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1. EXECUTIVE SUMMARY

Bubble size control is important for effective flotation deinking. However, before it can be
controlled, it must be measured. This study utilized flash x-ray radiography (FXR) to measure
bubble size in various copy paper suspensions flowing through a cocurrent bubble column. The
majority of the bubbles were small (d < 12 mm), and the distribution of these small bubbles was

adequately described by a lognormal distribution.

For the conditions of this study, the lognormal distribution was independent of copy paper
consistency (0% < C < 1.5%), superficial gas velocity (1 cm/s <v, < 4 cm/s), and column height
(15 cm < H £ 140 cm). A few very large bubbles (d > 12 mm) were also recorded at each test
condition. These bubbles comprised a small number fraction of the bubble population, but

increased in number with increasing copy paper consistency.

Now that the bubble size distribution is known for a wide range of conditions in a
cocurrent bubble column, bubble size control and modification strategies can be investigated.
Specifically, transforming the large bubbles (d > 12 mm) into small bubbles (d < 12 mm) is of
- interest because, although they comprise a small number fraction, they utilize a large gas volume. It
is hypothesized that developing techniques to transform this gas volume into small bubbles will
increase the surface area to which contaminants can attach. This will lead to improved deinking
efficiencies for a fixed gas flow, or allow the gas flow rate to be reduced while maintaining the

removal efficiency.
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2. INTRODUCTION

Quantifying gas flow characteristics (i.e., flow regime, gas holdup, bubble size
distribution, etc.) in gas/liquid/solid suspensions is important to many areas related to the pulp and
paper industry. Examples where these complex multiphase flows exist include flotation deinking,
bleaching with gaseous chemicals, direct contact steam heating, and air removal from stock and
coating flows. This research program utilizes flash x-ray radiography (FXR) to visualize gas flows
in fiber suspensions at consistencies common to flotation deinking (~0.8-1.2%). Image analysis is
then performed on the resulting FXR images to determine bubble size distributions in these

suspensions.

Report 3 of PAC Project FO0903 [1] presented preliminary work in this area, where the
FXR technique and procedure were described in detail, and bubble size measurements were
obtained in a quiescent bubble column of 0-1.5% ONP (old newspaper) suspensions. General

conclusions from this initial research included:
1. FXR was a useful tool to visualize gas flows in fiber suspensions.

2. For the conditions of this study, air bubble rise characteristics and bubble size were

dependent on ONP fiber consistency.

3. For the conditions of this study, conclusions obtained in a single air/water system were not

applicable at fiber consistencies common to flotation deinking.

Additional data were collected for different fiber systems in a quiescent bubble column.
Report 5 of PAC Project F00903 [2] summarized this work, addressing four different experimental
systems: (1) ONP systems with various chemistry and chemistry concentrations; (2) Northem
Bleached Softwood Kraft (NBSK) systems with various consistencies but no added chemistry; (3)
a copy paper system with no added chemistry; and (4) an ONP system with no added chemistry

but at a higher gas flow rate. General conclusions from this research included:
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1. Clear trends for the various ONP chemistries were difficult to ascertain because the fiber
network structure was different from test to test, which had a larger impact on the bubble

size than the change in system chemistry for the given air flow rate (0.25 standard L/min).

2. The NBSK studies were conducted at a higher air flow rate (2 standard L/min) and allowed
the system to remain well mixed. The majority of the bubbles in this system were smaller
than 12 mm in diameter, with a peak in the bubble population in the 2-3 mm range. The
bubbles in this range all had a similar average bubble size (~3 mm) for all NBSK
consistencies addressed (0, 0.5, 1, 1.5%), but the relative frequency decreased with
increasing consistency. There were a few bubbles that had equivalent bubble diameters
greater than 12 mm, and these were usually much larger than 12 mm in diémeter. The
number of these bubble types increased with increasing NBSK consistency and they acted
as “mobile mixers,” keeping the smaller bubbles uniform and the fiber suspension well-

mixed and homogeneous.

3. Similar results to those obtained at 1% NBSK with an air injection rate of 2 standard L/min
were obtained when the fiber type was changed to 1% copy paper or 1% ONP at the same

air injection rate.

This report continues this FXR research and summarizes bubble size measurements
obtained in a cocurrent bubble column filled with copy paper suspensions at consistencies up to
1.5%. The experimental procedures will first be reviewed and then bubble size results will be
presented for copy paper systems in cocurrent flow. The report will end with conclusions from this

work and outline possible future FXR studies in fiber (and other) suspensions.

3. EXPERIMENTAL METHODS

The experimental methods used in this research will be described in this section. A new
flow loop was constructed for these experiments and it will be described in detail. The fiber type

will then be briefly described. Since the FXR and image analysis procedures have been presented
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elsewhere [1-3], these areas will only be summarized. This section will conclude with a discussion
of the bubble size data reduction and presentation procedures used, and test conditions covered in

this report.

3.1 FExperimental Flow Loop

Figure 1 is a schematic of the cocurrent flow loop used in this research. Stock, which is
classified as water or a water/fiber suspension, was pumped from a 150 L (40 gal) holding tank
with a constant output Goulds centrifugal pump. Two metering valves controlled how much stock
returned to a second 150 L (40 gal) holding tank, and how much stock passed through the test
section. Before entering the base of the vertical bubble column, the stock passed through a Krohne
magnetic flow meter. Stock entered at the column base, exhausted at the column top, and then
returned to the second holding tank. Air was also injected at the column base through a fine
sintered polyethylene sparger with an average pore size of 50 um. The air traveled in the same
direction as the stock, which defines the bubble column as cocurrent. The two holding tanks
contained baffles to maximize the stock retention time, allowing time for air to escape. The flow
~ loop was designed such that countercurrent flow could be produced if desired, or, with slight

modifications to the framing, the column could be horizontally oriented.

The bubble column consisted of two 1 m sections attached end-to-end with a rectangular
cross section of 10 cm X 2 cm. The bottom and top of the column contained a channel expansion
and contraction region to convert pipe flow to channel flow and back to pipe flow. The entire
column was fastened to an adjustable support stand. X-rays were taken of air/water or
air/water/fiber mixtures at two locations, encompassing channel regions H = 15-40 cm and H =
115-140 cm, where H is the channel height measured from the base of the channel bottom section

(Fig. 1). These two regions will be referred to as lower and upper column regions, respectively.

The x-ray unit was a 300 keV HP 43733 A flash x-ray system (currently supported by

Primex Physics International), which generated a 30 nanosecond x-ray pulse. The x-ray tube head
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was mounted in a locking vertical slide to allow x-ray exposures at various column heights. The x-
ray aperture was located approximately 2 m (79 inches) from the bubble column, and the tube head
was oriented perpendicular to the column face. An x-ray film cassette was mounted directly behind

the column such that the x-ray aperture was coincident with the film center.

The flow loop was charged with approximately 150 L (40 gal) of the desired stock. The
pump was turned on with the by-pass line completely open and the main flow line closed. The
pump was operated in this fashion for a few minutes to ensure that the stock was well mixed. The
main flow line was then slowly opened to fill the column approximately to the 1 m mark, and then
the main line was closed. The air flow rate was then initiated and adjusted to the desired value. The
main flow line was then slowly reopened and adjusted until the desired stock ﬂow rate was
reached. FXR images were acquired while the air and stock flow rates were operated under steady-

state conditions.

3.2 Fiber Description

Experiments were initially performed in an air/water system (without fiber), comprised of
‘ compressed and filtered building air and city water, to form base-line conditions. The
air/water/fiber system was composed of city water and unprinted copy paper (Union Camp
Yorktown xerographic paper). The copy paper was reslushed at a consistency of approximately
11% using a Lamort high consistency pulper. The fiber consistencies addressed in this study were
0.5, 1, and 1.5%, and were prepared by diluting samples of the high consistency stock with city
water until the desired consistency was reached. A sample of the copy paper was analyzed to
determine a weight-weighted fiber length of 2.0 mm (Kajaani FS-100 fiber length analyzer) and an
ash content of 6.6% (TAPPI Method T413 om-93 [4]).

3.3 FXR Procedures

Details of the flash x-ray radiography (FXR) procedures have been presented elsewhere [1-

3] and will not be repeated here. The only difference in the procedures of the study and those
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previously reported was the distance between the bubble column and the x-ray source — it was
increased slightly in this study. Additionally, x-rays were taken at only two column positions

(approximately 1 m apart) and image analysis was completed at each location.

3.4 Image Analysis Procedures

Once the FXR images acquired in this study were developed, they were analyzed using
image analysis software. The x-ray was placed on a light table and a 7.6 cm X 7.6 cm region of
interest was isolated to perform image analysis. Since the x-rays were black and white, the image
was digitized using Optimas 5.2 with the 8-bit mono setting (as opposed to the 16-bit RGB default
setting) and saved as a Tiff file. The resulting electronic image was then enhanced (to increase the
contrast between the bubbles and the background) using Scion Image. The image was then
electronically returned to Optimas 5.2 to record the equivalent bubble diameter, defined as the
diameter of a circle whose area is equal to that of the recorded bubble. This process was repeated
until all regions with bubbles on the x-ray were analyzed. Care was taken not to record a bubble
more than once if regions overlapped. The equivalent bubble diameters were automatically

" exported to an Excel spreadsheet for statistical analysis.

3.5 Data Reduction Procedures

The equivalent bubble diameter data was categorized into different bubble size ranges to
determine the percentage of the total bubble population in each size range. This value is typically
termed the number density or the relative frequency, and is equivalent to the probability that a
random bubble will fall within a given size range. The cumulative number density is the sum of all
" bubbles less than or equal to a given size range. Examples of generic number density and
cumulative number density plots are shown in Fig. 2 for the generic data shown in Table 1. The

equivalent bubble diameter data obtained in this study are presented in a similar fashion.

By plotting the equivalent bubble diameter distributions as cumulative number densities,

comparisons can be easily made with known distribution functions. Three such distributions are
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used in this study; (1) the normal, (2) the lognormal, and (3) the gamma distribution. Since the
bubble size is defined only for d > 0, where d is the equivalent bubble diameter, the cuamulative

normal distribution is given by

R 1(y-pY
Camy = mexp[-a(T) ]dy M

where y is a dummy variable and x is the parameter of interest (i.e., the bubble diameter), and L

and o are the mean and standard deviation of the bubble population. The cumulative lognormal

distribution is given by

2 .
_r 1 _1{In(y)—pix
Cum, = {——YGLN NeTS explz 2(—0'@1 J :ldy (2a)

where | and oy are the mean and standard deviation of the natural logarithm of the bubble

diameters. These values are not equivalent to L and o, but can be related by [5]

1
Poy = In() = ~on (2b)

ol = 1n[1+(3) ] (20)
18

The cumulative gamma distribution is given by

1
Cumg = [———y*'e™"*d 3a
o=] 5t y (3a)
where I'(o) is the gamma function and B and o are parameters that describe it and are related to p

and & by [6]

n=of (3b)
o’ =op’ (3c)
These three distributions will be compared to the experimental bubble population cumulative

number densities presented in Section 4.
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3.6 Test Conditions

The experimental conditions addressed in this study include four copy paper consistencies
of C=0,0.5, 1, and 1.5% flowing through the cocurrent bubble column. FXR images and bubble
size distributions were obtained at two column positions, the lower column region encompassed
H = 15-40 cm, while the upper column region included H = 115-140 cm. The superficial liquid
velocity (v,) is defined as the volumetric liquid flow rate divided by the column cross-sectional
area, and was fixed for all test conditions at v, = 2 cm/s, corresponding to a volumetric liquid flow
rate of 2.4 L/min. A similar definition defined the superficial gas velocity (v,), which was
specified at one of three values, v, = 1, 2, or 4 cm/s, corresponding to a volumetric gas flow rate
of 1.2, 2.4, or 4.8 standard L/min, respectively. Julien Saint Amand [7] indicates that in flotation
déinking equipment, superficial velocities range from 0.5 to 5 cm/s, with 1-2 cm/s being the most
common. The experiments completed in this study were selected to encompass this range. No
additional system chemistry (i.e., soaps, collectors, etc.) was added during the experiments. The

specific test conditions are summarized in Table 2.

4. RESULTS

Flash x-rays of an air/water and an air/water/copy paper system at various consistencies
(C=0.5, 1, and 1.5%) have been obtained in a cocurrent rectangular bubble column. Two
imaging locations were selected, H = 15-40 cm and H = 115-140 cm, where the column height, H,
is measured from the column bottom. The fluid (stock) flow rate was fixed for all experiments at a
superficial liquid velocity of v, = 2 cm/s. The air flow rate was set to one of three superficial gas
velocities of V, = 1, 2, or 4 cm/s. Individual consistency results will first be presented, and then

comparisons between the various consistencies will be made.

4.1 Air/Water stem

Representative FXR images of the air/water system at each column location and superficial

gas velocity are shown in Fig. 3. The 20 x 25.5 cm x-ray film is oriented such that the long
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dimension is in the flow direction. The film extended beyond the column width by 5 cm on each
side. These regions have been digitally removed from the images presented in this report to
increase clarity. As stated in previous reports [1, 2], the reproduced and reduced images do have
some loss of detail, but are provided here for qualitative observations and are representative of the
originals. All observations and measurements presented in this report are based on the original

FXR images, which are available at IPST.

Figure 3 reveals that all conditions show many “small” bubbles (the dark regions) and a
few “large” bubbles. The differentiation between these bubble classes will be detailed below. The
large bubbles oscillated in a serpentine pattern as they rose through the bubble column, creating
turbulent eddies as they rose. As the superficial gas velocity increased, the size of fhe large bubbles
increased and they rose much faster, increasing the turbulence in the column. This is reasonable
since more air is being introduced into the system over a given time period. The increase in
turbulence was more apparent between the 1 and 2 cm/s superficial gas velocities. Backmixing was
also observed at each superficial gas velocity, and was confined to the sides of the column, outside

the serpentine flow path. Dead zones were also observed in these regions where small bubbles
| became trapped in the backmixed flow. Eventually, these bubbles migrated into the main rise
region and rose with the other bubbles. These observations were apparent at both the lower (H =
15-40 cm) and upper (H = 115-140 cm) column regions. For a fixed superficial gas velocity, it

also appeared that the size of the large air bubbles increase from the lower to upper column region.

Image analysis was performed on each FXR image (and others) to determine individual
bubble sizes and bubble size distributions. Six FXR images were analyzed for each condition. The
resulting statistical data are summarized in Table 3, and the individual bubble size measurements
can be found in Appendix Al. One observation in Table 3 is that the maximum bubble size
(abbreviated by “Max” in the table) for each column position is larger than 20 mm, which
corresponds to the column depth. These large bubbles are influenced by the column walls and are
not spherical. It is also clear that the largest bubble size increases with increasing superficial gas

velocity and column height. Trends in the average bubble size are difficult to discern due to the
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large standard deviations in the data (abbreviated by “Stdev” in the table), which is a result of the

few very large bubbles present in each data set.

Bubble size distributions for these various conditions are shown in Fig. 4. The solid
symbols represent the lower column data (H = 15-40 cm), and the open symbols represent the
upper column data (H = 115-140 cm). The majority of the bubbles fall in the size range where the
equivalent bubble diameter is less than ~7 mm. Comparing the lower and upper column data in this
size range, the upper column distributions are shifted to slightly larger bubble sizes. Trends
between the different superficial gas velocities are difficult to quantify when the data are presented

in this fashion.

Figure 4 also shows that only a small percentage of the bubble population has an equivalent
bﬁbble diameter larger than 12 mm. This demarcation in size is significant for our column
geometry. Clift et al. [8] state that bubbles with an equivalent diameter d rising through a
cylindrical column of diameter D will be unaffected by the cylinder walls if d < 0.6D. Extending
this idea to a bubble rising between two parallel plates, wall effects could be neglected when d <
~ 0.6t, where t is the distance separating the parallel plates. Approximating the rectangular bubble
column used in this study as two parallel plates reveals that wall effects can be neglected when d <
12 mm. Therefore, “small” bubbles in this study will refer to those unaffected by wall effects (i.e.,

d < 12 mm) and “large” bubbles are those influenced by wall effects (i.e., d > 12 mm).

The bubble size number density distributions in Fig. 4 can easily be converted to
cumulative number density distributions, as shown in Fig. 5. This figure clearly shows the shift to
larger bubble sizes from the lower to upper column region for all superficial gas velocities. It is
hypothesized that this shift is due to bubble coalescence as they rise up the column. The effect of
superficial gas velocity on bubble size is not as clear. In the lower column region, the v, =2 cm/s
curve is the left-most curve, indicating a higher frequency of smaller bubbles than the other two
superficial gas velocities. The v, =4 cm/s curve is the right-most curve, implying a lower

frequency of smaller bubbles. However, the difference between the two curves is not too
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significant. In the upper column region, the cumulative bubble size distributions are similar for

each superficial velocity.

In Fig. 5, 95% of all bubbles for these conditions have an equivalent bubble diameter less
than 7 mm. Additionally, all cumulative number densities have a similar shape, suggesting that
they belong to the same distribution family. Equations (1) - (3) were used in an attempt to fit the
experimental data to normal, lognormal, and/or gamma distributions. These distributions are
discussed in detail in Section 3.5. The distribution parameters, obtained from the experimental data
and used in these equations, are summarized in Table 4. As shown in Fig. 6, the lognormal
distribution (the solid line) is the closest fit to the experimental data, but it is still unsatisfactory. It
is hypothesized that the few large bubbles present in the total bubble population have a significant
influence on the distribution parameters shown in Table 4. These parameter values produce the

skewed distribution fits.

Focusing on bubbles unaffected by wall effects (i.e., d < 12 mm) produces different
results. Table 5 represents the statistical summary of all the air/water data with equivalent bubble
~ diameters less than or equal to 12 mm. Note that the total number of bubbles with equivalent
bubble diameters greater than 12 mm (the last line in the table) is a small percentage of the bubble
population for each test condition. Neglecting these large bubbles, distribution parameters for the
normal, lognormal, and gamma distributions are generated and summarized in Table 6. Figure 7
displays these distributions and equivalent bubble size data for all air/water test conditions. All data
with negligible wall effects (d < 12 mm) are well characterized by the lognormal distribution with
the parameters shown in Table 6. The gamma distribution also follows the data closely, but not as

well as the lognormal distribution.

The lognormal parameters shown in Table 6 all have similar magnitudes. These values

were averaged for the lower, upper, and overall column |, ; and G, average values, producing

Lower Column Average: Wy = 1.11 (4a)
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o =0.38
Upper Column Average: wy =129
o =033
Overall Column Average: wy = 1.20
o = 0.36

(4b)
(52)
(5b)
(6a)
(6b)

Lognormal distributions with these parameters are shown in Fig. 8 with all of the air/water

data where d < 12 mm. As expected, the lower and upper column data are better described by the

lower (R? = 0.990) and upper (R* = 0.998) column average distributions, respectively, because

there are differences between the two column locations. However, since all data follow a similar

shape, the overall column average lognormal distribution (R* = 0.978) provides a good first-order

approximation to all air/water data where d < 12 mm.

4.2 0.5% Copy Paper System

Figure 9 shows representative FXR images of 0.5% copy paper fiber suspensions flowing

through the cocurrent bubble column at three different superficial gas velocities and two column

locations. These images are similar to the air/water images (Fig. 3). The large bubbles rose through

the column in a serpentine pattern and backmixing was apparent outside the serpentine rise region.

Increasing the superficial gas velocity produced a more turbulent flow, larger and more “large”

bubbles, and large bubbles occupying a wider column region as they rose. The number density of

small bubbles also appeared to decrease in the lower column region as the superficial gas velocity

increased, while the frequency of large bubbles increased. A significant difference was not
observed in the upper column region. Detailed comparisons of the consistency effects will be

presented in Section 4.5.

Six FXR images from each test condition were analyzed to determine the bubble size

distributions. The statistical summaries of these data are presented in Table 7 and the raw data are

found in Appendix A2. The maximum recorded bubble size increases with increasing superficial



Project F00903 13 Report 8

gas velocity and column height. Additionally, the maximum bubble size recorded in the 0.5% copy
paper suspension is larger than that in the air/water system for each superficial velocity and column
height. However, only a small percentage of the overall bubble population is considered to be large
(i.e., those influenced by wall effects —d > 12 mm). This is clearly shown in Fig. 10 where the
bubble size number density is shown for all 0.5% copy paper data. Less than 2.5% of each bubble
population has an equivalent diameter greater than 12 mm. The majority of the bubbles are less

than 8 mm in diameter, and similar trends are observed for all test conditions.

The similarity in the data is best shown when the bubble size cumulative number density is
plotted for all conditions (Fig. 11). The superficial gas velocity has a small influence on the bubble
size in the lower column region (H = 15-40 cm), where increasing the superficial gas velocity
shifts the bubble size to slightly larger diameters. This trend is not observed in the upper column
region (H = 115-140 cm), where the bubble size is unaffected by superficial gas velocity changes
in the range of 1 cm/s <, < 4 cm/s. Additionally, the bubble size distributions in the upper

column region fall in the middle of those observed in the lower column region.

The presence of fiber does have an effect on the large bubbles (d > 12 mm) in the column.
The large bubbles in the 0.5% consistency system are larger and occur at a slightly higher
frequency than those in the air/water system. It is hypothesized that any bubble size variations in
the small bubbles (d < 12 mm) observed in the lower column region are diminished due to
turbulent mixing in the presence of fibers. Turbulence is created primarily by the very large
bubbles that periodically ascend the column. These bubbles shed turbulent eddies that disrupt the
majority of the bubbles (i.e., the small bubbles). The presence of fibers hinders the coalescence of
the small bubbles (which was observed in the air/water system), and results in less variation in the
bubble size distributions for the various superficial gas velocities. This is not observed in the lower
column region because the very large bubbles that create the turbulence form as they rise through
the column. Hence, there is a development length that extends beyond the lower column region

where the FXR images are acquired.
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Figure 12 shows the attempt to fit all of the 0.5% copy paper data to known distributions
with the various parameters specified in Table 8. All three distributions do a poor job of describing
these data. However, neglecting those bubbles that are influenced by the column walls (d > 12
mm) improves the comparisons considerably. Table 9 summarizes the statistical data for all
bubbles < 12 mm. Note the last line in the table where only a small percentage of the total bubble
population for each test condition falls in the region where d > 12 mm. However, this percentage
has increased from that recorded for the air/water system under the same superficial velocity and
column height conditions. Using Egs. (1) - (3) and the parameters outlined in Table 10, Fig. 13
reveals the distribution comparisons for all data unaffected by wall effects in our experimental
setup. Observe how well the lognormal distribution characterizes the data for all test conditions at a

copy paper consistency of 0.5%.

The lognormal distribution parameters in Table 10 were averaged for the lower, upper, and

overall column data, resulting in:

Lower Column Average: My =116 (Ta)
on =0.40 (7b)
Upper Column Average: Uy = 1.17 (8a)
o =0.44 (8b)
Overall Column Average: KUy = 1.16 9a)
O =0.42 (9b)

These distributions, as well as all the 0.5% copy paper data where d < 12 mm, are shown
in Fig. 14. Since the upper column data fall in between the lower column data, the overall column
lognormal distribution does a very good job at describing the 0.5% experimental data. For
completeness, the R? values for the lower, upper, and overall column lognormal distributions are

0.990, 0.998, and 0.994, respectively.
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4.3 1% Copy Paper System

Figure 15 shows sample FXR images for the 1% copy paper suspension at two column
locations and three superficial gas velocities. The serpentine flow pattern and backmixing was also
observed at this consistency, but it was not as strong as that from the lower consistencies. Small
bubbles were observed in all radiographs. As observed at 0.5% consistency, the number density of
small bubbles decreased with increasing superficial gas velocity. Increasing the superficial gas
velocity generated larger “large” bubbles throughout the column. This result is also shown in Table
11, where the statistical data are summarized for these test conditions. Appendix A3 tabulates the
individual equivalent bubble diameter measurements. The few, large bubbles cause the bubble
population standard deviation to be very large, preventing any conclusions to be drawn from the

bubble size averages.

The bubble size number density is shown in Fig. 16. All data again follow the same general
trends: (1) the majority of the bubbles are less than ~8 mm in diameter with a peak between 2.5 and
3.5 mm, and (2) only a small percentage (< 3.5%) of the total bubble population from each test
condition is larger than 12 mm. However, the percentage of large bubbles has increased from that

observed at a copy paper consistency of 0.5%.

The bubble population similarity is better shown when the bubble population cumulative
number density is plotted (Fig. 17). The distributions are very similar for all test conditions. The
lower column region (H = 15-40 cm) may show a slight increase in bubble size with increasing
superficial gas velocity. However, in the upper column region (H = 115-140 c¢m), v, =2 cm/s
displays a shift to larger bubbles while v, = 4 cm/s does not. In general, the differences observed
for a superficial gas velocity range 1 cm/s <, <4 cr/s are small. The data for both column

heights follow the same general path until approximately the 60th percentile, where the upper

column region shifts to larger bubbles.

These data have been fitted to normal, lognormal, and gamma distributions using Egs. (1) -

(3). The resulting distribution parameters are tabulated in Table 12, and the corresponding



Project FO0903 16 Report 8

distributions and data are plotted in Fig. 18. These distributions do a poor job of describing the

data.

Following the procedures used with the 0 and 0.5% data, all 1% copy paper data with d >
12 mm were assumed to be influenced by the column walls and neglected. The resulting statistical
summary with d < 12 mm is shown in Table 13. Less than 3.5% of the bubble population was
eliminated through this process. However, using the distribution parameters shown in Table 14
and derived from the remaining data (i.e., d < 12 mm), the lognormal distribution follows the data

very closely (Fig. 19).

Averaging the lower, upper, and overall column lognormal distributions results in the

following distribution parameters:

Lower Column Average: My = 1.12 (10a)
| G, = 0.38 (10b)
Upper Column Average: My =1.14 (11a)
G,y = 0.45 (11b)

Overall Column Average: My =1.13 (12a)
Oy = 0.42 (12b)

These distributions are compared to all the 1% copy paper data with d < 12 mm in Fig. 20. The
three different distributions are almost identical up to the 60th percentile. Then the distributions
deviate slightly, where the lower column distribution (R* = 0.986) has a slight shift to the left,
while the upper column distribution (R* = 0.992) shifts to the right. However, the overall column
average lognormal distribution (R* = 0.986) is adequate to describe all the 1% copy paper data with

d<12 mm.

4.4 1.5% Copy Paper System

Representative 1.5% copy paper FXR images are shown in Fig. 21 for the three different

superficial gas velocities and two column heights addressed in this study. The same general trend



Project FO0903 17 Report 8

of increasing the maximum bubble size with increasing superficial gas velocity and column height
are shown here. Backmixing was not evident at this consistency, and the stock appeared to travel at
a “slower pace” (i.e., less turbulent) through the column. The serpentine rise pattern was also not
as pronounced compared to the lower consistencies. One observation at this consistency is that
small bubbles are observed at each test condition, but the number of small bubbles decreased
considerably from that observed at lower consistencies. At a fixed superficial gas velocity,
decreasing the number of small bubbles implies one of two possibilities: (1) the overall size of
large bubbles has increased or (2) the frequency of large bubbles has increased. Table 15 shows
that the maximum bubble size is actually less than that observed at a consistency of 1%.
Additionally, visual observations did reveal an apparent increase in the frequency of large bubbles.
The statistical summary shown in Table 15 also shows a relatively small bubble population size
even though the same number of FXR images (i.e., 6) were analyzed as with the other copy paper
consistencies. The individual measurements for the 1.5% copy paper consistency system are

tabulated in Appendix A4.

Figure 22 shows the bubble size number density for all 1.5% copy paper data. The general
trends are similar to those observed at the other copy paper consistencies, but there is much more
scatter for each bubble size range. This is due, in part, to the small population size as noted above.
Relative to the total bubble population, t_he number of bubbles with d > 12 mm is much larger than
previously observed, and is in the range of 6-12%. This would suggest an increase in the

frequency of this bubble size class.

The bubble size cumulative number density is shown in Fig. 23. The distribution
similarities are more evident when the data are plotted in this fashion, and they all follow the same

general trends.

Figure 24 uses Egs. (1) - (3) to compare normal, lognormal, and gamma distributions to
the 1.5% copy paper bubble size data. The distribution parameters used in these comparisons are

summarized in Table 16. All of these distributions provide a poor description of the data.
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Neglecting the bubble size data where d > 12 mm results in the statistical summary in Table
17. Note that this filtering neglects at most 12% of the bubble population data. The remaining data
have been used to generate normal, lognormal, and gamma distributions with the parameters
outlined in Table 18. These distributions are compared to the remaining data (i.e., d < 12 mm) in
Fig. 25. The lognormal distributions, using the parameters in Table 18, do an excellent job at

describing all the small bubble data (i.e., bubbles with equivalent diameters less than 12 mm).

The lognormal distributions have been combined to produce

Lower Column Average: Wy = 1.32 (13a)
on =044 : (13b)
Upper Column Average: Uy = 1.25 (14a)
oy = 0.49 (14b)
Overall Column Average: Wy =129 (15a3)
Oy =0.46 (15b)

These distributions are shown in Fig. 26 for all 1.5% copy paper data with d < 12 mm. The R?
~ values for the lower, upper, and overall column distributions are 0.990, 0.984, and 0.986,
respectively. The overall lognormal distribution does an adequate job at describing the experimental

data.

4.5 Consistency Comparisons

The effect of copy paper consistency is displayed for each superficial gas velocity for the
lower column region (H = 15-40 cm) in Figs. 27-29 and for the upper column region (H = 115-
140 cm) in Figs. 30-32. All figures show that the percentage of the total bubble population where
d > 12 mm increases as the consistency increasés, and the largest increase occurs from 1 to 1.5%
consistency. This is also evident when comparing the last lines of Tables 5, 9, 13, and 17. Figure
27 shows that the bubble size cumulative number density is similar for the 0, 0.5, and 1% copy

paper consistencies when the superficial gas velocity is v, = 1 cm/s. Increasing the consistency to
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1.5% produces the same general distribution shape, but shifted to larger bubble sizes and a much
larger percentage with d > 12 mm. These same general trends are observed in the lower column
region when the superficial gas velocity is increased to v, = 2 and 4 cm/s (Figs. 28 and 29,

respectively).

In the upper column region (Figs. 30-32), a different trend is observed. The first 50-70th
percentile of the 0% (air/water system) bubble population is larger than the bubbles in the fiber
suspensions. This is hypothesized to be the result of fibers preventing the coalescence of small
bubbles. Additionally, the 0.5-1.5% consistency suspensions have very similar bubble size
distributions in this region. At the larger bubble sizes, the 0% data begins to follow the 0.5 and 1%

data, whereas the 1.5% data deviate from it.

Eliminating those bubbles with d > 12 mm produces bubble size camulative number
densities that all follow similar trends (Figs. 33-38). These similarities are more evident when the
average lognormal distributions previously developed for each copy paper suspension are used.
Figure 39 reveals the average lognormal distributions for the lower column region. The 0, 0.5, and
1% average lognormal distributions are very close to one another, while the 1.5% distribution is
shifted to the right. All of the lower column data have been combined to provide an estimate of the

bubble size distribution, based on a lognormal distribution with

Lower Column Average: My = 1.18 (16a)
o x = 0.40 (16b)
This distribution is also shown in Fig. 39 and is labeled “Overall Average”. Note that this
lognormal distribution does a good job at matching the average distributions for each consistency.
The largest discrepancy occurs with the 1.5% average distribution. The lower column average
lognormal distribution with the parameters shown above is shown in Fig. 40 with all of the lower

column data and has an R? value of 0.972.

