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Flowdynamic Modeling of Bale-Type
Catalytic Distillation Packings

Maria G. Caetano, J. Castor Gonzalez,* and R. Bruno Solari

Department of Thermodynamics and Transport Phenomena, Simén
Bolivar University, Sartenejas, Miranda, Venezuela

ABSTRACT

A model was developed to predict the flowdynamic behavior of bale-type
catalytic packings, which are widely used in the industry for several
applications. The new model takes into account the effect of the catalyst
properties and packing characteristics as well as the properties of the
fluids, flow rates, and column diameter to predict liquid hold-up, pressure
drop, and the loading and flooding points. The particle model concepts
were used as the basis for the generation of the model, introducing
considerations that account for a proper representation of a wide variety
of data obtained in tests performed in this work or reported previously in
the literature. It was found that the nature of the catalyst contained in the
“bales” strongly affects the liquid hold-up due to solid—liquid
interactions. A factor was also introduced in the model to account for
the strong effect of the wall on small-diameter columns. The new model
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significantly improved the prediction of the flowdynamic parameters such
as hold-up and pressure drop as well as loading and flooding points, which
showed deviations smaller than 10-30%.

Key Words: Bales; Catalytic distillation; Flow dynamics; Column.

INTRODUCTION

The catalytic distillation concept has been widely used over the last
decade for a large variety of applications, including ether preparations such
as methyl-tert-butyl-ether (MTBE), tert-amyl-methyl-ether (TAME), and
ethyl-tert-butyl-ether (ETBE); aromatics alkylation; gasoline desulfurization;
dimerization; hydrogenations; and various other reactions."! Most of these
applications use the so-called “bale-type” packing, filled with the appropriate
catalyst, as the key element of the reactive column. The design of a catalytic
distillation column has to take into account not only flowdynamic and
separation considerations, as in regular distillation columns, but also
conditions that allow significant reaction rates and selectivities. All three
factors (mass transfer, reaction rates, and flowdynamics) influence and affect
each other very strongly, so it is necessary to have tools that help in the design
and evaluation of the operation of this type of columns. In this work, the focus
is on development of a tool for predicting the flowdynamics of a catalytic
distillation column loaded with bales.

Several studies have been published recently with flowdynamic models
for columns loaded with bale packing. A comprehensive flowdynamic and
mass transfer model was developed by Subawalla et al.”*! based on the model
for packed distillation columns of Stichlmair et al.”! The Subawalla model
introduced geometric considerations to account for the irregular shape of the
bales as well as principles of the well-known channel model to improve the
results of the particle model of StichImair. Xu et al."*! produced data in a cold
simulator column loaded with bale packing to generate flowdynamic
correlations to represent that data. Those correlations show that pressure
drop and liquid hold-up are only a function of liquid and gas velocities and do
not take into account fluids, packing, and catalyst properties, which limit the
application to the specific conditions for which they were developed.
Akbarnejad et al."” modified the well-known Eckert diagrams for prediction of
pressure drop in catalytic distillation columns loaded with bales and validated
their model with data obtained in a cold simulator. This model does not predict
liquid hold-up, which is an important parameter for columns with chemical
reaction, and it is actually believed that today there are more accurate ways of
predicting pressure drop than methods based on the Eckert diagram.

Copyright © Marcel Dekker, Inc. All rights reserved.
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Several studies,[6_8] performed at ambient conditions, found strong
effects of the characteristics of the bales (amount of catalyst loaded per
volume unit, surface area, and catalyst type) on the flowdynamic performance
of small columns. They also showed that none of the available flowdynamic
models for bales are capable of properly representing data obtained in columns
at different scales.'® The Subawalla model is the most accurate model but still
shows strong deviations in the prediction of liquid hold-up, flooding, and
loading points. All of these are very important parameters in the design and
operation of catalytic distillation columns.

