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A role of filaments on axisymmetrization process of an elliptic vortex
with non-uniform vorticity distribution

R (RE KRR - EIAR), BB (R AR - B
Shin’ya Murakami, Kobe University
Takahiro Iwayama, Kobe University

FAX: 078-803-5791, E-mail: murashin@gfd-dennou.org

Study on dynamics of single vortex would be helpful for further understanding of two-dimensional
(2D) turbulence, since 2D turbulence can be considered as collective motion of vortices. Melander,
et al.(1987) studied an axisymmetrization process of an elliptic vortex with non-uniform vorticity
distribution. They discussed qualitatively the effect of the filaments on the axisymmetrization
process of the elliptic vortex. However, quantitative studies on such effect have not been performed
yet. Thus, we investigate the effect of the filaments on the axisymmetrization of the elliptic
vortex through numerical simulations. We find that the filaments play a significant role on the
axisymmetrization of the elliptic vortex only at the early stage of evolution. In contrast, the
velocity induced by the vortex core contributes to both the axisymmetrization and the anti-

axisymmetrization.

1 LI

2 RTELRIEFE I BT S HRORMOEE & ARED.
HE>T, fl% DMDEHFEEFRD Z LW, 2 RITHLIRD &
DEWEBEOBIFIZREE5S5. TO LD BEERBOT,
Melander, McWilliams and Zabusky (1987)") 13— k22
&340 % B DG I OB FAME S 2 5 U 7.

FEM L Z DHIRFRMBRRIZBENT 7 ¢ 7 AV MERET
5 WAL NTWVWS. Melander, et al(1987) I&iEH T 2
LEERR &, T DO EE AT DT AV S ER D ]
MBI 5, FEERRDHEIFIMET 2 £ 2 RHEELTH D H»
EIMHIInD T L ERERU . 2 ORMFNBEIRISIRES D
BBIEI BRI IZ E o TR E D, WA IZMEL DG
RIEIIIZT 4 TAY IRKRELFEL, 20D, 7145
AV NEHIZIIEI FMBIZ T 5 8 L MR IR U 2.

INEFTIDOERIFERCHRIN TR, £IT,
AR TGO FAEAND T 4 T A ML 2 #%
BABRNZ TN 7=

2 EMAREXCHEAE

21 EmfAEN
IKPEIEFERR, FEFEREVE I A D NEE i 7572 0

2o 0000 0000 _

ot  dxdy Oxdy
WD, 22T, w= V2 IZWE, o TR, v I3k
BETHS. WEGOVIAEIR,

W(r) = wo {1 — exp {*C% xp (7 Rfﬂ T) H

(0<r<Ry) (2

US Z2Tr = ar? +by? THB. \Ja/b IEHH
TARY NHTHY, 2,3,V/10,4,5,6 LZEL 2. £/,
C = —1e’In} ~ 2.5608517, Ry = 7/2, wo = 10 X L /=,
2 X 2w OFERIC —EFHIRR LM Z L, ZERIEART b
JVIET, I 3 XD Adams-Bashforth 512 &Y ¢t =15 &
THEAEFE 21772, M7 =80 30722 CTHIWmREX 1023,
v=15%x10"° Th 3.
AT T AR M V10 DA ORERZ RN,

V3w (1)

22 TASAVRNEATDRE

WEIGDEDE|RE T 145 AV NEEHTDENITHEROAR
MnRHd. 74T AV MIWMELGZD L X2, TOREE
MHETA4TAYFEIFIENTVWEDT, BE»SRIDIH
RTHD. FMEMPADOMBEFEDAL, 74 7 AV 2
WOIATIERTS TR OMNEICHS. 22T, EHTD
MR E RO, BEOMEEROMEBEL, Thi ViM%
T4 T AV NEARBRT. KRBT L, 747 AV MAO
TORE) ZEE. ZOLE ITICEMLTHOE ESICAX
BN HEN, BOREFEEENLTIT EHEMLT
WABEIET A TAY NEARTILIZUL, SREIZEED
2 DUF OIS % 55\ il AEIg & Uz,

