23k Fs5 71 ¥ ¥ R Vol. 23, No. 5

1991 ££ 9 H ACTA MECHANICA SINICA Sept., 1991

95 FERES aff.sw:mw
WRBHE

BEN T AR

(h BB B 72 BT B S RS RER Z,db51, 100080)

B AR B R B B BB A R ML R SRR R AT RER T B
FRER. T 2R R FRSR AR T RN ST RIS RE X
B, AR Ke = 2.0,4.0 71100 HBBEFHHMRRANRAES. Al T Ko HEHRE
IR EARY , 25 5 R BT T AR BEAOREL 77, MR 1 R B SEEL IR IR S R R T U B

L RER, WTRAAARRAEN T RO RS TR, B8 T HALS
3 4R e e S B M. .

BRI AR TR PR VLB & B R R

‘ . -. 51 & s

G EVRARKEHREERUD, RENERTER-PEERE, SREAER
BN A MVPH, MEP® giEE T BRRY. BRA BRAERNRGTE, RERUT
ERORAE SRS TRERBRE, NEREENE . RENRER HH%. SEDR
FETHEBRARE, MEEHE WRRE EENF, AR RLERREEXBARE
B HERA, ﬁlﬂ:ﬂ%%ﬁ%ﬁé&ﬁfdm?ﬁ% ﬁﬁﬁ%ﬁﬁ&@ﬁ&kﬁfﬁ%ﬁﬁ’&f’ﬁﬁ-—
%ﬁﬁ%%%?ﬁfﬁﬁ%ﬁ ’

C RIEEERROTRS RS, Graham"“ B b@??ﬁ%“)ﬁ*ﬁ&’j{%ﬁﬂﬂ%'f
BB RO R At TIRIEZI RIS Ke MM — EEBE, MR
14 95 T A S BR800 140 00 AR S B 35 55
Clements™ 5 T A SR AN 4 EH R IK ALK ERDFZH W, FHEHRY %
BT Ve IR 9E R AR BLAORD D ﬁﬁﬁﬁﬁﬁ?%%u}w‘jﬁmé’lﬁ%ﬁﬁﬁbﬁﬁt‘ffﬁﬁ
FfEEl. HEED Ke ﬁ%&?%ﬂqﬂﬁﬁﬁﬁiﬁ ABROERN MBS, RTEEES
RETF LLATR B T R K, —‘l'*ﬁZEEﬂ(’IE%HUﬂ”EP%ﬁIH’Jﬁ%?ﬁ%%XA%mi
B,/ Ke %ﬂlﬁ‘]‘ﬁﬂ’]ﬂ%?ﬁ'fﬁxﬁﬁﬁ E%T\ﬁéﬁ%%, {7 RA R EEER
+EE, BRI E—SFRRG=E Eﬁjﬂ%ﬂ&ﬁﬁﬁﬂﬁﬁ%%%ﬁﬁ B—
H T, ZEDA AT — e BB B R O MFP 5 ik, BRI RO ER T, X

AXF 199043 B 16 B ®h, 199045 12 B 5 B BB K8,

* AXFENERIERBRABNEESRNZF HﬁF’%ﬂEﬁiﬁﬁk%%iB’]ﬁ%
1) BLfegf: ERZBERKER.




IS

514, J1 IR (1991 $E) H a3 %

FTETE R R N B R, AR R T R R B,

A TFEGR . RSB A Fh TR R RH I — 500 B SRR A
81, ¥ Chein et o1"(1988) SRIMF L4 e MAHEREEEERANR, &
X EEF A Ke Bomb b RRmi 2 S g p m MR vt L, BUER
BRI SRR A EER, YRR G WA A TR T BIRRE . S RN

ST I, 7 R S — D M Mt R e ST AR 8 0 R P B R BB
HbE, P E R SR R EE T RS,

B HE
{
U,.,J;g const

U (). = {U yycos wt
U, 4 Uy coswt

SRIRARER IR, WERGRRUREXHIRSNERFRORNAE, £L
REFIR IR B REAR A T RE () BERFERRRE Kuta 4R
BRI ZAR A HBRABMEENFE, MARSRTERNRARGREINEH
SPR O BEESINEMY. BT RRENANREMESHRAMERE, RS EAH
AR ERER 2R K, FERNOAUBERNEREAWE, MALMERNE TR
R EE R REH ERBENTELARATT, REERTHOERERTH MFP &
MVP HFEARHER., ARMNBERFEORERMRFROLFESBH XM, FER
ERBERAL A WH Al EZREBE, -FRRIIBRA Chein & Chung™ FriH
MESREHLARRAE, AROIBLTREPLOBRE. ﬁiaﬁﬁ”&qﬂlt\?ﬁﬁ}ﬁ

