oGS

Repridu.i:_od by |
ECHN ICAL '
ON SERVICE

Va. 22151

NATION
I NFORMI;\A 1

_SPﬂ'nsf' eld,

NO.OF PAGES iv & 218

' A Rocketdynie

LV North Amencan Rockwell
> .

6533 Canoga Avenve,

Canogs Park, Celdarna 91304

FINAL REPORT

¥OR

HOUSTON, TEXAS

N

NOT REPRODUCIBLE

GENERALIZED PROPULSION SYSTEM MODEL

FASA MAWNED SPACECRAI‘T CENTER

R-8Buhs

’
1

creets s

| ° /J
‘mem

L)

CONTRACT NO. NAS9-10319

N71-20173

e noma - L .

(ACCESSION NUMBER) {THRL)
S s G3
(PAGES) {COD
R = /I4F 5 2B
(NASA CR ORTMX OR AD NUMBER) (CATEGORY)

FACILITY FORM 602

PREPABED BY

JOHN J. BOEHNIEIN

APPROVEDR BRY
' /}

) ,/“ R, W. HELSEL
“ PROGRAM MANAGER

REVISIONS

fzf./‘j {“t_// /b é;

DATE 11 ¥axrch lc}Tl

DATE

REV. BY ; PAGES AFFECTED

REMARKS

FORM R18-G REV. 5-59



FOREWORD

The Generalized Propulsion System Model is a digital computer program de~
signed to study transient performance of pressure fed rocket engine sysbems.
This is the final report of the work performed for the NASA Manned Spacecraft
Center, Houston, Texas under Contract NAS9-10319. This report covers the
work accomplished during the period 12 Jamuary 1970 to 12 January 1971.

-SUMMARY

This program was sccomplished in three phases. In the initial phase analyi-
cal techniques which could be used to characterize the behavior of pressures
fed rocket englnes were evaluabed. The seledbed tecimiques were programmed
for solution on a digital computer in vhe second phase, and sfter debugging
the necessary mamuals and guides were writtea to allow use of the program.
in the third phase the program was demonstrated by modeling the Apollo
Ascent and Descent Engines; and bhe pressurization system of Rocketdyne's
SE5~5 engine system° The program.was concluded with the suctessful opera-
tion of the program on the NASA, Houston Univac 1108 computer:
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“TNTRODUCTION

-The purpose of the Generalized Propulsion System Model program-is to provide
a general purpose, modular, digital computer program for simulating transient
operatlon in pressure~fed rocket engine sysbems. ‘In order to acccomplish this,
an ex1st1ng Rocketdyne digital computer program was modified so that it met
the requlrements of the contract. The effort in this program was divided dinto
three phases. -In the first phésg an evaluation of the analytical techniques
used to characterize the dynamic behavior of pressure~fed rocket propulsion
systems was made,_-ln Phase IT the techniques selected in Phase I were pro-
grammed and the program instructioﬂ &ocuments'written. In Phase III the use
of the program was demonstrated by modeling the_ﬂpollo]Ascent and Descent
engines and the Rocketdyne SE5=5 Propuléion‘System;

The digital model, resulting from completion of this program,is fletible ang
has options for calculating the performance of & mimber of dlfferent coll-
ponents. It describes the propellant line dynamlcs using the wave equatlons
and calculates the pressure and flow conditions when a portion of*a line is
being fille&, The model allo%s a system to be broken down into a mumber qﬁ
- segments, and by proper combination, many Qifferent pluﬁbing copfigura%ions
‘may be simulated.

In between segments, components used in rocket engine feed systems can be in-
stalled by use of the input data and since the performance of these componenis
is caleulated entirely in subroutines, it is an easy task to add new components

or change the existing ones.

The model which was developed in this program was based on an existing Rocket-
dyne preésure-fed rocket engine model which has bgen used to calculate the
performance of various rocket engine systems. In order to make this program
meet the requirements of this contract several modificabions were necessary.
The most commonly used features had to be built into the program so that they
could be called.out by input data. In addition, several new features were
added as follows:



1.

3.

A'simplified pressurization system which includes a propellant-gas

heat exchanger and allows calculation of gas flow, pressure and temperature,

Changes in feed line representation to include effects of two-phase

" flow.

Tmprovement of thrust chamber and injector response, including the

addition of injection stream ballistic dynamics and injector ori-

_fice inertance.

Injéctor—thrust'chamber blowdown after propellant vélve closureor

- Built-in components which include valves, cavitating venturis, capped

Llines, accumulators, etcs

The, use of subroutines,to calculate the performance of different types of com-

ponents,wés contimied and improved by proper grouping of calculations so that

maintenance and modifications of the functions will be simplified.- The wathemat-

ical basis of the various program functions, a description of the digital

computer ﬁodel, and -the resu;ﬁs of the demonstration phase are given in the,

folloﬁing sections. 'A'liSt of qﬁﬁbols used is presented in Table 1.



RESULTS AND CONGLUSIONS

This program has demonstrated that the Generalized Propulsion System Model,
descr;bed by this report, can be successiully used to mcdél the transient
bperation of prgssure—feé rocket engine systems. In addition, the program ﬁés
been satisfactorily run on the NASA; Houston,Univac 1108 computer. The opera~
tion of the program was demonstrated using'four'different trangient simulations:

1. 4Apollo Ascent Engine On-O0ff Pulse
The model simulated this transient quite accurately. The pre-
dieted thrust chamber ignition spike agreed with the test data
within 6% and the_shape-of all tranmsients agreed quite well with
the data. The small differences seen have been atiributed to
instrumenﬁation_line phenomena which were not simulated in the

nodel.

2. Apollo Descent Engine Start Transient

The purpose of similating this transient was te‘demonsfrgte model
eperation with two phase propéllant flow. The results of this
gimulation showed good agreement with the test data; by adjusfing
the rate at which pressurant gés comes out of soluti&n - from
saturated propellants - 1% should be-possible to obtain almost ex-
"act agreement between the test data and model results. Difficulty
in cblaining operation of the model with two phase flow was ex-
perienced during the initial simulation of this system. The
problem was traced to a compubational instability due Yo a rapid
increase in acoustic velocify which occurs after the feed -

system primes and the pressure increases, causing pressurant gas
to go back inte solution. The problem was solved by using a fixed

valuelfar the density of the pressurant gas in the model.

3. Apollo Descent Engine IM~3 Flight Anomaly
Mnalysis of flight data from the Apbllo 9 flight showed that a period of
rough burning, which occurred during the second burm of the Descent Fngine,
was caused by pressurant gas bubbles in the fuel and oxidizer feed system,



The modeling of this transient required modifications to the

program deck and demonstfated the flexibility of the program.
Agreement between model results and test data were only qualita.foiveo
The model simnlated this problem by assuming thal tﬂere was only

one discrete bubble in each of the systems. After rumning the pro-
blem lt became apparent that several bubbles separated by propellant
must have been in each feeallne and since the model was not set up to
simulate this condition, it was not pogsible to obtain good correla-

tion.

SE5-5 Pressurization System

This model of a Rocketdyne propulsion system was made to demonstrate
the operation of the model's pressurization system similation. The
system similated the pressorization of a fuel and oxidizer propel-
lant tank from a high pressure storage bottle through a regulator.
ﬂs the propellaﬂt pressure 1ncreased bursn dlaphragns in the tank
outlet broke and propellant filled the engine feed lines. After
the feed lines were full of ‘propellant, the propellant tank pres-
suré increased to the regulator lockup pressure. [The médel provided

a realistic simulation of all.events occurring during pressurization.

L



RECOMMENDATIORS

The two phase {low description in the model is designed to handle smdll bubbles
of pressurant gas uniformly mixed with liquid propellant. The description used
has been demonstrated to be adequate to describe the Apollo Descent Engine
start transient. However; to deVelop coniidence in the method used to model

this phenomena, additional correlating test data should be obtained.

‘The present model has not been designed to handle pump fed ,regeneratively
cooled, cfﬁogenic propellant engines, altheugh it forms a good base to build
such-a model. Since it istglanned to use these engines as maneuvering engines.
in future space flights, a program should be started to prepare the subrou-
tines needed for %his use. This vould require the addition of routines to
provide performance of turbopumps, heat transfer to propellants, and additional

propellant property data to handle the problem of .phase changes.

Since one of the areas of proposed use of the model was the study of feed
system coupled instabilities, the model should be used to_stﬁdy a known ine
stability of this type. In so doing, its use as a ool to help solve these

instabilities could be proven.



MATHEMATICAL CHARACTERIZATION

FEED SYSTEM DYNAMICS

Wave Equation

In order to simulate the dynawics of .a pressure fed rocket engine system, it
is necessary to consider the“d}mmics of a.ll' of iks components., 'The rocket
engine feedline dynamics are involved in the start and cutoff ’hransien’t;,s and
:In:feed system coupled insbabilities, therefore, the;ir correct représen’tation
in & dynamic model 1s both necessary aﬁd importanta .In general, two different
.methods of simulating 'feed'lines are used; (l)'lmnped parameters, and  (2)
distribute& parameters, In the first method, it is assumed that ;I:he liquid
in a line moves a.s-a-:. solid lump; the fact ti*zai} the fluid is compressible is
-handled by a storage term :m the analytical expression. The distributed para- ’
mefbéi' representation assumes a-conbinuous media and shows that dj_sturba-nces
are propagated by waves at the speéd of sound in the i;luido Both methods can .-
be used to give an adequate dynandic represe?ntaticiﬁ of the fee&lines, lf-loweve’r,
it is i‘ei't that the wave equations (distributed parameter) are more practical
for a giganeral purpose models The wave equations have theoretically wnlimited
frequency response, whereas the response of a lumped parameter system will
depend on the number of elements into whieh it 1s broken. The wave eguations
are utllized in this model because they yield accurate frequency response

independeni; of the line length agsigned to the segment,
he equations used are the normal water hammer eguations$

8P .. ., OV
x Kla and

|
1
&
|

@
bl
@
c+



The solution of these equabioms invelves terms which include past, present,
and future values of velocity and pressure, By using laplace transformation
techniques and the equation of continuity, the above expressions may be

solved for the pipe segment shown below

PO,t) 1 P(g;%)
v(0,t) v(e,t) = #{s,t)
' |x=0 x = pA

. The resultant eguations ars:

w(n,t) = pav(t) =Wt} (1)

P(a,6) = - -ﬁ* ﬁ{(.&z,t)--%- _2?(0,15; )+ ﬁ' fr(z,th T) t2)
~P(2,t-27 )

P(0,5} = P(t) (3)

#(0,%) = Ag- P(O,t) + 26 (L,b~T ) (4)

- A% plo,t-27 ) + % (0,t-27T)
a3

and since this solubion involves only past history, we may solve for the

flow and pressure at each end of a pipe segment directly,

To include the effect of fluid resistance, the segment presswre drop is

lumped at the downstrean end of the pipe. Thus:

P(2,t) = B(2,6) + R #(L,b)0 [W(L,8)] (5)



Acoustiec Velocivy

THe acoustic velocity of the fluld ‘entere into the above calewlation in two
places; (1) di:rectl'y in the constant relating flow:to pressure, and {2)
indirectly in- the time'delay value T which egquals -§‘;- seconds. The acoustic
velocity of a fluid is a property of that fluld, however, its effsctive
value is redﬁcéd by the clastic walls of a pipe or entriaimment of gas and
vapor ﬁ_the liquid-two phase flow. . Vapor in the liquid can come.from two
places, bne__ ig él_ireet entrainment from mixing of gas a,nci liguid in the
propemnt tank, ax_id the second results from evolution ‘of dissolved gas if

the 1iquid is supersaturated,

Dissolv«_aci pressurant gas in liquids obeys Henry's law which says that the
amomt of di_ssolvea:i gas at eguilibrium is a 'Zinear‘_fﬁzictien of pressure.
Thus the equilibrimm value of dissolved gas will decrease as pressure is
redﬁced; _Because of the pressure drop in the feédﬂ:ines R é}he pteésure will
decrease as the propeilant flows toward the engine, and there is a tendency
for gas to be evelved., The rate at which the gas is evolved appears to be

at a rate proportional to its excess. Thus
g _ v - .
& &) | v {e(t) Gs>. (6)

Knowing the amount of gas in the liculd, the effective acoustic velocliy of
the mixture may be calevlated. A number of different approaches exist for
this caleulation, as presented in Ref.(a). The one used in this model assumes
isentropic compression of the gas. The chan‘ganin volume of the liguid can

be written:

av -—=-%?p. ar (7)



and for the gas

- _Jg N
w, B ap (8)

Dei‘in:!ng a. constant a as

. (9)

T 5 (10)
t 1 +a
1.2
B'kP

The bracketed term is the compressibility of the mixture, The density of the

mixture can be s_liovm to be:

= abfgt A (11)
(1. 4+ a)

The acoustic velocity of. a 'liquid in an elastic pipe is

a = 1 (12)

_ﬁ(%g-‘F_.PE
g el

Using the above expressions for density, com.pressibility, and acoustic

velocity, we obtain:

a = 1 ) (13)
Pm a 1l +a D
+ + . De

This expression is used along with the wave equations to define the char-
acteristics of a feed system with two phase flow, For an all liquid system,

@ = 0 and the same equation can be used,



Priming

The priming transient is that one during which the empty feed system lines
are filled m_bh proﬁellan;c, When a propellant valve is opened or a burst
diaphragm ruptures, ’é.he liquid is forced into the empty line segmer;tse ;l‘he
model a.s'swl;es that no flow leaves a segmeﬁt until it is .filled. This is not
completely. true in reality, but the assumption greatly simplifies the
modeling and correlates well m':th 'i‘;est data., In a vacuumm start, the prol—
pei]_.?.ht will vaporize in the imfi_u_.ed portions of the manifold and a gertain
amount of this vapor will flow out of the engine. Aga:-.n this effect is ’

: .neglected in the present model'a.s_, the gas outflow is.only a small pércentage

of the liguid inflow,

The priming equations c_onsider,’che forces acting on an incompressible "slug"
of liquid. The slug has the same cross sectional area as ‘oh_é pipe segment
" being i‘illéd_ and the length of the slug is determined from the amount of fluid

in the pa,rtj..ally £illed e-lement.;

f— &

P(I,6) |77 ) P(I-L,)
w(I,t) | 77T e 2 w(T-1,t)

Writing a force balance oh the fluid slug as,
= d =
P(I,t) ~P= -~ — & (14)

where P is a dummy pressure which represents a net value acting on the slug,
P is related to the actual downstream pressure by the effective resistance

R of the segment, R is obtained from the expression

R
= Voot lact (15)

10



where Lyoy 18 the true length of thé segment and Ryt is the lumped

rasigtance oi‘ the segment. Thus
: L2
{I-1,%) = PR [%(1:-3.;;)} : (16}

and us:'mé the wabter hammer equation at the junction of the two segments

gives;
P(,) = & [W(r-2r) - «:{c-;:,ﬁﬂ +2P(THL, b= 1) )
~R F?;(I,tTQT)Z +:$:(I,t)2} :

The downstream presam‘-é is aésvmed to be given and taus wne apove egquabions

can be solved i‘or 'bhe flows and pressnres in the segnent being filled. . The

i‘low into the ‘semment is mtegra‘teci ‘E;c determine if the segment is full, and
{lags the start of flow into ‘ahe ne}ch dovmgtream segmen*b when filling has

heen complebed.

Brench Lines

The equations derived thus far consider only the flow from one pipe into
another and has not covered the problem of branched lines. Franched lines

can be classified in three categories, (1) outward

flow, (2) inmwsrd flow, and (3) a combination of, . ,‘l"i
.. PP N
both., To handle branched lines it ls asewmed that Oubward Flow
the braneh has zerg internal volume and that its
) — T e
flow is incompressible, Thus the pressures of all ! ‘5"
segments which meet at a branch are set equal, and Inward Flow

the continulty of flow is used ‘o provide the

necessary equations to allow the calculations of flow and pressure in each

11



branch, For the outward flow bra,n‘e;'_.h,_, primlné of the system will work as
-the single feed line will £111 normally and when it is fu:li, the downstream
branches can be filled as long as soms initlal split of t]:lze flow is pfovidedo
The inward flow branch will have a problen in pelming i£- c;ne of the feed
lines prime-s ‘bc;.fore the oi.}hero The model is set wp to provide a normal
;iirection of flow in a segment and this information is used in i;he priming

of lines, ~To handle the inward flow branch, the program prevents flow out

of a branch until enough pro;_ﬁellant i:as b'«een acceumulated to £ill all
segments which normally f‘.eed the branch. Thus all segments wpstream ol the

braneh are ﬁr:‘:med'before Piluid flows ou‘i; of the brench.

. PRESSURIZATION SYSTEM '

In a2 pressure fed rocket gystem the i)ropelian?t ta.zﬂ_: pressurization -syste.m B
‘1_13.5 &; direct e_i‘fect on the perfom?ance‘oi‘ the. .'sys‘tem.s> For this reason, 'i%wc
di%'ferenp pressurization. schemes ai}e provided with this modeio In one, the
Lanlc p-réss;lxr“e may be programued e.s'_a. funcgltion of timg; in tlié second a ) '
simplified pressurization system is -sé.mula.teda _The first Ws‘oem needs no
fﬁ_ﬁther explanation. In the second, the ’ba,si;:: elements of the system
consist of the storage tank, pressure regulator, heat exchangers, propellant

tank ullage volume, .and general items such as valves, fittings, and a filter.

Eguations used for lthe various components are derived below.

Tank Fgquations

Flgure 1 shows a typical tank with gas flow in and ous, liquid outflow, and
heat addition. The scheme of subseripts shown there is génerall;gr applicable
to any series of tanks or other significant volumes in which compressibility

is important, although the final model will have only one propellant tank.

12
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ipplication of mass conservation, energy conservation, and the eguation of
stage relationships will yield the desired thermodynamic conditioms within

such a tank at any instant.

By conservation of mass for the gas system,

-3

¥el PJi = Wi - ﬁi‘*‘l (18)

dt
wherfa ﬁ’i is the stored wei:gh-t , and ¥; and ﬁ:H-l are gas inflow and outflow _
respectively. Integration of this equation yields the instantaneous stored

weight of gas in.the 3% tank or compressible volume,

By conservation of energy with respect to the gas system in this tank,
(ref. b}, neglecting potential and kinetic emergy,
. d * U.

e T(.)T

= AWy +Qy - 'Wi. (19)
where U‘I‘OT-iS the total internal energy of the-gas mass. H represents the
-.enthalp'y per unit weight, and the A represents the :cha.nge Trom inlet “bo-
outlet. Qi 1s heat added. ;illclud_ing convection Lrom the walls or liguid
interface, mass transfer from the liquid interface, or from an immersed

heat exchanger. Wy is the external work, i.e. the work done by the gas on

the liquid surfacs,

The external work is

=P g V, =P fys (20)
ldtl ip

Wy

where ib is noted that the rate of change of gas volume, Vs, is simply the

negative of the rate of change of liguid volume.



Substituting equation {20} into (19) and epplying the relationships

UTOT = Uy
1.{ - = GP/ G-g

it is found that;

a4 Ti=1 T ‘ . Py ¥ Q1
T W w, (kT3 0-Ty) ~ (k=) iy T, - 5;5% + oy (21)

This equation can be integrated to yleld the instantaneous temperature of
the gas within the 1P tank, Note that the absence of 1-iq1.ﬂ.d outflow,or
inflow, or heat addition can be represented simply by striking oub the

associated term in equation (21},

The instantaneous volume oceried by the gas is found from

d- . _ W -
& 5T o (22)
. U A

Equa."oions (18 and (22) are sufflclent to detemne the density of the gas,
in the ’r,ank, which is a thermod.ynannc property., A second thermodynamic
property, temperature, is obtained from equation (21). Assuming a single
phase, these two properties are sufficient to determine all other properties,
specifi.ca.]_.ly pressure, That is

Py = Py (%%. , Ti> (23)

which is an eguation of state.

If it is assumed at this point that the gas is at a temperature sufficiently
above its eritical temperature, the eguation of state can be approximated by

an ideal gas fcrm. That is;

15



- Wi Eo .
B2y ow W f (2%)

where 7 is a compressibiliby factor. The compressibility factor can be
.taken as cqnsta.nt for a sufficiently small change in temperature and pressure,
ouch as would be e:q;ected during an engine start period. The validity of
this approx’_xmation must be examined in each case, ‘makn'ng reference to reduced
properties charts, or other representations of actual gas behavior. The
alternative would 't;e t‘o inelude an eguation of state in tabular form. The

remainder of this development will employ equation (24). :

Flow Device E_qyations'

HMany flow devices can be represented by the compressible flow orifice equation.

4 convenient form of this equation is, for “the flowrate through the 1 qevice
LG By gf 5
P P P, (=5)
- VA !

where @ is.the cqmpressible flow function. Letting the pressure ratioc re

a’, & ran be expressed as,

2 e U PO .
d =] 2% 2k -~ gk , &= % (26)
R{k-1 ’
CD:- ®M= Q:D(ac) s @< e
X
= 2- k-1
_ac = (E:]__.) (27)

In this equation k and R are the specific heat ratic and gas constant for

the gas being used in this system.

16



Filters in the gas flow systen are penerally laminar flow devices, and
therefore obey a linear flow-pressure loss relationship. This can be
expressed asg

er'_ ="KpAP

Asswming an ideal gas density

w P
P= g
resulbs in
. Py
Wy = ;im (Pi.,.l - Pi} (28}

The proportionality constant X; can be evaluated if the flow temperature and

pressure conditions are known abt any nominal point, i.e.
‘g, =f LRI
4] (P F P)n (29)

Pressure loss through a heal exchanger core is generally expressed in a

square~law relationship {Ref. b), i,e.
: B -
W = {W’ ), (Pi-*l Byl - Pl’)% (30)
: i Ti-1

Again, the proportionality congtant has been evaluated by reference to some

nominal point at which the pressure, temperature, and flowrate are 2ll known.

A pressure regulator in the system can be simulated with equation (25), if

it is noted that the flow area is a‘v.ariable dependent on diaphragm or
reference pressurs, This relstionship can be developed by equating diaphragm
force, Fy, to the forece exerted by the reference spring, Fpe If it is
assumed that the spring has a force deflection cwrvs which is Linear over

the range of poppet travel, the reference spring force is

Fp =Fpy + 3%, 0 SX € %ypy -(31)

17



where Fr o is the spxjiﬁg foree when the regulator is closed, and X is the
. ) ]

poppet position, measured from the closed position., The local spring

slope is K;, and diaphragm force is represented as;

Fq = (By - P,) A, (32)
where-Pr' and Pa are -the reference and ambient pressures respectively, and
Ay 1is the efTective diaphragm area. Folt small poppet travel,the seat ares
is a linear function of X, i.e.

Ay =K, X, 0<X <Xy (33)
By equating diaphragm and spring forces, and substituting eguation (33),
there results,

Ag Ky )

.In a simple system, the reference pressuire is the pressure immediately down—
_stréa.m of the seat , but it could as well be supplied from some other down-

stream point-by means of a sensing line.

Heat Exchangers

Heat exchangers in the pressurization system can be simulated most easily
by the effectiveness vs net-transfer—wmit me:thod described in Ref, (e).
"Figure 2 shows a typical heat exchanger. In a pressurization system, the
gas is the colder fluid and is being hea.ted-by a secondary flow. Therefore
the gas inlet and o.utlet temperatures are referred to as Ty 3 and Ty uts
and the cooling fluid inlet and outlet temperatures are Ty 3n and Ty quts
follox:.dpg the terminology of Ref. (b). The secondary or heating fluld

g

flowrate is designated fih, whereas the gas flowrate is designated w_ . The
method is independent of the type of the two flows, That is, the heating

flow can be elther liguid or gaseous.

18
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Capacity rates are defined for both flows as

Gy =¥y Cpy (ot f2uid) (35)
 Cg =y Cpg  (cold fluid)

Tt is necessary to distinguish between the € which is maximum and that
vwhich is minimum is assessing bthe heat exchanger performance. Therefore,

let,
Cp = MIN (Cp, C) (36)

Cy = MAX (Cy, C,)

where the functicns MIN{(a,b) and MAX(a,b) are defined as the mummum and
maximue of the arguments (a,b) respectively. These fwctlons are standard

library functions for most digital programming langvages.
The number of transfer units, or NIU; is defined as

NIU = ap Uy = A Ue (37)
T T T ¢ . :
Gy m
where AU is the transfer area times the average over-all conductance between

the two flows., It can be evaluated either for the hot or the cold fluid

side, since conservatilon of evergy reguires them to be equal.

Finally, the heat exchanger effectiveness, &, can be determined from charts

(Ref. ¢), or can be approximated by c¢losed-form expressions. In general,
& = £(TU, Cp/Cy, Flow arrangement) (38)

For many systems, the hot fluid will be liquid and the cold fluid gas, in which

case, due to the low mass f{lowrate and C, of the gas relative to the liguid,

P

20



- C
% (1
M
amd ¢ becomes

=1~ e‘NTU

(39)
oz all flow arrangemenfs,' This is also the case for a heat exchanger
submerged in a constant temperature fluid, since C,; is then essentially

Infinite,

Onca the effectiveness of the heat exchanger is known, the heat transferred

is found from.

Q=0Cpy (Ty 4n - Te in) € . (40)

Tha oubtlet tmperatﬁ"e of the two flows ls them

-~

Tc oﬁt =Te in * Q. (41)
Ce

Ty out = Th in © Q- (42)
- Cr

If the heat exchanger is submerged in a propellant or pressurant tank, the

Q determined from egquation (40) is employed in the tank temperature equation,

rather then in equation (42).

From the above it is apparent "that the heat supplied from a particular heat
exchanger to the pressurant flow is easily determined from upstream temper-

atures, fluid flowrates, and fluid properties. That is, functionally,

Q= f(‘;’h’ Crns ﬁc: OP(_;: AU, Th ins Tc :1.1'1) (43)

which can most efficiently be developed as a digitel subroutine program.
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Solution for Particular System

The equations developed above can-be applied to any combination of elements,
thereby describing a large nimber of different pressurization systems. A
typical system is shoun in F:i.ga 3 . This s;érstém ras three }-Iea.t exchangers,
the second of which is. submerged in thé storage tank. The propellant tank
has & liquid outflow, T‘:'L’ which is assumed to be given, Other lmown data
include the initial conditions in the two tanks, the flowrate fOJ:" heat

exchangers, system geometi'y and pressurant properties.

Since gas shtorage volumes m the flow system are small relative to the t';ro
tanks, sborage will be negiected in the flow system. This implies that all
flow devices have the same:ir'xsta.ntaneoué flowrate, ﬁrG, ‘I‘hv'.s equation (25)
is applied at the star;t valve, regulstor, and fittings, equation (28) is
applied at the filter, a.ncl. equation (21) at the hea‘b exchangers, all with
the same fléwratee The oceurrence of ‘bhls sn.ngle varmble in ‘@11 of these

equations ma.kes it necebsa,ry to solve the equa.’c:x.ons 1‘cerat1vely, .

COMBUSTION CHAMBER
The eombustion chamber model deseribes the reaction of the propellant, their
gtorage in the combustion chamber, and the continuity between flow in and

out. This can be expressed mathematically eas

- f({}ln out) dt (’-k’w‘)

The mass M, of reacted propellant is related to the chamber pressure by the

perfect gas Jaw

PV, =M Rg Tg (£5)
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The flowrate out of the chamber is also related to the chamber pressure and
[l

can be written

. & = P. ke . ’
W = ¢ 47 {2(.6)
oub W* C
g

If equations (44) and (45) are differentiated they ean be combined with

equation (46) to give

@ Po= Role oo~ Me¥e. M P (a7
. g

which is the desired form.

The constants in equation (47) vary with mixture ratio and chanber pressure.
This variation is supplied from a ‘table which contains ReTps ¢*/g, and n,%
as fzmctlons of ex:.dn‘_zer fraction MR/(1 + MR) and a cerreatlon factor

= (P /PBASE 3-, -These constants are determined from thermochenical calcu-
lat:l.ons for the prope:l_“l_ant combination being used. The value of W:'Ln is the
sum. of 'bbe fusl and oxidizer flowrabe which is presently bemg converbed

:mto combustion products, and the quotlent cf.' these “eralues determines the

mixbure ratio used to find chamber properties,

The propellant presently burning is not the propellant leaving the injection
orifices. Instead, it is propellant that has finally reached the combusgtion
zone after traveling some finite d:ii‘stance from the injector. The time required
for the propellant to travel to thg combustion is known gs flight time or
transport time, and is often asswmed to be a constant. Refervence {d) discussed
the transport proceas and showe that the flight time should be a variable

dependent on the injection velocity., If it is assumed that the combustion
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zone 1s.stationary wae time delay can be computed from the veloeity which

is a funetion of the injector dif:ferential pregsure. Thus

Tp=4 = g (48)
¥ PR
. “‘\j 2g AP/p ‘
INJECTOR
N . . . . P(2,%)
The injector dynamics are included by treating the injector (2.1)
; . Wiz,
as a lumped compressible volume as shown in the
figure at the right. The flow and pressure at P(1,t)
_ A oy H(L,t)
the bottom of the pipe segment are related by th. e
: P(1L,t)
equation: - By, p
. \ ;
-3 '""“' r.:' —— §_
Wout i ?
Fe T
P(1,5) = & wll,b-27) - w(l,t) + 2P(2,t-T)
Ag. . . {49)

~P(1,t-27) B #(1,8)% + (1,027 )%

The flow oub is controlled by the differential pressure across the injector
and the resistance and inertia of the injector orifices; thus
P(1,t) -P, = R¥ 3, + 2 & P(L,t) (50)
out  — :
Ag 4t
Storage of propellant in the injector manifold can be represented by the

following egmtion,

Vout = Win ~ ¥P _d P(1,t) (51)
out B &t

Since P, is determined by flow into the combustion chamber some time prior to
the present (transport time delay), it can be caleculated directly. Then the

above eguations, which invelve only 3 unknowns, may be caleulated directly.
. 25



CUTOFF

Rocket enginé cutoff is initiated by closing one or both of the main
'propellanf Yalvés, As the valves start to close the resistance of the
valve segment will increase and flow will étart to decrease. When ﬁhe
‘valve effective aves reaches zero, the resistance is setitd 5 value of
1031 to-act-as a flag in the program to signify vglve closure, While
thé valve or valvéé are closing, the model will operate normally. When
the injector manifold is finally separated from the propellant tank, the
state of the propellanté will be determined by the énergy in the system
downstream.of the closed propellant valvéso At valve closure, the quanti-
ties of propellant liquid, vapor; and pressurant gas ma&_be determined

from known properties of the propellant.

Flow out. of the injector is represented by equation (50), and the eguation

of state for the gas and liguid phase'can be represented as follows:

M =Y A Py (52)
and
My = e M =ele v Nivle (53)
Ry T Ry T

The liquid vapor pressure is a function of temperature and can be
approximated by

Logg By v = KT + Kp (54)

" The total pressure in the injector is the sum of the partial gas pressures,

thu;:

-1 ]
= = P
By=Py+B = P +logy (KT +Ky) (55)
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Ai‘ter'engine cuboff, heat soakback will ralse the temperature of the

& . .
P

injectormand there will be heat transfer to the propel_:l.a.ntn H;:aweveri as
the pressure in the injector falls more of the liquid will vaporize which
will Tend to lower the propeliant temperature in the manifold. The pro-
peliant temperature is therefore found from the following heat balance:

= T(m{;‘,.l) (CfPﬁg + chMg tlpy ¢ M sa,v) g't:tt-l
Ty - Tepeyy) 8% - 0, (6o, (61)) By

The concentration of dissolved pressurant gas in the propellant is determined
using. the same eguation as used for the.derivation of effective acoustic
velogity

4 &= - ¥(& - Gg) - T
b o

To solve these egquations it is assumed that the propeliant mixture is hémo-
g;neous and therefore if # is k}wm; the mass of ‘propellant left in the
in,j'ectorﬁcan be calculated, - An iteration technique of the ‘prédictor—corrector
veriety is used to solve these equations., First P, is estimated, and if P,
is known, w ca:n be caleulated followed by the state of the propellants in

the injector, Using these data, the pressure estimate can be checked using

equation (55),

" At the start of the cutoff transient, the combustion chamber pressure is
calenlated in a normal fashion as previously described. As the propellant
valves c¢close combusbion will continue down to some limiting value, which
will have to be egtablished. After combustion ceaseé, the thrust chamber
will blow down to a pressure level which will be maintained by the Vaporiza-‘»

tion rate of the propellants. Flow oub of the chamber during this period
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will be assumed to be propellantﬁﬁapor plus any pregsurization gas which
is present. In terms of mass storage,

=Ve "'d P (58)
R. T. dt

~

Win - W oub
The flow in is that calculated by equation (50) above, and flow out is
‘ assuﬁed to be either all oxidizer or all fuel., This assumption allows

the caleulation to be done in the combustion subprogram.

MISCELLANEOUS COMPONENTS

Cavitating Venturi

These components are used in rocket engine systems to contpbl flowrate and-

+their operation is based on Bernoulli's Equation'given below
B o+ o= By TR 1 .3 (59)

P 28 Pr  2g \E////
Using the equation of c¢ontinuity _///%-h,___“h“%

_equation (59) becomes,

Pl = wzz - *.‘-’:12 (60)
L P2 2 Pziz_qz PP e

For an incompressible liquid, the above equatlon can be simplified to

2
Py - P, = 1 -1 (61)
L7027 i [ 2y ——z)
- e8P (Az Ay

"From this equation'it may be seen that for constant geometry and inlet
pressure Py, as the flowrate increases the pressure Py decregses until it
equals the vapor presswre of the fluid. At this point, cavitation occurs
in the throat of the Ventuwrl and further inéreases in flow are not pos;ible

without an increase in inlet pressure Py. The pressure and flow on either
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side of the Venburi may be detersfined by the equations (2) and (21) develoned

previousl:. Thus:
Py = (%) (62)

The pressure on the downstream-side of the ventwri for no cavitation will be

Py = £(i) (63)

This latter function ﬁay be either the priming equation or the wave eguation
depending on whether the segment is filled, Pl and P3 are related to the
pregsure recovery of the venturli

Py=Py Kk {6k

Using the above equations; the flow through éhe Ventufi‘and the inlet and
oubleét pressures may be'célculated assuming no ca.vi%:atione By solving
equation (61) Tor P2 it can be determlned if cavitation is occurring, If
the calculated value of P 2 is less than the vapor pressure, cavxtatlon is
occurring and the flow and pressure must be calcwlated using equatlons (61)

and (62). Using this flow, P3 can be calculated from eguation (63).

