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Abstract - Industrial applications that involve fluidized bed operations must prevent the undesirable 
phenomenon of partial or complete bed defluidization. Defluidization can be avoided by increasing the gas 
velocity and/or, in some cases, changing the solid feed conditions in the system, provided that the changes in 
the hydrodynamics of the flow are detected early enough.   The use of a technique that can perform an early 
detection of the defluidization condition in industrial applications is important, in order to avoid the loss of 
efficiency or even an undesirable shutting down of the process. The objective of this work is to show the 
application of a method for early detection of the condition where the bed is tending to the defluidization, in a 
gas-solid fluidized bed flow. The method is based on pressure fluctuation measurements. Experimental tests 
are carried out using two solid particles: microcrystalline cellulose and sand. Results show that the proposed 
method is efficient in detecting the fluidization condition in a conventional bubbling bed regime. The 
potential of application of the technique is also shown for the control of the defluidization phenomenon in 
industry. 
Keywords: Gas-solid fluidized bed; Defluidization; Pressure fluctuations; Fourier Transform; Exponential 
Gaussian distribution. 

 
 
 

INTRODUCTION 
 

The interest in gas-solid fluidized bed systems in 
chemical industries has increased in the last few 
decades, due to its important characteristics, such as, 
excellent fluid mixing, high heat and mass transfer rates 
and temperature uniformity. Examples of industrial 
applications of gas-solid fluidized bed are that of drying 
of solids, coating of particles, combustion and 
gasification of coal and biomass, catalytic reactions, 
adsorption, and catalyst regeneration (Kunii and 
Levenspiel, 1991). 

A good mixture of the gas-solid components is 
crucial in fluidized bed systems. In some industrial 

processes (e.g. drying, coating of particle, combustion 
and gasification), the agglomeration of particles may 
lead to a partial or complete defluidization of the bed, 
consequently affecting the quality of the fluidization 
process. The present technique may therefore be used 
for an early identification of the operating condition 
where the bed is tending to defluidization.  

A way to perform such an identification is 
through the analysis of the pressure fluctuations in 
the bed. In fluidized systems, pressure fluctuations 
are usually caused by self-excited oscillations of the 
particles, formation, rise and eruption of bubbles, 
and bubble coalescence (Schouten and van den 
Bleek, 1998; van der Schaaf et al. 2002).  
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Pressure fluctuations have been used to determine 
several fluidization parameters or phenomena, such 
as the transition from bubbling to turbulent 
fluidization (Lee and Kim, 1988), the bubble 
frequency (Nelson et al., 1993), the minimum 
fluidization gas velocity (Puncochar et al., 1985; 
Wilkinson, 1995; Felipe and Rocha, 2007), 
differentiation of states of typical fluidization (Felipe 
and Rocha, 2004) and the condition where the bed is 
tending to defluidization (Parise, 2007; Parise et al., 
2008; Parise et al., 2009). 

The present work uses the method developed by 
Parise (2007), which is based on the Fourier 
transform of pressure fluctuation with exponential 
Gaussian distribution in order to identify the 
condition where the bed is tending to defluidization.  
 
 

NORMAL SPECTRAL DISTRIBUTION IN 
THE FLUIDIZATION PROCESS 

 
The frequency spectrum of bed pressures in a 

gas-solid fluidized process is characterized by the 
absence of a dominant peak, except at the slugging 
regime. The monitoring of individual peak 
frequencies, as an indication of defluidization 
condition in a bed pressure spectral analysis method, 
is of little practical use. 

In a fixed bed regime, there is a bulk energy 
distribution that is reflected in an almost constant 
bed pressure without significantly high amplitudes in 
the pressure spectra. On the other hand, in a fluidized 
bed regime, there is gas bubble formation, which is 
the main origin of pressure fluctuations. In this case, 
the pressure spectrum has amplitude and frequency 
values that are higher than those found in the fixed 
bed regime.  

All such behaviors can be measured through 
statistical distribution of the spectral lines, as an 
indication of the fluidization stage. A Gaussian or 
normal curve fitted to the pressure amplitude 
spectrum is used as an indication of the stage of the 
fluidization process.  

The normal distribution curve has the expression: 
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where f is the frequency,  fm is the central frequency 
value, σ  is the standard deviation of the spectral 
distribution, and,  k = 0, 1, …, M-1. 

The amplitude of the normal distribution curve as 
shown in Eq.(1) is dependent on the inverse of the 
standard deviation parameter (σ ). The same 
exponential curve can be used with an amplitude 
independent parameter (A), given by the expression: 
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Applying the natural logarithm in Equation (2) 
yields: 
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A cost function ( '
ke ) is defined, and its 

minimization by a least square method leads to the 
optimally identified parameters A,σ , and fm, through 
the following expression: 
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In Equation (5) above, As (f) is the measured 

amplitude of the pressure spectrum. 
Figure 1 shows a typical example of fitting of the 

natural logarithms of the Fourier transform 
amplitudes.  
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Figure 1:  Natural logarithm of the Fourier 
transform with adjustment curve using the least 
square method. 



