18.357: Lecture 3

Surface tension:

Capillary pressure, scaling, wetting

John W. M. Bush



analogous to a negative surface pressure

= gradients in surface tension necessarily drive surface motion




Curvature pressure

planes
of principal
curvatures

Laplace pressure

AP =0 V-1

Curvature: V-h




The scaling of surface tension



The laws of Nature cannot depend on arbitrarily chosen system of units.
A system 1s most succinctly described in terms of dimensionless variables.

For a system with physical variables (e.g. density, speed, length, viscosity)
describable in terms of fundamental units (e.g. mass, length, time, temperature),
there are dimensionless groups that govern the system.

Uniform translation of a sphere



Variation of with

DRAG
CRISIS

—
o

o
n

S
:
5
o
:

10 10° 104
Ua
REYNOLDS NUMBER Re-= 7







0.66 MS.

an we predict R(t) ?

Given R(t), can we infer
the energy released?




The scaling of atomic blast clouds
- G.I. Taylor, Sedov

Physical variables: R, t, E, p

Fundamental units: M, L,T

—>» system prescribed by one dimensionless group:

Et?
Il = — = constant

pR>

—>» yields desired scaling for radius of the blast cloud:
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The scaling of surface tension

vacuum O

water

w - PU'a _  INERTIA
“ o  CURVATURE

= Weber number

pvU  VISCOSITY
o  CURVATURE

= Capillary number

B _P ga’ GRAVITY

) = = Bond number
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Note: (O is dominant relative to gravity when B, < 1
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le. a< (p—) = (= capillary length ~ 2mm for air-water
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When is surface tension important relative to gravity?

® when curvature pressures are large relative to hydrostatic:

2

a a

Bond number: B, = pge-_ PI < 1
o/a o

1.e. for drops small relative to the capillary length:

1/2
a < .= 9 2 mm for air-water
) Pyg (0 = 70 dynes/cm)

B, < 1 Bo > 1

Surface tension dominates the world of insects - and of microfluidics.




Falling rain drops

Force balance:
,%Uza2 ~ Mg=%ma’pg

p ga
Pa

Drop integrity requires:

Fall speed: U ~

paU” ~ pga < o/a
Small drops

If a drop is small relative to
the capillary length

a</l, =4/0/pg =2mm

O maintains it against the
destabilizing influence of
aerodynamic stresses.




Large drops

Drops larger than the capillary
length

a>/{_ =2mm
break up under the influence of

aecrodynamic stresses.

The break-up yields drops with
size of order:

¢ =2mm
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Wetting



Who cares about wetting?

- %

The world’s smallest lizard: the Brazilian Pygmy Gecko




Partial wetting



Total wetting






Fluorinated Oil

Oil

( |

Water

Mercury



Water on glass







methylnaphtalene ‘ Yy =20 mN/m

water C Yy =73 mN/m

- >)

mercury Y = 500 mN/m
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Fluid-Solid Contact: Partial wetting

o. IR

Energy differential: dW = dx (O'SG — 0g L) — dx o cosb,

Young’s relation:

o COSHe — O0SI, —0s8@

T2 0. <2
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Spontaneous motion in response to a wettability gradient




Puddles revisited

S =
Glass

Plexiglas

Wax






Plenty of fish in the trees




Capillary adhesion in nature




