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Abstract 

Although it is known that a loss in separation performance is caused by liquid maldistribution, 

there is only marginal knowledge about liquid distribution in rotating packed beds (RPBs). As a 

result, the exact influence of liquid distribution on separation performance in RPBs is not fully 

understood. Therefore, this study focuses on the influence of different liquid distributors on the 

liquid distribution of a rotating metal foam packing inside RPBs. Liquid hold-ups were measured 

non-invasively using gamma-ray computed tomography (CT), and water/air was the system under 

investigation, operated at atmospheric pressure, temperature of 20°C, liquid flow rate of 60 l h-1, 

F-factor of 2.3 Pa0.5 and at rotational speeds up to 900 rpm. For the first time, the liquid distribution 

in axial direction of a rotating metal foam of an RPB could be accessed, which allowed the 

identification and quantification of occurring wall flows. Furthermore, the path of the liquid phase 

through the entire opaque packing could be visualized for different operating conditions by 

synchronizing the CT scans with the rotational speed of the rotor. The use of a single-point full-

jet nozzle was more prone to cause wall flow than the use of a rotating baffle distributor with 36 

baffles. For comparison, circumferential liquid maldistribution was also observed using a rotating 

baffle distributor with 12 baffles.  
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1. Introduction 
In packed distillation columns, liquid maldistribution is the most significant reason for a loss of 

separation performance. Therefore, reducing the maldistribution is of particular interest [1]. Initial 

liquid distribution mainly influences the distribution behavior [2–4]. However, liquid 

maldistribution does not occur only in packed distillation columns but also in process 

intensification equipment such as rotating packed beds (RPBs). This is especially true for multi-

rotor RPBs, since it is difficult to realize a well-defined liquid distribution [5, 6]. As depicted in 

Figure 1, the measurement of liquid maldistribution in an RPB, contrary to packed columns, cannot 

be performed via simple collecting devices below packing, as the packing rotates at high rotational 

speeds [2, 3, 5], and the liquid is gravitationally forced to flow over many axial rotor stages. For 

this reason, several methods have been developed to determine the liquid distribution in RPB 

packings. 

 

Figure 1. Comparison of a) single-rotor RPB with b) multi-rotor RPB principle with a special 

focus on liquid distribution.  
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The first attempt to study liquid distribution in RPBs was accomplished by Basic and Dudukovic 

[7] using conductance measurements inside the rotor. The rotor contained various-sized glass 

beads and it was operated with air, water, and four different propylene glycol solutions. Using this 

method, the obtained insights into liquid distribution in the radial and transverse directions 

revealed that the hydrodynamics of the RPB cannot be simplified as film flow [7]. Unfortunately, 

this type of measurement technique does not provide direct information on the flow pattern inside 

the packings [7]. Further studies determined the liquid distribution in the packings for single-rotor 

RPBs by visual observations [8–10], conductance probes [11], computed tomography (CT) [5, 12–

15], and computational fluid dynamics [16, 17]. 

In 2019, Groß et al. [5] introduced gamma-ray CT for quantifying local liquid hold-ups in an 

RPB for the first time. By synchronizing the data acquisition of the CT scanner with the rotor 

speed (𝑛𝑛rot), cross-sectional gas-liquid phase distributions could be obtained with reference to 

sharply mapped rotating structures. Their study revealed the influence of different nozzle 

configurations and rotor internals on liquid maldistribution [5]. In 2021, Gładyszewski et al. [15] 

could verify an almost constant liquid hold-up along the radius using a carefully assembled 

anisotropic packing again using the gamma-ray CT. The results suggested that anisotropic 

packings could further enhance mass transfer [15]. Unfortunately, only 20 % of the packing height 

was scanned by Groß et al. [5] and Gładyszewski et al. [15], namely the axial center of the packing. 

Whether central radial and circumferential liquid distribution represents the entire packing height 

or not is still unknown. 