If there is gas entrained with the liquid, the gas will expand and the
density ecan no longer be assumed to be constant. Thus, equation (60) must
be used and the values of Py and Py determined as functions of pressure, If

a perfect gas is assumed,

W
Pg =,§r1§~ + Vﬁ (65)

and since the fatio of the masses ot gas and liguid are known,
W

W 9
= _.g E= e
B W, and i} T, (66}

The equivalent den51ty of the mixture will be

A \m
A T ‘BJTR (67)
g 5}:" + 5]

n
\’\



It is assumed that two phase flow in the pipe segments is isothermal but

sudden transients are adisbatic. Thus,

Py= 148 emd Py= L+ B (68)
T | BN 1, BRfy (Pg) XL
A 51 fOTR\R/ K

Using these ﬁlues of density, the performance of the cavitating Vemturi can
ve calculated. The technique is simllar bto that used with no gas, TFirst

the pressures and flows assmni_ng no cavitation are caleulated; second, using
the caleulated \falug.'of P and the vapor ﬁres;sure.i‘or Py, the .ma.}a'.mmn allowa.:tale
flow is determinedo- If this flow is less than "c.ha.'b calculat_e;i in ths-.firsi
si;ep s cavitat.ioh occurs and equations (60) and (62) st .T.Je solved for the

velue of Py and %. After these values are obtained, P miy be calculated.

ACCUMULATOR -
Si:ice accumulalors are o:’;‘ten used

to lower surge pressures or smooth

out pressure fluctuatlons, a model

P,, T., ¥ -
g, ? g O;ﬁ
of a simple acecumulator will be g L/

provided in the prbgrama This 4{ fln.-»——':f“"j) ;—

element will be mounted on the end x

of a pipe gegment as shown in the

oo
_
m—r
jz*)
~
4
>
c-’-
S

sketch, The liquid pressure in’

the accumilator will be the same

_as that at the end of the pips.

Thus, the wave equation (2) can be used to obtain

P(I,t) = £ {w (T,%)) (69)
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The dccumuwlator functions when iiquid flowé into it and moves the piston
so a8 o compress the gas behind the piston and the spring; stops are
prm}ided to limit its'n}otion, ' Depending on the initial pressure behingd
-the piston and preload on the spring, some initial p;essxjre level must
generally be reached before the piston w.ill move; also in some cases; the
piston or the spring msy be missing. ‘_l'he.equations are derived for the

most general case.

The- gas pressure behind the accumvlator will depend on the initial .value

%o which it is charged and its instantansous volume assuming isentropic

cor]:rpre&u—w::'..::gx° .
P (t) =B, (gg_, )k (70)
Ve(t) |
A forcg balance on the piston yields
wp X = (B(T,5) - Pylt) )AP' ~ K5(X, + X) (71)
The‘gas pressure ‘and iiqmi_;i flow _q,r‘-e related to piston positiori go that:
P, (t) = Po( Vo )k (72)
Vo — Xap
X = f;r A{I,t!
AP

These equations can beh_ combined to produce a non-~linear second order differ-

ential equation of the form;

en -] < 1{ — ’
Mp X = Ky - Ky X - K5 X[%)- Kh<1 ‘K x) (73)
5

where the capital K's represent constants. There are several techniques
a.va.;llable for soiﬁng the above equation, however, an iterative technique
will be used so that no speciszl cases develop if one or more of the con~
stants are zero. Secondly, the results will be checked to ensure that X
does not exceed its limits, and if thi's oceurs, the flow will be set to

Zerc.,
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VALVES, -FITTINGS, ORIFICES, EIC.

These components are all ;:haracterized by the fluid resistance they add
to the system. This resistance is handled in two different mammers in the
model which depends on whether an element is primed or not, For liquid
filled lines, t'hg registance oi“ the pipe and any other component is lumpec
at tl*;e downstream end of the element. - Valve resistance can be varied as
a functioh of time for ten different values in elther the fuel or oxi.dizer
feed system, When lines are beiﬁg filled, the resistance of a segment is
.distribubted along the length of. an éle:men'i:: so-that the friction loss will.
affect the priming. If the resistance is concentrated at an orifice, the
p;*iﬂﬁ.ng rate of a3 line will be redu_cad too mu;zh.,  This will be prevented
during priming by removing the ;rifice resigtance from that 1:%.ne segment

until after it is primed.



. COMPUTER FROCGRAM

The equations described in the preceding section were programmed into
a digital cpmputer program, Figure 4, shows a block diagfam,of this
program which contains a main program controlling the data input and
output, parameter initiglizaﬁion, and the flow of calculations through

19 sdbprbgramso

To use the program, the system to be modeled is broken up into segments
and the required valves, cavitating Venturis, orifices, etc,, are noted
The model has the capability to handle 60 segments, 10 'valves, A cavi—-
tating venturis,; 4 accunulators, and 5 dead end terminations iﬁ both
fhe fuel and éxidizer system$° Provisions dre also available to handle
L individual combustion chambers, Additional components my be added

By use of subroutines.

?rogrgm operation proceeds as follows:..After reading the input data,
_subroutine SﬁfUP is eﬁtered. Initial conditions are storéd.in the_pfoper
arrays, miscellaneous constants are caleulated, and the program made
ready for the case to be run. Upon return to the main program, subroutine
PLPRNT is called and system data and initial conditions are printed,

Then the auxiliary tape headings are written and subroutine PRIRNT is

called to write values of variables on the tape at time zero.

The main program then begins the sequential calculatlon of the transient
belng 31mulated, Subroutine DELAY is the first routlne entered at each
time.intervalc In this routine, the gas concentratlon, the value of

effective acoustic velocity, and fluid density in each segment are
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calculated, The time delay flow and pressure terms are then obtained
from stored data so that the wave equations can be solved for pressure
in each segment. Subroutine TANK.calculates the pressures and flows in
‘%he §ressﬁrization system, This is dsne using an. iterative technigue.
Also included in the program are provisions to program tank ﬁressure as
a function of time. Subroétine VAILVE comﬁutes the propellant valve
opening‘and closing characteristics, . These data are supplied in tables
.of valve effective area versus time. The subroutine then computes the
flow and pressure through the valves, and areas in the variable.area

cavitating venburis.

The' dynamics of other components are next calculated in Subroutines
RYCKET, CAVENT, ACCUM, an¢:CAPﬂm). To simulate blowdown operation of

the. engine at cutoff subroutine CUTPFF is used.

The main calculation of Ilow and pressure in the lesd sysvem segmehts 1s

done iﬁ subroutines PRESUR and ERANCﬁ, Subréutine PRESUR calculétés
flow and pressure bebtween single segments which are completely filled
with propellant, and calls subroutine BRANCH to fill partially fuil
segments, Subroutine BRANCH calculates flow and pressure in branch
elements.- The downstream elements can be either full or in the process

of being filled. For the latter case it was necessafy to include the

solution of the priming equations in this subroutine, and thus all priming

is done in this subroutine. At specific times during the operaticn sub-

roubine P2PRNT is entered to write oul selected data.

35



A wore detalled description of the program is given in the Engineer and
Programmer‘s Guide. To use the program, the system to be mcdeled. must

be divided imbo segments, The segments and components in the system must
then be sequenced go that their location ia the sjrsigm will be known.

Data on -the length, area, presswre drop, and wall .s‘bii‘fn;ess must be
supplied by the user to describe the line semments. Data to deseribe the
ph;;siea'l characteristiasof the miseéllaneous components, thrust chamber,
and pressurization system must also be suppl;aede AMfter the daba descr:ib"msr
the physical system to be modeled is supplied, ini‘ormanion to descmbe

the functmn to be simplabed must be furnisheda Tins is generally a
descriptlon of a va.lve or valves opening or closing, ché,nge in arvea of

a cavibating venburi, ox; change In tank pressure, " These Punctions will
’alicw x;;isnula,tion ‘of engine skart, shutdown, or thro%;tl'ing or a combination

of a1l three,

) The foed linea of a simple system and engine are shown in segmented form
in F:Lg., 5 . Seveml Features showld be noted, Segments are numbered from
the downstream end to the upstresm end of any branch or line, Orifices
are lumped with a specific segment. Valves which are in effect variable
orifices are identified as separate segments. .Branch points or tees are
slso consldered as separate segments but have no characteristics other

than a% connechbions.
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MODEL DEVELOFMENT

Demonstration of the model's use was accomplished by simulating four tpansients.
These were an Apollo Ascent Engine onuoff-pulse, a Descent Engine start tran-
sient with helium satursted propellants, a Descent Engine throttling transient
in which a pressurant gas bubble passed through the engine, and an SE5-5 Engine
systen preésﬁrizatipn transient.

ASCENT ENGINE SIMUTATION

The Apollo Ascent,Engine transient simulated by the model was an 0.9 second
engine on-off pulse. The test simulated was run at the White Sands Test
Facility and is designated as Test 006 Run 1. .In ordér to simulate the tran-
sientiit was Tirst necessary to prepare a data package for this engine. This
required that details of the engine geoméztryj propellant combustion character-
isticé, and vehicle feed system‘cquiguration be determined and these data put
into proper form far uge in tﬁe.modele A description of the work involved in

the preparation of the data for input into the model is given in Appendix A.

The results obtained from the compuber simulation are shown plotted with the
test data in Fig. 6, 7, and 8. Three separate features of the model are
demonstrated in this run. First, a start transient is simulated. In this
mode, segments downstream of the propellant valve are initially empty. When
the valves are opened propellants start to flow, the empiy propellant lines
£i11 and when both fuel and oxidizer reach the engine, ignition occurs.
Second, when the flow and pressure transients die out a period of steady state
performance exists. Third, the propellant valves close and an engine cutoff

transient occurs.

The agreement between the test data and model results is good except for the
oxidizer injector pressure rise at start and the decay in thrust chamber pres-
sure after the propellant valves close. The variation seen in the oxidizer
injector pressure rise is most likely caused by the instrumentation line being

empty at the start of the test. This hypothesis is supported by two facts:

38


http:sientl.it

Tuel Interface Pressure - psia

Tuel Injector Manifold Pressure ~ psia

210

180

150

120

G0

180
150
120
30
60

30

O
o i ;g\)'\
LIRS £ W
| {
o ﬁ . s e MV NVl S ¥ ° 50>
i1
‘:%J\ _
& Lines ishow test data
QQ%Qﬂ' Points are firom madel
o )
U/\
t
H 1— 1 1
| ' i i i :
O . - 002 . Odh. 006 008- 1..0
Time ~ Seconds
\L'\ -
q#iﬁ;bhmwM?ﬁﬁ%“&hﬁv*ﬁ*@&ﬂwﬁhqg\
; . dy
Tines| show ftest data %
Pointks are [from mpdel \
l&
(a3 \\
| y; n 2danooo
0 0.2 0.4 0.6 0.8 1.0

Time - Seconds

Figure 6 - Apollo Ascent lingine Data Correlation ~ Fuel
System Pressures Subsystem PA-l, Series 7B,

Test 006, Run 1

39



Oxidiger Interface Pressure ~ psia

Oxdidizer Tnjector Manifold Pressure -~ psia

210 G\f\c;
| > of 5 N /v‘\
o u }3 Gy J’ .
180 ° C:J . c; | < e _.vs‘.s!:'v‘ V&\J\quf\h'mﬁ\:f\’ Lv\'"‘-;‘lf\“’\'ﬁ' . oe/\\’\f\
RS
. y
150 Q3 T
d%xﬁﬁf Lineg show (test data -
}20 TU Yoints are ron riodel
90 .
60
30
0. 0.2 0.5 0.5 0.6 .0
Time - Seconds
. °
1.80 , |
o ; b
o ° A#ﬁw e APV M{}meg\\
c )
150 oy ]
I 1
120 .
¢ /
‘)OQ:OQJ
Lines show fest data \
90 Points are From mpdel
D
60 \
| ) AN
30
// / °
O "/ Ch [e]
0 0.2 0.h 0.6 0.8 1.0

Time -~ Seconds

Figure 7 ~ Apollo Ascent Engine Data Correlation - Oxidizer
System Pressures Subsystem PA-1; Series 7B, Test

006, Run 1

Lo



210
[\
o9 180
2
[&]
2%
; 150
@
% 120
[
&
[
g 90
o .
Kol
© 60
32
n
E
B 30
0

hows test dgta

are Irom mddel

- b—a |©
[ o
5
3}
2
ntmn

0.2 0.l 0.6 0.8 1.C
Time ~ Seconds

‘Figure 8 - Apollo Ascent bkngine Data Correlabion - Thrust

Chamber Pressure Subsystem PA-1l; Series 78, Test
006, Run 1

el



(1) the oxidizer injector primes at 0.2 seconds as evidenced by the rise in the
interface pressure measurement and {2) the pressure rise in the model. The in-
jector pressure is increasing slowly at this time and does not reach its
correct valve uniil after engine ignition. This behavior is characteristic

of a line priming, and since the model did not simulate the instrumentation
lines the model would not shouw this phenomenon. The differences at cutoff can
be considered to be caused by two things; first, the propellant temperature in
the injector was assumed to be ambient and second, there was no pressurant gas
dissolved in the propellant. Thermal analysis of the Ascent Engine shows that
the temperature of the liquid rises an appreciable amount only in the baffles
and the run was short enough that steady state temperatures were  not reached.
However, -local heating of the propellant will raise the vapor pressure in the
injector and hence raise the chamber pressure after valve cloéﬁre by forcing
out more propellant. The propeliants were not saturated'ﬁith pressurapt gas
for this runé however; if there was a small amount of dissolved gas present it
would start to come out of solution when the injectér pressure falls below the
saturation level. This phenomenon could also account for the di.sagreement be-
tween 'l}-es‘b data and model results.

APOLLO DESCENT ENGINE SIMULATION

The second demonstration of the model's use was -4 simulation of an Apollo De~
scent Engine start transient using helium saturated propellants. The data
needed to model this system is-given in Avpendix B, and the results are shown

in Fig. 9, 10, and 11. The correlation is not as good as that seen in the
Ascent Engine simulation, although the tuo cases showm tend to bracket the data.
The difference between the two model runs is the value of the time constant
which controls the rate at which the pressurant gas in soluticn changes its con-
centration. The two values used were O.L and 1.0 second, and from the data it
would appear that an intermediate value would give better simulation. Also, the
time required for the model to prime appears to be too long. This discrepancy
would appear to be caused by the resistance in the system ~-probably propellant
valve--being too high. This would also account for the fact that the low values

of steady state injector and thrust chamber pressure.
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While trying to run the Descent Engiﬁe simulation an instability occurred in-
which pressures would fluctuate with increasing amplitude. After ruch docu-
mentation it was determined that this was caused by the variéble acoustic
velocity. In the model the acoustic velocity is compubted uéihg the ecuation
1/2
b ’

( = )( 12""¢pﬁz”’l+¢pgm>
LadghApag” pat - E P

)
1

where pg = .QE-I + A4 I

During a start vreuasieny uie pressures aownstrean of the main propellant valve
approach vapor pressure. This low nressure causes dissolved pressurant gas in
the propellant to come out of solutlon, and because the pressure is low, the
gas density Pg is small. This gives rise to acoustic ve1001n1es in the order
of 2500 inches per second.

When the _engine manifolding primes, there is a rise in pressuré which iﬁcreases
" Py and hence the acoustic velocity increases. As the pressure increases the
pressurant gas starts to go back into solution, and the acoustic velocity in-
creases further. In the original analysis for the model it was recognized that
the wave equations used to calculate the transient flow and pressures in the
system assume that the acoustic veloeity is constant; however, initial evalua-
tion showed that & slowly varying acoustic velocity would not cause trouble.
The changes in acoustic velocity were expected to be slow in the program as the
fluid properties were calculated using an average pressure, and the pressurant
gas dissolved or evolved from the liguid at a slow rate. The data showed that
when the injector primed; the acoustic velocity increase was much greater than
had been expected ~ Fig. 11. ‘

A method to decrease the rate of increase in acoustic velocity was looked for and
as an aid to understanding the problem a five segment version of the model was
programmed on a time sharing computer. This program calculated flow and pressure



as in the large model and used & change in resistance at the injector end of ‘
‘a five segment feed line to produce g transient. Variation of acoustic velocity
was conlrolled by use of an equation

) f f;?) a; & ’azv
“where_ the acoustic velocily;: a,.was allowed to vary beiteen the limits ay and
ayy and P is a running average of the last 50 Values of pressure in a segment.
The results for'a few of the cases run are shown in Fig. 12. Generally, cheng
ing acoustic veloclty tends te¢ sustain the pressure QaClllathﬁo} and large
changes can cause instability. The data generated using this model led to the
écheme which allowed the model t0 run stably. This scheme was to use a cone
stant value for gas density, g in the model, and let the acoustic velocity

change as a function of free gas concentration, ¢ onlys

NRECTHT FHGINE IM-3 ANOMALY STMULATTON

The pufpase of gpdeling this transient was to demonstrate the model's ability

to simylate a throttiing transient and also schemes of medifyihg it so that

the simulation of the passage of a discrete bubble through the feed system
-cduld bhe simulated On the Apollo 9 f£light. the'astronauts reported engine-
roughness durlng the second burn of the Descent Fropu1510n Englne, approxlmately
6 seconds after engine starbt. Analysis of this event--Ref. (&), showed that a
gas‘bubble had been trapped in the propellant feed lines and the roughness re-
sulted when the bubble passed through the engine.

In order to run this case it was necessary to reprogram subroutines ROCKET and
CAVENT, and add two new routines, VENIR 2 and GASFLO. The analytical basis of
this version of the model is given in Appendix C. Basically, the model assumes
that the system is operating normally at time = O, which corresponds to 93:h7:39.250
£1light ground elapsed time.. At 1 ms (model time) the bubble in the oxidizer feed
system starts to pass throuth the cavitating venturi; the bubble in the fuel line
starts through the fuel cavitabing venturi at 0.Ll seconds. PFig. 13 and 1l com-
pare the model results with the flight data. The general trend of the model
results agree with the data. When the bubble starts through the cavitating
venturi the downstream pressure rises; after passage of the bubble completely
through the venturi we see a surge in the interface pressure, the downstream
pressure falls off while there is an increase in Pc” These events occur because

L7
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the volumetric flow of the gas through the venturi is much greater than for
liquid flow after the bubble passeé the venturi, When the bubble has passed
through the venturi we see it expand (&ecrease in pressure) and force propel-
lant out of the injector. When the bubble starts to pass th}oﬁgh the injector
the manifold pressure drops to a level vhich is close to the combustion chamber
pressure. Chamber pressure of course drops off because of the lack of pro- -

pellant. After all gas has pasSe& through the system it returns to normal.

The lack of" correlation seen in this case is probably caused by t?o factors:
(1) The bubble size selected was 30 cubic inches in both fuel and oxidizer
sides--Ref. (c), and (2) The actual bubble was'ﬁyobably not é'single bubble -
as assumed for the model. A series of bubblés separated by discrete amounts
of fuel could cause the stepwise rise éeen in the fuel and oxidizer injector
Pressures. Bach rise would correspond to the passage of a bubble and each
drop would.correspond'to expansion of the bubble downstream of the venturi
while the Propellant separating the bubbles passes through the cavitating

venturi.

The rapid falloff in the fiight fuel injector pressure would. indicate that the
size of the fuel bubble in the model is probably much too large; also, the
passage of the fuel bubble ‘through the enginé, based on thé'fuel'velocitj'ana
fuel line lengths would suggest that the fuél bubbles did not start to pass
into the combustion chamber until a G.E.T. of Ll seconds. The small pertur-
bations in chamber pressure seen at this time would also suggest that at the

low injector pressure the bubbles are quite small.
SES-5 TANK PRESSURIZATION MODEL

To demonstrate operation of the simplified pressurization feature of the model
the feed system of Rocketdyne's SES-S engine system was modeled. This system__
consists of a pressurant storage bottle, a pressure regulator, two propellant
tanks, and two engines. Details of the-system are shown in Appendix D. Fig.
15 and 16 show the results obtained. At time zero the pressurization tran-
sient starts. Initially, the propellant tanks are at a pressure of 16 psia and
the regulator is wide open. The pressure in the propellant tank starts to iﬁ;

crease; when it reaches 160 psia the propellant burst diaphragmsbreak and the
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and the feed lines between the tank and engine start to prinme.

When the féed lines prime a surge of approximately 2000 psi is produced. In
the model the pressure than oscillates about the mean pressure level until
the water hammer phenomena damps out. Since‘£he surge pressure is several
-times the normal operating level, the pressures go balow zerég .This happens
because the equations ﬁork for negative as well as positive pressures. In a
" real system, the fluid will vaporize then the pressure decreases below its

vapor pressure, and the resultent gas will change the shape of the oscillation

wave form.
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APPENDTY A

APOLLO ASCENT ENGINE MODELING
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Feed Line Modeling

The system geomeiry and certain system parameters must be defined prior to the
computer model operabion. * A major portion of this information relates to ithe
propellant feed lines. In order to use this data, the feed lines must-be
broken into seéments having some logical order with the .length, internai-cross-

sectional area, fluid resistance, and line compliance f{actor specified.

Criteria fo%‘the sizing of segmenté is baséd on changes in line sige, branche. -
:ing of lines; location of concentrated fluid resistance elemenﬁs such as.valves
and orifices, model frequency response; and the time period té be .simulated.
The Apollb‘Ascent-Engine transient which is to be modeled is approximately 0.8
seconds long, and the program will produce 300 data points foi this transient.
Thus, the spacing of the data points will be 2.7 mé, and if 10 data points are
‘assumed necessary to define a sine wave cycle then the model would have a

. fréquency respbnse of 37.5 cps._.If one wants a model with 6OQ cps freduency
fesponse then the time interval between boinfs should be 0,167 ms. For this
'model a calculation interval of 0.170 ms will bé selected so that tihe cepabin

154 AP AN ens frecency resnonae mav he retained.

Having picked an integratidﬁ interval the sinimum and maximum line lengths that
can exist in the model will be selected. The minimum 1ino'1ength is related to
the maximum {luvid acoustic velocity by the relation

£ min P 8 O

For the fuel,amax = 60,000 in/sec, and thus the line segments must be at least

10.2 inches long. For the oxidizer_,amax = 10,500 in/sec, and £ . = 6.89 inches.

in
The maximum line length can be Tound from the relation

£ max } 25 aminAt

Ti tne propellants are saturated with pressurant gas it is possible for their
acoustic velocity to go as Low as 2500 inches/second, and thus ‘gmax = 10.6
inches. However, it should be pointed out that low values of acoustic velocity
will occur only when the average préssure in a segment is very low. This con-

dition will usually only occur downstream of the propellant valves or, in the

>9



epse of the Apollo Descent Engine, downstream of the cavitating venturi. Thus,

as ong‘approaches the propellant tanks,longer line lengths can be used.

Flgure A-1 shows a schematiec of the Apollo Ascent Engine feed system which 1s

to be modeled. Starting. with the fuel system.the plumbing schematic will be
modified to fit the techniques used for modeling. In order to achieve flexi~
bility and the correct frequency response.the length of the line segment at the
éngine inlet should lie between 10.2 and 10.6 inches. The line between the fuel
prine delay volume and the injector is only 3 inches long, and it is reasonable
to ignore it in the model. Thus, the fuel prime delay volume, injector volume,
and thg feed line volume will be combined and the total will be injector volume.

Thus. the inijector volume will be 38.58 cubic inches.

Next, ﬁhe propellant valve will be considered. The minimum length of the

lines belween the balls andjthe injector is 2.05 inches. Since each of, the
lines are short, it would seem reasonable to combine them. Thus, the parallel
series combination of the main propellant valve will be lumped into a single
line with a single valve. .Thp total distance between the upstream ball valve
and the eﬂgine is 22.8 inches, and this length will be divided into 2 segments.
The one nearest the engine will be 10.2 inches long, and the upstream one will
be 12.6 inches long. The total volume downstream of the upstréam ball is 65.12
- ¢Wo in.; the-injector conbains 38.58 cu. in. so the two line segments need a‘volpme
of 26.5k cubic inchess Thé first segment has an internsl diameter of 1.37" s0
its volume 58 15.02 cubic inches. The area of the second segment ﬁill_have to
be 11.52/12.6 = 0.916 square inches. These ﬁumbers assume that the feed
system is primed down to the upstream ball valve. If the engine has propellant
to the downstream valve .there are 2.9 cubic inches less volume to prime and the

area would be 0.6L8 square inches.

Upstream of the ball valve there is the engine interface, trim orifice and line
branch to consider. Kxperience has shown that the location of an orifice in a
primed line is not critical, and since the engine-feed system interface is only
important because of & pressure measurement located close to it, this line

section u111 be considered as one length and segmented as necessary. The total
distance is 52.10 inches. Experience also has shown that a series of identical
line lengths tends to cause computational instabilities, and that the segment
upstream of a valve should be short. Thus, this line will be broken into h
segments which are 10.2, 13, 15, and 13.9 inches long. The orifice will be 60
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placed between the 13 and 15 inch segﬂent and is actually only 5 inches from
its true locations. The engine 1nierfa0e pressure will be between the 10.2

and 13 inch segment and this pressure is only about 1 inch from i%s true loca~

£ioN. ;he rest of the system is split up in a similar fashion. The resulting

podel is shown in Figure A-2 with segment mumbers assigned to éach segment.

To use buc muusiy LIS Line segments which have been generated must be described
by thelr. physical properties - length, area, compliance and resistance. These
values are, shown in Table A-T and A-II, The compliance is calculated using the
formila ShQWﬂ.ln the Engineer and Programmers Mamval, pp. h 1.2. The resistance
values are based on actLal values shown below, and distribubed in accordante
ith sysﬁem,geemetrys

FEED SYSTE{ RESISTANCE ~ SECZ/T°
’ T Fuel Oxidizer

‘Tank Bottom to Interface 017912 LO1LLSS

Interface to Injector Manifold 023113 017361
Injector Manifold to Combustion Chamber 051855 .030382

For example, tHe exidizer trim orifice has an area of- 0.878) square inches,
Its resistance, assumihg an orifice coefficient of 0.65 is,
R = L 5 = 0.003967 sec?fan®
(27.807 % 0.65 x 0.878L)
The remaining resistance (0.0L1458 — 0.003967 = 0,007491) will be distributed

along the 80.7 inches of line between the oxidizer tank and enging interface.

The resistance of the side branch lines can be caleulated from the following

formula

.ty

R = 0.00029h —5-

ai
where £ = friction factoﬁ

¢ *= length - inches
d = internzal diameter -~ inches
A = internal area - square inches
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— “?[L"-—- Propellant Filters

- * /_.4
O O Injector Manifolds

Fipure A«2 -~ Apollo Ascent Engine Feed System
line Segments Used for Modeling

63



TABLE A~I

FUEL SYSTEM FEED LINE PARAMETERS

SECHENT LENGTH AREL WALL COMPLIANgE REgIgTAng
NO. IN. sQ IN $Q IN/IB X 10 SEC”/IN

1 10.2 1472 7,52 ©,003335

2 12.6 92 . 291 4003989

3 - - - -

b 10.2. 1.0k 6,67 .003335

5 13.0  1.09 9.55 .001603

6 15.0 1.10 12.1. 001850
T 13.9 - 1.10 12.1 . 007258

8 PR - . .

9 1.2 276 10.5 010576
10 13. .276 10.5 .009682 -
11 11. .276 10.5 .008193
12 - - - S
13 ., o5 12.7 +003L5
1l 16, 105 12.7 .00502
15 23. " LLos 12.7 . 00721
16 - - - -

17 20. ) .396 10.1 00640
18 15. +396 10.1 .00L71
19 11. «396 10.1 00345
20 - - - .
21 11. 1.10 12.1 001356
22 15, 1.10 12.1 .001850
23 19. " 1.0h . 667 .002343
2l S - _ o
25 21.3 0,156 b9 .066322
26 - - . -
27 13.1 1.0k 6.67 001652

COMMENTS
Whgn ball valve
is wet A=.68L in
Valve

Interface

Trim Orifice

Branch

Branch .

Branch .,

- Branch

Branch

Branch

6L



TABLE A-II

OXIDIZER FEED LINE PARAMETERS

SEGMENT - LENGTH AREA WALL, UUMFLLANGE RESISTANCE
N0, _IN 50 1N 50 IN/IB X 10 SEC2/IN COMMENTS
1 10.0 679 752 001772
2 8.9 912 2.91 *.001577  When ball valve is
) ’ wet A = 542
é ) T ~ - - Valve
I D 6.9 L1.0h 2.91 .001222
5 9.0- 1.0k 2.91 .000835  Interface
6 - 10.5. 1.0% 9.55 .000975 '
' 6.9  1.09 . 9.55 1004607  Trim Orifice
8 - - ’ - .- Branch
o 7o 0.105 12.7° .00219
.10 9. T0.405 12.7 .00283
1 1. 0.405 12.7 001139
12 17. 0.396 0.1 .0053h
13 11. 0.396 10.1 ~.003L5
1l To 0.396 10.1 - .00219
.15 - - - - Branch -
16 7s 1410 12.1 000650
17 13. 1.0 12.1 .001207
18 © 15, 1.10 12.1 .001392
19 12.3 1.0k 2.91. .0011)2
20 - - - - Branch
21 7. 0.396 10.1 .00219
22 . 13. 0.396 10.1 00408
23 . .15, 0.396 10,1 . .00LT71
'zu "B 0.396 10.1 .00251
25 - - - - Branch
26 T L.0L 2.91 + 000650
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which is merely a form of the Dlarcy head loss equation. The pressure dro
between the engine and injector'isjmade up of that across the propellant
valve, engine orifice, and propelliant filters in addition to the line re-

sistance.

The effective area of the valve may be caléulaﬁéd and Fig; A~3 shows the
results for a single ball and for thé parallel series combination. Thg maxi-
mun area-is used to calculate the resistance of .the valve in thé open position.
The resistance of thg engine filter is based on a pressure drop of 2.7 psi at

rated flow, and the resistance of the trim orifice is calculated as before.

Thus the total lumped resistance between the ensine interface and the injector‘

is:

Fuel Oxidizer

Propellant Valve »006620 - ,006620

© Engine Trim Orifice -004279 " .005LL5
Propellant Screen 001725 .001725
Total Lumped Resistanc. L01262L .012790

The difference between the total lumped resistance and the measured resistance,
will be distributed in the feed lines between the interface and injector. %his

completes tlie definition of the feed system.
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Combustion Chamber Performance

Combustion performance in the Generalized Propulsion System Model is de-~

termined from the lumped parameter equation

d Pc Rcrc - RCTc . AtIPC

at . VC Vc nc% '('éf"

The constants RCTc and G are functions of the particular propellants being
used and vary with mixtlre ratio and pressure level. These constants can be

detefmihed from thermochemical performance using the properties of the pro-

pellants. The results of one, such analysis for the Apollo propellants-cover a -

range of mixture ratios-and pressures-are showun in Table A-ITL. To use them
-in the program it has been found convenient to use the oxidizer fraction
-pather than mixture fatioe This ailows the combustion property data to be
extrapolated to fuel only, (MR} = 1.0; or cxidizer only, (MR) "=.0.0,

operation.

During propellant blowdown after engine cutoff the model assumes that no
combustion occurs. To calculate thrust-chamber pressure during this period,
the oxidizer fractio; is selt to either 0.0 or 1.0 and equation (1) is used.
Thus, the values of RCTc and C#/g musg be known for eacn propellant in its
vapor phase. This was determined for nitrogen tetroxide and 50-50 UDMH -
hydrazine as follows. The value of CP for the propellants was found at a
temperature of 660°R. Assuming that the vapor phase behaved as a perfect
gas.the ratio of specific h?ats was found from the relation

[ Cp

C,-R

k =
P

and then C% may be calculated
glRT
o k + 1
[% T } k+ 1

Values for the constants which apply to the propellant vapor are shown in

C# =

Table 4-IV. A plot of the combustion parameters as a function of oxddizer
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TABLE A~IXII

COMBUSTION DATA FOR NITROGEN TETROXIDE 50/50 HYDRAZINE-UDMH

- CHAHBER % RT -6
MIXTURE OXIDIZER PRESSURE c e X 10
RATIO FRACTION (PSIh) . E Mo
0.05 0.0L8 1§o°0 132.12 3.054
0.10 0.091 150.0 134,08 3.133
0.20 0.167 150.0 137.16 3,219
0.10 0.286 150.0 111,70 3.351
0.50 0.333 150.0 6.l 3,710
-0.60 - 0,375 150.0 153.29 1,055
0,80 0.lhh -150.0 164,17 )1.566
1.00 0.500 150.0 171,38 1886
1.20 0.5U46 150.0 175.L8 5.023
1.10 0.583 1500 17772 5,059
1.60 0.615 150.0 178.22 5,006
2.00 0.667 150.0° - 175.1h ly. 768
2.10 0,706 150.0 170.17 b ho5
3.00 0.750 ©150.0 162.83 L.129
3.60 0:783 150.0 156.2L 3.826»
5,00 0.833 . 150.0 11i3.28 3.276
10.00 0.909 150.0 112.70 2,130
20.0 0.952 150.0 85.63 1.26hL
50.0 0.980 150.0 58,61 0.613
.00.0 0.990 150.0 U610 0.363
1.6 0.615 5.0 173.03 " L.632
1.6 0.615 50.0 176.88 L. 899
1.6 0.615 170.0 178.37 5.020
1.6 0.615 1590.0 178.50 5.031

1.6 0.615 200.0 17847 5.0L8



TABLE A-IV

PROPELLANT VAPOR PROPERTIES

50-50 UDMH- NITROZEN
HYDRAZINE TETROLIDE
c, BTU/LB MOLE °R 17.50 124.0
¢, BTU/IB °R 0.418 1..35
MOLECULAR WT L1.8 92,02
R PSTA IN°/IB %R A 202.
k 1.165 1.016
¢* - . Fr/sec 1333.94 94619
T °R, 660, 660,
RT  PSIA ™ /18 0.2930k0 ¥ 10°  .133320 X 10°
/g - 41,178 29.)2
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fraction is.shown in Fig, A-l. Figure A-5 shows a plot of the parameters vs
pressure at & mixbure ratio of 1.6, and this data is used bo Tind the Ppres-

sure correction factors.

1n (m*)mf - 1n (mr,‘;mt

CF =

RT ’ P
) 11:1 (P}Z‘ef)
act
In (0%/g), o ~ 1n (O%/8) .,
and I =
o¥/g

7
el
1*"(?'““"" )

act

For the Apolilo propelliant combination the sorrection factors are:

'.GFR{E = 0.0277%

CF = 0,008L53

/g
The efficiency curve shown in Fig. A-h is an arbitrary shape except  for the
fact that it passes through the value of 97.6% at an oxidizer fraction of
0.615. TIT#s correction factor will be set ‘to zero for the present time.

To complete the description of the thrust chamber, data 46 describe its size
and shape are required from Table A~V. The injector manifold volume was defined

previocusly and is noted in the table for reference.