Figure 41 displays the average lognormal distributions for the upper column region. The

0.5 and 1% distributions follow each other very closely over the entire bubble size range. The
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1.5% consistency distribution follows these distributions in the smaller bubble sizes, while the 0%
distribution follows them in the larger bubble sizes. Combining all the upper column data yields an

overall average lognormal distribution with

Upper Column Average: Hy = 1.21 (17a)
o =043 (17b)
This distribution provides a good estimate of the bubble size distribution and is shown in Fig. 42

with all of the upper column data. The resulting curve fit has an R? value of 0.984.

Similar comparisons have been made of the average lognormal distributions for the
combined lower and upper column region data (Fig. 43). The 0, 0.5, and 1% average lognormal
distributions all follow similar trends over the entire bubble size range, and the 1.5% average
lognormal distribution has a shift to larger bubble sizes. Combining all of the experimental bubble

size data obtained in this study provides a single lognormal distribution with

Overall Column Average: Uy =120 (18a)
o n =041 (18b)
* This distribution is independent of column position, superficial gas velocity, and copy paper
consistency for the conditions addressed in this study and provides a good approximation of the
bubble size. It is shown in Fig. 43 as the “Overall Average” curve and plotted in Fig. 44 with all of

the experimental data. This curve-fit has an R? value of 0.978.

4.6 Comparisons to Quiescent Bubble Column Data

The Northern Bleached Softwood Kraft (NBSK) data discussed in Report 5 [2] has been
revisited to compare the bubble size distributions obtained in this study with those from previous
research. Only the NBSK sparger data in Report 5 will be used in these comparisons for the
following reasons: (1) the data were obtained in a consistency range (0-1.5%) consistent with that

of this study; (2) 1% copy paper and 1% ONP suspensions were shown to have similar bubble
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size distributions to that obtained with 1% NBSK in the quiescent bubble column; and (3) the

sparger provided a more repeatable air injection method than the gasket.

The quiescent bubble column used in Report 5 allowed for no bulk fluid movement (i.e.,
v, =0). The superficial gas velocity was v, = 0.83 cm/s, corresponding to a volumetric gas flow
rate of 2 standard L/min. The bubble size number density is shown in Fig. 45 for reference, and is
the same data as that in Fig. 76 of Report 5 [2]. The major result of Fig. 45 is the similarity in the

bubble size distributions for the various NBSK consistencies.

Figure 46 shows these data plotted as bubble size cumulative number densities. All
consistencies follow the same cumulative number density curve up to approximately the 55th
pe;rcentile. The different consistencies eventually asymptote to different constant cumulative
number densities when d < 12 mm. The few remaining bubbles in the population comprise the
large bubbles with d > 12 mm. Additionally, the number of these large bubbles increases as

consistency increases, which was also observed in the cocurrent bubble column.

Equations (1) - (3) were used to fit normal, lognormal, and gamma distributions to these
~ data. The resulting distribution parameters are summarized in Table 19. Figure 47 shows the
distribution comparisons to the experimental data. For the air/water data (0% consistency), the
normal distribution is adequate for describing the bubble size distribution, but the lognormal and
gamma distribution follow the experimental data more closely. When these three distributions are
used to characterize the bubble size distribution in the 0.5% NBSK suspension, the lognormal
distribution does the best job of following the experimental data, but it is still not very good. The
discrepancy between the data and the various distributions becomes even larger as the NBSK
consistency increases and is due to the increased presence of the large bubbles as consistency

increases.

By neglecting the small number of bubbles in each NBSK bubble population with d > 12
mm, the cumulative number densities of each NBSK distribution with d £ 12 mm are shown in

Fig. 48. Normal, lognormal, and gamma distributions are also shown for each NBSK
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consistency. The specific parameters used to generate these distributions are shown in Table 20.

All of the data are best predicted by the lognormal distribution.

Combining all the NBSK data with d < 12 mm and a consistency range of 0-1.5% yields

an average lognormal distribution with the following parameters

NBSK Quiescent Column Average: W, = 1.03 (18a)
O n =045 (18b)
This distribution and all the NBSK data with d < 12 mm are shown in Fig. 49. This lognorﬁlal
distribution does an excellent job (R* = 0.995) of characterizing the NBSK bubble size distribution
for all consistencies up to 1.5% and d < 12 mm. It is valid for the quiescent bubble column with v,
=0.83 cm/s. The data deviate from the lognormal distribution only after the 70th percentile is

reached.

Figure 50 compares the average lognormal distribution from the NBSK data to the lower,
upper, and overall column average lognormal distributions obtained with copy paper in the
cocurrent bubble column. The cocurrent bubble column data have a much wider spread due to the
~ variations in superficial gas velocity, column height, and consistency, but the average lognormal
distributions in Fig. 50 provide a good estimate of the bubble size. The quiescent bubble column
provides a slightly smaller bubble size, possibly due to the lower superficial gas velocity used in
this column. However, in general, the lognormal distributions used to describe the bubble size in
the two different experimental setups are very similar, suggesting only a slight difference between
the two conditions. This is rather surprising considering the differences between the experimental

conditions.

5. CONCLUSIONS

A large amount of bubble size data has been obtained using flash x-ray radiography and a
cocurrent bubble column filled with fiber suspensions. Four copy paper consistencies (C =0, 0.5,

1, and 1.5%), two column positions (H = 15-40 cm and H = 115-140 cm), and three superficial
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gas velocities (v, = 1, 2, and 4 cm/s) were considered in this study. The general conclusions from

this investigation include:

+ The bubbles recorded in this study fall into two bubble size classes: (1) those affected by
the column walls termed large bubbles (d > 12 mm), and (2) those unaffected by the
column walls and called small bubbles (d < 12 mm).

+ The largest recorded bubbles generally increased in size with increasing superficial gas

velocity, column height, and copy paper consistency.

+ The number of large bubbles comprised a small percentile of the overall bubble population

and increased with increasing copy paper consistency.

'« All small bubbles (d < 12 mm) for each test condition were well characterized by a

lognormal distribution (Eq. (2)).

» All small bubble data obtained in this study can be approximated by a lognormal
distribution (Eq. (2)) with P, = 1.20 and 6; = 0.41. This distribution has an R? value of
0.978 and is independent of column position, superficial gas velocity, and copy paper

consistency for the conditions addressed in this study.

+ The bubble size distributions obtained in the cocurrent bubble column used in this study are
similar to those obtained using Northern Bleached Softwood Kraft with the sparger air

injector in a quiescent bubble column (Report 5 [2]).

6. FUTURE FXR STUDIES

We have shown that the size of small bubbles (d < 12 mm) can be characterized by a
lognormal distribution and is (relatively) independent of copy paper consistency, column location,
and superficial gas velocity. The next step is to verify this result for selected superficial liquid

velocities and fiber types. One additional superficial liquid velocity should be investigated while



Project FO0903 24 Report 8

fixing the fiber consistency and type at 0.5% copy paper and the superficial gas velocity at 2 cm/s.

Selected experiments with one additional fiber type (ONP) should also be completed.

After these tests are completed, methods to reduce and/or eliminate the large bubbles in the
system should be investigated. This would allow more surface area to be available to which
contaminants can attach for a given gas input. It is hypothesized that this will increase the removal
efficiency from flotation deinking cells. Alternately, the volumetric gas flow rate could be reduced

while maintaining the same removal efficiency.

It is also recommended that the FXR techniques developed in this work be extended to
other areas relevant to the pulp and paper industry. Two areas of high interest include bubble size
control in oxygen-based bleaching technologies and gas removal from coating flows. In oxygen-
bésed bleaching, FXR can be used to determine the bubble size under actual operating conditions.
This information could then be used to develop bubble size control strategies to improve selectivity
toward lignin, reduce cellulose degradation, and provide more complete delignification. In coating
flows, the presence of air bubbles can produce severe reductions in product quality. Therefore,
~ deaerators are typically used to remove air from the coating before being applied to a substrate.
FXR can be used to determine coating deaerator effectiveness, and to develop better air removal

techniques.
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Table 1:

26

density distributions and plotted in Fig. 2.

x Value Number of Number Cumulative Number
Occurrences | Density (%) Density (%)
1 4 2 2
2 14 7 9
3 32 16 25
4 48 24 49
5 44 22 71
6 30 15 86
7 16 8 94
8 8 4 98
9 4 2 100
10 0 0 100
Total 200 100 -

Report 8

Generic data to show the relationship between number density and cumulative number
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Table 2:  Experimental conditions investigated in this study.

Copy Paper Superficial Liquid | Superficial Gas Column

Consistency Velocity (cm/s) Velocity (cm/s) Location (cm)
0% 2 1 H = 15-40
0% 2 l H = 115-140
0% 2 2 H =15-40
0% 2 2 H=115-140
0% 2 4 H = 15-40
0% 2 4 H = 115-140
0.5% 2 ! H = 15-40
0.5% 2 ! H = 115-140
0.5% 2 2 H = 15-40
0.5% 2 2 H = 115-140
0.5% 2 4 H = 15-40
0.5% 2 4 H = 115-140
1% 2 1 H = 15-40
1% 2 l H = 115-140
1% 2 2 H = 1540
1% 2 2 H = 115-140
1% 2 4 H = 15-40
1% 2 4 H = 115-140
1.5% 2 l H = 1540
1.5% 2 l H = 115-140
1.5% 2 2 H =15-40
1.5% 2 2 H = 115-140
1.5% 2 4 H = 15-40
1.5% 2 4 H =115-140

Report 8
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Table 3:  Statistical data for all of the air/water (0% consistency) data.
Position (cm) 15-40 | 15-40 | 15-40 [|115-140|115-140{115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Average (mm) 350 | 3.23 | 3.84 | 418 | 4.01 | 3.87
Median (mm) 3.10 | 2.80 | 3.27 || 3.82 | 3.53 | 3.61
Min (mm) 1.01 | 1.02 | 1.00 || 1.20 1.31 1.06
Max (mm) 33.90 | 39.26 | 39.74 || 35.90 | 57.04 | 64.00
Stdev (mm) 227 | 273 | 345 || 253 | 354 | 2.14
Var (mm?) 5.15 | 7.46 | 11.89 || 6.42 | 12.53 | 4.57
Count 947 800 785 761 954 1350

Table 4:  Distribution parameters used in Egs.(1) - (3) for all air/water (0% consistency) data and

plotted in Fig. 6.

Position (cm) 15-40 | 15-40 | 15-40 [[115-140|115-1401115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Normal Distributions
Ll 350 | 3.23 | 3.84 || 4.18 | 4.01 | 3.87
c 227 | 273 | 3.45 | 253 | 354 | 214
Lognormal Distributions
W n 1.08 | 090 | 1.05 1.28 1.10 | 1.22
Oixn 059 | 073 | 0.77 |f 0.56 | 0.76 | 0.52
Gamma Distributions
o 238 | 140 | 124 | 273 | 128 | 328
B 1.47 | 231 | 3.09 JL1.53 3.12 | 1.18
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Table 5:  Statistical data for all of the air/water (0% consistency) data with d < 12 mm.

Position (cm) 15-40 | 15-40 | 15-40 [[115-140{115-140/115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Average (mm) 331 | 2.98 | 3.49 || 400 | 3.76 | 3.81
Median (mm) 3.09 | 279 | 3.26 || 3.81 | 3.52 | 3.61
Min (mm) 1.01 | 1.02 | 1.00 | 1.20 | 1.31 | 1.06
Max (mm) 1112 [ 11.95 | 10.88 |f 11.44 | 11.19 | 11.35
Stdev (mm) 130 | 1.19 | 142 f 1.38 | 1.28 | 1.32
Var (mm?) 168 | 1.41 | 203 [ 1.90 | 1.65 | 1.74
Count 936 | 791 | 774 || 754 | 947 | 1347
Bubbles > 12 mm (%) 12 | 11 1.4 | 09 | 07 | 02

Table 6:  Distribution parameters used in Egs.(1) - (3) for the air/water data with d < 12 mm and

plotted in Fig. 7.

Position (cm) 15-40 | 15-40 | 15-40 "115-140 115-1401115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Normal Distributions
! 331 | 298 | 3.49 || 400 | 3.76 | 3.81
o] 1.30 | 1.19 | 1.42 1.38 1.28 | 1.32
Lognormal Distributions 4 ’>
e 113 [ 102 | 117 || 1.33 | 1.27 | 128
OLn 0.38 | 0.38 | 039 || 0.34 | 0.33 | 0.34
Gamma Distributions
o 6.52 | 630 | 6.00 || 8.40 | 857 | 8.34
B 0.51 | 047 | 058 || 0.48 | 0.44 | 0.46
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Table 7:  Statistical data for all air/water/0.5% copy paper data.
Position (cm) 15-40 | 15-40 | 15-40 [[115-140{115-1401115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Average (mm) 353 | 3.83 | 439 || 3.66 | 3.88 | 4.17
Median (mm) 3.00 | 3.25 | 3.58 |f 3.17 | 3.23 | 3.35
Min (mm) 1.01 | 1.02 | 1ot [{ 1.04 | 1.08 | 1.00
Max (mm) 43.04 | 49.81 | 53.25 || 56.81 | 76.51 | 75.71
Stdev (mm) 342 | 359 | 479 || 3.23 | 431 | 535
Var (mm?) 11.66 | 12.90 | 22.98 || 10.41 | 18.60 | 28.64
Count 899 1111 | 988 781 934 861

Table 8:  Distribution parameters used in Egs.(1) - (3) for all 0.5% copy paper data and plotted in

Fig. 12.
Position (cm) 15-40 | 15-40 | 15-40 [[115-140}115-1401115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Normal Distributions
W 3.53 | 3.83 | 4.39 3.66 | 3.88 | 4.17
c 342 | 3.59 | 479 323 | 431 | 535
Lognormal Distributions
T 0.93 1.03 1.09 1.01 | 095 | 0.94
Orn 0.81 | 0.79 | 0.89 ) 0.76 | 0.90 | 0.99
Gamma Distributions
o 1.07 1.13 | 0.84 1.29 | 0.81 | 0.61
B 331 | 337 | 5.23 2.84 | 480 | 6.87
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Table 9:  Statistical data for all air/water/0.5% copy paper data with d < 12 mm.
Position (cm) 15-40 | 15-40 | 15-40 [|115-140]115-140{115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Average (mm) 3.20 | 3.46 3.76 3.42 3.53 3.67
Median (mm) 2.98 322 | 3.54 || 3.14 3.21 3.31
Min (mm) 1.01 1.02 1.01 1.04 1.08 1.00
Max (mm) 11.05 ] 11.93 | 10.50 || 11.69 | 10.98 | 11.36
Stdev (mm) 1.42 1.39 1.55 1.52 1.60 1.74
Var (mm?) 2.01 1.94 | 2.39 2.30 2.57 3.04
Count 888 | 1095 | 966 [ 772 | 922 | 848
Bubbles > 12 mm (%) 12 | 14 [ 22 || 12 | 13| 15

mm and plotted in Fig. 13.

Table 10: Distribution parameters used in Egs.(1) - (3) for the 0.5% copy paper data with d <12

Position (cm) 15-40 | 15-40 | 15-40 [|115-140{115-1401115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Normal Distributions
i 320 | 3.46 | 3.76 || 3.42 | 3.53 | 3.67
c 142 | 1.39 | 1.55 1.52 | 1.60 | 1.74
Lognormal Distributions "
[T 1.07 | 1.17 | 1.25 1.14 | 1.17 | 1.20
(o 042 | 039 | 039 |f 0.42 | 043 | 045
Gamma Distributions
o 5.09 | 6.16 | 5.93 I 5.06 | 484 | 4.44
B 0.63 | 0.56 | 0.63 H 0.67 | 0.73 | 0.83
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Table 11: Statistical data for all air/water/1% copy paper data.
Position (cm) 15-40 | 15-40 | 15-40 [[115-140|115-140{115-140
Superficial Liquid Velocity (cm/s) 2 2 2 | 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Average (mm) 399 | 4.10 | 4.29 l>3.95 4.13 | 4.16
Median (mm) 274 | 320 | 323 |[ 297 | 334 | 2.86
Min (mm) 1.08 | 1.15 1.33% 1.06 | 1.05 | 1.21
Max (mm) 40.79 | 48.07 [ 67.30 || 52.28 | 62.14 | 96.52
Stdev (mm) 575 | 5.15 | 528 || 459 | 3.93 | 7.32
Var (mm?) 33.02 | 26.50 | 27.90 || 21.10 | 15.47 | 53.52
Count 267 | 441 | 637 || 494 | 510 | 496

Table 12: Distribution parameters used in Egs.(1) - (3) for all 1% copy paper data and plotted in

Fig. 18.
Position (cm) 15-40 | 15-40 | 15-40 “115—140 115-1401115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Normal Distributions
1l 399 | 410 | 429 || 395 | 4.13 | 4.16
c 575 | 5.15 | 528 || 459 | 393 | 7.32
Lognormal Distributions
[T 0.82 | 094 | 099 || 0.95 | 1.10 | 0.72
Orn 1.06 | 097 | 096 || 0.92 | 0.80 | 1.19
Gamma Distributions
o 0.48 | 0.63 | 0.66 “ 0.74 | 1.10 | 0.32
B 8.27 | 6.46 | 651 || 534 | 3.74 | 12.86
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Table 13:  Statistical data for the air/water/1% copy paper data with d < 12 mm.

Report 8

Position (cm) 15-40 | 15-40 | 15-40 [[115-140{115-140{115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Average (mm) 297 | 334 [ 357 | 339 | 371 | 333
Median (mm) 269 | 3.17 | 3.19 || 293 | 3.26 | 2.84
Min (mm) 108 | 1.15 [ 1.33 [ 1.06 | 1.05 | 1.21
Max (mm) 11.41 | 10.28 | 11.65 [ 10.32 | 12.00 | 11.92
Stdev (mm) 119 | 126 | 143 || 1.47 | 171 | 1.80
Var (mm?) 142 | 1.58 | 2.04 | 2.15 | 2.93 | 3.25
Count 258 | 430 | 621 || 482 | 498 | 485
Bubbles > 12 mm (%) 34 | 25 | 25 || 24 | 24 | 22

Table 14: Distribution parameters used in Egs.(1) - (3) for the 1% copy paper data with d < 12

mm and plotted in Fig. 19.

Position (cm) 15-40 | 15-40 | 15-40 [[115-140{115-140{115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Normal Distributions
m 297 | 334 | 357 || 339 | 3.71 | 3.33
c 1.19 | 126 | 143 || 1.47 | 1.71 | 1.80
Lognormal Distributions
e x 1.01 | 1.14 | 120 |f 1.13 | 1.21 | 1.08
Opx 039 | 036 [ 0.39 [ 0.41 | 0.44 | 051
Gamma Distributions
o 6.18 | 7.05 | 6.24 l 533 | 468 | 3.42
B 048 | 0.47 | 0.57 |L0.64 0.79 | 0.97
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Table 15: Statistical data for all air/water/1.5% copy paper data.

Position (cm) 15-40 | 15-40 | 15-40 [[115-140{115-140/115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 }7 1 2 4
Average (mm) 636 | 7.16 | 6.25 || 5.69 [ 5.49 [ 5.49
Median (mm) 363 | 3.82 | 401 || 3.22 | 3.74 | 3.32
Min (mm) 136 | 122 | 1.01 |f 1.48 | 1.31 | 1.64
Max (mm) 60.18 | 61.61 | 53.86 || 62.55 | 78.341| 79.70
Stdev (mm) 10.01 | 10.13 | 7.90 |[ 9.01 | 6.73 | 8.85
Var (mm?) 100.13 | 102.54 | 62.48 || 81.21 | 45.28 | 78.37
Count 114 | 124 | 216 || 124 | 211 | 242

TThe entire bubble was not captured on the radiograph (see Fig. 21).

Table 16: Distribution parameters used in Eqgs.(1) - (3) for all 1.5% copy paper data and plotted in

Fig. 24.
Position (cm) 15-40 | 15-40 | 15-40 [|115-140{115-1401115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Normal Distributions
! 636 | 7.16 | 6.25 | 5.69 | 549 | 549
c 10.01 | 10.13 | 7.90 || 9.01 | 6.73 | 8.85
Lognormal Distributions
M 123 | 142 | 136 || 1.11 | 1.24 | 1.06
Oox 112 | 105 [ 098 | 1.12 | 096 | 1.13
Gamma Distributions
o 0.40 | 0.50 | 0.63 || 0.40 | 0.66 | 0.38
B I 1575 | 14.32 | 10.00 || 14.27 | 8.25 | 14.29
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Table 17: Statistical data for the air/water/1.5% copy paper data with d <12 mm.

Report 8

Position (cm) 15-40 | 15-40 | 15-40 [f115-140|115-140{115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Average (mm) 389 | 4.17 | 436 || 3.74 | 423 | 3.89
Median (mm) 343 | 3.56 | 3.89 || 3.12 | 3.55 | 3.18
Min (mm) 136 | 1.22 | 1.01 [ 1.48 [ 1.31 | 1.64
Max (mm) 10.34 | 11.89 | 10.93 [ 11.36 | 11.05 | 11.73
Stdev (mm) 1.80 | 2.08 | 1.90 [ 1.76 | 2.28 | 2.10
Var (mm?) 323 | 433 | 3.62 || 3.08 | 5.19 | 4.40
Count 106 [ 110 | 199 || 115 | 197 | 227
Bubbles > 12 mm (%) 70 | 113 | 79 || 7.3 62 | 62

mm and plotted in Fig. 25.

Table 18: Distribution parameters used in Eqs.(1) - (3) for the 1.5% copy paper data with d < 12

Position (cm) 15-40 | 15-40 | 15-40 ||I115-140]115-140{115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Normal Distributions
T 3.89 | 4.17 | 436 || 3.74 | 423 | 3.89
c 1.80 | 2.08 | 1.90 1.76 | 2.28 | 2.10
Lognormal Distributions
T 1.26 | 1.32 | 1.38 1.22 | 1.31 1.23
Lo 0.44 | 0.47 | 042 ll 0.45 | 0.51 | 0.51
Gamma Distributions
o 469 | 401 | 525 || 452 | 3.44 | 3.43
B 0.83 | 1.04 | 0.83 || 083 [ 1.23 | 1.13
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Table 19: Distribution parameters used in Egs.(1) - (3) for the NBSK data from Report 5 [2] and
plotted in Fig. 47.

NBSK Consistency (%) 0 0.5 1 1.5
Superficial Liquid Velocity (cm/s) 0 0 0 0
Superficial Gas Velocity (cm/s) 0.83 | 0.83 | 0.83 0.83
Normal Distributions
U 3.03 | 3.53 | 416 | 6.26
c 1.24 | 3.65 | 5.82 | 9.29
Lognormal Distributions
TH 1.03 | 090 | 0.88 1.25
Oin 0.39 | 0.85 1.04 | 1.08
Gamma Distributions
o 597 | 094 | 0.51 | 0.45
B ~f 0.51 | 3.77 8.14 | 13.8

Table 20: Distribution parameters used in Egs.(1) - (3) for the NBSK data from Report 5 [2] with
d £ 12 mm and plotted in Fig. 48.

NBSK Consistency (%) 0 0.5 1 1.5
Superficial Liquid Velocity (cm/s) 0 0 0 0
Superficial Gas Velocity (cm/s) 0.83 | 0.83 | 0.83 0.83
Normal Distributions
n 3.03 | 299 | 3.07 | 3.28
c 1.24 | 1.17 1.61 1.87
Lognormal Distributions
T 1.03 1.03 1.00 | 1.05
Lo 0.39 | 0.37 0.49 | 0.53
Gamma Distributions
o 5.97 | 6.53 3.63 | 3.07
B 0.51 | 046 | 0.84 | 1.07
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9. FIGURES

bubble column dimensions:
H:2m; W: 10 cm; D: 2 cm

1

flash x-ray unit
mounted in a vertical
positioning holder

Report 8
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Figure 1: Schematic of the experimental setup.
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inlet
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Figure 2: Number density and cumulative number density example plots from the generic data in
Table 1.
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Figure 3: FXR image of the air/water system at different superficial gas velocities and column
heights.
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Figure 9: FXR image of the air/water/0.5% copy paper system at different superficial gas
velocities and column heights.
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Figure 10: Bubble size number density distributions for all air/water/0.5% copy paper data
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Figure 11: Bubble size cumulative number density distributions for all air/water/0.5% copy paper
data obtained in this study.
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Figure 15: FXR image of the air/water/1% copy paper system at different superficial gas velocities
and column heights.
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Figure 16: Bubble size number density distributions for all air/water/1% copy paper data obtained
in this study.
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data obtained in this study.
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Figure 20: Average lognormal distribution comparisons to the air/water/1% copy paper data with d
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Figure 21: FXR image of the air/water/1.5% copy paper system at different superficial gas
velocities and column heights.
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Figure 22: Bubble size number density distributions for all air/water/1.5% copy paper data
obtained in this study.
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Figure 23: Bubble size cumulative number density distributions for all air/water/1.5% copy paper
data obtained in this study.
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Figure 24: Normal, lognormal, and gamma distribution curve fits to all air/water/1.5% copy paper
data obtained in this study. Each plot represents a different superficial gas velocity and
column height condition.
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Figure 25: Normal, lognormal, and gamma distribution curve fits to the air/water/1.5% copy paper
data with d < 12 mm. Each plot represents a different superficial gas velocity and
column height condition.
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Figure 26: Average lognormal distribution comparisons to the air/water/1.5% copy paper data with
d <12 mm.
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Figure 27: Effect of copy paper consistency on the bubble size cumulative number density for
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Figure 30: Effect of copy paper consistency on the bubble size cumulative number density for
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Figure 31: Effect of copy paper consistency on the bubble size cumulative number density for
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Figure 32: Effect of copy paper consistency on the bubble size cumulative number density for
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Figure 33: Effect of copy paper consistency on the bubble size cumulative number density for all
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Figure 34: Effect of copy paper consistency on the bubble size cumulative number density for all
bubbles with d < 12 mm and v, =2 cm/s and H = 15-40 cm.
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Figure 35: Effect of copy paper consistency on the bubble size cumulative number density for all
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Figure 36: Effect of copy paper consistency on the bubble size cumulative number density for all
bubbles with d £ 12 mm and v, = 1 cm/s and H = 115-140 cm.
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Figure 37: Effect of copy paper consistency on the bubble size cumulative number density for all
bubbles with d < 12 mm and v, =2 cm/s and H = 115-140 cm.
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Figure 38: Effect of copy paper consistency on the bubble size cumulative number density for all
bubbles with d <12 mm and v, =4 cm/s and H = 115-140 cm.
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Figure 39: The average lognormal distributions in the lower column region (H = 15-40 cm) for all
Copy paper consistencies.
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Figure 40: All lower column (H = 15-40 cm) experimental data compared to the overall average
lognormal distribution for the lower column region.
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Figure 41: The average lognormal distributions in the upper column region (H = 115-140 cm) for
all copy paper consistencies.
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Figure 42: All upper column (H = 115-140 cm) experimental data compared to the overall average
lognormal distribution for the upper column region.
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regions and all copy paper consistencies.
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Figure 45: Bubble size number densities obtained using NBSK in a quiescent bubble column with
sparger air injection [2].
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Figure 46: Bubble size cumulative number densities using NBSK in a quiescent bubble column
with sparger air injection.
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Figure 47: Normal, lognormal, and gamma distribution curve fits to all NBSK data obtained in a
quiescent bubble column with sparger air injection.
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Figure 48: Normal, lognormal, and gamma distribution curve fits to all NBSK data with d < 12
mm and obtained in a quiescent bubble column with sparger air injection.
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Figure 49: The average lognormal distribution for all NBSK data with d £ 12 mm and obtained in
a quiescent bubble column with sparger air injection.
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Appendix Al - Equivalent Bubble Size Measurements for the Air/Water System

This appendix tabulates the equivalent bubble diameter measurements recorded for the
air/water system flowing through the cocurrent bubble column. Table Al.1 summarizes the
equivalent bubble diameter number density for all bubble diameters. Table A1.2 tabulates the
equivalent bubble diameter number density for all data with d < 12 mm. Table Al.3 presents all of

the equivalent bubble diameter measurements obtained from the FXR images.
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Table Al. 1. Summary of the equivalent bubble diameter number density for all the air/water data
obtained in this study.
Copy Paper Consistency (%) 0 0 0 0 0 0|
Column Position (cm) 15-40 | 15-40 | 15-40 |115-140 | 115140 | 115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Bubble Size Range (mm) Equivalent Bubble Diameter Number Densty (%)
0<d<1 00 | 00 | 00 | 00 | 00 [ 0.0
1<d<15 44 | 39 | 24 | o7 | o5 | 06
15<d <2 63 | 111 | 70 | 1.6 | 26 | 36
2<d<25 12.61 21.8 | 144 | 87 | 96 | 86
25<d <3 22.7 [23.0 | 166 | 122 | 151 | 140
3<d<35 190 | 159 | 173 | 143 [ 211 | 187
3.5<d<4 118 | 91 | 131 | 184 | 161 | 172
4<d<45 83 | 65 | 102 | 152 | 11.9 | 133
45<d <5 46 | 25 | 60 | 109 | 93 | 86
5<d<55 33 | 23 | 46 | 59 | 50 | 58
55<d <6 19 [ 05 | 19 | 38 | 20 | 39
6<d <65 1.2 | 09 | 14 | 30 | 18 | 19
65<d <7 1.1 | 00 | 06 | 122 | 15 | 13
7<d<75 06 | 03 | 08 | 09 | 09 0.4
75<d<8 02 | 03| o8 | 08 | 05 | 05
8<d<85 0.1 | 03 | 0.4 0.3 0.3 0.4
85<d <9 00 | 04 | 05 0.0 0.1 0.4
9<d<95 02 | o1 | 01 0.3 0.5 0.1
95 <d <10 S| oot | o1 01 01 02
10 <d < 105 oo. | 0o | oo 04 | 0.0 0.0
105 <d <11 2. | 00 | 0.4 0.1 0.0 0.1
11<d <115 0. | oo | 00 | 03 | o1 0.1
115 <d <12 00 | 01 | 00 0.0 0.0 0.0
d> 12 12 | 1. | 1.4 | 09 | o7 0.2
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Table A1.2:  Summary of the equivalent bubble diameter number density for the d < 12 mm
air/water data obtained in this study.

Copy Paper Consistency (%) 0 0 0 0 0 0
Column Position (cm) 15-40 | 15-40 | 15-40 | 115-140| 115-140| 115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Bubble Size Range (mm) Equivalent Bubble Diameter Number Density (%)
0<d<1 0.0 0.0 0.0 0.0 0.0 0.0
1<d<15 4.5 39 | 25 0.7 0.5 0.6
1.5<d<2 6.4 11.3 7.1 1.6 2.6 3.6
2<d<25 12.7 22.0 | 14.6 8.8 9.7 8.6
25<d<3 23.0 | 23.3 | 16.8 12.3 15.2 14.0
3<d<35 19.2 16.1 17.6 14.5 21.2 18.8
35<d<4 12.0 9.2 13.3 18.6 16.3 17.2
4<d<45 8.4 6.6 10.3 15.4 12.0 13.4
45<d<5 4.7 2.5 6.1 11.0 9.4 8.6
5<d<55 3.3 2.3 4.7 6.0 5.1 5.8
55<d<6 1.9 0.5 1.9 3.8 2.0 3.9
6<d<6.5 1.2 0.9 1.4 3.1 1.8 1.9
65<d<7 1.1 0.0 0.6 1.2 1.5 1.3
7<d<7.5 0.6 0.3 0.8 0.9 1.0 0.4
75<d<8 0.2 0.3 0.8 0.8 0.5 0.5
8<d<85 0.1 0.3 0.4 0.3 0.3 0.4
8.5<d<9 0.0 0.4 0.5 0.0 0.1 0.4
9<d<95 0.2 0.1 0.1 0.3 0.5 0.1
95<d<10 0.0 0.1 0.1 0.1 0.1 0.2
10<d<10.5 0.1 0.0 0.0 0.4 0.0 0.0
10.5<d<11 0.2 0.0 0.4 0.1 0.0 0.1
11<d<11.5 0.1 0.0 0.0 0.3 0.1 0.1
11.5<d< 12 0.0 0.1 0.0 0.0 0.0 0.0
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Table A1.3:  Equivalent bubble diameter data for the air/water system flowing through the
cocurrent bubble column. The data are sorted by bubble size.

