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ABSTRACT 

 

Local liquid and gas maldistribution and their holdups in a packed column are difficult to 

identify due to multiphase properties and other design factors. Good liquid and gas flow 

distribution important to determine to get high performance of Trickle Bed Reactor (TBR). Gross 

maldistribution indicates some faulty or bad flow distribution of liquid and gas. In this work, 

gross maldistribution of phases has been identified using Gamma Ray Densitometry (GRD) 

technique with three types of inlet distributors (single inlet towards the wall, single inlet at the 

center, and proper shower) by measuring line average diameter profile of phases (Liquid, Gas, 

and Solids) holdups. Gamma-ray densitometry is a non-invasive technique which can be 

implemented at the laboratory, pilot plant, and industrial scales reactors. Experiments were 

performed on 0.14 m diameter reactor made of Plexiglas filled with 0.003 m glass bead which 

acts as the solid. The superficial velocities for both gas and liquid were in the range 0.03 m/s to 

0.27 m/s and 0.004 m/s to 0.014 m/s respectively. Proper shower distributor showed early liquid 

spreading than compared with other distributors. The effect of superficial gas velocity on liquid 

spread was seen to be non-significant, and liquid distribution is found to be almost uniform at the 

center region of the catalyst bed. 
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1. INTRODUCTION 

 

Maldistribution or inhomogeneous flow, in general, can be termed as improper flow 

distribution of phases along the catalyst bed in Trickle-Bed Re-actors. In trickle bed reactor, 

liquid maldistribution can be classified into two categories: gross maldistribution and local 

maldistribution. Improper liquid distribution at the inlet causes gross maldistribution which 

can be minimized by proper design of the distributor. On the other hand, local 

maldistribution may occur due to various factors such as properties of particles (size, shape, 

surface roughness, etc.), the arrangement of particles, packing density, and properties of the 

gas and liquid phases.  

Liquid distribution in Trickle Bed Reactors (TBRs) can significantly influence its 

performance. Poor liquid distribution can lead to significant gas or liquid pockets, resulting 

in a reduced overall external mass transfer of gas or liquid reactants to the catalyst surface 

and lower the reactor performance. If the reaction is exothermic and comprises volatile liquid 

components, then the gas phase reactions in the non-wetted region can cause the formation of 

local hot spots leading to catalyst deactivation. Therefore, uniform distribution of the liquid 

at the inlet as well as in the bed is essential for achieving better performance of the reactor. 

There are many factors which can result in maldistribution of phases; some of them are 

partial wetting, flow rates of liquid and gas, non-uniform distributor, etc. Ideal inlet 

distributor should dispense the liquid phase uniformly at the top of the column thus 

facilitating the uniformity of liquid distribution in the remainder of the bed. Proper 

distribution at the inlet of the bed is one of the effective ways to minimize adverse effects of 

the liquid maldistribution. Despite uniform distribution at the inlet, liquid maldistribution 

may occur along the length of the column because of other factors such as packing 

characteristics and bed tilt. In such cases, redistribution of liquid after a certain height of the 

bed is necessary to control the liquid maldistribution. It is important to note that the porous 

bed of catalyst particles facilitates liquid distribution. A significant portion of the bed near 

the liquid inlet may remain unwetted, if proper distributor at the inlet is not used.  

 Alvarez et al. (2007) reviewed the critical role of internals including reactor inlet that 
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could provide the initial distribution of the reactants and protection against fouling and 

maldistribution.  Mederos et al. (2009) showed the effect of column diameter on 

maldistribution by reporting that in reactors larger than 0.0254 m diameter observed a 

significant liquid maldistribution. Various distributor designs used in the industrial TBRs are 

thoroughly reviewed by Maiti & Nigam, (2007). 

 
Studies reveal that if the liquid is introduced non-uniformly at the top of the bed, the ow 

distribution is not likely to improve down the bed even for the conditions of the high gas 

velocity  (Maiti & Nigam (2007); LLlamas et al.  (2008)). The flow distribution is distinctly 

different for the various types of inlet distributor and improves when going from the point, 

line, multipoint, to uniform distributor  (Ravindra et al. (1997); Marcandelli et al. (2000)). 

