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Abstract
Process intensification is one of the key branches of process engineering. High gravity equipment achieves
intensification by substituting gravity with much higher centrifugal force. Rotating Packed Bed is the
leading example of high gravity solutions, strongly facilitating gas-liquid mass transfer. However, cylindrical
packings come with certain drawbacks, such as dry spots, that can be overcome with new solutions, such
as baffle-based packing geometries. However, when baffles are arranged too close to each other, liquid
bridges are formed between them, which may lead to decrease in mass transfer efficiency. This work is
concerned with improvement of a Zickzack-like internal by the means of visual studies with the use of
high-speed camera. According to measured ligament break-up length, two new packings were designed
for particular rotational speeds and tested experimentally for effective mass transfer area and wet pressure
drop.
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1. INTRODUCTION

Rotating Packed Bed (RPB) is a novel apparatus for contact-
ing two phases of different densities, e.g. liquid and gas or
liquid and vapor, where the gravitational force is substituted
with much higher centrifugal force (Ramshaw and Mallinson,
1981). The main part of an RPB unit is a rotating packing,
responsible for developing high mass transfer area and provid-
ing intense micro-mixing of the phases. A schematic represen-
tation of a counter-current RPB unit is shown in Figure 1.
The most commonly used packing types for RPBs include
wire mesh (Jassim et al., 2007) or metal foam (Zheng et al.,
2016). However, such porous packings often pose drawbacks,
such as high pressure drop and limited operational window,
as well as dry zones due to radial direction of centrifugal
acceleration (Groß et al., 2019). These drawbacks can be
overcome with the use of structural packings.

The first example of a structural RPB packing was presented
by Qammar et al. (2019). The Zickzack internal, inspired
by the rotating zigzag bed apparatus (Wang et al., 2008)
is made of two solid plates with alternating, concentrically
arranged baffles, each equipped with an additional weir to
provide higher liquid holdup. Recently, Zawadzki et al. (2023)
used computational fluid dynamics for optimization of the
baffle shape for RPB structural internals in order to minimize
the pressure drop. The optimization allowed to decrease the
pressure drop by 50%, while increasing the effective mass
transfer area by up to 30% in comparison with the original
Zickzack.

Although the shape and inclination angle of the baffles have
been successfully optimized, the packing still leaves room for
optimization. In particular, baffle spacing inside the pack-
ing is also key to its performance, as too dense arrangement
may create very high flow resistance, while too spaced baf-
fles may decrease the mass transfer efficiency due to limited
micro-mixing. In this work, visual studies have been used to
optimize baffle spacing, based on ligament breakup distance
at varying liquid flow rates, baffle radii and rotational speeds.

2. MATERIALS AND METHODS

2.1. Visual study of hydrodynamics

The measurement of ligament break-up was visualised using
high-speed camera in a transparent RPB at Brno University
of Technology. Despite the fact that the original packing (see
Figure 5a) was manufactured with the use of a transparent
resin, the unevenness of the printed surfaces did not allow to
make quantitative measurements of the liquid ligaments. It
was therefore necessary to simplify the packing. Hence, four
rotors of various diameters were manufactured with only one
baffle placed on the outer diameter. A pressure swirl atomizer
discharged a continuous liquid sheet to ensure uniform liquid
distribution on the packing’s internal part.

A high-speed camera FASTCAM SA-Z (Photron, Japan),
equipped with a long-distance microscope 12X Zoom lens
(NAVITAR, New York, USA), was used for backlight record-
ings. The lens was composed of a 2X F-mount adapter (type
1-62922), a 12 mm F.F zoom lens (type 1-50486) together
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with 0.25X lens (type 1-50011). A continuous LED light
model HPL3-36DD18B (Lightspeed Technologies, USA) il-
luminated the recorded area of 1024×1024 px with a spatial
resolution of 18 µm/px. A shutter speed for all recordings
was equal to 3.75 µs.

The obtained recordings showed formation of ligaments on
the baffles, as well as their breakup into droplets, as shown
in Figure 3. This figure also presents the methodology of lig-
ament length analysis. Ligament length was defined as the
maximum length the ligament can spread before it breaks
up into droplets. The magnitude of ligament length was de-
termined using dimensions in the x and y directions. Ap-
proximately, 20–30 ligaments were measured for each exper-
imental point to determine the average value and standard
deviation.

