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¥ . 'THE EFFECT OF INTERNALS ON THE BLUTRIATION
- OF PARTICLES FROM FLUIDIZED BED

K. Kato, S. Eanbara, T. Tajima, H. Shibasaki
X, Ozawz and T. Hanzawa ) )

‘Department of Chemical Engineering
Guama University .
Kiryu, Cunma 376 -JAPAN

The elutriation rate from the gas—solid f£luidized bed with and
without vertlcal multi-tube internale was measured by continuous steady
state operation. The clutriation rate constant was not only affecled
by gas veloclty, terminal velocity of particles and properties of gas,
but also affected by hydraulic diameter of bed and the minimum flu-
idezed gas velocity. The empirical equations for elutriation rate
constant were obtained.
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1. Introduction H » . ° omo TR

When particles with wide size distri- < 000 % o AP - 3_ §
bution are fluidized, the fine particles 8 % 213
are carried out from the fluidized bed § oot . . HE:
with the gas stream. = 3 ‘ s B a3l

There have been many works f£or the s g‘_x HEH
elutriation rate £rom an oxdinary flu- i - \ ;
idized bed and many empirical equations . & O gowe  group 2
to estimate the elutriation rate cons tant o ) .
were proposed. But the most of the T 700 7000
elutriation works were based on the ex~ - Surtace mean pacticle size Gzlyml
perimental study obtained by batch ‘Fig.1 The fuidized parlicle size wled by the provious
operation and the particles with narrow Invealigaters
size digtribution.. There are a few
works to investigate thea elutriation rate v 1 Comgresser
constant with wide size distribution of top view 2 Swp valve
particles under the continuous stcady . 3 Ot fiter
state operation like actual comercilal 5 B 4 Pressure regulator
plant. Figure 1 shows the filuidized L8] B 5 Orifice ’
particle size used by the previous inves- 6 Yalve
tigators 1in Geldart's classification map. . 7 Fluidized bed
The most of the prévious investigators 3 g Internal
used group B particles. 9 Samgler

10 Cock

In this study, to get more general and
accurate quantitative knowledge on the
elutriation of particles from a £luidized
bed, the mlutriation rate constants of
. geveral kinds of particles with different
_wilde size distributions were mecasured by

11 Primary cyclone
12 Secondary. cyclone

Flg.2 Eaperimental apparaius

gas-go0lid £luidized bed with and withaout returned into the dense bed as shown in

vertical multi-tube intcrnals at continu= Fig.2. The tubes made of poly vinyl

ous =teady state operation. Phe effccts chrolide, 1.8 or 2.6 cm diameter, were

of gas velocity, properties of gas and immersed vertically in the bed. .

particle and the interpals upon the The hydraulic diameter De of bed is

elutriation rate constant werc investi=- calculated as followe ' ‘
gated. The empirical equations for the ’ A(Zz—ni 1Di/4)

elutriation rate constant were tha;ned. Dea = 2% + oinDi (1)

2. Experimental apparatus and Procedure . Experimental proccdure was as follows.
, . - When the elutriation reached the steady
Figure 2 shows'a schematic diagram of state, the weight of elutriated particles

the experimental apparatus. Acrylic - _per constant time interval was measured.

resin column with 0.315x 0.15m rectangular . The size distributilon of them was measure
cross cection was used as fluldized bed. ~ by JIS standard sieve and the size dis-

The particles elutriated from the bed tribution of the bed partlcles was also

were separated from gas by cyclons and measured s_imultaneously.
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Table 1 shows sizc distributions of
particles used in this experiment,
Solids particles used were sillieca sand,
Silica sand had
three -different size distributilons such
as fine(SF), middle(sM) and coarge(SC).
Glass beads alzo had two size digtribution
such as fine(GF) and coarsc(CGC).

In this work, the elutriation rate
constant Ki of each componént particles.
in Table 1l 'is caleulated as follows.

It is assumed that the clutriation rate
of i-~component particles 1s pxoportional
to the concentration of i-component par-
ticles in the bed?), The elutriztion
rate constant Ki based on unit cross sec-—
tional area defined by Wen and Hasslngert4)
is applled to calculate the rate constant.
The following equation is obtained by the
material balance of i=-component particles
at steady state condition.

F.¥i = ki-v.Cl
= (A/W)X1.v.Ci (2)
ViCi = R-Lf(1=Ef)0g:X1
: = A-Imf(1l~- Emf)Ps-Xl
= W-xi (3)
From Eg.(2) and Eq.(3) '
Ki = (F-¥i) (W/a) (V.c1)
= (F/A) (Yi/X1) (45
Ki is calculated by measuring the

total welight of elurriated solids per
unit time P, and the sixe distributions
of bed and elutriated particles.

