Numerical Analysis of Formation and Uniformity
of Janus Microdroplets in a Y-Shaped
Microchannel

Abstract: In this study, the formation and generation of Janus
microdroplets in a Y-shaped microchannel were numerically
investigated using the VVolume of Fluid (VOF) method in ANSYS
Fluent. Silicone oil and a 5% polycaprolactone solution were
considered as the two dispersed phases, while a 2% polyvinyl
alcohol solution was used as the continuous phase. The effects of
hydrodynamic parameters, including flow-rate ratio and capillary
number, on the droplet formation mechanism, flow regime,
process stability, and droplet size uniformity were analyzed. The
numerical model was validated using reliable data reported in
previous studies, and the results showed good agreement in
predicting droplet size, formation pattern, and flow behavior. The
simulations demonstrated that, among the different flow-rate
scenarios, one optimal condition led to stable droplet formation, a
repeatable production cycle, an appropriate dimensional balance
between the two halves of the droplet, and minimum dispersion
indices (CV and PDI). In addition, increasing the capillary
number caused a change in the flow regime and reduced the
uniformity and overall quality of the generated droplets.
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Volume of Fluid Method, Y-Shaped Microchannel

1- Introduction

Microfluidic systems provide precise.control over small-scale
fluid flow and have become a powerful platform for the
generation of highly controlled droplets. /Among. microfluidic
approaches, droplet-based systems are especially important for
pharmaceutical and biomedical applications-due to their ability
to produce monodisperse. carriers and multi-compartment
structures [1], [2]. Janus droplets ‘are of particular interest
because they.combine two distinct fluid phases in a single
droplet, making them suitable for multifunctional delivery and
encapsulation systems [3]. The present study focuses on the
numerical investigation.of Janus microdroplet formationina'Y-
shaped microchannel, a geometry selected for its structural
simplicity and ability 'to support stable multiphase flow
behavior. The target in this work is the controlled generation of
droplets smaller than 100 pm, which is beneficial for improved
penetration in biological tissues and for advanced therapeutic
applications.

2- Numerical Method

The numerical simulations were carried out in a Y-shaped
microchannel designed in ANSYS Workbench 2022-R2, and
the governing equations were solved in ANSYS Fluent using
the finite volume method. The geometry included a continuous-
phase inlet with a width of 100 um, dispersed-phase inlets with
a width of 50 pm, and a branch angle of 45°. The continuous

phase was 2 wt.% Polyvinyl Alcohol (PVA) solution, whereas
silicone oil and 5 wt.% Polycaprolactone (PCL) solution were
considered as the dispersed phases. Since the prablem involved
incompressible multiphase flow, the continuity and momentum
equations were solved.together with the Volume of Fluid
(VOF) model to track the interface between the phases. To
validate the numerical model, the simulation results were
compared with those reported by previous research [4]. The
validation demonstrated acceptable agreement in droplet
formation regimes, and.the difference in droplet size remained
below 10%, confirming that the developed model can reliably
capture the essential droplet formation dynamics in the Y-
shaped configuration.

Table. | Fluid properties

Material = (k Viscosit Surface tension
Densny( g/m3) (Pa. s)y (mN.m)
Silicone oil 960 0.00934 5
Polycaprolactone 999.5 0.006 3
5%
Polyvinyl 1005 0.04 2.2
alcohol 2%
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Fig. 1. Representation of boundary conditions in a microchannel

3- Results

The numerical results show that flow-rate conditions strongly
affect the formation, size uniformity, morphology, and dynamic
stability of Janus droplets. Comparison of the five simulations
indicates that changing the operating conditions does not
improve all performance criteria simultaneously; instead, each
simulation yields a different balance between droplet size,
uniformity, and breakup behavior. This emphasizes the need to
assess Janus droplet generation using multiple complementary
metrics rather than a single parameter [5].

Among the investigated Simulations, Simulation1 showed the
best overall performance. It produced stable and regular droplet
formation and yielded the lowest Coefficient of Variation (CV)
and Polydispersity Index (PDI) values, indicating the highest
size uniformity and monodispersity.
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In Equation (1) and (2), s and X represent the standard
deviation and the mean diameter of the microdroplets,
respectively. These results suggest that the selected flow
conditions provided a more controlled breakup regime and a
more reproducible generation process. In contrast, the other
simulations exhibited higher CV and PDI values, implying
broader size distributions and lower production quality [5]. This
trend was most pronounced in Simulation4, where droplet
formation was entirely suppressed and the corresponding
uniformity metrics could not be determined.

Noticeable differences were also found in droplet size and
structural balance. In Simulationl, the average diameters of the
two hemispheres were closely matched, indicating a more
symmetric Janus morphology. Such balance is desirable in
applications that require controlled compartmentalization and
predictable transport behavior. By contrast, Simulations2 and 5
produced smaller droplets, whereas Simulation3 generated
larger ones. This trend suggests that increasing the flow-rate
ratio of the continuous phase to the dispersed phase generally
reduces droplet size by enhancing viscous shear and
accelerating breakup.

The dynamic behavior further supports these findings. In
Simulationl, droplet generation was stable and regular, which
is consistent with its low CV and PDI values. In contrast,
Simulation2 exhibited irregular droplet spacing, indicating a
more sensitive and less repeatable generation process. A similar
deterioration was observed in Simulation5, where unstable
generation and satellite droplet formation reflected a weaker
operating regime. As expected, no‘droplet-related dynamic
behavior was observed in Simulation4 because droplet
formation did not occur. The spacing between successive
droplets provided additional _insight into process stability.
Simulationl showed the most consistent spacing; confirming
the regularity and reproducibility of droplet generation. In
contrast,  Simulation2 " exhibited significant  spacing
fluctuations, while Simulation3 “produced” a larger average
inter-droplet, distance. Although. spacing could also be
measured in. Simulation5, the simultaneous presence of
instability and satellite droplets shows that this parameter alone
is not sufficient to evaluate production quality. Overall, the
results demonstrate. that Janus droplet generation must be
assessed through the combined use of uniformity metrics (CV
and PDI) and dynamic observations such as droplet spacing and
generation stability, since only this integrated approach can
adequately describe both droplet quality and regime stability.
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Table. Il Flow rates for each simulations

Simulation Silicone oil Polycaprolactone Polyvinyl
NO. (dispersed 5% (dispersed alcohol 2%
phase) inlet flow phase) flow (discrete phase)
rate (#L /h) rate("L /h) inlet flow rate
(")
Simulationl 18 18 92
Simulation2 18 18 180
Simulation3 171 171 342
Simulation4 630 630 342
Simulation5 90 90 342

e

Fig. 2. simulations performed (a-Simulationl, b-Simulation2, c-
Simulation3, d-Simulation4, e-Simulation5)
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Fig. 3. CV values obtained for the two compartments of the Janus
droplet under different simulation conditions. A corresponds to the upper
hemisphere, while B represents the lower hemisphere. (no droplet formed

in the Simulation4)
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Fig. 4. PDI values obtained for the two compartments of the Janus
droplet under different simulation conditions. A corresponds to the upper
hemisphere, while B represents the lower hemisphere. (data multiplied by

1000 for better representation)
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Fig. 5. Average droplet diameter obtained in each simulation

4- Conclusion

In this study, the formation of Janus microdroplets in a flow-
focusing microchannel was numerically investigated under
different flow-rate conditions. The results demonstrated that
droplet generation behavior is strongly governed by the
combined effect of flow conditions on both geometric and
dynamic characteristics of the produced droplets. Among the
examined simulations, one operating condition provided the
most favorable performance by ensuring stable droplet
generation, better size uniformity, and a more balanced Janus
structure. The findings also indicate that flow-rate ratio alone is
not sufficient for selecting optimal operating conditions, since
droplet quality depends on multiple interconnected factors,
including uniformity and generation stability. Therefore, a
multi-criteria evaluation is necessary for reliable optimization
of Janus droplet generation [6], [7]. Overall, the present results
provide a useful numerical basis for the design and control of
microfluidic systems intended for the production of Janus
droplets, particularly in applications where droplet size
consistency and structural balance are critical.

References

[1] F. Khalilian and M. Bayateh, “Numesicalisimulation of
viscoelastic fluid mixinggin a T-Y shaped micromixer,”
Journal of  Applied®and Computational Sciences in

N\
N\

(2]

(3]

(4]

(5]

[6]

[7]

Mechanics, vol. YV, no. Y, pp. YY-YA Y.Yo  doi:

Vo, YY TV jacsm. Y YE,AVO YA,V YA,

B. Zafarmand and Y. Noori, “Simulation of laminar and
turbulent flow inside diverging channels using the
random vortex method (RVM) and investigation of
the effect of divergence angle and Reynolds number on
the backflow inside the channel,” Journal of
Applied and  Computational Sciences in Mechanics, vol.
26,no0.1,pp. 17-34, 2015, doi:  10.22067/fum-
mech.v26i1.23642.

T. N. D. Trinh, H. D. K. Do, N. N. Nam;,.T. T. Dan, K.

T. L. Trinh, and N. Y. Lee, “Droplet-Based
Microfluidics: Applications in Pharmaceuticals,”
Pharmaceuticals, vol. 16, no. 7,\2023, doi:

10.3390/ph16070937.
F. Bai, H. Zhang, X. Li, F.Skif and S. W. Joo,
“Generation and ‘dynamics of janus droplets in shear-
thinning fluid flow in assdoublesfype microchannel,”

Micromachines, vol.(12,no.2, pp. 1-18, 2021, doi:
10.3390/mi12020149.
X. Chao, F. Xu, €. Yag; T. Liu, and G. Chen, “CFD

Simulation of InternallFlow and Mixing within Droplets
inaT- Junction Microchannel,” Industrial &
Engineering Chemistry Research, vol. 60, no. 16, pp.
6038-6047, 2021, doi: 10.1021/acs.iecr.1c00800.
P.:Sundararajan, J. Wang, L. A. Rosen, A. Procopio, and
K. Resenberg, “Engineering polymeric Janus particles
fordrug delivery using microfluidic solvent
dissolution ‘approach,” Chemical Engineering Science,
vol. 178. pp. 199-210, 2018. doi:
10.1016/j.ces.2017.12.013.

