
 

Evolution of a large drop

The problem

an
8 in last lecture

By large I mean Boat so that the shape of the drop evolves as
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Nondimensionalization
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Usingthese rescalings we have
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Similarity solution
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Look for similarity solution of the form
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The PDE now can be rewritten as
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Hope fig independent of T in the similarity solution postulate we musthave
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Consider next the conservation of total mass of the drop
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Assume that Act SoTβ so that
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which requires
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Back to the similarity equation
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which can be regrouped to be
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Evaporation of a small drop Casal Bocal

The problem

E evaporation rate m s

Support that the evaporation is uniform
across the surface of the blob

inpractice there will be more
evaporation from theedges than from thecenter

Now the total mass is not
constant

If 8 E whataboutdrainage

Using no slip at thedrop solid
interface and no shear condt at thedrop air

interface aswell as arbitrary 1 No 1 0 we have derived
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Naturally choose No E Ca Ig We assume afferent
contactlinespeed

so that 0 0

The dynamics is driven solely byevaporation
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Let us seek solution of form
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At leading order 0 Cao

H Ho xxx 0 Quasi static

subject to
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Ho xxx o 0 zero tax
symmetry condition
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The solution identical to that we derived in last lecture

H 5 52
2

To compute S we need to return the evaporation equation

0 Physically no flux at eitherend
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At firstorder 0 Ca
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Auto satisfied
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Theflow field is given by w̅ 4ft9 Cage in 9 HiHi xxx

Ho9 1 Host
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We have
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where we have used it o 0 The flow is inwardfrom thecontact line

to the center Coffeeeye



Pinned contact line

Advancing

to to reach fffffll

The steady solution is Tobedetermined

H 34 5 S is fixed
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The velocityfield is now given by

a_g 5 outward f Éd
See RD Deegan et al Nature11998 for a detailed model of this problem

incorporating nonuniformevaporationrates

FEST 2 7 20512420

a resultof If 10 Quasi static Again

Gradient of surface tension

Evaporation leads to surface cooling which is nos
she

pronounced near the edge BTorDC 78 Shear Marangoni

stress radial flow



Marangoni flow
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Surface tensionflow is driven by

Park rktrrk EIEF.IT

where 8 6 typically Before we used 08 0 now let's seewhatoccurswhenMAO

In fluid statics we showed the interfacial stress balance equation
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Tangential direction
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2D simplification
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The steady state flow is unidirectional hah

2
eg p egch z FÉ



If 1 2 u If 74 GET a

Boundary conditions are

4 0 at 7 0 G 0
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Since the system is steady state we require
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The velocity field reads
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Finally Let us examine the shape of the film Forexample when

gravitational force dominate over capillary force
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