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In this article, an immiscible two-phase flow in two dimensional ordinary and modified T-junction 
microchannels is numerically studied. To this approach, the Lattice Boltzmann method with Pseudo-
Potential model is used. The accuracy of the present model is examined by the Laplace test, drop 
contact angle, and drop formation in an ordinary T-junction microchannel. The comparison shows that 
the present results have good agreement with previous numerical and experimental data. The effects of 
various parameters including Capillary number, flow rate ratio, width ratio, and drop contact angle on 
the width of the drop and on the distance between drops for ordinary and modified T-junction 
microchannels are investigated in detail. The results reveal that by simple modifications to the ordinary 
T-junction, smaller drops and lower distances between them are generated in the comparison of 
ordinary T-junction geometry under the same conditions. On the other hand, this study demonstrates 
that the multiphase flows in micro-devices are very sensitive to even small changes in the channel 
geometry. It also indicates that Lattice Boltzmann method with Pseudo-Potential model is an effective 
numerical technique to simulate the generation of drops in microchannels. 
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Fig.  1 A schematic illustration of 2D microchannel (a: the ordinary T-
shaped and b: the modified T-shape) 
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Fig. 2 Laplace test 
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Fig. 3 Contact angle  
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Fig. 4 Different contact angle (a: =170 , b: =150 , c: =120 , 
d: =90 , e: =60  and f: =30 ) 
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Fig. 5 Comparison of contact angles between present result with Eq. 
(18) and numerical result of Huang et al [36] at different G2s. 
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Fig.  6 Comparison between present numerical results with 
experimental result of van Steijn and et al. [37] (bottom row) 
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Fig. 9 Normalized length of droplets versus the flow rate ratio at a fixed 
Ca = 0.00054 
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Fig. 10 Normalized distance between droplets versus the flow rate ratio 
at a fixed Ca = 0.00054  
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Fig. 7 Effect of Caon the flow regime for Q=3, W=0.5 and =170  (a: 
Ca=0.089, b:  Ca=0.0163 and c: Ca=0.0054) 
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Fig. 8 Effect of Q in the squeezing regime with Ca=0.00054, 
=170  and W=l (a: Q=0.32, b: Q=0.5 and c: Q=1) 
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Fig. 11 The droplet formation at Ca=0.0054, Q=3 and =170  for four 
different width ratios (a: W=0.5, b: W=1, c: W=1.5 and d: W=2) 
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Fig. 12 The droplet formation at Ca=0.0054, Q=3.2 and W=1 for four 
different width ratios (a: = 90 , b: = 120 , c: = 150  and d: 

=170 ) 
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Fig. 13 Flow pattern in ordinary T-channel and modifiedT-channelsat 
Ca=0.00814 ,Q=2 ,W=0.5and = 170  (a: =0, b: = 0.25 , = 0.5 
and = 0.75) 
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Fig. 14 Flow pattern in ordinary T-channel and modified T-channels at 
Ca=0.005 ,Q=3 ,W=0.5and = 170 (a: =0, b: = 0.25 , c: = 0.5 
and d: = 0.75) 
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Fig. 15 a: Normalized length of droplets versus  and b: 
Normalized distance between droplets of droplets versus  

15  : :
  

-  
  . 

    
- 

  
-

 .
 .  

-7   
[1] T.Thorsen, R. W. Roberts, F. H. .Arnold, S. R. Quake, Dynamic 

Pattern Formation in a Vesicle-generating Microfluidic Device, 
Physic Review Letters, Vol. 86, No. 18, pp. 4163–4166, 2001. 

[2] D. R. Link, S. L. Anna, D. A. Weitz, H. A. Stone, Geometrically 
mediated breakup of drops in microfluidic devices, Physic Review 
Letter, Vol. 92, No. 5, 2004. 



    

    

  

102  13951610  

[3] P. Guillot, A. Colin, Stability of Parallel Flows in a Microchannel 
after a T-junction, Physic Review E, Vol. 72, pp. 066301, 2005. 

[4] J.  H.  Xu,  S.  W.  Li,  G.  G.  Chen,G.  S  .Luo,  Formation  of  
monodisperse microbubbles in a microfluidic device, American 
Institute of Chemical Engineers, Vol. 52, pp. 2254-2259, 2006. 