Besides the packings, liquid distributors are another crucial part of RPBs that must also be 

considered for liquid distribution studies. This is especially true for multi-rotor RPBs applications, 

since conventional liquid distributors (e.g., a simple nozzle) cannot be implemented at lower rotor 
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stages due to the lack of a pressurized inlet (see Figure 1). A recent study by Pyka et al. [6] already 

revealed that the initial liquid distribution at lower rotor stages of multi-rotor RPBs must definitely 

be considered to prevent a severe loss of separation performance. Therefore, an easy-to-implement 

design of a liquid distributor for lower rotor stages was introduced, the so-called rotating baffle 

distributor (RBD), which resembles a rotary atomizer [6]. 

The current study aims at comparing the radial, the circumferential, and, for the first time, the 

axial liquid hold-up in an RPB using two different RBD designs and a conventional nozzle liquid 

distributor. This includes edge effects such as wall flow, which has not yet been analyzed in RPBs. 

Therefore, liquid maldistribution was studied in a water/air system in the RPB presented by Groß 

et al. [5] via rotation-synchronized gamma-ray CT measurement technique. Investigations were 

performed at various 𝑛𝑛rot and fixed fluid flow rates. The results will also be used understand the 

separation performance improvements previously obtained by Pyka et al. [6] using an RBD with 

36 baffles. 

 

2. Material and Methods 

2.1. Experimental setup 

A sketch of the general experimental setup is presented in Figure 2, including an illustration of 

a radiographic scan acquired by moving the CT scanner in a fixed angular position over the height 

of the rotor section of the RPB. 
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Figure 2. Sketch of the experimental setup (top) and radiographic scan (bottom). The RPB was 

operated in a counter-current mode. The cross-sectional liquid distribution as well as the averaged 

liquid hold-up in the metal foam packing was determined at different heights of the packing by 

moving the CT scanner along the axial direction of the RPB facility. Entering streams were 

measured via flow meters (FI). 

The RPB was manufactured by ProCeler sp. z o.o (Warsaw, Poland) and is equipped with a 

metal foam packing from RECEMAT BV (Dodewaard, Netherlands). The installed support ring 

consists of twelve equidistant vertical struts, giving a free cross-sectional area of 90%, almost close 

to the average porosity of the applied packing of 92%. Further specifications of the RPB and the 

metal foam packing can be taken from Table 1. 
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Table 1. Specification of RPB and metal foam packing. 

RPB / packing property  

Outer rotor diameter / mm 500 

Inner rotor diameter / mm 145 

Packing height / mm 10 

Specific surface area of metal foam / m2 m-3 1000 

Porosity of metal foam /m3m-3 0.92 

Estimated average pore size / mm 1.4 

Material of metal foam Nickel-chromium alloy 

 

The liquid flow rate (𝑉̇𝑉L) and the gas flow rate (𝑉̇𝑉G) were measured by an electromagnetic flow 

meter (FMG92-PVDF-BSP, OMEGA Engineering GmbH, Germany, accuracy ±1% of full scale) 

and a thermal mass flow meter (KMT-114R10L1NQ4, Kobold Messring GmbH, Germany, 

accuracy ±1.5% of measured value ±0.5% of full scale), respectively. In the current study, the RPB 

was operated in a counter-current mode, and three different liquid distributors were investigated, 

i.e. an RBD with 12 baffles (RBD-12), an RBD with 36 baffles (RBD-36), and a conventional 

single-point full-jet (SPFJ) nozzle with an orifice diameter of 1 mm. Schematics of both RBDs are 

shown in Figure 3. A supporting structure additionally reinforces all baffles on the RBD. Their 

working principle is described in detail in [6]. Compared to SPFJ nozzle liquid distributors, RBDs 

were directly attached to the lower rotor plate and, thus, rotate at the same 𝑛𝑛rot as the packing. 

Contrary to liquid injection with SPFJ nozzles, the liquid is specifically accelerated at each new 

rotor stage using RBDs, which guarantee defined boundary conditions at each new rotor stage in 

terms of liquid distribution (see Figure 4). The angle of the droplet break-up can be determined by 
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connecting the outer edge of the baffle with the entry of liquid towards the packing (see Figure 

4 c)). 

 

 

Figure 3. CAD drawings of the applied RBD in this study providing a) 12 baffles and b) 36 baffles. 

