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Prediction of Paylood Internal Pressure

1. INTRODUCTION

Difficulties on several rocket flights in tife recent past have been linked to the
build-up of the internal pressure of the payload. This increase produced an en-
vironment that was adverse to the operation of components of the payload, resulting
in the.r malfunction or failure. To determine the affects of these unfavorable con-
ditions. it was necessary to calculate the internal pressure as a function of time.
The analysis contained herein was perfcrmed to accomplish this task. It con-
sisted of the mathematizal development of the differential equations that represeni
the modelled pressure functions and the subsequent utilization of a digital computer
to determine their solution. Tne computer programs and their results have been
verified by comparison to empirical data. These supplementary programs can be
used in after-the-fact calculations of the pressure the payload experienced for a
particular rocket flight. A more useful approach would be to use them analytically
to predict the internal pressure of a pavload under design. In this manner, possible

pressure problems can be found and corrected in advance of the actual flight.

(Received for pubiication 3 September 1980)
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2, SINGLE VOI UMu MATHEMAT(CAL ANALYSIS

The problems from pressure build-up arise from the fact that the internal gas
cannot vent fast enough to lower tne payload pressure. A pressure differential is
fcrmed which results in loads to sensitive items such as doors, compartments and
components, cauging damage, malfunction, or inoperation of these devices.

On the launch pad, the payload is usually pressurized to insure that the "clean”
area is at a slightly higher pressure than the surrouading environment. In this
manner, dust particles can be kept from contaminating the important payload areas.
As the rocket ascends through the atmosphere the external pressure drops {aster
than the payload pressure can follow, creating a differential between the internal and
externdl pressures.

The pavload is modelled as a simple box of volume equal to the volume of gas to
be vented. To this box is attached the venting apparatus of the payload, as shown
in Figure 1. The configuration consists of any combination of valves, [ilters and
orifices used in relieving the internal pressure ol the payload. The only way for the
internal pressure of the pavload to be rele.sed is through the venting apparatus and
any leaks, With the proper design configuration, the internal pressure can be made
to approximately track the external pressura.

The valves are closed until the pressure differential across them is equal to or
greater than their cracking pressure. The filters are open and operating at all
times. Provision is included for any leaks due to doors or seals, which are modelled
as orifices with an effective exit area. More will be presented on the operating
characteristics of these devices later in this report.

LARGE 4’
Y
o, VALVE ™
Pi i { !{ pe  Figure 1. Payload Model
v for Venting Analysis
Ti L
Y

0 0 A T G O B8 bR R B

o L4 DL 10ttt 0

o i




g

The mathematical analysis is bigun by wriling the perfect gas law for the fluid

in the box:

v

p; = pRT; = min[‘ll\ .

-0 W S 8 4 3o

Diffcrentiating with respect to time, we obtain
3
m, R By, i
4 fxiRI'i _R "T u,l*m <I‘i
B \ v l— idt T @

“

AE

For simplicity, the internal temperature will be assumed s ke constant throughout
the {light. The average ascent through the atinospher lasts 80 scc; this does not
allow enough neat to be transferred to or from the gas to siganificantly change its
temperatare. Then Eq. (2) becomes

dp.  RT, 3m; RT

.1
L p— v

' & voodt
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y
il

whers dp,/dt is negative for p. > p_. 7To calculate the interznal pressure from Fq.
i E i e »

{3), we need to determine the rate of change of the mass in the box. The fluid

mass is decreased by the {low through the venting apporatus, which is governed by

£ . . - - e . _ * . - =
the flow characteristics of the valves, filters and orifices. These characteristics

P,

have been measured experimentally from actual hardware and are presented in

detail in Appendix AL
The mass flow rate is a function of the density of the gas and the pressure

-

* . . = - -
1 differential zcross the device, which is Jdefined as:

AP 7 Py T Pegt -

bl b e o
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The external pressure is luken as the atmospheric pressure (at altitude) that the
payload experiences, which can be datermined from the rocket's trajectory,

' Aerodynamic affects producing a pressure coefficient and a sibscquent ¢hange In

the Texternal” pressure are ignored for the following reasons:

(1) In ail cases anulyzed so far, the valves and filters have been
mounted on the cylindrical scctions of the payvloads, for which

A s

«_ is negligible or zero:
(2} The effects of angle of attack and boundary lave~s are considered

tc be negligible.
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The total mass flow rate is the sum of the contributions of the individual venting
components:

e e . e e L. .
mp = m (# of valves) + mg (f of filters) + m_ . {3)

Frem the considerations of continuity, we find that the rate of change of the iaternal
gas mass is equal tc the rate at which the gas leaves the volume:

5 ‘ -
i T (6) -

Using this substitution, the differential equation which models the pavload internal
pressure beconies

dp, RTi . }
£ _di 2 - _v_ z“T - . {f} )
With the external pressure as a function of time and the equation for the mass flow =
rate, the above differential equation can be integrated to give the internal pressure
as a function of time. -
1 1. COMPUTER PROGRAM PRESSIFOR N
3
Equation (7) can be Integrated numerically to obtain the internal pressure at =
- any tim~ throuwgh the use of a digital computer. The general erdinary differential i
eguation of the form dy/fdx = f(x, v) with initia! condition ¥, = “{xa). is solved using . =
a fourth-order Runge-Kutta integrution process. Thisis a singie-ﬂep method in
which the valuc of v at x=x_ is C npute v = yis . A =t
hich the valuc of » x=x_is used to compute ¥pe1 S ¥, 13. The rclevant
formulas for integration are:
cv 2+ AT 2 3p 2 ) ;
‘nei” ¥n 5{31"}‘2"-1‘3"‘1‘43 @
where B
5 - v B -
12 = hf(xn. ¥ :
T, = hilx +h/2, }‘;Tlizl 7 i
’Ig = hi’i:\'néh.-"ﬁ. ;—;1}"1‘2.-*'2} {9}
, "E'_,; = hﬂ.‘{n-ih, ‘;'Is T
h = step size. -
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waus selioted for this program.
zntation of the integratica precess.
are used 10 calculste the future y val
previous results. The methnd is 2 quizk 1te,grat ag
differentizl eguation.
‘This integration technique Zid the gifferential eguation have besn programmed
on the PDP-117/34 computer using the FORTRAN IV langusge. A iistiog 2nd flow

chiart of program PRESSI. FOR are presentid i &npendix B. )
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2. istegration Bchematic-

4. MULTIPLE VOLUMFES MATHEMATICAL ANALYSIS

A pavload can be constructed such that intercar.nected compartments are in~
volved in the venting process. The maodel of this case counzists of boxes © connected

by various venting components, shown in Figure 3 for two volumes., The main
volume, box No. 1, is set up in & manner similar o singi= volume model:

with: valves, filters, ond orifices exposed {o the external environment. The major
difference is that it now hss fluid input frem *ho secondary velume., The secundary
volume, box No. 2, is s=2t up for venting gas to both the main volume {thirough
valves) and the external environment {through {ilters and orifices).

For velume No. 1, the mass flow rate is

is = flow rate output of the main venting apparatus and 'n.r is the

rate input {rom the second volume. For volume No. 2, the mass flow raté is
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Thi alysis can be extended to include an infinite number of volumes, obtaining
n differential equations for n volumes interconnected together and venting to the

atmosphere,

5. COMPUTER PROGRAM PRESSM.FOR

A two-volume venting calculation has also been programmed on the PDP=11/34
computer. The numerical integration process is similar to that used for the single-
volume problem; here it is set up for a system of ordinary differential equations.
The method is contained in the FORTRAN IV subroutine RKGS. FOR in the IBM
Scientific Subroutines Manual (Reference 4}, A lis g and flowchart of program
PRESSM. I'CR are presented in Appendix C.

6. SAMPLE PROGRAM RESULTS

The two computer programs referenced in this report have been used to ana-
lyze payload designs. Presented here are the results for the SPICE, IRBS, and
Z1P payloads. Also presented are the results of the test case used to verify pro~

gram operation and validity,

6.1 SPICE Payload

The SPICE puyload was flown on 27 Jan 1979 and experienced failure of the

door unlatching mechanism. The cause of this failure was determined to be a build-

un of the internal pressure which resulted in increased loading on the door. " The
SPICE payload was analyzed using an earlier version of the single volume computer

program. Figure 4 is a plot of the computer results.
SPICE paylouad configuration:
Volume: 19.55 cu ft,

Venting apparatus: 2 P7-637 0. 50 psi relief valves.
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Figurc 4. Program Results for SPICE Payload

6.2 IRBS Payload

The IRBS payload was analyzed during the testing phase.
chamber venting into the larger main volume of the payload.
to determine the maximum internal pressure that the payload would experience in
order to generate proper testing levels. Figure 5 is a plot of the program results
for Volume No. 1; Figure 6 shows those for volume No. 2. Notice that the valves

on the secondary volume do not operate at all; this is shown by the secondary volume

internal pressure being lower than the main volume pressure in Figure 6.

takes care of any pressure build-up in volume No. 2.

A
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It consists of a small
‘The intent here was
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IRBS configuration:
Volume No, 1: 46. 80 cu ft,
Venting apparatus: 3 P7-637 0. 50 psi relief valves venting

N

to the atmosphere,
Volume No. 2: 0.18 cu ft,

Venting apparatus: 2 P-249 0. 10 psi relicf valves venting to

. bt
i

the main volume; 1 leak (orifice)
with effective area of 0. 000042 sq ft

venting to the atmosphere.
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Figure 6. Program Results for IRBS Payload—Secondary Volume

6.3  7IP Payload

g WD 8 oy LW A

The ZIP payload wus analyzed during the design phase. It isa good example
of how the programs can be used to pin-point problems in advance. The original
analysis of ZIP showed a maximum delta p of over 1. 69 psi; it also showed
0. 187 psi at the critical time of door unlatching and opening (see Figure 7). The
venting configuration was revised to include the larger relief valves. Subsequent

= 1 f reanalysis showed a much improved situation: the maximum delta p was decreased

X to just over 0.50 psi. Figure 8 presents the revised pressure prediction for the
-5 ZIP payload.

14
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ZIP configuration:
Volume: 6. 80 cu ft,
Original venting: 6 P-249 0. 10 psi relief valves,
2 RA-2500 filters 0. 11045 sq in. in area,
Revised venting: 10 P-249 0. 10 psi relief valves,
4 P7-637 0.50 psi relief valves,
2 RA-2500 fitters 0. 11045 sq in, in area.
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Figure 7. Program Results for ZIP Payload—Original Venting Configuration
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Figure 8. Program Results for ZIP Payload—~ Revised Venting Configuration

6.4 Prograiu Test Configuration

In order to validate the pressure programs, a test cage was developed and
evaluated during the ZIP payload analysis. A standard volum.e with oniv one relief
valve was evacuated using a vacuum pump, such that the external and internal
pressures werce known to an accuracy of £ 0.1 psi. The tcst case results-werg-thon -

compared to those predicted by the computer program for tae same external pres-

sure variation. This comparison lead to additional refinements in the programs,
with subsequent improvement in their prediction capability. A comparison of the
results follows in Figure 9. It is evident that the program has sufficient accuracy

for design work while remaining slightly conservative.

