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Non-Newtonian Flows

Def. A non-Newtonian flow is characterized by its viscosity
being dependent upon the local shear rate.
Newton’s law of viscosity

τ = −η(γ̇)γ̇
Repercussions on the flow field

Navier-Stokes momentum equation
∂u

∂t
+ (u · ∇) u = −∇p + ∇ · τ + f

Rheological models

Power-law model

η = Kγ̇(n−1)
Carreau model

η = η∞+(η0−η∞)[1+(λγ̇)2]
n−1

2

Flow past a sphere

Drag force and
drag coefficient
• Friction drag (shear

stresses)
• Pression drag

FD = 1
2
CDρu∞Aeff

Objectives

Implement rheological models that accurately encounter for shear-thinning and
shear-thickening behaviors, and simulate particle suspensions in non-Newtonian
flows to better understand the impact on the drag force.

Methodology

1- Implement both Power-law and Carreau Models in a Finite Element open-source
software Lethe [1].
2- Verify implementation using a manufactures solution.
3- Simulate 3-D
non-Newtonian
steady flow past a
sphere using both
power-law and
Carreau models for
Re ∈ [0.1, 100] and
n ∈ [0.1, 1.0]
4- Validate drag
force results with
literature.

Results : Drag coefficient vs Re

Power-law

Re = u(2−n)
∞ Dn

K

Carreau

Re = u∞D(1 + (λ(u∞
D ))2)1−n

2

η0

λγ̇app = 0.1 λγ̇app = 1.0 λγ̇app = 10

Results - Flow at Re = 100

Preliminary conclusions and future work

• Simulations with a large viscosity range were hard to run -
the resultant flow might not be in steady-state.

• The non-Newtonian effects on the drag force are greater
as you increase the Re number.

• Results are in adequation with literature (not shown) [2].
• Research still has to be done as to why there is an

inflection point at Re = 5 using the power-law model.
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