Copy Paper 0JO0JOJOJoOJoO 61 T80 1.76 ] 192] 241 [ 2.22] 2.03
Consistency (%) ) T30 LT 193222 [ 222 203
Column Position T3-40{13-30{ 15-40] 115- | 115-| 115- &3 181|177 193] 2.42 | 2.22] 2.03
(cm) 140 | 140 | 140 [} T8 | 1.77] 1.95] 2.42 | 2.23 | 2.04
Superficial Liquid 221212127132 6 T.31 | 1.77 ] 1.9512.42 [ 2.23] 2.04
Velocity (cm/s) [ 183 | 1.78| 1.06| 2.43 | 2.23 | 2.04
5‘2?33%3‘2 n(:’/g Tr2yp411vy)127]+4 67 183 | 1.78 ]| 1.97| 2.43 | 2.23 | 2.05
Bubble Count Equivalent Bubble Diameter (mm) gg }gj i;’g }g; %22 %%g %%
T T.01 [ 1.02] 1.00] 1.20 ] 1.31 ] 1.06 Al R =8 B : -
0 T84T 01971243 | 225 2.08
) T3 [ 1.04| 1.03| 131 | 1.381 1.06
71 1.85]1.79 | 1.99] 2.44 | 2.26] 2.06
3 T.05 | 1.06 | 1.06] 1.39 | 1.39 | L.10 7 WIS DL BN E VTR NI WA
7 T06]1.06| 1.03 | 1.47 | 1.39| 1.10 SSEES s : :
73 188 [1.80 | 1.99 | 2.45 [ 226 | 2.07
3 1.06 | 1.06 | 1.12 | 1.49 | 1.45 ] 1.17
74 T80 [1.80| 1.99 | 2.46 | 2.27] 2.07
g TOS [ 107 113|170 | 133 | 1.41 -
73 T.80 | 1.81 | 2.01] 2.46 | 2.29 | 2.00
7 T08 [ 1.09| 1.14| 1.71 | 1.57 | 1.48 - K2 BRI 8 W8 ME (R BNl BAG
g }ﬁ }gg }%‘1’ i;i igf }‘5‘3 77 190 [1.82 | 201|247 | 230 2.11
J111 2111 : : Gt TO0 | 182 201 247 | 230 212
10 T3 T00 |13 LA | 1.63] 1.53 =5 WIR B%7A WA WX gl WL WAV
11 T13|1.14| 124 1.76 | 1.63 | 1.54 e WIR B E7A WAV VLR DRSS DAE
V) T16[1.16 | 127 1.7 | 1.66] 1.37 = X7 B AL DR D7A RS
3 TIS[1.17 | 1.27] 1.81 | 1.70| 1.57 ) WA BREE MRS PR PRl WAV
7 T 12| 131181 [ 1711 1.0 5 WA BT BAS WXl RS WAY)
15 12011261 1331185 [ 1.7/ 1.60 37 T [186 [ 208 230 [ 234 218
i T20[1.26| 138136 [ 101 L.62 = Kk B3R WAk DR WAL DAL
17 T21[1.27| 1.46| 1.92 | 1.82 | 1.66 = wh B 1A DA BAYA SRS BV
T3 T4 128 [ 147|204 [ 1.35] 1.66 = Wh BN A WA AR bR BV
;g %22; }g% i-g) %-gg }g; }'23 b T [188 [ 210234 [ 2351 2.0
5T Wi 3 DR Bl WA BT B 39 1.03 | 1.88 | 2.10 | 2.54 | 2.35 | 2.20
5 2 B e B A DA E B By 30 T3 (188 2111235 [ 236 220
2] Dils : : 91 TO3 189 | 211235 | 236 2.21
23 1301138 1521208 [ 195 | .13 5 RT3 B AV PR WAL B3
%g }g; }'3(’; {g %'gg }gg }7,3- 33 T8 [180 [ 2111236 [ 258 201
= o ARE AR d WATE BEl BA 37 106 [ 100 2111236 | 238 221
: : LA : : 93 107[1.03 [ 212|257 | 238 2.22
27 132|148 1.60 [ 2.13 | 1.97 | 1.79 % WA BREE RV BALA BRI BRE
28 1351 149) 160021411571 1.81 37 ToT103 [ 212238 [ 230 2.24
29 133 1.49| 1.61|2.15 | 1.07] 1.82 5 nTA R AL BALA BRI B
0 T34 1.50| 1621 217 [ 193] 1.53 5 K3 A2 S WAKE BELR bALD WA
31 T35 [1.30 | 1.64| 2.17 | 2.02 | 1.84 Al EL iR L - 4
100 TO8 [ 104 214230 [ 240 2.4
k73 T36 1311165 218 | 2.02| 1.54
101 1081041 2151230 [ 2421 2.3
13 1.36 | 1.53 ] 1.69 | 2.19 | 2.03 | 1.83
02 T.00 | 1.94 | 2.16] 2.30 | 2421 2.28
37 T4 (133 1711220 [ 2.03] 1.53
103 2.01|1.94] 2.16] 2.62 | 2.43 | 2.26
3 T.42|1.34] 1.74] 2.20 | 2.05 | 1.36
T4 301 (1041 2161 2.64 [ 2.43 | 2.96
36 T [ 134 174 221 | 2.05] 1.36
103 2.02|1.94] 2.16] 2.64 | 2.43| 2.26
37 T.44|1.34| 1.75] 222 | 2.06 | 1.87
106 303|104 2.1612.65 | 244 227
kL3 145|156 1.76| 2.23 | 2.07| 1.39 |
89 | 107 2.03 | 1.95 | 2171266 244 | 2.27
39 T.47 (157 177 2.24 [ 2.08 | 1.89
5 T ot 108 305103 [ 2171 26T [ 244 227
o ot JI 2 : : 109 2.05 195 | 218 267 | 2.44] 2.27
291 1.61| 1.771225 | 212|192
110 305195 2181 263 | 2.5 2.8
:y) TA0 (1611 1.0 227 | 214|103
111 2.05[1.95 | 218 2.68 | 2.6 | 2.29
3 134|163 1791228 | 2.15| 1.93 i RS DELR WAL AR PR B
q T0[1.64] 1.0 230 | 2.16| 1.03 sl X =1 - -
o 113 2.06 | 1.97 | 2201 2.70 | 2.47] 2.29
T.60 | 1.65 | 1.8012.30 | 2.16 | 1.94
= e I T T 113 3061 1.071 220 2.70 | 2.47] 2.30
n = : : : 113 2071 1.97 | 220 2.71 | 2.47] 2.30
31631 1.801 2.32 | 2.18| 1.96
. ol B A B Bl PR B 118 ZOT 107 [ 2211 2.2 [ 240 [ 231
: 1L : : 117 2.00 [ 1.97 | 2221 272 | 249 | 2.32
9 T.65 | 1.60 | 1.80 | 2.32 | 2.19| 1.96
118 310193 2.5 [ 22 [ 240 232
0 T 10| 1311233 12.10] 1.97
110 210|198 2.2312.73 | 2.49] 2.33
31 170 1.2 | 184 234 | 2.10 | 1.97
20 I [100 | 2241 23 | 2301 253
) T T2 134[ 234 | 2.0 1.07
z 21 211|201 | 224 2.73 | 2.50] 2.34
3 T2 1.73 [ 1.85] 2.35 | 2.20 | 1.98
) 12201 [ 2241 23 [ 230 2.5
37 TR T3] 136235 [220] 1.09
123 213 | 2.01 | 224 2.74 | 2.50| 2.34
33 174 1.3 [ 187 2.36 | 2.20 | 1.99
2% 313|201 | 224 203 | 230 2.54
36 T T3 [ 183237 220 1.99
1235 213|202 1 2251274 [ 2511 2.35
37 T.75 1 1.75 | 1.88 | 2.38 | 2.20 | 2.01 7 T T T
kit {176 [ 101 240 | 221 1 2. . il : :
39 T.7911.76 | 1.91] 2.41 | 2.22 | 2.02
) T 1.6 1011241 | 222 | 2.03




