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Design technology of a variable curvature blade type

swirl distortion generator

ZHANG Xinyu, TU Baofeng, FANG Rui, YANG Guang

(College of Energy and Power Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to study the effect of inlet swirl distortion on the performance and stabili-
ty of a compressor, a variable curvature blade type swirl distortion generator capable of produc-
ing typical twin swirls and bulk swirls was designed. In combination with the design method of or-
thogonal simulation test, the geometric parameters of the swirl distortion generator, including
blade solidity, number of blades and hub ratio, were optimized with twin swirl intensity as the
optimization objective and twin swirl intensity, bulk swirl intensity and bulk swirl total pressure
recovery coefficient as the comprehensive optimization objectives, and the CFD numerical simu-
lation was used to study the characteristics of the swirl produced by the generator. Under the sin-
gle object optimization, the maximum twin swirl intensity was 24. 60°, and the maximum bulk
swirl intensity was 38. 73°. After multi-index optimization design, the total pressure recovery co-
efficient of the twin swirl and the bulk swirl was improved by 4. 26%and 3.57%, respectively.
The design of the variable curvature blade type distortion generator has the advantages of simple
structure, convenient operation, short testing time, presenting a favorable engineering applica-

tion prospect.
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Fig.1 Configuration of the variable curvature blade-type

swirl distortion generator
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Fig.3 Regulating forms of the swirl distortion generator
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Table 6 Variance analysis of total pressure recovery coefficient of twin swirl

EE 3 w2 f/10 A B 3 22y Fn /10 FAiH
B2 48.91 2 24.46 9.793
LRt 4.95 2 2.475 0.991
i did 13.82 2 6.910 2.768
B2 4.990 2 2.495
¥ 9.940 4 2. 485

TE:F(2,4)=6.94 F ,(2,4) =18, 524" F Y E1R 2, 5 3R
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Table 7 Results of the orthogonal simulation test of bulk swirl generator
TN R AR
% i JEE ¢ Livg = dad
Jig s S / () SRR Z B
1 0.83 8 0.4 27.484 0.948
2 0.83 12 0.3 27.116 0.961
3 0.83 16 0.2 26. 906 0.972
4 1.17 8 0.3 37.415 0.951
5 1.17 12 0.2 38.227 0. 966
6 1.17 16 0.4 38.727 0.932
7 1.00 8 0.2 33.044 0.971
8 1.00 12 0.4 33.785 0.933
9 1.00 16 0.3 33. 357 0.956
*8 BEREEFENSN
Table 8 Variance analysis of bulk swirl intensity
Ti 22k R LRl EREEYEs VR 227 T7 FAH
i E 181.122 2 90. 561 1038.701
SR 0. 280 2 0. 140 1. 606
R 0.871 2 0.435 4.995
Bz 0.174 2 0. 087
H:F6(2,2)=19.F,,,(2,2)=99,
%9 BHEREEREEZBTESH
Table 9 Variance analysis of total pressure recovery coefficient of bulk swirl
J5 2K B 22 M /10 F ¥R 22 A /10 Fi
M 1.753 2 0.876 5 5.447
L Eid 0.2450 2 0.1225 0.761
iy 4 15.38 2 7.690 47.780
2% 0.3220 2 0.161
k2t 2.320 4 1.160
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Table 10 Multi-objective optimization design results of the swirl distortion generator
PRI
i giaea
X i i i JEE X R RIS A ERIRE R RN SR IKE R AL
1 2.792 4.617 1.440 4.646 3.218
2 1.000 8.375 1. 160 7.643 4.195
3 1. 246 10. 000 1. 000 10. 000 5.100
4 4.962 2.887 9.001 5.354 5.763
5 5.936 1. 000 9.619 8.721 6.497
6 10. 000 1.910 10. 000 1. 000 6.173
7 3.408 8.522 5.613 9.859 6.662
8 8. 868 4.137 6.237 1.252 5.339
9 6.172 7.442 5.911 6. 364 6.429
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Table 11 Effect of different design parameters on

overall performance of the swirl generator

ZH M R Litg 40
K, 12.513 15. 643 14. 730
K 18. 433 16. 032 16. 387
K, 18.431 17.701 18. 259
R 5.920 1.670 3.529
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