ZFBvEE . $1§’L16:§B’Jﬁlﬁn'1: T=Vi—=Vy, ﬁ&%?ﬁf?ﬁﬁ&%l’ —— - (¥,

+ V), Kb ViV, SHRRRESMIRIRROLE. :m%*m%z#&xi,am
BA V. > V. MESREFREDONEY, HERRORE, HRERFIRSORE
Wmﬁﬁhiﬁwm%mﬁﬁ%ﬁﬂiﬁzﬁﬂm»W;%Nﬂﬂﬁﬁ,Eﬁ&ﬁ

ATRIVTUBE V., = :i:—-Y WREBREALIRRNY Ty =7, « Al = 85"/ As, RIA

KERARKE Kuta &, ﬁéﬁﬁmﬁzﬁmﬁgﬁuﬁﬁrm BN AT 2
M B AR B S RN MERA T V.~ 7, NTiSE 7 >0, ik
BREARRBRBR T, RAX B Vo f V. RN, B 2R RRN0T| AN RERE S
AR TUAEMER D, BTHEAMINRERELRA, BfiXTHNEMELH
REZ, RIBAENFEEIEFEROWABER. 5tk XES— MR B ERH

IR As B <o A BORTLD K, RIRE) S B A0S 7 8B e B e AW
E%ﬁ%ﬁ@ﬁ:m%gﬁﬁﬁ%,W:Kr+m)=ﬂo+%—BWO~V0—mN°
Ar, B EBLEBERNL, IR (0 ,0) = (u,0)/V., (2,9) = (2,9) ¢, (&,7") = ()]



w5 BEMNF: 8959, )% RH ST SR F RS BB 515

¢, ¥ =1/t =Uslc, Rih 2,y BYBFEMOLE (FUPTRBETER, £ 1 £
L SEERAAR, u. o SYPIHH v, y OB SR, U, HBIEEE. EREREEY, &
U, =Uy; ESSHRRASHEETN S EOEH, ] U, =U, ¢ HRRKER 1/4,
RERGOHERAHRN(ZEHTHESFS LoMEgx): :

1

fod -1
Ue) = cos(——i— Ke t) %)
14 K¢[V,cos (;—:/V,\)

R Ko =U,T/4c % Ko 8, V, = UT/4c BHEE, T =23/ o,
@ =0+ /2, i Ue HBERBTERNML, B3 0 PELOWHOLIY:

W) = U [gexp(-—ia) + —Ll_—exp(ia) ] —s e P b

k=0 2= L C;;lv

iTy,

Ty, g
ot In 2
2% "= @
R (2) Sk TRER 5184 B0 S AT AT S AR 3, HETIRR
AREAHORBR, ¢ RLA, THR kpvke HRFRATHIOH WA BHOS L
BHRCEENKTRE), TR 0 ZAFEROELE, M Kura &H,7T75:
- -1 —1y L] + (—1)ir. 1
Pup{ (=107 = [14 (=1 47} o114+ (=171

Gap

— [+ (=TT} = (—1)i42U (1) sina

— 20 Todl 4 (—1)igg, 17 = [1 + (— 1517}

k=g

+ 30 Tl + (=117 = 11+ (DRI}

j=1,2 (3)
i 2 O O p ARG it § PEESET W * FEREEESS:
—_ — kp ’.rkpckp
ka == Vkp(g) gip — 1 + 2“(4-2’ — 1)2
. ) 4)
. _ Lie 1T qCq
Ve = Ve =T ~ oz, — 1y
A ’
= xp (i T -
T2 = UL(e) [ exp(—ia) — %Q] = 3 =)
. . k? i3

