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a b s t r a c t

Previous studies in the fields of process design and process control [1] have shown the potential ben-
efits that can be achieved through the implementation of thermally coupled distillation sequences, in
particular, the dividing wall distillation column. The dividing wall distillation column meets important
goals of process intensification, including energy savings, reduction in carbon dioxide emissions and
miniaturization. In this paper, an experimental study on the hydrodynamic behavior of a dividing wall
distillation column is presented. Several different values for gas and liquid velocities were tested in order
to measure pressure drops and identify operational regions; the air/water system was used as the basis
for the experimental setup. Results regarding pressure drops (fitted to the model of Stichlmair et al.)
provide operational limits for the operation of the packed dividing wall distillation column. According to
the results, the experimental dividing wall column can be operated at turbulent regime that is associated
to proper mass transfer.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Both the design and the retrofit of chemical processes must take
into account process intensification strategies. In the field of pro-
cess separations, a good example of the application of the concept
of process intensification is given by thermally coupled distilla-
tion. Thermally coupled distillation sequences for the separation of
ternary mixtures are shown in Fig. 1. From among these sequences,
the Petlyuk column (Fig. 2) has been implemented successfully in
industrial practice using a single shell and a dividing wall [2].

A dividing wall distillation column can reduce energy consump-
tion by 30–50% over conventional distillation sequences for the
separation of some mixtures [3–6]. Furthermore, this reduction in
energy consumption also results in lower carbon dioxide emissions
and column diameter (miniaturization due to reduction in internal
flows). Moreover, from theoretical analysis, it has been demon-
strated that thermally coupled distillation sequences can present
better theoretical control properties than conventional distillation
schemes. It becomes clear then that the design or retrofit of ther-
mally coupled distillation columns involves process intensification,
i.e., reductions in energy consumption, reduction in carbon dioxide
emissions and miniaturization without affecting proper operation.
These benefits of thermally coupled distillation sequences have
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been obtained in industrial practice using the dividing wall distilla-
tion column (DWDC, Fig. 2). Such a complex distillation column is
thermodynamically equivalent to the fully thermally coupled dis-
tillation column (Petlyuk column), but, in terms of analysis, it is
easier to consider the Petlyuk distillation column.

Recently, additional aspects of process intensification have been
taken into account in the field of distillation processes involving
thermal links; for example, some theoretical studies have shown
that the DWDC can be used to carry out reaction and separation in
the same unit.

Previous work concerning the steady state design of the DWDC
for ternary separations have explained that the energy savings
achieved by this equipment are due to the side stream being
extracted from the maximum in the composition profile of the
intermediate component [7,8]. In addition, other studies have
shown that energy consumption in the reboiler depends strongly
on the values of the interconnecting flows of the DWDC [9]. Sev-
eral advances have also been reported regarding dynamic behavior,
where the main conclusion drawn is that the control of the DWDC
is no more complicated than that of a conventional distillation col-
umn [10,11].

It is important to emphasize that most of the above referenced
results are obtained using steady state and dynamic simulations
considering the equilibrium stage model.

Regarding experimental studies, Kolbe and Wenzel [12] have
simulated and validated their results using an experimental divid-
ing wall distillation column. The agreement between the predicted
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Fig. 1. Thermally coupled distillation options for ternary separations: (a) direct thermally coupled distillation sequence (TCDS-SR), (b) indirect thermally coupled distillation
sequence (TCDS-SS), and (c) Petlyuk distillation column.

and experimental temperature profiles was extremely good. As a
result, they concluded that proper operation of the dividing wall
distillation column can be achieved without difficulties. In order to
support the practical implementation and operation of the dividing
wall distillation column, the control was investigated [13] using a
classical proportional plus integral controller and the model predic-
tive control. Results indicated that the model predictive controller

presented better dynamic responses in terms of deviations on the
controller variables and times required to achieve the changes in
set points.

Sander et al. [14] have studied the hydrolysis of the methyl
acetate in a dividing wall distillation column using simulation and
experimental tests. They found good agreement between the the-
oretical studies and the experimental results, concluding that it is

Fig. 2. (a) Dividing wall distillation column and (b) Petlyuk column.
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possible to carry out some chemical reactions in the dividing wall
distillation columns when the product of the reactive distillation
is the intermediate boiling component. It is important to high-
light that their experimental tests were carried in a mini plant,
implemented using parallel tubes of inner diameters between 4
and 5.5 cm, and an industrial dividing wall distillation column with
an inner diameter of 0.22 m.