The objective of this work is to generate a reliable flowdynamic model for
catalytic distillation columns filled with bales of different scales and for
applications with a wide variety of fluid and catalytic systems. For this
purpose, the various models for catalytic and noncatalytic columns available
in the literature were evaluated to identify the more appropriate one to
be taken as the basis for the new model. Several modifications were proposed
to take care of the observed deviations of the more reliable available model.
All the data available in the open literature was used to perform nonlinear
regression of the parameters of the new model.

DESCRIPTION OF THE BALE PACKING

Figure 1 is a sketch of the bale packing. This packing contains the catalyst
inside pockets of fiberglass cloth (3—5cm wide), which is wrapped in spiral

Rectification
Fiber glass cloth Section — Distillate

~» Mesh Wire

Catalyst
Particles ™1 ‘x\\‘
Feedstock _F‘
 amd Bale
é Packing
Stripping S
Section “‘“—}—""/

* Residue

Figure 1. Scheme of the bale-type packing and catalytic column.
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with a stainless steel mesh wire. The mesh wire provides both structural
strength and open space for the gas and liquid flow, while the cloth provides
the surface for mass transfer. Bales are packed inside the appropriate section
of the column to favor reaction. The catalytic distillation column may have
regular stripping and rectification sections, as in the case of an MTBE column,
or different configuration depending on the specific application.

The main flowdynamic properties of the bale packing can be adjusted
depending on the amount of fiberglass cloth used per unit of volume, which
sets the surface area of the packing, and the amount of catalyst used to fill the
holes of the cloth, which largely determines the void fraction.

FLOWDYNAMIC INFORMATION AVAILABLE
FOR BALES

Table 1 shows a summary of the available flowdynamic data in the
literature for bales. It can be seen that most of the data were obtained with
ion-exchange resin as the catalyst (Amberlyst 15 from Rohm and Hass,
Philadelphia, PA); however, there is a data set for activated carbon as catalyst
filling the bales. On the other hand, even though the largest amount of
information is for the air—water system, there are some data sets obtained with
organic fluids at actual distillation conditions (cyclohexane/n-heptane and
acetone/MEK) and at ambient conditions (CO,-vegetable oil).

The bale-packing flowdynamic properties include a wide variety of data,
with surface areas between 100 and 400 m®/m’ and void fractions between
0.66 and 0.83 m’ /m3, which assures a good source of information for the
model development.

It can also be seen in Table 1 that most of the data were obtained in small
columns (4 in. and less). Unfortunately, it was not possible to obtain key
properties of the packing for the only set of data published for a large-diameter
column. This circumstance impedes the use of this large-scale data for the
purpose of evaluating existing or new models.

EVALUATION OF AVAILABLE FLOWDYNAMIC
MODELS

Four existing models were evaluated using the available data bank to
determine if any could be used to satisfactorily represent the flowdynamics of
the column filled with catalytic bales. One of them was specifically developed
for bale-type packings (Subawalla et al.”?!), while the other three models were
developed for random packings of regular distillation columns. Those three
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models are the Stichlmair et al.*) model, which is based on the assumption of
flow around particles inside the column (particle model); the Billet''"! model,
which is based on the so-called channel model; and the Engel et al.ll?! model,
which is a further improvement of the original Stichlmair et al. model. The
bale-packing models of Xu et al.'*! and of Akbarnejad et al.”! were not
included in this comparison since they were developed for very limited
conditions and previous work!®~® shows that their predictions do not properly
represent real data obtained under a wide variety of conditions, such as that
indicated in Table 1. Detailed descriptions of the models evaluated in this
work can be found in the original publications.

The statistical evaluation of the four models with the data bank of Table 1
was done using the Ansari et al.l13! method, which calculates six statistical
indicators of the deviation of the predicted values in relation to the real data.
Those indicators are:

E1: Percentage average error.

E2: Percentage average absolute error.
E3: Percentage standard deviation.
E4: Average error.

ES: Average absolute error.

E6: Standard deviation.

These six indicators are used to calculate a factor of relative performance
(FRP), which provides an overall statistical evaluation of the model. The
lowest absolute values of the FRP indicate a better representation of the data
by the model. An FRP value of zero indicates a perfect prediction. Further
details about this statistical method can be found in the original paper of
Ansari et al.'"?!,

The comparison of models was done on the prediction of the following
variables:

Pressure drop.

