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GAS LIQUID CONTACTING WITH THE LIGHTNIN A315 IMPELLER
Effects of flow-pattern

A. Bakker and H.E.A. van den Akker

ABSTRACT

This paper focuses on the gas-dispersion characteristics of modern hydrofoil
impellers. Being a typical example of this class the Lightnin A315 was chosen
for further study. The goal was to gain insight in the gas-dispersion
properties of such hydrofoll impellers. Therefore the effects of impeller
position and sparger geometry on flow pattern, power consumption and mass
transfer have been studied In a vessel being 0.44 m In dlameter, using
liquids of different viscosity.

Different flow patterns and different types of cavities were found and
were shown to be strongly related to the power consumption. Under certain
conditlons asymmetries and instabilities can occur. This can be explained in
terms of the interaction between horizontal and vertical vortices. The
sparger type influences both the power needed to prevent flooding and, at low
power input, the mass transfer coefficlent k.,a. The liquld viscosltiy does not

1
affect the baslc hydrodynamic phenomena in the vessel for viscosities not

exceeding 80 mPas.
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INTRODUCTION

Stirred reactors are often used for mixing of gases and liquids. Although
traditionally many of these gas-liquid reactors are equipped with simple
impellers like disc turbines or inclined blade impellers, which are cheap to
make, so-called hydrofoil impellers have been developed during the last
years. In general, the manufacturers of the latter claim that at a given
power input these hydrofoll impellers are capable of dispersing more gas and
of ylelding 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 characteristics of such
hydrofeil impellers. Being a typical example of this class the Lightnin A315
has been chosen for further study. The goal was to gain insight in the
gas-dispersion properties of such hydrofoil impellers and to link the flow
pattern and impeller hydrodynamics with power consumption and mass transfer.
Therefore the effects of impeller position and sparger geometry on flow
pattern, power consumption and mass transfer have been studied in a vessel

being 0.44 m in diameter using liqulds of different viscosity.

THEORY

Literature

Because of the industrial importance the hydrodynamlics of gas-liquid stirred
vessels have been the subject of extensive research (Nienow, 1990).
Especially the hydrodynamical properties of the radially pumping Rushton
turbine have been investigated thoroughly (Smith, 1985). The Rushton 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
unlt power". Further disadvantages of the Rushton turbine are the high levels
of the shear stresses in the vicinity of the impeller, a non-uniform

distribution of energy dissipation rate in the vessel (Laufhiitte and
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Mersmann, 1985) and a low gas-holdup in the lower part of the vessel (Mann
and Hackett, 1986, Weetman, 1989).

Therefore research is shifting towards the properties of axially pumping
impellers which have a higher hydraulic efficiency and effect a more uniform
distribution of energy dissipation rate in the vessel. They further create
lower shear stresses in the vicinity of the impeller. Axial flow impellers
can be convenlently classified in two groups: simple Impellers with flat
inclined blades (pitched blade turbines), and so-called hydrofoil impellers
with profiled blades. Examples of the latter are the Prochem hydrofoil and
the Lightnin A315, both impellers looking very alike (fig. 1). It will be
clear that axial flow impellers can be used pumping downwards as well as
pumping upwards.

The use of pitched blade turbines for two-phase and three-phase mixing
has been discussed by Chapman et al. (1983) who found that instabilities
could occur when pitched blade turbines are used in the downwards pumping
mode. Therefore these authors advised to use upwards pumping impellers, which
were found to be more stable at high gassing rates.

Warmoeskerken et al. (1984) gave a description of the hydrodynamic
properties and of the process of cavity formation with such pitched blade
turbines. Two gas loading regimes were found: indirect loading and direct
loading. Indirect loading occurs the gas 1s pumped downwards and enters the
impeller only upon recirculation. At high gassing rates, however, the
downward liquid flow will not be sufficiently strong to overcome and deflect
the rising gas flow; hence the gas will rise directly into the impeller. This
situation is called direct loading. These authors also reported that the mass
transfer efficiency of a downwards pumping pitched blade turbine, based on
the power demand, is at least as good as that of Rushton turbines.

Information about hydrofoil impellers in the open literature |is
relatively scarce. Oldshue (1988, 1989) reported that the A315 is capable of
dispersing 86% more air than a disc turbine at the same power input and that
mass transfer could be enhanced by 30% on the average by using an A315 system
rather than a conventional disc turbine system. McFarlane (1989) studied the
gassed flow pattern of the Prochem hydrofoil impeller; she found that
instabilities occurred and that the gassed flow pattern could be
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asymmetrical, but gave no explanation for this observation.

Bakker and Van den Akker (1990) compared a downwards pumping plitched
blade turbine, a Lightnin A315 and a profiled Leeuwrik impeller (fig. 1) on
basis of pumping efficlency, gas handling capacity and mass transfer. They
found that the A315 had the highest pumping efficlency and was the most
energy efficient with respect to dispersing the gas. Both the profiled
Leeuwrik 1impeller and the A315 had a slightly better mass transfer

performance than the downwards pumping pitched blade turbine.

