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Structure of a Vortex Ring in Deformation Process

Muneshige OKUDE* and Nobuyuki OHKURA**
* Faculty of Science and Technology, Meijo University, ** Aiki Seisakusyo Ltd.,

The structure of a vortex ring in deformation process were investigated by means of smoke
visualization technique. The photographs of the flow pattern of a section perpendicular to the axis
of a vortex ring were taken continuously with a high-speed video camera. The solid picture of a
vortex ring was obtained by constructing these photographs with a computer graphics tool. Just
after generating a vortex ring, the solid picture displayed a shape like the doughnut. The
circumferential distortion appeared regularly on the surface of a solid picture as the vortex ring
travelled downstream and the solid picture grew into the polygon. The distortion of the inner side
on the circumferential surface of the solid picture was larger than that of the outer side on the
surface. At final stage, i.e., just before collapse of the vortex ring, it seemed that a pair of rings
might enclose the vortex core of vortex ring. These pair of rings were not combined with the
vortex core. The pair of rings may be constructed of a small pair of vortex ring which are
generated due to the centrifugal instability.

Key Words : Vortex ring, Flow Visualization, Centrifugal instability

1. ¥F2HE

BHR—-ELREREARET, MOERECREINER
RIGHEZREZLTCVWBZEEEILLHMENTVS,
WOREBREORAEE. BROAN=ILEHS
LTCEERFVDIVERDZIEEZIOGNS, LD L.
2L DG, BRARTROWZHESX. 20
FEOBE®KIC, HAKNREELPRSNE DD,
BIEMLTEOT, ZhE2EERIES DEH»
BROKETH 5,

WS Vi, MRoZERAREZHRABEL TV 5,
hzaR? L. HBRNEHEREE T, RiRE2RE
LTHRESE, BEMEDIWVWEDITH D, /=,
MERIE. BED S REICE 281 CHEEFEVWEL
ERT. TRbL, BmiE. BEER, AETH
A0, REEAEHIC, ZOEAMICEREED
B, ZhDEIEL T, EBXESRICR - ZE
BHET %,

Widnall & 2 (&, &2 EO R Z T84
L. BAMOEOEE ZDMIBREZRD, M
FREREHEBLTWS, £/, WS, Rt
ICHEERAORNEKZAFL L., TOHDOE
D, FREFEAICHE STV TEIEERLE, B
OV SRR TS EE I o i i - (AN IR = &)
PoTNBHDD, ZDELDEFED iR DAER
MEZWHSPICLEDIERVWESIZES,

ARE. Rhoagbiifiz A, Wm0z
EAREDOMONIMEELHRE L ERREZHRET 5,
2. RBRREHLUAIE

Wimix, 2V 74 Z(EEd=50 mm)& AE—
HEDHICHEEEZBD, V7 4 ADSESE
AR LH LAt . BwiE. Y 7«
APSEDES h ZEiBET 5 & &, HiRicE
BEICBHLEZ, B2 mmDRY) v M TAHREX
Nizo WWETHORNERIZ. ZOLAICEIPN
EETFTAARST, B 120 A THREINE.
‘B, WEPAEEZROGIOMEDLP SBRIET
ZEROMBE COBATITbIE, R 2
)w M NEEET B EICUERS - —E O E S
. MR ICHDEREDS RN 2 & TH 15 BE. 5
HEAOMETH BB THoZ. ChHD—#
DETF A EEZEHERICEDIAAZE, = RTHE
BALFEY 7 b AV, RO A RICEE, iR
DIMAREBEDR/ SN,

3. ERBRBLUER
3. 1 BWROETIZHESEFEOHEF

Fig.1 {2, Re = Vd/v = 1100 (V : {Bla D347 HE
) I35, AV 74 ZA»5DES h = 370,
650 B LT 750 mm D LB D il D AKE S 2 R
T HEBICHN-LEIX, HBORNEKEZEE
LEETFAHEGOEBEOBEMEICH YT 2, S0

