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TECHNICAL MEMORANDUM X- 64600

A SOLUTION TO THE PROBLEM
OF EVACUATING A SPACECRAFT CANISTER

INTRODUCTION

This discussion analyzes the effect of material outgassing on the pres-
sure of a canister being evacuated through an aperture. That is, a determi~
nation of the time required to reach a minimum pressure in the canister and
the rate of outgassing necessary to keep the canister at this pressure is made.
The canister is assumed to be immersed in the vacuum environment »f space,
and is initially at atmospheric pressure Py at time t equal to zero.

n

aperture of area A, and assume that all of the following equations refer to ¢
aperture that is small compared with the size of the vessel and apply to either
viscous or molecular flow. Pj is the pressure of the vacuum environment of

space where P; > P;. Then, for the Py side, a pumping speed & is associated
with the aperture because gas is disappearing into the aperture.

It has been shown in vacuum technology (see hibliography; that the
pumping speed S (measured in liter/sec) of an aperture at pressure P equals
the volume of gas removed from the system per unit of time measured at the
pressure P; hence,

[eN

S= ==V . )
C= v (1

jo)

Then, the throughput or flow rate Q (measured in micron-liter/sec) is

[NV
-

Q = PV . ‘ -




Figure 1. Schematic of canister.

Therefore, from equations (1) and (2), we arrive at equation (3).

§ =
. Q
VAT
=%
and
Q.
@ = =V 3
5= , (3)

where the pressure P is measured in microns of mercury. From this, the
throughput of the gas out of the canister is expressed as

Q= PS5 . (4)

Do



THEORETICAL ANALYSIS

The outgassing rate is simulated by assuming a leak QO into the

canister; thus, the net removal of gas is
Q =8P - Q
6]

and, as a result, the pressure drops at a rate % . Therefore,

_ __yap
Q=8P-Q, =-Vg
_ dp
SP_QO_—th
dp 1
=- — dt
SP—QO Vv
1 fP 1 sdp - [to 1 gt
S P, SP-Q0 t Vv
P, t
_ 5 o}
In [SP-Q ] l =- 3t |
P, t
In[SP;-Q ] - In[SP,-Q] =- & t + 24
) 2" % V o V

Since the initial time to =0, then

[SP; - QO]

S
In —m———— ==14¢
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) s,
s v
QO ’
Py - 3
and <
- — 1 -—1
P, = P, e’ +QO 1
Sy = 18 ""'é"‘" - e 5
where

Py = the initial pressure in the canister (measured in microns of

Hg, at time t = 0).

Py = the pressure in the canister (measured in microns of Hg
at time t) .

& = the simulated outgassing rate in the canister (measured in

© microns-liter/sec) .
YV = the volume of the canister {measured in liters).
SM and SV = the pumping speeds of the aperture for molecular and

viscous flow, respectively (measured in liter/sec).

Qo = the gas load of the system.
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STARTING CONDITIONS

The representative values assumed for the canister are

a. Canister

diameter = 208.28 cm (82 in.)
radius = 104.14 cm (41 in.)
length = 330.20 cm (130 in.) ,
volume = 11.24454 x 10% cm® = 11, 24454 x 10" liters = 7r'h
area = 2.840578 x 10° cm® =2 grh + 2 m?

b. Aperture

{1) 4 inch diameter (area of aperture = 81. 03 em?)

(2) 3 inch diameter (area of aperture =45.38 cm?)

(3) 2 inch diameter (area of aperture = 20.25 cm?)

(4) 1 inch diameter (area of aperture = 5. 064 cm®)

PROCEDURE

To determine the effect of the outgassing rate on these calculations, a
value of silicone rubber was taken from the literature!:

liter

70 x 1074 pH
x pHE sec cm

2

i. Donald J. Santeler, Donald W. Jones, David H. Holkeboer, and Frank Pagano,
"Vacuum Technology and Space Simulation, ' prepared under contract NASw-680
by Aero Vac Corporation, 1966.

£




To find the simulated outgassing rate in the canister, the area of the
canister was multiplied through the above value giving

Q, = 19.88404 x 10% pHg liter/sec

Using this number as a median, larger and smaller outgassing rates were used
in the equations to ensure representative results covering a band of possible
parametric values.

The pumping speeds S of the different size apertures for molecular

and viscous flow were taken for air at 20°C from the literature listed in the
bibliography.

Viscous Flow

Assuming the aperture of area A is small compared to the vessel, the
pumping speed is expressed by

SV: 20 A liter/sec . (8)

Then for viscous flow the time t for the canister at a pressure P; to reach
a value P, is given by

Qo
Py —'—S
3 L i
t.= A 1n _________V_ , (9)
v S Q
A% o)
P, —-—S
L V 4

where Py = 7.60x 10° uHg.

Molecular Flow

Assuming the aperture of area A is small compared to the vessel and
the mean free path of the gas, the pumping speed, as developed in Appendix A,
is expressed by:

By = 11.6A liter/sec . (10)

I

(@3]



For molecular flow the corresponding time interval to equation (9) is cxpress-
ed by:

QO-
Pi—"s"—'"
tM: SV In = QM: (11}
M 0
P, —‘S—""
L M

where Py = 1.0 yHg.

The equation for viscous flow (Eq. 9) was used in the calculations
down to the pressure of 1.0 x 107 torr. Below this pressure equation (11)
for molecular flow was used.

