PARTICLE-INDUCED FINGERING
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We study interfacial dynamics.
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We also like particles. ..



“defending” phase

fd

Interface is unstable when i < uq.
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Pihler-Puzovic et al 2012
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VISCOUS FINGERING+ PARTICLES

"defending” phase

oJl =5 alr fd

camera '

Particles destabilize the interface!

g

Helej,S;haw cell

top-down view (25%)

[ W Tang et al 2000; Ramachandran & Leighton 2010
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PARTICLE-INDUCED FINGERING

"continuum”
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PARTICLE-INDUCED FINGERING
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MECHANISM OF FINGERING

particle accumulation on the fluid-fluid interface.

“shear-induced migration”

Leighton & Acrivos 1987
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MECHANISM OF FINGERING

particle accumulation on the fluid-fluid interface.
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“"fountain flow"” Coyle et al 1987, Karnis & Mason 1967



MECHANISM OF FINGERING

particle accumulation on the fluid-fluid interface.

Tang et al 2000; Ramachandran & Leighton 2010, 2007 (particle accumulation on the meniscus in a tube)



MECHANISM

particle accumulation on the fluid-fluid interface.

- Particle accumulation Miscible viscous Interfacial
near the interface | fingering deformations




MECHANISM OF FINGERING

particle accumulation on the fluid-fluid interface.

_ velocity ratio = oR (r) o necessary condition
| vy (1) for accumulation
~ Particle accumulation
' due to shear-induced MR e 2)d:Q
ue to shear-induce where TP = N 8 Uy =

migration o(r)h 2mrh



MECHANISM OF FINGERING

particle accumulation on the fluid-fluid interface.

_ vR(r) o necessary condition
- Ue(7) for fingerin

Calculate B(¢o,h/d) .
by resolving the upstream flow field!

Particle accumulation
due to shear-induced
migration



CONTINUUM

suspension balance approach Nott & Brady 1994
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CONTINUUM MODEL

suspension balance approach + lubrication approximations
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CONTINUUM MODEL

suspension balance approach + lubrication approximations
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CONTINUUM MODEL

suspension balance approach + lubrication approximations
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VMODEL VALIDATION:
fromn accumulation to fingering

- mass conservation -
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inupstream @0 = 2777"/ VR (2)p(2)dz
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VIODEL VALIDATION:
fromn accumulation to fingering

_mass conservation :
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VMODEL VALIDATION:
fromn accumulation to fingering

mass conservation h/2
~ inupstream  $oQ = 27”"/ vy (2)¢(2)dz
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VMODEL VALIDATION:
fromn accumulation to fingering

_mass conservation :

_ h/2
in upstream PoQ) = 2777"/ VR (2)p(2)dz

- —h/2
regime
6 — ¢O/$up
VP _ VP |
ViR = up (1__> S A 3
accC Vp ¢O /B "upStl‘eam" ‘
/quasi-1D regime ~
where VP = ¢orR°h & V1 = %W(R —w)?h 3 - R i
1.18
1.14 7+
5 .
1.10¢+
0 0.1 0.2 0.3

o



VMODEL VALIDATION:
fromn accumulation to fingering

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

mass conservation h/2
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particle-induced fingering formation & breakage of

S | particle band
. Summary: characterization of particle- i

induced fingering; continuum model
formulation

On-going: prediction of the onset of
fingering based on stability analysis

& interface dynamics

effect of particles on draining pattern formation with analogy to
: elastic instability

Brau et al 2011
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DROPS, INTERFACES & PARTICULATE SYSTEMS

Thank you.



