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Abstract 

In this paper, we report on the use of a high energy and high resolution X-ray tomograph to 

visualize and quantify the distribution of liquid hold up and of gas-liquid interfacial area in a 

0.1m diameter column filled with MellapakPlus 752.Y packing elements. A standard air-

water system at room temperature and atmospheric pressure was used. Tomographic 

measurements have been carried out in a large number of packing cross sections situated at 

different heights between the top and the bottom of the packed column, giving access to the 

evolution of axial profiles of liquid hold up and of gas-liquid interfacial area as a function of 

the operating conditions. Gas-liquid interfacial area values were also measured by a chemical 

method (CO2 absorption from air into a caustic solution). For the first time, a whole set of 

gas-liquid interfacial area values evaluated from tomographic images are interestingly 

compared with values measured by a chemical method. A comparison is also presented with 

literature models.  



 

1. Introduction 

 

Metal structured packings are efficient and widely used in vapour-liquid contacting devices 

(distillation, reactive distillation columns, absorption). In fact, their high void fraction lead to 

very low pressure drop values and thus to high capacities, whereas their high surface areas 

lead to high separation efficiencies. A lot of work has been done, mostly in the industrial 

world, to improve the performance of distillation columns (Adler et al., 2000; Olujic et al., 

2003; Schmit and Eldridge, 2004). In particular, a considerable research effort has been 

devoted to the improvement of structured packing design in order to increase their capacity as 

well as their separation efficiency (Olujic et al., 2000, 2003, 2007; Billingham et al., 1999; 

Bender et al., 2003).  

In this paper, we focused on MellapakPlus packings and more specifically on the 

MellapakPlus 752.Y type. This family of “high performance” packing belongs to one of the 

most recent generations of structured packings manufactured by Sulzer Chemtech. They were 

developed in 1999 from both experiments and computational fluid dynamics (CFD) on basis 

of traditional Mellapak (Spiegel et al., 2003). The modified bottom and top ends of each 

packing layer allows avoiding premature flooding occurring at the junction between two 

structured packing elements. Compared to conventional Mellapak with similar specific 

surface area, the pressure drop is lower and the capacity is higher (Brunazzi et al. 2002, Olujic 

et al. 2009).  

However, to fully take advantage of these potentialities requires a better understanding of 

complex multiphase flow phenomena occurring in structured packed bed. Of particular 

interest for the improvement of predictive performance models, based on a description of 

vapour-liquid flow in packed columns is the quantification of global values of liquid hold up 



and of effective mass transfer area, as well as the spatial distributions of these quantities. 

Gaining a more thorough understanding of the local scale flow in packed columns will allow 

for the development of more accurate predictive models. Hydrodynamic quantities such as 

liquid hold up and gas-liquid interfacial area have thus to be measured at a very small scale. 

X-ray tomography has been shown to be an efficient non-intrusive tool to see inside and to 

adequately image the liquid and vapour flow distribution in packed columns (Schmit et al., 

2001, 2004; Schmit and Eldridge, 2004; Green et al., 2007; Toye et al., 2005; Aferka et al., 

2007, 2010a, 2010b; Viva et al. 2010).  Green et al. (2007) used X-ray CT to determine the 

effective wetted area and local liquid hold up for an air-water contactor containing structured 

packings, and especially traditional Mellapak 250.Y. However, these authors evaluated the 

effective wetted area for only one liquid flow rate and thus, they do not provide any 

information on the evolution of effective wetted area as a function of operating conditions. 

Aferka et al. (2010a) proposed an original image processing methodology to determine the 

interfacial gas-liquid area from tomographic images of complex catalytic packings.   

In this paper, a high energy and high resolution X-ray tomograph is used to measure the 

evolution of axial profiles of liquid hold up and of gas-liquid interfacial area as a function of 

the operating conditions. Averaging these distributions gives access to global, bed scale 

values which may be compared, for validation, to global values measured by traditional 

methods, as well as to values predicted by correlations available in the literature.  

