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Abstract

The influence of the configuration of additional void space (AVS) on the flooding point and the gas—liquid mass transfer coefficient (kpa) of
structured packings in a countercurrent trickle-bed reactor has been investigated. Experiments have been performed with six structured packings
with different AVS configurations. The experiments have been performed with air, water and 3 mm glass beads in a Perspex model system. A
clear difference can be observed between continuous and discontinuous AVS configurations; only continuous AVS configurations are shifting the
flooding boundaries to higher gas and liquid fluxes. The ki a of all structured packings with AVS is comparable to the k_a of a cocurrent packed
bed. Flooding in structured packings is qualitatively described by identifying three types of liquid flow. These flows can be manipulated with the
configuration of the AVS and therefore the flooding point can be influenced. By applying AVS, flooding can also be prevented completely without

loss in mass transfer (ki a).
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Cocurrent trickle-bed reactors are applied in a wide range of
processes in the chemical industry, see example [1] for an exten-
sive overview. For a number of these applications, where product
inhibition occurs or the thermodynamic equilibrium is reached,
countercurrent operation would be favorable. In these applica-
tions, a given conversion can be achieved with countercurrent
operation with significantly less catalyst [2,3]. A major draw-
back of countercurrent operation is the occurrence of flooding.
To prevent mass transfer limitations, usually particles of only
several millimeters diameter are used. The flooding boundary
of a randomly packed bed of these particles is well below the
required gas and liquid fluxes for large-scale operations.

Several researchers have shown that structuring the packed
bed can solve the flooding problems in a countercurrent trickle-
bed. When additional void space (AVS) is added to the packed
bed, the flooding boundary can be shifted to higher gas and lig-
uid fluxes. Examples are given in literature [4—7]. Some reactive
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distillation packings, such as for example the Katapak® pack-
ing manufactured by Sulzer, can also be considered as structured
packed beds for countercurrent gas—liquid operation (e.g. [8]).
In all of these reactors the catalyst particles are identical to the
particles used in cocurrent operation. The AVS in these reac-
tors consists of voids or channels in a randomly packed bed.
The flooding boundary is shifted due to decreased drag on the
gas-liquid interface, since the gas flow bypasses parts of the
packed bed through the AVS.

The configuration of the AVS in the reactor designs presented
in literature varies widely, but often the considerations for choos-
ing a certain AVS configuration are not discussed. Nevertheless,
the configuration of the AVS is expected to have a significant
influence on the flooding boundary. The aim of this research is to
gain more insight in the influence of the configuration of the AVS
on the flooding boundary. Therefore, several AVS configurations
are investigated, where the AVS is constructed from identical
building blocks. Based on the results, a qualitative description
of the phenomena that determine the flooding boundary of a
countercurrent trickle-bed with AVS is proposed.

To investigate the influence of the AVS configuration on the
flooding boundary, two types of structured packed beds were
used. In one type the AVS is made out of wire gauze spheres.
These spheres are spread throughout a randomly packed bed,
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creating what could be seen as a “frozen fluidized bed”: The
spheres could be considered bubbles, while the packed bed is
the dense phase. In the second type of structured beds investi-
gated in this paper the AVS is made out of wire gauze bars. The
flooding boundary of three AVS configurations of each type was
measured in an air—water system, with 3 mm glass beads to rep-
resent catalyst particles. As a reference, the flooding boundary
of a randomly packed bed with the same glass beads was also
measured.

When the gas bypasses parts of the packed bed, the gas—liquid
mass transfer could decrease due to decreased contact between
the gas and liquid phase. Generally, gas—liquid mass transfer is
not the rate-limiting step in the processes where a countercurrent
trickle-bed would be preferable, but if the mass transfer is sig-
nificantly reduced this could create unwanted effects. Therefore,
for a number of AVS configurations the kp.a was measured and
compared to literature values for the k.a of a cocurrent packed
bed.

2. Experimental

The center of the experimental setup that was used is a square
Perspex (polymethyl methacrylate) column with internal dimen-
sions of 110 mmx 110 mm and a height of approximately 1 m.
The bed support is made of wire gauze with a mesh of 5 mm. The
3 mm glass beads are retained by stainless steel wire gauze on
top of the bed support, with a mesh of 1.8 mm and a wire thick-
ness of 0.26 mm. The AVS elements were stacked inside the
column to create the different AVS configurations, after which
the glass beads are added from the top of the reactor.

