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Prediction of fzylod Wnernal Presur

1. INM"RODUCTION

Difficulties on several rocket flights in tie recent past have been linked to the

j 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

I: in thf.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 Lime.

The analvsis contained herein was performed to accomplish this task. It con-

sisted of the mathematical development of the differential equations that represenL

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

par!icular rocket flight. A more useful approach would be to use them analytically

to predict the internal pressure of a payload under design. In this manner, possible

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

(Received for publication 3 September 1980)
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2. SINGLE VO! UMc, MATHEMATiCAL ANALYSIS

The problems from pressure build-up arise fronm the fact that the internal gas

cannot vent fast enough to lower tne payload pressure. A pressure differential is

fermed which results in loads to sensitive items such as doors, compartments and

components, causing damage, malfunction, or inoperation of these devices.

On the launch p:.d, the payload is usually pressurized to insure that the "clean"

area is at a slightly higher pressure than the surrounding 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 fasterI - than the payload pressure can follow, creating a differential between the internal and

externil pressures.

The payload 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, filters and

orifices used in relieving the internal pressure of the payload. The only way for the

internal pressure of the payload 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 pressure .Ii The valves are closed until the pressure diffferential 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 1
Pi NALVE

%AW ! - pe Figure 1. Payload Alodel
V for Venting Analysis
T i o R IR C E - --
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The mathematical analysis is biLgiin by writing the perfect gas law for the fluid

in the box:

n P i i~ m ir (1v

I Differentiating with respect to time. we obtain

dp, mRTj at l~ -T2 + 2d .

For simplicity, the internal temperature will be assumed !-j be constant throughoutL~Ithe flight. The average abeent through the atmospher lasts 80 see; this does not

allow enough neat to be transferre t-o or froum the gas to Sign ificanty change its

I temperature. Then E-q. (2) bvcomes

Idpi f. _,n. iI1T.

__ wher.' dp.idt is negative for p. > p. To icalculate tht inter.:il pressure from Eq.
M_ (3), we necd to determine the rate of -change of thte mass in the box. The fluid

mass is decreased by the flow through the %.enting avpparatus. wh~ch is govc-rned by

the flow characteristics of the valves, filters anc' orifices. These t-haracteristics
{ h~ave benmaue xe itl f7rom actunal Irware and are presente in

'detail in Appendix A.I:!The miass flow rate is a function of the density of the gas and the pressure
differential across the 'Ie:ie. which is defined a:

KF_ 4p~ p n ext(4

~ij IThe external pressure is taken as the atmospheric press-ire (at altitude) that theIi Ipayload experiences, which can be d-nermiined from the rocket's trztjectory.

~ Aerodynamic affects producing a pressure coefficient and a -inbsequent e harge in

the *'external" pressure are ignored for the follk'wing reasorms:

I' 1) In all cases zanazlvzed so far, the valves and filters have been

j mounted on the cylindrical s-ctions of the payloads. for which

c is negligible 01' zero:
p

(2) The effects of angle of attack and boundary lavc-s are considered

to be negligible.

77I



The total mass flow rate is the sum of the contributions of the Individual venting

components:

M~ (I" of valves) -t m Q1 of .liters) mn (5)

F ronm the considerations of co.nti nuity, we find that the rate of change of the internal
gas mass is equ.lt the rate at which the gas leaves the volume:

Using this substitution, the differential equation which niodcls the payload internal
pressure becomes

do. lIT.

t -7i ill (7)

With the external pressure as a fu~nction of time and the equation for the mass nlow
rate. the above differential equation can be integ rated to give the internal pressure
as a function of time.

3. C4)MAITR IIIOGRAM FRESSIZ f

Equtin () an e nteraedn-;nria to obtain the internal pressure at
any ti-f-- through the use of a digital computer. The general ordinary differential
eqtatiofl of the form d dx=fx. y) with initial condition v - A(x ). is solved using0- 0
a fourth-order ilunge-Kutta integration process. Thii is a single-step method in
whi 0- the value of yat x= x is used to com-pute V -lvn

n+ i - n_ 1). The rf-evn
funuulas for integrati-n are:

where

T hf(x. -

hnxh/ - I)

hr(x -h/2. (v

4 n
step Size
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I A step size of 0.01 ste wyes se;:s:tcd for this program. Te schematic of Figure 2

gives a visual representation of the int-gratitn process. The y value detined at

intermediate steps are used to calculate the Iuture v vakct, -ithout ig any

previous results. The mcthid is a qui-R and efficient theans G4, integrating =

differentia, equation.

This integration technique --ad the oifferrntial equation Ihave bi.an programmed

on the PDP-Iii34 computer usung the FORTRAN IV language. A listing cnd flo-&

chart of program PRESS4. FOR are present.:d io Appendi B-

X COMMK
X Xh

//r/ciure 2. nLtegration Schemnatic-

Ii
4. MULTIPLE OL-MES MATHEMATICA-L ANALYSIS

A payload can bh constrted sr that intercor.nected compartinents are in-

- volved in the ve,.tiri p-ocess. The model Of th*s case connists of bo ses connected

by various venting components, as shown i. Figure 3 for two volumes. The main[ volume, Nox No. 1, is set up in a niar-ner similar w. the single volure model:

with valves. filters, and orifices exoosed to the external environment. The major

difference is tha. it now has fluid input from 'ho seconda- v Aume. The secondaxyL W volume, box No. 2, is set up for venting gas to both the main volume (through

valves) and the external environment tthrough filters and orifices).hFor volume No. 1. the mass flow ra. te is

= T T,

where in is t'-- flow rate output of the main venting apuaratus and rT is the

rate input from the second volume. For volume No. 2. the mass flow rate is

'"i

_- - = - - _ - = - -j x_ - _
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Thi Mysis can be extended to include an infinite number of volumes, obtaining

-A n differential equations for n volumes interconnected together and venting to the

atmosphere.

. COMPUTER PROGRAM PRESSM.FOR

A two-volume \enting calculation has also been programmed on the PDP-11/34

com luter. 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 FORT RAN IV subroutine RKGS. FOR in the IBMIScientific Subroutines Manual (Reference 4). A lit ig and flowchart of program
1I'SSM. I"1- 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
ZIP payloads. Also presented are the results of the test case used to verify pro-

gram operation and validity.

i6.1 SPICE Payload

the SPICE r:,yload was flown on 27 Jan 1979 and experienced failure of the

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

i, 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 computerIprogram. Figure 4 is a plot of the computer results.

SPICE payload configuration:

Volume: 19. 55 cu ft.

Venting apparatus: 2 P7-637 0. 50 psi relief valves.

-4
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SPICE PRYLORD

In

INTERNAL

U]

3

DELTA P

TIME - SE-CS>

Figure 4. Program R~esults for SPICE Payload

If

6.2 IRIIS Payload

:1The IRBS payload was analyzed during the testing phase. It consists of a small
chamber venting into the larger main volume of the payload. The intent here was

to determine the maximum internal pressure that the payload would experience in

order to generate proper testing levels. Figure 5 iE a plot of the program results

for Volume No. 1; Figure 6 shows those for volume No. 2. Notice that the valves

I ~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. 'rhe leak

takes care of any pressure build-uip in v'olume No. 2.

12
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I IIIBS configu ration:
Volumec No. 1:- 46. 80 cu ft,
Venting apparatus: 3 P7-637 0. 50 psi relief valves venting

to the atmosphere,
Volume No. 2: 0. 18 Cu ft.
Venting apparatus: 2 P-249 0. 10 psi relief valves venting to

-the main volume; 1 leak (orifice)

with effective area of 0. 000042 sq ft
venting to the atmosphere.

12- IRSS PAYLOAD
MAIN VOLUME

F'

CL 13
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IRES PRYLORD~
RK SECONYY VOLUME

Ul
U,

INLt' II Vl
I JCX C~VR O

=1

DMtTR PI111l 28 W0 U so 70 5

Figure 6. P~rogram Results for I R13S Payload-Spcondary Volume

6.3 ZIP P.iI~

The ZIP payload was analyzed during the design phase. It is a good example
of how the programs can be used to pin-point problems in advance. The original
analysis of ZIP3 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

reanalvsis showed a much improved situation: the maximum delta p was decreased
to just over 0. 50psi. Figure 8 presents the revised pressure prediction for the
ZIP3 payload.