Point and Line distributor by its geometry give maldistribution at the inlet. The studies using 

these types of inlets are much needed to get a real insight into the effect of the non-uniform 

distributor, and it can provide the prediction capabilities of the hydrodynamic models  (Boyer 

et al. (2005)) to help examine the effect of various operating parameters on the resulting flow 

distribution.  There are extensive studies on distributor technologies  (Bazer-Bachi et al. 

(2013)). Table 1 lists a selected summary of the studies on maldistribution and inlet 

distributor in TBRs. Many experimental techniques have been developed to study the effect 

of the inlet distributors and to identify any maldistribution. The techniques are Gamma-Ray 

Computed Tomography (CT), Tracer, Nuclear Magnetic Resonance (NMR), Wire Mesh, 

Conductance, and Pressure Drop. These techniques can easily identify any maldistribution. 

Furthermore, CFD simulation has been conducted to verify the findings and to examine the 

flow distribution  (Atta et al. (2010)).  Tsochatzidis et al. (2002) had investigated the effect of 

a different kind of inlet distributor on liquid maldistribution using pressure drop and 

conductance probe. Three distinct types of distributors were used such as uniform, half-

blocked and quarter-blocked. The main conclusion is that high maldistribution at inlet results 

in lower pressure drop. Also, they found the uneven liquid distribution is associated with the 

higher holdup values. However, the uniform radial liquid distribution tends to be reduced 

with increasing flow rates.  

Llamas et al. (2009) have developed the wire mesh tomography sensors for the study of 

liquid maldistribution in TBRs.  One of the experiments was to investigate the dispersion the 

liquid saturation at the central zone of the reactor. It showed the ability of the catalyst to 
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spread the liquid in the radial direction. Maldistribution was easily visualized with different 

types of the liquid distributor.  

Recently,  Bazmi et al. (2013) study the flow maldistribution in dense and sock loaded 

trilobe catalyst TBR with experimentation data from the liquid collector and modeling using 

Neural Networks. The experiment setup consists of 0.14 m ID column and the adjustable 

height of column varies from 0.1 m to 1 m. A liquid collector was used that was divided into 

seven compartments with an equal surface area. The flow rate through each chamber was 

determined by averaging the flux of the outlet liquid in a specific amount time. 

Maldistribution coefficient (Mf) was used and is defined according to Marcandelli et al. 

(2000). Results showed that by increasing the gas and liquid ow rates, the liquid spreading 

quality was improved and in good agreement with the Artificial Neural Network (ANN) 

model predictions.  

 

Table 1.  A selected summary of investigations of local maldistribution in TBRs 

 

References Techniques Key Findings 

Tsochatzidis et al. 

(2002) 

Pressure drop 

measurement & local 

conductance probe.  

The bed length is required to establish 

uniform radial distribution tends to be 

reduced with increasing flow rates. 

 

Uneven liquid distribution is associated 

with higher holdup values. 

Atta et al., (2007) 
CFD model using 

porous media flow 

concept. 

Increase in flow rates improves the liquid 

distribution. 

 

The CFD-based porous model can 

forecast the reactor maldistribution.  

Llamas et al., (2008) Wire Mesh 

Tomography. A 

different type of liquid 

distributor was used. 

Maldistribution easily visualize at a cross-

sectional area of the reactor. 

Bazmi et al., (2013) Liquid Collector and 

Modeling Artificial 

Neural Network. 

Increasing the gas and liquid flow rates 

caused the liquid spreading quality is 

improved 

 

Increasing of the bed height would result 

in better liquid spreading up to the certain 

level. At this level, the liquid redistributor 

is needed for avoiding the channeling 

flow in bed 
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Meanwhile, the study of liquid spreading from a single point source have been done by  

Boyer et al. (2005) using gamma-ray computed tomography technique and liquid collecting 

device. The experimental data was used to validate the CFD model. The findings are liquid to 

spread more in pre-wetted bed, and liquid spreading reduced when gas ow increased, but the 

effect of the liquid ow rate and different packing characteristics failed to appear. However, 

the Computed Tomography (CT) can quantify the liquid spreading in pre-wetted and non-

pre-wetted beds for various gas and liquid ow rates.  Schubert et al. (2008) also studied liquid 

spreading with high-resolution gamma-ray computed tomography. They used a Cs-137 

radiator with 662 KeV photon energy and approximately 160 GBq activity.  Boyer et al. 

