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Rheological properties of slurry in microfluidic channels
-A direct numerical simulation analysis-

YA ARBIZHEITHARS)—DO LA O o—4HE
-BEHES I A L—a vtk BET-

O B twt, /Mt &L, W

Ik, FiIE !, it &EF

(—#)7aa o k- A4/ R= 3%

HRAF RERTSE

1y

B2 —IKRFEB

[ R ZE R



Material fabrication from suspensions
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Microfluidic flow of slurry
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Objective & Method

¢ Investigating the effects of channel gap on the rheological properties of slurry

& Direct numerical simulation analyzing coupled motions of particles and fluid
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Equations

_ Contact force
Particles Inter-particle force m

eMV:FH+FP< ____________________________________ DLVO force . < : -
G 12 = NH Hydrodynamic : @ -
R force/torque Electric double layer repulsion

Van der Waals attraction
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Fluid flow: Nawer—Stokes equations
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Evaluation of viscosity

Pressure-driven channel flow
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Relative viscosity n 1,

No u

Plane Poiseuillle flow H2p
. . _ g
(without particles) Uy = 12m,

Mean flow rate: u
Pressure gradient: F;
Viscosity of host fluid: n,



Simulation conditions

Particles _
System size: 10d X H X 5d

* Diameter: d = 1 um

« Concentration: 45 vol%

« Zeta potential: —12 mV

« Hamaker constant: 2 x 10729 ]

Fluid: Water
* l|on concentration: 0.31 mM

DLVO potential
00— Varied parameters
&m}g -~ e » Channel gap: H = 5d,10d, 20d
§ 5 o - Shear rate: y7 = 1072 — 10*
0 ‘ _ug _ HF;  Ppressure gradient: P,
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o Effects of shear rate
Characteristic time

T — a_ 3mNd*  3mndU = F Contact number
U F Drag = Adhesion force (O IS
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Up to yt = 50 ——— > Shear rate



Viscosity
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Dimensionless shear rate
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Structure
—
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Velocity distribution
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Maximum shear rate at the walls — Inhomogeneous aggregation
(b) Aggregate grows from the walls  (c) Aggregate breaks near the walls



Effects of channel gap | yz=0.1
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Up to yt = 100

(b) H = 10d
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Viscosity
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Decrease in channel gap H
— Reduction of shear thickening
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Velocity distribution

' | ' [ 1 |
— H=5d
— H=10d |48
— H =20d
........... N(iP&I’thlCS i 06
104
0.2+ 0.2
YA 0 , | , | ! | , | 0 | |
0 0.4 0.8 1.2 0O 1 2 3 4 5 6
00— Xx _
Z ulu, Contact number

Decrease in channel gap H — Inhibition of aggregation
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Summary

- Shear thickening causes with aggregation

- Maximum shear rate at the walls (Inhomogeneous shear rate)
— Inhomogeneous aggregation

- Effects of channel gap on the rheological properties:
Inhibition of aggregation — Reduction of shear thickening
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