Liquid hold-up.

Pressure drop at the loading point.
Liquid hold-up at the loading point.

Table 2 shows a summary of the FRP values for each of the four models. It
can be seen that in all cases the lowest values of the FRP, and consequently
the better performance, were obtained with the Engel et al. model. The FRP
values for the Stichlmair et al. model were also very low and significantly
better than the values corresponding to the Subawalla et al. and Billet
models.

Copyright © Marcel Dekker, Inc. All rights reserved.
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Table 2. Summary of the evaluation of the existing models using the FRP statistical
parameter as indicator.

FRP values FRP values FRP values

for the for the for the FRP values
model of model of model of for the
Stichlmair Engel Subawalla model of
Parameter et al.l’! et al.l'?] et al.[?! Billet"'!!
Pressure drop 0.27 0.14 0.33 0.75
Liquid hold-up 0.47 0.12 4.04 1.57
Pressure drop at the 0.38 0.24 0.34 1.00
loading point
Liquid hold-up at 0.25 0.24 4.80 4.81

the loading point

Figures 2—7 show parity plots (predicted values vs. experimental data)
for the six variables previously listed using the Engel et al."*! model.
Dotted lines indicate the percent limits in which lie 90% of the points. It
can be seen in these figures that these 90% limits are still large values,
ranging between +40% and + 80%. Specifically, large data scatter is seen
in the prediction of the loading and flooding points. These results show that
even the best available model in the literature is not suitable for prediction
of the flowdynamic behavior of columns loaded with catalytic bale
packing, making the development of better models for these applications
necessary.

DEVELOPMENT OF A NEW MODEL
Since the Stichlmair et al.”! procedures based on the particle model
have been shown to be very reliable for both random packings and
catalytic packings, this approach was also followed in this work,
introducing corrections to take into account the particularities of the bale-
type packing.

Dry Pressure Drop Prediction

The three parameters equation proposed by Stichlmair et al. provides a
very accurate representation of the data in both regular and catalytic
applications'®~*! and was used in this work without further modifications. Dry
pressure drop is calculated using a relation obtained after performing a force

Copyright © Marcel Dekker, Inc. All rights reserved.
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Figure 2. Comparison of the predicted and experimental values of pressure drop
using the Engel et al. model.

balance around a single particle:

APy 3. [a—e pGué 0
7 40 eS| d,
where the f, parameter is calculated using the following correlation:
C (6
fo=0g—+—51+GC 2
Reg ' Rell?

The three parameters, C1, C2, and C3, are regressed from dry pressure drop
experimental data. This implies that any bale packing to be modeled has to
be previously characterized by data of dry pressure drop at different gas
velocities. These are the only experimental parameters of the packing
required to run the model, aside from its properties (void fraction and
surface area).

Copyright © Marcel Dekker, Inc. All rights reserved.
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Figure 3. Comparison of the predicted and experimental values of liquid hold-up

using the Engel et al. model.

Liquid Hold-Up Below the Loading Point

A review of the literature showed that the liquid hold-up below the loading
point could be expressed as a function of three main dimensionless numbers;
Froude, Galileo, and Eotvos numbers, which are calculated as follows:

Froude number:

2
uia
Fr=-2F

8

Galileo number:

2
Ga = é;pLz
ai’ 1558

Eotvos number:

PLE

2
a'Lap

FEot =

3)

“4)

(&)
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Figure 4. Comparison of the predicted and experimental values of pressure drop at

the loading point using the Engel et al. model.

It has also been found that some authors introduce corrections in the hold-
up expression to account for the height of the column (liquid mal-
distribution), diameter of the column, and bed void fraction. Based on this
information, five different combinations of dimensionless dependent
variables were proposed to generate the expression of liquid hold-up
below the loading point.