  

supporting structure 
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Figure 4. Top view and working principle of a) RBD-36, b) single-point full-jet (SPFJ) nozzle and 

c) RBD-12. Contrary to intuition, the liquid moves tangentially (proved by Pyka et al. [6]). 
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2.2 Experimental procedure 

The current study used air and water as fluids at ambient temperature and pressure. In counter-

current operation, 𝑉̇𝑉L and F-factor (𝐹𝐹G) were set to 60 l h-1 and 2.3 Pa0.5, respectively, to realize 

identical operating conditions compared with the study of Pyka et al. [6]. 𝑛𝑛rot of 300, 600 and 

900 rpm were investigated since they showed the most severe influence on separation performance 

for the different liquid distributors used in the study of Pyka et al. [6]. 

The applied gamma-ray CT scanner was introduced by Hampel et al. [18] and Bieberle et al. 

[19], and specific details of its assembling to the pilot-scale RPB facility were described recently 

[5, 15]. However, to enable liquid hold-up measurements in different packing heights, the gamma-

ray CT scanner is adjusted at different heights using a elevating platform (see Figure 2). 

Furthermore, the radiation fan beam is collimated to a height of 4 mm only. Five different axial 

measurement layers were selected in a step size of 1 mm to cover the entire metal foam packing 

height of 10 mm: 1) 1-5 mm, 2) 2-6 mm, 3) 3-7 mm, 4) 4-8 mm, and 5) 5-9 mm (see Figure 5). 
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Figure 5. Side view illustrating the liquid injection into the metal foam packing using RBDs (a) 

and SPFJ (b). The upper CT scanning layer covers the packing height between 5 mm and 9 mm. 

Before conducting gamma-ray CT scans, radiographic scans of the entire RPB were performed 

(see Figure 2) to ensure an almost plane-parallel orientation of the CT scanning layers compared 

with the metal foam packing. Data acquisition, synchronization with the RPB, and data processing 

including data reconstruction and liquid hold-up determination is described in detail by Loll et al. 

(2023).  

3. Results and Discussion 

3.1 Circumferential liquid distribution 

As illustrated in Figure 3, both RBD designs consist of several identical radial-symmetric and 

angular-symmetric segments, namely 12 and 36 (3×12), respectively. Thus, the liquid distribution 

in each 30° segment can be assumed identical. Furthermore, the number of RBD segments is well-

concerted with the number of support ring struts to provide an almost undisturbed liquid transfer 
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from the RBD into the packing. Thus, the liquid distribution in each 30° segment of the entire 

packing of the RPB can also be assumed identical. Finally, to enhance the liquid hold-up 

measurement accuracy and to ease comparisons of liquid hold-up measurements with those from 

SPFJ nozzle scans, segmentally-averaged circumferential liquid distributions of the analyzed 

packing layers are calculated. Additionally, the Polar-to-Cartesian transformed images are shown 

in Figure 6 for the three liquid distributors at constant 𝑛𝑛rot = 300 rpm. 
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Figure 6. Segmentally-averaged circumferential liquid hold-ups for RBD-12, RBD-36, and SPFJ 

nozzle as liquid distributor at different packing layer heights and constant 𝑛𝑛rot = 300 rpm, 

𝑉̇𝑉L = 60 l h-1, 𝐹𝐹G = 2.3 Pa0.5, ambient pressure and temperature. Water/air were used as fluids. Blue 

circled: High liquid accumulation after supporting ring. Corresponding scans at dry condition are 
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presented at the bottom. The rotation direction is counterclockwise. For better visualization of the 

liquid hold-up in the packing, this is indicated from 0 to ≥14 %. 

The packing starts at a radius of 81 mm (see Figure 6, dry reconstructions). Near the center of 

the RPB, liquid hold-ups ≥ 14 % represent the supplied liquid (see Figure 5), which is 

subsequently distributed via RBD or SPFJ nozzles. The liquid distribution within the packing is 

not uniform in the circumferential direction in all layers of the RPB operated with RBD-12, 

because the RBD-12 rotates with the same 𝑛𝑛rot as the rotor, i.e. the packing. Thus, the liquid 

breaking up from the baffles is accelerated tangentially, leading to a liquid distribution into the 

packing (see Figure 4c). Therefore, the highest liquid hold-ups are present in the extension of a 

tangent in the circumferential direction from the baffles (see Figure 4c) and the lowest in between. 