M. Dhiman, R. Gupta, and K. Anki Reddy, “Drag on
Janus Sphere in a Channel: Effect of Particle Position,”
Journal of Fluids Engineering ASME, vol. 143, no. 3,
2021, doi: 10.1115/1.4048928.


https://mechanic-ferdowsi.um.ac.ir/article_45175.html?lang=fa
https://mechanic-ferdowsi.um.ac.ir/article_45175.html?lang=fa
https://mechanic-ferdowsi.um.ac.ir/article_45175.html?lang=fa
https://mechanic-ferdowsi.um.ac.ir/article_45175.html?lang=fa
https://mechanic-ferdowsi.um.ac.ir/article_45175.html?lang=fa
https://mechanic-ferdowsi.um.ac.ir/article_30837.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_30837.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_30837.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_30837.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_30837.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_30837.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_30837.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_30837.html?lang=en
https://www.mdpi.com/1424-8247/16/7/937
https://www.mdpi.com/1424-8247/16/7/937
https://www.mdpi.com/1424-8247/16/7/937
https://www.mdpi.com/1424-8247/16/7/937
https://www.mdpi.com/1424-8247/16/7/937
https://www.mdpi.com/2072-666X/12/2/149
https://www.mdpi.com/2072-666X/12/2/149
https://www.mdpi.com/2072-666X/12/2/149
https://www.mdpi.com/2072-666X/12/2/149
https://www.mdpi.com/2072-666X/12/2/149
https://pubs.acs.org/doi/abs/10.1021/acs.iecr.1c00800
https://pubs.acs.org/doi/abs/10.1021/acs.iecr.1c00800
https://pubs.acs.org/doi/abs/10.1021/acs.iecr.1c00800
https://pubs.acs.org/doi/abs/10.1021/acs.iecr.1c00800
https://pubs.acs.org/doi/abs/10.1021/acs.iecr.1c00800
https://www.sciencedirect.com/science/article/abs/pii/S0009250917307509
https://www.sciencedirect.com/science/article/abs/pii/S0009250917307509
https://www.sciencedirect.com/science/article/abs/pii/S0009250917307509
https://www.sciencedirect.com/science/article/abs/pii/S0009250917307509
https://www.sciencedirect.com/science/article/abs/pii/S0009250917307509
https://www.sciencedirect.com/science/article/abs/pii/S0009250917307509
https://www.researchgate.net/publication/344932370_Drag_on_Janus_Sphere_in_a_Channel_Effect_of_Particle_Position
https://www.researchgate.net/publication/344932370_Drag_on_Janus_Sphere_in_a_Channel_Effect_of_Particle_Position
https://www.researchgate.net/publication/344932370_Drag_on_Janus_Sphere_in_a_Channel_Effect_of_Particle_Position
https://www.researchgate.net/publication/344932370_Drag_on_Janus_Sphere_in_a_Channel_Effect_of_Particle_Position

IS Y JUL5 5500 Sy 5 (ogilr ol Sno 3519355 g S5l 00 ks

ol 1380057 50 NOF) Jlow e g, jl oolizl b 5 (goue &ppot IS8 Y JUl55,500 5 40 upil Olady Koo udyr 5 ST iaghy ool j0 00aSz

S 48,5 a7 50 gy 6 Slyies T T fetos s plowo 5 oaiSTry S5 30 Sloiets OF iV plSi ol plowa 5 55ikins 585y S8 15 ooty p 0,50 sl
bgode Juo s ol phad oIl (S5 I6i 5 Al (o)l ool oy coplad LSl o o (M0 B 0 5 Lo o0 S Jold (Solidgidn slo o)l T
b ol ol S8 5 St 5T b ol (ot 50 ]y (eelie Sl il 5 b ot Lie] Gatig mlie j0 03[ pee (sloadly S ooliza]
eI g 0ph i 90 o colio (g0l Ol iy ) [ Ay 45 2 Il 0ph8 St b digy Sl G 0 ilite logy L Glo y0 & OB GLD o jludes
ody ad AT CodeS 5 S SRR 5 Gl oy et s £ ke (i8] imat 05 o Jole PDI 5 CV) (SUST clo el fos

o,

Y il S Jow e gy Vs Koo 49 5/ Il = il 0,y Ko L godS o3l

2 oglal gy 1y satied o o3l (SaiSTy b Slad wie)ls s, S s
ol s (e o [6] [B])55 e 1 5 5 i, 5 i
5 S Lo sl (PDI) Sassly asls 5 (CV) @l s co o il
.[22] ,[20]&5)6;0 LB ki Sas]pae/ Sasl, s

L) 5o oisls Jo 4 (JANUS) gl slajisle (s3lg (slajlisle ol 5
2 [10] sijls ailfain slos Slhee adl)) cud b wogloie olys b arsli (azx
ool Glp sy 2 wlg o uple Dlhds Se (Siaiglig S ozl
[28] wiss ol 3 slse (i 5 (S ) (owdiges Sl 5l il 4ty
Jomlp bbbl ol o lli 4 Slallas (S p 3 Goizes 4[10]
aS Gl oo o)ld | glase (50 ,Slee slagew b slowl g o)l iz Jlgie Glojen
Gl sl a5 [24] wsl 4 ls Coonl Gl enizslacle,s 45 Wi os
5 i AU glao ) s sl bl lone aBile sloojs 45 s>
ol 2 093 [27] wesen gle il pspie Galig pisdllasil s o0l 5158
sl S s s9ldy S slo )
L [13] ,[12] wloas = has 55 PH g Lealb p 3o o0 55 b odid g 50,40l
5 ekl g oostigla 8wy o pdebie wile glo iy wezs ol
log yslid ol hoe axiigh slp gualS Sless 5o 5l plizmen 5,55l a5
[28] ,[10] el

SVl ol (JUSTas 5 de s 5t oo Soosisldy Ses o o,lad LS
P (] o 5 Lo 9) St a5 (IS (b S iyjsSss)
5 Flow-focusing « T-junctionusle !, gledw oo g, ol 51 [17] o)ls
[22] [10]wilazdly ax g5 oglad sdgs wilS )3 g o3lsl J S (sl Y -junction
Pl 5 o s S 5 o5 L (CO-FlOW) (2 5 U2 Yisla >yl 5o
g ok St 5 658 59y Sy S OlSal i e Vb )
s, B e yﬁw oplad oSz s )i, [21] g o ol )] la S s
dre SlBode i g 098 o oy (jEUING) co 5 (dripping) (slas> wiile

o Y e LE L eeile oy e L

S9b e OlikS (6)lnl 5 (B ol sk g ) w85 4 Wl oo
22]

doudo

2 OVl gl Solaa g J5S (sl (s (Microfluidics) oasglss S
Sleoje= o)ly g3z jsbas (Sl slacs,slid anwgi b aS Ceul S ,Soe olal
[B] colons Kop cwdige 3 9lge ple (ol ) ¢ cond sile (glais ) la
‘_ng.x;.ﬂ).é plsl G asly (g9, oli&.g'Le)'—l poeie dpaibele oyl )o.,[Z]
ol slie (6 3 J5Tg 5L e s e g digai yaS Brao bl alSiyles]
Jl 5 Jsloo Gldlas « oloondl s slaJulos 1la olao IS o 5 05 o
wig= ol 0 walS sleaslas 51 S0 L[B] L[3] J[L]sjls caeal s
25815, 5en oy lime S &5 Gl el o, s ite Spaslhs Soo
a9l 2025 5 3ludlgurS Wl fw (Qlrerd laiiSTy plxl 6l
ol ol oy (( Sopncem) 5 @byl sbop,ls o Bl sy, e
Sonde 3318 00l J S Sl sl 5 e (Sl e Sl o J S BB g 0y IS
sl Jd JyS sl Kol o yizen [6],[5] .[1]oss sl Sy sladibels
Ol 5 Sgo pli (So5d Glao 28 b plraly il o)kd s
oRlP el ganan Ol wiile cole slapsily dawg S g (eanblie
. [8]—[6].).3‘0..\;} Sloyhd slaabln ;o b (5 pmd sl

Scw Trshe p begssasm (S b 35 o5 0 oy e 0929 b
Sy o Jsho 5 WoisuSig e b ool 55 it (553 b as o s o

Sleubli 2l sl onl podle [1] slgo Sy conns Jlazol g oo
Sl il ar S s bl (Gl 5 S sleJyile wile) jeinh
s sl il e s 98U ki ol st aiz e (1] ol coeal IS
JeSin 5 oS g (G9,5en el p g (nl 35 o5 i b L D340
[5] [2] el JUIS s S dsiin 5o 0,k

G ol e bl o Shandslhy S iliaiy Glo gt w0
52« bzl Jlowsl cll> o o jls e lgiSy o ks LS s 10 (sloaisS pueas
)35 ;0 wilgi o S5 S pduglimel (Jlo cpl bogd o ol asei o (5318
Sloslis b 1)l 0 5] ams LalS' 1 o,ad audes 516255 g 08,5 ol
3B e ol Gl g (e 225 S sl (2B Ol lanilisS s
Glo 8 5l ol 2 2o CaaS Hlals ) 123] e Tous ol



22 sy g xhe 225 I 8 Sk 55 oSl sl g L85 (lase
@S sbosls b Jow muiw jloel cpioman s Tojdad nlas g LS 5 0
161 Blem 60,5 o5 o8 ol i 18 o in el 397
09y s PCL O ol Sl j5)ls (sl oVl Sl osliss | imghy cnl sl50
Shomtan 56 gl I cpl s T (a9 3B) PVAY g (0asSTy 5B) (sdas
Y Jil S o |y il okl gl o ey Cul (Suzd olss )
Saste slag)lo b ool (6,050 29yl D3 L adsi lp i s B 00 S (o )
Joo valr sl j5095 lo Gloys ln AT G mg)lel g Joo SEISL wiile)
[6]sss o2l 8 0an] [0 (Wgd o edliiwl by b

aliowo QL"’
g S5 Y U9 S Sy o el By e ST (gl (ol )

