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Abstract 

Many studies have been performed on spouted beds particularly those studies targeting TRISO particles spouted beds 

by measuring only global hydrodynamic parameters. Unfortunately, experimental investigations show a lack of reliable 

data concerning the cross-sectional phase distribution and local phase holdup. Therefore, the focus of this work is to 

address such needs by using advanced diagnostic technique. In this work, the radial profiles and the cross sectional 

distribution of the gas/solids holdup were measured along the bed height of 6-inch spouted beds using gamma ray 

computed tomography (CT). 
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Introduction

The solids gross flow structure in spouted beds is 

divided in three different regions (spout, fountain, and 

annular regions) where each region has specific flow 

behavior that make the hydrodynamic structures of the 

spouted beds complex. A spouted bed is a solid particles’ 

bed with a stream of gas jet that is introduces at the bottom 

from small opening at a speed enough to set the particles in 

spouted motion. This vertically injection of gas under 

appropriate conditions will create the three regions; a spout 

in the center of the bed, a fountain above this spout region, 

and an annulus where the particles move down toward the 

spout region and downward in the annular region. Many 

studies have been performed on spouted beds particularly 

those studies targeting TRISO particles spouted beds by 

measuring only global hydrodynamic parameters. 

Unfortunately, there is no study in the open literature that 

addresses the detailed of solids dynamics for TRISO 

particles spouted beds. Therefore, there is a lake in 

understanding of the effect of design and operating 

variables on local hydrodynamic quantities such as phase’s 

distribution, solid velocity field, turbulent parameters, etc. 

Hence, the focus of this work is to address such needs.  

Experimental setup and measurement technique 

The experimental works were carried out in Plexiglas 

conical base spouted bed column with inner diameter of 

0.152 m (6-inch) and conical base of 60-degree angle. 

Glass beads of 2 mm in diameter and 2475 kg/m3 density 

were used as bed material. The schematic diagram of the 6-

inch spouted bed is shown in Error! Reference source 

not found..  

Selected Results 

The results show (Figure 1) the radial profiles of 

solids holdup along the dimensionless height (z/D) of the 

6-inch spouted bed. Z refers to the actual height of 

measurement from the distribution and D refers to the 

column diameter. It is pronounced that the solids holdup in 
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the spout region and in the annulus region of spouted bed 

is different. However, the annulus region has similar solids 

holdup profiles along the z/D levels of spouted bed. This is 

because the solids move gradually and slowly downward in 

the annulus more like a loose packing bed. In the spout 

region, variation is observed along the z/D levels, due to 

the increase in gas velocity at the lower axial height of the 

spouted bed (near the gas jet); the solids holdup decreases. 

In the fountain region (z/D=2.4), solids holdup is different 

from those in the other regions of spouted beds, and 

decreased radially out form the axis of the fountain due to 

the scatter of the particles in the radial direction. 

 

 
Figure 1. Radial profiles of solids holdup in 6-inch 

spouted bed at different measuring planes (z/D) in 

spout/annulus region and fountain region. 

 

The cross–sectional distributions of solids holdup 

were determined for the 6-inch spouted beds (Figure 2) at 

z/D level of 0.8. The scale-bar on the right of the images 

indicates the fraction of the solids holdup, Red is higher 

solids holdup, and blue is lower solids holdup. The color 

distribution of the images clearly highlights the spout and 

the annulus regions. The image shows the complex 

structure of spouted beds and confirm the deviation 

between the three regions: the spout, the annulus, and the 

fountain. 

 
Figure 2. Cross sectional of solids holdup for the 6-

inch spouted bed at z/D levels of 0.8. 
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Remarks 

The goals of the described work were first and 

foremost to provide original experimental data regarding 

the hydrodynamics of spouted beds by means of non-

invasive techniques leading to a more comprehensive work 

about the scale-up of spouted beds. Secondly, the goal was 

to assess the design of the TRISO fuel coater to achieve 

the proper distribution of the phases in order to obtain 

uniform coating layers. A third goal was to provide 

valuable local data for benchmarking computational fluid 

dynamics (CFD). Finally, to achieve successful 

implementation of the CT as a non-invasive technique on 

the cold-flow coater which will lay the foundation for its 

implementation in hot pilot plant and industrial units. The 

results showed that in the spout region, the solids holdup 

increases with the increase in the bed height due to more 

solids are pulled from the annular region. However, in the 

annular region, the solids holdup remains unchanged. This 

is because the solids in this region are moving downward 

as a moving bed. In the fountain, the solids holdup was 

higher at the axis of the column, and decreased radially 

toward the wall of the column. 
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