Orifice length used to caleulate injector inertance is obtsined from a draw-
ing. Injector effective area can be calculated from its resistance, and the
flame front distence may bYe estimated from knowledge of the distance from
injector face to impingement, past experience, or sctual injector-engine

- frequancy response data. The combustion chamber deta may be obtained from
engine prints or model spécificationso

Program Inpub/Output

Table A-TI gives a listing of the input data cards, graphical output is presented
in Figs. A~64 through A6F, and Table A~VIT conbsins the program printed output
obtained for this case.
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TABLE A~V

COMBUSTION CHAMBER AND INJECTOR DATA.

MANIFOLD VOLUME - Ti°
ORTFICE LENGTH - TN
INJECTOR CPA' - e

FLAME FRONT DISTANCE - IN

COMBUSITON CHAMBER THROAT AREA - w2
COMBUSTER CHAMBER VOLUME - IN° .
THRUST CHAMBER NOZZLE EXIT AREA - TN

THRUST COEFFICIENT

FUEL

38.58

0.112

0.1535h) .

0.375

OXIDIZER

11.38

0.1h1

0.206318

0,375
16.4
53.2
750.0

1.78L

Th
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2 361 27
0,.001850

0.0

U.00471

G.0
2 61 26
1.09
0,396
1.10
0,396
2 181 26
(10,5
17.0
15.0
8.0
2 301 26
9.55 E-08
0.1 E-08
12.1 E-08
10.1 E-08

2 421 26,

J.000975
0.00534
0,001392
0.00251
o 1 26
-0.005

1a.aT2
1.10
0.405
0.396
0.156
10.2
13.9
11.0
11.0
21.3
71.52
12.1
12.7

£-08
E-08
E~08
10.1 E-08
4,49 E-08
0.003335"
0.007258
0.00345
0,00345
0.066322
0.679
1.09
0.396
1.04
0.0
10,0
6.9
11,0
12.3
0.0
7.52
9,55
10.1

£E-08
E-08
E-08
2.91 E-08
.0 £-08
0.,001772
0.004607
0.00345
0.001142
0.0

21
0.0

0.684

L]
C

0.405

-

e @

(]

CONODOMVMNO~NOXHODODOOOCOOCOOONONODO ONOGC

@ ¢ o @

COVOR S LCOCQIUCOoOWOVOOODOoOOOoO-NOUOOOD OO0

03989

T 8 o e o #
O
un
=
[AV]

o
[a

+ 4 o o % o
o
o

e

F & 4 & 0

08

=
m
|

£-03

E-08

E-08
1577

9 & v 4 4 &

[ I

0.0021¢

0.0

0.00065
10.0
0.02

12.7

12.1
6,67
0.0
0.010576
0.,00721
0.001356
0,001652
0.0
0.405
0.0
0.396

E-08
B~08
E~-08

~No~JOo
T & @ ¢

—
COoONGC
+*& & 3 9
oo CCoOo

—

0.0 .
0.00219
0.0
0.00219

0.02779
0,04

£-08

©.10.1

l.04
0.276
0.00
1010

10.2
13.0

0.0
15,0

6.67 E—-08
10.5 E-08
0.0
12.1

0.003335
0.009682
0.0

0.001850

1.04

0.405
1.10.
0.396

a 8 4

W~ 0O
O OO

1

~

E-08
E-03
E-08
£-=08

2.91
12.7
12. 17

g.001222-
0.00283

0.000650
0.004£08

0.008453 -

- 0.086

E-08 -

2.1

E~08
E~08
E~08
E~08

0.001603

© 0.008193

G.00640
.0.002343

'.'1 004
0,405
1.10

" 0.396

9.0
14.0
13,0
15.0

2.91 E~08
12.7 E-08
E-08
10.1 E~08
0.000835
0.00439
0.001207 -
0.00471

c.0
1

0.10

0000100,
0U00200,
0000300,
0000400, -
GC00500,
0000600,
0000700,
0000800,
0000900,
000’1000,
0001100,
0001200,
0001300,
0001400,
0001500,
0001600,
0001700,
0001800,
00019005
0002000,
0002100,
0002200,

0002300,

0002400,
0002500,
0002600,
0002700,
0002800,
0002900,
0003000,
0003100,
(003200,
0003300,
0003400,
0003500,
Q003600,
0003700,
0003800,
0003900,
0004000,

0004100,
NANL?0N .



U.2G 0,25
U. 535 0,60
U. 98 1.0

5 36 21 =0.2
3,13 E+06 3.24
4,85 E+06 5,03
2.27 E+06 (.37

> 66 21 15.0
134.7 138.0
171.3 175.8
1ib.6 58.7

5 96 21 0.816
U.B56 0.889
0,967 0.974
0,859 0.801
3 1 47 3.0
0.0153 0.02
0,09 0.05
U257 0.08
Ootot2’ 0,105
0.292 0.760
U.1l4s 0,790
U.022 0.820
3 101 47 3.0
H.015 0,02
0.09 0,05
U257 0,08
Valsls2 0.105
U.292 0,760
U.114 0.750
U022 0.520
3 401 5 1.0

3 433 5 1.0

3 226 5 lbh.4

3 497 6 1.0
V.004279

3 50¢ 6 1.0
U.005445

3 201 9 328,

1%5.0 Q.79

-3 301 S 327.0

L 194,00 T .82

-3
~3

E+D6

E+06.
E+06 -

E+U5

" 0.30
0.65
1.005
0,293
3.28
5,02
0.133
zf‘lns
139.8
178.1
29,4
0.818
0.903
0.978
D.787

0.0
0.028
0.137
0.328
0,442
0.225
0.072
0.010
0.0
0,028
0.137
0.328
0,442
" 0.225
0.072
0,010
38.58
11.38

453, 2

0.00333>

0.,001772

ZQBQ

193,0
202.0
194.0

E+0b6
E+Q6
E+06
E+06

0.356
L70

2.82
3e42,
4a86 ..
0.01
11540

Ry

176.58
21.0
0.826
0.920
0.973
0.781
0.0
0,03.
L0.06
0,09
0.74C
0.770
. 0800
0.830
0.0
0.03
0.06
6.09
0.740
0,770
0.800
0.830
0,112
OB 141
750,0 -
0.001

0,001

E+06

E+06
E+C6
Ex0s

725

725

0.45
0. 80

3,04
3.87
44 55

'131¢§
148.8
711

0.8353
0.933
0.964

0.005
0.053
0.194
0.404
0.370
0.166
0.040
0.0
0.005
0.053
0,194
O.404
0.370
0.166
0..040
0.0
0.1853544
0206318
1.784
2.0

200
20C.0

200.0

E+06
E+06
E+DS

Q.50 VUL 30UV
0,90 0004400,
: QUL4300 .
.07 E+060004600,
4eb0 E+060004700,
3.63 E+060004800,
GO04900,

32.9 N0Q5000, -
65.0 0us100,
52.90 005200,
05300,

Je841L 1005400,
1. 959 005500,
}.9Z22 1008600, |
MWIGBET00,

0.01 0005800,
0.04 0005900,
.07 0006000,
0.10 O006100,
0.750 Q006200
0,780 0006300,
0.810 0006400,
O.84% Qo06500,
0.01 0006600,
Q.04 Q06700
0.07 0006800,
0.10 GUO&900,
0.750 GoQ7000,
0.780 0007100,
0.810 000720034
G844 ooQ7300,
0.37% QOOT&00,
0.37> 0007500,
0.0 DO0T600,
0.003989 QUOTTG0,
0u7800,

0.,00187T 0007900,
’ 0008000,

0.20 0008100,-
N Q00B20C,
0.l12 000”300,



swul ICAT=3, IPR=3, IST=1, NSEGF=27, NSEGO=26, DELT=170E~06y
Lre=Z=

Tdrs _73;& 7 lUgll 14 15 lbp19722 23, 43*0:
TURU=2454647,10911,32,13,14,17,18,19,22,23, 24,£j¥0,
TuxAnil Iol)=21, IBRAN(L,2,1)1=8, IDRAN({L,3:11=20,
ITbdan{241,1)=17, IBRANIZ,2.,11=12, IBRAN{Z, 3 1l=16y
I18RARN(3 1,41 )=27, IBRAN(3,2,1}=24, IBRAN(3,3,11=26,
TonanN{l,142)=16 IBRAN{1,:2,2}=8, IER&N{Egé,Zﬁ—ibvt
IbRAN(2:1,2)=26,y IBRAN(2,2,21=20, IBRAN(Z,3,2)=25,
5§33¢G;03297 Bi41=0,052, B{5}=520, Bl&6)=520,
3{TI=60000, B{B}=40500,
IWT35,2059105’305y1110114031@047
IVARIS=2,10092,200+2,522,2,525,1240,

iCaP=1, ICUT=1,

Pr=su0,25%203,32%0, PO=3%0,24%202,33%0,
Iri=1,5,28,3%0,101,105,127,3%0,205,220,4%0,305,314,4% Qv
lUV}“*bn 1”1(25)*.

ENGQUT{171?1}=3Q ENGCU?{11132}=3?
ICUTSG=17213137*091,213137*0¢

2{%)}=0.0083446, B{10)=—4,1095, B{11)=0.,00389489, B{1lZ2)=-3.6294%.

B113)=41.797, B{14}=92.016, B{15)=4, B{16i=4, B{17}=1.6T,
Blld)=1,67, B(19)=1,05, 8({20)=1.10C, B(21)=10y B(22}=10,
B{23)=8.538898-06, B{24)=22,0326E~0b, B{28}=2760, Bi{Z6}=2750,
B(51)=0.,691y B(32)=0.368, Bl33)=0,.7T5y B{34}=0.T5,
Blull=0.3, 3{82)=0,3s B{83)=0,.01s B{84;=0.01,

B{52)=600, B{88)=600, BIlET}=425.8, B{BBI=1T8.2,

IUEX=18, '

S&nw .

APULLO ASCENT ENGINE PREDICTED PERFURMANCE

NASA HOUSTOn DATA CORELATION

SIMULATION OF TEST 006 # RUN NOD. 1

84

Lyﬂ?*U1 LFL.3'1757IUT TCAPFU 9 1312572*0? ICAPUX=9721!3*Oy

CiD=1000000,

10=1000100,
ID=1000200,
1921000300,
1D=10004C0,
1521000500,
10=1000600,
10=1000700,
ID=1000800,
1D=1000900,
1D=1001000,
ID=1001100,
10=1001200,
[0=1001300,
ID=1001400,
1001500,
1D=1001600,
I0=1005200+
10=1005300,
ID=1005400,
[0=1005500,
[D=1005600,
D=1005700,

TID=1005900,

ID=10070C0,
ID=1007100,
[=1008800,
10089060,
1009000,
1009100,
1009200,


http:8(84)=0.01
http:B(835)=0.01
http:B(33)=0.75
http:B(20)=1.10
http:B(19)=1.05
http:8(17)=1.67
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UALE  1Z/71&710 7 VIME 1435 %l ld
APULLG ASCENT ENGINE PRECICTED PERFDRMANCE
- NASA HOUSTON DATA COREFLATION L
SLMULATION OF TEST CQ6 * RUN NO« 1

* £ * % FUEL FEEDSYSTEM PARAMETERS, - ® * I T %
SEGMENT DATA PRESSURE FLOW ACCUSTIC AREA . LENGTH RESISTANCE NI SOLVED GAS
NO. STATE © PSIA PPS " VELOCITY SQ. IN. . INCHES *~ . SEC%®2/IN%%5 , LBS G / LB L
n - IN / SEC ' . : . . )
1 EMPTY 1.70 0.0 59327.7 " 1. 4720 10.20 - 0.3335E~02 0.0
2 FMPTY 1.70 0.0 597372 00,6840 12,60 © 2.,3989E-02 0.0
3 EMPTY 1.70 0.0 . 59402.6 - V.0 - 0.0 2.1000E8 32 0.0
4 FULL 203.00 0.0 59402 .6 L. 0400 10,20 7 D.3335E~-02 0.0
~H T CFULLT 203.00 0.0 59150.,0 1,0900. °©  13.00 0.1603E-02 0.0
6 FULL 203.00 0.0 58929.1 1,1000 '15.00 J.1850E-02 0.0
7 FUL L 203.00 0.0 58929.1 1.1000 "13.90 0.72586~-02 - 0.0
8 FULL 203.00 0.0 58929.1 S 0.0 . 0.0 0.0 0.0
9 FULL 2u3.00 0.0 59067.4 0.2760 . 14.20 D.1058E-01 0.0
10 FULL 203.00 0.0 890674 0.2760 13.00 0 .9682E-02 0.0
11 FULL . 203,00 0.0 59067 .4 " 0.2780 11.00" J.8193€-02 0.0
12 FULL 203,00 0.0 59102.2 0.0 " - . 0.0 2.0 - 0.0
13 FULL 203,00 0.0 58R77.5 0,4050 . 11.00 "3.3450E-02 0.0
14 FULL 203.00 0.0 58877.5 0.4050 16.00 J.5020E-02 0.0
15 FULL 203,00 0.0 58877.5% 0.4050 ° "~ 23:00 }.T210E-07 0.0
16 FULL 265,00 0.0 © 59102.2 Qa0 . G. 0 2.0 ' 0.0
17 FULL 203.00 0,0 59102.2 0.3960  ° 20.40 J.5400E-22 0.0
18 . FuLL 203,00 0.0 59102.2 "0.3960, 15.00 0.4710E-02 0.0
19 FULL 203.00 0.0 59102.2 0.3960 ° 11400 3.3450E-07 2.0
20 FULL 203,00 5.0 58929,1 0.0 . CeD 2.0 0.0
21, FuLL 2053.00 0.0 58929,1 1.1000 7 11.00 J.1356E-02 ‘0, Q
22 FULL 205,00 0.0 58929.1 1.100¢ - 15,00 J.L8B0E-02 0.0
23 FULL 203,00 0.0 59402.6 1. 04006 © 19,00 D.2343E-02 c 0.0
24 FULL 2u3.00 0.0 59402 ,6 0al) 0.0 3.0 0.0
- 25 FULL 203.20 0.0 594965,9 01560 21.30 3.66326-01, " 0.0
26 FULL 2¢:3.00 0.0 59407.6 0.0 - . 0.0 3.0 .0
27 FULL 203,00 0.0 59402.6 1.0400 13.4C 2.16526-02 0.0’
28 FULL . 203,00 0.0 A0000.0 0.0 - QLD 2,0 0.0



APULULYU ASCENT ENGINE PREDICTED PRRFURMANCE
NASA ROUSTON DATA CORELATION
SIMULATION OF TEST 0046 % RUN NO. 1

# % * % OXI0IZER FEERSYSTEM CONSTANTS | = R ¥ %
SEGMENT DATA PRESSURE FLOW ACCUSTIC . ARFA LENGTH, REST STANCE DiSOLVED GAS
N(t, STATE PSIA PPS VELOCITY SQe IN INCHES SECHF2/INGES LBS 6 /7 LB L
IN / SEC

i EMPTY L0587 0.0 4015676 0.8790 10,00 3.1T7T72E~02 N P ¢
Z ERPTY 10.57 0.0 4037004 0e5420 8.90° J.15T7E-02 3.0
3 EMP I 10.57 G.0 40370a% . g.0 . 0.0 2.1060F 32 0.0
4 SRR 202,00 0.0 40370.4 1. 040G 6.90 J3.1222E-02 0.0
5 FULL 202.00 3.0 40370 .4 1. 0400 2,00 J.RB350E-03 0.0
6 FULL 262.00 0.0 40079.3 1.,0000 10.50 3.9750E-03 0.9
7 FULL 202.00 0.0 40079.3 , 1. 0900 Be 0 3.4H076-02 0.0
8 FULL 202.00 0.0 399592 0.0 0.0 2.0 0.0
Q FULL 202.00 5.0 19843, 4 L 0. 4050 7.00 3.2190F~02 Ge0
10 FULL 2u2.00 Da0 319943.4 04650 9.00 J.2B30E~22 0aD
"1t FULL 202.00 0.0 39943 .4 04050 14,00 0.43%0E~02 3.0
12 FULL 20G2.00 0.0 40085.5 . 0x3960 .7.00 Ja5340E-D2 0.0
13 FULL 202.00 0.0 50055.5 0.3960 b6 D.345QE~02 0.0
14 FULL 202.00 0.0 40055.5 0. 3960 7,00 Y.21908-02 0.0
15 FULL 202.00 0.0 19969,2 0.0 0.0 30 0. 0
1 FULL 202.00 .0 19959.2 101000 7.00 D.6500E~0% 0.0
17 FULL 214.00 0.0 319969.72. 1.1000 13.00 DL 1ZDFE-D2 0.0
18 FULL 204.00 B.0 2996942 1. 1000 15,00 J.13626-02 0.0
19 FULL RO 5.0 40370.% 1.0400 172,30 Jel L&ZE-T2 0.0
20 FULL 204.00 0.0 T40370.4 0.0 8.0 D.9 - 2.0
21 FULL 20230 2.0 400555 -G 30AN 7.00 D2 190E~02 0.0
22 FULL 20200 0.0 40055.5 0.3950 13,00 0.4080FE~-02 0.0
23 FULL S202.00 0.0 50055.5 00,3980 15,00 J.4T10F-02 0.0
24 FULL . 204400 0o 40055.5 0a 2960 . 8.0C Je2B10E-02 0.0
25  FULL 2U2,.00 D0 40370.4 0.0 0.0 3.0 . 0.0
26 FULL 202.00 N.0 403704 1.0400 700 J.6500E-03 0,0
27 FULL 232.00 Oa0 40%0¢.0 0. O 0.0 D.0 7.0



APOLLO ASCENT ENGINE PREDICTED PERFORMANCE
NASA HOUSTON DATA CORELATION

- —=== STMULATION OF "TEST -006° % RUN NOG L. = '° === o0 oo mmosom s momeesss e -
R ¥ ¥ ¥ FEEDSYSTEM CONFIGURATION . ¥ o *
FUEL ) . OXIDIZER
SEGMERT BRANCH DATA - A T
{IDEX INLET = £ - BRANCHES * * . ¥ INLET =* * * BRANCHES * ®
-1 21 ' 8!5!J 20y ' ‘ 16 8y 15y :
2TTTTLIT T 12% 167 - Tt Trm e s ey o om 2687 T TRy TSy T T e T
3 27 . 26y 26, ' ) .
. | CAPPEDTSEGMENTS - e e o
9, 131 25y 01 07 . . 9f 217 09 0? o? Co
mem e e e meeta s e e e e FUFL“IURDER'&RRAY"T“ - NéEGE”= 37 e e v e e an
2 5 <) T 10 i1 14 15 18 19 22 23 ' .
. - e XD TZERTT CRDER ARRAY ™ = 87 NSEGQ RTRE" 7= w= s e
2 . 5 6 7 i0 11 12 13 14 i7 18+ 19 22 23 . 24 : :
T o ) TomT ot S CUTOFRF CSEGMENTS ' e e - T o o
FUEL DXIDIZER .
{AMBER N{l, 1 = Iy 29y 3¢ 0s 04 0, 05 0Oy "0+ 0, * Ly 2:. 3¢ 0, 0Os ©C; Oy 0; 0 0Oy



FUEL VALVE TABLE

VDEX SEGMENT A # . VALUES

1 328 203.000000 0.0060C0 200,000000 0.10Q000 193.000000 0-750000 193.202000 2. 0006000
OXIDIZER VALVYE. TABLE

SO EX SEGMENT * # VALUES f )

Tt Tt 327 TT20Z2:0000007OT0060C0 200000000 ™0, 1200001 9470000007, "0.820000° 194.0300000° 2.,000000

FUEL FUNGEN TABLE : ‘ '
3.,000000 D0 ° 7 0.0 ° © 0.005000° 0.010000 ° 0.013000 7'0.020000 0. 028000 G-030000
0.053000 0. 040000 0.0930233 0. 0650000 0.137000 (.060000 U-194030 0.070900 0,257000
0.080000 G.328000 - 0.050000Q 0.404C00 0. 100000 0.442000 0.105020 0442000 0.740000
“0%3TO000 ™" 0. 750000 7~ 0.292000 ™" 0.7&0000 * ~'0.225000™ " 0. T70000™""0.166000 ~0,783000 -~ 0,114000
0.790000C 0.072000 0.800000 0.040000  0.810000 0.022000 0.820000 0.010000 0-.830000
0.0 0. 844000

DXIDIZER FUNGEN TABLE
3.000000 J.0 DL.0 . D.005000 0.010600 0.015000 0.020000 0.028000 0.030C00C
"D.083000" "070&0000° ¢.090000 0050000 0.137000° 0.060000 "™ 07193020 - 0.070000 0.257000
0.080000 04328000 0.090000 0. 404000  0.100000 0442000 0.105030 D+4%2000 0.,740000
(.370000 0.750000 0.292020 C.7600C0 . 0.2250C0 0.770000 0166000 Q. 780000 0.114000
0.790000 ° J2,072000 0.800000 0.040000  0.810000 0.,022000 0.820000 g.oL000 0.830000
0.0 0. 844000 : )

"CAVITATING VENTURI DATA

FUFL OXIDIZER
: ORIFICE DATA
NDEX NO. 1 2 3 4 1. .2 3 &
EGMENT NO, ! 10 2o Ou Oe Lm ?.o On On
INE RESIS "SEC®®Z/IN®25  0.003335 0.003989 0.0 0.0 "0.001772 0.001577 0.0 0.0
RIFICE RESISTANCE 0.00172% 0.004279 0.0 0.0 0.001725  0,005445 0,0 0.0

ACCUMULATOR DATA

68


http:0.225.00

INJECTOR MANIFOLD DATA

FURL

INDEX NG. 1 2 3
SEGMENT NO, 1.000000 0.0 ° 0.0
MANIFOLD VOLJMZ - CU.IN. 38.5800.. 0.0 . 0.0
ORIFICE LENGTH — INCHES . 0,112000 0.0 - 0.0
INJECTOR™CSSUB-D#A™™="SQIN - 0.153544 0.0 " 0.0
FLAME FROUNT DISTANCE-IN. 0.375000 0.0° . 0.0
e T COMBUSTION CHAMBER. DATA . °
INDEX NO. 1 2
CHAMBER PRESSURE - PSIA 0.0 Qs
OXIDIZERFLOWRATE = PPS Tv0 0%
FUEL FLOWRATE - PPS 0.0 0,
OXIDIZER FRACTION 0,0 .. 0.0
THROAT AREA™="SQTTINT LUIBTADYTTTTTTITT S T g
CHAMBER VOLUME - CU. IN. 453,200 ° 0
NOZZLE EXIT AREA - S$Q. IN. - 750.00

THRUST COEFFICIENT TLT84VT ~0.0
ENGINE AMBIENT PRESSURE - PSIA 0.0 0
ENGINE THRUST ~ POUNDS 0.0

P S

COMBUSTION DATA

BASE PRESSURE = 150.0 PSIA

, OXIDIZER
1 2
1.000202 0.9
11.3800 0.2

o 0.14100)
g e, 206319
o -

0.0
0.0 -,
0,375000 0.0

[RNVTREN

e R

e & 4

GAS CONSTANT CORRECTIJIN =0.02779(

CUCSTARTTORRECTION 200008453 77 = = v oot coemmwess pECICTENCYTCORRECTION =0.0
IX. FRACTION GAS CONSTANT ‘CSTAR /7 '3 EFFICIENCY

-0.0050 -2.0000E 05 15.000 0.8160

0.0 2.9300E& 05 41,500 0.8180

0.0209 2.8200F 0& 115.000 .0.8260

0.0600 3.0400F 06 131.590 0.8330

C.C600 3., 07T00F 06 132,900 C.8410

0,100 3,1300E 06 134,700 0.8560"°

0.2009 - 3,2400F 06 138.000 0.8890

0.2500 3.2800F 06 139.800 0.9030

0.3000 3.4200E 06 142.600 0.9200

0.3500 3.8700E 06. 148,800 0.9330

0.4500 4.6000E 06 "165.000 0,9590

0.5000 “4,8800F 06 171.300 0.9670

0.5500 5.0300E 06 175.800 0.9T740

0.6000 '5.0200E (6 178.100 0.9780

0. 6500 4, 8600F 06 176,800 0.2730

0 0.7000 “4,5500E 06 171.4100 0.9640
-9 0.8000° 3.6300FE 06 152,000 0.9220

C.0

C o0

C.0



6

0.T000 | 2.2700E C6 116.600 0.8590

0.,94800 3.7000E 05 58.700 0.8010
1.0000 . 1.3300E 05 29.400 0.7870
1.0050 1.0000E 04 21.000"° ‘0.7810

‘APOLLU ASCENT ENGINE PREDICTED PERFORMANCE-
NASA HOUSTON DATA CORELATION —
SIMULATION JF TESYT 006 % RUN NO. 1

INPUT DATA CI3NSTANTS Tk % FUEL OXIDIZER
ENTRAINED GAS — ULBS GAS / LB LTQUID N 0.0 : 0.0
PROPELLANT DENSITY - POUNDS / CUBIC INCH " , 0.03250 " 0.05200
LIQUID TEMPERATURE: - DEGREES RANKINE o 520.0 . L 520,.0
PROPELLANT ACOUSTIC VELDCITY —~ INCHES / SECGND : 60000,0 40500, 0
VAPOR PRESSURE CURVE FIT CONSTANTS - CONLI. - Be34461-03 8.9489E-03
{ LDOGI{PVAP} = CON1l % TEMP + CON2 )-- - - oo

C - CDNZ: —~%4.1095E 00 -3.6294E 00
PRNPELLANT MULECULAR WEIGHT 41,8 92.0
PRESSURANT GAS MDLECULAR WEIGHT v 40 4.0
RATIO. OF SPECIFIC HEATS ~ PRESSURANT GAS C o 1.670 1.670
RATIO OF SPECIFIC HEATS - PROPELLANT VAPOR 14050 1.100
DISSOLVED GAS EVOLUTION TIME CONSTANT + L/SEC. . 1.0000€ v - 1.0000E 0L
NDISSOLYED GAS CONCENTRATION ~ LRS GAS / LB_LIQ / PSIL 8.8889E-06 2.0526E-05
PROPELLANT TANK ULLAGE - CUBIC INCHES , 2.7600F 03 2.T6Q00F 03
PROPELLANT TANK INITIAL PRESSURE — PSIA ] 0.0 . . 0.0
PRESSURANT GAS BDTTLE VOLUME -~ CUBIC INCHCS 0.0 ' 0.0
PROPELLANT L1QUID HEAT CAPACITY - BTU /.18 / DEGREE R. 6.9100E-01 3.6800E-01
PRFSSJIANT - LOW PRESSURE C—SUB—V 7.5000F~-01 " T.5000E-01
PRESSURANT - HIGH PRESSURE C—-SUB~V 0.0 - 0.0
PRFSSUIANT - HIGH PRESSURE C-SUD~-P © 0.0 0.0
PRESSURANT ~ HIGH PRFSSURE GCAMMA 0.0 0.0
PROPELLANT VAPIR C-SUB-P 3.0000E~-01 3.0000E-01
HEAT SJAKBACK — BTU / LB SEC DFGREE R 1.0000E-02 1.0000E~02
SOAKBACK ITWJLCTOR YFMPEFRATURY - DEGREES R 600 .0 600.0
PRNPELLANT HeAT QF VAPIRIZATION - BTU / LB 475.8 178.2

0.0 0.0
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O.ﬁ73439

C.0T764%0 |
0.073556

C.00825109
G.NA5K67¢C
0.0R’373¢

C,C81796G.
Ct.CC4856
J0.03731%&8

C.100972
0,10493¢

- ATANL
D

_"ol

A 11“1>¢_’

\oi’?"‘

H clitaz7a

T1TT.e8 o
1170 3.69&-’

CAPULLO

NASA HIUSTON:
SI: IULLTI‘\I nF TFQT CoA *-

138.5400¢4
551951

17z.b583a5

152, 76555

157.95¢04
151e252e1
151.37i%0
143.48824
143.08%15

137.522u2

131.30673
129.074%4
1¢S5 CL1EDT
11S.73095
ll5.08l61

divecoiln

111.Ccl+2¢

1ice 76205
lizetioan
Lo7.635010
135.34 700

135. d\.ld'))
103.20l 7

L0290
10.348077
Liveoaera,
1o05.86%0 0
i Tenget

Love 300540

ey

164.54080 00

119.53004
110.76282

.0

0.10147

2475668
3.250T73
3.7846G0
4,31G1% 7
T 4,91950
5.,53300 -
t.115623 .
o HLTBTER
T T.35293
S T7.92012
S R.51198.

25132

$,.5546092

G.%7220° ¢
S 10.3418C
S 10.72223
1D E S
lr.27R00
1 1.551 77
11.727098
12.01590

12.720257

12.37281
170214357
C12.emeT73L
D AN T
12.700h07

';

2127.36034
132.50085 ¢
133.49069. .
122.65630 .,
LOr23.64055 . ¢
S 125.12430
121.757L6
122.53926 .

122.57&39

190.18991

164.79218

“158.78745 -
62.40424
5%.22453

:146.99807.1

146.22942 .

" 141.339907

136.52305 .

134.42174

121.42262

11£.39241

126.32312.

122.43489

S 117.S71806
2929

12162
inzel
0T 6R
s {5956

RUN NG.
7 202.00000 .
102.C8261 -

1%, :
120.60974
l/f

122

AQ”FvT E'GINE PFEDICTED PERFGR#ANCF
DATA CORELATICN :

1

0.0
012635 w0
S Cl25843 0 -
S 196.14391 0
190.22126 v,
179.37956,
S 162.24158
- 1RG.45116 ¢
S 1TE.CT7689 i
176687059
. 179.C3133

0.3989]

S G.60303 0
. 0.84400 .
f1.10913
C1.41850 .

1.69451

U 2,014600
2. 29194 '
'2.88205 .. "
3.40125 ¢

401677

L 4.,68780C .,
L 5.36209 -
Sb.11604
6.RG634
ST 6E2ET
R.GTGE2 .
T 9.25189 o
10.07122 0
11C.80408
C1i.seTTe
L 17.16080
L l2eT22130
. 13.37469

3.92398
1443808

14, “6-11:¢i
15.40265 .

]5¢77(~/l 3

16.12605 -
16, 4426G7 0

1672545

17.02050.

J7.22153

17.41727 -
LTe57660

Lo\>q703' L
1.69703 .
1.63733 -
© 0 1.69703 4
1oH8703
1.69703
169703
1.69703
1.69703 - .
1.6G703
1.69703

1.697373

L.6S703 .7

1.69723
1.6976G3
1.H69703
1.607I03

1.6%703
1.069703

L 1.69703 &
S 1.69703
T 1.09703
© . 1.69703
1.62703 -
'l oHA TN 33

1.66703

T 1.09703
1.60703
1.63703 7
1a6979 3
Bl GGSTOR
CL1.60703

LedG70273
l.6G703
1 e69703
L7032

BRRAT RN
66703

G
]
1

2110456788 -
©10.56786

1056735
10.56785 -

10.56736

" 10.567886" -
10,56786°
©10.56786
10.56786 5L
- 10.56785. 7
L 10.56785
L 10.506786 0 7
10.56785 -
10.56735 -
10.56736 .
. 10.5673%
10.56755
10.56785 -
10.56786.
1056786
- 10.56785
. .10.56785
10.56785
‘10.56735
10.56785 71
135.56786
T 10.56785 .-
10.56785 =i
10.50786
C10.556785 .
0.55786 .
10.506785
10.54a785%
156735
10,5674

S56TR5
L567d5

.’7’3‘\)’)
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€6

).125457
J.128517
Ja 131577

2.134637"
3.137697 "~

0.140756
G.143816
0.146876
0.149936
0.152996

D.1556056 7"

C,159116
0.162176
0.165235
0.158295
0.171355

0.174415

0.177475
0.180535
0.183595
0.186554

C.189714
0.19277& "

0.195834
D,18289¢4

0.201954 "

0205014

0.208073 -

0.211133°
302}./!'1(‘)3
2.217253%
0.220313 -
0.223373

2.226433
222493 T

0.232552
N.235612
N.23F577
0.261732
0.244702
N.247T852

¥

115. 8245106

112.49278 .
"114.15135 .
115.647535
112.24681 .
113.77951 "
C115.306130
"112.91135 -
113,12105
114.40430

S 113.26555

113:.2719G "
113.71346
"113.43927 .
113.56755-

C113.20981 .
113.32892 . -
113.72729
113.032563
S L13.19655
113.72264
T 113.00829
113.11752
1i3.60071 "
113.00095%
113.13219
T 113.42755
S 112.39911
113.1537¢

113.273%26

1i2.30074
113.18074
423,60528

370.01831 -

154.95790
225.56505

250025439
150.43265
© 183.72C20
213.75090
C1T71.T794>

147208745

12.65529 -
12.61789

12.60432

- 12.56708

7 12.55156 -
12.53622 - .
12.52458 "
12.52598

112.50608
12.50276
12.51346 .
T12.494624
“12.49286"
12.50438 .
12.45824 -
12.48797 -
L 12.4%664 .
T 12.40652

72.43583 .

12.48992
12.48092

12.48422
12.45449
12.47753
12.49222
. 12.48009.
T 12.47448
12.47964
12.47600
12.47191

12.47647

. 12.47229
12.469046
©,93551 -
- 254.22887 -~
198.55469 = .-
22245074 .

212.69870 .
©191.54123 -
168.63438

7.85461
6.12007

5.56300

- 5.,532328
4,.75097

$.22109

T4 .546320
4.087216

: o ‘ | |
v . y .

I1193377 1162985587
J.122397

123.92807.
126411011

" 124.28253 .
. 258.37427 .
D 253.34683 .
22R8.41068 -
164,62885
201.76282 .-

139.15045
159.49695

©..189.52721
139.45006
FU189,37213 0
T 170.71922
140,66920
126,39926.

. 149.13774

151.,37550

1806.99710 .
149,20546

163,18634

170.47678 .
153.91364

164.35974.

161.31302 "+
160,19505 -

1 162.69693
- 159.08246
©164.37192
160.99146
- 159.17740 -
164.03654 ;-
160.47394
e 11.61761
T 10.4€871

299.,52197

195, 492717

176.849782

183.18048

.?aégg

1766383
C L 1T.TET8O.
1.1T.86014
16,58267
* 1633722
- 15.55170 ;.
14.20146°7
14041042
S 13.96230 .
S 13.50745
2 13.69931 1.
71304035270
“13,30100"
. 13.36439 - -
S V13419232
13,21249
. 13.2¢780-
~13.13810
©13.1G6163 T
13.16830
13010176
113.17360 .
- 1314085 -
- 13.08250
13.17927
"13.12231
1 13.08597
C13,17701 0
13.10054 - .
13.10365
S13,161297
©13.09127 - |

13.122C2

Do31684

‘R.73347

£.60046
7.87798

L T.73408
R L0E4]19

7 0 48 750

L T.TTe40

b

. ) R

.'1569703

171.69703 7
+1.,69703
. 1.69703
© 1.65703
L 1.69703
. 1.69703 °
T1.69703 L
©1.69703 ., .
1.69703.

