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agitated tank (T=0.48 m, H/T=2). Power draw was measured and almost constant

P,/P, ratio with aeration was found in agreement with what had been reported
previously. Gas hold-up exhibited the same dependence on power per unit volume and
superficial velocity as shown by other types of impellers. The same holds true for the
volumetric mass transfer coefficients. Mixing time was measured at several vertical positions
in the tank, after a pulse of an electrolytic tracer or a dye was introduced. No significant
compartmentalization was apparent. Mixing time at a given specific power input under
ungassed and gassed conditions is in between that of standard radial turbines and hydrofoil
axial impellers, very close to the latter. Mixing time dependence on power consumption per
unit volume exhibits —1/3 law, i.e. the same as reported in the literature for other impeller
types. The experimental curves from which mixing time was determined were also analysed in
terms of the axial dispersion model, that proved satisfactory to interpret the behaviour of dual
BT-6 impellers under both ungassed and gassed conditions.

T he performance of the concave blade BT-6 impeller was evaluated in a dual-impeller
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INTRODUCTION

Rotating impellers are widely used for dispersing the gas in
chemical reactors and fermenters (Tatterson, 1991).
Although the Rushton turbine has been used for decades
for this purpose, alternative designs meant to enhance and
optimize gas—liquid contact in tanks have been developed in
recent years. They include radial disk turbines with modified
blades (Van’t Riet et al., 1976; Warmoeskerken and Smith,
1989; Bakker ef al., 1994; Orvalho et al., 2000) and high
solidity ratio hydrofoil impellers pumping down (Oldshue
et al., 1988; Pandit et al., 1989; McFarlane and Nienow,
1996; Myers et al., 1997a) or up (Mishra et al., 1998). A
comparative analysis of the fluid dynamic performance of
these systems was provided by Nienow (1990, 1996). A new
type of disk turbine for gas dispersion was introduced most
recently that is characterized by concave, vertically
asymmetric blades (Bakker, 1998; Myers et al., 1999). In
large-scale vessels, multiple impellers are often used with
either impellers of the same type or a combination of novel
and traditional ones (Smith ef al., 1987; Myers et al., 1994;
Pinelli ef al., 1994; Baudou et al., 1994; 1997; Manikowski

et al., 1994; Bouaifi ef al., 1997; John et al., 1997; Myers

et al., 1997b; Whitton et al., 1997).

*Present address: Fluent Inc., Lebanon, NH, USA.

448

Each system is usually characterized in terms of overall
parameters, namely power draw, flooding point, gas
hold-up, mixing time and mass transfer coefficient. The
possibility of modelling the fluid dynamics would be most
useful for design purposes as well as for process evalua-
tion. However,. this is a really formidable task due to the
complex nature of the flow pattern and the turbulence field
produced by a rotating impeller, the influence of impeller
details on the overall and local fluid dynamics, and the
additional complications imposed by the gas phase in gas—
liquid mixing. Although preliminary attempts to apply
computational fluid dynamics to the description of
mixing for gas-liquid systems have been made (Whitton
et al., 1997; Noorman et al., 1993; Djebbar ez al., 1996;
Jenne and Reuss, 1997; Lane et al., 2000; Ranade ef al.,
2001), fully predictive reliable means is still unavailable.
Therefore, more traditional macromixing modelling seems
to be a 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
(Fajner et al., 1982; Nocentini et al., 1988; Pinelli and
Magelli, 2000).

In this paper the behaviour of the asymmetric blade disk
turbine (Chemineer BT-6) in the dual configuration is
studied. Gas hold-up, mixing time, liquid phase modelling
and mass transfer coefficients are considered. Comparison
with other impellers is also provided.



figuration are shown in Figure 2.

Additional experiments were performed with triple radial
Rushton turbines of standard geometry (either D/T=0.32
or 0.40) and dual and triple hydrofoil impellers of high
solidity ratio (HSR-HF, D/T = 0.40). For this last case, one
of the commercially available, large-blade impellers was
chosen, characterized by a solidity ratio equal to 0.85. With
dual impellers the vessel aspect ratio was H/T=2 and with
triple impellers H/T=3.

The experiments were performed in semibatch conditions
at room temperature and atmospheric pressure. The liquid
batch was demineralized water (coalescent system); filtered
air was fed to the system through a ring sparger (Ds/D =0.7)
located 5 cm below the bottom impeller. The usual working
conditions were N=2-7s~' (corresponding to a specific
power input of 200-2600Wm™> for the BT-6) and
06=12-25x107>m>s™! (which is equivalent to Ug=
0.007-0.014ms™' and 047-0.95vvm for the H/T=2
configuration, based on overall volume); during mass
transfer and power consumption experiments, the conditions
of 1.5 and 2.0vvm were also investigated. Under the

experimental conditions investigated, flooding did not .

occur at the bottom impeller, with either the BT-6 or the
HSR-HF. Detailed analysis of the various flow conditions
was not accomplished in this work. Limited surface aeration
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Figure 1. The BT-6 impeller, for clockwise rotation (dimensions in mm).
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Figure 2. The experimental tank and set-up. (A-E) Liquid measure-
ment/sampling elevations (Z=0.04, 0.22, 0.37, 0.50, 0.62, respectively).

was noticed at high rotational speed under ungassed con-
ditions, but it was not characterized as its influence on power
draw and Kja was negligible (see below).

In addition to the experiments aimed at characterizing
the liquid-phase mixing behaviour and measuring the
mass transfer coefficients, which will be discussed in
the following sections, the following basic parameters
were determined: overall power consumption by measuring
the restraining torque of the suspended motor and gas
hold-up with the visual measurement of liquid level with
and without gassing.

Mixing Time Measurements

The mixing behaviour of the liquid phase was investi-
gated by means of the dynamic technique which is usually
adopted for determining mixing time—either in the absence
or the presence of the gas. A KCl solution was rapidly
injected as the tracer about 5cm below the liquid surface
with a three-discharging-point needle. The resulting concen-
tration was detected as a function of time at several vertical
positions through conductivity measurements. In the case of
no aeration, a standard two-electrode conductivity probe was
simply inserted in the vessel for this purpose, while under
aerated conditions a small portion of liquid was withdrawn

_continuously from the measurement point at constant flow

rate after separating the gas and subjected to measurement in
a continuous mode. The two techniques gave the same result
under ungassed conditions (Pinelli et al., 2001).

The experimental curves obtained at several vertical posi-
tions (shown in Figure 2) were used for determining the


