Test configuration:

-3
=
=

Volume: 1.00 cu ft,

Dtk L

Venting apparatus: 1 P-249 0. 10 psi relief valve.

b bt A
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Figure 9. Program Results for Test Configuration
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Appendix A

Operating Characteristics of Venting Components

The venting apparatus is analyzed as an opening of a certain area through which
the fluid flows. The mass flow rate takes the form of

m - pQ:pva. (A1)

The density of the fluid is a function of the pressure and the temperature and will
be determined by inlet and outlet conditions, The volume flow rate depends upon
the velocity of the fluid and the area of the opening, Both of these are functions of
the fluid pressure. The velocity is related to the pressure ratio across the open-
ing. In the case of the relief valves, the opening area is variable and is dependent
upon the pressure differential. The cracking pressure on a valve is controlled by
the properties of the helical spring which is part of the valve mechanism (see
Figure Al). As the delta p is increased, the valve opens and the area of the open-
ing is dependent upon how the spring is compressed. At some value of the pressure
differential, the valve will "bottom out;" that is, the spring will reach maximum
compression and the exit area will be at its greatest value,

We must also take into account compressibility affects and the phenomena of
choking when analyzing the venting apparatus. The flow through an orifice (or any
opening) can increase its velocity only until the Mach number reaches the value of 1,
At this point the velocity in the throat (smallest area of the orifice) becomes sonic
and the volume flow rate reaches itg maximum value. Any attempt to further

21
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increase the velocity through an increase in delta p will not be successful in

changing the volume flow rate,

Figure Al. Throat
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This is so because an increase in veloeitv would cause the Aach number at
the throat to be greater than I, which is an impossibilitv from fluid dvnamics.
When the velocity in the throat equals the speed of sound, the flow is said 10 be
choked. The volume flow rate will remain constant, ne matter how large the
pressure differential becomes,

Choking is a Tunction of the pressure ratio across the opening; here pe/p;. As
the velocity increases and M approaches 1, the pressure ratio decreases. At a -

certain value of pi_,fpi the flow will reach Al 1; this is —alled the critical pressure
ratio and signals the onset of choking., A numerical value for the crizical pressure
ratio ean be determined from fluid dynamics.

Writing Bernoulli's equation for com

2 2 ;
vo dp. Vo _dp_ F
i 3 ¢ e, I :
- = = - 5 © constant. (A2) E
2z 2, 2 - z

[£-]
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The velocity well away from the opening inside the volume is negligibls; thus

v.= 0 and
i
>

.dp, vT_ dn
e[l
in = < Pe

Rearranging the above equation, it becomes

i+

"’-e [ dp *d‘e
3 et e,

{A3)

(A4}

From the relations of isentropic flow (frictionless, adiabatic flow of a perfect gas)

we have the following:

. Ly
p=co' p= ot e % ;

Using this in Eq. (A4), it becomes

v

-~ 1}’ lf-h
—= = Jicipp Vap, - fclp )T dp,
2

v . H
ily {1 1 S V%
e . c'? jdpi/pi/y - Jap Ip, "

9
v2 b, 1y pél-ll}-) pf:-li'*f)
T €7 B -1y ~ (-177)

2 .z
ve p. ¥ & -1) /v e =1} v
2= 5 when g W pf; Wy
= i

2 P,
v : fo: =1V 7n-

e _ .. L 1 - W 1){17
"y ¥y -1) p—i (1-(p,/p;) .

Therefore, the exit velocity of the opening is given by

_ 2 B/ (}*-1)!}5)
Ve = 7 -1 3; kl-(pe/pi)

(A5)

(A9)

(A10)

{A11)

Ll v 4 r

A




At Mach= 1, Vo will equal the speed of sound and pe/ P, = {p e! P. )cmt then:

J V B (-6 o D) (A12)

Rearranging Eq. (A12) gives:

ty-ly _ v-1 p. p A13
1 - (peipi)c”.t = 5 5l 4553 {A13)
e 1
but
p. .
i_ i/y - .
o (pi/pc) {A14)

from the isentropic relations used earlier. Substituting Eq. {A14) into Eq. (A13}

(b, /p.)
_ r-17 _ ¥-1 ierit }“1 -y A1S)
1=t /el =45 o Tl P Ipl)cnt (A15)
e “icrit
(aty -1/2) (p fp )7 VY < 4 (A16)
and solving for the pressure ratio, we have
(pIp) . = 2iay /@D (A1)
P Pilerit = ° Sl

Equation (A.7) is the expression for the critical pressure ratio. Foray = i.éﬂ,
the critical pressure ratio is 0.5283. When the pressure ratio is less than

/ .
{pe' pi’ crit
ana {A17) have been used in the computer programs referenced in this reporti.

the flow is choked and the volume flow rate is maximum. Egs. (41l1)

The volume flow rate for the venting apparatus used on our payloads has been
measured experimentally, The valves, filters, and orifices are modelled by
developing mathematical formulas for their flow characteristics. Originally, 313
was zccomy.lished from manufacturer’s data. However, upon close examination
that information was found to be quite dated and it was déemed necessary to experi-
mentally test the apparatus. The numerical information on the valves ang filters
presented in Table Al is based upon this empirical data. Leaks are modelled as
orifices and are governed by the following equation.
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= A Us1.8;
m = Ae§ §4.8pAp.

From which we see that Q<€ Ap, or that ZnQ < 0.5 ZnAp for an orifice.

Table Al. Valve and Filter Mschemstical Modcls

CIRCLE SEAL Pressure Reiiel Valves
Jomes, Pond & Clark, Inc., Pasadena, CA

o

A

P-333-0.10

L i osi
G. 0387 nsi
i 0.10 psi

Valve velume flow rate modelied by;

g = explA + R fndp)

MILLIORE Filters
Aillipore Corp., Bedfoid, AIA

CW-12 Cariridge Filter

Filter volume flow rate moielled by:
Q= A + Biap) + Clap! = niapy .
Filter length Q multiplier

31 inch QX 1,41
22 irch 91,00
12 inch - QX 8,30

RA-2500 Alemhrane filter 1. 2 gm pore si

k)
t

£ Exit area in gquare iaches

Fiiter volume flow rate meodelled by:
Q= {.f‘\-.kB{ip}}f‘.e )

A

] iy
I it

it



The knee pressure listed in Tabie 41 is that pressure 2t which the vaive
bottoms ocut and its flow arez becomes constant. The valve will then begin to act
in 2 manner similar ¢» 2n orifice. This is reiiected in the values of the siopes of
the flow curves approximately cqualling 0.5, Any dis

srepancies are probably due
to the effects of discharge coetficients whick are not di

€r
irectly {cken into aceount
here. They are a function of the fluid pressure and the Heynolds number.

A correction factor mus? b= applied 15 the above namerical d=ta to correct for
the fact that the measurements were taken at atmospheric pressure and are being
applied at altitude {lower thar atmesphsric pressure). From the orifice Eg. {A18)

we sce that Q is mainly a function of the density:
S D
Q= f(‘s PApip) .

Rearranging we have

gt
1]
"
-
[
i
"
o
[,
|
o
[
™
™
B
b
e

Thus, the volume flow rate is inversely proportionai fo the squiare oot of the
pressure: ’

5 F2 , 172 P
Qat{ni zfgatm Qi = iE*i - _ {AaZ31;
The=n
QI = (o, in)'i2 (a2z)
and the jow pressure correctior iz ’
Q = Qutp, /ot ‘ (A23

where tam is the measured volume flow rate at atmospheric conditions. The low

pressure correction was included with the compressible flow equations in the

computer pregrams, -

A comparison of the coemputer prediction and the measured resulés of the test

configuration showed that the Brogram was ccurale excspt at the higher altitudes

{lower externsl pressuresl. Experimenting with the computer program, -it was

found that an additional correction factor of the form

&

n
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(where n is between 0, 20 and 0. 30) increases its accuracy. This additional correc-
tion factor could possibly incorporate the affects of a discharge coeificient. The

total correction factor applied to the measured volume flow rate is:

0.25 )0. 25

(A25)

)0.50

Qcon' = (patm/pi (pi/patm) = (patm/pi

The following then, are the operating conditions that are used 1n the programs
developed for the PDP-11/34 computer.

For valves:

Ap < P, r.nv 0
Ap 2 p, Po/Py > 0,10 it glz 1f(Ap) Mo AR,
pc/pi 8 (pe/pi)c rit é\gl : lonstant r'nv = prrovious
(choked)
IFor filtrrs:
M< 1 Q = fiap) mg = pQQ .
M= 1 Q= ?&;’jﬁég I;‘f = 69, revious
For leaks and orifices:
M< 1 Q = f(Ap) {no = pQ
M= 1 = constant m = PR ovicus

(choked)

From the above, we can see that even though the venting apparatus becomes choked,
the MASS flow rates can increase or decrease because the density of the flow can
increase or decrease. Only the VOLUME flow rate is affected by choking.
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Appendix B

Listing and Flowchart of PRESS4.FOR

Cormputer Program PRESS4. FOR

l.anguages FORTRAN IV

Computer: DEC PDP-11/34A

Memory Requirements: 8K Words

Fortran File Size: 21 Blocks

Input Iile: FTN30. DAT

Output I1les: IFTN31. DAT
FTN32.DAT

Major Equations Used: icquations (7), (Al1), (Al18), )
(A25), and those of Table Al. !

Integration Technique: Fourth-order Runge-Kutta

process, kgs. (8) and (9);
see also Subroutine RK2
of Reference 4.
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FRUGKAM PRESS4
(o mmene - FROGRAM FRESS4 FOR
£ - ~THLE FROGRAM 8 AN ATTEMFI D PREDTCT THE INIERNAL FRESSURE OF A
G~ ~=—BFAYLOAD O A KOCKET A8 IT( ASCENNS THROUGH THE AIMOSFHERL . THE
L--=-=FAYLOAR [8 SE1 UF A3 A CHAMRER WITH ATVACHED VENTING UALVES,

T FILYERS AND ORIFICES., DUOR LEARS ARE MODELLEI AS OR(FICES. THE
C- === -FROGRAM NUMERICALLY INTECKATFS THE NIFFEKENTIAL EQUATIUN THA)

[ e = REFRESE
=AU THOR ¢

NIS THE FREUSURE DERIVATIVE,
o Fo RNREHS

MIMENSTON GAY(H) v ELTLE(20) s FREXTCI00) » FTIMECTOO)

Rl Al
nata

¥
Lo e F RN T

MNEBS P MUL T

QRATEL+QRATYE2 s QRATEF yQRATELRAIL sRAVEF y HATEL sRATEVL-FATEVD y
NOVEFF » INDE L INIEX 5| MARK/Y¥Q 4 Q.90 0y 0y O/

GIATEMENTY

POOO FURMDT 00

Y100 FOREPATO O TR 1000

Il TURMAT Ck 10

PACH FURMATL 210X ‘AN PROFPFRTIES 7

ThXe YYFRE

1HXr  MALN VOLUNE

LHXy 7INLTIAL PRESSURE

15X e TEMPERATURE

15Xy "GAS CONSTANT

77)

P01 FORMAT (/10X 'VALVE ONE PROFERTIES S,
) LSXy P EYPLY

L0 FORMATC 15Xy ‘NUMBER UF REL1IEF UALVES
15X "CRACANTNG FRESSUREL

19Xy ‘CURVE CHANGE FOINIT

15X ‘COEFFLLTENT 1

LHXy "CORFFLCIENT 2

19Xy "COEFFICIENT &

15X« "COEFF1CIENT 4

9203 FORMAT (/10X "VALLVE TWO FROFERITES!/
3 19Xy “IYPE?

Q206 FORMAT(/10Xy 'FILTER FROFPERYIES! /
15Xy " 1YFE?

