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propellant and ignition aid, allowance for tabular input of propellant surface
versus mass fraction burned (to accommodate unusual geometries), and capability
to treat vented vessel operations. The program was set up to operate on an
interactive basis on a PDF 11/20 laboratory computer. In practice, once the
program is called, the operator is guided in his choice of parameters
(thermochemistry, heat loss, ignition deviation, etc.) by a series of prompts.
A program overview is presented along with a description of equations, a
derivation of the equations, and copies of program output and program listing.
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Fortran
Symbol
CAID

CPROP
CHGWT

SPACE2(3)

TOTMOL

RMOL

RATE

TIGN

THAX

Y (5)

Y(3)

bY (5)

DY(3)

Y(2)

Symbol

o]

»!E

—P.

LIST OF SYMBOLS

Definition

starting weight of ignition
aid

starting weight of
propellant

gravitational constant
{(used as a conversion factor)

convective heat transfer
coefficlent

radiative heat transfer
coefficient

total moles of gas in
chamber

rate of change of total
woles of gas in the chamber

linear burning rate of the
propellant

time of propellant ignition

time of maximum pressure

weight of ignition aid dburned

weight of ignition aid
combustion products in the
chawber

ignition aid mass burning
vate (w =AP")

rate of change of ignition
aild combustion products in

the system (walvuaﬂwﬂ wn/us)

weight of igniter
conbustion products in the
chamber

S

Units
1b
1b
ft/sec2
Btu/in.2-°R
Btu/in.z-oRa
1b-mol
wmol/sec

in./sec

msec

msac

ib

1b/sec

1b/sec

1b




FORTRAN
Symbol

DY (2)

DNN

Y(6)

Y(4)

DY (6)

0Y (4)

Y1)
nydl)

E9vy

DWSYS

1]

Y(8-12)

SPACEL{10)

SPACE2(2)

cp

Symbol

W

C
P

LIST OF SYMBOLS

Definition Units
rate of change of igniter 1t/sec
combustion products
(wi = - W wn/ws)
mass discharge rate 1b/sec

through the nozzle

weight of propellant burned 1b

weight of propellant 1b
combustion products in the

chamber

mass burning rate of the 1b/sec
propellant

rate of change of propellant 1lb/sec
combustion products in the
chamber (vented chamber operation)

(wp1 s wp - wpl w“/ws)

weight of air in the chamber 1b

rate of change of air in the 1b/sec
ARt W & =W W /W
system ( ; r n/ s)

woight of gases in the chamber b

w W AW, RW A
s v i “al pl

rate of change of the weight 1b/sec
of gases in the system

distance burned into the in.
grain
distance burned inte the in.

grain for the n-th charge
increment (n has values of 1-5)

cffective throat area(sonic in.2
control assumed)
Y
bomb wall surface areca in.”
heat capacity at constant Btu/1b.°F

pressure




LIST OF SYMBOLS

FORTRAN Symbol Definition Units

Symbol

Ccvp Cv heat capacity at constant Btu/1b - °F
volume

DCVP év rate of change of heat Btu/lb - °F-sec
capacity at constsnt volume

CSTAR c* characteristic discharge ft/sec
velocity

aD D initial grain diameter in.

PD Dp initial perforation diameter in,

00D D! instantaneous grain diameter  in.
(' = D - 2x)

PPD,PRFD D' instantaneous perforation in.

P diameter

(D'p = Dp*Zx)

| %

E E end area of grain in.
Ezv energy of gases in the
chamber
0y energy from combustion of
p tie propellant
HTL1 NL totul heat loss to walls of Btu
the chamber
ARP ﬁL instantancous heat loss rate  Btu/sec
i {L average heat loss rate Btu/sec
G &Lc convective heat loss rate Btu/sec
WL ﬁLr radiative heat loss rate Btu/sec
GL L initial grain length in.
GGL ‘ L instantancous grain length in.

* variables used in derivation only




LIST OF SYMBOLS

FORTRAN Symbol Definition Units
Symbol
XMA M, molecular weight of ignition NA
aid combustion products
XMI M, molecular weight of igniter NA
combustion products
XMP M molecular weight of NA
P propellant combustion
products
Mr molecular weight of air NA
(defined as 29)
XMW Ms molecular weight of gases NA
in the systen
Y(7),P P pressure psia
bp p rate of change of pressure psia/sec

with respect to time

PMAX Pm experimentally measured psia
raximum pressure in the
systen
P p%t ' stagnation pressure psia
PTHEQ Pos theoretically computed psia
' maximum pressure in the
system
RSYS Rs gas constant for the system  in.-1b/1b°F
R =
(R =R n/w )
DR és rate of change of gas in.-lb/lb-oF-sec

constant for the systea
(Rsenu/wS(aT - m&ws/ws)
RU & universal gas constant in.-1b/moi%

AAB, S S inztantaneous propellant in.z

surface area




FORTRAN
Symbol

AB

TSYS

TSYS
SPACEL (36)
TAID, TS
T6,TI0

BVOL
VSYS

DVSYS

WID, KOD
ALPHA
BETA

GaMl
ETA

DETA

THETA

Symbol

LIST OF SYMBOLS

Definition Units

instantaneous surface area in,
of nth charge increment

gas temperature in thg R
chamber (cgmpgted as K; note
also that "R="F +459.69)
stagnation temperature °F

bomb wall surface temperature °r

isochoric adiabatic flame °r
temperature of the ignition

aid

isochoric adiabatic flame °r

temperature of the propellant

(#2]

eupty bomd volume in.

N
system volume in.
rvate of change of systom in.%/sec
golume

a-W N-nw +(W_ew
Vs ORI ( a p)/a

initial propellaat web in.

angle used in multiperforated deg
grain surfsce calculations
(MPGSC; defined in Appendix C

angle used in MGSC, defined deg
in Appendix €

ratio of specific heats NA
propellant covolume in.sllb
rate of change of in.>/1b-sec

propellant covolure

angle used in MPGSC, defined deg
in Appenrdix C

9




LIST OF SYMBOLS

Fortran Symbol Definition Units
Symbol
RHO P solid propellant density 1b,’in.3
CPGM2 r a function of the specific NA
heat ratio defined in
Appendix D

10
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I. INTRODUCTION

Among the parameters of interest to the interior ballistician are
the burning rate and chemical energy of the propellant used in
propelling charges. These parameters must be known to predict tge
performance to be expected from a given gun-ammunition system.l’
Reliable data on the chemical energy of the propellant may be obtained
from thermodynamic calculations based on the chemical composition and
heats of formation of the propellant ingredients.3»4 Propellant burning
rates, however, cannot be predicted with similar reliability although
various efforts at predicting burning rates from chemical compositions,
5,6,7 thermochemistry8 and chemical kinetics have been and are being

1J. Cormer, M. A., PhD, Theory of the Interior Ballistice of Guns, New
York, John Wiley and Sons, Ine., 1950.

ZPaul G. Baer and Jevome M. Frankle, "The Simulation of Interior
Ballistie Performance of Guns by Digital Computer Program,” Ballistic
Research Laboratories Report No. 1183, December 1962, AD #289980,

SA. C. Haukland and W. M. Burnett, "Sengitivity of Interior Ballistic

Performance to Propellant Thermochemical Parametere," Proceedings of

the Tri-Service Gun Propellant Symposium, 11-13 October 1972, Picatinny
Arsenal, Dover, NJ, Vol 1, Section 7.3.

4Paul G. Baer, Ingo W. May, and Jerome M. Frankle, "A Comparison of
Several Predictive Approaches in Charge Establishment for Large
Caliber Artillery Systems,' Proceedings of the 11th JANNAF Combustion
Meeting, Jet Propulsion Laboratory, Pasadena, CA., September 1974,

Vol 1; C.P.I.A. Publication 261, December 1974, The Chemical Propulsion
Information Agency, Silver Spring, Md.

SWiZZiam H. Tschappat, Lt.-Col, Ord. Dept., Texi-Book of Ordnance and
Gunnery, let Ed., New York, John Wiley and Soms, Ine., 1917, pp. 111-118.

: 6AZbert A. Bennett, PhD, "Tables of Interior Bailietics," Ordnance

Department Pamphlet No. 2039, April 1921.

D. W. Riefler and D. J. Lowery, "Linear Burn Rates of Ball Propellants
Based on Closed Bomb Firings," Ballistic Research Laboratories Comtractor
Rerwt No, 172, August 1974, (AD #921704L)
Bhenm Muraour, "Chemie Physique sur la Reaotion Entve La Temperature

de la Bxplogion d' une Poudre et sa Viteeee de Combostiom," Comp, rend.,
Vol 187, 1928, pp. 289-294.
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pursued.g"15 (See, footnote,*). Useful burning rate data, therefore,
must still be obtained experimentally.

Classically, two principal methods have been used to obtain burning
rate data for propellants. These are the strand burner and the ciosed
bomb., Both involve the burning of propellant samples in steel containers
of sufficient strength to withstand high pressures. In a strand burner,
a single sample (strand) of propellant is burned cigarette fashion under
essentially a constant pressure. In practice, this is achieved by
connecting a ballast volume to the combustion chamber so that the gases
given off by the propellant contribute negligibly to overall system
pressure, The regression of the burning surface is measured by timing
the intervals between breaking =i fuse wires embedded along the length
of the propellant sample. Thus each experiment yields a single average
value of linear burning rate for a given pressure. To obtain burning
rates for a propellant over a range of pressures, a number of experi-
ments are required. The resultant data are fitted to some mathematical
form which then allows computation of the values ¢i the burning rate
at intermediate points. The method is straight-forward {though time
consuming) and has been used for many years, espscially by the rocket
community.

ACurrent Army efforts on . »> . *tiom modaling dre centered in the
Fundamentals of Combusti..: Tagk of the Enargetic Materials Technclogy
Program of the US Army Materiel Development and Readingss Command,
Alexandria, VA 22333.

¢
JRef 1, pp. 42-84 and reference therein,

losryae L. Crawford, Jr., Clayton Huggett, and J. J. MoBrady, "The
Mechantiem of Burning of Double Base Fropellants,” J. Phys, and Colloid
Chem., Vol §4, 1950, pp. 854-862.

Ilﬁobert G. Parr and Bryce L. Crawford, Jr., "A Physical Theory of
Burning of Double Base Rocket Propellants,'” J. Phys. and Colloid
Chem., Vol §4, 1950, pp. 929-954.

]
1“0. K. Rioe and Robert Ginell, "The Theory of Burming of Double Base
Rooket Powdere," J. Phys. and Colloid Chem., Vol 54, 1980, pp. 885-317.

JJR. E. Wilfong, S. S. Penner, and ¥. Dantels, "An Hypothests for
Propellant Burning," J. Phys. and Colloid Chem., Vol &4, 1950,
pp. 863-872.

d .
J'R. D. Geokler, "Meohanigm of . mbustion of Selid Propellants,”
Seleeted Combustion Problems, Londcn, Butterworthe Setentific
Publicationg, 1354, pp. 289-339.

Ip. s. Spalding, "The Theory of Solid and Liquid Propellants, "
Combustion and Flame, Vol 4, 1960, pp. $3-76.
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The secend method of obtaining propellant burning rate data involves
the closed bomb., In the closed bomh, a statistically adequate number
of propellant grains are ignited and ailowed to burn in a fixed volume
under the pressure exerted by the propeilant combustion gases. The
pressure in the chamber builds up rapidly and is recorded as a function
of time. From the pressure-time date it is pnssible to derive linear
burning rate information for the propellant over a range of pressures
from a single experiment, a macked advantage over the repeated tests
required with the strand burner.* But where the closed bomb technique
gains in experimental economy, it loses in the complexity of the data
reduction method. The problem has been attacked in a variety of ways
by a number of authors.l17-20 The earlier papers were aimed at
providing methods for computing the data by hand. This lead to the use
of a variety of simplifying assumptions both in the development of the
theory and the form functions used. The more recent papers
were aimed at computer solutions ts the proolem and, in general, provide
a more complete treatment of the phenomenon. A brief bibliography of
closed bombk burn rate reduction methods is included at the end of this
report.

*Alternately, the data recorded may be the first derivative of pressure
with respect to time vs. presaure. Thie ite generally reduced to an
average value of dp/dt {(obtuined at 0.280,0.3760,0.569, and 0.825 of
the mazimer preasure) whisch when compared with the value for a
reference propellant (obtuined under identiocal comditions) gives an
idea of the burning characteristic to be expeoted of the sample.

The "quickness” and "velative quiokness™?® values so obtained can be
quite useful for courrelations with weapon performmance characteristios.

IGMat}wd 801.1.1, "Quioknese and Foroe Mgasurement of Propellant

{Closed Bomb Mathod)," (Revised 81 Oot 75), Military Standard 2862,

Department of Defense, Washimgton, DC 80301.
176. M. Dickey, "Petermination of Burming Characteristios of Propellant,”
E.I. duPont de Nemours and Company, Baplosivas Department, Burnside
Laboratory, Memorandwm Report No. 31 (Fiie BL-135-101), March 1943,
18James H. Wiegand, "A Mathod of Caleulation of the Burming Rate of
Powders from dP/dt vs. P Records for closed Chambers,” Ballistio
Regearch Laboratories Report No. 546, June 19485,

g, naewseler and W. Dshl, "Siaie of Development of Testing Procedures
for Propellants in the Closed Vassel," Exploeivatoffe, Vol 18, 1970,
pp. 41-82.

BOH. Krier and S.A. Shimpis, "Predioting Uniform Gun Interior Ballistios:
Part 1 - An Analyeis of Closed-Bomb Testing, " University of Illinois
Teohnical Report AR 7¢-5, July 1874, Comirast DAAL-21.-73-C-0640.
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The objective of the present work was to generate a comprehensive
deta roduction method providing more versatility than is available from
any of the previous methods. The equations which were developed provide
for :he presence of igniter and ignition aid, as well as the ambient air
present in the boib. A more sophisticated heat loss treatment is
included. Other unique features include allowance for changes in the
thermodynami~ characteristics of the combustion products and of web
deviations in the propellant sample. In addition, the treatment allows
for aralysis of cata from vented chamber experiments. The theory was
implemented in a program written for an available laboratory computer.
An attractive feature of the program is its user oriented ''question and
answer" format which allows the user to readily modify input variables
and to make decisions on the various data reduction options. The reduced
data are available for examinstion in easily interpretable format in a
matter of minutes.

I1. OVERVIEW AND PROGRAM CAPABILITIES

Tre prozran cupab®'itivs are outlined in the following section.
In the form listed hare it requires as input a suitable data file of
prescure vs time and first derivative of pressure with respect to time
and a "header" or set of parrmeters describing propellant geometry and
physical charecteristi.s, propellant tiermochemistry and experimental
parameters.*

A listing of the input requirements is contained in Appendix A,
program operation is interactiva and is contralled from a terminal
keyboard. Two modes of operation are possible, standdrd and nonstandard,
The standard option provides a "normal" burning rate analysis on a more
or loss routine basis, This analysis assumnes full burning of all of the
ignition aid before ignition cf the propc’lant, simultancous ignition of
all the propellant grains, a fixed set of dimen ions for all propellant
grains, constant thewmochemistry for the combustion products, and
lincar heat loss during the combustion of the propel.ant sample.

The second, nonstandard, mode of opsration allows for operatisn of
the program with a variety of options for special applicaticns. A
supunary cowparison of the "standard" and "noastandard" modes of anclysis
is presented in Table 1.

* The date file 1o obtained by operating un the range data with a
snoothing and 4lfferentiation progran. "SCHECK." The program and
aperations are to be desoribed in a future report.

14
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Use of the program in either the standard or nonstandard mode has
been simplified by allowing the use of propellant, igniter, and experi-
mental data all from the same input file. Data on propellant geometry,
thermochemistry, and dimensions are all recorded as 'header" information
at the time that the data are taken. (This is achieved using a separate
program, CBDAP, closed bomb data acquisition program. The program will be
described in another report.) The result is that conversion of the
pressure-time data to linear burning rates may be performed simply without
detailed knowledge of program operations. In performing a standard
analysis, once the operator has entered the input data file, he is freed
from providing any additional input except for specifying whether only
the central portion (from 10 to 80 percent of maximum pressure) or all
of the curve is to be plotted.

If changes are to be made in some of the propellant or igniter
data or if special handling of the data is required, the nonstandard
mode of analysis is employed. In this mode, the pertinent propellant
and igniter data in the data file are displayed and the opportunity for
changing or accepting the respective value is presented. In addition,
the opportunity of selecting each of the options in Table I is presented
to the user. Once these decisions have been made, data reduction proceeds
as before,

Program output consists of: (a) a summary sheet or header describing
the sample, experimental parameters and data on the maximum pressure and
selected values of the derivative of pressure with respect to time
(dP/dt), (b) a tabular listing of pressure, time, dP/dt, burning rate,
web and surface fraction data, (c) superimposed plots of pressure (P)
vorsus time (t) and dP/dt versus t. (d) a plot of dP/dt versus reduced

pressure (P/pmax)' and (e) a log-log plot of burning rate as a function

of pressure. The burning rate versus pressure plot includes a printout
of the coefficient and the exponent in the equation

r = APV, (1)

where: 1 = linear burning rate,
P = pressure,

A = burning rate coefficient, and

1}

n = burning rate exponent.

obtained by a least squares fit of the data over the desired pressure
range as well as statistical data on the "goodness of fit." An example
of program output is given in Appendix B.

16




III. THEORY
A. SIMPLIFIED DERIVATION

The basic objective of the analysis is to derive linear burning
rate data for propellant samples from pressure-time histories of their
burning process in a closed bomb., Simply, the event involves the con-
version of a solid sample composed of a large number of grains of a
given geometry and size to a gas having a given amount of energy. Since
the vessel is closed, the products may not escape, the pressure builds
up and the propellant sample burns in an environment of a continuously
changing pressure.

A variety of factors influence the conversion rate of the solid
sample to gas. Those of primary interest are the propellant surface
area, the pressure, and the propellant chemical composition. For all
propellants, the conversion rate of solids to gas (i.e., the mass burning
rate) is'directly proporticnal to surface. For all gun propellants (and
many others) the rate of regression of the propellant surface (the so-
called linear burning rate, r) is directly proportional to pressure.

As a general rule, the linear burning rates of propellants at given
pressures are a function of the energy content of the composition.

To describe the process it is necessary to describe the gas produced,
the unburned propellant and the energy balance for the process as a
function of time. The derivation which follows is limited to a single
propellant of constant thermochemistry. Eliminating complicating factors
such as the presence of the igniter, ignition aid, etc., allows the
generation of a simple instructive set of equations demonstrating the
logic used. The actual equations used in the program are discussed in
a later section and their derivation is given in the appendix.

(1) Equation of State of Gas

The combustion preducts may be described using the following equation
of state:

PVs 2 wasTs (2)
where:

V_ = system volume

weight of propellant burned
R. = gas constant for the system

T, = gas temperature in the chamber

17




The equation is formally analogous to the familiar Ideal Gas Equation.
The difference is in the definition of the system volume term (V_) which
is defined as the chamber volume modified to reflect the presencs of
unburned propellant and the covolume correction, Equation (3)

Vs = Vb - R YE.- wpn (3
p

© }"0

where:

<3
L]

b chamber volume

(¢}
n

initial weight of propellant

solid propellant density

©
fl

‘n propellant covolume.

It should be noted that the mixture of gases making up the propell-
ant combustion products is treated as if it were a single gaseous
species having specific properties of molecular weight, heat capacity
and covolume. These properties, of course, are determined by the nature
and stoichiometry of the combustion products.

Once the appropriate substitutions are made, the Equation of State
becomes :

P Vb - i£.+ wp (‘% - n)}] = wasTs (4)
Y

(2) Energy Balance Equation

The energy from combustion of the propellant sample is partitioned
between the internal energy of the product gases and heat loss to the
chamber, The Energy Balance Equation may be written as:

Eev p L’ (5)

whore: ﬁcv = energy of gases in the chamber

| 22]
n

energy from combustion of the propellant, and

H, = heat loss to walls of the chamber

18




Ess)

2 A R DR e

The equation may be rewritten as:

C H

Wpls = Cy¥ oTop - HL (6)
where: CV = heat capacity at constant volume and

TOp = iscchoric flame temperature of propellant.
By = GV (POS - Py
Rg

POS = Theoretically computed maximum pressure

Pm = Experimentally measured maximum pressure

The temperature of the combustion gases, Ts’ is less than the isochoric

adiabatic flame temperature computed for the propellant composition, TO , due
to heat losses to the walls of the chamber., The heat capacity at
constant volume, CV, is an average proparty between TS and TOp for the

mixture of gases making up the combustion products of the formulation.
It is defined per unit weight, rather than per mole.

(3) Rate of Conversion of Solid to Gas,

To obtain the equation for the rate of conversion of the sol:.d
propellant to gaseous combustion products, Equations (4) and (6) arc
difforentiated. Differentiation of Equation (4) holding vb. Cyr Pr M and
RS constant, yields: I

V., - ¢ w (1 -n) gg. P(l-n) dw =
b _E +p > It + 5 :
P
stp EIE. . RSTS iﬁﬂ. (N
dt dt

The rate of conversion of solid to gas is given by dwp/dt, the rate of
formation of propellant combustion products. This is the term we are
seeking to ovaluate in terms of experimental parameters. To de this,
it is nocessary to define the rate of change of system temperature
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(dT_/dt). This is done by differenting the Energy Equation. Differenti-
atidn of Equation (6) holding Cv and TOp constant and rearranging, yields:

o o)

-T) dw, -

dT_ = (TOE s b Ay (8)

dt W dt C. W
P V'p

at this point, the follow.ng relationship is introduced:

R, = Cy vy - 1)
where:
vy = ratio of heat capacities

The relationship is strictly true for ideal gases but is commonly
used in describing real systems. It allows recasting Equation (8) in
the following form:

daTy = (T, = Tg) dwy - Hy (y=1) (9)

dt dt R w
“p s“p

Substituting the right hand side of Equation (9) into the differentiated
Equation of State, Equation (7); yields:

-y

Vb'fP.*wP(i'n) ilin Rs'l‘s~P(_1-‘n) dwE
) p dt P “dt

-
-

+ stp (TOP - Ts) dwp - HL (vy-1)
wp dt stp (10)

-

The equation may now be solved for dw_/dt, giving the rate of
formation of propellant combustion product? in terms of experimental

data ( P, dP/dt) and a series of constants (Vb. cp, P, N, 10p’ Rs, HL

and y). The resulting equation is:
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_d:R i} Y - EP. + Y (i - n) d_P + B (-1) (11)
dt p p dt
RSTOP -P (}p_ - n)

(4) Linear Burning Rate.

The linear burning rate, r, is the rate of regression of the
propellant surface (dx/dt). To compute it one begins with considering
the volume element burned through during an infinitesimal time interval.
The following equation applies:

dw_ = p S, dx (12)
P t__
dt dt

where:

S, = the surface area of the propellant at any timse t.
dx = rate of regression of the propellant surface, equals r,
dt the linear burning rate.

Equation (12) defines the rate of formation of propellant combustion
products in geometric terms. If the propellant is composed of a number
of identical grains, the propellant surface area may be computed using
a variety of '"form function" equations. Equations have been developed
for spherical, cylindrical and perforated cylindrical (1, 7, and 19
perforations) grain geomotries. The generalized equation is:

St a f (x) (13)

where:
x 2 the distance burned into the grain.

When x equals zero, the surface area is the initial surface arca of the
propellant grain. As x increases positively, the surface sreca of the
grain changes characteristically for ecacn grain type. Form functions
for all of the grain types mentioned above have been included in

Appendix C.




Examining Equation (12), it is evident that the objective of
computing the linear burning rate of the propellant from the closed bomb
pressure-time data has been attained. The term dw,/dt is defined by
Equation (11), and the surface area, S_, is defineg by the Form Function
Equation, Equation (13). This completss the simplified derivation intended
for inclusion in the text.

B. Theory Used in The Program.

Both the event described and the equations describing it are
considerably more complex than just described. In every experiment an
igniter is used to start the propellant burning and in many an ignit-
ion aid is used as well. Further, the volume in the bomb not occupied
by the propellant at the start of the experiment is occupied by ambient
air. It is, therefore, evident that one is not dealing with the single
component system described earlier. The Equation of State used in the
program includes all components. The Energy Equation is also more
complex, since the thermodynamics of the combustion gases are allowed
to change and, in addition, allowance is made not only for heat loss
from the system but mass loss as well (vented chamber operation).

