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Abstract — Axial and overall heat transfer coefficients were investigated in a bubble column with relatively high vis-
cous and low surface tension media. Effects of superficial gas velocity (0.02~0.1 m/s), liquid viscosity (0.1~0.3 Pa-s)
and surface tension (66.1~72.9x10~ N/m) on the local and overall heat transfer coefficients were examined. The heat
transfer field was composed of the immersed heater and the bubble column; a vertical heater was installed at the center
of the column coaxially. The heat transfer coefficient was determined by measuring the temperature differences contin-
uously between the heater surface and the column which was bubbling in a given operating condition, with the knowl-
edge of heat supply to the heater. The local heat transfer coefficient increased with increasing superficial gas velocity but
decreased with increasing axial distance from the gas distributor and liquid surface tension. The overall heat transfer
coefficient increased with increasing superficial gas velocity but decreased with increasing liquid viscosity or surface
tension. The overall heat transfer coefficient was well correlated in terms of operating variables such as superficial gas
velocity, liquid surface tension and liquid viscosity with a correlation coefficient of 0.91, and in terms of dimensionless
groups such as Nusselt, Reynolds, Prandtl and Weber numbers with a correlation of 0.92;
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Fig. 1. Schematic diagram of experimental apparatus.

1. Main column 9. Gas filter
. Gas distributor 10. Regulator
. Heater 11. Liquid flowmeter
. Thermocouple 12. Gas flowmeter
. Digital indicator 13. Liquid pump
A/D converter 14. Liquid reservoir

= . Computer 15. Weir
CMC(Carboxy Methyl Cellulose) 5~8-8 72] 11 of|&-& 8-S AR . Compressor
Table 1. Physical properties of liquid media
Liquid Medium Uy g % 10° (Pa's) o, % 10°(N/m) p, (kg/m®) K (Pa's”) n
Aqueous CMC solution (I) 100 72.9 1006 6.40 0.17
Aqueous CMC solution (II) 150 74.1 1008 9.15 0.18
Aqueous CMC solution (IIT) 200 74.4 1009 11.6 0.19
Aqueous CMC solution (IV) 300 75.1 1011 15.7 0.21
Mixture of CMC solution (I) & Ethanol (1 wt%) 100 69.6 1006 6.40 0.17
Mixture of CMC solution (I) & Ethanol (3 wt%) 100 67.1 1005 6.75 0.16
Mixture of CMC solution (I) & Ethanol (5 wt%) 100 64.5 1003 7.10 0.15
Mixture of CMC solution (II) & Ethanol (1 wt%) 150 70.8 1007 9.15 0.18
Mixture of CMC solution (IT) & Ethanol (3 wt%) 150 68.7 1006 9.60 0.17
Mixture of CMC solution (II) & Ethanol (5 wt%) 150 65.3 1005 10.1 0.16
Mixture of CMC solution (IIT) & Ethanol (1 wt%) 200 72.2 1009 11.6 0.19
Mixture of CMC solution (IIT) & Ethanol (3 wt%) 200 69.3 1009 12.2 0.18
Mixture of CMC solution (IIT) & Ethanol (5 wt%) 200 65.7 1008 12.8 0.17
Mixture of CMC solution (IV) & Ethanol (1 wt%) 300 73.9 1011 15.7 0.21
Mixture of CMC solution (IV) & Ethanol (3 wt%) 300 69.7 1011 16.5 0.20
Mixture of CMC solution (IV) & Ethanol (5 wt%) 300 66.1 1010 17.4 0.19
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Table 2. Experimental Conditions

Bubble column 1.D. 0.102 m x Height 1.5 m

Distributor type Perforated plate
Orifice diameter 1 mm
Gas phase Compressed dried air
gas velocity 0.02~0.10 m/s
Liquid phase Water, aqueous CMC & Ethanol solution
Liquid viscosity 0.1~0.3 Pa‘s
Liquid surface tension 0.0~5.0 wt%
Heater
Heater type Immersed tube, Iron constantan
Heater diameter 0.005 m
Heater capacity 100 W
Heating area 0.01884 m?
Temperature measurement
Thermocouples J-type
Sampling rate 500 Hz
Sample size 5000 points
Sampling time 10 sec
Data acquisition system NI ¢cDAQ-9174 Chassis