(2005) used similar CT radioactive source but with activity 11.1GBq. They found liquid 

spreading with packing length was clearly observed in the glass packing, while in the catalyst 

packing it is hard to distinguish between high and low dynamics liquid containing zones.  
 

In general, liquid maldistribution directly affects the performance due to improper 

contacting of gas-liquid phases over catalyst surface and channeling of the flow. Gravity-

driven nature of liquid flow offers relatively few degrees of freedom to tune/manipulate the 

liquid distribution.  
 

However, detailed studies are still lacking on identifying liquid maldistribution using a 

technique that can be implemented on a large scale and opaque systems.  

Therefore, in this work, Gamma-Ray Densitometry technique has been implemented to 

identify the liquid maldistribution in a 0.1524 m trickle bed reactor which is also used to 

investigate the effect of inlet distributor on the liquid distribution via line averaged phase 

holdup along the bed diameter and along the length of the catalyst bed.  

 

2. EXPERIMENTAL SETUP 

 

Figure  1 shows the trickle bed reactor (TBR) placed inside the Gamma-Ray Densitometry 

(GRD) technique. The TBR is placed in between Cs-137 gamma source and thallium 

activated sodium iodide NaI (Tl) scintillation detector. 

The experiment was conducted on 0.14 m (ID) Plexiglas column, randomly packed with 

0.003 m glass beads to a bed height of 1.83 m. The GRD scanning was conducted at different 
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radial (r/R= - 0.80, 0.60, -0.40,-0.20, 0, 0.20, 0.40, 0.60, 0.80) and three axial positions 

(Z/D= 2, 5, and 7), whereas r is the distance from center to the scanning location and R is the 

radius of the column. 

 

Figure 1. Experimental setup 

 
 

The Z is the distance from the bottom of the column to scanning location and D is the 

diameter of the column. The operating condition is varied as superficial liquid (0.004 m/s to 

0.014 m/s) and superficial gas velocity (0.03 m/s to 0.27 m/s).  
 

Three kind of inlet distributors are used in this study, they are listed as follows:  
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1. Single inlet near to the wall of the column. (Fig. 2)  
 

2. Single inlet at the center of the column. (Fig. 3)  
 

3. Proper Shower Inlet. (Fig. 4)  

 
The inlet distributors shown Figure 2 and Figure 3 are used to create maldistribution at 

inlet. These distributors are made of brass of 0.025 m ID. The length of these inlet 

distributors is made in such a way that it touches the top portion of the bed. This is necessary 

to ensure the liquid flow is continuous and does not get affected by gas flow rate.  

       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

 
 
 
 
 

Figure 2. Single inlet near the wall 

Figure 3. Single inlet/distributor at the center of the column 
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                                                    Figure 4. Proper Shower Inlet/Distributor 

 

The inlet distributor shown in Figure 4 is used to create a better distribution of liquid at 

the inlet compared to other two kinds of distributor. This is an eight shape distributor with 

equally spaced inlet holes to distribute liquid evenly at the inlet of the bed.  

 

3. METHOD OF ANALYSIS  

 

The Gamma source of Cs-137 will eject gamma rays and a detector which is placed in a 

straight line will detect the photon counts emitted by gamma ray source. Amount of photon 

count received is evaluated using software called ProSpect from Canberra 

(www.canberra.com). The data from the GRD experiment are analyzed using Microsoft 

Excel and MATLAB software.  

The photon attenuation was measured along different radial and axial position through the 

reactor. Based on Beer Lamberts Law, the intensity of photon attenuation that is transmitted 

through a homogenous material is expressed as follows;  

 

𝑇 =
𝐼

𝐼𝑜
= 𝑒−𝜇𝜌𝑙                                                 (1) 

 

where T is the transmission ratio, Io, is the incident radiation, I is detected radiation, is 

the mass attenuation coefficient, is the medium density, and l is the path length through the 

medium. 