3, Experimental Results

Figures. 3 and 4, respectively, show
the relation between XKi and Ua with Dp
and De as a parameters in the case where
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Flg.6 Relation belweon |he power of Fraud
) number & and Rep.

FCC particles and silica sand particles
(SM) are fluidized. From Fig.3, when
fine particles like FCC particles are
fluidized, Ki is not affected by De.
However, when Lhe coarse particles ara’
fluidized, Ki increases with decrease of
De at the -constant gas veloclty as shown

) in Fig 4-

According to Geldart's classlfication,
the particles used in this work are divided -
into two groups, that is, group A and B.
SF, FCC and GF particles belong te group
A. BM, SC and GC particles belong to
group B. Accordlng to Geldart4) the
range of group A is caleuwlated ag

Umf £ 100 Bp 32 (5)

Generally, Ki may be affected by Froud
number Fr={(Ua-Uti) /gD Reynolds number
Rep=(pg Uti EP) /u, QS/&D the minimum £lu~-
idized gas velocity and hydraulic
diameter of bed De. Figures Sa and 5b,
respectively, show the relation bectween

.Fr and Ki/Pg(Ua-Uti) withDe as a parameter

in the case where SF particdles and sM
particles are fluidized. From Fig.5,
the power of Froud number is strongly
dependent on the particle Reynolds number,:

Figure 6 shows the relation between
the power of Froud number o and the
particle Reynolds number of i-component
particles Rep. The larger the particle
Reynolds number 1s, the. smaller « is.

a is proportional *o Rep™

Figures 7a and 7b show the relatlon
between Ki/Pg(Ua-Uti) and Rep at the
constant Fra, Prom thege Figures,
Ki/p (Ua=Uti) is proportional to Repl-

gl kinds of the particles used in
this experiment.,.

The effect of the hydraulic diametex
of the bed on the rate constant is ‘shown
in Figure 8. When the fine particles
are fluidized, Ki is not affected by De,
However, for the coarse particles,
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Fig.7 Relalion between Ki/{Pg(Ua—Uti)} and Rep

Ki/Pg(Ua-Uti) increases with decrease of figs Eftscd of De on Ki/[f{Ua-Uk)

De %nd Ki/Pg(Ua-Uti) 1s proportional to

Da~VYe«ve,

The effect of the minimum fluidized
velocity Umf on the elutriation rate
conztant iz shown in Figure 9. From this
figure the power of Umf is ~0.65, Kiwas
alsOaffectede(Ps-pg)/anndKi/P (Ua=Uti)
was proportional to {(Ds—bg)/Pg}U~gl.

The following emplrical equations are
obtained for the elutriation rate canstant
K1 from the fluidized bed with and without
the verticel multi-tube internals.

Tor the fine particles like group A
of Geldart's classification, Ki'is
- obtained as . .

Ki - ' -4 l.6
fg (Da~UE1) _,2'07 x 1074 Fr&-Rep
Pg—Pg, 0.61 ’
- ( Pg ) (6)

(when Umf S 100 5P32)’ o= Rep~0+4

For the coarse particles belonging to
the group B of Geldart’s clasglfication,
Ki 1s obtained as » :

m———‘%ﬁm» = 2,65 x 10~6 Fre.Rep

’ -De—0>-52 -Umf-O-GS(pS;pg)D-El 7
g -

1.6

(when Umf> 100 Dpaz), o= Rep=0:4

When the average fluldized particles were
small enough,theelutriationrateconstant
is not affected by Umf. Therefore, Egs.
(6) have not the tamm of uUmf.-

Figures 10 and 11,respectively,show
the comparison of this experimental data
with calculated values from Egs.(6) and
(7). Fromthese figures all experimcntal
data can be coxrelated by these empirical
equations within +30% deviation. If DPe
iz egual to bed diameter, the elutriation
rate congtant from an ordinary fluildized
bed may be correlated from Egs. (6) and
(7) . . .

The most of the previous investigators
used group B particles to measure the
ralte constant ag shown in Figure 1.

The experimental values of Ki in the case
of small particles were not correlated

by their egquations. Figure 12 compares
the estimated values by equations (6) and
(7) with the experimental values of the
previous invegtigators. From Figure 12
other exparimental data can be correlated
by Egs.(6) and (7) withip +50 % deviation.
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4. Conclusion ‘

The

- measured by gas-solid fluidized bed with
and without vertical multi-tube internals:
The following results were obtained.

