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CALCULATIONS

NO: V049-1-006
WESTBOROUGH, MA PAGE 1OF 14
REV DEO# DATE BY: CI{ECK TITLE:

PRESSURE DROP VACWMHEADER LINES
ROUGHING PUMPS EDWARDS' EDP2OO
with EH2600 ROOTS BLOWER

0 0007 t0/26t95R. Than DMW
r0t3r/9sR. Than

2 9 , t 7 1 04t16t96R.Than b.h^-tLU

BY: R.THAN DEPT:'144
PROJECT: LIGO PROJECTNO: V59049

PURPOSE:
To determine the intermediate header size required to operate one ( 1 ) roughing pump set

METHOD:
Viscous Regime
Turbulent flow: Colebrook fomrul4 "Moody chart"
Laminar flow: Hagen-Poiseuille Flow
Free molecular regime: Long tube formula

ASSUMPTIONS:
See calculations

INPUTS:
Purnping speed curves: EDP-200 / EH2600 COMBO
Equipment layout drawing V049-5-001

REFERENCE:
Theory and Practice ofvacuum Technology, ISBN 3-528-08908-3
Perry's Chemical Engineers handbook, 6th edition, McGrawHill, i984

CALCULATIONS:

see Attachments

CONCLUSIONS: 6" line is required for a single pump in order to operate the roots blower to a suction
pressure of 0.05 mbar.

NOTES:o



PROJECT: LIOQ BY: R.THAN DEPT: 744

PROJECT NO: V59049 DATE: _10i31/95

TITLE: PRESSURE DROP VACUUM HEADERS_ PACE : 2_ OF _14

A 6 inch (150 mm) line is required to operate the roots blower 8H2600 at a suction of 0.05
mbar. The compression ratio required will be about 10. Pressure drop at higher pressures is less
than a few percent with this configuration. At a header pressure of 0. I mbar, the ultimate
pressure ofthe backing pump is being approach, with the roots blower operating at a suction of
0.01 mbar. But at this point the chamber presswe is low enough for the turbo to operate at
suffrcient capacity.

Pump Chamber Header Heade
r

operating Pressure Pressure Flow
rate

AP AP/P

mbar mbar mrlla mbar
EDP200+EH2600 1000 -1000 300 5 05%
EDP200+EH2600 100 -140 300 0.8 0.8%
EDP200+EH2600 10 -40 290 0.4 1.0%
EDP200+EH2600 I 9 286 0.23 23%
EDP200+EH2600 0.1 1 180 0.15 14j%
EDP200+EH2600 0.0s u.f r07 0.09 173%
EDP200+EH2600 0.02 0.2 28 0.02 t1%

The crurent piping configrration allows at least one pump to pump on any beam-manifold,
vertex or diasonal section.

Revision: I
Doc no: V049-1-006
Page 2 of 14



PROJECT: LIGO
PROJECT NO: V59049
TITLE: VACUUM HEADER
ROUGHING LINE ROUTES

LEFT BEAM MANIFOLD

ROUGHING LINE

DIAGONAL SECTION

RIGHT BEAM MANIFOLD

Revision: 2
Doc no: V049-1006
Page 3 of 14

BY: R. THAN
DATE:
PAGE

VERTEX SECTION

up 3.6 m down 3.6m



PROJECT: LIGO

EH2600

BY: R. THAN
PROJECT NO: V59049 DATE:
TITLE: ROUGHING PUMP INTERMEDIATE PAGE

HEADER DP
of

5 mbar

EDP2OO

Revision: 2
Doc no: V049-l-006
Page4 of i4
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PROCESS SYSTEMS INTERNATIONAL. INC. ENGINEERING
CALCULATIONS

NO: V049-l-007
WESTBOROUGH, MA PAGE 1OF 13
REV DEO# DATE BY: CHECK TITLE:

TURBO PUMP INTERMEDIATE HEADER
PRESSURE DROP ANALYSIS

0 0007 r0/28/95R. Than DMW
1 t0t3U95R. Than
2 o tL? 04n6t96R.Than o.r-rqJ

BY: R,THAN DEPT:744
PROJECT: LIGO PROJECTNO: vs9049

PUMOSE: Pressure drop calcs for vacuum header for 1400 L/s Main turbo molecular pumps
with QDP80 dry backing pump.

METHOD:
Viscous Regime: Turbulent flow: Colebrook formuia, "Moody chart"
Laminar flow: hagen-Poiseuille flow
Free molecular regime: Long tube formula

ASSUMPTIONS:
Operation of one main TurboMolecular Pump into header

INPUTS:
Per equipment layout, 4 inch header

REFERENCE:
Theory and Practice ofvacuum Technology, ISBN 3-528-08908-3
Perry's Chemical Engineers handbooh 6th edition, McGrawHill, 1984

CAICULATIONS:

see Atlachments

CONCLUSIONS: 4 inch pipe header is adequate to handle flow of 90 m3ftr
( Edwards'QDP80 dry backing pump)

NOTES:



PROJECT: LIGO BY: R.THAN DEPT: 7.14

DATE: 04/17196PROJECT NO: V59049

TITLE: MAIN TMP VACUUM HEADER DP.PAGE: 2- OF I7

Pressure drop calculations were done with the current piping layout using 4 inch headers, 2.5
inch flexline from the turbo discharge to the header.

The pressure drop in the 1 mbar range is about 0.33 mbar. To mect the through put of 5 Torr-
L/s or 6.5 mbar-L/s at a backing pressure of I Ton (1.3 mbar), the backing pump needs to
have a capacity of 6.5 L/s or 24 m3/hr at a suction pressure of I mbar.

The pressure drop through the lines at a header inlet pressure of i mbar is 0.33 mbm at a
through put l1 mbar-L/s. Pumping speed curves of the QDP80 indicates that the pump has a
sueed of6l m3/hr at suction oressure of 0.66 mbar.
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TITLE: MAIN TURBO VACUUM HEADER

LINE ROUTES
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DATE:-
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O uo*ru*

24m

TURBO BACKING LINE
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PROCESS SYSTEMS INTERNATIONAL, INC. ENGINEERING
CALCULATIONS

NO: V049-l-012
WESTBOROUGH, MA PAGE I OF 20
REV DEO# DATE BY: CHECK TITLE:

ANNULUS CHANNEL SIZING

ANNULI MANIFOLDING. ION PUMP

0 0106 3t29t96 R. Than SM
I B8q r2lt6/96R.Than -r>,\{rcD

BY: R.THAN DEPT:744
PROJECT: LIGO PROJECTNO: V59049

PURPOSE: Sizing: Annulus channel, Extemal Tubing, Manifold, Beamtube-Manifold Annuli header

METHOD:
Long tube formula:Circular section, Rectangular section.

ASSUMPTIONS:
Minimum 0.20 L/s pumping speed at any location in annulus
75 L/s Ion pump per chamber
25 Lls Large gate valves

INPUTS:

REFERENCE:
Theory and Practice of vacuum Technology
rsBN 3-528-08908-3

CALCULATIONS:

see Attachments

CONCLUSIONS: Some flange annuli requires multiport pumpout configuration (104") to meet pumping
speed in annulus and to keep annulus channel at reasonable size. A 0.687 inch X 0.500 inch or a 0'687 X
0.375 inch annulus channel size is used, depending on flange sizes.

NOTES:
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Revision History

Rev 0 Initial release

Rev I Update BSC annulus configuration to ion pump location on the top dome of
BSC and changed the size of vent grooves and number of vent grooves on
flanses.
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PROJECT NO: V59049 DATE: 12/16/96

TITLE: ANNULUS CHANNEL, MANIFOLDING

FLAI{GE ANNULI

Annulus Channels

To minimize diffusion of gasses from atmosphere through the double Viton o-ring seal, the
space between the two o-rings is pumped out and maintained at a certain vacuum pressure using
an ion pump. There are 7 sizes of flange co rections which require a double Viton o-ring seal:

PROJECT: LICO BY: R.THAN DEPT: 744 PROCESS SYSTEMS
INTERNATIONAL, INC.

Doc no: V049-l-012
Page 3 of 20

inches
30
44
48
OU

72
84
104

cm
76
tt2
122
152
183
z  l . t

264

Diffusion rate

A diffusion rate of 2 x 10-6 [Ton - L/s].[m/mz -bar] is used for diffusion of air through Viton. A
nominal o-ring diameter of l/4 inch (6.35 mm) was assumed in the calculation of the amount of
gas diffused through the o-rings.

Annulus Pressure and Pumping Speed

To achieve a diffusion rate into the ultra-high vacuum (UHV) side, which does not require a
significant pumping speed on the UHV side, a certain pressure must be maintained in the arurulus
space. A diffusion rate per o-ring on the order of I x l0-5 Ton - L/s is expected from the
atmospheric side. The annulus channel was sized to meet the specified pumping speed of 0.20
L/s anywhere in the annulus channel. With a pumping speed of 0.20 L/s and a difussion rate of 1
x 10-5 Ton - L/s, the annulus pressure will be on the order of 5 x l0-5 Ton. This gives a
diffusion rate into the UHV section on the order of I x 10-12 Torr - L/s. The high pumping
speed in the channel would allow a leak rate from the atmosphere of I x l0-4 Torr - L/s and still
maintain a rate into the UHV side on the order of I x 10-l I Torr - L/s.
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Annulus Channel Size

The annulus channel was sized for a pumping speed of 0.20 L/s anywhere in the annulus.

Annulus port

The diameter ofthe annulus pump out port must be large enough to allow a pumping speed of
over I L/s. The port is siznd at 0.62 inch diameter, the same size as the jumper.

Annulus Interconnecting jumper to header
Because of the location of the annulus channel the the interconnecting jumper tube to the header
cannot be too large to allow space for welding. A 0.75 tube jumper is used with an ID of 0.620
inch, the allowable length should be no longer than 6 inches.

Annulus Pumpout Interconnecting tubing / Pump Manifold
A typical vessel is about 2.8 m diameter. Because of space limitations the pump may need to be
located away from the chamber. The length ofthe tube from the annuli ports to the manifold
could therefore be a longer than 5 m . The size of the tube that runs from the annulus pump out
port to the manifold where the auxiliary turbo pump and ion pump are connected will need to be
approximately I to 1.5 inch diameter (25 mm - 38 mm) to prevent the conductance of this path
from dominating the overall conductance. In order to have an effective speed at the annulus port
the pumping speed at the pumpmanifold needs to be 10 L/s. A 2.5 inch manifold is proposed.

Pump Size and Capacity

A 75 L/s pump is proposed for each manifolded aruruli group: BSC, TMC, HAM, 183 Beam
manifold. A separate 25 liters/s Ion pump is proposed for the 122 / 1l I cm Gate valve's gate-
seals and flange annuli. This would give a pump life of about 40,000 hours with an average gas
load of 1 x 10-5 Ton - L/s per annulus. With a higher gas load due to high leakage, the pump
life will be shortened.

Valving

Each manifolded annuli group has an single roughing port 63 mm HV valve for pumpout using
the auxilliary pumping cart. An isolation valve separates the Ion pump from the pump manifold.
A separate roughing valve is provided for the ion pump, either on the pump housing or off the
spool piece.

Revision: I
Doc no: V049-l-012
Pase 4 of 20
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Annulus Speed

The net speed / conductance is calculated for a point that is midway between two exit ports. This
will give the minimum conductance between this point and the pump. All gas molecules at other
points in the annulus will have an equal or higher probability. In the case of a single port this
point would be located 180 degrees across from the exit port

The probability (conductance) that a gas molecule from this point reaches the pump is
determined by all possible gas path back to the pump. So for the BSC 104" annulus the
conductance calculated from the midpoint between two exitports back to pump via one port is
about 0.12 L/s.
But gas molecules at this point has twice the probability ofreaching the pump, because of the
other parallel path though the other 60" flange. The effective speed for a point in the 104 inch
annulus is therefor 0.24L/s. Note that for a point closer to the port, the effective speed would
remain almost unchanged because for one path the probability has increased (approximately
linearly, long tube formula) for the other path the probabilty has decreased.

For the flanges with a single port, the parallel path is only for the section ofthe path in the flange
until the molecule reaches the exit port, where it becomes a single path to the pump.

PROCESS SYSTEMS
INTERNATIONAL. INC.

Revision: I
Doc no: V049-l-012
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Annulus channels sizes for flanges

GATE-VALVE
48"
GATEVALVE
44"
GATE Bonnet
GATE Seal

Annulus Annulus
Width Height
inch (mm) inch (mm)
0.687s (17.s ) 0.500 (12.7)
0.6875 (17.5 ) 0.37s (12.7)
0.687s (17.5 ) 0.500 (12.7)
0.687s (17.5 ) 0.s00 (12.7)
0.687s (17.5 ) 0.375 (9.53)
0.687s (17.5 ) 0.500 (12.7)

0.6875 (17.s ) 0.375 (9.53)

0.687s (1,7.s ) 0.37s (9.s3)

0.3750 (9.s3 ) 0.410 (10.4r)
0.312s (7 .9 ) 0.s00 (12.7)

PROCESS SYSTEMS
INTERNATIONAL, INC.

Interconnecting
Piping LD. inch

t , ) l

L J I

1 . J 7
t , ) t

t . ) t

1 .20 (tube)
2.37" (header)
(headerl0m
long)
1 . 1 2

1 . 1 2

1 . r 2
1 . 1 2

Revision: I
Doc no: V049-l-012
Page 6 of 20

BSC 60" *

BSC 104" *

HAM 84'
HAM 60"
HAM 30"
B-M 72"

Arr.rulus
Speed
Us
0.2
0.14 x2=0.28
0.2r
0.25
0.2s
0.23

No
pofts

| (2)

I
I
I
I

0.26

0.27

2 0.18
2 0.22

* BSC 104. flange in series with 60" flange

TerminologSr used in tables:

Orifice conductance
Effective conductance
Orifice speed
Effective Speed
Tranmission Probability

Lo
Li
So
si
P
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O-ring grooves vents

PROCESS SYSTEMS
INTERNATIONAL, INC.
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To ensure that there are no trapped volumes that could serve as virtual leaks, the o-ring grooves
needs to be vented. The vents need to be sized such that they can allow the trapped O-ring
volumes to be evacuated to the same pressures during the roughing cycle.

The cross sectional area ofthe trapped O-ring channel (on the UHV side, dovetail side) is
approximately 0.005 in2 or 0.03 cmZ.

*3:839
TYP,

For the comer station there is about 300 m ofo-ring length. The total trapped o-ring volume is
therefore about 2.1 liters.

The ratio of trapped o-ring volume (2.lxl0-3 m3) to corner station volume (196m3) is
approximately lxl0's.

The required pumping speed is about lx10-5 X 2000 Lls= 0.02 L/s for total trapped volume.

Per meter length ofo-ring the required speed is 0.02/300= 7Xl0-5 L/s per meter o-ring.
For efficient pumping the conductance should be about l0 times the required speed or 7Xl0-4
L/s per meter o-ring.

Conduclance of trapped o-ring channel.

The hydraulic diameter of the trapped channel is about 6 mm.
The conductance of this channel is approximately 0.0008 L/s for one meter lengtb ofo-ring.
The requirements for venting based on roughing of the trapped volume is a vent every 1.5 to 2 m
of o-ring length.

D I T A I L  D
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The proposed vent dimension of0.15 inches high by 0.500 inches wide has a conductance of
about I L/s which is sufficient compared to the trapped channel conductance.

Outgassing.

The outgassing ofthe o-ring is on the order of 1x10-8 Torr-L/s-cm2 .
With about 3 m of o-ring length the outgassing rate would 300x10-8 Torr-L/s-cm2
The pressure in the channel at the vent location would be in l0-5 Ton range and at the far end
between vents the pressure in the channel would be in the l0-3 Torr range.

The same size vent is used for the vent for the trapped volume ofthe annulus side ofthe UHV o-
ring. The same size vent is also used for the annulus side of the atmospheric o-ring. A vent for
the atmospheric side ofthe atmospheric o-ring is not required.

PROCESS SYSTEMS
INTERNATIONAL. INC.

Flange size
inches

44
48
60
1'

84
104

Flange size
m

t . t2
1.22
1.52
1.83
2.13
2.64

Circumference
m

3.52
3.83
4.78
5.  /3

6.69
8.29

No vents

3
4
6
6
6
8

Revision: I
Doc no: V049-l-012
Page 8 of 20
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BREAK ALL
SHARP ED6ES
.OO5 R APPRBX.

TYP

DO NOI SCRAICH
BOIIOM OF GROOVE

BREAK ALL
SHARP EDGES
.OO5 R APPROX.

+.00

60.50 LD.

I .D .  S IDE

0. r46
0,r55

ACR0SS
INSIDE
6ROOVE

REF. I-_]

-_T_

3:t83 J elrun
GROOVE

,03 R. MAX

DETAIL r-
DO NOT I}AHAGE THIS
SURFACE FINISH
SEE NOTE 3,4&5

-T
6?

61.e5

A
Revision:1
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PROCESS SYSTEMS INTERNATIONAL. INC. ENGINEERING
CALCIILATIONS

NO: V049-l-044
WESTBOROUGH. MA PAGE 1 OF 5
REV DEO# DATE BY: CIIECK TITLE:

MAIN TIJRBO MOLECULAR PI.'MP
PORT 250 mm (10")

0 O r ) - l a 4l17196 R. Thar ' D.h^/k)

BY: R TIIAN DEPT:744
PROJECT: LIGO PROJECTNO: V59049

PURPOSE:
Determine allowable lenglh for 250 mm (10") main turbo port, for Turbo pump STPID000,
with vibration isolator, gate valve, by-pass / gauge spool piece

METHOD:
Free molecular regime: Long tube formula / short tube formula
Monte Carlo simulations

ASSUMPTIONS:
1400 Us speed for N2

INPUTS:

REFERENCE:
Theory and Practice ofvacuum Technology, ISBN 3-528-08908-3

CALCULATIONS:
see Attachments

CONCLUSIONS: A overall length of no more tlan 2l inches is allotted to meet the net speed of 1000 L/s
for nitrogerr through the 10" port- This include the nozzle, gate valve, vibration isolation spool, and by-
pasVgauge spool.

NOTES:o



PROJECT: LIGO
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BY: R. TFIAN
DATE: 02/08i96

TITLE: MAIN TURBO PORT. 250 mm

Pumping speed

To meet the required pumping speed of 1000 L/s for the turbo, the allowable length ofthe
pumpout port configuration needs to be less than 21 inches.

The by-pass / gauge spool is required at the end and mid stations for roughing ofthe vacuum
volume with the QDP80 backing pump.

Vibration isolation bellows

The allowable lensth for the vibration isolation bellows is about 5 inches.

Revision: 0
Doc no: V049-l-044

Page 2 of 5
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BY: R. THAN
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6" GATE VALVE: WEIG:I'IT: 40S5 Lbs
10" GATE VALVE: WEIGHT: 100 - 130 Lbs
BELLOWS: WEIGHT:50 Lbs
Turbo Pump will be supported vertically to take
weight off nozzles, but axially will be supported
with the bellows onto nozzle / chamber wall.

VIBRA
ISOLA'

BY-PASS &
GAUGE SPOOL

10" GATE VALVE

l H l r s

Doc no. V049-1-O44
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PROJECT:LIGO BY: R. THAN
PROJECT NO: V59049 DATE:2/8/96
TITLE: MAINTURBOPORT

1400

1300

800

MAIN TURBO PORT 250 mm Diameter

400

LENGTH (MM)

900

700 800

Revision: 0
Doc no: V049-1-044
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I.,IOIITE CARLO STI.IULATIOII

TURBO poRT 250 l.+,t DIA|'|ETER, 550 Iil L0il6

ENTER NUMBER OF TRIALS

NUI,IBER FMCTION 90% ERROR LIIIIT
REFLECTED 24711 .8244695 3.503708E-03
cApruRED 526'1 .1755305 3.503708E-03
]HROUGH O O O
TO]AL TRIALS 3OOOO
IIO CONTACT TRIALS 28

PRTNT EOIJXCE TABLE ? Y/N
BCI'|IICES THRCIJGH
0 0
1 0

3 0
4 0
5 0
6 0
7 0
8 0
9 0
1 0  0
1 1  0
'12 0
1 3 0
11 0
1 5 0
1 6 0
1 7 0
1 8 0
1 9  0
2 0 0
21 0

2 4 0
2 5 0

2 8 0
2 9 0
3 0 0
3 t  0
3 2 0

0
0
0
0
0
0
0
0

8'RJIICES lHRCTJGH
41  0
1 2 0
4 3 0
11 0
1 5 0

1 7 0
4 4 0
4 9 +  0

RUN TIIIE O

TURBO NTTROGEN SPEED

CAPTURED REfLECIEOCAPTUREO
$7
327

440

381
328
85

202
178

124
130
100

91

&

41
1?
28

34

20
20
13
111

1 l
8
8
1
1 0
1 0
0

4

REFTECIED
0
7114

1861
1378
1129
949
809
713
,77

413
3,t o

311
244
2aq

179
16
155

109

80
77
>6

44

31
19
25
24
20

13
1 1

0

5

'10

6.555538

: 1400 L/S

8
5
1 0

6
?

1 7

PUI|P CAPIURE FRACTIOI{ : 0.213

VOLUI,iTTRI C SPEED

XET CAPTURE FRACTIOO?

XET SPEED

: 0 . 1 7 5 5

:  1013 L /S

33
34
35

37

40

vD+q- \-o44 (ZiU o

' ?  6oe5
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PROCESS SYSTEMS INTERNATIONAL, INC. ENGINEERING
CALCULATIONS

NO:V049-1-078
WESTBOROUGH,MA PAGE I OF 4+
REV DEO# DATE BY: CIIECK TITLE:

STATIONS
PUMPDOWN & IJLTIMATE PRESSURES

U \3? 04t22t96R. Than D tn ru)

BY: R.THAN DEPT:744
PROJECT: LIGO PROJECTNO: V59049

PURPOSE:
Pumpdown of the End Station
Pumpdown of the Mid Station
Pumpdown of Vertex & Beam manifold isolatable section WA Comer station
Pumpdown of Vertex isolatable section WA Comer station with only 1 roughing and I main turbo system.
Pumpdown of Vertex& Beam manifoid isolatable section LA Corner station

with selected vacuum system.

METHOD:
Computer simulation
Standard calcs

ASSUMPTIONS:
See calculations

INPUTS:

REFERENCE: Seeoase9

CALCULATIONS: see Attachments

CONCLUSIONS: Pumpdown of stations isolatable sections to a total pressure of less than 2X10-8 Ton

NOTES:
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TITLE: PUMPDOWN & ULT.IMATE PRESSURES

PRESSURE MEASUREMENT

Panial pressure of gasses wili vary depending where the pressure gauge / RGA is located relative to the
pumps. Partial pressures will be measured at the ion pumps. Because the attainable partial pressure of
water is based on the pumping speed of water at the cryopump, the partial pressure of water at other
locations will be higher. Thus measurement ofthe partial pressure of water at the ion pumps may not be
representative of the outgassing rates for water. Rather measurements at two locations one at the ion
pumps and one at the cryopump is recommended.

OUTGASSING RATES

Outgassing from Viton O-rings

The available data on outgassing of unbaked and baked O-ring material is limited.

The following table contains selected outgassing data for Viton-A from W.G. Perkins' "Permeation and
Outgassing of Vacuum Materials," Journal of Vacuum Science & Technologt, Vol. 10, No.4, 1973.
Outgassing experiments werc also done by L. de Csernatony with o-rings in their grooves and outside
their grooves, see article: L. de Csernatony, "The properties ofViton "A" elastomers lll", Vacuum ,Yol.
16, No.5, 1967.