 

 

2. Experimental set up 

 

The column used in this study is 4 m high and has an inner diameter equal to 0.1 m. It is made 

of transparent PVC. The packed bed (0.8 m high) is constituted by four MellapakPlus 752.Y 



elements rotated by 90° with respect to each other. MellapakPlus 752.Y is a high capacity 

structured packing, manufactured by Sulzer Chemtech, CH. Packing elements are 0.2 m high, 

their diameter equal 0.10 m. They are made of the vertical juxtaposition of 0.1 mm thick 

stainless steel corrugated sheets that are embossed and perforated with 4 mm holes (Figure1). 

The packing element geometric characteristics are presented in table 1. An air-water system 

was used as working fluids. The superficial velocities of the liquid and gas phases ranged 

between 4.62 and 23.10 m³/(m² h) and 0 and 2 m/s, respectively. A multiple point source 

distributor (4000 drip points/m²) was used to feed the liquid at the top of the column. To 

ensure an even initial liquid distribution in the structured packed bed, a 0.5 m high layer of 

random packings (plastic Pall rings, 1 inch diam.) is installed between the liquid distributor 

and the top of the structured packing. 

Figure 1 

Table 1 

 

3. Experimental methods 

 

3.1 X-ray Tomography  

The X-ray CT facility is a high energy (420 kV) X-ray tomograph equipped with a fan beam 

X-ray source and with a 1280 photodiodes linear detector which are both fixed on an arm able 

to translate vertically along the scanned object height (Figure 2). Scanned objects are put on a 

rotating plate which may perform a complete revolution around a vertical axis. There are 2560 

angular positions for a complete turn (360°) for each scan. Objects with diameters up to 0.45 

m diameter and with height up to 3.8 m may be analyzed with a spatial resolution equal to 

0.37 mm. More details are provided in Toye et al. (2005). This X-ray CT may work in 

radiographic mode as well as in tomographic mode. When used in radiographic mode, the 



rotating plate of the scanner is deactivated and the scanned object remains fixed. 2D 

radiographic images correspond to X-ray attenuation horizontal profiles measured at different 

heights by vertically translating the arm. In tomographic mode, the vertical arm remains fixed 

while the scanned object is rotated in order to get attenuation profiles for all angular positions. 

From these attenuation data, one may obtain the image of the column cross-section 

corresponding to the vertical position of the arm. Images of cross sections situated at different 

heights may be obtained by repeating the measurement procedure for different positions of the 

arm supporting the X-ray source and the detector. X-ray tomography is thus a time consuming 

measurement technique as, for each operating condition, a large number of cross section 

images (70 in the present work) have to be reconstructed to get information on phase 

distributions relative to the whole bed.   

Figure 3 shows a radiographic image (radiogram) of the whole packed bed obtained with the 

X-ray CT used in radiographic mode. On this radiogram, one may see four MellapakPlus 

752.Y (M1, M2, M3, M4) and a 0.5 m high layer of Pall rings. Above, the liquid distributor is 

visible. The round patch on the column wall corresponds to a pressure measurement point. 

 

Figure 2 

Figure 3 

 

Tomographic measurements have been performed in packing cross sections situated at 

different heights between the top and the bottom of the packed column with, as well as 

without, liquid and gas flow. As explained in more details in Toye et al. (2005), reconstructed 

images of these cross sections are obtained by a classical linear back projection algorithm 

adapted to the fan beam geometry implemented in the Fourier domain. To obtain the liquid 

contribution, the projection data obtained on the dry column are subtracted, before 



reconstruction, from those obtained at the same height on the irrigated column. The resulting 

projection data are then used to obtain liquid distribution image.  

In order to eliminate the background noise affecting reconstructed images, various numerical 

treatments are applied to raw images (Aferka et al., 2007). Reconstructed sections are squares 

of 499x499 pixels and the spatial resolution in horizontal planes is around 0.36 mm. 

 

 

3.2 Global methods used in this study 

Draining method  

The draining method is classically used to obtain dynamic liquid hold up values relative to the 

whole packed bed, i.e. global values. It consists in the following steps. First, a steady-state 

liquid flow is reached in the packed bed. Next, the liquid and gas feed are stopped 

simultaneously and the liquid draining by gravity is collected at the bottom of the packed bed. 

The dynamic liquid hold up, which corresponds to liquid retained inside the packed bed under 

operation, is then computed as the ratio between the volume of collected liquid and the total 

volume of the packed bed.  

