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Residencetimedistribution (RTD) studieshave been madein solid-liquid semi-fluidized bedswith particle
size, particledensity, height of the static bed and position of restraint asvariables. A comparison of
experimental data with those obtained fromvariousmodels, showsthat the di spersed plug flow model
representsthe most Satisfactorily flow phenomenon in semi-fluidized beds. Anumber of correlationshave
been proposed for prediction of the mean residencetime and the dispersion number based on dimensional
analysisfor thethree stages—packed bed, fluidized bed and semi-fluidized bed of sami-fluidization. The
correlations have been tested with independent runsand these arefound to agreewith the experimental data

within 20% deviations.

NOTATION
D, . = diameter of column, cm

D, = diameter of particle, cm

h, = height of static bed, cm

R = exp@nsidn ratio in semieﬂhidization, dimensionless
f = mean residence time, s

DIUL = dispersion number, dimensionless
Re =
p, = rparticledensity; g/cm?®
p, = fluid density, g/cm’_

= Reynolds number, dimensionless

INTRODUCTION

semi-fluidization is a unique and nove technique, con-
ceved in late fifties, for fluid-solid contact. Thisis obtained
by restricting free expansion of fluidized bed by introduction

of aregtraint having asieve a aproper place. Thistype of bed

diminates some disadvantages of both fluidized bed and
packed bed systems. So far condderable attention has been
paid to fluid dynamic aspect and some studies on mass and
hest transfer aspects have also been reported™. But no signifi-
cant work has been done on residence time digtribution (RTD)
whichisessentia for design and proper functioning of asemi-
fluidized reactor.

The only work reported on RTD has so far been by Saxena
and Pandey?. Nearly 175 runs were taken by them under fixed,
fluidized and semi-fluidized conditions using glass beads of

proposed corrdations for meen residence time for the three
stages. An equation relating the meen residencetime of fixed
and fluidized sections to that of semi-fluidized bed was
proposed as

I uidieand = § txeaed®@ F { guisingrod(1 %) (M
where x is the mass fraction of solid particles in the fixed
section of the semi-fluidized bed. There has been no attempt
to propose a suitable mode for RTD and the effect of vari-
ableslike particle density, restraint position, etc has not been
congdered.

In this paper, an attempt has been made to obtain experi-
mentd dataon RTD in semi-fluidized beds, to find asuitable
modd to represent the system and to determine the effect of
different varigbleson modd parametersby meansof corrda
tions.

EXPERIMENTAL PROCEDURE

The set-up consists of a perspex column of 4.5 cm inner
diameter and 1 minlength. A 60-mesh stainless stedl screen
isused asthedigtributor. A movable restraint aso made of 60
mesh dainless sed screen and fixed to a mild sted rod
extending from thetop of the semi-fluidizer isused to vary the
expangonratio. To facilitate theinjection of tracer and collec-
tion of samples, two holesaredrilled on one side of the column
wall, one a the bottom of the column and the other about 35
cmabove. A congant level head tank isused asareservair for
supply of water. Sodium chloride solution (2.6 N) isused asa
tracer.

0.373cm, 0.427 cm and 0.540 cm and crushed calcite particles  The column is filled with desired particles to the required

of 0.260 cm, 0.130 cm, 0.055 cm and 0.026 cm szes and
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height. The restraint is adjusted to a desired expansion ratio.
Theflow rateisadjusted for a particular value and after steady
flow is attained the tracer of about 2 cm? isinjected instanta-
neoudy at the bottom using a hypodermic syringe. A sop
watch isimmediatdy started and samplesare collected intest
tubes, fromthe hole at thetop at different timeintervas. The
runs are taken for al the three cases, namely, packed bed,
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fluidized bed and semi-fluidized bed. The samples are ana-
lyzed by measuring the dectrica conductivity of sodium
chloride. The experiment is repesated by changing the vari-
ables. The scope of theexperimenta dataisgivenin Table 1.

