
 

Fluid Statics

In last lecture we discussed the pressure jump across an interface

i e Laplace's theorem
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In this lecture we discuss a number of examples Some ofwhich

can lead to the measurement of surface tension of liquid

Minimal surfaces Plateau's problem raisedby Lagrange in 1760
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This problem belames solving minimal surfaces with zero mean curvature
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A trick that is useful here is that it 92 2DzDzz
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Use boundary conditions to deterine integration constants of z
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Therefore the solution is D cosh E where C satisfies R CcoshE
I
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Thi eatin has to solutions for c arena

isnottoogreaterthan R one is for minimal

surface and the other is for maximal surface

When I 1.33 ie he 1.33R the two solutions

are identical For h 1.33R No solutions soap

film bursts

Maximal pressure of a bubble E Schrodinge one of pioneers

Pat

P Patan psh I
Got

ay es

g

Ih
Is

her bubble is approximately spherical



Precise and robust works even at very high temperatures allowing experiments

with metalsand molten glass And bubble breaking will refresh the
interface

Preventingfrompotential contaminants

Spinnig drops

Force balance method
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Horizontal force balance

TR C t Élaw R TR C t E f w R t 2TRr

Ca C Ice f ur In

8 4 f e wars
A greatadvantage It Does

not involvecontact with a solid



Pendant drops

Paying
Capillary tube
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Strategy Solving ODE numerically and using 8 as a fitting parameter to

match experimental results The error is within it

Note When thedrop's weight exceeds the capillaryforce acting on

the edgeof the tube 2TRI drop drops
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Stability of pendant drop

Note that previous discussions are all about 87 0 This gives

extrema but does not specify whether
it is a minimum or a

maximum In the problem of soap film between two rings we



have realized that bothcould be
solved as solutions but one of the

two appears to be a maximum which is unstable Similar

scenarios occur also in the pendant drop problem

First consider a simplified model problem a cylinder
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for Valle I 1.42 Ig critical height

Ron Vatter 0.80 Ig Critical radius

Formal analysis was provided by E Pitts JIM
1923 1974

In TFM1973 paper a 2D case was analyzed
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In JIM 1974 paper an axisymmetric case was considered



Force measurements
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How to eliminate O so that F lx r

U Using a solid with high surfaceenergy
wettable by all usual liquids o

o

Contaminants that are spontaneouslyabsorbed on the
surface wouldlower theJsid

Platinum surface can regenerate by a flame

Quasi static loading Fmax ext Ifj
Stresses in slender soft solids

What is the consequence of this 8 cos0 Need some thought
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Need to consider the boundary value problem which can be

derived via variational analysis But here I decided to use

the method of force stress balance

F 200 Governing equations

11 E o est z

A thin plate
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Does not depend on shape say
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This means there's no stressjump it all 2s are constant



Since measures are made relative to 65 26g we expect

that
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However experiments by Marchand
et al PRL12012 on small fibers

showed the red curve which needs furtherverification via plate

experiments

26yd
2 1 Z 70

tf
y z

boo brr

Z

K Z so

O Z 0

GEE2821 Gott bite ray zoo

EÉ ra
ng frissons

why

Stresses in soft thin sheets

A recent work by Kumar et al Nat Mater
2020 did me a thin plate sheet

However the stress strain field are notdirectlymeasured



The question poised by this work is which boundary
condition to use

Vapor Vapor
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The experimental setup goes as following
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Then it isfound that the twoprofiles are identicalregardless of the liquidused
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However if wegothrough the variation the true governing equation should be
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subject to Go Get Gsr 6 Let 6 Or retro leading to the

same results Both BO can be used but should becautious about

the reference state The question of or BO is not answered

A possibleway to address this problem could begivenbyexamining thebox
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