P 1.69703 7
© 1.69703 ¢

- 1.69703

1.69703 .
1669703, ¢
S i1.09703

1.69703 .
1.69703 .

1.63703°7

1.69703 .7

:*- 1.69703
1.69703
1.69703
1.6G703
1.69703 -
. 7169703
T 1.69703 .
"1.69703 -
1.69703 -
L 1.6G703
C1.69703

1.690763

161.26497

378.20581
7 3065.70215
- 250.560791 .

201.54379

L 203.4)884 7
179.90078
171040156
C185.37311
C16T.046T13 -
16764406

“10.56786 -
S 10.56786
10.567867. 7.
152.55981 "7,
155.10632 . - -
. 143.83022
7120.9256077
. 124.84138
T 112.74493 200
105.85847

139.33871.
"123.37105°
103.56548"
124.69229° .7
122.09152.

102.55080 -
101.82013 i
1007389740
101354377
171.01828 ¢
120.30533 "5
101645297770 4
. 101.01635 ¢ -

99.79724
131.81238

©130..49690 .. .-
39,6393%
101.94029 =
120.1200%.. 75
100.04573 -,
“121.063736 ",
. 39,92056..7 ¢
100.50883 7
290.51245 .
255. 60889 7
233.63129 -7

187.54999

2

191.40903 .-
178,09819 .
168.18175 7
177.91347.
164,16771 .
L 166,29318
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141.53937 ¢
132,93845 7
138.87962 .
. 131.859%94 -
130.86154

15.25641
202.31969 7.

t181.7433375
149.182880
D 1%8.53541

0
- 0
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tﬁo
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http:130173.60
http:15.55l.70

250012

253971,
257931 -
+260091 .

2263151
2266211
269271
2272331

,27:391-*
.278450°

2281510
928‘1’570.

:287630%7

. 290690
2293750,
OZQDSI.O

e29Q869§
0.305 2a

.30598¢"
303045
¢3‘21\1q

15169

.318229'_
321288
#32434877
£327408
'330468.;
.333528 "
2336588

2339648
2342708

1o 345767

)e343827
12351887
« 3564947

I
1358007
e 3RTNE6T
1o 264127
?.)671n
1,370 244
' 373306
1e 376356

.373426

193 77076

V79535442
198.17433 - -
l({:r o "

'm&‘:' A ;
Lqé.bbasuﬁ;'
LT T 49448
181“38840
197.25603 .7,
178.084007 o
C182.79912
19¥3.7212800
“179012665 0
. .185.26795
130.83752
T179:82399°
Sel8Ta 15277
L 138.T1271
_180 33463.7"
‘188030978!'
186299811
N181;008043
L1885 89G93"
185.27519%
T182.09537 ¢
L 188.77733
1834903957
S 183.22008° %
158.25053
163.09575 -
184.23755 -

187.56082
ClBZeTA425

o 185,30030 -

LBo.33007

";15&.76059"v
18545779
l3o.l4n32
o l82,95T32 -
T153.64033 -
185.53%00 -
“183.1730s 7
185, 77235

L B5,03461
T 4.572A0
AN 735*1 
4.,91259
L 4.60685 "
4,73690
T 4.83019 0
L 4.624330
. 4.83267
S 4.78158
D 4,64349
4,84507 ¢
T 4.75139 .
1 4.66620

Tk 69135pgT
. 4.83029
U4, T13397
4, 71576
< 4.8ISTL
T 4.70258 ¢
L 4.73460 ¢
S 4.80019
L 4e69750
U 4.T74871
S 4. TB3TE
462706
4.75852
4, 76682
4.70012 -
T 4.T66G624
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"7.53653 .7
T7.53590

7253529
. 7.53458
-T.53387 0
7.53332

7.52252

C7.53191 -
7T.52121. .
T52062
S Te529R7 -
0 7.529727
7.,92828
L 7.52179
L Te51068
D T R9326
T W h TR0
T 43720
S T7.39710.
T.54782

7.24107

T.2721 87

T.13035
To042006

166.4G958
166443823
16044530 -
166.39357

166.39423
166.36132° 7
166.34871
166287 5%

166.29745

166.24243
166.25216 .
166.17T149.
1166.22601
1166.10535 -

166.165417

_'166908665 '
U 166.09731 -
166.04083
166,04221

165.991973

165.99107
165.94533

165.,93570

165.90074

165.88313

165.85225 - -
o 152.33987

1 152.32869
152.29544% .-
152.28949
T 162.26186
162.24382. -

165,83488

165.80048
165. 77801

165.7&193

165.72292°
165,71333°
165.55565
165435010 .
164, ‘JC‘Uu'i
S 164 .428177
163.83273 -
1A3.UB740
102.09007
"01.)5757.ﬂ
B l )(7‘! ;'74)(\
155.140073
156.25768

Alai 8777ﬁ:1a

T 15248%63200
15283340 1 1
152.81371 &
162, 79366 w0
162, 7734%, 0
162, 75693

C1562.7278% -
L1652, 71053
L 162.68752 -
152.6673%
152465408
©152,629527 7
152.61225

162.58871
152.57057 -
162.54523 " -
152053246470 .
L 162.50117
L 162.48927.
o 152.46253
15244641
©152.42551
T 152.40453 .
S 162.368031 0 1

152.36848

152.10542

151.86220 .
161046786
1560.139857. .
160.20932

159, 32599

156.227260
155.96043"
159. 43349

153, 61826

191, 52568

129.46016
129.644482

129.42531:
129.41808
129.60074 "
129.383885
129:37059. ..
128436391 .5
129.33987.-
. 179.33437
2 129.30797 -

129.30208

. 126,28270.:
'129.27368.
123.25182
;190 24315,

2921249
12o.21705~5
129.19307 .
129.19128
129.,15994
12G.15926
129.,13832.
125.13094,
S 12%.05200
~}128,90289
1?9 53710

L/-32_Or‘

127,?3102-
S 127.254067
126.69582
125.91661

124.9219%

173485960
122.57C9% .

S 0lelT62
1 0.61743"

129, 5%2125
1 129.55994
129.54596 -
12953261
129.51909"
122.52601
129.45120°
129.47441..

0.61741
0.61771
20.61750
10.61768

061747

. 0.61782
1061747
S0.61795
- 0.61733
- -0.61807
0.51724

0,61799
0.61756

 0.61789
0.61758
"0.61784 .
c0.61763°

© 0.61787
S 0.561770
L.61781
T 0.61781
L 0.61789
L 0.61777

0.61779

0.61802
" 0.6178%
~C.61819
051778
0.617397

T.61756

0.61758
L 0.61706
s}

nk[).L
LAL3NT
LO11562
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0.730268

0.782328

C.7R3I44R 7.
£,79250%
N.7955567

C.723627

0.001567
0.804747
0.807807 -
0.21)367 ..
"CL.213927 -
N.816986
0.9200466
0.823106 -~

00826166

0.822226 .
C.83228¢6 "™

Ge835246

C.838405 -
0.2414565

T

T =
0.844525

C.847585 "

C.250645
0.853705
C.P55765
0.855825
0.857884%
0.855%44
C.86°9004
C.R72064
C.R75124
C.87213¢4%
C.231244
.736353
Ce8373412

0.£90423
" R336423

Ce343845

$180.0CTLT
137.2573%
188.00alY
€.735388 -

190.30553

193.32997

210.%24144

221.41287

21 6.57744
211i.813%98 °

206.380612
c1lJ.8%553

L197.8C710

212.32510

0.643845

251.58527

215.48106 -

203.52406

J

175.65360

194, 38300
20041316838
189.52493
138.4C525
138. 78074

130.353485 -

i50.84>10
183.G82>5y

.195.35592
L9G.Bb05b

L83, 70G17

235. 5703
lode.lood3
TL8B.Y32¢T71
134¢25% s~

"2l12.76822 T

210G.81181 "7

L S0.I2439

‘ : - '

C4e42202

4,35300

L 4.30013
T 4.21720
: 4, 10755
195.5G8649 0 w3 ;
156.83247 .
223,20739
23T T6T6s

36 B1H4T
L2 ,5128C

3437024
C 73009250 -
1 2.76531
2.39758.
‘2.08195 ™
1.73081
. 1449679
U l.24408

1.02071

0.77806
0.59724 "

0.43204

0.28926 °

0.13543

1 EMGCUT

0.D0011
N.0N358
-0.70954
D, 02797

~0.00583
T=0.00D42

-0.00170

0.0 1045

-0.004A273

-0.00511

CU.00230
—0.00232

=0.23205

0.00731

21, €J e

S 191.59464°

'193.85388
Lo 195.887T4 o
" 198,66238
1202.56122 .
205.94121 =
209.29176 ..
214.34703 -
45062 "0
220.52937:

224.20772

1229.75488 0
T 218.99565 7"
21414496 -
. 219.62881 ...
T 214.17267

208.69878

213,89043 . .
215.89935 ~
198.28085- .
201.86964 ¢
. 2172.29858

2 . ENGCUT =
.01439
,«oﬂéo

204.92961 .
180.98445
187.71384 -
206.92319
192.56146
182.23650
194,

93953
202.63519

~183.22585

187.66808
203.55654

200.53551 ..
161.16538°%
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208.27124
137,68929 "
185,08095.
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4.75540
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73.00000 -
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. =0.0C071
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6.42728 -
L 6.18688 ..
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=001 TS
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b GT229

154.06T83
151.2971C -
148.07806 ..
S 144,05069 . -
139.08727 0~
"133.12711
126.04623"
C117.55421 -
107.64308 .
96.91014°
. B4.89104 .

T 71.95047
L61.06001T

'50.91597

. T1.38914

L 42.41977. 740
L 2B451126 00
125417586
. 16.00700"
s 11229398870
L. 0.543520

‘0.36578 -5
G.16948 -

95204 .
A 460491?“*

143.97807."
. 95079
142, 37750

145.

138.04236 "

0132, 78494
126462448,
119,
111.00815 -
101.45038 =~
21.20877
79.98128".

98863 v
T 5T 981637
. 48,6C950
74219 -
27.27206

43027

[ 24434633

S 15.67316 -
TIT12496082777
7. 2667sj;.“ .
‘i.e,ossax-“a¢
Q;BQSYQ;w~Ff

5.76572 .
001869

62 7178

L 4.6645%

4.65327. .
4L 64061
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3423417 0
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33269
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95.42091
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BOL56887T7
'71.95837 7
62.14359
53.74811 77
45.82312 7. ..
T 0.4794C
L 0.4065%
- 0.50141 -
‘0.,2105¢C
“0.63191
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"37.21672

725.91008

- 23.16362

15,L964o~'7“

“12.81 731"
7.21308

4. T63291

1.4.64550
©14,57088

2.02191 -

1.19558‘”
4438222 . -
©4e59054 . F
1 4,80390. ¢ |
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4.581237 ¢

4 8T 229 v
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0.60317
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0.896543
0.899603
0.902663
0.905722
0.908782
0.911842

ORI IAUZTTTTIIET RIS 0T

T200.90932

1B83.7542]
192.02504

U231, 67516

L150.08804%
186.98824

-0,00889
G.00314
0.00144
0.00473

-~0,01167 "

0.00715
"0a000%5°

T 199.75656 © 0.00703 4.58654
204 14778 . ~0.01169° 4.57T273
180.13454 -0.00380 - 4,55886
191.53931 0, 00909 4. 54492
204.97755 ¢.00591 . 4,53090
193.93300 ~0.01571 4,51683 -

w’181 CTQ210 T "0, 008607 T 4. 50269

gC?GOI EXECUTION TERMINATING DUE TO ERROR COUNT 'FOR ERROR NUMBER '21?

HC2171 FIGCS - END OF DATA SET ON UNIT 5

RACEBACK "ROUTINE™ CALLEDFROM™-ISHN™

NTRY" POINT

FRUNL #

MATN

=01 0399C8 -

“REGE™™ 14~

0003A304

O0O00DD1A

REG: 15 -

0004B7F8

010399C8

REG."

1.4102%
1.42781
1.59993
1.77983
1.590675
1.97992

T 2. 02827

Qe mREGL L

0000A414

FDOC000B

000339A48

" OO00TI9FFSB

.08 654
4. 57273
4,55 886
4,54492
4.53090
%.31683

5. 50269

1. 00000
1.00000
1.00000
1.,00000
1.00000
1.0G0000
1.00000



APPENDIX B

APOLLO DESCENT ENGINE START TRANSIENT MODEI
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APQLLO DESCENT ENGINE MODELING

The feed line configuration of the Apollo Descent configuration is shown in
"Fig. B~1l. Since this engine model is to have response requivemenis similar
to the Ascent Engine model,the model will be divided into line segments in
the same mainer as described in Appendix A. The barrier coolant passage which
_has a very high resistance will be neglected in the start model and it will
be assuned that all fuel goes through the injector. Tables B-I and B-IT show
- the physichl data on thé line segments for this engine, '

'i‘he effective area of the engine shutoff valves as-a function of time is shown
‘in Fig. B-2. For this particular simulation the flow control valve is in its
wide-open position and does not cavitate. Thus, it is treated as a valve with

an effective areae which gives the correct resistance as noted in Tables B-I
and B~II.

’i‘able B-IIT shows the input da.ta used for the simulation of the start itran- -
sient and Table B-IV shows the output dataﬁ, slong with the g*aphleal resulis

‘presen'bed in Figures B-34 throug_h B-3F.
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€0T

Fuel Tanks Oxidizer Tanks-

1.50 dia. x .035 Wall

.
Cres Tube &' Long

Cres Tube

2.00 dia. x .035 Wall — 2.00 dia.
Cres Tube 13' Long . - Cres Tube

-~ Flow Control Valves .
;5 (Cavitating. Venturl)—q2~____

2,00 dia. x .035 Wall-»“21“~um" L 5 2.00 dia.

Cres Tube L.2' Long Cres Tube
; &~ Shutoff Valves .
> =®

<72.00 dia. X ,035 Wall
Barrier Coolant Cres Tube 1.7" Long "?LHWA 2.00 dia.
Passage Z Cres Tube

Fuel Injector - " <:{:> %-Ox1dlzer Injector

=1, 75 dia. x

.035 Wall
6' Long

* 035 Wall
13" Long

x 035 Wall
3.5' Long

x .035 Wall
1.2'" Long

Volume = 45 Cubic Inches . Volume = 30 CUb:Lc Inches

FIGURE B-1 - Apollo Descent Engine Feed .System Schematic
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TABLE B-I

APOLLO DESCENT ENGINE FUEL FEED LINE PARAMETERS

SEOMENT T.ENGTH AREA WALL COMPLIANCE  RESISTANCE

NO. w-. sm  sem/xio®  _se¥/md - COMMENTS
1 1020 292 L.67 0000800
2 10,2 2.92 ° 1.67 0000800 Orifice Resistance =
.0080862
Line Resistance =
0000800
3. - R, - - o Shutof:-f_' Valve Open
: : o . gt = bl in® R = 006680
L 0.2 . 2.92 1.67 ~ .0000800
5 12, . - 2,92 1.67 .0001019
6 15, - 2.92 1.67 ~ .0001176
7 12.2 2.92 - 1.67 -0000956
8 S - - . Flow Control Valve
: ’ : Simple Resistancé at
Max Thrust
, _ _ R = 0.00k3L0, C A = 0,5L59
9 11. 2.92 1.67. .0,0000862  ‘Interface
10 3.~ 2.92. 1.67 ~ 0.0001019
i1, 15, 2092 1.67 _ 0.0001176
12 17. 2.92 . 1.67 0.0001333
13 " 19. 2.92 1.67 0.00014L89
1k 2l. . 2,92 1.67 0.00016k6
15 23. 2.92 1.67 0,0001803
16 20, 2.92 1.67 0.0001568
17 7. 2.%92 1.67 0,0001.333
18 © 11, 3.22 1.2k 0.0000862
19 15, 3,22 1.2k 0.00011.76
20 19. 3.22 1.2k 0.0001490
21 17. - 3.22 1.2 0,0001333
22 - 10,2 3.22 .24 0.0000800
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TABLE B-1I

APOLLO DESCENT ENGINE OXIDIZER FEED LINE PARAMEIERS

SEGMINT LENGTH AREA VALL COMPLIANCE  RESISTANCE

NO. pry so N sqm/iBx 10° . sec/mv COMMENTS
7.0 2,92 1.67- . 0,000031]
2 LTely 2.92 1.67 0,0000332
3 - - - - N Shutoff Valve Open
. o ' . 6 4=1.0"4n° R=.001293
Tl Tor . 2,92 1.67 0.000031L
5 9% 2,92 1.67 0.0000403
-6 11. 2.92 1.67 0.0000493
7 15, | 2.92 1.67 0.0000672
8- - - - L Flow Control Valve
) Simple Resistance at
Max Thrust
R=0,001169, C4A=1,0518
9 1l. 2,92 1,67 0.0000h93 Interface
10 13. 2092 1,67 0,0000583
11 15, 2,92 ' *1.67. 0.0000672
12 7. = 2.92 1.67 0.0000762
13 19. 2,92 1.67 0.00UUB52
1l 21, 2.92 1.67 0.00009152
15 230 2.92 1.67 0.0001031
16 20, 2,92 . 1,67 00000897
17 17, 2.92 1,67 0.0000762
18. . 1. k2 1.57 0.0000493
19 15. holi2 157 0.0000672
20 1%, hoh2 157 0.0000852
21 . 17. Lh2 157 0.0000762
22 10, Lok2 157 0,0000LL8
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TABLE B-IIL

APOLLO DESCENT ENGINE START TRANSIENT COMFUTER MODEL INFUT DATA
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Z 12y 22 10.2 10.2 0.0 10.2° - 13.0 0000100,
.9 12.2 0.0 11.0 13.0 - 1540 0000200,
1f.U 16,0 21.0 23.0 20.0 17.0 - 7 0000300,
I11.0 15.0 19.0 17.0 10,20 . 0000400,
2 181 22 7.0 . A 0,0 7.0 9.0 " 0000500,
11,0 15,0 0.0 - . 11.0 13.0  ° ° is,0 0000500,
17.0 19.0 21,0 23 .0 20.0 . 17.0 - 0000700,
11.G 15.0° 19.0 17.0 10.0 : ) . 0000800,
2 361 22 0.000112 0.,016038 0.0 . 0.000YI2" 0.000143 00005900,
0.000165 0.00013¢4 0.0 0.000121 - 0.000143 0.000165% 0001000,
0.000187 0,00020% 0.000231 0.000253 0.000220 0.000187 0001100,
. 0.000113  0,000157 0.00019% ™ 0,000178 0.000107 - - * 0001200,
2 421 22 0.,000039 = 0,000042 « 0.0 0.000039. | 0.000051 0001300,
0.000062 0.000084 0.0 © 0.000062 | 0.000073 | 0,000084 0001400,
J. 000096 0,000107  0.000124 0.000129 0.000112 0.C00096 CUOLS500,
U. 000115 0.000156 0.000197 0.000176 0.000104 0001600,
5 1 26 21 150.0 0.02779 0.008453 0.0 | . 0004100y
-0.005 0.0 0.02 0.04 ) 0.06 . 0,10 0004200,
0.20 0.25 0.30 0.35 0e45 ° 0.50 . 0004300,
O.52 0.60 0.85 -0.70 : 0.80 : 0,90, 0004400,
C.Yxn 1.0 1.005 _ " . 0004500,
> 36 21 -0.2 £+06 0.293 E+06 2.82 E+06 3.04 E+06 3,07 E+060004600,
3.13 E+C6 3,24 £+06 3.28 E+06 3,42 E+06 3.87 E+06 4.60 E+060004700,
©.88 E+06 5.03 © E+06 bH.02 E+06 4.86 E+06  4.55 E+06 3.63 E+060004800,
.27 E+06 0.37 E+06 0,133 E+06 '0.01 E+06 . 0004900,
5 66 21 15,0 41.5 115.0 ° © 131.5 132.9 0005000,
134.7 138,0 139.8 142,6 145.8 C165,0 " 0005100,
171.3 175.8 178.1 176.8 171.1 152,0 . 0005200,
116.6 b8 .7 29.4 21.0 0005300,
5 96 21 0.8l6 0.818 0.826 . 0833 © 0.841 0005400,
U556 0.88¢9 0.903 0.920.. 0.933 : 0.95Y 0U05500,
D.987 0.974 . 0.978. 0.973 0.964% 0.922 0005600,
U39 0.801 0.787 0.781 . o . QUDSTOU,
3 1 21 3.0 0.0 0.046 - - 0,06 0.063 QOUS B0,
3,10 0.073 0.148 0.083 0.205 0,093 0005900,
U.239 0.098 0.279 0,103 . 0.326 ' 0.108 - 0006000,
U . bdr 0.119 0,44 , 1.0 . _ . 0006100,
3 101 31 3.0 . 0.0 0.0005" 0.02 - 0,005 V006200,
U,036. 0,01 0.06 0.015° . 0,088 - 0.02 0006300,
Ualbb 0.03 0.238 0.04 0e331 0.05 0006400,
J.433 V.06 0.562 0.08 - , 0.766 0,09 0006500,
Uoub9 Q.10 0.938 .11 1.0 T Nn.11g 0006600,



1.0 1.0,
3 201 9 323,0 2520 L 0.0 L. 245.5
241.0 1.0 240.0 1.2
5 211 3 8,0 0,5459 1.0
s 301 9 323.0 260,0 0.0 . 254.5
251.0 1,0 250,5 1,25
3 311 3 8,0 1.0518 1.0 -,
3«01 5 1.0 45,0 0.375 0.62065
3 £33 5 1,0 30,0 0.25 - 0.31727
-3 526 4- S54.4 2557,0 0.0 - 1.7 :
~sD1 IPR=3, 1ST=1, ICMT=3, NSEGF=22, NSEGO=22, DELT=170.0E-06,

Af=2%2,92,0,4%2,92,0,9%2,92,5%3,22,38%0,
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DATE 12717770 TIME 9131616
APALLN NESCENT ENGINE
DATA CORPELATIGh
LTA-"& SERLES -11 - TEST 2+ QN 2
INPUT DATA CONSTANTS % % CFUR - OXIDIZER
ENTRAINED GA&S — LARS GAS / LR LIQUID 2, 10006E~03 - 4. 9000E~03
~PROPELLANT NENSITY - POUNDRS / CUBIC TNCH 0.03250 c 05200
L FQUIN TEMPERATURE - DFGREES RANKINE : 530.0 - 777777 7T 753060
~pROPELLANT ACOUSTIC VELQCITYY ~ INCHES / SECGND 60000 -0 © 405000 0
VAPOR PRESSURE CURVE FIT CONSTANTS - CONL 843446E-03 80.9489E~ 03
T LOCIPVAP) = CONL #* TEMP 4 CONR™§ ~° 77w oo merss e meee e : T
O . - CONZ - ~4.,1095E 00 -~ 3.6294E 00
PROPELLANT MOLECULAR WEIGHT Y 41.8 92.0
PRESSURANT GAS MNLFCULAR WEIGHT A B CCTESYTTTTTTTTTTTTTTTTT T4 0 o
RATIN OF SPECIFIC HEATS - PRESSURANT GAS . 1e670 1.67C
RATIO OF SPECIFIF HEARS =~ .PROPELLANT VAPOR 1.050 1.100
DISSOLVED GAS EVDLUTION TIME - C ONSTANT - LASECs 1.0000F ¢1 . 1.0000E 01
DISSOLVED GAS COANCENTRATION - LBS GAS /1B LIQ / PSTL 8.8889E-06 2.0526E~C5
PROPFLLANT TANK ULLAGE ~ CUBIC JNCHES - . 0.0 e R+ P -
PROPELLANT TANK INTTIAL PRFSSURF = PSIA 0.0 . G-0
PRESSURANT GAS ROTTLF VALUME — CUBLC -INCHES D0 - L 000
PROPELLANT LT“LTD HEAT CAPACITY - RTU /7 LB / DFGREE R ' 5.9100E-01 3. 6800E-01
PRESSIURANT -~ LCW PPESSURF (—=SHUR-V 7-5000FE-01 705C00E~ 0L
PRESSURAMT - HIGH PRPFSSURE (-SUR-V o0 0.0
POESSUPANT - HINH PRFSSURE C-SUR-P N.0 Co
DRZ’S‘;'UQANT - MHISH PRFESRUIPE GAMNA J el ge



| TA=5
Ca? 251,06GQ8 0 00NCD
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ITEIATION ERRDR IN BRANGH.
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APOLLO DESCENT ENGINE IM-3 FLIGHT ANOMALY
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The I¥-3 anomaly simulation considers thé passage of a gas bubble ﬁhréugh
both the fuel and oxidizer fesd s;s‘tems of the Apollo Deseent Engine. It
is assumed that the bubble has no _ei‘fec‘b on the systen wntil it' starts to
pass thrét;gh the cavitating venburi., This moda‘!. will use the same segmentation
and physiea.l characteristics as the start tra.nsient demons‘tration - .éppend:r_x
B. The equations and procedvres used to calculate the performance oi' the
system arg presented as well ag the ca.lcula.tzl.ons of parameters needed for
the input data shown in Table G-I, Table C~IT contains a listing of the
Igao-dified 'progra.m"subrouti.nes., The proéram pictorial output is shown in
Figs. C-1A through C-1F and & listing of the ouiput data..i_s presented in
Table C-III,

133



I¥~3 DESCENT EOINE ANOMALY

T. Cas Flow Throueh the Cavitating Yentu..

. - bubbla
The upstream fluid flow and pressure o /’é’/ (=

- ave: =
_ WI,t) H{Iwl,t)
P(1,4) = Oh(T) - 03(1) - W(T,%) PL.t) P(I-1,%)
« R(T) « #(T,8) « Wl (c-1)
Dovmsbream
P(I-1,%) = 03(I-2) ° #(T~1,%} - c2{T~L) (c-2)

The gas flow through the cevitating venburi will be calculated using the
compressible flow equation .

Wy = £(P(I,%); P(Iﬂl,t}, A, m-) (c~3)

The upsﬁrem gas pressure can be i‘cund i’rom the perfec%; gas Law.

- M (%) BT when: (t) = 4 (1) = et (C~4)

V_ (%

P{I,t)
g v (t}_V (t—l)ww(}ﬁ ’e) pf_

The downstrsam gas pressure is found in a similar fashion

C T (t)RT Cowhens M () =¥ _(-1) + ¥ AL {C~5)
P(I_1’ W) =g Mg gd gd g

gcl . _ . t
ROERINCEY %;(1,@%-
These equalions will be propgrammed as follows:

1. EBstimate P, and P

Gu - TGd
2. Calculate x?rg | Z e {(C-3)
3, Caleulate  w (I-1,%) - Rg. (C-2)
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‘9_9.

10: -

' Caleuliate

Caléulate

N Rei‘t-éraﬁe_ .
‘Calculate.
. Caleculate )

'Calcula'_be ;

Reiterate

P(I-1,t)

Mg d(ﬂ:), v gd(_t)

S

if necessary

ﬁgﬁ(ﬁ?}_véu(t)
P(X,%)

if necessary

TT. Gas Bubble Downstream of Venturi

We have the followiag

rela:i:ions H

Upstream flow determined by cav:.r.a‘cmg ventum. flow, downstream pressure
m.ll be bubble pressurea ’

The injector £low will be calculated by

| '.‘P'(l,t) - ch(-i;)‘ = Rix?:{-l,t) Iu(:t.,t)l

and the flow in the line is:

BEL%) P08 = R - L

G{L,t) «8{1,%-1)

A%

Solving ‘these equations to eliminate P(1L,t) we have:

P(B,t) ~ P(t) - RyH(1,t)

TR

ﬁ{is'b“l) =

. ‘{“»T('.i.,'b)' v- Fé%ﬁ ﬁ'{l,'b)

© Eq. (6-5)
. Bge (0—5?
- By, (C-1)
Bqo (C-k)
. —E?,o (C"Ai-)
tubbl .-
M = )
% 5 ?——5:“
TRt
| #(1,%) --w{l £e1) (c-6
(c-7

Ry #(1,8) * 11,0 - g #(1,8) + g 81,60 = 0

(c-8

T2k



or

(R£+ R. )wfl,‘b) [W(l,t)i (Ag/z}.l A3A1>W(l’t)

[P(B 5) ~ B (t) * (Ag&t A;&‘it)xzru,p-l)] =0

. . s q;
" E—-——mig (P(l,-b-l) - 3(_13,1;)) -1 -[&t A;Lg](ﬁg Aﬁ) (P(B,5) = P(B,t~1))  (G-9)

The pressure in the bubble is:

oo ) M_RT i ov ' CHEVL CRI

. £} - ....._.o.;. - - < -

oNTa s B T P

IO (AL H(1,1)) (6-10)
. L N p

* The f‘lows and pressures will be calculated as follows:

1. Bstimate = . Py

2, Caleulate - -(c,t) - Subrputine Cavent
31 Calewlate .. (1,8) - - Eae (0=,
P(B, t) - Eq. (C-10)

li. Calculate B 3

5. Reiterate if necessary
_6. - Calculate . P(T.e) - e, £0-7)

The Llength of the flwid column L will be calculated from Mi(t-l) as
follows: .

A2 - x @)

The minimum velue of L will be set to 1 inch to prevent computational
difficulties.
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TIT.

Gas Bubble Passing Through Injector

Tt will be assumed thab
+the bubble staris to flow

into the combustion chamber

w(lgt)

r-——‘

—— T

W(cgt)

when Mlﬁt)/b falls below some level

(set by data).

ek

W(l,t)‘:%?—f.
bubble

The gas will flow through a fixed proportion of the

The calculation will proceed as follows:

1. Iistimete P

2. (Calculate

injector area. Thus:
Ai = Ag + A£ (0—12)
irg z £ (PB, P> Ag) . -(C-13)
W(1,8) =27,807 &y yJ(Bg - B) (C-14)
ﬁic,t) = f (cavitating venturi) ’ (C-15)
| . = M (t-1) .= &# At
0L M (4) = 0 (61) - % L (6.16)
B 'Vg(t) . o M+ A We,t)
¥ (£) = V,, = oS :
SN
+ FAY Wpl‘ t)

W #ist) - Eq. (6-13), (C-10)
3, Calculate  wlc,t) - By, {C-15)
L. Calculate Py - Eg. (C-16)
5. Reiterate  if necessary

Distribution of Resistance

The resistance of the line between the cavitating venturi and the in-

Jector will be initially lumped at the injector end.
is the line downstream of the Venturi starts

flows will be set equal.

411 pressures and



to £A1L with liquid the Lumped resistance will be reduced.and re-
sistance added %o the upstfeam element,
Data Package
. The anomaly started at a G.E.T. of L0:47:39.25, and is noted by a rise in
oxidizer injector pressure. The period to be simulated in the model will

- be from 39.25 sec E
- ®

’.ohrc?ugh 112.80 secy 53*5 e s e - s

" the throttling B : T '
a8

transient -during & & 3 =

this pei*iod. The %% :

throttle position %% T 25 - >

is related 4o come g‘% 93.h7.38. 39 - Lo - W1 2 . . L3

gl wolimes by e o _Ground Elspsed Time (G.E.T.)

relation

T = 0.116%°+ 1.12  where: X = Percent Throttle
¥DC = . JYolts

Using TRW data, the area time relations can be obtained for the injectors

Model . . .