Furthermore, it can be observed that although the liquid is introduced tangentially from the edge 

of the baffles to the packing inner side, it subsequently flows radially outwards to the outer packing 

side. In other words, the liquid flow inside the packing is mainly driven by the centrifugal field. 

This behavior was also noticed by Groß et al. [5]. Contrary to Yan et al. [9], no curved trajectory 

of liquid could be observed in the entry region of the packing. They explained the curvature by the 

relative movement in the circumferential direction of liquid entering the packing when using a 

nozzle as a liquid distributor [9]. Fortunately, this relative movement is minor when using RBDs. 

Furthermore, while liquid accumulates at the support structures of the baffles, no significant 

liquid film can be detected at the baffles of the RBD-36 compared to the RBD-12. In the RBD-36, 

𝑉̇𝑉L per baffle is three times lower compared to the RBD-12. In rotary atomizers, the break-up 

mechanism is not only dependent on 𝑛𝑛rot but also on 𝑉̇𝑉L [20, 21]. Therefore, the combination of 

too-low 𝑉̇𝑉L (in this case: 60 l h-1) and too-low 𝑛𝑛rot (in this case: 300 rpm) do not lead to a film 

formation at the baffles, and eventually, no liquid breaks up at the baffles. Instead, the liquid simply 
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flows down to the lower rotor plate of the RPB. However, a high liquid accumulation is present at 

the baffles of RBD-12 and RBD-36 caused by the supporting structures (see Figure 3) and the 

liquid break-up at the outer edge of the baffle.  

A uniform circumferential liquid distribution is achieved when using an SPFJ nozzle due to the 

high 𝑛𝑛rot, although the liquid is statically introduced at one point only. This was also found by 

Groß et al. [5] and Pyka et al. [6]. Additionally, a high liquid accumulation is observed at the 

beginning of the packing of the initial and final angle of the sectionally averaged-circumferential 

liquid hold-up (see blue circles in Figure 6). This is attributed to the supporting ring (see Figure 

4), which can be recognized in the dry reconstructions (see Figure 6). Here, the liquid is divided, 

which will be further discussed at 𝑛𝑛rot = 900 rpm (see Figure 7).  
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Figure 7. Segmentally-averaged circumferential liquid hold-ups for RBD-12, RBD-36, and SPFJ 

nozzle as liquid distributor at different packing layer heights and constant 𝑛𝑛rot = 900 rpm, 

𝑉̇𝑉L = 60 l h-1, 𝐹𝐹G = 2.3 Pa0.5, ambient pressure and temperature. Water/air were used as fluids. Blue 
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circled: High liquid accumulation after supporting ring. Corresponding scans at dry condition are 

presented at the bottom. The rotation direction is counterclockwise. For better visualization of the 

liquid hold-up in the packing, this is indicated from 0 to ≥14 %. 

Again, the liquid is suppled in the center (liquid hold-up ≥ 14 %) showing similar patterns, since 

it is independent of 𝑛𝑛rot for the same measurement position. Generally, a lower liquid hold-up is 

obtained for the RBD-12 and the SPFJ nozzle at 𝑛𝑛rot = 900 rpm compared to 𝑛𝑛rot = 300 rpm due 

to the higher centrifugal acceleration. The liquid maldistribution within the packing generated by 

the RBD-12 is still visible at 900 rpm. The liquid hold-up decreases with increasing radius due to 

the increasing centrifugal acceleration.  

A uniform circumferential liquid distribution in all measurement layers is achieved using the 

RBD-36 at 𝑛𝑛rot = 900 rpm. In addition, film formation and liquid break-up at the baffles takes 

place at 𝑛𝑛rot = 900 rpm contrary to 𝑛𝑛rot = 300 rpm. Accordingly, higher liquid hold-up can be 

achieved with the RBD-36 at higher 𝑛𝑛rot. This confirms that uniform circumferential liquid 

distribution can be achieved with RBDs when using enough baffles. The uniformity can be 

quantitatively expressed by the coefficient of variation (CV) of the liquid hold-up, which is the 

ratio of standard deviation and mean value. Therefore, a low CV implies a uniform liquid 

distribution. The CV of the liquid hold-up using different liquid distributors was determined for 

the first 10 mm inside the packing averaged over all measuring layers. This low packing depth was 

chosen to reduce the influence of increasing cross-sectional area with radius on the liquid hold-up 

generated by the different liquid distributors. The resulting CV values are summarized in Table 2.  

