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Abstract — Radial and axial distributions of gas holdup and bubble characteristics have been investigated in a tapered bubble
column. Bubble characteristics have been measured by using dual electrical resistivity probe method, with the variations of
operating variables such as gas and liquid flow rates. Experiments have been conducted with a conical-shaped column of 0.5 m
in height, with an apex angle of?Z’he column size has been 0.05 m I.D. and 0.15 m I.D. at the bottom and top, respectively.
Compressed air and tap water have been used as a dispersed gas and a continuous liquid phase, respectively. It has been found
that the gas holdup has increased with increasing gas flow rate at all test sections, and slightly decreased with qéteasing li
flow rate. The radial gas holdup distribution has been found to have maximum value at the centerline of the column and it has
decreased as approaching the wall region. The local gas holdup has been more uniform with increasing the height from the dis-
tributor. The bubble size and rising velocity have increased with increasing gas flow rate and height in the column, which have
been well correlated in terms of operating variables.
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Fig. 1. Experimental apparatus.
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Fig. 2. Radial and axial distributions of local gas holdup(L=240 cnis).
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Fig. 3. Effects of gas flow rate on the local gas holdup at various radial
positions(L=240 cni/s).

0 O vV 4 @ W -

r/R 0 0 0 03 055 0.8 0  measured by pressure
hcm) : 20 40 30 30 30 30 35 drop method
DJm] : 0.05-0.15 0.15 0.1
column : Tapered column Vertical column
present study Kim[13] Kang et al.[14]
U, Y, [emis]
0 1 2 3 4 5
020 T T v T T T T
0.15 | 4
0.10 |- i

0.05 | .\'/ -

0.00 . L . L . !
0 100 200 300 400

L [em®s}

Local gas holdup [-]

Fig. 4. Effects of liquid flow rate on the local gas holdup at various
radial positions(h=30 cm, G=240 criis).

v A o |

1R : 0 0.3 0.55 0.8 measured by pressure
drop method

Dg[m] 0.05-0.15 0.1

column : Tapered column Vertical column

present study Kang et al.[14]



ZANpE 73 867

U, [em/s]

GmY

O Present work
————— Akita and Yoshida, D_=0.15 m [9]
0145 - Hikita et al., D_=0.1 m [15] ]
--------- Hughmark, D_>0.1 m [16}

Overall gas holdup [-]

0.00 I " 1 . ! A L

0 100 200 300 400 500
G [cm®/s]

Fig. 5. Effects of gas flow rate on the overall gas holdup in tapered bub-

ble columns(L=0).

3-2.7|=54
71Ze] B 7 =
2,8 dFA % @ 71A e wge] uhE 7129 =27 WEE
Fig. 6 VFeRli2iTh. o] 2ee 713 A Fabgo=AE 717F 20, 3
283 40 cn] EololA SR 712 it AR Ao|R o] 1elA
ool ZNAEre] FIsk A whE ekl E V1 2 |
As] ksl w2 fgdxe A A 4
slugging @7=2 VFEREA] @8kt o]ephe AL 7]

12 T T~ T B T

ol
£ T
L T -
=] e -7
& e -
© 08| T e E
° T T /A/A
2 A e
2 AT e —®
g 06 - /'/ /. u |
> /‘ / /.v—’_.'—‘_.
o ; ./l
c e n
[0 /
1] y
= o4 La /

4 —'//;/I -

7
0.2 . 1 3 N N L
0 100 200 300 400 500
G [em’/s]

Fig. 6. Effects of gas flow rate on mean bubble chord length in tapered

bubble columns(L=240 crd/s).

A o B e
h[em] : 40 30 20 475 40
Dc[m] 0.05-0.15 0.25 0.15
column :  Tapered column Vertical column
present study Yu and Kim[12] Kim[13]

e vz R s dofuh=d), ZIAREY ke oF
o 71x FAEEE T/ MECR SNE ¢ vk 2y
oj= AT Mg 71X A/t HW vhA] 71329 R0l defubA
As N2E YA 7712 JIsh Aok & 5 UrH10] =3 7
o] e FHdrS 7|28 A7 dofd FEe] FURIER 713
of Aot Tkl "kl & 4 ik o] ol B £ Sl
o] AAIHH 71X A= %0634 e
Aozt 2 bk 1 ol 7IA8] FUFEAA AA e HE
% BRI SR 71X A7)7t EFd vlsie] A E]&W
o R ST 5= SUTHS, 7). ek, AAbaw g A
of 7t Aeww Y8R 7|xg vlasle 22 dHx 74011*1 71
el ARFo] FUHevkal & = AvHFig. 5).

