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AFRPL-TR-73-20 1 
FOREWORD 

This technical report summarizes work performed from I June  I 972 to 
31 January 1973 under Contract No.   F04611-72-C-0076 by Lockheed 
Propulsion Company (LPC),   Redlands,   California,   for the Air Force Rocket 
Propulsion Laboratory (AFRPL),   Edwards, California. 

The work reported herein was performed unoer the technical direction 
of Lt.   H.   Barbarika of the Air Force Rocket Propulsion Laboratory.     The 
Lockheed Propulsion Company program manager was Mr.   D.   E.   Taylor, 
and the project engineer was Mr.  K,   R.   Small.    Mr.  D.   P.   Harry conducted 
computer program development efforts,   and Mr.  C.  F.   Price interpreted 
ballistic results and cinefluorographic test data.    Propellant characterization 
and processing were under the direction of Mr.   I.   L,  Markovitch and Mr. 
F.   C.   Anderson.     The Lockheed Propulsion Company project number was 

p^j-MFO 676.        x,   /       / ,   . 

/' This technical report has been reviewed and is approved. 

Charles R.   Cooke 
Chief,   Solid Rocket Division 
AFRPL/MK 
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SECTION  I 

INTRODUCTION AND SUMMARY 

The potential of a solid rocket operating without an exit nozzle for 
low-cost or high-altitude applications has been known for some time. 
Recently,   the feasibility of the concept was established in a test program 
conducted by United Technology Center (UTC) on Contract F04611-7 l-C-0050. 
Reproducibility of performance was demonstrated and grain shape variations 
that delivered increased performance were identified.     The data acquired 
provided a good base for establishment of an analytical model to accurately 
predict the ballistic performance of nozzleless motors.    Such a model would 
provide methodology to maximize the potential of such a rocket by design, 
and to permit evaluation of modifications that will optimize performance at 
no sacrifice in simplicity of fabrication. 

The foundation for the computer program was a nozzleless rocket 
ballistics computer program already existing at LPC,  which had evolved in 
sophistication over the year preceding this contract.    The program had its 
inception in a conventional ballistics program with four descriptions of ero- 
sive burning included,   and with allowances to treat axial variations with 
steady-state versions of the one-dimensional channel flow equations. Included 
in the original ballistics program was a projection of the grain profile shape. 
The program was modified to make it applicable to the fast transients that 
occur in ignition and tailoff.    For ehe purpose of examining ignition and tailoff 
transients,   the usual lumped volume approaches,   which have been developed 
to apply to conventional rockets,   are not applicable to the nozzleless rocket. 
This is because they are incapable of treating the important axial variations 
in the nozzleless rocket,   which dominate its behavior.    The program, modifi- 
cation was developed from an examination of the pertinent,  unsteady,   one- 
dimensional flow equations.    It was found that an approximate method of 
solution to the transient problem could be readily obtained.    Briefly,   it 
retains a time-dependent term in the continuity equacion only while retaining 
all important axially dependent terms. 

Computer program input requires detailed knowledge of motor 
geometry features and propellant thermochemistry.    In addition,  the user 
must select inputs related to erosive burning,   grain deformation,   and metal 
combustion.    The output provides all ove  all performance parameters (head- 
end pressure,  thrust,   mass flow rate,   etc),   as well as a description of 
internal motor geometry,   all versus time.    Additional output is available as 
a user option.    Serial runs only require input of changes.    Computer run 
time varies between  10 seconds and 1 minute on a CDC 6400 machine. 

This User's Manual completely describes and documents the 
nozzleless rocket motor internal ballistics computer program.    Test cases 
are included to demonstrate the use of the program.     The model is 
operational on the AFRPL computer facility. 

(The  reverse is blank) 
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SECTION II 

ANALYSIS 

1.     FLOW EQUATIONS 

The equations for one-dimensional flow used in the computer pro- 
gram are based on the following assumptions: 

• Particles occupy negligible volume compared to the gas 

• Particle velocity is a constant fraction of gas velocity 

• The gas follows perfect gas relationships 

• Mass added from the propellant surface has no axial 
component of velocity 

With these assumptions,   the equations that apply are (symbols are defined 
in Appendix A): 

STATE 

p = p(l-ORg T 

CONTINUITY 

^(PA) + ^  [p|l.t(l-f)   |ugA]  = m e 

MOMENTUM 

PA 

UM 

i-n-^]ug  ^s- + meug [i-d-f) to] 

+   A  -|£-    + F     =0 
OX X 

ENERGY 

CpT+ ^1   [ (l-«0)+  '/]  = CpTF 

Choking occurs when the gas phase velocity,  U_.   becomes equal to 
the apparent sonic velocity,   c,   given by ° 

c =   ^V(l-*) Rg T 

ev 
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where: 

c       =     specific heat at constant pressure of the mixture 
p (for f  / 1) 

c       =     specific heat    at constant volume of the mixture 
V (for f  jf 1) 

The mass fraction of particles in the flow is higher wh.?;-. the 
particles lag behind the gas,  and can be described in terms of ih: amount 
of lag and e  : 0 o 

0 

f+(l-f) <0 

L.     EROSIVE BURNING CORRELATIONS 

The computer program presently incorporates an erosive bur 
rate description of the form 

where: 

m = 0.8 

c = sonic velocity 

a, G = constants determined by the propellant 

To provide the user with some generality,   the program also 
retains the Lenoir-Robillard form of erosive burn rate description 

r  -   r    +   2 (G)0'8 (     ßPsr\ 
'  "   'o +     W--   exP \-   -C-) 

where: 

p    =   solid propellant density 
9 

a, ß   =  constants determined by the propellant {a related 
theoretically to a heat balance) 

II-2 
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3.     ALUMINUM COMBUSTION AND SLIP FLOW 

Empirical equations are used to fit results of individual particle 
calculations.    The correlations used are: 

F-{W (500) (1-0.0084 D0) 

_ / T   \0.1759   /   n   \0.2271 

f  = ^AI . 0'5534{w   m) 
Al V " /n   \0.0842 

UAI r, 
fA,^   ^~4^   =  0.9470 

uoo/ 
0.0234 

Al203 ""       V -  ".7-Tfu   j - ^0.0381 

\500/ 

where: 

L = motor length,   in. 

p  =  head-end pressure,  psia 

D     = initial diameter of aluminum agglomerate leaving 
propeliant surface,  microns 

F   = fraction of aluminum burned 

U.,   = velocity of aluminum particle at motor exit, ft/sec 

U., 0    =  velocity of aluminum oxide particle at motor exit,  ft/sec 

V- = gas velocity at motor exit,  ft/sec 

4.  THERMOCHEMISTRY INTERPRETATION 

Thermochemical properties of the combustion products determined 
from standard equilibrium thermochemistry programs are assumed input 
to the model (the input form is described in Section IV).      The input should 
cover at least the range of the fraction of aluminum burned expected in the 
particular motor,   and is obtained from so-called T* runs of the thermo- 
chemistry program,   meaning that a fraction of the alurmnum is treated as 
a "non-reacting specie",    The theoretical thermochemistry program in use 
at AFRPL may be obtained from 

Robert A. Hall     (714)553-2196 
AFRPL/TETT 
Edwards Air Force Base,   CA   93523 
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Calculation of gas properties from thermochemical program inputs, 
the fraction of aluminum burned,   and slip flow correlations employs the 
following relationships: 

Rg  =  Ru/Mg 

e     =   1 - Mg (Moles gas)/lOO 

(^^Al-   fAl20.) 
f =  f., ~    + 

^o Al203 

where Al is the fraction of aluminum in the propellant. 

V 
„        /,_ r,      Moles gas    \ 

=  Cp.p/(Cp,p-Rg   M0le3 *     d ) 

<  = 
co 

Rp =   (1-0 Rg 

Y    - Cp 
« "   Cp'-  1.987 

5.     GRAIN DEFLECTION 

Grain deflection is considered in the computer program as a product 
of steady-state deflection modified by the ratio of transient to steady-state 
motion.    The steady-state deflection is obtained as a function of motor length 
from computer solutions to the boundary value problem for the specific pro- 
pellant geometry of interest.    The results are linear with head pressure to 
ambient pressure difference for a given pressure distribution in the port. 
Grain deflection has been found to be nearly linear with the web fraction 
burned for a given AP,   ana this approximation is used in the model: 

x(t) Phead 
Ar  -1   x        '    -J— &s ref 

where the steady-state deflection for the initial web and a given reference 
pressure is input as a function of length.    The throat web fraction is used as 
representative of the important effects on motor operation. 

II-4 
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The ra .o of transient to steady-state deflection is determined by 
assuming the grain to act as a critically damped spring-mass system driven 
by a pressure ramp: 

ic +   Zu   x  + w  2 x   =   Pt/m +  Pft/m n n ' 0' 

\vh ere 

u l    ;    K. 
i m 

The integrated equation for an increment of calculation where 
initial conditions are not zero is 

xM   = 

se 

1 

head [•-> (1 - w t) xü +  (2u   x0 +  xj Kt - P0 {1 + u, t) n n    o 

+ P(2/Wn+t)    +   P0+ P{t -2/ "n)] 
and the initial rate x is determined by differentiating x{t).    The deflection 
equation is integrated with respect to time in the model in closed form for 
an increment t = At but is iterated as P is iterated.    Values of the input 
coefficients K and u    are selected to fit experimental data. n r 

6.     CHOKING CONSTRAINTS 

Iterative calculation to satisfy choking constraints is by far the 
most time-consuming operation within the nozzleless motor ballistic pre- 
diction program.    Consequently,   sophisticated correction terms are gene- 
rated to predict successive trial values.    The logic used for the special 
cases that apply to nozzleless motors is summarized in the following 
paragraphs. 

a. Choked Flow,   Throat at Port Exit 

A head-end pressure P{1) is selected and the integration down 
the port is performed.    If the velocity of the throat is less than the local 
sonic velocity,  an adjustment is made to decrease head-end pressure,  and 
the iteration continues.    If,  on the other hand,  the velocity exceeds the sonic 
velocity,  a trap is executed that limits velocity and generates an error signal 
by "breaking" the momentum equation.    An adjustment term is computed to 
increase P(l),  and iteration continues until the specified convergence is 
obtained. 

b. Subsonic Flow 

If the entire motor is operating with subsonic flow,   the head- 
end pressure is adjusted to cause exit static pressure to match ambient 
pressure,  and again,   an approximate relationship is used to calculate 
successive trial values. 

11-5 
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c.      Choked Flow,   Throat in Port 

Where the motor conta. is an exit cone,   the throat is located 
initially near the nominal minimum area.    Solution for the subsonic flow 
portion of the motor up to the throat is the same as previously described. 
The iteration is completed to match the throat constraint and then the super 
sonic portion is calculated using the same equations but with modified 
convergence logic because the computational stability is altered.    Two 
added sets of logic are checked: 

(i)    If the flow expands supersonically to the exit,   the 
problem is complete.    The possibility that exit static 
pressure is sufficiently lower than ambient pressure 
to allow a  fully expanded no/./.le without separation 
is ignored in the model.      The throat  regression 
is faster  than that in the exit cone and the expansion 
ratio decreases,   causing (ii),   below,   but not an 
overexpanded nozzle, 

(ii)    If the flow is calculated io decelerate below the sonic 
velocity,   the velocity is again constrained and an 
error signal is generated.    Note that the mass addi- 
tion in the port causes a second "throat" of signifi- 
cantly larger area than the first,   and the minimum 
area may operate in subsonic flow.    A sequential 
recovery procedure is required.    The "throat" is 
first identified with the exit of the port.    The integra 
tion of subsonic flow down the port is repeated and 
the new throat constraint location is identified by the 
criteria: 

d A 
2_T 

P 

where the barred quantities are the average for the 
increment.    Thus,   the "throat" is located in the 
expansion region at the node where the area increase 
just overrides the effects of mass addition and friction. 
A note in program output is printed at each attempt to 
relocate the throat.    The tentative solution is then 
iterated to the specified convergence accuracy. 

IM> 
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SECTION   III 

PROGRAM STRUCTURE 

The nozidelcss rocket motor ballistics model is designed to compute 
a time-history of motor behavior during the simulated run.    The logic of 
solving the equations presented in Section II is described in this section 
followed by a discussion of the computer program subroutine structure.    The 
details of program input and output are given in Sections IV and V. 

I.      SOLUTION LOGIC 

The general scheme employed in solving the equations of one- 
dimensional flow is shown in simplified terms in Figure III-I.     The pro- 
cedure that follows the initialization of a new case is as follows: 

• A head-end pressure is assumed.    The calculations for a 
single axial increment are made and iterated to completion. 
The successive increments down the port are then calculated 
until the choke point or exit is reached. 

• At the choke point,   the local Mach number is checked.    If 
the calculated value is not within tolerance,   a correction 
to head-end pressure is made and the calculation is restarted 
at the head.    As successive iterations are made to satisy the 
choke constraint (outer loop),  the axial stations (inner loop) 
are continuously iterated.    The same logic applies if the throat 
is unchoked except that p exit p      .is the 

amb constraint. 

If a supersonic exit cone exists downstream of the throat,   the 
axial increments arc continued to the end of the motor. 

Parameter? used in transient terms and integrating calcula- 
tions are saved,   and the time increment is advanced.    The 
calculations resume with a new head-end pressure assumption. 

As the calculations reach the end of a specified run time, or 
the motor has burned out, the input for the next case is read 
and the new case is started. 

"he computational logic,   thus,   is arranged as a triple-loop structure with the 
.ial increment (inner loop),   choke constraint (outer loop),   and time incre- 

ments (stepping). 

A more detailed diagram of program logic is shown in Figure III-Z. 
This representation is still simplified with regard to the individual branching 
for special cases,   but is intended to describe the function of groupings of 

* 
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program steps internal to the program,   and presumes valid input.     Figure 
III-2 is organized in the same order as the source program. 

• The compiled-in constants are established and some core areas 
are cleared to zero.    The program does not require a clear 
core. 

• A heading card is read and printed. An integer is required 
in CC1 to indicate an ^er case; otherwise, a normal exit is 
interpreted. 

• A subroutine to control the reading and organizing of tabular 
data is called by the main program.    The remaining data, 
integers and real data input,   are returned in intermediate 
storage which is inspected for non-zero (nz) values.    Any 
nz values are then placed in working storage and overwrite 
the previous values. 

• Logical interpretations are made of the input data;   for example, 
the throat is assumed at the exit unless an input node number 
is given. 

• Plenum and throat geometry for a nozzled motor is calculated. 
These steps i\re degenerate unless input data is provided. 

• Interpretation oi one or two propellant cases is made and some 
constants are computed.    A printed note identifies the pro- 
pellan* and erosive burn model to be used. 

• The geometry of the   grain   is established from tabular input of 
inner diameter,   outer diameter,   and axial step size.    Also, 
some parameters are cleared or initialized to input values. 

