
http://repository.osakafu-u.ac.jp/dspace/

   

Title Gas Holdup in Bubble Columns (Effect of Liquid Properties)

Author(s) Hikita, Haruo; Kikukawa, Hiroshi

Editor(s)

Citation
Bulletin of University of Osaka Prefecture. Series A, Engineering and nat

ural sciences. 1974, 22(2), p.151-160

Issue Date 1974-03-31

URL http://hdl.handle.net/10466/8232

Rights



i

                                                    /

            Gas Holdup in Bubble Columns

                         (Effect of Liquid Properties)

                t ttt                                 '
' Haruo HIKITA* and Hiroshi KIKuKAwA*
                                                           '                         '                                                       '
                           (Received Novemher 15, 1973)

        Experimental data on the fractional gas holdup in bmbble columns were obtained

     with air and various liquids, and the effect of the liquid physical properties on the gas

     holdup was studied. The gas holdup was found to vaxy with the viscosity and surface

     tension of the liqqid, and the superficial gas velocity. A new correlation for gas holdup

     was presented and shown to correlate the experimental data with an average dev!ation

     of l. 4%.' '

                                1. Introduction

                                                                      '    Bubble columns are widely used in chemical industry as absorbers, strippers, and

gas-liquid reactors. In recent years a number of works have been made on the gas

holdup in bubble columns. However there is very limited informationi,2.,3) in the

literature concerning the effect'of the liquid physical properties on the gas holdup.

    Hughmark2) has presented a correlation of the gas holdup which takes into account

the effect of the liquid properties. He showed that his own and other investigators'

data on the fractienal gas holdup eG can be correlated siuccessfully by using the term

ua[(1/toL)(72/o)]i!3, where uG is the superficial gas velocity and toL and a arel the

density and surface tension of the liquid. The final correlation has been given as a

                                                                          .curve on log-log coordinates, which can be represented by the following expression

                 '           ep ==2+ (O. 3sfuG) [(lpLll) (a172)] v3 ' (1)

over the range of the vaiues of ua[(1/pL)(72/a)]'i3 from O.O03 to O.045 m/sec･

    Akita and Yoshida3) have recently measured the gas holdup for various liquid-gas

systems and analysed the experimental data by means of dimensional analysis. The

equation representing the final correlation is･

                                                     '
           (liGeG)4 =O･ 20(D'2aPL' g)!i8(DTil£2L2g)iii2vUDa.g (2)

                                                                            '
where DT is the column diameter, ptL is the viscosity of the liquid, and g is the

gravitational constant. This equation is valid in the range of the values of

(DT2pLg/a)'i8 (DT3pLZglptL2)'!i2 (uGIVDTg) from O.! to 5.0･ '

    In the present work the values of fractional gas holdup in two bubble columns of

different diameters were measured with air and various liquids, and the effect of the
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liquid properties on the gas holdup was studied.

                                2. Experimental

    Fig･ 1 shows a schematic diagram of the experimental apparatus. The bubble

columns used were constructed of transparent vinyl chloride resin, and their inside

diameters were 19.0cm and 10.0crn. The 19-cm column was 240cm in height and'

twelve pressure taps were drilled in -the wall at 20cm intervals. The 10-cm column

2

                     i
                Air

                  Fig. I.
          t

was 100cm in height and

    The gas spargers used were

2.06 and 3.62cm I. D. were

1.30cm I. D. were used for

bottom plate of the column.

    The bubble columns were

batch-to-batch with respect to

from the gas nozzle to the.

The superficial gas velocity uG

water and various kinds of

    Values of the gas holdup

           ed=-i-,g.c.(gP.)

where g, is the gravitational

representing the axial

example of the static pressure
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X blower

2. rotameter

3: gas inlet nozzle

4. pressure tap

5, manometer

6. thermometer

7. bubble colurnn

Liguid

    Schematic diqgram of experimental apparatus

   three pressure taps were drilled in the wall at 25cm intervals.

         of single gas nozz!e type, and three nozzles of 1.31,

       used for 19-cm column and two nozzles' of O.9 and

      10-cm column. The nozzle was located 5cm above the

       operated continuously with respect to the gas flow and

       liquids. The gas used was always air, which was fed

    bottom of the column after being metered with rotametersv

        ranged from O.07 to O.338 m!sec. Liquids used were

     aqueous solutions, and are listed in Table 1.

