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The necessity of a generalized correlation for the prediction of the packed bed height in semi­
fluidization is stressed. Methods available for calculating the same are reviewed. Based on 
experimental data, a dimensionless correlation has been developed for the variation of packed 
bed height with the semifluidization velocity. The values calculated by this method are com­
pared with those observed experimentally and calculated by the method using material balance. 

SEMIFLUIDIZATION is a unique and novel 
technique of contacting solids with fluids. 
It can be visualized as a combination of packed 

and fluidized beds. The special features of such a 
bed have been reported in literature1. Investiga­
tions dealing with various aspects of liquid-solid 
semifluidization reported earlier have been reviewed 
by the authors2,3. A glance into literature reveals 
that although correlations are available for the 
prediction of the onset and the maximum semi­
fluidization velocities, scanty information is available 
on packed bed formation. While it is necessary to 
know the velocity at which semifluidization begins 
and also the velocity at which all the particles are 
transferred to the packed bed below the screen, it 
is also necessary to know the variation of the height 
of the packed bed with change in the velocity of 
the fluid, the two limits of the velocity being the 
onset of semifluidization and the maximum semi­
fluidization velocity. Hence, an attempt has been 
made to develop a correlation for the prediction of 
packed bed formation in terms of a few dimension­
less groups which influence the system. 

Experimental Procedure 
The experimental set-up used in the present 

study has been described in detail in an earlier 
paper4. 

Results and Discussion 

Altogether 104 sets of runs were taken. One 
spherical material, viz. glass beads of size 0.0164 ft, 
and four non-spherical materials, like coal, stone 
chips, dolomite and iron ore of two different sizes 
(6/8 and 14/16 BSS) were studied. The lowest and 
the highest specific gravities of the materials studied 
were 1.58 and 5.05 respectively. 

The properties of the solid particles used in the 
experiments have been given earlier4. The varia­
tion of bed pressure drop and packed bed formation 
with liquid mass velocity for one system is shown 
in Table 1 and Fig. 1. Bed expansion data for the 
same system are given in Table 2. 

Prediction of packed bed formation — Fan and 
Wen5 proposed an equation for the prediction of 
packed bed height from the maximum semifluidiza­
tion velocity and the minimum fluidization velocity 

for both gas-solid and liquid-solid systems. The 
equation is 

In addition, the above authors suggested a different 
correlation from material balance considerations and 
also taking into account the assumptions of Richard­
son and Zaki6. The correlation is 

The observed and calculated values of packed bed 
formation tallied well up to a value of €f = 0.8. 

Roy and Sarma4 introduced the minimum semi­
fluidization velocity term in place of the minimum 
fluidization velocity in the equation of Fan and 
Wen (Eq. 1), and developed the following expression: 
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The only equation for the prediction of semi­
fluidization velocity has been given by Babu Rao 
and Doraiswamy7 as 

ent straight lines, one for the spherical and the 
other for the non-spherical particles, are obtained. 
Accordingly, the empirical correlations are: 
For non-spherical particles: 

correlation- The parameters of importance tor 
this case are: GSf/Gmsf, hs/Dc, Dc/dp, Ps/Pf, hpa/hs and 
JR. The relation between the group Gsf/Gmsf and 
the other parameters can be written in the following 
manner: 

Writing in terms of packed bed formation in semi­
fluidization, Eqs. (9a) and (9b) become 
For non-spherical particles: 

Where A is the coefficient. Taking B as the ex­
ponent of the overall product (Prod.), which acts 
as a correlation factor, for the exponents of the 
system variables, Eq. (7) can be written as 

Eq. (9) gives the values of semifluidization velocity 
(in terms of Gsf/Gmsf) for a desired packed bed for­
mation, whereas by Eq. (10), the values of top 
packed bed formation can be estimated for a known 
semifluidization velocity. The ranges for various 
variables over which the equations are applicable 
are as follows: 

The values of packed bed formations have been cal­
culated with the help of Eq. (10) for a few typical 
runs (Table 3). Packed bed formations have also 
been calculated by the material balance equation 
(Eq. 2) for the above runs and are given in Table 4. 
The experimental values and ' the values cal­
culated both from the correlation and the material 
balance, as also the percentage deviations of these 





values from the experimental ones are given in 
Table 5. It is evident from the data that the values 
calculated on the basis of material balance deviate 
widely from the experimental values. This is be­
cause of the fact that the exact measurement of 
expanded bed height (and hence expanded bed 
porosity) in a fluidized bed presents considerable 
difficulty, and any small error in expanded bed 
porosity measurement is multiplied, which results 
in appreciable deviation of the final value. The 
values calculated on the basis of the correlations 
compare well with the experimental ones, except 
for a few cases, especially either near the onset of 
semifluidization or towards the end of the operations, 
when the packed bed formation experiences a little 
bit of compaction. 

References 
1. F A N , L. T., YANG, Y. C. & W E N , C. Y., A.I.Ch.E. Jl, 5 

(1959), 407. 
2. R O Y , G. K. & SARMA, K. J. R., Indian client. Mf., 12 (12) 

(1970), 14. 
3. R O Y , G. K. & SARMA, K. J. R., Chem. Process. Engng, 

5 (3) (1971). 
4. R O Y , G. K. & SARMA, K. J. R., Chem. Process. Engng, 

5 (6) (1971). 
5. F A N , L. T. & W E N , C. Y., A.I.Ch.E. Jl, 7 (1961), 606. 
6. RICHARDSON, J. F. & ZAKI , W. N., Chem. Engng Sci., 3 

(1954), 65. 
7. B A B U R A O , K., M U K H E R J E E , S. P. & DORAISWAMY, L. K, 

A.I.Ch.E. Jl, 11 (1965), 741. 

241 


