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Abstract 
In this study, a minimum fluidization velocity measurement test rig was employed to 
examine the universality of the Ergun formula under different working conditions. And 
data were got under different air velocities, different bed heights, and different particle 
sizes. The data were plotted as pressure-velocity charts to figure out the minimum 
fluidization velocity under different conditions. The experimental results indicate that 
the minimum fluidization velocity increases with the increase of particle size of 
arenaceous quartz. Meanwhile, the bed height affects the minimum fluidization velocity 
very slightly when the particle size of arenaceous quartz is fixed. 
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1. Introduction 

Nowadays, circulating fluidized beds have become the most important facility in China to burn coal 
as they have many advantages such as high combustion efficiency, wide fuel adaptability, and great 
environmental protection[1]. Among different kinds of fuels, arenaceous quartz is one of the most 
commonly used bed materials in the fluidized beds. So, it is important to figure out the most 
appropriate condition in which arenaceous quartz can be used most efficiently. According to other 
researches, the intensity of pressure, the temperature, the bed height, and the particle size were the 
dominating factors that can affect the minimum fluidization[2]. Thus, for various kinds of factors, 
many scientists claim their empirical formulas. However, most of the empirical formulas were only 
given to fit the current condition, which could not apply to other experimental conditions[1]. So, we 
want to find the most suitable conditions for arenaceous quartz while working in the cold fluidized 
bed instead of only depending on empirical formulas. 

In this study, there are four aims to be achieved. The first one is to detect the phenomenon of 
fluidization and learn how to figure out the minimum fluidization velocity through experiments. 
Secondly, we can learn how to manipulate the special machines and tools to measure the minimum 
fluidization velocity. In addition, we will make experiments on arenaceous quartz in the cold fluidized 
bed with different bed heights and partical sizes to compare with and find the most suitable one under 
experimental conditions. The last one is to verify the validity of the Ergun formula according to the 
experiments. 
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2. Experimental 

2.1 Materials and its characteristics 

In this experiment, quartz sand is the main bed material. Three different sizes of quartz sand were 
selected. They are 0.2 mm-0.4 mm, 0.4 mm-0.6 mm, and 0.6 mm-1.2 mm respectively. This special 
particle size distribution was shown in figure 1, figure 2, and figure 3. 

 
Figure 1. Particle size distribution of 0.2 mm-0.4 mm arenaceous quartz 

 
Figure 2. Particle size distribution of 0.4 mm-0.6 mm arenaceous quartz 

 
Figure 3. Particle size distribution of 0.6 mm-1.2 mm arenaceous quartz 

2.2 Apparatus and methods 

The experiment device of this critical fluidization velocity measurement is shown in Figure 4. It is 
mainly composed of an air duct, a flowmeter, a fluidized bed, and a u-shaped differential pressure 
tube with a graduated scale to show the pressure drop. 
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Figure 4. Flow chart of experimental apparatus 

Among them, the air duct is connected with the blower, and the blower has a flowmeter to show the 
flow rate of the air. A screen mesh is arranged on two flanges in the experiment, and the quartz sand 
material is mounted on the upper flange and the screen mesh. The hollow tube is marked in advance 
for accurate reading of the height of the material. Two pressure measuring tubes are connected to 
each end of the U-shaped differential pressure tube to measure the pressure difference between the 
upper and lower ends. 

2.3 Experimental principles and methods 

Fluidization is a phenomenon in which solid particles have general fluid properties as a result of fluid 
flowing upward through a bed of solid particles. When the gas velocity is lower than the minimum 
fluidization velocity, the solid particles are basically in a static state, and the pressure drop fluctuation 
is small and increases with the increase of the gas velocity. As the gas velocity increases to the 
minimum fluidization velocity, the particle is subjected to a force equal to its gravity, and the bed 
begins to fluidize[3]. At this point, the frictional force between the particles and the fluid is in balance 
with its weight, the vertical component of the extrusion force between adjacent particles is equal to 
zero, and the pressure drop through any section of the bed is roughly equal to the weight of the 

particles and fluid on that section. Under ideal condition, = =
G

P gh
A

 , P is denoted as bed 

pressure drop. G is denoted as the gravity of the material. A is denoted as the bed area.  is denoted 
as the density of materials. g is denoted as the acceleration of gravity. h is denoted as the bed height[1].  