?207 FORMAT( 15X NUMBER OF FILTERS

15Xy "EXIT AREA

16Xy "COEFFICIENT 1

15Xy ‘COEFFICIENT 2

15Xy ‘COEFFICIENT &

15Xy 7COEFFICIENT 4

9209 FURMAT(/10Xy?DO0OR LEAK FROFERTIES: /
19Xy *TYFE OF §Fa)

9210 FORMAT( 105Xy "EFFEUTIVE AheA

920 FORMAT(//10Xy "CHUORNING FROFERITES?!*/

I A F A% * W} K K £ K€ %

*

L X 2% 3 & 2 k3

*

KR |

i h

[ (I O (I 1|

Cvana/

Tl 0 Dy

Ceb 102
[ S N4 IO I
Teb L0V

e 0A04)
ceF L1007
Cab QL2
CyF10.25 7
R L0/
‘YR LOL 3/
"F1003/
‘yF10.3/)

‘1 20A4)

‘1 20A4)

rF10.0/
‘yF10.5y 1
yF10.3/
YFL0.3/
‘2F10.3/
2F10.3/)

5y 20A4)
rF10.8e

[ ST o I

bols/

HEGREES 1 77
FY-f RALB-TIEG R

s IN‘/

s Fi1/

X 15X 'RATIU OF SFECIFLL HEAIS = “yF10.3/

X LSXsCRITICAL FRESSURE RATIN = “+F10.4/

X 15Xy “SPEED OF SOUNH = “yF10.1s" FPS///)
9219 FORMAT (12X ‘EXTERNAL  [INTERNAL 75 14X F INTERNAL “ »4X .+ 1 TOTAL MASS/

X Xy TIME <9207 PREGSURE- ) s 3Xs ‘IELTNA B/ 34Xy /BAS MABS’

X SX¢ FLOW RATE /75Xy “SELS’ +6Xy 'FST7 e 27Xy 'FSI7 Y ,9Xy /1 BN/,

X 8Xs LBM/SEC’ /)

9216 FORMAT(F9.1,2F10.2+F10.3,F13.%5,F14.7)
P20 FORMAT(56Xr “VALVE ONE‘+9Xs "VALVE TUWO/ 88Xy F [LTER ONE“y

X 9Xs LEAN ONE“/13X+“F R E 8§ 8§ U R E'»I9Xva4(9Xs‘FLOW RATE )/
X Xy TIME EXI INT RATIO NIFFR’+3X,/MACH DENSTTY ‘s
X 4 ("VOLUME MASSHS “Y/2X e PSECG/ +2(BXy ‘FSI7 ) 3X 'FE/FLY

X ! FSI NO LBM/CU FT “y4(’ CF/S LBM/SEC )/

D221 FORMATC(F6. 12 1Xs2F6 2vF744rF7.31F8:3FP.5s4(F8.4:F10.6)2
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(Smmmeme e II1ME REFERENCES
TIME=0.,00
G ALLOCATE OATA FILES
NIN=30
NOUT=NIN+1
NOUT2=NOUT+1
[ INPUT AND OUIPUT OF VITAL INFORMATION
! Qo= GAS FROFERTIES
REA(NIN, 000> TITLE
REAIN(NIN,92000) GAS
REAN(NIN,?101) VOLUME,VOL sFINT» TEMFyRGASyGAMMA
WRITE(NOUT»92000) T1TLE
WRITE(NOUT»9200) GASsVOLUMEsFLINTy TEMPRGAS
WRITE(NOUTIZy2000) TITLE
WRITE(NOUTZ,9220)
(i~ -=-==UALVE ONE FROFERTIES
50 READ(NINS9000) TITLE
REAININS9101) VALUS1»CRACKL yCHANGL »A1yA2s A3 A4
WRITE(NOUT»9201) TITLE
1IF (VALYS1.EQ.0.) GO TO 100
WRITE(NOUT,9202) VALVUS1yCRACKRLCHANGL AL1,A2,AT A4
G =UAL VE TUWO PROFERTIES
100 REAL(NIN 2000) TL1TLE
REATI(NINy?101) VALVUS2,CRACK2yCHANGZ2y K1 v B2, B3y B4
WRITE(NOUT,9203) TITLE
TF (VALVS2.EQ.0.) GO TO 110
WRITE (NOUT9202) VALUS2yCRACKRDyCHANG2 rR1y ROy B3y R4
Cew~-=} LLIER ONE FROFPERTIES
110 READ(NIN,9000) TITLE
REAIN(NIN,?101) FILTRS«AFILTC1.C2yC39C4
WRITE(NOUTs9204) TIILE
[F (FILTRS.EQ.0.) GO 10 120
WRITE(NOUT»9207) FILIRS,AFILT,C1y02,C35C4
Cmmmeees LEAR ONE FROFERTIES
120 REAIDN(NINS2000) T1ITLE
REAL(NIN,?101) ALEAN
WRITE(NDUT»9209) TIILE
TF (ALEAK.EQ.0.) GO 10,170
WRITE(NOUT»9210) ALEAN
Cm———— INPUT OF EXTERNAL FRESSURE HISTORY
170 READCNIN,9101) TIMENL,TSTEFsLIVIDE
REAL(NINSY100) MAGNIT
READ(NINGP1I01) (PTIME(N) yFPREXT(N) yN=1,MAGNIT)
Cmmmmmmm CONVERSION TO FROFER UNITS
TEMP=TEMF+459.67
FPINT=FINT+FREXT(1)/144.,

A

st s

s

R

oy FATM=FREXT(1)
. Crmmm= CALCULATION OF INIT1AL CONDITONS
G INTERNAL GAS DENSITY

MUL. T=RGASXTEMP/VOLUME
MASS=FINTX144.,/MULT
NENSTY=MASS/VOLUME
—————— FRESSURE DIFFERENTIAL AND FRESSURE RATIO
FEXT=FREXT(1)/144,
DELTA=PINT-FEXT
PRATIO=FEXT/FINT
Cmm e CRITICAL FPRESSURE RATIO
EXF1=(GAMMA~1.)/GANMA
EXP2=1./EXP1
FRORIT=(2./(GAMMA+1.) YXXEXF2

R e

[

ALY

A 0y 1L g V0

by ol
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e

i

T g———— =

e S
=

sttty

Lo

(o memm THROAT VELOCTITY AND SFEED OF SOUND
UMULLT=64 . 348XEXF2
VEL=1.~FRATLOXXEXF1
VEL=8QRT (UMULTXFINT%144 . %XVEL/HENSTY)
VGOUND=1  ~FRORTTXKEXFL
VSOUND=SART (VMUL TXFINT X144, XVSOUNN/RENSTY)
UMACH=VEL /VSOUNI
CHEFF T RS R R E R S 4 4 4 S F S AR R F B F R F R R A P44 S R 5 FH F L 4420

CrEESS INITIAL FLOW RATE CONDITIONS #5440
CHEHFEE T FEE R R R R R R R R E A R R R R R R FF PR T S H R R H L F HE F 40
C—-~~-VALVEL ONE FLOW RATE CALCULATION

LF (VAL VST EQ.O.) GO TO 2095
TF (BELTALLY.CRACK1) GO TO 203
LF (DELTA.GT.CHANG1)Y GO 10 200
AD=AL
AL\
Bl 10 201
200 AG~AZ
Ab=A4
201 RATEV1=EXF (AS1A6XALUG(IELTA))
QARATE1=RATEV1/60.XVALVS1
RATEVI=GRATELXNENSTY
(G = e VALVE TWO FLOW RATE CALCULATION
20% IF (VALVS2,EQ.0.) GO T0 210
1F (RELTA.LT,.CRACKD) GO TO 210
IF (IELTA.GT.CHANG2) GO TO 2054
RS=R1
Ré=RD2
GO 10 207
206 Rb=R3
R&4=14
207 RATEVZ=EXF (BS4HORALOG(HELTAY)
RATEVL=RATEV2XMASS /60 « /VOLUMEXVAL VS
ARATEZ-RATEV2/HENSTY
20 RATEU=RATEVIHRATEVD
{3 --=-FILTER FLOW RATE CALCULAYTUN
TE (FILIRS.EQ.0.) GO 10 220
RATEF =140 DELTA+HCIRBEL [AX¥2FLCAKDEL L AXK 3
RATLF-RATEFXAF ILTXFILTRS
RATEF=RATEFXMASS/60. /VOLUNE
RRNATEF =RATEF/ZDENSTY
L---~ A0D IN LEAN CONTRIRUTION TF ANY
WL00 IF (ALEAK.EQ.0.) GO 10 230
RATEL=UCOEFF¥ALEARNKSOART (64, 34RXMASSRNEL Ta¥144 . /VOLURE)
QRATFL=RATEL/DENSTY
REL] RATE=RATEVIRATEL {RATEF
== -=0UTFUT INITIAL CONDTTIONS
00 WRITE (NOUT ¢9212) GAMMAFRURTT -VSOUND
WRITE (NOUT9215)
WRTITE(NOUT9216) TIMEsPEXTyFINTDEL TArMASSRATE
WRITENOUT2,9221) [IMEFEXTrFINT :PRATIODELTAVMACHDENSTY «

X QRANTET fRATEVL «URATEZyRATEV2 r QRATEF «RATEF ¥

X ARATEL yRATEL
CHEEETFRERER AT RE RS 0 SRR RS HE PR B4R RS EE RS R L HH R REE R R R R 140
CEEEYE INTEGRATION OF DIFFERENTTIAL EQUATION *EFEEC

CHEFREREE R R R 34444343 143t 42 R8RS 1413 33 S A3 H T H R HH 090
G INITIALTZE VARIABLES

H2=ISTEF/2,
FINT=FINT%144,
1-20.

i2=0,
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T3=0.
T4=0.,

Lo INTEGRATION LOOF

————1

----- 1

ODHO

B0

FRESS=PINT

T IMES=[I[ME

NOUNT=0.,
NTEGRATION FOINT COUNTER

AOUNT=KOUNTH41
NIERFOLATF TARLE FOR EXTERNAL FRESSURE

1F (TIMES.LE.FTIMECINDREX)) GO 10 540

LNLEX=TINDEX41

b 1 5950

'FOCIIMESGREJHTIMECINDBEX=1)) 60 T L/70

ENTIEX=INIEX~1

Gl TG 560

FOCINDEX.GT.MAGNITY G 10 1000
FRAUN={TIMES—FPTIMECINIEX~1)Y » Z(F T IMECINIEXY Y =T i MEC (NDEX-13)
PEXT=FREXT CINREX~1 ) HOFREXTOINBEX Y -FREXT O INDEX - 1) Y¥FRAUN

C=--==UNAL THLATE THE INTEKRNAL GAS mMASHE & QRATE CORRCCTTON FACTOR

L

-

MALL=FREGS/MULT

HENS 1Y =MASH/VOL UME
VOURR=SAR T (FATM/FRESS
QUUERE=3Q%T {QCORR)
ALCHLATE  HE FPRESSURE HIFRERENUE
AEY=0

OEL TA=(PRRSS-VEXT) /144,

iF (DELTALLE.O.) REYST

T (OELTALLE OV DR A-0.,000000

L= -~=—LALUU ATE FRESSURE RATID AND THRUOAT UHLOCITY

FRAT ED=PEXT/FRESS

VEL=1.~FRAT LOXYEXF1

iF (VEL.LT.0.) VEL=0,000000

VEL =SQRT {UMUL TXFRESS¥VEL/DENSTY)
IF (VEL.GT,VS0UNII VEL=USUUND
VHACH=VEL /VS0OUND

[ GCHECKh WHETHER VALVE ONE IS UPEN OR CLOSED

[F (VALVSL,.ER.0.) GO 10 380
IF (DELTAJLT.CRACKL) GO 10 980

C=mr— VALVE ONE IS OPEN — FLOW RATE CALCULATION
o CHECK FOR THONED FLOW CONDITTIUN

IF (UMACH.BE.1.) GO T0U 579

IF (HELTALGT.CHANGL)Y GO T0O 5759

AD=N1

N6=A2

GO 10 576

AS=A3

Ab=A4

QRATEL=EXF (ASHASXALOG(IIELTA) )

