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The diameters of ©bubkles in a representative sample of +he bubble
population can now be used to determine the Sauter mean bubble diameter and
therefore the specific interfacial area.

D.1. Selection of Technicues

Several technigues are available for the measurement of bhubble size
distributions. Detailed reviews of these techniqueé along with their limi-
tations are availéble in literature (e.g. Buchholz and Schugerl, 1979). Two
such techniques were selected for our work,; the photographic technique and
the dynamic gas disengagement (DGD) technique. These techniques were the
most suitable for the hostile environmment in the hot flow columﬁs. The
photographic technique provides point estimates of the bubble size distri-
butions &t wvarious locations in the bubble‘coluﬁn, whereas the DGD tech-

nique gives an average bubble size distribution for the entire dispersion.

[.2. Bubble Size Di;tribution Using The Photographic Technigue

The photographic methéd is a direct procedure for measuring bubble
size distributions. Despite the tedious process of identifying individuzl
bubbles, this technique is by far the most widely used method for‘obtaining
bubble sizes. The photographic technique was used to obtain estimates of
bubble size distributions in FT-300 wax. Selected photographs of the bub-
bles were enlarged and bubble sizes measured using image analysis. Experi-
ments were conducted In the 0.051 m ID and 0.229 m ID glass columns, aﬁd
the 0.241 m 1ID stainless steel-cclumn in ordér to study the effect of
various bgrameters on the bubble size distgibution. Majority of the
experiments were conducted at 265°C, with a few at 200°C in order to study
the effect of temperature. The 1.83 mm orifice plate and.the 40 pm sintered

metal plate (S5MP) distributors were emploved in the 0.051 m ID column,
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This 1s compatible with observaticns reported in literature for the

ir-water systen.

. In the presence of oxygenates lower Sauter mean bubble diameters were
obtained.
. Temperature did not have a significant effect on ds for the G.051 m ID

column, whereas ds decreased (between 253-50%-relative) in the 0.241 m
ID columrn as temperature was decreased from 265°C te Z00°C.

D.2a. Image Analysis

Photographs selected for analysis were enlarged to 8" by 10" and
analyzed on a Zeiss image analvzer located in the Biology Department at the
University of Texas at Austin. An illustraticn of the image analysis systém
is shecwn in Figure V-481 A description of the hardware and scftware asso-
clated with image aznalysis is given below.

D.2a.l. Hardware

The TV camera (1) converts an image of the photograph falling on its
light sensitive pickup tube into an analog electrical signal. This signal
is sent to an array processor, 1IBAS II (3), where it is converted to
numerical form by an analog to digital converter so that it can be manipu-
late¢ by the computer. Processed images are sent through a digital to
analog converter and then to a display monitor (2). The image analyzer is
only able te distinguish between shades of gray, therefore, when bubbles
overlap, the image analyzer treats such bubbles as 2z single bubble.
However, IBAS 1II allows the user to edit the original image in order to
circumvent this problem. This is done using the digitizer tablet with mouse
or light pen (7). With the light pen the user can trace over the bubbles

that are to be analyzed. Once this is complete, a variety of object speci-

137



u ] . _\ . r
N3d 1HBMN ? 1T19VL H3ZIUDIA - L  H3LNIHd - 9 HOILINOW viva - §
FSYEl-+ Jtsval-£ HOLNOW AVTdSIO-2 VHIWVYD AL-L

a o @
O10Hd g

oo o
QOO o
oPo%

W3LSAS DNISSTOOHd JOVWNI
8-A IHNOIS

{

135




fiec parameters can be calculated and displayed on the data menitor (5)
and/or printer (6). A host computer, IBAS I (4), performs the tasks of a
manager. Lt communicates with the user, manages the imsage processing
programs (or software) for IBAS II, and is also capable of some statistical
analysis. IBAS 1 is equipped with floppy disk drives and hard disk drives
that allow the storage of parameters for further analysis.
D.2a.2. Software

The 1image analysis software consists of twe separate programs, the
first prograﬁ controls the operations of the array processor (IBAS 1I) and
the second oprogram is wused to perform statistical analysis oh data
generated by IBAé II:"Both programs are stored-on.a floppy disk and are
loaded inteo the computer's memory using the disk drives in IBAS I.

IBAS IT Contreller Program: This program consists of predefined functicn

groups and functions that allew the image analyzer to perform the various

tasks necessary for bubble size measurements; Following is a list of tasks

handled by this programf

a. Input of image into the computer.

b. Scaling of tbé image or calibration: A wire piece of known 1length
(usually 12 mm long) is glued to the wall of the bubble column in
the field of the camera used to take photographs. Thus, every photo-
graph of the bubbles also contains an image of this reference piece.
During the calibration process the user locates the two ends of the
reference piece on the TV image and marks them using the light pen and
digitizer tablet. A corresponding value of the actual length is also
entered Into the computer. The computer then evaluates the scaling

factor.
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quantities were also calculated for each of these parameters for all bub-
bles in a given photograph: arithmetic and geometric means, variance, and
the second and third moments. The program also produced a plot of the
number frequency of bubbles as a function of bubble diameter (histogram)
and a cumulative frequency plot {(or a plot of the total number of bubbles

smaller than a given diameter versus bubble diameter) of bubbles in a given

photegraph, based on the d, values for the groups.