2dbgliel 5l ol o Jols addllae 5590 Gy el 00l ) s00e
B Lo, p 0 gead JUS oy ylojed ebas 0aiSTy 5 g0 o1 jo a5 s |
sloyebly Sl Jelos (ol Ban aigh oo pugiler D8 [50S4 joeie gy
Slp ol 95800 ol )5 (gl Slkd la S g St pille Ol
5 olb (Sl s 4 45 o eolizs | U5 Y JUS S 5l jshate oyl
Slalllae )3 03 5 jsboay wg3B0iz lapl > @l Sl ulys slml oLl
sy Jo 99 Olejen Goy35 Ol dssin ) [20] 09,00 50 SVl Soo
9 Lol > s Sl ooy Slp (ormlin fn g 03,5 wal 3 ) 0asSTy JlwiSug
6399 JUIS 99 (g Sy ol )3 a5 (o0 Slml WlykS LS5 (o8 p slagns
03ls ola 23l at g 5B 4 (35 0 (539, JUIT o g 0Ty slajle & Sl
ool s JUIS slal . biises oo o 4 S s ol JUIS S5 5 bl > 5 0l
b 599)5 JUB (550 0l sl 3l el slasaiojl 5 a2 pe YL
A5 50 fhag S B0 0asSTy Jlww  (689,9 JUB (50 9 fhegSe )
2 SIS Ol B aws S Qb az o TO lagdgyg ladidl aygly 5 ol aid 5
s b laisFay il slaasls 5 Lol IS Jsbings ol o5 l5 b
AT gy 00,5 ol p Sllad LS g plz T8 sl S ol o
olld LSas o iagh onl Slaal 5l SGuB8legs Db Wb s oo
lacdl ;5 (55 5% S9i iy, Shkas s sl g Sea Ve Sl Sz olal L
ool ysee ailgs o kb ojlail palf iyls ol (slo 505 aiile o515
S9b Bus 4>l gl e JliEl g g 05 Japed | ok i slalas
Wil S Sl gl 2l y%’-’-‘ PS5, ks Jlie 5 [36] ,[35]
3ol el adg Sl (G Seagulie o JS Yaw aia sl oslis | ol pl
Gissy ol 0 [3T] aS el B Sl j5ls (lp e Lo bl b eIy
S e sye (2boy g ot Jo ST BBt by pgtiege 5 (S gy SYolas
C5iSy iy Jald (5350 Lylydh sl o0t plol VOF g, 31 solicl L ajlé

5 Laed o g Sl (2530 gk o )lp 5 (293 5 ol jlad dasng s 5o
b JUIS 4w wis ailoads oold ,oss J a8 sl yialily lgicay (694,9 slace ju
L o¥oles (g0 U g o o>hb Yo YY RY abd g8 )5 ol 38050 1o
0 ol gama > by 4l 5 A (] Sl a5 5 oolial
oy Slapdass g asls Pl 1900l obtl e Lo o, Ko jlre s |

Wlodds pw )y gl 8o 5l liebl jslaiea,

Soslaiw TS ledie )3 il Glopio 2Lk s el Iz
4 55 25 Sl S 5 (CB) (SIS sse e | (55558 i slaCensS
JeSd 50925 9 36 50 )l 50 (oot A g WS (os Ol 1) (Rl i S
lad LSes y oxbn S 4l b Vgens Ca b polie [33] 5l o,k
Iy ey 4 aily sl ,ld, Wiy o Ca iolidl a8 S o caw ol pon 35 lsk
S 55 (We) g 2ac [3B] wis ol B 1) ) kS dine) 5 00,5 sl
s G5 Ko Wlgice g am0 00 Gl |y (b S @ (S5 (slag
5 I33 sl (e caSal il Olss o o iiS il ade @
aile) We 5 Ca aes Lro 0925 1558 50 G 3l Gl b 580 il o (50
[B4] 055 oo Iy oo s (ilisee (5316 (sl o L boliie iy oo ol
8y ok o Jslme Sy e 2 Ve Slgplean s R0 b )
a8 g9 b cpl ot e li 5 095 She(shear-thinning) g e
e JSO wlgoe (S Tly cnl g oo Gl A 25 RIE L 60l
ol 5 oldlas [19] [18]aes s |y of JuXi 5 &5 g 0,k o5ladl (i
1) oykd LS5 S il e b LS5 S0 58 mlo)ld, iz 3 a5 wilosls
[16] o5z a3 5 i jo g3l ol s (>l 3o o 13 5 S ooy
,[15] ,[9]
oo Gl o Lo IRl eo0e g3l a0 o Ghaghy LS e
3925 b [IT] ] s | s 55T a2l 5 (2l (s5lo ainge s %l
2 Slmlre 4 g 6550 byl WSl @ gjlair Gbjluand Cowles
St 2 kS b ] @S Gla)lSgle plgioe s L (i Ll 000
51y CFD) sl e oVl Solind oy Slalllas 0 [17] 5,5 Jdos
3w 5eS g S 5 31 50 g DS s LIS b > slasSl (o
Slodanaie jo o ki LSias Judow )0 uizes [9] canl a3, S o0 )had coas
(Level-set) ;15 acgozme g (VOF) Jlw oz (b, aiile olo b, walise
JUE avsin jomme s Coenl y Slallla ol b 5 [41] ,[39] wloas enlicl
o gl Sllas o3> 55 .[22] L[17] s)ls oSt Jlos Lol 5 b od s
Ll b s o mped Jlw b g SO Y JU5 S0 G o oS cl ool (3158
loowist S B8 53 4t joSmy alS 5 2w )18 sl o 1) o3, S Wl oo
Y U550 5o gomae siloand (pizmen [10] ool 35 31 o b o
Sl g s o oS 5 bz o i b oS can ool L bz
L JrsS B 5 colesy 6560 sbajbale ol plgioe o Lo Sl 5
Ozt sloainSa 3 oplr SLosm ol aly [21] 55 ¢ laTGe
ol cole @l awain (b oo g 0ol (B)15 55 gy S wiile
Sl oS Gy o cd i g cpl gy b [18] Wi e cugm | sl
syl 4 axgi Ged a5 0 0925 plaJae 4 LS Jlzes (29 o (S 2
cslie ©B5 5 by 025y (it SoblB cWe g Ca da oo s wile (gullS
ddan Sl jeyls gly SS9 ojlail S 15 canms @l ) o lad ojlasl yo
[25] [24] el il s 55 ke
o5l Dkl S St soue il and (Siaghy ol o el (e
gl e 313310 53 50 VOF - g, slhesliens T JSa Y JUTg Se 3 o
o da s e 3 Jols i sl yall 1 Jolow s s lons  plovl
a2 e ol 5 s [31] e Tl (k5 LSt 5 pg 20 5 o DlS
Jelos 5w )18 ol cami 1) Gz ) RS a3l e IS sas gl



Siye bl -V Jou

by g

S by

Inlet (velocity inlet)

WS 5 ol 5995

Inlet (velocity inlet)

S 38 g0 (6399

Inlet (velocity inlet)

Wwge B ($99)5

Wall (no slip condition)

o)lﬁb

Outlet (pressure outlet)

9>

Inlet Dispersed
Phase (A)

Inlet Dispersed
Phase (B)

Inlet Countinues
Phase

JU5 9 S0 59 (5550 Ly sl VIS

Poghiss w25 D jge 4 Gamde B o (s

+ )] +pd+F, (4
S50 1o o7 S35 10le; i VP0G Fy 558 s abslas o
[15]artly o 4558y 5 Sl jlad (2315 oz
bl gl Dl 18 g S T ke (o ligs e 4 caslllae ol 5o
s DSl ol (69,0 5 (o5 3 5 5 (BU 9 e LS (5959
Gl 5 b (S gyl gloo po el ond a5 0 L JUIS )0
S o g o)l hles oS laigSay s oo Wbl (ol 5 St 3 50
b RS Slpd Yl 5,500 laailbolls jo il Jla a1, 56 90 G
el a5 sboay o NS 1 Sllad )5 g JS8 cojlwil e j9body Wl e
Slikd S5 carge Gliuialidl s JeSlesl 5 5 Sass Sk adgi 4 e o
S 5 et ol Sl SIS 15 cnl 51 0pbn bl 5 555
Sy Coptn sl 55 3l i ppm Sl i b Sl linsd

du;j duj  19P |, @ (6uk

— u —_—— — —
at kaxk pox;  Oxj oxj

1 1 Lg
F, = VP.A, [ (h/2+ g) 01<h/ +Lg/ )] h+
L
[ h/z -0 <h/ +Lg/ )] gh—_‘h(01+02) (5)
9 oﬁ‘f)bwk;‘x]a.w u’"’""’ Sw).lda AC,Lg,h 0-2,0'1L">O.:l)$
JsbeJU el s gy Jlow 9 ¥ 0aiSTy 51 o (ordans (AL s g9 Sl
5 31 B s 53l o ey Sl o 3 JUS ke s 5 o153i5

ol o JS5 Yglo U5 s o fs Sl il 5 G s oo B 5

oSl Yol

B o e oo, S VOF g, s air sloglr il el 52
S U sl gy nl 2 [32] 05 g ealits | litl LBt slajle
s Ap (X, 1) Sy & oz S Sy 56 2 (sl oS s o it
oS gsome a0 o i (Sl e Jolo 52 50 1y 56 o g o5 055 o
2 lad aS o menias byl cplaS cwn T S Ll dhads o 0 bajls sex>
407 wsl oot Jlsl syzge slajls Lawss LelS jsboas Jsbos
ata,+az;=1 1

105 o0 Adg p) Dyse 4 PB slp ceme S Jlal gdlolae

Oay(x,t) R
Y +U.Va,(x,t),p =123 2)
O oy g ooy i F @ X, € g ol Sk o ey i U Gl o a8

a5 50 6 e gy S 45 S o s Alolas ol s | ks

5008 Wole la3lb (2 ST (9 05 (oo S Gt p (s b 5
Woles g0 Ll )3) 0500 Jo oz (5 oS s8lolae L5 VOF by, ooz >
@ (V) @ dolee (Sl byl 5l pgus 5B oz (gym § jldo 5 G ans (gl
olas g (i g dlolae Jold (g Jlow
o ¢ alize byl o) Jlaw oS o (8, a5 0l bice S sl

[8lowss s

duy 0 3)
ox,
Ol 2 a5 Cal o815 b e oz sl oy (Somsly byd il dlolas



2 GFh G g ool ool (pla Bl ajls (5 ye 50 &8ly o sl 4 b
[29] 05 (oo sl I8 (6 lly g S8 i

E, = ok, (12)

