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CBi TECHNICAL SERVICES
1503 NORKTH DIVISION STREET
PLAINFIELD, TLLINOIS 60544 3929

FAX NUMBER IS: 815 437 6010
VERIFY NUMBER I5: Bi5 439 6000

PAGE:1 OF:11 DATE: December 7, 1993
TO: Larry Jones FAX NO.: 818/304-9834
tech

Pasadena, CA

FROM: Warren A Carpenter RE: Coupon System Calculations
Process Design Department LIGO QUALIFICATION TEST
CBI Techmcal Services Co. FACILITY

930212 Filg #2.2.2

Attached are the calculations for the coupon outgassing system. 1 have put part of the
calculations on a spreadsheet 50 I have shown the equations on an expanded versic:. «f the
spreadsheet. The major discrepancy between your work and ours seems to be the
accumulation pressure. You said that after 24 hours, the hydrogen partial pressure
reaches the -8 torr range. We calculate that the partial pressure will be in the -6 torr range
after 10 hours. Please review. If you have a chance, we would like to discuss when you
are here tomorrow.

Regards,

Warren A Carpenter
Senior Engineer
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A ] B < [ o | € | F | © | H i
1 LIGO COUPON TEST OUTGASSING CALCULATION
2 ! | z % |
3 ? ! ! ! |
‘ T E s : " e R £ i ! e
5 VACUUM VESSEL SHELL i ; ' |
6 i AREA = 1.95E+03 sqom | ! ‘ ‘ i
7 % K-1= 3.00E-08 Tlssqem-$ T Q-1 = 5.84E-08 TUS
8 K-50 = 1.506-00 Tisqem-s T Q50=2926-08 TS
$ K-AB= 1.00E-13 TlUsqem-S | Q-AB=1.95E-10 TL/S
10 VESSEL HEADS : L | L 3 : ;
11 f ' AREA= 1.62E+02 sqem : , f
12] T TR-1=3.00E-08 Tl/sqom-s T Q-1=4.86E-06_ITL/S
131 | K50 = 1.50E-08 Tlisqom-$ T Q50 = 243E-07 TUS ]
14 | K-AB= 1.00E-13 Tlsqem-$ TTQ-AB= 162E-11 TUS
15 STA!NLES‘S STEEL VALVES, FITTINGS AND PIPE ‘. : M , ]
16 r AREA = 4.05E+03 sqem - : :
7] . K1=3.00808 Tl/sqgom-S . Q1=12Ee04 TUS
18 i K-50 = 1.60E-09 Tl/isgem-5 Q-50=6.08E08 TL/S ‘g
19 a K-AB= 100813 Tl/sqem-$ Q-AB=4.05E-10 !TL/S z
20 JALUMINUM g i i ,. | |
21 i AREA = 0.00E+00 sgcm o ;
22 K-1 = 0.00E+00 TUsqem-$ Q-1 = 0.00E+00 [T L/S
23 K-50 = 0.00E+00 TLlisqem-s . Q-50 =0.00E+00 T L/S P
i 24 ~ K-AB= 0.00E+00 TLl/sqem-3 ___Q-AB=i0.00E+00 TS ,
N 25 | [ !
- 26 coumns 1 ! ! 1 ]
27 AREA OF EA. COUP. = 2.83E+02 g &m (including 2 sices and 5 edges)
28 I NQOF COUP.= 50 1 TOTALAREA = 13150'sqem
28 L K1 =3.006-08 Tlsqom-§ T Q-1=395E-04 TUS
30 | K-50 = 1.506-09 Tl/sqom-5 T Q-50=1.976-05 TUS
EY) L K-AB= 1.00E-13 Tl/sqcm-8 U QAB= 132609 TUS
32 : ‘ i
33 - !
34 i
a5 { %
38 [TOTAL QUTGASSING FLOW Netes:
37 -1 =5 79E-04 [TL/S AB sutscript denotes “after bake®
38 Q-50 ='2,908-05 ITULS and s for hydrogen only (
39 Q-AB =11.93E-09 [TL/S outgassing rates for 1 and 50 hours
40 represent tolal pressure rates L
41 ! . shading denctes nped data Tequinexd
142 PUMPiNG SYSTEM EVALUAT!ON | ; i
43 i i 1
Y PUMPfNG SPEED (PER PUMP) = 2.50E+01 Usec | , !
45 |CALCULATED PARTIAL PRESSUR p-1 = 2.32E-05 TORR ‘
4] | | P-50 =| 1.18E-06'TORR
A7 ] P-AB =| 7.72E-11]TORR
48| PUMPING SPEED (PER PUMP) = 3.00E+01 Lisec
. 40 |CALCULATED PARTIAL PRESSURE  P-1=| 183E-05TORR
‘_// 50 i i P.50=| 9.68E-07,TORR 7
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A 8 c D E F G H i
51 ‘ P-AB =| 644E-11TORR
82
83 , SYSTEM VOLUME = 9.54€+00 LITERS
54 COUPON OUTASSING RATE (TOTAL) =|1.326-09 |TL/S ; !
66 SYSTEM OUTGASSING RATE ( TOTAL) = 4.01E-10 {TL/S {vessel and piping te 131 vaive only)
58 TOTAL SYSTEM OUTGASSING RATE =/1.72E-09 [TUS é é
57 ACCUMULATION TIME = 36000  SEC . 10.00/HOURS .
58 a __GAS GENERATION = 6.185-05 | TORR LITERS ‘ ' ]
59 . | END PRESSURE =/6.47E-08 | TORR
80| 1. | i , R L
61 . L | 3 ]
62 \THE OUTGASSING RATES WERE CALCULATED L]tssNG AFTER BAKE DATA | ‘
63 . i ;» | ! ‘ i '
64 A r
65 ? i ‘ | ' 5
€6 ' U U NN ‘
&7 e e ] i :
68 R ! i
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VACUUM LEVEL (torr}