Project FO0903 91 Report 8

. 196 2.36] 2.24 | 2.52] 3.12 | 2.76 | 2.37
Table A13:  cont. 197 2371 2.25 | 2.53 | 3.13 | 2.77| 2.57
127 2.14 [ 2.03 | 2.26] 2.75 | 2.52 | 2.35 198 2.37 | 2.25 | 2.53 | 3.13 | 2.78 | 2.57
123 314 [2.03 | 227 205 | 2.52 | 2.36 790 3331226 | 2.53 | 3.14 | 278 | 2.37
129 2.14 | 2.04 | 2.27] 2.75 | 2.52 | 2.36 200 2.40 | 2.26 | 2.53 | 3.14 | 2.78 | 2.57
130 315 | 2.04 | 2.28 | 2.76 | 2.53 | 2.36 201 2.40 | 2.26 | 2.34| 3.14 | 2.9 | 2.57
131 2.15 | 2.04 | 2.28 | 2.78 | 2.33 | 2.36 202 2.41 | 2.26 | 2.54| 3.14 | 2.19| 2.57
132 3171 2.04 | 2.20 1 2.79 | 2.53 | 2.3% 203 242|226 | 255 3.15 | 2.9 | 2.57
133 7.18 | 2.05 | 2.20 | 2.80 | 2.33 | 2.38 204 2.43 | 2.27 | 2.55 1 3.15 | 2.19 | 2.37
134 7131 2.05 | 2.30 | 2.81 | 2.33 | 2.38 205 343|227 | 2.561 3.16 | 2.80| 2.57
135 2.18 | 2.05 | 2.30 | 2.81 | 2.53 | 2.38 206 2.44 | 2.27 | 2.56 | 3.16 | 2.80 | 2.58
136 718 [ 2.06 | 2.30 | 2.82 | 2.53 | 2.38 207 344|227 2571 3.16 | 2.80] 2.58
137 2.18 | 2.06 | 2.31| 2.82 | 2.33 | 2.38 208 2.44 | 2.271 2.37] 3.16 | 2.81 | 2.58
138 720 2.06 | 2.31 ] 2.83 | 2.53 | 2.39 | 200 2.45 | 2.28 | 2.57 ] 3.17 | 2.81 ] 2.58
130 2.20 | 2.06 | 2.31 | 2.84 | 2.34 | 2. 210 2.45 | 2.28 | 2.58 | 3.17 | 2.81] 2.59
140 322 2.07 | 2.311 2.84 | 2.34 | 2.39 | 211 245 [2.28 | 2.58 | 318 | 2.81] 2.60
141 2.22 | 2.07 | 2.31| 2.85 | 2.34 | 2.39 212 2.46 | 2.23 | 2.58 | 3.18 | 2.82[ 2.60
142 7232 | 2.08 | 232 2.85 | 2.55 1 2.39 213 247 [2.28 | 2.58 | 3.10 | 2.82| 2.61
143 2.22 1 2.08 | 2.33 | 2.85 | 2.35 | 2.40 214 2.4712.20 | 2.38 | 3.10 [ 2.83 | 2.61
143 2.2 2.08 | 2.33 1 2.85 | 2.35 | 2.40 215 347 2.30 | 2.8 3.10 | 2.83 | 2.61
145 2.22 | 2.08 | 2.33 | 2.85 | 2.55 | 2.40 216 2.43 | 2.30 | 2.60 | 3.10 | 2.83 | 2.61
146 722 | 2.08 | 2.33 | 2.35 | 2.56 | 2.41 217 7.48 | 2.30 | 2.60] 3.20 | 2.83 | 2.61
147 2.22 | 2.08 | 2.34 | 2.85 | 2.36 | 2.41 218 2.49 | 2.30 | 2.60 | 3.22 | 2.83 | 2.62
143 322 [2.00 | 2.34 [ 2.86 | 2.36 | 2.41 219 7.49 [2.30 | 2.60] 3.23 | 2.83 | 2.62
140 2.23 | 2.00 | 2.35 | 2.87 | 2.37 | 2.42 220 2.49 | 2.30 | 2.61] 3.24 | 2.83 | 2.63
130 3231 2.10 | 2.35 | 2.87 | 2.38 | 2.42 221 3.4 | 2.30 | 2.63| 325 | 2.83 | 2.63
151 2.23 | 2.11 | 2.36 | 2.87 | 2.39 | 2.43 222 2.50| 2.30 ] 2.63 | 3.25 | 2.84 | 2.63
132 223 | 2.11 | 237 2.87 | 2.59 | 2.43 223 2.50 | 2.31 ] 2.63 | 3.25 | 2.85] 2.65
133 2.23 | 2.11 | 2.37] 2.87 | 2.39 | 2.43 224 2.50 | 2.31 | 2.64 | 3.25 | 2.85 | 2.65
134 223 | 211 | 2371 2.87 | 2.60 | 2.43 223 251 | 2.31 | 2.65 1 3.25 | 2.86 ] 2.65
155 2.24 | 2.12 | 2.38 | 2.88 | 2.60 | 2.44 226 2.51|2.31 ] 2.65| 3.26 | 2.86 | 2.65
136 34 [2.12 | 2.38 | 2.80 | 2.60 | 2.44 pril 2311232 ] 2.66 1 3.26 | 2.86 ] 2.65
157 2.24 | 2.12 | 2.40 | 2.00 | 2.60 | 2.44 228 2.51 1 2.33 | 2.671 3.26 | 2.86 | 2.66
153 324212 | 2.40] 2.00 | 2.61 | 2.4 229 7.51 [ 2.33 | 2.67] 3.28 | 2.86 | 2.66
159 2.24 | 2.13 | 2.40] 2.02 [ 2.61 | 2.4 230 2.5112.33 | 2.67] 3.29 | 2.86 ] 2.66
160 325 [ 2.13 | 2.40] 2.02 | 2.61 | 2.46 231 331 | 2.34 [ 2.67] 3.30 | 2.87] 2.66
161 2.25 | 2.13 | 2.40] 2.92 | 2.62 | 2.47 232 2.51|2.34 | 2.68 | 3.30 | 2.87] 2.66
162 325 | 2.13 | 241 | 2.05 | 2.62 | 2.47 733 231 [2.35] 2.68| 331 [ 2871 2.66
163 2.26 | 2.14 | 2.42 | 2.96 | 2.63 | 2.47 234 2.52|2.35 | 2.60] 3.31 | 2.87] 2.67
163 3.26 | 2.14 | 2.42] 2.06 | 2.63 | 2.48 2335 3.5212.35 | 2.70 | 3.32 | 2.88 | 2.67
165 2.27 | 2.14 | 2.42 | 2.07 | 2.64 | 2.48 236 2.53|2.35| 2.70| 3.32 | 2.83 | 2.68
168 27| 2.14 | 2.42 | 2.07 | 2.64 | 2.48 237 2531235 | 2.7113.32 | 2.88 | 2.68
167 2.28 | 2.14 | 2.42 | 2.07 | 2.64 | 2.48 233 2.53 | 2.35 | 2.71]3.33 | 2.89] 2.68
168 328 [2.16 | 2.43 | 2.07 | 2.64 | 2.49 239 253 | 2.36 | 2.71 ] 3.33 | 2.80 | 2.68
160 2.20 | 2.16 | 2.43 | 2.08 | 2.65 | 2.49 240 7.54|2.36 | 2.71| 3.33 | 2.89 | 2.68
T70 3391 2.16 | 2431 2.08 | 2.65 | 2.49 741 2341236 | 2.721 334 | 2.00| 2.60
171 2.29 | 2.16 | 2.44 | 2.99 | 2.65 | 2.49 242 2.54| 2.36 | 2.72| 3.34 | 2.01 | 2.69
72 330 | 2.17 | 2.44 | 3.00 | 2.66] 2.50 pL] 2341 2371 2.2 1335 | 201 | 2.69
173 2.30 | 2.17 | 2.44 | 3.00 | 2.66 | 2.50 244 2.54 | 2.37 | 2.72| 3.35 | 2.01 | 2.60
73 331 [2.18 | 2.45 | 3.00 | 2.66 | 2.50 745 334 237 [ 2.721 3.35 [ 2.01 | 2.60
175 2.31| 2.18 | 2.45 | 3.00 | 2.67 | 2.51 246 2.54 | 2.37 | 2.72] 3.36 [ 2.92| 2.70
176 3311 2.18 | 2451 3.00 | 2.67] 2.51 237 254 (237 2.74 | 3.36 | 2.02 | 2.10
177 2.31 | 2.10 | 2.46 | 3.00 | 2.68 | 2.31 243 2.5512.38 | 2.74 | 3.36 | 2.02| 2.70
T8 731 | 2.10 | 2.46 | 3.00 | 2.60 | 2.52 749 2351238 | 274 3.37 | 2.04| 2.70
179 2.31]2.20 | 2.46] 3.01 | 2.69 | 2.52 250 2.55|2.38 | 2.75| 3.37 | 2.96] 2.70
130 732 | 2.20 | 2.46 | 3.01 | 2.60 | 2.52 251 755 | 2.38 | 2.76 | 3.37 | 2.06 | 2.11
181 2.32|2.20] 2.47] 3.01 [ 2.70 ] 2.52 232 2.562.39 | 2.76 | 3.37 | 2.96 | 2.71
132 332 [2.20 ] 2.47] 3.01 [ 2.70] 2.52 233 2.56 1239 | 2.76 | 337 | 2071 2.11
133 2.32 | 2.21 | 2.48 | 3.02 | 2.71 | 2.33 234 2.562.39 | 2.76 | 3.38 [ 2.07 | 2.11
13 333|221 | 248 | 3.02 | 271 | 2.53 733 237239 | 2.76 | 3.38 | 2.07| 2.12
185 2.33|2.21 | 2.49 | 3.03 | 2.71] 2.53 236 2571240 2.77] 3.39 | 2.07 | 2.72
136 234|221 | 2.50] 3.03 | 271 ] 2.53 257 237240 | 2.77] 339 | 207 2.72
187 2.35 | 2.21 | 2.50] 3.04 | 2.72 | 2.54 233 2571240 2.78 | 3.39 | 2.07 | 2.72
138 735 | 2.21 | 2.50] 3.04 | 2.73 | 2.53 pALY 257|240 2791340 [ 297 2.12
189 2.35 | 2.22 | 2.50] 3.05 | 2.73 | 2.55 260 2.572.40 | 2.79 | 3.40 | 2.98 | 2.72
790 23512231 2.50] 3.06 | 2.73 | 2.55 761 237|241 | 2.79 ] 3.40 | 2.08 | 2.13
191 2.35 | 2.23 | 2.50] 3.07 | 2.74 | 2.35 262 2.57 | 2.42 | 2.79] 341 [ 2.98] 2.73
192 351223 231 | 3.08 | 2.75 ] 2.55 763 25T 242 2.9 | 341 [ 2081 2.3
193 2.35 | 2.24 | 2.51 | 3.08 | 2.75| 2.55 264 2.53 | 2.42 | 2.80| 3.42 | 2.09| 2.73
194 2.36 | 224 2.5213.00 | 2.75 | 2. 765 2.50 1 2.43 | 2.80 | 3.42 | 2.00| 2.13
193 2.36 | 2.24 | 2.5213.10 | 2.75} 2.36
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. 333 2.76 [ 2.61 | 3.09] 3.66 | 3.17 | 2.94
Table AL.3:  cont. 336 2.76 1 2.62 | 3.09]3.66 | 3.18 | 2.94
266 2.50 [ 2.43 | 2.80] 3.42 | 3.00 ] 2.74 337 2.76 | 2.62 | 3.00] 3.67 | 3.18] 2.94
267 2.50 | 2.43 | 2.83 | 3.43 | 3.00 | 2.74 338 2T 2.62 | 3.00] 3.67 | 3.18 | 2.04
2638 2.60 | 2.43 | 2.83 | 3.44 | 3.00 | 2.74 330 2.7712.63 | 3.10] 3.63 | 3.13 | 2.94
269 7.60 | 243 | 2.83 | 344 | 3.01 | 2.74 340 277263 | 3.10] 3.68 | 3.13 | 2.94
270 2.60 | 2.43 | 2.84 | 3.44 | 3.01 | 2.74 341 2.78 | 2.64 | 3.11] 3.63 | 3.19] 2.95
271 2.61 | 243 | 2.84] 3.44 | 3.01 | 2.75 342 278 2.65] 3.11]3.60 | 3.19] 2.5
272 261|244 | 2.84| 3.45 | 3.01| 2.75 343 2.78 | 2.65 | 3.12]3.70 [ 3.19 | 2.93
273 2.61 | 2.44 | 2.84]3.46 | 3.03 | 2.75 | 34 278 [ 2.66 | 3.12] 3.70 | 3.19 | 2.95
274 2.61 | 2.44 | 2.85 | 3.47 | 3.03 | 2.75 343 2.78 | 2.66 | 3.12] 3.70 | 3.19 | 2.95
275 3.61 | 2.44 | 2.85 | 3.47 | 3.03 | 2.76 346 278 [2.67] 3.12] 3.70 | 3.20 | 2.96
276 261|244 2.85] 3.47 | 3.03 | 2.76 347 2.79 | 2.67 | 3.13 | 3.70 | 3.20 | 2.96
277 7.62 | 245 | 2.85 | 348 | 3.03 | 2.77 348 2.0 | 288 [ 313|371 | 3.20] 2.07
278 7.62 | 2.46 | 2.86 | 3.48 | 3.03 | 2.77 349 2.80 | 2.68 | 3.14] 3.72 | 3.21] 2.97
270 2.62 | 2.46 | 2.86 | 3.48 | 3.04 | 2.77 330 2.80 | 2.68 | 314 3.72 | 3.21] 2.97
280 2.62 | 2.46 | 2.86] 3.49 [3.04 | 2.77 331 2.80 | 2.68 | 3.14] 3.73 | 3.21| 2.97
281 2.63 | 2.46 | 2.36 | 3.49 | 3.04| 2.77 352 2.81 | 2.68 | 3151 3.73 | 3.211 2.97
282 2.63 | 2.46 | 2.87 ] 3.50 | 3.06 | 2.77 333 2.81|2.68 | 3.1513.73 | 3.22| 2.97
283 2.63 | 2.46 | 2.87] 3.50 | 3.061 2.78 354 281 [2.60 | 3151 3.13 | 3.22| 2.98 |
284 2.63 | 2.46 | 2.88 | 3.50 | 3.06 | 2.78 333 2.81]2.69 | 3.13| 3.74 [ 3.23 | 2.98
285 2.63 | 2.47 | 2.88 ] 3.50 | 3.06 | 2.78 336 2.31 1 2.69 | 3.15 ] 3.15 | 3.23 | 2.98
286 2.65 | 2.47 | 2.88 | 3.50 | 3.06 | 2.79 337 2.81 | 2.69 | 3.16] 3.75 | 3.23 | 2.98
287 2.65 | 247 ] 2.88 | 3.50 | 3.06 | 2.79 338 2.82 | 2.70 | 3.16] 3.75 | 3.23 | 2.98 |
283 2661247 | 2.89] 3.51 | 3.06| 2.19 339 2.82|2.70] 3.17]3.76 | 3.23 | 2.98
239 7.66 | 247 | 2.80 | 3.51 | 3.06 ]| 2.79 360 282 | 2.1 | 3181377 | 3.23] 2.99
200 2.66|2.48 | 2.89 | 3.51 | 3.07 | 2.79 361 2.82 | 2.71 | 3.18] 3.78 | 3.24| 2.99
201 2.66 | 2.48 | 2.80 | 3.51 | 3.07 ] 2.81 362 2.82 | 271 | 3181 3.78 | 3.24 | 3.00
292 2.66 | 2.48 | 2.00] 3.52 | 3.07 | 2.82 363 2.83 | 2.71 | 3.18 | 3.78 | 3.24 | 3.00
793 267|240 2.00 | 3.52 | 3.07 | 2.82 364 2.83 | 2.71 | 3.18 | 3.78 | 3.24 | 3.00
204 2.67|2.49 | 2.00]3.52 | 3.07 | 2.82 363 2.83 | 2.71] 3.18 | 3.79 [ 3.24 | 3.00
203 267 2.50] 2.00] 3.52 | 3.07 | 2.52 366 2.83 | 2.71 | 318 3.9 [3.25] 3.00
296 2.67 | 2.51 | 2.01]3.33 | 3.07 | 2.83 367 2.83 | 2.72| 3.19] 3.79 | 3.25 | 3.01
307 2.68 | 2.51 | 2.0113.33 | 3.071 2.83 368 2.84 [ 2.72 | 3.19] 3.79 | 3.25| 3.01
208 2.68 | 2.52 | 2.92] 3.53 | 3.07 ] 2.83 360 2.84 [2.72 ] 3.19] 3.79 | 3.25 | 3.01
299 768 | 2.52 | 2.02]| 3.54 | 3.08 ]| 2.53 370 234 [2.72 ] 3.10] 3.9 [3.25[ 3.02
300 2.68 | 2.53 | 2.02] 3.54 | 3.08 | 2.54 371 2.84[2.73 | 3.19] 3.80 | 3.26] 3.02
301 2.60 [ 2.53 | 2.02] 3.55 | 3.08 | 2.54 312 234 [2.73 | 3.20] 3.80 | 3.27| 3.03
302 2.60 | 2.54 | 2.92] 3.35 | 3.00 | 2.33 373 2.852.73 | 3.20] 3.80 [ 3.27] 3.03
303 2.60 | 2.54 | 2.92] 3.55 | 3.00 | 2.85 kyL! 235 [2.73 | 3.20] 3.80 [ 3.27] 3.03
304 2.70 | 2.54 | 2.92] 3.35 | 3.00 | 2.35 375 2.852.74 | 3.21] 3.80 [3.27] 3.03
305 270 | 2.54 | 2.03 | 3.55 | 3.00 | 2.53 376 2.85 | 2.74 | 321380 [3.27] 3.03
306 2.70 | 2.54 | 2.03 | 3.56 | 3.10 | 2.85 377 2.85|2.74 | 3.22]3.80 [3.27] 3.03
307 201|255 | 2.04] 3.56 | 3.10 | 2.35 378 236 | 2.75 | 3.22] 381 | 3.28 | 3.0
308 2.71 | 2.55 | 2.04 | 3.37 | 3.10] 2.36 379 2.86 | 2.75 | 3.23 | 3.81 [ 3.28 | 3.04
300 271 | 2.55 | 2.95] 3.58 | 3.10] 2.36 380 237 2.75 | 3.23 | 3.81 | 3.28 | 3.04
310 271 [ 2.35 | 2.95 ] 3.58 | 3.11 | 2.86 381 2.87 | 2.75 | 3.23| 3.82 | 3.28 | 3.04
311 272 | 2.55 | 2.95] 338 | 311 | 2.87 382 237 2.76| 3.23 | 3.52 | 3.28 | 3.04
312 2.72 | 2.55 | 2.95 | 3.58 | 3.12 | 2.37 383 2.87 | 2.76 | 3.24 | 3.52 | 3.28 | 3.04
313 272255 ] 2.05] 3.58 | 3.12 | 2.8 384 287|207 324 3.83 | 3.20| 3.04
314 2.72 | 2.56 | 2.96 | 3.39 | 3.12 | 2.38 385 2.88 | 2.77 | 3.24| 3.83 | 3.29| 3.04
313 272 | 2.56 | 2.97] 3.60 | 3.12 ] 2.88 386 2.88 | 2071 3.2513.84 [ 3.29] 3.05
316 2.72 | 2.56 | 2.99 | 3.60 | 3.12 | 2.88 387 2.88[2.77] 3251385 [3.29] 3.03
317 272 | 2.56 | 3.00] 3.60 | 3.12 | 2.88 388 2881 2.78 | 3.261 3.86 | 3.20 | 3.05
318 2.72 | 2.36 | 3.00] 3.61 | 3.12 | 2.89 | 389 2.88 | 2.78 | 3.26| 3.86 [ 3.30] 3.03
319 273 | 2.38 | 3.00 ] 3.61 | 3.13 | 2.89 | 390 2.88 | 2.78 | 3.26] 3.86 | 3.30| 3.05
320 2.73 | 2.38 | 3.02| 3.62 | 3.13 | 2.89 | 391 2.88 [2.78 | 3.26 3.87 [ 3.30] 3.03
320 274 | 2.58 | 3.02] 3.62 | 3.13 | 2.90 392 2.80 | 2.78 | 3.26 ] 3.87 | 3.30] 3.06
322 2.74 | 2.58 | 3.02] 3.63 | 3.13 | 2.90 303 2.8012.78 | 3.27] 3.87 | 3.30] 3.06
323 2741258 | 3.0213.63 | 3.13 | 2.00 304 2.80 | 2.79 | 3.27] 3.88 | 3.30| 3.07
324 2.74 | 2.38 | 3.02] 3.63 | 3.14 | 2.90 303 2.90 | 2.79 | 3.27]3.80 | 3.31] 3.07
323 2.4 2.50 | 3.02]3.63 | 3.14 | 2.01 396 7.00 | 2.79 | 3.28 | 3.80 | 3.31] 3.07
326 2.75 [ 2.59 | 3.02]3.63 | 3.14 | 2.01 397 2.90 | 2.79 | 3.28 [ 3.89 | 3.31] 3.07
327 205 | 2.39 | 3.04 | 3.64 | 3.14 | 2.01 308 2.01 [ 2.80 | 3.29] 3.90 | 3.32] 3.07
328 2.75 [ 2.39 | 3.04[3.64 [3.15 ] 2.01 399 2.91 | 2.80 | 3.20 | 3.01 | 3.32 | 3.07
329 2.75 | 2.60 | 3.04 ] 3.65 | 3.15 ] 2.01 300 7.01 [ 2.80 | 3.20] 3.02 | 3.32] 3.08 |
330 2.75 | 2.60 | 3.04]3.65 [ 3.16 | 2.01 301 2.01 [ 2.80 | 3.30] 3.92 | 3.33 | 3.08 |
331 275 | 2.60 | 3.05 ] 3.65 1 3.16 | 2.92 02 2.92 | 2.80 | 3.30] 3.93 | 3.33 | 3.08 |
332 2.75 | 2.60 | 3.06 | 3.65 | 3.16 | 2.93 403 2.92[2.80] 3.30] 3.93 | 3.33 | 3.08
333 276 | 2.60 | 3.06] 3.66 | 3.17] 2. 04 2.92 (2821 3.30] 3.94 [3.34] 3.08 |
334 2.76 1 2.61 | 3.08 ] 3.66 | 3.17 | 2.93
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. 174 3.10]2.09] 3.57] 4.22 | 3.32] 3.22
Table A13:  cont. 75 3.10 [ 2.99 | 3.38 | 4.22 | 3.32| 3.22
405 2.02] 2.82] 3.31] 3.94 | 3.34 ] 3.08 %76 3.11 | 3.00 | 3.58 | 4.22 | 3.53 | 3.23
706 3.093 | 2.832 | 3.31] 3.4 | 3.34 | 3.09 777 311 3.00] 3.531422 | 333 | 3.23
707 2.03 | 2.82 | 3.31 ] 3.05 | 3.34 | 3.00 478 3.11 | 3.00 | 3.61 ] 4.22 | 3.53 | 3.23
308 2.03 | 2.33 | 3311 3.05 | 3.34 | 3.00 79 312 3.00] 3.61] 4.23 | 3.54| 3.23
300 2.03 | 2.83 | 3.32 ] 3.95 | 3.34 | 3.00 230 312 3.02 | 3.61 | 4.23 | 3.54 ] 3.23
270 3.04 | 2.83 | 3321 3.95 | 3.34 | 3.00 231 T13 | 3.02 | 3.61] 423 | 3.34] 3.23
311 2.94 | 2.84 | 3.32 | 3.95 | 3.35] 3.09 482 3.13 | 3.02| 3.62] 4.23 | 3.57 | 3.23
Z5¥) 2.94 | 2.84 | 3.32 ] 3.96 | 3.35] 3.10 233 313 13.02] 3.621423 | 3.57] 3.23
413 2.95 | 2.84 | 3.32] 3.96 | 3.35 ] 3.10 434 3.13 | 3.03 | 3.62] 4.25 | 3.58 | 3.23
q174 2.95 | 2.84 | 3.321 3.97 | 3.35 ] 3.10 235 31313.03] 3.621426 | 3.38 | 3.24
715 2.95 | 2.85 | 3.33 | 3.97 | 3.36 | 3.10 436 3.14 | 3.03 | 3.63 | 4.27 | 3.58 ] 3.24
716 7.05[2.851 333 3.97 | 3.36 | 3.10 737 314 [3.04] 3.63| 427 | 358 | 3.24
a17 2.95 1 2.86 | 3.33 | 3.97 | 3.36 | 3.10 438 3.15 | 3.04 | 3.63 | 4.23 | 3.58 | 3.24
718 2.96 | 2.86 | 3.34 | 3.08 | 3.36 | 3.11 239 3151 3.04| 3.64|4.28 | 3.60| 3.24
319 2.96 | 2.86 | 3.34 | 3.98 | 3.36 | 3.11 490 3.15 | 3.04 | 3.65]4.29 | 3.61] 3.24
220 3.06 1 2.86 | 3351 3.98 | 3.37] 3.11 201 315 3.04] 3.65]3.20 | 3.62] 3.24
21 2.96 | 2.86 | 3.35] 3.99 | 3.37] 3.11 492 3.15 | 3.05] 3.65] 4.30 [ 3.62] 3.25
77 7.96 1 2.86 | 3.3713.99 | 3.37] 3.11 203 316 3.05] 3.65] 430 | 3.62] 3.25
123 2.97 | 2.87 | 3.38 | 4.00 | 3.37] 3.12 494 3.16 | 3.05 | 3.65] 4.30 | 3.62| 3.25
27 7.98 | 2.87 | 3.38 | 4.00 | 3.38 | 3.12 2935 3.16 | 3.06 | 3.66 1431 | 3.63 ] 3.23
4235 2.08 | 2.87 | 3.38 | 4.00 | 3.38 | 3.12 496 3.16 | 3.06 | 3.66 | 4.31 | 3.63 | 3.25
276 7.08 | 2.87] 3.38] 4.00 | 3.33] 3.13 297 3.16 | 3.06| 3.67]4.31 | 3.63 | 3.55
427 2.98 | 2.87 | 3.38 | 401 | 3.38 | 3.13 498 3.16 | 3.06 | 3.68 | 4.31 | 3.63 | 3.26
28 2.00 | 2.88 | 3.39| 4.02 | 3.38 ] 3.13 299 317 3.06] 3.68 | 4.32 | 3.64] 3.26
429 2.99 | 2.88 | 3.40] 4.02 [ 3.38 | 3.13 500 3.17 | 3.06 | 3.68 | 4.32 | 3.64 | 3.26
730 2.00 | 2.88 | 3.411 4.03 | 3.39 | 3.13 301 317|307 3.6013.32 | 3.64] 3.26
231 2.09 | 2.88 | 3.42] 4.03 | 3.39 | 3.14 502 3.17]3.07 | 3.69 | 4.3 | 3.65] 3.26
32 2.09 | 2.88 | 3.42] 4.04 | 3.39 | 3.14 303 3183071 3.69]4.35 1 3.65] 3.26
133 2.99 | 2.89 | 3.42 | 4.05 | 3.40 | 3.15 304 313 | 3.07 ] 3.69] 4.35 | 3.66 | 3.26
73 7.00 | 2.80 | 3.43 | 4.05 | 3.40] 3.1 305 319 3.07] 3.70| 4.36 | 3.66 | 3.27
435 3.00 | 2.89 | 3.43 | 4.05 | 3.40 | 3.15 306 3.19 | 3.08 | 3.70] 4.36 | 3.66 | 3.27
736 3.00 | 2.80 | 343 | 4.05 [340] 3.16 307 310 | 3.08 | 3.70| 4.36 | 3.66 ] 3.27
437 3.00 | 2.00 | 3.44 | 4.05 | 3.41 | 3.16 308 3.19 | 3.08 | 3.7114.37 | 3.66] 3.27
738 3.00 | 2.00 | 3.44 [ 4.07 | 341 | 3.16 300 310 3.08 | 3.72| 4.38 | 3.66 | 3.27
739 3.01 | 2.00 | 3.44 | 4.07 | 3.41 ] 3.16 310 3.20 | 3.08 | 3.72| 4.39 | 3.67] 3.27
40 3.01 [ 2.00] 345 ] 4.07 | 341 | 3.17 311 320|3.08| 3.721 3430 | 3671 3.27
441 3.01| 2.00 | 3.45] 4.08 | 3.41] 3.18 312 3.20 3.00 | 3.73 | 440 | 3.68 | 3.27
y:%.9) 302|200 ] 3.45]1 4.08 | 3.41] 3.18 313 3.20 | 3.00 | 3.74| 441 | 3.68 | 3.28
443 3.02 | 2.00 | 3.46 | 4.00 | 3.42 | 3.13 314 3.20 | 3.00 | 3.75 | 442 | 3.69 | 3.28
17 3.02| 201 | 3471400 | 3.42| 3.18 315 3210|3111 3.75) 442 | 3.69] 3.28
345 3.03 | 2.01 | 3.48 | 4.10 | 3.42 | 3.18 316 3.21 | 3.11] 3.75 | 442 | 3.69 | 3.28
76 3.03 ]| 201 | 3481411 |3.42] 3.10 317 32113131 37613442 | 3.60] 3.28
47 3.03 | 2.01 | 3.48 | 4.11 | 3.43 | 3.19 318 3.21|3.13 | 3.76 | 442 | 3.69 | 3.28
43 3.03 | 201 | 349|411 | 3431 3.19 319 32113.13] 3.781 343 | 3.69 | 3.28
349 3.03 | 2.02 | 3.40| 4.11 | 3.43] 3.19 320 3.22|3.13] 3.78| 443 | 3.69| 3.29
7350 3.03| 202 349|412 [ 3.43] 3.19 321 32213.14] 3.791 443 | 3.70] 3.29
431 3.03 ]| 202 | 3.40 | 4.12 | 3.44 | 3.19 322 3.22|3.14| 3.79| 443 [3.70| 3.29
332 304|292 3.49| 412 | 345 | 3.19 323 322 | 3.14| 3.80] 4.44 | 3.70] 3.29
453 3.04 | 202 | 3.50| 412 | 3.45| 3.19 324 3.22 | 3.15| 3.80 ] 4.44 | 3.70| 3.29
237 3.04 | 2.03 | 3.50| 412 | 3.46 | 3.19 325 323|315 | 3.81 344 | 3.71] 3.30
435 3.05 | 2.04 | 3.50| 4.13 | 3.46 | 3.20 326 3.23 | 3.1 | 3.81 | 4.44 | 3.72| 3.30
236 3.05 | 2.04 | 3.50] 413 | 3.47] 3.20 327 324315 3.8214.45 | 3.72] 3.30
457 3.05]2.04 | 3.50] 4.14 | 3.47 | 3.20 328 3.25 ] 3.15 | 3.82 ] 4.45 | 3.72] 3.30
738 3.05]2.05 | 351|417 | 348 ] 3.20 3790 32513161 3.83 13445 | 3.72] 3.30
3359 3.05 | 2.95 | 3.52] 4.17 | 3.48 | 3.20 — 330 3.25|3.17 | 3.83 | 445 | 3.72 | 3.30
760 3.0512.05 | 352|417 | 3.48 | 3.20 331 326 | 3.07] 3.84| 445 | 3.73] 3.30
761 3.06]2.06 | 3.52]4.17 | 3.49 | 3.20 332 3.26 | 3.17 | 3.84| 4.46 | 3.74| 3.30
462 3.06 | 2.06 | 3.52| 418 | 3.49| 3.20 733 326 | 3.17 | 3.84| 446 | 3.74| 3.30
363 3.07 | 2.06 | 3.52] 4.18 | 3.49 | 3.20 334 3.26 | 3.13 | 3.84 | 447 | 3.74 | 3.30
763 3.07 1206 353 418 | 3.49 | 3.21 335 326 3.18 | 3.86] 443 | 3.75 ] 3.31
465 3.08 | 2.07 | 3.53| 4.10 | 3.49 | 3.21 336 3.27 | 3.18 | 3.86 | 4.43 | 3.75| 3.31
466 303|207 | 3.53] 4.10 | 3.30| 3.21 337 3271 3.18 | 3.871343 | 3.76 | 3.31
467 3.00 | 207 | 3.53 | 4.19 | 3.30 | 3.21 333 3.27 1 3.13 | 3.88] 4.49 | 3.76 | 3.31
463 T.00 | 2.08 | 3.34| 4.20 | 3.50 | 3.21 330 3.28 | 3.19 | 3.8814.40 | 3.77] 3.32
369 3.00 | 2.08 | 3.55] 4.20 | 3.31] 3.21 340 3.28 | 3.1 | 3.88 | 4.49 | 3.77] 3.32
770 3.09 | 2.03 | 3.35 | 421 | 3.52] 3.21 341 329 | 3.19 | 3.88 1449 | 3.77] 3.32
71 3.09 | 2.98 | 3.56 | 4.21 | 3.52 ] 3.22 342 3.20 | 3.19 | 3.89 | 4.50 | 3.77] 3.32
gy 310 2.08 | 3.36| 421 | 3521 3.22 343 320 13.20 1 3.01 1451 | 3.771 3.32
173 3.10 | 2.99 | 3.56 ) 4.22 | 3.32| 3.22
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. 613 3.49|3.51] 4.33] 491 [ 3.97] 3.49
Table Al3:  cont. 614 3.40 | 3.51| 4.33 | 4.91 | 3.98 | 3.49
344 3.30]3.20] 3.01] 4.51 | 3.77] 3.32 615 350 3.52 | 4.34] 492 | 3.98 | 3.50
345 330 3.20 | 3.9214.52 | 3.771 3.33 616 350 3.52 | 4.34] 4.94 | 3.98 | 3.30
546 3.30 | 3.20 | 3.04| 4.52 | 3.78 | 3.33 617 3.51 | 3.53 | 4.35 | 4.95 | 3.98 | 3.50
357 3.30 | 3.21 | 3.95| 4.33 | 3.78 | 3.33 8138 351|334 | 4.36 4.07 | 3.98 | 3.51
348 3.30 | 3.21 | 3.96 | 4.33 | 3.78 | 3.33 610 351 3.54 | 437|497 | 3.99] 3.51
330 330 | 3.22 | 3.96] 4.53 | 3.78 | 3.33 620 352 13.54| 4331497 | 3.00| 3.52
350 3.30 | 3.22 | 3.97 | 4.33 | 3.8 | 3.34 621 3.53 | 3.55 | 4.39 | 4.08 | 4.00] 3.52
331 T31[3.22 | 3.08] 4.3 | 3.79 | 3.34 (%] 3.3313.57] 4.39] 4.98 | 4.00 3.52
352 3.32]3.23 | 3.08 4.54 [ 3.79 | 3.34 623 3.54| 3.58 | 4.40| 4.99 [4.00] 3.52
333 3321323 | 3.08] 4.34 | 3.80] 3.34 (L] 334 [3.50| 441400 [4.02] 3.52
554 3.32 ] 3.23 | 3.8 | 4.35 | 3.80] 3.33 625 3.55|3.61] 4.41] 5.00 | 4.02[ 3.52
333 3331323 ] 3.001 4.55 | 3.80 | 3.35 626 3.36 1 3.61] 442 5.01 | 4.02] 3.53
336 3.33|3.23 | 3.09]4.35 | 3.80 | 3.33 627 3.56 | 3.62 | 4.43] 5.03 | 4.02] 3.53
337 3341323 | 3.00] 3.35 | 3.82] 3.33 828 3.3613.62| 4431 5.03 | 4.02] 3.53
558 3.34 | 3.24 | 4.01]4.36 | 3.82 | 3.33 620 3.56 | 3.63 | 4.43 | 5.04 | 4.03 | 3.53
350 334 [3.24 | 4.01]4.56 | 3.33 | 3.36 830 3.5713.63]| 4441 5.04 | 4.03 | 3.53
560 3.35 | 3.26 | 4.03 | 4.36 | 3.84 | 3.36 631 3.58 | 3.65 | 4.45] 5.05 | 4.03 | 3.54
361 336326 | 4.03 | 4.57 | 3.84 | 3.36 832 358 | 3.65| 446 5.05 | 4.03 | 3.54
362 3.373.27 | 4.03 | 4.58 | 3.84 | 3.36 633 3.50 | 3.65 | 4.46 | 5.06 | 4.04 | 3.34
363 3371328 | 4.03| 4.58 | 3.84| 3.37 %34 339 13.671 4471 35.06 | 404 3.54
364 3.37]3.30 | 4.03 | 4.38 | 3.84 | 3.37 633 3.59| 3.60 | 4.47] 5.07 | 4.04] 3.55
365 338 | 3.30| 4.04| 4.38 | 3.85 | 3.37 536 350 | 3.71 ]| 449] 5.10 [ 4.05| 3.55
366 3.38 | 3.30 | 4.04 | 4.59 | 3.83 | 3.37 637 3.5913.71 | 4.51] 3.10 | 4.06 | 3.55
367 333 [3.30 | 4.05] 430 [3.35 | 3.37 838 350 3.72| 451 5.11 | 4.06] 3.55
368 3.38 | 3.30 | 4.06] 4.60 | 3.85 | 3.37 630 3.5913.72| 4.52] 5.11 | 4.08 | 3.55
360 330 [3.30 | 3.07] 361 | 3.35 | 3.37 (L) 33913.72| 452 5.11 | 4.08 | 3.55
570 3.39 | 3.31 | 4.07 | 4.61 | 3.86 | 3.38 641 3.5013.72| 4.52] 5.12 | 4.08 | 3.5
371 330 [3.32 | 4.08 | 4.62 | 3.86 | 3.39 [£9] 3.6013.72| 4521 5.13 | 4.08 | 3.55
572 3.39 | 3.32 | 4.08 ] 4.63 | 3.86 | 3.39 643 3.60]3.73 | 454 5.15 | 4.09] 3.55
373 3391 3.32]| 4.10] 4.63 | 3.86] 3.30 [Z2! 3.60 | 3.74 | 4.58 | 5.17 | 4.00| 3.36
574 3.40 | 3.32 | 4.10] 4.64 | 3.86 | 3.39 645 3.61]3.75] 4.59] 5.18 | 4.10 3.36
375 3.40 | 3.33 | 4.10] 4.64 [ 3.86] 3.30 646 361 13.76] 3.60] 5.13 | 4.10] 3.56
576 3.40 | 3.33 | 4.11 | 4.64 | 3.86 | 3.40 647 3.61|3.76| 4.60| 5.18 | 4.11] 3.56
377 340 | 3.33 | 4111 4.65 | 3.87] 3.40 43 3.6113.76] 3.62| 518 | 411 3.57
378 3.40 | 3.33 | 4.12| 4.65 | 3.87| 3.41 640 3.61]3.77] 4.65] 521 | 4.11 ] 3.57
379 341 |3.34| 4.12|4.66 | 3.87] 3.41 630 36213.79]1 4651322 [3.12] 3.57
380 3.41|3.35| 4.12| 4.67 | 3.88 | 3.41 631 3.62|3.82| 4.66] 5.23 |4.12] 3.58
381 3411335 413|463 | 3.88 | 3.41 573 3.63 | 3.82] 4.661 323 | 4.12] 3.5%
382 3.42|3.36 ]| 4.13 | 4.68 [ 3.80 | 3.42 633 3.65 | 3.83 ]| 4.67] 3.26 | 4.12] 3.58
333 342|336 | 413|460 [330[3.42 (5L 3.66 | 3.84| 4681526 | 4.12]| 3.5%
384 3.42|3.36 | 4.14] 4.69 | 3.89 | 3.43 635 3.66 | 3.85 | 4.69 ] 5.28 | 4.13 | 3.58
385 T2 3374141 4.70 | 3.39 | 3.43 636 3.67]3.85] 4.70] 3.20 | 4.13 | 3.38
386 3.43 [3.39 | 4.15] 4.71 | 3.00 | 3.43 657 3.6713.851 4.72| 529 | 4.13 | 3.58
387 A3 [3.30 | 415 | 471 | 391 | 3.43 858 363 | 3.86] 4.74| 5.30 | 4.14 [ 3.58
388 3.43|3.39 | 4.15| 4.72 | 3.02 | 3.43 630 3.63| 3.86| 4.74| 5.32 | 4.14 | 3.50
— 330 143|341 | 415472 | 3.02] 3.44 860 3.6313.88] 4.751 333 | 4151 3.50
390 3.43 | 3.41 | 4.15| 4.73 | 3.92| 3.44 661 3.63| 3.83 | 4.76 | 5.34 | 4.15 | 3.50
301 143|341 | 416473 | 392] 3.4 562 3.68|3.88] 4.77] 330 | 4.16] 3.50
302 3.44|3.42 | 4.17| 4.73 | 3.92 | 3.44 663 3.60 | 3.89| 4.77] 5.39 | 4.16] 3.50
303 344|342 4181474 [ 303 3.43 664 3.60 | 3.00] 4.78 ]| 5.40 | 4.16| 3.60
304 3.44 | 3.42| 4.10| 4.74 | 3.03 | 3.44 665 3.60 | 3.00] 4.78 | 5.40 | 4.17 | 3.60
305 344|342 34.1014.74 | 3.03 1 3.44 666 370 3.01 | 4.9 540 | 4.17] 3.60
396 3.45|3.42| 4.10] 4.75 | 3.93 | 3.4 667 3.70| 3.91 ] 4.79 | 340 | 4.17] 3.60
307 345|343 321 4.76 | 3.03 | 3.45 663 371 13.02] 4.80] 543 | 4.18 | 3.60
308 3.45 | 3.44| 4.22| 4.76 | 3.94 | 3.45 660 3.71[3.02 | 4.83 | .45 [4.13 | 3.60
300 3.46 | 3.45 | 4.22| 4.76 | 3.04 | 3.43 %70 3721302 | 4.34] 552 | 413 3.60
600 3.46 | 3.48 | 4.22| 4.76 | 3.94 | 3.45 671 3.73] 3.93 | 4.85] 3.54 | 4.19 ] 3.60
801 3.4713.40| 4.23|4.76 [ 3.04 | 3.46 1/ 373 13.95] 4.861 535 | 4.19] 3.60
602 3.47|3.49 | 4.23| 4.77 | 3.04 | 3.46 673 3.73 | 3.05 | 4.88 | 5.58 | 4.20 | 3.61
803 3471 3.40 425 | 4.77 [ 3.95 | 3.47 L 374 | 3.06 | 4.88 ] 5.63 [4.20| 3.61
604 3.47|3.49 4.25| 4.79 [3.95 ]| 3.47 65 3.7413.07 | 4.89] 5.63 | 4.20| 3.61
805 347 |3.50| 4.26] 4.80 | 3.05 | 3.47 676 3741 3.071 480 5.65 | 422 3.61
606 3.47 | 3.50| 4.27| 4.84 | 3.96 | 3.47 677 3.75 1 3.09 | 4.89 | 5.65 | 4.23 | 3.61
807 3431 3.50| 4.28 | 4.84 | 3.96 | 3.47 L] 375 3.00 | 491 3.66 |4.24| 3.61
608 3.43 | 3.50 | 4.31] 4.88 | 3.96 ] 3.48 619 3.75|4.02 | 402 3.66 |4.24 | 3.62
600 343 13.50]| 4.31]14.89 | 3.07] 3.48 630 3761302 494|567 [3.25] 3.63
610 3.49|3.51| 4.31]4.80 [3.07] 3.48 631 3.77|3.03 | 495] 5.70 | 4.25| 3.63
811 349 |3.51] 4321480 | 3.07] 3.48 682 3771 4.04{ 4991 3.71 {4251 3.63
612 3.49 | 3.51]| 4.33 | 401 |3.07] 3.48
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. 752 4.15]35.02] 7.20[10.98] 4.59 | 3.78
Table AL3:  cont. 733 217 3.02 730 |11.04| 4.60 | 3.73
683 3.77] 4.04] 4.99] 3.75 | 4.23 ] 3.63 754 4.17]35.08 | 7.36 |11.44] 4.60 | 3.78
634 3771 3.05 | 5021 3.75 | 4.25 | 3.6 735 713[3.16 [ 7.36 [13.00[ 4.61 | 3.78
685 3.78 | 4.05 | 5.05 | 5.77 | 4.25 | 3.64 756 418 3.16] 749 |15.95[4.62 | 3.79
636 373 | 4.06 ] 5.05 | 5.77 | 4.26 | 3.64 57 41813.19] 739 |19.35] 4.62] 3.19
687 3.79 | 4.00 | 5.05 ] 5.30 | 4.26 | 3.64 758 4.21]5.20| 7.60 |21.36| 4.62 | 3.79
G838 179 | 4.10 [ 5.06 ] 5.83 | 4.26 | 3.64 739 AT 321 7.67|30.03|4.64 | 3.9
639 3.80 | 4.10 | 5.07 | 5.85 | 4.27| 3.65 760 4221324 | 7.79 |35.84] 4.64 | 3.80
600 3.80 | 4.10] 3.071 5.86 | 4.23 | 3.65 ol 4223271 733 [35.00| 4.66 ] 3.80
601 3.80 | 4.12 | 5.08 | 5.37 | 4.28 ] 3.65 762 422|528 | 1.87 4.66 | 3.80 |
573 18014.13 | 3131337 | 4.29 | 3.65 763 7123|3311 3.03 766 3.1
603 3.80 ] 4.14 | 5.13] 3.37 | 4.30 | 3.66 764 1.24 | 5.32 | 3.04 3.66 | 3.81
604 1801 4.15 [ 5.13 | 5.88 | 4.30 | 3.66 65 425[3.35] 3.50 767 3.81
693 3.81 | 4.15 | 5.20 | 5.80 | 4.31 ] 3.66 766 4.6 341 | 8.59 167] 3.81
596 18214.15] 5201 3.93 | 4.32| 3.66 767 2771343 | 3.64 67| 3.81
697 3.83 | 4.17 | 321 ] 5.94 | 4.32 | 3.66 768 327|545 8.77 4.67] 3.81
698 3.83|4.19] 3221596 |4.32 | 3.66 760 227|334 3.80 1631 3.81
699 3.84|4.19] 5.23 | 6.00 [4.32 ] 3.66 770 4.28 | 5.68 | 9.49 169 3.52
700 3.84 422 323 6.01 |4.32 ] 3.66 TT1 A28 378 9.81 760 3.52
701 3.84 | 4.22 | 5.23| 6,02 | 4.32] 3.6/ T2 2.30 | 5.81 | 10.70 2.60 | 3.82
02 384 [4.23 | 324 6.03 [4.33 | 3.6/ T3 7301 6.03 | 10.83 760] 3.53
703 3.84 | 4.23 | 5.25] 6.08 | 4.33 | 3.6/ T4 4.31] 6.14 | 10.38 2.70| 3.83
704 3851425 | 5271 6.10 | 4.34 | 3.6/ TS A31[6.18 [12.61 270 3.33
705 3.85]4.25| 5271 6.12 | 4.34 | 3.6/ 776 4.33]6.19 | 14.65 3.70] 3.83
706 3851 4.26 3281 6.13 | 4.35 | 3.68 TTT 1331622 2578 270 3.54
707 3.85]4.26 | 5.29| 6.17 | 4.36 | 3.68 778 4.34 | 6.35 | 26.82 3.71] 3.4
708 3.8514.28] 3.29] 6.17 | 4.36 ] 3.68 T 134|649 30.0 172 3.54
700 3.86]4.28 | 5.29]| 6.17 | 4.37] 3.68 780 4.35| 7.01 [30.48 4.72] 3.85
710 1831428 3311610 |4.37] 3.69 731 3367113343 73] 3.5
711 3.88 | 4.28 | 533 6.10 | 4.38 | 3.69 782 4361752 [33.95 2.73 | 3.85
T2 7. 31| 534|622 | 4.38] 3.70 33 436 | 7.56 | 34.04 775] 3.55
713 3.00 | 4.31 | 53.34] 6.22 | 4.38| 3.70 784 4.37 | 8.28 | 35.81 2.74] 3.85
T4 3.00 | 4.32 | 5381 6.27 | 4.39 | 3.70 785 237 | 8.41 | 39.74 75| 3.55
715 3.01 | 4.32 | 5.41] 6.34 | 4.40] 3.70 736 4.33 | 8.54 4.74 | 3.6
16 301 |4.33 [ 5.42] 6.38 | 442 3.11 737 130 8.83 1741 3.6
717 3.01|4.34 | 5.43 | 6.30 | 4.42 | 3.71 738 .40 | 8.90 4.75] 3.86
T3 30214341 344|630 | 442 | 3.1 789 740 9.46 1751 3.6
719 3.0214.37] 3451 641 | 4.44 | 3.71 790 2.40 | 9.90 4.76 ] 3.56
720 3941438 | 3501 641 [4.44| 3.71 791 331 [11.05 276 3.87
721 3.95|4.38 | 5.50] 6.43 | 444 | 3.71 792 3.41 |15.05 77| 3.87
2 305440 | 3511632 |4.44] 3.71 793 741 [15.20 17T 387
723 3.06 | 4.41 | 5.63 | 6.62 | 4.44 | 3.71 794 3.41 |16.82 478 3.87
TR 396 [4.41 | 5.64| 664 |444| 3.2 795 T2 [23.67 773383
725 3.06 | 4.42 | 5.65 | 6.66 | 4.44 | 3.12 796 7.42 |26.17 4.79] 3.88
726 3.06 | 444 5.66] 6.71 | 445 | 3.72 o7 T34 279 3.89 |
727 3.96|4.46 | 5.70] 6.74 [ 445 | 3.72 798 4.44 |27.55 4.79] 3.89 |
T8 30T 3473741637 [3451 3.73 799 4.5 [33.36 32| 3.89 |
729 2.00 | 447 5.781 693 |4.46| 3.73 300 7.46 |39.26 482 3.89
T30 700 | 448 | 3.34| 698 [4.46] 3.73 301 147 132380
731 4.01 |4.52] 3.86] 7.03 | 446 | 3.73 302 147 4.84] 3.90
32 401|434 | 387|104 | 446 | 3.73 303 143 134[ 3.00
733 2.01|4.55 ] 592 ] 7.05 | 4.49| 3.73 304 3.43 4.35] 3.90
T34 .02 [4.60] 598 707 | 330 3.73 305 743 3.35] 3.90
735 2.03 | 461 6.03] 7.25 | 4.30] 3.73 306 2.49 2.85] 3.90
736 3.0314.63] 61717273301 3.7 307 2.30 736 301
737 4.04 | 4.64 | 6.22] 1.20 | 4.31 | 3.74 308 4.30 4.86 ] 3.01
738 304146516251 762 |3311 3.5 300 731 736 3.01
730 2.05]14.67] 630|762 |4.52| 3.55 310 731 4.87] 3.01
TA0 7.06 1467|6341 771 (4521 3.5 311 132 337 3.01
741 3.07]|4.69] 634|778 | 4.32| 3.73 312 152 483 3.01
A2 307474 6401 792 |452] 3.5 313 132 430 3.01
743 4.07|14.75] 641|793 | 453 3.76 314 3.53 390 | 3.01
A% T03[4.76 | 642 8.03 |4.34] 3.76 313 333 A91[ 302
745 2.09|4.30] 645 8.18 | 4.55] 3.76 316 3.55 491] 3.02
T35 114306511920 | 4561 3.78 317 37 301 3.02
74T 4.12|4.86] 6.5619.46 |4.57] 3.76 318 7.38 3492 3.02
TR 312|487 657]19.60 | 3.571 3.77 310 738 94| 3.02
749 713 | 4.98 | 6.62[10.05]4.57| 3.77 320 7.58 396 3.93
7350 Z13[3.00] 6.68110.13| 438 3.77 320 730 2971 3.03
751 4.1315.01 | 7.11]10.161 4.58 | 3.78
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522 759 7991 3.93
353 782 3001 3.93
524 1.63 300 3.4
35 785 3011 3.04
326 7.66 302 3.94
327 769 3031 3.95
328 7.69 3041 3.0
320 T 304 3.03
330 172 3.04 | 3.96
331 77 306 3.96
332 773 3.06 | 3.96
353 %K) 071 3.07
834 174 307 3.97
333 0 3071 3.07
336 7.50 3001 3.97
337 735 300 3.07
338 7.34 311 3.08
330 734 711308
330 1.85 12| 3.08
4T 707 3121 3.93
342 797 313 3.98
353 7.00 314308
344 7.05 3151 3.99
343 703 316 4.00
346 7.97 318 ] 4.00
377 708 313 4.00
348 7.0 3.19 | 4.00
340 708 331 [ 4.00
330 7.8 323 4.00
33T 7. 335401
352 302 325 4.01
333 703 335401
354 3.04 3271 4.02
353 70 333400
336 307 3311 4.03
337 307 332 | 4.0
358 30 332 | 4.04
839 700 333405
360 700 334 4.05
861 710 336 4.03
362 314 336 | 4.0
363 716 3371 4.08
364 716 339 4.06
363 T30 330 4.08
366 320 340 | 4.0
367 337 341 | 4.07
368 323 342 | 4.0
360 3756 343 4.08 |
370 331 343 4.08
ij 330 346 4.08]
372 3.32 349 | 4.08 |
373 330 331 | 4.0
374 333 733 4.0
573 70 337410
376 342 355 4.11
il L] 335 4.11
378 344 335 411
30 T35 336 4.12
830 346 364 4.12
38T 336 35412
332 330 371 4.12
353 333 3412
334 337 378 4.12
333 333 IR 413
336 564 331|413
3y 78 334|413
338 366 336] 4.14
33 387 330 | 4.14
390 367 391] 4.14
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301 3.6/ 3.04] 4.14
302 3.63 602| 4.14
— 803 3.70 603 | 4.14
304 3.1 603 | 4.15
303 3.30 6.03 | 4.15
306 3.36 go7| 415
— 897 3.88 6.11| 4.16
— 808 3.90 612| 4.16
399 5.92 6.14] 4.16
900 3.04 6.16] 4.16
901 6.04 6.27] 4.16
002 6.06 627] 4.16
903 6.08 637 4.17
904 613 633 4.17
903 6.16 641|417
906 6.1/ 641 4.17
907 6.22 644 | 4.18
908 6.25 47| 4.18
909 6.28 6.51] 4.18
910 8.32 832 ] 4.18
911 6.49 6.54 | 4.18
12 6.56 834 4.18
913 6.62 6.56] 4.19
914 .63 6.50] 4.19
915 6.65 6.65] 4.19
916 .70 6.68 | 4.20
017 6.1 6.73 | 4.20
013 X/ 8.9 4.21
919 6.79 6.30 | 4.21
920 6.3 683 | 4.21
921 6.32 693 4.22
922 T.12 8o 322
923 7.17 7011 4.22
924 7.30 7.06 | 4.23
925 7.35 7.07 | 4.23
976 7.35 T.13 | 4.23
927 7.45 7.16 | 4.23
028 7.68 T2 | 324
929 7.90 7.38 | 4.24
930 3.20 T43| 4.23
931 .03 743 | 4.23
032 0.22 T.05 | .25
933 10.22 781 4.25
934 10.35 732|425
935 10.62 782 | 4.26
936 11.12 737 4.26
937 12.49 3.20 | 4.26
038 13.36 3261 4.27
939 14.87 %34 | 4.27
940 13.03 3371 4.8
941 15.62 0.05] 4.28
932 15.07 3.05 | 4.28
943 16.06 922 | 4.28
04 23.01 926 | 4.28
943 24.04 9.26 | 4.28
946 78.00 0351 4.20
047 33.90 11.19] 4.20
043 12.38] 4.20
949 13.32] 4.20
930 36.14] 4.30
031 48.37] 4.30
032 a337] 4.30
933 31.38] 4.31
034 3704 4.31
933 331
936 331
937 4.31
038 332
939 332
960 332
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961 2.33
362 133
963 1.33
064 133
965 1.33
966 733
967 4.33
963 737
969 734
770 735
971 733
372 735
973 2.33
077 733
975 7.35
376 133
977 7.36
073 736
979 737
030 737
931 237
932 737
933 7.37
934 737
985 737
936 38
937 133
933 %]
989 733
390 %]
991 2.39
397 739
993 7.40
904 740
995 3.40
396 720
997 7.40
393 T30
999 7.0
1000 741
T001 .42
002 7%}
1003 743
1004 713
1005 743
1008 7]
1007 113
003 10
T009 143
1010 133
1011 .44
1012 T4
1013 .44
1014 743
1015 7.43
1018 746
1017 7.46
1013 747
1019 747
1020 747
1021 743
1022 TR
1023 743
1024 70
1023 749
1028 730
1027 7.30
1028 730
1029 431
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1030 451
1031 731
1032 352
1033 753
1034 4.33
1035 733
1036 3.54
1037 733
1038 3.34
1030 7753
1040 435
1041 7.36
1042 357
1043 337
1044 457
1045 737
1046 357
1047 738
1048 3.58
1049 759
1050 2.59
1051 761
1052 2.61
1053 761
1034 2.61
1035 163
1056 2.63
1057 363
1058 2.63
10390 1.63
1060 1.63
1061 7.63
1062 2.65
1063 7.63
1064 4.66
1065 2.66
1066 2.66
1067 2.66
1068 467
1060 167
1070 2.63
T071 7.63
1072 2.69
1073 270
1074 3.70
1073 270
1076 371
1077 71
1078 .72
1079 %7
1080 374
1031 177
1082 475
1033 73
1084 a.77
1035 73
1036 378
1037 173
1088 3.78
1030 79
1000 3.79
7001 2.9
1002 379
7003 7.30
1004 4.30
1003 230 |
1006 4.30
1007 730 |
1008 431
1000 331
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1100 2.82
1101 7.32
1102 1.82
1103 132
1104 4.83 |
1103 1353
1106 1.83
1107 134
1103 1.4
1109 134
1110 2.85
111 2.85
1112 4.85
1113 7.36
1114 2.86
113 137
1116 1.87
117 738
1118 4.39 |
1119 730 |
1120 1.90
1121 .90
1122 3,01
1123 2,01
1124 2.01
1123 .00
1126 3.02
1127 2.2
1128 3.92
1129 703
1130 1.93
1131 7,94
1132 7.95
1133 7.93
1134 4.96
1133 7.96
1136 497
1137 7,07
1133 7.08
11390 793 |
1140 7.08
1141 7.99
1142 2.99
1143 3.00
1144 3.01
1143 3.01
1146 3.02
1147 302
1148 3.03
1149 3.05
1150 3.03
1131 3.04
1152 3.04
1133 304
1154 3.05
1133 3.05
1136 3.05
157 306
1158 3.06
1139 307
1160 307
1161 3.07
1162 3.08
1163 3.00
1164 3.00
1163 3.00
1166 311
1167 313
1163 3.13
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1169 5.13
1170 3.14
1171 3.14
1172 3.14
1173 5.14
1174 317
1175 5.18
1176 318
1177 3.18
1178 318
1179 3.20
1180 3.20
1131 3.20
1132 3.20
1183 3.21
1184 321
11853 5.22
1136 3.22
1187 3.25
11838 3.25
1189 5.27
1190 3.27
1191 5.27
1192 3.28
1193 3.29
1194 3.30
1195 3.30
1196 331
1197 3.32
1198 3.33
1199 3.34
1200 3.3
1201 3.35
202 3.35
1203 3.37
1204 3.30
1205 3.39
1206 3.40
1207 3.41
1208 3.41
1209 5.42
1210 3.42
1211 3.43
212 3.44
1213 5.45
1214 3.5
1215 3.46
1216 3.47
1217 347
12138 347
1219 3.48
1220 3.40
1221 3.51
1222 3.33
1223 3.33
1223 3.55
1223 3.55
1226 3.55
1227 3.33
1228 3.56
1229 5.57
1230 3.57
1231 3.53
1232 3.5%
1233 3.50
1234 3.61
1233 3.61
1236 3.64
1237 3.65
1238 3.65
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1239 766
1330 788
1241 768
VLY LN
17243 371
VLS LNK
1245 373
1778 ENAS
1247 376
243 3T
1249 375
1230 332
1231 732
YAy 7353
1233 733
1234 733
1233 334
1236 335
1257 3.36
253 337
1250 337
1260 390
1261 502
762 303
1263 303
1264 303
1263 3.96
1766 357
1267 397
1263 397
1269 308
270 399
271 3.99
7 399
1773 3.99
272 .00
1273 .01
1778 502
277 5.08
7% 812
1279 6.15
1230 .16
1281 6.19
jViy) ¥
1233 21
234 (97)
1283 522
1236 g5
1287 527
1283 Vil
1289 532
1290 834
1201 536
1202 836
1203 637
1204 330 ]
1205 .39 |
1206 840
1207 644
1203 X
1299 €48
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1300 6.51
1301 6.51
1302 6.52
1303 633
1304 6.63
1305 6.63
1306 6.73
1307 6.5 |
1308 6.76
1309 .19
1310 6.83
1311 8.33
1312 6.8/
1313 6.01
1314 6.01
1313 6.95
1316 6.98
1317 7.00
1318 7.05
1319 710
1320 7.34
1321 735
1322 7.41
1323 7.60
1324 7.60
1323 7.61
1326 7.60
1327 T.1
1328 7.03
1329 7.96
1330 3.03
1331 3.06
1332 327
1333 3.4
1334 3.43
1333 334
1336 8.56
1337 361
1333 3.13
1330 3.08 |
1340 9.19
1341 .23
1342 0.6/
1343 0.52
1344 0.37
1345 10.56
1346 10.65
1347 11.35
1348 13.56
1349 14.20
1330 64.00)
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Appendix A2 - Equivalent Bubble Size Measurements for the Air/Water/0.5%

