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Problem statement

Theoretical investigation of the role of solutal Vau=0
free convection on th_e transport of a i(au | u.Vu) — Au — Vp — Rage,
buoyant solute at the microfluidic scales. Sc \ dt
&%
_ Fu. Vo = Ag
The buoyant forces generate a gravity current ot
that couples to the diffusion of the solute. - Boundary conditions:
u=0 and n.Vep =0 at solid walls
ObjECtIVGS u(z - £o00)=0 and 09,¢(z - xo0) =0
- Conditions leading to non-negligible gravity- - Initial conditions:
5| # gravity current g induced advection ? u(x,y,z,t =0)=0
px,v,z,t =0) = F(2)
. . - . - Time evolution of W, width of the mixing zone ? Two dimensionless numbers:
- Horizontal microfluidic channel of height 5-500 um. ;
- One half of the channel filled with a binary solution and _ ﬂ CI)igH
the other half with pure solvent. - 3D effects In a square channel ? — D Sc =v/D
%

The case of a slit: 5 asymptotic regimes

Early and late diffusion:

’ 9lL > ’t —
go(x Z ) QOO(Z ) (QO) Neg||g|b|e advection T w — \/Z

Early advection:

early diffusion

~ 1/Ra’ . 0 = Au— Vp — Ras#(z)ex
- ! = |lw >~ 0.00538Raz
early advection 00(z.1) = [ %ﬁ[z — uP(x, 7 = 0) t] dx
~ 1/Ra 0 -
late advection = o Late advectiqn:
N Quasi-parallel flow | Lock-exchange N
) Negligible diffusion (see ref.1) w —= 0-04879\/Rat
1D dispersion 02l )
~ Ra” ~[t 1D dispersion: _ YA »
late diffusion Quasi-parallel flow ot a9z \ "oz Ra [/ 3¢
. . . — — S —_— —_
05 100 102 - | Cross-section diffusion e W — >
" , . Deff=1+a(Raai:’) 7T\«
Dispersion coefficient Presence of a secondary cell in the cross-section (transverse flow)
D = 14 L (Ra22)
off =1+ S\ R0 o(x,y,2=0,1) Velocity field Maximum velocity of the
1 transverse flow:
" - | —
' | | | ' J AN \ 4 7T (N < Ra
| ~ o~ _ - RN B 0 ~22x 107 —
08 b o~ 362880 681432y . 0.52 5147 ‘.\/ 'tf ] {\f N max (i) = max(uy) x 107 =
| ' t\\:.//f\\\;/)‘
| 061 VY Qe e 21 )
N 0.5 05 & |IIIITTC —
S 107 R 0.4 | f 77‘\;\%7‘:‘\:&\ : Negligible transverse flow for
—_— o “ab |
T 0.48 (.| :\\\,)) \ ‘\’\’Lf, I t > 4.9 x 10719 Ra?
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| Square tube, Ra=10°, Sc=103, t=4.7, plane z=0
Aspect ratio

Conclusion

5 asymptotic regimes

Ra=105_

Rale“\

- Buoyancy vanishes for Ra < 107

10?

- Early diffusion and early advection visible for Ra > 10*and t < 1073
10°
- The impact of transverse flow on solute transport remains moderate for Ra < 10°

102 | => |t can be neglected in most microfluidic experimental applications.
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References : [1] J. Martin, N. Rakotomalala, L. Talon, and D. Salin, Viscous lock-exchange in rectangular channels, J. Fluid Mech. 673, 132 (2011). Acknowledgment : Mesocentre computing center of CentraleSupélec and ENS Paris-Saclay:
[2] J.B. Salmon, F.Doumenc, Buoyancy-driven dispersion in confined drying of liquid binary mixtures, Phys. Rev. Fluids, 5, 024201 (2020) ANR OSMOCHIP (ANR-18-CE06-0021)
[3] J.B. Salmon, L. Soucasse, F.Doumenc. Role of solutal free convection on interdiffusion in a horizontal microfluidic channel, Phys. Rev. Fluids, 6, 034501 (2021)



