
Non-Newtonian Fluid Mechanics

(Part - III)

Mechanical Engineering Department,

Shahrood University of Technology

By M. Norouzi

April 2021

1



1. Relaxation and retardation time

constants (relaxation spectra)

2. Memory effect

3. The first and second normal

stress differences

4. Nonlinear viscometric functions

5. Unsteady elongational viscosity

Viscoelastic Fluids

Viscoelasticity is the property of materials that exhibit both viscosity and elastic characteristics

when undergoing deformation. Many materials of practical interest (such as polymer melts,

polymer and soap solutions, some biological fluids) exhibit viscoelastic behavior; they have

some ability to store and recover shear energy.

Viscoelastic fluids exhibit the following specification:
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Standard Tests of Viscoelastic Fluids
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Stress Relaxation Test

In stress relaxation test, a suddenly step strain is applied on a sample of material 

and the response of stress is measured.
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Stress Relaxation Test

Observations of real materials (viscoelastic solids and fluids) shows that the stress 

is decreased rapidly in initial time and finally approaches to the limiting value.

The required time in which the stress is approach to the limiting value is known as

the relaxation time.

For ideal Newtonian fluids, this time constant is zero and for ideal Hookean solids,

it is approach to infinity.
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Stress Relaxation Test



Relaxation Time Constants
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Basic Elements of Linear Models

Isaac Newton (1642-1726)

 =
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RobHook (1635-1703)

G =



Maxwell Model
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James Clerk Maxwell (1831-1879) G
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Maxwell Model
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Maxwell Model
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Creep Test

In creep test, we supposed that the material is subjected to a one-step stress history 

and the response of shear deformation is measured.
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Creep Test

Response of solid-like material Response of fluid-like material

Unclassified response
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Kelvin-Voigt Model

The Kelvin-Voigt model, also called as Voigt model and Mayer model, can be represented

by a purely viscous damper and purely elastic spring connected in parallel. It is a useful

equation to model both creep and recoil tests.

William Thomson (1824-1907)
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Kelvin-Voigt Model
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Kelvin-Voigt Model
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Kelvin-Voigt Model
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Response Functions
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Response Functions
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Viscoelastic Spectrum



21

Burgers Model

J. M. Burgers (1895-1981)
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Burgers Model
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Burgers Model
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Burgers Model



25

Jeffreys Model



Discrete Relaxation Spectra
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Dleter Welchert (1948)
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Discrete Retardation Spectra

The generalized Kelvin-Voigt model
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The Continuous Relaxation Spectrum 
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The Continuous Relaxation Spectrum 

Polymeric Liquids

Polymeric Solids
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The Continuous Retardation Spectrum 
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The Continuous Retardation Spectrum 

Polymeric Liquids

Polymeric Solids
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Some Points on Linear Viscoelastic Models




