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SIMPLIFIED DESIGN OF LONG LINEAR VACUUM SYSTEMS

Summary

In the design of long linear vacuum systems, such as particle acceler-
ators and beam transport systems, i1t is convenient and time saving to have
a list showing the required spacing of vacuum pumps to maintain specified
pressure drops for various combinations of tube diameters and outgassing
rates. A computer program VAC was written to provide such a list. 1In this
program the vacuum chamber tube diameter varies from 2" through 8", the out-
gassing rate varies from 1 x 107*° through 9 x 1077 torr g¢/sec cm®, and the

pressure drops were selected as 1, 3, 5, 7 and 9 x 107® torr.

After selecting the pump spacing from the list the required pump speed

is calculated from S = Q/P.
Discussion

In designing a vacuum system for long particle accelerators and beam
transport systems a simple approach is to first calculate the number and spac-
ing of pump-out ports required to maintain the desired pressure drop along the
vacuum pipe and then to size the pumps based on the outgassing rate of the

vacuum chamber materials.
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Figure 1.
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Referring to Figure 1, for air at 20°C in the molecular flow region

the maximum pressure drop (Pi - Po) is given by

Q=C (Pi - Po) = C AP

where Q is the throughput (amount of gas pumped) in Tg/sec and C is the
conductance (resistance to "flow") between points Pi and Po in g/sec.

The pressure drop AP is given in torr.

2
Knudsen( ) gives for the molecular conductance of a tube of constant

cross section for air at 20°C

2
C = 62 KA g/sec
BL

where K = a dimensionless constant (K = 1 for circular cross section),
A is the cross-sectional area of the tube in cm®, B is the perimeter of the

tube in cm, and L is the distance between pumps in cm.
If we consider the pressure drop along the length L/2 and from
Q=(mDL/2) q

we have
Q =(mD L/2)q = CAP = 62 A® AP
BL

where D is the tube diameter in cm and g the specific outgassing rate of

the vacuum tube in Tg/sec cm®.

Solving for AP

AP =_m_  DBGI®  torr
124 A®
and for a circular tube
AP =1 q I  torr
7.75 D°

and the distance between pumps is

‘

1 N 1
L= (7.75 AP Daxy /2

Y, q V.

(1) Molecular Flow Region PD < 154 - cm
Viscous Flow Region PD > 500 p - cm



7 \\
or L = (.0328)} 7.75 AP DZ‘)\;l/th
After L is known and the number of pumps determined the pumping speed of
the pumps is calculated from S = QL/P, Qq, being the outgassing from a tube

of length L.

It must be noted that the pumping speed required is only adequate to
handle the plane vacuum tube with a specific ¢q and a given AP. 1In general,
however, additional elements are added to the vacuum system such as detection
equipment, targets, large vacuum boxes, etc, and additional pumping capacity

must be added to handle these added gas loads.

Listed on attached sheets is the computer output from the VAC program.

(2) A. Guthrie and R.,K. Wakerling, "Vacuum Equipment and Techniques', page 35,
McGraw-Hill, 1949
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(1) Length, L Dia. D Outgassing Rate,q Press. Drop,AP
Co(f) o (emP) ,.,§A10'.1,°._T£/sec cm® e mmisenan 10*% Tory
46,39 2581 - SR B | | el e 11 12 | S
32.80. ?5481 2,00 1,0000
| 26:78 25,81 " T TUTTTTT3,007 T T 170000
Q 23.19 25,81 4,00 1,0000
e A0 14 T 25,81 T B g () e o ) g O
18,94 25481 6,00 11,0000
17,53~ " 25,817 7,007 o 1570000
- 46.40 25,81 A 8,00 1.0000
: 15544 S g g e g g 10000 —
14.67 25,81 10,00 - 1,0000
o 10 . 37 T T BTSN o Y K A S e 25 R B'j Corea B T 20 . 00«.1:.-.—.;—;-‘_1'-;» - s -—.-nwm—--l-—.«o 00 Om
8.47 25,81 30,00 1.0000
72 T - . T ¥, e X ) I R - 170000
6.26 25,81 50,00 1,0000
5,99 T T 2B, 8T T T T T 6, 00T 170000
5.54 25,81 - 70,00 1.0000
T 4 < T INT: Lyo0p 0"
4,89 25,81 90,00 1,0000
4,64 o 25,81 ° "7 100,00 170000
2,68 CTTR5,81 T T 300,00 170000
2,32 25.81 400,00 1.0000
2y 07 e = g By g T = 500, 00 370000
1.89 25,81 600,00 1,0000
1375 25,81 T 700700 170000
1.64 . 25,81 . 800,00 1.,0000
1755 25,81 7900500 170000
4 1.47 25,81 1000,00 1,0000
*‘- —1 04 25,81 2000,00 ~13 0000
.85 25,81 3000,00 1,0000
L 73 25,81 °° T TTT400Q,007 T 170000
.66 25,81 5000,00 1,0000
60 25,817 T 7T T6000,007 7 T 1,0000
.55 25,81 7000,00 1,0000
752 2B, g1 T 8000, g 0 170000 """
.49 25,81 9000,00 1.0000
69758 58406 1,00 1700001
49,20 58,06 2,00 1,0000
40717 583706 3,00 150000
34,79 58406 4,00 1,0000
31732 —58,06 5,00 170000
'28.41 584,06 6,00 1.,0000
26,90 58706 7.00 150000
24,60 58,06 8,00 1.0000
23,719 5806 9,00 170000
22,00 58,06 10,00 1.0000
5556 e B B 6T 20,00 1.,0000
12,70 : 58,06 30,00 14,0000
11700 58406 40500 170000
9,84 58,06 50,00 1.0000
8,98 58,06 60,00 —150000
.8.32 58,06 70,00 1.,0000
- 7778 58:06 - 80500 170000 S
7.93 58,06 90,00 1.0000
"’f"‘“" 6I56 T T T TTBB, 06 T 100,00 T 00007
- 4,02 58,06 $00°,00 170000
3.48 BBy 06 | 400,00 1,0000
R S I - T T 500700 14,0000
2,84 b8,06 600,00 1.0009_




p th, L Dia. D i AP
@ S 1 Ourehereng Heeedue  TESROEPHGRT
- 2.46 58,06 800,‘00 . L - 4.0000

- 2.32 58406 900500 150000
2.20 58406 1000,00 1.0000
™ 1756 —-58,06 S ——2000;00 170000 —
1710 — e 5§ () e (), 0 —13 0000
N .98 58.06 5000000 11,0000
90— ' 58,06 6000,p0 " 170000
.83 58,06 7000,00 1,0000
™ -78 58,067 8000,;p0~ — 150000
' 73 58,06 9000,00 - 1.0000
9277 e 103,23 s g 0 150000
65,60 103,23 2,00 1,0000
53;56 103,23 “3'."00 170000
46,39 103,23 4,p0 1,0000
41,49 T 03,230 5,00 1570000
%7.87 103,23 6,00 1.0000
35,06 e 403,23 ~=7 400 150000
32.80 103,23 8,00 1.0000
30592 e - 03y 23 - 9,00 150000—
29,34 103,23 10,00 1,0000
20574 103,23~ 20.00 1v0000—
16,94 103,23 4 $0,00 1,0000
14,67 103,23 - =4 00 0" 170000
13.12 103,23 50,00 1.,0000
11498 103,23 - - 60,00 130000
11.09 103,23 70,00 - 1,0000
10737 103,23——————— 80,00 150000
9.78 103,23 90,00 1.,0000
: 9,28 - 40323 e 100,00 150000
@ 6.56 103,23 200,00 1,0000
5,36 ~403 4,23 ~———— 300,00 1v0000—
4,64 103,23 400,00 1,0000
415 103,23~ -500,00 1v0000—
3.79 103,23 600,00 1,0000
— 3051 ] 03 4 23 =7 0 ) o g 0 150000
3.28 103,23 - 800,00 1,0000
3.09 103,23 900;00 150000
2,93 103,23 1000,00 1.,0000
207 103,23~ 2000700 170000
- 1,69 103,23 ¢ 3000,00 1,0000
g4 7 103,23 ~—4000,00 170000
1.91 103,23 5000,00 1.0000
1520 103,23 6000,00 170000
1,114 . 103,23 7000,00 1.0000
1;04 103423 8000,00 10000
.98 : 103.23 9000 00 1,0000
115597 - 161429 1,00 150000
82.00 161,29 2,00 1,0000
66,95 “161729" 3700 150000
57.98 161,29 4,00 1,0000
51,86 161329 5,00 1.,0000
- = 43,83 ~ 161429 7.00° 150000
41,00 161,29 8,00 1,0000
T 38 66 161429 9,00 - ——=170000
. 36.67 161,29 10,00 1,0000
: e 0593 - 161v29 ~e= 20,00 - 150000
21.17 161,29 30,00 1.,0000
R T AT B 161729 40,090 150000
16,40 161,29 50,00 1.00p0
e 14,97~ 161,29 60,00 170000~