2.2. Measurement of effective mass transfer area
and wet pressure drop

The measurements of wet pressure drop and effective mass
transfer area were performed on the RPB device owned by
Lodz University of Technology. The experimental rig was
equipped with a liquid pump, an air blower, air humidifier,
a battery of compressed CO2 bottles, three CO2 infrared mea-
surement devices (sampling from inlet, outlet, and inside the
RPB casing), a hydraulic lock, and a differential pressure
gauge for measuring pressure drop between the inlet and the
outlet of the RPB.

The reaction system consisted of 0.2 mol.% CO2 in air, and
1M NaOH solution. This system was chosen because it fulfils
the requirements of the methodology of direct mass trans-
fer area calculation posed by Charpentier (1981). With this
method, the aeff can be determined with Equation (1).

aeff =
Φ“

kr ·DCO2 · C∗CO2|avg
2 · CNaOH

”0:5 (1)

The experimental determination of the effective mass transfer
area and wet pressure drop was conducted under the gas flow
of 20 m3/h, with three liquid flow rates of 45, 90, 180 L/h,
and at four different rotational speeds of 300, 600, 900 and
1200 rpm.

3. RESULTS AND DISCUSSION

3.1. Visual study

The purpose of the visual study was to determine liquid liga-
ment breakup length at varying liquid flow rates, baffle radii,
and rotational speeds. A previously prepared transparent baf-
fle packing (Figure 5a) was first investigated with the fast
camera, and liquid bridges could be observed between the
baffles (see Figure 2). However, the assembled packing was
too opaque to make quantitative measurements. Thus, single

baffle packings were installed in the RPB and the liquid struc-
tures were observed at their outer rim. An exemplary photo
of ligaments forming at the baffle is presented in Figure 3.

It was observed that liquid flow rate did not influence liga-
ment geometry, as its increase only led to increased amount
of formed ligaments. However, the rotational speed and baf-
fle radius had a significant effect on ligament length, as it
turned out to be a function of the angular velocity of the liq-
uid at the baffle. The fitting of the function and its equation
are presented in Figure 4.

3.2. Investigation of tailored packings

With the knowledge from the results described in Section 3.1,
two packings were made specifically for the desired rotational
speeds: 600 rpm (“600”, Figure 5b) and 1200 rpm (“1200”,
Figure 5c). The distances between the baffles were dictated
by the ligament breakup length modeled by the function
shown in Figure 4, thus preventing formation of liquid bridges
between subsequent baffles at the desired rotational speeds.
As lower rotational speeds correspond to longer ligaments,
the tailored packing for 600 rpm is characterized by larger
distances between baffles. In all cases, the distances decrease
quadratically with the radius. Thus, the packings tailored for
600 rpm and 1200 rpm have different numbers of baffles.

The results of the mass transfer measurements are presented
in Figure 6a. It can be seen that the tailored packings do not
show strong increases in efficiency at their desired rotational
speeds. In all cases, including the initial packing, the mass
transfer area increases steadily with the rotational speed, ex-
cept for the cases at 300 rpm, where the Initial and 1200
packings operate under conditions close to flooding, which
causes sudden spikes in effective mass transfer area. It can
be also seen that within the 600–1200 rpm range, the Initial
packing and the 1200 packing behave very similarly, while
the effective mass transfer areas generated by packing 600
are significantly lower.

The increasing number of baffles forces the phases to flow
through narrower channels, thus increasing the flow resis-
tances. In Figure 6b wet pressure drops of the three packings
are shown as functions of rotational speed. With the excep-
tion of 1200 packing operating at 300 rpm (flooding), very
steady trends can be seen for all three packings. Both rota-
tional speed and number of baffles have positive effect on
the wet pressure drop.

4. CONCLUSIONS

With the assumption that the design of the packings pre-
vents liquid bridge formation at particular rotational speeds,
and given the data shown in Figure 6, it can be concluded
that liquid bridges are not the limiting factor of the mass
transfer area in the baffle-type structural packing. It is there-
fore possible that liquid films forming at the solid elements of
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the packing contribute to the mass transfer efficiency more
significantly than the free liquid structures between the baf-
fles. From the experimental data it can be seen that increase
in the number of baffles leads to increase in mass transfer
area as well as pressure drop, and tightly arranged baffles in-
crease the risk of flooding at low rotational speeds. In future
work, gas flow may also be taken into account for visual stud-
ies, as it may also influence the formation of liquid structures
within the packing.
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SYMBOLS

aeff effective mass transfer area, m2/m3

D diffusivity, m2/s
C molar concentration, kmol/m3

kr reaction rate constant, 1/s

Greek letters
Φ absorption rate, kmol/s

Superscripts
∗ gas-liquid equilibrium

Subscripts
avg average between casing and outlet
CO2 carbon dioxide
NaOH sodium hydroxide
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