The Mass Burning Rate Equation derived for the system reflects these
complexities, See Equation (27), Appendix D. Since the treatment allows
for deviations in the ignition of the propellant charge as well as web
deviations, computing the surface area at any instant is also slightly
more complicated. Finally, the instantaneous Heat Loss Term (HL) is

evaluated in the program in one of two ways, either as an average value,
constant throughout the burn,or as a variable defined by the radiative
and convective heat loss elements. The objective of this section is to
provide some explanatory comments on several equations used in

the program.

(1) Rate of Conversion of Solid to Gas.

For the purposc of discussion the Mass Burning Rate Bquation derived
in Appendix D has been regrouped and the numerator divided into a series
of terms A through E. This is the form in which it appears below.

pa A+B+CeD+E - (14)

P(n-1) « T, R «+RT,_ (1 1)
5 Op''s u's g T

where:
Ru = universal gas constant

Mp: molecular weight of propellant combustion products
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where:

whero:

S
A= Vs dp
dt
B =H (y-1)

LS weight of propellant combustion products in the chamber
(as opposed to the total weight of propellant burned)

dun = gas discharge rate through the nozzle

Tdt
D=wl  |R, M * Ry dcv""'sf_‘l
2 Tdt dt
o) t ¢ T d

Ew. [P(n~ 1) » ’I‘Oa Rs +* Ru Ts (& - % )] d L
e a S

N, = polecular weight of ignition aid combustion products

L woight of ignition aid combustion products in the chagber.

Several of the terms are ascociated with oxercising program optiuns

previcusly described (Table I). The functions of Terms A through £ are

listed in Table II.




Table II. Functions of Terms A through E in Equation (14).

A System volume term

B Heat Loss.

C Mass Loss,

D Variable thermochemistry.

E Contribution of simultaneously burning ignition aid.

The System Volume Term (A) is necessary for all computations. The
Heat Loss Term (B) is included as required in the analysis. The term
may be evaluated simply (standard option, Table 1) or comprehensively
(nonstandard option). This will be discussed more fully in section B(3).
In the case of vented chamber operation or in computing burn rates from
artificially generated pressure time data, term B can be zero. The
Mass Discharge Term, (C) is used in analyzing vented chamber experiments.
Term (D),Variable Thermochemistry, is important in analyzing low prossure
¢losed bomb data since the thermochemistry of the combustion products
changes significantly with pressure at low pressures. The inclusion of
the Ignition Aid Burning Term (E) becomes important when descrihing
situations involving simultaneous burning of propellant and igniter.
This is the case more often than not, though the decision on the over-
lap of ignition aid and propellsnt burning is made on the basis of
experience by the program operator.

In essence, Bquation (14) is Equation (11) appropriately modified
to rveflect the complexities of the experiment. This muy be readily
demonstrated by imposing the same assumptions on Equation (l14) as were
used in deriving the simplified Mass Burning Rate Equation (Equation 11).
Assuming a single propellant (no igniter or ignition aid), constant
thermochemistry, closed bomb operation (no mass loss through a nozzle)
and the absence of air from the chamber, the following teyms in Equation
(14) may be eliminated:

Term C. Under closed bomb conditions dw_/dt=0
Term D. For constent thermochemistry dn/dt=0

Term £. In the absonce of an ignition dwalldtno
aid

RuTs (_- 1)L For 3 single coazponent
N syste (l/Mn - l/Ns) =0
¥

i
Y S

N
I




Elimination of the terms above rad-ices Equatiom (14) to Equation . °
(11). The methods used in deriving ti:- two equations were the same.
The derivation of Equation (14) paralieling the approach used in the -
text for Equation (11} is givea in Appendix D.

(2) Linear Burning Rate

The linear burning rate in the program is computed by Equation
(12). Differences arise, however, in the computation of the
instantaneous burning surface area S_. Two of the program options
treat ignition deviations in the propellant charge and web deviation in
the propellant grains., Both options influence the burning surface area,

If an ignition deviation takes place, parts of the propellant charge
begin to burn before others. In this case the simple computation of
total burning surface area as a function of distance burned is not
appropriate. What is done is to proportion the propellant charge into
five parts (two each of 10 ¢« ,rcent, two each of 20 percent and one
of 40 percent) and to allow the ignition of the charge increments to
differ by some arbitrar, :ime input by the operator. The distances
burned into the surface of each portion of the charge are carried
separately. Under these conditions the burning rurface is
computed according -o the following equation:

b, = I § (15)

where:

S = surface area of the nth propellant charge increment

tn

n
(]

f(xn}

distance burned inte the surface of the nth propellant
charge increment.

o
=
]

Of course, for simultaneous ignition of the propellant charge,
Equation (15) reduces tc Equation (13). It must be emphasized, however,
that one has no a priuvri knowledge of the ignition deviation time of the
propellant chargy; so this treatment should be viowed with caution,

The web deviation is handled analogously; In this case, however,
web deviation values may be obtained frow actu.l measureuments,
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(3) Heat Loss

(a) Standard Jption. Evaluation of tiie Heat Loss Term (ﬁ )} is done in
either of two ways. In the standard option it is some sui%able average
value, constant throughout thu analysis. The following equation applies:

B o= B o= CVe (Pog-Po) (16)

Rs (Epm'tig)

where:

Tie
|

ava.sage heat loss rate

g
8

theoretically computed maximum pressure
(adiabatic conditions, contributions from propellant,
igniter, ignition aid and air in system).

tpm = time of maximum pressure

tig

B

time of ignition

The total heat loss is the difference betweenr the adiabatically
computed internal energy of the system and the internal energy computed
from the maximum pressure observed. The total heat loss is converted

into the average Heat Loss Rate (QL) by dividing by theo burning time
interval (tpm'tig)'

(b) Nonstandaxrd Option

In the nonstandard oftion, hoat loss is analyzed into its convective
and radiative components. It is assumed that during the time that the
propellant burns the gas generation results in convective heat transfer
to the chember walls. This is, of course, accompanied Ly radiative heat
losses as well. After the propellant is consumed it is assumed that the
convective hoat 16us becomes insignificant relative to the radiative
heat loss. These assumptions allow the following trostment.

(i) Radiative heat loss coefficient. The tomperature of the gases in the
system is given bLy:

T =9V
] m s

R
8

The radiative heat loss rate is given by:
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H_ =C,V db (7).

where:

ﬁLr = radiative heat loss rate,

Once a matched array of Ts, ﬁLr data are generated, they may be fitted to

the following relationship:

hrAw = HLr (18)
Y S )
F{
‘Ts-Tw )

where:

hr = radiative heat transier coefficient

Aw ¢ bomb surface area

T, = bomb wall temperature.

In carrying out these cumputatxons T 4uwy be neglected since it is
indeed insignificang (1 >>T ) in the radiant heat transfer. The bomb
surface area (Aw )} is one of the program inputs (alternately a default

valus of 18.1 inz iz avasilable in the program) and, therefore, the
evaluation of the Radiant Heat Transfer Coefficient (h ) is accompiished.
Throughout the analysis, h is a constant.

(i) Convective Heat Transfer Coefficient. The Convective Heat Trsnsfer
Coefficient (h ) is assumed to bo a function of the instantaneous mass
flow as in the case of heat transfer in 8 pipe. The relationship is

given as:

h "F ——
¢t ¢ dt (19)
where:

hc = convactive heat transfer coefficient
PC = proportionality constant
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The value of h_ is computed at every point in the analysis using the
instantaneous mass generation rate. The value of the proportionality
constant F_ is obtained using an approximation technique in which an-
approximat€ value of h_  is calculated from the average mass generation
and heat loss rates and this approximate value is refined using the
value of h. and increments of AP/At,

(iii) Heat Loss Rate, nunstandard option. To compute the Heat Loss Rate
(HL) at any given point in the analysis the following equations are used:

4

H o= h, A, (Tg - T,) (20)
where: ﬁLc = convective heat loss rate
. 4 4 N
B, =h A, (T - T (21)
HL = HLc *HLr (22)

The initial value of the Wall Temperature (T ) is assumed to be 450°K
(this may be changed by the operator) and T "is continuously adjusted
throughout the analysis as is vhe Systems Temperature (T_ ). The
relationships governing heat conduction to the wall are given in
Appendix E.

1V, PROGRAM STRUCTURE AND QPERATION
A.  Standard Analysis

The program consists of a main program and a number of subroutines
which handle reading in of data, unit convorsions, heat loss computations,
burning rate calculations, and printing and plotting of the output data.
The program structure is outlined in Figure 1. The diagram indicates the
relationship of the subroutines in the program. Capsule summaries of the
functions of the subroutines are contained in Appendix F.

Program operation is most easily described by following a standard
analysis sequence step by step. The options may then be seen as pertur-
bations on the normal mode of analysis. A flow diagram of the program
appears in Figure 2, The chart has been arranged to show the operations
involved in a standard analysis in sequential form. The options possible,
heat loss, mass loss, variable thermochemistry, etc., are shown offset
from the main sequence of operations. The optional sections are
marked with arterisks.
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CALL CBRED 1

INPUT FILE NAME, EXTENSION |2

'

READ IN DATA FILE, HEADER 3

4A*
INTERACTIVE ROUTINE FOR
CHANGING INPUT
VARIABLES AND

SELECTING OQOPTIONS

STANDARD
ANALYSIS

YES

UNIT CONVERSION 5
CONSTANTS OF
MULTIPLE USAGE

.

LOCATE P_, P 6
carcuratTh avifiace

HEAT LOSS RATE

L TA*

—

USE H. TO COMPUTE F
L c,

PROPORTIONALITY CONSTANT
FOR CONVECTIVE HEAT
TRANSFER AND hr.
RADIATIVE HEAT TRANSFER
COEFFICIENT

STANDA
ANALYSIS

i

PRINT HEADER INFORMATION |3
UP TO AND INCLUDINGG
AVERAGE HEAT LOSS RATE

Figure 2-1. Closed Bombd Burn Rate Program (CBRED) .
Goneralized Flow Scheme.
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. BEGIN COMPUTATIONS, 9
: : COMPUTE INITIAL PROPELLANT
SURFACE AREA

z‘ I

E PRINT INITIAL SURFACE 10
* AREA AND NUMBER OF
GRAINS

»

) COMPUTE INITIAL VALUE OF 11
BURNING RATE, UPDATE
VARIABLES, PRINT DATA

12a*

USE Tw,TBFcand hr
TO CALCULATE INSTAN-

TANEQUS HEAT LOSS
RATE

USE AVERAGE 13
HEAT LOSS RATE

14a *

UPDATE VALUES OF

GAS MOLECULAR WEIGHT,
HEAT CAPACITY, CO-
VOLUME

CONSTAN
THERMOCHEM

15A*

COMPUTE IGNITION
AID MASS BURN RATE

IGNITION
AID

Figure 2-2, Closed Bomb Burn Rate Program (CBRED;.
Generalized Flow Scheme
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, L6A *
16 CALCULATE
YES INSTANTANEOUS
MASS LOSS THROUGH
NOZZLE, UPDATE VARIABLES
NO |
CALCULATE MASS 17
BURNING RATE
18B 3
FORM
FUNCTION COMPUTE BURNING | 18 TABULAR 18A *
EQUATIONS; | ¥|'SURFACE AREA FORM
FORM SP, " FUNCTION
FORM CY DATA
FORM 1,7,19
(CALCULATE 19
LINEAR
BURNING RATE
20A
20 PREDICT AHEAD,

SOLUTION
ACCEPTABLE

COMPFUTE ERROR

TERM, OUTPUT
ACCEPTED POINT,
PRINT IF APPROPRIATE

ADJUST TIME
INCREMENT, TRY
AGAIN

.
UPDATE PARAMENTERS
FOR NEXT CALCULA-.
TION

CONDITIONS
REACHED

YES

Figure 2-3. Closed Bomb Burn Rate Program (CBRED).

Goneralized Flow Scheme.
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2ZA ¥

SET LIMITS
: OF FIT
LIMITS OF FIT| 24
ARE 0.}-0.8
OF P
m
5 254 *
DISPLA SUPPRESS UPPER
ALL OF CURVE AND LOWER
PORTIONS OF
CURVE

PIOT: Puvst, P vs t] 26
P vs P/P_,
Lnr vs. TnP

EXIT 27

Figure 2-4. Closed Bomb Burn Rate Program (CBRED).
Generalized Flow Scheme.
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1. Start up (Blocks 1, 2 and 3). Once the program (CBRED) is called,
it signs in and requests the file name and extension of the data

file to be analyzed. On input of the file name and extension the data
file is read in. The input data consists of matched arrays of pressure-
time and time derivative of pressure-time data as well as a data set
consisting of experimental, thermodynamic and grain geometry data

(see Appendix A). The data is stored on magnetic tape and is handled

as a single unit. (At the time the experiments run, the operator records
in the da~a file all the parameters required for data reduction. This
is done using a separate program, CBDAP. The pressure-time data
obtained is differentiated by a second program, SCHECK. The '"header"
information is carried through to the new data file. Opportunities

for updating the "header'" information are provided by both programs).
These operations take place in the main program and subroutine ACQUIRE.

2, Mode of Analysis (Block 4). The question is posed to the operator
whether the analysis to be performed will be in the standard or
nonstandard mode. Once the choice for the standard analysis mode has
been made, the program goes into execution without further input from
the operator. See subroutine ACQUIRE also.

3. Initialization (Block 5). At this point a variety of operations
necessary to initialize the problem are performed. The input parameters
are converted to a consistent set of units. At present a pound, foot

- (inch), second, BTU system is employed, but gas temperatures are in
degrees Kelvin. A number of constants of multiple usage are also
computéd. This also takes place in subroutine ACQUIRE. On completion
of this task, control reverts to MAIN which then passes operations to
subroutine HTLOSS.

4., Heat loss (Block 6). At this point the input data file is searched
for the maximum pressure, the maximum time derivative of pressure and
selected values of P and dP/dt. The ignition pressure is computed
using the igniter weight and thermochemistry and the theoretical
(adiabatic) maximum pressure is calculated. This data is used to

compute the Average Heat Loss Rate (1, ). Other operations including
setting the ignition time for the ana&ysis, setting the starting time
interval, computing the initial system temperature and gas generation
rate are also performed. These operations are performed in subroutine
HTLOSS. Control then passes to MAIN which relinquishes operation to
subroutine SUMUP,

S. Run header (Block 8). The function of subroutine SUMUP is to
provide the identifying information for the run. Information on the
data file designation, propellant parameters, igniter data, bomb data

as well 4s summary information on the pressures and the time derivatives
of prossure obtained are printed. The first page and part of the

second page of Appendix B are the output from this operation. The only
portion of the header not printed at this point relates to the initial
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propellant surface area and the number of propellant grains. Subroutine
SUMUP passes control back to MAIN which then passes control to
subroutine REDUCE.

6. Begin Computation (Blocks 9-11). Subroutine REDUCE controls the
differential equation solver, subroutine EVES. It specifies the number
of differential equations to be solved, the stopping time and the
interval at which data are to be printed out. (See pages 3 and 4 of
Appendix B). Control then passes from REDUCE to EVES until the stopping
time (or some other limiting condition) is reached.

To initiate computations, subroutine EVES calls subroutine SETUP
whose job it is to provide the initial values of the functions and the
factors needed to calculate the starting values of the differentials.
Values are assigned to the propellant mass generation rate, ignition
aid burning rate, mass loss rate, thermodynamic parameters, heat loss,
etc. In a standard analysis, the initial heat loss rate is the average
heat loss rate computed earlier in subroutine HTLOSS. The initial mass
loss rate and igniter burning rate are zero. The initial surface area
of the propellant is computed by calling the appropriate form function
subroutine. The surface area data and the number of propellant grains
are then printed, completing the 'header'" section of the program
output (Block 10). Control passes from SETUP through EVES to DIFEQ
where the initial values of the differentials are computed. (The
. functions evaluated using DIFEQ and EVES are designated as Y(N) and
their differentials as DY(N); see the FORTRAN column in the List of
Symbols.) In a standard analysis, the initial mass burning rate is
set equal to the ignition aid mass burning rate at the point of
ignition. The other mass differentials (and their integrals) are,
of course, zero.

. Using the starting values of the function (Y ) and its differential
(Y,) EVES computes an estimated value for the funltion at the completion
of the first time interval (Yl). This value is fed back to DIFEQ where

it is used to obtain a new value of the differential (?1). The

0

difference between (? ) and (? ) is examined and compared with an error
level built into the program. "If the value passes, the value of the
function (Y,) and its differential (Y,) are accepted, the time interval
is_incremenéed (Block 9} and the procéss_is repeated, The initial
integration steps are purposcly tept small to establish the initial
table of differences required by the predictor-corrector technique.
Subroutine EVES has the built in capability to adjust the size of the
time step used as the analysis progresses so that under conditions where

the prodictor values are better than required by the difference critereon,

the time steps are increased in size, providing a savings of computation
time. Time steps are, of course, also autumatically reduced by the
program as required.
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7. Compute Burning Rates (Blocks 12 through 22). The process just
described is followed to obtain the required values of linear burning
rates throughout the analysis. At each step where a new value of (dw_/
dt) is required, subroutine DIFEQ computes the values based on the
updated values of the parameters in the Mass Burning Rate Equation.

The value is examined in EVES and accepted or rejected as necessary.
Blocks 12 through 22 are involved in the process; Of these 12 through
19 take place in subroutine DIFEQ and the appropriate form function
subroutine. In a standard analysis the heat loss rate is constant and
the average heat loss rate is used. Since propellant thermodynamic
characteristics are constant, no updating of values is done. The same
is true for both the ignition aid burning and the mass loss terms.

If the solution of the differential equation (as judged in EVES) is
acceptable at any point, values for burning rate are accepted along
with those of w_ and dw_/dt. At given intervals during the analysis
the data are prgnted ouk (EVES calls subroutine PRINT), see pages 50
and 51 of Appendix B. Tests for limiting conditions (web, all

burned, pressure = P_, and time = T ) are made throughout the analysis
and once one of the Timiting conditions is reached, EVES returns
control to REDUCE which returns control to MAIN,

8, Fitting the burning rate data (Block 25). Once the reduction
phase is completed, the burning rate d%ta between 0.1-0.8 of P_ is
fitted to an equation of the form r=AP". This is done in subroutine
RCALC.

9. Plotting of data and results. (25,26). The question is posed to
the operator whether the lower and upper portion of the burning rate
curve are to be suppressed. Generally this is done, since the most
meaningful data is between 0.1 § 0.8 of Pm’ After this decision, P vs.t;
dP/dt vs t; dP/dt vs P/Pm and &nr vs., &nP arc prepared and the program
exits. The complete output package from the program may be seen in
Appendix B.

B. Nonstandard Analysis

If the nonstandard mede of snalysis is chosen, an interactive
display is activated in subroutine ACQUIRE (Block (4A) which allows
temporary modification of the pertinent ballistic information appearing
in the data file. In addition to these changes, decisions concerning
a variety of options have to be made. A brief discussion of each of
the options, fullows,

1. Heat loss. (Blocks 7A, 12 and 12A). In the nonstandard mode, the
first option concerns the assignment of heat loss. The standard option,
(Block 6). was described earlier. The nonstandard option (Block 7A)

is a much more sophisticated treatment which assigns values to the
convective and radiative compenents of heat loss based on the decay
portion (after P_) of the firing record itseif. The theory was
discussed carlieF. In the reduction phase of the program
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the heat loss rate (H ) is computed at each point in subroutine DIFEQ.
Both the convective akd radiative neat loss rates are functions of the
gas and wall temperatures. Subroutine WALTEM is, therefore, invoked -to
provide current values of wall temperature as are needed in the analysis.
This is shown schematically by Block 12A in Figure 2.

2. Propellant Geometry (Blocks 18A § 18B). The purpose of this option
is to approximate the effect of real propellant geometry by using a
distribution of web values rather than nominal web values. The
computations take place in DIFEQ and the appropriate form function
subroutine., A web deviation value may be input in the nonstandard mode
resulting in the proportioning of the propellant charge into five parts:
two each of 10 percent, two each of 20 percent, and one each of 40 percent
of the total charge with webs differing from the nominal by plus or
minus suitable factors times the web deviation derived from a normal
population distribution curve. These five propellants, equivalent
in weight to but not having the same initial area or the same overall
form function as the total charge considered as a nominal case are
treated as separzte entities in the burning area portion of the
reduction and the instantaneous areas summed for calculation of the
linear burning rate. This option eliminates sharp discontinuities of
surface avea at certain points. (Computer generated pressure-time
curves using this approach have resulted in much closer agreement with
dP/dt data taken from real propellant geometries.) Only the burning

- arca portion of the analysis is affected. '

3. Ignition Deviation. This option permits the simulation of flame
spreading eftects that may occur in an experimental firing. A
population distribution similar to the one above (propellant gsometry
section) is used. The propellant is assumed to be composed of five
samples, each ignited at a different time. (It is the valuc of the
time interval that is input from the keyboard.) The distance burned
for cach fraction is calculated separately. These values of x ave
used to compute the area of the burning surface of the charge during
the analysis. A linear interpolaticn method is used to ~emove gross
discontinuities in the burhing area between the times of ignition of
two adjacent samples and upon burnout of the first sample. Only the
burning area portion of the pregram is affected by this option.
Operations take place in subroutine DIFEQ which calls the appropriate
form function subroutine as required.

4. Ignition Aid. (Block 15, 15A). This option is useful in describing
situations in which not only an igniter but also an ignition

aid is present. Since the ignition aid actuslly has a finite burn time
relative to the propelisnt, the option allows modification of the
"ignition pressure' to account for the partial burnout of the aid
material at the time that propellant igniticn takes place. During the
early phase of the firing, therefore, both propellant and ignition aid
will be contributing to the mass generation rate, hence to dP/dt. The
aid contribution must be evaluated separately. At present this is
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accomplished by external input or by analysis of the dP/dt portion of

the record just prior to the chosen ignition point (pressure), translat-
ing this dP/dt into an equivalent mass burning rate of the aid and fitting
it to a power law curve, Evaluation of the instantaneous value of the
ignition aid burning rate is performed in subroutine DIFEQ. The

function is integrated in EVES, The computation of the mass burning

rate (Bleck 17) is, of course, affected (see Equation 14 term E).

5. Yariaple thermochemistry. (Blocks 14 and 14A). This option allows
the input of the required thermochemical information for the propellant
in the form of a table of values versus pressure. The table entry
takes place in subroutine ACQUIRE. Values for the rate of change of
covolume, heat capacity etc. are computed in subroutine DIFEQ and

used in calculating the mass burning rate of the propellant (also in
DIFEQ).

6. Vented Chamber Operation. (Blocks 16 and 16A). This option allows
analysis of firings made with "leaking” or vonted vessels. The

effective vent area and the blow-out pressure of the vent are necessary
inputs and their prosence will automatically result in analysis beyond
the time of pmax and the computation of the mass-discharge term in the

differential eguations. Instantaneous temperatures as well as the
effects of changing molecular weight are used in determining this torm.

7. Burning Surface. (Block 18A). In this option, an arhitrary total
burning surface area as a function of some characteristic burning
dimension may be input to the program if none of the availablie form
functions appear suitable. The input consists of a table of points,

and the instantaneous area is interpolatad lineariy from the information
furnished. For seldom used unique geometries, it avoids the nuisance

of recompiling the progras to include a specisl form function generator.

C. Summary

A versatile closed bomb data reduction program has been developed
to compute linear burning rate of propellants from the pressure-time
histories of their burning process. In Sectien II, the capability of
the program as seen from the user's point of view was discussed, and a
comparison of the stahdard and nonstandard modes of analysis was made.
An introduction to the theoretical treatment was wade in Section !l
and the relationship between the equations used in the program and the
simplified derived equation was examined. In Section IV, program
structure and operation were examined and a flow chart of the program
as well as 2 diagrum of the subroutine hierarachy was given. Finally,
the impact of cach of the options on program execution was discussad.
The derivation of the mass burning equations (Appendix D) as well as
a program listing (Aypendix G; are provided.
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Input Requirements for CBRED*

e
=

e

1. Run ID. Provides input file designation for program,

SRR

2. Propellant Data.
a. -Type
b, Weight (grams)
c. Density (grams/cc)

d. Grain Type

e. Length, OD, ID (inches}
f. Inner Web, Outer Web (inches)
g. Theoretical Impetus (ft-1b/1b)
h. Flame Temperature (°K)
i. Average Molecular Weight of Products (grams/mole)
j. Covolume (cubic inch per pound)
k. Gamma (ratio of specific heat)
3. Igniter Data
a. Type
b. Weight (grams)
¢. Impetus (ft-1b/1b)
4. Experiment Data
" 8. Bomb Volume (cc)

b. Bomb Temperature (°'.)

