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Abstracts

In this investigation, the longitudinal particle mixing in a liquid-solid fluidized bed packed with
screen cylinders was studied by employing a colorimetric concentration tracer impulse method. In
batch systems, the results showed that the dispersion model was in good agreement with the present
experiments and the longitudinal dispersion coefficient was related with the liquid velocity at the
higher liquid velocities as following for the screen packed fluidized bed:
D?(cm?/sec) a (U/Upns—1)*® for U/Upns>3

A random walk model was also proposed and gave an excellent agreement with the experimental

results for all the range of present experiments (U/Uns=2.45~9.83, d,=0.046~0.077cm) as

follows:
D(cm?/sec) =35.7 (U2—UnP 2 di/(1—e)
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Table 1. Packing

Dimension
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8mesh screen 1. 5em X
packing l 0. 84mm | 2. 38mm 1. 5em
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Fig. 2. Flow diagram.

Table 2. Sample size and physical properties

Minimum vel-

Mean particle Bulk density ocity fluidiza.

Particle size

diameter {[cm) {gr/cm3) tion’ (cmy/sec)
20-24mesh 0. 077 2.68 0. 87
24-28mesh 0. 065 2.71 0.62
28-32mesh 0. 055 2.70 0.42
32-35mesh 0. 046 2. 69 0.28
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Fig. 3. Relation between bed height and liquid superficial
velocity.
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Table 3. Longitudinal solid mixing data from batch fluidization experiments.
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Rum d, {cm) U/Uny () | ¢ ) H (cm) & (—) D (cm¥/sec)
1 0.077 2.53 300 120 0.325 7.37
2 " 2.53 500 121 0. 330 8.17
3 " 2.84 100 72 0. 284 8.70
4 " 4.42 200 162 0. 493 19.77
5 " 4.42 250 162 0. 493 19. 46
6 " 4.42 300 162 0.493 17. 54
7 " 5.15 240 200 0. 584 29. 42
8 " 5.15 360 200 0. 584 24.71
9 " 6.05 80 140 0. 591 35. 63

10 0. 055 2.84 350 71 0.199 4.86
11 " 4.42 90 85 0.327 9.39
12 " 6.05 360 124 0. 542 19.43
13 " 7.44 60 125 0.616 27.70
14 0. 055 2.45 600 122 0.336 2.89
15 0. 055 2.81 450 121 0. 331 3.94
16 " 2.90 240 76 0.242 3.34
17 " 4.81 300 150 0. 487 7.29
18 " 4.81 450 150 0. 487 6. 68
19 " 5.57 420 161 0. 490 8.64
20 " 5.57 450 161 0. 490 9.20
21 " 6.05 150 95 0. 420 8.47
22 " 6. 24 480 205 0.594 12.25
23 " 6.44 240 200 0.584 14.12
24 " 6.44 480 200 0584 13.9
25 " 6.52 635 200 0.584 11.55
2 " 7.45 130 103 0. 444 10.72
27 " 7.50 540 240 0. 649 10. 87
28 " 7.72 450 242 0. 649 18.49
29 0. 046 5.01 590 127 0.345 3. 90
30 " 6.53 480 160 0.487 6. 46
31 " 6.53 450 160 0. 487 7.34
32 " 6.53 635 160 0. 487 5.92
33 " 9.83 150 113 0. 491 10.79
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Fig. 4a Typical Longitudinal Particle Mixing Curves for
a Packed Fluidized Bed;H=200cm;d,=0. 055¢cm.
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Fig. 4b Typical Longitudinal Partide Mixing Curves for
a Packed Fluidized Bed; d,=0. 055cm.
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Fig. 6. Longitudinal dispersion coefficient as ‘a function
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FANE AT
DA W FrAsEd o1 e
A4e B e

Fig. 604 FRA94x, UlU,y, 7F 30] 3l
Ax D7 (—U%f- ~L)o} pjraeizol A 3
AAAE nodFt 3ot A= Frket At
o)t WA frol Unpol 48] 55 59
A7 wall X o] A channeling &30} dojr}A

no}Fw e7} 0.30] 3ol A
Fig.6 o] A% 7

Lo

L
o

Lo

HWAHAK KONGHAK Vel. 15, No. 3, June 1977



174 ST - BET - LK

tracer ¢} AF9] o Fofl 9T EFA =7 AR
olf] AL JZANAL AP F
2 gl A AR o F A,

2ol FRFAFERAA mALA] &

W R A FE A f5o) b e e JAVE
At
U\ U
Da ( o —1) for -U;}“>3 12

(3) WL, bed expansionf TF|XIL|
37|17t SYFEE olx|l= S

Fig.78 D& (U-UpA® df/(1-08 T5
= e AdE AdAN gl A (10)5 F
o x| 5} random walk model o] 2 A £5|v] 7
A Kghe 35.791 95

