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Numerical Visualization of Three-Dimensional Flow Past an Elliptic Disk
using Vortex Filament Method

Cheol-O Ahn - Sang-Hwan Lee

Abstract

A study of three—dimensional unsteady incompressible flow past elliptic disk with aspect ratio 3 is
presented. Numerical visualization using the vortex filament method was performed at Reynolds
number of 20,000 on the basis of the minor diameter, the random walk method was used to caiculate
viscous diffusion effect. We suggest 3 stages about the wake development according to its structures,
stability and motions and described the characteristics of each stages. The structure of the elliptic
wake is more complicate and unstable than the wake behind a circular disk.

Key Words :

Elliptic Disk(E} 9 ), Elliptic Wake(E} 138 F ), Vortex Filament(2H}),

Vortex Shedding(2H# &), Random Walk Method(¥ & ¥ 2 1)

EHE L MA(bluff body)HIA LAsHs
20) 25t 7= QUTFE 0| 28O
2 02X QA ¥ RSIHAISH 2

INe BRUAM HAHE AR STAUEE
HE MG FOMAHSHO 25 278 A
M Bt 20l HEE JbKlE P(Sphere)®t
AT (Disk)Z2 3 X HESAO ZH T
S20| 8t AMADO OBIH =I|HO =50
BEES JIKE 949 SFIIPXI EMEHUD =
IOl AR UCH AbePs2 ZEY stE9 20|
of HIJt 2, 3 9 EIRE CIAINA LMG= &

l,

S Iy

29 HIN =FJZ ANTIIAD JHABGHALH, |

Shirayama®S2 % CI230M 2Mdsts &7
E QAES 01830 HAS AZSHAL

T ggEa 71ATES s
E-—mail : coahn@ihanyang.ac.kr
kot 7] A g3

- 59 -

SOz SAKSO HAEN AIBREHE AX
e SsE BN AXNE MEG #4512 0]
INENAMY HEEE Mol 29y 28
Eulerian method)S FH&GtD UL Olo HEH
giioz 22tk 2 (Lagrangean method)
28 =29 L AITTIHXL AsdH 1
ol 20| AH(Vortex method)OICH 0l 2
SESEN 2RSS ME2 LRI S ¥0
DA FAHAN HES E0IRAE HAXAIA
2HHAMAHS MU €A 420 F
0l Ellt= XHE OFGIEE 50249 2
S ZHEOZM SsTS DAGte LEOICH
=0 ReZACUAY SHE gt {EFHY
DE20 Z0l EHie ZHE Us2=2 2HE6
H EEZ2 T2 AERSO A0 %0l HE0
oA [qCH, % U=RN AXNES 748
LRI 20l DHBAHN SO0IRLAE |/AXAII=
20 2SS Z2 FHIH S £=XdHSAl Oz
2 M2l AXME 2B
QLMY =20 &St ALK
e 0|28 MAIIAIGE D182 &E]4Y

SHERH ERY PIE 3 A ST A

[
g ne
0

0

i

A

m JH0

T

oo &2 mre

n =
0¥



of HEeE HZAIGHH &I BiEo GE 93l
of High HEHO0ICH = HIAMME AAMEES 0

510 A =2 diol=ZS0AM BEE 2R
o MAI PO SHH ORI ABN W4
JtAIRIE #otACH

é*é* %_'OI tA=

% R =(B-VR+ B ()
&=Vxl

BRme fF WHO2 36 H, 9Y YO
6 WS 2BE 501 3 216 WA AAATIZ 2
AGIACH THAL 220 ZRQAE SBE OIS

K= 4N AAZ REE = 2EH(vortex ring)2
2 295D 0 AXS ZAHAXNNA HOHE
(control poin)2 EiGIH JDHAIHAHLZS K=Y
ECHEE FOE HEHFE= HUNE HEL
=219 X*II’C‘JEHE—‘?—H H A0l AIEOl SIHA T
A BOUIA Eteldb Lot 0l HOUMRE
= “’”‘"oDﬂ HE=0 0l 88 MR ZEE
BtC}

2 AQA a2 = CA3e R, &
Ol =22 N2’ A =L4BY AXIN
E§ EFA TS HX ZSUAMH SAIM el
FCEDD DFASERICH 3 XHE 32 Lol g4
1019] 20|IE SXIE AAIF Lolol Hoj

&&= OS 200 78 = ULCH

0% 0%
el

40 0Z X2 HI o
oo
N
o 0=
mh

fir 0

t

oI~

X

R L @-BhaE)

K T

o g P e on o yoio ymz, ¥
S QEX (| 252 EDIN Sl= Yoo Ho

AXYEHE Q0IEC. RSE W M 3AHHE
FH6lEs %AB0 N i, EFE Fdct= A

M JHctl ot 3%, DA ZFASAML 29 .

