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NOMENCLATURE

Definition
Propellant burning rate coefficient below
and above the transition pressure, re-
spectively.

Major and minor semiaxis, respectively,
of grain exterior in the ovality analysis.

Major and minor semiaxis, respectively, of
grain interior in the ovality analysis.

Specific heat,

Coefficient of variation; i.e., the ratio
of the standard deviation to the mean.

Integer designating shape of grain ends.

Difference in distance burned between line of
maximum radial temperature gradient and radial

line 90° away for a cosine circumferential
distribution of grain temperature.

The eccentricities of the center of the grain

interior with respect to the center of the

grain exterior in the x_ and y_ Jdirections,
14 g

respectively.

Modulus of elasticity.

Radial reference erosion rate of the nozzle

Thrust

Statistical confidence coefficient

Burning rate exponent or number of observa-

tions of a statistically distributed variable.

Burning rate exponent below and above the
transition pressure, respectively.

viii

Units Used

in/sec—psin

in.
in,

in-1bf/lom®F

in.

in.

1bf/in?
in/sec

1bf
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NOMENCLATURE (Continued)

Definition
Pressure.

Transition pressure at which the burning
rate coefficient and exponent change.

Burning rate.

Radial coordinate of exterior and burning
surface of the grain, respectively,

The propellant oxidizer to aluminum weight
ratio.

Ratio of the burning rate exponent above to
the burning rate exponent below the
transition pressure.

Standard deviation of a sample of a statis-
tically distributed variable,

Burning perimeter.

Time.

Crain burning surface temperature on line of
maximum radial temperature gradient and on a
diametrically opposed line for a hyperbolic

secant circumferential distribution of grain
temperature.

Bulk temperature of the propellant grain.

Coordinates of the grain exterior used in
the ovality analysis.,

Coordinates of the grain interior used in
the ovality analysis.

Value of general statistically distributed
variable,

Distance propellant has burned from initial
surface.

Units Used

1bf/in2

psia

in/sec

in.

in.

units vary

in.
sec.

°F

°F

in.

in.

units vary

in.




NOMENCLATURE (Coniinved)

Definition Units Used
The angular orientation of the ovali.y of degrees or
the grain interior with respect to the in/in/°F
grain exterior or coefficient of thermal
expansion.
Also erosive burning coefficient in the in2.8_g¢0.8/

Robillard-Lenoir rule. secl+8 1pg?.8

Erosive burning pressure coefficient in
the Robillard-Lenoir rule.

Strain in/in

Circumferential coordinate of a point on degrees
the burning perimeter of a propellant grain.

Orientation of the line of maximum (+ or =) degrees
grain temperature gradient,

Thermal conductivity in-1bf/in sec®F
Statistical mean of a sample. units vary
Poisson's ratio. —
Density. 1bm/in3
Parameter indicating peakedness of circum-

ferential profiles of grain temperature or

burning rate and distance burned, respectively.

The standard deviation of a statistically units vary
distributed variable; i.e., the square root

of the second moment about its mean value.

Standard deviation of a statistically dis- units vary

tributed variable having an assumed zero
mean value.

v
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NOMENCLATURE (Continued)

Subsycripts
’ abs Absolute value.

' av Average value.
c Crain exterior surface positiuia,
8 Grain interior surface position.
max Maximum value
min Minimum value
y Distance burned.
Superscripts
* ‘ Choked throat value.
- Mean value.
. Time rate of change.

xi
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I. INTRODUCTION AND SUMMARY

This report presents the results of research performed at Auburn
University during the period January 22 to September 30, 1975, under

‘Modification No. 14 to the Cooperative Agreement, dated February 11,

1969, between NASA Marshall Space Flight Center and Auburn University.
The principal objective of the research was to assess solid rocket
motor (SRM) off-nominal performance including tailoff and thrust im-
balance of two large SRMs firing in parallel as on the booster stage of
the Space Shuttle,

Thrust imbalance of motor pairs has been previously investigated
by the authors using the Mcnte Carlo technique (Xet. 1). The results
of the earlier investigation include a computer program which selects
sets of the significant variables on a prcbability basis and calculates
the characteristics for a large number of motor pairs using the math-
ematical model of the internal ballistics presented in Refs. 2, 3, and
4. Preliminary comparisons of such a statistical analysis of motor
pairs with actual flight test data produced encouraging results, but
a need was evident for both furiher comparisons to establish the validity
of the analysis and for consideration of several factors which were
excluded from the original research in order to render the problem
tractable.

Most notable among the facets of the problem which are treated in
the present report are the effects of propellant temperature gradients
and stress on propellant burning rate and performance of pairs and
single SRMs. Both radial and circumferential gradients are considered
in the study of temperature effects. The circumferential gradients may
be axisymmetric or circumferential. The gradients uced in the sample
studies presented are approximations based upon analysis of the thermal
loading conditions at the launch sites. A number of simplifying
assumptions are made to obtain the approximations. On this account the
approach used must lLe considered somewhat intuitive; however, we believe
the model used captures the essence of the thermal gradient effects. The
gradients, thus or more rigorously selected, may be incorporated into the
Monte Carlo computer program of Ref. 1 which has been revised to accom-
modate this new facet. The program selects an appropriate gradient based
on the time each SRM is at the launch site and evaluates the performance
of motor pairs accordingly. The treatment of the gradients themselves
within the Monte Carlo program is quite rigorous which is made possible
by coupling the local grain burning rates with the ovality analysis of
Ref. 1.

. Unfortunately, thermal gradient data on previous SRMs are not avail-
able in sufficient detail to permit a comparison with theoretical results.

-1-
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Also, the inherent unpredictability of some of the thermal loading con-
ditions make any but a highly complex statistical approach at the best
quite questionable., For these reasons, we recommend for the present an
alternative and less direct approach to accounting for thermal gradients
which is presented in the next section of the report along with the com-
parisons of the Monte Carlo analysis with actual test results and a
performance prediction for Space Shuttle type SRM pairs. It appears
that the best application of the thermal gradient analysis is for ob-
taining comparisons of the results of various methods of theoretical
treatments of the problem for the purposes of assessing the importance
to attach to the gradient phenomenon under various circumstances and of
determining the best u—eilable method of analysis. Such comparisons are
presented in the report and it is seen that the nature of thermal

gradient assumed can have a significant effect upon performance calculations.

Results of study of the relationship of strain rate to burning rate
and performance were less conclusive, It is well known that mechanical
loading of a body produces deformation. These deformations may well
influence the burning time of the propellant by modifying the web
thickness. Somewhat less well known is the fact that strain .ate in-
fluences the temperature distribution within a body (the so-called Kelvin
effect); implications with regard to burning rate and time are clear.

An analysis of the clastic deformation and strain rates of SRM propellsnt
grains produced by combined thermal and mechanical Ltoads and the effects
of these deformations on the temperature distribution within the grain
was performed using the method of analysis detailed in Ref. 5. Based

on this anlaysis it appears the strain rate effecct is significant only
during the ignition phase. This is because the strain rate effect is
coupled closely with the temperature of the material - the higher the
temperature, the more pronounced the influence of strain rate. The heat-
affected zone in the solid propellant i. very thin. Therefore, the
strain rate produces substantial temperature changes only during the
ignition transients when both the mechanically induced strain rate and
tempernture induced strain rate are high. Althoush temperatures within
the heat-aft cted rone are also high and the changing burning geometry

of the grain coupled with small chanpges in equilibrium pressure produce
finite strain rates, the strain rates are generally low during equilib-
rium burning and the ordinary tailoff, so the thermoelastic effects
appear to be negligible under these circumstances.

Recause the Monte Carlo program does not have a riporous model of
the ignition transient and because the effeet is small during equil-
ibrium burning and essentially equal throughout burning for two SRMs of
a pair, the analysis has not been incorporated into the Monte Carlo pro~
gram, MHowever, it appecars that some consideration should be given to
the phenomenon in detailed study of the ignition phenomena and we have
proposed an approach which might be adapted for further study.

The effect of prain deformation itself appears to be of possible
significance at least with regard to mean values of total population
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parameters. However, experimental confirmation is needed of the under-
lying assumption in the analysis, i.e.,, that the burning rate is 1.~
dependent of the ctress distribution, before the Monte Carlo program is
modlfied, which may be easily accomplished by including appropriate web
thickness modification.

Ancillary studies of the effects of stresses in the nozzle throat
material indicate the possibility of more important effects upon nozzle
throat ablation rate than upon propellant burning rate owing to the
wider heat-affected zone and the greater compressibility of the material.
Coupling the analysis with present ablation models appears to be a
formidable task, but the procedure would be similar to that suggested
for the propellant analysis.

Another facet of off-nominal performance evaluation treated in the
report is the performance of the entire motor population as opposed to
concentration only on the difference in performance factors of pairs of
SRMs. The Monte Carlo program has been revised to accommodate such an-
alysis which makes it a more useful device for predicting absolute as
opposed to relative performance values. A comparison of Monte Carlo
results for SRM pairs with and without pertinent material lot variations
incorporated is also presented which demonstrates that only very small
differences in the pair imbalance performance are proc.ced by the lot
variations.

The design analysis program presented in Refs. 2, 3, and 4 has
been used extensively by MSFC-NASA for independent evaluation cf SRMs,
One feature of the design program is that part or all of the grain
burning geometry may be represented by tables of values of areas versus
distance burned normal to the surface. This gives the capability to
make adjustments for more complicated grain shapes which the program
would otherwise treat only approximately. However, the application of
the tabular area has been somewhat crude during tailoff calculations
when all tabular values are used. The design anslysis program has
been refined to improve the treatment. Other changes that have been
incorporated by NASA or Auburn University during the past several years
have also been incorporated into the new design program. Most notable
among these are the inclusion of a capability co treat axisymmetric grain
temperature gradients and a change in the burning rate law above a
certain transition pressure,

Finally, errata to Ref. 1 are presented and discussed in a separate
section.

The format of the report differs from that of Refs. 1, 2 and 4 in
that a complete discussion of input variables is not given. The new
inputs are, however, identificd in the discussion of each topic. The
new program listings give concise comments and the required units on
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both the old and new input variables., Instructions including format
requirements for preparation of input data and sample oroblems are
presented with the program listings in Appendices A and B for the
revised Monte Carlo and design analysis programs, respectively.



II. PREDICTION OF THRUST IMBALANCE AND
COMPARISON WITH TEST RESULTS

In this section predictions of thrust imbalance for two different
pairs of SRMs are made based upon the Monte Carlo statistical analysis
developed in Ref. 1. The first case investigated is the Titan IIIC for
which the predictions are compared with actual flight test performance.
In Ref. 1, a first estimate of the thrust imbalance of Space Shuttle
type SRMs was determined. In the present report the estimate is further
refined by use of the comparative results for the Titan IIIC and appli-
cation of statistical confidence coefficients.

Two basic assumptions are made in the predictions: 1) the grain
temperatures are uniform throughout any one SRM subject only to stat-
istical variations in bulk temperature between motors, and 2) varia-
tions in input variables arise from random selection of each input
variable for every pair from single populations; i.e., the effect of
changes such as might be caused by differences in lots of propellant
raw materials from pair to pair is negligible. The quality of these
assumptions is examined in detail in Sections III and IV, respectively.

Tital ITIC Predicted versus Measured Thrust Imbalance

Where pairs of large SRMs firing in parallel are concerned, the
Titan IIIC configuration offers a singularly good potential source of
data. For various reasons, a vital element of data needed for the com-
parison, the distribution of the burning rate coefficient of the propel-
lant, has not been available. It is known that variations in the bumm-
ing rate coefficient account for the mijority of variations in web
action time for the ordinary SRM and hence in thrust imbalance for a
pair of SRMs firing in parallel. Therefore, great care must be exer-
cised in determining the statistical nature of the burning rate coef-
ficient which was finally extracted from the test data on web action
time as described next.

The Monte Carlo program was utilized using the author's evaluation
of the ctatistical characteristics of all distributed input variables.
The burrning rate coefficient was assumed to be normally distributed, but
the value of its standard deviation was somewhat arbitrarily selected.
After several runs with differcnt stsudard deviations for the burning
rate coefficient, a value of the coe’ficient was found for which the
qualities of the distribution in burning time obtained from the theore’--
ical analysis matched closely those of the distribution in burning time
as determined from tests. Naturally, no matter how poor the theoretical
analysis, such a value. can be found. However, using the value of burn-
ing rate coefficient thus determinced, the statistical program also com-
pares well with test data with regard to the distribution of maximum
thrust imbalance. The correspondence appears to be more than fortu-
itious and tends to validate the analysis.

-5
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For the purpose of cobtaining the match in burning times, the stan-
dard deviation of the burning rate coefficient was adjusted so that the
computed average of the second moments about zero (s,) of the differences
in action times and the differences in web action times of the pairs
matched the corresponding average from the test data to within 2%. The
second moment about zero was used rather than the standard deviation
because the time differences are all recorded as positive. The average
values of the moments for the two burning times was used to minimize the
effects of possible inconsistencies or biases in the determination of
the times., For example, web action time is obtained from actual per-
formance data by the two-tangent angle bisection method, while the com-
puter program, as an approximation to the former method, determines the
time at which the first burn-through of the main propellant web would
occur in the absence of misalignment and ovality of the grain.

Figure II-1 shows histograms of the thrust imbalances for the
theoretical assessment of 130 Titan IIIC pairs and for the actual per-
formance of 20 Titan IIIC pairs. While the theoretical sy, differed by
20% from the test data, the agreement is judged reasonably good. The
theoretical model should, of course, underestimate the thrust imbalance
as not all contributing factors have been included. It is noteworthy
that the maximum value of thrust imbalance calculated for the 130 SRM
pairs was 160,550 1bf while the maximum observed value for the 20 pairs
was 157,000 1bf. A meaningful quantitative comparison of the time at
which the maximum thrust imbalance occurs is difficult because this
time is clearly subject to wide variations among those pairs for which
the imbalance is low and therefore relatively insignificant. However,
for the pairs for which the absolute value of maximum thrust imbalance
is above tne mean, the maximum occurs within 0.5 sec. after the second
SRM begins tailoff. A statistical analysis of the Titan performance
data indic..tes the highest value of thrust imbalance are anticipated in
the regior of 1.5 to 3.0 secs. after the second motor begins its (15-sec)
tailoff (Ref. 6). This disparity between the theoretical and actual
performance data must again be attributed largely to the limitations of
the performance model.

Table II-1, columns 3 and 4, give the input population means u and
standard deviations o of the statistical variables for the first
theoretical sample case. Although distributions of a number of input
variables shown in Table II-1 were specified by other than normal dis-
tributions, they were reasonably close to normal so that specification
of 1 and ¢ should suffice for concise descriptions of the input.

In a number of cases the convention is adopted of taking the
drawing tolerance as representing *3¢ in a normally distributed popula-
tion of a variable. Also, where more than one dimension controls a
variable input dimension, the ¢ of the variahle is taken as the square
root of the sum of the squares of the o of the contrelling variables,
assumed to be normally distributed and uncorrclated. An cxample of this
is the o of the average outside diameter of the circular perforated
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Table II-1, Mean (n) and standard deviations (o) of input
variables for the sample cases?

Component/variable Units Tﬁfan ITIC - Space‘fhuttle ﬁzpe
Propellant
density 1bm/in3 0.0630 1.00x10"5 0.0635 1.05x10-5
bulk temperature °F 80.0 0.1833 60.0 0.2333
rate coefficient in/sec-psi” 0.0653  3.428x10~* 0.0366  2,19x10~5
ignition delay msec 237 9.08 400 15.3
oxidizer wt./Al wt. 1 4.250 0.04 4.350 0.04
Nozzle
throat dia. in. 37.70 0.0333 54.430 0.0100
exit dia, in. - 106.63 0.,0333 145.67 0.03333
throat erosion rate mils/sec 4.67  0.262 7.63°  0.320°
exit half angle degrees 11.25 0.0833 11.25 0.0
cant angle degrees 0.0 0.0833 0.0 0.0
Circular perforated grain
length mean outside dia. in, 119.98 0.01462 143,08 0.01462
length mean inside dia. in. T 47,60  0.03333 63.59 0.03333
main grain length with in.  613.10  0.7453 1135.58 0.5770
inside radial taper in, 5.00 0.01054 2,41 0,02357
outside radial taper in. - 0.0 0.02357 0.0 0.02357
aft tapered length with in, 0.0 0.0°¢ 176.5 0.0°
inside radial taper in, 0.0 0.0 3.040 0.,02357
4 radial out--of—roundsd in. 0.0 0.08333 0.0 0.08333
4 concentricitiesd " 4n. - 0.0 0.050 0.0  0.050
2 ovality orientationsd degrees 0.0 random 0.0 random
Star_grain
grain length in. 33.0°  0.1667 189.15 0.3333
sutside radius in, 59.988 0.00731 71.540 0.00731
fillet radii in. 3.0 0.01179 2.010 0.01111

web radius in. 50.0 0.01667 63.54 0.01667

TEmeomss s omo s TR I I T LT ST £ R LA T S T S NI T S S S TS T TTLT S S Ear T

a. A few of the lecast important wvariables have been omitted in the Interest
of conciseness,
b. Data based on Poseidon program (Ref, 7).
c. The effect of variations in the aft tapered length is negligible for both SRMs.
d. Sce Fig.III-5, applicable to both head and aft reference planes.
e. A portion of the head end geometry for the Titan ITIC is represented by
tabular (nonstatistical) wvalues.

T
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grain which is calculated based on the o of the outside diameter of the
case, and the thicknesses of the case wall, liner and insulation,

Not only must the procedures used in manufacture and quality con-
trol of the motor production be recognized when specifying the input
characteristics, but also the way a particular variable is used in the
program., Thus, when a diiension (or other characteristic) of a variable
is subject to random variation and the average variation is required by
the program, the ¢ in the variable is reduced. For example, the v of
the fillet radii of the star points is reduced by the square root of the
nuvber of star points because each star point has an equal effect on the
buraing surface. Similarly, the real propellant average burning rate
variation within pairs may be reduced substantially by the method of
propellant selection and division of propellant from several mixers be-
tween a pair of SRMs,

Prediction of Thrust Imbalance of Space Shuttle Type SRM Pairs

As a second case, in view of the present interest in the Space
Shuttle, an estimate is made of the statistical performance of pairs of
146-in, dia. SRMs of the type to be used on the Space Shuttle., The
results, however should be interpreted in the light that recent design
changes to the Space Shuttle booster pair have not been incorporated.
Also, selection of the statistical distributions for a number of the
input variables was necessarily somewhat arbitrary. Although we were
guided by the Space Shuttle proposal (Ref. 7) and data on other SRMs,
the values selected are the judgments of the authors alone and do not
necessarily reflect the opinions of NASA, other Government agencies or
their contractors. The characteristics of the input distributions are
given in Table II-1l, colums 5 and 6.

Table II-2, which was originally presented in Ref. 1, gives a por-
tion of the statistical results from an evaluation of 50 SRM pairs. To
obtain a specific estimate of the maximum thrust imbalance to be an-
ticipated, X * Ks for the sample distribution of the thrust imbalances
is examined. here X and s are the mean and standard deviation of the
sample, respectively, and K is the confidence coefficient for two-sided
tolerance limits (Ref. 8). The coefficient K is selected such that the
probability is 907 that at least 99.97 of the total population will be
within the limits of X * Ks. The confidence ~oefficient used (3.833)
applies only to a normally distributed total population. Tt is assumed
for the moment that the distribution of the absolute values of thrust
imbalance is the upper half of a normal distribution of algebraic values
of thrust imbalance with X = 0. For the distribution of algebraic values,
82 = i;%s + S%bs where the subscript denotes the absolute values of the
thrust imbalances, and the calculated limits are £ 483,500 1bf. The con-
fidence coefficient could be lowered by obtaining larger samples which
is an advantage of the Monte Carlo analysis over analyses of the usually
rather small samples obtained from test data. In particular, K is 3,501
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Table II-2. Mean (X) and standard deviation(s) of selected performance
characteristics for fifty 146-in. dia. SRMs.

Absolute value of maximum thrust imbalance
during web action time (AFMAX) 1bf.

Time of AFMAX, sec.

Absolute value of maximum thrust imbalance
during tailoff (AFMAXT) 1bf.

Time of AFMAXT, sec.

Absolute value of the difference in time
at which the two motcdrs of a pair begin
tailoff, sec.

Absolute value of the thrust imbalance

at input time of maximum dynamic pressure,
1bf.

Algebraic value of the impulse imbalance
during tailoff, lbf-sec.

Absolute value of the area between the
thrust~time traces of the pair during
tailoff, lbf-sec.

Absolute value of thrust imbalance when
last motor of pair reaches 100,000 1b.
thrust during tailoff (DF100K)1bf.

Time of DF1l00K, sec.

]

X 8
19,620 9,250
83.89 36.59
110,346 61,130
( —

111.60 0.93
0.20 0.14
2,954 3,966
~51,060 461,800
406,400 237,500
8,555 13,470
118.66 0.29
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for a sample of 250 and diminishes toward the normal deviate of 3.291
as the sample size increased indefinitely (Ref., 8).

If the assumption is made that the s calculated for the Space Shuttle
type motor is in error by the same percentage as the s, calculated for
the Titan deviates from test results, the predicted limits for the larger
SRM are * 580,200 1bf,

The applicability of tolarance limits based on a normally distributed
population has not been firmly established. Indeed, chi-square tests of
the sample distributions of the maximum thrust imbalances indicate
rather low probabilities cof normality for both the theoretical and test
samples. Methods also exist for establishing tolerance limits without
any assumption about the form of distribution, but the limits are obvious~-
ly broader than those for a normal population (Ref. 8) and ma, be ultra-
conservative unless the sample size is very large. Probably the best
solution to the problem for the theoretical distribution is to use the
Monte Carlo program to obtain a large enough sample so that the entire
population is essentially defined.

The limits calculated for the maximum thrust imbalance are about
3/4 to 1/2 those calculated by various methods of scaling Titan IIIC data
to the Space Shuttle using factors which involve only the ratios of the
thrusts 2nd total tailoffs time for the two different motors and assum-
ing a normally distributed populatiuon to establish tolerance limit:i. We
believe such scaling to be inaccurate because it generally does not re-
flect some very important potential differences in the two SRMs, First,
it should be possible to realize lesser percentagewise variations (coef-
ficients of variations) in dimensional variables in the larger motor.
Secondly, the plan for loading of the Space Shuttle SRM contemplates very
special attention to procedures to minimize within pair variations in the
propellant burning rate (Ref. 7). We have recognized the potential for
such improvements in selecting the input values.

Discussion of Results

The technique described gives a method for predicting variations in
the performance of pairs of SRMs on a probability basis. Comparison of
the theoretical approach with actual test data shows reasonably good
agreement for Titan IIIC SRMs. For other SRMs, the accuracy of pre-
dictions based on this method will depend to a large extent on the
availability of specific data to define accurately the statistical dis-
tributions of the input variables. There is no way, of course, to
anticipate waivers of specification or deviations from manufacturing
standards which could cause the actual distribution of controlling
variables to differ from those which would normally be assumed.

Even with valid input data the analysis is limited and less than
conservative because the effects of all variables have not been taken
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into account, and these effects can only add to, not subtract from, the
calculated statistical performance variations. Perhaps the most impor-
tant improvement in predicted performance could be made by accounting
for the effects of temperature gradient differences between motors of

a pair. It would also be desirable to incorporate between-pair varia-
tions of propellant characteristics into the analysis. Ability to
treat the between-pair variations would make it possible to use the pro-
gram for calculation of the statistical performarce of a population of
single SRMs. The effects of temperature pradient difference is inves-
tigated in Section III of this report and between-pair variations are
treated In Section IV.

Aside from providing a technique for direct theoretical prediction
of performance variation, the Monte Carlo method provides an approach
to defining the quality of various statistical distributions of
performance differences of interest based on as large a number of SRMs
as desired. The distributions thus obtained may be used in analyses of
experimental data to establish confidence coefficients on a more logical
basis than simply assuming normal distributions or unknown distributions.




ITII. TEMPERATURE DISTRIBUTION THROUGHOUT THE PROPELLANT

It is clear that the inevitable differences in grain temperature
gradients between motors of an SKRM pair constitute potential sources
of thrust imbalance which have not been taken into account in the Monte
Carlo analysis. It is the purpose of this section to investigate this
source of performance variation. The problem is most complex. Grad-
ients can exist in the radial, circumferential and axial directions.
The magnitude of the gradient will depend on a variety of thermal load-
ing conditions involving solar radiation, convective heating and cooling,
‘and the schedule of processing and assembling the individual motors.

The General Approach

To obtain a first estimate of the effects of the thermal gradient,
a number of simplifying basic assumptions are made. These are:

1. The axial temperature gradient is negligible.

2. The radial gradient at certain circumferential positions to
be specified can be approximated by use of an axisymmetric
transient heat conduction analysis using the radiative and
convective heat flux at those positions as boundary conditions
at the motor case and treating the grain bore as insulated.

3. The convective heat transfer coefficient to the motor case
is a constant, although the driving temperature for the heat
flux varies with time,

4, The radiative heat transfer to the motor case varies with
time over a twenty-four hour period in the same manner for
each SRM, but there may be a time lag between when each
motor of a pair experiences the heat flux. This time lag
may be treated as a statistically distributed variable.

5. The circumferential propellant temperature gradient may be
approximated by a hyperbolic secant distribution between
the radial line of maximum (positive or negative) radial
temperature gradient and the diametrically opposite line.
Radial temperature profiles are thus required for only two
positions. Alternatively, a cosine distribution with two
maxima and two minima may be used with still only two radial
profiies required. The two radial temperature profiles are
separately specified for the odd and even numbered SRMs,

~13-
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6. The peakedness of the circumferential temperature distribu-
tion and resulting burning rate distance burned distribu-
tions may be represented by a relationship to be proposed
between the temperatures at the two radial positions for
which the profiles are established and the bulk temperature
of the propellant which is a required input to the program.

The basic procedure for establishing the thermal gradient effect
involves first obtaining the two radial profiles and the bulk temperature
corresponding to the time the SRM is at the launch site for given initial
conditions which are fixed for the evaluations. These profiles are stored
in the computer and a selection is made from them for the first SRM of a
pair bascd on the statistical distribution of on-site times specified.
Next, the on-site time of the second motor is selected based on the lag
time between the motors. Once the radial profiles are established, the
computer calculates the burning rate as a function of both radial and
circumferential positions, and the circumferential average burning rate
is determined after.each increment of time. Regression of the burning
surface is calculated based on the varying temperatures so that, for ex-
ample, if one side of the SRM is hotter than the other, it will experience
burn-through earlier. These calculations are made possible by modifica-
tion of the ovality analysis developed in Ref. 1,

It is important to note that if more precise information on thermal
loading or method of znalysis is available, assumptions 2, 3 and 4 may .
be eliminated or modified because the temperature distributions are
determined independently of the remainder of the performance analysis to
be described. The only requirements are that two radial profiles and
a bulk temperature be established at the end of each time interval the
odd numbered motor remains at the launch site and the same for the even
numhered motor.

The details of the analysis are discussed in the remainder of this
section. Although the analysis may appear somewhat oversimplified, we
believe the model captures the essence of the temperature gradient
phenomenon inscfar as the difference in performance between a pair of SRMs
is concerned. The Monte Carlo analysis of Ref. 1 has been modified accord-
ingly.

Unfortunately, sufficient data is not available at this writing on
thermal conditions of the past SRMe f{ired in parallel to make meaningful
comparisons of predicted and actual performance data. Even if confidence
in the theoretical analysis could be gained without the comparison, as
mentioned in the Introduction, the uncertainties associated with pre-
diction of some of the thermal loading conditions tend to invalidate
at least the ordinary statistical approach. TFor the present, the most
useful applications of the analysis lies in the comparison of the
theoretical performance of each motor of a single pair of SRMs - one with
a constant temperature and one with both radial and circumferential
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gradient. Such a study is presented in the final part of this section
and will serve as a means of assessing the sensitivity of performance

of a single 5RM to realistic temperature gradients. Of course, the
performance of a population of SRMs may still be evaluated using the
Monte Carlo program. However, until the quality of the complete thermal
gradient analysis can be evaluated by comparison with test data, we
prefer to utilize the 207 correction factor developed in Sectiou II which
presumably would include corrections for the thermal gradient as well as
those arising from other sources. In doing this the implied assumption
is rhat the thermai gradient differences within a pair of SRMs have the
same percentagewise effects on performance in both the base pairs (Titan
ITIICs) and in pairs whose performance is to be predicted.

The Radial Temperzture Gradient Inputs

The inclusion of a heat transfer analysis in the present work was
done for the purpose of generating a reasonable approximation for the
radial temperature distribution across the propellant grain to be used
primarily as a test input for the Monte Carlo program. Hence, a very
simple model of the thermal envircnment was used and the results of this
analysis should be considered only a first estimate of the a~tual tem-
perature distribution within the propellant grain applicable under only
very specific thermal loading conditions.

The thermal environmental conditions selected for use in the analysis
were design point values obtained from Ref. 9. Figure I1I~1 shows the
design high and design low solar radiation data for a twenty-four hour
time period as obtained from Ref. 9. In addition, a design average
which ‘s simply the arithmetic average of the design high and design low
at a given time was calculated for use in the present work and it is also
shown in Fig. III-1, Figure III-2 shows the annual maximum extreme tem-
peratures cof theEastern Test Range for a twenty-four hour time period as
obtained from Ref. 9. As was done for the solar radiation cata an annual
average ambient temperature was calculated and is also shown in Fig. III-2,
These ambient temperatures were used to determine the convective heat
transfer to the SRM. The convection coefficient was chosen as 0.02
BTU/hr-in? which corresponds to wind speed conditions of 15 knots. This
value was chosen based on the analysis discussed in Ref. 10. The data do
not necessarily represent the expected or desired values for the thermal
environment of the Space Shuttle, but were sclected for the purpose of
obtaining reasonable values for the radial tempcrature distribution. How-
ever, even though this analysis was accomplished primarily for the purpose
of generating a set of data to check the ability of the Monte Carlo program
to treat this new type of input data, the results of the Monte Carlo im-
balance analysis as a whole will tend to maintain their accuracy. This is
true because the results of the Monte Carlo program which are in terms of
differences will reflect approximately equal errors and biases present in
each motor; hence the error in differences will be less than the error
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induced by the approximations made in the heat transfer analysis. Those
results obtained from the Monte Carlo program dealing with total motor
populations (See Section IV) will, however, tend to be in error to the
degree of approximation made in the heat transfer analysis. The error
will tend to be greater in the mean values calculated than in the stan-
dard deviationms,

For the purpose of computing the radial temperature distribution
only a circular perforated grain was analyzed. This obviously induces
some error since the results were taken as being true at corresponding
distances burned in a star segment if such is also present. However,
heating or cooling is primarily from the outside of the motor case and
propellant is an efficient insulator, so at least the inner portion of
the propellant should be at approximately the same temperature in the
star and circular perforated grain segments. Also the star grain ordi-
narily burns out much earlier than the circular perforated grain which
tends to minimize the effect of the star grain temperatuvre distvibution
on the critical tailoff phase of operation.

The analysis included heat transfer through the propellant, liner,
insulation and motor case. The material properties and dimensions were
obtained from Ref. 7. The transient heat transfer analysis was performed
using a finite element computer code which is described in detail in
Ref. 11. The computations were made using an axisymmetric triangular
element which was contained in the computer code and all thermal boundary
conditions were considered to be axisymmetric. It was also assumed that
there were no variations in thermal environment along the length of the
SRM. The temperature distributions were obtained as a function of time
for the maximum, minimum and average environmental conditions described
above. The temperatures were calculated at two-inch intervals across
the propellant, at the propellant-liner interface, the liner-insulation
interface, the insulation-case interface and at the outside case wall.
Representative temperature distributions corresponding to maximum thermal
cnvironmental conditions after four day-night cycles are shown in Fig. IIi-3
as a function of the daily duration of solar radiation. Several distribu-
tions of these types may be utilized in the Monte Carlo program to obtain
approximations to tangential thermal gradients produced by one side of the
SRM being exposed to solar radiation for a different amount of time than
the other side. (See below)

The results of the heat transfer analysis consisting of a set of
time dependent temperature distributions were put on tape and used as
input data to the Monte Carlo program. The computer program treats the
data in the following way. For the first mctor of a pair the Monte Carlo
program selects from a statistical distribution a time corresponding to
the number of hours the SRM has been exposed to the thermal environmental
conditions. Note that the present input data gives the temperature dis-
tribution at the end of each hour. If some other time increment were
chosen; say one day; then the time chosen would correspond to the number
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Fig., III-3, Temperature profiles (4 days) based on axisymmetric

transient conduction analysis,
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of days. This is because the temperature distributions are numbered sequen-~
tially starting at 1 for the first time interval, etc., and the number
chosen from the statistical distribution corresponds to the distribution
number or time interval number as opposed to the actual time. The tem—
perature distribution(s) so chosen are then used to compute the SRM's
performance. Two distributions for a single SRM must be selected for a
given time in order to obtain an approximation to the tangential temper-
ature gradient. This is discussed in detail later in this section. For
the second motor of a pair, a time shift variable is selected from a
statistical distribution by the Monte Carlo program and this time shift
is added to the time selected for the first SRM in order to determine the
temperature distribution(s) to be used for the second SRM. The second
SRM's performance is then computed using the temperatures corresponding
to the new time,

The use of the time shift variable is made to approximate two '"real
life' effects on performance. First, it is conceivable that both SRMs of
a pair will not be brought to the launch site environment at precisely
the same time and hence they will be exposed to the thermal environment
for different total periods of time. Second, since it is likely that
both motors will not be receiving the same amount of solar radiation at
the same time, one of the motors at the time of firing will have received
solar radiation for a different amount of time than the other during the
last day-night cycle. This last effect can also be approximated by use
of a time shift to account for the difference when the last day-night
cycle is believed to be more significant than the total difference in
time of exposure to solar radiation.

If it is desired to represent a tangential temperature profile, T
and T_ corresponding to the temperatures of the grain just beyond the
heat-affected zone of the burning surface along the radial line of maximum
temperature gradient and the diametrically opposite position or a position
90° removed on the burning surface, respectively, are similarly selected
for each motor and used as described next.

Circumferential Propéllant Temperature Profiles

Using the two radial temperature profiles for each SRM obtained as
just described or by more exact methods, the tangential temperature pro-
files of the burning surface are established for each SRM after cach
increment of burning: Either a cosine distribution (SITE=1) or a hyper-
bolic secant distribution (SITE=2) is selected for the odd and for the
even numbered motors. The distributions have the general character
illustrated in Fig. III-4 and are given by the expressions:
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T= TAv + TA cos 20 for SITE=1 . (I1I1-1)
and
T= B + A sech £0 for SITE=2 (I11-2)

In Eq. ITI-1, the average grain temperature is simply
TAv = (TA + TB)/2 (1I11-3)

For Eq. III-2, the constants B and A are determined by the end
conditions:

T=T,at 6=0 (I11-4)
and
T= TB at O=mw (I11-5)

For Eq. IIT~2, the average grain temperature is given by:

- (T,-T) [141/2¢-(2/nE)arctan et &™)/ (1-sech £m)

(I11-6)

Owing to the circumferential variations in temperature, the burning
surface does not regress uniformly around the burning perimeter. The
variations are accounted for in the computer program so that the tem~-
perature distribution is based on the actual theoretical position of the
burning surface.

Tav = Ta

The cosine distribution (SITE=1, computer option) is most appro-
priate for situations where a motor receives approximately equal heat
flux from two opposite sides as when two sides are shaded from the sun.
The hyperbolic secant distribution approximates the other situations of
practical interest; i.e., where there is a concentration of heating
(or cooling) at one circumferential position.

The degree of concentration is adjusted by determination of the
constant { for each position of the burning surface. This is accom-
plished in the present analysis by use of the relationship,

£= (T = Tpnd/ Ty Tp) (I11-7)



PN A NS VARAY M) Lo

-23- -

¢

The rationale to Eq. III-7 is that the more concentrated the heat £lux
on the line of maximum temperature gradient, the more the tempcrature

TA differs from the bulk temperature Ty,jx and the more peaked the
distribution, which is reflected by a high value of £ (See Fig. III-4B),
Similarly, the closer T  is to Tpyjk, the more peaked the distribution
should and does become.” The approach is obviously an intuitive one as
actual temperature distributions are not available for comparison. Even
if they were, there is merit in the approach as the aim is to present a
simplified model of the phenomenon, and if the actual distributions were
available, it is very likely that they could be represented by Eq. III-7
or some minor modification thereof. The alternative would be to modify
the program to include a table of £ functions along with the temperatures.
An analysis difficulty would arise because the precise position of the
burning surface would not be known. The solution would probably require
input of radial temperature profiles at a large number of circumferential
stations which would greatly increase input rreparation complexity and
computer storage and calculation time requirements.

An analogous treaiment is given the determination of burning rate
coefficient (Computer symbol Q) geometric distribution, and the mass of
propellant gases generated is calculated based on the true theoretical
average burning rate coefficients. The distance burned is calculated
separately at the line of maximum temperature gradient for SITE=1 or 2
and the diametrically opposite line for SITE=2, 7o determine the distri-
bution of distance burned use is made of the following relationships.

Y = Yay t e, cos 26 for SITE=1 ,‘ﬁpd (1I11-8)

Y=y, - (yAfyB)[l-sech 5y 01/(1-sech ©6) for SITE=2 (111-9)

For the SITE=1 distribution Ya is the arithmetic mean of the distance
burned at the two radial reference lines and e is the difference be-
tween the distance burned at the two positions (90° apart). For SITE=2
the y is calculated based again on an assumed hyperbolic secant distri-
tubion of distance burned between the two radial reference lines (180°
apart) with yp and yg being the distance burned at those two positions.
The £ in this case is calculated from

E.y = (YA-yAV)/(yAV—yB) (111-10)

vhere Yay Is the true theoretical average based on the assumed hyper-
bolic distribution. The rationale behind Eq. IIT-10 is similar to
that of the £ for the temperature distribution.
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Modification of the Ovality Analysis

In addition to affecting the mass of propellant gases generated,
the temperature difference throughout the propellant influence the time
first burnthrough of the propellant occurs and the characteristics of
the ensuing tailoff. Accounting for these effects is made possible by
coupling the present analysis with that of the ovality analysis pre-~
sented in Ref. 1. In doing this the basic features of the original
analysis are retained:

1. Three reference planes are used - one near the head of
the grain, one at the aft end of the length associated
with the main taper length and one at the aft end asso-
ciated with the aft taper length,

2. Burning perimeters are obtained by integration:

: 27
S=) r do; r =0ifr >r (I11-11)
g g g— ¢
o

where r_, and ¢ are the radial and angular coordinates of the burning
perimeter, 6 now being measured from the major axis of the assumed
elliptical initial burning surface (See Fig. III-5).

In order to couple the thermal analysis with the ovality analysis
it is merely necessary to modify the calculation of rg. Without the
thermal gradient,

rg = {[(cos 6)/(ag+ yAV)]2 + [(sin 6)/(bg+ yAV)]z}'l/2 (I11I-12)

With the thermal gradient, the following expressions must be added to
the rg calculated by Eq. III-12:

Arg = ehl cos (G-Gth) for SITE=1 (111-13)
or
Arg =Yy = Yy (yA—yB){l - sech [gy(e-oth)]}
/(1 - sech Eyn) for SITE=2 (111-14)

In Eq. III-14, 8, is the angle which gives the orientation of the
radial line of maximum (positive or negative) temperature gradient with
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respect to the major axis of the initial ovality (See Fig. III-5). Math~
ematical constraints are placed so that

le-6,, | <  for siTE=2 (I11-15)

R S —

in order to preserve the assumed sech distribution betwecn -7 and .
The new variables 6t} as well as the original variables o (one of each
for the fore and aft reference planes) may bc given statistical distribu-
tions. A rectangular distribution (equal probability of any one value)
would be used if no special attention were given to orientation of the
grain ovality with respect to the circumferential temperature gradient.

Thus the burning perimeters and consequently the burning surface
are allowed to regress in accordance with the temperature changes, and
the perimeter is no longer forced to maintain the elliptical shape
assumed in the original analysis,

Sample Case

The thermal analysis has been incorpnrated into the Monte Carlo
computer program and the complete revised program is presented in Appen-
dix A. As mentioned carlier, although the revised program may be used
for theoretical performance analysis, presently its mos: useful appli-
cation 1s for comparison of the theoretical performance with and without
combined radial and circumferential temperature gradients. Such a study
will give an indication of the extent of the error associated with the
usual assuvmption of a uniform radial temperature gradient when indeed
in many practical situations both radial and circumferential gradient
exist.

To »rovide some insight as to the significance of the problem, two
performance comparisons have been made for a Space Shuttle type SRM pair
using the revised program: '

1. Hyperbolic secant distributed circumferential gradients
with radial gradients representing relatively severe but
not impractical thermas loading conditions versus a uni-
form temperature taken equal to the bulk temperature for
the hyperbolic secant distribution. The radial gradients
are based on the axisymmetric solutions for the two radial
reference lines discussed earlier. It is noteworthy that
the bulk temperature for a hyperbolic secant distribution
based on the radial gradients alone is not known but we make
the a priori assumption that the arithmetic average of
arithmetic average values of the two radial gradients is
a suitable approximation. When the actual distributions
are known, it is recommended that the true bulk tempcrature
be used.



2. The hyperbolic secant distribution of Comparison 1 above
versus an axisymmetric distribution consisting of the
profile along the radial reference line of maximum
temperature gradient for Comparison 1. Although the
axisymmetric gradient is, in this case, not one which
would be ordinarily expected in practice, it is used
here to demonstrate the effect of a conservative assump-
tion which is sometimes used in studying the effects of
therinal gradients,

The input distributions used for Comparisons 1 and 2 are portrayed
graphically in Fig. III-6. These we selected from among the temperature
profiles for the four-day period prepared as described earlier in this
section,

The SRM used for the comparison is a Space Shuttle type which differs
from that used in Ref. 1 and Section IT of this report in that some design
changes recently considered have been incorporated. The nominal values
of parameters used to represent the SRM are given in Table III-1. The
representation of the SRM (TC-136-75) makes use of some tabular values of
surface areas and effective values of certain input dimensions to approx~
imate some of the more intricate geometric features, especially for the
head end (star) segment.

The Monte Carlo program facilitates the comparison because it calcu-
lates the differences in performance within SRM pairs. To eliminate
variables other than temperatures between the motors of a pair, all of
the statistical variables are given constant distributions (Code 60). The
uniform temperature is handled by use of a program option (SITEO or SITEE
=3) and the axisymmetrie gradient by another option (SITEO or SITEE=4).
For the circumferential and radial combined gradients, the hyperbolic
secant distyribution (SITEO or SITEE=2) is used in the present evaluation.

The results are presented as computer plots of the thrust imbalance
versus time in Figs. III-7 through IITI-10. For the purpose of discussion
it is assumed that the hyperbolic secant distribution represents the
real distribution of temperatures within the grain such as might occur
when a limited sector of the grain is subject to high radiative heating.
Then Figs. II1-7 through III-10 indicate that substantial error occurs
when a uniform temperature is assumed in the calculations and that the
assumption of an axisymmetric gradient yields a much greater error. Fur-
ther illustration of the use of the Monte Carlo program for the purpose
of comparing analyses with the various propellant temperature distribu-
tions is given in the sample problem of Appendix A.

iy
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Input variables for Space Shuttle type SRM with hyperbolic -

secant circumferential propellant temperature distribution.
CONF EIGURATION NUNBER ]

Table III-1.

OPTJONS AND THITIAL CONSTANTS FABULAR VALUES FOR GRAIN TLMPERATURE DISTRIBUTIONS

$2 ST BT

NTABs 22 Ye 0.0 IGRA= 71,0849t 01 1cags  T.0173C ot
RAKIO 98 Yo 2,0000¢ 00 TGRA®  7,0919F al TCRBe  T.C1R8F 01
ATAQYS ° Ve 4.0000F 00 TCRAs  T.1131€ Ot 160« 7.023%¢ O3
1RANDs ) Yo 6.0000f 20 TomAs  7.1494€ OF 168e»  1,0314€ 0)
160s Ye 6.0000€ 00 ToRAs  §,2033C ot 16RRs  7.0436F 01
1p0s ) Yo 1,00006 01 TGRA®  7,2782¢ o) ICRE*  7.0611E 0}
NUMPLI(J)s 00000 Y= 1.2000€ 0% IGRAs  7,)782C D) 1628 7,0850C O}
11EnPe 0 . Ys  1.4000€ 03 TGRAs  7,5085€ 01 TGRBs  T.1169€ 0L
1P ¢
PROPELLANT CHARACTERISTICS
&HO* 0,063500 .
Ale 0,03668) .
Ni= 0,350 Ys 1,6000€ 01 TGPAs  7,6743E 01 TGRBe  7.1585%E 01
ALPHAs 0.0 Ys 1.8000€ O\ TCRAs  1,8R08E 01 15885 7.2116€ 01
BETAs 1.0 Y= ,0000E Ot TGRA=  B,1317C 01 16RBs  T.27B1€ 01
RUALs  4,3500 Ye 2,2000¢ O} YGRA=  B,42B5( 01 1GRB=  7.3593€ Ol
CSTARN= S.1821E 03 Y=  2.4000€ O1 1GRA» 8,7703¢ Ot IGRD:  7.4564E O1
GAMNs 1. 14L7E 00 .¥=  2,6000¢ 01 TGRA®  9,1576E 01 1GRE:  7.5699C 01
RN2H1s  1,2000E 00 ¥s  2.8700¢ Ol TGRA®  9.6021€ 01 iLRA=  7.7005€ OL
¥s  3,0000¢ 01 TGRA*  1.0149E 02 16KB=  7.8510f O
. Y= 3,2000¢ 0O} TGHAT  1,0884F 02 1GRE=  B.0294¢ O1
BASIC MOTOR DIMENS|ONS Ye  3,4000¢ O1 TGRA® 1. 19G3F 02 TGREs  £,2509¢ 01
L= 1374,00 Y= 3.6C00€ O1 IGRA®  1.3158¢ 02 IGRO:  B.5308€ O1
Thus 40.600 Y=  3.8C00€ OI TCRAS  1,4004E 02 1CRBe  8,68472€ Ot
Ofs  1.4564E 02 Y= 4,0000€ Ol T0Ras  1,2643F 02 1686s  9.0517¢ 01
DIta 5.4430E 01 Ya  4,5000€ 01 IGRAs 1.,2673€ 02 1GREs  9.9517€ ot
IHETAs 0.0
ALFAN=  1.2330C O1
LiaPa  1,0540€ 02 BASIC PERFORMANCE [ONSTAAYS GRAIN CONFIGURATION
XTs 5,6200€ 00 DELTAY= 0,040 . INPUTE 3
10=  3,2700E Q0 s 26 _GRAIN 3
2ts 0.0 XOUT= 1000.00 . sTaRs 1
RONDCN= 0.0 DPOUTe  16000.00 . Nl 0.
ROYDCHs 0.0 LCVAFs 0.9680 DRDERs 1
RONDGNe 0.0 Tos 122.2 coes 1
ROYOCKs 0.0 . W 130000,
€XN* 0.0 ERREFs  0,00947
EYN» 0.0 PREFe 744,00 C-P. GRAIN GEOMETRY
EXM= 0.0 DIREFs  $8.430 DO« 144,430
EYHa 0.0 PIPKs 0.00150 DIs 63.230
ALPHANS 0.0 CSTARTs  0.0000360 X310+ ~0.300
ALPHANS 0.0 PTRANs  5000.00 Se 3,
THERHNS 0.0 CSTARPs  0.005700° THETAG» 12.12400
THERHHs 0.0 TiGR» 0.0 L6Ci= 1127.35
NDISTs 92 GAWPs  0,0052700 LGNl 64,20
THAZQe  £0.000 THETCNs 0.0
ATFe 1C0000.00 THETCHs 90,00000
BASIC STAR GEOMETRY YBULKOe 8.3077€ 01
NS . SiTECs 2
LGSI= 153,40 .
NPe 1L, . ve e I
RCs  72.214 TABULAR VALUES FOK AREAC
Fitt=  1.770
NNe 0. .. Y ABPK Y ABPK
STANDARD STAR GEONETRY 0.00 -3.79901 04 12.00 9.5000E 03
THEYAFs  16,31998
THETAPe  32.79999 4.00 -2.4200F 04 14.00 6.5000E 03
HSs 4,214
Riuse st.2t 6.00 1.3850E 04 21.00 0.0
8.00 2.0000% 04 45,00 0.0
10.00 1.3000L 04 All other A's = 0.0
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radial and circumferential prepellant temperature gradient
and one with an axisymmetric radial temperature gradient.
Note difference in scale between Figs. II1-10 and III-8.
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IV. TOTAL MOTOR POPULATION

The original Monte Carlo program (Ref. 1) treats only the varia-
tions in input variables arising from selection of each input variable
for every pair from a single population which has, of course, a single
mean value. The tacit assumption is that where differences in perfor-
mance values (such as the maximum thrust imbalance) are involved, vari-~
ations of the mean value (such as might be caused by a change in lots
of propellant ingredients from pair to pair) would be of second order
importance. This assumption has been questioned by some. Also, some-
times in establishing design requirements, it is important to anticipate
the statistical variations in certain performance characteristics for
the entire motor population as opposed to the differences in the charac~
teristics for single pairs. For example, the probable variation in
total impulse of a single motor from the nominal must be known in order
to determine a sufficient allotment of control system energy.

In order to solve the problems suggested, the program has been
modified so that the mean values of statistical values are now randomly
selncted from populations of the means in the same way that the individual
values are selected from the distribution about a common mean. Thus,
obtaining "motor to motor" variations for the entire population is merely
a task of statistically analyzing the results of the individual calcula-
tions for each SRM.