       were calculated from

               '. (3)
                              '
      conversion factor and dPfdZ is the slope of the curve

distribution of the static.pressure in the column. Fig. 2 is an

        distribution curves obtained at several gas velocities
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Table

  Gas Hbldup

1. Liquids used

 .

in Btzbble Coltimns

 and their physical       .propertles
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Liquid

Water

Water

8. 0 wt%

15. 0 wt%

53. 0 wt%

28. 6 wt%

30. 6 wt%

44. 5 wt%

50. 0 wt%

14. 5 wt%

24.2 wt%

29.I wt%

36. 5 wt%

aq. 
a
a
q
q
la
c
,
l:
:
I
 aq.
  '
aq.
g
e
q
l

methanol sol.

 methanol sol.

 methanol sol.

 cane sugar sol.

 cane sugar sol.

 cane sugar sol.

 cane sugar sol.

 NaCl sol.

NaCl sol.

 CaC12 sol.

 CaC12 sol.

Temp.

  oC

20

35

16
i6

15

35

16

16

35

16

16

!6
1'

6

Density

 g!cm3

 1. 000

 O. 994

' O. 985

 O. 974

 O. 911

 1. 116

 1. 137

 1. 221

 1. 235

 1. 114

 1. 186

 1. 277

 L 362,

Viscosity

  c. P.

 1. 00

 O. 70

 1. 50

 1. 63

 1. 70

 2. 06

 3. 65

13. 80

10. 90

 L 48

 1. 93

 3. 67

 7. IZ

Surface tension

          .   dyne!cm

72. 0

69. 2

59. 5

51. 0

37. 5

70. 6

73. 5

74. 8

71. 8

77. 2

79. 5

86. 0

91. 5

Nf
ixGx
£
-to

M
of

1200

800

400

  o

           '
Water-Air system
DT=19cm, do=1.31cm
a=1.35m

            '
       Key Ua, m!sec

        O O.338

       e O.225
       A O.150
       A O.100
       D O.07Q

.

                                                      '

            O O.4 O.8' L2 1.6 2.0                                                '                       Fig. 2. Axial distribuZt;ioMn of static pressure

with the water-air system. The data points fall on the straight lines, indicating that

the gas holdup is constant throughout the column except for the lower section close

to the gas nozzle, where the gas holdup is low because of the large gas bubbles and

the jetting gas stream. . ･
                            3. Results and Discussion ･
                                                '
    Experimental results obtained in the present work aie shown in Figs. 3,,4, 6and

8, where the values of fractional gas holdup eG are plotted on log-log coordinates

t

'

.
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gas velocity ue. It can be seen from these figures that the gas

to the O.47 power of the superficiai gas velocity.

Water-Air system

DT=19cm, do=2.06cm

Key

 o

A

 o

IL, m

1.35

O.89

O.60

 O.06 O.08 0.1 O.2 O.3 O.4
                     UG, m!sec

Fig. 3. Gas holdup for water-air system in 19-cm column

       (Effect of Iiquid height)

O.4

O.3

  O.2
e
w

                 O.1

                Fig.

    Fig. 3 presents

with three different

holdup eG is

points is represented

    Fig. 4 presents

.

Water-Air system

DT==19cm,ZL==O.89m

 Key do, cm

  e 1.31
  A 2.06
  s 3.62

         -

DT=10cm, ZL=O.65m

Key do, orn

o O.9
A 1.3

      O.06 O.08 0.1 O.2 O.3 O.4
                           UG., tn/sec

        4. Gas holdup for water-air system in 10-cm and 19-cm

           columns (Effects of colunm and nozzle dialneters)

                                               '

        the values of the ,gas holdup for the water-air system

        liquid heights in 19-cm column. As shown in this figure,

 independent of the liquid height ZL. The straight line through

        by the equation:

EG == O. 505uGe･47 ,
       the values 'of eG for the water-air system obtained with

obtained

 the gas

the data

  (4)

the gas

-

t
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nozzles of various diameters in 10-cm and 19-cm columns.

Eq. (4). Fig. 4 shows that neither the nozzle diameter

affects the gas holdup.

    In Fig. 5, the present data on the gas holdup for

compared with the previous datai'3,4) obtained by using

sparger. Data of Yoshida and Akitai) are about 20% lower

this work. However the data of Akita and Yoshida3) and

agree well with the present data.