14



ZIP configuration:

Volume: 6. 80 cu ft.

Original venting: 6 P-249 0. 10 psi relief valves,

1 J 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 filters 0. 11045 sq in. in area.

Z IP PFIYLORD
DRIGWNAL CLJNF

TIME - SE

Figur 7. rogrm Reultsfor IP PalodOinaVetgCniurio

EXE4

I=
IL

m 15



ZIP PRYLORD
REV ISED CDNF

La

LnER

=3

DMM

is 28 30 40s 70

TIME - (SECS>

L Figure S. Program Results for ZIP Payload- Revised Venting Configuration

6.4 Propraw~ Fest Configuration

RAS in order to validate the pressure programs. a test catre was develop d a. d

evaluated during the ZIP payload analysis. A standard volumze with only one relief

valve was evacuated using a vacuum pump. such that the external and internal
pressures were known to an accuracy of * 0. 1 psi. The tust case resut-1er.-thez.-

compared to those predicted by the computer program for Lie same external ores-

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 progra-i has sufficient accuracyI for design wo:-k while remaining slightly conservative.
Test configuration:

Volume: 1. 00 Cu ft.

Venting apparatus: 1 11-241- 8. 10 psi relief valve.

16
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InMLIM -PRISUED

Li

in 40 S a 72

TIME - <SECS)

~ijFigure 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. (Al)I D 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 A 1). 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 Ais maximum value. Any attempt to further

21



increase the velot-ity through an increase in delta p) will not be successful in

(-hanging the volume flow rate.

) A ii,

V Fiffur A I. Throat7/A Concept and
A ~ ~~ V . EValve Mechanism

~ 0-RING
\ALVE SEAT

This is so because an increase in velocity would cause the Mlacli number a.

the throat to be 2reater than 1. which is an impossibilit-y From fluid dynamnics.

When thie velocity i the throat equals the Speed of sound. the flow is said to be

cKed. Th -oue flow rate will remait! constant. no matter how largeC the

pressure differential becomes.iiChoking is a '-unction of flne oressure ratio across -he opening: here p) /o.. As
th eoiyicessadMaproaclies 1. -lie pressure ratio decreases. Ata

certain value of p Dn. the flow will r-each IN 1; -,his is --alled the critical pressure

ratio and signals the onset of c-hoking. A numerical value for the crizical pressure

ratio can be (leternlinedl from fluid dynamic.

Wkriting Blern~oul li's equation for comp~ressible flow, we have



Trhe velocity well away from the opening inside the volume is negligiM', ; thus

V. 0 and
I

Rearranging the above equation, it becomes

e -dP;- dp CA

P ~ i Pe

From the relations of isentropic 'flow (frictionless, adiabatic flow of a perfect gas)
FI we have the following:

p= Cp' P - (P/C) 1 /Y c 1 '= P A5

I ~Using this in Eq. (M4). it becomes
I2
I /Y

c C9) di- CP d M
2 V-

vI~~v-l)~ eiI) A

2 / P

e ~ i (l--(P/PY7V-I) -IT (Al

1 23



I i At Mach =1. v will equal the speed of sound and p then:

I ye =a=47 I C41=1ze 1 ~crit (12

= Rearranging Eq. (A 12) gives:

(pf (' 1 )I7 -Y -I p. o(13

but

from the isentropic relations used earlier. Substituting Eq. (AM4 into Eq. (A134)

(p )1)12 =p/ic 11 (yA16/

/p(p /p.I 2)~l 1 1  (A151
~C criit

Equation (A.-) is the expression for the critical pressure ratio. For a y 1.40,

the critical pressure ratio is 0. 5283. When the pressure ratio is less than

(p 'icitthe flow ischoked and the volume flow rate is maximum. Eqs. (All)
ai(AM17 have been used in the computer programs referenced in this report.

I. The volume flow rate for the venting apparatus used on our payloads has been

measured experimentally. The valves, filter:4. and orifices are modelled by

developing mathematical formulas for their flow characteristics. Originally, this

was acconmtjished from manufacturers data- However, upon close examination

II that information was found to be quite dated and it was deemed necessary to experi-

mentall tet te apparatus. Te numerical ixformation on te valves and filters

presented in Table Al is based upon this empirical data. Leaks are modelled as

orifices -and are governed by the follzowinig equation.

.1 24
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IFront w.hich we see that Q CAp, or that inQ 0. 5 Sfnp for an orifice.

VTable Al. Valve and Filter Nla~hematiea1 AModcls

CRCLE SEAL Pressure ReliC. Valmes
' .mes. Pond & Clark. Inc.. Pasadeba. CA

Labeled cracking presoure 0 1 osi
Mueasured cracking pressure C1.. 0387 psi
Knee piressur-e 0. 10 psiII ;c~~~~iuolmnvfow rate dur 1v:~3  .92t

A e- 0. 0 0.976-2 0. 4b:66 nap

- cracking pressure 0.0 sMeasured cracking prcasure 0.3950 psi
Knee uressure 0.59; psi
lVolume- fBox rae curve:

0pC.52- fnqQ= 12.7900 - 7.39758f-rAp

AL6>-O0. 5ilt Z's3.9b-4 0. 4 7 85 ~'P:

Valvevelu flowrate m Jelled b:

Q epA - ap
Filter length Q multiplie

I -14C Filterig olume lwraemdldby

B = 114.93Up)JA
____________________________C_ _ = 6.F4l

D = 1. 988



The knee pressure listed in Tabie A is that pressure at whih the valvebottoms out and its flow area becomes constat. The valve will then begin to act4in a manner similar 4-b an Orifice. T-his is reflected in the valules of the slopes ofthe flow curves approxi mately equalJlb- 0. 5. Any discrepancins are probabl- due
to the effects of dischalge coeftficients which are not directly ttken Lntt ac-ount- here. They are a function of the fluid pressure and the Reynolds number.A correction factor rmuis bn anppied to the above numerical data to correct for
the fact tha the measuremerds were taken at at-mosnrc psre and are beingapplied at altitude (lower than atmuospheric pressure). From the orifice Eq. -Ala)
we see that Q is mainly a funcion of the deasity:

Q= f P&PPI)" 
(AI91

Rearranging we have
--. _Q =( 1,[2P) =f(lIp. f(II p F2_

Thus, the volume flow -rate is iverseljy propotioai to te .uare ot of the
pressure:

- Qi Qatm Ptmn ~-

1U 9 
(A211

I i ~ ~ ~ ~~~Th e c j i : P a I7.i 2 
1 2

i i the low pressure correctioc i3

where Qatm is the measured volume flow rate at atw--e itnfl The 1w

Pressure correction was included with the coreressible flow equations in the
computer pIvlrams.

A co parison of the computer prediction and the measured results of the testconfiguration showed that the program was aceurate exce at the higler altitujes
(lower external pressurest Experiznxuting with the computer program it wasfound that an additional correction factor of the fdrn

(An
Q i t .( ( i / P am W



(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 coe'ficient. The

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

Corr, =~atm iP) 5  ~~'atm0 25=~atm'n~ 25(A

The followving then, aire the operating conditions that are used in the programs

developed for the I1DP- Il/ 34 computer.

F~or valves:

A:p < 1) m 0
=C V

C c i e iil 1ri m ~ CorrQ =f(Ap)

Q =constant

((choked)

For flaks alIorfcs

At < Q Q= f(Ap) m PQ~cr

M 1 Q = constant f Ppreiu

(choked) 0 previous

F rom the above, we can see that eveni though the venting apparatuis becomies choked,

the IMASS flow rates can increase or decrease hecause the density of the flow can

increase or decrease. Only the VOLUIME flow rate is affected by Choking.

27
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Appendix B
Listing and Flowchart of PR ESS4. FOR

Computer Program PRESS4. FOR

Language:, FORT RAN 1V
Computer: D)EC PDPll1/34A
Mlemory Requirements:, 8K( Words

ii ortran File Size: 21 Blocks

input File: F'rN3o. DAT
Output FIles:, F TN3l1. DAT

Major Equations Used:, Equations (7), (All), (A18).
(A25), and those of Table Al.

Integ ration Technique: Fourth-order Runge -Kutta
process, Eqs. (8) and (9);

see also Subroutine 11K2
of Reference 4.

