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A technique is proposed to predict the gassed power draw of mixed impeller systems as a weighted average of the
gassed power draws of the individual impellers. The success of this method requires determining the gassed power draws
of the individual impellers in the proper gassed environment. In the case of the upper impellers, this environment is pro-
vided by a rubber membrane sparger that distributes the gas evenly over the vessel cross section. Extensive comparisons
of experimental gassed power draws of mixed impeller systems with model predictions verify the accuracy of the pro-
posed technique.

On propose une technique afin de prédire la consommation de puissance en milieu aéré de systémes de turbines mul-
tiples comme une moyenne pondérée de la consommation de puissance en milieu aéré des turbines individuelles. Pour
réussir, cette méthode nécessite qu’on détermine les consommations de puissance en milieu aéré des turbines individu-
elles dans I’environnement d’aération approprié. Dans le cas des turbines supérieures, cet environnement est fourni par
un aérateur 4 membrane de caoutchouc qui distribue le gaz de maniére égale au-dessus de la section transversale du
réservoir. Des comparaisons extensives entre les consommations de puisance en milieu aéré expérimentales des systémes
de turbines multiples et des prédictions du modéle démontrent la précision de la technique proposée.

Keywords: gas-liquid agitation, power draw, mixed impeller systems.

Many industrial vessels are designed with aspect ratios
significantly greater than one (Z/T > 1). This is partic-
ularly common for large volume gas—liquid reactors such as
fermenters. Agitation of these tall reactors is challenging,
requiring multiple impellers. Use of multiple radial-flow
impellers has been the typical design approach, but these
impeller systems are less than optimal. Their primary defi-
ciency is that they do not provide adequate top-to-bottom
mixing because of the zoning that occurs, with each indi-
vidual impeller establishing its own zone of influence. The
slow exchange of material between these zones leads to
poor reactor performance when uniform distribution of reac-
tants, dissolved gases, or nutrients is critical.

To overcome the poor blending characteristics of multiple
radial-flow impeller systems, high-solidity axial-flow gas
dispersion impellers have been developed. Although these
impellers provide improved blending, they are also subject
to torque and flow instabilities that limit their application
(McFarlane and Nienow, 1995). Ozcan-Taskin et al. (1995)
have found that stable gas dispersion can be obtained with
up-pumping axial-flow impellers, but this approach has not
been widely applied industrially.

One strategy that has been successfully applied in numer-
ous industrial installations is the use of mixed impeller sys-
tems. These impeller systems combine a lower gas-dispersing
impeller with upper axial-flow impellers to provide both sta-
ble gas dispersion and rapid top-to-bottom blending. These
mixed impeller systems have been shown to have gassed
blend times that are less than half those of radial-flow
impeller systems while providing the same mass transfer
carabilities at equal gassing rates and gassed power inputs
(Myers et al., 1994).
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Despite their industrial importance, there is little power
draw data available for mixed impeller systems. Eliezer
(1987) studied mixed Rushton turbine/high-efficiency
impeller systems, but the aeration numbers (V ) were limited
to a maximum value of 0.03, below the range of interest for
most industrial applications. Kuboi and Nienow (1982)
reported the power draw characteristics of mixed impeller
systems using pitched-blade turbines as the upper impellers.
However, they studied pitched-blade turbines in the up-
pumping mode of operation, rather than in the down-pumping
mode of operation of interest in this work.

Gassed power draw prediction

Prediction of gassed power draw in agitated systems has
been the subject of much research. Bruijn et al. (1974) and
Nienow and Wisdom (1974) were able to relate the gassed
power draw of single impellers to the cavity structure
behind the impeller blades. However, as Hicks and Gates
(1976) pointed out, the environment experienced by an
upper impeller in multiple-impeller systems is quite differ-
ent than that of the lowest, gas-dispersing impeller. Based

_on the assumption that very little gas passes directly through

the upper impellers, Nienow and Lilly (1979) suggested that
any drop in power draw due to gassing of upper impellers was
solely the result of the decreased density of the gas-liquid
mixture. They found that this approach yielded reasonable
predictions of the gassed power draw of dual Rushton
impeller systems. However, the later study of Kuboi and
Nienow (1982) did not support this elementary approach to
the problem. :

The approach adopted here is to separately determine the
gassed power draw of the dispersing and upper impellers in
the appropriate environment, then to combine this informa-
tion to predict the gassed power draw of the mixed impeller
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should be studied at the same speed and gassing rate as the
dispersing impeller, but the choice of appropriate environ-
ment is not as clear. As shown in Figure 1, the relative
gassed power draw of axial-flow impellers is very sensitive
to sparging technique (the data of Figure 1 was taken as part
of the current study, using the apparatus and techniques
described in the following section). This is due to the sensi-

tivity of the power draw of these impellers to the head

.against which they must pump.

For sparge rings with diameters equal to or smaller than
the impeller diameter, the relative gassed power draw of an
axial-flow impeller is low at low gassing rates and increases
with increasing gassing rate. This is due to the ability of the
impeller to disperse the gas at low flows such that the gas
rises along the wall of the vessel rather than through the
impeller. This reinforces the flow pattern of the impeller,
decreasing its power draw. As the gas flow is increased, the
ability of the impeller to disperse the gas is impaired. This
leads to gas directly loading the impeller, acting against the
impeller’s pumping action, and causing increased power
draw (Bakker, 1992). These small ring spargers do not provide
an environment that simulates the environment experienced
by the upper impellers in a mixed impeller system when the
dispersing impeller is dispersing the incoming gas. However,

impeller drives most of the gas to the wall region. Gas ris-
ing near the vessel wall reinforces the flow pattern of the
upper impellers, reducing their relative gassed power draws.
A large ring sparger simulates this behavior at low gas
flows, as illustrated in Figure 1. This data demonstrates that
the relative gassed power draw of an axial-flow impeller at
low gassing rates is much lower when it is sparged with a
large ring (D, = 1.38 D) than when it is sparged with a sheet.
The difference in relative gassed power draw of these two
sparging techniques decreases at higher gassing rates.
Russell (1995) was unable to find significant differences
between the ability of these two sparging methods to predict
the gassed power draw of mixed impeller systems, so only
the results obtained with the sheet sparger technique will be
presented here. Russell (1995) also found that the ungassed
power draw of mixed impeller systems was esseritially equal
to the sum of the ungassed power draws of the individual
impeliers if the impeller separation was equal to at least the
diameter of the largest impeller in the system.

Experimental apparatus and procedure
Experiments were performed with air and tap water in an

acrylic dished-bottom vessel with an internal diameter of
0.400 m and a straight side of 1.22 m. The vessel was equipped
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