QRATE1=QRATEL1 /40 . ¥VALVSIXQCORE
CHOKED VALVE - FLOW RATE CALCULATION

RATEVI=NRATE LXNENSTY

GO 10 58S

€ - ~VALVE ONE {8 CLOSED

-~

380

285

RATEVI=0.0
CHECR WHETHER VALVE TWuU LY CLOSED QR OFERN

IF (VALUS2,.EQ.0.) GO 10 390
IF (BELTA.LLT.CRACKRZ) GU 10} %90

33
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Co--=UALVE TWU IS OFEN - FLOW RATE CALCULATION

i § b

—————— CHECK FOR CHOKED FLOW CONDITLON
IF (UMACH.GE.1.) usU TO 589
IF (DELTA.GT.CHANG?) GO TO 586
Bi=K1
Bo6=HD
60 10 587
131 BS=R3
Ré6=R4
87 QRATED2=EXP (BSHROXALOG(DELTA)Y )
QRFATE2=QRATER/60 . ¥VALVS2XQCORR
————— CHOKED VALVE -~ FLOW RATE CALCULATTION
589 RATEV2=QRATEXZXDENS Y
GO TU 595
————— VALVE TW0 1S5 CLOSE]
590 RATEV2=0.0
=====F[LTER FLOW RATE CALCULATION
***** CHECK FOR CHOKED FLOW
295 IF (FILTRS.EQ.0.) GO TO 597
IF (UMACH.GE.1.) GO TO 596
QRATEF=C1+C2KVELTA+CIXDEL TAXX2+CA¥DEL TAXX3
IF (KEY.EQ.i.) QRATEF=0.00
GRATEF=QRATEFXAFILTXFILTRS/60.XQUORK
~-——--~CHORED' FILTER —~ FLOW RATE CALCULATION
G396 KATEF=0QRATEFXDENSTY

CHECKR FOR CHOKED FILOW
I¥ (ALEAK.EQ.0.) GO 10 599
IF (VMACH.GE.1.) GO 10 S98
RATEL=DCOEFF¥ALEARNXSORT (04, 248XHMASSXDEL TAX1 44 7UDILUME)
QRATEL=RATEL/DENSTY
Gu [0 599

————— CHOKEDD CONDITION

beids ] RATEL=QRATELXDENSTY

Uer -—~CALLULATE THE TUTAL FLOW RATE AND FRESSURE [ERIVATLVE

A )

oy RATE=RATEVI4RATEVIHRATEL +RATEF
FPREDER=-MULTAXRATE

L~ -~=-FERFUEM [NTEGRATION CALCU ATTUONS

I
o

M
L

il
il

o me————

g

-

&0 GO 10 (8650:720:800,200) f KOUNT
&0 L= ISTEF¥FREDER
FRESS=FINIITL /2,
TIMES=TIME $H?
O TO 540
700 12=1STEFXFREDER
FRESS=FINT+T2./2,
TIMES=TIME+H?
50 T S40
809 T3-1STEPYFREDER
FREGS=FINT+TR
TIMES=TIMEHISTEF
GO 0 S40
200 FA=TSTEFXFREDER
------ CALCULATE NEW INTERNAL FRESSURE
ROUNT=0
FINT=FINTH(TL42, XT242,XT7T3474) /6.
—————— CONTINUE THE INTEGRAL TON
1000 TIME=TIMEHISTER
IF (1IMELGE,TIMENID GD 10 1500
LINDEX=L (NDEX+1
ERMARK=LINDNEX/UIVIDE

URTFICE FLOW RATE CALCULATIONS ~ Alll IN LEAK CONTRIBUTION IF ANY

e S stV 3t RS by B S v b L
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pr e O 1

ot P 4

1500

LHARK=RRMARN

RMARN=LMARN

IF (RKMARK.NE.RMARK) B0 10 500

WRITE(7,9216) TIME

FINT=FINT/144.

FEXT=FEXI/144,

WRLITEANDUT»9218) TIMEPEXT,FINT,HELTAsMASS-RATE

WRITE(NOUTZ, 22213 TIMEIFEXTyPINTyPRATIODELTA-VMAGH yDENSTY &
NRATELyRATEVL :QRATEZ «RATEV2 , QRATEF + RATEF »
QRATELyRATEL

FINT=FINTX144.

IF (TIME.L T, TTMENLY 6o 10 500

STOF 7END OF INTEGRATTON

END
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Set up data
files and ini-
tialize rates
(Q's, m’s)

Statement Number 50
100
110
120

170

Input gas
& venting
properties

nput
external
pressure
history

Calculate
initial
conditions
p's, Ap's, p;

1

T
Nl

Critical
pressure
ratio
(Pe/Pilcrit

[

Veloacity,
speed of
sound & Mach
number

¥

tnitial flow
conditions
(Q's & m's)

il
Rl

M

'
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-~

a0

Cutput

initial

Initialize
integration
variables
T1,7T2,T3&T4

S

Redefine
starting
points

G

Intermediate
poiny
counter

KOUNT=KOUNT+1

550
560
570

1

interpolate
for external
pressure

1

Mass, density
altitude
correction
m, Pi ,Q

'00"

Pressure
differential

PP,

Y

Pressure
ratio

P,=Pe/p;
vélocity'

'

INTEGRATION LOOP

s

L R "
D e et

oo

G

i

LA e

GRS RN

B ol SR A A P o A L




[

o g
N

I [}
R |'lv| i R Wi

m
il

b t"""h"‘"’“‘“"“'“"&"" o —————

2

iy v}l Pl

Velocity =
speed of

sound
v=a

Mach Number
M=v/a

Any
No. 1 valves

present?

flow choked?
M=1)

575 Alternate

coefficients
A3 A4

576

Mass flow
rate for No. 1
\zalves

Myy

1
585

Do same for
gg; No.2valves |es—

589 | Oz ™2
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Is
flow choked
?

W

%‘

Corrected
Qrate

&

Mass flow
rate

597

Is
flow choked
?

No

ere any

Rates
mys5. 010

'

Total flow

| rate

my=ZIm

'

Pressure
derivative
dp __RT -

a v T

t
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INTERMEDIATE STEPS IN
INTEGRATION SCHEME

{ 2\_“/3 1
650 700 800 200
Calculate T1 Zatculate T2 Criculate T3
set up for set up for set up for Calculate T4
T2 T3 T4
l R T T
Calculate
new p l—
1000 Calculate
new time
t=tdAt

No Time

Yes
for output?

No

CONTINUE INTEGRATION

Output No » yes
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Language:

Computer:

Memory Requirements:
Fortran File Size:

: Input File:
. Output Files:

Subroutines:
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Appendix C

Listing and Flowchart of PRESSM.FOR

Computer Program PRESSAM. FOR

FORTRAN IV
DEC PDP-11/34A
11K Words

22 Blocks

FTN30. DAT

££f§g;; g_}%‘% Primary Volume
g{;ﬁ gi}%; Secondary Volume
RKGS (integration routine)
PREQNS (called by RKGS)
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- - s - =RRODBKRAM FRESSM . FOR
e THES 1S AN ATTEMRT [0 PREUICT THE INTERNAL FRESSURE OF A
-me e GOUNITING RUCKRET AS LT ASCENDS THROUGH THE ATMOSFHERE.
-~ «=—THE FROGRAM CALCULATES THE INTEKRNAL PRESSURE HISI(ORY OF A
s -=GET O OF MULTIPLE INTERCONNECTEDR CHAMEERG, A1 FRESENT THE FROGRAM
= e A LOWS ONLY  TWE VOLUMES, THE FROGRAM INTEGRATES THE DIFFERENILA
me s PQUATIONG NUMERLOCALLY UGING A& FOURTH=-ORIEKR RUNGE-RUTTA SCHEME,
Sees AHE O HOFGRATION IS DONE IN [THE *RRGS* SURROUYINE CALLED RY THI(S
- - PREOGRAM . (HE DIFERRENTLAL EQUATTIUNS ARF LVAL UATEL AT VAR LUK
= PLMEYS RY O THE "FREONS' SUBROUTINE WHICH 1S LalLED RBRY *RRGS
- SAUTHOR T C. vy RREHRY
UEMENSEUN AUX (B2 b 1M TH O « FRFQSO 2 P DRR ()
M e LAWYy LI 200
CHAmbN INPUTS . UNLUS Ly URAGRT =T HANG L A=A, v N30 0b Y

b UL VS e CRACK Y = UHANGD s BT c B2 s v KAy
AN VA VG R e CRACK I-THANGA 0, 1 -U2y U3 4
¥ VAl US4 et KA R ol HONG4 2 T D29 v 03 14y
+ PAE IS e JE T pb ok ek Sni Aol FANL v
X PAb il e Al 1Ty 3wt 2ol e Qe AR

FOMMN DUITRPUT . TIME -FINTT R EXTer RO Lo URE 1T v 1 NG -riALS s UL 1y
% UMALAL RO LeRa B RATLEUD«RAVEF e RATEL Ly URATE |-
¥ VRATE 2 QKATE J=URaTl F o INT2PRAT v FRAT S 101 TADy
* DEL 1 AS Y UENRD y MANED W UE L V- UF L 3 UMALHD » UMAVHE Y
¥ Rafb 2elA(F 32 HATFUAHATFVARATEE 2y HATFE V-QRATF 3
¥ ARATEA QRO 7T URATE D

tuimmerel shebpE b VOE 1V et T oMU T 20000 T ullXF | o GSHIN
% VREXTOIQOY SR IME CTO0D Y = INURY LU FE sMatnNT

bat LM TSyMALE T yeas 2o MU T Lot Y0

EXTLRNMN PREQNG

UAEA ORATT Ly QRATE 2vORATES~QRATE G« DRAT L ORATEDQRATLE -UREATL 2y
¥ RATF LaRATE PeRATEXsRATEE Lo RATEE CyRATHH Lo RATRL 2y ROTFUL
¥ KOTL U2 RATEVAyHATEVA «HOUE L « ENDX o PNUE X ULMARR/T9X0 ¢ Q90
¥ Heds/

= —ERMAT S1ATEMENTS®
OOV FORMAT(0a4 ]
FHOO FORMAT (TG 7F 10,00
PLOT FORMNA IS 10,0)
W00 FORMAY /10Xy “BAS FROPFRIEGE 7

* 15X YRR Crhg s
X 19Xy “MATN VOI UNME = Tl 100,267 U FI/
¥ ITHX e “SECOND VL UME =Rl 10,2y L FT
¥ 1uXs “INLT LAl FRESSURE = k1006 PRT/
¥ 15X e IFMFERATURY R 1O e NEGREYS F 7/
X TUXe GAR CNANSTANT CabR OVt T B R-UR R
X L)
VIOT FORMATC/LOXy " VAL VUE ONE PRUPERY IS/
¥ 19X TYPE? T lunan
QAO0 FORMAT( 15X e “NUMRBER OF RELTEF VYA VLS ~ sk 10,0/
|3 x e GRACKING PRESSUREF BT 3 SV UG I i3
« TouXxe “LURVE CTHANGE FUOTNY AR 2 SN RS IUR R A S0
* POuXs “LORTE FULENT o RS B KA
% LaXs " CHEFFICTENT 2 LR 2 LT R Y4
¥ taXe BOEFFICIENT § S I N TR ¥
X E9X s LOEREF LLYENT 4 Y o KPR P
VIOR FORMOEL/1OXy UALVE TW PROFERT LEY? </
¥ IaXe 1YRE R ‘v 20AM)
P04 FOEMAL - ZHOX e ‘UM VR THRER FROFERIIESS /-
¥ TaXe  TYPES AN
YOG FORMATC/ 10Xy VAL VE FOUR FROFERTTEFSI Y 7
b 3 15Xy 7 IYPE S F20AAN
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WA0EH FURMATCLOXs R T TER UNE FROPERTIEST

