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Abstract: The study is concerned about the withstand of the piping system at the
Universiti Tun Hussein Onn (UTHM) Biodiesel Plant during operation using different
pipe thicknesses against the variation of applied pressure. The range of the wall
thickness used is 2.77 mm, 3.91 mm, and 5.54 mm which follow the ASME B36.10
code and standard. Next, the piping selection characteristics are fully followed as
actual at the UTHM biodiesel plant. The pipe material used is A53 B carbon steel
pipe, actual dimension for length and height is at actual, the temperature design is 250
°C, and the 8 to 12 bars operating pressure are applied. This study is performed using
the Solid Works 2020 software simulation method. Two methods in simulations are
being used which are Computational Fluid Dynamics (CFD) for flow simulation and
Finite Element Analysis (FEA) to analyze the static pressure. The CFD is functioning
to recognize the highest point of the part along with the piping system for the selected
applied pressure. The selected pipe is being tested and measured using the FEA
simulation to investigate the maximum value of stress and strain to withstand the
applied pressure. From the analysis, the elbow pipe is the highest-pressure point
located for flow distribution along with the piping system. The study shows that the
3.9 1Imm wall thickness for the piping system that is used at the UTHM biodiesel
plant is acceptable and comply with the ASME B36.10 code and standard. The result
for the 2.77 mm and 5.54 mm wall thicknesses, it also acceptable but not economical
in terms of safety and cost of the material.
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1. Introduction

The plants consist of two categories of equipment which are rotating and static equipment[1]. The
major equipment that is used in every type of plant is almost similar, but it depends on the process
operation required. There are a lot of piping systems along with the pipe rack with a different working
fluid and its pressure in the plant operation area. The piping system usually does not have specific detail
drawings but comes out through a Piping and Instrumentation Diagram (P&ID). The piping is the
system used to transport fluid or gasses mechanically from one location to another place [2].

This project aims to compare the capability of the piping system at different pressure tests. The
pressure applied for this study is eight to twelve-bar. It is started by measuring the selected pipeline at
the Biodiesel Pilot Plant of Universiti Tun Hussein Onn Malaysia. The pipeline is sketched using Solid
Works 2020 software. Two method simulations are being used which are Computational Fluid
Dynamics (CFD) and Finite Element Analysis (FEA). The purpose of this simulation is to investigate
the capability of the wall thicknesses in the piping system based on the pressure applied. An elbow pipe
usually has the highest-pressure stress located for the flow distribution pressure [3]. Meanwhile, this
study also predicts the mechanical properties of the wall thicknesses using the FEA simulation method
to minimize the maintenance cost for testing. It is more economical and practical by testing it using the
simulation method. The pressure is applied from eight to twelve bars against the wall thickness selected
for the A53B carbon steel pipe from the outlet boiler to the steam header at UTHM Biodiesel Plant.

Figure 1: 2-inch A53 B carbon steel pipe outlet boiler to the steam header
2. Materials and Methods
2.1 Materials

The material for the piping system selected is the A53 B Carbon Steel Pipe. This piping selected is
the flow for the steam pressure from the outlet boiler to the steam header. This pipe is following The
American Society of Mechanical Engineers (ASME) B36.10 piping code and standard. There are three
different wall thicknesses of the pipe being analyzed which are 2.77mm, 3.91mm, and 5.54mm (refer
to appendix A). This A53 B carbon steel pipe used is 2 inches for its diameter nominal (DN). This
material has an allowable pressure based on the American Society Testing Materials (ASTM) code and
the standard depends on the size of the piping selection. For 2-inch nominal pipe size (NPS), the
allowable pressure is 3177psi or 21905kPa. This material of pipe has various grades, and the most
common industrial piping material is a low carbon steel used [4]. Moreover, the carbon steel material
for making a pipe is also famous material that has been chosen for pipelines [5].

2.2 Research Flow Chart
The flow chart is one of the quality tools to understand the process by showing all the project flow.