(3) . Length, L Dia. D Outga331ng Rate, g fliess.Utopyat
O € 20 ¥ - (cm?).. 510210 To/sec omo... . x. 1075 Torr
: g 13,86 161,29 : 70 00. RO
’ ””*“”””“”““*12;97'“"“*““‘””‘”"‘161.76’”“"”““” e B0 ti,%%%% -
12,22 161,29 90,00 1.0000
LTy g 60 T 16129 100,00 170000
- 8.20 161,29 200,00 1.0000
‘mwmw—wwm- 6,70 T Tt 61,29 T C 300,00 =15 0000
; 5.80 161,29 400,00 41,0000
— 5,19 = e 4 64 90 — =500 ,p0 Iveoe0—
4,73 161,29 600,00 1.0000
} 4;38“'~ "161,29 700yn0— 1300p0—
4.10 161,29 ° 800,00 1,0000
e S I < AT~ 1= Mttt X 1 11 B N1 R 150000
, 3,67 161,29 1000,00 1.,0000
2759 161,29 2000700 170000
2.12 161429 3000,00 1.0000
i e B - 161429 400000 170000
1.64 161,29 5000,00 1.0000
1,50 e 161,29 ~~6000,00 10000
, 1.99 161,29 .7000,00 1.0000
1530 161,29 8000700 170000
1.22 161,29 9000,00 1.0000
, 139,16 232426 100 170000
98,40 232,26 2,00 1.0000
80.94 232,26 300 170000
) 69.‘58 232126 4-00 1:0000
62,23 232v26 5700 170000
56,81 232,26 - 6,00 1,0000
’ 52760 232y24 7,00 150000
49,20 232,26 8,00 1,0000
~467;39 232y26 " 900 470000
, 44,01 232,26 10,00 1,0000
@ 31-12 232,26— -~ 20,00" 150000
25,41 232,26 30,00 1.,0000
, 22700 232,2A 40,00 170000
19.638 232426 ‘50,00 - 1.,0000
17787 2324267 60,00 170000
, 16,63 232,26 70,00 1,0000
15,56 232,26 80,00 170000
, 13792 232,26 100700 170000
9.84 232,26 200,00 1,0000
g, 03 232426 ~3005007 1370000
? 6.96 232,26 400,00 1.0000
6,22 232,26 200500 Y0000
, 5726 232,26 700,00 170000
4,92 232,26 800,00 1.0000
4 ;4T 2324267 900,00 TLVe000TTT
, 4,40 232,26 1000,00 1,0000
3. 11 232,26 2000,00 L0000
2.54 232,26 3000,00 1,0000
, 2720 232,26 40007500 330000
1.97 232,26 5000,00 1,0000
1 80 232726™ 6000,00 170000
, N 1.66 232,26 7000,00 1,0000
—41.56 232,26 800000 g, 0000
1.47 232,26 9000,00 1,0000
}.‘-—"'_*”"*162 35 316713 1707 1700007
114,80 316,13 2,00 1,0000
A« I S 316,13 3,00 500007
: 81.18 316,13 4,00 1,0000
' - —72,61~ 316413 5700 1570000




(&) Length, L Dia. D o "’Outgassmg Rate,q PreSS‘DTOP,M
_ (F£) e o (IR biioniini i lO'lOTp/s,egm c,n;, xm‘ Tory.
% 66,28 . o 346,13 ' 6,00 1.0000
o 61,36 316,13 77607 130000
57.40 . 316413 8,00 1,0000
3 54712 316413 2700 170000
‘“. 51.34. 316413 10,00 , 1,0000
e =36 73— By G 20+ O 340000~
;;3 29.64 J16,17 30.00 41,0000
25,67 316,13~~~ 40,00 170000
22,%6 316,13 50,00 1.0000
5 20,56 — I16413— 60,90 170000
‘ 19.40 31613 70,00 - 1.0000
18,18~ — 346,13 - e B0y g 0 150000
5 17.11 . 316413 90,00 1,0000
16,24 ’ 316313 100,00 170000
11.48 316413 200,00 31,0000
5 9,37 - 316,13 300,00 170000
8,12 316,13 400,00 1,0000
7,26 v e B gy | G 5 ) e 10000
6,63 k 316,13 T 600,00 11,0000
6.14~ ' 316413 ~ 700,00 170000
5,74 316,13 800,00 1,0000
& 5,41~ 316413 900,00~ 1v0000—
5,13 316,13 , 1000,00 1.,0000
wF 6T s 34 6013 e 2000, g 0 ~170000
5 2.56 316,13 . . 3000,00 1,0000
2,37 316713 4000,00 170000
2,90 © 316,13 5000,00 1,0000
o 2. 10— 316413 6000,90 170000
1.94 316,13 7000,00 1,0600
- R - B R % - JU 1 S enan - X1 R (N O R 170000
9 1.71 316,13 9000, 00 1,0000
185,54 412490 —1,00 170000
131.20 412,90 2,00 1,0000
o 107,12 412,90 — 3,00 170000
92,77 412,90 Q.QO 1.06000
82,98 TR, G — 5,00 170000
70,13 412,90 7:00 170000
65,60 4 412,90 8,00 1.0000
o 61,85 412590 . 9300 170000
¢ 58,67 412,90 10,00 1.,0000
~41 ;49— 442, 90 —20 00 1700007
> 33.88 - 412490 30,00 1,0000
~ —29,34 412,90 - 40,00 17v0000—
26.24 : £ 412,90 50,00 1,0000
. 23.95 412,90 60,00 1v0000
I 22.18 412,90 « 70,00 1,0000
20, 74— - 4424 9 80,00 1706000
18,55 = 442,907 100y00~ 170000
13.12 412490 200,00 1.0000
5 10771 412,90 T T 300700 1700p0
' 9,28 A 412,90 400,00 1.0000
— 8,80 T T 412,907 TR 00500 —170000
® 7.97 412490~ 600,00 1,0000
~ 7,01 T 442,90 700700 170000 7
. 6.56 412,490 . 800,00 1:0000
g 6;18 : 412390 ~900,00 1700007
- 5.'87 412999 1000.00 110000
4,15 T2, 910 ' 2000,00 1700007
- S AL X S ‘44200 400000 170000




. . ) 18, 2 i A N g T
O I 1 Cond ) 2108065150 82508 Presg.Drop.AP
\./’, ' 2,62 412;90 ' 5000;00 110000
- 2,40 412,90 6000, 00 1500007
2,22 412,99 7000,00 14,0000
0 2,07 = 412.90 8000540 1400007
‘ 1,56 412,90 9000,00 1,0000
so'.34"”’””‘"**“"—%"*'“'?5.sr“‘*ﬂ* - 1,00 30000
) 56,81 25,81 2,00 3,0000
46,39 TTTTTT T 25, 8T 73,00 3y00007
40,17 25,81 4,00 3.0000
o 35,93 — 25,87 5,00 370000
‘ 32,890 25,81 6,00 - 3,0000
T T e R G e 87T B 2N 1 3:0000
O 28,41 _ 75,81 8,00 3,0000
‘ 2678 B 254181 9700 370000
25.41 25,81 10,00 23,0000
o 17,97 T T TR gL T T T T T 20, 00 33,0000
14,67 25,81 30,00 3.0000
12370~ e ~25,81 - 40,00 370000
) 11,36 25,81 50,00 3,00n0
10737 25,81 60,700 370000
9.60 25,81 70,00 33,0000
%) 8,98~ 25,81 B0,00 53,0000
’ 8.47 25,81 90,00 3.0000
8,03 25;81 ' 100,00 370000
S 5.68 25,81 200,00 3.,0000
4,64 25,81 300500 370000
4,02 25,81 400,00 3,0000
0O 3759 25,81 500,00 370000
' 3. 04— ?5 81" —700700" 370000
‘ 2,84 25,81 800,00 3,0000
2,68 25,81 900,700 37000077
2.4 25,81 1000,00 3,0000
o 1;80 25,81 2000,00 370000
1.47 25,81 3000,00 3.0000
- —17E7 25 81“*“ ~4000,700 T33700007
o 1.14 25,81 5000,00 3.0000
1504 25,81 6000, 90 3,00007
.96 25,81 7000,00 3.0000
< ;90"' 25,81 8000;700 3700007
. .85 25,81 9000,00 3.0000
120,51 = 58,06 1500 "3, 0000
< 85,22 - 58,06 2,00 3.0000
69,58 58,06 3,00 300007
60,26 58,06 4.00 3.0000
O 53,90 5B:D6& 5,00 "3700007
. 4920 58,06 6,00 3,0000
TG, 95T 58,06 7,007 300007
) 42,61 58,06 . 8,00 3,0000
40,17 58,06 9700 35700007
38,11 58,06 10,00 3:0000
& 26,95 58,06 205700 3300007
. 22.00 58,06 30,00 3,0000
8 19,06~ THB8,06” 40,00 3700007
) 17.04 58,06 50,00 3,0000
T 15,56 T BB,06 60,00 3700007
@ . 14.40 58,06 70,00 3,0000
O o 13,47 58,06 60,00 3,0000
12,70 58,06 90,00 3,0000
2,05 58,06 100,00~ "3.00007
< 8,52 58,06 200,00 3,0000
6796 58706 300,00 33,0000




