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Fig. 1. Water droplet geometry in different cases.
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Fig. 2. Schematic diagram of the computational domain.

R TR CRARIR ARG 1 5 Rt 1 18] (45
) BAE GRARGE T 5 3R w5k SR OC &) Al
I5 55 PR (A S DRI R R ) RAlid il
T IS S RRE, 3 N NS A RA AT
R

g DV:2 DV
Vi We — A1 M)Re:pl Vi

Fr= , .
VY o i1

(10)
2.4 BEFSFEE

SCHK [28] B R A SCEE T 74 A8 R K i 4
TR B AR P ) M 5 e A T A

X HE 5 R TE . AR SCR AR AR BIRIRIEL K7t
FPRUERAAN, S T PRUEA DR AR K i o R K 0

204703-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 20 (2019) 204703

BERAIT 5 25 138 8l St ety KNGS S i
WP, BEPE Thoraval X A8 JE Wik R B S ety 1
SRR HEAT B R GGIE BY. [ 3 RS B A A v
B LSBT A O E BERT ] (932 st #2, A2 F
FALBAER 1 mm KA, BRI R A4 43
SRR R Al K TR JS 1.3, 5.4, 7, 11 1 20 ms, J&
FEITE 9N —-0.34, 1.4, 1.82, 2.86, 5.2. SZIfdi
FHIR 4 B 428 5.0 mm 1Y 10.5% i MgSO, W i
DL 1.30 m/s AR fE o, YRR G EE R 1.96 P
(1 cP = 103 Pa-s), N 1.105 g/cm®. T
i AR 1.33. 3B 57 1B FAAE 0 Ry Fr =
34.5, We = 116.7.

B3 SR o I a3 R )

Fig. 3. Experimental image of free surface movement at se-
[31],

lected times

P 4 S BN, 1 ol YR BB 8] 9328 B 7
BAY B S Thoraval % (1S5 S AR, 45
TAREAERSIRAMFER 1 mm KBERAL XL
Pl 3 551 4 Al R B A GOK RO S, 5L
WO I EME A MU, SR s s, RS
TR T — AN RAYZS . BEJS PSR A 2 i
OREEI I A R I . BB R A =S
JEE P BAR B SE B A 1, (BRI A Jm 7 A D A
(3 B TR bR, ELAE O Ty o A T A
KBTI, IFe WA A~ 0. XA O
(107 £ R RE R Fh T S S0 R 7 2 8 b ) 22 R
RELLAZ R, AR SCRUEREA L BEXT I 2GR AR
YRR AT ARAAR B, REASA I IR A A TGk S SR o8
xPCRCT FE). AHASSOR TR EUETT I8 IE
TN R FRE o TR KR 23 T 8 B A LA S
RAIF G, ALY A R AT B
JITAT I PN T PO S U 2 0 U I I o P R o
BRI S AR AR IE TN 1.1% F 5.7%,
P B ALUL RE % B Al A MG [ 2 728 W i o
DKM A RIS ey AL

t=1.93 t =3.02 t=4.84

P4 BCMEAAL A R T B P RS g5 AR
Fig. 4. Numerical simulation of the free surface movement
at selected times.

3 WWHEERG M
3.1 AREEETKEEERENEGITE

SRR G AN RITE A R o ol B T K R AR
XK AR B AR R KTE S VK iR B
PR Kt oh T ey (St /NI S, 1 Sefd 28
T 56 UF A EICE D7 A A R A AR 290 pm 1K
THAE T SRR T LL 4 my/s B3 3 1R 7% 4
K RIS SRR LR 250 KB K
BT PR K E RS H K E DR e m 4K
B, BF] ¢ A SCBRES I DL Vi) D* J5 B JC 4R ).

JKTELA 3 ORI AR Al 4 m)/s 3 o 3 B 30F
ABIKIRCHS, 2T 1 F T AR I LA SO 7E T
W TRB AR 5 IR, Fr =175, We = 64.4,
Re = 1160, V; = 4 m/s. A T % E WM AE R A
HRABIE AL, 45 8 7K 43 WA R K 7 BR AN
WA AR E . T () 3 (), KiH 1
AR MKW/, TEE 5(a) o, KIFLL AR = 1.16 1Y
F MR R A b UK, S5 3W0h & A R A I
%, ARSI B4 k. i i 2 s 1)
AR B I M, BER RIS i) VOB EEAR . i
i KA T AR V22, ARk AK G
FEARMELEH BRI Z T . BEE BRI, 25 BT
RINEHRIZ 3, A7 ST A B KA T ol R 60T
FEA A X FR IR S5 4.

