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The necessity of having a generalized correlation for 
the prediction of the pressure drop across a semi
fluidized bed is stressed. Pressure drops across the 
semi-fluidized bed have been calculated using various 
theoretical equations and 'have been compared with 
the experimental values. For the first time, two dif
ferent equations, one for spherical particles and the 
other for non-spherical ones, have been suggested for 
the prediction of the actual pressure drop in terms of 
the system variables. 

Semi-fluidization is a new and unique type of fluid-
solid contact operation, which has only been reported 
in the last decade. Like packed bed and fluidized bed 
operations, this is also a two-phase phenomenon. A 
semi-fluidized bed is a compromise between the 
packed bed and fluidized bed conditions, in which 
certain drawbacks of both these operations are elimi
nated1. The introduction of a porous disc or sieve in a 
conventional fluidizer arrests the free upward motion 
of the particles, resulting in the formation of a semi
fluidized bed—the combination of a packed bed at the 
top and a fluidized portion at the bottom. 

In the field of semi-fluidization, more attention has 
been paid to the momentum transfer aspects than to 
other studies. Although some information is available 
for the prediction of the minimum and maximum 
semi-fluidization velocities, and also for the prediction 
of packed bed formation in semi-fluidization, infor
mation for finding the pressure drop across the bed is 
scanty. An attempt has therefore been made to develop 
correlations for the prediction of the pressure drop 
across a gas-solid semi-fluidized bed. 

Experimental 
The experimental set-up used in the present study is 
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shown in Fig. 1. The semi-fluidizer was a Perspex 
column 4.5 cm in internal diameter and 57 cm long. 
The bottom grid was a 150 mesh stainless-steel screen. 

Fig. 1. Schematic diagram of the experimental set-up. 

A movable restraint made from a porous brass plate 
and an 80 mesh brass screen, both soldered to a brass 
cone, was fixed rigidly to a mild steel rod 3/16 in. in 
diameter extending from the top of the semi-fluidizer. 
Two pressure taps were provided for the orifice meter 
to record the flow rate of air through the column. The 
bed pressure drop was noted at two pressure taps, one 
below the bottom of the grid and the other at the top 
of the column. Two sets of manometers were provided 
for the measurement of flow rates and pressure drops, 
one being used for the lower range and the other for 
the higher. 

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. 
When semi-fluidization sets in, the top bed formations 
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were constantly recorded. The static and expanded 
bed porosities were determined in separate experiments 
with samples of known weight. The surface area of 
the particles and the shape factors were determined 
by the air permeability method2. 

Results and discussion 
Altogether 141 sets of runs were made. Two spherical 
materials (mustard seed and sago of size 14/20 BSS) 
and four non-spherical materials (table salt, sand, 
magnesite and ammonium sulphate of size 30/40 BSS) 
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were studied. In addition, for table salt only, four size 
ranges (20/30, 30/40, 40/52 and 52/60 BSS) were 
examined. The lowest and highest densities of solids 
used were 1.12 and 2.80 g/cm3 respectively. The 
properties of the solid particles and the fluids used are 
given in detail in Table 1. Table 2 gives a typical run 
showing the variation of pressure drop and packed 
bed formation with fluid mass velocity. These effects 
are shown in Fig. 2. The bed expansion data for the 
same system are given in Table 3 and illustrated in 
Fig. 3. 



Fig. 3. Variation of expanded bed height with fluid mass 
velocity. 

for the prediction of the pressure drop across a 
fluidized bed, there are various correlations for the 
determination of the pressure drop across a packed 
bed. A few important ones are as follows. 
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Prediction of pressure drop in a semi-fluidized 
bed. The pressure drop in a semi-fluidized bed should, 
ideally, be equal to the algebraic sum of the pressure 
drops across the fluidized section and the packed 
section, since they are aligned in series in the direction 
of flow. While there is only one generalized equation3, 
namely 

0) 

where n = 1 for laminar flow, n = 2 for turbulent flow 
and f is the modified friction factor. The values of n 
and f are determined from a knowledge of the state of 
flow and reference to the standard plot of f versus 
ReP

4. 



Fan et al.5 measured the total pressure drop occur
ring during semi-fluidization and compared these 
measured values with those calculated from corre
lations. They used Ergun's equation for calculation of 
the pressure drop for the packed section. The 
equation for the total pressure drop was given as 
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obtained in each case by adding the packed bed press
ure drop to the fluidized bed pressure drop obtained 
from eqn. (1), and these values were then compared 
with the experimental values (Table 5). It was found 
that use of the Kozeny—Carman equation gave much 
lower values in all cases, whereas the equation suggested 
by Leva gave a few values higher than the experimental 
ones and the rest lower. The values of pressure drops 
as calculated by Ergun's equation were found to be on 
the lower side. In further work Ergun's equation only 
was used for the calculation of the packed bed pressure 
drop. The use of Leva's equation, although justified to 
some extent (because of its closeness to the experi
mental values in some cases), was not favoured since 
it involves quantities like the modified friction factor 
f and the state of flow factor n which must be taken 
from charts. It is difficult to read the exact values of 
these quantities and any error here would manifest 
itself in the form of wide deviations. In addition, Leva 
has suggested different equations for the packed bed 
pressure drop taking into account the effect of surface 
roughness (a quantity that cannot be measured 
directly)3. In contrast, Ergun's equation is quite 
simple as it involves quantities which are directly 
measurable. 

Development of the correlation. As has been 
reported earlier6 and has also been observed in the 
present case, the porosity of the packed section causes 
difficulty in the calculation of the over-all pressure 
drop in the semi-fluidized bed. Available equations 
for packed bed pressure drops are quite sensitive to 
bed porosity variations. Also, there is no direct way of 
simultaneously measuring the porosities of the fixed 



Two different straight lines with slopes of 0.583 and 
1.268 were obtained for spherical and non-spherical 
particles respectively. The data with asterisks represent 
conditions of simultaneous variation of a number of 
variables. In all other cases one parameter was changed 
at a time, the remainder being kept constant. The 
equations for the two lines can be written as follows. 

For non-spherical particles 

It is imperative that the correction factor should be 
related to the system parameters. The parameters of 
importance in this case are 

The relation can be written in the following manner: 

and the fluidized sections of the semi-fluidized bed. 
This results in a wide variation between the experi
mental and calculated values of the pressure drops in 
the bed. Hence an attempt has been made in the 
present work to give a correction factor, in terms of 
system variables, which can be used for the prediction 
of the pressure drop in the semi-fluidized bed. 

The pressure drop expression can now be written as 

is valid. 
The correction factor has been plotted on log—log 

paper (Fig. 4) against the product 

where A is the coefficient of the over-all product. If B 
is the exponent of the over-all product (prod.) which 
is the correlation factor for the exponents of the 
system variables, the equation 

where A is a constant and a1, ,a2, a3,a4 and a5 are 
exponents of the system variables. 

The exponents of eqn. (9) have been evaluated by 
plotting the correction factor against each of the 
system variables on log—log paper. After substitution 
of these exponents, eqn. (9) becomes 
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TABLE 5 

Total pressure drop of semi-fluidized bed 



The values of the pressure drop calculated by using 
the above correction factor have been found to be in 
good agreement with the experimental data. In the 
case of non-spherical particles, most of the data lie 
within ± 15%, the maximum deviation being of the 
order of 35—40% (for a few cases only). All the 
system variables have been exhaustively examined. 
However, the correlation for spherical particles has 
limitations in that only two materials have been 
studied. The maximum deviation in this case is as high 
as 50-60%. It is therefore suggested that further 
investigations with spherical particles should be carried 
out. 
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