Lengtcth., L ld. U JutgassSlilg hate rresS5s.DYOpD Al
_(..6_3,,‘“ N mg%) ’ o (em®) .3%10'%°?‘%T0/qp;',§m2.'. X108 Ioir
R I 2 58,06 500700 —3370000—
4,92 58,06 600,00 340000
s 4 56 ~B8,06 700500 370000
4,26 hB,06 800,00 3,0000
.mm«*q()e B8y ) e - 9 0.) 10 0 370000
- _ 3.81 58,06 1000,q0 3.,0000
—— e 69 - 58,06 2000500 3+v0000—
2,20 58,06 3000.00 3:0000
: ——1.91 58,06" 4000,00 3+0000—
d 1.70 58,06 5000,00 3.0000
- 1.56'w 58.06 6000.00 370000”“‘
o 1.44 58,06 7000,00 3.0000
1735 - 58,06 8000,p0 370000
1,27 58,06 " 9000,00 3.0000
- 160,69 103423 1500 3v0000—
113._62 103,23 ) 2,00 -3+0000
e Y Py B 103,23~ 3,00 30000
. 80 .34 103,23 4,00 3.0000
71,86 3 -103,23 5500 3y0000—
65,60 103,23 6,00 3.0000
6073 ~103,23 700 37v0000—
< 56,81 103,23 8,00 33,0000
~53.56 103,23~ ~ 9,00 370000
o 50,81 103,23 10,00 3,0000
35,93 103,23~ 20,00 3+0000—
29,34 103,23 30.00 3,0000
o 25,41 103,23 40,00 370000
22,72 103,23 50,00 3,0000
20,74 ~=103 237 60,00 370000
’ 19,21 103,23 70,00 3.,0000
17097 103,23 80,00 3c0000—
16,94 103,23 90,00 3.0000
: —16;07 103,23 -100,00 3:0000
d 11.36 103,23 200,00 3.0000
G 28 103,23 300,00 —350000
o 8,03 103,23 400,00 3,0000
7:19 103,23 500,00 3:0000
6,56 103,23 600,00 3,0000
o 607 103723 700,00 370000
5,68 103,23 800,00 3,0000
5:36 103,23 90000 — 330000
o 5,08 103,23 1000,00 3.0000
-3;59— 103,23 2000,00 3.0000
2.93 103,23 3000,00 3.,0000
2754 103,23 4000,00 370000
ad 2,27 103,23 5000,00 3,0000
2,07~ —103,23 ~6000;00 —3+0000—
1,92 103,23 7000.00 3,0000
° -1~ 80 103,23 8000500 370000
1.69 103,23 9000,00 3.0000
. 200,86 161,29 77 1,00 370000
. 142 03 161,29 2,00 53,0000
ey 570G 7 161729 —3,00" —3,0000
o 100.43 161,29 4,00 33,0000
89,83 161729 5,00 3v00p0—
. 82.00 161,29 6,00 3.0000
. T 75,920 161729 7.00 3:00p00
71,01 161,29 8,00 35,0000
e e K GG 161729 9,00 370000
o 63,52 161,29 10,00 33,0000
_ —44-91 161729 20,00 370000




1"ﬂ“”“m~”**"22f4;

e e 4 060

s TP TR P T T

21,17

20,09
14.20

10004

.«».»_-8 ..98 e
8.20

7759
7.%0

6770
6-35

3,67

3718
2.84

2,29
2.40

225
2,12

241703
170.43

139,16

407,797

‘.!’ 98,40
) “91-10

85,22

80,34
76,22

53,90
44,01

38711
34,09

31,12
28,81

2695
'-|25.41

24310

17.04

13,92
12,05

9,84

e .1 0 —:7 8 s e

9,11
8.5

—8.03
7.62

”YWS;sggw

4,490

Sia1—
3.41

3711
2.88

’2;69 [P

2.54

(cm?) %1070 Tp/sec e . x10°% Torr.
164,29 30,00 33,0000
164,29 40500 3,00007
161429 50,00 3.0000
164429 60,007 370000
163,29 70,00 3.0000
141,29 80,00 ~ 30000
164,29 90,00 3,0000
161429 100,00 350000
164,29 200,60 35,0000
181,297 300500 3370000
161,29 . 400.DO 3,0000 .
T 4R 29T 500,00 3.0000
161,29 600,00 3,0000
“161v29 700,00 370000
151629 800,00 330000
161729 900,00 3:0000—
161429 1000,00 3.0000
161729 ~-2000, 90 340000
161,29 3000,00 3+0000
1614729 4000,00 3y0000—
164429 5000,00 3.0000
161,297 6000,00 3,0000
161,29 . 7000,00 3,0000
161,297 —8000,00" 30000
161429 9000,00 3,0000
R232:26 1700 3,0000
232,26 2,00 3,0000
23270267 3,00 35,0000
- 232,26 4400 3.0000
232,26 7T 5,00 3700007
232426 6,00 3:0000
232,26 7,00 370000
232,26 8,00 3,0000
232426 2700 3,0000
'232525 10.00 3!0000
2327267 20,00 3,0000
232,26 30,00 3.0000
232726 40,00 370000
232,426 50,00 33,0000
2327264 60700 350000
232,26 70,p0 3,0000
‘232,267 80,00 ~3,0000
232,26 90,00 3.0000
232726 160,00 3:0000
232,26 200,090 3.0000
232,26 300,00 370000
232.26 400,00 3.0000
e g D W D 6T ~500,00 3700007
232,26 600,00 3.0000
232326 700500 3,00007
232,426 600,00 3.0000
232426 900,00 3,000
232.264 1000,00 3.0000
TR 32h1 267 =000, 0 0 "3,0000"
232:26 3000,00 3.0000
B2 RE T T 4000, g 320000
232,25 5000, 0w 3.0000
232,26 T TS G00, gt 330000
232,26 7000,00 34,0000
S——— R T L0 = 8000, g0 T 3:0000
232,26 $000,00 3,0000
I1E6TTR 1,00 30000