 

Table 2. CV of the liquid hold-up for the first 10 mm of the packing using different liquid 

distributors at 𝑛𝑛rot = 300 rpm and 𝑛𝑛rot = 900 rpm. 
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 RBD-12 RBD-36 SPFJ nozzle 

CV(𝑛𝑛rot = 300 rpm) 0.78 0.89 0.40 

CV(𝑛𝑛rot = 900 rpm) 0.87 0.46 0.60 

 

These CV results confirm the qualitative observations discussed above. 

It should be noted that the circumferential distribution for the SPFJ nozzle is uniform regardless 

of 𝑛𝑛rot. The same liquid accumulation at 900 rpm is similar to 300 rpm at the beginning of the 

packing of the initial and final angle (see blue circles in Figure 7). Remarkably, such liquid 

accumulation is not generated by the RBD-36, because packing with support ring are rotating, 

while the liquid jet of the nozzle is static, which shears the liquid. Less liquid shearing occurs using 

the RBD-36 since it rotates with the RPB and the relative slip is lower.  

Figure 8 shows the average liquid hold-up based on the 12x30° sections and the five 

measurement layers of the first 10 mm inside the packing using the RBD-12 (detailed explanation 

in Appendix S1). Additionally, the full width at half maximum (FWHM) for each 𝑛𝑛rot is drawn in 

Figure 8. FWHM is the width between two x-values whose y-values are on half maximum (detailed 

explanation of FWHM in Appendix S2). The x-values for the calculation of FWHM were 

interpolated.  
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Figure 8. Liquid hold-up distributions in the segmental and packing height averaged 30° packing 

segment using the RBD-12, at 𝑛𝑛rot = 300, 600, 900 rpm, 𝑉̇𝑉L = 60 l h-1, 𝐹𝐹G = 2.3 Pa0.5, ambient 

pressure and temperature. Water/air were used as fluids. FWHM of each 𝑛𝑛rot is drawn.  

For better visualization, the support ring position in Figure 8 is shown this time at 14° and 15°, 

while in Figure 6 and Figure 7, it was set at 0° and 30°; the relative position between the support 

ring and RBD-12 is unchanged (detailed explanation in Appendix S1). As previously shown in 

Figures 6 and 7, the liquid hold-up decreases with increasing 𝑛𝑛rot. Also, the width of the 

distribution of the liquid hold-up initially decreases from FWHM(300 rpm) = 16.74 to 

FWHM(600 rpm) = 14.78 and then remains nearly constant at higher 𝑛𝑛rot 
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(FWHM(900 rpm) = 15.04). That is because the width of the distribution of the droplets breaking 

up from the baffles becomes initially smaller due to the higher acceleration. The higher 

acceleration at higher 𝑛𝑛rot also leads to a shift of the impact of the liquid on the packing towards 

larger angles. The liquid is more tangentially introduced to the packing (see Figure 4c) for 

𝑛𝑛rot ≥ 600 rpm compared with 300 rpm. At 𝑛𝑛rot = 600 and 𝑛𝑛rot = 900 rpm, the droplets break up 

at the baffle at an average angle of about 69° (angle drawn in Figure 4c) while an exclusive 

tangential break-up would result in an angle of 90°. Therefore, the droplets do not impinge the 

support ring (see Figure 4c). Due to the higher width of the distribution of the droplets breaking 

up from the baffles and the lower tangential trajectory of the droplets at 300 rpm, a part of the 

droplets impinge the support ring leading to a liquid accumulation. This liquid accumulation on 

the support ring could be prevented by shifting the relative position of the RBD-12 10° (clockwise) 

with respect to the support ring (see Figure 4 c). 

Eventually, the angle of the droplets’ trajectory could be calculated, showing that the droplets 

are not only accelerated tangentially when breaking up but also radially to some extent. These 

results demonstrate that using the RBD-36 can lead to a uniform circumferential liquid 

distribution, although a support ring occupies a marginal part of the cross-sectional area. 

