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Abstract – The fluidization of zinc sulphate nano powder 

was discussed in this section. The zinc sulphate nano 

powder material column of 10cm was prepared in the 

tower of 80cm height. The mechanical vibrational 

system was attached at the bottom end of the tower while 

bottom end is also used for the aeriation purpose. In this 

paper effect of different mechanical vibration on 

fluidization of bed were discussed  

Keywords- Fluidization, Fluidized Bed, Vibration, 

minimum fluidization velocity. 

INTRODUCTION 

Fluidization of granular material is the process of 

converting static solid like state to dynamic fluid like 

state. A fluidized bed technology generally uses small 

size particles for better heat transfer rate. Fluidized beds 

have variety of applications in manufacturing and 

process industries. Because of effectiveness of fluidized 

bed, their applications are increases day by day. In recent 

years, researchers suggested many techniques to improve 

the fluidization. This article review developments and 

advancements done in fluidized bed technology using 

different techniques. Extensive review is done on the 

basis of performance characteristics of fluidized bed and 

external assisted mediums to enhance output from 

fluidized bed. 

The advantage of using fluidization technique is to 

access large amount of fluidizing medium which is 

normally air. It allows good combustion of bed particles 

even with low grade quality fuel in a fluidized bed 

boiler. The fluidized beds are widely used in a variety of 

industries where heat transfer properties of the fluidized 

system become important for successful operation [1]. 

Fluidized beds having advantages such as high heat 

transfer coefficient between bed and immersed surface 

or wall, uniform bed temperature with low bed pressure 

drop. Geldart [7] was the first who suggested the 

classification of particulate solids according to density 

and size of particles and this classification divides 

particulate solids into four groups. Group A, B C and D. 

Group A particles have good fluidization characteristics 

with small mean size and low particle density Group B 

particles have good bubbling characteristics at minimum 

fluidization velocity. Group C powders are considered as 

cohesive and hard to fluidize due to intermolecular 

forces. Small particle sizes between 40-1000 μm have 

strong movement. Comparing gas convection with 

particle convection, particle convection is the main 

mechanism of heat transfer. When the particle size is 

larger than 800 μm, the gas convection plays an 

important role, due to low particle movement and high 

interstitial gas velocity. Group D particles are large or 

very dense particles which show stable spouted bed. In 

1995, Experimental results was presented by 

Pidwerbecki and Welty[8] on horizontal tube bubbling 

fluidized bed which helps to know the effect of particle 

size on the heat transfer in flash zone of high 

temperature region. Investigation was done on the basis 

of specific operating parameters like, particle size, bed 

temperature and the tube locations. Convective and 

blackbody radiative heat transfer coefficient variations 

were presented as functions of the non dimensionalized 

velocity ratio and of the particle size. Results show that 

largest convective heat transfer coefficients were found 

in the dense phase of the fluidized bed.  
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Sunderesan and nigel [9] carried out an 

experimentation to know the local heat transfer 

coefficient on the circumference of the fluidized bed 

tube. Results show variation in heat transfer coefficient 

at different angular positions along the circumference of 

the tube. It occurs because of because the contact 

characteristics of the emulsion phase with the tube wall 

are not the same at all angular positions along the tube. It 

was seen that, by increasing gas superficial velocity, 

bubble frequency increases due to greater availability of 

excess free gas to rise through the bed as bubbles. High 

gas velocity resulted high heat transfer rate. Numerical 

simulation analysis on optical He-Ne laser was done by 

Yamada et al. [10] which find heat exchange 

characteristics between heated surface and fluidized bed. 

A theoretical model was proposed to find the thermal 

boundary layer near the heated surface. The radiative 

heat exchange between a fluidized bed and a heated 

surface was investigated via an optical experiment 

employing a He-Ne laser and numerical simulation 

analysis. Also, proposed a theory which predicts the 

radiative heat transfer by considering the thermal 

boundary layer near the heated surface. Experiments 

were performed at various fluidization velocities and 

static bed heights. Good correlation was obtained which 

shows qualitative dependence of fluidized pattern and 

particle diameter. Another paper of same authors [11] on 

characterization amongst fluidizing partials and remotely 

heated heat transfer surface by means of radiation. 

Thermal imager was used to find the time-averaged 

radiation energy emitted from the heated fluidizing 

particles. This study concluded that, by using fluidizing 

particles of large diameter and operating the fluidizing 

bed under high fluidizing velocities, reduces the 

radiation energy toward the heat transfer surface which 

effectively enhance the net radiative heat exchange of 

fluidized bed.  

The heat transfer augmentation of particles which 

was in contact with heat transferring surface inside the 

fluidized bed was studied by Miyamoto et al. [12]. The 

instantaneous local heat transfer coefficient and particle 

packing around the tube were simultaneously measured 

at the same locations. The measured results were 

analyzed by the conditional averaging method, 

distinguishing between particle contact and no particle 

contact. The average local heat transfer coefficient in the 

periods during particle contact was closely correlated by 

exponential function of average local particle packing. 

Similar study was carried out by Hamidipour et al. [13]. 

Effect of contact time of particles at walls of gas 

fluidized beds was studied by using a radioactive particle 

tracking technique. The solids used were sand or FCC 

particles, fluidized by air at room temperature and 

atmospheric pressure at various superficial velocities, 

covering both bubbling and turbulent regimes of 

fluidization. Based on the analysis of tracer positions, 

the motion of individual particles near the walls of the 

fluidized bed was studied. It was found that in a bed of 

sand particles, the mean wall contact time of the 

fluidized bed of sand particles decreases by increasing 

the gas velocity in the bubbling and increases in the 

turbulent fluidization. 

