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Preface

Fluid Mechanics

Newtonian Fluid Hookean Solid

Solid Mechanics
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Rheology

Rheology

The term deformation and flow of matter is a rather cumbersome one to cover the subjects
of elasticity, viscosity and plasticity. There is no single word to cover the field, so the only
recourse has been to invent one. The Greek roots to flow (ρεω) and science (lογοσ),
already familiar in numerous words such as rheostat and geology, made the term theology
appear to be at the same time distinctive and self explanatory.

He was largely responsible for the formation of
the Society of Rheology and the word of
rheology in 1929.

Prof. E. C. Bingham (1878-1945)

Logo of Rheology Society
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Scientific Societies

Society of Rheology

European Society of Rheology

Austrian Group of Rheology

Belgian Group of Rheology

Canadian Society of Rheology

Chinese Society of Rheology

French Group of Rheology

German Society of Rheology

Hellenic Society of Rheology

Italian Society of Rheology

Nordic Society of Rheology

Slovenian Society of Rheology

Society of Rheology, Japan

Swiss Group of Rheology

Portuguese Society of Rheology

Southern African Society of Rheology

The British Society of Rheology

Vinogradov Society of Rheology
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http://www.rheology-esr.org/
http://cit.kuleuven.be/ltrk/bgr/bgr.html
http:///
http://www.rheology.org.cn/
http://www.univ-lemans.fr/sciences/wgfr/
http://www.drg.bam.de/
http://esperia.iesl.forth.gr/
http://www.sir-reologia.com/
http://www.nordicrheologysociety.org/
http://rcul.uni-lj.si/%7Ecem/society_of_rheology.htm
http://www.srj.or.jp/
http://www.ar.ethz.ch/FR/
http:///
http://www.sasor.co.za/
http://innfm.swan.ac.uk/bsr/frontend/home.asp?shockwave=1
http://www.ips.ac.ru/rheo/rheologyeng.htm


Iranian Society of Rheology
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Journals
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Famous Rheologists

J.C. Maxwell
(1831-1879)

L.E. Boltzmann
(1844-1906)

E.C. Bingham
(1878-1945)

K. Weissenberg
(1893-1976)

A. B. Metzner
(1927-2006)

S.W. Scott Blair
(1902-1987)

M. Reiner
(1886-1976)

J.G. Oldroyd
(1921-1982)

R.I. Tanner G.H. McKinleyH. Giesekus
(1922-1917)
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Newtonian Fluids

Newtonian Fluids

In Newtonian fluids, the shear stress is 
only depended on shear rate linearly. 
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F cx or= τ = ηγ

Newtonian Fluids
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Newton claimed that in shear flow of fluids: F U
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Molecular Theory for Gases:

2
5

16
( / )

mkT

kT

=
Ω

Ω =Ω
µ

µ µ

πη
πσ

ε

Viscosity
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The above shear-independent viscosity
for a liquid is obtained subjected that: 

V is the volume any molecule.

Viscosity

Molecular Theory for Liquids:

This indicates that the Newtonian 
behavior occurs in liquids with 

small molecular weight.   
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The Chemical Nature of Polymers (Macromolecules)  

A macromolecule (polymer) is a large
molecule composed of many small
simple chemical unites, generally called
structural units.
The polymers may be built from
one structural unit (homopolymer)
or made from two or more structural
units (copolymer).

(a): HDPE & (b): LDPF

Schematic representation of (a) random, 
(b) block and (c) graft copolymers. 
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Synthetic Polymers (Macromolecules)  

Typical synthesis polymer molecules
may have molecular weights
between 10,000 to 20,000,000 g/mole.

The molecular weight of all of
polymer molecules may be same in a
sample. This category is called the
monodisperse. In contrast, in
polydisperse, the molecular weight
of molecules is different.
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For more information refer to the
section 2-1 of  book of “Dynamics of 
Polymeric Liquids” Ed. 2 (1987).



A highly elastic solution (2.2% polyacrylamide
in 17.8% water and 80% glycerin). The figure 
is captured in “The Great Australian Science 

Show”, Melbourne, 1993.

Model for a PDMS chain adsorbed on a carbon
nanotube as a new supra-molecular assembly.

The Chemical Nature of Macromolecules  
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Natural Polymers
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Biological macromolecules may have even
larger molecular weight. For example, the
molecular weight of tobacco mosaic virus
is about 40,000,000 g/mole.

