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Effect of vortex-induced vibration of a small cylinder
on airfoil aerodynamics

CHEN Dongyang'**, XU Rui*, ZHANG Xiang’, ZHANG Qifa’ , RUI Xiaoting®

(1. Ocean Institute of Northwestern Polytechnical University, Suzhou, 215000, China; 2. Zhejiang King-Mazon Intelligent Manufactur-
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Abstract: Flow separation often occurs on the suction surface of an airfoil at a high angle of attack, deteriorating
the aerodynamic performance of the airfoil. A control column is added at the leading edge of the airfoil to explore
the influence of a small cylinder with vortex-induced vibration on the aerodynamic force of the airfoil through numer-
ical simulation. Based on computational fluid dynamics, structural dynamics, and overset mesh technology, this
study establishes a 2D-fluid-structure interaction model. Using the NACAOO12 airfoil as an example, the flow field
of the vortex-induced vibrating cylinder at the leading edge of the airfoil is simulated. The changes in the flow field
between stationary and vibrating cylinders are then compared. The flow control mechanism of the small cylinder is
analyzed using streamline and vorticity contours. The simulation results show that setting a stationary small cylinder
can improve the lift-drag ratio of the airfoil at a high angle of attack. After the small cylinder produces vortex-in-
duced vibration, it can further effectively improve the lift-drag ratio of the airfoil at a high angle of attack by more
than 50%. The introduction of the vortex-induced vibration cylinder considerably enhances the lift-drag ratio of the
airfoil at a high angle of attack. This effect implies that the established model is effective for controlling airflow and
improving the aerodynamic performance of airfoils.

Keywords : numerical simulation; flow separation; vortex-induced vibration; computational fluid dynamics; airfoil ;
structural dynamics; cylinder; overset mesh
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Fig.2 Flow field calculation domain and mesh
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Table 1 Verification of grid independence for airfoils

Migdis KL REHE/10° C, Cy
A 1 1.10 2.3 1.4932  0.036 1
A% 2 1.05 4.1 1.508 8 0.034 4
A% 3 1.03 5.4 1.5097 0.0339
A% 4 1.02 6.7 1.5102  0.0336
Sy — — 1.5489  0.026 6

SRR A ZE A T AR B K (B TR 7 0 )
I, SCHR[ 14-16 1 X (534 1o 4R 3l ) K (B 5 12 AT
TUE, U 4 PR BB AU PR IR L B — 1
ARICPHAR /N S R, A B DX ) ) e V5 AR 5 A AR
A A W BE R 1,15 Aty BRI Y
e SSTIPNIDPRIE 2 =



- 742 - MoK E L X % % 455

16 r O 4 — e it e

— | EIE

o UR{H & IE

1.2 ° 03 LY
®
U 0.8k e 02+
04+ L
0.1 °
0 5 10 15 20 0 5 10 15 20
a/(°) o/(°)
(a) T R%L (b) P R 5L

B3 RUSLIRAES R LEE

Fig.3 Comparison diagram of resistance coefficient between simulation and experiment

10,
—e— JIR(H
08 —e—CFD SST
Q 06F
\‘x
= 04}
02l

0 2 4 6 & 10 12 14 16

U,
(a) A2 Ab3H B2 R AR ]

307
o Sl e
2.5¢ ® CED SST s
o
20} .
= s
<
) ;"!!!! ,,,,,,,,,,,,,,,,,,,
Ve
05F o @

0 2 4 6 8 10 12 14 16

(b) A FIZYALTE T iR

B4 ATEANEETHIRIEF X E
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Fig. 6 Streamline diagram and vorticity cloud diagram of NACA0012 airfoil at 20° angle of attack

—~——— T

-—

(&) BB AL MR

v/(m/s)

200

100

0
T— -100

200

(b) B LL/NRFER T = F

7 20 TEEFILEEFENREZEFRESE

Fig.7 Streamline diagram and vorticity cloud diagram with small stationary cylinder at 20° angle of attack
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Fig. 8 Streamline diagram and vorticity cloud diagram around a stationary small cylinder at 20° angle of attack
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Fig. 13 Streamline diagram and vorticity cloud diagram of small vibrating cylinder at 20° angle of attack
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