
 

Moving contact lines

Wicking problem ex 1999 Ig Nobelprize

Let us review some basic concepts by working on this interesting question
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Finally theflowrate can be calculated
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Washburn's equation 1921

Frontslowsdowndueto increasing viscous dissipation withincreasingcolumnlength

Free surface flow down an inclined plane

Let's first consider a problem to i include gravity property and 2

introduce a slip boundary
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Now we have the governing equation
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Nodimensionalization
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The governing equation can be rewritten as
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Non zero α and sufficient shallowflows hx tank with slip BC 920

Hy jtP AH Hxxx Bosina 0

Zero α freesurface flow on a horizontal plane with no clipBC
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Spreading No slip and slip boundary
conditions

How to model the evolution spreading of a blob of fluid May simply apply
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where R is unknown to be determined based on mass conservation However

such bCs are not compatible with the governing equation as we show now

Suppose that the boundary is located at sett Zoomin on the

interface by setting set t with small Locally we have
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Now the governing equation reads with 5 If 1 Hx Otfg
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Attempt to neglect thehigherspatial derivatives
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To include higher spatial derivatives
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To include gravityterm
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CANNOT find a consitent solution local to the moving
contact line The difficity

doesnot lie in the use of thin filmequation or inadequate mathematics it is a

fundamentalphysical difficulty
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A Some addition physics required hereIII estimation
An hypothesis for the physics required to treatthe movingcontact line is to

allow a small amount of slip between the substrate and thefluid 6 2 4

The thin film equation becomes
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The leadingorder balance gives
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So that it is possible to impose a contact angle 0 with slip bes



Precursor film and Tanner's law
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Letus first check how a drop spreads via a scaling argument
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How to figure out the prefactor To be discussed in next lecture

Advancing and receding angle A regularization mechanism likeslip
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Advancing Reading 960
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For the spreading problem let's see what is going on near the advancing front
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Revisting the scaling argument
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Notwhathasbeen observed why Onflu

Physical picture of precursor film complete wetting

First relate the driving force F to the local velocity by
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where is viscousdissipation in the corner Locally we have
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De Gennes approximation 15 Lp 20 in experiments

Thencalculate F assuming a thin film covering the
substrate in the presence

of precursor film
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revisitthe scaling above
and obtainthesameresult
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Finally use the conservation of mass V R Or to obtain
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Matching of solutions at different scales gives rise to

Depends on detailsofmicromacro
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In Summary the singularity of moving contact line can be regularized

by slip precursor film CV law and other multiscale modelling

Quasistatic evolution with Casal Boa

Using EV law in fulltime dependent problem often still require some slip to

avoid a contact line singularity However thereis a natural velocity scale

in CVlaw and if it is slow Car 1 the fluid moves quasistatically
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We the solve the static version of

Hy jtP AH Hxxx BoHx 0

The contact line moves with a speed determined by the contact angle We

don't have to includeslip in this case no stress sigularity Letus focus

on a 2D example
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Thethin film equation is now
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We find that
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Imposing the total mass constraint gives
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Using CV law gives the evolution equation s as
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Notethat for the axisymmetric case the man conservation becomes 05 1 which

will lead v59 or s s T