Time Throttle s Fuel - .  Oxidizer
G.EB,T. - {sec) (%) VaDeCo Res. -  Ares Rese bree
39.25 0 - 26,6 " he205 0.0338L  0.195489 o.1u9oh' 0.092893
39.50 +250 28,3 L.h03  0,03131L  0.20323L  0.13341  0.098h59
41.80 2,550 28.3 1L.103  0.0313L  0.20323k 0.133L1  0.,098L59
12,80  3.550 33.0 L.948  0.02579 0.223938 0.10213 0.112530

. Units =

Res = 1by, secz/lbm inS

Area = sg. 1.
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The throat area of the cavitating venturi

. equation:

"Solving for A, we obbain:

1‘32 Aj

5 ;
ngAl (Pl - P2) +

2 1/2

A, = “

2
. W

The flowrates at various throttle settings
. . 10,500 X _
WI 300 100 035){
. ﬁb
ot W = W,end ?f; = 1.6
HModel . o .
twe X ORI
0 26.6 9,30 5.73 3.57
0.250 28.3 9,90 . 6.09 3.8l
2.550 28.3 9.90 6,09 3.81
3.550-  33.0 11,55 7.11  L.hh
’ Fuel
P " 0.0325
P, 1.60

will be determined Irom the

nl = 2092 in2
I’Bm in

g = 386 )

. - ;BFSEG
: w = Flowrate PP3

p = Density 1b_fin’

P:L = Upstream pres. 235 psia
J P:2 = Vapor Pressure - psia
. Aé_ = Throat Area - ':'an
will be determined as follows:

A

s %
0.0L66L6 0.059659
0.0L9781 0.063405
0.049781 0.063L05
0.058009 0.07h018

Oxidizer
0.052
5.30
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The size of the bubble is given in cubic inches and the model uses weight.
The perfect gas law will be used to relate the two.

g = B _ 23V
v TR T OIBIL oo

5

9.,6552 x 10 -~ V

Input Data -

Time bubble starts through venturi

E(161) 0.0 - TFuel

E'(162) 0,001 - Oxidizer -
Initial bubble weight = 9.6552 x 107 x 30

E-{163) 000290 Fuel

E (16L)° 0.00290 = Oxidizer

Ratio of 1liquid flow area to total injector flow area when bubble goes
through injector

E (165) 0.1 Fuel

E (166) 0.1 Oxidizer



TABLE C-I

APOLLO DESCERT ENGINE COMPUTER MODEL

INPUT DATA ~ IH-3 FLIGHT ANOMALY



2 121 22 10.2 10.2 0.0 "10.2 . .. 13.0 0000100,
1%.0 12.2 ' 0.0 11.0 13.0 15,0 ~ 0000200,
1700 19,0 . 21,0 T23,0 20,0 17.0 V00300, )
1.0 - . 15.0 19.0 17.0 . *10.2 . 0000400
2 181 22 7.0 N Tk 0,0 T 7.0 .7 $,0 - 0000500,
TYOTTTTT T ARG T T 0.0 1.0 13.0 TTRELO 0O00E00 .
17.0 19,0 C o =21.0° 23,0 v . 20,0 17.0 0000700, "
11.0 18.0 19,0 17,0 - . 10,0 ) . 0000800, ..
2 361 22 0,000112 "0.,0160 CTETO T T 0,000112 7 0.,000043 D0GDIDT,
U.00D0165 0,.,000134 0.0 0,000121 0.000143 0.000165 00DLOQU,
U.000187 0.000209 0.000231 ¢,000253 °  0.000220 . 0.000187 0001100
TUYOUOTIE UL UOUIST UL T00IYY 0. 000178 GO0 o7 T T T O0GIZ00
2 421 22 0.000039 0.000042 . 0.0 ° 0.00003¢ 0, 000051 G0D1300,
0.000062 0,000084 0.0 0.,000062 ' T0.000073 . 0.000084 0001400,
OO0 009% T U 000107‘“”“E$D00124""‘“U?UOUEZ?‘_*”ﬁ“Oﬁbllz"“”0 ;000096 00015060,
.,000115 0.000156 0,000197 0,000176 . 0.000104 Q001600
5 1 26 21  150.0 . 0s02779 7 0.0084532 0 0.0 V04100,
TLUoS 0.0 oL UL 0% 0,08 0,10 4004200,
0.20 0.25 .30 C0.35 . 0.45 0.50 0004300,
{}055 Gqég {}?55 Qa?e {}ca{} Gogc M 3004“{100?
oLEETTTTTT T 0T 12005 . : e + Fo T 1751 o 1 DU

57 36 21 ~0.2 E+06 0.293 E+06 2,82, E+06 3.04 ~E+06 3,07 E+060004600,
3,13 E+06 3,24 E+06 3,28 E+06 3,42 €406 3,87 E+06 . 4,60 E+060004700,

G RN ETOS 5 L03 CER05 B LUZER06 4L.B6  E+UB 4u55‘ t+Q6 3,63 E+F060004800,

2.27 E+0&6 0,37 E+06 0.133 €+06 0,01 E+06 7 : i 0004900,
5 66 21 15.0 41.5 115.0 . .- 131, 5. 132.9 0005000,
TIsE Sy UUTTTTIZgLe T 18%.E 142.6 148,87 16500 0005160,
171.3 175 .8 1781 176.8 | . 17i.1 1520 0005200,
11646 58,7 29,4 21.0 Y - Q005300,
) 9217 0,818 U818 T 0826 0,833 0. 841 0005400,
V.56 0.889 0.903 0.920 0.933 0.959 0005500, )
0.967 0.974 0.978 0.973 | 0.964 0,922 7 0005600, )
0.85% 0,801 D.787 BRI £:5 A : . 0005700,
3 201 5 323.0 235.0 0.0 1 235.0 : 10.90 T 0006800,
3 211 3 3.0 0,44 10.0 o opves20y
YT 9 08,0 T 046646 T UUT 0 049T8Y T T U dLE507 T | 0006HGD,
0.049781 2,550 0,058009 3550 o 00068605
ﬁ 231 9 201.0 0.195489 0.0 0.,203234 0.250 0006880,
W 203234 2,930 0a223938 3,550 . : © TO0UAT00
5 301 5 323.0 236.,0 0.0 . 236.0 10.0 OBUTO00,
F3., 311 3 3.0 1.0 10,0 L QU0T7020,
3 371 9 108.U efln9609 0.0 0.063405 U.250 BUO 040,



http:0.0001.12

0.063405 2,550 0.074018 ~ 3,550 _ 0007060,

3 331 9 201.,0 0.092893 0.0 0.098459 0.250 L. 0007080, .
~0,098459 77 2,550 T 0.1T25307TFL.B50 - Y o Yo o i Mo [ P :

3 401 5 1,0 45,0 0.375 - 0.62065 « 1.0 0Q07200,

3 433 5 1.0 30.0 Q.25 v 031727 0.5 Qo07300, g
=3TTTBYE G T SE L 2S5 70 0.0 1.7 - T 0007400,
$U1 IPR=3, IST=1l, ICMT=3, NSEGF=22, NSEGO= 22, 10=1000000, .

Ab=2%2,92,044%2,92,0,9%2,92,5%3.22,38%03

DELT 170, GE~ 06¢

10=1000100,

CF=Z% T, 6TE~U06,0,4%1, 67E~ﬁb;079*1 67E quS*iaZ@E 06 38*0?‘
AD=2%2.92,0,4%2,92,;0:9%2.92,5%4,42,38%0,

CO=2%1,67E- 0610 4%) o 6TE~D6:0,9%1 . 6TE~06,5%1:57E~ 96?38¥07."

{D=1000200,

.. '1D=1000300,
. .1D=1000400,

TURFEZ7 5y 6;(;1&»11712 L3045 D516, 7 1B 405 219&2745*09'”'

IORU=2:546,7910,11:12,13,14,15,16,17,18% l9y20,21122v43*09

PF=B®45,15%235,37*0,

WF=23%3,57,37%0, .

T 1D=1000500,

10=1000600,

., - 1D=1000700,

3 b N . a4
REAGN NS _("‘.‘)".

“105 7 L5%236:37*0,  WO=23%5,73,37%0, "

IVARIS=5,1T1,5,172,2:522,2,525,;12%0,
IWT=1,201,101,301,401,4024,403,404,

'
|‘.

" ,-“..

#

1D=100080G0, .

1D=1001200,

 1D=1001300,

Pi=1,8, 973*0;101¢108 109,3%0,201,209, 4*@ 301?309 4*0??O7g39794*0n;
“"B{3}=0,0325, B(4}=0, 0529 B(5)= 5307

B{7)=60000; B(8)=40500,

8{6} 5307

ol ',
s }Ir.a \,:‘. I

m§D=1Q01800h
Y i0b=1801900,",

BT9T=0. 0083445, B (10151095 B 1T=0- 09894899
B(13)=41.797, B8(14)=92.016, B{15)=4,
B{17)=1.67, B{18)}=1.67, B(19)=1.05,

B{161=4,
B{20)=1s1,

Biiai*«B 629449'

'é{élj =10, B(22)=10,’

1D=10020060; .,

ID=1002100;

10=1002200,

et

B{231=5.8889E-06, B{24)=2.0526E-05,
B(31)=0,691, B(32)=0.368, B(33)=0.75,
E(1611=0.41, E(162)=0,001, E{163)}=0,00290, E(164)=0,00290,

ET165)1=0,.1, E(le6V=0.17""

CAVTIAT(L,1,1)=8, CAVTAT(2,1,1)=2,92,
CAVTAT(1,1;2)=8, CAVTAT(2,1+2)=2,925

B(34)=0.75,

CAVTAT{4,1:1)=0.1,
CAVTAT(421+521=0.1,

I1D=1002300, -

1D=1002400;

+ 10=1003000,
iD=1003100,

ID=1003200,
10=1003300,

AFTI)=2.5, aF({2Y=2 .8, AET&1=2.%,"

CRT1=0,.0, :
INUEX=56,
SEND

APULLU OUESCENT ENGINE

EM=3 FLIGHT ARNOMALY

£

AF(5)=2:5,

DATA CURRELATIUN

AETBY=3.57 RETYY=3 .87

TD=1006060,
© 1D=1008000,

10=1009000,
1100000,
12000040,
1200100,

S 1200700,

280000,



http:CAVTAT(4,I,2)=0.17
http:CAVTAT(2,1,2)=2.92
http:E(161)=0.41
http:B(.34)=0o.75
http:B(33)=0.75
http:B(18)=1.67

TABLE C-IX

APOLLO DESCENT ENGTNE MODIFIED COMPUTER
SUBPROGRAM LISTINGS, I1M-3 FLIGHT ANOMALY



24

bﬁﬁﬁ HOTKET , ROCKET

ONIVAC $10A PORTRAN ¥ LEVEL
THES COMPILATION WAS DONE OH [t FEG T1 AT 151159147

SUBROUT I e ROCKET

EWTRY POIRT 002601

STORAGE USED (BL0CK, RAME, LEMTH

EXTERNAL REFEHEXDES (BLODK, RAME)

@001
0096
000z
[F2ed- 0
0608
pots
aGo6
0007
eg1e
(113
[21F
8911
Ga14

DELS
¢o1c
QotT

-0020

233 §
422
QG233
0024,
0025
onze
0027
Q03

002748

#OODE,

SDATA 600254
SBLARK S -H00000
PATIMG- 042120
DATIREZ 080740
DATUMI 001344
DATLHA 00D 44
CALZ BOGT 4D
CAL3 00062
CALS LTIPTA
CALS 400310
CALG 480366
DIRECT 001284

LOMBUS
GETFLO
SOLVE
CAVERY
GaEFL
VENTRE
HERRZS
KIS
wHos
HiO2G
SQRY
HERRYS

2zab pois FlOoLeH

STORAGE ASSTGNMERT FOR VAR[ABLES (BLOCK, TYPE, RELATIVE LOCATION, HAME}

o501
o600
oot
LIT Y
voot
00035
seuy
soot
o801
ooy
001z
suoy
goe 4

_eesa
te12
Qe
oeod
ont1
6o03

aoRtxl 100f.
GOei3T 150F
004410 2204
oal1e4r 3150
601870 A50L
001358 520L
001851 &B0L
482157 doot.
anz43s assl.
000064 AVFL
000046 CIRUL
Q003060 L4A0ON
000360 DM

684564 GUONPG
agooas 160
«00050 {S5AVE
060000 HOC
ge6s0a §

R
r
®
33
B Q00006 DS
21
4
3
[
R

8091
3331
on0y
vo6
0001
001
o001
003
s004
9508
LLTE
oAeY
80035
9008
9010
soug
6000
aono
0000

oo g A RON

Q2316
{50323
800437
Q00780
001767
01367
002002
802174
ldadadadd
040004
oooziz
anossa
QUo60Q
ekl cbrd
o0d000
Go8063
aong02
o013y
0oooT)

toool,
1608,
2408,
Jzob
44480
5405
Tk,
G000
A

Al
o2
[#)
DR
frh sl
GETFLEG
12
ISTEP
Kt
42

Bo81
g0t
goot
soot
o0nt
0001
et
8603
8040
s000
o000
oo1z
onos
2055
s00o
onpe
co0e
o8t 4
o080

o omeowe B SO0

]

000160
988341
000455
BoaTes
001172
0OLE4IT
082064
002383
060113
000004
000010
000230
406780
SOREZE
oo0104
0000Y4
600002
005502
0001&1

120L
160L
280%
3400
4400
580t
T20k.
H208
AGAS
#1

[
DENSYY
DA
ERGMAN
¥ P
HID
s
LPILL
PO

6001
0001
GO0l
aont
oGol
LTI
0Boy
aool
3413 ¥4
L1
aoar
LibiT )
oons
8060
o014
Codh
o000
aGon

, ‘0ued

Hmemewf ORI D

DeGINS
400044
060574
oo101o
00134
8016140
202113
DOZIIB
[:3:2-F.£ 31
000720
Q00000
aoe102
001004
p3:2:0 K §3)
53080
Sop0aT
000084
060070
QB0068

139G
20t
2800
deak,
S00%.
620L
kL1
S48l
AORAYT
CAVTAT
L2200
D4 Tera
[ R 1
FLINER
104
[ 824

J

H

oot
fife3th
fifel: 34
Qo0
H001%
ool
00ry
fE2:3]
Gudn
L1 B]
L1k |
atoo
L1 L)
a0y
L33 34
00a
saon
0014
naye

Goe2T2
830370
039600
o068
007154
oo16e2
D02333
Go24i0
S0GEL2
aptoie
000170
ooo0127
opaodn
sooono
SHAHIT
QOaLTE
0o61tY
2004500
600602

140,
2080
J00L
400
506G
s40i.
TH0L,
5319
ALIG
CCOATA
C1C0v

DLsS
GREFLD

FLAMT
Tt

KEPO
[gilieecy

153
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[:1-3 4
o084
a0
feiif:3
[131]:1+4
goao
L3 e
aood
Q012
Ll ¥

HLTABNWART AR

060040
aBassg
000262
280004
0803122
060103
T00250
000126
onn242
06232

PLVAP po0e O
R L3 S H
RtP woLe A
L0 onos
vz L B083 R
VoL BLR ogoe R
VOLZEBL Q800 R
Sl 0000 ®
wraUBL naoe #
UTIBLR Qo004 B

GOo0E PR
pa6264 ROV
000000 T
008123 TED
02TH40 W
oooroe WOE DN
GOGIZD VMG
000124 wii
COBOTY Wb
48aiYe X |

Q0py D QooRYs PT aong H
8208 R HOOTEY HDUNM DOo0 H
ORte It GOOZ&0 THLHLE 0860 R
2000 H D001 44 TMiY noes B
GRET B S00ETR ViR G400 R
agrs B Qonzeh WL TOT o004 A
G083 B gilSee W o080 R
oone B 000114 euAk 00Q0 R
cHal /& 00075 WYGLE sl N
GO0%F R OQ0GIDT XOLM 8834 R

DEONZ0 PFTGAM
COOIOR Hixt
oattié TOH™
THOY 3L TN
TCOBTT4 PIH™
aan101 Mul e
8000758 GROT
00T 1% BN
GONZTO WTHCAY
CH01 10 YN

oo0sn Bb!éGWO§T¥C* THE RAME fH&H APPEARE IN A DIMEASION OB TYPE STATEMIRT 8UY (8 wELER R?F%R?\{Eﬁ
J. BOEHSLEIN % DSSA-112 & EX 2721
SUBRROUTINE ROUKET €HA, HAME, KAMZ, DELTY

o0140
00101
cdyol
00103
aniol
agro3
0ato3
o2 § o]
a0103
00103
8133
aeios
0504
odio4
B010e
H0104 -
00104
ootc4
ooYa4
L1312
BI04
oolos
00105
#0105
L1311
0106
50306
Qotot
GHLET
13153
60110
23 3 X ]
g8t
(-2 3 1)
[2231:1
CITRT
Bens
cgita
skizo
o2
L0122
°s123
o1z
99128
berry
eatls
s8136
L1251

1%
2%
3%
4=
5t
[
s
a5
;1

iz

i1

2%

11z

1 5%
I8
Viw
[ 3:29
g«
0%
1=
Zax
23*
A%
Zow
28
2T
20%
9%
Io&
% &3
I
33w
3427
38
k{14
ITH
3w
. 3-1-
L 1: 23
{tn
L2%

Q4%
L8
480
41%
AR -

c

c

GO

COMON /DATIML 7

SDSETERGY S

SATLRA Y

R g WD e
f

ComON FoRL2S
t .
2 T 4CALYS

3 +  fRALAS

&, . fCALSS
8 ODLMEL1R4Y

8 VYOLEBLI{Z2}

T DENSTYLZ) .

8 WIPINJ(Z2Y

=3 FORLGY

COMSON JDIRECTY

i
DIMEHS TON

DIRMBLE PRECISIO

SRATINE Y

Piao, 50,2
4505, 22
Rige, 2y
DMz 4000
BUAAIL24Y
DLM5L 4}
PTaAM2 Y

C2CONC ARG, 2
plsg, 2
509
Kce
PLVAPLZ}

s PEUBLE(ZY

y VOL2BLIZY

, YOLTOTIZH

. WTPCAV(Z)
AVELESS, 21

!D{Ml L1z}
HRAMzZOZ10)

THENE 2 )

N A}
[2:381: 1]

¥
2

- W

-3

WEE0, 0,2
Regn, 2}

Esimaniie, 4,2

CODATACIE, 43
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IF (CCDATACS, 13 OT. 1.0} CUDATACS, 1Y = 1.0 . 03804000

CALL, COMBUS (KA, KAME, §, DFLT) 036G4%00
) 01605000

CALCULATE FLOW AND_ PRESSURES . 031605100
P .- 63605200

DO 1000 f=3, 2 . B8360%500
ENGMARCT, 1,5} = EAGMANGS 1,4} GI605400
a0 = FSTERCS) 03605560
G TQ (o0, 200, 20, 3RD, 440, 540, 760, 800}, GO 61505600
4 Q3805700

CALCULATE FLOG FOR RORYMAL OPFRATION. G3605+00
- 03665900

BG = 2.0 % PO}, I0&MT, T - PO} KAMZ,.T) 03606000
1JK, =0 . . 036061060
At = RLE,JF 7 Dey S5 o 63606200
Bt " = CICONCE,BY - - T < 026066300
e1 . = C4CONEL . J) = PG 03606400
W(i, KA, 0} = GETFLO ta1, 8L, C1) _ 03606500
ENGHANCE, 1,03 = WO1,KA,J1 =~ 388,0 & ERGMAN(Z,1,5) * (PO 03606600
1 - POLL,KAME,FIY /7 (DELT = AVEL(1,d) % 2} o3sasioe
PO1,KAJY = CCDATAL2,1) « EMGMANCR,1,J) % ABS(ENGMAKNIR,1,d5) 63606R00
1 £ (DEL,J) % (2T.80T = ENGMANIL,1,J3) #% 2) 83606900
2 & ENGMARC3,1,J) % (BNGMANCR,1,J) - ENGMANCT,1,J)1 43607000
3 4 (3BB.0 = EMGMANC A&, 1,03 & DELTY - 03s0Yi00
Ir (3K .GT. 10} ©2 TO 140 03807200
CALL SOLVE (PG, P1,KA,0), PS, TJK, © 000L. 0.0005) 03407306
IP (LK - 1800 . t26, 120, 160 GI6CTADD
N Tz 140, . . 031607500
VRITE £8,150) K, TiKAY}, 4, PO, PC1,KA,J) ' 03607600
FORMAT (1Ho 10X'ITERATION ERROR IN HOCKET = » STATESENT 0. 5%, 03807700
1 ZXVPIHE =¢ FO.6, 24T =c [2 7 11K PG =* a13.6, - ~G3607800
2 © SX‘PANS- =t G13.6 ) - DA6DTI00
GO TO <ia0, 80, $00, 900, .900, 900, ¢00, IBOI 160 63608000
CALL CAVENT (KA, KAMI, KAM2, DELT, J} . D360AT00
¢ CIGD .OT, 1) - N ) GO TO 900- 0)O6O0R200
IP CCCHAY .GT, TBUBLEWJY ISTEPCIY = 2 031808108
. . . B . T GDTO 900 03608400

. 03008500

= ° THITIALIZ# PARAMETERS FOR (IAS IN CAVITATING VEWTLRI. 03608600
N LT 03408700
VOLISLESY = WTBUBLCJSS ¥ GUONPOUJI) % TLIOCJI) / P(9,KAM|,d} 03608200
VOLZBLIJ) ¥ 0.0 © BIBOA%OO
WTIBUBLJSY = UTBUBLEJS - 63809000
WDOTGV(S)y = G, ¢ 038069100
ISTERCIY = 3 ‘03609200
G3805300

® CALCULATE 0AS PLOYW THROUGH CAVITATIRG YENTURS. G3IB0D400
. . 03605500

[0 B T 2.0 ¢ POS,KAME,JY - DCO,KAMZ, D) 03608600
13U = g . 836090100
Al & RI9, ST 7 DNG,I) 03609600
Bt . = CICOK(9,S) . . 03500300
D = 2.0 B PLPJAML Y - pog KAMZ, ) T - G38too00
10 20 - . 03019100
WOOT ° = GASPLO (CAVTAT(3,1,J}, PU, PD, OCOKPGCIY, TLIG(I), 61610200
t FTOAMCS)) i ©63£10300
BTCUP = PTIBUB(I) ~ 6.5 & (BDOT « BDOTOVIJI) & DELT 03810400
TP (WIOUP? .LT. 1.GE-10) CIOUP = §.0B-10 61610500
BTGDH = WTBUBL(J)Y - wWroup . BIGIDEOD
(8,14, 3) = C2COHCT,J} < PD 7/ C3ICOH(T,J) G3atoT00
voLDx £ VOL2BLEJY 4 0.5 & (W(A,IA,J) o T(p,KANMI,3)) 63010800
] & DELT 7 DL7,J3 . 03816900
FCO,HA, S} 3 ol0DH + QCONPGLSY ¢ TLIDCS) 7 VOLDN GRG0
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Br osauuw Y. 303 ) TO 2ne
CALL SOLVE (PG, PUR,KAPY, PV, 1D, 0,000, 0.000%) :

IF £1ap.~ 602 260, 200, 200

FID -t - . '

N 7Y ’

cy 5 CACONLS, S} ~ Uy

BOO,KASY = GETRLO (A1, BE, €1 .

WOLUP = VOLARLELIY - g5 = (UG, KA, 5 » BLY, R&%t.dli

% © DELY # DEa dd .

PP IVOLEP (LT, f.0E-10} VOELP = 1.0F-10 -
POS.KA,JF = WTGLE = GOONPGLSY ¢ TLIDJ! 7 voul e .

P (LI GT. Y04 G0 TO 320
CALL SOLVE (PU, PCS,KA,d), P, fJu, 0 0001, 0 D005

TR OLIIN LY. 100D ~ G TG 2ab
IF C1sp .LT. o3 ) CRETE €8,150) H, YAy, 4, PG,
A L Bin KA,y - ..
Bl (!JU ‘GT. (1120 S e, TGO TQ 38D
M- = 378 N . )
TRITE 18,1800 &, YIKAY, J, PO, PC3.HAS:

BLYITH ® WEFIBUBLI) ~ WTeU

BTIBUBLIY = wrole

ROOTOVISY = WDOT

YOL18LFY = VOLUF "

VOLZBLLF) = VOLDN

11 (ﬂT!ﬂtﬂ(J) LT, 2.0 ¢ DLTWIB) lﬁTEF(J! = 4

I 60 %0 1oo

L :ut?rAL:zz COND!TEDRH BHEN THE GAS BURBLE 18 THRODOH VENTARE,
ISTEFCIY = § : i R

DENSTYCSE = DI, 53 )
VOLBLS = UTBUBLLS} © GOONPGLSS ﬁ-?LTQ(J} 7 F(a Kast,J1 )
YOLTOTOS} = EnGWANCZ,1,d) . .

RUPCJY . = 0.0 _ .

ROM{JI ) r &.0. Lo

o3 400 | S A

EFILLCT 40 - .

WOLTOTES = VOLTOTCI) + AL JF & XL, )

AD={.J ) & RONCIY & RBCE,F)Y /£ DENSTY(D)

RTOT = RDNUSES -

BTPEMILSY = (VOLTOTIS: ~ VOLBUB) % DENSYVEIS

UTPCAVLSY = 8.8 .

WIIBUBLS) = WTBUBLLY) .

ISAVELS) = ¢ . -
= PERFORHANCE APTER BUBELY MAS CONE THROUGHM VENTLRI,

L 2 1SAVELJ)

niMg = 1.0 £ 427.007 & ENGMANCS, 1,53} o 2 /7 DENSTY(S)
oM = ARTPINICIY ¢ DENSTY(J) = ENGMAN(Z,1,00F £ ACEJd¥

1P oM B, 1.3 KB = -y -

FLiNER = IKDAM 4 AL} ¢ ERGMANCY,§,S53 - EROMANC 4,1 ,J33
H 7 {386.0 © DILT:

Al = RIRT + RDUSY . -
a1 % FLINER
POLN *= PLINER & @{1,KKAM),J} - CCDATACZ, I}
- pa B 2.0 % POLKAKL, WYY « POTRANZ, )

LIK % 0

480 CALL VENMTRZ <HA, KAMI, amMz, RUPLIY, PO, DELY, J). .
Ct = M e PDLM -
UEE, KA, J) w QETPLO (A, 81, £1)

450 VOLBEUR B VDLTOTCSY ~ (UTPCAVLSY + 0.5 ¢ DRI & LB, KA, I
t © V(B HARL, I3 7 DENSTYCJ) ~ (RIPIKIGSY = 0.5 & DLy

DiBEP LD
CI611Z00
CIRTLTAD
LR R R
G181} 500
038t1¢00
Disli700
16T edn
83811900
03512000
oXa12100
oi612200
03812300
O3ET 2400
Q36128500
03812600
©IGI2T00
BIGLZHOB
03812900
93811008
03413100
BIE1F200
03613300
03611400

. GistI500

03813600
03613100
03613600
23613908
23834000
q3614630¢
03414200
TACFAIO0
0381 4440
G361 4500
c3e14800
03618700

L BIBL ARG

Q31614984
g3s15000
53615100
©3618200
gasis30g
03815400
03815884
Q3815600
BIGISTON
CIBISH0D
03515808
03616800
03516100
G3818200
03814300
B3IS16400
43318500
62618000
B3IG16700
616800
03018000
0¥G1YBOG
BIS1TI06
B38ETZO0
SIGITIGG
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iz VIS x & (WLt KA, d) o TR AN, d10) 7 BENNTY O PIAET400
BO343 O TP KA E = WTBLUBLLLY & OOOHPGHLIE = TLIGUDY S wou&uu D& TADG
6348 1TTE AP CEIK.6T.030) 60 TO 580 0IR1TE0D
po34s  LY8= CALL SOLVE (PG, PCI.KA,J). PS, TJK, 0.000%, 0.00065% BIGETIOG
CEIY B R 4L IF <1J% - 100} - . 48D, 480, 66O - 03617800
ss352  iA0¢ - 500 K z 500 : - A 038t 1900
GeIs3 I8 T (EG ur. 0.1+ -, ©O TO %28  DISIRLNG
#0358 1823 TERITE 18,1500 H, FLKAY, 3. PG, PULEAY . D361RI00
lﬁq3€4 163 - i . v G 7D 680 0161 H200
ociss  i8a¥ 820 PO3 KA = 8.8 03632200
003GE  I8ST . . o : TO YO £50 OQIGIRe00
GRIGs 146 € . . - 6361500
goxts  tere € % -7 EALCULATION WHEK BUBHLE PASSES THROUGH INJECTOR. . ©IGL 60D
vv3cE 180 € - - . .t . BasisTed
GUIST  roET 540 teK =0 ) . - , O3stRanc
LT N 2:1 L “n ISAVELSY : . . g3oteg0n
o63FE | fEI% -, PO = 2.6 7 PULUAMEL) = FOL,KAME,3) : " 03531500
Go3TT  I9Em ALTQ = AGRAT‘:J) & ERGHANCS, 1,01 . 01619100
Atz te3s ) A!;MS = EnOMaAMtL, 1,0 - ALIO Gagtezao
BOITE 104 568 WOOT = GASFLO {AGAS, P, CCDATAL2,1), GUONPALYY, TLIQW, t3s19300
go3Te 1ol S : PTGAMLGII | - - VIGIF4D0
60375 198% WL HA, 4 7 27,607 % ALTG = SORTUDENSTY(J} PO 1111 510
Ge3FS  157W 1 ! ¢ ABS(PG - CCDATAL2,1)M) i - 03615500
293316 X200 IF {24 LT, CCDATALZ,3 ) ?\'H‘Kﬁ,Ji =z 0,8 03819700
8400 - 199 S50 CALL VENTRZ (KA, RAM{, KAMZ2; RUPIJ), PG, DELT, J} 53819000
Go4hY  2G0&E  . - VOLBUB = VOLTOT(J} - (RTPLAVES) o s » DELT » (UCR, KAL) 83619500
mcﬁﬂat 201% 13 + Wig A, JY - (1 ,KAJ)Y - Ehﬁ’-MHI'I Tadidd 7 D‘NHT‘((J} 03620000
o482 2O k:pyrided : WTLBUBLSY - ©.5 % {UDQT « WDOTGV{SII = DELT . G352h100
00403 203 TP CVOLBIE .LT. 1.0B-04) VOLEUB = §.0B-04 .« D3BZA2OT
GO4DS  204% P CEToUR ur. 1.0E~t2) « wGUP § 1. 0E-12 03020300
BULGT  20S% 660 PLI,KA,SY T UWICUP & GLONPOES) % TL!NJ} /- VOLBUB 063620400
U410 200X S 1P LK 0T, 3 . . G TG 620 $3620500
goslz. 209w . CALL SOLVE (PG, POI,KA,0), ps. tJK, 0.000%, ©.000%% 03620600
80433 ZOBE, WPOCIIK - 'mo» . " BBO, 58D, 640 , . D3820700
SE416 OS¢ - 820 M .%oz . : - .- ~e3saceol
goatt  2i0% WHITE (8, 150) H, TiRAY, J, ?ﬂ. Pct Wh,JY - T - B33Z090E
66417 211 . © . . 0367100
oL43iT 21z € * PIHALIZ2E CONDITIONS DOWNSTREAM OF VENTLRI. ' 03621101
oAt Y 213% < .. BIG21Z04
o428 214+ G40 WTEBLRCSY = WIGUP . B3621300
e642T  Zi5¢ UDOTGVES ) = WDOT . .. 8362140
CTERT I3 8 23 IF IVOLBUB L7, 0.1} 1STEFLSY = 7 . 6362 50
06432 27w G80 WIPCAVII) = WTPCAVIJY ¢ 8.5 © DILT & (TR, KA} ¢ WRKS I 0362160
GU433 218G - BTPIRI(SY = WIPINJGI) = Q.5 © DEUT = (W} RAJ) & WL, KAML,JDD 8383170
Ga4zs  2ige P OCYSTERLS) LUP. 6 JAND, WIPIRJCGSY (UT, 1.0B-08) 0362100
Ge435  zIow | T . - ISTERLIY = 8 - 6302198,
BE436 2216 ERGMANCH, 1,0} = GOL,HA,J) i - - 63822000
9043¥  za2gw VIR = 4.0 ) 63672100
Basir  223s - REUM4 = 0.9 BRE2REVD
@041 224% YO "% 9.9 . : 83822300
GoLsd  arsm . VLIG = WTPCAVLSY 7 DEHSTY(J} - B3022400
00443 2260 Do 080 Wz, 7 T 0362500
08448 2278 pYOT * RROT » R(¥,J) 7 DERSTY(J) 93822600
eo44Y  2Epm | PO, KA = PRILKA,J} Q162ZT60
_B04Sn z2ew 600 WK, KA, = WO LKR,JY 03022600
2B 482 Zape 34 ) 9 ' €a822000
80asy Eye 68 VSEG = A, FF ¢ KO,F¥ 63813080
60454 2w QUK HA,JY = Lo, KA, 03023100
00435 Z3aw P (YDRM ¢ VIR .07, ViEO0) . Qo 7O TED - 0ISTIZ00
CERES T POC, A, JY 5 PUNel A JY + BOX,IY & THA, KA I & ABSIELS,KAFH) 6362330
L1214 235 voi ¢ VIRkE « V4E0 43373406
Go4GL  23Ew RO = ADUM + ROK,TY / DZHSTRLSY . ' 3813800

vedsz  23Te | IP (K .EQ. @) .7 - 0D T0 948 03EXX600
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268%
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2T5%
ZT8Y
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© 2Eb%

281%
2w
281
F2: 200
265%
286+
F4:3 £9
2B8%
2693
290%
29t®
ge2%
293%
294
295%
296%
F4-dd
Z0Aa
F4-1.00
300+

aan

]
[+]
c

720

46,

760
Tl

400

a0b

929

w40

‘380

980

03623700
03621400
03821900
03824000
03624100
02824200
asGz4300
03624400
01624500
03624500
0356247060
01624800
063624900
53625000
23625100
03625200
03626100
c3825400
03825500
03625600
03625700
03625800
036259060
03625000
00261 GO
03626200
03626300
03626400
03825500
03626500
63626700
23626000
43626300
83627000
038627100
030627200
63627300

" 63827400

4 T K-t
G 70 700
/RUPCSY = RO o CVLIO - VDIM) & RIK,J) ¥ (VSEG » DENQTYIR)
RONCS Y = RYOT - RUPCGJY ‘e
TP (RDN(JY LY, 0.0Y HbphtlY = 0.0
ISAVE(SY = ®
G0 TO 900
14 = § . .
VSEG = ACL,3b & REE,J)
12 (VDM « VREG L%, VRIOD GO T 128
RDiLS Y = Q.0
AP = RTOT
WL KA, B = S(8,KL, D0 .
GO TO 900
"% CALCULATE CONDITIONS WITH N3 BUBBLF IN SYSTFM,
ISTERLJY = @
BO TRO .. tz1, 1
LPELL(T,d2= & - ) .
. GO TO 180
IF (T<KAY _LT. 2.6 # DELT) ISTEPCSY =
CO O to0
. BUT [NJECTOR FLOW [NTO WSTOHE ARRAY. .
PDLM = Pef,RAME,J} - CCDATALE, 1)
IP ¢PDLM ur. 1.08-20% POLM = 1.0E-20
T1 = BNGMANCS,TE,J) 7 (27,807 # SORT(PDLM £ DIt, 31y
i o TOKAMLY
T roam = PC1,KA,J} = CODATACZ, 11}
iP ¢{PDUM -.LT. 1.0E-20} PDLM’ = §.0E-20
T2 - = EHOMANCS, T1,S) £ €27.807 = SORT(PDWM / D!l Jr1)
t - e TO
P (T2 .LT. 1} Go T0 920
D = T1
"0 = ENGMANCT I, 3y
THI t ¥2
wHl = BNGHANCS,[F,J)
GO TO 040
TLO = 2 -
L0 = DHOMANCE, T, ) .
THI = Tt :
WHE = BLGMAHCT, 1,4}
oT = THI - TLO
XK «2 {TLO = TUKAYY 7 DELT + 1.0
17 (X .CE. 100.0 ,OR, XN .LT. 1,00 GD 70 1000
H = i
KL - " s HCO + ¥~
IF (KL .GT. 100} - K. = KL - 100
I¥ (DT .CGT. 0.} # DELT) G 70 060
USTORE(KL, [1,0) = WSTORE(KL,II,J} « 0.5 & (VHI + WLOY % DELT
. a0 T3 1000
0L * DELY / DT
THAR * FTIKAY ¢« H & DELT
IP (THAX Q7. THDY THAX  # , THI
THIR 5 PIKAMI) «°M @ DEUT
P (TRIM (LY. TLO} I = TLO
WHEE 2 ({THIR = YLOY ¥ (WHI - WLOY 7 DV + WLO) & TDUW
WHAX B (CTHAN - TLOY & (vilf - WUOY 7 DT ¢ YLD} & TDLN
USTOAECKL, ¥, 43 = 0.5 & (GMIN + OMAX} & (THAX - THINY
1 + USTORBUKL, 11,4}
P (TMAY .0B. THI) * GO T3 1000

GiBZTS00
03427500
03827708
(36276006
23827900
63628000
03826100
01828200
03626300
G3620400
G3d2e500
Gln2o800
GIG28T00
G36ZRE0D
Q3628200
03629000
Blo29100
1622200
61829300
CIR28 406
GI629500
83629600
0la2ev0d
Giczon00
QIg2a000
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XD OF UNIVAC tEOR FORTRAM ¥V COMPELAYION,

g85m  101e
00513 30I®
custs  303¢
00STS 304
t05TY  305%
o0800  306%
e0802  30T*
0OE03  JONT
ROCKET

ROCKET L{ODE

IF €4 _GT. 9r?