* The input information listed is actually what is required by the
program being documented. Conversion to metric units is being
planned.
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5. Data Arrays (digital) '

a. Pressure-Time* (Kpsi, milliseconds)

b. Time Derivative of Pressure-Time* (mega psi, milliseconds)

*The input information listed is actually what is required by the
program being documented. Conversion to metric units is being
planned.
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*Program output is
planned.

APPENDIX B

Sample Output, CBRED*

-

currently not in metric units. Conversion is being
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2.400 3.229

. 809

1
1

PDCT MPSI/SEC

2

0.829

2.280
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a
.
S
207
3
. i A oy
) T Y T L i
.90 8.00 16.09 2u .90 32.00
TIME-MSEC
N 1D CHIVTS . Qa7
8/ TINeg: LOVR STUDY BN 21X
MROP TYPE:  LOAR FTON-36-) FEN 210-6-02D) MO GBX GMICGRON, (68 JAMICRCN
ONRAIN TYPE:. OY
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PDOT MPSI/SEC

2.800

2.u90 2.229

- 1.699

2.0e2

A
/
/
2.00 2.20 QSL?P-MQQ.G'@ 8.80
RUN 1D CBIVIS.e27
RN TITLE, LOVAR STUDY RN BIX
PROP TYPE: LOVR F704-36~! FEM 2{8-8-029; HMX GBX 2MICRON, (0K 1aMICRON
GRAIN TYPE: QY
POLUT AT PAMAX
t.118 8.5687
1.806 8.411
2.09¢ 11.218
?.668 14,819




RATE-IN/SEC

10.¢

1.e

2.1

- _’//
1/1
A
1.9 10.9 1009,
PRESS-KPSIA

RN 10

RN YITLE:
PROP T
GPGL TYPE)

SHIVIE. 027

LOVR 8TLOY RN SIX

LOVR F70M4-3G-1 FEM 216-6-02R) X 65X ZMICRON, 19K (OMICRON
oY

THE OONDTRINTE N THE EQURTION R « RefeeN RRE

A
N1
FOR /243X

9.80823
§.060
3 1D YO 0.8

COEFFIDIENT OF DETERMIMAYION 1+ 9.9999
PER CENT ROOT KERN ERRGR 1 1.603%
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DIX C

APF

Form Function Equations

used in CBRED
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Equation for FORM SP

Form Function of a Sphere. §, Surface Area, as a function of x,
The Distance Burned

W=D

where: D = initial diameter of sphere
W = propellant web

X = depth burned at time t.

§ =0 for W < 2x

Otherwise:

D' = D-2x

Surface Area

A=f:( 2_')3

&
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Equations for FORM CY

Form Function of a Right Circular Cylinder. §, Surface Area as a
Function of x, the Distance Burned

W=D

[}

where: D = initial grain diameter.

W

propellant web

Fad
#

depth burned at time t

0 for L <2 x
(L = initial grain length)

wn
it

wn
]

0 for W<2x
QOtherwise:

D' = D-2x
L' = L-2x

End Area:

E=n/d (01)°

Surface Area:

S=2 Ew L' D
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Equations for FORM1

Form Function of a Single Perforated Right Circular Cylinder (Axially—
Symmetrical). S, Surface Area, as a function of x, the Distance
Burned.

- b,

P FERETCOR R

SRR RIS

where:

W = propellant web

"
¥
&
i
%
)
g
4
3

D = initial grain diameter
Dp = initial perforation diameter

»”
L]

depth burned at time t.

w
8

0 for L < 2x
(L= initial grain length)
0 for W < 2x

w
i

Otherwise:

D' = D-2x
L' = L-2x

D, =D + 2x
p' P

End Area:

E=v [ O)° - 0 4
| P

Surface Area:

S=2E + vl (D! » Dp,)
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! Equations for FORM 7

3 Form Function of a Seven Perforated Right Circular Cylinder (Axially .
' Symmetrical). S, Surface Area, as a Function of x, the distance burned.

I, To splintering:

W=D-3D
4

where:

W = propellant web

D = initial grain diameter

D = initial perforation diameter
depth burned at time t

0 for L' < 2x
(L' = instantaneous grain length)

S for W=2x
max

]

w
n

wn
"

S=<8§ for W<2x
max

for 0 < x, define

D' = D-2x
L' = L-2x

(L = initial grain length)
Dp, s Dp*Zx

Then, for 0<2x<W
End Area

2
E=n [ 0% -7 0 %)
q P
Surface Area:

S=2Een Ll (0 +70,)
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Form Funetion of a Seven Perforated Right Circular Cylinder (Axially
Symmetrical). Surface Area, S, as a Function of x, The Distance Burned
(continued). :

I1. After Splintering*

define: stDpﬂv and let

. 2.2 2
C=min {L, D -DP +4Ww -ZWwD }
.’Z(D«a-DP--WW )

Then for W<2x<C, let

0 =2 cos’1 {min W, }
. _
UI;' 1
a =

S 2 2 2
cos {mn (1/4 [(D )¢ - (DE,)j + ww , )}
WD
-1 2 2|, w2 :
B= cos {max (1/4 [(Dp,) - (D) 1+ W o _1)} 8 -1

WD,
wp

El = End area of outer slivers

for a <n /6

E, = 30" Ksina ¢ 3/2 [(u')zcn/a-a)-wwzsp -(op,)zc"su/z sin e)]

E
i
S1 = Surface area of outer slivers

= 0 for u> v/6
for a< n/6
S, = 28 +(680p+(r -6a) D') L’

S1 = 0 for a >7/6

* Treatment developed by Mr. Franz Lymn, USABRL.




E2 = End area of inner slivers
for o /3

m
u

/2 |w}? {3 - 3/z(np,)2 (sin 0+ 1/3 - 0)

m
]

, =0 for &>7/3

Surface area of inner slivers

5,
for 0 <n/3

w
1]

2E

) g * 9y /301!

w
i

6 for v /3<0

Total surface area of slivers

w
L]

S=Sl+S2

Total end area
Ey + By

m
uou

for C < 2 x, E=0, $=0
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Equations for FORM 19
Form Function for a Nineteen Perforated Right Circular Cylinder
(Axially Symmetrical). S, Surface Area, as a Function of x, The
Distance Burned.

I. T

o

Splintering

. W=D-5D
6

where:
W = propellant web

D = initial grain diameter
.Dp = initial perforation diameter

”
i

depth burned at time t
0 for L' < 2x

(L' = instantaneous grain length)
. S$=8§ for W = 2x

gmax for W<2x

max

w
]

72
A

for 0< x, define:

D' = D-2x
LY = L-2x

(L=initial grain length)
Dp, a Dp + 2x

Then, for 0 <2x<W

End Area

Een (09 -19 (0 %)
ry P

Surface Area

S 28 ewl! (0" ¢+ 190D,
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Fc¢ » Function of a Nineteen Perforated Right Circular Cylinder (Axially
Symu trical). Surface Area S, as a function of x, The Distance
Burned. (continued).

ITs_After Slivering*

\ R

define: ww = Dp + W and let

12[(0+0 )% - 16W 7
C=min JL, 1/2 {D-D -H_ Pz 5
P [De01° - 124,

Then, for w<2x<C, let

=2 cos;'lg min /ww R 1)}
\o
Ql = l { min (1/8 (D') - (Dpl)z] + 2 wwz) s 1)}
WwD'
4 = ¢ l{mn (1/4 [ (") ]-(D.)-(D)]*:"WZ)’I)}
WD JT
Bl = 1 { max 1/8 [(D .) - (D’) ] + 2WN2), - 1)}
P
1 Ny 2
5, = co { W/ | co.)~cu)1-sww),_l)}
Ly ¥
and:
asa, +a, '

BQBI ’Bz -0 - S“/6

* Treatment developed by Mr. Franz Lynn, USABRL.
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E1 = End area of Outer Slivers

for a<n /6

. 2 [—
1 3 D! ww(z sin o, + Ji‘»—sinuz) ~6Ww 3

+3/2 [0M)? @/6-a) - (np,)2 (sin 6 + 8))

m
1]

El = 0 for a>7m /6

S1 = Surface Area of Quter Slivers

for a<n /6

S1 = 2}31 +6 [ D" (w/6-a) + Dp' g] o« L
S1 = 0 for a> n/6

E2 = End area of Inner Slivers

for 0<n /3

(224
t

, =6 W} Jf-.}/z (op,)2 (sin 6w /3 - 0)]

m
f

0 for 92 /3

I

S Surface Area of Inner Slivers

2 :
for 0<e/3
S, = 2B, + 36 Dp,(«/} - Q)L
S, =0 for 0> /3 :
S = Total Surface Area of Slivers
§=85, +8
1 2
E = Total End Area
E=E +L

1 2
for C<2x, E=0and 5 =0
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APPENDIX D
Derivation of Mass Burning Rate
" Equation fov CBRED

1

N
S




% Derivation of the Mass Burning Rate
¥ Equation for CBRED

The same order of presentation is followed as in the text. The
Equation of State is presented first, the Energy Equsation, second,
followed by the Mass Burning Rate Equation.

(1) Equation of State of Gas

PV =w R T, (23)

where:

P = pressure
VS = system volume
= Vb - (ca + cp) * (wa + YP? - Wn

P [y
Vy, = empty bomb volume
¢, = starting weight of ignition aid
c_ = starting weight of propellant
B = solid propellant density (assumed same for ignition aid)
w, = weight of ignition aid burned®
w = weight of propellant burned*
W§=Nr0wi+w + W
w. s wdight of ag% in gﬁamber
w; = weight of initiator combustion products in chamber
YT weight of ignition aid combustion products in chamber*
wolT weight of propellant combustion products in chamber®
nPa covolume
W

Ru = universal gas constant

N
r

By =W f'i * :al * ;P_L
i a P
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molerular weight of air (taken as 29,)

molecular weight of initiator combustion products

q = Molecular weight of ignition aid combustion products
molecular weight of propellant combustion products

=
ke
L §

=
]

S

* Note: For a closed bomb system there is an ¢bvious redundancy betwaen
and %o, and Wy and Wg;. But for a leaking, or vented vessel,
tge dlstlnctlons are important.

(2) Energy Balance Equation

It is more convenient to describe the energy balance dynamically,
The following governing equation applies:

-C Ts W, 24

d( va T) = Cy [T w o +T,. w)-H p

0a "a Op 'p L
T dt

where:
CV = heat capacity at constant volume (assumed same for
ignition aid)
08~ isochoric adiabatic flame temperature of the ignition aid

T
T0p= isochoric adiabatic flame temperature of the propellant

W = AP" By definition. Ignition aid mass burning rate.

]

mass burning rate of the propellant.

P
ﬁL = heat loss rate
Cp = heat capacity at constant pressure
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where:

¢ § = gravitational constant

Poe ® stagnation pressure

At = effective throat area (sonic control assumed)

C* = characteristic discharge velocity

=g R, Ty, [1/2

r—

'rzM
S

Tst = stagnation temperature
Ms = system molecular weight

2
T s 5 function of the specific heat ratio

3
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(3) Rate of Conversion of Solid to Gas

Solving the Equation of State (23) for Ts and differentiating yields:

fzé. - é lfvs +VSP - EYE (wsRs + sts). (25)
dt s's Rw
ss
where:
VS=-wS e (wa+w J
]
n=dn . 4 By definition
dp dt
(3 R . .
R = -
8 w—u mT mT wi‘s
S W,
5
T i a P pws
- WM
BL P
2
M
( p)

W - " s
p O M X W By definition

W
s
w, o= - zi’x W By definition
W
s
al ® % " Ya1 "4 By definition
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S
Note also:
bl = p - LA By definition
W
s

Differentiating the left hand side of Equation (24) as indicated gives:

CV w‘s Ts ¥ CV Ts ws T ¥ Ts CV = CV<T0a Ya * TOp wp) (26)
-HL- Cp TS wn
where:
6v = d (Cv) dp by definition

de

Solving Equation (26) for the rate of change of sysiem temperature
with time (% ) one may simultaneously solve with Equation (25), which
on expansion of terms and appropriate manipulation yields the following
equation for mass burning rate:

5
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APPENDIX E
Equations for Wall Temperature

Computations in WALTEM
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Heat loss is computed by coupling transient conduction in the bomb.
wall with the convective and radiative transfer to the wall. In the
wall, the governing equation is

2
. 6Tw § Tw « (23)
oz
; éX

where Tw = temperature field within the wall

o thermal diffusivity

X

radial distance into the wall

The initial condition is a uniform temperature (set at 298K). The
boundary conditions are:

. 6T _
at X =0 : -K X HL/Aw
at X + %% =0

An explicit centered difference scheme is used for the calculation. At
the boundaries the scheme is as follows:

at X = 0 :
H n
Ton+1 . Ton . uAtz K%f 28%) - 2T1 . ZTZ
(aX) W

where n + 1 is the new time lovel

n the old time level
T the first interior point
T2 the second interior point

at back boundary X = § AX:,\
A=

T =T
¥ on-l

N = number of grid points
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APPENDIX F

Capsule Summary of Suboutines
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2T s SR

ACCUIRE

HTLOSS

HTFIT

SUMUP
REDUCE

EVES

SETUP

- DIFEQ

PRINT

FINDTP

FINDL

SIMEQ

RCALC

VPLOT

Capsule Summary of Subroutines

Subroutine to get file data, allow update and
start process

Subroutine to calculate average heat loss value,
average heat transfer coefficient

Subroutine to fit the decay portion of the P-t
curve to find heat loss coefficients.

Subroutine to print summary sheet of analysis.
Driver for the differential equation solver.

Subroutine solves N simultaneous first order
differential equations by the Adams method.

Subroutine sets the initial conditions for the
integration and defines the accuracy required in
the solution.

This subroutine evaluates the derivative values at
each proposed step in the solution. On each call

Tl contains the current time, and Y's are the current
integrated values. The results of a call may be
rejected and the step size cut in oxder to maintain
accuracy.

This subroutine is called to output accepted
values during the integration procedure.

A subroutine for tauble lookup with linear interpolation.
A direct access read lookup modification of FINDIL.

A subroutine for table lookup with linear interpolation.
Extrapolates values out of table range, remembers

last argument value and bogins search from that

value.

A subroutine solving L equations in M unknowns, with
N sots of right hand constants.

Subrout’ne to do least squares fit on burn rate data.

Versatech® unit plotting package.

. .
Registered trademark, does not constitute endorsement by the US Army.
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APPENDIX G

Progranm Listing. CBRED
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RT-11 FORTRAN 1V v8i{-11 SOURCE LISTING -PAGE @0t

PO R

c MAIN DRIVER FOR LATEST REDUCTION PROGRAM. 18/14/75
eaat COMMON RUNID(S),RTITLE(18).DATE(3).0PERN(S) ,PROPN(18).,

9 & | PSORCE(18),PRLOT(18),PREM(18), TIGNR(18).GAGE(18),
5 3 2 SPACE1(36), CHGWT. WID, PTEMP, UGHT . PCORR., BVOL . BTEMP,
5 : 3 SCAL.CALCON.STIME, FF1D,GL,0D,PD, WD, F 1. DUM. XMWX1.ET1.GAML,
4 SPACE2(4), 1SK1.KTOT, M2, MY. PMAX, TMAX. NPMA, PPM, DPMAX, THL, H.,
5 : S RHOC.RHO.T16.T98, T1890,P9(5),DP3(5) . NPTH, PX(20),
B E 6 FX(20),ETX(28) . XMJX(20) . GAMX(2@) , IDFF, NPA, LIEBX(28) , ABX(20) ,
i . ? 18K, 1SK2,MEM2, XM1. RP, T2ERD, VOL,CP, CST, TM, P 1GN. TIGN. PTHED,
& 8 CON1.CON9.MEM3,MEM?, SFAZ.L9.P,DP,TSTOP. 19,
i 9 L8, CONW. TBUW. FRAC, 2, SRAT, XTBW, RATE, RL
‘ 8802 COMMON /GENE~ WIDP(S),WODP (53, UCR(S),SFAC(5,5), TDEL(S).
! WDEV, TDEV. TUST

0083 COMMON /BLAH/ PLO. PHI. ACO, XNC. RSQ, RMS
- ; aged COMMON /KEVIN/ TE(35), XT(35)
N : 0085 DATA DUMM/LIOW */
: ' 0006 WRITE (11,197) WoW

8087 197 FORMAT (R4)

L] REWIND 11

68a9 CALL ACQUIRE

0010 CALL HTLOSS

1) SPACE2(3) « 8.8

0812 IF (INL.EQ.2) GO TO 1976

0014 CALL HTFIT

8015 1976 CONTINUE

8816 CALL sumup

001? CALL REDUCE

8818 CALL RCALC

86819 TYPE 100

8020 188 FORMAT (///)

0021 CALL VPLOT

8822 STOP

0823 END
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RT=-11 FORTRAN 1V vei-11 SOURCE LISTING . PAGE @81

geoa! SUBROUTINE RCQUIRE
c SUBROUTINE YO GET FILE DATA, ALLOW UPBATE AND START PROCESS

aea2 COMMON RUNID(S).RTITLE(18).DATE(3),OPERN(S),PROPN(18),
PSORCE(18) »PRLOT(18) ,PREM(18), TIGNR(18),GAGE(18),
SPACE (36) . CHGWT, WID.PTEMP, IGHT1,PCORR. BVOL, BTEMP,
SCAL.CALCON,STIME,.FF 1D, GL,0D,PD,WOD.F 1. DUM, XMUX1,ET1.GAML,
SPACE2(4), ISK1.KTAT, 112, MY, PMAX, THAX, NPMA, PPM, DPMAX, THL,H.
RHOC.RHKO. T18, T30, T1890.PS(5),DPS(S),NPTH, PX(28),
FX(28),ETX(20) , ¥MJX(20) . GAMX(2@) , IDFF, NPA, UEBX(28) . RBX(20) .,
18K, 18K2, MEM2, XM1.,RP, T2ER0, VOL, CP, CST, TM. P1GH, TIGN. PTKED.
COMN1,CONS, MEM3,.MEM?, SFA2.L9.P,DP, TSTOP. 19,
L8, CONL), TBLL FRAC. 2, SRAT, XTBU
8003 COMMON ~GENE/ WIDP(5).UWODP(5),UCR(S),SFAC(S,5), TDEL(S),

1 WDEV.TDEV. TUST
08884 COMMON ~#BLAH/ PLO. PHI. RCO, MNC
aees DIMENSTON RS(4)
0806 DATA AY/’Y*/.R9-0.25,.375,.508, .625/.BL7’ °,

1. AVG/°AVE */,PL2 P P/, P?/2°PP */,BLB/° ISP 7/,

2 SP/°SPH */.CY~°CY v

BT NOU L WA —

anar DIMENSION LIST (48&)

gena EDUIVALENCE (LISTCL).RUNID(D))

B8as EQUIVALENCE (1BUG.LIST(338))

e018 EQUIVALENCE (ISK1,LIST(389)). (KTDT.LIST(dGﬁ))
oall EQUIVALENCE (RTH,.SPACEI{18)) ., (PBLOWLSPARCELLLID)),

1 (FAID,SPRCEL(12)}.(TAID.SPRCEL(13)).(CAID,SPACEL(1S)).
2 (XMALSPACET(I4))

aal2 CALL ASSIGN (2,°SY:CBDAT.201°.0,.’5CR%)
0813 DEFINE FILE 2 ¢3080.6.U.M2)

9914 TYPE 309

€815 380 FORMAT (SX,’ENTER SMOOTHED YAPE ID*~)
2916 CALL ASSIGN (3. *FILNRM.EXT’,~1.°RD0*)
gai? DEFINE FILE 3(3180.4.U.HY)

et WDEV - 9,0

0019 -~ TDEV - 8.8

0028 DO 63 1 « 1,188

8821 J o aul

0022 LaJ-3

8823 69 READ (3°1) (LIST(K), K = L,J)

8224 K «@

8825 18UG = @

0026 DPHAX = 0.8

002? RHOEC = SPRCE2C(L)

0828 PHMAX « 8.0

8029 FAID = 362a8e8,

8038 TAID = 3880.

8031t RU = 1544,%1.8

ge32 XA« RUSTAIDAFRID

8833 CRID = 9.8

8034 ATH = 9.0

@835 PELOY -~ 0.0

9836 KM = KTOT + 180

2837 B0 68 J = (B1.KHM




5.

5
o

o ety T8 e

2038
aa3s
0040
0041
0842

Y

RERD (3°J) BY, Ci

[ =J -~ 100

Il « {I-1)%ISK! +
TI = IIxSTIMEX].BE-83
K=K+

9




RY-1! FORTRAH 1V Wi-11 SOURCE LISTING PAGT BB2

0843
2845
2e4s
0e47
604e
0858
aati
eas52
#053
0054
6a85%
aase
eas?
8888
8430
aesa
2asl
8a62
0863
8864
8265
6666
0867
0068
8as9
a87a
eg?*
aa72
2473
0473
au7s

agy?
2478
a873
$838
eg81
gage
8383
8353
gage
geg?
8288
aess
easl
8892
28893
8894
0838
8a9?
cese
8839

8o

68

381

382

3e3
324

385

386

IF (B1.LT.PMAX) GO TO 88

PMAX = 81

X = T1

NPMA = K

IF (Ci.LT.DPMAX} GO TO 68

PEM = Bl

DPMAX = Ci

WRITE (2*D TI, B, CI

MEM? = |

PDES = @.99%PMAX

CALL FINDTP (PDES,TMAX.3.2, 1,2,NPMA,HMEM?Z, M)
PDES = B8, I¥PMAY

CALL FIKDTP (PDES,T10,3.2,1.2,NPMA,MEMZ.M2)
PDES = 8.9¥PMAR

CALL FINDTP (PDES.T52.3,2,1,2.NPMA,MEMZ, D)
r183¢ » 790 - T10

suM = 9.8

W21 = 1.4

PSCI) = ARCIInPMAX

CALL FINDTP (PSCI),DPIC1),3,2,3.2. NPMA, HEIZ . 1ED)
SUM = SUM + DPSCI)

DPS(5) » SUM/4.8

P9(S) = AVE

ENDFILE 3

FRAC = 1.9

HL » 2

Heo.a

MMI = 68.62

[F PCORR.GY.150880.) XMI = 25.
TYPE 301

FORMAT (SX,*1S THIS TG BE R*/

I SX."STRNDARD ANALYSIS. Y OR N?*)
ACCEPT 302, ANSP

FORMAT (A1)

CRLL PLOT (27.12,4)

SPACE2(2) = 18,1

PLO - 8.1

PHI «» 9.9

IF (ANSP.EQ.AY) GO TO 99

TYPE 303, KHOC

FORMAT (35X, *BENSITY’.F12.5)

ACCEPT 384, TEMP

FORMAT (6E12.0)

IF (TEMP.NE.8.8) RHOC » TEMP

TYPE 385, PCORR

FORMAT (5K, °IENITER IMPETUS?,F12.%)
ACCEPY 304, TEMP

[F (TEMP.NE.B.0) PCORR = YEMP
TYPE 386, UGHTI

FORMAT (SX.’ IGNITER LEIGNT®.F12.5)
ACCEPT 304, TEWP

IF (TENP.NE.D.0) LGHTI = TEMP

92




p1oi IF (PCORR.GT.158808.) 11 = 25,

8183 TYPE 396, Xdi

0184 356 FORMAT (SX.’IGNITER MOL WEIGHT’,F12.9)
21a3 ACCEPT 3P4, TEMP

8186 IF (TEMP.NE.B.8) XMl = TEMP
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RT-11 FORTRAN 1V vel-11 SOURCE LISTING PAGE 883

eies TYPE 1303, FRID

A189 1305 FORMAT (S5X.” [GNITER AID IMPETUS’.F12.%)
a11e ACCEPT 324, TEMP

aitt IF (TEMP.NE.9.8) FRID = TEMP

8113 TYPE 1306, CAID

114 1306 FORMAT (SX.’ IGNITER AID WEIGHT’.F12.9)
0115 ACCEPT 384, TEMP

olie IF (TEMP.NE.D.2) CAID = TEMP

8118 CAID = CAID. 454,

8it9 TYPE 1396, TAID

0128 1396 FORMAT (SX.’ IGNITER AID TEMPERATURE®,F12.5)
812! ACCEPT 284, TEMP

a122 IF (TEMP.NE.B.8) TARID = TEMP

8124 XMA =« RUKTAID/FALD

8125 CALL PLOT (27.12.4)

8126 TYPE 367, FFID

8127 387 FORMAT (SX.’GRAIN TYPE".2X,R4)

8128 ACCEPT 3@8, TEMP

0129 388 FORMAT (R4)

8130 IF (TCMP.NE.BL) FFID = TEMP

a132 TYPE 323. H

0133 385 FORMAT (5X.’HEAT L3SS NUMBER’,F12.3)
0134 RCCEPT 384, TEMP

8135 IF (TEMP.NE.D.8) H = TEMP

2137 TYPE 319, ML

8138 318 FORMAT (5X,"HEART LOSS OPTION’,14)
8133 ACCEPT 311, IT

2148 311 FORMAT (1)

@141 IF (IT.NE.8) [HL « IT

08143 TYPE 891, SPACEZ2(2)

9144 9¢3 FORRT (9X,’BOMB WALL ARER*, F12.%)
8145 ACCEPT 3v4. TEMP

0146 IF (TEMP.NE.B.8) SPACE2(2) « TEMP
0148 TYPE 312

8149 312 FORMAT (8X,*AVERAGE THERMOCHEMISTRY"~
1 SX," 18 TO BE USED, Y OR N?°)

8150 ARCCEPT 302, ANST

215t CALL PLOT (27,12.4)

@152 IF (ANST.EQ.RY) GO TO 98

8154 TYPE 313

8188 313 FORMAT (5X.'ENTER NUMBER OF TABLE ENTRIES*)
8185 | RCCEPT 311, NPTH

157 TYPE 314, NPTH

0158 314 FORMAT (SX,’ENTER PRESSURE. INPETUS.COVOLUME‘
I 5X,*FLAME TEMP AND SPECIFIC HEAT”.2X.11.2X,“ENTRIES®)

8159 DO 44 1 = 1.NPTH

8l68 44 ACCEPT 384, PXCI3, FX(I), ETX(I), XMMMC(I), GAMK(I)
ai6! RUL = 1544.%1.8

o162 RU2 = RUi/?778.