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



516 ‘ yi] -4 ¥ B (1991 ) F 23 8

,_r-” ey ,r,, 20
+2 (Clu: L ) i "S‘-‘: (Cuj—— C,, g —;51‘/811)‘
- _ - r |
Vi (D) = U..(t);[ exp( —ia) — ex_:;%g_l] + Z e (th - Clc)_
kg 23
~ xr,,, R Vil 1 1
Z (Ca i § 2= <qu =&y, Lae— l/z'f’)

APHS LNEREZ R UM ERGILEEE,

bT(ﬁ%ﬁ‘%ﬁﬁ%ﬁEtﬂﬂﬂ’%ﬁ A RARERIE, Eﬂﬁﬁiﬁ’sﬁﬁiﬁﬁuﬁﬂ:dﬁ:ﬁ
ﬁ*&ﬁi&&@ﬁ@ﬁﬁmﬁﬁmﬁ?ﬂﬁ%%{ﬂ“”

f Blasius EET?EHW‘HS‘LE@FEJJ¥§M.

. B, ~ (1 1 Yo 1
CN-:Znsma f’—‘“+§)FUR[(——2~+ﬂ _1>Vk?

1

_i FeoR Kz +Z}

Kb RI 1 4R, cN~--——-ﬂ— mea@&mj:, bR vk,\vl,

7] )

*'r

WE$E¢EWEEEJ.
% F 1 R B SR L, U\’\_ﬁ(l) (4) (5, &ﬂ]fﬂ%?]ﬁﬁﬂ%ﬁ Cp:
Cp = — {;—sin"(—;‘l(c“t) + Cpyr R (6)

R Coy RARFESHRIBAANTR, ER ) ANTEHIA.
%t Morison J7#2#Ef7 Fourier SHiBZIEN AR Cp MMEN R Cu:

91
cp_—ij C 5 cos040 c,,=’5£j Gy sin 648 )

8 /o 7«
Af =2 Kv"‘t, (6, — 6) Bl 2= foBERE,

52 2 PR, i@—ﬁ%?ﬂ’%I%*ﬁﬁé@ﬁﬁﬁbfu@ﬂﬁﬁﬁgﬁ"ﬁl FEZn Sarpkaya™,
Kiya 5 Arie®™ F1 Ling"" Fritiddigipes, £ EHESERAROTR. RN EBR
=4 BL, IRERGR BRSO —RIME, A THTHRE, AXWITRERTS
MARRRE, BETERRAT Kiya 5 Arie® RHORRE: T'@ =Tl —ecp
(—aRe/4)], BE aRe = 30.0, Re = 4Uc/v, T FHRABHAFER N FEROFA D
EAK, RfAE ¢ 2 30.0 MRAZBROTER, RIEGRGMEFN,Graham'
RSB B DERS Ke BEENREERESE 40, AMERTERATRRE
S REMESEINEDS R, AXH Ar = 0.05 TFHEERRBRRS, A Ar =015



s ?3 BEWNSE: 9. REIAGRET R BB 517

SRR E SR,
= ER5WR

1. %8S ok ch A AR Bk 2
AR R KRS EAA B TR T R ST T A SR . AT

BHRES Sarpkaya™ HREBREERRETF, HBA o= 90° NBDWRIHIFH W

T
x B
Sarpkayaf!l Kiya et alt?®3 | Chein et 101 A X
Fage et alt®?
Cp 2.4—2.8 2.8 2.8 1.96
ar ;
U, 1.0 0.9 1.05 1.05 1.10
at /
S, 0.154 0.14—0.16 0.14 0.143 0.15

P EBAR B A ST B S RAICIRTRY IR R T AR, JFdE W #3E Chein 5
Chung® WItH&R., BENGOHREE S HNH ALY EN S GRERERLFE

u/ Ua

#)Un

(b)
| RSB LRKNIARERE S A

. AKXER -a-y-0-Bradburyl™

1.2
0.8
0.4 ¢
; 0.0
-Oa4
(a)
(“ 2)1/2
U

-8 —6 ~4- -2 O 2 ‘ AJ‘

K2 EZRELNHSYRMKEENE (y =4.0)

no

© 1995-2006 Tsinghua Tongfang Optical Disc Co

— &KXt R, —Bradbutyl:®
Kiye et all®? (1980), 0 O Chein et al™®

., Ltd. All rights reserved.




