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Abstract: Based on the previous results of a single—stage low—speed axial compressor showing that a stall
inception can be changed from modal wave to spike with the blade tip loading increasing, a hypothesis is further
proposed that the type of stall inceptions is related to the radial loading distributions. A series of experiments are
designed to examine the effects of hub loading to the stall inception and its evolution. Well-designed hub distor-
tion screen installed at the inlet of the compressor induces various radial distributions of blade loading for com-
pressor operating. The uniform inflow situation, i.e. without screen, shows the modal type stall inception of the
compressor’ s final instability. With hub distortion screen, the hub loading is keeping to be increased, however,
the compressor still shows modal type of stall inception. After detailed examining the data, it is found that the pe-
riod between linear growth of modal wave and the formation of a large amplitude stall cell is growing longer. In

that transition period, the tip pressure signal does not show any complete traveling disturbances in circumferen-
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tial direction. Meanwhile, there are large disturbances formed in the hub region during this period. With further

increasing the hub loading, the large amplitude disturbances in hub region appear stronger and stronger. It makes

flow unstable in hub region and intensifies the flow mixing in radial direction and further lengthens the transition

period between stall inception and final instability. At the same time, there are three main findings: (1) With hub

loading increasing, the compressor instability evolution will be changed and the transition period between stall in-

ception and final instability is prolonged. (2)The pressure fluctuations in the hub region become stronger as hub

loading changing. (3)The radial load distributions do have significant effects on the compressor instability evolu-

tion.
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Fig. 1 Low-speed compressor test rig
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Table 1 Design parameters of the low-speed axial

compressor
Design parameter Value
No. of Rotor blade 19
No. of stator blade 13
Rotor—stator axial gap/mm 32
Rotor tip radius/mm 225
Hub~tip ratio 0.75
Rotor blade span/mm 56
Rotor tip clearance/mm 0.25
Rotor tip speed/(m/s) 70.69
Reynolds number 2x10°
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Fig.2 Radial loading redistributor

(b) Geometry parameters

AR LS Iy 3 BN LU R 5 48 50 oF AL R RS R i AR 47
far BF R AL R RS IR S H R R R R it 2, TN L S 50
rh RS R T2 X R AL M B S R )
S A, S 2SI S T R ASHL I R R AL Bk S
BRI A7 G 18] 3 T, b R o 5 2 D 1) DaE L
Tia) XU Ay I st ) o L3 A R R A T R R
MLE 1Ry 00 8 BE o 22 B A7 &, Ak A 8 bR i K
WA | R TRy N - A U 2 e v R B
P 5 B KT A R AL I R I A A, VR ) 345
= e N T AR s o I 4101 B W = A A O 1
S O R R A, A B R 1 SRR
P WA i <UL = S )17 i s W W A S Y 1 o PR Bl o
A5 Sk 25 SRR A I R AL S R TR . sl A
et 3E 2 Kulite w5 450 WA R g 7% 8% 2 92 B, LSRR 1 2 1%
SE N 20kHz, H o D I s A 1 v A 1) 3 A0 A 5 S8
A BETH R AR S T M D ASOML R A i A v B
A1 R 1Y) Bl 25 & R kA 5 B DN e AT AE R R AR
Sb A 1SN A R AR RS R T SRR AR Ak 1
s,

I
a

N
\’U

Bl C1 D1 El Fl
D5
S D4 D3

Section B Section C Section D Section £ Section F'

Fig.3 Measurement configuration
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Table 2 Total pressure losses with uniform inflow and

different circular screens

Spanwise location  Baseline/Pa Case 1/Pa Case 2/Pa
0.9 13 57 108
0.7 5 52 118
0.5 3 85 184
0.3 7 122 231
0.1 19 174 311
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Fig. 4 Performance map of the experiment compressor
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Fig. 5 Spectrum results of the dynamic pressure data from
D1
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Fig. 6 DSFT results of the dynamic pressure data from D1
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