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Rheology

* Rheology is the science of the deformation and flow of
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* Rheology concerns the time-dependence behaviour of
both solids and liquids.
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Time-Dependent Material Response

Elastic

Strain

Types of time-dependent response to stress:

ta t

» Elastic: All strain is Time
instantaneous; when ioad is | Viecous

Load
Strain

removed, all strain is recovered.

ta t fa 4

 Viscous: The strain increases Time Time
continuously with time under load;
the strain is not recoverable.

Viscoelastic

Strain

S
Time

* Viscoelastic: There is an instantaneous strain when
load is applied and the strain increases with time under
load; the strain is partially recoverable.

Young et al.
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Rheological Models

Name Element Equation
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Name Model Equation Stress-strain-time relationships
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Rheological Models
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three basic mechanical elements:
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— Hookeian _element (spring), perfectly elastic, energy
stored as strain energy.

— Newtonian _element (dashpot), viscous, all energy is
dissipated.

— Saint Venant element, represents yield strength which
is time-independent.

Young et al.
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Rheological Behaviour of Liquids

Rheometer or Viscometer

dv/dy =tany =9

7 = shear strain rate
(or velocity gradient)

T = shear stress
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Rheological Behaviour of Liquids

Control buttons

Inner cylinder of
measuring torque

Outer rotating

cylinder

g
The inner cylinder with  E§
measuring unit ,

Bartos et al.
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Viscous Behaviour of Liquids

Newton’s Law of Viscosity: [r = iy

Newtonian fluids: Fluids which obey Newton’s law:
Shearing stress is linearly related to the rate of shearing

strain.
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Viscous Behaviour of Liquids
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* This response is called a flow curve.
* The proportionality constant is the viscosity.

* The viscosity of a fluid represents its resistance to flow
under an applied shear stress.
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Viscous Behaviour of Liquids

ic: [fArro % timao /
y; iS. CrCe * Ui /

[kg/m/s]. Also, poise [P] = 0.1 kg/m/s.
» Typical values at 20°C and atm. pressure:

water: 1.00 x 103 kg/m/s or 1.00 cP;
air: 1.82 x 10-° kg/m/s or 0.0182 cP.

Douglas et al.
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Viscous Behaviour of Liquids

The viscosity of a liquid depends on temperature (7) and
pressure (p):

1(T.p)= 1A eXP{AzG—TZJ} exp{A; (P~ Py )f

where p: viscosity at T, and p, (reference temperature

A,, A,, A3 material constants
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Viscous Behaviour of Liquids

The viscosity of a liquid decreases as temperature
increases, and increases at higher pressures. For example,
the viscosity of water goes from 1.79 cP to 0.28 cP in the
temperature range from 0°C to 100°C; it doubles when the
pressure increases from 1 to 1000 atm.

(The viscosity of a gas generally increases with an increase
in temperature due to higher frequency of intermolecular
coilisions.)

Douglas et al.
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Newtonian and Non-Newtonian Behaviour

1

L

¢ Newtonian liquid

ek

. (
(4) """""""""" (5 Shear-thinning or pseudoplastic (2)

Shear thickening or dilatant (3)
Yielding + shear-thinning (4)
Yielding + linear (Bingham) (5)

~

shear strain rate vy : 3

viscosity |[:
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shear strain rate ~ y
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Newtonian and Non-Newtonian Behaviour

» Newtonian liquid (1): T — y curve is linear; viscosity pu is a
constant {# f(y)}

« Non-Newtonian liquids: p = f(y)
— Shear-thinning or pseudoplastic (2)
— Shear thickening or dilatant (3)
— Yielding + shear-thinning (4): shear-thinning
with yield stress t, lplastn
— Yielding + linear (Bingham) (5): t = 1o+ p, y J
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Terminology in Non-Newtonian Behaviour

~Shear

thinning _. — ""/
7
sl

Shear
thickening

Slope = Apparent viscosity
Y

When the viscosity of a non-Newtonian liquid is determined
on the basis of a single shear strain rate, it should be

denoted as

the apparent viscosity.
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Terminology in Non-Newtonian Behaviour

Bingham modei
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1o = yield (shear) stress

u, = plastic viscosity

These are known as the Bingham parameters
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Hysterisis and Thixotropy
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 Shear thinning liquids exhibit hysterisis loops.

* Increasing shear leads to a gradual breakdown of the
flocculated structure, especially in particulate suspensions.

IS maintained, shear stress needed in

the downward branch for the same strain rate is lower.
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Hysterisis and Thixotropy

-y
1

hixotropic
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 When subsequent loops are similar to the first, the
material is said to be thixotropic.

* The bonds re-form when the fluid is at rest, and the
response is the same in the next cycle.
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"{/ First cycle or loop

Y

first cycle.

/

Hysterisis and Thixotropy

# Second and
subsequent cycles

Y

* In a non-thixotropic fluid, the second and subsequent
cycles will be identical to the descending branch of the

Young et al.
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Shear-Thinning in Suspensions

In colloidal suspensions, shear-thinning can occur due to:

offer less resistance to flow
— Dispersion of initially closely packed particles

— Separation and alignment of chain molecules and
long particles that are initially in three-dimensional
network
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Shear-Thinning in Suspensions
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Shear thinning: polymer melts such as molten

polystyrene, liquids with fine suspended solids (slurries &
pastes), and some paints.

Shear thickening: corn starch, some slurries and some
solutions of certain surfactants.

Bingham: fresh cement pastes and concretes

Thixotropic  fluids:  Bentonite-water  suspensions,
asphalts, epoxies and adhesives.
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