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Prediction of Pressure Drop Across
A Gas-Solid Semi-fluidized Bed

Dr G K Roy, Associate Member
Dr K J R Sarma, Non-member

Thenecessity of a generalized correlation for prediction of pressuredropinagas-solid semifluidized
bed isemphasized. A correlation has been devel opedin terms of dimensi onless number sfor cal culating
thepressuredrop. Thepressuredrop at the onset of semi-fluidization hasbeen chosen asthereference.

NOTATIONS Pr = density of fluid, ML-¥

. . ' . e = porosity of fluidized bed or fluidized section
¢ = co;';e:;olzgici:gzrafgnpressure drop correlation of semi-fluidized bed, dimensionless
De ' — diameter of ihe column, L epa = porosity of packed bed or packed section of
d — particle diameter, L . semi-fluidized bed, dimensionless
dy = \ i
f — function : ® = viscosity of fluid, ML-t 61
ge = gravitational constant, L8-2 v INTRODUCTION
G = mass velocity of fluid, ML-2 61
Gy = semi-fluidization mass velocity, ML= 6~ Semi-fluidizetion is a new type of fluid-solid contact
& = overall heightof column (or semi-fluidizedbed),L technique. Studies relating to the dynamics of gas-solid
hy = height of fully fluidized bed, L . semi-fluidization can broadly be dassfied into (i) pre-
.h — height of packed section i  fuidization. I diction of the onset and the maximum semi-fluidize-
flpe == NCIBALOL packed seclion an SEMIMAIZANON, & ion velodities!, (ii) prediction d- packed bed forma-
hs = height of initial static bed, L tion>® and (Hi) prediction of pressure drop across a
AP, = additional pressure drop in the restraining semi-fluidized bed.® The first two aspects have been

plate, FL-2 exhaudtively studied but the latter aspect has not been

explored in detail. The available correlations indicate

_Afi _Z}i)) = pressure gradient across fluidized bed wide deviations between the Calculatef_j and the experi-

L /s\ L /pa mental values of pressure drop and involve laborious

caculations as well. An attempt has therefore been
-~3

and packed bed, FL v made to develop a smplified working correlation for the

APosr = pressure drop across bed corresponding to the prediction of the pressure drop across a gas-solid semi-

onset of semi-fluidization condition, FL-? fluidized bed in terms of the system parameters.

APy = overall pressure drop across the semi-fluidized
bed, FL-2 _ PREVIOUS WORK

R - = bedexpansion ratio in semi-fluidization, dimen- L
sionless, hfhs Measurements of total pressure drop occurring in

— average fluid temperature, T( 0 ) semi-fluidizetion have been first reported by Fan, et al®

- ) T ¢ for gas-solid systems and the measured values have been

u = linear velocity of fluid, L0~ compared with those calculated from the theoretical
ps = density of solid, ML-3 - : equation. In case of semi-fluidization, the total pressure
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is idedlly the algebraic sum of the pressure drop across
the fluidized and the packed sections. Hence

APT—( )(h hm)+(AP)m hoa

With the help of Leva’s equation for fluidized section
.and Ergun’s equation for the packed section,* equation
(1) becomes

ey

(1 — €pg)? B (1— em) Geu
=—11 — 1.75
APy l: %0 €%pa dp + €%pa dp
— epa) (hy —

(& — €pa)

(1—e¢)(ps—rr) (@

Fan, et al measured the pressure drop in fixed and fluidi-
zed beds separately and the total pressure drop was
obtained usng equation (1). This has been compared
with the observed bed pressure drop and aso with that
calculated using equation (1). It has been obsarved that
the experimental values are nearer to those caculated
by using equation (1) whereas equation (2) gave lower
values.

A correction factor in terms of sysem parameters for
the gas-solid semi-fluidized bed pressure drop was
suggested by Roy and Sen Gupta®:

For Non-spherical Particles

— ( AP T )actual
( AP T )caltulated

- s (2 (2 (5™
(R ( "] o

= ( APT )actual
( APT )calculated )

‘ D, Ps hs \ 205
= 7.3x10-3} DX ( ) ( )
. [ ’ <d ) Pr D

p

The calculated values were obtained with the help of
sequetion (2).

