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Abstract

Measurements of two-dimensional bubble properties in thres phase fluidized beds were made
-using an electroresistivity probe. The effects of fluid flow rates, particle size and the vertical
height over the distributor on bubble size, frequency and bubble rising velocity were determined

The bubble frequency decreased and the frequency distribution widened with the bed height
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In the present systems, the bubble breakup may be attributed to the increased disturbance:

of wave length which led to more unstable interface of bubbles in the beds of large particles

mixed with small particles. The bubble size increased inversely with particle diameter.

Since the Davies and Taylor equation for single bubble and the modelling equation in gas-

solid systems were not hold due to bubble ccalescence, the empirical ccrrelation for bubble:

rising velocity was develcped as a function of bubble size, fluid velocities and particle sizes.
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Table 1. Summary of Experimental Conditions

Materials Glass Beads

Mean Diameter, mm 1.6 2.9 5.0
Mean Density, gr/cm? 2.5 2.5 2.5
Vipimam Fluidine 500 scs a0
Total Bed Height, cm 25.0 25.0 20.0
Packed Bed Weight, kg 5.25 5.0 5.0

* MIXED PARTICLE SYSTEMS
1.6 mm glass beads—6.0 mm glass beads
(5, 10, 15Wt.%)
1.6 mm glass beads+7.85 mm glass beads
(5, 10, 15Wt.%)
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b) Measuring circuit

Fig. 1. The detail of dimension and measuring
circuit of electroresistivity probe
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2. Electroresistivity probe
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A. Materials

Ao 24 74 (tap water) Z A1g8l3, 7
Ao.2E 3.8kg/om? & HEF & AALEd ).
AAFTE $A4E 92e 2.5g/em* Y A
E 714l glass beads & 1.6 mm, 2.¢2mm 1
5.0mm & Z7]& 2185ty ¢ o, mixed particle
8 Z3E 27 $&d 6mm 7.85mm ¢ glass
beads & ob&e Agstgrh dAe fEf<
W= 0.9~7.7cm/sec, 14 FEF45 WY
= 0.8 mm/sec(11 cc/sec) ~12 mm,sec(161 cc/
sec) Abole A AL Fegdh, A 4P =
% Tabdle 14 A e s},

B. Apparatus

Fig. 3¢ L 439 A2 =ole}, %5

column &

329 F
140 cm 0] X37 cm ¥ o] X3 cm S
% 7}Al two-dimensional column © & acryl 4=~
Age ALk, AFe e FUaA 5
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73 5mm 9] hole ¢ 7}z 3 mm 57 ¢ stainless
SH& distributor 4] A38}g o H, o] distrib-
utor s+-& F column 3+ Aluminium distributor
box (25 cmx 41 cmX 3 cm) Afe]e]] ¢ x| gte] =}
€ AA T Yok, JA4o R 448 B 157 ¢
k9] reservoir & Y-8 1+ inch carbon steel pipe
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1. air regulator 2. air filter

3. rotameter 4. fluidized column

5. outletweir 6. electroresistivity probe
7. wall electrode 8. measuring circuit

9. oscilloscope 10. pressure taps

11. distributor box 12. glove valve

13. pump 14. water storage tank
15. by-pass line 16. distributor

17. check valve

Fig. 3. Schematic diagram of experimental appa-
ratus
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Fig. 4. Effect of Gas Velocity on Bubble Length
(h=20cm)
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Fig. 5. Bubble Frequency Variations with Height
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Mejmelme A o Azt szl 277k Aera
RO 57 as

Q) x}2o] wa Fig. 46 2 Asts EA
o, e @A F45F AEY 2
Vepgth olE A AeTE
=z yoidage 7} Z7] o E4 AR
A 1 W] el A AZ =l
g ARHFEA 5, AL F5 2 g
FRAd A Ak 2 gEESL
2 vebyieh

1=1.825U,0230 [/,0.°88 7,057 (3)
standard error of estimate: 0.326cm

X,
\qt
¥ 4
e
iy

'Y

fo
PORTRCA
(o

2 Fl7 §40A dart THE 243 %

o]t Z4&H 1z voidage /I He]* A Bubble
length & Fagds 47}, 729 co-
alescence & Ar-& Massimilla, et. al.Vo]+} Ost-
ergaard,® Rigby, et. al® ® Kim, et. al.® &
o o8 B2Ed FIAgx JdAH. 2,
distributor 238 w7 "Heolz Zold A =
9 arsle 53 AdwSe] & we coalesc-
ence &4zl o] Eo] E4 (breakup) #4to] 3
g o}, 12

2. 7|=9| BT

71z HEE Eold wmlet Al AL
ngen ol& Fig. 54 A&, o] 4
2. Rowe and Everett® ¢] 4 311} Rigby, et. al.®
o Aoz gz]she] 7] 29 coalescence rate
7F old] wel SO RA WIE: =dds
&she o A A

Fig, 6 & 3mm particles ¢] 73 ¢
A AgH49 Wk AAA 33T W=
EAR ARA A4 F45 Boldl 23k
B 54 adelsh, 474 & 4 A%l A%
3k Lold Erb] web WM A xe ca-
lescence o} 4l = ols] 2o} ol B2 =2