LuX» “1YPE Ca0N04)
P20 FORMAY O 10Xs  NUMRER OF F L IERS - yb10.07
¥ LoXy7EX1Y AREA s e 10L L B AN/
* 10Xy "CUFFE TULENT 1L = yFl10), 47
* PaXs "COEFFLOLENT O = abiv. 3/
X LoXy “COERE ICTENT 3 sy LOL3/
* 10X “CORFETCLIENT 4 fab 103
PrOU T ORMAYTC/LOXy 7P ULTER WO <ROPFRIIRESE T/
X 15X 7 TYPFS ‘v l20a40
P09 FORMAL (/10X 7TIOOR | EAN INE FROFERTIES?: -/
¥ toXs 7 IYPE OF SEALS Cp2004)
PRLO FORMAT C 15X EFFECTIVE AREA BT I L Rt B R A
YT FORMAT (/7 LOXy “BOOKR | EAN TWD FROPERTLESS /7
b LOX-T7RE OF wbaLd 20040
@RI FORMAT (/700X “CHOP TNG FROPERTIRESS 7/
¥ LUXy ‘RAT IO OF SELCIFTU HEATE - 7ol 1O 3/
¥ Xy "ORTITUNAL FPRESSURE RATIO = "yF 10, 4r
¥ L5y SPEFTE OF SOGUND S e 10d e RS s SN

WHEEORMATC MAITN VOEUME GAL CULATLONS /Y
YoLA FGRMOAT O SFLONDARY UOLUNME CALCUL AT LUNs- 7))
W TORMAT L OX e EXTRRNAL INTERNAL 5 1AX T INTERNAL - -4Xy TUOTAL MABY -/

¥ UXe TiME c el EREGOSURE ) 23X, DL TA B/ -4Xr s (GAS MARSS »
¥ UXy RO RATE 7 /75Xy GECR s aXe P v 207X "FEL DY 9K L KM
¥ X« LM/BFC7 /)

Yol TORMATIR?01x 10.2¢b 10, 02F 130K 14, 7)

YO FOEMALCIYX s R OE S 8 Ry LIXs RREGSURE BIER o5 X/ TOTAL MABS 7/
SR HIME vAXe BEXT MALN VUL Seroutl - UXr TMATN

HX e FXT TeaXy L OW RATL /%X SEUB s 60X BS540 /K UL Y-
¥y L HM/BEET /)

PR PURMAI U 9 L« 3T 10,2y 20 103514, /D

PO EDRMAY (TE8X s VALVL ONE 29Xy “UAL UE TR v8Xe R L TR ONF 7«

o W %

¥ wxs LEAKN ONE /713X« /P R b 8 8 U K E-r19xea(9Xs FLOW RATRE Y/
¥ Xy 1 Imk EXt LNT RATiI0O DLEERy 43X MACH ENSTIY ‘o
¥ 4 (vl M MASYH SYADX: THECH e A TR L Yy IX e T FE/FY s

X PGl N FRM/7CH FY 7 24(7 CBE/Y LEBm78EL 73

VIO FORMOY (RS e Xy 2F O 0 F 7,0 40F7 0808 309 v d (BB 4-F10.6))
G20 ORMOY(PX s MATN VOL REEFERENCE rax: EFXTERNA! REFRERENCE »

* 14X e "UAL VE THREEY » 27Xy VAL VF FUUR o 8Xy “F LLLTER TWO”
¥ WXy b kAN TWO /L1y "FRESSURE Y - 14Xy "FRESSURE “ v 150X
X A49%s TLOW RATE D /72X« "TTME " s (38X "RATTY LIIFFR MALH )y
X Xy ENGTTY s 30CU00 UMY MABH Yy CUHLUME, MAGH /2%
X M AN PL/d [t NU FEAID F&L NO LEM/LUY .
¥ SR rea” CH/8 LARAW/SEC 72/
PILS FORMAT (RS T 2(FB. A2 2F 7. 3)sFR. 0 4(F8 4F L0 6))
(G e == TiME REFRERFNUES
1 IME=0,00
u---e ~ALLOCATE [1a14 FILES
NIN=30

NOUT =NTN ]
NOUT2=NOUT+1
NOUT3=NOU 2
NOUTA=NOUT S
== INFUT ARND OUTFUT OF UETAL INFURMATTION
(= - B0G FROFERTTES
REAUININS®QOQ) 111IF
FEAIIINTINS 2000 GAS
HEAI(NINSP101) VOLTWVOL2, TN ¢ VM r RGOS, GANMA
WHITE(NOUT«2000) TITLF
WRTTE(NOUT »9200) GAByVOLL «V0i Vo FINT « TEMM - REAS
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WRLTE(NOUEZ,2000) TTILE
WHITE(NDUT2 9213
WHTTE (N T 9020
e (VOLRL.EW,0.) GO TO Se
R DTECNOUT3eR00G0) TLILE
WRITE (NOUT4Ay9000) TLHE
WETIE(NOUY 4,921 4)
WL TE (NOUT 49200

S VO UME PRESSHKE SYSTFM

it B o b

U - --ual e ONE FROFERTIES %
; e RCARGNING Y000 [1TLE g
: KEAIUNIN-YLOT )Y VAL VO L-UEACKNT » CHANG | ré1d » A2 2 AZr A4 3

WHLTEONGUT » 92000y TLHITE
b WVAL VS LLER.O) BU 10 10
BT YR (NOUY « 92020 UALVCLCRAURT +CHANG s A1 A2, 631 A4 =
o s UV WO PROFERTIES E
T FEANCNINGYQ0OY FTTLE
R ADINTNSP101) VAL VST y CRACK) « CHANGZ » 'L - RO e 3P RA
WHTIE (NGUT s 92048y 1L E
L (VALVS2LEW, 0.0 G 11 11O
WRITE WNOUTy 9202 JALVS2y CRACR2 s CHANG? e BT v R,2y K3y R4
L~ - -~ -t LLIER ONE FROFPFRITIES
110 REANCNINGY000) TUTLE
RENTIKNINYQ101) FILTS1vAFILI1vE1yERSESE4
WIETE (NOUT «9204) TTTLE
TR (FILISLLER.O.) 6O 10 120 E
WHRITE(NOUT s9207) FILTS yAFILT1sE1,ED2EXvE4
L e LE AN ONE PROFPERTIES
128 READ{NINy?000) FUILE
RFAII{NINC9101) ALEAR1
WRLVE (NOUT «9209) 11071
IFO(ALEANLLER.OL) BO TO 140 g
= WRETE (NOUY v Y2100 ALEARI E
B C - -=BELONMD VOLUNT PRESSUKE SYSTEM §
= T [ (UOL2LFRGOG) GO TO L7270 E
3 § -~ -~ UL Vb JHRFE FRUFPFFITES E
. . HEANCNTNRGO0Y T1TLE
FEAUNINGP101) VAL VSS+CRACKI s CHANGS fL1+1 0703504
, W ETE(NOUTE:v204) TITLE
1F (UnLUS3.FR.0.) 6O 1) 140
WT TR ONOUTE, 9207 VALUSSy URACKRI -UHANG S, U1 e 2703004
Lo == UALUE FOUR FROFPERTIES
140 ReADINLINGPODQY TLILE
KEAININGD 1OL) VALVES«CRAURA » CHANGA 111 - U2y B3 v 14
WRIVF (RT3, 9205) TI1Lt
[ (UALYSA,ER,0,) 60 10 150
WRTTE (NOUT3+9202) UALYSAy CRACRA s CHANGA - 1] s B2« 113 < g
we e JLTRR THO FROPERTIES
Fi0r READ(NINQQOOOY TTILE

s g e

! REAICHINGYTOLY FTL IG2eAFLL 1250 1eF 0y} St 4
i VRV TE (NOUTA, 9208 TTILE
;1 L (FTILIS2.ER.0.) 60 10 160

WRETE INOUTS»9207) FILTS2yAF L 1 sF1s2-F3-F 4
U= AR TWU FROVERTIES
L& REAHUNINS 2000 TTTLE
REOINCNINGY101) ALFARD
WREITE(NOUTZ,y9211) TLILE
IF (ALEARDLER.O.) 60 10 170
WRITE(NOUT3,92210) ALEARND

| p———
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[ INFUT OF EXTERNAL FRES SOMISTORY

170 REAN(NINS?101) TIMEN T Oy DIVIDELIMITS(4)
REAU(NINs YL G0 MaG
REANCNIN,9103) (FI. . REXT(N) s N=1 «MAGNTT)
Co- -~ -—=CONVERSION 10 PROFER o8

TEMP=TEMF+459.67
FINI=FINTHFREXT(Y ‘144,
[ ~CAL CULATION OF INI d. CONDITONS
(0= -==MATN VOLUME
1 == INTERNAL GAS BENSLTY
M " 11 =REASXTEMF/VOLL
MASSTI=FINTX¥144./7MULLT1
HENS 1 =MASS1/VULL
e e = =FREGSURE DIFFERENTINL OND FREGSURE RATLO
FEXT=FREX1(1) /144,
DL 1AL =PINT~FEXT
FRAT1I=FEXT/FINT
{ - = ==URTTICAL PRESSURE RATI(
FXF1=(GAMMA- 1., /GAMMA
EXPe= L, /EXFL
FRURIT=(2, /(GAMMAY ] « Y YX¥EXF2
I ---=THROAT VELOCLTY ANU SFEED OF SOUND
UMHL T =44, 348XE XF D
Yt (=1, -FRATTX¥F XFL
VEL L-SQRT(UNMUL TARPINTX¥144,%VEL 1 /DENST)
et IiND= 1, ~BROR L TEREX L
PSOUNG=SORTOUMUL THRINTY 144 ¥VSUUNDA/DENS L,
AL H L =VEL F/7VS00nD
[P LELUND YL UMt
P aVOL 2, RWL0.) GO TO 00
MU 2=REASKTEMF/VULLY
MASHI=FINIX1L44, /70Ut 12!
HENG 2=MARED 700 2
et 1A= INI-PINT
Ok TNA=EIME-FEX!
PRAT=FINT 7 INT
FRAT3=FEXT /1IN
UL =10 -FRAY 2¥XFE Xt
UEL v=SARTUMUL THFINTY 144, ¥VRLIZUENSD)
UMNALHI2~VEL2/VSOUND
€ ==—=0UIFUE INITIAL CONDLTLONS
300 WRITR(NOUT 9212 GAMMAFRUR LT » USOUND
WRITE(NOUT Y213
WRLYE(NOUT s ¥218)
WRITE(NGUT 292060 TIMEPEXTPINT s DEL 1AL +MASS L s RATRT
WRITE(NOUTD 9200 TIME v FEXTeFINT-PRATL-DEL T L UMACHT » BENST
QRATE 1 -RATEV yQRATEZ - RATFVUZ «QRAIF L RKATEF L »
* URATL L eRATEL
TF (UL EQL DY 6O D 400