1 5505 45 (orbans Lo i g mlans Jloyi o puerlans gLl K, 71, 85 sla el )y

Wil (oo w300 platBl (650 sl sk @

k=V.A=V va(x 0 (13)
- T Ve G 0l
A=A, cosf +1,sinb (14)

0y o e U o)l g Sl wled 5 agly o 5 a0 By, Ay, 0 slo il b
daiies 6okl als o Slpd s Bl (o s p eles o g Sl
3y oS oo e ol Sk Jlade dy o 51 aosls (SauSTyy lie a5 s |

T oo Cansty 5 Sile 4 jlre Bl el o

(15)
x

il o shens Byl g Lo oyl Seo yb eSils iy 4 S, Kol zal
0 el Bl 5 5l 03l ko o slote ol x5l Sy (SaiSTy Lasls
a3 oo s | bojlal mje8 (SauSTy b a6 ol
S
PDI = (:) (16)
X

STl Sl S5k 5 ol balyd s o0l (sl aillan i1

Gpyelip woxly o lsiear (DOE) o ke 5T (>l 5,04, 5l c0aaSTy,

S
CVZ:

2

0diSy 5@ g0 205 Q) a5 3B o0 sz lr cpl o0l eolazn
Sloedy 35 R 00 Com 3 gl 00l Jloji de 3lie sl g 005 Qg 5 Q)
505 gerie Sy Olyeds 5ol aidyS A s laadg) e &5 )0 (SeS Sl
S5 5 i ool sl asl okl s bagaly syl oss,S gy
R Sl ol (Soolins 5 solal Gl ol (pizmes s PDI s CV (Lils
poe b S5 ol opde 0 ol B8 s 6 i 5 iolas Jsb
Blod J5b 15 lae ol a5 (sl a5 LadlS) yze o8 LS5
o b ol Sl wedas O g0 a ilanaigles L (lal nl o0 S
9998 ald SLRS S 5 ojllp laos wis Sl plojes (au slie Sl
il s B SRS o 5 (sl L85 5] el 3, o

e e
sl Hshteas
A 3lae (Yo YY) o) an g7gl (sandllas ;o ouls (3,155 slaosls b (g3l 4

s (imgh cpl jo ad) War (soae Jou o g Cxwe

@ bgye i ol | b v el anlpca | SSa ey cu loud
ol o [15]cw 1aB 8 oign o Sen g sb BT salie ;o Jgiges Jlu

5 oolitn | b alSgs JS8 Y JUIS g, S o lhad LSes gjlo 4 b,
sloyell s Jhw ol (omain Ll g oas plosl (VOF) Jlws oo
S de slie can oaus )T Sl 5 g e b @llas el oz & ly>

5 el Jore i 5y dasls S i s (B 5 Jlasl b Sl
Slyhad ol alS g wlgh oo (b S al38l 0,108 e S oyl S
Ol b as wlools ol 5 0y28 g goae Wldlas g og Loyl (ol s
Olyld aml )5 g 4Bl (Ml (B p 5 609y slaaSli o (b Ce e

[30] s o Sts 63Vl 0dsi 25 L g Sz

Q¢ ﬁ#chLg

= 6
g)(W_Lg) g (W—Lg)z ( )
5B UK et g Sl som> (020 i 4 e, W, Qe YL (s alolee jo
5 &S IS
ojlaidl g gy &5 ol lawe eedas b jla 3 S| Lol el oS >
55g,5 oy sl 8 S (S Yisleaw duia o WS o J S ] Ol jlad
ooty Jele pl ] Lugile lad oS > F 5 0 k8 olas Jore 0aiiS s

g Al o Cuenl ciglate gloals oSl 4 LYl

F, =2t.A = 2cos45u, Py

)AWL};E}JUU;MLLondo”jéLmA}LL o ki 8

5 Gl sl o
[30]055 Gz w2 SISz 2l 5l Gl 23 ks o Wl e
.uch _ Mchch
hw-L) " (w-Ly)’
b ol Lo JUIS g Soe il g Lol ) e 8 s 5 4 Py Pr 39 seslee o
395 o o Syge cp IS 59,5 (7),(6),(5) G55 Yolas
VZUeQclg

l kHchch
(W_Lg)z 2 h(o, +0;) + (w—Lg)3 (8)

olagl g 518 S g 0 a0 Jold 51 an jeax o a4 caslllas cpl o

Fp=(pr =p)-Ac=0Q (7)

Féotar =

Slaleas a3 0 Ll o gl alflas &g dy  Soliysg s du o
3 0ylBaas 18 5 S go Jos 5 po plan s S (lgieds Gugile o,lad aS L]
Sl 299 6 Shael Jiin s ds Lo )l )13 a5 5B L i s oles

el 5508 05k gk 5 Gl 8, BB el jslieay Lo, se
slo 5l Sloas ((=12), 1585 (M s g5l w0 pg g 6 sae

05l se iy 2 55 D yge 4y Sidline Ay

Uu
Cai_3 = —3 (9)
0i_3 ,
p3U“Dp
Wei_3 = 3 (10)
Oj_3

e RS JUS (Sealingyoep jhd i 5 4 U, 0, Dy 398 SYsles o
AL oo S B ) ol Ag B cd S g

Caan 385 S | 5y (g00e slagle a0 b\.«;@w&@b;o.\s

oy sl o3l 5 e plS & s bra o3 Sledll Jli] e o

.[29].>)|.> ©ode > gyl 5o cepe il g WS o
At
CLF = —

11
Ax D
il Ju s b e oy o5 5 e ol oo 5 4 AL A sla sl
136 (e ol (1§ plzdlgld 1l 50 (obans (kS (58 (53l Jae

O o Jaw cpl 50 05 oo Bl paiiage Yol [0 ez (G958 SO D jgo



a5 a2 oo L Az ilos ST s jp aliBee baylyd ol eads LSy @l lad
Ol g plaie Ojgod a8 il Joleie odgamme Sy 55 6 Nl polie S5y
Ik g ams g &) S Sl wpd oy S polie ul ST g o JSE S
il O ay Olylad 50 Cdla 90 cpl 00900t 13 gl ool ddgi CS9iSS

[15] s o5 oo USis Sl g

YE _
a ! s e
P
17
g
[
3 0.01
2 3 H
2 d
i
"7
o
b c f
1x104
3 H
a
1x10° L " L L
1x10% 1 %10 1 %107 0.01 0.1 1

Capillary number (CP)

ool s Sl 9 JeSid 31 (o yliel )0k @98 Hloged —Y U5
9 & (slay Jold by i law §) Glaled) JSB Y JUg 500 50
Wokdc gh JSb 53« oals JoSid (gl oplad A JSb 393 sloges @b (sl
sBgoe S 5o il ol JuSiid wgliso sbd 031051 b (gl o5lgale Ol yad b 150
e @90 4 ol d S 53 wiles )5 T by gl iy g 4 oSy
LU g0 4 g SzgS sl gl ol )0 i S T JSD g 4 )5 & 90
(digls g0 JoSidd

9 4o 50 HDDA ouisly 5L 0 )la893 (5 0jlwil g dmulio 325 Jgur —F Jour

Cowl ol oSl gl 008 92 V€ Caomnd)add oo lis 1) (dw yLael
(! o0l ‘5).;5 o3l HDDA 3B ol aidlsy )b > - ol

R {PES WSS oaiST,, 518 ojludl oauST,y 516 o3kl aolae yolas
b o kb 55 o3l ,Lzs/ HDDA e pallis HDDA o
5690 ol e y2) (05,544
oSl (095
YV % 152 II-b
\7A] O A Il-c
\e A Y. 1V-d
o Y\ Yo V-e

o5lil (g dmlio 398 Jgur g%y cnf 50 el Jlos! (5550 bl -F Jgox
0 0L 1y (o sliel g dllio 50 (g8l (9, 0081 518 0 ylaSg0
0Lz 05 6 oIl Cawl oulis Sl (gl 0k 92 V- Caound)ao
(ol 0 5 25 31 y35abim (5 36 sl

U PES IRV D9, oSy 5 o3l D9, oSy 5 o3l aolie yolas
L oykad 9 ol Sl (sSedens RE ol
Bgo ol e ) (09550 o allie
xSl (095

o nd S aliBee (>lg aS ol ol s (6 Ml s can > by o,
500l lT o b ol gileans (o bl g g (sl slocdl> ol
sue (Rl b gl mo) i Mgy eizmed Wl (o Lis Lkl g e
P Joo olly Sho af cw ooy a5 dalllas 90 2 0 o MLE
Skl o5l poS anslie oopl ogdle .l by (58 8, msro sim i
ol giloans jo okl ol Kl (gns BB AT ol L ool LSis
u‘)—A.A U"‘ RGN I A Sgds> )l )...45 [ IE L.;Lw}s 6‘)‘.’ &y slrosls & cas
oaums i i g as b 18 SVl 5,800 gous Sldlas Jgud Jil a3l jo B
Joe a5 85w lgi o 0398 gl el |y ] (goded Jas s e &8s
o5l Sl S (s 5luky 5 LSt 5 Ll sl S oLael I s, Sy goue

[25]-[20] ool 51 6 )T i g 0342 15595

Ol g sk sl 33 550 ylsd g Jlow Slasin -Y Jguz

sy R “ai5Ss S Je
L (Pa.s) k.
(M /h)6°9)9 e ( g/ms)
(mN.m)
VA o “[eeavy g Ok 59
A 10 oY | e Jsooli%e
HD)u)L)S]Lgo
(DA
VA A EEA PN 444/0 e (onS50,S
Hske
10 T T T 1
No Janus Droplet
Tubbing
1k Jetting
Dripping-Squeezing E
. Dripping e
_:3 01l Dripping with Satellite =‘ ]
] Intermediate
2 Unstable Dripping 7
? ol -
3 X
"—E._ 1% 103k §
; B B mm
I VI
1%1040 4
1x10% ! L ! !
1x10% 1 x 10 1 x 10° 0.01 0.1 1

Capillary number (CP)
o 3 IS Y U159 5cr0 53 il b S sl 5y i —2 S
2ot 31 sudsgz) yimw! « (CP—DP) diowns ji— diwgay 318 6,5 due