Other works regarding simulations of the dividing wall distilla-
tion columns have been reported using a stage model based on mass
transfer equations. For instance, Muller and Kening [15] have simu-
lated the dividing wall distillation column considering reactive and
non-reactive cases, and they found that the composition and tem-
perature profiles showed good agreement with those measured in
a DWDC.

Recently, the first industrial implementation of a reactive divid-
ing wall distillation column has been reported by Akzo Nobel
Chemicals [16] for the recovery of an intermediate by-product that
became more important that the main product. Also, it was found
that savings of 35 and 15% in capital and energy costs, respectively,
were obtained.

According to open literature [2], dividing wall distillation
columns of up to 6 m of diameter and 100 m of height are being
implemented.

As a complement, the main objective of this work is the study
of the hydrodynamic behavior of an experimental packed DWDC.
Although our experimental apparatus was designed to carry out the
esterification reaction between acetic acid and ethanol using sul-
phuric acid as catalyst, the air/water system is used as the basis
for our analysis in this paper. Results of this study can then be
applied to identify operational regimes, because it is only through
an appropriate operation of the column that the process intensifi-
cation objectives are achieved.

2. Hydrodynamic model

The experimental study of the hydrodynamic behavior of packed
distillation columns plays an important role in identifying opera-
tional regions. Such study helps to prevent operational and control
problems. Operational regions are determined by the capacity of
the distillation column to handle different internal flows of liquid
and vapor while avoiding significant pressure drops. In the case of
packed distillation towers, capacity and pressure drop depend on
both the packing and the internals [17,18]. We stress the impor-
tance of understanding hydrodynamic behavior in the operation
of the intensified DWDC, since it has been reported that, in many
cases, the estimation of the maximum hydraulic capacity and pres-
sure drop for a given packing can be used for design purposes [19].
Also, the identification of the loading point in a packed bed is impor-
tant [20], since this point is associated to good distribution of liquid
through the packed bed and turbulence in the vapor and liquid
phases, promoting an increment in the efficiency of mass transfer.

Several models can be used to calculate pressure drops, includ-
ing the model reported by Stichlmair et al. [21], which takes into
account internal flows and characteristics of packings. Eqs. (1)–(3)
represent the model of Stichlmair et al. [21].
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Fig. 3. Experimental DWDC.

f0 = c1

ReG
+ c2

Re0.5
G

+ c3 (3)

where �Pirr is the pressure drop per unit of height of packed sec-
tion (Pa/m), �L and �G are the liquid and gas densities, respectively
(kg/m3), g is the gravitational constant (m/s2), Z is the total height of
the packed section under study (m), ε is the void fraction (m3/m3),
h0 is the hold up in the charge region per packing unit volume
(m3/m3), c, c1, c2 and c3 are constants, ReG is the Reynolds number
for the gas, and f0 is the particle friction factor. Constants c1, c2 and
c3 are reported for some commercial packings [21,22], but these
constants can be determined experimentally for non-commercial
packings. Hence, the model given by Eqs. (1) through (3) is con-
sidered in this work as the basis for the representation of pressure
drop behavior in the DWDC.

3. Description of the DWDC

The experimental DWDC is shown in Fig. 3. Fig. 4 depicts its main
components. The experimental DWDC has three sections packed
with Teflon Raschig rings with diameter of 20 mm (see Fig. 4); these
sections are numbered starting with the upper section. Because we
are interested in hydrodynamic behavior, below we describe the
functionality of each of the main components and their role in such
a behavior.

The reflux flowrate enters the first distributor tray located at
the top of the first packed section (Fig. 4). The goal of this internal
device is the uniform distribution of the liquid flow in this section.
The first packed section is a conventional packed section with a
collector tray at the bottom.

The second packed section plays an important role in the proper
operation of the DWDC, since it contains an interior wall, which
divides the column in two packed sections (see Fig. 4).

The position of this wall is used to set the flows of vapor to both
of its sides. In terms of conceptual design, this wall allows the inclu-
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Fig. 4. Components of the DWDC.

sion of the prefractionator inside the middle section of the Petlyuk
distillation column in a single shell. For the second section, the liq-
uid from the first section must be divided and directed to both sides.
To achieve that, the flow from the upper section is collected by a
side tank (Fig. 4), where it is divided using two valves to obtain the
two required flows; such flows are then returned to the middle sec-
tion. These two liquid flows are very important, because it has been
demonstrated that energy consumption depends on their values.