Pumpdown time
hours

Outgassitrg Rate
Torr-L/s-cm2

Dominant Species

Unbaked samples
Unbaked Pumpdown
Viton-A

5 1 1X  10 - / H2O, H2, 02, N2

Baked Pumpdown
(200 "c)
Viton-A

24 20 x 10-ru Hzo

Pumpdown time
hours

outgassing Rate
Ton-L/s-cm2

Dominant Species

Pre-baked samples
air-exposed for 0.5 hr
Unbaked pumpdown
Viton-A

5 1.5 x 10-6 H2o

Baked Pumpdown
(200'c)
Viton-A

12 I  X 1O-ru Hzo

Revision: 0
Doc no: VO49-1478
Page Zof
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TITLE: PUMPDOWN & ULTIMATE PRESSURES

ThetotaloutgassingmteofaVitono-ringcanbereducedtolXl0-10Ton-L/s-cm2tluoughbaking
under vacuum. Since the vacuum system needs to be re-opened, the total outgassing rate will vary
depending on the amount of time the o-ring is re-exposed to air. The outgassing ofa baked Viton o-ring
which has been re-exposed to normal air will be dominated by water. Since the vacuum system is purged
with dry air when open for service, the re-adsorption of moisture can be minimized; however the
readsorption of other gasses will be dictated by exposure time. For short exposure times to air, the
amount of gases other t}lan water tlat are readsorbed is minimal. Water outgassing dominates for short
exposure times, such as 0.5 hour. However, since in practice the O-rings are re-exposed to air for a
longer period than 0.5 hour, the actual amount ofgasses readsorbed can only be deterrnined from further
experiments.

If re-exposure is limited to a short time the outgassing rate of a baked O-ring will be about L5 X I 0-8
Torr-L/s-cm2, mostly water, after 5 hours. Assuming the outgassing is dictated by diffr$ion, i.e. the
decay behaves as function oftime to the -0.5 power, the outgassing rate for water wili be about 3 X 10-9
Ton-L/s-cm2 after 100 hours of pumping. Since the outgassing rale for short term re-exposure is
dominated by water, assuming that the total outgassing rate for the other gasses is no more than 10% of
that of water, the outgassing rate of the other gasses will be approximately 3 X 10-10 Ton- L/s-cr&.

L . de Csernhtony (Ref. I 3 . I 4) experiments with baked o-ring without re-exposure gives a rate of 2 X
16-10 1o.r-17s-"-) uft".ls ito*. for an o-ring in the charnf,er and 8 x to:9 Ton-L/s-cm2 after 25
hours with the o-ring in the groove.

The o-ring grooves are designed with vents to vent tlre trap volune in the o-ring groove. This will
prevent the outgassing of the o-ring to retard and allow the outgassing rate to approach tlrat ofan o-ring
inside a chamber.

Revision: 0
Doc no: V049-1-078
Yase 3 ot f!
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Outgassing from Stainless Steel.

Various sources provide data on outgassing ofhydrogen from stainless steel for unbaked and baked
specimens.

G.Moraw and R. Dobrozemsky report a total outgassing rate of about 8 X 10-12 Torr-L/s+ m2 aftsr a
20-hour vacuum bakeout at 100 "C, with Hr dominating at a rate of 7 X 10-12 Torr-L/s-cm2 ,and CO
outgasslng at a rate of iess than 4 X 10-13 ion-L/s-cm) , and CO2, CH4, and water each at less than I
X 10-13 Ton-L/s-cm2.

Calder and Lewin report a total outgassing rate of 1.4 X 10-1 I Torr-L/s-cm2 after 40 hours ofpumping
for a specimen bake in vacuum at 350 "C for 2 days and re-expose to air for 3 hous.

Barton and Govier report a total outgassing of 7 X 10-12 Torr-L/s-cm2 after a 100 hours of pumping
for a specimen that has been prebaked in vacuum at 400"C and re-exposed to air for 24 hours with water
being the predominant outgassing specie.
For an unbaked vapor degreased specimen the total outgassing rate was about I X 10-1 I Ton-L/s-cm2
after 100 hours of pumping, with water being the predominant outgassing specie. Partial pressure
measuements after 70 hours indicated that about 50% was water and about 30% CO and CO".

Dylla et al. report outgassing rates of between 6 X 10-11 to I X l0-11 Ton-L/s-cm2
after 1 00 hours of pumping for specimens baked at 1 50 oC for 48 hours and re-exposed to air. The
predicted decay and outgassing rates at the end of 100 hours vary depending on exposure time to air, and
dew point of the air. Analysis of species after I 00 minutes into pumpdown indicates that the outgassing
rate is dominated by water, with CO, COz, and CH4 contributing less than 10% to the outgassing rate
(5o/o.3o/o, and 2% respectively).

S. Rezaie-Serej and R.A. Outlaw report for a baked stainless steel specimen tle amount ofhydrogen
desorbed is about 38 times the amount ofCO desorbed. No outgassing rates were given.

Okamur4 Miyauchi, and Hisatsugu report a total outgassing rate approaching 5 X 10-13 Torr-L/s-cmz
for finely polished stainless steel surface and a I X 1 0- 1 2 Torr-L/s-cm2
for a standard electropolished surface after I 00 hours of pumping preceded by an 80-hour vacuum bake-
out at 250 oC. H2 dominates with water being the next dominant specie, and with CO and CO2
contributing less than 20% to the outgassing rate.
( 2 X i0-13 Ton-L/s-cm2 ).

Santeler predicts an outgassing rate of stainless steel based on a diffrrsion model of about 2 X 10-l l

Ton-L/s-cm2, with a 200 hour, 150 'C bake, and 6 X 10-12 Torr-L/s-cm2, with a20how,250'C
bake.

Doc no: V&19-1-078
Pase a ot f/
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Outgassing rates:

Stainless steel

H2: 1.0X 1g-i1 1e6-17r-r-2

1120:
to air

Time a
min. Torr-L/s-cm2
l0 7x l0-8
100 5x 10-e
1000 3.5x 10-10
t440 2.4X 10-10
6000 5x 10-11

No Re-exposure
Time a
min. Ton-L/s-cm2
10 2.8X 10-e
100 5.6X 10'10
1000 l . lx 10-10
1440 8.6X 10-ll
6000 3.0x 10-l l

Other gasses: l07o of water rate.

Viton:

TT2O:
Short Re-exposure
to air. (Ref.l )
Time a
min. Torr-L/s-cm2
300 l.5x l0-8
6000 3x l}e

Other gasses: l0olo of water rate.

No Re-exposure
(Ref.1)
Time a
min. Ton-L/s-cm2
720 lx 10-10
6000 4x l0-ll

Revision: 0
Doc no: V049-1-078
Pase sot f f
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END STATION i MID STATION PUMPDOMI

Pumpdown of the End station section using one the QDP80 dry pump set, and one main turbomolecular
pump and I Main ion pump.

Roughing pump

The QDP80 pump is used to rough down the end or mid stations. It also serves as the backing pump to
the main turbo: STPH2000.

Turbo pump

The main turbo, STPH2000, is tumed on when a pressure of I mbar has been reached using the QDP80.
The blpass is closed across the turbo pump and the turbo pump starts pumping. The STPH2000 is a
wide range turbo which has a drag stage to pump at high inlet pressures. The backing pump of the main
turbo is located in the mechanical room.

Main Ion pirmp

The main ion pump is a 2500 L/s (lJ2) Varian Ion Pump with a 350 mm inlet tube, which can be isoiated
by a 350 mm (14 inch) gate valve. The End Station and Mid Station are each equipped with one Main
ion pump.

Revision: 0
Doc no: V049-l-078
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DATE:
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CORNERSTATION PUMPDOWN

Pumpdown of the comer station sections is accomplished using two the EDP200iEH2600 dry pump set,
and nvo main furbomolecular pump and several Main ion pumps.

WACORNERSTATION
The WA comer station has t',rro roughing cart sets, two turbomolecular pump sets, and 8 main ion
pumps. 4 Main ion pumps are on the Vertex section, one each on the beam manifold sections, and tlvo
on the diagonal (offset) section.

LACORNERSTATION
The LA corner station has two roughing cart sets, two turbomolecular pump sets, and 4 main ion pumps.
4 Main ion pumps are on the Vertex section.

Roughing pump

The roughing system is separated in two skids. The EDP200 is located in the mechanical room, and the
EH2600 Rorits blower is move around the detector building. Two 6 inch headers runs in the detector
building back to the mechanical room.

Turbo pump

The main twbo, STPI{2000C, is tumed on when a pressure of 0.1 Torr has been reached. The backing
pump of the main turbo is located in the mechanical room.

Main lon pump

The main ion pump is a 2500 L/s (N2) Varian Ion Pump with a 350 mm inlet tube, which can be isolated
by a 350 mm (14 inch) gate valve.

Revision: 0
Doc no: VM9-1-078
Page 7 ot gf
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Pumpdown curves:

BY: R.THAN DEPT:

DATE:

744

END STATIONPUMPDOWN

Figure V049-l-078-la: 0-100 hours
Figure V049-l-078-1b 0-32 hours

MID STATION PUMPDOWN

Figure V049-l-078-2a 0-l 00 hours
Figwe V049-l-078-2b 0-32 hours

WA. CORNER STATION PUMPDOWN

Figure V049-l-078-3a 0-100 hours
Figure V049-l-078-3b 0-32 hows

LA" CORNER STATION PUMPDOWN

Figure V049-l-078-4a 0-100 hours
Figure V049-1-078-4b 0-32 hours

WA,VERTEX ISOLATABLE SECNON. CORNER STATION PUMPDOWN

Figure V049-1-078-5 0-24 hours
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PRoJ ECT:-L|S!L-BY: B-M!L DEPT: 744
PRoJECTNo:-]/53!49- DATE:
TITLE: END STATION PRESSURES

END STATION PARAMETERS

END STAI]ONS with 80K PumD

otv' Length Area Weight
fi^2 mn3 kg

Short 80K cryopump chamber 2.5 16.59 9.95 915.33
Short 80K cryopurnp surface 9.80 o-00
'| 83 crn beam manitold 18.97 8-6E 1046.91
157 di intercon soool I 4.93 'l-94 272.17
16 cln intercon soool 1 1 . 6 6 3.74 643-50

BSC 1 .5 57.21 31.67 3157-10

total 115 56

vAcutt$ sYsfEM Pump Total Totsl Sp€cifc Specinc
ov Speed Net Speed Sp€ed Net Speed speed/ Vol speed/ Area

ION PUMPS , 0.5m intercon Us t/s Us Us Us-m"3 Vs-m"2
N2 2fi0 2000 2500 2000 35.73 r6.78

2350 1900 2350 1900 33.34 15,94
2940 2150 2940 2150 38.41 18.04

cH4 2650 2200 2650 2200 39.30 l8.116
2100 1700 21 00 1700 30.37 14.27

HE 295 2S0 295 290 5.'18 2.,(l
590 550 9.83 4.42

4700 4200 4700 4200 75,03 35.21
H20 2S40 2400

TURBO MOLECULAR' 1500 1000 t 500 1000 17.86 8.39
' Nitrog€n speed

DRY PUMP QOPsO '18 22 18 0.32 0 .15

80K CRYOPU[TP 1 142000 142000 142000 r42000 r 19t.5S
Water speed

Revision 0
Doc rc; V049-l-078
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PROJECT: LIGO BY: R.THAN DEPT:744
PROJECT NO: V59049 DATE:
TITLE: VIToN o-RING AREA END STATION

FLANGE SIZE Length Area
INCH Qtv' m cm^2
104 I 8.54 937
u 0 6.94 0
72 1 c.vo 657
60 4 5.03 22c6�
48 0 4.07 0
44 4 3.75 1646

BonneUGate 6 3.51 2311

7757

Revision:0
Doc no:V(X9-1-078
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PROJECT: LIGO BY: B-IICAIL DEPT:744
PROJECT NO: V59O49 DATEI
TITLE: MID STATION PRESSURES

MID STATION
PARAMETERS

MlD STAnONS with 80K Pumps
otr' Length \rreight

m m^2 m^3 Approx
Short 80K cryopump chamber 2 33.16 19.9'J 1830.66
Shorl EoK crvooumo surface 2 1 .2 't9.60 0.00
1 83 qn beam manifold 3.6 21.85 9.99 1205.53
116 crn intercon spool 7 25,51 8 . 1 8 1407.67
I 57 cn intercon s9001 4.93 '|.94 272.17
BSC '1 57.21 31,67 3157.10

Total 19.00 162 78Xt

VACUUN SYSTEM Pump Total Total Specific Specifc
Qty' Speed Net Speed Speed Net Speed spe€d/ Vol speed/ Area

ION PUMPS , 0.5m intercon t/s ys Us Us-m^3 L/s.m^2
N2 2500 2000 2500 2000 n.90 't2.32

2350 1900 2350 '1900 26.50 11,71
2540 2150 2940 2't5o 29.9S 1325

cHA 2650 2200 2650 &00 30.69 13,56
02 2100 1700 2100 1700 23.71 t0.48
EE 290 295 2n 4.05 1.79

550 590 3.39

H2 4700 4200 4700 4200 25.88
H20 2S40 2400 2940 2400 33.48 1479

TURBO MOLECULAR " 1500 1000 1500 1000 13.95 6.16
' NilroO€n speed

DRY PUMP ODPEO 1 a 18 0-?5 0 .1

BOK CRYOPUMP " 142000 284000 3961.58 r750.06
Waier 5p€ed

Revision 0
Doc no: V049-l-078
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PROJECT: LIGO BY: R.THAN DEPT:744
PRoJECT NO: V59049 DATE:
TITLE: VITON O-RING AREA MID STATION

FLANGE SIZE Length Area
INCH Qtv' m cm^2
104 1 8.54 o?7

u 0 6.94 0
72 1 5.98 657
60 4 5.03 2206
4A 0 4.O7 0
44 R 3.75 3292

BonneUGate 1 2 3.51 ,+623

11715

Revision:0
Doc no:V049-1-078
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PROJECI:_IIG9_BY: R. THAN DEPT: 744
PRoJECINOT-\159949- DATE:
TITLE; CORNER STATION PRESSURES

CORNER STATION. WA
PARAMETERS

CORNER STATION (WA} VERTEX & ARM ISOLATABLE SECTION with 8OK Pump
oty Length Vveight

mn2 m"3 kS
Long EoK Cryopump chambef 'I 4.2 m 3r.67 19.00 1747.45
Long EOK CryoPumP surface 1 30.22
183 crn be€m manifold 147.14 8121.47
157m intercon spool m 12.97 1823.5s
122 cm intercon spool 7.3 m 8.53 1543.92
116 ctn intercon 6Dool 3 m 10.93 3 .17 503.29

224.45 126.68 1262E.40
I-|,AM 164.44 9071.65
76 cm deanertube 24 57-30 10.89 3162.D5
Toial 78.50 732 316 34702

VACUU$ SYSTE'�II Pump Total I otal Specific Specifc
av' Speed Net Speed Speed Net Sred spe€d/ Vol speed/ A.€a

ION PUMPS , 0.5m intercon US Us US U5 Ys-m^3 Us-m"2
N2 2500 2000 12500 10000 31.63 13,67

2350 1900 11750 s500 30.05 42.99
2940 2150 14700 '10750 u.o1 14.69

cH4 2650 2200 13250 11000 34.E0 15.04
5 2100 1700 10500 8500 26-83 1l,82

He 5 295 290 1475 1450 4.59 1.98
5 590 27fi 8.70
5

H2 5 4700 4200 23500 21000 66.43 8.7'l
H20 5 2940 2400

IURBO MOLECULAR' 1 1500 1000 '| 500 1000 3.16 1.37
' Nitrogen speed

ROOTS 10 Torr - 0.01 Torr 2 600 434 1200 2.77 1.20
760 Torr- 10 Tor 2 7A 166 156 0.49 o.21

80K CRYOPUMP t 142000 142000 r42000 142000 445.21 t94.t0
Water speed

Revision 0
Doc no: V049-l-078
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PRoJECT:-!cO--BY: E-MI[ DEPT: 744
PROJECTNo:_ll59g!9- DATE:
TITLE: CORNER STATION PRESSURES

CORNER SIATION, WA
PARAMETERS

CORNER STAION (WA) BEAttl iTANIFOLD tvith 80K Pump
otv' Length Weight

m m^2 m^3 Kg
Long 80K Cryopump chamber 1 4.2 m 31.67 19.00 1747.45
Long 80K Cryopump su.face 1 3.7 m 30.22
1 83 cm beam manifold 25.6 m 147.18 8121.47
157 cm intercon spool 5.92 326.61
1 22 cm antercon spool 4.9 m 18.78 1036.33
1 15 cin htercon spool 0 3 m 10.93 3 .17 603.29
BSC 1 m 57.21 31.67 3157.10
HAM o m 0.00 0.00 0,00
76 cm deaner tube 0 m 0,00 0.00 0,00
Total 46.60 m 3m lE 14992

VACUUM SYSTEN Pump I OtaI Total Specific Spedfc
otv' Speed Net Speed Speed Net Sp6€d speed/ Vol 9peed/ Area

ION PUMPS . 0.5m intercon 1 t/s t/s us !E m^3 Us{^2
N2 1 2500 2000 2500 2000 15.48 6.62

1 2350 1900 2350 1900 14_70 5.29
1 2940 2150 2540 215n 16.64 7.12

cH4 1 2650 ?200 2N 1?.O2 7.29
1 2100 1700 2100 1700 13.16 5.63

HE 1 295 290 290 2.24 0.s6
1 590 550 550 4.26 1'a2

0 0.o0 0.00
H2 4700 4m0 4700 4200 32.50 13.91

H20 2540 2400
rURBO MOLECULAR' 1500 't000 1500 1000 7.74 3.31
' Nitmgen sp€ed

ROOTS 10 Ton - O-01 Ton 2 600 438 1200 876 6.78 2.fi
Cl6w&Rool760 Ton - t0 Tor 83 166 155 '1.21 0.52
BOK CRYOPUMP " 142000 142000 142000 142000 109E.E6 inO.3,l

Water speed

Revision 0
Doc no: V049-1-078
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PROJECT: LIGO BYrB-ItlAlL DEPT| 744
PROJECTNO:_y59El9_ DATE:
TITLEi CORNEB STATION PRESSURES

CORNER STATION, WA
PARAMETERS

t
Revision 0

Doc no: V049-l-078

DIAGOML (OFFSET) SECTION, WA
otv' Length Weight

m m"2 m"3 kg
'183 dn beam manifold 0 0.oo 0,00 0.00
157 crn intercon sgool m 10.85 4.28 598.78
122 cm intercon spool m 7-83 1417.03
1 1 6 cm intercon sDool 0 0 m 0.00 0.00 0.00

57.21 31.67 3157.10
HAM 'I64.40 9071.65
76 cm oleaner tube m 57.30 '| 0.89 3162.05
Total 36.e0 m 315 12j2 17fi7

VACUUM SYSiETII Pump Total Total Specific Specific
otv' Sp€ed Net Speed Sp€ed Net Speed speed/ Vol speed/ Area

ION PUMPS , 0.5m intercon 2 Us vs l/s us Us-m^3 vsrn^2
N2 2500 2000 5000 4000 32.74 r2.68

2350 1S00 4700 3800 31 .10 12.05
c02 2 2940 2150 5aE0 4300 13.53
cH4 2 2650 2200 5300 ,1400 36.01 13.95

2 2100 1700 4200 3400 27.83 't0.78

He 2 295 290 590 580 4.15 1.U
2 590 1 8 0 '1100 9.00 3.49
2 o 0 0.00 0.00

H2 4700 42ffi s400 E400 26.53
HZ 2 2940 2400

TURBO MOLECUTAR' 1500 1000 1500 1000 8 .18 3 .17
' N(rogen speed

ROOTS 10 Torr- 0.01 Ton 600 438 600 438 1.39
Ohw&Root 760 Tor. - 10 Torr 78 83 7A 0.64
3OK CRYOPUMP 142000 142000 't42000 142000 162.21 450.16

Wbter sDeed

Pqrd"tff



PFOJECTT LlGo 8Y: E l!lAl!- DEPT:744
PROJECT NO: V59o49 DATE:
TITLE: CORNER STATION PBESSURES

CORNER STANON, WA
PARATIETERS

VERTEX SECTION, WA
0tv' Length t/Veigld

m m^2 m^3 kS
183 cm beam manafold 0 m 0.00 0.00 0.00
1 57 cm intercon soool m 27.13 t 0-55 1496.94
122 cm inteGon sDool 2.4 m 9.20 2.81 507.59
1 1 6 cm Inlercon spool 0 0 m 0.00 0.00 0.00

4 m 171.U 95_01 9471.30
FIAM 164.40 67-53 9071.65
76 crll cleaner tube 24 m t0-89 3162.05
Total 35.90 m 130 187 237't0

VACUUM SYSTE'T Pump Iotal Total Specific Sp€cifc
otv' Speed Net Speed Speed N€t Sp€ed speed,/ vol speed/ Area

ON PUMPS . 0.5m intercon US t/s t/s US Us.m"3 Us-m^2
N2 2500 2000 10000 E000 65.48 25.36

4 2350 't 900 9400 7600 42.20 24.09
c02 2940 2150 1750 E600 27.26
cH4 2650 2200 10600 8400 27-SO
02 2100 1700 E400 6400 21.56
He 4 290 180 1160 9.49

noo 16.01 6.97
0 0 0.00 0.00

H2 4700 4200 18800 't6800 137.50
H20 2940 240€

TURBO MOLECUIAR' 1 '1500 '1000 1500 1000 8.18
' Nitrogen speed

ROOTS |0 Tor - 0.01 Tort 1 600 438 600 /|3B 3.58 1.39
Claw&Root 760 Ton - 10 Ton 83 7a 83 78 0.64 0.25
sOKCRYOPUMP - 142000 r42000 142000 142000 1162.21 ,1s0.16
" Water sp€€d

Revision 0
Doc no: V049-1478
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PROJECT: LIGO BY: R.THAN DEPT:744
PROJECT NO: V59049 DATE:
TITLE: VITON O-RING AREA CORNER STATION .WA

RIGHT/LEFT BEAM MANIFOLD
FLANGE SIZE Length Area

INCH Qtv' m cm^2
't04 1 8.54 937
84 0 6.94 0
72 c 5.98 3283
60 4 5.03 2206
48 3 4.O7 1340

BonneVGate 3.51 m97
44 4 3.75 1646

TOTAL 12109

VERTEX
FI-ANGE SIZE Length Area

INCH aty m cm^2
104 ? E.54 2810
84 12 6.94 9141
72 0 5.98 0
60 23 5.03 12686
48 2 4.07 893
44 3.75 0

TOTAL 25530

DIAGONAL
FLANGE SIZE Length Area

INCH Qtv' m cm^2
104 1 8.54 937
84 't2 6.94 9141
l z 0 5.38 0
60 't5 5.03 8274
48 4 4.07 1786

Bonnet 2 3.51 770
44 0 3.75 0

TOTAL 20908

DIAGONAL 20908
VERTEX 25530
RIGHT BEAM MANIFOLD 121(n
LEFT BEAM MANIFOLD 121(E

70655

Revision: 0
Doc no:VO4S1-078
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PROJECT: LIGO BY:E-IHAIL DEPT:744
PROJECTNO:V59049 DATE:
TITLE: IA.gqEIIEESIAII9NISESSUEES

CORNER STANO ,LA
PARAMETERS

RSTANON ILAI VERTEX & SEAM M/ ATABLE SECTION vr 8OK Pump
Volume WdghtOty' Lensth Area

m m^i m^3 Kg

Long 8OK Cryopump chamber 1 4.2 m 31.67 19.m 't747.45

LoqE 8oK Cryoprmp surface m fi.n
183 cm beam manifold m 97.32 11738.06
'lZ cm intercon sDool m ?3.@ 7.O1 1268,
1 1 6 cm ir{ercon slool m n1.'l

4 m 95. 71.fi

HAM m lAl.iO 67.53 9071.65
76 cm cleaner tube 24 m 316'2.
Total m 69 36e6

VACUUM SYSTET' Pump | (ni Tel Specific sF€cific
Sp€ed et Speed Speed Net sDeed/ Vol speed/ Ar€a

loN PUMPS , 0.5m intercon t s l/s V6 l/g Yem"3 lgm^2
M 10000 8(m 26.86 11.52

2350 9400 75m 6.52 10.94
co2 n& 21 17(i{) 86(p 28.88 12.
cH4 2650 m 10600 88fi) 29.55 12.6

4 2100 '| 700 81|{N 6800 2..4 9.79
He 4 80 1 1 160 3. 1.67
Ar 4 550 a m 3,17

H2 47cf) 4m 18800 'r6800 *.41 ,19
H?O 4 ?940 2,oo 0.