Lab. card
Software

NI 9205 Analog Input Module
Labview 2009, ORIGIN7.5
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Fig. 2. Typical example of AT; - fluctuations in bubble columns (U
=0.02 m/s, p, = 0.2 Pa-s, H/L = 0.2).
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Fig. 3. Effects of gas velocity on the local heat transfer coefficient
in the bubble columns (u; = 0.1 Pas, 6, = 67.1 x 10 N/m).
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Fig. 4. Axial distribution of the local heat transfer coefficient in the
bubble columns (Ug= 0.1 m/s, p; = 0.3 Pa-s).

SHiol Z7hgel nteh 715 el 9] AR el 7))
o] opo] Z7Vel7] wiRel 71Kt Lol EASHE 71ES) 2719 )
B4 BE NP o NS 4 gk, /1A B
o] Z7kstel 7135 o] Z1A19) Aol Sk mie]
1] 3w} 7|3 Ao o] v @ ge] Z71h Hlo] Adekaivh
Z71a7) joleka & 4 Ik, 71EReN Fukae] Azt
A Aol TIA)i= L Fig. 40] LRI, Fig, 4014 2 4

A Al
Slo] 7 QA Algre Hdel FE7E 0.3 Pase] 1HE & o
5 Aol Ay oA S0 Art S5kl we) e
Fashs AS & k. 18, SEE 4 dHY e el
ruggo] LIS W ks YERYISITE o) 71EH Uil
A 739} g o R e 4 ik =, 1 A7 AE
ZoA 71385 Uil 714 ks B8l FYE VXSS V)L
gho] 1 FfeoMs 7|32 77t vlmA ot o)g 2R 7| EE2)
WSk ke o) dxde] A Qs a4l YR ES filst
A5k, o5 713EF0] 7|2H sHellM= Wk e 2 71Tt
SHA| FEE AT FEko 2 Al ulel Wall effectel] ©]3)
WO 7|2E0] 7|xg SYOE o]Fst] HAAZE &Y o
ol 71328 Al e 712Ee] dAE gl &8l 7122 2717}
A AAEA d5E5Ee 7kt 71328 RIET= 7hAskA @
o} o]t A= AR A2 7]l gt Rt s v
ek o = =

= 7132 A 9] 2717t S7Eek] el S =5 ddd
T Age] muAEo] Fgke| ule} v ghe YEpdta @
4= ATH11,12,14].

1A Z1EReI 2] v =8 AGAG (bl vAE
42 Fig. 5ol ERISITE. Fig. 50lA & 4= 3150 A1) F=r}
7Kkl wet =5 QA= AA adhs Ade & 7 Stk
ol W] At Tl whek 713e] FA o] ksl
[1,2,6,15] 71322 7|7} S7FskARE 7)1 322) Wieg7) Zhaslo] W
o] ATk A 8] hAE o] opel, 7|3E8] AFe] <]k

i

g Y —e
N§ A\\A \\\v
®
2000 | —
(i e
=" .\ \A
\-\
TTm ®
1600 B \
1 1 1 1 T
100 150 200 250 300
B x 10°’[Pa-s]

Fig. 5. Effects of viscosity on the local heat transfer coefficient in
the bubble columns (o, = 65.4 x 10> N/m, H/L = 0.2).
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QA% oMol EFTIE Fastol] A Esph drjaow 7
23] vgow s 2 % 9.

