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Vortex Ring-Vortex Tube Interactions
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Numerical simulations of the interaction between the vortex ring and the vortex tube was
performed, with the aim of control of tumbulent mixing layer. The vortex tube is the simple model
of the rolling-up vortices in the mixing layer. The simulation was made by the three-dimensional
vortex blob method. The ratio of circulation of vortex tube to vortex ring I'z/Ir was varied in the
range of 0.5-2.0. If I/IF=0.5 the vortex was stretched and involved into the vortex tube. If
I'x/T-=1.0 the cut and reconnection occurred between a part of the vortex ring and a part of the
vortex tube. But if I'x/IF exceeds about 1.5 the vortex ring was found to pass through the vortex
tube. The initial position of the vortex ring has significant effects on the interaction. A portion in
the vortex ring whose circulation is the same sign as the vortex tube, combined with the vortex tube
to generate the large vortex. On the other hand, another portion in the vortex ring of the opposite
sign generate a new vortex pair.
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of vortex ring

Fig.1 Geometry of vortex ring and vortex tube. Schematic cross

section of vortex ring
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Fig.2 Isosurfaces of magnitude of vorticity |@/,|=0.3 for the circulation ratio /77/7;=0.5. The detail views of |w/

@|=0.15 are on the right

BECEEL, BEICEERAETN THzAMICS T
na. —F, BEIBBOELICLY, PREA~ATYE
RIS LT bR, *=12. 00102 5 & IBBILE bIC
FlEMiZan, 2o BTE. 2O HRLZBRD
ERIESE, ~T EORICER LB OB REEE DR
BT, PL~BEFELNRTWVL (¢1*=19.50). RO
BolTREMSIE, BROFANBE LR LME 2D
T, EHLIBFICEERAETATNL. T42bL, ZOMWE
RW /M1 0 TR, MBOBRINSWICHBREITE
XRENDERIATDEDZENVETHIENDND.
TO%, SOICHEREDD L, R LIHREO LA
i@t EHRL, TOEBCHEEEIZXY +x Fra~
EHRPOHEETS. TROHS S, MEICEEAENR
R HEIEL TV,

(b) ERYE I /r=1.0 DBE

B3 ICBBRE I/ M=1. 0 OB 27~ 9 . FHRBAE
BE®%IL/N=0.5 L RAHKIC, MEFIREICEEZAEZINT
MCBIEMIZSND. BEE, BBICL D PREHEFL
EFensd. LaL, L REOERIERLZOTH
BOBRERAHIEI[BEY, BBOEETAENTBIOLH
EOMLETONBIOM LT D (1*=9.50). W&

OFEBOMX TR 2D T, @ 2R L Tz EICHE
ATV . 1*=12.00 TiE, AE T3l bEREL I
Rxd. AME CTOzFRORESMEFRPFELEICTT. £
BNEDRE, MENADHRETHS. brd LRk
BEOBENREFRER>T VDI EBZOEN LD
5. 0%, BRO—BTHHOQLB/EO—HTHDO
BOREHRDY, Fr-hBGE2ERTE. —FH, BOoD
B THZQLEOLEIBREAMLAE THDI2DL, T
ITHLOREBANBBIVEH - RBEELTERT 5. Rk
%1 1*=22.00 D | w/w,|=0. 15 DFAE T 525, O & @O
B, QOLONRPBFICETENENORERb-IERTFA L
<bhbhd.ULLY, ZOBBREOBEN, BmLiRE
D—RBINBEBRDLIBERIA T THDLZ LBDOND.
(c) BRI I,/I,=2.0 DB '
4 @B /=2 0 DR 7T . SRR
BE% T, 8kFA7, BRY A 7 LRKICRE DRI
BEBOEFICLVATELVRIEEL ETONS. L
L, ZOEBECRBEOBRLB W =HICRBIISE
VERESIT T, BEO~T EUESBz IR
BlEMIZEaND. £ L THAMDP ARNDOF| &I LE
ST, BEFHERELTOLOKFFENATLES. 2O

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

W m r ®E o W HE F B 2691

Fig. 3 Isosurfaces of magnitude of vorticity |w/w|=0.3 for I,/7;=1.0. The detail views of |a/@,|=0.15 are on the

right. The contour of z-component vorticity is on the left

Fig.4 Isosurfaces of magnitude of vorticity |/ =0.3 for/ /I,=2.0. The detail views of|@/@=0.15 are on the right.

The contour of z-component vorticity is on the left
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Fig.5 The Effect of initial position of the vortex ring. Isosurfaces of magnitude of vorticity |/ =0.3 for I/I;=1.0.
The center of vortex ring is (a) (x/R, y/R, 2/R)=~(~1,0,0); (b) (/R, 3/R, ZZR)=<(1,0,0). The contour of z-component vorticity

is on the right
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Fig.6 Distributions of the vortex blob at the various circulation ratio.
Red points are of the vortex ring, blues are the vortex tube and green

is the new blob
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