Applied Physics S #)#, 2019, 9(4), 182-196 Hans X
Published Online April 2019 in Hans. http://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2019.94023

On the Vortex Ring Formation and Evolution
in Negatively Buoyant Jet

Shengwen Chen, Lei Gao*

School of Aeronautics and Astronautics, Sichuan University, Chengdu Sichuan
Email: ‘lei.gao@scu.edu.cn

Received: Apr. Z"d, 2019; accepted: Apr. 17th, 2019; published: Apr. 24th, 2019

Abstract

In this paper, the formation and evolution of negative buoyancy vortex rings are studied experi-
mentally. For small stroke ratio (L/D = 2, 3) cases, the evolution of the buoyant vortex ring in the
near field is investigated. It is found that as Richardson number Ri increases, the growth rates of
the vortex ring radius, as well as its translational velocity are reduced. The kinetic parameters of
the buoyant vortex ring, i.e., the hydrodynamic impulse and circulation, are also diminished by Ri.
The impulse and velocity of the buoyancy vortex ring are obtained and compared with those of the
thin core vortex ring model. It is found that the buoyant vortex ring conforms to the characteris-
tics of thin core vortex ring model.
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Figure 1. Starting buoyancy jet device
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Table 1. Experiment parameters
=1 LEBHY

case D(m) Up(m/s) L(m) p(kg/m®) po(kg/m®) Aplpo(%) Ri

H1 0.02 0.06 0.04 998.1 998.1 0 0

H2 0.02 0.06 0.06 998.1 998.1 0 0

N1 0.02 0.06 0.04 996.9 997.8 —-0.09 —0.050
N2 0.02 0.06 0.06 996.7 997.6 —-0.09 —0.050
N3 0.02 0.06 0.04 996.4 998.1 -0.17 —0.098
N4 0.02 0.06 0.06 996.0 997.8 —0.18 —0.102
N5 0.02 0.06 0.04 994.0 997.7 -0.37 —0.201
N6 0.02 0.06 0.06 993.9 997.5 -0.36 —-0.199
N7 0.02 0.06 0.04 992.0 997.6 —-0.56 -0.304
N8 0.02 0.06 0.06 992.0 997.5 -0.55 —0.298
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Figure 2. (a) - (e) Vorticity contours and velocity vectors at different moments, while Ri = 0, L/D = 2; (f) - (j) Vorticity con-
tours and velocity vectors at different moments, while Ri =0, L/D =3
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Figure 3. (a) - (c) Vorticity contours and velocity vectors at different moments, while Ri = —0.05, L/D = 3; (d) - (f) Vorticity
contours and velocity vectors at different moments, while Ri =—0.1, L/D =3
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Figure 4. (a) - (c) Vorticity contours and velocity vectors at different moments, while Ri = —0.2, L/D = 3; (d) - (f) Vorticity
contours and velocity vectors at different moments, while Ri =—0.3, L/D =3
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Figure 5. The vorticity distribution at different moments through the X/R position of the vortex core, while L/D =2
B 5. L/D=2, @BidiRZN XR LEEREHZEKRESN

30
20
=10 = 3
X3 R0} S
#03 A,
% 0 % %*‘%\ FP oty
£ £ R\
S 2 N
10 -10 \ 74
\ !
W
20 20 i
.
80, 0,45 4 05 o0 05 1 15 2
r/D
(b) £ =4.05

DOI: 10.12677/app.2019.94023 189 I EEY/BEH


https://doi.org/10.12677/app.2019.94023

MRESSC, i

W
o

N
o

=
o

w
o

— — R0
——Ri=005 *
* Ri=01

N
o

o
o

\,
> 3
%’ 0 N PN £, ; \&LFz,\ [ o Sa—
£ g # £ ¥ R I§
3 N S W
0 N l’l/ 10 %
!
AW ! 17
%
20 / 20 Iy
E 30
0,745 4 05 o0 05 1 15 2 45 4 05 0 05 1 15 2
r/D r/D
(c) =43 (d) =555