The effect of gas velocity on local and average heat 

transfer coefficient between a submerged horizontal tube 

and a fluidized bed was determined by Busoul et al. [14]. 

The relationship between the bubble or emulsion 

properties and the heat transfer coefficients was 

determined from the simultaneous measurements using a 

heat transfer tube with an optical probe. It was found that 

the bubble frequency increases with the increase in gas 

superficial velocity due to greater availability of excess 

gas free to rise through the bed as bubbles. Yao et al. 

[15] Investigated Fluidization characteristics of six kinds 

of SiO2 powders having particle sizes from 7 to 16 nm. 

These powders were fairly similar in primary particle 

sizes and bulk densities. They all are homogeneously 

fluidized as agglomerates but their bed developments are 

quantitatively dissimilar at certain gas velocities. From 

the results in Figure 3, particles with surface 

modification shows much higher bed expansions as 

compared with those which are not modified. Also, the 

structure, size, apparent weight and the interactive forces 

between agglomerates considerably influence the 

hydrodynamic behavior of agglomerating fluidization. 

Similar analysis was done by Zhu et al. [16] in which 

sound frequencies were added in fluidization tube and 

obtain better fluidization at minimum fluidization 

velocity. Liang [17] performed experimentation of 

agglomerating fluidization behavior in vibro-fluidized 

bed for different binary mixtures of SiO2/TiO2, 

SiO2/ZnO and TiO2/ZnO nanoparticles. It was observed 

from Fig. 4 that there is a reduction in agglomerates size 

of binary mixture of nanoparticles by increasing 

intensity of vibrations. 

RESULTS AND DISCUSSIONS 

Minimum Fluidization Velocity 

During the experimentation, the mechanical 

vibration is assisted for the fluidization purpose. The 

10cm bed of Zinc Sulphate nano material is used for the 
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testing of fluidization. The air with varying velocity is 

passing through the bed. The mechanical vibration 

system is attached at the bottom of the fluidization 

column. The vibration has given the fluidized column. 

The minimum fluidization velocity was studied for the 

different intensity of sound. The below figure 1 shows 

the effect of different intensity on mechanical vibration. 

The figure 1 shows, the testing was conducted at a 

frequency of 15Hz, 25Hz and 35Hz. The minimum 

fluidization velocity also tested at different mechanical 

vibrational frequency. The varying intensity was tested 

under four different vibrations. From the graph it has 

been observed that, for all the vibrational frequency, the 

minimum fluidization velocity obtained for the 25Hz 

frequency i.e 0.42cm/sec. 

 
Fig. 1 Effect of Mechanical Vibration on Minimum 

Fluidization Velocity 

Fractional Reduction 

The fractional reduction was studied for the 

different mechanical vibrational frequency. The below 

figure 2 shows the effect of different intensity on 

fractional reduction. The figure 2 shows, the testing was 

conducted at a frequency of 15Hz, 25Hz and 35Hz. The 

fractional reduction also tested at different mechanical 

vibration. The varying intensity was tested under three 

different mechanical vibration frequency. From the 

graph it has been observed that, for all the mechanical 

vibration frequency, the maximum fractional reduction 

obtained for the 25Hz frequency is 0.506.  

Bed Expansion 

The bed expansion was studied for the different 

mechanical vibrational frequency. The below figure 3 

shows the effect of different mechanical vibrational 

frequency on bed expansion. The figure 3 shows, the 

testing was conducted at a mechanical vibrational 

frequency of 15Hz, 25Hz and 35Hz. The bed expansion 

also tested at different mechanical vibrational frequency. 

The varying intensity was tested under three different 

mechanical vibrational frequencies. From the graph it 

has been observed that, for all the mechanical vibrational 

frequency, the maximum bed expansion obtained for the 

25Hz frequency is 17.7. 

 
Fig.  2 Effect of Mechanical Vibration on Fractional 

Reduction 

 

Fig.  3 Effect of Mechanical Vibration on Bed Expansion 

(H) (cm)  

 Bed Expansion Ratio 

The bed expansion ratio was studied for the 

different mechanical vibrational frequency. The below 

figure 4 shows the effect of different mechanical 

vibrational frequency on bed expansion ratio. The figure 

4 shows, the testing was conducted at a mechanical 

vibrational frequency of 15Hz, 25Hz and 35Hz. The bed 

expansion ratio also tested at different mechanical 

vibrational frequency. The varying intensity was tested 

under three different mechanical vibrational frequencies. 

From the graph it has been observed that, for all the 

mechanical vibrational frequency, the maximum bed 

expansion ratio obtained for the 25Hz frequency is 1.77. 
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Fig. 4 Effect of Mechanical Vibration on Bed Expansion 

Ratio 

Bed Voidage 

The bed voidage ratio was studied for the 

different mechanical vibrational frequency. The below 

figure 5 shows the effect of different mechanical 

vibrational frequency on bed voidage. The figure 5 

shows, the testing was conducted at a mechanical 

vibrational frequency of 15Hz, 25Hz, and35Hz. The bed 

voidage also tested at different mechanical vibrational 

frequency. The varying intensity was tested under four 

different sound frequency. From the graph it has been 

observed that, for all the mechanical vibration, the 

maximum voidage obtained for the 25Hz i.e. 0.435. 

 
Fig.  5 Effect of Mechanical Vibration on Bed Voidage 

CONCLUSION 

The experimentation was conducted to study the effect 

mechanical vibration on the fluidized bed made up of 

zinc sulphate nano particle. In experimentation was 

conducted to study the minimum fluidization velocity, 

bed expansion, fractional reduction, and bed expansion 

ratio. It has been observed that, out of three vibrations 

the 25Hz mechanical vibrations gives minimum 

fluidization velocity, maximum bed expansion, bed 

expansion ratio and fractional reduction. 
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