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Application of Streamline Curvature Method for Multistage
Transonic Axial Compressor Performance Prediction
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Abstract: In order to study the multistage transonic compressor analysis issue, a throughflow method
based on the general throughflow theory and streamline curvature (SL.C) approach is presented to calculate the in-
ternal flow fields and the performance of transonic axial compressors. The approach includes some semi-empiri-
cal correlations established based on previous literatures, such as minimum loss incidence angle model, devia-
tion model and total pressure loss model. In order to improve the prediction accuracy of the semiempirical model ,
considering the complex three—dimensional flow effect in the real compressor, some reasonable modifications
were made for some early models, including a revised deviation model applied to the cascade with large deflec-
tion range, as well as a more reasonable prediction model of variable structure shock loss. Two transonic compres-
sors are calculated and verified, and the calibration results are compared with the experimental results and three—
dimensional numerical calculation. The comparison shows that the maximum prediction errors at design condition
for total pressure ratio and efficiency are 4.1% and 1.1% , respectively. Characteristic prediction and the span-
wise flow field parameters can also be calculated in line with the experimental value of the trend at the non—de-
sign conditions. In general, this computational method can be used to predict the performance of modern transon-

ic axial multistage compressor.
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Fig. 3 Variation of total loss with incidence and Mach
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Table 1 Geometry parameters of four casecades

Profile number 1 2 3 4
¢ /mm 62.7 79 65 65
T 1.66 1.53 1.48 1.63
B /() 40.17 40 48 46.43
0/(° 53.38 57 36 21.9
v /(%) 15.4 14.19 27 32.18
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Table 2 Design parameters of two-stage fan

Parameters Value
Total pressure ratio 2.8
Adiabatic efficiency 0.839
Rotation/(t/min) 10720
Corrected tip speed/(m/s) 441.96
Inlet radius ratio 0.4
Corrected airflow/(kg/s) 83.55
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Fig. 6 SLC computational domain of two-stage fan
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Table 3 Design parameters of three-stage compressor

Parameters Value

Total pressure ratio 4.474

Total temperature ratio 1.663

Adiabatic efficiency 0.799

Polytropic efficiency 0.836
Mass flow per unit annulus area 193.173
Mass flow/(kg/s) 29.710
Equivalent rotative speed/(r/min) 16042.3
Tip speed/(m/s) 430.29
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Fig.8 SLC computational domain of three-stage

compressor

Table 4 Verification of two-stage fan at design condition

Ist stage 2nd stage Accumulation

Item
™ n ™ n ™ n

DES 1.744  0.854 1.605 0.843  2.800 0.839
SLC 1.715 0.855 1.583  0.844  2.739 0.838
ERR  1.66% 0.12% 137% 0.12% 2.18%  0.12%

Table 5 Verification of three-stage compressor at design

condition
Ist stage 2nd stage 3rd stage
[tem
T n T n T n

DES 1.743  0.823 1.654 0.849 1.581 0.863
SLC 1.720 0.822  1.623  0.849 1542 0.864
ERR 1.32% 0.12% 1.87% 0.00% 2.47% 0.08%

Accumulation

[tem

T m
DES 4.474 0.799
SLC 4.291 0.808
ERR 4.09% 1.08%
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