[5] J.  Xu,  ,  S.W.  Li,  G.  Luo,  Correlations  of  droplet  formation  int-
junction microfluidic devices: from squeezing to dripping, 
Microfluidics and Nanofluidics, Vol. 5, No. 6, pp. 711–717, 2008. 

[6] M. Oishi, H. Kinoshita,T. Fujii, M. Oshima, Measurement of three 
dimensional flow structure of droplet formation mechanism in T-
Shaped junction using phase-locked confocal micro-PIV, 14th 
International Conference on Miniaturized Systems for Chemistry 
and Life Sciences, Groningen, Netherlands, October 3 - 7, 2010. 

[7] H. Gu, H. G. Duits,F. Mugele, Droplets Formation and Merging in 
Two-Phase Flow Microfluidics, International Journal of molecular 
sciences, Vol. 12, No. 4, pp. 2572-2597, 2011. 

[8] Y. Zhao, G. Chen, C. Ye,Q. Yuan, Gas–liquid two-phase flow in 
microchannel at elevated pressure, Chememical Engineering 
Science, Vol. 87, No. 4, pp. 122–132, 2013. 

[9] K.  Yamamoto,  S.  Ogata,  Drag  reduction  of  slug  flows  in  
microchannels by modifying the size of T-junctions, International 
Journal of Multiphase Flow, Vol. 62, No. 5, pp. 67–72, 2014. 

[10] M. Taghilou, M. H. Raahimian, Simulation of 2D droplet 
penetration in porous media using Lattice Boltzmann method, 
Modares Mechanical Engineering, Vol. 13, No. 13, pp. 43-56, 
2013. (in Persian ) 

[11] K. Fallah, M. Khayat, M. H. Borghei, A. Ghaderi, E. Fattahi, 
Multiple-relaxation-time lattice Boltzmann simulation of non-
Newtonian ows past a rotating circular cylinder, J Non-Newtonian 
Fluid Mech, Vol. 177, No. 178, pp. 1–14, 2012. 

[12] M. H. Sedaghat, M. M. Shahmardan, M. Nazari, M. Norouzi, 
Immersed boundary-lattice Boltzmann method for modeling non-
Newtonian flow around curved boundaries, ModaresMechanical 
Engineering, Vol. 14, No. 8, pp. 146–156, 2014. (in Persian ) 

[13] A. Rahmati, H. Khorasanizadeh, M. Arabyarmohammadi, 
Application of Lattice Boltzmann Methodfor Simulating MGD in a 
Microchannel under Magnetic Field Effects, ModaresMechanical 
Engineering, Vol. 99, No. 9, pp. 1–11, 2016. (in Persian ) 

[14] E. Sattari, M. A. Delavar, E. Fattahi,K. Sedighi, Investigation of 
twobubble coalescence with large density differences with Lattice 
Boltzmann Method, ModaresMechanical Engineering, Vol. 14, No. 
10, pp. 93–100, 2014. (in Persian ) 

[15] S. M. Khatoonabadi, M. Ashrafizaadeh, Simulation of droplet 
impact on a thin liquid film using the pseudo-potential multiphase 
model, ModaresMechanical Engineering, Vol. 16, No. 3, pp. 8–16, 
2016. (in Persian ) 

[16] S. Succi, The Lattice Boltzmann Equation for Fluid Dynamics and 
Beyond, pp. 179-190, Oxford University Press, 2001. 

[17] S.  Chen,  G.  D.Doolen,  Lattice  Boltzmann method for  fluid  flows, 
Journal of Annual Review Fluid Mechanic, Vol. 30, No. 10, pp. 
329–364, 1998. 

[18] A. K.Gunstensen,D. H. Rothman, S. Zaleski,G. Zanetti, Lattice 
Boltzmann model of immiscible fluids, Physic Review A, Vol. 43, 
pp. 4320-4330, 1991.  

[19] X.  Shan,  H.  Chen,  Lattice  Boltzmann  model  for  simulating  flows  
with multiple phases and components, Physic Review E, Vol. 47, 
pp. 1815-1819, 1993. 

[20] X. He, X.Shan,G. D.Doolen, Discrete Boltzmann equation model 
for non-ideal gases, Physic Review E, Vol. 57, No. 1, R13, 1998. 

[21] M. R. Swift, W. R. Osborn,J. M. Yeomans, Lattice Boltzmann 

simulation of nonideal fluids, Physic Review Letter, Vol. 75, pp. 
830-840, 1995. 