Thic dociiment ic nrovided hv TAXA



34 WL T B D TE R S B B AT S

Hz 5y, MWICEAINFEOEEEmICHEY
T3, CORDFE EOFEEME LT, Mwst
JEE A D EE DR WEDSEEINTVWAD T, 2 DAL
KER I, BIROIFTIIREOWRITZ T T o Wi,
TAhAPS LA, PRFRICADP > TEITLTY
T ZOT 2 iBEEIC T U TFRI30 deg DA
PHEBE LTV,

h =370 mm (Fig.1(a)) D HE. W@IX. 7 —F
DR=FVIIPEERZLTVD, BEREHEOMNE
BLUOAEZRZ . MNBIFIEAETH > T,
BREETIRENA TRV, F—=F Y EERDE LI
SR RBkIE. BOBROBIZE>THLE, K%
HEELTWAD, ZOMKREZIX. h = 400 mm O
#HETHEHN S,

HEOHEST U7~ h = 650 mm (Fig.1(b)) D HA.
K605 X5, RmiE. 6 ARICERELT
Wb, ZTOERIE. SAEEI D AREED A DK E
CHEMATW3, HEAKBLTWS D, AR
ERZL. ZORIE, KELFEAKIC6AETH >
. REDBMOES T, WEIMERL, ZO
EEBREEETH o= TOLIRERIZ. h
=450 mm {FEPSIHEED, h =540 mm {F3ET 8
A, h=575 mm{PET7TARICERLEZRE. h
= 650 mm {3 THIZTRT 6 AN ERBET,
Wik > DEBRTHN=TLEWR D DR DK
E{ROEwIBIZHNTZo

I 512, W@ERAHHEIT L7 h =700 mm (Fig.1(c))
DGE. IP52H» 5 K52, h=650 mm (Fig.1
O)DOHZE LB LT, WmErRY KEERL
TWb, LD U, REA I, IR 2 KA
MrREONE, ZOROEHE LT, MbD | |
HICRT —OERROE D R D& 57 6 DI
RIEIZAEA TW B, Figld (a), (b)) BLY (¢) &
B—DREDOEZRLEDDTIERVWA, h =
700 mm D ERDE L. h = 650 mm DEHD |
HITCRIEADHELEZHIDTH S, h =650 mm
FIEPSBEOEEDBBICHEDL I EBHP 5,
MR, CDITEDh =750 mm {HETRET
60

Wi, AEOREDLP S ZSDVERIEN=HE,
BRI ZDOERDBEHS. BIBIZEDLZ D15,
BERONRKBREICOVWTIR U LEDOED TH S
DL WIZ. ZOEFERED D RS IC DV
THLLARNS,

3. 2 ARMOAPIEE

Fig.2 IZ. Fig.1(c) D MAKBEEBED FHH»SEHEL
7= Eif4 % "9 Fig.l(c) ® | | EID Fig.2 DD
P AENCHET %o

VHREBERSZE, P MEIOMEIC. —XDIR
DEIhTWS, TO—XDEIX, VBl A TRT

WROAEKEZRMDBNTNWELIICRZ %, 2h
WL ERDS, TR A IS 6 MEBIRIIC A T
BN B, ThE ORI RERAEZ
DBEBNTNEIRE D PHEDID S,

Fig3(a) 8L (b) &, Zh2Zh. Fig2 ® H#R
TR BWHEBL CHEANDEBREZRT,

B Wi (Fig3(a) ZR2&. MmAKZRTHR
WHE ChERYASHROMENHREINS, R
DYNTVWBESFDBR SN Z D, T HIZRD UM
HICNLUTEMENWTNWE20TH>T. B Wi
ELLT ST ehoBaMNYINT. ZOESHD
BB, —4. CHIHE (Fig3®) 2R3 &, MmA
KOAOWHPEHEI . B MEOX S RERIZR
Bhian, ThHDEB»S, RmOWAED IZ—
MOBBENDE Z LD D,

COMEmAKEIR DB IROMIEE X 5 I
WCHRB,

Fig.4 IZ Fig3)DIR%z & AMREEA S AICEHA
EREEUIMEZ D-D WA T > T LEAD»SH
BUFEEGEEZTRT, P52 DL51, K a
CAESE, bICEEBZOMPBEIND, a L b,
ZOREEABEPSHEWVICHEORERZET 5, 1@ a
£ b &, Fig3 TE—2ODBOLIICRZITNS
M. CZOREZODODW|THERINTVWEILITH
%, IHIZ, ZOEHBEE - ENETUKLED
D% Fig5ICmd. COMMETIX, a° &b ITW@E
OWHEDPENT NS, a' &b X, FhZh Figd
D a&bliZOBRB>TWVS, Makbik. Fh
Zhimb & a OWHICE S ICRVWFEL BB &
DBoah b,

