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Extended Abstract

Mixing operation in mechanically agitated vessel is vital in industrial processes such as pharmaceutical, food
processing as well as paint production industry. Study of mixing in Newtonian and non-Newtonian fluid has been explored
extensively with myriad of impeller geometries. In contrast to Newtonian fluid, mixing process in non-Newtonian fluid is
very complicated and it involves complex flow condition inside the agitated system. Therefore, a detailed investigation on
hydrodynamic behaviour in agitated vessel is crucial to improve mixing efficiency for enhancing quality of product.

Among the numerous impeller types studied in Newtonian fluid, investigation on high-speed impellers such as
pitched-blade turbine (PBT) and Rushton impellers cover large portion of the studies which can be concluded that PBT is
suitable for flow-sensitive operation while Rushton is favourable for dispersion. Geometry of PBT does not give
significant effect on power number except for impeller-to-tank diameter ratio, while for Rushton impeller, power number is
highly dependent on impeller geometry [1]. A numerical study had been employed on fluid mixing with a novel impeller
design, which combines PBT and Rushton impeller. The PBT-Rushton combined impeller had shown the significant
improvement in terms of velocity field in addition to circulation size of primary and secondary loops [2].

Due to complex rheological behaviour of non-Newtonian fluid, discharge flow generated by impeller can be
completely different from Newtonian fluid. According to Kazemzadeh et al. [3], PBT impeller discharges radial flow in the
yield-pseudoplastic fluid, instead of discharging in axial direction, which was also reported by Rudolph et al. [4].
Furthermore, axial velocity magnitude attained by PBT impeller was higher than Rushton impellers. This is the importance
of PBT blade in the PBT-Rushton combined impeller. On the other hand, they observed that Rushton impeller produce
more stable flow pattern than PBT. This shows that the existence of Rushton blade is needed in PBT-Rushton combined
impeller to promote uniformity of discharge flow for more efficient mixing system.

In this present work, the main objective is to investigate the performance of the PBT-Rushton combined impeller in
xanthan gum solution as a non-Newtonian fluid. Therefore, 3-D incompressible Reynolds-Averaged Navier-Stokes
(RANS) equation was numerically modelled in commercial software, ANSYS CFX V18. The model is made up of two
main parts consisted of stationary and rotating domains. Performance of PBT-Rushton combined impeller is compared
with high-speed impellers: Scaba, PBT, Rushton and PBT-Rushton with curved blade impeller. Additionally, PBT-
Rushton with curved blade impeller is simulated in view of the fact that Rushton with curved blade requires less power
consumption than standard Rushton blade.

CFD results are validated by comparing with experimental data reported by Venneker et al. [5] in terms of velocity
field. Performance of impellers is evaluated by flow pattern, flow number, power number and turbulent characteristics in
agitated vessel generated by the impellers. Pressure is evenly distributed at the edge of PBT-Rushton combined impeller
blade while pressure is concentrated the centre of curved blade of Scaba and PBT-Rushton with curved blade. Reduction in
pressure gradient at near-impeller region of curved blade leads to decrement in power consumption. A pair of trailing
vortices are created behind the blade of Rushton impeller while a single vortex is generated by the blade of PBT impeller,
which was also observed by Ranade et al [6]. In the case of PBT-Rushton impeller, similar vortices can be seen behind
both PBT and Rushton blades that can provide high turbulence level near the impeller. Furthermore, the trailing vortices
formed behind the PBT-Rushton with curved blade are longer than those of Scaba impeller.
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