INITIAL CONDITIONS

The representative individual values of QO chosen were:

Qo (uHg liter/sec)

.00
.10
.20
.30
.40
.50
.60
.70
.80
.90
.00
1.0x 1ot
1.0 x 10?
1,0x 10°
1.0x 104
1.0x 10°

O OO OO0 o oo o0




Then the calculations of time t as a function of the pressure P, were
made for the following P, values:

Py values substituted into

Py (torr) formula, (uHg)
7.6 x 107 7.6 x 10°
1.0 x 10? 1.0x 10°
5.0 x 101 5.0x 10
1.0 x 10 1.0x 10t
5.0x 10 5.0 x 10°
1.0 x 10Y 1.0x 10®
5.0 x 1071 5.0x 10%
1.0 x 10-1 1.0 x 10?
5.0x 10-2 5.0 x 101
1.0x 102 1.0x 10!
5.0 x 10-3 5.0x 10°
1.0x 1073 1.0x 10°
5.0x 1074 5.0x 1071
1.0x 104 1.0x 101
5.0x 107 5.0x 10-2
1.0 x 10-3 1.0x 1072
5.0x 1078 5.0x 103
1.0x 1078 1.0x 10-3
5.0 x 107 5.0x 1074
1.0x 10-7 1.0x 104

The resulting calculations are given in Appendix B.

CONCLUSION

The final pressure obtained in the canister will be an equilibrium con-
dition determined by, excepting minor parameters, the flow of gas from
the walls of the canister and the pumping speed of the aperture. It is recognized
that the pumping speed of the aperture will not remain constant over the entire
range of calculations but will change with the pressure on the inside of the
canister. However, in these calculations it was assumed that the pumping speed
was constant over the pressure range, this speed being separate values for the
viscous a2nd molecular flow.



The results of these caleulations show that for any fixed value
pumping speed the system's outgassing rate will determine the mininr
pressure achievable by the canister. As long as the rate of outgassing re
constant at some value the canister will stay at this pressure.

varying outgassing rates of the materials will affect the overall internal

environment of the canister. Therefore, the data and results obtained are
intended to present only representative cases for a canister of simple geome

The addition of physical obstructions, temperature gradients, and

9







APPENDIX A
GAS KINETICS

The total nuimber of collisions with the walls, per unit area per unit
time, including molecules coming in from all directions and with all speeds is

1 (A-1)
where
v = mean molecular speed;
n = number of molecules per cubic centimeter,
d

The gas flowing across any plane per unit of time t, T is
v _ v
=t = X . A
dt 4 A (4-2)
Then the flow of gas is

— dv €3 )
Q =P T {A-3)
Q=P LA . (A-4)

4

Since the mean molecular speed v is
- 8KT
v = , (A-5)

e
[




where
K = the Boltzmann constant = 1,381 x 10~ dyne cm/deg
T = the absolute temperature

M = the mass of the molecule.

Substituting equation (A-5) into equation (A-4) gives

1 [8KT
Q= 4 T M PA
/8 KT
Q= 16 M PA
KT
= [—— PA . A-
Q =Y, (A-6)

Equation (A-6) was derived by using kinetic theory. This equation
indicates the amount of gas flowing through an aperture of area A, which is
small compared to the vessel and to the mean free path of the gas.

Now to determine the pumping speed of the aperture from the P; side,
we use the relationship

-]
8 = B, - (A-T)

Substituting equation (A~6) into equation (A-7) we arrive at

KT
s = | A (A-8)

Thus, molecular flow for air at 20°C is

Sy = 11. 6A liter/sec

12



APPENDIX B
TABULAR DATA

Nomenclature

Q the simulated outgassing rate in the canister measured in
microns-liter/sec

PON the base pressure reached for molecular flow in the canister
for the prescribed value of QO.

POV the base pressure reached for viscous flow in the canister
for the prescribed value of QO.

P, the pressure in the canister for time tN or tV measured in
torr and in microns of mercury.

tv the time, in seconds, for viscous flow to reach a pressure P,.

tN the time, in seconds, for molecular flow to reach a pressure
P,.

E OX = 10° whereX = 0123.... N

NOTE: tV was calculated for pressures down to 1 x 1073 torr.
tN was calculated for pressures below 1 x 1072 torr.
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TABLE B-1.

ONE-INCH ORIFICE

0o OMICRCNS HG=LITER/SEC

P2 (M=HG)

Je T6E
0e1CE
Ce50F
0.10E
0e50E
0.10E
Ce5CE
De10E
0.50E
0e10K
0«50E
Qe 1CE
0508 Q0
0.10E 0OC
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J¢000E 20 TORRe

TM(SECQ)
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PON
pav

00 =
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0+ 50E=05

03
03
02
02
C1
01

TABLE B-1.

(Continued)

CelMICRONS HG=LITER/SEC
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M=HG OR POV

P2 (M=HG)
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0¢&
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03
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02
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01
01

C0al70E=05 TORRe
0.987E=06 TORRe

TN(SEQ)

015109130E
Celb&4u5342E
0el9568439E
0.20935478F
0e24323974E
026059140E

04
Ca
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oL
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TVI(SEC)
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0e13212570F

w i
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J4

e
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{Continued)
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TABLE B-1. (Continued)

GO = 0e3MICRONS HG=LITER/SEC
PON = 0e510E=02 M=HG OR PON 51CE~CS TORRe
POV = 06296E=02 M=HG OR POV = 06296E~05 TORRo

0o

P2ITORR) P2 (M=irG) TNISECQ) TvisEC)
Oe76F 02 Oe76F 24 Jevwllouluvi
D« 10F 03 D100 08 DersZb2Uba b
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PON
POV
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Oel0FE
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Qo0

PZITORRI
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02
o2
01
01
00
00
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GmlO?WUg
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TABLE B-1.

(Continued)

= Oe4MICRONS HG=LITER/SEC

0«680E=02 M=HG OR PON
De394E=02 M=HG OR POV

P2 (M=HG)

Oe76E
0«10E
0«50E
0e10E
0«50E
0e10E
0+50E
0«10F
0e50E
0s10F
0e50E
0«10E
0e50E
0«10E

0s50E=
Oel0E=

06
06
05
05
04
04
03
03
02
02
01
01
00
00
N1l
01

[T 1}

00680E—05 TORRD
00394E_05 TCRR e

TN(SEQ)

0el15112443E
0e¢16459106E
0el9664526E
021143930E
0e26156196C

04
04
04
04
04

TVISECQ)

0,000000U00E
0e22628427E
0630361999E
048318805k
0.5605238CE
0e74009216E
0eB81l742834E
09969958 7E
0el0743400E
0612539433E
0¢13313230¢E

IV
03
02
03
03
03
03
03
04
O«
04



TABLE B-1i. (Continued)

00 = Ce5MICRONS HG=LITER/SEC
= Ne851F=02 VM=HG OR PCON = 0.851E=05 TORRe
= De493E~C2 M=HG OR POV = 0,493E=05 TQORR.

