
 

The Landau Levich problem 1942

Iho Drawing a sheet at a constant speed out

of a bath of liquid

74 steady state

Review modelling of thin films

IIe Introduce methodof matched asymptotic expansion

The dynamicequation
From previous lecture we know
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We now have a slightly different form of a field
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Use continuity condition to show that
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and with p Pam 834
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Natural to use U to rescale h but there is no intrinsiclengthscale he is

nice but it is
unknown a priori So use an arbitrary l first
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We rewrite as
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by choosing l U and

Cat Capillary number

measuring the strength of viscous force null compared to capillary
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The steady state problem Scalingwise

ho the film thickness at zero is of most interest

Balancinggravity and viscosity
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This can also beobtained byHIM
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Balancing capillarity and viscosity
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MI ut
Matching conditions between the film and meniscus gives
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In experiments
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The steady state problem for Casal Landau Levich

0

Static meniscus

Haven dissayed houleCatrelation may choose l le to solve theproblem
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It steadystate In the meniscus regime thin film approximations

1 pities
breakdown Then use more general Young LapkeHI.is
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equation
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The nondimensionalized version reads
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whereZo is the apparent contact point above the free surface

Integrating once gives
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after using H17.1 0 Rearranging gives
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As Z o we find
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Wemustchaos Zoe This is now enough for us to deterime the local

behavior near Z Z which is what we need to match with the
thin film

region
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Locally we have H Z H Zo t 4120 Z Zo Hzzlzo Z Zo t i.e
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The wall region

As 2 Z the fluid form a thin film on the wall The steady state

equation now is
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Let's first see any simplification that can be
made by Carl We are



interested in the behavior as we approach Zo so pose the rescaled vertical

length near Z
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The meniscus solution suggests H EE Therefore set IEEE t t ti t
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The steadystateequation becomes
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ForCasal surfacetension is important in thedynamics So take E Cabal andhave
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demonstrating that gravity is not important
in thethinfilm regain at leading order

Atleading order Oct we have
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where Ito is to be determined Integrating Q once gives
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We know to is notarbitrary Instead there is a specificchoice of Ho so that

the behavior is matched as E x what is it

Examination of the behavior as E no

Linearization t to tf with flee to
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Seek solutions in the form f ERE
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linearization I E'tf with Ifk z

ÉtÉÉEbfzzz It fzzz 4 4

Solution takes fifa't bet Ct
0

Sincetazz
I
Arbitrary



70
The system is translation invariant

Fix the origin removes a degree of freedom This is equivalent to

fixing the coefficient A Let A It we are particularly interested in

the behavior at Ins

Now rescale the ode by H tog É Hof and seek solution to
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Note that as g x f o gzzzhas to go to 0
i e go f Numerical

shooting from infinity we find
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Thus Ho 0.67 12 0.948 i e

ho 0.948 leCa 0.948 Fg ly 0.948

Siliconeoil fg ugoooMms 8 20MJme 1 10 2Pais U 1mms

lent 6mm Can104 how10hm



Jumpoutofpool lg 98004ms 6 72MJme M 153Pa's U Ims

lcn2fmm Can10 2 how o if mm

Other examples

Withdrawing a fiber from a bath

4
R

shear stress gradient net

Hi Capillary pressure gradient u 24

Mr Curvature of static meniscus nitty n f

Matching Ig find In hor

uh she her if

h
9th Ca for plate

Landau Levich
1 34 RCat for fibers where Rale

Displacement of an interface in a tube

Air evacuating a waterfilled pipette or pumping oil out of rock withwater
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cat Bretherton 1961

YYjjjthu.ch r calls for h r Taylor 1961

Ea Thick film

Drop moving a liquid lubricated surfaces

In Daniel et al Nat Phys 12017 it is found
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The force needed is calculated by assuming dissipation

mostly occurring
at the rim of length l
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