B

D.Z2a.3. Data Reduction - Sauter Mean Diameters

Data obtained from image analysis were used to estimate the Sautex
mean diameter dS fer bubbles in individual photographs. 7Two values of
Sauter mean diameter were czlculated. The first was estimated from
diameters of individual bubbles using Egquation (V-4).

EdBi3 : '
a - — (V-4)
2dp;

where dBi is the diameter of the area equivalent circle. The second wvalue

of ds was estimated for the bubble groups (classified during the image

analysis step). The groups were formed according to the size of Dbubbles,
and typically between 60 to 65 bubble groups were formed £for a given
photograph. The wupper and lower size limits for each group were averaged
and it was assumed that this averaged value represented the diameter of all
bubbles in that group. Eguatien (V-3) was then used to estimate a ds value
for these groups.

ZnidBi3

g - —iBi (V-5)
s Zn.,d 2
i"BL

where dBi is the representative diameter for the i1‘'th group and n, is the

rnumber of bubbles in that group. The difference between the two values of
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d. Area equivalent diameter: This is the diameter of the circle which has
the same area as the particle.

The imzge analysis system can measure &ll four diameters, however the
area equivalent diameter requires the least amount of computation. It has
been shown (Weibel, 1980) that for a circle, the mean Feret diameter and
the area equivalent diameter are the same, however the mean chord length is
slightly lower {(mean cheord length = 0,79 times area eguivalent diameter).
However, for ellipses of axial ratic greater than one, the following rela-
tion holds true:

mean Feret dlameter > area equivalenﬁ diameter > mean chord length

The four parameters discussed above were estimated from image analysis
resulté for photographs of the FT-300 wax - nitrogen system. The results
are summarized in Table V-1, These wvalues are in agreement with the rela-
tionship given above for ellipses,

Akita and Yoshida (1974) used the average of the minimum and maximunm
diameters to represent the size of bubbles obtained from photographic
measurements in their study. In the present study it was decided that the
area equivalent diameter would be used as an estimate of the bubble
diameter. The choice of the area equivalent diameter is justified by two
factors; (1) it requires the least amount of computation, and (2} the
primary purposs of meaéuring diameter is to use it to estimate the Sauter
mean diameter, which assumes a spherical particle. 4As shown in Table V-1,
the area egquivalent diameter is betweaen 4 to 10% lower than the average of
the maximum znd minimum diameters. This difference is not too significant

considering other sources of error.
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Table ¥-1. Comparison between parameters used for bubble diameter measurements (F7T-
300 wax, 265°C, 0.051 r ID column, 1.B5 mm orthee piste distributor) f-l-.h'\:

T e — o —

Parameter value [mm)

ug Heigh
(m/s) () dove Dt arer ~ Yenerd dore
0.0 0.3 0.69 0.7 045 0.65
007 1.2 0.81 087 (.54 0.iv -
0.01 18 0.52 .56 (.35 0.50
¢.02 132 .61 0.66 (.30 0.E8
0.03 0.3 0.59 G.63 0.38 0.56
.03 12 0.59 0.63 Q.38 0.5k
0.03 18 0.5 0.52 026 0.40
0.04 0.3 0.63 0.72 0.35 0.56
0.04 12 0.a7 0.76 0.37 .60
0.04 1.B 046 0.52 0.26 0.d1
6.7 1.2 0.51 {.58 0.29 .46
0.09 0.3 0.53 (.62 0.30 o D9
0.09 12 D.58 0.62 0.30 0.52




_ D.2c. Expverimental Procedure

Various lighting arrangements, cameras, and }enses were tried in the
0.051 m ID coclumn in order to improve the guality of photographs for bubble
size measurements. The best arrangement for this column consisted of two
1000 watt lights (Colortran) placed at angles of 90° with respect to the
front of the column in a staggered position (i.e. one 0.15 m above the
field of view and the other 0.15 m below the field of view). a shield (flat
black metal plate) was placed between the lower light and the field of
view. Milar paper was placed between the field of view and the light at the-
top in crder to reduce the glare. 4 Canon, AEL/P (35 mm SLR) camera was
used with Canon auto bellows and a 1353 mm Canon lens with &a polarized
filter. Photographs were taken for all velocities (0.01 to C.12 m/s) at
heights of 0.45, 1.20 and 1.95 m, except when foam filled the entire column
(photographs were taken only at 1,20 m for such cases).

Two different lighting arrangements were used while pﬁotographing
bubbles in the 0.22%9 m ID column, one for low gas velocities (< 0.05 m/s)
and one for gas velocities greater than 0.05 m/s. A& Vivitar Model 2383 flash
was attached to the Cancon camerz for all photographs. The flash was mounted
approximately 0.25 m from the column at an angle of 45° with respect to the
front face of the column. At low gas velcocities, the Canon 135 mm lens
mounted on the Cancn auto bellows with an extension of 110 mm was employed.
At higher wvelocities, a 50 mm Canon lens was mounted on the Canon auto
bellews with an extension of 70 mm. An f£/stop of 16 was found to produce
the best resulcs. Photographs were taken for all velocities at heights of
0.41, 1.12 and 1.96 m. The arrangement used in the 0.241 m ID stainless

steel column (viewing port) was the same as-that used with the 0.22%9 m 1ID
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