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Experimental investigations have been carried out for spherical and non-spherical particles using beds comprised 
of single-sized particles and mixtures in the size and particle density ranges of 439 to 1524 and 1303 to 4948 kg/m3, 
respectively. Five conical fluidizers with varying apex angles of 8.86, 14.77, 19.60, 32.0 and 43.2 degrees were used. 
Experimental values of minimum velocity and bed pressure drop with air as the fluidizing medium have been compared 
with their respective values obtained from different models available in the literature. Deviations for each chosen model 
have been presented. 

F luidization has found extensive applications in unit oper
ations like drying, adsorption and in chemical processes 

viz. solid-catalyzed reactions, combustion, carbonization and 
gasification (Shi et al., 1984). In gas-solid fluidization, solids 
mixing often is desirable for high rates of heat and mass 
transfer which are attributed to enhanced turbulence in the 
bed. However, this brings in considerable back-mixing of 
the solids which is undesirable. A conventional columnar flui
dized bed is prone to back-mixing (Shi et al., 1984; Toyo-
hara and Kawamura, 1989). 

The quality of fluidization, i.e., the fluctuation ratio in a 
conventional bed, is seriously affected by bubbling, slugging 
and channeling, resulting in poor gas-solid contact, and lower 
diffusion and heat transfer rates. In many fluid-solid con
tacting processes, the particle sizes are not uniform and fluidi
zation is badly affected (Kunii and Levenspiel, 1969). The 
introduction of baffles in conventional beds has been reported 
to result in significant improvement in the fluidization quality, 
but there is not smooth fluidization for different particle sizes 
(Agarwal and Roy, 1987). Use of a conical bed for fluidiza
tion reduces back-mixing in the longitudinal direction and 
also ensures smooth fluidization of mixed particle sizes. 

Dynamics of a conical bed 

In view of its potential application in the fields of gas-
solid systems, it is a pre-requisite that the dynamics of the 
bed be explicitly understood. Two bed characteristics of 
relevance in this context are the minimum velocity {Umf ) and 
pressure drop for a fluidized bed. 

MINIMUM FLUIDIZATION VELOCITY 

Several models (approaches) are available for the predic
tion of Umf for conventional fluidized beds. A few of these 
which have been tested for the present study are: 
(1) Drag coefficient approach according to Kmiec (1982) 

and Jean and Fan (1987). 
(2) Empirical equations of Lucas et al. (1969). 
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In addition to the above, some equations developed 
for conical conduits by earlier investigators have also 
been tested. These include, 

(3) The force balance approach of Agarwal and Roy (1988) 
and Shi et al. (1984). Here the entrance diameter of the 
cone to the bed is used to calculate Umf . 

The equations for all the above models are presented in 
Table 1. 

PRESSURE DROP AT MINIMUM FLUIDIZATION 

For calculation of pressure drop at minimum fluidization 
of spherical particles in a conical fluidized bed, three models 
have been tested, out of which two are of Agarwal and Roy 
(1988) and Biswal et al. (1984) for conical conduits and the 
third one is of Leva (1959) for a conventional bed. The 
Agarwal and Roy (1988) model for conical beds is based on 
a force balance, while the model of Biswal et al. (1984) is 
an empirical development. The model of Leva (1959) is the 
well-known force balance model for cylindrical beds. In addi
tion to the above, the drag force approach of Kmiec (1982) 
and Jean and Fan (1987) has also been tested for non-
spherical particles. The mathematical expressions for these 
models are presented in Table 2. 

Experimental 

The experimental set up and the steps followed have been 
detailed in Biswal et al. (1984). Table 3 depicts the ranges 
of variables investigated in the present study. The shape 
factor was determined using the equation, 
0.231 log dp + 1.417 where dp is the particle diameter in 
feet (Narsimhan, 1965). 

Results and discussion 

Experimental values of the minimum velocity and bed pres
sure drop at the minimum fluidization velocity for gas-solid 
fluidization of spherical and non-spherical particles are com
pared with their respective values obtained from different 







greater than those for the spherical particles, specifically for 
the minimum fluidization bed pressure drop. This may be 
attributed to the sphericity factor. The sphericity factor used' 
in the present study for calculation of using different 
models has been obtained from an empirical equation 
involving the minimum bed voidage, the accurate measure
ment of which is fairly difficult under existing experimental 
conditions. However the models of Agarwal and Roy (1988), 
Lucas et al. (1986) and Kmiec (1982) for the minimum fluidi
zation velocity and the models of Agarwal and Roy (1988), 
Leva (1959) and Biswal et al. (1984) for minimum fluidized 
bed pressure drop can be used with fairly good accuracy for 
gas-solid fluidization in conical conduits. 

In summary, the present investigation has established the 
superiority of the model of Agarwal and Roy (1988), except 
for for non-spherical particles. The model equation 
can be used effectively in making suitable computations for 
the dimensions and power consumption in the design of con
ical fluidizers having potential applications in various gas-
solid systems. 