Table IV-1 illustrates the several ways in which the variations in
input characteristics between pairs of motors may be incorporated with
the within-pair variations of the original program. For the first input
variable, RHO MEAN, the mean value is given a normal distribution (Code
51, 2nd column). The zero in the third column has no significance.
Columns 4 and 5 give the mean and standard deviations of RHO MEAN, re-
spectively, for the normal distribution specified feor this variable. The
second variable is RHO, and the corresponding data give the within-pair
variation of RHO. A value is selected from both the RHO and the RHO MEAN
distributions on a probatility basis by the program and added together to
obtain the random value of RHO to be used for the SRM under consideration.
Therefore, in this case, the mean value of RHO which is also to have a
normal distribution must be set equal to zero. The 2 in column 2 sig-
nifies that a new RHO MEAN is to be selected only after every 2 SRMs
have been evaluated, corresponding in practice to a change in lots of
propellant or manufacture procedures after loading of one pair of SRMs.

The entries for Al MEAN and Al illustrate several alternatives to the
representation of input distributions. In this case Al MEAN is again
given a normal distribution but Al is based on a histogram (Code 21,
2nd column). Because the data on Al already include the mean value of the

total population, the mean of Al MEAN (4th column) is assigned a zero value.
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Table IV-1. 1Input for sample evaluation of total SRM population.

OATA FCOR STATISTICZL ANALYSIS FRCGRAM

AmC HEAN 51 0 £,3500€6-02 £.35225-04 c.0 0.0 0.0 0.0 0.0
PrD 3 2 C.G .CSCCE-05 0.0 0.0 0.0 0.0 0.0
A1 MELN 51 0 0.0 7.3200E-04 0.0 0.0 0.0 0.0 0.0
al 21 2 1.1C0508 21 3.6550E-02 1.0000E~05 0.0 1.0000E 02 3.6555E-02 3.6655E-02
1,00005 00 3.C000E 03O 54C00C% 05 2.0000€ 00 1.3000FE 01 1.6000E Ol 140000 01 le2000E 01 4.0000E 00 7.0000€ 0O
1.CC0SE QO
ANt 50 o] 3.500CE-01 0.0 0.0 0.0 Ce.0 C.0 0.0
LLPHA - ©d 0 C.2 0.C 0.0 0.0 * 0.0 0.0 0.0
48TA 69 o 0.0 0.9 0.0 0.0 0.0 0.0 0.0
RIAL MEAN [ 0 4435032 00 8.7CCCE~02 0.0 6.0 0.0 0.0 0.0
RTAL s1 2 0.0 4.0C00E-02 0.0 0.9 0.0 0.0 5.0
LE 51 o 1.45678 02 343333E-02 0.0 0.0 0.0 0.0 0.0
371 51 0 5.44328 C1 1.03CCE-D2 0.0 0.0 0.0 0.0 0.0
T=ITL 60 0 G0 0.0 0.0 0.0 0.0 00 Qo0
20 0 1.1250E 01 0.0 0.0 0.9 0.0 0.0 0.0
&0 b 1.7€508 02 0.0 0.0 0.0 0.0 0.0 0.0
si 0 3.05CCE 00 24357CE-02 0.0 0.0 0.0 0.0 0.0
5t 0 2.4106E 00 2.357CE-02 0.0 0.0 0.0 .0 0.0
51 0 0.0 242570E~02 0.0 0e0 0.0 0.0 0.0
53 3 0.9 8.3332£-22 3.0 0.0 0.0 0.0 0.0
53 0 G.0 8.332237-02 0.0 0.0 C.0 0.0 Cs0
53 c Ced 3.32322-62 0.9 0.0 0.0 0.0 0.0
53 [v] 2.0 3,3332E-02 0.0 0.0 0.0 0.0 0.0
51 0 C.0 5.CCOCFE-02 Ce0 0.0 0.0 0.0 0.0
21 0 2.9 5.020C8-02 0.0 0.0 0.0 0.0 0.6
51 0 .0 S.CCCcCE-02 0.0 0.0 0.0 0.0 .0
51 o] C.0 $.000CF-32 0.0 0.0 0.0 0.0 0.0
52 o] 0.C 3.¢C0CE Q2 0.0 G.0 0.0 0.0 0.0
52 0 2.0 3,L23CF D2 c.0 0.0 0.0 0.0 0.0
51 o) Te&202E-03 1l.£320E-04 0.0 0.0 C.0 0.0 0.0
51 & Ca? 3420C2~C4 Co G Ged 0e0 0.0 0.0
11 0 4. o1 3.7453E-01 4.0C3CE-03 1.5000E 01 1.00008 02 3.7400£-01 %+3406E-01
3.7770:-31 3.31103-31 b +G000E-Cl 3,7440Z-Cl 3.7950E-01 %.20508~01 4¢3000t~01 443340E-0l 4.3000£~01
349:23C2~31 3.756708-C1 1 «b+SCE~J1 3.28%53E-C1 3.%53C2~01 4.0130E-01 3.9290E~01 4.0970E-01 4.0810&£-01
3.5¢00E-31 4.03332-01 < LG5308-01 3.53C0E-01 3.9960E-01 3.59506~01 3.9290E-01 4.03105-01 4.1320E-01
9221335-01 54130E-Gi o «5460E-0L 2,7440E-01 3.E450E-01 4e136UE-01 4.14802-01 4.0300£-01 4.0130€-01
TeR 51 c 31 2.3330E-01 0.0 0.0 0.0 0.0 0.0
oly s1 0 22 1.4€200-02 0.0 0.0 0.G 0.0 0.0
P 31 Q Sl 3.3533E-32 Ce0 C.0 0.0 0.C 0.0
Triiss &0 0 Ci 0.0 0.0 0.0 0.0 0e0 0.0
LiCi sl 0 03 5.7750£-01 0.0 0.0 0.0 0.0 0.0
31 51 0 cl 3.3233E-01 0.0 0.0 0.0 0.0 0.0
THITCN 60 0 040 0.0 0.0 0.0 0.0 0.0 0.0
TrITCH £ 0 6.22C28 01 0.0 C.0 0.0 C.0 0.0 0.0
LGs! 51 0 1639158 €2 3.3330:-01 0.0 0.0 0.0 0.0 0.0
aC 51 0 T.1543E QL 7.310CE-03 0.0 0.0 0.0 0.0 0.0
FILL 51 0 2.01CE 20 1.11115-02 N.0 0.0 0.0 0.0 0.0
R0 51 ) 1.2C028 1 1.5667E-02 0.0 0.0 0.0 0.0 0.0
5 1S 51 0 6.3540FE 01 1.66T0E-02 0.0 0.0 0.0 0.0 0.0
END S0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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The standard deviation of Al MEAN is of course still required. Al-
ternatively, the actual mean value of Al MEAN could be specified and
the histogram data adjusted to reflect only the variation about this
same mean, The implicit assumption in the analysis used is that
there is no correlation between the within-pair and the between-pair
variations in the input variables.

More generally, any of the various types of distributions used in
Ref. 1 may be used to specify the input variations including the input
variations in the mean values. For the purpose of demonstrating the
effects of variations in the mean, a sample case has been evaluated
using the data of Table IV-1, Note that the propellant property var-
iables, R®HO, Al and ROAL, have been given very large standard deviations
corresponding to coefficients of variation of 1, 2 and 2%, respectively.
Also, the reference nozzle throat erosion rate, ERREF, has been given a
coefficient of variation of approximately 27 or precisely one-half of
the rather large within-pair variation. In the case of ERREF, the mean
is changed after every 4 SRMs (2 pairs). All of the other input dis-
tributions are given non-changing means. Summary results of the evalua-
tion for 50 SRM pairs are given in Table IV-2 which shows both the motor
rair and total population data.

Now the data used in the evaluation is identical with respect to
within-pair variation to the evaluation of 50 SRM pairs with non-changing
means for which results were presented in Table II-2. A comparison of
the two evaluations is given in Table IV-3, It is notable that the
thrust imbalance data indicates only very slightly different values when
the between-pair variations in mean values of input variables are taken
into account in spite of the rather wide dispersions used. Thus the
validity of the assumption that such variations have a small effect on
thrust imbalance evaluation has been demonstrated subject only to the
much less far reaching assumption that the within--pair and between-~
pair variations in input variables are uncorrelated.

Characteristic of a complete stage, such as the sum of the total
impulses delivered by 2 SRMs firing in parallel, may be estimated from
the total motor population by application of statistical principles.
For example, consider the illustrative evaluation of the present section.
It is apparent from study of the results that the variations in the
various values of time and impulse are primarily the result of the
variations between pairs of SRMs as opposed to the within-pair varia-
tions which account for only a small portion of the total variation.
It follows in this case that the total motor population mecans and
standard deviations for the time and specific impulse parameters are
good estimates of the between stage variations, Also the means and
standard dcviations for the total impulse parameters for the stage are
approximately twice the corresponding values for the total motor
population.
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3
Table IV-2. Statistical output for motor pairs E
and total population of 100. :

MEANS AND STANDARD DEVIATIONS FOR MOTOR PAIR DATA %

VAR. MEAN STD. DEV.
AFMAX 1.9330F 04 6.5884E 03
TFMAX 8.3530E 01 3.7648E 01
AFMAXT 1.0593E 05 6.5135E 04
TFMAXT 1.1259E 02 4.6996E 00
DFTO1 9.6583E 03 7.1540F 03
TDFTO1 1.1163E 02 3.8572E 00
DFTO2 4,4596E 04 5.5948E 04
TDFTO02 1.1183E 02 3.6748E 00
DTW 2.0743E-01 1.3922E-01
FWl 2.0565E 06 7.9905E 04
FW2 2,0540E 06 8.0062E 04

*DFW 5.8948E 03 4,4832E 03
DFMQ 4,3580E 03 2.7261E 03
FDIFIG 6.2825E 03 4.9680E 03
TDIFIG 2,.2519E 00 3.0434E-01
DIT ~7.6758E 04 4.6969E 05
ADIT 4,0869E 05 2.5276E 05
DF100K 1.3986E 04 9.6496F 03
T100K 1.1955E 02 3.8836E 00

ALTERNATE DISPERSION VALUES FOR THRUST IMBALANCE DATA

VAR. SIcMA 1 SIGMA 2
AFMAX 2,0422E 04 1.4441F 04
AFMAXT 1.2435E 05 8.7931E 04

MEANS AND STANDARD DEVIATIONS FOR TOTAL MOTOR POPULATION

VAR. . MEAN STD. DEV.
WAT 1.1173F 02 3.6795E 00
ATFAT 1.1961E 02 3.9026E 00
ITUAT 2,6611E 08 3.1831E 06
ISPWT 2.5087E 02 6.4952E-01
ITVWAT 2,7815E 08 3.1566E 06
ISPVWT 2.62221 02 6.1237E-01
FAVWT 2,3932E 06 9.3779E 04
FAVVWT 2.5015E 06 9.7086E 04
ITVAT 2.8444E 08 3.2213E 06
ITAT 2,7238FE 08 3.2213E 06

TIMAXQ NOT CALCULATED FOR THIS RUN ¥
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Table IV-3, Comparison of Monte Carlo evaluations for 50 SRM pairs with (w)
and without (w/o) between pailr variations in mean values of
input variables.

MEAN STANDARD DEVIATION
w/o w w/o W
Absolute value of maximum thrust 19,62¢ 19,330 9,250 6,588
imbalance during web action time
(AFMAX) 1bf.
Time of AFMAX(TFMAX) sec. 83.89 83.53 36.59 37.64

Absolute value of maximum thrust
imbalance duriug tailoff
(AFMAXT) 1bf,

Time of AFMAXT (TFMAXT) sec. 111.60 112.59 0.93 4.69

110,346 105,930 61,130 65,140

Absolute value of the difference
in time at which the two motors
of a pair begin tailoff (DIW) sec.

0.20 0.21 0.14 0.14

Absolute value of the thrust N 2,954 4,358 3,966 2,726
imbalance at input time of

maximum dynamic pressure (DFMQ)

1bf.

Algebraic value of the impulse

- - 0,000
imbalance during tailoff (DIT) 51,060 76,760 461,800 470,

- e et e e i e oo T e i T S S S e e St S . S O ——— e > - - " - S o

tbsolute value of the area between
237,500
the thrust-time traces of the pair 406,400 408,700 ? 252,760

during tailoff (ADIT)1bf-sec.

Absolute value of thrust imbalance

when last motor of pair reaches 8,555 13,990 13,470 9,650
100,000 1b., thrust during tailoff

(DF100K)1bf-sec.

e - - —— — — [R— ————

"f.ue of DFI00K (T100K) sec. 118.66  119.55 0.29 3.88
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The estimates of standard deviations are slightly conservative
(high) because the agreement between the parameters within a sinale
pair is not 100 percent. When the effects of correlations within the
pairs are weak, statistical analysis to obtain reasonable estimates of
stage characteristics is more involved. 1In this event, however, the
computer program may be easily modified to provide for direct calcula-
tion of the stage characteristics desired. The required modifications
have not been made in the present program because the precise parameters
of interest will vary with and be limited by the application and we did
not wish to add to the program length and general computztional time
requirements unnecessarily.



V. THERMOELASTIC ANALYSIS

Method of Analysis

The usual approach to the analysis of thermal effects in the burning
of solid propellant involves application of the energy equation in
the general one-dimensional form:

3T _ 3T , A 32T
e = Tt 5o+ oc 3T (v-1)

where r(t) is the burning rate of the propellant. For example, Krier,
et al, (Ref. 12) use this equation to investigate nonsteady burning
phenomena of solid propellants. The equation which applies to the solid
phase must be matched at the surface to an appropriate energy equation
‘ur the gas phase,

No provision is made in Eq. V-1 for volumetric heat release or
absorption within the solid phase. It is known, however, that the
rate of deformation of a material (the propellant in this case) in-
fluences the energy balance (Refs. 5 and 13). The energy equation is
appropriately modified for this effect for an isotropic elastic solid:

3T _ 3T , A 92T TaE .
ot r(t) 3% | pc 3x2 ~ pewl-2v) €

(v-2)

where € represents the time rate of change of the summation of the strain
rates along three orthogonal directions at the point under consideration
and the entire last term represents the thermoelastic coupling.

Because the ordinary composite propellant exhibits a high degree of
incompressibility (v = 0.499) the volumetric rate of change is not very
high and the magnitude of the last term in Eq. V-2 is highly dependent
on the local temperature which in general is high only near the burning
surface where € will also have its highest value because of the effect
of the thermal strain. If typical values of surface temperature and
burming rate are assumed, calculations will show that the first term on
the right-hand side of Eq. V-2 is an order of magnitude higher than the
last term for a burning rate of about 0.3 in/sec. Consequently, it would
appear that the last term might be insignificant under most circum-
stances; i.e., when 3T/dt or 9T/dy° are large. However, the relative
values of the thermoelastic term and r(t) 3T/3x at positions beneath the
surface are also important in determining the overall energy balance and
hence the temperature distribution within the solid phase. Thus, it is
important to evaluate both the magnitude and depth of penetration of the
thermoelastic effect. With regard to the depth of penetration, of

40—
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particular interest is how this depth compares to what is usually (in
the absence of the thermoelastic effect) considered the heat-affected
zone of the solid phase. This heat-affec%ed zone can be approximately
determined from the steady state solution oy Eq. V-1. It is also im-
portant to realize that at low pressure when the burning rate is small
the first term on the right of Eq. V-2 may be small and of the same order
of magnitude as the last term se that it is possiivle that the thermo-
elastic effect may be quite significant at relatively low pressures.
Also, it would seem proper to conclude at this point that the effect is
only of importance during transient operation when the strain rate ¢ (as
viewed by an observer from the regressing surrace) is relatively large.

For transient operation (e.g., ignition and oscillatory burning)
the thermoelastic effect is clearly quite complicated. In order to make
a further estimate of the importance of the thermoelastic coupling, an
analysis developed by Foster (Ref. 5) was utilized which solves Eq. V-2
without the blowing term for a specified value of the temperature at the
burning surface of the solid phase. Constant values of material proper-
ties are assumed and a surface temperature of 1500°F is specified. In
order to evaluate the importance of the thermoelastic vffect with a
model which does not take the blowing term into account it is necessary
to examine the results of the analysis at a time shortly after applica-
tion of the surface temperature and pressure. A time t of 0.011 sec.
was selected for this purpose because it gives depth of penetration of
temperature changes for straight heat conduction (no thermoelastic
coupling) roughly corresponding to what is usually considered the heat-
affected zone with steady burning.

The numerical solution procedure begins witn the assumed surface
temperature existing at all exposed surfaces and with no pressure load-
ing. The transient temperature distribution for the first time incre-
ment is then calculated. The temperature distribution which is obtained
is then used to determine the strain distribution due to the thermal
load plus the pressure load at the end of the first time increment.

From these results the strain rate, 5, is determined as a function of
position in the body and the thermoelastic term in Eq. V-2 is then cal-
culated. At this point a new tempcrature distribution is computed
which now includes the effect of the precsure loading and the process

is repeated for each time increment up to the total time of interest of
the problem.

Results

Preliminary comparisons show that the thermoelastic effect does
penetrate what is usually the entire heat-affected zone as calculated
using Eq. V-1, and possibly beyond. Of course, the comparison is not
a precise one and when the blowing is coupled with the solution of
Ref. 5 and the surface temperature determined by coupling the solid
pliase analysis with a model of the gas phase the results could be quite
different. However, comparison of the magnitude and depth of penetra-
tion of the thermoelastic effect as determined in this way with the
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magnitude and depth of penetration due to heat conduction alone could
provide an indication of the potential for the thermoelastic effect for
modifying the energy balance and hence the thermal gradient of the re-
gressing surface under various transient conditions.

The results of the analysis are summarized in Fig. V-1 for a solid
propellant circular perforated grain segmen* of the approximate size
of those to be used in the Space Shuttle. The solution used is for the
axisymmetric case but end loadings are also considered; i.e., the surface
temperature and pressure are also applied over the end faces as well as
at the bore. The effects of insulation, liner and case are also con=-
sidered. The solution is thus more general than the one-cimensional
Eq., V-2 implies, but at the mid-length of the grain near the bore sur-
face the one~dimensional results will hold because the partial derivatives
of T in the axial direction are negiigible.

In Figure V-1, the tempersture profile taken from the solution includ-
ing the thermoelastic effect is plotted on a log scale to a depth of
0.020 inches. Also, in the same figure, but plotted on a lincar scale,
are the differences in temperature computed using the thermoelastic
analysis and a conventional heat conduction program. Note that in order
to obtain the latter curve the thermoclastic solution was subtracted from
the conventional heat conduction solution. The extent of the heat-affected
zone as computed from the stead: solution of Fq. V-1 is also indicated.
The solution shown in Fig. V-1 is for a pressure loading rate of 8.4
ksi/sec. Another calculation was also made with a pressure loading rate
of 84 ksi/sec. The differences between these two calculations were neg-
ligible. Note also that the results obtained in Fig. V-1 for the temper-
ature differences correspond to a time of 0.011 sec. and a pressure of
84 psi. The time is significant only in that it allows for a smooth
buildup of pressure as opposed to an instantaneously applied pressure
spike. This gives further restriction to the preliminary conclusions that
the thermoelastic effect is only significant during transient operation;
that is, it is now apparent that the phenomcnon is important only when the
time rate of change of temperature and hence the temperature induced strain
rate is high. Also it is important to note that although the thermoelastic
effect is not strongly influenced by the applicd pressure the blowing term
in Eq. V-2 will be less at lower pressure levels.

Fig. V-2 depicts the results for the entire length of the grain seg-
ment to a depth of 0.020 inches at 84 p:i chamber pressure for a loading
rate of 8.4 ksi/sec. The figure shows the non-zero differences between
the coupled and uncoupled solution.

Conclusions

It appears that the thermoelastic coupling mav produce significant
changes in the solid vhase tempcraturce distribution within a solid-
propellant during highly transient conditions of operation, The widch
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of the heat-affected zone may also be modified slightly because of the
coupling. These changes will alter the heat transfer from the combus~
tion zone and thus change the burning rate of the propellant. For a
quantitative evaluation it will be necessary to extend the method of
Ref. 5 to include the blowing term and to couple the solid phase solu-
tion with a suitable model such as provided by Ref. 12 of the gas phase.
A match of the gas phase and solid phase solution at the solid surface
will provide the appropriate solid phase surface temperature for the
analysis, and the overall solution will yield the burning rate as well
as the temperature profile. Evaluation of both ignition transients and
oscillatory combustion could be made in this way.

It is unlikely that the model of the transients will disclose sig~
nificant differences between SRMs of a pair. Therefore it does not
appear that the ultimate res lts should be incorporated into the Monte
Carlo progrum. However, it is possible that a better understanding and
alsn a better quantitative evaluation of combustion transients might
result from:the research approach ouilined.

Erosion of nozzle material may also be affected by the thermoelastic

coupling. Analysis is complicated by the anistropic nature of the
material. However, the greater compressibility (lower Poisson's ratio)
of the material will tend to augment the strain rate and therefore the
thermoelastic effect should be greater than in the propellant. For

quantitative evaluation, a method similar to that proposed for propellants

could be applied as the ablation phenomenon is in many respects similar
to the burning of solid propellants. However, the char zone of the
ablating nozzle would rciuire special treatment because the elastic re-
lations will probably not be appropriate for analysis of this region.
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VI. DESIGN ANALYSIS MODIFICATIONS

In this section, significant modifications to the design analysis
program of Refs. 2, 3, and 4 which have been made during the present
investigation are discussed. These modifications have been incorporated
into a revised design analysis program which is presented in Appendix B
along with instructions on preparation of the input format. In addition
to the changes discussed a number of minor changes, most of which in-
volve only changes to the input format, have been included in the revised
program. Also, the erratum to Refs, 3 and 4 discussed on Page 7 of Ref.
1 has been incorporated. A discussion of the major changes follows.

The final change discussed is also applicable to the Monte Carlo program.

Use of All Tabular Values during Tailoff

The design program presented in Refs. 2, 3, and 4 has found usage
for performance evaluation of single SRMs beyond the original expecta-
tion. One feature of the design program is that part or all of the grain
burning geometry may be represented by tables of values of areas versus
distance burned normal to the surface. However, the treatment of tailoff
using these tabular values was originally scmewhat crude consistent with
the objective of a simplified program. Recently it has become apparent
that the utility of the design program for internal ballistic performance
analyses would be enhanced if tabular values could be better applied during
tailoff. The required program modifications were quite straightforward
and have been incorporated into the computer program nresented in Apper-
dix B.

The only new input variable introduced as a result of this modifi-
cation is NTABY in the AREA subroutine. NTABY is the number of y stations
for which tabular values are specified. This number and the ccunter that
is associated with it in the computer program prevent difficulties because
of the possible presence of extra cards when more than one configuration
is evaluated in one run.

Axisymmetric Grain Temperature Gradients

For performance variation analysis it has also been found useful
to have the capability in the design program to account for an axisym-
metric grain temperature gradient. For this purpose a table of values
of grain temperatures at various y stations is read into the MAIN program
as indicated on the program listing in Appendix B. Also, an input NTAB
which gives the number of tabular values used is required.

Transition Pressure and Burning Rate

In Ref. 1 the concept of a transition pressure (PTRAN) above which
the burning rate coefficient and exponent changes was adopted for the

46—
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Monte Carlo program from the design analysis program as modified by NASA- g
MSFC. This concept has also been incorporated into the design analysis :
program presented in Appendix B. Several modifications to the original i
concept have been made and these have also been included in the revised
Monte Carlo program presented in Appendix A. The principal modification
is that instead of specifying two coefficients a and the two n only the
a and n below the transition pressure; viz., a; and ny (computer symbols
Al and N1) are specified. The constants above the transition are de-
termined from the equations:

(nl-nz)
a = a1 Ptran (VI-1)
and
n, = Rh2nl n, (VIi-2) é

where Py, '(PTRAN) 1is the transition pressure and Ryo,y (RN2N1) is
the nominal value of nz/nl.

The form for the modification was selected because of its sig-
nificance with regard to the Monte Carlo program in that there is an
obvious correlation between values of aj and aj for any one SRM. This
approach provides a reasonable way of accounting for this correlation.
The input parameters PTRAN and RN2N1 would ordinarily be treated as non-
statistical since there is no available data to the contrary and since
studies indicate performance is rather nonsensitive to practical varia-
tions in the value of n (See Fig. A-3, p. 123, Ref. 1).



VII. ERRATA TO PREVIOUS REPORT

During the course of this investigation several errors were found
in the Monte Carlo program of Ref. 1. The errors are identified and
their effects on performance calculations discussed below.

1. When the propellant configuration is partially or wholly a
standard star grain the equations for converting the angles THETAF and
THETAP from degrees to radians should be but are not bypassed for y>0
in the computer program of Ref. 1. Only the portion of the program
from statement number 20 on page 74 of Ref. 1 to the statement imme-
diately below statement 111 is affected and may be easily corrected by
referring to the corresponding section between statement 20 and state-
ment 1791 on pages 172-173 of the present report. The existence of this
error is readily identifiable by obvious anomalies in the pressure,
thrust or burning area traces. None of the sample evaluations in Ref.
1 were affected by this error.

2. On page 70 of Ref, 1, the second line after statement 7312
should read

2 + DELDI)/2.) - Y * COTAN (THETAG)
-Y * TAN(THETAG/2.))*((DI + DELDI)/2.

This error will only affect the program calculations when all of the
following conditions are met: COP=1 or 2, THETAG=0 and LGNI relatively
short. It may or may not be apparent from examination of the traces.
If it is not, it is probably not significant. None of the sample
evaluations in Ref. 1 were affected by this error.

3. 1If a Monte Carlo program is to be used with a wholly star grain
the following statements should be inserted after the colculation of
TAUWW, TAUS and TAUWS in the AREA subroutine, for the wagen wheel,
truncated star and standard star, respectively, in order to improve the b
program logic.

IF(Y.LE.O.0.AND.GRAIN.EQ.2) TAU=TAUWW
IF(Y.LE.O.0.AND.GRAIN.EQ.2) TAU=TAUS
IF(Y.LE.0.0.AND.GRAIN.EQ.2) TAU=TAUWS

Also, TAU should be placed in common between the MAIN program and the

AREA subroutine, Results of these changes are not easily identifiable . ,
from examination of the trace as they are slight. None of the sample 43
evaluations in Ref. 1 would be affected by this change.

4 8-
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4, Placing TAU in common between the MAIN program and the AREA
subroutine as mentioned under erratum 3 above also represents at least
an improvement in the logic of calculations for a circular perforated
grain. Since the sample study of Ref. 1 as well as the studies presented
in Sections II and IV of the present report were performed without this
change, a comparative evaluation of 12 SRM pairs of the Space Shuttle
type was performed to obtain an estimate of the effect of the change.
The same initial seed number was used for the evaluation of 12 SRM pairs
with and of 12 pairs without the revision. The sample included a number
of pairs with very large and very small thrust imbalances. The s, of the
maximum thrust imbalance during tailoff for the revised calculation was
only 0.3% higher than that obtained without the change.
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APPENDIX A

THE MONTE CARLO COMPUTER PROGRAM

This appendix contains the instructions for the preparation and
arrangement nf the data cards. Also, a complete listing of the program
statements 1s given. The program was written for use on an IBM 370/155
computer and requires approximately 186K storage locations on that machine.
The program also is designed to be used with a CALCOMP 663 drum plotter.
The plotter requires one external storage device (magnetic tape or disk).
In addition to the one storage device required for the plotter, four other
external storage units are required. Unit 1 is used to store the output
data, pertinent to the imbalance calculations, for the first motor in
each pair of motors. Unit 2 is used to store the nonstatistical data
which remain constant for all of the motors. Unit 3 is used to store the
tabular temperature input data. Unit 4 is used to store the values of
the statistical variables for use with each motor. Only minor program
modifications are required to eliminate the plotting capability of the
program. Also, Unit 2 can be eliminated by using repeated sets of data
cards for the nonstatistical variables. Hence, it is relatively simple
to modify the program to require only 3 external storage units. Elimina-
tion of the other two external storage units would require significant
program modification.

Ingut Data

The discussion below gives the general purpose, order and FORTRAN
coding information for the input data.

Card 1 Total number of individual motors to be analyzed (42X, I4)

Col. 1-42 NUMBER OF CONFIGURATIONS TO BE TESTED =

43-46 Number of rocket motors to be analyzed

It is necessary to describe one type of statistical analysis for
each statistical input variable. The method for doing this is described
below using Cards 5 through 11. Note that only one type of statistical
analysis may be requested for each variable. Hence, only the card or
cards necessary for that particular type of statistical analysis are
input for each variable. For example, to obtain a Type 1I analysis
described below, only Card 7 and Cards 7A would be used. In addition,
it is necessary that the data cards for the variables to be used in a
given configuration be placed in the order in which they are input into
the computer program. In some cases certain variables are not required
for an analysis. 1In such cases, the cards for those variables should

be omitted. As many as 40 Cards 7 through 11A may be used without program

modification.
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Card 2 Initial Constants and Options (6X, 14, 7X, I3, 7X, Il,7X,14)

1-6 NTAB =

7-10 Value of NTAB
11-17 MAXTD =
18-20 Value of MAXTD

21-27 1IRAND =

{1 RANDU (IBM) Random number gencrator
28

2 GAUSS (machine independent) Random number generator (Ref. 14)
29-35 NTABY =

36-3% Value of NTABY

Card 3 Seed numbers for GAUSS (not input if IRAND = 1) (3I5)

1-5 Seed Number NNS(1)
6-10 Seed Number NNS(2) 5 digits each
11-15 Seed Nuwber NNS(3)

Card 4 1Initial Seed Number for RANDU (not input if IRAND = 2) (I10)

1-10 Initial 8-10 digit seed number

Card 5 Variable Name (3A4) (one card for cach variable or variable

mean )
1-12 Name of statistical variable or variable mean
Note: One Card 5 immediately precedes the Card 6 through Card 11B
used for cach variable. Also, FND should be used as the

last variable name before using Card 11B below.

Card 6 Input for Type I Statistical Analysis (12, 12, 7E10.0)

Code = 10 Raw data given; obtain CDF dircctly from
1-2 histogram,
Code = 11 Raw data given; obtain CDF from Pearson's

equation of the frequency curve.
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Card 6 {(Cont'd)

Col. 0 No variation in mean.
3-4 th
N>0 Mean varied every N motor.

5-14 X1 = Number of raw data points given.

15-24 X2 = Mean value of first interval of histogram.
25-34 X3 = Histogram interval width.

35-44 X4 = Number of intervals in histogram.

45-74  Blank

Card 6A Subsequent Type I data cards (10E8.0)

Col. 1-8 Raw data points egquivalent to the number
specified in X1. Ten data points per card for
9-16 as many cards as required (e.g., 46 data points
: would require 5 data cards with the last card
72-80 having the final four fields blank).

Card 7 Data input for Type II statistical analysis (12, 12, 7E10.0)

Code = 20 Histogram given; obtain CDF directly from

Col. 1-2 histogram.

Code = 21 Histogram given; c¢btain CDF directly from
histogram.

0 No variation in mean.
3-4 th
N>0 Mean varied every N motor.
5-14 X1 = Number of intervals in histogram.
15-24 X2 = Mean value of first interval of histogram.

25-34 X3

Interval width,
35-74 Blank

Card 7A Subsequent 'Type I1 data cards (10E8.0)

Col. 1-8 The same number of data
9-16 points as specified 1in

. X1, for as many data cards

. as necessary.
72-80
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Col.

Col.

Col.
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Card 8 Input for Type III statistical analysis (12, I2, 7E10.0)

1-2

“

5-14
15-24
25-34
35-44
45-54
55-64
65-74

Code

0
N>0
Xl =

2=

X3

X4

X5

= 31 Four moments given; obtain CDF from Pearson's
equation of the frequency curve.

No variation in mean.

th
Mean varied every N motor.
First moment about zero.
Second -noment about mean.
Third moment about mean,
Fourth moment about mean.

Histogram interval width.

X6 = Mean value of first interval of histogram.

X7 =

Total number of data points used.

NOTE: No data cards required.

for Type IV statistical analysis (12, I2, 7E10.0)

Card 9 Input
1-2 Code 40 CDF given; read in the given CDF.
0 No variation in mean.
3-4 th
N>0 Mean varied every N motor.
5-14 X1 = Number of intervals in CDF.
15-24 X2 = Meah value of first interval of CDF.
25-34 X3 = Interval width.
35-74 Blank
Card 9A Subsequent Type IV data cards (10E8.0)
1-8 CDF values corresponding to the cumulative
9-16 irequency up through each interval. Data
. should be provided for as many intervals
72-80 as indicated by the value given for X1.

Card 10 Input for Type V statistical analysis (Use appropriate

card below)
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Card 10A Normal distribution to obtain CDF (12, 12, 7E10.0)

Col. 1-2 Code = 51 i
0 No variation in mean. i
3-4 { th 2

N>0 Mean varied every N motor.

5-14 X1 = Mean of normal distributionm.

15-24 X2 = Standard deviation.
25-34 X3 = Beginning X value of CDF (optional).
35-44 X4 = Ending X value of CDF (optional).

4574  Blank

NOTE: ff either X3 or X4 is omitted, a three-sigma limit is
assumed; thus, if both values are left blark, a six~sigma

limit will be generated by the program. If a zero value
is desired for X3 or X4, *.0000001 should be used instead.

Card 10B Rectangular distribution to obtain CDF (I2, 12, 7E10.0)
Col. 1-2 Code = 52
0 No variation in mean.
3-4 th
N>0 Mean varied every N  motor.

5-14 X1

Beginning X value.

I

15-24 X2 = Ending X value.
25-74  Blank

Card 10C J-Distribution to obtain CDF (I2, 12, 7E10.0)

Col. 1-2 Code = 53
0 No variation in mean.
3-4 {

N>0 Mean varied every Nth motor.

5-14 X1 = Mean (beginning X value).

15-24 X2

Standard deviation.
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Card 10C (Cont'd)
Col. 25-34 X3 = Ending X value (optional)
35-74 Blank

NOTE: The J-distribution is defined hereia as the right half of
a normal frequency curve. The X1 value specified should
be the mean as if the full normal curve were being specified.
The X3 value 1s optionzl; if not specified, a three sigma
limit will be assumed. If zero is desired for the X3
value, 1.,0000001 should be used instead.

Card 11 Input for Type VI statistical analysis (use appropriate
card below),

Card 11A Use a constant for this value (I2, I2, 7E10.0)

Col. 1-2 Code = 6@ Use a constant value for this variable.
0 No variation in mean.
3-4 { th
N>0 Mean varied every N motor.
5-14 X1 = Desired constant value.
15-74 Blank

Card 11B Indicates end of data (I2)

Col. 1-2 Code = 90

Card 12 Initialization of variables (22F3.1)

Col. 1-66 Zero's or blank card

Card 13 Ovality and output options (2 cards)

Card 13A (5%, I1, 5X, Il, 9X, 5I1, 7X, Il, 6X, I1)

Col. 1-5 1EO0 =
{0 No ovality analysis.
6

1 Ovality analysis.
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Card 13A (Cont'd)

Col. 7-11 1IPO =
(0

No plots or statistical analysis.

By YR IR Y

< 1 Plots, statistical analysis and tabular cutput.
12

< Tabular output and statistical analysis,

\.3 Plots and statistical analysis,

13-23 NUMPLT (J) =

0 Plot thrust time t race.
24

s

1 Do not plot th.ust time trace.

(]

Plot tailoff thrust time trace.

Do not plot tailoff thrust time trace.

o

-

(
3
»

{ 0 Plot absolute impulse inbalance.
1

o

Plot thrust imbalance.

p—

Do not plot thrust imbalance.

(=)

Plot impulse imbalance.

-

Do not plot impulse imbalance.
28
Do not plot absolute impulse imbalance.
29-35 ITEMP =
0 Temperature gradient,
36{
1 Uniform temperature.
37-42 IPRT =
r 0 Print time dependent data. .
43

\.l Do uot print timc dependent data.

Card 138 (7X, 11, 7%, 11)

Col. 1-7 SI1TED =

8 Value of SITEO
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Card 13B (Cont'd)

Col. 9-15 OITEE =

16 Value of SITEE

Card 14 Ratio of burning rate exponents (7X, F10.5)

Col. 1-7 RN2N1 =
8-17 »© £ RN2N1

Card 15 -+ _istical motor dimensions (3X, F10.2, 5X, F10.3)

Col. 1-3 L=
4-13 Value of L
14-18 TAU =
19-28 Value of TAU

Card 16 Nonstatistical performance constants (requires 4 data
cards)

Card 16A (8X, F10.3, 4X, I4, 6X, F10.2, 7X, F10.2, 7X, F10.4)

Col, 1-8 DELTAY =

9-~18 Valie of DELTAY
19-22 II =

23-26 Value of II
27-32 XOUT =

33-42 Value of XOUT
43-49 DPOUT =

50-59 Value of DPOUT
60-66 ZETAF =

67-76 Value of ZETAF
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Card 16B (4X, F10.1, 4X, F10.1, 6X, F10.2, 7X, f:}.3, 6X, F10.5)  *

1-4 TB =
5-14 Value of TB
15-18 HB =
19-28 Value of HB
29-34 PREF =
35-44 Value of PREF
45-51 DTREF =
52-61 Vaiue of DIREF
62-67 . PIPK =
68-77 Value of PIPK
Card 16C (8X, F10.7, 7X, F10.2, 8X, F10.7, 6X, F10.7)
1-8 CSTART =
9-18 Value of CSTART
19-25  PTRAN =
26-35 Value of PTRAN
36-43  CSTARP =
44-53 Value of CSTARP
54-59  GAMP =
60-69  Value of GAMP

Card 16D (7X, F10.3, 5X, F10.2)

1-7
8~17
18-22

23-32

TMAXQ =
Value of TMAXQ
ATF =

Value of ATF
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Card 17 Description of type of grain conf®guration (9X, I2, 9X,
12, 8K, 12, 6X, F4.0, 9X, 12, 7X, I2)
1-9 INPUT = )
10-11 Value of INPUT'(i, 2 or 3)
12-20 GRAIN =
21-22 Value of GRAIN (1, 2, or 3)
23-30 STAR =
31-32 Value of STAR (0, 1, 2 or 3)
| 33-38 NT =
39-42 Value of NT
43-51 ORDER =
52-53 Value of ORDER (1, 2, 3 or 4)
54-60 COP =
61-62 Value of COP (0, 1, 2 or 3)

Card 18 Tabular values for geometry at y = 0.0 (requires 2 data

cards) (Not required if INPUT = 2)

Card 18A (6X, F6.2, 10X, F11.2, 10X, F11.2, 8X, F11.2)

1-6

7-12
13-22
23-33
34-43
44-54
55-62

63-73

YT =

0.0

ABPK =

Value of ABPK

ABSK =

Value of ABSK

ABNK =

Value of ABNK
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Card 188 (22X, F11.2, 9X, F11.2, 8X, F11.2)

ah math Sk b Al BRI N ISV T ORI RS R DR

1-22 APHK =
23-33 Value of APHK
34-42 APNK =
43-53 Value of APNK
54-61 VCIT =
62-72 Value of VCIT
Card 19 Non-statistical c.p. grain geometry (Not required for
GRAIN = 4)(6X, F10.3, 3X, F10.0)
1-6 °, XTZ0 =
7-16  Value of XTZ0
17-19 S =
20-29 Value of S
Card 20 Non-statistical st;r grain geometry (Not required for
GRAIN = 2)(4X, F10.0, 4X, F10.0, 4X, F10.0)
1-4 NS =
5-14 Value of NS
15-18 NP =
19-28 Value oleP
29-32 NN =
33-42 Value of NN
Card 21 Tabular inputs for y greater than 0.0 (requires 2 data
cards for each y value)(Not required for INPUT = 2)
Card 21A (6X, F6.2, 10X, F11.2, 10X, F11.2, 8X, F11.2)
1-6 YT =
7-12 Value of YT

SRR
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Card 21A (Cont'd)

Col. 13-22 ABKK =
23-33 Value of ABPK
34-43 ABSK =
44~54 Value of ABSK
55-62 ABNK =
63-73 Value of ABNK

Card 21B (22X, F11.2, 9%, F11.2)

Col. 1-22 APHK =

23-33  Value of APHK

34-~42  APNK =

43-53 Value of APNK

Finally, Figure A-1 is a schematic representation of the data deck
construrction, and Table A-1 presents an example set of data. This is the
same data as used in sample case 1 presented in Section III. Note that
these are all data which are required for this example for any number
of configurations. Table A-2 gives a sample of the output obtained with

the illustrative input data.

Program Listing

Table A-3 presents the complete program listing. As previously
mentioned, the program has been designed to produce graphical presenta-
tions of the computational results. Program statements that must be
removed in order to delete the plotter compilation requirements are
identified in the program listing in Ref. 1. Alternatively, dummy sub-
routines may be substituted for the Subroutines GSIZE, PLOT, SCALE, LINE,
and AXIS.



T R R

i

o G&&&&\WXN\M»\.«»«- e :*me::;!z‘:t:*k‘ AR

-65-

Non~Statistical Data

Statistical Data

Initial Seed Number

Takular Temperature

Options

Number

of

Configurations

Fig. A-1. Schematic of data deck.
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Example data sheets for the Monte Carlo program.
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Portion cof Monte Carlo computer program printout for sample problem.

CONFIGURATION

TABULAR VAL'JES FOR YT EQUAL ZERO READ N
AZP¥®~3,7G30C 06

viIT= §.0

ADSK=

0.0

ABRNX= 0.0

NUMSER

2

APHK= 0,0

APNKs 0,0

L A I R I L I I R O I I I R N I R A L B R B U A A B I A I N L N I A A ST A B I S AP A S B A

06 1T0T= 0.0

" Ys 0.0

ABNK= 0.0

162.74R5 PHEAD=
762.1353 PHEAD=
T62.4150 PHEAD=
T62.8474 PHEAD=
T63.3%340 PHEAD=
T763.68345 PHZAD=

11.4534 pPHZAD=
B,464T6 FHEALD=
5.7507 PHTZAD=
28315 PHEAD=

CeT453

FHEAD™

PONOZ= 766.0042 PHEAD® B04.8579 F= 2.7149C

APHK= 0,0
801.,2703 F= 2.7C24F Db
80D.%4324 F= 2.T70C4E 06
2004597 F= 2.7C15E 06
60047495 F= 2.703%E 06

BCi.1253
£E01.5288

11,428
RS-
SeT65T
2.E915
G.7‘=§3

F= 2.7055E
F= 2.707CC

F= 4,5339¢
«2381E
Fo 2.2954E
1.1083¢E
= 2.,2453¢

-
F= 3

F=

co6
(]

06
4
o4
04
03

1107T= 2.8315E
[igv=
17GT=
ITCT= 1.1311¢

LY

APNK= 0.0

oS
05
C5
0&

5.6579¢
2.4841E

1T0T= 1.4140€ 05
110T= 1.6971E 06
1707T= 2.767E C8
1TDT= 2.795%% €8
iTOTa 2.7971E Qe
170T= 2.7972£ 08

§TCTe 2,73728 G2
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TABLLATSD [nNSALANCE

Y= 0.0 TGR= B3,C77 PSl= 0$.0
T 20LA VALUES FOR YT= 4.000 READ IN
LDK=-2,42005 03 ABSK= Q.0
Ta (.105 Y= 0.04%7 IG2= 83.077 PSI= C.0Q PQNGI=
T= C.I2% Y= 03.0TD 7G3= 83.077 PSi= 0.0 FCC2=
T= $,.314 Y= G.122 ¥52= §3.077 PSi= (.0 PONOL=
2 QL4018 Y= £,160 1G62= £3.077 PSI= Q.0 PONUL=
T2 0.573 Y= 0,202 T53= B83.077 PSl= 0.0 SnNOl=
Ta 7.622 Y= {.24D 102= 33,077 PSi= 0.0 PONOI=
T2122.53% Y=41,703 TGR= g3.577 PSl= 0.0 PONII=
T=12i.015 ¥=£1,04% T57= 53,377 PSl= 0.0 e
Telli.554 Y=41,033 TGR® £3.077 PSi=  (.C P302l=
T=127.234 ¥=51,927% TGR= £3,077 Fsi= 2,0 PLCl=
Tr1.2,5% Yr/1,323 TGR® 33.077 Sl= 9.0 PCNGIm
SlLITorL M3 CATA .
Ple P 1GITE L5 N TIME
nPit  j.lINLE 26 . 0.0
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Thw Lee L LY 1 . “ T T=01
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ISeleT= 2, anIeI 32 : 1.22452 €2
M 207022 Ly . 1.3,e9€ (D
2.4071% 06 : L,4E3228 OO
1.53318 23 . 1.5874E 29
: 1.67132 ¢9
. 1.77428 Q0
: 1.32242 60

FOIFT
S5.7733€
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SaThnn
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TABLE A-3
R P E TR RN R R R R R RR I R B R FURURVR SRR AR ORI S S SRR R RUD SR A S ROR S B OR
* FMOCNTE CAR! D PERICRPEANCLE ANALYSIS QOF SRY PATRS *
» PREPARED AT ALBURIN UNTVERSITY %
% UNCER MCO, NOe 14 TO CUOPERATIVE AGREFMINT WITH X
* NASA MARSHALL SPACE FLIGHTD CLWTER #*
* &
»n “ Y 0
%* Re He SFORZINI, We As FOSTER, JRe AND Jo Se JOHNSEHN, JR, .
» ACROSPACE ENGINEERING DEPLRYVIONT *
# SEPTEIMBIR 1975 [
BOp AR AR A A AL N N AN N NN A AT A o N b R R bl ok kA e ek sk

INTEGER GRATN,SITF

INTFGER SETEFR,STITO

REAL LTUAT y TSPWTy LTVRAT , LSPVHT, TTVAT,, I TAT

REAL PGERGFOTS NG Z e MNL o JROCK e Ne Lo MEL g FEZTSP, 10T, PASS,IS5PVAC
REAL N1y el VAR TTVACI NS, I TILOTyLRON
CONNMON/CUNSTLZ 2V g AE g AT g b Ty ALF AN
CONMMOCNICUNSY2Z/CAPGAN g ME s M y ZETAT o TH g HE 9 GAHM
CCMMUN/CONSII/NS y NS SRATN ¢ NCARD

COMMONZCTNSTA/BTLDTI W COBI /0 XT,420

CONMMON/JCONSTO/ZKEPLT, IPRT

COWMPON/VARIAY/ T DELY s CELTAT ¢ PONCLy PREOAD y REDT R H ALy SUN AT, PHYAX
COWMMON/VARTAZ/ZALPURT gABSLOT g ABNCZ g APLEAD g ARNC/Z s DALY y LE DD g ARINE ARG 2
COMNORZVARTAB/ITOT o ITVAC o JRCCK g TSPy T EPVAC LTS N7 4 SC,SULMMIT
CCHMNON/VARTAG/KNTY s RET g SUNZ 3R 1 a2 gR3yRIFAVLE ¢ RNAVL o ABA L5 Yo KUUNT
COMNMON/VARTAS/ARMATNGARTC s SUMTY sV Iy VC o TAU ARLIEF
CONNCN/VARTIAG/YDIZTE

CCHMIMUEN/VARIATIY ¢ THALST

CCMMON/FLOTIZIPONTUMEPY, LOP

COMMCN/PLOTZ/NUHPLT
COMMONZGYALA/CHIE CHINy SE. - SEH AZ B2 KP L, KKF
COMMOENZOYALE/CHINNy CHINAY, 51NN
CCHNMON/UNALC/RONUON ;RCHECIH y ROWEON ; HONDGHp F AN LY T DX, T Y H,

SALPEAN G AL PEARH G THURMN, TR R H
COWNMORNFUGYALF/Z o LG e CRL o YRy YL g YHL s PSTY ST 1 T0MD
COMMIEN/ZODVALNZ/ERT T
COMNUN/STED/ ITX g LRAND
COMMON/PAIRYIZTHL y TR29 DTy Pl o FR 2 DF WLy DF w200 oy TMAXG 1T,

PFUIFF Wy TLIFF o NX
CONMORZPATIRZ/FPAAL s TEPXL PN, THMNT,

2 FRAKZy TH X0 ¥ INZ T NS
COMPOL/DNIRAZATFMAL G TEMAN s A aX 1 TEL AT
COMMONZULTLZEU e LG TULTTE L Ty AT LT
COMFMON/ O T2/ A Ty TR T AT i PLCT G TIPLGT Tty 00l
COMNMEY 1027
COMIUN/ bR/ 0 T U FT02 T IS Ly T0E Ty
CIMiASYe O FRIT 00 Q) 1000 L09)

CIMENSTU S TEAL AL Oy TTAPE O Yy TR0y VTP Oy T d )
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TABLE A-3 (CONT'D)

CINMENSICN NMNS(3)
CINENSICN ANUNMPLTIS)
CIMENSICN TPLOTI(G99),1TPLOT(S999),S(150)

DATA P14G/3.14159,32,1725/
REAC(54,5CC) ARLNS
i C L 222 2 E R R R R R R RS EE R R R R R ERE R E R R R E R R F R B e R R R R R R L R
; cC * REAC IN THE NUMBER CF CONFIGURATICNS TO REC TESTEC X
: ol R R R Y Y N R R N R R LY
: NPAIRS=NRLAS/2
! REAC(5,551) NTAB,MAXTC,IRAND,NTARY
: IF(IRAND.EG.2) READ(54552) (MNS(IS),1S=1,3)
! O A A A A R R R R T T T S L
I READ IN INITIAL CCNSTANTS ANC CPTICNS 0
i C % *
; C * NTAB IS THE NUMBER OF Y STATICNS FCR WHICH TABULAR *
‘ cC =* TENPERATURES ARE SPECIFIEC (NCT REQUIRED FGR 1TCMP=1) o
c = MAXTC IS THE NUMBER CF TEMPERATURE VS Y PROFILES *
cC » WHICH ARE AVAILABLE (NCT RECUIRED FCR ITEMP=1) *
cC = NTABY IS THE NUMBER CF Y STATIGNS FOR WHICH TARULAR AREAS %
cC * ARE SPECIFIED *
cC = VALUES FCR [RAND ARE %
cC = 1 FCR RANDU ([1BVM) RAADCM NUNMBER GENERATCR *
C = 2 FCR GALSS (MACHINE INCEPENCENT) RANDCM NUFBER *
C = GENERATOR %
C =» NNS ARE THE 3 SEED NUMBERS REGUIRED FCR IRAND=2 *
R A R R R R R R R E R R R R R R R R R N R R Y R R S T
NCARD=0
1CP=0
TWl=C.0
FWl=0.0