TURBO MOLECULAR ' ,l 1500 '| 000 1500 1000 1.M
' Nitrogen speed

ROOTS 10 Tor - 0.01 Ton ax) 1200 2.94 1.6

ROTARY 760 Ton - l0 Ton 13t) 1 l 271 o.67 0.29
8OK CRYOPUMP " 1 142000 t4zm 142ffo um 476.80 201,14

Water sDeed

Doc no: V049-1-078
PaeejTor 1t
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PRoJEcT:-t!@-BY: E-1!4!L DEPT : 744
PROJECT NO: V59049 DATE:
TITLE: LA. CORNER STATION PRESSURES

CORNER STATION, LA
PARAMETERS

CORNER STATIoN lLAl entir€ slatior with 80K PumDs
OM Lenoth Area Volune Webht

m tfz m^3 ks
Lono 8OK CrvoDumD chamber 4.2 m @.33 J .m 3494.89
Long 80K Cryopump surface m &.44
I B cm beam rnanifold 60 m 344.95 157.81 19004.@
122 cm intercon sDool m 36.4'l 1 1 . 1  1 ffi.Q.
1 16 cm inlel.oo|r spool m 0.00 .00 0.00

4 m 171.4 o 01 9471.
m l64.r|0 9071

76 cm cleaner tube 24 m 10. 3162.0
Tolal 114.90 m 898 38 .6.214

VACUUM SYSTEN Pump Total Total Specific Specific
Otv' Speed Net Spe€d Speed sDe€d/ Vol speed/ Area

ION PUMPS . 0.5m intercon 4 l/s Us l/s Us-m"3 Us-m^2
4 M 100ff) 80 .ocl 8.90
4 nfi 1900 94m 7ffi ro ot 8..16
4 ?940 21il 11750 8600 n.6'l s.57

CH/ 4 nfi m . 8800 23j4 9.79
2100 17crJ 8,lO 5800 17.88 7.57

He 4 ffi 290 '180 1160 1.29
4 590 550 zg m 5. 2.45
4
4 18800 16800 18.70

H20 4 E4 .00
IURBO MOLECULAR' 1500 1 'r 500 I OOO
' Nitrogen sp€ed

ROOTS 10 Ton - o.ol Ton 2 dn 438 1200 476 z.fi
ROTARY 760 Tor - 10 Ton 2 138 100 zt6 200 0.53
8OK CRYOPUMP * 1423fo 142m0 w 7#.@ 316.09

Water soeed

Paself of ff



PROJECT: LIGO BY: B.THAN DEPI:744
PROJECT NO: V59O49 DATE:
TITLE VITON O-RING AREA, CORNER STATION ,LA

RIGHT/LEFT BEAM MANIFOLD
FLANGE SIZE Length Area

INCH otv' m cm^2
10�4 1 8.54 937
84 6.94 o
72 5 5 .98 3283
OU 5 .03 o
48 4.O7 447

Bonnet/Gate 3 . 5 1 2697
44 3.75 1 646

TOTAL 9009

VERTEX
FLANGE SIZE Length Area

I N C H Oty' m cm^2
1 0 4 5 8.54 2810
a4 1 2 6.94 9 1 4 1
72 5 . 9 8 o
60 23 5.03 1 2 6 8 6
48 z 4.O7 8 9 3
44 3 .75 o

TOTAL 25s30

VERTEX 25530
RIGHTBEAM MANIFOLD 9009
LEFT BEAM MANIFOLD 9009

43549

Revision: O
Doc no:VO49-1-O78
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"r, PBOCESS SYSTEMS
rrflERr,tATroNAt. tNC

ID  l -?69 cm

S! r ( .c !  r rd  ta . )cmr

LE:raLl I I c6

O.9 l  <m- l

Volum. | .25cm,
t . i t i . l  t r !  codrcnt  ( .3r iorrcd) t .7 rnr  r ' .  . r  NTP

Table 2

Cu.E \_.o Posir;on of
O-rinr

arr ins 8. t ing
(itrc (hl rcepc..!ur. 'C

l In 3roovc r 5 r c10
I lo chrnrb<. 16

d lo'

5 r o t 3 2 ( ) 2 5

Time. hr
f lgu .c  l -  Gt3  ovo lu t ion  . . t .3  in  l i . .  to . .  sec- ,  am - t  o t  to t6 l  a .c !  o t
O{ ing  sCa ins t  t i6c  io  hours .  See Tabtc  2  Io .  t cy .

Vacuum Vol.16 No.3, 1966
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Oylk. ll.oo., rnd L.Ma.ctt.: Cod.Ltton ot ornor idng of rblnt .a .t..1 rnd afu.nlnum

"r, Pnoctss sYsrtMS
['lIERtitAItoNAt. tNc

-o
rO

1 0

a 9. S.d (Sr.att

O Sr S.. Gl-t r t Otrro

C St g..,al Go,|,trl
I O ^rfirn- cbdl ts.rr,....l

r - 5 0 0

t . 2 o o

\o  ' .

- f - m

t \ . \ t f . 2

t o

E

o

.9
r 0

- t0
r0

r00r0

Fio. t. n coinpiliiE'n of sclcctcd outgassing rcsuls from- thi lit'ciiturc6i
rhc outgassing of stainlcss stccl and aluminum at erabictrt k$ncqqars
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CATALOG OF SELECTED CONFICURATION FACTORS 789 1
(a,e3e\ { Fk*^,et[ )
Two concentric cylinders of same
fioite leogth.

R : 2  L =  
t

tr tL

A : L 2 + R 2 - l
a = L 2 - P + t

'"-, = j - *+*-'(;1 - +1,/TrrE@.*-'(aJ + a',.-'ft) - <, ])
, - ,=r -J^*3^, "n- ' (+)

L (,/ 4F77; . ,, t41�P _ l) + Q'lx')(R' - 2)l_ r? \__-__,rn 
_ 
1_ rl:i@=1)_1
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_ g < , n - , r < i
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L =  a ? / z t =  \ . 5

A  =  \ , 5 "  +  \ , ? 6 4  -  \  = ' i . , , 8 1

g :  t . 5 t - t . 2 6 " + t  =  l , A 9

c"-'(+) = .1Lb

co5- '  t#)= \ 'o61

s in- '  (+ )  = ,121
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PROCESS SYSTEMS INTERNATIONAL. INC. ENGINEERING
CALCI]LATIONS

NO:  Vo49  - l  -  o1Z
WESTBOROUGI{, MA PAGE I OF I5

REV. DEO # DATE BY: CHECK TITLE: BoK ?u"^f Ko13\*lc..r-
A ? e,ua-Lato,+-r.a

n ?/r s/s6 ll ]V.ltt*.

Rv Dewirl Mm DFPI :744

PROJECT: LIGO PROJECTNO: V59049

PURPOSE: Determine if an]' significant pressure differential exists across the 5/td' eap seDarating the
low e liner and the thermal radiation shield in the 80K oumo durine pumpdown which could structurally
damage either ofthese components.

METHOD: Comouter simulation of the roughdown of the 80K pump charnber volume. The computer
orogram is a finite diference code which utilizes the Newton- Raphson method to solve the system
eouations.

AS SUMPTIONS: The gap which separates the low e liner and the radiation shield is modelled as a short
oioe ofeouivalent diameter with entrance and exit losses equal to 1.5 velocitv heads. The roughing

process is assumed to be executed with the turbo backing oump. whose speed (90 cu. m.Ar.) is
approximatelv constant during the pressure range of interest.

IMUTS: Inout file attached.

REFERENCES:

CALCIILATIONS: Related calculations attached.

CONCLUSIONS: Delta P across the gap is insignificant. No significant structural loads.

FU.ED:\F:mMPLAIRENGFoR.LISENGCALC



Roughdown of Short 80K Pump
Gate Valves Closed
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FLUTD BCD 3GENERAL
BCD 9 PRESS. VS TIME ]N 8OK PUMP CHAMBER
BCD 9 ROUG}IDOWN CIiAMBER WITII TURBO BACKTNG PUMP
END
BCD 3PRESSI]RE D.ATA
REM NODE #. EI.,EVATION, INIT PRESS,. ETC.

7 6 0 . $
7 5 0 . $

7 6 0 . $
1.0 $ DI]MMY PRESSURE NODE

END
BCD 3TUBE DATA

ABS TUBE #, TNIT NODE, TERM NODE, A(REF #, ARR.AY DA,TA)
T t l B  1 0 ,  L ,  5 ,  A 1 ,  0 . 0 $
T U B  3 0 ,  L ,  s ,  A 1 ,  0 . 0 $
P M I  - 2 0 ,  5 ,  1 0 ,  A 5 ,  0 , 0 $
EI{D
BCD 3CONSTAT�TS DATA

GIrAV=32.2 $
GC1=89.6605 $CONVERSION rO TORR
\ r \ - z= r .  v  D

USRFLO=o.1 S

- L ,

1 0 ,
o o o o

0 . ,
o . ,

0 . ,
o . ,

c

SPARES = 0. (1.)  CAUSES "DEBUGf TO BE
SPARE6 = r .  $
SPARET = 0, (1.) CAUSES 'NOFERRI TO BE

.  FA I ,SE .  ( .TRUE. ) .

. FALSE. ( .TRIIE. ) .

b
SPARBT = 1. $
TIIE FOLLO}ilING IIINE CAUSES ORDER REDUCTION TO BE SUPRESSED.
rsowE = 2
THE FOTLOWING PAXA},IETERS CONTROL CONYERGENCE FOR TIIE FLUID
NETIIIORK SOLIEION AIiID OVERRIDE THE DEFAULT VALTJES . ..
KMAX=100 $
PRSABS=O.001 S
PRSREL=o.001 S
FTOABS=0.0001 g
FITOREL=o.0001 $
l [DIM=10000$
NFLOOP= 10
PRLXCA= 0.001
E P S = 0 . 0 1
PMPTOL=o .005
L=0.0 $ TOTAL MASS OUTFLOW, O(ITER CHAM. VOLUME
5=0.0 $ TOTAL MASS OUTFIOW, rNNER CIIAM. vOtlJME
L0=750. I PRESSTRE IN OUTER CHAM. VOLITME (rORR)
50=750. $ PRESSIIRE IN INNER CIIAM. VOLIIME (TORR)
60=0. $ DELTA P
1OO= O.O S EI,APSED TTME
2OO= .Q662 S PIIMP FLOW
1000=2627. $ INITTAT, ArR MASS, OIIrER CHAM. VOLIIME, cM.
2=1,6 - 0
3 = , 0 7 5
b = .  1 2 5

$ TIME COUMTER
$ INITIA], AfR DETiISITC
$ TIME STEP (SEC.)

END
BCD 3ARRAY DATA
R E M  L ,  D . K ,  E / D  ,  F I V E  E M P T Y  F I E I . , D S

^  L , . t 2 5 ,  . 6 2 4 ,  1 . 5 0 ,  . 0 0 0 1 8 ,  0 . 0 ,  0 . 0 ,  0 . 0 ,  0 . 0 ,  0 . 0 ,  E N D $ A N N T T L U S
qlF PttMP CHARACTERTSTTCS
C_-- MASS FLOW RATE VS- (DO$INSTRBAM - UPSTREAM PRESS. )

5 , . 0 , 15 . , 1 . 0 . 1-5 . , END
C--- PI]MP DOIIN CT]RVE

7 ,  4 . ,  . O Q O 4 , 1 _ 3 . .  . 0 0 L L ,  2 2 . ,  . O O t g ,  2 7  . ,  . 0 0 2 4 , 3 4 . ,  .  0 0 3 0  
v , _ : _ { )  -  i  _  D 1 i

T X Z o t  r s



o
c - - - -

F
F +
F
F 5 0
F +
F  1 0 0
c - - - -
M
F

4 3 . .  . 0 0 3 7 , 5 3 . ,  . O O 4 7 , 6 7 . ,  . 0 0 5 8 . 8 5 . ,  . 0 0 7 3
1 3 s . ,  . O 1 r - 7 ,  1 7 O . ,  . 0 L 4 9 , 2 2 0 . ,  . 0 L 9 0 , 3 5 5 . ,  . 0 3 1 0
4 6 0 . .  . 0 3 9 8 , s 9 0 . ,  . 0 s 1 2 , 7 6 0 . ,  . 0 6 6 2 , E N D

END
BCD 3EXECII|ION

OBTAIN PT'MP MASS FI,OW.FROM CHAMBER PRESSURE
D1DEG1 (XK1O, A7, XK2OO)

OPEN (IrNfT=7 . FILE= | PRESS . OUT ' . ACCESS= I SEQUEMI IAI | ,
STATUS= rOLDr , FORM= ' FORMATTED ' )

wRr lE  (7 ,50 )
FORMAT(5X, '  T IME (SEC) '  .  5X ,

' D P ( T O R R )  " 1 X , ' P 1  ( T O R R )  " / )
CONTINUE
SET PI,}4P MASS FLOW
w20=XK200
COI{TTINUE

FLDSOT
CALL PMPFLO
I F ( P 1  . G E . 2 5 O . O ) T I I E N
qONTTNUE

I F ( X K 2 . I , E . O . ) T I I E N
CAI.L DATPRT

105 CONTINI'E
EIID IF

XK2=XK2-1 .0
GO TO 100

ELSE
CONTINIJE

END IF
CLOSE (IINIT=7)

EIiID
BCD 3VARIABLES F

REM DYNAMIC VISCOSITY I]NITS = LBM,/FT-SEC
T ' �UBE (10 ,  . 0000123 ,  K3 ,  80  .  )

T L B E ( 2 0 ,  . 0 0 0 0 1 2 3 , K 3 ,  8 0 .  )
T I ,BE  (30 ,  .  0000123 ,  K3 ,  80 .  )

BND
B@ 3VARIABI,ES 1
END
BCD 3VARIABLES 2
EI{D
BCD 3OIITPUT CAI-,],S

I F ( X K 2 . I J E . O . ) T H E N
CALL PPRINT
CALL WPRINT

EI.,SE
COIITINUE

END IF
IF  (XK6O.GE.2 .  O)  l l IEN
wRrTE ( 7,  800 )  XK100 ,  XK50, P1

EIISE
CONTINI'E

EI{D IF
0 0  F 0 R M A T  ( 5 X .  '  ,  '  , F 9  . 2 ,  |  ,  |  , F 8  , 2 ,  |  ,  |  , F 8  . 2 '

END
BCD 3 S IIIROUTINE PMPFLO

C_ _ - - COMPI]:TE IVIASS OII|FLOW DI]RTNG SEI,ECTED TIME STEP
M XK l -=  (W10+W30 )  *XK5*453 .5
M xK5 =w2 0*xK6*453 .  6

F
M
L

M
F
.!

F
M
F
F
-!'

M
F
F
F
F
F
CM
cll
CM
CM
c!,r

-

v o q g - \ - D - ? ?
P34 "{ tE



C---- COMPUTE DELTA P ACROSS GAP
M XK60=ABS iPs-P1)
C---- COMPTITE NEW PRESSURE IN CHAMBER OUTER VOLIJME
(b.

ut-- oUTER vOr,UME
M-  XK10= .289* (XK1_000-XK l_ )
M P1-=XK1-0
c
C---- COMPUTE EI,,APSED TIME
M XK100=XK100+XK5
C---- COMPUTE REMAINING AIR MASS
M XK1000=XK1000-xKL
c1v�r xK5000=xK5000-xK5
C--- COMPIITE AIR DENSIIY
M xK3=XIKLO0O/34926.
C----- T'PDATE PT'MP FI-,OW RATB

DlDEG1 (XK10,A7, XK200 )
M w20=xK200

END
BCD 3SINROUTINE DATPRT

I F ( X K 2 . L E , O . ) T I I E N
x K 2 = 1 5 . 0

EIID IF
WRITE(6 ,200 )XK] . ,XK5
WRITE (6,  300) XK100
wRrTE (5,400) XK1000
wRrTE (6 .700 )  XK10
I iRrTE (6,  600) xK200
wRrTE (6;980) XK3
i iRlTE (7,  800) XK100, XK60, P1
COIITINTJE

FORMAT(/,5X, 'MASS OIITFLOW FROM OIITER VOL.= "F10.4, '  GR;AMS"
+  / , 5X ,  |MASS OI ITFLOW EROM INNER VOL.=  ' ,F10 .4 , '  GRAMS| ,  / )

FORMAT(5X,  'ELAPSED T IME =  "F10 .3 , '  SEC. ' )
FORMAT (5X, ' REMATNTNG MASS, OUTER CIIAM. = " F10 .2, ' GR;AI4S ' )
FORMAT (5X, I REMAINING MASS, INNER CIIAM. = " F10 .2, ' GR;MS I )
FORMAT (/, 5X, ' PITMPFLOW= ' , F10 .4, ' LBlll/SEC ' )
FORMAT(/,5X, 'OUTER CI{AMBER PRESS= ' ,F10.4)
F O R I { A T ( 5 X , ' ,  " F 9 . 2 , ' , ' , F L O . 4 ,  "  " F 8 . 2 )
FORMAT (5X, ' AIR DF,IISITY= ' , F5 .4, 1X, ' LBM/FT^ 

^3 ' )
EI{D
BCD 3END OF DATA

M
M
F
M
M
M
M
M

-
M
c
F  2 0 0
F
F  3 0 0
F  4 0 0
F  5 0 0
F  6 0 0
F  700
F  8 0 0
F  980

v o 4 q = l -
P o 5



i o 0 . ,
r D o g



A

F.r ,, -r,-,.t-.. ol Q I 
'.:-

trt*. i  i^3 ,,a f eC \
(5,L-\.[ Cicu^bec )

F F F

o c c

(rt a{ a{

r0e.00 te591l

18.00 ( l? l9 l

o 'rter vo I o 'r'r€

16  Jan . ,  1996

v o q g -  t  - P t  "
Pa -? n+ \5

HEATE!  oNa FoR R€6ENERAr l0N

VACUUI't 6AUCES

I
I
I

I
e!!.,i.CaL aEEDIHRU

IE '  O.D,  CONILAT

/ /  SuRSr  DISC
/ PUP6E AIR

f.wner
Vo\r.:w. 4

RA!IATION SHIELDING

PLAN VTEV



Co\. ' .r\. . t ,0,.. of Vo\u**.

C..i*l,ci" $l. ortec chq-*Lar vcluv*e [rei r ske*cn'i D*
i . t i i r ,  , , l ^ l

:a\e.r tAj ," , t  Y' '1 c ?rob9 Lf, .a\bsp tr l lu 'vre u:, . :^.{et [  " ,  t

r",'a."ober ghe\\ :iU \nu^i,, tr Svprodl:r+c o'..? ** .Xirr"*

i^=rd.< \Q" Sr*..*,.! sn-J.,fir'ar^ sti'eid 1 Y0-" gto+g'hdia

'?a\uvr,a'r^ 1C^* skd{?L :
r l  ,  - , - l ?  I  4

: \1e- \ \ ' .  V= 1 ld  x  i f1 l ,6 , - . *n
i ' l

r l

Hec^-a\,: :,
' '  

, t  t
\o \ tJwt€

' { l

[ i 'nYr v' l le:],

..:.:,- J'--, ,\ * . 
'

It L :-:-iu-
zi

Z1g,i4 .-
'  1 4  o a

1 ^  . r i ,  t , ;  ' Q  
t

V

J : V

d i " .  t ! \ .

V l { t 3

rrn - )For  L

2

V o 4 9 * l - o ' 1  z
P q f c { t E

o{ e\\lg{i,*[{1 il ' ;h"l i,e*rl \es 6,p-

- 5 ,  2 .
:  - 7 , t X i c  d i

r \ , -  !  \-  - ' l .AYi i  ,  f  - ,q ' /Z  i
n _'r

=  ? 6 , 1 q  t T  -

a ?
hzn-d : . .  1L .a i i  t \  

'  ! ' -2  '16

j- Gco:> -\J.. vo\,-r*ae fevcl,rl.'^r., t{e pr.t.*-
l _  r  :  \

dr,,tq beo-n-,. $orJq ) i9 :
l l

{ . L a
-+- V , -.-)

i  \ i L ,
\ 4 .  r  ' t

t i i
c c o
6 C C |



V"\,runt g

r l + J'^ rn^1{

$ i-ta)'' (r")

L o n , 4 1 1 -  , ' * ?  { e . Z Z * , 3  }

V"\u*e 
-'*u,J.* 

c.ro::*f,,1, L.rd,', jol"t*e-

Appror,**e,.+ t,.! ' ' ' 'Jcrs 4q lz6"' ito,
L . )

; .  Vol  :  Zx Tt ' "  \**#.
.  - \

-  e  J  \ \-  ' \  4  i

,^.iJ.r Ve- rr-Aid,o-^ sL.ie-\cl -.

' z a  A 1

a  
' j  ,  '  I

X  \ , ; {  h ig .  ! . .
L-r

C'.t.er cLa*ber Vo iuw.e

[ , b 5  -  i \ , 2 " ,

\ r 0 a )

L ' : ' - t  * - '

(qq*)

' :

* . f , q ) ?,14 , , " , f

'--L-
\ r\4

{ - \ r e f |  . i i l d  V I i J _ € 1 . .
; 1

i .  . ' l iuino^ eL.,eU
I

.i, 
f c'o t 'fl r'{: I i: : !'" ,t 'o" 'i.

t^^er r/*i-ai,f- 'ii" Le- *ur."u*{.l rg !f,e vo\u*e be*'^ree'.

{ir 
''^.\...,0[*t 

*[.. vo\r.,*q

, {" 'ue**nT..,lee 
1"r-1 { , ,r'J

' / _ . a

i " , . *  . 1 t \ ' i i ' :  i r v . F t .

t v\gt/,e

' .{ ' i, '"

Vo4q  -  \ - ^a1z
F7 6; *: 15

I E I

o o c| a c 0

<i.i.i

@



F F F

c t o o

/ - t l r
lJ €rr-uut 

-t.rlAe 
(ofTa ,.

I
) D o o i  D \ Q L . e .

l l

\ i  . "

S in,'{ )'(r"\
?  6  L  {  /  I t \

.*- -J.- I \
{ o l a - \  r n n e { -  V o l \ J S ^ € .

"  3 . n z

l a .

. - L  , n
r --r- | r -U--

! :  Z r  \ t d ' , .  y [ e , . * 1 T I
+ r

' (T)r+ri) ' (zei)

a o z 8 7 r :  ( { , i r " , . " )

q ,

- F  t , ? t + , q L  = 5, i  L  * , j

ve4q - t -  e: t
4  - -

? a  l 3  c : -  l ?



