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Bubbles and Mixing in Gas Bubble Column under Pressure

Gen TAKEYA, Tadao IsHII, Kazuo MAKINO,
Masataka MAKABE, Yoshimi SHIROTO
and Takashi SATO

Abstract

The behavior of bubbles and the longitudinal mixing characteristics in a gas bubble
column with a single orifice have been investigated under pressure (1~6 kg/cm?.

The following results were obtained :

1) dja, dy, us, o, ¢ of bubbles were determined over a range of p;=1~6 kg/cm?,
Gp=0~4 cm®/sec. When data were correlated by G,, approximately the same results as
in the previous paper were obtained.

2) The values of E were calculated over a range of p;=1~6 kg/cm? G,=0~0.54
cm®fsec., L=0.31~051, 1.2~1.4 cm?sec. by diffusion model. E was affected greatly by
G, but scarcely by p, and L. Data were correlated simply by E o exp (G,).
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TESVFRE DO ) A RBETHERAGIRE > TEAIN S,
WA BEET B AR, —EiL-S 7 (G, WIER (), T
il (@) il - TRIMCHEE S 2, Bo—EE IEIE G) & InJERE
B () CHE T T, BADEDIES (), () 0BTl -T |
W, EBRFOHF AFEOMEL @I X - T 5, BRI 1
OWEC BEL TR BRI OBAR S 2 HI 56 eom T b, J»/,;;p:]@?{}g:&ﬁ
(o) DI E (546 cm) X D ETFE L, WOl LICKE L € 7 Aobk
Ha s oilivi, Fig 2 (X FEQEOFMN TH 5, MERE
Bk FMEOEAC A LEOEN B T THH ORI B T
55451t Tl b, Fig 8RN ARRK/ XL Th %, WHEH

SRR

P T Al a y 73200 T, SOy 2 R HETL T
T O xRN e, MER A LI 50 kg/em? o 75 Fig. 3. Details
ARG — b7 v — T THHEOAE TRESR TS, HEMEHE of nozzle
TN = — FA AL T T D, BEEICK LT/ 105 mm, % 6 mm, # AL

SHE 3mm, N 1mm OAT VU ASL THH,

3. £ B F =&

—EMHELRMET THE T E VRS L OKRMEERAL, METOKEIC X 5HE AR &
RRER AR EHRGOME T LV FE L, Fig. LicknT, EFPFHFEETFTT AT G XD
(d) e 1-N SEREEIE A AR B, R (b) PS50 7 (G B TR AREA L, —EDWR: M &
CHELIcE DT W) e Lo, »ECH () X VBERICEREED, RENPTEDHT)

XVEFEL Lol 2ATW) %AL 5, FADWBRN oW & HTER LCHE, (k) %Y
RV, I (G) B THERNEFIEOE I % T2 LR (6) 2B C—EfE T
ARWOATs, HANEENNCTHND X 918l » Thb (6) 2B, Wi ao=ay 7 ) 1)
T 2 & REO 1 N-HCl SR A EH M () L h Pk 4

PR A 1770 5 AC, KoK, K& Sk l%, ﬁxmﬁkwmé%1~m@mﬁw
AT CHEERBEC L VBE L, KEORMMER , X410 355 m o8 THbH, 08
FBEHOBETHEE o, KOS, K& S P 5 ER T, SL AT LRI
L, #10~30 oK 2\ CFYSHIEL oA RKotc, KEDO+H—1 F7 v 7 o LKEE
ESEOEEI VEH L, FREC I VRRORS X ORI 254, FEFEBENOR
HWOBOWOBLXETHEL B2, KT BHIEETc > Ty,
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3. RERRHIUBE
3.1 §E0EE

AR 0.1~4 cm®/sec D[ o Koo EEPIRAE 2 PR CZE U, ERERIHP TiaonfE
ToLHEDEE & AIEE—OEA TABNCILED LLEBIRA Dok 1,

a) 0lem¥sec LT W, K¥ X0/ EHEH A O KIEATFED LI .0 )
XIRBY A L7t B ERIMNC B LA KREREORE 10 cm BT, % olfEs 15 cm B

HRERET AR EE L2 oL L7, To—@ikdEFic/ & QI

b) 05 cm¥sec T/ VKRR b AT B PO K —ERE CE R A
WEnbd, /ALLDS5em fiF Cli—AKOMOEAEOHY DL ST BRENEGLEAER%
T 5, 5em BLEW /D BB ET LEEOPOHEL L LR T, LIRFREARE I~3 cm
RE T, £FMTiRMREVEo S 7y 78w Licnb ERT %,