Combination 1:

hipe = 1 (Fr)?(Ga)® (Eor) e (7
Combination 2:

hipe = c1(Fr)*(Ga)® (Eon)™* (8)
Combination 3:

hpe = c1(Fr)*(Ga)~ e )

Copyright © Marcel Dekker, Inc. All rights reserved.
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Figure 5. Comparison of the predicted and experimental values of liquid hold-up at
the loading point using the Engel et al. model.

Combination 4:

i pe = 1 (Fr)?(Ga)* (Eot) e (ad,)® (10)
Combination 5:

hipe = c1(Fr)?(Ga) (Eot) e (az)® (11)

The parameters of each of these expressions were calculated by linear
regression using the corresponding data from the data bank described in
Table 1. The prediction accuracy of each of the previous expressions was
evaluated using the Ansari et al. method described earlier. The lowest FRP
value was obtained for the first combination [Eq. (7)]. This FRP value was
between five and eight times lower than the FRP of the other combinations,
which leaves no doubt about the superior performance of the first
combination.

The parity plot, comparing the hold-up predicted in Eq. (7) with the
experimental results are shown in Fig. 8. The dotted lines indicate that 90% of
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Figure 6. Comparison of the predicted and experimental values of F-factor at the
loading point using the Engel et al. model.

the points lie within + 30% of error, which is marginally better than the error
obtained with the Engel et al. method (4 40%) and still does not meet the
expected accuracy of a useful model.

Further evaluation of the data showed significant changes in the
experimental values of liquid hold-up when the liquid system or the catalytic
solid changed, which was not being taken into account by the proposed
expressions. It can be noted that none of the expressions take into account the
nature of the catalytic solid inside the bale cloth and the possible liquid—
catalyst interactions that may affect the liquid hold-up. In fact, when the
catalyst is the hydrophilic resin Amberlyst 15, it is expected that more water
is retained inside the column due to the high solid—liquid affinity. On the
other hand, less liquid should be retained in the column when the Amberlyst
15 is contacted with organics. This observation led to the definition of an
affinity factor that affects the hold-up in the Eq. (7). Taken as the basis the
Amberlyst 15-water, system, average values of the affinity factor were
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Figure 7. Comparison of the predicted and experimental values of F-factor at the
flooding point using the Engel et al. model.

calculated using a few points from the data bank. The following values were
obtained:

Affinity factor value

Liquid Solid (Fa)
Water (hydrophilic) Amberlyst 15 (hydrophilic) 1.0 (reference value)
Water (hydrophilic) Activated carbon 0.6
(hydrophobic)
Organics (hydrophobic) Amberlyst 15 (hydrophilic) 0.6
Organics (hydrophobic) Activated carbon 1.0
(hydrophobic)

The affinity factor was incorporated into Eq. (7), and the values
previously listed were used in the model to make predictions of the
experimental data. Figure 9 shows the parity plot of the prediction and
experimental values using Eq. (7) modified with the affinity factor. Dotted
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Figure 8. Comparison of the predicted and experimental values of the liquid hold-up
at the loading point using Eq. (7).

lines show that in this case 90% of the points were predicted with an error
lower than + 15%. This is a significant improvement in comparison with
previous expressions for liquid hold-up below the loading point. The final
expression of the model for liquid hold-up is:

I ve = 0.017(Fr)°*2*(Ga) %" (Eor) 028724 F, (12)

Liquid hold-up is a critical parameter that strongly affects the pressure drop,
due to the significant reduction of area associated with the liquid accumulation
in the column. If good values of dry pressure drop and liquid hold-up are
obtained, it is expected that the prediction of pressure drop under irrigated
conditions will be automatically improved.

Liquid Hold-Up Above the Loading Point
The following relation, employed previously by several authors,!>!%!4
was also used in this work to model the liquid hold-up value above the loading
point:
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Figure 9. Comparison of predicted and experimental values of the liquid hold-up at
the loading point using Eq. (12) (final expression).

