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Fig. 1. Water droplet geometry in different cases.
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Fig. 2. Schematic diagram of the computational domain.
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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. 10. Vorticity maximum location of the vortex ring gen-

erated under 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).

JNEE 12 HRRT A5 i AV R A2 K T 00 7 BR B
FEBFR LIS N AR g, M m B AR
B [ iR, R AE S K & g aE R T AE
AR = 1.33 WERMEIE A Told, h FEiighnt
HRIZN, % e SRR S 3, Fr LA i PR RE O 25 5
L, TS S P BB S A S s 8l AR R AR
W KA S, o IR EARREE, BOR A Sh g
IR AN, FE B s sl g5 LA, fE
By 1) b, KAGFETE AR KRB 5 R 5 [ i A
43S, DAAERE H BRI, 100 s A0 TR AR 7K —
ELHREE RS gy, PR i s AR U .

4 % b

KT A& N A% LA BT R 4 Navier-
Stokes J7 F2Fl VOF J7 ik W IR FRE T Gerris XA
R A2 T /N 7K LAAS ] 38 B 4 o R K Vi /s 1)
it R I DL IR R AT T B
4, IR ST T AN )4 o R A K AR wHE
Ja =S AT YR AR | B AN s B DL S B Y
o, EEARFILL T 458,

1) ARG EET (Fr = 75, We = 64.4,
Re = 1160, V; = 4 m/s), NFEIEAL KK HEIFARG]
w5 2 ) e IR 5 2 RS, Jm R 7K
TR 223 Js G i o 5 R PV /N T A B oK i
TEAR , TE 23 3 G A0 1 56 1) L B 5. AR B 7K
THNIAR Sz, XoF 25 e i ia 2l 3K Sl P i 255 T
ARIE IR B st W6 530 K Gk T8 A5 . 1 7 A vy 4 o o
T (Fr=112.5, We= 145, Re = 1740, V; =6 m/s),
AR = 1.33 T BYA MR T 22 7K 5 W0 & A 58 4
REUG, A KBS Ie, TR IE RIJE K
(AR = ) AM AT o, SEIERE UIE
] VIG5 AE TR W0 B3 R A A A oo S i
JEr= A /NS AR R

2) KAV AR B o P2 S oK i e o TR K
LGRS Tl A RRA i UR B 7S A0 MR 2B 7 AT =|
HH BT 2 F, 7RO [ S S R, S E PR,
5 ez i SR R S, s
il G I DA ety KAV, FE A IRDE /K ik o
W, B E B — ELRFE R IR, XS IR A 4
AR BR R AR S T —EEH. SRR
JE 1, 23 I S R SRR A Bl 223 J A BEAS T ) S
ARG, AR T A el iR T AR AR, X RS
IR R T 2 CHEEEMEH.

3) TERE VI B, W DR e, S5 I
R, ST 1R 7K TR 5 W TS 7 A 1 SR i Rk
K, Az I PR B R R (R IR K3 A=
AP BN P T, S LR SRR T IS Y
JE, A A C R SR BE T R, X AR AR
M T8I 7, SRS UL i A58 PR TE R RIS 7E
W 2L LT iEd). A RS
IF, P IREETR S5 i — R 5, Sl AR ] ) S
%3, WS e, AR O I EE T Bk
T BXIE TR SR N IR L 8l S IR s i
SEEE[FE TR A S g S B0,

204703-10


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

S 30k

[1] Yarin A L 2006 Annu. Rev. Fluid Mech. 38 159

[2] Prosperetti A, Oguz H N 1993 Annu. Rev. Fluid Mech. 25 577

[3] Jayaratne O W, Mason B J 1964 Proc. R. Soc. London Ser.
A-Math. Phys. Eng. Sci. 280 545

[4] Michon G J, Josserand C, Séon T 2017 Phys. Rev. Fluids 2
023601

[5] Dong Q Q, Hu H B, Chen S Q, He Q, Bao L Y 2018 Acta
Phys. Sin. 67 054702 (in Chinese) [FEELEL, HIGH, 08,
ffsi, BIEEEE 2018 YIBH-FIR 67 054702]

