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Effect of Viscosity on Longitudinal Mixing
in Gas Bubble Column

Gen TAKEYA
Tadao IsHII
Yasuo MURALI

Abstract

The effects of viscosity of liquid on the longitudinal mixing in a gas bubble column
(Z=125 cm) with a single orifice have been studied. A gloiopeltis glue solution and nitro-
gen gas were used. The scope of the experiments was #=39~99 min., G=0~20 cm*min.,
p#=1~415cp. The longitudinal dispersion coefficients, E, calculated from the residence
time curves were affected greatly by gas velocity and slightly by liquid viscosity, but
hardly by 6.
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Fig. 1. Arrangement of experimental equipment.
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Fig. 4. The effect of gas flow velocity on the residence
time curves at g#=11c.p. and L=60cm?/min.
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Fig. 5. The effect of liquid flow velocity on the residence time
curves at g=11c.p. and G=7.5 and 15.0 cm?/min.
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Fig. 6. The effect of liquid viscosity on the residence time
curves at L=060 cm3/min. and G=10 and 7.6 cm3/min.
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Table 1. Experimental conditions and results
liquid gas E
— #_cp. e g/cm3 ‘ T . K } ]; 17 (Io (i n P; P S 1 Leal
lig. A | lig. Bllig. A { lig. B|ligq. A } lig. B Cnll'n/in. min. | N Cﬂ;n/in 1/min Cmse/c
1.1 1.1} 1.000; 1.005 15.5 15.21 59.0) 98.8/0.1014 0 0| 84.0 0.02 489 098 0.98
1.1 L1 1.000 1.004 16.3] 16.1 59.3] 98.3/0.1016] 7.6/ 403 | 2.6 051 1.98 048 049
1.1 1.2] 1.000] 1.004| 15,00 14,3 60.7, 96.10.1022] 10.0] 63.7 0.5 2.61 1.16] 0.17] 0.14
1.1} 1.1} 1.000/ 1.006/ 15.3] 15.5 59.0] 98.8/0.0980] 15.0/105.0 | 0.4] 3.01} 1.15 0.12] 0.13
1.1 1.1} 1.000{ 1.006, 17.0, 17.2; 100.0] 58.30.0963] 0O 0 52.0 0.04]19.2 | 0.94] 0.95
1.1 1.1 1.000 1.003] 16.2) 15.9; 99.0/ 58.90.1022 7.5 40.2| 3.8 058 2.50 058 0.60
*1.1] 1.1 1.000] 1.005] 15.4, 14.9i 100.0, 58.3/0.1006, 7.5/368.0 | 2.6 089 197 047 0.50
1.1 1.1] 1.000 1.003] 16.8 16.5] 100.0, 58.3/0.1015 10.0] 728 | 1.6 143 157 037, 037
*12 1.2/ 1.000 1.005 13.8] 13.6, 100.0] 58.3/0.1013] 10.0,472.0 | 0.8 295 127 0.2i] 0.21
1.1 1.1 1.000] 1.005 16.1] 16.2/ 100.0] 58.3/0.0982] 15.0 108.0 0.8 295 1.27) 017/ 0.21
1.1, 1.20 1.000] 1.005] 14.8 14.6| 150.0/ 38.90.1007, O 0 299/ 0.11/155 | 0.93] 0.94
1.1 1.1 1.000, 1.004] 16.2; 15.3| 150.0, 38.9,0.1101] 5.0; 189 | 13.4] 0.25 7.0 | 0.81} 0.86
1.2 1.20 1.000] 1.004, 14.1] 14.4] 149.6; 39.0 0.1026 7.5 44.6 8.2| 0.41] 452 0.78 0.78
*13 1.3 1.000] 1.004] 11.4] 10.9 150.0 38.9/0.0994) 7.5/363.0 | 4.4 076 2.74] 0.63 0.63
