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Three Dimensional CFD and Experiment Study on the
Dynamic Characteristics of a Horizontal Vortex Ring

Chang Ho Yeo and Yong Kweon Suh

Abstract

In this paper, we report the numerical and experimental solutions of the dynamic characteristics of a
vortex ring in a circular cylinder generated by impinging a fluid blob from a hole on the bottom wall of
the cylinder. We managed to visualize successfully the flow pattern shown on the vertical and
horizontal planes by using a specially designed optical apparatus. Results of three—-dimensional
computation for the flow are shown to be in a satisfactory agreement with the experimental ones. We
also report the experimental results which show a breaking of the axi—symmetric pattern after the

vortex touches the free surface.
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Fig. 1 Dimensionless coordinates and the
vortex generator on the bottom wall. Gererster i

Fig. 2 Experimental apparatus for visualization
of for vortex ring.

2. A8 X & &Y

2

StOI 2801 2H S¥S SZSIAS0, Moody
2.1 83 Mol st 2 OHE HMS So 1 BrgsS
Fig. 2= 282 S8 RSHISAE A 88 gogac. a8 229 =0 Im BIUHAHE
axolid. = daaxi= 23 25emel S & ymmoz 3om/se 920 LEERE S0
Jlet J8 s AAZE )], 121 02 XCH 290 W= QUMK SCsius o we
o0l 23t 29A d4F X (vortex generator) = o] LEO ASE 9T 9)S WO o
= voEl. 25 849 282 43N & o ypon SIS ASH B2 FUSD. B
TUS JHAStE 8% SOt HiE HBHN X oy 2mans gwd dd A2E SIS
D 0 AOIOIE R 5em2 ROl AN UM 2 yen as =0 =S US = (A2
=E2 SEe 8. Z8s SL3X0 7S Ola CHIIBCH J2I3 01K B2 02l 2AS
= JIANSE SHE ERASY B8 SBUH X o gz oo ommoz oY RS we =
Cz HEA MAEXY o RYL: RYH 0] UGS SHAS UOH SO 2LEEZ A2 A
Ch =88 NS 28 28 Sl S22 b 5 gey sy AW HEEE SAT. AR
AlBE BI10 EEHE HE S Al 28L o e oz oo ans xNAY MSD
MART SHRUE 2A0E LXBACH I o s= me S0 HOH ZS BECG, 21D 3
IR0 BN PUS HO HBUY FAE N ; so wws g HB M| LIS s 2
& SR JNSE Sa%E WS 08cm  goc= 50 wea wo HES S8
o HiY §22 S 2T ARLIRREH X
oiutstel el A BIUSSE otACH S 3 AXHET AHED U HE
S20o F200| XS (on-off) WAEEE HX
ol &t AM2sotat EZM0| SSHEF of HElA 2o 3% AXGINS st A2 3
Ao S CFXZ AIBSHACH Y29 ER0MA 2
AAU2 EZ(normal speed)X21g HHGHACH
2.2 d8d ANYS MM DY AEZ G0 2 768HH
2 JE2 4242 0M g2EE(Fluorescein) o] M@ |ASINUCH D2lD BeHA 20| OIS
E =gots ALZFH AHED. ZE0HE F e ©= 220 ASTOHMSE sio Matge
FHE 22 722 B 2R LEINE S SN B O MUSHH AX2S THEACH &
S 2l SSHE 3892 RS o A, mp sus xA02 AXHA HHD -E9
dots gesRod B0I0A B2 482 ¥ NAY LZHAMS SEE JIECR B alolsX

.27 -



4= 750010 XA A8 R BIAES O Vo
Q= XIS MEHO CHEt ZDEO0ICH %X Ha

Ol CHEH AIFAEIE 0.00585E AIZBHO A A Sl
ZEJINH HBNOZ 0.2s2 6101 HASALH
243X HArE 8L

Fig.32 BIEEMIt = MNEHOIAS Re=750,
24 18cm, if—étﬂa.l S AAIZHE) S 3s0f
(18 ASZUZ A A 5 A 22 By

O| _C'l;%0| Exl-g %{OD:‘ EE&IJ\ a|0| I}OH B_Y
Ol SN UAREE § M BHA &9 (a) t*=3.3s
2 BlEE A2 2 £It YL 01A2 URE i

Hol X*E%Q | 26t HE6tD UASE 20|t
H USEEHHAMS dHSEES IeHBY §4
(HE s, g4 S) o@Es SN AWM
Ol0F &2 20I8tCt

Fig.d= A& SLs X0 & 3X
XaiAe ZHE ATF LIEHH A0ICH AE
2l Fig.3 HlwotH =J| ELA &9 &
OlLt IISECOMSE 28A &0l 2ll%es
S MERCs & AXSHAIC BEAD KR
ol €= ANE2 =Xoid U2t O e A2
LIEFSACE Ol AIBIOIMS SZ=22E9 HE Fig. -4 Vorticity contours at two instants of
22T AXAUANL 2EATI 02 A0 time obtained from the numerical solutions at

0

DE 0
el HU (= i S

A
=2
3‘_1
=
H

(b) t*=14s

BHLIO R0I0O2 XREICHD TCHEIC} Re=1750, e=o0, H=18Cm and t;=3s.
Fig.o= BIY2Z%H 10cm % 17.5cm &
N SHCO MUA A48 AR & =l
CE ABEUAN g2 g9 HaEIH (M=)
2T 2AY(RE)S I Aot S
Of 8590 HEZE UEHsICt) 28, gJdg
A= AHHA “E0AM EAE 284 H
Jills HY 2HME AEE 0IFHA S22
a0 & M= U
il gol g H
SRS 200 HE

=)
H
1o
H

r|r flo

(a) z=10cm, t° =8s
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Fig. 3 Flow-visualization result for the Fig. 5 Flow-visualization (left) and numerical
dynamics of a vortex ring at Re=1750, &= co, solution (right; vorticity contour) at the
H=18 and ¢, =3s(vertical plane). horizontal planes.
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(a) Equi-vorticity surface  (b) pressure contour
Fig. 6 Numerical results of equi-vorticity surface
of the vorticity 0.5 and the pressure contour at

the vertical plane at ¢ = 11.5s,
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