[6] Huang H, Hong N, Liang H, Shi B C, Chai Z H 2016 Acta
Phys. Sin. 65 084702 (in Chinese) [# 2, #tT°, B2, it &,
BERAE 2016 PIFIZEIR 65 084702

[7] Wang A B, Kuan C C, Tsai P H 2013 Phys. Fluids 25 101702

[8] Blanchette F, Bigioni T P 2009 J. Fluid Mech. 620 333

[9] Worthington A M 1908 A Study of Splashes (London:
Longmans, Green) pp129-132

[10] Thoroddsen S T, Takehara K, Nguyen H D, Etoh T G 2018
J. Fluid Mech. 848 R3

[11] Deka H, Ray B, Biswas G, Dalal A, Tsai P H, Wang A B
2017 Phys. Fluids 29 09210

[12] Bouwhuis W, Hendrix M H, van der Meer D, Snoeijer J H
2015 J. Fluid Mech. 771 503

[13] Pumphrey H C, Elmore P A 1990 J. Fluid Mech. 220 539

[14] Oguz H N, Prosperetti A 1990 J. Fluid Mech. 219 143

(27]
(28]

29]
30]
(31]

204703-11

Oguz H N, Prosperetti A 1989 J. Fluid Mech. 203 149

Oguz H N, Prosperetti A 1991 J. Fluid Mech. 228 417
Prosperetti A 1988 J. Acoust. Soc. Am. 84 1042

Deng Q, Anilkumar A V, Wang T G 2007 J. Fluid Mech. 578
119

Chen S, Guo L 2014 Chem. Eng. Sci. 109 1

Volkov R S, Kuznetsov G V, Strizhak P A 2015 Int. J. Heat
Mass Transf. 85 1

Strizhak P A 2013 J. Eng. Phys. Thermophys. 86 895
Thokchom A K, Gupta A, Jaijus P J, Singh A 2014 Int. J.
Heat Mass Transf. 68 67

Varaksin A Y 2013 High Temp. 51 377

Volkov R S, Vysokomornaya O V, Kuznestov G V, Strizhak
P A 2013 J. Eng. Phys. Thermophys. 86 1413

Wang C Y, Zhang C B, Huang X Y, Liu X D, Chen Y P 2016
Chin. Phys. B 25 108202

Ding C Y, Wang R X, Xu R J, Zhang Y H, Cai J C 2016
CIESC Journal 67 2495 (in Chinese) [T B, EHiHE, MR
T, ok, 2550 2016 1k T 244 67 2495]

Roman B, Bico J 2010 J. Phys.Condes. Matter 22 493101

Pei C K, Wei B Q 2018 Acta Phys. Sin. 67 224703 ( in
Chinese) [FEfE)H, BURIL 2018 WHI2EIR 67 224703)

