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Numerical Study on the Effect of Relative Wettability on
Binary Droplet Collision
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Abstract: To elucidate the influence of relative wettability between droplets on the phenomenon
and process of droplet collision, a surface tension model under different relative wettability
conditions is established using the meshless moving particle semi-implicit (MPS) method. Based
on the traditional surface free energy model, the macroscopic contact angle between fluids is
employed to fit the intermolecular potential energy of the two-phase fluids at the interface,
enabling the simulation of the collision and coalescence processes of binary droplets under
different wettability conditions. Through extensive numerical calculations, the mechanism of
binary droplet collision and coalescence is analyzed. The coalescence, broken, and stretching
separation regions of binary droplet collision are delineated according to the Weber number and
collision parameter. The influence of the relative wettability of the fluids on the collision
morphology and outcomes of binary droplets is investigated. The results indicate that the relative
wettability has a significant impact on the collision mechanism diagram. As the relative contact

angle increases from 0° to 120°, the boundary between stretching separation and coalescence
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monotonically shifts toward lower Weber numbers. The boundary between coalescence and

broken shifts toward lower Weber numbers when the relative contact angle increases from 0° to

60°, but as the relative contact angle further increases to 120°, the boundary moves back toward

higher Weber numbers. These conclusions provide relevant theoretical foundations for the

research of droplet collision and coalescence processes in practical engineering applications.
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Fig. 1 Particle number density calculation domain
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Fig. 2 Surface tension model based on surface free energy

G MO FIG AR N OB A ) 3R i i AT R
P R i 3 P B AR R T D
(UI.M +o‘f.:\' E E(r,-j) (9)

i€EM,i€EN

Hod, o Moy 33 RFRAARM N £ K&
Bsom HIAR M N Z 8] )51k T R 5
X OMRARX DO F TSR R B C N

3(orm + 0.8y — Orun )[fn

D Gy =150, +0.57) (ry —r)?

iEM.JEN

2 __
— o ) =

C =

(10)
254 AL H, hy 1 15 A A W R Ik 2 JH]
FR9 ST AT A, T fef T 5 T 5 T 2 7S AR A 22 18] Y
FH R R B 9 00 B N2 (BRI IR M AE I iR N
I I Al ST SF- 2L SRy T U B A AR =2 T Y R L
R X Ouy R AR R Z B 3R A0,
Kl 3 s,




118 LI

NI it

559 %

0,

LM
M

Ot My

B3 =AU AR T A R ]
Fig. 3 Schematic diagram of assumed force balance

at the triple point
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different resolutions under steady state
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Fig. 6 Schematic diagram of contact angle and contact

area between binary droplets"
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Fig. 7 Numerical simulation results of droplets under different

relative wetting angles
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Fig. 8 Comparison of simulation and theoretical

results for wetting length and contact angle
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Fig. 9 Diagram of droplet wetting on fluid surface
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Fig. 10 Simulation results of droplet wetting fluid under

different wetting angles
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Fig. 11 Comparison of the simulation results of contact angle

when droplets wetting fluid and theoretical solutions
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Fig. 12 Time series of droplet coalescence at different relative

wetting angles
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Fig. 14 Timing diagram of droplet broken results under

different relative wetting angles
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Fig. 15 Schematic of droplet collision mechanism at a

relative wetting angle of 0°
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Fig. 16 Schematic of droplet collision mechanism at a

relative wetting angle of 60°
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relative wetting angle of 120°
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Fig. 18 Droplet collision mechanism at different

wetting angles
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