518 Al 2 2 ] (1991 ) ¥23 %

0T, 0 1 B, M2 AW T REEE Vel U, Wi EER, $A5HRBR Kia 5
Aric®™ % Chein 5 Chung®™ BUSRAEMl, 3R Bradbury™ MIMskR TARLLE:, 78
AR RO RGE, Rk R, AXREREE, TUMERES., BENED
— 77 UL B RPITE 3, 7 y = 8.0 %”EEJ:ZM‘C%%MAE’I%%*EM&@ B
y= 40 ESHHLRERIER,

02 | -wv/ud
. r '\
wou | AN
S RN
x 0.0 ==twu= / e
[y SN /s
-0.1 \* \\ y=8.0
\
=0.2 o
~4,0 -2.0 0.0 2.0 4.0 */2
(a)
.. 003
0.2
0.1 }
¥ o0 SN/
~ \V
®
x ~0.1
i .
-0.2
«0.3

-4.0  -2.0 0.0 2.0 40 /2

b)
K3 EZ&mEEWNBIBEN DA (y=4.0, y=8.0)
o) Chein et all*l,
Kiya et alt®?

———4-~——Presentresurts
o

2 (KR K o o AR B ik R B

B da—e BT Ko =2.0 RERAOBIE G R ERDZMAERE, HkEMEE
BBy, ERMIGITE R Ke = 4.0 ROBIEEORZINE, B5 AHTNRRET
— A REORHRIE RN/ Ke BUR %3 B IRB SIAFHEE BRI T R K3, £
EHABMAREORLEHENREEET LR, ER PP, 5 0.0, B, HREN
KR BE SR, MERNBFERPRBN T OB REHTEFLRRN 0:.P, &

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



1 [ 1 -8 -8 —4 -2 [ |
-3 -{"x."- -5 T 1 T T T y ; T
°-
i i °:D§°u - .
nJ,'Be *
-2F of o x « 3Ty

t
—
T
[ TSN
T
»
L ]
o
>
»

0 0 —
. ik .
. .
: -k S
. ~ 2, h$
D) A 3F '.‘0.:\.' ’ ’:’E’;\ /
. - ] N 'y <
AP ey v
B O
38 Ly : 5
(3) Ke =2.0, r=12.0 (b) Ke =2.0, t=16.0
-8 -—4 -2 0 2 4
-5 T T T T T T T T
- x X 4 E L
. %* ol
ul hd A", ,* "x x #-‘ -m‘: LJ
E N * "i* ) * 2l (el o s .
~3F . . et J% O R XY
. . ) ® u, Q,‘,,.
. 3 .- !’s’ n q}'f . ‘..‘ ° wu$
e o - * 0 gmw‘
1 {;g % - * “;’; ( . -h:.;‘. ) ?
-1k x . - s
0 Ter °|:u o - -
: - cp © 0,40
o . R e e e e
1"' *
0\‘". “' - » — 4
+1 - 4
o ; \‘ ‘O’y“ a1
. B 4} g |
3 ° . .::’%0‘ - -6 ﬁ m:‘ an
[ : -. %' vlH
- .ﬁ$ e -8 ! il ! 1 1
5 il © ¥ 3 0 2 4

(c) Kc =2.0, ¢+ =8.0 (d) Ko =2.0, + =12

~10-8~6 ~4~=2 D 2 4 6 8 10

e S 25 20 15 10 -5 0 5 10
-8k - - 20 T T T T T T
-X e X .

—6l |- Ty '-‘ [
- } - 15 R\?ﬁ . [ ] k
_..4>.. - "IO"' . . m *x
et %’ s WJ *
-2k - ¥, ®%° b x
- -h }G. . g0
0 .% - K] o ¥ "oxi‘%
. & : . ; a
S * My
‘ok - aV,
H - . .,3‘ j'l‘
S 4k . [y | T :ﬁ?’
N : i
, - 10 e [ S ot .
3 : 15F :
10
(e) Ke =2.0, =18 () Ke =10, 1 =59

B¢ RETHAR

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



520 | o R B M EEBH

- . //
\\\. @
| & ® |
"/i \...
o W w
: " ‘l‘." ;
, @ @) ) ’
1o

'\\ @ T Ge)