 

3.2 Axial liquid distribution 

For improved visual and quantitative observations of the liquid distribution in the averaged 

axial section of the packing, the obtained angular-averaged radial liquid hold-up profiles from 

the CT scans are stacked together to a new axial liquid hold-up distribution that is, furthermore, 

up-scaled in packing height direction by the factor of two. Figure 9 compares the calculated axial 
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liquid distributions for the used liquid distributors and for 𝑛𝑛rot = 300 rpm and 𝑛𝑛rot = 900 rpm, 

respectively. 

 

Figure 9. Comparison of axial liquid hold-up distributions using RBD-12, RBD-36, and SPFJ 

nozzle as liquid distributors for a packing height of 9 mm using different 𝑛𝑛rot = 300 and 

𝑛𝑛rot = 900 rpm, 𝑉̇𝑉L = 60 l h-1, 𝐹𝐹G = 2.3 Pa0.5 as well as ambient pressure and temperature. 

Water/air were used as fluids. 

 

Usually, the liquid hold-up decreases with increasing packing radius because the liquid is more 

accelerated with increasing radius. Figure 9 proves the capability of the RBD-12 to distribute the 

liquid axially at 𝑛𝑛rot = 300 rpm. Surprisingly, using the RBD-36 does not provide such behavior. 
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Here, the liquid remains on the lower rotor plate. Therefore, the metal foam packing is not 

inherently capable of distributing the liquid axially. Remarkably, Pyka et al. [6] already identified 

a separation performance difference between RBD-12 and RBD-36 at 300 rpm. The new flow 

imaging results reveal that the higher separation performance with the RBD-12 is explicitly 

attributed to the better axial distributed liquid phase in the packing, i.e. a higher effective mass 

transfer area, compared to using the RBD-36. 

At 𝑛𝑛rot = 900 rpm, the axial liquid hold-up for the RBD-12 is the lowest compared to the other 

liquid distributors. That is because liquid maldistributions are present in the circumferential 

direction (see Figure 8). Nevertheless, a uniform liquid distribution in the axial direction could be 

achieved. 

Using the RBD-36, the liquid in the entry region of the packing is also uniformly distributed. 

This observation confirms the capability of the RBD-36 to distribute the liquid uniformly in both 

the circumferential and axial directions. Taking a close look, a slightly increased liquid hold-up is 

obtained next to the inner packing inlet at the lower packing height. A possible explanation is that 

the liquid is partially breaking up at the plate of the RBD-36, as already observed in the visual 

study of Pyka et al. [6]. When the packing radius increases, the increased liquid break-up at the 

lower packing height increases the wall flow at the lower rotor plate. Therefore, the height of the 

plate of the RBD-36 should be decreased in the future to avoid a liquid break-up that favors wall 

flow. 

Furthermore, the RBD-36 tend to induce a wall flow at the upper rotor plate. Similar to 

conventional distillation columns [1], such wall flow lead to separation performance losses since 

the effective mass transfer area is decreased. Although it is clearly notable that the liquid 

distribution is uniform in the first few millimeters of the packing, the liquid still accumulates at 
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the top and bottom rotor plates with increasing packing radius, resulting in dewetting in the center 

of the packing. 

Analyzing the axial liquid distribution in the entry region of the packing using the SPFJ nozzle 

at 300 rpm suggests that the liquid jet did not impinge the packing exactly at its very axial center 

since a higher liquid hold-up is present in its lower half. The liquid moves with an increasing 

packing radius from the lower half to the upper half of the packing resulting in a wall flow (see 

Figure 10).  

Figure 10. Schematic representation of the liquid distribution in axial direction generated by the 

SPFJ nozzle, which results in a wall flow at the upper rotor plate. 

In 1996, Burns et al. [8] already speculated about a wall flow based on their visual observation, 

however, could not quantify it. The axial movement of the liquid can be explained by a not exactly 

perpendicular impingement of the liquid jet into the packing in the axial direction, which is, in 

fact, impossible for practical reasons. Instead, in our case, the liquid jet is slightly directed upwards 

(see Figure 10) and does not entirely lose the upward momentum upon impact with the highly 

porous packing (porosity of 0.92). The maintained momentum eventually leads to a movement of 

the liquid toward the upper rotor plate. Once the liquid reaches at the upper rotor plate, it remains 

there, analogous to the behavior of the liquid at the lower rotor plate using the RBD-36. 
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Consequently, it results in an accumulation of the liquid at the upper rotor plate with increasing 

radius.  