In the structured packings the AVS is made from stainless
steel wire gauze, with a mesh of 1.8 mm and a wire thickness
of 0.26 mm. The spherical AVS elements have a diameter of
22 mm, the AVS bars are 18 mmx 18 mmx 109 mm. To ensure
that the AVS elements could be fabricated in a reproducible
manner, steel moulds were used to shape the wire gauze. Six
different AVS configurations were built, three of each type. The
six configurations are schematically shown in Fig. 1. The total
porosity of all structured packings with AVS bars is 0.60; the
porosities of the structured packings with AVS spheres are 0.55,
0.61 and 0.66.

Water and air were used to perform all experiments. The water
enters the column through a liquid distributor with 4050 drip
points per m?. The height of the liquid distributor is adjustable
and the liquid outlets were kept at 8 cm from the top of the
bed during all experiments. Air enters the column through a
tube below the bed support; a liquid level is maintained in the
bottom of the reactor to prevent gas flow through the liquid
exit. For more details on the experimental setup see van Hasselt
et al. [6].

Flooding point measurements were performed with several
structured packings and a randomly packed bed. Before every
flooding point measurement with a structured packing, the bed
was pre-wetted by applying a high liquid and gas flux. Visual
observations confirmed that this method was effective in pre-
wetting all parts of the structured packing. Pre-wetting was also
attempted before the flooding measurements with a packed bed,
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Fig. 1. (a) The three structured packings where the AVS is made from bars.
Structures 1 and 3 have continuous AVS, 2 is discontinuous. Shown are the
wire gauze baskets, the space in between will be filled with glass beads, which
are not shown. The length and width of the structures shown are equal to the
reactor dimensions. The real packings are about five times higher; (b) The AVS
structures made from spheres. The different layers were stacked on top of each
other. The complete packing consisted of 12-16 layers.

but flooding occurred immediately. Therefore, at the start of all
flooding point measurements with a packed bed, the bed was
dry or only partly wetted.

After the pre-wetting procedure, the liquid flux was set to
a constant value between 1.3 and 9.7kgm~2s~!. The gas flux
at the start of an experiment was set below 0.03kgm™=2s~!. To
measure the flooding point, the gas flow was gradually increased
in steps of maximum 0.01 kgm~2s~!. Between two changes in
gas flux was a time of at least 6 min; a longer waiting period
did not change the results. During the experiments the pressure
drop was continuously recorded. The flooding points were deter-
mined from the average pressure drop over the last 30's of each
step in gas flux, combined with visual observations during the
experiments. The flooding point was defined as the point where
liquid accumulated on top of the bed and the liquid layer kept
growing constantly. This is a similar definition for the flooding
pointas was used by Stemmet et al. [9]. To determine the flooding



A.A.J. Breijer et al. / Chemical Engineering Journal 138 (2008) 333-340 335

point properly, a combination of the pressure drop measure-
ments with visual observations is necessary. A sharp increase of
the pressure drop is not always due to flooding, but can also be
caused by accumulation of liquid on the bed support. Then the
situation that arises in the bottom of the bed resembles a packed
bubble-column, but no liquid accumulates on top of the bed. In
literature it is reported that this effect is caused by a restrictive
bed support [9].

The gas-liquid mass transfer (kp @) of the structured packings
where the AVS is made out of bars (structures 1-3, see Fig. 1)
was measured with the oxygen absorption method at a number
of liquid fluxes and gas fluxes. The dissolved oxygen concen-
trations at the liquid inlet and outlet were both measured with
a covered membrane galvanic oxygen sensor (CellO,325, man-
ufactured by WTW, Germany). The gas—liquid mass transfer
coefficient, ki a, was calculated assuming a constant gas phase
composition, negligible gas-phase resistance for mass transfer,
liquid plug plow and a constant temperature in the reactor. Exper-
imental results show that less than 5% of the oxygen in the gas
phase is transferred to the liquid and the Peclet numbers that
were measured were typically between 30 and 50, which justi-
fies the assumptions. With these assumptions, a molar balance
for oxygen in the liquid phase gives:

1 Czk)z,liq — C0,lig,out
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where 7 is the residence time, and Coz,liq,in’ COg,liq,out’ and

Czk)z,li q denote the oxygen concentration in the liquid at the inlet,
at the outlet, and maximum oxygen concentration in the liquid,
respectively. The k; a was determined both per liquid volume and
per reactor volume. To calculate the k a per reactor volume, the
liquid residence time was calculated from the liquid flux and the
bed height. To determine the kp a per liquid volume, the mean
liquid residence time was measured by adding short KCI pulses
to the liquid feed during the experiments. The concentration
in the liquid outlet was determined with a Cond340i conduc-
tivity sensor (manufactured by WTW, Germany). To correct for
entrance and outlet effects, all experiments were performed with
both long and short packings. The net kpa of the packing was
calculated from the separate measurements by:

kLalonngong — kL @short Lshort
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kLanet Llong — Lshort
where L denotes the length of the packing.

