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This paper predicts heat transfer coefficient in semi-fluidized beds as a function of properties of solid, 
gas and operating conditions. It includes collected data on heat transfer coefficient using glass beads, 
coal particles, porcelain beads and sugar crystals as bed material and air as the fluidizing medium. 
A copper column of 5.08 cm internal diameter with a cooling jacket was used as the semi-fluidizer. 
With the help of dimensional analysis an equation has been formulated to predict Nusselt number in 
terms of different system variables. The equation has been verified by carrying out additional indepen
dent experiments and it has been found that the equation holds good for all the data within ± 16%. 

INTRODUCTION 

A semi-fluidized bed is a combination of packed and 
fluidized beds in which the drawbacks of both have 
been partially rectified. A bed of this nature is obtain
ed by incorporating a movable restraint to the top of a 
conventional fluidized bed. The application of the 
technique of semi-fluidization has become a major 
achievement in the last decade. While several papers 
have been published on momentum transfer aspects of 
this but only meagre information on heat and mass 
transfer aspects is available. Literature reveals that 
much work has been reported by Fan, et al1, 2, Poddar 
& Dutt3, Kurian & Raja Rao1, Roy & Sarma5, Roy & 
Sengupta6 and others in the field of momentum transfer 
whereas information available on heat and mass trans
fer is scanty. 

Rao and Kaparthi7 were the first to report their stu
dies on wall-to-bed heat transfer coefficients in semi
fluidization in a 2.5 cm copper column using glass 
beads, quartz and aluminium particles with air as the 
fluidizing medium. Verma, et al8 studied the heat 
transfer characteristics of liquid-solid systems. Their 
correlations in terms of Nusselt number do not take 
into account the particle properties, except the size. 

DEVELOPMENT OF THE EQUATION 

The heat transfer coefficient is dependent on physical 
and thermal properties of gas, solid particles, bed ex
pansion ratio and flow rate of gas. Thus the heat 
transfer coefficient (h) can be expressed as 
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stantan thermocouples. A perspex column of same 
diameter as that of copper column is connected in the 
line to determine maximum semi-fluidization velocity 
and the amount of material to be charged in the copper 
column for required height. 

EXPERIMENTAL PROCEDURE 

The required amount of a material to obtain the 
desired height is found by charging the material to the 
perspex column. The maximum serti-fluidization velo
city of each material is obtained from the packed bed 
height-flow rate plot by extrapolation. The same am
ount of materia] is then charged to a 5.08 cm id copper 
column and the restraint position is adjusted to a de-
sired bed expansion ratio. Measured amount of air is 
heated to required temperature and kept flowing 
through the column. Water is pumped through the 
cooling jacket. Air temperature is controlled by means 
of a variac and observations are noted for steady state 
conditions. 

The properties of the materials and experimental 
conditions are given in Table 1. 

EXPERIMENTAL SET-UP 

A schematic diagram of the apparatus is shown in 
Fig 1. The main unit consists of a copper column of 
5.08 cm internal diameter (id) and is surrounded by a 
cooling jacket. The jacket is provided with outlets at 
different heights to adjust the water level to the required 
height. Cocurrent flow is used in view of low tempe
rature difference and operational convenience. The 
jacket is lagged with asbestos rope and covered by re
fractory cement layer to minimise heat losses. The 
copper column is preceded by a heating box which is 
used to heat the air to the required temperature. A 
fractional hp pump is used to pump water through the 
cooling jacket. The flow rates of air and water are 
measured by rotameters. The restraint used to arrest 
the motion of particles is made up of a 60 mesh stain
less steel wiremesh fixed in between two mild steel 
rings. This restraint is screwed to a movable tube. 
For signalling and recording convenience the inlet and 
outlet temperatures of air are measured by iron-con-
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The water temperature is found to remain almost 
constant with a maximum variation of 1.5°C. Hence it 
is assumed that the wall is maintained at constant tem
perature and the individual heat transfer coefficient from 
bed-to-wall is calculated from the heat balance equation 



CONCLUSIONS 

The equation predicted gives a reasonable estimate of 
the heat transfer coefficient in semifluidized beds. The 
equation shows the interaction of the main variables 
which might not have been observed during a conven
tional single factor experiment. The experimental ob
servations justify the assumption that response Y can 
be expressed as a linear function of the effects. 

carried out keeping, these variables at two levels. The 
levels of these variables are shown in Table 2 and the 
number of experiments required for the four factors 
keeping each at two levels are 16. The two levels for 
X2 are maintained by keeping the inlet temperature of 
air equal to 70°C for lower level and 170°C for higher 
level for glass beads. After carrying out experiments, 
the data have been tested by Yates technique10 for the 
importance of the main effects and interactions of the 
variables. 

' EXPERIMENTAL DESIGN 

Factorial design of experiments is used to formulate 
an equation which requires less observations. It is 
assumed that the response Y can be expressed as a linear 
function of the main effects and interactions of the 
independent variables X1 Xz, Xs and X That is, the equation could be expressed in the form 

RESULTS AND DISCUSSION 

The final equation obtained above has been tested 
for various conditions of the independent variables and 
the heat transfer coefficients have been compared as 
shown in Table 3. The mean and standard deviations 
are 15.8 and 17.9 respectively. 

It is found that the heat transfer coefficient decreases 
with density, particle size, bed expansion ratio and 
air mass velocity but increases "with specific heat of the 
material. Though the heat transfer coefficients decrease 
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