Copy Paper System

This appendix tabulates the equivalent bubble diameter measurements recorded for the
air/water/0.5% copy paper system flowing through the cocurrent bubble column. Table A2.1
summarizes the equivalent bubble diameter number density for all bubble diameters. Table A2.2
tabulates the equivalent bubble diameter number density for all data with d < 12 mm. Table A2.3

presents all of the equivalent bubble diameter measurements obtained from the FXR images.
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Table A2.1:  Summary of the equivalent bubble diameter number density for all the
air/water/0.5% copy paper data obtained in this study.

Report 8

Copy Paper Consistency (%) 0.5 0.5 0.5 0.5 0.5 0.5
Column Position (cm) 15-40 | 15-40 | 15-40 | 115-140| 115-140| 115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Supertficial Gas Velocity (cm/s) 1 2 4 1 2 4
Bubble Size Range (mm) Equivalent Bubble Diameter Number Density (%)
0<d<1 0.0 0.0 0.0 0.0 0.0 0.1
1<d<15 6.9 3.3 3.0 4.4 2.4 5.3
1.5<d<2 12.1 7.7 6.6 10.9 12.5 8.6
2<d<25 15.4 12.5 9.7 15.0 13.3 12.9
25<d<3 15.6 17.9 | 135 14.2 16.0 13.1
3<d<35 15.0 15.6 | 15.2 13.6 12.3 13.7
35<d<4 11.9 15.0 | 135 12.5 11.8 10.5
4<d<45 8.0 9.4 10.3 8.7 7.9 7.7
45<d<5 4.9 5.7 9.0 7.0 7.2 7.7
5<d<5.5 2.6 3.6 5.9 3.3 4.7 6.3
5.5<d<6 1.8 2.7 3.2 3.2 2.7 3.6
6<d<6.5 1.7 1.8 2.8 2.7 3.0 2.1
6.5<d<7 0.9 0.9 1.5 1.5 1.1 1.5
7<d<75 0.4 1.3 1.0 0.3 1.4 1.7
7.5<d<8 0.7 0.1 0.4 0.3 0.9 1.2
8§<d<85 0.2 0.4 0.7 0.4 0.2 0.6
8.5<d<9 0.2 0.3 0.3 0.0 0.5 0.7
9<d<95 0.2 0.3 0.4 0.3 0.2 0.5
95<d<10 0.1 0.0 0.5 0.0 0.3 0.3
10<d <105 0.1 0.0 0.1 0.4 0.1 0.1
10.5<d<11 0.0 0.2 0.1 0.0 0.3 0.2
11<d<115 0.1 0.0 0.0 0.0 0.0 0.1
11.5<d<12 0.0 0.1 0.0 0.3 0.0 0.0
d>12 1.2 1.4 2.2 1.2 1.3 1.5
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Table A2.2:  Summary of the equivalent bubble diameter number density for the d < 12 mm
air/water/0.5% copy paper data obtained in this study.

Copy Paper Consistency (%) 0.5 0.5 0.5 0.5 0.5 0.5
Column Position (cm) 15-40 | 15-40 | 15-40 | 115-140 115-140| 115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Bubble Size Range (mm) Equivalent Bubble Diameter Number Density (%)
0<d<l1 0.0 0.0 0.0 0.0 0.0 0.1
1<d<15 7.0 3.4 3.1 4.4 2.4 5.4
1.5<d<2 12.3 7.8 6.7 11.0 12.7 8.7
2<d<25 15.5 12.7 9.9 15.2 13.4 13.1
25<d<3 15.8 18.2 | 13.8 14.4 16.2 13.3
3<d<35 15.2 15.8 15.5 13.7 12.5 13.9
35<d<4 12.0 15.3 13.8 12.7 11.9 10.6
4<d<45 8.1 9.5 10.6 8.8 8.0 7.8
45<d<5 5.0 5.8 9.2 7.1 7.3 7.8
5<d<55 2.6 3.7 6.0 3.4 4.8 6.4
55<d<6 1.8 2.7 3.3 3.2 2.7 3.7
6<d<6.5 1.7 1.8 2.9 2.7 3.0 2.1
6.5<d<7 0.9 0.9 1.6 1.6 1.1 1.5
7<d<75 0.5 1.3 1.0 0.3 1.4 1.8
7.5<d<8 0.7 0.1 0.4 0.3 0.9 1.2
8§<d<85 0.2 0.4 0.7 0.4 0.2 0.6
85<d<9 0.2 0.3 0.3 0.0 0.5 0.7
9<d<95 0.2 0.3 0.4 0.3 0.2 0.5
9.5<d<10 0.1 0.0 0.5 0.0 0.3 0.4
10<d<10.5 0.1 0.0 0.1 0.4 0.1 0.1
10.5<d<11 0.0 0.2 0.1 0.0 0.3 0.2
11<d<11.5 0.1 0.0 0.0 0.0 0.0 0.1
11.5<d<12 0.0 0.1 0.0 0.3 0.0 0.0
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Table A2.3:  Equivalent bubble diameter data for the air/water/0.5% copy paper system flowing
through the cocurrent bubble column. The data are sorted by bubble size.

oy Daper 0310303030303 &5 1301167 [ 174 167 [ 163] 1.6l
Consistency (%) 62 1.50]1.68] 1.75]1.68 | 1.68] 1.62
Column Posttion [ 13-40(13-40 13-40 T13- | 113-] 115- 53 T30 [0 [ 173170 [163] 162
(cm) 140 | 140 | 140 [ T30 1.70] 1.75| 1.70 | 1.68 | 1.63
Superficial Liquid 2212121271 °2 65 T.51 | 1.71] 1.76] 1.70 | 1.63 | 1.63
Velocity (cm/s) [ T3 |1.1| 1.76| I.71 | 1.68| 1.64
%’gggl?igg ry2p4110qp2¢)4 &7 T2 (171|176 [ 1.71 | 1.69 | 1.65
Bubble Count Equivalent Bubble Diameter (mm) gg }gg };; i;g };; }gg }gg
; 1-8} i-gg }'8‘1‘ }"1"1‘ }‘I’g }-8‘3) 7o T[T I L3 [10] 1.6
- KGR RE REZLNHES RBLE WO 7 T [1 B84 L3 [0 168
E LETED RN RELA BELE RELA WECE T L8 BT BRI BEE B B
2 LD VA MEUA RBUNREEL NER 7 TR La [ 171 1.6
> A HES MENEAREAN REEY WAL T RS BT BRI BNCE BN B
2 IS RESMELIRS/N R REY 73 151176188 L5 [12] 169
: R iR M) L R R A T RS DG BRI B 5% B
5 EUARES] RRLLRELR BRI RRE il R BN N i BNEL B
= NCAREEL ALY BES e A NRE R 0 B BRI B B B
0911241 1I6] 13211371 1. 7 R0 %A A BNEE BNEL YA
11 T[T 24 L1612 (137 117 5 BN LA BEA B E ARER BR
7 T[T [T 12 (101118 < i3 BN B BRER BWEL BWA
3 T [127 ] 1211133 | 1.42] 1.0 ) EE BWEE BEEL BREE BNEE BWE
17 il By VAN BER BREE WA z R L e EREE i
3 TTA[133 [ 1281133 [ 144 121 T AR ARE LI RE R RNl RAE!
8 WCS BN B B BT B = St R T
17 LI711351 134713611450 1.2 3% R B SR BEAE BNET BYA
i3 T35 138138 (14318 =7 e BECBRRLIBRE
1 1201361371136 (1471127 = R e R R
0 i3l B B B B BV % et it
71 T 1371 138136 [ 148 1.7 % e T
1) Wl BN B B B BV 5 A R A RR LA RNC] A
73 T 130 12137 [130] 1.28 o e e T
g }'%j }gg i'ﬁ }gg }gg }'gg 33 167 184 1.09] 1.87 | 1.80] 1.79
= L B e R LRS- ) 07 TS [T [T L0
> Sttt e i 93 T.71 | 1.87] 2.00] 1.88 | 1.83 | 1.80 |
26114411441 1401521 1 3 T I8T 20T [ 10 [133 130
yi] T T A TR [10 132153 = IR ER A R ARE AR T B,
1) TRIB a4 15313 5 Wi B3 A DR B B R
_3,(1) }gﬁ }':2 i"s‘g {‘ﬁ {gg igg 3% T IR 20a [ 1R [155[ 152
3 e N on RE L 100 T IR 203 100 [133 182
= Y B REN RETA R 101 T3 [180 ] 205 190 [ 1.86| 1.5
= MRS REIN RE A REAA R 102 T 130205 [ 100 [ 136 1.5
= LELNRESTREE] REL] REXA RE.L 103 174180 [ 203 192 [1.86] 1.54
S0 1471 153115011581 1. 04 TR0 206102 [136 1133
gg }g} }gg }gg }g‘l’ }22 142 03 T30 206 [ 192 [ 186 1.5
SLILS0R TS0 P11 11581 143 106 T77I 1901 206 [ 193 [ 136 1.56
38 132111 150 1ol 18] 140 107 177190 207 [ 194 [ 186|137
0 T332 [ 1371131 [ 1.60] 1.43 = AR o ErraEs L
2‘1) }gg {gi 1 RETR REC RE.: 09 T[0T 208 [ 195 188 1.59]
- LR NETA REEN NECT REY 110 TRITOT 208 [ T06 [ 133 102
= LRI RESEREL] RELN REC RE T TRTI03[ 211196 [1.89] 1.92
= [BIDMISER NEER MR REC M 5V TR0 194| Z12| 197 | 189 1.0
= R IAR eI RE A R R 113 180107 212198 [ 1.89] 1.03
25 I8 [ T35 T80 134 [ ToT [ 1% 2 L8:71 BEJA WACE BESE RS BEL
hu L R R R 133 T8 (197 216198 [1.80] 1.93
el IELA RECLE M) REDE RECH B 118 TR [TO8 [ 216 100 [ 130 196
5 L A A 117 183 1.09] 2,18 1.09 | 1.90] 1.98
A3119 162|157 116211 13 T8I [T 00218200 [ 190 1.98]
2(1) }'3‘5‘ }'gg {'gi }gg i'gg ig 119 1831109 [ 218200 [1.00] 1.99
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. 196 211]2.27] 2.53] 2.31 [ 2.21] 2.37
Table A23:  cont. 107 311227 ] 2.53 | 2.31 | 2.21 | 2.37
127 1.87]2.01 | 2.22] 2.03 ] 1.93 ] 2.01 198 211|227 ] 2.53 | 2.32 | 2.22 | 2.37
28 137202 2221 2.03 | 1.93 | 2.02 199 A1 227 | 234 | 232 | 2.22 | 2.37
129 1.88 | 2.02| 2.22| 2.03 | 1.94 | 2.02 200 2.13 | 2.28 | 2.54 | 2.32 | 2.22 | 2.37
130 T00 [2.05| 2.23 | 2.04 | 1.95 | 2.02 201 313 | 228 | 2551 2.32 | 2.24 | 2.37
131 1.90 [ 2.05 | 2.23 | 2.05 | 1.95 | 2.02 202 2.13 | 2.20 | 2.56 | 2.32 | 2.24 | 2.38
132 190 [ 2.05| 2.23 | 2.05 | 1.96 | 2.03 303 314 220 | 2.36 | 2.33 | 224 | 2.38
133 190 | 2.05] 2.23 | 2.05 | 1.96 ] 2.04 204 2.14 | 2.29 | 2.36| 2.34 | 2.25 | 2.38
T34 T.00 | 2.06 | 2251 2.05 | 1.96 | 2.06 703 T14[2.30 | 2.571 2.34 | 2.25 | 2.39
135 1.00 | 2.06 | 2.26| 2.06 | 1.97 | 2.07 206 2.15 ] 2.30 | 2.57] 2.35 | 2.26 | 2.40
136 T2 [2.071 226 2.07 | 1.97] 2.07 207 1T 231 | 238 [ 2.35 | 2.26] 2.41
137 193 2.07] 226 207 | 1.98 | 2.07 208 2.17 | 2.32 | 2.38 | 2.36 | 2.26 | 2.41
133 TO3[2.10] 226 [ 2.07 | 2.00 | 2.07 300 318 | 2.33 | 2.30 | 2.36 | 2.27] 2.41
139 1.93]2.10] 2.27] 2.08 | 2.00 | 2.03 210 2.18 | 2.34 | 2.60 ] 2.36 | 2.27 | 2.42
140 TO3 [ 2.12[ 228 2.08 | 2.00 | 2.9 211 318|234 | 2.60 | 2.37 | 2.27] 2.42
T41 1931 2.12| 2.28 | 2.08 | 2.01| 2.09 212 2.19 | 2.34 | 2.60] 2.37 | 2.27] 2.42
142 103 [2.13 ] 2.20] 2.08 | 2.01 | 2.00 213 310|234 2.61] 2.38 | 2.28 | 2.43
143 1.93 | 2.13 | 2.20| 2.10 | 2.02 | 2.10 214 2.19| 2.34 | 2.61] 2.38 | 2.29 | 2.43
T84 103 [2.13] 2.20| 2.10 | 2.02 | 2.10 215 320 | 2.35 | 2.62 | 2.38 | 2.20 | 2.43
145 194 | 2.13| 2.32| 2.2 | 2.02| 2.11 216 2.20 | 2.35 | 2.62| 2.30 | 2.29 | 2.44
146 TOF[ 2131 2321 2.12 | 2.03 | 211 217 3.20 | 2.36 | 2.63 | 2.40 | 2.30 | 2.43
147 194 | 2.14| 2.33| 2.12 | 2.04| 2.11 218 2.201 2.36 | 2.63 | 2.40 | 2.30 | 2.45
43 TO3 [ 2141 233 | 2.12 | 2.05 | 2.11 719 7201 2.36 | 2.63 ] 2.40 | 2.30 ] 2.45
149 195 2.15 | 2.33 | 2.12 | 2.05] 2.11 220 221 2.37 | 2.63 | 2.40 | 2.30 | 2.43
130 TOS 1205 2331 213 | 2.05| 2.12 220 332 [ 237 2.63 | 241 | 231 2.46
151 1951 2.15| 2.34| 2.1 | 2.06 | 2.12 222 2.23 | 2.38 | 2.65 | 2.41 | 2.31] 2.46
32 TS 213 234 2.14 | 2.06 | 2.12 223 333 [2.30 | 2.65 | 2.42 | 2.31 ] 2.46
153 195 2.16 | 2.34 | 2.15 | 2.06 | 2.13 224 2.23 | 2.39 | 2.66 | 2.42 | 2.31 | 2.46
134 TO3[2.16 [ 234 [ 2.15 | 2.06 | 2.15 723 3231230 | 2.66| 2.42 | 231 | 2.46
155 1.95[2.16 | 2.36] 2.16 | 2.06 | 2.15 226 2.23 | 2.40 | 2.66 | 2.46 | 2.32 | 2.47
136 196 | 2171 2361 2.16 | 2.06 | 2.15 227 IIA 240 | 2.671 2.46 | 2.32 | 2.48
157 1962171 237]2.16 | 207] 2.16 228 2.25 | 2.40 | 2.67 | 2.46 | 2.34 | 2.48
138 T8 [ 217 | 2371 207 [ 2071 2.17 779 335 [ 241 ]| 2.63 | 2.46 | 2.34 | 2.48
159 196 | 2.17] 2.37] 2.18 | 2.08 | 2.17 230 2.25 | 2.41 | 2.63 | 2.46 | 2.34 | 2.48
160 T8 [ 207 238 [ 2.18 | 2.08 | 2.18 731 2.25 | 2.41 | 2.60 | 2.46 | 2.34 ] 2.30
161 1.97 [ 2.17] 2.38 2.19 | 2.00 | 2.19 732 2.26 | 2.42 | 2.69 | 247 | 2.35] 2.50
162 T3 [2.171 2.39 | 2.10 | 2.10| 2.19 233 396 | 242 | 2.60 | 247 [ 2.35 | 2.50
163 1.98 | 2171 2.39] 2.20 | 2.11 | 2.20 234 2.26 | 2.42 | 2.70 ] 2.48 | 2.36 | 2.50
164 TOS[2.071 230 220 [ 211 [ 2.22 733 32T 242 | 2.70| 2.3 [ 2.36 | 2.31
165 1.90 [2.17] 2.39] 2.20 | 2.11 | 2.22 736 2271242 2.70| 2.49 [ 2.37] 2.51
166 TO0 [ 2071 230 221 | 2.12 | 2.23 237 381242 | 2.70| 2.50 | 2.38 | 2.31
167 1.90 [2.10 | 2.40] 2.21 | 2.13 | 2.23 238 2.28 | 2.43 | 2.71 ] 2.50 | 2.38 | 2.51
163 TO0[2.10] 241 [ 2.22 | 213 | 2.3 730 338 | 2.43 | 2.72 | 2.30 | 2.38 | 2.52
169 199|219 2.42| 2.22 | 2.14 | 2.24 740 2.28 | 2.43 | 2.72| 231 | 2.38 | 2.52
T70 T.00 | 2.10 | 2421 222 | 2.14 ] 2.26 24T TR 244 | 2.2 | 231 [ 233 | 2.53
171 2.00 | 2.20 | 2.43 | 2.23 | 2.14| 2.26 242 2.28 | 2.44 | 2.72| 2.32 | 2.38 | 2.53
2 T.00 | 2.20 | 244 | 223 | 2.0 | 2.27 743 320 | 244 | 212 2.32 | 2.38 | 2.53
173 7.00 | 222 | 2.45 | 2.23 | 2.14 | 2.28 244 2.29 | 2.45 | 2.72] 2.53 | 2.39 | 2.55
iz 001222 | 245 | 224 | 2.14 | 2.28 243 3301 245 | 273 | 2.54 | 2.40] 2.36
75 2.01 | 2.22 | 2.46 | 2.24 | 2.14 | 2.28 746 2301 2.45 | 2.73 | 2.54 | 240 2.56
176 T01 [ 222 | 2.6 2.25 | 2.14 | 2.20 YLyl 331245 | 274 2.34 | 2.40 | 2.56
177 2.01 | 2.23 | 2.46 | 2.25 | 2.14 | 2.29 248 231|245 | 2.74| 2.54 | 2.41 | 2.56
78 202 [ 223 | 2.46] 2.26 | 2.15 | 2.29 749 3311246 2.75| 2.55 | 2.44] 2.56
179 2.02 | 2.23 | 2.46 | 2.26 | 2.16 | 2.30 250 232|247 2.76 | 2.55 | 2.44 | 2.56
130 T02 1223 | 246 227 | 2.16] 2.30 231 332|247 276 | 2.55 | 2.44 1 2.57
181 2.02 | 2.23 | 247|227 | 2.16 | 2.31 732 2.32| 247 | 2.771 2.36 | 2.44 | 2.57
2 303|203 | 2471 22T 1 2.16 ] 2.31 753 3321 248 | 2771236 [ 2.45 | 2.58
133 2.04 | 2.23 | 2.48 | 2.28 | 2.16 | 2.33 234 2.32 | 2.48 | 2.77] 2.56 | 2.45 | 2.58
T84 304 | 224 | 2.48 | 228 | 2.07] 2.33 733 332 | 248 | 20T [ 237 | 24T ] 2.38
185 2.04 | 2.24 | 2.49 | 2.29 | 2.17 | 2.34 736 2.32| 2.48 | 2.77]| 2.57 | 2.47] 2.59
136 3.05 | 2.24 | 2.49 | 2.20 | 2.10| 2.3 757 3331 240 [ 2771 237 [ 247 2.59
187 2.07 | 2.24 | 2.49] 2.29 | 2.19 | 2.34 258 2.33 | 249 | 2.77| 2.38 | 2.48 | 2.59
133 307|224 2.40| 2.29 | 2.20 | 2.34 739 3.33 | 2.40 | 2.7 | 2.58 | 2.48 | 2.50
139 2.07 | 2.25 | 2.50] 2.30 | 2.20 | 2.36 260 2.33 | 2.30 | 2.78 | 2.58 [ 2.49| 2.60
190 2.08 | 2.25 ]| 2.50] 2.30 | 2.20 | 2.36 761 334 | 2.50 | 2.78 | 2.50 | 2.49 | 2.60
191 2.08 | 2.25 | 2.50] 2.30 | 2.21 | 2.36 762 2.34 | 2.30 | 2.79 | 2.30 | 2.49 | 2.60
102 T.00 | 225 | 2.50] 2.30 | 2.21 ] 2.36 763 334230 2.80 2.30 [ 2.49] 2.60
193 2.10 | 2.26 | 2.50] 2.30 | 2.21 | 2.36 764 2.34] 2.50 | 2.80| 2.60 | 2.30] 2.60
194 102261 2511230 12211 2.36 765 335 (2301 2.801 2.61 [2.30] 2.61
195 2.1112.26 2.52| 2.30 | 2.211 2.37