In a cold test, the minimum fluidization velocity of medium is usually measured by velocity reduction 
method, that is, the gas velocity is first raised to the fluidization state of the medium, then the gas 
velocity is gradually reduced, and the corresponding pressure difference is recorded, and the curve of 
pressure difference with gas velocity is obtained, to infer the fluidization characteristics inside the 
fluidized bed[3]. 

The method of data processing is that measuring the empty bed pressure difference at first, then 
measuring the pressure difference with bed material. The two are subtracted to the bed pressure 
difference. 

2.4 Experimental conditions 

The experimental conditions are presented in Table 1 to Table 3. D1, D3, D5 are denoted as the inner 
diameter of the blast pipe, the open tube, the piezometer tube. D2, D4, D6 are denoted as the outer 
diameter of the blast pipe, the open tube, the piezometer tube. L1 is denoted as the length of the 
piezometer tube[4]. 
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Table 1 Experimental conditions of the measurement of empty bed pressure 

items Bed height(mm) Gas flow(L/h) D1 D2 Duct length(mm) D3 D4 D5 D6 L1 

Case1 

0 

2500 

8 13 100 50 60 5 10 50 

Case2 2250 

Case3 2000 

Case4 1750 

Case5 1500 

Case6 1250 

Case7 1000 

Case8 750 

Case9 500 

Case10 250 

Table 2 Experimental conditions of pressure difference measurement of different arenaceous 
quartzsizes 

items 
Bed 

height(mm) 
Particle size (mm) Gas flow(L/h) D1 D2 Duct length(mm) D3 D4 D5 D6 L1 

Case11 

100 

0.2-0.4 2500 

8 13 100 50 60 5 10 50 

Case12 0.2-0.4 2250 

Case13 0.2-0.4 2000 

Case14 0.2-0.4 1750 

Case15 0.2-0.4 1500 

Case16 0.2-0.4 1250 

Case17 0.2-0.4 1000 

Case18 0.2-0.4 750 

Case19 0.2-0.4 500 

Case20 0.2-0.4 250 

Case21 0.4-0.6 2500 

Case22 0.4-0.6 2250 

Case23 0.4-0.6 2000 

Case24 0.4-0.6 1750 

Case25 0.4-0.6 1500 

Case26 0.4-0.6 1250 

Case27 0.4-0.6 1000 

Case28 0.4-0.6 750 

Case29 0.4-0.6 500 

Case30 0.4-0.6 250 

Case31 0.6-1.2 2500 

Case32 0.6-1.2 2250 

Case33 0.6-1.2 2000 

Case34 0.6-1.2 1750 

Case35 0.6-1.2 1500 

Case36 0.6-1.2 1250 

Case37 0.6-1.2 1000 

Case38 0.6-1.2 750 

Case39 0.6-1.2 500 

Case40 0.6-1.2 250 
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Table 3 Experimental conditions of pressure difference measurement of different bed heights 

items Bed height(mm) Particle size (mm) Gas flow(L/h) D1 D2 Duct length(mm) D3 D4 D5 D6 L1 

Case41 200 

0.2-0.4 

2500 

8 13 100 50 60 5 10 50 

Case42 200 2250 

Case43 200 2000 

Case44 200 1750 

Case45 200 1500 

Case46 200 1250 

Case47 200 1000 

Case48 200 750 

Case49 200 500 

Case50 200 250 

Case51 300 2500 

Case52 300 2250 

Case53 300 2000 

Case54 300 1750 

Case55 300 1500 

Case56 300 1250 

Case57 300 1000 

Case58 300 750 

Case59 300 500 

Case60 300 250 

According to Table 1, the data of the empty bed pressure would be got. According to Table 2, the 
particle size of arenaceous quartz is changed and the bed height of it is unchanged. So, information 
about how the particle size of arenaceous quartz affects the minimum fluidized velocity can be 
obtained. According to Table 3, the bed height of arenaceous quartz is changed and the particle size 
of it is unchanged. So, information about how the bed height of arenaceous quartz affects the 
minimum fluidized velocity can be obtained. 

To avoid the errors due to viscous effects of the fluid and the measurements, at the beginning of the 
experiment, a large amount of air was firstly blowed to make the bad material fully fluidized, and 
then the test was carried out by gradually reducing the flow rate. 

