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†Fluid Mechanics Research Group, Energetics and Mechanics Department.
Universidad Autónoma de Occidente, Calle 25 No 115-85, Cali, Colombia

slain@uao.edu.co

Abstract— In this paper the transient three-
dimensional flow developing in a cylindrical lab-
oratory bubble column is addressed from a nu-
merical point of view. The simulation scheme
combines a Large Eddy Simulation (LES) for
describing the liquid phase and a Lagragian
approach for the gas phase (discrete bubbles)
phase. The bubble equation of motion con-
siders all the relevant forces, i.e., buoyancy,
fluid stresses, drag, added mass and transverse
lift. From the calculations, the transverse lift
in combination with the drag is identified as
the main mechanism allowing the bubbles to
spread over the column cross-section. The liq-
uid and gas velocity profiles obtained are com-
pared with experimental data and k− ε results.
As a matter of fact, the dynamic structure of
the liquid flow induced by the rising bubbles is
well reproduced and also good quantitative re-
sults for all measured variables of both phases,
gas and liquid, are obtained.
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I. INTRODUCTION

Bubble columns are frequently encountered in the
chemical, petrochemical and biotechnological indus-
tries. For the sound design of this kind of devices
in process engineering it is necessary to understand
their fundamental hydrodynamic behaviour, which is
determined by bubble rise, bubble-bubble and bubble-
liquid interactions, bubble size and bubble size dis-
tribution, and gas hold-up. Moreover, fluctuations of
velocity are induced in the liquid by the movement of
the bubbles due to the shear produced in the vicinity
of the bubbles, in particular due to bubble oscillations.
However, while the time-averaged flow within a bubble
column shows a very regular and symmetric structure,
the transient flow behaviour is generally highly irregu-
lar and asymmetric. As the bubbles react to local and
instantaneous flow patterns, the dynamic interactions
among the bubbles and between bubbles and liquid
affect the performance of the column.

From the engineering point of view two approaches
are mainly used to simulate flow in bubble columns
and in multiphase flow in general (for a review the
reader is referred for instance to Jakobsen et al., 1997).
Euler-Euler approaches or two-fluid models treat the
liquid and gas as two interpenetrating media, where
conservation equations are required for each phase to-
gether with interphase exchange terms; the main ad-
vantage of this method is the relatively low compu-
tational demands since two sets of conservation equa-
tions with similar structure are solved. However, so-
phisticated closures are required to describe bubble-
fluid interaction as well as interactions between bub-
bles. For polydisperse bubbles (which is usually the
case) moreover several sets of conservation equations
have to be solved, which will remarkably increase com-
putational demands.

The Euler-Lagrange procedure, on the other hand,
treats the continuous phase in an Eulerian frame of ref-
erence and the dispersed phase (i.e. particles, droplets
and bubbles) is simulated by tracking a large num-
ber of particles through the flow field by accounting
for all relevant forces acting on the particle. The
influence of the dispersed phase on the continuous
phase is accounted for by source terms in the con-
tinuous phase conservation equations describing the
momentum transfer. These source terms and the par-
ticle phase properties are obtained by ensamble av-
eraging in the Lagrangian tracking procedure. For
obtaining a converged soluting of the coupled sys-
tem Eulerian and Lagrangian computations have to
be performed successively. Therefore, this method is
computationally more expensive than Euler-Euler ap-
proach but it has the advantage that bubble-bubble
interactions and polydispersity are taken into account
in a natural manner. In both strategies, the liquid
phase is treated as a continuum so the bubble in-
duced velocity fluctuations in the liquid have to be
modeled somehow. Generally the computations have
been performed in a time-dependent way in order to
resolve the inherent unsteady flow structure in bub-
ble columns. These approaches in connection with
an appropriate turbulence model are called URANS
(unsteady Reynolds-averaged Navier-Stokes). Dur-
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