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Abstract : Gasholdup datawere computed fromthe
measured pressuredrop val uesfor thecaseof gas-liquid
upflow bubble columninthe presence of adoublecone
promoter. The system chosen waswater asliquid phase
and nitrogen as gaseous phase. Datawereobtainedin
the presenceof adoubleconepromoter interna withvar-
ied conediametersand pitch vaues. Therod diameter
was chosen as 1 cm. The apex angle of the cone was
taken as45 degrees. Magnitudesof improvementsingas

INTRODUCTION

Gas-liquid two-phaseflow isobserved frequently
in many chemical operations. Condensation, boiling,
evaporation, absorption, stripping, humidification, de-
humidification, distillation etc. are some of the opera:
tionsthat involvegasliquid contact. In addition, many
reactions that take place between agas and aliquid
also demand agood contact between the two phases.
Specid equipment issometimesemployed to achieve
specific objectives. For examplearotating disk contactor
(RDC) iswiddy acknowledged asan efficient device
intheextraction operations. A coaxialy placed rod with

holdup values were obtained in the presence of
doublecone promoter when compared with empty con-
duit. Theeffectsof gasve odity, liquid vel ocity, pitchand
conediameter ongasholdup havebeeninvestigated. The
gasholdup datawere corrd ated intermsof Reynoldsno
usngregressonandydss.  © Global Scientificlnc.

K eywor ds: Bubblecolumn; Gasholdup; Turbulent
promoter; Interna doublecone promoter.

adtring of disksarranged with different spacingsisro-
tated to enhancethe masstransfer rateinaRDC.
Improvement of the qudity of the product with cost
effectivenessisthemain criterion for the sel ection of
any processamong theavailable choices. Thedesign
engineer isoften in search of reliable equipment with
good controllability, however at low cost. Thesecan
be attai ned through augmenting therates of transfer,
increasing the compactness of equipment and so on,
which results in enhancing the energy savings, the
economy and the effectiveness of operation.
Theuseof turbulence promotersasasaient aug-
mentation techniquehasbeen well recognized and well
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reported. Bergled! presented a comprehensive re-
view of investigations using varioustypesof turbulent
promotersin homogeneousflow. Interaction between
variousflow patterns has been attributed to the aug-
mentation. Significant improvementsin masstransfer
coefficient werefound by introducing agas phaseinto
ahomogeneousfluid. Thisisattributed to the turbu-
lenceand agitation promoted by the gas phasg?. Fur-
ther augmentation can be obtained by introducing a
turbulent promoter into gas-liquid flow. Ramesh et at®
investigated the augmentati on of masstransfer coeffi-
cientsinagas-liquid upflow bubble columninthepres-
ence of ahelicoidal tape promoter. Sarmaet a“ em-
ployed adisc promoter in gasliquid two phaseflow.
Suresh et d® used an hourglass promoter ingasliquid
up flow bubble columns for enhancement of mass
transfer coefficients.

Although few works have been reported in the
literature using promoter eementsfor enhancement of
masstransfer ratesin gas-liquid upflow bubble col-
umns, theworksreporting on gas holdup werefound
to be scarce. Sincethe holdupsareimportant design
parameters of bubble columns, itisessentia to know
the behavior of holdupsinthe presence of such pro-
moters. Knowing gas holdup permitsusto know lig-
uid holdup because sum of the holdupsisunity. For
the present work, the doublecone promoter hasbeen
chosen. Thisis because the cone promoter ismuch
superior compared to other internal € ementsin mass
transfert7.

An attempt has been madeto devel op generdized
correlationsthrough empirical modeling using dimen-
sonlessgroupsinvolving flow parametersand the geo-
metric parametersof thepromoter assembly. Theranges
of variablescovered are compiledin TABLE 1.

TABLE 1: Rangeof variablescovered inthepresent study
S.No.

Parameter s studied Minimum Maximum

1 Superficial velocity of gas 0.014 0.07
Ug, m/s

2 Superficial velocity of liquid  0.04 0.27
U, m/s

3 (I:Drinameters of therod (d), 10

4  Pitch,pincm 7.0 10.0

5 Diameter of cone, d; cm 30 5.0

6 Apex angle (degrees) 45
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EXPERIMENTAL

The equipment was designed and fabricated to
carryout studieson gasholdupinagas-liquid upflow
bubble column. A string of doubleconeelementsfixed
on arod with different pitcheswasemployed asapro-
moter assembly, which wasplaced concentricaly inthe
eectrochemicd cdl.