• A summary of the key words/data that describe program 
options is printed.    For example,   the input of aluminum 
particle size is used to ke/ the fraction burned calculation, 
so that a zero value indicates that this option will not be used. 

• Terms factore;! from the fraction burned and slip flow equations 
are calculated.    Factors are removed from the calculation 
loops to reduce execution time. 

• The location of the initial head end of the motor is established. 
The head is normally the physical head end, but is changed for 
special cases involving igniter location and fuse configurations. 

• The following groups of calculations are repeated at each time 
increment of the problem.     The igniter flow,   if any,   is deter- 
mined from tabular input,   an outer-loop convergence factor is 
calculated,  and terms factored from the transient deflection 
equations are prepared.    A series of parameters are set to 
initial values. 

III-4 



AFRPL-TR.7i.20 

• The particle lag terrrvi are completed.    Since these values are 
assumed dependent on head pressure,   they are constant down 
the port and are not recalculated at each axial station.    Gas 
properties and deflection also use this interpretation,   as 
follows. 

• Input values of thermochemistry program data are interpolated 
from input tables as a function of the fraction ot aluminum 
burned.    The gas properties  required to solve the equations of 
motion,   such as the ratio of specific heats,  the gas constants, 
and sonic velocity,   are calculated. 

• The transient deflection calculation is completed.    The static 
shape terms from tabular input were placed in an array prior 
to the beginning of looping. 

• The following calculations are made for each axial increment in 
the motor.    Trial values for the initial time step are used from 
the   previous   axial   station;      all  other  trial values   result 
from the previous iteration of the station.    Special case logic 
for the head-end node,   ignition options,   or initial time,   are 
not shown in the figure or discussed here,      (However,   they 
should be recognized in the propram listing as I. EQ. L, 
IGN. GT. 0,   or TIME.EQ. 0.   branches.) 

• The port geometry is calculated from the web burned, burning 
rate, and the input options of a circular port, two-dimensional 
port,   or star fuse design.    Symmetry is assumed in all cases. 

• Base burn rate for the propellant at the axial station,   as a 
function of local pressure,   is found from an input table.    The 
input table can be keyed to use log-log interpolation.    The ero- 
sive contribution is then calculated. 

• Trap logic is executed to det^imine the mass addition during 
tailoff of the motor.    Some local conditions are calculated 
using the energy,   state,   and continuity equations. 

• The deflected port area is determined,   traps are executed to 
prevent crossing Mach I,   and the momentum equation is used 
to solve for pressure.    The set of equations at each axial 
station is iterated with logic for low-speed flow,   high-speed but 
subsonic flow,   and supersonic flow. 

• Looping logic allows  10 (or a larger input number) iterations 
and then accepts the result whether converged or not.    The 
error is saved for printout should the outer loop converge when 
the inner loops arc still in error. 
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The geometry-flow relations used to determine the aerodynamic 
throat are checked,   and logic to relocate the throat node is 
executed if necessary.    Any changes arc printed. 

The rode number of the axial increment is checked to branch to 
the next step,   as indicated in the figure.    Throat and subsonic 
exits must branch to check exit constraints,   and a supersonic 
exit bypasses to the output section.    All other locations go back 
to calculate the next axial station. 

If a plenum and nozzle are modeled,  the plenum pressure is 
calculated. 

An updated head pressure is calculated from the error in Mach 
number or a term created to indicate an overchoked prior cal- 
culation.    If the exit pressure is less than ambient,   the motor 
is unchoked and head pressure rs iterated to force p     ,.  = e xit P      !.•     .<    A note is printed as the unchoke occurs. (If exit 'ambient r 

flow is supersonic,  the exit pressure may fall below ambient. 
It is assumed that separation in the nozzle does not occur. ) 

If the throat or exit constraint is not satisfied,   loops are 
counted to 10 (or a larger input number).    From 10 to 20 loops, 
the error is printed;   and after 20 loops,  the result is accepted 
if the error in head pressure is less than 5 percent   (normal 
runs would converge exit conditions to 0.5 percent in Mach 
number).    Otherwise,   the run is terminated.    The printed error 
messages indicate whether the calculations are oscillating or 
are   overdamped   and allow the user to determine whether the 
run is acceptable. 

A check is made on unchoked motors to determine if choking 
has occured,  in which case the throat is located and motor 
conditions are reiterated with "choked" logic. 

Parameters along the motor are printed,   if requested. 

Values used in transient terms or integrations are stored for 
use in the next time step. 

The instantaneous divergence angle from the throat to the exit, 
as well as thrust,   are calculated.    Summary terms are stored/ 
accumulated until thrust decays to  10 percent of maximum, 
defining the action time of the motor:  summary parameters are 
printed. 

The  I.*  instability warning criteria is checked until a warning  is 
printed or the  head web burns out.       The mrssa^e appears ahead 
of the normal output for tin- time increment. 
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• Normal output parameters are printed,   and input lor a 
trajectory program is printed/punched it requested. 

• If the run is the baseline for parametric studies,   selected 
parameters are retained.    After the baseline run,  the stored 
values are used to calculate sensitivity coefficients.    The 
parameters selected are those observable in experimental 
firings,   namely,   head pressure,   thrust,   exit burn rate,   and 
burn rate at an input x-ray location. 

• A series of terms are saved for continuing calculations,   the 
time increment for the next step is determined,   and the head 
pressure is guessed.    Unless the run is completed,   the calcu- 
lations proceed to the next time increment at the head of the 
motor. 

• Results of parametric studies are sequenced and output is 
printed if this option is used. 

The indexing scheme employed in the program is shown in Table 
III-1 as an aid in following the details of the logic of special cases.    For 

J        I NSTAR    N 

^ 

M 
PROPELLANTl.NP 1 PROPELLANT ?, NP = 2 

example,   if I is greater than NSTAR,   the supersonic flow conditions in the 
exit cone are being calculated. 

Symbol 

L 

I 

J 

NSTAR 

N 

NP 

NPAR 

TABLE III-l 

INDEX SCHEME 

Description 

Head-end node,   L = 1 except for ignition transient option 

Axial node location of calculation 

Prior axial node,  usually J  - I - 1,   J > 0 

Throat node 

Exit node 

Propellant number,   1 or 2 

Location of the parameter being varied in parametric studies 
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2.      SUBROUTINE STRUCTURE 

The nozzleless ballistics model is essentially a single main pro- 
gram with three utility-type subroutines,   as illustrated in Figure III-3.    The 
subroutines have the following functions: 

• DATA IN is a random read routine that interprets input of 
selected variables.    DATA IN operates under the control of 
TABIN,   which requests the reading of cards with integers or 
real data. 

• TABIN is a routine which prepares Ir>put of tabular data.    The 
addressing for the tables is arranged,   indexes are initialized, 
and limits to table size established.    Input of integers and non- 
tabular program inputs are simply passed back to the main 
program for interpretation. 

• TAB is a routine to interpolate (or look up) values from the 
tabular inputs.    Linear interpolation or log-log interpolation 
is used and no extrapolation is made;   rather,  the value at the 
boundary of the table is returned.    The tables are assumed 
of the form 

z = f (x,   y) 

with a call statement of the form 

CALL TAB (X,   Y,   Z,   No) 

where No is a table number assigned in the MAIN program. 
The size,   shape,  type of interpolation,   and order of table 
loading are established by input of the tables and thus am not 
transmitted to the main program. 

Internally,   the logic is established to search the table by 
stepping from the prior point to the new one,   consistent with 
an iterative program with highly repetitious call statements, 
in contrast to computing indexes. 

Tabular input may be degenerate in x,   y,   or both,   and missing 
tables are interpreted as z = 0 with one and only one error 
message printed as a warning. 

All other functions and subroutines used by the program are 
believed to be standard library routines. 

The groups of program output are shown in Figure III-3 to illustrate 
the relative position in the program where output it printed. A more explicit 
example is given in Section V. 
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SECTION IV 

INPUT REQUIREMENTS 

The general requirement for input information needed to run the 
program is discussed first to show the type of data that must be available. 
Second,  the scheme used to interpret the input is described,   and finally, 
the specific word-by-word requirements are given.    The rationale,   in 
contrast to rules,   is considered in Section V. 

1. INFORMATION REQUIREMENTS 

Motor geometry description must include the initial port diameter 
and grain outer diameter given as a function of motor length.    An exit cone, 
if any,   is part of the port diameter profile, 

Propellant thermochemistrv_calculation outputs for the desired 
range of aluminum fraction burned,   F,  from so-called T* runs,   are 
expected.    The input is given as parameters from the ISp printouts in the 
units of standard equilibrium thermochemistry programs (Section II-4). 
The range of F should not be less than will be used in the run because 
extrapolation is not allowed:   The limiting values of the given data will be 
used,  and no warning is provided. 

The igniter mass flow as a function of time and the upstream 
spreading rate are needed if an option using these parameters is requested. 

Grain deflection is calculated from a shape function from stress- 
analysis program calculations and coefficients for the transient equation; 
both are required if deflection is to be included in the model.    The im- 
portance of deflection to the simulation results varies with motor design 
and propellant mechanical properties,   so a decision to neglect deflection 
must be made in each case.     If case deflection is significant relative to 
a rigid case,  this effect should be included in stress-analysis calculations. 

Erosive burning coefficients fcr the propellant and base burn rate 
from strand tests are required.     Again,   the input must cover the range of 
pressures encountered in the run,   usually from peak pressure down to 
abient or even below ambient if supersonic exit cones are simulated.    If 
needed,   the data must be extrapolated by the user. 

Miscellaneous constants and selection or logic to control the pro- 
gram are needed to complete a problem definition,   and are discussed in 
subsection IV-3. 

2. INPUT SCHEME 

A technique allowing maximum flexibility of problem input has been 
adopted.    This scheme,   however,   should be understood because it is 
important in running multiple cases in a single computer access. 

IV-1 
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The first card in a case definition is a header card for identification 
of the problem, Figure IV- 1. The header (1) is read from the main program 
and is immediateV' printed on the output. A 1 is required in the first column 
(c c 1);   absence of the  1 results in a normal termination of the run. 

The remaining irput is controlled from the subroutine TABIN,   but is 
actually read in DATA IN,   in the sequence indicated in Figure IV-1.    All of 
the data tables (2) are read first,  with a limit of 50 tables and 3000io words 
of storage,   both about three times more than normal input for one case.    The 
tabular input is issximed to continue until a completion code (loc 4 = -1) is 
given.    The input in the remaining two sets (3;i and (4) is then interpreted in 
the main program.    Integer words (3) are logic controls for the calculation, 
and data words (4) include coefficients,  constants,   and some problem logic 
control words,  to be described in detail in subsection 4.3. 

The input is transferred to working storage in the main program (5) 
if non-zero (nz) values are given.    As a result,   only changes in the problem 
are needed in successive cases.   Also,   only input pertinent to the case and 
options to be used is required,  so unneeded input can be completely ignored. 

Since zero input is ignored, no "filling" is required, but values in 
the cards do no harm if desired for column alignment, etc. One limitation 
in 'he method is that options can not be "turned off" by inputting a zero in a 
later case. 

J 
In batch runs,   any constants or tables may be replaced by new input, 

except with zero integers or constants as discussed.    The tabular inputs are 
added into the lists and storage area,   and the internal logic is readdressed 
to the new input.    This approach has two implications: 

I 
(i)        The new table is independent of the old in size, type,   and 

interpolation method. 

(ii)      New tables add to the total number of tables (50 limit) and 
storage (3000 words),   so the cumulative number in batch 
runs can exceed these limits. 

3.      DETAILS OF INPUT 

In this subsection,   the mechanics of card format and table input are 
considered,   then the parameters and requirements are specified. 

a.      Format 

Three card input formats are used by the program, 

II,   71H Header,   one card 

4 (12,   14,   6X),   12,   28A Logic 

6 (12,   F10),   12 Data 

IV-2 

IS 



PH^WfMJ MV " 

AFRPL-TR-73-20 

MW LU 
Q 

GEO O So co o 
O 

äK ^ Q^ S 
5g 
Q- ii i 

or s 
UJO •^ C-) 
CJo <o 

IN
TE

 
S

E
T 

o 

r 

I 

* h- w -z-^ 
I      tu 

M S 
Z CD 
a: E 
UJ v: 
u_ ^ 

<: * 
Od o 

1 

ro 

La: o 

UJ 
< Q o 1- O ce < O < Q 

o jzi 
Ll- o 

C3 
 * O 

CO 
1- 
UJ 

O UJ UJ  _J 
< ^ -1 0. 
UJ CO CQ S <c <o 

t—  • •• «l-O 

M g, 
a 
3 
0 

Ü 

a c 

i 
> 

00 

In 

CSI 

IV-3 

19 



AFRPL-TR-73.20 

For either logic (integer) words or data cards,   the input is interpreted as 
(loc for location) 

1-2 

loc, 

3-12 

input, 
\ alue 

13-14 

loc 

12,      14,   6X or F10,   12   

The input cards are  read in sets,   and a set is assumed to continue until a 
completion sign is encountered.    Two completion signs are recognized: 

(i) A blank card 

(ii)      A negative location,   i.e.,   location = - 1 in any 
of the 12 fields on the card. 

Note that the completion sign for tabular input is different in meaning and 
form (b4bb -1  in 12,   14), 

Rules governing the interpretation of a card set include: 

Any number of cards may form a set. 

Any order of locations is acceptable. 

Zero values of input are ignored. 

If locations are repeated,   the last value of input is 
used (overwrites). 

If a location is blank but data is given,   a sequenced 
list is assumed,   so the following two cards are 
equivalent: 

10. 
10. 

11. 
11. 

12. 
12. 

-1 
-1 

The sequencing does not follow from card to card,   so the 
first location on the next  card must be given. 

b.     Tabular data 

Data tables are assumed of the form z - f (x,   y).    Tables are 
termed  rectangular if the number of x arguments in the rows is the same for 
each of the columns of y arguments.    A nonrectangular table,   then,   has a 
varying  number of a  arguments in the columns. 

IV-4 
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The card sets to input a table are yiven In Table IV- I with the 
location of the words in the sets.    The logic (integer) card set is always 
required and must include a table number and a completion sign.     The 
number of y columns (NY)  in location S and x rows (NX) in location 6 mi"«» 
be given if more than one.     Location   3 is used to key log-log interpolation 
if desired,   and a (■*) value in location 4 keys a  nonrectangular table. 