A 7| EGoA N2 ed T ddidrl AR
A oa] Jake wormw 7| ZE e saey
g Sagk At dvk & 5 Sivh. 53], 71 g 9Hg A
2 g o] shrt 71X E fYE AR SRS 7 ¢
7h SR wet AR A AN ' Wl ek 12 FiEe]
B AFAE ST Jenw, B A 4843 24T
71322] Bt %%%EE 1A el Hstl] met Fig. Pl Uehiie)
o] i llA] & & %ol il fdEE 71 e Tt mepA

2IF S B 5 e, B i e

ool FAg S A | AR AX Ao 44T S
RYeu, =& FHEfdME 712 AsE Tt gl TS 1Al
t} 53] fFEE 71A1 9] fe] 2 HHdMe BilstenEe) =
%ﬂ:ﬂl upel 7125 7ke] A o] vEhbA Z12e] AR
A% 71719 Foke gel diye] AXWEA Fxd| ALste Y
A g K wall effectyt Aoz el N EAAEEE S F716hks
2% & 5 ATHLT).

>1r1 H~l

et 713e] 4]

A
[Shaal

%

o
o

i o _1@
Oﬁ oL
Hl‘F re ool Hi
S o 2

o

N

3-3. Al

ZANEE 7] E% |4 e =5 713 ARG 712 AR g
4 71H AFEE 71 AA L] {7, B R TE e o]
AL Rk kel HR] o] dHAeR A (6), (TH 2ol ¥&
e, o] A8 JHASE 2 0.927, 0.9461%25, FER4
20< G[cnP/s]< 466, 206< L[cm®¥/s]< 360 cni/s>]t}.

512
(&p); = o.ssgg h*%¥91-(vR)] (6)
g, = 0.003G L 702 @)
A, 7129 Bat FHAe| ()8 Bt AEEE(UY)E /1A = A

HOR 4 (8), (9 Zo] Ve
A % 0.932, 0.940.2 Ay Az}e}

1,=0.07G# L 0Hp028 @)
U =0 675(9'397L0'°18h°'466

,=0.
(20< G[cm/s]< 466, 206< L[cm®/s]< 360 cnils) 9)

o& JBHES Fig. 3 w 2 5 gxo] e lEH
4 590 o Gl 1A F e Bolel s} We] H3-
: &8 UehiFa gk

4.4

rh

AARE NZgAA A AR BE B EAS) g S4E

HWAHAK KONGHAK Vol. 38, No. 6, December, 2000



868 HAEd - REE .
U, U, femis]
0 1 2 3 4 5
120 T T T T T T T T T
100 |- N
3
£
3 e
> 8f T
Z e
e A
2 T A A
o 60 |- ’,/’ 4
2 o A—AT e
B = o—
g 4w A —
E i — a—a—a—u—"8 ]
o e _1m
P A £n
] 'l
g 20 |- /- 4
v
| =
O X 1 n 1 i L " 1
0 100 200 300 400 500
G [cm’is]

Fig. 7. Effects of gas flow rate on mean bubble rising velocity in taper-
ed bubble columns(L=240 cris).

