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An Improvement of the Vortex Particle Method
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ABSTRACT

Modifications were made in the vortex particle method by reducing the number of numerical
parameters and adapting more accurate integration schemes. The method was applied to 0.15,
0.2 and 0.25 rectangles where the original method yielded poor results. Structure of vortex
formation and its shedding in the wake was clearly shown, and vortex shedding was more
regular than that without the modifications, while the time-averaged drag coefficients were
nearly the same. It was confirmed the modified method could be used in the viscous vortex
particle method.

1. M B

719 FHEAA(stal)'FH 7S FAA
Fub ul AR S RgE siHd] gFYe] &
Ak gRddME £E4L dFUHEE
ojittH)z s, 2 Yo 2§ g
At o furHE £xe Foz AN
EE A7) 52 wE YRSl o)FdT
F9) Yy welago] WE Fr)9EE =
< AN & o gFEe A wdy
of W BA U uEA gHdes

¢ oo g

4

L &4
g 4T ox o

Ey

S SD kst

e

SELE

Lo et x| H14F H4E '994 128

& gled, v™A 95O F Sarpkaya®, Le-
wis¥, Spalart®t Leonard" S & 4 o HjEA
FHE A HAEL At vEE 4+ glof
ARAF7L dolezrsds FRs2E FA
FHd wiE] B2y elgAo] Lsjitn &
k. zau F8u(b/h) 200519 ALY
A F9o welagy go] dHolERF
9 R FFSAHL M3 EEAAE 9A

oz & ARE AL F AW ® A
Ao nHgA FHEE vgeg 9
S840 AAAAZAY A Fol TEHY

ox X o Hr 2

37



A=’

£ dte 34 SEdAbEdl sl g9
B dA RAAN S Added 2 FFel gl
o Bl AR FoAA ol BRE o
2AE A AL 5 Y= FRIAE'e
Aoz &gk 4270 ¥ (numerical para-
meter)®] 7A57F A& HAo] wiEHI}ER ulis)
o] Neg Folm, hFUAte] diffel A
=7t o 2 HPEE AHSEES FAA
FRAAFEE AAFHA AT F AEtE
sty A FRAY FAPAAM FHAF7}
Aggtel v 2A Yehds =015 02 R
0259) AHAE Aude] FRAFAYE 283
o B @7 FRA ns azAY F
e A%E dedhd £ NdEast e
Aoz worso) AAsHdE AHE + glok

2. eimelxgel +~3

B 7ol A8 A BT Hee
Spalart$t Leonard”, 29} 3> Fo| ArAlstA 7]
£5o] glomz dy|dME ws dYsn
Ao BAY WL Vet

Fig. 12 Azt8 237t §4 U9 vgEA

Tk ()

Fig. 1 Coordinate system and notation
{o:wall points; x: creation points)

38

FUFEFL AA Jde 2Ptk HAGY ®
He dA4% AR N, /e A, & ¥ (wall
point)& ¥AI8tx, 4 HolAd A R FAS
o AA AFAAE Wit YA KA,
+1, =+, Nyl &8¢ 242t Iy, T, 4
AA SFAAE EABlLR, FRAE £@] Iy
Tir, 9 AR GR4A7E AR, EA:A 3
o] ¥y oMY fE8eE vdAEH A

FA2 € 2F SFLAY FE5EFe] Fol
"ok 23] gHo] shtel fdeolm®, A |
+19 49 F5arE 22 g2 g9 7
g st i+194M 9 FEEerr 2oz

w‘iH wH‘l:O ....................................... (l)
7b gk oA ZRE "lX4 Ty, i, ol
@3 PP

A[‘:B ................................................ (2)
7t QojAth A YRIESY £3e Fo] 00]EE,
FAeAR Qs HAY £o02 S YAE
A AYstn 2 PR =Fe] A PRk
A BEE £ JEE 4 (2)9 viAlet A8 Kel-
ving] A7

Z‘I"lzo ................................................ (3)
2 @@} 9714 i=1, Nyelth

4 (2)2 Gauss 2AYCE EW A 4FY
Zel 3 7l AR o7l PB4 As
AMAZba BAgle] dASER A A4
AT'E =004 #T FaiE "o

o] JAEL & YUY &xo o KA
oA olF gt} Yool 9FYA 9 FES ¢
g YAl 9% s 7dR&5Y & F

& I i, x(x— x;)

vom R I
7t B A7 xiE 2 4R 9RdE, x; &
Urz] obFdate] fARE], Ny & YA, o
= 4AY wrx| o)t} 71E9] AR YA
o] WREE Yoz 4= mAugod oy
2 @7 Chorin”ol meh

' =AS/27T .......................................... (5)
2 sy o3, dds A4FE Alelg A R,
(Fig.1 32)= 010 2 vk

