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Abstract 

Voidage of a fluidized bed is a primary property of fluidized systems when determining the minimum floating 

velocity. The air flow rate in the fluidized bed (or in the fluid layer of the material) increases with diminishing 

bed voidage. This paper is devoted to fluidized bed voidage calculations for a fluidized bed consisting of 

spherical particles having different diameters and in differently shaped polygonal fluidized bed cells possessing 

different characteristic particle floating velocities. For testing purposes, voltage of fluidized bed was 

experimentally measured and subsequently modelled by simulation using the Rocky (DEM) software.  

Keywords: Voidage, fluidized bed porosity, rocky 

1. INTRODUCTION 

Spherical particle arrangement for fluidization cells [13,18] is a phenomenon that can be observed all around 

us, whether they are nanometer sized particles [5,25-28] to extremely large particles [3,4]. The arrangement 

of spherical particles can be observed in physics, chemistry, and geology, but also in mechanical engineering. 

Although in most practical examples the particles are stored in infinite variations in their sizes and shapes  

[7-11], there is a great deal of interest in the arrangement of spherical structures of the same size and shape. 

they are contained in different geometrically designed containers or stored in a wide range of hoppers and 

containers. Several different dynamic events [1,2,12,14-17,24] can be observed in the spherical particle 

alignment process, involving several types of particle movements. These include, for example, translational 

movement and rotational movement [29,30]. The influence of the walls causes changes in these movements 

as well as changes in the characteristics of the arranged particles. The characteristic property of randomly 

deposited spherical particles in different containers is porosity [22]. Up to now, porosity has been divided into 

mean porosity and radial porosity distribution [18], using experiments, empirical and analytical methods [19]. 

Expression of average porosity is generally solved in the Ergun equation [6], which calculates the pressure 

drop and gas flow through an ordered particle bed [20,21,23]. Most porosity studies have only been performed 

for cylindrical vessels. The Meuller porosity method [18] analytically determines the radial distribution and 

mean porosity in cylindrical vessels. In this method, the spherical particles are placed particle by spherical 

particle in the vessel by first adding the first ball to the bottom and wall of the vessel, the next ball to the first 

ball and also to the wall, and this continues until the first layer of balls is formed. Another layer is then added 

to this layer, by placing the next ball in the most stable position, and continuing with another, etc. This particle 

alignment algorithm is used exclusively for spheres arranged in a cylindrical vessel, which is why this paper 

will deal with the mean porosity of different cell shapes. 

2. DESCRIPTION OF EXPERIMENTAL MEASUREMENT OF BED HEIGHT L AND POROSITY ε 

The gap determination experiment was carried out in all six vertical cells of different cross-sections, having the 

shape of an equilateral triangle, a square, a regular pentagon, heptagon, and a circle. Each of the above cells 

was filled with a batch of glass balls weighing 2 kg. The balls were randomly poured into the cells through their 
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upper part from a height of Hn = 1500 mm. The lower part of the cell had a bottom to prevent pouring out  

(Figure 1). The filling time was tn = 10s so the transporting capacity of the filling is therefore Qn = 0.2 kg/s.  

The balls had diameters of 2,4,6,8 and 10 mm. First, a batch of 2 kg of balls with a diameter dk = 2 mm was 

measured and this batch was gradually poured into all six types of cells. After the pouring in of the whole batch, 

the layer height was measured. 

 

Figure 1 Example of reading the height of poured sample of balls into one of the cells [27,28] 

The batch was subsequently poured out so that measurement could be repeated. The height of the layer was 

then read for each cell and batch a total of 10x These measurements were repeated for the remaining 2 kg 

batches of glass balls with diameters of 4, 6, 8, and 10mm, and the height of layer L was subtracted. The 

measured heights of the layers were then used to determine the porosity using the formula 
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V

V0
               (1) 

where V0 represents the volume of free space between ball filling (volume of spaces) and V represents the 

total volume of ball filling in the cell (bed volume). The bed volume V is determined from the average height of 

the bed L and the cross-section of the bed S, which, as has already been mentioned, was the same for all 

cells.  

The volume of spaces V0 is calculated from the volume of a single ball Vk multiplied by the number of balls n. 
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The number of balls is calculated from the weight of the batch m and from the weight of a single ball mk. The 

weight of a single ball is determined from the volume of the ball Vk and its density ρk. 
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The volume of a ball Vk is determined from the diameter of the ball dk from the known relationship: 
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Figure 2 Average porosity in cells with varied cross-section - experiment [27,28] 

If all of the cells studied, the largest bed height for round particles of a 2mm diameter was modeled for a cell 

with a triangular cross-section (Figure 2, Figure 4). The smallest recorded height of a layer of ordered balls 

of 2 mm diameter was modeled on a cell with pentagonal and hexagonal cross-sections. When filling the 
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examined cells with round particles with a diameter of 4mm, the measurement of the level of filling level in all 

cells showed relatively identical results. 

As can be seen, for example, in Figure 3, the centers of the ordered particles are depicted as blue dots. The 

number of particles in the cells with a diameter of 2 mm is always 198 947, so when looking through the entire 

cell cross-section a large number of centers can then be seen, which for one overlap, but which also 

increasingly near the center of the cell cross-section, the more chaotic their arrangement. When filling the cells 

with round particles with a diameter of 4 mm (24 869), a more orderly (less chaotic, orderly) arrangement can 

be observed towards the center of the cross-section. The denser distribution of the illustrated centers of 

particles for round particles with a diameter of 4 mm than for round particles with a diameter of 6 mm (number 

7369) is mainly due to the differing number of particles embedded and thus their overlap. For round particles 

with a diameter of 8 mm (3109 count), the densest distribution of the centers of the particles (and hence the 

particles themselves) is observed in a cell with a regular square cell cross-section (Figure 4). The number of 

particles in the cells with a diameter of 10 mm was always 1592. 

 

Figure 3 Example of simulation and velocity during the pouring of 2 mm diameter balls into a hexagonal cell 

[27,28] 
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Figure 4 Modeled bed heights for a cell with a triangular layout. Top - cell view from above with whole 

particles depicted, middle - cell view from above with particle centers depicted, bottom - side view [27,28]. 

 
Figure 5 Average porosity in cells with varied cross-sections -Rocky SW simulation [27,28] 



  Oct 16th - 18th 2019, Brno, Czech Republic, EU 

 

 

607 

3. CONCLUSION 

When validating experimental results with simulation results, several aspects that may significantly affect the 

results must be considered. For example, the simulation involves setting the frictional (static, dynamic) and 

restitution parameters between the particles and the cell wall. These may differ because, for example, the first 

particle that hits the bottom of the cell will have a higher impact velocity and hence a higher coefficient of 

restitution than the last particle that hits the highest point of the particle layer at a lower velocity. The restitution 

coefficient has a constant value for the simulation. In the case of dynamic friction, we cannot take into account 

the change of friction, for example by dust or particle contamination. The experiment is also affected by other 

variables, such as differing particle size in contrast to the simulation, particles have different size distribution, 

so it is enough that some particles are smaller, by, for example, only a tenth of a millimeter, and the resulting 

porosity immediately increases by several hundredths.  
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