P2(TORR) P2 (M=HG) TNISECQ) TVISEC)

Qe 76E 03 Oe76E 06 0e0Q00CVICVE WU
O0.10E 03 CelOE 06 Ce22628427E Q3
0«50E 02 050K 05 0e3C361599E 03
0«.10F 02 0.10E 05 0e483188050E 03
0.50E 01 0e50E 04 0656052392E 03
0e10E 01 0«10E O4 0e74009228E 03
0«50E 0O 0e50E 03 Ce81742859E 03
0e¢10E 00 0«10E 03 0e99700097E 03
0e50E=Q1l Ce50E 02 Qel07432422E 04
0el10E=C1 0.10E 02 06125395438 04
0e50E=02 0¢50E 01 0.13313452E 04
0e10E=02 0«10E 01 0el5113549E 04

0s50E=-03 0e50E 00 0e16463564E 04

0« 10E=03 0«10E 00 0e¢19697800E 04

0s50E~04 0«50E=01 0e21219096E 04

Oe¢10E=C4& Oel0E=01 Ce27621328E 04
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TABLE B-1i. (Continued)

no = 2 eEMICRONS HO=LITER/SEC
PAN = 04102E=01 ¥=dG JR PON = 2.102E=04 TORR.
DAV = (45Q28=02 “=HG OR PCV = U.592E=05 TORR.
P2(TONR) P2 (¥=HG) TNISEC) TVISEC)
DeT6E U3 0,765 06 0.0000CVUSE LY
0,108 ¢3 0.10F C6 0022628427 03
0.576 02 0.5CH 05 0630361999E (3
0. 10E 02 0.10€ 05 0.48318811E 03
0505 01 0.50E 04 0.5€052392E €2
50108 C1 Co10E 04 0.74009240E ¢3
0s50E CO Ce50E 03 VeBl742BY3E UG
Cel0E CC 0,1CE 03 0.99700207E C2
0+50E=C1 JeH5UE U2 De 10743444 V&
0¢10F=01 0.10E 02 0612539653E U4
0o50F=02 0.50F 01 0.13313671F 04
06 10E=02 0,10E 01  0.15114658E 04
0.50E=C3 D.50E 00  0.16468042E 04
9+ 10E=03 0.10F OC  C+19731735E 04
0.50F=06 0s506=01  0e21297504E 04
R0 = 0+ 7¥ICRONS HG=LITER/SEC
PON = 0s119E=01 ¥=HG OR PON = 0s119E=04 TORR.
POV = De691E=02 M=HG OR POV = 0.691E=05 TORR.
P2 (TORR) P2 (M=HG) TN{SEC) TVISEC)
0.¢76E 03 0.76F 06 0+000000C0E OV
3, 10F 03 0.1CE 06 0022628427E 03
0e50E 02 0e50E 05 Ce30361999E 03
+10E 02 0s10E 05 0.48318811E 03
Ne5CE 01 0.50E 04 0e56052392E C3
0s10E 01 0s10E 04 0s74009253E 03
0s50% 00 0.50E 03 0e81742895E 03
0,10F €O 0s10F 0% 0.99700317E 03
0s50E=01 0s5CE C2 0e410743466E 0
0s10E=C1 0.10E 02 0012539763E 04
0s50E=02 045CE 01 0.13313891E 04
04 10E=C2 0,10 01 0.15115766E 04
0s30E=03 04508 00  0.16472536E 04
0s10E=03 0010E 00  Co19766359E 04
0+50E=04 0e50E=01  0421379428E 04

20



TABLE B-1. (Continued)

QO = 0e8MICRONS HG=LITER/SEC

PON = Col36E=0]1 M=HG OR PON = (.l136F=04 TCRR,

POV = 0,789E=02 VM=HG OR POV = 0.789E=05 TORRs
P2(TORR) P2 (M=HG) THISEC) TVISEC)
0.76E 03 0e76E 06 0600000 UUVE wu
0+10€ €3 Ce10E 06 N0e22628427E 03
0e50E 02 De5CE 05 Je303620C5F ©3
0e10E 02 0.10F 05 0s4831981L1F U3
0«50F 01 0e50E Q& 0e56052392E o3
0s10E 01 0.10E 04 Ce764005265E U3
0.50E 00 Ce50FE 03 QeB1742920E 03
0s10E 0OOC 0s10E 03 0:997CU27E 03
0s50E=01 0650E 02 ColQT743488E U4
0el0E=01 CelOE 02 3125396738 04
0e50E=~02 Ce50E 01 0613314113E 04
0« 10E=02 0elJF C1 0e15116877E V4
0e50E=03 0e50E 00 0e16477G50E 04
0el0E=03 0+10E 00 CelGB01696E 04
0e5CE=04 0e50F=01 0e21465200E Q&