" TABLE1 SCOPE OF EXPERIMENTALDATA
P, glcm’

Material - . * Diameter of Particles, mm
Glass beads 2.006 5 250 -

N . 2.5780

. 10795

‘ . 3.0000
Lime stone 07910 2.63
Iron ore 1.0800 5.00
Dolomite 15240 2.63

Heights of static bed, cr: 6, 7, 8 and 10
Expansion ratio, (R) 2.00, 2.25, 2.50.and 3.00

RESULTSAND DISCUSSION
Mean Resdence Time (¥)

The following correlations have been formulated through
dimensiond anaysisfor prediction of mean residencetime 7,
for al the three cases, that is, packed bed, fluidized bed and
semi-fluidized bed, of semi-fluidization.

i = 589 Re) %2 (D, /D, ) (h, /D, )**

packed bed
. tﬂuidiu‘d bed

: lnetni-ﬂuidized bed

@
= 1.9 x 10¢ (Re)*¥ (D, /D,)** (h, /D, }"*(3)

= 794 (Re) 112 (D /D )-016 (h /D Y47
Ry @)

The correl ations are found to be accurate within + 20%
deviaions. A comparison of the experimentd vaues (experi-
ments conducted independent of those required for develop-
ment of corrdations) with those predicted by equations (2), (3)
and (4) and the correlations prediicted by Saxenaand Pandey?
isshowninFig 1.

Experinenta)

: Refcrence (2) Present Work
(Pandey etaly

O -© Packed Bed
®-—=~~--0 Fluidized Bed
L] ‘j:“""-—A.Scmi’-Fluidixcd 9

[
»
T

Bed

° [o} .
20+ L4 ™ o)
oo .
= .
8o
g °
Q
£ 22t [
g
»
.8-
1., (B

Predicied by )
cquations (2), (3) and (h)

4

Figl Compansan of data ont ofPandey etal, present work and correlauons

1 : 1 1 1
0 . s 22 26 - 30
7 (calculated)

Vol 71, October 1990

RESIDENCE TIME DISTRIBUTION MODEL
Experimentd data have been compared with various stan-
dard modéds. It has been found that the digpersed plug flow
modd fits the data well and hence it is concluded that this
describes the flow behaviour in a semi-fluidized bed. The
fallowing correl ations have been proposed based on dimen+
siond anaysisfor the prediction of the parameter of digpersed
plug flow mode, that is, disperson number, DIUL, for al the

three stages of semi-fluidization.

(D/UL) = 3.98 x 104 Re}® (D, /D5
x (h /D )—1.33
(DIUL)ﬂW wi= 63 % 107 Re)'S (O, /D, )2
o x(p, /P,)'1 18 (h D, y? (6)
(DIUL) s gssmara= 501 X 10 (REPS
- x (D, /D, Y= (p,Ip,Y* (h,[D, ) (1?)2""2 )

A comparison of the experimenta results and those pre-
dicted by equetions (5), (6) and (7) isgivenin Fig 2. Thee
correlations predict the results within a stlandard deviation of
+ 20%. It is proposed to devel op suitable theoretica equation,
gpat from dimensionad andysis, to predict the disperson
number and also cover awider range of variables through
experimentation.
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CONCLUSION

Itisfound that the dipersed plug flow modd representsthe
flow behaviour in a semi-fluidized bed. The experimenta
work has covered dl varidbles but the range is limited.
Corrdations developed for prediction of the digpersion num-
ber and mean residence time based on dimensiond andysis
agreefarly wdl with the experimental data

"REFERENCES

1. 1S N Murthy and G K Roy. ‘Semi ﬂuldxzanon - a Review’. lndxan
Chemical Engineers, vol 29, o 2, 1986. .

2. DN Saxena and G N Pandéy. ‘RTD Studies in Semi- ﬂuldmed Beds’.
Indian Journal of Technology, vol 15, 1977. ’ : :

43



