Thank you!

- The suspension can be shear thinning below Re,
- The suspension is shear thickening ahove Re,

- With heavier particles, the suspension becomes
more shear thickening everywhere.

- With more slender particles, the suspension
becomes more shear thinning everywhere
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Experiments?

Some challenges:
- High Re,
- Confinement
- Gravity
- Accuracy
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Flow problem

Shear rate:

O,
G = 50

Prolate spheroid
_ pparticle

P fluid

Particle:

da(1)

I
dt

Fluid inertia:

1%

Particle inertia:

St = a - Re,
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Rotational states

Without inertia

G, B, Jeffery, Proc, R, Soc, Lond. A 102, pp. 161 (1922)

States associated with States associated with
Particle inertia Fluid inertia

Tumbling (T) Rotating w. const. Log-rolling (LR) Inclined rolling (IR) Steady state (S)
ang. vel. (R)

F. Lundell, A. Carlsson, Phys. Rev. E 81, 016323 (2010) T. Rosén, F, Lundell, C. K, Aidun, |. Fluid Mech., submitted (2013)
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Jetfery orbits

G. B. Jeffery, Proc. R. Soc. Lond. A 102, pp. 161 (1922)
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Tumbling (T) Rotating w. const.
ang. vel. (R)
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States associated with
Fluid tnertia

Log-rolling (LR) Inclined rolling (IR) Steady state (S)

T. Rosén, F. Lundell, C. K. Aidun, J. Fluid Mech., submitted (2013)
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State diagram
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- T = Tumbling

- R = Rotating (constant ang. vel.)
- LR = Log-rolling

- IR = Inclined rolling

- S = Steady, no rotation
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Rheology

Intrinsic viscosity

Viisp = Viig * (1 + 1 - @)
A_
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B A 2
Der Viekositstekoeifizient ™ dar Sospemsinn wind alse dorel
Jus Grasmtvelumen ¢ der in der Voluneivheit suspeadivrien
uegeln 2,5 mal stiicker beeinlinbl als nach der dued gelindsnen
TFormel. '

For spheres: 7 = 2.9

Einstein, A., Annalen der Physik 339, pp.591 (1911)

Dilute suspensions

Slender fibres: Other elongated particles:

M= 2A0,.,,

/

Orientational tensor determined
from an orientational distribution

]- K. Batchelor, [ Fluid Mech. 41, pp. 545 (1970}
C.]. 5. Petrie, [. Non-Newton. Fluid 87, pp. 368 (1993)

Single spheroid

Prolate
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Largest contribution when particle
aligned with strain direction

Intrinsic viscosity dependent on
rotational orhit

Jeffery's hypothesis (slender spheroids): 17 = 2.0

G. B, Jeffery, Proc, R, Soc. Lond. A 102, pp. 161 (1922}
5. Mueller, E.W. Llewellin, H. M. Mader, Proc. R Soc. A 468, pp. 1201 (20100

Effect of inertia?

+ Rheology of dilute suspensions dependent on orientatonal
distribution

« Orientational probability distribution of single particle in shear
flow highly affected by inertia

Without inertia Weak inertia
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Intrinsic viscosity

Vdisp — Viig ° (1 s/ (I))
AL

592 A. Einstein. Berichtigung.

Unter Benutzung dieser berichtigten Gleichung erhilt man
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Formel.
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Dilute suspensions

Slender fibres: Other elongated particles:

Table 1
Theoretical results for the intrinsic viscosity of suspensions
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Effect of inertia?

- Rheology of dilute suspensions dependent on orientatonal
distribution

- Orientational probability distribution of single particle in shear
flow highly affected by inertia
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Method

- Lattice Boltzmann Method using External
Boundary Force [1].

- Domain size independence ensured

- Shear stress o evaluated at the wall after
convergence.

- Intrinsic viscosity given by relation [2]:

(o) )
SR (R G/
I PV G

[1]J. Wu and C. K. Aidun, Int. J]. Numer. Meth. Fluids 62, pp. 765 (2010)
[2] H. Huang, X. Yang, M, Krafczyk, X-Y Lun, J. Fluid Mech. 692 (2012)
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Conclusions

- Taking account to inertia in a dilute suspension of
prolate spheroids:

- The suspension can be shear thinning below Re.

- The suspension is shear thickening above Re,

- With heavier particles, the suspension becomes
more shear thickening everywhere.

- With more slender particles, the suspension
becomes more shear thinning everywhere
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