This flowchart below shows the starting of the project start until the end of the result is achieved.
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Figure 2: Process flowchart for this study

2.3 Collect for the Actual Data at the Area Selection

The first step to start for this project is by surveying the piping selection located at the UTHM
biodiesel plant. Then the piping must be measured for the dimension, the material of the pipe, and the
other parameter to simulate it using the actual value. The measuring tools that are used to measure all
the dimensions are by using a measuring tape, ruler, vernier caliper, and the ballpen. Besides that, the
P&ID also identify to recognize the material and the pipe size.

Figure 3: UTHM Biodiesel Plant Figure 4: P&ID for UTHM Boiler
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Figure 4: OD for Pipe Size Figure S: Flange Thickness Figure 6: Flange OD Size

2.4 Data Collection

Table 1 shows the data collection for non-physically measurement. All the information collected
is important to be used during the simulation process of Solid Works software.

Table 1: Specification for the outlet boiler to the steam header pipeline

No. Specification Dimension / Information
1.  Working Fluid Steam
2. Maximum Allowable Working Pressure 10 Bar
3. Design Temperature 250°C
4.  Boiler Weight Dry- 3940kg
5. Fuel Used Diesel

2.5 Preparation for 3D Model in Software

The parts of the pipeline were sketched using Solid Works 2020 software. All the dimensions of the
parts are following the actual dimension that was already measured and recognized during the survey
and collecting the data at the UTHM biodiesel plant. The table below shows the parts for this study
before the assemble all the parts to be a complete model before testing.

Table 2: Parts of the piping system from outlet boiler to the steam header

a. Flange b. First Vertical Pipe Outlet the Steam Boiler
c. Elbow 90° d. Horizontal Pipe
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e. Vertical Pipe attaches with the Steam Header f. Pin

After all the parts are built up, then all the parts are assembled to be one piping system same as actual
at the UTHM biodiesel plant. The figure below shows an example of a piping system related to one
value of the wall thickness of the pipe. The model is very crucial to be finished to do the simulation and
analysis of the model for the various pressure applied in the piping system.

Figure 7: Complete model for one piping system in Solid Works 2020 software

Figure 7 above shows the one complete piping system from the outlet boiler to the steam header,
but it is only for one wall thicknesses. From this model, there is three wall thickness that is analyzed
and simulated which is 2.77 mm, 3.91 mm, and 5.54 mm. These difference wall thicknesses will be
analyzed against the differential pressure applied to predict the withstand of the piping system. As
mentioned earlier in this study, there are two simulations used using Solid Works Software which are
FEA and CFD. The CFD is simulated first to recognize the highest pressure located along with the
piping system and FEA is to simulate the static pressure to get the result. This study is not toward the
empirical method and only the simulation method being used.

2.6 Simulation Method
a) Computational Fluid Dynamics (CFD)

The CFD is a method of simulation to study the flow along with the piping system. The parameters
measured for this study are pressure and velocity distribution. For the pressure distribution, the
researcher could verify the highest point of the critical part to be carried forward that part to do
simulation for static pressure. Meanwhile, the velocity distribution could identify the hypothesis
between pressure applied against the velocity in the pipeline. Table 2 below show the pressure and
velocity distribution form.
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Table 2: Pressure and velocity distribution form

Wall Thickness Pressure Distribution Velocity Distribution
(mm) Min Max Min Max
2.77
3.91
5.54

b) Finite Element Analysis (FEA)

The FEA test is simulated to test the static pressure for the part that is selected. There is a two-
parameter that needs to be analyzed for this study which is the stress and strain. Usually, the weak point
for the part during pressure test in CFD is the elbow part.[3] Table 3 below shows the FEA result form
for 8, 10, and 12 bars pressure applied for these difference wall thicknesses measured.

