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Non Newtonian flow;  Shear thinning equations

Power law fluid. Carreau Equation. Cross equation.
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Mechanisms for shear thinning

Molten Polymers.

Particle suspensions.
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Flow

Flow
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Viscosity modification in a simple shear flow

due to presence of particles, drops or voidage

Spheres.

Cylinders
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Cambridge Multi-Pass Rheometer

www.cheng.cam.ac.uk/research/groups/polymer/MPR



Multi-Pass Rheometer (MPR)
top piston

heating jacket

pressure transducer

slit die or

capillary inserts

bottom piston



Data from MPR
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Alkyd resin suspension.  Water drops in polymer resin matrix. 

Case Study 1. Martin Thompson

M.J.Thompson, J.R.A Pearson and M.R.Mackley  Journal of Rheology.  45(6) 1341-1358 (2001)

Visualisation;  Linkam CSS (Cambridge Shear System)
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  At rest before shear     19kPa during shear   4kPa during shear

  60kPa during shear    144kPa during shear Repeat of 4kPa after

144kPa experiment

Flow

CCD camera

Translucent

paper

670nm

laser

focussable

(a)

(b)

MPR slit flow optical scattering data
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Conventional ice cream microstructure:

100mm x300 

Ice Crystals

Matrix

Air cells

Ice cream
a complex composite material:

Ice cream is a 3 phase material: diameter range           -5°c

– ice crystals    25mm to 40 mm        15%

– air bubbles                                                 20mm to 60 mm        50%

– matrix 35%

Case Study 2  Karine Odic



The ice cream manufacturing process

Rheology at this stage



Ice cream matrix,  Bohlin rheometer data
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Ice cream matrix and ballotini glass spheres!
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Ice cream matrix and foam inclusion

Visualisation;  Linkam CSS (Cambridge Shear System)
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Model fluids vs the real thing!



Carbon Nanotubes

Multi-walled carbon nanotubes

Case Study 3 Sameer Rahatekar



Nanotube loading, Ares parallel plate rheometer.

1

10

100

1000

0.1 1 10 100 1000

Shear rate / s
-1

A
p

p
a
re

n
t 

v
is

c
o

s
it

y
 /
P

a
.s

S old

S1

S2

S3

S6

Epoxy

0.5 %

0.35 %

0.15 %

0.07 %

0.009%



Effect of Temperature
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Volume % = 0.02

Shear = 0 s-1

Volume % = 0.02

Shear = 20 s-1

40 μm 40 μm

Low concentration alignment

Visualisation;  Linkam CSS (Cambridge Shear System)



Volume % CNTs = 0.2

Volume % of CNTs = 0.02 Volume % CNTs = 0.04

200 μm

200 μm200 μm

High concentration aggregation



Nanotube loading, Ares parallel plate rheometer.
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Material Low shear

enhancement.

High shear rate

thinning.

Alkyd resin

water 

suspension.

Water drops. Deformed 

filaments of water.

Ice cream. Polymer matrix.

Ice crystals.

Foam inclusion.

Polymer.

Foam filaments.

Carbon 

nanotubes.

Nanotube cluster

interaction.

Nanotube cluster

break up.

Conclusions 

The end; of the beginning.



Additional material



Capillary number criteria for drop deformation

Viscosity ratio of drop to matrix
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Slit Flowcell

light
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CNT. Alignment and relaxation
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