                      155

The solid line represents

nor the column' diameter

the water-air system are

 the single nozzle as gas

than the data obtained i'n

of Miyauchi and Shyu`)

.e

O.4

O.3

O.2

O.1

Water-Air,system

(1) Yoshida ana Akitai) (Dr=15.2-60.0crn)

(2) Miyauchi and Shyu`) (Dr=iO.Ocm)

(3) Alcit.a and Yoshida3) (DT--15.2cm)

(4) Present work (DT=10.0 and 19.0cm)

(3)

(l)

(2)

 (4)

                 O.06 O.08 ･O.1 O.2 O.3 O･.4
                                  UG, m/sec
                                          '              Fig. 5. Comparison of present and previous data on gas holdup

                  ' for water-air system '

    Fig. 6 presents the data for the aqueous metharro1 solution-air system. This figure

shows that the gas holdup increases eonsiderably with increasing methanol concentra-

tion of the solution. The surface tension and viscosity of the solution including water

ranged from 72.0 to 37.5 dyne/cm and from 1.0 to 1.7 c. P., respectively. As will be

shown later, the effect of the liquid viscosity on the gas holdup is very little, then

this effect is masked by experimental errors in the range of viscosities covered in these

runs, Therefore, the variation in eG with methanol concentration seen in Fig. 6 may
              -
be attributed to the change in surface tension of the solution. Fig. 7 shows the values

of eG read from Fig.'6 at a constant superficial gas velocity of O.08 m/sec on log-log

coordinates as a function of the surface tension a. This indicates that the value of eG

varies inversely as the 2/3 power of the surface tension. This effect of surfaee tension

is somewhat different from those found inthe works of Hughmark2) and of Akita and

Yoshida3). Ig the range of superficial gas velocities covered in the present work,

Hughmark's correlation shows that the gas ho!dup is proportional to the surface
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O.1

Methanol

.

solution-Air

X-

system

Key

 o
 A
 A
 v
 x
 +

Conc. a
wt % dyne!6m

o

8

15

53

8

53

72.0

59.5

51.0

37.5

:gl!)

DT=10cm

do=O.9cm

ZL=O.65m

Dl･r=19cm

do=2.06ern

ZL=O.89m

  O.06

Fig. 6.

  O.08 O.1

Gas holdup for

           O.2 O.3 O.4
 UG, mlsec

aqueous methanol solution-air system

.

 ew

O.3

O.2

O.1

DT=10ern

do=O.9cm

ZL==O.65m
UG=O.08m!sec

Methanol solution-Air sy$tem

                       30 50 70 90
                                      qdyne/crn' .
                    Fig. 7. Effect of surface tension on gas holdup ,

tension to a pdwer which varies from -O.24 to -O.11 with an increase in the

superficial gas velocity, while Akita and Yoshida have reported that the gas holdup

varies as the surface tension to a power ranging between -O.08 and -O.05.

    In Fig. 8, data obtained with the aqueous cane sugar solution-air system are

shown. As can be seen in this figure, the gas holdup decreases with increasing cane
'
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sugar concentration. The viscosity of the solution including water varies from O.07

to 13.8 c. P. covering about a 20-fold range, but the surface tension changes slightly

from 69.2 to 74.8 dyne/cm, the variation in surfac g tension being less than 8%.

E
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  Fig. 8.

Cane
Key

 e

 o

 Q

 o

 m

 v

sugar solution-Air･

Conc. Temp. "L

wt% ℃' c. P.

 9 35 o.7o
 O 20 1.00
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                 '
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9
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  1,O

Effect

     24
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of liquid viscosity

  6810

on gas holdup

2e
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                                                                          '
Therefore, the vertical difference among the straight lines in Fig. 8 may be mainly

due to the differenee in the viscosity of the solution, Fig. 9 shows the values of the

product ea(a/72)2i3 at two superficial gas velocities of O.10 and O.225 m/sec plotted

against liquid viscosity ptL on log-log coordinates. Data points for each gas velocity

fall on a straight line with a slope of -O.05. This indicates that the value of sG is

proportional to the --O.05 power of the liquid viscosity. Akita and Yoshida3) found

that the gas holdup varies as the viscosity to a power ranging from -O.10 to -O.06

in the range of superficial gas velocities covered in this work. Hughmark2) has

reported that the gas holdup is independent of the liquid viscosity.