The liquid that leaves the bottom part of the middle packed sec-
tion is sent to a tray distributor located in the upper section of the
third packed section. Finally, the liquid that leaves the third packed
section is collected in the reboiler shown in Fig. 4.

The DWDC contains thermocouples and manometers to take
measurements at different points of the column.

4. Experimental setup

Energy optimization of the DWDC has already been reported in
Hernández et al. [1] and it is shown in Fig. 5. This energy optimiza-
tion corresponds to the reaction between ethanol and acetic acid
using sulphuric acid as catalyst to yield ethyl acetate and water.

It can be noted that energy consumption depends strongly on
the values assigned to the interconnecting flows. According to
results for a reactive DWDC [1], the manipulation of the inter-
connecting vapor flow is more difficult than the manipulation of
the interconnecting liquid stream. This has been accounted for
by using a side tank for external manipulation of the liquid. It is
important to note that reduction in energy consumption achieved
through manipulation of interconnecting streams is associated to

the internal flows that determine the diameter of the distillation
column.

At this point, it is important to mention that the dividing wall
distillation column was designed for the specific reaction between
the acetic acid and ethanol to produce ethyl acetate and water, but
the experimental study of the hydrodynamic is conducted for the

Fig. 5. Energy optimization of the reactive dividing wall column.
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Fig. 6. Modified TeflonTM Raschig rings.

air/water system. This implies that the actual column works like a
dividing wall distillation column.

In order to conduct the experimental test, packing character-
istics were first determined. Considering that the diameter and
height of the packed bed of the experimental dividing wall dis-
tillation column are 0.17 and 2 m, respectively, a packing with
external diameter of 20 mm was fabricated using TeflonTM hollow
tubes. Because, our future goal is carrying out esterification reac-
tions catalyzed by sulphuric acid, the fabricated packings do not act
as catalytic packings.

The size of the packing was set according to the ratio of pack-
ing diameter to column diameter recommended by Kister [23] to
reduce liquid maldistribution (1/10–1/8). The packing shown in
Fig. 6 has values of 177.249 m2/m3 and 0.67 for specific area and
void fraction, respectively. The conditions for the experimental
procedure were ambient pressure of 0.8 atm and temperature of
298 K.

5. Hydrodynamic behavior: pressure drop and operational
limits

Experimental pressure drops were measured for different liquid
and gas loads using the system air/water. These experimental val-
ues were fitted to the hydrodynamic model proposed by Stichlmair
et al. [21] to obtain the unknown parameters for this non-
commercial packing, as mentioned previously. Table 1 presents the
values for these parameters, and Fig. 7 presents pressure drop cal-
culated and experimental pressure measured for a liquid velocity
of 0.00129 m/s. Fig. 8 shows a comparison among the experimen-
tal and predicted values for the various tests, where we observe
that experimental values are similar to those predicted. Also, Fig. 8
shows that the experimental DWDC can be operated at turbulent
regime, promoting proper mass transfer during the operation.

As an important result, the operational limits of the column were
determined. The DWDC can handle gas velocities up to 1.1 m/s, and
liquid velocities of up to 0.0057 m/s.

This study of hydrodynamic behavior of the DWDC is also impor-
tant in order to set the operational limits of reflux rate and boil-up
rate during operation including an equilibrium reaction in the

Table 1
Parameters used in the model of Stichlmair et al. [12].

Parameter Value

C1 227.2059
C2 −1.8497234
C3 0.23663

Fig. 7. Pressure drop for liquid velocity of 0.00129 m/s.

Fig. 8. Pressure drop for several liquid velocity values.

reboiler avoiding high pressure drop. Finally, we want to emphasize
that, although the air/water system is not a realistic industrial case,
the results obtained can be used for the generation of open infor-
mation that can be applied to the operation of DWDCs. In fact, the
information is currently being used in the operation and monitoring
of a reactive case in the instrumented DWDC.

6. Conclusions

The experimental hydrodynamic behavior of a DWDC was stud-
ied. The results indicate that pressure drops for several flows of
liquid and gas can be adjusted by the model of Stichlmair et al.
[21]. This adjusted model can be used to predict operational regions
of the distillation column. Moreover, the regions determined by
hydrodynamic study can be used to avoid operational problems in
the manipulation of reflux rate and steam supplied to the reboiler
during operation. Finally, the turbulent regime detected in the
operation can promote proper mass transfer.
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