Usually,   one set of y values,   one set of x values,   and NY sets 
of z values compose a table.    If only one y column is specified,   the set of y 
values is omitted.    If a nonrectangular table is specified,   the number of x 
values in each column must be given,   starting in location 7,   and an x- 
argument set is required for each y argument. 

c. Assignment of Input Tables 

The numbers of input data tables are assigned in the main pro- 
gram due to compiled-in constants  in the call  statement: 

CALL TAB   (X,   Y,   Z, NO) 

The correspondon   e of input data and the table numbers, NO,   is 
given in Table IV-2 with the engineering symbol,   FORTRAN symbol,   and 
assumed arguments of the tables.    In Table IV-2,   data that is designated as 
"optional" is needed only if the related option is specified.    Data that is 
designated as required is almost always needed since zero values of the 
parameter (7) are rarely meaningful;   the possible exception is the list of 
times of detailed output where no input results in printout of all time steps. 

Symbols in Table IV-2 ar • separately defined in Appendix A. 

d. Integer Inputs 

Up to 12 integer words may be input to control program options, 
..„ showi   in Table IV-3.    Only two are always reqivreo,   the number of nodes 
(increments  +1) and the erosion model number (plus loc (4) = NUM (4) = - I to 
indicate the end of data tables). 

as 

e.      Data Input Words 

Up to 40 data (real) words may be input to complete the input 
constants and control options in the program,   as listed in Table IV-4.    Note 
that one data set is used,   regardless of the number of cards,   as discussed 
in subsections IV-2 and IV-3. 

In Table IV-4,   data required for most runs is indicated.    Data 
related to optional calculations are required if the option is requested.    For 
example,   if X2 is given in Z(6) to "key" use of two propellents,   then Z(31), 
7(33),   7(3S),   7(37) are needed to define the second propellant and an 
erosive burning correlation.    In addition,   the base burn  rate should he 
input  in table   1  and the correlation type in NUM (3). 
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TABLE IV. I 

INPUT OF TABULAR  DATA 

Input for Form /.  - f (Xt   Y) 

Input Type  Input   Dear ription 

Intrgcr card set        Required Control constants 

Data card set Required if NY   >I Y values 
Omit if NY   =  1 

Data card sets 1  set if rectangular X values 
NY sets ii  nonrectangular 

Data card sets NY sets required Z values 

 Integer Cards 4 (IZ.   14.   6x). 12,   28A  

Location Input 

I Required 

3 Optional 

4 Optional 

5 Optional 

6 Optional 

7 to 25 Optional 

Desc riptio-' 

Required       Table number (see  Table IV-2) 

Key to LOG-LOG interpolation ( + ) 

Table type,   nonrectangular = ( + ) 
(Note that (-) is k. y to end table inputs) 

Number of Y (columns) values,   required if NY > 1 

Number of X (rows) values,   required if NX >1 

Number of X values in 2nd 19th Y columns, 
nonrectangular tables 

 Data Card Sets 6 (12,   F10),   12  

Location Input Description  

1 Optional List of X,   Y,   or Z values sequenced from 
Location  1 

Any Required       Completion sign 

NOTES: 1.      A table can degenerate to one point in X,   Y,   or both. 

2. Interpolation is linear with no extrapolation:    values at 
boundary of table are returned. 

3. A missing table causes /.  -  0 and one (only one) error 
message. 
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No. Fur ction 

TABLE IV.Z 

INPUT TABLE ASSIGNMENTS 

_ Input Symbol         s 

1 Propellant burn 
rate 

Z        Igniter mass flow 

3        Motor geometry 

Required       r 

Optional 

Required 

4 Axial increment 
length 

Required 

5 Time increments Required 

6 Time of detail 
output 

Required 

7 Nominal deflection Optional 

8 Chamber 
temperature 

Required 

9 Specific heat of 
products 

Required 

IG Specific heat of 
gas 

Required 

13 Moles of gas Required 

14 Moles of products Required 

IS Molecular wt of 
gas 

Required 

11 Time of 
sensitivity calc 

Optional 

12 List of parameters 
(parametric 
sensitivity) 

Optional 

16 Fraction of head 
burning 

Optior.al 

w. ign 

d. 

dx 
dx. 

dt 

nom 

P.   P 

P.   8 

Mg 

Form z (x,  y) 

x y 

R0 p 

W (L) t 

D 

DMAX X 

DX x/L 

DELT 6 

TLIST Counter 

DEFLO x 

TC F 

CPP F 

CPG F 

MOLO F 

MOLP F 

MWTG F 

TPART Counter 

NPAR Counter 

HEADW t 

PNUM 

1 = d. 
i 

2 = d 
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TABLE IV-i 

INTEGER INPUTS 

Location Synbol  Input  

NUM (1) N Required 

NUM (2 KODE Required 

NUM (3) KODE Optional 

NUM (4)   Required = -1 

NUM (5) KEY Optional 

NUM (6) ION Optional 

NUM (7) NSTAR Optional 

NUM (8) NXRAY Optional 

Dcsc ription 

NUM (9)        L Optional 

NUM (!0)      '.OOPM     Optional 

NUM (12)      LIST Optional 

Number of nodes (increments +1);   use 
10,    19,   or 28 (limitrd by output format) 

Erosion model number,   first or only 
propellant 

Second erosion model number 

Keys this list 

Code word requesting calculation of 
parametric variations 

Key ( + ) for ignition at At option 

Throat node number,   a slight aid to 
program execution speed 

Node number of local f output for 
parametric studies.    Not used without 
KEY 

No Je number for ignition if not at head 
of motor 

N>\mber of loops run without error 
message (10 assumed if not greater) 

Key ( + ) to output for trajectory 
program inputs 
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TABLE IV-4 

DATA INPUT WORDS 

Location 

Z (I) 

Z (2) 

Symbol Units Input 

Z (3) 

Z (6) 

Z (12) 

Z (13) 

Z (14) 

Z (15) 

TSTOP 

TRISE 

ALUM 

sec 

sec 

X2 in. 

WIDE 

HIGH 

STAR 

VFZ 

in. 

in. 

in./sec 

Required 

Optional 

Required 

Description 

Z (4) 3 BETA   Required 

Z (5) K MU lb/in. -sec Required 

Optional 

Z (7) L      XE in. Required 

Z (8) XPLEN in. Optional 

Z (9) DPLEN in. Optional 

Z (10) DTH in. Optional 

Z ()i) PPLEN psi Optional 

Optional 

Optional 

Optional 

Optional 

Computation time if 
desired less than burn- 
out time 

Approximate time of fast 
pressure rise 

Aluminum fraction in 
propellant,   required if 
not zero 

Coefficient,   shear 
stress calculation 

Viscosity of combustion 
products 

Length at beginning of 
second propellant 

Motor length 

Plenum length 

Plenum diameter 

Throat diameter 

Initial plenum pressure 
(if nz.   Z(8) - 7(10) 
are then REQ'D) 

Width of star sheet,   key 
to star geometry 
calculations 

Motor width,   key to 
two-dimensional 
geometry calculations 

Number of points in 
star design 

Velocity of upstream 
ignition propagation 
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TABLE IV-4    (Continued) 

Location 

Z (16) 

Z (17) 

Z (18) 

Z (19) 

Symbol Units Input 

WFZ 

EPSP 

STEP 

DOME 

lb/sec Optional 

Optional 

Optional 

Optional 

Description 

Mass flow due to fuse 
combustion (7(!S) is 
then REQ'D) 

Term to determine 
port-to-plenum pres- 
sure rise in nozzled 
motor 

Code word,   restart 
parametric variations 

If negative,   key to 
hemispherical head 
geometry 

Z (20) 

Z (21) 

CONV 

Z (26) 

Z (27) 

CHOKE 

Z (22) PSTART psia Required 

Z (23) RHOAMB lb/in.3 Optional 

Z (24) PAMB psia Optional 

Z (25) FACTOR _ Required 

KD 

WN 

lb/in.3 

rad/sec 

Optional       Convergence ratio, 
suggest 0.0005 (0.05% 
local,   0.1% mid,   0.5% 
throat accuracy) 

Optional       Initial conditions 
assumed choked if 
positive 

Initial head pressure guess 

Initial gas density in 
port 

Ambient pressure 

Loop gain factor, 
suggest  1.1 

Optional        Spring constant in 
transient deflection 
calculation   (1 0k  - 50k) 

Optional        Undamped natural fre- 
quency in transient 
deflection and key to 
calculation   (40 -   100) 
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TABLE IV-4     (Continut-d) 

Lccation 

Z (28) 

/ (291 

Z (30) 

Z (31) 

Z (32). 
Z (33) 

Z (34), 
Z (35) 

Z (36). 
Z (37) 

Z (38) 

Symbol Units Input 

PREF psia 

ALPHAN 

G02or BH 

G02 or BH 

XKG or PR  - 

XM 

RHO lb/in.3 

DALUivl        microns 

Optional 

Required 

Required 

Optional 

Required. 
Optional 

Required, 
Optional 

Required, 
Optional 

Optional 

Desc ription 

Reference pressure 
used in nominal grain 
deflection input 
(Table A-2) 

Relative value of L* 
correlation to 700F 
value 

First coefficient in 
erosive burning model, 
first propellant 

First coefficient in 
erosive burning model, 
second propellant 

Second coefficient,   as 
7(30) - 7(31) 

Exponent,   as   7(30)  - 
7(31) 

Propellant density 

Aluminum mean particle 
diameter,   key to frac- 
tion burned calculations 

Z (39) 

Z (40) 

SALOX 

SALUM 

Optional        Slip ratio;   Al203 

Optional        Slip ratio,   aluminum 
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Similar groupings apply for fraction burned calculations 
Z| J8)  -  Z(40) and for a motor with a nozzle Z(8)  -  Z(l 1).   Z(17), 

A special comment regarding the loop gain FACTOR in location 
Z(2S) is required.     The Mach number convergence criteria at the throat hag 

a tendency to change for different problem definitions,   so the solution can 
diverge or become overdamped and require excessive iteration.    Output is 
provided to indicate the type of difficulty so that adjustment can be made in 
later runs:    decreasing the input FACTOR damps the calculation. 

Parametric studies are performed by perturbing individual 
parameters and repeating the case under program control.      From differ- 
ences between results at specified times,   a sensitivity parameter is calcu- 
lated and output;   the output is necessarily a finite difference table (in 
contrast to slopes).      Input requirements are: 

( I)    STEP =   1.  to key logic 

(2) TPART in table  11.   list of times desired in sequence 

(3) NPAR in table 12,   list of locations,   in the input array Z, 
of the desired parameters to be perturbed. 

The number    of output parameters and times are limited to 5 and 15, 
respectively,   by dimensioning of array ;-I(9,   15) and cap be easily modified. 
The locations must be input as real variables to conform to the table input 
format. 

IV-12 
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SECTION V 

SAMPLE CASES 

The sample cases given in this section are intended to illustrate 
model operation;   thus they are not specific motor designs. 

The output listing of a sample case is shown in Table V-l and serves 
as an input example as well,   since all input is output on the listing.    The 
format is expanded in printing but the output represents the appearance of the 
input cards.    The words  LOGIC ^nd DATA are added at the left to show if 
integer or real data was expect.-d by the random-read subroutine (for diag- 
nosis of input errors).    Comments after LOGIC are input on the cards and 
arc not used by the program. 

As an example of the input of tabular data,   the third table from the 
top is input as loc  =  1,   integer = 3 to identify the motor geometry table. 
Location 5 specifies that 2 values of y are to be used,   and location 6, 
because it follows  5 in sequence,'1'specifies 3 values of x.    A completion code 
(-1) is in the fourth location field.    The two values of y are sequenced from 
location 1 in the card,   and the set is terminated by a completion code.    The 
three x values form a set,   and two sets of z finish the table.    The data in 
this table establish a port diameter (y = 1) tapering from 0.621 inch at the 
head to 0.64 inch at a motor length of 39.24 inches,   then flaring to 1.46 
inches at a length of 40 inches.    The grain diameter (y = 2) is 1.96 inches. 

The last two groups of input are indicated by the 4 -1 in the 
third field at the end of the table input.    This case used 19 nodes and burn 
rate model  1.    The last six lines of DATA are the remaining input,   as 
one set. 

The comments on the next half-page of the listing summarize the 
problem setup before calculation begins.    The first comment,   indicating that 
no table  11 was input,   is a warning,   but the table is not required in this case. 
The next line summarizes the erosion model for propellam  1;   since there is 
only one,   a second line is not printed.    A rough summary of geometry is 
printed but the throat is assumed at the exit since no node location was input 
(in NUM (7)).    The list of options shows that igniter flow,   fraction burned, 
and grain deflection are keyed. 

The heading at the top of the next page indicates the axial node 
locations and is a good check on the related inputs.    As calculations within 
the motor begin,  the throat is recognized at 39.2 inches. 

''     The output shows  "zero" rather than the assumed location.    This 
choice is made to aid in diagnosing errors in input cards (the card 
"image" is returned). 

(The  reverse  is blank) 

V-l 
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TABLE V-l 

SAMPLE CASE OUTPUT LISTING 

I V-3 
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.?'40       I'.J 

LOGIC 

Jilt 
otrt 

LOGir. 

oti« 

Oil« 
OUT« 

IOÜ1C 

QtTi 

J»I« 

LOGIL 

.XT« 

Dili 
JAfA 

OATA 

OAT A 

OAIA 

JATA 

JAI« 

DATA 

JATA 
OAIA 

OAT« 
DATA 

JATA 

OtfTA 

OAT A 
OAIA 

DATA 

JATA 

LOGIC 

OATA 

OAT A 

OATA 

OAT« 

DAT« 
OATA 

»EfCBrNCt    I 

EtasiON «oot 

NOMIVAL   Of   I 

LENGTH 
IINfc«    IJIAI 
OUT!"   I)IAI< 

i.oaoooo 
i.oouaoa 

i 
-o loo.ooauao 
-o isoo.oooooo 
-0 .190000 
•U .800000 

-0 2.000000 
-] 19.240000 
-0 .640000 
-a 1.960000 

-0 .100000 
-0 ,050000 

0.000000 
.100000 

lo.oaoooo 
2000.000000 

.OMOOO 

. fSOJOO 

1.000000 
o.oaoooo 
.62I00U 

1.960000 

o. oonooo 
.010000 

J. 000000 
.550000 

.190000 
1.800000 

11.390000 
o.oaoooo 

o.oooouu 
11 'O.OoOOOO 

u.009000 
9. JSZl Oil 

10 
o.aoaaao 

10.2jif00 

13 
o.oaoooo 
Hi^OOO 

14 
O.COOOOO 
4.1tMn'» 

15 
0.^00000 

21.!600D0 

19 -0 1 
I0.J000OO 4 53.900000 

.0005)0 -3 I.OOOOJO 
16000.000000 -0 40.000000 

70.000C00 -0 .947000 
1.0000 HI 2) .689000 

.6211000 12 .1/1)400 

O'JLDRRELATIO TABLE   NUH4EH      11         0 

M   1    10«   PROPILLANI    I HMi 

EiHy 

-a        .400000 
-] .909000 

-0   19.240000 
-0    .010000 

-3 ,250000 
-0   2i>50,009000 

-0 .250000 
-0       10.417500 

-3 
-0 

.250000 
10.080*00 

6 
-0 
-3 

5 
.250000 

3.434000 

6 
-0 
-0 

5 
.250000 

4.082000 

6 
-0 
-3 

5 
.250000 

2.1.010000 

-1 
-0 
-0 
-0 

2.000009 
2.000000 

1 
300.900000 

1000.000090 
.122000 
.illOOOO 

40.0000*1 
1.46008S 
1.969000 

-o        .loaÄ; 
-0 .100099 

.8901 

-1 
-0       40.000000 
-0 

-0 .590000 
-0  2568.009900 

3.990000 
1 to.000000 

-0       12 
-a   50o.oooaoo 
-0  3500.000000 
-a        .4ioaoo 
-0 .875000 

I 
o lauu.ooaaoo -0  1500.000000 -0 
0  4000.000000 -0 5000.000000 -1 
0             .560000 -0            .670000 -0 
0             .945000 -0         1.070000 -I 