 
 
 
 

Identification of Defluidization Region in a Gas-Solid Fluidized Bed                                                           539 
 

 
Brazilian Journal of Chemical Engineering Vol. 26,  No. 03,  pp. 537 - 543,  July - September,  2009 

 
 
 
 

2

3

AIR

1

PARTICLES
6

5

8

7

AIR

9

4

1    BLOWER
2    STATIC PRESSURE TRANSDU
3    DIFFERENTIAL PRESSURE TR
4    FREQUENCY INVERTOR 
5    DIFFERENTIAL PRESSURE TR
6    DATA ACQUISITION SYSTEM
7    COMPUTER
8    FLUIDIZED BED
9    CYCLONE

12

3

4

5

6

7

9

8

AIR

PARTICLES

AIR

2

3

AIR

1

PARTICLES
6

5

8

7

AIR

9

4

1    BLOWER
2    STATIC PRESSURE TRANSDU
3    DIFFERENTIAL PRESSURE TR
4    FREQUENCY INVERTOR 
5    DIFFERENTIAL PRESSURE TR
6    DATA ACQUISITION SYSTEM
7    COMPUTER
8    FLUIDIZED BED
9    CYCLONE

12

3

4

5

6

7

9

8

AIR

PARTICLES

AIR

1. Blower 
2. Static Pressure Transducer 
3. Differential Pressure Transducer 
4. Frequency Invertor  
5. Differential Pressure Transducer 
6. Data Acquisition System 
7. Computer 
8. Fluidized Bed 
9. Cyclone 

 

Figure 2: Schematic diagram of experimental apparatus. 
 
 

MATERIALS AND METHODS 
 
The experimental apparatus used in this work, 

shown schematically in Figure 2, is a Plexiglas 
column with a 0.143m inner diameter and 0.71m 
height. The gas distributor is a 1.62mm thick stainless 
steel perforated plate with hole diameters of 1mm, 
distributed in a triangular pitch. The perforated plate is 
covered with a fine grid, to prevent particles falling 
into the plenum.  Air is injected into the bed by a 3kW 
air blower, which is regulated by a frequency inverter 
(Danfoss VLT, 2800). The air flow rate is measured 
by an orifice plate. A pressure transmitter (Cole 
Parmer, 07356-01, range: 0 to 210.8 kPa, response 
time less than 5 ms) and a differential pressure 
transmitter (Smar, LD301, range: 0.125 to 5kPa, 
response time of 100 ms) are employed to measure the 
up-wind pressure of the orifice plate and the pressure 
drop across the bed, respectively. The bed pressure is 
measured in the plenum using a differential pressure 
transmitter (Cole Parmer, 68014-18, range: 0 to 6.2 
kPa, response time of 250 ms).  

The pressure signal is acquired by a PCI 6024 E 
data - acquisition system (National Instrument). The 
LabView 7.1 software platform is used in all data

acquisition and signal processing. 
The pressure sampling frequency used in all tests 

is 400 Hz, with 8192 data points. Absolute pressures 
are measured in the plenum, the up-wind orifice 
plate and the differential pressure is measured across 
the bed. The large number of data points (8192) 
sampled at 400 Hz, yields a frequency resolution of 
0.05Hz. Such a resolution is sufficient to sample, in a 
convenient way, most of the dynamical phenomena 
in engineering applications. The signals are low-pass 
filtered with a cut-off frequency of 20 Hz.  

The fluid dynamic curves were obtained using the 
traditional method that records pressure drop across 
the bed versus superficial gas velocity. 

Experiments are carried out with microcrystalline 
cellulose (MCC) and sand particles. Properties of 
these particles are given in Table 1. Due to the 
relatively narrow solids distribution required for the 
bed particles used in the tests, the Sauter diameter 
determination by means of the classical sieve 
analysis was not possible. Instead, the mean particle 
diameter for both bed materials was adopted as being 
the average value between two consecutive opening 
size sieves. The apparent particle density was 
obtained by water picnometry. 

 
Table 1: Characteristics of solids and bed properties. 

 

Type of particle 
Mean particle 

diameter, 
dp (μm) 

Apparent 
density, 
ρs (kg/m3) 

Fixed bed 
height, 
hL (m) 

H/D 
(bed aspect 

ratio) 

Mass of solids, 
ms (kg) 

Minimum fluidization 
velocity, umf (m/s) 

180 (150- 210) 980 0.25 1.75 1.72 0.026 Microcrystalline 
cellulose (MCC) 460 (420-500) 980 0.25 1.75 1.97 0.066 

180 (150- 210) 2650 0.25 1.75 6.01 0.032 Sand 460 (420-500) 2650 0.25 1.75 5.46 0.190 
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RESULTS AND DISCUSSION 
 