In the present study we used the experimental facility described by Viva and Brunazzi (2009) 

in their investigation on catalytic packing. The 0.1 m internal diameter column was filled with 

the four MellapakPlus 752.Y packing elements. The liquid was fed by means of a multiple 

point distributor (4000 drip points/m²) and liquid loads up to 26 m³/(m² h) were tested. The 

results refer to draining times of 15 min. 

The main advantages of the draining method are its simplicity and its speed as values of 

dynamic liquid hold up are obtained immediately without requiring any complex equipment. 

However, due to its global nature, it does not give access to any information on the local scale 

phenomena occurring within the packed bed.  



 

 Chemical method (CO2 absorption in a caustic solution)  

Chemical absorption rate data in the fast-reaction regime is frequently employed to determine 

effective gas-liquid interfacial area in packed columns (Danckwerts, 1970, Charpentier, 

1976).  

Among the large variety of the two-fluid systems, the absorption of CO2 into NaOH solution 

is especially proper (Kolev et al. 2006, Rejl et al. 2009). CO2 reacts in the liquid phase with 

NaOH and forms bicarbonate and carbonate. The reaction is of second order and the 

formation of the bicarbonate ion is the limiting reaction. The value of its equilibrium constant 

at ambient temperature is large enough to allow considering the reaction as practically 

irreversible. The kinetics of the system has been extensively studied and characterised 

(Pohorecki and Moniuk, 1988, Kolev et al. 2006).  

Weimer and Schaber (1996) have extensively investigated how the test conditions must be 

chosen in order to operate in the desired fast reaction of pseudo-first order condition. They 

found that using air (i.e. with only some 380 ppmv CO2), instead of a CO2 enriched gas 

stream, has no effect on the reaction regime, and that the method is preferable because this 

way, the use of chemicals is significantly reduced and more importantly caustic and carbonate 

concentrations change very slowly. The gas side resistance is limited by operating at high gas 

velocities (1-2 m/s). Effective gas-liquid interfacial area measurements using air and 0.1-1 

molar NaOH solution have been recently reported by Tsai et al. (2010), Alix et al. (2010), 

Duss et al. (2010) to characterise structured packing. 

In this paper we used the same method to determine the effective interfacial area of 

MellapakPlus 752.Y. 

The experimental setup for this study is located at the Department of Chemical Engineering of 

the University of Pisa. The column has an internal diameter of 0.10 m and is 2 m high. It is 



made of transparent plexiglass. The packed bed is constituted by seven MellapakPlus 752.Y 

elements, rotated by 90° with respect to each other. The column was operated at atmospheric 

pressure and room temperature. 

Air is supplied by a compressor, pre-humidified and fed at the bottom of the column. Gas 

velocities were comprised between 0.6 and 1.4 m/s. A multiple point source distributor was 

used to feed the liquid at the top of the column. The liquid was a 0.3 molar sodium hydroxide 

solution recirculating at liquid loads ranging from 5 to 27 m³/(m² h). The column is attached 

to a 500 litre capacity storage which ensures that the caustic solution concentration is constant 

during the tests. Nevertheless, liquid samples both at the inlet and the outlet of the packing 

were taken during the runs. The concentrations of hydroxides and carbonates in the liquid 

samples were determined by titration with HCl. Also temperature of gas and liquid were 

accurately measured during the runs. Ionic strength of the solution, hydroxides concentration 

and temperatures have a significant impact when evaluating the interfacial area (Duss at al., 

2010) this is the reason why they need to be accurately measured and monitored. 

Gas samples were withdrawn at different locations along the column. Besides monitoring inlet 

and outlet air streams, samplings were taken directly from the packed portion of the column to 

avoid end effects (Rejl et al. 2009). The CO2 concentration was measured by an infrared gas 

analyzer (Ecocontrol AD 30), calibrated with N2 for zero point and 590 ppm CO2/air span gas. 

The 4-20mA signal was recorded continuously on a data logger and stored on a PC. 

To evaluate the effective interfacial area from the resulting experimental data we used the 

physico-chemical property values and reaction kinetic constants published by Pohorecki and 

Moniuk (1988).  