The liquid movement towards the upper rotor plate with increasing packing radius is also present 

at 𝑛𝑛rot = 900 rpm when using the SPFJ nozzle. A preferred direction of the metal foam can be 

rather excluded considering the results of the liquid hold-up obtained for the RBDs. The 

comparison of the two different of liquid distribution rather supports the hypothesis that the 

momentum of the liquid jet is maintained while impinging on the metal foam packing. The liquid 

does not have momentum in the axial direction when using RBDs as liquid distributors since it is 

solely accelerated into the tangential direction resulting in a wall flow at the upper and lower rotor 

plate with increasing radius. Another point supporting the hypothesis is the fact that the direction 

of deflection of the liquid jet by the support ring is maintained over tens of millimeters (see blue 

circles in Figures 6 and 7). By comparing the liquid hold-up using the RBD-36 with the SPFJ 

nozzle injection, it becomes apparent that the RBD-36 leads to higher liquid hold-up in the axial 

direction. When using the SPFJ nozzle, the packing is nearly completely dry at the outer radius 

and the lower packing half due to the movement of the liquid toward the upper rotor plate. This 

also explains the higher separation performance achieved when using the RBD-36 compared to 

the SPFJ nozzle at 900 rpm in the study of Pyka et al. [6]. Thus, using the RBD-36 leads to a more 

uniform liquid distribution of the packing, leading to better wetting and ultimately to a higher 

effective mass transfer area. 

In summary, we measured the liquid hold-up in the axial direction of a metal foam packing inside 

an RPB over the entire packing height while using three different liquid distributors. The RBD-36 

lead to a more uniform liquid distribution compared with RBD-12 and SPFJ nozzle at 

𝑛𝑛rot = 900 rpm, indicating that nozzles are more prone to inducing wall flow due to the pressurized 
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inlet. This wall flow will not be redistributed towards the packing but will accumulate with 

increasing packing radius. The results do not only explain the improved separation performance 

using the RBD-36 compared to the SPFJ nozzle, they also explain the limited scalability of single-

block packings in terms of the radius [23, 24]. The increasing wall flow with increasing packing 

radius will lead to a decreasing effective mass transfer area with increasing packing radius. 

Therefore, internals are required to counteract the wall flow using single-block packings. Another 

way to counteract wall flow is to use packing structures that distribute the liquid inherently. 

4. Conclusions 
We presented a liquid hold-up study of three different liquid distributors applied in an RPB 

operated with water/air at atmospheric conditions for different rotational speeds. Determined 

liquid hold-up distributions using non-invasive gamma-ray CT can finally explain previously 

observed differences in separation performance depending on the installed type of liquid 

distributors. The tomographic data acquisition was synchronized with the rotating packing to 

investigate the liquid behavior within the rotating packing of 10 mm height. In addition, the angle 

of the break-up and the width of the distribution of the droplets from the baffles could be estimated. 

The findings of this study enable future optimization of RBD designs with regard to the number 

of baffles and the plate to achieve high separation performance of multi-rotor RPBs. Furthermore, 

a systematic investigation of the influence of the entry angle of the liquid jet of a nozzle should be 

conducted to validate the hypothesis of maintaining the momentum of the liquid jet while entering 

the packing.  
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Nomenclature 
Latin letters 

𝐹𝐹G F-factor Pa0.5 

𝑛𝑛rot Rotational speed rpm 

𝑉̇𝑉 Flow rate L min-1 

   

 

Subscripts 

G Gas  

L Liquid  

 

Abbreviations  

CT Computed tomography  

CV Coefficient of variation  

FI Flow indicator  

RBD-12 Rotating baffle distributor with 12 baffles  

RBD-36 Rotating baffle distributor with 36 baffles  

RPB Rotating packed bed  

SPFJ  Single-point full-jet  
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