B3 MKeHiRGHARENREHRK

0..P,. BEZMHRERE, —xB 0., P, BEVRT%, B—x SR LRED). AR, &
BRA N, RS EEERARENERESRRBRRN, R iRses
HHETNZAEF R, —BEREE, EROAL, 1 R E PR ST E—x W
FPRE, £, CEPREALETRESHAR. M2, HHRe (WEX 0,.Ps &
Py, Q) MR- REFNROBBER. HRRUE. R TRERNEAHERBES
Sh, FEFTER R BTN FEE RIS 5 B A SRR IR EGE S0, B: IR
F . BMFEFEMUE S RESEREHTE - ABEERES. XEANREF
WP, (B4 —ENRLE, RUYNEHHERERTARRMUKRBERS
R RRIE R E A M E R P TR REY, Graham'® &40 BEXIRA FT g1 PAE Y,
DRI IRE R T R AN R B PR TR RS e, fXMERAERX Ko &
WEPBBE T, mE 4 £ FiR, EAHRRE R IR %, Ke =100, XR&5 Ke = 2.0,4.0
ot R A T e R R A A

Bl 6 A THENAM Co RIBHEM Crr HIEILIED, B Fourier 4 4TATEE
HEEEADRB R LTS ROLR DT,

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



£s5H BEMF: 959, RY A SRATRRIINBEVR 521

Cp Cu b3 B

Ke B 2.0 4.0 2.0 4.0

Keulegan et alftd 11.4% 8.04% 1.57@ 2.0% (’52: = Dub/y = 4500,Ke=2.1
) Ko = 4.1.

HUNEXRLAREY Cp=

Graham! 6.35 5.04
8.0Kc-% 5K
Graham®? 10.32 8.19 AR E B
Grahamt*1 9.2 R 2% Y S X 1.75
Liant® 9.7 625 1.4 2.25
& X 8.23 5.87 1.24 1.4

REAS, U@%*ﬂﬁ?ﬁﬂ’ﬂ%@ﬁ%%#ﬁ%ﬁk. fE/h Ke Bt , DRI R T R
HAKRERER MM UHENERE, RIVTEERELEEHAEZET URERRB
&R,

10

_,_
=1
o=
p
pu

~20 ‘
0 2 4 6 8 10 12 14 16 18 ¢

B 6 iy (Ko =2.0)

3. B2 P B TFIRE B 5D

T XRERATE, RIS V, =35, Ko/V, = 035, EZEBRLBIRRELY
3, Ik ABYEARE, HRSNEERIEYRE BSREENRIIRE. REREY
f=0.071, SEMTFAR I ERRBEFE 1, = 0.0354 WFE, AXERBBHERIR
58 (Vortex lock-in) MK RABMMZ Ak, HEHNENRNSRER % RO
BN BIY Cp =3.1 Rl 0T/08:/U% =112, HBIkEH R M E K & 10%



522 i) 2 F 74 (1991 ) ¥ 23 %

6.7%, X5 Amstrong et aIU7 PG NBIMK 9.7% R0 6% ML RESE. MET
UMEBWEA NS A FRIBBEREENEN, 28— MREXANABRBEEEHIAF
e 1R, 35 SPAR B 7 o (o 22 0 ) R B % S8 35 B0 KUk R B, 76 28 38 (A5 38 ) SRS B — A /)b
RO, X ARIRE T TR A, B 8 9 H T & BEar a8 b, MR B IR i 7% 38
&ﬁwﬁ?ﬁmﬂﬂhjuﬁﬁﬁﬂﬁﬁﬁmﬁﬁﬂﬂﬂﬁ@ﬁﬁﬁﬁm¢WQﬁﬁEmﬁm@¥m

-

25 [

&= .-

T

2.0

==

.15

1.0 ' N

0.5

0.0
0 10 20 30 40 50 60 70 80 ¢

BT AR RIRLS R
!