The measured ln(Io/I)  (called A, for simplicity) is equal to integral sum of the attenuation 

through the material along the beam path. 
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𝐴 = 𝑙𝑛 (
𝐼

𝐼𝑜
) = 𝜇𝜌𝑙     (2) 

The line scan is denoted by index i and if the medium is made of three materials with mass 

attenuation coefficients μg, μl, and μs, densities ρg, ρl, and ρs, and thicknesses lg, ll, and ls, for the 

gas, liquid, and solid phases, respectively, then the total attenuation Agls,i is,  

𝐴𝑔𝑙𝑠,𝑖 =  𝜇𝑔𝜌𝑔𝑙𝑔,𝑖 + 𝜇𝑙𝜌𝑙𝑙𝑙,𝑖 + 𝜇𝑠𝜌𝑠𝑙𝑠,𝑖    (3) 

Li is the total length of the pixel through which gamma ray beam passes is, 

𝐿 = 𝑙𝑔 + 𝑙𝑙 + 𝑙𝑠,     𝑙𝑔,𝑖 = 𝜀𝑔𝐿𝑔,𝑖, 𝑙𝑔,𝑖 = 𝜀𝑙𝐿𝑙,𝑖,      𝑙𝑠,𝑖 = 𝜀𝑠𝐿𝑠,𝑖    (4) 

where  εg, εl, and εs, are the holdups (volumetric fractions) for the gas, liquid and solid phases, 

respectively. Since the summation of the holdups equal unity (i.e. εg + εl + εs =1) in each line 

scan i, the attenuation of GRD scan for three-phase system (Equation 3) can be written as 

follows, 

𝐴𝑔𝑙𝑠,𝑖 = 𝑙𝑛 (
𝐼𝑜

𝐼𝑔𝑙𝑠
) = [𝜇𝑔𝜌𝑔𝜀𝑔,𝑖 + 𝜇𝑙𝜌𝑙(1 − 𝜀𝑔,𝑖 − 𝜀𝑠,𝑖) + 𝜇𝑠𝜌𝑠𝜀𝑠,𝑖]𝐿𝑖      (5) 

3.1. Experimental Determination of Phase Holdups 
 

The formula used to measure holdup distribution is similar as  (Chen et al.  (2001)). The 

procedure of various scans is as follows: 

 
1. Scanning empty column to get background count. 

 
In this case GRD scan is conducted on empty column. The photon attenuation will only 

due to wall and will remain constant for other kind of scanning. So the photon count 

measured in this case is considered as Io. This value of Io is used in other scans to find A 

as mentioned in  equation (2).  
 
 2. Scanning TBR column filled with water. 

 

In this case TBR is scanned with water filled in it. This will give attenuation (Al,i) due to 

liquid only. 

𝐴𝑙,𝑖 = 𝑙𝑛 (
𝐼𝑜

𝐼𝑙
) = 𝜇𝑙𝜌𝑙𝐿𝑙,𝑖     (6) 

 
3. Scanning TBR only filled with random packing glass beads of 0.003 m diameter. 



10 
 

  In this case attenuation (Ag,s) is due to gas and solids. 
 
 

𝐴𝑔𝑠,𝑖 = 𝑙𝑛 (
𝐼𝑜

𝐼𝑔𝑠
) = [𝜇𝑔𝜌𝑔(1 − 𝜀𝑠,𝑖) + 𝜇𝑠𝜌𝑠𝜀𝑠,𝑖]𝐿𝑖   (7) 

4. Scanning TBR filled with solid and liquid phase.  
 

In this case the attenuation (Al,s) is due to solid catalyst and liquid filled in the void 

space of catalyst packing.  

 

𝐴𝑙𝑠,𝑖 = 𝑙𝑛 (
𝐼𝑜

𝐼𝑙𝑠
) = [𝜇𝑙𝜌𝑙(1 − 𝜀𝑠,𝑖) + 𝜇𝑠𝜌𝑠𝜀𝑠,𝑖]𝐿𝑖   (8) 

Since ρg ˂˂ ρl  or ρs, and μg, μl, and μg, are of the same order of magnitude, the attenuation 

caused by the gas phase is negligible. Hence, combining Equation 6, 7, and Equation 8 

yields the solid holdup in line i,  

𝜀𝑠,𝑖 = 1 −
(𝐴𝑙𝑠,𝑖−𝐴𝑔𝑠,𝑖)

𝐴𝑙,𝑖
                         (9) 

This solid holdup is fixed for all the cases for line (i), as the solids are not moving in the 

catalyst packing for various operating condition. 

 
 

5. Scanning TBR for varying gas and liquid flow rates. 
 

In this case the attenuation is due to the all the three phase. The attenuation (Agls) is 

similar to equation  5.  
 

