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So What is a Complex Fluid?

• Complex fluids possess an underlying microstructure that can be affected by (and
in turn then affect) a flow field

• Examples include:
 Polymer solutions, polymer melts, liquid crystals
 Foams, gels, bubbly-liquids,
 Suspensions, emulsions, slurries, mud..
 Food stuffs, paints, adhesives and other consumer products

• Basically everything except air, oil, water!
• These fluids violate Newton’s viscosity law:
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•Rheology: study of the material properties of 
complex fluids in specified/known flow fields
•Non-Newtonian Fluid Dynamics: self-consistent
solutions of cons. of mass, momentum PLUS a 
constitutive model (rheological equation of state)
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Important Non-Newtonian Fluid Effects

• Shear thinning (rate-dependence of viscosity)
 “inelastic”, “generalized Newtonian fluids”

!( !" ) #
$ yx

!"

• Elasticity (normal stress differences)
 “Second order fluids” (SOF)
 Boger fluids
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• Fluid Memory (stress relaxation)
 Relaxation time λ
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Natural Time Scale of Complex Fluids
• Natural time scale
• The Deborah number is a dimensionless measure

compared with the time scale of the deformation...

!material "100 sec.

De < 1
Viscous Liquid

De ~ 1
Viscoplastic Solid

Brittle Solid  De ~1000!
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(Relaxation time of the material)

(The timescale of the process)
De ~
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De ~ 10  Elastic Solid
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