
Generalized Newtonian Fluids



•

•

•

•

•

•

•





Entanglements

.

Relaxation 
Time

Disentanglements

Orientation

 Shear viscosity decreases due to the rearrangement of 
the macromolecules with increasing shear rate.

 This effect is observed in polymer melts and solutions of 
high polymeric concentration.



Zero-shear 

viscosity 0

cr /1

cr

ak   )(





)( f

1 2 3
pI a a a              

Total Stress tensor

From the Cayley-Hamilton Theorem
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Q: Do we need all the invariants of the Rate of deformation Tensor?

Q: Should the second order term be used in 2D?

Consider Simple Shear flow
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1st Conclusion

2nd Conclusion

In Simple Shear flow, 
two of the three 
Invariants are identically 
zero, hence they are not 
needed.

The second order term 
results in normal stresses 
with no physically observed 
values: 
Ν1=0 and Ν2>0
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• Generalized Newtonian models are useful in 
many industrial applications, due to their 
simplicity.

• They describe with accuracy the reduction of 
the shear viscosity with increasing rate of 
deformation.

• Generalized Newtonian models cannot predict 
normal stresses or transient phenomena.





 The constitutive relation for stresses is given by:

 Power-law model:

 K = ηο n = 1 Newtonian Fluids

 K  n > 1 Shear-Thickening

 K  0< n < 1 Shear-Thinning

 K: consistency index

 The slope of log(η) vs. log(γ) is constant.

 Advantages: simple, can predict the volumetric flow rate Q =Q(ΔP)

 Disadvantages: cannot predict the Newtonian Plateau for small 
values of rate of strain.
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Typical values of the index n

• n =1 for fluids with small MW
• n ~ 0.4-0.8 for polymeric melts
• n ~ 0.2 for high MW liquids

The values of Κ depend on the power-law index n

3 0.521.3 10K x Pa s

Example for typical Polymeric Fluids

for 52.0n

PE

PP

PS

CT o
m 135~

CT o
m 170~

CT o
m 100~

150 200 o
processT ~ C

180 200 o
processT ~ C



Zero Shear Viscosity ~ Molecular Weigh
n Index = qualitative expression of macromolecular orientation

in the direction of shear
a Width of transition = proportional to MMD and PDI

-> Narrow distribution MMD=steep, Wide distribution MMD=flat)
λ Relaxation Time = Mean Recovery Time of the original stress state?

0

De Deborah number

Empirical Law for 
Application:
Deborah number should be small
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In Steady 
Shear Flow

Log Form:

Of the linear form:

The Optimal values 
of (b, a) and, hence, 
that of (K, n) are 
determined linear 
Least-Squares



 Carreau-Yasuda model

a – affects the decrease of shear viscosity

λ – time constant which shows when there is a change in the 
power law

n – describes also the rate of reduction of viscosity

η0, η∞ - are the viscosities in the plateau regions

 Advantages: 

Represent the majority of the cases with polymeric fluids

 Disadvantages: has five parameters
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 It describes the viscosity of viscoplastic materials

 Bingham Model:

τy = Yield Stress

ηο = Viscosity for large shear rates (plastic viscosity)
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 Similar to the Carreau-Yasuda Model

λ – time constant which shows when there is a change in the power 
law

n – describes the viscosity rate of reduction

η0, η∞ - are the viscosities in the plateau regions

 Advantages: 

Represent the majority of the cases of colloids & emulsions

 Disadvantages: has four parameters
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Cross Model
Carreau ModelPower-law Model
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• This model is recommended for the 
rheological description of blood and 
mud. 

• Unfortunately, there is no analytical 
expression for the shear viscosity.
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Zero Normal Stresses
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Experimental Observations

Model Predictions
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Flow Kinematics
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For main flow in 
the z-direction

Rate of Strain tensor and its 
magnitude
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The stresses

Elongational Viscosity
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• Cannot approximate always the viscosity curve.
• Cannot predict non-shear flows.
• Cannot predict elastic effects.
• Cannot predict transient phenomena.
• Do not take into account the deformation history.




