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surface tension

force y per unit length

perfect wetting : y =y (water-air)
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Experimental setup

silicone
oil

H<0 I

oil perfectly wets the beam

beam: polyester




Capillary forces on an immersed beam

air

F. = 2ywsing

(thickness omitted)



Capillary forces on an immersed beam

F,. = 2 ywsing F..=2yw

perfect wetting conditions



Meniscus shape (2D)

AP=P,—P,=yK

meniscus curvature

(Laplace)



Meniscus shape (2D)

AP=P,—P,=yK

AP=pg(Z—H)

(Laplace)

(hydrostatics)



Meniscus shape (2D)

(Laplace)

(hydrostatics)

meniscus tangent

meniscus curvature



Meniscus shape (2D)

AP=P,—P =yk  (Laplace)

AP=pg(Z—H) (hydrostatics)

d_Z = sing meniscus tangent

ds

K = Cii_(l) meniscus curvature
)

'/_\ LC : capillary length ( 1.5mm for oil-air )
Z(s) = H+V2 1L (1 —cose(s))
P8

(max. meniscus height: V2 L)



Capillarity versus elasticity
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Capillarity versus elasticity
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Capillarity versus elasticity
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Elasto-capillary length L
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Capillarity versus elasticity
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Elasto-capillary length L

yw =~

if L >~ L__, surface tension (largely) deflects the beam

EC’




Long enough beam




Short beam




Limiting length

Euler buckling threshold  F =

euler




Limiting length

Euler buckling threshold  F =

euler

max. capillary force (on straight beam)

F, =2yw




Limiting length l F

. | El
Euler buckling threshold ~ F ... = |=—| —5 m——
2] L
max. capillary force (on straight beam) F = 2 yw

Elasto-capillary

. o o — 1T
limiting length: L, = m length L__



Bent states (with L > L )




Bent states (with L > L )

meniscus
not tangent

/ to beam




Bent states (with L > L )




Bent states (with L > L )




Bent states (with L > L )
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not tangent
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Bent states (with L > L )

tangent

not tangent




Bent states (with L > L )

tangent

tangent



Planar elastica with external loads pressure

f ' ':i . . \A
N, '=—P, = (s:arclength) s

s=[.

N '=—P,
M '=N _sin6—N cos6
X '=sin6
Z'=cos®@ T e
0'=M, | (EI)

5=5,

\

s=0 — s=s,

P =0
PZ:_<Pb_P)gW€ <0 :
\ | L
buoyancy :
L =0



Planar elastica with external loads pressure

f ' ':i . . \A
N '=—P, = (s:arclength) s

s=[.

N '=—P,
M, '=N_sin0—N cos6 =5
X '=sin0
Z'=cos®@ T/ L«
k9’=My | (EI)
ats=s,
N.(s])=N (s, )=ywsin0(s,) I
N_(s; )=N_(s, )=ywcos0(s,) -




Planar elastica with external loads pressure

f ' ':i . . \A
N '=—P, = (s:arclength) s

s=[.

N '=—P,
M, '=N_sin0—N cos6
X '=sin 6
Z'=cos®@ Ty
0'=M, | (EI)

5=5,

\

s=s§, > s=L

P =+pg(Z—H)wcos6 > 0

P=—pg(Z—H)wsinf—p,gwe < 0

r w

pressure weight
L S:O




Planar elastica with external loads pressure ,  s=L

Boundary conditions

s=0 :
X(0)=0=Z(0); 06(0)=0

S=8, .
Z(s,)=H+V2L \1—sin0(s,)




Planar elastica with external loads

Counting the shooting parameters / equations

Once the beam characteristics
(L, Lb, Lc) are fixed

5 variables
M (0),N,(0),N.(0),s, «

y X Z

S

1

4 equations

M (L)=0, N (L)=...,N_(L)=..

Z(ysl)—\/ELc\/l—sine(sl)z
Z(L)—\/ELC\/I—sina

=> 1D solution manifold

pressure

N\
X




Bifurcation diagram for L>L

lying state

surfacing state

twice piercing state

- X

diving state hy StereSiS




surfacing state

Bifurcation diagram for L<L_

lightly

deflected

state

lying state

- X




polyester: w=2cm, e=25Um,
Lb=1.9cm, Lc=1.5mm (silicone oil)

Phase diagram

H/L,