Table 3: FEA Simulation Test

Wall Thickness Stress Strain
(mm) Min Max Min Max
2.77
391
5.54

2.7 Equation for Flow in Pipe

The equation for the flow in the pipeline is Reynold Number. Reynold number is stated as the value
that could be reference the flow in the system whether it is laminar, transient, or turbulent. Moreover,
this equation also could be a reference as the effect of pressure applied toward the rate of velocity in
the piping system. The equation that is used is shown below [6].

_Inertial forces  VgygD — pVgygD

" Viscous forces v u Eq.1
p = density of fluid (kg/m3)

v = velocity (m/s)

D= diameter inlet pipe (m)

n = viscosity (kg/m. s)

v = kinematic viscosity (m?/s) = %

3. Results and Discussion

There is two simulations method are applied for this study to recognize the result for the condition
of the piping system selected. The pressure and the velocity distribution will be applied in CFD first to
get the result. Then the part selected will be analyzed and investigated in static pressure simulation
called FEA test which it the certain pressure selected are applied. Then the withstand of the structure
behavior could be found whether it is already fixed and suitable as the actual UTHM biodiesel plant or
could be some improvement or vice versa.

3.1 Computational Fluid Dynamics Result
a) Pressure Distribution

Table 4 below CFD simulation is for the pressure distribution from the outlet of the fire tube boiler
to the steam header. The pressure applied is 10 bar and applied for three different wall thicknesses of
the piping system. The result shows that the first elbow part is the highest point of the maximum stress
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or the weak point among the other parts in the piping system. The value of pressure distribution that is
approximately using the manual probe which is nearest to the maximum value is the elbow parts for all
the wall thicknesses being tested. The pressure applied is 10 bar, meanwhile for the 8 and 12 bars
pressure distribution applied, the result still gets the same. The maximum stress occurred at the elbow
of pipelines so that the failure of the elbow was before that of straight pipes, and the elbow was the
weakest in the pipelines[3].

Table 4: Pressure distribution at 10 bar pressure

Wall Flow in Pipeline (Pressure Distribution) Manual Probe Minimum to

Thickness Maximum Value
2.77mm 10.35
942
5.48
7.55
B.51
558
475
3.81
2.88
195
1.01

Pressure [har]

10.40
946
852
758
6.64
570
477
383
289
185
[ressure[s 33 ba | 1.0

4. Pressure [bar]
1037
9.44
8.50
7187
6.63
5.69
476
382

o

1.01
; Z._I """ Pressure [bar]

Table 4 above shows the elbow is the part that recognizes to be simulated using the FEA test for
the static pressure which represents the withstand for the whole piping system. Besides that, this figure
shows that the earlier stage in the pipeline is critical for the pressure that starts to build up and the
pressure will drop or reduce at the end of the piping system due to the pressure loss in the pipeline.
Although there is a red contour at the earlier stage which represents the highest part for the pressure
distribution, the manual probe proved that the highest-pressure distribution located is at the elbow joint
for all the different thicknesses of the pipeline.

3.91mm

5.54mm =

— =

b) Velocity Distribution

This comparison is to investigate the rate of velocity against the pressure applied. Besides that, the
wall thickness selected is 2.77 mm as the constant data. The simulation is comparing the simulation
method and the calculation to identify the trend of the velocity when pressure is applied in the piping
system. Table 5 below shows the pressure applied and the result for the velocity distribution in the
piping system.
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Table 5: Pressure Applied for the Velocity Distribution

Pressure Applied Fluid in Pipeline (Velocity Distribution) Minimum and Maximum Value

8 bars 830843
747,759
564674
£81.590
458.506
415421
332.337
249.253
166.169
83.084
0
1059.996
053 996
847 997
741.997
635.9498
520.998
423998
317.9499
211.999
106.000
]

Welocity [mis]
1109.302
998.371
887 441
176.511
BB5.581

554 651

44371

332.790

221.860

t 110.930
L !

