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ENGINEERING PRACTICE

HOW TO DISPERSE
GASES IN LIQUIDS

Concave-blade disc impellers provide the right mix of
shear and flow for better mass transfer in gas-liquid systems

ixing of a gas in a liquid is

required in fermentation

operations and a variety of

oxygenation and hydro-
genation processes. Agitation increases
the mass transfer between the gas and
the liquid phase. Gas-liquid reactors
equipped with agitators are often oper-
ated at high power input and large gas
holdup, making these units among the
most difficult to design.

For gas-dispersion applications, an
impeller system must perform many
tasks. For example, the system has to
create large velocity gradients, or
shear rates, to break the gas into
small bubbles. High levels of turbu-
lence are needed to decrease the mass-
transfer resistance between the gas
and the liquid phase. Finally, the im-
peller system has to provide sufficient
flow to maintain overall uniformity of
the mixture. Modern high-efficiency
[1] and concave-blade disc impellers
(Figure 1) provide the proper balance
of flow, turbulence and shear for
most applications.

For an overview of the state of the art
in gas-liquid agitation, a number of ex-
cellent reports are available [2, 3]. This
article aims to present practical design
guidelines while explaining the basics
of gas-liquid mixing. It expands on de-
sign procedures presented in 1976 by
Hicks and Gates [4] and capitalizes on
recent advances in flow-visualization
techniques [5], development of new
gas-dispersion impellers and improved
understanding of the dispersion
process itself.

Methods to calculate power draw,
gas holdup and mass-transfer rate are
illustrated with examples. It is shown
that concave-blade turbines provide
better performance than the tradi-
tional flat-blade units.
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New developments in design

In the 1970s, it was usual to specify ra-
dial-flow, flat-blade turbines (Figure 2)
for gas-dispersion applications. Since
then, however, several new impeller
designs have become available. The ad-
vent of concave-blade disc impellers
has had an impact on gas-liquid agita-
tion in much the same way as high-effi-
ciency impellers have affected liquid
blending [I] and solids suspension [6].
Several variations on the concave-
blade disc turbine are available com-
mercially. Moreover, a number of large

chemical companies make inhouse ver-
sions of these impellers.

Multiple impeller systems using a
combination of radial-flow impellers
mounted below axial-flow, high-effi-
ciency impellers are also becoming in-
creasingly popular. These impeller sys-
tems can maintain a more uniform
dissolved-oxygen concentration, which
is especially important in biological re-
actor systems, such as fermenters. Fig-
ure 3 shows the single-phase flow pat-
tern in such a reactor as calculated
with the aid of computational fluid dy-
namics (CFD) modeling software.

MULTHMPELLER ARRANGEMENT
Zy/T Number of impellers
<09 1

09-1.7 2
1.7-25 2
25-33 4

TABLE 1.

The recommended
number of impellers
isa function of Z,/T

FIGURE 1.

A concave-blade
turbine provides
the right amount of
turbulence, shear
and flow for most
gas-liquid mixing
applications

FIGURE 2.
Flat-blade

turbines have long
been specified for
gas-dispersion
applications, but
now impellers of
alternative designs
are offering better
performance
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