Popinet S 2003 J. Comput. Phys. 190 572

Popinet S 2009 J. Comput. Phys. 228 5838

Thoraval M J, Li Y, Thoroddsen S T 2016 Phys. Rev. E 93
033128


http://dx.doi.org/10.1146/annurev.fluid.38.050304.092144
http://dx.doi.org/10.1146/annurev.fluid.38.050304.092144
http://dx.doi.org/10.1146/annurev.fluid.38.050304.092144
http://dx.doi.org/10.1146/annurev.fluid.38.050304.092144
http://dx.doi.org/10.1146/annurev.fluid.38.050304.092144
http://dx.doi.org/10.1146/annurev.fl.25.010193.003045
http://dx.doi.org/10.1146/annurev.fl.25.010193.003045
http://dx.doi.org/10.1146/annurev.fl.25.010193.003045
http://dx.doi.org/10.1146/annurev.fl.25.010193.003045
http://dx.doi.org/10.1146/annurev.fl.25.010193.003045
http://dx.doi.org/10.1098/rspa.1964.0161
http://dx.doi.org/10.1098/rspa.1964.0161
http://dx.doi.org/10.1098/rspa.1964.0161
http://dx.doi.org/10.1098/rspa.1964.0161
http://dx.doi.org/10.1098/rspa.1964.0161
http://dx.doi.org/10.1103/PhysRevFluids.2.023601
http://dx.doi.org/10.1103/PhysRevFluids.2.023601
http://dx.doi.org/10.1103/PhysRevFluids.2.023601
http://dx.doi.org/10.1103/PhysRevFluids.2.023601
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.1063/1.4822483
http://dx.doi.org/10.1063/1.4822483
http://dx.doi.org/10.1063/1.4822483
http://dx.doi.org/10.1063/1.4822483
http://dx.doi.org/10.1063/1.4822483
http://dx.doi.org/10.1017/S0022112008004801
http://dx.doi.org/10.1017/S0022112008004801
http://dx.doi.org/10.1017/S0022112008004801
http://dx.doi.org/10.1017/S0022112008004801
http://dx.doi.org/10.1017/S0022112008004801
http://dx.doi.org/10.1017/jfm.2018.435
http://dx.doi.org/10.1017/jfm.2018.435
http://dx.doi.org/10.1017/jfm.2018.435
http://dx.doi.org/10.1017/jfm.2018.435
http://dx.doi.org/10.1017/jfm.2015.195
http://dx.doi.org/10.1017/jfm.2015.195
http://dx.doi.org/10.1017/jfm.2015.195
http://dx.doi.org/10.1017/jfm.2015.195
http://dx.doi.org/10.1017/jfm.2015.195
http://dx.doi.org/10.1017/S0022112090003378
http://dx.doi.org/10.1017/S0022112090003378
http://dx.doi.org/10.1017/S0022112090003378
http://dx.doi.org/10.1017/S0022112090003378
http://dx.doi.org/10.1017/S0022112090003378
http://dx.doi.org/10.1017/S0022112090002890
http://dx.doi.org/10.1017/S0022112090002890
http://dx.doi.org/10.1017/S0022112090002890
http://dx.doi.org/10.1017/S0022112090002890
http://dx.doi.org/10.1017/S0022112090002890
http://dx.doi.org/10.1017/S0022112089001412
http://dx.doi.org/10.1017/S0022112089001412
http://dx.doi.org/10.1017/S0022112089001412
http://dx.doi.org/10.1017/S0022112089001412
http://dx.doi.org/10.1017/S0022112089001412
http://dx.doi.org/10.1121/1.396740
http://dx.doi.org/10.1121/1.396740
http://dx.doi.org/10.1121/1.396740
http://dx.doi.org/10.1121/1.396740
http://dx.doi.org/10.1121/1.396740
http://dx.doi.org/10.1017/S0022112007004892
http://dx.doi.org/10.1017/S0022112007004892
http://dx.doi.org/10.1017/S0022112007004892
http://dx.doi.org/10.1017/S0022112007004892
http://dx.doi.org/10.1016/j.ces.2014.01.021
http://dx.doi.org/10.1016/j.ces.2014.01.021
http://dx.doi.org/10.1016/j.ces.2014.01.021
http://dx.doi.org/10.1016/j.ces.2014.01.021
http://dx.doi.org/10.1016/j.ces.2014.01.021
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2015.01.078
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2015.01.078
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2015.01.078
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2015.01.078