WHRLTE (NOUTA-“21 a0
WRITENOUTS 9217
WHITE (NQUT 39010
WHETE (NOLT 4.9 0030

-*

PAME =X s B INT - HINT v 1IbL 1Ay HEL TA3RATE
FTME «2FAT2- 1L 102y UMACHD vFRATZ s BEL TAZUMALHSE s

¥ UFNG URNATE SyRATEVI s URATEAYyRATFUAQRATF 2 v
* RATET JrHRATE e KATEL D

L= = s U TOR INTEOGRATLUN L UOF

foe- =INTIIAL VAL UES

40} FRESS(LI=FINT¥1a4,
PRESS (D) =FRESS (L

B . L Y T e N,




t - - INTEGRATTUN LOOF
“3und LIMEIS() -1 iME

LIMEIS(D =T IMEH IS fRK
| IMITSC3) =181EP

L s kESEY ERROR WFIGHTS
FREOER(1Y=20, 50
FRETER (22050

O U AL INTREGRATLON ROUNT ENF

AL RRGS (L TMLYS FRESS vFREDER s 2o NSLCT « PREONS yAUXD

1t (FIMECGE, TIMENTD GO 10 400
I INOEX = LNUEX +1

REMARL=! TNIIEX/DIVINE

! MAkR=RRMARK

RMARN =l MARK

IF  (KRMARK (NE . 8MARKY GO 10 H00

&O0 WRLUIEL7,9216) TIME

WRITE(NOUTyY216) TTHEyFEXT-PINILyDELTAL-MAGS1RATED

X

X URATL T yRATELL
IF (VOLLLEQ.O) 60 10 /00
WHITEONGUT 3«w 218 TInb yPEXT o INT P I
WRTTE (NGUT 49223

¥

¥ RATEF2-QRATL s KATEL D

‘G0 T riTMELLTLHTRENID GO TO 500
SHOF CENDI OF INTEGRAYIUN-
E N

46

WRETENOUIDZ,9001) TLIMEFEXT-FINT1sFRATL «DELTAL - UMACHT s BENST
QRAIELsRATEVLI +ORATE2 HATEV2 s QRAIF T yRATER L

HELTAZ Y REL TAS-HAT
TiMbEPEATZ-DEL 1A » UMAUHI - FRAT3 - DELTAR < UMACH S -
DENSD? vOQRATE3-RATEVI - URATEA - FATEVA«URAIF 2.
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Set up data
files & ini-
tialize rates
Q's& m’s

50,100,
110,120,
130,140
150,160

170

Input gas
& venting
properties

nput
external
pressure
history

Calculate
initia!
conditions

K

Critical
pressure
ratio

'

Velocity,
speed of
sound & Mach
number
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Initialize
integration
variables

400

Set up inte-
gration
limits &
error wats

1

Perform

Output

integration |RKGS

(PREQNS)
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controls End ;lme s

Time

for output
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End time
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Subroutine RKGS. FOR

Modified RKGS routine of Reference 4; called

by main program to integrate the differential

equations.

The following lines nave been modified to eliminate

the use of the external output routine:

RKGS 1050
RFGS 1530
RKGS 2280
RKGS 2570

Integration Technique:

Self-starting fourth-order
Runge-Kutta solution of a
system of first-order
ordinary differential

equations.

Subroutine PREQNS. FOR

Called by RKGS subroutine to evaluate the differential

equations during integration process.

Major IEquations Used:

l.quations (12), (13), (14),
(Al1l1), (Al8), (A25), and
those of Table Al.
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SUBROUTINE FREQGNS(TIMEINsFRESS+PREDER?}

FREUNS.FOR

THIS SURROUTINE IS USER WIIH THE “FRESSM* FROGRAM TO FREDICT THE
C-—nm- INTERNAL FRESSURE OF & SOUNDING ROCKECT PAYLOAD, IT CALCULATES
L——--- THE FLOW CHARACTERISTICS (F THE FRESSURE RELIEF VALVES. FULTERS AND
T ORIFICES USING THE EMPIRICZALLY DERIVER FLOW CURVES. [1 EVALUARIES
o IHE DIFFERENTIAL EQUATIONS FOR THE INTEGHRATION SUBROUTINE “RARGS®

'
i
v
v

AHICH 1S CALLED FROM THE MAIN PRUGHAM.

L - --ffHUKED O, P, RRERS

NIMEHNSION FRESS (D) fFREDERID

LOMMIs < INFUTS/ VALUSE sURACKT s CHANITI-A1-A7-483-A4

* VAL VS22, CRACKR y UHANGD? s B1 ¢« K2« B3 7 R -
'+ UNLUSECRACKIsCHANG I 1,1 -1 e 3047
+ VAl Una - LROCKRG» CHANGR- LY 2 02 1137 14 0
4 CHLISi-AFILTLsEE-E2-EiA-FaAALEART
¥ FIL TSP -AF L TD e tef 20k 3ok 4-ALEARTY
it e il [IRME L iNTTyrEXT e PRAS 1-35:!A!;UENS{;MQSSi-UEng
¥ Umal 1 JRATEL WAIE U], BEpibUDRATEFT . RATEL 1yORAT
¥ RGaTF ORATF L2 URATL: 2 IplT 2 FRAT 2 FRAT 3 fll'_L!D'c
* uF*faa-nFNS’ynqssfvalL Yt 3, UMAUHZ s UHACHS Y
¥ FATE 2 -RAIF3eRATE U S RATEVA rRATEF2-HAEL 2 URATES
[N GReTEAfQRATE 7. QRA&TE

Cgents CREFERLy, V0L -VuE vhU"*-H“ Foednyl TeEXEY
¥ FHEXT )'*ith‘fJ“‘-'ﬁPFthLHEF*'“ﬁle'
FEAL MoYRTCMASKS 2y M T1-MUL LY
p-— - -rknNSEkrR OTHE TIME
TiMe—: IMEIN
CInEs CTIMF

3

~
\.«

LY

INIERMAL PRESHUKES

'*’\EHS(’ Y7144,

ESS(2) 144,

I.ATF TARLE FuUF FXTERNAL FRESSUR
TIMESLLELFYIMECINDEXY ) GO 10 110
(= TNDEX+]

- m PR e R
)

itQ It LS.GE‘..:"!!?’ié&i?:’!‘h‘;')(-l‘) [E130 5 ER V)

H LY TATET R
FROUN- (71 .E‘- —Filak

STuE CINDEY 100 LARGE
N
l.-\|:£!-..—rx!’([{«}[|f.&._1;l-.;‘
$
15

X=12 v o PTEMECIMDEX ) ~F T IME CINDEX~1))
EXTOINDEX Y ~PREXTCTNIEX-1) Y¥FRACN
Py N E R R R P I SRR R SR i S P R e P R R R P S R F IR e R R A2 24 B 23
Tt INNER CULIME CALUHLATIONS 53620
IR e A AR R R e A s A e R R R S S SR AR R SRS E 2SS EI SRS 222 2 1N
TEOGWGLLZLERL 0.0 GO T 80
s ol Ul ATE BAS PROPEFIIES
MASST -ERESS2 /MG §D
PENG. T MEGG2/V00 L
S-ovai it Als THE ORNTE FORFED ETUN Fat 105
D UERC-SURM CFREY T O UPRELSDD
3 QEORRD
THE PRESSURE DIsRERENUES

¥
H
"

4

wn e

FREGSI-FFESS1 - 144,
= (MRFESSD—HEXI Y144,
..f‘\).!l )o) REY3=1
TAZULE.O, v BEVIA =0,000000
Fa3,LE. o.a BEL TA3=0.000000
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U-—--~CALCULATE PRESSURE RAT1O0S AND THROAY VELDC!

PRAT2=FRESS1/FRESSZ
eRA§3=FEXT/PRESS2

Ui] 2=1,-PRATI¥XEXFPL

1F {VELZ.LE.OQ.} VEL2=0,000000
VEL2=S5QRT (VMUL TXFRESS2XVEL2/DENS2
VEL3=1.-PRATI¥XEXP1

If (VEL3.LE.O.) VEL3=0.000000
VEL3=SQRT (VMULTXFRESS2XVEL 3/IENS2)
IF (VELZ.GT.VSOUND) VEL2=USOUND

IF (VEL3.6T7.VSOUNDN VEL3=VUSOUND
UMACH2=VEL2/VSOUNL

UMACH3=VEL3/VSOUND
C=====VALVE THREE FLOW CALCULATIONS
L= CHECK WHETHER VALVE THREE IS OFEN OR CLOSED
IF (VALVS3.EQ.0.) GU 10 240
IF (RELTAZ.LT.CRACK3) GO TO 240
C———=- VALVE THREE IS OFPEN — FLOW RATE CALCULATION
Cmomm CHECK FOR CHORED FLOW CONDITION
IF (UMACH2.GE.1.) GO 70 230
IF (DELTAZ.GT.CHANG3) GO 19 210
€5=C1
Co=L2
GO Y0 230
216 £5=C3
Cé=C4

220 ORATES=EXP(CSHL64aLOG{DELIAD Y
QRATEZ=ARATE3/60 . ¥VAL VSIXOUORKT
- -—-=—CHORED VALVE - FLOW RATE CALCULATION
230 RATEVI=GRATE3XDENS2
G 70 300

L= VALVE THREE IS CLOSED
240 RATEV3=0.0
(=====VALVE FOUR FLOW CALCULATLIONS
(- CHECh WHETHER VALVE FOUF LS CLOSED UR OreN

300 IF (VALVS4,.EQ.0.? GO 10 340
IF (BELIAZ.LT.CRACK4AY 60 10 240
Lo UALVE FOUR IS OPEN — FLOW RATE CaLCULATION
Coe——- CHECKN FOR CHOKELDR FLOW CONDITION
IF (UMACH2.6E.1.) 60O 10 330
[F {DELTA2.GT.CHANG4Y G0 TO 310
o=t
hoe=n
GO 0 320
310 nS=pa
Do=na
320 QRATEA4=EXF(USHD&XALOG(NELTADZ)
QRATEA=QRATE4/40 .. ¥VALUS4AXQCORR2

e CHOKED VALVE - FLOW RATE CALCULATION
330  RATEVA=QRATEAXDIENS2
G0 TO 400
L VALVE FOUR IS CLOSERN
240  RATEV4=0.0
C—-=-=—TOTAL UVALUE FLOW RATE
400  RATE2=RATEV3+RATEU4
C=====FILTER TW0 FLOW RATE CALCULATION
Lo CHECK FOR CHOKED FIOW

IF (FILTS2.ER.0.) BG TO 610
IF (UMACH3.GE.1.) 6O 710 S10
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AFATF2=F 1 4+F2XNELTAZ4F IXDELTAZ¥R2+F 4XLEL TASK¥3
IF <{REY3.EQ.1) QRATF2=0.00
ARATFZ=QRATF2XAFILT2XFILTS2/60, ¥xQUORK2
C--—--CHOKED FILTIER - fLDOW RATE CALCULATION
S10 RATEF2=QRATF2¥ENS2
C=====0RIFICE TWD FLOWK CALCULAIION - Al IN LFEFAN LONTKIBUTION IF ANY

&160 IF {AaLEARNZL.EDR.0.) GO 10 700
I¥F (YMACH3.GE.1.) GO 10 620
RATELZ=NCOEFF¥ALEARD¥SIRT (54, 348¥DENSD¥IIEL TA3X 144,
ARATLI=RATEL2/0ENS2
GO T€ 700

