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Effects of rotor eccentricity on the surge boundary of
a centrifugal compressor
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Abstract: The effects of rotor eccentricity on the centrifugal compressor surge were experimentally
studied. Pulsation characteristics of the mild and deep surge were analyzed. And features of the surge
boundaries were studied for different rotational speeds and rotor eccentricity cases. The results showed that
due to the asymmetric volute, the pulsation amplitude of the mild surge had distinct circumferential
difference, and both the magnitude and the phase of the difference varied with the rotational speed.
However, the volute asymmetry had little effect on the circumferential difference of the pulsation
amplitude of the deep surge. Compared with the non-eccentric case, the rotor eccentricity can increase the
stable operating range of the mild surge by 4.24%. And the relative difference of the stable operating range
for different eccentricity cases was up to 6.12%. When the minimum clearance caused by the rotor

eccentricity was located at the circumferential position with large pulsation amplitude of mild surge, the
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mild surge can be suppressed and delayed, then the stable operating range was increased. Because there

was almost no circumferential difference for the deep surge pulsation, the asymmetric coupling between

the volute and the rotor eccentricity had little effect on the deep surge boundary. Compared with the non-

eccentric case, the variation of the deep surge boundary was less than 1% under different rotor

eccentricities.
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Table 1 Main design parameters of the compressor

SRR ¢
Fm A3 8
AR 8
I3 H A/ mm 36
AIZkIT48 B 2/mm 107.6
R4 M4 HAA/mm 198
BBt RS /mm 0.7
P EAER Tet
A% 55 /mm 15
PR O B A2 /mm 316
%%34/(r/min) 32000
B 1.85

B i/ (kg/s) 1.1

B0 FE AL AR X R e 5 1 A 1) f B e S
B R, A SCHESE T 5%l 00, 90°, 180°LA K
270°)7 [l 0o 1) 4 FhAG O, 43 Al 44 K E,. Ey. E..
Eq, ol MG OLAT 248 Eoo 52512 524 0.3 mm,
Bl 43% 1=t [E] B .
12 REEHE

R IK B L SR T 8h R 2 AR S )
e A R L S ML 58, TR 2 Sk i B AL IR 5
7o B e T P, 3 08 Hh i AR ) A S AL, i



2044 o=

38 %

K1 EoREbsER

Fig. 1 Schematic of centrifugal compressor
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Fig.2 Assembly of eccentric casing and volute
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Fig. 3 Schematic of the experimental rig
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Fig. 4 Layout of dynamic pressure sensors
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Fig. 5 Total pressure ratio map without rotor eccentricity
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