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Various impellers are compared: an inclined blade impeller with flat blades, an

This paper focuses on the gas-dispersion characteristics of axial flow impellers.

A315 impeller and a Leeuwrik impeller. The goal is to gain insight in the
gas-dispersion properties of such axial flow impellers. Therefore, the effects of impeller
position and sparger geometry on flow pattern, power consumption and mass transfer
are studied in a vessel 0.444 m in diameter, using liquids of different viscosity.

The power consumption is strongly related to the different flow patterns and different
types of cavities. Under certain conditions time-dependent, asymmetrical flow patterns
can occur. The sparger type influences both the power needed to prevent flooding and
the overall mass transfer coefficient k;a. The liquid viscosity does not affect the basic
hydrodynamic phenomena in the vessel for viscosities not exceeding 80 mPa s.
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INTRODUCTION

Stirred reactors are often used for dispersing gases into
liquids. Although traditionally many-of these gas-liquid
reactors are equipped with simple impellers like the
radial pumping disc turbine, the. development of
so-called hydrofoil impellers has led to an increased
interest in the use of axial flow impellers. In general, the
manufacturers claim that at a given power input such
modern hydrofoil impellers are capable of dispersing
more gas and of yielding higher mass-transfer coefficients
than traditional impellers. As data in the open literature
about these hydrofoil impellers are scarce, it is difficult
to assess these claims.

This paper focuses on the gas-dispersion characteris-
tics of axial flow impellers in general, and hydrofoil
impellers in particular. Apart from a simple pitched blade
turbine (PBT), the Leeuwrik impeller and the Lightnin
A315 were tested. The goal was to gain insight in the
gas-dispersion properties of profiled and non-profiled
axial flow impellers by linking power consumption and
mass transfer to the flow pattern and the impeller
hydrodynamics. Hence, the relation between flow pattern
power consumption and mass transfer has been studied
in a vessel being 0.444 m in diameter using liquids of
different viscosity and various sparger types.

LITERATURE

Because of the industrial importance of gas-liquid
stirred vessels, their hydrodynamics has been the subject
of extensive research! and several reviews on this subject
can be found in the literature>™*. In particular, the
hydrodynamic properties of the radially pumping disc

turbine have been investigated thoroughly. This has led
to a proposal for improving the design by curving the
blades®. The disc turbine is very effective in dispersing
gas by breaking up the gas bubbles, but it has a relatively
low hydraulic efficiency, which results in a low ‘flow
per unit power’. Further disadvantages of the disc
turbine are the high levels of the shear stress in the
vicinity of the impeller, a non-uniform distribution of
energy dissipation rate in the vessel® and a low
gas-holdup in the lower part of the vessel”:8,

Therefore, research is shifting towards the properties
of axially pumping impellers which have a higher
hydraulic efficiency and effect a more uniform distribu-
tion of energy dissipation rate in the vessel. These
impellers further create lower levels of shear stress in the
vicinity of the .impeller. Axial flow impellers can be
conveniently classified into two groups: simple impellers
with flat inclined blades (pitched blade turbines), and
so-called hydrofoil impellers with profiled blades.
Although axial flow impellers can be used pumping
upwards, in this project they will only be studied in the
downwards pumping mode.

During the present research project an inclined blade
impeller, an A315 impeller and the Leeuwrik impeller
were tested. The Leeuwrik impeller is described by
Bakker and Van den Akker® and Bakker!®.

The use of pitched blade turbines and disc turbines for
two-phase and three-phase mixing has been extensively
discussed by Chapman et al.!!'!2 These authors found
that large torque fluctuations could occur when pitched
blade turbines are used in the downwards pumping
mode. Further, they compared the gas-handling char-
acteristics and power consumption of various impeller
types.
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IMPELLER DESIGN CONSIDERATIONS

The impeller in a gassed stirred vessel has to meet
several requirements. The ideal impeller would both
effect a strong liquid flow with homogeneously
distributed turbulence levels, create a homogeneous gas
dispersion, and in the meantime break up the gas bubbles
to increase the interfacial area. Since no impeller will be
capable of meeting all these requirements, two main
design strategies can be followed.

The first strategy leads to the design of radially
pumping impellers like the disc turbine and the concave
blade turbine. These impellers have a relatively low
pumping efficiency and create extremely large shear
stresses in the impeller region. As a result of their flow
patterns, all the gas sparged into the vessel enters the
impeller before being dispersed in small bubbles.
Although the liquid velocities effected by the disc turbine
are relatively low and the turbulence distribution is far
from homogeneous, the small bubble size created by the
impeller leads to small bubble slip velocities. As a
consequence, the bubbles follow the main liquid flow
relatively well, and significant levels of gas recirculation
can be reached.

The second strategy is to try to increase the
homogeneity of the gas dispersion and the mixing by
increasing the liquid velocities and the turbulence levels
in the liquid bulk. This can be done by designing an
impeller with a high pumping efficiency. The pumping
efficiency can be optimized by designing impellers with
narrow profiled blades, like an air-wing.

Unfortunately, one of the problems with the use of
such axially pumping impellers is that due to early cavity
formation, the pumping capacity will decrease with
increasing gassing rate. Thus, for such impellers to be
able to operate, the sensitivity for gassing has to be
decreased. This can be done by increasing the so-called

To maintain this pressure difference the impeller must
deliver a thrust Fr:

Fr= g (D? — dZ,.)<Ap, > 3)

In addition, the thrust F is proportional to the thrust
loading, {Ap,, being the average pressure increase over
the impeller blades from suction side to pressure side.
Hence:

) Fy=nyA, {Apy @
Here A, , denotes the projected area of one blade.
Combining equations (2), (3) and (4) results in:

(0%~ dhy)

= lep<vax>2 - . (5)
’ ny Ay, 1

Fr
Ap,> =
{Apy> Ay 1
It is necessary to keep (Ap,» as low as possible for
two reasons. The first reason is that at a low {(Apy)
stalling will occur less easily. Stalling is the loss of
pumping capacity due to separation of the boundary
layer at the suction side of the impeller blade. The second
reason is that due to the lower pressure at the suction
side of the impeller blade, gas will accumulate there and
this will eventually lead to the formation of large gas
filled cavities and consequently to loss of pumping
capacity. In the case of a low (Ap,» this will occur less
easily and the impeller pumping capacity will be less
dependent on the gassing rate. It will therefore be clear
from Equation (5) that a high projected blade area ratio
Ry,

nyAp, 1

Ry, = (6)

%(DZ — d2w)
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