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Numerical Study on the Collision-Separation
Process of Glass Bead Droplets
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(School of Mechanical Engineering, Anhui University of Technology,
Maanshan , Anhui 243032, P.R.China)

Abstract: The coupled level set and volume of fluid ( CLSVOF) method was used to simulate the collision
process of glass bead droplets with the same diameter, with the physical mechanism during the collision-separa-
tion behavior of glass bead droplets mainly studied. Based on the comparative verification with n-tetradecane
droplet collision experiments, the morphological changes and energy change patterns of glass bead droplets
during the separation process were investigated numerically. The research shows that, the energy required for
the collision and separation process of glass bead droplets mainly comes from the kinetic energy and surface en-
ergy of the droplets, and most of the kinetic energy would convert into viscous dissipation energy. Through the
analysis of the changes of droplet energy and average total pressure, 4 important states of droplet collision and
separation were obtained, including the radial stretching to limit, the radial contraction and axial stretching to
balance, the axial stretching to limit, and the droplet bridge pinching separation. The velocity and pressure dis-
tributions of the 4 states were discussed. The results reveal that, the end pinchoff mechanism is a main cause
for droplet collisional separation. The work provides a basis for enriching the theory about glass bead droplet

collisions.
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Fig. 1 The physical model

2 BUEITE I

R % R 2 AR [ A, T, PR AL T A A R ik R A . VOF 35 KT DL CLSVOF ik,
VOF T 11 30H P i 23R, 25 S B850 A 9% 97 LA S T A I 0 28 A R A T B 2 3 A B AS T 3 s 5 |
ABEAEHOR & AR 22 , 1 i3t AT 5 v P 3 M B2 %, DA TG 3 8805 28 S <L VOF % RK S-S 7E B 45 H
AR I 2 3 ELR S AR 7 vk G | 25 34 AE 4 AT LA b, IR I, Sussman 2516V 42 HL ] VOF 32 FIK P-4 3k
AHFR A BT, B CLSVOF J5 kb AT AH L TRIE 15, 1% 75 1k RE WA e AJORH S T 149 [R] B, AR o i <7 4.

X TR 12 AR, 5 B B AR 5 R A B

Vv =0, (1)
LYV (pw) = Ve (Vo + (W)']} - Vp +pg - F, (2)

Ky MR m/s”; p WK  Pa; FRZRIAISK IR, g I N, m/s”; w HiRIARsh J1 6.
CLSVOF J7 3 3 4R W AH AL 1w i 5 K 3] 19 7K S 4 pR K

+ L(x,I'(1)), x e (),
$(x,t) =40, xel, (3)
-L(x,I'(t)), x e ),

K Q,, 0, B RARFEA, T A WIR AR, L Ay DXk P 5 20 A 1w i R .
W5 A Heaviside BREUOK A AT 14 % 1 156 B 0 i 0%

0, b <-a,
H(¢) = ;[1 +i)—:rsin[1-:j))}, b|<a, (4)
1 ¢ > a,

A a 2 15 RN RT
K (2) K IR F
F =ok($) VH(d)n, (5)
A, o RWARRI R 5K 1 R B, n 2P S TELR k() JEPAR S A i3 22 n AR « (o) AYRIK
EAN (1)

Vo
- 6
"Vl (©)

Vo
=V. . 7
k() Vo, (7)
S 5 RN A

p(d)=p, + (p, —p,)H(P), (8)

u(d)=p, + (pn, —p, ) H(D), (9)



512 1 RIS S DY BRI R 4 B S R AT A 1515

K p () HEMIFEHEE kg/m*; p, W AHKEEE kg/m*; p HBAHEE kg/m’; w(P) HEAAF-
BIEh I REEE Nes/m? 5w, ARSI I RERE N -s/m?; w, HBAHRI S I N-s/m’,
Kb hilf 4 5 SR A AR VS B Weber ZUFT Reynolds 208 20E LA .

d 2

We =P (10)
g
d

Re =P (11)
M

Kb, p WIS kg/m* 5 d W0 BLAE , my w IR m/s; o SRR REN/m; w W) )
FiE N-s/m’.

KM PISO T kil G K i s BE S M 1 37, IR R Y Euler 75 15 EAT B HE, 15 3 R A PRESTO J7 vk
PEFTSR AR , Bl 5 R R P I KUk SRR TSR AR, KT pRBCR T — Bl Ui =X g IR A

3 BUERIE IR

DR SR 7 15 A3 5 TS R AR S G TS A SO X Sk [ 13 ) 1E -+ PUBERGHA7E 1 atm (1 atm=
101 325 Pa) B9l AR T AL A T BRI E T3 TS AR S O 36 1.

BEXSSCRRL 13 ] B 4 (h) X0 DR T-BUF R 1T RBUETHS  H 5 4 R AN 2 s, b g g SR 0 = 4
FATR I T e SR 4 R n] AR T e R 5 A2 F SO B U T 5 SR AR — B i 2 e i e
FURAE N 2 1 WA BT AN T,

E - I B UV ) DE 7/ EE S

Table 1  Physical parameters of n-tetradecane

liquid density liquid viscosity gas density gas viscosity surface tension coefficient
parameler name 3 2 3 )
p,/(kg/m’) my /(Ne-s/m*) pg/(kg/m’) ,ug/(N-s/m ) o /(N/m)
value 758 2.128x107 1.138 1.787x1073 0.026
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(a) Experimental resuls! (b) Calculation results

2 FUEIT SR (We = 61.4, Re = 296.5, D, = 336 pm)
Fig. 2 Experimental verification of the numerical method (We = 61.4, Re = 296.5, D, = 336 pm)
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Table 2 Physical parameters of glass beads

liquid density liquid viscosity gas density gas viscosity surface tension coefficient
parameter name 5 ) s )
p,/(kg/m”) My /(N-s/m”) p,/ (kg/m”) M, /(N+s/m”) o /(N/m)
value 2310 1.5x1072 1.225 1.794x107° 0.6
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Fig. 3 Calculation results (We = 149, Re = 135.52, U, = 44 m/s)
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Fig. 4 Energy change curves of the glass bead droplet Fig. 5 Changes in the average total droplet pressure

collision and separation process
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Fig. 6 Droplet velocity vectors and pressure contours, ¢ = 2.0 s
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Fig. 9 Droplet velocity vectors and pressure contours, ¢t = 11.5 us
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