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Abstract: There are practices that airfoil imitates bird’s wing to improve the efficiency. Inspired
by this, the paper attempts to improve the aerodynamic performance of the centrifugal compres-
sor with the bionic impeller imitating owl’s wing combined with the optimized meridian channel
profile parameters. Firstly, the aerofoil inspired by the 40% section in the span direction of the
long-eared owl wings, which shows excellent aerodynamic performance, is taken for reverse bion-
ic reconstruction. The bionic centrifugal compressor impeller is designed according to the thick-
ness distribution of the long-eared owl’s wing. After that, the parametric optimization of the me-
ridian channel profile on the impeller blade top is conducted through Latin hypercube sampling,
BP neural network fitting, and genetic algorithm optimization, and numerical analyses on the cen-
trifugal compressor’s aerodynamic performances and internal flow characteristics before and after
optimization are carried out. The results show that the bionic impeller combined with the opti-
mized meridian flow passage parameters significantly improves the internal flow field and the aer-

odynamic performances of centrifugal compressor. The polytropic efficiency and the pressure ratio
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of the optimized centrifugal compressor increase by 3.16% and 2. 61% respectively under the de-

sign condition. The high entropy regions inside the impeller and at the blade diffuser outlet are

reduced, and the flow separation is effectively suppressed. At the same time, the load on the blade sur-

face increases and is more evenly distributed, and the work ability of the impeller is enhanced.

Keywords: centrifugal compressor; impeller; bionics design; parameter optimization;

aerodynamic performance
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Table 1 Main parameters of impeller of centrifugal compressor

S K
A CEM M A 6,6
MR AR/ O 40
iHFe O S8R/ mm 24.3
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A TH ] B/ mm 0.95
i aE AR AR/ mm 54
5k 0 T A2 /mm 172
Ay R s 0 E AR /mm 322
AP R 0 EA/mm 384
Ay R A B 5 /mm 21.9
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Fig. 1 Grid distributions in the computational domain
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Fig. 2 Grid independence verification
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Fig. 3 Experimental test setup

P 4 O JsE ) B0 e 46 BILAY 1R RE S 3 K 25 2R
KERAUZE R A X L . A8 A R0 T 008 [ B0
e 28 FLAICAR 55 s L A B (AR 401 45 2 15 52 6 00 k4
FEADRFE — B0 AR R AR R S 56 ) 5 R (R
LA 2 A R0 di i it BRAE [ — i iR A T AR
T B A 1F T 22 A8 R0R A5 T L B0 S92 46 A0 51 1) A

100F 133
95t 1!
129
< sor 127
R _me LN
M— 85 ./. e e 425
B 80k \ 42.3
® S S s 421
75} A P S ) :
Ao i 41.9
70F g
65 " " ' ' ' 1.5
21 23 25 27 29 31 33
1

JEi e/ (kg e s )
B4 S )3 R 5 A 40 25 SR X L

Fig. 4 Comparison of experimental and numerical results
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tween prototype impeller and bionic impeller
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Fig. 11 Comparison of entropy distribution of impeller with different design schemes
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