Q0 = 0 e9MICRONS HG=LITER/SEC

PON = 06153E=01 Vi=HG OR PON = 0e6153E=04 TORR

POV = 0e888E=02 M=HG OR POV = (0.888E=05 TORR.
P2(TORR) P2 (M=HG) TN{SEC) TVISEC
0e76E 03 Qe76£ 06 UeUCUUUO0UE WU
0e10€ 03 Cel0E 06 0622528427E 03
0e50E 02 Oe5CE 05 0030362005E 03
0«10E 02 0.10E 05 0o48318811E 03
0«50E 01 0e5CF 04 0056052392E 03
0¢10E 01 0e1CE 04 0.74009277E 03
0e«50F CO 0-5CE 03 0eBLlT42944E 04
0e10E OC 0«10E 03 0699700537E 03
0e50E=C1 0e50F 02 0s10743510E 04
0«10E=01 0«10E 02 0s125329982E 04
0s50E=02 0e50E 01 0s13314333FE 04
0e¢10E=02 0.10E 01 0s15117988E 04
0e50E=03 0«5CE 00 0e16481584E 04
0e10F=03 0e10E 0C 0e19837778E 04
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Q0 = 1eOVICROAS HG=LITER/SFEC

PON = 0,17CE=01 Ye=dG 0O PON = J,170E=04 TORRe
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DeH0E=02 0s5CE Q1 Col33143555E Cu
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TABLE B-1. (Continued)

Q0 = 100e0MICRONS HG=LITER/SEC
Cel70E 01 V=HG OR PON = 0e170E=02 TCRRe
0¢987E 00 “=HG OR POV = 0.987E=03 TORR.

P2 (TORR) P2(V=HG) TNISEC)
0e76E 03 0e76E 06
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0e50E 02 0e50E 05
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0e50E=01 0«50E 02
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TABLE B-2. (Continued)

06 IMICRONS HG=LITER/SEC

P2 {V=HG)

Os76E& 06
Cel0E 06
0«50E 05
Ue10E 05
De50E T4
Q0«10 C4&
0«5CFE 03
QolUF 03
Q0«5CE Q2
0«10E 02
0«50E 01
C«1L0E 01
0e50FE 20
0108 0O
0s50E=Q1
0e10E=01
O.SOE—OZ
Qs 10E=02
0«50E=03

PCON

PCV

Cet25E=C6 TORRe
Ce2046E=CO6 TORRS

TNISEQ)

Ce37767034E
Cer1102227E
0.48B857965E
Ue522117C6E
0«60119055E
Ceb3670825E
0« 73648083E
0e83473669E
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TABLE B-2.

(Continued)

0e2MICRONS HG=LITER/SEC

Ve=HG OR PON
0e&493E=03 M=HG OR POV

P2 (M=HG)

Q.76E Q6
0.1CE 26
D.50E 05
0«10 05
0.,50E 04
0.10E Q4
0.50€ 03
0.10E 03
0.50E 02
0«10E 02
0650F 01
0«10E Ol
0.5CE 09
Cel0E 0O
0«50E=01
0e10E=01
0s50E=02
0«10E=02

0s851E=C6 TORRe
Ces93E=C6 TORRe
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TABLE B-2. (Continued)

Q0 = 0e3VICRCNS HG=LITER/SEC
PON = 0s127E=C2 NM=HG CR PCON = Co1Z7E=05 TORR,
POV = 0,T740E=033 M=HGC CR 2CV = Ce740E=06 TCRRe

P2LTORPRY P2 [ MaHG) TNAUSEC TVISEC)
Je76F 03 De76E 06 VoellUuuwduuvuE wi
0s1CE 03 0.10F C& 0e5686549CE 042
CeB08 02 0s50E 05 0e75897522E C&
CslQL 2 0s10F 05 Us12078508E 03
D.50F 21 0+50E C4 0e14CLLT712E O3
0108 01 0s10F 04 Ue 185004 TUE C3
Ds50E 00 06506 03 Oe2C433673E U3
Ca10E CO CellE 03 0e24G22445E 03
0s»50E=01 0«50E 02 0e26855670E U3
0a l10F=01 CelQFE C2 031344592E 03
De50E=02 06508 C1 Ve332780U5E U3
0s10E=02 26108 01 0e2776RL1L4E (O3
Deb50E=03 0«50E 0O Ues4110770RE (03
ColC0E=03 Cel10E 00 Qe&8396527E 03
DeB50E=C4 050E=01 Ceb2292273E 03
O0e 10E=Q4 U0s10E=D1 0.60564001E 03
0s50F=05 Q0e50E=02 D064658044E 03



TABLE B-2. (Continued)

e o= CottMICRONS HG=LITER/SEC
CE=32 t=+G OR PCN = J.17CE=35 TCIRR,
C 1

=03 MNMeaplG 2R POV =

p":k\‘ 3 l W
POV = 0,987
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;o’:.")?C"*f} T\;:’\Qa

P2(T0ONR) P2 (M=HG) T ISEO Ty

Ty T

SeECH
Qe 76F C3 Je76E U6 Covl e W
Ce10E 03 Ca10F 3 @?6/VQN%Q
D«50F Q02 Je50E 35 ; Sed
0s10E U2 0«1C0E 05
Je50E U1 Ce50E C4
Je10E C1 0108 Cs4
0.50F 0O 0.50£ (3 -
0« 10E 0C D«10E Q3 ue;?‘?céd;wf‘w
De50E=01 0.5C% 02 Ue26pbb6oy
OelOE"Dl (\9105 ceZ O@El?*““l‘/
D¢50E=~02 Je5UE C1 Ce322721%2
0.106=-02 0=«12E C1 De37769057E €3
Je50E=(3 0e50F CC Dets111044GE 03
Qs 10E=D3 0.1JE C2 Ce&39155%6E 03
De50FE=Ch Qe5CE=21 {e522330081E 03
0. 12E~0C4 JellE~C1 Ce6080U3137E O3
0e50F=05 UeDCH=0Y Ce65240307E 03
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TABLE B-2. (Continued)

M DBV ICRTNS AI=LITER/SEC
T NP 125=N02 ¥WernG 0OR POMN = LeZ2l20=05 TORR.
Vw0 1 TE=0R V=G OR POV = Ul 142E-0Ub TORR.

