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THE technique of semifluidization is one of 
the major achievements in the past decade. 
This is also a two phase phenomena like 

the packed and fluidized bed operation. A semi-. 
fluidized bed is a compromise between the packed 
and fluidized bed conditions and can be achieved 
in a conventional fluidizer by incorporating 
suitable modifications in the column construc
tion. 

The studies relating to semifluidization may 
broadly be classified as (1) Momentum Transfer 
Studies, (2) Heat Transfer Studies and (3) Mass 
Transfer Studies. 

Literature reveals that comparatively much, 
work has been reported in the field of momen
tum transfer, whereas information available on 
heat and mass transfer aspects is very scanty. 
The present paper summarizes the earlier work 
and discusses some salient aspects of heat and 
mass transfer in semifluidized beds. 

HEAT TRANSFER 
There are three important aspects that may be 

investigated in connection with semifluidized 
bed heat transfer. (1) Fluid-to-particle heat 
transfer. (2) Particle-to-fluid heat transfer and 
(3) Wall-to-fluid heat transfer. The published 
literature refers to the second aspect (i.e.) the 
aspect of wall-to-fluid heat transfer only and that 
is discussed here. 

Rao and Kaparthi (1) were the first to report 
their studies on wall heat transfer coefficients 
of semifluidized beds in 1" copper column em
ploying different sizes of quartz particles, glass 
beads and aluminium particles fluidized with 
air. The variation of wall heat transfer coeffi
cient with mass velocity for the entire region of 
packed, fluidized and semifluidized beds was 
studied. The investigators reported the presence 
of empty section between fluidized and packed 
section. The overall heat transfer coefficient of 
the bed was predicted using Leva and 
Grummer (10) equation for packed bed, equation 
of Urie (11) for the fluidized bed and Sieder-
Tate (12) equation for empty section heat trans
fer coefficients, and from a knowledge of heights 

of various sections of the semifluidized bed. The 
proposed equation is given as 

Based on the experimental observations the 
authors concluded that the wall-to-bed heat 
transfer coefficients decrease with bed porosity 
and particle density, and increase with particle 
diameter. A correlation was also suggested for 
Nusselt number as 

Varma et al (2) studied the heat transfer 
characteristics of semifluidized beds using liquid-
solid systems, and reported similar observations 
as marked by Rao et al (1) in gas-solid systems. 
Heat transfer coefficient was claimed to be a 
function of bed expansion ratio in preference to 
the particle concentration represented by over
all bed-porosity. From experimental observa
tions, correlations have been developed and com
pared with the experimentally obtained values. 
The equations are, for glass beads 

Agreement between calculated and experi
mental values was good for the aluminium 
particles. 

DISCUSSION: 
In the correlations given by earlier investiga

tors, Nusselt number has been expressed at a 
function of porosity or expansion ratio of the 
semifluidized bed. But these do not take into 
consideration the variations in the contributions 
of heat transfer possible due to different com
binations of height of fluidized bed and. packed 
bed sections for the same value of either porosity 
or bed expansion ratio. So, it is desirable to 
include a factor which would take these varia
tions into consideration. It has been stated that 
heat transfer coefficient depends on the properties 
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of the solid-like thermal conductivity, particle 
density etc. but these were not incorporated in 
the correlations. Proper accounting for these 
properties may explain the difference in coeffi
cients of Nusselt number obtained for glass and 
aluminium particles by Varma et. al. (2). 

CONCLUSIONS : 
The effect of the variables on heat transfer 

rate as reported by earlier investigators may 
be summarized as follows : 

1. The heat transfer coefficients increase with 
increase in the concentration of solids with
in the bed. 

2. The values of heat transfer coefficient 
decrease with increase in the dia. of the 
particles. 

3. Heat transfer coefficients for semifluidized 
beds can be predicted from a knowledge of 
flow through packed and fluidized beds. 

4. Heat transfer coefficients for semifluidized 
beds can be predicted knowing the heights 
of the various zones in the semifluidized 
beds and the heat transfer coefficients of 
the individual zones separately. 

Scopes: 
The earlier work done is very meagre to assess 

the effect of the variables namely fluid pro
perties, properties of the solid particles and 
operating conditions. So, a rigorous work is 
demanded in this field to study the effect of the 
above variables on heat transfer rate. 

It is desirable to formulate equations based on 
theoretical background of the flow through pack
ed beds and fluidized bed to predict heat trans
fer rates rather than to depend on empirical re
lations which may not be valid beyond experi
mental conditions. 

