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Abstract — Three kinds of functional regions such as continuous slurry(g,), bubble(t,) and wake(e, ) regions were iden-
tified, and the individual phase holdups of each functional region were determined in a three-phase slurry bubble col-
umn of 0.152 m ID. The holdups of bubble and wake were measured by adopting the electrical resistivity probe method.
Effects of gas velocity and solid concentration in the slurry phase on the individual holdups of functional regions in the
column were discussed. The holdup of continuous slurry phase decreased but that of bubble or wake increased, with an
increase in the gas velocity in the column. The increase of solid content in the slurry phase could lead to the increase in
the holdup of continuous slurry phase but decrease in the bubble or wake holdup. The portion of wake holdup was in the
range of 15~40% of the bubble holdup, which decreased with increasing gas velocity or solid content in the slurry phase.
The individual holdups of three functional regions were well correlated with operating variables within this experimen-

tal conditions.

Key words: Slurry, Bubble Column, Three Functional Regions, Wake, Holdup

1. M

rhu

gl ZERe AR s gl 3
Q) 719 HE EREIL EO Aol P5T Wi of
Yel, 240 weslel 2914, 4914 $-80] 44 sl A1

"To whom correspondence should be addressed.
E-mail: kangyong@cnu.ac.kr

o] e sl 52 W) P JTdsle] Fas i,

359

Utk 53], 7Y AAVIAERE AA AnE A
GTL(Gas to Liquid) 3787} Zo] o]g] 7}4] “d(phase) o] FEdh=
o] F884 nkeEy Sole A& Z1Eg w17 Al
T g ow ARE g QlofA] ol tigt At H el
3= 31 ITH1-3]. & 2Z0] 7153 P (multiphase) ¥H3-7] 2
Aol o] W7 1E YTt 2 Fh) e AR 4 Q7] o
ol o BRS¢l vlste] YRl &4t A 3 (intraparticle diffusion

resistance)e M- Y oM, Fulje] H7te} 34 9 S

\

L
T

[¢]



360 X3} - A - A & A

ALKA O R T = Q7] whitel] 857t Aol & ¢ Qlrk g,
13 Hsk ofF 307 Qlste] vEE7] UellA o] E4
ol JHdo] F5ah 25 xdo] ol thE HkS-7|of| H]
stod W7 ulo] #d s vk g A7) golste] HEES &
A E3] Znlo] FA| 5 (pelletizing)’} 9111 T H]Lo]
2QEE A9 vAg Fu)) ks SYelto R ARgelE EulE
Ll + 2 & 5 leH4,5].
= 588 Ag IR Al uiAl|
Az, 228952 z3), AloY(control) 2 A7 5
o] t2A vep g, kS0 A Ao S
FEha 5402 4 el w719 AkiE §
of vi-9- S8k A7}t Hugick AA7EA ] v 1= 7]

SEA%N 255 gto] o] FoRAIRE 7|3EL] shel|A] %
A3k wake Tdo] A& 72T es AWk
A 9 EAAG ddell & TS X FOE A5H7] o
ol AP Eefe]7| R wg1e] Sl Feleh P vE Ao
2 RaEa tHe6-10].

SEARE 7] oA wake®] 5A1E] 1M o] AR1 7] RelA

2
)
(o
S
o
P Mo

o ot
J.u‘
ok
e}
ol
T

=
&40 2 AEE 71 EHNA Q] AT vl AXgoloA o]
3t po] Algs] QT QoH11-13]. 3, s 743
Sl Y 914 A} RS |AIZ Y] B dEdAS e o) o
Zdlike] ol ERAGATE Yehled], o] dde] AT
off A% NIl A7 wake P 9] AFZFe] AV T
H2AAE Zh=t) e 2 Ao s Ak 7] ERA
wake %ol 8844 B} 7)3xe) A% Sl I wake
= X3 A7 71 g el ] ARl 548e ARSI

W &R AlaES A A o2 gest A9 AR 293 T
L A5 59 Sl B Ay dvks 1 807 A
T & 4= glon ofo) digt =] 7S] F43) B Akgle] wt
Aol 7]ofgt 5= Q1S F o7 AlgE

o

2.4 o

i Arelr] ARgRE A SRl 7)EE RS Fig. 1914 &

Fig. 1. Schematic diagram of experimental apparatus.

1. Main column

. Gas distributor

. Pressure probe

. Resistivity probe
. Pressure sensor
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9. Needle valve

10. Valve

11. Liquid flowmeter

12. Gas flowmeter

13. Slurry pump

14. Slurry reservoir

15. Resistivity circuit

16. Date acquisition system
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Table 2. Experimental Conditions

Slurry bubble column I.D. 0.152 m x Height 1.5 m
= 5o WA (D)e] 0.152 mO] 3L =0](H) 1.5 m3l stainless steel Distributor type Perforated plate
2 A2 columnd FE0 2 ASGICE AF W 7 AR Orifice diameter 1 mm
3 &l TAYAS g AYslon, MAwE e Owphas Compressed dried ai
- _ N gas velocity .01~0.16 m/s
=7 ol ol=317|1E AlLQ-slod oMFAL O 7= BSOS AR5
H—L~ :]J’]'\Q__ H 07] = }—%O}—Mq—' _1X] o 1_—__ = ]—%—o]—}% Solld phase GlaSS bead
ow 71 573 Table 1o VYERAITE &2i2] 7|28 l4 71A1 density(p,) 2500 kg/m’
F(UgSl H$1E 0.02~0.16 m/so]0H, L] Atz W% (p) cont.elllt(S.C) s 04((?% Wt%
art |~
7} 2,500 kg/m’*0] 3L =(d,)7F 40~70 umel 2] L (glass bead) particle size(d,) Hm
N L J N Data acquisition system Data Precision Model D-6000
= }\]"%0]’93\2‘13], 1 55E 0~30 wt% %Hoﬂ}ﬂ 5 wt% Z_]—Z]'Qj;:l_ Lab. card DT-2805
HASIA 7] 23S Faaglt) 2 A2 AWl Table 201 Software DT-VEE, ORIGIN50
Qokslalrt Sampling rate 1,000 Hz
_ - ~ ~ Sample length 30,000
7IAIE AT 5o ZIEg viFell S5k flsto] smhE e
Table 1. Physical and rheological properties of liquid phase
Dynamic viscosity Surface tension Density K K Diffusivity Kinematic viscosity
(mPa-s) (mN/m) (kg/m’) (Pas") (ecm¥s) (m%s)
Water 0.961 729 1000 0.001 1 2.22x107 9.61x1077
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Fig. 2. Typical examples of bubble and wake regions in a slurry
bubble column(A: Us=0.04 m/s, S.=5 wt%, B: U;=0.04 m/s,
S =15 wt%).
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Fig. 3. Typical examples of multi-bubbles and wake regions in a
slurry bubble column(A: U;=0.04 m/s, S=5 wt% B: Ug=
0.12 m/s, S.=5 wt%).
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Fig. 4. Effects of gas velocity and solid content in slurry phase on

the individual phase holdups of functional regions in a slurry
bubble column.
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