AT ARE P2 A== TNESECQ) Tviscd)
A JelbE LG W SVICIVIVIVIVIVEVE VY
fe107 C3 Ce«l0E 26 0565254508 2
Se 008 G2 D505 N5 Ue 75238702 C2
CTe10L U2 Ca10F 08 Ca12C75508E U3
TL 508 C1 Ce50E 04 Ge L4CLL712E O3
CelOF 01 U108 04 UelB8UU&TUE U3
2508 00 Te50FK 03 Ce 20633676E 032
Te 19 GCalDE 232 Ced&%274608E 03
et (0.50F 07 JeZ26355T70UE 03
D910 el 8 02 Ue312344732E 03
Oe 51 Ue50E 01 Ue332782770L U3
ol Os10F 01 Ded7769757E O3
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s LOE=03 O.10E UV Vel 254 37E U3
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Oo ] DF et SelUf=ul Gef1354931E O3
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TABLE B-2.
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(Continued)
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( Continued)

222E-C5
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TABLE B-2. (Continued)

Qe = 0We0¥ICRONS HG=LITER/SEC

PON = 0,425F=01 M=HG 0R PON = Ce425F=0C TORKe

POV = 0e24&E=01 N=nG OR POV = Ce2480=Ct TOKRe
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TABLE B-2. (Continued)
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0e10E£-01
0.50E=02
0e10E=02
0e50E~03
0e10E-C3
De50E=04
0el0E-04
OoBOE"OS
0elDFE=05
0e50F=06
0ePGE~Q7

GO
00

TABLE B-4. FOUR-INCH ORIFICE

O« CMICRONS HG=LITER/SEC

NM=~HG OR PON
M=HG OR POV

P2 (M=HG)

Qe76E
Cs10C
Oe50E
O0«10E
0e50E
0s10E
0s50E
0« 10E
0e50E
0e10E
0e50E
0e10E
0e50F 00
0.10E CO
JeH0E=D1
UelOE=01
0e5CE=-Q2
OelCE-CZ
0e50E~-03
OelOE~03

0¢
0e
05
05
Q4
04
03
03
02
02
01
0l

0e000E UU TORRe
00002 00 TCORRe

TRN(SEQ)

CeG441R1GTE
0e1027505¢6E
Cel2209907E
0el30432185E
Dela9TT7956E
0e15811276E
De17746087TE
0e18579364E
020514175E

02
02
03
a3
03
03
03
03
03

TVISEC

UeLUUUVLUVE
Coelelal721E
018974845
Ce30LGT0LTE
0e35030143E
Jet462523 11K
0e1085441E
Ce62307609%9E
CobT714UT31LE
Le78362899L
5e83196029E

U
2

02
0z
0z
o2
u2
0Z
Q&
02




Re ]

SR

KTt

of e
w0 ~
= [, 10 4HE
e I il et
= 0.417F

Us76F U3
Del0F U3
Ca50E 02
De10F 82
D.50F U1
Us10E 01
Ce506 GO
e 1OF 00

0508=01
Ue 12E=C1
OeBNE=Q2
Qe l0E=C2
0e50F=03
0s10F=03
0s5DE=04
Do LOE=D4
f)m?)C;*“CS
Cs10F=03
0s50F=06

TABLE B-4.

(Continued)

CelMICRONS HG=LITER/SEC

MG
“=HG

OR
CR

PON

POV

P2 {rrmbG)

Ue 768 C5
Qellt 06
D«50E 05
CslCE C5
Je5CE 04
Je10E Q04
J«50F 03
J.108 03
QOBOE 02
OelCE 02
0+50F 01
0«10E Q1
Q0«50E QOO
CelQE 0O
OlBOE“Ol
0s10E=01
O.SOE'OZ
UelOE=-0C2
0+50E-03

#

Qe lCHE=USE TORR@
Seb1l7E=07 TORRo

TN(SEC)

094418625E
CelU275267E
NDe122111C02E
0.13045663¢E
0e14990771E
0e15837045E
0e17881222€
0«18866885E

02
03
03
03
03
03
03
03

Tv(sSeEC)

JeLWlUJuUuJUUUE
Oell&4l721E
Qe lE9T74L4B4LIE
Ce3C197017E
0e35030143E
Cets6252311E
05108544 1E
062307605k
Qeb 714074 1E
078362945E
Qe 31G6121E

i
Jz
02
02
ve
02
vz
0l
vz
02
c?



TABLE B-4. (Continued)

QG = 06 2MICRONS HG=LITER/SEC
PON = 0,212E=0% MaHG OR PON = Ua212E=0U6 TORRo
POV 0s123E-03 M=HG OR POV = C.123E~06 TORRS

P2ZITORR) P2 (M=HG) TNLSECQ) TvistC)
Ce76E 03 Qe76E 06 JeuwdUOUOUVIE
0.10F O3 Js10E C6 Uslal&liZlt
0.50& Q2 0«50E 05 0s18974849E
0.10F 02 0«10E ©5 0e30197CLY7E
0e50E 01 0.50E D4 Vs 35020143E
De10FE 01 0.10E Q4 Osett252311E
0«50F 00 0.50E 03 0e£1085441E
Ge10E 0O 0s10E 03 0e62307617E
0.50E=-01 0.508 Q2 UebTlaiuT47h
0el10FE=01 0«10E C2 Ue78362¢91EL
0e50E=~C2 0«50FE 01 0s83196157C
0e10E=C2 0s10E O1 06944190528 02
0+50E=03 0«50E 0C CalC275437E 03
0e10E~-03 0s10E 0O De12212298E 03
0.50E~T4 0e50E=01 0e13048144E 03
Qe 10FE=04 0.10E=-01 0«15003683E 03
0e50E-05 De50E=C2 D.156863385E 03
Oe 10FE~C5 Cel0E=02 0«18033520E 03

Ds50E-~06 De5C0E=03 019245596E 03
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DON
DoV

Y

Q0 =
319E£~03

Ce
= (el55E=03

it

PZITORR)

Co786EZ 03
CelOE 03
CeB50FE (2
SelUE 32
Je50E C1
0« 10F 01
J.50F 00
Os10E CC
Ve 5C0E=01
e "O fe

&
o

JeH50E=03
Qe LOE=03
QeB50E=Ce
Oe 1OF=Q4
De50FE=05
DelOF=05
De5CE=05

TABLE B-4.