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2015.01.078
http://dx.doi.org/10.1007/s10891-013-0909-9
http://dx.doi.org/10.1007/s10891-013-0909-9
http://dx.doi.org/10.1007/s10891-013-0909-9
http://dx.doi.org/10.1007/s10891-013-0909-9
http://dx.doi.org/10.1007/s10891-013-0909-9
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2013.09.012
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2013.09.012
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2013.09.012
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2013.09.012
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2013.09.012
http://dx.doi.org/10.1134/S0018151X13030073
http://dx.doi.org/10.1134/S0018151X13030073
http://dx.doi.org/10.1134/S0018151X13030073
http://dx.doi.org/10.1134/S0018151X13030073
http://dx.doi.org/10.1134/S0018151X13030073
http://dx.doi.org/10.1007/s10891-013-0967-z
http://dx.doi.org/10.1007/s10891-013-0967-z
http://dx.doi.org/10.1007/s10891-013-0967-z
http://dx.doi.org/10.1007/s10891-013-0967-z
http://dx.doi.org/10.1007/s10891-013-0967-z
http://dx.doi.org/10.1088/1674-1056/25/10/108202
http://dx.doi.org/10.1088/1674-1056/25/10/108202
http://dx.doi.org/10.1088/1674-1056/25/10/108202
http://dx.doi.org/10.1088/1674-1056/25/10/108202
http://dx.doi.org/10.1088/0953-8984/22/49/493101
http://dx.doi.org/10.1088/0953-8984/22/49/493101
http://dx.doi.org/10.1088/0953-8984/22/49/493101
http://dx.doi.org/10.1088/0953-8984/22/49/493101
http://dx.doi.org/10.1088/0953-8984/22/49/493101
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.1016/S0021-9991(03)00298-5
http://dx.doi.org/10.1016/S0021-9991(03)00298-5
http://dx.doi.org/10.1016/S0021-9991(03)00298-5
http://dx.doi.org/10.1016/S0021-9991(03)00298-5
http://dx.doi.org/10.1016/S0021-9991(03)00298-5
http://dx.doi.org/10.1016/j.jcp.2009.04.042
http://dx.doi.org/10.1016/j.jcp.2009.04.042
http://dx.doi.org/10.1016/j.jcp.2009.04.042
http://dx.doi.org/10.1016/j.jcp.2009.04.042
http://dx.doi.org/10.1016/j.jcp.2009.04.042
https://doi.org/10.1103/PhysRevE.93.033128
https://doi.org/10.1103/PhysRevE.93.033128
https://doi.org/10.1103/PhysRevE.93.033128
https://doi.org/10.1103/PhysRevE.93.033128
http://dx.doi.org/10.1146/annurev.fluid.38.050304.092144
http://dx.doi.org/10.1146/annurev.fluid.38.050304.092144
http://dx.doi.org/10.1146/annurev.fluid.38.050304.092144
http://dx.doi.org/10.1146/annurev.fluid.38.050304.092144
http://dx.doi.org/10.1146/annurev.fluid.38.050304.092144
http://dx.doi.org/10.1146/annurev.fl.25.010193.003045
http://dx.doi.org/10.1146/annurev.fl.25.010193.003045
http://dx.doi.org/10.1146/annurev.fl.25.010193.003045
http://dx.doi.org/10.1146/annurev.fl.25.010193.003045
http://dx.doi.org/10.1146/annurev.fl.25.010193.003045
http://dx.doi.org/10.1098/rspa.1964.0161
http://dx.doi.org/10.1098/rspa.1964.0161
http://dx.doi.org/10.1098/rspa.1964.0161
http://dx.doi.org/10.1098/rspa.1964.0161
http://dx.doi.org/10.1098/rspa.1964.0161
http://dx.doi.org/10.1103/PhysRevFluids.2.023601
http://dx.doi.org/10.1103/PhysRevFluids.2.023601
http://dx.doi.org/10.1103/PhysRevFluids.2.023601
http://dx.doi.org/10.1103/PhysRevFluids.2.023601
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.1063/1.4822483
http://dx.doi.org/10.1063/1.4822483
http://dx.doi.org/10.1063/1.4822483
http://dx.doi.org/10.1063/1.4822483
http://dx.doi.org/10.1063/1.4822483
