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Aeolian tones generated by a circular cylinder in a two-dimensional uniform flow are analysed by using the Ffowcs
Williams-Hawkings equation which is the exact solution of Lighthill’s equation in the source-moving frame. A
two-dimensional formula of the Ffowcs Williams—Hawkings dipole is obtained and compared with the solution
given by direct numerical simulations of the compressible Navier-Stokes equations. It is found that the aeolian
tones are well approximated by the resulting dipole in which both the Doppler effect and the pseudo sound are
involved. The exact dipole formula is rather complex althought it can be computed from only the force exerted

on the fluid by the cylinder, so a simpler formula is also introduced.
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Fig. 1: Isobars with respect to the ambient pres-
sure level pg, obtained by DNS: (a) fluctuating pressure
Ap' = Ap — Ap; (b) mean pressure Ap; (c) total pres-
sure Ap = p —pg. M = 0.2, Re = 150, t = 2000.
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Fig. 2: Isobars with respect to the ambient pressure
level, computed from the Ffowcs Williams—Hawkings
dipole equation: (a) propagating term Ap;; (b) pseudo
sound term Apy 4+ Aps; (¢) total dipole Appwh. Con-

tours at intervals of 5 x 1072:
, 0

, positive; , neg-

ative;
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Fig. 3: Time histories of (a) forces on cylinder and (b)
their time-derivatives: ——, lift; ——, drag. M = 0.2,
Re = 150.

4. Curle00000
0000000000000D000D000O, Lighthill
00000000 CwleDDDDODODOO.® 0000
0000,000 FWHOOOOOOOOOOOOOO
000,000000000000000.33 0000
00000000000000000,0000000
0000000D000000D000,00000000
O000D0,0000000
1 T fﬁle t/
Apcurle(ic,t) = 93/271/2,1/2 706({25/ ( )
& F; /2T EF(t)
2T + 25/2771"3/2/, t

+

000,c000,7=t—r/c00000,&=a/r000
0000000000000, FO00o0OoO0on F(t)O
0oooo, F#)=F¢ -FOOO0OO0OOO00OO
0.000000 Aper, 0000 Apce, 0000 Apgs
O00oo0o00.00oo,FWHOOOO (3)0o0
gooooooooobobobb,0nobbbbbbn
00000000, Apea000D0ODO0OOOO -1/200
doodoobood. ooooboooouoooooa
0,0000000 Ape, 0000000 Apgz 0000
FWHOOOOOOOOOOOOOOO, Apar ~ Apy,
Apco + Apcs ~ Aps + Aps OO0 .

ogooooo c0000000, 000000000
Joodoooooooooooooboobob. oooog
odoOoO0,00b0oooooooog,eocoooag
0000 ¢ 0000,0000 MODOODODOOO
00000000 cODODODODOOODOO, OO
000000 ¢=co(vV1—M?sin?0 — Mcosf) OOO.
000 FWHOOODOOOODOOoOoooDOOo,o0000
00000. 0000000000 ¢c00 4)OO0O0OO
oo, 0dodooboooooooooooo.

000000000 CurleDOO00ODOO (4)000ODO
000,Fig 4000. FWHOOODOODOOOO, DNS
0000000000 FOOODOOooOooooo.
(a) O Apci, (b) O Apca + Apcs, (¢) O Apcue 000,
00000000 DNSOOO Fig. 1(a—<) 000 FWH
0000 Fig.2(a—)00000. O0OOOOOOOOO

Copyright (© 2001 by JSCFD



-75  -50 -25 0 25 50 75

Fig. 4: Isobars with respect to the ambient pres-
sure level, computed from the modified Curle’s dipole:
(a) propagation term Apci; (b) pseudo sound term
Apca + Apcs; (¢) total dipole Apcure. Contours at

intervals of 5 x 1072;
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, positive; , negative;
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