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1. HIGHLIGHTS

The objective of this work during the last few months was to
determine the variation of bubble size along and across a bubble colum
type reactor and its effect on interfacial areaz when a non-Newtonian
liquid is used. Air and CMC solutions flowing cocurrent up are studied
in & 33 ¢m I.D. bubble column. Only the bubble and bubble-slug patterns
are taken into consideration.

Gas holdup, bubble size and specific interfacial area studies were
made in a 331:#1 inside dameter bubble column with air-ca Soxymethyl
celiulose aqueous solution as the system. Experiments were performed
with a fixed porous plate gas distributor by varying superficial gas
velocity. The flow patterns of interest were bubble and bubble-siug
patterns. Gas héldup data was obtained by the bed expansion method and
bubble size distribution by taking photographs with a boroscope at
different radial and axial positions.

Gas holdup decreased with carboxymethyl cellulose (CMC) concentration
and exhibits a maximum with superficial gas velocity. This maximum also
diminishes with CMC concentration.

Bubble size measured by the boroscope is smaller near the walls and
reaches its maximum at R/2. The bubble size increases when either CMC

concentration or superficial gas velocity is increased. There is no

substantial variation of bubble size in the axial direction for the lower

portion of the column. A maximum for total interfacial area was found

for all the solutions with the exception of the higher concentrations.

This maximum was found in the bubble-slug pattern near the transition
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from bubble to bubble-slug pattern. Operation under this condition is

reconmended.

II. OBJECTIVES AND SIGNIFICANCE

There are three major obﬁectives for this proposed study. These
cbjectives are basic to the understanding needed to deve]bp a rationale
for scale up in bubble colummns. This understanding is the key to
improving our scientific and technical knowledge of the fundamental
process involived in complex two and three phase flows.

These gbjectives are:

1. to properly characterize two phase flow patterns in the region of
interest that direct coal ligquefaction reactors will be operated.

2. to characterize for viscous liquids, Newtonian and non-Newtonian,
the flow pattern boundaries in the operating region of direct
coal 1iquefaction reactors. The characterization would include
both empirical and theoretical models.

3. to develop empirical expressions and models for the gas holdup in
the flow regimes of interest. This objective would focus on
non-Newtonian 1liquids that folliow some elementary models for
constitutive behavior.

The significance to the fossil energy program inciudes:

1. Flow pattern prediction will aid in the design and scaleup of

coal liquefaction reactors.
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II1. EXPERIMENTAL

A. Procedure

A1l the experiments were conducted with no 1liquid flow. The
experiment started by filling the column with a specific CMC solution.
In this case solutions from 0.25 to 2.0% in weight, which were prepared
using CMC from Sigma Chemical Co. and disti.l'led deionized water with a
maximum of 10 ppm as equivalent sodium chloride.

Then, the air control valve was 'opener.l and the air pressure regulator
set to approximately 50 psig. The air flow rate was adjusted to a
desired value and the system was allowed to equilibrate for about 5 min.
At this moment the air flow rate, air temperature and pressue at the
distributor were noted. The borelscope was set inside the column at 141
cm above the distributor and 2.5cm from the wall and approximately 18
pictures taken with the focus distance set 2mm from the tipof the
borescope. Photographs were also taken with the boroscope located at
bcm, 7.5cm, 12.5cm and in the‘ center line of the column. In earlier
experiments, the horescope was switched to the lowest axial position to
see the variation in the bubbles size. Photographs of a ruler with 0.5
mm divisions were taken at the same focal distance as that set in the
borescope in order to have a pattern of comparison for the bubbles size.

The temperature of the liquid was also observed.

The height of the bubbled bed was taken and then the magnetic valve
in the air line closed.and the air disengagement (22) monitored at Ssec
intervals after the valve was closed. Sampies of the solution were drawn
at the beginning and the end of the experiment in order to evaluate
physical properties as viscosity, surface tension and density.

The density was measured with a hydrometer. The flow curve of the

‘solution was determined with a viscometer Haake RV-12, and the surface



5
3
¢

TR T N T PP R R Rt

tension with a Fisher autotensiomat.

For every solution, experiments with 8 different air flow rates were

conducted. The same procedure was repeated for the different solutions

investigated.

B. Experimental errors

The fluctuation in the air rotameter readings were negligible. But

for high velocities and/or high CMC concentrations there were
fluctuations in the bubbled bed height giving a corresponding error in

average gas holdup of 7%.

L. Calculations of desired parameters

The total gas holdup is calculated using the following equation:

Hb-HI

e =
E 0b | {48)

Where H1 represents the height of the liquid bed and Hb 1is the height of
the bubbled bed.

The bubble gas rising velocity is calculated by:

- AEG.
Vb < (49)

where the ratio AEG/At is found as the slope in figures 11 to 15.