1.1] 1.1 1.000] 1.003| 16.6] 16.4; 149.0| 39.1/0.1020, 10.0/ 635 3.8 0.89 247 0.58 0.59
*1.3]  1.3] 1.000] 1.005 10.6/ 11.5 150.0; 38.9/0.1017, 10.0/472.0 | 2.2/ 152} 1.84) 0.42 046
1.2 1.1] 1.000] 1.006] 14.6! 14.9| 150.0/ 38.9/0.1000, 15.0]107.0 0.5/ 7.24; 1.16] 0.18 0.14
1.1 1.1] 1.000! 1.004] 16.8] 16.5 150.0/ 38.9/1.1033] 20.0]148.0 0.3 111 | 1.10; 013} 0.11
9.2 9.5/ 1.002] 1.008 16.6; 17.8] 149.0; 39.1/0.1181 5.0 16.2 | 294} 0.11/15.2 | 0.96, 0.93
8.8/ 10.2] 1.002] 1.008 16.5] 16.1] 150.0; 38.9/0.1000] 7.5 37.0 | 16,5 020, 842 0.90 0.88
8.2 8.0] 1.001} 1.007] 15.1] 14.0; 152.5 38.2/0.0982 9.7} 56.1 8.2 042 454 081 0.78
9.6 10.5 1.002 1.008; 13.3] 12.9{ 150.0] 38.9,0.1019, 15.0] 98.1 09 3.89 1.31] 0.24] 0.24
8.0 8.9/ 1.001 1.008! 16.6] 16.4/ 150.0; 38.9/0.1058 20.2/139.0 05/ 727 1.16) 0.17; 0.14
17.5, 18.5) 1.003| 1.008 19.1 185 60.0 97.2/0.0916 7.3 206 | 67 020/ 3.84 085 0.74
20.8) 18.8/ 1.000, 1.008] 17.4, 17.1 59.4| 98.10.0965 10.0/ 556 | 08 1.74 127 0.23 0.21
17.4) 177, 1.002] 1.008 14.6| 14.4/ 60.0 97.2/0.1088 15.0/ 905 | 00 oo | 090 00 |-0.11
22,8/ 21.2 1.002 1.008 13.7] 12.7 100.2| 58.2/0.0987, 0 0 7801 0.03/43.9 | 0.98 0.98
21.1) 22.4) 1.001 1.007 15.8 15.5 98.8 59.0/0.0933 7.3 2221 239 0.0912.1 | 103 092
20.3] 20.2] 1.002| 1.007, 14.5 14.0: 100.8] 57.8/0.1013; 10.0; 57.2 1.3 1737 14.8) 0.34] 0.32
18.7) 21.4] 1.002) 1.008 17.4] 16.7| 100.0; 58.3/0.0954 9.9, 616 15 154, 1.53 0.30; 0.35
21.7) 19.5/ 1.001] 1.008] 13.4] 13.3| 100.0] 58.3]0.0958 15.0) 885 | 0.0 oo | 0.96 0.0 |-0.04
21.3] 19.4/ 1.002 1.008] 11.7| 11.5] 149.4] 39.0/0.0995 7.5 353 | 15.6) 0.21) 8.06) 0.97 0.88
19.9) 19.00 1.002) 1.008) 14.8/ 14.6; 151.0] 38.6/0.1001 10.0, 59.1 | 3.9 0.86| 2.56; 0.66/ 0.61
20.5, 20.7| 1.001! 1.008' . 14.9] 14.4/ 150.0] 38.9/0.0892 10.0] 59.1 | 3.9 0.85 256 0.66 0.61
17.1  19.0, 1.001| 1.007 157 15.4! 150.6] 38.7/0.0990; 15.0, 899 | 0.3 125 | 108 0.07| 0.07
18.2) 18.5) 1.002! 1.008 16.4] 16.1] 150.0, 38.9 0.0911 20.0, — 0.0 oo 095 0.0 |-0.05
30.7) 31.0] 1.003 1.009] 14.7] 13.6, 100.2; 58.2,0.0996 0 0 76.0{ 0.03/434 | 0.99] 0.98
33,21 31.4! 1.003 1.008 17.1} 15.6] 99.8/ 58.4/0.1037 7.6; 318 | 145 022 75| 1.02] 0.87
28.8) 289 1.002 1.010 16.6 159 99.7 58.50.1100, 10.00 — | 21} 1.06] 178 0.44] 0.44
309/ 30.8 1.002 1.008 14.4] 14.6/ 100.0; 58.310.0992, 14.8 849 | 0.0/ oo | 093 0.0 |-0.08
41.5) 393 1.002 1.008 10.5 10.0; 59.20 98.500997] 7.6 17.6} 16.6 080 853 1.03 0.88
38.4| 40.2) 1.002, 1.008 13.8] 13.6/ 60.2] 96.8/0.0979] 10.0} 42.8 0.0 oo | 1000 0.0 00
40.4] 423 1.004, 1.009] 13.6] 13.3] 60.2] 96.8/0.0991] 15.0| 64.5 0.0 o | 093 0.0 {-0.08