HOE p OIM &= 8H 8201 S0lct=
ZA2ERY U3 gIFAME 0.

=

- 60 -

piﬁgaaﬁia@ﬁa:o@

Ol e £ = MOIE p A DA o
WE[OICH Of YEAOl MOES 40
€0z 0|2 MEWEACR A

2518 DHBHE FHst=s 2ol

Jn & oow 4>

HHZ 1DolE Y 2 A I s
& 2| 3 ¥ (Random walk method)”), SH&t5E
HEl S0l UM, 3 XA AL UOHA HEEAHAR
9f #2, Roll= HEYIHEZ, Shirayama’S AR
N ME PO"[} 2 HFUAME AAY
YaCo XE HYHIYO oM O 20
Ch BHAAIZCE M Eé'i_l SNE FE AL

Re+a)=E@)+£() ar+aF @)

1

O F = wEATY B HANEOIL,
2t wato] 422 BIX 0, 2A0l 2vAr O FR
2% U442 FOACL

B HRABOZRE 0ZE YAANE OF
SMSGO 2 01Z0l HI0 L2ES] Haldb of
EIQIABION ZOIXIDILE JIMAXIN ECh =3l
E20A -?—.’_P"é*EJE SYITUMHE AN AT

0

(Stretching)OI S ©=20] UEHLIH S=0, XL
X0 e szw_a 20010t MBEE WS Y]

oI =J| 2HAY 201 2 Hil Oiaez MEE
= &% 018 2E0I0 M2 SEJY AME o
S0 =5 AL 01800 B2=EH FFE A
o oAAE FE2 ZOHEE A= AMEY &
goz g & 4 ACH A oZo Tt
DOBHZ 0l 2AGHH El=0 A HMAE
X DUEEL 25%015tZ 1 BtH0l ZE0HSH &
R T

In

of CHAOIA RIIAIZE AlZHOL X0l diet
=35l At Edtote AE HE oL

£ X~ 2 Athlon XP 1700+, Athlon XP 2000+S
EUHCIAXE €Mt PC 4 HE 100Mbps 2
Lan Card @ Hub & AIE23I0 ®2Z2 8 Linux Cluster
Ml A MPI(Message Passing Interface)?|BE ALE35t
O Y& X2l(Parallel Computing) StALt ==X
Al 2T NS 005 2, UMY 24
MOl BHE2 I ABDOICH ABIZICH A3AHP
WISl HIWE IGHA Re=20,000 & RS o4
ot ALt :

10

3. A2

IU

01T AV M= AWHF |



2ENFE FFY JIoEHE X H S0 Tet
4 HHlZ FEROACH A& IS s Seld
AADL OIRE &R SHEH0 220 5

Ol CHol CHEE RXlot= SAHOICH EHRETS I
oty =40
UL EE IIX*)OH/H gelE AAE BELES
£ EYFXE OFH W BT HHE2Z 0
£5t0 AI’JOI ol Tet At doiel(et)
dxz 1 2o 250 HXA SO 21
gt ol":’(T-EOI HAI HE XNSH0A Olst
AAER2 B0 H2 30 2 FLERZ E
&0l %'ON-UH S0 EHREY HHB0A ELZE
AMWE HYs ZFEHE & ZTUA A
CSHARDE BtE= ERO| xT| TS HEYE &
A UaAo”?_F QAAEO 2HEE SHM +HS
H ZEHEE 0F=0, oS =FIH ’*’Z‘JE’O{I
et /HE :"‘*oDﬂ =Lk 0l ANEUAN =52 F
xE ’é‘ﬂ#EC’d "*5_4 QBN ZAE AAES
Ol CHAl BHEH 40l == 2X8, "*5 %%
2 oA t‘”‘“?_ AAIS0l EYU0IE BH
X2 0|F0N AUASE ¢ = UCH HSEJ 3L
Olciet ZUE FX= MY =89 JRL0L &
HOZ, WP WAHKIIINXN MY 20 Al
Of Z2R35IC
HAIX*OE._ 25

l'll'

