
Hydrodynamic Study of Micron Size Silica Sand Particles in Sound 

Assisted Fluidized Bed 

   
Nafees Pervez H. Khan1, A.M. Langde2 

1Ph.D. candidate Scholar, Dept. of Mechanical Engg. , Manoharbhai Patel Institute of Engineering & Technology, 

Gondia (MS), India.  

 2Professor, Dept. of Mechanical Engg., Anjuman College of Engg. and Technology, Nagpur (MS), India. 
1Email Id: nafeespkhan@gmail.com, 2Email Id: akashlangde@gmail.com 

 

Abstract:  
Fluidized beds have found extensive industrial applications as compared to fixed beds, and have become a versatile 

fluid-solid contacting device in fluidized bed boilers, chemical, biochemical, cements, paints, and metallurgical 

industries. 

Minimum fluidization velocity is an important factor in understanding the hydrodynamic behavior of fluidized beds, 

and this characteristic can be modified through high intensity sound vibrations. This paper presents an attempt to 

optimize the minimum fluidization velocity (Umf) of fine Silica Sand (mean diameter 120 μm) in presence of an 

acoustic (i.e. sound) filed.   

A 10 cm diameter fluidized bed activated by an acoustic field with sound intensity up to 145 dB and frequency from 

90 Hz to 170 Hz was studied. The effects of sound pressure level and sound frequency on the minimum fluidization 

velocity (Umf) were investigated. Experimental results showed that, increase in sound intensity shows a decrease in 

Umfs. It was also observed that, Umfs first decreases and then increases with increase in frequency for the constant 

values of sound intensity and the minima was obtained at 120Hz frequency. 
 

Keywords: Fluidized bed, Micron size particles; minimum fluidization velocity; acoustic filed, sound 

intensity, sound frequency. 

 

1. Introduction 
 
Fluidization is a fluid-solid contacting technique, which has found extensive industrial applications over 

the last seven decades. This method of contacting has a number of unusual characteristics, and 

fluidization engineering is concerned with its efforts to take advantage of this behavior and put it to 

industrial uses. 

 

Sound-assisted fluidized beds have been studied for different Geldart type particles (Geldart type A-C) to 

understand the effects produced by the acoustic field on the fluidization behavior and quality. This is an 

attractive option because it is a non-invasive technique that does not change the internal structure of the 

bed and there is no limitation to the particle type that can be fluidized. 

 

The pioneering work was done by Morse (1955) to improve the quality of fluidization with the help of 

acoustic field. The loudspeaker was placed at the bottom of the bed.  It was seen that, low-frequency, 

high-intensity sound above 110dB could improve the fluidization of fine particles. In normal conditions 

they were normally non-fluent, and beds they form intense channeling. The study has been done using 

seven different particles. 

 

Nowak et al. (1993) used sound to speed up the fluidization for various materials ranging from 7µm to 

97µm. A loudspeaker located above and bottom of the bed for resonant frequencies of 25Hz and 65Hz, 

and speaker power of 30w. 
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Leu et al. (1994, 1997) worked on group B and C particles individually.  They determined the influence 

of the speaker power, sound frequency, particle 48 loading, and distance between the speaker and bed 

surface on the hydrodynamic properties of a fluidized bed filled with 194 μm  sand. They showed that the 

standard deviation of the pressure fluctuations and the bubble rise velocity was reduced in the presence of 

an acoustic field. 

 

Levy and coworkers (1997, 2006) reported their data on bubble dynamics, acoustic standing wave, and 

separation of material from fly ash based on density difference. The comparison of mechanical vibrating 

system with acoustic system and its combined effect were also investigated within the range of frequency 

90 Hz to 300 Hz and sound pressure level from 100 to 150 dB Guo et al. (2006) investigated the behavior 

of ultrafine (Geldart type C) particles under the influence of sound waves. They studied both nanometer 

and micrometer size particles. They found that as frequency increased, the minimum fluidization velocity 

decreased and then after a specified frequency (40-50 Hz), the minimum fluidization velocity increased. 

When the sound pressure level was changed (100 dB- 103.4 dB) and the sound frequency fixed, the 

minimum fluidization velocity decreased for all particles, thus improving the fluidization quality of the 

particles.  

 

Moreover, Guo et al. (2011) analyzed the effects of the acoustic field on a fluidized bed at different 

temperatures for quartz sand (74 μm, 2650 kg/m3 ) and Si02 particles (0.5 μm, 2560 kg/m3 ). The results 

obtained in that study showed that minimum fluidization velocity decreased with increasing temperature 

with, as well as without, acoustic assistance. In the same way, at a fixed sound pressure level (120 dB), 

the minimum fluidization velocity decreased when the frequency was increased from 50-200 Hz, and then 

the minimum fluidization velocity increased with frequency from 200-400 Hz. 

 

The aim of this work is to determine the effects caused by acoustic field in terms of sound pressure level 

(dB) and frequency (Hz) on the minimum fluidization velocity of Silica sand particle in a cylindrical 

fluidized bed. 

