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Abstract The vortex wake of a flutter bridge deck can be simulated by the flow across a forced rotary oscillating plate.
Two narrow strips of width ratio 5/H = 0.33 are set symmetrically on the upper and lower sides of an oscillating plate of
chord to thickness ratio B/H = 5, to suppress synchronized vortex shedding in the wake. The method of numerical
simulation and experimental validation is used, and the ranges of amplitude and frequency of oscillation investigated are
£ =0°~10°and f,H/V,, =0 ~ 0.0857 respectively, and the Reynolds number Re =V, H/ V,, = 2800, where V, is velocity
of on-coming flow. Three kinds of stream-wise strip positions, i.e. the front edge, mid-chord and trailing edge of the plate
are studied respectively, with transverse location y/H of the strip as varying parameter. The results of experiment
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demonstrate that, in a certain range of strip location y/H, and f = 0° ~ 7.5°, f.H/V,, = 0 ~ 0.08, the peak to peak ratio of
power spectra of fluctuating velocities in the wakes with and without control can be much lower than 1, and the minimum
is about 0.3. The results of simulation show that, in f = 0° ~ 7.5° and a certain range of f.H/V,, the root mean square
values of fluctuating torque and lift of the plate can be considerably reduced, and the top reductions are 43% and 80%
respectively, if the mid-chord strip position is in the vicinity of y/H = +£1. The 1st and 2nd eddy viscosity coefficients are
introduced to link the normal and shear turbulent stresses in the wake with the gradients of amplitudes of the perturbation
velocities, and a linear stability equation is derived. Stability analysis indicates that, the maximum amplification factor of
perturbation w; ,,, can be drastically reduced, and the frequency range of perturbation with maximum growth rate is

substantially narrowed by the control. The application of the strips alters the velocity profiles and promotes the eddy

viscosity, therefore weakens the instability of the wake.
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Table 1 Influence of hot wire measurement time on

measurement results
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Table 2 Influence of grid density on numerical results of

Re = 2800 static rectangular plat

Case Grid number Cp St
meshl 49668 1.10108 0.0957
mesh2 68606 1.08492 0.0873
mesh3 86536 1.07258 0.0842
mesh4 104 864 1.06737 0.0831
mesh5 127671 1.06623 0.0825
mesh6 163243 1.06623 0.0824




Ji

g

1860

4

£t 2021 4F 55 53 %

AL mesh 5 AT R RGEFAELL.
2 ERIERS S

A SCWEFE BT VB Re = V., HIv = 2800, B &
& g =0~ 10°, Y4 f.H/V,, =0 ~0.0857. Hh 7, =
1.4 m/s AR, H=0.03 m HEE, v 42
KIS FHE.
21 BEEHLURERSRINE RERMLLE

T s e k7 RN BB )i i 3 I R T3
3N RN IRG IR R CRES. B 3 FE 4 A
v 4 A4 M T, A o SR it o 47 I T BR A %
Hh R 2 S AN R A I, SIS A AR A 4G R )
Xof LEAR L. 52 S50 3 b BRI, AHATLBR Sk PR 25 KR4,

-2 -1 0 1 2 3 4 5 6 7 8 9
(al) iz B E

(al) Visualization pictures of the wakes

(a2) WE
(a2) Vorticity fields
0.8
0.6
0.5
0.4
0.2
0.1
—0.
—0.
—0.
—0.
—0.
—0.
(@3) JE 413
(a3) Pressure fields
(a) x/B=

O Wn A bN—

—ENLE. MRS B A, B SEL A, 41l
G BT (HRME B, IR I 45 R 5
LRSI 2 FARBLRE IR

Kl 3 2 HRIE 5°, LR IR 0.043 I 45 il {7
AR A B A sh 5 L. FERHZE I, PR AR R
Iz hls (B 3(al)), R A7A 7 B S0 R R B I e
WV, MR 28, B — AN 5 301 4 A7 A B
MBIV >k, it n s 4l ek as, Wl 3(b1).
Kl 3(cl) A 3(d1), JRim g5t e A R AR A, /N RS
JiE I I BEAN 7 4% P 00 3t v I 08 1) B . RO RH A
PR R B e I 75 . WS i 3, Tein g
FyARAL SN B 2. an &l 3(b2). 1 3(c2) FIE 3(d2) i
71, M G 1 IR 8 11 70 LS8 T Jias B T AL, LA [
MU SRR, XN RS . RO 2 4