w L shet
(148 = RKL +
I¥ ki .GT. 1002

1000 CONTLIREE
RETLAN .
L=t

SYRROLIC
RELOCATABLE

Lo 70 1000 41610600

HE o= 0§
D 7O onq
1. *DIAGROATICY MFASAGF(SY -
08 SRS Tt fa:lie2R
66 JAN T)  t4:3i:2#

a316:0100
836140200
B3430100
1610400
63410500
03630800
03630780

B 81517640
t a15431614
0 01541710

L]
60
ta

146
i
T4

(OFLSTRDG
toH FTHDD
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o FOR  CAVENT,CAVESY

UHIVAC 110§ FORTRAN V LEVEL

2206 BoLe-FoG1eH

THIS COMPILATION WAR DONE OM 1t FER Ti AT 19:868:52

SUBROUTINE CHVENT |

STORAGE USED (BLOTH,

EXTERKAL RERERENCES (BLOCK, NAME)

@001 SCODE
BoGH  SDATA
ga0r  ®BLARK
0003 DATLRE,
8004 DATOMZ
8GOY  DATLM3
Q006 DATLH4
s0GY  CALL
GoiG TALZ
G6oit  cALl
GO1Z  CALS
pey3 DIRBCY 001214

Bo14  ORIFLO
801§ ERROR
8016 SOLVE
6017  BRANCH
Q020  HEXPES
8021, WEDUS
es22 Kiois
6023  Kfo2s
e6z4  SORY
0025  WERRZS
ae24  HERR3S

STORMGE
i2:i:01 0601455
°o0l Q063063
¢001 DODBG4
bont TGhoTab
-1 234] co0i03
oa5d D 000020
a012 B 0800G6
0ot0 R 600360
0005 B G000
ooDe B LHOO54
So0n 1 GU0045
0000 I CO004Y
0613 b Bppson
0000 B OnGOEG

, Q084 0 00055
God8 ft G0GoR4
6400 #1 DOCOOZ

Lgot,
3006
3oL
5401
S30¥
AZ
CTUME
CACoM
DMy
ERM

£

[feie]
HS €6
PHI

it
TLIO
Ly 0

ERTRY POINT 001151

WAME, LENGTHY

001223
noozs2
ouaueD -,
s43120%
080740
801344
000144
aunTRo
084740
ooan62
Gaoo3to

ooot
Qoo
4a01
2001
4001
400
o500
L)
bonsS
i)
f:1eh &
Gooo
Go0:
L1l
L4808
ooGs
dons

ASSLONMENT Rt VARTABLES

WUWHAN W JTIOOQ

{(BLOCK, TYPE. RELATIVE

oo1132
aooR2T
GoOB 4t
000015
o100
oG0030
000034
06350
QoBTeD
o0aGGH
[T A
oad050
ao0000
enoanz
oaB0s2
627140
LT e i

iso0k
320L
4¢0L
8oL
940L
Bt

Ct

2]

DUz
ERROR
TBRAN
TJK :
P
PHICON
RHG

v

X

GLT
soo1
ooat
8001
0000
ELLE
o000
avas
0006
oot
6013
0013
0007
0012
2000
goot
0800

LOCATION, RKAMEY

D

a8ez4s 1200
GUGS0E 3400
000706 420L
¢010]1 8BoL
GO01:T 950F
aper -~ B2

B 4006 & €2

24
13
B
H
H
R
fl
a
®
)

000000 DEQUAL
Q00006 DEM3
sa0000 &
QOBTE TDUMY
ogoooe TORDER
QU010 FRAR
fo0000 PLVAP
200055 HHOY
ones5s VoL
Go0Q3z XM

003

143131
nout
anot
1D
aot4
0010
anoo
0008
LTS
[d:2:3013
0900
Q06
D000
GOG0
6003

WHOAN M DIOREY

ao62%1 ook
006822 I66L
000710 S00L
601028 SOoL
090000 A&
peBILo €
040000 C2C0N
000040 DUM
000022 DUML
venoNn4 COONPG
000046 YERROR
000044 K .
0oOosT PFOUM
osoa0n PS
£00055 RBO2
01358¢ ©

onot
[:3:1:1-1
0obt
Q60})
0000
1213133
oot
0000
0000
14
pdiline]
4812
00040
600%
o011
aseY

mBAR I IANRQ

G00363
$600583
nagr2e
0ot047
ppu0Z 4
486720
113 &34/
0D006Y
0ooesd
¢a0000
00042
GOe302
800051
npon2o
H60000
4G0340

224k
370F
5E0L
920%.
AL
cavrat
€300N
DAICON
ER
CETFLO
FFLAL
LRIl
js)
PYGAM
T

TBAFE

ot
Ny
k]



o
06101
oot}
oo1ed
00103
00103
00103
40103
6ot0)
66103
00104
o104
00104
Bolo4’
06104
00104
00104
o104
00105
00105
ootaS
00106
oniog
00106
60107
€0107
goi01
00110
081l
00112
00134
a0tls
00517
001tT
00LET
00117
60121
Go122
¢0123
Qo124
00525
eo121
o120
00130
o033z
00133
00134
00135
00136
00t37
obt 40
06140
001 41
bt 4z
00144
001 45
66146
06147
00152
00153
60133
601353
66183

11
2%
ae
4%
s

10%
(RL
12%
13
14%
5%
jbx
19
1Az
19%
e
2l=
Leex
- 23%
24%
25%
2ex
21%
26%
29%
304
Jt=
‘32w
33«
T34
35&
Jox
37e
kY2
3s%
40%
£ls
42%

=D AGWISTIC*

A1
L85
45
46%
4=
4B
49%
50%
51%
L¥44
53e
Sé
S5
56¢
5Te
58%
314
G0
Gls
aze

o0

aaan

JoOBDEHMWLFIN & DS96-112 ® EW 272t

par il

= 0.01

WO, KAME,J)

SLBRILUTIRE CAVENT (KA, KAM], HaMe,

COMMEIN /DATLMIZ  P{60,50,2% , WIGRD,50,2) , V(h0,.50,2}

t . /DATUM2/  ACH0,2) s KL60,23 . Ct6o,2}
.2 R(60,2}) T

3 IDATA™YZ | DIMLLAG4) . CAVTAT(4,4,27, DA™M2Uza4)

.4 /DATUMEZ  DEQUALL2Y . RHOt2) . TLEQCZY

‘D DI3L10) ¢ PTCAMLZY . DPLMaAraz)
CoMON /CALY Grs0,2) . DBARCE0,2Y , WBARCOO,Z)
1 VOLOBO, 2} R .
z fCALR? C2CO%t60,2Y |, CICONIBO,2) , C400%i60,21
- : . De6o,2) : .
£ sCALIS TE5G) : :
5 fCALSS PLVAP(23 , PHICOR(Z) . GCONPG(2) \
¢ - . COAUMIC194) .
COMON FDIRECT/ IORDERCS0,2) , [IBRAM(Y0,10,23, hebFG(2} '
i . LPILLEGO,2) |, EDAMEC210)

. DOUBLE PRECISION PS€10} . AL . AZ '
i Bt , Bz R -3 ., €2 " .
2 i i T .

DIMENS EON FFLAGLZ) . ’
‘K R : . -

! =8 - . T

I NI AT ¥ .. ) . GO TO 1000

1ERROA T t. .

IF (LFILLEI+1 o0} KE. 0 . . . 60 TO 1000
IP (LFILLUI-1,J3 (EQ. 4} : - 6o 10 200

= CALCLLATE PRIMIBG -‘WITHOUT CAYITATION.

160 =t . .

14K =p

) T 2.0 & PCT KAML, J% ~ P(],KAMZ,J)}

HDUM = VOLCI=1,J) 7 AUI-1,J)

IP (XDAR4 .GT. 0.01) aD 70 80

“THE TEST FOR EQUALITY BETWEEM NON-1NTEGERS MAY NOT DE MEAN{KGFUL.

IP (901 ,KAML,J) _BEQ. 0.0) HEE+]  KAML )

80 Al = A{T=1,01 « XDUM £ (XCI=1,J) = DCL+1,d)}

- B1 5 XDUM / (386.0 & DELT # A(1-1,J31
ct 5 POI-1,HA, ) - R(1,KAME,J) %= B

106 DU 2 CAVTAT(4,K,J) % PG =~ C1
we{«1,KA,J) = CETFLO(AL, B1, DUM} .
Wl KAL) = HOE-1,KA,J)
PCI+1,KA,J) = CACONCI+1,0) = CICONCI+E,JY & W(I,KA,J}
1 - RCT+1,J) & W(I,KA,J) & ABSCW(I,KA,J)) / DUi+1,J}
Pel,HA,JY = CAVTATC4,K,J3 & PCEof,KA,S)
P OCLAC Q7. 30) Gx 70 120
ER = ERROR(PG? .
B = 5.0 = EA
CALL SOLVE (PG, I¢I,KA,J}, PS, FJK, BR, ERM) .
1P (1JK - 108} 100, 300

tz0 1ERROA =z

o0 TO 300

. o CALCULATT NORMAL FLOF WiTHOUT CAVITATION,

e3I000000
pirndtec
01400200
0ir00100
0ikn0 400
03K0D500
01400600
01x00T00
NIROORDD
01HOD Q0D
0IMDI000
01R0110D
01401200
03In0T3I00
03401 400
03H01500
01RO EDD,
01401700
03801500
03801200
3802000
03402100
01802200
01802300
03802400
03802500
03#02300
03802700
03802000
BIH02900
03£03000
012033500
03A03200
03203300
03603400
03802500
03203600
G3R03700
03B03R00
03802900
63804000
01804100

0318064200
031804300
031804400
010804500
031604600
01804700
438045600
03804300
031805000
01505100
03805200
03605360
Q3005400
Q1603500
0IGOSC00
0105700
03605800
GAEH5I00
03508000
03a08lo00
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mo

4
00155
00156
00157
00160
001861
0162

looro2
00164
00166
00187
a0t 1o
0ot 10
00170
001170
L13%4!
oorT2
Doiil
QOFTS
801117
09200
00201
00292
00202
80203
00z0%
00205
Gozos

00206

00206
002071
“09Z10
00210
00221
00221
00222
00224
00225
00dz2é
b0zZ30
00231
0232
00232
00234
00234
00234
06234
0n2is
0026
00236
00237
Dz ¢l
00242
o245
o248
opzes
60246
00248
00247
ob250
00251
sozaz
60254

Gl 200 A2 = ROTvE,JF ¢ DLEet, 30 B . < 0In06200
wam 8z . ‘n EOONCE-1,d3 ¢ CACONCtet,dF ¢ CAVTATCA K, I} o 0AnG6 100
a5 cZ T CRCON(YT,d) « C200NLE, 4D o CICUNCT=1, 81 . Y DM RADD
86 - Wit KA, J) = CETFLOLAZ, B2, €2y * ° . . QIR06500
. 615 POLLKA, P = CICONCE-1,d) & £BLY,RA0) - C2CONL I} G3IvB6E00
GRe PEst A, JY = POE,KA,J) & WOIL,KY,J) o CAVTATIS K, 1) 03106100
DI AGMOSTICE ~THE TEST FOR NOUALITY BETKEEN SON-INTFGERS HAY SOF BE MEININGELL :
69 P (ue] ,KAMNT ) LNE. 0.0} GO TO 226 01#0ER00
Tox I7 (DABS(CE) .GT. 1.0E-00 = ARS{C4CHNCL,H13) CO T{ 220 03ROE00
= Gei,KA, M) = 0.0 . . . 03IROTHO00
Tz POTLKASY = POT,KKAMIELS) . 03307100
13% {0 s B =2 . 03807200
Tz © : . . . 03R07I00°
5% © . = CHECK TO SEE fF CAVITATION 15 OCCLRRING 03197400
76 € . . . . e3IN0TS00
1= 300 REO1 = Difet J) - 03ROTELO
TER pa = 2.0 % POLSE,KAME,JY ~ PCI+t, hAM2, ) © 63807700
T9% [F (PG _LT. PLVAP(SYY PG z 1.0 + PLVAPCJ!} 03207800
pow IP (DEOUALGS) .GT. 1.0E-20) - - GO TO 320 O03R0T900
BiR S RHOZ - = DLIsidy o - L - . - - ©31208000
82= . GO TO 340 O3R08100
83% 320 PDA® = 160.0 "~ PLVAP(J} - 03R0RZ00
Bax - PRI = (DEOUALCTY « GUE,J)Y & (.0 + PHICONC) ¥ -/ PR 0IR0OEZD0
B5% 1 - L £ (1.0 ¢ GLE, 0N . 03808400
T ope* . IP (PHI .LT. 0.0) Pl = 0.0 . 03n0es00
8T AHOZ © o= (1.0 ¢ PHIY / €5.0 7 RHOCID o PHI % GCONPGLJ), T g3808600
BB -1 ¥ TLIOUIY *{PLVAP(J} 7/ PDEt®) mx (C(PTCAM{J} - t.0) GIBOETOO
8o z - / PTGAMCJ)}} /7 PDAM) G3ROREND
90%  ° 340 DLMCON = T72.0 7 (1.6 /7 (RROZ & CAWTATEI.K,J¥) #x 2 T G3IRORDN0
g1 | S s 1.0 / (RHOt * CAVTAT(2,h,J1) == 2} 03805000
$2¢ - 380 WDIM = DUMCON = (PG /7 RHOU - PLVAPCS} / REO2Y . T 03EDS100
RIS IF (EDUM, .LT. 0.0} * BRITE (6,370) T(KA), J, I, JK, ‘03809230
gex 1 PG, WDLM - g co . . T 03809300
95 | 370 FORMAT (1HO'§OX'TIME =* FO.G, 3W+J = [2, 3X¢f =% I3, 3X'IJK 5!  03IR09400
6% 1 13, 3X'PG =% O15.6, IX*UBAM = G15.6 ) . 03809500
8% IF (WBLM .LT. 0.0} LM = 0.0 03209600
9% DL . = SORT(WDLM} . . - . 83809700
99% GO TO (380, 3RO, 400, 4001, 1GO 03009800
1G0% 380 1P (RDUM .CEB. W(I,KA,J)) . GO TO 540 03809960
101= 160 = 160 + 2 i £3810000
to2x TERROR =1 . - 03810100
103% 14K =90 ' 03810200
104# PO = 2.0 % FOE4T,KAMY,JF = PUlet KAMZ,J} . 03610300
105% ) . G0 TO 360 03510400
106 C . - - . 03810500
= ¢ # CALCULATE ‘UPSTREAM FLO® AND PRESSURE ®ITH CAVITATION. 03810600
(082 C 03810100
1009% 400 WL, KA, J) = DA . 03810800
110% POEel, KA, JY = CACONTT+F,d) = CICOMCTe1,d) & 04 = RUE+1,J) 03810900
iz t © % VDM ¥ ABS(WDLM) - 03511000
112% ¥ (13K .GT. 30) " 0D TO 420 63811100
113% CALL FOLYE (PG, P{T+1,KA ). FS. LIR, 0.0001, 0.0003) 03811200
114% Y (LK - 100) 368, 300, 500 036811300
115% 420 IERACR =3 ' -0 63811400
116 500 GO TO (386, 380, 520, BR¢), 10O 03811500
1176 € - . 03811600
162 G 2 CALCULATE DOUHSTREAM PRESSURE DARIHO PRIMING, 03AY5700
e ¢ . . 63911000
120 520 WCi-1,KA,JF = EDUM Y 0351900
iz BOILKA, Sy = TOA - 43612000
12Z% PLELKA,JY = Al & WOUM @ ADSIWINHY » 81 & YL + Cf 031812100
1232 540 IV CI1GO .EQ, 2) O3 TO 900 03032200
22 - T EAfEY =t a o ® - Q}ELZI00
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Heban  12%% IF (5 kO, 2} ILAGEEY =~ IFLAGELD DIA12400
00257  126% IFLAG(2} = §00 » . . GIM12560
goze0 127= CALL BRANCH (KA, RaW, RAMZ, DFLY, [FL3GR 03412600
so2bi 128w IF CLRILL 1= 03 _$O. §} 00 TO 900 01wizIco
06263 r1249e LPILLGT=1,33 = 2 LRLFLI
s0z84  1l6s GO TO %00 0¥=iZ400
00264 1312 G . 03R1 1000
opzee 112¢ € = CAUCLLATE IXIBWATREAM PRESSLRE, A FI%ISH THIS Cist 03ML1l00
p0z64 131 C 01411200
00263 134x BE0 POE, KA, = CICONCE-1,J1 & (BDUM - CZCONCE, I3 £IX11100
onzes 135% &4 - - e3at 1400
pozss  116% SO0 W(lst KA, J¥ = EBCf, KA I 03R} 3500
gozaY 137% G TG 1000, 920, T40), [FRRERM gIA11600
bo2¥0  1lse 920 GRITHE €6, 9302 TIKAY, b, J, PUI,KA.IY, WO, KA, ) 01131700
00277 139% $30 FORMAT (LHO [0%'AN FRROR OCCLRRED [N SUBROUTINE CAVENT AT TiME'  0istls=co
002717 140 t - Fg. @, b, “FPOMENT WO+ 13, ¢, F =v 12 4 JYIXSTHF c.u‘cu,.\'n-:n-nwnqﬂo
002TT  tal®e | z X' PRESSLRE ®AS: 611 6, SY'THE FLOW Bas' GI11t 6, BIK14000
002TT 142 "3 XN CAVITATION OCCURRED: ) 63214100
00100 143% . . GO TO 1000 b3814200
00301 144% 240 BRITE (6,95%0) TL(KAY, F, 3, PG, Pole+1 KA, J), ©i] KA, 1 03IA14106
00311 140% g50 TORYAT (1HO [0Y:AN ERROR QCCLRAFD W THE CAVITATION CALCLLATION: D1kl 4400
00311 146% 1, INCAT TIMES F9.8, %, SEGWMFNT %0 + 3, ¢ AND J =4 {2 7 01814500
00311 14T z. TIX'EG = GI3.8, SX'PANG z'-GE3 6, SX'FLOG =¥ G13.6-) C3AL4600
60312  148%. 1000 CONTINE Gint4r00
00313 L49% RETURH ‘ 61614800
00314 180% EnD } G3IR14900
BRD OF UNIVAC 1108 FOATRAN V COMPILATION, 2 SDIAGNDSTICe MESSAGH(S) A
CAVENT SYRBOLIE ) - . .08 JAN 71 $4:%5:04 O 01462420

CAVEWY CODE

RELOCATABLE . 06 JAN Tt 14:35:04

t- Dlag6s5i2
O 01466606

13
50
14

t50
]
14

{DELFTFDY
(DFLETHDS
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o FOR  GASFLO,GASFLO 11 EFE T1 19 1%:%7
‘HEVAC 1100 FORTRAM V LEVEL 2206 0018 F301wH B
THIS OOMPILATLIOX %ah DONE ON 11 FEB T AT 19:15:57

PUECT{ON GASFLO ENTRY POINT 000205

STORACE USED (BLOTK, NAME, LENGTH)
0081 =0ODE 000215
0000  *DATA 000023
0002 #BLARK 000000

EXTERNAL REFTRENCES (BLOCK, NAME}

0003  NEXPBS
D004 , SORT
" Q005  HERR3S

- STORAGE ASSIGNMENT FOR VARTABLES (BLOCK,- TYPE, RELATIVE LOTATION, NAME} )

ooot 000034 ig0L opol oaortz S00L 0901 aoorz2 sool poco R 0GOODY CRPR 0060 R 000000 GASKLD
Qoo B 000002 PR N .

60100 © 1= C - THIS FUNCTIOH SUBPROGRAM WILL CALCULATE THE GAS' FLOWRATE * 03300000
co1e0 - 2&  C THROUGH AN ORIFICE. THE ¥ALUE OF THE FUMCTION 15 THE FLOWRATE I 03900100
00106 ¢ POUNDS PER SECORD, . . 03900200
60100 4 O . 4 - . : . 03900300
06100 5« C R SPECIFIC GAS CONSTANT % ¥ LBS-P IhCH 7 LBS-M DEGRFES R 03500400
66100 ex  C T QAS INLET TEMPERATURE % ¢ DEGREES RANKIMNE 63500500
60100 1« G GAMMA BATIO OF SPECIFIC HEATS 03500600
00100 8% C PUP UPSTREAM PRESSLRE % % PSIA 03900700
00100 bk [H POOWN DOWNSTREAX PREASURE = %= P5'" 02800E00
00160 192 ¢ DA EFFECTIVE AREA OF ORIPICE HES 03900900
06100 tix ¢© ’ 03901000
0010t 125 . FUNCTIOH GASFLO(CDA, PUP, PDOWN, R, T ©3901100
6otot 132 ¢ . 03901200
50103 14x CRPR = (2.0 7 (CAMZA ¢ E.031 »% A - 1.0 63901300
00104 15% tP (PDOWN .CGT. PUP} GO TO 500 03901400
00106 18% {F (PUP .GT. 0.0} GO TO 100 03501590
00110 1T GASFLO z ¢.0 03901600
sotst 18% - RETURN . 03901700
00112 1o 100 PR = EDOWR / PUP 03501800
0013 20% 1P (PR ,LT. CAPR} PR = 03901900
00115 21% GASFLO 2 CDA & SORT(TTZ2.17 = GAMMA 03902000
ooiLy 22w 1 o (PR %% (2.0 /7 CAMMA) - PR 1.6) 7 GAMMANYY 03902100
pOJ1S  -23% z £ OGAMMA - 1.0} & R % T3} 63902200
oo118 4% RETLRN 03402300
oot 25% 506 1P (PDO®N ,GT. 0.0} Q0 TO 000 03902400
ootz 28% GASPLO = 0.0 . 03962500
e6122 21% RETLRN . 03902800
00123 26% €00 PR £ PUP / FDOWH 03902700
00124 20x IF (FR LT. CRPR) Pt = 0320208
0126 10w QASKLO 2 - CDA + SORT(TYZ.11 & GAM z 61902900
eotze 3= 1 G (PR ek (2.8 / GAFMA} - PR 1.0) / GAMMA)) 03903000
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|§ e izs .2 T2 GaMMa = 1,00 S R € THY ‘034901100

30127 31 T RET\RA 031803200

10130 4% EnD 03901100
END OF UNIVAC §10% FORTRAW ¥ COMPILATION, 0 =DIAGNOSTICS HEsSAGHIN}
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@ TFOR *VENTRZ,VENTRZ

UNIVAC 110R FORTRAN ¥ LEVEL

2208 001wn ¥FS501rH

wure (AMPILATION BAS DORE ON 11 FRBE T1 AT '19:15:5

SUBROUT I kE YEWTR2

STORAGE USED (RLOCK,

0001  SCODE
0000  =DATA
0002  ®BLARK
9003 DATLRA]
6004  DATULHZ
G005 DATUM3
0006 DATLM4
0007  CALY
0030 _CALZ
601t CAL3
eelz CALS
00613  DIRECT
EXTERNAL REFERENCES
. 0014 GETFLO
6015  SOLVE
, 0016 BRAKCH
© 001T  MEXPGES
0020  KWOUS
0027 C-HIOL§
Tfozz  HiO2S
0623  SORT
0024  NERR2S
0025  HERR3S

ENTRY PUINT GOODTD2Z2 .

RAME, LENGTH)

000753
000245
600Q00
o43tz0
200740
G044
000144
000740
BOOT 40
Qooee2
000310
oaiZis4

(RLOCK, RAMD)

STORACE ASSIGWMENT POR VARIABLES

[FL3
[*1.1:31
00¢1
00601
000
0400
9610
2406
L2114
fao0
D?iJ
0400
0064
0005
oo00

06000 +DTAONOSTICS

000661 10000

0a0334 3J80L
CO04T8 S40L
000627 g40L
640030 Bl
000034 Ct
400550 D

000456 I

600044 1GO

boOS00 NHSEG

Hogonss PHI
t p00550 R

D
D
1]
R 060006 DLM3
1
H
I
R
P

000004 TLIC
Q00055 WDLM

0003
0aol
0001
6000
0500
00bo
0aog
0008
00t
0900
€003
¢or2
¢oo0e
0003
6004

HEZRAII-RRTR

THE VARIABLE, At,

(BLGCK, TYPE, RELATIVE

000151
000111
000541
000136
000032
800030
000000
000022z
0oGLTo
000045
opoope
£00002
000002
027340
600170

320k
4008
SROL
950F
Bz

c2
DEQUAL
DL 4
1BRANM
1JK

4
PHICON
REO

A

b

0001
0001
6co1
5004
goo4
0010
0000
6007
0013
8013
€007
6012
0000
6007

LOCATION, HAME)

FERRMaaOT RN

IS REFPRPRCED IR THIS

00000 IDIAGROSTIC®” THE VARIARBLE, B, 1S REPURENCED IH YHIS

0600231
£00438
0O055%
0600000
000360
000000
Go0as54
000000
000672
aoooon
ago1Y0
400000
ad06047
000350

3sobL
420L
S00L
A

C
C2CON
DETCOH
a
DL
1ORDER
PBAR
PLVAP
RHO1
VoL

LI
000t
0001
0000
6005
so1o
€005
0012
6000
0000
6090
s004
0000
to03

000252
CO0440
600576
400024
co0TZ0
000170
000000
400004
403043
490042
¢4qQo352
200000
¢90051
0313360

380L
5008,
s20L

CAVTAT
Cicon
LAY
GCONPG
1ERROA
K

LA
PS
RHD2

1t FEB 71}

0000
0001
0000
oooo
00(2Z
Q010
0005
0014
20060
003
0000
gooe
onl1
0007

PROGRAM, DBUT 15 NOWHFRE ASSIGNFD A VAL,
PROGRAZ, BUT I8 ROWHERE ASSIGMED A VALLRL,

Qo00D58
000452
000016
000026
GoO006
o0plie0
000TEQ
opogoo
CO0040
000%02
coGose
coo020
000000
000350

19:15%: %

ITOF
5zob
9l0F

(o> Rt ]
C4COn
L2
GETFLD
IFEAG
LFiLL

PTGAR

T
BBAR
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0
06000
goico
el
o010t
0Q161
00103
40103
00103
oeiol
06101
00103
ooiL04
eoto4
00104
00104
00104
Q8104
00104
LLJE 2
60105
00165
[]: 3%
aglog
00106
0014
0107
aoinT
00107
60110
00111
a0tz
L8 &)
ot 4
0011 4
oolt4
onii4
00115
Qo118
Qo117
60120
00121
goi23
00123
0oizé
GoE24
00124
60124
oot2s
0ot2e
ooLeY
¢ot3t
0133
00134
G013%
0038
00136
00137
ool ¢t
0014l
8014}
0142
ot 42

2D AGKINT ICS

eDlAGNOSTICE
i« C J. BOEHMFIR » DSSR-ELZ & #% 2721
z= SURROUTIWE SHEWTRZ ehA, RAML, hAMZ, [x, PIXMN, DEET, 1)
1= c
4= Corad™ rDATIRT S PLEn, e, 2 , Bteo.so.2? . VIGD R0, 2}
for i /DATAM2,  A(g0, 210 . Miem. ) -, Ctao,¢s .
o5 4 fliag, 2} 2
T= 3 SDATLMYS DRl sa 5} ., CAVTATC4, 4,27, DLW 2a4)
R . 4 FOATL G/ DOt AL €2} ., RHtZ) . TLEQUZ) ;
gu 5 BLMICION . PTGAMOZY . DAM&LsZ)
10« © L.
1w o JCAL LY Gilse, 2y | , PBAH{GD,2) . WBAR(GD , Z) '
12% 1 \VOLEe0, 2}
13x 2 fCELZF . CO0NLRQ,2) -, CICONEO,2) ., C4O00ONCAD, 21
14 3 ° BIs0, 2y
15% ) ICALY/ Y50 .
to= 5 LCALSS PAVARLZ)Y . PHICONUZY ., CUONPG(2}) .
17% 1 TR (194 * )
1A= c -
9 COAON /DIRFCTZ TOREERIGO, 2, FARANI10,10,2), RSEG(2? .
20¢ 1 LPILLEED, 2 ~, tDL™Mic2ior
-4 L N
22« BOURLE PRFCISION  PFSC10) ,»  AY . . A2 '
23 1 8y ., B2 - . €1 e €2
2a= z DL .
25« DEMENSTON . TFLAGOZY
Z6= [
2 ¢ '
Zas K =1 N
29¥ FFRROR =t
0= GO - = § .
k] LI K =0 -
I2x ! =f - .
- 33 C . .
34 [+] & CALEULATE BORMAL FLOYW RITHOUT CAVITATION,
Is= € ! . .
36¢ 200 A2 = R{9,JdY 7 DE9,J) +« RES
3w B2 = CICOK{9,J} + CAVTAT(4,1,J}
lgx cz £ CACONIG J) « POOTH
9= WE,KA,J) = GETFLD(AZ, B2, C2} -
40% [F (9¢! KA, J) LT, €.0} (i ,KA,J) = 0.0
41 PO, KAJY = C4CONI9, I - CACOMIO,J) & W, KA, S
42% 1 - REG,JY & BOE,KA;TY o ABSCOWUT KA,JY) 7 DB,
43% B20 1GOQ =2 i
LTI )
452 [+ & CHECK 7O SEE IP CAVITATION 18 OCCIRRIKG,
464 c .
474 300 RREO1 = DEFef, 5}
L1:14 PO = 2.0 ¢ PUT+L MAML 03 = POLsy KAMZ, O}
49% P ¢PQ LY. PLYAP(SIY PO = t.0 + PLVARLS)
50 - IP (DEQUALLSY OY. 1.0E-20) - a2 17O 126
St= REG2 T D{tel,J?
. 52= 4 . - OO 7O 140
$3% 320 POLM z ¥60.0 ~ PLVAP(J}
54% PHi = (DEJUALLSY = OL1,J)) 2 (1.0 ¢ PHICOH(JY / PO
55 1 F 1.0 6 OCE, TN
&6% P (PH{ .LT. 0.0) PHI = 8.0
57 RHO2 = (1.0 + PHIY 7 €1.0 7 RKOEJ) + PHI » OCONPQ(J)
Saw § o TLIOMSS & (PLVAPCEY / PDLM) oo ({PTOAMI]Y - 1.0)
S T I PFTOAMIS 1Y 7 PDLM)
ode 340 DiMCON = T72.0 7 (1.0 7/ (MHOZ 5 CAVTAT(I K, J}) =2 2
ale 1 = 1.0 / tRHOt o CAVTATI2,H,J1) =« 2}

THE VARIAMLE, Cf, 1% RELERFACFD 1% THIS PHOGRIM, HUT |6 SORMERE ANSIGNED & vaile
THE RAME DL APEARS I% & DESESSTON OR TYPE ATATEMEST HUT £3 SEVER HERERENCED

01700900
0VING100
01100200
01706100
031700400
01160500
03700600
93100700
031TO0R00
p3joQuoo
piTotooo
a3totinn
017181200
BITo1300
61701400
03701500
03701600
03701700
LERLATD D]
03701600
03702000
n1v0Z100
ni1YoR2LO
01702100
03762400
63702500

037102600 ,

03702700
03702800

T03702900

03103000
03163100
83763200
03703300
63703400
03701500
03703600
93703700
03703800
03103900
0317104000
03704100
83704200
83704300
03704400
03704500
63704600
037047100
03704000
03704900
82705000
63t10%100
QITON200
031705300
G3T05400
03705500
63705600
23705700
oIT05800
831035900
03106000
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http:CAVIAT(4.kJ
http:LFILL(SO).Z1
http:C(00a.t4
http:P(60.%.2w
http:41-II'.11

41
Q0144
00144
vo15%
001 5%
40156
00§60
LR
D062
%0184
ag1as
oots
0oieT
00170
0a1 70
o1+ Iy 1]
DOYTO
WOlTL
01712
00172
00173
o01TS
00176
0020t
06202
eozo2 .
oGzo2
oozoez
o0zol
00204
0205
adzod
00210
eozil
06213
G0Z214
o02ls
soe1t
toz2o0
gozzo
pozzo
onzz2o
00221
Qozzl
opzzz
so0223
apzz4
00z311
66233
00z33
002313
00234
00235
00245
toz45
Qo248
00248
afz4y
60250

D\)G\E3LE;’,S

" £PRO -
‘! NOT -/’”
6ze IR0 EDAM . T QRNOUN § (PG 7 RHO1 - PIVAP(JS 7 RMOZ2D PIT0RION
G3* ClP CRDLM LT O 0Y : - RRETE €6,370% T(KA), J, 3, PJK, GYIT06Z00
g4 rrG, et : . 03706104
B5¢ . 370 FOHMAT (IHO 10X TIME =* F9.6, IXJ =¢ (2, 3X0 =¢ (7, IX'LIK =* D}ITOAR40U
s5w 1 13, 3%'PG = Gi5.6, INBOBLM = C15.6 7 01106500
(3] 1P (DL LY. ‘0. 6Y . Welt = 0.0 03706600
[1:33 Ot T SORT(BIAMNY) . 03706700
s9= GO TO €31s0, 3%0, 400, <501, 160 T 03708100
Toe 340 [F (UDL™ .GF &0 ,KA,J)) . GO 7O 540 03706700
Ti% - LI = (GO ¢ 2 ' 03707009
7% LERROA : i ’ ) 03707104
Ti= FJK 0 . 031707200
Tow "G 2 2.0 = PCLEL,KAMI,J) = POlel KAMZ,JY T T 03707300
i5e . - . - GO 10 360 D3ITOTA00
168 € - . -7 031767500
% C - CALCULATE UPSTREAM FLOW AND PRESSLME WITH CAVITATION. 03707800
e € . : . 03707700
9% <400 GOI,K¥A,J) T DBRE . 03707800
gom Pilol KA, J} = CaCONC141,J} = CICON{1el,J) % RDAM - R(Is1,J) 63707900
a1 1 - & DDLU % ABS(WDUM) 03708000
B2% IF CLJK .CT. 30) . GO TO 420 031702100
63x CALL SOLVE (PG, POi+t KA, J)}, PS, LJK, 0.0001, 0.0005) 0370#200
Bdn I €1JK - 1007 _380; 380, 500 03708300
5% 420 IERROR- = 3 : ' . 03703400
B8t . %00 GO TO (386, 3go, 520, RRo), IGO . . 03708500
are € . : . - L+ G3TORGRD
g6 C » CALCULATE DOWNSTREAM PRESSURE DURIRG PRIMING, 03T0RT00
[ . - - . T . 63708200
Y1 520 WCI=-1,KA,J1 3 wDiM~ . ’ . . < ' D3T06300
_ o1 WOrLKA,J) = mDLM . : . . 03709000
g2k POT,KALST = AT # UDiM = ABS{WOLMI + Bl & WOLM + C1 03109100
PR 540 IF (10O .EQ, 21 i GO TO 900 03709200
9 4 . IFLAGELY = 1 & ¢ . . - S 03709306
o5¥ ‘IR 3 D, 2y IPFLAG(L} = = IFLAG{L) 03709400
954 FFLAGEZY = §00°+ 1 . ’ 03709500
91% CALL BRANCH (K&, KAM{, KAMZ, DELT, IFLAG) L 03709600
98 1F (LFILLUI-1,J) .EQ. 1) - * 0D TO SO0 0Q3TLITHO
995 LPILLOE=1,J} = 2 03703000
100+ - T ’ GO TO 900 037099300
101 c 03710000
toze  C 1 CALCULATE DOWNSTREAM PRESSURE, AND PINISH THIS CASE. 03710100
1063« ¢ 03710200
104% 880 PCI,KA,J) =-PCO¥N + RES # w(l ,KA,J) ¥ ABS(U(I,KA,J)) 03710300
105« € . 63710400
106 800 WCTef KA, JY = WCE,KA,J) 03750500
107% GO TO 1060, 920, 940}, {ERROR 03710600
1085 520 URITE €6, 0300 T(KAY, [, J, PCT,KA,JY, RCE,KA,J) . 037108700
109* @30 PORMAT {(1HO 10X*AN EHROR OCCURRED IN SUBROUTINE CAVENT AT TIME' 03710860
110+ H PO.¢, *, SEGMEXT NO,¢ 13, ¢, J =* 12 / PIX*THE CALCULATED*03710300
11w z 1X* PRESSLRE WAS* G13.8, 5X‘THE FLOW WAS® U13.6, 03711000
Hes | 3 SX*NO CAYITATION OCCURRED* ) 03TL1100
t13% - . a0 TO 1000 03711200
Pt4s $40 WRITE £6,950) TCKAY, I, J, PO, P{ls+f KA, J), ®(1 KA, D) 03711300
1154 980 PORMAT (THO 10X*AN ERROR OCCURRED [N THE CAVITATION CALGULATION: 03711400
116% 1 . IX'AT TIME: P8.4, ', SEGMENT MO.' [3, * AND J =% 2 7 03711500
(8 21 3 tIX*PG =* G13.6, SX*PANS =¢ G13.6, SX*FLOW =* G}3.6 ) 03711800
tins 1060 CONTINUZ - B1711700
fres HETLON ‘ . @3T11800
t20= EXD . 03711800
END OF URIVAC 3108 PORTRAN ¥ COMPILATION. 4 BDIAQNOSTICY KESSANR(S)
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TABLE C-III