Velocity [mis]

10 bars

12 bars

]

Table 5 shows the differential pressure applied to one of the wall thicknesses for the piping system.
The wall thickness selected is 2.77mm as the constant data. The difference in velocity of flow is shown
by the color of the contour scale. At the earlier stage, the velocity starts from low to high. The pressure
started to build up at the initial and increase in ascending order. At the end of the pipeline for all the
different wall thicknesses is the highest of the velocity distribution. The more pressure or force for
velocity distribution applied, the increase of the velocity occurs. Meanwhile for the pressure, when the
pressure is applied in constant condition and continuously applied, so that, the velocity also will increase
according to the value of pressure applied.

Then, the calculation method is generated to compare the trend of the simulation for the velocity
distribution against the pressure that is continuously applied. The calculation is used the Reynold
Number’s equation for the constant wall thickness and differential pressure applied.

For 8 bars pressure,

pVang
u
p = 4.162 kg/m’ (refer Appendix B)
v =1369.767 m/s
D=10.00277 m

pu=0.000015 kg/m.s (refer Appendix B)
B (4.1627kg/m?3)(369.767m/s)(0.00277m)

0.000015kg/m.s

= 284196.507
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For 10 bars pressure,

p =5.147 kg/m®

v =369.767 m/s
D=0.00277m
w=0.000015 kg/m.s

_ (5.1627kg/m*)(369.767m/s)(0.00277m)
- 0.000015kg/m.s

= 351455.892
For 12 bars pressure,

p=6.147 kg/m®

v =1369.767 m/s

D= 0.00277m
pu=0.000015 kg/m.s

_ (6.147kg/m?)(369.767m/5)(0.00277m)
h 0.000015kg/m.s

=418373.8582

As the data obtained for the simulation and the velocity distribution calculation, it can be proved
that the result for each method is directly proportional, and the trend increases. The higher the value of
the pressure constantly applied, the more the velocity is occurring increment according to the value of
the force that applied. As mentioned by Qin (2017), when more flow distribution of the fluid is applied,
it is related to its velocity which is the higher the velocity of working fluid and vice versa [7].

3.2 Finite Element Analysis Result

The FEA test is the next procedure for the part selected to be analyzed for the static pressure. This
part is being simulated to identify the capability for the pipe to weak stand the pressure or vice versa.
In this FEA simulation test, there are a few parameters that are required to collect the data which are
the stress and strain analysis. All the thicknesses are being simulated and analyzed. Then, the
comparison for the thickness against the parameters will be analyzed to recognize the most reasonable
for the thickness used at the piping system. The result could be achieved by analyzing the contour scale
for the maximum and minimum values of each of the thicknesses.

a) Stress Analysis

The stress simulation is one of the static pressures that is applied for the elbow fitting to identify
the withstand for this pipe. The stress analysis is related to the strength of the material which is called
yield strength, so the withstand of the pipe fitting could be recognized when the simulation is tested.
Table 6 below shows the example for 8 bars pressures against all the pipe wall thicknesses to recognize
the withstand of the elbow pipe. The other pressure applied is not mentioned due to the same trend
result for the bar chart. Moreover, all the stress data against the pressure applied selected are combined
at the comparison between the data obtained for stress analysis.
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Table 6: Stress Simulation Result for 8 bars pressure

Wall Thickness Condition of Elbow Scale of Probe
2.77mm . TS

61108407

. 4B8%+07

1227e 407
6.170¢+06
66Te+04

P Vield sueng 2482 408
von Mises (N/m*2)

3.91mm

pMin 4053407

' 36482407

. 3243e+07

2838e+07

. 2433e+07

l 2029407

L 1219407

e | aiaiesss

g 40932406

4478e+04
— P Vield strength: 2482¢ +08

5 54mm von Mises (N/mA2)

. 2687e+07

. 2351e+07

l 1.680e+07

1.344¢+07

L 1.008e+07

3.367e+06

B8.929¢+03
P Yield strength: 2482¢+08

Table 7: Von Mises at 8 bar pressure applied
. Stress Analysis (N/m?
Wall Thickness (mm) .. ysis ( ) .

