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Introduction
Part of the MicroBooNe TPC will made from one inch OD tubes.  The tubes will be perforated to allow air inside to diffuse out during the overall cryostat purging.  The conceptual design is to start with plain tubes and drill holes where necessary.
Information
· Start with tube filled with air
· Assume atmosphere outside the tube is suddenly changed to pure argon
· Tube size 1 inch OD, 0.035 inch wall
· Tube lengths expected to be long with respect to hole pitch
· Room temperature
· Pressure 17.4 psia
· Tube may be in any orientation
· Tubes are not carrying a large structural load, but if hole size gets too big this should be evaluated
· Oxygen concentration inside tube should reach 1 PPM within 2 days
Goals
· Determine hole size and pitch
· This will be used for a final design



From LBNE document 3862, the diffusion coefficient of Argon and Oxygen at 17.4 psia and 293K is:
[image: ]
From RefProp v9.0 the properties of Argon at 17.4 psia and 293K are:
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Since we are mapping molecular diffusion over to a temperature analysis, we define an equivalent thermal conductivity which will equal the molecular diffusion conductivity. 
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Buoyancy Properties
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
Calculations for Preparing CFD Model: 


















Two models were run using ANSYS CFX, the first tube had 0.25" diameter holes drilled with a 4" pitch.  The holes alternated sides along the length of the tube, meaning one on top of the tube and the next was 180 degrees around the tube.  This alternating meant any motion across the tube would cause the flow to purge out the space inside the tube as seen in Figures 1 and 2.  This resulted in a 1 ppm purge time of roughly 2 hours.  The second model used 0.125” diameter holes drilled with a 10” pitch, using the same alternating side sequence.  The second tube resulted in a 14 hour oxygen purge time to 1 ppm and this hole size will be used as the design since it has fewer smaller holes which will be much easier to drill.  

It should be noted the buoyancy term was not included in the analysis as it greatly increases computation time.  The buoyancy of oxygen in argon would assist to purge the volume quicker, which makes this analysis conservative, and also makes it quite independent of orientation.  The analysis is also conservative in that the oxygen could not diffuse to an infinite surrounding volume, only a small volume around the tube was purged with pure argon.  The specified tube can be mounted in any orientation and will still easily meet the purity requirements specified in the task description.  

A single representative segment of each tube and surrounding argon space was modeled.  The argon purge velocity around the tube was 1.2 meters per hour as specified in many argon purging documents.  



[image: C://Users/Voirin/.cfx/CFX_TEMP_1748/Figure001.png]
Figure 1:  Holes drilled on alternating sides of tube naturally purge through the interior of the tube.

[image: C://Users/Voirin/.cfx/CFX_TEMP_1748/Figure002.png]
Figure 2: Holes drilled on alternating sides of tube naturally purge through the interior of the tube.

Results of the two models are shown in Figure 3.  Each showed a nearly perfect exponential decay of maximum oxygen content in the tube with respect to time.  This is quite convenient for future similar analyses as one does not need to conduct a transient analysis of the entire purge time, only a fraction of the time where exponential extrapolation can be used after.  An animation of the oxygen content in the second design is attached in the video file titled 0.125 inch holes with 10 inch pitch.    

[image: ]
Figure 3: Results of maximum oxygen concentration for two tube analyses
      



Tube Specification:
	The specification for the perforated tube is 0.125” holes drilled every 5 inches alternating sides like Figures 1 and 2.  The tube should be positioned with the holes facing up and down if the tube is horizontal, though it will meet the specification no matter the orientation.  A drawing of a segment of tube is shown in Figure 4.


[image: ]
Figure 4: Drawing of tube with 0.125" holes drilled every 5" alternating sides of tube.



image6.wmf
r

Air

1.4270

kg

m

3

:=


image7.wmf
Vol

ppm

(

)

9.18443

10

7

-

×

ppm

×

0.50797811

+

(

)

m

3

kg

:=


image8.wmf
ppm

Vol

ppm

(

)

d

d

9.18443e-7

m

3

×

kg

®


image9.wmf
dV

dppm

9.18443e-7

m

3

×

kg

K

×

:=


image10.wmf
b

ppm

(

)

1

Vol

ppm

(

)

dV

dppm

×

:=


image11.wmf
0

1

10

5

´

2

10

5

´

1.3

10

6

-

´

1.4

10

6

-

´

1.5

10

6

-

´

1.6

10

6

-

´

1.7

10

6

-

´

1.8

10

6

-

´

1.9

10

6

-

´

b

ppm

(

)

ppm


image12.png
i

| “. l\ y

”“h





image13.png
Velocity
Streamline 2 Figure 2

2.8235

0.7059
v
©
0.0000 I
[m hrA-1] 0 004 0080 (m)




image14.png
Oxygen Content (ppm)

1000000

100000

10000

1000

100

10

Oxygen G

lontent in Two Tuble Designs

Time (Hours)

—0.25" diameter holes @ 4" pitch
—-+0.125" diameter holes at 10" pitch
214266.3207e5 974072843« y=2p0092.2048¢955255505¢
R?=0.999980842 R?=0.999998902
2 a 5 s 10 12 1





image15.png
5.000" 5.000" 5.000"

©0.125"

Hole on Top Hole on Top

Hole on Bottom / Hole on Bottom /





image1.wmf
D

Ar_O2

0.146327194

cm

2

sec

:=


image2.wmf
r

Ar

1.9689

kg

m

3

:=


image3.wmf
m

Ar

22.3

m

Pa

s

×

:=


image4.wmf
c

p

0.52184

kJ

kg

K

×

:=


image5.wmf
k

Ar_Diffusion

D

Ar_O2

r

Ar

×

c

p

×

0.0150344

W

m

K

×

×

=

:=