DESCENT ENGINE LM-3 ANOMALY FROGRAM OUTPUT LISTTNGS

167



APOLLC DESCENT EMGINE

DATE

QL/L3/ T

TIME

o e e DATA CORRELATION
LM-3 FLIGHT ANOMALY

-1t 9.33

FUEL FEEDSYSTEM.PARAMETERS

%

3.5700

£0000.0

0.0 -~

%* # * £ Tk S *
SEGMENT DATA PRESSURE ELOW ACOUSTIE AREA L ENGTH RESISTANCE DISOLYED GBS
NO. STATE PSIA PPS VELOCITY  S@. IN, INCHES SEC*F2/IN®%5 £BS G 7/ LB L
AN 7 SEC
- i Bt i 45, Q0 3,570Q0 48889 .0 225000 10.20 0:1120E=~03 0.0
2 FULL 45,00 3.5700  48889%9.0 2.5000 10.20 0o 1 604E-01 0.0
3 FULL 43,67 3.5437  48B889.0 0.0 0.0 0.6680E~02 0.0 .
4 _FULL 4625 3.5437  4888%9.0 225000 10,20 ¢ 0.1120E-03 0.0
5  FULL 45.00 3.5700  48889.0 25000 13.00 | 0.1430E~-03 0.0 -
6  FULL 45,00 3.,5700  48889.0 2.5000 15_00 0. 1650E-03 0.0 & *
yi FULL 45,00 _3.5700  48889.0 20,5000 12.20 0.1340£~03 0.0
8 FuLL 45,00 3.5700  48889.0 Q.0 0.0 . 0.0 0.0
g  FULL 235.00 3.,5700  48889.0 © 2.9200 11:00 0,1210E~03 0.0
10 FULL 235,00 3,.5700  4£8889.0  2.9200 13.00 0.1430E-03 0.0
11 FULL 235.00 32,5700  48889.0 2.9200 15.00 0.1650E-03 0.0
12 FULL 235.00 “3.5700  4888%9.0 - 229200 17.00 - . 0.1870E-03 0.0 .
13 EULL 35.00 3.8700  4B8B89.0 " 209200 . 19,00 0. 2020F~03 0.0
14 FULL 235..00 3.5700  48889.0 . 2.9200 . 21,00 0.2310E-03 0.0
15  FULL 235.00 3,5700  48889.0 2.9200 23.00 0.2530E-03 - 0.0
16 FlL 235,00 3.5700  48889.0 229200 2000 . 0.2200E—03 0.0
17 FULL 235.00 3,5700  48389.0 2.9200 17.00 - 0.1870C-03, 0.0
18 FULL 235.00 3.5700 51152.3 3.2200 11.00 - 0.1150£-03 " 0.0
.19 L FULL 235.00. 3.5700.._51152.3 . __ .. 3.2200 15,00 . .Co15T0E=03 . 0.0 .. S
C 20 Full 235.00 3.6700 51152.3 3.2200 19.00 0.1990E~03 0.0
21 FULL 235,00 3.85700 51152.3 3.2200 17.00 0.1780E~03 -+ 0.0
22 W EULL 235,00 3.5700 _AlLizkiw__*_mlaaaQQ_um_mlgizo*_."_QJIQIQL.Qﬁ, 0.0
23 FULL 235,00 0,0 0.0 - 0.0



_ ' DATE 01/13/7 UTIME 13 9.33
APOLLO "DESCENT ENGINE e :
VS U SR DATA _CCRRELATION.. ...
. LM~3 FLIGHT ANOMALY " : : - _ SR ' -
% % .k * OXICIZER FEEDSYSTEM CONSTANTS = =% C % X % *
SEGMENT NATA PRESSURE £l0u ACOUNSTIL AREA LENGTH RESISTANGCE DISOLYED GAS
NOo STATE PSIA PPS VELOCITY $Qe INo INCHES SECH#%¥2/IN®%:5 £BS &6 / LB &
: , IN./ SEC -7 ‘ : : ' '
—— i UL - 105.00 5.7.300 3661 3.9 2.9200 2,00 _0039005-—04 6% ¢ NN
2  FULL 105.00 5.7300, 34613.9 2.9200 7540 0.4200E~-04 " 0.0 -
3 FULL 104457 5.7160  34613,9 0.0 0,0 0.1293E~-02 " 0.0
4 FULL 105.38 S5.7160  34613.9 29200 7200 0.3900E-04 0.0
5  FULL 105,00 . 5.7300  34613.9 29200 9.00 0.5100E-04 0.0
‘6 FULL 105,00 5.7300  34613.9 - 2-9200 11.00 ° 0.6200E~04 0.0 °
ToEML o 105.00 57300  34613.9 29200 15,00, " 0,8400E~-04 0.9
8  FULL 165.00 5.7300  34613.9 0.0 0.0 0.0 0.0
9  FULL 236.00 5.7300  34613.9 2.9200 11.00 0.6200E-0% 0.0
10 Fll) 236200 _  .5.,7300  34613.9 2:9200 13,00 . 0.730Q0E~04 0.0
11 FuLL 236.00 5.7300  34613.9 2.9200 15.00 0. 8400E~04 0.0
12 FULL 236,00 5.7300  34613.9 209200 17.00 0. 9600E~04 0.0
33 _BUlL - 236,00, 5.7.300  34613.9 1229200 19,00 0. 1070E~Q3 0.0
14  FULL 236,00 5.7300  34613.9 ‘2.9200C 21.00 - 0.1240E~03 0.0
15  FULL 236.00 5.7300  34613.9 2.9200 23.00 0.1290E-03 0.0
re  EULL 236,00 5.7300  34613.9 2:9200° 20,00 0.1120E-03 0.0
17  FULL 236.00 5.7300  34613.9 2.9200 17.00 0.9600E-04 " 0.0
18 FULL 234,00 5.7300 34896.7 ¢ 4. a200 11.00 . 0.1150E-~-03 0.0
ek G FULL L 238400 527300 . 34896e7 e 44200 . 15.00...... 0.1560E=03 . . 0.0
20 FULL 230,00 5.7300  34896.7 4,4200 19.00 © 0.1970E-03 0.0
21 FuLL 236,00 5.7300 34896.7 4.4200 17.00 0.1760E-03 0.0
22 ELL) 236,00 . 5.7300 348967 “4:a 2200 10.00 0104QF-0Q3 Q0.0.
23 FuLL 236.00 5.7300 ° 40500.0 0.0 0.0 0.0 0.0

69T
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TIME 1: 9.33

: : DATE 01413771
APOLLG DESCENT ENGINE . ' :
: DATA CORRELATION
LM-3 FLIGHT ANOMALY ’ : _
= * o & FEEDSYSTEM CONFIGURATION . F % * #
EUEL e : OXIDIZER
SEGMENT BRANCH DATA ) : o
INDEX INLET % % * BRANCHES * = % ANLET = * * BRANCHES * ® A
. CAPPED SEGMENTS -
O 07 0, Oy 0O, . Os 0 0y O 0Oy
FUEL TCRDER ARRAY % NSEGF.- = 22

A9, ]

7 10 11 1z

OXIDIZER IORDER ARRAY - #

7 10 i1 12

13 14 i5 . 16 17 18. 19 20 21 22

NSEGD = 22
13 14 i5 * 16 17 18 e . 20 2l 22

CUTOFF SEGMENTS,

FUEL

OXIDIZER

04T -



' FUEL VALVE TABLE
INDEX SEGMENT % * VALUES

1 3?3“w4EELJxMHMMLW#QLQ_____JEuLuEuumﬂ _lQAQDQQQQ__Jldl.______Q&D . 0.0 . 0.0 -
2 3 0.440000 10.000000 0.0 . 8.0 .00 s 060 o u0:0, . T 0e0q .
3 108 0.D46646 0.0 0.049781 .250000  0.049781 2.549999 ' Q. 053009 3¢549999
O 201 0-195483 Q.90 Q,203234 . 02250000 0.,203234 : 22549999 0.22353 3.549999
. OXIDIZER VALVE TABLE
INGEX SEGMENT * * VALUES ) .
1 . 323 236.000000 0.0 236,000000 10.000000° 0.0 0,0 8.0 0.0
Z 3 1.000000 10.000000 0.0 0.0 0.0 0.0 (30 0.0
3 108 0.0539659 0.0  D.,063405 0,250000 0,063405 22549999,  0.0740%8 3:.549999
4 201 0. 092893 0.0 O, 098@59 0. 250000 0.098459 2.549999% ‘001i2530 3.549999%

—_ __jUEL_PUNﬁEN_lA&_F__ S C

" CXIDIZER FUNGEN .TABLE

— rmen mEwm AR mAmsmASLL oy ben r em emmem m e B it s avrusmseranmeam e s e a4 mmL 4w r e ! e e ——— o e

——————t —————— b wr e v mmas am om ro. A e e

LT



CAVITATING VENTURI DATA

_ FUEL . . OXIDIZER
JNDEX N0, 1 2 3_ 4 I 2 .3 4
SEGMENT NO. 8. 0’ 0 0o - 8. 0. 0. 0,
UPSTREAM AREA ~- 5Q. IN. 2.919999 0.0 0.0 .0,0 2.919999 0,0 - 0.0 0.0
THRAAT AREA = SQ. INa 0.0466646 0.0 ~ 0.0 Q.50 Q.059659 0.0 0.0 L 0.0
PRESSURE -RECOVERY RATIO 0.100000 0.0 . 0,0 . 0.0 0.100000 0.0 040 0.0
oY | . Y
ORIEICE DATA ~
ACCUMULATOR DATA
/

2Lt



INJECTOR MANIFQOLD CATA

FUEL - . OXIDIZER
INDEX NG» . .. 1. RO N - TR S i B - R,
SEGMENT NI, 1.000000 0.0 0.0 Do 1.00000G G.0 0.0 . 0.0
MAN1FGLD VOLUME = CULIN.,  45.0000 0.0 0.0 © 0.0 30,0000 0.0 - . 0.0 0.0
ORJEICE 1 ENGTH — INCHES 0.375000__Q¢Q 0.0 - Q.0 - 0.250000 0.0 - 0.0 0.0
INJECTOR C-SUB—D*A ~ SGIN 0.155489 0.0 0.0 0.0, 0.092893 0,0 0.0 0.0
FLAME FPCUNT DISTANCE-IN. 1.000000 G.0: 0.0 DD 0.500000 0,0 0.0 0.0
. COMBUSTION CHAMBER DATA

INDEX NG. 1 - . .2 -3 4
CHAMBER PRESSURE - PSIA 25,3508 - - Q.0 - . 0.0 0.0
OXIDIZER FLOWRATE - PPS . 5.7300 L 0.0 - c 0.0 0.0
FUEL FLCWRATE — PPS . -+ 3,5700 T 0.0 : 0,0 - 0.0
DXIDIZER FRACTION. . 0616129 ' 0.0 — 0.0 . 0.0
THROAT AREA - S5Q. IN. .- 54,400 - C 0.0 0.0 0.0
CHAFBER VOLUME =~ CU. IN. 2557.000 , 0.0 0.0 . ¢ 0,0
NOZZLE EXIT AREA = SQ. N Q.0 .00 - - : 0.0 0.0
THRUST COEFFICIENT 1.70000 o 0.0 : . 0.0 0.0
ENGINE AMBIENT PRESSURE = PSIA 0.0 ) 0 S . 0.0 . 0.0

0.0 0:0

ENGINE THRUSI = POUNDS N 271 4,36

COMBUSTICN DATA . " .
' GAS CONSTANT CORRECTIGN =0,027790

BASE PRESSURE = 150.0 PSIA .
CSTAR CORRECTION =0.008453 A . EFFICIENCY CORRECTION =0.0
0X. FRACTION ‘ GAS CONSTANT . -~ . CSTAR 7 G EFFICIENCY
~0. 0050 ~2,0000E 05 - . 15,000 0.8160 o
0.0 ' 2.9300E 05 " 41,500 ' 0.8180
0.0200 © 2.8200E 06 _ . 115,000 L 0.8260
0.0400 . 3.,0400E 06 131,500 ‘ 0.8330
0.0600 3.0700E 06 132.900 - 0.8410
0. 1000 ' 3,1300E 06 : 134,700 R 048560
. 0.2000 o ... 3B.24Q0FE 06 - _____....138.000 PR 0.8890 _ o
0.2500 3.2800E 06 . 139.800 : 0.9030
0.3000 3.4200EF 06 : 142.600 :  0D.9200
—_ _0:3500 3.8700E Q& 148,800 ot 0,9330
C.4500 " 4,6000E 06 . | 165,200 - . 0:95%0
0.5C00 4.BR00E Q& 17L1.300 0.9470
_0,5500 . . * 5,03Q0E 04 175800 0.974%0
0. 5000 - 5,0200L Co 178,100 . 0,970
0.e5300 4,8600F Oc T 176.800 g T 0.97 8f
A _.Da70eo e ——— 4255008 Q6 L ATl 10U T * AL LIL D
w

0. 2000 . T T3 LA300F 06 Tlsz.ono (G2t 7.



LT

0.9C00
0.980C0
10000
1.0050

2.2700E 06 - . 116.600

(.8590
3,7000E (5 L 58,700 " 3.8010
1-3300F 05 ... = 29,400 0.73870 -

1.0000E 04 21.000

0.7810

L L T Y E—




GLT

DATE 01713771 O TIME 13" 9,33
APOLLO DESCENT FNGINE c-

e e e DATAL CORRELATIGN. .- -
LM 3 FLIGHT ANGOMALY . ' . .

% INMPUT DATA CONSTANTS. % % " EUFRL OYINIZER
ENTRAINED GAS - LBS GAS‘/ LB LIQUID - " " 0.0 0.0
- PROPELLANT DENSITY = POUNDS /£ CUBIC INCH - 0.03250 . *_0.05200
LIQUID TEMPERATURE — DEGREES RANKINE . 530,0 530.,0 ‘.
PROPELLANT ACOUSTIC VELOCITY =~ INCHES / SECOND . 60000.0 4050040
VAPOR _PRESSURE CURVE FIT CONSTANIS — CONI B 3446E-03 8.9489E-03
{ LOG{PVAP} = CON1 % TEMP + CON2 }? : :
- CON2 -4 ,1095E 00 ¢ =3.6294E 00
- PROPELUANT. _MOLECUL AR _WEIGHT . _ - - 41.8 o 92:0 R
PRESSURANT GAS MOLECULAR WEIGHT - ' 4,0 ' 4s0
RATIO OF SPECIFIC HEATS - PRESSURANT - GAS 1.670 © 1.670
RATIO _OF SPECIFIC HEATS - PROPEULANT VAPOR 1.050 T 1,100
DISSOLVED GAS EVOLUTION TIME CONSTANT ~ LSSEC. .0000E 01 , 1.0000E Ol
——D1SSOLVED_GAS. CUNLENTRALLQM_:_L&&MCAﬁnl_LﬁﬂLJQ A 5% S &m&§395_96 220526E-05. s
PROPELLANT TANK ULLAGE - CUBIC TNCHES , 0.0 0.0 .
PROPELLANT TANK INITIAL PRESSURE -~ PSIA 0.0- . 0.0 -
PRESSURANT. GAS BOTILE VOLUME ~ CURIC TNCHES . 0.0 . Q.0
PROPELLANT LIQUID HEAT CAPACITY =~ BTU / LB / DEGREE.R . ¢.$100E-0! 3.6B00E~01
PRESSURANT — LCW PRESSURE C—SUB-Y . . ..n—. .. . . 1.5000E~0l . T»5000E-01
PRESSURANT - HIGH PRESSURE C-SUB-V . : 0.0 0.0
PRESSUKANT - HIGH PRFSSURE C-SUB=-P - E 0.0 , 0.0
__PRESSURANT = MISH PRESSURE _GANMA - : — 0.0 . 0.0




CATE 01/13/71 TIME 116,337 §

LT T AP)LLU ucfrtnr ENGINE - ' ' U i

S TR U ; . _m_“m-_“DATA C‘RRELATI”N e e S e LT - P

R LM-3 FLIGHT ANOMALY - T L R 3

0.0 145,0000C0 3.57000 105.00000 3.5 73000 © % 0.0 060 -~ "7 1 29.3508L: - 1 0.61613 §

. 0.00952Q  49,31779 3.63240Q 228.43883 2 B8.09291 - 0,0 000277 - .35,44040 - 069455 &

C.019040 ~ 48.62859  3.57788 ~227.67528 . . 8.1860¢ - 0.0 . .. 0,00263 .. 35.30196 .. 0.70172 L

0.0255¢€0 42,58351 3.58324 224.,93532 . .8,16350 - = 0.0 0.00249 " '35.36827 - 0.69501 &

C.03808C. - 48,€6528% .. 3.5%402 . 222.69366 _:_ . 8,1351¢ - :.0.0.. 0200236 0 35,37247 . 0.6930¢ &

0,C47600 48,63609 23.60218  221.03070 o.11646 . . 0.0 0.00223 35,37219 . /. 0.69%305 £

C.C5712¢C 48.756€2 . 3.61199  220.00687 - B.1120¢9 0.0 . 0.00210 .. 35 40588 . " 0.69233

. 0.0666460  43.86312  3.5620%4 219.76350 812414 Q.0 0.00196. 247252 0.691F0

0.076158  48.97234 ° 3,53001 220.22563- B8.15105 - - 0.0 o 0.,00183 °. :35 57130 0:.6915¢ ¢
0.,005679 45.11687  3,03851 - 221.33151 . 8.19077 - . 0.0 = . .0.00168.  '35,69341 . ~0.69224
L 0.05519G. . . 492265662 3.64192  222.56249 . 8,242986 - . 0,0 T " 0,00154 - . 35.84180 0.6934C
C.104718 149.46413 . 3.65698 . 225.02791  8.30315 - . 0.0 .0.00138 | 26,01118 . . 0.56942%
0.114238 49,665658 1 3.66600 .227.4098% 8436955 S 0.0 - 10.00122 . 36.19298 . 0.59511
_0.123757 49.9117% 3.61498 _ 229.89093 3:.43797 0.0 i . 0.00106 36,38097 . 06964
0.133277 50,12143 3.68412 . 232.27435 - 8.50504 . 0.0 0.,00089 ' 36.56490, 0.69763
0.142796- = 50,.32883 T 3,69312 234.,43968 .- 8:,5663C < 0,0 0.00072 . 36.T74274 . 0.69904
02152316 _._50.51500__ 7 3,70230 __236.16504 - 8,61346 - 00" 0.00055 36.90083 . . 069991
0.161836 = 50,67857 7 3.71146 237.38156 8.66097 . 0.0 - 0.,00039 37.03899 . 0.7000¢
C.171355 -~ 50.81709 3.72056 237.95345 . 8.68886 S 0.0 . 0,00023. ° 37.15358 .7 . 0., 70017
0,180875  50.93237 3.72970  237.88286 .- 8.,70499 0.0. 000007  .37.24138 0.63994
0.190394 51.00427 3.73923  238.38390 .8.068863 ° . .0.0° 0,00290 - 37.28096. - 0.6991¢
0159914 50.67186  3.74827  234.,76157 8.63495 © ... 0.0 0.,00290 - =37.2253L " ' 0.6972¢
o 0.209433 50.87590 '3ﬁ7515uu_hzaajza5§z, 8.543%6 1 0,0 0.00290 _ 37.09698 T 0.69461
0.218953 50.,77402 3. 76646 225033345 . B.46498 . 0.0 0.00290 = - 36.97643 0.6920¢
0.228473 50.72232 - . 3.77506 221.73227. 8,40386 . 0.0 0.00290 .. 36.83278 1 0.68002
0237992 50.68373 4317&A52 218.73G47 -~ 8035326 0.0 000290 3682803 - 0,6881%
0.247512 50.65202 . 3.79352 215.85083 - 8.30560 0.0 . 0.00290. + 36.76985 .  "0.6865¢
1 0.257C31 50.59436 . 0 3,79820 213.14182 . 8.25047 . 0.0 .. 0.00290:° " 36,69038 1 0.6850¢
. 0.26655L . 50.46255 ..3,79781  210,56270 ... 8.19260.. . . 0.0.. .060029C | . 36.57112_ -7 0.6830¢
C.276070 5G.34724 3.79757 208.10571 S8,13725  m 0.0 - 10.00290 36.45024 - 0.6814¢
0.2€85560 50.2305% C 3.7977% 205.76585 808422 - 0,0 S 0.00290 7 . 36,33270. - . 0.6805¢
o Ca2SSING . SC.11544 . 3.7971863 20353221 8303333 0.0 _. 0.00290 36021517 ~0.6793¢
04304625 50.C0722 3,7978¢ 201.39925 7.98448 . Q.00 S 0.00290 . . 36.10760 . 0.6776¢
S 0.31414¢ LG ECTAE 2.7977¢6 199.38312 " TaS83747, 0.0 J.0029C 7 . 36.0025% . 0.67647
0.3.3¢e¢a 69.7S588 B.T5THO - 19TL.60887 -+ . 7.89226 - Q0.0 o 00240 " -35.90224  0.67504
C.3331&: - «; 70132 TSTEl 195 53¢ 1.5 T RL877 Ot 200250 . . 35.80025 5T - 0.67392
o 0036270 SV 4. 7CTE) 193.74500  ° T.nGeTw . GaU C0L00260 U 39,.79547 0 0.67282
F..0.3L2221 W§9,5090d e 3 T8TTE L 12.00%4 L TR 16627 0 0.0 ;LWQLQQZQQQQM;1§x¢lﬁJl;;Qj;Q&§ILEQ

0. 301 76T RSN 1N aTHTus 39738 - T.72717 Gt 0L00280 0 0 35,52409

1906 o

R e s -;sﬂ.?’??‘"""xvm R

D 67066




" wot REPT
- \ /’ o e

0.371266 449,33585 3.79778 188, 76250\<f”7 8939 0.0 0.00290 . 35,43817 0.66%14
0.380786 49,24€61 3.79782, 187.,22783 © 7. 6528Y 0.0 0.0U260 35.350156 . D.06818
——La390305 . 49.16454 .. . 3.,797714 .. 185.04931 . ' 7.61157 Dl 0.00290.......35,269064%4 . 0.066F320
0.399825 49,0835%6 3.7C763 184.32466 . T T.58540 0.0 0..00290 35.18906 0. 66644
0.409345 49.,00835 2.75774 182.95044 ... . 755031 0.0 0.00230 35.1128% 0.66508

. D.41RRA4 147, 73968 onlTozﬁ‘ 181.73790 720504 0.u0268 000290 . 4T7.52788 Qeftlexf
0.428384 141,68512 9. 89465 180.72684 T.1679%- 0.00244 0.00290 47.42796 0.42055
0.437903 136.04225 C.t5T7e2 17974239 . T7.15230 0.00222 ., 0,00290 4703304 0.42528
~0a447423 0 _133.63c75_ 945962 _178.782TC. . Ta2l3494 . . .. 0.0020% ___. 0.00290 _ __ 46,72502 _  _Q.%2830
0.45%6942 131.92651 941679 177.84750 . 7.11877 - 0.00180 0.00290 46.50720 0, 43047
0466462 131.£2459 9,40629 176.93652 7.09488 0.00158 0.00290 . 46,37560 0.43003

0. 475582 132.58R29 S A 176.05577 107244 . L 0L00138 0.00290 4632443 D.42775
0.485501 134.67045 9.57351 175.20033 " 7.04874 0.00109 0.00290 =~ 46.34169 0obk2410
0.495021 137.68742 G.73131 174.37204 7.02408 0.00080 0.00290C 46,41800 0.41940
e D0504540. 1 41.37759_ . S5.91959 173.57118; £.099891 ... . 000048 ' 0.00290 46.,.53311 Q41383
0514060 45,34169 10.11831 172.79709 . 6.97381 . 0.00014% 0.00290 46.6TOTO 0.4081%
C.523579 217.63217 1011975 172.05228 685064 0.00290 0.00290 46 .67332 0.407L3
0.53309¢9 203.29704 G 16155 17132133 6294404 000290 000290 464 1998% 0.%1559
0.542619 190.92575 9,36194 170.60013 6,94003 0.00290 0.00290 45,63452 0.42567
0.552138 182.49608 9.08299 169.88960 . 6.93232 "0.00290 0.00290 45,21306 0.43280

e 0aBA1658. 1752704452 B-86210 169.19130  6.92257 0.00290 0.00290 44,86960 . .. 0-43853.
"0.571177 169.40103 8.66237 168.50581 . 6.,91229 0.00290 0.00290 44 ,55880 0.44380C
0.580£97 164.14761 8.47942 167.83400 6.90180 0.00290 0.00290 44, 26163 0. 44B65
0.590217  159.2C113 8.3114% 16717500 6,89155 0.00230 0.00290 43.96881 0245326
0.59973¢ 154.7€978 8.15693 166.52847. 6.88164 0.00290 0.00290 43 ,6T7845 0.45758
0.609256 150.,60008 8.01356 165.89398 6.87163 0.00290 0.00290 - 43.40285 046158
0.€LB8IT5... . 140.82716 788009 165.,27116 . 686158 0.,00290 0200290  43.14000 ~ 0.46542.
0.£28295 143,34691% 7.75538 164.66055 - 6.85152 0.00290 0.00290 =~ 42.88922 0. 46904
0.£37814 14C.12543 7.63851 164.06071 ba841l44 0.002%0 0.00290 42 ,64920 D.4T247
Qo bh 7334 137.1329% 1.52 869 16347244 G 083138 0.00290 000290 42 41827 Ga41%6%.
0.656854 134.34470 7.42523 162.89525 . 6.82136 . 0.00290 0.00290 42.19742 0.,4TB8O
0.666373 131.73915 T.32753 162.32922% | 681141 . 0.00290 0.00290 4).98538 0.461LTH

. 0.6T7T5893 129.29319 . Ta23807 161aTT373 . ... €.80150 ... .0.00250 ..... 0,00290 41.78L13 .. 0:48458
0.685412 127.00571 T.14742 161 22849 6.7T91866 0.00290 0.00290 41.5842) 048720
C.664532 126.84772 706414 . 69327 6.7819%0 0.,00290 0.00290 41.39409 048977

- Ga 208 45) L 122.8L2217 6.98453 IQD_a_l_bﬁZSi______hé.;J_IZL_ . 0200290 _0.00290 41221037 . 0249230
0.,713671 120.88255 6.909¢42 159.,652¢2 bs76263 0.00290 . 0.00200 - 41.03275 Dobt$462
0.723491 119.06705% L. 33736 159.14629 6,75313 0.00250 0.00290. 4086073 Go49690

e 027323010 117.33458 . 76869 153.64%02 b.T4373 0.00290 . _ ' 0.00290 40,69412 0049909
0.742530 115.6£5549 (. TO255 158.1616e7 - b.T3642 0.0¢029) °  0.00290 403.53339 050120
CoTB 2005 116 . 13T 44 G 8 303R 157.,482G8 6.72519 0L 00220 < DL P02Y0 40,37764 (.50313

G~ C0LTE15£6 112 i G498 v ba BTET2, W 15120329, 0 L £=TLOQE | L 0,00290. Q200290 1. 40.22743 ... .0.50516.
~0LTTECEL 11i..310% Fodel?) 15860.75)1 74 L 6.7070% 0.00290 G.00200 " . 40.040086 0.50705



http:Q,2OQiBUJLS2Q.DL-flJQQ4J.30
http:f,277.45
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2o 444505 &0, T846T 3.63%35 117.46930 = 5,95245 T 0.00000 ¢ 0.00000 - 2766904 c Q. FHTSE
‘2e4540) 1) 43,868R7 -+ 3.,81515 121.89024 5.96880 . - G.00000 0.00000 30,951 40 0.579892
2463517 4d, 836727 3.79188 122.68682 : 5,98791 0.00Q40 _0.00000Q A0, TE554 LD 60668
2.473023 44 B2657 3. 75997 122.82758 - = 5,98387 0.,00000 0., 00000 30.26376 0631001

2. 482830 54 ,81838 3.79745 122.83914 ° 5,.98635 0,00000Q 0. 00000 30.88091 0.61658
L2abG2036 . . . 4%.BAAST . _3.79825  122.84042 . _5,985355 . ...0.00000. ... Q00000 . 30.,92923 _ 0.61030
2.501542 44, 83057 3,79883 122.83104 . B,98613 0.00000 0.00000 30.90839 0.6L188
2:511048 44 ,80327 3.79730 122,833?6- . 5,985%4¢ 0.00Q00, 300000 30.91344 . DaB61147
228200855 44, B166Z . 3..19821 122.8373) 598582 Q,00000 - D.00000. 30.,90816 1.561728¢
2.530061 44, 80006 3.79751 122.83232 5.98568 -0-00000Q 0.00000 C30,905663 0.56118%
2.5%39867 44, 79773 3.797567 122.82333 _5696564 0.0G0000 0. 00000 - 30.90160 0.61285
2 Ba90T3 44, 19648 3219741 122.,83298 5.98575 0.00000 3.00000 30.90616 0.,61383
22558579 44 ,82555 3.80136 122.81122 - 5.9%L71 0.00000 8,00000° A0.92693 4.611.8%
2.568086 44, BS20u 3.80768 122.87373 6.00061 0.,00000 0.00000 30,9699 0.6118%
2.577592 44, 955484% 3.81335% 122 ,98723 603088 _0,00000 000000 31.02087 0-61188
2.5870498 45.02435 3.81949 123.07317 601967 0,0GQ00 0. 00000 31.07523 0, 61080
2596604 45,.08571 3.,82525 iZz3.15143 6£,02946 0.00000 0. 00000 3)1.11887 3.613188
2a 0631 . 45,15004 A.83130__  123,24602 * £.03860 0.00000 0. GO000 3l.186641 0.61188
2615617 45.21970 3.83732 123.33867 . 6.0684%1 0.00000 000000 31.21832 ., 0.61076
20625123 45,27736 3.84309 123.42419 "7 &, 05774 0.00000 0,00000 31.246506 0.61190
22634629 45,35005 3.84911 123.50943 - 6306703 0.00000 0.00000 3131270 0.61214
2644135 &8, 41766 3.85508 | 123.59867 5. 076746 0.00000.. 0.00000 ',31.36269 - 0,61300
2.553642 45,48045 3,86093 123.,697T71 - 6,08615 0.00000 G. 00000 31.41780 ga.81191

e 2 B85 148 45, 54631 3. BHTN0Q 123.7927% 6209571 0.00000 000000 3146449 061191
2672654 45,604%90 3.87276 123.8717h 6, 10492 0,00000 G L. 00000 31.50735 0.&1302
2.682140 45,.6791L5 3.87885 123.,96664 Loll458 0.00000 0.00000 31.56276 0.61182

2. 691667 45, 74190 3,088480 124.06539 6.123584% {0.003600 006000 31-.61058 0,614%3
2.701172 45,B0750 3.89068 124.14313 6.13371 - 0.00000 0.00000 31.66020 061193
Z2.TLOGTS 45,87244 3.89645 124.23012- © 6.14271 0.00000 . £.03000 21.71143 0.61258
20120185 . .45,936638 3.90257 ... 124.31462 . __H158234 . [ _0.00000.. ._0,00000. - .31.78731L ... _.0.61192
2.T29652 46, 00394 3.90856 124.41168 "ba16216 0.00000 -0.00000 31.80713 0.6119%
2739193 486, 06892 3.91451 12%.49950 8.17145  ° 0.0000D 0. 00000 31.35594. 0.6119%

2. 148704 4686, 13039 382063 124,58733 6.1808R6 Q.00000 0.00000 31.90442 0.6119%
Z2.T58210 46. 19547 3,92625 124.66110 & 19010 0.00000 0.00000 31.95387 D.561195

2. TETTLE 46, 262349 2.93222 124.76077 6.20018 0L, 00000 0.00000 32.00264 D.61195

e 22171223 46.32802 1.838724 124 ,.851L%3 - 620974 o 1.00000 0.00000 .. 32.0%213 . 0.61197
2. T8ET29 - 46,396%5 3.95471 124,942 7K £.21908 C L0000 0.00000 32.1GL20 0.61197
2.796235 Gt 65957 3,06 g0 125.02743 fru 22833 R NS TV INTY; 0. 00000 32.15047 ° 0.61175
oo ZaBO5TAL L e B0V B2LBA e IBEST L 125, 1088 L 8. 22700 L, 0200000 L 0.00000 . 32,12925. . _.0-811"%
R 24m)042H wfie 99120 30204 : Le24721 V0000 7 32.239T74 O.681 -7

12% 420601

0. A0


http:120.i.35

125.28084

6o 25660 0.00000

T 32.29793

C #6116

2824754  46,65633 3.96782 . ~0.00000

2:8342860 46, 71561 3.973283 125.,37421 626633 000000 0:006000 32.34665 ‘0.6119

2.843766 __ 46,7815) 5.91975  125.45218  6.27540 _ 0.00000 ' _0.00000 3239357 0.6320
IHC900! EXECUTION TERMINATING DUE TG ERROR CQUNT'FGQ ERROR NUMBER 217 S
T 7T FIOCS ~ END OF DATA SET ON UNIT 3. '
TRACERACK ROUTINE _CAIIED EROM TSN S.EG“ 14 ?{FG{. 15 .R’EGn ¥ ' 'REG" 1

FRONLF | 0006ALDG 0POTDISE  0000A4L4 00069920
HAIN 3001 06CE b%béqaga FEFEFFZE DOOAEFFS

EMNTRY POINT= 01 0628BA0 - — | . _

[ —

el oo mana s e bl AR Yo WA L S § SRS I - - . - b
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APPENDIX D

SE5~5 PRESSURIZATION MODEL
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SE-5 PRESSURIZATION MODEL

Pressurant
The SE-5 pressurization system is shown Storage Tank
schematically at the right. The neces-
sary input dats for simulation of the

gystem is Idsted below:

Cartridge
Valve

o _ " 0.0LO" Qrifice
B(5); B(6} ~.Liquid Temp S

Assume 70°F - 530°R
B(15), B(16) « Pressurant
Molecular wt. 28 - GN2
.B(17), B(I8) - Ratio of Specific
Heat - Propellant Tank Pres-
sure Level [}.f ggﬁg
.-l -
B(30) ~ Pressurant Bottle
Volume - 886 in®
B(31) ~ Fuel Heat Capacity -
|- < 0.7 BIU/IY°F
B(32) - Ox:!.dlze'f' Heat Capacity
_ - 0, 360 BIU/10F
.B(33)$ B(3))) ~ Pressursnt Cy ™ Propellant Tank
Pressure - 0,172 BTH/leF
B(36) - Pressurant Bottle C . - 0,185 BIU/Ib°F
B(38) - Pressurant Bottle C ~ 0.330 BTU/1b°F
B(LO) ~ Pressurant Bottle v ~ 1,781
Regulator Constants '
B(L2) ~ Gain = 1.0 in°/psi
B(Ll) ~ Lockup = 209 psia
B(L6) ~ Maxdimm Flow Ares = 0.00k - Estimate

Filter

Pre ssul;‘e
Regulator

Burst
[}fDiaphragm
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Fuel

Propellant Flowrate - PPS 042656
Density - 1bs/in3 0.0315
q = in3/sec _ 8113

Q = 16.65 x 60 = '999.00 in>/uwin

999 xgﬁ87x p = 8.2.50M

it

i

B = igghi 1065 $30 = 0.0098% pps’

te
1

a 2 y Pads

Baias "’ 5 \Fd. 0!

