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Abstract. In all gas-solid fluidized bed processes, it is necessary to maintain the fluidization quality, in order to assure
the temperature and moisture uniformity, the high rate of heat and mass transfer. For the paste drying process, for
example, the injection of a paste in a fluidized bed can lead to local zones of poor mixing, and reduction in fluidization
quality. Based on this fact, the purpose of the present work is to monitor the fluidization regime transitions during the
course of the paste drying process using standard deviation and power spectrum analysis, which are based on pressure
fluctuations measurements in the plenum. The experiments were conducted in the bench-scale fluidized bed unit
constructed in Plexiglas of 0.11 m in inner diameter and 1.0 m in height, which was instrumented with a pressure
transmitter connected to a data acquisition system in order to record the pressure fluctuations of the gas-solid flow.
Aluminum beads with mean particle diameter of 1.55 mm were used as inert particles and the calcium carbonate
suspension (concentration of 9%) was used as a liquid paste sprayed onto the bed. The results showed that the
fluidization quality can be monitored by the standard deviation and power spectrum techniques.
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1. INTRODUCTION

The chemical, food and pharmaceutical industries have used fluidization in several processes due to effective
contact between solid and fluid phases resulting in high rates of heat and mass transfer. In gas-solid fluidized bed
processes, it is crucial to maintain the stability of the fluidization state, in order to guarantee the stable variables in
fluidized bed systems, such as, temperature, moisture content and particle size uniformity (Anderson and Jakson, 1968;
Batchelor, 1998; Koch and Sangani, 1999; Didwania, 2001; Chirone et al., 2006; Silva et al., 2011; Zhong et al., 2012).

However, high temperatures, excessive moisture content of the particles and the introduction of liquid in the
fluidized bed can often lead to instabilities in the fluid-dynamic regime and cause partial or total collapse of the bed,
reducing the efficiency of the process (Maronga, 1998). Therefore, to identify the initial moments when the bed is
tending to defluidization, it is possible to act in the process and to return the fluidization in the appropriate condition
(Parise, 2007).

The several forms of processing of the pressure fluctuation signals collected in a fluidized bed can be used to
analyze fluid dynamic regime transitions and detected unstable behaviors. This technique has been widely employed
because the ability to provide important information of the bed dynamic, besides this it is not intrusive and
economically viable (van der Schaaf et al., 2002). The pressure fluctuations signals are easy to obtain, requiring a
pressure transducer connected to the measurement point in the fluid bed (Brown and Brue, 2001). According to
Schouten and van den Bleek (1998), the signals can be evaluated by three methods: chaos analysis, which is done in the
state space of the systems; spectral analysis, involving the frequency domain; statistical analysis using the time domain.
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This paper addresses the use of some of the main techniques of monitoring and fluidizing regime control. Research
on the hydrodynamic monitoring area of fluidized beds based on processing pressure fluctuation signals have received
strong acceptance by the international scientific community due to its great potential application for the identification of
agglomeration problems in coating processes and granulation solid fluidized bed (Talu et al., 2001; Chaplin et al., 2005;
de Martin et al., 2011; Nunes et al., 2011).

Parise et. al (2008) developed a methodology to identify the defluidization region, which was based on spectral
analysis. The technique adjusts the power spectrum obtained from pressure fluctuation measurements to an exponential
function similar to the Gaussian normal distribution. In such study, it was observed that the central frequency parameter
can be used to detect the defluidization condition in a gas-solid fluidized bed. Silva et. al (2011) applied the Gaussian
spectral pressure distribution in order to detect the defluidization phenomenon in a fluidized bed coating process. The
results showed that the defluidization of particles could be clearly identified in almost all experiments performed.

The aim of this present work is to monitor the fluidization regime transitions during the course of the fluid bed paste
drying using standard deviation and power spectrum analysis of the pressure fluctuation signals. Aluminum beads of
1.55 mm in diameter were used as inert particle and the calcium carbonate suspension (concentration of 9%) was used
as a pasty material sprayed onto the bed. It is worth to emphasize that this work is new in the literature, since there are
not studies about the monitoring of the fluidization regime in fluid bed paste drying.

2. MATERIAL AND METHODS

The experiments were carried out in a Plexiglas fluidized bed dryer which consists of a vertical column of 0.11 m in
inner diameter and 1.0 m in height. A photography of the experimental setup used in the present study is given in Fig. 1.
Air flow from a 3kW blower was regulated by a frequency inverter (WEG®, CFW080160T2024POA1Z) and metered
by an orifice plate of 0.028m in orifice diameter. Two differentials pressure transducers were used to measure the
pressure drop across the orifice plate and the up-wind pressure of the gas (Cole Parmer®, 68071-14, range 0 to 6227 Pa
and Cole Parmer®, 68073-14, range 0 to 12454 Pa, respectively). The experimental unit was equipped with a peristaltic
pump (Vallair®, model SVP4H2B1SZAA) to feed continuously the dilute suspension (paste) to be dried into the bed of
inert material by a double fluid nozzle atomizer (Spraying Systems®, SU11-SS). In order to atomize the suspension, it
was used an air line composed by a compressor (Schulz®, model 821410, 2 HP) and a pressure regulator (FIuir®,
model AW200002U).

The fluidization air was heated by electrical resistances and maintained at 70°C during all experiments. The
pressure fluctuations signals from the fluidized bed dryer were measured in a point localized at the plenum chamber
using a differential pressure transducer (Cole Parmer®, 68071-14, range 0 to 6227 Pa). All pressure transducers were
connected to a data acquisition system (N1 USB 6211 - National Instruments™), and the pressure data were acquired
and processed by the LabView 10.0 ™ software.