A o "
hlcm] 40 30 20 475
Dm] 0.05-0.15 0.25
column Tapered column Vertical column
present study Yu and Kim[12]
LAY B A7 AT PR 2L W UK AR 9g 5 av
&, 71A 0] St vt AANE Z12g AA A 71AH AFL
Z/Rou, A fakel Skl mEe AL Gl g ot

U\I
ﬁ

ot =5 1A AT L] g
0)% web Highs 2k “%‘E’iilf—_ 4rE
W] gisae e 714
A AT ol HopAEA *H ?0‘6& WA
X FHdols} deses VARES VIZEY wold
S7HElen w2 JIAAEAN A AR s kil
1 W E‘r ﬁﬁ}%ﬁﬂ Z1EHN 94 Jé’ 7]iﬂ AFEF
s}

O
|
2ot
ofll
ut)
lo
i
ol
B
3%
il

Ei3

Nt

il oﬁé 71 4%@]*&&\:} 71%0}011:} 734%1_

7129 o] 1T HHEES Fas

2 ek ¢ A3

A7
A,  :mean cross-sectional area fgm
D¢ : column diameter [m]
G : volumetric gas flow rate [cifs]
h : height from the distributor [cm]
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H :total column height [cm]
: distance between two elements of probe [m]
v : bubble chord length [cm]
L : volumetric liquid flow rate [cri¥s]
:radial location [m]
:radius of the column [m]
: exposure time of the probe to bubble [sec]
: total record time [sec]
: bubble rising velocity [cm/s]
:mean superficial gas velocity [cm/s]
:mean superficial liquid velocity [cm/s]
: total volume of tapered column [én

Jzjo|a =&}

& :overall gas holdup [-]

(eg) :local gas holdup [-]

T : time shift between two elements of probe [sec]

1. Nishikawa, M., Yonezawa, Y., Kayama, T., Koyama, K. and Nagata,

S.:J. Chem. Eng. Japa®, 214(1976).

2. Nishikawa, M., Shiino, K., Kayama, T., Nishioka, S. and Hashim-

oto, K.:J. Chem. Eng. Japansg, 496(1985).

3. Anabtawi, M. Z., Uysal, B. Z., Jumah, R. Y. and Abdel-Jalil, N. K.:

Chem. Eng. .J47, 135(1991).

4. Anabtawi, M. Z.:.J. Chem. Eng. Japag8 684(1995).

5. Reese, J. and Fan, L.-Shem. Eng. Sgi52, 1553(1997).

6. Kawagoe, M., Yoshida, S., Ishii, Y. and Naoe,®an. J. Chem. Eng.
77, 811(1999).

7. Kawagoe, M. and Maeoka, Kagaku Kogaku Ronbunsiee, 629
(1996).

8. Peng, Y. and Fan, L. TChem. Eng. Sgi52, 2277(1997).

9. Akita, K. and Yoshida, FInd. Eng. Chem. Process Des. Dég, 76
(1973).

10.

Can. J. Chem. Eng77, 11(1999).

Kang, Y., Cho, Y. J., Woo, K. J., Kim, K. 1. and Kim, S. Bhem.

Eng. Sci.55, 411(2000).

12.Yu, Y. H. and Kim, S. D.Chem. Eng. Sgi46, 313(1991).

13. Kim, J. O.: Master Thesis, KAIST(1986).

14.Kang, Y., Lim, W. M. and Kim, S. DHWAHAK KONGHAK25, 460
(1987).

15. Hikita, H., Asai, S., Tanigawa, K., Segawa, K. and Kitao,@Wiem.
Eng. J, 20, 59(1980).

16. Hughmark, G. A.lnd. Eng. Chem. Process Des. Déy218(1967).

17. Krishna, R., Urseanu, M. I., van Baten, J. M. and Ellenberg€hem.
Eng. Sci, 54, 171(1999).

11.

Sarrafi, A., Jamialahmadi, M., Mller-Steinhagen, H. and Smith J. M.



	경사단면 기포탑에서 기체 체류량 및 기포 특성
	연주민·조용준·강용용†·김상돈*
	충남대학교 화학공학과 *한국과학기술원 화학공학과 (2000년 5월 17일 접수, 2000

	Gas Holdup and Bubble Characteristics in Tapered Bubble Columns
	Ju Min Youn, Yong Jun Cho, Yong Kang† and Sang Done Kim*
	Department of Chemical Engineering, Chungnam National University, Taejon 305-764, Korea *Departme...

	요  약
	1. 서  론
	2. 실  험
	3. 결과 및 고찰
	4. 결  론
	사용기호
	참고문헌