Figures 3(a) to (h) show data corresponding to 
10s time intervals, for the bed pressure fluctuation 
measured in the plenum. The figures also show the 
respective Fourier transform (with 8192 data points) 
of pressure measurements for the solids used . 
Figures 3(a), (b), (e) and (f) characterize the fixed 
bed regime for MCC and sand, respectively. Figures 

3 (c), (d), (g) and (h) illustrate the fluidized bed 
condition for the same materials. The results show 
that, in a fixed bed regime, the pressure fluctuation 
amplitude is lower than that observed in the fluidized 
bed situation, due to the absence of bubbles. In the 
Fourier transform, it is observed that the pressure 
spectrum related to fixed bed condition is 
characterized by the presence of lower frequency and 
amplitudes than those in the fluidization regime. 
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Figure 3: Time sequence of the pressure fluctuations measured in (a) fixed bed regime for MCC,    uo = 
0.012 m/s; (c) fluidized bed for MCC, uo = 0.083 m/s;  (e) fixed bed regime for sand, uo = 0.024 m/s; (g) 
fluidized bed for sand, uo = 0.192 m/s. Fourier transform of (b) fixed bed regime for MCC; (d) fluidized 
bed for MCC;  (f) fixed bed regime for sand; (h) fluidized bed for sand. 

 
Figures 4 to 7 illustrate the exponential Gaussian 

distribution parameters of the Fourier transforms 
obtained from the pressure signals for the two particles 
studied. The parameters are Gaussian mean frequency 
value of the pressure spectrum and standard deviation 
of the spectral distribution, throughout the fluid 
dynamic curve. Results show that the Gaussian mean 
frequency reaches a minimum value when the bed 
tends to defluidization, that is, when the superficial gas 
velocity is near the minimum fluidization velocity 
(verified through the fluid dynamic curve). 

Fixed bed regime contains peaks at lower 
frequencies and amplitudes than that in fluidized bed 
(Figure 3 (b), (d) and (f), (h), respectively). Low 
values of Gaussian mean frequency are expected in 
the case of fixed bed condition, when the exponential 
Gaussian curve is fitted to the pressure spectrum.  
Figures 4-6, however, show that the value of the 
Gaussian mean frequency in such a regime is about 4 
Hz, which is a high value for this condition. This 
occurs due to the presence of components with very 
low amplitudes, around 0.2 Pa, Figure 3 (b), and 
high frequencies, which are responsible for the 

displacement of the mean value of the exponential 
Gaussian curve. 

Figures 4-6 show that the region where the bed is 
tending to defluidization is clearly defined with an 
accentuated drop of the Gaussian mean frequency.  
From this point, the value of the Gaussian mean 
frequency increases with the increase of the 
superficial gas velocity. However, such a behavior is 
observed when the fluidization regime is a 
conventional bubbling bed. 

In the case of Figure 7, the defluidization zone is 
not easily identified. The Gaussian mean frequency 
profile for the same figure, however, indicates a 
change of fluidization regime.  The approach of the 
fluidization regime to slugging, after attaining the  
minimum fluidization velocity with an increase  of 
the gas velocity, is also visually observed during the 
experimental test. 

Figures 4-7 show that the standard deviation 
parameter also increases when the minimum value of 
the exponential Gaussian distribution is reached, but it 
is not a better indicator to identify the defluidization 
region than that of the Gaussian mean frequency. 
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Figure 4: Fourier transform with exponential Gaussian distribution of MCC, dp = 180 μm. (a) 
increasing superficial gas velocity, (b) decreasing superficial gas velocity.  
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Figure 5: Fourier transform with exponential Gaussian distribution of MCC, dp = 460 μm. (a) 
increasing superficial gas velocity, (b) decreasing superficial gas velocity, 
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Figure 6: Fourier transform with exponential Gaussian distribution of sand, dp = 180 μm. (a) increasing 

superficial gas velocity, (b) decreasing superficial gas velocity. 
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Figure 7: Fourier transform with exponential Gaussian distribution of sand, dp = 460 μm. (a) increasing 
superficial gas velocity, (b) decreasing superficial gas velocity. 

 
CONCLUSIONS 

 
The defluidization condition for MCC and sand 

(dp = 180 μm) particles is clearly detected in all 
experimental tests carried out in bubbling regime, 
using the method based on pressure fluctuations. In 
the case of 460 μm diameter sand, such a condition 
could not be easily identified, due to the presence of 
large bubbles, close to the minimum fluidization 
velocity and the fluidization regime approaching to 
slugging.  The results indicate that the proposed 

methodology can also be useful to indicate 
transitions between fluid dynamic regimes. 
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NOMENCLATURE 
 
As (f) measured amplitude of the 

pressure spectrum  
Pa

D column inner diameter  m
dp mean particle diameter  μm
f frequency  Hz
fm central frequency  Hz
H Fixed bed height  m
H/D bed aspect ratio 
M 8192 data points 
umf minimum fluidization 

velocity  
m/s

 
Greek Letter 
 
σ the standard deviation of the 

spectral distribution  
Hz

ρs apparent density  kg/m3

'
ke  cost function 
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