.900000 
.55100« 

-0 
-0 

.9*0000 

.555000 

-0 .750000 
-0  3214.000000 

-1 
-0 
-0 

.590009 
19.965900 

-0 
-0 

.710000 
11.426100 

-1 
-0 
-0 9! 792«!) -0 

.750000 
9.457700 

-1 
-0 
-3 

.590900 
l.4t0!)M 

-0 
-0 

.750000 
1.505000 

-1 
-0 
-0 

.500999     ' 
4.914000 

-0 
-0 

.750000 
3.957000 

-1 
-0 
-0 

.509900 
20.620000 

-0 
-0 

.750000 
It.SJOOOO 

4 
-0 
-0 
-0 
-0 
-0 
36 

-I 
.000004 

1100.000009 
looo.oaooao 

.554100 

.064000 

-1 
7 

-0 
-0 
-0 

-1 

40.000000 
.900100 

1.900000 

-0 1.000000 
-0  3377.000900 

-9 1.090000 
-0       11.799809 

-0       i.aoaow 
-0 9.189100 

-0 1.000000 
-0 i.567000 

-0 1.000000 
-0 1.196000 

-C 1.000000 
-0       11.620000 

3 .200000 
-0        1«.900000 
-0 

-0 .961000    -\ 
-0 .344000    -1 

ni K2  •     .1704 

HP AD 

.(.2 
1.96 

IHOOAI t«r i 

43.09        40.00 
1    46 1.46 
1.9» 1.96 

-0 
-0 .600000     -9 

eXP  •   1.00 10 LENGTH •     0,0   IN. 

BETAIlfn   i*»r    UFSK.N    INPUT    n   TADLE    3   TO   USE    1)   NUDES   SPACEU   AS    INPUT    IS   TABLE    4 

CONIPOL   l(U»IS   IN   INPUT    IN1N-IEK0   IS   KEVI 
PA^A^MIC    VAiMATMN   APT        0 
r.NITKN   INPUT    DT   OPTION        0 

»«A»    «UDE    H   15 

2- PM1 NSII'NAL    Gh AIN   K£t 
N-HII .T   STAR    1,<A IN   KEV 
EUSE   IGNIIION  CCNTHOL 
HMO-fNO  •IflHf   DtSIGN 
»Lf NU-I-TH-UAT    C Alt .   P   " 
EHAC1 ! ON   HU-^f J   K-l   0   = 
r,-'«iN oEfiEC I;JH  «.E»  »N 

0.000    IHIGHI 
0.000   IHIOEI 

0.0    IRATE) 
1.0 
0.0 

20.0   "tlCHONS 
40.0 

nI/X 
V-4 
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y-'SSU*= TMBUSI fLDn 
I INF Hf rt ) ;<| I PtEN 

P» rr» ISP IMP »UM   « OtFL 

•EU BURNED / LEKCTH 
8,00   lo.ja   ;o.oa    ^«..oo    ^a.oo    32.uu    it.oo   ia.«r   to.oo 

TMBUAT   ItjCATlÜN   »T   NMDt    Id   AT    LfNbTM    39.2    IN.       SLCPE 

.01      118). I ».■.4 U.0 «15. J.i)90 
WJ.» III,.',        2Ü8.I 2. .010 .040 

10 -2.»BUI -Ji      ?.»<ilSl>01      J.25796-UI       l.OOUOEfOO 
11 -l.lMb'-Ot    2,»«Ut»0i     J.2i7«E-01     1.3000E»JO 

.02      24*1.) 111.4 14.0 1J41. <t.6ll2 
1129.')      I'f/'J.'.        21*.(> 11. .15» .009 

.34      2»3ä,1 l.'j.S 14.0 1406. 6.545 
1131.5     2)80.3        214.8 16. ,111 .HOT 

.07      2225./ 148.9 14*0 15013. 7.096 
957,0      170.'.5        212.5 76, ,158 .016 

.003 ,003 ,004 .004 .004 .J04 .004 .005 .005 .001 5 

.013 .014 .015 .016 .019 .019 .021 .023 .025 .006 12 

.029 .030 .0)5 .Oil .041 .046 .051 .057 .Ola .017 I 

.050 .053 .062 .067 .074 .062 .092 . Ij3 .115 .037 5 

I«ü 0 rf 1 « H R «MO 

0 0 0. 1.7:i2E»0» 4.T616E-01 
4.8009C-ai 

0. 7,0»70E-01 4.69146-04 

0 I. 3B82E-01 ?;i0li2E»03 l.7260E»03 4,550M-Ul 7.0835E-UI 4.6790E-U4 
1 04erE 03 1 267)t»)0 4.2165F«0) 1. 71 10E403 4.9235E-01 9.25a5E-0l 7.4291E-Ü1 4.64126-04 

1 0I,6 9E -02 1 8952t»00 6. 39tU»03 1.6a49E»C3 5.0903t-01 l.43l6t»00 7.92621-01 4,57556-04 

2 2i>54f 02 2 52)3E»00 ». 7013t»03 1.64586»03 5.3008E-0I 1.9»47E«00 8.54256-01 4.47696-04 

1 1065' 02 2 8366000 9.9248fc»03 1.62UTt»03 5.4225E-01 2,2323t«00 8.69036-01 4.413*6-04 

3 J2-OE ■)2 3 1 493E*;0 i.i2aeE>04 1.5912£»C3 5.5561E-01 2.5964EtaO 9,il J6E-01 4.33(116-04 

4 (5!>81 0 2 i 4'J08t»0ü I. 2569E»04 1.5566E»Ci 5.7027E-01 2.4284E»0a 9.662 06-01 4,25176-04 

» 795^ 02 3 7705t»JÜ l.4"»2'»Et04 1.51bUE»03 5.96i3E-01 3.280K>00 1.00856*00 4.15016-04 
6 9i.o;t 0^ 4 O)79E»0D 1.5619F>04 1.470U«03 b.a384t-01 3.6537E*00 1.052*E»00 4.03166-04 

U ,>55 2f J2 4 3813E»3U 1.7376E>Ü4 I.4I55E<03 6.2]07t-al 4.0505E»0a 1.09(96*00 3,(9456-04 

1 )41ÜE J2 4 6776f«ÜD 1.9367E«04 i.S5iae«o] 6.444rt-0l 4.473 IE 400 I.1476E400 3.73016-04 

1 nur Jl 4 9435t»UO 2.15 766*04 1.2760e»03 6.6720t-Ol 4.923aE»00 1.1950E«00 3.53(26-04 
1 JI4JF )l 5 I48)EI'00 2,3953f»04 1.1906003 6.8970t-01 5.3995f»au 1.2356E>00 3.31786-04 

1 4; j 2) 11 5 33'.5E«00 2. 7046E*'J4 l.aB39E«C3 ;.1499f-01 5.90)9i»00 1.2779E>UU 3.04606-04 

1 6l^8f Jl 5 4340EH0 2.9674E»04 9.9879E»02 7,329et-01 6.2295f »00 i.iu5Pe»oo 2.82666-04 
I 82 15f 01 5 b094£»00 3.3770E»04 8. 7UlOE»02 7.547(E-01 6.56»5t»00 I.M696 400 2.51706-04 > )727E 01 5 5071E»00 3.9351E»04 7.)70aE402 7.75«6t-0l 6.7«70i»O» 1.1M66400 2.16106-04 
J 25'. 2t 02 2 3 946E«00 7.1557E.04 1.4247f»02 6,9902e«0 6.M946-01 5.16536-05 

F<il PLf 
• ISP 

0.0}        8,00     16.00 
HEB   BU«NEU   /  LENGTH 

20.00     24.00     21.00     32.00     35,00     3».47    40.00     LUOI> 

,11      1731,2        147.5 14,3        1458, 6,960 
7)7.1      1297.9       203.8 133. .629 .019 

..1       110).5 125.5 14.Ü 1321. 6.499 
«67,2        1:2.6       203.2 272. 1.302 .011 

.31 77..2        104.0 14.0        1139. 5.758 
329.4        57'i.9        197.9 395. 1.915 .005 

.41 
252. 

9 92.0 14.0 1008. 5.169 
4*5.1        194.3 503. 2.*»2 ,003 

,51 4/0.1 111,* 14,0 910, 4.772 
205.7 162.1 190./ 599, 2.960 ,002 

.51 40/.4 89.2 14.0 654. 4.659 
174.3 107.3        18).* 6(7, 3.4)2 .001 

,/l 350.5 /I.3 14.0 777. 4.178 
153.4        ?/j.O        Ho.I 768. 3.974 .001 

.61 312.4 75.9 14,0 734. 4,027 
138,1 242.2        192.4 64*. *.28» .001 

.91 283.4 71.6 14.0 699. 3.916 
125.6        221.1 178.6 916. 4.661 .000 

6 0. 

/ 0. 

8 0. 
9 0. 

10 1, 

0. 

0. 

0. 

15. 
0. 
J. 

0. 

0, 

0. 

1,3(316-01 
2,71966-01 
),94ohE-01 
5,02696-01 
5.50706-01 
5.94736-01 
6.35216-01 
6,72906-0! 
7,(16446-01 
/,4180E-01 
/,72926-01 
0,02796-01 
8,321i6-,ll 
8.61606-01 
e./8/7E-01 
8,959ttF-01 
9.C95/E-01 
8.7/546-01 

2.81266»03 
5.6l36f »03 
8.3480F»0) 
1.0993e »0« 
1.2285E>04 
l.356IE>04 
1.4638» »04 
1.6145O04 
1.7516E»04 
1.99/6! »04 
2.0551: lii 
2.23)2E»04 
2.4496E »04 
2.7234E»04 
2.9479-->04 
i.23U3t »04 
3. 81/8F »04 
4. 7255E »1.4 

2.61116*02 
2.59716*02 
2.55566*02 
2.48906*02 
2.40116*02 
2.3 50)6.02 
2. 29 55 6 »02 
2.2355 .*02 
2.172^6*02 
2.10336*02 
^,0276E»C2 
I, 14456*02 
1.05116*02 
1.7416F »U2 
1.60856*02 
I.5054F*02 
l.36*2E»C2 
1. 16 561 »02 
8.6857E»C1 

079 .0(1 _ .Of6 .10'- .116 .129 .143 .15» .170 .0(3 

143 .150 .172 .1(7 .204 .223 .244 .266 .2(3 .122 

199      ,20»       .233       .251       .271       .294       .319       .344       .362       .165 

245 

28 7 

.252 .283 

.2** ..   .317 

.303 

.348 

.326 

.372 

.350 

'.98 

.377 

.426 

.404 .423 

.453       .472 

.204 

.235 

325 .332 .3i<5 .388 .413 .440 .468 .495 .513 .252 

361 .3(7 .401 .424 .449 .477 .505 .53) ,550 ,252 

395 ,401 .433 .457 .483 .510 .539 ,566 .563 ,252 

427 .433 .4(4 .487 .514 .541 .570 .597 .612 ,252 

1,(5)46*00 
1.9576E*0a 
1.89936*00 
1.9547E>00 
2,05041»00 
2,10956*00 
2,17286*00 
2.24286*00 
2,3172£*0') 
2,394bE»U0 
2.4/516»00 
2.5590E»Ü0 
2,643Jt»00 
2.72191*00 
2.80081*00 
2.9*86t»00 
2.l938E»0a 
2.9)98E»00 
3.0. 726*00 

3.7225E-0I 
7.4443E-0I 
1.11 776*00 
1.49346*00 
1.69236*00 
1.87226*00 
2.Q6416»00 
2,25916*00 
2,«576t»0O 
2.6601E»00 
2.86576»00 
3.07426*00 
3.28506*00 
3,49716*00 
3,62791*00 
3.75 786*00 
3,83656*00 
3.e365E»00 

3.0123E-01 
3.00466-01 
2.9(146-01 
2.94386-01 
2.8934E-01 
J,06.96-01 
2.13166-01 
2.80456-01 
2.8I0IF-0I 
2.61266-01 
2,61126-01 
2.8)476-01 

7925E-01 
77)26-01 
73966-01 
70616-01 
64976-01 
549 36-Jl 
24756-01 

«HO 
7.46906-05 
7.45176-05 
7.3414E-05 
7.1c4üt-05 
6.92916-05 
6,7V30E-ü4 
6.64 561-05 
6.49726-05 
6, 155»-05 
6. Uoüt- 05 
5,92^61-05 
5,69916-05 
5,44726-05 
5.15206-05 
4.79391-05 
4,517)1-05 
4.14031-05 
1.61416-05 
2.91271-05 
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MIT nil; 
1 w 

l.ul        7bl*l 8'J.9 IS.O 671. ).«ir 
116.b        />•* 1N.H -«Hb. S.JfW .003 

1.11 i*J. / m.t, \H.O ft''*. ^.t'tt 
Hi. I        III. I        IM.8        M->ü. '..»«.'V .on] 

14    ;.t.'.'n-,>i 

U^l        ^Ii.a •»O.i »*.<i ^'». J. Uü 
14.H I'M in.6 Uli. '..-H".        0.000 

l.il 17:,.J SO.» U.O «62. ?.»(.!) 
iJ.b        UU'        lot.« 116). 6.111        O.OOJ 

I.«I     nj.a      to,ii       K.a       sis.     2.tor 
/Lt.J        1/1,1 166.1 17.}6. 6. )64        0.U00 

10 -l.'»»»bt-OI 
11 -1.0?91r-T 

«Id   bUHNf 0   /   L t IOTH 
u.ui     i.oo    i6.jo    iu.ua    /«.uo   .'a.ji    t/.oa   16.oo    n.»r    60.ao   tou 

.6tl .661 .6«6 .il6 .>4J .»JO .tt« .WS .660 . itl 

.611 .692 .J?2 .S66 .»10 .>4S .626 ,6tl .660 . Itt 

.5;» .''20 .»6« .ill .i96 .621 .6M .661 .660 .2)2 

.»62 .»♦» .»»« .19» .619 .66» .66: .6*1 .660 .HI 

.966 .ilJ .1« .61/ .660 .661 .662 .661 .660 . 2»2 

I»   OBNINC   «I   )7.2S 

i.»i      I.I.M       w.6        16.0        iir.      1.9a] 
»7.6        101.S        l»9.a 1261. 6.»09        0.300 

9   - I.SVO ^-01 

1.61 Ml,I '. ' 16.0 2»». 1.66» 
4 7.0 |6.I 1    ,.8 12 7.'. ".7 70        0.000 

1.71 81.'. 19.0 16.0 I»». 1.161 
»9. 68.7 119.1 1292. 6.920        0.300 

6   -l,669t»t-Ql 

f 

.608        .611 

.6/6   iin 

.•16        .»f»        .661 .662        .661 .660        .2»2 

.6»! .666 .661 .662        .661 .660        .2»2 

.661 .666        .661 .662        .661 .660        .252 

«.tu ..    I.Musi   nn   |SI>   Akf      721.      nl,    196.1   Sec KITN   ICTION  I ME   OF    1.(09   SECONOS 
lUll-J«   IMHUSI    IS       l»0a.    LB.    «MU   1»<IH0»I   MCSiURC   IS 2631.2«  «I« 

1.81 5V.2 7 8.6 1..0 1)6. .996 
26.6 1.1.3        H5.7        1309. 7.036       O.JJ'J 

5   -S.59Mi     )) 

1.91 62.) '0.6 16.0 92. .699 
20.. i'/.-i        117.1        1373. 7.120       0.000 

.661        .lU 

.6»«        «*»6 

«... 