PA M4.W# W- 12
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9209 F(RMAr(/1OXt, LIO LEAO PROPERTI[ES:'/
* l)Xr'IYPE o 1-L 'r20A4)

920 FRMAT( 0Xf'FEL1E ROPERTIES*.'/SOFT'

9217 FORMAT( (//iXP'N'CHOF FILCT ES = r'00
1 5Xr'EXI( (REA =PCI ICIO57 SO lS

* 5X'CEFIIAL fRSIJ AI = 'F10/
* i5X'OEFED FSNT = 'PF0,i FS'//

9209 FORMAT-uox'XTERAK IPRERAIES,1X'/ ENL.XTlLMS

9216 FORMATf9. lfXYEF0,2,iV.3,F13.SF14.7S) F'/,
92120 FORMAT(//1X'ALVEONEG.9X,'VAlE rO'8 7-- LTRON

* 9IX,-LEArI ONF/1S.PRIFC SEAS = E',iT-10'.3/ AT')

*X 2,'TIME 7XT ' N PR ATSUR v3 riFL1F" Y X ' AS M(EN)STEY
* 4('OIJME MASS X'SE CT'S'.2(7X;'PSI')..3X,'PE/P',

8X ' 'S O LEMCJFT'4'CFS LM/E
9216 FORMAT(F9.1lX2F.2F7,4rF7.3,5F8,4.F97) F3,,i.
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C------l3ME REFERENCES
'I ME=0.00

C,-----ALLOCAIE DATA FILES
Ni N=3(
NOUT-'NIN+l
NOLJT2"NOUT+1

C------NPJT AND OUTPUT Or VITAL. INFORMATION
C--GAS PROPER TIES

READ(NIN,9000) TITLE
READ(NINY9000) GAS
REAr'(NINP9101) VOLUJMEVOLPIN1~rEMPRGAStGAMMA
WRIrE(NOlJIr9000) TITLE
WRIrE(NOUTY9200) GASYVOLUMEYV1NTPTEMPYRGAS
WRIrE(NOUT2*9000) TITLE
WRI TE(NOIUr2y9220)

('- ---- VALVE ONE PROPERI IES
00) RLAt(NINY9000) TITLE

REAII(NINr~l01) VALVSI1,RAC1\11YCHANG1?rA1,A2,A3.A4
WRlfF(NUI 9201) ITrLE
IF (VAL'JSl.E0.0,) GO TO 100
WRIIE(NOIJFY9202) VALVS~vCRA(,Kl CHAN6l1A2'!A3yA4

C---- -VAt VE IWO PROPERTIES
100 RE:AD(NINY000) TiILE

REAt(NINY9101) VALVS27,CRA(sK2,CHANGi2,D1 -2vLB5,T4
- I WRIIE(NOUTY92O3) IITLE

IF (VALVS2!.E0.0.) (if) TO IJO
IiWRITTf(N(1lJI 9202) VA-S9.oKyHA(2~y~Byq

C __ --- I- LL(ER ONE PROPERTIES
- 1 11 READ(N[N79000) 7ITLE

REAI'(NINY9101) FILrRSrAFILI.C1.C2yC3tC4
WRIfE(NOUiTr92_06) TITLE
fF (FILTRS.EtI.0. ) (GO TO 120
WRIiE(NOdJT 9207) FILTRSyAFlLft'C2yC3rC4

C------LEAK ONE PROPERTIES
120 READ(NINt9000) TITLE

READ(NINY9101) ALEAI\
WRIIE(NOUTv9209) TITLEIi IF (ALEAK.EO.) GO 10,170
WRITE(NOUTP9210) ALEAK

C--INPUT OF EXIERNAL PRESSURE HISIORY
170 READININi9l0l) TIMENL',TSrEPrDIVIDE

4 I READI(NIN,'9100) MAGNir
READ(NIN-9101) (PTIME(N)rPREXT(N)rN=1tMAGNIT)

C--CONVERSION TO0 PROPER UNIIS
TEMP= TEMP+459 .67
PINT=rINT+PREXT(1)/1R4.
PArM=PREXr(1)

C--CALCULATION OF INITIAL CONITIONS
C--INTERNAL GAS DENSITY

MULT=RGAS*TEMP/VOLUME
MASS=PIN1 *144./MTJLT
DENST Y'MASS/VOLUME

C------PRESSURE DIFFERENTIAL AND PRESSURE RATIO
PEXI=PREXT( 1)/144.
DELl A=PINT-PEXT
PRA tiO=PEXT/PTI

C------CRI1ICAL PRESSURE RATIO
EXP1=(GAMMA-1. )/GAMMA
EXP2=1.,/EXP1
PRCRIT=(2./(GAIMA+1 ) )**EXP2

31

-- -- - - ~ i K ~ ' -~=J-



C --- THROAT VELOCITIY AND SPEED OF SOUJND
VMJLt164.348*EXP2
VEL=1 .- PRAi IU**EXF1
VE-=S1(4RrF( VMIJLTr*PIN1 *144.**VEL/'I'ENS F'Y)

SVJNII=1 .- P%RRlI**EXP1
VSO(JND--SCOH I (VMlIt (*PINT *144. *VSOUNI/!IENS f Y)
VMACHiiVEL-/VSL)(JNIt

INI TIAL FLOW RAfE CONEiIIFONS ###$4$C

(C- - --- VALVF. ONE FLO(W RATE CAL CULAT(ION
If- (VAt VSl.EFT,..) GO TO 205
IF (LELIA.LI.CRACK1) 1 0 TO 205
IF (IIE[ fA.61T.CHANG1) GO T0 200

A6-A2
GO( TO20

200 A5o-A3
A6=A4

201I RATEVl-EXP-(A54A6*AL06(I'EL1'A))
QRAfE1=RATEVl/60.*VALVSl
HA lEVI ORAIFE1*IENSTY

(------VALVE TWIT FLOW RATE C'ALCU'lLAION
205 IF (VALVS2E.O..) (30 T0 210

IF (DELFA.LI.CRAGN'2) GO TO 210
IF (I'ELrA.M. CHANG2) GO FO 206

206 HA
HA IEV2,=RAEVMAS0.VItM*LV2
OIRA lFE 2-RA I E V2/IIENS I Y1 1 RA I!:V--RAFE VtIfRATE V2

- L -1 ER FLOW RA I E CALCIJI AT I Nii IF (F[[ THS.E(.0,) GO0 10 220)
HAI fEF(Wl+C2I*iELIA+C,3*I'EL IA**2-+C,4*IIE[ (A**3
HATI F---RAFEF*AFILl*FILIRS
RAT 1 '.FRA EF*MA5S/60. /VOLUJME
PIRO TEF RATEF/lIENS T Y

- - -- 0171, IN LEAK~ CONTRITP(i ION 1IF ANY
20 IF (ALEAH . * 0.) GO (30 TU

RA 'LII'C(IFF*ALEAI\*S0R 3 (6.4,*34tl*1ASS*iEL FA* 144.*/VOL IJME)
ORORI (Fl-RAI EL/lENs r

230 RAlL=RAiFV(RAfEI fRAFEF
C- -- -0(1 rF0 I I N I F IA of. ' TON I IIONS

00 WH I I(NMT921 2. (AMMA-P RC.RTI TVSOiJNII
WRfI E(N0hJF92l5)
WRTIE(NOtJrv9'!16) TtMFYPEXIYPNfrIIE[ rA.MASS-RAIE
W~ltTENOlIF2r92:2l) 11ME.PEXT.PIN 7 PRAIOTIELAVMA(H(iENSII,

ORAIEf,RAIEVI .UHAIE2,.RAIEV2,FTRA1F.HATEFr

(I FLTERAFrEL

cttit$ YNIE(3HAFXON OF DIFFERENTIAL EIIUATION #tt

C------INITIALIZE VARIABLES
1-2 I ST*EP/2.
P (NI-FINT*144.

12=0.
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T3=0.
T4=0.

C -- INIEGRATION LOOP
S00 PRESS=PINT

ilmE F (ME
NOhiNI =0.