Project FO0903
Table A2.3: cont.
266 2.35[2.51] 2.80] 2.62 [ 2.50 ] 2.61
267 235 2.51 | 2.80] 2.62 | 2.50 | 2.62
263 2.36 | 2.52 | 2.80] 2.62 | 2.51 | 2.62
260 2.36 | 2.52 | 2.82] 2.63 | 2.51 | 2.63
270 2.36 | 2.52 | 2.82 | 2.63 | 2.52 | 2.64
271 736 | 2.52 | 282 2.63 | 2.32 | 2.65
272 2.36 | 2.53 | 2.82 ] 2.65 | 2.52 | 2.65
273 736 | 2.53 | 2.83 | 2.65 | 2.53 | 2.66
274 2.37 | 2.53 | 2.83 | 2.66 | 2.53 | 2.66
275 238 | 2.53 | 2.83 | 2.66 | 2.33 | 2.67
276 2.38 | 2.53 | 2.83 | 2.66 | 2.33 | 2.67
277 2.38 | 2.54 | 2.34 | 2.66 | 2.54 | 2.68
278 2.39 | 2.54 | 2.85 | 2.67 | 2.54 | 2.69
279 7.30 | 2.54 | 2.36 | 2.67 | 2.54 | 2.69
280 2.30 | 2.54 | 2.86 | 2.67 | 2.54 | 2.70
281 2.40 | 2.54 | 2.87] 2.68 | 2.55 | 2.70
282 2.41 | 2.54 | 2.87 | 2.68 | 2.55 | 2.70
283 231 | 2.55 | 2.871 2.68 | 2.55 | 2.71
284 2.41 | 2.35 | 2.8712.70 | 2.35 | 2.71
283 342 [2.55 | 287 270 | 255 | 2.2
286 2.42 [2.55 | 2.88 | 2.70 | 2.55 | 2.72
287 2.42 | 2.56 | 2.88 | 2.71 | 2.55 | 2.72
288 2.42 | 2.56 | 2.88 | 2.71 | 2.55 | 2.73 |
789 2.43 [ 2.56 | 2.80 | 2.72 | 2.56 | 2.74
290 2.43 | 2.56 | 2.80 | 2.72 | 2.37 | 2.74
291 2.43 | 2.56 | 2.80| 2.72 | 257 | 2.7
292 2.44 | 2.56 | 2.80 | 2.72 | 2.38 | 2.74
293 244 [2.57] 2.80 | 2.73 | 2.58 | 2.74
204 2.45 | 2.57 | 2.00| 2.73 | 2.38 | 2.74
295 2.36 [ 2.57 | 200 2.73 | 2.58 | 2.15
296 2.46 | 2.57 | 2.00| 2.73 | 2.38 | 2.73
297 7.36 | 2.57 | 2.91 | 2.74 | 2.50 | 2.7
208 2.47 | 2.58 | 2.92]2.74 | 2.39 | 2.76
299 237 | 2.58 | 2.92] 2.75 | 2.60 ] 2.76
300 2.47 | 2.58 | 2.93 | 2.75 | 2.60| 2.77
301 748 | 2.38 | 2.93 ]| 2.75 | 2.60] 2.78
302 2.43 | 2.58 | 2.93 | 2.75 | 2.61] 2.78
303 2.40 [ 2.58 | 2.03 | 2.76 | 2.61 | 2.7%
304 2.49 [ 2.58 | 2.03 [ 2.76 | 2.61 | 2.79
305 249 [2.530 | 2.04[2.78 | 2.62 | 2.80 |
306 2.49 [2.59 | 2.05] 2.78 | 2.62 | 2.80 |
307 349 [2.50 | 2.05 [ 2.70 | 2.62 | 2.81
308 2.49 [2.59 [ 2951279 [2.62 ]| 2.82
300 2.50 | 2.50 | 2.06] 2.79 | 2.62 | 2.52
310 2.50 | 2.59 | 2.96 | 2.80 | 2.62 | 2.32
311 2.51]2.60 | 2.06] 2.81 | 2.63 | 2.53
312 2.51 | 2.60 | 2.96 | 2.83 | 2.63 | 2.3
313 252 2.61 ] 2.96] 2.83 | 2.64 | 2.33
314 2.52 | 2.61 | 2.07 ] 2.83 | 2.64 | 2.83
315 2.52 | 2.61 | 2.07] 2.83 | 2.64 | 2.5
316 2.53 | 2.61 | 2.08 | 2.83 | 2.65 | 2.35
317 2.33 | 2.62 | 2.08 | 2.86 | 2.65 | 2.5
318 2.53 | 2.62 | 2.08 | 2.86 | 2.65 | 2.85
319 2.54 | 2.63 | 2.00| 2.87 | 2.66] 2.5
320 2.54 | 2.63 | 2.00 | 2.87 | 2.66 | 2.86
321 254 2.63 | 2.09] 2.87 | 2.66 ] 2.36
322 2.54 | 2.63 | 2.00 | 2.87 | 2.66 | 2.86
323 2.55 | 2.64 | 3.00] 2.80 | 2.67] 2.36
324 2.55 | 2.66 | 3.00 | 2.89 | 2.68 | 2.38
323 2.56 ] 2.66 | 3.00] 2.01 | 2.68 | 2.90
326 2.56 | 2.67 | 3.00] 2.01 | 2.68 | 2.00
327 756 | 2.67| 3.01 | 2.01 | 2.60 | 2.01
328 2.56 | 2.67 | 3.01| 2.01 | 2.60 | 2.92
3290 2.56 | 2.67 ] 3.01 ] 2.02 | 2.60 | 2.02
330 2.56 | 2.67 | 3.01]203 |2.70] 2.93
331 7.5712.68 | 3.02] 2.03 | 2.70] 2.93
332 2.58 | 2.68 | 3.02 | 2.03 | 2.70 | 2.94
333 7.58 | 2.68 | 3.02| 2.04 | 2.71 | 2.0:
334 2.58 | 2.60 | 3.02} 2.04 | 2.71 1 2.95
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333 2.58|2.60 ] 3.02]2.94 [ 2.72] 2.96
336 7.30 | 2.60 | 3.02]2.95 [ 2.72| 2.96
337 2.60 | 2.70 | 3.03 [ 2.96 | 2.72 | 2.97
338 7.60 [ 2.70 | 3.03 | 206 [ 2.72| 2.97
330 2.60 | 2.70 | 3.04 | 2.07 [2.73 | 2.97
340 2.60 | 2.70 | 3.05 | 2.07 | 2.74 | 2.98 |
341 2.60 | 2.71 | 3.05| 2.07 | 2.74 | 2.98
332 261 | 2.71 | 3.05 | 2.07 | 274 ] 2.99
343 2.61 | 2.71 | 3.05 ] 2.08 [ 2.74| 2.99
343 2.61 [2.72 ] 3.05] 2.08 | 2.74 | 3.00
345 2.62 | 2.72 | 3.05] 298 | 2.74] 3.00
346 2.62 | 2.72] 306 1 2.99 | 2.75 | 3.00
347 2.62 | 2.72 | 3.06]2.99 [ 2.76 | 3.01
348 2.63 | 2.72 | 3.06] 3.00 | 2.76 | 3.01
349 2.63 | 2.73 | 3.06]3.02 [2.77] 3.02
330 2.63 | 2.73 | 3.06] 3.02 [ 2.77] 3.02
331 2.64 | 2.73 | 3.06] 3.02 | 2.79 | 3.02
352 2.64 | 2.73 | 3.07] 3.02 | 2.80] 3.02
333 2.64 | 2.74 | 3.08 ] 3.03 [ 2.80| 3.02
354 2.65 | 2.74 | 3.08 ] 3.03 | 2.80] 3.03
335 2.65|2.74 | 3.08 | 3.04 | 2.81] 3.04
336 3.65[2.75 ]| 3.00] 3.04 [ 2.81] 3.04
357 2.65 | 2.75 | 3.00]3.05 [ 2.81] 3.04
338 7.66 [ 2.75 | 3.00] 3.05 | 2.81| 3.04
~330 2.6712.75 | 3.09 [ 3.06 [ 2.82 ] 3.05
360 267 [2.75 ] 3.10] 3.06 [ 2.82] 3.05
361 2.68 | 2.76 | 3.11]3.07 [ 2.83| 3.07
362 7.6812.76 | 3.12 | 3.07 | 2.83 | 3.07
363 2.70 | 2.76 | 3.12 | 3.08 | 2.83 | 3.07
364 270 | 2.76 | 3121 3.08 | 2.83 ] 3.08 |
365 2.70 | 2.77 ]| 3.12] 3.09 | 2.83 | 3.08
366 T2 207 | 3131 3.00 [ 2.84] 3.08]
367 2.2 2.77 ] 3.13] 3.09 | 2.85] 3.08
368 22 2.7 | 3131 3.10 | 2.85 | 3.08
360 2.73 | 2.77] 3.14| 3.10 | 2.85| 3.08
370 273 | 278 | 3.14] 3.10 | 2.86 | 3.00
371 2.73 1 2.78 | 3.14| 3.10 | 2.86 | 3.09
312 204208 | 314 | 311 [ 2.87] 3.09
373 2.74 | 2.79 | 3.15 [ 3.11 | 2.87] 3.09
KyL! 2041 2.9 | 3151 3.12 [ 2.88 | 3.10
375 2.74[2.79 [ 3.16] 3.12 [ 2.88[ 3.10
376 274 [ 2.80 | 3.16 | 3.12 | 2.88 | 3.10
377 2.74 | 2.80 | 3.17] 3.12 | 2.89 | 3.10
TR 274 [2.80 | 3171313 | 2.80| 3.11
379 2.74 [ 2.80 | 3.17] 3.13 | 2.89| 3.11
330 205 | 2.81 | 3.07] 313 | 201 3.12
381 2.75 | 2.81 | 3.18 [ 3.13 [ 201] 3.13
382 275 1 281 | 3181 3.14 [ 201 | 3.13
383 2.76 | 2.81 | 3.18 | 3.14 | 2.01] 3.13
384 20T | 2.82 | 3.18 | 3.14 | 201 | 3.13
383 277282 3.19]3.14 | 292 3.14
336 207 | 2.82] 3.9 3.14 | 2.93 | 3.14
387 2.78 | 2.82 | 3.201 3.14 | 2.94| 3.15
388 2.8 | 2.83 | 3201 3.15 | 2941 3.1
380 2.9 | 2.83 | 3.22] 3.15 | 2.94[ 3.15
390 2.80 | 2.83 | 3221 3.16 | 204 3.16
301 2.81 | 2.83 | 3.22] 3.17 | 294 3.17
302 281 | 2.84 | 3.22| 3.07 | 204 3.17
303 2.82|2.84| 3.223.17 | 294 3.17
304 283 | 2.84 | 322 3.18 | 2.05| 3.17
305 2.83 | 2.85 | 3.22| 3.18 | 2.05 | 3.18
306 2.83 | 2.85 | 3221 3.10 | 2.05| 3.18
307 2.34 | 2.85 | 3.23 | 3.10 | 2.96] 3.18
308 234 | 2.85 | 3.23 | 3.20 | 2.06 | 3.19
399 2.34 | 2.85 | 3.24 | 3.20 [ 2.97| 3.19
300 2.85 | 2.86 | 3.26] 321 | 2.07| 3.19
301 2.85 [ 2.86 | 3.26 3.21 [ 2.97] 3.20
302 72.86 | 2.86 | 3.261 3.22 | 2.97] 3.20
303 2.86 | 2.86 | 3.26 | 3.22 | 2.08 | 3.20
304 7.86 12861 3.2713.22 | 2.08} 3.20




Project F00903
Table A2.3: cont.
405 2.86]2.87] 3.27] 3.22 [ 2.98 [ 3.20
406 2361 2.87 | 3.2713.23 | 2.98 | 3.20
407 2.87 | 2.87 | 3.27] 3.24 | 2.98 | 3.21
203 287 | 2.87 | 3.27] 3.24 | 2.98 | 3.21
300 2.87 | 2.87 | 3.27 ] 3.24 | 2.99 | 3.21
210 2.87| 2.87 | 3.28 1 3.24 | 2.99 | 3.22
411 2.87 | 2.87 | 3.29] 3.25 | 2.99 | 3.23
12 2.87 | 2.87 | 3.29 ] 3.26 | 2.99 | 3.23
a13 2.38 | 2.88 | 3.30] 3.26 | 3.00 | 3.23
214 7.88 | 2.88 | 3.30] 3.27 | 3.00 | 3.24
313 2.88 | 2.80 | 3.32 | 3.28 | 3.00 | 3.25
716 2.38 | 2.80 | 3.32] 3.28 | 3.01 | 3.27
a1] 2.88 | 2.8 | 3.32| 3.28 | 3.02 | 3.2/
7138 7.30 | 2.80 | 3.32 ] 3.28 | 3.02 | 3.27
419 2.80 | 2.89 | 3.33 ] 3.30 | 3.02 | 3.29
220 7.30 | 2.80 | 3.33 ]| 3.31 | 3.03 | 3.20
421 2.89 | 2.00 | 3.33 | 3.32 | 3.03 | 3.30
72 2.00 | 2.00 | 3.33 | 3.33 | 3.03 | 3.30
423 2.90 | 2.00 | 3.33 | 3.34 | 3.04 | 3.30
127 2.01 | 2.00 | 3.34 | 3.34 | 3.04 | 3.31
425 2.91 | 2.00 | 3.34 | 3.34 | 3.04 | 3.31
276 2.92 | 2.00 | 3.34 | 3.35 | 3.05 | 3.33
427 2.92 | 2.01 | 3.35 ] 3.35 | 3.05 | 3.33
23 7.02 | 2.01 | 3.36 | 3.37 | 3.05 | 3.33
429 2.92 | 2.01 | 3.36] 3.37 | 3.06 | 3.34
730 2.92 [ 2.01 | 3.36] 3.38 | 3.06] 3.35
431 2.3 | 2.02 | 3.36] 3.38 | 3.06 | 3.35
332 2.93 | 2.02 | 3.37] 3.38 | 3.07] 3.33
333 2.93 | 2.02 | 3.38 ] 3.38 | 3.07] 3.35
33 2.93 | 2.03 | 3.381 3.30 | 3.07] 3.36
435 2.93 | 2.03 | 3.38 | 3.40 | 3.07 | 3.36
736 2.03 | 2.93 | 3.38 | 3.41 | 3.08 | 3.37
437 2.04 1293 | 3.39| 3.42 | 3.08 | 3.38
433 2.04 | 2.04 | 3.39] 3.42 | 3.08 | 3.39
439 2.04 | 2.04 | 3.39] 3.42 | 3.08 | 3.39
330 2.04 [ 2.04 | 3.39 | 3.42 | 3.09 | 3.40
341 2.95 | 2.04 | 3.41 | 3.43 | 3.10 | 3.40
a7 2.08 | 2.05 | 341|343 | 3.11 | 3.43
443 2.08 [ 2.05 | 3.41 | 3.43 | 3.11 | 3.44
v.Ys 308 [2.03 | 342|345 | 3.11 ]| 3.4
445 2.99 | 2.05 | 3.42 | 3.45 | 3.12 | 3.44
36 2.00 [ 2.05 | 3.42] 3.45 | 3.12 ] 3.4
447 2.90 | 2.6 | 3.43 | 3.45 | 3.13 | 3.45
33 3.00 | 296 ] 3.43] 3.46 [ 3.13 | 3.43
449 3.00 | 2.96 | 3.43 | 3.46 | 3.14 | 3.46
4350 3.00| 207 | 3.44| 3.47 | 3.15 | 3.46
431 3.00 | 2.00 | 3.44 | 3.49 [ 3.16 | 3.47
332 3.01 | 2.00 | 3.45| 3.30 | 3.16 | 3.47
453 3.01]2.09 | 3.45| 3.50 | 3.16 | 3.47
433 301 [2.00 | 345 3.30 | 3.16 | 3.48
435 3.01| 2.09 | 3.45] 3.51 | 3.17 | 3.49
436 301 [2.00 ] 345] 3.52 | 3.18 | 3.49
437 3.03 | 3.00 | 3.45] 3.52 | 3.19 | 3.49
353 3.03 | 3.00| 3.45] 3.33 | 3.19 | 3.40
439 3.03 | 3.00 | 3.45] 3.33 | 3.19 | 3.49
360 3.04 | 3.00 | 343 3.54 | 3.20] 3.30
461 3.04 | 3.00 | 3.46 3.34 | 3.21] 3.30
462 3.05 | 3.01 | 346 ] 3.34 | 3.21 | 3.30
463 3.05 | 3.01 | 3.46 | 3.35 | 3.22 | 3.30
364 3.05 | 3.01 | 3471 3.36 | 3.22 | 3.31
465 3.05 | 3.01 | 3.47 | 3.36 | 3.22 | 3.51
366 3.05 | 3.01 | 3.47] 3.36 | 3.23 | 3.51
467 3.06 | 3.02 | 3.47 | 3.36 | 3.23 | 3.52
763 3.06 | 3.02 | 347|357 | 3.24] 3.33
469 3.07 | 3.02 | 3.48] 3.57 | 3.24| 3.33
770 3.08 | 3.02 | 3.43] 3.38 [ 3.25] 3.54
471 3.08 | 3.02 | 3.49 3.59 | 3.26 | 3.54
ryp) 308 | 3.03 | 3.49] 3.39 | 3.26] 3.35
473 3.08 | 3.03 | 3.50] 3.39 | 3.26 ] 3.35

106

74 3.08 ] 3.03 | 3.50] 3.39 | 3.26] 3.55
75 3.00 | 3.04 | 3.30] 3.39 | 3.26 | 3.5
476 3.00 | 3.04] 3.50] 3.60 | 3.27 | 3.55
777 311 3.04] 3.31] 3.60 | 3.271 3.36
773 3.11]3.05] 3.51] 3.60 | 3.27 | 3.36
770 311 3.05| 3.51 ] 3.60 | 3.28 ] 3.56
430 312 | 3.05 | 3.52] 3.60 | 3.28] 3.56
281 312 3.05] 3.52] 3.61 | 3.28 | 3.58
482 3.13 | 3.06 | 3.53 | 3.61 | 3.28 | 3.58
233 313 | 3.07 | 3.341 3.61 | 3.28 | 3.58
434 3.13 | 3.07 | 3.34] 3.62 | 3.29 | 3.59
233 3131 3.08] 3.34] 3.62 | 3.29 | 3.59
436 3.14 | 3.08 | 3.34] 3.65 | 3.29 | 3.59
737 314 3.08] 3.36] 3.65 | 3.30| 3.61
433 3.15 | 3.08 | 3.56] 3.65 | 3.30| 3.61
239 3.15 | 3.08 | 3.36 3.66 | 3.31 | 3.61
290 3.15 | 3.03 | 3.56| 3.66 | 3.32§ 3.61
291 3151 3.08]| 3.5713.67 13.321 3.62
292 3.15 | 3.08 | 3.5713.67 | 3.33 | 3.63
493 31513.08] 3.571 3.68 |3.33 | 3.63
494 3.15|3.00] 3.37]3.60 | 3.33 | 3.63
295 3151 3.09] 3.381 3.60 | 3.34 ] 3.63
496 3.16 | 3.09 | 3.58] 3.60 | 3.34 | 3.66
297 316 3.10| 3.381 3.70 | 3.35 | 3.67
408 3.16 | 3.10 | 3.58] 3.70 | 3.36 | 3.67
499 317 3.10] 3.38 | 3.71 | 3.37] 3.67
300 3.18 | 3.11 | 3.381 3.71 | 3.37] 3.68
301 319 | 3.11 ] 3.38 1 3.71 | 3.37] 3.69
302 3.10 | 3.11 | 3.38 | 3.71 | 3.37] 3.69
303 3191 3.12 | 3.381 3.2 1 3.371 3.60
304 319 3.12] 3.39] 3.73 | 3.38 [ 3.70
305 3.20 | 3.12] 3-39 ] 3.75 | 3.38 [ 3.70
306 3.20 | 3.12 | 3.59| 3.75 | 3.38 | 3.71
307 3.20 | 3.12 | 3.60 | 3.77 | 3.38 | 3.11
308 3.21]3.12] 3.60] 3.78 | 3.39 | 3.71
300 3.21 | 3.12] 3.601 3.78 | 3.41 | 3.74
310 3.21|3.13] 3.60] 3.8 | 3.41 | 3.74
311 321 13.13] 3.6013.78 | 342 3.5
312 3.23 | 3.13 ] 3.6113.79 | 3.42[ 3.75
313 324 13.13] 3.6113.79 1342 3.5
314 3.25|3.13 | 3.62] 3.79 | 3.441 3.5
315 325 13.13 | 3.62] 3.80 | 3.44 1 3.76
316 3.26 | 3.14 | 3.63] 3.80 | 3.45 [ 3.76
317 3.2613.15] 3.63] 3.80 | 3.451 3.76
313 3.27 ] 3.16 | 3.63 | 3.81 | 3.46| 3.77
310 32713161 3.63] 3.82 | 3.46 ] 3.77
320 3.2713.16 | 3.63| 3.82 | 3.47] 3.77
320 328 3.16 ] 3.63 | 3.82 | 347 3.77
322 3.23 | 3.16 | 3.64| 3.82 | 3.47] 3.78
323 328 13.16| 3.64] 3.83 | 347] 3.9
324 3.28 | 3.17] 3.65 ] 3.84 | 3.49 | 3.80 |
325 329 | 3.17] 3.651 3.85 | 3.30 1 3.81
326 3.29 | 3.17] 3.65] 3.6 | 3.50] 3.82
327 329 3.13] 3.651 3.6 | 3.50] 3.82
328 3.30 | 3.13 | 3.66] 3.6 | 3.30] 3.83
329 330 3.13 | 3.661 3.87 | 3511 3.8
330 3.31]3.13| 3.67] 3.87 | 3.51] 3.85
331 33113.18] 3.6713.87 | 3521 3.8
332 3.313.13| 3.67] 3.88 | 3.53 | 3.87
333 3.3213.19] 3.68] 3.88 | 3.33 | 3.89 |
334 3.32] 3.19 | 3.63 | 3.89 | 3.53 | 3.89 |
335 3.32 | 3.20 | 3.69 ] 3.90 [ 3.53 3.90
336 3.33 | 3.20 | 3.69 | 3.90 | 3.53 | 3.01
337 334 [3.20] 3.70] 3.90 | 3.33 | 3.01
333 3.34 | 3.20 | 3.70] 3.90 | 3.54 ] 3.92
339 333 3.21] 3.70] 3.01 | 3.54| 3.02
340 3.34 | 3.21] 3.71] 3.92 | 3.34] 3.93
341 335 | 3.21 | 3.7113.93 | 3.55] 3.93
342 3.3513.22| 3.71] 3.94 [3.35 | 3.94
343 3.3613.22] 3.721 3.05 | 3.551 3.95
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544 3.36[3.22] 3.72] 3.97 | 3.55] 3.95
333 33613221 3.731 3.97 | 3.36 | 3.96
346 3.3713.22| 3.73 1 3.97 | 3.56 | 3.96
347 3371322 3.731 3.97 | 3.36 | 3.96
543 3.3713.22] 3.73 | 3.99 | 3.57] 3.96
349 333323 | 3.73 ] 3.99 | 3.38 | 3.97
530 3.38 | 3.23 | 3.75] 3.99 | 3.58 ] 3.98
331 3331 3.24] 3.76] 4.00 | 3.38 | 3.99
552 3.38 | 3.24 | 3.76] 4.01 | 3.59 | 3.99
333 339 [3.24 | 3.76 | 4.02 | 3.39 | 4.00
554 3.39 | 3.25 | 3.76 | 4.03 | 3.39 | 4.00
335 3.39[3.25 | 3.76] 4.03 | 3.60 | 4.01
556 3.39 | 3.25 | 3.77] 4.04 | 3.60 | 4.02
337 340 [ 3.25 | 3.77| 4.04 [ 3.61] 4.02
558 3.40 | 3.25 | 3.77] 4.04 | 3.61 | 4.03 |
350 341 [3.26 3.77] 4.05 | 3.61 | 4.03 |
560 3.41 | 3.26] 3.78] 4.05 | 3.61] 4.04
361 341 [3.26 | 3.79 305 [ 3.62]| 4.04
362 3.42|3.26 | 3.79 | 4.05 | 3.63 | 4.04
363 342 [3.27] 3.80] 4.06 | 3.63 | 4.04
564 3.42|3.27 | 3.80] 4.06 | 3.64 | 4.0
365 3.44 | 3.27 3.81 1 4.07 | 3.64 | 4.06
366 3.44 | 3.28 | 3.81] 4.07 | 3.65 | 4.0/
367 345 | 3.28 | 3.81| 4.08 | 3.65 [ 4.08]
568 3.45 | 3.28 | 3.81] 4.08 | 3.65 | 4.08
360 346 [3.28 | 3.82] 4.08 | 3.65 | 4.09
570 3.46 | 3.20 | 3.82] 4.10 | 3.66 | 4.09
371 3.46 | 3.29 | 3.82] 4.10 | 3.66 | 4.00
372 3.46 | 3.30 | 3.82] 4.10 | 3.66 | 4.1
373 3471330 3.8314.10 | 3.66| 4.11
574 3.47 | 3.30 | 3.83 ] 4.10 | 3.66 | 4.13
375 347|331 | 384|411 |3.66]| 414
376 3.47|3.31] 3.84| 4.12 | 3.66| 4.16
377 347331 384|412 [3.67] 317
578 3.48 | 3.31 | 3.85| 4.13 | 3.67 | 4.17
310 343 [3.31 ] 3.85 | 4.13 | 3.67] 4.18
380 3.43 [ 3.31 | 3.85| 4.14 | 3.68 | 4.19
381 340 [ 3.31 | 3.86] 4.15 | 3.68 | 4.19
382 3.49 [ 3.31 | 3.86| 4.15 | 3.68 | 4.19
383 3.30]3.32 | 3.86] 4.15 | 3.68 | 4.20
384 3.50 | 3.32 | 3.86] 4.1 | 3.68 | 4.20
335 350 | 3.33 | 386 4.15 | 3.60 | 4.21
386 3.51|3.33 | 3.86] 4.16 | 3.70 | 4.22
387 331 13.33| 3.8714.16 | 3.70| 4.23
383 3.51[3.34 | 3.88| 4.17 | 3.70] 4.25
389 3311334 | 3881417 [3.71]4.23
390 3.52|3.36 | 3.80 | 4.18 | 3.71 | 4.26
301 3.343.36 ] 3.80| 4.1 | 3.71 | 4.26
302 3.34|3.36 | 3.80| 4.20 | 3.72 | 4.2/
393 335 13.36]| 300|322 [3.73 ]| 3.2]
504 3.55|3.37 | 3.00]4.22 | 3.74 | 4.28
395 355337 3921324 [3.75] 3.9
396 3.56 | 3.37 | 3.92]4.24 | 3.75 | 4.30
307 3363371 3.95]4.25 | 3.76] 4.33
508 3.56 | 3.37 | 3.95]4.25 | 3.77] 4.33
399 335713.38 | 3951326 [3.77] 4.33
600 3.58 | 3.38 | 3.95]4.27 | 3.78 | 4.34
801 338330 | 307327 [3.78 ] 4.35
602 3.38 | 3.39 | 3.07] 4.28 | 3.79 | 4.36
803 338 [3.39 | 3.08]3.20 | 3.79] 4.36
604 3.59 | 3.40 | 3.00] 4.31 | 3.79 | 4.37
803 3.50 [ 3.40 | 3.90] 4.35 | 3.30 | 4.3/
606 3.59 | 3.40 | 3.90 4.35 | 3.80 | 4.37
807 3.30[3.40 | 3.00| 337 | 3.81 | 4.41
608 3.59 | 3.40 | 4.01] 4.38 | 3.82 | 4.41
609 3.60 | 3.41 | 4.02| 442 | 3.82 | 4.43
610 3.60 | 3.41 | 4.02 | 4.42 | 3.82 | 4.43
11 3.60 | 3.41 | 4.02] 3443 | 332 ]| 4.4
612 3.61|3.41 | 4.03 | 444 | 3.33 | 4.45
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613 3.63]3.41]4.04]4.45 [3.83] 4.45
614 3.63]3.42] 4.04]4.46 [3.85] 4.45
615 3.6413.43]4.05]4.46 |3.33 ] 4.46
616 3.6413.43]14.05]447 [3.39] 4.46
617 3.6413.44]4.05]4.47]3.89] 448
618 3.6413.4414.05]44713.89] 4.49
619 3.65]3.44]4.05]4.48 | 3.90] 4.50
620 3.65]3.44]14.07]4.50 [3.91] 451
621 3.6613.44]14.07]4.50 ]3.91] 4.51
622 3.6/13.44]1 4.0714.51 [3.92} 451
623 3.6813.45] 4.08 [ 4.52 [3.92] 4.52
624 3.6813.45]14.08]14.53 13.92] 4.53
625 3.68]3.46] 4.09[4.55 13.93 ] 4.53
626 3.6813.46] 4.09]4.56 [ 3.93] 4.53
62/ 3.68 ]3.46] 4.09]4.56 ] 3.94] 4.55
628 3.6913.46]14.10]4.56 | 3.94] 4.55
629 3.7013.47]1 4.10] 4.57 | 3.95] 4.56
630 3.7013.47]14.13]14.59 [3.95] 4.56
631 3.71]13.48] 4.13]4.59 ]3.95] 4.56
632 3.7113.48] 4.1314.60 | 3.95] 4.57
633 3.7213.50] 4.13]4.60 | 3.96 ] 4.57
634 3.7413.50 ] 4.1314.61 [3.97] 4.57
635 3.7413.50] 4.14} 4.63 | 3.97] 4.59
636 3.75]13.5114.15]4.64 ]3.99] 4.59
637 3.75]3.51] 4.15] 4.65 | 4.00 ] 4.60
638 3.7513.5214.15]4.68 ]4.00 | 4.60
639 3.7513.52]1 4.16] 4.69 | 4.00 | 4.62
640 3.7513.5314.16]4.73 [4.01] 4.62
641 3.7613.53] 416 4.74 | 4.01 | 4.64
642 3.7613.53]14.17]4.7414.01] 4.64
643 3.7613.53]14.17]4.74 | 4.02 | 4.66
644 3.7613.53] 4.18]14.74 [ 4.02 | 4.66
645 3.7713.53]14.1814.75 ]4.02] 4.66
646 3.7713.5414.1914.75 [ 4.02 | 4.66
641 3.77]3.54] 4.19]4.76 [ 4.02 ] 4.67
643 3.7813.5514.19]14.77 ] 4.03 ] 4.68
649 3.7913.5514.19]4.77 | 4.05 ] 4.68
650 3.7913.55]14.20]4.79 4071 4.71
651 3.8013.55] 4.20[4.79 [ 4.08 | 4.72
652 3.30 | 3.55 | 4.20 | 4.80 [3.00[ 4.12
653 3.8013.56] 4.21[4.81 [4.09] 4.72
654 3.81]13.56] 4211482 14.09] 4.73
6355 3.81]3.56] 4.21[4.82 [4.10] 4.73
656 3.81 135714211483 ]14.1214.74
657 3.8113.57]4.22]14.83 [4.12] 4.74
638 3.8213.5814.2214.83 14121 4.75
659 3.8213.58] 4221484 ] 4.13] 4.76
660 3.8213.58]4.23]148514.14] 4.7/
661 3.8313.58]4.2314.86 | 4.14 ] 4.7/
662 3.8313.58] 4231487 [4.14]14.77
663 3.8313.59] 4231487 [4.14] 4.81
664 3.8313.59]14.24]14.88 [4.14] 4.82
665 3.84]13.59] 4.24[4.90 [ 4.15] 4.82
666 3.8413.60] 4.24]1492 [4.16] 4.82
667 3.8413.61]4.24[4.92 [4.17] 4.83
663 3.85]3.61]4.24]1493 [4.17] 4.34
669 3.85]3.61]425][4.94 [4.17] 4.84
670 3.85]3.61]4.25]4.96 [4.18] 4.86
671 3.86[3.61] 4.25]4.96 [ 4.18] 4.87
672 3.8613.62]14.25]4.96 ] 4.20] 4.83
673 3.86 [3.62] 4.26 [ 497 [ 4.20] 4.90
674 3.8713.63]1427]1498 14201 4.91
675 3.8813.63] 4.29]5.00 [4.20] 4.91
676 3.80 [ 3.63 | 4.29 | 3.01 | 420 4.92
67/ 3.90]13.63]4.29]5.01 | 422 4.92
678 3.9113.63]14.30]5.02 ]4.22] 4.93
679 3.9113.63]4.30]5.02 ] 4.23] 4.93
680 3.9213.64]14.30]5.03 [4.25] 4.94
681 3.9313.64]4.31]5.04 [ 4.26] 4.94
6382 3.9313.64] 431}5.07 [ 428§ 4.95
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. 752 436[3.84] 4.74]6.72 [4.19] 5.4
Table A2.3: cont. 33 437|385 4.7416.74 [3.19] 3.