8163 XMUX] = RUIXMWIK(L) AFX(L)

2164 GAMI ~ RU2/(XMJXINGAMX(1)) + 1.0

8155 GO TC 97
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0166 98 TYPE 323, Fl
8167 323 FORMAT (5X,*PROPELLANT [MPETUS’,F12.5)

o168 RCCEPT 304, TEMP
0169 IF (TEMP.NE.B.8) F! = TEMP
a171 TYPE 324, ETI

S e e
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RT-1t1 FORTRAN 1V V81-11 SOURCE LISTING PRGE 884
@172 324 FORMAT (SX.”PROPELLANT COVOLUME’,F12.3)

81?3 NCCEPT 304, TEMP

8174 IF (TEMP.NE.B.8) ET1 = TEMP
Bive TEMP1 = XMWX1

a1e? TEMPZ = GAM!

g17e TYPE 325, XMWX1

B179 325 FORMAT (5X,‘FLAME TEMP’,F12.3)
B1ge ARCCEPT 384. TEMP

a8l IF (TEMP.NE.B.0) XMUX! = TEMP
a183 TYPE 326, GRMI

184 326 FORMAT (5X,*SPECIFIC HERT'.F12.5)
8185 ACCEPT 384. TEMP

8186 IF (TEMP.NE.B.8) GAML = TEMP
pies TEMPL1 = XMuX!1

f189 TEMP2 = GAMI

f198 IF (XMUXL.LT.10808.) TEMP1 = FlkXMWX1/(1344.%1.8)
9192 TEMP3 = XMWX1

2193 - IF (XMWXLLGT. 1808.) TEMP3 = 1544,%].8%XMUXL-F1
8195 IF (GAMI.GE.1.8) TEMP2 = 1544.%1.8/¢/78./TEMP3/(GAML - 1.)
8197 NPTH = 4

8198 P2 = 1.8

2198 DO 447 | = 1.4

g208 PR{I) = P2

8281 FXC(I) = Fl

B202 ETR(I) = ET!

p2u3 XMIKC(T) « YEMPL

82084 GAMX(]) = TEMP2

02685 : P2 = P2 + 1.8

266 447 CONTINUE

ezer RUL = 1544,%{.8

g208 RU2 = RULI/778.

203 XMUJKL « RUIKTEMPLZFX(L) .
8218 GAML = RU2/(XMWXIRTEMP2) + 1.8
211 97 IDFF = 8

8212 IF (FFID.EQ.*1) IDFF w 1

8214 IF (FFID.EQ.P?) IDFF = 2

8216 IF (FFID.EQ.P19) IDFF = 3

8218 IF (FFID.EQ.SP) !DFF = 4

8228 IF (FFID.EQ.CY) IDFF = 3

0222 IF (IDFF.NE.B) GO 7O &1

8224 CALL PLOT (27,12.4)

8223 TYPE 315

9226 315 FORMAT (SX,*UNKNQWN GRAIN TYPE*Z
1 5X.* INPUT TABLE OF DISTANCE BURNT’/
2 5X.”VERSUS TOTAL BURN ARER OF CHARGE®~/
3 SX.’FIRST ENTER NUMBER OF PCINTS*/
4 S5X,*TWO DIGIT HUMBER - PLERSE®)

e227 RCCEPT 316, NPA
9228 316 FORMAT (I12)
8229 TYPE 317, NPA

0238 317 FORMAT (5X,’ INPUT*,2X,12.2X,"ENTRIES OF TRBLE’/
15X, *DIST BURNT - TOTAL BURN ARER*)
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823
8232
@233
0234
8235

21
318

DO 43 1 = |,NPR

RCCEPT 384, WEBX(I), ABX(I)
GO TO 22

TYPE 318, GL
FORMAT (5X.’GRAIN LENGTH*,F12.3)
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8236
8237
8239
2240
824t
0242
8244
0245
8246
8247

8249
8256
@751
0252
8254
8255
6256
@257
0259
9269
8261
8262
0264
8265
0266
8267
8268
827n
8271
g2r2
0273
02?5
8276
0277
8278
0260
e2a1
8282
8263
p285
a28a6
8287
8268
8289
0299
8292
8293
8294
8295
8297
8298

318

328

321
322

22
42?

ee?
888
531

532

2468

5832

ACCEPT 324, TEMP

IF (TEMP.NE.B.2) GL = TEMP

TYPE 313, OD

FORMAT (5X.*GRAIN OUTER DIAMETER’.F12.5)
ACCEPT 384, TEMP

IF (TEMP.NE.2.0) OD = TEMP

TYPE 328, PD

FORMAT (5X,’PERFORATION DIAMETER®,F12.5)
ACCEPT 304, TEMP

IF (TEMP.NE.8.8) PD = TEMP

CALL PLOT(27.12.4)

TYPE 321, WID

FORMAT (5X.* INNER WEB*,F12.5)

ACCEPT 384, TEMP

IF (TEMP.NC.8.8) WID = TEMP

TYPE 322, WOD

FORMAT (5X,*OUTER WEB*,F12.5)

ACCEPT 384, TEMP

IF (TEMP.NE.9.8) WOD = TEMP

TYPE 42?7, FRAC

FORMAT (5X.” IGNITION BRNT FRACT’,F12.5)
ACCEPT 384, TEMP -
IF (TEMP.NE.®.8) FRAC = TEMP

CALL PLOT(27,12.4)

TYPE 887, PLO

FORMAT (5X,’LOWER FIT LIMIT’,F12.5)
ACCEPT 304, TEMP

IF (TEMP.NE.8.8) PLO = TEMP

TYPE 888, PHI

FORMAT (5X.’UPPER FIT LIMIT’,F12.5)
ACCEPT 304, TEMP

IF (TEMP.NE.B.0) PHI = TEMP

TYPE $31, WDEV , _
FORMHT (5X,’UEB DEVIATION 18°,F12.5)
ACCEPT 384, TEMP

IF (TEMP.NE.0.8) WDEV = TEMP

TYPE 532, TDEV

FORMAT (5X.* IGNITION DEVIATION 18°,F12.5)
ACCEPT 384, TEMP

IF (YEMP.NE.B.8) TDEV = TEMP

SPACE1(18) = 0.8

TYPE 2458, SPACE!(18)

FORMAT (5X.*VENT AREA FOR VENTED OPERATION®.F12.5)
ACCEPT 2469, TEMP

FORMAT (E12.8)

IF (TEMP.NE.B.8) SPACE1(18) « TEMP
TYPE 5832, PBLOU

FORMAT (5X,*BLOW OUT PRESSURE LEVEL’,F12.5)
ACCEPT 2469. TEMP

IF (TEMP.NE.0.8) PBLOY = TEMP

TYPE 7354, 1BUG

7354 FORMAT (5X.’DIFEQR TRACE CONTROL‘~/
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1 SX,*TYPE **1’* FOR TRRCE ON’.,13)
0299 ACCEPT 7355, IBUG
8300 7355 FORMART (I1)
e3al GO YO 92

2382 89 CONTINUE

T

e LT

-7
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8303 IDFF = @
9384 IF (FFID.EQ.P1) IDFF = 1
B3e6 IF (FFID.EQ.P?) IDFF = 2
p388 IF (FFID.EQ.P19) IDFF = 3
0318 IF (FFID.EQ.SP) IDFF = 4
8312 IF (FFID.EQ.CY) IDFF » §
8314 IF CIDFF.NE.8) GO TO 87
0316 TYPE 86
8317 86 FORMAT (5X.’UNKNOUN GRAIN TYPE IN STANDARD’/
1 5X,”PROGRAM HAS ABORTED”)
8318 STOP
319 87 CONTINUE
0320 NPTH = 4
p321 TEMPL = XMUXI
9322 TEMP2 = GAMI
8323 IF (GAMI.GE.1.8) TEMP2 = 1544.%1.8/778, A0UXI/(GAML ~ 1.)
0325 IF OMUX1.LT.1088.) TEMPL = F1%CIX1/(1544.%1.8)
6327 P2 = 1.8
8328 DO 47 1 = 1.4
| 8329 PX(I) = P2
©. 0330 e FRCD WPl e e et e e
8331 ETX(D) = ET -
p332 XX(Y) « TEMPL
0333 GAMX(D) = TEMP2
0334 P2 = P2 + 1.8
0335 47 CONTINUE
0336 92 ISKI = MAXDCISKL,1)
0337 IF (IDFF.EQ.2.0R, IDFF.EQ.3) GO TO 6138
0339 WMIN = AMIND CWID,LIOD
0340 WOD = UMIN .
0341 WID = UMIN
342 6138 CONTINUE
B43 [SK = 18
8344 1SK2 = 5
8345 RHO = RHOC*.B361111
0346 RETURN
0347 END
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o281 SUBROUTINE HTLOSS
c SUBROUTINE TO CALCULATE HERT LOSS NUMBER - 2 OPTIONS

aae2 COMMON RUNID(S).RTITLEC1E).DATE(3),0PERN(S) .PROPN(18),
! PSORCE(18),PRLOT(18),PREM(18), TIGNR(18),GARGE(1B),
2 SPACE1¢36) , CHGWT,WID, PTEMP,WGHTI.PCORR, BVOL ., BTEMP,
3 SCAL,CALCON,STIME,FF1D.GL.0OD.PD,WOD,F1.DUM, XMJX1L,ET1,GAMI.
4 SPACE2(4), ISK1,KTOT.MZ, MY, PMAX, TMAX. NPIMA. PPM, DPMAX, THL. H.
5 RHOC.RHO,T1@,7908,T1838.P3(5),DP3(5) . NPTH.PX(28).

. 6 FX(20),ETX(28) . XMUX(28) .GAMX(28) . IDFF, NPA. LEBX(28),ABX(20) ,

7 ISK, ISK2,MEM2, XM1, RP, TZERD, VOL, CP,CST, TM. PIGN, TIGN, PTHED.
8 CON1.CON9,MEM3, MEM7,SFRC,LS,.P.DP,TSTOP, 1S,
9 L8, CONW, TBW, FRAC, 2, SRAT, XTBU

0083 EQUIVALENCE (FARID.SPACEL(12)).,(3.41D.SPACEL(11)),
1 OMA.S5PACEL(14)), (CAID.SPACE1(15))

60a4 MEM2 = 1

0885 CALL FINDL (PMAX.F,PX.FX.NPTH,MEM2)

Bgo6 CALL FIND! (PMAX.ETA,PX.ETX,NPTH,MEM2)

68@7 .CALL FIND! (PMAX.TZP.PX.XMWX.NPTH. MEM2)

agae8 CALL FIND! (PMAX.CVR.PX.GAMX. nNPTH.MEM2)

0089 RU = 1544.%12,.%1.8

0810 XMJ = RUXTZP/(12.8F)

eatl T2ERD = T2P

0012 TA = 298.

a3 Tl « 12.%PCORRN¥MMI/RU

-~ 2814 VOL = BVOL/(2.54%3)

9913 CR » 14.7%VOL%x29, /(298 . 4R

0816 CI « WGHTIv/454. :

eet? CP = CHGWT/454.

@018 CST « CA + CI

8a19 ETX(20) = CR29, + CI XML + CAIDWFRACAIA

0020 TH = CA%298. + CIxT1 + CAIDWFRACKTAID

pazt ETX(ID) = CVPR(CST + FRACKCALID)

0022 TM = TMZ(CST + FRACKCAID)

8023 CTOT = CA + Cl + CP + CAID

0824 RA = RU29.,

8925 RI = RUAMI

8026 RR = RUZKI

aa2v RAID « RU/GH

6028 PTHEQ = (CR#RA%298. + CIMRINT[ + CP¥RPXTZERD + CAIDMRAID®TAID)
I 7(VOL - CTUTETR) #1008,

8029 TH = TMMPMAX/PTHED

o838 TL = TI=PMAX/PTHEO

0831 TLL = TAID&PMAX/PTHED

0832 PIGN = (CA%TA/29, + CINTLAMI + FRGC*CRID*TLl/Xﬁn)wRU/(VOL -
I (CST + FRACACAIDINETA - CP/RHO - (i. - FRAC»CAID/RHO) 71028 .

8033 CALL FINDTP (PIGN. TIGN.3.2.1.2.NPMA.MEM2.MZ) .

8834 CON9 = VOL - CP/RHO - (1. - FRAC)#CAID/RHD

0835 IF (H.EQ.D0.8) GO TO 18

8a37 IF (FRAC.EQ.1.8) RETURN

0039 18 DPDT = (PTHED - PMAX)Z(TMAX - TIGN)

0048 H s (VOL - CTOTHETA)*CVP4DPDT/RU%1088.»CTOT/

1 (ETX(28) + CP/7RU + (1, = FRAC)¥CAIDAIMA)
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3041
2843
2845
0046
684?

IF (IHL.NE.2) GO YO 1492
IF (FRAC.EQ.1.8) RETURN
HTL! = H
GO TO 1493

1492 SPRCE1(36) = 458,
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0848
2049
gesa
0a51
2es2
2854

2855
8856
eas?
ease
0059
o088
ges1
0963
ea64
0865
0066
aes?
ae6e8
0669
eara
aart
Bere
0973
0874
6475
€876
0e??
0678
8879
08391
gas2
8803

ans4
2865
aaae
esa?

eags * -

6a83
269g
2891
0092
0093
06995
€096
089?
(D} ]]
p09

010

372
373

932
1433

69

1438

TYPE 372. SMACE!(36)

FORMAT (SX,*AVERAGE BOMB WALL TEMPERATURE’,F12.5)
RCCEPT 373. TEMP

FORMAT (E12.8)

IF (TEMP.NE.B.8) SPACE1(35) = TEMP

HB = H%1008./5PRCE2(2) 7 ((TZERO¥PMAX/PTHED + TM) 2.
1 - SPACE1(36))

LB = ((1. - FRACIACAID + CPY/(TMAX - TIGN) %1080,
W8 = LBwxd.3

H = HBARB

TYPE 932, Hds H

FORMAT (2E16.6)

SPACE1(34) = 8.8

IF (FRAC.ER.Y.8) GO TO €8

TST = TIGN - 8.50

TST = AMAXI(TST.H.8)

SUM = 8.8

DELT = 98.825

D069 1 » .28

CALL FINDTP (T8T,DP.3.1.3.2,.NPMA, MEM2.M2)

SuM = SUM + W

TST « TST + BELT

CONTINUE

DPB = SUMGA.

PIG = PIGH%1889.

DYH « FRACSTAID/TIGN®1003.

DYNL « DYN

TSYS = (COND? - (FRRCACARID + CSTHISETA) P IG/ETH(28) RU
DYN = DYNx¥4.8

HTL = HTL1

IF (IHL.EQ.& GO TO 1484

HTL = H®DYNWSPARCE2¢(2)®(T3YS - 298.)~10880.

1494 CONTINUE

31
318

1518
1511

1496
e8

DYN = ((CON3 - (FRACXCAID + CSY)ETAINDPE + ETX(20)3RUHTIL/
1 ETX(19)) Z7(ETX(28) sRUX(TRID ~ TSYS)#(CST + FRRC#CAID) +
2 RU=TSYS.AA - PIGARHD + PIGSETA)

IF (A8S (1. - DYN/DYNL) - 8.081) 218.319,311

DYNL = DYN

GD YO 1438

CONTINUE

mlc" - e.a PI . a e e sa w s c e omoa . iw oaas -
TYPE 1510, MRIGN

FORMAT (5X,”POLER ON IGNITER FLOW .F12.9)

RCCEPT 1511, TEMP

FORMAT (E12.8)

[F (TEMP.NE.B.8) XNIGN = TEMP

SPRCE1(33) « MWNIGN

P8 « PIGsMIEN

SPACE1(34) = DWYN/PB

TYPE 1436, SPACE1(3®

FORMAT (E16.6)

COUT IE
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aiel RETURN )
ala2 END
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6881
egaz

8803

0804
08as
8086
a9e?
aees
2009
aa1e
6811
egi2
8813
8814
8815
a81e
a01?
aats
8919
8o
a2

8822
8023
8824
0825
0826
fgav
geze

2229
2030
8031
832
8833
@34
@935
8838
as37
8839
0839

c

20

62

SUBROUTINE HTFIT
SUBROUTINE TO FIT DECRY TO FIND MERT LOSS COEFFICIENT
COMMON RUNID(S).RTITLE(18),DATE(I).OPERN(S) ,PROPN({8}.,
PSORCE(183,PRLEOT(18).PREM(18), TIGNR(18) .GAGE(18).,
SPACE 1 (36) ., CHGWT. WID.PTEMP., WGHT !, PCORR,BvOL,BTEIR.
SCAL.CALCON,STIME.FFID.GL,OD,.PD. WOD.F1.DUM. XFUWXLLET).GAML.
SPRCEZ2(4), ISK1.KTOT. MZ. MY, PMAX. TMRX., NPMA, PPM. DPMAX. THL.H.
RHOC,RHO.T10,T98.T1898.P3(5).F 29 (53, NPTH. PX(20),
FX(28),ETX(28) ., XMWUX(20) . GAMX(23) ., IDFF,.NPR. UEBX(28) , ABX(20) .
18K, ISK2.MEM2. XM1.RP, TZER]., VOL.,CP,. CST. TM. PIGN. TIGN, PTHED,
CON1,CON9, MEM3, MEM?, SFAZ.L9,. P, DP.TSTOP. 19,
1.8. CONW, TBU. FRAC. 2, SRAT, XTBL
COMMON /GENE~/ LHDP(5) .LODP(S) ,UCR(S) . SFAC(5,5), TDEL(D),
1 WDEV.TDEV, TUSY
COMMON /BLAH/ PLO., PHI. ACH. XKWC
DIMENSION AR1(588,12.81(588. D.dI(LD)
MEM2 = |
MEM3 = 1
NE = NPMA + 5B8-15K1
INOY « (KTOT - NE)-S88 + |
CTOT » CST + CP
RU « 12.%1544.%].8
CALL FINDL (PMAX. F, PX. FX. NPTH., MEM)
CALL FIND! (PMAN, T2P, PX, X, NPTH. MEM2)
Call FINDI (PMAX, CVP., PX, GAMX, HPTH., MEM2)
MMJ = RURTZP/(12.%F)
807 = (ETX(28) + CPATLI*RY
lJ =8
PO 62 1 » NE.KYOT. INOY
RERD (2° 1) TI, P, DP
CALL FINDt (P, ETG. PX, ETX. NPTH, MEMD)
DETA « (ETR(MEMZ®Y) - ETX(MEM2)) 7 (PXUMEMZ+L) ~
1 PMMEM2))
P « Pwigga.
DP - DP%1880.
DETR = DETA~1088,
T o= Pa(VOL ~ CTOTSETR) /BOT
JeJ
AlG). 1) » Tewg
BiCJ. D) = ~DPs(VOL - CYOT#ETA - CTOTWDE TRP)«LVEARURI1DDD.
1| SCTOTZETRI28) + LP/AQLD
CONTINUE
CRLL SIMEQ (A1,B1.DI.J. L1
SPRCE2(3) = DiC1. 1)/5PRCE2(D)
SUM - 8.8
po 2?72 1?7 = 1.3

WODNYU L N e

777 SUM = SUM ¢ BICT, 1),

RMS = SART(SUM/CJ - 1))

WA = (CP2(TMAX - TIGN))IwiB8a,

W8 - LBweg.8

TAV « (TZERD®ed + THix4) /2.