.66»        .66* 

.«♦» 

.662        .661 -2»2 

I'- 3.>l,".2t-07     2 »669(601      -».»OOIC-OI       I.OCOOt.JO '■ 
7- 

ll 2.0606F-O!     2 16791.01      ».6001E-01       1.0000000 *" 
12 1.187 .'-02      2 1l.96f.01      l.boCm-Ol       I.OOOOE.OO 1 ... 

l»J c V P > M „ kHU ). 0. 3. 2.»70U»01 2.99»*(60O a. 8. 74111-02 8.128OI-06 
0. 3.7636E-02 7.1266F.03 2.*7»*E.Ol 2.99«»F>00 I.57f2e-fll 8.»»97f-02 7,»42*6-06 
Ü. 7.I690F-02 1.62176 60* 2.1 »97001 i.9o<7f»ao l.)00l(-*l T.9161E-U2 6.924»t-06 
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a, 1.0U9»t-Ul 3.2 896E604 1.  19911 .{,1 3.0172(600 6.27766-01 6,IT»*6-a2 4.68»96-U6 
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(,II6SSUH6 IHAUSr F1 
H6A0 ttn f*L6N 

PI* ISP INP SUI   6 

6(8   RURhEO   /  KNOIH 
O.Od       9.00     16,00     20.00      26.00     29,00      12.00     16,00      19.47     *0.00     LOUP 

2.01 2».7 14.0 1*,0 1*. .42« 
14,0 22,1 79,3        1326. 7.176        0.000 

2.11 IS.3 l*.l '*.0 *. .141 
|4   1 14.4 29.4        :]77.        7.20»       0.000 

STOP   ISP   •   192,61,    862(0   ON   U)»»tO   MilGHT   OF 

,66*        ,66»        .666 ,665 .66*        .661 .662        ,661 .660        .252 

,66V        ,668 .666 ,66» .66* .661 .662        .661 .660        .252 

a3 
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The normal output at each time increment is printed in two lines 
under the heading.    The error messages headed  10 and  1 1  indicate that the 
program was slow to converge the calculation at 0.02 second,   and was over- 
damped.      Detail output was  requested at 0.1  second in  table 6,    the first 
table loaded,  and printed before the 0.1 I-second normal output 

Calculation continues to 1.51  seconds.     The  L,:' warning indicates 
potential instability at that time.    Only one message is printed,   but the 
nozzleless motor moves toward the unstable regior. for the completion of 
the run. 

Between 1.41 and  1.5    seconds,  two error messages are printed. 
In this case,   an error of 0.2 and 0.1+    percent in velocity was accepted, 
where 0.1 percent was requested,   at nodes  10 and 11,   respectively. 

Motor action time is sensed at 1.81 seconds as the thrust drops to 
.10 percent of peak thrust.    A summary printout of »verage thrust and I8p 
is printed ahead of the normal output for that time increment.    The throat 
unchokes prior to the 2.C 1-second increment,  and burnout is sensed after 
2.11 seconds as head pressure falls to within 2 psi of ambient pressure. 

The next three sample cases (Table V-2) were run as a single 
machine access to illustrate the input of changes after one case is run. 
Also,   the input data is simplified to the parameters required for the 
specific examples. 

The first case in the batch is a 5- by 40-inch motor with a 1-inch 
bore and a cone to 2   inches in the last 2 inches of the motor as input in 
table 3,      The ignition time option is keyed by NUM(6) =  1  input in the card 
labeled CONTROLS.      The ignition time is input as the first increment in 
the St table,  table 5.      An igniter mass flow is not normally consistent 
with starting with the motor "on" at equilibrium,   so is not input;   the note 
of the missing table is printed on the second page. 

The summary of control words verifies that the ignition time 
option is set and that the fraction of aluminum burned calculations are set. 
Note that grain deflection is not to be  considered,  and also that no data 
was given (Z(26) - Z(28) or table 7). 

At this point,   it is convenient to note that the user may utilize the 
"UNCORRELATED TABLE" notes that signal a missing table (11,   7.   2, 
and 16 in this example) or may input a 1 x 1 table with Z = 0 to avoid the 
notes.     The resulting calculation is unchanged.      As calculation begins, 
the remaining two missing tables are inspected and the throat is located 
at node  1 7. 

The first printout time occurs at 0.03 second,   as expected.      The 
calculation assumes no capacitance term in the continuity equation 
(   9   PA -   0) with this option,   but requires input knowledge of the time to 

9 t       peak pressure. 

(The   reverse   is  blank j 
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TABLE V-2 

SAMPLE BATCH OUTPUT LISTING 
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NUMIML   IflUMdHf 

LIKtlH «o.co -U.'»0 
KMIN   ulix U.I) U.ll 0.1 1 
nil-    Uli" t.JO ).00 i.UO 

■i*iit.) -.-»is  utWLN   ISK.I   IN Ueit   ]  tu u*i i« wuüis if*i.tu *&   iNruT   im  T«sit  * 

Lumijui  auMj^   im  im^ui   imum-^tMU i% atn 
fAHAHtiH it  v*-«uiiom «IT      o IUV mout mu i ■> 
lumifiom  input   u'  omom    -i 
.'•uimtmMom&L   (.MAIH »tv    u.o       IHI&MI 
N-fuisi   ilmn  <,*.*!•. UM      ti.o      mioei 
fu>l    IGNIIlON   .uSUui 90.0   (tiUt 
HtiD-fmU   DOMt   btSIGN 0.0 
•'L^muM-tM«ri* I   LUL.  f  *        u.o 
»■HACTirim Bummtu «tv u ■      ."u.u "icirm 
uMAim u(K(Ciium «.»*  -N        O.O 

PHC^UIIt IM«.  SI Urtfc HI»   BuBNtU   /   LFNGIH 

UM»        Ht*ü        HIT        nth o.u       a.oo    16,m-    /o.oo    -"..UJ    ;«.oo    i?.oo    »«.on    tt.oo    «o.oo    LOOC 
¥• PI« I kf I "*■ SUM   H DlfL 

u.uV */.U IV.) 14.0 0.        O.Oul C.Ü 0.0 O.C 0.0 0.0 0.3 0.0 0.0 o.o o.oo; « 
t«.l I*.*        lit.* u.        U.000        0.0 

U.O*        I//«» »0.1 l*,0 2.        0.01« U.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00*      0.006 I 
BU.« 1W.* ihT.t, 0. U.OOU O.U 

v.ot     *i*,i      iw.*        i*.a r.      0.0*1 u.o       o.o       o.o       o.u       o.o       o.o      o.o       o.o       o.oi*.    o.oi) * 
I-*/.')        I»«.«        1T9.J 0.        0.001        0.0 

0.001     0.0)0     0.02* J •        411.« 2<J.7 lo.a 1».        0, o.t 0 0         0.0 0.0           0 0 0.0 0.0 0.0 

m.i «1 7 .• i« .i                3. 0.002 0 u 

r*u c V y . u • »HO 
ü.U 1 .OOOOJ-0» 0.0 0.0 0.0 0.0 o.o 0.0 
U.O 1.000ü(-06 0.0 o.u 0.0 0.0 0.0 0.0 
u.u I .oooot-0. Ü.0 0.0 0.0 0.0 0.0 0.0 
u.u 1 .00U0(-06 0.0 0.0 0.0 0.0 0.0 0.0 
■i.U 1 .ouuut-U« 0.0 0.0 0.0 0.0 0.0 0.0 
u.u 1.0000t-0» 0.0 0.0 0.0 0.0 0.0 0.0 
U.U 1.OOOOf-Ut Ü.0 0.0 0.0 0.0 0.0 0.0 
ü.ü 1.000Ut-U6 0.0 0.0 u.u 0.0 0.0 0.0 
U.D i.ooon-u» 0.0 0.0 u.o 0.0 0.0 0.0 
U.Ü l.a«oot-ot 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 1 .ooum-u«. 0.0 0.0 0.0 0.0 0.0 0.0 
U.O i.aoout-a« 0.0 0.0 u.o 0.0 0.0 0.0 
u.o i .oaooi-o. 0.0 0.0 0.0 0.0 0.0 0.0 
0.Ü t.-tlft-Ol i.*nif Oi 7.101.1 U2 l...)>i-02 I.OOOOf ■01 (.*77.f -01 l.«4..i-0* 
U.O r.*7«ot*ol i.MTtf OJ ».<!•«( 02 l.l>(*t-«2 l..2«lf-02 ..«»117 ■01 1.402M-04 
l.«Ol If OJ 1.0.0M  00 •.«lOIt 0) t.ttwi 02 ».2.1M-02 ..722.1 -02 «.«!)♦( ■01 1.117(1-0« 
1.UHH-0/ 1 .»/tH   00 t.JI.lf 0» ..11221 02 «..*Mf-02 I.U20l>f ■01 ..*>21[ -01 1 . 74.01 -04 
^,«•«*(- o; l.»l«>t   00 1 . 102 11 0« 1.7.2 It 02 •>.>ll»t-02 I.1.4M-0I ..T»7( -01 l,t0t0f-04 
1.1.W(-<1I i.Moe oo ).«OM>l 0« i.iim 02 *.7.1tt-02 l.7»iu-0l ..*>»!-01 t.HIM-ti 
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II»! NIAU UM HIN 
••• fl« Ikr !■" kiW   • OIH 

Ml«   •UMNIO   /   LfUdlH 
0.0 «.00      1ft.00     JO,00     |*.00     19,00     I/.00      I». (Hi      1».00      40.00     lOU*1 

U*W MU.J 111 .* I*.0 W.        0.1'ft 
111.«        *•».* It*.« 1.        0.001       0.0 

u.i»      r*s.v 
I1»!.ft ft/1. 

1» -*. Kill •"/ 
1/     t.lfft/t-UI 
II    -•«.f-iW/l-u/ 
)•#    ».ioftfi-oi 
/U -«.Mlll-Ol 
/I     ft.«l/M-Ol 
// -•#. / i*^»-u/ 
. I t.il l/l-ui 
.* -t.o/**i-ul 
/%     ft.tilil>ul 
Jt    -■*,fc*llt.l-U/ 
j;     ■ .f^t,/» -i, i 

/•    - 1 .üU/6t-Ul 
jv     ft.S«! »l-u I 

It ft.ft/Vt-Ul 
1/   -■«.•»•0*8-0/ 

IM.* I*. 
■■         111.« 
O.Ü0*ft( 0/ 
O.l/Mt 0/ 
• •OftO» 0/ 
ft.WWI 0/ 
O.OOügt 0/ 
• .wru o/ 
■ •OftUVt 0/ 
1.1 10«!   0/ 
i.or«)i 0/ 
a.Wftii o/ 
•.ooovi 0/ 
■ .i/*U   0/ 
■.otout  0/ 
• •l/fftl 0/ 
•.000)1 0/ 
•.1/0*1 0/ 
• .UM«t 0/ 

I.      o.oi 
%.«O00»-01 
■-.•HtOUl     Ul 
ft.00001-01 
r>.OOUUf-Ot 
r.ooool-oi 
■•.OOOOt-Ol 
h.OUOOf-Ol 
«.OOOOt   ul 
ft.oooor-oi 
6.00001-01 
A.OOOOf-01 
ft.00001-01 
ft.0OOO(-ül 
ft.O00ot-OI 
(.OOUn»-oi 
ft.OOOOf-01 
ft.OOOOfc-01 

o.kit 
0.0 

1.00001   ou 
«.9lftftl-OI 
1.00001   00 
«.«ir»i-oi 
i .ocooi oo 
f.ftlftll-Ol 
1.00001 00 
«.«111!-01 
I .00001   00 
«.mftt-ci 
l.OOOOf   00 
«.«ilil-oi 
l.OOOOf 00 
9.«lftftl-01 
l.OOOOf 00 
9.«Sftlf-01 
t.00001   00 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.041      O.Oftl     0.U61 

0.0 0.0 0.0 0.0 0.0 0.0 0.011     0.0'ft      O.OVO      0.0«* 

U./O «OfttO *Oft.ft 1*.0 
<K)I.6 »ft«.) lt().f 

•«. 0.410 
o.on     o.o 

u./*      - ••". s       iftr.ft i s.u i/ft.      o.ftil 
)ft/.b ftftt*! i«3.V 10.        O.Otft       0.0 

l-»       l.llftftl-UI 

U./l        IM.Q 1*0.* 14,0 1*9.        O.VO 
»'i.v ft*«.« Iftft.U |fta        0.0ft«       0.0 

0,tl        •7».* Iftf.« Ift.U /I«.        l.lift 
itl,9 bftl.ft Itft.l /4.        O.lKl       0.0 

O.Sft       •"»ft.» ".',<. Ift.O 2IJ.        I««» 
fb/.O ft../.0 I «4.1 14, 0.114        0.0 

U.40 «tl.l >**.4 |ft.U lift. l.ftl/ 
j(»*.ft        ft*o.t        10«.2 ftft,       0./4«      0.0 

