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Abstract: Numerieal investigations were conducted to investigate the effects of the surface
roughness on the aerodynamic performance of a 1. 5-stage highly-loaded axial compressor under
low Reynolds number conditions. Results showed that the highest aerodynamic performance im-
provement was achieved at surface roughness 137. 8. The maximum increase in total pressure ra-
tio, blocking flow, and peak efficiency was 4.01%, 2.24% , and 5.34% , respectively. Detailed

analysis showed that, within the entire region of surface roughness magnitudes, the surface
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roughness covering from leading edge to the 50% axial chord length on the suction surface had a

relatively evident advantage to control the separation and transition, and the aerodynamic perfor-

mance of compressor at low Reynolds number conditions was improved more distinctly. In gener-

al, at low Reynolds number, surface roughness can promote the transition, suppress the lami-

nar flow separation, and change the overall magnitudes and distributions of the velocity and the static

pressure, which improved the flow field and performance. However, it also deteriorated the incoor-

dination between the subsequent stages, which induced a stronger corner separation in the aft stator,

and limited the further improvement of the overall aerodynamic performance of the compressor.

Key words: surface roughness of blade; low Reynolds number;

highly-loaded axial compressor; peak efficiency; aerodynamic performance
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Table 1 Key parameters of the 1.5-stage highly-loaded

axial compressor
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Table 2 Surface roughness magnitudes on the rotor

blade surfaces

WES k R./pm
1 0 0
2 1.0 5.6
3 3.3 16.1
4 7.3 32.4
5 20.8 80.6
6 35.9 129.0
7 46.6 161. 3
8 57.7 193.5
9 75.1 241.9
10 105. 6 322.6
11 137.8 403. 2
12 171.4 483.9
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Table 3 Performance parameters of the compressor at

typical surface roughness magnitudes

k Mg/ (kg/s)  WEERCR BRI

0 4.596 6 0.76517  1.6447
3.3 4.6009 0.77051  1.65638
20.8 4.627 2 0.78411  1.6816
46.6 4.657 1 0.798 92 1.701
105. 6 4.6910 0.80593  1.7099
137.8 4.694 5 0.80605  1.7106
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