Minimum Maximum
2.77 6.68E+04 6.110E+07
391 4 48E+04 4.053E+07
5.54 8.93E+04 3.359E+07

Table 6 and 7 above shows the stress value at 8 bars applied against the different wall thicknesses
for the elbow part. The result shows that the lowest the wall thicknesses so that the highest the value of
the stress obtained on the elbow pipe. However, the stress is related to the strength of the materials
which is called the yield strength. As shown at the contour scale above, the value of the yield strength
is 2.482E+08 N/m?. So, that, the static pressure testing at 8 bars pressure applied for all the piping
systems with different wall thicknesses is still in good condition and not occur failure due to the value
of the maximum for all the piping system is not over that the value of yield strength. All the other
pressure tested for von misses stress are obtained at the analysis for the comparison later.

a) Strain Analysis

The analysis for the strain is done to recognize the change of the shape of the pipe fitting when the
pressure is applied. It is important because it can define the deformation of the pipe fitting during in
simulation test. The result for strain analysis is shown for the 8 bars pressure applied. Meanwhile, for
the other pressure selected are obtained at the bar chart for the comparison between the strain analysis
against pressure applied which is combined it for all the strain data. It is because the trend is same for
the strain result for the other pressure applied.
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Table 9: Strain simulation result for 8 bars pressure

Wall Thickness Condition of Elbow Scale of Probe
2.77mm o o

2463¢-04
2220204
- 1977e-04
. 1.734e-04
L 1491e-04
1248e-04
1.006e-04
L 7.626e-05

5.196€-05

2767e-05

3375¢-06
ESTRN

3.91mm \rareos

g L P

I e

5 . 54mm - 1.352e-04

l 1.218e-04

Table 10: Strain analysis at 8 bars pressure
. Stress Analysis (N/m?
Wall Thickness (mm) .. ysis ( ) .

Minimum Maximum
2.77 6.68E+04 6.110E+07
391 4. 48E+04 4.053E+07
5.54 8.93E+04 3.359E+07

Table 9 and 10 above shows the example of the strain analysis result for 8 bar pressure applied against
the different wall thicknesses of the elbow part. As the values are obtained, when the wall thicknesses
of the elbow pipe are high or thickest, the maximum value for the strain is the lowest among the other
wall thicknesses being tested. It is because, when the material has the highest thickness so that the
deformation occurs for the elbows is the minimum and the lowest among the others and it could be
proved by the data obtained after the static pressure simulation is tested.

3.3 Comparison Between Data Collection
a) Comparison on von mises stress against wall thicknesses for 8, 10, and 12 bar pressure applied

All the data are obtained and analyzed for each of the wall thicknesses against all the pressure
applied, then the comparison also being made to make it clear and more accurate. All the data of the
stress analysis are combined to discuss the condition for each wall thicknesses of the elbow part that
represented also for the piping system. Figure 8 below shows the bar charts for the comparison of the
stress analysis being made.
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Comparison on Von Mises (Stress Value) Against Wall Thicknesses for

8, 10 and 12 bar Pressure
__ 1.000E+08 9.194E+07
o
7.674E
£ 5.000e+07
< 6.110E+0 6.084E+07
o 6.000E+07 5.08E+07 5.036E+07
= 4.053E 4.206E+07,
= 4.000E+07 3.359E+07
4
& 2.000E+07
“ ooooes00 N SN HEE RSSO =
2.77 391 5.54
Wall Thickness (mm)

8bar m 10bar m 12bar

Figure 8: Table Comparison for stress analysis among the different thickness and pressure

Figure 8 above shows the bar graph shows all the wall thicknesses against the pressure applied are
tally for the trend of the graph. It means the bar chart show for each of the wall thicknesses, when the
pressure applied is increased so that the stress value also will increase. For example, the 3.91mm wall
thickness at 8 bar pressure is at 4.053E+07 N/m? then, when 10 bar pressure is applied for this thickness,
the stress value increase to 5.08E+07 N/m?, and for the highest pressure applied which is 12-bars, the
stress value for this wall thickness is6.084E+07 N/m2. Moreover, this result is the same goes for the
other thicknesses measured. However, all of these wall thicknesses are still in good condition during
plant operating and not occur any failure for the pipe fitting because of the stress value still not achieved
or over the limit value of the yield strength of this material.

b) The comparison of strain value against wall thicknesses for 8, 10, and 12 bar pressure applied.

