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ABSTRACT

The performance of the concave blade BT-6 impeller was evaluated in a dual-impeller
agitated tank (T=0.48 m, H/T=2) with preliminary experiments.

Power draw was measured and their unique behaviour in terms of almost constant
P¢/P, ratio with aeration is confirmed. Gas hold-up exhibited the same dependence on power
per unit volume and superficial velocity as shown by other types of impellers.

Mixing time was measured at several vertical positions in the tank, after a pulse of an
electrolytic tracer or a dye. No significant compartmentalisation was apparent. Mixing time
under ungassed and gassed conditions is in between that of standard radial turbines and
hydrofoil axial impellers. Its dependence on power consumption per unit volume exhibits —1/3
law, i.e. the same as reported in the literature for other impeller styles.

The experimental curves from which mixing time was determined were also analysed
in terms of the axial dispersion model, that proves satisfactory to interpret the behaviour of
dual BT-6 impellers under both ungassed and gassed conditions.
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1. INTRODUCTION

Rotating impellers are widely used for dispersing the gas in chemical reactors and
fermenters [1]. Though the Rushton turbine has been used for decades for this purpose,
alternatives meant to enhance and optimise gas-liquid contact in the tanks have been
developed in recent years. They include radial disk turbines with modified blades [2-5] and
high solidity ratio hydrofoil impellers pumping down [6-9] or up [10]. A comparative analysis
of the fluid dynamic performance of these systems has been provided by Nienow [11,12]. A
new style of disk turbine for gas dispersion was introduced most recently, which is
characterised by vertically asymmetric blades [13]. For large-scale installations, multiple
impellers are often adopted either in sets of identical devices or in mixed configurations of
novel and traditional turbines (see for example [14-24]).

Each system is usually characterised in terms of power draw, flooding point, gas hold-up,
mixing time and mass transfer coefficient. The possibility to model the fluid dynamics would
be most useful for design purposes as well as for process evaluation. Due to the complex
nature of the flow pattern and the turbulence field produced by a rotating impeller as well as
the influence of impeller details on overall and local fluid dynamics and to the additional
complications imposed by the gas phase in gas-liquid mixing, this is a really formidable task.
Though preliminary attempts to apply computational fluid dynamics to the description of
mixing for gas-liquid systems have been made [25-27], reliable means is still unavailable.
Therefore, more traditional macromixing modelling seems to be the only suitable alternative
for describing the fluid dynamic behaviour — at least for a preliminary analysis. A few
examples of this approach can be found in the literature [28-30].

In this paper the behaviour of the asymmetric blade disk turbine (Chemineer BT-6) in the
dual configuration is studied. Comparison with other impellers is also provided.

2. EXPERIMENTAL

2.1. Equipment and Experimental Conditions

The experiments were conducted in a cylindrical tank (T=48cm diameter, V=173 litre
working volume) having aspect ratio H/T=2. The tank had flat bottom and four vertical T/10
baffles. Agitation was provided with two identical BT-6 turbines (diameter: D/T=0.41)
mounted on the same shaft. (BT-6 is the shorthand notation for the vertically asymmetric blade
turbine with the upper section of the blades being longer than the lower section). The lowest
turbine was placed at T/2 above the tank base, while impeller spacing was equal to tank
diameter. The main features of the equipment are shown in Fig. 1. Additional experiments
were performed with radial Rushton turbines (D/T=0.32) and high solidity ratio hydrofoil
impellers pumping down (HSR-HF, D/T=0.40) in either dual (H/T=2) or triple (H/T=3)
impeller configuration.

The experiments were performed in semibatch conditions at room temperature and
atmospheric pressure. The liquid batch was demineralised water; air was fed to the system
through a ring sparger (Ds/D=0.7) located below the bottom impeller. The usual working



TOr each operating condition 1n order to evaluate the reproducibility ot the response curves, the
mixing time and the flow model parameter.

3. THE FLUID DYNAMIC MODEL

The axial dispersion model was used for this preliminary analysis of the liquid phase
behaviour in a way similar to that used with radial turbines and axial flow impellers [28-30].

For a batch system, the following mass balance equation and boundary conditions describe
the concentration response to a pulse of nyo moles of a passive tracer into one end of the system
for this model [31]:
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