TEE 5(b) Hh, IEBDE KR (AR = 1) #Ed ™4
(19725 I SR FETE AR EL, 28 1 o8 IR B2 BRI, /K
FR At K AR B D5 KA R AR5, ToS

204703-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 20 (2019) 204703

t =0.537

t=0.149 t=0.242

t=0.581

t=0.163 t=0.372

t=0.738 t=1.186

t=0.712 t=1.184

t=0.138 t=0.267

t =0.422

t=0.723 t =1.002

B 5 AETHF A ik b e e iz st #2 (Fr = 75, We = 64.4, Re = 1160, V; = 4 m/s) (a) AR = 1.16; (b) AR = 1.00;

(c) AR =10.84

Fig. 5. Free surface profiles with simulated at selected times (Fr= 75, We = 64.4, Re= 1160, V;=4m/s): (a) AR =1.16; (b) AR = 1.00;

(c) AR = 0.84.
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Fig. 6. Free surface profiles simulated at selected times (Fr = 112.5, We = 145, Re = 1740, V; = 6 m/s): (a) AR = 1.33; (b) AR =

1.16; (c) AR = 1.00; (d) AR = 0.84; () AR = 0.67.
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Fig. 7. Vorticity and pressure contours of a prolate water droplet impacting into a water pool at selected times (Fr = 112.5, We = 145,
Re = 1740, V; = 6 m/s, AR = 1.33).
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Fig. 8. Velocity field of a prolate water droplet impacting into a water pool at selected times (Fr = 112.5, We = 145, Re = 1740,

Vi=6m/s, AR = 1.33).
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Fig. 9. Vorticity maximum of the vortex ring generated un-
der the free surface with time under different cases (Fr =
112.5, We = 145, Re = 1740, V; = 6 m/s).
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Fig. 11. Lateral position of the vorticity maximum in the
vortex ring generated under the free surface with time un-
der different cases (Fr = 112.5, We = 145, Re = 1740, V;, =
6 m/s).
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Fig. 12. Vertical position of the vorticity maximum in the
vortex ring generated under the free surface with time un-
der different cases (Fr = 112.5, We = 145, Re = 1740, V; =
6 m/s).
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Abstract

Water droplet impacting into a deep liquid pool is one of the most well-known flow phenomena in fluid
mechanics. As a ubiquitous natural aeration process, the coalescence of water droplets in lakes and ponds and
the subsequent bubble entrapment are one of the most notable ways of gas-liquid exchange in nature, and it is
of great significance for underwater sound transmission, aquatic ecosystems and chemical process. The shape of
an oscillating droplet in impact under different surrounding medium and initial condition is a key factor for the
subsequent cavity formation and bubble entrapment. In this study, the adaptive mesh refinement technique and
volume of fluid (VOF) method are applied to the study of the water droplet impact phenomena. Five kinds of
deformed micron water droplets with different aspect ratios and impact velocities of 4 m/s and 6 m/s are
selected to investigate the influences of drop deformation and impact velocity on the bubble entrapment,
capillary wave propagation, and vortex ring evolution. The results show that at low impact velocities (Fr = 75,
We = 64.4, Re = 1160, V; = 4 m/s), the shape of water droplet does not cause the cavity formation and bubble
entrapment to change significantly. However, under higher impact velocity (Fr = 112.5, We = 145, Re = 1740,
Vi = 6 m/s), deformed droplet with an aspect ratio of 1.33 coalesces with the pool, and large bubble
entrainment occurs. The large bubble entrapment is affected mainly by the vortex ring generated under the free
surface at the neck between the droplet and the pool. The vortex ring penetrates more deeply before it pulls the
free surface to generate a rolling jet at the upper interface of the cavity. The rolling jets then contact the center
of the cavity and collapse to entrain a large bubble. At the end of the bubble entrapment phenomenon, the
cyclone inside the cavity pushes the sidewall of the cavity continuously, and effectively increases the lateral
volume of the bubble, which plays a vital role in the bubble entrainment process. In the initial stage of the
impact, the flatter the shape of the droplet, the greater the curvature of the jet generated on the neck between
the droplet and the pool, the greater the strength of the vortex ring generated under the free surface. However,
the vortex ring formed by the oblate-shaped water droplet is generated too close to the free surface, and the
early free surface pulling reduces the strength of the vortex ring, thus the vorticity maximum value decays

relatively fast.

Keywords: water droplet, deep water pool, bubble entrapment
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