* small nozzle



7 LR RUE B O WA KR X B B o 77

ORI RIE e B v & LT B,

AW & 0 185 o R MR, W OB WIS A & T Eq. (1), @) o
BLI B E LS D08, ZORICIIKRIEOBIAZ ML B CHk 2T Z 4 EEL DR DR
AP R B E TAHEE L, L I & Bg (@) X 0 EE L La, IR L, LR
PrikofSi e ERfEoF o R s Lic, —ICENE A -C, ZoThilka <
7B, EHESORE S X b, Ihle F AN 5 TRy Vv Pi=aZ2E & X OCIRERE E
BRI U te, FEBR R X OE SR A —FE L C Table LIiRd, 500K A, Bili%o i, #
JE, SIS AE—Th DI EAHE LAY, AR T, SRS L G OERN
U tehy, TR DOEBMEE L, WP ¢ XIHE O Rk E TOKE Sz LD
SWEARTE (5830 em®) A YIR B CEl » fefB A I Lic, EoFH B i L PEiin s a=Z/¢

NI=S
100 oo oo -
§ -
5 N
[
'[ ]
/s
10 /
/
I
I
i
/ _
R o
5 |
[
AR} y | )
[AY
. |
/
/ i
0.1 /o —
o /
/ ,
¢ L (] 100 / AL = 20 c.p.
A 150 '/ O 6o
X X small orifice L {O 100
C — L=100-150 A 150
0.01 l l l 0.01 ‘( 1
0 5 10 15 20 o 5 10 15 20

G (ce/min) ¢ (cc/min)

Fig. 8. E vs. G Fig. 9. LEvs. G



78 A M IR - RURRER &

Tdh 5, Table LiZidfLifah hx < LT ARAE 100 e : o —
oo [==]

R T~ (PR RAYEE =034 cm) IZ R
O i @

Lok &0 Exx+ 20 R Wi o &k T
B Ton, B Lep. TORURTIL £ LY 2 fF
BECHRT 5, FoRmicid ik a et L
P RL R L TH DM R TH B, 10 |-

PRERE E & AR & o BfRe R

Lok BB X, HAFROWAK L TR
AR A, Fio, TOBERHI R
oW E T KRE <D, EREIAN TR
WEIE L TL EELsLvEdlbhik
Brote, WHIEIZ X ~Th SV RIcHN, #A

I
|
F o Fig. 8,9, 10 Th 5, E 135 A B , II

E

(em?/sec)
-
T O —
—

HifEs 16 em®/min LT Po<l LD, IS /
WORNT b, ARe LTI o TL ks O;

AL 0L B, Pl ORI U -

T, SE1 OB AL Pi=0 & Li, LicitsT, /

SO E=co Lich, ?//

CORBFgE T, RRBY o ARR L D ol (L) (oodumin)
SEEBE CIE LA, UL fe kSR AT, B g wooe
G ke EE R, BNV BEORET ’ l
VEARARBCESC, CATIS S e s 10 1 %
BxEC L, BERFSCEBC EirkE L & (cc/min)

e BBEN DD, L, KL TH Fig. 10. £vs. G

HOZEEFHR, BEERSERRED FRICIVEEIRTLDEEL TV D,

4. ¥ B

it Y 7 A A D S T B IR O WA K 53 I P9 O 1 4 B e B
THERT, ShERMBE—FHEO YT ABGHE (Z=125cm) AL, BrORED LD D
WEMHL, WETICR G TRETE # © ECxtd 58848 Lz, §=39~99min, G=0~
20 em?/min, p=1~415 c.p. DHIF THRKWE MR A RD, E 2T UMTIREE 7 15 - T
AL, EdGicd & bhE CHEER, G=15cm’/min BE T4 HIC LR AR BT
WL Iad, ECxTs pn0BBLESLN, G=0HVBEXBRTalt E3fkses,
ECx+% 0 oBIREL Vv, FREAE—TREBE L L &, SWROFHERE d I,



SR IS S oo WA RS % A R o g

=z DB G ORI LIRS e D, p ARE T8 BT LTeh - TRHHZ Y

N5,

C:
Cy:

G:

Tear:

"

o~

)

) N e
) K HE TR
) Ottmers,
=R
) RARIS
) R K
) RA R
) A
)

A A

Nomenclature

concentration of NaOH in liquid B (N)

initial concentration of NaOH in liquid B (N)
longitudinal dispersion coefficient {cm?%/sec)
volumetric flow velocity of gas (cm®/min)
fraction of piston flow (—)

fraction of piston flow calculated from Eq. (4) (—)
volumetric flow velocity of liquid (cm?®/min)
frequency of bubble formation (1/min)

see Eq. (1)-(4) (—)

temperature of liquid (°C)

time {min)

mean velocity of liquid (cm/sec)

=aZ/2E, Péclet number (—)

column length (cm)

mean residence time of liquid (min)

viscosity of liquid A and B (c.p.)

density of liguid A and B (g/cm?)
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