http://dx.doi.org/10.1017/S0022112008004801
http://dx.doi.org/10.1017/S0022112008004801
http://dx.doi.org/10.1017/S0022112008004801
http://dx.doi.org/10.1017/S0022112008004801
http://dx.doi.org/10.1017/S0022112008004801
http://dx.doi.org/10.1017/jfm.2018.435
http://dx.doi.org/10.1017/jfm.2018.435
http://dx.doi.org/10.1017/jfm.2018.435
http://dx.doi.org/10.1017/jfm.2018.435
http://dx.doi.org/10.1017/jfm.2015.195
http://dx.doi.org/10.1017/jfm.2015.195
http://dx.doi.org/10.1017/jfm.2015.195
http://dx.doi.org/10.1017/jfm.2015.195
http://dx.doi.org/10.1017/jfm.2015.195
http://dx.doi.org/10.1017/S0022112090003378
http://dx.doi.org/10.1017/S0022112090003378
http://dx.doi.org/10.1017/S0022112090003378
http://dx.doi.org/10.1017/S0022112090003378
http://dx.doi.org/10.1017/S0022112090003378
http://dx.doi.org/10.1017/S0022112090002890
http://dx.doi.org/10.1017/S0022112090002890
http://dx.doi.org/10.1017/S0022112090002890
http://dx.doi.org/10.1017/S0022112090002890
http://dx.doi.org/10.1017/S0022112090002890
http://dx.doi.org/10.1017/S0022112089001412
http://dx.doi.org/10.1017/S0022112089001412
http://dx.doi.org/10.1017/S0022112089001412
http://dx.doi.org/10.1017/S0022112089001412
http://dx.doi.org/10.1017/S0022112089001412
http://dx.doi.org/10.1121/1.396740
http://dx.doi.org/10.1121/1.396740
http://dx.doi.org/10.1121/1.396740
http://dx.doi.org/10.1121/1.396740
http://dx.doi.org/10.1121/1.396740
http://dx.doi.org/10.1017/S0022112007004892
http://dx.doi.org/10.1017/S0022112007004892
http://dx.doi.org/10.1017/S0022112007004892
http://dx.doi.org/10.1017/S0022112007004892
http://dx.doi.org/10.1016/j.ces.2014.01.021
http://dx.doi.org/10.1016/j.ces.2014.01.021
http://dx.doi.org/10.1016/j.ces.2014.01.021
http://dx.doi.org/10.1016/j.ces.2014.01.021
http://dx.doi.org/10.1016/j.ces.2014.01.021
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2015.01.078
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2015.01.078
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2015.01.078
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2015.01.078
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2015.01.078
http://dx.doi.org/10.1007/s10891-013-0909-9
http://dx.doi.org/10.1007/s10891-013-0909-9
http://dx.doi.org/10.1007/s10891-013-0909-9
http://dx.doi.org/10.1007/s10891-013-0909-9
http://dx.doi.org/10.1007/s10891-013-0909-9
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2013.09.012
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2013.09.012
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2013.09.012
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2013.09.012
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2013.09.012
http://dx.doi.org/10.1134/S0018151X13030073
http://dx.doi.org/10.1134/S0018151X13030073
http://dx.doi.org/10.1134/S0018151X13030073
http://dx.doi.org/10.1134/S0018151X13030073
http://dx.doi.org/10.1134/S0018151X13030073
http://dx.doi.org/10.1007/s10891-013-0967-z
http://dx.doi.org/10.1007/s10891-013-0967-z
http://dx.doi.org/10.1007/s10891-013-0967-z
http://dx.doi.org/10.1007/s10891-013-0967-z
http://dx.doi.org/10.1007/s10891-013-0967-z
http://dx.doi.org/10.1088/1674-1056/25/10/108202
http://dx.doi.org/10.1088/1674-1056/25/10/108202
http://dx.doi.org/10.1088/1674-1056/25/10/108202
http://dx.doi.org/10.1088/1674-1056/25/10/108202
http://dx.doi.org/10.1088/0953-8984/22/49/493101