TG00 = (TZERD + TM)/2. -~ SPRCEL(36)
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8a40 HL = HBXTGOO - SPRCE2(3)%TRV

on4l SUMI = 2.0
8d42 SuM2 = 8.8
0843 DELT? = (TMRX - TIGN)~leaa.
8844 T7 = TIGN
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« ceprEe SEVILENA

0045 836 CRLL FINDTP(T7.DPT,3.1.3.,2,3800.MEM2)

0048 SUM{ = SUMl + DPTXDELT?
0847 DPT » AMAX! (DPT,0.00881)
0du4g SUM2 = SUM2 + DELT?%DPTv¥®,.8
8049 Y? = 17 + DELT?
2456 IF (T?7.LE.TMAX) GO TO 836
adse FAC? = SUMixokd.B8/SUM2
aqsa H = KL-AB/TGO0
. : c H » H¥FAC?
6054 TYPE 108. D1(1.1), SPRCE2(3)., RMS. H
#2855 18@ FORMAT (4EL5.5)
2856 RETURN
0857 END
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2081 SUBROUTINE SUMUP
o SUBROUTINE TO PRINT SUMMARY SHEET OF HNRLYBIS
eaa2 COMMON RUNID(SY,RTITLE(18),DATE(3) .OPERN(S) ,PROPN(18) .

| PSORCE(18),PRLOT(18),PREM(18),.TIGNR(18),GAGE(1B),

2 SPACE1(36),CHGWT.WID, PTEMP,WGHT1.PCORR. BVOL.BTEMP,

3 SCAL.CALCON.STIME,FFID,GL.0OD,PD,LOD,F 1. DUM, XMUIXILET].GAMYL, -
4 SPACE2(4), [SK1.KTOT, M2, MY.PMAX, TMAX, HPMA, PPM, DPMAR, THL.H,

§ RHOC.RHO,T18,T90,T1890.P3(8),DPI(5) .NPTH.PX(28),

6 FX(20),ETX(28) ., XMIX(28) . GAMX(28) . IDFF . NPR. WEBX(28) , RBX(ZG).
? ISK, 1SK2.MEM2,XM1,RP, TZERD.VOL,CP,CST. TM. PIGN, TIGN. PTHEQ,

8 CON1,CONS,.MEM3.MEM?.SFAC.LS.P,DP,TSTOR, 13,

9 LB8,CONW. TBW.FRAC, 2, SRAT. XTBW

0803 DIMENSION RBC (5)
2804 DATA ABC.*CONS’. * TANT* . *FROP®,» *ORT1, *ONAL*/

205 PRINT 100

2086 188 FORMAT (1H1///)

2097 PRINT 181, C(RUNIDCID, I = §.5)

/008 181_ FORMAT (1BX.’RUN ID:*231.5A4)

2909 PRINT 182, (RTITLEC(D),I = 1,18)

8918 182 FORMAT (13X, °RUN TITLE:’.25X, 1844)

go11 PRINT 183. (DATEC(I}, I = 1,3)

8812 183 FORMAT (18X, °DATE:*.30X.344)

2213 SRINT 134, (OPERNCI), 1 w 1,5)

0314 184 FORMAT (18X, ’OPERATOR:’,26X,504/)

0915 PRINT 1085 A

9816 165 FORMAT (18X, ’*PROPELLANT DATA’* /)

8617 PRINT 136, (PROPN(I3. i = 1,18)

8918 186 FORMAT (18X’ TYPE:*.38X, 18Ad)

2819 PRINT 1B7. CHGWT

9828 107 FORMAT (18X, *UEIGHT (GMS):%,22X.F12.9)

0821 PRINT 188, RHOC

8822  1RQ FORMAT (18X, *DENGITY (GM/ACT):°, 19X,F12.5)

2823 PRINT 109. PTEMP

8824 189 FORMIT (18X, INITIAL TEMPERATURE (DES K):’.?X.F12.5)
9825 PRINT 110, JPRLOT(D), I « 1,18)

0826 118 FORMAT (1@ LOT:*. 31X, 18R4)

8027 PRINT 111, (PSORCECI), I = 1,18)

8826 111 FORMAT /10X, °SOURCE:*. 28X, 16R4)

8829 PRINT 112, FFID

8838 112 FORMAT (IOX.°GRAIN TYPE:*,24X,R4)

0031 PRINT 113, GL. 0D, PD

2832 113 FORMAT (19X, "LENGTH.OD,. ID CINJ1°.1?X.3CF12.5.7,°))
2833 PRINT 114, WID. LOD

0934 114 FORMAT (18X, INNER LEB.OUTER UEB (IN)1°, 18X, 2(F12.5.%.°))
2a3s PRINT 115, FX(1)

9836 115 FORMAT (10X.” THEORETICAL IMPETUS (FT-LBAB):’.dX.F12.5)
0037 PRINT 116, TZERO

2938 116 FORMAT (18X, ’FLAME TEMPERATURE:®, 1?X.F12.5)

2639 PRINT 117, XUXI

9848 117 FORMAT (18X,’AVERAGE MOLECULRR WEIGHT OF PROD:’.2%.F12.5)
804t PRINT i18. ETX{D

8842 118 FORMAT (18X.’CO-VOLUME (CU INAB):*, 14X.F12.5)
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0843 PRINT 119, GAM1
8844 119 FORMAT (18X, °'GAMMA (RATIO OF SP HTS):*11X.F12.5)

8845 PRINT 120, APREM(I), 1 = [,18)
8046 128 FORMAT (18X, REMARKS:’.27X, 18R4/)
804? PRINT 121
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8848 121 FORMAT (18X,’ IGNITER DATR:’/)

884s PRINT 122, (TIGNR(DD, 1 = [,18)

8858 122 FORMAT (18X, °TYPE:’.38X. 18R4)

885! PRINT 123, WGHTI

0952 123 FORMAT (18X, °WEIGHT (GMS):’,22X.F12.3)

2853 PRINT 124, PCORR

8854 124 FORMAT (18X, IMPETUS (FT-LBAB)!’.16X.F12.5/)

985S PRINT 123

0856 125 FORMAT (18X, ’EQUIPMENT DRTR’/)

a85? PRINT 126. BVOL

0858 126 FORMAT (10%,’BOMB VOLUME (CC):’,18X.F12.9)

0859 PRINT 127, BTEMP

9860 127 FORMAT (1@X,’BOMB TEMP (DEG K):°17?X,F12.9)

0851 PRINT 128, (GAGE(I}. I = 1,18)

8962 1268 FORMAT (18X, °GAUGE TYPE:’,24X, 18R4)

8063 PRINT 129,SCAL

0064 129 FORMAT (10X.’CALIBRATION FACTOR (PC/PS1):’,7X,F12.5/)

8065 . PRINT 138

0866 138 FORMAT (18X, RESULTS:®~)

206? PRINT 131, PTHEQ .

0868 131 FORMAT (18X.’THEORETICAL MAX PRESS (KPSIA):®,5X.F12.9)

8869 PRINT 132, PMAX '

0870 132 FORMAT (10X,’0BSERVED MAX PRESS (KPSIR):*, 8X,F12.5)

8871 PRINT 133, PIGN

8072 133 FORMAT (10X’ IGNITER PRESSURE (KPSIA):*,18X.F12.5)

2873 PRINT 134

0074 134 FORMAT (18X, * IGNITION YIME INFORMATION:* )

80?75 PRINT 135, T18 ‘

8076 135 FORMAT (18X.°TIME TO 10x PMAX (MSEC)t’,11X.F12.3)

oa?? PRINT 136, T90

ae78 136 FORMAT (1OX.°TIME TO 98x PMAX (MSEC) :’, LIX.F12.9)

0879 PRINT 137, TMAX

0880 137 FORMAY (18X.°TIME TO 108x PMAX (MSEC):’.10X,F12.9)

2801 PRINT 138, Tipge

0882 138 FORMAT (18X, °TIHE FROM 10X YO 98x PHAX (MSEC):’.2X.F12.5)

0083 PRINT 148

0084 140 FORMAT (iHl///71BX, *QUICKNESS INFORMATION:*7)

0085 PRINT 141, DPRCL)

8886 141 FORMAT (18X.°'PDOT AT .250 PMAX:’,5X.F12.5)

0887 PRINT 142, DPS(2)

0888 142 FORMAT (18X, °PDOT AT .375 PMAX:*,3X,F12.9)

08839 PRINT 143, DBPS(J)

8099 143 FORMAT (18X.°PDOT AT .588 PMAX:’,S5X,.F12.5)

8as1 PRINT 144, DPSH{(&)

08092 144 FORMAT (10X%,"PDOT AT .625 PMAX:*,5X.F12.9)

8893 PRINT 145, DPS(D)

8894 145 FORMAT (18X, °AVERAGE PDOT:*, 19X.F12.57)

8695 PRINT 139. DPHAX, PPM

B80S6 139 FORMAT (18X, MAXIMUM PDOT (MPSI/SEC):’.F11.5,5X, *OBSERVED AT,
1 * P = (KPSIA):*.F12.52)

8897 GO TO (1.,2). IHL

6838 2 PRINT 146, (RBC(D, 1 » 1. 2)
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2899
a1ea
aiet
aie2
6183

FORMAT (18X, HEAT LOSS OPTIONI’,2X.ZR4)

@ TO0 3

PRINT 147, (RBC (D), 1 = 3,%)
FORMAT (18X, *HEAT LOSS OPTION:’,2X,3R4)
PRINT 148, H
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0184 148 FORMAT (18X,°HEAT LOSS NUMDER:’.F14.7)
9165 RETURN
e1es END
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geal SUBROUTINE REDUCE
c DRIVER FOR DIFFERENTIAL EQUATION SOLVER
aane COMMON RUNID(5),.RTITLE(18).DATE(3),0PERN(S),PROPN(18).

1 PSORCE(18),PRLOT(18),PREM(18), TIGNR(18),GAGE(1B),

2 SPACE] (36) ,CHGYT, WID,PTEMP, UGHT !, PCORR. BVOL . BTEMP,

3 SCAL.CALCON,STIME.FF1D,GL.0OD.PD,WAD.F1.DUM, XMJXI.ETL,GRMI,
4 SPACE2(4), ISK1.KTOT. M2, MY, PMAX, TMRX, NPMA. PPM. DPMARX, THL. H,

3 RHOC.RHO. T8, T98,T1098, P9(S),DPS(S) .NPTH. PX(28),

6 FX(22) .ETX(28),XMLIX(28) . GRMX(28) . IDFF . NPR. LEBX(20) ,ABX(28),
7 18K, ISk2,MEM2, M1, RP, TZERD, YOL, CP, CST, TM. P IGN, TIGN, PTHED,

8 CON1.CONS, MEM3, MEMP. SFAZ.L9,P,DP, TSTGP. 19,

9 L8.CONUW. TBUW. FRRC. Z, SRAT. XTBY

gaa3 COMMON ~/GENE~/ WIDP(S).WODP(S),UCR(S),8FAC(S5,5). TDEL(S),
1 LDEV, TDEV. TUST

goad DIMENSION TPRNT(2)

80es TPRNT(1) =~ STIME®|.DE-B3

@086 TPRNT(2) = l8@ea.

20a? _TSTOP = TMAX

8088 IF (SPACEL1(1@) .NE.B.R) TMAX « 29Q03ETIMEx1.BE-03

0ale IF (SPACEL(18).NE.B.8) K = B.0

aa12 J0O = §

a8l IF (TDEV.EQ.8.8) JDO « |

ee1s JDO « JDO + 7

edis CALL EBVES (JDQ. TYPRNT)

a81? ENDFILE 2

ae18 ENDFILE 6

aais RETURN

ooze END
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geel
eaa2

0803

0004
0085
g0ae6

aee?
6088
00e9
gato
ga11
o112
0013
8014
0015
0816
0817
0618
0219
8921
8023
0824
8Tis
827
8028
a029
8830
8031
0832
@833
8034
2033
0a3?
2930
0039
8840
ena2
8043
8844
8843
0046

1

SUBROUTINE SETUP (T, Y. 8l1G, N)

COMMON RUNID(S),RTITLEC18).DATE(3),0PERN(S) ,PROPN(18),

1 PSORCE(18),PRLOT(18).PREM(18) . TIGNR(18),GAGE(18),
2 SPACE1(36),CHGWT,WID, PTEMP,WGHT!, PCORR, BVOL.BTEMP,
3 SCAL.CALCON,STIME,FFID,GL,0OD,PD,WOD,F1, DUM, XMUXILET, GAML,
4 SPRCE2(4), ISK1,KTOT.MZ, MY, PMAX, THAX, NPMA, PPM. DPMAX, THL . H,
5 RHOC.RHO.T10.790.T71090.PS(3),DPI(5),NPTH, PX(28) .
6 FX(20),.ETX(28) ., XMUX(28) .GAMX(20) , IDFF,NPA. LEEBX(28) ,ABX(20) .
7 1SK, ISK2, MEM2, XM!1.RP, TZERQ, VOL.,CP,CST. TM, PIGN, TIGN, PTHEQ,
8 CON1,CON9,MEM3,MEM?.SFAZ.LY,P,DP,TSTOP, 19,
9 L8, CONW. TBUW, FRAC. 2. SRAT, XTBW. RATE.RL

COMMON /GENE~ WIDP(S),WODP(S),UCR(S),SFAC(5,3), TDEL.(S).,

1 WDEV.TDEV, TUST

COMMON /KEVIN/ TE(33). XT(3%)

DIMENSION JD(2)

EQUIVALENCE (JD(1),SPACEL1(35)), (CAID.SPACEL(19)),

1 (CPGM2,SPACEL(16)), (PBLOW,SPRCELCIN))

DIMENSION T(2). Y(2). 516(12,3}

DIMENSION CPRO(S).PRO(S),DDW(S)

DATA PRO-.1,.2..4..2..172.DDUW/~1.17741,-,83255, .8, .83255.1.17741/
MEM2 = |

MEM3 e |

CI = WGHTI~ 454,

CALL FINDL (PMAX,F.PX.FX.NPTH,MEM2)

CRGM2 = GAMIN(2. Z(GRMI + [.))wx((GAML + 1,)7(GAML - 1.))
ABX(28) » 1.BE+A5

MEM? = |

) = §

J3(2) = §

IF (TDEV.EQ.8.8) JD(1) = |

IF (WUDEV.EG.8.9) JD(2) = 1

COND = VOL - (CHGUT~/454. + CAID) 7RHO

IF (IDYF.EQ.8) GD YO 18

19 =8

SZERQ - @.@

SUM9 - 0.9

JDd « JB(Y)

b0 75 J - {,JDO

J1 = J +7?

516 (J1.2) - 9.801

SI6 (J1,3) « |.GE+BS

CPART « CP+PROCD

IF (JDD.ED.1) CPARY « CP

D0 = JD(2)

po 7?6 1 « 1,100

CPROCI) = CPRRYWPROC(D)

IF (IDO.EQ.1) CPROCI) = CPARY

WIDP(D) = WID + DDUCI<UDEV

LODPCI) « WOD - DDW(I)4UBEV

199

GO TO 11.2.3.4.5). IDFF

CRLL. FORMI(D.8. 19,0D,PD,WIDP(I),WODP(1),VB,6L,.5.UCRCE)) ~

114
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e04? GO TO 39

8a4a 2 CALL FORM?(@.8,19,0D,PD,UWIDP(L).LIODP (1), VR,GL,8,UCR(I))
8043 GO TO 39
2850 3 CALL FORM19(8.8.19,0D,PD,WIDPCI),WODP(1),V8.GL.8,UCR(T))
8851 G0 YO 39

11§
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8es2 4 CALL FORMSP(@.9.19.0D,PD,UIDP(1).WODP(1),V8.GL,S.UCRCI))
2853 GO TO 39

0054 5 CALL FORMCY(B.8.19.0D.PD,UWIDP(1).WODP(]),.V8,GL,S,UCR(IZ)
9853 33 SFRC(J. 1) = CPROCI)/(RHD¥QO)

0856 SUM3 = SUMI + SFACCJ.I)

00s? SZERD = SZ2ERD + SFAC(J. [)%S

06858 SIG(J1.3) = AMINI (SIGCJL,3). UCRCD))
86859 76 CONTINUE

0u60 TDEL(J) = DDUCJI*TDEV

ees! IF (J.EQ.1) TDS = TDEL(J)

08063 TDEL(J) = TDEL(J) - TDS

8064 75 CONTINUE

2865 19 CONTIRUE

0066 IF (IDU.EQ.1) GO YO 723

2068 g 723 [ « 1.4

8069 K=I+1

aare Do 723 J = K.S

g IF (UCk(J) .GE.UCR(1)) GO TO 723
ear3 ARl = UCR(D)

0074 A2 « WIBR(D)

2075 A3 « WODP(D

0ars Do 724 L = 1.§

aa?7? A4 = SFRC(L, D)

aevs SFACCL. 1) = SFAC(L. D)

8873 SFRC (L.J) = R4

8080 724 CONTINUE

easel UCRCI? = UCR(D

@892 WIDRCLY = YIDR(D)

aea3 LODPCL) » WADPCD)

20d4 UCRCJ) « A}

288% UiDP(J) = A2

e85 WIDP L) = A3

a88?  ?23 CONTINUE

0888 L9 - @

2883 T = TIGN

aase IF C(IDFF.EQ.@) UCR(1) « LEBXINPR)
0892 IF CIDFF.EQ.D) UCR(2) » LEBX(NPR)
2834 IF C(IDFF.EQ.8) UCR(3) = LEBX(NPR)
2036 IF (IDFF.ED.Q) UCR(4) « LEBX(NPA)
8898 If C(IDFF.EQ.0) UCR(S) « LEBRINPR)
129 IF (IDFF.E0.9) S2ERD » RAX(D)
o102 NUMB = SUM

2183 IF (IDFF.E0.9) NS = |

8183 PRINT 188, SZERO., NUMB

18S 188 FORMAT (/10X.’ INITIAL SURFACE AREAR (SO IN)2*,F12.%/
1 19X. "HUMBER OF GRAING:*, 16X. 18)

810? Y(1) = €57 - WGNT]I/454,
g1a8 ¥(2) = LGHTI-,454,

9189 Y(3) = FRACSTALD

2118 ¥(4) = 8.0

81 Y{5) « ¥(J)

g2 Y(6) » 8.8

116




s
2114
8115
8116
011?

v(?) = PIGN

S1G(1,2) = 8.8t
S16(2.2) - 0.0881
SIG(3.2) - 8.888l
$1G(4.2) « 8.88!
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118
g119
2128
121
ai22
8123
ai2s
0126
ni2?
8128
2129
0138
0131
8132
8133

1729

S1G(¢5,2) = p.gaetl
SIG(S,3) = CRID

§1G(6,2) « 8.eal
SiG(?7.3) ~ PBLOW

SPACE1(31) = 8.8

IF (IHL.EQ.2) RETURN

DN = (LGhTI-454, + FRAC*CARID)/TIGNxl@88Q,
G = HxDN%%2.8

€ALL WALTEM (G,T(1),298..TH)
CALL WALTEM (E, T(1),298,,.TH
SFA2 = ™

DO 1729 17 = 1,35

TEW?) = XT(1?)

RETURN

END

118
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gaat
g8e2

0863
8004
8805

2006
pa0?
aees
eeas
oaia

egil
e\t2
8013
2814
08915
eets
ea1?
ee18
ed19
0820
8821
8022
2823
8824
0825
0826
gaz7
gaz8
2029
0836
a3t

A032

2833
8e34
8035
8836
8e3?
8839

8841
8842

18

SUBROUTINE DIFEQ (T, Y. DY, N. TPR) i
COMMON RUNID(S),RTITLE(18),DATE(3), OPERH(S) PROPN(18) .,
| PSORCE(18),PRLOT(18) .PREM(18), TIGNR(18).,GAGE(18),
2 SPACE1(36) ,CHGWT,WID,.PTEMP, WGHT1. PCORR.BVOL . BTEMP,
3 SCAL,CALCON, STIME.FFID,GL,0D,PD,WOD,F1,DUM, XMIXL,ET!.GAML,
4 SPACE2(4) . ISK1,KTOT. MZ. MY, PMAX, TMAX, NPMA, PPM, DPMAX. THL, H.
S RHOC.RHO.T18.T98,T1@58,PS(S),DPI(S),NPTH, PX(28).,
6 FX(28),ETX(28), XMUX(28) .GAMX(28) ., IDFF . NPR, LEBX(28) ,ABX(20) ,
7 1EK. 18K2,MEM2.XMI, RP. TZERD, YOL .CP.CST, TH.PIGd., TIGN, PTHED,
8 CON1,CON9,MEM3, MEM?.SFAZ,L9,P.DP, TSTOP, 19,
9 L8.CONUW. TBW, FRAC, 2, SRAT. XTBU, RATE . RL
EQUIVALENCE (IMUD(1).SPACE2(4)), (IBUG, IMUD(2))
DIMENSION IMUD(2)
COMMON ~GENE/ WIDP(S).WODP(S),UCR(S).SFAC(S,5) . TDEL(S),
! WDEV.TDEV.TUST
COMMON ~KEVIN/ TE(35). XT(35)
DIMENSION T(2), Y(2). DY(2),TPR(2)
.DIMENSION ARATJI(S)
DIMENSION JD(2)
EQUIVALENCE (JD(1),SPACE1(35))., (TRID,SPACELI(12)).
1 (XMA.SPACEL(14)), (CPGM2.SPACEL (16))
CALL FINDTP (T(1},P.,3.1.,2,2,3008.MEM3. MZ)
CALL FINDTP (T(1).DP.3.1,3,2,30080.,MEM3, M2)
CALL FIND! (P, ETA. PX, ETX, NPTH, MEM2)
CALL FIND1 (P. F. PX, FX, NPTH, McM2)
CALL FIND1 (P, T2P, PX. XMWX. NPTH. MEM2}
CALL FIND1 (P. CVP. PX, GAMX, NPTH, MEM2)
RU = i544,.%1.8
T1 = PCORR¥XMI/RU
XU = RUXTZPAF
JDO = JD(1)
IDO = JD(2)
DETA = (ETX(MEMZ2+1) - ETX(MEM2))/(PX(MEM2+1) - PA(MEM2))
DIMP = (FX(MEM2+1) =~ FX(MEMZ)) Z(PX(MEM2+1) - PX(MEM2))
DCVP = (GAMX(MEM2+1) - GRAMX(MEMR2))/(PX(MEM2+1) - PX(MEM2))
DTZP = (XMWX(MEM241) - XMUX(MEM2))/(PX(MEM2+1) - PX(MEM2))
DXMP = RUX(DTZP/F - TZP*DIMP/(Fki2))
P = PxiaBa,
DP = DPx1008.
%7y = 10088,
DYL = DY(S) + DY(6)
DN = RMAX! (DY!I%1886.. Q. 888691)

DETAR = DETA~18080.%DP
DIMP « DIMP/1008.,%DP
DCVP « DCVP~/1088. %02
DTZP = DT2P~/1086,%DP
DM = DXMP/10B8,%DP

IF (IDFF.NE.®) GO TO 18

CALL FIND! {Y(B).AB.WEBX,ABX, NP, MEM?)
GO TO 48

AAB = 0.0

wiP - 2.8
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8843
8044
8843
8846
8847

DELJ = TIGN
TDLJ - .8

DEL] = ABX(28}
DO 7?3 J = 1,JDO
JimJ+?
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2849
20849
0658
80852
9854
8855
2956
085?
anss
0059
ascd
8081
8062
0063
0064
B8R66
#0s?
8468
2069
8978
aar1
2ar2
8873
eer4
0475
0076
0887?
6ar8
2879
8889
aagt
6082
86883
0004
8a8s
ness
0887
onss
8889
ansg
0891
08582
2093
8694
0895
28396
86%e
Av9s
giae
2181
6182
81083

B L N

19578

486

39

76

2936
7354

ARATI(I) =~ 1.8

ARATI = 1.9

iF (J.EQ.1) GO TO 1978

IF (TDEL(J).EQ.TDLJ) GO TQ 1578

ARATJ(J) = (T(1) - DELI)/(TDEL(J} - TDLI)
ARATIC(J) = AMINL (AMAXI(ARATJ(J).0.8), 1.8)
RRATI = (T(1) - DELDZC(TDEL(J) - TDL.D
ARATI = AMIN! (AMAXI(ARAT!.0.8).1.8)
ARATI = 1.8 - ARAT!

CONTINUE

AR « 9.8

ARRTK = 1.8

UCRI = UCR(D

DO 76 I = 1.1D0O

IF (UCR(1).EQ.UCRI) GO T 486

ARATK = (Y(J1) - UCRIXZ(UCR(I) - UCRD)
ARATK = AMINL (AMAXI (ARATK, 8.8). 1.8)

ARATK = 1.8 - ARRATK

CONTINUE

GO 7O (1.2.3.4.5), IDFF

CRLL FORMI(Y(J1).19,0D.PD,.WIDP(L;,WODPII).VE.GL,S,UCKL]))
GO TO 39

CRLL FORMZ(Y(J1).,19.,0D,PD,WIDP(1).WODPC(1).VB,GL,S,UCR(I))
GO TO 39

CALL FORMI9 (Y(J1).19,00,PD,WIDPCD),WODP(I) . VR, GL.S.UCR(I))
G0 10 39

CALL FORMSPR (Y(J1),19.0D.PRD,WIDEC D). LODP(I),.VE.6L,. 5. UCR(]I))
60 70 39

CALL FORMCY (Y(J13.13,0D.PD.WIDP()LLODP(I).VE,GL,S, UCR(IN)
CONTINUE

AB = AB + SFRC{J, 1) GaARATK

UCRT = UCR(D)

CONTINUE )

ANB = QRB + ABXARATI(JIXARATI

DELJ = YIGN + TDEL(D)

DEL1 = RABX(28) + TDELC(D

TDL) = TDEL(D)

CONTIRUE

CONTINUE

WEYS » Y1) + Y(2) + Y + Y(H

VEYS « CONI + (YI(5) + Y(6))/RHO - WSYSHETA

TOTMOL = Y(1)729. ¢ Y(2)AM] + YR + Y4/

RU » 1544.%}.8 .

RSYS » PU*TOYHOL/USYS

TSYS = PRVEYS/ (12, sREYSHISYS)

IF (1BUG.EQ.8B) GO TG 7354

TYPE 2936, TSYS,P,V3YS.RE5YS,LSYS

FORMAT (SE14.%)

COMTINUE

CSTRAR = SORT(3Z, |7 MRSYSHTSYS/CPGM2)

DHN » 32, 174+PuSPRCEL (33 /CHTAR/ 1608,

G0 YO (28.21), KL




184 28 DO 1739 17 = 1,33

8185 3739 XT(I7) = TECI?)