TR 71ERe o] Eeieo) ZEg el H7 A
S ARl BIAE S Fig. 6ol LERISITE Fig, 604 2 5
9I%o] Z1ES ] AL e BRG] S1) wek
ake ARE Uehgle). o)t ERgEo] 27kl wet o)

N

A&l 7|50 @A 271 Wil Z1Eg vl Z1E A
A7k AXA B o) Y1) A4k Ert Z7le Bt fl]lo]
o] 7| EE 9] 7|5 UPolA ] AFAIIRE 7HaAlA 7R
o 715 AT 7 FALTHIS). 2, 7| Ul 44
Ql el 7] BAFo = EAahEA) Relo] o8 e 5
o) 713 AFEre] 7t Babe] A5l o8 sl g

sho] 453} BRI S Akl 2% A )

Korean Chem. Eng. Res., Vol. 52, No. 4, August, 2014



520 ¢
2800
| I
L | L]
“'é 2400 st
B L]
E | ] - i | ]
: Hpugl g g
5 T
n
§ 2000 | L ]
T; mn
B
b= ' 4
= 1600 [
‘_‘o -
<
O -
1 " 1 n 1
1600 2000 2400 2800

Experimentally obtained values of h [ W/m’K]

Fig. 7. Comparison between the calculated and experimentally obtained
values of overall heat transfer coefficient in the bubble col-
umns.

713250 A RN et FYEF S dAg Al 2}
SERTE A (el g8l T2 9 ArE 2SI T2 A
A Al A9 b 71%1% S, Vg mudE AeE
ZAPAFE slo] HAE Fl A ()9 22 A 0w vEhd
AT 2] 25= Fig. 7004 & 5 9l50] Al 0912 A4 e
2 54 T2 Al ot 2 dAske s & Sl

h= ZSOZU%ZSO ZO 2506—0 .028 (2)

HA, 2 Aol et A Al RAXNES AeAS =
s]aL dntstebr] Sfel 4 Gy 22 Ak 2 ow HehiSith =,
T2 AHE AGFE L8R Nusselt 7(hD/k,)S S Al 1

AL Mol B398 YER= Prandtl S(Cpy -y /k, )2k 713
Uj-of|A] Agrelda) AR 7|32 2] AEE A ol #oI5= Weber

(Dp,(Uglop2) B ERAITE. 2] ()& Al 0.922 2
AA#E 7 el

0.180 0.028

Nu = 325Re""*pr *""we 3)

4.4 E

Mo HE7E 0.1~0.3 Pass W91 a7gAdolar Eageo] 66.1
~72.9 x 103 N/mz & We]o) olalo 7 A g 7)Lebofa] 1)
I G Alge T2 Q4G AGE el S S
A Ag= 71A e 2 e S At S7Fe ulet
olrke] o] Z7)sle| whal 7HAsIQiT). B odgte] A

o] 71305k L o1} 713050e) i B A ) 3
§H4i0] Z7He] et 37151900t oPge] el B geel 5
el ek 1 sl & <ie] slol S e A

g3} 7o Agsl FAk wo= 717 vehd S 9tk

h= 2502U%236H20.2500—0.028

Nu = 325Re""*Pr *""we

Korean Chem. Eng. Res., Vol. 52, No. 4, August, 2014

0.028

&8
Nomenclatures
A : effective surface area of heater [m’]
Cp; 1 specific heat of liquid phase [J/kg-K]
D : column diameter [m]
H : length of bubble column [m]
h : heat transfer coefficient [W/m?K]
h; : axial local instantaneous heat transfer coefficient [W/m?K]
k;, : thermal conductivity of liquid phase [W/mK]
L : distance from the distributor [m]
Nu  : Nusselt number (h—D) [-]
K,
Cp ML
Pr : Prandtl number ( ) [-]
K,
q : heat flow rate [W]
DU
Re : Reynolds number (u—pr) [-]
2
We  : Weber number (_D.Eé.é.p_‘i?.) [-]
L
AT; : temperature difference between the heater surface and the
column proper [K]
U,  : superficial gas velocity [cm/s]

Greek letters

iy : liquid viscosity [Pa-s]
PL : liquid density [kg/m]
oL : liquid surface tension [N/m]
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