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Equilibrium properties

Glass
water : P,< P°

Surfactant The pressure gap between air and water

is compensated by
e surface tension and curvature

e disjoining pressure and very small thi-

ckness




Flow properties

— / viscosity : n

——SC

Deformz_;\tion ? N "V interface
Trandation ? g
Surfacetension: y

e Inertial terms are negligible.
e Injected power is dissipated
instantaneously

e Forces localized around Plateau borders.
P+AP

Which pressure difference produces a given velocity 7
Stokes law without free boundary : AP ~ nV — not true in this situation.



Force balance on a film

L
= = ST ™
S

P+ AP == | P

e

SAP — L’w fU(V7 TaLanvfyaH)

e f, force per unit length of PB, S tube section, L,, wetting length
e VV film velocity, r PB radius, L distance between 2 films, n bulk viscosity, v surface
tension, # angle between the velocity and the PB normal.

e Other rejected parameter for f, : tube radius R, equilibrium thin film thickness.



Dimensional analysis

vafo(CCL?r/L?H) Oa’:nv/7

e The liquid fraction ¢ ~ r?/(RL) is not a relevant parameter (it depends on

the tube radius)
e The amount of water is characterized by the Plateau border curvature and

must appear divided by another length : only L remains.



Experiments I

e The bubble train is produced in the channel by
N2 blowing in a dish washing product solution.

e The channel is quickly submerged into a bowl and
the foam rises in the channel pushed by the water.

— y=0.77+1.57 x
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SAP = Spgz = Ly fo(dz/dt) (L, wetting length)
foldz/dt) = Kdz/dt?/® (large velocities)

z = LoK/(Spg) dz/dt*/3



Influence of the film orientation

Various regular structures have been in-

vestigated.
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Rescaled results using L., and assu- Prefactor of the previous graph,

ming a 2/3 power law. using Ly, or Ly, - uy



Influence of the liquid fraction and of the bubble size

e dish washing product.

o pL, > =M
v e AP constant after the first shift : re-
producible wetting film.
= e Film number n constant.

Experimental set-up e Square (lcm?) or circular (d=3mm)

channel section.



wigcous force per unit length of Plateau border | N.m"}

Results and rescaling

square tube, influence of L and r, V. = 3 mm/s
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Large L : top , small L, bottom. = fu(r,L) = f,(r/L)



Yiscous force per unit length

Influence of the velocity
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Various power laws, same solution.

oo

tL=0.10
HL=0.11
HL=0.12
HL=0.14
HL=0.16

+ X 400

100

HL=0.20
HL=0.24
& =026

Jadx
+ 0

Fu
w Car

10

0,001 rca'® 0,01
L

slope (1) : v'/?; slope (2) : v*/3.
fo(Ca,7/L) = Ca®?f,(Ca*/?r/L)



Lubrication theory I

o L

PPk h(x)
| .
Pressure | P = % P = —vhgy ; 3£ = —qhye,
Velocity | Poiseuille + linear term | v, = %%_];y(y — 2h(x)) — Vo
Flux Q= [ vady Q = 22h3/(3n) + Voh

1 —
Voh

o°h  3Ca Q
Ox3 h?2




0°h  3Ca Q
Ox3 h?2

Boundary conditions
curvature :h,,(0) = P°/~, hg.(L) = P°/v origin choice : h(0) = h(L)

Integral conditions

Force :
Fl/

L
p_ I 0vxdx:/ Sca(l_i)dx
g vJo Oy o h Voh

Energy :

Fl/pv() / / (3%) / 3Ca < Q )2
= dxdy = V; 1 — —/— | dx
Y T Voh

We deduce the missing condition on the liquid flux :

Q _ Jy h%da
Voo [¥h=3dz




Rescaled equation

h=hCa '/3/L, r=ux/L,

o= Q/(VOLCa1/3),

¢ =Ca'3r/L

fo = ’}/CCLQ/SH(Cal/ST‘/L)

Denkov prediction : H(x) = \/x



Conclusion

e For a given solution, various power laws may be obtained for the

force /velocity relation.

e Lubrication analysis allows to partially rescale the various experimental

data. The relevant parameter is & = Ca'/3r/L.

e The monolayer dynamics is probably responsible for the remaining

disagreement between theory and experiment.