. ^

Mlq.t+ ot

,1, 'l-p r
v v  I  l , - l

\ A

Covwp.taortr r*: -t-c

! \  - i
Ue.lle,f *. ',

-  e . =
, i  r

tscf i l , ie e.r- lgt

p =

cLrc ,* .L''^Ler

{-rr a-*rber Vel,;rng rn{t..c,.l

V  =  - 1 , \ e  * :

lb,-. \

(z uzJ q * , . , \ \
(1 '

Cr--\ I fY.0. I e> i

F F I -

c o c{ r e c L  
1 . k " "

\ \
\ Q , 1

I
I v t v r a f  V 6 l U v \ ^ e  i

, r  A
V - -  6 , 6 L  w '

v\^ -- 6 .€ t ( z, a;-i

=  \ 4 . - r 3  \ b " ^  ( L u * ?  g n " ,
I

-#-

, t
co.,..g 'ite r- 9t$au \ ".\ o "1 n

v^{1

I r t
C'r.a." . . : . . : , f {"  Vs b!r^ f

. | , , 
' . i

X \ { t o o c  /  Z t e c  z w  . ,  ; 1 { a r

0 t  I

n

y ( r )a  a  a . v^  t i  ,  i - t ' t e t '  \ /  \ ! ' ^ "  ' \
*{*Z 

T=.  ;g .c+-=iz{ f  } \+;e. t  ga^ )

I  X K t o o o  \  \ b *
i ; *=-
\  ? d c ? l - '  i r ' :

$  r  r ' E

v b 4 9 - \ - o - 1  ? .
F", ri -,- t5



P*:s.rfc (l*ort^**, o-..,.
i

\ < \
V \ ^  \ \  \

--l-

V M
l r -r l - a a^ o.' '1

b c , 5 b

+n4
f,ie

t o r r " , {

p =

p -

O';fu. vo \'; *'t e ',

. l

\

I
l * l ^ f . g f  v t \ u /4Ag  ' -

* {ue,:',){ t?a-\-*T, 7;=qa 
-

v  L L * i . 1 ,

6 ja , - tog  ( *  /v

| ?- ,. -- Fa,
6 J ' - , r t  t t r

."Bt ' l ta

P =  6 3 * . f ; 3

:  . \ \ 3  v r n

i l \
\  tn\ / a\gs ;

;
L e  f ' f

t'*e \€ - Fl

F F F

0 0 0

a-a at a{

s / \

t r l  /  5 f r "u  I

t - r r

v o 4 q  - l -  q ] ?
F3 tt r l  tE



o

o o o
r | 0 0

@

I

\.r- \ .-j

i  UC,r6 \ - " /n l  +\^  q
A a i' t-rtu^ 

1i LUFV{'

P",*p hot

$o.  *a

o.n .l-?froxr*.#iet*, .s\.Ja"it =peuo\ (to *"=/f..\

pce c:,:kc .-t i^te-, n.J ,

Rese.r.. i-n.r)
? \ '  .  \

> La-ci w4 \
r  f r l  I  \

w\  L l b -  i ges  l

{ 6 1 - ,

( 9 n

4 t s

F? : i

t  l S r

| D /

r (4

-J "',

'?-?

- :3.  o . c : q g

. 0 5 8 d

.  c45 l

.  o 3 5 \

.  oz\5

.O \ {!g

f\ | '??-

, oog?

.  0066

n a (  - a

.  oo4?

,a534

, ooe-?

r,t t'' t) 4

r r ^ l ' {

, a c s 4

. l i 6 e a -

n f  t l

^ ?.q a.

.  o r q )

.  o t19

. o t \ : ?

n ^ l e

n r  d 4

,  o0 .1  I

. oo3'l

,  ooSc

n , ' t 94 ,

r + r n dr l r
Y

v 0 4 g - \ -  0 1 ?
Prr tJ a'' I $

o



%*td,o,r"l* "{
AeV Pr*p { - ro*her

F F F

c toa t| n C O

F l r , r t  f  i " , , ,  l i . l r  i  ?

{o"ter
I o luvae )

r !

G(o De-il,r.teeq.4
,/.22/-''J/ g3rt ulvra € 9

( r o ) r '  t
\_-/ 

-/ 
?-

ev\.,r* g..t

\o ( V*c.r,r... g.l* p \

(  I rne r
v 0 lu/!^e )

v 0 4 9  -  I
7c \4

fr

' a 1 z
s'fl t5



f"r
q-fQ6,

''

f 3(: r(n"'t^.;'.ace
'  r t  r

* r'i:' '; 'n r')d

( , 0 "  \ ,  { , )

3o .E cra"rLjil"t
Aa^. , \ t r  3^f

:* ' .^* ' . i i t ( i - , . ; -u. .  :ar;  a+, nr ic l-  ' l *1,

u+ l+Ae ^.-+)Qe t,.!o ,^{n.t-'
U

i  \ l e  -

b.1
\

u i

1

! i

[o ".

-. 1'1

I
{.

I

P

( A..^

* ln,e i .J

Ong 6,  ̂ . t
c '

4{ .  t? ' \

.f ".- qlr,J' 
?*

5 dlr'-

,  !  ! ' r

vo19-  I  -  oJ? .
PA l5 o+ 15

n l
* . , .  t

/ \

! ' ?  i

. -  I r  r
1> /4

/ . )
/ L

44

4 ' � \

(4s t t ^
2  \ ' 2

(/

b 5r^4

- l

- a l z l
t t B  I

5 L u/,C'

-rhe-

P"rt

For o,,tg 
?r'? 

'r

A +

t \ -  i l
I

L l

d.e\ , ' ' .E{

a o  o u \ /

e6.iu,.ie^t gipe Atcr,^etar

*Uqi'- 
44Az') --

l t z

dr, - . . : . .  - -  - t .49 ' '

F l - l -

0 0 c



\I
r

b
-t

^(
i

-t
o-€Oa

O
E

F
 

r.r 
o

o
,'=

o
o

=
 

F
(

\, 
O

\

e
@

N
.

.
o

d
6

orF
.

O
A

o\

ul$

;v
6

e
o

<
F

+
!

a

o
o

o
\

o

6
F

 
e

O
H

E
 

O
<

)

.
E

r
,

r
<

=
=

g

e
 

-
 

o
o

o
o

e
 

O
 

O
O

F
o

(
,

r
v

�
!

-
F

cr 
o\

E
 

f
 

o
^

l
O

F

=
o

c) 
r!

|
,

J
>

-
o

'
r

f
r

r
!

.

a
<

t
_

>
.

d
 

=
E

F
F

?
. 

E
 

=
 

v
l9

9
=

-
o

 
a

 
u

,
 

c
E

U
:

)

I

{

-
L{5L+

-

-(

{

-2
t

-<
't-)

u

o

r
{

=

l!
J

=

-
t

A

ti

c-\_'- lc6

=

s
=

-

o
-

s

3=



o

o

o

PROCESS SYSTEl\trS INTERNATIONAL. INC. ENGII\EERING
CALCULATIONS

NO: V049-1-094
WESTBOROUGH,MA Rev. No. 1

Paue la of 15
PROJECT: LIGO VACUTJMEOUIPMENT PROJECT NO: Y59049
CALCULATION TITLE: Relievins Reouirements for 80K PumpVacuum Shell Relief Device

REVISIONHISTORY

Rev.0 Orieinal Issue - Aoril 19. 1996

Rev. I Issue Date - Oct. 15, 1996

r Revised sizing ofburst disc to take pressue drop ofvent line into account.
Relieving area increased to 3.36 sq. in.



Co..t € co,n+,o[.. +o< sizr'..1 .e\ietdeu,c.--

LN. rege{-yo\r ca.\s \A-

va-cus,\r s\e-tL t" eof . C"*-
tro\ vclve- i= :,+*J, $r ^gpcox, 1

1-. C^toet.jLtc rutture "f L\. ceeeF{o\c

{u*ps entir+- \r1.r.rl rnvento(1 ,-t t[*

botL",* ,{ *4" 
'u,*.r..,^ 

€h;t( Vo'rt
t  , ,  '  |  ' n

,r.s'lneJ.. 6lotked, ,^1,\t{A \ce .

LN. cef€c{o\r r{Ptuc€e J.u.r'^q Coot-
\

do**, M**r.^[ -o\t-.," uo|'ve'." too?-

oPe!^ . GN" Ve(t lt ope* , =."..u- it
r,urlt yrot have- hart :u€€rcre-n{ trir,e

to tce up, o-nol :, pcovicLr: o^5{hec

retrevrncl P**. C., c^re \er5 9e{ef€
r*to.^ +,ltt t^ro qc,el .

[ . Leo-k i' tQ,u-
er,twe Pu*pF F F

o c o{ r0 (? \ [* /h...,
' 4 .

ro\e rYr \*.rg ca9€.=o 
't 

pl"b" r,o :r6n$tca;t

LN.

a2cle
ti\"id

n ,

4 .
- r l

cLlerrf 616 cuFore6 c[ur\"j
t ,

t{Jh€-v\ D.l*o r 9 \\)A-f$. \(\
l l \

i*  Fe-bervorr .  {4o* { to-

fefter^.
" F .  U O

,*: 4or

tU'^l hc\,Ce-X-gv1
-FS

\ tr t,1

6 5

* r t .S \

ic lo6oo 5cF+.l (^ ' tao
/^. n

L*n€ i5 \e:t selece "{<q^ :Se

O14 reV'
l :

L es-=eS voJg- t ;
t? 1- oT



9 9 0 Ca-ce t ; A \es'\<. i^ -da L\r, reservo\r c.oa\e

*8" e'\+\r€- va4uurt^ c-ho*,,ber e[ett

ti €oK ( v,5tt1 u^t,1."t3), L*e*t ie

\fl.". tr^"s{..."J. $-* tflu €.nvrrcn*te,it
ra -rQe- sl.-tt . 

*rt. re\rev.\a deu.*"
Ynuct *fl.* P^qs rQ. {=tt"-i\ sto,a
ra-te (u"u ano.llsrs , &ttr..fr*.** f ):

I J- J-

Q = ueor\, qcc.A€-' 
+€rfed. \co.^/\

o qF
tr

€.tVrf oYt*t€ w t
to ce\d. Va*crt
+ h e  t l  ,

. n
LIt -- s?e.'.\ri L,e"-J
t of Nz-

?> : volu.one ^(df.-
t" cie,^1 o-t

e$f a\€\rt',,r

vo41- t  -o14 | -LV
Ppa ' {  rE



App.o*,*o-{.^ S,r-o." Areo :
. . - : -o ' ' :  to f t ' t ' :  

, ,
146 '  >  

l

41"d

d * :  4 D "

1. ,  *  rz l l . ' '

o o o

cl t{ a{ C1\,'^,(r, aceq =Ti-{a")lt+u)= ZLpt4 ,na -
Po.tE : a,re^ -- z (rr)(++){,5) = ,l tqr ,,,'a

),sh",t heaa\s '. . . -2 r \
f i =  z x F ( c + n - )

" T r  l A n L , ( , r t r \ a )-  L - \ r  t - l l v ' + [ l L / L J  )

- - i l

i o la " i  ' , ,

s tz lL  i ^ :  l z , z+6F  ros "^ .  )

A  L L i l
4 1 1 - l

i l n ? <

-11-

HeC tra.^sf.r'u"l t-' cod. :[,.ii (p".
'^to-ll "{ Vq.r u u r,r e'""i i

11
€ c K  |  ; -*- 

?*+ lT , .  Te*viqo*' .
( t { t " e ^ ,  I  i t * " o ' '  = ? g 3 K ( s t - r ' a )

L-rJ

l t-{ F- + 
' C.ozoe ++ )

.lr.an\l ac€l( , ;

vo{1- t -^o94 trv
Pn r at ls



F F F

c c c{ r c o

a{ c{ a{ r fr -': -:* 
', 74 \

0.2- l  I  
'= j* t-  i  i  5?r -T)

\  r {  y ' , '

.  : f  - - - 4  - 4 \r - \  L ) L l  I

n .
I  I '  t

31 = @\ti. r\ C".\ ' ,U.sr
, r  -  :
| 

- i_.i, \r

,  . ^  t +
_  ' 3  l s t r  '  I  I

r1 r:. +-. ,
1 7 =  4 . 2  # , -'  

h r - t t  f
f ^

L4e4r t'o\( )

4  4 ' :' : - ' ,
' I

i  *  l q . c  a

4,S l r - rac \  -
-  \  " ' J  -

,oa6h

. t ,
, -  {qo-  - - - \ '4

i l  j \ / E  
J

+ , \- l t lx ro .-

?va,1i [r- r++) *- .r-]

a"\.t,*',., ", ' - . . . *  " t  c i ; -
l  =  \ A L  I

n  -  , -  l - n -  ' . , , ' = / 4
b {  

- -  ' \ l L > . ' - i n o ,  +

i5z1-T )
* q \

i5?1 - i  ]

-tq/a, *?..
*  \  

)  
, r r .  , 1 J i  . / t l  

* . * ? .
(qn -t

4 l A

En..g3 
'hate,.,ace ""

4 A  |  \, a f i  1 T -  t 4 4 \  :--- 
\ t

t

l!
-,tt

T

'F;T'.i ?34



Qr-r-1 = 4ta F*= ' (l##)

= rJo , 5 87 F,t^*
" t f

^ t  2 f t , 1 ( r a . - -  f = . . \  {  t 4 4 ' Rr  0 \

? =  - ! ' r y \: " /  -  
V  \  c t T l g

. o o - l q  , l  "  k

( Eo 5'-= 1 (' 'or a9 )

a..  ra
IT

F F F

r . a
c t o o
r | o o

) ^

v v t

a '1

4 4  0 L \ b,,-.
{  

' ' = .

are d.esrgneJ.

?s\a. ( r r

{nc  \1

ssiS\

t

- r  l r
a.L't4, 4 t t  -

v049 -  l -  o94
? a 6 o t t T

! r r

_=+

La..,g i$s vohes a.t e,nt+ S r:u*od o  r
fere^t-l pre+zt:r?-,

\ , . , is ,  i4,1):  zg. : j



fa.se Z'- Ca.to+t.oghia

UNz i"ve"$or1

? , t
zlE

A

rugture of LNz re.eervoiri

",\\*t at [-tbu',n '+
l l

VACUU.I CL\o.'\A\ref ',

VaLrruv^t ch**ber

Rete.vorr

zlLrm ttorel, t,^

vapof r?e q \ i-1-"',d, .
U

o o or r o c

-  .oa"-  . c  q

Va-c,pp*,r, c-\o.\,..bgc. . ,
urrtlr Cggecvo\r \re,.r,.a[
rr,rv€n*.oc ra a-t b$tto "./.

A :  3 9 9 .  a  , n '

A =  - . . t ( e  - s i n o \

t?e.q = !(surr)t(" - 5,.e )

S o \ r * . o ^ i  0 =  t . 5 o 3  r a J . .

r +
v7ns (,soz)
51,11  "

(teto"ao A\\ \

i  r  2  - 1 - \
A -- r (z1,zt5 - z1'\zi J

Vo{1-l-o91 rev,
P g r e * t G

ro

A.u-L"*1t0,, 9'.

- t  
-  

\

o



T,t,-L L(e^ r.t the- \rnu,rt /vou,u*:t^all
0

i E a.?? roy.."ate[,1

(r+ $t)i ff') (sr,-r< i^ J =
t . t

\ 0  ) 0 7  (  t t n '

(6r,e +f )
-t8"D.."e t" -tH. \^.ng teonperaln*re

( to"r - (-aeo"r\)t, -t0." 't'xuiJ 
d

l't":J 
u.i, \\ {.cm o,-

i4T€r'h

o o o
1 l ' 0 0

exCee 5

',t"1 -rh. vc(!Va.Por b\a.*n tf.tr betwgera,
.fn'.* t" - ) ceeo tt ,;1 ,-

L�TJvl/\

4,[,^ b"rt,5 .

(gQe..i*1 -t. p"b\i:t eJ bo,\,*1 dat'. {.r
r \ n

nitroq€.r\ , -tKe he^t Slux * eqt"p €*(ee|u .  t
trarnnpco.t,rre il Bgoo Rr4f*-4+'

rc Qtt [ 
-- Aooo (a:.ef)

= \51F29 B't*-/hr

b rl^P or q.er€r4tu "- t j
\ 0

' = 261 FLo o:."lutll"n 
Bg.4 6 g.r-,t/lb.-

= r-ELq l t"^,/h..

Vo41  - t -D?4 ,a 'ev .L
P3a of ts



avce u.o-s5 #1"* ro-*e \t ?
I
d.rop (^-c(h, vecf iivte **v* be
. n  t  -  t  r \

\Kg req,-rirco{ o rrt r'ct Area,a.'."[

be c.'. ld.ere/..

-AoF B.,rr*T v,4tf
Yofl$ *rge |  \ne

L*ou _ bce+ev1{
A ) l

ci=.J-etJ ir^ =i+,n1

I'etn+it-r cLranqe: wr,.r+1
J J

F F F

I I I

o o o
u t 0 l t

Ve,.tt gy rT

r\,
rlent \i"e \e"$( = 63,2 {t p\us {

I

6i, ' t-
b 9

r e g . ? - + * "

[Ijoedf .ore
, \  . . !
t"J 7 tb cL. t

-  g c o d a , { n r E

f ueX,;,.+ = 6zr$t-1
;

t otq. t r*e$'l'v -

3,",.. tPe- pre4+ocie i* S,Q" 6o \c. pu* 1l is "?-?,,1

p.i,^ ,\0. S\o* 
',^ tQ. ve\t *,\t. o"t .[,o\'e d {"

pce+lure  a t  *Q"  ved e i r t  w, [ [  be \4 ,?  f= ,a ,

a+Eur^ftton i, -A;t *0.. U^ (o( ;t {"t

rccpvr4 *la'^g"..* $a ,

E = z.5.? g+rcr

I  =  l o o 1  ( e a o " a )
= aa = CorrETa^1,f tre,rt ag ,.l,r,ho.*,.\  

s too  )

vo 41- I - o14 ,tev tr-.
F 2  ?  ' {  1 5 '



x

E E E

o o o
'-r

\4.

t-;-- e r-
J #  # M n l  ' * r y k t '' v  \  {  r o

{L= 55, t3

-N- --
A

1*lve

I S , 3  (

o , a L

root ---+

, ? t 5

, z \ 1

, 7 7

$-itt
I b*- ofl-

6Ea4 \b* lt^,r
. -o?9 +t"

$ o r  M z  ' ,

Y I -  =  13 .? l"  
S g P o

- lL":
c.1?-1e*

l i . q laz rc )  z t t .?  i v \= \ffi 5-?tilro

. l + - *

M {  t + . z f s "
. z l L

, L \ 6

, 7 Z l

5 . o r €

vo41-\-  Q94 , rcev.1
P 3  l o  o t t 5

(R.fe...ce st&
t q : t  J

P *  t 4 . l ( l { 4 ) =  " ' r t - i [e
t-t

= $r\ Nl t -r.z fol*

: .  l A z '  , z z { (slp*}*.



Fro* t^!\er u{ c-*^pce;r,r!\e *io*l $.x*'t'o,t: (f3tt.,

^t*-*huJ. )

f ,+$r'*"rt 'oiE tz,r i

F*y.\i, * s

F cona t^b\er ,

M ,  =  , t 9 , L

' t  iP /p* ) * ,  =  9 ,76

.or1z I

6 . l l

{ i * \
v  l f r t

a E. {a'r . 4f ic "ei

v o 4 q  - r - 0 1 4 , l z € . , , !
?7r t  o t  r i

pVD u lD
& - :  -

,b /t^ h

\e,"t (,:a t5).

1 , r - f  f ,  r 0 * 5

655, eco

F F F

o o o| r rgg

a{ 6t ol

\ zL . z  \
m t

.z.l * L -

=

4+

6 . t t  +  l Z , l t

ta,z?-

I

. f a,.C L*r^. i
.  I  i r  - ,  - '  i  *e s \ * I-  u  / s ' l



i- Fr'P * ,] *.r
{FF*} *

r D
F o  t  t ,4,r i€F)

l '?.4-? ff le'r
F F F

o 0 cr D 9 0

,0' z

a B,+* [ , rc*t  o\r+c *or ZqJ -n-11

= a:?-s f et J

vo4(- l-cf 4., kv'
P 7  r e t  r s



626

i

TABLES OF CONIPRESSIBLDFLOW FUNCTIONS App- B

TABI,E B'4

Ffl c'rloliAl,, ADIABlrrc, CoNst^xr-Ats^ Fr'ow (F^NNo l'I\E)

P€rfect Gas, 'i = l'4

p /p'
v /v'p'/w' i*1,

+fL^*/D

0.00 1-2000
.05 1 .1994
.10  1 .  1976
.15  1 .1S46
.20 l- 1905

.25 I. 1852

.30 1. 1788
-35 1-1713
.40 r. 1628
.45  1 .1533

.50 r.r4?3

.55  I .1315
.60  1 .1194
.65 1.10650
.70 r.092go

.75 1.07856

.80 r -06383

.85 r.04&1S

.90 I.03270
-95 L01652

r.m L000m
1.05 .98320
1.10  -966t8
r .15 .948S9
1.20 .93168

t.2a, -9t429
1.30 .89686
1.35 .87944
1.40 .86207
1.45  .u4n

1.50 .82759
1.55 .810t4
1-60 .79365
1.65 .77695
1.70 .76046

l .75 .74419
r -80 -72816
1.85 .71238
l.00 .69686
1.95 .68162

2.00 .6666?
2.05 .65200
2.l0 ,63?62
2- 15 .623$4
2.n .60976

0.00000
.o#76
.10043
. 16395
.21w2

-32572
.37880
.43r33
.48326

.53453

.58506

.6348I

.68374

.73179

.77893

.825r4

.87037

.9!.459

.95782

I .000m
1.04115
r .081
r.1203
1.1583

r .1952
1.2311
1.2660
r.2999
1.3927

1.3646
1,3955
1.4234
1.4,W
r .4825

r.50s?
r .5380
1.5614
I .5861
1 - 6099

1.63fl)

1 - 6769
r.6977
1.7179

9. 15Sr
4 -6236
3 . 1 3 1 7
2.4004

]. 9732
1.6979
l . 5094
i . 37{0
t.2763

I -m27
1.1472
1.1050{
j' 07314
1.04913

1.03 I37
l.0l&;3
1 .00066
1 .00399
t .00013

r .00000
t - 00082
I.00305
1.00646
I .01082

1.015$4
I .02169
r .02794
t - 03458
r .04153

I .04870
l -05604
1.06348
r .07008
1.0785r

1 .08603
1 .00352
L 1000
1. 1083
1.1155

.  1 .1207' 1- 1366
.  1 .  143{

1. L500

2AJ.O2
66.922
27 .932
14.533

8.4834
5.2902
3.4525
2.30&t

r .06908
-728n'5
.49081
.32460
. ?0814
. t n
.v72m
.03632
.0145r3
.003280

0
.m�2712
.009933
.02053
.03364
..04858
.06483
-08199
.0s074
.11782

.13605

.r#n
.17236
.rgtz�z
.WIffi

-2?ffi4
. 189
.25a32
. 4s3
.28389

.30499

.31965
' 3338t
.&47dJ
' 3609r

21.903 r t .5914
10.9435 5.8218
?.2866 3.9103
5.4555 2.9635

4.3546 2.4On
3.6190 2.0351
3-09?2 L?780
2.6958 1.5901
2,3865 1.,1486

2.1381 1.3399
1.9341 r.2549
1.7634 1- 1882
I.6183 l '  1356
1.4934 r.09436

1.3&18 r-06242
r.2a92 1.03823
|.m47 1.02067
1.12S13 1.00887
1.0612S 1-00215

1.00000 1.00000
.94435 1.00203
.89359 r.00793
.84710 r.01746
.80436 1.03044

.?6495 l.&676

.72848 r.06630

.69466 r.08m4
:66320 1. 1149
.63387 1- 1440

.60048 r.1762
' .58084 l�2116

.5567S r.2fi2

.s1421 r.m22

.51997 1.33?6

.492S5 1.3865

.474ry7 1.4390

.45623 1 .4952
-43936 1.5552
.42339 r.6193

. {0825

.39389

.38,024

.36?26

.3t194

r .7600
l . 836S
1 . 9 r 8 3
2.0050

app. B

TABLE 8.4. F

2.25 .596t27
2.N .5830S
2.35 .57021
2.40 .55762
2.45 .54533

z.fi .53333
2.s5 .52163
2.60 .51020
2.65 .49906
2.70 .46320

2.75 .4n61
2.80 -467m
2.ES -457
2.90 -44742
2.95 .4378t

3.00 -4851
3.50 -3478i
4-00 .28571
4.50 .?€�761
5-00 .2000(

6.m .146&
?.00 .1111
8.00 .(E6g
9.00 .0697

10.00 .05?1

Be\'' t
Vo4cr- l -  ot4

? V e  t v



tlse :r+hq *.*^rt", Q. r.,bccrt-,*[ 4t"* -f-r"*..

Aer szd :

for superimposed_back pressure and for sizing a pilot-
operated relief valve.
Note: nahtred-bcllgws rclicf yalvcs that gpcratc l! tbc subcriticalrcgror should bc sizcd using Equarioos 2+.'Thi b""k ;G;;;
milm:.to, 

* "pplicatioo shoutd bc otr.i".a b;. thc-of*

!