(@)
APy, ) (13)

hy = hype| 1+ C1(
(zpL8)

As can be seen, this expression has two parameters and relates the liquid hold-
up above the loading point with the value of the hold-up at the loading point
and the pressure drop value. Once the hold-up at the loading point has been
calculated, it is necessary to solve simultaneously with an iterative procedure
the equations for liquid hold-up above the loading point and the pressure drop
(discussed in the following section). The data bank of Table 1 was used to
regress the C; and C, constants of Eq. (13) for bale-type packing, whose
values were:

C =178
C, =1.62

Figure 10 shows the parity plot comparing the predictions of the liquid hold-up
with the experimental data. It can be seen that 90% of the values have absolute
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Figure 10. Comparison of the predicted and experimental values of the liquid hold-
up using the model developed in this work.

deviations smaller than 25%, which is a significant improvement in relation to
the application of the model of Engel et al.!'? to bale packings, which was
50% (Fig. 3). It can be seen in Fig. 10 that the largest deviations occur at very
low values of liquid hold-up.

Pressure Drop Under Irrigated Conditions

The expression for pressure drop under irrigated conditions proposed by
Stichlmair et al. was modified by Engel et al.""?! considering that friction is not
only provided by the surface area associated to the packing but also by the area
provided by the drops and rivulets of liquid present in the column. In this
work, the expression of Engel et al."'*! was also modified to take into account
the fact that most of the data used in this work has been obtained in small
columns. It has been shown that in a 7.5-cm column filled with a packing with
200 m? / m> of surface area, the wall provides almost 25% of the total area
available in the column, which contrasts with large-diameter columns (larger
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than 1m), where the wall contribution is negligible.“s] Based on this, the
following expression was used for the calculation of pressure drop:
AP irr 1 [)Gl/t%:v

. gfo(ap +ar + aw)m

(14)

Figure 11 shows the comparison of the experimental data with the values
predicted with the previous equation. In this case, 90% of the points show
absolute errors lower than 30%, which is a significant improvement in relation
to the application of the Engel et al.""*! model (Fig. 2), which showed 90% of
the data with errors lower than 60%.

Loading and Flooding Points

Loading point was defined here as the gas velocity (or F-factor) at which
liquid hold-up in the column starts to increase. This can be easily calculated
for each case by combining Eqs. (13) and (14) and recognizing that at the

3000

2500

2000 -

1500

1000

Predicted Pressure Drop (Pa/m)

500 -

0 A T T ; T T )
0 500 1000 1500 2000 2500 3000

Experimental Pressure Drop (Pa/m)

Figure 11. Comparison of the predicted and experimental values of the pressure drop
using the model developed in this work.
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loading point Ay, = hy ;.. Figure 12 shows the comparison of the predicted and
experimental values of loading point. It can be seen that the agreement of the
predicted values with the real data is very good since 90% of the points show
absolute deviations smaller than + 10%. This is a significant improvement in
comparison with the predictions of the Engel et al. model in which 90% of the
data were predicted within an error of + 70%.

Flooding point can be calculated from Eqs. (13) and (14), recognizing that
at this point the change of the pressure drop with the gas velocity is infinite,
which can also be expressed as:

AP,

APy

APy
APy,

15)
=0

Combining Egs. (1) and (14), and with the use of the relation in Eq. (15), an
expression for the calculation of the gas velocity at the flooding point can be

Predicted F-Factor at the Loading Point [(m/s)(Kg/mj)(”z’l

4.00 q

3.50 4

3.00

2.50 4

2.00
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T T T T T T T 1

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
Experimental F-Factor at the Loading Point [(m/s)(Kg/m®)"""”]

Figure 12. Comparison of the predicted and experimental values of the F-factor at
the loading point using the model developed in this work.
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Figure 13. Comparison of the predicted and experimental values of the F-factor at
the flooding point using the model developed in this work.

obtained. Figure 13 shows a very good prediction of the flooding point using
the model, since 90% of the points show deviations lower than + 10% in
relation to the experimental data.

Performance of the Model

Figures 14 and 15 show typical plots of the pressure drop and liquid hold-up
as a function of the F-factor at several liquid velocities. It can be seen that the
model (continuous lines) represents with reasonable accuracy both the trends and
the absolute values of the experimental points.