WRITE(6,11112)
IFCIRAND.EC.2) CALL GAUINTINNS)
CALL SETULP
CC SO0L I=14NRUNS
IF{T.EQ.1sCR.1.GT.2) GO TC 1901
NEXTR=NTABY-NCARC
IF(NEXTR) 1901,1901,1902
1902 KRITE(6,1907)
00 1908 IEX=1.NEXTR
REAC(541903) C1+024C3404,05,06
WRITE(2,1903) CLl,02,D3,04,05,C6
WRITE(6,19C5) €1
L7u8 WRITE(64,1306) C£2,03,04,05,D6
1901 ICK=(-1)%2%]
REWIND 2
IX1=1X
CALL INPUY
WRITE(H,602) |
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TABLE A-3 (CONT'D)

If(I-1) 5CC0,5C00,5001 .
5000 REA[L!5449G; SUMDY  ANSyZW, Yo TyDELTAT yRNOZyRHEAD, SUMAB o PHMAX, SUN2,IT
LOT yR4T9yRNT yR14R2yR3 yREAVE yRNAVEsRBARy ITVAC, SUMMT
WRITE(294GG) SUMDYANSyZWoY s TyDELTAT,RNOZ,RHEAD ¢ SUMAB,PHMAX,ySUM2, 1
1TOTyRHTyRNTyR14,R29yR3,RHAVE yRNAVE yRBARy I TVAC y SUMMT
GC TG 5002
5001 RCAD(29499) SUMDY2ANS»ZWsY, T, DELTAT,RNOZ,RHEAD,SUMAR,PHMAX,SUM2,IT
10T yRHTyRNT9yR14R2yR3yRHAVEyRNAVE yRBARyITVAC, SUMMT
5002 CCNTINUE

C Budokokodddt o AR AR RN DRI AR S AR AR AR BN I E BN AR AN A AN AR R R R AR
c % SET INITIAL VALUES OF SELECTEC VARIABLES EQUAL TC ZFRO %
c =* $xxNQTE=%% THESE VALLES 'LST BE ZERQED AT THE BEGINNING CF %
C = EACH CCNFIGURATICN RUN *
C

R L e e Y P S R R R L R S s

IF(I-1) 5CC3,5C03,5C04

5003 REAL(5449)) TECyIPOy(NUMPLT(JUP) ,JP=1¢5)yITEMP,IPRT,SITEOQ,SITEE
WRITE(2+491) TEQ,IPCy(NUNPLT(JP)4JP=145),ITCEMP,IPRT,SITEQ,SITEE
GC 70 50¢C5

5004 REALC(2,491) TECy{PO,(NUMPLT(JP),,JP=1,5),ITENMP,IPRT,SITEQ,SITEE

5005 CCNTINUE

R R AR RN PR R N F XA AN SN ARI AR B DA AR A AN LA SR DR DRI R Ak k

* READ IN THE USER'S OPTIOCONS

VALUES FCR I1EQ ARE
0 FCR NO QVALITY
. 1 FOR OVALITY ANALYSIS
VALUES FCR [P0 ARE
0 FCR NO PLOTS AND NO STAT!ISUTICAL ANALYSIS
1 FGR PLOTS AND TABULAR QU JT
2 FOR TABULAR QUTPUT ONLY
3 FOR PLOTS ONLY

OO0 0
# 3+ 4 2 4 % 3¢
3 % 3 3+ 4 3 B % 4 3

1000 CCNTINUE
VALUES FCR NUMPLT{J) ARE (NOT REQUIRED FOR 1P(0=0,2)
O IF SPECIFIC PLOT IS CESIRED
1 IF SPECIFIC PLOT IS NOT DESIRED
OPCcR CF SPECIFICATICN GF NUMPLTU(J) IS
THRUST VS TIME (ENTIRE TRACE)
THRUST VS TIME (TAILCFF PORTION ONLY)
THRUST IMBALANCE VS TIME
TOTAL IMPULSE IMBALANCE VS TIME
ABSCLUTE TOTAL IMPULSE IMBALANCE VS TIME
VALUES FOR JTEMP ARE
0 FOR TEMPERATURE GRADIENT
1 FOR UNIFCRM TEMPERATURE IN BUTH MOTORS OF A PAIR
VALUES FGR [PRT ARE
C IF TIME CEPENCENT QUTPUT IS NOT DESIRED
1 IF TIME CEPONRENY CUTPUT 1S DESIRED
SITEC AND SITEE DESIGNATE THE TYPE OF GRAIN TEMPERAIURE

#*# O & 4

U SN

OO0
£ 4 3 3k 3 36 3% 4+ B B 3 & -
% g St 3 JE b 3F 3F 4 3 3 3 3

%
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TABLE A-3 (CONT'D)

C = TANGENTIAL DISTRIBUTICN FOR' THE 00D AND EVEN MOTGCRS *
cC = RESPECTIVELY X
C = 0 FOR UNIFORM TEMPERATURE IN BOTH SRMS OF A PAIR *
C * 1 FOR SYMMETRIC TwQO MAXINUM COSINE DISTRIBUTICN *
c = 2 FOR HYPERBOLIC SECANT DISTRIBLTICN *
cC x 3 FCR UNIFORM TEMPERATURE IN ONE SRM x
cC = ) 4 FOR AXISYMMETRIC TEMPERPATURE GRADIENT *
o I R R R L R 2L Ry s

IFLICK oLT.0) SITE=SITED
IF(ICK oGE.Q) SITE=SITEE
IF(SITELEGQG.3) ITEMP=1
TF(ITEMP.EQ.OLCR.NTABY.NELO) WRITE(6,661) HNTAB,MAXTD,NTABY
WRITE(64€611) IRAND
IF(IRANC.EQ.2) WRITE(G6,662) (NNS(IS),IS=1,3)
WRITE{6,492) TEQ,IPOy (NUMPLT(JP) 4JP=145),ITENMP,IPRT
REAC(4,11111) RHCyALl,N1,ALPHA,BETA,ROAL
IF(I-1) 7CCC,7CC0,7C01
7000 READ(S5,7022) RAN2N1
WRITE(Z2,7002) RNZ2N1
GO TO 7003
7001 REAC(2,7C02) RNZ2N1

7003 CCNTINUE
e R F e R R s

C

C = READ IN BASIC PROPcCLULANT CHARACTERISTICS *
C * %
C = RN2N1 IS THE RATIO OF THE NCMINAL VALUES OF THE BURNING RATE =
C * EXPCNENTS ABOVE AND BELCW THE TRANSITION PRESSURE *
cC x (NCNINAL N2/N1) *
C = %
C *e A x s b N e eSS DR AR h A SR A S A S AN IR AN A A BB R AR A S AR AR YA R Rk
C = THE FOLLOWING VARIACLES ARE CHTAINED FROM THE STATISTICAL x
C ARKALYSIS PROGRAM *
L I T I I NI
C * %
C =* REQ IS THE DENSITY OF THE PRCPELLANT IN LBM/IN%%3 *
C = Al IS THE RURNING RATE COEFFICIENT BELOW THE TRANSITION &
C % PRESSURE ¥
C = N1 IS THE RURNING RATE EXPUNCNT BELOW THE TRANSITION PRESSURE #
C =* ALPHA ANL BETA ARE THE CONSTANTS IN THE ERQSIVE BURNING *
C % RELATIUN OF ROGILLARD AND LENDIR *
c = ROAL IS THE OXICIZLER TO ALUNINUM RATIOD %
T F T TR T R R R R T P T R e InnInInnmfmmmmnm T
C «~ #®
Y L I I I I I I I NI NIy
C =% DEFINE CSTARN AND GAMN x
t =* %*
C =% CSTARN IS THe NOMIWAL THERFUCHEMICAL CHARACTERISTIC EXHALST ¥
C * ¥

VELCCITY IN FT/SEC AT 1GCO PST AND 60 DEG F

-7~
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TABLE A-3 (CONT'D)

C = GAMN IS THE NOMINAL RATIO QOF SPECIFIC HEATS FOR THE *
C = PRCPELLANT GASES *
C 22222 RRRET RS ERRERE SRR R SR RERREER SRR RS RS R R R RRR R R R R Y S
C = %
CSTARN==17.84715%¥ROAL+5239.7
GAMN=ROAL%*5.6T357E-3+1.11707
C %*
C L2 2 RS R R SRR LSRR RS EEEE SRR RRRERER SR ERERSSESSRERRRRERESER R L

WRITE(6,5603) RHO9WAL N1 yALPHALRETAZROALyCSTARN,GAMN,RN2NI
IF(IPC)4CC2,4002,3959
3399 IF(1.EQ.l) CALL GSIZE(1200.0,11.0,1121)
TF(ICK } 4000,40C0,4001
4C00 REWIND 1
KPLT=1
GO TGO 4002
4001 KPLT=2
4002 CCNTINUE
RHC=RHQO/G
IF(I-1) 50C64+5C0645007
5006 REAC(5,502) L,TAU
WRITE(2,502) L,TAU
GO TO 50¢C8
5007 READI(2,502) L,TAU
50C8 CCNTINUE
IF(IEC) 60CC,6C00,6C01
6CCO0 READ(4,11111) CELDTI+THETAZALFAN,LTAP,XT,20,2C
GO 70 60C2
6001 IF(ITEMP) 6011,6011,6012
6011 REAC(4,11111) CE,DTI,THETA,ALFAN,LTAP,XT,20,2C,
2RONCCNyKCNDCHRONDGN yRONECGHy EXNSEYN9EXH EYH,ALPHAN, ALPHAH,
2THERMN, THERMH XNDIS T, XNHOUR
NOIST=INT{XNDIST)
NHOUR=INT {XNHCLR)

IFLICK «LTe0) NIDIST=NDISY ‘
ITFCICK e GEeQeANC«NIDIST+NHOURLLESMAXTD) NDIST=NIDIST+NHOUR
TFLICK cGE«QoAND WNIDIST+NHOURGTSMAXTD) NCIST=NICIST-NHOUR

THERMN=THERNMN/S5T7.26578
THERME=THERNMH/S5T7.295T78
GC 1O 6002
6012 READ(4,11111) CEWDTI,THETA,ALFAN,LTAP,XT,20,2C,
ZRCNCCNyRONECH RONGGN gy RONEGH s EXNGyEYNgEXHZ,EYHyALPHANy ALPHAH
TF{SITE.EQ.3) READ(4,111211) DUML,.DUMZ2,CUM3,DUMS
6602 CONTINUE

C 23 h A tukdad 20y s bt btk b AR Dok el A h s A dokk f kb Aok Aok kg
c * READ IN BASIC MOTOR DIMENSIONS w
C * $
c = L IS THFE TOTAL LENGTH UfF THE GRAIN IN INCHES ¥
c = TAU IS THE ESTIMATEL AVERAGE WEB THICKNESS OF THE CONTROLLING =

~75-
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TABLE A-3 (CONT'D)

% GRAIM LENGTH IN INCHES *x
* &
ERRRR AR AR R AR AR ARG IR SR AR S D A e AR AR AP R AR AR AR L IR IR R G DR A ALK
% THE FOLLCWING VARIABLES ARE CBTAINED FROM THE STATISTICAL %
* ANALYSIS PROGRAM %
AR R AR R RIS AR RN AR AR NN AT AR A DR A DS A DA SRk A AR AR SRR A AR Rk
X %

% CE IS THE CIAMETER (OF THE NQZZLE EXIT IN INCHES

% CTI IS THE INITIAL CIAMETER CF THE NOZZLE THROAT IN INCHES
%* THETA IS THE CANT ANGLE OF THE NOZZLE WITH RESPECT TO THE
% MCTYCR AXIS IN DEGREES

% ALFAN IS THE EXIT EHALF ANGLE QOF [FHE NOZIZ7LE IN DEGRCLES

% LTAP 1S THE LENGTH OF THE GRAIN AT TkKE NQ77LE END HAVING
%* ACDITICNAL TAPER NOT REPRESENTED BY IC IN INCHES

% XT IS THE DIFFERENCE [N Wcbl THICKNESS ASSOCIATED WITH LTAP
% 20 IS ThE INITIAL DIFFERENCE UETWEEN WEHB THICKNESSES IN
% INCHES DUE TO GRAIN BOKE TAPER AT THE HEAD AND AFT &NCS
% OF THE CONTROLLING GRAIN LENGTH

? IC IS THE INITIAL DIFFERENCE BETWEEN WER THICKNESSES IN
% INCHES DUE TO GRAIN EXTERIOR TAPER AT THE HEAD AND AFT
* ENDS OF THE CONTRCLLING GRAIN LENGTH

01 CCNTINUE

% RONDCN AND RONCCH ARE ONLC HALF THE DIFFERENCE IN INCHES
% BETWEEN THE MAXIMUM AND MINIMUM DIAMETER OF THE GRAIN
% EXTERIOR AT THE WNOZZILE AND HEAD END REFERENCE PLANES
* RESPECTIVELY

* RONDGN AND RCNDGH ARE ONE HALF THE DIFFERENCE IN INCHES
x

*

&

*

%

*

%

*

*

*

*

%

*

%

*

&

%

*

*

%

o3 3 4t % S R R o9 4 3

*
x
¥
*
*
BETWEEN THE MAXINUM AND MINIMUM DIAMETER CF THE GRAIN *
INTERICR AT THE NOZZLE AND HEAD END REFERENCE PLANES X
RESECCTIVELY %*
EXNsEYNsEXH AND EYH ARE THE CCCENTRICITIES IN INCHES QF THE *
CENTER OF TFE GRAIN INTERIUR WITH REFSPECT TO THE GRAIN *
EXTERICR AT THE NOZZLE AND HEAD END REFEREWCE PLANES *
RESPIECTIVELY *
ALPHAN AND ALPHAH ARE THE ANGULAR QORIFNTATIONS IN DEGREES x
OF THC OVALITY OF THE GRAIN INTERIOR WITH RESPECT TO *x
THE GRAIN EXTERIGR AT THE NQOZZLE AND HEAD END REFERFNCE %
PLANES RESPECTIVELY *
THERMN ANE THCERME ARE THE ANGULAR ORIENTATION IN DEGREES OF *
THE MAJOR AXIS CF OVALLITY OF THE GRAIN INTERJOR WITH *
RESPECT TO THE RADIAL LINE QF MAXIMUM GRAIN TEMPERATURE =%
NDIST IS THE TIME THE MOTOR HAS BEEN EXPOSED YO x
THE EAVIRCNNMENT AT THE LAUNCH SITE %
NHOUR IS THE DIFFLRINCE IN THE TIME OF EXPOSURE %
TC THE ENVIRONMENT AT Thit LAUNCH SITFE BETWCEN MOTORS *
OF A SINGLF PAIR *
I R R L e I I I s T s I
IFULIEC) 6CC3,6C0346C04

-76~
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TABLE A-3 (CONT'D)

6003 WRITE(6,6040) LoTAUDE DT, THETA,ALFANZLTAP¢XT420,2C
GO0 T0 6005
6004 IFLITEMP)Y 601446014,6015
6014 WRITE(6,604) L,TAU,DE DT THETALALFANSLTAPXT,20,72C,
2RONCCNyRCNECCHyRCNDGN yRONCGHy EXNoEYN 9 EXH,EYH ALPHANyALPHAH,
2THERMN,, THERNMHZNDIST
IF{ICK.GE.C) WRITEL€,6041) NHCUR
GC T4 6005
6015 WRITE(6,6044) LeTAUSDESDTI THETA,ALFAN,ZLTAP,XT,20,2C,
2RONCCNyRUNCCH ¢ RONDGN y RONCGH s EXNyEYNyEXH, EYH, ALPHAN, ALPHAH
6005 CCNTINUE
THETA=THETA/57.29578
ALFAN=ALFAN/S5T7,29578
ALPHAN=ALPFAN/STL.29578
ALPHAH=ALPFAH/5T7 295178
REWINE 3
IF(ITEMP.NELD) GC TO 2701
OC 27C0 INCT=14NDIST
READ{3,3700) -TBULKO,TBULKE
2700 READ(3,37C0) (YTAB(ITAB),,TTABA(ITAB),TTARB(ITAB),TTABC(ITAB),
ZYTABDIITAB),ITAB=1,NTAB)
2701 CCNTINUE
IF(I-1) %C09,45C09,5010
5009 READI(5,503) CELTAY, 19 XO0UT,DPCUTZETAF TByHB,PREF,DTREF,PIPK,
2CSTART,PTRANDCSTARP yGAMP , TIKAXGATF
WRITE{24503) CELTAY,II,XCUT,DPUUT,ZETAF,TByHB,PREFyDTREF,PIPK,
2CSTART PTRANSCSTARP yGAMP , THMAXGQATF
IF(SITE.LG.C) GO TO 5011
GO TO(5112+5112,5011,5112),SITE
5112 WRITE(6,7702)
IFISITELEQes) WRITELG6,7017) (YTAR(ITAR),TTABA(ITAB)  ITAB=1,NTADB)
I+(SITE.EC.4) GO TO 5011
IFCICKY 77,717,777
T7 WRITE(6,701) (YTAR(ITAB),TTAGA(ITAR)TTABB{ITAR), ITAB=
214NTAB)
GO TC 5011
777 WRITE(6,702) (YTAR(CITAB) W TTABC(ITAB) ,TTABD(ITAR),ITAB=1,NTAB)
GO 10 5011
5010 REAC(2,503) CELTAY 113 ACUTDPOUTZETAF,TB,,i1:B,PREFDTREFPIPK,
CCSTARTyPTRANZCSTARP yGAMP , TIHAXGQ s ATF
IF(SIME.EC.G) GO YO 5011
GG TC(5111,5111,5011,+5111),SITE
S111 WRITEL(H,T77C2)
IF(SITELIGCeA) WRITELG,T7017) (YTAB(ITAR),TTABA({ITAR),,ITAR=1,NTAB)
IF(SITE.ELC.4) GO TO 5011
IFLICK) (5475476
75 WRITE(S,701) (YTAPRLITAB)Y ,TTARACITAL)Y,TTABB(ITADR),ITAB=1,NTAB)
GO TO &0t

~77 -
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TABLE A-3 (CONT'D)

76 KRITE(6,702) (YTAB(ITAB)Y,YTABC(ITABY ,TTABDUITAB)ITAB=1,NTAB)
5011 CONTINUE
IFISITEQ.EQe3.CR.SITEELEC.3) GC TO 50111
IFULITEMP.EC.0) READ(4,11111) ERREF,TIGR
2 READ{4,11111) ERREF,TIGR,TGR
t T2 222 RS R R R R R Y R R R R R R RS R R R R R R R R R SRR R R R R R SR Y
READ IN BASIC PERFORMANCE CCNSTANTS AND CONDITIONS

*

%

*

* DELTAY IS THE DESIRED BURN INCREMENT DURING TATLOFF IN INCHES
* I1T 1S THE NUMBER OF INTEGRATICN STEPS USED IN OVAL

* XOQUT IS THE DISTANCE BURNED IN INCHES AT WHICH THE PROPELLANT
* BREAKS UP

% CPCUT IS THE CEPRESSURIZATICN RATE IN LB/IN%#%3 AT WHICH THE
% PROPELLANT IS EXTINGUISHED

¥ ZETAF IS ThE THRUST LCSS COEFFICIENT

* TMAXQ IS THE ESTIMATEC TIME AT WHICH THE MAXIMUM DYNAMIC

% PRESSURE OCCURS CN THE VEHICLE IN SECS

% TB IS THE ESTIMATED BURN TIME IN SECONDS

% HB IS THE ESTIMATEC BURNDUT ALTITUDE IN FEET

* PREF 1S THE REFERENCE NOZZLE STAGNATION PRESSURE IN LB/IN%x%2
¥ CTREF IS THE REFERENCE THRCAT DIAMETER IN INCHES

% PIPK IS THE TEMPERATURE SENSITIVITY COEFFICIENT OF PRESSURE
* PER CEGREE ¢ AT CONSTANT K
%

*

*

0

*

%

*

%

*

&

*

*

%

&

%

*

%

% 3 St 4 3¢ ¢

*

CSTART IS ThE TEMPERATURE SENSITIVITY PER DEGREE F CF CSTAR
AT CONSTANT PRESSURE

CSTARP IS THE PRESSURE SENSITIVITY OF CSTAR

2 CONTINUE

PTRAN IS TrHE HIGH PRESSURE IN PSIA ABOVE WHICH THE RURNING
RATE EXPCNENT CHANGES

GANMP IS THE PRESSURE SENSITIVITY OF GAM

ATF IS THE THRUST LEVEL IN LBF AT WHICH ACTION TIME
TERNMINATES

TBULKO AND TRBULKE ARE THE BULK TEMPLRATURES OF THE GRAIN FCR
THE OCD AND EVEN MCTORS RESPECTIVELY IN DEGREES F

TVABA ANC TTAEBB ARE THE TABULAR VALUES FOR THE TECMPERATURE
DISTRIBUTICNS OF THE CCC NUMBERED MCTYORS DV THE RADIAL
LINE CF MAXTIMUM TEMPERATURE GRADIFNT AND THE DIAMETRICAL
OPPOSITE RADIAL UINE RESPCCTIVELY IN DEGREES F

TTABC ANC TTABD ARE THE TABULAR VALUES FGR THE TCEMPERATURE
CISTRIBUTICNS OF THE EVEN NUMBERED MCTORS ON THE RADTAL

% 3 3 P % ¢ K o 3 K 3

10

¥ LINE CF MAXIMUM TEMPERATLRE GRADIENT AND THE DIAMETRICAL
% CPPOSITE RADIAL LINE RESPECTIVELY 1N DEGREES F

* YTAB ARE THC TABULAR VALUES FCR THE Y-COCRDINATE IN INCHES

% CCRRESPONDING TO THE TAPULAR TEMPFRATURE VALUES TYTARA,

* TTARPR,TTABC AND TTABD

LR R RN R R L R R g R S S Y L R s s E ALY
SRR EE ARG RN A S A AR DA AR F I N XN A BRI DI R TP ARG D I DAL D RN A G N AR BB XA

aBelaNalaleNuleNelelaloNeNeEeNeRalaNaXe! OO0
LSRR R R R N - - BN SN - B - -

78~



g I RO R L RO

TABLE A-3 (CONT'D)

C * THE FOLLCWING VARIABLES ARE ORTAINED FROM THE STATISTICAL *
C =* ANALYSIS PROGRAM *
C ARt dg bbb Nt At d Rt R At RN NI AR 00NN ONBIO RN R IR RRR I IR EBkk
C = *
b C = ERREF IS THE REFERENCE THROAT EROSICN RATE IN IN/SEC %
4 C =% TGR IS THE BULK TEMPERATURE CF THE GRAIN IN DEGREES F (NCY %
C x REQUIREC FOR JTEMP=]) %
C % TIGR IS THE IGNITICN CELAY IN SECCNDS AT 60 DCGREES F %
C BASRASA LIRS AR D IR R AR B R AR NS AN I I DRI S AR DA AN DRI DA BB A A

L WRITE(6,606) CELYAY,II,XOUT DPOUTyZETAFsTByHRyERREFPREF,CTREF
; 2yPIPKSCSTARTPTRANZCSTARP,TIGRyGCAMPy TMAXQ,ATF

IFUITEMP  NE«QJCRJSITELEQ.3) WRITE(646066) TGR
GG TC(160€14+16061¢16062+116062)4SITE

16C61 IF{ITEMP.EC.Q+AND.ICK «LT.C) WRITE(6,1606) TRULKO
IFU(ITEMPJEC.0.ANDSICK «GE.C) WRITE(6416C7) TBULKE

16062 TFUICK.LT.0) WRITE(6,6067) SITE
IF{ICK.GECQO) WRITE(6,4,5C67) SITE
TFOITEMPJNELO) THERMN=0.,0
IF(ITEMP.NELQ) THERMH=0.C
NZ=N1#*RNZ2N1
A2=A1*PTRAN#%{NL-N2}
A=Al
N=N1
ATFAT=0.0
GANM=GAMN
KKI=0
KKL =G
KKM=0
AZ=C.
BZ:O.
CHIF=1.0
CHIN=1.0
CHINN=1,0 ]
CHINAV=1.0 =
SEN=C0.0
SENN=0.0
SEH:OQO
FHL=0.0
ABDIF=0.1
ABDIF1=0.0
PS1=0.0
YHL=0.0
PSIY=140
YH=C.0
YL=0.0
PS1C=0.0
TGRA=0 .0
TGRB=0.0
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TABLE A-3 (CONT'D)

TGRC=0.,0
TGRC=0.0
NCUM=0
IPT=0
MN1l=.85
MELI=T7.0
1=1C+2C
1C=2C
X5=C.0
NS=C.C
KCUNT =0
KEWAT =0
ABMAIN=C.0
ABTC=0.0
TW2=0.0
CTh=0.0
FW2=0.0
DFW=0.0
CELY=CELTAY
TOP=GAM+1.
BAT=GAM-1.
ZAP=TUP/{2.%BCT)
CAPGAM=SGQRT(GAM)*(2./TOP ) %xZAP
AE=PI*DE*CE/4.
1 IF(XT.LELCaC) TE=0.D
IFIATFAT) 1€6€,166,167
166 IF(KEWATWNELOLANDJTHRUSTLELATF) ATFAT=T
167 COCNTINUE
IF{ITEMP.NESD) Q=A%EXP(PIPK¥e(]l.~N}*{TGR-60.))
IF(ITEMNPJNE.Q) GG TO €666
IF(SITENE.2) YH=Y
IF(SITE.NE.2) YL=Y
IF{ICK.LT.0.O0R.SITELEQ.4) CALL INTRPLI(TTABA,YTARNTAB,YH,TGRA,O)

IF(ICK eLTo0) CALL INTRPLITTAEB,YTAB,NTAB,YL,TGRB,0)
IF(ICK «CELC) CALL INTRPLITTABC,YTABNTAB,YHsTGRC,0)
IF{ICK «GEWC) CALL INTRPLITTABD,YTAB,NTAB,YL,TGRC,0)

GC TO (6646€6,664965),SITE
65 TGRB=TGRA

TGRC=TGRA
TGRC=TGRA
66 1F({ICK «lTeQ) TGR=(TGRA+TGRB)/2.0

IF(ICK +GEL.C) TGR=(TGRC+TGRD) /2.0
GO TO €666

6oo IF(ICK «LT.0) PSI=ABS{(TGRA-TBULKO)Y/Z(TBULKO~-TGRB))
IFCICK «GELJ) PSI=ABSU(TGRC-TUULKE)/(TBULKE~TGRD}?
IFLABS(PSI).GEL50.) PSI=5Q.
TF{ILK LT.0) TGR=TGRA-(TGRA-TGRB)*(1.04(0.5/PSI}=-2.0%xATAN(EXP

2IPST*PE))/({PST*PEY)/{1.0-1.0/CCSHIPSI®P]))

~80~
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TABLE A-3 (CONT'D)

IF({ILK eGELC) TGR=TGRC-(TGRC-TGRD)*(1.04(0.5/PSI)=2.0%ATAN(EXP
2(PSI*PL))/Z(PSI*PI))}/(1.0-1.C/CASH{PSI%*PL})
6666 IF(Y.LE«O«Q) TIG=TIGR*EXP(1PIPK*{60.0-TGR))
IF(Y.LE.C.0) T=TIG
CSTARR=CSTARNZEXP(CSTART*(TGR-60,.))
IF(ITEMPJNELQO) GC TO 106

IFCICK LT.0) QH=A*EXP(PIPK#*{1e=-N)%*(TGRA-60.))
iFLICK eLTo0) GL=A¥EXP{PIPK2{1e~-N)#*(TGRB-60.))
< IF(ICK eGEWC) QH=AXEXPI{PIPK*(1le~N)*(TGRC-60.))
{ IF(ICK eGE«C) QL=AXEXP(PIPKX*({1s=-N)*(TGRD-60.))

IF(SITE.EC.2) GO TO 103
4 G=(CH+GL) /2.
- DELE=DELY*(CH-CL)/Q

; EHL=EHL+DELE/2.0

) GO T0 106

: 103 TF(ICK «LT.0) QB=A®EXP(PIPK*(Lo=N)*(TBULKO-60.))
2 IFICK «GEWC) QB=A*EXP(PIPK*(1l.-N)*(TBULKE-60.))
; PSIC=ABS((CH-CEI/(CB=GL))

: IF(ABS(PSIC).GE.5D.) PSIC=50,

: Q=QF—(QH-QL)*(1,04(0,5/PSIQ)-2.C*ATANIEXP(PSIQ*PI))/(PSIQ*%PI))
: 2/(1.0-1.0/CCSHIPSIG*PI))
IF(Y) 1064,126,1062
1062 HRON=DELY*(GH/Q)
LRON=CELY*(CL/Q)
: Yh=YH+HRCN
: YL=YL+LRON
: IF(ABSIYF-YL).LTaleE~-6) PSIY=1.C
TF(ABS{YH-YL).LT.1.E=-6) GO TO 1CCO1
PSIY=ABS({YH=Y)/(Y=-YL))
IF(ABSIPSIY).GE.50.) PSIY=50,
10C01 YHL=Yh-{YF-YL)*{1.0+(0.5/PSIY)-2.0%ATAN(EXP(PSIY%*PI))/(PSIY*P))
2/(1.0-1.0/CCSHIPSIY*P]))
106 TCALL=!TAU~XT=ABS(Z/2.))/1.05
IF(IEC.EQal.ANC.Y.GT.TCALL} CALL OVAL
IF(XT.LE.C.0) GO TO 40
TL={Y-TAU+XT+2/2.)%LTAP/XT
IF(TL.LEL.C.C) TL=0.0
TF{TL.GELLTAP) TL=LTAP
TE=LTAP-LTAPXCHINAV
IF(IEC.EQ.C)Y TE=TL
40 TF(T-TIG) 4lyblye .
41 CT=CTI1
CSTAR=CSTARR
GO 10 43
42 RALTR=ERREF*{((FO 'OZ/PREF)*X0,.8)+((CTREF/DT)%*%0,2)
DT=CT+(2.CH*RACERSDELTAT)
43 AT=PI*DT*0T/4.
CALL AREAS
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TABLE A-3 (CONT'D)

IF(ABS(2W).GT.C.0) GO TO 20
IF(SUMAB.LE.O.C) GO TO 31
X=(ABPORT+ABSLCT)/SUMAR
MNCZ=AT&X/APNCI*{2.%(1.+BOT/2.%MN1%=MNL1)/TOP)%%2AP
IF(ABS{MNCZ-NMN1).LELD0.002) GO TC 2
MN1=MNO2Z
GC TC 90 :
VNOZ=GAM*CSTAR®MNOZ%SQRT({(2./TCP)**{TOP/BOT))/(1,480T/2,¢MNOZ*MNO
12))

PRAT=(1.4BCT/2.%*MNOZ*MNOZ})%*x{-GAM/BOT)
JROCK=AT/APNCZ
SUMYA=DELY*(ARPZ+ABN2+ABS2)

IF(Y«EQeCa0O) SUMYA=(Q.O0

VC=vC+SUNMYA
IF(Y.GT.0.0) GC TO 11
PCNCZ=(Q*RHC*CSTAR®SUMADR/  T)%&(1,/(1.=N))*{1.+{CAPGAMEJROCK )*%2/2,
Li1#x(N/(1l.-N))
IF(PCNCZ-PTRAN) S9001,9001,9302
A=A2

N=N2

IF(ITENMPNE.Q) Q=A*EXP{PIPK&*({1l.-N}%®{TGR=-60.1})

IF{ITEVMP.NELO) GC TG 1206

IF(ICK eLTeC) QH=AXEXPIPIPK*(1e=N)*(GRA-60.))
IFCICK eLT.C) QL=A*EXP(PIPK%(1le~N)*{T5RR=60.))
IFLICK +GE.Q) GH=AXEXP(PIPK#*(Lle=-N)2(TGRC~6041))
IF(ICK «GE.O0) QL=A*CXPIPIPK*(le-N)*{TGRD~60.))

IF(SITE.EQ.2) GO TO 1203
C=(CH+QL})/2.0

GC YC 1206
IFLICK «LT.0) QB=AXEXPIPIPK*(1la=N)*(TRULKO-60.))
IF{ICK «GE+G) QB=A%EXP(PIPK*({1.=N)*{TBULKE=60.))

PSIC=ABS((CH-CB)/Z(QB-CL))

IF(ABS(PSIC).GE.50.} PSIC=50,
Q=QH-{(QH-QL)*(1.0+(0G.5/PSIQ)=2.CXATANI EXP(PSIG*PI))/(PSIC%PL))
2/(1:.0-1.3/CCSE(PSIQ*PT))
PCNCZ=(Q#RHO*CSTARESUNMAB/AT ) *%(14/(1e=N))*{1,+{CAPGAMRJROCK)#%2/2,
L)% (N/{L.-N))

CONTINUE

CSTAR=CSTARR®{(FCNOZ/1C004)**xCSTARP

MDIS=ATXPCNCZ/CSTAR

pP2=pPCNOL

PCNCZ2=PCNCL

PNCZ=PRAT*P(CNCZ

P4=2.*MDISAVNCZ/ (APHEAD+APNOZ) +PNOZ

IFIGRAINJEQ.3) P4=MDISxVNOL/APRCL+PNQZ

PNCZ=PRAT*FCNCZ

PHEAC=2.,%NMCISXYNOZ/ (APHEAD+APNCZ ) +PNO2
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TABLE A-3 (CONT'D)

JFIGRAINLEQ.3) PHEAL=MDIS#YNDO2/APNO2Z+PNO2
JF(PHEAD.LTLPTRAN]IN=NI

TF{PHEAC.GE.PTRAN)IN=N2

IFIPHEAD .GE.PTRANIA=AZ

IFUITEMP.NE.O) Q=A*EXP{PIPK*{1.~N)*(TGR-60.))
IF(ITEMP.NEL.Q) GU TO 206

ITF{ZCK L T,.0) QH=A%*EXP(PIPK%({1.-N}*(TGRA=K0,.))
IF(ICK LToG) QL=A%EXPIPIPK%(le=N)2(TGRB~60.))
IFLICK eGE.O) QH=A*EXP(PIPKX*(14=N)*(TGRC~60.1})
IF({ICK «GL0) QUL=AXEXP(PIPK#*(1e-N)%®{TGRN-60.))

IF(SITE.EQ.2) GO TO 203
C=(CH+QL ) /2.0

GC TC 206
IF(ICK «LT.0) QB=AXEXP(PIPK%(le=N)*{TBULKO=-%50.))
IFLICK «GELC) QB=AXEXP{PIPK*(ls=N)*{TBULKE=-60,.1))

PSIC=ABS{(CH-LBYZ(CB=-GL))
IFLABSIPSIC).CELS0.) PSIGC=50,
Q=QF~-(QH~QL)*(1.0+(0.5/PSIQ)-2.CH*ATAN(EXP(PSICPI))/Z(PSIC2PI})

2/(1.0-1,0/CCSHIPSIC#PI))

RHEAD=Q*PFEAL# %N

ZIT=MCIS*X/APNCZ

RN1=R+EAC

PHEACZ2=PHEAC

TFIPCNOZ.LTLPTRAN)IN=NI

IF(PCNOZ.LT.PTRAN)A=AL

IF(PCNOZ.GEPTRANIN=NZ

IF(PCNOZ.CELPTRANIA=AZ

IFLITEMP.NESD) Q=A%EXP(PIPK%(1l.~N)*{TGR~60.))
IF(ITEMP.NELO) GG TO 3

IF(ICK eLToC) QH=AXEXP(PIPKA(1.-N)*(TGRA-60,))
TFUICK wLT.C) GL=AXEXPIPIPK®(1e-N)%(TGRB-60.))
IFLICK «GEWC) QH=ALEXPIPIPKE{Ll4-N)®X{TCRC~604))
IFLICK «CELC) QL=A%IXPIPIPKE(1=N)*(TGRD-60.))

IF(SITE.EQ.2) GO TOQ 303
C=(CH+CL) /2.2

GG 10 3 :
IFLICK LT.0) QEB=AXEXP(PIPK*({1.-N)®{TBULKJ-60.))
IF(ICK «GT-0) QB=AXEXPIPIPK*(1s-N)*(TBULKE=6Q4))

PSIQ=ARS((CH-CR)/Z(CB-CL)
TFECABSIPSICY.CEGS50.) PSIC=50,
C=Ch={0H-CLI {120+ 0.5/PSTIQ)-2C+ATANLEXP(PSIQ%PI))/(PSIQX*PI))

27010 0-1.C0/7CLSHEAPSTIQ%PT))

RNO/=RNL- NI -QXPNOZ A N=ALPHAS2 [ TRE B/ (L% 2%EXP(BETAXRNLIXRHC/Z2IT
LYY /0L a+ ALPRAS 1T 8 B EfASRHO/ZIT/ (L A3  2XEXPIBETARRNL*RHO/ZIT) )Y
TFCARSIRANL=-RNECZYJLELQL.C02)Y GO TC 4

RN1=RNUZ

GC i1Cc 3
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4 AVEL=(RHEAC¢RNCZ2)/2.
IF(Y.GT.0.0) GC TO 7
RN2=RNGZ
RH2=RHEAD
PCNJ=PCNCGZ
CPCCY=0.0
AVE2=AVEL

7 RNAVE=(RNCZ+RN2)/2.
RHAVE=(RHEAC+RH2)/2,
MGEN=RHO/2.%( (RNOZ+RHEAD)*{ABPORT+ABSLOT)+2.2Q*PCNO2Z*&N*ABNCZ)
CROY=(AVEL1~AVE2)/DELY '
RBAR=[AVEL1+AVE2) /2.
GMAX=1.C00G2*MCIS
GMIN=C.SS98*MCIS
IF{Y.GT.0.0) GC TO 12
GMAX=1.CQ01%NCIS
GMIN=0.999%*NMDIS
[F(NGENGE+GMIN<ANC MGEN.LE.GMAX) GO TO 6
MDIS=NGEN
PCNOZ=MDIS*CSTAR/AT
GO 10 5

6 PCNJ=PONUZ

17 GANM=GAMN®(PUNCZ/1G00s)#%GAMP
TQP=GAM+1,
BOT=GAM-1,
ZAP=TCP/ (2.%B0OT)
CAPGAM=SGRT(GAN)%x(2,/TOP)#%ZAP
ME=SQRT(2./ROT*(TOP/2.%{AESMEL/AT)*%(1,/ZAP)~1.))
IF(ABS(ME=-ME1).LE.0.002) GG TN S
MEL=NME
GO 10 17

9 IF(Y.LE.C.C) CALL OUTPUT
IF(Y.LE.C.0) GC TO 10
DELTAT=2.%CELY/ (RHAVE+RNAVE)
1=1+DELTAT*{RNAVE-RHAVE)
1Q=2Q+DELTAT*(RNAVE-RHAVE)
T=T+DELTAT
IF(KCUNT.NE.1) GO TO 101
WAT=T
WPWAT1=G#SUMMT
WPWAT 2=G4RIC*(VC-VCT)
WPWAT=(WPRATL+WPWAT2)/2.
ITWAT=1TCOT
ISPWT=ITCT/WPWAT
ITVWAT=1TVAC
ISPVWTI=TTVAC/WPUAT
FAVAT=ITOT/ (WAT-TIG)
FAVVWT=ITVAC/ (WAT-TIG)
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C bbb e b T sl

IF(ICK oLT.0) THL=T
(FLICK oelTo0) FWI=THRLST
IF(ICK «GT.0) TW2=T
IFLICK eGT.0) FW2=THRUST

IF(TW2.NEOo) CTW=ABS{THZ=-TW])

IF{TW2eNEOs) CFW=ABS(FW2-FWl)

ABDIFL=ABCIM

CALL CuTtpPuT

IF(Y.,LE..u5*TAL) GO TO 16
SINKLI=VC/(CAPGAM*CSTAR)**#2*RBAR%CPCODY/12.

MASS=.01%NCIS .
ANS4=Y+10.,0*DELTAY .

IF(KOUNT.GT.0) GO TO 16
IFCABS(SINKL) o LESMASS ANC,ANSG.LELANS=-XT) GO TO 18

GG 10 le6

CELY=10.%CELTAY

GC T0 55

CELY=CELTAY

YLEC=Y

Y=Y+[DELY .
IF(Y.CEe{TAU-XT=2/2e)eANC.KEWATWAEQ.0) DELY=TAU-XT=-2/2.~YLED

2+ 1*CELTAY

TF(YeGE o (TAU=XT=2/2.) s ANCKEWATLEQ.O) Y=TAU-XT-1/2.

2+ J1%CELTAY

IF(Y GEL (TAU-XT-2/2¢) s ANC.KEWATLEQ.0) KEWAT=1
ANS=TAU-ABS(Z/2)

IF(Y.CE.ANSJAND.KCUNTEQ.Q) DELY=ANS~YLED
[IF(Y.CEJANSANCKCUNTSEQ.O) Y=ANS
DELTAT=2.%CELY/(RHAVE+4RNAVE)

Sumz=Sumag

RN2=RNOZ

RHZ2=RFEAC

AVE2=AVEL

GO0 10 1

CSTAR=CSTARR={PONOZ/1C00.,)**CSTARP
MCIS=AT=PCNCZ/CSTAR

co 10 5
CPCCY=(PHEAC2+4PONOZ2)/(RNAVE+RHAVE ) *DRDY+ (PHEADZ2-PONOZ2)/ ((ABP2+AR
IN2+ABS2 ) %2, ) %=L ADY
IFLABSICPCCY) W GELCPQUTLOR.Y.GELXCUT) GO TO 25
SINKLI=VC/(CAPGAMRCSTAR)# 3 2:RBARSDPCOY/ 1 2.+ (PHEAD24PINOZ2) /2 .2 RNAY
LEFRHAVE) /2% (AP CAENZ2HARS2 )/ 112 . % (CSTARRCAPGAM) 2%2)
STUFF=MGcN-STAKL

MDIS=STUFF

PCNC/Z=MLCIS*CSTAR AT

IF(2.0%Y+CI+4CELDT.GLELCO/1.005) PONOZ=PONJI+UPCOY%DELY
IFISTUFFLCESGMINGANCSTUFREJLELGMAX) GU TO 14

GG 10 5
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TABLE A-3 (CONT'D)

14 P1l=PCNOZ

2221
2222

20

32

211

33

21

31

PCNJ=PCNOZ

PCNC22=(Pl+P2)/2.

P2=PCNOZ

P3=PHEAC

PHEAC2=(P3+P4) /2,

P4=PHEAD

MDIS=AT#PCNG2/CSTAR

IF(KEWATJEC.1) GO TO 22¢1

60 10 2222

CONTINUE

KEWAT=KEWAT+]

CONTINUE

IW=12

SUMBA=SUMAB

Pl=PCNOZ

RH2=RFEAD

RN2=RANCZ

RAVE=AVEL

ABMAIN=SUNAB

ABTC=C.0

ANSZ2=TAU+ARS({ZW/2.)

KCUNT=KCUNT+1

IF(KOUNT.EC.1) GO TO 17
CELYW=DELTAY

CY2=CELYW

IF(ZW) 32,32,33
IF{Y.LTANS2.AND.ABSIZW).GT.DY2) GO TO 211
SUMAR=ABMAIN

GC TG 31

SUMRY=SUNCY+CELYW
SUMAB={1.4SUNMDY/ZW)*ABTO=-(SUMDY/ZW) % BMAIN-ABNIF1
GC 1G 31
IF(YeLT.ANS2.AND.ZW.GTCY2) GO TO 21
SUMAB=ABTC

GC 10 31

SUMCY=SUMCY+TELYW
SUMAB=(1.-SUMCY/ZW) *ABMAINS (SUMCY/IWI%ABTO-ABDIF]
IF{SUMAB.LE.C.0) PCACZ=PCNOZ/2.
IF{SUMAB.LELG.0) GO YO 25
CSTAR=CSTARRA(FCNCZ/1000,)#*CSTARP
MCIS=AT*PCNCZ/CSTAR
ABAVE=(SUNAR+SLMBA) /2.
SUMYA=DELY*ARAVE

VC=VC+SI'MYA
CADY=(SUMAB-SUMBA)/DELY
PBAR=(P1+PCNOZ)Y/2.

-86-



T A TSI I MBS L - e e o o e et s SR T e e v e, anainde W T W o PSS e SR

TABLE A-3 (CONT'D)

SUMBA=SUNMAR
22 CPCCY=PBAR/(1.-N)*1./ABAVE*CADY
" IF(PCNDZ.LE.5.0) GG 10 2%
IF(PCNOZ «LT.FTRANIN=N
IF(PCNOZ.LT.PTRAN)A=AL
IF{PCNGZ.CE.PTRAN)N=NZ
IF(PONOZ.GE.PTRAN)A=AZ2
IF(ITEMP . NE.O) Q= A*cXP«PIPK*(l.-h)*(TGQ—bO.))
IF(ITEVP.NELO) GO TCO 406

IF(ICK «LToC) QH=AX*EXP(PIPK*®(1e=N)%*(TGRA=60,.))
IF(ICK oL TaC) QU=A*EXP(PIPK%(la=N)*{TGRB-6(.))
IF(ICK «GE+Q) CH=AXEXP(PIPK*(le=N)*(TGRC=60.))
IF{ICK ¢GELC) QL=AXEXP{PIPK*¥{le=N)}*(TGRD=60.))

IF(SITEL.EQ«2) GO TO 4C3
C=(CH+QL) /2.0

GO TO 406
i 4C? IF(ICK eLT.0) QB=A%EXP(RPIPK¥({1le~N)*{TBULKO=-60.))
23 IFLICK «GE«Q) QB=A*EXP(PIPKZ{1le=N)*{TBULKE=-60.))