Similarly to Alix et al. (2010), one dimensional and stationary plug flows of gas and liquid 

were assumed within the packed bed as well as isobar and isotherm operating conditions. The 

material balance on a differential section of the column was integrated over the packed bed to 



calculate the composition profiles along the column. The effective interfacial area was 

assumed to be constant. It is the only parameter to adjust in order to fit the measured CO2 

profile and meet the sodium hydroxide concentration in the liquid bulk measured at the 

column inlet and outlet. The gas side resistance was estimated to account for 4-7 % of the 

overall mass transfer resistance, with the gas-side mass transfer coefficient calculated from 

the correlation of Brunazzi et al. (1995). 

 

4. Results and discussions 

 

4.1 Images of dry packings 

 

In order to get images of packing without any residual liquid, packing elements were dried in 

oven at 100°C for 10 hours before tomographic measurements. Figure 4 illustrates a 

reconstructed cross section of a MellapakPlus 752.Y packing element, scanned at a height 

situated near the top of the element (red line on the picture). Column wall (1), corrugated 

sheet (2), wall wiper (3), perforations (4) and embossing are clearly visible.  

 

Figure 4 

 

4.2 Geometrical parameters computed from tomographic images 

In order to get quantitative information from tomographic images, some numerical treatments 

are required (thresholding, skeletisation, normalisation …). Figures 5a and 5b show the axial 

profiles of porosity and of geometric specific surface area in the packed bed made of four 

MellapakPlus 752.Y. The porosity and specific surface area are estimated on 70 sections 

distributed along the bed height. The vertical lines correspond to nominal values provided by 



the packing manufacturer and listed in Table 1. Logically, cross sections surrounded by wall 

wipers are characterised by lower porosity values and by higher specific surface area. Porosity 

and specific surface area values relative to the whole packed bed, i.e. volumetric or global 

values, can be estimated by averaging local values relative to the 70 cross sections.  

The global value of porosity equals 0.971 if all cross sections are taken into account. A higher 

value, equal to 0.975 is obtained if only cross sections without wall wipers are considered.  

This last value matches the nominal porosity provided by the manufacturer, which does take 

the contribution of wall wipers into account. Green et al. (2007) also observed this difference 

for traditional Mellapak 250.Y. 

The axial profile of geometric specific surface area is quite non uniform, due to the presence 

of wall wipers which increase the local value of specific surface area and of perforations in 

the corrugated sheets of packings which decrease the local specific surface area. A global 

value equal to 454 m2/m3 is obtained if all the 70 reconstructed cross section are considered, 

while it only equals 411 m2/m3 if cross sections surrounded by a wall wiper are not 

considered. If the nominal value provided by the packing manufacturer is corrected to account 

for the impact of perforations (-10%), of wall wipers (+9%) and of the actual diameter of the 

packing (-10%) (Aferka et al., 2010a), a value of 450 m2/m3 is obtained, which is in good 

agreement with the result obtained from the global set of tomographic measurements. 

 

 Figure 5 

4.3  Images of irrigated packings 

In order to get a good wetting of the packing in irrigated conditions, the packed column is first 

completely filled with water. Then, before each measurement, the column is again pre-wetted 

with a high liquid flow rate. To analyse the influence of a counter-current gas flow on liquid 

distribution, air has been injected at the bottom of the structured packed bed.  



Measurements are performed using liquid superficial velocities ranging between 0 and 23.10 

m³/(m² h) and with gas superficial velocities ranging between 0 and 2 m/s, which correspond 

to FG factors ranging between 0 and 2.2 m/s (kg/m³)0.5. 

Figure 6 presents images of irrigated packing corresponding to cross sections situated at 

different heights in the column. In this figure, axes are given in pixels. One pixel has a length 

equal to 0.36 mm. On all images, the liquid superficial velocity equals 23.10 m³/m².h and 

there is no gas flow.  

To obtain these images, we proceed as follows. First, dry packing images are recorded, 

reconstructed and thresholded, leading to the gray part of the images. Then, corresponding 

irrigated cross sections are reconstructed and thresholded, leading to the blue part of the 

images. Finally, gray and blue parts are superimposed. Qualitatively, we notice that liquid 

distribution in cross sections is almost uniform, even if thicker liquid zones are observed near 

the contact points between adjacent corrugated sheets.  Liquid has adopted the same shape as 

corrugated sheets indicating that the film flow predominates. One can also observe that wall 

flow is limited which indicates that wall wipers efficiently push the liquid back towards the 

inside of the bed (Figures 6a, 6c, 6d).  