CONCLUSIONS
A new model has been developed for the flowdynamic representation of

catalytic distillation columns loaded with bale-type packing. This model is a
modification and improvement of the original Stichlmair et al.'*! model for
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Figure 14. Evaluation of the model performance in the pressure drop prediction at

different gas and liquid velocities.
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Figure 15. Evaluation of the model performance in the liquid hold-up prediction at

different gas and liquid velocities.
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random packings and represents a significant improvement in comparison to
the application of previous models to this type of packings. Predictions of
flooding and loading points match experimental data within an error of
=+ 10%, while liquid hold-up is predicted within + 15%, of error. The model
introduces specific considerations to take into account the nature and amount
of catalyst loaded in the pockets of the bales and it is especially useful for low-
scale columns typically used in experimentation. Further evaluations are
needed to verify the performance of the new model with data obtained on
large-scale columns, as well as better understanding of the effect of the nature
of the catalyst on the liquid hold-up.

SYMBOLS

ar. Surface area of the liquid in the column calculated as ay, = 6hy /dy.
(m*/m>).

ap Specific surface area of the packing (m2/ m).

ay, Surface area of the column per volume unit (m® / m?).

C; Models constants (dimensionless).

Ci Models constants (dimensionless).

d. Column diameter (m).

dp. Average diameter of liquid drops in the column calculated as dp, =
CL\/601/Ap - g (m).

dy Packing particle diameter calculated as d, = 6(1 — &) / ap (m).

Eot Eotvos number defined according to Eq. (5) (dimensionless).

F Gas capacity factor defined as F = ug,/pg [(m/sec) (kg/ m?)!/2].

F, Affinity factor between the liquid and the catalyst for Eq. (12)
(dimensionless).

fo Stichlmair’s friction factor calculated according to Eq. (2)
(dimensionless).

Fr Froude number defined according Eq. (3) (dimensionless).

g Gravity acceleration (m/ secz).

Ga Galileo number defined according to Eq. (4) (dimensionless).

hy Liquid hold-up (m*/m?).
hpe  Liquid hold-up below the loading point (m? / m?).

Reg Gas Reynolds number (dimensionless).

ug Superficial gas velocity (m/sec).

up, Superficial liquid velocity (m/sec).

z Total height of the packing section of the column (m).
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GREEK SYMBOLS

Dry pressure drop (Pa/m).

AP;,  Trrigated pressure drop (Pa/m).

MG

PG

S

Column void fraction of the packing section (m* / m’).
Gas dynamic viscosity (kg/m sec).

Liquid dynamic viscosity (kg/m sec).

Gas density (kg/m?).

Liquid density (kg/m").

Surface tension (dynes/ cmz).

REFERENCES

. Castillo, C.; Escalante, L.; Gonzalez, J.C. Destilacion catalitica:

aplicaciones de una tecnologia emergente. Vision Tecnoldgica 1993,
1(2), 13.

Subawalla, H.; Gonzélez, J.C.; Seibert, F.; Fair, J.R. Capacity and
efficiency of reactive distillation bale packing: modeling and experimen-
tal validation. Ind. Eng. Chem. Res. 1997, 36 (9), 3821.

Stichlmair, J.; Bravo, J.L.; Fair, J.R. General model for prediction of
pressure drop and capacity of countercurrent gas/liquid packed columns.
Gas Separation Purification 1989, 3 (1), 19.

Xu, X.; Zhao, Z.; Tian, S. Study on catalytic distillation processes, Part I1I:
prediction of pressure drop and hold-up in catalyst bed. Trans. I. Chem. E.
Part A 1997, 75, 625.

. Akbarnejad, M.M.; Sakefordi, A.; Zarrinpashnes, S. A study on capacity

of reactive distillation bale packing: experimental measurements,
evaluation of existing models, and preparation of a new model. Ind.
Eng. Chem. Res. 2000, 39 (8), 305.