-2 -1 0 1 2 3 4 5 6 7 8 9 10
(b1) WA ERE
(b1) Visualization pictures of the wakes

-2 -1 0 1 2 3 4 5 6 7 8 9
(b2) E
(b2) Vorticity fields

11l loocoooo
COOoOoOoOoO Ly
O~ BN —

2-10 1 2 3 4 5 6 7 8 9
(b3) FE /1%
(b3) Pressure fields
(b) x/B=-0.5

3 R B = 5°, JRH S HIV., = 0.043 I, PRI PFRE AL B IS E T y/H =+ 1.3, WL 1 /B AL sl LI
Fig.3 Comparisons between the plate wakes without elements and with the elements at y/H = + 1.3 and different x/B positions.
Plate oscillation amplitude S = 5°, frequency f,H/V,, = 0.0428



[RESE S S i nbr A TSt N E e D N

(c) s ErE
(cl) Visualization pictures of the wakes

TNt
[= S 9}

(c2) i
(c2) Vorticity fields
4 - 0.8
; it
2 0.4
1 8%
0 0.1
-1 -022
-2 -0.4
-3 4 :8’57
—4 -0.8
-2 -1 3 4 5 6
(c3) £33
(c3) Pressure fields
(c)x/B=0

53
Fig. 3

(d1) Jish s &

(d1) Visualization pictures of the wakes

4
; Lt
2 =
1
0 2
_1 —
-2 —
-3 - g
—4 _
-2 -1 0 1 2 3 4 5 6 7 8 9 10
(d2) W
(d2) Vorticity fields
4 82
3 .
2 0
12 0.2
0 0.1
-0.1
- = —0.
-3 07
—4 0.8
-2 -1 0 3 4 56 8 9 10
(d3) 7137
(d3) Pressure fields
(d)x/B=0.5

PRI B = 5°, PeA fHIV,, = 0.043 I, 45 A8 ) (07 B [ 2 T y/H =+ 1.3, Y A B /B 2B AL (R slhxt Lh s (8)

Comparisons between the plate wakes without elements and with the elements at y/H = + 1.3 and different x/B positions.

Plate oscillation amplitude # = 5°, frequency f,H/V,, = 0.0428 (continued)
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Fig.4 Comparisons between the plate wakes without elements and with the elements at y/H = + 1.3 and different x/B positions.
Plate oscillation amplitude S = 5°, frequency f.H/V,, = 0.0428



1862 Ji ¥ F (4 2021 455 53 &
0.8 0.8
0.6 0.6
0.5 0.5
04 0.4
0.2 0.2
0.1 0.1
-0.1 ~0l
-0.2 -0.2
0.4 0.4
0.5 -0.5
-0.7 -0.7
-0.8 —0.8
-2 -10 1 2 3 4 5 6 7 8 9 10
(a3) £71%% (b3) K13
(a3) Pressure fields (b3) Pressure fields
(a) x/B= (b) x/B=-0.5

3

-2 -1 0 1 2 3 4 5 6 7 8 9 10 -2 -1 0 1 4 5 6 7 9 10
(c1) MizhERE (d1) Fish B K
(c1) Visualization pictures of the wakes (d1) Visualization pictures of the wakes
15
¥
10
8
6
. 3
g 1
9 i
-6
-8
-10
-13
-15
-2 -10 1 2 3 4 5 6 7 8 9 10
(c2) &Y (d2) WE
(c2) Vorticity fields (d2) Vorticity fields
08 4= 0.8
06 3 . 0.6
0.5 0.5
04 2 - 0.4
02 1 0.2
0.1 i 0.1
-0.1 0.1
-0.2 —1 : -0.2
04 — —0.4
_0.5 _3 A _0.5
—0.7 —-0.7
70.8 _4 e . 3078 b 70.8
-2 -1 0 1 2 3 4 5 6 7 8 9 10
(c3) )15 (d3) £ /1%
(c3) Pressure fields (d3) Pressure fields
(c)x/B=0 (d)x/B=0.5

B 4 i p= 10°FRA L HIV,,, = 0.054 I, £ HIAFRE I (5 58 T p/H =+ 1.3, VA7 8 x/B A B a3t Lo (58)
Fig. 4 Comparisons between the plate wakes without elements and with the elements at y/H = + 1.3 and different x/B positions.
Plate oscillation amplitude # = 5°, frequency f.H/V,, = 0.0428 (continued)
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Fig. 17 Influences of oscillation amplitude f on suppression of fluctuating
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central elements (x/B = 0) at different y/H positions)
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