PSIG=ABS{(Ch-KR)/Z(QE=-CL))
IF(ABS(PSIC).GE.50.) PSIC=50.
. C=QF-(Ch-QL)*(1.04(0.5/PSIQ)~2.CHxATANIEXP(PSIG*PI))/(PSIC*PI))
- 2/11.0-1.0/CCSHIPSIGC:PI))
. 406 PCNCZ=PONJ+CPCCY*DELY
RNOZ=C%PCNCZA*%N
RHEAD=RNC2
RBAf=(RHCAC+RAVE) /2.
MGEN=RHO* (RNOZ+RHEAD) /2. *SUMAR
GMAX=1.00032%MCIS
GMIN=G.S598%MDIS
SINK1=VC/{CAPGAMXCSTAR) %#2+RBARXCPCDY/12.+PBARYABAVE/(12.%(CAPGAM
ERCSTAR)Y % w2 ) RPAR
STUFF=MGEN-SINKI]
b MDIS=STUFF
. IF(STUFF.ZEGMINJAND.STUFF.LELGNAX) GO TO 23
PBAR=(P14PCNDZ)/C.
GC T0 22
23 RHAVE=(RH2+RHEAD)/2.
RNAVE=(RAN2+RNCZ)I/2.
RH2=RFEAL
RN2=RKOZ
PHEAD=PONCZ
RAVE=RHEAD
P1=PCNUZ
PCNJ=PONC/
MDIS=AT#PCANCZ/ICSTAR
TFLABSICPCRY)SGELOLUT) GC TU 25
FE(Y.GELXCLTY GO TU 25
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TABLE A-3 (CONT'D)

GO 10 17
25 SUMAB=0.0
RHEAD=0,0
RNOZ=RHEAC
PHEAD=PONCZ
MCIS=AT*PLNQOZ/CSTAR
DELTAT=2,C*DELY/(RHAVE+RNAVE)
T=T+DELTAT
CALL CUTPLTY
IF(PCNO2.LE.0.C) GO TO 1€CO
TIME=T
DELTAT=,5
TIM=TIME+5.,
PHT=PFEAC
SG=0.0
29 T=T+CELTAT
CSTAR=CSTARRX{PCNOZ/1CCO.)*%*CSTARP
PHEAC=PHT/EXP{CAPGAMH%2%AT#STAR/VC*(T-TIME)*12,)
PONCZ=PHEAC
MDIS=PONCZ*AT/CSTAR
Y=Y+.5%RHEAC
CALL CuThPuUT
IF(ToLTATIN.ANCoPHEADGESS5.0) GC TO 29
1CO WPl=G*SUMNT
WP2=RHO*{VC~-VCI)*G
KP=(WPl+WP2)/2.
ITVAT=]JTVAC
ITAT=ITOY
ISP=TTCT/WwP
ISPVAC=ITVAC/WP
CALL INTRPI{ITPLOT,TPLOT,,IPT,TMAXQ,TIMAXQ,.0)
R R R R R N eI eeeImnnImI o
CUTPUT INCIVICUAL MCTCR DATA

* %
¥ %
# WAT IS THE WEB ACTION TIME IN SECS *
* ATFAT IS THE ACTION TIME IN SECS ¥
% ITWAT- AND ITVWAT ARE THE DELIVERED AND VACUUM TOTAL IMPULSE, *
* RESFECTIVELYy DURING WEBR ACTION TIME IN LBF-SECS *
* ITAT ANC ITVAT ARE THE DELIVERED AND VACUUM TOTAL IMPULSE, *
% RESPECTIVELYy CURING ACTION TIME IN LBF-SECS *
X ISPWT AND ISPVWT ARE THE DELIVERED AMD VACUUM SPECIFIC ¥
% IMPULSEs RESPECTIVELY, CURING WEL ACTICN TIME *
* IN LBF-SEC/LBM *
% FAVWT ANU FAVVWT ARE THE DELIVERED AND VACUUM THRUST, ®
* RESPECTIVELY, AVERAGEC CVER WEB ACTION TIME IN LBF ¥
% TIMAXQ IS THE DELIVERED TOTAL IMPULSE AT TMA'Q IN LBF-SECS *
ARt R RS A R R R R R R R R R R R R RIS R R R EEE SRR ERE RS R RS RN LY

WRITE(6,41022)
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WRITE(G64102) WPlyWP2ykPPHMAX

IF(IRANC.EC.1} WRITE(641C21) IX1lsIX

WRITE(6,771) WATZATFAT S ITWAT,, ITVWAT,,ITAT, ITVAY'ISPWI'ISPVHT FAVWT,
2FAVVWT,, TINAXQ

NDUM=1

IF{IPC.NE.OQO) CALL OUTPUT

IF(IPC.EC.Q) GC TO 901

IM=[+]

NVOTCR=NPAIRS*2

AVN=AMCTCR

CALLSIGBAR(WAT 2SIl )-S{2 )ySWAT  LBWAT HINMNM,S{3 ),S{4 1))
CALLSIGBAR{ATFAT 4S(5 }14S(6 ) ySATFAT,BATFAT IFNM,SIT },S5(8 1))
CALLSIGBAR(ITWAT ,S(9 JoSC10 ) oSTWAT ZBTWAT JINMNMeS(L1L }oS{12 })
CALLSIGRAR(ISPWT 4S(13 ),S(14 ),SSPHT +BSPWT 4INMyNMyS(15 }4,S(16 ))
CALLSIGBAR{(ITVWATS{LT )sS{18 )ySTVHAT,BTVHAT,INNM,SL19 ),S(20 ))
CALLSIGBAR(ISPVWT oS (21 }4S(22 )4SSPVWT 1BSPVWTIM,NM,S(23 ),S5(24 j)
CALLSIGBARIFAVIWT 4SU25 )yS(26 ) sSAVWHT JBAVWT oIMNM,SL2T7 14,5028 ))
CALLSIGBAR(FAVYWT 4S129 VY,5(30 }ySAVVWTBAVVRTsINyNMeS(3L ),S132 ))
CALLSIGBAR(ITVAT ,S(33 ),S(34 ),STVAT H,BTVAT L,IM,NM,S(35 },S5(36 ))
CALLSIGBAR(CITAT  4S(37 )4S(38 J+STAT +BTAT o IMNM,S{39 },S{4C ))
CALLSIGBARITINAXQsSTUL1L7)+S(1L18)SIMAXQyBIMAXOQyIM NMyS(119),5(120))
IF(ICK «LT.0) GO TO 901

CALL PAIR

NM=NPAIRS

IM=1

CALLSIGBAR(AFMAX 3S141 )4S(42 ) ,SAFMAX PAFMAX,IM,NM,S(43 ),S(44 ))
CALLSIGBAR{TFMAX 3S(45 )yS(46 }sSTFMAX BTFEMAXGIMyNM,SL4T )4 S48 ))
CALLSIGBAR(AFMAXT yS{49 )Y 4S{50 ) ¢SAFMXTBAFMXTZIMGNM,S{S) }4S(52 ))
CALLSIGBAR(TFMAXT4S(53 ),S{54 ),STFMXT,BTFMXTHyINM,NM,S(55 ),S(56 ;)
CALLSIGBAR(DFTCL +S(57 },5(58 )ySDFTO1,BD0FTOL,IM,NM,S5(59 )yS{EQ ))
CALLSIGBARITOFTOL,S{61 )4S(62 )ySTDFTL,BTDOFTL,yIMyNM,S(63 )ySlE4 })
CALLSIGBAR(DFTC2 +S(65 )yS(66 )ySDFTO2,BDFTO2,IN,NM,S{6T 1,S(68 ))
CALLSIGBARITLFTO2+sS{69 )4S{T70 )ySTDFT2,BTDFT2,IMyNMsS(T71 )4S(72 ))
CALLSIGBAR(CTW eSU73 ) yS{T74 ) oSDTW  oBETW o IMNM,S(T75 ),S176 ))
CALLSIGBAR{FWL oS{TT 1,S{78 )4sSFWl JBFWLl SIVM,NM,S(T79 ),5(80 ))
CALLSIGBAR(FW2 2 S81 ),S(82 ),SFW2 BFW2 +IMNM,S(83 ),5(84 ))
CALLSIGBAR(DFW 2S(85 YyS(86 )ySDFW +BDFW o IMyNM,S(8T7 ),S5088 ))
CALLSIGBAR({CFMG 4S{B9 )4S{90 ),SCFMQ +BDFMQ oIMNM,S(91 ),S(G2 1)
CALLSIGBAR(FCIFIGsS{93 1,S(94 )4SFDFIGyHUFDFIG,IVM,KM,S5(85 ),S(96 ))
CALLSIGBAR(TCIFIGyS(97 )4S(98 ) 4STODFIG,BTLFIG,IM,NM,S5(99 }y5(1CZ))
CALLSIGBARI(LCIT #S1101),5(102),SDIT s BDIT 4 IMyNM,S(103),S(104))
CALLSIGBAR(ADIT ,S(105),S(106)+SADIT (BACIT LIMNM,S(107),5(108))
CALLSIGBAR(CFAFT +S{109)4S(110)4ySFAFT LBFAFT oIMNM,S(111),S{112))
CALLSIGBAR(TAFT  4S(113),S(114),STAFT ,RTAFT 4IMy\NM,y5(115),S5(116)}
COCNTINUE

IF(IPC.EQ.C) STOP

WRITE(6,887)

WRITE(6+888) BAFMAX SAFMAX BTFMAX,STFMAX BRAFMXT , SAFMXT,
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500
551
552
661

€6ll
662
11112
1903
1905
19C6

19C7

602
459
491
492

11111
7022
7602

603

502
604

TABLE A-3 (CONT'D)

2BTFMXT,STFNXT,
2B80FT0OL,SOFTCL,BYDFT1,STDFTL,BCFTC2,SDFT02,BTDFT2,STCFT2,

2BDTW o SDThoBFWLl sSFWL +BFW2¢SFW2,BCFW+SCFWBDFNQ,SDFMQ,
2BFOFIGySFLFIGBTDFIG.STDFIG,BDITSOITBACIY,SADIT,BFAFT,SFAFT,
4BTAFT,STAFT

WRITE(6,889) S(43),5(44),5(51),5152)

WRITE(6,9E8)

WRITE(6,1889) BWAT,SWATBATFAT,SATFAT,
2BTWAT ySTHAT 4 BSPWT SSPRT  BTVWAT, STVWAT 4BSPVYWT ,SSPVYWT,
2BAVHWT ySAVWT , BAVVWT s SAVVWT BTVAT,STVAT ETAT,STAT,BIMAXQ,SINMAXQ

IFUIPC.ECL.L) CALL PLOT(04C90.CyS599)

STop

FCRMAT (42X, 14)

FCRNMAT(O6X s 144 TXe 137X 117Xy 14)

FCRNMAT(315)

FORMAT(//7420Xs"OPTIONS AND INITIAL CCNSTANTS®,/,13X,*NTAB= '4,14,/,
213X Y MAXTE= %43139/7413X,'NTABY= *,14)

FORMAT (13X, *IRAND= ',12)

FORMAT(LI3X, *NNSUL)= 94315,/ 13X,°NNS{2)= *,15,/,13X,*NNS(3)= *,15)

FCRMAT (20X, *DATA FOR STATISTICAL ANALYSIS PRQOGRAM?')

FORMAT(OX ) FO6e2910X9F11e29l0XoFlla2¢BXoFlla29/7¢22X9F1lle2+9%XeF11.2)

FORMATI/,13X, *TABULAR VALUES FOR YT= *,F7,3,%' READ IN')

FCRMAT(L13X,YABPK=", I1PELL 445X, *ABSK="y 1PE1]1.4,5X,"ABNK=",1PE1l,4,
2 SXs'"APHEK='4lPE1l.4,5X, "APNK=",1PE11l.4)

FORMAT(//,13X,'TABULAR AREA DATA NUT USED BY CONFIGURATIGN AUMBER
21%, /413X, *BLT WHICH IS AVAILABLE FOR THE REMAINING CONFIGLRATICNS?
3)

FCRMAT(1HL y42Xy*CONFIGURATICN NUMBER *,14)

FORMAT(22F32.1)

FORMAT(S5X s T1oSXy I e 11 XaST g TXollebXylly/ZsTXaT1,7X,11)

FORMATILI3Xs"TEC= "4 Il4/413X,'1P0= *,11,

2/ 13X,INUNYI T J)= V45125 /413X, " ITEMP= ", 11,/413X,*IPRT= 9,11)

FORMAT(EL€E.9)

FCRMAT(7X,F1C.0)

FCRMATIF10.5)

FORMAT( //420X,*PROPELLANT CHARACTERISTICS' /413X, 'RHO= *,FS8.6,/7/,1
ZBX"Al‘—' "F7o5v1v13X1'N1= "
3FS5e3 9/ 913Xy YALPHA= "3 F4.l,/ 913X *'BETA= '4FS5.14/413X,'ROAL= ";F7.4
G/ 313X, "CSTARN= "3 1PELL a4y /v13X3*GAMN= " 1PELll.4,4/4y 13X, RN2NL= 7,
SIPELLl.4) '

FCRMAT(3XsF10.295X4F10.3) i

FCRMAT(//+20Xs*BASIC MCTOR DIMENSIONS 9 /913Xy 'L= "4F8e2:/0¢13X, :
1'TAU= '.Fb.B,/plBX.'DE= .'
2IPELL .4y /313Xy 'DTI="31PELL.L, /413X, *THETA= ", 1PELLl.4ye/ 13X, YALFANS=
3 YL IPELL Gy /413X "LTAP= YWIPELL.Gy/ 13Xy ' XT= 'L IPEL1,44/413%X,%20=
4 1PELLs4e/913X002C= 1,

S51PELY .44 /9 13Xe*RCNECN= 5 1PEL1 144y /913Xy *RONDCH= *,1PE11.4,/,13X, o
6YRCNDCGN= "5 1PEL1Ll.49/ 13Xe'RONDGH= "G 1PELLo4y /o 13X,'EXN= *,1PELlleGy ?ﬁ
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7/'13X"EYN= '119511040/'13XQ'EXH= 'olpEllo4v/013x"EYH= 'QIPE1104'
874 13X " ALPFAN= Y, 1PELL.4y/ o 13Xy "ALPHAKS ", 1PEll. b,
2/ 913Xy *THERMN= "o IPELLle4, /913X, "THERMH= 9,1PEL1l.44/,13X, i
2'NDIST= %,14) ¥
6044 FCRMAT(//420Xs*BASIC MCTCR DINENSIONS®s/,13%X,'L= *,FB8.2,/,13X,
I'IAU= '.F6.3./.13X,'DE= .,
2IPEIL Gy /913X, 'OTI= 4 1PELL a4y /)y 13X, *THETA= ", 1PElloe4y/ 913X, 'ALFAN=
3 "GIPELL.4s/ 913Xy 'LTAP= ', 1PEL)o49/ 913Xy 'XT= ¢, 1PELllebe/y13X,%20=
4'.1PE11.4./.13X.'ZC= ',
SLIPELle4y /913X *RCNCCN= ¢y 1PELlLlo4y/413X,y*RCNDCH= *,1PFE11.4,/,13X,
6'RCNEGN= "9 IPCILle4y /913X, 'RONCGH= 4 1PELLaby/913Xo'EXN= Y, 1PEL]l.b,
T/7o13X3'EYN= Y IPELL .G/ 13Xy 'EXF= "3 1PELLleby/y13Xe*EYH= ', 1PEL]l o4,
B/ o l3Xy*ALPFAN= 4 1PELLle4,/9 13X, "ALPHAH= *,1PE1l.4)
6041 FORNMATI(13X,'NFCUR= 1,14)
6040 FCRMAT(//4+20X9*BASIC MOITCR DINENSIONS'o/413%X,'L= *,FB8.2,7413X,
1*'TAU= ',F6.3'/'13X,'UE= "
21PELLeay /913Xy "OTI="41PELLe4y/ 13X, *THETA= ", 1PE1l.44/413Xs"ALFAN=
3 "olPELlL o4/ o 13Xy'LTAP= %y IPELLla4e/ 413Xy XT= ", 1PELLlu4s/y] . Xy'720=
4y 1PELL. 40/ 913Xy %2C= *,1PFlle4)
7702 FCRMAT(25X, *TABULAR VALUES FOR GRAIN TEMPERATURE DRISTRIBUTICNS®Y)
TCLT FCRMAT(13X,tY= *,1PEL1.4,10X,*TGR= ¢ ,1PF1l.4)
701 FCORMAT(LI3X,y'Y= " 1PELlL44,10Xy"TGRA= Y4 1PELl.4y10Xy'TGRB= ', 1PEll.4
2)
37C0 FCRMATI(5EL16.9)
1C2 FCRNMAT(13Xs'Y= *"41PEL1.4410Xs'TGRC= "4 1PE11.4,10X,'TGRD= ', 1PEll.4
2)
503 FORMAT(BXsF104394Xe1496XF10.2y7X9F10e2¢7XsF10ety/94XyFLl0aly4X,
2FlOe1 96X gFlOe29TXoFLl0e346XyF10a59/98XoFl0e7 TXoF10e62,8X4F10.7,
36X e F10aT /2 TX9yF10.345%X,F10.2)
606 FORMAT(//4920X,*BASIC PERFORMANCE CONSTANTS',/,13X,*CELTAY= *,F5.3,
17,13X,[[= ¢, 4,
1/ 13Xy " XCUT= *4FT7.29/413Xs'0OPCUT= "4F9.2,/,13X¢'ZETAF= ", FG.4,/,13
2XetTB= Yo FS5.1y /13X 'HB= Y3 F7.09/y 13Xy *ERREF= ¢
3¢FB.5¢/¢413Xe"PREF= " F842,/¢ 13X, '0OTREF= *,F7.3,/,13X,
4'PIPK= Y gF7.5,/7413X,'CSTART= *,F10.7¢/;13Xy *PTRAN= *,F8,2
59/ 913Xy "CSTARP= "y FLlOaT4/9s13Xy'TIGR= *4FTaby/y13Xy*GAMP= ", F1C.7,
6/ 13Xs " TMAXGQ= Y3 FT7.3,/413X,%ATF= * ,F10.2) -
6066 FCRMAT(13X,y*'TGR= ',F5.4)
6067 FORMAT(13X,*'SITEQ= *,11)
5067 FGRMAT(L3X,'SITCE= %,11) ;
1606 FCRMAT(13X, 'TEULKO= *41PEL1.4) p
1607 FCRMAT(LI3X e 'THULKE= 1,1PELL.4)
1022 FORMATU//+20X¢*INDIVIDUAL MCTCR CATAY)
102 FORNMATULSXy *WPl= v, 1PEJLebe /s 13X LiP2= ", 1PELLa%,/,13X,"kP= *,C000
11PELLeG o/ 913X,y "PHMAX= *,1PEL]l.4)
1021 FORNMAT(LI3X,tIXk= 9,110y / 13X, [X%X= *,110) §
171 FORMAT(L3Xy "WAT= "y IPE1 1.4y /o 13Xy 'ATFAT= ", 1PELL 4y /,13X, £y
ZUVITHAT= Vo 1PELLleGy/ o I3Xyt1TVHWAT= 0,

S
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TABLE A-3 (CONT'D)

CIPELL Gy /o 13X *ITAT= ,1PELL a4y /413X, *iTVAT= %,1PEL1Ll.4,/,13X%,
3VISPHT= "y 1PELLled s/ 13X [ISPVHT= Y 1PELL oGy /413X "FAVHT= ', 1PELLl.4%
49/7¢ 13X "FAVVNT= " IPELLL&y /413X, TIMAXQ= *, PELL.4)

887 FCRMAT(//+20Xye *MEANS AND STANCARC DEVIATIONS FOR MOTOR PAIR DATAY,
2/ 214Xy VAR, 46Xyt MEAN *4y5Xy* STOD. DEV. ')

888 FORMATULI3Xy*AFMAX ' 45Xe1PEL11.4y5XyLPELLLG,/,
213X "TFMAX "3 5XyIPEL11.4,5X,1PELLl.G,/,
213Xy YAFMAXT ' 4y SX 4 1PELL a4 y5Xe 1PELLotly/y
213X YTFMAXT® ySXyIPELL 495X 1PELL oGy /
213Xy *DFTO]l *,5Xs31PELllo4y5Xy1PELLo4,y/,
213X "TDFTCLY 95Xy 1PELL 445Xy 1PELLW4,/,
213X, *CFT02 *yS5XelPELL.64 35Xy 1PELL Wb,/
213Xy "TOFTCO2* 4SXyIPELL o4y SXy1PELLGb,y/,
213X *CTHW Yo 5XelPELL 4y 5Xy LPELL4y/y
213X, 'FWL "S5 XelPE] L4 25X e 1PELL W4/
213Xy *FHW2 Yo OXelPELLeGySXygylPELLLG,y/,
213X, 'CFW Ve OXy1PELL .4, 55X, 1PELLut,/,
13X 4 YCFME "y 5X 3 lPELL b e5X01PELL Gy /
13Xy "FOIFIGY 4 S5Xe1PELL L4y SXy1PELLGy/,
213Xy *TOIFICYyS5XeJPELL o4y 5Xy 1PEL Loty 7/,
213X, DIT Y 35Xe1PELL 495Xy IPEYL W4y /,
213X, YADIT V39X IPELLL4ySX,1PELL.4,/,
213X 'CFAFT ', 5Xy 1PELL.445%Xy1PFE11.4,/,
213X YTAFT Y3 5Xs 1PEL1L 495Xy 1PELL144)

B89 FORNMAT(//+20X+*ALTERNATE DISPERSION VALLES FOR THRUST IMBALANCE 0A
2TAY 3 /314X YWVARLYy6Xe" SIGMA 1 *,5X,? SIGMA 2 ./,
313Xe YAFMAX 35X IPELL a4y S5Xy 1P 11aty /913X *AFMAXT Y 45X 1PF11.4,
45Xy 1PELL .4)

988 FCRMAT(//,20X, "MEANS AND STANDARD DEVIATICNS FOR TOTAL MCTCR POPUL
CATICNY 9/ 214X, PVAR 1, 6X, 0 MEAN 'y5Xe' STC. DEV. ')

1889 FCRMAT(13X,'WAT Y95X,1PELl.4,5X,1PELY.4,/,
2I3X e YATFAT ' SX 4 1PELL e445X,1PEL1Y b,/
2LAX GV ITWAT ' 5Xy IPEL1Lle495Xy1PELLlaby/,y
213XV ISPWT " ySXe1PELL 445Xy 1PELLL4G,y/,
213X JTVHAT Y 4 SXs1PELLe49S5Xs1PELY e,/
213X e Y ISPVIT Y 45X 1PELL b e5Xe1PELL b,/
213Xe *FAVWT *35X41PELlLl.445Xy1PELL44,/,
2I3X 3 *FAVVWT ' 35Xy 1PELL o4y 5X e IPELL 4,/
213X YITVAT '3 SXy3 1PELL 495Xy 1PELL o447/,
213Xy YITAT  v,5Xs IPE1L1.445X31PELllab,/,
213Xy *TIMAXG Y y5Xy 1PEL11 495Xy 1PELLW4)
END
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TABLE A-3 (CONT'D)

SUBROUTINE AREAS

C AR AR AR A R ERERAR R R R R R R E R R Y R R R S LR L ]
C * SUBROUTINE AREAS CALCULATES BURNING AREAS AND PORT AREAS FCR %
C = CIRCULAR PERFGRATED (C.Po.) GRAINS AND STAR GRAINS DR FOR A ¥
c = COMBINATICN OF C.P. AND STAR GRAINS %
C AR RE R RS R RR RS R R R R R R S R R R R YR R R R R
INTEGER STAR,GRAIN,GRCER,CUF
REAL MCIS.MNO2Z, JROCK y Ny Ly ME» ISP, ITOT MU, ISPVAC
; REAL LGCI'LG“!’NS)NN'NP'LbSIVNTiiTp’LGC'LS'LF
i REAL V7. ITVAC L 1oL 2 LFW,LFWSQD

i CCMNG. VINSTL/ZW AELAT,THETA,ALFAN
i COMNMON/CONST3/SyNS GRAINJNCARD

CCVMGN/CCNST4/CELCI DO,CI42C4XT420
CCYNON/VARTAL/TGLELY,CELTAT,PCNCZyPHEAD)RNDZ yRHEADy SUMAB 4 PHMA X
COVMMON/VARIAZ/ABPORT yABSLOTyABNCZ yAPHEADAPNCZ yDADY ,ARP2,ABN2,ARS2
CCVMMUN/VARIAZ/ZITOT, ITVAC ) JROCK ISPy ISPVAC MDIS,MNCZ,S5G,SUNMT
CCVMVMOR/VARTAG/RNT yRHT g SUM24yR14yR2yR3yRHAVE y ANAVE yRBAR,YB,KCUNT
CCMMCN/VARTIAS/ABMAIN,ARTC,SUMCY,VC!4VCy TAU,ABODIF
COMNON/VARIABIYDILZTE
CCMMON/VARIAT/Y, THRUST
CCMNON/OVALA/CHIRyCHINySENySEH AZ yBZ ¢ KKL ¢ KKM
COMMCN/DATA2/T10ATA
DATA P1/3.14159/
ABPC=0.92
ABNC=0.0
ABSC=0.0
ABPS=0.0
ABNS=0.D
ABSS=0.0
CABT=03.0
SG=C.0
VCIT=0.0
ANUN=PL /4.,
pPID2=pPl1/2.
RNT=RNT+RNCZ*CELTAT
KHT=RET+RHEAC*CELTAT
IF{Y.LE.C.0) AGS=0.0
K=0 :
IF(ABS{ZIV).GT.C.O) K=1
YB=Y ‘
[FIK.EG.Y) Y=YB-SUNMDY/2. o

2 TFIK.EQ.2) Y=YHB+ARS(ZW)/2.-SUNDY/2. :
[IF(Y.GT.0.0) GC TO 1795
TF(IDATA-1) 5QC0,5000,5001

500U READ(5,500) INPUT,GRAIN,STAR,NT,0RDER,COP
WRITE(2,500) INPUT,GRAIN,STAR,NT,URDER,COP i
GC TC 5002 o
5001 READ(2+,500) INPUT,GRALN,STARWNT,0RDER,COP
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5002 CCNTINUE
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*
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%

*
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OO0 OO0 0000000000000

1795

9

CCNFIGURATICN AND
VALUES FCR INPUT ARE
1 FOR ONLY T

TABLE A-3 (CONT'D)

ARRANGEMENT

ABULAR INPUT

THE BASIC GRAIN

2 FCR ONLY EQUATICN INPUTS (EQUATIOMS ARE BUILT

ANC STAR GRAINS

INTQ THE SUBROULTINE)
3 FOR A COMBINATICN CF 1 AND 2
VALUES FCR GRAIN ARE
1 FOR STRAIGHT C.P. GRAIN
2 FOR STRAIGHT STAR GRAIN
3 FOR COMBINATION UF C.P.
VALUES FCR STAR ARE
STAR GRAIN IN THIS PRUGRANM)
C FOR STRAIGHT CeP. GRAIN
1 FOR STANCARD STAR
2 FOR TRUNCATED STAR
® FOR WAGON WHEEL

VALUES FCR NT ARE

0 IF THERE ARE NO TERMINAJICN PORTS

X WHERE X
VALUES CF CRDER ESTABL
GRAIN 1, ARRANGEC

1 IF DESIGN IS STAR AT HEAD
IS CoPo AT HEAD
C.P. AT HEAD
IS STAR AT HEAD

2 IF DESIGHN
3 IF DESIGN
4 1F DESIGN
PEENOTES®%x  IF
$ANCTER*%%  |F

CONTINUE
VALUES FCR COP ARE

ISH HOW

IS

GRAIN=lp
GRAIN=2Z,

(APPLICARLE TO C.P.

VALLE OF CRRER
VALUE OF CRCER

AN

C.P.
C.P.
STAR
STAR
MUST
MUST

ENC AND
END AND
END AND
END AND

GRAINS CNLY)

0 IF BOTH ENDS ARE CCMNICAL CR FLATY

1 1IF HEAD

HEMISPHE
2 1F BOTH EN
3

RICAL
DS

ARE HEMISPHERICAL

1S THE NLMBER CF TERMINATICN PORTS
A COMBINATICN C.P.

D

AT
AT
AT
AT
BE
BE

{WAGCN WHEEL IS CONSINERED A TYPE CF

STAR

NOZZ2LE
NCZZLE
NOZZLE
NOZ2LE
2
4

ENDC IS CCNICAL OR FLAT AND AFT END IS

IF HEAD END IS FEMISPHERICAL AND AFT END IS

CCNICAL

BREARRI ANV IR S NN AR RN AL Rk

IF{YLLE.O.0) WRITE(6,60T7)
IF{Y.LE.0.0) WRITE(6,600)
IFUINPUTLEC,.2) GO TO 12
IF(Y.LE.C.C) GC TO 6
IFIYTJLELYANCK.LT.2) GO
DENCPM=YT-YT2
SLOPEL=(ABPK-ARPKZ2) /DENCH
SLOPEZ2=(ABSK=-AUSK2)/OELNCH
SLOPE3I=(ABNK=AENKZ ) /DENCH

OR FLAT

INPUT,GCRAIN,STAR{NT,ORDER,COP

TO 8

94~

SERNAEEZAIRN ARV E IS A AR AN IR R ARG A ARk

ARNRERBARNB AR RN AP A R A S E LB A R AR DB R AN G AN ISR RAXI YR IN IR DA R
REAC THE TYPE CF INPUT FOR THE PROGRAM AND

# % % R O3 3k o % & & N

# 3% 3 3t 3 4 2 3¢ 3 3 % N &K I 3 o N

X
x
%
%
*
%
*
*
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TABLE A-3 (CONT'D)

SLOPE4={ APHK~APHK2)/DENCH
SLOPES=( APNK-APNK2)/DENCW
Bl=AEPK=-SLCPEL#YT
BZ2=ABSK-SLCPEZ23*YT
B3=ABNK-SLOPE3*YT
B4=APHK-SLCPE4XYT
B5=APANK-SLCPES*YT
ABPT=SLOPEl*Y+g81
ABST=SLOPEZ2*Y+B2
ABNT=SLOPE3*Y+E3}
APHT=SLOPE4*Y+H4
APWNT=SLOPES*Y+R5

TFCINPUTLEG.3)
GC YC 92

60 70 3

6 IFLIDATA-1) 5C03,5CC3,5204
5033 REAC(5,4507) YT ABPK,ABSKyABMNK ,APHK,APNK,,VCIT

NCARD=NCARC+]

WRITE{245C7) YT+ABPK,ABSKyABNK, APHKAPNK,VCIT

WRITE(6,61C0)

WRITE(6,5813) AEPK,ABSK,ARNK.APHK,APNK
WRITE(6,584) VCIT

GO TO 50¢5

5004 REACI(24507) YT,

ABPK,ABSK ABNK g APHK APNK VCIT

R A R R S R R R R R R R R R R Y
¥ READ IN TABULAR VALUES FOR Y=0.0 (NCT REQUIREC IF [INPUT=2)

ABPK {S THE
ABSK IS THE
ABNK TS THE
APFK IS THE
APNK IS THE
VCIT IS THE

TABLLAR

4+ 3 3 & A ¥ 4

&
%
BURNING AREA IN THE PORT IN IN%%2 ®
BURNING AREA IN THE SLOTS IN IN%%x2 %
BURNING AREA IN THE NOZZLE END IN IN%3%2 %
PORT ARCA AT THE HEAD ENLC IN IN#%xXx2 ¥
PORT ARGCA AT THE NOZZLE END IN IN#%%2 *
INITIAL VCLUME CF CHAMBER GASES ASSOCIATED WITH *
INPUT IN IN%%3 %

£

AR S R AR R E RIS ERE R EEEE R RS AR SR EREEREEREEEAREREEEEREEES R RN X

5005 ABPT=AHPK
ABST=ABSK
ABNT=ARNK
APHT=APHK
APNT=APNK
YT2=YT
TFUINPUTLEQ.3)
vCEi=VCIT
GG T0 52

g8 YT2=Y1
ARPEKZ=ARPK
ABNVKZ2=A0NK
ARSKZ=ABSK
APHKZ2=APK

GO 10 3



TABLE A-3 (CONT'D)

APNKZ2=APNK
IFLIDATA-1) S5C06,450C64+950C7
5006 REAC(5,505) YT sABPK,ABSK,ABNKAPHK  APNK
NCOARD=NCARC+1
WRITE(245C5) YTLABPK,ABSKyABNK,APHK ,APNK
WRITE(6,611) YT
WRITE(6+583) ABPK,ABSK,ABNK,APHK ,APNK
G0 ¥O 9
S007 REAC(2,505) YT+ABPK,ABSK ABAK,APHK , APNK
GC TO 9 .
I I E P E RS R R EE LR R RS E RS R R RS LR R R R RES SRR RS RRRRRRR R R R R R R 2
% READ IN TARULAR VALUES FOR Y=Y (NCT REQUIRED FCR INPLT=2) *
% (NCTE THAT TABULAR VALUE CARCS FOR Y GT Q DO NOT IMMELIATELY =
& FOLLOW THOSE FCGR Y £Q O IN ThE DATA LECK) %
PR R TSI RS R R SR ERR SR EREE SR REREERR RS ERRER R R R R AR R R R R £
12 ABPT=0.0
ABNT=0.0
ABST=0.0
3 IF(SRAINGEL2) GC TC 4
APPC=0.0
ABNC=0.0
ABSC=GC.C
G0 10 7
4 IF{Y.GT.C.0) GC TO 1792
IF(IDATA-1) 5CC9,5009,5010
5009 READ(S,501) XTZO,S
WRITE(2,%501) XTZC,S

OOOO0O0O

GC 10 5ull
5010 REAC(2,501) XT72Q,5S
5011 CONTINUE
READ(4,21111) DOZCI,THETAG,LGCI 4LGNI 4 THETCN, THETCH

C ARt kil b A 2 a AR AR AR AR A AR BRI R AR A AR A B4R AR AL A O DR AR A AN AR R
o * READ IN PASIC GECMETRY FOR CePe GRAIN (NCT REQUIRED FCR %*
C * STRAIGRFT STAR GRAIN) %
C %* XTZ0 1S THE CIFFLRENCE BETWEEN TEHE INITIAL INTERNAL GRAIN %*
C = CIAMETER AT THE NCZZLE END OF LGC! ANC DI IN INCHES %
C = LESS TWICE XT ANC LESS 2C %*
cC = S IS THE NUMBER OF FLAT BURNING SLOT SIDES (NOT INCLUDING %
C * THE NOZZLE EWD) %
C * X
C XMt a A s A AR SR AN RO NI AL DL AN RAINA XA DO DAL 40D AR I N Db
C =x THE FLLLCWING VARIABLES ARE CETAINEC FROM THE STATISTICAL %
C e ANALYSIS PROGRAM *
C Bt w s i a e g At A SRR LS NI R0 N e AU 2R b R E A AN DO XD L IR IR R AR
c = *
C ¥ 0C IS ThHE AVERAGE CUTSIDE INITIAL GRAIN CIAMETER IN INCHES &
C % CI IS YRE AVERAGF INITIAL INTERNAL GRAIN CIAMETER IN INCHES *
C % THETAG IS ThE ANGLE THE HO2ZZLE END OF THE GRAIN MAKES WITH %
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TABLE A-3 (CONY'D)

ThE MCTUR AXIS IN DEGREES

LGCI IS THE INITIAL TCTAL LENGTH OF THE CIRCUL AR PERFQORATICN

IN INCFES
LGNT IS Tre INITIAL SUANY LENGTH OF THE BURNING CONICAL
GRAIN AT THE NCIZ7LE ENC IN INCHES

h A e A Bl e AR

# % & % &

THETCN IS THe CCHTRACTICN ANGLE CF THE BCNCED GRAIN IN DEGREES*
* THETCH IS THE CCNTRACTION ANGLE AT THE HEAC END IN UEGREES »

MAADARE R A AR SRS A A GRS A I d S AN S NN AR AR A AR IR DR LIS HBL AN A BRI O AR N B A KA

IF(YelE«GaC) WRITE(64601) DOsCI o XTZ20)SeTHETAGWLGCIoLGNI THEICN,TH

LETCH

TAU=(0RO-Cl)/2.0
CELDI=2.0%XT420+XT2G
THETAG=THETAG/5T7.26578
THETCN=THETCN/57.25578
THETCH=THETCH/57.26578
DCSCL=pCxLL
CIsC0=CI=C!
ENUNM=ANUMZLCSGL
TLL=TE )
IF(CROER.CE.3) TLL=0.0
YCI=2,%Y+[1]
YCISGC=YLI*YCI
ABSC=S*ANULME(LCSCC-YDISCC)
[F{ABSC.LE.C.C) ABSC=0.0
IF(YCI.GE.LCCIGC TO 100
IF(THETAG.CTL0.08727) GC TO 1C1
IF(CCP.EC.Q) GC TC 700
IFICCP.EC.L) GC TO 701
IF(CCP.EG.2) GC 10 702
CHCK1=0CSCC-YLISGD
IF(CHCK1.LT0L.C) CHCKLI=C,0

LGC=LGCI-{(SCRTIUGSCC-DISAC)I-SQRTICHCKL))/2.~Y2COTAN(THETCN)

GC 1C 71¢C

CHCK1=0DCSEC-YCISCD

IF{CHCK1LTo0.C) CHCKL1=C.O
LGC=_GCI-{SURT(CCSCL~-LISCCI-SCRT(CHCKL))

GG iC 710

CHCKZ2=0OSCC-(YDI+DELDI ) **2

TF{CHCKZ2.LT.0.0) CHCKZ2=0.9
LGC=LGCI-(SCRT(DCSCC-(CT+CCLNTI ) *%2)-SQRT(CHCK2))/2.

2-Y¥COTAN(THETCH)

GC T0 710

LGC=LOGCT-Y*(CCTANITHETCN) ¢CCTANITISETCH))
ABPC=PI¥YCI*(LGC-TLL-S%Y)

APNC=C.0

GC 1C 732

CCATIRUE

IF{COPLG.C.CR.CEPLEQeL) GC TG 720
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TABLE A-3 (CONT'D)

CHCKL=DOSCC~-YDISGD
LGC=LGCI-(SCRT(COSGLC-CISGD)~SCRT(CHCKL1)Y)/Z2.-TLL
2~ (S+TAN(THETAG/2.) ) *Y
ABPC=PI*YCI1*LGC
GC 10 730
720 LGC=LGCI-Y#CCTAN(THETCH)-TLL-(S+TAN(THETAG/2,)) %Y
AHPC=PI»YLCI#LGC
730 JTF(CCP.EC.1.CR.COP.EQ.2) GO TG 731
ABNC=Pl=(LGNI-Y*COTANITHETAG+THETCN)-Y2TAN(THETAG/2.))%(D1+
1 OELCI+Y+LGNI*SIN(THETACY+YXSIN(THETCN)/SIN(THETAG+THETCN))
GC T1C 732 . ;
731 IF(Y.LE.C.Q) CGC TO 7311
GO T1C 7312
7311 R7=((CI+DELCI /2. ¢LGNI*SIN(THETAG) ) %2COSITHETAG)-SIN{THETAG) =
I SCRT((CC/2)%%2-((0DJ+CLLOYE) /2 +LONTI=SINITHETAG) ) %%2)
7312 TF(RT+Y. LT (DC/2.)%COSCTHETAG)) GC TO 11111
ABNC=PIx(LGONI+(1./STRNITHETAG)I I ®{{DD/2.)-LONT=SIN{THETAG)-(D]
2HCELCI) /2 )=Y*COTAN(THETAG)-Y* TAN(THETAG/2.))%{(DI+CELDL) /2,
3+Y+[C0G/2,)
GO TC 22222
L1111 RPR=SCRTI(IOC/2.)*%2)~RTIA%2)=SCRT{{(D0/2)%%2)=(RT+Y)=%2)
ABNC=PIX(LGNI-RPR=Y*TAN{THEYAG/Z. ) ) 2{((CI+DELOI) /2. +SERTLIDOY
1 2.1 %82« (RT4Y)%%2)#SIN(TRETAG)I+Y+(RT+Y)IXCOS(THETAG))
22222 CCNTINUE
732 TF(ARPCLLELO.O0) ABPC=0.D
IF{ABNC.LE.C.0) ABNC=0.0
GO TO 5
1600 ABNC=0.0
ABPC=0.0
5 APHT=ANUMR{CT42.%RHT ) *%2
IF{APET.CELPRAUNM) APHT=BNUM
IF(K.LTL2) APRTL=APHT
APNT=ANUNB(CI+CELDI+2 4 %RNT ) 2%2
IF(APNT.GE.RNUM) APANT=BNUN
IFIGRAIN.NE.Y1) GO YO 7
ABPS=0.0
ABSS=C.0
ABNS=0.0
GC TO 590
7 IF(Y.GT.0.0) GC TO 1794
IF{IDATA-1) HC12,5012,5013
al2 READ(S5,502) NS,NPNN
WRITE(2,502) NGpNPyAN

b

GG TC 5014
5013 READU2,502) NSyNPNN
$01la CCNTINUE
READ(4,21111) LGSI,RC,FILL
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TABLE A-3 (CONT'D)

BORANEOHAB AN A DR BN RN I N VIR G SN B NI NI DN DS OL DB D OB ARRANBE AKX K

* READ IN EASIC GECMETRY FOR STAR GRAIN (NCT REQUIRED FCR %
* STRAIGET C.P. GRAIN) *
* NS IS THE NUMBER OF FLAT BURNING SLOT SIDES (NCT INCLUDING *
* THE NGOZZLE END) %
* NP IS THE NUMBER OF STAR PCINTS %
* NN IS THE NUMBER OF STAR NCZZLE END BURNING SURFACES *
x : *
LA R R R 2R 2 RS ER R RS R R 2R R R R R AR R AR R R AR RARERRRRERERE R S 2
* THE FCLLOWING VARIABLES ARE CETAINED FRCM THE STATISTICAL *
* ANALYSIS PRCGRAM Lo
(RS EE RS RERRERRS R R AR iR AR RRRRR RS R RRRRRRRRRRRRRRERREERRRRER DS
] %
* LGST IS THE INITIAL TOTAL LENGTH QF THE STAR SHAPED *
¥ PERFCRATELC GRAIN IN INCFES ¥
* RC IS THE AVERAGE STAR GRAIN OQUTSIDE RADIUS IN INCHES x
» FILL IS ThE FILLET RADIUS IN INCHES *
XX EEEREREEREEE R R R AR R R RS EERREREERRRREREEREEEEREERRE RN EEE R BE

IFIYLESCaC) WRITELG6,602) NSyLGSIyNPyRCHFILLGNN
IF(YJLE«CeC.ANC.GRAINGERS2) NC=2,0%RC
PICNP=PI/NP

RCSCD=RC*RC

1794 FY=FILL+Y

FYSCOD=FY=*FY
IF(STAR.EQ.Y) GO TO 20
IF{STAR.EG.2) GO 10 201
IFIY.GT.C.Q) GC TQ 179
REAC{492111]1) RIWWyLLeL2)ALPHAL ALPHAZ HW
PARAREFRABEN NI N DA RN R AN LB IR DG AR AR DDA D AR N BB R IR GO D AN A DR AN N b R

%* READ IN GECMETRY FOR WAGUN WHEEL (NOT REQUIRED FOR STANDARC %
% CR TRUNCATED STAR GRAINS) *
& #
BARRRRR AR AP D E ISR ARG R AN ARRN P A IR N BB B AR A B R AE DI AR A D AR U DA BB KR A X
* THE FOLLOWING VARIABLES ARE CBTAINED FROM THE STATISTICAL e
% ANALYSIS PROGRAM "
BRABS RN RE AN B E IR A DA E SRR AR N SRR ANRE AN DRI DA IR B ARSI N A AR R Dk s
* *
% RIWW IS THE AVERAGE RADIUS OF THE INSIDE OF THE PROPELLANTY x
* WEB IN INCHES %
x Ll ANC L2 ARE THE LENGTHS CF THE TWO PARALLEL SIDES OF THE %
%* TWO SETS OF STAR POINTS IN INCHES %
% ALPHA] AND ALPHA2 ARE THE ANGLES BETWEEN THE SLANT SIDES OF *®
% THE STAR POINTS CORRESPCNDING TO L1 AND L2, RESPECTIVELY®
* *ND TAHE CENTER LINES CF THE PCINTS IN DEGREES %
% HW IS ALF THE WIDTH CFF THE STAR POINTS IN INCHES *
ARG AER AU AN B RIS S AL DS BHERRE LA AN AN AR A AL DA AN A AT DN D ID AN A DB D 0Bk kX

WRITE(G69422) RIWwoLlyL2yALPHALZALPHAZ yHW
TAUWW=RC-RIhW
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184

182

222

223

185

TABLE A-3 (CONT'D)

IF(GRAIN.EG.2) TAU=TAUWW ‘
IFIGRATNGEQ.2) CI=CO~2.04TAUNW

ALPHAL=ALPFAL1/57.29578

ALPHAZ=ALPIA2/57,29578

ALP2=ALPHA2

XL2=12

LFW=RC=-TAUWR=-FILL

LEWSQL=LFhoLFY

THETFh=ARSIN((FW+FILL )/LFy)

SLEW=LFWASIN{THETFW)

KKK={

SG:C.O

ENUN=(RCSCC—LFNSCD-FYSCD)/(2-*LFK*FY)

ALPHA2=ALP?2

L2=xt2

YTAN=YXTAN(ALPKA2/2.)

CCSALP=CCS(ALPIA2)

SINALP=SIN(ALPHA2)

IF(YTAN.GT.L2) GO TO 182

IF(FY.GT.SLFW) GO TC 181
SGH=NP*(L2-2.*YTAN+(SLFH-F!LL)/SINALP—Y*CCTAN(ALPHAZ)+FY*
1 &PlDZ*TPElFH)+(LFw+FY)*(PIDNP-THETFN))

GC TC 183

IF{Y.CToTALWK) GO TC 184
SGN=NP*(FY*(P(CNP+ARSIN(SLFN/FY))#(PIDNP—THEYFN)*LFN)

GC TC 183

SGW=NP*FY¢(THETFW+ARSlN(SLFw/FY)—ARCOS(ENUM))

GC TO 183

YPO=~SLFW

IF{ALPHA2 .GELPID2) GO TQ 222
C=—FILL*L2%TANIALPHA2)-Y/COSALP
XP1=(-Q*TAN(ALPHAZ)~SQRT(-Q*O+FYSQDICOSALP*CCSALP))*COSALP*CCSALP
YPI=XP[*T£A(ALPHA2)+C

XPO={YPO-C)#CCTANL - PHAL )

GO TO 223

XPI=Y~{2

YPI=~SQRT(FYSQL=-XPI*XP]}

XPC=XP1

FYLS=SQRTISLFWASLFW+XP[%xP])

XPIC2=<KPI-XPC)*(XPI—XPOD

YPIC2=(YPI-YPL)*(YPI-YpPQ)

IF(FY.GT.FYLS) GO 70 186

IF(Y.CE.TALKWY GO TO 185
SGW=NP*(SCHT(XP102+YP102)fFY*(P1024THETFN-ARSIN(XPI/FY))*(LFH+FY)*
1 (PICNP-THETFW) )

GO TO 183
SGN=NP#(SGRT(XPKGZfYPIOZ)*FY*(PIDZ-AQSIN(xPl/FY)-ARCOS(EAUM)))
GC 1C 183
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TABLE A-3 (CONT'D)

186 [F{Y.GT.TAUWW) GO TC 187
SGU=NP*X{FY®{(PICNP+ARSIN(SLFW/FY))+(PIDNP-THETFW)%*LFK)
GO TO 183
187 SGW=NP#FY*(THETFW+ARSIN(SLFW,/FY)-ARCOSUIENUMY))
183 [F(SGW.LE.C.0) SGW=0.0
IF(Y.CT.C.C) GC TO 188
AGS2=.5% (P *RCSQD~-NP XL FVH*SLFW*{CCSITHETFW)-SIN(THETFW)*CCTAN{ALPHA
1 2)=2%(L24FILLXTAN(ALPHA2/2.))/LFH)={(PI=-THETFWANP) *LFWSQD~2.%NP*F
2 ILL*(L24SLFW/SINALP+LFW2(PIDNP-THETFW) +(PIDNP+PID2-1./SINALP )%
1 FILL/2.))
AGS=AGS5+AGS2
188 CCNTINUE
SG=SG+SCwW
IF(KKK.EG.1l) GC TO 24
L2=L1
ALPHAZ=ALPHAL
KKK=1
GC 10 190
201 IF(Y.GT.0.0) GC TO 1793
READ(44,21111) RPLRIS
Y e i I e eI I I I oI MM

% READ IN GECMETRY FOR TRUNCATEL STAR (NOT REQUIRED FOR *
* STANDARD STAR OR WAGON wHEEL) %
& %
Y L R R T I eI I I ™y
% THE FOLLOWING VARIABLES ARE CEBTAINELC FROM THE STATISTICAL #
% ANALYSIS PROGRAM x
Y L i T s s T Inmnmmmmnm.-
* &
% RP IS THE INITIAL RADIUS OF THE TRUNCATICN IN INCHES &
* RIS IS THE AVERAGE RADIUS CF THE INSIDE OF THE PROPELLANT %
* WEB IN INCHES *

AR R R AR TR AR AN AR AN A IR R A DD R AR AR N KA DA A AR NN Rk E S SR AR
WRITE(E£,6C3) RP,LRIS
TAUS=RC-RIS
IF{GRAINCEG.2) TAU=TAUS
IFIGRAIN.EQ.2) DI=CC-2.0%*TAUS
THETAS=PICNP

1793 RPY=RP+Y

LS=RC~TAUS-FILL=-RP

RPL=RP+LS

THETS1I=THETAS-ARSIN(FY/RPY)

IF{THETS1.LC.C.0) GC TO 110

IF(Y.LE.TALS) GO TO 1Q3
THETAC=ARSIN((RCSQD-RPL*RPL=FYSLDY /(2. FYRRPL))
IF(THETAC.GL.0.0) GC VU 104

IF(Y.LTJRC-RP) GO TC 105

SG=0.0
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GO 10 14

103 SG=2.*%NPX(RPY*THETS)+LS=(RPY*COS{THETAS~-THETS1)-RP)4PIDZ%*FY)
GC 10 14

104 SG=2,*NP*{RPY*THETSL+LS~(RPY*®COSITHETAS-THETS1)~RP)+FY*THETAC)
GO TO 14

105 SG=2.2NP#(RPYXTHETSL1+SQRTI(RCSQC~-FYSQD)=-SQRT{RPY*RPY-FYSQD))

14 IF(Y.LELOLC) AGS=PI*(RCSCO-RP*RP)=-NP*{PIAFILL*FILL/2.4+2.%LS*FILL)
GO 7O 31

110 THETAF=TRETAS
THETAP=2 ., *THETAS
TAUWS=TALS
GO T0 111

20 IFlY.GT.0.0) GG TO 1791

REAC(4421111) THETAF,THETAP,RIWS
I I eI I

% READ IN GECMETRY FOR STANDARD STAR (NOT REQUIRED FCR *
* TRUNCATEC STAR OR WAGON WHEEL) *
% *
CAARAR DA AR RN R IR R AR I NS AR IR B BB A E R AR AR DS LA D AN AR S E AR AR DA Rk
* THE FOLLCWING VARJIABLES ARE CBTAINED FROM THE STATISTICAL 2
* ANALYSIS PROGRAM *
AR RN A AR AR AR AR R AN IR R AR AR AR AR AN BB E AR I RN R G AR AR B DB A D SNk
* *

* THETAF IS THE ANGLE LCCATION OF THE FILLET CENTER IN DEGREES *
* THETAP IS THE ANGLE OF THE STAR POINT IN DEGRECS *
* RIWS IS THE AVERAGE RADIUS OF THE INSIDE CF THE PROPELLANT *
. WEB [N INCHES *
t2 2RSSR R 2R R R 2R RRR R ERR LR R RRRRR AR R RRRRRRREERR RS R T ]

WRITE(64604) THETAF,THETAP yRIWS
TAUWS=RC-RIWS
IF(GRAINJLEG.2) TAU=TAUMS
IF(GRAINLEQ.2) DI=CC~2.0%TAUWS
THETAF=THETAF/57.29578
THETAP=THETAP/57.29578
THETAS=PI/NP
THETS1=1.CC
111 LF=RC-TAURS-FILL

1791 CNUM=(Y+FILL)/LF

DNUM=SIN(THETAF)/SIN(THETAP/2.)

ENUM= (RCSCC-LF*LF-FYSQD)/(2.%LFAFY)
FNUN=SIN(THETAF)/COS(THETAP/2.)

