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Non-Newtonian Fluids
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What is the definition of  viscosity for Non-Newtonian Fluids?

2

1

x

v

∂
∂=γ&

© Faith A. Morrison, Michigan Tech U.

1x

2x

)( 21 xv

γ
τη
&

21−≡(NOTE on coordinate 
system:  Viscosity 
definition is written for 
shear flow in x1 direction 
and gradient in x2

direction)
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typical polymer behavior
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Viscosity    
(Greek letter eta)

zero-shear viscosity 
(Newtonian plateau)

shear rate    
(gamma dot)

shear thinning

The changes in 
viscosity with shear 

rate are so large they 
must be plotted log-log
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In addition, for many 
polymers there are shear-

induced NORMAL

(perpendicular) forces.
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force on y-surface 
in z-direction
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surface in 2-

direction
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Power-Law Model (Ostwald-deWaele Model)
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m or K = consistency index (m = µ for Newtonian)
n = power-law index (n = 1 for Newtonian)
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(does not model 
normal stresses)
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What does the power-law model predict for viscosity?
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On a log-log plot, this 
would give a straight line:
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Bingham Model (yield-stress fluid)
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µo = viscosity parameter
τo = yield stress

There is no flow until the shear stress exceeds a critical 
value called the yield stress.

example: mayonnaise
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Bingham Plastic
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where do we use the power-law expression?
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e.g., Poiseuille flow in a tube:
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1-direction = r
2-direction = z

Calculate the velocity field for
Poiseuille flow of a power-law fluid:
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Boundary Conditions:
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Velocity field
Poiseuille flow of a power-law fluid:
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Solution to Poiseuille flow in a tube
incompressible, power-law fluid
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Solution to Poiseuille flow in a tube
incompressible, power-law fluid
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