Solidity ratio

According to Oldshue (1989) the solidity ratio of the impeller is an
important parameter. The solidity ratio Sr is defined as the total blade area
n Ab (1) divided by the area of the circle that encloses the projection of
the impeller onto a plane:

n Ab
> 5 (1)
2

An impeller with a high solidity ratio is capable of operating at a high
pressure loading, which 1s advantageous in gas-liquid systems and in high
viscosity flulds. Typical values for the solidity ratio are Sr = 90% for the
A315 and Sr = 60% for a pitched blade turbine with six blades at 45° blade
angle.

The advantage of a high solidity ratio can be described in more detail
by looking at the thrust FT delivered by the impeller. The thrust FT induces
a mean circulatory flow through the vessel, the strength of which strongly
depends on the flow resistance. This resistance results from the vessel
geometry (D/T ratio, bottom profile, impeller-bottom clearance, baffle design

etc.). This resistance <Apf> therefore is taken proportional to the velocity
head of a circulatory flow:

2

<tp> = X p <v > (2)
ax

N
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In addition, the thrust FT is proportional to the thrust loading, <Apb>,
being the average pressure increase over the impeller from suction side to

pressure side. Hence:

= - M2 2
F. .= n A 'l<Apb> 2 (D d ) <bp > (3)
and:
n o, 2 2
F - (D"-d )
_ T _ 1 2 4 hub
<Apb> - n A B KH 2 P <vax> n A (4)
b b,l b bl

Here Ab’l denotes the projected area of one blade. It 1is necessary to keep
<Apb> as low as possible for two reasons. The first reason is that at a low
<Apb> 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 pumplng capacity. In case of a low <Apb> this will
occur less easily and the impeller will be less sensitive to aeration. It

will therefore be clear from eq. (4) that the projected blade area ratio Rb N

nb Ab 1
Rl = w2 o (5
2 (D —dhub )

should be made as high as possible. This roughly corresponds with a high
solidity ratio. The advantage of a large Rb'l is confirmed by the fact that
it has been repeatedly found that pitched blade turbines in gassed systems
perform bgtter when the number of blades is increased. For example Frijlink
et al. (1990) found that six bladed inclined blade turbines performed better

with respect to solids suspension in gassed systems than four bladed
impellers.
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EXPERIMENTAL SET-UP

A flat-bottomed perspex vessel of diameter T = 0.44 m was used in all
experiments. The vessel was equipped with four baffles (width W = 0.1 T). The
liquid height H was equal to the tank diameter T. Experiments were done with
distilled water and glycerol solutions of viscosities 7 = 36 mPas and
N = 80 mPas. The diameter of the A315 impeller was D = 0.4 T. The impeller
was placed at a distance C = % D from the vessel bottom, unless noted
otherwise. The power demand was calculated from the impeller rotational speed
and the torque exerted by the impeller. The torque was determined with a
Vibro-torque transducer mounted in the shaft. Mass transfer experiments were
done using a conventional dynamic method.

Several spargers were tested: a pipe sparger (PS), a small ring sparger
(SRS, ds = 0.4 D), a large ring sparger (LRS, ds = 0.75 D) and a quadruple
pipe sparger (QPS). The dlistance S between the ring spargers and the impeller
could be varied. A schematic view of the spargers and the vessel can be found
in figure 2. The quadruple pipe sparger (figure 3) is a Lightnin F30 sparge
system look-allike.

HYDRODYNAMICS

The gassed flow pattern and impeller hydrodynamics

The gassed flow pattern as a function of impeller speed and the gassing rate
has been studied visually. The process of cavity formation has been studied
photographically. The results are illustrated in figure 4.

At low gassing rates and/or high impeller speeds, the gassed flow
pattern is symmetrical, gas reaches the impeller only due to recirculation
(indirect loading) and vortex cavities are formed (fig. 4A). If the 1mpellér
speed ls decreased, or the gassing rate increased, the gas 1s still pumped
downwards (indirect loading) but the impeller 1is not capable anymore of
recirculating all the gas, the gas leaves the vessel on one side in a large
gas cloud while on the other side it is recirculated in a small loop. In this

case the flow pattern is asymmetrical and the gas cloud can be seen




VPPUSLLT RLUD UL VUL LEX ULLUIL dI'e€ 1nleracuing. ine 1mpeiler i1nauces both a
tangential flow and an axial flow. Due to the tangential flow, vertical
vortices are formed behind the baffles. On the other hand, the axial flow
generates horizontal vortices 1lying near to the vessel bottom. The
interaction between these horizontal and vertical vortices may lead to
instabilities and an asymmetrical flow condition, depending on the ratio of
the strength of the main, axial flow and the strength of the secondary,
tangential flow.

At low gassing rates the impeller acts as an efficlent pump and the flow



































