SEING FOR SUBGRTTTCAL FL(M: cAs oR
VAPOR OTHER THAN STEAM

F2 = coefficient of subcritical flow (see Figure 29 for
values)

(*)t'r{\$r1
ratio of the specific hearts.
ratio of back prcssure to upstreao relieving
pressure, P/Pr.

Ka = effective coeffcient of discharge
= 0.975 for use in Equations S-7.

Z = compressibiliry factor for the deviation of rhe
actual gas from a perfect gas, a factor evaluated
at relieving inlet conditions.

I : relieving temperature of the inlet gas or vapor,
. - in d€gr€es Rankine (degrees Fahrentreit + +-OO;.
M = molecular weight of the gas or vapor. Various

handbooks carry tables of molectlir weiehts of
materials, but the composition of the fiowing
gas or vapor is seldom the same as that listed in
the tables. This value should be obtained from

c t o i o{ r€€

Tq; 43.3
a{ ct at
c{ ct a{

(5)

(6)

(4
4.3.3.1 General

When the ratio of back pressure ro inlet pressure
exceeds lhe critical pressu.re ratio p6lp1, the flow
through the pressure relief valve is subcritical (see
4.3-l). Equations 5-7 may be used to calculate the re_
quired effective discharge area for a conventional relief
valve rhat has its spriog setting adju*ed ro comoensate

.}
U

k =

the process data. Table 8 lists values for some
common fluids.

Pr = upctream relieving pressure, in pounds per
square inch absolute. This is the set pressure
plus the allowable overpressue (see 4-2) plus
atmospheric pressure, in pounds per sqrxue

- inch absolute.
P2 = back pressure, in poun& per square inch abs+.

lute.
7 = required flow through the valve, in standard

cubic feet per minute at 14.2 pounds pe. square
inch absolute and 60.F.

G = specific gravity of gas refened to air
: I.00 for air at 14.7 pounds persquare inch abso-

lute and 6O"F.

4.3.3.2 Example

. In this example, the following relief requirements are
grven:

vo4t- t -o1{,fic.v{,

^=&,8A5
n =  v" 

&S.ZFIKI
. - r '^=#a,,[m

Where: t
z{ = required effective discharge area of the valve.

in square inches (see 1.2.2).
W = required flow through the valve, in pounds per

hour.

F* ri ,{ ,=
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PROCESS SYSTEMS INTERNATIONAL, INC. ENGINEERING
CALCULATIONS
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REV. DEO # DATE BY: CIIECK TITLE: Regen. System Process Calculations
@ 4l te 196
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DE:FrI.:744

PROJECT: LIGO PROJECTNO: V59049

PIIRPOSE: Determine process requirements for the 80K pump regen. heaters, and to estimate the
warmup time (time to reach 150 deg. C) for the pump under wintertime conditions in Washinglon.

METTIOD: Standard heat transfer manual calculations and on spreadsheet format

ASSIJMPTIONS: Used weather conditions for Kennewick, Washington: 15 deg. F dry bulb (Above

this temperatu(e 97.5% of the time.)

INPUTS: Max. regen flowrate = 100 gm/sec for long Pump; 50 gmlseo for short pump. N2 temperature
from the vaporizer = -5 deg. F (20 deg. F approach temp. specified by mfg.)

REFERENCES:

CALCIILATIONS : See attached.

CONCLUSIONS: Long pump heater size: 25 kw adequate. Short pump heater size; 12 kw adequate.
Estimated warmup times, including liquid vaporization: long pump = 16.75 hrs., short pump : 8.0 hrs.
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Long Pump Regen.
Warmup Time
Winter Conditions

N2 flow
(gn/sec)

Cp of N2 N2 in
(/sm-K) (K)

lnitial
alum. temp

(K)

Final
alum. temp.

(K)

100
120
140
160
't80

200
220
240
260
280
300
320
340
360
380
400
420
423

Alum. mass
(sm.)

1341000
1341000
1341000
1341000
'1341000

1341000
1341000
1341000
'1341000

1341000
1341000
1341000
1341000
1341000
1341000
1341000
1341000
1341000

Elapsed
time
(sec)

105/..2
266,0.22
4888.02
7U4.ffi
11761.2
17079.7
24761.9
25738.7
268/.5.1
28106.3

29557
31251.1
33272.5
35757.6
38896.7
43't56.8
49783.8
52020.4

N2 out Cp alum.
(K) (j/sm-K)

50 1.05
50 1.05
50 1.05
50 1.05
50 1.05
50 1.05
50 1.05
100 1.05
'100 1.0s
100 1.05
100 1.05
100 1.05
100 1.05
100 1.05
100 1.05
100 1.05
100 1.05
100 1 .05

Time to vaporize LN2 =
Total warmup time =

0.357 80
0.481 100
0.58 120
0.654 140
0.713 160
0.76 180
0.797 200
0.826 220
0.849 240
0.869 260
0.886 280
0.902 300
0.918 320
0.934 340
0.934 360
0.934 380
0.934 400
0.934 420

253
253
253
253
253
253
253
436
436
436
436
436
436
436
436
436
436
436

2.3
16.75

80
100
120
140
160
1E0
200
220
240
260
280
300
320
340
360
380
400
420

hours
nours

P 1  r o J r L
'  VD{9-l- 09( ef,vr)



Short Pump Regen.
. Warmup Time

Winter Conditions

Initial Final Elapsed
Cp of N2 N2 in N2 out Cp alum. alum. temp alum. temp. Alum. mass time
Osm-K) (K) (K) (j/sm-K) (K) (K) (sm.) (sec)

N2 flow
(gm/sec)

50
50
50
50
50
50

50
50
50
50
50
50
50
50
50
50
50

1.05
1.0s
1.05
1.05
1.05
1.05
1.05
1.05
1.05
1.05
1.05
1.05
,1.05
1.05
1.05
1.05
1 .05
1.05

398000
398000
398000
398000
39E000
398000
398000
398000
398000
398000
398000
398000
398000
398000
398000
398000
398000
398000

312.879
789.537
1450.73
2328.25
3490.66
5069.16
7U9.16
7928.97
8585.73
9334.34
10195.5
11201.1
12400.9
13876.1
15739.4
18268.2
22201.8
23529.5

253
253
253
253
253
253
253
436
436
436
436
436
436
436
436
436
436
436

80
100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420

100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
423

0.357 80
0.481 100
0.58 120
0.654 140
0.713 160
0.76 180
0.797 200
0.826 220
0.849 240
0.869 260
0.886 280
0.902 300
0.918 320
0.934 340
0.934 360
0.934 380
0.934 400
0.934 420

Time to vaoorize LN2 = 1.5 hours
Total warmup time = 8.036 hours

P g r r i r a" v 0 { q -  t - a 9
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STATION

Dg
s7k% 2v,% 2AA

26

31

34
30

29

31

34
2a

34

23

1 t
t 9

30
?3

1 8
32

1 9

97
9€

roo
9A

r00
9?
98

lClO
9a
92

99
9?
99

99
97

l01
96
lxl

r00

72
80

73
77
79

71

80

77
7B

78
79

79
7A

26
4

2€
22
20

27
6
l 9

1 9

26

2 1
24
r 8

24

Ogden cO
3a

3

r|{l

7

26
I

- 6

9l
9 1
9a

9t
93
92

10?
94
aa

64

65
65
64

65
?o
66

33
30
33

32
34
33

32

43

84
a5
85

t2

,3

23
23
23

3t!

36
37

3A
39

1 5

I
r 9

t 8
r 8
r 8
l ?
1 0

90
92
92
90
92
9r
94
93
9r
9o
92

77
78
17
76
78
79
7a

1J
76

23

23
2 '

20
21
23
23
2t

4a
27
r 8
n
6

a0

81
89

61
65
66
65

16
t 9
20
34

STAIE AND
STATION 97kl

DB
zkv 2V%

-Esgig.L
Moses Lake, rien AFS

TacooaMEchord AFg

46
46

47

46

46

24

2?
32

t 6

10

7A

a6

79
8 r
9o
8 r

92
92

65

66
o6

5t|

6a

6
6a
66
6t

m
30
30
32
32
18
?4
1 9
22
2A
22
21
32
36

3 7
9

3A

{0

5
l 0

5

t o

l ?
9

88
g6
90
90
4

8A
9l
8El

73
7a
',3
76
7f

76
75

22
20

22

22

21

!/vrscoNstt{

42

43

4a
a3
42
43

43

- 6

- 3

- 7

- a
- 5

0

- 2

a7
a3
I
8A
a7
a5
€8
aa
86

a1
8a

c1
a9
86

7 l
76

73

t5

75

l3
t5

23

24
23

23
22

20

21
20

22
23

42

4 3

42

- 2
- 9
- 8

- 2
- 5

90
a6
87
82
90
&
89
a1
e4
92
92

62

51
62
5S
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3r
30
32

32
?a
30

3?
32
30

EXP!ANATION OF DESIGN COl|OIIIONS:
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OUIOOOF OAILY BANGE - The Dotd@..,.i|r re^s. ot OB temr€r.ruc is theditterence b€rcn lhc er.g. D.rihlm:nd N€tas.
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PROCESS SYSTEMS INTERNATIONAL. INC, ENGINEERING
CALCULATIONS

N O :  V o 4 9 -  t - o 9 L
WESTBOROUGTT MA PAGEIOF 4

REV. DEO # DATE BY: CHECK TITLE: Pressure Drop Calculations
for 80K Pump Lines

o 6 I L ' L l ll?'ln (='/r'lc{rf

DEPT .?44

PROJECT: LIGO PROJECT NO: V59049

PURPOSE: To determine if regeneration and GN2 vent lines are adequately sized for the intended
service.

METHOD: Use of in-house computer program for pressure drop analysis.

ASSUMPTIONS: l) The length of each of the lines are equivalent to 60 ft. of straight pipe.
2) Regen. flow rate is 100 gn./sec.

INPUTS: Regen. heater delta p = .35 psid mar<. (vendor data)
Vaporizer delta p = 2 psid ( budget imposed on vendor)
Estimated Cv for l-ll?' globe valve in regen line:31.66

REFERENCES:

CAICULATIONS: Calculations performed for :
Case 1) 80K pump normal operation ( long pump, frosted)
Case 2) Long 80K pump cooldown from 150C (423K)
Case 3) Regen oflong 80K pump.

CONCLUSIONS: Case l): Delta p = .0017 psid for 1-112 in. vent line.
Case 2): Delta p : . 1392 psid for 1-712 in. vent line-
Case 3): Delta p = 9.413 psid from LN2 dewar to exit of vent line.

@y inspectio4 the 80K short pump system is adequate for 50 gt/sec.)
Conclusion: The lines are adequately sized for their intended service.

FMD:\FITEMILATEIENGPORMSiENGcAI!
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH.MA

ENGINEERING
CALCULATIONS

N O :  V D 4 1  - l - a 9 q
P A G E I O F  I 5

REV. DEO# DATE BY: CIIECK TITLE: Relieving reouirernents for 80K pump
vacuum shell relief device.

C 7-.1, nu7t1L t fy|,dx�
il;'4.

- T) L" a.tJ
tolttl4,t l ] .  r , t4  t i

DFp4' . 74d

PROJECT: LIGO PROJECTNO: V59049

PURPOSE: To determine the relieving requirerrents for the vacuum shell of the 80K
pump so that in the went of a failure ofthe 80K pump resewot, tle vacuum shell and the
large gate valves in the beam tube are protected Aom overprcssure.

METHOD: Standard tlennodynamic and heat transfer analyses, and the use of standard
API formula for sizing relief valve orifice.

ASSTIMPTIONS: See calculations

INPUTS: Maximum delta p allowed, 1.75 atm., is based on highe* press.re differential the large
gate valves were designed for.

REFERENCES API 520

CALCULATIONS: See attached.

CONCLUSIONS: Relieving device should be sized to handle a flow rate of 6524 lbm/hr for
the set pressure. This requires an orifice size ofaa6 sq. in



PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGF{. MA

ENGINEERING
CALCULATIONS

NO: V049-1- I16
PAGE 1 OF 21

REV. DEO # DATE BY: CI{ECK TITLE: S0KPump Liquid Supply Valve Sizing
0 10n7t96e)"4 b\..uJ

BY: D. Moore DFJI|.:'144

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE: Calculate required Cv for the liquid supply valve for the range of operating conditions tlat
the pump will experience.

METIIOD: Standard ISA formulas used in sizing control valves for two phase flow. Calculations have
been programmed.

AS SUMPTIONS:, a) Liquid nitrogen dewar tull. b) Liquid nitrogen dewar 20% full c) 80K pump clean
d) 80K pump frosted

INPUTS:

REFERENCES: ISA SP39.l formulas for control valve sizing (excerpt ofpaper attached).

CAICIILATIONS: (SEE ATTACIDD)

CONCLUSIONS: Use valve plug with maximum Cv of 0.05. Mnimum requirement is 0.0056.

NO:IES:.



PROCESS SYSTEMS INTERNATIONAL, INC. ENGINEERING
CALCI]LATIONS

NO: V049-1-115
WESTBOROUGH.MA Rev. No. 0

Paee 2 of 21

PROJECT: LIGO VACLIUM EQIIIPMENT PROJECTNO: v59049
CALCLILATION TITLE: 80K Pump Liquid Supply Valve Sizing

REVISION HISTORY
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Viewing: VAI,VSIZ.OUI Press ESC to exit (F) i l ter oFF

GO L]QUID SUPPLY VALVE

REQUIRED CV FOR FROSTED I,ONG PI'MP, 5 PSID AVAILABLE

LIQU]D FLOW RATE TTIRU VALVE = 31.410 LBM/HR
LIQUID DENSITY = 49.590 i,BM/FT*r'3
VAPOR DENSITY = .383 IBM/FT**3
vepoR gnEssrnE = 14.700 PsrA
CRITICAIJ PRESSURE = 492.OOO PSIA
vAlvE DELTA P = 5.000 PSID
CF(CRITICAL FLOW FACTOR) = .90
PRESST}RE I'PSTREAM OF VALVE = T9.7OO PSIA,
UPSTR.EAM FLUTD QUALITY = .OOO
FIOW IS SI'BCRITICAL ACROSS VALVE
DETTA P USSD IN SIZING FORMUI,A = 5.OOO PSID
REQUIRED VAIVE CV = .031

ConEnands PGUP PGDN HOl,lE END 1..9 scroll * (H)ex (N) ormal (S)earch

v 6 z \ 2 ,  l -  i r b  ' l : e  /  r

t.: ? j: '



Viewing : VAITVSIZ.OIIT Press ESC Eo exit (F) i f ter oFF

e* 
LIQUID SUPPLY vAr,vE

REQUIRF,D gV FOR CLEAN I.,ONG PI]I4P, 5 PSID AVAI],ABLE

LTQUID FIOW RATE THRU VAI,VE = L9.240 I,BM,/HR
LIQUID DENSITY. = 49.590 LBM/FT**3
VAPOR DENSITY = .a83 LBM/FT**3
VAPOR PRESSURE = 14.700 PSIA
CRITICAiJ PRESSURE = 492,OOO PSIA
VALVE DETTA P = 5,OOO PSID
CF(CRITICAI FtOw FACTOR) = .90
PRESSIRE T'PSTR,EAM OF VALVE = 19.700 PSIA
UPSTREAM FII'ID QUALTTY = ,OOO
FI-,OW IS S{'BCRITICAL ACROSS VAIJVE
DELTA P I]SED IN STTTNG FORFII'f,A = 5.OOO PSID
REQUTRED VALVE CV = .019

Comnands PGUP PGDN HOME El[D 1..9 scroll + (H)ex {N) ormal (S) eareh.

v o 4 9 - \ - \ r b .  R e v  t r

(



Viewinq: VAL,VSIZ. OUf Press ESC Eo exiE (F)  i l te r  oFF

CNO 

LIQUID SUPPLY VAIVE

REOUTRED CV FOR FROSTED LONG PT]MP.1s PSID AVATI,ABI,E

LIQUID FLOW RATE THRU VAIJVE = 31.410 IrBM/HR
L'IQUID DENSITY = 49.690 LBM/!{I**3
VAPOR DENSITY = .383 LBM/FT**3
VAPOR PRESSIIRE = 14.700 PSTA
CRITICAL PRESSITRE = 492.000 PSIA
VALVE DELTA P = l-5.000 PSID
CF(CRITICAI FLOW FACTOR) = .90
PRESSIIRE IJPSTRBAM OF VALVE = 29.700 PSIA
UPSTREAM FLUID QUALITY = .000
CRTTICAL FLOW CAVTTATION OR FI,AS$ING FLOW EXISTS
REQUIRED vALvE Cv = .019

ConEnands PGUP PGDN HOME EI{D 1..9 scro11 .t (H)ex (N) ormal (S)earch

t . t . - : - ' 3 f t : l  o
? ' .  1 , '  i r



Viewinq: VAI,VSIZ.OUT Press ESC t.o exit i  l  i a ' ^

REQUIRED CV FOR CLEAN LONG PTJMP, 15 PSID AVAII,ABI.,E

TIQUID FLOW RATE TIIRU VALVE = 19.240 LBM,/HR
LIQUID DENSTTY =
VAFOR DENSITY =

49 .690 LBM/FT**3
.383 r . ,BM/FT**3

VAPOR PRESSURE = 14.700 PSIA
CRITICAL PRESSIIRE = 492.000 PSIA
VATVE DETTA P = 15.OOO PSID
CF(CRITIC1L FLOW FACTOR) = .90
PRESST]RE UPSTREAM OF VAI,VE = 29.700 PSIA
I'PSTREAM FIJUID QUA]-'TTY = . OOO
CRITICAI FLOW CAVITA,TION OR FI,ASI{ING FLOW EXISTS
REoUTRED VATVE eV -- .OL2

CofiEnands PGUP PGDN I{OME END 1..9 scrolI + (H) ex (N) ormal (S)

' 1 c 4 i * t - r \ t , { L . r  3



Viewiag: VAIVS]Z.OIJT Press ESC to exit (F) i l ter OFF

GO LIQUID SUPPLY VA"IIVE

REQUIRED CV FOR CLEAN SHORT PITMP,13 PSID AVAIi,ABLE

LIQUID FLOW RATE IHRU VA'IrVE = 9.000 LBM/HR
TIQUID DENSITY = 49.690 IBM/F?**3
VAPOR DENSITY = .383 LBM/F?**3
VAPOR PRESSURE = 14.700 PSIA
CRITICAI, PRESSIJRE = 492.OOO PSIA
VAI-rVE DELTA P = 13.000 PSID
CF(CRITICA,L FI,OW FACTOR) = .90
PRESSI]RE UPSTRBAM OF VALVE = 27.?00 PSIA
UPSTREAM FLUID QUALITY = .000
CRITICA]-, FLOW CAVITATION OR FI,ASHING FI,OW EXISTS
REQUIRED VAIVE CV = .OO5

Comnands PGiUP PGDN I{OI{E END 1. .9 scroll { (H) ex (N) ormal (S) earcf!



Viewinq: VAMIZ.OII| Press ESC to exit (F)  i l re r  OFF

GO LIQUID SUPPLY VALVE

REQU]RED CV FOR CIJEAN SHORT PUMP,s PSID AVAII,ABTE

LIQUID FLOW RATE THRU VAL,VE = 9.000 LBM,/HR
LIQUTD DENSITY = 49.590 LBM/FT**3
VAPOR DENSITY = .383 LBM/FT**3
VAPOR PRESSURE = 14.700 PSfA
CRITICAI, PRESSI]RE = 492.OOO PSIA
VAIJVE DELTA P = 5.000 PSID
CF(CRITICAL FLOW FACTOR) = .90
PRESSI]RE UPSTR.EAM OF VAJ,VE = ].9.?OO PSfA
UPSTREAM FI.,UID QUATITY = .OOO
FIJOW IS ST'BCRITICAI, ACROSS VAI,VE
DELTA P USED IN SIZING FORMT'LA = 5,OOO PSID
REOUIRED VA].VE CV = . 0 0 9

Comllands PGUP PGDN HOME END 1..9 scroll { (H) ex (N) ormal (S) earch

V34q - i -  { te . -  [e- ' t
P3 tt c'f zt



viewing: VALVSIz.Oulr Press ESC to exiu (F) i l te r  oFF

Jno 
r,rQurD suPPr..,Y vArvE

REOUIRED gV FOR FROSTED SHORT PWP,5 PSID AVAII,ABLE

LreurD Ftow RATE THRU vAr,vE = 24.690 r.,er'41ln.
LIQUID DENSITY = 49.590 LBM/FT**3
VAPOR DENSITY = .383  LBM/FT**3
VAPOR PRESST]RE = 14.700 PSIA
CRITICAL PRESSI'RE = 492.OOO PSIA
VALVE DETTA P = 5.OOO PSID
eF(eRltteAr FLoIf FAe?oR) = .90
PRESSI]RE UPSTREAM OF VALVE = ].9.700 PSIA
UPSTREAM FLUID QUA]rITY = . OOO
FLOW IS SIJBCRITTCAI., ACROSS VAI.VE
DELTA P USED IN SIZING FORMI'I,,A = 5.OOO PSID
REQUIRED VALVE CV = .025

Conrnands PGUP PGDN IIOIUE END 1..9 scxoll { (H) ex (N) ormal (s)earch

|  , . . ,  1
I 1 . 1  - "  -  , r , . ' = -  '

i -  - . .  ' - 2  - -  l '



ViewJ-ng: VALVSIZ. OUT Press ESC to e:<it' (F )  i l te r ..|FF

GO LIQUID SUPPLY VAIVE

REQUIRED C\/ FOR FROSTED SHORT PIJMP,13 PSID AVAI]-,ABI,E

LIQUID FLOW RATE TI'IRU vALvE = 24.690 LBM/HR
LIQUID DENSITY =
VAPOR DENSTTf =

49 .690 LBMIIry* * 3
.383 LBMIFT**3

VAPOR PRSSSURE = 14.700 PSrA
CRITTCAL PRESSURE = 492.000 PSIA
VALVE DELTA P = 13.OOO PSID
CF(CRITTCAI FLOW FACTOR) = .90
PRESSURE ITPSTREAM OF VALVE = 27.700 PSIA
UPSTREAM FL,UID QUALITY = .000
CRITICAI, FLOW CAVITATTON OR FI,ASHING FIOW EXISTS
REQUIRED VALVE CV = .016

Comnands PGUP PGDN HOME El[D 1..9 scroll e (H)ex (N) ormal (S)earch

\ j o r i -  I  *
{ > .  4



REQUIRED

I

LIGO I.IOUID SUPPLY VA.tVE

CV FOR CIJEAN SIIORT PWP,13 PSID AVAII'ABLE,SI'BCOOLM CASE

TIQUID SERVICB
LIQUID E'LOI{ RATE THRU VATTVE = 9.000 LBM/HR
ITIQUID DENSITY = 49.690 LBM/FT**3
VAPOR DENSITY = .383 IrBM/8?**3
VAPOR PRESSIIRE = 14.700 FSIA
CRTTICAL PRES$I]RE = 492.000 PSIA
VATVE DELTTA P = 13.000 PSID
PRESSURE UPSTREAM OF VALVE = 27.700 PSIA
ITPSTREAM FTUID QI]ALITY = .000
REQUIRED VALVE Cv = .0056

v941- r-t\5, Kev <:
(o (  \5  o i .  z '



I.,IGO ],IQUID SIIPPLY VAI,VE

CV FOR CL,EAN I,ONG PUtlP,ls PSID AVAITABLE'SIIBCOOLED CASE

TIQUID SERVICE
I-,IQUID Ftoll RATE TERU VAITVE = 19.240 igM/HR

REQUIRED

o
LIQUID DENSITY =
VA,POR DENSITY =

49.590 IJBM/FTi*3
.383 LBM/I{r**3

VAPOR PRESSURE = 14.700 PSIA
CRITICA! PRESSITRE = 492.000 PSIA
VAJ.TVE DELTA P s 15-000 PSID
PRESSURE I'PSTREA}4 OF VALVE = 29.700 PSIA
UFSTREAI'I FLUID QIJAL,ITY = .000
REQUIRED VA]. Cv = .0111

Vr4q- r - \ \b^r [ ie J
?., \6 cI- ? l



C - - - - - - - - - D A T E :  O C T .  L 9 9 6
C-------- PROGRAMMER: DevID MOORE
'L

tt PRoGR-AM VALVSTZ2
C VERSION 2.0 .
c
c--- THESE COMPUTATTONS ARE FOR 2 pirASE Fr,OW AND r.IQUrD FLOW rI{RU VAJ,\IES
C--- FORMTI.AS ARE COMPATIBLE WITII IS.A SP39-1- Al{D ARE FROM MASONNBTIJAN
C--- PAPER ON COMTROIJ VAIJVE SIZING.
c
C--- NOTE: NO LOGIC IS PRESENTITY IN THIS CODE TO ACCOUNT FOR
c--- NoN-col{DENsABL,E CAS.
c

REAI, MDO:I'T
CHARAqIER TITITBI*80, TITLE2*80
OPEN (UNIT=I 0, FILE= T VALVS IZ . DAT', ACCESS=' SEQItEIfl IAL', STAI'US=' OIJ r,

+ FORM=!FORMATIEDT )
OPEN(UNfT=11.FTLE='VALVSIZ.OII I ' ,ACCESS='SEQttEl ' iTIALT,STATUS=rOLDr'

+ FORM='FORMATIBD' )
gDEBUG
c
c----  -READ DATA- -  ---  - -  -  -  -

READ (10, *)  TTTtEl
READ i10, * ). TrtLB2
WRTTE{11, *}  TITLE1
riR]TE(11,*)  TTTLE2

C--- READ VALI'B OF FI,AGS. ]F FI.JAGI IS GREATER TEAN O.O, CA],CT'I,ATE Tffi
(: - FIJOWRATE WHEN GIVEN TTIE C'V AIID VAI',V8 DP. OTIIERWTSE EAI'CUIJATB
l- rne REQ'D cv. FLAe2 eREATBR TrrAlT 0.0 rs FoR rrreurD sERvrcE.
,J

READ(10, *) Fr'^G1', FLAG2

c--- READ eV, [ ,rQ. DENS(LBIFT**3),LIQ. VAPOR PRESS AT FTOWING TEMP(PSIA),
C---TITERMODYNAS,ITC CRITICAI, PRESS, (PSIA), DEIJTA P ACROSS VALVE(PSIA)

rF (FI.,AGI.GT. O. O.A}iID. FLAG2.SQ. O. O) THEN
C- - - - -FL,ASIIING FIJOW

READ ( 10, * ) CV, RITOI,, RTIOV, VAPRES, CRPRES, DPVAIV, CF, 91, X
}lRrrE (11, L00) cv
WRITE (].1, 1O1) RHOL
r{RrTE (11, 111) RrrOV
I{RrTs(11,102)VAPRES
WRITE (11, 103) CRPRES
9iRlTE (11, 104) DPVALV
WRITE(11,105)CF
wRIrE (11, 106) P1
f lRr rE(11,110)x
DPI4A:(=CF* *2 t'Pt / 2 .O
DPS=PI - { 0 . 96 - 0 . 2 I *SQRT (VAPRES/CRPRES ) ) *vApRES

cFzDp=CF* *2 *DPS
DPWL=DPIIALV* (RIIOI/62 .4/ IP.HOI'/ 62 .36sJ 't

IF (CF2DP . I,T. DPWL) TIIEN
wRrTE{1r . ,10?)

