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Abstract—Flow transition of solids and radial dispersion of liquid phase in liquid fluidized beds have been
studied in a 10, 2cm-ID plexiglas column.

The effects of liquid velocity and particle size on bed porosity and radial dispersion coefficient have been
determined.

The radial dispersion coefficient increased with particle size. Whereas, the coefficient exhibited a maximum
value at a liquid velocity or bed porosity.

The bed porosity at which maximum radial dispersion coefficient occured coincide with the bed porosity
which was derived from the continuity wave velocity at which the flow transition of solids occured. Also, the
porosity value at which the coefficient exhibited a maximum value agreed well with the values at which the
turbulent intensity and energy dissipation rate attained its maximum values.
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Fig. 1.

Experimental apparatus.

1. Main Column 2. Tracer Tank
3. Pump 4, Tracer Inlet
5. Conductivity Probe

6. Conductivity Bridge 7. Recorder

8. D. C. Power Supplier 9. Pressure Tap
10. Rotameter 11. Liquid Tank
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Table 1. Comparison between the values of bed porosity at which the maximum continuity wave

velocity and radial dispersion coefficient attained.

dp (mm) u, (mPa-s) s {g/cm®) U, (em/s) n (El)uw.max (Cl)z)r‘mu
1.7 1.0 2.5 21.5 2.65 0.62 0.69

4.0 1.0 2.5 33.5 2.48 0.60 0.61

6.0 1.0 2.5 41.2 2.43 0.59 0.55
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Fig.4. Concentration profiles in radial direction

el

b4 w0t

Y

3

.
A

A} gf

o}
E]

5



282

sulol 48] £ (in-

7| F2. 2 & Peclet Number,

i=4
2

v)

F# A ¥ (fluid element ) &
terstitial velocity
72z

o

12 14

10

U, cm/s
]
6.0
%

r'S
4,0
19861 8

=3

1.7
4 K4

sl

sion coefficient in liquid fluidized beds.

dp (mm) -
K24

St
=l

o~ o
' o ' S @ mﬂu&%%ﬁw#ﬂfrgﬁﬂwu‘m
= 0T o~ O =% WK N oF T X ©
< M._M ..m‘w,w‘_w/nmﬂWEF QMMi o /rU,.DI.
= Al TN P
= S T oY~ T °x W KW o
] S = 3" b S 4o & = o o7 27
= o N i
- T o T g N o W oo 2T
1 ©c &2 T T Ee B K g
1€ L= g° oo M S ST BT PTG G BN
o o Yo} _WLETM.T EF\OI rqﬂioqzw_.aﬂﬂ
- B e T W I g om ek 3P 3Ny w
b 4 < T oo T 2 A e~ E
] < = D & 5 £ B o) w5 LM
;24 wheTEYETe Ly g
©w g = mro,n Mﬂoi/w &‘A|.Lmo g @I T
- wr;oﬂuumw_ﬂL@ﬂowam@ﬁﬁo‘\%w.n;ﬂ
u < w2 T2 e o F ¢ OO G0 MR o= 5w 5
1 =23 @ Nodo o WS R L X =
© < & T oL ® R W LN 5N gy
0% \) ‘0|1.._.A|Nroﬂw_“MEﬁumuLtUﬂoﬂll_o‘uﬂ_Sﬁﬁq
- _— Q —_ —
" g - g %dﬂ.qm.z,_tqu%%ﬂu:mﬂAT%_
[ = = =D - O = mo ¢ —_
m.m = oW.modremdde¢1m...ﬁJiﬁ7dololﬂe
@ B e d}ﬂl.._au il B ® O
< . ‘mmleoT..nr‘_.lan.._ [Te) AT L_LﬂWlon
! 1 s @ o= a4 B o R N Y =
o N — " ﬂmﬁwiurmioia.%doxﬂﬂlﬂoﬂ\.tm
('s/,w0) @ & 2 ook o of B o woof N2
5P a W Wy sewm o w R oMW
G Moy W g F 4 e k3 Ho %0 NW
= L F wm o w Ho FofF o oo oo oo
° T = = | v T
o TR G O L » <
PN R @ TR e
= S + = == vk o ~
O] | < . - L;of
ol o I~ B - ST
‘mﬁﬂouﬂcrwyﬁlwwalwh%]owaﬂﬁla_ulﬁlqmuﬂﬁrudl\‘Mo
ST RE DAL oo o " 4 L
%b T e B W OX oo o 0% L e © e W
o e o] w o3 ~— W = X S
o O s Mo 0w B Xl e
SRt s T XRE
T T T kg T g s+ s 5 < o°
D T 2 = R R =
— aﬂa 3 l:w| - =y ol 3 ~ ol Zo @ = o m F oY
= H)\WD#U_‘\/ H_h\_ﬂob_/ovm/uzol
g T 35 W e W L &Y o
3 - B Ty J0TF /\i_.luxo_a ny ] 4. @
« e M «F Ko w° SN - oF 2
& A R SO T 4
- oo mwn T e THEELR L 5 5
S o IR SEATE M T X BT m — T M N
e £y - I N ofw ok q Ko T o
R B B I - S O |
E ¥ E R e G S R B B Rl e . . .
o =T =r w E ™ U
o o ﬂrmﬂoﬁoonm_.g&n,mﬂ._tﬂzloﬂiow ®N < ™ ™~ —
) U &dOE T o TR A TTF P F oFx T s/,wo

