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ABSTRACT:

This paper is concerned with the determination of the constitutive parameters of low concentrations of the com-
plex fluid polyethylene glycol (PEO). Velocity fields of PEO solutions in a microfluidic T-junction have been mea-
sured for pressure driven flow using micron resolution particle image velocimetry. As the fluid is forced to turn
the corner of the T-junction a range of shear rates, and therefore viscosities, is produced. Thus it is possible to
establish the rheological profile from a single experiment. An inverse method used in conjunction with a finite
element model was used to determine the constitutive parameters of the fluid, estimated to within 1.5 % error
in all three cases considered.

ZUSAMMENFASSUNG:

Dieser Artikel befasst sich mit der Bestimmung der Konstitutivparameter von niedrigkonzentrierten Lésungen
des komplexen Fluids Polyethylenglycol (PEG). Geschwindigkeitsfelder der PEG-L6sungen in einer Mikrofluidik-
T-Verzweigung wurden in Druckstromungen mittels einer mikrometerauflésenden sogenannten Particle Ima-
ge Velocimetry gemessen. In der T-Verzweigung muss das Fluid eine 9o°®-Verzweigung durchstromen, was einen
breiten Schergeschwindigkeits- und Viskositatsbereich verursacht. Daher ist es auf diese Weise moglich, das
rheologische Profil mit Hilfe eines einzigen Experiments zu bestimmen. Eine inverse Methode in Verbindung
mit einem Finite-Elemente-Modell wird angewandt, um die Konstitutivparameter des Fluides innerhalb einer
Fehlerbreite von 1.5 % zu ermitteln.

RESUME:

Cet article traite de la détermination des paramétres constitutifs a faible concentration du fluide complexe de poly-
éthyléne glycol (PEO). Les champs de vitesse des solutions de PEO dans une jonction T microfluidique ont été mesu-
rés pour un écoulement en pression controlée a I'aide de la vélocimétrie par imagerie de particules a une résolu-
tion microscopique.Lorsque lefluide est forcé a passerle coindelajonctionT,une gammedevitessesdecisaillement,
et donc de viscosités, est générée. Ainsi il est possible d’établir un profile rhéologique a partir d’une seule expé-
rience. Une méthode inverse est utilisée en conjonction avec un modéle d’éléments finis afin de déterminer les
parameétres constitutifs du fluide avec une précision estimée d’environ 1.5 % pour les trois cas considérés.
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1 INTRODUCTION

Advances in manufacturing techniques over
recent years have led to the reliable construction
of miniaturized fluidic systems having dimen-
sionsin the range of 1nm to1mm. One of the key
advantages of this miniaturization is that chem-
ical reactions and analyses can be performed
using very small volumes of fluids, ranging from

micro scales is large. This enables precise control
over mass transfer, heat transfer and reaction
processes [1, 2].

The characterization of fluid flow in biotech-
nology and chemical processing is important for
fluid control, measurement and identification
[3—-5]. Suspensions of biocolloids and polymers
often exhibit non-Newtonian behavior, such as

picolitres to microlitres. Response times for such
systems are typically fast compared to those
obtained from macro scale processing systems.
The surfacetovolumeratioforfluid flow at these
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shear dependence of viscosity, viscoelasticity and
extensional viscosity. For example, at high shear
rates the stretching of solid polymer molecules in
solutions of xanthan gum, induces a decrease in
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Figure 7 (left):

Graph of standard deviation
o of velocity in the region of
maximum sensitivity vs.
flow behavior index n.

Figure 8:

Graph of - log(V,,,.,) in the
region of maximum sensi-
tivity at various flow behav-
ior indices n vs. flow consis-

tency index K.

Table 3:

Inferred values of power law
flow behavior index n, u,, ,,
and the extrapolated New-
tonian viscosity from the
measured rheology of Fig-
ure 1. The percentage differ-
ence of the latter two num-
bers is given in the final
column, indicating good
agreement between
inferred and measured con-
stitutive relations.
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solution of a triangular matrix equation by back

substitution.
Step 1: Find the standard deviation o, ...
from statistically averaging the velocity field
magnitude (second moment) over region A.
From the results of the 8 simulations plotted in
Figure 7 and the curve fit of the prediction of
o(n), compute therootnofo,, .. ...=(n). Use
this root nin step 2.
Step 2:Find the mean velocity magnitudeV, .
measured 17OM statistical averaging of region A.
From the model prediction of V. (K, n), solve
fortherootKof V, ... s = Vinean (Ki ) from
interpolation functions in the tabulated
dataset, or equivalently, read from the graph
of the family of constant K curves for V. (K,
n) predicted by the model in Figure 8.

The question for this inverse method is how
good is the fit from a single microchannel uPIV
estimated velocity profile of one flow experi-
ment to the independently measured rheology
of Figure 1. Table 3 shows that the power law
inversion yields flow behavior indices n that are
near unity, in which case the flow is practically
Newtonian. Therefore, the flow consistency
index K is numerically equivalent to the New-
tonian viscosity u as n — 1, which can be esti-
mated as the zero shear rate viscosity b from Fig-
ure 1. Table 2 shows the discrepancy of less than
1.5% between these two quantities, well within
experimental error, showing that the viscosity is
nearly Newtonian in this regime of shear rates
and accurately predicts its value.

It should be apparent that to capture the
high shear rate power law dependence of PEO
solutions shown in Figure 1, experiments with
much higher (estimated as 100-fold higher) pres-
sure drop are required. We chose the experi-
mental conditions to match those of our earlier
xanthan gum study, where xanthan gum exhib-

ean

Test |[My n m,, b % difference
[Pa-s] [Pa-s]
1 1106 1.05 0.042 0.041 1.46
1106 1.06 0.001 0.001 1.03

3 4105 1.05 0.055 0.055 1.28

006

Flow consistancy index, Pa.s®

ited the same low shear and high shear power
law behavior. This study of PEO indicates that
highershearratesarenecessarytofinditsregime
of power law response. Only once the rheology is
known either by the inverse method or conven-
tional viscometry can the operating regime be
self-consistently determined for an inverse
methodology.

4 CONCLUSIONS

An inverse methodology developed with a par-
ticular test system (xanthan gum), based on
microchannel power law nonlinear viscosities,
was applied to another, supposed power law sys-
tem. The model prediction found that a self con-
sistentinverse method could be applied to deter-
mine the power law parameters in a low shear
regime with good accuracy. In the regime tested,
the rheological response was nearly Newtonian,
indicative that much higher pressure drops are
needed to characterize the constitutive relation
for this power law fluid.
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