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Study on the effect of bionic wave leading edge on aerodynamic
performance of metro axial flow fan

Li Penyu1, Chen Jian', Wu Hao', Liang Shu?
(1. School of Energy and Power Engineering, University of Shanghai for Science and Technology, Yangpu District, Shanghai
200093, China; 2. Shanghai Aircraft Manufacturing Co., Ltd., Shanghai 201324, China)

Abstract: The metro axial flow fan was taken as the research object. A bionic wave leading edge design
was proposed for the blade of axial flow fan inspired by the fact that the wave structure of the humpback
whales flipper leading edge in nature can increase the hydrodynamic performance of the flipper.
Through numerical simulation, the impact of the bionic wave leading edge's structural parameters
(amplitude, wavelength, concave-convex structure and distribution length) on the fan's aerodynamic

performance were examined. The results show that the convex bionic wave leading edge is generally
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better than the concave and convex bionic wave leading edge at whole flow range. The convex bionic

wave leading edge enhanced the fan's total pressure by 11 Pa and total pressure efficiency by

approximately 3% under the design flow rate, while the concave and convex bionic wave leading edge

decreases the fan's total pressure and efficiency. The best amplitude, wavelength and distribution length

are 4, 8, 144 mm for the biomimetic wave leading edge, respectively. By integrating the optimal

geometric parameters, the modified fan exhibits a 3.12% increase in total pressure at the design flow rate,

reaching 562 Pa. While the total pressure efficiency is enhanced by 3.30%, achieving a value of 81.55%.

Keywords: metro axial flow fan; bionic wave leading edge; numerical simulation; structural

parameters
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Tab.1 Acxial flow fan parameters
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Fig. 1 Model of metro axial flow fan
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Fig. 2 Schematic diagram of the bionic wave front design
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Fig.3 Computational domain of metro axial flow fan
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Tab.2 Computational results for three turbulence models
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Fig. 7 Bionic wave leading edge blades with different concave and convex structures
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Fig. 8 Effects of different concave and convex structure of airfoil leading edge on fan performance



462 b T R %R

2026 4F 5 48 &

2.1.2 B W TS R T A S b

&9 A&l 10 B itiai i & M R e ) A
T B 140 A o DAL 9 H il Iy 1 e 3 43 A vl LLR
L AR TIREAIAL, SR AR IR BT S 0 i R AR
T X SRR A% A S R X, X FE R T
15 A B R AT R S5 PR T I 5 2k 0 A0 v o T
. 4218529 1 4428529 KL I TH =5 F X 1 A 44
IIN, A2288529— 1111 F A448S529—M1 ™ JXUAIL - T 125 I
XA K H FEE PR Z. 256K 9 ME 10
AfLLE M, 4248529 Fl 4478529 XML TH A7 19 &
J122/NFJRAIHL,  XUATL ) i T[] B 7 11 56k 5555 B e
TGN TR S R AR 12, IRl R 4278529
H1 4428529 AL - T5E [R] Bt 30 Y 7 A= B /0 T Jt Al
Blo 3 U6 R 05 A= I8 YR T 2% 9 i R ] DA ot el

4 /Pa

1000
900
800
700
600
500
400
300
200
100
0
—-100
-200
-300
—400
-500
—600
=700
—800
—900
—1 000

(a) JF AL (b) 4278529

(a) JFIHL

(b) 4278529

(c) 422852911
9 AEMOEHARROEEIRZE

Fig. 9 Pressure cloud diagram of the suction surface for blades with different concave-convex structure
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Fig. 13 Pressure cloud diagram of suction surface of bionic wave leading edge blade with different amplitudes

1000 1000

1000

(c) A4/8529

(d) 4618529

(c) 4418529 (d) 4618529

14 FERESRERRIGH FENEENZE

Fig. 14 Pressure cloud diagram of the pressure surface of the bionic wave leading edge blade with different amplitudes
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Fig. 18 Pressure cloud diagram of the pressure surface of the bionic wave leading edge blade at different wavelengths
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Fig. 19 Bionic wave leading edge blades at different lengths
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Fig. 20 Effects of different lengths of airfoil leading edge on fan performance
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Fig. 21 Pressure cloud diagram of suction surface of bionic wave leading edge blade at different lengths
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Fig. 22 Pressure cloud diagram of the pressure surface of the bionic wave leading edge blade at different lengths
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