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Figure 6.1. Impertant functions of capillary forces in practical
situations: {a) as twoemulsion drops approach, the pressure at the
nearest surfaces increases, deferming the drops and enlarging the
radius of curvature in the immediate area. That deformation causes the
capillary pressure in the reglons outside that area lo decrease in a
relative sense, sunctioning continuous phase from between tha drops
and increasing the liklihood of contact and tiim rupture or coalescence
(b} in capillary displacement, the liguid that preferentially wets the solid
will displace the less wetting liquid.




Capillarity — Capillary Model

1. various interfacial tensions
2. the geometry of the solid-liquid-liquid interface
3. the geometry of solid surface at the three-phase boundary line.
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Contact angle:

Contact angle, &

(a) (b)

Figure 6.2. Contact angles in solid--liquid systems: (a) a small angle
measured through the liquid for a system with a low interfacial energy:
(b) a large angle for a system with little favorable solid--liquid
interaction, ie, a high interfacial energy.
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(hydraulic)
(curvature)

(hydrostatic
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surface tension
bulk

hydrostatic pressure
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1806 Laplace




Capillarity — Capillary Driving Forces /L-Fluid

Figure 6.3. lllustration of the growth of a fluid drop as related to
capillary pressure.
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flat surface

concave(
convex , AP <0

capillary pressure
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density : 1
surface tension ;: 10 mN m-1
diameter : 0.1 cm

top bottom hydrodynamic pressure difference
98 mJ m-

6.2 . 2000 mJ m=2,
r=10 “4cm 1.01 X10°mJ m=2.
r=10nm 1.01 X 10’ mJ m=2.

e drop




Capillarity — Capillary Driving Forces /L-Fluid

bc = ab cos6
, - interface

0 :
AG =04, 0A4y, +030A, +0,,04,,

o, =0, +0,,c0s8  (6.9)

Young's equation
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Young's equation

o, =0, +0,,c0s8  (6.9)

Figure 6.4. The wetting of a solid by a liquid in the presence of a
second fluid phase
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AASV =-ab
M, = +ab,
AA,, = abcosl
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duplex film
drop lens
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G=(0GIM,)dA, +(0GIM,,)dA,, +(0GI3,)dA, (6.6)
A substrate, B liquid

dA,=—dA, =dA,,

(6G1M,)=0,,(6GIM,)=0,,(0GIM,)=0,,

(6G1A4,)

liquid B solid A spreading
A B spreading coefficient, Sy, ,
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work of cohesion work of adhesion ,
B A work of adhesion B work of cohesion

SB/A = WAB B WBB (6-8)
spreading free energy , Spreading
spreading
L S , cohesive force , drop lens

. low surface tension hydrocarbon high surface tension
clean glass, mercury spreading

spreading
teflon, paraffin wax
spreading .drop lens
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system

, Spreading thermodynamics

- benzene water

benzene ; o, =28.9mN mL WEWCEN 0, = /2.8 MmN m™
o, =35.0mNm™*

6.7 spreading coefficient

S, , =72.8-289-350=89mNm™
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saturate
. 62.2 MmN m

Sy am =622-289-350=-17mN m’
A(B) B A

benzene ( )

Oy =288MNM NS, ;) =72.8-288-35.0=9.0mNm"

spreading

Sy am =62.2-28.8-350=-1.6mN m*

surface tension initial
spreading - retraction - lens formation
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interface

-~ lens formation

: oil-water
- Interfacial tension spreading
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Capillary flow

LV

yielding . yielding

yielding
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6.5 vapor (V) Lamellae (L)
. Plateau region (P) L

(convex)
, L

P.ap (Plateau) > P (Lamellae)
- flow from L to P.

Lamellae
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P.p (Plateau) > P, (Lamellae)
- flow from L to P.

Figure 6.5. Schematic illustration of the situation for an unstable foan
System

Yielding oil recovery
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interface

|r"\

Figure 6.6. Capillary rise phenomena for (a) wetting and (b)
nonwetting liquids.
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contact angle(

R, = r/cosO
-20Cc0Ss0/r

Peap(A)- Peap(®) A i) =0

Ap gh  Pon(B)
.9

20 cosé
Ogh = ———
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P._=20cos6(1/r-1/r")

cap

(a) Start (b) Final equilibrium position

Figure 6.7. Capillary flow in a horizontal system of two joined capillary
tubes of unequal diameters.
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system

6.4 6.5 . solid-vapor (Agy)
solid-liquid (Ag) :
(dG) (three phase boundary)

ds

dGlds=0,,dA,, /ds- o,,cos&A (, /ds (6.12)
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dG/ds <0
P

cap

(notch)

Interlacing system

Fiber 1

[‘;: -:ZIE:Z?
OO

Liquid does not wet fiber 1,
but does wet fiber 2.

