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Influence of inlet guide vane angle on flow instability of hub
instability compressor

CHEN Xiaosong"?, WU Wengqian"?, PAN Tianyu"?*, LI Qiushi"*’

(1. School of Energy and Power Engineering, Beihang University, Beijing 100191, China;
2. Research Institute of Areo-Engine, Beihang University, Beijing 100191, China;
3. Key Laboratory of Fluid and Power Machinery, Ministry of Education,
Xihua University, Chengdu 610039, China)

Abstract: A high-speed aero-compressor with different instability precursors was taken as the
research object. The inlet guide vane was installed to manipulate the compressor inlet pre-swirl angle.
Several dynamic pressure transducers were arranged to measure the whole instability evolutions. The
instability precursor and the evolutions were observed under different inlet guide vane angles. The results
showed that at negative inlet guide vane angle, the compressor instability was caused by the spike in the
rotor tip region. At zero inlet guide vane angle and small positive inlet guide vane angle, the instability
was induced by the partial surge in the stator hub region. Under the condition of large positive inlet guide
vane angle, local instability occurred at stator hub first in the process of throttling, and led to complete
compressor instability with further throttling in form of rotating stall cells at the tip. The analysis showed
that the increase of the inlet guide vane angle adjusted the load distribution between the rotor and the stator
by reducing the degree of reaction, thus causing the instability precursors to change from “spike at rotor-

partial surge at stator-local instability at stator” as described above.
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Fig. 1 Compressor test rig
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Table 1 Main design parameters of the transonic

axial compressor

witSH BB
% 3/ (t/min) 22000
JEL 1.6
2 AR 0.84
iR/ (kg/s) 13.5
et A 17
MR AL 121
L 0.565
JeZ L 0.956
551 {2 29
55 2 HE T A 29
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Fig. 2 Layout of measuring transducers of test rig
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Fig. 4 Instability evolution at 0° inlet guide vane angle
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Fig. 6 Instability evolution at —2° inlet guide vane angle
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68%TE T — 63% T

OWMMN-\JE\/E\/\MA/\[\/WMWMM
AR . .
0.3F il
OWAMW/\N\AMW/\A/W\W\/\MWf
8 -03 TR LA
0.3

M 03F il ' '
¥ 03] %’é%ﬂﬂd el
= 03F '. : r ’ ’
:}\ﬂ':i '0 W\/\MA/V\AA/\/\A/:\/:\A/\I\/\/J\A/\MV\J\[W\A/\N
S e e S
0.5¢ ]
0 1
—05F IR i . .
120 130 140 150 160 170 180

R
19 —4out 1 £ 2 IR e s 3k AT

Fig. 9 Rotating stall process at —4° inlet guide vane angle

at rotor tip region
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Fig. 13 Instability evolution at +4° inlet guide vane angle
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Fig. 14 Instability evolution at +6° inlet guide vane angle
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