( Continued)

0e3MICRONS HG=LITER/SEC

Me=HG SR PON
M=HG OR POV

p2(M=HG)

Ce76E
Cel0E
0e50FE
D.10E
0e50F
DelDE
0.50F
0e10E
Qe50E
0e«lCF
0e50E
0e«l0E
0«50E 00
0.10F 00
0e50E=01
JelOF=01
0e50E~-02
D.10E=02
Ou50E"'O3

06
a6
05
05
04
04
03
03
C2
02
01
01

Ue319E=06 TCRR.
Uel05E=D6 TORRe

TNESEQ)

CeP4419494EF
Cell275610E
0el22134%96E
0e13050631E
CelbUl6738E
Ca15890316E
CelB207977E
0«19801702E

02
o3
93
03
03
03
03
03

TVISECQ)

UsWUUULUUUE
Uel&lal721E
CelBIT484YE
Us30197017E
Ce25030143E
0e46252311E
Ue51085441E
0e62307617E
e 6714U762E
0.78363037¢€
De#319628%E

vy
ve
Ol
U2
02
Q2
02
Q¢
Uz
Q2
J2



PQON

POov

L =

Del25E=073
De246E=03

Qo =

i

P2Z(TORR]

O.76C 03
Oe10E 03
Ce50E 02
Je 10E C2
Je50E 01
0108 C1
0e50E 0O
Oe¢10E 0O

De50F=C1
Qe 10E=Q1
Ne5QE=02
NelDE~02
0e50E=073
0a10E-03
0e50E=04
De lDE=04
Ce50E=D5
Qs lQE"OE’
J650F=0¢

TABLE B-4.

( Continued)

DesMICRONS HG=LITER/SEC

MG OR OPON
MeHG OR POV
P2 (M=HG)
Ce 76E L6
O0elCLE C6
Qe50E 05
Nel0E 05
Je50E 04
L‘)oIOF D4
De5CF 03
LelQF 03
CsSOF 02
0108 Q¢
De50E 01
0e1DE 01

- — TS
Je5CFE GO

DelTE CU
DesUE=01
DeldF=01

-
n

: - o

De50F <
DelCE-DZ
JeB50C=(03

Ue246E~06 TORRe

TNISEQ)

Ce$4419922E
0e1C275721E
De12214695E
J3e13J53121E
De15029937E
0el5%1THTLE
De18412149E
0e20B68454F

02
03
03

Q03
3
03
03

TVISEC)

D JLULLVE
Qel@l&elT2lE
Cel574849E
0«30197017E
Ce35020143L
Oett625231 1K
UeB5llsb441E
Oe62307644E
Jeb714CT777E
Oe783623083¢L
08323196300k

JU
0z
0z
U
UZ
0z
(o4
ve
Uz
¥4
ue

(93]
Ut
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TABLE B-4, (Continued)

CedMICRONS HE=LITER/SEC
=G OR PON = 0.5312=36 TORKe
MG CR POV = C8e3223E=ut TORR.

(N3

SR P2 A{M=HG) TNSEC TvISEC)
J e l6E (6 oL uuuwudbE VU
. HDel1IE 06 Uelalal72le O
9 GeS5CE 05 Usl897u84YE UL

MY = e P N W W

Uel0E

o
W

[

Ce3C1%7017E 02

» CeS0E O Je350301432E 02

G DelF C4 Uatb252311LE V2

o Ue5UT U3 Ceb5l085441E V2

Q0 Ce1UZ 033 LehZ3UT634E U2
~C1 CeS0E 02 Qe&71L40T777E 02
=01 Ve 10F 02 Oe78362113L 02

02 D.50E 01 023196457 U2

c2 0.10F 01 0e94420349F 02

23 0e50F CO 0102756528 02

03 De1JE 00 De12215395E 03

24 0.50E=01 Je13055621E 03

= (0 Je10F=C1 0e6150243283E 03

@

@
[SA R SN L

CE 0e5CE~02 Ce15G946072E 03

3E=05 0el0E=02  Ue185453276E 03

[
@
o



PON

POV

a0
= Tcéi?E
= D6e27CH
P2ITORRY
De 76 03
J.10E ©3
0e50E 02
Oe 10K C2
De10E O1
D«50E €O
0e10& QU

OsSOE“'O«L
0s10F=01
De50E=02
De 10F=02
Qe 50F~03
0106=~C3
O-SOE"‘O‘Q
Qe l0F=04
0s50E=0
0s10%=05

-073
=03

TABLE B+4.

Qe6MICRO
MetG OR PON
M=HG OR POV

P2(NM=HG)
Ce76E QE
0.10E 05
0«50E 05
Qel0E CB5
0.50EFE 04
0el0E Q64
050E 03
CelOFE 02
0.50E 02
0s10F 02
Qe50E 01
050E QC

CellE QU
Ce5CE=01
UalQE=-01
De50E~02
0s10E-02

NS

( Continued)

HG~LITER/SEC
0s638E~0C6
Ce370E~

TNISEC)

OeSFul20776E V2
wvelo2761228E 032
Ualz2i7055E 03
Vel3C58123E O3

Cel5055784E 03
Je15974957E 03
0e18G68170E 03

TO ‘(x‘im
06 TORRe

TVISE O

JeUJdUUWoUvD W
Oe 114l
CelE9 708
0.3C1970C1
Oe 250301420 w
Qetbr2b22158 U

Y T Lo
Ce D ANl DG LD

el 307632
)@u’?lw\,:?
Ce 78362015

L

Cair

S




vu
Q2
02
J2
o
Ce
vz
e
Ve
02
o2

(W)

e

TABLE B-4. {Continued)