L= CHOKED CONDITION
520 RATEL2=0RATLI2¥DENS2
L= CALCULATE THE TOTAL FLOW RATE AND FRESSURE DERIVATIVE

700 KRATF3=RATEZ2+RATELZHRATEF?
200 FREDER {2)=-MULT2%RATES
Mz e 2T E s e 2 222242222222 2 R 22222 e F 22 2R 2222222222222 22222240
CEste3 OQUYTER VOLUME CALCULATIONS (32210
CEEES IS4 4444344483553 0 4443414352443 4 4338422893804 8 002822 8433C
L=———- CALCULATE GAS FROFERTIES
MASS1=PRESS1/MULT1
DENS1-MASS1/V0L1
L= CALCULATE THE QRATE COURRECTION FACIOR
QCORR1=SART(FREXT{(1)/FRESS1)
QCORR1=SART (QCORR1)
Cmm——— CALCULATE THE FRESSURE DNIFFERENCE
KEY1=0
DELTAI=(PRESS1-PEXT>/144,
IF (DELTA1.LE.Q.) KEY1=i
IF {DELTA1.LE.O.) DELTA1=0.,000000
C———r CALCULATE FRESSURE RATIO AND THRUAT VELOCITY
FRATI=FEXT/PRESS!
FEXI=FEXT/144.
VEL1=1,~-FRATL®¥LXF1
IF (VELL1.,LE.D.? VEL1=0.000000
VFL 1=SORT (VMULT¥FRESST1XVEL 1 /DENGL?
IF {(VEL1.GT.VSOUND)Y VEL1=VUSOUND
UMACHTI=VEL1/VSOUND
= re=UALVE ONE FLOW CALCULATIONS
THECK WHETHER VALVE ONE IS OFEN O CLOSED
TF WWALVSTLEQ.O0. GO 10 1040
IF (DELTAL.LT.CRACKRL) 60 1O 1044
I VAL UE ONE I8 OFEN - FLOW RATE CALLULSTION
L= e m CHER FOR CHOKED FLOW CONPTITION
1F (UpALHLWGE. 1.y GO TO 030
1 (UFLIAL.GT.CHANGTL ) GO D Qi
AT =Al
AL=A2
GU 10 1070
1310 AS=43
Abd=A4
1620 ORATE 1 =EXP (AS+As¥ALUGLEL TA1 )
QFATEI=O0RAIELL 760, XVALVS 1 XQCORKE
Lommm CHOKRELD VUALVE - FLOW RATE CALCULATION
1030 RATEUI=0RAIEI1XDENS1
Gy TO 1100
L-—--=UALVE ONE IS CLOSELD
124a0 RATEVI=0,0

(31}
[T+

i 2

it S i




LI .

G CHECK WHETHER VALVE TW0 1S CLOSED OR OFEN
1100 I[F (VALVSZ.EQ.0.) GO T0 1140
IF (DELTA1.LT.CRACK2) GO TO 1140
Crem— VALVE TWO IS OFEN - FLOW RATE CALCULATION
C——=-- CHFCK FOR CHOKED FLOW CONDITION
IF (UMACH1.GE.1.)> GO 70 1130
I¥ (DPELTAL.G1.CHANG2) GO TO 1110
HS=H1
Koé=R2
G0 10 1120
1119 LLH=H3
B&é~Ra
1120 ARATEZ=EXF{BG+R4XALOG(NELTAL Y)Y
QARATEZ=QRATEZ/460. ¥VALVS2¥QCORK1
(== CHORED VALUE - FLOW RATE CALLCULATION
1130 RATEVZ=QRATE2¥DENS]
6C g 1200

C-—-—-—-UAlVt Twd IS CLOSED
1140 FATEVD=),0
c====-F il TER ONE FLOW RATE CALCULATION

-{HFLR FOR CHOKED FLOW
‘F (FILIS1.EQ.0.) GO 10 1410
[¥ (VMACH1,GE.1.! GO 10 1310
QAFATFI=E1 +E2RNEL TAT+E3XNEL TA 1 KX2+EAXDEL Ti11 ¥%3
IF ¢(REY1.EQ.1) ORATF1=0,00
ORATF1=0RATF 1¥AF 1L TIXF ILT51/60 . KGCOKRR:

L————— CHONEDR FILTER ~ FLOW KATE CALCULATION

1310  KATEF1=QRATF IXDENS1

C=====yRIFICE ONE FLOW CALCULATION - ADDL IN LEAN CONTRIBUTION IF ANY

C-——-— CHECKN FUR CHOKED FLOW
1410 IF (ALEAK1.EQ.0.: GO 10 1500
IF (UMACH1.G6E.1.} G0 10 1420
RATELI=NCOEFF*¥ALEANI¥SART (64 .348XDENSI¥DEL TN1¥144,)
QARATL 1=RATEL 1, NENS]

60 10 1500
o CHOKEDl CONDITION
1420  RATEL1=QRATL1XDENS1
Cmmm= CALCULATE THE TOTAL FLOYW RATE AND FRESSURE LERIVATIVE

1560 RATE1=RATEV1+RATEV24+RATEL14RATEFL
PREDER(1)=-MULT1¥{(RATEL1-RATE2?
RETURN
END
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210, Alternate Yes is o Qcurve
coefficients APy = knee potir o
C3&C4 Cl&C2
Corrected
: - . »y§ Qrate .—
= 1 03
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{ No. 3 valves 240
’55 mass flow . .
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Yes

t

400

Total rate
input to
volume No. 1

mr2

Is
flow
choked?

No

Corrected
Qrate

7

Yes

G

Filter mass
flow rate

ms2

Yes

leaks or
orifices?

Any No

Is Flow rates
flow Q 1/02
choked? s
Mass flow 700 Total mass
rate ————a»{ flowrate  jfeg—————
m |/02 ' M~q
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dpz -RT .
dt =V, M3 :
i OUTER
Gas proper- VOLUME :
ties CALCULATIONS
mq. P
Correction
factor
Qcorr :
Pressure ;
differentials
AP = Pq7Pg

[

Pressure
ratio &

velocity
pr1 &vi

e T 0 ey

M ey,

it

No

Free
Flow

vy=a Isv1>a?

Fiow

Bl 40 O i o ¢

] :
Mach ¢
I Number -

=

1010 Calculate
1020 valve No. 1

1030 rates
1040 myq, Qq

1100 f Calculate

1110 valve No. 2
1120 rates
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1310

1410
1420

{

Calculate
filter No, 1
rates

gy, Qgq

]

Calculate
orifice No. 1
rates

/01 Q1/o1

Total mass
f‘low rate
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Appendix D

Sample Input and Qutput Data Files

Format for Input Data File FTN30.DAT

Line

1

-3

@w o«

10
11

Format

20A4
5A4
6F10.0

20A4
7F10.0

20A4
7¥10.0
20A4
61°10.0

20A4
10,0

Title

Gas type

Volume #1, volume #2, initial pressure, initial
temperature, gas constant, ratio of specific heats

Valve type #1

Number of valves, cracking pressure, knee pressure,
curve coefficients A & B (below knee pressure),
curve coefficients C & D (above knee pressure)

Valve type #2

Same as line 5 except for valve type #2

Filter type

Number of filters,
filter area/multiplier (for RA-2500 is exit area;

for CW-19 is length multiplier)

curve coefficients A, B, C, & D

Leak/orifice title

Effective area of leak or orifice

[
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12 4F10.0 Ending time of calculations,

timestep = 0. 01 seconds,
print interval multiplier = 100.,

accuracy requirement = 0. 001

13 110 Number of entries to follow in external pressure
table
14 8F10.0 Time, external pressure

Notes: For valves, filters, and orifices not present include a
title but leave numerical data line blank.

In line 12, the timestep and print interval multiplier.

determine printout time:

100 X 0,01 = 1 second printout.

In line 14, 4 pairs per line, repeating if necessary.

For PRESSM. FCR, repeat lines 4 through 11 for second
volume with primary volume data first and secondary
volume data following (see IRBS Payload input file).

Units for Input Data File

Gas volume
Initial pressure
Initial temperature
Gas constant
Valve crackiag & knee pressure
Filter area
Leak area
End time
External pressure t-ble:
time

pressure

cubic feet

pounds per square inch

degrees F

foot-pounds per pound-degree R
pounds per square inch

square inches

square feet

seconds

seconds

pounds per square {oot

60
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Sample Input Data File (FTN30.DAT)
for ZIP Payload — PRESS4.FOR

I+ raY anht INTERNAL FRESSURE HISTORY
NLRGOE

=80 0.12 35.0 5%.2¢ 1.400
CARCLE SEAL F=249 0,10 PST MARKEDN CRALKNING FRESSURE
by 0.0387 0.10 10.8789 4.7958 0.9767 0.4956

CLRULE SEA) F7-637 0,50 FST MARKRED CRAUKNING FRESSURE

Q. 0,325 0.59 12,7900 17.3978 3.8647 0.4784

P HPURE KA 1.2 MICROMETER PORE SI1ZE
2. 0.11045 ~0.007017 2.,018104
FERFELT SEaL —~— NI LEAN

(RN 0.01 100, 0,001
/A}
LAL 1827.7 LPRY] 1825 1 2.0 181,00 3.0 1812, %
AL 1799 .3 5.0 1783.46 4540 174630 EN 1739.4
e 1711, V0 1678.6 0.0 1542.1 i1.0 14601, 4
1.0 1557.1 13.0 15090 14.0 1457.6 1%, 140%, 2
Th.e 13446.5 17,0 1.487.9 19,9 1207247 19.0 11665
My e PLQ4. 8 21,0 Lo42,1 22,0 “79.3 23.0 P16.7
LN Bhd . 4a 25,0 /927 2540 731.9 RN U 672 2
A4 al4,0 29,0 557 .4 L, 0 500.8 31.0 450. 4
3.0 AdL .1 33,9 155.4 4.0 3413 9 3%.0 274.¢0
36,0 238, 4 1/.0 209.% 38.0 1746.7 iQ.0 15¢.5
A6 1.27.4 41,0 100G,/ 42,0 a8, 4 a3, 730
a0 59.8 15,0 48,5 44,0 39,0 47,0 31.2
41 . ¢ 24.8 AQ D 19,46 50.0 15.9 51.0 17,1
I A .4 3,0 7.3 S54.0 % b 55.0 4.3
S5.0 3.3 G7.,0 2.5 58.0 1.9 59,90 1.4
HG 0 1.0 61,0 0.7 62,0 VD 53.0 0.3
64,0 0.2 45,0 0,2 656.0 Dol &£7.0 Z.i
6RO 005 69,0 0.0 70,0 Vv 360.0 3.0
61
== = = - -3,

PRENTOPIIvSS




Sample Input Data File (FTN30.DAT)

for IRBS Payload-PRESSM.FOR

IRRS FAYLOAD

AIR

NO SECOND YALVE

46.80
TIRCLE SEAL

3.

NO FILTERS FFESENT

FERFECT SEAL

CIRCLE SEAL F-1249

NO SECOND

NO FILTERS FRESENT f

e

NOOR LEAK DUE

0.000042
106, Q.01
g9
0.0 1827.7
4.0 1798.2
8.0 1723.7
12.0 158¢9. 4
146.0 1402.5
20.90 1178.8
23,9 Q47,15
28.0 715,94
2.0 498. 14
36.0 314,45
40.0 180.08
44.0 ?1.890
48.0 41,468
52.0 16.354
56.0 5.7511
60.0 1.6404
64.0 0.5213
68.0 0.1323
72,0 0.02469
76.9 0.0044
80.90 0.0009
100.0¢ 0.0000
360.0 0.0000

0.1777
P7-637
0,335

TYFE FRESENT

0.50

= NO LEAKS
0,10

0.0387
UALVE FRESENT

TO SEAM SEA!