With the structured packings shown in Fig. 1, different
aspects of the AVS configuration were tested. One of these
aspects is whether all the AVS elements are connected, or that
the gas flow is forced through parts of the packed bed. This will
be referred to as continuous and discontinuous AVS, respec-
tively. All three structured packings with AVS spheres have
discontinuous AVS, one packing with bars has discontinuous
AVS (structure 2). The other two AVS configurations with bars
have a continuous AVS. A second aspect that is investigated in
the packings with AVS bars is the variation of the amount of
AVS per layer. An aspect that was tested with the AVS spheres
is the distance between the spheres in the bed. This influences

the distance the gas in forced through the packed bed and the
total porosity of the structured packings.

3. Results and discussion
3.1. Determination of flooding

The results of the flooding measurements for the continuous
(structures 1 and 3) and the discontinuous AVS packings (struc-
tures 2 and A—C) are shown in Fig. 2a and b, respectively. As
a reference, in both figures the results of the flooding measure-
ments in a randomly packed bed are also shown. For structure
1 only two flooding points are shown in Fig. 2a, both for rela-
tively high liquid fluxes. Several flooding experiments at liquid
fluxes below 8 kg m~2 s~ ! have been performed, but during none
of these experiments a flooding point was measured before the
maximum gas flux was reached. Also for structure 3, no flood-
ing points were measured at liquid fluxes below 4kgm™=2s~!,
although several experiments have been performed. This result
will be discussed in more detail later.
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Fig. 2. (a) Results from flooding experiments with the structured packings with
continuous AVS configurations. Every data point represents a measured flooding
point; the lines are trend lines; (b) Flooding boundaries of structured packings
with discontinuous AVS configurations. Every data point represents a measured
flooding point; the lines are trend lines.
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Fig. 3. Pressure drop during flooding experiments with a packed bed and the
AVS configurations made out of bars at a liquid mass flux of 5.5kgm=2s~".

Fig. 2a and b clearly shows that the flooding boundary of the
continuous AVS configurations is much higher than the flood-
ing boundaries of the discontinuous AVS configurations. The
flooding boundaries of the discontinuous AVS configurations
are close to the flooding boundary of a randomly packed bed,
while the flooding boundaries of the continuous AVS configura-
tions are significantly higher. In the two structured packings
with continuous AVS, gas and liquid fluxes reported by de
Wind et al. [10] for commercial hydrotreaters can be applied.
However, one should keep in mind that the gas and liquid prop-
erties and the operating conditions differ from the commercial
process.

The difference between continuous and discontinuous AVS
can also be observed in the pressure drop characteristics. In
Fig. 3 the pressure drop characteristics of the structured pack-
ings where the AVS is made from bars are compared. Although
these packings have identical overall porosity, Fig. 3 shows that
the pressure drop of the continuous AVS configurations is sig-
nificantly lower than the pressure drop of the discontinuous AVS
configuration. The pressure drop of structure 2 is of the same
order of magnitude as the pressure drop of a packed bed. This
same trend was observed at all other liquid mass fluxes.

Another difference that is observed between the discontin-
uous and continuous AVS configurations is the presence of a
load point in the latter. This load point is also reported for
other structured packings by Moritz and Hasse [11]. It is the
point where the maximum liquid flow through the packed bed
is reached, and liquid starts bypassing the packed bed. It can
be observed in the pressure drop characteristic, as illustrated in
Fig. 4. The load point can also be observed visually during the
experiments, because at the load point a stable layer of liquid of
several millimeters accumulates on top of the bed.