ITF(CAUMJLELFNLM)Y GO TG 106

IF(Y.LE.TAUWS)GOD TO 107

SG=2 . *NP*FY®(THETAF+ARSIN(SIN(TEETAF)/CNUM)-ARCOSIENUMY)

GC TC 23

106 IF{YJLETAUKWS) SG=2.*NP*LFX(DAUNM+CNUNMA(PID2+THETAS-THETAP/2,

1-COTAN(TRETAP/2.) J+THETAS-THETAF)

IF(Y.LE.TALWS) GO TC 23
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S?=2.*NP*(FY*(ARSIN(ENUM)+THETAF-THETAP/2.)+LF*DNUM-FY*CUTAN(THETA
1P/2.1})
GC TC 23 :
107 SG=2.*NP2LF&(CNUM*(ThETAS+ARSIN(SIN(THETAF)/CNUM) )+ THETAS-THETAF)
23 IF{THETSLl.LE.C.Q) GC TO 14
IF(Y.LE.C.C) AGS=PI#*RC*RC-NPHLFALFX{SIN{THETAF)*(COSITHETAF)~
LSIN(THETAF ) *CCTAN(THRETAP /2. ) )+ THETAS-THETAF+2 . *FILL/LF*(SIN(THETAF
2)Y/SINITHETAP/ 2 )4 THETAS-THETAF+FILL/ (2. *LF)*(PID2+4THETAS~THE
3TAP/2.-CCTAN(THETAP/2.)1)))
24 CCNTINUE
31 IF(SG.LE.D.0) SG=0.0
IF(K.EQeJoCR.K.EQa2) SGN=SG
IF(KJ.LEsl) SGF=SG
IF(Y.LE.0.0) SC2=SG
IF(K.EQ.2) GC TO 37
RAVEDT=R14(SG+5G2)/2.%RPRAR®DELTAT
RNDT=R2+(SC+5G2)/2. *RNAVE*DELTAT
RHDT=R3+(SC+5G2)/2.*RhAVE*DELTAT
R1=RAVEDT
R2=RNCT
R3=RHLCT
SG2=S56
GC TG 38
37 IFIKCUNT.NE.1) GC TO 39
SG3=SG
R4=R1
R5=R2
R6=R3
39 RAVEDT=R4+(SG+SG3)/2.*%RBAR*DELTAT
RNDT=RS5+(SG+5G3) /2. *RNAVE*LELTAT
RHCT=R64(SC+SG3) /2. *RKAVE*DELTAT
R4=RAVECT
R5=RNLCT
R6=RBLCT
SG3=S5G
38 ABSS=(AGS-RAVELT) %NS
IF(ABSS.LE-C-0.0R.SG.LE-0.0) ABSS=0.0
ABNS={AGS-RNDT)%NN
IF(ABNSOLE.COC.DR.SG.LEO0.0’ ABNS=0.0
IF(CRCER.LEL2) ABPS:=(LGSI-Y*(NS+AN))I*SG
IF{CRCERLLEL.2) GC TO 36
ABPS=(LGSI-TE-Y*{NS+NN))*SG
36 PIRCRC=PI*RCS(C
APHS=PIRCRC=AGS+RHET |
IF(APHFSGEPIRCRC.OReSGLE.C.C) APHS=PIRCRC
APNS=PIRCRC-AGS+RNDT
IF{KeLTeZ) APRS1=APHKS
IFULAPNS.GELPIRCRC) APNS=PIRCRC

-103-




OO0 OOOOOO0ON

TABLE A-3 (CONT'D)

50 IF(NT.EQ.C.0) GO TO 371
IFIYJLE.CeC) READ(4,21111) LTP,DTP,THETTP,TAUEFF

RIS R REERR R 2 RS RRRR R R RS RR RS RRR R R AR 2R

* READ IN GECMETRY ASSOCIATEC WITH TERMINATICN PCRTS (NCT *
* RECUIRED IF NT=0) »
] #*
‘0##&###ﬁ##‘#‘##f‘t##‘#““0#'*#"‘#‘#“#‘#i####t#.####.‘0##‘###“###
* . THE FOLLCWING VARIABLES ARE CBTAINED FROM THE STATISTICAL *
* ANALYSIS PROGRAM %
22 F 2 XSRS RRRRRRRR R R SRR R RS RRRRRRZESRRERER SRR R R R R 2 2 2 3
* 3
® LTP IS THE INITIAL LENGTH CF THE TERMINATICN PASSAGES .
% IN INCFES *
* CTP IS THE INITIAL CIAMETER CF THE TERMINAT'CN PASSAGE %
* IN INCHES #
* THETTP IS THE ACUTE ANGLE BETWEEN THE AXIS OF THE PASSAGE *
* ANC THE MCTOR AXIS IN CEGREES *
* TAUEFF IS THE ESTIMATED EFFECTIVE WEB THICKNESS AT THE %
* TERVINATICN PORT IN INCHES *
I ZE 22 E SRS R R R RS RRR SR ZE SRR 2R RRRRZRRRRRRRRRRRRRRRRRRRRR R R RRRE R 2 8

IF{YeLE«QeC) WRITE(G64606) LTP,CTPoTHETTP,TAUEFF
THETTP=THETTP/57.29578
CABT=NT*3.14159%((DTP42 %Y )X (LTP-Y/SINITHETTP))=(DTP+2.,%2Y)*%2/4.¢
LIY+CTP/2.)%(DTP/2e) #{1a=1/SIN(THETTP)))

IF(Y.GE.TALEFF) CABT=0.0

371 IF(Y.GT.0.0) GC TO 52

IF(NT.NE.O.0) GO TC 45
LTP=0.0
pTP=0.0
45 IF(GRAIN.NE.Z2) GU TO 49
LGCI=0.0
LGNI=0.0
CISCC=0.0
CCSCC=4.*RCSGC
49 IF({GRAIN.EC.1} LGSI=0.0
VCI=1a1%(ANUHMFCISQD*{LGCI+LGNI )+ (ANUMXCOSGO-AGS )Y *LGSTI+NT*LTPRANUMX
1 OTP*DTP)I+VCIT
52 HBP;OOO
88S=0.0
BBN=0.0
IF(K.NE.OQ) GO TO 521
IF(KKL.EC.O-.ANC.KKM.EQ.O0) GO TO 521
CPBA=ABPC
SPBA=ABPS
IF(KKL.EG.C) ABPC=ARPC*(BZ+AZX(1.¢CHIN)Y/2.)
IF(KKM.EC.0) ABPC=ABPCH(BZ+AZ%(l.+CHIH)/2,.)
ABDIF=CPRA-ABPC
IFIKKL.EQeCoeANDGRAINGEQ.2) ABPS=ABPSH(DRZ+AZ*(1,+CHIN)/2,.)

-104-
REPUATTUCII Y OF THE

ORIGIWNAL PsGu Is POOR




v comsms s Nt M A R

TABLE A-3 (CONT'D)

IFIKKMOEGoC.AND.GRAINGEQ.2) ARPS=ABPS#*(P2+AZ%(]1.,4CHIH)/2.)
IFIGRAIN.EC.2) ABDIF=SPBA-ABRPS

521 ABPORT=ABPT+ABPC+ABPS+DABRT+BBP f
ABSLOT=ABST+ABSC+ABSS+(38S P
ABNCZ=ABNT+ABENC+ABNS+BBN ;
IF{K.GE.2) GO TO 55555
SUMAB=ABPCRT+ABSLCT+ABNOZ

55555 CCNTINUE

IF(K.EC.D) GU TO 99
IF(ZW) 322,323,323 : 5

322 IF{K.EQel) ABPCRTY=ABPURT#CHIN i

GC TC 33333 i

323 IF(K.EQel) ABPCRT=ABPORT®CHIH :
33233 [F(K.EG.1) ABMAIN=ABPORT+ABSLOT+ABNOZ !
K=K+1 :
IF(K.GT.2) GO TO 69 3

GC TO 2 |

69 ABTC=ABPORT+ARSLOT+ABNGCZ
99 CCNTINUE : i
IF(Y.GT.0.0) GC TO 70 .
ABP1l=ABPCRT :
ABN1=ABNCZ :
ABS1=ABSLCT
70 ABP2=(ABPL+ABPCRT)/2.
ABN2=(ABNL+ABNCZ2)/2.
ABS2=(ABS1+ABSLOT)/2.
IF{INPUT.EG.1) GO TO 76
GC TC (71,72,73,74) .0ORCER
71 APHEAD=APES]
APNCZ=APNT
SG=SGH
GO 10 75
72 APHEAC=APFT1
APNCZ=APNT
SG=000
IF(GRAINLEC .3) SG={SGH+SGN) /2. ;
GC TQ 75 3
73 APHEAD=APHTI1 1
APNCZ=APNS
$G=SGN ;
GC 70 75 <
74 APHEAD=APES] ;
APNCZ=APNS ,
SG=SGN
GC TC 75 ,
76 APHEAD=zAPHKY
APNCZ=APNT
75 Y=YB
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TABLE A-3 (CONT'D)

CIFF=SUMAB-SUM2
DACY=CIFF/CELY
ABP1=ABPCRT
ABN1=ABNOZ
ABS1=ABSLGT
IF(Zh.GE.O0.0) GO TO 77
ABM1=ABMAIN
ABMAIN=ABTC
ABTC=ABM]

17 RETURN

21111 FCRMAT(EL6.9)

5C0 FORMATIOX g 12¢FXe1298X91296XeF4.Ce9X9I12,7X,12)

607 FORNMAT(//420Xy*GRAIN CCNFIGURATICN'")

600 FORMATI(13Xyg'INPUT= *9124/913Xe"GRAIN= *,12,/,413X,"'STAR= %,12,/,13X
l,.NT= "FQ.GQ/QIJX"ORDER= "lZ'/'lBX"COp= '012'//)

507 FCRVMAT(O6X FE 29 10XoFlleZ2yl0XyFLlla2+8X9F11.297922XeF114299%XyF11.2,
1 B8XesFll.2)

610 FORMAT(13X,*TABULAR VALUES FOR YT EQUAL ZERG READ IN')

583 FCRVMAT(13XyYARPK=? 3 1PELL o4 95Xy *ABSK=Y g 1PEL]L.4,5X,*ABNK=",1PEL11l.4,
1 5X1'APH'(:"lPEllo"'SXQ'APNK=.'1PE1104,

584 FORNAT(13X,'VCIT=*,1PEIl.4s//)

505 FORMAT(EXgFO.29 10X o F11e2410XyFllo298XoFlle29/422X9FLl1le249%XyF11.2)

611 FORNMAT(//7913Xy*TABULAR VALUES FCR YT= ',F7.3,' READ IN')

501 FORMATI(6X»F1Ce343XyF10.0) .

601 FORMATIZ20Xo'CePe GRAIN GEOMETRY ' 3/413X,'D0= *3FTe39/413X,'DI= ", F7
1e39 /913X " XTZC= "yFTa3y/+413X9*S= *3F4,04/9 13Xy THETAG= "4yFB.54/,13
Xy LGCI= " WFT o290/ 913X "LCENI= ' 9F6,25/7/913Xe*THETCN= "4F8.59/413X%,
3'THETCH= "4wF8.54//)

502 FCRMAT(4XyF1Ce094X9F1CeCy4Xy4F1C.C)

602 FORNMAT(23X,*BASIC STAR GECMETRY'/y 13Xy *NS= '"yF4,0,/,13X,°LGSI= ¥,
1F7.29/7 913X *NP= V3 Fa4,0,/4313X3'RC= "4 FTa30/ s 13Xy 'FILL= "4FT7:34/7413X
29'NN= ", F4.0,/7) ‘

422 FORMATI{20X,y *WAGON WHEEL GEOMETRY ',/ ,413Xs "RIWW= *,F5.2,/413X,

1 'Ll= "2 F5.2¢/913Xe%L2= *4yF5.29/7913Xs"ALPHAL= ', F7.54/413X,
2 'ALPHAZ-’- "F705'/'13X"HN= .'FSOZQ//,

603 FCRMAT(20Xy *TRUNCATED STAR GECMETRY® /413X, 'RP= *4FT7.34/413X,'R[S=
1l *wF7.3,/7)

604 FCORNMAT(20Xy*STANCARLC STAR GECNMETRY® /313X 'THETAF= *3F9.54/413X,*T
IHETAP= %,F 9,54 /913X, 'RIlS= *'2F7.34/77)

606 FCRMAT(20X,*TERMINATICN PORT CECMETRY ' 4 /,13X,'LTP= "4,Fb6.2,/913%Xs'D
1TP= # g F5.2¢/ 213Xy *THETTP= "2 FT1.54/313X, '*TAUEFF= ",F€.34/77)

END
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TABLE A-3 (CONT'D)

SUBRCUTINE CUTPUT

o 2 2SR A RN R AR R R AR EEREEE R FEFEREEFFFERREEEETEEE B R LR RS PR R R I R

c = SURRGUTINE CUTPUT CALCULATES BASIC PERFURNMANCE PARANMETERS
: c * AND PRINTS THEM OUT *
i c » (WEIGHT CALCULATIONS ARL PER{CRMED IN THE FAIN PRCGRAN) *
5 C * T IS THE TINE IN SECS o
4 C = Y IS YHE DISTANCE BURNED IN INCHES i«
] c » SLMAB IS THE TCTAL BULRNING AREA CF PRCPELLANT IN IN#%2 *
4 cC * (IF ANY) #
i cC * F IS THE VHRUST IN LBS *
. C ITCT 1S THE TOTAL IMPLLSF IN LR=-SECS s
p c » PHEAD ANC PCNCZ ARE THF HEAD ANL AFT IEND STAGNATICN i
4 c = PRESSURES IN IB/IN®*%2 RESPECTIVELY s
ﬁ R P 2R A BT R R R EEESER EE EEEEE R R R R R R R I B R UL B Rt R R S S P I U B R
: REAL MCIS,MEZITOT M2, MDRAR ITPLETZITPLYTL ILIFFyIALIFF, ITVAC

CONNCN/CONSTLZ ZWG A AT o TIHFT A, ALFAN
CCMNMON/CCNST2/CAPGAN G VPEGBGT o ZETAFy TRy HE y GAM
COMNCN/CONSTS/KPLT, IPRT

CCVPON/VARIAL/ Ty LELYyCELTAT PUNCZyPHEAD $ RNGZ yRHEAL ) SUM AR PHPAX

0 CONNOA/VARIAZ/ITCT g ITVAC y JROCK y ISPy ISPYAC MLTI Sy MNCT 4S5 ¢ SLMMT
1 CCNNCIN/VARIAS/ABMAINGARTC SUMEY s VC T4 VC, TAU

COMNCON/VARIAT/Y o F
% CONNON/ZPAIRL/ VY g THZyCTH o Fhl g FhZ oDF WL oDFW2,DFwy TFAXC,DI MQ,

2FOIFF yTCIFF N

CCNNCN/PLCYT/IPOWNCUM NP, INP

CCVMNMCN/PLOT2/NULMPLT

CCMNMCN/CUTLI/FCIFIG,TCIFIG,UITHyALCIT
COMNON/CUT2/0FAFT o TAFT JATFL,TPLECTLITPLOT,TGR,PSI
CCMVNEN/DATA2/ICOUNT

CIMENSICN TCFPLT(GG3),TOTPLT(SSS) o TOFPLLIISS3),TCTPLI(GG9)
CIVENSICN FPLOT(99G)yFPLUTLIGGY) ¢ ITPLOT(SST)ITPLTLIS9Y),
STPLOT(9GG) ,TPLOTLI(469)

CIVERNSICN FLIFFUSSS) o IDIFFIGSG )y TDIFFISSG) ,IAPIFF(957)
CINENSICN NUMPLTIS)

IF(Y.LE.C-C) NTO=C

IFINDUMGEGLL) GO TG 2

NP=NP41

YSFT=C.C

YB=Y

IF(YeLFeloC) M2=D1S

MEBAR={NM2+VLIS )/ 2.

SUMPT=SUNMNMTHEDEARAGEL TAT
PRES=(1aALCT/2ZHMERMEY X (-LAM/LCT)

ALT=RE (T TRISM(T./3,)

PATH=14.606/TXPI2,43103G~-Ca%ALT)

TRLFLIS oL 8o CaC e PONCZL LT 4 CaC) GO TG 45

CE=CAPGINMFCERI A2 e GARZBCT A La=PRESIMIRCT/GAMY Y)Y #AC 2R (DRALS-PALE/D
1CNCZ)
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CFVAC=CFrAE/AT*PATIH/PCNOZ
F=ZETAF*CCSOIFETA)*PUNOZ#AT<{ (1 +COSIALFAN))/2.%CF+(1.~-COS(ALFAN))
172 ¥AE/ATH{PRES-PATNV/PLNCZ))
FVAC=ZETAF*COS(THETA)*PCNOZ*AT*( (1o +COS(ALFAN))/2.%CFVAC#+().~CGS(A
LLFAN))/2.%pE/AT*PRES)
IF(FelLEsCuC) F=CoC
IF{YJ.LE«CWsC) F2=F
IF(Y.LE.CWsC) FV2=FVAC
FBAR=(F+FZ)/2.
FVBRAR=(rVZ4FVAC)/2.
ITOT=ITCT+FRARAQELTAT
ITVAC=ITVAC+FVBARXDELTAT
M2=VMDIS
F2=F
FV2=FVAC
TF(PHEAD «GTPHNAX) PHNAX=PHEAC
GC TC 47
45 F=0.C
CFVAC=C.C
FVAC=C.C
47 TFUIPRTVEGeL) WRITELGO4L) Ty YByTGRyPSI,PCNCT yPHEACWFLITCT
IFCIPCLEGC.C) RETURN
TPLCTINP)=T
FPLCTINP)=F
ITPLCT(NP)=ITLCT
IF{TPLCT(NP)W4LT.1C0.) GC TO 5C
NTC=NTO+1
TCTPLTINTC)
TCFPLTINTC)
50 RETURN
2 NP=NP+2
NTO=NT1U+2
ICP=1
IF{KPLT-1) 4CCC,4CCC,y4CC1
4CCC NPZ=NP-2
NTC2=NT(O-2
WRITE(L,4CC2) NP2
WRITE(L:4CC2) (FPLOTUIT) ITRPLCY L) o TPLCTY(L)1=1,NP2)
WRITE(L,4CC2) NTC?2
WRITE(Ly4CC2) (TCFPLTII)oTOTPLTII)yI=1,NTQ?2)
GO TO 1CcC4
4C01 REWIND )
IF{IPC.NCL3) KHRITE(646998)
REAC(1,4CC2) ANP21
REAC(L,4CC2) (FPLOTILI) 9 ITPLTICI ) TPLCTLI(T) 31 =1,NP21)
REAC(L,4002) NTUL
REAC(1,40CC2) (TUFPLLCT) o TCTPLLIII)y1=1,NTO1)
ANPl=RNP2]+2

nhon

T
F
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7CCl

7CC2
EEED

2CCC

3CCC
3CC1

2.Ch

2CC3

TABLE A-3 (CONT'D)

IFLIPC.CG2) GC TO Ecee

IF{TCLUNTLCe2) YSFT=1,.5

IF(NUNMPLTEL)NELC) CO TQ 7CG1

CALL PLOTIT(FPLOTLyTPLUTL NPLyFFLOToTPLCT NP, THRLST
2'TIME (SCCS)®y=1143CoCyaCCCLCaCyCaCr)lCaCyFeCyYSFT)
XSFT=1840

[EONUMPLT(L1)JNELC) XSFT=6,.0

NT1=NTO142

IF{RUMPLT{2)NELQ) GO TC 7C02

IFANUMPLT(L)WEC.C) YSFT=C.O

Rt ool

T R K R e e s T

e

(Lesye,iz,

CALL PLOTITUTCFPLL,TCTPLI G NTLyTCFPLTZTCTPLT G ATC,y*THRLST (LBS) ', 10,

2'TINE (SECS)'9=119CeCyalCC CaCeiCCeC 2ol X5ETHYSET)
X5FT=18.0C

FFONUNPLTUL) GNELCARNDGNUNPLT (2} WhEaQ) XSET=G 40
CONTINUE

TFINPLI=NP) 2CCC,2C00,20C1

MX=NP-2

NY=NP1-2

CALL INTERPUTFLOT W FPLCT o NXy TPLOTL W FPLUT LG NY L FOIFF,D)
CALL INTERPITPLOT g TTPLCT oNX TRLCTLy IIPLT L NY I0DTFF,1)
TCIFIC=TPLCT(1)

FCIFIC=AUGSIFDIFF(L))

CC 3CCu J=2,NX

IF(TPLCT(JYGTooC22YBY GC TU 3CC1
IFCABSIFCIFF(J))eLTOABSIFUIFFLJ=-1))) GC TC 3CCC
FCIFIC=AULSIFDIFF(J))

TCIFIG=TPLIT ()

CCNTINUE

CONTINUE

LC 2CC4 1=1,NX

TCIFFCL)Y=TPLODY(T)

Curl=C.C

TACIFF UL ) =AUESUFDIFFLLY/2)T0OLET(L)

CO 2CC3 1=2,NX

FBARI=(FOIVECLI+FLIFTLE=1))/2.
CUML=ARS(FEART )% {(TPLOT(I}-TPLCTLI=-1))
TACTFFCIY=1ADIFF(I-1) U]

TFCIPCONES2) WRITE(6,5G96G) (TFLOTUI) LEDIFFUI) L IDTIFFITY , IALTEELT Y,

ZI:lyf\'X)

TI=AVMINL(TH],TV2)

CALL TRTRPLLICIFT o0 PLCT Ry T1,0IT1,00
CIT=ICIF (X )=-N1T1

CALL INVAPLUIACTIFT g TPLCT oWy T14ALITL,C)
ACIT=1ALYEFFINX=-ADT T

CALL INTRPIUTCIN by FPLCT o Ang VPAXCLDFI'C,C)
CALL 15TV CIFE y TOLCT oty Tl gyl gy)
CALL INIRBIECII Ty TPLOT yNAYy P wZ LT NE.O)
CALL THRIRODIOIPLOY e FPLOT ANy AV, TAET?2, 1)
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CALL INTRPL{TPLOTL1yFPLCTLeNY, ATF,TAFTL,1)
TAFT=AMAXLT(TAFT1,TAFT2)
CALL INTRPLOFCIFFoTPLOToNX,TAFT, CFAFT.C’
IFLIPC.EC.2) GC YO £887
CALL SCALE(FOIFF,8.CoNXy1)
FCSCLL=—AES(B.C*FDIFF(NX+2))
FCSCLZ2=2.CAFDIFF(NX+2)
CALL SCALEUIADIFF,8.04NX,1)
YSCALI==ABSIB.,C*XIACIFF(NX+2))
YSCAL2=ABS(2.0*IACIFFINX42))
NX=NX+2
IFINUFPLT(2).NE.Q) GO TO 7€03
IFINUMPLT (1) eEQ.OCRNUNMPLT(2).EC.0) YSFT=C.C
CALL PLCTLUTPLOT+FCIFFoNXy *THRUST IMEALANCE (LBS)?*,22,
2'TIME (SECS)'y=11yFDSCLL1yFCSCL2¢Ce0926a094eCoXSIT,YSFT)
7CC3 XSFT1=6,C
IF(NUMPLT(3).NEL.Q) XSFT=18.0
IFINUMPLT(4).NE.Q) GG TC 7C04
IFANUNPLTEY) cEQeCoeCRONUMPLT(2) e FCaQelRJNLMPLT(3)WEQa0) YSFT=CW0
CALL PLOTLI(TPLOToICIFFoNXy "IMPLLSE IMEBALANCE (LB=-SECS)',27,
2'TINE (SECS)*'y=119YSCALLsYSCAL2yCe0926.Co4aCyXSFT4YSFT)
7CC4 XSFT=6.C
TFONUMPLT(2)oNE«CoANDJNUMPLT(4) NELC) XSFT=18.0
TF(NUMPLT(5).NE.Q) GO TO 7C05
TEONUMPLT (1) oEQeCaCRNUNMPLTI2) eECeOeORALMPLT(3)EQaT.CRJAUNPLT(4)
2.EQ.QC) YSFT=C.C
CALL PLCTI(TPLCTyIADIFF,NX,y*ARS. IMPULSE IMBALANCE (LB-SECS)',32,
2'TIVE (SECS)'y~11yIADIFFINX=1)y TADIFF(NX)9CaC326eCoCoeQ9pXSFT,YSFT)
7C05 CONTINUE
NZi=NX=-2
€887 CCNTINUE
GG 710 1CC4
2CC1 NX=NP1-2
NY=NP-2
CALL INTLRPITPLOTLyFPLOTLoNXyTPLCToFPLCT  NYZFDIFF,L0)
CALL INTERPUTPLOTLyITPLTL NXsTPLCT G ITPLCT 4 NYZIDIFF,1)
TOIFIC=TPLGTLI(1)
FCIFIG=APS(FDIFF(1))
CC 3CC2 J=2¢NX
IFCTPLOT(Y) GT..C2%YB) GC TO 3CC2
TFUABSUTUCIFFIJ) ) LTWABS(FOIFF(J=-1))) GC TC 3CC2
FCIFIC=AUS(FDIFFLY))
FCIFIC=ICITF(Y)
TCIFIC=TPLOTLILY)
3C02 CONTIANUL
3CC3 CCNTINUE
CC 2CC5 I=1,4NX
2CC5 TCIFFLL)=T1PLOTI(L])
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TABLE A-3 (CONT'D)

CUNML=C.C
TACTE R L)Y =ARSHLIRTFREL)IZ2)%TPLCTI(L)
D0 2CC2 T1=2,NX
FRARI=(FOIFF{I)+FLIFF(I=1))/2.
CUML=ARS(FRBARL ){TPLOTI(D)-TPLOTL(I~1))
2CC2 IADIFF(T)=TACIFF(I=1)+CUNMI
IFUIPCeNES3) WRITE(E9SSSS) (TPLCTLUL) o FDIFF{I)GICTIFF(L)TACITFT (),
2l=14NX)
TI=AMINI(TW],TW2)
CALL INTRPLI(ICIFFTPLCTL NXGTI,LCIT1,0)
CIT=ILIFF(NX)=-CITI
CALL INTRPL(JACIFFyTPLCTLyNXyTIZADIT1,C)
ACIT=IADIFF(NX)=ADIT]
CALL INTRPYU(FOIFFyTPLOTL yt X TNAXC,DFNMC )
CALL INTRPI(FCIFFITPLUT) yNXyTh1,4CFiil14C)
CALL INTRPLIFDIFFTPLOTYLyNAyTW2 LFUZ2,C)
CALL INTRPI(TPLOCTyFPLECT yNXyATF,TAFT2,1)
CALL INTRPI{TPLUTLIFPLOUTLIoaNY9ATFWTAFTLY,y1)
TAFT=ANFAXI(TAFTL,TAFT2)
CALL INTRPLIFCIFFoTPLCTL yNXsTAFTHWDFAFT2)
IF(IPC.ECG.2) GC TO 1CCA
CALL SCALE(FCIFFo84CeNXyl)
FCSCLL1I=~ABS{YCHFDIFF(NX+2))
FCSCLZ=2 . C*FDIFF{NX4+2)
CALL SCALE(TADIFFeBa0QaNXyl)
YSCALLI=-ABS(B,C*TACIFF{NX+2))
YSCALZ2=ADS(2.C*TADIFF{NX+2))
NX=NX+2
IF(RNUFPLT(3)NELO) GO TO 7C06
TFINUMPLTUL) eECoCeCRJAUMPLT(Z2)WEC.0) YSFT=0,C
CALL PLOTL(TPLCTLyFRIFFNXy*THRLEST INMBALAKNCE (LBSY*,22,
2YTINE {SECS)Yty~11c¢FDSCLLIWFLSCLZ29CaCy26aC b4l o XSFTLZYSFT)
7CCCE XSFT=9.C
IFINUMPPLT(3).NE.Q) XSFT=18,0
IF(NUMPLT4) . NELC) GO TC 7CQ7
CALL PLOTLI(TPLOT L oICIFF oNLy S IVMPULSE INBALANCE (LB-SECS)Y, 217,
2'TINE (SCCS)'y-=11+9YSCALLWYSCALZyCoC 26404y XSFTWYS5FT)
IFINUMPLT(L) o FGeCeCRJALFPLTIZ2) st CoCRLALNMPLI(D)LLG.D) YSFT=CWD
7CCT XSFT=9.0
TE(NUNMPLT(3) o E a0 ANDORUKFPLTI4) WELC) XSEFT=18,0 :
IFINUGFPLTI(E)YNCLCY GO T 7C08 %
TFANUMPLT L) et QeQoCRaNUMPLT(2) i GaColRANULNPLT(3)eFQeCalRJNUMPLT4) :
2.EC.C) YSFTI=C.C i
CALL PLUTLUTPLCTL»TADIGE Xy *ARS . IMPLLSE [MEALANCE (LR-SFCS)YY, 32,

A AT A

2OYTINE (SECS) =1 e TADITFINX=L) 3 IADIFFIAX) 3CaCy20eCy L a0 XSITT,YSET) 1
7CC8 CONTINULE i
NY=NX=-? &

1CC4 CORTIRNUL ’ﬁ“-‘
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RETURN
L FORMATUSX g *T=tgFT a3y lXy 'Y= yFbady1Xe ' TOGR=Y,I 743y 1Xy"PSI="yF7.3,1X,
2'PCNCL='yF9.4, lX.'PHEAC",F9 4, IX.'F" IPELL.GyIXy ' ITCI="41PEL144)
4CC2 FCRNMATI(I14)
4CC3 FORMAT(1IPELE.9)
9998 FORMAT(//42CXy*TABULATED IMBALANCE DATAY,/,
213Xy? TINVE "e10X,* FDIFF "910X, ! ICIFF 'y
21CX,y* IAODIFF )
G999 FCRNMAT(13Xy1PELLe4el0Xy1PELLo4y1CXy1PEYL.4y1CX,1PFELL.4)
END

SUBRCULTINE PLOTITUYLgXLoNPLpY2 e X2y NP2 9 YHFDRGNY ¢ XHERyNXySYL1ySY2,
28X 1y SX2yXSFYLYSFT)

CINENSION XhER(B8) o YHDR{B) 9 X1TINPL)oYLIINPL) yX2(NP2),Y2(NP2)
Nl=KNPl=-2

NSL1=NPl1-1

N2=NP2-2

NS2=NP2-1

X1{NS1)=SX1

X1{NP1)=SXx2

X2{INS2)=5X1

X2{NP2)=SX2

YL{NS]1)=SY1

YIINPLY=SY2

Y2(NS2)=S5SY1

Y2{NP2)=SY2

CALL PLOT(XSFT,YSFT,-3)

CALL AXIS{CeCyCoeCypYHDAYNY 8. 46(04CY1,CY2)
CALL AXIS(C.CeCoeCyXHUR, NX.14 C Co0ySX1,5X2)
CALL LINEC(X]14sY1yNLlylsQyl)

CALL LINE(XZeYZ9N2414Ce2)

NPLCT=NPLCT+]

RETURN

END
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SUBRCLTINE CvAL

INTECER SITE

REAL M1,N1

COMMON/CUNSTI/7ZWoAEWAT o THETAWALFAN
CCMNCN/CUNSTA/TLELCI yLCOWC1+2C o XTyLC
CCMFCN/VARTAG/RNT ¢yRHT ySUNZ2 4 R14yRZyR3,RHAVE yRNAVE yREBAR YRy KCUNT
COVMMON/VARLAT/Y
CCHMNMCN/OVALN/Z 4204 EHL yYH oYL 9 YHL yPSIYSTT1E,ITENP
CCMMON/GVALNM2/KKIL I
CCMNMON/OVALA/CEIR G CHIN)SENsSEHgAZ BT 4KKL 4KKNM
COVMNCN/GVALB/CHINNZCHINAV ¢ SENN
CCMNMUN/OVALC/RCNCCN yRENECHyRUONDGN yRONCGH g EXN 9 EYN 9 EXI- o EYH,
2ALPHANyALPHFAH THERMN, THERNM

DATA PI/3.14155/

KKI=KK]+]1

IFIKKI.Gla1) GC TO 8

AGN=(RONDGN+SCRT (RONDGN**2:D1%%2))/2,

BCN=AGN-RCNCGN

AGH={RCNLGE+SGRT(RONDGE# #2401 4%z )) /2.

BCH=ACH-RCNCGH

CTH=2.%P1/11

KKJ=GC

KKXT=(C

KKXC=C

KKP=(

AX=C.

AlZ=C.

BZ=0C.

ACN=(PRUNCCN+(RCNECN*%2+ (CO-2C)2%2)%%,5) /2,
BCN=ACN-RCNCCN

ACH= {RCNECh+ (RUNCCHX*24 (LC+7C )4 %2)7%,5) /2,
BCH=ACH-RCNCCH
AIN=CCOSUALPEREAN) ) #%24 (LACN/BCN )4 2% ( SIN(ALPHAN) ) ¥ 2
AlH={CUS{ALPIFAR) %324 {ACH/BCH)I#22%( SIN(ALPEHAR) ) %%?2
BIN=C{ACKN/ECN ) 2=1 ) %SIN( 2. %ALPIAN)
Elh=((ACH/ECH) 4214 )%*STN(2.*ALPEFAH)

CIN=2, %« LEXNXCCSIALPHAN) = (ACN/PCN )= %2 XEYNXSTINLALPEAN))
CLH=2 o (EXHXCCSIALPRAR Y- (LACH/FCH AN 2XEYHASTIN{ALPHAKHY )
CIN=C . UUACN/HCN) #2208 FYNRCOSCALPIANI=EXN ST ULALPHANY)
Cl=2.% L (ACH/RCH)Y =X 23 EVESCOS(ALPE MO =EXFASINCALPEALL) )
EIN=(STINIALPHAN) ) 2424 {ACKN/OCN) 22 5 (CCS LALDIIAN) )
Flia={SINTALPEAT Y )2 24 (ACH/ZUCH) 22245 COSTALPIIAN ) p a2
FINSACNSR2=OXN 2= LACKN/PONY &Y R ) a2

Flis ACH*42-EXE452-0 CACH/PCHY *EYE Paae?

SEMNC=PIA(CC-20)

SELC=5IANE

SEFC=P1*LEC+7C)

. 8 KK=C
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Yo=Y

IF(KK.EG.1) Y=Y0+2Q/2.

IF(KK.,EQ.l) GC TO 5

IF(KK.EQ.2) Y=Y0D-2(G/2.

IF(KK.EQ.2) GC TO 6

lF(KKoEQ.O.ANC oXT .GT.C.) Y=Y+ XT+£Q/2.
IF(KK.EGQeCeANC«XToGT.0.) GO TC 7

KK=1

GC 10 3

THETA=9,0

SUMC=C.

00 12 I=1,1!

THETA=THETASCTH

THER=THETA-THERMN

IF(ABS{THER)GT.PI) THER=2.%PI-ABS(THER)
Ml=AIN*(CCSITHETA))IS224BINKSIN(THETAIXCCSITHETA) 4
2EINA(SINITFETA)) %2
N1=CIN*COS{THETA)+DINXSIN(THETA)
RCz=(-NL1+SCRT(NLI&*2+4 % ML%FIN) )/ (2.%M1)
IF(RC.LT.GC) RO=(=N1-SGRTINL*#24444MLI¥F1IN))/(2.%M]1)
RG=SQRT(1./‘(CCS(THETA)/(AGN+Y))**2*(SIN(THETA)/(BGN+Y"**2))
IF(SITESFECel) RG=RGHEHL*CCSI2.%THETA-THERVN)
IF(SITELFCe2.AND,ITEMPL.EQ.T) RG=R(G
2 4YH=(YF=YL)*(1e-1./COSH{PSTY*THER) )/
2(1e=(1o/7CCSH(PSTIY%PT)))=YHL

IFIRG.GESRC) KKHM=1]

IF{RG.GEL.RC) RG=Ce

SUMO=SUNMC+RG*CTH

CCNTINUE

IF(KKM.EC.1) SEN=SUMO

IF(SUNMULELCe) SEN=0.

IF(KKM.EQ.C) GC TO 9

CHIN=SEN/SENO

IF{XTJLELC.C) CHINAV=1.0

KK=2

IF{2.CEeCo CeANC.KKM,EQsC) GO TC €2

GC 10 2

THETA=C.C

SuMd=C.C

CC 13 I=1,11

THETA=THETA+DTH

THER=THETA-THERMH

IF(ABS(THER) JGTPI) THER=2,%PI-ABS(THER)
VI=A1H*(CCS(THETA))**Z*BIH*SIN(TFETA)*COS(THETA)+
2EIHA(SIN(THETA) ) %%
N1=ClH*COS(THETA)+DIHASIN({THETA)
RC=(~NL1+SCRTINL¥#*244 ,%M12F1HY )/ (Zo%N])
IF(RC.LT.C,) RC=(~N1=-SCRTINIXA244 4 MERFLIH) )/ (24%M1)
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TABLE A-3 (CONT'D)

RG=SCRT(Le/((CCSITHETA)/ (AGH+Y ) ) %24 (STNITHETA) Z(BGH4Y ) )x%2))

IF(SITE.tCel) RG=RGHEHL*COS(2.*THETA-TEERNH)

IF(SITELECe24ANDITEMPL.EQ.O) RG=RG

24YH=(YH=YL)#(1,=1,/COSHIPSIY*THER) )/ {1e={1./CCSH(PS, Y=PT)))=YHL

JF(RG.CGELRC) KKL=1
IF(RG.GE.RC) RC=C.
SUMU=SUMC+RC*LCTH
CCNTINUE

IF(KKL.EGel) SEM=SUNMO
CHIF=SER/SERC
IF(KKL.EGQeC) CFIH=1,0
GC TC 62

THETA=C.D

SuUvrGO=C.

CC 11 I=1l,11
THETA=TLTA4CTH
THER=THETA-THERMN

IFCABS{THER) «GT4PI) THER=2.%PI-ABS{THER)

M0 MR AN SRR

MI=AINXLCCSUTHETA) ) #%24BIN*SIN(THETA)IXCCSITHETA) +

ZEINY(SIN(IFETA) ) *%2
N1=CIN*COS(THETA)+DLN*SIN{THETA)

RC=(~NL+SCRTINI#%24 4, %MI¥FIN))/(2,%M])
IF(RC.LT.Cu) RC=(~N1-SQRTINL*¥*244 %MLI=FIN))/(2.%M1)
RG=SCRT(Le/{(CCSITHETA)/ (AGN+Y ) )#%2+ (SIN(THLTA)/(BGN+Y) )#%2))

IF(SITE«EGCe]L) RC=RGHEHLACCS(2.*THFETA-THERNMN)

IF(SITE«ECe24ANCITEMPLEG.O) RG=RG

2 +YH={YE=YL)*(1.~1./CCSHIPSIY*THERY) )/

201.-11./CCSH(PSIY=PL)})-YHL
IF(RC.CELRC) KKJ=1

IF(RC.GELRC) RG=0.
SUMO=SUNC+RC*LTH

CONTINUE

IF(KKJSEGQeY) SENN=SUNMO
IF(SUNOLLEC.) SENN=0.0
[F{KKJ.EQ.C) CC TO 9
CHINN=SEAN/SENND

KKXT=KKXT+1

IF(KKXT.CECa1) ¥XIP=Y
AX=(Y=YXIP)/(XT4R0G-0I=2.%YXIP)
IF(AX.LE.C.) AX=C.

IF(AX.CCelasC) AX=1.0
CHINNR=AXA({1.4CHINN)/ 2.
CHINAV=] . ~AX4CHIINR

TRV CT {LC-0I-70)/720) KKXG=KKXC+1
FROKKXC.EC00T) CHIANS=CHINAR
TFARKXCoGEal) CHINAV=L.=AX4CHTIANS
KK=1
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TABLE A-3 (CONT'D)

IF(AXeLE.Qe5eANDXT+GEAC4C2CST72LC) GO TO 9
GG T0 3

Y=YC

IF{KKLoEQeCsANCoKKM.EG.C) GC TC €3
KKP=KKP+1
AZ=(Y-YZ21P)/(ABRS(2)/2.4DC/2.-C1/2.=-Y21IP)
IF(AZJLELC.) A2=0.

#2=1.~A2

CONTINUE

RETURN

END
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TABLE A-3 (CONT'D)

SUBRCLTINE SETUP

INTEGER TENPCE,C' &

REAL T{2CC)

REAL ANS(€C)

REAL TEMPALLIG) (L NSTIL60)

INTEGER GRCER(£0)CNSTNM

REAL PSEUCCI(ICS)

REAL X{4C,41C5),YL105)FXl4C,y1C5)

LA A2 A RS R R R R AR R AL ER S E R R R R R PR RN Y Y RN R 0L

%
&

IF THE CINENSICN OF X AND FX ARE CHANGFU M AND N SHCULL
ALSC BE RESET

E
E 3

R R L I R R N R eI

3¢

311

REAL NMODEWNEAN M1 4M2,K, INC
INTECER MVARY {60}, INDCTRyNGVM
INTEGER CYCLE,PERIOD,ANUNCUT
REAL TENMPKI(EC)
CCMNON/SEEC/IX,IRAND

INPTNNM=Q

CNSTRN=C

N=1C%

NI=1CO

NSI=1C

N=4(

MV=C

NIl=NI+1

NSIL=NST+1

IFUIRANDEGQaLl) READ(S,1CCHIX
CCNTIANUE

REAC(5;1CE) NANMIZNAMZ JNAK3
REAC(S,1C2)CCRE s INDCTRy X1y X2 9 X34 Xb 4 X5 4XE X7
WRITE(G,1C7) NAMTgNAM2 yNAM3yCCOEZINCCTR g X1 g X2 X34 X4 4X5,XE o X7
IF{CCCE.EC.S0) GC 70 399
INPTANM=TIRNDTNM+1
MVARY(INPTANM)=C

FFCINCCTR GGTLCIAVARY L INPTAM)=INCCTR*1C]
IF{CCLRLECLE0)CE TE 346
MMz=MN+}

CROERTINDPTANF ) =M
TENMPCL=CUCLE/1C

GG TC (214232422,34,35),TENMPCD
CONTINKUE

NC1=X4

NCT1I=NOT+1

X{Mly1)=X2

CC 2311 1=224NK07)
XIMMyIY=X(MFy1=1)+X3

CChuYINUE

CC 212 I=14N01
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TABLE A-3 (CONT'D)

Yti)=C.
312 CCNTINUE
H=X3
STARTR=X2~-X3/2.
SUM=Q,
NCV=X1
NCC=(X1+9,)/10.
00 313 JJu=1,NCC
REAC(S,104)(TEMPA(T),yI=1,10)
WRITE(6+1C9) (TEMPA(T),1=1,10)
DO 214 J=1,10
IF(JJ*10+4J.CTLAOVIGC TC 3217
CO 315 I=1,N01
IF{TENMPA(J) LT X{VMM,1)4X3/2,)1GC TOQ 316
315 CONTINUE
GC TC 314
316 CCNTINUE
Y{l)=Y(1)+].
SUM=SUM+].
314 CCNTINUE
313 CCNTINUE
317 CONTINUE
IF(CCCELECL.11)GO TO 99
FX(~M91)=00
O 218 [=2,N0I1
FXUMMo I )=FX(MMyI=-1)+Y(I~-1)/SUM
318 CCNTINUE
GG TO 3C
32 CCNTINUE
NOI=X1
X(MM,y1)=X2
DO 22C 1=2,NOI
X(MMyI)=X(NMVNyI-1)4X3
220 CCNTINUF
READ(S,104)(Y(1),1=1,NCIT)
WRITE(E6E41CS) (Y(TI)eI=14NCI)
H=X3
STARTR=XZ2-X3/2.
IF(CCLELEC.21)C0 TC 99
SUM=C.
CC 222 1=1,N01
SUM=SUM+Y (1)
2¢c2 CONTINUE
NCIl=NO1+1
FX(MM,1)=0.
CO 221 1=2,N011
FX{(MMyT)=FX(MM,I~1)4Y(1)/SUM
221 CONTINUE
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TABLE A-3 (CONL'D)

GC TC 30
33 CCRTINUE
MEAN=X1
$2=X1
U2=x2
U3=Xx3
Ug=x4
H=X5
STARTR=X06
SUMX=X7
GC TC 231
34 CONTINUE
NCI=xl1
X{NVy1)=X2
CC 341 1=2,N0OI
X(VPsT)=X(MVMyI~1)4X3
341 CONTINUE
READIS, 1C4) (FX(MMyTI)yI=14NCI)
WRITE(O6+1C2) (FX{NMMy1)yI=1,H01)
GC TC 3¢
35 CCNTINUE
CCCE=COLE-SC
GC TC(35143524353,354,355),C0CE
351 CCNTINUE
MEAN=X1
SIGMA=X2
IFIX6eCCeCe ) X6=MEAN=-3 %S TIGHA
IF(XTeEQ.Co ) XT=NEAN+3 . XSIGVA
XC=X6
XN=X7
1351 CONTINUE
F=(XN=XC)/FLCAT(NI)
C=H/FLOATINST)
X(MMy1)=XG
INC=(XN-%ZC)/FLCATINT)
CC 2C1 I=Z2,NI1
X{VMMy T)=X {11y I~1)4H
Z2C1 CCNTIANUE
CO 2C2 J=2,N11
TL)=X(MMyJ=1)
CC 202 KK=2,NSI1
T(KKY=T (KK=1)+(
2C3 CCNTINUE
LC 204 L-=1,NS]1
YOL)={Lo ZUSCRT(6.2222)STGRAY YA LEXP Lo Sx((TIL)-FIAN)/STGHA) =2 )
2C4 CCONTINUE
CALL CARGALY FX, My N RN, ST 4d,0)
2C2 CCNTINUE
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TABLE A-3 (CONT'D)

OC 205 1=2,N11
FXINMyI)=FX(NVMoI)/EX(FMyNIL)
CONTINUE

GC TG 30

CCNTINUE
INC=(X2-X1)/FLCAT(NI)
X(MN,1)=X1

C0 2521 [=2,NI1
X{MNM,I)=X(NMM,I=1)+INC
CONTINUE
INC=14/FLCAT(NI)
FX{NMy1)=C,

CO 2522 1=2,NIl1
FX{MMyT)=FX(FMyI=1)4INC
CCNTINUE

GC 10 3C

CONTINUE

MEAN=X1

SIGMNA=X2

XC=NEAN
IF(X7eEGQeCo)XT=MEAN+3.%SIGMA
XN=X7

GO 710 1351

CONTINUE

CCNTINUE

GO YO 30

CONTINUE
CNSTNM=CNSTAM+1]
CRCER(INPTNNM)}=100+CNSTHM
CCNST(CNSTNNM)=X1

GC TG 3C

VEAN=C.

SUMX=0.,

Sl=C.

S2=C.

53=C.

S4=0.

S5=C.

00 2CC L=1,N01
I=NOI-L+1
SUMX=SUNMX+Y (L)
S1=S1+Y(1)

$2=52+5S1

$3=53+52

S4=S4+4S3

$5=55+54

CCNTINUE

NEAN=S2/SLMX

-120-

L R A i)

e A A A B S

R R NI LN e

B ettt TRTEE R



DB R SRR IR

7C6

1G1

2 3 - B faeaih B

TABLE A-3 (CONT'D)

S2=S2/S5UMX

$3=53/SUMX

S4=84/SUVX

S5=85/SUMX

U2=2.%S3-S24(1.+482)

U3=6.*S’1*3.’3‘U2’f‘(l.*SZ)-SZ*(l.*S?)*(?.*SZ)

Ub=24e%S5=2,%U3%(2,%(1e482)+1a)-L2% (644 {1, 4+52)%(2.452)-1.)
=S524(1e4S2)%(2,4S2)%(3.452)

0

IFCINC.NELLYGC T 221
U4a=U4=,5%.247./240.

uz2=yz2-1./12.

CONTINUE

Bl=U32%2/2%%3

B2=U&/U2xxg
K=(BIX{B242,)8%2) /(4% (2%R2=3,%Bl=6 )X (4 %12-3, %011 ))
IF{K)1,98,%94
RE(6e#(R2-01=1a) )/ {643,401 =2,%:72)
COM=DBLl#*(R4+Z ) %4246, [R+1,)
ALAZ2= o5 SCERTIALZ)IHSQRTICCN)
COML2=R*%(R+24}%SQRT(B1/CCNV)
IF(U3LT.C.)CCMN1I2=~CM12
M2=,5%{R-2.4CCNM12)
Ml=oe54(R-2.~CCI12)
YO=(SUVX/A1A2)*(Wl**Ml*NZ**VQ)/(Pl*MZ)**(V]*FZ)*CAVPA(N1+W2+2.)/
S(GANMA(NMI+]1.)%CANMA(M241.))
A2=R122/7(1P1/M2+1.)

