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Polymer Fluids




Areas of extremes!

A Linear Viscoelasticity

Low viscosity, weakly viscoelastic fluids
example; ink jet fluids.

A Non Linear viscoelasticity

a) Low viscosity, weakly viscoelastic fluids
example; ink jet fluids

b) High viscosity, limiting large strain, extensional viscosities
example; polymer melts



WLF; The frequency domain escape route
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http://web.mst.edu/~wlf/Mechanical/timetemp.html



Xaar DOD Printhead

Platform Ill : Side shooter
Multipulse grey scale printhead (1001 series)



http://www.xaar.co.uk/Info_page_two_pic_2.asp?sec_id=2546

DOD drop formation

30 micron drops, ms timescale
Photo, courtesy of Dr Steve Routh



The Cambridge MultiPass Rheometer (MPR)
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Pressure variation Rheology flow Crossslot Filament stretch
mode mode flow mode mode



The Cambridge Multipass Rheometer (MPRA4)
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Diethyl phthalate (DEP)

Polystyrene:

MPR as capillary rheometer

Supplier: Sigma Aldrich
BP =294296°C;r = 1118 kg/m;
S e = 36 MN/m; h,e.c = 10 mPa.s

Supplier: BASH Polystyrol VPT granule
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Measurement of Linear Viscoelasticity (LVE)
Piezo Axial Vibrator (PAV)
Developed by Prof Wolfgang Pechold
University of Ulm. Germany

] ]
Upper lid y

Sample

Gap (steel ring foil)

Lower plate with
overflow ditch

Probe head

Piezoelectric (PZT)
elements stuck on a
square copper tube

[ ] | |
Section of PAV




Mechanical equivalent model of PAV

Mechanical equivalent
model of the PAV.
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Mechanical representation
with springs.

%

The lower plate oscillates with force F (
excitation voltU ) for a given frequency.

With blank test: Dynamic compliance of the

lower plate is measuredgbxg U .,
&0 ~—¢e"
g F ~0 Uref

With sample: Modulated compliance of the
sample is measured aDxg U
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Complex squeeze stiffneks of the material can
be calculated from the ratio bk, andDx*.

For linear viscoelasticity
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High frequency linear viscoelastic data of DEP?6 PS210 at 2&

Parallel plate rheometer
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High frequency linear viscoelastic data of DEP?6 PS210 at 2&

Parallel plate rhneometer PAV data
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Effect of Polymer on the LI
fluid containing different polymer concentration

Polystyrene MW = 210k in Diethyl Phthalate (DEP) solvent
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The Torsion Resonator
(Prof Pechold (again!) ; University of Ulm)

linear viscoelastic behaviour (LVE)

Connector
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R 2 shear piezo
\ for detection E
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for excitation
PT 100

_@_____
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Photograph of the

. Tube shrunk on inner cylinder
Torsion resonator

Schematic (side and top view) of the
Torsion resonator
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The Torsion Resonator
(Damien Vadillo)

The linear viscoelastic behaviour (LVE)

The piezoelectric sensor oscillates at
resonance frequencies, 26kHz and
77KHz respectively.

With blank test Determination of the
apparatus constant temperature
correction coefficient for each frequency

With sample Measure the resonance
frequency shiftDf (=fs-fe) and the
damping shifoD (=[3-De) at each
resonance frequency.

U (mV)
5

Resonance curve of the mechanical response of the TR
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The Torsion Resonator (TR)

(Damien Vadillo)
Proof of concept (DEP + 2.5%wt PS110)
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The Torsion Resonator

(Damien Vadillo)
Proof of concept (DEP + 2.5%wt PS110)
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Extensional non linear
measurements

a) Medium viscosity fluids
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Filament thinning

A.V.Bazilevsky, V.M. Entov and A.N.Rozhkov
3'd European Rheology Conference 1990 Ed D.R.Oliver

Jourmalof

ELSEVIER 1. Non-Mewtonian Fluid Mech., 52 (1994) 387-405 e ——
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Rheological characterization of the time and strain
dependence for polyisobutylene solutions

R.F. Liang ', M.R. Mackley *

Department of Chemical Engineering, Ehniversity of Cambridge, Pembroke Streer,
Cambridge CB2 3RA, UK

(Received March 4, 1994)

Abstract

The rheological response of polyisobutylene (PIB) solutions in Decalin and a related
standard fluid 51 has been characterized in dynamic oscillatory flow, step strain, step-shear
rate and steady shear vsing a Rheometrics RIDSII theometer. The time dependence represented
as a discrete spectrum of relaxation times and the strain dependence characterized as an
exponential damping function have been presentad as a function of PIB concentration. The
relaxation spectrum was calculated from the dynamic storage modulus and loss modulus. The
damping function was determined from the non-linear relaxation modulus in & step-strain
experiment, The Wagner integral viscoelastic model incorporated with the relaxation and the
damping function has been used to prediet the siress growth and the steady-shear behaviour,
which were compared with the experimental data. A novel extensional rheotester was also used
in this study to measure the stretching response of polymer solutions, The data gave a near
single relagation time for esch solution, and this single relaxation time obtained from uniaxial
extension was correfated to the relaxation spectrum obtained in simple shear.

Keywords: Relaxation spectrum; Damping function; Filament stretching; Wagner integral
viscoelastic model; Polyisobutylene solutions
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Liang and Mackley (1994 )iscoelastic fluid

S1 fluid First approximation
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Viscoelasﬁtic modelling
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Extensional non linear
measurements

b) Low viscosity fluids
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The Cambridge MultiPass Rheometer (MPR)
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Pressure variation Rheology flow Crossslot Filament stretch
mode mode flow mode mode
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MPR Filament stretch Rheometer
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(a) Test fluid positioned (b) Test fluid stretched uniaxiallyfc) Filament thinning and break up
between two pistons.  at a uniform velocity. occurrence after pistons has stoppe
t<O0 t2 0



The CambridgeTrimaster

A dream turning into a reality

Toothed [
timing pul

Linear guide rail

Carrier
Timing be |
;.—Replaceable top and
- bottom plate

Stepper mota
attached to a pulley

N % | I RImaster 6000 series
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Motor
drive
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Drive
belt

Linear
traverse
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Top piston
position (m)

Piston response

Time (ms)
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