DB1207




,,“M,,,(,Ef)h et Wmw(ft) o ‘ g g e, q

: Sl em®) T ST 1070 T,e,/sec cm T %1076 TobE
» 198.84 S 316413 . 2,00 ' 3 0000
o 162,35 316,13 _ 3,00 370000
140.60 316413 4,00 " 34,0000
3 125,76 —Tr=316v13 5,00 3;0000
‘ 114,80 316,13 6,00 3,0000
106,28~ e 316,13 e e 7 g =3y 0000
'§ 99.42 316413 8,00 3,0000
93,73 - =316413 T T 09 00 370000~
88.92 316,13 10,00 3,0000
£y 62,88~ = B46,13 - o ———— = 20,00 30000
, 51,34 316,13 30,00 3,0000
44 46 s s B ) 4 o e 4 0 ) Svo0p0™
- 3630 ' 316,13 S 60400 — 30000
33.61 316413 70,00 3,0000
s 31744 316,13 - 80,00 3700007
29,64 316,13 90,00 -3+0000
28,12 oo B 4 B ] 007500 3¢0000
©) 19.88 | 316,13 . 200,00 3.0000
16.24 : 316,13 ~300500 30000
14.06 316,13 400,00 3,0000
o 12 .58~ 316,13 500,00 3v0000-]
- l1.48 316,13 600,00 3:.0000
10 EF S 316,443 “700,00 3700007
O 9.%4 316,413 . . 800,00 340000
9737 316413 900,00- 3300007
8.89 316,13 - 4000,00 3.0000
o 6,29 316413 2000yp0 3:00007
. 5,13 316413 3000,00 3,0000
e et 4§ e T 4 e 40 0 0 3¢00007
. 3,98 316,13 5000,00 3.0000
3,63 “316,13 T 6000,00 3+00007
3.36 316,413 7000,00 3.0000
0 ~3,14 316,43~ ———8000,q0 3+0000°
: 2,96 316413 9000, oo 3.0000
k:} ?27.'24 412490 . 2100 3,0000
185,54 ' 412,90 3,00~ 370000°
160,69 412,90 4,00 3.0000
»! 143,72 412490~ 5700 3700007
- 131,20 412,90 . . 6400 3:0000
r g 215 47 T 412,90 - e 7300 3:0000
» 113,62 412,90 8,00 3.0000
- 107,12 412,90 9v00— 3+v0000
101,63 : 412,90 10,00 3,0000
O 71,86 412,90 20500 350000
58.67 412,90 30,00 3,0000
50,81 e ~ 412 49 e 4 ) g 0 ~3,0000
O 45,45 _ 412,90 50,00 3.0000
e 41 049 412,90 60,00 3:0000
38,41 412,90 70,00 3.0000
5 35193 412490 80,00" 340000
. 33,88 412,90 90,00 23,0000
_ —r 32 14 g 4 2 g g T 1 0, g 0 33,0000
Iy 22,72 412,90 200,00 3.0000
T T8, 55T T 412,90 300,00 370000
() 16.07 412,90 400,00 3,0000
P N A 412,90 500,00 T TTTTEL 0000
’ : 13.12 412,90 600,00 3.0000
N 12,15 TTTTTTITT44.2 90 T T 700,00 350000
L ‘ 11,36 - 412,90 800,00 3.0000
T 10,717 T TITTALRy 90T T T T 900,00 ~3.0000



” T “““Length """" , Dia. D . .- --. .. Qutgassing Rate, q Pres _Drop.- AP-...
- < (ft)- s (em®) < oo IR0y /sEe G "X10°% Tory -
10.16 412,90 1000,00 340000
T7L1QT T T T T 442,907 T ‘2000:00 3,00007
5.87 412,90 3000,00 3,0000
.——,——“—ws; 08— 44 2, 90 T "4 000, g0 ~3,0000—
4,54 412,90 5000,00 3.0000
e = o - ,.,,,..,_,-4.15,,_,.___‘.%_5_7_, - 412’90, N'AV.—t::':,-_':T...?:.-"?vr—"-ﬁ-*:éo00‘. 00 - 3q.0000W
3.84 412,90 7000,00 3.0000
L A S W+ 8000,00 — 3,0000
3,39 412,90 9000,00 .3,0000
1403072 25,81 2007 - 570000
73.34 25,81 2,00 5,0000
e T I T B I E-1- 2T Rk T L ~5,0000""
51.86 25,81 4,00 5,0000
46.39 25,81 5,00 570000
42.34 25,81 6,00 5,0000
39.20 25,81 7700 5v0000
36.€7 25.81 8,00 5,0000
34,57 —— I T Rl 9,00 570000
32.60 ‘ 25,81 10,00 5.0000
23,19 25,81 20,00 570000
18.54 25,81 30.00 5.0000
16,40 "25.81 "T40,00 570000
14,67 25,81 50,00 5.,0000
T 13.39 25,81 60,00 5700007
12.40 25,81 70,00 5.0000
11,60 25,81 80500 570000
10.93 25,81 90,00 5,0000
10,97 25,81 1005700 570000
7,33 ?5,81 200,00 5.,0000
. 5.99 25,84 e 300500 570000
' 5,19 25,81 400,00 5.0000
4.€4 25,81 500,00 5740000
4,23 25,81 600,00 5.,0000
3792 25,81 700,00" 5,0000
3,67 25,81 800,00 5,0000
3,496 25,81 7 T7900,p0 T5,00007
3,28 25,81 1000,00 5,0000
2,32 25,81 2000,700 570000
1,89 25,81 ’ . 3000,00 5.0000
1,64 25481 4000500 570000
, 1,47 25, 81 5000,00 5.,00p00
T 1084 2581 "6000,p07" 5500007
C1.24 25,81 7000,00 5.,0000
1716 25181' 8000,00 57,0000
1.09 25,481 9000,00 5.0000
155,58~ BB 06 1500 5700007
"110,01 58,06 2,00 5,0000
89,83 58,06 3,00 v5,00007
77.79 58,06 4,00 55,0000
69 .58 58704 5700 570000
63.52 58,06 6,00 5,0000
58,81 5806 7700 5700007
T 55,01 58,06 8,00 5.0000
— 51,86~ 58,06 9700 5,0000
49.20 58,06 10,00 5.0000
"”“"*“““““34.79'““”““““*—"““sa;os 20,00 5,0000
28,41 58406 30,00 5.0000
o 24,60 TT58,06 40,00 5,00007
22.00 58,06 50,00 5,0000
TR0, 097 58,06 60,00 5,00007
A An T Ag ”n AN = [Afnd



(10) - Length, L . . Dia. D . =~ - QOutgassing Rate,q

Pres, Drop,Ar

IO T (emP) o x107Y0 Tyfsec enf . x10™° Torr
; ' : 116,490 o - 58,06 90,00 5,0000
~ e 15.56 ) ' B8, 06 100500° 550000
’ : 11,00 58,06 200, DU 5,0000
o —8.98 = 58,06 300,00 570000
- '7.78 58,06 ' 400,00 . 5,0000
. ‘ S S S — R L T L T 1 I R 570000
, 5:88 58,406 700,90 570000
5.50 ' 58,06 600,00 5,0000
3 5,19 53,06 ~— 900,00 5v0000—
o 4,52 58,06 1000,00 .. 5,0000
3 2,84 58,06 3000,q0 5,0000
2,46 : “BB,06 . -4000,00 550000
2.20 58,06 5000,00 5.,0000
) ) 2.01 ~BB,06 6000,p0" 55,0000
1.86 58,06 7000,00 5.0000
e 17 7§ e - By (e B0 0y g 0 570000
3 1,64 ’.‘4 58406 . 9000 00 5.,0000 |
207,45 103,23 1700 570000
146.69 103,23 2,00 5,0000
3 — 11977 103,23 - 3700 540000
) 103,72 103,23 4,00 5.,0000 |
T g 1, 7 T 08 QB T Sip0 570000
J 84.679 103323 . ) 6:[}0 5'0000
78,41 ' 10323 : ' ~7400 5+0000
73,34 103,23 8,00 5.0000
3 6915 103423 9vo0 570000
e 3§ e ] [ § g R e —20,00 540000
‘ 37.87. 103,23 30,00 5,00p0
| J2:80 103,23 — ~———— 40,00 5+0000
: 29,34 103,23 50,00 5,0000
) 26,78 103423 —60,00 570000
' 24,79 103423 70,00 5,0000
e —23 19— : m 40 R F e B () g () 5,0000
3 21,87 103,23 90,00 5,0000
20.74 103,23~ 100500 540000
14.67 10323 200,00 5,0000
3 11.98" 103423 300,00 570000
“ 10.37 103,23 ¢ 460,00 5,0000
e T R 403423 : 500,00 5,0000
;} 8.47 103,23 600.00 5,0000
' 7,84 103,23 700,00 5,0000
7.33 - 103,23 800,00 5,0000
g 6791 103,23 900'690 5v0000
6.26 103,23 1000,00 5.0000
4,64 e g 1§ g R 3 T e B0 00 g 0 570000
3 3.79 103,23 3000,00 5.,0000
~3,E8" 103723 4000,0p0 550000
2.53 103,23 5000,00 ‘5,0000
§ 2.68 103,23 6000,00- 570000
o 2.48 103,23 7000,00 5.0000
RN P S — —<103,23 P80 005 g 0T TS 0000
E 2.19 103,23 9000,00 5.0000
e — 259,317 “1614297 1700 570000~
‘ .. 183,96 161,29 2,00 5,0000
W 149,71 - 161729 3:00 7550000
' 129,65 161,29 4,00 5,0000
- "“"“““’"115 G 61329 - - 5,00 570000
' 105,86 161,29 6,00 5.,0000