C --- iNmFGr AiION POINTr COUNTER
540 NOUNI =KOIJN 1 -11

C------NIERPOLA)TF I'ARLE FOR EXTERNAL PRESSURE
5-'o IF (TIMES. LE. PI l'MlINrEX) ) (60 TO 560

[NLiEX=I'EX-f 1

'F F I IMES.GLF-f-r (MEtfNbFX-J )) GO (I0 ',,/(
1NI'EX=INT'EX-1

60l 1-0 56-0
5/J !F l;NL'EX.GT.MIAGNIi 60 101 1. 000

-- ---- L'A ICULAIE tHE I6EN~ AS riASS ORAIL CORRFFION FAIYIOR

lll-W I Y' =MI)/VOL (IMF
~Iuk(~ORI (PAT M/f<ESS~ILOu O(IR-:SOR I' OCORRs

-t ALCt uI. A I F HE PRESSURE Tl -I ( W

('EL I A= (PRESS-PEX I ) /144.

it- (['ELI A. L .0.*) LILL iA-.~i.O 000000I, t- ----iAL~IflA IFPRESSUJRE RATIO AND' THROAT VF LOCI IY

VELI~l.-FRAF LO**EXP1
IF 'VEL.LT .0.) VEL=0.000000
VEL =S0R-i 'VMtOL r*PFSS*VEL-/ DEFNS I yII IF (VEL.Gl.VSOIJNI') VE.L=VSOUN('
VMACH=VEL-/V9OI INFI

C-==--VALVE ONE CALCUILATIONS~I C-- --- HECI\ WHETHER VALVE ONE IS OPEN OR CLOISED'
jIF VAlVS1.EU.,0.) (30 10 580
.1IF (f'ELTA.L-r.CRACKI) 6O TO 580

= ] C------VALVE ONE IS OPEN - FLOW RATE CALCULA TION
C--CHECK- FOR CHOKELD FLOW CONrI~ITON

IF (VMACH.GEt.) GO fU 579
IF (T'ELIA.GlXHANL3I) (3O TO 571)

A6=A2
GO If) 576

t575 A5S=A3h~ A6.=A4
576 ORATE1=EXP(Ab+A6*AL-OG0..IEA))

OIRA FEI=ORAl ET/60., VALVSJ *OC(ORR
C---------------------CHOKEDi VALVE - FLOW RAJE CALCUJLATION

579 RAlEVI=OR;AtE l*T'ENSlY
6O 30 585

L------VALVE ONE- IS CLOSELD

C- ===VALVE TWO C*ALUI.I LONS
C------CtECK WHETHER VAL.VE IWO I3 t-OSEtI OR OPEN

85 IF (VALVS2.E0,0.) 6O 0 590
IF (t'ELTA.LT CRAC\2) 6O 1O S90
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C(--- VALVE IWOI IS OF'EN -FLOW HA TE CALCULTL I ION
C-- ---C FO FR CH-OKEDi FLOW COND1I I1ON

IF (VMACH.3E.l.> Go r0 589
IF (DEL FA. * . CN2) GO rO 586

M 146=142
60 '10 587

S86 B5=D3

587===FILE FLOW R5rE CALO6(LAION

ORA LEF=QRATE2/*AF LVSFIL 1RR.*CR
C-- CHOK\ED FALVER - FLOW RAE CALCULAION
59 RAfEF'LIRAE*DENTy

(,=====ORFIE FLOW RtrE CALULATIONS-ADILAKOTR8.!JIFN'
C ----- CHECK FOR CHOKED FLOWI595 IF (AILEAI.E0.O.) 6O TO 597

IF (VMACH.GE.l.) GO TO 5?6

r~~f IF(EL.Q. RATE EN0I

I ----- CH-OKEFILTE -OTl LO AECLCLTO
59 R-ArIEL =URATIEL *DENSI Y

C-- ---- I2ALLULFOR CHOEDJr FLOW A AlPFEhJ TEVIlE

59Q RAIE=RAEITEV24AIEN f'IIY

FREijER=-MUl.T*RA1 E

-PFFtR NT FIRA!11 )N ACIT1OSIi 600() 30 I 0 (650 /Oo, .i00 900) *KOONI
6*-, T- STI EP)VFRF.EIL'

rREiS=PI N f 4Tt '2
1 (MFLS-IM~fH2
1,0 TO 540

70'0 I:'= S TEF,*PREIIEH
PRESS=PTN1 +T2/2.
1 TMES=-TI IME+H2
(3O rU 54()

1,f) 13= T S1 EP*PREJIER
FRESS=PIN +13
rIMES=11IhE (STEP

C-----CALCULAT NEW INTERNAL PRESSURE

C----CONTNULTHE INTIRAI ION
1000 IIME=TIIIE+ISFEF'

IF- (I [MFI- *I.IMENlll 69, TO 1500
- I I lNIEX=L INPDeX+l
- RRMARK=LINLIEX 'li VIliE
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RMARKv=LMARK
IF (RRMARK.NE.RMARK) (30J Mi 500

1900 WRfIE(7yY216) fINE
FXfN=PINT/144.
PEXI =PEX I/144.
WRI1IE(rJOLJlr?'9l6) TIME.PEX!,P1I,1 YIE-Ihd1ASS-.ArE

WIIE(EN)UT2r9'221) IIMEvI'Ex1,PINTPRAIYO~rJE-LTA.VrgACHDENSrY,

fF (1 1ME.1 I. rINEOLI iiii In SOQ
STOP 'END O !N![-GRAIT(N'

z Ih NII
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conditions
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Appendix C

SListing and Floda of PRESSM.FOR

i Computer Program PRESSA I. FOP.

Language: FORTRAN IV

Computer: DEC PDP-11/34A
Memory Requirements: I11K Words

]Fortran File Size: 22 Blocks

Input File: FTN30. DAT
Output Files: FTN3 1. DAT

TN3.DATt Primary Volume

FTN33. DAT
FTN34. DAT | Secondar Volume

Subroutines- RKGS (integration routine)
PREQNS (called by. RIKGS)
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I~ "j I YP- 'A

"'106 1 t:rFOK( '(Xv'IOl-l I f' TIN PRIR IF If100

t LX-X.EXtl AREA '10. .- 30S IN'!
StiX. 'CO F-l" f G EN r I '

* I-X,'C:OEF.LFNT 2 ( . 0.3/
LS-Xv '(;(J[1- f I~lN (.I hN 1 3F0
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N 15:X~ ' YTYP OF SE-AL_:' 2
92 10 F (IRMA I ( 9XY'EFFEGCT1VE AREA -'1-10. 8' SO I-'/
921 1 (IORM0 Iw L OX, DOOR L EAK IWO FRIIP[ER I ICES:'/

t1IX- I Y*LE OF qj', AL: '20o4)
9'] 2 FORMA I((//LtOX, ' CHOlEI iN6 IROPLK R (E:S '

* t'X Y 'RAT II (I F SLI[FI HEAT1S ',1 10.31'
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Y~ f 1 ' ' .6X v ' 1(01W RflA'11 . S iL GS' ,6X H- 1' 4 ( /, ' F*1,

7Y I({M/;lC'/)

Ii ''18 l' ORMA I (1 9. 1. if 10 .2y If10 . 3 F 14. 1
92"O:RMA I (9'6X, ,' AVL ONE' -?X ,'VOL. VI 11 WI OXIl 'F 1! 11F N > [A'LN' 13.' N I ' l 4( FLIRAE!

* "1 I [ME F: I-IT ROA 1 !011- I '. v31. MACH (IF NSTITY
* ~ V V'VT F TIE M I~ x,'SLv~ )3xX't' ),3X,'PE/P1H*PI NO SIll0F El '4 ( t:/, L UM'SI-C )

92''(IRM(' I (9X17 'MA IN VEIL, REL-FEFREMEE:' y.4 X EXT I I: -AI REF ERENCE
* lYAX. 'VOl VE I HRLE I- /X, 'VAL VEF FtOIN , OX 'FHLI ER I WO'r

9X YI 'I h AK TL'O'/ LIX. 'P1RESULIE - 14x Y 'FmliSSoRE' Y t5X
* 4(9X, I1(LOW RAIL )/2'X- ' lIE',(3X,'RA(I10I ('([FR MAH'),
*1 ,x ,'dl NS 1 I Y '7,3 C 'VOL IME M AS11 S ' ) T, 'VIILLIMF. MA'3 /2X,
* 'SII Pt1: F /K!2 fS NI) FLI '22 feS1 NO IBM/II '

F 1 FT 'v(' CIF/S L 4M/ISEFC ')/)

Y.)23 f-LR M I -6 .I y,2EFEB.4,:F7 .3h954FH8. 4 106V
G, I-'- ME REFERNCES

HME-'0.0O
C - --AL LI(A, DA ('A A F fILES
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NOIII "MIN I I