._,_

0||
-U

0\§0\ }U\PGO o) $-‘= HHE 2Z9
EAM 2 EHAHZE ——r‘:r:o}ﬁ[]. Ol SHHAHIIM E=
g2Herol 2k ZHH0IA geld AASO0l A 46t
UG A= HH3 tEZ 0l=dHAN &35S O
L ROz XXM O Ol IRYEY &
Z0A SHENHE SIS A 2t NE2 2Eot
H BES otk x2S & 2 4UE &
Ues R "ME 20 URLYECZ Olgsis ¢

%D O BERE DEE Y2
M olssh=0, ol 0= =0l HoldE HEd
5 g Z-0 gd-
A AES BR=E OP" EFR T IO fIXIoh U
ou §EH§>% & %&ODI AN X3 O
2t01 &

s&s ?3‘.2 DPIIDH sl FIdsS AL ot
FHQZ 240t 0I5 M= FAl @2 A0l
ARET

o

S©HHE 3 ‘:Uilé TEEC gEgE & ZHl
A ROz A 22 ETE /R0 OlEst=0,
OIASIAILIOL S8 A0 A Re=200 OHA &8 It
AlgH RE0lA 28 = AAUE ol Of Bi(Hairpin)
SXRI 2EEO

Hato) MEE 2 MZE2 AAS0 22 Eol
N MEEOZ HAZ0l 1 HMSUE SHSHH &

EIF

Ch.

4. 2 E

o

ST 2 FEW SF2 20/2 Hiot

30 B ERE E}A}ue I Gt 3 ¥
HIEA s AMToHACH ““"”:Uﬂ— 3
HAHZ U0 BEU20, EM}EOl SN &

£ ddot=s 1M UHtME 2HEUACH lj*Elx‘;;l
AMNEE HZE SHESIH 22 OE OIF1,

OlE2 =JI0 &5, d=0l ol e F#xE

OICHot CHEOI HAUHXIHA =J12 STE 2t

OIESIH &, chxeg & A WUz M

22 % SZE 0|EED} FNH2=Z OIS

UMz afe ILLEL 2F72 Pt FSFEHL
ECHEGIRALE

kJ

=1 & &

1) Lee, S. J, 1990, “An investigation of coherent
structures behind a circular disk”, J KSAS, Vol.18,
No.4, pp.25~33.

2) AbeY.Kiya,M., 1999, “Turbulent elliptic wakes”,
J.Fluids and Structures, Vol.13, pp.1041-1067

3) Shirayama, S.,Kuwahara, K., and Mendes, R., 1985,
“A new three-dimensional vortex method”, AIAA,
85-1488, pp.14-24

4) Ahn, C. O, Lee, SW,, Jin, D. S, 2000, “Numerical
simulation of three dimensional flows past circular
and elliptic disks using vortex filament method”,
Proc.1® NCFE, pp.139~142

5) Ghoniem, A. F., Sherman, F. S., 1985, “Grid-free
simulation of diffusion using random walk method”,
J.Comp.Physics, Vol.61,pp.1~37

6) Ogami, Y., Akamatsu, T., 1991, “Viscous flow
simulation using the discrete vortex model - The
diffusion velocity method”, Computers and Fluids,
No.3, pp.433~441

7) Ro, K.D., 1997, “Numerical analysis of unsteady flow
in the Weis-Fogh mechanism by the 3D discrete
vortex method with GRAPE3A”, Trans. ASME,
Vol.119, pp.96-102

- 61 -



Fig.5 Unsteady motions of the elliptic wake

Fig.1 Unsteady motions of the elliptic wake
(stage 2, t=5.5, step110)

(stage 1, t=1.5, step30)

. ) o Fig.6 Unsteady motions of the elliptic wake
Fig.2 Unsteady motions of the elliptic wake (stage 2, t=6.5, step130)
(stage 1,=2.5, stepS0) ’ ’

Fig.3 Unsteady motions of the elliptic wake Fig.7 Unsteady motions of the elliptic wake
(stage 1, t=3.5, step70) (stage 2, t=7.5, step150)

Fig.4 Unsteady motions of the elliptic wake Fig.8 Unsteady motions of the elliptic wake
(stage 2, t=4.5, step90) (stage 2, t=8.5, step170)
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