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In recent years a variety of profiled axial flow impellers
has been developed. The aim of the present research work
is to investigate the performance of these impellers and
to contribute to the understanding of the gas dispersion
mechanism. Three impeller types have been compared: a
standard inclined blade impeller and the profiled A315 and
Leeuwrik impeller. Important parameters are pumping capa-
city, turbulence intensity, gas dispersion performance,
power consumption and mass transfer. It is concluded that
in most of these respects the profiled impellers offer
advantages over traditional impellers.

INTRODUCTION

Gas-liquid stirred vessels are often equipped with simple impellers which are
cheap to make, like disc turbines or inclined blade impellers. Because of the
industrial importance a lot of research has been done to describe the hydro-
dynamic properties of these impellers, see for instance Warmoeskerken et al.
(1, 2), Chapman et al. (3) and Nienow et al. (4).

However, during the last few years several axially pumping, hydrodyna-
mically profiled impellers have become available on the market. Examples of
such impellers are the Lightnin A310 and A315, the Ekato Intermig and Inter-
prop and the Prochem hydrofoil. In general, the manufacturers claim that at a
given level of power input these impellers are capable of dispersing more gas
and yield higher mass transfer coefficients than conventional impellers. For
example, it is reported that mass transfer could be enhanced by up to 30% on
average by replacing a disc turbine by a Lightnin A315 system (Oldshue (5)).

The aim of the present research work is to investigate the performance of
a number of profiled impellers and to contribute to the understanding of the
gas dispersion mechanism when such impellers are used. Therefore various
impellers are compared on the basis of pumping efficiency, turbulence
intensity, power consumption, gas handling capacity and mass transfer
performance. Impellers used are a Lightnin A315, the Dutch Leeuwrik impeller
and a traditional inclined flat blade turbine.

*  Kramers Laboratorium voor Fysische Technologie, Delft University of

Technology, Prins Bernhardlaan 6, 2628 BW, Delft, The Netherlands



THEORETICAL BACKGROUNDS

The spatial distribution of the gas bubbles in a stirred vessel is largely
determined by the overall flow pattern and the strength of the liquid flow.
Two classes of gas-liquid dispersions can be distinguished.

In the first class a disk turbine is used as impeller. The gas issuing
from the sparger rises into the impeller and is dispersed from there. It has
been shown that the turbulence induced in the vessel is extremely non uniform
with very high dissipation levels in the immediate vicinity of the impeller
and very much lower levels elsewhere (Laufhiitte and Mersmann (6)). Therefore
the spatial bubble size distribution is also non-uniform. Bubble break-up
occurs mainly in the impeller outflow. The resulting bubbles are small. Due to
coalescence much larger bubble sizes are found in the liquid bulk (Greaves and
Barigou (7)).

The second class of stirred dispersions is obtained by using a downwards
pumping impeller. As the rising gas-flow is counteracted by the downward
liquid flow, the gas does not enter the impeller directly but is distributed
over the contents of the vessel by the strong circulatory flow. Only part of
the gas is recirculated and redispersed by the impeller. As a consequence
bubble size may, apart from the initial size, to a large extent depend on
processes of breakup and coalescence in the liquid bulk. Therefore, turbulence
intensity should be distributed as uniformly as possible. At high gassing
rates, however, the downward liquid flow will not be sufficient to overcome
and deflect the rising gas flow. The gas will rise directly into the impeller
and the homogeneity of the dispersion becomes worse. This so-called indirect
loading to direct loading transition has been described by (2). It will be
clear that it is essential to postpone this transition as long as possible.
The strong liquid flow which is required to do so, renders pumping efficiency
an important parameter.

Defining the pumping efficiency

The pumping efficiency m» can be defined as the ratio of the gain in
enthalpy of the fluid, Ap.Ql, to the power input P by the impeller. The

pressure rise Ap over the impeller as determined by, among other things,
rotational speed N and impeller geometry is converted into velocity head of a
circulatory flow:
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The proportionality constant Kw depends on the vessel geometry only and is not

known in general. Now, by using the dimensionless power number Po and the
pumping number Nq:
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the following relation can be found:
n = aposp ~ M Nq3/Po (3)

Since the absolute value of % can not be calculated from eq. (3), the
impellers will be compared on basis of the pumping efficiency relative to the
inclined blade impeller (45¥6): n° = n/n(45V6)

The impellers used

Three impellers are compared during the present research: a Lightnin A315,
the Dutch Leeuwrik impeller and a traditional inclined flat blade turbine.
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Oldshue et al. (5, 10) this impeller is capable of dispersing 86% more air
than a disc turbine at the same power input. At the same power input, gassing
rate and torque, but different D/T ratio, it was found that gas-liquid mass
transfer could be enhanced by 30% on average by using an A315 system instead
of a conventional disc turbine system.

EXPERIMENTAL

The experimental equipment is shown in figure 4. First, a vessel was used for
laser-doppler measurements of velocities in a liquid-only mode of operation.
This vessel was provided with a draft tube being 0.19m in diameter. The liquid
level above the draft tube was 0.20m. Laser-doppler measurements were made at
0.20m and 0.60m below the impeller. The pumping capacities of the impellers
were obtained from the measured velocity profiles.

Second, a flat-bottomed vessel of diameter T=0.44m was used for the gas
dispersion experiments. The vessel was equipped with four baffles (width
W=0.1T). The liquid height H was equal to the tank diameter T throughout the
experiments. A ring sparger of diameter ds=0.076m, provided with 31 holes and

mounted at a separation distance of S=0.7D was used for most gas-liquid
experiments. An additional separation distance S=0.3D was tested with the
A315. Impeller-bottom clearance equalled C=0.4T in most cases.

Mass transfer experiments were done using a conventional dynamic method.

The mass transfer coefficient kla was calculated from the increase in oxygen

concentration after a step change of inlet gas from nitrogen to air. Distilled
water was used as continuous phase during these experiments.

In both vessels power demand was calculated from the impeller rotational
speed and the torque on the shaft. The torque was determined with a
Vibro-torque transducer mounted in the shaft. Impeller dimensions can be found
in table 1.




































