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Based on experimental investigationsa correlation has
been devel oped for the prediction of fluctuation ratio for
conical gas-solid fluidized beds of mixed perticles. Values

condition. Biswal, et al. *"® have presented empirical equations
for the prediction of the fluctuation ratio in conica fluidized
beds of mono-sized regular and irregular particles. Equatlons

computed fromthe devel oped correlation comparewel | with tter the fluctuation ratio have been developed by Agarwal® for

experimental ones.

HE advanteges of a conlcal fluidized bed have been

detailed in theliterature."? Significant amongst theseis

the adaptability of the bed to mixed-size fluidization
which is of relevance to the gas-solid cataysed reactions of
chemicd processindudtries.

Static and dynamic characterigtics of conicd conduits differ
significantly from the cylindrical ones. It is imperative to be
well-acquainted with the system’ characteritics prior to its
goplicaionin actua processes. Although somelnformatlmfor
ges-olid fluidization of mono-size particlesis available®® vary
littlework relatlng to mixed particle sysemsin aconicd bed has
been reported.® The present experiementd investigation has
been undertaken for the prediction of the fluctuation ratio in
conicd fluidized beds of mixed particle systems.

Fluctuation Ratio

It istheratio of the highest to thelowest levelswhich thelop
of the fluidized bed occupies for any gas flow rate and is a
guantification of the so-cdled fluidization qudity. A lower
vaue of fluctuation ratio isindicative of improved fluidization
qudity with less fluctuation at the top of the bed in fluidized
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cylindrical, beffled-cylindricd and conicd beds of regular
particles with aview to project a comparative picture of their
fluidization quality.

Mixed Particle Fluidization in Conical Beds

Theonly work in mlxed particlefluidization in conicd beds
isthat of Biswd, et al.® It presents the following correlations
for bed fluduation in the case of homogeneous and
heterogeneous binary mixtures of sphericd particles.
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In this communication ardation has been proposed for bed |
fluctuation in conica fluidized beds of both heterogeneous and

homogeneous binaries involving irregular particles.
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Experiemental

The experimenta set-up used in the present study hasbeen
detailed dsewhere’ A weighed amount of materid was
chargad to the fluidizer and the dant tatic bed height wes
recorded. Air flow rae was gradudly increased and the
expanded dant bed heights were noted. As the bed fluctuated
between two limits, typicd of gas-solid fludization, heights of
the upper and the lower surfaces of the fluctuating bed were
recorded for each fluid velocity higher than the minimum
fluidizing ones. The fluctuation ratio was then calculated. This
procedure was repeated for different bed heights of varying
particle sizes and different cone angles. Investigations have
been made with different cone angles, dtatic bed heights and
mixture proportions (with respect to both particle size and
particle density). Theranges of variables sudied arc presented
in Table-1. In case of homogeneous mixtures the size ratio
of particles used was 1.08 whilefor the heterogeneous mixture
desity range was 2614 t 4948 kg/m3.

The shape factor factor was determined by equation,™®

(1-€)/8,=0.2311og D, +1417,

where D, is the diameter of the particle in fect and € is the
void fraction of the bed. The range of g, was found to be 0.69 (o
0.93 in the present case.

TABLE 1 ,

RANGES OF EXPERIMENTAL VARIABLES

(=) d, h, Prn
degree mX 10 mX10? kg. m.?
8.86 - 5.765 6.0 2751
14.77 5345 63 3336
19.62 4.980 7.0 3853
32.00 4.666 72 3887
43.20 4387 77 ° 4050
84 4570

8.5
95
10.5

Resultsand Discusson

Thefluctuation ratio is found to be a function of the sidic
properties : particle size, inlet diameter of conduit, static bed

April-June 1991 Vol. XXXIII No. 2

height, particle and fluid dendity, and the dynamic properies:
the fluid velocities a the onset of fluidization and fluidized
conditions.

From dimensond andysis the following corrdation has
been developed far the prediction of fluctuation ratio,

D 0180 h 00 .0.023
r=3af) () ()

pm o pf

Out of thetwo Do termsin equation (3) one accountsfor the
particle size effect whilethe other with hs accountsfor the cone
angle effect.

Thevaues of thefluctuetion retio have been caculated by
usng the above equaion and compared with experimenta
vaues(Figurel).

Mean and standard deviations for fifty cases have been
found to be 517 per cent and 7.04 per cent respectively,
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indicating thereby a fairly good agreement between the
cdculaed vaues (with equation 3) and the experimentd ones.

Thefluctuation ratio was plotted against reduced mass velocity.

It was obsarved that the behaviour is different from acylindricd
bed having mono-sze particles. It was observed that the
fluctuation ratio increases for low vaues of reduced mass
veocity and then decreasesto acongtant value. Thefluctuaion
ratio values, caculated usng an empirica equetion, given in
Huidization by Leva, are more than the observed ones by about
30 per cent. The probable reason for this deviation may be
particle - particleinteraction.

Two different corrdations (eguations 1 and 2) were
devdoped by one of the authors for homogenous and
heterogenous mixtures of sphericd particles in conica beds.
The present corrdation is for irregular binaries of both a
homogeneous and a heterogeneous naure where the cone-angle
effec has been incorporated in he dimensionless group of hyD,
The corrdation ismore akin to equation 2 with the angle effect
of tan a. being replaced by hy/D, and the homogeneity being
incorporated by the group Do/t in place of dyD,, of the earlier
eguation 2. Thus, the developed corrdation becomes more
versdile with respect to its use for different binaries of non-
sphericd particles. This equation is vdid for wdl - fluidized
beds(G>Gy)

Prediction of fluctuation ratio is of Sgnificancefor gas-solid
fluidization as its numericd vaue quantifies the fluidization
quality. In addition, a knowledge of bed fluctuation fixes the
bed height in the case of the design of a gas-solid fluidized
sysem.
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NOMENCLATURE.

Dol inlet diameter of cone, L
dp particle diameter, L
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X,
d., mean particle diameter for mixture, L, 1/ Z( : )
: d,
G,. mass vclocity of fluid at fluidization condition
ML?2 ¢-l ’ ‘
G,  mass velocity of fluid at minimum fluidization
conditon ML g1
h, static bed height, L
r Mluctuation raio, dimensionless
X, - wecight fraction, dimensionlcss

sreek Letters

o< apex angle of cone, degree
€ - porosity
&, sphericity lactor

LR density of fluid, ML?3
Pom Mecan particle densiy for mixture, ML-3 (X p,; x,)
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