\"U_

J I" A
"t',' -'n

S culator; CDA = 0.00LL in

m = 0.00985 P, = 315 , P, = 208 s T

l

530°R

i

B(hﬁ) Pressurant Compressibility Factor - 1.15

: k700 - 530 _
P.% g = 9% T, = %% = L9

B{50) EHeat Input to Pressurant Tank - 0
n{r2) Rl Tamez L I’J:'()peil_lanl: Tank - 0

é(gﬁ)- Regulatgf Sense Pressure Flag - 8 -
B(62) Effective FlOW'Area ~ Regulator to Fuel e QgC@
. o . / Q\\ -
Tank - 0.00846 :l.n - / Q\Q
. 5 . g&- ’
R' = L3.2 sec in® - ' /"§93
Ch = ez 0,00546 ]

D7 ar.84EY _ .

B(63) Effective Arvea AP 1-2 - 0.00396 in®
Cartridge Valve &P = 30 psi @ 7 SCFM
Pin = 100 psia , C ot 0.00396

B(éh)ﬁ Effective Area Z&P 6~7 = 0.000815 in®
Orifice - 0.0LO dia,

B(66) Effective Area - Regulator to Oxidizer Tank
R=25.8,CA = 0.00710

D
B(68) Laminar Flow Filter Constant

eVT  _ 0.009 xVE30 0.023

psi -

Oxidizer

0.4258
0.052
8022
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The gas pressures, temperatures, and flows at time zero must also be provided

as input datas

£(13)
E(1h)
B(15)
E(18)
E(17)
E(18)
£(19)
®(20)
B(21)

E(31)
B(37)
E(38)
E(39}'
E(19)

E<5E5
E(56)
E(57)

E(67)
E(LS)
E(?S) -

Figure D-1 shows the configuralion of the fluid system. To calculate the
priming transient it will be necessary to divide the system into segments.

P(1,1,1)
P(2,1,1}
P(3,1,1)

. P(h,1,1)

P( 5.’131)
P(6,1,1)
P(?,l,l)
#(8,1,1)
P(9,1,1)

JB(1,1,2)

P(7,1,2)
P(8,1,2)
P(9,1,2)

(L, 1,00

T(7,1,1) -
- 2(8,1,LY

T(9,1,1)
T(1,1,2)
7{9,1,2}
E(120)

]

E(22)
E(23)
E(2h)
E(25)

“B(26)

E(27)

E(28)
B(29)
E(30)

- E(Lo)
n(l6)

E(LT)

- B(L8)
2(58)

E( &)

B(65)

E(66)

£(76)

2{8h)

Flow

P(1,2,1)
P(2,2,1)

P(3,2,1)

P(h;?;}.:)
P(5,2,1)

"p(6,2,1)
CP(7,2;1)
P(8,2,1)

P{9,2,1)

P(1,2,2) °

“P(7,2,2)
P(8,2,2)

P(9,2,2)

: Tilsésl}
,T(?: :1)"

7(8,1,1}
7(9,1,1)

T(1,2,2)

(9,2,2)

-

16.0 psia
.16.0 psia’

. hfoo psia

1700 psisa

" 16.0 psia

16.0 psia

-

530
530
530
L&

530

o] O,
Ll

w3

~ 0.0 initially

To minimize computer time it will be necessary to increase the length of cer-

tain elements.

segment lengths calculated. Effective acoustic velocity is:

g

-

1/2

A computer time increment of 0.2 ms. will be used and minimum
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o s 3/8 dia x 1.0 Ing

~

3/8 dda x 2.0 Ing. s

(%QR_S_“ Burst Diaphragn 3/8 dia x 1.0 Ing _i®
J"' 3/8 di& x 12.0 mg 1/h dia xléoo ]_ng - . >
3/8 dia x 1.0 Ing S5/16 dia x 60.0 ’.Lnj Y

' Y

Oxidizer
1 Tank

| 3/8 dia x 60 Ing

aE

|
|
1
}

) B—3./1; d3a % 12,0 1ng
Z-1/l dia x 13.0. Ing -

Nobte: AllL tubes have an 0,020" wall
A1l sizes in inches

3/8 dis x 12683:; '

1/h dia x 17.0 In

FIGURE D=1 -~ SE-5 Feed System



The feed. system contains three different sizes of tubing each with a 0,020
in. wall

Tube _ . De
Size D el
Jh /230 3.14883 x 107
/16 .2925 h.h362 x 1077
3/8 355 5.38)2 x 1077
Fuel Oxidizer
Acoustic Velocity - a, 63,100 39,450
Density - co =g 00315 " 0,052
e, . - 59,802 38,082
it
LMY Tabe Vi Length 11,96 7,61
. 5/16" Tube % 55,991 37,13k
.. |Min. Length 11.80 7.55
3/8% Tube [ . 28213 31,396
o Min. Length . 11.68 7.0:8

The segmentation of the feed system is shown on tne Next pagee. L vue Lu
side the segment length and sizes are correct except the 1.0 in. length of
3/8" line will be assumed bto be 5/16", and the length of line between the
tank and burst diaphragm has been increased to 12,0 in. The resistances
are those used in the engine balance, except they are distributed in the

model.

The oxidizer system is similar to the fuel system modeling except for the

segment between the burst diaphragm and tee. To meet model requirements it
will be given a length of 8.0 inches. 7.0 inches of the 3/8" and 1L/L" lines
will be included in this segment so that total system volume is not changed.

4 = 8 x0.0881 A 0:0346) _ 4,318l in?
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Fuel Oxidiger

11, : 12
10 11
W &
g 10
8 9
s 3 21 7—— 8]

7 6 -
6 5

Figure D=2 = SE5-5 Pressurization Sysbtem Model Segmentgtion
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61

3

Ssgrent
No. Length

1 16,0
2 15.0
3 19.0
L 27.0
g -
6  13.0
7 . -
8 12.0
9 Valvg
10 12.0
1L Tank
12 .

Areas

0.034L6
0.0583
0.0583
0.0583

0.0346

—

0,0881

-~

0.0881

TABLE D-I - SE-5 MODEL FEED SYSTEM PARAMETERS

Fu e 1L by
" Compliance i Resistance . Length .
3,h883x10”? 2,616 . 12.0
L.y362x1077 0.8739 - 15.0
bopeeo™l L 1.1069 1740
© h36exo” T . L5728 C 1.0
- ' - 1.8
3.1,883x207 " - held —
- - | 10,0
5.3842x10°0 1.3 - -
- | - 8.0
5.38k2x10™ | 1.h35 - Valve
- -, . 8.0 :

- . - ' Tank

0,0346

* 0,088L

0.0881-
0.0881

© 0.,0881

" -0.0346

-
-
[

| 0:118k

-

- 0.0881

-~

O x i d 31 z2 e r
- Avea

'l
1

Compliance Rasistance
3,&883k13”? 1.86L5
5.381:2x1077 13596
5.3842x107 7 4075
5.38)2x107 " Jissk
5.38h2x10”7 _ +35kT
3.1863:2077 1.5706%
. 5.38L2x10"7 0,15
538425107 2.92



Resistance data wes obtained from an engine balance. The values shown
below will be distributed throughout the system.

Tuel Tank Oxidizer Tank
.Y Tank Internal2 . o
e p = o2,09 255 R =28 28-S -
. i i

jg . L2

. . . .3:’6:!. ":.. . .
R I8 ' A ‘ : > - 2.67

1058?/:§ ) .
‘ 6420 -

Engine Interface
The burst diaphragm resistance is 1.0 EE%— 5 1ts effective area is:
Ain
L
Chhh = =i
D 27,807V

The resistance in the fuel line between tank and Lee is:

= 0,03596

R - 2.29 + 1.58 51 = 2,87 sec’/in®

3

The resistance of the trossover line will be distriluted on the basis of
length and area

2
- . [0.058
6:20 = 6LORguo+16R, 5 Ry : (0°03 ) Ry 16
6.20 sec "
R = = 0,05826 /
6% - (8 w
- 83\ =" 0,16 sec” / in
Ry = 005826 x ($) = o163 -
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The resistance in the oxidizer system will be celculated in a similar
fashion.

Between the tank and burst dianhrasm
R = 2080 + 1012 "1900 = 2a92

Crogsover Iine

2
- 090881
2.8 Byjp + 1208y, Ry S (0_03 ) Ry /g

: 2

090239? ‘—g- / in
: in”
2

4]

3.61

— 3.61L
R 720 + 1210 X("B‘[IE) )

R

vs]
[0]
o

"
1

0.02397 x 6.h83

il
]

,o'.,ls';su 22— / in

B

. The resistance between the "T" and engine .is

: ) . 2
R! - 2e67 - 091570 seC /’iIl

in

The resistance of the composite line is the parallel combination of 0.1679

.and 1,099k, or 0.1L56.

_A listing of the input date deck is shown in Table D-IT. Table D-III shows -

the pictorial oubtpul, and Table D-IV presents the output listing.
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TABLE D-IX

SE5-5 PRESSURIZATION MODEL TNPUT DATA

10/



G661

.IURF 293¢435T%0,

‘1caP=1,
‘B(3)}=0.0315, B{4)=0.052,,
'B(?J—631001
‘B{11}=0.0089489,
Bi15)=28.0,

Bla4)=209,

0.0346

2 . 110 0,0583 0,0583 0.0583 0.0
0.0346 0.0 0.0881 0.0 0,0881

2 121 10 16.0 15,0 19.0 27.0 0.0
3.0 0.0 12,0 . 0.0 12,0

2 241 10 3.4883E-07 4.4362E-07 4,4362E-07 4,4362E-07 0.0
3.4883E-07 0,0 5,3842E-07 Q.0 ’ ~593842E4ﬂ7

2 361 10 2.6464 0,8739 1.1069 1.5728 0.0
4q4] 0.0 1o435 0.0 " 16435 '

2 61 11 0,0346 0.0881 . 0.,0881 0.0881 0,0881
0.0 0.0346 0.0 - 0.1184 0.0 + 0,0881
2 181 11'12.0 15,0 17.0 19.0 14,8
0.0 . . 100 0,0 - _Baf o L 0,0 840

2 301 11 3.4883E-07 5.3842£E- 07 5.,3842E~ o? 5.3842E~07

0.0 3,4883E~07 0,0 5.,3842E-07- QL0

L2 421 11, 1.8649 . 0.359%96 024075 .5 004554 0.3547
0.0 1.5706 0.0 ° 051456 o050 2092

3 201 9 409.0 © 0.0 . 140 ., Qe 001 0.003
L0405 .. 0,002 . ... 0505.,.-.-lﬁﬁgamm_mwmﬂ.«, e

23 7301 9 410.0 0.0 1.0 " o°001 0,001

0,05 0.002 0.05 160.0 - . '

$D1 ICMT=3, IPR=3, 1ST=1, NSEGF=10, NSEGO=11y DELT=0.0002;

LFE=9%1,51%0, LFO=10%1,50%0, ICAPFU=1:6,3%0,

I0R0=243:4,5,56%0,

IBRAN(1.9.24 1)—5,-:BRANilqazlj.JeﬁmM“ .;T:Lm;ﬁ;
IBRAN(1,2,2)=6, IBRAN{193¢2) 89 L

ICAPOX Lyts 3*09

BRAN{ 12151128,
RAN(lpl?Z)zgy
ITANK=8,
B(3}=530, €6) 5309_“_

B(8)=39450, B{9)=0.0107745, B(lO)=45 810149 .
B{1l2)=—3,62944%4, B{13}=46:5075, B(14})=92, 016,
B{1l6)=28,04 B{1T7)=1o%,y, Bi(18Bl=1l.%,

B(25}=340, B(26)=340, B(27)=16, B{28)=16," 3(30}—8867'
B{311=0.7, B8(32)=20.,369,.B{(33)=0,172, B{34)=0.172, -
B(36)1=0,185, B{28)=0.33, B{39)=1.781, B(40)=1.781s-B(42)=0.004,
‘B{54)=8

8(65)=000047

Bl&6)=0.004, Bi48)=1.15, B(50)=0, B(52)=0,

B{62)=0.00546, B(63}=0.00396, B(64}=0.000815,

B{56)1=0,0071,y B{68}=0.0235 B(90}=50;

E=1G%0,42%)16,T%0,2%16,7%4700,2%16,7%4700, 2%1697*092%530 70, 20*5309
114=0, E(Bb)"O!

PFH{10)=16, PF(LlLl)=16, PU(LL)=Lb, PO(12}=16,s. . ’
IPI=1,6,:11,3%0,101,107,112,:3%0,211,205,207,3%04+312, 308,306, 9% 07

IWl=11,211,112,312,401,402,403,404,

QC00100 -
0000200,
0000300,
0000460,
0000500,
000600,
00007005
0000800,
00002900,
0001000,
- 0001100,
, QG001200;

5.3842E-070001300,
5.3842E-070001400,

- 00Q1500, -
0001600,
00017005

i L D0018004

0001900,
0002000,
10=1000000 ¢+
10=1000100,
IiD=1000200,

ID=1000300a

1D=1000400,

.10=1000500;

ID=1000600,

ID=1000700,

[0=1000800,

L AR=1000900,

ID=1001000,

‘Ib=1001100,
. ID=1001200,

10=10012205 .
1D=1001300,
I0=1001400,
I0=10015004"

1001600,
ID=1001700,
1D=1001800,
ID=1001900,
10=1002000,


http:B(38)=0.33
http:8(48)=1.15
http:5.3842E-.07

VARIS=5,20035,11258,40,5,47,12%0,
NDEX=12.

36281=20; B(26)= 20, B{62)=0,010092;,
:END !

SR TANK PRESSURTIZATION TRANSIENT

96T

Bio66)1=0,0142,

"1D0=1002100,
10=1008800;
10=1008000,

“L200000,
“2300100,
TT00200,

" PROGRAM CHECKOUT 1100300,
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TABLE D-1IV

SE5-5 PRESSURTZATION SYSTEM PROGRAM OUTPUT LISTINGS
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: DATE 12718770  TIME 12121035
SE5-5 TANK PRESSURIZATICN TRANSIENT -

‘ : _ PROGRAM . CHECKOUT
* * * * FUEL FEEDSYSTEM PARAMETERS. % e . e

" TSEGMENT DATA PRE SSURE ™" "FLOK ™ TRCOUSTIC ™ ~""FREE™ 7 LENGTE™ " ' RESISTANCE '° 'DISULCVED GRS ™
NOs 'STATE PSIA PPS VELOCITY $Ce TN INCHES " SECH*2/IN**%5 1856 /18 L
, ‘ IN / SEC ' ,
1 EMPTY Ce79 0.0 7 5980159 7T .0.0345 - 166007 2:646 T 7 0.0
2 EMPTY Cs 79 0s 0 58991.5 00583 ~ 15,00 0-8739 . 0.0
3 EMPTY Co79 ° 060 569915 . = 000583 19 .00 1.107 " 000
£ CTEMPTY” o - R VP B % £ 1) e 020553 2T 0TI U L.5TFTTTTTIRY
5 CEMPTY €79 . 0.0 5821301 . 0.0 0.0 0.0 , 0.0
6  EMPTY €79 0.0 5680109 000346 ' 13.00 4,410 .. . 0.0
7 EMPTY 0. 79 0.0 TBEZIBIT T T B0 T T 060 T 0.0 YT 7T T ge 07
R EMPTY £e19 Ga 0 5821301 0.0881 12.00 1435 0.0
9 EMPTY €279 000 6310060 000 0.0 0+ 1000E 32 0.0
DT FULL €. CC7 T 00T BEITETI T TTTTOLO8ET 7  12.007 1.435 ° "UTTT@L0”
1 FINL &« CC 0.0

6310040 0.0 . 0.0 0.0 ©o 0.0

£oe



: CDATE 12/18/70  TIME 12: 21.35
SES~5 TANK PRESSURIZATICN TOANTTENT .

: ROGRAM CHECKOUT
* % OXiDIZER FEEDSYSTEM CUNSH AnTS * % * #

SEGMENT DAYA ° PRESSLRF ELOW T U ACTUSTTIE ™ TTAREAT T T LENGTET RESISTANCE . 'DISOLVED GAS~
NDs STATFE PeiA PPS VELOCITY $Ge INs INCHES SEC*¥2/IN¥¥5 LRSS 6 F LB L
iN / SEC

1 EMPTY 12.69 0.0 AR0B2.0 7 G.0346 12007 1:8€5 00

2 EMPTY 12.69 C.0 373657 0.0881 15 .00 0-35G6 0.0

3 EMP TY 1269 De O 37395.7 - 00881 17 .0¢ Q0.4075 0.0

477 EMPTY 1299 0.0 FTXGRLT DOB8LI T 19600 . Ce 554 0:0

5 EMPTY 12.99 0o O 37395.7 0.0881 14 .80 Go3547 . 00

&  EMPTY 1299 0.0 3739%7 0.0 . Q.0 0.0 0.0

7 EMPTY 12.99 0.0 38082.0 06,0346  10.00 1571 De0

8 EMPTY 12459 00 37395.7 Q40 . 0.0 0.0 - U0

9 EMPTY 1759 Oo O 3739507 0.1184 8 .00 G.1456 . 0.0
IO EMPTY 124565 " ga 0 FGESLU DT T ge0”T T UWl0QUE 32 el

11 FULL 16460 063 27395.7 0.0881 8.00 - 24920 050

QoD

12 - FULL 1ésCC 394500 0.0 0.0 D0 0«0

oe

ES

o4y



. DAYE 12/18/70 © M TIME [2221.35
SES5—5 TANK PRESSURIZATICN TRANSIENT
. PROGRAM CHECKDBUT
#* % * * EEDSYSTEM CCGNFIGURAT ION # e
' CEUEL L e el s s s T DK IDIZER
- - SEGMENT BRAMCH CATA
INDEX INLET % % +  BRANCHES % ® % INLET ¥ % x  BRANCHES
1 8 5y Ts o i 9 6¢ B
" CAPPED SEGMENTS . .
1y TRy OYTTOYTTUY e s gy Ty 0f O O
FUEL 1CRDER ARRAY % NSEGF = 1C
Z 3 4 ’ .
OXIDIZER IORDER ARRAY % ~ NSEGO = 11
2 3 4 5
CUTCFF SEGMENTS .
FUEL OXIDIZER

g0z



INDEX

INDEX

502

FUEL VALVE TABLE

SEGMENT  * # VALUES . . |
409 000 1,000000  0.00IC00  ©-001000  0-050000°
QXIDIZER VALVE TABLE
SEGMENT % © g T TTUVELUES T

410 7 1.0 1. 0C0O0Q0 0. 001000 " .001000 0.050000

FUEL FUNGEN TABLE

AXTNT7ER FHINGEN TABLE

. ©+002000,

0002600 -

050000 15C-00000D

0.050000 16C>00C000



Loz

CAVITATING VENTURI DATA
FUEL

.NRIFICE DATA

ACCUVUUATOR DATA

OXID1ZER



INJECTCR MANIFOLD DAT

¢

0 <0

0.0

FUEL .
NDEX NO o 1 2 3
EGMENT N0 0= 0 Go0 0.0
AN TFOLD VALUME — CU.IN. Qe O 0.0 G0
RIFICE LENGTH - INCHET 0.0 B 2 C Rl ¢ % ¢
NJECTOR C~SUB-D*A - SQIN GoO QaC 0.0
LAME FROUNT DISTAMCE-IN. .0 Gal 0.0

' COVMRBUSTICN CHAMBER 'DAT A

NDEX NO o 1 2
PAMBFER PRESSURFE - PSIA SRR ¢ ¢ SN § 1 ¢ S
XIDIZER FLOWRATE -~ PPS 0.0 G0
'UEL FLOMWRATE - PPS - 0s C 0.0
XIDIZER FRACTICN C.0 "TDeD .
HROAT AREA - SQ . 1Mo 0.0 . 0.0
HAMBER VOLUME = CUe INe GO T 0.0
DZ7LE EXIT AREA - SQ. IN. AL O # 3 ¢
FRUST CNEFFICIENT 0s 0 00
NGINE AMPRIENT PRESSURE ~ PSIA 0oL 0.0
NGINE THRUST -~ PNUNDS 0.0 0.0

CCMBUSTICN DATA

RASE PRFSSURE = e PSTA
CSTAR CNRRECTINN =00 .
NXs FRACTINON GAS CONSTANT
Ve U Q.0 -

<0

Q.0
BN ¢ 11 ¢ S

OXIDIZER
R T2 3 57"
0.0 . 0.0, 0.6 €0
0 o0 0.0 0.0 0o
0%0 L I 0.0 ~ . DEC
GDO 000 GOG i GUG
00, 040 .0 050
3 4
) Geo .—UOU
Q.0 Ga0
Q.0 0.0
0.0 \ Ga0
0.0 0.0
050 0ol
U.0 0.0
0.0 0.0 '
0.0 0-C
v €D C.C

GAS CONSTANT CORRECTION =0.C
EFFICIENCY CORRECTION =C.C
CSTAR / C EFFICIENCY
'.JcC' ) Ouo



602

DATE 12/18/70
SES5-5 TAMK PRF SSLRIFATICN TorreTeEr

*

INPUT DATA CONSTANTY

. FUEL . OXIDIZER
ENTRATMED GAS — LBS GaAS /7 LB LIGUID | 0.0 - . CeoC
PROPELLANT NENSITY ~ POUNDS / CUBIC INCH . G.03150 L2200
L TAUID TEMPFRATURE ~ DEGREES RAMKINE 5300 . 530. C
PROPELLANT ACOLSTIC VFELOCITY — INCHES ./ SEFOAD 631GG=0 3C45 . §
VAPOP PRESSURE CLRVE FIT CONSTANTS -~ CCONLT 1.0T74E-02 ' EoS489E-C3
{ LOG{PVAPY = CONL % TEMP + CCN2 )}

- GCN2 -5+81G1E 0O -2.£294E CC
PRPOPELLANT MOLECULAR WEIGHT o ) 4641 $2. 0
PRESSURANT GAS MOLECLLAR WEIGHT 28,0 . 28.C
2ATIN NOF SPECIFIC HEATS - PRESSURSANT GAS | 1400 1400
RATIO OF SPECIFIC HEATS — PRUPELLANT VAPOR . D.0" ° . G0 7
NISSOLVED GAS EVNLUTION TINME CCASTANT - IISECo . 0.0 , 0. C
NISSOLVED GAS CONCENTRATION — LBS GAS / L8 LTIC /7 PSI 0.0 0.0
PROPELLANT TANK ULLAGE - CURIC INCHES 2:0000F 01 20000 €1
PROPELLANT TANK INITIAL PRESSURF - PSIA . L1660 1620 i
PRESSURANT GAS BOTTLE VOLUME "= CUBTU TRCHES™ 0.0~ - B.BHDUE OZ:
PROPELLANT LIQUID HEAT CAPACITY - BTU / LB / CEGREE R T.Q000E-01 3.6900F~ QL
PRESSURANT ~ LOW PRESSURE ¢-Sup-y  —7 777 77 7 T 1. 7200E-01 1. 7200E- {1
PRESSURANT ~ HIGH PRESSURE C~SUB-V 0.0 ’ 1. 8500F-01
PRESSURANT - HIGH PRFSSURE C~SUB-P 0.0 , 3. 3000E-C1
PRESSURANT ~ HIGH PRESSURE GAMNA , 1.781 1,781
PRESSURE REGULATOR GAIN —~ SQ. INe / PSI - 0.0 4,0000E~03
PRESSURE REGULATNR LCCKUP PRESSURE —~ PSIA C .0 120900
PRESSIRE RFGULATOR MAXIMUM FLOW AREA — SQo. IR 0.0 4o 0CQ0GE-03
PRESSUPANT CAS COMPRESSIRILITY EACTOR BN (Y 1150
PRESSUPANT GAS ROTTLF HEAT TAPLY = BTU / SEC 0.0 Co
PROPELLANT TANK HMEAT INPUT —~ BTU / SEC Ot Cef
PRPESSURE REGULATNR SENSE PRESSURE INLCEX el 8.C
HFAT FTXCHANGER Nfte 1 COOLANT SFOMEMT M. { -0 0.0
HEAT EXCHANCER “De 2 COOLARNT S[EOMTAT N0 . Voels Qel
EOUTVALENT BGRTFTAL ARTA ~ DIITA P 1-2 ~ SOs 1IN N ' 2.96(CF~-(3

TIME 1232135

PROCRAM CHECKOUT


http:5.o810.1E

VLG

FOUIVALENT ORIFICE AREA - PELTA P 6=7 = SQs Ibo
EQUIVALFNT QRIFICE AREA - REGULATOR ~ S5Qo INo
EQUIVALENT ORTFICE AREA - DELTA P -9 — SQo INe

LAMINAR FLOW FTLTER CONSTANT -~

IN%*3 / {PSI*SEC)

'HEAT EXCHANGER AREA CAPACITANCE :~UNIT.ND¢ 1

BTU 7 GEGREE R™7SECOND™™

PROPELLANT VAPOR C-SLB-P
MEAT SOAKBACK — BTU / LB SEC D

PROPELLANT HEAT 0OF VAPORIZATIO

UNIT NO. 2
UNiT“NQi 3

FGREE R

CSNAKBACR INJEC AR TEVPERATURE':MUEGREES“§‘L"”“”"

A - BTU F LB

8+ 1500E- 04
4. 0000E-03
104200E-02
2 - 2000€- €2
g.ﬂ
0.0
00
3.0

0.0

-0
6.0
50.0000



'qu

0.00240C
0.C0480C
G.0C7200
¢.0096Q0
0.0120€0
0.014400
$.016800
Ge(r1o200
C.021600
0024000
0.,026400
0028800

0:031200
G.033600

00036200
0. 038400
00040800
0.043200
0:045600

0048000 -

0.050400
V.052800
0.0562C0
Q.057600C
Q.0 60000
g.06240nC
0.064800
C.06T19¢
P .MEe500
G.071999
Qe 74308
0.076T79R
0079198
GeQBLENT
C.(iR39QT
C.{Rp3097
D.0RATGE
Coti0] 194

DATE

12/18/7G

SF&5-% TANK PRESSURIZATION TRANSIENT

16-00L000
17.77(57

19. 64068

21. 51 0SS
73.38066
?5:249%4
2711767
2898622
30.85428
32072220
34, 5900¢
36245775

38032533

40.,1%287

42.06030

43.,G27132
45.75509
4766231
43.52878
513952¢C
53,2616C
55.1279%4
56.99425
5R. 86057
60.72685
62.5G0306
64045929
66432547
£8.16165
TCURT82
T1.97334
T3 T7RR5R
T5. 65245
TTeH145¢F
7937457

, Bl.2238¢

RI.0HLTH
R0 Q04 G2
P TRTTE

Ged

C. 00009
0.00010
G.00011
G.00C11
CeCUTLL
CoQLQLN

0% CCo10 ~

0.CCOLA
G- CCOCS
0. QGGAS
0. 0COCS
C.CO009

J.00009

0.00009
€. 00009
8. 0C009
Co 00009
0.00009
000009
0.CO000
G- 00000
Co GLAND
0. 6C009

L. Q0009

00009
CoM D09
0. L0008
0.00009
e COGDY
Ve CLLOY
Ce MCOCQ
Ma YOG
e GCLT9
e NONYQ
CeCLGUT
e LIDNG
S Q09
we L9

16.G0CA0

1766194

19.39618
2113037

2286450

2459813
26433150

28,065 80

29.79808
3153127

" 33.26442

34,9975C
36.73053

T T3BL%635E

40.19659
4192955

43.66246
4539526
4712746

"HB.8596¢

5¢.59169
52032372

" B4.0856%

55, 78758
5751945

~5G.25127

60.283C%
62.TL4ET
B4 4bEDT
6617825
ET-90942
600641(‘58
71 037248
73105642
T4 .83952
TEa5THTH
72.311C7
B{ «NGERS
Al -7HT 31

0 a0

0000157

0.0U016
000015
000014
000014
000014
TE000 14
0.00014
L0000 14
000014
0 .0C014
0o00014
00014
0 .000 14
0.00014
0-00014
000014
000014

Oe00U1s

0.00014
0000014
0 .00614
000014
000014
GLRCO 14
0.00014
000014
000014
006014
Us00O14
000014
G 00U 14
ve0GO14
0000 14
000014
0«00 L4

C 00014

D-0L014

TIME 121221035

0.0

0 004007

0 00400
€ o0 0400
0 -00400

{00400

0 -00400.

U L00400"
000400

{00400

0-00400"

C 00400
C.00400

DLNCEODT

8.00400
0.00500

0-00400°

C 00400

000400

‘000400

006400
000400

000400

0.00400
000400

TL0URG0T

£.30400
¢ .00400
0.60400
000400
G'00400
0 .00400

T0Qu4CC .
6030400.

€ «00400
¢ -0 C400
L 20400
C 00400
CeD04CN

G0
0.07285

'0.07285
"CL07285

0.07285
007282

"0.07282
“0.(7282

0.07282
007282

0.07282
007282

0.07282

007282
G.07282"

C.07282
C.07282
0.G7280

07280

$-07280
0.07280

" 0007280
007280

007280
007280
0-07280
0.07280
0.07280
0.07280
007280
0.07278
0.07278
C.07278
0.07278
G.07278
C.07276

L 07277
007278 -

Ua07277

PROGRAM CHECKOUT

470C Q0000
4655, 83386

4695, 6758

46590 51 963
469935547
46%%. 19148
465903125

4698 8T10Y .~

4658.7109%
4698 54688
4698, 38672
4698, 22656
4698006641

T4697.90234

465774219

" 4667568203

4657a817S7

4697225781
4657.05766
56560 93359

4856 TT344%
4698061328
4696. 44922
4696028906
40%6.12500
4655, 256875
4€550 804069
46950 646453
4695.%8438
4695.3203%
465516016
4655, 000C0
4654, 835%4
46G4. 67578
46G4,5] EED
465435547
4654019141
4654003125
4652, BT1CS

1600000
14158413
141.5915%
1@1@5?036
141.58917
141.53503
141253380
3%1?§32$?
15153143
14165303C
14152914
j81.,527398
14152072

. 3151.53419

141453502
141053183
141053067

“141, 47876

-

14147760
1431470636
141.47516

141067397

145047284
14147166
14L047057
14%47TTD

- 141047665

L410.47548
14147426
14147321 C
14143387
14149066
141.57T794
141.74556
141.98056
142.25378
14264618
143.09972
i43.58134%

f


http:12:21.35

t.293506
(a00959G5
C.0983045
D, 100795
Ce 103105
0105564
Be1079c4
0.119304
0112793
0.115193
£.117593

¢a119992"

D.122397
0124792
0.127191
0.129591
N-131091

T0e 1343907

Ce136790
0.13919N
0.141589
O.143989
0.146389
T 148789
0.151188
0.153588
0+1%55988
0.158387
Qo 160787

0. 183187

De1655RF
N.1567386
De17038&
0.17278%
0.1751F%
$.177585%
00179@84
. 182384
09184784

0.187183%

N.1895873
(e 1OE9RT
E L e194387

BAe. £48RC
Q. 40727
92434369
QL.1RT8T
Ch. L2902

T 87, 86677

L a9, 7077C
10154355
103:376R06
1G5.20813
10703743
108, 843G
110¢ 6PALE
11251164
114323183
116.15C04
11796603

19 T80T

121591l 61
123406114
125.20E876
127.C1402
12881757
13D, €T 896
132.41826
134.2155¢
"136.01115
13780493
139.5¢6T74

TUTET S FReTY

143.17493
144.96135
146.74€172
14857922
15031458
152, 05033
153. RAE52
155 45043
L1687, 07033
180,1%5408%
160 ARE4D
14761856
163672606

Ce COLO0CA
Go GOOCS
P LLUCO
Ne QUO07
G GOCG9
FaOc00y
e GLOUY
G OI0GGI
0. CCO09
G.QCO0G
G- 0009
oo0Q009
G- 0000%
1a QOOC9
0. CC009
G.G00OG3
0. 06009
¢o00009
0.¢0009
0. COOCT
0. G009
Q. ON009
G. 00009
. 00009
GCa 00009
L. GCO0Y
0. 00009
C.00009
0.0C009

¢ 00009

C. Q0009
000009

Go0C009

Je 00 00°
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