Al=p1A2-A2
FOCC=NEAN=oSAL2/U2%(R+2,)/(R=2,)
VOCE=NMCDE*F4+STARTR
INC=A1A2/FLCATI(N)
X(NNMy1)=MGOE4 (=AY ) %N
X{NNMGNIL)=NODE+AZ 2N

F= (X IMMGRTL) =X (MM 1)) /ZFLCATINT)
XMV, 2)=STARTR

DC 706 I=3,N|

X(MF, 1)=X (MM I~1)4E

CCNTINUE

PSLUDCA(])=-A1

PSELCCINIL)=AZ

H=ALAZ/N ]

CC 7C1 1=2,N]
PSELCCUTI)I=PSELLO(I-1)+H

CONT INUE

C=H/FLOAT(NST)

CO 7C2 J=2,4K11

Tly=PSELEC(J-1)

[C 7C3 KK=2,NS11

TIKK)=T(KK=-1)+C

~121-



44

48

711

713

714

712

715

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

TABLE A-3 (CONT'D)

CCNTINUE

DO 704 L=1,NSI11
YIL)=YO*(ladT(L)/ZALI25ML2(La=T(L)/A2)X%M2
CCNTINUE .
CALL CAREA(YoFX9yNyNyMMyNST9JyL)
CONTINUE

C3 705 I=24NI1
FX{NMyI)=FX{MM, I )}/FX(NMyNIL)
CONTINUE

60 70 3¢

IF(K=-1)4,9€,46

COCNTINUE
R=(6.*‘BZ"81"10’)/(2.*82‘3.*81-60’
Pl=.54(R+2.)
CCM=SCRT{1E6e*{R=-1,)-Bl*(R=-2,)%%2)

V= (=R*(R-2, )}*SCRT(BL))/CCHM
IFIU3.GE.C.)GC TQ 44

V=ABS (V)

CCNTINUE

Al=SQRTtU2/16.)%CCWV
MODE=VMEAN=-(U3%(R-2,))/0(2.+U2)%(R+2,))
THETA=ATANLIV/R)

IFIR,LELIC.)GC TO 48

Al=A1%H
YO=SUMX/ALXSGRT(R/6,2832)*(EXP(CCS(THETA)#%2/{3%R)=1.7/
S{12e%R)=THETA®XV))/(COSITHETA) ) %% (R+1)
CONTINUE

CRIGIN=NEAN4V*AL/R

H=2 o *CRIGIN/FLCATI(NI)

C=H/FLOAT{NST1)

X{¥M,1)}=-0RIGIN

CC 711 1=2,N11

X(N",I)=X(NN'I‘1)+H

CONTINUE

CC 712 J=2.NI1

TELY=X(MM,U-1)

CO 713 KK=2,NSI1

TIKK)=T(KK=-1)+C

CCNTINUE

0O 714 L=1,NSI1
YIL)=YOR(1a4TIL)XA2/ALRX2)kX (=ML )HEXP(=VXATANIT(L)/AL))
CCNTINUE

CALL CARCAUYZFXyMoNyVMVNSTyJ,C)
CCNTINUE

CC 715 I=2,NI11
FXIPMTI=FXUINME,1)/7FXIMMGNIL)

CCNTINUE

BC 716 I=1,N11
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X(PNM, 1)=X{NMN, 1)4+CGRIGIN

716 CCNTINUE
GC T0 30

& CONTINUE

INEAN=NMEAN
MEAN=NEAKN=-TINMFAN
R=(6%(P2-Bl=-1))/164+3.%2]1=2.%B2)
CCVM=Bla(R4Z,.V%x2¢]1C.%(R+1,)
Al=,52SCRT (U2 )XSQRTICCHM)
IF(U3LT.Ca)AL==(ALS(AL))
CCM12=(RA(R424))/2.%SCRT(BL1/CCH)

i Nl,:-((R“?o)/Zo—CLNlZ,

e M2=(R=24)/2.+CLM]12

: YO=(ALRX(N]=-M2=14)/CANMA(NL=-FZ2-1,))%(GALNALML)/GANMA(NM?24+1,.) )ESUNMX

. ORIGIN=MEAN=-(AL*(M]-1a))/(M1=V2~2,)

; MCCE=NEAN=.5%U3/U2%(R42,)/(R=2.,)
v XN=AL+XN/F

£ SAVEh=H
g H= (XN-A1)/FLOATINT)

: C=H/FLCATI(NST)
: X(MVy1)=nl
CC 721 1=2,NI1
X(MMy I)=X(FNMyI=1)+H
721 CCNTINUE
DG 722 J=2,4N11
T(l)=X{MMyJ=1)
CC 723 KK=2,NSI1
TIKK) =T (KK~1}+C
723 CONTINUE
LC 724 L=1,nNSI1
YOL)=YOR(T(L)=AL)ARN2RT (L)% (=NM])
724 CONTINUE
CALL CAREA(Y FXyMgNgMPeNSTyJdsl)
722 CCNTINUE
0O 725 I=1,NI1
: FXAMM TY=F XMV T /FXUIFM,NTL)
: 725 CCRTINUE
’ LG 726 I=1,N11
XMV D)= (X (NP, 1)=A1)%SAVEH
726 CCNTIAUE
GG TC 30
SE WRITL(6,1C2)
GC TO 359
96 CORTINUE
KRITE(&,1C5)
; CUNTINUL
RLTUAR

[¢%)
[¥e]
O
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TABLE A-3 (CONT'D)

2SR RREEEEREEREREE X ENTRY POINT  EEEASEERERERRER R R SR 220

ENTRY INPUT
REWINC 4
NOVM=C
CC 5CC J=1,INPTNM
ANS(J)=0.
IF(MVARY(J)EG.O)GC TG 505
CYCLE=NOD{(NVARY(J),y1CO)
PERICC=MVARY(J)/1CO
IF(CYCLE.NE.PERICLC)GC TC 504
MVARY(J)=PERIGC*1CC
TEMPK{J)=ANSI(L)

504 CCNTINUE
NCVNM=NCVYNM 41
MVARY(J)=NMVARY(J)+1
ANS(L)=TENPK{J)

5C5 CCNTINUE
L=J-NCVM
IF{CRCER(J)GTL1CCIGO TC 5C1
IF{IRANCLEC.L) RNC=RANCULIX)
IF(IRANC.EC.2) CALL GAUSSIRND)
LO 502 I=1,h11
IFIRNCLLTLPX{CRDER(J)HI1)IGE TO 5C

502 CCNTINUE

HC3 CONTINUE
ANSUIL)=ANS(L)I+X(CORCER(J), 1)
GC TO 5C0

5C1 CONTINUE
ANS(L)=ANS{L)+COCNSTIORCER(J)-1CC)

5C0 CCNTINUE
NUMCUT=INPTAV-ANOVM
WRITE(4,1C1)(ANS(T)+I=1oANUMOUT)
ENCFILE 4
REVIND 4
RETURN

1CC FORNATI(I1LC)

1C1 FORMAT(ELE.G)

162 FCRMAT(IZ,1297E1C.C)

1C3 FORMATA(Y 9,'K=(C")

164 FURMAT(LCEELQ)

1ICS5 FCRMATH(Y ', 'K= 1. ')

106 FOCRMAT(3A4)

107 FCRMATULIX32A495X91295X9 125Xy TULIPELLL4y3X))

1CG FCRMAT(S5X,1PICEL1l.4)
END
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TABLE A-3 (CONT'D)

SUBRCLUTINE INTERP(X1sYlyN1yX24YZ4N24YDIFF,ICHK)
CIMENSIGN XLUINL)oYLUINL) 4 X2(N2),¥Y2(N2}yYOIFF(NL)
D0 1CG I=1,N1

N3=N2-1

DG 2C0 J=1,4N3

IF{TeCToeNZoANCLICHK.EGQLO) YOIFF(I)=Y1(T)
IF(LCTeN2JANCJICHKGEQeL) YDIFF(L)=YL{T)-Y2(N2)
IF(1.CT.N2) GC TO 1COC
TF(ABSIXL(1)=-X2(J))eGTeleE~-5) GC TO )
YOIFF(T)Y=Y1(1)=-Y2(J)

GO TO 1CcC
4 L TROXT(I) el T aX2(J)eORAXL(T)GELXZ(J+L)) GO TO 2
3 YOIFFOD)=YLUD)=0(Y20d41)=Y2UJd) )}/ (X2(J41i=-X20J) 1) *(X1{T)=-X2(J)})
- 2=Y2(J)

GC TC 1CC

2 IF(XI{I)eCEX2(J41) ANCad+LaLTN2) GG TO 200
IF(J.EG.1l) GC TO 3
: YOLFFOD)=YLOD)=((Y2(d)=Y20J=-1 1)/ (X20d)=x2(d-1)))* (X1 (1)-X2(3-1))
: 2=-Y2{J-1)
GC 1C 1CO
I YRIFF(T)=Y (D )=(Y2(J)/X%2(4))2X1(1)-Y2())
2C0 CCNTINUE
ICC IF(ARS(YDIFFUI)) LT ABSIYLITI)*1.E-5)) YDIFF(I)=C.0
IFINLLEQaNZ2 ANDJABSIXTIINL)=X2(NE))alToloE-5) YOIEFINL)=Y1(N])
2-Y2(N2)
TF(ABSIYDIFF(INL) ) eLTLABSIYLINL)#1.E=-5)) YDIFF(N1)=C0.C
RETLRN
END

P SR PO

B

SUHRCUTINE CHREA(Y 4 FX 3V, Ny MMyNSTyJeD)

REAL FXUVMyN)yYIN)

NSTI-NSL+1

NSIC=NS]-1

FX{tMyl)=C,

SUM=C o

[C 2C1 1=24NSIC,y2

SUM=SUM+4oxY [ 1-1)42.%Y(])
201 CUNRTIAUE

AREA-L/Z3.%(Y(1)Y+SUMEYIRNSTL) )

FXMyJ=FX MM =1 ) +AHLA

Ri. TURN

END
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TABLE A-3 (CONT'D)

SUBROLTINE PAIR
CCNFON/PAIRYIZATUL g THZoCTHWoFWL g F 2 CFWL9CF L2 yLF e TPAXC,DFNMQ,
2FDIFF,TCIFF N
CCMNON/PALIRZ/FMAXLyTFMXLWFMINL,TFMNL,
2 FNAX2 3 TFMX24,FMINZ2yTFMNZ
CCMNNCN/PAIRI/ZAFMAX o TENAX 2 AFNMAXT ) TFMAXT
CCNVMCON/CUTL/FCIFIGyTDIFIGDITHACIT
CINENSICN FCIFF(SGG),TCIFF{6GG)
CCHMMCN/CUTZ2/CFAFT o TAFTY
CCMMCN/TOFF/CFTOL,CFTO2,TOFTOL,TCFTQO2
FMAX=FDIFF(1)

FMIN=FDIFFI(1)

FNAXL=FCIFF{1)

FMINLI=FCIFF(1)

TFMX1=TCIFFI(])

TFMNL=TLCIFFL])

T=ANINLITW] ¢THKZ)

O 6 I=2,4N

K=1

IF(TCIFF{I)-T) 7,7,8
FMAX=AMAXLIFODIFF(I)FMAX)
JFUFMAXSGTSFMAXL) TEMXLI=TDIFF(])
FMNAXLI=FMAX

FNIN=ANMINI(FDIFFLTI)4FVMIN)
[FCFMINLLTSFMINL)Y TEMNLI=IDIFFL{IL)
FMINLI=FMIN

CCNTINLE

FMAX=FCIFF(K)

FMIN=FDIFF(K)

FMAXZ2=FCIFF(K)

FMINZ=FCIFF(K)

TFEUXZ2=TDIFF({K)

TFENZ2=TCIFF(K)

CC 9 I=K,N

FMAX=AMAXI(FDIFFLI)FPAX)
IF(FVAXLGTJFMAX2) TENMX2=TDIFF(1)
FMAXZ2=FMAX

FMINZ=FNIN

IF(FMINSLTLFNMINZ)Y TFEMNZ2=TDIVF(T)
FEIN=AMINI(FOTIFFLL) 4FMIN)

CCNTINUE

AFFAXI=ARS(FMAXL)

ATHINTI=ALS{FMINL)
IF(AFMAXLLCELATMINLY TEMAX=TFFMXI]
FTFCAFNINLLCTJAFMAXYT)Y TENMAX=TFMNIL
AFFAY=ANAY T UATVAXL AFINL)
AFMAX2=ARS{IFMAXD)

AFFMINZ=ARSENINZ)

126~
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TABLE A-3 (CONT'D)

TF{AFMAX2.CELAFFINZ) TEMAXT=TFIX2
[IFCAFMIN2.CGT AFMAXZ2) TFMAXT=TFFANZ
AFNMAXT=ANMBAXLIAFMAX2 yAFMINZ)
CTw=ABSI{CYW)

CFw=ABS(CFW)

CFrl1=ABS{CFW])

CFWZ2=ABRSILCFW2)

CFVGC=ABSI(CFKrG)

FEIFIC=ARS{FCIFIG)
DFAFT=ABS(CFAFT)

C %Rt d ARt i A b AN AN IS A AL AR S AT AR RN A AR
C % 2]
C = CLYPLUT MCTCR PAIR DATA *
C % %
C ¥ FMAXLFNINYLZTEMXL AKND TEMNL ARE THE MAXINUM AND MINTMUF %
C % VALLES OF THRUST ITMPALARNCE DURING CWAT AND THE TINMES *
C % AT WIFICH THE CCCLR IN LOF ANC SECS RNESPECTYIVELY x
c = FNAXZ yFNINZ g TENX2 ANE TFMMNZ ARE THE NMAXINMUM AND FINIMUNK A
cC = VALLES OF THERUST IMBALANCE CURING TALL=-OFF AND ThE TINMES =
C % AT WHRICH THC CGCCLR IN LEF AND SECS RESPFCTIVELY *
C # TCFTOL L TLFIC2 ANC CTw ARE THL WER TINMES FCR OTHE FIRSY ANE %
C % SECCANE MCTCRS YO BEGIN TALLCFF ANEC THE ARSOLUTS vALLL x
C * CF THE DIFFERENCE IN WEE TIMES RLSPECTIVILY [N SECS *
C % FWleFW2 ANC DFw ARE ThHE THRLETS AT WEDB TINME FCR OVHE HIRST %
cC = ANC SECCAC KFOTCRS TO CEGIN TAILCTE ARG THE APSCLLITFE ®
cC * VALLE CF THE CIFFERENCE IN THRUSTS AT wER TIME %
C * RESPECTIVELY IN LBF ¥
C * CFTOLl ANC CFTC2 ARE THE ABSCLULTE VALLES CF THE TERULST %
c = IMPALANCES WhICH EXTST WHEN THE FIRST ARD SECONE MCTCRS %
cC =» LEGIN TAILCFF RESPECTIVFLY IN LRF *
1CCO CCNTINUE
C % EFMQ ANE TMAXQ ARE THE AKSCLUTE VALLE QF THE THELST x
C % TFEALANCE WHEKN THE MAXIFLNM DYNAMIC PRESSULEE UCOCLES O *
C ) THE VERICLE AN THE TIFY AY wHICH 1T CCCURS TN LEE AND *
C % SECS RESPLCTIVILY e
C * AENAX AKNE TEBAX ARD THE ABRSCLULTE VALLE CF THE FAXINMLY THRLST g
C = INBEALANCE CULRIN EWAT ANE TIHE TINE AT WRICH IT CCCULRS w
C % IN LPF AND SECS RESPLCVTIVELY *
C % AFVMAXT AND VFMAXTY A0l THE APSCLULTE vALUE CF ThE MAXTIMUPN %
cC » TRERUST INMPALANCE PURING TATL-UFE AND TH? TIFE AT WHICH =«
C % Iy CCCURS IN LEV ANE S10S RESPECTIVELY %
C L FCIFIG ANL TOITTIG ARE TR ARSCLUTE VALUE CF T 1AXTvUE %
C % TERULST IMBALANCE PURING THE INTITAL PART OF CPERATION *
C * ARG ThE€ TIME AT WHICH [T CCLURS MV LOF ANDE SLECS &
C * RESELCTIveLy "
c # CIT &8N0 ARTT ARE IR ThRE VO TAL INMPLLST TMPALANCE ARD 1Y 2%
C % APSCLUTE VALUY CF il e TAL TRDPLLED IMBEAEANCT TULR I Ar
C X TATL-CHEF BN L Us-S1Cy e



c
C
c
C

IMPALANCE WHEN

IF(TWI-Th2)
CFTC1=DFW1
CFTC2=CFK2
GC TG 762
CFTCL70FW2
DFTC2=DFW!
Fwl=Fk2

CONTINUE
TCFTULI=AFINI(TW1l,TW2)
TCRTGZ=AMAXY(TWl,Th2)
WRITE(6,41)
WRITECG,2) FMAXL1,TFVMNX1,FVNINL,TFMNY,
ZEVAXZ2 3 TEFXZ yFMINZ \ TFMNZ UFTOL,CFT02,
31IDFTCL »TOFTC24CTh Pl FW2,CFWHCFNC,TMAXQY
BAFMAXyTENAX g AFMAX Ty TEMAX T FLIFICyTOIFIGaCITyACITWOFAF T, TAFT

1 FORMAT(/7742CX *MCTCR PATIR DATA')
2 FORMAT(I2X,'FNAXL=
213Xy *FMINL=
213X,y Y FMANZ=
213X, YFMN2=
213X, 'CFTUL=
13X, ' TOFICL=
2/»13X1'Fh1=
IPEYL 44/,
213X, 'CFVY=
E13X e "AFMAX=
213Xy YAFHAXT=
213X Y FLLIFIG=

213X,'CIT=
13X, 'CFAFT=

'11?511.4113)("TFV,X1=
CGIPELLL4, 13X, *TEMAL=
QIPE1104'13X3'TFFXZ=
2 IPELLady 13X, ' TFMAN2=
p1PELL.4, 12X, 'DFT(C 2=
pI1PELL1.4, 13X, TCFTL2=
"y1IPELLl.4,13X,FH2=

2 IPELLl.4y 123X, " TMAXC=
QIPF11.4QIBX9'TFNAX5
91PF11.4113X"TFFAXT=
pIPELLL4, 13X, TCIFIG=
p1PELLa4, 13X, ACIT=

1y IPELLL4, 13X, TAFT=

TABLE A-3 (CONT'D)

CFL00/C AND T1COK ARE ThE ABSCLLTE VALUE CF THE THRUST

THFE LAST MCTNR REACHES AFT AND THE
TIME AT WHICH 1T CCCURS I[N LBF ANC SECS RESPECTIVELY
AR R R L R A e R R R R R T R R R I R R T E R TS DY
70C,7C0,701

YWIPEL1l.4,/,
YWlPEYL.4,/,
'leE11.4'/'
Y21PEll.4,/,
?

11PE11.’0'13X,'0TW=
YWIPEL1l,4413X,'CFi=

"1PE11-4’/,
'y 1IPC1late/,
"2 IPELL.As/,
'11PE11.4,/,
'leEll.ﬁy/,
'y1PEL1,4)

"Zw1PElle4,/,

'W1PEll.4,
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TABLE A-3 (CONT'D)

SUBROUTINE INTRPI(Y  TyNgyTT,DY,JCHK)
CINENSICN YU} TIN)
Nl=N-1
Cy=C.C
IFUICKK) 247,43
2 CC 1 I=1,N])
TF(TTeGET(I)eANDTT LT T(I+1)) CY=0(YLT41)=Y(I))/Z(T(I+1)=-T(])))
2 {TT=-TL1))+Y (1)
IFICYsNE.Cal) RETURN
1 CCONTINUE
3 CC 4 I=1,N1
JE(TTLESTUI)oANCTTGToT(I+1)) CY=U(Y(TI+)=N(1L))Z(TLI+)=TLI)))
2¥(TT=-T{1))4Y(])
IF(CY.NE.CeC) RETURN
4 CONTINUE
RETURN
ENC

SUBRCUTINE SIGBAR(X o XTI g XI29SIGXyBXyICCUNT N,SIG1,S1C2)
XN=FLLCAT (N
IF(ICCUNT.CT.2) GC TO 1
X12=C.0C
XI=C,.C
1 XI2=X12+X*%2
XI=XI+X
BX=XI/XN
XIS=X[#%%2
ARG={(XI2/XN)=(XIS/XN*%2)
IFLARGYIZ2 4243
2 SICX=C.0
GC 10 4
SIGX=5CRT (ARG)
SIGLI=SCRT(X1I2/X%XN)
SICZ=SCRT(XI2/(2.%XN))
RETURN
END

SW

: -1.29-~
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SUBRCUTINE GAUINT (NS)

I8M
IMPLICIT REAL%E(A-H,0-1)
END IENM

TABLE A-3 (CONT'D)

COMMCN /RANDCM/ THCPIoSIGNGDyTLl9yT2,T3,M1 4 N2,M3,N1yN2yN3,VMP,ICALL

CIMENSICN NS(3)

IsM
ATAN(R)=CATAN(R)
END IBM

TWOPI=1.CCC

CELT=1.Cl
TWOPI=8.,CLC*ATAN(TWCPI)
SIGVMCC=CELT**(-0.5)
Tl=2.C%%(-12)

T2=2.0%%(-24)

T3=2.,C4%(=3¢)
Ml=3823
M2=4006
M3=29C3
MP=24%]12
ICALL=-1

IF (NS(1).EC.1) GC T0O 2C
IF (NS{1).EC.2) GC TO 106
N1=NS(1])
N2=KRS(2)
N3=KS(3)
RETURN
N1l=16CR
N2=2029
N3=1297
RETURNA
N1=3823
NZ2=4C(06
N3=29(C3
RETURN

END
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¢ TABLE A-3 (CONT'D)

SUBRCLTIKE GALSS (XI)
IBM

IMPLICIT REAL*E(A-h,(-2)
END IBM

CCVNMON /RANCCNM/ THCPIZWSIGHOD T1gT24T34M1yN2, M3 4N H2yN3yMP,ICALL

CIMENSICN XCGALS(1Cy2)y XCLT(1C)

I8M
SIN(R)=LSIN(R)
CCS(R)I=CCCS(R) :
ABS(R)=CAES(R) E
SCGRT(R)=CSCRT(R)
ALOC(R)=DLCG(R)
ENC TEM

N=1

IF (ICALLGT.C) GG TU 2C
CC 10 I=14N

K=N34N 3

KC=K /NP

NC1=K—-KD VP
K=N3%M24N2%M34KD ]
KC=K/NP 3
NC2=K-KD*NMP
K=N3%ML4NZAN 24N L 5M34KD
NC3=K-NP% (K/NP)

N1=NC32 :
N2=NC?2 3
N3=NC1

XN1=N1

XN2=N2

XN3=N2
XRI=XNIATL4XN2AT 24 4N3%T3
K=N2%¥3

KD=K/VP

NC1=K=-KC*NMP
K=N3%P2 N2 4N 34KD

KL=K/NP

NC2=K-HD + VP
KeN3#F 14N 2% 124N 1M 34K
NC3=k~MP % (K/NP)

N1=NC 3

N2=AC2

N3=NC1

A B e R

St

EE R A

S s R Lot

i
i
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30

40

(844

TABLE A-3 (CONT'D)

XN1=N1

XN2=N2

XN3=N3
XR2=XNIXTI4XN2¥T2+XN3*T32 .
XNL=SCRT{ABSI-2.0*ALOGIXR]1)))*SICGNOD
XN2=ThOPI*XR2
XGAUS(Iy1)=xXNLASIN(XN2)
XGALS{I,2)=XN1%CCS{XN2)
IouUT=1

GO T0 30

1CUT=2

CT 40 I=1,N
XCUT(I)=XCALS(I,ICUT)
XI=ABSUXCLT(L))
ICALL=-ICALL

RETURN

END

FUNCTION RANDULIX)
IX=IX%65541

IF(IX)54€0¢
IX=1X42147483€47+1
RANDU=1X
RANCU=RANCU%*.4€E56613E-9
RETURN

END

SUBROUTINE PLOTLUX»YyNpYHCRyNY o XECRGNXySY1ySY2,5X1, SX2 XY,

2XSFT,YSFT)

CIMENSICA XIN)oY(N)

CIMENSICN XHCR{8),YHDR(8B)

X{N-1)=Sx1

X{N)=5X2

Y{N-1)=S5Y1

Y{N)=S8YZ2

CALL PLOT(XSFT,YSFT,4-2)

CALL AXISU{CeCrCoOys YFORyNY»84CyS5(aCySYL,CSY2)
CALL AXIS{CeCoXYpXHERINX15.0+CaCySX1,542)
N1=N-2

CALL LINE(XeYsN1y1p0,1)

KPLCT=KPLOT+1

RETURN

END
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APPENDIX B

THE SRM DESIGN ANALYS1S PROGRAM

This appendix contains the instructions for the preparation and
arrangement of the data cards for the SRM design analysis program as
well as a complete listing of the program statements. The program was
vritten for use on an TBM 370/155 computer and rcquires approximately
86K storage locations on ithat machine, Thc program also is designed
to be used with a CALCOMP 663 drum plotter. The plotter requires one
external storapge device (magnetic rtape or disk). However, only minor
program modifications arc required to eliminate the plotting capability

of the program.

Input Data
The discussion below gives the general purpose, order and FORTRAN

coding information for the input data.

Card 1 Total number of wotors to be analyzed (42X, 12)

Col. 1-42 NUMBER OF CONTICURATIONS TO BE ILSTED =
43-44 Number of rocket motors to be anulyzed

Card 2 Number of y-stations which have t”b“]R‘LJEUTE_ﬁgﬁx_Li’
7%, 13)

Col. 1-6 NTAB =
7-9 Numbcr of y-stations with tubular temperature data
10-16 NTABY =

17-19  Number of y=stations with tabonlsr avea data

-133-
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Card 3 Initialization of variables (23F3.1)

Col., 1-66 Zero's or blank card

Card 4 User options (3 cards)

Card 4A Ignition and inert weight options (4X, I1, 9X, Il1)

Col. 1-4 IGO =
0 For no ignition calculations.
> {1 For ignition calculations.
6-14 IWo =
0 For no inert weight calculations,
15 {l For inert wéight calculations,

Card 4B Plotting options (4X, I1l, 15X, 1611)

Col, 1-4 IPO =

e
0 No plotting.

< 1 Plot equilibrium burning only.

2  Plot ignition transient only,

6-20 NUMPLT(JJ) =

0 Do not plot PHEAD vs. TIME.
“ {1 Plot PHEAD vs. TIME,

0 Do not plot PONOZ vs. TIME.
“ {l Plot T'ONOZ vs. TIME,

0 Do not plot PHEAD and PONOZ vs. TIME.
» {1 Plot PHEAD and PONNZ vs. TIME.
24 0 Do not plot RHLAD vs. TTIME,

{rl Plot RHEAD vs. TIME,

. 3 Plot ignition transient and equilibrium burning.
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Card 4B (Cont'd)

Col.
25

26
27
28
29
30
31
32
33

34

36

e B e N ass N ann T otn U ans B ats N ans N et Ut Nt

{

0

1

O R O B O B O RO H O O MO MO MO O

oy

Do not plot RNOZ vs. TIME.

Plot RNOZ vs. TIME.

Do not plot RHEAD and RNOZ vs. TIME,

Plot RHEAD and RNOZ vs. TIME,
Do not plot SUMAB vs. TIME,
Plot SUMAB vs. TIME.

Do not plot SG vs. TIME.

Plot SG vs. TIME,

Do not plot SUMAR and SG vs. TIME.

Plot SUMAB and SG vs., TIME,

Do not plot ¥ vs, TIML,

Plot F vs. TIME.

Do not plot FVAC vs., TIME,

Plot FVAC vs. TIME,

Do not plot ¥ and FVAC vs. TIME.
Plot F and TVAC vs. TIME.

Do not plot VC vs, TIME.

Plot VC vs. TIME.

Do not plot SUMAB vs. YB.

Plot SUMAB vs., YB.

Do not plot 5G vs, YB.

Plot SG va, YDB,

Do not plot SUMAD and §G vs. YR,

Plot SUMAD and §G vs. YB.

&

3

§
1.
o
gl
o
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Card 4C_Temperature specification option (7X, I1)

Col. 1-7 ITEMP =

{: 0 Temperature gradient,
8
1  Uniform temperature.

Card 5 Basic propellant characteristics (3 cards)

Card 54 (7X, F10.0)

Col, 1-7 RN2W1 =
8~-17 Value of RN2N1

Card 5B (4X, F9.6, 3X, F7.5, 3X, 6.3, 6X, 5.2, 5X, F6.2,
4X, T11.4)

Col. 1-4 RHO =

5-13 Value of RHO

14-16 Al =

g 17-23  Value of Al

| 24-26 N1 =
27-32  Value of N1
33-38  ALPUA =
39-43  Value of ALPIA
44-48 BETA =
49-54  Value of BITA
55-58 MU =

§ 59-69  Valuc of MU

Card 5C  Continuatien of 5B (6X, F6.0)

Col. 1-6 CSTAR =

7-12 Value of CSTAR



Col.

Col.
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Card 6 Basic motor dimensiouns (2 cards)

Card 6A (2X, F8.2, 5X, F6.2, 4X, F7.2, 5X, F6.3, 7X, F8.5,

7X, ¥8.5)
1-2 L =
3-10 Value of L
11-15 TAU =
16-21 Value of TAU
22-25 DL =
26-32  Valuc of DE
33-37 DII =
38-43 Value of DTI
44-50  THETA =
51-58 Value of THETA
59-65  ALTAN =
66-73 Value of ALFAN
Card 6B (10X, F7.2, 4X, F6.2, 4X, T(.2, 8X, F10.7, 6X, F8.2)
1-10 LTAP =
11-17 Value of LTAP
18-21 XT =
22-27 Valuc of XT
28-31 720 =
32-37  Vulue of Z0
38-45  CSTART =
46-55  Valuc of CSTALT
56--61 PTRAN =
62-69  Valuc of PTRAN

BRI




Col.

Col.

-138-

S RS T, SN e

Card 7 Basic performance constants (3 cards)
Card 7A (7X, F6.3, 5X, F7.2, 7X, F7.2, 7X, F5.4, 3X, F6.2,
3X, F8.0)
1-7 DELTAY =
8-13 Value of DELTAY
14-18 XOUT =
19-25 Value of XOUT
2R -2 DPOUT =
33-39 Value of DPOUT
40-46  ZETAF =
47-51 Value of ZETAF
52-54 TB =
55-60 Value of TB
61-63 HB =
64-71 Value of HB
Card 7B (5X, F7.4, 8X, F8.5, 5X, F8.2, 7X, F7.3, 5X, F7.5)
1-5 GAM =
6-12 Value of GAM
13-20 ERREF =
21-28 Value of ERREF
29-33 PREF =
34-41 Value of PREF
42-48 DTREF =
49-55 Value of DTREF
56-60 PIPK =
61-67 Value of PIPK

eI SR AT TR PRI



Col.

Col.

Col.

Col.
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Card 7C (5%, F7.3, 5X, F7.4, 5X, 16.1)
1-5 TREF =
6-12  Value of TREF
13-17 GAME =
18-24  Value of GAME
25-29  PEXT =
30-35 Value of PEXT
Card 8 Tabular teuwperature data (input only if ITEMP = Q)
QVi0.4)
1-19 Vatue of y
11-20  Temperature at point vy,
Card 9 Uniform tempurature card (input only if TTEMP = 1)
(X, 110.0)
1-5 TGR =
6-15 Value of TGR
Card 10

Tenition transient dota (input only if IGO0 = 31)(2 cards)

Card 10A  (3X, F7.1, 5X, F6.4, 6%, F8.1, ¥, F7.1, 7%, F7.1,

4-10
11-15
16-21
22-27
28-35
36-42

43-49

6X, F5.3)
KA =

Value of KA

KB =

Value of KD

urs -

Value of UIS

CS16 =

Value of CSIC

BRPEEL SR

e AR
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Col.

Col.

Col.
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Card 10A (Cont'd)

50-56
57-63
64-69

70-74

PMIG =
Value of PMIG
TIl =

Value of TI1

Card 108 (4X, F5.2, 7%, F7.1, 9%, F5.3, 7X, F7.3)

EEFURUETTR FURE T ¥ O N S e

1-4 TI2 =

5-9 Value of 7TI2
10-16 RRIG =
17-23  Value of RRIG

24-32  DELTIC =

33-37 Value of DFLTIG

38-44 PBIG =

45-51  Value of PBIG
Card 11 TInert weipht calculation data (input only if IWO = 1)

(5 cards)

Card 11A (21X, F6.2, 10X, F6.3, 10X, F6.3, 6X, F5.2)
1-21 DTEMP =

22-27  Value of DTEMP

28-37 SICGMAP =

38-43 Value of S1GMAP
44-53 SIGMAS =
54-59  Value of SIGMAS
60-65 X1l =

66-70

Value of X1

b



Col.

Col.

Col.
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Card 11B  (5X, F5.2, 10X, F10.2, 7X, F7.2, 9X, F5.2, 8X, F6.3)
1-5 X2 =
6-10 Value of X2

11-20 SYCNOM =

21-30 Value of SYCNOM

31-37 DCC =

38-44 Value of DCC

45-53 PSIC =

54-58 Value of PSIC

59;66 DELC =

67-72 Value of DELC

Card 11C (6X, F8.2, 8%, F4.0, 7X, F7.2, 10X, F10.2, 8X, F5.2)
1-6  LCC = |
7-14 Value of LCC

15-22 NSEG =

23-26 Value of NSEG

27-33 HCN =

34-40 Value of HCN

41-50 SYNNOM =

51-60 Valus of SYNNOM

61-68 PSIS =

69-73 Value of PSIS

Card 11D (7X, F5.2, 6X, F7.4, 6X, F7.4, 10X, F5.2, 10X, F7.4)
1-7 PSIA =

8-12

Value of PSIA
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Card 11D (Cont'd)

Col. 13-18 Kl =

R TTRIINEN

: 19-25  Value of K1
26-31 K2 =
32-38 Value of K2

39-48 PS1INS =

i 49-53 Value of PSIINS
54-63 DELINS =
64-70 Value of DELINS

Card 11E (6X, F7.4, 7X, F7.4, 10X, V7.4, 8X, F7.4, 6X, F9.2)

Col. 1-6 KEH =

7-13 Value or KEH
14-20 KEN =
21-27 Value of KEN
28-37 DLINVR =
38-44 Valuc of DLINER
45-52 TAUL =
53-59 Value of TAUL
60-65 WA =
66-74 Value of WA

Card 12 Description of type_of grain configuration (9%, 12, 9X, I2,

8X, 2, 6X, F4.0, 9X, 12, X, 12)

Col. 1-9 INPUT =
1 tabular input only
10-11 Value of Input 2 cquation input only
3 combination of 1 & 2



e

Col.

Col.
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Card 12 (Cont'd)
12-20 GRAIN =
L 1 straight c.p. grain
21-22 Value of GRAIN 2 straight star grain
3 combination star & c.p.
23-30 STAR = 0 straight c.p. grain
1 standard star
31-32 Value of STAR 2 truncated star
3 wagon wheel
33-38 NT =
39-42 Value of NT
43-51 ORDER = 1 star at head c.p. aft
_ 2 ¢.p. at head c.p. aft
32-53 Value of ORDER 3 c.p. at head star aft
4 star at head star aft
34-60 cop = 0 both ends conical or flat
1 head conical or flat, aft
61-62 Value of COP hemispherical
2 both ends hemispherical
2 head hemispherical, aft
conical or flat
Card 13 Tabular values for geometry at y = 0.0
(Not required if INPUT = 2)(2 cards)
Card 13A (6X, F6.2, 10X, El11.4, 10X, E11.4, 8X, El1.4)
1-6 YT =
7-12 0.0
13-22 ABPK =
23-33 Value of ABPK
34-43 ABSK =
44-54 Value of ABSK
55-62 ABNK =

63-73

Value of ABNK



Col.

Col.

Col.
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Card 13B (22X, E11.4, 9X, Ell.4, 8X, El1.4)

1-22 APIK =

23-33 Value of APHK

34-42 APNK =

43-53 Value of APNK

54-61 VCIT =

62-72 Value of VCIT

Card 14 Basic c.p. grain geometry (Not required for

GRAIN = 4) (2 cards)

Card 14A (5X, F8.2, 6X, F7.3, 9X, F7.3, 5X, F6.2, 9X, F8.5)
1-5 De =
6-13 Value of DO

14-19 DI =

20-26 Value of DI

27-35 DELDI =

36-42 Value of DELDI

43-47 S =

48-53 Value of §

54-62 THETAG =

63-70 Value of THETAG

Card 148 (7X, F8.2, 7X, F7.2, 9X, F8.5, 9X, F8.5)
1-7 LGCI =

8-~15 Value of LGCI

16-22 LGRI =

23-29

Valuc of LGNI

T RN TR
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Card 14B (Cont'd)

39-46 Value of THETCHN

47-55  THETCH -

56-63 Value of THETCH

Card 15 BRasic star prain peomctry (Not required for GRAIN = 2)
(35X, F6.2, 7X, ¥8.2, 5%, F4.0, 5X, ¥8.3, X, F7.3, 5X,
F4.0)

Col. 1-5 NS =

6~-11 Value of NS

B T R R R R e - I A R IR R

12-18 LGSI =

19-26 Value of LGSI

27-31 NP =

32-35 Value of NP
36-40 RC =

41-48 Valuz of RC
49-57 FILL =

58-64 Value of I'ILL
65-69 NN =

70-73 Value of NN

Card 16 Geomotry for wapon wheel star configpuration (1npnt only

if STAR = ?)(3(()\ ]) 2), U()A 17 r)), (1\ “_T_‘i_;)

Col. 1-6 TAUWW =
7-11 Value of TAUWW
12-17 Ll =

18-22 Value of L1

st s £ R B e el S e

EEEOTEN



>ol.

Col.

Col.

Col.

REPRODUCIBILITY OF THE
ORIGINAL PAGR 1@ PAnR

~146-
Card 16 (Cont'd)
23-28 L2 =
29-33 Value of L2 1
34-43 ALPHAL = %
44-50  Value of ALPHAL
51-60 ALPHAZ = ?
61-67 Value of ALPHA2 é
68-73  HW =
74-78  Value of HW
Card 17 Geometry for truncatod star confipuration (Input only ;
if STAR = 2)(5X, T7.3, 7X, F7.3) :
1-5 RP =
6-12 Value of RP
13-19 TAUS =
20-26 Value of TAUS
Card 18 Geometry for standard star configuration (Input only
if STAR = 1)(9X, F8.5, 9X, F8.4, 8X, F7.3)
1-9 THETAF =
10-17  Value of THETAT
18-26 THETAP = g
27-34 Value of THETAP %
35-42 TAUWS = E
43-49 Value of TAUWS %
Card 19 CLomoprv associated with Lel'ggjf@pn_yoyt: (Not required §
1L NT = 0)(7X, F7.2, 7%, ¥a.z, 10X, ¥8.5, 10X, F7.3) i
1-7 ;

8-14

LTP = |

Value of L1P
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Card 19 Cont'd)
Col. 15-21 DTP =

22-27 Value of DTP .

28-37 THETTP =

38-45 Value of THETTP

46-55 TAUEFF =

56-62 Value of TAUEFF

Card 20 Tabular inputs for y greater than 0.0 (Requires 2 data

cards for each y value) (Not required for INPUT = 2)

Card 20A (6X, F7.3, 9X, E11.4, 10X, E11.4, 8X, Ell.4)

Col. 1-6 ¥T =
7-13 Value of YT

14-22 ABPK =

23-33 Value of ABPK

34-43 ABSK =

44-54 Value of ABSK

55-62 ABNK =

63-73 Value of ABNK

Card 20B (22X, El1l1l.4, 9X, El1.4)
Col. 1-22 APHK =

23-33 Value of APHK

3442 APNK =

43-53 Value of APNK

Table B-1 represents an example set of data.

Table B-2 is a

sample of the computer printout obtained with this input data.
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Table B-2, Sample computer printout for design analysis program.

TARULAR vALUES FOR YT ECUAL 2ERO READ [N
AlrK==3,7990C 04

ABSHs 0.C

ABNKs 0,0

APtiKe 0,0

APNK= 0,0

VCile 0.0

00 0 C 0O S0 OBOIP RSP RLR VNS O0 ORI OEION GO0 NN LD P POL R0 ISP AEDPIONRIOIEOINBTOELNOSIOLEOEOEOEDPDOEEISS

$04000800003000000000093080¢40

sete CQUILIBRIUM BLRNIKG ¢ee,
$00400400040000000084440000408

INITIAL REYKRCLODS ALMOTRs 9,6300E 0O
TIrEs c.0 Y= C.0
RNOZ = 3.£298E~-01 RUHEAD=  3.7500£-01 PCHOZ=  T7.3701007 02 PHEAO= 7,7432€ 02
PIAR=s  2.C242¢ GO MNG2Z= 2.5643E=-01  SUMAB3  4,4%GT1E 0S SG*  1.29%9€ 03
PATHE= 1.4696E 01 CEVAC=, L7765k CO FVAC=  2.8304€C 06 F= 2.%916E 0%
16P= 2.41758 02 CF=  1.9637% 00 Vi=  4.5335F8 06 MDOT= 1.07208 04
CFvD= 1.€530f 00 I70T= 0.0 LivaC= 0.0 ISPVAC= 2.6459E Q2
Wp= 0.0 RADER= 0.0 EPS=  7.1594%C 00 ALT= 0.0
1= 5.4430F Ol APHEAD= 2.4763E Q3 APNOL= 4.71C0OE ©3 JCOF=  1.5%4%%E 00
CFD=  1.5111€ 0O
TABULAR VALUES FOR YT= 2.0C0 READ IN
ARPR=~1,36CO0L 04 ABSK= 0.C ABNK=s C.0 APHK= 0,0 APNK= 0.0
TIVE= 0.27 Y= 0.10
RNOZ=  3,€2706-01 RHUAD=  3,71%36€-01 PCNCI= T7.3491C 02 PHCAD=  T.7174E 02
PTAR=  2.C345%E CO MNOZ=  2.94700-01  SUMAB=  4,.57660 0% SG= l.29t9c 03
PATH=  1.%&72¢E Ol CFVAC= 1,7265C 00 FVAC=  2.8280L 06 F= 2.5832E 06
I1SP= 2,4169E C2 CF=  1.5823¢ CO VCO= 4057020 06 FOCT=  1.06BRE O&
CFVh=  1.6532E 00 170Y= 7.CC79C 05 [1IVAC= T.6210k 05 ISPVAC= 2.6459E 02
kP= 2.9C11E Q% RACER= 0,0 ’ EPS= 7.199%EC 06 LLT= 8.3565€-02
DT= 5.4430E 01 APHEAD= 2.6CT9E C3 APNCI= 4.7339E 03 COF= 1.%96%%E QO
CFD= 1.5106E 00

900 e BN L PPE O OBIONINLISIEOSELLICETODS

TirFe=  127.461

RNOZ= 0.0

PTAR= £C49E 00

PATH= 2.81300-02
1sP= 0.C

CFVD=  1.64300 00

WP= 1.1C69E 06

Cr= 5«.6301E 01 A

CFi= -1,0634E 00

TIkE= 128411

RNCZ= 0.0

PTAR®  6.5849F 00

FATH:  2.751%0-02
15 0.0

CHvD= 16430 QO

L 1.1C09F 06

Ci= S.6301L 01 A

Crp= -8.9394€ 00

KPl= 1,10¢0¢ 06
WPz 1.1CY10E 06
WPe RLLCESE CO
PHPAX: 0. Y195%0 02
ISP 2,52249¢ 02
TSPVACR
Mol 2.79271C C8
ITVACs  2.491900 CA
F Ava 2,1798L 06
FVACAYT  2,27a%T 006
PONAVE  H.7040 G2
VCIe 41,9335 0L
VCFs  2,15%67C €1
LAKGUA®  7.93626-01

Y= 41,97
RHCAB= 0.0
VYHNOZ= 9.0964E--02
CHVAC=  F.71%2F CO

CF= =9.9125E-01

1071= 2.7927¢ Ch
RADCR=  3.C3690-C4
PHEAD= 146303L 04
- Y= 41.97
RFEAD= 0.0
PHU2=  9.0G64E-02
CFVYAC= 1.719%2C CC

CF= =8.061% (0

110Y= 2.,19217C €8
RADCR=  3.C359E-04
PHEAC= 1 62838 04

2.6111E 02

00 s s e 0000 a0

PONOL= T,108T2E-02
surMat= 0,0
FVAC=  2.9400F 02

VC=  2.14967C 01

ITvac=  2.9190t C@
PS= 6.06774F QO

APNOL=  1,6363E 04

PCHOI=  1.7362C-02

SUMARE 0.0

fVAC=  T.1160E O}

vi=  2.1407¢ 07

ivac= 2.91900 C8
EPS3  6.h1T4E 00
APROZ=  l.6303E 04

c 0o 0.

PHEAD=
5G=

F=
MOGT =
1SPVAC=
ALT=
COF=

PHLAD=
5Ga

¥=

rOGT =
JshVAC=
Al Tc
COF =

¢ s s 000000 000t eITEs VS

872£-02

120718 00
2.6297E 02
1.4439E 05
1.5512€ Q0
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Program lListing

Table B-3 presents the complete program listing. As previously
mentioned, the program has been designed to produce graphical repre-
sentations of the computational results. Program statements that must

be removed in order to delete the plotter compilation requirements are

é identified in the program listings in Rels, 3 and 4, Alternatively,
f% dummy subroutines may be substituted for the following subroutines:
v GSIZE, PLOT, SCALE, LINE, AXIS, and SYMBOL.
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TABLE B-3

SABRDSRIBS400800002 80080003304 0003248000000¢080330880000%088808008%
SRM DESIGN AND PERFORMANCE ANALYSIS
PREPAREU AT AUBURN UNIVERSITY
UNDER MOD. NOe. 14 TO CCOPERATIVE AGREEMENT WITH
NASA MARSHALL SPACE FLIGHT CENTER

8y
Re Ho SFORZINI AND we A, FOSTER, JR.
AEROSPACE ENGINEERING DEPARTMENT
SEPTEMBER 1975
0938300880328 0200880 8300004088830 0200000805000 2800880000000 00008
INTEGER GRAIN
REAL MGENyMCISyMNOZyMNL1,yJROCK o NyLoMELyME,ISPoITOT o MUyMASSISPVAC
REAL NLyN2yNSEGIKL1 K29 KEHIKEN,NS9LCC,HLTAP
REAL M2yMDBAR,ISP24ITVACKAsKB,LAMBDA,ITV
COMMON/CCNSTL/2ZWoAE,AT o THETA,ALFAN
; COMMON/CONST2/CAPGAN yME ¢ BOTE y ZETAF , TBy 4B, GANE s CGAME , TOPE , ZAPE
4 COMMON/CONST3I/SoNSoGRAIN,NTABY,NCARD
] COMMON/CCNST4/CELCT,00420
COMMCN/VARTAL/YoT,DELY,DELTAT,PCNOZ ) PHEAC,RNOZ,RHEAD,SUMAB, PHVMAX
COMMON/VARTIA2/ABPORT,ABSLOT,ABNCZAPHEAD,APNOZ,DADY,ABP2,ABN2,ABS2
COMMEN/VARIA3/ITOT, ITVAC 4 JROCK ISP, ISPVAC,MDIS,MNCZ,SGySUMMT
COMMCN/VARTAG/RNT 9RHT 3 SUM2,R1,R2,R3,RHAVE RNAVE sRBAR¢YBsKCOUNT o TL
COMMON/VARIAS/ABMAIN,ABT(O,SUMDY,VCI+ABTT,PTRAN
COMMON/VARIAG/WP24CF WP yRADERyEPS9VC yFLASTTLAST DT oPCNTCTohP1
COMMCN/VARTAT/VIMXoFV,y [TV NX
COMMCN/VARIAB/YDI
COMMON/TIGNL/KA KB UFSoRHO,L,PMIGTI1,T12,CSIG4Ql 4" 19Q2,N2
COMMCON, [GN2/ALPHA,BETA,PBIGyRRIGIDELTIGsXsTOP,ZA"
COMMCN/PLOTT/NUMPLT (16), IPO4yNCUM,IPT,ICP
OIMENSION YTAB(30),TTAB(30)
CATA P1,G/3.14159,32.1725/
CALL GSIZE (416.411.0,1100)
CALL FLOT(6.25424,-3)
1ap=0
READ{59500) NKUNS
C $3208 303832508088 080888 0888888284040 80846808000808800%5808000000808%02

e s T T R A TR T P T e T R e S A R
AOOOOOOOOOD

L J ®
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| ®
] L J
® ]
L $
L L
] ¢
» L J
L ]

C = READ IN THE NUMBER OF CONFIGURATICNS 7O BE TESVED *
C S8 0024008800008 8800800008 0800000030088 8803030080000000800000880000¢
NTABY=0
NCAKO=0

0O 901 I=14NRUNS

NEXTR=NTABY-NCARD

IF(NEXTR)1301,1901,1902
1902 READ(5,19C3) (D01,02,03,D04,05,06,1EX=1¢NEXTR}
1901 WRITE(6,602) 1

READ(S,11111) NTAB,NTABY
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TABLE B-3 {CORNT'D)

REACIS445G) SUNDY ANS ¢ Z oYy ToLLELTAT G RANCZ dRHLUAD s SUNAR yPHNMAX 3 SLIMZ, 1T
10T ¢RET oRNT 4RI 4 RZ2 4RI REFAVE ZRNAVE ZRUARGITVAC, SLIVFT 4 POINTCT
ANBARDEIAN RN RADA AL 2R R DR IN O A NN IR N LR AL AR AV Iy AR N A St R Ay R h Ak

¥ SET INITIAL VALULES CF SELECTECL VARTAPRLES EQUAL T( ZLRC *
» #AANOTESR*  THESE VALLES MULST BL ZERGED A) THE BDEGINNINCG CF *
¥ EACH CCNFICLRATICN RUN #

DR RNR I AR AR B A AN b A AR A A ARG R N NN AN A NG R A DL N TR N A A K R AL
REACI5,491) 1CC, W0
REAL(54493) IPC,y INUNMPLT(JJ) v dd=1,16),1TENp

AR RARAAG R AR RS AR AL L AL AN AN A G KA R AR AR AL RN A AN A A AR A G Rk AR A

¥ READ IN THE LSCBR*S LPTILNS *
% "
* VALLES FCR IGC ARE %
” O FCR NO [GRITION TRANMNSTENT CALCULATICAS B
% 1 FCR IGNITICHK TRANSIINT CALCULATICNS i
¥ VALUES IFCR 1W0O ARE &
4 C FOCR NC IWERT WCICHT CALCULATILANS &
¥ 1 FCROIHERT WUTIGHET CALCLLATICANS

% VALUES FCR PG ARE 7
% C FCR KWC PLOTS 0
% 1 FOR PLECYS CF ECUILTH2ILNM RUSNING CHLY %
¥ ¢ FCR PLCIS GF TGAYTTICN TRANSTOAT ONLY 8
» 3 FCR PLOTS CF BOYE TENTITICN TRARSTENT AXD &
¥ EQUILIERIUM BULKNING -
] VALUES FCR NUMPLT(JJ) ARE (NCT REGQULIRED FCR OIFO=0) *
% C IF SPLCIFIC PLOT IS RQT ODUSIRED %
¥ 1 IF SPECIFIC PLCT 1S CLSIRED %
% CRCER CF SPECIFICATICN CF RUMELTILIDN) IS %
”n 1 PHLAL VS TINME *
* yd PORNL? VS TLIME £
x 3 PHLAL AKG PONC/7 VS TIML #
% 4  RHBEAT VE TINME *
» Y RNC7 VS TIVE w
»® 6 RV-LALC ARD RNODZ VS TIME 4
’ 1 SLMAT VS TINE ®
% & 56 vS& TUME %
» 3 SuMAt ARD SG VS TINE »
CC COCNTINUC

% 10 F vt VIME »
* 11 VAC VL TIVME *
* 12 F AKD FVAC VS TIM{ i
* 13 vO vS 11IME %
¥ 14 SLMAL VS ¥R #
® 1% SC vs vu *
% 16 SUMAC AR S VS YH S
* VALUES FCR ITONMP ART %
% C RO TEMPERATLR: GRADTINT W
” 1 FCR UNTFCRM TEVPERATLRE n»
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TABLE B-3 (CONT'D)

% NTAB IS THE NUFMBER OF Y STATIUNS FOR WHICH TABULAR %
% TENPERAYURES ARE SPECIFILLC *
» NTABY IS THE NUNMBER CF Y STATICNS FCR WHICH TABULAR ARTAS ®
* ARE SPECIFIED %
AARE PRI DA AN AN DR LB AR B A A DH IR L LR YA AL AR A A S A AARD 2R H A AA R AR R A B AKX A S

WRITE(64462) ICC,IWC
WRITELE,494) 1P, INUMPLTIJJ)yJJ=1,16),1TEMD
WRITE(H,11112) NTABSNTABY
REAC(S,501) RAN2NLyREOGAL N1y ALPFALBETA,MU,CSTAR
AALAARE IR AR A XN B BT RN A AR AN E PR AR A LA N I AR AL Rk AN A RN NN A AR N D LAk

* READ IN BASIC PROPELLANT CHARACTERISTICS K
% %
& RNZNY IS THE RATIC CF THE NCFMINAL VALLES OF THE BURKING RATF %
® EXPCNENTS ABQVE AND 8LLOH THE TRANSITVICN PRESSURE %
% {NCHEMNAL N2J/NT) *
% REG IS THE CENSITY Cr ThE PRUPELULANT LN LENM/TNEwT *
% AL IS THE BURANING RATE COEFFICIENT BFLOW THE TRARSTITICON %
* PRESSURE *
% NL IS THT PURNING RATE EXPOANENT BELOW THL TRANSITICHN PRESSLRE
* ALPHA ANC BLTA ARE THE CONSTARTS IN THE ERCSIVE LURANING o
» RELATICN CF RCBTLLARD ANE LFLRCIR b3
% MU IS THE VISCCSITY CF THE FPRCPELLANT GASES *
® CSTAR IS TIF CHARACTERISTIC EXHALST VELOCETY 1IN FY/ZSEC 3
R R R EREEREEREE EEEEIEEE R R R R I i R S R R P R R R I

WRITE(E,6C3) RECpALyNL g ALPEAZRETALPUL,CSTARLRN2NT
REO=RFD/22.174
REAC(5+502) Ly TAUSsCEsLTI g THETAZALFANGLTAP yXT, 20 CSTART ZPTRAN

LEE R R R R TR R R R R R R R S L E T L L LR R R

# READ IN EASIC MCTOR DIVCRSICAS %
* *
% L IS TRE TOTAL LENCTE OF THE GURAIN IN INCHES %
% TAU IS THE AVERAGE WEFUG THICKKUSS CF THE CORIRCLLING GRAIN x
% LENCTH I INCEES uk
¥ CE IS THE LCIANMECTER GF VHE NCZZ7LE EXIT IN TRNCHKES ¢
% ETI IS THE INITIAL CIAMETOR (F THE RQOZ71E THADAT IN IRCHES &
¥ THETA IS THE CANT ANGLE OF THE GWUZZTLE WITH RESPCECT TC ThHL *
4 MCTCR AXIS N UEGREFES %
¥ ALFAN TS TERL EXIT FALF ANGLE CF THE RNOZ2UE IN TFEGRELS #
% LTAP IS ThE LENGTH CF ThE GRAIN AT THFE NCZZLE Fiv! FAVING ¥
% ACEITIUNAL TAPER NGT RIFPRLUSEANTELD Y 70 IN TLCHES 2
% XT IS ThU CIFPFORENCE IN WER THICKNESS ASSCCIATIDR WITH LTAP %
¥ 2C IS THE INITIAL CIFUVERENCE PETWEEN K9P THICKKLESFS AT ThE >
% HEAD OANE AFT ERUES CF THL CLNTROLLIANG GRAIN LULACTH %
* CSTART IS TIE TEMPERATLEFE STASITIVIIY GF CSTAR x
¥ AT CCUSTANT PRESSURE £
% PYRAN IS THE PRESSURE ABUOVE WHICHEH THE PURNING RATL EXPLANSANT *
* CEANCES ¥
R R R R R D T O e N A A R RS

NZ2=N12PANZA]
A2=ALAPTRANNSE{NL=-N2)
WRITCUG,6C4) Ly TAUSCT o LT o THFT A ALEAN gL TAR g XT3 70 oGS TART gPTRAN gD
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TABLE B-3 (CONT'D)

THEYA=THETA/%T7,29%78
ALFAN=ALFAN/5T7.25578

T REAC(545C2) CELTAY XOUT DPOUT ,ZETAF TR 1-RyGAN ERREF,PREF
4 ICTREF¢PIPK TREMyGANME,PEXT
" IF(ITEMP.NELC) GC TO 1CCCO
i READ(E,7CC) (YTABUITAR) y TYARCTIAR) ZITAB=1,NTAR)
- . WRITE(G7CL) (YTAC(TIIAL) yTTARIITAB) yITAER=1,4NTAH)
3 GC TG 1CCc4
4 1CCCO REAG(S,1CCC1) TGR
L R EEEEEE 2R EERER SR ERREFEEEE RS RN R R F N ERF R E R SRR S B SR R R R
k c x READ IN EASIC PERFCRNMANCE CCNSTAMTS *
i c = ¥
1 C =* CELTAY 1S ThE DESIRED BURN JACREMENT NDLRING TAILCFF IN INCHES %
E cC =* XCUT IS THEE DISTAUCE EBURNFEL IN INCHLS AT WhICH THE FRUOPCLLANT *
¥ cC =» BREAKS UP >
¢ c = CPCUT IS THE DEPRESSULRIZATICN RATE IN LR/ZIN*%3 AT &t ICH THE %
: cC * PRCPELLANT IS EXTINGUISKLD *
; C =* ZETAF IS THE THRUST LCSS COEFFICIENT ¥
% cC * T8 IS THE ESTIMATEC BLRN TINE IN SECONDS %
1 C = tB IS THE ESTIMATED BURNCUT ALTYIILCE IN FCGET *
9 c = A2 IS THE BURNING RATE COCFFICIENT APCVF THE TRAASETICA %
& C x PRESSURE #
i c = CAV IS THE RATIC OF SPECIFIC FEATS FCR THE PROPELLANT GASLS i«
; c » ERREF IS TFHE REFERENCE THRCAT ERISICAN RATE o
: cC =» TGR IS THE TEMPERATURE OF THL GRAIN *
: C = PREF IS THE REFERENCE NUZZLF STAGNATICN PRESSURE 3
; C = CTREF IS THE REFERENCE THRCAT DIAMETER o
: c * PIPK IS THE TFMPERATURE SENSITIVITY CCUEFFICILTT GF PRESSURE o
c = AT CONSTANT K &
cC =* TREF IS THE DESIGN TEMPERATLRE UF THE GRAIN %
c = GANE IS THE EFFECTIVE GAMMA AT THE NOZZLE EXIT PLANE *
cC =* PEXT IS THE PRESSURE AT WHICK THF PROPCLLANT EXTINGUISHLS 2
R R AL EEE T AR R R R A R R R R R R R R
1CCC4 WRITLU69EQEITELTAY XCUT,CPULT s 2ZETAFTH yl By GANM ERREF ¢PREF 4 LTRLF

LyPIPKyA2  IRCF GA Gy PEXT
IFLITENMPONELC) WRITE(E,1CCC2) TCR
NCARL=0
NCUNM=C
IPT=C
FNL=JE5
7=1C
$S=C.0
NS=C.C
KCUNT=C
ABMAIN=C.C
ARTC=C.C
ATT=C.