4

CoTTTTTm T LT N - ~161:29 7,00




(iil) daTlig il L ice U . VWibksdop lllgs RalkT,t | LTLCooULUPJAOY
SR UPUIUSIUNPNS &2 WO e (Cm®) T x107*Pry/sec em® . x 1078 Torr
) 91,68 161,29 8,00 - 5,0000
| R - 1 SN % 161429 900 “5,0000
g2.00 161,29 10,00 5,0000
y 57,58 161,297 20500 5,0000
| 47 .34 161429 30,00 5,0000
' 44, 0Q T 61,29 7T T 40,007 5700007
} 36,67 161429 50,00 5,0000
—33.48 T T164,20 7 ~60,00 570000
30.99 161,29 70,00 5,0000
L 287990 S 461,00 =~ 80,p0 570000
27,33 . 161,29 90,00 .. 5,0000
s §F T 61,29 T T T 0, g0 5,0000
; 18.34 161429 200,00 5.,0000
14.97 161,29 300,00 570000
12.97 161429 400,00 5,0000
3 11,60 161,29~ 500,00 By0000—
10.59 161329 600’00 5-0000
9,80 "161 4,297 ~700,00 5v0000™
) 9.17 161,29 800,00 5,0000
8,64 161,29 900,00 570000
8,20 161,29 1000,00 5,0000
) 5,807 161,29 “2000,00 5,0000
4,73 161,29 000,00 5,0000
4,107 161,29 ~4000,007 5700007
) 3,67 161429 5000,00 5,0000
3,35 161,29 6000,00 " 570000
3.10 161,29 7000,00 5,0000
) 2790 161,29 8000700 570000
2.73 161,29 9000,00 5,0000
311,17 232,26 1,00 55,0000
179765 232,26 .00 J+0000™
155,58 232.26 4,00 5,0000
) 139.16 232,26 5700 570000
127,03 232,26 6,00 5.0000
—117761 232,26 7700 5700007
) 110.01 232,26 8,00 5,0000
103772 232,26 9,00 570000
98.490 232,26 “10.,00 5.,0000
) 69:58 232,26 20700 570000
56,81 232426 30,00 5,0000
49 Ve T 232426 40700 570000
407,17 232,26 605700 5700007
37.19 232,26 70.(}0 5,0000
5 34779 232,26 "80,00 570000
32.80 232,26 90,00 5.0000
~31712 ~232,26 7 100,007 "2:00007
:’; 22.00 232126 200,00 5,0000
177,97 232,26 300,00 5,0000
15,56 232426 400.00 5.,0000
y 13,92 232,26 500,00 55,0000
12,70 232126 600,00 ‘5,0000
L7 6 232,26 700,007 5700007
) 11.00 232,26 800,00 5.0000
7710387 - 232,26 900,00 T T 5,0000
.‘ 9.84 232,26 . 1000,00 5,0000
5 6,96 T P32 26 20007500 570000
5.68 232,26 3000,00 5.,0000
4,92 o 2324267 4000500 5,0000
S 4,40 232,26 5000,00 5.0000
4,02 232726 600000 5,0000



Jilde U

Outgassing rate,d

LLCoos LUPY L

i, MS‘E} S Ee&x%};?, L i (cmZ) it Q20T 0/ seco.cm? XJ‘QT.G.;»TOI]T‘.
P 3.72 232,26 7000,00 . 5,0000
T e e - 7 48 - - 232,26 8000700 540000
3.28 232,426 9000,50 5,0000
y 363, 03— 516413 100 570000
”. 256.70 316413 2,00 * 5,0000
2209 Bg e e e B 6 13 =300 570000
3 ;81;51 346413 4000 500000
: 162.35'“” 316,13 — 5,00 570000
148,21 316413 6,00 5,0000
) 137,21 316413 7:00-—= 550000
C 128,35 316,413 8,00 ° 5,0000
~q4 21, 01 e e 5 6y 4 3 =9 g 0 5+0000
3 114,80 316413 10,400 5,0000
81718 - 31643137 20700 570000
66,28 316,13 -30.00 5,0000
o 51.34 316,13 50,00 5,0000
) 43,39 316413 70,00 5.,0000
i 40,99 316413 8000 5v0000—
38,27 316,13 %0,00 54,0000
) 36,30 - 316,13 100,00 570000
' 25,647 316,13 200,00 5,0000
20,96 346,13 ~3060700 570000
) 18.15 316,13 400,00 5,0000
- 16,24~ ——316,13 500,00 5,0000"
14,82 316,13 600,00 5,0000
) 13,72 316713 700700 540000~
7 12,84 316,13 800,00 5,0000
= ~12.10 " 316,43~ Gy g 0 5v0000
9 11.48 316,13 1000,00 5,0000
8,1~ ————— == 316,13 — 2000,00 5.,0000—
6.63 316,13 3000,00 5,0000
3 5.74- 316,413 — 4000,00 570000~
) 5,13 316,13 5000,00 5,0000
=4 ;69 316,13 —6000,00 5¥0000
3 4,34 316,13 7000,00 5.0000
" — 4,06 316413 8000,00 570000
- 3.83 316413 $000,00 5,0000
3 414,89 412,90 ~1700 540000
’ 293.37 412,90 2,00 5,0000
3 . 207.45 412,90 4,00 5,0000
: 185 ;54— 412,90 5700 5v0000-
169,38 412,90 6,00 5:0000
j —456:81 412490 7700~ 570000
-’ 146,69 412490 8,00 5.,0000
----- 138,30 412,90 900" 570000~
3 131.20 412,90 10,00 » 5.0000
) 92,77 412790 20,00 550000
75,75 412,90 30,00 5.0000
5 65,60 4125990 40,00 570000
58,67 412,90 50,00 5,0000
- R AT 412, 90" 60,00 570000
3 49,59 412,90 70,00 5,0000
: 46,39 - 412790 80,00 ———"""5,0000"
‘ 43,73 412,990 90,00 5,0000
T AL A9 T 4 2 9 100,00 =" 550000~
‘ 29,34 412,90 200,00 5,0000
X & 412,910 300,00 ~5,0000”
. 20,74 412,90 400,00 5,0000
RO, A0 R e A Y YA 50ntnﬁ “RoADN0




(13) - - Length,L Dia. D .. .... - --Outgassing Rate, .q  -Press Drop,AP
(£t) - (cm®). - %1079 Ty/séc_cm®. - x10~° Torr
b - 16,94 412490 600,00 5,0000
g ~~v—ww~—-~~15 68 ’412,90““”"““““““'706 0o =5,00007
14,67 412,90 800,00 5,0000
y 13.83 412,90 "900.00‘ 5,0000
‘ 13.12 412,90 1000,00 . 5.0000
Q- g R e 41 g e 2 0 0 O ~50000
y 7.57 412,90 '3000,00 5,0000
6,56 T412,90 4000,00 5¢0000—
5,87 412,90 5000,00 5.,0000
) 5,36 T T T 442,907 6000,00 T T 5,00007
4,56 412,90 7000,00 .. ‘ 5,0000
Yy 412,90 T G000, g0 570000
) 4,37 412,90 9000,00 -5,0000
: 122,73 " 25,84 1,00 770000
86.78 25,81 2,00 '7.0000
) 70,86 - 25,81 ~3,00 730000
61.36 - 25,81 4,00 7,0000
, 54 (88 e s G g —=5,00 - 740000
) 50,10 ' -+ 25,81 . 6400 7.0000
B T LR L AL ——==7,00 7:0000
43,39 ?25.81 8,00 7,0000
5 40,91 25,81 9,00 7¢0000
38,81 25, 81 10.00 7,0000
— e 27;44-'-"“~--" 25,81 ~20,00 770000
197 240 25,81 40,00 7,00007
17.36 25,81 50,00 7.0000
) 15,84 ‘2581 60,00 770000
14,67 25,81 70,00 7.0000
e 13,72~ 25,817 80,00 7700007
' . 12,94 25;81 90.00 7.0000
12,27 25,81 100,00 7+00007
8,68 25,81 200,00 740000
) 7709 25,81 300500 77,0000
- 6,14 25,81 400,00 7.0000
R TS, 49 25,81 " 500,00 ~7700007
D 5,01 25, 81 ;- 600,00 7;0090
4,64 25,81 700,00 770000
4,34 25,81 800,00 7.0000
) 4,09 25,81 900,00 7700007
3.88 25, 81 1000,00 7:,0000
- TR, 74 2581 "2000,00 7700007
b L 2,24 25,81 3000,00 7.0000
T 1,594 25,81 4000,00 7.00007
1,74 , 25:8’}: 5000,00 740000
) 1,58~ 25481 6000,00 7v0000°
1.47 25,81 7000,00 7,0000
e 37 ~25,84 ~8000,00" 770000
) _1.29 25,81 9000,00 7:0000
184,09 58406 1700 7700007
130.17 5806 2,00 7,0000
3 . 106.28" 58,06 ‘3.00 770000
- 92,04 58,06 4,00 7:0000
e P IR 5806 5.00 7700007
) : 75,15 56,06 6,00 7,0000
- 60 5§ ~58,06 7.00° 700007
. 65,99 58,06 8,00 7.0000
- 61736 58406 9.00“ 7700007
58,21 58,06 10,00 7:0000
41,16 58,06 '20.00 7400007
g 33,61 58,06 30,00 7:0000
29.11 58,06 407,00 740000