The second comparison is made for strain value against the wall thickness as the pressure applied
for 8, 10, and 12 bars. All the strain values for each of the wall thicknesses are combined to verify and
identify it for more detail.

Comparison of Strain Against Wall Thicknesses for 8, 10
and 12 bar Pressure

4.00E-04 3.71E-04 .T;::
3.09E

2 3.00E04  ;46c04 2.59E-04 " 12bar
§ 1 7351:(')1455E 1 69E2.03E-04
E 2.00E-04 ’ 1.35E.04
@ 1.00E-04 I I

0.00E+00

2.77 391 5.54
Wall Thickness (mm)

Figure 9: Comparison for strain analysis among the different thickness and pressure
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The figure 9 above show the bar chart for the comparison of the wall thickness against the strain
value for all the pressure applied. This chart is constructed to become more clear to see the visual of the
value for each of the thickness of elbow against the result of the strain value. As the discussion that is
being made, all of the thicknesses are a mostly same trend which is in ascending order. However, the
thinnest of the wall thickness is the highest value for the strain parameter, or called deformation for the
pipe when each pressure is applied. As the chart obtained, the condition for these wall thickness against
the strain value could describe it as the higher the wall thickness, the less the deformation occurs while
when the pressure applied increases, the strain value is also proportional to it.

4. Conclusion

The study concludes that the wall thickness for the default piping system outlet the boiler that is
used at the UTHM biodiesel pilot plant is already the exact and acceptable selection. As the pressure is
applied at the normal operating procedure, which is 10 bars, the yield strength of the material is still not
over than it. When the highest pressure for this study is applied in the pipe system, the wall thickness
still has capability on it. As the piping system is not failed. It is tally with the B36.10 ASME code and
standard that has applied at the UTHM biodiesel pilot plant.

For the wall thicknesses, the 2-inch schedule 40 is the most efficient among the others. The 3.91mm
wall thickness for the piping system that is already used at the UTHM biodiesel plant is acceptable and
comply with the ASME B36.10 code and standard as it is successful to withstand the pressure applied.
For 2.77mm and 5.54mm wall thicknesses, it also not fails but must consider the safety factor and also
the over-specification factor-related for the cost of the material. This study is in the right path due to
the result obtained which is when the pressure applied is increase, so that the strain increase, and when
the strain increases, so that the stress value also increases. The appropriate design safety factors should
be prescribed to reach this target safety level, but also to avoid unnecessary conservatism [8].
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Appendix A (Pipe Schedule)
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[.7ee
ngr
1.285
16817
1838
2.247
1.016
1.273
1.680
2180
2878
3626
1280
2.088
2.484
axr
4.225
5.428
1.645
2683
37
4452
5.504
747
1882
a.088
4038
5385
7.218
2.521
11.455
12.645
2382
820
G428
7431
11.050
13.415
16.168
12.402

Water Weight
{lg/m)

0.048
Q037
Q024
0.085
Q.087
0.045
0151
0123
0.0e1
0255
0230
Q.180
0.151
0.10
Qa2
0.428
0286
0344
027
0.1e1
0.085
amz
Q810
0.558
0.454
Q337
0182
1.186
1.054
0885
n.s28
0.682
0.407
1.587
1433
1313
1.140
Q807
0§13
0366
0214
2.554
2387
2165
1805
1446
1.145
07al
Q508
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Appendix B (Steam Table Properties)