TLAST=1.
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TABLE B-3 (CONT'D)

CELY=CELTAY
TCP=CAN+]l.
BCT=GAM-1,
ZAP=TCP/(2.%BCT)
CAPGAN=SCRT(GAN)*12,/TCP )*%ZAP
TCPE=CANE+].,
BCTE=GANE-1,
ZAPE=TOPE/(2.%E0TE)
CGANE=SCRT(GAVME)*(2/TCPE)XXZAPL
AE=PI*LExLE/4.
IFCITEMP.NELC) GC TO 1CCC3
CALL INTRPL(TTAByYTABSNTAB,Y»TGR,0)
WRITE(E4701) Y4TGR
1CCO03 CSTAR=CSTAR® (1 4CSTART*(TGR=-TREF))

IFIXT.LELCLC) CO TC 40
TL=AY-TAU+XT42/2.)%“LTAP/XT
IF(TLJLELC.C) TL=C.C
IF(TLLCELLTAP) TL=LTAP

40 IF (T) 41,41,42

41 0T=0T1
CC 10 43

42 RADER=ERREF*{((FUNCZ/PREF)A%C8)4((LTREF/DT)%xC,2)
CT=CT+{2.C*RACER*CELTAT)

43 AT=PI%DT=2CT/4,.
EPS=AE/AT
IFLIGC.EC.C.OR. Y.GT.CWa0) GO TC SCO
REAC(5¢497) KAWKByLFS)CSIGyPHMIGyTILyTIZ2ZZWRRIGLLLTIC,PRIG

C b Ad AR AR NN AR b A A AR AR AL AR DDA A R BT A AR BN h RN A A o o
C REAC IN VALUES REQUIRED FFOR IGNITICN CALCULATICANS x
C = ¥RENCTE# X% NCT REQUIRED IF 1GO=C ¥
C = B
cC = KA AND KB CEFINE THE CHARACTERISTIC VELOCITY IN FTV/SEC R
C = CSTR = K& + KB * PRESSURE A
cC * UFS IS THE FLAME=-SPREADING SPEED. IN IN/SEC x
C = CSIG IS TrE CHARACTERISTIC VetQCITY CF THE IGNITLR IN FT/SEC =
C % PMIG IS ThE MAXINUNM IGNITER FRESSURE IN LBS/IN%%X? %
C =% TI1 IS T+E TINE OF MAXIFMUM ICNITER PRESSURE IN SLCCNGS *
c * TI2 IS THE TIME(IN SECONDS) FCR THE IGNITIR PRESSURE TC %
€ % CRCP TC 1C PER CENT OF MAXINMUM VALUTC(PMIG) o*
C * RRIG IS THE AVFRAGE REGRLCSSICN RATE CF TI-E FIRST HEALF CF THE 3%
C * ICLHITER PRESSURE TIME TRACE IN LES/ZIN#*x2/SEC %
C % CELTIG IS THE TINME INCRENMENT FOR IGNITICKN TRANSIERT ¥
C * CALCULATICNS IN SECCNCS *
C = PBIC IS THE BLOWCUT PHESSURE CF YHE MAIN VCOCYCR BLUWCLT PLLUC *
cC = IN LES/IN#XRQ . *
C AR ERdatd st v dd AN A0t AR DAL AR A AL AN DA AN AL I AL AN ARSI A AR AR LN

WRITELGL,842) KAZKOyUFSoCSIGePNIG,TI1,TI2,RRIGyDLLTIC,PIIG
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TABLE B--3 (CONT'D)

9CC IF(IACEC.CsOR.Y.GT.CuC) GC TC £22

832 CALL AREAS
IF(Y.LELG.C) VC=V(T
TFCABS(/V)oGTCuC) GE TC 20

READIS5,6CC) DTEMP g STIGHAP ¢ SIGMAS Y1 4X2 4 SYCNCVoLCCePSIC,LELC,LC
TCoyNSEC HCN g SYNNCMyPSIS; PSTIAGKL g K2 PSIINSyDELINS yKEHyKENZULINLER,TAU
2Ly ViA
o Z 222 R AR R R R R R R R E R R R RS R R R PN B R F W R R R R R R R S RO B Ry gy
c = READ IN BASIC PROPERTIES REGUIRED FCR WEIGHY CALCULATICNS *
C » $EANOTES %% NCT REQUIRED [F IW0O=0 %
C = *
C * CTEMP IS THE MAX EXPECTED INCREASE IN TLFPCRATURE APCVE *
cC » CCANCT /'S UNCER WHICH MAIN TRAGE WAS CALCULATED IN *
C = CEGR - @ RENHEIT e
cC = SICMAP 1 ~ © <IATVICN IN PHMAX X
C = SICMAS 1L .7 "AlIAYICN IN CASE MATERIAL YIELL STRENGTH ¥
C = X1 IS ThL LMoER OF STANDAPE CEVIATICNS IN PHMAX TO KC USEC i
cC = AS A RASIS FGR DESIGHN e
C =» X2 IS THE NUMBER UF STAWCARD CEVIATICAS IN SY TD BE LSED AS %
C * A CBASIS FCR LESICN *
C = SYCNCM IS THE NCUMINAL YI1ELC STIENGTE CF THE CASE MATLRIAL *
c = IN LBS/INCH *
c = CCC IS THE ESTYIMATED MEAN NIANETER QF THE CASE IN INCHES *
C =* PSIC IS THE SAFETY FACTCR CN THE CASE THICKMNFSS X
C » CELC IS THE SPECIFIC WEIGHT CF THE CASFE MATLRIAL IN LOS/ZIN#%3 3
C » LCC IS THE LENGTH CQF THE CYLIKCRICAL PCRTICN CF IHFE CASE i
C * INCLUCING FCGRWARC AND AFT SEGMENTS IN IMCHES %’
C » NSEG IS THE NUMRER UOF CASE SEGMENTS %
C » FCN IS THE AXIAL LENGTH OF THE NCZZLE CLCSURE IN INCHES %
C = SYNNCM IS THE NCMINAL YIELE STRENGTKF CF THE NOZZILE NATERIAL %
C = IN LRS/INCH o
cC » PSIS IS THE SAFETY FACTCR CN THE NCZ7LC STRLCTURAL MATERIAL % :
C * PSIA IS THE SAFETY FACIGR CN ThE NOQZZLE APLATIVE MAIFERIAL % ;
C = Ki ANLC K2 ARE EMPIRICAL CONSTANTS IN THE NCZZLE ®wT¥. LQUATICN % :
c = PSIINS IS THE SAFETY FACTCR CMN NCZZLE INSULATICN it f
C =* CELINS IS THE SPCLCIFIC WEIGHT OF THE INSULATICN IN LRS/ZIA#23  x ;
1CC1 CCNTINUL :
C * KEH 1S THE ERCSICN RATE GF INSULATICN TAKEN CCNSTANI j
c = EVERYWHERE EXCEPTY AT THE NOZZLC CLCSURE IN IN/SEC % .
C x KEN IS THE ERCSICN RAYE OF INSULATICN AT THE NCZZILE CLUSLRE 2 :
C * IN IN/SEC 3k ‘
C =* DLINER IS THE SPECIFIC WOIGHT CF THE LINCR IN LRS/ZIN=%3 ¥ 2
C * TAUL IS THE THICKNESS CF ThE LINCR TN INCKES f !
cC * WA IS ANY ACDIVIONAL WELIGHT ANCT CUNSTCERFL SUSTWFERY TN LRS .
(M TR AR LR E B R EE PR EFE RS FREEHEEEIE R R R RURIE I I SN R R O I N I SRR R W VRS |
WRITE(E,61C) CTLMP ySTGRAL g STIOMAS X1 ¢ X2 3 SYCNCFE,LCC+PSIC LD ! .
LCCONSEGy HCR s SYNNCH y DSESyPSTAZKI g K23 PSTINSyDFELINS yKEH KE NG LLING 2, 1A 3
2UL y kA .
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ORIGINAL PAGE I8 POOR

TABLE B-3 (CONT'D)

IF(SUMAB.LE.C.C) GC TC 31

X=(ABPORT+ARSLCT)/SUMAR
MNCZ=ATHX/APNCZ* (2% (1a+POT/2.4VNIEMNL ) /TUP) ¥ =ZAP
IFCABSIMNCZ~MN1)LELQLCC2) GC TC. 2

MN1=MNOZ

GC TO 90

VNOZ=GAMACSTARMMNOZXSURT ({(2./TCPI*(TCP/BDTI)I/ (1. +R0OT/2.%FPANCZHNMNG

12))

PRAT={1.+BCT/2.%NNCZ*VNOZ)#%(-CAN/BCT)

JRCCK=AT/AFNCZ

SUMYA=DELY*(AEBP2+ACEN2+ABS2)

IF(Y.EQ.CoeC) SUMYA=C.C

VC=VC+SUNMYA

IF{Y.GT.C.C) GC TC 11

Ql=Al1#EXP(PIPK*{1e-N1)}*{TGR-TREF))
Q2=A2%EXP(PIPK*(1a=N2)*{TCR-TREF))
PONCZ=(C1*RFO*CSTARMSUMAB/AT ) %% (1e/(1a=N1) )X Lo+ (CAPGAMHIRUCK ) %X2/

12, )82 (N1/({1.-N1))

IFIPCNGOZCTPTRANIPCNCZ=(Q24RECHCSTARSSUMARZAT) %% ( Lo/l Le=N2) )% (204

L1(CAPGANMRJROCK ) #%2/2 Y %%(N2/ (Lo~ 2))

MCIS=AT*PCNCZ/CSTAR

P2=PCNC2

PCNCZ2=PCNCZ

ENCZ=PRATXPCNCZ

P4=2 %MD ISHVNCZ/ (APHEAC+APNOZ) +FNC2Z
IF{CRAINLEC.3) P4=MDIS * VNOZ/AFNCZ + PNCZ
FNCZ=PRAT*PCNOZ

PHEAC=2.%NCISHVNCZ/ (APHEAC+APRCZ)+PNC2Z
IF(GRAIN.EC.3) PHEACL=NDOIS * VNCZ/APNCZ + FNCZ
[F(PHEADLLEPTRANIRHEAC=QLEPHEALHAN]
IF(PHEAC.GT«PTRAN)RHEAC=Q2%PHEAL ¥ AN2
L1T=MC1S*X/APNC2

RN1=RFEAD

PHEALZ2=PHEAL
IF(FNCZLELPTRANIRNGOZ=RNLI=~((RN1=-QLAPNCZEANL-ALPHASZ ITo4& B8/ (L%, 25F

LXPIBETAXRNINYRHC/ZITI) )/ {1 e #ALPHASZIT AR (QABETALPHC/LIT/ (L X  2%EXP(D
CETAXRNLYREC/ZITI)))

TF(PNCZoGTLPTRAN)RNCZ=RNLI=((RNI-C2*FNCZ*xN2=ALPLARZ I T 0/ {L3%  2%E

LXPIUETAXRNL#REC/ZIT)I)/ (L e+ ALPRASZITRA JQRRETARREO/Z IT/ (L4 2%EXP (L
2ETAZRNLARFC/LIT) Y)Y

IF(ABSIRNLI-RNOZ)JLE.C.CC2) GO 1C 4
RhN1=RRCZ

GC 1C 3

AVE1=(RFEACARNCZ)Y /2.

[F(Y.,GT.C.C) CGC TO 7

RNZ2=RNCZ

RE2=RFEAL

PCANJ=FONCZ
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TABLE B-3 (CONT'D)

CPCLY=C.C
AVE2=AVE]
7 ARNAVE=(RNCZ+RN2)/2.
REAVE=(RFEALRV2) /2,
IFIFCNCZLE «PIRANIVMGEN=REQHLAVELA{ABPORTHAESLCT I 4CLAPCRCZHANY 2 ARNE

172)
IF(PCROZLCT.PTRANIVCEN=RECHLAVE DR (ARPCRT+ABSLCT I +C2#PCND 2% N2 AN
12)

CROY=(AVEL~-AVEZ)Y/DELY
RBAR=(AVEL+AVL2) /2.
CMAX=1.CCCZ*MI IS
GMIR=C.SCHGRANVIITS
IF{Y.CT.CWC) CC TC 12
GMAX=1.CCl*MILS
CVMIN=L . G3GHM[]S
TF(VCENSGEJCMINGARTJVMEENLE SGHAXY GG TU €
MOIS=FMGEN
PCNCZ=MLCIS%CSTAR/ATY
CC YC S .

6 RE=Z2,%FDISHX*L/ULAPNGZ+APHFAD) #1L)
IFUICCNELCoANDaYoLELC.C) CALL ICNIIN
TFIYJLELC0) WRITLUG,1CY) RF
PCNJ=FCNCZ
caLL CLIPLT

1C IF{YsLEL.CS*TAL) GG TC 16
SINKLI=VC/ (CAPGAMACSTAR) % 2xRBARMPCDY/12,
MASS=,01%NCIS
INS4=Y+]1CCHOLELTAY
IF(KCUNT.CT.0) GG TO 16
FF(ABSUSINKL Y e LEMASSoAND ANSGLLJANS=XT) GC TC 18
CC 10 16

18 CELY=10.%CELTAY

GC TC 55

CELY=CELTAY

YLEL=Y

Y=Y+LELY

ANS=TAU-AUESH{2/2.)

IF(Y CESANS ARDLKCUNTLEGLC) DOLY=ANS-YLER

FRLY L CToARS AN L HOUNT L CuC) Y=ANRS

CELTAT=2 %CELY/(RHAVE4RNAVE)

SumMZ=SuraB

RN2=RMNOZ

RR2=RI-:AL

AVEZ2=-AVEL

GC 10 1

11 MOIS=ATPUNLZ/ZCSTAR
GC 1L 5
12 CPCUY=APHTATZAFUNCI2Y ZURNAVES RE AVEYRDRDY S {PEEAD? A PCNGL2Y /(R 22 ny

At
Ut o
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TABLE B-3 (CONT'D)

IN2+ABS2)%2.)*CADY
JF(ABS{LCPCLY)«CE.CPCUTCR .Y GELXCUT) GC TC 25
SINK1=VC/ (CAPGAMZCSTAR) #%#22RBARACPCLY/ 2.+ PHEADZ2+4PCNOZ2) /2% (RNAV

1E4RHAVE) /2. % (AEP2+4ABN2+ABS2)/ (12 *{CSTAR%CAPGAM ) *%2)
STUFF=NMCEN=SINK]

MCIS=STUFF
PCNCZ=MDIS*CSTAR/AT
IF({YeCECeS*{ANS=XT)IPCNCZ=PONJALPCOY*CELY
IFISTUFFLCEGMINJANCSTUFF.LELGMAX) GC TC 14
GC 10 5

l4 P1=PONOLZ
PCNJ=PCNGZ
PCNCZ2=(PLl4P2)/2.
P2=PCNOZ

P3=PHEAD

PHEALZ=(P24P4) /2.

P4=PHEAL

MCIS=AT*PCNCZ/CSTAR .
CELTAT=2.%CcLY/Z({RHAVE+RNAVE)
2=24CELTAT®(RNAVE-RHEAVE)
T=T+CELTAT

IF{Y.LTLANS) CALL CGLTPUT
IF{Y.LT4ANS) CC TO 10

Iw=1
SUMBA=SUNAR
P1=PCNO2Z
Rh2=RFEAL
RN2=RNOZ
RAVE=AVE1
ABVAIN=SUVMAB
ABTC=C.C
WRITE(6,451)

2C ANSZ2=TAU+ABS(ZW/2.)

KCUNT=KOLNT+1
IF(KCUNT.EC.1)CALL CUTPLT
IF(KCUNT.EC.1)GO TC 10
CELYW=DELTAY
CYZ2=CELYW
IF(2ZW) 32,422,332

32 TF(Y.LT.ANS?.ANDJABSIZW).GTLOY2) GO TC 211
SUMAB=ARNAIN+ARTT
GC 1C 31 :
SUMCY=SUNMLCY+CELYMU
SUMAR=(1.+SUNMDY/ZW=DELYUW/ (2. %2ZW))YARTC-(SUILY/Z2ZW-CULY/(2.%2V )} ZAD
INAIN+ABTT
GC 1C 31
23 IF(YuLTaANS2.ANDelZWweGTL.CY2) GC TC 21
SURAB=ABTC+ABTT

) -
-
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TABLE B-3 (CONT'D)

GC 10 31

21 SUMCY=SUMECY4CELYW ‘
SUMAB=(1 . =SUMCY/ZW+DELYW/ (2.2 ) ) 2ARNATIN+ (SUFLY/70=-0ELYR/ (2 o2 W) ) %
1ABTO+ARTT :

31 IF(SUMAB.LE.C.C) PCNOZ=PCNUZ/2.

IF(SUNAB.LE.O0.C) GC TQ 25 i
MCIS=AT%PCNCZ/CSTAR !
ARAVE=(SUMAB+SLMRA) /2. j

SUMYA=DELY*ABAVE :
VC=VC+SUNMYA 3
CADY=(SUNFAP-SUNBA)/DELY i
PBAR=API+PChNQ2)/2. ‘
SUMBA=SUIAY
22 IF(PLARGLELPTRAMICPCDY=PRARADALY/(Le=NL)/ARAVE

IFIPBAR-GTPTRANICPCDY=PRARECALY/ (L e=N2Y/ADAVE

PCNC2=PUNJ+CPCLCY*CELY

IF(PCNQZ.LE.C.C) PONCZ=C.C

IF{PCNOZ .LELPEXT) GC TO 25

IFIPCNOZJLELPTRANIRNOZ=QI%PCNCZ N1

TF(PCRNCZ.CTLPTRANIRNOZ=C2%*PCNLZ% N2

RHEAL=RNC2Z

RBAR=(REEAD+RAVE) /2.

MGEN=REO* (RNOZ4RIFEAD) /2 %SUNMAL

GVAX=1.,CLC2*VMCIS

GNIN=C.GSGEBXML ]S
SINK1=VC/ICAPGAMECSTAR ) ¥ 2IRBARACPCDY /I 2 4+ PPARCADAVE/ (1200 (CAFGAM:
1CSTAR)#42 ) *RHEAR ;
STUFF=VNGEN~STNK] )
MOIS=STUFF

TFISTUFF.CELGMINSJANDLSTUFFJLELONMAXY GE TC 23

PBAR={P1+FCNCZ)/ 2.

GO T1C 22

23 REAVE=(RKZ+RHEAD) /2.

RNAVE=(RN24RNCZ2)/2.

RHZ2=RFEAL

RNZ2=RNOZ

PHEAD=PCNCZ

RAVE=RHEAL

Pl=FCNCZ

PCNJ=PCKNCZ

MCIS=AT*PCNC2/CSTAR

IF(ABSICHCEY)CULLPCUT) CC TO 25

IF(YJGCELXCLT)Y CO TC 25

CELTAT=2.%CELY/{RHAVE4+RNAVE)

Z=Z4CELTATAH(RNAVE-RIAVE)

T=7+CLLTAT 5
CALL CLPLT ;
GC 10 1¢C §
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TABLE B-3 (CONT'D)

RHEAD=0.Q
RNOZ=RHEAC
PHEAD=PCNC2
MCIS=AT*PCNCZ/CSTAR
WRITE(6,318)
DELTAT=2.*#CELY/ (RHAVE+RNAVE)
T=T+CELTATY

CALL CUTPLTY

TIME=T

CELTAT=,5
TIM=TIME+S,
PET=PFEAL

$G=0.0

T=T+CELTAY

PHEAU=PHT/EXP(CAPGANMZ# 24 AT#CSTAR/VCH(T-TIVNE}*12.)

PCNCZ=PLEAC
NCIS=PCNCZ*AT/CSTAR
Y=Y+.5%RHEAC
CALL CuTPLY

IF(TLTTIVANCJPHEADWSGE.C.0C4)GC TG 29

WP1=G*SUNVT
WP2=RECX(VC-VC1)*G
WP=(kP1l+wP2)/2.
ISP=ITCT/wP
ISPVAC=TTVAC/HWP
FAV=1TOT/7
FVACAV=TTVAC/T
PCNAV=PCKRTLCT/T
LAMBCA=(VvC-VCI)/VC

WRITE(691C2) WPl o hP2ywP yPHEMAX TSP ISPVAC,TTCT,ITVAC,FAV,FVACAV, PCN

1AV,VCl,VC,LANEBCA
IFIIWC.EC.C) GC TO 903

PVECP=PHMAXX {1+ XIX¥SIGHAP)YXEXPIFIPKXDTENMP)

SYC=SYCNON#(14-X2%SIGMAS)
TAUCC=PSIC*FNECP*LCCC/(2.%SYC)

WCC=PI*TAUCCHCCCH¥DELC*LCCH {1 a4 (NSEG=-14 )% (40, %TAUCC/LCC))

TAUCD=TAUCC/ 2.

WCH=2.5%P1/2.%CCC*CCCHTALCC4DELC
WCN=45%P1/2.,%CCCHHCN*TAUCC*CELC

WC=WCC+WCH+KCN
EPSIL=AE/PI/ETY/CTI %4,

WN=K12xCTI*CTI/ (1 +oS5*SINCALFAN) YR(CEPSIL=-SCRT(EPSIL) ) *PMECPEIT 4P

1IS/SYNNCM+4K2XTRPSTA)

WINS=T4HPSTINSHUELINS*CCCHPIR(KERY(LCCHe 4O+ (SHNS)ATAL/ 240415/
IPSTINSH{LCC-TAUX(S4NS) ) Y4KEN* L ECHHIN)
WL=TAUL%CLINER*PI*#CCCH(TCC/244LCCHHCN)

WI=hC+hN+RINS+RL +KA
WM=WI4WP
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TADLE B-3 (CONT'D)

LETAV=WP WV

RATIC-ITOT /2

WRITEL(G,€05)

WRITE(EC+6C1) PFECP y TALCC yhC oMy L INSy Wbyl ol s ZETAMRATIC

GC3 CCNTINUE

NCUN=1 *
IF(IPCNEJCLANCWIPCONEL2)Y CALL CLTIPUTY
GCl CCNYINUE
IFCICP.NESC) CALL PLOT (CoCy04C,SG%)
sTOeP
SCC FORMAT(42X412)
19C3 FCRFAT(EXyFC el s 1CXsELled g ICX s EN LAy 8X 3 b 1laby/ 322Xy F 11004394, E11.%)
I1111 FORNMAT(GX 13,7Xs13)

€C2 FORMATULHL 42X 21HCTNFIGLRATICN MNUMBER 413)

469 FCRMAT{23F3,.1)

491 FCRMAT(4X,T1149X,11)

4G3 FORMAT(AX»Tle 15Xy 1611s/47X%Xy11)

4G2 FORMOT(//792CA, THEPTIGNS ¢ /9 13X 5H1G0= s 114 /413%,5FTWC= ,I1)

494 FCRMAT(13N(EHIPU= s DL/ LAXLIZ2HANUMPLTIO) = 211250 1IHyy12),

2/ 13Xy ITENP= v, 12)
11112 FORMAT(LAZGOINTLE= V4 13,/ 413Xy "INTABY= 0,13)

5C1 FCHMATUTIX4F1Celo/y
2 AX g F Gy 3X s FTaby 3% gl 6a3gCX FSe235X3FEu2ydXysF1Yathe/y
26X, F6.0)

EC3 FORNMATIL //+2CXs26HPROPLELLANT CRARACTERISTICS ¢/ 913Xy HHREC= 1 FTely/y
I13X 3 3bAL =4S ety /913Xy 5hN1=yF6a39s /912X THALPHA= s FEL2 e/ gy 13Xy EHEETA=
2 sFCo2¢/ 913X s3MU= s 1PELLab4y/ 313Xy THCSTARS L IPEL1L 04,741 3%, "RPAZN]=
2'21PC11,4)

502 FCR""AT(ZX'F8.215X'F().(?f[DXQF?-ZySX'F()o}'7)(1':9-597)"""8-5'/’IOX'

1 FTe2s@XgFloel2ogbXoFbal2evdXF 10T Y FHL2)

€C4 FORNMAT(//42CXs221hRASIC FCTGR CINENSICNS o/ 413Y33H0L= 3F8e24/913X,45H]7
1AU= 'F6.21/113X94HCE=
2o PELLeGy /913Xy 500TI= g IPELLoby/ 13X THTIROTAR GIPEILod, /413X, 714100
BHAN=  IPELLeay /s 3R60LTAP: SIPELL Ay /91 30 o4b-XT= J1PEL Y by /o 123K, 404/
4C= ¢ IPEL1Lody/ 2 I3XeBHECSTART= HIPELL by /913Xy IHPPTRANS 2y 1PCYLeby /13X
SyaHNZ2= L 1PF11.4)

1ICCCYL FCRNMAT(5X,F1C.C)

TCC FORNMAT(2F1C.4)

7C1 FCRIMATIZ2CX 'Y= ', 1PELT . 4,10, 0TGR= *,1PEYL.4)

5C3 FORFMAT I TX g FE 33O s FTal o IXaFT a2y 1X9FS50he3XyFha2e3Xeb " eCo/y
157(’F7-/f'Hvaﬂ-f?v'jxyFS.Zr7va7-305va7-51/9'3)('F/.3,:,1X'F7.4'
25X,F601)

1CCC2 FCORMATIL3X,'TGR= ", lPPL]W4)

C06 FCORIMAT(// 915X ?27HEASTC PERFURNALCE CONSTANTS /412X, 01 CLTAY= vFEL3
Lo/ s 223X €FX0LTs ZyFEL 29/ ¢ 13X THEECU T yFRaly/ 13X, 70710 TAF- vFlevy /!
23X, 4T G FCal /13X 06t ts 3 FE L0, /913X 51 GANS JFTat /51 3, THL2R [ =
3 gFR.5 /9 300t PREF= (L 20/ g LAXLIHTTREF S 1743
A9/ 13X ELPIPIE 3 8abBy /g LIXGAHAZ = 31 Eab g /g L3Y GUIREF =yt o3y /147,06
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TABLE B-3 (CONT'D)

SHGAME= 'F7o"|/913X'6HpEXI= sFEal)

GT FCRMATIAX g FToloaOX g FEla@obXoFlalgIXeFTalyTXyFlalybXyFSa3 g/ 94X F5,2,
1 IXeF7alySXeFSe39TXeFT63)

842 FORVMAT(Z2CX,18FIGNITICN CONSTARTS /913X v4FEKA= 4FTely /91 2Xy4EKR=

¥ 1 F7.49/912X9SFUFS= gF8els /912X 4€HCSIG= 4FTaly/ 913X ,6FPNIG=
: 2 FTelo/y12X9SHTIL= yFGea39/y 13Xy 5HTI2= 4F542,/413XyEHRRIG=
: 3 FReloa/ 213X BHDELTIG= yF6e3y /9 13X06FPBICE 4FT7434/7)
€C0 FCRMAT({ E1X F6e291CXsF6e3yICX FEL3 46X 0F5.2¢/45XeF5.291CX4F10

Le2y X aFTe2eGXoF5e298XoF0a39/ X oFBa2yBX ) Fha0yTXgFTe2¢1CXgFLlCa2y8X,
2F5.20/ 0 TX4F50206X 0 F T ey XaFTa 10 lCXal 520 10X FTatin/ gbXgFTahyIXyFTa4
3'lCX9r7l(1'8X,F7Q4,6)('F902)

€10 FORMATH 2CXy IGHINFRT WEIGHT INPLTS,/,13X,
1THOTENP= G 1PE11lad o/ o 13Xy BESIGMAP= B PCLL .4,/ 13X ,BHSIGMAS= L1FF1].
249/ 913Xy 4FEX1= G 1PELY by /sy 13Xe4liX2= 4 1PEY1 el o/ 413X RESYONCN= L 1PFLL
3.49/7913X,500CC= 9 IPFE11a%s /013Xy CHPSIC= G IPFLYo% 0/ 913X 6HECL = L 1E
41149/ 913X95HLCC= $IPELLebe/ o 13X 6HNSEG= L, 1PF1IL,4,4/ 313X, 0FH0N 410
SEL1letty/ 9 12X BHSYANNCN= G IPELL o4 s /9 13Xs6FPSISE J1P0FLLady/ 01 3Xe6FPSTA
€= J1IPELLLa4,y /73 13XebhKl= 4 IPELLLA0/ 013X 04 K2= 2 1PE) el e/ 013X 8FPSTIN
7S= G 1IPELL.Gy/ 913Xy OFOLELINST g IPEYLlade/ 13Xy S5FEKEHE S IPFLlaA,/,13%,5%
BHKEN= 2 1PEL11044y/ 912X BHOLINERS lPE1Lat /o1 3X,6HTAULS L1PFY1Llatbe/y]
93)(9‘1‘"‘\A= 'lpEllo’1)

1CL FCORMAT(//7/933X20Ha 223002000080 4%00 %880t dddkd, /, 33X, 291i34%% EQUI
ILIBRIULM BURKING %%% 9/ 933X 29H5 444000403 npt bt dddats, )/ 30X,
225HEINITIAL REYACLDS NUVMBER= ,1PEL1l.4)

51 FCRMAT{3TXg23h%%aintdgdnddudkdddddnat, / ITX, 23444 TAIL CFF BEGINS
1%%%%, /o 3TX, 23R4 d 02240044ttty / /)

318 FORNMAT(3TX 23HA A0 k004048088080 akdky /g 37X, 23HRECIN HALF SECCND T
IRACE /93 TX 23222 st dhdatyiddtdatik, //)

102 FCRNMAT(LI3XyShWPL= 3 1PE1Llaly/913Xy5HUWP2= JIPELL.4y/4 13X, 4HKD= ,iPEL
1laty/ 913X s THPHNAX= J1PELLedy/ o 13XeS5HISPT J 10011444/ 313X, 150VACS
2rlPELLatiy /912Xy 6HITCT= 1PEL1Lad s /o 13X THITVACE JIPELLofes 9L 2X o F
3AV= S IPELL ey /e 13X ERFVACAV= G 1PELL oGy /7y 13X 8HPENAVE L 1PLIL %5741
43X35HEVCT= 3 IPELLohe/ 13X eSHVOT= o 1PELLeds/9 13X, PHLAMBDA: 1P01L1.4)

€ECYH FORNMAT(///7042%X25HNFCTOR WEIGHT CALCULATICNS)

6Cl FCRMAT(12X423HMAX EXPECTED PRESSURE= L 1PEL1.4,/,13%X,28FCYLINCRELAL
1 CASE THICKNESS= 41PE1Lle4y/ s 13XySHCASE hT= J1PE11 044/ 13X LIENC27L
2E WT= 4 IPELLlebe/ o 13Xy 15HINSULATION WT= 3 1PEL1le4s/ 91 3Xe10HLINER 1T=
3 2lPELLeby /13Xy LEHTOTAL INFRT WT=z S 1PEL1Led /3 3N 20HTCTAL MOTCR W
GEIGHT= ¢ 1PE1Lleby/ 913X g THRZETAMS 4 IPFLlete/ 13X, 21HRATIC CF 1T1CT TU
SkM= ,1PEL11,4)

END
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TABLE B-3 (CONT'D)

SUBROUTINE AREAS
EERSESRIRRERSRBNAREBRBBNBRE BRI AB IS H 0400200640 XN0DIE 0200005208

* SUBROUTINE AREAS CALCLLATFES BURNING AREAS AND PORT AREAS FCR *
* CIRCULAR PERFORATED (Co.P.) GRAINS AND STAR GRAINS OR FCR A *
* CCMBINATICN OF C.Pe AND STAR GRAINS *

22222 2R SRR R 222222 R R R RS R R R R R R R R R RS R RS R R R 22
INTEGER STAR,GRAIN,QRCER,COP
REAL MGENyMCIS,MNOZ  MNL1yJROCK o NyLyMELoME, ISP, ITOT ¢MU,MASS,ISPVAC
REAL LGCI oLGNIJNSyNNoNPoLGSTI¢yNTLTPoLGCsLSyLF
REAL M2,MCBAR,ISP2, ITVAC L1, L2,LFR,LFWSQOD
CCVMMON/CCNSTL/IWL,AE,AT,THETA,ALFAN
COMNCN/CONST3/SyNSsGRAINNTABY,NCARD
COMNMON/CCNST4/CELDILD0,20
COMMON/VARIAL/YyToyDELY,DELYAT,PCNOZ,PHEAD,RNC2,RHEAD,SUNAB,PHFAX
COVMMCN/VARIA2/ABPORT (ABSLOTABNCZyAPHEAD,APNCZ,CACY ABP2,ABN2,ABS2
COMMCN/VARIA3/ITOT 9 ITVAC+JROCKy ISPy ISPVAC,MDISyMNCZSGySUMMT
COMMCON/VARIA4/RNTyRHTySUM2,R1 yR2yR3IyRHAVE ,RNAVE RBAR,YB s KCUNT,TL
COMNCN/VARIAS/ABMAIN,ABTO,SUMDY, VCI ,ABTT,,PTRAN
CCMMON/VARTIAB/YDI
DATA PI/3.14159/
ABPC=Q.0
ABNC=0.0
ABSC=0.0
ABPS=C.0
ABNS=0.0
ABSS=0.0
CABT=0.0
56=C.0
VCIT=0,.0
ANUMEDT /4,
21°.2=21/4¢.
“NTEEnTesnT 2N ELTAY
RrT=rkrT+X-EADSCELTAT
IF(Y.LE.Oe0) AGS=0.0
K=0
IF(ABS‘ZW).GT.C.O) K=l
Y8=Y
IFIK.EQ.1) Y=YB-SUMDY/2.
2 IF{K.EQ.2) Y=YB+ABS(IW)/2.-SUMCY/2.
IF(Y.LE.C.0) READ(5,5C0) INPUT,GRAIN,STAR,NT,QRDER,COP
R 2R R R R R AR R AR R R RS R R R R R R R R R R R R R R R R R R R RV R R RS SRR RR R Y S
READ THE TYPE OF INPUT FOR THE PROGRAM AND THE BASIC GRAIN
CCOCNFIGURATICN AND ARRANGEMENTY
VALUES FCR INPUT ARE
1 FOR ONLY TABULAR INPUT
2 FOR CNLY EQUATICN INPUTS (EQUATIONS ARE BUILT
INTO THE SUBROUTINE)
3 FOR A COMBINATICN OF 1 ANO 2

L R 3N 2R BN K WK
L 2K 3R 3R BN B SN
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TABLE B-3 (CONT'D)

VALUES FCR GRAIN ARE
1 FOR STRAIG

3 FCR COMBINATICN CF CoP,

HT C.P.

GRAIN
2 FOR STRAIGKY STAR GRAIN

R e TR A T N S S

ANC STAR GRAINS

VALUES FCR STAR ARE (WAGCN WhEEL IS CCNSICEREC A TYPE CF

STAR GRA(IN IN THIS P
0 FOR STRAIG
1 FCR STANLCA
2 FOR TRUNCA
3 FCR WAGCN
VALUES FCR NT ARE

ROGRAM)

HT Cl.P.

RD STAR

TED STAR
WHEEL

GRAIN

C IF THERE ARE NC TERMINATICN PCRTS
X WHERE X IS YHE NUMBER OF TERFMINAVICN PCRTS

VALUES CF CRDER ESTABL

1 IF CESIGN
2 1F CESIGN

3 IF DESICN

4 1F CESIGN
2HENCTER %% |F
C CCNTINUE :
$NCTE# %% IF

FEMISPFE

[SH FCh

IS STAR
IS C.P.
IS C.P.
IS STAR
GRAIN=1,

GRA['\\':E'

RICAL

A CCNMEINATICN C.P.

Al
AT
AT
AT

HEAC
HEAC
HEAC
HEAC

ENG AND
CME ANC
ENL AND
CAC AND

VALUE CF CREER

VALLE CF CRCER

VALUES FCR COP ARE (APPLICABLE TG CePe GRAINS
C IF BCTH ENDS ARE CCONICAL CR FLAT
1 IF HEAD END IS CONICAL GR FLAT AND AFT END IS

2 IF ROTH ENCS ARE HEMISPHERICAL

3 IF HEAC END IS FEMISPHERICAL

*

%

»

*

%

*

%

*

»

*

*

%

*

% GRAIN IS ARRANCEC
%

)

%

*

*

C

%

%

%

*

%

%

]

¥ CCNICAL
%

CR FLAT

C.Ps
C.{).
STAR
S1AR
MUST

MUST
CNLY)

AND STAR

AT NGZ7LE
AT NO7ZLE
AT NCZ22LE
AT NGZ/LE
e 2

RE 4

AND AFT ENC IS

S 2 3 db 2 S % 2% 46 2 gp 3 4 SE

* Sk 3¢ % ¢ %

L ]

FRLAR AN ARSI A L IO AR DAL LA AL AL DR AN AN DAL A A SRR AGN A AR DA Ay d Aok

IF(YJLE«C.C) WRITE(EHZ60T)
IF{Y.LE«C.C) WRITE(E,¢CC)
IFUINPUTLEC.2) GC TG 12
IF(Y.LE.C.C) GC TO 6
IF{K.ECs2) CC TO 91
IF(K.EGa1)Y=YR
IF(YT.LE.Y) GC TC 8

9 CENCN=YT-YT2
SLOPEL={ARPK~-ABPKZ2) /DENCM
SLCPREZ=(ABSK-ABSK2)}/LCENCHM
SLOPEA=(ABNK-ABNKZ)/DENCY
SLOPE4=(APHK=APHKZ2)/DENCW
SLCPES=(AFNK-APNKZ2)/DENCWV
Bl=ABPK-SLCPELXYT
B2=ABSK-SLCPE2%YT
B3=ABNK~-SLCPEZ2%YT
Ba=APRK-SLLCPEA%YT
BS=APNK-SLCPESHYY

INPLTZGRAINy STARGWNTZORELR,CCP
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TABLE B-3 (CONT'D)

ABPT=SLOPELlsY+B1
ABST=SLOPE2%Y+B2
ABNT=SLOPE3*Y+B3
APHYT=SLOPE4*Y+B4
APNT=SLOPES*Y+BS

YB=Y

IF(K.EQ.1) Y=YB-SUMDY/2.
IF{INPUT.EQ.3) GO TO 3

GO T0 52
READ(5,507)

NCARD=NCARD+1
R R R R R R L R R LR R R AR R R R R R R R R R R R R R R R R R R L L

READ IN

ABPK IS
ABSK IS
ABNK IS
APHK IS
APNK IS
velr IS

TABULAR VALUES FOR Y=C.0

THE
THE
THE
THE
THE
ThE

YTsABPKyABSKyABNKyAPHK APNKoVCIT

BURNING AREA
BURNING AREA
BURNING AREA
PORT AREA AT
PORT AREA AT

INITIAL VOLUME QF CHAMBER GASES ASSOCIATEC WITh

(NOT REQUIRED IF INPUT=2)

IN THE PORT IN IN#*#2

IN THE SLOTS IN

IN®*2

IN THE NGUZZLE END IN IN##2

THE HEAD END IN

THE NOZZLE END IN

TABULAR INPUT [N [N#*%x3

WRITE(6,610)

WRITE(6,4583)

WRITE(6,584)VCIT

ABPT=ABPK
ABST=ABSK
ABNT=ABNK
APHT=APHK
APNT=APNK
Y12=Y7

IF(INPUT.EQ.3) GO TO 3

vCl=vCIT

GO TQ 52
YT2=YTY
ABPK2=ABPK
ABNKZ2=ABNK
ABSK2=ABSK
APHK2=APHK
APNKZ2=APNK
REALC(5,505)

ABPK,ABSK,ABNK,APHK ,APNK

YToABPK o ABSK yABNK ¢ APHK s APAK
NCARD=NCARD+1
PR R R L RN R E R R R R R R R R R R R R R R R S L
READ IN TABULLAR VALUES FOR Y=Y

(NCT RECUIREC FCR [INPUT=2)
(NCTE THAT TABULAR VALUE CARCS FOR Y GT O DO NOT IMMEDIATELY

FOLLOW THCSE FOR Y EG O IN THE DATA DECK)
FESBHATRAANIBRARDEB AR IR BIR SRR VA A BB AR SRR IIAEHBAIRIRS04890 0000488

WRITE(G6,611) YT
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TABLE B-3 (CONT'D)

WRITE(645832) ABPK,yABSKyARNKy APHK APNK

GC TO 9
ABPT=0.0
BNT=C.0
ABST=C.C
IF(GRAIN.NEL2) GG TQ 4
ABPC=C.C
ABNC=C.C
ABSC=C.C
GC 76 7

@&NA&%%&@&%vm

)
e E&‘.mn{‘xm&}.w—« - a

IF(YelEeCoC) REAC(S5CL) DOWDI+LELDI Sy THETAGZLCCT o LGNy THETCN, THE

1TCH

R R R R N R R i I IoImInmTx

%
%
*
%
¥
%
%
%
*
*
%
*
¥
*
%
%
%

READ IN EASIC CECHMETRY FUOR C.P.
STRAIGKHT STAR GRAIN)

(NCT RECUIRED (R

CO IS THE AVERAGE CLTSIDE INITIAL GRATN CIAMETER IN INCHES

CELDI IS THE DIFFERENCE BETWEEN
DIANETER AT ThE NCZ7ZLE EAND

S IS TRE NUNMBER OF FLAT BURNING SLOT

TRE KRCZZLE ENC)

THE INITIAL

THETAG IS THE ANGLE THE NOZZLC CND OF ThE GRAIN MAKES GITH

THE MOTOR AXIS IN CEGRLES

LGCI IS THE INITIAL TCTAL LENGTH CF THE CIRCULAR PERICRATICN

IN INCHES

LGNI IS THE INITIAL SLANT LENGTH CF THE BULRNING CCNICAL

GRAIN AT THE NOZZLE CANC IN

THETCN IS ThHE CCNTRACTICN /ANCLE OF

T-E BCNCECE CGRAIN

THETCE IS THEE CCNTRACTICN ANCLE AT TFE HEAL ENLC IN CEGRELS
BALHA DR AR R AN AR R ARG AN AN RN AN AL A AORRR N X A A ARl B AR Aok A bk g

IFUY LE.CeC) WRITE(G9601) COWCIGCELCIyS+THETAG,LGCI LGNNI THETCN o TH

1ETCH

IF (YelEeCol)ITHFTAG=THETAG/DT.26578
IF (YeLEJCUITHETCN=THEETCN/57.26578
IF (Y LELC.C)THETCH=THFETCH/HT.2G518
CoSQC=C00~CC

CISCE=CI*CI

BNUN=ANUNM#CCSGLE

TLL=TL

IFI{CRCER.CEL3) TLL=C.C

YEI=2.%Y1L ]

YEISQC=YLI*YDI
ARSC=S*ANLMA(LCSCD-YOISQL)
IF(ABSC.LELCLC) AKBSC=C.C
IFIYCI.CT.LC) GO TC 1C0
IF{THETAG.GTLC.CET27) GC TU 1C1
IFLCCP.ELLC) GC TU 7CC

IF(CCP.ECa1) GC TC 701
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TABLE B-3 (CONT'D)

IF(COP.EC.2) GC TO 702
CHCK1=DOSQC-YDISQD
IFICHCK1.LT.0.0) CHCK1=0,0
LGC=LGCI-(SCRTIZISQC-CISCD)-SCRT(CHCKL))/2.,~-Y*COTAN(THETCN)
GO T0 710
702 CHCK1=COSQC-YCISQD
IFI(CHCK]1.LT.0.0) CHCK1=0.0
LGC=LGCI-(SCRT(DUSQC~CISCD)-SGRT(CHCK]1)
GG T0 710
701 CHCK2=COSCC~(YDI+DELD]I)*%2
IF(CHCKZ2 .LT.0.0) CHCKZ2=0.0
LGC=LGCI-{SCRT{(DOSQD-(DI+DELDI ) **2)~SQRT{CHCK2)} /2.
1-Y*COTAN(THETCHE)
Ga ¢ 710
7CO0 LGC=LGCI-Y*{(CCTANI{THETCN)}+COTAN(THETCH))
710 ABPC=PI*YCI%{LGC~-TLL~-S#*Y)
ABNC-’*0.0
GO 10 732
101 CONTINUE
IFICOP.EQ.C.O0R.COP.EQ.1) GO TO 720
CHCK1=DOSGLC~-YDISCD
[FICHCK1.LT.0.0) CHCK1=0,0
ABPC=pI2YDI*(LGCI-(SQRT(DASQAD-DISCD)I-SQRT{CHCKLY))/2.-TLL
2-{S+TAN{THETAG/2.)})2Y)
GO TG 730
720 ABPC=PIAYDI*(LGCI-Y2COTAN(THETCH)=TLL-(S+TAN(THETAG/2.))%Y)
730 IF{COP.EQel«CR.COPLEQ.2) GO TC 731
ABNC=PI® {LGNI~-Y*COTAN(THETAG+THETCN)~Y*TAN(THETAG/2.))*(D1]+
L OELCI+Y+LONI*SIN{THETAG) +YXSIN(THETCN)}/SINITHETAG+THETCN))
GC 10 732
731 IF(Y.LE.Q.Q) GC TQ 7311
GC 10 7312
7311 R7=((DI+DELDTI)/2.+LGNI=SIN{THETAG))*COS{THETAG)-SIN(THETAG)®
1 SGRT((CO/2.)»#%2-{(0T+4CELDL)/2.4LGNI*SIN(THETAG))*%2)
T312 1FIR7+Y LT (00O/2.)%COSITHETAG)) GO T0O 11111
ABNC=PIS®{LCENI+{1./SINITHETAG)Y)*({D0O/2.)~LGNI*SIN(THETAG)
1-(CI+CELCI)/2.)-YXCOTAN(THETAG)-Y® TAN(THETAG/2.))*{{DI+CELDI)
2/2.4Y+0072.)
GO 10 22222
11111 RPR=SQRTI(I(DO/2.)#%2)~R7T##2)-SQRTL({D0/2.)%%2)~{RT¢Y)#¥2}
ABNC=PI2(LGNI-RPR-Y2TAN(THETAG/2.)1*((QT1+CELDI)/2.¢SQRT( DO/
1 2.)%%2-(R7+4Y)*%2)%xSINI(THETAG)+Y+(RT7+Y)*COS(THETAG))
22222 CONTINUE
732 1FlABPC.LE.O.Q) ABPC=0.0
1FIABNC.LE.O.O0) ABNC=0.0
GO 10 5
100 ABNC=0.0
ABPC=0.0
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TABLE B~3 (CCNT'D)