0l g b tawgi ouuls b 155

GO9ae jore g dlanS 5B (6 MulS sae saasylins &3l e ¢ylaged ol jo

o3lail g i 3 loges cpl jo lakore i T ais g B (6 DolS sas cnas i



9031 ol 58) My, My, M3, My sl o (6l aSds 31 JSisaw! 50T -0 S
10ged @b g Coml o (o) 2 Jlowg S JU () o)l yeoe0 Jgbo 50 s pw
97 $y0 9 B sl Lol Wbl (o0 Ll (e « M3, My by 0 39

((cawl ouls oolaiwl M3 &Sl (65w ducds dolol (gl Slawlxo loj oo 4o

Syl 50 Lulpd 5 o)l 1,38 Coale allle 5550 Gz o5 LT
Ly ol o ol 6sps oy A 5 s JEl sy s Jlos
ool Shkd alae g JSas )13 g plnil Oglite Sloj slapl L lagjluans
52U bl Ol (Sloy p8 mals b as ols las mls 8,8 13 bl s se
ebin (Gloj o5 bl Gl iy ool Sl @ patde o3l S5 )3 5 00
[30]wsy Sbsesl g slusancts aslsl sl 0,5 o Loy gone s lal bys oS

QB}S‘:‘“Y' ﬁ|ﬁM3 AS'."‘:‘°}|"\';“."‘“’)'3‘5;L°} .alf Olasine -F Jgoo

Sk plE CLF il ysS sae jluie

\/0€-0 /YF

Vv/Ye-o /XYY

V/ve-o /Y

e-o LAV
cLr, [
CLF, |
CLF; |
CLF, |
0 0.0005 0.001 0.0015 0.002 0.0025

Length(mm)
il o0 oy P I IRl cusms (LG 598 (S -5 SISl

O yeoee Sladol 50 et pw Judg 5y bl (Sloj P75 o LS JMi (o) 2
ool Jowo Sloy o1y Kep 0uidd yLis CLF 3, CLF 4 (v ol 3Ll ¢ JUIS

poe g0 (5l 0lgnlo Wil pad 0925 9)0 418 (5 iy (@lai Hlogei CLF3, CLF,

2 y3e Job 53 S ping o oo b e I o (B 1 ot GL
Jdos cilyef due g Gloj ol Gl gy (295 jlro CLF g(cawl ooy (cwy
oloj Waw yo oyl JuSis).wbl (o i rdow CodnS g gl 0ylgale Ol yad i

(8l o 46 oo 1N

Vdgaz @llae (b (25 5 4595 15 ( JB2) SVl (S5d ol
o0l iy p Joor Billas 550 lulpd oot Jles! Jae o Jlw elsS

Lol

Y £V FA I-b
v/# A oY I-c
#IA Y\/0 YY IvV-d
MY Yo Ty V-e

S bulph g 4l andllas

(Finite Volume Method) sgaze ez g, 5l eoliiwl LipSl> @¥oles
e LS (ed 158 Sl e 5 L8 95 hsS Sl a5 leatenS
b b o S g S5 SYoles s ,5 colinul (PISO) s Shoe S5
oy edle b 8)S I e VeT L g eVl ples gl (2l Sen
S JUS s 33 gmmn oS Sl oly oo 51 o 5 sl ool
JUE (295 53 Slinlad g lagag)g 58 Sl e Lyt Jloel 4z g5 b ot
b oloases b bgsluadnns abul Slolre a5s 5| bt Pl o,
Joe 9 ol likad ojliily JS5 Jelss (el sl el )y g plowl glie o153
WSs WS Gl b aS ol las gl 8,8 13 anylie 3,50 bl ilas
WS (S, shoattive paw SO 4 o 5l e g a8l GrelS mls Ol s
5 ol @30 Lglasiss (bl ol 5 068 oo ) X0n Jlauly cdl> 4y (goue Fuly
A bl ples 4 laiedy Joae Sl 4 i

L olall g asuls Ol s -0 Jguar

b oybedl sloss (059,550 oLl o3l S oyl
FYY 0 M,
TN ¢ M,
Mo [ M;
AYroas Y/0 M4
N e
. — _ “‘E‘

3970 (31 (89 3 Sl Sy 50 9 Wbl (o0 duwiid ()l Hexe A-A -F S
i anlgs osliwl iloj plS g a5 51 JSliswl JIUT (6 axlllas (sl

018
012
o1 i ') /
g v A I, S
oos \n Vet —
z ’
'§ 006
s
004
M, -
M, B
oo M, [
M,
o
o 00005 001 oas w2 o028



e
63w damdi-b (Jgl (3l drnii-a)ouds plnil (sb (5l Al Aigei Y S

(g, (65w duali€ oy lor (65w duanii—0 (pgun (5w dunls—C g0

Do 4l e sln Skl ojlail (SS9 (oS Julod e S plE s
SHSn e lp Johite jlore Soad - Dbl Slpess co e b allas
Slecd 0o 13 0 5 ;S CV Ygasne «lyhd ags Julod )0 g ca | 030l oans
3 0gh (o0 a3 S a0 Joub JB (ST SS g e L (s3I0 SOl
RlPl s @iy Ul Sl ol ol 5 YL 4 OV all of Jle
[31] ,[22] el ol s o5lail (6 s

Coefficient of variation (CV) per simulation

- v
] cve

o
4 i
J N!
Fi

) 2
Sl smz sm3 e

Je5i gl 058 0,5l (3w ant 30)B 55 lw A gl CVplade —A S0

(Cawl 80l

50 o) polie 5 amd o lis |y CV lada oy 28 Jol (65 losdas culis ulool 5
CV Lulidl gl Sy 50 (blie j0 s 13 Canlin 251608 00gume
5 Omizmed sl G310 ol alS g ojlasl SausT, o8l caims i
GO SR VL N CH N 5 SO 04 VA PR IRCIW PRV AR I O S S L g [ B
36,8 (sl 55 PDI aslin. CVos oo susle o glaaig, ol (sl caslsl o
ao o i 1) o3l w365 (S95uS liae JoSe aFld laiedy ol 4l
PRGOS [ o P ST STV L SUULY JUTE G PR W PR T CS g IRV PSSV
ey g Sl lareds jhe 4y SGo5 PDI olie da 3155 51 (gl
SS9 s 5 e Sl PDE (285 aigd (oo (Byae nde S

Jbw olgs -V Jgux

o (Pa-)asssSuss | (K9) ) Jisr e
(mN.m) =
o o[- -arf - OsSekew Oés,
¥ “feew 13470 07 555V 5
YIY “I-¥ Voo Y7 JsI Jly

S8 2 Gln oyhaly S cain Hhad (giluand clle e 0@l Juos sl
dwle 18,0 61 PDE g CV (bt Kl 5 o (6,50l 8 las & g0
bbby plyeas Slad o alols Lawgio g 05la3 (aalam Jsb Griren .3 5
B ) RGN S WES R

JU 5,80 50 wgiler Sl ylady Ko S5 (g30e ilsdcd ol (isu ol 5o
AW L..L‘?u ) QA>L..: Alwd 99 l) y)L...J BL) us’ﬁ)’ ‘usLL..A ULP .Ia;‘;...: B alolw
Owzed g slojlaale Dlihad JuSi g Jlia! laulli e 10T glops), cvalis
V).laé 6);:3)"_&5‘ J.‘:L.u GQS L‘-L"” 5 (Y)sfo).laé LS..... L3 pas (e s 3
A8 oSl gl 1y alilan Dy a5 58 (sl o)l 8 55 0)ldg S
&AL.:QM 53 ‘5|).g nQﬁ‘ﬁOBM.Cju;?ALS‘)gJ ua?l...: 9 u‘M w)..o w)hé
0 S D B b 5 kb talar ol oSk s ol o
[32] [16]wlesss (3,35 (oS5 (slo ol )b olgieas

L5 ilwdads 5 (0 o gy )low —A Jgux

38 YIS sl

& (S

(uL/ h) %959

0FSYs s b BT NS
@ (0asSTyy 507 &0 (oauSTyy

(yL/ h) 8999 (,uL/ h) 5999

Sl s o)los

qy YA YA Jsl il 4t
VA VA VA 95 Sl et
TEY WA W Py Sibe et
YEY Y- Y- el b 4l
ey q. q. i (S5l A

e Glgiear Jol (il amd 0ol gy 3l amd Sl w2 Ol o
Sy 50 sl ol (S e plejee S nl 1n) sl (o QL g e
Jobs(Veodigd )| S5 g 4lasly o a8 LSas()) rawe oo lis |y ugils @l lady s
5 (0% a5l 90 oyad a8 (1 S0l o5 Suo ) wsile okl A g0 (solal]
4 a3 PDI 5 CV 5w, slaasls oog SarsS b aS Y 231, (F)
boe Jsl 3l 4 ol ol 2 [40],[22] 090 o asiina lagy s Lo
Sl olaly 5 (SBeSG okl oIl la o yeesd ST 055 go )8 A lie
Sl bl Jl (g5l s 005l pndS gy Oyged el ple jo
3 Fpd S5 6 8, Gl a3z g 0o Fpliie (o S aAlols 5 S



FSzsS 4 bled (augn 56w (RIE) R RIEL (5 %5, elal
S 5 (50055 et 5 Fhe Ghp I L a5 09 oo saaline Dl ilE ud
ot 6l S e e R ass e plas mli ol l b osjls (Slos o
s Roogzg b Ly (52 50 Sl 5o Jlie bty 80 (75,5 CoeS
ol 5o cplpln aes #) ol SaasTy, Gl g Giolas as > g lubl YL
o ooliiul &Ik o3Il W, s 1y (S5 Il Olgieas o Rl g
o asls 5 (3168 Sl arls oS5 al p (St o)y 2l Dsldd
[22]as plol (Ol ke aliols o ialas Job) (Seslio

olas 1y o Sles (52 PDI g CV L jlas Jol (s5loans o s Gulol
@bl Jols g 435 )15 oo 4y S0 polie ;5 o e 9 yla8 (S0lee w0l
P33 63l aiile lgs L 53 el 03,8 olomyl il 0,8 (sl |, slie
oanlice 5iady)s SIS pou (giluaned ;0 g 00l FSzgS SlhE ulide ey
8 5Silee o )lad LS5 pae Sle @ p)lez luand 0 S I ) 090
@ o Sl ass e las i (nl @S nlple e )1 B
g w3k RS ol golal wlie oo 5 SEIESE CubeS oo Wl
[39]s5 o )11, 2l nlin jlns 99l S 5 ot 51 5l (g 5lotnd
Seebad e sl JSas anld gl (o s @S o oSS pslaiesy
O30 S asls 9o plpear kb G ol lawgie g o)k la Job
oS 589 51 B Ol oS cel lalold Sl (o Job s 18 L)
i lf Cler 5 CnSh a3 2 6L Gl bl Wi 5 258 gk
[14]ast ol cllugia