8186 G = HXDN#2.8

0197 CALL WALTEM (G, T(2).SFAZ, TSYS)
9188 97 G = H¥DN#4a,8

e e g S
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f183 ARP = Gx(TSYS ~ KT(1))~1808.*SPACE2(2)
ale ARP = ARP + SPACE2(3)%(TSYSkk4 - XT(1)wokd) /1800 .x
1 SPRCE2(2)

a1l GO TO 22

al12 2t ARP = H

2113 22 CONTINUE

8114 bY(1) = =Y(1) ASYSHDNN

2115 DY(2) = -Y(2) AUSYSKDNN
. Bile DY(S) = SPACE1(34)%P*SPACEL(33)

0117 DY(3) = DY(5) - Y(3)/LSYS*DNN

o118 RWUT = DY(1) + DY(2) + DY(3) - Y(4) AJSYSKDNN

8119 RMOL = DY(1)/723. + DY(2)/XM! + DY(3)/7XMR - Y(4) 7USYSKDNN/XQRS
* 1 =Y(4)kDXMP/ (XMUIwx2)

o128 DY(6) = (TSYSHRWT - TRID*DY(S) + WSYS*TSYSKDCVP/CVP

1 + ARP/CVP + GAMIXTSYS®DNN + P/(12,%R5YS)

2 ®(DY(5)/RHO ~ WSYS*DETA - ETAXRWT + VSYS*DP/P - VSYS/

3 WSYS#x(RU/RSYSx(RMOL

4 ~ TOTMOL*RUWTAISYS)I)IZ(TZP - TSYS + P/(12,%RSYS) ™

5 (ETA - 1..RHO + VSYSAUSYSk(1. + RU/RSYSx%(1,/xXMJ - TOTMOL/

6 LSYSIN)
121 DYl = DY(3) + DY(6)
6122 DY(d) = DY(B) - Y{(4) AJSYS*DNN
0123 DY(?) = DP
9124 G0 TO (92.93), IHL
0125 92 IF (RBS(1. - DY1%1000.-DN).LE.D.881) GO TO 94
et27 [F (D¥Y1.LE.Q.8) GO TO 93
8129 DN = DY1%1808,
0130 GO TO 97
8131 94 IF (ABS(1. - XT(1)/XT1),LE.8.0881) GO TO 93
8133 XTL = XT(D
2134 GO TO 28
8135 93 IF (Y(8).EQ.0.8) SZERD = RAB
0137 IF (Y(8) .EQ.Q.8) Z2ERD = Y(6)
a133 SRAT = ARB/SZERD
149 IF (YDEV.NE.A.@) SRAT = SRAT/108.
142 2 ~{Y(6) - ZZERO)=%AS4, /CHGUY
0143 iF (ARB.GT.9.8) GO YO 678
0145 RATE = RL
8146 GO TQ 676
8147 675 RATE = DY(6)/(RHO*RAB)
0148 676 CONTIKUE
0149 DO 7?45 1 = 1.JDO
0158 Jo14+7
8151 DY(J) = RATEMRRATI(D)
‘ G152 745 [ONTINUE
8153 RL = RATE
2154 RATE « RATEX1088.
9155 FX(28) = TSYS
0156 RETURM

0157 END

Pt
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eeal
0082

2083

0804
8885
peoe
gae?
e0s8
0009
egle
ga12
2014
0816
2817
a1ie
64820
p821
0022
0023
©B24
0026
022
0828
bosae
0832
033
$839
0836
0837
g034
a9
042
0043
8844
8845
2846
0647
8049
0051
0852
8053
8085

1729

669

4936

e

677

SUBROUTINE PRINT (Y., Y. DY, N, TPR)

COMMON RUNID(S).RTITLECLB).DATE(3),OPERN(S), PROPN(18),
| PSORCE(18).,PRLOT(18).PREM(18).TIGNR(18).,CRGE(18).
SPACE1(36) ,CHGWT,WID.PTEMP, WGHT1.PCORR, BVOL . BTEMP.
SCAL.CALCON, STIME.FFID.GL. 0D, PD.WOD.LF 1, DUM, XMJX1.ET1.GAML,
SPACE2(4), ISK1,KTOT. M2, MY, PMAX, TMAX, NPMA, PPM, DPMAX, THL, H,
RHOC.RHO, T19.T790.71098.P3(5).DPI(5) ,NPTH,PX(20),
FX(20),ETX(20) . XML (28) . GAMX(20) . IDFF, NPA, WEBX(22) . ABX(28),
ISK, 18K2, MEM2.XMI . RP. T2ERD, VOL.,CP,CST, TM, PIGN, TIGN, PTHED.,
CONL.CONG, MEM3, MEM?,SFREZ. LY. P.DP. TSTOP, 19,

L8, CONW. TBW. FRAC. 2, SRAT, XTBW, RATE.RL
COMMON /GENE~/ WIDP(S),WODP(S),UCR(5),SFAC(S.5), TDEL(S),
1 WDEV.TDEV, TUST

COMMON /KEVINZ TE(33), XT(3IH)

DIMENSION T(2), Y(2), DY(2), TPR(Q)

DIMENSION JD(2)

EQUIVALENCE (JD(13,SPACEL(39))

DATA XY2/101888.7/

JDO = JD(13

IF (L9.EQ.8) L6 = @

IF (L5.EQ.9) LB = B

IF (L9.EQ.8) L7 = 8

DO 1729 I7 = 1.35

TECL?)Y = XT(1?)

IF (TPR(3) .EQ.5.8) SPACE!(34) = 0.8

SFAZ = FX(2®)

ISTP = @

DO 669 | = 1,JD0

Ja1l+7?

IF CYOJY.LT.WUCRCDY) GO TO 669

1STP « [STP ¢ |

CONTINUR

IF C(ISTP.EQ.JDO) N = 8

IF (L9.E0.®) GO TO 777

D0 « JDO + 7

It (TPR(3).LT.8.0.0R, TPR(3}.GT.XD0) GU YO 4536

RBX(20) « Té1)

COHTINUE

XDO « Xp0 + 1.9

IF (TPR{(3).EQ.7.9) SPRCEI(31) = SPRCEL1(18)

[F (TPR(3J) .HE.XDO) RETURNW

CONTIHUE

P e ?/IBBB‘

DP =» DP-108Y.

DIST « 2,%¥(B)

DPRAT « DPAMAX

IF (MOD(LY.ISK) NE.B) GO TO 676

IfF (MODIL?.48) .NE.D) GO TO 677

PRINT 108. (RUNIDI(D), 1 = 1.%)

L2 « L7 + |

IF (MOD(LG6.30).NE.®) GD TO 832

CRLL PLOY (27.12.4)

WoNOUNLHLWN
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i 1 o T R I TR SRR,

8as6
00857
06858
8859
0068

832

382
676

L6 »L6 + |

PRINT 181, T(1), P, DP, RARTE. Z. SRAT., DIST., DPRAT
TYPE 3@2, T(1), SFAZ., XT(!)

FORMAT (5%, 3E15.6)

CONTINUE




RT-1! FORTRRN 1V vai-11 SOURCE LISTING PAGE @02

N s f et sty s et e i st — e e Vs S g - S84 % S

" ges!

8863
8054

© 9865

8866
8067
868
8069
6a71!
0873
AA74

00?3
0a76

IF (MOD(LS, I1SK2) .NE.B) GO TO 675
L8 = LB + 1
WRITE (11.384) T(l), P, DP, RATE
384 FORMAT (4E13.6)
675 COHTINUE
T2 = T(1}
L9 = {9 + 1 :
IF (TC1).GE.TSTOP) N = @
IF (N.EQ.O) WRITE (11,384) XY2,XY2,XY2,XY2
RETURN
120 FORMAT (1H1/5X,5A4/7X.*TIME®.6X, "PRESS”.6X ,°DP/DT’,8X.
o lETLEX WL FR L AXs BURE PR a4, * Wk BRIE 2 3As
2 *PDOT/RMAX’ /7X.*MSEC* ,6X, *KPSIA’ . d4X, *MPS1/SEC”* . 5%,
3 "IN/SEC*. 27X, * INCH* . 6%, *MSEC~1*/)
181 FORMAT (2(dX,F7.3).4%.F8.3.4X.F?.3.3(aX,F7.4),4X,F8.3)
END
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£ RT-11 FORTRAN IV VB1-11 SOURCE LISTING PAGE 891
: e8a1 SUBROUTINE FORM1(DB. 1,0D1,PD1,WID.,WOD, VA, GL.S,UCRIT)
¢ 0002 DATA P1/3.141593/.P147,785399/
g oee3 W = DB%2.0
: 8004 DDW = (WOD - WID)/4,
¥ 8805 0D = OD1 + DDU
: 0086 PD = PD1 - DDU
. 0aa? PD = AMAX! (PD, 8.8)
: e0es 0D = AMAXL (0D, ©.8)
L 0083 IF (I.NE.®) GO TO 8
: eall E = PI4x(0D%x2 ~ PD¥@)
; oal2 E = AMAXL (E, 8.8)
£ 8013 VO = ExGL
Lo, 0814 S = 2.% + GL¥PIx(OD + PD)
0815 1al+1
2016 UCRIT = (OD - PD)/2,
a81? RETURN
: @818 18 UCRIT = (OD - PD)/2,
' es13 IF (W.GT.UCRIT) GO TO 308
z ea2t 00D = OD - U
0822 00D = AMAX! (00D, 8.8)
8823 PPD = PD + U
9624 GGL = GL - U
0025 E = PI4x(00D®%2 - PPDwok2)
0026 E « AMAXL (E.0.®)
ada? § = 2.%E + GGLMP[%(00D + PPD)
8028 RETURN
8829 388 S - 0.0
8930 RETURN
easl END
L
i 127
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RT~11 FORTRAN 1V vai-11 SOURCE LISTING PARGE @81

8091 SUBROUTINE FORM?(DB. !.D,PD,WID, 0D, Va,GL.S.CRITU)

age2 LOGICAL RYPE

0083 DATA PI.PI3,P14/3.14159265359.1.0847197551197, .7853981633975/

0984 DATA RT/1.732050808767

0085 W= 2.%08

8006 IF(1.GT.8) GOTO 2

6oe8 [ =1

7089 E=P [4x(Daw2=7  HPDwk2)

0010 Vo = ExGL

8011 V=Vg

8012 S8=2  %EH+P [ (D+7 . %PDI¥GL

0913 5+50

0814 Uki=PDHIID

0015 E=.Sk(Duok2-PDwd@+4 ¥ piox2-2  LPKDRRT) 7 (D+PD-WWHRT)

8016 CRITU=AMINI (.5%(D-PD),AMAX] (2. %L/RT~PD,E) .GL)

001? RYPE=D~WID.LT, LAMNRT

gaie 2=8,

0818 RETURN

0920 19 E=0,

oa21 WMIN = AMIN] (WID.LDDY

aa22 RYPE=D~WID.LT.LAWNRT

0823 58,

8024 U=AMAX] (. 8.)

8025 GRL»GL~U

aaz26 IF(U.GT.CRITY) GOTO 3e8

0829 PRFD=PDHI

6029 PRFD2«PRF D2

68838 0D«D-U

8831 0D2=0D%w2

ga32 IF(U.GT.LMINY G0TO 188

0834 E=P [4%(0D2-7 . #PRFD2)

80335 Sa2 wE+P [ (0D+7 . wPRFDI SGRL

0036 GO TO 388 :

8837 180 W=PDHJID

0038 LRS2 w Ll pae@

8033 THETR#=2 . ¥ACO5 (AMINT (LU/PRFD. 1. D)

0848 ALPHA=ACOS (AMINL ¢ (. 25%(0D2-PRFD2) HLL2) Z(LANDOD) . 1.3

08941 IF(ALPHA.GE. .5 (3) GOTO 218

G643 BETA«ACOS (AMAX! ( (. 25%(PRFD2-0D2) H&J2) Z7{LJHPRFD) , ~1.))
1 -.S*THETA - PI3

9044 [F(RYPE) GOTD 258

0046 E=3, s0D#URIFS [N (RLPHRA) +1 , S%(0D2w (. 5% 1 3-ALPHA) ~LLRWRT-PRED2%(BETA
1 +.SSIN(THETAR)))

0847 $02 wE+ (G, *BETASPRFD+(P [ -6, ¥ALPHA) %0D) »GRL

0848 218 IF(THETA.GE.PI3) GOTO 3080

8850 Elw] Sw(LRI20QT-1 . S*PRFD2%(S [N(THETR) +P 13- THETR))

2851 EngE+E!

0852 Se8+2.%E 1 +9, ¥PRFD*(P [ 3-THETA ) »GRL

0053 GOTO 380

0S4 250 E=3.WANODASIN(RLPHA) +1,3%(0D2w( 3?13
1 -RLPHR) -PRFD2w{SIN(THETR)
2 +BETA+.S%(P[-THETA)))
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8a5S Se2  HE+6 Kk (0DX (. SaP [ 3-ALPHA) +PRFD*(BETA+. 5% (P 1-THETA) ) ) %GRL
0056 380 V=EXGRL

0857 221, -VAB
2ase RETURN
¢ 8059 END
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RT-11 FCRTRRN IV vei-11 SOURCE LISTING PAGE 081

LR SUBROUTINE FORM{S(DB,!.,D.PD,WID,WOD.Va,.GL.S,CRITY)

0002 LOGICAL RYPE

6ee3 DATA P1.P13,P14/3.14159265358, 1.847197551197, ,7853981633975~/

0004 DATA R1/1,7320508076/

008s W« 2,%08

2806 [FCI.GT.8) GOTO 1@

ooes I =

2809 E=P Ik {Dwok2- 19, %P D3oiQ)

8a18 Va=ExGL

8311 Vava

8a12 B2  RE+P IR(D+19 PDINGL

0913 5258

potid WW=PD+UID

8018 Ea(D+PD) w2

pa16 W2 uLbew2

0e1? E= . S%(D-PD-WWHSART (12, % (E-16. AR 7(E- .2 . M AI2) D)

ao1| CRITU=AMINT (AMAX] (2 . ¥JW/RT-PD, E) ., GL)

0a1s RYPE«D-WID . LT.WLI4SQRT(13.)

8a2@ [F(RYPE) GOTO 258

paa2 29,

8023 RETURN

0024 19 E-8.

0e2s WMINAMINT (LW1D. LOD)

08826 Sef.

Q82?7 U=amAxX1 (W.0.)

na2a GRL=GL-U

0829 IF(U.GT.CRITU) GOYO 388

0031 PRFD=PDHJ

ae32 PRFD2 =PRF D2

0033 OR=D~l

334 0D2-0D%u@

1039 IF(U.GT. AWM GOTO 109

8837 E=P1a%{0D2-19.%PRFD2)

0038 Se2 wE+P IR(0D+19 . WPRFDIRGRL

£ga3s GOTY 300

2048 180 WJ=PD+UID

294) LRAR wLLbew2

8842 THETA=2, »ACOS{AMING CLA/PRFD. 1, D)

8043 RLFHA L =RCOSTAMINT { (. 125«(0D2~PRFD2) +2 . M812) # (LL0DY , 1. D)

044 RLPHAZ *RCOS (AMINT (. 25%(0D2-PRFD2)+3, w2} 7 (LANIDNRY) . 1.))

8045 ALPHA=AL PHR | +RLPHA2

0245 IF (RLPHA.GE, . 93P 13) GOTO 218

8048 BETRI »ACOS (QMANT ( (. 125=(PRFD2-0D2) +2 . stk 2) / (LUWPRFD) , - 1,))
I -.5%THETR-PI3

8449 BETAZ-ACOS(AMAXI (. 25&(PRFB2-0D2) +3. WA3) Z (LAWPRFDRTS L -1.))
1 - .Sx(THRETR+P{)

6058 BETR-BETAIBETA2

8851 IF (RYPE) GOTQ 238

6033 E=3.20Dulle (2 wSIN(ALPRA L) $RTHSIN(RLPRAZ) ) ~6 . WLLI23RT+1 . 5w
1 (0D2%( . 5P I3-ALPHA) -PREDZX(SIN(THETR) +BETA))

2634 Su2, ¢E+6 . w(0D%( . 54P [ 3-ALPHR) +PRF DHBE TR) wGRL

8055 210 IF(YHETA.GE.PI3) GOYO 328
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8057 Ele6 % (LLR2¥RT-1 S¥PRFD2¥# (SIN(THETA) 4P [ 3-THETR))

2858 E=E+t1
8859 SeS+2 . %€ 1+36 . WPRFD*(P I3-THETR) ¥GRL
0eso GOTO 328

0861 258 TYPE 251
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RT-11 FORTRAN 1V vai-11 SOURCE LISTING PAGE 882
8862 251 FORMAT( * GRAIN GEOMETRY YIELD™ NO OUTER SLIVERS.’)

0863 sTOP

2864 308 V=ExGRL
0865 2=],-VAB
aces RETURN

eae? END
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RT-11 FORTRAN 1V vel-1' 30URCE LISTING PAGE 881
@Bt SUBROUTINE FORMSP (DS, 1,0D1,PD1,W1D.WOD,V8,GL,S,UCRIT)
; 8802 DATA P14-,785339/,P1/3, 141593/
‘ 2003 U - PBx2.8
5 8084 DDUW = (UOD - WID)/2.
£ 2865 0D = OD! + DDU
i #4986 0D = AMAXL (OD. 0.8)
: eae? IF (I.NE.®) GO TO 18
; 8689 [ =1+1
B 2018 R = (D/2.9
4 a1l § = 4.4P DiHR2
5 6812 VO « 4. KP1/3 . HRAK3
b 8813 UCRIT = OB
: 8914 RETURN
: 8815 18  UCRIT = OD
; 63te IF (W.GT.UCRIT) GO TO 308
; 8018 R = (0D - W2,
: 2019 § = 4P [HR¥KR
¢ pa2e RETURN
8821 388 S = 0.8
2a22 RET ..
8623 END
. ]
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RT-11 FORTRAN 1V vai-11 SOURCE LISTING PRGE 001

ﬁ B92 ] SUBROUTINE FORMCY (u8.1,0D1,PD,WID,WED,VE.GLI.S,UCRIT)
: 0682 DATA Pld/.785339/.P1/3.141593/
8093 W = DB2.5
0004 DDU = (WOD - WIM/2,
0085 0D = ODI + DDU
0896 GL = GLI + DDU
6987 OD = AMAX! (0D, B.8)
poYe GL = AMAX! (GL. 8.9)
2009 IF (I.NE.@ ) GO TO 18
6B11 el +1
8012 E = PI4ROLIOR2
0813 VB = EwGL
fa1d S = 2.%E + PIMGL¥UD
oA1S UCRIT = AMINL (OD. GL)
80186 RETURN
8317 18 UCRIT = AMIND £0D. GL)
8018 IF (W.GT.UCRIT) GO TO 3¢8
0020 060D = 6D - U
821 GGL = 6L ~ U
en22 E = PIdw00DRk2
2823 S « 2.4 + PIIGGL¥OOD
2824 RETURN
025 3M8 S = 8.8
0026 RS TURN

8827 END




RT-11 FORTRAN IV vei-11 SOURCE LISTING
0061 FUNCTION ACOS (R)
0082 DATA P12/1.5787967, P1/3.141593/
a0a3 B = SQRT (1. - A¥K2)
pa4 IF (A.NE.B.®) GO TO 18
pdos ACOS = PI2
pi0? RETURN
gaee 18 C =« BA
8029 D = ATAN (C)
0418 IF (R.LT.€.8) D = D + Pl
8912 ACOS = D
8813 RETURN
END

2014
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RY-11 FORTRAN IV VB1-11 SOURCE LISTING PAGE 001

e oA o e R ey

an81 SUBROUTINE WALTEM (F,DTINE.DUM1.DUM2)

gee2 COMMON RUNID(S),RTITLE(18).DATE(3),0PERN(S),PROPNCIB),
§ FSORCE(18),.PRLOT(18),PREM(18),TIGHR{18),GAGE(1B),
2 SPACE1(36),CHGUT,WID,PTEMP, WGHT 1, PCORR, BVOL, BTEMP,
3 SCAL,CALCON, STIME,FFID,GL. 0D, PD,WOD.F 1, DUM, XMUXL.ETL.GAMI,
4 SPACEZ(4), ISK1,KTOT. M2, MY, PMAX, TMAX, NPMA, PPM. DPMAX., THL . H,
S RHOC.RHO.T18.T98, T18946,P3(5),DPI(S), NPTH, PXK(28) .
6 FX(28),ETX(22), XMJX(20) .GAMX(28) . IDFF,NPA,WEBX(28) , ABX(2@) .,
? 18K, ISK2.MEM2.XML,RP. TZERD, VOL.CP,CST, TM. P IGH. TIGN, PTHEQD,
8 CON1.CONS.MEM3,MEM?,SFAZ.LS.P,DP.TSTOR, 19,
9 L8.CONW. TBW.FRAC. 2, SRAT, XTBW, RATE.RL

0803 COMMON ~KEVIN/ TE(35). XT(39)

0984 DIMENSION TMA(2), TTA(2), DELX(35), DT(3IS)

2085 DATA 1SuWe6/87,ALFAR-/.81891/,XK/,0006667/.DELXB~.0003/,FAC/8.3/

0886 TTAC1) = DUML

naer TTR(2) = DUM2

0808 TMAC1) = 8.9

8609 TSuM = 8.8

0618 DTIME = DTINE~/1888.

0ot TMR(2) = DTIME

0812 IF (I1SW6.EQ.@) GO TO 86

2814 IF (DELYCN - DTIME) 98,90,91

8@15 91 DELTIM = DTIME

6016 GO YO 92

paye 98 DELTIM = DELTCN

0e18 92 TSUM = TSUM + DELTIM

ge19 IF (TSUM - DTIME) 93.93.95

0828 95 TSUM = TSUM - DELTIM

0821 DELTIM = DTIME - TSUM

paa2 TSUM = TSUM + DELTIM

0a23 93 CONTINUE

8024 MEM? = |

8828 IF ((TMA(2)-TMAC1)) .EQ.B.8) GO TO 1942

0827 CALL FIND! C(TSUM.TG.TMA.TTR,2.MEM?)

gaza G2 TO 1943

0023 1942 TG « TTA(D)

2838 GO TO 13943

8031 1943 GDOT o Fx(TG = XT(1))

0a32 GDOT = QDOT + SPRCE2(3)%(TGéord = XT(1)wokd)

8033 TZERD = QDOT/XK#2,wDELXD + XT(2)

8834 DTCL) w ALFA/(DELXDwx2)w(TZERD - 2.wXT{1) + XT(2))

0035 DO 42 1 = 2,31

6036 CON1? « CONA~(DELX(T)Yw%2) :

0937 42 DTCI) = CONITw(XT({~1) - CONB®XT(I) + CONCMXT(I+1))

2038 DOS T = 1.31

6039 5 XT(E) = XU{1} + DELYIMwDTL(D)

0048 XT(32) « XT(3D

80841 IF (TSUM - BTIME) 382.74.74

0042 74 DELTIH = DTIME

6043 RETURN

08044 86 I5U6 = |

8045 DO 21 1 = L.35
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SR e

8046 XT(I) = 298,
8847 21 TE(I) = 298.
2248 TYPE ?77. ALFR
@849 777 FORMAT (5X,°BOMB THERMAL DIFFUSIVITY®,F12.5)
aase ACCEPT 778, TEMP
§ 157
§
i
i

1



AN g,

e s = ek

RT-41 FORTRAN LV

8051
8052
na54
0058
1056
©as?
£$058
(159
1"68
oAst
9062
0963
8064
2865

778

22

VOl-11 SOURCE LISTING

FORMAT (E12.8)

IF (TEMP.NE.9.0) ALFR = TEMP
CONA = ALFR/C1, + FRCZ2.)
CONB = (2. + FAC)/(1. + FAC)
CONC = 1.7(1, + FRD)

J =1

DWES = DELXD

DELX(J) = DELXB

DO 22 J = 2,34

DELX(J) = DUEB

DWEB = DWEB%(1, + FAC)
DELTCN = B.35%DELX0%x2/RLFA
RETURN

END

PAGE 802
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H RT-11 FORTRAN 1V Val-11 SOURCE LISTING PAGE 081