 

Figure 6  

 

4.4 Liquid hold up measurement by X-ray CT 

X-ray CT gives access to static and total liquid hold up contributions:   

- the static liquid hold up is the liquid remaining in the packed bed after drainage. It 

corresponds to liquid trapped at contact points between adjacent corrugated sheets or 

to liquid drops remaining on the sheets after the liquid films covering these sheets are 

broken by drainage; 



- the total liquid hold up is the liquid effectively present in the packing during operation.  

On reconstructed images, the pixel size is larger than the size of individual liquid flow 

structures (films, rivulets, droplets). To take this partial volume effect into account and get 

accurate quantitative values for liquid hold up, a normalization factor corresponding to a pixel 

completely filled with liquid has to be determined. To this end, the column is totally filled 

with water and tomographic images of liquid distribution are recorded in a large number of 

cross sections.  The normalization factor for liquid is then determined a posteriori, in such 

way that the total liquid hold up in the completely flooded bed equals to its porosity, 

previously measured on dry packing images.  

 

Static hold up  

For the determination of static liquid hold up, the column is first totally filled with liquid, and 

then drained during 24 hours. Figure 7 shows images of static liquid hold up distributions 

measured in cross sections situated near the bottom (7a) and near the top (7b) of a 

MellapakPlus 752.Y packing element, respectively. The blue part of the images corresponds 

to liquid contribution and the gray part to the solid phase. As expected, the liquid is mainly 

retained at the contact points between adjacent corrugated sheets and in the internal porosity 

of wall wiper. On figure 8, the static hold up obtained by X-ray tomography at various heights 

in the four MellapakPlus 752.Y elements is plotted as a function of elevation from the bottom 

of the structured packed bed.  All static liquid hold up values are very low, ranging between 1 

and 2 %, depending on the number of  the contact  points between adjacent corrugated sheets 

and the presence of wall wiper. Peaks correspond to cross-sections at the transition between 

packing elements. In fact, in this zone, there are more contact points due to the contact 

between packing elements. 

Figure 7 



 

Figure 8  

 

Liquid flow without gas 

 

Figure 9 presents axial profiles of total liquid hold up for different liquid superficial velocities 

as a function of elevation from the bottom of the structured packed bed. There is no gas flow. 

As expected, the total liquid hold up increases with liquid velocity. Liquid hold up values are 

not constant along the packed bed height. Minimum values are observed at junctions between 

elements of MellapakPlus 752.Y. In these cross sections, the packing specific surface area 

decreases and liquid flows in the form of small rivulets.   

 

Figure 9 

 

Counter-current gas-liquid flow 

Figure 10 shows the influence of a counter current gas flow on liquid hold up in the column. It 

presents global values of the total liquid hold up as a function of gas velocity for different 

liquid velocities. These global values are obtained by averaging local hold up values relative 

to different cross sections distributed along the whole packed bed height. As expected, liquid 

hold up increases with liquid and gas velocity. The gas flow has a less pronounced influence, 

particularly at low liquid velocity, far from the loading point. The influence of the FG factor is 

however more clearly observed at higher liquid velocities, when approaching the loading 

point. Experimentally flooding points occurred at FG around 2, 2.5 and above 3.5 m/s 

(kg/m³)0.5 for the liquid loads of 23.1, 12.7 and 4.62 m³/(m² h), respectively. 

 



Figure 10 

Comparison with other data 

In order to assess the reliability of global liquid hold up values measured from tomographic 

images, they are compared to other experimental values, as well as with values predicted 

using proven correlations available in literature.  

Figure 11 compares two sets of experimental values of global liquid hold up obtained by 

tomography and by the draining technique by Viva (2008) on exactly similar packed beds (0.1 

m inner diameter column packed with 4 MellapakPlus 752.Y elements). The data from Viva 

include a 1.3% static hold up contribution, and for each liquid load are within ± 3-4 % of the 

mean value. A very good agreement is observed. 

