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10 Phase Field Method (PFM)
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11 Level Set Method (LSM)
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1 Kerosene-water

2 Paraffin oil-water

3 Castor oil-paraffin oil

4 Slug

5 Plug

6  Weber number (We)

7 Ohnesorge number (Oh)

8 Volume of Fluid (VOF)

9 Cyclohexane

10  Carboxyl methyl cellulose
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Table 1. Non-dimensional parameters of the problem and their definition
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Numerical stabilization parameters
Numerical stability
Reinitialization parameter

TS

] 00 ‘BL?L?‘ ‘J‘S-')"BLSJ}A

Gl g g b yl,ly -Y

@ S0 - JEs,See bo il slapl,x LS,
SSdge dae ((Re) jalen) soe Gezmen om e slayuelly
0) 89959 1ol > Cuns (A) e j5Sny cuns (Ca)
ol el asly (@) 83l 5 so50e LS 6,0 s 5 (
Sloas 00,61V Jgaz yo lidlecl 0955 of ot 4 o yial )b

o Oddle Jdor o JUTg,See (49,0 sodsi; due jlade
ogdlay wilioe Gl sl o @ S a iy 5l (SOU
GRS (S ) ajoSmmg 5l (U (69508 s 5 (S Sue

AR o ol b.?n'a.w

oS ¥olee Y-
—3b o Siasns islieST ¥olee alins @Sl S¥oles
00)51 Py as ML'LSA Ya_la‘a p...la...' QSIL‘L“" dolzo 9 JS}..M.:‘

:0lodls
Vii=0 o)
pg—b;er(ﬁ.V)ﬁ:—VPjLﬂVzﬁJrFst ™
op Vo v
L iuNVo=N.|NVo-p|l-9p—— ™
Py =N @ c{ ¢|V¢J

U (Kg/m" > ) JBs onasylis oYL SYoles o

1 COMSOL Multiphysics (Version 5.3a)
2 Level Set

YAA



VAYA 5 VAYD doiuo VF+ v Jlo & o 0 lesd Y 0593 ¢S yual SlSo swoigen & il

Do oo Gl [ ¥ Jlew 9 ) Jlow ajeNng cuSF 4 38 ) ielin o 25 s, Sl Sy s Jix
555 dsloa (F) dolae Gybo 3l lgisa |y FYy jlade izeen p=p+(p-p)o )
D
F, = 6k(¢)nr'5sm ((0) *) H = +(:uz _/J1)¢ @
(N/m o ) | 25 saims li O Qi Rty My Y Jbw s b B S50 0, 5 0 gl o a8
0,09 enen
| +
E*ﬂ]".l?mm
... bsmm
PELLE . p H \
;ﬂ.?l]m
Lr - 2-;;-;;-- —— -—— i
Inlet
Fhuid 2

UORREP MO[

Inlet
Fud1| = - smi- | Outiet

Flow direction

o lasl ol pod ds ouis ooliiuw! dwwdid:(0) co phad JuSeid g Aliwnn dusiid 31 (S loudd (A1) Aliunno duwcid 1) JSi
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used with its dimensions
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Table 2: Total values of used parameters
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Table 3. The effect of increasing the number of elements on the effective droplet diameter
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Fig. 3. Effect of increasing the ratio of inlet flow rates on effective droplet diameter
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Fig. 4. Schematic of the forces acting on a forming droplet
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Fig. 5. Volume fraction contours of droplet formation stages; Stage 1: filling (t=0.015, 0.0175, 0.02,
0.0225 and 0.025 s), stage 2: throating (t=0.0275 and 0.03 s), stage 3: separation (t=0.0325 and 0.03S5 s)
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Fig. 7. Streamlines along with velocity vectors during the droplet formation process
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Fig. 8. Volume fraction contour and streamlines for 5 formed droplets when the inlet flow rate of the
continuous phase is 4 ml/h
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Fig. 9. Variation of point P pressure when the continuous phase inlet flow rate is 4 ml/h
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Fig 10. Influence of continuous phase inlet flow rate on the number of formed droplets and pressure
diagram at point P: inlet flow rate of continuous phase is equal to (a): 4, (b): 2 and (¢): 1 ml/h
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Table 5. Effect of continuous phase inlet flow rate on number of formed droplets, effective droplet
diameter and time of first droplet formation
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Fig. 11. Pressure distribution on the central line of the main channel during the droplet formation
process
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Fig. 13. Vorticity contours inside the main channel
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Fig. 15. Velocity profile on the three sections including before, after and on the droplet in the main
channel
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Fig. 16. Distribution of velocity gradient on the lower wall of the main channel for different continuous
phase inlet flow rates: (a): 2, (b): 4 and (c¢): 6 ml/h. (e): coordinate system
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Fig. 17. Volume fraction contour for different inlet flow rates of continuous phase
(a): 2 ml/h (t=0.015, 0.025, 0.035, 0.045 and 0.055 s),
(b): 4 ml/h (t=0.0225, 0.025, 0.0275, 0.03, 0.0325 s) and
(¢): 6 ml/h (=0.0175, 0.02, 0.0225, 0.025, 0.0275 s).
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Table 6. Comparison of the pressure difference between the two sides of the droplet with shear tension
at different inlet flow rates of the continuous phase
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