40~

20

sec )

slopes t 1.0

[T S TSNS TSNS SN B N §

L/llll i i PSR TR U S BN BOURR

0.07 Q.1 0.2 0.4 Q.7 1.0
1
(P unt?i e, /L1 —€)

Fig. 7. Longitudinal dispersion coefficient as a function

of superficial liquid velocity, bed voidage and

solid partide diamete.

o AL g 2,
D(cm?/sec) =35. 7(U%~ U, 2)%45/(1‘6)

13
52 B

T-4FAEERNA 2AYAEY FHTE
stat3 et IS H 3% 1977 63

ol Hig Ed+A3E 29%3d o3 2ok

1) ZAYAEY &ugE 32 dispersion m-
odel o] # Bt

@) ZAYAES FHEFL
o) Futoz gAAGE @
QA 3A gt U/Unp7t 301
—1)+Sf v} Bl et

(3) A3 AW el A random walk model o] =}
o 2 Agxnio o] AA8<E  bed voidage
Q

12e] A AT ost e wAAe] gl
U2 2d,/ (1—¢)

AA F
oAA =%

l:'):l

r}o
-\_0 r\*

A
4
ol

y
>~

iy

D(cm?/sec) =35. 7(U?—

A8 712

tracer concentration, gm tracer/gm total

solid partide diameter, cm

oSO

loagitudinal dispersion coefficient, cm?/sec
Dg  effective diffusivity, cm?/sec

total bed height, cm

static bed height, cm

constant in equation (10), —

fluidized bed height, cm

mixing time from the tracer injection sec
X length from the top of the bed, cm

X’ dimensionless length from the top of the
bed, —

superficial liquid velocity, cm/sec

Nh:x;EFm

Ic:C:

partide velocity, cm/sec
4Z mean free path, cm
A7Z? mean square axial displacement of the
partides, cm?
bed voidage or volume fraction, —
o apparent density, gm/cm?
# mean time interval between ‘partide coll-

isions, sec
subscripts

f fluid

my minimum fluidization
p packing
s solid particle



=

N ;@

10.

11.

12.

13.

14.

FEET-E9) BEAD WY W 175

2tn 29
. L. Massimilla and S. Bracale, Re¢i. Sci.,
27(1957), 1509.
E.R. Gilliland and E.A. Mason, Ind.

Eng. Chem., 44(1952), 218.

M. Leva and M. Grummer, Chem. Eng.
Progr., 48(1952), 307.

E. Talmor and R.F. Benenati, AICAE J.,
9(1963), 539.

J.D. Gabor, AICRE J., 10 (1964), 345.
J.D. Gabor, AICRE J., 11(1965), 127.
P.N. Rowe and B.A. Partridge,
Instn. Chem. Engrs., 43(1965), T 157.
D. Handley, A. Doraisamy, K.L. Buther
and N.L. Franklin, Instn. Chem.
Eng., 44(1964), T 260.

C.R. Carlos and J.F. Richardson, Chem.
Eng. Sci., 22(1967), 705.

C.R. Carlos and J.F. Richardson, Chem.
Eng. Sci., 23(1968), 825.

S.G. Kennedy and R.H. Bretton, AICRE
J., 13(1966), 24.

E.J. Cairns and J.M. Prausnitz,
J., 6(1960), 400.

K. Ramamurthy and Subbrazuk, Ind. Eng.
Chem. Process and Develop., 12(1973),
184.

R.N. Ghar, A. Kumer and P. Sen Gupta,

Trans.

Trans.

AIChE

15.

16.
17.

18.

19.
20.

21.

22.

23.

24.

26.

27.

28.

Indian J. Tech., 13(1975), 215.

P.R. Krishnaswamy and L.W. Shemit,
Canadian J. Chem. Eng., 5.(1972), 419.
ibid 14(1976), 143.

M. Isida and T. Shirai,
Japan, 8(1975), 477.
S.N. Abrahami and W. Resnick, Trans.
Instn. Engrs., 52(1974), 80.

H. Littman, AICRE J., 10(1964), 924.
J. Bridgwater and A.M. Scott, Trans.
Instn. Chem. Engrs, 52(1974), 317.

E.N. Zeigler and W.T. Brazelton, Ind.
Eng. Chem. Design and Develop., 2(1963),
276.

S.N. Nalpan and J. K. Donnelly, Canadian
J. Chem. Eng., 51(1973), 8.

J.P. Sutherland and G.L. Osberg, AICHE
J., 9(1963), 437.

W.K. Kang and G.L. Osberg,
J. Chem. Eng., 43(1966), 142.

J. Chem. Eng.

Canadian

. J.O. Hinze, “Turbulence,” McGraw Hill,

New York (1965).

E. Ruckenstein, Ind. Eng. Chem. Fund.,
3(1964), 260.

J.H. Jeans, “The Dynamical Theory of
Gases,” Cambridge Uni. Press (1921).

H. Kramers, M.D. Westermann, J. H.
Groot and F.A. Dupont, Third Congress
of European Federation of Chemical Engi-
neers, B1(1962).

HWAHAK KONGHAK Vol. 15, No. 3, June 1977