683 3.93[3.64] 4.32] 5.08 | 4.29 | 4.97 734 4371385 4.751 692 [4.81] 5.76
634 3.03 [ 3.65] 4.33] 3.08 | 4.20 | 4.08 | 55 43013851 4.751693 | 4811 3.77
685 3.94 | 3.65 | 4.33 | 5.13 | 4.30 | 4.98 756 440 | 3.86| 4.76] 6.94 | 4.82] 5.78
636 3.95 | 3.66 | 4.35 | 5.13 | 4.30 | 3.00 757 441 3.8614.76| 697 |4.82] 5.80 |
687 3.05 | 3.66 | 4.35] 5.14 | 4.30 | 5.01 738 4.42]3.86] 4.77] 698 [4.82] 5.81
6838 307|366 4.35] 325 | 4.30 ] 5.03 739 A [387[ 477|710 [ 4831 3.81
680 3.08 | 3.66 | 4.38 | 3.26 | 4.31 | 5.04 760 444 |3.87 | 4.77] 738 | 4.84] 5.83
800 3.9913.67] 4391 5.30 [ 4.32| .05 761 A5 337[ 4731 738 [3.85 | 5.87
691 3.9913.67] 4.39] 5.30 | 4.32] 5.07 762 449 3.88 | 4.79] .94 [4.86 ] 5.87
573 .00 [3.67] 430 332 | 4.32 | 3.03 | 763 729|338 [4.79] 3.08 [ 4.36] 5.88
603 2.00|3.67 | 4.40]5.34 | 4.33 | 5.09 764 4.53 | 3.88 | 4.80 | 8.23 | 4.90 | 5.88
604 Z01 | 3.67] 4411335 | 4.34] 3.10 765 133|338 | 4.81] 8.33 | 4.90] 5.8 |
695 4.01 | 3.67 | 4.41]3.36 | 4.35 | 3.14 766 4.54|3.88 | 4.82 [ 9.25 | 4.92 [ 5.91
896 01 [3.67| 4411337 | 4.36] 3.14 767 134330 4.821 943 | 4.93 | 5.07
607 2.02|3.67| 444 5.38 |4.37 ] 5.16 763 4.56 | 3.90 | 4.83 ]10.23] 4.94] 5.98
808 702368 | 4451539 | 4.37] 3.16 760 237[3.00| 4.84 [10.36] 4.95 | 5.99
699 4.03 | 3.68 | 4.45 | 5.40 | 4.38 | 3.17 770 4.5713.00] 4.85|10.43| 4.93 | 6.00
700 303 13.68| 4451545 | 4.39 | 5.18 T71 233|300 487 |11.68]4.96] 6.04
701 3.04 | 3.68 | 4.45 | 3.50 | 4.40 | 5.18 TI2 4.59|3.00] 4.87 |11.69] 4.96 | 6.07
02 404 [3.68| 446 5.54 | 4.42 | 5.20 T3 461 ]3.01 ]| 4.80|12.30| 4.96 ] 6.00
703 4.06 | 3.60 | 447 | 3.57 | 4.43 | 3.21 714 4.64 | 3.92 | 4.89 [12.94]4.96 | 6.12
T04 706 [3.60 | 447|338 |4.44] 3.23 TS 164[3.03 | 4.80 [13.12] 497 ] 6.16
705 4.07 | 3.60 | 4.43 | 3.62 | 4.44 ] 3.23 776 4.65 | 3.93 | 4.8 |13.63| 4.98 | 6.17
706 A07[3.60| 440 5.68 | 344 | 5.24 7T 465393 4.80[13.35]4.03 | 6.21
707 2.07 | 3.69 | 4.49 | 5.60 | 4.46 | 5.25 I8 2.67 ] 3.93 | 4.8919.06] 4.99[ 6.25
708 .08 | 3.70] 449 [ 5.70 | 447 | 5.26 TTo 4.6713.04] 4.00]38.37] 3.001 6.28
709 4.08 | 3.70 | 449 5.72 [ 447 | 5.28 780 2.63 | 3.04 | 4.01 [42.94] 5.01 | 6.34
710 708 | 3.71] 450 3.74 | 348 | 3.28 781 763 | 3.04| 4.01 [36.81] 3.01] 6.34
711 2.00 | 3.72| 4.51] 3.74 | 4.49 | 3.29 782 3.70 | 3.94 | 4.01 3.03| 6.35
(av3 300 3.72]| 431 3.7 | 4.50 ]| 3.29 733 270 3.94 | 4.02 3.05] 6.40
713 2.0913.72| 4511 5.75 | 4.51 ] 3.29 734 2.70 | 3.04 | 4.94 3.05 | 6.40
T4 AT 3723311575 {4311 3.30 735 270 3.95 | 494 3.06] 6.43
715 41213.73| 452 5.75 | 4.31] 3.30 736 2.7113.95] 4.95 3.08 | 6.46
716 A3 374 452 5.79 | 3.51] 3.30 T 17213951305 312| 6.48
717 413 |3.74]| 4.52| 5.89 | 4.51] 3.31 788 4.723.06 | 4.95 3.12] 6.49
718 A14[3.74| 453 | 503 | 4.52 | 5.32 789 2731306 4.95 313 654
710 4.14|3.75 | 4.55] 3.94 | 4.32 | 3.33 790 4.73 [ 3.97 | 4.95 5.13] 6.35
720 713 |3.76| 455|394 | 4.52] 5.3 791 275 13.97] 4.96 314 6.57
721 4.15|3.76| 4.56] 5.96 | 4.53 | 3.35 792 375307 ] 4.96 3.15] 6.59
T2 A15(3.76| 4371396 | 4.55 | 5.37 793 375397 497 316 6.65
723 415 3.76 | 4.57]15.97 | 4.55| 3.37 794 2.773.08 | 4.98 5.17] 6.68
T4 Z16[3.76 | 4381397 {4571 337 795 2781 3.08 | 4.98 3.13] 6.63
725 4.163.76 | 4.59 | 5.98 | 4.57 | 5.38 796 3.7 | 3.98 | 4.98 5.19] 6.71
26 Z13[3.76| 4.50| 6.04 | 4.33] 3.38 757 273 3.98 | 4.99 319] 6.9
727 4.18 [3.77] 450 6.11 | 4.38 | 5.38 708 2.81]3.99 | 5.00 3.20 | 6.80
128 Z10[3.78| 4539] 6.12 | 4.39] 3.39 799 3821 4.00] 3.02 3211 602
729 4.21]3.78 | 4.60] 6.13 | 4.60 | 5.41 300 4.82]4.00] 5.04 5.21] 6.96
730 I [3.79[4.60]6.13 |4.61] 3.42 301 73714.00] 5.04 322] 6.99
731 422 |3.79]| 461]| 6.15 | 4.61] 3.43 302 4.90 [ 4.00 | 5.06 322] 1.07
732 322 3.09]| 461]6.15 |4.62] 343 303 91 [4.00] 5.06 3221 7.08
733 4.3 |3.79]| 4.62]| 6.15 | 4.64 | 5.44 304 3.92|4.00 | 5.07 5.22| 7.08
T34 423 |3.79| 462|617 | 364|543 305 793 | 4.01 | 5.08 323 7.09
735 4.23 | 3.79| 4.62] 6.26 | 4.66 | 5.45 306 2.94 | 4.01 | 5.00 3.23] 7.00
736 A4 330 4621627 |3.67] 5.46 307 2.954.03 | 5.00 3231 7.18
737 4.25]3.80] 4.62] 6.28 | 4.68 | 5.47 308 3.02| 4.03 | 5.09 5.25| 7.22
3% 4735330 4.62]6.20 | 4.68 | 5.4% 300 3.03 ] 4.03 | 3.00 327 7.29
730 4.25 | 3.80 | 4.63 ] 6.30 | 4.69 | 3.48 310 3.03 | 4.04 | 5.10 3.28 | 7.30
740 227330 464|631 |4.60] 3.51 311 31314.04] 512 335| 7.34
741 430 | 3.81 | 4.65] 6.31 | 4.70] 3.51 312 3.1314.04 | 5.13 3.36| 7.46
A2 4301 3.32] 3.66] 634 [4.70] 3.51 313 3.14|4.05 | 3.15 3371 147
743 430 3.32] 4.68| 637 |4.71 ] 3.38 314 3.14] 4.05 | 5.15 5.37] 7.48
T4Z 431|333 463|638 | 471 3.61 315 3.1714.05] 518 3401 7.49
745 4.313.83 ] 4.68 | 6.38 |4.72 ] 5.61 316 3.21|4.06 | 5.10 5.42] 1.49
T35 13113851 4.601646 |4.13] 3.63 317 3.2514.06 | 5.19 343 | 731
747 432]3.83] 4.70] 630 | 4.73 | 5.63 3138 3.26 | 4.06 | 5.20 3.46| 7.54
a8 A321338313.7216862 |3.13] 3.67 310 3.26| 4.06 | 3.20 347| 1.65
749 433 |3.83]| 4.72] 6.64 | 4.76 | 3.70 320 327]4.07]5.22 348 | 7.69
730 A5 1334 4.2 667 |27 5.1 321 3.27134.07 1 3.22 349 7.50
751 436 13.84] 4.72| 671 |4.77]1 3.2
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322 3.27[4.07] 5.23 5.40 [ 7.80
323 3301 4.07] 5.23 351 7.80
324 5.34 | 4.07 | 5.24 5.52] 7.92
325 3.41 | 4.08 | 5.24 355 7.02
326 3.43 | 4.00 | 3.25 357 7.07
327 3.46 | 3.00 | 3.25 3.30 | 3.06
328 5.47 | 4.12 ]| 5.26 5.39 | 8.10
329 3431 4.12] 527 3.62 | 8.11
330 3.30 | 4.12 | 3.27 3.65] 8.13
331 331 |4.13 | 5.27 3.66| 8.28
332 3.53 | 4.13 | 5.28 3.63 | 8.52
333 3.364.13 | 5.20 3.70] 8.65
334 3.59 [4.15 | 5.20 5.73 | 8.63
333 3.60 | 4.17] 5.30 3771 3.78
336 5.63 | 4.18 | 5.30 3.78 | 8.83
337 3.64 | 4.18 | 5.30 378 | 8.55
338 3.68 | 4.19 | 5.31 3.30] 9.14
330 3.70 | 4.10 | 3.31 3301 9.33
340 3.70 | 4.20 | 3.32 3.85 ] 9.40
341 3.75 1 4.20 | 534 3.36 | 9.46
342 3.81 | 4.21 ] 5.36 389 | 9.77
343 3.82 | 3.21 1 3.37 3.00] 9.89 |
344 3.83 | 4.21] 5.38 3.93 | 9.93
345 383 | 4.21 | 5.38 3.07 | 10.47
346 3.03 | 4.22 | 5.30 3.08 | 10.52
337 607|423 5.30 6.00 | 10.64
348 6.08 | 4.23 | 5.39 6.02 |11.36
340 800 | 424 5.40 802 |12.45
330 6.00 | 4.25 | 3.41 6.02 | 12.50
331 6.00 | 4.26 | 342 G.04 | 13.64
352 6.16|4.27] 542 6.05 [13.74
353 620 | 4.27] 542 8.06 | 13.05
354 621427 347 6.08 [14.33
335 627 [4.27] 548 611 | 21.10
356 6.29 |4.27] 330 6.11 | 45.00
337 837428 | 331 8.13133.70
358 6.38 | 4.28 | 551 6.15 [60.33
330 842 [4.28 | 3.51 8.16]63.33
360 6.50 | 4.29 | 5.52 6.16 | 71.36
361 630 4.30 | 3.54 G131
362 6.5514.30 | 5.36 6.10
383 8.56 | 4.31 | 3.36 821
364 6.73 | 4.31 | 3.60 6.23
365 6.36 | 431 | 3.60 .26
366 6.90 | 4.32 | 3.60 6.27
367 693 [4.33 ] 3.61 8.2%
368 6.96 | 4.33 | 5.61 6.30
360 8.96[4.33] 3.63 5.36
370 7.0214.33 | 5.65 6.37
4! 7.00 [ 4.33 | 5.65 8.40
372 7.13 | 4.33 | 5.69 6.44
373 T34 | 433 | 3.1 844
374 7.60 | 4.34 | 5.73 6.40
LYA] 761435 3.78 6.40
376 7.64 | 4.35 | 5.81 6.50
STT 7.68 1 4.36 | 5.81 8.65
378 7.81 | 4.36 | 5.85 6.66
370 7.89 | 4.37 ] 5.85 867
380 .05 | 4.38 | 5.37 6.71
331 33714.39] 3.01 6.36
382 8.55|4.40 | 5.01 6.01
333 3.05|4.40] 3.02 6.02
384 0.04 [4.41 | 5.94 6.06
385 9.26|4.42] 5.05 .09
336 9.90 | 4.42 | 5.97 7.05
337 10.13[4.42 | 3.97 7.05
388 11.03] 4.42 | 3.97 7.05
389 1487443 | 6.02 7.06
390 18.30] 4.44 | 6.02 7.07
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301 27.16] 4.45 | 6.06 7.07
302 20.43]4.46 | 6.1 7.03
303 20.43[4.46 | 6.12 7.08
304 79.08]| 4.46 | 6.14 7.08
303 30.22| 4.47 | 6.16 7.10
306 30.52] 4.47] 6.24 714
897 36.47| 4.47 | 6.27 7.36
303 4267|4471 6.29 743
399 43.04] 4.48 | 6.30 7.50
900 443 6.30 735
901 448 6.31 7.35
902 349 6.32 7.60
903 4.49[ 6.35 7.07
904 730] 6.37 7.79
903 451] 6.39 7.97
506 7321 6.30 TO7
907 4353 6.39 3.26
308 4341 6.40 331
909 4354 641 337
010 434|641 3.63
011 455 6.42 3.68
912 236| 6.43 371
913 436 | 6.43 3.80
914 237] 6.46 0.34
913 438 6.49 9.50
916 438 6.49 9.74
017 43581 6.55 .30
913 439 6.56 .80
919 4.59 | 6.57 10.15
920 460 6.58 10.73
921 4.60 | 6.60 10.75
022 2.60 | 6.66 10.0%
923 4.62 | 6.66 12.11
024 4631 6.67 2.12
923 463]6.73 12.63
926 1841 6.15 14.05
927 2.64 ] 6.35 14.38
928 65| 6.30 14.63
929 4.65] 6.98 19.85
930 2871698 19.87
931 4.68 | 7.00 53.31
932 768 | 7.01 33.06,
933 469 7.04 62.09
934 2701 7.05 76.51
933 2.0 7.13
036 2701 7.19
937 a1 731
033 T 7132
939 371 7.35
940 21 745
041 473 ] 146
042 75 762
943 474 1.76
04 176 | 134
943 4771 7.98
946 2781 3.1
047 4.81] 8.16
943 7321 3.18
949 432 8.21
950 7321 8.29
931 4.82 [ 8.40
052 7333|843
033 433 | 8.60
054 3331 3.67
933 4385]8.76
936 43519.13
937 4386]9.18
033 4361 9.34
959 4.871]9.34
960 4391950
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961 7.90] 9.50
962 397 9.60
963 7.9419.69
064 796932
965 2.97[10.42
066 7.08 [10.50
967 7.99 | 12.68
063 3.02 | 13.66
969 304 |15.52
370 3.06 | 16.34
571 3.07 [ 16.50
T2 3072133
973 5.08 ]26.43
074 300 [26.78
975 3.10 [27.90
776 316[29.35
977 3.18 | 30.81
973 310 ([33.67
579 332 [35.55
980 3.25 | 35.98
981 3.27 [40.06
332 333 (4030
983 329 [41.41
034 3T [332
085 331 | 44.19
336 332 [48.30
937 3.33 |49.42
033 3333323
989 5.33
390 334
901 333
902 335
993 5.36
904 737
993 338
906 330
597 341
998 3.41
999 341
1000 342
1001 344
002 347
1003 344
1004 343
1005 346
1006 343
1007 3.49
T008 331
7009 352
1010 337
1011 333
1012 5.54
1013 333
1014 3335
1015 3.59
1018 339
1017 361
1018 382
1019 362
1020 383
1021 364
1022 383
1023 3.67
1024 387
1025 3.60
1026 3770
1027 5.73
1028 373
1029 379
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1030 3.81
1031 331
1032 3.31
1033 381
1034 3.33
1033 3.33
1036 3.83
1037 3.01
1038 .03
1030 .05
1040 6.07
1041 8.10
1042 6.10
1043 811
1044 6.15
1045 8.15
1046 6.16
1047 8.1

1043 6.23
1040 6.26
1050 5.28
1051 633
1032 6.36
1053 8.30
1054 6.43
1055 6.46
1056 647
1057 8.40
1038 6.56
1050 6.36
1060 6.56
1061 8.58
1062 6.65
1063 6.63
1064 6.73
1065 673
1066 6.30
1067 6.53
1068 7.02
1060 7.02
1070 7.02
1071 7.03
1072 7.05
1073 713
1074 7.24
1073 7.36
1076 7.39
1077 7.30
1078 7.41
1079 741
1080 7.43
T031 745
1032 7.65
1083 3.26
1084 3.26
1083 8.27
1086 3.42
1087 3.50
1083 3.82
7080 303
1000 9.13
7001 522
1002 0.22
1003 10.52
1004 10.64
1003 11.03
1006 13.00
1007 13.02
1008 14.15
7099 13.72
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1100 873
1101 7748
1102 27.26
1103 70.66
1104 32.30
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1103 33.14
1106 33.64
1107 38.17
1103 20.14
1109 40.14
1110 30.20
1111 49.81
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Appendix A3 - Equivalent Bubble Size Measurements for the Air/Water/1% Copy
Paper System

This appendix tabulates the equivalent bubble diameter measurements recorded for the
air/water/1% copy paper system flowing through the cocurrent bubble column. Table A3.1
summarizes the equivalent bubble diameter number density for all bubble diameters. Table A3.2
tabulates the equivalent bubble diameter number density for all data with d < 12 mm. Table A3.3

presents all of the equivalent bubble diameter measurements obtained from the FXR images.
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Summary of the equivalent bubble diameter number density for al the air/water/|%
copy paper data obtained in this study.

Copy Paper Consistency (%) 1 1 1 1 | 1
Column Pogition (cm) 15-40 | 15-40 | 15-40 | 115-140 | 115-140 | 115-140
Superficia Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) ! 2 4 1 2 4
Bubble Size Range (mm) Equivalent Bubble Diameter Number Density (%)
0<d<1 ) 00 [ 00 [ 00 [ 00 | 00 | 00
1<d<15 41 | 14 | 06 08 [ 22 [ 42
15<d<2 | 135 | 79 | 55 93 | 90 | 135
2<d<25 213 | 132 | 116 [ 209 | 135 | 212
25<d<3 | 202 | 206 | 223 | 200 | 151 | 151
3<d<35 | 154 | 200 | 177 | 11.3 | 141 | 103
35<d<4 60 | 138 | 121 | 97 | 108 | 99
4<d<45 | 75 | 82 | 102 [ 65 | 9.0 | 73
45<d<5 | 45 | 45 | 55 65 | 61 | 48
5<d<55 15 | 29 | 30 | 49 | 37 | 18
55<d<6 |11 16 | 25 24 | 49 | 20
6<d<65 | 04 | 09 | 16 16 | 29 | 12
6.5<d<7 04 [ 05 | 19 | 06 | 16 | 12
7<d<75 | 00 | 05 | 08 12 | 12 | o8
75<d<8 4. | 05 | 09 | o4, 10 02 .
8<d<85 0. | 05 | 02 | 02 o4, 12,
8.5<d<9 0. | 00 | 02 02, 04, 10.
9<d<95 0. | 05 | 02 04, 06 . 00 .
9.5<d<10 00 . . 02 [ o4 04 . 08 .
10<d <105 0. | 02 | 02 [ o02. 02. 06 .
10.5<d< 11 0. | oo | 02 [ 00 02. 02 .
11<d<115 4. | 00 | 00 00. 00 . 00 .
115<d <12 0. | oo | 03 00 . 04. 04 .
d> 12 3, | 25 | 25 2. 24 | 22.
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Table A3.2: Summary of the equivalent bubble diameter number density for the d < 12 mm
air/water/1% copy paper data obtained in this study.
Copy Paper Consistency (%) 1 1 1 1 1 1
Column Position (cm) 15-40 | 15-40 | 15-40 | 115-140| 115-140| 115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Bubble Size Range (mm) Equivalent Bubble Diameter Number Density (%)
0<d<1 0.0 0.0 0.0 0.0 0.0 0.0
1<d<15 4.3 1.4 0.6 0.8 2.2 4.3
1.5<d<2 14.0 8.1 5.6 9.5 9.2 13.8
2<d<25 22.1 13.5 | 11.9 214 13.9 21.6
25<d<3 209 | 212 | 229 20.5 15.5 15.5
3<d<35 15.9 20.5 | 18.2 11.6 14.5 10.5
35<d<4 6.2 142 | 124 10.0 11.0 10.1
4<d<45 7.8 8.4 10.5 6.6 9.2 7.4
45<d<5 4.7 4.7 5.6 6.6 6.2 4.9
5<d<55 1.6 3.0 3.1 5.0 3.8 1.9
55<d<6 1.2 1.6 2.6 2.5 5.0 2.1
6<d<6.5 0.4 0.9 1.6 1.7 3.0 1.2
6.5<d<7 0.4 0.5 1.9 0.6 1.6 1.2
7<d<7.5 0.0 0.5 0.8 1.2 1.2 0.8
75<d<8 0.4 0.5 1.0 0.4 1.0 0.2
8§<d<8.5 0.0 0.5 0.2 0.2 0.4 1.2
85<d<9 0.0 0.0 0.2 0.2 0.4 1.0
9<d<95 0.0 0.5 0.2 0.4 0.6 0.0
9.5<d<10 0.0 0.0 0.2 0.4 0.4 0.8
10<d<10.5 0.0 0.2 0.2 0.2 0.2 0.6
10.5<d<11 0.0 0.0 0.2 0.0 0.2 0.2
11<d<115 0.4 0.0 0.0 0.0 0.0 0.0
11.5<d<12 0.0 0.0 0.3 0.0 0.4 0.4
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Table A3.3:  Equivalent bubble diameter data for the air/water/1% copy paper system flowing
through the cocurrent bubble column. The data are sorted by bubble size.

Copy Paper 1 1 1 1 1 1 61 2.10]2.20]2.22}2.07 | 2.06] 1.79
Consistency (%) 2 TI01 220 222 | 207 [ 2.1 ] 1.30 |
Column Position | 13-40{13-40| 13-40{ 115- [ 113-] 115 5 216|220 222 207 | 2.12| 1.81
(cm) 140 | 140 | 140 [ 217220 2.231 2.07 | 2.13 | 1.83
Superficial Liquid 221zl z2q121]°¢% 65 2.18 | 2.21 | 2.25] 2.08 | 2.14] 1.83
Velocity (cm/s) %% 310|222 | 2.26| 2.08 | 2.14 | 1.84
§lufl’°ff*°‘a‘§/” rr2p4ptypz2]4 &7 7211 2.22] 226 200 | 213 | 1.54
elocity (cm/s) 5] 2.21 | 2.23 | 2.26] 2.10 [ 2.17| 1.34
Bubble Count wvalent Bubble Diameter (mm) ) 511251227211 215 153
1 }‘1’4 };g }‘3&’ }gg %‘l’g }g(l) o T2 22T 2 28] 153
: D e AT iner T 12251 227 211 | 2.18] 1.86
- A A EEs (3 21228 220 | 21T [ 218 137
2641441101101 1281 L 73 724 227 | 2.30| 212 | 2.19| 1.87
3 1351149 1.36] 1.54 | 1.28] 1.34 - A bRl BRI BELE At BE LR
3 T36 140 1361 154 | 1421 1.36 —z il SRk BATE BACE Bl K]
; }‘ﬁ igg i-gg }gg }-2; }g; T T3 2 23 1222 [ 100
5 N e 7T 230|231 233 213 | 2.22] 1.01
> R B R T T 1232 234 214 [ 222 101
= e AR AREaRES 75 7311232 234 214 | 2.25 | 101
AT 172 109 114911 %0 2252142251 103
V) T3 18 1218 [ 133 1.3 = ErAEREE DL BNl A BNLE BEE
13 133|138 1.74] 1.65 | 1.38 | 1.43 7 R ER B DAL BT DAk W
1 T30 1731165160 1.3 5 ol R o P oy B
3 T6311.67] 1741166 1621 .43 T e LA Rk Wt
}‘?, }g‘l‘ }gg i?,g }gg igg }'32 53 T3 [230 [ 28217 [ 28 1.7
JL70 17541069 41631 1 5 T2 30 28 28 220 198
i3 T T[T 166] 147 7 TR e B L o Bt
0 T2 1761 191 173 1 1.68 | 1.43 T AR R LT L s
20 T.73|1.80] 1.81]1.77 | 1.60] 1.48 %0 BT 230220 12301200
71 T7311.80] 1811 1.78 | 1.70] 1.48 % e A BEAR BRECE Etn Bt Erry
y7) TR 12 LB [ L] 130 T 3 e e BN ReRO]
73 WAS BRI EE] BYEE BWED Y 57 XA BE 2 B Br BRI B
yI! TRIIR 184 L0 L3152 = e B B e e M
3 TS 155180 (1761 134 T YX.cl VX1l P PR A
yI3 TS 18153 [ 1761 1.4 5 AR 2223 (232 204
77 T77 1841 1.85 154 | 1.76 | 1.34 % e i DR N MR DAL B
yi; T T84 1011551176115 = e e e Ry S
79 T80 1.87] 1.01] 1.85 | 1.77 | 1.36 o A EE Bl WAl AL B
10 TR [130 1021186 | .73 1.56 o e e B e Ty Byt
31 1331189 1041 187 [ L7381 1.37 % L s b e a B
(9] T34 101 104|100 [ L. 3| 1.8 o1 SRt e
3 T84 1.01 | 1.04] 1.90 | 1.81] 1.39 audl ST LAY EESE EEEEE
= AR E ARE LA REI R R R 102 T 231 246 228 | 230 2.07
Sad B 103 249 | 2.32| 2.46 | 2.26 [ 239 | 2.07
3 18711931 1.96] 1.93 | 1.85] 1.60
2 AR R R AR LR R AL 04 T[22 24T 228 | 230 | 2.08
= e R IRETRRE LA RS 103 2301233 | 2471 227 | 239 | 2.08
L R e e A B 106 T3 233 2AT [ 22T | 240 2.10
3 S oo e 107 232|234 247 227 [ 2.40] 2.10
5 ST e 108 T 1235 28 228 | 241 2.10
LY RELA RIS RESE RN BT 00 734|235 | 248 | 228 | 241 2.10
j; }g; %133 %:g} i:ﬁ? }g; i'gi 110 yRs] RS D WV VEYA AV
= o oA EXC A SE L B B 111 .36 | 2.55 | 2.49 | 220 | 242 | 2.12
o R AR R LA RE A R 12 T3 236 230 220 [ 282 2.12
= L XA BELR BEa BYCa 13 2581 2.36 | 2.30] 2.30 | 2.42| 2.14
= I A A AR R R 117 T8 237 2301 230 [ 243 2.16
e A T aRTay B 113 2302371 231 231 | 243 | 2.17
D420/ 12101 1as 12t 118 230237 231 [ 231 | 244 217
R 200 210 211200 [ 195 1.1 77 TRt A ERTE EATE BTt WAL
9 201|211 ] 2.11 ] 2.00 | 193 | 1.71 T et e R
2(1) %‘gg %}2 %}g %‘8? Fgf’, i;ﬁ 110 Tel 2023232 243 218
AN PA TS P el PR BEYA BT 130 T 230 233253 1245 2.0
g %gg %‘}j %ii %‘gg igg i;‘s‘ 121 TR 260253233 246 210
2 ST T e 27 T8 282 234 233 | 2.6 | 2.10
- e EAEY EXR Al AT 123 2.63 | 262 2.34| 2.34 | 2.46 | 2.20
2 ST 27 TR 263 2341235 | 246 2.0
2 N Tl e 2 Al B 123 764|263 2351236 | 2471 2.20
2 R IR ER BICE B B 178 78312651 2351 236 | 2301 221
39 200|217 | 2.19| 207 | 2.02] 1.78
%0 T0 12171 2101 207 12041 1.8
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. 196 348 3.02] 2.80] 2.72 | 2.93 | 2.52
Table A3.3:  cont. 197 349 | 3.03 | 2.80] 2.7 | 2.95 | 2.33
127 7.66]2.63 ] 2.55] 2.37 1 2.50] 2.21 193 3.40 | 3.03 | 2.80] 2.74 | 2.95 | 2.54
28 3671 2.65 | 2.56 | 237 | 2511 2.21 199 330 [ 3.06 | 2.80] 2.74 | 2.96 | 2.54
129 2.68 | 2.65 | 2.56 ] 2.38 | 2.52] 2.22 200 3.57 | 3.07 | 2.80] 2.75 | 2.98 | 2.54
130 370 | 2.66 | 2.36 | 2.38 | 2.32 | 2.22 201 361 | 3.08 | 2.811 275 | 2.00 | 2.55
131 2.71 | 2.66 | 2.56] 2.39 | 2.52 | 2.22 202 3.62 | 3.08 | 2.82| 2.75 | 2.99 | 2.55
132 21 [ 2.66 | 2.36 | 2.40 | 2.53 | 2.22 203 T84 [3.08 | 2.82]2.76 | 3.00] 2.57
133 2.73 | 2.66 | 2.57 | 2.42 | 2.53 | 2.22 204 3.66 | 3.00 | 2.83 ] 2.76 | 3.00] 2.58
T34 S TA 267 | 2571243 | 253 2.22 705 374 3.10] 2.83| 2.76 | 3.03 | 2.58
135 2.74| 2.67 | 2.571 243 | 2.4 2.23 206 3.77| 3.11 | 2.83] 2.77 | 3.03 | 2.59
136 375 12.60 | 2.331 243 | 2351 2.23 307 TR 3.12 283 | 278 | 3.04] 2.60
137 2.78 | 2.60 | 2.58 | 2.44 | 2.38 | 2.23 208 3.80 | 3.12 | 2.84] 2.73 | 3.04] 2.60
3% 3T 2.60 | 2.50 | 2.44 | 2.38 | 2.23 700 330312 284 278 [3.05] 2.60
139 .80 | 2.69 | 2.30 | 2.45 | 2.58 | 2.24 210 3.83 ] 3.13 | 2.86] 2.79 | 3.06 | 2.61
140 3.86 | 2.70] 2.50 | 2.46 | 2.33| 2.24 211 383 | 3.13] 2.86 | 2.70 | 3.06| 2.61
141 2.86 | 2.71 | 2.59 | 2.46 | 2.59 | 2.25 212 3.04 | 3.15 | 2.86 ] 2.80 | 3.06 | 2.61
142 336 | 271 | 2.60| 247 | 2.59| 2.25 213 3.05 | 3.16 | 2.87] 2.80 | 3.07] 2.61
143 2.871 271 | 2.60 | 247 | 2.60 | 2.25 214 3.06 | 3.16 | 2.87]| 2.80 | 3.07] 2.64
144 T30 2.2 ] 2.601 247 [2.621 2.26 213 307 3.16 | 2.87] 2.81 | 3.07] 2.65
145 2.90 | 2.73 | 2.61 | 2.47 | 2.62 | 2.26 216 4051 3.17]| 2871282 | 3.08] 2.65
146 300 | 2.731 2611243 1 2.62] 2.26 317 A0 [317 2871282 [3.00] 2.65
147 2.92|2.73 | 2.61] 2.48 | 2.63 | 2.27 218 A1113.17] 2.88| 2.83 [ 3.10] 2.66
48 200 [ 273 | 2.62] 2.49 | 2.65 | 2.27 319 ATT3.08 | 2.88 | 2.83 [3.11] 2.67
149 2.03 | 2.73 | 2.62 | 2.49 | 2.66 | 2.28 220 413 |3.10] 2.89| 2.83 | 3.11] 2.68
130 3031 273 | 2.621 240 [2.67] 2.28 y¥3| ATT]3.20] 2.89] 2.83 | 3.11 [ 2.60
151 2.04 | 2.74 | 2.63 | 2.49 | 2.67 | 2.28 222 325 |3.22 | 2.89 | 2.84 | 3.11 | 2.69
132 307|275 | 2.64 1249 | 2.67] 2.28 223 376|322 | 2.801 284 [ 3.12| 2.70
153 2.97 | 2.77] 2.64 | 2.49 | 2.68 | 2.30 224 426|322 | 2001 2.85 | 3.12| 2.71
134 20T 27T 2651232 | 2.70] 2.31 3235 320|322 2001286 [ 3141 2.73
155 2.08 | 2.78 | 2.66 | 2.33 | 2.70 | 2.31 226 230 | 3.22 | 2.00] 2.86 | 3.14] 2.73
136 3.99 | 2.9 ] 2.66] 233 1 2.701 2.32 227 32323 2012386 [3.13] 2.74
157 3.00 | 2.79 | 2.67| 2.34 | 2.71 | 2.33 228 3.35|3.24 | 201|286 | 3.15] 2.75
133 00| 2.70 | 2.671 2.35 | 2711 2.34 729 435 | 3.24 | 2.01[2.86 [3.15] 2.3
159 3.01] 2.80 | 2.67] 2.55 | 2.72| 2.3 730 430|324 | 2.01 | 2.88 | 3.15] 2.76
160 02| 280 2.671 236 [ 2.2 2.34 731 4391 3.24 [ 2.01] 2.80 | 3.16| 2.76
161 3.02| 2.80 | 2.68| 2.96 | 2.73 | 2.35 232 4.43 | 3.26 | 2.2 2.80 | 3.16] 2.79
162 3.05 | 2.82 | 2.68 | 2.36 | 2.73 | 2.35 733 T4 3.27| 2021280 [3.171 2.9
163 3.07 | 2.83 | 2.681 2.57 | 2.73 | 2.35 234 4441 3.20| 2.0212.90 [3.17] 2.81
164 T08 1283 | 2.601 237 [ 2.3 1 233 235 3351 3.20 | 292 2.90 | 3.17] 2.81
165 3.08 | 2.84 | 2.70| 2.59 [ 2.73 | 2.35 736 4.3513.20| 2.03| 201 [3.18 ]| 2.82
166 311 [ 2.84 ] 2.70] 2.30 | 2.74 | 2.36 237 460330 203 201 | 3.18] 2.53
167 3.12 | 2.85 ] 2.71] 2.30 | 2.74 | 2.37 238 4.64 | 3.30| 2.04| 201 | 3.19] 2.83
163 12285 | 2711 2.50 | 2.76 | 2.37 739 T6T 331204202 |3.10] 283
169 3.13 | 2.85 | 2.71| 2.39 | 2.77 | 2.33 240 463|331 204|292 |3.19] 2.83
T70 313 [ 285 | 2711 2.60 | 2.77| 2.38 LS| 5332 204 203 [320] 2.54
T71 3.15 | 2.86 | 2.72]| 2.60 | 2.77 | 2.38 242 482|332 2.05|2.94 | 3.20] 2.84
72 316 | 2.87 | 272 2.60 | 2.9 | 2.38 pL] 4831332 2061205 [ 321 | 2.4
173 318 | 2.87 | 2.72 1 2.61 | 2.79 | 2.38 244 4.8713.33 | 2.06] 2.96 | 3.21 | 2.84
173 330 [ 238 | 2. 73 | 2.62 | 2.82 ] 2.30 3435 .89 | 3.34 | 2.0612.96 [ 3.22 ]| 2.85
175 3.23 | 2.00 | 2.73 | 2.62 | 2.82 | 2.39 246 495 3.34| 207 297 | 3.23 | 2.85
176 325 (200 | 274 2.62 | 2.82] 2.40 yZqj 796 3.36 | 2.97| 2.07 | 324 2.86
177 3.27 | 202 2.74 | 2.62 | 2.83 | 2.41 248 3.11]3.36 | 207 2.07 | 3.24| 2.86
R 2T 202 [ 2751262 [ 2831 2.42 779 33313.36 | 20712938 [ 324 2.36
179 329 2.93 | 2.75] 2.63 | 2.84 | 2.43 230 341 |3.37] 2071298 [327] 2.87
130 331 [ 204 [ 275 | 2.63 | 2.85 | 2.4 231 3471337 2.8 208 | 327 2.87
181 332295 | 2.75| 2.65 | 2.85 | 2.44 252 3.39 | 3.37 | 2.99 | 2.98 | 3.28 | 2.88
132 333205 | 2.75| 2.65 | 2.86 | 2.44 733 361 | 3.37] 200 3.02 | 3.28 | 2.83
133 3.34| 2.96 | 2.75 | 2.66 | 2.87| 2.45 254 5.81 ] 3.38 | 2.00 | 3.04 | 3.29 | 2.89 |
134 335 | 298| 2.15 | 267 | 287 245 235 8.033.38 | 3.00] 3.04 [3.33] 289 |
135 3.36 | 2.98 | 2.75 | 2.67 | 2.89 | 2.45 236 6.76 | 3.38 | 3.00] 3.06 | 3.34 | 2.89
136 TA1 [ 2.08 | 2.76 | 2.68 | 2.80 | 2.43 237 7.00 [ 3.30 | 3.01 ] 3.07 [3.35] 2.89|
187 3.41 | 2.08 | 2.76 | 2.68 | 2.89 | 2.46 233 11.41] 3.40 | 3.01 | 3.07 | 3.36] 2.90
3% TAT[ 208 [ 277 2.60 [ 200 | 2.48 739 2331 342 | 302 3.07 | 3.36] 2.00
139 3.41 | 3.00| 2.771 2.60 | 2.00 | 2.47 260 23.10] 3.42 | 3.02 | 3.07 | 3.38 | 2.02
190 341 [3.00 | 277 2.60 | 2.01 | 2.47 701 30.02] 3.42 | 3.02] 3.08 | 3.39 | 2.3
101 3.45 | 3.00 | 2.79 | 2.70 | 2.01 ] 2.48 262 31.53] 3.43 | 3.03 | 3.08 | 3.39| 2.94
102 346 | 3.00 | 2.79| 2.70 | 2.91 | 2.3% 363 1302343 | 3.03 [ 3.08 [3.30] 2.04
193 3.46 | 3.01 | 2.79 | 2.70 | 2.92 | 2.48 264 37.53] 3.43 | 3.03 | 3.10 | 3.40] 2.94
194 AT 3.01 | 2.70[ 2.70 | 2.02| 2.5 765 39.14] 3.44 | 3.031 3.12 | 3.40] 2.96
195 3.48 13.02] 2.7912.72 1 202 | 2.52
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266 40.06] 3.46 | 3.04] 3.12 | 3.40] 2.97
267 0.79] 3.46 | 3.04 | 3.13 | 3.42 | 2.08 |
263 3.46 | 3.04 | 3.14 | 3.43 | 2.9
260 347 3.04]3.19 | 3.44 ] 3.00
270 3.47 | 3.06 | 3.20 | 3.44 | 3.01
271 34T 3.07]3.20 | 3.45 | 3.02
272 3.48 | 3.07] 3.20 | 3.45 | 3.02
PXE] 3.48 | 3.07] 3.21 | 3.47] 3.03
274 3.48 | 3.07 ] 3.21 | 3.47 | 3.03
275 343 3.07] 3.21 | 348 | 3.03
276 3.49 | 3.08 | 3.22 | 3.50 | 3.04
Vil 349 | 3.08 | 3.23 | 3.52 | 3.03 |
278 3.50 | 3.00 | 3.24 | 3.33 | 3.05
270 3311 3.00] 3.25 | 3.34 | 3.05
280 3.51] 3.00 | 3.25 | 3.34 | 3.06
781 3.52 | 3.00 | 3.27 | 3.54 | 3.06
282 3.52 | 3.00] 3.28 | 3.54 | 3.0/
283 3.52] 3.10] 3.30 | 3.35 | 3.08 |
284 3.33 | 3.10 ] 3.30 | 3.35 | 3.10
783 354 | 3.11] 3.31 | 3.56 | 3.11
286 3.34 | 3.11] 3.31 | 3.36 | 3.11
287 354 | 3.11 ] 3.31 | 3.58 | 3.12
233 3.35] 3.11] 332 | 3.62 | 3.14
289 335 | 3.11 | 3.32 | 3.62 | 3.17
290 3.37 ] 3.12 | 3.34 | 3.63 | 3.18
291 337 3.12| 3.34 | 3.64 | 3.18
202 3.57] 3.13 | 3.35 | 3.65 | 3.18
203 3371 3.13 ] 3.36 | 3.66 | 3.19
294 3.57] 3.13 | 3.37 | 3.66 | 3.19
703 338 | 3.14 | 3.38 | 3.67 ] 3.20
296 3.58 | 3.14 | 3.38 | 3.71 | 3.20
297 3.62 ] 3.15 ] 3.39 | 3.71 | 3.20
208 3.62 | 3.15 | 3.43 | 3.73 | 3.22
299 363 | 3.15 | 343 | 3.73 | 3.22
300 3.63 | 3.15 | 343 | 3.74 | 3.23
301 3641 3.16] 3.44 | 3.74 | 3.23
302 3.66 | 3.16 | 3.44 | 3.77 | 3.24
303 3671 316345 (3.7 3.5
304 3.67 | 3.17| 346 | 3.77 | 3.25
305 3.68 | 3.17] 346 | 3.77] 3.26
306 3.68 | 3.17] 3.48 | 3.78 | 3.28 |
307 360 3.18 349 [3.79] 3.33
308 3.60 | 3.18 | 3.50 | 3.80 | 3.33
300 301 3.10 | 3.50 | 3.80 | 3.34
310 371 | 3.10 | 3.33 | 3.81 | 3.35
311 302 3.10 | 3.53 | 3.82 | 3.35
312 3.74 | 3.20 | 3.55 | 3.83 | 3.38
313 3741 320 3.35 | 3.84 | 3.42
314 3.74 | 3.21 | 3.35 | 3.85 | 3.42
313 374 3221336 | 335 | 3.42
316 3.75 | 3.22 | 3.57 | 3.86 | 3.43
317 375 | 3221 338 | 330 | 3.44
318 3.75 | 3.23 | 3.59 | 3.01 | 3.49
319 375 | 323 | 3.59 | 3.01 | 3.50
320 3.76 | 3.23 | 3.59 | 3.01] 3.53
320 307 324 3.60 | 3.03 | 3.53
322 3.78 | 3.24 | 3.61 | 3.04 | 3.36
323 3.80] 3.25 | 3.62 1 3.95] 3.36
324 3.30 | 3.25 | 3.63 | 3.97 | 3.57
323 381 | 3.25 ] 3.63 | 3.98 | 3.37
326 3.83 | 3.26 3.63 | 3.99 | 3.38
327 3.84 | 3.26] 3.63 | 3.00 | 3.38
328 3.87 ] 3.27] 3.63 | 3.99 | 3.39
329 300 ] 3.27] 3.65 | 4.00] 3.30
330 3.00 | 3.27] 3.65 | 4.00 | 3.60
331 302 3.27] 3.67 | 4.01 | 3.62
332 3.03 | 3.28 | 3.68 | 4.01 | 3.63
333 304 | 3.28 ] 3.60 | 4.01 | 3.63
334 3.04 | 3.28 | 3.60 | 4.02 } 3.64
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333 3.04] 3.28 | 3.71 | 4.02] 3.64
336 3.04 | 3.20 | 3.74 | 3.02] 3.64
337 3.05] 3.20| 3.74 | 4.03 | 3.66
338 307 3.20 3.15 | 4.03 | 3.67
339 3.99 | 3.29 | 3.76 | 4.03 | 3.67
340 702 320 3.76 | 3.07] 3.69
341 4.04| 3.31]3.76 | 4.08 | 3.69
kL) 403|333 | 332 [4.10] 3.69
343 4.05] 3.33 | 3.83 | 4.13| 3.71
343 .06 | 3.33 | 3.83 |4.14] 3.13
343 4.07 | 3.34 | 3.83 |4.15] 3.73
346 .08 | 3.34] 3.85 |4.15] 3.73
347 3.00 | 3.37 | 3.86 | 4.16| 3.5 |
343 .00 | 337|387 [4.16] 3.76
349 412 | 3.37|3.88 [4.17] 3.77
330 4131 338380 | 418 3.77
331 4.15] 3.39 ] 3.89 | 4.18 | 3.79
352 21| 340]3.80 [4.18] 3.83
333 321 3.40]3.90 | 4.19] 3.84
354 421 3.41]3.96 | 4.10] 3.35
335 3422 | 3.41 | 3.08 | 4.24] 3.85
336 323 | 341|308 [4.25] 3.86
337 3.26 | 3.41 ] 4.00 | 4.25] 3.86
358 726| 342|402 | 4.25] 3.86
3359 3.26| 3.42]| 4.02 | 4.26 | 3.86
360 426 3.42| 408 | 4.28] 3.86
361 433 | 3.43 | 4.00 | 4.29] 3.87
362 34| 344|411 |4.30] 3.87
363 4.35] 3.45| 4.11 | 4.30] 3.88
364 37| 3.46 | 4.14 | 4.31 | 3.88
365 337 3.47| 4.15 |4.31] 3.88
366 238 | 3.48 | 4.16 | 4.36 ] 3.9 |
367 340] 3.49 | 4.17 | 4.37] 3.1
368 31| 3.49 | 4.17 | 4.38 | 3.7
360 442 | 3.30] 4.20 | 4.41 | 4.02
370 342 3.5114.20 [4.46| 4.03
371 442 | 3.52]4.20 [447] 4.04
372 343 | 3.52 | 421 [4.47] 4.03 |
373 446 | 3.52| 4.21 | 4.48 | 4.05
T3 336| 3.3214.26 | 440 4.00
375 340 | 3.52|4.26 | 4.49 | 4.11
376 31| 332|428 | 449| 4.12
377 435 3.53|4.28 | 4.51] 4.13
kYL 3.62 | 3.53 | 4.28 |4.51] 4.14
379 4.65 | 3.53| 4.32 |4.52| 4.14
380 67| 3534|433 |4.52] 415
381 4.68 | 3.4 | 4.34 | 4.53| 4.16
382 1| 3.54| 4.34 | 4.53] 4.16
383 375 3.35| 4.35 | 4.54 | 4.17
384 376 | 3.35| 443 | 4.56| 4.18
383 4.77] 3.56 | 4.43 | 4.38 | 4.18
336 31| 336 444 | 4.60] 4.21
387 4.81] 3.56] 4.50 | 4.65 | 4.23
388 4317|3571 450 | 4.66] 4.24
380 432 3.57]4.53 | 4.66] 4.25
390 32| 338457 |4.63] 4.5
301 4.33 | 3.0 4.58 | 4.69] 4.30
302 435 3.39]4.60 [4.70] 4.30
303 4.38 | 3.60] 4.60 | 4.70] 4.32
304 330 3.60]461 |4.72] 4.33
305 491 | 3.61 | 4.62 |4.75] 4.34
306 3.06] 3.62]4.63 |4.30] 4.54
307 3.08 | 3.63 | 4.66 | 4.82| 4.35
308 3.08 | 3.64| 467 | 382 4.37
399 3.08 | 3.64 | 4.60 | 4.85 | 4.37
300 3.16] 3.64| 471 | 437|342
401 3.18 | 3.65| 4.73 | 4.93 | 4.43
302 318 3.67]14.74 | 4.96] 4.47
403 320 3.69 ] 4.76 | 4.97 | 4.47
304 3221 3.60]4.76 | 4.08 } 4.43
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. 174 4.21]7.83 ] 6.88] 8.95