Surprisingly, the flooding boundary of two of the structured
packings with discontinuous AVS is even lower than the flood-
ing boundary of a packed bed (Fig. 2b). This was unexpected; it
was assumed that the addition of AVS to the bed would always
have a positive effect on the flooding boundary. These unex-
pected results can be explained with the help of observations
made during the experiments. During the flooding experiments
with a packed bed, it could clearly be observed that local accu-
mulation of liquid took place inside the bed. This local liquid
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Fig. 4. A typical pressure drop characteristic, where the load point and flooding
point can be observed as a sudden increase in pressure drop.

accumulation results in a layer of liquid on top of the bed of a
few centimeters high. This liquid layer reaches a steady state,
which means that the system does not become inoperable. When
the experiment is continued, the liquid layer disappears after
some time. As illustrated in Fig. 5, during flooding experiments
with a packed bed this could occur several times, already at gas
mass fluxes well below the flooding point. The effect was also
observed several times during experiments with the structured
packings.

The cause for this temporary layer of liquid on top of the
packing is assumed to be non optimal liquid distribution inside
the packing due to the limited size of the test reactor. It was
observed during several experiments that local accumulation
of liquid caused the formation of a layer of liquid in top. It is
expected that in a larger reactor these small variations would not
cause the accumulation of liquid, because wall effects are less
significant there. Visual observations during the experiments and
the results from tracer measurements did not indicate the pres-
ence of corner effects due to the square cross-section of the
reactor.

During experiments with packings with discontinuous AVS,
no temporary accumulation of liquid on top of the bed was
observed. It is assumed that liquid also accumulates inside the
packings, but instead of forming a liquid layer on top of the bed,
liquid will accumulate inside the AVS. Due to their limited vol-
ume, the AVS elements will quickly be filled with liquid. The
liquid accumulation blocks the gas and liquid flows and flood-
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Fig. 5. Example of the accumulation of liquid on top of the bed before the
flooding point is reached.
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Fig. 6. Load points and flooding boundaries of structured packings with a con-
tinuous AVS configuration, compared to the flooding boundary of a packed
bed.

ing will occur immediately. This could explain why the flooding
boundary of some structured packings with discontinuous AVS
is lower than the flooding boundary of a packed bed. In the pack-
ings with higher porosity, the distance between the AVS spheres
is less and the accumulated liquid can spread trough the pack-
ings more easily. This is probably the reason why the flooding
boundary of structures B and C are similar to that of a packed
bed.

The detailed results from the flooding experiments with the
packings with continuous AVS configurations are shown in
Fig. 6. Not only the flooding points are shown, but also the
load points. Fig. 6 shows that at low liquid fluxes no flooding
point is measured for both continuous AVS configurations. The
lowest liquid flux that a flooding point was found for structure
1 was 8.3kgm~2s™!, for structure 3 this was 4.1 kgm—2s~!.
This means that at the maximum gas flow that could be applied
(0.50kgm~2s~!) still no flooding was reached. As shown in
Fig. 6, for most of the lower liquid fluxes the load point was
also not reached. The load points that are measured at the lower
liquid fluxes are not very accurate, due to the strong influence
of the pre-wetting at these conditions.

4/6

3.2. Prevention of flooding

The observation that a load and flooding point are not present
below a certain liquid flux could provide a means of preventing
flooding in countercurrent trickle-beds with continuous AVS.
The hypothesis is that the lack of a flooding point is due to
liquid that flows exclusively through the parts of the reactor
with packed bed. When the liquid would only flow through the
packed bed and does not enter the AVS channels, the gas flow
will not influence the liquid flow and no flooding would occur.
Inside the structured packings, there is the possibility for part
of the liquid to flow from top to bottom exclusively through the
packed bed. The cross-sectional area that is available for liquid
flow exclusively through the packed bed is 44% in structure 1 and
22% in structure 3, as illustrated in Fig. 7. The maximum liquid
flux that could exclusively flow through the packed bed would
be the maximum liquid flux through a regular randomly packed
bed, multiplied by these percentages. The calculated maximum
flux for structures 1 and 3 can be compared to the lowest liquid
flux where a flooding point was measured, to see if they are just
below them. If that is the case, it is an indication that flooding is
prevented, when it is possible for the liquid to flow exclusively
through the packed bed in the structured packings.

When it is assumed that the packed bed is completely filled
with liquid (single phase flow), the maximum liquid flux through
a packed bed can be calculated with the Ergun equation [12].
When this is done for a bed of 3 mm spherical particles, water
at 20°C and gravity as the only driving force, the maximum
liquid flux is 33kgm™2s~!. When that flux is multiplied by
the percentages of the cross-sectional area that is available for
flow through exclusively packed bed, the fluxes are 14.4 and
7.2kgm~2s~! for configurations 1 and 3, respectively. These
fluxes are much higher than the boundary values that were found
in the flooding experiments.