Z} QA A X WEE U=dx/dtell 4 D)
o] US didsta Alzel diasll H2std dare

Joumal of KIS Vol. 14, No. 4, December ' 99



q AR xB Advd. F F dF4AY A A
x"1= Adams-Bashfortht& AM4-8e] &l
% 3" o}Re YA X" '2HH
X=X (15U 050" gt e (6)
2 Feg ady Zvn=Dde U o] &)
82 goernz 4 (6)F AbdE & itk o]
Fol Fdes LU Y(Euler scheme)& AHE-
sgon 2 ddae FBES o & 23
Runge-Kutta®}
an/Z:x“-i—Undt .............................. (7a)
K=" 05U -05UN 4t ()
oz FAEE FRAYG. eUYe AAR
7b Ot4udE) Hls A ()L 0(d)elth,
ShFRtY] ABAH olFol yiEH o &
FolM dHFaAd oFEd(vortex shedding)
o2 dFdS HAA Fo o AL 4t
vt} 2 BARY AFTREY A2E JFY
A7} AAEng N2 7tte] Ax & FAME
7Y Ashe FA7L Yoo ey A™W
o FHdde A4S AN Bavt ez
E AFoME oo} AHE viAEFE AMAE
o2 wisfESel A4g Foln AddY F4
AMe AFYA APl Lol BES Y
=3
FHASF Cpot FEAF CE 48 SF4A
o] A e53d Wi, &
Co=WZriy )" ~(Ziy )" V0SUSh At -+(8)
Q=—UErxy~(Zrx)" 150 h 4t

HojA FUFESe xwBgor 1008 st
Ao kA4 hE 1002 &gk e
AsE 00252 3] HWRS(N,)
£ £=015 02 025¢ = Z2+ 92, 9%, 100, &
A (NVE 800, ADATTA(L4DL 012 84
ok 2y e A 6)} (Do A4 Axke o]
FME FALXE &ol7) A 4tF 0RE
3t FEAS 5 B Al F
EYo)] B E t<2000 2] g A9stAnh

EEAY M Es X H14A A4S '993 123

oHF KK Y

FAY AH5UAES 9% FHANNHY oF
B el 348 #elay) s, AxjAdE
A B0 Azg o]F =029 HHEY F
A9} 27} S §H o7 Fig 2o vehligdth

t=1

=5

=10

t=20

Fig. 2 Vortex formation and shedding followed impulsive
start of flow (8 =02)

39



t=1014 49 e 57 4= okt
=5 M &F7 dFdH oz st o,
t=10014% oldZ <F7 AFEY o %
AAated ol AoiAa ek t=2094ME ol
= F7 SRR olFd Jx, H¥r A
= A SE7F AAEHL eSS & 7 ATk

Fig. 32 & Col WaE 13 ot
g7 242 ¥B9 wWslrle] F7EE o 19
oA CLol VE F7I2 ¥ F g EF
A A 2T >20004 A9 Aoz W
S & 5 gk o] AEL AYUY HHNAY
AE A7 FEH(vortex shedding)ol <3t
Aoy ¢ W3z HE A3 F5(Strouhal
number):> 8=0.15 02, 0251 st Z+z}
0.15, 0.16, 0.1601 At}

" . " " baeaid 2
0 20 40 60 STD 100 120 140 160

Fig. 3 Variation of lift coefficient
(8=0.15, 0.2, 0.25 from top)
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Fig. 4 Variation of drag coefficient
(B =0.15, 0.2, 0.25 from top)

Fig. 3% Fig.49 %2+ A5 »
s suAe) RAAN W § FHH
o4 AME Ao Uehdch

Table 1& B0l we FFFAA+E ehd
sgolth shREWel AAHez ushte 20
CLR0AAS BEYRATE 24 ) o)
oF 20~30% %t} ©| gx% =579 Ave A
o gong el +dd g8 YA
o) AMEsE Ao JeA sk,

2

Table 1 Comparison of mean drag coefficient

drag coefficient (Cp)
# present computation experiment
0.15 253 20"
0.20 255 2.07"
025 260 2.05”
39, JFFIAFE A7k gl dste

Journal of KiIS Vol. 14, No. 4, December '99



E5F A9 022 veht d2sC=09 & ¢
L=

9] Fig. 201A 9} 2o} HUre] FHor e
2EE0| HAH o] £8Eol9 o]F HHo| Wt
Ego g 3Fo oFdol dAdYnh Fig.b
T t=1609149 #EYEE FHoz FAH
aYeRA, ‘i‘ltﬂ‘%“?}gl 2EEo7t AUz ¥
A olEdSE Yella ot o] 4£8E0)
o tAH L 9HE "ei(vortex shedding)9] F7]¢
A A= gled, gl dysgz 4
e AFFE =015 02, 0259 dsid &
Z} 0.15, 0.16, 0.162 A9 gorg AMATF

Fig. 5 Vortex streets at t=160
(B =0.15, 0.2, 0.25 from top)
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