For Spherical Particies

As it appears from above, the equations involve very
laborious calculations for the prediction of semi-fluidized
bed pressure drop.
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Fig 1 Schematic diugramme of the gas-solid semi-fluidization set-up

The experimental set-up used in the present study is
shown in Fig 1. The semi-fluidizer was a perspex column
44 cmininternal diameter and 100 cmlong. The bottom
grid was a 60 mesh stainless sted screen. A movable
restraint made up of 60 mesh brass screen and fitted to a
truncated plagtic cone was fixed rigidly to a mild sted
rod 64 mm in diameter extending from the top of the
semi-fluidizer. The rod could be fixed with respect to a
particular position of the movable restraint by means of
a clamp a the top. Two sets of manometers were
provided, one for the measurement of pressure drop
across orificemeter to measure the flow rate and the
other for the bed pressure drop.

While taking a run, the sample was introduced into
the column and the fixed bed height was noted. The
movable restraint was adjusted for a particular bed
expansion ratio. Pressure drops across the bed and the
orifice were noted as the air flow rate was increased.
The top formations were recorded after the onset of
semi-fluidization. The static and expanded bed porosities
were determined in separate experiments with samples
of known weight.

RESULTS AND DISCUSSION

Table 1 gives physica properties of materials and
ranges of variables studied. Typica data showing nature
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of the variation of pressure drop and packed bed forma
tion with fluid mass velocity are presented in Table 2.
These effects are illustrsted in Figs 2 and 3.

TABLE 1 PHYSICAL PROPERTIES OF MATERIALS AND
RANGE OF VARIABLES STUDIED

MATERIALS PARTICLE Density Fixep Bep R hs
USED SizE, dp, gm/cc POROSITY, cm
cm ) €pa

Dolomite  0.2435 2.83 .0.470 6.0
Dolomite  0.1104 s 0.351 6.0, 8.0
: 10.0, 12.0

Dolomite 0.0550 ’ 0.310 2.0 6.0

Dolomite  0.0388 ’ 0.256 2.5 6.0

Chromite 0.1104 3.72 0.500 3.0 6.0

Baryte 0.1104 4.45 0.415 3.5 6.0

Iron Ore 0.1104 5.25 0.436 ] 6.0

TABLE 2 VARIATION OF PRESSURE DROP AND PACKED
BED FORMATION ( BELOW THE TOP RESTRAINT)
WITH FLUID MASS VELOCITY

SYSTEM: DOLOMITE-AIR hs = 60cm
ParTICLE SizE: 14/16 BSS R =20
AVERAGE TEMPERATURE OF FLUID = 33°C

G, kg/hrm®*  APr, kg/m?® hpa, cm }LZL:
361.9 174 — -
671.2 31.6 — —
1184.4 404 — —
1645.0 52.0 — —
28228 61.5 — —
31123 63.8 — —
36453 74.2 — , —_
4007.2 86.0 — —
4737.6 155.0 - 1.2 0.200
5724.6 236.5 1.8 0.300
6843.2 387.0 24 0.400
7 567.0 475.0 3.0 0.500
8 718.5 813.0 3.6 0.600
97384 971.0 4.2 0.700
13225.8 16100 52 0.866

1.0
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hoa/hg

0.2

e e - —— 0 > - ]

[ | i 1
a 6 8 104 2 3 4
FLUID MASS VELOCITY, G, Kg/Hr. M2
System: Dolomite — Air
Particle Size:14/16 BSS Bed Expansion Ratio:2.0

0.1 -

Static Bed Height: 6 CMS

Fig 2 Variation of packed bed formation with fluid mass velocity
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Fig 3 Variation of pressure drop with fluid mass velocity

DEVELOPMENT OF THE CORRELATION

As has been reported earlier and observed in the
present case the porosties of the packed and fluidized-
sections of the bed present difficulties in the calculation
of overall pressure drop in the semi-fluidized bed.
Available equations for packed bed pressure drop are
quite sendtive to bed porosity variation. Hence an
attempt has been made to report the semi-fluidized bed-
pressure drop as a dimensionless ratio and relate it to
various system variables.

APy

osf

A relation between the group, and the

other parameters can be written as

APy =f[_D_°, pspts @2]
APosy dp pr D, bhs

During investigations it has been observed that the
height of the initia static bed has no appreciable effect
on the semi-fluidized bed pressure drop. In a semi-
fluidized bed, the mgor contribution to pressure drop
is due to the formation of packed bed below the top-
restraint and is independent of the total material being;
distributed in the two sections. Since the cc','l'“'m dia
meter has not been dtered, the efect of -1—;; is not

O
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accounted for. Consequently, equation (5) reduces to,

. APT
AP osf

‘A(d:

of the system variables.

