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Abstract: In order to explore the long-term evolution and vortex rings when the droplet impacts
pool, this paper studies the morphologic changes of glycerin aqueous solution with different
concentrations when the solution drops in the pool. The whole process is captured by high-speed
camera, and a series evolution processes were found. The initial droplet changes to vortex ring
and then it is at instable vortex ring state. Change law and main influencing factors of instability
and bifurcation are also analyzed. Finally, we have set a physical model of the vortex ring sinking
velocity, performed mathematical derivation, and established a kinematic dimensionless
expression for the front and tail of vortex ring. The result shows that the vortex ring forming
after the solution drops in the pool does not always grow stably, but enter an instable state at a
certain time. The time when instability occurs is related to the attribute of the droplet. The
vortex ring would break down into several sinking “fingers”. After sinking for a certain depth,
the “finger” front would bifurcate vertically along its movement direction and then continues to

sink with similar bifurcation process. The new bifurcation front begins to obtain a certain relative
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acceleration, and finally the vortex ring breaks down into a cluster of bifurcation trees like

“crowns”. During the whole period, its front and tail movements are in accordance with the law

of attenuation movement. In this paper, the evolution process of the vortex ring which forms

when the droplet impacts the pool is expanded spatially and temporally, and its transformation,

from stable ring to instable ring suddenly and to bifurcation tree, has some inspirational

significance for us to explore the formation mechanism of the most complex turbulence

phenomenon in the fluid.

Keywords: viscous vortex ring; attenuation; instability; bifurcation

BRI AR AT ZAEE R TR S5 A, DI
AT AT ISR s B B T AL R
U RATRYEFR IR IR DL R SR T Y B
T 2 SRS HOR W AT R . IR ER A 5C Y BIF 5 A I
UNAE 3 T A 3 S A (R B Y - Wk d R R 301
AT 20 48 70 4FAR . Widnall 4515 X i
AT EVESEAT T SL R 5% . I R T /i sh 2k vk
SIBTRY TR 22 S5 HLATF 5 1A A 4k 252 6 R [ i K
AR e R BEAT TS BT, 1978 4R,
Saffman Xt 6 ¥ i 7 R B P B0k AT T 58 5% A
gL (HXE I R OR R R — =R 8 R
FKH,2005 4F, Fukumoto 451 X 1 J i 7R R £ E
PR R HEAT T 8, 3 T il AR E IR,
2019 4, Hattori™"* 1| F #5 {8 ASE 0L a0F — 25 iF 55 1 il
BT E XA W I T iR A R E 5
o6 RS e M 1 38

XoF 5 15 ST A T BRI T U W AT
L JUIUBIE 9 8 /s 1 W 25 32 WIS B 08 B 34 1
AR X TN FE Y ab i &R Peck AN
PR T — B KL 3 W 2R A 45 4 0 B e B AR, Chap-
man U RFGE T K I B BRI T R R EAE B4R
o2 SR NGB TSN 3 S N N
R 2E 3% . SR, Rodriguez 55 £ 1, 18 36 19 e K2 i
KRR ) Z IR S B i b i . Shan-
kar 21 BRI R T T 2F 5 1 AR 58 4 vh TR 1Y
B 40AE A B3R 1 BE A s ) X AR A R op s R
ATREAN ST . Saha 45 % B i A UK 33 F2 0] 4 R 4]
B S RN RS B AE 3 AN WY B IR H R if Y i
SRRV T BRI RSB E R O R
AV T BRE S T T VR 2 A YT T R A i
IRAE F 1 LR K B 3 AR A 5 AN 2, % BE 28R A
BT ek ERRRSERT AR .

AR SRS 23 ] 08 D0 0 PR 1) Y8 T L ) g — 25 A
i, I BB 55 980Tt w8 A S5 A [ A Sl K A S 5
BN 3 255 v b VR A P B AN ) ) SR S L A

http: // zkxb. xjtu. edu. cn

g S RH AL I A K B A U AT SR AT A AR A . WL
S [R) 65 JRE /s JEE R0 T 4R ol 90T I BT 7 A R R A R
WA L I A L AR AR 5 5 A P D 2R
AT B T W 8 o WO BT A i BRI AL AT A Y
R[] RJBE 0 25 T) RUBE 0] 5 418 VTR 2 <Y T
Ja AR IR A I AR v i BE B L 3 5 AR A %
FERL ) B A A 0 B (5 S R S T
P BLGR A T ee B 2 ) i U B R A LB B
A — R R E X

1SR Rk

IR RAR S 4y K R G th i AR Il R 5 A
i JEE R G R RS E AN I 1 TR
ST 565 YA Ay i K YR G b A R B i)
1 0% .10% .30 % F1 50 %0 I A B i (0. 1 mg) i
TN (B A B R 5 HE AT Y €4, JF FH 33
BEBEPE SI TR . AR H AR B BOR 4 R AR

aa»
C
._L;
BDo
. B |

e |

A—IT(LED) s B— ] FHRE S s C— U s D— S 4%
E— V% :; F—)RE 5 mm. &ZfH K 70 mmX70 mm X195 mm
W43 BET7 T s G R AR R AX 1 (Phantom Miro eX4) ;
H—75 3 % 52 4% 2(Phantom Miro eX4) ; I—4§ % JHfE 65 5
J— SRR & O BRUER B LA Z 5 403
SR AU IR IR & L AT .

K1 SlmRG
Fig. 1 The experimental system for destabilization and

bifurcation behavior of vortex




%Al

WA L S BE IR BRI R B S S AT R 85

S alaE X GO0.G10,G30 F1 G50,

AT BN R S B K . LIS AR A e
B A B K2 I EL B 10 mm &b, 38 2 0 T
5 B AR SR A 40 mm, I E 5 min fff
AN RN W A e N R R =D A D Nt
A5 T 19 A\ 7K G R 5 L L 28 W 0 A B AR
Tracker I & A K3 ik 5 77 28 =0 58015 3 il
r“jijjqo 885 m/s (] Z M= S BH J1) 5L il J&E 283

o ANTRVHR FE B H K IR A WAE AR TE S as L H
V\Mﬁlﬁiﬁﬁ—mi,Lﬁfﬁ H5RAER . ZEBITT
R BRI RTFE T S B Sk Ak PR AR O L S T B Uk
TR HR IR LERHET Sk B I Ak B & T3 A8 34 AT % H iz 3
FEAE T TR T 22 SOk (AR R 0. 41

m), 7EH 5 LED AR MG, 1
(Phantom Miro eX4 @ 60 i/s, 600X 300 12 %) i
SRR TR E T PN 3l A T A5 T 4 54X 2 (60
Wit/ ) DU) 308 Ao 5 G VR Y 457 B A B A s T PR R
1§, WiERIEIR 560 % 2808 i Tracker #4476 ML
SR A Y, VR O Ll ) 4§ S Python-
OpenCV RS 7E BG AT 158 3R AL

et e DU ‘
TE SCIRLTH ) 4 T R Re = M,,H\EP o N

TR A WO 1% B . D, %?&%%E&,Uo R WL A K W)
W HIRG W E . 4 B BA R A W=
oo FAKMERE N 1 iR,

F 1 A FRA RG> WL

Table 1 Part of the physical properties of the four mixtures
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Fig. 2 The process of sinking and bifurcation of the G10

solution droplets
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