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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.
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Chain orientation Doi and Edwards 1978

\rreau Chain stretch Mcleish and Larson 1987

(ab)

Apparen!
Viscosity]

) BPYS lama
J.zlll.(lllglclllc It

of chains

Chain disentanglement ?

oooooo

Shear rate

Particle suspensions.
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Viscosity modification in a simple shear flow
due to presence of particles, drops or voidage

Spheres.
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Cambridge Multi-Pass Rheometer

23

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



Multi-Pass Rheometer (MPR)
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Data from MPR

Pressure difference vs time Flow curve
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Case Study 1. Martin Thompson

Alkyd resin suspension. Water drops in polymer resin matrix.

Visualisation; Linkam CSS (Cambridge Shear System)

M.J.Thompson, J.R.A Pearson and M.R.Mackley Journal of Rheology. 45(6) 1341-1358 (2001)
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<— Bohlin concentric cylinder rheometer and MPR capillary data
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MPR slit flow optical scattering data
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Modelling high shear viscosity reduction
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Apparent viscosity Pas
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Case Study 2 Karine Odic

Ice cream
a complex composite material:

Ice cream Is a 3 phase material: diameter range -5°C
— ice crystals 25um to 40 um 15%
— air bubbles 20pum to 60 um 50%
— matrix 35%

Conventional ice cream microstructure:




The ice cream manufacturing process
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Rheology at this stage



Ice cream matrix, Bohlin rheometer data
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Figure 4.17:

Viscosity measurements of -5 °C matrix ingredients using the AR1000N at 0 °C. Curve 1: (O)
Sucrose solution; Curve 2. (©) SMP/sucrose solution; Curve 3: (&) LBG/sucrose solution;

Curve 4. (O) SMP/LBG/sucrose solution; Curve 5: (—) -5 °C freeze-concentrated matrix
measured at -5 °C.







Apparent Viscosity (Pa.s)
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Ice Cream matrix and hard spheres. Low shear viscosity enhancement
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Ice cream matrix with foam inclusion

Parallel Plates

MPR-3
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Ice cream matrix and foam inclusion

Visualisation; Linkam CSS (Cambridge Shear System)




Ice cream matrix and foam inclusion
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Apparent Viscosity (Pa.s)

Model fluids vs the real thing!

—t— commercial ice cream

1000000
100000

T IIIIIIT| T T TTTIT

10000 «
1000

i —
He g EEEEE T

100
10
1
0.1

| L L Sy Sy P

ice-crystals ¢=0.17,
gas cells ¢=0.5

—8— Model Ice Cream,
hard spheres ¢ =0.17,
gas cells #=0.5

—B— Freeze concentrated

matrix

e — [l

0.01

1 10 100 1000 10000
Shear Stress (Pa)



Case Study 3 Sameer Rahatekar

Carbon Nanotubes

Multi-walled carbon nanotubes



Nanotube loading, Ares parallel plate rheometer.
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Apparent viscosity / Pa.s

Effect of Temperature
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Low concentration alignment

Visualisation; Linkam CSS (Cambridge Shear System)
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Nanotube loading, Ares parallel plate rheometer.
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Conclusions

Material Low shear High shear rate
enhancement. thinning.

Alkyd resin Water drops. Deformed

water filaments of water.

suspension.

Ice cream. Polymer matrix. Polymer.
Ice crystals. Foam filaments.
Foam inclusion.

Carbon Nanotube cluster | Nanotube cluster

nanotubes. interaction.

break up.

The end; of the beginning.



Additional material



“Grace diagram” for drop deformation

CERIEN; Drop breakup Simple shear
number or elongation
Ca = M

v / pure shear

Stable region

1
Viscosity ratio of drop to matrix

Capillary number criteria for drop deformation Ca>1
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CNT. Alignment and relaxation
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