: eea1 SUBROUTINE RCALC
: C  SUBROUTINE YO DO LEAST SQUARES FIT ON BURN RATE DATA
' 00882 COMMON RUNID(S),RTITLE(18),D5TE(3), OPERN(S) ,PPOPNC1B) .,
i 1 PSORCE(18),PRLOT(18), PREM(1d) . TIGNR (183, GAGE(18),
g 2 SPACE!(36) » CHGUT, WiD. PTEMP, LIGHT I PCORR, BVOL. BYEMP,
3 SCAL.CALCON.STIME, FFID,GL. 0D, PD,UOD.F 1, DUM, XMJXL,ET1.GAMI,
4 SPACE2(4), ISK1,KTOT.MZ, MY, PMAX, TMAX. NPMA, PFM. DPMAX. THL. H,
S RHOC.RHO, 16,790, T1898.P9(5) ,DPI(5) ,NPTH, PX(20),
‘ 6 FX(20).ETX(20) , XMUX(20) . GAMX(28) , IDFF . NPA, UEBX(28) , ABX(20) »
7 ISK, ISK2, MEM2. XMI.RP, TZEROD, VOL, CP, CST, TM. PIGN. TIGN, PTHEQ,
8 CON1.CON9,MEM3,MEM?.SFAC.LS,P1,DP1. TSTOP, 19,
: $ L8, CONU, TBU, FRAC, 2, SRAT, XTBU
P 0803 DIMENSION T(488).P(42@).DP(488),R(420)
: 0004 COMION /BLAH/ PLO. PHI. ACO. XNC.RSQ. RMS
6805 REUIND 11
0806 DO 669 | = 1,18
8007 READ (11,384) TC1).P(I),DP(D),R(D)
AO8 384 FORMAT (4E13.6)
@803 669 CONTINUE
8016 PLL « PLO¥PMAX
@811 PUL = PHIXPMAX
0812 K =9
0813 SUM{ = 8.8
814 SUM2 « 0.8
0015 SUM3 = 8.8
8a16 SUM4 = 8.9
0e1? SUMS - 9.8
818 DO 735 [ = 1.L8
9819 IF (P(1).LT.PLL) GO TO 735
8821 IF (P(D).GT.PUL) GO TO 735
0023 K=K+l
8824 DUMI = ALOG (P(1)¥10@8.)
8025 DUM2 = ALOG (AMAXI(R(1),8.881))
0026 SUMI « SUMI + DUMIMDUM2
0827 SUM2 = SUM2 + DUMI
0028 SUM3 » SUM3 + DUM2
9829 SUM4 = SUMA + DUMINoK2
8838 SUMS » SUMS + DUH2wQ
8031 735 CONTINUE
6832 XNC = (SUMI - SUM2¥SUM3/K)/(SUMA = (SUMR4a@) /K)
. 90833 ACO = EXP (SUM3/K ~ MNCHSUM2A)
| 8034 RSO = C(SUMI - SUMRASUMB/K)#2) “((SUMA - (SUM2WAR)/K)k
womee L (SUMS - (SUMBMAR) AK)) e m e s B
8035 SuMe 0.0
8036 K =8
_ 6837 DO 733 I = 1,L8
8038 IF (P(1).LT.PLL) GO TO 733
8048 IF (PCD).GT.PUL) GO TO 733
- @842 KoK+l
0843 DUML » ACOM(P (1) %1808, ) ¥XNC
0844 DUMI « (R(I) - DUMI)/RMAX1(R(1).8.881)
0843 SUM = SUM + DUMI%
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0046 733 CONTINUE

pe4? RMS = SORT (SUM/(K - 2))%188.0
0048 RETURN
0043 END

b,
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RT-{1 FORTRAN IV vai-11 SOURCE LISTING PAGE @8l

; c VERSATRAN PLOTTER SUBROUTINE FOR CBRED
¢ geat SUBROUTINE VPLOT
e6a2 COMMON RUNID(S),RTITLE(1B),DATE(3),0PERN(S),PROPN(18),

¥ 1 PSORCE(18),PRLOT(18).PREM(18).,TIGNR(18) .GRGE(18).
: 2 SPACE1(36).CHGUT, WID.PTEMP,UGHT1,PCORR. BVOL . BTEMP,
3 SCAL.CALCON.STIME,FFID,GL.0OD.PD,WOD,F1,DUM, XMUXILET1.GAML,
4 SPACE2(4), ISK],KTOT.MZ, MY.PMAX, TMAX, NPMA. PPM. DPMAX. THL, H.
5 RHOC.RHO.T18.T9€,T1898.P9(5),DPS(S) . NPTH.PX(28),
' 6 FX(28),ETX(28), XMJX(28) ,GAMX(28) . IDFF, NPA. WEBX(28), ABX(20),

7 ISK, 18Kk2,MEM2, XM1,RP, TZERD, VOL.CP.CST, TM.PIGN. TIGN. PTHEQ,
8 CON1,CONS,MEM3,MEMP?,SFAC,L9,PL.DP1,TSTOP, 19,
9 LB8.CONW. TBW, FRAC.2.SRAT, XTBU

0083 DIMENSION T(4@8).P(400),DP(488).R(488)

8804 COMMON ~/BLRH~/ PLO. PHI, ACO. XNC, RSQ. RMS

0ees DIMENSION ABC(17)

0806 DIMENSION BCD(1S)

oear DIMENSION ACLD)

0688 - DIMENSION T9(2), P11(2)

€889 DIMENSION X1(9).Y1(1d)

6o1a DIMENSION TIT(16)

aail DATAR TIT/’P/PM’,’AX *,°PDOT?,’ *,’RUN 7,7 IDt *,°RUN *,
P *TITL®,*E: *L,°PROP*.* TYP',’Et  °,°GRAI".'N TY’.’PE: °,
2 ’AT */, §/9999./

as12 DATA A/1.8.2.8.4.0.6.8.8.0,10.8.20,08.40.0.60.08,60.0.108.0/

2813 DATA X1/ TIME",*-MSE*,'C .’ *L4HP/PM.’AX  *.'1.8 .

1 *19.8%,°180.’/,Y1/*PRES*, *S-KP*, “SIa *.’'PDOT*,* MPS’,

2 4HIssE.’C .81 *.71.0 °,°18.8°,°RATE . 4H-IN/, “SEC *~
2814 DATA ABC/°THE *,°CONS",*TANT,*S IN®.” THE'.,’ EQU*,’ATIO’,

PN R %,%= A, 2PuwalN®,* ARE®, AT *L°N: *L°FOR *.'PPM".

2 'AX L. TOCs

00135 DATA BCD/*COEF*,*FICL®, “ENT *,*OF D*,"ETER’, “MINR",
1 *TION®,* ¢ *,°PER *,°CENT’,* ROO*,'T ME’.°AN E’.’RROR’.*

aets REWIND 11

aa1? DO 683 T = 1,18 .

8018 READ (11.384) T(DLP(N.DP(NLR(D

8819 384 FORMAT (4EI13.&)

0820 6683 CONTINUE

aga! ENDFILE 11

8022 CALL MODE (8.2.0.1.8.-1.)

80823 CALL MODE (2.8.8,-8.75.9.073)

8024 CALL MODE (3.6.8.-8.75.3.8)

8025 CALL MODE (7.5.8.5.9.%)

8026 TYPE 1976

8027 1976 FORMAT (5X.°D0 YOU LANT YO SUPPRESS THE IGNITIOM’~/
! [ SX.*TIE LAG ON THE PRESSURE RND DP/DT PLOT?'/
2 5X.*TYPE **S5°* T0 SUPPRESS®)

0828 ACCEPT 1977, 578

@829 1977 FORMAT (R4)

2038 IF (STS,NE.STR) GO YO 1978
ae3z DATA STR/’S%/

8033} 19¢1) = 1B.=[FIX(TIGN/18.)
8634 DUMR = 0.0
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8035
8836
0e3r
6038
283s

GD TO 1973
1978 T9(1) = 8.0

DUMR = 5.0
1973 T9(2) = TMAX

P11¢1) = 0.8
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2848 P11(2) = PMAX

0841 CALL SCAN (T3, Pli, -2, 448

8042 CALL MODE (-8,DUMI.DUM2.DUM3)

98843 DUM2 « AMAXI(DUM2, DUMRA)

8044 CALL MODE (8. DUMI, DUM2. S)

0645 DUM4 = DUM2

8846 DUMB « DUM!

aa4? CALL MODE (-9. DUMI1.DUMR2.DUM3)
. 8048 buMz « AMAX1(DUM2.5.8)

2049 CALL MODE (S.9.0.DUM2.9)

0658 CALL AXES (9.2,X1(1),11.2,Y1(1))

8951 CALL DRAW (T, P, LB. 443

8852 CALL SCAN (T, DP, -LB. 44®)

2853 CALL MODE (8.DUMB.DUM4,S)

0as54 CALL MODE (-2,DUMI.DUM2,DUI3)

eass DUMS = DUM3 - 8.5

2856 CALL MODE (2, S.S.DUMS)

8057 - CALL MODE (9, 8.8, S, S)

pase CALL AXES (-4.8.X1(4),13.3.Y1(4))

8859 CaLL MODE (2,5,S,DUM3)

08608 CALL DRAW (T, DP, LB, 448)

ges1 K =8

0n62 CALL MODE (4..0873..055.9)

8863 CALL MODE (6.S..880.8)

2864 CALL MODE (3.5,5.-.2)

0865 CALL NOTE (8.9.3.0.TIT(5).?)

8866 CALL NOTE (1.8.3.8.RUNID(1).20)

8ae? CALL NOTE €@.0.2.8.TIT(?M .1

2858 CRLL HOTE (1.8.2.8.RTITLE(1).68)

2069 CALL NOTE (8.8.2.6.TIT(13).18)

a270 CALL NOTE (1,8.2.6.PROPN(1).E®)

aazl CRLL HOTE (9.8.,2.4.TITUID.ID

agre CALL NOTE (1.0.2.4.FFID.Q) .

a0?3 IF (K.E0.8Y GO YO 18

0875 CALL NOTE (8.8.2.2.TIT(3).4)

68?6 CRLL NOTE (2,9.2.2.TIT(16).2)

0ar? CALL NROTE (4.0.2.2,TIT(1).&)

6878 Y« 2.2 -0.2

8079 DO 611 » .4

gage CALL NOTE (9.8.Y.DP3(1).1883)

268t CALL NOTE (4.8.Y.PI(1).10283)

a8n2 6l Ye=VY-~-8.2
0883 10 CALL MODE (4,.1..867.9)

8804 CALL MODE (6.5..1.%)
‘ Q08% CHLL MODE (3.5.5.3.8)

8868 CALL DRAY (9..0.,1.98808)

8887? PMAX = 0.8

a8ee PO GBS 1 « .08

0889 65 PHAX = AMAXL(PMAX.PC(1))

8638 DO 69 [ ~1.i8

LLER 69 T(D) « P(1)PMAX

2892 CALL MODE (8. 9.9, 0.2. 2.8
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T

0893 CALL AXES (6.2,X1(5),13.3.Y1(4))
8094 CALL DRAW (T, DP. LB, 440)

8@35 CALL FORM (5, 1.8, S, 1.@®)

2896 K}

2897 CALL MODE (4,.873,.855.%5)
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% RT-11 FORTRAN 1V Vai-11 SOURCE LISTING PAGE 093
i 0898 CALL MODE (6.5..080.5)
; a1e9 CALL NOTE (8.8.3.8.TIT(5).?)
y 8101 CALL NOTE (1.8,3.8.RUNID(1).28)
: 2102 CALL NGTE (8.08.2.8.TIT(?).18)
a1e3 CALL NOTE (1.8,2.8.RTITLE(1).68)
gl1e4 CALL NOTE (8.0.2.6,TIT(18),18)
a1e5 CALL HOTE (1.8.2.6.PROPN(}).,68)
' 6186 CALL NOTE (0.6.2.4,TIT(13).11)
2107 CALL NOTE (1.8.2.4.FFID. &)
a1e8 IF (X.EQ.B) GO TO i1
8110 CALL NOTE (8.0.2.2.TIT(3),4)
a1t CALL NOTE (2.8.2.2.TIT(16),2)
2112 CALL NOTE (4.8.2.2.TIT(13,6)
2113 Y 2.2 -08.2
9114 DOAtl -~ 1.4
8115 CALL NOTE €0.8,Y,DPS(1),1883)

a1le CRLL NOTE (4.8.Y,PS(D), 1803}
eL1? 91 Y «VY-0.2
a118 11 CALL MODE (4,.1,.867.%)

8119 CALL MODE (6.5..1.8)

0128 calt MODE (3.8.5.3.9)

8124 CRLL DRAW (8,.0.,1,3880)

g122 PFRC = 1.8

0123 IF (PMAX.1E.10.0) PFAC = 10,0
8135 PHIN = 1.8

8126 PMIN = PHIN/PFAC

aiz? IGO = @

9128 PSTQ = PHAX

8129 TYPE §29

8138 529 FORMAT (SX.*DD YOU WANT ALL THE RRTE CURVE?"~
1 SX.*ENTER | FOR YES. PLERSE )

9131 RCCEPT 538, IGO

B132 538 FORMAT (1)

8133 I¥ (160.E0.1) GO TO 533

2135 PMIN » PLOSPMAX

8136 FSTD = PHIsPMAX

0137 533 CONYIRUE

8138 RMAX « 18.0

2139 RMIN « 0.1

8143 Js? - 0

214 o 69 ! - 1,18

8142 IF (PCDY.LT.PHIN) GO TO €8

8144 IF (PCD.GT.PSTD) GO TO 68

2146 J97 = J37 + 1

2147 P(I9?) « RLOGIA (RMRXI(P(I1).PMINY)

0i4a R(JI?) = ALOGIO (AMAXI(AHINI(R(D).18.8). B.1))
) 2143 68 CONTIRUE

8150 UMl - 6.0

815t IF (PFAC.GT.1.0) DUMt » -1.8

B1S3 CALL MODE (B8.punHi, 8.4, S)

6154 CALL MODE (9. -1.0, 8.4, &)
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8155
aise
8157
8158
8160

€6

DO6GE 1 = 1,18

A = 2,5x3L0618CACI+1 ZR(D))
CALL FORM (1018.R.1818.R)

IF (PFAC.EQ.1.8) GO TO 997
CALL NGTE (-0.1,-8.25.Y1(8).3)
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2161 CALL ROTE (2.3,-8.25:Y1(9).3)
8162 CALL NOTE (4.7.-8.25,Y1(18).4)
2163 GO TO 998

8164 997 CALL NOTE (-.1.,-8.25.X1(?).3)
B165 CALL NOTE (2.3.-8.25. X1(8), 4)
2165 CALL NOTE €4.7.-8.25, X1(9). 4
8167 998 CONTINUE

a1ee CALL MODE (4. S, S. 99.@

8169 CALL NOTE (~.15,~-.18. YI(B). 3)
a17e CALL NGTE (-.15.2.48. Y1(%), 3)
1Tt CALL NOTE (-.15.4.8, YI(1®), 4
2172 CALL MODE (-4.DUMI1.DUM2,DUM3)
8173 CALL MODE (4, .16.,.18.5)

214 CALL MODE (-6.DUM4.DUMS,DUMS)
8173 CALL MODE (6.5..16..213)

8176 CALL MOTE (-.35,1.75.Y1C1), 1)
a8z CALL MOPE (4. S. S8, 0.8

178 - CALL NOTE (1,98.-.51, YI(,11)
8179 caLL MODE (4,DUM1,DUM2.S)

n1eo CALL MODE (6.S,DUMS.DUMB)

8181 CALL DRAW (P. R, J97. 442)

a8z K=8

a183 CALL MODE (4,.873,.8535,.8)

8184 CALL MGDE (6.S,.088.9)

8185 CALL MODE (3.S.5.-.2)

2186 CALL NOTF (8.8,3.8.TIT(5).?7)

T 18?7 CALL NOTE (1.8,3.8,RUNID(1},20}
8189 ‘ CALL NOTZ (8.8.2.8.TIT(?), 1@
9189 CALL NOTE (1.8,2.8.RTITLE(1).68)
9198 CALL NOTE (8.8,2.6,TIT(10),1@)
8191 CALL NOTE (1.8.2.6,PROPNC(]),68)
28192 CALL NOTE (B.8.2.4.TIT(13),11)
8193 CALL NOTE (1.8.2.4,FFID,4)

8194 CALL NOTE (9.8.2.2,RBC(1),44)
8185 CALL NOTE (9.0,2.8,ABCC12),.3)
BiY6 CALL NOTE (1.8,2.8.AC0,1088)
0187 CALL NOTE (8.8,1.8,ABC(13Y. 3}
aie8 Call NOTE (1.8.1.8,XNC, 1893)
8153 CALL NOTE (2.8.1.6.8BC(I4H), 11D
8280 CALL NOTE (1.8.1.6,PLU.1003)
8281 CHLL NOTE(1.4,1.6.RBC(17).4)
262 CALL NOTE ¢1.72.1.6.FHI,1083)
9283 CALL NOTE (8.8,1.4.BCDC(1).3D
8284 rLALL NOTE (2.48.1.4,R8Q. (984
0205 CALL NOTE (@.8.1.2,8BCD(8),.27}
8286 CALL NOTE (2.48.1,2.RMS. 1984)
8207 IF (X.EG.®) GO TO 12

0209 CALL NOTE (8.8,2.2.TiV(3).4)
6210 CALL NOTE (2.9.2.2.TIT(16).2)
ga11 CALL NOTE (4.8,2.2.TIT(1).6)
@212 Y =2.2-08.2

0213 DO S1 T =« 1,4
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é :
: @214 CALL HOTE (@.8,Y,DP3(I3, 1883)
; 8215 CALL NOTE (4.2,Y,PS(1).1803)
: 8216 81 Y =Y - 8.2
! @217 12 CALL MODE (4..1,.067.8)
; @218 CALL MODE (F.8,.1.8)
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8219
8220
8221
8222
8223

CALL MODE (3,5.S5.3.8)

CALL DRAW (8.,8.,1,9803)

CALL DRAU (B.8, €.8, 8.8. 9939
RETURN

END
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e8! SUBROUTINE FINDTP (ARG, ANS, NVAR. NARG., NANS, IDEY. NPTS.I.M3)
SUBROUTINE FIND. TABLE LOOK-UP WITH LINEAR INTERPOLATION.
FINDTP IS R DIRECT ACCESS READ LOOKUP MODIFICATION OF
FIND. [INSTEAD OF AN ARRAY, PASSING THE ARGUMENTS. IT

~ EXPECTS A FILE WHICH HRS BEEN FILLED WITH NVAR VARIARBLES.
TO THE EXTENT OF NPTS RECORDS. THE INDEPENDENT
VARIABLE MAY OCCUPY ANY OF THE LOCATIONS 1-NVAR AND
NARG GIVES ITS LOCATION, LIKEWISE FOR THE DEPENDENT
VARIABLE WHOSE LOCATION IS GIVEN BY NANS., IDEV GIVES
THE DEVICE NUMBER OR FILE NUMBER WHICH WAS DEFINED
IN SETTING UP THE FILE. ALL OTHER FIND COMMENTS
ARPLY TO FINDTP.
NOTE..... LIKE FIND, THE INDEPENDENT VARIABLE MUST
BE MONOTONICALLY INCRERSING.. ...

J. ANDERSON 6-1-R5
EXTRAPOLATES FOR VALUES OUT OF TABLE RANGE
REMEMBERS LRST ARG VALUE AND BEGINS SEARCH FROM THAT VALUE
CALLING SEQUENCE IS .....

CALL FINDTP (RRG.ANS.NVAR,NARG.NANS, IDEV.NPTS. 1)

ARG 1S THE ARGUMENT
ANS CONTAINS RESULT ON EXIT
¥ 1S DNE DIMENSIONRL ARRAY OF INDEP. VARIABLE
¥ IS ONE DIMENSINNAL ARRAY OF DEP. VARIABLE
NPTS {S NUMRER OF TRBLE ENTRIES
MEM SHOULD BE INITIALIZED TO 1 - AFTER FIRST
CALL THE SUBROUTINE WILL PRESERVE VALUES IN -
VARIABLE WHOSE LOCATION IS GIVEN BY NANS. IDEV GIVES

THE DEVICE NUMBER OR FILE NUMBER WHICH 4RS DEFINED

[N SETTING UP THE FILE, ALL OTHER FIND COMMENTS

APPLY TO FINDTP,

NOTE....,. LIKE FIND, THE INDEPENDENT VARIARBLE MUSY

HE MOMOTONICALLY INCREASING.....

4. RNDERSON 6-1-63
EXTRAPOLATES FOR VALUES OUT UF TABLE RANGE
- REMEMBERS LAST ARG VALUE AND BEGINS SERRCH FROM THST VALUE
- CRLLING. SEQUENCE 'S ...

CALL FINDTP (ARG.ANS.NVAR.NARG.NANS, IDEV,NPTS, 1)

HRL IS THE ARGUMENT

ANS COMTRINS RESULT ON EXIT

¥ IS ONE DIMENSIONAL RRRAY OF INDEP. VARIABLE

X 1S ONE DIMEHSIONAL ARRAY OF DEP. VARIRBLE

NPTS I8 NUMBER OF TRBLE ENTRIES

MEM SHOUWLD BE INITIALIZED TO t - AFTER FIRST
CALL THE SUBROUTINE WILL PRESERVE VRALUES IN IT

COOOOOMOOOMO OO0 0O000O0O00N0O0O0NOO0oO000000e

882 DIMENSION X(10),¥(18)
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%
¥
; % 9003 1 READ CIDEV’D) (XD, J = L.NVAR)
§ ' @004 IF (X(NARG)=-ARG) 4,2,2
A a 0865 2 lal-t
N ; 2006 IF (I-1) 3.3.1
. : 008? 3 1=}
: j
R
g 151
;
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0006
s0a9
0n18
801t
ea12
2313
m}m
01158
pd16
aa1?
00186
0819
8028

Val-11 SOURCE LISTING PRGE 08¢

GO YO ?

Ke1l+1

READ C(IDEV’K) (Y(J), I = L.NVAR)
IF (Y(NRRG)-RRG) 8.7.7?

[=I+1

IF (I-NPTS) 4.6.6

[«NPTS-1

Kel+1

READ (IDEV' D) (X(J), J = [.NVAR)
READ (IDEVK) (Y(J), J = I,NVAR)
ANS =X (NANS) +(Y (NANS) =X (NANS) ) k(ARG~X(NARG) 1 #(Y(NARG) =X {NARG) )
RETURN

END
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goel

0082
8803
0804
0803
8086
gaa?
eges
60e9
6019
aat
8812
0813
2814

OoOOOO00O0O00aOOoCoOOonn

~ Uy o o [ I

V8i-11 SOURCE LISTING PRGE 281

SUBROUTINE FIND! (RRG.ANS.X.Y,NPTS,I)
SUBROUTINE FIND. TABLE LOOK-UP WITH LINERR INTERPOLATION.
J. ANDERSON 6-1-65
EXTRAPOLATES FOR YALUES OUT OF TABLE RANGE
REMEMBERS LAST ARG VALUE AND BEGINS SEARCH FROM THRT VALUE
CALLIN SEQUENCE IS .....

CALL FIND (ARG,ANS,X,Y,NPTS,MEM)

ARG IS THE ARGUMENT

ANS CONTAINS RESULT ON EXIT

X 1S ONE DIMENSIONRL RRRAY 7 INDEF. VARIRBLE

X IS ONE DIMENSIONAL ARRAY OF DEP. VARIABLE

NPTS IS NUMBER OF TRBLE ENTRIES

MEM SHOULD BE INITIALIZED TO | - AFTER FIRST
CALL THE SUBROUTINE WILL PRESERVE VALUES IN IT

DIMENSION X(10),Y(18)
IF (X(D)-ARG)  4,2,2
I=1-1

IF (1-1) 3.3.1

1=1

GD TO ? '
IF (X(I+1)=ARG) 5.7.7
Tel+l

IF (I-NPTS)  4.6.6
1=NPYS-1 _
ANS=YC D) +(YCE+1)-YCTTIR(ARG=XC 1) (R4 1) =X( 1))
RETURN

END
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RT-11
aaat

0002
8883
2004
0805
0006
08e?
90088
00809
0018
eait
012
0813
2814
015
0016
0817
0018
0819
0020
8021
0822
0023
gu24
025
8026
882?
0028
0029
8830
0031
2032
2833
9034
2815
9036

FORTRAN IV vai-11 SOURCE LISTING PAGE €81

OO0 O0O0O0n

708
781

782

783

704
705
786
707
768
709

710

711
(@Y

714

7?13
715

A U ST A LS L

SUBROUTINE SIMEQ (R.B.D,L.M,N)

SUBROUTINE SOLVING L EQUATIONS IN M UNKNOUWNS WITH N SETS OF RIGHT-
HAND CONSTANTS. AR(L.M) IS THE MATRIX OF COEFFICIENTS AMD B(L.N) I8
THE MATRIX OF COLUMNS OF ANSLERS. ON RETURN FROM SUBROUTINE. R
CONTAINS ORTHOGONALIZED COLUMNS, B CONTAINS THE RESIDUALS. AND
D(M.N) COMTAINS THE SOLUTIONS, FOR MORE EQUATIONS THAN UNKNOWNS
THE LEAST-SQUARES SOLUTION IS OBTRINED. OTHERWISE THE SOLUTION IS
IN TERMS OF THE FIRST L LINEARLY INDEPENDENT VARIABLES. REQUIRES..
DIMENSION A(15,1%5), B(138.18), D{15.15)

CALL SIMEQ (R. B, D, L, M. N

DIMENSION A(588,1), B(508,1), C(3.3), D1. 1)

DO 78 lel,M

DO 708 J=l,M
c(l,) ~0.0
DO 781 K=1,N
D(I.K) = 8.8
DD 782 J=2.M
DO 782 I=l.L
€J,J~1) =« C
DO 712 K=1,HM
DO 709 JeK,M

DO 783 Il=1L,L

C(K,J)Y = CK.J) + (RCILLKY®A(TLLD))

IF (K-J) 786, 704, 784

IF (K-1) 789, 789, 785

IF (1E-?%C(LK-1) - {LEPRC(K,K)) 789, 712, 7?12
CK,J) = LK. D) /TULK.K)

DO 708 l2s1.L .