MASS TRANSFER: 
Wen et. al. (3) initiated the studies in the field 

of mass transfer. They conducted experiments 
with Benzoic acid-water system and correlated 
the mass transfer data in terms of jD-factor and 
the modified NBe. The mass transfer coefficients 
were calculated on the basis of the overall 
logarithmic mean driving force for both packed 
and fluidized bed sections. The correlation is 
as follows: 
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Fan et al (4) have given correlations in terms 
of Sherwood Number and Reynold's Number for 
packed bed, fluidized bed and for combination 
of fluidized and packed bed based on the method 
sujggested by Shirai. They are given by 

Linear variation of mass transfer coefficients 
is claimed possible within the limits of a com
pletely fixed bed and a fully fluidized bed by 
means of bed expansion alone. 

Shirai presented a correlation of the mass 
transfer data in the particle beds on the basis of 
boundary layer theory. It is given by 

Rai et al (5) have undertaken the work to 
study the effect of variables, namely, properties 
of the solid particles (size, shape and density), 
properties of the fluid (density and viscosity) 
and operating conditions (fluid velocity and 
diffusivity). Benzoic acid, cinnamic-acid and 
2-Naphthol have been used as the solid particles 
and water as the fluidizing medium. 

As they have used only one fluidizing medium, 
the effect of the physical properties of fluid 
could not be ascertained. From the possible in
fluence of the variables mentioned earlier, the 
following correlation in terms of dimensionless 
groups was suggested. 

They have predicted exponential dependence 
of Sherwood number on Reynold's number. 

On the basis of the penetration theory which 
concludes that kf a Df

0.5, Schmidt index is 0.5 
and from the consideration of analogy between 
heat and mass transfer the index is 0.33. The 
correlations using both the indices were compar
ed with the experimental data. It was found 
that the correlation based on penetration theory 
agreed better with the experimental data. 

An attempt was also made to propose corre
lations in terms of jD factor and NRep, for the 
systems studies. It was found that the relation 
was linear for all the systems with a difference 
in coefficient 'C in the correlation given below. 

The change in coefficient was attributed to 
hardness and crystalline structure of the pellets 
rather than to the difference in diffusion coeffi
cients. 

Govindrajan (6) obtained mass transfer data 
for benzoic acid-water systems for various 
particle sizes (10 to 30 BSS) and initial static 
bed heights. Based on these data a correlation 
was proposed to predict volumetric mass trans
fer coefficient in terms of the modified Reynold's 
number and bed expansion ratio. The correla
tion is given by 
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The deviation of the calculated values from 
experimental values was of the order of 16 per 
cent. 

CONCLUSIONS: 

The following conclusions may be made, based 
on the earlier studies to understand the effect of 
variables on mass transfer rate. 

1. Mass transfer rate increased with increase 
in Reynold's number or flow rate of the 
fluid. 

2. The values of KL of semifluidized bed lie 
between the limits corresponding to the 
fixed bed at one end and the fluidized bed 
at the other. 

3. Mass transfer rate is affected by the charac
teristics of the particles, fluids, flow rate, 
and by the amount of expansion the bed 
allowed. 

4. Hardness and crystalline structure of the 
particle also effect mass transfer rate. 

5. The magnitudes of mass transfer coefficients 
can be controlled approximately linearly 
and within the limits of a completely fixed 
bed and a fully fluidized bed by means of 
bed expansion alone. 

Scope: 
The work reported earlier does not reveal the 

effect of all the variables on mass transfer rate. 
It is desirable to propose theoretical background 
as well, along with empirical correlations to pre
dict the effect of these variables on mass transfer 
rate. 

INDUSTRIAL IMPORTANCE : 

The utility of semifluidized beds may be found, 
in industry as catalytic reactors, ion exchange 
columns, solvent extractors and other process 
equipments. 

Cholette and Blanchet (7, 8) have shown that 
a combination of mixed and tubular reactors is 
often theoretically more efficient than either of 
these reactors operated independently. It was 
also shown that for endothermal reactions the 
tubular reactor is superior to C.S.T.R. and for 
exothermic reactions the C.S.T.R. is superior to 
the tubular reactor upto a certain Conversion 
after which the tubular reactor is more efficient. 

The theoretical advantage of the mixed and 
tubular reactors' combination can be practically 
realized in a simple reactor system utilizing the 
principle of semifluidization. This has been dis
cussed by Babu Rao et al (9). For example, this 
type of reactor may be used in the manufacture 
of Phthalic Anhydride from Naphthalene or 
Oxylene by oxidation or in the manufacture of 
Acrylonitrite from acetylene and hydrogen 
cyanide. 
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So, work in the field of heat and mass transfer 
will be of very much use in future. 

SCOPE FOR STUDIES OF INDUSTRIAL 
IMPORTANCE: 

It will be a very useful study if an attempt 
could be made to predict optimum heights of 
fluidized sections and packed bed section in 
semifluidized reactor to carry out reactions for . 
the manufacture of chemicals of industrial 
importance. 
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