[22] L. Wu, M. Tsutahara,L. S. Kim, M. Ha, Three-dimensional Lattice 
Boltzmann simulations of droplet formation in a cross-junction 
microchannel, International Journal of Multiphase Flow, Vol. 34, 
No. 9, pp. 852–864, 2008. 

[23] A. Gupta,R. Kumar, Effect ofgeometry on droplet formation in the 
squeezing regime in a micro uidicT-junction, Micro uidics and 
Nano uidics, Vol. 8, No. 6, pp. 799–812, 2010. 

[24] Y. Y. Mei, Y. Chao, J. Yi,J. Ameya, S. Y. Chun, X. Long, 
Numerical simulation of immiscible liquid-liquid flow in 
microchannels using Lattice Boltzmann method, Science China 
Chemistry, Vol. 54, No. 1, pp. 224-256, 2011. 

[25] A. Riaud, K. Wang, G. Luo, A combined Lattice-Boltzmann 
method for the simulation of two-phase flows in microchannel, 
Journal of Chemical Engineering Science, Vol. 99, No. 9, pp. 238–
249, 2013. 

[26] M. Alizadeh,M. T. Rahni,M. E.Yazdi, Numerical investigation of 
emulsion process in microchannels, using index-function Lattice 
Boltzmann method, Modares Mechanical Engineering, Vol. 15, No. 
4, pp. 13–22, 2015. (in Persian ) 

[27] Y.  Shi,  G.  H.  Tang,  Lattice  Boltzmann  Simulation  of  Droplet  
Formation in Non-Newtonian Fluids, Communications in 
Computational Physics,Vol. 17, No. 4, pp 1056–1072, 2015. 

[28] P. L. Bhatnagar, E. P. Gross, M. Krook, A model for collision 
processes in gases. I. Small amplitude processes in charged and 
neutral one-component systems, Physic Review,Vol. 94, No. 3, pp. 
511–525, 1954. 

[29] J. Bao, L. Schaefer, Lattice Boltzmann equation model for multi-
component multi-phase flow with high density ratios, Applied 
Mathematical Modelling, Vol. 37, No. 4, pp. 1860–1871, 2013. 

[30] X. Shan,H. Chen, Simulation of nonideal gases and liquid-gas 
phase transitions by the Lattice Boltzmann equation, Physical 
Review E, Vol. 49, pp. 2941-2948, 1994. 

[31] P. Yuan,L. Schaefer, Equations of state in a Lattice Boltzmann 
model, Physic of Fluids, Vol.18, pp. 42-53, 2006. 

[32] S. Schmieschek, J. Harting, Contact angle determination in 
multicomponent Lattice Boltzmann simulations, Communications 
in Computational Physics, Vol. 9, No. 5, pp. 1165-1178, 2011. 

[33] Z. Guo,C. Zheng, B. Shi, Discrete Lattice effects on the forcing 
term in the Lattice Boltzmann method, Review E, Vol. 65, pp. 46-
58, 2002. 

[34] J. D. Tice, H. Song , A. D. Lyon, R. F. Ismagilov, Formation of 
droplets and mixing in multiphase microfluidics at low values of 
the reynolds and the capillary numbers, Langmuir, Vol. 19, No. 22, 
pp. 9127–9133, 2003. 

[35] J. Eggers,J. Lister,H. A. Stone, Coalescence of liquid drops, 
Journal of  Fluid Mechanic,Vol. 401, No. 3, pp.293, 1999. 

[36] H. Huang, D. T. Thorne, M. G. Schaap,M. C. Sukop, Proposed 
approximation for contact angles in shan-and-chen-type 
multicomponent multiphase Lattice Boltzmann models, Physic 
Review E, Vol. 76, pp. 66-77, 2007. 

[37] V. van Steijn, M. T. Kreutzer, Ch. R. Kleijn, -PIV  study  of  the  
formation of segmented flowin microfluidic T-junctions, Chemical 
Engineering Science,Vol. 62, No. 24, 7505–7514, 2007. 

[38] P. Garstecki, M. J. Fuerstman, H. A. Stone, G. M. Whitesides, 
Formation of droplets and bubbles in a microfluidic T-junction—
scaling and mechanism of break-up, Lab Chip, Vol. 6, No. 3, 
pp.437–66, 2006. 