By solving equation  5, 6, and 8, estimation of gas holdup (εg,i) can be obtained as 

follows,  

 

𝜀𝑔,𝑖 =
(𝐴𝑙𝑠,𝑖−𝐴𝑔𝑙𝑠,𝑖)

𝐴𝑙,𝑖
                              (10) 

 
Thus, liquid holdup (εl) in line i is calculated as follows. 

 
 

𝜀𝑙,𝑖 = 1 − 𝜀𝑔,𝑖 − 𝜀𝑠,𝑖                     (11) 

 
 
 

 

The above equations are modified from gamma ray computed tomography instrument 

which used similar types of source and used by  Al-Dahhan  et al. (2006),  Roy (2006). Also, the 

principles of attenuation of gamma-ray are the same, but in computed tomography they are 
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scanned in whole cross-section with denoted the index of ij, while the GRD is an only a line 

scans of i index.  

 
 

4.0. RESULTS AND DISCUSSION  

 

In this study, three different kinds of inlet distributor are used to investigate the gross 

maldistribution in trickle bed reactor. Line average phase holdups are measured at the various 

radial and axial locations using GRD to see the impact of distributors on overall 

maldistribution. All the measurements are conducted on a pre-wetted catalyst bed.  

 

4.1. Phase Holdup with Single Inlet Near to Column Wall 
 

This experiment was conducted to create apparent maldistribution of liquid in the system. 

In industries, this kind of distributor is not used, but this study is done to tests GRD 

capability to detect any maldistribution in the system and to provide data for better 

hydrodynamic models. In this study, both visual observation and GRD results are taken, to 

see the extent of maldistribution in the system.  Sample GRD results of radial phase holdup 

distribution at Ug = 0.03 m/s and Ul = 0.004 m/s is shown here. The liquid is more towards 

the side where inlet distributor is located and is clearly visible in Figure  5.  

The liquid starts to spread evenly only in between Z/D=7 and Z/D=5. GRD result is 

compared with visual observation to see the capability of GRD to measure maldistribution. In 

the Figure  6, the liquid holdup at Z/D=7 is seen to be higher toward one side, which was 

expected from visual observation and even measured by GRD also. The liquid spreads better 

on moving down the reactor and Z/D=5, which is the middle of the reactor the spread is 

somewhat even. There is slight maldistribution seen at the bottom of the column. It can be 

attributed the fact that, there is a catalyst structure at the base, which is tightly packed and 

creates lots of resistance to the fluid flow path, and in this area fluid flow is mostly gravity 

driven. 
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Figure 6. Liquid holdup for single inlet near the wall in TBR of 0.14 m internal diameter (ID) 

Figure 5. Liquid distribution for single inlet near the wall column 
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Figure 7. Liquid holdup for different gas flow rate with constant Ul = 0.012 m/s single inlet near 

the wall at axial position Z/D = 5. 

 
 
 

 Figure 7. showed the effect of different gas velocity on liquid holdup at Z/D=5. In all the 

cases the maldistribution was evident. Increasing gas superficial velocity is not improving the 

liquid distribution at this location for this kind of distributor. 

 
 

4.2. Phase Holdup with Single Inlet in the Center 

 
From the previous section it can be seen that the GRD is capable of identifying phase 

maldistribution. In this case, a point inlet distributor at the center of the reactor is used, and 

average line holdup of phases is measured using GRD. The sample results are shown for Ug 

= 0.03 m/s and Ul = 0.004 m/s at three different axial position. 

 
The visual observation revealed that the liquid starts spreading at approximate 0.15 m 

from the top of the column and spreads almost evenly by reaching Z/D =7 (Figure 8).Liquid 

holdup and gas holdup measured from GRD showed that there is an almost uniform 

distribution at all the measured axial position, of which the best distribution is seen in the 

middle of the reactor (Z/D=5). It can be seen in Figure 9 and  Figure 10. Although the 

variation is quite uniform, there is a slight increase of holdup for both phases towards the 

sides of the column. Variation of liquid holdup in near wall can be due to wall effect. The 
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wall effect is significant for small diameter column and creates flow bypassing and results in 

a large holdup in those areas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            Figure 8. Liquid distribution for single inlet near the center 

Figure 9. Liquid holdup for single inlet in the center in TBR 0.14m internal diameter (ID) 
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Figure 11. Solid holdup for single inlet in the center in TBR of 0.14 m internal diameter (ID) 

 

The solid holdup is also measured and plotted (Figure  11). There is slight maldistribution 

seen at Z/D=7. It is because of loose packing at the top. The gas and liquid flow can slightly 

disturb the packing arrangement. Toward the bottom, the packing is quite uniform, and it is due 

to the catalyst weight on top. 