The schematic diagram of the experimentd set-up
usedinthepresent investigationwasshownin Figure 1.
The equipment and apparatus consisted of asintex cy-
lindrical storagetank (S), acentrifugal pump (P) for
circulatingthewater, two rotameters(R, & R) for mea-
suring theflow rates of water and nitrogen gas respec-
tively, anitrogen cylinder (N) for supply of nitrogen gas
and apressure regul ator to regulate the nitrogen flow
from the high pressure cylinder. A U-tubedifferential
manometer (U) was provided to measurethe pressure
difference acrossthetest section (B). ValvesV toV,
wereused to control theflow ratesof liquidwhilevave
V wasusedto control theflow rate of the gasthrough
theexperimenta column.

The storage tank has acapacity of 100 liters. The
bottom side of the tank was connected to the suction
side of the pump (P) through aglobevalve (V,). An-
other globevave (V) wasprovided at the bottom of
thestoragetank to facilitate the periodic cleaning. The
pump (P) of Kirloskar mekewasmadeof stainlesssted,
hasacapacity of 1 hp. Thedischargeend of the pump
wasdividedintotwolines, onedirectly connectedtoa
liquid rotameter (R,) and the other to aby-passline.
Theby-passlinewasprovided withaglobevaveV, to
control theflow through rotameter. Therotameter (R))
wasof Indusmakehasrangeof 0to 60 litersper minute.
OnemorevalveV, wasprovided at the entry point of
rotameter. VaveV  provided at thedischarge end of
therotameter facilitated thefluid electrolyteto flow
through theexperimental column.

Theexperimenta columnshowninFigurelmanly
consisted of thefollowing three sections: an entrance
calming section (A), atest section (B) and an exit sec-
tion (gas-liquid separator) (C). The entrance calming
section (A) made of acopper tube of 6.73 cm inner
diameter and 1.07 mlong, wasfilled with marble stones
of random sze, to diminaetheeffectsdueto tangentia
entry of theliquid and to minimizethefluctuationsand
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enabling uniform distribution of thegasandliquidinthe
flow. This section was connected to themain test sec-
tion (B) by meansof aflange(F,). Thetwoinletspro-
vided at the bottom of the entrance calming sectionfa
cilitated theflow of the metered water and metered ni-
trogen gas. Theflow rate of nitrogen gaswasmeasured
using apre calibrated nitrogen gasrotameter of Indus
make. A sparger made of stainless steel was provided
at thebottominlet point for admitting gasuniformly into
theexperimenta column.

Thetest section (B) was made of smooth perspex
tube of 6.73 cminner diameter and 0.6 m height. Two
pressuretaps, (T,) at thebottom flangeand (T ) at the
top flange have been provided acrossthetest sectionfor
pressuredrop measurements. The Taps(T,and T,) were
connected tothelimbsof the U-tubemanometer to mea-
surethe pressuredrop. Carbon tetrachl oridewas used
asmanometricfluid. A gainlesssted wiremesh (W) was
placed at the bottom of thetest sectionto dlow theuni-
form distribution of liquid and gasinto theexperimentd
column. Two cones of given diameter d_werejoined
together at the basesin the form of adoublecone and
thisarrangement was used astherepeating dement in
the promoter assembly. Doubl econee ementsof differ-
ent Szeswere placed concentrically on astainlessstedl
rod of diameter d with varied pitch p. Thisessentially
acted asthe promoter element. The schematicdiagram

_-r—‘-‘

of this promote element was shown in Figure 2. Pro-
moter e ementsof different geometrical characteristics
(viz., rod diameter d , pitch p, conediameter d ) were
fabricated and the details of the promoter geometries
usedinthepresent sudy werecompiledin TABLE 2.

Theexit section (C) wasaso of thesamediameter
asA and B withitsopenendinto thegas-liquid separa
tor was connected to thetest section (B) by meansof a
flangeF,. Openend wasprovided to vent the gasinto
theatmosphere (V) and thewater from thetest section
was drawn from the bottom of the separator (D).