* . Lellgtlly Lo u1a.-u - Qutgassing Rate, ¢ Press Drop,AP
Y6 /% T (£t) 3 o= (en®) - x10720 Tofsec om® - x. 1078 Torr

) 26,03 _;58 06 50,00 . ?.oooo

D 23,77 58,06 60,00 — 730000

22,00 . 55.36 70,00 '7+0000

S 20798— 58,06 80,00 “7v0000-

’ 19,40 ' 56406 90,00 + 74,0000

. 18,491~ 53,06 —3100,00 » 7v0000"

) 13.02 58,06 200,00 7.0000

- 10,63 — " 58,06 300,00 730000

9,20 58406 400,00 7:0000

A §.23 “B3,06 500,00 770000°

6,96 58,06 — 700,00 7v0000°

) 6,91 58,06 800,00 7,0000

o 6,14 R8.,06 ~ 900,00 7100004

5,82 58,06 1000,00 7,0000

A —47712 58,06 2000;00" 750000

- 3,36 58,06 3000,00 7.0000

279 e BB 6 =4000, g0 7500 0 0

Y 2,60 58,06 5000,00 7+0000

- 2:38 58406 6000,00 770000

2,20 58,06 7000,00 7,0000

3 2706 58,06 8000,90 7v0000-

- 1,94 58,06 9000,00 7.0000

945,45 103,23 1,00 770000

F oy 3;73.56 103.23 . 2000 7.0000

- 14171 103,23 ==3,00° 740000

122.73 103423 4,00 7,0000

8 10977 103,23 —5,00 7+0000"

100,21 403,23 6,00 '7,0000

—92,77 103,23 e e o7 g 0) ~750000"

. 86,78 103,23 8,00 7:0000

81,82 —103,23 - ~9,00 770000

77,62 103,23 10,00 7,0000

S 54,88 103,23 20,00 730000

) 44,81 103,23 30,00 7.0000

—38,81 e 034 23 =40, 00 ~7v0000-

) 34,71 103,23 50,00 7,0000

— 31,69 103,23 — 60,00 77,0000

29.34 103,23 70,00 7,0000

> 27744 103423~ - ~80,00 740000

| 25,87 103,23 90,00 7:0000

- 24 ;85 e 4 1034 23 —100,00 770000

) 17,36 103,23 200,00 7:0000

14.37 103,23 300,00— 7v0000

12,27 103,23 400,00 7:0000

> 10.98 103,23 500,00 770000

‘ 10.02 103,23 600,00 7.0000

-9,28 103,23 =700, 00— 74,0000

O 8,68 103,23 800,00 . 77,0000

N 8.18 —103,23 900,00 770000

'7.76 103,23 1000,00 7:0000

3 5,49 - —103,23 2000,00 7:0000°

' 4,48 103,23 3000,00 7,0000

e "3 B8 103,23 —4000,00 770000

3.47 103,23 5000,00 7,0000

- FoL7— 403,23 6000,00 — 770000

(] 2.93 103,23 7000,00 7.0000

T s 2,74 —103,23 - =———8000,00 " " """770000

2.59 103,23 9000,00 7.0000

e g ) B Qe 61,29 S 1,007 T 770000

W) 216,95 : 161429 2,00 7.0000

47714 4 L4950 -~ T Al 2-n0nhd




_Dia. D .

it 15 ) e Length, L = _— JQutgassing hate, q_r rress.lrop, AF
JW €15y (ft) (sz) . ~¢,~_ v1ﬂ'19$ﬂ/sec i : vTﬂ"'e N o % o0 H O
& 153.41 164 .29 4,00 740000
T 37,21 7 - 161,29 5,00 TT7:0000
" ;15;97'”“~ TT161,297 T “7.00 7v0000°"
i 108,48 163429 8,00 7.0000
‘ T (R L& T T T 4 6,29 T T T T g 0d) 750000
. 97,02 1651429 10,00 '7.0000
T68,01 T T 464,29 T T T T 20,0 770000~
56,02 161,29 50,00 7:0000
s 4851 T T T 61,297 T T T T 4D, 00 7700007
' 43,39 165429 50,p0 . 7.0000
e L T B T e L T 1 R e (50, 0 0 740000
) 36,67 161,29 70,00 740000
- 34,30 “461.29 80,00 77v0000
_ 32.34 161,29 90,00 7.0000
> 30.68 - 161729 100,00 7v0000
21.70 161,29 200,00 77,0000
- e P e T —— ] R T e § ) 7,0000
D 15.34 ’\_ 161.29 400000 790000
13,72 ‘ 161,29 500y00 770000
12.53 161,29 600,00 ‘77,0000
% 11.60 16129 700,00 7v0000
10.85 161,29 800,00 7,0000
- L0 7E3 T 161,29 v~900.q0 ' 7700007
- 6,86 161,29 2000,00 7,0000
5.60 161,29 3000,00 7,0000
4,34 161,29 5000,00 7.0000
~— ——3.,96 161,29~ === 6000,00 770000
' 3,67 164,29 '7000,00 7,0000
3743 16441297 8000,p0 7700007
3.23 161,29 9000,00 7,0000
») 368,18 23226 1,00 770000
make—-T I 232426 ~3,00 ~7v0000
) 184,09 232,24 4,00 7.0000
164765 232,26 5,00 7700007
150.31 232,26 6,00 7.0000
) 139,16 232,26 7700 7700007
- 130.17 232,26 ¢ - 8,00 7.0000
122,73 232,26 ——9 , 00 77,0000
116,43 232,26 10,00 740000
82.33 232,26 20700 770000
#) 58721 232,26 40,00 770000
52.07 232,26 50,00 7:0000
T 4 7 33T 2321267 60,00 7y0000™
%) 44,01 232,26 70,00 7.0000
417,46 232,26 80700 770000
38,61 232426 90,00 7.0000
3 36782 232726 100700 7700007
26.03 232.:26 200,00 7.0000 .
e D 1 € 6T 232,26 300500 770000
# » 18.41 232,26 400,00 7:0000
16.47 232,26~ 500,00 7:0000
. , 15,03 232,26 600,00 7,0000
» 13.92 232426 700300 7700007
13,02 232426 800 g0 7:0000
e 1 I D32y 26T 900,00 7v0000
~ 11.64 232,26 1000,00 74,0000
- 8,23 232,26 200000 7¢00007



