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A correlation hasbeen devel oped for the prediction of pressuredrop intermsof friction factor for abatch
liquid-solid fluidized bed with a co-axial disc promoter using fluids of varying viscosity. The experimental
data obtained for pressuredrop with different fluid massvel ocity, initial static bed height and disc spacing
of the promoter have been analyzed using dimensional group. Inthisarticle, the pressuredrop data have
been expressed in terms of friction factor to devel op the correlation. The predicted val ues of friction factor
using the devel oped correl ation have been compared with the corresponding experimental onesand have
beenfoundto agreewell.
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Re : Reynolds number based on annulus dia, (pDAV/)

NOTATION
D4 : diaofannulus,m Re, particle Reynolds number, (pD,V/p)
D¢ : diaof conduit, m Re'p modified Reynolds number, [pD,V/u(1 - €))
Dy : discdia,m vV  : superficial velocity of liquid, m/s
D, : particledia,m v volume of fluidized bed, m®
D, : (Dc+Dp),m v, volume of promoter assembly, m*
Dg : cross-sectional dia of ring, m Vs volume of solid in the bed, m>
Eu : Euler number, Ap/pr2 € void fraction, [1 — Vi/(Vy— V)]
friction factor, Apg, D, (1 — £)/2pLV 2¢3 0 cone angle, dimensionless v

‘ modified friction factor; (Ap.gDp€)/2LV2 (1~¢) ¥ viscosity of liquid medium, N~ s/m”

Fr  : Froude number, Vz/ e’ gD, | Y kinematic viscosity. m'fs
ps : density of fluid, kg/m’

g :  acceleration due to gravity, m/s
g :  conversion factor, kg - m/s®> - N
H, : expanded bed height, m

H, : initial static bed height, m

L : lengthbetween taps, m
S : spacingm
Ap : pressure drop, Pa
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p, : density of solid, m*/s

INTRODUCTION

The use of a suitable promoter improves the qudity of
fluidization by reducing channelling, bubbling and dugging
in gas-solid fluidized beds. In liquid-solid system, the use of
promoter imparts particulate behaviour in case where the
sameisnot achieved in aconventiona bed. Further, enhanced
heat and mass trander rates are obtained in a promoted bed
where turbulent flow condition can be achieved with rdlatively
low fluid mass velocity.! Higher rates of heat and mass
trangfer and improved fluidization quality in a promoted bed
are associated with increase of bed pressure drop. So the
influence of promoter parameter, viscosity of the fluidizing
liquid, and other rated system parameters on pressure drop
expressed in terms of friction factor is of much interest.
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Investigationsrelating to liquid-solid fluidized beds with dif-
ferent types of promotersare availablein literature, where the
bed dynamics have been codified in terms of correlations for
pressure drop, friction factor and Euler number relating to
various sysem parameters. Ravi, et al? studied the effect of
disc promoter assembly on pressure drop in a liquid-solid
fluidized bed and corrdated pressure drop in terms of friction
factor with varying flow rate, atic bed height, particle size,
disc diaand spacing between discs as
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ThQ/ observed that the disc spacings of the promoter have
indgnificant effect on friction factor. Venkateswarlu, et al®,
conducted tests in homogeneous liquid fluidization with tur-
bulence promoter assembly congging of a centrad rod
mounted with astring of cones equaly spaced longitudindly
in aconica bed. They developed the fallowing correlations
for friction factor in terms of particle size, spacing of cones,
conedia, coneangleand voidage
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The effect of ring promoter assambly on friction factor hes
been established by Ramabrahmam, et al'* considering system

vaiables as flow rate, cross-sectiond dia of the ring and
spacing betweenringsas
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Venkateswarlu and Rgju* have related the effect of promoter
assembly and other system variables, namdly, the flow rate,

diaof thedisc and inter disc spacing of the promoter assembly

on friction factor as
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Kumar, et al® have conducted experiments to study the effect
of co-axia rod promoter on the pressure drop under varying
conditions of flow rate, bed height, particle size and density.

For a Batch Liquid Fluidized Bed without Promoter
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Further sudies by the authors of this article include the
effect of varying viscosty of the fluidizing medium. Thus
deveoped corrdationsare

For Bed without Promoter
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For Bed with Promoter
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The preent sudy is aimed a devdoping corrdation for
fricion factor using a disc promoter with different disc spacing

‘and fluidizing liquids of varying viscosity.

EXPERIMENTATION

Theexperimenta set-up consists of a4.45 cminternd diawith
90 cm long perspex column asfluidizer, agtorage lank of 401
cgpadity, a0.5 hp centrifugd pump to recirculate thefluidizing
liquid through the fluidizer, arotameter cdibrated in USGPM
(range 0-2 USGPM) to measure flow rate, and a differentid
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A promoter consisting of threerods placed  thethree vertices A S“““ge tank, C : Rotameter, D : Manometer, E : Calming section,

of an equilaterd triangle and one rod in the centre of the
triangle to produce circumferentid as well as centrd influence
has been used. They have devd oped the fdlowing correlations.
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F : Bed particles, G : Disc promoter assembly, H : Fluidizer, I : Bypass
. valve, J : Control valve, P : Centrifugal pump,

Fig 1 Experimental set-up

45



manometer with carbon tetra-chloride as manometric liquid
connected between two pressure tappings to measure bed
pressuredrop (Fig 1). Glycerin-water solutionswith8%, 10%,
12% and 16% glycerin content have been usad asfluidizing
liquid. Four different promoters each condsting of 2.54 cm
diadiscs mounted on acentra rod of 8 mm diaand spaced at
equd interva of 4 cm, 6 cm, 8 cm and 10 cm, respectively

have been used. Glass beads of 1 mm diaand density 2.6 glom®

have been used as bed materid. For aparticular run, variation
of bed pressure drop has, been noted with gradud increase of
liquid flow rate. For fluidized bed condition, bed expansons
with flow rate have also been noted. Experiments have been
repested with varying initia static bed heights, disc spacing
of the promoter and viscosity of the fluidizing medium. The
scope of the experimentsisgivenin Table 1.