Breakup length vs continuous-phase flow rate Qc

160 ®  Besabup length

Breakun length fum)

Sem
wo| e sm2
.

o5 0yl (5l dunid 50) il dams 1 (sl 0xkad Sulaz Jab sl VY S
(Cawl oo Juslid sl \
N\

oS bas ol slosl po il Jsb sl sileand 5o ls elel
sl (nl e 0 Shos biggoge cnl sel )5 5Le 5l Gl a5 2 5 Splase
s il 5o s3lstnd Sl 55 on PDI 5 OV (5,1 slog sl o
By oy el o0z Ll b (e alold o 5lagbl 3,8 b ol e Liglis
Job iy Gloaned 5o ol s adgs @i )5 (623 psd Gl s sl
slojlgale ks LSa5 g bl (29,5 L LS, ol g 0og 55,5 Gl
@ Wlgi oo Glal> ez CuShT ALl (ul 000 8S 45 (5 sbay sl Lo
2 (lia yo [41] [15]0ss e BleSs cdl g ojlail (SasST, il
IS g s BBl Jsb o)k JSa5 pae dle 4 o)z sileans

pbige a8)S Sl )0 Cgllasl Sles e SG Gy Sl (nl g Ced
eSS DMl 55 Dl o Alols Lwgie (o) elaz Jsb 2 ogdle
ke Sl e alold ol ludend 5o i e &) Sl b Gl oyl

5 el Bl las as > 60 ST LS o) gyl g exie

PDI per simulation (x10°}

Yooo due 50yt smlos gl b 0010) b 55Lw aunds (gl 52 PDI Hladio -1 ST

(1 ooy g

oS Jsl 5 loarct a5 slaigS e 1S oo ali 1|, CV 1S 59,55 PDI il
(Jolie jo0ls 1) o Slee oy g ol SauSTyy Jlais lgesls glas 1, PDI jlads
STy Gl g (FaS1 S coaS Cl Slalagylin 5 50 PDI iyl
99 a8 5Nl (3190 SIS 5 slag )l g 5 e el 513 o5l
g2 et 35 (aseion b 0l adglie calizes (glog, L (sl Gogilr oykad aas
caeSge et 1)l Bl gslnl jubie 4gSe « SB19SG 5 ogdle

.

Mean droplet diameter per simulation

B
Kl
B

m Sim; m:

300 A 55 (511 U a8 e (o Silso ko e S

28 5l e gy )l anslie 5 0y Ll sl oas ey ple o &) sl

1ol oolainl 5y Ohseds (28 Cod e oo Blhae
Qe

= 17)
Qa + Qb

u.a.m.’ L)"‘ Al oJ.AS‘]' )b 9o ‘5':0 Qa ‘Qb 9 4.’1..45..4 )15 LS?‘) QC L)‘ ) aS

4z 0uiST o3l aasme 4y Cund dlwguy 5B oo S0 co HLid 00,488 Ojg0

Olyadd ok gl (SaS a3l S plsreds lgioe onlply 5 Cesl 5o

g, ,54 ol jlad wlie

R

Mean diameter vs flow-rate ratio &

oS
s
b 3
.
=g
w0 -
5 -
o i 70 75 o e o

Sl 9 (S plgie 4 (g3l el B (5l (20 o o V) SO
loges 58 0,13 oSl pue w05l (63l due)a 0 ylaS o310l Wg )y
(3,10 0929



- TR Weber Number We
Coefficient of
- Sl st o L
S Variation cv

- Sasly jasls Polydispersity Index PDI

- b o> b9, Volume of Fluid VOF

. SVl Sl Computational Fluid CFD

Slwloee Dynamics
e

- 05SYe 5 Ly Polycaprolactone PCL

- S sl Polyvinyl Alcohol PVA
N/m e is Surface Tension c

Pa.s_N/m.s? Sl 4598y Dynamic Viscosity n
kg/m3 & Density p
m/s sy Velocity U
uL/h o> 20 Volumetric Flow Rate Q

Pa Jlad Pressure P

pum I VIPRVERN Hydraulic Diameter Dy
< e Length of the

Hm U Jsb constriction (neck) Ly

um JU e Channel Width w

um JUls” elas | Channel Height h

- o> S Volume Fraction a

ms ok Time t
- ) Gravitational
) S Ll !
mis S b Acceleration Y

- ilysS sas Courant Number CLF
pum () Jgkeo o5lul Cell Size Ax

s Sloj o8 Time Step At

_ S s Flow Rate Ratio R

o (Q_c/(Q_a+Q b))

N 95 Force F
um? o Area A
1/m L Curvature k

- Jleyi axlg Jlo sy Unit Normal Vector n

4ol oj‘g
0 o8 Bloion oY els
Soadslsy S Microfluidics
asly g9, oKiule;l Lab-on-a-Chip
sl Janus
ol es co-flow
S e Sl Flow-focusing
Jsa-y Y-junction
JseT T-junction
SISz ) dripping
o widy jetting
e Jlons shear-thinning
oo 3l Residuals

Sgdoe px> (sbg,

Finite Volume Method

S acgeme

Level-set

\Y

a....'l)s Qs oo Hlid aS Cawl ol (5155 ste 5 Il balold pg (g5luad
Gl il anoles 59 shogs Jaisl 5 i o5 SIS ol ) s
Qilgi oo a5 D5 oo odalive 3T 5 hawgie alold paw (siluand jo ool aidl
Golwands jo a5 Jl> o il olhd wlhae o Gialas ole ;o yoss 5l o306
J525 9 w3y L Js 4 dhawgie alold g 315 B sgzg L ey
9 CatsS oyl glad (gl B Jlxe olhay alold (loylsale il lad
o ol G’L‘-‘ ‘515 yebds 0ad ydy Ls.;l}.S_‘ sl asls (LS o Wb g cans
Sealigs Hlite 5 icmslin g ylol (S35 s ogdle Jol (6 ludunds 45 amo o L

[5] oS oo dll gy sl plos dr Cod 65 pdy J 558 5 S0k, 50 Gralas

.[4]

9 OSeem 589y 0aiSTy 51 93 5l Gugily SlilBg Ko ST hag al 5o
(V7 S deg b Jolone) g 5B 550> 53 (07 (95¥9n b Jole
oykad JoSA5 Sk o Al lag s Sy 0l ow)n g308 O g0
0 kb JoSiS 0] (A ooBlie ey blpd dolie (gl 00 5 )
Seabas layally pzmen s PDICV b :Sle ol (oo8 slaasLs
1261 [22] [8]s 425,55 S5 s alols 5 sl Jsb ol

sk Inj S e )l ) o Slee (e J3l iludd o5 ol plis gl
ol J3l 5 «PDIy CV als) ;iYL 23166l o)kd JSis (lejen
OthSeslos B (Grizmen Sl 005 ool 8 1) ugilar 0)la ded 93 cenlie
9GS &> 2 G35 el )ld (5 )l alold ol 5 (Alax Jsb 3 5l gl
S5 slomBls o5 Ll ph 0 (Hlie 53 3S g0 anl 1) an] 8 s iy ) S
T kS Wb edalin (Glojlsale wlylad wiile) Hlubl Hls, L assly ]38l
95y 5l g5 o)l JoSCiS pas Sle 4 5 gl S yo g 28L a8
[31],[30]

S5k ol (00 el llpd DBl ans o (i gl ool Egecme 50
Job)  Seelus sl asls 3 (CVIPDD)  o3less sloyles Glojen
CplS b Lo arels caslol ;5 35 oo slgiiy 05 plasl (Sl s aloldl iylor
@l (Bl D90 53 5905 (o) 2 ), IS Slag e 533 (e Sl S
Olareds Wilgs co axlllas cpl bl . [24] 55 ey liel o285 slassls b goue
» ool ol oy Gl S e (PLb ln e ezl
Shossld slod 5 50 ohsds 0,5 I8 solitul 550 Soadsldy Koo slaailels
Copatt] o508 da 55 solal Jobos 5 23155y w3l lagan JyS a5 waiedin
0aliS yuadi Wilg o (6 LS sae o3h g 20 Cunnd B8s bl w s Sl
Slgige pol 3,805, e Gl 5hasl allele 13,185 5 (e BB 0 ,Slas
oSS i, b sl ez slag)ls adgs (JlowsSes slap il anwgs )
[42] ,[40] ,[30] 3335 1,8 oolaiwl 090

NP
@S a=lg 8 Joles eSSl Jolao sles
S sue Capillary Number Ca




PISO (Pressure-Implicit with

: sn. ng . . - ’]
AT et Splitting of Operators)

o Sloc
99 4 yo sVl )b Second Order Upwind

\
&0

[1] F.Khalilian and M. Bayareh, “Numerical simulation of viscoelastic fluid mixing in a T<¥ushaped®icromixer,” Journal of
Applied and Computational ~Sciences in  Mechanics, wvol. YY, no. [V, pp. Y-YA  Y.Ye  doi:
Yo, YY TV jacsm. Y YE,AVO YA,V Y EA,

[2] D. Shahani, A. Ramyar, and A. Mahboubi Doost, “Numerical Simulation of Same-Sized £ells Focusing and Separation with
Surface Acoustic Waves,” Journal of Applied and Computational Sciences in Mechanies, vol. Y'Y, no. Y, pp. YV-4Y, Y. V),
doi: )+, YYTV/jacsm.Y Y ),0TYY Y,

[3] A. Nabifar Khafri and M. Bayareh, “Numerical simulation of a mictépump based on piezoelectric actuator,” Journal of
Applied and Computational  Sciences in  Mechanics, _vol. ¥\, no. ¥, pp. V¢ Y.¥¢  doi
VoYY V/jacsm.Y Y EACTY N VoA,

[4] D.S.Ling, Y. Geng, A. Chen, Y. Du, and J. Xu, “Enhanged single-cell*@pcapsulation in microfluidic devices: From droplet
generation  to single-cell analysis,” Biomicrofluidics, vol. 14, n0«46, Art. no..061508, 2020, doi: 10.1063/5.0018785.