Tobacco mosaic virus

Biological Macromolecules
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1. Polymer science (solutions and melts) 
2. Pumping and materials transport
3. Chemical industries
4. Food production
5. Cosmetics industries
6. Bio-rheology, hemo-rheology and physiology
7. Control (smart fluids)
8. Pharmaceutical industries
9. Military industries
10. Paints and inks manufacture 
11. Glass and silicates production
12. Paper production
13. Geology science and geophysics
14. Petroleum industry 
15. Thickening and dewatering of mineral slurries 
16. Forming materials (concrete, brick & ceramics) 
17. Reactions involving mineral slurries (gold extraction) 
18. Soil mechanic and chemistry
19. Separation (more viscous, less speed)

Applications of Rheology
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Time-Independent Fluids

1. Shear dependent viscosity

2. Yield stress

Characteristics:
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Non-Newtonian Fluids

Time-Independent 
Fluids

Time-Dependent 
Fluids Viscoelastic Fluids

Smart Fluids

Classification of Non-Newtonian Fluids
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Demonstration of zero shear and infinite shear viscosities for a shear-thinning polymer solution.

0η

η∞

Many of non-Newtonian fluids exhibit the pseudo-plastic behavior. This property is
found in certain complex solutions, such as lava, ketchup, whipped cream, blood,
paints, molasses, syrups, paper pulp in water, ice-cream, glue, some silicon oils, some
silicon coatings, printing inks, and disperse systems. It is also a common property of
polymeric solutions and molten polymers.

Shear-Thinning Fluids: Apparent Viscosity
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Temperature Effect

Viscosity of a low density polyethylene melt versus the shear rate.

The viscosity of shear-thinning liquids has a strong dependency on temperature.
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Shear-Thinning Fluids – Sample of Effect

Tube flow and “shear thinning”. In each part, the Newtonin behavior is shown on the left 
(N); the behavior of a polymer on the right (P). (a) A tiny sphere falls at the same rate 

through each; (b) the polymer flows out faster than the Newtonian fluid.
[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. 61.]
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Rest Flow

Shearing1. Alignment of polymer molecules
in direction of streamlines

In a shear flow, the shear stress causes: 

Shear-Thinning Fluids: Origin



Shear-Thinning Fluids: Origin

2. Breaking the cross-links 
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Viscosity Modeling: Power-Law Model

Power-law equation:
n 1

xyK
−

η = γ
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Viscosity Modeling: Cross Model
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Cross model: The cross model is based on the rupture theory of linkages due to the shear stress. 
Here, it is supposed that the viscosity is proportioned by the length of linkages.

Viscosity Modeling: Cross Model
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Viscosity Modeling of Shear-Thinning Fluids

Cross Equation (Modified by Barnes et al. (1989)):
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• When the deviations from the power-law model are significant only at low shear rates, 
it is perhaps more appropriate to use the Ellis model.

• Index α is a measure of the degree of shear-thinning behavior (the greater the value
of α , greater is the extent of shear-thinning (α>1)).

• τ 1/2 represents the value of shear stress at which the apparent viscosity has dropped to 
half its zero shear value. 
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Viscosity Modeling

The constant “a” is around 2 for many shear-thinning fluids and it describes the transitio
n
region between the zero shear rate region and power-law region. 29



Viscosity Modeling
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Modeling the Complex Flows

31
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For Simple Shear Flow:
u
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For 2D Flows:
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Modeling the Complex Flows
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Remember that the shear rate is a cinematic tensor 
with nine components defined as:



Modeling the Complex Flows

In order to define the generalized shear rate, we can use the invariants of shear rate tensor
because the results must be independent from type of coordinate system and, rotation and
movement of frame:
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Other combinations of these three could be played the role of invariants. For example, the
following combination is usually used for this purpose:

Key Question#1: Which invariants should be used as the generalized shear rate?
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Modeling the Complex Flows

For simple shear flows, the non zero term is only: u
y
∂
∂

u0 0
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y
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where q is the generalized shear rate.

The first invariant (I) is always equal to zero due to continuity equation. Using the
above calculation, the following relation is suggested for complex flows:

( )2 2 2 2 2 2
xx yy zz xy yz xz

1 1q II 2 2 2
2 2

= = γ + γ + γ + γ + γ + γ

Key Question#2: What is the role of the third invariant in definition of
generalized shear rate?
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Shear-Thickening Fluids

Schematic representation of shear-thickening behavior.

A dilatant (also termed shear thickening) material is one in which viscosity increases
with the rate of shear rate.

This type of fluid behavior was observed in concentrated suspensions
and it is important in handling and processing of systems with high
solids loadings. Typical examples of materials exhibiting dilatant
behavior include concentrated suspensions of china clay, titanium
dioxide and corn flour in water. This behavior could be modeled using
power-law equation considering n>1.
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