. Length, L __Dia. D . ,_;;“', -Dutgassing Rate, q Press,Dxcp, AP
ey T (D) o (ep®) ~x 107%° Ty/sec em® - x10* Torr -~
' 6,72 232,26 3000,00 ' 70000
5,82 232,26~ 4000,00 =—740000
5,21 232,26 5000.00 740000
4;75 s 232 26— — 6000, 50 750000
4,40 232426 7000,00 . 740000
4, 12— 23R 26— e 800 0, g 0 770000
3.88 232,26 9600,00 740000
S 429,84 L6, 4F 1.00 770000~
303.73 316413 2,00 7:0000
248,00 — 316,13 --3.00 7v0000—
214,77 J164.13 4,00 7.00p00
~=192.10 e 346,153 5,00 7v0000~
175.86 316,13 6,00 7.0000
e o Tk R L W I B 7,00 750000
151.87 316413 8.00 7,0000
143.18 316,13 - 9,00 7+v0000—
135,83 316,13 10,00 740000
96, ch [ — B4 6 Wi Foo o e o 2 0 0 [ R 7 i 0 0 0 0—
78.42 316413 30,00 740000
67,92~ 316413 o 40,00~ 770000~
60,75 316,13 50,00 7.0000
I e L s IO B o — 60,00~ 750000~
51,94 316,13 70,00 , 7.0000
~ 48,02 e e e B G B e e B g O —7¢0000"
45,28 316,13 o 90,00 7,0000
— 42,95 T T L6, A3 =100, 00 770000
24,80 316413 300,00 770000
21.48 3164173 400,00 7:0000
19,21 3164137~ 500,90 740000
17.54 316,13 600,00 7.,0000
16.24 - 316,13 ~"-”—-~-—“700.00 770000
15,19 316,13 800,00 7,0000
14,32 316413 - ¢900.00‘“ 770000
13,58 316413 1000,00 7:0000
QB e B B 2000,00" 770000
7,84 316,413 ©3000,00 7,0000
T 6,797 316,43 400000 770000
6.07 316,13 5000,00 7.0000
‘5,95 —316,13 —6000,00 7:+0000-
5.13 316,13 ¢ 7000,00 "7+0000
Y ST [ 316,13 ~ —8000,00~ 74,0000~
4,53 316:13 9000,00 7,0000
490,90 412,90~ 100 770000~
347,12 412,90 2,00 7.0000
283,42 412490 3,00 770000~
'945.45 412.90 4|00 710000
e 34 § 10 4 442,90 5,00 7:0000-
200,41 412,90 6,00 7.0000
185,54 412,90 7400 750000
_ 173,56 412,90 8,00 7,0000
E——E T 412,90 9,00 7.0000"
, 155.24 412,90 10,00 7+0000
e T 39, 77 412,907 —20,00° "7,0000 "
89,63 412,90 30,00 7.0000
R ‘““”‘f””77,62“_'"”““_*_“”“T412.90"“”"“"" 40,00 TTTT7,00007
. 69,42 412,90 50,00 7,0000
e —53,38" 412,90 T T 60,00 """ 7"7v0000 "
< 58,67 412,90 70,00 7.0000
e 54,88 s 4 2,90 ——80,00 7v0000-
51,75 412,90 90,00 740000
T e g G T T T T T 4 2 G ‘“‘ 100,00 7+0000"



(17).

‘Outgassing Rate,q

. Press Drdp¢ﬁAP o

: (ft) (cn@)ﬁ“”f?'WA.Qﬁ x107t° Ty/sec c em® T %1078 ;offb q
T . | 200,00 7,000
) - ‘ ;g i 04 S00° 50" 7500007
24.55 452490 400,00 7.0000
' i T -1 B R 412,90~ ~500,00 740000
’ 20.04 412,90 600,00 _7+0000
‘l}”"”*"""f““”“18.55 o 412,90 T 70000 7400007
, 17.36 412,90 800,00 7.0000
16,36 7 T T T 442490 T T T 900,00 7:00007
15,52 4ﬁ2 90 _ 1000,0p0 7,0000
| 10,98 "TTC C4n2,90 T TTTTTTTT2000,00° 770000
8,96 412.90 3000,00 . 7.0000
R A At . 412,90 CTTTTT 400,007 72000077
| 6.%4 412,90 5000,00 7.0000
6,34 T T 442,00 T T 6000, 00 770000
5.87 412,90 - 7000,00 '7.0000
, 5,49 T412,90 8000,00 770000
5.17 412,90 9000,00 7,0000
- N “i39;16'“" s 25,81 T T g0 "9,00007]
, 98,40 25,81 < 2,00 9,0000
; 80,34 ?5.81 o . ‘3.00 970000
69,38 25,81 4,00 %,0000
; 62,23 25,81 - 5,00 970000
56,81 25,81 6,00 '9,0000
e 59 6 ~25.ag - mm7 450 970000~
; 49,20 25,81 8,00 9,0000
46,39 25,61 9,00 93,0000
44,01 25,81 10,00 9,0000
} 31512 25,81 2000 970000
25,41 25,81 30,00 %.0000
- 22700 25,817 40,00 970000~
,. 19.68 25481 50,00 9.0000
17797 25,817 60500 970000
16,63 25,81 70,00 9,0000
‘ 15756 25,81 80700 90000
14,67 25,81 90,00 9.0000
S 13,92 25,81 100,00 T9y00007
; 9,84 25,81 200,00 9,0000
8;03 25781 300700 9,0000
6.96 25,81 400,00 9,0000
; 6,22 25,81 500700 9,0000
5.€8 25181; e 600:90 9,0000
B T 026 25,81 - 700,00 ~9y00007]
3 e 4,92 25,81 800,00 9.0000
T 47,64 25,81 900700 9 0000
‘ 4,40 25,81 1000,00 9,0000
, ' 3711 25,81 2000500 9700007 |
- 2.54 25,81 3000,00 9.0000
e 0 20 T 25.81" —4000,00 9700007
9 1.7 25,81 . 5000,00 9,0000
17,80 25,81 6000,00 9.,00007
1.66 25,81 7000,p0 9,0000
) 17,56 25381 8000,00 970000
N 1,47 25,81 900000 9,0000
™ 908 ;74 58,06 ‘1”00 970000
ey g B B84 06 3100 TTT9,0000 T
. 104,37 58406 4,00 9.0000
o 93 35 58,06 5700 9y 0000
85,22 58,06 6,00 9.0000
T T8 S0 T ‘58,06 7500 79, 00007
) 73.&0 . 58,06 8,00 2.,0000
69,58 58,06 9,00 9,0000




. . Length, L Dia, Dy . - Qutgassing Rate, q_ - Press, Drop, AP
m:(lé) - ‘_(f_t)_w o (cm ) M;» %107 loT,(I,/sec cim® %1078 .Torr
I 66,01 58,06 10,00 . 9,0000
g 46,68 58,06 20;00 9, 0000
38,11 58,06 . 30,00 9.,0000
A Rehas —33.00 B8y0b—— "= 40,00 9,00p00
“ 29,52 Ba,06 50,00 . 9,0000
"~ : 26795 BE, 06—~ == 60 g0 90000
b 24,95 58:06 70,00 9,0000
! 23,34 ———— 55,06 ‘80,00 970000
22,00 58,06 90,00 9,0000
20,87 58,06 400,00 950000
14.76 58,06 200,00 9.0000
12 :0 5 e 58 ' O 6_.,» s 1 TRy e = 3 U 0 5 00 9», 0 U U 0-.,.
10,44 58,06 400,00 9,0000
9,394 BR, 06— 500,00 970000
8,92 56:06 600,00 9.,0000
7.89 BBy 0f " 700,00 90000
7.98 BB.06A 860,00 9.0000
6,56 , BB, 06 ~ 900,00 930000
6.60 58.06 N 1000 00 9.0000
’ 4767 58,06 2000,00 970000
3.81 58,06 sooo.go 90050
- 2.95 58,06 5000,00 99,0000
e 9§ Q) 584,06 -6000,00 ~9v0000—
» 2,49 58,06 . . 7000,00 9,0000
g - 2:33 B8,06— - ————8000,00 9v00060—
- 2.20 58,06 9000,00 9,0000
p 278,32 103723 '1.00 940000
196,80 103423 2,00 9,0000
~460 69— —9103,23 " ~3,00 9v0000—
..7 139.16. 103,23 4,00 . 9.,0000
124.47 103,23 —— 5000 9v0000—
o 113,62 103,23 6,00 9,0000
3 105,19 103,23 - 7400 —9,0000—
’ 98,40 103,23 8,00 9,0000
--92,77 103,27 o -G g ) 9,0000
88,01 103,23 10,00 29,0000
62723 103,23 20,00 9:0000
50,81 103,23 30,00 9.,0000
39,36 103,23 ¢ 50,00 9,0000
~35,93 e 034 23 60,00 950000
: .. 33,27 103,23 70,00 9,0000
— —-31,12- 103,23 - 80,00 9v0000—
’ 29,34 103,23 90,00 9,0000
27 ;83— 103423 100,00 9:0000—
19,68 103,23 200,00 9,0000
—16.07 103423 300,00 —Qv 0000
13,92 103,23 . 400,00 , 9.0000
12,45 103;23 500700 9,0000—
11.36 103,23 600,00 9,0000
10,52————— -~ -103,2% - 700,00 97,00p0—
9.84 103,23 800,00 9,0000
" 9,28 - - 403,23 —900y00 9y00p0
: 8,80 103,23 1000,00 9,0000
- 6 22 T = 0323 2000,00 99,0000
. N 5.08 103,23 3000,00 9,0000
. SR N 103723 40007, 00 ~9,0000"
’ 3.94 103,23 5000,00 9,0000
o 3% .‘“5 g 4 134, 23 6000,00 Tty 0000
3,33 103,23 7000,00 $,0000
B S B 103,23 800000 970000