[5] T.N.D. Trinh, H. D.K. Do, N.N. Nam, T. T. Dan, K. T. L. Trinhj axﬁN. Y. Lee, “Droplet-Based Microfluidics: Applications
in  Pharmaceuticals,” Pharmaceuticals, vol. 16, no. 7, 2023,doi: 10.3390/ph16070937.

[6] M. Taheri, H. Faraji, and P. Karimi, “Manipulation of breast cell tissue with the aim of calculating Young's modulus, using
Tatara  contact theory and atomic force microscopy,” Journal of Applied and Computational Sciences in Mechanics, vol.
35, no. 3, pp.1- 16, 2023, doi*20.22067/jacsm.2023.80537:1156.

[71 L. A. Chacon Orellana and J._C. Baret, “Rapid Stabilization of Droplets by Particles in Microfluidics: Role of Droplet
Formation,” ChemSystemsChem, vol."4pno. 1-2, pp. 16=24, 2019, doi: 10.1002/syst.201900007.

[8] X.Cao etal., “Towards anactive droplet-based microfluidic platform for programmable fluid handling,” Lab on a Chip, vol.
23, no. 8, pp.2029-2038, 2023, doi: 10.2039/d31c00015j.

[9] X. Chao, F. Xu, C*¥ao,T. Liu, and'G«Chen, “CFD Simulation of Internal Flow and Mixing within Droplets in a T-Junction
Microchannel,” Industrial W& Engifeering Chemistry Research, vol. 60, no. 16, pp. 6038-6047, 2021, doi:
10.1021/acs.iecr.1c00800.

[10] H. Su, €»A. Hurd Price, L. Jing, Q. Tian, J. Liu, and K. Qian, “Janus particles: design, preparation, and biomedical
applications;?, MaterialsiToday Bio, vol. 4, p. 100033, 2019, doi: 10.1016/j.mtbi0.2019.100033.

[11] M. Mastiani, S."Seo, B,Riou, and M. Kim, “High inertial microfluidics for droplet generation in a flow-focusing geometry,”
Biomedical Microdevi&s, vol. 21, no. 3, pp. 1-12, 2019, doi: 10.1007/s10544-019-0405-x.

[12] Z. Feng et al., “One-step fabrication of multiphasic Janus microparticles with programmed degradation properties based on
a  microfluidic chip,” Materials and Design, vol. 225, p. 111516, 2023, doi: 10.1016/j.matdes.2022.111516.

[13] Z. Y. Feng et al., “Microfluidic Preparation of Janus Microparticles With Temperature and pH Triggered Degradation
Properties,”  Frontiers in Bioengineering and Biotechnology, vol. 9, no. September, pp. 1-12, 2021, doi:
10.3389/fbioe.2024.756758.

[14] Z. Qiao, Z. Wang, C. Zhang, S. Yuan, Y. Zhu, and J. Wang, “PVAm-PIP/PS composite membrane with high performance
for CO2/N2 separation,” Journal of Data Analysis and Information Processing, vol. 59, no. 4, pp. 215-228, 2012, doi:
10.1002/aic.

[15] F. Bai, H. Zhang, X. Li, F. Li, and S. W. Joo, “Generation and dynamics of Janus droplets in shear-thinning fluid flow in a
double y- type microchannel,” Micromachines, vol. 12, no. 2, pp. 1-18, 2021, doi: 10.3390/mi12020149.

[16] M. Besanjideh, A. Shamloo, and S. Kazemzadeh Hannani, “Enhanced oil-in-water droplet generation in a T-junction
microchannel using water-based nanofluids with shear-thinning behavior: A numerical study,” Physics of Fluids, vol. 33,
no. 1, 2021, doi: 10.1063/5.0030676.

\Y


https://mechanic-ferdowsi.um.ac.ir/article_45175.html?lang=fa
https://mechanic-ferdowsi.um.ac.ir/article_45175.html?lang=fa
https://mechanic-ferdowsi.um.ac.ir/article_45175.html?lang=fa
https://mechanic-ferdowsi.um.ac.ir/article_39970.html
https://mechanic-ferdowsi.um.ac.ir/article_39970.html
https://mechanic-ferdowsi.um.ac.ir/article_39970.html
https://mechanic-ferdowsi.um.ac.ir/article_44977.html
https://mechanic-ferdowsi.um.ac.ir/article_44977.html
https://mechanic-ferdowsi.um.ac.ir/article_44977.html
doi:%2010.1063/5.0018785
doi:%2010.1063/5.0018785
https://www.mdpi.com/1424-8247/16/7/937
https://www.mdpi.com/1424-8247/16/7/937
https://mechanic-ferdowsi.um.ac.ir/article_43532.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_43532.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_43532.html?lang=en
https://arxiv.org/abs/1906.08517
https://arxiv.org/abs/1906.08517
https://pubs.rsc.org/en/content/articlelanding/2023/lc/d3lc00015j
https://pubs.rsc.org/en/content/articlelanding/2023/lc/d3lc00015j
https://pubs.acs.org/doi/abs/10.1021/acs.iecr.1c00800
https://pubs.acs.org/doi/abs/10.1021/acs.iecr.1c00800
https://pubs.acs.org/doi/abs/10.1021/acs.iecr.1c00800
https://pubmed.ncbi.nlm.nih.gov/32159157/
https://pubmed.ncbi.nlm.nih.gov/32159157/
https://pubmed.ncbi.nlm.nih.gov/31203430/
https://pubmed.ncbi.nlm.nih.gov/31203430/
https://www.sciencedirect.com/science/article/pii/S026412752201139X
https://www.sciencedirect.com/science/article/pii/S026412752201139X
http://pubmed.ncbi.nlm.nih.gov/34568306/
http://pubmed.ncbi.nlm.nih.gov/34568306/
http://pubmed.ncbi.nlm.nih.gov/34568306/
https://www.scirp.org/reference/referencespapers?referenceid=3062685
https://www.scirp.org/reference/referencespapers?referenceid=3062685
https://www.scirp.org/reference/referencespapers?referenceid=3062685
https://www.mdpi.com/2072-666X/12/2/149
https://www.mdpi.com/2072-666X/12/2/149
https://pubs.aip.org/aip/pof/article-abstract/33/1/012007/1060820/Enhanced-oil-in-water-droplet-generation-in-a-T
https://pubs.aip.org/aip/pof/article-abstract/33/1/012007/1060820/Enhanced-oil-in-water-droplet-generation-in-a-T
https://pubs.aip.org/aip/pof/article-abstract/33/1/012007/1060820/Enhanced-oil-in-water-droplet-generation-in-a-T

[17] A. Jafari and A. Shamloo, “CFD study of droplet formation in a cross-Junction microfluidic device: investigating the impact
of outflow channel design and viscosity ratio,” Engineering Applications of Computational Fluid Mechanics, vol. 17, no.
1, 2023, doi: 10.1080/19942060.2023.2243091.

[18] Y. Pang, Y. Du, J. Wang, and Z. Liu, “Generation of single/double Janus emulsion droplets in co-flowing microtube,”
International Journal of Multiphase Flow, vol. 113, pp. 199-207, 2019, doi: 10.1016/j.ijmultiphaseflow.2019.01.011.

[19] M. Dhiman, R. Gupta, and K. A. Reddy, “Lift on Janus and stick spheres in laminar channel flow: a computational study,”
Theoretical and Computational Fluid Dynamics, vol. 35, no. 5, pp. 659-682, 2021, doi: 10.1007/s00162-021-00579-7.

[20] Y. Pang, H. Kim, Z. Liu, and H. A. Stone, “A soft microchannel decreases polydispersity of droplet generation,” Lab on a
Chip,  vol. 14, no. 20, pp. 4029-4034, 2014, doi: 10.1039/c41c00871e.

[21] H. Wang, Y. Fu, Y. Wang, L. Yan, and Y. Cheng, “Three-dimensional lattice Boltzmann simulation of Janus droplet
formation in Y- shaped co-flowing microchannel,” Chemical Engineering Science, vol. 225, p. 115819, 2020, doi:
10.1016/j.ces.2020.1158109.

[22] S. S. S. Paramanantham, V. M. Nagulapati, and H. Lim, “Numerical Investigation of the Influence of | Micrachannel
Geometry on the Droplet Generation Process,” Journal of Applied Fluid Mechanics, vol. 15, no. 5, pp. 1291~
1305, 2022, doi:  10.47176/jafm.15.05.1126.

[23] S. Orbay and A. Sanyal, “Molecularly Imprinted Polymeric Particles Created Using Droplet-Based Microfluidics:
Preparation and Applications,” Micromachines, vol. 14, no. 4, 2023, doi: 10.3390/mi14040763\

[24] L. Zhang et al., “Dual drug delivery and sequential release by amphiphilic Janus nanoparticles for liver cancer theranostics,”
Biomaterials, vol. 181, pp. 113-125, 2018, doi: 10.1016/j.biomaterials.2018.07.060.

[25] A. Sattari, P. Hanafizadeh, and M. Hoorfar, “Multiphase flow in microfluidics: From,dropléts and bubbles to the encapsulated
structures,” Advances in Colloid and Interface Science, vol. 282, 2020, doi: 10:1046/}.¢is.2020.102208.

[26] B. Zafarmand and Y. Noori, “Simulation of laminar and turbulent flow inside diverging channels using the random vortex
method (RVM) and investigation of the effect of divergence anglegand Reynolds number on the backflow inside the
channel,” Journal of  Applied and Computational Sciences in Mechanics, vol. 26, no. 1, pp. 17-34, 2015, doi:
10.22067/fum- mech.v26i1.23642.

[27] Z. Wu et al., “Janus nanoarchitectures: From structural_design to cataly'% applications,” Nano Today, vol. 22, pp. 62— 82,
2018,  doi: 10.1016/j.nantod.2018.08.009.

[28] P. Sundararajan, J. Wang, L. A. Rosen, A. Procopio, and K. Resénberg,“Engifieering polymeric Janus particles for drug
delivery using microfluidic solvent dissolution approach,” €hemical Engineering Science, vol. 178. pp. 199-210, 2018. doi:
10.1016/j.ces.2017.12.013.

[29] H. B. Zhang, J. P. Liu, and H. X. Lai, “Numerical simulation of jetting instability in flow focusing microfluidics,” Key
Engineering Materials, vol. 609-610, pp. 630-636, 2014, doi: 10.4028/www.scientific.net/KEM.609-610.630.

