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Abstract

Abstract

To gain understanding of the characteristics of heat transfer process for
two-phase bubble column operation with churn-turbulent flow regime of
practical importance, a comprehensive program of research has been
initiated which is based on three different engineering tools;
experimental, theoretical and computational approaches.

An experimental facility was operated for investigating the heat transfer
characteristics of bubble column of constant heat flux, Attention has been
focused on cylinderical bubble coulmns because of the widespread
applications in the inudstry. The experiments werc carried out in
Plexiglas column of 0.45 m diameter and 3.65 m height; a perforated
plate was used as a gas distributor having 241 holes of 3 mm diameter
and 1.09% opening area. Tap water was used as a testing liquid phase and
air was used as the gas phase with superficial gas velocities range from
0.05 to 0.45 m/s to cover both bubbly and churn-turbulent flow regimes,
for all sets of experiments the hydrodynamic height of liquid phase was
maintained constant at 3.2 m from gas distributor. Temperature
distributions were measured axially and radially in the column with the
aid of three thermocouples of type T sensors connecled on-line to
computer through a data acquisition (DAQ) system. The effects of
superficial gas velocity, axial/radial location of heat probe, heat load, and
column diameter werce considered. The results of average heat transfer
coefficients between heat transfer probe and two-phase dispersion are
compared with the available correlations and models.

A comprehensive mathematical model based on fundamental principles

was developed analytically for hydrodynamics and heat transfer in two-

! phase bubble column for fully developed churn-turbulent flow regime

end semi-batch mode of operation.
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A hydrodynamic model is based on a momentum balance in cylindrical
coordinates and power-law radial gas holdup profile is used to describe
the liquid recirculation in bubble column as a radial profile of liquid

velocity in the following relation:

ZARORA)
¥, (0) R R
The predictions of the model are in reasonably good agreement with

experimental data of liquid velocity.

While heat transfer modcl based on concepts of energy balance in
cylindrical coordinates and using axial liquid profiles was proposed
analytically to describe heat transfer coefficients between coaxially

mounted heat transfer probe of constant heat flux and two-phase, as:

E,{r_}: 1_3[LT +3[1T _lfr-]ﬁ -1
h{.‘ R f LR

The average relative error, standard deviation and correction coefficient
from experimental data were 6%, 7% and 0.984, respectively.
Transient 3D computational fluid dynamic (CFD) simulations, based on

RNG #-¢turbulence model, was developed for descriptions of

hydrodynamic parameters and then extended for the prediction of heat
transfer for two-phase-gas-liquid flow in axi-symmetry cylindrical bubble
IE column. An excellent agreement has been founded between the predicted
l and experiential data. The average relative error, standard deviation and
u

correction coefficient from experimental data were 9%, 8% and 0.976,

respectively.
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