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Fig. 1. Control model.
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Fig. 2. Mesh of the calculation domain.

TERE Tk, B b BRSNS I BT (A
2L R 53, AR SO BT B PR B SATT T i
i & HF 19 bR £ 3 8 Gauss-Lobatto-Legendre
Lagrange 20 R 45, Wi i 19 31 B SR Ai 4 ok
I PR BT . AR TR i, AR K& BT
B T PRI BE TR 1 352 Dirichlet #1 54514,
B (u=10=0)M (u=0,0=0); i Hil1 5 ILi%
A Neumann i1 #&4F, Bl (Vau =0,V,0 =0); B
T AR LA, HAB TR R Rk
B Neumann #5454 201 i 5 1, b9 H 7735
9 0. TEHAT Floquet R & YAy, 3 B 55 AF 1Y
B 5 A TR M AL, FU 1 i B [ A
RET AP sh 3358k 0. B A B HOCR I = 240 34
12: 120, 7E Floquet 3 & 173 B IF R T[] 285 07 125
Krylov 23 [0 7 DA S QR i P53 iR A 7
(9) HAFIE(E R, [FImpH = ZEHsh S iian F e

u(x,y, z) = (4(z,y) cos Bz, 0(x, y) cos Bz,

— w(z,y)sin Bz, (11)
p(x,y,2) = p(a,y) cos fz.
TR RFE(ER i 2, 35278 7 2% Barkley 55 27
RIS S

HI TASC h BRI &R 2 T Barkley 55 B fF5Y
R A A, PR S St S v 2R A (A
WY BO IS SR 1 52 . 2 1 J@oR TR Rl (1 8 K
NS, T 2P B 0.001, SR
2 Wrg ZCAT E B . Co 2 TR TP il i, B8 T
rh B A 52 B P-4 BH T R B (B s 22 B FEE

), deisky 6= [ [ Ut

H fow T fow 23T 1) FESE S RN EERE 7, pU2 h
TR, pRMMRE R, T N REEEW; o FRT
FLRE 3 4 kil B e e B Sl e 4 8 = 7.60 B 8 (18 45
KR PTRUE S, MHEBEOC > 61F, A 22 (H
/N T O(1074), X FBIRA 8 Birdffi fE T LAE
PR Al ek 2R H = ARG

1 RRHREECF HH st

Table 1. Convergence for different interpolation

drdt, H

y N

orders.
K Ca (TAXIZEH) or (YoAHX2E1H)
4 1.38497(-0.03) 0.14538( 0.12)
6 1.38463(-0.01) 0.14549( 0.04)
8 1.38440( 0.01) 0.14555( 0.00)
10 1.38450(—) 0.14555(—)
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Fig. 3. The Strouhal number of the cylinder wake varying
with the Reynolds number.
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Fig. 4. The Strouhal number of the cylinder wake varying

with the control number.
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Fig. 5. The growth rates of Mode B varying with the spanwise wavenumber for different control numbers: (a) Windward control;

(b) leeward control; (c) global control.
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Fig. 7. The growth rate of the most unstable transition mode for different control numbers: (a) Mode A; (b) Mode B.
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global control.
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Fig. 13. The energy of the primary Fourier mode varying
with the time.
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Fig. 14. The three-dimensional structures of the cylinder wake for different control cases.
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Fig. 15. Distributions of the spanwise velocity pulsations along the wall-normalwise direction at different streamwise locations in the

wake evolving from Mode B.
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Fig. 16. Distributions of the spanwise velocity pulsations along the wall-normalwise direction at different streamwise locations in the

wake evolving from Mode A.
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Table 2. The average drag for different control numbers.
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Abstract

The flow around a cylinder is a typical flow acting as the oscillator, and the perturbations can grow with
time at a fixed position. This phenomenon can induce the laminar-turbulent transition in the wake, thus
increasing the vibrations of the cylinder as well as the noise in the flow system. There exist three control
strategies, i.e. the streamwise Lorentz force from the electromagnetic actuator set on the windward surface
named windward control, the leeward surface named leeward control, and the whole surface of cylinder named
global control, which are adopted to modify the two-dimensional base flow, thereby reducing the growth rates of
perturbations in the wake and changing the transition mode. According to the Floquet stability analysis, it is
found that the growth rates of the transition modes A and B present small changes in the windward control,
while the growth rates of the two modes decrease with the increase of the control number in the other two
control cases. Comparing the inviscid growth rates induced by the elliptic instability and the hyperbolic
instability with each other, it is observed that the high inviscid growth rate in the windward control can be
similar to those without control, while the inviscid growth rates can decrease with the increase of control
number in the other two control cases. Three-dimensional direct numerical simulations are performed to
validate the control effects. The results shows that the three-dimensional shape of the wake is changed from
mode B to mode A when the actuator is set on the leeward surface or the whole surface of the cylinder. This is
consistent with the result from the Floquet stability analysis. In addition, the drag of the cylinder reduces
15.2% for the leeward control and 14.4% for the the global control.
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