
Indian Chem. Engr., Section A. Vol. 37, Nos. 1,2 (1995) 

Prediction Of Minimum Fluidization Velocity And Bed 
Pressure Drop In Non-circular Gas-solid Fluidized Bed 

R. K. SINGH, A. SURYANARAYANA and G. K. ROY* 
Department of Chemical Engineering 

Regional Engineering College, Rourkela-769 008, INDIA 

Abstract 

The onset of fluidization velocity and correspond­
ing pressure drop are. based on the balance between the 
forces which include the gravitational and fluid fric-
tional forces exerted on the particles and the total 
effective weight of the particles. The equations for 
minimum fluidization velocity and corresponding 
pressure drop were derived for non-circular sections of 
square, hexagonal and semi-cylindrical shape and 
compared with the experimental ones. Under identical 
operating conditions, onset of fluidization velocity is 
minimum for a square bed while the semi - cylindri­
cal one exhibits minimum bed pressure drop at the 
onset of fluidizaion. 

Introduction 

Cylindrical or columnar fluidized beds have been 
employed extensively in process industries. In spite of 
many advantages claimed by fluidization in columnar 
beds, the efficiency and quality in large scale gas-solid 
fluidized beds are seriously affected by bubbling, slug­
ging and channeling behaviour at gas velocities higher 
than the minimum fluidization velocity. These result in 
poor gas-solid contact and lower mass and heat trans­
fer rates. Various techniques viz. introduction of 
baffles, operation in a multi - stage unit, imparting 
vibrations and rotations have been advocated for im­
proved performance of a gas-solid fluidized bed. 
Application of non-cylindrical conduits, instead of a 
conventional cylindrical one, is also considered to be 
an attractive alternative technique for smooth gas-solid 
fluidization (2, 3). In this paper, some dynamic studies 
have, therefore, been made in hexagonal, square and 
semi-cylindrical beds for their potential application in 
gas-solid fluidization. 

The objectives of the present work include (i) De­
velopment of a mechanistic model for the condition of 
incipient fluidization in non-columnar beds based on 
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Ergun's equation (1), (ii) Derivation of equations for 
predicting the minimum fluidization velocity, Umf and 
minimum bed pressure drop, for gas-solid 
fluidization (4,5) and (iii) Comparison of the devel­
oped equations with experimental data. 

Theoretical Analysis 

With the assumption that friction is negligible 
between particles and bed walls,fluidization is initiated 
in a fluid-solid bed when the force exerted by the 
fluidizing medium flowing through the bed is equal to 
the total effective weight of the material in the bed. For 
simplicity, we further assume that the lateral velocity 
of the fluid is sufficiently small to be neglected and 
that the vertical velocity of the fluid is uniformly dis­
tributed on the cross-sectional area (4). 

The pressure drop through a packed bed with dif­
ferential height dh is equal to (1) 
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Values for minimum fluidization velocity and 
pressure drop are calculated using equations 6 and 7. 
For hexagonal, semi-cylindrical, square and cylindrical 
bed, cross-sectional area remains constant with the 
height of bed. The porosity of the bed was calculated 
from the measurement of height and area of bed, mass 
and density of the particles. The sphericity was calcu­
lated using packed bed data of cylindrical bed (7) or by 
the equation, 

Where, dp is the particle diameter in feet (6). 

Experimental 

All the non-columnar vertical beds including the 
cylindrical ones were made of transparent acrylic resin 
so that the solids' behaviour could be observed clearly. 
For proper distribution of air, a calming section with 
glass beads was used at the entrance of column. Above 
the glass beads, a copper screen of 48 mesh was used. 

The dimensions of the beds employed are listed in 
Table 1. Properties of the beds and the fluidized parti­
cles are listed in Tables 2 and 3 respectively. Ambient 
air (approximately 30°C) dehydrated through silica gel 
tower was used as the fluidizing medium. The flow 

- • 

A known weight of the particles was poured into 
the bed and then the particles were fluidized fully by 
air at a certain velocity. The loading of particles for 
each experiment ranged from 0.5 to 1.5 kg. When a 
stable state of fluidization was established, the velocity 
was gradually reduced to zero. After the velocity 
reached zero, the velocity was gradually increased and 
the values of velocity and pressure drop were again 
recorded. Using the data while increasing the velocity, 
the pressure drop-velocity curve was constructed. The 
minimum fluid mass velocity (Gmf) and the minimum 
pressure drop, for fluidization were determined 
from the curve. 

Results And Discussion 

The experimental results have shown that for the 
increasing fluid velocity cycle, the pressure drop - ve-
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locity relation for non-columnar beds yield curves 
(Figures 1 and 2) for which the pressure reaches a 

maximum value and then decreases tor a while after 
which it again increases slowly. In the decreasing fluid 

velocity cycle, however, the pressure drop decreases 
continuously and the peak is not recovered. This is 
similar to the pressure drop-velocity diagram of the 
columnar fluidized bed. The difference between the 
diagrams of columnar bed and that of non-columnar 
bed is that the peak region decreased sizably in case of 
non-columnar beds. 

Figure 3 compares the minimum fluidization mass 
velocity calculated with the help of equation 6 with the 
experimental ones. To obtain the calculated Gmf val­
ues, static bed data were used in equation 6. In Fig. 4, 
values for the minimum fluidization pressure drop 
(calculated by Equation 7) have been compared with 
the experimental data. It is evident from these figures 
that the agreement between the calculated and experi­
mental values is satisfactory for engineering 
calculations, indicating that the Ergun's method can be 
generalized to non-columnar beds as long as the cross-
sectional area does not vary with height. Higher 
experimental values for minimum fluidization mass 
velocity and pressure drop in a number of cases may 

be attributed mostly to porosity change at minimum 
fluidization. The columns were large enough to elimi­
nate wall effects since the minimum ratio of column 
diameter to particle diameter was fifty five. 

The values of minimum fluidization velocity and 
pressure drop for different conduits at equal amount of 
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solid particles of monosize and mixed size per unit 
cross-sectional area of bed are presented in Table 4 for 
comparison. 

Conclusion 

The equations for the prediction of minimum 
fluidization velocity and bed pressure drop, developed 
for the circular beds on the basis of Ergun's packed 
bed equation, can also be used to calculate the above 
mentioned quantities for non-circular beds of constant 
cross-section. The experimental values of minimum 
fluidization velocity for circular section when com­
pared with those of Wen and Yu correlation, give an 
error of around thirty five percent. 

For identical operating parameters, fluidization 
onset velocity in a square bed at a fluid mass velocity 
is less than that of circular bed while bed pressure drop 
for the same condition measures to be lower for semi-
cylindrical bed than that of a circular bed (based on 

However, it is premature to draw more conclu­
sions with respect to dynamic behaviour of 
non-circular beds at this stage and investigations are 
on. Other factors like structural capability, fluidization 
quality and finally, the acceptability by the users, who 
are often guided by conventionalism, are to be consid­
ered for the selection of the type of bed. The 
deviations are percent for Figure 3 and + 30 to -5 
percent in case of Figure 4. The error on one side only 
in Figure 4 is due to the difference in porosity 
calculation. 