NOWI I 2-NOLJ F+1
MDiI r3=NLIII fU'
NOUTI44 II 13
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- --- ), I: E HARO E P RE IS

1.) RAII('NtN.9000) ~lULLE
RliTiNII,'90t) (12 (f\

iF (ALV831.F.0. ) 60 II0 130

14R1 I h (NO0 1I(?210) At 112K1I

1-(VIIL'S.d:0. . ) 60101 !Ct',

Pl.0 ri-IIT(NIN.900o) I TITLE

il-JII!f(I'N.0l'?) I-icru*~l 21 .21 .-

IF (F 1l-S,-.FP.0.) (301 10 140
WR (Il (N0UriJT9.20) VA-L i2F1212 1,-FjI4

VA:- VFL1 FI' (1 PROEE' I I tS,

R4 <n,12NIN.'901) [ILEl\

WMI(E(NOIJ3,921D2) IL

kF (F 11-I2. E0.0. ) 630 TO 160

WRI F(OO1* Y9 0/ FI. S2Y F11 1rF rF ,44-

C--- O tIP O E TE



OWL-

Lt-----NPLUF OF ExrERNAL PkEr 4I IO'

170 REAI(NIN79101) TIMEN -,IIlVIlDEYLlMfl(4)

REAT(NIN79101 ) (H. - REXI(NN-1.T'ATNlT)
C- -- --- :ONVERSION TO PROPER S

I EMP=1 EMP+459. 67
r.INI=PINl+Pl EXT'h '144.

G>-- -A1 ICUL-TION OF INI *L CONIII TONS
* t:--- --- MAflN VOLOME

M "II =R6iAS*lEFMP/VOLt
MASSI=PINT*1 44./MILTI
lIENS I=MASSI/VOLI

t'- F4:-FSST0kE I'IFFEREN Tl A~ ~ND P~RESSUREd- RA TIO

1.11. 111-PINF-PEXT
FKAT' ri FX I/P (NT

----------------------C:T CLPRESSURE RAT IO
I-XPl (6AMC1A-1. )/C3MMA
F tI-I. /EXF'i
PRll II =2-1 (CAMMA4 J . ) **EXP2

--- HROAT VFLCJC:1IIY ANDI SPFEi' OIF SOUI!H MiIL I -4.348*FXP2
VL tI (- 1~ 111~lA11 *)l- [NT 144 VL CFVF VII -S * I.R I **>'1

T1I~'=~O! VIT *PIN) *144. *VSIj1JNII/TENi~l

hfI IINI' V..W (l-.F .0.) (0 11

M'P=JNfC*1 44./M.llJ I.,

CIE! I'0-Pl N I -PEX

PKA I, PIN 1/, '[NC
FRAT 3- pFX I/PL- NI
VT-L.-- -PRA I2**F xPI
VIA 2-1-SOR I (VMITL I *F IN 1*144. #VEL2/TI-NSll)
VMACF12 -Vf L?/1V50UNTI1C: -- 00--ou IiNIl IAL COND1lT ONS

300 WR.I Th.(NOUJT ,9?1?': 17AMMA~l Kt-RCRIvVS3CIJNT'
WR I I (N1U I Y'2 13)
WXINI TE NOJ I Y21'h)
WRII.[E (Nf)IIv9.) 16) 1 lMf--\X1 I N I y IFI-i1 IAI MOS 7 RA 1 L
IRi I~ FF. OL 1'I- 92.". 1 1 1 ME,.P-XIP I.-NT iI Y t ,TIU t 11lf I .VMACHl .TIENSI

* (IRAI i 1 *RATEV1 YOKAl:2 -RAT FV2. -A IF!1 R~A IEF
U iRA I t RA IEl. 1

IF VOL IT * K0.. iio TO 400
WR L I(NOU 13 - 14

OR ff (OO 3,'?L? IMt- -I x I ' I'N I - F-iNI - fl- IA2,DE[ I A3, RATIE
I4R Ii F (NUl 1 4.9.11., T.111 - PA 1 2, fitl I v2 VMA(:H2- PRA T 3 r 1F I I A3 VMAC 14

lit-CT2 - iWOA I F RAT I[V3 TIRA 1 F4 RA I F 14 RA I ',
RA I rI ."ORA II KA I El

- - 'A. I UP I OR INTECRAI TOIN I U1'
I- IN! I [Al. VA[ IFU.

[RPI S~I (2) =-FREU3S (I

P '45



- - IF6N+AtTUN LOOP-
*~'~ LIMlI s( I)-T [MF

ImIIM F,2)~ M+!!:, II

u PSI rlIIS(3)=!FlEPI
L---- (iL~IL (IRO I 0. t)

I ~ N1htRA I ON ROLTN I INF
A! L Fd'd35(L m I T s . PE8ss rEpiLtr~ 2, vNt1.RI0! AUX)

h ([IMF.OE. [IMENfO) Sl) H3 AOO
I IfNDYl-lN'EXfII RRMAP:, -I NDEFX/'iVi If,
IMAI-tv RRMAR\

HMAITRl\=LMAR'.
IF (PRMARN.E.MARK') (30! T9 t O()

-,oO WR[IEt7y92iJ6) TIME
wRE(N0IyY?2t6) I IMEF XI PINI I LIEL'At-MAS3S1 RA!Ei

W IrFF NLI 12 9221) 1LME - EX I- PIN I PAI I-ELTA I , VA(.JII F 'j-
K QRAIE1,RA!FVIa(JRAIE2,RAiFV2rORA!IFI vRAFE~t.

OR (IRALI rPA rE, I
IIF- (0L2.F0,. ) 60o 10/0

IN WI If (NOU 14, ?'-3 ) IM h PRA f2. - ib!L I A2 Vm~t;H2 -Pf*AT 3 ('E.I. A3, vM!7il-.3

RATE- F. 2- ORAJ L RoT CI
' I Fi f M~l .L I I IME! ' N il0 60 1 0 ,)

S! I OVP N' OF J PI IF GRA 1 O'
F N.,
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Set up data
files & ini-
tialize rates
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510,100
510,10 Input gas

130.140 & venting
150,160 properties

Echo
input
data

1170 Input
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Calculate
initial
conditions

Critical
pressure
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Velocity,
speed of
sound & Mach
number

30 Output
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conditions
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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

KGS 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.i Major Equations Used: Lquations (12), (13). (14),

(All), (A18), (A25), and

those of Table A 1.
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SUJBROUTiNE PREONS(TIMEINrPRESSvPREDJER)
------PREONS. FOR

c-[-HIS SUBROUTINE IS USED WITH [HE 'PRESSM' PROGRAM TO PREICT THE
--- NENLPRESSURE OF A SOUNDING ROCRECT PALA.IT CALCUllATES

L---------------------THE FLOW CHARACTERISTICS OF THE PRESSURE RELIEF VALVES. FILTERS ANDE
----- -ORIFICES USING IHE EMPIRICALLY DERiVEDI hI OW CURVES. IT EVALUAJES

4 '- -- tHE [!FEfRENIJAL EOlUAlIONS FOR THE INIEL;WATION SUBROUTINE *RKCS

- i I - - JVLI:H !I, CALLED FROM THE MAIN P.RUGRAM.
-- -sIIHtJR: I.P. l'RET4S

iOtM'M 'INPUTS!/AUIRCUHNU-l.23~

$VAI VS -.tRACTh4,'2HANG4 -1,1 rIr!I 3 r04.

I L'r1-. -'-I' /Tt.,-I1yr xrPRA' 1.DE; A IL~,AS.EJ

I'~~~ Q1i71! -OTIrRA [Li 1 RN !RA2FA' 13.TRALT&E

' IFEL 'q-t'NS? rMASS2. VE' 2.0!-!1 3,VMACH2 -VNACHl3.
PA Pfi!2-A!E.3 R'A!*E4 Ri, !t V-1 ;A T$E2.RNA : 2,wURA[E3 -

& t 1 41A.RA!CzORAj
"!rdi' REERVOLt -Vol .MU1, II ,MUL T2. VM!I 1 ,EX"lI ,VS't1UNf--

P-1X!400 11 TF l 1'rN'F X ,Jl-EMAINI1!

jPEA; h#m-u.AS2hJ i I'-, 1

-- INA't-i IR TIMAE PFSSLI

[ N! -P-RESSt( 1 '144.
SN!: -RE SS (2) 14 4.