I
¢ HHTH | ‘,
9 ¥ g
4 K - - 117 1 ] 1
B B 1 K 0 B .t
'
!» ”| “
3 ' T
JIRNAT 'R Ty
! i ! ' N
il combined flow 4§ \ 7
2 y H
'
: L 4
1 ) - 4
Steady flow =
] ]
o ULLII

0 10 20 3 40 S0 60 70 80 90 ¢

By HORE

AT R BSPAR T B M A R T RSB R R B, &
T/ Ko SO R s RS SR KA B0 e PR S R0 B SR,
B B oI IR R A M B SR B AR X 5 IR A R B DR R , 7E AR B i 2 L
—HRTEER, B—NREEFRNBHRIE, £ Ko=10.0 MBRAARNKHEE
PR, WANOHTEEREETRIEESEET UBSHLRER, ERENASH
i, ERE T RN R ARG, IRE R R 0 ) R T R
BR T RER R RS B A E T R



% 5 B BEAS: B85 RASKETERINEERE 523

[l

[2]

4
(5]
[6]
7]
[8]

9]
[10]

111

[12]
[13]

[14]

[15]
(16]

& R RS A AR 0 & L,

‘ 2 X X W

Sarpkaya, T., An inviscid model of two-dimensional vortex shedding for transient and asymptotically steady
separated flow over an inclined plate, J. Fluid Mechanics, 1975, 68(109).

Kiya, M. and Arie, M., A contribution to an invicid vortex shedding model for an inclined plate in
uniform flow, J. Fluid Mechanics, 1977, 82(223).

Chein, R, and Chung J. N., Discrete-vortex simulation of flow over inclined and normal plates, Compu-
ters of Fluids, 1988, 16(%).

Kiya, M. Sakaki, K. and Arie, M. Discretc-vortex simulation of a turbulent separation bubble, J. Fluid
Mechanics, 1982, 120(210).

Graham, J. M. R, Forces on cylindrical bodies in oscillatory flow at low Keulegan-Carpenter numbers,
Mechanics of wave-induced forces on cylinders, 1979. )

Graham, J. M. R. Numerical simulation of steady and unsteady flow about sharp-edges bodies. 1. C.
Aero. Report, 1985,

Clements, R. R, On locked vortex shedding in a flow with purturbations parallel to the main stream,
J. Sound and Vibration, 1975, 40(4).

Kiya, M. and Arie, M, Discrete-Vortex simulation of unsteady separated flow behind a nearly plate, Bull.
JSME, 1980, 23(1451).

Fage, A. and Johansen, F. C, On the flow of air behind an inviscid plate of inclined span, Proc. Roy.
Soc. Am, 1929, 116(170).

Bradbury, L. J. S, Measurements with a pulsed-wire and a hot-wire anemometer in highly turbulent wake
of a normal flat plate, J. Fiwid Mechanics, 1976, 77, 473,

Keulegan, C. H. and Carpenter, L. H. Forces on cylinders and plates in an oscillating fluid, J. Research
of she National Bureau of Standards, 1958, 60 (5).

Graham, J. M. R, Vortex shedding from sharp edges, 1. C. Aero Report 77-—06, 1977.

Lian, W. A numerical study of two-dimensional separated flow past bluff bodies at moderate Kc¢ numbers,
Applied Ocean Research, 1980, 10(3).

Amstrong, B. J. and Branes, F. H, The effect of a perturbation on the flow over a bluff cylinder, Phys.
Fluids, 1986, 29(7).

Chorin, A. J., Numerical study of slightly viscous flow J. Fluid Mechanics, 1973, 57(785).

Ling Guocan, Further study on vortex shedding flow by a circular cylinder, Acza Mechanics Sinica,

1988, 4(3).

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



524 A % 2 # (1991 %) H23 %

STUDY ON NEAR WAKE FLOWS OF A FLAT PLATE IN
STEADY, OSCILLATORY AND COMBINED FLOWS

Ling Guocan, Luo Caimao

(Institute of Mechanics, Academia Sinica, China, Beijing, 100080, Chking)

Abstract Numerical simulation of near wake flows of a flat plate in three kinds
of oncoming flow is made using discrete vortex model and an improved vorticity creation te-
chnique. The gross features and detailed structure, such as velocity profile, turbulent“intensities
etc., of near wake of the flat plate in uniform oncoming flow are calculated and comparéd
with available previous results. A new vortex mode, describing vortex shedding, pairing aad
moving in near wake of the plate for harmonic oscillatory oncoming flow at low Kc . number
(Kc<5) is presented. Calculated drag and inertia force coefficients are closer to experimental
results from U-tube. For in-line combined oncoming flow the vortex lock-in phenomenon is
simulated. The dynamical behaviours calculated are in good agreement with experimental results.

Key words near wake, vortex motion, oscillatory flow, in-line combined flow, flat
plate, discrete vortex simulation
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