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Extended Abstract

Over the last decades, finding an ideal configuration for aerated mixing tanks containing non-Newtonian fluids has been
highly demanded due to the extensive applications of these systems for a variety of purposes, including fermentation and the
synthesis of antibiotics, enzymes, and chemicals [1]. Given the significance of maintaining an adequate level of dissolved
oxygen concentration for cell growth and fermentation processes, the volumetric mass transfer coefficient (k.a) is an essential
parameter for designing aerated mixing tanks [2,3]. Due to the broad applications of fluids with shear thinning behaviour in
aerobic fermentation processes, studying the impact of design parameters and operating conditions such as the impeller type,
impeller speed, aeration rate, and fluid rheological properties on volumetric mass transfer coefficient is very important [6].
On the other hand, the bubble size, which relies on the bubble coalescence and break-up phenomena, plays a vital role in the
mass transfer coefficient (k.) and interfacial area (a) [7]. Therefore, choosing an optimum mixing configuration results in
enhancing the volumetric mass transfer coefficient and mixing performance.

Numerous studies have demonstrated that multiple-impeller systems outperformed single-impeller systems in terms of
higher volumetric mass transfer coefficient, uniform gas dispersion, and lower shear generation per power dissipation [5, 8-
9]. However, notwithstanding the advantages of multiple impellers for aerated mixing tanks, particularly for systems with
an aspect ratio of more than one, recent studies revealed that employing the multiple impellers on the same shaft did not
properly distribute the gas throughout the mixing systems containing highly viscous non-Newtonian fluids. In the previous
studies, the use of a close clearance anchor impeller in combination with one or more central impellers for aerated mixing
tanks with highly viscous fluids improved gas and liquid circulation, leading to a greater volumetric mass transfer coefficient
[6, 10]. However, despite the widespread use of pseudoplastic fluids possessing yield stress in a variety of applications, a
knowledge gap was identified for studying the local and overall volumetric mass transfer coefficients in coaxial mixing tanks
with an aspect ratio of greater than one containing yield-pseudoplastic fluids. As a result, our research aimed at evaluation
of the local and overall volumetric mass transfer coefficients in a coaxial mixing tank containing xanthan gum solutions, a
yield-pseudoplastic fluid, furnished with two pitched blade impellers and an anchor.

In this study, the impact of different operating conditions such as the central impeller speed, anchor speed, rotation mode
(i.e., co-rotating and counter-rotating), aeration rate and the fluid rheology was investigated on the local and overall
volumetric mass transfer coefficients. Three different concentrations of xanthan gum solutions were tested and modelled as
a Herschel-Buckley fluid. The local and overall volumetric mass transfer coefficients of the aerated coaxial mixer were
measured experimentally using simplified dynamic pressure method. Finally, an in-depth analysis of the complex flow
hydrodynamics within the mixing tank as a function of the operating parameters was done using a validated computational
fluid dynamics (CFD) model.
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