Fig.5. Effect of liquid velocity on radial disper-

SRS



10 .
'\,:.,,,
&
\ S 4
\J
n,
uff
OE 1.0 O_Q_O} -
0. 11 1'0 1‘02 10°
Re,

Fig. 7. Relationship between modified Peclet
number and particle Reynolds number
in liquid fluidized beds.

O A ]

dp (mm) : 1.7 4.0 6.0;present study
b

d, (mm) : 1. 3;Wasmund and Smith(7)
® L

dy (mm) :0.57 1.37;Patel and Simpson(8)
>

d; (mm) : 2.0;Cairns and Prausnitz (17)

U4 275 AAF
ticle Reynolds Number)«]

23S Bol: AL o 4

©.2 3% Reynoldss (par-
Z7}oll w2} P 3-S 3
o)t} Wasmund®}t Smith
(7], Patel®} S)mpson[S], 128} 2 Cairns®} Praus-
nitz (17) 59 AdA AN E o]} FAZE AT
olE 4 9ov (Fig.7), 479 PE @& AHeole
Zb7be] Aol ALgE 559 ubid,  HAEA
B FEUA U= P AF 2 sA
qe FEZALY zto] Moz F 5 gl
2 o7 AYAFAE Kang# Kim(5)el A4+
EZo) AL23% S4} &2 (isotropic turbulence
model) & H&3tn FESWol e FFUA o
4 3}E4£5 5 3e|dlo] correlationdt™d 215}
459 wlet fEYAe
ih-2 veld 4 dsich

U 1.1
P,,—130. 3<(D)(U+‘Uw) 15

<
T

do md

o] Peclet Number &
2 A7) i3 ul9 ¥

Hel| wiste} oAl mivdulsl T3} 283

o] Al correlationA 4= 0.942 A& Axe}
2 A A 8¢l ot
4. & 2
1. Hali5 §°l|‘1 Al A F v}
of whe} nalf-5lAtel 582 4352 (circulation
flow) ol Al &3 2 (turbulent flow) &2 2 g7}
HEsE A $EYA A% HE4xe Wsz

e dEE 4 ook

2. AA FEFZANY FE5UAS] 2EHeL W
geda o] & FF§ (bed porosity) & f5% W ol A
o i Axet dgA euvx 224=st At
2 e & FF3&7 LAt

3. A f5EolA Aol uputa  EabA
A=

=
©

fou

o ot 4
o 4

(liquid radial dispersion coefficient)—t— T+
27|17 F71E4-E Frhsld ot A4S
of webAE Ao its el o,

N
-

of ool

=

Avre Aot Auge 2 W FE
2 fEUAe sEYAsL dBLelo) 5 FIED
A ghe e

7t A}

NOMENCLATURE
C  : concentration of tracer, mol/!
Co . initial concentration of tracer, mol/!/
D : column diameter, cm
d, : particle diameter, mm
D, : radial dispersion coefficient, em? /s
D. : axial dispersion coefficient, cmz/s
E, : energy dissipation rate per unit mass of
liquid, J/kg:s
I : turbulent intensity in liquid fluidized
bed, cm/s
n : index in equation (5)
P., : Peclet number based on radial disper-
sion coefficient, U.d, /D,
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Pt Peclet number based on radial disper-
sion coefficient and interstitial velocity
of liquid phase, U,d,
€D,
R radius of column, cm
T radial distance, cm
Re, particle Reynolds number, d,U,p,
S
Re, particle Reynolds number based on
terminal velocity, d:Usp,
M
U, superficial velocity of liquid phase, cm/s
U, superficial velocity of solid phase, cm/s
U, terminal velocity of solid phase, cm/s
U, continuity wave velocity of solid phase
cmy/s
X dimensionless radial coordinate
Z distance of electroconductivity probe
from the distributor, cm
Greek Letters
€ phase holdup
o density, g/cm3
¢ modified Peclet Group in equation (2)
¢ dimensionless axial coordinate
Subscript
! liquid phase
max maximum
T radial direction
S solid phase
z axial direction
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