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Droplet microfluidics

Link et al., Phys. Rev. Lett. (2004)



2D Droplet microfluidics

droplet _
production

Dangla et al. (2012)



Need for accurate simulations of moving droplets
In thin microchannels
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Thin microchannels look like Hele-Shaw cells

_— W(X,y) : wetting film
I-Qh: gap - N\
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«Stokes flow (low Re)
*Thin channel h/R<<1
*Unbounded outer flow (L/R>>1)
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*Capillary number Ca




Hele Shaw flows : Darcy approximation
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Hele Shaw flows : Darcy approximation

I dp

s Vs = - h -
u(x,y,z) 2n ox z(h-2)
v(x,y,2) = —La—pz(h - 2Z)
2u dy
w(x,y,2) =01
_dv du ., Potential flow
w,=—-—=0! .
dx dy In the (X-y) plane




Singular perturbation

unl|| =0

continuity of tangential stress continuity of tangential velocity
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2D Brinkman equations

*Aspect ratio k:\/1=2 R/h>>1

‘w=0 6(h — z)

Parabolic profiles v(z,y,z) =u(r,y) 12
Stokes eg.

Vp @/ Darcy ed.
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2D Brinkman equations

[n.om]] = 7 (%H %)
[t.on]] = 0
[un]] =0
(ut]] =0
Vp = Au — k*u

divu = 0




Boundary Element Method

Transformation to boundary integrals
j([([[an]]-c;—Tn- [u)ds + ... =0
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jump in surface stress difference in viscosity



Validation of boundary element algorithm
for Brinkman equations

Convergence Diagram
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(e) Streamlines: thermo capillary flow (f) Convergence: thermo capillary flow



Influence of viscosity ratio
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Influence of capillary number
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Migration velocity for a rigid pancake droplet

Ca<<l = Freeze the droplet interface
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mobility B Brinkman




Recent drop velocity measurements (Leman and Tabeling)
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Landau-Levich-Bretherton films

Lubrication
films

Kreutzer

17



Asymptotic correction due to dynamic films
T 2 2/3
[on]] =5 (7r+ 7 (1 +a calx) )

o u(x).n(x)
Y

Local capillary number at point X

Advancing meniscus : a = 3.8

Lubricating films

Receding meniscus: o = —1.13

Park and Homsy — J. Fluid Mech. (1984)
Burgess and Foster — Phys Fluids (1984)
Meiburg — Phys Fluids (1984)



Dynamics of deformable droplets

Udrop = 1.475

R/H =5 A=1/3 Ca=10""*

Udrop = 0.559



Deformable droplets

——cCa=10"3U=092
——Ca=102U=1.18
——cCa=10",U=1.38

——Ca=10"3,U=051
——Ca=10"2 U=0.60
——ca=10",U=067
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Assuming that the droplet does not deform
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Undeformable droplets

R/H=5

1.6

Udrop
Voo 141

Droplet velocity in an
infinitely wide channel. 12}
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Analytical expression
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FCA40 droplets in water
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Experimental comparison
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Conclusion

In absence of surfactants, the droplet of a
velocity can be accurately captured at low Ca