C- ---NIEF~iATETABLE FOIP E7XFERJAL_ PRESSUREI10 IF V1lMES.LEPIME(1NDIEX') GOit 110
INTIEX=INDEX+I
~G UII 100O

ti'tN IP <-N'L 5I0 0I- II 'i

it,-F' I ; lT ' I ,tl 100l JX)l 1ME llIX-

[I -lftINNER -HILIJE LALi2JLAT IONS *tttC

- I 1 ' F 6AS P-ROFt

PP 5S. /MU! 1.2

- t in !ArHE ORATE I (WET-f iOtN "jut~
''!RR2- SOI '(FRFYT i IFTb

"I*Ip2~sC4S T Tfl0r1 R:

It F.3 2-- PVE SS!1 1 -4

1I 1iDEtL'A3.! C .0.) NL 3=11 5:1

* -T'E1I TA2 . E .O.. ! IE' TA I-0.G000000
F i L IA3 ALE. .0. TIF- I A 3=0 .0 0 0 000L
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C-----CA4LCJLAIE PRESSURE RATIOS AND THROAT VELOCI I-ES

P'KAT2=PRESS1/PRESS2it-I 'RA 3=PEXT/PRESS2
Vi- 2=1 -PRA r2)*EXPl
IF (VEL2.LE.0.) VEL2=0.000000
VEL.12=SQRT (VMULT*PRESS2*'JEL2/DENS21
VEI.3=1 .- PRA13**EXPIA IF (VEL3.LE.0.) VEL3=0.000000
VEL3=SQRT (VMULT*PRESS2*VEL3/JENS2)
IF (VEL2.6l.VSOUNI) VEL2=VSOUND
IF (VEL3 * (T.VSOUN') VEL3=VSOJND
VMACH2=VEL2/VSOUND
VMACH3=VEL3/VSOUND

C== ==VALVE IHREE FLOW CALCULATIONS

C ------CHECK WHETHER VALVE THREE IS OPEN OR CLOSED
ZF .VALVS3.EQ.O.) 60 10 240
IF (IELTA2.LT.CRACK3 60 rO 240

C--VALVE IHREE IS OPEN - FLOW RATE CALCULATION
C--CHECK FOR CHOKED FLOW CONIIIl ION

IF (VMACH2.GE.1.) 60 70 230

IF (r'ELTA2. Gr.CHANG3) GO 10 210
C5=Cl
C6=F.2
wi TO 220

2110 C~5-=C3
C6=C4

2 0 RATE3=EXP(C5+C6*mLOG((DELIA2))
ORAl E3=QRATE3/60. *VALVS3*0C;ORR2'

r- --- -CHOKED VALVE - FLOW RATE CALCULA1 TON
20 RArFV3=QRATE3*DENS2

C-V-kALVE 1HREE IS CLOSED'
240 RAfEU3=0.0

L=-===VAL-VE FOURF FLOW CALCU Al IONS
I --- CHFCh WHETHER VALVE FOI'P IS CLOSED, hRk OPIEN

Q0 IF '.VA1VS4.EQ.O.) 60 10 340
I F (IjELTA2.LT.CRAC!K4% 60 10 34o

C---VALVE FOUR IS OPEN - FLOW RATE CALCIJL.TIO
C ----- CHECK FOR CHOKEDL FLOW CONDITlION

IF (IMACH2.6E,1.1 60 10 330

IF (TELTA2.GT.CHANG4) 630 TO 310

Go To 32o

.32 0 (IRA E4=EXP (D54 D64*ALOG 'ELT A2)1
0RATE4=ORATE4/60.**VALVS4wOL'ORR2

GC--CHOKED VALVE - FLOW RATE CALCULAIION
330 RATEV4=L1RATE4*DENS2

6O TO 400

C--VALVE FOUR IS CLOSED
340 RATEV4=0.0

C -- TOTAL VALVE FLOW RATE
400 RArE2=RATEV3+RATEV4

C= ===FILTER TWO FLOW RATE CALCULATION

C--CHECK FOR CHOKEDI FLOW
IF (FILfS2.EQO.. 60 TO 6t0
IF (VMACH.GE.1.) 6O TO 510

- -- - - ~ ----------------------- _ _



ORFA TF2=F I+F2*TDELTA3+F3*DELTA3**2+F4*IjEL I A**3
IF iKEY3.EQ.1) ORATF2=0.00
ORA1F.2=QRATF2*FIL2*FILTg2/60.*QCORN2

C-CHOKED FILTER -FLOW RATE CALCULATION.1 lo RATEF2=ORATF2*1IENS:2
C=-==RIFCETWO FLOW CALCULAI !ON -ADDT IN LFAK LDrIRIBU(ION IF ANY

l --- CHECK~ FOR CHOKED PLOW
610 IF lALEAK2.E0.O.) GO 10 700

IF tIJMACH3GE..) GO 10 620
RPTEL2-=DCOEFF*ALEAtK2*SOR 164. 348*DiENS2* DELT43*1 44.)
OiRA fL'Z=RATfEL2/L'ENS2
GO TO -00

-- CHO~ED CONDIT ION
620 RATEL2=lRATL2*DENS2

t ----- CALCULATE THE TOTAL FLOW RATE AND' PRESSURE TDERIVIIVE

700 RATF3=RATE2+RATEL2+RA7EF2

800 PREDER (2)=-1ULT2*RATE3

L--CALCULATE THE PORTESRETONFCO

OCORRI=SQRT (PREXT( 1)/PRESS1)

0CORRI=Sf)RT(OCORR1)

C C-- ALCULATE THE PR:ESSURE DIFFERENCE
KEY 1=0I EELTAI=(PRESS1-PEXT )/144.II IF (DELTAl.LE.0.) KEY1=l

C-----CALCULATE PRESSURE RATIO ANTI THROJAT VELOCITY
PRATI=PEX 1/PRESSI
PEX!=PEXT,144.
VELI=I .-FRArl*tVLXPI
IF (VEL-I.LE.O.. VEL1=0.000000
VEL- 1 =SORl (VMUL I*PF:ESSI *VEL I /DEN;1)
IF (VFL1.GT.VSOUND) VELI=VOUiND
VMACHl=VEL1 /VSOUND

Crr VALVE ONE FLOW CALCULAT IONS
---- CHEIK WHETHER VALVE ONE 15 OFPEN u'~~l0Ff

IF % VALVS.ELI. 0. )o 60O 1040
IF u;ELTAI.LT.CRACKZ) GO0 fTO 10 -

!----V LI NE IS OPEN - FLOW RATE CAT CIILAfTiTN
----------------------- FOIt R CHOKED FLOW CONPJ TIO'N

IF (VMIACH1,TE.I,) 6O TO 1030
iF i'FLIAl.(3I.CHANG1I GO FO I I v
A'-A116K

_,0 1

GO 1) to 0= 0
A6=A4

1020 RE=FP.5AA 61L i
(IRA E I =(IR: F1 /60-. *VALVS I *0CORR I

-- CHOKED VALVE - FLOW RATE CALICILAi 1014
io c, F:A TVI=0RA IE1*DENSI

GO 10 1100o
-----------------------VALVFK ONE IS CLOSED

C~=~=ALVETWO Ft OW CAL CLLAT TONS

ft5_



C -' --- -- CHC-HTE AV W SCOE ROE

IFx2 (lAE-xd[6A(DELTAI.TCA )G O1140

C C--- V LV WOISE- FLOWREATCACLAON TION *

C-- --- CHECK FOR CHOKED FLOWCODTN
140 IF (VAEK.GE.0.) 60 10 1130

IF (DLTIH.6E.1.) 01) 10 T140

GO TO 110

C ----- CHOKED VAONDITICON AECLCLTO
1430 RATEL1=ORATL1'*DENSI

C- LUTE HE TALFLOW RAE U ATIND RSUEDRVT
HrI F,00 CHOK=RA EDRAFLOTW 1+AT

FF--- :COED FER( - F=M LOW*RATE-RATE2)TI
1 R0 ~EF1URN T1DEI== RFC ON LWCLULTO D I EKCNRIUINI N

1!--HCNFRCOKDFO

14i0 IF(LA1E. )G 010

IF1 53AH.EI) 3 012
RAEI-OF*LAK*QT6.4*EN1P~A*4.

