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The present study is aimed to investigate the flow and agitation of purely viscous non-Newtonian fluids in the laminar flow regime. A new method is
proposed for the determination of the shear viscosity of the power-law fluids in non-circular channels. The provided method is then validated by
experimental and numerical methods. It is found that the proposed method is successful for the determination of the shear viscosity. Then, the
provided method is utilized for the prediction of friction factor of the flow of power-law fluids in non-circular channels using the Reynolds
number and a simple method is suggested for the rapid calculation of the friction factor of power-law fluids in laminar regime particularly for
the engineering calculations. Finally, the power and flow characteristics of a newly designed in-line rotor-stator mixer are investigated
experimentally and numerically for the Herschel-Bulkley model. The power draw of the mixer is measured experimentally and then obtained
power draw values are validated by numerical simulations. The power draw and Metzner-Otto coefficients are determined from the
experimentally and numerically obtained power draw results and a new slope method is suggested based on the Rieger-Novak method for
mixing of viscoplastic fluids in the laminar regime. The shear and velocity profile in the mixer analyzed via numerical methods and the effect of
eometrical configuration on velocity, shear, and power consumption are discussed.

*To show that rectangular channels and concentric annulus can be used for the determination of rheological parameters of the power-law fluids as
capillary and slit rheometers. An alternative, one parameter correlation will be suggested for the estimation of the rheological parameters.

*To propose a new and very simple correlation for the prediction of the pressure drop for the laminar flow power-law fluids through non-circular
channels by using geometrically independent Reynolds number and expressing friction factor-Reynolds number relationship by a simple linear
equation.

*Analyzing power characteristics and flow profiles of an in-line rotor-stator mixer experimentally and numerically using shear-thinning

viscoplastic fluid under the laminar regime. And then, suggesting expression to specify the effect of yield stress on the power demand of a mixer.
Finally, proposing a practical method for the determination of the Metzner-Otto coefficient for the Herschel-Bulkley fluids.

1- Flow of power-law fluids in non-circular channels
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2- Agitation of viscoplastic fluids in a rotor-stator mixer in laminar regime

Power number-Reynolds number relationship in laminar mixing (Rieger and Novak, 1973) : Effective shear rate (Metzner and Otto, 1957):
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The friction factor is defined as the ratio of wall shear stress to the flux of

inertial forces _ 271, Rey; is the Reynolds number suggested by Metzner
~ pu? and Reed (Metzner and Reed, 1955)
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1- Validation by experiment: Using experimental data in the
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Agitation of viscoplastic fluids gives rise to the formation of the well-mixed region (cavern) in the vicinity of the impeller, and dead zones are generated next to
the wall of the mixing vessel and which leads to poor mixing. In such cases, a more efficient mixing operation can be achieved by agitation viscoplastic fluids
In rotor-stator mixers. In order to provide an efficient mixing process, a in-line rotor stator mixer designed to achieve efficient mixing process for the fluids with
high yield stress and power characteristics and flow profile of the mixer have been investigated experimentally and numerically.

. The newly designed in-line rotor-stator mixer consists of two serial mixing heads which are

installed in a cylindrical barrel and two impellers were mounted on the same shaft. The agitation

of the mixer is provided by 45° four-pitch blade impellers with a diameter (D) of 194 mm and the

diameter of the stator (Z) is 200 mm.

« Power number-Reynolds number relationship for the agitation of viscoplastic fluids (Ayas et.
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1-Experiment _ _
Experiments were performed using collagen in

order to obtain power characteristics of the
designed mixer for axial clearances of 1 mm, 2
mm and 3 mm and for the flow rate of 6 kg/min
(to = 4600 Pa, K=420 Pa.s" , n=0.34).
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2-Simulation:

» Simulations were carried out to verify experimental results and in order to obtain design
parameter C and analyzing flow profiles in the investigated mixer using MRF approach
for rotational speed of impellers of 150, 300 and 500 RPM. For simulation 2.5 millions of

mesh elements were created.

* Boundary conditions:
Inlet: Mass flow inlet (6 kg /min)
Outlet: Pressure outlet
Impellers: Rotational wall
Wall of the mixer: Stationary wall
Convergence criteria: 10 - for continuity
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Effect of axial clearance on the dimensionless shear rate (y* = y/N)
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 From the P,Regy Versus Bi* curve, It has been found that
Increases with
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decreasing values of axial clearances.

» The efficiency X increases with the increasing speed of the
impellerand decreases with descending values of the axial
clearance. Howeverthe clearance has a weak effect on the
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» This work deals with the measurement of rheological properties of the purely viscous non-Newtonian fluid, prediction of friction factor,
and power and flow characteristics of an in-line rotor-stator mixer. Firstly, a method is suggested for the evaluation of the rheological
parameters for the power-law fluids using the rectangular channel and concentric annuli.

» According to the method, the relationship between wall shear rate and wall shear stress can be represented by one geometrical
parameter for any aspect ratios. Then, the obtained simplified correlation has been used to re-cast friction factor-Reynolds number
relationship for the rapid engineering calculations. The provided method is validated by comparing the most frequently used methods
and through numerical simulations and it was found that the suggested method can predict friction factor accurately.

» Finally, the power characteristics and flow field of a newly designed in-line rotor-stator mixer have been analyzed experimentally and
numerically. Firstly, the power draw of the mixer has been measured experimentally for the three rotational speeds of the impeller and
three different axial clearances of the mixer, and then obtained power draw results have been validated by numerical simulation, and a
good agreement was found between the numerically and experimentally obtained power values. The Newtonian power draw coefficient

has been calculated by numerical simulations and then, Metzner-Otto constants have been determined from the experimentally and
numerically obtained power draw results.

» It was found that determined Metzner-Otto coefficients from the experimental and numerical methods are in good agreement. Besides,

the methodology for the determination of Metzner-Otto constant for power-law fluids suggested by Rieger and Novak is extended to the
Herschel-Bulkley model. A slope method was proposed for the determination of the Metzner-Otto coefficient for the Herschel-Bulkley
model and it was shown that the introduced method is successful for the prediction of the Metzner-Otto coefficient. In the final step, the
effect of axial clearance on velocity and shear profile is discussed and it was found that axial clearance has a remarkable effect on flow

profile on the agitated fluid in the mixer.
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