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Impacts of non-axisymmetric stagger angle on

performance of compressor rotor blade
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Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: In order to provide a reference for engineering design and manufacture of high
pressure compressor blades at all operating conditions, steady and unsteady numerical simula-
tions on multiple single-passage and eight-passage cases were conducted, and the impacts of non-
axisymmetric stagger angle distribution on compressor performance were investigated at the de-
sign and off-design operating points. The results showed that the performance parameters of non-
axisymmetric stagger angle cases were all lower than those of the uniform stagger angle cases,
and the scatter range of the mass flow rate was wider at the near choking point. Non-axisymmetric
stagger angle distribution made the pressure coefficients on the blade surface vary more greatly,
which led to obvious decrease of the rotor efficiency. In the typical case with a small average devi-
ation and a large standard deviation of the non-axisymmetric stagger angle distribution, because a
blade among the passages greatly deviated from the stagger angle of the original blade, flow sepa-

ration occurred within the range of 48% —82% blade span at the large flow rate condition, which
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decreased the outlet flow angle and efficiency. At the near stall point, compared with the original

case, the corner separation at the hub of the typical case increased obviously. The diffusion factor

at 10% blade span was 0. 72% higher than the original high-loading design, which led to a de-

crease in the stall margin.
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Fig.2 Gaussian distribution and stagger angle distribution of the sample blades
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Table 1 Mean value and standard deviation of stagger angle variation in non-axisymmetric cases

o 5 - G 3y o, i Ay o, Gi % Ay o,
1 —0.3 0.4 6 0.1 0.9 1 —0.2 0.4 16 —0.1 0.9
2 0.5 0.7 7 —0.2 0.7 12 0.2 0.6 17 —0.2 0.6
3 0 0.9 8 0.2 0.8 13 0.1 0.7 18 0 0.8
4 0.1 0.4 9 —0.1 0.3 14 0 0.8 19 0 0.8
5 0.1 0.6 10 —0.3 0.6 15 —0.1 0.6 20 —0.1 0.7
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Table 2 Stagger angle variation of the blades in typical cases

ViE S Ay /() Ay./(°) Ay,/(%) Ay, /() Ays/(%) Ay/(%) Ay,/(°) Ay/(%) Ay/(°) 04,/ (°)
1 0 —0.5 —0.1 —0.1 —0.3 —0.4 +0.3 —0.3 0.39
2 —0.6 +1.0 +0.5 +0.5 +0.1 +1.4 +0.9 +0.5 0.65
3 —1.2 +1.4 +0.1 +0.9 —0.3 —0.4 +0.3 0 0.89
4 0 —0.6 0 0 0 0 0 —0.3 0.54
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Fig.5 Characteristic curves of three typical non-axisymmetric stagger angle cases
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Table 3 Differences of rotor performance between eight passage cases with uniform stagger angle distribution

and the original case

PONEAES Doe NG,/ Y A/ % A/ %
1.04 0.43 0.061 0.06
1. 00 0.63 0.102 0.06
SIHIH —0. 3%s. JRA
0.98 0.68 0.124 0.10
0.94 0.73 0.172 0.29
1.04 —0.42 —0.391 —0.05
1. 00 —0.78 —0.409 —0.19
S +0. 5°%vs. A
0.98 —0.86 —0.427 —0. 34
0.94 —1.09 —0.484 —0.83
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Table 4 Differences of rotor performance between non-axisymmetric stagger angle cases and eight passage cases

with uniform stagger angle distribution

POl IS Do Ag,./ % Ar/ % A/ %
1.04 —0.21 0. 006 —0.04
1.00 —0.15 0.004 —0.03

F%E1vs. SiIE—0.3°
0.98 —0.23 0.003 —0.13
0.94 —0.18 0 —0.12

1. 04C & HD)

1.00 —0.15 0.015 —0.13

HZE2vs. 8i@iE+0.5°
0.98 —0.24 0.017 —0.30
0.94 —0.18 0.012 —0.18
1. 04(HE &) —0.16 —0.005 —0.16
1.00 —0.15 0.008 —0.23

J5 % 3 vs. 83l 18 JH A
0.98 —0.46 0.011 —0.58
0.94 —0.41 0.004 —0.49
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Fig.8 Circumferential distribution of flow angle at the rotor outlet
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