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Control of flow-induced noise from a circular cylinder

using a splitter plate

Donghyun You, Haecheon Choi, Myung-Ryul Choi, Shin-Hyoung Kang

Abstract

Laminar vortex sheddings behind a circular cylinder with and without splitter plates
attached to the circular cylinder at low Reynolds numbers are simulated by solving
the unsteady incompressible Navier-Stokes equations. The Strouhal number, lift and
drag rapidly change with the splitter plate. Far-field noise from the vortex shedding
behind the cylinder is computed using the Lighthill acoustic analogy and the Curle’s
solution for the Lighthill equation. The acoustic source functions are obtained from the
computed near—field velocity and pressure. Numerical results show that the volume
quadrupole noise is small at low Mach numbers, compared with the surface dipole
noise. Also the amplitude and frequency of the acoustic density fluctuations are varied
with the length of splitter plates. The scattering effects at the edge of a splitter plate
are considered by using the half-plane Green’s function.
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Fig. 2. Vorticity contour at Re=160 with the
splitter plate of 1=2d. Contour levels: from -19.28
to 19.28 by 0.4
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Fig. 3. Dipole sources at Re=100 : (a) drag dipole; (b) lift
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Fig. 4. Dipole sources at Re=160 : (a) drag dipole; (b) lift
1=0d, - - -, 1=d - - - -, 122d —-—, 1=3d

dipole.
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Fig. 9. Acoustic density at M=0.01
Re=160. , 1=0d; --5 1=1d;

: (a) Re=100; (b)
-----  1=2d —— 1K

10090 735, b 3 o] ohd Ad 2L F
F#(Q)E R Holx HAY A9 14y Ax
o] Fdo] JFS -’,‘—E RE& 2 4 AT (Fig. 10).

7 2 999 st ¥
g doh 23y dolEx £
aﬁA oF 15819 Ho)

3 FE R 4 Atk ot FyW

o] 2zt HEl 2t e 28& 3] wWEoltt (Flg
2. wepd of A% WA £SAMe) BILSH
o2 % Wyt Agant AT o] %E 7]
£ ¥ 23 HFo] & GreenTF WHS A&
3] dAANMY 28-S dAEridle Fest
Slli 28T A A St S Bl HEA
B ALY dF4 sl a7H

35, 4dd

f"b 4)‘-{

5. 8 &

2 AFdME Bnd ved
i

99 Bex 490 A% FF2SL A4S
Aoigozs 284E Al + UsL HATh

ol e HxT §39 Be §528 ¥
o Hgol bsatt. st
A dolszsel BWY ol wmE Aunw
olo] e 4o WAGE VP B

AZF A3
ASE 24 BEERE AlSgozy udd ALE
F9 Aoje AdHo = o]FAL B £ AUk

270 280 2% e a3t

18) t

Fig. 10. Scattering source functions at 1=2d : (a)

Re=100, - - -, 245d; « + - - - , +82d —-—, *

14.3d; = total domain, (b) Re=160, - - -, = 1.2d
-, £15d —-—, *18d; ——, total domain

ay oY ss e @4l 5o Fo
WE Zo) Aol RYR BN A 287
o WAT B BAL Aok 53 4@ 2879
A Bg HW Green BHUHoY} AHA 4
AN S 2e Pd Fol gdout opAzAE
ARHoR HYT 4 At Wl vhase} A
2@ ejolt.

Fl

s 7
E dFe g=ngAd g4 HEDATF (No. 961
—1009—075—2)4 Aho2 FIPEHIYS ojo] AL
R=4=10- 3

a1 28

(1) Lighthill, M. J.,, 1952, “On sound generated
aerodynamically; I. General theory,” Proc. Roy.
Soc. London Ser. A. Vol. 211, pp. 564-587.

(2) Curle, N, 1955, “The influence of solid
boundaries upon aerodynamic sound,” Proc. Roy.
Soc. London Ser. A. Vol. 213, pp. 505-514.

(3) Wang, M., Lele, S. K. & Moin, P., 1996,

—~641-



“Computation of quadrupole noise using acoustic
analogy,” AIAA J. Vol. 34, pp. 2247-2234.

(4) Kwon, K. & Choi, H, 1996, “Control of
laminar vortex shedding behind a circular
cylinder using splitter plates,” Phys. Fluids, Vol.
8, pp. 479-486.

(5) Gerrard, J. H, 1966, “The mechanics of the
formation region of vortices behind bluff bodies,”
J. Fluid. Mech, Vol. 25, pp. 401-413.

(6) Apelt, C. J.,, West, G. S., and Szewczyk, A.
A., 1973, “The effects of wake splitter plates on
the flow past a circular cylinder in the range 10
< R < 5x10°" J. Fluid. Mech, Vol. 61, pp.
187-198.

(7) Cimbala, J. M., and Garg, S., 1991, “Flow in
the wake of a freely rotatable cylinder with
splitter plate,” AIAA ]., Vol. 29, pp. 1001-1003.

(8) Crighton, D. G., and Leppington, F. G,
1970, “Scattering of aerodynamic noise by a
semi-infinite compliant plate,” J. Fluid. Mech,
Vol. 43, pp. 721-736.

(9) Crighton, D. G., and Leppington, F. G,
1971, “On the scattering of aerodynamié noise,”
J. Fluid. Mech, Vol. 46, pp. 577-597.

(10) Ffowes Williams, J. E., and Hall, L. H,
1970, “Aerodynamic sound generation by
turbulent flow in the vicinity of a scattering half
plane,” J. Fluid. Mech, Vol. 40, pp. 657-670.

(11) Howe, M. S., 1975, “Contributions to the
theory of aerodynamic sound, with application to
excess jet noise and the theory of the flute,” J.
Fluid. Mech, Vol. 71, pp. 625-673.

(12) Mitchell, B. E., Lele, S. K. & Moin, P,
1995, “Direct computation of the sound from a
compressible co-rotating vortex pair,” J. Fluid.
Mech. Vol. 285, pp. 181-202.

(13) Choi, H., Moin, P. & Kim, J, 1992,
“Turbulent drag reduction: studies of feedback
control & flow over riblets,” Report No. TF-55.
Dept. of Mech. Eng., Stanford Univ.

—642—