TS W Le L Dia,
(19) : ?%EB\ e - (cm® )D O;E%afgl%g/gate Press DroP, AP -
o 2.93 ~Ti03.03 S x 107 Torr
347.90 — 161,90 1 0 ~9,0000
, 246,00 161,29 ° ,E’GD 7970000
S — ] Y 161799 00 "9,0000
173,595 161,29 20 9400007
: - 4,00. j
. L 5700 A PO
2 442,03 161,29 ' 99,0000
131,49 — — 161,29 _6.00 90000
123.00 161429 By 9400007
y 115,97 161429 4. 9.0000
110,01 141,29 . 00 970000
™ —77.79 " ﬂmwfﬂ~~:iﬁiizgﬂmmMﬁWNwﬁﬁww_ﬂzo»OU_ 9,0000
) 63,52 161,99 2008 ~9y0000""
B Q1 T 161,897 ,43-00 9,0000
49,20 161'56 BO'DD 9y0000
5 44591+ e e 4 61 1 20 "60)00 9,000
41.58 161,29 Soe oo 970000
FR GO~ T v e £ D e T e e 88 0 0 9,0000
y 36,67 161,29 o0 g0 St
34,79 T 161,20 1 0__'00_____ 9.00080
24,60 161,29 283'08 970000
; 20,09 161,20 30 +0 9.0000
17,39 16159 403’00 970000
15,56 161 .90 5 W00 90000
) 14.20 161,29 600,50 | T9T00007T
13,15 161,00 " 70010_0 9,0000
12,30 161,29 800'0” 9700007
J 11,60 161,29 "'900.00 9.,0000
11,00 161,20 000" 00 970000
7,78 s o B T 0080°00 9.0000
® 6.35 161,99 e 970000
5‘.50 161,20 e \40 0’_00 99,0000
4.52 161,20 500000 970000
:} 4749 161,’é0 6000‘:'00 9,00p0
4,16 151¢2§ 7008'33 23—00'00
3. B9 e s * « 0000
3 3,67 Ter'as 5005° 08 970000
417,48 232,26 00 99,0000
295,20 232,26 1ol 930000
3 241503 232,264 2”00 9.,0000
208.74 232426 gi00 970000
186,70 232,26~ - 200 9,0000
) 170.43 232,26 o 2000007
157‘,'79 232,26 é_‘_OO 9,0000
147,60 232,26 /w0 970000
v 139.16 232,26 8.00 9.0000
132.02 232,26 7900 9700007
) 76,22 533 pe 2000 970000
59,04 242,24 50‘00 ey 0000 ]
b 53,50 53306 60300~— 9,0000
49.50 53596 o008 970000
46,68 g g AL 9,0000
> 44.01 232,26 o050 SFHEE
""""""""""" 41,75 o 232,26 4 w00 9.0000
@ 29,52 232,26 200,00 —9,0000"
; ) 24710 2327126 30 o ge0800
i 20.87 232,26 S0.09 930000
) 18,67 232,26 ay0.00 9,0000
) 17.04 232,26 L 970000
‘ 15,78 232726 00,00 9,0000-
' 700700 9,0000 "




,(2,0) ‘Length:, L Dia.zD_ R Outgassing Rate, q P.ré*?,s; Drop, AP
o svas el e vk e - (ft) L e ) R .'xlO'lo TZ/SGC cm® o - x10 e Tory
14,76 . 232,26 800,00 - o 9,0000
— 13,92 232v26 900700 95300600
13,20 . 232,26 1600,00 9,0000
i 934 232426 2000,90 970000
‘ 7.62 232,26 3000,00 .« 9,0000
3 & ~= 232, 26 v =4 )00y 00" 970000
- 5.90 232,26 5000,00 940000
5,39 232,26 60000 970000
4.59 272,26 7000,00 9,000
4,67 232,26 8000500 950000
4.40 232,26 90060,00 -- 9,0000
48705 316413 ~1,00 970000
344,40 316,13 2,00 9,0000
281720 — 316,173 -—=-3,00 970000
243,53 316,13 4,00 9,0000
917582 ———= = 316,13 5400 970000
198,84 316413 6,00 9.,0000
~184 ;09" S 16, 1R 7.00 970000
. 172,20 316,13 : 8,00 9,0000
16235 346,1% 9vo0 9v0000-
154,02 316,13 10,00 29,0000
108,91 316,13 -—-— — = ——205 00 9v0000—
88,92 316,13 30,00 9.0000
77 .01 326 41% g ) o 0 970000
68,88 316,13 50,00 9,0000
62,88 316,13 60,00 970000
58,21 316,13 70,00 9,0000
54,45 3163153 —80,00 970000
51,34 316413 90,00 9.0000
o 48,73 T By 1 3 e 4 00, 0 0 970000
o 34.44 316,13 200,00 9,0000
8,12 346,43 - 300,00~ 9v0000
24,35 316,13 400,00 9,0000
21778 31613 500,00 ~9570000—
19,88 316,13 600,00 9,0000
—18v41 316443~ === 700,00 9,0000—
17.22 . 316,13 600,00 9.0000
16,24 316713 900,00 9:0000
15.40 316,13 1000,00 9,0000
10,89 316413 . 2000,00 94,0000
8,89 316,13 ¢ 3000,00 9,0000
ety ARV A B 316,13 4000 ,00 9v00pD—
6.89 316,13 5000,00 9,0000
~6.,29 316,13 6000 ,00 90000~
5,82 ' . 316,13 7000,00 9.0000
-5 45— 316413 8000,090 940000
5.13 316413 9000,00° 9,0000
556,63 412,90 .00 9:,0000"-
393,60 412,90 2,00 . 9.0000
321787 "T412490 3700 9.0000"]
278.32 412,90 4,00 9,0000
248,93 412,90 5,00 99,0000
027.24 412,90 6,00 9,0000
210,389 TT4125,90 74,00 9,0000
196.80 412,90 8,00 9,0000
TTTTTTTT TTT485.,5%4 0 TT412,90 9,00 9,0000
. 176.02 412,90 . 10,00 9.0000
ST 124,477 T T 442,90 20500 9,0000"
' - 401,63 412,90 30,00 9.0000
- g g, 01 412,90~ 40,00 970000~
78.72 412,90 50,00 9,0000
ety A Ik < -} 412,670 60,00 9. 0000




(24) Length, L Dia. D Outgassing Rate,q. - Press Drop,AP.
s e - (£fD) T (en®) x107¥°Ty/séc em® .- - x107® Torr-- ~
P 66,53 ' _ 412,90 76,00 - 79,0000
e 05 "2 3 TUo44Z,9n T T80, 60 9500007
58,67 412,90 90,00 9,0000
G5, Ef T ey 4 A g T T =100, 5 0 940000
39,36 412,90 200,00 . 9,0000
.-W,.,.W,,W-w.gg J1g e e 44D g e e e B0 g : 95,0000
- T4, 89 T T 442,00 — 500v00 970000
22,72 412,:90 600,00 9v000_0
21,04 - T 442,90 7 700,00 95,0000
19.¢8 412,90 800,00 . 9,0000
e T T - e, s 18 ] 55 RPN . e e 412 . 90 e e > e e e peas i T 90 0 ..0 0.»,?« . - 9..’ 0 00 Ol«rm—
17.60 412490 3000,n0 ‘ 9,0000
12,45 412,90 2000,00 90000
10.16 412,90 3000,00 9,0000
8,80 412490 4000700 970000
7.87 412,90 5000,00 9,0000
RS L et -3 T b 6000, 00 T0000
6.65 : 412,90 *7000,00° 940000
6722 - 412790 8000700~ 970000
5,87 412,90 9000,00 9,0000
.
]
' z
]
l
] ¥