Figure 11 

 

Figure 12 compares X-ray tomography values of total liquid hold up with values calculated 

with several correlations available in the literature. A fairly  good agreement is observed with 

predictions of correlations proposed by Suess and Spiegel (1992). In fact, Suess and Spiegel 

measured liquid hold up for various types of Mellapak packings (i.e. 250.X, 250.Y, and 

500.Y). The X and Y version differ in the corrugation angle with respect to the horizontal 

axis, which is of 60° for the X version and of 45° for the Y version. They have shown that the 

corrugation angle has a negligible effect on the liquid hold up whereas the specific surface 

area affects significantly the liquid hold up. The MellapakPlus 752.Y is the high performance 

version of the Mellapak 500.Y: the two packings have similar specific surface area, while the 

corrugation angle differs of just 3° in the main portion of the packing. Hence it can be 

supposed that the liquid hold up correlation given for Mellapak 500.Y is reasonable for 

evaluating the liquid hold up of the MellapakPlus 752.Y. The last version of the software 

Sulpak developed by Sulzer Chemtech (Sulcol 2.0.9), which includes MellapakPlus packings, 



calculates the same hold up for the two packings. Moreover, correspondence between 

experimental data and calculated values using Sulcol was confirmed also by Olujic et al. 

(2007). 

Figure 12  

 

4.5 Gas-Liquid interfacial area  

4.5.1 From tomographic images 

The gas-liquid interfacial area is measured on tomographic images using an original method 

developed at the Chemical Engineering Laboratory of the University of Liège. It is based on 

the counting of the number of liquid pixels which are in contact with the gas phase. It is 

described in more details in Aferka et al. (2010a).  

Figure 13 shows axial profiles of gas-liquid interfacial area measured for different liquid 

velocities as a function of elevation from the bottom of the structured packed bed.  These 

profiles show that the gas-liquid interfacial area is not constant over the whole packed bed 

height. A comparison of figures 6b and 13 shows that, for all liquid loads, the interfacial 

surface area in a cross section is strongly correlated to the packing specific area in this cross 

section. So, logically, comments relative to the distribution of specific surface area remain 

valid for the distribution of gas-liquid interfacial area. Maximum values of interfacial area are 

measured in cross sections surrounded by a wall wiper and minimum values are observed in 

cross sections not surrounded by a wall wiper and where packing corrugated sheets are 

perforated.  

Figure 13 

Global values of gas-liquid interfacial area may be computed by averaging local values 

relative to cross sections distributed over the whole column height. They range between 255 

and 454 m²/m³, depending on the operating conditions. The last value, 454 m²/m³, is measured 



for the highest liquid flowrate. It equals the packing specific surface area value computed 

from tomographic images, indicating that, in these conditions, the whole packing surface is 

wetted by the liquid flow.  

The quality of contact between gas and liquid may interestingly be represented by the ratio 

aGL/aSP. Figure 14 shows the effect of gas on the profile of the fractional area (aGL/aSP) over 

the whole packed bed height for a liquid flow rate equal to 12.7 m³/(m² h) and for three values 

of the FG factor. The mean value of the ratio aGL/aSP calculated for these operating conditions 

are respectively equal to 0.71, 0.76 and 0.82 m²/m³. Logically, for a given liquid flow rate, the 

interfacial area increases with gas flow rates.  

Figure 14 

4.5.2 Comparisons with other data 

Global values computed from tomographic images are compared with other data in order to 

assess the reliability of this new method. Tomographic results are first compared to 

experimental data obtained by a chemical method (carbon dioxide absorption into an aqueous 

solution of sodium hydroxide). The measured global area are within ± 3% of the mean value 

for each liquid load.  As shown on figure 15, a surprisingly good agreement is found between 

values obtained by using these experimental techniques. At first sight, the agreement between 

the two techniques was not obvious as the interfacial area measured by absorption technique 

corresponds to the reactive area which is not necessarily equal to the geometrical interfacial 

area measured from tomographic images.  