Table A3.3:  cont. 75 32117385 | 7.02] 8.99

405 3.24] 3.70] 4.77 | 4.99 | 4.51 276 4.21]8.43 | 7.04] 9.56

406 345 3.7214.77 | 5.00 | 4.51 777 722|830 [ 7.19] 9.6

407 3.46 | 3.74 | 4.78 | 5.00 | 4.52 778 422|913 | 7.41] 0.64

708 346 3.74| 4.80 | 3.07| 4.52 770 3221931 | 744 0.02

400 5.63 | 3.75 | 4.82 | 5.11 | 4.53 430 4.2319.73 | 7.46 | 10.03

710 3701 3.76| 4.5 | 5.14 | 4.55 731 7241986 | 753 | 10.11

411 5.77 ] 3.76 | 4.86 | 5.15 | 4.62 432 4.26 [10.32] 7.65 [ 10.31

17 3701 3.77134.36 | 5.15 | 4.63 233 426 12.01] 7.70 | 10.31

313 333 3.77] 4.86 | 3.13 | 4.64 434 4238 [12.04] 7.88 | 11.85

Z 5! 300 3.731 438 | 3.16 | 4.4 735 320 [12.44] 701 | 11.92

a15 594 3.79] 4.8 | 3.18 | 4.66 436 4.29 [13.78] 8.22 | 12.02

716 810 3.79| 401 | 3.22] 4.67 437 31 [14.14| 843 | 12.41

a17 624 | 3.80]4.04 [3.23 | 4.13 233 431 [15.29] 8.50 | 12.49

718 828 | 381405 | 526 4.15 239 231 (15.67]3.62|17.14

419 6.37] 3.82|4.99 |5.27 | 4.77 290 4.33 [33.43] 9.06 | 20.17

20 6.76| 384|490 | 5.27] 4.78 291 134 42.63]9.36 | 23.36

21 6.38 | 3.84 | 5.00 | 5.27 | 4.79 492 4.34 |44.10] 9.41 | 30.15

77 703 | 3.84 ]| 3.02 | 5.28 | 4.36 293 235 |31.13[9.87167.80

423 7.20 | 3.84 | 5.02 | 5.30 | 4.87 494 4.37|52.28| 9.94 | 74.46

77 7371 3.85] 303 | 3.37] 4.88 793 % 10.19]76.13

423 7.74 | 3.85 | 504 | 5.39 | 4.91 396 330 10.71]96.52

276 3.06 ] 336 5.05 | 542 | 4.94 97 730 1171

477 312 | 3.86] 3.06 [ 3.51 | 4.99 498 7.41 12.00

73 946 3.86] 3.10 | 354 | 3.00 299 741 212

429 949 3.87] 3.13 | 3.35 | 3.01 300 7.42 13.00

730 10.23] 3.83 1 5.13 | 338 | 3.04 301 %93 13.12

431 16.69] 3.88 | 5.14 [ 3.60 | 3.1/ 302 3.44 13.33

132 70.48] 3.89 | 5.15 | 3.62 ] 3.20 303 143 1322

133 24.16] 3.89 | 5.10 [ 5.62 | 3.28 304 1.45 16.81

34 32.93] 3.00] 524 | 5.66 | 5.28 305 .37 T721

435 34.17] 3.00 | 5.26 | 5.69 | 5.28 306 347 17.74

736 3731 3.93 334 | 5.71 | 3.31 307 730 T3.01

437 38.31] 3.4 539 | 3.72 | 5.34 308 3.49 19.17

738 39.04] 3.943.40 | 3.74 | 5.51 300 730 2303

439 40.39] 3.95 | 541 | 3.77] 5.60 310 2.50 62.14

330 a1.67| 3.95| 342 | 3.77] 5.63 311 731

341 43.07] 3.97] 343 |3.78 | 3.65 312 431

37 308|544 | 5.80] 5.66 313 332

343 3.08 ]| 545 | 5.81] 5.73 314 352

7.7 3081 330 | 3.811 5.75 315 735

445 3.09]3.34 [ 5.83 | 5.95 316 3.36

176 700|354 | 5.85] 3.95 317 137

47 2.00] 5.55 | 5.83 | 3.96 318 4.33

33 7011 3.58 | 5.89 | 6.00 319 730

349 4.04]3.60 | 303 ] 6.15 320 3.50

730 205]3.74 | 304 | 6.25 321 7.60

451 3.06 | 5.78 | 5.04 | 6.28 322 1.64

157 3071587 16.02] 6.33 323 7.66

153 2.00 | 3.38 | 6.04 | 6.36 324 3.67

134 Z710[393 | 6.05] 6.52 325 367

455 2.10] 395 | 6.07] 6.54 526 4.60

436 11]13.95 | 6.03] 6.57 327 176

457 712|603 | 6.12] 6.65 328 377

133 713|614 [6.12] 6.60 3290 278

439 413]6.17 | 6.13 | 6.90 730 3,79

a0 414[ 613 [6.15] 7.20 331 7.30

461 4151624 [617] 1.27 332 332

52 4151626 [6.31] 7.29 353 132

463 7.16]| 642 | 631 1.35 334 1.33

a4 116644 [6.38] 1.57 335 133

465 417|637 644 3.15 336 1.83

456 4171636 | 630 8.17 337 136

467 417699 | 6.56] 8.20 238 .37

463 713|725 [ 664 8.30 339 733

469 4.18]7.29 [ 6.65 | 8.49 340 4.91

770 718|737 16.72] 8.50 341 792

471 418 7.37 | 6.81 [ 8.65 342 1.92

r:yp) 719|738 | 6.32 | 8.67 343 7.94

73 4201 7.39 | 6.84 ] 8.94




Project FO0903
Table A3.3: cont.
RLT] 794
33 793
356 3.00
377 302
313 303
30 304
350 309
337 711
757 312
333 714
354 319
333 322
356 376
337 731
333 731
330 73]
380 333
31 334
362 334
383 3.36
364 3.49
785 337
756 373
367 33
363 333
380 3.36
370 337
i) 733
72 339
773 3E4
374 364
7 387
376 370
377 LN
378 374
370 337
330 392
1 501
332 .03
7% Z07
334 507
333 .10
336 §.12
337 821
783 523
330 520
350 .46
30T 233
702 5.60
303 T82
394 5.66
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395 6.73
396 6.5
597 6.30
308 6.00
599 6.94
600 6.08
601 6.99
602 8.00
603 7.01
604 .03
605 7.08
606 Ti2
607 7.32
803 7.65
609 7.68
610 731
611 732
812 7.39
613 7.91
614 322
615 372
616 9.18
617 9.54
613 10.47
619 10.55
620 1.5

621 11.65
622 12.50
623 12.79
624 13.33
625 15.38
626 13.30
627 23.13
628 21.66
629 28.19
630 31.15
631 35.10
632 39.94
633 41.03
634 41.50
635 43.15
836 35.94
637 67.30
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Appendix A4 - Equivalent Bubble Size Measurements for the Air/Water/1.5%
Copy Paper System

This appendix tabulates the equivalent bubble diameter measurements recorded for the
air/water/1.5% copy paper system flowing through the cocurrent bubble column. Table A4.1
summarizes the equivalent bubble diameter number density for all bubble diameters. Table A4.2
tabulates the equivalent bubble diameter number density for all data with d < 12 mm. Table A4.3

presents all of the equivalent bubble diameter measurements obtained from the FXR images.



Project FO0903 121 Report 8
Table A4.1:  Summary of the equivalent bubble diameter number density for all the
air/water/1.5% copy paper data obtained in this study.
Copy Paper Consistency (%) “ee -~ 15 15 15 15
Column Position (cm) 15-40 1515-40 [515-40 |115-140 | 115-140 | 115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) 1 2 4 1 2 4
Bubble Size Range (mm) Equivalent Bubble Diameter Number Densty (%)
0<d<1 00 . 00. 00. 00. 00. 00 .
1<d<15 26 . 08 . 09 . 08 . 19. 00 .
15<d <2 09 . 40 05. 24 52 7.0
2<d <25 13.2 10.5 79 121 14.8 16.9
25<d <3 18.4 145 12.5 25’0 15)7 16’9
3<d<£35 12.3 12.1 | 134 177 90 . 15.3
3.5<d<4 13.2 12.1 | 13.9 65 . 76 . 95 .
4<d <45 10.5 7.; 12.5. 89. 62 . 37.
45<d <5 53. 48 . 74 . 24 . 1. 58 .
5c¢d<55 26 . 65 . 51. 32. 76 . 29 .
55<d <6 44 16.. 32. 40 . 24 . 29 .
6 <d<6.5 18. 16.. 14. 24 . 19. 25 .
6.5<d <7 26 . 48 . 32. 32. 24 17.
7<d <75 00 . 00 . 19. 00 . 05 . 17.
75<d <8 09 . 16 14. 08 . 19. 17.
8 <d<£85 00 . 08 . 14. 08 . 19. 00 .
85<d<9 18 16.. 19. 00 . 10. .04
9<d<95 00 . 16 . 19. 08 . 19. 04 .
95<d <10 09 . 08 . 09 . 00 . 19. 08 .
10 <d £10.5 18.. 00 . 00 . 08 . 10. 21.
10.5<d<11 00 . 00 . , v 4. 08 .
11<d<115 00 . 08 . 00 . 08 . 05 . 04 .
11.5<d<12 00 . 08 00 . 00 . 00 . 04 .
d> 12 70 . 11.3.] 79. 73 . 62 . 62 .
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Table A4.2:  Summary of the equivalent bubble diameter number density for the d < 12 mm
air/water/1.5% copy paper data obtained in this study.
Copy Paper Consistency (%) 15 15 15 15 15 15 1
Column Position (cm) 15-40 | 15-40 | 15-40 | 115-140 | 115-140 | 115-140
Superficial Liquid Velocity (cm/s) 2 2 2 2 2 2
Superficial Gas Velocity (cm/s) ! 2 4 l 2 4
Bubble Size Range (mm) Equivalent Bubble Diameter Number Density (%)
0<d<1 00 . 00 . 00 . 00 . 00 . 00 .
1<d <15 28 . 09 . 10. 09 . 20 . 00 .
15<d <2 09 . 47 . 05 . 26 . 56 . 75 .
2<d <25 14.2 12.3 8.5 13.0 15.7 18.1
25<d <3 19.8 17.0 13.6 27.0 16.8 18.1
3<d <35 13.2 14.2 14.6 19.1 9.6 16.3
3.5«<d<4 14.2 14.2 15.1 7.0 8l. 10.1
4<d <45 11.3 8.5 13.6: 9.6 66 . 40 .
45 <d <5 57. 57. 80 . 26 . 76 . 62 .
5<d <55 28 . 75 . 55. 35. 8L. 3l.
55<d <6 47 . 19, 35. 43 . 25 . 3.
6<d<65 19. 19, 15. 26 . 20 . 26 .
6.5<d <7 28 . 57. 35. 35. 25 . 18.
7<d <75 00 . 00 . 20 . 00 . 05 . 18.
75<d <8 09 . 19. 15. 09 . 20 . 18.
8<d <85 00 . 09 . 15. 09 . 20 . 00 .
85<d <9 19. 19, 20 . 00 . 10. 04 .
9«<d <95 00 . 19, 20 . 09. 20 . 04 .
95<d <10 09 . 09 . 10. 00 . 20 . 09 .
10 <d £105 19. 00 . 00 . 09 . 10. 22 .
10.5<d<11 00 . 00 . 10. 00 . 15. 09 .
11<d £115 00 . 09 . 00 . 09 . 05 . 04 .
115<d <12 00 . 09 . 00 . 00 . 00 . 04 .
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Table A4.3:  Equivalent bubble diameter data for the air/water/1.5% copy paper system flowing
through the cocurrent bubble column. The data are sorted by bubble size.

Copy Paper B3T3 3113113113 51 3701374 3221321 [2.77] 251
Consistency (%) 3 T 330327322 [ 278 251
Column Position | 13-40015-40 1340 115- | 115-[ 115- 3 3751384 329 3.22 | 2.78| 2.53
(cm) 140 | 140 | 140 [ 382 | 3.01 | 3.30 | 3.27 | 278 | 2.54
Superficial Liquid 2121212127 ¢2 63 3,90 | 3.93 | 3.32 | 3.30 | 2.79 | 2.55
Velocity (cm/s) % 302 [3.94 | 3.3213.33 | 2791 2.55
Superficial Gas rrz2p4prfzy]4 &7 3.04]3.08] 3.33] 3.40 | 2.82 2.56
Velocity (cov/s) & 200 [ 4.00 [ 333 | 341 [ 282 2.58
Bubble Count Equivalent Bubble Diameter (mm) ) 7013011334133 12371250
) T36[122] 101 [ 148 | 131 ] L&A 70 B ERE R R REEE Oy B
7 T 13410711 [136] 1.0 = ol KU B3 KX A8 B3 B
3 T48[134] 1.01] 174 | 1.36 ] 1.71 5 e
- ECARE A PACIBUEN RS, LT 7 223|423 | 344|338 [ 202 ] 267
S D L AT aNELY Tz TR 333838 205 28
= seraR T i tiss (A 321|440 | 3.48]3.62 | 2.93 | 2.69
. D e T8 Z0 340 3.0 367 | 204 2.0
- e 77 2204651 330|370 | 2941 2.70
1912270217 11811 1 TS r%Eg ENEN KR KN VRIS P
10 131220 228 | 224 | 131 1.90 = e o L L B
11 21412201 2.30| 2.26 | 1.83] 1.90 = i Bt LR E L
V) ST 224 1 255|226 | 136 1.04 % g B B Ry
13 31812291 2.34] 2.27 | 1.86] 1.04 o g e L
17 T30 2322 1137 105 5 2 R 78 BTl B AR KR B
3 23212321 2301 228 | 1.93] 1.93 o e S Ea B e mEE B
16 T340 24T 231 [ 201 1.06 = e RN TIENE R R
17 2.36 | 2.41 | 2.41 | 2.34 | 2.08 | 1.9 g v %5 B B (2 BN A KV VA8 AT
18 za6)24212.43123 12091 2.01 37 TRI320[ 360327 [3.23] 256
19 340 | 247 | 2471 2.43 | 2.00 | 2.02 = S S tE EX ol Bl ENid DA
20 2012501248124 [2.10] 2.04 0 3213361371434 [3.30] 2.87
71 23712351 2341 257 | 2.12] 2.10 % e et B e A
73 TR 236238230 [ 213 ] 2.5 o e e T e
73 7.63] 260 2.30] 260 | 2.14] 2.17 = A b A
yz) 76312631 260 262 | 2151 207 % 2 EA o B id EEEs Bl DA
73 T 2671 2611263 [ 218] 2.18 T Toter o I T s
7% ST 26T 2611283 | 2101 2.19 53 30 633334 301 [ 341 290
77 37612671 2631 265 1 221] 2.19 = R E e s B
v 280 2641 265 1221 2.20 57 e R ARRE
79 28112721 2701 2.66 | 221 | 2.21 5 e st
30 52771 201 267 | 2261 221 % s tetrer e i
3 20283 [ 2T 268 [ 226 | 224 T T eSS T3S0 3T 1380300
32 29012861 2 /11275 §2.27] 2.2/ 101 TR 7613931363 3641 3.03
3 20112891 2731 274 | 2.28 | 2.28 o e B e e By Bt
7 ST 20T 23 25 | 230 2.0 I L B Ea e i
33 208 (2011 2.76 | 2.73 | 2.30| 2.30 T sertretorior e
::’,,6/ %gﬁ %‘38 %;Z %;’g %g; %g; 103 10.03[892 [ 398|623 [3.7113.07
L ST T 106 1034[ 0.7 300 [ 84T [ 3741 3.07
8130128212801 2571 2 07 13.43[9.20 | 400662 3.3 3.8
39 308 | 3111 2851 281 | 2.40] 2.34 % e T T ®
fl) g'g‘l) g}; §§§ %gg %‘ﬁ %gg 00 0 T2[11.16[ 401 [ 634 [ 3R 3.5
e R AT AT 110 20331180 2021695 [ 381 [ 3.14
= e 111 TA67|13.26] 4021 788 386 3.13
- e A vl 2 BOO[3. R 304343 [ 388 3.3
b A A AL 113 30.40[14.02] 407 9.47 | 3.85| 3.18
= L v 113 B013[12.43] 2071048 30T [3.13
i 3213341 209 296 [232 [ 2. 3 AR 3121136402318
2213341299120 125212 118 73.30] 416 (12151 404 | 321
i3 T334 3.02] 207 | 238 2.8 T xRt (VX B
D 3331338 3031207 1 2351 2.38 h e BT s B A
) 13313431 3.06] 200 | 2.30] 241 19 e R IEE s
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Project FO0903
Table A4.3: cont.
127 .30 4.30] 3.39
128 7.40 7311 3.2
129 741 432 3.40
130 747 734|341
131 4.43 736 | 3.41
32 337 738 3.41
133 743 762 | 3.45
133 732 267 3.47
135 732 3,75 3.47
136 737 278 | 3.47
137 7.39 7.0 333
138 7,67 731354
130 7.69 7.83| 3.54
120 7.60 736 3.36
141 774 437] 3.37
22 773 7301 3.38
143 7,76 3.03| 3.6
123 773 305 3.67
143 7,79 308 | 3.67
146 733 3101 3.6
147 7.33 312 3.60
48 733 312 3.2
149 7.90 314] 3.76
130 301 334 3.77
31 301 332 3.9
152 304 333 3.81
133 307 333 | 3.86
134 311 3351 387
133 313 346 | 3.90
156 324 3471391
137 337 3471 3.03
133 340 348 3.05
159 343 3311 3.96
160 343 334] 4.0
161 333 336 | 4.03 |
162 337 3561 4.13
163 363 389 4.23
164 372 .06 ] 4.26
163 374 6.26] 4.27
188 377 638434
167 308 635 4.37
163 .14 6331 4.39
169 6.24 6.78 | 4.36
70 320 .30 4.60
71 .52 693 | 4.61
72 833 8971 4.6
73 6.34 7.30] 4.67
7% 833 T3 374
73 .78 7381 4.76
76 593 (K73 KX
177 6.94 7.96 | 4.86
78 (A .03 | 4.83
79 737 8.03| 4.92
130 739 81351 4.03
131 742 8.45] 4.93
132 736 8321 3.00
133 7.86 8.87] 3.04
133 7.96 3.05 | 3.08 |
133 817 9.14 | 3.10
136 846 .16 3.8
187 843 940 3.31
133 333 933 3.32
189 338 9.65 | 3.47
190 362 9.69] 3.33
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191 3.60 9.72] 5.34
102 .01 10.29] 5.56
103 9.23 10.32] 5.57
104 0.31 10.58] 5.78
195 0.42 10.70] 5.87
196 0.64 10.07] 5.96
197 9.89 11.05] 6.05
~193 70.60 12.52] 6.00
199 10.03 13.85] 6.13
200 12.02 12.07] 6.17
201 12.13 14.74] 6.22
202 13.18 13.74] 6.35
203 13.97 13.87] 6.55
204 1497 1643| 6.63
205 16.06 13.10] 6.64
706 T7.39 30.26] 6.72
207 13.73 21.13] 7.07
208 2421 23.27] 1.26
209 25.29 24.16] 7.26
210 36.20 36671 1.3
211 38.31 78.34] 1.79
212 25.14 7,79
213 43.55 7.1
714 35.96 .94
215 29.25 3.33
216 33.36 .46
217 0.34
218 .36
219 10.11
720 70.16
221 10.25
772 10.33
223 10.36
724 10.60
223 10.72
226 11.41
227 11.73
773 12.06
229 12.04
230 13.03
231 14.63
732 13.65
233 17.30
234 17.8%
233 18.85
236 21.68
237 22.07
738 272.30
239 25.07
740 73.03
241 76.69
Y293 79.70