    Frorn the results described above, the following equation correlating the experi-

mental data was obtained:

           eG=O. 505uGO'`'(72/a)2i3(1//etL)O'05 (s)
This equation reduces to Eq. (4) obtained for the water-air system at 200C, when the

viscosity and surface tension of the liquid are equal to 1.0 c. P. and 72.0 dyne/cm,

respectively. Fig. 10 shows the comparison of the values of ea obtained in the present

work with th'ose calculated from Eq. (5). The observed values are in good agreement

with the oalculated values with an average deviation of 1.4% and a maximum

deviation of 3. 6%.

rt--
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peeto

O.4

O.3

O.2

                 O.1
                   o

              Fig. 10.

    In Figs. 11 and

correlation proposed

   DT=10cm, do=:O.9em, ZL=O.65m

Key Aq. solution

V 53.0% methanoi (15℃)

A 15.0% methanol (l6℃)

A 8.0% methanol (16℃) '

V 44.5% cane sugar (16℃)

e 30.6% cane sugar (16℃)

e 50.0% ¢ane sugar (35℃) .

e 28.6% cane sugar (35℃)

Owater (20℃) A
e water (35℃) y),II;

                     DT=19cm,

e

         do=2･06cm
  ZL =O.89m

Key Aq. solution

              . + 53.0% methanol (15℃)

 × '8.0% methanol (16℃)

 e water (20℃)

 .1 O.2 O.3 O.4                     eG (cal)

   Comparison of experimental and calculated gas holdup

 12, the present data are plotted according to the

by Hughmark and by Akita and Yoshida, respectively.

methods

As can

of

be



seen in these figures, the

correlations is poor, the

and 20.4% for Akita and
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agreement between the experimental

average deviations being 11.7% for

Yoshida's correlation.
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 data and the proposed

Hughmark's correlation
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Hughmairk's correlation of the present

     O.3 O.4
mlsec

data on gas holdup

wth

O.3

O.2

O.1

v
n a

.t

       y

 Yi
 i A ,s:'
 A Dcb
 b"e
O

/

-

A
"

'

f
i "

o
e

    nt Akita and Yoshida3),

 ･ Eq. (2)
Keys same as in Figs. 6 and 8

             O.7 0.8 LO 2 3 4 567                             (DT2apLg)i!8 (Dz iaLL22g)ifi2 (ht )i'O

          Fig. 12. Akita and Yoshida's correlation .of the present data on gas holdup

    Fig. 13 presents the data on the gas holdup in aqueous solutions of electrolytes. In

this figure, the values of the gas holdup of air in sodium chloride and calcium chloride

solutions are shown as a log-log plot of eG(a/72)2/3(tuLll)O'05 vs. uG, and compared

with Eq. (5) which was obtained for the gas holdup in non-electrolyte solutions. It

can be seen that the electrolyte solutions give the gas holdup considerably larger

than that in non-electrolyte solutions probably because of the occurrence of smaller

                                                  /
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       '

              Fig.

gas bubbles due

observations have

stigators. Akita

solutions the values

electrolyte solutions

in electrolyte solutions

by such a simple

   DT : column diameter,

   d6 :diameter
   g :gravitational
   gc ; gravitational

   P :static pressure
   uG : superficial

   Z ;height al)ove
   ZL : height of

Greek letters

   EG : fractional gas holdup,

   pL : density of liquid, glcm3

   ptL :viscosity of'liquid, c. P. or g!cm sec

   a :surface tension of liquid, dynelcm or glsec2
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 Ol  'O.06 O.08 O.1 ' O.2 O.3 O.4
                     UG, mlsec

   13. Gas holdup for aqueous electrolyte solution-air systems

  to the electrostatic potential at the gas-liquid interface. Similar

   been reported by Yoshida and Akitai) and other previousinve-

and Yoshida3) have suggested that for the gas holdup in electrolyte

    of eG predicted frorn the correlation obtained for the case of non-

    should be increased by 25%. Fig. 13 indicates that the gas holdup

       depends upon the nature of electrolyte and cannot be correlated

  correlation as proposed by Akita and Yoshida.

                     Notation

       cm or m
of gas inlet nozzle, cm

   constant, cm!sec2

   conversion factor, g cm!g(force) sec2

    in the column, kg(force)lme

 gas velocity, mlsec or cmlsec

   the bottom of the column, m
 clear liquid, m

(1967).

 12, 76 (1973).
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