2.3 #ERFMEICHT 2HFS5OHENA

1 H T 2 SRR IR LT 5 2 E DL, Melander, et
al(1987) DSFaH U 72 i ik & FEAVEB O S E AR D 8T 321K
BAfRAERIA U 7z, O dDE DR R & RN O EH
ML EIEMIEZ LTHY, AUESZRALTWS. &
Mz U -ZFREROEHORA%Z ¢, FEMEEZ LU ZRN
HBOFEROEMORALE ¢, LEES, TNLOMEEE
¢d = ¢w - ¢¢ tlﬁ< . :@ﬁﬁfg% (;bd @Eﬁbi, ThTh
R D7 ARD N L&D, BINSE 28 EBIIIRT 5.
SENET 4 AV IBDHDHED ¢pg &, BNGED ¢, &R
D7, ¢ IEATDOMEBZZ LD EDTHY, g — ¢ &7 1
SAY NOWFEILZD g IZNT2HGETH 5.

Oq 1&, R BNEBOSEREEHII 7 v TV
U, MHOEMOmA%FRTDEZLizk Y kdA. HH
ANDT 1T+ V7% Fitzgibon, et al.(1999)?) O F5¥k%
W/,

HHTERERE, RERELBLU B THENE .
MEREL, 2 78ISO S 5 K T 7 OAMINE WAL E I H B
w=06DHEMERE Uz, THISHIEL TER T 2N
DOFMERRIE, w = 6 DFRMEROFLIZHD p = —1.2 DF
filifg e U7z,

3 WBREER

Fig. 1137 1 5 4> MESOMEY, Fig. 2132 7 f#Hi%D
MESETHD. DT HEBKIIEHBBEZBELCTT 07 AV MR
DWMELE2EATELT, ITMHRE 7 14 7 AV NMEEND
FLHMTETVB I EDRDNS.



Fig. 3 XFMER w = 6(EM) LMD FHE iR
= —1.2(0H%) OT AR NHOWHFETH S, FiHE
BOT AR NIFFHIZKRESBA LTS, £/, o
ht=THEYTHTOBMPR SN L DD, RHFRE
WU TEOCAMTIRE U A2 SRR U, 11250 <H
MR THENS.

Fig. 4 121 ¢a(Bfi) & dq— ¢/, (k1) ORI Z 70 K
U7z, Zheh, BFEIcn 32 3 7 ko E 5o 2
T4 T AV MEBORMES OS2 RANS ZENTES.
O 1 pg — ¢ ICHARTHRIEAS K X <, BOAMTE B L TH#
HIIZHRBI L T B, o) ISRIFRE OB (t ~ 11,14) TK
SVIEDEZE> T3, Zhid 7 A~X7 M (Fig. 3, %
) DIEIE LIZB o /72, HEH DM S AEMICRE>THA
WEEZLNG. ¢g— ¢ IFHIRIFE VR (1.0 <t < 2.5)
WWEWTEWZARY, 5 <t SILICHUNIKER RS2, &
B2720E3 St S45 2BV TOATHY, TOKEX
FEROTNI W, 2T, 71 7 AV MIRKHFEEEZBL T
BB LTHNFMET D LD ICFLSELTEY, TOFL5IRIC
PFHNZBOVTREINZ LD ND.

FeHD L, ATITE > THE I N D WL I L &
B FR AL O 5 IHRBIICF 595, —ATT A7 AV N
IR EL ¢g WIEILRD LD IFHET D, §8D0H
HINFMLZEETS. TUTOLORLTIRIZLACHES
H2B0., ZhiE, 749 AV MR IT7DEDYEBB LT
VB &, 7+ T A2 M O OEGIETFRE

PEDNDFDTHD L ELDND.

a) t=0.0 b) t=1.0 c) t=2.0

4 Fas Ry 1
" I

d) t=4.0 o) t=8.0 f) t=15.0
ﬁ 7 VV‘

2 2+ 2 ]
e e e

Fig. 1 Snapshots of vorticity field of the core
region at t = 0, 1, 2, 4, 8, 15. The contour
interval is 2.
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Fig. 2 Snapshots of vorticity field of the fila-
ment region at ¢t =0, 1, 2, 4, 8, 15. The contour

interval is 2.
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Fig. 3 Time evolution of the aspect ratio of the

equi-vorticity contour with w = 6 and streamline
with 9 = —1.2.
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Fig. 4 Time evolution of ¢}, and ¢4 — ¢}.



