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The necessity of a generalized correlation for prediction of pressure drop in a gas-solid semifluidized 
bed is emphasized. A correlation has been developed in terms of dimensionless numbers for calculating 
the pressure drop. The pressure drop at the onset of semi-fluidization has been chosen as the reference. 

INTRODUCTION 

Semi-fluidization is a new type of fluid-solid contact 
technique. Studies relating to the dynamics of gas-solid 
semi-fluidization can broadly be classified into (i) pre
diction of the onset and the maximum semi-fluidiza
tion velocities1, (ii) prediction of- packed bed forma
tion2,3 and (Hi) prediction of pressure drop across a 
semi-fluidized bed.3 The first two aspects have been 
exhaustively studied but the latter aspect has not been 
explored in detail. The available correlations indicate 
wide deviations between the calculated and the experi
mental values of pressure drop and involve laborious 
calculations as well. An attempt has therefore been 
made to develop a simplified working correlation for the 
prediction of the pressure drop across a gas-solid semi-
fluidized bed in terms of the system parameters. 

PREVIOUS WORK 

Measurements of total pressure drop occurring in 
semi-fluidization have been first reported by Fan, et al3 

for gas-solid systems and the measured values have been 
compared with those calculated from the theoretical 
equation. In case of semi-fluidization, the total pressure 
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is ideally the algebraic sum of the pressure drop across 
the fluidized and the packed sections. Hence 

EXPERIMENTAL WORK 

Fan, et al measured the pressure drop in fixed and fluidi
zed beds separately and the total pressure drop was 
obtained using equation (1). This has been compared 
with the observed bed pressure drop and also with that 
calculated using equation (1). It has been observed that 
the experimental values are nearer to those calculated 
by using equation (1) whereas equation (2) gave lower 
values. 

A correction factor in terms of system parameters for 
the gas-solid semi-fluidized bed pressure drop was 
suggested by Roy and Sen Gupta5: 

The experimental set-up used in the present study is 
shown in Fig 1. The semi-fluidizer was a perspex column 
4.4 cm in internal diameter and 100 cm long. The bottom 
grid was a 60 mesh stainless steel screen. A movable 
restraint made up of 60 mesh brass screen and fitted to a 
truncated plastic cone was fixed rigidly to a mild steel 
rod 6.4 mm in diameter extending from the top of the 
semi-fluidizer. The rod could be fixed with respect to a 
particular position of the movable restraint by means of 
a clamp at the top. Two sets of manometers were 
provided, one for the measurement of pressure drop 
across orificemeter to measure the flow rate and the 
other for the bed pressure drop. 

While taking a run, the sample was introduced into 
the column and the fixed bed height was noted. The 
movable restraint was adjusted for a particular bed 
expansion ratio. Pressure drops across the bed and the 
orifice were noted as the air flow rate was increased. 
The top formations were recorded after the onset of 
semi-fluidization. The static and expanded bed porosities 
were determined in separate experiments with samples 
of known weight. 

RESULTS AND DISCUSSION 

Table 1 gives physical properties of materials and 
ranges of variables studied. Typical data showing nature 
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The calculated values were obtained with the help of 
•equation (2). 

As it appears from above, the equations involve very 
laborious calculations for the prediction of semi-fluidized 
bed pressure drop. 
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of the variation of pressure drop and packed bed forma
tion with fluid mass velocity are presented in Table 2. 
These effects are illustrsted in Figs 2 and 3. 

DEVELOPMENT OF THE CORRELATION 

As has been reported earlier and observed in the 
present case the porosities of the packed and fluidized-
sections of the bed present difficulties in the calculation 
of overall pressure drop in the semi-fluidized bed. 
Available equations for packed bed pressure drop are 
quite sensitive to bed porosity variation. Hence an 
attempt has been made to report the semi-fluidized bed-
pressure drop as a dimensionless ratio and relate it to 
various system variables. 

During investigations it has been observed that the 
height of the initial static bed has no appreciable effect 
on the semi-fluidized bed pressure drop. In a semi-
fluidized bed, the major contribution to pressure drop 
is due to the formation of packed bed below the top-
restraint and is independent of the total material being; 
distributed in the two sections. Since the column dia
meter has not been altered, the effect of is not 
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accounted for. Consequently, equation (5) reduces to, 

where A is a constant and a1 ,a2 , a3 and a4are exponents 
of the system variables. 

The exponents of equation (6) have been evaluated 
by plotting the pressure drop ratio against each of the 
system variables on log-log coordinates (Table 3). 

After substitution of these exponents equation (6) 
becomes, 

where A is the coefficient and B the exponent of the 
overall product. The pressure drop ratio has been 
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equilibrium line and these refer particularly to particles-
of large size, particles of higher density and in the regions 
of packed bed heights approximately that of the initial 
static bed height. Similar discrepancies have been observ-
ed by earlier investigaters3. They are of the opinion that 
(i) configuration of screen, (ii) the change in orientation 
of particles forming packed bed below the restraint, 
(iii) the blinding of screen or (iv) influence of particle 
shape may cause these deviations. Further work is 
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The values of the pressure drop calculated by using 
the above equation have been compared with the experi-
mental values in Fig 5. From the figure it can be observed 
that there are certain points deviating much beyond the 

plotted against the overall product in Fig 4. The data-
fits well into a straight line relation and the equation 
for this can be given by6 



warranted in these lines to give a better explanation for 
these variations. 
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