Absolute . . Spacific Density Snqu:‘f enthalpy Specific enthalpy of Latent heat of Specific | Dynamic
pressurs i poant voums [steam) of liq '.J'd CEEr . S22 wvaporization heat wiscosity
(steam) [sensible heat) {total heat)

bar "G mi3ikg kg3 kjlkg Hzallkg kg Keoalkg kg Heallg kg K kg'm.5
0.02 17.51 &7.008 0.015 73.45 17 54| 2533264 605.15| 248019 587 61| 1.B6844 |0.000010
0.03 24.10 45.867 0.0z22 101.00 24 12| 2545564 G02.02| 244485 58385 1.8684 |0.000010
0.04 23.88 34 802 0028 121.41 22.00| 2554.51 G610.13] 243310 B84 14| 1.B736 |0.000010
0.05 32.80 25194 0.035 137.77 32.97] 25461.52 811.83] 2423.82 78 82| 1.B774 |0.000010
0.06 35.18 2374 0042 151.50 36 15| 25467.51 613.24] 2416.01 Ey7 05| 1.8303 J0.000010
0.07 39.02 20521 0048 163,238 35.02) 257262 G14.46| 240024 75 44| 1.8340 (0.000010
0.03 41.53 18.105 0.055 17387 44183 257711 515.53] 2403.25 E74.01] 1.8371 |0.000010
0.09 4379 16.204 0.062 153.28 43 78| 2581.14 G18.42| 2387.85 &r2 72| 1.8882 |0.000010
0.1 45.83 14 675 0068 191.84 45 82| 2584.72 §17.26| 2382.04 &71.54| 1.8027 |0.000010
0.2 80.09 7850 0.131 251.48 60 06| 2609 .86 623.35| 2358 40 563 30| 1.8156 |0.000011
0.3 §9.13 5220 0121 289.21 62 10| 262543 B27.07] 2336.12 B57 97 1.8343 0000011
0.4 75.80 3.003 0.250 317.65 7HE7| 263683 2281 231822 553 94 1.9506 |0.000011
0.5 81.25 3240 0,308 34057 g81.24| 264599 §31.98] 230542 50 64| 1.9854 |0.000012
0.6 85.85 2732 0.368 352.92 g5 97| 265357 53379 2283.84 B47 83| 1.8780 |0.000012
0.7 89.99 2.365 0423 ATETT g9 93| 2660.07 G35.35] 2283.30 A45.36] 1.8812 J0.000012
0.8 83.51 2087 0.478 301.73 33 56| 266577 638.71| 2274.05 543 15| 2.0040 |0.000012
0.9 08.71 1.868 0.535 405.21 96 78| 267085 G37.82| 2285485 B44_ 14| 2.0156 |0.000012
1 B2.563 1.684 0580 417.51 99.72| 267543 539.02] 2257.82 535.30] 2.0257 |0.000012
1.1 102.32 1.548 0.645 422.84 102 43| 2672.61 640.01] 2250.76 B37 85| 2.0373 |0.000012
1.2 104.81 1.428 0.700 439.28 104 54| 26832.44 540,93 224402 53595 2.0476 |0.000012
1.3 107.13 1.325 0. 755 44018 107.23]| 2686.92 B41.77| 2237.7 534 45| 20576 |0.000013
1.4 108.32 1,228 0808 452.42 105 45| 2680.22 642 56| 2231.86 £533.07| 2.0873 |0.000013
1.5 111.37 1.158 0863 457.13 17157 2683.26 543.20| 222623 531.73| 2.0768 |0.000013
1.5 111.27 1.158 0863 457.12 171.67| 2683.26 643.20| 222623 £34.73| 2.0762 |0.0000132
1.6 113.32 1.081 0818 475.38 113 54| 2686.25 54398 222087 530 45| 2.0860 |0.000013
1.7 118517 1031 0.870 453,22 115 42| 2682.97 G44.54| 221575 525 22| 2.0850 |0.0000132
1.8 116.63 0.877 1.023 400.70 11720 2701.54 54525 221084 528,06 21037 |0.0000132
