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Spreading films Aggregate patterning

A. Rezk (MNRL)

Applications: e Drop microfluidics
eMicro electronics
eParticle separation
eParticle concentration
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Sketch Schlichting boundary layer
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Advancing Rayleigh SAW

Longitudinal
surface motion

N4

Wﬁ : Schlichting flow Wﬁ : unidirectional flow
[ | I ]I'I \ lf : | T I
2.5} \\ 1 \ \ v 1 25F 1T h404 1T Tt 4hst Y
2.0} \ \ ~ |1 4] _20F 1! TR A T T
ARV RN & I
1.5F 1A\ WAL WWINE L IR LA A4 00 SRR AR L
. ; J _,."I & - : i T
LOE N\ N \ 1O 1T 4444 1] I W
05F M AN N ) RS IR R A RN E
o e e N - i . x
oop 4 {7y oo MHITTEEHITIINAITL
g0 05 10 15 20 25 30 04 935 18 15 28 25 3[]

x / Wave length

B~ 1: Characteristic
thickness

ﬂ Transverse

surface motion

mﬁmfmfm

N

x / Wave length

Stream lines

Legend:
relative values

drift flow
Wﬁ : (Steady flow)
2.5§ S
20|
1.5}
IU f .,f :ff fff-r'qfffqr’_
0557;: 72 (I es f--";i
:;;f’f.f/#‘/rr‘ _#'jf,f-ffff
0.0t f’f'f”f’*f x’ “’Zf 2
00 05 10 15 20 25 30
x / Wave length



Dimensionless quantities
= / Ra g AW <L 1 (boundary layer thickness) / (SAW wave length)
E = U/ Os aw <K 1 Mach number: (Flow velocity) / (Sound speed)

Scaling t = t/w, z =k 1z .
; , Y= BTy, ug = Uy, =
u, = qUuy, a - ka, $ — B0 B = 2p e
Stream function equation
—a%p 0, (024) + € [0y 85 (02¢) — Bu1p 9, (029)] + O(n?)
B.C.s: Solid/liquid: SAW or No SAW
Uy B xei(t—x}—ﬂx Uy B 0
(5) = (o Memrerar ) o) =(o

Far from the solid: Standing bulk wave or bounded velocity field

| Bij—is0 = 2xUe™? cos (6kx) um\gy_}m < 00

Characteristics and

Formalism Boundary Conditions



Expansion

Uy = Z fnuﬂ:,n: Uy = Z fnuy}ﬂa ¢ — Zfﬂ¢?“
n n n

eLe/NK1KL]/n For water/oil at O(1-100MHz) SAW
Stream function components
O(1/n) : %331/)—1 = 04(05%—1).......... Unidirectional flow
O(1) : %33% = 0;(0yo) ....... Classic Schlichting leading order flow
Ofe/n): 0% () = — (0:6_,0%%o) . drittiow
O(E) Classic Schlichting drift flow

-------------------------------------------------------------------------------------------

<> Averaging
over time Stream function and

¥ = Real (1)) Formalism asymptotic analysis
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SAW induced Stationary
bulk wave In the liquid
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<€ Stationary bulk wave in water
Uz | gy 00 = 2xUe*™* cos (6k)

DI’IﬂZ ﬂOW Theory — stationary wave
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Fourier transform

SAW induced Stationary
bulk wave
SAW

+

1 micron particles near
the solid

Bulk wave in water wave length of SAW
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<« Standing bulk wave
Uz | gy—s00 = 2xUe** cos (dkz)

. SAW + stationary bulk
DI’IﬂZ ﬂOW wave in a channel
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eSAW excitation

e Stationary wave generation (close structures)

2nd order
Drift velocity

| ®Slip boundary condition

eaggregate patterning

*Manor, Friend and Yeo:;
J. Fluid Mech.; submitted 2011

Summary Schlichting boundary layer




Spreading films Aggregate patterning

A. Rezk (MNRL)

Applications: e Drop microfluidics
eMicro electronics
eParticle separation
eParticle concentration
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**Manor, Dentry, Friend and Yeo;
Soft Matter 2011, 7, 7976-7979
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Spreading contact line
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-Ilm spreading velocity

drN » X \/p cos(ip) — sin(yp)|U?

dt 6log2\ 2uw
zn (1)
dx n (t)/dt * Ay Air
S E B T
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—" \ <
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Dimensionless quantities
1 = 6 = / kgjlw <L 1 (boundary layer thickness) / (SAW wave length)
E = U/ Os aw <K 1 Mach number: (Flow velocity) / (Sound speed)

Scaling
t s t/w, =k 'z, y > By, h—= B h, uz = Uug, uy — MUy,

o — ka, ¥, — U, Q — 71U, p — (uB~'U/n)p, B~ = v/2u/pw
SAW boundary condition

U Xe*i(t—:n)—aa:
Uy - — n—lei(t—:ﬂ—l—gﬂ)—am
B.C.s at the gas/liquid interface (neglecting surface tension)

(3yum) :(0) Bl <« h< )
Oty i 1

| Characteristics and
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Expansion

Uy = Z fnuﬂ:,n: Uy = Z fnuy}ﬂa ¢ — Zfﬂ¢?“
n n n

eLe/NK1KL]/n For water/oil at O(1-100MHz) SAW
Stream function components
O(1/n) : %331/)—1 = 04(05%—1).......... Unidirectional flow
O(1) : %33% = 0;(0yo) ....... Classic Schlichting leading order flow
Ofe/n): 0% () = — (0:6_,0%%o) . drittiow
O(E) Classic Schlichting drift flow

-------------------------------------------------------------------------------------------

<> Averaging
over time Stream function and

¥ = Real (1)) Formalism asymptotic analysis



Key results (dimensional) - flow induced by SAW

B3
Q=Qsw — 0P
() ly=n 5=V~ 2x Dleos(p) — sine)]h
Thin Film flow (dimensional)
% = _%Q % = (Uy) |y=h

Film spreading velocity (dimensional)

dxn X p - 2
o~ W _ U
dt 6 log 2 \/Q;Lu.} P ((’0) S?,’n,((p)]

Formalism



Theory Theory
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High frequency SAW excitation

l Drift Flow

eSlip boundary condition e(Contact line displacement
eaggregate patterning eSpreading films, drops

*Manor, Friend and Yeo: **Rezk, Manor, Friend and Yeo;
J. Fluid Mech.; submitted 2011 Accepted to Nature communications

Summary Schlichting boundary layer
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