ¢P_Fo 2AHRA Fed o
ol A Q%L st stage YA ZHEsE
=8 BYPo] FleA FRch 1Y PR T4
7} 63%0] ol2W 54 Figo AFo] wj§ F
7}sted Fig. 89 (0)¢ ¥=d AFE Holy

- 185 -



g

20000 o
| | Bt : °
g's‘m 28! ""._" 0 T r ;6,
) "
10080 f s jso &
§ oo e — — 5

®
<!
“I_..._-n._._n_.__.__.___a____.__‘_.__-/
: [

100 206 300 400 500 600 700 600
Frequemcy(Hz)

Fig.10 Dynamic pressure FFT as valve angle position
(1st stage at 39,000rpm)
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Fig.13 Journal Vibration orbit at 39,000rpm
(valve angel : Odeg.)
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