Figure 15 

Figure 16 compares tomographic results (for FG = 0.5 m/s (kg/m³)0.5) with values of gas-liquid 

interfacial area calculated with correlations available in the literature. The agreement with 

predicted values is good for the correlation proposed by Tsai et al. (2010).  Larger deviations 

are observed if tomographic results are compared to the correlations suggested by Behrens 



(2006) and by Rocha et al. (1996) which both predict significantly lower values of aGL. This 

behaviour can be explained as partly due to a reliance on distillation data (Tsai et al. 2010), 

which generally consists of systems with lower surface tension compared to aqueous systems. 

The figure shows also the values predicted by using the correlation suggested by de Brito et 

al. (1994) developed from experiments with the CO2/NaOH system on Mellapak type 

packings. As clearly discussed recently by Rejl et al. (2009), the suspicious high wetted area 

evaluated by the correlation from de Brito et al. is due to the wrong set of physico-chemical 

property values and reaction kinetic constants used by the authors to evaluate effective area 

from CO2 transfer rate. 

Figure 16 

 

5. Conclusions 

High energy, high resolution tomography has been successfully applied to visualize liquid 

distribution in a structured packed bed as a function of operating conditions. An original 

image processing methodology was used to analyse tomographic images and to compute local 

and global values of liquid hold up and of gas-liquid interfacial area.  

For the first time, a whole set of tomographic values of global liquid hold up and of gas-liquid 

interfacial area, relative to complete range of operating conditions, was successfully compared 

to previously published liquid hold up data and to new experimental values of interfacial area. 

The very good agreement observed between all experimental data as well as with literature 

correlations allows assessing the reliability of this new measurement technique. 

Moreover, x-ray tomography gives access to the liquid distribution down to a very local scale. 

The analysis of cross section images show that liquid hold up and gas-liquid interfacial area  

are far from constant in the whole packed bed as generally assumed in hydrodynamic models. 

Their values as well as their spatial distributions vary strongly from one cross section to the 



next one along the packing height. The analysis of liquid distribution in packing cross sections 

reveals a liquid accumulation at contact points between adjacent corrugated sheets. Liquid 

also seems to accumulate preferentially in cross sections surrounded by a wall wiper. All 

these local accumulations of liquid may lead to premature flooding of the packed bed.  

 

All these information relative to the local scale distribution of liquid and of hydrodynamic 

quantities such as liquid hold up and gas-liquid interfacial area are invaluable to improve the 

description of hydrodynamics in rate based performance models.  
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 Figures legends: 
 
Figure 1: Photo of the MellapakPlus 752.Y (Top and side view). 
Figure 2: X-ray CT device. 
Figure 3: Radiogram of the column. 
Figure 4: Raw image in grayscale of a cross section of MellapakPlus 752.Y 
Figure 5: Profile of porosity and of specific area along the column height for MellapakPlus 
752.Y. 
Figure 6: Evolution of liquid distribution inside MellapakPlus 752.Y: a) 500 mm, b) 600 mm, 
c) 700 mm and d) 800 mm from the bottom of packed bed for UL = 23.10 m³/(m² h)  and no 
gas. 
Figure 7: Static liquid hold up in a cross section near the bottom (a) and near the top (b) of the 
MellapakPlus 752.Y packing. 
Figure 8: Static liquid hold up vs. Height in the bed. 



Figure 9: Axial profile of total liquid hold up along the column height for different liquid 
superficial velocities and with no gas load. 
Figure 10: Global values of total liquid hold up for different liquid and gas velocities. 
Figure 11: Global liquid hold up as function of liquid velocity. 
Figure 12: Comparison between values of liquid hold up obtained from x-ray tomography and 
correlations available in the literature. 
Figure 13: Gas-liquid interfacial area along the column height for different superficial liquid 
velocity and no gas. 
Figure 14: Profile of the ratio aGL/aSP along the packed bed height for UL = 12.7 m³/(m² h)  
and for different values of the FG factor. 
Figure 15: G/L interfacial area vs liquid load. Comparison between tomographic results (for 
FG = 1.3 m/s (kg/m³)0.5) and data obtained from the chemical method (for FG = 0.7-1.5 m/s 
(kg/m³)0.5). 
Figure 16: G/L interfacial area vs liquid load. Comparison between tomographic results (FG = 
0.5 m/s (kg/m³)0.5) and computed values. 
 
Table legend: 

Table 1: MellapakPlus 752.Y geometrical parameters. 
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