During experimentation, thewater flow ratewas
adjusted by using the control and by passvalves. After
the flow was stabilized metered nitrogen gas, was
bubbled through asparger provided at the bottom end
of theentrance calming section. Whentheliquid and
gas-flow rateswere stabilized, the pressure difference
acrossthetest sectionisobtained by measuring theread-
ing of the manometer. The computation of gasholdup
was madefrom pressuredrop measurementinthelines
similar to thosereported earlier inthe studieson gas-
liquid upflow bubblecolumng®.

RESULTSAND DISCUSSION

Before commencing the experimentation with the
present set up, gasholdup datawere obtainedin gas-

Figurel: Schematic of experimental unit; A—entrancealming section; B —test section; C —exit section; CC —copper coil;
D—digtributor; DR—drain; F,, F,—flanges; N —nitrogen cylinder; P—pump; R,, R,—rotameters; S—storagetank; T,, T,—

pressuretapings; U—manometer; V —vent; V, toV_—valves.
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Figure2: Detailsof thedoubleconepromoter; d —rod diam-
eter; d_—basediameter of cone; p—pitch; 6 —apex angleof
cone

TABLE 2: Detailsof thedoublecone promoter semployed in
thepresent study

Diameter Apex Pitch Diameter
S.No. oftherod angle (cm’) P of cone,
d(cm)  (degrees) dc (cm)
1 1.0 45 7 3
2 1.0 45 7 4
3 1.0 45 7 5
4 1.0 45 10 4

liquid upflow bubble columnwithout any internal. The
g, valuesthusobtained werefound to agreethe data of
Khamadievaand Bohm® within 5% deviation.

Effect of doublecone promoter

Figure 3 givesthedataof the present study plotted
asgasholdup against gasvel ocity for two cases of (i)
gas-liquid flow inempty conduit (Plot A) and (i) gas-
liquid flow with doublecone promoter (Plot B). The
magnitudesof improvementsin gasholdup over empty
conduit wereshownin plotsA and B. Plot A wasthe
data predicted form Khamadievaand Bohm!® for the
case of gas-liquid upflow in an empty conduit. The
present dataobtained in gas-liquid flow with doublecone
promoter were presented asplot B. PlotsA and B show
theimprovementsin gasholdup resulting dueto thein-
troduction of the doublecone promoter were upto 4
fold on lower gasve ocity end. Upto 60%increasecould

beredlized on higher gasvelocity end. These observa
tionsindicate that the presence of adoublecone pro-
moter assembly inatwo-phasegas-liquid upflow bubble
columnisadvantageousasit increases gashol dup.

Effect of liquid velocity

Figure4 showstheeffect of liquid velocity on gas
holdup in the gas-liquid upflow bubble column with
coaxidly placed doublecone promoter. Thegasholdup
datapresented in thisgraph correspondsto aconedia
of 4 cm, pitch of 7 cm and aconstant gas vel ocity of
0.0234 m/s. An examination of the plot of thegraph
revealsthat the gas holdup decreaseswith increasein
liquid vel ocity. Thereason for thisbehavior can be ex-
plained asfollowing. Astheliquid vel ocity isincreased,
by keeping the gasvel ocity at aconstant value, more
gaswasdriven away by theliquidintheupward direc-
tion by virtue of drag forces. Hencemoreliquid was
present in thetest section. Therefore, the fraction of
liquidi.e., theliquid holdup wasmorethusleadingtoa
reductioninthegasholdup.

(a) Effect of pitch

Gas holdup data obtained in the present experi-
ment for two cases of pitch valuesviz., 7 and 10 cm
have been plotted against liquid vel ocity and shownin
Figure5. A closeinspection of theplotsof thefigure
reved sthat theeffect of pitch on gasholdup wasingg-
nificant when considered against liquid vel ocity. It can
be explainedinthefollowing way. Sincetheflowing
fluidswere subjected to contractionsand expansionsin
thelongitudinal direction, the gas bubbleswere sub-
jected to bubbl e coal escence and bubble disintegra-
tion. Hence severeturbulence appearsintheflow area.
However, it can be understood that the turbulenceis
maximum with the pitch value of 10 cm and by de-
creasing thepitchto 7 also, no additional turbulence
could begenerated. Hence no remarkabl eeffect of pitch
on gas holdup could be observed.