However, it is questionable if the assumption of single-phase
flow in the packed bed is valid. Visual observations during the
experiments confirm that there is stagnant gas in the bed. Picaro
and White [13] showed that the maximum liquid flux through a
packed bed could significantly be reduced when the bed is not
completely filled with liquid. Therefore, the maximum liquid
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Fig. 7. Top view of parts of structures 1 (left) and 3 (right). The minimum area available for liquid flow through the packed bed is 16/36 (44%) and 8/36 (22%) of

the total cross-sectional area, respectively.
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flux through the packed bed was determined experimentally. The
measured maximum flux was 15kgm™2s~!. When the maxi-
mum liquid flux that can flow exclusively through packed bed
inside the structured packings is calculated from this result, these
are 6.7 and 3.3kgm~2 s~ for structures 1 and 3, respectively.
These fluxes are both just below the lowest liquid flux where a
flooding point was found. This means that the lack of a flooding
point at low liquid fluxes is because at those fluxes the liquid
can flow exclusively through the packed bed. Due to the signif-
icant decrease in contact between the gas and the liquid phase,
no flooding occurs.

3.3. Qualitative description of flooding in a structured
packing

The aim of applying structured packings with AVS in a coun-
tercurrent trickle-bed reactor is to shift the flooding boundary to
higher gas and liquid fluxes. The results show a fundamental
difference between continuous and discontinuous AVS config-
urations. Only continuous AVS configurations are successful in
moving the flooding boundary to higher gas and liquid fluxes.
Based on the experimental results, a qualitative description of
the aspects that determine the load point and the flooding point
in structured packings with continuous AVS configurations is
proposed. This description is based on the assumption that there
are three types of liquid flow inside structured packing with
continuous AVS:

(1) liquid flow exclusively through the packed bed. This liquid
flow does not leave the packed bed while it flows down
through the packing, and has little contact with the gas flow;

(2) liquid flow alternating between the packed bed and the AVS.
It flows mainly through the packed bed, but passes through
the AVS channels from time to time and contacts the gas
flow regularly;

(3) liquid flow through the AVS channels. This is liquid flow
bypassing parts of the packed bed through the AVS channels,
thus decreasing the hydraulic diameter of these channels.

The total liquid flow is always made up of a combination of
these three types. The load point and the flooding point can be
qualitatively explained from the influence of the gas flow on the
maximum liquid flow of each type. Every type of liquid flow is
influenced by the gas flow differently. The maximum of type 1
liquid flow is independent of the gas flow and is determined by
the properties of the packed bed and by the AVS configuration.

Type 2 liquid flow is influenced by the gas flow. For the liquid
to pass through the AVS, it has to leave the packed bed and form
droplets or jets inside the AVS. The formation of these droplets
is hindered by the gas flow, which redistributes the liquid over
the wire gauze. Therefore, at increasing gas flow, the maximum
of type 2 liquid flow decreases.

Type 3 liquid flow decreases the hydraulic diameter of the
AVS channels, and therefore further increases the gas velocity
in these channels. There are two possible mechanisms that deter-
mine the maximum of type 3 liquid flow, depending on the total
liquid flux. Atlow liquid flux, the gas velocity can reach the point

where it drags the liquid upwards and thus flooding occurs. At
high total liquid flux, flooding will already have occurred before
the gas velocity is high enough to drag the liquid up. At high
total liquid flux, the gas flow limits the amount of liquid that
can bypass the packed bed due to increased friction between the
liquid and gas in the AVS channels.

The flooding point will be reached when the maximum is
reached for all three types of liquid flow together and thus the
total liquid flow through the reactor. This point can be reached
by an increase in either gas or liquid flow. The amount of liquid
fed to the top of the reactor becomes higher than the maximum
liquid flow through the packing and liquid will thus accumulate
inside the reactor. The load point is reached when the maximum
of both types 1 and 2 liquid flow is reached. At higher liquid or
gas flows, additional liquid will have to flow through the AVS
channels. As mentioned before, no load point or flooding point
will be reached when the total flow is lower than the maximum
of the type 1 liquid flow.

The qualitative description that is proposed here could also
be used to predict the load point and flooding point of structured
packings. The influence of gas and liquid flow on the maximum
of the three types of liquid flow can be measured separately. The
data can then be combined and used to predict the load point
and the flooding point. The three types of liquid flow could be
manipulated individually to change the flooding boundary of the
structured packing. Possibilities are for example, changes in the
design of the separate AVS elements, the AVS configuration, or
properties of the packed bed.