[30] M. Dhiman, R. Gupta, and K. Anki'Reddy, “Drag on Janus/Sphere in a Channel: Effect of Particle Position,” Journal of
Fluids  Engineering ASME, vol. 143ne. 3, 2021, doi®10.1115/1.4048928.

[31] M. A. Woodruff and D. Wi Hutmachety “The return of a forgotten polymer - Polycaprolactone in the 21st century,” Progress
in  Polymer Science, vali 35, no. 10, pp.x1217-1256, 2010, doi: 10.1016/j.progpolymsci.2010.04.002.

[32] Y. Zhao, Z. Wang, Q1 Gao, Q. Yang, H{ Yang, and J. Chen, “Controllable generation of core-shell composite droplets in a
conical  inlet doublg=focus microchdiwel,” Engineering Applications of Computational Fluid Mechanics, vol. 17, no. 1,
2023,  doi: 10.1080/19942060:2023.2287206.

[33] J. Y. LIAN, S. X. ZHENG, Z. Biit XU, and X. D. RUAN, “Study on Co-flow Effect on Janus Droplet Generation Based on
Step Emulsificationg’€hinese Journal of Analytical Chemistry, vol. 48, no. 1, pp. 57-65, 2020, doi: 10.1016/S1872-
2040(19)61210-7.

[34] M. Nekoueiand SyAéWanapalli, “Volume-of-fluid simulations in microfluidic T-junction devices: Influence of viscosity
ratio on drepletsize,” Physics of Fluids, vol. 032007, pp. 1-22, 2017, doi: 10.1063/1.4978801.

[35] F. Danhier, O. Feron, and V. Préat, “To exploit the tumor microenvironment: Passive and active tumor targeting of
nanocarriers for anti-cancer drug delivery,” Journal of Controlled Release, vol. 148, no. 2, pp. 135-146, 2010, doi:
10.1016/j.jconrel.2010.08.027.

[36] I. A. Vagena, C. Malapani, M. A. Gatou, N. Lagopati, and E. A. Pavlatou, “Enhancement of EPR Effect for Passive Tumor
Targeting: Current Status and Future Perspectives,” Applied Sciences, vol. 15, no. 6, 2025, doi: 10.3390/app15063189.

[37] A. M. Tbrahim, J. I. Padovani, R. T. Howe, and Y. H. Anis, “Modeling of droplet generation in a microfluidic flow-focusing
junction for droplet size control,” Micromachines, vol. 12, no. 6, pp. 1-11, 2021, doi: 10.3390/mi12060590.

[38] W. Han and X. Chen, “Effect of Geometry Configuration on the Merged Droplet Formation in a Double T-Junction,”
Microgravity Science and Technology, vol. 31, no. 6, pp. 855-864, 2019, doi: 10.1007/s12217-019-09720-y.

[39] P. Jangir and A. K. Jana, “CFD simulation of droplet splitting at microfluidic T-junctions in oil-water two-phase flow using
conservative level set method,” Journal of the Brazilian Society of Mechanical Sciences and Engineering, vol. 41, no. 2, pp.
1-16, 2019, doi: 10.1007/s40430-019- 1569-2.

\f


https://www.researchgate.net/publication/372928155_CFD_study_of_droplet_formation_in_a_cross-Junction_microfluidic_device_investigating_the_impact_of_outflow_channel_design_and_viscosity_ratio
https://www.researchgate.net/publication/372928155_CFD_study_of_droplet_formation_in_a_cross-Junction_microfluidic_device_investigating_the_impact_of_outflow_channel_design_and_viscosity_ratio
https://www.researchgate.net/publication/372928155_CFD_study_of_droplet_formation_in_a_cross-Junction_microfluidic_device_investigating_the_impact_of_outflow_channel_design_and_viscosity_ratio
https://www.sciencedirect.com/science/article/abs/pii/S0301932218305482
https://www.sciencedirect.com/science/article/abs/pii/S0301932218305482
https://www.researchgate.net/publication/353795315_Lift_on_Janus_and_stick_spheres_in_laminar_channel_flow_a_computational_study
https://www.researchgate.net/publication/353795315_Lift_on_Janus_and_stick_spheres_in_laminar_channel_flow_a_computational_study
https://pubs.rsc.org/en/content/articlelanding/2014/lc/c4lc00871e
https://pubs.rsc.org/en/content/articlelanding/2014/lc/c4lc00871e
https://www.sciencedirect.com/science/article/abs/pii/S0009250920303511
https://www.sciencedirect.com/science/article/abs/pii/S0009250920303511
https://www.sciencedirect.com/science/article/abs/pii/S0009250920303511
https://www.jafmonline.net/article_2067.html
https://www.jafmonline.net/article_2067.html
https://www.jafmonline.net/article_2067.html
https://www.mdpi.com/2072-666X/14/4/763
https://www.mdpi.com/2072-666X/14/4/763
https://www.sciencedirect.com/science/article/abs/pii/S0142961218305519
https://www.sciencedirect.com/science/article/abs/pii/S0142961218305519
https://pubmed.ncbi.nlm.nih.gov/32721624/
https://pubmed.ncbi.nlm.nih.gov/32721624/
https://mechanic-ferdowsi.um.ac.ir/article_30837.html
https://mechanic-ferdowsi.um.ac.ir/article_30837.html
https://mechanic-ferdowsi.um.ac.ir/article_30837.html
https://mechanic-ferdowsi.um.ac.ir/article_30837.html
https://www.sciencedirect.com/science/article/abs/pii/S1748013218301907
https://www.sciencedirect.com/science/article/abs/pii/S1748013218301907
https://www.sciencedirect.com/science/article/abs/pii/S0009250917307509
https://www.sciencedirect.com/science/article/abs/pii/S0009250917307509
https://www.sciencedirect.com/science/article/abs/pii/S0009250917307509
https://www.researchgate.net/publication/271859907_Numerical_Simulation_of_Jetting_Instability_in_Flow_Focusing_Microfluidics
https://www.researchgate.net/publication/271859907_Numerical_Simulation_of_Jetting_Instability_in_Flow_Focusing_Microfluidics
https://www.researchgate.net/publication/344932370_Drag_on_Janus_Sphere_in_a_Channel_Effect_of_Particle_Position
https://www.researchgate.net/publication/344932370_Drag_on_Janus_Sphere_in_a_Channel_Effect_of_Particle_Position
https://www.sciencedirect.com/science/article/abs/pii/S0079670010000419
https://www.sciencedirect.com/science/article/abs/pii/S0079670010000419
https://www.tandfonline.com/doi/full/10.1080/19942060.2023.2287206
https://www.tandfonline.com/doi/full/10.1080/19942060.2023.2287206
https://www.tandfonline.com/doi/full/10.1080/19942060.2023.2287206
https://www.sciencedirect.com/science/article/abs/pii/S1872204019612107
https://www.sciencedirect.com/science/article/abs/pii/S1872204019612107
https://www.sciencedirect.com/science/article/abs/pii/S1872204019612107
https://www.researchgate.net/publication/314238159_Volume-of-fluid_simulations_in_microfluidic_T-junction_devices_Influence_of_viscosity_ratio_on_droplet_size
https://www.researchgate.net/publication/314238159_Volume-of-fluid_simulations_in_microfluidic_T-junction_devices_Influence_of_viscosity_ratio_on_droplet_size
https://pubmed.ncbi.nlm.nih.gov/20797419/
https://pubmed.ncbi.nlm.nih.gov/20797419/
https://pubmed.ncbi.nlm.nih.gov/20797419/
https://www.mdpi.com/2076-3417/15/6/3189
https://www.mdpi.com/2076-3417/15/6/3189
https://www.mdpi.com/2072-666X/12/6/590
https://www.mdpi.com/2072-666X/12/6/590
https://www.researchgate.net/publication/334118155_Effect_of_Geometry_Configuration_on_the_Merged_Droplet_Formation_in_a_Double_T-Junction
https://www.researchgate.net/publication/334118155_Effect_of_Geometry_Configuration_on_the_Merged_Droplet_Formation_in_a_Double_T-Junction
https://www.researchgate.net/publication/330379847_CFD_simulation_of_droplet_splitting_at_microfluidic_T-junctions_in_oil-water_two-phase_flow_using_conservative_level_set_method
https://www.researchgate.net/publication/330379847_CFD_simulation_of_droplet_splitting_at_microfluidic_T-junctions_in_oil-water_two-phase_flow_using_conservative_level_set_method
https://www.researchgate.net/publication/330379847_CFD_simulation_of_droplet_splitting_at_microfluidic_T-junctions_in_oil-water_two-phase_flow_using_conservative_level_set_method

[40] R. Filimonov, Z. Wu, and B. Sundén, “Toward computationally effective modeling and simulation of droplet formation in
microchannel junctions,” Chemical Engineering Research and Design, vol. 166, pp. 135-147, 2021, doi:
10.1016/j.cherd.2020.11.010.

[41] 1. L. Chaves, L. C. Duarte, W. K. T. Coltro, and D. A. Santos, “Droplet length and generation rate investigation inside
microfluidic  devices by means of CFD simulations and experiments,” Chemical Engineering Research and Design, vol.
161, pp. 260-270, 2020, doi: 10.1016/j.cherd.2020.07.015.

[42] S. Davoodi, M. Esmaeili, and H. Shokrollahi, "Numerical Study on the Thermal Stress caused by Laser Radiation on Healthy
and Cancerous Skin Tissue," Journal of Applied and Computational Sciences in Mechanics, vol. Y'Y, no. ), pp. 83-Y7, YY),
doi: Y+, YY+7V/jacsm.Y Y)Y, 87AVY, ., ‘

Vo


https://www.sciencedirect.com/science/article/pii/S026387622030561X
https://www.sciencedirect.com/science/article/pii/S026387622030561X
https://www.sciencedirect.com/science/article/pii/S026387622030561X
https://www.sciencedirect.com/science/article/abs/pii/S026387622030321X
https://www.sciencedirect.com/science/article/abs/pii/S026387622030321X
https://www.sciencedirect.com/science/article/abs/pii/S026387622030321X
https://mechanic-ferdowsi.um.ac.ir/article_39968.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_39968.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_39968.html?lang=en