¢) 1.0~12 cm?/sec J R 15 em (7 & CILEEOE S A BB AT 2R o Es:
LICREET, 20 em (20 S b FREHCERA RSN A X 5 50%, ToORRIL—E Tl
Ve RHIEEBEALHOR TS BB BB L h, My LICKERIE LB SO
REI DU L 7 b £FMCET L vl s 2y 2R oOEB R Lic i b EAT A,

d) 22~23 cm’sec FRWEOMBILIEF & D, W OorDREMELL > T
FHRT B, o Bt TRETH B,

@29~me%w RNV KRE LT VL RIS, B 4 RE LTSRS
& @ﬁ&&éhéo_mm/x»mﬁ®ﬁbuwxmﬁ%uxo%&® BRI L
LicdEBbhb, /A Eb5~10cm i CliEGHkoy =y PRT, XD 10~20cm
FCEBLCbRAROER YT AGWOM D MR DR, ZoEThE R ES S
M, TRAERIGED RERKBLAEL 5, WAEKFEE L 0 B3 CRRIEE &7 D £FC
BERGER) TR 5,

f) 35~4.0cm’/sec e DRAENHL /D, » A b 10 cem i F TRARE T KWWORE
AL, BEFOLHBOKEEEE LR T, T oML HENECZESEL 5,

3.2 K[EOEK

FEREH PN TR RO BIREE TR < Sk UhREERERE th 5, BEREMAFOR
fil, AR~ 2a, 2b L1, FEEORB 4 XFHL, [EOWRYE dla TELL, FIE
THEIEL 7o 7 A& G 2R p TBELL: Go=CG/p L Cdla %7 my » L7zDH
Fig. 4 Th 23, K[oBRZHTHENOFEBLR LA LERONT Gp=0.01~5 cm¥/sec D
FT, R0 N, At dla i kg L7 R Ch b, ZHCHL CHilEoics Hy 5 Hu
1eB AR BE Lol Wa@LﬁlSWﬁf Ny DBELOKEIETRPC /DI LR L
T 5,
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Zio d ERBFEEROE S B AN RERMBERK 2 7wy 1L, Leibson® b & a7
U CRATFITER dok ke, EJTR 1~6 kg/em® TZALL, G, & OBIFRE IR LIz O Fig.
5CHb, TORLY p HWELLTCE Gp B—TBTHIUL o~ THH I bbb, %
7o Gp MEER T B2 T do LK AR L, I Gp=1 cm®/sec filiE X » U WK+
By TOEEAY T 4 A BMHIWBICHE 35 & u,=127 cm/fsec TH H HALY OfFR L —
HT B, L LEnbKEYHCIEEE do OWRKIZEL L, u,=250 cm/sec BiHE X
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Fig. 5. dp vs. Gp
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FEHE Fig 6 Lied, oI e 3ETOIELDE0B5, Gy p WG TIZIE—
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NMFTy T et Eq. (1) LOFHEL

.. H—H, _ G, (1)

Hp Up
KB T (Hp— Hy) offiid 0.9~6.8 mm TH -,  Hy OWECE L OO O Wk E
DXL IER Lic, Fig. T IXAK0ZEEE G, &« OBHRERLICS O CEBRMEHESRSH S 2
Enbnd, Tiebb
¢ = 0.039 G} (2)

Lieh, Eq. (), 2) X0 p, Gy EBRC —E O PSR - AEE uy=25.6 cm/sec 233k
b,
3.5 RAEREK

fixDFNTT—EHEOKEH LD N, TREH AT, B ERIRE

Table 1. Experimental conditions and results

Pi [ L (;1) P; E S 1 Tean
kg/cm? min cmdfsec | cm3/sec — cm?/sec — —_ —

1 26.2 0.42 0 29.0 0.034 14.62 0.85 093
1 35.3 0.31 0.017 19.0 0.040 9.82 0.89 0.90
1 28.5 0.39 0.022 104 0.088 5.46 0.81 0.82
1 279 0.40 0.058 6.4 0.147 3.64 0.72 0.73
1 35.1 0.31 0.086 3.85 0.193 2.52 0.43 0.60
1 27.1 0.38 0.104 2.85 0.339 2.09 0.63 0.52
1 215 0.40 0.126 2.01 0.474 1.78 0.40 0.44
1 29.5 0.37 0.150 1.15 0.771 141 0.32 0.29
1 26.0 0.42 0.197 0.52 1.93 1.18 0.09 0.15
1 33.0 0.33 0.240 0.27 2.93 1.10 0.0 0.09
1 33.0 0.33 0.400 0.09 8.81 1.03 0.04 0.03
1 9.5 1.16 0 255 0.108 13.0 091 092
1 8.7 1.26 0.069 85 0.353 4,66 0.87 0.78
1 85 1.29 0.134 7.1 0.442 4,06 0.67 0.75
1 8.0 1.37 0.198 1.85 1.76 1.68 0.25 0.41
1 9.2 1.20 0.253 0.44 6.50 1.15 0.03 013
4 31.3 0.35 0.012 10.1 0.082 571 0.95 0.83
4 316 0.36 0.033 7.2 0.115 3.98 0.61 0.75
4 311 0.35 0.067 38 0.214 2.48 0.57 0.60
4 21.7 0.51 0.103 2.55 0.472 197 0.47 0.49
4 28.0 0.39 0.137 1.34 0.698 1.48 0.20 0.33
4 243 045 0.190 0.42 2.56 1.14 0.11 0.13
4 26.6 0.41 0.233 0.15 6.55 1.05 0.0 0.04
4 295 0.37 0.538 0 co 0.96 0.0 —0.04
6 29.8 0.37 0.007 10.3 0.08 7.06 0.99 0.86
6 30.8 0.36 0.035 7.2 0.12 4.06 0.88 075
6 20.6 0.54 0.045 6.5 0.20 371 0.67 0.73
6 21.8 0.51 0.065 5.5 0.22 3.24 0.72 0.69
6 304 0.36 0.078 3.9- 022 2.54 0.51 0.61
6 327 0.34 0.083 3.3 0.24 2.27 0.59 0.56
6 20.3 0.54 0.111 25 0.51 195 0.51 0.49
6 35.1 0.31 0.134 0.9 0.82 1.32 0.26 0.24
6 269 0.41 0.172 0.5 2.07 1.16 0.12 0.14
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Lict, Kax IN-HCl vz, oMoy =0 & LCEREHD { ki 5ER
BRS¢ ORFRMAEAIIE L, FRSREIR (L—c/c 3 ¢/0 HER) Zokole, WSS Z13W
256 em IR L ST L, Z DBE OGO FEERIL 660 ml TH -7, FEREMIL
pi=1, 4, 6kgjem? L=031~051, 1.2~1.4 cm¥sec, G,=0~054 cm®/sec, ##=8.0~9.5,
20.3~35.3 min T 5,