100,

1.0
S50
¢.0
13.0
17,4
21,0

75,0
9.0
33.0
7.0
41.0
45.0
49,0
53,0
57.0
61.0
£5.0
89 0
730

“d O

LR 4 FRREVINEN
O
-

0.99

G 10

0.50

0.001

1827.7
178%.4
1495.5
1547.9
13482.8
1121.3
]{ee.07
409,867
447 .64
276.25
153,95
76.198
33.300
12.708
4,3639
1.35%54
0.37546
0,0°11
0.0173
Q.0030
0001
0. 0000

62

INTERNAL FRESSUFE HI13TORY

70,0

PST MARKEDL CRACKING
10,8789

7.0
4.0
10.90
14.0
18.0

el

aan e

26.0
30.0
34.0
38.0
42,0
446.0
50.0
S4.0
58.0
62.0
66.0
70.90
74,0
78,0
ez,
200¢.0

93.35
FSI MARKED CRACKING FRESSURE

12,7900 17.3978

FRESSURE
A,7952

1816.7
1768,2
1663.9
1502.1
1292.8
1063.6
830.89
604,40
400.17
241.40
130.62
62,720
26,506
?.8087
3.2927
0.9910
0.2685
0.0617
0.0111
0.0020
0.0000
0.0000

1.400

3.8647

0.9767

63.0
67.0

75.0
79.0
90.0
350.0

0.4786

1809.8
1747.7
1628.7
1453.9
1236.0
1005.5
773.17
550,43
355.76
209.09
109.96
51.207
20.907
7.5328
2.4401
0.7203
0.1897
0.0411
0.0072
0.0013
0.0000
0.0000

0 o o A bl bttt A0 a8 ol
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Sample Output Data File (FTN31.DAT)
= for ZIP Payload — PRESS4.FOR

Z1F FAYLOAD INTERNAL FPRESSUKE HISIORY

H UAS FROFERTIES:
i TYPE NETROGEN
§ MAIN V0L LIME = 4,80 G F1y
INIT1lAL FRESSURE = 0.12 PSI :
EMPERATURE = 35.0 DEGREFS F :
6AaS CONSTANT = Y5.020 Fi-l8/L B=0FG K :
- VALVE UNE PROFERTIES!
= TYFE S CIRCLE SENL +#=0249 0.10 FSI MARRED
E NUMERES OF RELIEF UALVES = 6 PRACKNING “RESSURE
LRACK INE SRESSUKE = 0,04 R4
CURVE LCHANGE £0INT = 0.10 ¢8I
LUEFF [CTENT 1 = 10 879 :
COLFFICIENT 2 - 4,795 2
COEFFICIFNT 3 = 0.977 :
COEFFIDIENT 4 = 4,494
. UALVE WO FRUOFERTIES! :
TYFE S CIRLLE SkaL W7-A357 2 50 PSS MARKRED :
FILIER PRUFERTIES:
i TYEE D MTLLIFNRE RA 1.7 MICROMETER FORE STZE :
NUMBER OF FILTEKS = 2o UHACK ING PRESSURE :
#X[T AREA = 0.11045 80 IN .
COEFFICIENT i = —0.G07 -
COEFFICIENT 2 = 2,018 E
. CORFFICIENT 3 = 0.900 :
) COEFFICIENT 4 = 0.000¢ :
: :
GOOR LEAN FROFERTIES!
‘ TYFE OF SEALS FERFECT SEAL —— NO LEAK
: CHOK ING PROFERTIES: :
{ RATIO OF SFECIFIC HEATS = 1,400 :
{ CRITICAL. FRESSURE EATIO = 0.5283% :
i SFEED OF SOUND = 1012.3 FFS :
- P
= EXTERNAL INTERNAL INTERNAL TaTAr MASS
; & TIMF FRESSURE FKESSURE  DELTa F 5AS MASS RN RATE
= SECS FS1 P51 F51 L aM L M/ SED
2 ?g 0.0 12,49 12.81 0,120 0. 4%944 4. 0063324
= ) 1.9 12,68 12.7S 0.086 04571 DL 0008095 E
= L = 2.0 12,65 172,72 0.077 0.45505 0,0012052
- 3.0 12,59 17,87 D.081 0.45423 0.0021200 3
4 0 12,50 17,59 0.088 0.a5136 0. 0030970
= Sl 17,39 12.48 0.093 ¢.4a751 0.0040761
=S 6.0 12.25 12,34 0.098 L Aa47E7 {. 0049989
= f 7.0 12.08 12.19 0,108 ", 43702 0 V07998 s
— T 63 :
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14,0
15.0
16.90
17.0
8.0
1?.0
20.0
21.0
2200
23.0
24,0
25.0
26,0
27.0
280G
390
30.90
31,0
32.0
A3.0
34,0
35,0
Imay
A7.0
33,0
39.0
LIV
v,
12,0
43,0
43,0
aAL.n
as o
AT,
48,0
ag .o

.

L\

e
-

N

.
oo

R Y
w]

»)

.

SR A €
J fm (e 10

.
<

R olie s ANIRY N

. A

e

o

11,43
11,46
11,40
11,12
10.81
12,48
i 12
Y74
Y35
4.94
8.53
8.10
Y-Y4
7,0
A.80
b6.37
5.93
5.50
5.08
4,67
4,248
3.87
304‘?
3,13
::079
2.4
2.17
1,99
1.:65
1.43
1.23
1.05
Q.48
0724
Gap?
(AN
[ 3¢
.34
0,27
(AR
.17
.14
D1
G.03
V.07
N, 05
0,04
0,03
O.u2
2,002
DL01
0.01
0.01
0.00
Q.00
2.00
Q.
2,00
0. 00
5.00

12 02
11.83
11.62
11,139
11.14
10,86
10.58
10.2/7
25
-
27
92
W97
':A
84
.48
+12
76
.41
00\5
. 71
.38
05
.74
43
.14
986
Z.60
. 35

oL

D NNNE W Ce T
-

NS D DL

PP I O
g
Lo ]

v R
w ! - '
s v e
N Q0T e o W

EaJIRC SR o« LSV ¥ I S

ol g mek pek kel M
.
[ ]
[y

[N
.
-
3

0.134
Q.171
O.214
G456
0,320
0. 38y
0,453
0.50%
Q.59
D.872
0.747
0.821
D895
0.V69
1.0643
1,115
1.186
1.258
1.324
1.389
1.451
1.509
1.963
1.611
1.464Y
1.674
1.6k
1.5694
1.692
1.584
1.670
1.4u1
.64

Pt
.
L,

Bob ped rek b gt
«
Lo
L

L0 b ok
N O e
N NS I

-
A IR oI v I o B VIO RS R S W)

ta
e N )

o.
0,573
©.6286
0.597
0.548
0.511
0.474
Q.4
G.413
0,385
0,354

64

Ty

0.45090
D.a7414
HEE A B Y
O.a40834
),39933
d.389461
0. 37923
O 3én0s
0.3%4574
0.%4482
G 33050
0.319v4
0.30716
0,29424
0H.281
0.26825
0.25530
0.24244
0,022973
0.21721
D.20494
D.19.799
0.12127
Q. 16995
G. 15000
Q. 14853

0. 134%1
0. 12897
0.12001%
fL111464
9,130
D, 095648
0. 08vv4
G.IB370
QL.H774,
G, O72a s
VL 47A3
3¢ a

e

O, 05
DoyaTos
Q.ngam,
D.080 00
G, 0789
O H3nls
¢, 032280
D.03082
T.08490
0,02543
Q.D3359
Q.927288
0.02122
0.01981
0.01843
g.01714%
D,01594
0.0148%
G.01382
0.5178-

D.0%430

ang

L, DDEIH0G
B,00709/70
QL0785 8
NL,O086 735
[APREILLE &4 34
G.0100314
N1 08L04
Q0112374
0.011/214
0,011
(Ge1.74483
.03 246894
N, 018550
Q0179607
Q.0150073
Q029894
0.,0179185
G.0127960
0.0124624

0,0124050
0. 01214673
0.0118442
0,01 1509]
Q0111377
0.01070208
0.01024857
OL0U973s0
Q,.00972004
DLONRE4 71
0, N0ORD4AGSY
V.00 74366
[QPRALTL 2-¥ Y ]
0. 00sa818
[APRALSEAVE & BeJ
N ONS411Y
0.005771p
7.00a89537
O A% 0
O, 00482047
Q.0divtal
NL003L401
V03380
DO3R1533
2,009 341
LDOTT7R01
DLQO0%A08
QL 0023537
G.0n21924
Q.0020455
0.0019042
0.5017712
0.0015484
D, 0015340
0.0014274
©0,0013282
0.001722%

0.0011499
0.0010700
Q. 0009954
D, 000974

R
.

- 2

I I Y R S Aa]

PSRRI




1y

&8,0 0.00 0.33 0.333 0.01196 0.0008620

HY O 000 0.31 0.310 0,01113 0.0008020

00 2,00 D29 0,289 0,010346 0.0007443

71.0 (.00 0.27 0.269 0.00964 0.0006744

1 PRI G.00 G.25 2.259 0.00897 0.0006461
i 730 0.00 0.23 0,233 0.00834 0.0006012
H 74,0 Q.00 0. 22 0.216 0.00776 0.00055%4
H a0 D000 Q.20 0.201 0.00722 0.000520%
4,0 D00 .19 0.187 0.00672 0.0004843

77,0 0.00 0.17 0.174 0.00625 0.0004507

/9,0 0,09 Q.14 0,162 0.00582 0.0004193

79.0 Q.00 0.1% 0.151 0.00542 0.0003902

Ho, o G.00 ¢.14 0.141 0.00504 0,00035631

91.0 3,00 0.13% 0.1 41 0.00489 0.0003378

“1.0 Q.00 .12 0,172 0. 00438 0.0003143

8i. 0 .00 0,11 0,113 0.00404 0.0002925

84.0 0.00 D.11 0,105 0.00378 0.0002722

85,0 0.00 0.10 0.098 0,00351 0.0002532

Hoa 0.0¢0 0.09 0.091 0. 006327 0.460023546

Q7 ¢ 0.00 0.08 0.085 0.00304 0.0002192

¢ g 0 0,00 0.08 0.079 0.00183 0.0002040
: 7.0 0.00 0.07 0.073 0.00243 0.0001898
20.0 0,00 0.07 0.068 0.00245 0.0001766

3 PL.0 9.00 0.06 0.064 0.00228 0.0001543
0.0 D.00 Q.06 0.059 0.00212 0.0001529

' 3.0 ¢.00 G.06 0,055 0.00197 0.0001423
?4.0 0.00 0.905 0,051 0.00184 0.0001324

9a.0 9,00 0.05 0.048 0.00171 0.0001232

4.0 .00 0.04 O na4 0.00159 0.0001146

?7.0 0.00 0.04 0.00148 0.0001067

?8.0 Q.00 0.04 0. .7 ¢.00139 €.0000035

Y.0 0.00 0.04 0.039 0.00138 0.0000035

100.0 0.00 0.94 0.038 0.00138 0.6000035

P

B et e AT I A

L

W g w""‘—"ﬂ o




T

’Di<<r’qx,co-o-cag.§g_ooom:>

Nomenclature

Area

Speed of sound

Constant

Pressure coefficient

Mach number

Mass

Mass flow rate

Correction factor exponent
Pressure

Cracking pressure differential
Volume flow rate

Gas consiant

Temperature

Time

Volume

Velocity

Ratio of specific heats
Density

Subscripts

atm

crit

D = € g O - = oo

Atmospheric conditions
Critical (at M=1)

Exit, external

Filters

Inlet, internal

Leaks

Orifices

Total

Valves

Primary volume internal
Secondary volume internal
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