(3] )

Figure 6.8. Schematic illustration of examples of capillary flow: (a) a
liquid climbing a partially immersed rod; (b) wicking---the spontanecus
movement of a liquid from a nonwetting to a wetting situation.

,

Fiber 2
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)

(gradient)
, hysterisis
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solid-liquid and/or liquid/vapor

Oy

Oy

Marangoni flow

Marangoni

)
“hot spot”

6.9)
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Direction of
liquid flow

Vi)

Figure 6.9. Schematic illustration of the Marangoni effect resulting
from "hot spots" and surface tension gradients.
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system evaporation

, Marangoni flow

Oy
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swelling . Swelling

swell monomeric unit swell
OsL
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system

(surface roughness),

advancing contact angle, 0, ,
: receding contact angle, 05,
contact angle hysteresis
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contact angle hysterisis

Receding
angle

Advancing
g, angle

Figure 6.10. Schematic illustration of contact angle hysteresis of a
liquid drop on an inclined surface.
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contact angle hysterisis

6.11
contact angle hysteresis

Flgure 6.11. Contact angle hysteresis on a rough surface: (a) if 0
90°, ;5 if8. .. <90° 0 <0

real =

1|:||:|arar|t rsa real = apparent < Yrgal
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hysteresis SLV

hysteresis

(curvature)
(smooth) ’

90° :
composite
empirical
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capillary system 50—60°  hysteresis
0, , B 0
system empirical

adjustment

6.12

dGlds=0,,dA,,/ds- g,,cosf,dA, ,/ds
-0,,C080,dA g, ,/ds (6.13)

SL(A) SL(R) advancing receding
6.7
64
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hysterisis

dynamic advancing contact angle, 0,,
advancing contact angle 0,

6,

static 0,
dynamic contact angle

(self-limiting)
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(Laminar)
(volume rate) capillary system
Poiseiuille's equation : , dv/dt (ml sec?)

dv/dt = nr* P/8nl (6.14)

t
(linear rate)

dl/dt = r*P/8nl (6.15)
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dG/ds
P P

cap

(LV interface
, B
. B ds
dynes) B
(dynes cm-?)

dl/dt = 20,,r cosg/&l (6.16)

A

P [t

h

{a) Start (b) Final equilibrium position

Figure 6.7. Capillary flow in a horizontal system of two joined capillary
tibes of unegual diameters

, 6.14

A (in (.:m2)

6.15
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system
r hydraulic
radius

hydraulic radius , A
. resistance

factor, r/n
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wetting
repellency
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Figure 6.12. Schematic illustration of a drop of nonwetting liquid on an
open woven capillary system.

100--200 15 - 20 pym

3-4 (order)
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wetting reagent
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, 0,y 40mNm

(72.8) 1/2 .
.(foaming problem
fluorocarbon silicone

Contact angle
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6.1 data
Surface tnesion o, (dl/dt)
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Table 6.1. The effects of changes in surface tension oy, (MmN m-1) and
contact angle on the linear rate of flow in a hypothetical capillary system
using eq. 6.16, where r =0.05em, n=20¢p.and/ =5cm

Situation a( dl /dt (cmsec') Ald! /df ) (x)
g y=12
1 89 0.0016
2 75 0.023 15
3 =18 0.058 36
4 25 0.082 51 _
B 0 0.091 56 Cynlinder
= 20
6 a4 0.0012
K 75 0.018 15
8 50 0.044 37
9 25 0.062 52
10 0 0.069 57
g y=40
11 &89 0.001
12 75 0.013 13
8 50 0.032 32
g 25 0.045 45
10 0 0.05 50

Waterproofing or Repellency Control
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. waterproofing repellency

Fluorocarbon silicone

6, >90°:
6, >90°:
6, <90°:
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nylon polyester
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. detergency

, SL,L, system

ceramic

.i_||':|.u':'1:| 1

Figure 6.13. Schematic illustration of capillary action in detergency: (a)
an oily soil (1) spread on the solid surface in contact with a better wetting
liquid (2); (b) the wetting liquid penetrates between the soil and solid by
capillary action, “rolling it up" and allowing it to be lifted oft of the surface.
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agitat

0

ion

Alwater

displacement
) oy (

eA/water eR/oil

90