 

2. Experimental set up 

 
Experiments were performed at room temperature and atmospheric conditions. The fluidization gas was 

air, provided by an air compressor. The schematic diagram of experimental set as shown in Fig.1. It 

consists of a fluidization column (10 cm inner diameter), sound generation system. The column made of 

cylindrical clear Plexiglas. A porous distributor located at the very bottom of the column, distributes air 

uniformly into the bed. A needle valve was provided to maintain uniform inlet rotameter pressure. 

Rotameters of uncertainty 3% of the full-scale reading was used to measure the gas flow rate. Water 

manometer was used to measure the pressure drop across the distributor and bed. A millimeter ruler tape 

is attached to the column, to measure the movement of bed.  

 

The sound generating system consists of a sound amplifier, a function signal generator and a loud speaker 

(at 40w). The speaker was located at the top of the bed to generate sound as the source of acoustic field. 

During experimentation, sound frequency was controlled by simply selecting the function generator. The 

sound pressure level measuring system includes a microphone attached to a movable bar tip. The 

microphone was Brüel & KjǽrTM condenser type model 4944 . One end of the microphone was attached 
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to the oscilloscope TektronixTM. This was used to measure sound pressure level. All the experimentation 

have been performed for L/D=1. [Ho (static bed height) =L=10 cm ] 

  

 
 

Fig.1: Schematic diagram of Experimental Set-up 

 
Table 1: Fluidizing material details 

 

Sr. 

No.  

Name 

of Material 

Mean 

Diameter 

“dp” 

Density 

(kg/m3) 

“ρp” 

Weight of 

Material 

(kg) 

L/D 

ratio 

Group 

according to 

Geldart 

classification 

1.  
Silica Sand 

 
120 μm 2500 

1 kg 
1 A/B 

 

 

3. Results and Discussion 

 
Initially the Silica sand was tested with dp = 120μm and L/D = 1 without sound. Since, the particle taken 

for the study lie on the boundary of Geldart A/B, the fluidizability of materials cannot attain early in 

absence of sound intensity. The value of minimum fluidization velocity obtained without sound (i.e. 

Umfo) from pressure drop vs. superficial air velocity graph was 1.5 cm/sec.  

 

3.1 Fluidization in presence of Acoustic filed  

The acoustic fluidized experimentation work has been carried out from sound pressure level of 120dB 

to145dB and frequency from 70Hz to 170Hz. The values of minimum fluidization velocity (Umfs) 

obtained from pressure drop vs. superficial air velocity graph at various sound intensity (dB) and 

frequency (Hz) is depict in Table 2 below;  
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Table 2: Variation of Umfs with acoustic frequency & intensity 

 

 

 

 

 

 

 

 

 
Graph 1. Variation of Umfs with sound pressure level (SPL) 

 

 
Graph 2. Variation of Umfs with acoustic frequency (Hz) 

 
 

1. Graph.1 shows the variation of minimum fluidization velocity (Umfs) with sound intensity (dB) keeping 

frequency constant at 90, 120,140 and 170Hz. From Graph.1, it could be noticed that, increase in sound 

intensity shows a decrease in Umfs. It was then independent of sound intensity and depends only on 

frequency. The best effect has been observed at 120Hz, due to resonance. 

2. Graph. 2 shows the variation of minimum fluidization velocity (Umfs) with increase in frequency in 

presence of sound intensity. It was observed that, Umfs first decreases and then increases with increase in 

frequency for the constant values of sound intensity. The minima was obtained at 120Hz frequency. 

3. The lowest value of Umf (i.e. 0.72 cm/s) was obtained  at 145 dB,120 hz 

4. Minimum fluidization velocity decreased with an increase in acoustic frequency until the material reached 

a point of homogeneous fluidization, beyond that point, Umf started to increase.  

  Umfs (cm/s) 

  90 Hz 120 Hz 140 Hz 170 Hz 

120 dB 1.1 1 1.2 1.25 

130 dB 1 0.9 1.05 1.09 

140 dB 0.85 0.8 0.91 0.95 

145 dB 0.75 0.72 0.8 0.85 
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5. It was also observed that channeling and/or slugging was disappeared in acoustic fluidization bed.  

6. The results obtained in this research corroborate previous studies found in the literature. 

 

4. Conclusions 

 
Table 4: depicts the values of Minimum Fluidization Velocity, Umf (cm/s) of Silica sand  obtained at 

without  sound condition  and in presence  acoustic field. 

Condition Minimum Fluidization Velocity 

Umf (cm/sec) 

Without Sound   

(Umfo) 
1.5 cm/sec 

Under Acoustic Field  

(Umfs) 
0.72 cm/sec 

 

From the above Table 4, it is concluded that the minimum fluidization velocity is distinctly reduced when 

fluidization in carried out in presence of an acoustic filed.  
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