The interfacial area for unimodal distribution is found with:
a =6 E6/dVs , (31)

wWhere dVs represents the mean Sauter diameter.

Fer a bimedal distribution the equation changes to
6 EE! EGC2 V2

o = 4+ 6= el

" dVs 46 Vi
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Where db represents the equivalent diameter of the large tubble and VZ/V1
the ratio of gas bubbles rising velocities with subindex 2 for the large

bubble.
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Holdup showed a maximus with superficial gas velpcitr
. - for the porous plate distributor. Iris sazimen is shifted
to lower gas velocities as CAC cowcentration is increased.
Bowever, for high CHC concentrations this saxisus u2sS
obtajined at the supetficial Gas velocity of 1 cCm/S. Als0,
the maximum im holdup tends to vanish with increasiag CHC
concentxation-

The holdup for differeﬁt CHC concentrations at the sase
gas wvelocity is always lower for the higher polymer

concenptzation in the bebble-slug patteran.

sSe epent 3

rroa figures {11 to 15 ) for gas disengagement it is
important to remsark that the higher the gas v-locity, the
steeper the slope for disengagesent(from O to & sec). This
means that the gas leaves the bubble coluan faster and the
avarage size of the bubbles present im the colusm is biqgur_
at higher gas velocities. Also it is intarestiang to realize
that & constant slope throughout the gas disesgagesent for a

specific velocity and a specific cac concentration,

reprasents a unifora bubble size. 2The heldup wvas fownd to




be a maximus in this particular case as vas expuctad.

rranz et al f18): bhave found higher vwalues for gas
bholdup, even using purforated plates. pifferences are
especially at high gas velocities with about &03 yatiation
in sost of the cases.

Using a sintered p;ate with C.2sm pore dia-eier.
Deckver et al {11) found a maximus in holdup at the same gas
velocities as this study, i.e., Y6 =1 ca/s. The valune ox
bholdup is always lover than that foond im 8y experiments.
For exasple using a 1.5% CHC solution they found EG =0.04 as
the maxisus while irp this study the saxisum is 0.12.
Similar differeasces were found by comparing ay results wita
results fros Buchholz et al (6) using a Cr-Ni stainless
steel porous plate with 17.5 um as the mean pore diaseter.:
Both experiments (5,11} were carried out in 14ca diameter
bubble columns and low supertficial liquid vwvelocities which
does not affect the holdup greatly ({56)-

In genefal, gas holdup values obtaiped fros i} 4
experisents are very close to those of Schospe and
Deckver {56) - Their results , results fros Buchholz et al
(6) and ay experimsents exhibit similar curves for holdup vs.
saperficial gas vwelocity as far as CHC concentratioms is

concerned.
Bubble Size apd Ipterfacjal Ares:

Pigures 16 to 25 show the radial variation for bubble
size at diffeccent gas velocities and . cuc
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concentrations. In geameral, the bubble size is saaller near
the wall and has its peak approzimately at &/2. For the
sase gas velocity the bubble size increases with cCncC
comcentratica as can be seen from fiqures 29 to 33.
Hovever, at high CHNC conceatrations, the data is scatcered
and no specific behavior can be interpreted. BNevertheless,
for 2 1i.22% CBAC solution, sean Sauter diaseter values are
very close to those from Pranz et al (18).

Bubble size did mot vary sigmificaastiy at differeat
axial positions in the lower port:i.én of the coluan. Iwo
positions one at 62ca and another at 1143cs from the
distributor where tested and approxinmately tbe same bubkle
gize was found. However, mo other highker axial position was
investigated although it was evident that at high
throughputs coalescence takes an important roll.

Por lov CHC coancentrations the formation of large
bubbles starts at relatively high saperficial gas velocities
(figure 26). However, with highly concentrated solutioms
big bubbles are evolved with gas velocities as low as ca/s,
which represents the absepce of a well defined homogereocuns
flov.

At low gas vwelocities, foxr all the CBC solutions

excluding 2.0%, a saxiaus irp specitic isterfacial area wvas

found. This saximum is achieved at a- superficial gas

valocity of 1ica/s for intersediate concentrated solutions
{tigures 8,9) and at relatively higher gas velocities for
the sore diluted solutions (figures 6,7). ILis maxisus

diminighes with increasing CBC concentration and its
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variation is directly rxelated to gas holdup variation as
expected. For the lovest maxirum, 1.5% CHC Solutionm, a
fivefold gas flov is regquirel to achieve the sane
interfacial area at higher tF coughputs (figare 9), which
denonstrates the convenience of tmne homogeneous flow.