When the size of fluidized particles

wag fine like group 2 of Geldart's

classification,
conetant Ki was not affected by the
hydraulic diameter of the tube internals:

However, when the group E particles of

Geldart!s clagsification were

the rate constant was affected by the
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elutriation rate conptant was

the elutriation rale

fiuidized,

y




Fl uidizatlon . : ' 535

By T ot
&0 o s e Unf = minimum fluildized gas velocity
:;1 Wen arx! Mezminiger i) (m =] l)
N o e o Uti = terminal velocity af i-component
Lok particles T (m os=i)
g V = bed volume at fiuidizing COndltlon53
= (m)
Eé W ='tota1 welght of bed {kg)
o . X = cumulative welght fraction of bed
VL L ) particles . : (=)
.T &, Teweiis ;v at 13) X1 = welght fraction of i~-component
g = o - _ particles in bed (=)
e s :Eﬁ;ﬁEﬂTE Yi = weight fraction of l-component par-
vy B ticles elutriated from the bed (=)
o g L ) 4 = width of column (m)
- ol ! 10 : V] = power of Froud number (=)
'E%#mﬁ"thz _ Ef = voidage at fluidlzing conditions (=)
mf = voldage at the minimum fluidizing
) conditions (=)
Fig. 2 5&"2?"{,"’.12uSLQ:'?’fJfrf"?iuﬁla‘iﬁ o Pg = gas density (kg m=3)
valuss Dy #43.(6) and (7) Pz = particle density (kg m=3)
. » p = vigcosity of gas (Pa-s)
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classification, the elutriation rate : (1981)
constant Ki decreased with increase of (2) Colakyan, M., N. Catipovic, G.
the minimum £luidized gas velocity at the Jovanoviec and T. Fitzgerald; AIChE,
congtant gas veloecity. However, for the Sym. Ser., 77, 205(1981)
fine particles, the rate constant was not (3) Colakyan, M. and O. Levenspiel:
affected by the minimum fluidized velocity. Powder Technology, 38, 223(1964)
(3} The elutriation rate constant Ki is (4) Geldart, D; Powder TEchnology, T,
atfected by Froud number, the particle 285(1973)
Reynolds number, (fs=Pg)/Pg, Umf and (5) Geldart, D., J, Cullinan, S.
hydraulic diametcr De. The empirical Georghiades, D. Gilvray and D.J. Pope;
equations for the elutrialion rate con- Trans. Inst. Chem. Eng., 57, 269(1979)
stant from the fluidized bed with and (6) George, S5.E. and J.R. Grace: Can. T,
without the vertical multi—tube internals Chem. Eng., 57, 269(1979)
were obtained, ' The elutrlatlon rate (7) Kato, K. and U. Ito; J. Chem. Eng.
constants from an ordinary fluidized bed Japan, 5, 144 (1972)
obtained by previous investigatoxrs were (8) Kato, K., T. Tajima, M. Maa and H.
well c¢orrelated with the empirical equa~- Iwamoto; Conference Papers at Second
tions., i : China-Japan Symposium (China),
o o A ) “bluidlzatlon ’85", Scicnce Press._
Nomenclature : (1985)
(9) Leva, M.; Chem. Eng. Prog., 47, 39
A = effective cross sectlonal area of (1951)
- bed (m ) _ .
ci = concentration of i~component ©(10) Lin, L,, J.T, Sears and C.Y. Wen:
particles -in bed . (kg m'3) Powder Technology, 27, 105(1380)
De = hydraulic diameter of bed - (m) (11) Merrick, D. and J. Highley: AIChE.
Di = tube diameter of internals (m) Symp. Ser,, 70, 366(1974)
Dp = particle diameter (um) or (m) (12) Tanaka, I., H Shinohara, H. Hirosue
Dp = moan particle diameter of . and Y. Tanaka; J. Chem. Eng. Japan,
_ 1~component particles (ym) or (m) 5, 51(1972)
Dp 32 = surface mean diameter of fluidilzed - (13) Tweddle, T.A., C.E. Capes and ¢.C.
. partilcles : ~ {pm) or (m) Osberg; Ind. Eng. Chem, Pro. Des. Dev.,
'F = total elutrlatlon rate of particles 9, 85(1970)
. (kg s—1) (14) Wen, C.Y. and R.F. Hassinger; AIChE.
Fr = Froud number defined by J., 8, 220(1960) ,
(Ua-Uti)z/qu (=) (15) Zenz, F.,A. and N,A, Weil; ATIChLE. J.,
g = gravitational accelation (m 5—2) 4, 472(1958) ' :
Ki = elutriation rate constant of .

i-componcnt particles based on unit
cross sectlonal area (kg m~2 5=1)

Lmf = bed height at minimum tluidizinq
* conditions (m)
ni = number of tubes immersed in bed (=)
Rep = particle Reynolds number defined
by Pg-Uti-Dp/yu - (=)
Ua = superf1c1al gas velocity based on

A (m s‘l).