Figure 10. Gas holdup for single inlet at the center in TBR of 0.14 m internal 

diameter (ID) 
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 Figure12 showed the effect of different gas velocity on liquid holdup at Z/D=5. There is 

maldistribution in all the cases. In this case also increasing gas superficial velocity is not 

improving the liquid distribution at this location for this kind of distributor. 

 

 

Figure 12. Liquid holdup for different gas flow rate with constant Ul = 0.012 m/s single inlet in 

the center at axial position Z/D = 5. 

 

4.3. Phase Holdup with Proper Shower Inlet 

 
This inlet distributor was aimed to give a homogenous distribution of gas and liquid. The  

Figure (13, 14, 15) shows the phase holdup calculation at Ug = 0.03m/s and Ul = 0.004 m/s. 

The solid holdup shows almost uniform distribution along the radial direction at all axial 

position. There slight maldistribution radially for both gas and liquid phase, but the trend is 

similar at all axial lo-cation. This can be due to the fact liquid is evenly spreading at the top 

of the bed, and the driving force is uniformly distributed cross sectional along the bed height. 

The methodology to determine holdup are similar to Gamma Ray Computed Tomography 

technique (CT). Hence, results obtained from CT can be used to validate these results of 

GRD. Figure  16 shows that variation of liquid holdup Z/D=5 for various Ug with fixed Ul = 

0.004 m/s.  Kuzeljevic (2010) et al. conducted study on TBR using CT. Kuzeljecvic, 2010 

used a column of 0.163m diameter, catalyst bed height of 0.68 m, glass beads of diameter 

0.003 m  as catalyst, bed porosity of 0.41, water and air as gas and liquid medium. These 

conditions are almost similar to the experimental condition of this study. The comparison of 
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Figure  16 and from Kuzeljevic indicates that the TBR results obtained from GRD are in 

good agreement with CT results.  

 

 

Figure 13. Liquid holdup from GRD for TBR 0.14 m internal diameter (ID) at different axial 

position of Z/D 2, 5 and 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 14. Gas Holdup from GRD for TBR 0.14m internal diameter (ID) at different 

axial position of Z/D 2, 5 and 7. 
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Figure 15. Solid holdup from GRD for TBR 0.14 m internal diameter (ID) at different axial 

position of Z/D 2, 5 and 7. 

 

 
Figure 16. Liquid holdup for 0.14 m TBR from GRD with different Ug. 

 

5. Remarks  

 

GRD has been able to identify maldistribution of phases in the catalyst bed of TBR. Also, GRD 

has been able to measure line average diameter pro le of liquid, gas, and solid holdups. This 

0.00

0.10

0.20

0.30

0.40

0.50

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

Li
q

u
id

 H
o

ld
u

p
 

Dimensionless Radius (r/R) 

Liquid Holdup at Z/D=5 for Properly Shower Inlet 

Ug = 0.03 m/s

Ug = 0.09 m/s

Ug = 0.22 m/s



19 
 

technique is flexible and easily applied to various sizes of the reactor. Also, this technique can 

even be implemented at the extreme condition of high pressure and temperature as seen in the 

industries. It is found that inlet distributor plays a very vital role in flow distribution of phases 

along the catalyst bed of the reactor. The distributor with good distribution at inlet results in 

early spreading of liquid uniformly than compared with the case, when the flow is not uniform at 

the inlet. The effect of super cial gas velocity on liquid distribution is not significant, and the best 

distribution was seen to be in the middle of the reactor. Some of the other factors which affect 

flow distribution are packing material, operating conditions, etc. CT results of TBR (Kuzeljevic, 

2010) are used to validate GRD results of TBR, and it is seen to be in good agreement. These 

kind of study are very vital to provide benchmark data for CFD validation. It helps to produce 

better hydrodynamic models capable of predicting maldistribution in TBR. This study is still in 

its nascent stage, and further studies are needed using different types of packing material, various 

sizes of the reactor. These research can advance knowledge in the area of maldistribution of 

phases in TBR.  
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