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''Viscous forces

2 Extensional viscosity
3 Rayleigh—Plateau

4 Emulsifying

3 Interface capturing

¢ Level set function
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! Computational Fluid Dynamics
2 Finite Element Method
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L1 350E-06[m] 3.5000E-4 m
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L2 L1-150E-6[m] 2.0000E-4 m
W2 500E-06[m] 5.0000E-4 m
L3 L2 2.0000E-4 m
W3 200E-06[m] 2.0000E-4 m
L4 150E-06[m] 1.5000E-4 m
W4 80E-06[m] 8.0000E-5m
L5 2800E-06[m] 0.0028 m
W5 1000E-06[m] 0.001m
DEPTH_3D 86E-06[m] 8.6000E-5m
sigma 0.0048[N/m] 0.0048 N/m Surface tension
Dencity of
N N
rho_cp 1000[kg/m"3] 1000 kg/m”"3 continous phase
eta_cp 0.001[Pa*s] 0.001 Pa*s Viscosity of
continous phase
Dencity of
VAN N\
rho_dp 960[kg/m"3] 960 kg/m”3 dispersed phase
eta_ratio 50 Viscosity ratio
.. viscosity of
eta_dp (eta_ratio)*eta_cp 0.05 Pa.s dispersed phase
contacet_angl 145*(pi/180)[rad] 2.5307 rad Contact angle
Flow rate of
Qd_ml/s 0.04 0.04 dispersed phase
Q _ratio 50 50 Flow rate tatio
. Flow rate of
*
Qc_ml/s (Q_ratio)*(Qd_mls) 2 continous phase
Flow rate of
* - N - N
Qc_3D (Qc_mls)*(1E-8/36)[m"3/s] 5.5556E-10 m”™3/s continous phase
Flow rate of
* - N\ _ N\
Qd_3D (Qd_mls)*(1E-8/36)[m"3/s] 1.1111E-11 m"3/s dispersed phase
Ad_3D W3*(DEPTH_3D) 1.7200E-8 mrp | AArea of dispersed
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Ac_3D (W1-W2)*(DEPTH_3D) 4.3000E-8 mr2 | A Ogh;(;re“'”o“s
velocity of
Ud_3D (Qd_3D)/(Ad_3D) 6.4599E-4 m/s dispersed phase
velocity of
Uc_3D (Qc_3D)/(Ac_3D) 0.01292 m/s continuous phase
velocity of
ud Qd_3D/(W4*DEPTH_3D) 0.001615 m/s dispersed phase in
the orifice region
velocity of
Uc Qc_3D/(W4*DEPTH_3D) 0.080749 m/s continuous phase
in the orifice
region
Re_dp_3D ((rho_dp)*(Ud)*(W4))/(eta_dp 0.0024860 _Reynolds of
) dispersed phase
* . Capillary of
Ca_dp_3D ((eta_dp)*(Ud))/(sigma) 0.016823 dispersed phase
PN Reynolds of
Re _cp_3D | ((rho_cp)*(Uc)*(W4))/(eta_cp) 6.4599 continuous phase
* . Capillary of
Ca _cp_3D ((eta_cp)*(Uc))/(sigma) 0.016823 continuous phase
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Abstract.

Droplet production in microfluidic devices has a wide range of application in biology, chemistry
and medicine. Because of the wide spread use of this phenomenon several studies have been
devoted to investigating various aspects of microfluidic droplet production numerically and
experimentally. In microfluidic systems three major regimes of squeezing, dripping and jetting
are identified for the droplet breakup. In flow focusing microfluidic devices the formation and
breakup of the droplet appear more in the dripping and squeezing regimes than the jetting
regimes. In present research the droplet formation and the droplet break up in flow focusing
microfluidic devices for an immiscible flow is investigated numerically. Therefore, the level
set method is used for the simulation of the interface tracking between two immiscible phases
and the Newtonian and shear-thinning non-Newtonian fluids are investigated. The important
dimensionless parameters of capillary number, viscosity ratio of two phases and the ratio of the
inlet flow rate are investigated. Also the variation of the width of focusing channel (Hs), the
variation of the size of the orifice, the exponent of carreau model (n) on the breakup droplet,
the size of the droplet, the distance between drops, the droplet formation frequency and pressure
distribution between phases. Obtained result comparison of numeric solution with available
numeric and laboratory data indicates that obtained results have accuracy and reliability. The
results show that, increasing the capillary number and ratio of the flow rate decreases the size
of the formed droplets and the effect of these parameters is more significant in small values of
capillary number and flow rate. In small values of capillary number, the possibility of the poly-
dispersed breakup increases. The poly-dispersed breakup appears when the primary droplet is
pinched off from the dispersed phase, the dispersed phase continues to grow side the orifice,
forming secondary droplets until all the dispersed phase in the orifice are separated. The results
of this study shows that, the effect of the variation of the width of focusing channel (Hr) on
droplet size is more than the variation of the size of the orifice. In non-Newtonian dispersed
phase, the exponent index has a significant effect on the droplet size. By decreasing this index,
the size of droplets reduces and in small values of this parameter the poly-dispersed with several
secondary small droplets appear. Also because of droplet formation poly-dispersed due to
decreasing the exponent index, in pressure contribution diagrams between two phases, small

variations observed in the last stage of droplet breakup process.

Keywords: flow-focusing micro channel, level set method, non-Newtonian fluids, droplet

breakup, capillary number, poly-dispersed.
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