Interfacial area is . calecvlated over the egtire gas
velocity range taking intoe accoumt unimodal and bimecdal
distributions, figures 6 to 10 show both of thes. In both
cases at low gas velocities for diluted solutions the
interfacial arza is calculated only with homogeneous Sauter
diaseter because of the absence of big buabbles. Obviously,
the spegific interfacial area calculated using bimodal
distribution is 1lower than the ome calculated assuaing
nninodal distribation and the waim reason is the use of a
lover value for the equivalent diameter ia the latter. it
high superficial gas welocities interfacial area calculated
using'hilodal distribution is more reliable.

Comsparing results for specific' interfacial area with
the correlation Iroe Schumpe and Deckwer (556} agreement is
found at low 2=d high superficial gas velocities for oaly
highly concentrated CHC solutiocns whereas, for diluted
solutions the agreemeat is at hiqh superficial gas

velocities as can be seen froa figures € to 10. The

specific interfacial area calculated from this correlatioa

is alvays lower than interfacia)l area frosm thiz study.

The main difference in specific interracial area
between this study and Schuoape and Deckwer (56) is at low
superficial gas velocities nné diluted solutioas, coaditioas
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ip which interfacial area presents a saximus. This

difference can be explained by the fact that these

investigators correlated data found with different

distributors and mostly perforated plates. Thus their
generalized correlaticn' is principally for perforated
rlates.

For a 1.5% CBC soclution msing sintered plate Schumpe
and Deckwer {56) found approximately 0.54 c;d as the maxisuca
for interfacial area using the chemical wsethod (13),
coinciding with a superficial gas velocity of 1lca/s. For
the same conditions, the interfacial area is 1.4 c;' in this
study. aoéeter. if gas holdup foumnd by Schuape and Deckwer
{56) at those conditions and mear Sauter diaseter found in
this study are ased, an ipterfacial area of 0.48 c;q
results. ZThen, differences in gas ﬁoldup values are the
sain argument as far as interfacial area results is
concérned. It is also important +to remark that the
difference in bubble column dialefe: {Schaspe-Deckver 1l4ca,
thi=s stady 33ca) could make any cosparison sromng because of
the coalescence effect in ssaller diameters as well as the
differences in the average pore diameter diam the porous

Plate.



¥. CONCLUSIGNS ARD BECOBMNENDATIONS FO HER STURL

Bubble size and specific interfacial area studies vere
made in a 33ca diaseter bubble coluan for the carboxysethyl
celluliose (CNC) aqueous solution -air system usiag a 70 um
poroas pPlate gas dist:ihdtor- The bubble coluan uas
operated in Bubble and Bubble~Slug flow ratterns. The
Bubble to PBubble-Slug transition occurred within superficial
gas velocities of 1 to 5 c¢m/s dependjng upon the CHEC
concentration. The transition at bigher superficial gas
velocity occurred for the most diluted solution.

Gas holdup decreased with cac copcentration and
exhibited a wmaxisum at the Bubble to Bubble-Slug tramsition
zone. The Raxisam . iilinishes. with CHC
copcentration. Actually, this saximum appears to vanish for
highly concentrated solutions. Results for gas boldup are
in fair agreement with those from Schumpe and Deckwer (56)
but having large differences for the marxisom values. '

Small bubble size wmas found to be smaller near the wall

and bigger at E/2 in the coluan and it always inmcreased wikh |

superficial gas velocity or CAC concentration. Findiunz

bubble size distributions 2t high superficial gas velocities

and/or highly concentrated CAC solutions was not succesful

due to sose lisitations in the. photographic equipment in

determnining the larger Dbaobble sizes. Therefore, results

- for specific imterfacial area are not accurate under those

conditions.

et el




For low and moderate CRT CCacsaications ' it is
recoanended to work near the bubbie to bubble-slug
trapsition where the specific interfacial. area exhibits a
maxixta. This saximus diminishes with CMEC concentration and
eventually wvanishes at highly concentrated solutions. |

The method for evaluation of specific interfacial area
taking'into‘ accoant bimodz} distribution presented im this
study is Eore accurate than methods taking into
consideraticn only a sean bubble diameter (6, 13, 17, 55)
even if this average is calcnlated.frol accurate bubble size

distributions as in Buchholz et al (6).

C ENDATIONS POR FPURT

Bubble columns bhave many applications in two and three
Phase flos. The effect of fluid properties and the aaiure
of the gas distributor on flow patterm and imterfacial area
are important for the design and scale up of Lubble colusn
reactors. In th: present work the effect of pseudoplastic
properties in spocific ianterfacial are» 2sing a porous plate

vas studied. Further sork is recommended using other types

of gas distributors aad different sethods for

characterization of iaterfacial area iz order +to have a
source of comparison. The use of a combination of borescepe
pictures and photographs fros ouatside the column at high gas
througbputs is also recomsxended. the_ objective of the

s gk .
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