- CRITICAL FLO}I CAVTTATION OR FTJASHING FLOW EXISTS
MDOTI"'=CV*S00*CF*SQR? (DPS* (RIIOI/52 .365 ) )
I{RITE ( r.L,109 ) t\4DOTr,

EtSE
WRITE ( r.1, 112 )

C--- FLOW IS TWO-PHASB LIQUID & VAPOR, NO NON-COI{DE}'ISABIES & NO eHOKI$IG
, . / r , , r 4 - i - t t b , 1 { e . /

r " i  ' 7  . ; ; ' ! . '



w1-=1 . 0/ (x* { 1,/Rltov+1/Rlrol) +l,/RHOL)
]F' {DPVAIV. GE .DPI|AX) THFN

C--- MAX DELTA P FOR SIZING SI'BSTITTIIED FOR DPVEI]V
^ DPVALV=DPMAX
f  wRrTE(1L ,108 )DPVAw

ELSE
WRITE (11, 108) DPVAw

E}TD IF
MDOTT=CV*53 . 3* gQRT (DPVAITV*WI )
WRITE ( 11, 109 ) MDOTI,

END IF
EISE ]F ( FI'AG1 . GT. O . O .A}ID. FLAG2 . GT, O . O) IIIEN

READ ( 10, * } CXtr, RHOI", RHOV, VAPRES, CRPRES, DPVALV, EF, P1, X
C--- LIQUID OR SIIBCOOIJED SERVICE

wRr rE  (11 ,114 )
MDOlft=CV* 5 O0*SORT (RIIOL/ 62 . 4 *DPVA].'V)
WRITE (11,109)MDOTL,

EIJSE rF' (FrAG1 . EQ. 0 . 0 . AND. HLAG2 . EQ - 0 . 0 ) THEN
READ ( 10' * ) CV, RHOt, RHOV' VAPRES, CRPRES, DPVAIJV, CF, P1, X

C---- I'IJASIIING FIJOW
C--- CODE HERE FOR CALCI'I,ATION OF CV WHEN GIVEN FI.OW RATE

READ ( 10, * ) II'IDOEL, RHOL, RHOV, VAPRBS, CRPRES, DPVALV, CF, Pl, X
WRITE
}IRITE
WRITE
WRITE
fiRTTE
WRITB

11,109)MDOTL
l_1. 1O1 ) RHOL
11 ;111)  RHOV
11.102)VA,PRES
11, 103) CRPRES
11, 104) DPVAIJV

WRITE (11, 105) CF
wRrTE (11 ;106)  P l
I iR ITE (11 ,110)  X
DpMAX=CF**2 *p1/2 .0
DPS=P1- (0 .95-0 - 28*SQRT (VAPRBS/CRPRES) ) *VAPRES

c
CF2D9=CF* *2 *DPS
DpwL=DpvA,w* (RHOL,/5z .4/ (RrrOT,./62.365) )

IF ( CF2DP . I-.T . DPWL) TIIEN
wRrTE (11, 107)

C--- CRITICAL FITOW CAVITATION OR FLASITING FLOW EXISTS
cv=MDoTr,/ (500*cF*sQRT (Dps* (Rsot/62.355) ) )
w R r " E ( 1 1 , 1 1 3 ) C V

ELSE
WRITE (11 ,112)

C--- FIJOW IS TWO-PHASE LIQUID & VAPOR. NO NON-CONDENSABTES & lfO CIIOKING
w1=t .0,/ (x* (1/F:HOV+1/RHOL) +1,/RHOL)

IF (DPVAw . GE . DPl,tN( ) l3lEN
C--- !IA)( DELTA P FOR SIZIISG SITBSTIfiITED FOR DPVATV

DPVAI.,V=DPMAX
T{RITE ( 11, 108 } DPVAI,V

ELSE
wRrTE(1X,108)DPVAJ,V

E}ID IF
CII=IOOTIJ/ (53 .3*SQRT (DPVALV*WI) )
wRrTE(11 ,113 )CV

END IF
ELSE IF (FtAG].  .EO, O. O.AND.FI,AG2 .GT.O. O)T:TEEiI

READ (10, *) I'IDOTI., RIIOI,, RHOV, VAPRES, CRPRBS, DPVAI,V, CF, P1, X
wRrTE ( 11, 114 )
? IRITE(11,109)MDOTL
wRrTE ( r-1, L01) RHOL



l
WRITE (11,111) RHOV
I{RITE(11,102)VAPRES
WRITE (11,103) CRPRES
WRIIE (11,104)DPVAL,V

$RrTE (X1, 105) CF
wRrTE (11, 105 )  P1
wRrTE(11 ,110 )X

C--- LIQUID OR SIIBCOOLED SBRVICB
cv=MDorr.,/ 5 00 / sQRr (Rrroll 62 . 4 *DPVAw)
WRITE (11, 113 ) C'V

EI,,SE
END IF

c
c

C.--.-FORMATS FOR INPUT A}TD OUTPUT SIATEMENTS-
FORMAT (3X, 12 }
FORMAT (10X, ' VAIJVE C"V = ' ,F6 -2)
FORMAT(1OX, 'LIQUID DENSITY = ' ,F8.3,  r  L,BM/Iry**3')
FORMAT(10X, 'VAPOR PRESSTRB =  ' ,F8 .3 , '  PS IA ' )
FORMAT(10X, 'CRIT ICAIT  PRBSSITRE = '  1F8 ,3 , '  PS IA '  )
FOFJ,IAT(10X, 'VALVE DELTA P = r ,F8.3, i  PSfDr )
FORMAT{ IOX, 'CF(CRIT ICAI  F IOW F}e rOR)  = ' ,F5 .2 )
FORMAT
FORMA,T
FORI\4AT
FORI'{AT
FORIIAT
FORMAT
FORMAT
FORMAT
FORMAT
COI|TINUE
CLOSE (ITNIT=10)
CLOSE (ttNI?=11)
STOP
EI{D

90
100
101
102
103
104
105
l -u b

107
108
109
L10

-11
![rz

11 3

2t6

10X, ' FRESST RE ITPSTREAM OF VAL,VE = i , F8 .3, ' PSIA' )
lOX, ICRITICAIJ FIOW CAVITATION OR FI.|ASHIT{IG FI,OW EXISTS' )
10X , 'DELTA P  USm IN  S IU ING FORMITLA =  r ,F5 .3 , '  PS ID ! )
1OX, 'LIQI ' ID FL,OW RATE TTIRU VALVE = r ,F8.3, '  LBM/HR')
X-0X, 'UPSTREjAII! FIJVID QUALIT| = r,F6.3)
10X , 'VAPOR DSNSITY =  ' ,F8 .3 '  '  LBM/FT**3 '  )
10x,'FLOW rS SUBCRITTCAIJ T,CROSS VAtVET)
10X, 'REQUIRBD VAIJVE CV = r ,F9.4)
10x, ' trQurD sERVlcEr )

r J r  + q -  i -
7 +  ' 2

q 1 5  l i : . i
' , r - - '  l '



two-phase flow
Ths two-Dhase flow lormulas, shown below' assume

ii""r" oi"ir* liquid particles in vEPor moving- at lhe

sa-i vefo.itv. ll insufficienl vapot exists entering the

""r"", tt'" flaihing formula on psge 3 will Prevail'

Therefore: / w, \
when cr aP, < aP (ot-.+e , / . u""

llashing formuta on Page 3'

, ... 1
L4 

-  '4

ENGLISH FORMULAS:

A. Liquid And Non-Condensable Gas Entering Valve

it there is no vaporizalion of the liquid and it flow

Yelocity assures a turbulent well-mixed stteam'
w

=-----::-" - 
+l.B rzap (w, + wJ

B. Liquid And lts Vapor Entering Valve
iooltion"t vaporization of liquid occurs ll flow

velocity assures a turbulent well-mixed stream'
w

C.=-"".-" ' -- '  
6 3 3 v ' a P w '

Where:
Max. aP For sizint = ci(! 

)
w. = Uostream specific, weight lb/cu' ft ' catcu-

lated from weight traction of gas or vapor

In ths stream Xe and specilic votumes of

gas or vapot and liquid at upslteam Ptes-
gure Vq, and vr'

t l' ,=q=ilf,]=TTT;

w. = Downstream specific weight' tb/cu' tt' calculaled
"'- 

J"-iiJ-oo'"n"tteam gas specilic volume ve?'

1 1t,= [=EIf",-:TJTT

METRIC FORMULAS:

A. Liquid And Non-Condensable Gas Enteting valve

s1 '8 W
C"=- - - - -' 

vaP (w' + wt

B. Liquid And lls Vapor Entering Valve

36'5 Wc"=;ffi

where: 
. = uostream specitic weight, (k9/m1)

w, = Downstream specitic weight' (k9/m!)

3 comPressibilitY

Following conventional flow measurement pt""l'::' 
.1*

For many real gases subiected to commonly encoun'
i"r"Ji".p"ot,ri"s and pressures the gerfect gas laws oe'
"ia ioi""iitl""tory lor tlow measurement accuracy and

."rrJrli'G"t.*;ust be used (Ret' 9)

""r"i"ilruliit lactor Z in the equation pv = ZFT.will o

i" ,ir"o. i can usuatty be ignored below 100 psi lor
N 0

common gases. f

Th€ value ot Z does not ditfer materially for ditlerent F
;;;J;;"; ;t;"taied as a lunction of th€ reduced L o.rr

i"rp"r"t"ir and reduced Pressure,-T. and P., respec' .E ".*
tiveiy and lound lrom Figure 2 and 3' =

Fioure 2 is an enlargement of a portion ot Figute 1 9"""
-.*il"'i!=" i"i".,"'i;;;iliis;;";; probabrv aicurate , -E ol"

lo approximately plus or mtnus lwo petcent' '--' * o''"

To obtain lhe value of Z lor a pure substance- the .re- o'"

duced pressure and reduced temPerat'* "] -:1I-:o]:: o''z

9 o.re
a

.!
I,:1

$
I

;; i l ';;; Ite actuat ausoiute gas pressute..and

ll"oiut" t"tp"t"ture and the corresponding cfitical o7o

li.orri" pr"!"r* and absolute criticat temperatut" o.uo
respectivelY (Page l6)'

The compressibility tactor Z may be used directty in the

volumetric gas formula as shovvn below: 064 2 t

Reduced PFs*ute' P.
o \6TZ

ENGLISH uNtrs c"= 834EFJFor4sJt

MErRrc uNtrs ""=ur7-6ffi*rn

I Englltt! Unhr

I r.r.l. un{. 15

' Figt,'e 2

€ompressibllify Factors tor Gas€s- wilh

ieduced iressures lrom o lo 6

tO.,, i*. *. .** " L C Nel5on,lnd.€^F ob"l

n.'i"*"r'.." t*n^"'*''' :'rt'"i
. / :a : . - '  -  i :6r_fz€v 0

f r a  l g  6 \ Z tF 2 ? C o \ z t



| .--

control valve sizing formulas

I
For Liquid Service

ENGLISH FORMULAS:

A. Subcritlcal FtoW '

AP < C,r (4,P,)

B. Crit ical Flow
cavitation

of
tlashing

ap >!ifttrF,)--..

METRIC FORMULAS:

A. Subcrilical Flow

aP < C.. (aP,)

Volumetric Flow

B,  Cf i t i ca t  F low
cav i ta l ion

or
flashing

aP > C,r (ap.J - _

t_ t6q

r . 1 6  W
c'\.GEF;

-;--
= o\lZF ^  q f o -" '= c,{;E

" -  w  -' soo c, vG-P;

Flow by Weight

^  1 . 1 6  W(,. = ---=

l;-

{ "P,c.

^ _  w"' - soo \qZF

P .

or for  s impl ic i ty .  i t  p"  < O.S p,  ,  Ap,  = p,  _  p,

Where:
C, = Valve flow coelticient

AP = Actual pressure drop p, - pr, psi
q = Liquid ftow rate, U.S. gpm
W = Liquid ftow rale, pounds per nour

C. = Crit icat ftow factor (page Z) = tFL 4,ur = 5pecrllc 9ravrly al l lowing temperature : +
( w a l e r =  1 @ 6 0 ' F )  { . ,p. = upstream pressure, psia 

' w6o'i

Pr = Downstream pressure. osia
P. = Pressu.e 

-at .thermodynamic crit icat poinl,
psra (see lable, page 4)

P, = Vapor pressure of l iquid at f lowrng rempera-
ture, Osia

or lor simplicity, il P. < 0.5 p, , ap, = p, _ p

Where:

W = Liquid l low rate, j000 kg per hr

Note: 1 bar = 1.0? kg/cmr

C. = Valve flow coetticient
C, = Crit ical ttow factor (page 7) = tFL
G' = Specific gravity at f lowin9 temperature

( w a t e r = 1 @ 1 5 , C )
P, = Upstream pressure, bars absolute
Pr = Downstream pressure, bars absotute
P. = Pressure at thermodynamic crit icat point.

bars absolute (see table, page 4)
P, = Vapor pressure of l iquid at f lowing lempera.

ture, bars absolute
AP = Actual pressure drop p. - p.., bars

q = Liquid ltow rate, m,/hr

'AP.=P,-  (o 'u - ' . *JEJ (Ref. 2)
(Ret. 7) /_1\ o' P . /ae, = n, - (o.so - o,ee 

*

Special considerations (see lollowing pages)
a. cavitation in control valves (page 10)
b. high viscosity, laminar l low (page f4)
c. eltect ot pipe reducers (page 1l)
d. two-phase flow (page 1S)

'NOTE: C,'AP, is the maximum Ap for sizing purposes.
A valve is not l imited in application to ihis pressure
drop, but at higher pressure differential, choked flow
will occur wilhout increase in flow rafe.
This formuta for Ap, is sufl icien y accurate tor general
use on l iquids.

tlSA. Formutas: The working equations on this page are
enlirely compatible with the generat formulas shown in
ISA SP39.1, 'Controt 

Vatve Sizing Equations lor In-
compressible Fluids."

V o 4 q - i -  l l t '  i L e v  a
? a  ? t  " : r  ? rsI
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PIIRPOSE: Determine power density, blanket thermal insulation requirements:
For : general vacuum vessel shell section; support legs; end effeas; blanket failure;
thermocouple patclr, warmup time, cooldown time.

METHOD: Finite difference models. Radiation network models.

ASSUMPTIONS: .
I
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-LP. Holman, Heat Transfer, l98l McGraw-Hill.
-M.N. Ozisih Heat Conduction. 1980, Iohn Wiley & Sons.
-Siegel and Howell, Thermal Radiation Heat Transfer, McGraw-Hill.

CALCIILATIONS: See attached

CONCLUSIONS: See section 3.0 page 8
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PROJECT: LIGO
PROJECT NO: V59049

BY: R.TllAN
DATE:

T]TI,E: BAKEOUT BLANKETS F]EAT TRANSFER ANALYSIS

2. FINTTE DIFT'ERENCE MODEL

Several finite difference models were setup to model the heat transfer ofthe blanket/vessel system.
This was used to generate warmup, cooldown, steady state, blanket failure gradients, and thermal
couple patch gradients and support leg gradients.

2.1 Blanket Model on Shell Section

A finite difference model was used to calculate temperature gradients for the failure of one blanket
surrounded by other blankets. The model was also used to determine warmup and cooldown
transients and steady state requirements. The blanket was modeled in cylindrical coordinates with the
thickness ofthe blanket in the z-direction and the size ofthe blanket in the r-direction (circular bla*et).
The axisymetry gives the effect in the third directio4 thus a simulation ofa failed blanket zurrounded by
operating blankets.
The boundary conditions on the surface ofthe blanket takes into account the convective and radiative
losses. The boundary condition on the shell side is adiabatic (vacuum).

2.2 Support Leg Model

The zupport leg for the BSC was modeled with a blanket to determine the power density requirements
for the blankets on the legs to maintain the appropriate bakeout temperature on the BSC. The support
leg which is a square fube was modeled as a circular tube with the same material cross sectional area (

length in z direction and thickness ofblanket in the r direction. The legs on the BSC are 8 inch square
tubes with 0.63 inch wall thickness. The internal boundary conditions was modeled as an adiabatic
boundary condition. The radiation losses ofthe intemal surface was ignored, but this is less than 2070

of convective losses.
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PROJECT:LIGO BY: R.THAN
PROJECT NO: V59049 DATE:
TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSE

.2.3 Gate Valves End Effect Model

Because oftle end effects additional blankets beyond the isolatable section may be required to
maintain a minimum temperature ofthe vacuum envelope wall or tlle gate. There are 4 cases that
may be considered.

1. 48 inch valve closed. Maintain gate temperature to ensure bakeout ofgate
2. 48 inch valve open. Maintain vacuum envelope wall temperature.
3. 44 inch valve open with cryopump cold. Maintain vacuum envelope wall temperaturc on the

beam manifold side of the gatevalve.
4. 44 inch valve closed. Maintain gate temperatue to ensure bakeout of gate

A finite difference model was used to model the heat transfer around the gatevalve for
case l. The model consist of2 D cylindrical section finite difference grid similar to the previous model
with a radiation network model to solve the radiation among the boundary surfaces ofthe finite
difference elements and the endbores ofthe cylindrical vacuum envelope.
The model consist ofa layer of steel, heater, and insulation. The R coordinates is in the direction ofthe
steel and blanket thickness and the Z coordinate in the direction ofthe length ofthe cylindrical section.
The radiation heat transfer model among each finite difference section of the steel (vacuum side) and
the endbore areas is solved by a radiation network model. During each iteration ofthe finite difference
grid (steel, heater and insulation), the radiation network is solved to determine heat transfer among the
finite difference sections boundary surfaces(vacuum side ofthe steel). The iteration continues until the
solution converges.

Revision: 0
Doc no: V049-1{65

Page 5 of 60



o
 

!P
r$

z
 q

 ..'
o

+
*

6
 o

\"

a
g

\
"g

H
9

tL

o

E
t

r
Y

U
J

J
z 

l=
 

llJ

I
 

f
i

H
d

-
u

)
fu

e
p

u
n

o
q

 crle
q

e
tp

e

I'i

F
-"

J
T

IJJ 
b

O
+

o
-

-
E

E
r

-
e

irJ 
F

-"
:

.
I

Z
!

r
i

i

6
ca+

F
-

.t\
.

t
.

\ls

c
a

.
t

,
I -\r

+
F

."l|.
.\l\

A
.\

*
l

f
-

ls
-

t
\

h, | <
rr

'!
t

 
-

t
)i

av),-l

a-.
Z

F
r

&
A

a
.

.
F

F
>

<
H

x
H

ia
F

o
>

p
Y

A
}

I
-

1
 Z

g

\J 
\I 

Lr
&

&
,

^
: 

ir: 
L

r

J:
fu

e
p

u
n

o
q

 c!]e
q

e
lp

e



o
 tr).$

.. (o
 \^"

z
 q

.:-

B
;6

iq
h

"g
H

q1 tL
oo

E
6

€
A

tr 
E

E
=

E
 

E
9

6
6

 
r

l
(rc

!() 
F

N
i

u
 lt=

+
l +

N
Is

L
I 

c.l

,i
u

t
r

Y
U

J
J

Z
 

t-- 
U

J

J
 

f
i

H
c

o
-

(
]

,
'

j
fu

e
p

u
n

o
q

 
cn

e
q

e
rp

e

NI
vt lt -
o

ll +
+

 lld
.

I
I

 N
N

 l*-?

s
s

S
F

..-I

F
ra;l.\

-t-!{I
"lc

.r

N

c.l

q
oztEI5t!3ul

e
.sl\-rill

Q
l\

ouI
v,oJ()t!IIJF(,oFoIrJ
ltlrLIJ

ozul
tuF

2
h

!
D

+
( 

z-r
?

 Y
:

Z
 

\l\

=
 

l
N

H
 s

l^
az

+
<

 
4'-:-.

d
 

F
 l

\
F

 
a

:. lrt.
-

 
!

t
 

-

4
,

=
:

A
 

i.r 
\-,/

c
P

ra
 s

li
)* d

 
i! 

-ir-
N

A
M

 
i

,
F

-
<

r
l

c
. I 

\l(s
5

l
 

.
s

ral 
F

 
\J

O
>

D
 

A
f

n
 

.
-

 ^

x
o

E
4

Z
*

ri e
.{

trl 
F

rl uJ
v

v
l

-

o
.O

,{F

a.l
q)

FzIU=U
J

Jlll(9ze.Fzlrl=ultr(9zE
l

o
<

 N
l

O
r

l
b

N

El!