http://dx.doi.org/10.1088/0953-8984/22/49/493101
http://dx.doi.org/10.1088/0953-8984/22/49/493101
http://dx.doi.org/10.1088/0953-8984/22/49/493101
http://dx.doi.org/10.1088/0953-8984/22/49/493101
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.1016/S0021-9991(03)00298-5
http://dx.doi.org/10.1016/S0021-9991(03)00298-5
http://dx.doi.org/10.1016/S0021-9991(03)00298-5
http://dx.doi.org/10.1016/S0021-9991(03)00298-5
http://dx.doi.org/10.1016/S0021-9991(03)00298-5
http://dx.doi.org/10.1016/j.jcp.2009.04.042
http://dx.doi.org/10.1016/j.jcp.2009.04.042
http://dx.doi.org/10.1016/j.jcp.2009.04.042
http://dx.doi.org/10.1016/j.jcp.2009.04.042
http://dx.doi.org/10.1016/j.jcp.2009.04.042
https://doi.org/10.1103/PhysRevE.93.033128
https://doi.org/10.1103/PhysRevE.93.033128
https://doi.org/10.1103/PhysRevE.93.033128
https://doi.org/10.1103/PhysRevE.93.033128
http://dx.doi.org/10.1146/annurev.fluid.38.050304.092144
http://dx.doi.org/10.1146/annurev.fluid.38.050304.092144
http://dx.doi.org/10.1146/annurev.fluid.38.050304.092144
http://dx.doi.org/10.1146/annurev.fluid.38.050304.092144
http://dx.doi.org/10.1146/annurev.fluid.38.050304.092144
http://dx.doi.org/10.1146/annurev.fl.25.010193.003045
http://dx.doi.org/10.1146/annurev.fl.25.010193.003045
http://dx.doi.org/10.1146/annurev.fl.25.010193.003045
http://dx.doi.org/10.1146/annurev.fl.25.010193.003045
http://dx.doi.org/10.1146/annurev.fl.25.010193.003045
http://dx.doi.org/10.1098/rspa.1964.0161
http://dx.doi.org/10.1098/rspa.1964.0161
http://dx.doi.org/10.1098/rspa.1964.0161
http://dx.doi.org/10.1098/rspa.1964.0161
http://dx.doi.org/10.1098/rspa.1964.0161
http://dx.doi.org/10.1103/PhysRevFluids.2.023601
http://dx.doi.org/10.1103/PhysRevFluids.2.023601
http://dx.doi.org/10.1103/PhysRevFluids.2.023601
http://dx.doi.org/10.1103/PhysRevFluids.2.023601
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.67.20172174
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.7498/aps.65.084702
http://dx.doi.org/10.1063/1.4822483
http://dx.doi.org/10.1063/1.4822483
http://dx.doi.org/10.1063/1.4822483
http://dx.doi.org/10.1063/1.4822483
http://dx.doi.org/10.1063/1.4822483
http://dx.doi.org/10.1017/S0022112008004801
http://dx.doi.org/10.1017/S0022112008004801
http://dx.doi.org/10.1017/S0022112008004801
http://dx.doi.org/10.1017/S0022112008004801
http://dx.doi.org/10.1017/S0022112008004801
http://dx.doi.org/10.1017/jfm.2018.435
http://dx.doi.org/10.1017/jfm.2018.435
http://dx.doi.org/10.1017/jfm.2018.435
http://dx.doi.org/10.1017/jfm.2018.435
http://dx.doi.org/10.1017/jfm.2015.195
http://dx.doi.org/10.1017/jfm.2015.195
http://dx.doi.org/10.1017/jfm.2015.195
http://dx.doi.org/10.1017/jfm.2015.195
http://dx.doi.org/10.1017/jfm.2015.195
http://dx.doi.org/10.1017/S0022112090003378
http://dx.doi.org/10.1017/S0022112090003378
http://dx.doi.org/10.1017/S0022112090003378
http://dx.doi.org/10.1017/S0022112090003378
http://dx.doi.org/10.1017/S0022112090003378
http://dx.doi.org/10.1017/S0022112090002890
http://dx.doi.org/10.1017/S0022112090002890
http://dx.doi.org/10.1017/S0022112090002890
http://dx.doi.org/10.1017/S0022112090002890
http://dx.doi.org/10.1017/S0022112090002890
http://dx.doi.org/10.1017/S0022112089001412
http://dx.doi.org/10.1017/S0022112089001412
http://dx.doi.org/10.1017/S0022112089001412
http://dx.doi.org/10.1017/S0022112089001412
http://dx.doi.org/10.1017/S0022112089001412