7!T1=AEI/ES

0 TO 150



Transfer

1 dependent&

variabes

100 Intrpolat

INNE
VOUM

AA
Correctiofactor

0-rr



r7777

I a7 N
11= e s 3 N
ihk re

Flw lo

Mac

I NI ~~ ~N 3____ valves __ _



400 Total rate

I volume No.!1

Ye IsCrrce
_4 N

flo Q at

cho ed 56

INf



PL -RT
dt 'V rT3

OUTER
Gas proper- VOLUME
ties CALCULATIONS
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Appendix D

Sample Input and Output Data Files

Format for Input Data File FTN30.DAT

Line Format

1 20A4 Title

2 5A4 Gas type

3 6F10. 0 Volume #1, volume #2, initial pressure, initial

temperature, gas constant, ratio of specific heats

4 20A4 Valve type #1

5 7F10. 0 Number of valves, cracking pressure, knee pressure,

curve coefficients A & B (below knee pressure),

curve coefficients C & D (above knee pressure)

6 20A4 Valve type #2

7 7F 10.0 Same as line 5 except for valve type #2

8 20A4 Filter type

9 6F10. 0 Number of filters,

filter area/multiplier (for RA-2500 is exit area;

for CW-19 is length multiplier)

curve coefficients A, B, C, & D

10 20A4 Leak/orifice title

11 F 10. 0 Effective area of leak or orifice

59
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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. FOR, 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 cubic feet

Initial pressure pounds per square inch
Initial temperature degrees F

Gas constant foot-pounds per pound-degreeR
Valve crack;ig & knee pressure pounds per square inch
Filter area square inches

Leak area square feet

End time seconds
External pressure t :ble:

time seconds

pressure pounds per square foot
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Sample Input Data File (FTN30.DAT)
for ZIP Payload - PRESS4.FOR

I1 Pf'Y' Jl) ]IERNAI PRESSURE H[STORY

N 4!956
8. 80 0.12 35.0 55.20 1. 400

GIRC E SEA P'-249 0.10 PSI MARKED CRALK ING PRESSURE
6. 0.0387 0.10 10.8-9 4 5 0.976/ 0.4956

LIKIl 1I- SE!AI P'7 7 0OobO 'S[ MRKED CRACKING PRESSURE

0- 06325 0.59 12. .900 t7.3978 3.8647 0.4784

S 17111 -18F. 1.0 14 1.2 2.1ROl.E1ER PORE S1ZE
2-.. 0.11045 -0.007017 2.018104

P -J- I: r SLAI_ -- NO LEAK

13.0 0.01 100. 00.0

I.' 7,YQ6' "I 9-o 1,,) 78;,I.6 1° 763 , b< 173o.-I
"." !711.1 Y. 0 1678.6 100 1642. 't ,I- 16--,l.4

j 1) '  
.557. 1 13,0) 1 ,09,0 14.0 .'457.6 i . 140Z. 2

16.6. '346.9 1?,0 1 ./, 9 19.0 l22 19.0 1 16L. fs
'104.6 2t.0 [042. 1 2,0 §J /Q. 3 23.-0 916.7

.3': ;4 , 4. 4 2.,5. 
; /0,1'.. 7 26'0 -.3"1.9 *." 672 3

. 110 29,0 557 . 1,. 0 502. 8 31.0 450.4

1.,.) ; . 4 34.0 313 0 35.0 274.0
). 0 .. 0 05 - C 38.0 17 6.7 30. 10 150 . 5

1.? 7. 41.0 '6, 1 42. 0 98. U 43.0 73..'[a1 11 59.8 45.0 48.5 46.0 39.0 4/.0 31.2
4H 24.8 49.0 1Q.6 50.0 15. 5 51.0 !. I

Q20 -. 4 5.3.0 7.3 54,0 5.6 55.0 4.3
*A). 3.3 57.0 2.5 58.0 t.q 59.0 1.4
6(1.0 1.0 61,0 0.1 62.0 o. 5 63.0 0.3

64.0 0.2 65,0 0,2 66.0 0.1 67.0

68.0 0.,05 69.0 0.0 ,70. 0 360.0 0.0

61

moa

I,_ : _ - - = . . . . . _ - .. .. o _



Sample Input Data File (FTN30.DAT)
for IRBS Payload-PRESSM.FOR

RFS PAYLOAD TNTERNAL P'RCSSIPE HI131ORY
AIR

46.80 O177 0.50 70.0 53.35 1.400
CIRCLE SEAL P7-637 0.50 PSI MARKED CRACKING PRESSURE

3. 0.325 0.59 12.1900 17.3978 3.8647 0.4786
NO SECOND 9ALVE TYPE PRESENT

NO FILIERS PF'ESENr

PERFECT SEAL -- N) IEAKS

CIRCLE SEAL P-249 0.10 PST MARKED CRACKING PRESSURE
2. 0.0387 0.10 10,780 4.7952 0.9767 0.4956

NO SECOND VALVE PRESENT

NO FIL rFERS PRESEN F

DOOR LEAK DUF TO SEAM SEAt
0.000042

1o. 0.01 100 0.00i
i 89

0.0 1827.7 1.0 1822.7 0.0 1816.7 3.0 1809.8
4.0 1798. 5.0 1785.4 6.0 1768.2 7.0 1747.7
8,0 1723,? 9.0 1695.5 10.0 1663.9 11.0 1628.7
12.0 1589.6 13.0 1547 9 14.0 1502.1 15.0 1453.9
16.0 1402-5 17.' 1348=8 18.0 1292.8 19.0 I236.0
20.0 1178.8 21.0 1121.3 22.0 1063.6 23.0 1005.5
24.0 4-7.)5 25. o 889.07 26.0 830.89 27.0 773.17
28.0 715 94 29.0 659.67 30.0 604.40 31.0 550.43
32.0 498-10 33-0 447.64 34.0 400.17 35.0 355.76
36.0 314.45 37.0 276.25 38.0 241.40 39.0 209.09
40.0 180.08 41.0 153.95 42.0 130.62 43.0 109.96
44.0 91.890 45.0 76.198 46.0 62.720 47.0 51.207
48.0 41.468 49.0 33.300 50.0 26.506 51.0 20.907
52.0 16.354 53.0 12.708 54.0 9.8087 55.0 7.5328
56.0 5.7511 57.0 4.3639 58.0 3.2927 59.0 2.4401
60.0 1.6404 61.0 1.3554 62.0 0.9910 63.0 0.7203I 64.0 0.5213 65.0 0.3756 66.0 0.2685 67.0 0.1897
68.0 0.1323 69 0 o.OQ1l 70.0 0.0617 71.0 0.0411
72.0 0.0269 73.0 0.0173 74.0 0.0111 75.0 0.0072

76.0 0.0046 77 0 0.0030 78.0 0.0020 79.0 0.0013

80.0 0.0009 -1 0 0.0001 82.0 0.0000 90.0 0.0000
100.0 0.0000 150.0 0.0000 200.0 0.0000 350.0 0.0000
360.0 0.0000
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Sample Output Data File (FTN31.DAT)
for ZIP Payload - PRESS4.FOR

ZIP PAYLOAD INIERNAL PRESSURE HISTORY

GAS PROPERTIES:

TYPE: NITROGEN
MAIN VOLI MI 6.80 0U FI
lN! 1AL PRESSURE 0.J2 PSI
.FMPERATURE = 35,o l'EBREFS F
t;AS CONSVANI : j5,20 Ft-I'/: b-DfEG R

VAI-VE LINE PROPERTIES:
TYFE CIR9Lf EAL -'--,49 0-tO F'SI MARtfE
NMpF " Or rEIE.F VALVES 6. ' RESSRE
LRAChG :"RESSUPE 0 a,4 f[
CUP.'E GHANGE POINI 0.1o r'5 I
C;UEFF[CIEN1 -9 10 979
COIFFICIFNT 2 - 9.5
CI)EFF IC !Fti 3 -

(3'EFFICIENI 4 0 . 49e,

VALVE IWO F'RO'PE PIES:

f YPE: 'iRI" E- AL i'7-6 5.7 Q 50 F'51 MA-:EL.