BTE U7 B i 2 B B i 7y b L, RABY, kEBY oFRICH > T
Bride, 99, EROER S XY Pi=aZl2Ex#HH L, 5048 L B8ORS S0
BREFEKOT cm BETH 7D TINEAWBEL TP L ExFH Lz, Ex0EBREMNT
T P, E, S, I7cX%—4E1C Table Liziind, Il 3 I=1-1/SoBGRI vELEL I

10

pi L

O 1 0.31-0.42

wlo ¢ 0.%5-0.51

2l a s 0.31-0.51
X 1 1.2 -1.4 |

- 0
@]
0.01 5 ' ! ‘

0 0.1 0.2 0.3

Fig. 8. LEvs. Gp

* IN-HCl 0 A <1 70—, BWE L EOWESRRELA O (Tdmb) w13 t 0k (e @IEL
Ti=0 2t L, “OWH»TEROESTLVLDE L,
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OfETH - T, WEMD I DD FEFCTFHEL Th b, Fig. 83 E & G, & o HEAE
Lichb o T, Etk p, LisSwWEBEIhy, S i
E o« exp (G,) (3)

Te B E 151,
(= GpiTis\ T ER p, LECHE ) PSS 21, EHREIA Tk dla, d,,
U, 6, e HEN Py, LisET L ORESEA LI Enb LRI 5,

4. ¥ B

Bt U 7 4 AL DRI RGO RAREY s By T, &2, p=1~6
kg/em?, L=0 cm?jsec, G,=0~4 cm?/sec @ FEERF PN T, N, H, i # 220 CTEHOY
R, KEX, Sl Eaat Loia, ko piss S inig Bk 25w, H, o84
dla, do, o 1cEH Ny OB L SERITIE 30T, K[koWik o BERETRD B R,

Wi, BEEEA R 5100, p=1~6 kg/em?, G,<0.54 cm¥/sec, #=8.0~95, 24.3~
35.3 min THEABIEIMR A RS, FLINCIRE T Licht - C E 2R U, R
NWTRE— Gp itk T E Wk ps, LB X 5 THAEEEIRVD, G it d o TRELHE
bL, Ecexp(G)) OBHREL R,

Nomenclature
a: lengths of semi-major axes of spheroid (cm)
b: lengths of semi-minor axes of spheroid {cm)
C: concentration of HCI (N)
C,: initial concentration of HCI (N)
d: equivalent spherical diameter of bubble (cm)
dy: geometric mean diameter of bubble (cm)
E: longitudinal dispersion coefficient {cm?*/sec)
G: volumetric flow velocity of gas at standard conditions {cm?/sec)
Gp: volumetric flow velocity of gas at experimental conditions (cm®/sec)
G%: linear flow velocity of gas at experimental conditions (cm/sec)
H,: initial height of liquid column (cm)
H,: height of bubble bed (cm)
I: fraction of piston flow (—)
Toar: =1-1/S (—)
L: volumetric flow velocity of liquid (cm®/sec)

p:: pressure of column (kg/em?)



TUAR L - S0 M - B RSk - BOBE TE 3 - TR 3 - TR I

S: values obtained graphically from C/Cy==e SU/D-11 at [<t/l (—)
t: time (min)
% : superficial velocity of liquid based on empty tube (cm/sec)
#up: average ascending velocity of bubbles (cm/sec)
uy: average velocity of gas through nozzle {cm/sec)
P.: =aZl2E (=)
Z: length of liquid column {cm)
¢: fraction of gas in the column (—)
#: mean residence time of liquid (min)
o: logarithmic standard deviation (—)
s ¥ X &
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