!4U
)

6tr5()6o

&
e

p
u

n
o

q
 clle

q
e

lp
e

E
E

E
 

1
a

g



PROJECT: LIGO
PROJECT NO : V59049

BY; R.TIIAN
DATE:

TITT.E: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS

3. RTSIJLTS OF'TEE ANALYSES

a. With a design margin of 2 for the insulation performance ( using fiberglass or calcium silicate) the
required power density required to hold a temperature of l70C is 350Wm2.

b. Warmup of a 1.5 inch thick steel at a power density of 350Wm2 takes about 48 hours.
Since this is the thickest piece the entire system will follow the warmup ofthe thickest piece.

c. Cooldown. With the insulation performing well, cooldown to 40C can take a full 72 hours.

d. Blanket failure. The resulting temperature $adient is dependent on the thermal contact ofthe blanket
with the vesset the insulation performance and the thickness ofthe vessel wall. For a 0.25 inch thick

vessel wall the temperature gradient is about 70C for a well performing insulation. For a poor
performing inzulation the gradient could be as high as 100C.
With an additional insulation over the dead blanket the temperature gradient drops by 30C to 70C for
poor insulation to 40C for a well performing insulation.

e. Thermo couple patch unheated spots will cause approximately 2"C (gradient) lower temperature
reading at the patch.

f Suppon legs. For the BSC support legs the required power density for the blankets on the support

legs should be 600 WnP or higher.

g. Gate valve end effects.
48" valvel For case where the adjacent spoolpiece is the shortest.
Gate closed: To be able to maintain the gate zufficiently wanrq a blanket system on the 0-3m spool
piece adjacent to the gate valve is required which has a heater power density of about 1700 Wm2.
Gate open: Ifa heating blanket is used on the 0.3 m spool piece adjacent to the gate valve (unbaked
section) an additional power density of 75 Wm2 is required for the blankets on the spoolpiece on the
bakeout side ofthe gatevalve to maintain tlle desired temperature. Ifno heating blanket is used on the
spoolpiece on other side of the gatevalve, an additional power density of 160 Wm2 is required for the
blankets on the spoolpiece on the bakeout side ofthe gatevalve ro maintain the desired temperature

44" valve: The power density ofthe blanket system adjacent to the gate valve on the beam manifold
side requires an additional 200Wmz to maintain a vessel temperature of 423K. Because of the low e
liner in the cryopump side adjacent to the gatevalvg heating ofthe vacuum vessel wall next to the
gatevalve does not have a significant effect on the requirements for the blanket system on the other
beam manifold side ofthe gate valve. However, a heating blanket is required on the cryopump side to
minimize conductive effects on the gatevalve body. A blanket system with a normal power density is
sufficient to maintain a 423K temperature of the shell on the cryopump side.

e. Pressure gauge pair bakeout jacket recommended power density to reach 250"C with 2 inch
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e. Preszure gauge pair bakeout jacket recommended power density to reach 250oC with 2 inch
fiberglass insulation or equivalent is about 600 Wm2. To ensure that the temperature on the gauge is
not excceedeii each pressiire gauge requires its only temperature control loop . If a thinner insulation
thickness is used a higher power density is required.

f Turbopump bakeout. The turbopump is allovred to be baked to 120"C. To ensure t}rat this
temperature is not exceeded the bakeout band on the turbopump should be independently controlled to
at a setpoint no higher than 120'C. The blanket system for baking the turbopump isolation bellows
could be controlled at l50C without affeAing the temperature on the turbopump.
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3.1 Steady State

Insulation Thermal conductivitv and Thickness

Insulation thermal conductivity of fiberglass or a similar material has a value of about 0.05 Wm-K at
ambient conditions.The apparent thermal conductivity increases with increasing temperature.
ln order to have adequate margin for insulation performance and degradation a design margin of at least 2 is
recommended.

Convestive coefficient and radiant losses

In order to determine the sensitvity ofthe conveclive conditions a parametric study was carried out. The
power density was determined to hold the vessel at 443K (170'C) for various insulation values while
varying the convective conditions.

Figure 3.1-1 indicates that with forced convection over the blanket the required power density required for
reaching,t43K (170'C) is about 400 Wm2 for a insulation therrnal conductivity of 0.15 Wm-K and a
blanket surface emissivity of 0.9. For an k value of 0.05 Wm-K the theorectical required power density
for the blankct system is only about 150 Wm2.

Figure 3.1-2 is a parametric study of the maximum operating temperature vs insulation thermal conductMty
at three power densities.

Figure 3.1-3 is a graph of maximum operating temperature vs. power density with insulation k as a function
of temperature and with a desigrr margin of 2 for the k value. Two set of curves were generated, one with a
low zurface emissivity and low convective heat transfer, and one with a high emissivity and high convective
values. In order to reach the operating temperature of 150 "C with a design margin of2 the required power
density is about 250Wm2.
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3.2 Warmup Analysis

Because of the temperature uniformity requirements warmup oftle vessel will be dictated by the component
that has the largest mass per unit surface area. The control system will control warmup to maintain
uniformity. This means the entire system will track the warmup of the slowest heating component. This wilt
most likely be the large flanges. Warmup will be dictated by the flanges, power density and insulation
performance. ln order to speedup the warmup, the power density for the flange heater blankets needs to be
increased.

Figure 3.2- I
Warmup curves are plotted for three different steel ihicknesses at two insulation/convective values.
One set us€s a design margin of2 for the insulation's thermal conductivity along with a high convective
coefficient. The other set uses a no margin for insulation's thermal conductivity along with a low convective
coefficient.

Figure3.2-2 and Figure 3.2-3
Warmup curves for 1.5 inch thick steel section, with heater and blanket surfbce temperature plotted
for two insulation performance values.
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3.3 Cooldown

During cooldown, the control system is also operating to maintain temperature uniformity. Again this
will result in the flanges dictating the cooldown of the entire system. With the inzulation performing well

cooldown will take 72 hours or more.

Figure 3.3-1
Cooldown of 0.25 inch thick steel section with good insulation values.

Figure 3.3-2
Cooldown of0.50 inch thick steel section with good insulation values.

Figure 3.3-3-
Cooldown of I .50 inch thick steel section with good insulation values.
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3.4 Blanket Eeater Failure

The blanket/heater/steel system was modeled, as described in section 2, to determine the temperature
gadients developed under heater failure conditions. Calculations were done for two effective insrlating
values on 0.25 inch steel shell.

Figure 3.4-l Blanket heater failure with poor performing insulation for 0.25 inch thick wall. The
resulting gradient is about 100'C.

Figxe 3.4-2 Blanket heater failure with well performing insulation for 0.25 inch thick wall. The
resulting gradient is about 70oC.

Figure 3.4-3 Additional insulation above failed blanket with poor performing insulation for 0.25 inch
thick wall. The rezulting gradient is about 70"C.

Figure 3.4-4 Additional insulation above failed bla*et with well performing insulation for 0.25 inch
thick wall. The resulting gradient is about 40oC.
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PROJECT: LIGO
PROJECT NO: V59049

BY: R.TI{AN
DATE:

TITLE: BA]GOUT BI.ANKETS TIEAT TRANSFER ANAIYSIS

3,5 Thermal Couple Patch (3 inch X 3inch)

The unheated patch where the thermocouple is mounted will cause the thermocouple to read a lower
local ternperature. The case of a poor insulation performance was calculated to determine the gradient.

Figure 3.5-1 Tempoature profile in steeV blanket with unheated thermocouple patch. Poor performing
insulation on 0.25 inch thick wall. The temperature in the patch is 1.3K lower tlan the other end ofthe
blanket.

Figure 3.5-2 Temperature profile in steeV blanket with unheated thermocouple patch. Poor performing
inzulation on 0.50 inch thick wall. The temperature in the patch is lK lower than the other end of the
blanket.
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PROJECT NO: V59049
BY:R.THAN

DATE:
TiTLE: BAI(EOUT BLANKETS HEAT TRANSFER ANALYSIS

3.5 Support Legs Analysis

BSC support leg
The legs are made of carbon steel, which have a much higher thermal conductivity than stainless steel.
The support leg heating blanket system was modeled with a specified boundary temperature of288K
at the floor/leg interface and a power density sufficient to maintain a temperature of 423K at an
insulation thermal conductivity of 0.15 Wm-K. A solution was sought that gave a zero heat flux at t}te
vessel wall / leg interface. A minimum heater power density of 600Wm2 is required to satisfr the
above conditions.

Figure 3.6-1 Temperature profile at 600Wm2.

Eam support leg
The supports for the IIAM is much shorter than for the BSC. The shortest section is about 330mm.
A minimum heater power density of approximately 3000 to 3500 Wmz is required for a zero heat flux

solution and a vessel wall temperature of423K (150C).
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PROJECT: LIGO
PROJECT NO: V59049

BY: R.TllAN
DATE:

TITLE; BAKEOUT BLAN}GTS T]EAT TRANSFER ANALYSIS

3.7 End effects Gate Valve Analvses

48 inch gate valve.
For the 48 inch gate valvg which is located between two BSC's or 48" tube interconnect between the
vertex and diagonal section, the spool piece on the othef, ofthe gate valve needs to be blanketed to
keep the gate sufficiently hot when the gate is in the closed position.
The shortest spool piece (A-15) is about 0.3 m long

l.Gate valve closed
With the gate closed the blanket on the otler side (0.3 m spoolpiece) of the gate requires a powef,
density of 1700 Wm'to maintain the gate at 400K. A large ponion of the energy is lossed through
conduction to the unhsulated section ofthe vessel. From the simple network model analysis (case I)
only about 210 Wim2 is lost to radiation.
2. Gate valve ooen.
From the simple network model analysis (case II): Ifa heating blanket is used on the 0.3 m spool piece
adjacent to the gate valve (unbaked section) an additional power density of 75 Wm2 is required for
the blarkets .on the spoolpiece on the bakeout side of the gatwalve to maintain the desired
temperature. If no heating blanket is used on the spoolpiece on other side ofthe gatevalvg an
additional power density of 160 Wm2 is required for the blankets on tle spoolpiece on the bakeout
side ofthe gatevalve to maintain the desired temperature.

44 inch gate valve
For the 44 inch gate valve at the cryopump, there are a few cases to be considered:

1. When the beam manifold isolatable section is being baked out the cryopumped may be used to
cryopump th€ gasses. The gate is open and the shell near the gatevalve and the gate valve loses heat
by radiation cooling to the 80K surface. To maintain the spoolpiece on the beammanifold side at 423K
the additional power density required for the blankets on this spoolpiece is 200W/m2.
2.When the beam manifold isolatable section is being baked out and the cryopump is not used to pump
water vapo, the gate is closed. The gate loses heat by radiation cooling to the cryopump side- In this
case however the cryopump could be left at ambient. lt would make sense to bakeout the cryopump
also.

Figure 3.7-1 Gate valve end effects. Gate at 393K with l700Wm2 power density on the other side
ofgate and high convective coefficient. The convective coefficient is very conservative.

Figure 3.7-2 Gate valve end effects. Gate at 4l3K with 1500Wm2 power density on the other side
ofgate and low convective coefficient.

I. Simple radiation network model case I 48" gate valve closed.
II. Simple radiation network model case I 48" gate valve open.
trI. Simple radiation network model case I 44" gate valve open with low emissivity liner.
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msuLATto[ THICKIESS | :
LEIIGTH 1 :
LEI.IGTH 2 :
LE}IGTH 3 :
BLAIIKEI SURFACE E IIISIVITY :
LEFT IIEATER POIJER DE}ISITY .:
RTGIT XEAIER POI.IER DEISITY :
TEIIPERATURE AI.IEIEIIT :
DIAI{ETER VESSEL :
QLEFT BoRE : -4.455 tl
QGATE : -188.482 u
oRIGHI B{'RE | -399.769 lI
TEiIPERATURE LEFT BORE :
TE}IPEMTURE GATE LEFT SJRFACE :
TEIIPEMTURE GATE RIGHT SURFACE:
TEI.IPERATURE RIEflT BORE :
EI.ITSSIVITY SHELL :

Kinsulat i  on=2*F(T)
Haif = 100 9/m^2
Hal, t  thickness 0.25 inch

50.000 r.n
1500.000 rm

30.000 nn
900.000 rm

0.900
325.000 u/r1"2

lzob.ooo 9/.r^z
293.000 K

1 .270 r.l

4 2 3 . 0 0 0  K  E : 0 . 9 0
5 9 3 . 1 0 2  K  E : 0 . 3 0
3 9 3 . 1 0 2  K  E : 0 . 3 0
2 9 3 . 0 0 0  K  E : 0 . 9 0

0.70

,]

1

7
a

!F-

l 2
13

't5

1 6
1 7

20

23

?s

)7

28

30

.17

I

40

LOCAT I dI

0 .00
15.00
45.00
75.00

105.00
135.00
165.00
195.00
225.00
255.00
285 ,00
315.00
345.00
375.00
405.00
435,00

495.00
525.00

585.00
6'15.00

675.00
705.00
735.O0
765.00
795.00
825 .00
855 .00
885 .00
915.00
91.5.00
975.00

1005.00
1055.00
1065.00
1095.00
't 125.00
'1155.00

1185.00
1215 .00

TE'IPERATURE
K

0.00 424.4506
0.00 424.4506
o.oo 424.4525
0.oo 4?.4.1556
O.OO 42t,.1591
o.oo L24,4626
O.OO tr24.4f61
o.oo 424.4693
o.gg r.24.4721
0.00 424.171'
o,oo 124.4765
o,oo 121,4740
0.00 424.1790
o.oo 124.4797
0.00 424.4801
0.00 424.4802
0.00 4?4.4803
0.00 424.4804
0.00 421.4808
0.00 424.4818
0.00 424.4835
o.oo 424.4#3
o.oo 424.4907
0.00 121.1971
0.00 424.5050
0.00 4?4.5182
0.00 424.5343
0.00 424.555r
o.oo 121.5822
0,00 424.6162
o.oo 424.6587
o.oo 424.7113
0.oo 121.7761
0.00 421.855'|
0.00 424.9509
o.oo 425.0&
0.00 4?5.2054
o.o0 125.3711
0.00 425.5689
0.00 425.8029
0.00 426.0789
0,00 126.4027

TEIiPERATURE
K

0.00 1 .7401
0.00 427.215'l
o.oo 427.7137
o.oo 428.2713
0.oo 42a.a7f6
0.00 429.5040
0.00 430.0883
0.00 450.5089
0.00 430.5350
0.oo 429.826
0.00 426.3849
0.00 424.4080
o.oo 422.7239
0.00 420.7158
0.(X) 417.9706
0.00 414.1465
0.00 408.8718
0.00 401.6407
0.00 391.6745
0.00 32.6942
0.00 357.5115
o.oo 327.1201
0.00 309.3620
0.00 J01.3976
o.cB 297.9092
0.oo 296.347
0.oo 295.6476
o.o0 295.2939
0.00 295.0957
o.oo 291.9655
0.oo 294.w2
0.00 294.7812
o.oo 294.7033
o.oo 294,6291
0.00 294.5559
0.00 294.4780
0.00 294.5859
o.oo n4.2564.
0.00 294.0357
0.00 293.5955
0.00 293.0000

13
44
45
46

49
50
51

53
54
) )

58
<o
60
6 l

63
&
65
6

68
59
70
71

73
71
75
76

78
79
80
81

83

LOCAT I OII

1265.00
1275.00
't305,00

1335,00
1365.00
1395.00
1425.00
145t .00
1485.00
1515.00
1545.00
1575.00
t605.00
| 635.00
1665.00
1695.00
r25.00
1755.00
1785.00
1815.00
1845.00
188.00
1905.00
1935.00
1965.00
1995.00
2025.00
2055,00
2085.00
2115.00
2'�t15.00
2175.00
2205.00
2?35.0O
2265.O0
?M.DO
BE.OO
2355.00
2385 .00
2t115.00
2430.00

f iqq- rotr
3 : 4  { c
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I ilSIJLATIoN rHt CKIESS I
LEIIGIH 1
LEIIGTH 2
LENETH 3

50.000 rm
1500.000 nrt

30.000 m
900.000 nn

0.300
140.000 r,uir"z

1500.000 H/ir"2
293.000 K

1.270 tl

BLANKET SURFACE EIII.IISIVITY :
LEll flEAtER PotlER -DENSIfY i
RIGHT HEATER POIIER DEllSllY i
TEI{PERATURE AI.IBIEIIT :
DIAT.IETER VESSEL :
oLEFT BoRE r -156,212 I
AGATE
ORIGflT MRE

t -148.77? ll
t -827.1O4 u

TEI.IPERAII'RE IEFT EORE :
TEiIPERATURE GATE LEFT g'RFACE :
TEI{PERATURE GATE RI6HI SURFACE:
TEI{PERATURE RIGHT BORE i
EIIISSIVTTY SIIELL :

Ki nsut at i on:ltF(l )
liair = 2 t/n^2
|ra[ [  thickness 0.25 inch

4 2 3 . 0 0 0  K  E : 0 . 9 0
4 1 2 . 4 7 0  K  E : 0 . 3 0
4 1 2 . 4 7 0  K  E : 0 . 5 0
2 9 3 . 0 0 0  K  E : 0 . 9 0

0.70

1

4

7

I
' l l

13
1 4
t 5
l6

1 8
t 9
?n

?3

27
28

3 l

34
J )

=7

40

1?

LOCAT t0rl

0 .00
15.00
45.00
75.00

105.00
135.00
'165.00
'195.00

225.00 '

255.00
285.00
f,15.00
345.00
375 ,00
405.00
435.00

695.00
525.00

585.00
615.00
645.00
68.00
705.00
735,00
765.00
795.00
825.00
855.00
885.00
915.00
945.00
975.00

| 005 .00
1035,00
1065,00
1095.00
1125.00
1155.00
't 185.00
1215.00

LOCAT I OII

1245.00
1275.00
1305.00
1335.00
1365.00
1595.00
1425.00
1455.00
1485.00
1515.00
't545.00

1605.00
1635.00
1665.00
1595.00
t 725.00
t755.00
1785.00
1815,00
1845.00
1875,00
1905.00
1935.00
1965.00
1995.00
2025.00
2055.00
2085.00
2115.00
21 45.00
2t 75.00
2205.O0
2?35.00
2265.OO
2295.00
2325-OO
2355.00
2385.00
2115.00
2130.O0

TEIIPERATURE
K

0.00 440.0959
o.oo 441.1628
0.00 442.3658
0.oo 441.7187
0.oo 415.2321
o.oo 446.9097
o,oo 448.869
0,00 450.6614
0.00 452.5944
0.00 454.3255
0.00 452.s546
0.00 152.743
0.00 453.0'|92
0.00  453.1597
o-oo 452.8727
0.00 451.9569
0.00 450.2308
o.oo 117.469r
o.oo 44332n
0.00 437.2351
0.00 428.2025
0.00  414.5 '151
0.00 397.0903
0.00 383.6293
0.00 3'.J. '1451
o.o0 361.&59
0.00 358.153/.
0.00 352.6382
o.oo 317.9749
0.00 341.91'10
o.oo 340.2111
0.00 356.8058
0.00 333.4453
0.00 350.0204
0.00 526.3850
0.00 322.3844
0.00 317.83'/.4
0 .00  312.5198
0.00 306.1762
0.00 298.4579
0.00 293.0000

IEIIPERATURE
K

0.00 429.0842
0.00 429.0842
0.00 429.1180
o,oo 429.1751
o.oo 429.2490
0.00 429.3358
o,oo 4a .4j�27
0.00 429.5380
0.00 429.5502
0.00 429,7685
0.00 429,89?0
0.00 430,0203
0.00 430.1530
0.00 430-2897
0.00 430.4303
0.00 4J0.5748
0,00 430.7231
0,00 430.8E4
0.00 43'|.0320
0.00  43r .19 ts1
0.00 431.3595
0.00  45r .5310
0.00 431.7091
0.00 431.8941
0.00 432.0878
0.00 432.2906
0.00 432.5043
o.oo 432.7305
O.OO t132.9712
0.00 433.2?86
0.00 433.5054
0.00 433.8045
0.00 434.1298
0.00 434.4850
0.00 434.8749
0.00 435.3050
0.00 415.7815
0.00  436.3116
0.00 136.9036
0.00 137.5&
0.00 438,3116
0.00 439.1502

13
44

46
47
4A

5 l

56
57
(A

61

63
&

6
67

70
71

73

n
78

80
8 l
A?

83
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TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS

Areas

PROJECT: LIGO
PROJEGT No: V59(Xg

rad 1 := 0.64 m rad 2 := 9.64 -

h 2 : =  1 . 2  ̂ h 5 : = 6 . 3 . -

BY: R.THAN
DATE:4/06/96

rad 3 r=9.64.- rad 4 := 0.64'm

, - -  . ^ -9  Wa I t
o r : = ) b . / . l u  -

m l !

rad 5 := 0.64 m rad 6 := 9.64 nt

A ,  : = 6 t  6  t -

\"= t'z'rad z'h z

\ '= o't"d 32

A, := r'2 t"6 t'n t

Au =Ao

Emissivity

e l  : :0 .9  E2t=0 '7

I
F, , ,  =0.s  

lX 1-

r t , ,  - r . - r t  
I

(x

Ar - l'28?'m2

4 
= 4.825'm2

\=1'287'n?

A+=1'2V'r?

As = 1.206'm2

Ae = 1'287'm2

e3:=0.3 sa ,= 0.3 er:=0.7 €u : :6.9

Viewfactor parallel circular disks

rad r
m t , = , i  R t  = 0 . s g t

\ z

1 . + R R 1 2
X l : = 1 . +  ; '

R R 1 -

' -  a) l  F,. .  = 0.188

F,,,  = 0 812

R 2 , = R R t

R R 6 : = R R 4
rad l

RR,:=-- - - l  RR,r  = 2.133'  h s

l . + R R 4 2
X , r  t :  l . + _* 

RRo'

ro,. ,= o.s lx a -
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PROJECT: LIGO
PROJECT NO: V59049

View factor algebra
F. -  = 0.188

F.  ̂  =  0,812

F  = O-  
l , l

I' =E''  
3 . 1  

-  
1 , 3

F =--.! ,F E' =O ?17' 2 , t  
a  

- 1 , 2  - z , t  - - '
' ^2

I ^ ^  = F ^ .  F ^  ̂ = 0 . 2 1 7

BY: R.THAN
DATE:4/06/96

TITLE: BAKEOUT BI-ANKETS HEAT TMNSFER ANALYSIS

F  = l  - F-  
4 , 5  

"  4 , 6

r  - t' 6 , a  - '  
4 , 6

F =-- i .F' 5 , 4  
^ ' 4 , 5- f

F o,r=O.372

F6,a = 0.628

F  = A  ? O K' 5 , 4  " ' " ' "

F- ̂  :=0.0

: . - 1  <  :  - 1  <
J  -  r . . v

T t .= 423.K Tr:=423.Q.K T, := 400.K Tu := 323.0.K

Fu,, '=F0,,  F6, j  = 0 '372

Fs,o'=Fr,n Fr,u = 0 396

E  - 1  r  E' s , s  - ' - ' 5 , 4 - ' 5 , 6

r.287
4.825

|.28'1

1.287

1.206

|.287

F =

0 0.812

0.217 0.567

0.188 0.812

0 0

0 0

0 0

0.188 0

o.zl7 0

0 0

0 0

0 0.396

0 0.628

0 0

0 0

0 0

0.372 0.628

0.207 0396

0.372 0
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PRoJEcT: LlGo
PROJECT NO: V59049

B -  -  = t -  r -  - - {  r  - e - l -  u . ) . 6 ^
3 .3  r , r  \  r /  t

E -  = - l I  - 6 ^ l - f ^  . - u . ) . 6 ^
3,4 \ r /  r , :r

Node 5

\ -l J .  .  = -  { t  -  € . J - r .  i

B s , s  , =  1 -  1 5 , 5 . ( l  -  e 5 )

B , . : = - / 1 - c - ) r - .
o, l  \  b/  o,J

-  / .  \
B . , : = L -  r -  - . l t - e - \

o . o  o , o  \  o /

Bo,. :=- (t - rn).Fo,i

Bo,n:= I  -  Fo,n. (1 -  an)  -  0 .5.e0

Ba,^ :=-  ( l  -  e . ) .Fo,r -  0 .5.a0

BY: R.THAN
DATE:4/06/96

TITLE: BAKEOUT BI-ANKETS HEAT TRANSFER ANALYSIS

i  : =  1 . . 6  j .  : =  1 . . 6

ro.  =o ( r . . /

E. := 5. 96.

Node 1

8,..  :=- ( l  -  uJ F,, i

Br,,  '= 1 - rr, ,  ( l  -  eJ

Node 2

Br,- :=- (1 - ,r)-Fr,:

Br,r'.=1 - Fr,t (l - E

Node 3 and Node 4 radiant balaace

\ -u - .  = - t l - € ^ ) . f - .
J , J  \  5 /  J , J
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PROJECT: UGo
PRoJECT NO: V59049

BY: RJHAN
DATE:4/06/96

B =

TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS

1 -0.081 -0.019 0 0 0
-0,065 0.83 -0.065 0 0 0
-o,l3l -o.s69 0.85 -O.15 0 0

0 0 -o.15 0.85 4.26 4.44

0 0 0 -0.119 0.938 -0.119

0 0 0 -0.063 -0.037 i

J : = B - l . E

i .812.103

Ls04.ld

1.67.103

1.039.103

1.3.103

669.017

t.63a. to3

I .2? r.10'

0

0

1.016- 103

555.438l--
E =

T. :=

wall

't

Eb, :

= 0 s. (J3.+ 14)

-ft,

/-, \ 0.25
/ t o i  \

\;/

423

423

393.1?6

393.126

400

o, =[1]]+ e',-',r

42.592

131.443
-174.034

174.O34

426.611
-600.645
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PROJECT: LIGO
PROJECT NO: V59049

BY: R.THAN
DATE:4O6/96

TITLE: BAKEOUT BLANKETS HEAT TR,NSFER ANALYSIS

tr Simple Radiation Network Model 48n Gate Valve Open

\ - € r -

C"A-L

i
t J t  I

A,Ftz
r_6 r

E;E,_ ^-+-
* i r  F t3 .lr 

-7--?-
. 