3. Results and discussions 

3.1 The effect of the size of material sizes 

In one set of tests, the particle size of the quartz sand is 0.2 mm-0.4 mm with the heights of the 
material layer which is 100 mm. In the other two groups of tests, the particle sizes of quartz sand are 
0.4 mm-0.6 mm and 0.6 mm-1.2 mm with the same bed height as the first set. Bed pressure drop 
varies with riser flow velocity with different diameters of the bed materials is shown in Figure 5. 

From Figure 5, the three points highlighted by dashed drop lines is the critical point when the quartz 
sand is fluidized. The graph has shown a consequence that when the particle sizes are increasing, the 
minimum fluidized speed increases as well. 

Based on the model of Euler’s two-phase flow, the distribution of solid phase is generally consistent 
with the law of low in the central region and high at the boundary of the furnace. At the same height 
of bed materials, the solid holdup of particles with a small diameter is lower than that of particles 
with large diameter. Along the radial direction, the closer the particle diameter is to the boundary, the 
larger the change of solid holdup of particles with a smaller diameter is, indicating that the particles 
with smaller diameter have stronger fluidization inhomogeneity and more violent mixing. So at the 
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same flow velocity, the bed material with a smaller diameter tends to have a stronger fluidization 
effect. To conclude, with the decreasing of the diameter of the bed material, the minimum fluidized 
speed decreases. 

 

 
Figure 5 Bed pressure drop varies with riser flow velocity with different diameters of the bed 

materials 

3.2 The effect of the height of the bed material 

Different heights of bed materials, which is 100 mm, 200 mm, and 300 mm, respectively, was choose 
to study how the height of the bed material will make a difference in the minimum fluidized speed.. 
The pressure drop of the bed varies with the rising flow velocity with different heights of the initial 
bed is shown in Figure 6: 

  
Figure 6 The pressure drop of the bed varies with the rising flow velocity with different heights of 

the initial bed 
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According to Figure 6,with the increasing of the height of the bed material the pressure drop of the 
bed in the same rising flow velocity was increased，but the minimum fluidized speed was not change. 
And the minimum fluidized velocity was constantly at the same number, which is 0.14 m/s, when the 
height of bed material is varying. It can be concluded that the minimum fluidized velocity does not 
depend on the height of the initial bed. 

3.3 vary the Ergun empirical formula 

In this experiment, another task is to verify whether Ergun formula can be applied in the working 
condition that contain in the thesis. 

We have Ergun formula: 

  Ψ

1.75

p p mf

mf

d g
u

  




  

Where, pd  is average particle size of material, mf  is bed voidage in the critical fluidization state, 

p  is the true density of the bed material,   is the density of the fluidization media, and Ψ  is the 

particle sphericity. 

Table.4 The experimental data 

 Expectation based on Ergun The experimental data 
0.2 mm-0.4 mm 0.14451 0.14147 
0.4 mm-0.6 mm 0.20436 0.21221 
0.6 mm-1.2 mm 0.23597 0.24757 

 

To examine how good the expectation can fit the reality, the experiment apply chi-square goodness-
of-fit test with degree of freedom 2. 

 2

2

1

k
i i

df
i i

O T
X

T


  

2 0.00936dfX   

So the statistical examiner p value 0.004669 0.005   , thus we are 99% of confidence to conclude 
that the Ergun formula can well expect the reality. 

4. Conclusion 

In this research, a simplified fluidized bed was adopted to conduct an experiment to come up with the 
consequence of how the critical fluidized velocity changes in different working conditions. The main 
conclusions were drawn as follows: 

By using particles with diameters of 0.2 mm-0.4 mm, 0.4 mm-0.6 mm, 0.6 mm-1.2 mm respectively, 
a consequence can be founded that when the particle sizes are increasing, the minimum fluidized 
speed increases as well. 

Then, by changing the initial height of the beds, the minimum fluidized velocity nearly no changing 
when the initial height is varying. The minimum fluidized velocity is mainly depending on the 
particles size of the arenaceous quartzsizes and independent of the initial height of the beds. 

Thirdly, The expectation value in this experiment is calculated through Ergun formula. Then,  chi-
square goodness-of-fit test is used to verify the Ergun formula in this experiment. In a nutshell, the 
Ergun formula can well fit the reality under the working condition in this experiment. 
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