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Figure 1 Early experiment of binary water droplet collision [10]. (a)
Coalescence; (b) separation.
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Figure 2 Schematic of binary droplet collision.
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Figure3 Head-on collision of identical droplets of tetradecane [21] (A=1,8=0). (a) We=0.19,coalescence (I); (b) We=3.6,bouncing (II); (c) We=13.4,
coalescence (I11); (d) We=45.6,reflexive separation (IV); (e) We=1593, splashing (VI) [23].

o

(@)

(b)

()

©

o
o

o

(d)

b %%

P
@ o
BN
% *v

]

¢

YA
o

e B

Bl 4 kit it VBB R (A=1,B£0). (a) We=0.19, 4 (1); (b) We=3.6,FFF(11); (c) We=13 .4, (11D); (d) We=54.3,

R 2 B (V)

Figure4 Off-center collision of identical droplets of tetradecane [21] (A=1,B#0). (a) We=0.19,coalescence (1); (b) We=3.6,bouncing (1I); (c) We=13.4,

coalescence (III); (d) We=54.3, stretching separation (V).
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Figure 5 The We-B regime diagram of equal-sized binary droplet collision, i.e. coalescence (I), bouncing (II), coalescence (III), reflexive separation
(IV) and stretching separation (V). (a) Water droplets; (b) alkanes droplets; (c) the same other fluids; (d) unlike fluid droplets.
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Figure 6 (Color online) Head-on collision of equal-sized droplet of different fluids (A=1,B=0)[18]. (a) We=9.6,bouncing; (b) We=18.6,coalescence;
(c) We=45.3,coalescence with overlaying action; (d) We=79.6,reflexive separation.
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Figure 7 Schematic of the droplet configuration analyzed [31]. The
three time-dependent variables describing the droplet geometry and dy-
namics are the radius of the flattened interface a(#), the perpendicular
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b(?), and the distance between the impacting interface /(7).
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Figure 9 Critical Weber number versus Ohnesorge number for coales-
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a certain ambient gas environment. Reprinted from ref. [25], with the
permission of JFM Publishing.
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Figure 10  (Color online) Head-on collision of unequal-sized droplets of tetradecane [27]. (a) We=7.3,A=1.46,bouncing; (b) We=13.8,A=1.46,coa-
lescence; (c) We=52.8,A=1.50,reflexive separation. Reprinted from ref. [27], with the permission of AIP Publishing.
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[27], with the permission of AIP Publishing.
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Figure 12 (Color online) Mixing pattern during collision of water droplets for (We, A, We") [32]. (a) (0.47, 1.86, 0.09); (b) (1.25, 2.09, 0.21); (c) (8.59,
2.61, 1.73); (d) (14.5, 2.78, 1.58); (e) (17.2, 2.43, 2.33); () (20.7, 2.78, 2.26). Reprinted from ref. [32], with the permission of JEM Publishing.
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Figure 13  (Color online) Streamlines, pressure field and mixing pattern during collision of water droplets [32]. The oscillation time and the Ohnesorge
number of the smaller droplet are #o,,=0.33ms and Oh=0.19,respectively. (a) We=0.47,A=1.86,We'=0.09;(b) We=8.59,A=2.61,We'=1.73;(c) We=17.2,
A=2.43,We"=2.33. Reprinted from ref. [32], with the permission of JFM Publishing.
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Figure 14 (Color online) Coalescence between Newtonian droplet and non-Newtonian droplet [72]. (a) Non-Newtonian droplet (blue) and Newto-
nian droplet (red), A=1,0h=0.01, Oh..=0.0015; (b) both droplets are Newtonian, A=2,0h=0.05; (c) both droplets are non-Newtonian, A=2, 0h=0.05,
Oh,,=0.002. Reprinted figure with permission from ref. [72], Copyright (2005) by the APS.

B (1) JE AR SRR P T AT B A= DOUIC R i L i
FRY SO R P MOTTT 32 2 VR 4. Blanchette! R fF 98 47 i 2% T
Tk JIRSRRYE, 51N B Je SR AT BAK K I sV A
SR 14(a) 51 AN BH M IR G RRPE I3 A R R A
IR . TR R AR, v B RN R 2R T 5K B
R TR A R B 77, T A AE B R S —
gl sh 2 2.