Q0 = 0 7TMICRONS HG=LITER/SEC
= Qe744F=02 M=HG OR PON Ve T44E=C6 TORRS
= De&431F M=HG OR POV Qe431E=06 TORR.
P2{TORR) P2 (M=HG) TN(SECQ) TVISEC)
Ce76% (3 Ce76E UL Ue CUUUJUUUVE
Ue lOE €3 0e10E (b6 Uelélal721E
Ua20E (2 0508 05 Ue lB9T4LRB4LYE
Cwll 100% 0e610E ©5 Ce3C197C17E
0«5 0E 01 CeS5OE Q4 Ca35030143L
Je 10E C1 DelDE 04 Uel6252319E
Qa5 3E CU Qe50F 03 Ve lUEbasll
O« 10E CC 0«1CE 03 UeE230764GUE
DeH0E=01 0e50E 02 Oe&T140793E
Ue LOE=O1 2.10E 02 e 783622U5E
0aBCE=C2 0«50E 01 0ab2196624E
CalOF=02 Cel0E 01 094421203E C2

0el027629ZE Oé
Cel2218299E 03
Cel3U6U632E 03

U«5CE GO
0.1CE 00
0eS0F=01

CelOE=03

0e50E=04

Oe10E-04 0«10E~01 Ue15070437E 03
0eH0E-05 0+50E-02 0e16004559E 03

De 1OE=U5 0el0E=02 0e19386850E 03



TABLE B-4. (Continued)

Q0 = OeEMICRONS HG=LITER/SEC
POM = 06e851E=C3 M=~HG OR PON = 0,551E=26 TORRs
POV = 06493E~03 M~HG OR POV = 0.493E=-06 TORRe

P2(TCRR) P2 INVN=HG) TN{SEC) TVSEC)
Qe76E 03 CeTEE Q6 UeUQUUULUUVE wu
0e1CE 03 Qe 1CE 06 Oel&lal772it UL
Ce5QF (2 0«50E 05 Ve lB874845F UL
QelCE G2 0«10E 05 Qe3ULlQ70LITE 02
0«50E (1 JeH0E 04 Ue35030143E W&
Qal10F Q1 0«10E 04 Oett6252211E U2
0s50E (O Q0e50F 03 05108544 LE 02
0e10E 0OUC OelCE 03 0662307640 U2
De50E=C1 0«50F 02 Qeb67140308E VZ
010E=0C1 Qe1CE 02 Qe78363250E 02
0e50E~02 0e50F 01 UeB3196716E U2
0elQE~02 0«10& 01 CeQ4421646E C2
OeEQFE-~03 Ue50E 0O VelU276466E 03
s 10E~03 e 10E 0OQ 0el2219505E 03
JeE0QE=04 QeSCE=C1 0el30C63147E 03
Oe l0E=0U4 0el1CE=C1 CelB5084252E C3
0eB50E=C5 0e50E=02 0e16034912E 03
Qe l10E~C5 Del10E~C2 Ce20034835E 03




60

FON

POV

Q0 =
= 0,957E=03

S

PZ{TORR]

UeT76E
0s.10F
0s50E
0«10E
Vs 508
Oe 10E
S« 5CE QU
O« 10E CO
0s50E=01
Del0E=01
OaSOE“OZ
De 10E=02
O&ﬁ@E"OB
0s100=03
Ds50E=D4
0 10E=C4
De50(E=05
0e10E=Q5

L3
03
D2
02
01
01

TABLE B-4.

( Continued)

Ce9MICRONS HG=LITER/SEC

M=HG

CR PON

Ce555E=~03 M=HG OR POV

P2 (M=HG)

De76F
0e10E
0s50E
0s10E
0s50E
0s10E
0e50E
Oel0E
0s50E
0s10E
0:50€F
DelOE
Q0e50F 0O
0.10E QO
0e¢50E=01
CelOE=-D1
O05CE=02
Usl0E=0Q2

06
Q6
05
05
04
o4
03
03
02
02
01
01

0e957E=06

TORRes

Ce555E=06 TORRS

0e94422073E
0a10276637E
0212220710E
0.13065567E
0+15098226E
0el6066055E
0e21041427E

e2
03
03
03
03
C3
03

TVIisSEQ)

Ve UUOUUUOUE
Oel&l4l721E
0s18974845¢L
Ge30197017E
035030143E
Cetso252311E
05108544 1F
De62307647E
0267140808E
Ce78363296E
083196808

(AW
0z
02
02
v2
02
vz
02
02
02
02



FON
POV

K0 =
= Jel06E~D2
= VeblT7E=C3

PZITCRR)

Oe76E
Oel0E
0eb50E
Qs 10E
Qe50E
0« 10E
Oe«50E 00
Ue10E OO0
0e50E=0Q1
Oe YOE=C1
Oe50E=02
Os10E=02
Qe 50E=03
Oel0E~03
Ce50E=04
Qe l0E~=04
0e50E=05

U3
03
D2
Q2
01
01

TABLE B-4.

