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It is the science that studies:

 how complex fluids deform when subjected to 
forces (tensions).

 the rheological properties that describe the 

relationship between force and deformation.

Examples of properties: shear viscosity, extensional 
viscosity, shear modulus, coefficient of first and 
second normal stress difference, etc.



Food
 Emulsions (mayonnaise)
 Foams (ice cream, whipped cream)
 Suspensions (mustard, chocolate)
 Gels (cheese)

Biological fluids
 Suspensions (blood)
 Gel (mucin)
 Solutions (saliva)



Personal Care Products
• Suspensions (nail polish)
• Solutions / Gels (shampoos, conditioners)
• Foams (shaving cream)

Electronic and optical materials
• Liquid Crystals (Display)
• Melts to protect electronic circuits

Pharmaceutical products
• Gels (creams)
• Aerosols (nasal sprays)

Plastic melts to produce
• Pipes, bottles
• Wrapping films
• Parts for home appliances, computers, clothes, etc.
• Parts for cars, airplanes and other transportation



Forming processes

Polymer Melts exhibit abnormal 
behavior (shark skin, spurt flow, melt 
fracture), when they flow at 
increasing velocities. 

Extrusion Process for production of
pipes, preforms, etc.



Calendering, used for producing high quality sheets of plastic

Forming processes



Forming processes

http://www.reifenhauser-kiefel.com/

Blown Film Extrusion, for faster producing thinner and larger
Films, e.g. wrapping films, greenhouse plastics, etc.



At low rotation rates 

or with a Newtonian 

fluid, the centrifugal 

force drives it away 

from the stirrer.

On the contrary, a 

complex fluid at 

higher rotation rates 

moves against the 

centrifugal force and 

climbs up the stirrer!



When a polymeric fluid 
exits an extrusion die, 
the diameter of the fluid 
is increased up to an 
order of magnitude

It is caused by the 
relaxation of the 
extended macromolecular 
chains, as the polymer is 
extruded from the die



(Boger, Hur, Binnington, JNNFM 1986)

Re = 5.7 10-4 Re = 1.25 10-2



[Reproduced from R. B. Bird, R. C. Armstrong  and O. Hassager, 
Dynamics of Polymeric Liquids.  Vol I: Fluid Mechanics, 2nd 
edition, Wiley-Interscience (1987), p. 74.]

When the conduit is raised above the fluid, the viscous fluid ceases to 
flow (N) while the polymer (P) continues its upward motion



• Polymer Rheology (solutions, melts)

• Rheology of liquid and solid suspensions

• Electro- and Magneto- Rheology

• Food Rheology

• Hemato-rheology & Biorheology

• Interfacial Rheology (interfacial properties)



Rheology

Theory of 
continuum mechanics

Technology



Rheology

Physics Chemistry

Theory of 
continuum 
mechanics

Technology



Force Material element Deformation

Stress
Deformation 
and Rate of 
deformation

    ,,, tF  

Constitutive 
Equation



Couette geometry

Measured torque

rotation

Cross section

Solid

Fluidh~1mm

R~30mm

h/R<<1
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Hooke's law of elasticity 

“As the extension, so the force”

Multiple springs 
in Parallel

Multiple springs 
in Series

The most commonly encountered form of Hooke's law
is probably the elastic spring equation, which relates
the force exerted by a spring to the distance it is
stretched by a spring constant, k, measured in force
per length.

F=-kx



Newton's Second Law states that an
applied force, F , on an object equals the
rate of change of its momentum, P, with
time.

Newton's laws of motion

Newtonian fluid



•

•

•

•

•

•



Viscous Fluids Elastic Solids Viscoelastic Fluids



Viscous fluidsElastic solid

Viscoelastic 
fluids
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Rectangular 
Torsion



 Melt Flow Index

 Capillary Rheometer

 Coaxial Cylinder Viscometer (Couette)

 Cone and Plate Viscometer (Weissenberg rheogoniometer)

 Disk-Plate (or parallel plate) viscometer



Shear Modulus =  Viscosity =
Shear Stress  

Shear Strain  

Shear Stress  

Shear Rate  

  G .



• Viscoelasticity is the property of materials that exhibit both viscous and elastic 
characteristics when undergoing deformation.

• A viscous material, such as honey, resists to shear flow and deforms linearly in time 
when a constant shear stress is applied.

• An elastic material deforms when stretched and quickly tends to return to its 
original state after the removal of the stress.

• Viscoelastic materials have elements of both of these properties and, as such, a 
time-dependent deformation.

• Elasticity is usually the result of the extension of the molecular bonds along 
crystallographic planes arranged in a solid, whereas viscosity is the result of the 
motion of molecules in an amorphous material.



It originates in 
the structure of 
macromolecules



Polymer molecules 
form zig-zag structures

Entangled 
macromolecules
(like spaghetti)



 If a stress is exerted on a macromolecule, it would extend it, at least in 
part, in the direction of the applied force.

 Stretching a molecule increases the angles of the bonds between the 
atoms and causes rotation of the atoms within the chain.

 When the stress is removed the molecule tries to relax, i.e. to return to 
its original shape, but this is not always entirely possible.
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The relaxation time is the time 
required for a polymeric system 
to return to equilibrium in 
response to a sudden 
disturbance.





It is either an algebraic, 
differential or integral relation, 
often implicit, that relates 
the stress tensor with the 
deformation    or
rate of deformation   tensors

Viscous fluid

Elastic solid

Viscoelastic fluid

)( F

)( F

),,,(  tF  

),,,(  tF  





Solids

 )(

0

),,,(  tF  

Fluids

 G

 )(G

 

0



Τ 

Notation




