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Research on the Separation Control Characteristics of Vortex

Flap under Different Reynolds Numbers

LIN Lihui, YE Kun, YE Zhengyin
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Inspired by birds raising their feathers to control the separation flow, vortex flap has become an approach

to control the separation flow over airfoils at high angles of attack. In this paper, the aerodynamic characteristics

and physical mechanism of vortex flap controlling separation flow over airfoils under different Reynolds number are

numerically studied. The results show that vortex flap is able to greatly improve the lift of airfoil at low Reynolds

number under high angle of attack. Its physical mechanism is that the vortex flap makes the core position of main

separation vortex closer to the airfoil comparing to the original airfoil, and the vorticity of the vortex center position

is also greatly improved so that the low—pressure characteristics caused by the vortex core will affect the flow field

on the upper airfoil surface. In addition, the pressure filed on the upper surface of the airfoil is divided by vortex flap

into two parts: the low pressure aera in the front and the high pressure aera at the back. However, under high Reyn-

olds number (corresponding to conventional aircraft Reynolds number) , the effect of vortex flap on improving the

aerodynamic characteristics of airfoil at high angle of attack is far less effective compared to the case of low Reyn-

olds number. This explains why birds can improve lift characteristics through feather lifting, while vortex flap can

only be used as drag plates in conventional aircraft.

Key words: flow control; Reynolds number; vortex flap; high angle of attack; numerical simulation

Wi B E
E&WH:
BIREE:
5 A&

2020-08-18;  fEE HHA: 2020-10-12

B A ) A S B & 442 (6142201190304)

-4, yekun@nwpu. edu. cn

ARSZHE, - RS RIS R R RCT 9 B R PRI T[T, A TR, 2021, 12(3): 37-45.

LIN Lihui, YE Kun, YE Zhengyin. Research on the separation control characteristics of vortex flap under different Reynolds num~-

bers[J]. Advances in Aeronautical Science and Engineering, 2021, 12(3): 37-45. (in Chinese)



38 i as TR

L JiE 012 %

0 35l

AU B MR A PR RN R
YR A A o DR B R S T A B Bl > BB A
SEO M AR B SR Y SR B
5 T WL B 28T, e B S AE I B R XA
RN OLRT, L RN B2 A ShiG R (a1 RT
) B MR T e B R TR 4 R Bh
0

i

(b) B 3% s % 7

Bl S5 ER 1P E
Fig.1 Bird feathers rolled up before landing
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Fig. 2 Schematic of vortex flap calculation model
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Fig.3 Schematic of airfoil mesh with vortex flaps
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attack under different flap deflection angles
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Fig.7 The drag coefficient vary with the angle of
attack under different flap deflection angles
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