Lo OMICRT NS

M=HG OR PON
M=HCG OR POV
P2{M=4G)
Ve 76E W6
OslDE 06
UeBUE 05
UelUE 05
Qe50E 04
CelOE 04
Qe50E 03
D«10E 03
Ce5UE 02
010E O
0e50E 01
0« 108 01
0e50E QU
0e¢l0E 0O
Oe50FE=Q1
OelUE=D1
0s50E=0Q2

it H

(Continued)

TNISEQ)

VeS4422500E
Je lUZ2T68USE
0el2221916E
Col306E191E
s 15112371LE
Cel6UYBURIE

Ho=LITER/SEC
D6106E=05 TORRS
Ue617E=0CE TORKS

02
U3
93
03
03
23

-4
<
[ 42
]
~

: SIS e
o UL e i

Uelalalil

{

e b
CelB274845E
ve3L1l¥TV1TE

Qse35030U143
Ueb&eo231vE
Qe ]U35%449
Deb23076u Y
Dol T l4ubkls
CeT5 3023587

JeB315%

n

N

Gt

7T




PON
POV

#ON
POV

62

Q0 =

Hou

P2{TORR)

Ue 76E
010K
0«50E
Ue10E
0« 50F
0s10E
Us50E QU
0« 10E 00
0eB50E=01
Cs10E=01
Oe50E=02
Ool0E=02
Uo50F=03
Qs lOE=03
0e50E=04

03
03
02
02
01
Ul

Qo =
O« 106E
Qeb6l7E£=01

o

FPZITORR]

Oe76E
0« 10K
0e50E
0s 10K
Qs 50E
Ue 10K
Ce50E 00
Oe10E 00
0e50E=01
Usel0E=O1
0s50E=D2
Oe10E=02
De50E=03

03
03
02
02
01
01

TABLE B-4.

( Continued)

10s OMICRCONS HG=LITER/SEC

0s106E=0U1 M=HG OR PON =
0e617E=02 M=HG COR PQV =

P2 (M=HG)

0s76E
0el10E
050L
0«10E
0e50E
CelOE
0e5VUE
0« 10K
Ue50E
CelCE
UeDCE
JelUFE
UebCE QU
QelQOFE QU
Oe50E=0L

U6
06
05
05
D4
04
A3
03
02
0
Ul
0l

OQelO06E=04 TORR
Ce61lT7E~05 TORRe

TNESEQ)

Ue94461345E
UelUZ92408E
Uel2336587E
0el13322247E

oy
03
U3
03

100 OMICRONS HG=LITER/SEC

00 M=HG OR PON =
M=HG OR POV =

P2 (M=HG)

Qe76E
Qe 10E
0¢50E
0«10E
050E
0+10E
0e50E
0.10E
Ceb0E
0el0E
Qe50E
O« 10E
O0e50E

06
06
05
05
04
04
03
Q3
02
02
Ql
0l
00

Qe l06E=03 TORR
Cobl7E=~04 TORRS

TNISEQ)

0e94862304E 0©2

0e10471890E

03

TV{SECQ)

UelJJUULuIUE
Jel&lsl721E
Qe a8974345E
0630197021E
Ue35030L151E
Je&b252357E
UeE1085525E
J0e¢62308036¢L
Ue67141601LE
0278367202k
Ue83204035E

TV(SEC)

UelULUULULE
Cel4lali25E
Cel89T74b57E
0e301G705%E
0e350Q030227E
Qes6252739L
Ue51086296¢L
Deb2311912E
0e67149353E
Qe 78406067E
0e832826038¢

vz
¢
02
ue
vz
Ue
QZ
Ue
0z
vz

(O)V]
Q2
02
vz
<
Ue
02
02
02
02
0z



PON
POV

PON
POV

P2(TOR

Os 76E
Oel0E
Ce50E
Oe 10E
Oe50E
0« 10Kk
Ue50E
O« 10E

005OE-
Qel0E=
O0s50E~

n

Qo

R

03
03
02
02
01
0l
0o
00
01
vl
02

Q0

Oe106E
Qeb17E

P2({TCRR)

Oe76E
Ve l0E
0s50E
Oel0E
0e50E
0e¢10E
0e50E
06 10E

OOSOE-
Os 10E=

03
03
02
02
01
01
00
00
Ol
01

TABLE B-4.

= 10006 OMICRTN
= 06106E 01 M=HG

OR RPON
= 06178 00 M=HG OR POV

P2 {M=HG)

Uel6E
0el0E
Ue50E
0«10E
0e50E
0el0E
Ve5UE
VelOE
Qe5VE
JelOE
Qe50E

Ué
Q6
05
05
04
04
03
03
02
oz
01

(

Continued)

HG=LITER/SEC
JelLb6F=02 TORRS
JebHbLlTE=0% TORRS

TNISECQ)

= 100000MICRONS HG=LITER/SEC

02 M=HG OR PON
01 M=HG OR POV

P2 (iM=~G)

Ve 76E
QellE
Qe50UF
Je10E
0650k
0s 10E
Q0e50E
JelOE
O0e50E
0sl0E

ué
06
G5
05
U4
04
03
U3
02
02

UelU6E=CL TORRS
Se61T7E~02 TORRS

TNISECQ)

TviseC

Veuviuwudw oWl
Qel&s 1417591
CelB97u92YE
Ce30197441E
0622030949k
Je462506 140
CeblUYLVLUE
Ceb2300704L
Ueb6T7227310E
Ce 1EB80UT0UTE
CoeB4lluanbl

CeldUUULUULUE
Ve l&142093E
CelB975¢50E
Ce30g01263E
0e¢35038695E
Oet€2954117E
CeH117L966E
Qe6275L655E
Uebc059112E
QeE5055725E

Ju
U2
U2
09
02
U2
02
02
Uz
02

63



PON
POV

= 0610
= Oeb]l

P2ITOR

OeTHE
0« 10E
0sSOE
Qe lUE
O0eB0E
Qe 10E
050K
0s10E

Qo
bt 03

TE

R

03
03
02
02
01
0l
198
00

TABLE B-4.

Ve lb6E
0e«10E
050K
Qe lOE
De50Kk
OelUE
Q0e50F
Qe l0E

100000 6 UMICRONS HG=LITER/SEC
0s,106E Cu TOURRe
Uebl7E~0L

M=HG OR PON
M=HG OR POV

P2 {M=HG)

ubd
06
05
05
04
04
03
03

(Concluded)

TviSEC)

JeuwiuvuuUui
JelilbadubUL
Uelu9d2d%1lE
Je3U23J0UBE
Je351l1l0l65E
Del669v840L
0e52003265€
0e68999923E

3
oy
uz
Uc
vz
Ve
oy
G2
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