A(l2,J) = R(12,J) - (ACI2.KOC (K. J))

CONTINUE

Do ?11 JE—X.N

DO 718 I3=1.L

D(K.J2) » DIK,J2) + (ACI3,K)%B(13,J2)C(K.K))
DO 711 l4wl.L '

B(14,J2) = B(14,J2) - (A(14.K)*D(K,J2))
CONTINUE

IF (M~ 1) 215, 215, 7?14

DO 713 le2.M

IT = Mel-1

JT = 1T+l

DO 7?13 Jsl.N

DO 713 KeJT.M

DCIT.d) = DUIT,J) - (CCIT,Ky*D(K.J))

RETURN

END

ne,

L3 )

J.J=1 + (RLL.HMA(1.I))
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C CPEVES.084 22-AUG-?S

c

2801 SUBROUTINE EVES(N,TPRNT)

THIS SUBROUTINE SOLVES N SIMJLTANEQUS FIRST ORDER DIFFERENTIAL
EQUATIONS BY THE RDAMS METHQD.
TO USE ...

- WRITE A MAIN PROGRAM TO REARD THE INPUT DATA AND PERFORM ANY
DESIRED AALCULATIONS PRIOR TG THE INTEGRATION. AT THE POINT
WHERE THE INTEGRATION IS DESIRED

CALL EVES (N.TPRNT)
WHERE N IS THE NUMBER OF DIFFERENTIAL EQUATIONS
TPRNT 1S A ONE DIMENSIONAL ARRAY FILL.ED WITH PAIRS

OF VALUES TO CONTROL PRINTING (DESCRIBED IN
SUBROUTINE PRINT)

EVES WILL TAKE CONTROL RT THIS POINT AND PERFORM THE INTEGRATION

UNTIL THE USER-PROVIDED SUBROUTINES INDICATE THE UPPER LIMIT MAS

BEEN REARCHED. (BY SETTING N«@). THEN CONTROL WILL BE RETURNED

TO THE MAIN PROGRAM

USER SUBROUTINES ...
EVES REQUIRES 3 USER~SUBROUTINES TQ PERFORM THE INTEGRATION

-SUBROUTINE SETUP (T.Y.SIG.N)
DIMENSION T(2).Y(N).SIG(N,3)

THIS SUBROUTINE SETS THE INITIAL CONDITIONS FOR THE INTFGRGTION
AND DEFINES THE ACCURACY REQUIRED IN THE SOLUTION,
T(1) = STRARTING VIME (ASSUMED 8.8 IF NOT SFECIFIED)
T(2) = INITIAL TIME INCREMENT (ASSUMED 1.8E-5 IF UNSPECIFIED)
Y(I) = INITIAL VALUES OF DEPENDENT VARIABLES, [=1.N
(ASSUMED ©.8 IF UNSPECIFIED)
S1G(f.1) = REQUIRED RCCURRCY FOR THC DEPENDENT WRRIABLES.
[=1.N WHERE SIG=1.E~M INDICATES M SIGNIFICANT
FIGURES. (ASSUMED 1.E-3 IF UNSPECIFIED)
SIGCL.2) = MINTMUM ABSOLUTE ARCCURALY DESIRED=SIG(1.2)#S1G(1.1
}. THIS SUSPENDRS THE REQUIRED HO. OF SIGNIFICANT
FIGURES IF THE ABSOLUTE VALUE OF THE INTEGRAL IS
LESS THAN THIS VALUE. ITS USE IS TO PREVENT USE
OF AN INORDINATELY SHALL STEP S12E QS AN
INSETUR (T.Y.S51G6.H)
DIMENSION T(2).Y(N),SIG(N.3)

THIS SUBROUTINE SETS THE INITIAL CONDITIONS FOR THE INTEGRATION
AHD DEFINES THE ACCURACY REQUIRED IN THE SOLUTION,
TCl) « STARTING YIME (RSSUMED 8.0 IF ROT SPECIFIEDD
T(2) « INITIAL TIME INCREFMENT (ASSUMED 1.DE-5 [F UNSPECIFIED)
Y{I) = INITIAL VALUES OF DEPENDENT VARIARBLES., I=l.N
(ASSUMED 8.0 IF UNSPECIFIED)
SIG(I.1) = REQUIRED ACCURACY FOR THE DEPENDENT VARIABLES.
T«1.N WHERE SIG=1.E-M INDICATES M SIGHNIFICANT
FIGURES. (RSSUMED 1.E-3 IF UNSPECIFIED)

OO0 OOCOOOOaNODOCOOOCIoOIOOOACONOOOOO00DOO0N000N0N
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£ c SIG{1,2) = MINIMUM ABSOLUTE ACCURACY DESIRED=SIG(I,2)%SIG(I,1
- c © ¥, THIS SUSPENDS THE REQUIRED NO., OF SIGNIFICANT
- c FIGURES IF THE ABSOLUTE VALUE OF THE INTEGRAL IS
c LESS THAN THIS VALUE. ITS USE 1S TO PREVENT USE"

! c OF AN INORDINATELY SMALL STEP SIZE AS AN INTEGRAL
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OO OCIOOOOOOODDDOCODEOCNOONOODOD00OOO00O00000O0DO0O0nn0O0noOnONn

LEAVES B. (ASSUMED @. IF UNSPECIFIED)

SIG(I,3) = THRESHOLD VALUE FOR THE VARIABLE 1. EVES WILL HIT
THIS VALUE EXACTLY DURING THE INTEGRATION AND LET
THE USER ROUTINES KNOW THIS VALUE HAS BEEN HIT.
(ASSUMED 1.BE+35 IF UNSPECIFIED)

SUBROUTINE DIFEQ (T.Y.DY.N,TPR)
DIMENSION T(2).,Y(N).DY(N),TPR(2)

THIS SUBROUTINE EVALURTES THE DERIVATIVE VALUES (DY(1)),AT ERCH
PROPOSED STEP IN THE SOLUTION. ON EACH CALL,TC(1) CONTAINS THE
CURRENT TIME, AND THE Y(I1)S ARE THE CURRENT INTEGRATED VALUES.
THE RESULTS OF R CALL MAY BE REJECTED,.AND THE STEP SIZE CUT IN
ORDER TO MAINTAIN ACCURACY, SO NO PERMANENT SWITCH SETTING SHOULD
8C MRDE M TH1S RQUTINE, BRSED ON FRUPOSED VALUES

-SUBROQUTINE PRINT (T.Y.DY.N,TPR)
DIMENSION T(2).YN),DY(N), TPRI(N+4)

THIS SUBROUTINK 18 CALLED 7O OUTPUYT RCCEPTED YALUES DURING THE
INTEGRATION PROCEEDURE. THE FRELUENCY WITH WHICH 1T IS CALLED
IS DEPENDENT ON THE NUMBER OF [NTEGRATION STEPS,THE TPRNT RRRAY
SUPPLIED TO EVES BY THE MAIN PROGRAM. AND THE THRESHOLD YALUES
FOR VARIABLES SET IN SUBROUTINE SETUP AS FOLLOWS -
-THE TPRNT ARRAY CONSISTS OF PAIRS OF VALUES DELTA T "ND TLIM
SUCH THAT DELTA T IS TKE PRINY INTERVAL UNTIL TLIM IS REACHED
» WHEREUPON THE NEXT PAIR OF VALUES TRKES CONTROL.
IF DELTA T .EQ. 9 EYERY ACTEPTED POINT IS PRINTED
[F DELTA T .GT. 8 PRINTIAG OCCURS ONLY AT INTERVALS OF
DELTR T
IF DELTR T LY. 9 PRINTING DCCURS AT EVERY ACCEPTED
POINT.BUT AMONG THESE POINTS 6RE
IHTERVALS OF RBS(DELTA T

-REGARDLESS OF THE TPRNT CONTROLS.AR CARLL TO PRINT WItL OCCUR
ERCH TIME A VARIABLE REACHES IT°S THRESHOLD VALUE.

THE TPR ARRAY HAS THE FOLLOWING INFORMATION LMEN PRINT 1S CRLLED
TPR(1) CURRENT DELTA T FROM TPRNT RRRAY
TPR(2) CURRENKT Ti IM FROM TPRHT ARRAY
TPR(3) O IF CALLED THRU RCCURACY CONTROLLED STEP SIZE.
+J IF CALLED DUE TO VARIABLE J RISING YD ITS
THRESHOLD VALUE
-J IF CALLED DUE TO VARIABLE J FALLING TO 1TS
THRESHOLD VARLUE
N+! IF CALLED AT SPECIFIED PRINT POINT
TPR(4) CURRENT TIME STEP SI2E FOR INTEGRATION
CIF THIS VRLUE IS CHANGED IN PRINT., THE DIFFERENCE TRBLE
WILL BE ZERODED AND THE SOLUTION RESTARTED WITH THE RLTERED
VRLUE RS THE STEP SI2E. THIS IS TO GET RROUND EXTERNRLLY
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c INDUCED DISCONTINUITIES WITHOUT REQUIRING THE INTEGRATION
i c TO DISCOVER THE PGINT OF OCCURRENCE BY HALVING ITS STER.)
, c TPR(S) ROUGHEST VARIABLE OF CURRENT STEP

: c TPR(BI~TPR(N+5) CURRENT THRESHOLD SETTINGS FOR EACH VARIABLE
C (ALLOWING DYMAMIC RESET OF THRESHOLDS)
es
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¢ RT-11 FORTRAN 1V Vdi~11 SOURCE LISTING PRGE 883
; c
3 Cc
. 0882 DIMENSION D1(12.7).T1¢2).D2(12.7),T2(2).Y1(12),DY1(12).51G(12,3),
; 1 Y2€12),DY2(12),TPRNT(6).TPR(1?7)
! 0083 DIMENGION T3(2)
esdd EQUIVALENCE (DI(D) LY.L (B1C13),DYLIC(1)). (D2¢1).Y2(1))
1 ,(D2013),DY2(1))
QuBs TBINS=D.8
88v6 KTERR=8
86067 1 MaN
paes 2 DO 4 [=],M
0083 Do 3 Jel.7
egle bi(1.,J)-8.0
8011 3 D2(1.,J)=0.8
0012 SIG(I,1)=1.0E-03
9813 SIG(I.3) =1 .BE+30
D14 4 SIG(1,2)8.9
8015 {PRNTa]
0B 16 T1(1)=20.9
agLr T1¢(2)~1.E-5
€
c INITIAL SETUP COMPLETE. CALL IN THE PROGRAIMYERS SETUP.
C
8818 CALL SETURC(TI,YI1.SIG.M
0g19 IF (MLY.0) IPRNT = <M
021 ' e N
8822 TPR{1LY«TPRNT(IPRNT)
6923 TPR(Z) =1PRNTLIPRNT+1)
0924 TRENT=TLICD) +AES(TPR(1))
0925 SV~
8826 TPR{3) 8.
002? DO 5 Isl.NM
2028 J=1+5
a829 S TRR(D=SIGCL. )
0830 6 CALL DIFEQ(TLI.YL.DYI.M.TPR)
2a31 I[F (M) 64, 64, °?
@832 ? CALL PEINT(TI.YLLDYVILM.TPRY
0833 IF (M) 64, 64, 8
8934 8 T2 11«TI(D+TLI(D)
A3 T2(2)>Ti(2)
¢
c PREDICT AKEAD BY RDAMS METHOD.
C .
8836 PO 9 [=1.H
) va3? 9 Y201)=B. 34881 11 IwDI (L1, 6) 40, 375¢D1 (1. S) +D. S16R6667%D1 (], 4)+0.5%
1 DL BT DY+
1939 T3 =T2(1) +TBIRS
8839 T3(2)1=T2(2)
¢
¢ OBTAIN THE DERIWATIVES AT THE PROPOSED POINTY.
c
8840 CALL DIFED(TI, ¥2,DY2.M.TPR)

isn




o4l 781 TZSAVE=-300

R A AT R

0042 IF (M) 64, 64, 18

8843 10 EMAX=d,

c

C  DIFFERENCE AND COMPUTE CRITICAL C(MAXIMUMY ERROR TERM,
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RT-11 FORTRAN 1V VBi-11 SOURCE LISTING PAGE @84

c
9844 D0 18 I=1.M
pa4s5 D2¢1,3)=T2(2)x(DY2(1)=DY1())
8046 DO 11 JI=3.6
0847 11 D2(l, J+1)=D2C1,)-D1(L. I}
c
c DELETE DIVERGENT DIFFEREHNCES.
¢
Ba48 DO 15 J=3,5
8843 IF (ABS(D2(1,J+1)3-ABS(D2(I.NI) 15, 12, 12
0958 12 IF (ABS(D2([,J+2))-ABS(D2(1.J+1))) 15, 13. 13
8851 13 D0 14 K=J,6
aes52 14 D2(I.K+1)=Q,
0853 G0 TO 16
02854 15 CONTINUE
By55 Ja?
0856 16 X¥2=0,.3xD27 1, J2/(SIG (1. 1) xOMAX] (ABS(Y2(1)), 1 .BE-3B,S1G(1,2)))
8857 JIF (ABS(XYZ)-EMAX)Y 18. 17, 17
6658 17 EMAX=ABS (XYZ)
9853 JCRAP=]
BY6w TPR(5) =i
886l 18 CONTINUE
c
C DETERMINE IF ERROR IS WITHIN BOUND:.
c
8062 [F ("MAX-1.8) 38. 38, 19
¢ .
c ERRCR T0O BIG. HALVE THE INTERVARL AND TRY AGAIN.
c
8863 18 T1(2)=.3%T1(2)
¢
C CHECK FOR DELTA TIME INSIGNIFICANT,
c
0864 IF (T ATI(2)-1.8E86) 27, 20, 28
pee6s 20 CONTINUE
c
) DELTA TIME IS INSIGNIFICANT. TRANSLATE THE ORIGIN.
0866 DG 21 [JAZZ=1,M
08e6? 21 Y1(1JAZ2) «Y2(1JAZ22)
86868 TBIAS=TBIAS+TI (1)+2,8%TL(23
0063 T2(2) =8,
8878 Ti(1)=0,0
2671 KTERR=KTERR+1
para IF (KTERR-4) 23, 22. 22
8873 22 TYPE 67, JCRAP
8874 RETURN

2075 23 TYPE 68, KTERR, JCRAP
C
c RESTART THE SOLUTION.
c

8076 24 DO 26 .JAZZ=1.M

16l




anee
0078
889
ga8e
0081

DO 25 JRZ2Z=2.6
25 DI(IJAZZ.JALZ) #B.
DO 26 JAzZZ=2.?
26 D2(1JAZZ,JAZZ) =8,

T3(1)=TBIAS+TI(D)

in2




RT-11 FORTRAN lv v8i-11 CDURCE LISTING PAGE 885

2n82 T1(2)=1.E~5

883 T3(2)=1,E-5

0084 CAtL DIFEQ(T3.Y1,DY1.M.TPR)
8885 GOTO 8

0086 27 b0 29 I=I.M

B0g? Do 28 J=1.6

£088 28 D2(1.J,=DI(L.D)
8889 28 D2(1.7)=8.8

. 8098 G0 YO 58S
c
€ CALCULATE DELTR T TO HIT THRESHOLD EXARCTLY
c
. 8891 38 GO TO ¢ 31, 383.1ISWV
0392 31 IPOLD=ABS(TPR(3))
0993 TPR(3) =0.
0834 TRATSVal.9
0e9s5 [TER1 = @
BEYS 00 36 I=i.M
0097 IF (I .EQ. IPOLD) GO TO 36
2899 IF (SIGNCL. 8. (YICD-TPRCI+SI)IKSIGNCL. 8, (Y2(ID-TPR(I+3)31}
1 32.32,36
8100 32 TDY3=8.7SkD1(1,62+A,33333333*D1(1.51+B.5%xDI({, H+DIC(I. B
8101 TDY4=0.. '666667¥D1(1.63+D1(1.33+D1(1, 42
8182 TBYS=1.5%D1(1.6)+D1(1.5)
8193 TDY6=D1(1,6)
0104 YTARG-TPR({+3)
0188 TTER=8
gle6 TRAT=8.3
atg? RINC=9.25
g1o8 IF (Y2(1) LT, YICD)Y XINC=-XINC

0118 788 YTEST=Y1C(I)+TRATRTIC2I¥DY2 (1) +TDYIXTRATHK2,2, B+TDYRTRATHHI /6.8
1 +TBYSKTRATwGA24  GRTNYERTRAT*XG/ 128,

gl IF (YTEST .GT. YTARG) TRAT=TRAT-XINC
B113 TF (YTEST LY. YTARG) TRAT-TRAT+XINC
811% XIHC=XINCA2,
Gile ITER=TER+{
617 IF CITER (LT, 38 60 10 Pe0
a9 [F CITERL.EQ.BY TRATSY = TRAT
a2t TRATSY = AMING (TRATSV. TRAT)
8122 ITERL = §
a123 TPR(3 «1
B{24 IF (Y2UDY LT, Y1) TPR(IY v
8126 36 CONTINUE .
6127 If (IYERPL.EQ.8) GQ TO 38
9129 37 T -THRTSVRT 1 (2)
9138 1502 '
13l G0 10 27
C
C TEST FOR ERROR TOG SMALL
c

8132 38 T3(L = T2(1) + TulAS
9133 IF (EMAX -8,681{3) 33.39,49

163,




ERROR TOO SMALL. ACCEPT THIS POINT. BUT DOUELE THE
INTERVAL FOR THE NEXT POINT.

aOOoO00

8134 39 T1(2)=2,8%T2(2)
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Y T

TR

RT-11
8135

8136
8137
139
8140
141

8142
8143
B145
Blde
8147
8148

a149
8151
152
0153
8154
@135
0156
0187
158
35
8160
alel
ate2
8163
8165
o1e?
8168
9169
0470
817}
a1r2
0173
G174
175
8176
8177
8178
8179
o180

FORTRAN 1V vai-11 SOURCE LISTING PAGE BB6
GO TQ 41
C
c ERROR 0.K. BUY THIS POINT AND MAINTAIN CURRENT INTERVAL.
c

aonn

o000

48
41

42

a7

48

43

50
31

53
54
55

T1(2)=T2(2)

IF (TPR(3) .HE. 8.8) GO 7O 73
IF (TPR(1)) 42, 44, 45

T3 =T2(1)+TBIAS

T3(2)=T2(2>

OUTPUT THE ACCEPTED POINT.

TPR(4} =T3(2)

IF (ABS((T3(1)-TNEXT)/TNEXT) .LE. ©.0888a1) TPR(3) =i+l
TZSRVE=TPR(3)

CALL PRINT(T3, Y2.DY2,M. TPR)

ISWV=1

IF (M) 64, 64, 43

TEET FOR PRINTING CONDITIONS.

IF (T3(2) .NE. TPR(4)) GO TO 200

IF (ABS((T3(1)-TNEXT) /THEXT)-0.88881) 47, 81, 51
TNEXT=TPR(2)

IF (73(1) - TPR(2)) 46, 453, 46

IF (ABS CUTI () -INEXT) /TNEXT) ~8.88881) 93, 51, 51
TPR(3) = M + 1

TZSRVE=TPR(3)

T3(2) = T2(2)

T3(2)=T2(2)

TPR(4) =T3(2)

CALL PRINT(T3,Y2,DY2.M, TPR

[SlVe1 '

IF (M) 64, &4, &

IF (T3¢2) .NE. TPR(4)) GO TO oA

IF (TZSAVE LEQ. TPR(3)) TNEXT=TNEXT+ABS(TPR(1))
[F (TICH-TPR(2)+Q, IXTPR(1)) §1. 48, 48
IPRNT=IPRNT+2

TER (1) =TPRNTCIPRNT)

TPR(2) s TPRNTCIPRHT+1)

IF (TPR(1Y} 43, 58, 49

TNEXT=T3 (1) +ABS(TPR( 1))

GO TO 351

TNEXT=TPR(2)

IF (THI+TIC-TNEXT) 53, $3. 52

T WTHEXT-T3 (1)

COHTINUE

TICD=T2(1)

W=T1(2)/T2(2)

IF (U-1.8) 56, 65, 56

ADJUST THE DIFFERENCE TRBLE FOR INTERVAL CHRNGE.
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c
a8l 56 DO 57 I=1.M
p182 Y2 =Ll
0183 THP34D2(1,3)
0184 TMP4=D2(1.4)

ey s o e et eyt BT IR e G T 5 VST EIORS Ay

106




i
1’3
£ RT~11 FORTRAN IV Vo1-11 SOURCE LISTING PAGE 087
1
i 8185 TMPS=D2(1,5)
¢ 0186 TMPG=D2(1.6)
¢ 8187 TMP?=D2(1.7)
; 8168 THEZ« (0, 2XTHP7+@ ., 25%TMPE+8 . 333333334 TMPS+8 . SXTMP4+THP3) %XYZ
¢ 0189 XYZ =XY2xdd
; 0199 TMPA= (D, 83333333KTMP?+8. 91666667 ¥TMPE+TMPS+TMP4) ¥XYZ
! 8191 XYZ =XYZid)
2 8192 THPS= (1, ?5kTHP?+1 . SXTMPE+TMPS) #XYZ
[ 9193 NYZ =LKXYZ
i 8154 TMPE = (2, OXTMP? +TMPE ) ¥XY2
! 8195 TMP? = TMP 73Xy 23
i 9196 Y1CD =2(1)
P, 8197 DYL(I)=DY2(])
% 0198 D1(1.3)=0,83333333E-02KTMPT-0. 416666667E-D IXTMPE+B. 166666667
1 TMPS-0.S5%TMP4+TMP3
9199 D1(1.4)=0.58333333KkTMPE-B. 25%THP7~TMPS+0 . SKTMP I+ TIP3
8208 D1(1.5)=1.25%TMP?-1.5KTMPE+TMPS
9201 57 DIC1.G) =TMPG-2. BTMP?
c
C DELETE DIVERGENT DIFFERENCES.
c
0282 58 DO 63 I-1.H
8203 DIl 62 J=3.5
0204 IF (ABS(DI(L,J+1))=-RABS(DICIL D)) 62. $9, 59

8205 59 [F (RBS(DICL,J+2)3-ABSDICL, J+1))) 62, &8, 68
0288 66 DO 61 K=J,5

0207 61 DICI.K+1)=08.8

8288 GO 1O 83

0209 62 CONTIRUE

1210 63 CONTINUE

8211 GO YO 8

8212 64 RETURN

8213 55 T1(1=T2(1)

0214 TH(2)«T2(2)
0215 DO 66 I=1.M
0216 DO 66 J=1.6
82te 66 DI4I. D) =D2(1. D)
218 GO T 8

0219 67 FORMAT (LH1.30M.50HMORE THBN THREE ORIGIN TRANSLATIOW DUE TO VAHRIR
{BLE. 13. 75X, I2HRUN ABORTED.)

az220 €8 FORMAT (1HO-/1HB, 38X.22HORIGIN TRANSLATION NO..13.26N, 19HIUE TO VAR
LIABLE, [3.71HB)

C
C CLEAR DIFFERENCE TRBLE AT CUSTOMERS REOQUEST
- C *
8221 280 DO 281 1JAZd=~t.M
0222 DO 202 JR2E-2.6
8223 202 DI(1InZ2,JR22) 0.0
0224 DO 201 JRZZ=2.7
0235 201 D2(1JR22.JAZZ)=6.09
Bee TID=T2(1)
022? DO 264 Iel.H

167




0428 204 Y1(I)=Y2(D)

: 0229 T1(2)=TPR(4)

: 8230 CALL DIFEQ (T3,Y1.DY!.M.TPR)
823t GO 10 8
8232 END

[

o
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