MAHEDPEET 2L &, AREED D ITELITRER
EW L > T—HOMBRMEN D, Fig.6(a)ll Z D
XXETRT, AHZWELRIT. ThzHERE
LA X % Fig.6b)iZ s, TDR, —xtDif
BO ¢ oL dMATHWNWIRESETHLDT
IBHELAVWHEL RS, BRELT. e &fDH
WD b, ThERURED LEROBERD
WRICHENZLEZOND, CORR»PS, Lib
D—NDERE. ZHOBIBETHEINEZEZISN
%0 §Rb B, Fig2 IBEINS 6 XDMHERIL.
1 2XDOMWMIRTHRINTNELEZ D,

3. 3 [EEMAEEHLHORBRORER

EEMAEED D ICHENEZELONRREICL
x (iRER) ORI pd (p @ WEOME. d : [
FER) Z2REEL A IV Rer (=T /rv., T
CIEERME. v o BHREE) oL TcTRy bLED
D% Fig.7 IZ7R"$ o Chen 5% BLU Liu » Of5E
ERRFIZRT

WERDORIRIX. Rer BHEMT 2 & &, ¥y
77 LEBHRICHDTEI LD 5,

Thic dociiment ic nrovided hv TAXA



[ BE e ERy O W] & I | BT ke e (952500 - 852610 35

e DS Fig2 OZEFICE S ERITOME .

ZhDSHBELEBRES X TRROBEERS S
S2TW3%, 22T, BwmO—WMEUIMLTIN
ZHIZTEE. BRICEMN-BE2ZEODIAEE
CXr@EedEREL, ZOMR%E Fig.7 [C @
(Vortex ring) 70w b L7z,

K oahbLHic, 70w bk, BlERAH
DEZLOELICEHATWS, ZOFEBLV Ll
DFERD>S., BRICHENZWEERE. BoRERIC X
BEODHAREICL > THENEAHEDSD 5, T
bbb, BOMERIC X BEBEOHFRRED. BiwD
RAEOEOEERELTWBHEEEMELEDH %,
4. F&&

1) MEwICHN 2 BREROED, LAKREIRICHN

7=
2) BmONRALZARLRELE, ZOWMD

BLABOZAL L RS, LP L. RO

AL gD EROMMIE, BEWIZHETH o7,
3) MEOREERT. WWOWMBKER D 5L,

— X OBMBEN. DR A IR

WCEBEN %,

4) W ERDEL —NORIX, WKEHEELT
WRN,

5) Lid4) o—xDERIZ. WORBHERIC K 5D
NARETCHNEZZHOWIRTHBEI LT
%o

6) Lib) oM OMREIX. EEMAFECENNS
WXt Ok E —89d %,

&% Xk

1) NEEE fh:HARKDERFE T RPN
,15(1996), pp.401-408.

2) S.E.Widnall et al.:Proc.R.Soc.Lond. A.332 (1973)
, pp-335-353.

3 ) C.F.Chen et al.:Phys.Fluids.,V0l.10(1967),
pp-1845-1846.

4 ) D.C.Liu:Ph.D.Thesis, Rutgers University
(TR-136-MAE-F)

5) Keifgz f:HARKAERGE 2HN,17 &
A1 (1998), pp.27-28.

(a) h = 370 mm

(b) h = 650 mm

(¢) h =700 mm

Fig.1 Solid pictures of a vortex ring

(a) Section B
Fig.3 Cross sections of a pair of rings

Fig.2 Pair of rings enclosing the vortex ring

(b) Section C
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Fig.4 D-D cross section in Fig.3(a) Fig.5 E-E cross section in Fig.4
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Fig.6 Typical flow around a circular cylinder
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Fig.7 Spacing between neighboring pair of rings
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