Caetano, M. Desarrollo de un Modelo Fluidodinamico para Empaques de
Destilacion Catalitica Tipo Bale; Universidad Simon Bolivar: Sartenejas,
Venezuela, 2002; MSc Thesis.

Caetano, M. Evaluacion Fluidodindmica de Empaques Tipo Bale en
Columnas de Destilacion Catalitica Escala Planta Piloto; Universidad
Central de Venezuela: Caracas, Venezuela, 1998; 92—136.

Madrid, C. Evaluacion Fluidodindmica de una Columna de Destilacion
Catalitica a Mediana Escala; Universidad Central de Venezuela:
Caracas, Venezuela, 1999; 67—115.

Gonzalez, J.C. Hydration of Isoamylenes in a Catalytic Distillation
Column; The University of Texas at Austin: TX, 1997; 110-166.

Copyright © Marcel Dekker, Inc. All rights reserved.

MARCEL DEKKER, INcC. ﬂ
270 Madison Avenue, New York, New York 10016 5



10: 10 25 January 2011

Downl oaded At:

ORDER | _=*_[Il REPRINTS

Flowdynamic Modeling of Bale-Type Catalytic Packings 877

10.

1.

12.

13.

14.

15.

Manduca, E. Evaluacion de las Caracteristicas de Transferencia de Masa
en Empaques de Destilacion Catalitica Tipo Bale a Pequeria Escala;
Universidad Central de Venezuela: Caracas, Venezuela, 1999; 60—102.
Billet, R. Fluid dynamics in countercurrent packed columns. In Packed
Towers, 1st Ed.; VCH Verlagsgesellschaft mbh: Weinheim, Germany,
1995; 73-118.

Engel, V.; Stichlmair, J.; Geipel, W. A new correlation for pressure drop,
flooding and holdup in packed columns, AIChE Annual Meeting, Miami
Beach, Fl, Nov 1998; 15-20.

Ansari, A.M.; Sylvester, N.D.; Brill, J.P. A comprehensive mechanistic
model for upward two-phase flow in wellbores. SPE Prod. Facil. 1994,
9(2), 143.

Stockfletch, R.; Brunner, G. Holdup, pressure drop, and flooding in
packed columns for the gas extraction. Ind. Eng. Chem. Res. 2002, 40 (1),
347.

Caetano, M.G.; Madrid, C.; Gonzalez, J.C.; Rueda, C.; Elman, H.;
Yanez, F. Flowdynamic Evaluation of Small Scale Bale-Type Catalytic
Packings; Chemical Engineering World Congress: Australia, Sept. 2001.

Received April 2003
Revised September 2003

Copyright © Marcel Dekker, Inc. All rights reserved.

MARCEL DEKKER, INcC. ﬂ
270 Madison Avenue, New York, New York 10016 5



Downl oaded At: 10:10 25 January 2011

Request Permission or Order Reprints Instantly!

Interested in copying and sharing this article? In most cases, U.S. Copyright
Law requires that you get permission from the article’s rightsholder before
using copyrighted content.

All information and materials found in this article, including but not limited
to text, trademarks, patents, logos, graphics and images (the "Materials"), are
the copyrighted works and other forms of intellectual property of Marcel
Dekker, Inc., or its licensors. All rights not expressly granted are reserved.

Get permission to lawfully reproduce and distribute the Materials or order
reprints quickly and painlessly. Simply click on the "Request Permission/
Order Reprints" link below and follow the instructions. Visit the

U.S. Copyright Office for information on Fair Use limitations of U.S.

copyright law. Please refer to The Association of American Publishers’
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted,
reposted, resold or distributed by electronic means or otherwise without
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the
limited right to display the Materials only on your personal computer or
personal wireless device, and to copy and download single copies of such
Materials provided that any copyright, trademark or other notice appearing
on such Materials is also retained by, displayed, copied or downloaded as
part of the Materials and is not removed or obscured, and provided you do
not edit, modify, alter or enhance the Materials. Please refer to our Website

User Agreement for more details.

Request Permission/Order Reprints

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081SS120028450