DEVELOPMENT OF CORRELATION

Expressing bed pressure drop in terms of friction factor and
using dimensiond analysis gpproach, the various system vari-
ables which are likdly to influenceit, are grouped into three
dimensionless parameters, namey, Reynolds number, Froude
number and Promoter parameter. The vaidion of friction
factor with Reynolds number, Froude number and promoter
parameter isshown in Fig 2, Fig 3 and Fig 4, respectively and
the vaues of the exponents are obtained as under

’ _R—?P—-l.78 o S ~0.25 qn
f=cl|lT%| @g g (11)

;I‘he constant C and the exponent n of equation (1 1) have been
obtained from the regression analysis of the data shown in
Fig 5. '

Table 1 Scope of experiment

Variables Minimum  Maximum
| Flow rate, (@x 108), m%/s 10.000 100.000
Initial bed height, (Hs x 10%), m 6.000 12.000
Kinematic viscosity, (v x'10%), m%/s 1.122 '1.365
| Promoter disc spacings, (S x 10%), m 4.000 10.000
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Fig 2 Variation ot friction factor with Heynoids number

46

Rey =20 8/(0c-OR)w2.(| .
Re)e 80,8/ —0u) 21| -
A Re}80, Wi De—D8)e2
0 - L) 1+ Rej=100, A De~Dage2)| .

Fristion Fester

//

W

ol
003

O.f rr !

Fig 3 Variation of friction factor with Frouds number

T

T

o Rep'x Fre0.0l
o Rep’2Fr=0.02 |-
& Rep'x FreQ 002
+ fep’x Fr=0003

Frichion facter .

B ' ' ' )
DISC PARAMETER(3/(0¢-0y)

Fig 4 Variation ot friction factor with disc parameters

)

()
P
-
-
<
2
U
2
3
4
03
¢ Etivet of RupaPr
O Efteet of sise spacing
A Owar sxptl. e, i
o0 -
0.0001 0.00t - 0.01 0.

e o (2
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Table 2 Comparison of friction factor

_ Friction Factor (f)
S/(Dc- Dl Rep/(1—-¢) Fr Experi- Calcu- Deviation, %
’ montal - Jated
2.10 31560 0100 4930 5360 -8.67
2.10 81070 0279 0569  0.620 -8.64
210 117.770 0373 0249 0276  -10.99
210 169430 0464 0.117  0.130 -10.92
210 231160 0571 0064 0067 -5.36
210 8420 0.026 120030 106.430 11.33
2.10 10311 0034 74740 64.980 13.05
2.10 11556 0.041 58360 48950 16.12
210,  19.144 0072 16310 15290 6.24
210 100145 0394 0320 0360  -13.32
210 181718 0615 0003  0.101 -8.83
210 248930 0.697 0047  0.054 ~15.15
2.10 22040 0098 9220 10.350 -12.28
13145 300340 0962 0028  0.032 -13.29
3.15 11.116 0028 49810 55.810 -12.48
3.15 74180 0278 0618 . 0660 -6.76
315 ' 206780 0564 0073 0075 -2.78
420 280520 0670 0042  0.040 475
4.20 10.864 0030 54190 52720 2.7
420 202456 0572 0076 0072 5.06
525 274940 0677 0042 0038 8.45
5.25 12301 0034 41820 39.540 5.45
5.25 28.124 0.105 6180 5430 12.06
525 74565 0271 0630 0610 2.81
525 206780 0567 0140  0.136 S 2
The final correlation thus obtained is
TS ~0.25
f=128x% 103(Re,,) ) (Dc = Dk) (12)

Thus, the expression for pressure drop becomes

12 s —0.25
A, = 2.56 % 103(Re',,) NG (_:5;)
pLVe®

X 2D, (1-9) (13)

RESULTS AND DISCUSSON

The predicted vaues of friction factor using the developed
corrdation [eguation (12)] for beds with different system
variables have been compared with the respective vaues of
friction factor caculated with the help of experimentd data
(Table 2). Fairly good agreement has been found between the
experimenta and the predicted values of friction factor. The
mean and standard deviation obtained are 8.81% and 9.60%,

respectively.

CONCLUSION

From the experimental and the predicted vaues of friction
factor, it isapparent that friction factor increaseswith increase
in gatic bed height and with an decreasein Reynolds number
(that is, increase in fluid viscosity marked by increase in
glycerin content) as is evident from Fig 2. The fects of
Froude number (which presents the influence of the velocity
of the fluidizing medium for aparticular particlesize), (Fig 3)
and that of the promoter disc spacing (Fig 4) on friction factor
are negetive. Thus, the developed corrdation can be usd
sdifactorily for the prediction of friction factor and then
the bed pressure drop for the liquid-solid fluidized beds with
co-axiad disc promoter in the kinematic viscosity range
of the fluidizing medium between 1.122x 10-5 m%s and

1.365 x 1078 m¥/s.
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