_ _J t+3
a ,
"ol L l*.D3

t - -

4,F4
' l

\  rq,
J4

r * A
J  L 4

e+ A+
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TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS
Areas
rad 1 :=0.64m rad,2.=9.64-^ rad3:=6.64. .  rad4:=0.64m

PROJECT: LIGO
PROJECT NO: V59049

hZ .=1 .2 .m h3  :=0 .3 .m

A, :=11-rutr t2

\"=n Zladzh2

\ r: ?r.2 rad 3.h 3

Ao := z'.1gd *2

Emissivity

el r= 0,9 . e2:=0.7

BY: R.THAN
DATE:4/06/96

- -  ^ . ^ - 9
o : = ) o . / . l u

h 4  1 = h 2  +  h 3

€3 := 0.7 €4 :=  O. l

. watt

- tC

Viewfactor parallel circular disks

rad 1
RR r :=------ RR r =0.533

.  - - 2
l. + K.K I

Y ,  = l  - r -  -

RR l"

n 1*" , " :=o.s  [x  1-

F l , 2 ; = 1 . - F l g a t e  F 1 , 2 = 0 . 8 1 2

rad ,r
R R 4 : =  -  -  R 4 = 0 . + z z

I l ^

1. + RRaz
X , r : = 1 . + _- 

RRo'

R R 2 : = R R l

Calculate view factor to imaginary gate surface

F l gate = 0.188

rad ,
R R 1 : = - - - I  R R r  =  2 . l 3 :

l . + R R 1 2
Y^ =l ' ------------L" J

RR 3"
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TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS

PROJECT: LIGO
PROJECT NO: V59049

View factor algebra
' r , 3  - '  ' t , z - ' 1 , 4

F.  .  : =0

F :-- i .F- 2 , 1  
r  

- t , 2

1

' t 1  '  - ' 7 1

'  
4,2 

- '  
4gate- '  

4,1

E ' �  - r  E .  F  - 0 - 0' a , 3  - ' - ' 4 g a t e  ' q , 4 -

' 2 ,4  
t  

-  
4 ,2.\

'  z , z  
- '  - ' z , t - '  z , t - '  z , z

BY: R.THAN
DATE:4/06/96

F n,^ 
= 0.372

- 3 , 1  
A  

- r , 3

A

A  4 ' J

T, :=423 .K
I

F =

' 3 ,2  
, r  

-  2 ,3

E F

T- = a23.0 K
z

^  
4 , 1  ^  

-  
1 , 4

F.,o = 0.396

T, := 300.K T r  = 2 9 3 0 K

0 0.812 0.052

0.217 0.567 0.085

0.055 0.341 0.207

0.136 0.492 0,372

| '.rs? I
| 4.82s | .

A= l  l 'm -

| 
1.206 

I
L 1,287 l

o.rro I
0 . 1 3 1  |

or*  |
I

0 l

I
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PROJECT: LIGO
PROJECT NO: V59049

BY: R.THAN
DATE:4/06196

TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS

i  : =  1 . . 4  j  : =  1 . - 4

Eb.  := o /T. )a

_tr_ = a- tsD-

Node 1

B,, .  :=- ( l  -  " , ) .F, , :

B r , ,  , =  l  -  E r , ,  ( t  -  e , )

Node 2

a "  . : = . ( l  -  e " )  4  ,
L , J

Br,r:= 1 - F2,2.(i - 62)

Node 3 and Node 4

B - .  = - 1 r - e - \  r ^
J , l  \  r /  5 ,J

B ^  - : = l  -  F ^  -  l l  -  s - )
r , J  r , 5  \  5 /

-  / .  \  F5+,.i =- (t - eo)., +,

Bo,n: :1 -  Fo,o (1 -  "o)
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PROJECT: LIGO BY: R.THAN
PROJECT NO: V59049 DATE:4/06196
TITLE: BAKEOUT BI-ANKETS HEAT TRANSFER ANALYSIS

J : = B - l E

I r 
-{.08r -o oos -o o14 

l
" = | 

. out 0.83 -0.026 -o.o3e 
I

l-0.017 
-0,102 0.e38 -o.ne 

I
L-O.t22 -{.443 -0.334 l j

i rzzl
I

423 |

1 300 1
t l
L 2e3 l

I zos.+ru I
t l
| 677 .051 | r\

O=l  l .wat t  ^  Yi- 
l-758.742 | '{a --
| ' - -  

-  
A

l-rzz.t+a )

f15e65 I
- 140.307 | u,stt
u a = l  t . -- 

l-628.945 I -2

lro.'ou ] 
'-

r.zlt-rot l
" l

1.755.1fr l.watt
728.818 

- I 
n'

1.283.1d l

I ,,=(+)"'

.,=la;]+e,-D
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PROJECT: LIGO
PROJEGT NO: V59049

BY: R.THAN
DATE:4/06/96

TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS

Itr. Simple Radiaton Network Model 44" Gate Valve Open with low e liner

l,)

t  - e ,

esAf

ELI

r -ol

T{t

I It_91

r  9 l

. r [ , I

A'E-

\

A,f,q

Evs =aq

' l

A" Fts

l  - 4 ,

€tIs
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PROJECT: LIGO
PROJECT NO: V59049

BY: R.TMN
DATE:4/06/96

TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS

Areas

rad 1 r=0.60mrad2;=0.6Om rad 3 =0.6Om rsd4:=0.60m rad5:=0.60m rad6:=0.60m

h r : = 1 . 2 . m  h 5 ; = 1 . 2 . m  h 4 : = 1 . 2 , m  h 6 : = 1 . 2 . m  6 : = 5 6 . 7 . I O e . w a f i

A, r= z.rad q2 A  = l  l 1 l . m 2__r
2 . .4

m. .6 .

\ :=zr.Z.rad2.h2 4=+.SZ+'"?

q r= z.rad 32 a  = t  t r t . - Z' :  " - ' -

An:=n.2.rrd,4.h4 A4=4.524'#

A, := rr.2.racl 5.h 5 As= 4.524'rr?

Aa,=r-Z.rad6h6 Ae = +.SZl.o?

Emissivity

e, := 0.9 ea:=0.7 €3 i= 0.9

Viewfactor parallel circular disks

L  2 : = b  2 + h  4

eu:-0.7

rad r
R R 1 : = -  R t  =  0 . Z S

t r 2

l . +  R R  1 2
Y . : = l  +  - - - - - - - - : --  

R r '

r,.,  ,=0.s.Ix 1-

rad ,r
o. =; i  RK=os

RR1 :=RR r rad r
R R r  = i  R i = o s'  h 2

I  -RR i
X t : =  l .  + - :  "

KRf

F. - = 0.056 |
r ,  = o s  [ x t -

l . + R R g 2
x K  =  I - + - - -  "

ts< K

F K = o'tzzr s  ' =o  s - [ xK-

F I=o  t z z
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View factor algebra '

F .  ̂  = 0 . 0 5 6  F .  ̂ : =  1 .  _  F r

F. - = 0.828

- 1 , 4  -  - 1 , 2  - t , 3

F. .  := 0.0

- 3 , t  -  
1 , 3

.\

-  3 , 2  -  r !  - 3 , 1

- 3 , 4  -  - 3 , 2  - 3 , r

F.  ,  =0 .0  F .  - .=0 .0
t , )

Fr, ,  :=  0.0 F2,6:=0.0

I '  :O O
F-  -  : =0 .0  

' 3 ,6  - ' -

F  = F . .  F- 2 , 4  -  t  - 2 , 3

F  : l - F  - F  - F' 2 , 2  -  - 2 , t  - 2 , 4  - 2 . 3

F ,  ,  =  0 . 1 1 6

F =---:.F_ 4 , I  
r  

- 1 , 4

E  - n  n

F  - n n

F  - l  n

F -  ̂  : : Q g

Fo,u := o o

Fr,u := l  o

F- - := 0.0

Fr,o := o'o

Fr,, := o'o
Fu,, '= o'o
Fr,, := o o
Fu,o:=0.0

F 6 , 2  : = o  o

Fj ,3 := o o

F . , : = 0 . 0

F : --l.F- 4 . 3  
t ' ! , 4

T. := 423'K
I

Fo, ,  ,=  I  -  Fo,a-  Fn,r -  Fo, ,

Tz = 423'o'K T. := 80..K Tu :=293.9.9 To := 9.9.9 T, := 0.0 K

0.1 16

0.143

0.828

0.621

0

0

0 0

0 0

0 0

0 0

0 1

l 0

l . l 3 l

4.524

1 . t 3 1

4.524

4.524

4.524

0 0.828 0.056

0.207 0.621 0.029

0.056 0.116 0

0.029 0.143 0.207

0 0 0

0 0 0
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i : = 1 . . 6  j . : = 1 , . 6

/ - \ 4ro. := o. ( r-J

E.:=s.-Eb.

Node 1

8, , .  ;=-  (1 -  r , ) .F, . i

B r , ,  ; =  1  -  r r ,  t '  ( t  -  e r )

Node 2 Node 3

B" . r=- ( l  -  6,).F,, 
Br, :=- ( l  -  "r) 'Fr,;

Br,r:= I  -  F",r(r -  rr1 
Br' ,  := I  -  F3,3 ( l  -  €3)

Node 4 and Node 5 radiant balance

Bo, :=- ( l-  eo) Fn,, Br,. :=- (r -  "J.Fr,;

Bn,o ,= I - Fo,o (1 - en) - 0.5 s0

Bo,, ;=- (t - eo).Fo,, - o.5.an

Node 6

B -  .  : = -  1 1 -  e _ l . F -  .
o, l  \  o/  o,J

Bu,u :=  1 -  f u ,u . ( t  -  eu )

1 -{.083 -0.006 -0.012 0 0
-0.062 0.814 -0.009 -0.043 0 0
-0.006 -0.012 I -0.083 0 0
-0.026 -0.128 -0.186 0.391 -O.05 0

0 0 0 -0.05 0.95 -o.9

0 0 0 0 -o.3 I

Bs,s,= I -  rr,r ' ( t  -  er) - o.s.e,

Br,o r=- (t  -  er).Fr,n- 0.5.e,

r.634.1d

r.27vtd
2.09

0

0

292.517

E =
wan

m-B =
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J := g- t ' t

1.788.103

1.7 41.n3

98.072

794.859

445.601

426.198

Eba I= 0.s. (J4+ Jt
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o

waE

m-

Eb- .=Eb-

/-, \ 0.25
i. tro. i

r . - l  r l

423

80

323.402

323.402

293

T = .,=i&]n(uu,-,J

280.215

782.t75
-974.6t2

-87 .774

a'7 .778
-87.778

247 .764

172.899
-861.746

-19.403

19.403
-19.403

J"tt
,*
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3.8 Pressurd Gedge Paif Bakeout

The pressure gauge pair will be baked out at 25o"C. Since the gauge pair is mounted on a 1 5 inch
conflat tee that is in turn mounted on a 14 inch nozzle conflat blank, the thermal path to the l50oC mass
is reasonably long. To ensure that temperatue is reached at the gauge the entire tee along with the
gauge pair is heated to 250oC. With the temperature sensor mounted at the gauges, the gauges are
insured to reach temperature. A temperature gradient will develop along the tee from 250oC to
150'C. The required power density required to reach 250oC with 2 inch thick fiberglass insulation is

about 600 WnF.
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, " -20o 0 2OO 4OO 600

^
v

EO

.5

=

) o,,

FiCuc tI2,1 Efccs of tempcrature on the thcrrnai conductivitics of rhermal insulatire
materials. (Data ftom a numbcr of sourccs-including Ref. 8, in Chaptcr 20 and Refsi
4, 14, and 19 of this handbook-were selcctcd, plotted, and avcragcd to yield these
curves.)
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PROCESS SYSTEMS INTERNATIONAL. INC. ENGINEERING
CALCULATIONS

NO:V049-l-010
WESTBOROUGF{ MA PAGE I OF 2

REV. DEO# DATE BY: CHECK TITLE: Cooling Water Systern Heat Loads
o t3_f -Zt4 -D.t u<)

DFPT.

PROJECT: LIGO PROJECTNO: V59049

PURPOSE: Surnma{v of cooling water requirernents for LIGO project.

METHOD: Table

ASSUMPTIONS: Coolins water available oreszure:65.psig (5.5bar)-temoerature : 68.F(20C)

INPUTS: Vacuum pumo and clean air compressor reouirements.

REEERENCES: Edwards lfeh Vacuum Inc.

CALCULATIONS: NA

CONCLUSIONS: See table

NOTES:Table will be updated with final clean air wstem cooline water reouirements.
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PROCESS SYSTEMS INTERNATIONAL. INC. ENGINEERING
CALCIJLATIONS

NO: V049-1-034
WESTBOROUGH. MA PAGE I OF /'
REV DEO# .DATE. BY: CI{ECK TITLE:

COOLING WATER LINES SIZING
CORNERSTATION
ENDi MID STATION

0 0042 01/05t96R. Than DMW
1 o r L b 04/12/96R.Than 'i\ 

V\ ( L{-)

BY: R.THAN DEPT:744
PROJECT; LIGO PROJECTNO: V59049

PURPOSE:
Determine cooling water lines / header sizes requirements

METHOD:
Turbulent flow: Cole brook formula, "Moody chart"
I:minar flow: Haeen-Poiseuille Flow

ASSUMPTIONS:

IMUTS: Budget 35 psi drop for equipment

Main flow from the cooling water system is provided in the mechanical room
Flow is distributed from the mechanical room to the interferometer room

REFERENCE:

CALCULATIONS:

see Attachments

CONCLUSIONS:
Comer stations; 3" Tube size Main supply into mechanical roonq 7" or lYz" Tube header in Interferometer
room. A 65 psid head is required from the cooling water system at the mecharical room battery limits

End / Md stations: l%" Tube size Main supply into mechanical roor4 0.5" Tube header in Interferometer

room.. A 65 psid head is required from the cooling water system at the mechanical room battery limits

NOTES:



PROJECT: LIGO BYI R.THAN DEm: J44_

DATE:PROJECT NO: v59049

TITLE: COOLING WATER LINE SIZES PAGE : _ OF_

CORNER STATION

TUBE SIZE Flowrate
GPM

Flowrate
kg/s

AP
Budget

Dsid

AP
Budget

kPa

Header
Velocity

fUs

Header
Velocity

rn/s
3" Tube

Mechanical
Room

Main Supplv

50 3 .12

1" Tube
lnterferometer

Room

I 0.50 1 7 117 s,z 0.98

Equipment
Budoet

69

Maroin l a 90
Required

from LIGO
85 276

END/ MID STATIONS

TUBE SIZE Flowrate
GPM

Flowrate
kg/s

AP
Budget

psi

AP
Budget

kPa

Header
Velocity

fUs

Header
Velocity

m/s
1/z" Tube

Mechanical
Room

Main Supplv

1 1 0.94

Yr" Tube
lnterferometer

Room

1 . 3 0.08 T 76 1 .75 0.53

Equipment
Budoet

EE 69

Margin l 5 158
Required

from LIGO
65 276

Revision:l I
Doc no: V049-1t34
Page 2 of l5



PROJECT: LIGO BY: R.Than
PRoJEGT NO: V59049 4l1A%
TITLE: COOLING WATER LINES SIZING

COOLING WATER LINES

CORNER STATION
Qtv' Each Total

Mechanicat Room Umin Umin GPM ksis

EDP200 Rouohinq cart 1 0 20 9 . J C 0.33
QDP80 Main Turbo backing Pump 6 1 2 3.20 0.20
Purge Compressor I 70 70 18.67 1 . 1 7

102 27.20 t .7a

Design 128 u.N 2.13

tnterterometer Room

EH2600 Rouohino Blot'/er 6 1 2 3.20 0.20
STPH2000 Main Turbo 3 o 1.60 0 .10
Aux Turbo cart 2 1 2 0.53 0.03

20 5.33 0.33

Design 25 6,67 0.12

STATION TOTAL 153 40.67 2.54

END/MID STATION
Qtv' Each Total

frlechanicat Room Umin Umin GPM kg/s

QDP80 Main Turbo backing PumP 1 o 6 1 .60 0 .10
Purge Compressor 1 JC JC v.oo 0.58

41 10.93 0.68

Design 51 13.67 0.85

Intefierome'€,r Room

STPH2000 Main Turbo 1 2 t 0.E0 0.0s
Aux Turbo cart 1 0.27 0.02

4 1,07 0.07

Design 5 1.33 0.08

STATION TOTAL 55 15.00 0.94

Revision: l
Doc no: V049-l-034 .
Page J of lf



PROJECT: LIGO R.THAN
PROJECT NO: V59049 4t12196
TITLE: COOLING WATER LINES SIZING

3 Umin

3 Umin

6 Umin

6 Umin

6 Umin
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o o o
f - t - r

Revision: I
Doc no: V049-l-034
Page ( of lF
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LIGO Vacuum Equipment lnstrument Air Requirements

Preliminary Instrument Air Requirements
Reference: P&lD V049-0.001 Rev 0
Supply Pressure:
Dewpoint

80 to 120 p6ig
- 6 0 c

Air Consumption (SCFM)
Continuous lntermittent Peak

( 5 minute
duration)

D. A. McWilliams
Feb 1 ,1996

10 .6

Comer stations
WA
80 K Pumps

WCPl
wcP2
Gate Valves

WGV5
WGV6
WG\r/

- WGVS
Xoughing Carts
- _ _ .

WRC2
Turbo Carts
WTCl
WTC2
Station Total

WA Midstations
80 K Pump6

WCP3 or 5
WcP4 or 6
Turbo Cads
WTC3 or 4
Station Total

End Stations
WA
80 K Pumps
WCPT or 8
Turbo Carts
WTCs or 6

Itation Totat
v

l-A

LCPl
LCP2

LGV3
LGV4
LGV5
Lgv6

LRCl
LRC2

LTCl
LTC2

LA

LCP3 or 4

LTC3 or 4

1 . 5
1 4

4.7
0.7

o.7
o.7
5.8

1 . 5
1 \

0.7
3.7

1 4

1 . 5
o.7
3.7

0.6
0.6
0.6
0.6

0.6
0.6

0.6
0.6
4.6

4.3
0_6
0.6

0.6
0.6 4.3

V049-1-0ztil Rev 0 pl of 1
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PROCESS SYSTEMS INTERNATIONAL. INC. ENGINEERING
CALCULATIONS

NO: V049-1-093
IVESTBOROUGH. MA PAGE I OF 4'npv

DEO# DATE BY: CIIECK
INSTRUMENT AIR LINES SIZING
CORNER STATION

n O r2Je 04/1?/96R. Than D. V^tcd

BY: RTHAN DEPT:744
PROJECT: LIGO PROJECTNO: V59049

PURPOSE:
Determine instrument air lines / header sizes requirements

METHOD:
Turbulent flow: Cole brook formula, "Moody chan"
laminar flow: Haeen-Poiseuille Flow

|A,SSIIMPTIONS: 
'Line leng of 300 ft

INPUTS:
Comer station:
End/I\.{id station:

Air 20 SCFM @ 70 psig
Air 10 SCFM @ 70 psig

REFERENCE:

CALCULATIONS:

see Attachments

CONCLUSIONS:
0.5 inch ID copper lines gives for Corner station a pressure drop of 18 psi
0.5 inch ID copper lines gives for MidlEnd station a pressure drop of4 psi

NOTES:

I



PROJECT:

PROJECTo NO: V59049 DATE:

CORNER STATIONS
SCFM

1.5

1.5

1.5

0.6

BY: R.THAN DEPT: 744

Total
SCFM

J

3

3

2.4

11.4

Total
SCFftI

3

1.5

4.5

Cryopump
valve
Roughing
cart purge
Turbocart
purge
44148
gatevalves
Total

Cryopump

$tff""".,
purg€
Total

ENDATID STAfiON

Qty'

)

t

2

4

Qty'

,,

I

SCFM

1.5

1.5

With a margin of 2 the pressure drop thru a 0.5 inch ID line are the following:

LD. Flowrate Flowrate AP AP
inch scrM ks/s psi bar

CORhTERSTATION 0.500 20 0.01 l8 1.2
ENDIUID STATION 0.500 10 0.005 4 0.3

Revision: 0
Doc no: V049-1-093
Page 2 of 4
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a

LIGO Vecuum Equipment Hazrrds Anelysis

Below is a release ofthe PHA sheas that constitute t$e llazards Analysis rcguired

by the LIGO System Safety Plan. The major types of equipmmt and opcrations

. 
were analyzed with respect to hazards that result in damage to equipment or the

environment or injury to personnel. The principal engineers wcre irwolvcd in the

revior,r ofequipment and operations for which they are rcsponsible. The analysis

rates the hazards according to hazard probability and severity using the guides found

in MIL-STD-882C section 4.5.1 and 4.5.2 which are also found in Tables 3.1, 3.2,

and 3.3 ofthe LIGO Project System Safety Plan, The relevant definitions are

referenced in the lower lefr hand corner of the PHA sheets. The Hazard Risk Index

is given below for mnvenience. N9 hazqrd5 qlsp's found which fall in the

Unacceptable or Undesirable categories.

Eezard Risk lnder

EazardRisk lndcr Risk eldeeri&ria
1,4-tB.  rc.24.28.3A Unacceptable
lD. 2C.2D. 38. 3C Undesirable (Proiect Manacer Decision Required)
lE.2E.3D.3E 44"48 Acceptable with review bv Proiea Manager
4C.4D.4E Acceotable without review

The PHA sheets completed are listed in the index below. This is a complete set of

those sheets we anticipate being required. PSI will provide any other PHA sheets as

needed.
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Equipmcnt:

l. An isolatable section

2. Beam Splitter Chamber

3. Horizontal Access Module

4. Roughing Pumps

5. Tubomolecular Pumps

6. Auxiliary Tubo Can

7. Ion Pumps

8. Annulus Ion Pumps

9. 80 K Cryopumps

10. Large Gate Valves

I I . Small Gate Valves

12. Blanket Bake Out System

13 . Clean Rooms

t+. Clean Air Svstem

Opcretions:

l. Bake Out

2. Back to Air (Repressurization)

3. CryopumpRegeneration

4. Roughing

5. TurbolRoughing

o. Hieh Vacuum Operation
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