Although all experimental work was performed with water
and air, the qualitative description that is proposed would also
be applicable for hydrocarbon liquids and gases and for packed
beds with non spherical particles. Under those circumstances,
the maximum liquid flow through a packed bed would be differ-
ent, but the same principle could be used to predict the flooding
point.

3.4. Gas-liquid mass transfer

To investigate the influence of the configuration of the AVS
on the gas-liquid mass transfer, the k;.a has been measured for
the three structured packings where the AVS consists of wire
gauze bars (structures 1-3, see Fig. 1a). The results of these
experiments are shown in Fig. 8, all corrected for entrance
and outlet effects. Only the kpa values based on liquid vol-
ume (kpap ) are shown; the trends in the &k a per reactor volume
(kr.ar) are similar. As a reference, the k; a values for a random
packed bed were also measured. These kpar, values were typi-
cally 0.020-0.025s~! and were not significantly influenced by
the liquid or gas flux. The kpa values measured for the struc-
tured packings and a random packed bed are comparable to kra
values reported for a cocurrent trickle bed reactor, for example
kipagr values reported by Goto and Smith [14].

The kpa experiments at every liquid flux were performed at
three to four different gas fluxes, both below the load point and
between the load point and flooding point. The influence of the
gas flux was very small and therefore an analysis of the repro-
ducibility of the k;.a experiments was done to assess whether
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Fig. 8. Results of ka measurements with the structured packings, based on
liquid volume (kpay.). Values for different gas mass fluxes are averaged for a
given liquid mass flux.

the variations are significant. The reproducibility of these kj.a
experiments is =+ 15%, which is larger than influence of the gas
flux. Therefore, in Fig. 8 results averaged over all gas fluxes per
liquid flux are presented.

When the results for the k; a measurements are reviewed, no
significant influence can be observed for both the liquid flux and
the AVS configuration. All three structured packings consist of
the same number of AVS elements and have the same porosity.
From the flooding experiments, it was concluded that liquid flow
through the packed bed is not influenced by the gas flow. That
also implies that gas—liquid mass transfer will only take place
inside the AVS channels.

All structured packings have the same porosity and also the
same volume of AVS channels, which probably explains the
similar kpa values. Only in structure 2, gas is forced through
the packed bed that could explain the slight increase in the mass
transfer. It is likely that the amount of AVS is the most important
factor determining the kpa. This creates possibilities to design
structured packings where the ka and the flooding boundary
could be optimized separately. By changing the ki a of the AVS
elements, the total kp a of the structured packing could be influ-
enced. The shape and the dimensions of the AVS elements could
be changed to achieve this.

4. Conclusions

The configuration of additional void space in a countercurrent
trickle-bed reactor has a significant influence on its effectiveness
in shifting the flooding boundary to higher gas and liquid fluxes.
The main aspect is the difference between AVS configurations
where the channels are continuous throughout the reactor, or
interrupted by the packed bed. Only continuous AVS configura-
tions are effective in significantly shifting the flooding boundary
of a countercurrent trickle-bed reactor to higher gas and liquid
fluxes. The flooding boundaries of discontinuous AVS config-
urations are similar or lower than the flooding boundary of a
randomly packed bed.

A qualitative description of the liquid flows in a countercur-
rent trickle-bed with continuous AVS configuration is presented.

This description can be used to predict the influence of the AVS
configuration on the flooding boundary. It is found that for lig-
uid fluxes below a certain limit, no flooding point exists. This
limit depends on the AVS configuration and is determined by the
maximum liquid flux that can flow exclusively through packed
bed without entering the AVS channels.

For a number of different AVS configurations, the gas—liquid
mass transfer has been measured. There is no significant influ-
ence of the AVS configuration on the gas—liquid mass transfer
in the structured packings. For every AVS configuration kpa
values were measured that are comparable to a cocurrent trickle-
bed reactor. It can thus be concluded, that AVS can shift the
flooding boundary of a countercurrent trickle bed to signifi-
cantly higher gas and liquid fluxes without a decrease in mass
transfer.

The present work is meant as a first step towards a generic
approach to design novel structures for counter current trickle
bed reactors. Recommendations for future work include work
with different structures, to generate results that further verify the
qualitative description that has been proposed. To move towards
industrially relevant applications, the research should also be
extended to a larger scale, using gases and liquids that are used
in industrial applications.
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