1.00E-04 -

COUPON TEST PUMPDOWN

NET PUMP SPEED

1.00E-05 1

T

=25

0 20

1.00E-08
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SMEROSHEET  EXPAADED 7o ¢t

EQATIMA
A B | ¢ 4 D

1 |LIGO CO : ;

z L

3 i T T

4 1 - i

5 [VACUUM VE, ~ e ) P

3 AREA = O Tie4s :5q.cm N

71 K-1= ____ 000000003 TUsqem-s

8 'K-50 = 10.0000000015 TLUsqom-s ]

9 K-AB= 0.0000000000001  TUsqem-s B

10 |[VESSEL HEZ o !

11 IAREA = 162 ' 5 cm

12 K= 0.00000003 _ Tlisgem-s B

13 o Kse= 0.0000000015 TTUsqom-s - ,
14 KAB= 0.0000000000001 __ Tusgqem-s ERNE
15 |STAINLESS ! o ; ~
16 'AREA = 4054 sq em

17 K-1= 000000003 TUsgem-s

13 K-50 = . 0.0000000015 TUsqom-s

18 K-AB= __0.000000000000% TUsqem-s ;
20 [ALUMINUM | L f j
21 AREA = 0 '5q oM ] »
22 K1= ) Ti/sqom-s B
23 K50= 0 o TuUsqem-s
24 K-AB= 0 N Tisqgem-s

) 25 . |
26 |COUPONS T , N

27 AREA OF EA. COUP_= 263 sq em

28 NO OF COUP = 50 :

29 Ki= :0.00000003 __Tisqom-s

30 K-50 = 10.0000000015 Tlfsgem-s ]

31 K-AB= 0.0000000000001 TLisgem- s

32 E ;

33 -

34 !

35 !

36 { TOTAL OU |

37 Q-1= =§CT+ECT1T+HE22+$G20+3G12 T US

38 Q-50 = =G8+G18+G23+G30+G13 TUS

39 Q-AB = =CHGIG+G24+G31+C14 T US

40 : !

41

42 [PUMPING SY

49 |

44 ~PUMPING SPEED (PER PUMP) =25

45 |CALCULATEI ‘ P-1=

46 ’ P-50 =

A7 P-AB =
48 ] 'PUMPING SPEED (PER PUMP) 530

48 [CALCULA - ; P=

60 : iP-50 =
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B c D

51

52

L T P-AB =

i i

53 e aean e

'SYSTEM VOLUME =

54 o o " COUPGN OUTASSING RA]
3 T 'SYSTEM OUTGASSING A
56 1 B TOTAL SYSTEM OUTGAS!

57

ACCUMULATION TIME =

GAS GENERATION =

59

'END PRESSURE =

e o 2 e e e i e o % L o 4

62 _THE OUTGASSING RAT.

63 N N
64 -m..’ — —— '

65 ! T

&6 . ' ]
&7 ) o

8 |
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E F G H
1 0
7 : 7 .
3 ; .
4 o | o
3 _ ' - !
" ey - H
7
8
)

12 Q= =C11C12 TUS
LI S | - ol (=C11-C13 TS

14 AR Y- S G114 TTRUS
! 1

7] * G-1= RS TS

8 J@50= | SCl6°C18 TLS
Wy L loass [ =cwects LS |
20 S VO |
24 o | |
22 gi= Eeriers] TS

mmssda e S o St oy

23 | ' Q-50= (2C21°C23 TU/S
24 Q-AB= =C21°C24 TUS

B U et s TP usoas T P .

27 {(including 2 sides a1d 6 edges)
28 TOTAL AREA = =C2TC28 sq omn

29 R ::n:::___._, Q-1= L =C2TC2anC28 TUS

30 QB0 = =C27*C3rC28 = TUS
31 Q-AB= =CZTC31*C28 ° TUS

36 Notes:
37 ' AR subscript denotas “after |
38 L , and ks for hydrogen ooty |
39 outgassing rates fot 1 and 5C
40 rapeasant tobsl pressure 18

L/sec
45 13083750344 ’ TORR
46 {=$CI36B0M4 TORR
4= ' TORR

48 |Lisec L
49 |=5C$37/D48 [TORR
50 [=$C$38/D48 _ITORR
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51 [=§CSIUIME _ TORR

52 . | ) o _ ]
S319.54 e S

54 [=G28°C2a1 TN (TUS

56 {=(C8*CO+HCI1"CIH)+(C1671800) | TUS {vessal and piping to 158 vaw
86 j=aSUM(ES4:E55) \._ .~ TUS
57 {38000 7 'SEC = '=E5713800 HOURS

58 I=E5T*ES6 / TORR LITERS )

59 |=ES8/ES3 ] TORR

60] . R ] ] .

N I . . I |
62 ' T ST ]

63 AR R B N ]
& R S :

65 . -‘ | ; - i Lk,
66 ' ' ’ : A
67 B s
68
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