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The general fluid flow code FLUENT is used for calculating the single-phase flow

pattern. This flow pattern is used as input for an in-house code named GHOST!
which calculates the distribution of the gas over the vessel on the basis of balance
equations. A mathematical model for bubble break-up and bubble-coalescence, based on
local turbulence intensity and local energy dissipation rate, is incorporated in this code.
Details regarding modelling the impeller, bubble coalescence and bubble break-up are
given in the paper. The GHOST! code is capable of calculating local void fraction, local
bubble size, local interfacial area and local mass transfer. These local values can be
integrated to yield the overall gas holdup and the overall mass transfer rate. There is a
good agreement between computational results and measurements. Based on the
simulations, it is concluded that full homogeneity of the gas-liquid mixture will never
be achieved. This knowledge should be used in the optimization process.

In this paper a model is described for calculating the gas-liquid flow in stirred vessels.
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INTRODUCTION

Numerical computation of the flow field in stirred tank
reactors has received attention since the beginning of the
1980s, starting with Harvey' and Harvey and Greaves®-3.
Most times the computations are limited to single-phase
flow although stirred vessels are widely used for
multiphase mixing. Full computation of the flow field of
a liquid phase in which a gas is dispersed has not been
possible so far. This is partly due to a lack of knowledge
of bubble dynamics and the influence of bubbles on the
turbulence structure, and partly due to computational
restrictions. In spite of the difficulties mentioned above,
several attempts have been made to model the flow in a
gassed stirred tank in a less rigorous way.

Issa and Gosman* calculated the flow in a gassed
stirred vessel equipped with a disc turbine. In their
calculations they assumed a very small (0.5 mm),
constant bubble diameter. Further, they used very coarse
grids and it was not possible to verify the results of their
simulations because of a lack of experimental data.

Looney et al.® presented a model for the turbulent flow
of solid/liquid suspensions in stirred vessels. This model
incorporated mass balance and momentum balance
equations, together with a two-phase turbulence model.
Although the model predicted the mean velocities for
both the phases reasonably well, the predictions of the
turbulence intensities tended to separate from the
experimental data. The predicted solids distributions
could not be validated due to a lack of experimental data.

Pericleous and Patel® calculated both the single-phase

flow and the two-phase flow in a stirred tank. Their
calculations were done for various impeller types and
combinations of impellers. Due to the use of a simple
one-equation turbulence model (based on the Prandtl
mixing-length hypothesis), their velocity predictions had
a limited accuracy only. Their two-phase calculations
were done assuming a constant bubble size and a
constant bubble slip velocity, and the results could not
be verified with experimental data.

From 1986 onwards, Mann’-® followed a different
approach. He modelled the flow created by a disc turbine
by a simple, two-dimensional network of zones, and
calculated the gas transport in this network by solving
the continuity equation for the gas phase. Although his
results are interesting and have a qualitative appeal, the
simplified model of the flow pattern and the local
turbulence makes extension of the model to other
geometries difficult.

An extensive model was proposed by Trigirdh®. He
incorporated the momentum exchange between the gas
phase and the liquid phase and models for local mass
transfer and for the growth of microorganisms. However,
his code was not capable of calculating the local bubble
size and, like the other authors mentioned above, he did
not take the influence of the turbulence on the bubble
rise velocity into account.

Patterson’® used the standard particle tracking model
in FLUENT to calculate the gas distribution in a stirred
vessel and performed LDA measurements on the gassed
liquid velocities. His conclusions were that the liquid
velocities near the tank wall increase on gassing, and that
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bubble size, interfacial area and mass transfer. The model
presented in this paper is an improved version of the
previous model presented by Bakker and Van den
Akker!3.

First the various modelling steps will be described.
-Then the simulation results will be discussed and
compared with experimental data.

THE COMPUTATIONAL MODEL
Single- Phase Flow Pattern Computation

The single phase flow pattern (liquid only) is calculated
by solving the momentum equations and mass
conservation equation with the aid of the general
purpose code FLUENT. The Algebraic Stress
Model'#** is used for calculating the turbulent Reynolds
stresses. The computational procedures, grids, impeller
boundary conditions etc. are all described by Bakker and
Van den Akker?2,

However, the assumption that the gassed linear liquid
velocities are equal to the ungassed velocities

.g=al,u (1)

will not be valid. It has repeatedly been reported!! that
both the impeller power consumption and the pumping
capacity of an impeller decrease on gassing. Joshi et al.'®
proposed the following relation for this decrease in
pumping capacity, assuming that the decrease in
pumping capacity is proportional to the decrease in
power consumption:

Po,
* Po,

uy

Fl, ,=Fl @

Here Fl, and Fl, are the impeller pumping number in
ungassed conditions and gassed conditions respectively.
Po, and Po, are the ungassed and gassed power number.
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In the computation of the turbulent kinetic energy
under gassed conditions, the Taylor macro scale of
turbulence is used:

k3/2
Li=— (©)
€

It is assumed that the turbulent kinetic energy which
results from the energy input by the impeller has the same
Taylor length scale both under gassed and ungassed
conditions, in other words: the turbulence structure
which results from the energy input by the impeller is
not affected by the gas. Further, it is likely that the energy
input of the bubbles is dissipated through turbulent

.eddies containing the kinetic energy k, and having a

Taylor macro scale of the order of the bubble diameter:
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Now the following model equation for k& under gassed
conditions can be derived:
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Here d,, a, p, and n, are the bubble diameter, the gas
holdup, the liquid density and the bubble number density
respectively. These model equations should be regarded
as first order corrections and do not necessarily give a
complete description of the physical mechanisms. For
example, it is probable that the energy input by the gas
bubbles will result in non-isotropic turbulence. However,
the corrections for the influence of gassing on the mean
velocities and the turbulence properties are small when
the gas holdup is low, in which region the model
predictions will be sufficiently accurate.




