0.44 V/6.* Ift^.l 14,0 400. I.I** 
IftS.« ftft4.ft 104./ »I. O.l/ft 0.0 

Ü.40 «41.4 Ift^.ft 14,0 ft »I. /.^ft« 
ift*,b      h**.s      lift.) r«.      0.4/4     o.o 

u.)6      Ifu.l       llft.l         lo.u Ml.       I.lfto 
lift. I *<«.» 1«>.V I/O. 0.6)1        0.0 

u,b4 1/1.1 110.1 1*.U 710. I.«I3 
>)u,i       sii/.o      ini.i        in.      o.«i«     o.o 

u,i/       1-./.1 lli.ft tft,u «19,        i.üu- 
'U.I •>••,) 111. 7 HH, l./»l       0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0S1 0.11/ 0.1)4 0.1)1 1/ 

0.0 0.0 0.0 0.0 0.0 0.011 0.0«0 0.14« 0.11/ O.lftft ^ 

o.o o.o o.o o.o o.o o.o)) o.i/r o.iar o./io o.;o* i 

o.o o.o o.o o.o o.oiv o.o«i o.ift) o*//) n./4r 0./40 i 

0.0 0.0 0.0 0.0 0.0)4 O.IJI 0./0> 0,/ft/ O./l) 0,111 1 

0.0 0.0 0.0 0.01« 0.0«) 0.W0 0./*/ 0.100 0.122 0.)l) I 

0.0 0.0 0.0 0.0)' 0.113 0.201 0.210 O.llft 0.))« 0.)4S 1 

o.o o.o o.oi« o.o«ft o.in 0./4T o.iii o.i') o.i«? o.ii) 1 

0.0 0.U 0.0«» 0.1" 0./)0 O.I/I 0.1«! 0.44V 0.4ft« 0.4)) 4 

0.0 0.037 0.17/ 0./4« O.J/) 0.»«/ 0.4ft) 0,)20 J.)*0 ö.)2» 1 

0,0 0.111 0./*lt 0.»/) 0.3«« 0,470 0.)37 0.)«l O.btO 0,)«0 0 

u.BU         •>.'.'          ivu./ l«.U 11 •*).           6. «0 0.011      0.1.0 O.li.     0 .«01 0.«7«     0.4«« 0.610 
Jwj.-' •>t9.1         10). II          Ml. 1.".« 0 Ü 

<J.4U          0^1.1           MJ,l 1».0 ll'l.     1. *61 0.1(1     0.1 -t 0.»ii     " «1» 0.467     0.»» 0.611 
l.'l.l W6.6           Hi. b           •• « r /.*)1 0 0 

l.UU           /6i.<>           104     ' l».0 i •.•>„.      i. »li u.iJ *   o.ir. 0.411     0 »•» 0.»M     0.7i« 0.7(6 
iVi.-i M..4       i:    . il           •*■**. t.ut 0 0 

IAU 1 V • A H tt • HO 
y.ü                     u ■ 0 0.0 Mont Oi      » .110« -oi 0.0 •.i7ilt-01      1 .•44 7(-0« 
'i.U                            » .»»in» -ul ••.*.',*** U) h*V*t 0<      « .il.tt -01 «.1»i4t -01 ».illlt-ol     i .«lOif-0« 
U.iJ                               H .»ii«t-üi (.»•lit 0) «wit u/    a .»i*Ot -01 l.lo»at oo •.i»4«t-0l      1 "«6(0« 
*.^|I61-U)       1 .ii i-t uu H. M»l( (11 ilMt Oi      1 .IJi't 00 l.ll/OK 00 •.•07il-01      1 .71»»t-l)« 
6.^*3t-ü*      1 . j/ mi 00 1.illIf 0» liilt Oi      1 .iTilt 00 i.»J»if 00 •.I14if-01      1 .»«Uf-O« 
l.iHWf-Oi      1 . itj n 00 I.100«t 0* >im at    i .4}0»t 00 1.07»7f 00 •.ll7at-01      1 »064t-o« 
•..MJlt-Oi      i .«."••/t 00 i.mit 0* »MU 0?      1 .»wit 00 1.->(»H 00 •.i«i«f-01      1 .4 61«!-0« 
i.j*;it-u?    i .»UOi/t 0.1 !.»•««( J* »loot Oi      1 .•*«?t 00 •.0i4Bt 00 •.i»l7t-0l      1 .4in»-o« 
I.IMI(-02      1 .»«161 00 I.«*»! 0» UXE Oi      i .0>0«t 00 ».4)»6r t") •,ii»it-0l      | .»1iH-0« 
l.)M»t-0^      1 .»■l^«t On I.«»«.» 0« /UM Oi     i .iOl.t 00 ».06«0t 00 • .;»M(-UI    i .«4i.t-0» 
i.tO/lt-O/      1 .»14« 00 I .Mi»e 0« 0WI Oi     i .ITOI 00 4.»lilt 00 •.l«l't-01      1 .«ll7t-0« 
l,>ll/^f-02      1 .*M/t 00 l.al«)t 0* • «2«C Oi      i .»»in no ».lmi4t 00 •.0»i«|.01      I . lt»ll-0« 
L.WvU'Oj      I .71»»« 00 1 .<M'l 0* Mail Oi     i .JiMt 00 ..7»».t ■JO a.oieit-oi    i .lii4t-0« 
/.I (•.".(- )^      1 .F.*at 00 i.CM.t 0. >/••( Oi     i .•11» 00 7.!»» 11 OO 7..716f.0l      1 .i7i»l-0« 
i.»)Hf-<)?      1 .*Uit 00 /./IVJt 0» i^Hf Oi       1 .Ol.Jf 00 l.»744t 00 7.1ii4t-0l      1 .ill7l-0» 
^.;(»6i-u^    i .«.ilt 00 I.l/Fit u* ibiai Oi       1 .077it Ou -.»»«»I 00 7,••»41-01     1 .177«l-0« 
l.ll»4l-U^       l .»lout 00 /.«»Ul 0» 000 It Oi      1 . 1 1 70t 00 ».S9»4t 00 '.««1,1-01      1 .11641 -0» 
).W**t-Ol      1 .VM'X 00 ^.'l«.l 0» '"»11 Oi      1 .Wilt 00 • •4 **4f CO '.«0111-01       | .0»iOI-0« 
..•.«I.IHJj      i .HOI. 00 J.»0»>(t 0« •o»ai Oi     i .1i»iJ 00 ».iO>lt 00 7,4| "t-01      • 1*410-0*. 

O.ktO      0..41 

o.7»a    o.r«i 

0.<16      0.«41      0.ai4 

i'-> K* 
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MIStuat IMUSI        no» 
rim       xuti       Mil        m» 

K« *■!' I*f t»P SUM • DiH 
• .00     It.00 

■ft   ■MMID  /   LOlbln 
70.00      7«.00     It.00     11.00 )».II0      If.00     *0.00     lOOf 

1.10       til,I        itO.i l*.0        It'l.        ».io» 
Itv.l      ♦»♦.*       It/.* It*.       «.Ill       0.0 

i.<u     tui.t     Itt.i       i*.a     litt.      «.us 
11*.t        -M.U Itl.t tit,        t.Ott        U.O 

I.10       »tu.»       >1».0 l*.0        III».      10.0«« 
jf<.u     -it.it     iti.a      not.     t.o*«     o.o 

i.*o     •■a.«     lit.I       i*.o     itn.    ic.ito 
lit.I     >'t.i      no.t      u«i.      i.on     o.o 

i.io     **t.i     i<t.i       i*.o     i«oi.    ia.t«t 
i»t.i     t*t.r     ir«.t     i*ta.     (.u;     o.o 

i.»u     »u«.l     it*.a       i*.o     i«<t.    lo.i/i 
llt.l       Ml.»       lit.t       lt)l.      «.i«o      o.o 

i.ro     Mt.-     m.u       i*.o     i«*ta    io.«i« 
11/.u       Mil.I       lit./       litt,     IU.2I*      o.o 

1.10      til,i      1*1.1 l«.o       |«M,     II.0» 
Itl.l        21).0 1)1.t        /UM.      ll.ITi        0.0 

i.«o     i/«./      it/.o       it.o      i«rt.    il.iii 
IM.u      /**.•       im.»       »JJT.     W.*t*      U.O 

.'.uo       110.1        l**.0 l*.0        I9t«.      ll.2tt 
l**.U      /■u.t       111,.I       /»so.     n.to'       0.0 

/.IO       /«i.l        lit.« I*.0       IO«t.      II.«00 
IM.I        /HI./ Ilt.t        l»>».      I*.?*/        0.0 

/./O        /la.*        DO.* 14.0        20lt.      11.910 
IKI.i.        HI.I 179.0        2«tt,      It.(IT        0.0 

/.IO        /*«./        l/t.l It.O        20/7.      II.tl« 
l/t.l        /l«.t 11*.9 »U9i.      17.0**        0.0 

2.*0       291.9        120.2 14.0        20*0.      11.721 
l/u.2       210.«        114.0        )/tl.     11.211       0.0 

2.90        2*1.0        119.7 14.0        2091.      II.«37 
119.1       /02.«        171.9        1*4*.     I*.l««       0.0 

/.to       211.9       III.9 l*.0       20t».      11.4*6 
III.9        IV,.a 171.0 (67/.     20.97»        0.0 

/.IO       //*.*       IUt.0 14.0       207«.      I2.U99 
HI«.ii        la«.*        172.9 lt7«.      21.77«        0.0 

/.au        217.1 10*.9 I-..V        20V2.      12.144 
10*.9        It}.9 172.0        •.liaa.      22.«««        0.0 

2.«0        20«.»        101.* I4.U        2106.      12.271 
l.i\,*        llt.l        '..t.6       */«•.     2*.211        0.0 

O.lOi 0.442 0.9«« 0.67/ 0.741 0 

O.ltt o.t4a O.tIO 0.792 0.121 0 

0.4*9 0.417 0.794 0.t2l O.I«7 0 

0.917 O.tt» O.I2t 0.1«« 0.«6t 

0.407 0.797 0.1*4 0.«*7 1.019 

0.471 0.(22 O.ttl 1.012 1.0«« 

0.717 O.ltt 1.021 1.0«! 1.141 

0.7«t 0.*4t 1.012 1.192 1.21« 

O.ltt 1.001 1.11« 1.20« 1.214 

0.«I9 1.04/ I.l»* 1.24* 1.110 

0.«7I 1.117 1.241 1.117 1.119 

1.0/4 1.171 1.901 1.16» 1.414 

1.07« 1.224 1.112 l.*l« 1.41} 

1.112 I.27J 1.401 1.44« 1.9)2 

l.ltl 1.124 1.492 1.917 1.97« 

1.213 1.1»« 1.900 1.969 1.6/6 

l.2t/ l.»24 1.9*« 1.41/ 1.67/ 

1.110 1,472 l,9«9 1.697 1.717 

1.3'a 1.91« 1.6*0 1.701 1.761 

.001 O.lt« 0.«I7     0. 

.117 0.«*7 0.«*«      1. 

.«41 1.021 1.047      1. 

.012 l.0«0 I.llt      1. 

.0«« 1.197 1.201      1. 

.1*2 1.21« I.2t2     1. 

.221 1.27« 1.121     1. 

.211 1.117 I.1TI     1. 

.117 l.}»2 l.»12     1. 

.l»l 1,441 1.41*      1. 

.441 l.4«7 1.9)9     1. 

.494 1.94t I.tl)     1. 

.941 1.9«! 1.6)1      1. 

.9«0 1.6»/ 1.616     1, 

.697 1.417 1.721      1. 

.602 1.7)2 1.744      1. 

.727 1.779 1.107      1. 

.771 1.1)1» I.l4i      1, 

.«1* 1.860 l.at«    1. 

«)*       0.411/ 

010     0.«79 

012      1.0** 

.110     1.101 

I.l*» 

1.226 

1.210 

1.112 

I.Ill 

.*«*     I,«21 

9*) 1.47) » 

9«1 1.117 » 

4)1 1.99» 1 

6«) 1.400 « 

726 1.63» » 

76« 1.67« 10 

• 11 1.719 » 

• 91 1.791 10 

««1 1.716 10 
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•.Uli lili.i V« 
111.6     m.i 

1.10        1*1,i «6 
16.0 161.> 

i.M      («1.«        «3 
VJ.S        166.1 

i.iO        166.1 VI 
«1.1        160.0 

1.60        ldl.2 «9 
•«.0        IM.) 

t.ll)        176.» 67 
67.0 IV./ 

i.6o     lit.i      n 
H*>.l 169.6 

».10       16').i (3 
•1.6        166.1 

!.«0        166.] 61 
61.1 1*3.1 

3,40        160.6 10, 
60.0 16Ü.4 

6.00        UJ»J 7«. 
78.t        117.» 

6.10      m.a        7 
17.1 Ui.J 

6.i0        l»U.7 7i 
7».6        1M.7 

6.10        167.6 76 
(6.3        130.3 

».»0        16».7 73 
11.0        W9.0 

-.5U        Ui.O J? 
37.7        101.1 

1 0.0 
I 0.0 
3 0.0 
6 U.O 
% 0.0 
6 0.0 
7 0.0 
6 0.0 
V 0.0 

10 0.0 
11 U.O 
W 0.0 

.6 16.0        2119.      1>. 
171.1 6S09.     2>.666 

.0 16.0        ?13J.      11, 
170.7        6WI#     26,617 

.3 16.0        2166,      |2, 
17U.1        »93».     27,961 

,2 16,0        2196,      12, 
169,9        MtO.     29,20» 

,C 16,0        2169.      12, 
169,i        ».'H.      3C,«'9 

.0 16.0       2111,     12, 
169.1 »»•♦.      II.76« 

,1 16.0        2196.      13, 
16a,7 »»03,      33.039 

,6 16,0        2206.      11, 
166,3       6023,     36.363 

,7 16,0       2211.      13, 
166.0 6266,      lt..HO 

.0 16.0       2229.     13, 
167.6        6666.      37.003 

,3 16.J        2260.      13, 
167.2 6690.      1>.3]9 

.1 16.0        2231.      13, 
166.9        6916.      39.663 

,6 16.0        2261.      I}, 
166.3 7160.     61.036 

.3 16.0        2271.      13. 
166.2 736».     62.39a 

,0 16.ü       22a0,     13, 
16»,8 7396.     -1.769 

,7 16.0 1792.      II. 
160.« 779«.     63.013 

G V 
0.0 0.0 
».lolit-02 3.I(T2( 
9.767»t-02 ».2009E 
1.60031-01 9.1793C 
l.«116t-01 1.2602t 
l.99»3E-0l 1.60»2E 
2.17176-01 1.3a26E 
2.3333E-01 1.77311- 
2.323U-OI 1.9921E 
2.»91tE-0l 2.2327E 
2.t09U-OI 2.637U 
2.82106-01 2.679» 

111 
0.0 

6ii 
o.o 

390 
0.0 

693 
0.0 

79» 
0.0 

900 
0.0 

002 
0.0 

103 
0.0 

201 
0.0 

29( 
0.0 

392 
0,0 

6» 
0,0 

37» 
0.0 

»»6 
0.0 

76» 
0.0 

I6T 
0.0 

62* 1.363 

670 l.»il 

31» I.«36 

360 1.700 

.606 1.766 

.66a 1.7(7 

«90 I.«29 

733 1.171 

.776 1.912 

1.(1» 1.933 

l,i3» 1.99» 

,«97 2.096 

,937 2.071 

.97« 2.111 

,013 2.Ill 

,032 2.1M 

l.6Bf. 1, 

1.7 30 1, 

1.776 ■, 

1.117 1, 

1.(60 1, 

1.902 I, 

1.963 2, 

1. ,(« 2, 

2.023 2, 

2.0*3 2, 

2.103 2, 

2.1*6 2, 

2.1(1 2. 

