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Motivation — Lab on a chip

Lab on a chip (LOC) — A device that integrates one or several of the laboratory functions
onto a small chip.
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* Low-cost.
. * Faster results.
e . Low sample consumption.
e Point-of-care diagnostics.
e Ease of operation.




Microfluidics towards lab-on-a-chip

Common functionalities needed:

* Fluid manipulation * Particle/Cell manipulation, e
e Mixing e Separation o |
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Challenges at microscales:

* Low Reynolds number » Slow diffusion dominated mixing
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* Difficult fluid pumping AP =
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Sharp-edge based microfluidic mixing
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Governing equations

ap
Balance of mass =+ V(pv)=0
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Balance of linear momentum p%+ p(v-V)v=-Vp+ ,uV‘v+[,ub +;,u)V(V-v)
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Constitutive relation p=cop

Convection-Diffusion Equation % +V-(cv) = DV

Numerical Challenges associated with direct solution:

* Widely separated length scales — Characteristic wavelengths (1 m) vs.
characteristic dimensions of microfluidic channel (103 m)

* Widely separated time scales — Characteristic oscillation period (10#s) vs.
characteristic times dictated by streaming speeds (101 s)

* Direct simulations are possible, but are computationally expensive.



Numerical Model

Perturbation expansion V=vo+ev +e2¥, +0(e?) +
p=po+ep+&Pr+0(3)+--
p =po+ep+EPr+0(e7) +

» Presence of a background laminar flow before actuation

Zeroth-order equations 3890 + po(Vevg) =0,

v
Po—= +po(vo-V)vo
= =Vpo+uVivo+ ( + 1) V(Vovg).

P . P
First-order equations %Jrv.(pﬂpl +pivy) =

d d
Pn% TP % +po(vi-V)vo+ po(vo-V)vi + pi(vo-V)wo

= =Vpi+uVivi+ (1 + 30)V(Vovy).



Numerical Model

- i d
Second-order equations <3_F;2> V- ({pova) + (pavo)) = —V-(p1v1),

vy vy v
<Pn§> + <’02W> + <P| §> + (povi-Vvy)
+ (povo-Vva) + (pov2-Vvg) + (pr1vg-Vvy)

+ (p1v1-Vvg) + (pavo-Vig)
==V (p2) +uVZ (v2) + (i + 30)V (V- (v2)

Convection-Diffusion Equation de +V-(cv) = DVZe
ot / Stoke’s Drift
Mean Lagrangian Velocity vh = (v) H((&,-V)v) % — v,
Ot

Effective convection velocity vE = py + vk



Boundary Conditions

Zeroth-order: Vo=V, on [ Ul

-d

i, vy Vv T
vo=0., on I}y +  H <L o
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. < 4800 pm
First-order:
o i Z\3
Harmonic Displacement ty(2) = do +do (7 )
dult,z
vi(t,z) = u§r4). on I}y

Second-order: v, =0, on Iy

Convection-Diffusion Equation: c=0, on Ij.

c=lmnf/m3, on [

No flux at walls cv=0, on [y

Outlet cv—DVe=0, on [,
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COMSOL Modeling and convergence

Weak PDE interface

P2/P1 elements for velocity
and pressure.

The sharp corners were
rounded off with a small radius
using Fillet

Parametric sweep for the mesh
size to obtain mesh
convergence.

Finer mesh near the
boundaries to resolve the
boundary layers.
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Comparison with Experiments
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Effect of the applied power
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Effect of the inlet velocity
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 Achange ininlet velocity has an effect on both the background flow as well as the
streaming flow (due to some time-averaged terms containing inlet velocity). 13



Different Designs
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Concentration gradient
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» The gradient profile can be spatially controlled by changing the arrangement of the
sharp-edged structures.

» The gradient profile can be temporally controlled by tuning the inlet velocity or/and
the applied power.

» Useful for studying temporal dynamics of cells in a chemical environment.
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Conclusion and Outlook

A numerical model for sharp-edge based mixing is presented with
good qualitatively comparison with the experiments.

The effects of operational and geometrical parameters was
investigated.

The exact displacement profile at the walls need to be further
investigated.

Quantitative 3D Astigmatism Particle Tracking Velocimetry (APTV)
measurements for the experimental verification are in progress.
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