The dried powders were collected by a Swift cyclone which was connected by a pulse jet bag filter.
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Figure 1. Photo of the experimental fluidized bed dryer
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The inert material used was aluminum beads with apparent density of 2692,6 kg/m®, mean particle diameters of
1.55 mm. The dilute suspension (paste) was composed by calcium carbonate (CaCO3) and distillate water. The Table 1
summarizes all process parameters.

Table 1. Experimental parameters.

Experiment maluminum_beads (kg) Uo /umf Cdilute_suspension : (%) Q g:’ﬁfi;ﬁ?ﬁiion
: 9.0 12.0
5 1.60 14 9.0 15.0

*C (Concentration) = (mass of CaCOj3 )/(volume of solution)

During the experiments, 2048 data points of pressure were acquired in the plenum chamber at a sampling rate of
400 Hz. These pressure signals were filtered by a digital filter (IRR- infinite impulse response- Butterworth type, order
20 and 20 Hz cutoff frequency) and distributed following a mean centring procedure. The Fast Fourier Transform
algorithm (FFT) was applied on the mean centring pressure data and the power spectrum was obtained.

3. RESULTS AND DISCUSSION

3.1 Standard deviation of pressure fluctuation signals

Figure 2 (a) and (b) show the profile of standard deviation of pressure fluctuation signals in the plenum during the
paste drying process using calcium carbonate suspension flow rate of 12.0 ml/min and 15.0 ml/min, respectively.
In Fig. 2(a) and (b), the standard deviation of pressure fluctuation decreases along the drying time, which is related to a
reduction of the amount of air bubbles. The content of liquid sprayed into the bed causes changes in motion of the
particles, reflecting on irregular pressure fluctuation in the plenum, consequently, a reduction in values of standard
deviation.  From visual observation during the paste drying process, it was found that the movement of the inert
particles decreased gradually, and in case of Fig. 2 (a), at around 800 s of experiment, the bed collapsed and absence of
air bubbles was observed, which resulted in accentuated drop of the standard deviation. In Fig. 2 (b), the increase of
suspension flow rate resulted in a fall of standard deviation values much more pronounced than in the case of Fig. 2 (a),
due the reducing movement of the inert particles.
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Figure 2. Standard deviation of pressure fluctuation signals during the paste drying process. Operational
conditions: Maluminium_beads = 1.6 kg, Uolu_mf: 1.4, Tinet-air = 70°C; Peltomizatio_n =0.1 MPa.
a) QCaCO3»suspensi0n =12 ml—/mm; b) Q CaCO3-suspension =15 mL/min.

3.2 Power spectrum analysis

Figure 3 and 4 illustrate the power spectrum obtained for stable regime (), tending to instability (b), unstable (c)
and (d, Fig. 3) for the operational conditions of experiment 1 and 2 (Table 1), respectively. Analyzing the evolution of
spectrums, one can observe the stable fluidized bed regime is characterized by peaks of dominant frequency around
5.5 Hz. However, when the fluidization regime shows instabilities due to the content moisture excess in the bed, a
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gradual reduction in the peak of dominant frequency occurs, and simultaneously, the high frequency region (> 7.5 Hz)
equates [Fig. 3 (c)] and then overlaps [Fig. 3 (d)] the frequency related to the stable bed. The appearance of multiple
peaks with high amplitudes distributed in the region from 7.5 to 20 Hz is indicative of the fluid- dynamic instabilities.
Similar results are related by Gomez-Hernandez et al. (2014), when the evolution of the spectral frequency content,
using sand particles with water sprayed into the fluidized bed.The lowering of the dominant frequency is related to
reducing the bubbling, because the interaction between dilute phase (broth - gas) and the concentrated phase (cluster -
particles) reduces with excess moisture from the bed._The emergence of peaks in the high frequency region is related to
particle-particle interactions and the equipment (blower vibration), which now have greater importance next to fixed
bed regime [Guo et al (2002);. Guo et al. (2003)]. The same behavior was observed in both Fig. 3 and 4.
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Figure 3. Power spectrum of pressure fluctuation. Operational conditions: Mayminium_peads = 1.6 Kg, Ug/Ums = 1.4,
Tinlet-air = 700C; Patomization = 0.1 MPa, Cdilute_suspension =9%; Qdilute_suspension =12 mL/min. a) without atomization; b)
atomization time: 310 s; ¢) atomization time: 435 s; d) atomization time: 854 s
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Figure 4. Power spectrum of pressure fluctuation. Operational conditions: Mauminium_peads = 1.6 Kg, Uo/Ums = 1.4,
Tintet-air = 70°C; Patomization = 0.1 MPa, Cdilute_suspension =9.0%; Qdilute_suspension = 15.0 mL/min. a) without atomization;
b) atomization time: 368 s; c) atomization time: 512 s

4. CONCLUSIONS

The experimental study was carried out to monitor the fluidization regime transitions using standard deviation and
power spectrum analysis during the fluidized bed paste drying. The results show that the standard deviation decreases
along the time of drying due to the hydrodynamic instability related to the liquid accumulation on the bed. In the case of
power spectrum analysis, for stable regime, the peak of dominant frequency is around 7.5 Hz, and peaks between 7.5 to
20 Hz indicate fluid dynamic instabilities. These techniques can be useful for indicating the initial moments of stability
during fluidized bed paste drying.
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