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Vertical movement of vortex ring with smaller density than ambient
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ABSTRACT

The purpose of the present investigation is to reveal the effect of buoyancy on vertical movement of
a laminar vortex ring whose density is smaller than ambient. Its downward motion may be obstructed
by buoyancy and travel distance may be reduced. The numerical simulation based on the finite volume
method is performed assuming axisymmetry and incompressibility. Vertical movement is significantly
obstructed by small density difference even below 0.1%. The ring is decelerated, its diameter is re-
duced and the circulation decreases with higher rate than uniform density. Due to the baroclinic gen-
eration of negative vorticity, the outer part of a ring is gradually peeled away and finally stops to de-
scend. The buoyancy effect decreases relatively with increasing initial circulation.

Keywords : Vortex ring, density difference, numerical simulation

1. i

BE O B CHEERE 2RI T 2 an b 5, #
DOEIZRIRE & 72 5 O OB EREE T, R AR
EDOWMICBELZRHLBEDENEMOLLER DD,

% ZCARIE TR, AR X0 B E ARV R
PERTE T FIET T DS, B OB L iREDE
ITRERLRERRE 2 ERE(ET DHEICO>NT, BIERF
W& AV CEI~T.

2. BUHARHT
M ICHEEREZ =T - KRERDIREHRANCHREL
TWAERE py OBRBREGFREO BT, BE py OREER
BBRATZ ) v — (RED) BREINTHWT, 0<
t <log PHRNC DB AT o FRIT— R E Uy, 5 2 T2,
JeEHE, DHE T S IRE Lic B Rk S iz E gD
X, EHHERNR L O E L AL,

VU =0 (D
du’ e oA 1y

—=-VP -2—pj+—V~*U

dr Frp ! Re 2)
1704 1 v

—_— = V /Y.

dr ScRe &

P*=2(P - Po)/(p1 + p2) Ui, p* = (02-p)(p2-p1) Re =
UnDlv (LA JVZED) . A= (p2-p)p2+p1) (T b
v N8O, Fr = U2/ Dg (70— N80 . Sc = viDy
(aIy MY THD, X=C/HC + ) (C,C i e
BEEREOENVEE) BREEREOETNLHE, p=
CiMy M Bo1+E) Thad., Fio, BikMFREL v =
wps . BEEREIIA—REAKE L u=1.002mPa s, D>
=1.5X105ms, Sc=4.9 X 103 T—E&L, Re 4 %
Bl &z,

BARLME, v o FNE L ARESRO Em BC Tl
TR, FHE (CD & DE) Tl R+ A
Wz, EAEEIZELTIE, OA & AB TikX=I, CD
EDE CRX=0 & L7z, ZRIZBL TiT 1 kA EES,
FEfERa iR IR & V., JEA i simple ¥5I2 K W sk 7z, X
1Bl EZ=S I L0 Bt Lz, U ERAmE %
FERLIZLETISOX 225 2finaZ ki Lz,

+°=4 Uin
—O"J:lf— D/2=7.9mm

z .
10 Y I B — -» no slip wall
01~ - -
B .~ c
|
|
|
|
I
1
|
12.5D 00 I
i I outflow
1 : i
' A7
1/
r
I
|
Er-======-C D
6.25D

M1 FRivEg oMz & G A E K

3. BRBIUEE
1 FEXRILLDREBOEL

2P I VICk o THIEESNIFEHEAY MV &%
BT DR O—Fl 2R3 T . SHEEOHE LT 5 &,
TR, BEMAT I, BEZEOE & IR O NI
o, MEOEERLL TR LTS Z LA
FRENTWD, BIEMIIC X D180 T GHEE 3258 X
D &R/ SO, BTE CH—RBRRARE L 5 %

This document is provided by JAXA.



26 FHIM 2V B FE RS R RI ¥R JAXA-SP-06-013

-1
(

A=0 A=0.0006 A=0.0012

X2 JRE#ES7 b0l (=9,
Re=630, Fr=0.01, L: P IV, F:
BlEfizir)

TWaDIZH L, EBETHER M EBICL DEE
A=0, T A=0.0012. Re-630 fiix#HALEIHTNDH LN
HEIZEA2bDEEZLNS,

X 3B L A RESTRO—H 25T, %
BHE (4=0, EEB) OBEOBEICERTDE, r=
3 CEEIZIRIR IR 2 4L, =4 TR I E o %L
@Y YAREOBEBN T FGLTBY . SR
OEEZTVRBEOFNEFE—HLTWS, chiE
EEROLIBEELASATHBL L, z HFAOEFTHETS
., BEOE—7EBRED L, BEOIAELHNLT
Wo, FFiCimOMINICADRERAERINTWEZ &
BEEERD,

3-2 JBEIT A B h DR
BEEOHDIMIMOMEEDZ S SICRHT S b
it BE R,
a'_u)’ = (m' ~V')U' +[2AV—‘?xﬂ,—ZiV4xj:|+1V'2m'
dt p dt Frop Re
OFAE (1) 12220 Tl Lz, B 4132 0%
T, RERORTT A HIMUIC 2T TR OIRE AR STERT
&, TOMMEREEERREVWITRREV, AD4E
BT XY, @ERZAMUA SIBERRA LTS,

* *
t =3 { =6
o —_
oy
14
-1 5 4 ]
|
|
2 | )
‘3 25, 1]
3
14
4 i
a5y ¥
oos 108 | )
r& vD
e
0 o ps——
08 7’
! 01
3% /
14 ( 5
2 ':_i§
@ -2
1
29
4 4 0z
48 T 01
oos 0 a% 1 0 0% 1t Yo —0
0 D ' rD
—~

K3 EE (£3%) LA (B)
£t A=0, T A=0.0012. Re-630

45 { 45

35 5 % os |
o r'D

B4 HE SR OFHEO S
(r=9. 7£ 1 A=0.0006, # : A=0.0012)

4, FEd

1) 0.3%FREE O B2 T L iR OETITRWEE & e
B
2) FHEEFERKE VT EIRE LR O IR R E E
V., RAEAICITE CEER I LRI LIRS 5,
3) REEHEIEEICIHEET S, BACESADR
BEAERKIZH 5,

This document is provided by JAXA.





