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with FLUENT, and experimental, by Laser Doppler Velocimetry (LDV). This was

Single-phase flow patterns in stirred reactors were investigated both computational,

done for three different impeller types, viz. two axial flow impellers and a
disc-turbine. The effect of geometrical modifications to the vessel geometry was
studied as well. In particular, the exact baffle arrangement has a strong impact on the
flow pattern. It will be shown that the single-phase flow patterns exhibit unexpected

features not recognized before.

An accurate numerical computation requires full three dimensional grids. Further,
anisotropic turbulence models, in this case the Algebraic Stress Model, give better
predictions than the k-¢ turbulence model. When these requirements are met, the predicted
flow patterns compare very well with the experimental data. Thus, a quick assessment of
the influence of geometrical variables can be made just using numerical simulations.
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INTRODUCTION

In this paper the single-phase flow in stirred vessels is
described. One of the conclusions from the work of
Bakker and Van den Akker! and Bakker? is that it is
difficult to get insight in the processes in a gassed stirred
tank by investigating overall quantities. The description
of the single-phase flow in the stirred vessel given here,
can serve as a starting point for modelling the local
gas-liquid flow in the tank3.

Since experimental velocity and turbulence measure-
ments are time consuming and not always possible, the
single-phase flow patterns are studied by means of
calculations performed with the general fluid flow code
FLUENT. One of the advantages of this method is that
the amount of information which can be generated by
such calculations is far larger than what can be reached
generally by performing experiments. For example,
FLUENT calculates all the turbulence properties
throughout the flow field, including all the Reynolds
stresses and the energy dissipation rate, something which
is virtually impossible to achieve by LDV experiments.

In this paper, the influence of grid size, turbulence
modelling and numerical techniques on the computa-
tional results are studied by comparing various standard
cases with experimental velocity measurements. Three
different impellers are used, a disc-turbine, an A315
hydrofoil impeller and a pitched blade turbine.

LITERATURE

Developments in the field of Computational Fluid
Dynamics (CFD) have led to an increased interest in the
numerical computation of flow field in stirred tank
reactors, starting with Harvey and Greaves*®. These

authors modelled the flow generated by a disc turbine
on a two-dimensional grid. Although their results had a
qualitative appeal, they did not compare very well with
literature data. Later on, Placek ef al.%7 also modelled
the flow in a turbine stirred tank using a modified
three-equation k-¢ model. Their results showed a
reasonable extent of agreement with velocity measure-
ments near the vessel wall, performed with a pitot tube.
Pericleous and Patel® modelled the flow with a disc
turbine as well as the flow with axial flow impellers. Due
to the use of a simple one-equation turbulence model,
their velocity calculations had a limited accuracy only.
Middleton et al® were the first to present full
3-dimensional computations of the flow in a turbine
stirred tank in the open literature. These authors also
used the calculated single-phase flow patterns as a basis
for predicting the chemical reaction yield in such vessels.
Ranade and Joshi!®~!3 published an interesting series of
papers about the single-phase flow in vessels equipped
with disc turbines and several types of pitched blade
turbines. They presented extensive data sets of velocity
measurements done with an LDV system, and performed
a large series of flow computations done with an in-house
code. Hutchings er al'# used FLUENT for flow
predictions in vessels equipped with disc turbines and
Lightnin A315 impellers. For the disc turbine, the
predicted flow patterns compared quite well with the
experimental data. Due to the fact that the computations
for the A315 were done on a two-dimensional grid
instead of on a full 3-dimensional grid, the predicted flow
patterns for this impeller did not compare too well with
the experimental data. Kresta and Wood'® presented a
model for the turbulent kinetic energy and the turbulent
energy dissipation rate at the vertical swept boundary of
a disc turbine. They reported that their calculations with
FLUENT gave a good prediction of the behaviour of
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EXPERIMENTAL

Since CFD has not yet reached the stage in which the
calculated flow patterns can always be regarded as
correct without any experimental validation, there
remains a need for experimental velocity data. Further,
for fluid flow calculations in a stirred tank, experiment-
ally determined impeller boundary conditions are
needed.

Therefore, a series of velocity measurements were
performed with a two-dimensional TSI fiberflow
laser-doppler system. The system incorporates two
TSI-IFAS50 flow analysers, a 4W Argon-Ion laser from
Spectra-Physics and a 80386 MS-Dos computer. Data
acquisition and data analysis were performed with
TSI-Find software.

For fast data acquisition the system was operated in
the random sampling mode rather than in the even time

sampling mode. From the velocity data gathered in this -

way, histograms were constructed and the first and
second moments were calculated.

The velocity measurements were performed in a
plexiglass stirred tank, being 0.444 m in diameter and
filled with distilled water at room temperature. The
liquid surface was free. The vessel was equipped with four
baffles with a width W= 0.077 T and mounted at a
distance of 0.023 T (=10 mm) from the wall. The torque
exerted by the impeller was measured with a Vibro-meter
torque transducer, mounted in the shaft.

It is known that the flow in a stirred vessel is not fully
stationary but contains high frequency periodicities due
to the rotation of the impeller. This could not be taken
into account and all experimental velocity and
turbulence data presented here are time averages
including this so-called pseudo turbulence.

Axial velocities could be measured without a problem,
but due to refraction on the round vessel wall,

BAIVE A U PUSY YUY 3 AU et A TURBAVAS es e & AU AT 2
solves the fluid flow equations on a finite difference grid.
All calculations are performed for incompressible
steady-state flow. The time averaged continuity equation
reads:

V.i=0 (8]

Here #i denotes the time averaged velocity vector, and &'
the time dependent fluctuating velocity component.
Further, the time-averaged momentum balance can be
written as:

V. (@) = —V.(% f) + V.V + (V") — V.77 (2)

The first term on the right hand side of this equation
denotes the divergence of the pressure, the second term
is the divergence of the viscous stresses and the third
term is the divergence of the Reynolds stress tensor.

Although exact balance equations for the Reynolds
stress tensor can be derived, the set of equations is not
closed due to the averaging process. Therefore the
Reynolds stress tensor requires modelling, This can, for
example, be done by using the so-called Boussinesq
hypothesis, which models the Reynolds stresses as being
proportional to the mean strain rate:

—TT = —3kI + v(Vi + (V)T ©)

The turbulent viscosity v, depends on the turbulence
structure only, and not on the fluid properties. In the k-¢
model v, is calculated from:
k2
NG @

The spatial distributions of the turbulent kinetic energy
density k, defined as:

k= 4TT ®
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