(e o

where A isaconstant and a; ,a, , as and ajare exponents

TABLE3 EFFECT OF SYSTEM PARAMETERS ON
PRESSURE DROP RATIO |

(@) INFLUENCE OF WALL EFfFeCT

OPERATING APgsf APt
PARAMETER kg/m? kg/m?
Dc/dp
18.1 152.7 565.0
398 1731 475.0
80.0 176.5 402.0
1133 168.0 - 385.0

(b) INFLUENCE dF DENSITY RATIO

OPERATING APy  APr,
PARAMETER kg/m? kg/m?
Ps/ Pr
1210.0 173.1 475.0
v 15%90.0 171.8 613.0
1900.0  221.5 782.0
22440 2865

980.4

(¢) INFLUENCE OoF BED EXPANSION RATIO

OPERATING APysy APy
PARAMETER kg/m? ~ kg/m?
R
20 173.1 475.0
25 205.3 764.0
3.0 2204 1220.0
35 2316 22450

(d) ErrecT OF PACKED BED FORMATION

OPERATING AP gsf APT
PARAMETER Kkg/m? kg/m?

hpa/hs
0.200 173.1 155.0
0.300 236.5
0.400 387.0
0.500 475.0
0.600 813.0
0.700 971.0
1 610.0

0.866

APt . CONSTANT
APoss PARAMETER
3.70 ps/py = 1210.0
2.74 R=20
2.28 hs/Dp = 1.363
229 hpalhs = 0.500
APy, CONSTANT
APgsy PARAMETERS
2.74 Deldp = 39.8
3.57 R =20
3.53 hs/D¢ = 1.363
3.42 hpalhs = 0.500
APt CONSTANT
APgsy PARAMETERS
2,74 Deldy = 39.8
3.72 Ps/Py = 1210.0
5.54 hs/Dg = 1.363
9.69 hpalhs = 0.500
APT CONSTANT
APost PARAMETERS
0.90
1.37
224 D jdp = 39.8
2.74 ps/Py = 12100
470  hs/D, = 1.363
5.61 R=20
9.30

The exponents of equation (6) have been evaluated
by plotting the pressure drop ratio againgt each of the

system variables on log-log

After substitution of these exponents equation (6)

becomes,
e - A[(2)™
APosf dp

where A is the coeffident and B the exponent of the

coordinates (Table 3).

0.546 2.160
P.r) (R )

(Z}iz)l.sm]B (7)

Pr

overal product. The pressure drop ratio has been
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plotted against the overdl product in Fig 4. The data-
fits wel into a stralght line relation and the equation
for this can be given by®

20 .
e Ocrdp
Q /¢ 3
4 R Y )
o o hpa/hs o B
oL * OTHEREXPT R
POINTS ..
¢ * CORRELATION . .
o POINTS (BY
LEAST SQUARE
4 METHOD) y
-~ i
&s 3
b .
&
e
1
0.7]
0.5 1 PURIIE D N TS O 08 | | | nnnnn:l
2 3 4 56 8 10 70 10€ 200 300
PROD  (Dcrap)-0268 (e,,ef,osoe (R,z 160 (hpq, he)5T0
. . APT .
Fig 4 Relation of with system variables
APosf
P D\ -021 0.43 1.71 1.2¢
APr _ o2 2e PV Ry (fem
APOSf dl’ Pr hs
@®

The values of the pressure drop calculated by using
the above equation have been compared with the experi-
mental valuesin Fig 5. From the figure it can be observed
that there are certain points deviating much beyond the
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Fig 5 Comparison of pressure drop values

equilibrium line and these refer particularly to particles
of large Sze, particles of higher density and in the regions
of packed bed heights approximately that of the initial
static bed height. Similar discrepancies have been observ-
ed by earlier investigaters®. They are of the opinion that
(i) configuration of screen, (ii) the change in orientation
of particles forming packed bed below the restraint,
(iif) the blinding of screen or (iv) influence of particle
shape may cause these deviations. Further work is
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warranted in these lines to give a better explanation for
these variations.
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