2.221 2. 

2.23« 2, 

2.2«6 2. 

76 7 1.(06 

791 1.16/ 

836      1.890 

i.a»» 

I.a9( 

1.939 

(7»      1.931      1.9(0 

17621 01 
1190E 01 
«3((E 01 
7039E 01 
13061 01 
1363E 01 
(«32E 01 
«133E 01 
2936E 01 
90T6E 01 
«1«9E 01 
3(77E 01 

1.66«(E 01 
1.3619E 01 
1.«»1E 01 
1,7230t 01 
1.790M 01 
l.«2««C 01 
l.(««IE 01 
1.9062E 01 
1.917(E 01 
1.9633E 01 
1.9»]3e 01 
1.96336 01 

0.0 
1.I093C 
2.2»73f 
3.60606 
6.i72»E 
9.1539E 
3.71(16 
6.1179t 
».89366 
T.6J72t 
7.77666 
7.(0936 

918 1.972 

960 2.013 

001 2.031 

061 2.09] 

Oil 2,132 

120 2,171 

13« 2.20« 

141 2.267 

21« 2.216 

27« 2.121 

111 2.336 

16» 2.392 

2.90*66 
00 2.896T6 
00 2.86926 
00 2.12316 
00 2.76216 
00 2.72336 
00 2.»7(86- 
00 2.»2»»E' 
00 2.3«68E' 
00 2.68816 
00 2.62936 
10 2.62106- 

2.020 

2.060 

2.09« 

2.131 

2.17« 

2.21« 

2.231 

2.288 

2.123 

2.162 

2.1(8 

2.631 

1.901 1.928 

1.961 1.967 

1.981 2.003 

2.021 2.063 

2.060 2.011 

2.098 2.118 

2.11» 2.15* 

2.17* 2.190 

2.211 2.22» 

2.26» 2,2»! 

2.2(6 2,296 

2.120 2.311 

2.33» 2.363 

2.391 2.399 

2.62» 2.613 

2.638 2,638 

910 1,821 10 

968 1,835 10 

003 I.IU 10 

0*2 1,920 10 

078 1,952 10 

11* 1,9(3 10 

1*9 2,016 10 

18* 2,066 10 

219 2.076 10 

251 2.>C3 10 

287 2,132 10 

121 2,1*0 10 

13» 2,188 10 

3.7 2.21* 10 

620 2.26* 10 

638 .2.270 11 

01 2 
01 2 
-01 2 
•01 2 
■01 2 
•oi : 
01 2 
01 1 

•01 1 
01 I 
01 I 
01 1 

«HO 
,*0(7e-05 
,39116-05 
.3*416-05 

(006-03 
l(27E-05 

,12*06-05 
,05716-03 
.4(106-05 
.(42BE-05 
.7(71E-0» 
70(56-05 
70006-05 

1 1 U.O 
I» I .u 
1» U.,' 
16 U.U 
1 ( U.O 
la o.o 
19 u.o 

2.(2226-01 2.6(156 0* 5.51606   01 1.9*356  01 7.81286   00 2.622(6-01 1.6996E-05 
2.121*6-01 2.*8326 0* 5,58**6  01 1,9*336   01 7.11*06   00 2.*22*E-01 I.»99^6-05 
2.12*36-01 2.*a*IE 0* 5.58296   Ul 1.96156   01 7.81916   00 2.6,206-01 1.»9886-05 
2.,I2516-01 2.68366 0* 5.58216   01 1,96156   01 7,12076   00 2,62196-01 1 .»98»6-05 
2.825*6-01 2.*«*36 0* 5.58166   01 1.9633E  01 7.12226   00 2.62176-01 1.69866-05 
2.12906-01 2.692(6 0* 5.57256  01 1.9«356  01 7.831*6   90 2.61996-01 1.«9*06-05 
3.27996-01 3.7**76 0* *.09196   01 1.7*226  01 (.05*76   00 2.0(856-01 1.30116-05 
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Ht»0 Ekll PLtN 
ff lie IMP SUM N 

HEB   BURNED  /   LENGTH 
0.0 (.00     It.00     20.00     24.00     28.00     92.Ob     56.00     16.00    »0.00     LOOP 

«.60 «1.8 «0.9 l*.0        1216. 8.097 
V>.9 71.9        150.9        7«*8.     69.976       0.0 

6.70 61.9 31.0 16.0 169. 6.196 
31.0 96.6        160.3        8092.      66.686        0.0 

6.80 «9,2 26.7 16.0 666. 6.996 
26.7 63.)        129.1        8128.      67.266        0.0 

6,90 60.2        20.2 16.0 686.       6.122 
20.2 39.9       117.9       818S.     67.702       0.0 

16 -1.0116E-')2     1.2669E  01      l,026iE  00     1.0003E  00 
17 -9.2380E-01 1.2663E 01 1.026JC 00 1.0000E 00 
<8  -a.6193E-03    3,2660E 01     9,7692E-01      1 .OOOOE 00 
19 -7.7939E-03 3.2638E  01 9.7692E-01 l.OOOOE  00 
20 -7.1972E-03 3,2637E  01 9.7692E-01 l.OOOOE 00 
21 -6,9607E-03 1.2619E  01 9.T6S2E-01 l.OOOOE  00 
22 -6.0819E-03 >.2636E  01 9.7692C-0I l.OOOOE  00 
23 -9,7613E-03 3.2633E 01 9.7692E-01 l.OOOOE 00 
2« -9.6626E-03 3.2632e 01 9.76J2E-01 l.OOOOE 00 
29   -9.1270E-03 3.2631E   01 9.7692E-01 l.OOnoi  00 

2.086 2.219 2.329 2.376 2.621 2.638 2,618 2.638 2.«38 2.292 12 

2.111 2.266 2.191 2.601 2.638 2.638 2.638 2.618 2.638 2.312 12 

2.139 2.270 2.373 2.622 2.638 2.638 2.618 2.618 2.638 2,128 13 

2.197 2.291 2.191 2.638 2.638 2.618 2.638 2.638 2.63« 2.139 19 

9.00 32.« 16.6 16.0 163.       1.393 
16.6 28,7       102.3       822».     68.079       0.0 

7HK0AT   UNCHOKEO 

i.» NUNING  AT   61.20 

2.176    2.110    2.609    2.638    2.638    2.638    2.618    2.618    2.638    2.367 

«VEIUCE   THHUST  »NO   ISP  Mt   1618.   LB«,   170.6 SEC KITH  «CTION  71«  Op  9.09V  SECONDS 
«««INU"  IHKUST   IS     2280.   L8,   «NO  MAXIMUM ( .ESSUPE   IS     961.62 PSIA 

9.10 23.3 11.9 16.0 173.       2.168 
13.9        20.6 73.9       8292.     68.160       0.0 

STOP  ISP ■  166.16.  BASED ON LOADED «ISHT OP 

2.192    2.329    2.61«    2.638     2.618    2.638    2.611     2.618    2.636    2.396 

90.3 IBS 

V-19 
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The axial distribution along the port at t = 0.10 shows velocity V 
increasing to sonic (39,529 in./sec) at node 17,      The throat is beyond the 
minimum area due to mass addition,   and area A at node 17 is not the 
minimum due to burning. 

The run proceeds normally with pressure decreasing and the 
throat moving aft until 3.30 seconds.    At this time,   a large portion of the 
web burns out and the L* warning is bypassed.     Because burnout was 
sudden,   the motor pressure decays rapidly,   the motor unchokes,   and 
action time is sensed prior to the 3.50-second printout.      The run is termi- 
nated after 3,60 seconds as the pressure falls within 2.0 psi    of ambient. 
The integral of mass flow and the loaded weight do not agree well for this 
type of sharp decay,   and the user may need to reduce time steps during 
tailoff for more precise integration. 

The second case in the sample batch   has a cylindrical port and 
two propellants;   the aft propellant is assumed to have half the base burn 
rate of the forward (and prior case) propellant.    Also,   the erosive burning 
correlation is assumed and is input the same as for the first propellant. 
The axial length of the beginning of the second propellant,   Z(6) = 36, "keys" 
the option and is noted by two printouts of the line "EROSION MODEL. . , . ". 

Since other changes were not input,  the second case is the same 
as the first except that the cylinder of propellant No,  2 replaces the aft 
4 inches of propellant/cone in the first case.      The slower-burning aft 
propellant causes the motor to tail off with 0,586 inch of web remaining and 
the run terminates at 2.7 seconds due to low pressure. 

The third case is a motor with fuse ignition.    The input includes 
revised geometry to set the port ID to fuse diameter (table 3),  and a nega- 
tive value of X2 in Z(6) is input to cancel the two-propellant option from 
the previous case.    The fuse velocity,   VFZ in Z(15),   "keys" the fuse 
option and the beginning location of the ignition front is given as node 19 
in NUM(9),   to designate starting at the aft end of the grain.    The time 
steps for this ignition option are internally calculated so that the flame 
front moves one node for each step.    Because the web burned is printed 
only at alternate nodes,  the flame front moves one print increment for 
every other time step.    After the fuse burns to the head,   the time steps 
are obtained from the tabular input as in normal runs. 

The rise time is input as 0.8 second in Z( 2) to avoid the L* 
instability test during the fuse ignition period.    (A warning would occur 
at 0.02 second and the test would be canceled,   so the meaningful warning 
at 5.0 seconds would be missed.)     The trial pressure PSTART is input 
as 14.0 psia in Z{ZZ),   and with this option becomes the initial pressure 
in the port for a degenerate calculation at ignition time. 
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The printout of parameters along the port preceding the 0.12- 
second normal output indicates that the flame front has moved six incre- 
ments along the motor,   consistent with the web burned profile for that 
time. 

The calculations do not converge at the O.ZO-second point but are 
oscillating between 808 and 813 psia.     The computational stability is 
particularly unpredictable because a wide range of geometry,   erosion 
model,  burn rate slope,   grain deflection,   or aluminum fraction burned 
are considered.    In this example,   the B-psia uncertainty may be assumed 
small in the effect on overall performance parameters.    The user, how- 
ever,   must observe that results are within requirements.    At 5.0 seconds, 
the calculation is substantially overdamped,   so decreasing the loop gain 
FACTOR in Z(25) will reduce the oscillation at 0.20 second,  but will 
increase the number of iterations later.    A desirable solution is to 
decrease the time step size during tailoff,   then decrease FACTOR. 

The run is terminated due to the input of TSTOP = 5.0 seconds 
in Z(2). 

(The  reverse is blank) 

V-21 

47 



AFRPL-TR.73-20 

APPENDIX A 

SYMBOL LIST AND SOURCE PROGRAM LISTING 

A complete list of symbols employed in the FORTRAN program is given in 
Table A-l,    The list is approximately in alphabetical order but parameters 
are grouped to illustrate similarity ol related terms.    For example,  all of 
the symbols representing burn rate are grouped under R.     Any parameters 
that are input are identified in the second column of the table. 

The source program listings of the main program and subroutines DATA IN, 
TABIN,   and TAB comprise Table A-2,    The user may find it convenient to 
recognize the correspondence between the EQUIVALENCE statements in the 
main program and Tables IV-3 and IV-4 in Section IV of the User's Manual. 

A-l 
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TABLE A-l 

SYMBOL LIST 

  Symbol Input Paramalcr 

A A 
AL 
AP 
AHAR 
AHKAD 
ADrFL 
APT 

ACT 

ALPHA 

X ALPHAN 

Al X ALUM 

ANG 

ATFRM 

HTERM 

fl X BETA 

BtTAR 

X BH 

H C 

X CMOKF 

COtFF 

X CONV 
CONVZ 
CONV I 

COUNT 
COUNTP 

c 
I>. K 

X CPG 

c 
1'. 

C p or     p X CPP 

Units 

lb/in.» 

in./»ec 

Dene r'plion 

Arran,      p^rl,   to t r.ip «livr rs 
savrd A l.i.t 
initantanrous port 
avrrafir AP (I) and AP fj) 
hrad Pnd of g rain 
deflrclcd port 
■ avrd throat arra,   used in prciiurt- gurai 

Cod* word,   action timr printout logic 

Faitor,   Lenoir-Robillard (L-R) eq 

Relative thermal diffusivity 

Aluminum fraction of propellant 

Divorgrncp anglp,   thrvtt calculation 

Factor in 1,-R eq,   aG'-'/XÄT1 

F »ctor in L-R ec\,   - Op/G 

Comtant  in  L-R rq 

■ P 

First coefficient,   L-R eq 

Sonic velocity 

Code word to Indicate choking 

FarJrr,   shear stress calculation 

Convergence  ratio 
£ •   CONV,   axial increments 

10 •   CONV,   choke constraint 

Counter for table lookup, time of detailed output 
time of sensitivity calculations 

kcal/g-m^Ie      Specific heats,   gas 

kcal/g-molc products (when f  *   1.) 

dx, 

c: I ■ 1   -   ■ 
o (1   - f 

a - - f1 ) 
X D i n. Dia me ers port inm r input 
X DMAX 

DIAM 
in. 
in. 

grain out?r 
iniitantaneous port 

X DPLF.N in. plenum 
X DTH in. 'hroat of nozz-Ie 
X DALUM m i ( ?"ons aluminum particle 

DF* in. / 8PC Inc rcnif nts, erosive burning 
DP psi prpssure 
DU in./ sec veiot ity 
DWF.B in. web burned 
HF.LL in. aft   end  burning  length 
DE LP psi pressure error 

X DFLT bd time int rrments 
1)1  LT Z 

in. 
b\/i 
length 

l)X . L/N 
DXDT in. ; net. 6x/fel 

43 
A-2 



AFRPL-TR-73-20 

TABLE A-1     (Continued) 

Symbol Input 

r. 

P*ramrt«T 'Jnl u 

DAP In.' 

DD in. 
DDJ In. 

DF.FL in. 

DEFLO in. 
DEKLN in. 

DKNOM - 
DIVR - 
DOME - 

F _ 
'.-.RRM . 
ERRML - 
ERRN . 
FRRU - 
EPS - 
EPS1 - 
FO - 
KOI - 

EPSP - 
FXPWNT - 
F . 
Fl . 
F1SQ - 
FAC , 
FACTOR - 
FAULT • 
FO lb 
FGL lb 
FAV lb 
FMAX lb 

FAL . 
FR 

FILL lb 

FIX . 