5 C+=L1~20
APHT - ANUH I (CH+2 e 73R T ) %%2
IF(APET «CELBANUN) APET=BNUM
IF(KLT2) APHTLI=APHT
APNT=ANUNMY{CI+CELDT424%RNT) %2
IFCAFPNT GELEBAUP) APNT=BNLM
IF{GRAINJNESL) GO TC 7
ABEPS=C.C
ABSS=C.0
ABNS=C.0
CC TC 5¢C
7 IF(YsLELCeC) REAC(S45C2) NS,LGSI NPyRCFILL AN
BAAANRAAN A BN IR A AR F RS AR B H DA AR AR IR Y A AR AR A A AN DN Ry b A H ok

L REAC I EASIC CGECMETRY FCGR STAR GRAIN (NCT REQUIRED FCR "
¥ STHYAYCKT C.Ps GRAIN) %
R NS IS THE NUMBER OF FLAT BLRNING SLCT SIECES (NCT INCLUCINCG #
* THE NCZZLE ENC) *
¥ LGSI IS THE INITIAL TCTAL LENGTH CF THE STAR SHAPED x
% PERFORATED GRAIN IN INCHES ¥
% NP IS THE NUMBER CF STAR PCINTS %
* RC IS THE AVERACE STAR GRAIN CUTSILCE RACILS IN INCHLS *
% FILL IS TRE FILLET RACIUS IN INCHES it
% NN IS THE NUMBER GF STAR NCZZ2LE ENLC BURNING SURFACES *
AN AN G AN A RR R A R BN A AN BB B b Rk o b A ot ah A A ko kb R A o e of s ok ksl

ITF(YLLELCC) WRITE(E6y6C2) NSyLGSTWNPHRC,FILL NN

PICNP=PI/NP

RCSEC=RC*RC

FY=FILL+Y

FYSQLD=FYXFY

IF{STARLECL1) GO TO 2C
IF(STARLEG.2) GO Ti2 201
IF(Y.CT.C.C) CC TC 179
READ(Sy421) TALKKL143L2;ALPHALZALPIAZ yHh

% REAL IN GECNMETRY FCR WACCN WHLEL (NGT REQUIRED FUR STANUARCEC *
L OR TRUNCATED STAR GRAINS) L4
* TAUWW IS THE THICKNESS CF THE PRUOPELLANT LED IN INCHES %
& L1 ANG L2 ART THE LENGTHS CF THE TWC PARALLECL SILCES GF THE #
% TWC SETS GF STAR PCINTS IN INCHKES *
% ALFHAL AND ALPHAZ2 ARE THE ARGLLES BETWEEN THE SLANT SICES CF %
% THE STAL PCINTS CURRESPCNCING TO LI AND L2y RESPLCTIVILY, *
% ANE THE CENTER LINES CF TRE FCINTS IN DLGREES ”
% W IS FALF THE WIDTH CF THE STAR PCIANTS IN INCKES *
AR B INA AU AN E LR NN 4N N B A AR I A A AL S A AR AN SV LTSN AN S E AN RN R R Nk

WRITEL69422) TAUKW L1 WLZ2yALPHAL,ALPEAZ, hY
ALPEAL=ALPEAL/ST 25578
ALPFAZ=MLPEAZ/ST,255T78

ALPZ=ALPRAZ

- (___ S p e TEYTYT OYAITY y I3 -
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TABLE B-3 (CONT'D)

xXL2=L2
LEW=RC-TALRK-TILL
LFWSCE=LFw LT
THETFW=ARSIN({WAFTLL)ZLFW)
SLFV=LFWAESIN(THETFW)
179 KKK=0
SC=C.C
ENUV=(RCSGC-LEWSGD=-FYSCOI /(2. ¥LT VW FY)
ALPHAZ=ALPZ
L2=%L2
16C YTAN=YHTANIALPIHAZ/2.)
CCSALP=CCS{ALPHAZ)
SINALP=SINIALPEAZ)
IF(YTENLGTLL2) GO TO 162
IF(FYLGT.SLFR)Y GO TO 181
SCW=NPX (L 2-Za*YTANS(SLFW-FILL)/SINALP=YRCOTAN(ALPHAZ) ¢FY %
1 TPIDZHTHEETFR)+(LF W+ EY) 2P IDAP-THETFW) )
GC TC 183
181 TRIY.CT.TALWWY GO YO Y
SGW=NPH(FYX{PICNPHARCINASLFW/FY Y4 (PICKP—=THETFW) = W)
GC TC 183
184 SCh=NPHFYH(THETFRIARSIN(SLFW/FEY I =ARCCS(TRUMY)
GC TG 183
182 YP(=-SLFu
IF(ALPEAZ LCEL.PTID2)Y GO TO 222
C=—FIL' +L2%TANIALPHAZ)Y-Y/CUSALP
XPI=(-QxTAN(ALPHAZ) - SCRT(-CXGHFYECD/CCSALPHCCSALD Y ) =CUSALPRCOSALY
YPI=XPI#{AN(ALPHA2)Y (G
XPC=1YPO~-C)*CCYAN(ALPREAZ)
GC T1C 223
XPI=Y-L2
YPE=~SQRTUFYSCC-XPTI#XP 1)
XPC=XP]
223 FYLS=SQRY(SLFL*SLF+XDPI%RPT)
XPICZ(XPE=XPQy*tXPi-xC)
YPLC2=(YPI=-YPCIL{VYPI-YP()
TF(FYCTLFYLSY GC 76 186
IF(YJCELTALWKY GC TC 189
SCUH=NPX(SCRTAXTIC24YPTU2I4FYR{PIL24 THE VPO =ARSTVIXPTI/FY ) )4 (LFn+FY ) =
1 (PICNP-TIETCW) ) | |
GG T0O 183 -
185 SCUH=NPx{SCRTUNPIC2Z4YPIGZIVEYRUDTIL2=-ARSINIXPI/EYY=ARCOSLERLN)) )
GC TC0 183
186 THE(Y.CT.TALRY) GO TG 187
SCLahPAlEY S {PTENPARSTIN(SLFW/FY )+ (PICAP-THETFWI¥LiW)
GC ¥C 183
L7 SCW=NPEFYr {THUTFW+ANSTINISUER/ZFY I -ARCUS L AUM )
13 11 USCGhalbLaCat) SCu=(.C

[aN]
™Y
N
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TABLE B-3 (CONT'D)

IF(Y.CT.CaC) GC TO 188

AGS L= o5 (PI¥RCSQD-NP*LFWASLFWX(CCSITHETFR)=SIN(THCETFW)*CCTAN( ALDHA
1 2)=2%{L24FILL*TANCALPHAZ/2 V) /LFW) =(PI=THETFWANP) XLFRWSQL=-2 4 #NP*F
2 TLL¥(L2+4SLFW/SINALP+LFw*(PIONP-THETFR)+(PICNP+PIN2=-1./SINALP)*
2 FILL/2.))

AGS=AGS+AGS2

188 CGNTINUE

SG=SG4SGw

IFIKKK.EQ.1) GC TO 24

L2=11

ALPHAZ=ALPEAL

KKK=1

GC T0 190

201 IF{Y.LE«C«C) READ(5,503) RP,TAUS
ANAF ARSI SR AN I ARG AN NI SRR A AR LA DA A DN A AR A L A SRR A DI Ay

% REAC IN GFCMETRY FCR TRUNCATED STAR (NCT REGQUIREL FCR )
¥ STANDARD STAR OR WAGDN WHEEL) "
% RP IS THE INITIAL RACIULS 0OF TIE TRUNCATICN IN INCHES *
* TALS IS THE THICKNESS CF THE PROPELLANT WEE AT YHE PCTICH *
* CF TRE SLOTS IN INCKES %
BRI RN AL DN NSRRI IR ADD R AR A AN D AN G DDA A N AN A B LA S A ARGk

IFCYeLE«CC) WRITE(E,6C3) RP,TALS
THETAS=PICNP
RPY=RP+Y
LS=RC-TALS-FILL-RP
RPL=RP+LS
THETSI=THETAS-ARSINIFY/RPY)
IF(THETS1.LELC.0) GC TO 110
IF{Y.LE.TAUS) GO 10 1C3
THETAC=ARSIN{(RCSQD-RPLARPL-FYSCC)/(2.%FY*RPL))
IF(THETACL.CE.C.0) GC TO 104
IF(Y.LT.RC-RP) GC TO 105
SG=C.C
GC TC 14

103 SG=2¥NP* (RPYATHETS14L S~ (RPY*CCS{THETAS=THETSI)=RP)I4PINZ%FY)
GC TC 14

1C4 SG=2.*%NP¥*(RPYXTHETS1I+LS={RPYXCCS(THETAS-THETSL)=RP)Y ¢FY=THFTAC)
GC T0 14

105 SG=2,%NP+(RPYLTHETS1+SCRT{RCSCE-FYSCR)-SCRTIRPYURPY-FYSGCL))

14 TF(YeLEeCeC) AGS=PIX(RCSCL-RPARPI=-NPH(PIXFILL*FILL/2¢#2%LSHFILL)
GC 7€ 31

3V THETALF=THETAS
THETAR=2 (4 THETAS
TAUWS=TALS
GC 7C 111

2C IF{Y.Gl.C.C) GC TO 1791

READ(S,504) THETAFZTHETAR s TALWS
LEERER A EEEEERRERREEERAEREREAEEE EBEEEEEEEEEESFEREFEEEREEEIEREREEEER R EIEEEE
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TABLE B-3 (CONT'D)

* READ IN GECMETRY FCR STANDARC STAR (NOT REQUIRED FOR *
* TRUNCATED STAR OR WAGCN KHEEL) *
* THETAF IS THE ANGLE LCCATICN CF THE FILLET CENTER IN DEGREES *
* THETAP IS THE ANGLE OF THE STAR POINT IN CEGREES *
* TAUWS IS THE WER THICKNMESS OF THE GRAIN IN INCHES *
BB ERBRAL A NI FA DA A S A A A A YAk AN R AR BRI AR DA R A A A AN A AR DA e b A h AT KX K
WRITE(6,604) THETAF,THETAP,TAUWS j
THETAF=THETAF/57.29578 :
THETAP=THETAP/57.29578
THETAS=P I /NP
THETS1=1.CC
111 LF=RC-TAUWS-FILL
1791 CNUM=(Y+FILL)/LF
CNUM=SIN(TFETAF)/SIN(THETAP/2.)
ENUM=(RCSCC-LF*LF=FYSGD) /(2. %LF%FY)
FNUM~SIN(TFETAF)/COS(THETAR/2,)
IF(CNUMLLELFAUM) GC TC 106
IF(Y.LE.TALKS)IGO TC 107
SG=2. %P *FY*(THETAF+ARSTXNISIN(THETAF) /CAUM ) =ARCOS (ENUM) )
GC TC 23
176 IF(Y.LE.TAUWS) SG=2.%NP*LF=(DNUN+CNUMK(PID2+THETAS-THETAP/2.
1-COTAN{THETAP/2.) ) +THETAS-THETAF)
IF(Y.LE.TALWS) GC TO 23
SG=2.*NP*(FY*(ARSIN(ENUM)+THETAF=THETAP/2.) +LF#DNUM=FY%CCTAN( THETA
1P/2.))
GO T0 23
107 SG=2.*NP*LF*(CAUM*(THETAS+ARSIN(SIN(THETAF)/CNUM) )+ THETAS=THE TAF)
23 IF(THETSL1.LE.0.0) GC TC 14
IFIY.LE.Q.0) AGS=PI*RC**2~NP*LF*LE*(SIN(THETAF)*(COS(THETAF )~
1SIN(THRETAF)*CCTANITHETAP/24) )+ THETAS=THETAF+2.#FILL/LF*(SIN(THETAF
2)/SIN(THETAP/2 3¢ THETAS-THETAF+FILL/ (2. %LF)#(PID2+THETAS=THE
3TAP/2.~COTANITHETAR/2.))))
24 CCNTINUE
31 IF(SG.LE.0.0) SG=0.0
IF(K.EQ.0+CR.K.EQa2) SGN=SG
IF(K.LELl) SGH=SG
IF(Y.LE.0.0) SC2=SG
IF(K.EQ.2) GO TO 37
RAVEDT=R14+(SG+SG2) /2. *RRAR®DELTAT
 RNDT=R2+(SG+SG2) /2 *RNAVE*CELTAT
RHDT=R34(SG+5G2) /2« *RHAVE#DELTAT
R1=RAVEDT :
R2=RNCT o
R3=RHLT ' i
$G2=56
GC TO 38 :
37 IF({KCUNT.NE.1) GO TO 29 »
$G3=56 |
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TABLE B-3 (CONT'D)

R4=R1
R5=R2
R6=R3
39 RAVEDT- +(SG+SG3) /2, *RBARYDELTAT
RNOT=R54¢ (SC+SC3) /2., #RNAVE=DELTAT
RHOT=R6+(SG¢+S5G3) /2 +*RHAVE*DELTAT
R4=RAVECT
R5=RNCT
R&=RHCT
SG3=SG
38 ABSS=(AGS~-RAVELTI=®NS
IF(ABSSeLEeCeColURSGaLESCeO) ABSS=0.0
ABNS=(AGS~-RNDT ) &NN
IF(ABNSOLE-CQGOORQSGQLEOCcC) ABNS=0,0
IF(CRCERLLE2) ABPS={LGSI-Y*{NS+AN))*SG
IF{CRCER.LE.2) GC TO 36
ABPS=(LGSI-TL=Y*x{NS+NN) )} %SG
3¢ PIRCRC=PIYRCSGD
APHS=PIRCRC~AGS+RHLT
IF(APFSCELPIRCRC.CReSGeLE«OLC) APHS=P1IRCRC
APNS=PIRCR{L~-AGS+RNCT
IF(KoelLTe2) APHS1=APKS
IF{APNSGEPIRCRC) APNS=PIRCRC
50 IF(NTLEC.C.C) GO TC 371
IF{YaLEaC<C) READ(5,5C6) LTPyCTPH THETTP, TAUEFF
R EEEES AR R E R AR R E R R R R R R RS R E R R R EE R R Y TN T R R RN I R RUR U R R Ry

* READ IN CGECVMETRY ASSOCIAYEC WITH TERMINATICN PCRTS (CT %
* RECUIRED IF NT=(C) %
» LTP IS TEE INITIAL LENGYH CF THE TERNINATICN PASSAGES b
% IN INCHES X
* CTP IS THE INITIAL DIAMETER GF THE TERNMINATICN PASSAGE w*
) IN INCFES %
%* THETTP IS THE ACUTE ANGLE BETWEEN THE AXIS COF THE PASSAGE %
* ANC THE MCTCR AXIS IN CEGREES X
* TAUEFF IS THE ESTIMATEL EFFECTIVE WEB THICKNESS AT THE %
* TERNINATICN PCORT IN INCRES %
R R R Ty R B R R L R R R R R R I R R g R g e S Y S IR

IF{YeLE«CaC) WRITEUC£06) LTPCTP,THEYTP,TAUEFF
THETTP=THEYTP/57.29518
CABT=NT#2, 141564 ((0TP+2*YIX(LTP=-Y/SINCTHETTP))~(CTP+2.2Y)#%2/4 4
LIY4CTP/Z2, 1% (CTP/2¢ )% (1a=1o/SIN(THETTP)))
IF(YsCELTALEFF) CABT=C.Q
371 IF(Y.GT.CaC) GC T2 52
IFINTNE.CsC) GO TG 4S
LTP-0.0
Crp=C.C
45 IF{CRAINJGNEL2) GO TC 49
LtGCI=C.0
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TABLE 5~3 (CONT'D)

LCNI=C.0
. CISCr=C.3
CrSGL=4a4.%RCSQL
49 IFIGRAINGEC.L) LGSE=C.C
VCI=1 o1 CANUMRLISGO* LGOI LGN T Y+ LARUMRROSAR-AGS) &
1 LOSTHNTHLTIPRANUMRXCTIPH0TEISVCLT
52 BRP=C.C
BBS=0.0
BinN=C.C
ABPCRT=AUPT+ALBRPCHARPSHCACTARRP
ARSLCI=AUSTHAFSCHARSSHRES
ABNCZ=ABNT+ACNCHABNS RGN
ABTT=ALPTHABST+ABNY
IF(K.CLE.2) CC TO H5%E55
SUPAB=LARPLRTHARSLOT+ABNGT

£eeqs COLTLINUE
IFIKJEGeS) CC TO §9
IFIKGEQLL) ARNAIN=ABPCRT<ABSLCT4ARYCI-ABTT
K=K+1
[F(K.Cla2) GC TO 66
; GC 1C 2
I 69 ABTC=ABPCRT+APSLOTHARNOZ=-ABTT
h S5 CONTINUE

IF{Y.CT.CC) GC TC 7C
ABP1=pBPORTY
ABNY=NENCT
ABSLI=ABSLCT
7C ABPZ2={ABPL+ARPLRT)/ 2.
ABNZ2={ABNL+ABNCZY/ 2.
ABS?2={4DS1+ABSLQOT)/ 2.
IF{INPUT,.EC.1) GC T 7¢
CC TC (71472,72+749)430RCER
71 APHELZC=APES]
APNCZ=APNY
SG=SGl
GC T1C 7%
72 APHEADL=APET1
APNCZ=APNT
SG=C «C
IFIGRAINGER3) SG=(SCH4SGN)/2.
GC TC 75
13 APREAL=APETIL
APNCZ2=hPNS
SGC=SGN
GO 1475
T4 APHTAU=APES]
AENC7=ADBNS
SG=SCN
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GC TC 75
16 APHEAC=APHY
APNCOZ=APNT
15 Y=Y@
CIFF=5UVAR=-SUN2Z
CACY=CIFF/CELY
ARP1=ABPCRT
ABN1=ABNCZ
ABS1=ABSLOT
IF(Zw.GE.C.C) .GU TC 77
ABNMLI=ABNAIN
ABMATKN=ALTC
ABTC=ABVM1
17 RETURN '
SCC FORNAT(QXDIZ’GK'IZ'EX'1216XQF4-CQ(JApl277X)12)
607 FORMAT(//42CXs 19HGRAIN CUNFIGURATION)
€CC FORNMATILI3XaTHINPUT= 129/ 413X THGRAIN= 312,73 13Xe6HSTAR= 4124/,413X
Ly4HNT= yF4.Co/ 913Xy THCRLCER= 4 124/413X,5HCCP= ,12,77)
507 FCRMATI 6XyFOo2y 10X EL ey ICXELL 49 EXyE11ab e/ 922%X4E1]l a4,
19Xy ELlle4y8XyE1104)
€10 FORMAT (/12X 4CHTYARULAR VALUES FCR YT EQUAL ZERG READ IN)
583 FORMAT(L13X,CHAELPK= g lPELL a4y S5X g SoFABSK=1PELL 45Xy SHARNK= o 1PELL .4,
1 SX3ShAPRK=y IPELLa4ySX gy SHAPNK=y1PELL 4,/ 7)
S84 FCRMATI(13X45HVCIT=41PELL4y//)
505 FORMAT(EX s FTe399X9E 1 atiglCX9FE 1Lty BXgELLatig /022X 9FlLletyIXyEilat)
611 FORNMAT (/712X 23HTABULAR VALUES FCR YT= L,F7.2,9H READ IN)
501 FCRMAT(SX9sFBe 210X 0 FTea3 90X 0FTa3905XoF6a290XgF 805979 TX 9 F8e297%9F7.249
1XyFBa539XyFELS)
6C1 FORNMATI(20X,19HCaPe GRAIN GECMETRY ./, 13Xy4HNU= 4F8,24/4135,04+01= HF
170349/ 013XeTHCELDI= oF T30/ 913X 3205 3F6a2s/ 913X 98ETHETAGE 431G o547,
213X CHLGCI= yFBo23 /013X EHLONI= 3F 7423/ 913X BHTHETCN= oF9.5,/,13X,
ABFTHETCH= 4F94549/7)
502 FCRNMATUISX gFE a2 27X 4FBe245X4FhaCyBXyFBa3,9X9FTe3¢5X,F4.0)
€C2 FCRMATIL5X,1SHEEASIC STAR GECMETRY /913X y4HNS= yFEe2¢/ 4 13X46HILCSI=
Lo FB8a29/ 913X 4HAP= 3F5.Ce/913X904FRC= gFQe3 4/ 413X 46FFILL=E 4yFTe34/413
2X94FihN= 4F4.0477)
421 FCGRNMAT(3(6X4F5.2)42010XsFT745)906X4F5,2)
422 FORNMATI2CX 4 Z2CEWAGEN WHEEL GECNETRY /913X, THTALNWE 4F6o24/ 413X,
1 4FL 1= 'F(IOZy/'lj)("'HLZ: 'F6029/'1'3X'EH/:\LPHA1= .F‘)."),/,],}X'
2 BFALPEAZ= 4FG.59/913Xy4bHW= GFE.24//)
503 FORMATISX,FTe3+47X,F7.3)
€C3 FCRMATIZ2UX 9 22HTRUNCATEL STAR GECFETRY 4/ 412X ,4H0P= G F 7,34/ 413%X,614TA
1US= ZFT.3,/7)
SC4 FURMATIGAWFELS 29X FBL4,8X,FT7,.3)
€04 FORMAT(2CX 2 2BSTANDARD STAR CECFUTRY » /3 13X BRTHETAF = o F9,.5,/4 13X, 8
IHTHE T AP= 3 F9a44/ 4 13Xy THTALNS= FT7.34,27)
SO06 FORMATUTX s FTe29TX9Fba29 10X FR.S,ICKFTa3)
€CO FORMAT{ZCXyZSHTERNMINATICN PCRT CEUMETRY o/ 313Xy HHLTIP = 4 FT.24/413%,5
IHDTPT ,F().Zy/gli)(,Sl’*TH_TlP: 'FU-5'/11—.3)(9{5"]“4[;}3'-"'.: "-705'//’
ENC
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TABLE B-3 (CONT'D)

SUBRQUTINE CuTPUT
2R R R 2R R R R R SRR R EE R R SRR R RERS SRS R SRR RS SRR R R R R 22 2
* SUBROUTINE CUTPUT CALCULATES BASIC PERFCRMANCE PARAMETERS
* AND PRINTS THEM CUT AS A FUNCTICN OF ODISTANCE BURNEC
* {WEIGHT CALCULATIONS ARE PERFCRMED IN THE MAIN PROGRAM)
* T IS THE TIME IN SECS
* Y IS THE DISTANCE BURNED IN INCHES
] RNGZ 1S THE NUZZLE ENC BURNING RATE IN INCHES/SEC
& RHEAD IS THE HEAD END BURNING RATE IN INCHES/SEL
* PONOZ IS THE STAGNATION PRESSURE AT THE NGQZZLE END IN PSIA
* PHEAD IS THE PRESSURE AT THE HEAD END OF THE GRAIN IN PSIA
] PTAR IS THE PCORT TO THROAT AREA RATIO
* MNOZ IS THE MACH NUMBER AT ThE NOZZLE END OF THE GRAIN
* SUMAB [S THE TOTAL BURNING AREA OF PROPELLAT IN IN%*%x2
* SG IS THE BURNING PERIMETER IN INCHES QF THE STAR SEGMENT
* {IF ANY) 4
* PATM IS THE ATMOSPHERIC PRESSURE AT ALTITUDE IN PSIA
*x CFVAC 1S ‘THE THEQRETICAL VACUUM THRUST COEFFICIENT
* FVAC IS THE VACUUM THRUST IN LBS
* F IS THE THRUST IN LBS AT AMBIENT PRESSURE
* ISP IS THE CELIVERED SPECIFIC IMPULSE IN SEC AT AMBIENT
* PRESSURE
* CF IS THE THEORETICAL THRUST COEFFICIENT AT AMBIENT PRESSURE
* vC IS THE VCLUME OF CHAMBER GASES IN IN#%%3
* MOCCT IS THE WEIGHT FLOWRATE IN LB/SEC
* CFVD IS THE DELIVERED VACUUM THRUST COEFFICIENT
* ITOT 1S THE ACCUMULATED IMPULSE IN LB-SEC CVER THE
* TRAJECTORY
* ITVAC IS THE ACCUMULATED VACUUM IMPULSE IN LB-SEC
* ISPVAC IS THE DELIVERED VACLLM SPECIFIC INMPULSE IN SEC
00 CCNTINUE
* WP IS THE EXPENCED PROPELLANT WEIGHT IN LB
]
*
*
*
*
*
«
¥
3

LR BN L BE B SR AR B BN B BE K BE R B K IR IR BE O X N AR B 3 B X )

*
RADER IS THE NOZZLE THROAT ERCSICN RATE IN IN/SEC *
EPS IS THE NOZZLE EXPANSICN RATIO *
ALT IS THE ALTITUDE IN FT *
OT IS THE NCZZLE THROAT DIAMETER IN IN *
APHEAD IS THE HEAD END PORT AREA IN IN**2 *
APNGZ IS THE NOZZLE END PORT AREA IN IN%%2 *
COF IS THE CHARACTERISTIC THRUST CCEFFICIENT *
CFD IS THE DELIVERED THRUST CCEFFICTENT AT AMRIENT PRESSURE x
L ERERER RS R R R R RS AR R R RRRR R R R RER R RRRR SRR R R 2R 2R 2 R
REAL MGENoNCISsMNCZ yMNLyJROCK yNyLyMELyME, ISP, ITOTMUsMASS,ISPVAC
REAL M2,MDBAR,ISP2,ITVAC,MDOT,ISPYV
COMMEN/CCNSTL/2ZW AELAT,THETA ALFAN
CCMMON/CENST2/CAPGAM,ME,¥OTEyZETAF,TB,HB,GAME ,CGAME ,TCPE,ZAPE
CCMMCN/VARIAL/Y,T,DELY,DELTAT,PCNOZyPHEAC,RNOZ,RHEAD,SUMAB, PHMAX
COMMON/VARIA2/ABPORT A3SLOT,ABNCZAPHEAD,APNCZ,DACY +ABP2,ABN2,ABS2
CCVMMCN/VARTA3/ZITOT, ITVACsJROCK g ISPy ISPVAC,MDIS¢MNCZ oSG ,SUMMT
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TABLE B-3 (CONT'D)

CCMMCN/VARIAS/ABMAIN,ABTC,SUMCY,VCI,ABTT,PTRAN
COMMCN/VARTIAG6/WP29CFoWPyRADERYEPSoyVCyFLAST TLAST DT PONTOT,( %P1
COMMCN/VARIAT/TIME,FVo ISPV ,NX

CCMNON/IGNL/KA KByUFSyRHOnLPMIG,TI1,TI2,CSIG,Q1yN1,Q2,N2
COMMCN/PLOTT/NUMPLT(16), IPO.NCUNMINP, IOP

OIMENSIGN TPLOT(200),PNPLOTI2CO)PHPLOT(200),FPLOT(200),FVPLOT(200
1)4RNPLOT{2C0),RHPLOT(2CO)»YBPLOTI200),ABPLOT(200) 4SGPLCT(200),VCPL
20T (200)

DATA G/32.1725/

IF(NDUM.EQ.1) GO TO 2

MEL1=T.O

NP=NP+¢1

Ya=Y

vCXx=vC

IF{Y.LE.Q0.0) M2=MDIS

MOBAR=(M2¢MCIS)/ 2.

SUMMT=SUNMNT+MCBAR®DELTAT

WP1=G*SUMMT |

WP2=RHO*(VC-VCI)*G

WP=(wWPlewP2)/2,.

PTAR=1./JROCK
ME=SQRT(2./BOTE*(TOPE/2.#{AE*MEL/AT)**(1./2APE)-1,))
IF(ABS(ME-ME1).LE.0.002) GO TC 9

ME1=ME

GC 10 17

CONTINUE

PRES=(1.+BOTE/2.*ME*ME)**(~-GAME/BOATE)
ALT=HB*(T/TB)2%(7./73.)

PATM=14,696/EXP(0.43103E-04*ALT)
IFIMDISeLE.QeCsOR.PONOZ.LE.O.C)IGC TO 45
COF=CGAME*SQRT(2.*GAME/BCTE*(1.-PRES**{(BOTE/GAME)))
CF=COF+AE/AT*(PRES-PATM/PONOLZ)

CFVAC=CF+AE/AT*PATM/PCNOZ
CFO=(COF*(1.+COS(ALFAN))/2.+EPS*PRES)I*ZETAF-EPS*PATN/PCNOZ
CFVC=CFC+EPS*PATM/PCNOZ

F=COS(THETA)*PONCOZ*AT*CFD

[F(F.LE.O0.C) F=0.0

[FIY.LE.C.C) F2=F

FBAR=(F+F2)/2.

FVAC=COS(THETA)*PCNOZ*AT*CFVD

IF(Y.LE.QGeC) FV2=FVAC

FVBAR=(FV2¢FVAC) /2.

¥OOT=MDIS*G

ISP=F/MDOT

I[SPVAC=FVAC/MDOT

ITOT=ITOV+FEAR®DELTAT

ITVAC=1TVAC+FVBAR®DELTAT

IF{Y.LE.Q0.CIPCN2=PONOZ
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TABLE B-3 (CONT'D)

PONBAR={PCN2+4PCNO2172.
PONTCGV=PCNTCT+PCONBARSDELTAT
PON2=PONO2
M2=MDIS
F2=F
FV2=FVAC
IF(PHEAD.GT.PHMAX) PHMAX=PHEAD
GO 10 47
45 CFvaC=0.0
FVAC=0.0
F=0.0
47 WRITE(691) ToYEB,RNOZ,RHEAD,PCNCT yPHEAD,PTAR,MNOZ,SUNAB,SG,PATVM,CFV
LACyFVACsF o ISPyCFyVCXoMDOToCFVC HITAT,ITVAC ,ISPVACWP4RACERyEPS,ALT
2+D7,APHEAD,APNCZ,CCF,CFD
IF(IPC.EQ.C)} RETURN
TPLCYINP)=T
PNPLCOCT (NP )=PCNCZ
PHPLOYINP ) =PHEAD
FPLOT(NP)=F
FVPLCT(NP)=FVAC
RNPLCT(NP)}=RNQOZ
RHPLCT(NP)=RHEAD
YBPLOT(NP)=YB
ABPLCTINP)=SUMAB
SGPLOTINP)=SG
VCPLCTINP)=VC
RETURN
2 NP=NP+2
[gp=1
DO 1004 I=1,16
IFINUMPLT(I).EQ.1) GO TO 1003
GC 70 1004
1CC3 GC TO (10+2C930,40950955¢60470,75980990¢95997,4100:110,115),1
1C CALL PLOTIT(TPLOT*TIME (SECS)®*,11,PHPLOT,*PHEAD (PSTA)*, 12,
1 PNPLOT, *PCNOZ*y54NP 1, 'DUMMY?,5)
GO 70 1004
2C CALL PLOTITU(TPLOVT,*TIME (SECS)*411,PNPLCY,*PCNCOZ (PSIA)*,12,P+PLOT
1, *PHEAD (pS!A)'.12'Np'ly'DUMMY.'S)
GO 10 10434
30 CALL PLOTIT(TPLOT,,*TIME (SECS)*,11,PHPLQOT:*PHEAD®,5,PNPLOYT
Ly *PONGCLZY yS5¢NP» 3, *PRESSLRE {PSTIA)',15)
GC TO 1004
403 CALL PLOTIT(TPLOT,*TIME (SECS)*»11,RHPLOT,*RHEAD (IN PER SEC)*,18,
1PHPLQAT,,*PHEAD (PSTA)*o12/NPyL,*CUMMY?,5)
GC TC 1C04
50 CALL PLOTIT(TPLOT*TIME (SECS)*4l11,RNPLOY,"RNOZ (IN PER SEULY*,17,
LPNPLOT,*PCNCZ (PSTA)®*,124,NPy1,.*CLMMY?,S5)
GO TO 1004
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55 CALL PLOTIT(TPLOT,*TIME (SECS)*,114RHPLOT,*RHEAD® 5,RNPLOT,
1 *RNCZ*44¢NPy3,'BURNING RATE (IN FER SEC)*,25)
GO TO 1004
60 CALL PLOTIT(TPLOT, "TIME (SECS)*,11,ABPLOT,*TOTAL BURNING AREA (SQ
LIN)*526,PNPLOT s *PONOZ*¢SoNPy 1y *CUMMY?,5)
GO VO 1004
70 CALL PLOTIT(TPLOT,*TIME (SECS)*y11,SGPLOT,*STAR PERIMETER (IN}?,19
1/PNPLOT *PCNOZ*y59NPy 1, *DUMMY,5)
GC TO 1004
75 CALL PLOTITU(TPLOT,*TIME (SECS)*,11,ABPLOT,*iOTAL BURNING AREA (SQ
LIN)® 9264y SGPLOT*STAR PERIMETER (IN)*y19,NP,2,°DUVMY?,5)
GO TO 1004
80 CALL PLOTIT(TPLOT,*TIME (SECS)*y11,FPLOT, *THRUST (LBS)*¢12,PNPLOT,
1*PONQGZ*ySeNPy Ly *DUMMY?,5)
GO TO 1004
90 CALL PLOTIT(TPLOT,*TIME (SECS)*,11,FVPLQT,*VACUUM THRUST (LBS)*y19
LoPNPLOT,*PCNOZ'¢S5yNPo 1,y *CUMMY?,5)
GO TO 1004
95 CALL PLOTIT{TPLOT,*TIME (SECS)* o1\ ,FPLOT,*THRUST®,6,FVPLOT,
1 "VACUUM THRUST®*,13,NP,3,*THRUST (LBS)*,12)
GO TO 1004
97 CALL PLOTIT(TPLOT,*TIME (SECS)*,11,VCPLOT,*CHAMBER VOLUME (IN&%3)?
L 922PNPLCT,*PCNOZ*yS59sNP o1, *OUNNMY*,5)
GO 7O 1904
1CO CALL PLOTIT(YBPLOT,*BURNED DISTANCE (IN}*,20,ABPLCT,*TCTAL BURNING
I AREA (SQ IN)*426yPNPLOT,"PONOZ*¢S59yNPy1,4'DUMMY?,5)
GO TO 1004
110 CALL PLOTIT(YBPLOT, *BURNED DISTANCE (IN)*®,20,SGPLCT,*STAR PERIMETE
IR (IN)*y19,PNPLOT,*PONGZ*+59¢NPy1y*DUMMY?,5)
GO TO 1004
115 CALL PLOTIT(YBPLOT, *BURNED DISTANCE (IN)*,20,ARPLOT,*TOTAL BURNING
1 AREA (SQ IN)*,269SGPLOT,*STAR PERIMETER (IN)*4Ll9,NP,2,'0UNNY?,5)
1004 CONTINUE
RETURN
1 FORMAT(L3X,6HTIME= (FTe2912Xy3HY= 4F6.29/913Xe6HRNOZ= ,1PELLl.4,9H
L RHEAC= 41PElle4,9H PONGZ= »1PELlle49y9H PHEAD= 41PEL1.49/413Xy6HP
2TAR= ,1PELll.4,9H MNOZ= #1PE11.,449H SUMAB= ,1PEl11.4,9H SG=
31PELlLle49/ 913Xy 6HPATM= ,1PEL11.449H CFVAC= ,1PEll.4,9H FVAC= ,1PE
411.4,49H4 F= o1PELlLle4y/oL3Xy6H ISP= ,1PELle4,9H CF= 41PEll.
S449H VC= 4 1PELLl.4,9H MCOT= 41PEL11.44/913Xy6HCFVD= 41PEL1L1.449
6H ITOT= 41PELlle4y9H [ITVAC= ,1PELlLle4,y9H ISPVAC= ,1PELLl.4e/4+13Xs6
THWP= 2+ IPE11.499H RADER= 4 1PEll.4s9H EPS= 41PElle49H ALT=
8 91PE11l.44/413Xe6HDT= 2»1PE11.4,9H APHEAD= ,1PEL1.4,9H APNCOZ= ,1
GFElle4y9H COF= ,1PElle4¢/+13X9y6H CFD= ,1PELLL4,//) '
END
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SUBROUTINE IGNITN

L AR AR AR S R R R AR R A 2R R R R R R 2 R R R RS2 R T R RS PRI R S YR LR R PR RS PRSI

SUBROUTINE IGNITN CALCULATES THE PRESSURE RISE DURING *
THE IGNITION PERIOD *

ASIG IS THE IGNITER THROAT AREA IN IN%*%?2 *
WIGTOT IS THE TOTAL WEIGHYT OF THE IGNITER PROPELLANTY IN LBS *
MIGAV IS THE IGNITER AVERAGE PMASS FLOW RATE QVER THE FIRST *
HALF OF ThE IGNITER BLRAING TINE IN LBS/SEC *

PCIG IS THE IGNITER PRESSURE IN LBS/IN#*%2 *
L ]

SR AR RB R0 020N 208 0R BP0 RNRSHSERERIAR NSRRI 0000400 0800888

REAL K(4)sLoKAyKByJROCK9J2yMIGo¥IGAV4MSRN,ME,MDIS,MNO2Z,MNCZ1I,MN1
REAL N1yN2,MIGAVE

CCNMON/CONSTYI/IW,AE AT THETA,ALFAN
COMMON/CCNST2/CAPGAM,ME,BOTE,ZETAF,TB,HB,GANE,CGAME,TCPE, ZAPE
CCMMON/VARIAL/YsTIG,DELY,DELTAT,PCNOZ,PHEAD,RNOZ,RHEAD,SUNAR, PHMAX
CCOMMCN/VARIA2/ABPORT,ABSLOT,ABNCZ,APHEAD,APNG2 ,DADY,ABP2,ABN2,ABS2
COMMCN/VARIAZ/ITOT o ITVAC o JROCK 4 ISP ISPVAC MDIS+MNCZ 9SG SUMMT
COMMON/VARIAS/ABMAIN,ABTQ,SUMCY,VCI ARTT,PTRAN
CCMNMON/IGNL/KAWKByUFSoyRHO9LyPMIGyTI1oTI2,CSIG,Q1 N1 ,Q2,N2
COMNMON/IGN2/ALPHA ,BETAPBIG,RRIGDELTIG,X,TOP,ZAP
COMMCN/PLOTT/NUMPLT(L16),IPONCUM,IPT,I0P

CIMENSION E(9)

DATA Al ,A2,A3,A4/.17476,-.551481,1,205536,.171185/

DATA BULl)4B(2)4B(3)yB(A)9BI5)/000eb9e455737910s.296978/7

DATA B(6)B(7)9B(8),B8(9)/.15876,.,2181,-3.050965,3.832864/

C S22 0 2205008000 %0800 0540802000800 000008530000 R AR 032 00000 00S

C =

THE A*S ANC B'S ARE CCNSTANTS FOR THE RUNGE-KUTTA INTEGRATICN *

C B0 KAR 02N ERRRRBENIEPRRAHEBEIEBRBEREENFIRRIFR AR ERN2 205000000 0%%

CATA G/32.1725/
XXX=.05%PCNCZ
IPLUG=0
PCNCZ1=PCNOZ
RHEAQDI=RHEAC
RNQZI[=RNOZ
PHEACI=PHEAD
CELTT=DELTAT
DISM=MDIS
DELTAT=DELTIG
SUMABI=SUMAB
MNOZ21=MNOZ
MNOZ=0.0
RHEAD=0.0
RNOZ=0.0
#CIS=0.0
ABI=0.0
YIGI=0.0
PCI=14.696
T1G=0.0
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PCNEW=14,696
SUMAB=0,0
PCIG=14,696
PHEAD=14.696
PCNCL=214.696
SLOPE=SUMABI/L
G2=CAPGAMSCAPGAM
J2=JRCCK#JROCK
GJ=G2#*J2/2.
MIGAV=,2*AT/G
ASIG=4.,*MIGAVSCSIG/ (4. %PMIG-RRIG*(T]I2~-TI1))
WIGTOT=G*MIGAV*{5.,%(T12-TI11)/6.)
MIGAVE=MIGAVSG
WRITE(6,959) ASIG, HIGTOYQHIGAVE
WRITE(6,1Q)
18 NNN=0
WRITE(6,430) PCIG
CALL QuTPuY
9 CO'.TINUE
77 8 N=1,4
IFINVEQ.L) PC=PCI
IFINLEQ.2) PC=PCI®B(2)2K(])
IFINJEQe3) PC=PCI+BIS)eK(1)+B(6)2*K(2)
[IF{NLEQ.4) PC=PCI*BLT)*K(1)+B(B8)2K(2)+B(9)eK(3)
TIG=TIGI+B(N)*DELTIG
SUMAB=ABI +SLOPE*UFS*BIN)*DELTIG
IF{SUMAB.GT.SUNABI) SUMAB=SUMABI
PHEAD=PC
IF(MDIS«NELC.Q) PHEAD=PC%(1l.4GJ)
1. 1PHEAD.LELPTRANIRHEAD=QL%*PHEALC**N1
[T {PHEAD<GT.PTRANIRHEAD=C2*PHEAC#*&N2
[F{TIGsLELTIL) PCIG=PMIG*TIG/TI1
IF(TIGeGTeTILoANDPCIGGT.PHEAD) PCIG=PMIG-RRIG*(TIG-TI1)
IF(PCIG.LE.PHEAD) PCIG=PHEAD
MIG=0.0
[IFIPCIGeGCTePHEADANDTIG.LE.TI2/72.) MIG=PCIG*ASIG/CSIG
CSTR=KA+KB®PC
MOIS=PC*AT/CSTR
IF{PCLEPBIG.AND.IPLUG.EQ.0) GC TO 7
IPLUG=1
¥NOQZ=MNOZIT
PNCZ=PC*(1le=-GJ)
21T=MDIS*X/APNCZ
RN1=RHEAD
Al=ALPHA®ZIT*%,.8
XL=UFS*TIG
JF(XL.GTLL) XL=L
4 EX=XL2®  2*EXP(BETA®RN1*RHO/ZIT)
R"PROT‘W‘W TITY op THE
-182~
ORIGH »



hig

R MO

RN SR I, TS N

13

o N N MR NG N e T

TABLE B-3 (CONT'D)

IF(PNCZ.LEPTRAN)RNOZ=RNL1-(RN1~-CL1¢PNOZ**N1-AZ/EX)/(1.¢AZ%BETA*RHO/
2(21T*EX))
IF(PNOZ.GT.PTRAN)RNOZ=RNL=-{RN1-C2*PNOZ**N2-A2/EX) /(1. +AZ*BETA®*RHO/
2LZIT*EX))

IF(ABS(RN1~-RNOZ).LE.0.002) GO TC 5
RN1=RNOZ

GO 10 4

MDIS=0.0

MNCZ=0.0

PNO2=PC

RNOZ=RHEAC

CCNTINUE

MSRM=RHO®SUMNAB*(RNOZ+RHEAD) /2,
CENCM={(VCI/(12.%CSTR*CSTR*G2) ) *(le=(2.%KB*PC)/CSTR)
CPOT=(M{G+MSRVM-MCIS)/DENCM
IFICPDT.LToeCo0.ANC.PCaLTL.20.0) CPOT=0.0
K(N)=CELTIG#DPDT

CCNTINUE ‘
PCNEW=PCT4ALZK(1)+A2%K(2)+A3 %K (3 )+AL*K(4)
PHEAC=PCNEW

IFIMDIS.GT+CeC) PHEAD=PCNEW®(1.+GJ)
PCNCZ=PCNER

XXY=ABS{PCNCZ-PCNOZI)
IF(PCNEWLE«LoeCOL*PCI AND.SUMAB.EQ.SUMABTIANCJXXYLELXXX) GC TO 13
ABl=5UMAB

TIGI=TIG

PCI=PCNEW

NAN=NNN¢1

IF{NNN.GE.S5) GT TC 18

GO 10 9

CONTINUE

CALL QuTPLTY

WRITE(6,30) PCIG

DELTAT=DELTTY

MCIS=CISM

SUMAB=SUMABI

PCNCZ=PONCZI

RHEAC=RHEACI

RNOZ=RNOZI

PHEAD=PHEAD]

MNOZ=MNQOZI{

IFIIPC.NEL.2.AND.IPO.NE.3) GO TC 53

NDUM=1

CALL QuTpPUTY

NDUM=0

CCNTINUE

[PT=0

RETURN
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SG9 FCRMAT(///7920%X¢25HIGNITER SIZE CALCULATICNS 9790 13X,SHASIG=oFT.2¢/
1 13X THWNIGTOT= 7742979 13Xs6HMIGAV=FB,34///7)
10 FORMAT(33X,28HA0800380880005000000880000888,/,33X,28Hsess [GRITION
LTRANSIENT 99088,/,33X,23H0008880300804000008080308048)
30 FORMATIL13IX,6HPCIGs L1PEll.4)
END

SUBROUTINE INTRPL{Y ToNyTT,DY4ICHK)
CIMENSICON Y(N),T(N)

Nl=N-1

pYy=0.0

IFCICHK) 24243

2 CO 1 I=1,4Nl
[F(TTeGEST(I)oANDTToLTT(I41)) DY={(Y(IeL)=Y(I))/(TLI+1)=TLI))})

2%(TT-T(1))+v(1)
IF(CY«NE.0.0) RETURN
1 CONTINUE

3 D0 4 1=1,N1
TF(TTeLE.T(I)eANDeTToGToT(I+1)) OY=C(Y(I4L)=Y (1)) /{TLL+)=-T(I))]}

25(TT=-TUI))ev(])
IF{OYNE.O.0! RETURN
4 CONTINUE
RETURN
END
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TABLY B-3 (CONT'D)

SUBRCUTINE PLOTITUIXyXHDR KXy Yy YECRoNY o Ty THDR G KT NP oADPLCUT UMY Y4ND)

SUBRCLTINE FPLCTIT PLOTS

VERSUS AN INCEPENDENT VARIABLE, X
XHCRy YFLCRy ANDC THEOR ARE THE KEADINGS FCR THE Xy Yy ANC T
AYESy RESPECTIVELY
KXy NY, ANDC NT ARLE THE NUMEER CF CHAZACTLRS IKN THE X, Y, ANL
RESPECTIVELY (FAX CF 32 IN EACH)
NP IS THL NUMBER CF PCINTS TCU 8F PLCTYED pLUS 2
VALUES FCR ANPLOT ARE
Il FOR Y ORLY PLOTTEL VERSUS X

T AXES HEADINGS,

2 FCR Y AWND
3 FOR Y AND

CUMMY IS THE HEADING FOR ThE

T PLCTILE VERSLS X UN SAME AXES

WITH INCIVIDUAL SCALES

T PLCTTED VERSUS X CN SANMF AXFES

WITI SANME SCAHLLS

NC IS TEHD NUMBER OF CHARACTERS
R R R R R R R R R R R R R R R RS R R S R R R S R R
CIVENSICN XHER(B) g YHDR{S Y9 VHOR(E) yDUFPYLIB) 9 XUIKE) yYIANP) ,TINP)

NX==KX
NV=NP-1
AN=Np=-2

IFINPLCT.FCL1) GC TO 9

CALL SCALE(Ts44sNNy1)
CALL SCALE(X,8.eRNNy))
CALL SCALE(YshdagNNy 1)

CCUBLE AXIS (NPLET=3)

IN BLMPY

TFINPLCT o NEQ2)Y CALL AXISUC. o0y YHDRyNY 3401 8Cas YINF) oY INPY)
TFINPLOTEQe2) CALL AXISICerOQusTUNNY G ND ey 1OCL,YIRNNMY Y (NP))
CALL AXIS({CerGeoXHORYNX 280 p9Cap XIAM) 3 X(NP))

IFINPLOTLECW1) GC TC
CC 11 I=14NN
TE)==T1t1)

€0 13 I=1,4NN
Y(I)==Y(1])

CALL LEINE(Y¢XoANs1,04
CALL PLCT(CesCey3)
IFINPLOTLEG.L) GC TO

12

1)

24

IF(APLCT.ECW2) CALL PLOT(Ce9p—05¢2)
TF{NPLCT.ECe2) CALL AXIS{Cat~eS s THDR G N T 44 g 1EC. ¢ TINN) 4 T(NP))
CALL LINEUTeXgNNeloGy2)

CC 25 I=1eNN
T(I)=-T1{1})

CC 26 I=1,NN
Y(I)==Y(1)
FTEANPLCT.EC L)Y GG TG

22

CALL SYMECL(=4.35,.52¢4141,04+C)
CALL SYMUCL{-4u2veh2yele?:¢(scC)
EALL SYF“CL(“4.3’.&59cle““R,GC~|NY)
CALL SYFECL =419 0650 13 THER ySCaeNY)

CALL PLECT{Ce590e9=7)
RETURN
LAD

DA BRI RN AN XN R AR A L N AR AT D h g AN B DA kA 4
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