(b) Effect of conediameter

Toinvestigatethe effect of conediameter on gas
holdup, the data on gas holdup were plotted against
liquid velocity for three cases of cone diameter consid-
ered inthe present experiment viz., 3,4and5cm. The
plotsthusdrawn were shown in Figure6. An examina
tion of theplotsof thefigurereved edthat theinfluence
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of cone diameter on gas holdup was marginal, when
consdered againgt liquid vel ocity.

Effect of gasvelocity

Figure 7 showsthe effect of gasvelocity on gas
holdup. It can be expected that anincreasein gasve-
locity would driveaway moreliquid by means of its
buoyancy forces and hence the gas occupies more
volume. Hence more value of gas holdup can be an-
ticipated. In the present experiment, the data.obtained
on gas holdup against liquid vel ocity for the case of
conediaof 4 cm, pitch of 7cmand aconstant liquid
velocity of 0.121 m/s. It isobserved from the plot of
the Figure 7 that the gas holdup increased with in-
creasein gasvelocity. Thisobservationisinthesame
lines as expected.

ORIGINAL ARTICLE

(a) Effect of pitch

Gas holdup data obtained in the present experi-
ment for two cases of pitch valuesviz., 7 and 10 cm
have been plotted against gas velocity and shownin
Figure 8. Plot A correspondsto apitch valueof 7cm
and plot B correspondsto apitch valueof 10 cm. A
closeingpection of the plots of thefigure reveal sthat
theeffect of pitch on gas holdup wassignificant when
considered against liquid velocity. It can be explained
inthefollowingway. Sincetheflowingfluidswere sub-
jected to contractions and expansionsin thelongitudi-
nal direction, the gas bubbles are subjected to bubble
coal escence and bubbledisintegration. Hence severe
turbulence appearsintheflow area. Asthepitch value
isincreased the bubbl e disintegration isfavored more
because of overlapping of wakes. Hence, anincrease
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inthegasholdup could be observed.
(b) Effect of conediameter

Toinvestigate the effect of conediameter on gas
holdup, the data on gas holdup were plotted against
liquid vel ocity for three cases of cone diameter consid-
ered inthe present experimentviz., 3,4and5cm. The
plotsthusdrawvnwereshown in Figure9. An examina
tion of theplotsof thefigurereved edthat theinfluence
of conediameter on gas holdup wassignificant, when
considered against gasvelocity. Anincreasein conedia
resulted adecreasein gashold up. Thisobservationis
also conspicuousfrominset Figure 9a

Corrdation

Thedataon g, havebeen correlated by regression
analysisand thefollowing equation isobtained.

_ -0.17 012 £ "
g,=1876Re " Frg (d) 1)

The correlation plot according to equation (1) has
been showninFigure 10

CONCLUSIONS

Experimentswere conducted to investigate the f -
fect of various pertinent dynamic and geometric vari-
ableson gasholdup in atwo-phase upflow bubble col-
umn inthe presence of acoaxialy placed doublecone
promoter. Gas holdup datawere obtained from mea-
sured pressure drop data acrossthetest section. The
gas holdup datawere analyzed for individual paramet-
ric effectsand thefoll owing conclus onswere drawn:
¢ Gasholdupvaueaobtainedinthepresenceof double

cone promoter isabout 4 timesin comparison with
the case of absence of promoter.

e Thegasholdupwasfound to decreasewithincreas-
ingliquid vl ocity.

e Theparametric effectsof pitch and cone diameter
on gas holdup werefound to beinsignificant when
liquid velocity wasvaried & aconstant gasvel ocity.

e Thegasholdup wasfoundtoincreasewithincreas-
inggasvelocity.

e Thegasholdup decreased withincreasing pitchand
cone diameter values when gas velocity was in-
creased at aconstant liquid vel ocity.

e Theentiredataon gasholdup wererepresented by
thecorrelaionequationing ’ -Reformat.
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NOMENCLATURE
d,  : doubleconediameter [m]
D, : columndiameter [m]
Fr, Froude number = oD.
g : accderationduetogravity [m/s]
p :pitch[m]
p.D.U,
Re : Reynoldsnumber = Ta
U, : gasveocity [m/g]
U, liquidveocity [m/s]
Greek symbols
g, gasholdup [-]
p, - liquiddensity [kg/m?]
W - liquidviscosity [kg/m.g]
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