1.9 118.82 0.g20 1.078 487.85 11897 2703.93 645 83| 2206.12 526 92| 21124 |0.0000132
2 120,23 0.885 1.128 504.71 12055 2706.29 646,20 2201.59 525,84 21208 |0.0000132
2.2 123.27 0.810 1.235 517.63 12363 2710.60 G47.42| 2182.828 523.78| 21372 |0.000013
2.4 128.08 0. 745 1.340 5208.54 126 50| 2714.55 542.26] 2184.81 521.86] 2.1531 |0.000013
2.6 128.73 0.893 1444 540.88 12513 271817 54922 2177.30 B20.04| 21885 |0.000013
2.8 131.20 0648 1.548 551.45 131.71] 2721.54 650.03] 2170.08 518.32| 2.1835 |0.0000132
3 133.54 08068 1.851 5E1.44 134.10| 2724.66 650.77| 2163.22 B16.68| 21881 |0.0000132
3.5 133.87 0.524 1.808 5E4.28 135 55| 2731.62 G52 44| 2147.35 512,85 2.2331 |0.000014
4 143.63 0462 2.163 804.538 144 43| 2737.632 653.B7| 213285 505 45| 22,2864 |0.000014
4.5 14702 J.414 2417 82317 1458 84| 2742828 655.13] 2118.71 06 25| 22083 |0.000014
5 151.85 0.375 2668 840.12 152 85| 2747.54 65624 2107.42 503 35| 2.3282 |0.000014
5.5 155.47 0.342 2820 855.81 156 64| 2751.70 G57.23| 208580 50060 2.2585 |0.000014
] 158.24 0.315 3.170 870.43 16013 2755.46 652.13] 2085.02 438.00| 238732 |0.000014
E.5 161.28 0292 2.418 9E54.14 163 40| 2753.87 G52.94| 2074.72 495 54| 24152 |0.000014
7 164.28 0273 2,867 8a7.07 166 43| 2781.92 G52.69| 2064.82 493 20| Z.4424 0000015
7.5 167.78 0255 1815 709,20 165 47| 2754.54 580.27| 206552 49096 24800 |0.000015
a 170.42 0240 4162 T20.94 172 13| 2787.46 5681.00] 2046.52 458 80| Z2.4851 |0.000015
B.5 172.24 o227 4,400 732.03 174.84| 2782.59 581.58] 2037.86 486 73| 2.5206 |0.000015
9 175.28 0215 4855 T42.54 177.38] 277212 86211 2029.49 454 74| 2.5456 |0.000015
8.5 177.67 0204 4.801 75282 175887 2774.22 B62.61] 2021.40 482 80| 2.5702 |0.000015
10 178.88 J.194 5.147 TE2.60 182 14] 2776.16 563.07] 2013.56 45093 Z.5044 |0.000015
1 184.08 OATT 5.838 781.11 1686 57| 277D.66 583.91] 1283 .55 477 35| 26418 |0.000015
12 187.28 0.163 8.127 TE2.42 19070 2782.73 564.54] 1984 .31 473 94| 286372 |0.000015
13 181.60 0151 8817 214.538 194 55| 2785.42 58520 1970.72 470.70| 2.7327 |0.000015
14 185.04 0141 7. 108 830.05 198 26| Z7TET.T@ 585 85| 1967.72 467 60| 2. 7767 |0.000018
15 198.28 0.132 7.588 24454 201.74| 2782.88 506.25| 194524 464 61| 2.8187 |0.000015
16 201.37 0.124 8.085 852.54 206.08| 2781.72 856.79| 1933219 461 74| 2.8820 |0.000015
17 204.30 0117 8.575 871.82 208 23] 278337 BE67.18] 1921.55 458 95| 29036 |0.000018
18 2071 110 9065 8E4.55 27127 278481 887.53] 191027 456 26| Z2.9445 |0.000015

952
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