http://dx.doi.org/10.1121/1.396740
http://dx.doi.org/10.1121/1.396740
http://dx.doi.org/10.1121/1.396740
http://dx.doi.org/10.1121/1.396740
http://dx.doi.org/10.1121/1.396740
http://dx.doi.org/10.1017/S0022112007004892
http://dx.doi.org/10.1017/S0022112007004892
http://dx.doi.org/10.1017/S0022112007004892
http://dx.doi.org/10.1017/S0022112007004892
http://dx.doi.org/10.1016/j.ces.2014.01.021
http://dx.doi.org/10.1016/j.ces.2014.01.021
http://dx.doi.org/10.1016/j.ces.2014.01.021
http://dx.doi.org/10.1016/j.ces.2014.01.021
http://dx.doi.org/10.1016/j.ces.2014.01.021
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2015.01.078
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2015.01.078
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2015.01.078
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2015.01.078
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2015.01.078
http://dx.doi.org/10.1007/s10891-013-0909-9
http://dx.doi.org/10.1007/s10891-013-0909-9
http://dx.doi.org/10.1007/s10891-013-0909-9
http://dx.doi.org/10.1007/s10891-013-0909-9
http://dx.doi.org/10.1007/s10891-013-0909-9
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2013.09.012
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2013.09.012
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2013.09.012
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2013.09.012
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2013.09.012
http://dx.doi.org/10.1134/S0018151X13030073
http://dx.doi.org/10.1134/S0018151X13030073
http://dx.doi.org/10.1134/S0018151X13030073
http://dx.doi.org/10.1134/S0018151X13030073
http://dx.doi.org/10.1134/S0018151X13030073
http://dx.doi.org/10.1007/s10891-013-0967-z
http://dx.doi.org/10.1007/s10891-013-0967-z
http://dx.doi.org/10.1007/s10891-013-0967-z
http://dx.doi.org/10.1007/s10891-013-0967-z
http://dx.doi.org/10.1007/s10891-013-0967-z
http://dx.doi.org/10.1088/1674-1056/25/10/108202
http://dx.doi.org/10.1088/1674-1056/25/10/108202
http://dx.doi.org/10.1088/1674-1056/25/10/108202
http://dx.doi.org/10.1088/1674-1056/25/10/108202
http://dx.doi.org/10.1088/0953-8984/22/49/493101
http://dx.doi.org/10.1088/0953-8984/22/49/493101
http://dx.doi.org/10.1088/0953-8984/22/49/493101
http://dx.doi.org/10.1088/0953-8984/22/49/493101
http://dx.doi.org/10.1088/0953-8984/22/49/493101
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.7498/aps.67.20181422
http://dx.doi.org/10.1016/S0021-9991(03)00298-5
http://dx.doi.org/10.1016/S0021-9991(03)00298-5
http://dx.doi.org/10.1016/S0021-9991(03)00298-5
http://dx.doi.org/10.1016/S0021-9991(03)00298-5
http://dx.doi.org/10.1016/S0021-9991(03)00298-5
http://dx.doi.org/10.1016/j.jcp.2009.04.042
http://dx.doi.org/10.1016/j.jcp.2009.04.042
http://dx.doi.org/10.1016/j.jcp.2009.04.042
http://dx.doi.org/10.1016/j.jcp.2009.04.042
http://dx.doi.org/10.1016/j.jcp.2009.04.042
https://doi.org/10.1103/PhysRevE.93.033128
https://doi.org/10.1103/PhysRevE.93.033128
https://doi.org/10.1103/PhysRevE.93.033128
https://doi.org/10.1103/PhysRevE.93.033128
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

Numerical investigation of large bubble entrapment
mechanism for micron droplet impact on deep pool
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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.
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