FIL!iF" PROPERTIES:

i'PE: MItL.IPf]RE RA 1.2 MPO 0ME1ER PURE SIZE
NUMBER OF FILTERS .' I 'NO3 PRESSURE
EX~f AREA 0.11045 5O 1N

COEFF]CIENT 1 -0.00
-7

COEFFICIENT 2 2.018
COEFFICIENT 3 0.000
COEFH:CIENT 4 = 0.000

DOOR LEAK PROPERTIES:

TYPE OF SEAL: PERFECI SEAL -- NO LEAK

CHOKING PROPERTIES:

RATIO OF SPECIFIC HEATS = 1.400
CRITICAL PRESSURE RAIO -- 0.5283
SPEED OF SOUND i012.4 FPS

EXTERNAL INTERNAL vN1ERN4L T,)Ai MASS
TIMF PRESSURE PRESSURE DELTA P GAS MASS F I OW NATE
SECS PSI PSI PSI LM I SEC

0.0 21'. 69 12.81 0.!20 0.45946 0-001i326

1.0 12. 68 12-75 0.066 0.45/12 0, 18C5
".0 12.65 12.72 0.0'2 0. 456-96 (.001-052
3.0 12.59 12.67 0.0 8! 0.45423 0, 0021200

12.50 1".59 0.088 0.45136 0.003097. 2.3? 12.48 0.093 0.4475 0.0040261

6.0 12.25 12.34 0.098 144 7 (. 00499P0
7,0 12.08 12.19 0.108 , ,43-02 0 ,057598
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J 8 . 0 t *,8 12 02 0. 13 4 ).4,i09) 0' . 0063605
0.0 1! ,66 t t .183 0.171 0.44140

S0.O I t.40 11 .62 0.214 0.41/,
11.0 [] .12 1!2 :5 0266 0.408- i4 '086 3'
I[S.0 10.81 -14 0.32 0.{99, 0.0093f;'13.0 0.48 86 0. 8- 0.38961 0.0 ,3 14
J4.0 112 10.58 0. 453 0.37923 A15. Q 9,74 10 , 2/ 0 . 52 O,36," :' ., ' 0 .I 2 ;-,416.0 9 9.95 0.59.Q 0. 35.676 0.011 218
17.0 94 9,62 0.72 O. 4482. 0.0 121226
18.0 8.53 9,2/ 0.7 7 0.3i7252 0.0124485
t9.0 8.10 8.92 0.821 03 0.0t48.4
20.0 /.67 8.57 0.895 0.30916 0 (,0128554
21.0 7.24 8.2 0. 969 0. 29424 0.012 607"22.0 6.80 1.84 1.043 0.28126 0. 0130073
23.0 6.37 7.48 1.115 0.26825 .0t2989424.0 5.93 /.12 1.186 0.%.530 0,0130jg5
25.0 5.50 6.76 1.256 0.24244 0.0127962
26.0 5.08 6.41 1.324 0.22973 0.012624
27.0 4.67 6.06 1.389 0.21721 0.0124050
28.0 4.26 ,21 1.451 0.20494 0.012146-
2c 0 38 -  

,9.38 1. 509 0,19.,v1 0.0118442I0.0 3.49 5.05 1.563 0. 19127 0.0115001
10 3 .13- 4.74 6tll 0.16795 0.0111377

32.0 Z.79 4.43 I,164 0 !590.1 010215
43 - 2. 4 4.14 .- 674 . A853 0 '302 A

S .2-17 3.86 1.6p-, 0. l3z51 (,0097862
15 1 1 i..60 1.694 3 [2 8 0P 0.0092904- ,- v 1.65 3.35 1 .6?2 0.I 0 1 0. 6 6 /
40 1.43 3.t! .684 . 080459

0, k :2 2.490 " 0.00/4366

(Hv' '9' 0.1.Q5 O2300.' ~~ ~ 6 0. 1.2t 1.1 .4f.0 14)k) 0.0 q194 1 .2 Vn', 01.032Y3Y1652" 0.0 1.0 . -8 ,Q1

42.O 005 .62.3? 0 O . 6 0002 V6.3

5400 0.0 08 "9 1 0.8 64 0.03809 002337

45.. 0.1 0 .0305.' 0.0(,l?9
4 -. 0 0. 2 0 0.88 .40 0.,2 ,4. -

57.0 .02 .74 0720 .00 0006/
99.0 0.01 0 .64 0.628z 0.28 0%,1:4 , .016486
614 .0 0:.00 0 .55 0.948 0.01981 0.001'42

48.0 0. 0 170.1 0.f1 0 .843 -. 0013282

63.0 0.00 0. 4 10",47- 0.Q1,2,S 0.0012'"341-40 64 .°00 0.45 0.444 0.015926 0.0011.99

R5.R 0.04o 04 0.413 0.0Ot8t 0.0o '421

0.00 039 0..53 t.0'382 0.0001Qk9

590 0.01 0.36 0.35R ('. 021 012486

0,.0 3 102, 3

0.0 06. 0. ,%£ 0.22 "34
6[.0 .00 055 0.48 0018 .0314-26

54.- 1.0 0. 9 O. 4 0 0,476 0.' ?5 0 Oi233
84.. 03 V.8'0 5 0. 444 0,010 ) 96 0.O011199q

5L-,5. o 02. C0.417 0.4101? 0.02405 0 0 0o 2 1', 4-0
F" 7 - Q 0.02 .3 0. 745 0.0-163 0. 001095

/ . 0.0,1 0. 69 O,_S Ql .i s QKI 0q:), y

'I

0.1 0.4 0 6848 0-068

0. 0 .4 .4 7 ... ..) -1 :
64 0 45 U. 44 1.-!9 0L iZI-00'1499 i [i i i



II
0 0.00 0.33 0.333 0.01196 0.0008620

I 69,.0 0.00 0.31 0.310 0.01113 0.0008020
70 o 0.00 .9 0.289 0.01036 0.0007463
71,0 0.00 0.27 0.269 0.00964 0.0006944

,..0 0.00 0.25 0.250 0.00897 0.0006461

23,0 0.00 0.23 0.233 0.00834 0.0006012
'4.. 0.00 u. 22 0.216 0.00776 0.0005594

0 0.0 0.20 0,201 0,00722 0.000520

.1100 0.19 0.t87 0.00672 0.0004843

77.Q 0.00 0.17 0.174 0.00625 0.0004507

.0 0.00) 0.16 0.162 0.0o582 0.0004193

79.0 0.00 0. 15 0.151 0.00542 0.0003902

80 , 0 (1. 00 ,.14 0.141 0.00504 0.0003631
0.0 0O0 0.13 ,1 ,1 0.00469 0.0003378

8'.0 0.00 0.12 0.1 "2 0.00436 0.0003143

Cm0 .0 0.1! 0.,113 0. 00406 0,0002925

I4.o 0.00 0.11 0.10. 0.003/8 0.000272,

85.0 0.00 0.10 0.098 0.00351 0.0002532

Z4.O 0.00 0.09 01091 0.00327 0.0002356
97 0 0.00 0.08 0.085 0.00304 0.0002192

,Ohl 0 0.00 0.08 0.079 0.00283 0.0002040

8y.) 0.00 0.07 0.073 0.00263 0.0001899

90.0 A.00 0.07 0.068 0.00245 0.0001766
Q1.0 0.00 0.06 0.064 0.00228 0.0001643

9" .0 0.00 0.06 0.059 0.00212 0.0001529

93.0 0.00 0.06 0.055 0.00197 0.0001423

94.0 0.00 0.05 0.051 0.00184 0.0001324

95.0 0.00 0.05 0.048 0.00171 0.0001232
9A.0 0.00 0.04 0 "44 0.00159 0.0001146

97.0 0.00 0.04 0.00148 0.0001067

1 98.0 0.00 0.04 0. .- 0.00139 0.0000035

99.0 0.00 0.04 0.039 0.00138 0.0000035

100.0 0.00 0.04 0.038 0.00138 0.0000035

I

~65



Nomenclature

A Area

a Speed of sound

C Constant

Cp Pressure coefficient

M Mach number
im Mass

m" Mass flow rate

n Correction factor exponent
p Pressure

PC Cracking pressure differential

Q tVolume flow rateI R Gas consLant

I T Temperature

t Time
V Volume

II v Velocity

Y Ratio of specific heats

p Density

HSubscripts

atm Atmospheric conditions

crit Critical (at Al= 1)

e Exit, external
f Filters

Inlet, internal

Leaks

0 Orifices
T Total

v Valves

1 Primary volume internal

2 Secondary volume internal
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