7] B3 & 72tE Ao el

e

3] 20 cm

Bl =

s
S

i

™

20
18 d :3mm
Y9 1s‘r P
S |
?:' 14 -
:g“ 12 i—— 1 ug:O.E'r\.rr*f~:ec
i 10}- /
e |
—§ 6]~ / ug:A,Ammlsec
. | Ut “nfeaz
o \i_l ug.Q.Znﬁ.,n’W_

L \S:\\;ﬁ\‘_}
2345'67391011

Tort¥ael bubble length,cm

Fig. 6. Typical bubble size distribution for the gas
flow rate variations(V,=5.3 cm/sec)

HWAHAK KONGHAK Vol. 18, No. 4, August 1980



250 TCN= - i e

3. 7|Eg]

0=
o)

A
&5

x4 AS5EEE ¥ 45 wEdH
freely bubbling bedsel &) 71 28] =73} A
& &% 719 A L single bubble ¢} 79 A4
5 X Davies and Taylor 4 413e] A sLx
gl A f53AA4 Jlxy ASEEE
gas-fluidized beds & 7 -%-o} §215F ¢]EAHQ
modelling © & X &]

U= (Ui+Ue=Unr) +0.71 v ga (4)
8 Ae] A=Az A e, J74 mkx
w} g+o Davies and Taylor 8] Ad Al ade]A
L single bubble 8] A&E4xele o 729
AR 7 (em) o2 X 43 data $] 7-¢- Righy,
et. al.¥e] BoFF l/a=1.148] A E o] L3}
of 2329 ¥ eyl

A )] & AR o] B FHA 7Y
standard error of estimate = 14.44 & o] &4
Q Fabgte 2A Helds & gl A=A
2 A3 e A4 F539 freely bubbling
bedsd] ¢l 71z ASEEE o F317] A
L 7] x¢] ¥l g} coalescence &} R 2 ¢ 3l
Mze A Lo,

7128 AR I3 A2y AEHEE U2k
o Atz FAAE A A 2 data® HE
multiple linear regression analysis & o]-&3}
o &3 e A4 dgid

Ubr 43 OD lO 42 UZO «05 U 0.14 dﬁo .19 (5)

standard error of estimate; 0.135cm/sec

A A 7l 2 .
HEajo] =3 mechanism ¢ 2 371XE 5 4
o}, gt stewart and Davidson!®o] A|qk

3} particle “finger” model 24 1 =}7} 7] =4
roof & A=A 7125 7tk o] &elH, =
= Clift, et. al.'¥9] Taylor instability
model 24 F $3 7Y A= LIS

E3 Taylor ] o] E9F &7l 7129 ﬁlﬂd
s} $-%5%9 dense phase 4o} A= At

atst2s HI18H M 4= 1980 83

FAQTAL AL B9 &5 WA E e
o3& & (solution) ] HAq] A& AR AL
4 ek o Bolel, ©hE dvhk Lee
and Sherrad'”¢] vortex shedding model 24
7143 @Al Asete JlxY wiwd i
wake 71 4] 3le] o] waked] o3 WA=
vorticity 7} 7] & 7l o] Eol},
Henriksen and Ostergaard'® & =7 6 mm,
1mm ¢] glass sphere & A-&3F 44 {53
(air-water, air-methanol)o] A 8] 7] T} 2]
FF AYA dTE 53 e A Al a4

¢ gl oug 4.Ammisec
7L a 92

o 2 g 120

© 6 K\\

] T S

g 3

= 2 i

20

et

R L .

5 . 10 . 15

WEIGHT ¢ OF & nmm GLASS BEADS IN THE BED OF _

Fig. 7. Effect of Mixed Particles on Bubble Size.
(77;=5.3 cm/sec)

cug 4h4mmlisec

s :92
a 120

‘o
T

, VERTICAL BURBLE LENGTI, cnm

o

5 10 15

oF 8 mm GLASS BEADS IN THE BED OF
1.6 mn GLASS BEADS

Lo

WEISUT %

5 mnte. -

Fig. 8. Effect of Mixed Particles on Bubble Size
(V;=5.3 cm/sec)



SHRBFEN A Filukikd W HR 261

g S 2 Asd dvlel FAH & disturbance
wave length, Auin 8] -+ o] Ae] Ho]eok Lee and
Sherrad!” 7}

Anin=2 7:'\/?0?— (6)

A A& vortex shedding modele] HL-=Hrvlzm
g4icl
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2 10in. A7 three-dimensional fluidized
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o 74 & oL w-e& Massimilla, et. al.,?
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Nomenclature

@ equivalent bubble diameter, cm

d probe spacing distance, cm

ds particle diameter, cm

S bubble frequency, sec™!

g gravitational acceleration, cm/sec?

ge conversion factor, gr cm/dyne sec

% height over distributor, cm

! vertical bubble length, cm

t, the width of the pulse from the upper
channel, sec

£, the transion time of air bubble between
the two tips, sec

Us. hubble rising velocity, cm/sec

U. superficial gas velocity, cm/sec

Up superficial liquid velocity, cm/sec

We Weber number, Up-%2/gc0

Greek letters

o density, gr/cm®
¢ surface tension, dyne/cm
Amin minimum disturbance wave length, cm

shet2 et AM18H R 435 1980 8H
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