Figure 6. The vorticity distribution at different moments through the X/R position of the vortex core, while L/D =3
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Figure 8. Dimensional vortex ring radius versus formation time ¢
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Figure 9. Dimensional circulation I'* versus formation time ¢ at different stroke ratio

B 9. REAFRLLT I'RE

ERHIER

LUK RE LD 2 I, SRR AR TS 2645 1k DARTG I A A, ELARAE 36 ZE 45 A (I 2158 21 e K
{H 2.5 MAEMFEEL DY 3 It R AR I 845 LI A BT B B K, (H M S i KB B B A AR BN G

IR TN o

IRy, BB B AR AR,

FITBL, R DA E PR AR B O 2 BTG O T 3 A A AR KO AR R A A BRI RE AR/
FENRZEAE LG, AR BN R 5 2 BRIEAH G

XFEEE 9(a)s B 9(b)I vl DAKIL LA N 28—, 75 L/D =3, AFEEEHLHE N TR ENARE
JERRIT (8] 2.3 2 AU#S2AHE . 28—, Xt L/D =25 L/D =3 % FHERER A A8k, KIEAH
TFIIRE DL, B 1k Nl R E 2 L/D =3 B K, B 2 HEH R A £, 227 IR,
FIT A = AR A AR K

7t Fraenkel [ 10| AZIR I L IZ 3 )R, Hop v & S5l AR

I = pnR®

(6))

DOI: 10.12677/app.2019.94023

192

L 4 2


https://doi.org/10.12677/app.2019.94023

MRESSC, i

L ©
4nR c 4

ST AT, W SRR M = npD’ /4, FHEMENT=MU, .

IEHL L/D = 2 YEANTE Ri R8T, A RQ) & A R FH s ie 3 RSP & 1, FRsR
BHAESLEWALRG)T, WTLERME L, MW MELENNE(L =1,/1,1, =1, /1)%FL, s
10, RINFAS TG QU IR BB 1) 5 A

[ERE R0, AT DAR IS 5 S R TR A 35 2845 18 Bh LU He Bt L P AR B T o T 5 2 KR,
I 10(b)~(d) T LAMLEZBIF IR v B E— B T B, HBEAE Ri NEH AR IE R, a2k
a2 S BB, MER 10d)F, WEE S = 55 EATFHE A RER, @it
F 8(dyrl AR, X FHELG ) B2 TR L, IR R R AE AR .

FIRER, Senhimiz A B IEX/D T [ ) A28 4k 1 B BOSEAT IS, SR EUHy, BinT DR L2 3)
HWEE V. FISHE. PR NEEARXA(6), HALENIRZ 12K Mohseni 55[23]7E 1998 550115
RN IRZ A7 6= 0.3, RK1F V,, TEXHEELENIL, BRECENEEE V. v, wE 11, B 12 R,
RINIS B8 R B A S AR BT &

25 25
o g
Sul® g
388g
2 6009809 °84 2 o0
0,08 o  00%0 o
e g o 3o 0, %0 o 8o Q 0080 o,
£ 45 ° °g 8o £ 45 © 00
Q2 Q o OOOOOO
= = o o
2 © 2 % PRI
E 1 o8 E 1 o 8
o o ©°
o o 4
o
05 05 °
00 o
60 o
0s& 0
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
t* t*
(@ Ri=0 (b) Ri=-0.05
2 = S 25
" . )
o o®
16 oo o o
o o 15 o
14 o 0% o
o
3 o8 o xo1 o %390
=12 — %
2 8 o o 299 o 2 0° § %
21 o 8 © B05F %o o
a o = 8°
Eos ° o E ,leo o
= o B = 0 3 o
o %o oq
06 0o8 ° 0% 89
o 05 o o og
04 ° o oy 9o o
A b o
02 8
0 -15
0 1 2 3 4 5 6 1 2 3 4 5 6 7 8 9 10
t* t*
() Ri=-0.1 (d)Ri=-0.3

Figure 10. Dimensional impulse I* versus formation time ¢* at L/D = 2
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