TfF 03 B0 P 3T U ORI TR A R 2 K AR AE
/NORKLE R | B LLEIAE A=2, 0h=0.051 X762 17
PR AL T AN 2 ISR, an P 4(b) BT, 24 e A8 ik

i A BT AR s AF 2 50 N (A=2, 0h=0.05, 0h,,=0.002),

A 14(c), 24 1 ey B 7] 2838 B 20 G Vo8l i 437
T A 2 T RSB S SR AR R, A 2
BE RS 00 w1 B, 3T 7K 0 3R Bl AR S VR L
HLERCR I We , BT A2 R R 0T 32 5 00 N SR &
HOR(EESR LR IS
Xof T B UG A A AR A AR, 7R T S BT PR T R
EH BT DI AR B 5, JFL A 00 6 11 e B A A 1 i 14,
MAEBNEBUR BT V) %~ 51 BT V)M I 5. A Uk,
FLR AR A 75 20 B R BOR R
HosP < )}c,la
u(y) = Moy lsV.c,l <P =<V.2 (19)

- on,— . . I=n . .
Hobor " V[” (-7..) Z]J > Yo

Sun%E NP BUE AR I, 3T X0 R IERE,
20 56 A A WU 0 B ) AS R R PRI, 23t R 2 U,

T AR T FE R K, AEAR /N e Rt 2 R A4 . X
T A= UR[F] B )48 #4510 0 c i Al 4, a0 P 15(a)
FIb) T 7, 03 P 3 TR A S 35 488 o, LA R B X 4y
B H A BT A RIE T B TR A, Ak A
A BT AR, W15 (), Tl TR B
T, R B et F AN S R A4 5. B15(d)—~()
Fon A= T8 )25 A A W00 0 R B 510 438 B I -
AR ORI, 24 We i 100250, 7E BT 7145 s 200N 4
ST VR PN SR A 1A IR A B L) AR R RS P T4
AT B80T VR A 1]

6 SEMREE

2 H ATy 1k, K2 B BT 0 A 7 T T AT
i T RN S HUR T 1, e a s, R
bl MbfE AR H BN AR BOEE, (E AT B R
e A AR SCHL K A R ROR R (7 T, MHIE S R
&, TRES PR IR K 2 B e (AR A AT A0 V8 1) Al
e PR BV (R i - 7 LA ) B R AR
VNN FR) LA VR0 AL R L PRI i PR T R 3R Al
oz, FALAG 2 — D IR R R
MBIFFET7 15 1 A, R 0 YR Tt 1 ) S 36 76 2 A
KSR ) FRUA) B EAE 55, T 2 KO R T 50
4540 BV BN Rl R R AR A LA E R 2, B
A3 78 23 6] RIS T 73 9% 5 0D et 4 5 R JF 5 5t
DR 9 I R B e i 5 R . S e U A R R Al 2T
Bt SR XU Rl AR ) S 06 BOR AR A T, SEI AT AR

070013-14

°)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



S, R E R B 1 ORI 20174 478 BT

HUSH (2) — WOEH (6) WILR WS
o0 o o

‘ ((u}—ﬂ)

3

% (%) — SItDIBHE (5)

¢ ¢ ¢
( 1
¢
o> 2
e C» D
' —D

3
!
:
i

i
'
'
'
|
'
'
|
'
'
|
'
|
1
'
'
'
i
'
i
'
'
'
'
i
|
|
'
|
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'

®-0e =0 ® @ -
We =40 We =80 We =100 We =100 We = 200 We = 250

(a) (b) (c) (d) (e) (f)
B 1S (19045 RROR P ) A 2= B0 A4 Y0030 £ G 98 7). AR [ B )38 5 P 1 Y00 Al 8, We=40 (a), We=80(b); (c) We=100, [7] Ff B )
B 1 ) VR AR 5 () () B0 AR A U A R 5 B R AR AL R L R Rl R, We=1001(d), We=200(e), We=250(f). &1 }1 K E
SCHR[73], APSH bt . # AUE H
Figure 15 (Color online) Head-on collisions of non-Newtonian droplets [73]. Two different shear-thinning fluids, We=40(a), We=80(b); two identical

shear-thickening droplets, We=100(c); one shear-thinning droplet and another shear-thickening droplet, We=100(d), We=200(e), We=250(f). Reprinted
from ref. [73], with the permission of APS Publishing.
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Dynamics of binary droplet collision in gaseous environment

HE ChengMing & ZHANG Peng’

The Department of Mechanical Engineering, The Hong Kong Polytechnic University, Hong Kong 999077, China

This review aims to briefly discuss about the research progress of the dynamics of binary droplet collision in gaseous
environment, with emphasis on revealing the multi-scale, multi-physics, and nonlinear characteristics of the problem.
First, we reviewed the previous experiments on binary droplet collision in various gases of sub-and super-atmospheric
pressures. Second, we highlighted several theoretical models accounting for coalescence, bouncing, and separation
of identical droplets. Finally, we discussed the recent studies on droplet coalescence and subsequent mixing, and
non-Newtonian droplet collision, which have been gained increasing interests.
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