Dcic ription 

G lb/«ec-in/ 

GAMP 
- 

CAMT . 
GF1 - 
CF2 . 
GFi . 
GFS - 
GO in. /'nee 

GOi lb/inZ-stc 
r.ozx 

In« rrnirnt.il area rhangr.   uard alio in locating throat 

Diameter of burn bryond outtT diameter (for altver logic) 
Laat alation 

Deflection,      inatantaneoua 
reference  input 
tramippt ratio 

Term in throat location logic 

Divergence Ion term in thrust calculation 

Key to hemlapherical head option 

Krror   ratios,    saved value of inner loop 
Mach number,   outer loop 
last value ERRM 
over-choke  ratio 
velocity 

Solid fraction,   with ilip 

1   -   • 

Solid fraction,   without slip (f =   1 I 

1  -  -o 

Plenum-to-throat expansion term,   nozzled motors only 

Slip ratio,   u0/u 
1   - f K     K 

1   -  f2 

Convergence factor,   outer loop gain 
input value 

Indicator of choke constraint errur 

Thrust,    instantaneous 
save prior value 
average over action time 
maximum 

Factor in aluminum-burned calculation 
Fraction of aluminum burned 

Loaded propellant weight 

Term uaei to gue is next head pressure 

Wall frictional force per unit length 

Specific mass flow 

Ratio of specific heats for sonic velocity calculation 
Ratio of specific heat terms,   products 
- Tc   -  Ts/u2 (energy equation! 
V -   1 
V ♦   1 
V/( V -   1, 
Z/( V *   1) 

Mass/weight conversion 

Erosive coefficient 
m 

G0 
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TABLE A-1     (Continued^ 

Symbol       Input      l'jrtmrlr r Input 

H 

X HIGH in. 

I 

x       ir.N 
IPB 
IS 

ISP »r. 
P 

J 

KD 

L 

LOOP 
LOOPC 
LOOPL 
LOOPM 

l^TAR 

t)ri> rtption 

Ms 

X MOI,G 
X MOl.P 
X MWTG 

MO\K 

lb/in.' 

. lb/in, -Bee 
MT lb   in. -aec 
Müi 

X N 
X NXRAY 
X NSTAR 

NP 
NPAR 

X P pnia 
PI, psia 
PAMB psia 
PLO psia 

X PPLEN psia 
X PRKF pnia 
X PSTAPT paia 

PMAX psia 
Pr>00 - 
PT STAR psia 
PA - 
PDOT pal/sec 

PNUM 

PI . 
I'U . 
I'll _ 
PI8 _ 

Matrix tn iiavr pdrarnrtnc   rrfiullB 

Height  of two-dirm-njional  t   . rt 

InHeK,   «xial IIOQ>- number 

Ignition time option ki>y 
Axial print  indrx 
Indrx,   time  »tpp in parametrii   run 

Sprrific   impuliit* 

IndfK.    I-I 

Spring  tonitant intransit-nt dpflri tion ralculat iun 

Index,    inntantaneoui head end 

Lroop tounter,      inner loop 
outer loop 
limit,   inner loop 
limit,   outer loop 

PR 

Cha rarte ristit   Irn^th 

Moles of gas/ 100 gr 
Moles of products/ 100 gr 
Molecular weight of RAS 

Code word to trap throat movement 

Mass  flow added per unit length 
Vise osity of gan 

Number of axial nodes 
Index,   location of r output in parametric   run« 
Index,   throat location 
Index,   propellant number 
Index,   parameter   number in parametric  runs 

Pressure,     loi al 
last value of p , 

.. rhead 
ambient 
last value at head 
plenum,   only  If noz?.It-d 
reference for deflection ciilculation 
trial value 
maximum at head 
p/SOO 
throat  stagnation 
term in »tar fuse geometry 

Rate of head pressure change 

Floated NP,   propellant  number 

i. 14 159 

- A 

- 8 

Prandtl number 
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TABLE A-1     (Continued) 

Symbol Inpu Pa r*metrr Units Drtc nption 

R 
RL 
HRFAL 
H I 
RBI 
RO 

in./fee 
in./iec 
in./ire 
in./«rt 

Burn r*t#,    instant in^oui 
■av«d R 
tnpprrl for ilivers 
last v ilur ■A\rd to •mnoth v   ill «hrar it res« 
preirnl valur to ■mnoth «all »hrrfr •»trp«t 
liasr burn ratr 

HATIO MOLG   MOLP 

Al 

«HI in. 
RHJ m. 

KHO lb/in.' 
RHOG lb/in.' 
BHOL lb, in.' 
KHOBAR lb/ in.' 
RHOAMB lb/in.' 

lie, m./'f 

RP in./0f 

RU in. /UR 

Aljo, 

RT 

SALUM 
SAL 
S LIP 
SALOX 
SOX 
SLIPOX 

Hydraulic   radius,   ith 
jth 

Drntity,      «olid propplUnt 
gas 
gas,   savrd valur 
averagr of ith and jth 
initial condition in motor 

Gaa constant,    gai 

product« 

universal 

Product Rp   •  Tc 

Perimeter of port 

CoeffUient,   aluminum slip Lorrelation 
Term,   aluminum slip correlation 
Aluminum slip ratio 
Coefficient,   Al|0) slip lorrelation 
Term,   Al^Oj  slip correlatici 
AI2O) slip  ratio 

STAR 

STEP 

SUMF 
SUMW 

lb 
lb 

Number of points in star point 

Counter in parametric   runs  -   = omit,   0 = base  run. 

Running  sum,   thrust 
mass flow 

T 

TAIL 

TANN 

TAUW psi 
TAUBAR pti 

X TC »B 
TS »R 

TIME sec 
X TSTOP sei 
X TPART • ee 
X TUST sec 

TIME1 s.-c 

Indicator for tailoff logic 

Tan (star) 

Wall shear  Btress, 
average in Ax increment 

Chamber temperature 
Local   static temperature 

Time, 
c ompletion 
values at parametric points 
values for detail output 
adjusted to avoid rojnding 

TEMP Temporary  storage of factor tc bt* used with several  statemrnls 

u    or  U U in.    sec Gas velocity,     instantaneous 
UTRY in./sec for convergence check 
UMAX in./sec at T   —   0 to trap supersonic  flow logic 

Particle velocity 

A-5 
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TABLE A-1      (Continued) 

Symbol Inpul      Partmrlf r Until Dm nplion 

ign 

-n 

V 
VOL 
VOLL 

VF7. 

in.' 
In.1 

in.' 

i-./iec 

w lb/tec 
WL lh/$tc 

WADD lb/ire 
WBAR \h/»rc 

X          WIGN lb/iec 
W. Z lb/.ec 
WNL lb/i.c 

..:BP in. 
V.EBM in. 

X          WIDE in. 

X          WN rad/iec 
WNT - 
WNT1 . 
WN2 - 
WN2T - 
X in. 
xo in. 

X         \i in. 
XE 111. 
XHEAD in. 

X         XPLEN in. 
XL . 
XSO . 
XD in. 
XDO in. 

XDOT 

X         XKG in.'/lb 

XM - 
XR in. /»ec 

XTERMI 
to            5 

Y in. 

ZTH i   , 

Volumr,   runninu lum *'nng axil 
of plenum 
■aved value 

Velocity of ignition upatream ipreading 

Maaa flow,   inrtantaneoui 
iaved value 
added In Ax increment 
average in&x li.cramtnt 
Igniter or head end dome 
fuae igniter 
aaved value,   exit 

Web burned 
Initial or maximum web 

Initial length of atar fina 

^»tural frequency,  deflection calcul/<ion 
u,, ■ 6 t 
1  -  wn 6t 
2/wn 
ZZ-n ♦   6t 

Length, 
to inatantaneoua head 
to aecond propellant 
motor 
uninhibited head web burn 
plenum 
X/L 
X/SO 

Deflection tranaient term 
prior value 

Rate of change of XD 

Coefficient in eroaive correlation 

Exponent In eroaive correlation 

Temporary value of r 

Fatter» of tranaient deflection calculation equation 

Inatantaneoua wid'.h of atar fin port 

Width of two-dimenaional throat 
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TABLE A-2 

SOURCE LISTING 

1 
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02/20/T3   PAGE 

C 
c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 

NtuatLtSS  RUCKET   MOTOR  HALL IST ICS 
OVMAMIC   MODEL 

/   EROSIVE   BURNING 

LOCKHEED   PROPULSION   COMPANY   /   AIR   FORCE   ROCKET   PROPULSION   LAB 

REAL      ISP,      KO,     MÜLG.      MOLP.     MMTG*      MU.      HU2,      LSTAR 
DIMENSION     LOGICI25I,     MUMI25I 
COMMON     /COM2/ZU2»l     /C0MVSVSTEM(125I      /COMl/COM( 1021 

1   /C0M4/MASTEft(30001 
EQUIVALENCE      ( LOGIC f SYSTEM! 101 M ,       (NUM.ZUODI 

DIMENSION     X(30l,     HEBPI30).     DMEBI30I.     RI30),     RL(30»,     P{30), 
1   U(30i,     A« 
1   HEBM(3C), 
1   RH0LI30I, 

DIMENSION 
1   BETARI2), 

iOI, P.HÜG(30I, GI30I, 0(301, 
TAUW(30», RHOBARI30), Ml 301, 
AL(30),     0EFL0(30I,      0EFLI30), 

API 30),      DMAX(30), 
C(30l,     EOO), 
DIAM(30),     H(9,15l 

XKG(2I, 
XM(2), 

BHI2I, 
G02X(2I 

G02(2lf  PR(2),  RH0I2),  ALPHA(2), 

(L1ST,NUMU2)) 

624-0002 
PROPELLANT 624-0003 

624-0004 
624-0005 
624-0006 
624-0007 
624-0008 
624-0009 
624-0010 
624-0011 
624-0012 
624-0013 
624-0014 
624-0015 
624-0016 
624-0017 
624-0018 
624-0019 
624-0020 
624-0021 
624-0022 
624-0023 
624-0024 
624-002J 
624-0026 

EQUIVALENCE  IN,NUMI, 
N ■ 10, 19, 28, ONLY 
NUM(4> > -1 IS A REQUIRED KEY 

(K0DE,NUM(2) »,  IKEV,NUM(5)I,  I IGN,NUM(6i ) ,  (NSTAR,NUM(7M 
1 (NXRAV,NUMI8)I,  IL,NUM(9n,  ILOQPM,NUNI 101) 
EQUIVALENCE  (TSTOP,/),  ITRISE,Z(2 ) ) ,  (ALUM,Z(3)),  (BETA, Z 14)),624-002 7 

1 (MU,Z(5)), (XE,Z(7)),  IXPLEN.ZI8)),  (OPLEN,Z(9)), 624-0028 
1 I0TH,ZTH,Z(10)),  (PPLEN ,7(11)),  (MI0E*ZI12)),  4HIGH,ZIi3)), 
1 <STAR,Z(l4)>f  |VFZ,Z(15I),  ISTEP.ZIIS)),  (00ME,ZI19)) 
EQUIVALENCE  (EPSP,Z( 1 7)),  (X2,Z'6I),  (CHOKE,Z(21)) , 

1 (FACTOR,Z(25)l,  (WFZ,Z(16)) 
EQUIVALENCE  (C0NV,Z(20 )) ,  (RHOAMB,Z(23 ) ) ,  (PSTART,Z(22)) , 

1 (PAMB.ZUM),  (KD,Z(26)),  (MN,Z(27)),  (PREF,Z( 28) ) , 
1 (ALPHAN,2(29)), 

(XK6,PR,Z(32)),  (XM,Z(34)),  (RH0,ZI36)), 
(SALOX,2(39)1,  (SALUM,Z(40)) 

(G02.BH,Z(30)), 
(0ALUM,Z(38I), 

EQUIVALENCE  (IS,2(50)),  (OELL,2(51)),  <WL,Z(52)), 

624-0029 
624-0030 
624-0031 
624-0032 
624-0033 
624-0034 
624-0035 
624-0036 
624-0037 
624-0038 

(XD0,2(53)I,624-0039 
1 (X00T,Z(54)>,  (FILL,2(55)),  (SUMF,2(56) ),  (FMAX,2(57) ), 
1 (PMAX,Z(58)),  (NNL,Z(59)),  (TIME,2(60)),  (OEFLN,2(61)), 
1 (t0UNT,2(62)),  (C0UNTP,2(63)),  I TAIL,Z(64)),  (SUMW,2165)) , 
1 (ACT,2(64») ),  (FGL,2(67)),  ( XHEAD, Z(68 ) ) 

GO - 
PI ■ 
PI2 • 
PI4 • 
PI8 > 
RU > 
00 7 

386.09 
3.141592 
PI / 2. 
PI / 4. 
PI / 8. 

1545. • 12. 
1-1,3000 

MASTER!I) ■ 0 
DO 8 1-1,125 
ZU) - 0. 

624-0040 
624-0041 
62A-0042 
624-0043 
624-0044 
624-0045 
624-0046 
624-004 7 
624-0048 
624-0049 
624-0050 
624-0051 
624-0052 
^24-005 3 
624-005' 
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00 9      I> 
9  COM!I)   < 

C 
c 
t 
c 

1,102 
0. 

c 
c 
c 

c 
c 
c 

) 

NE.O.I   2(1)   -   SVSTeM(I) 

-  LOGICII) 

READ  Ntw   HEADING ANO DATA   OK  CHANGES   TO  DATA 
UPDATE   INPUT   LOGIC  MORDS 

1 READ   (1,99>    I 
If-      (I.LI.II   CALL   EXIT 
WRITE   (3.99»    1 

99   FORMAT    (|1,71H 
1 

CALL   TABIK 
Ü0  2      1-1,100 

2 IF      (SYSTEHd 
00   3      I>1,25 

3 IF     (LOGIU I ).NE.0>   NUMdl 
IF      (NUM(&).EU.O)   STEP   >   -1. 
NXRAV   -   NUM(8> 
IF      (NXRAV.EO.O)   NXRAV   .   N  -   * 

4 00  5      1-50,68 
5 2(1)   -   0. 

CALL   TAB   (COUNTP,   0.,   TPART,   11) 
TANN  -   TAN   (STAR   /   (2.*  PI)) 
NSTAR   -   NUM(7) 
MOVE   -   NSTAR 
IF      (NSTAP.EO.O)   NSTAR  -   N 
LOOPM   -   ►iAXO   (NUM(lü),   10) 
IGN   ■   KUM(6) 
IPR   -   N   /   9 
CONV   ■   ANAX1    (CÜNV,   1.E-5I 
C0NV2   •  2.  •   CONV 
C0NV1   ■   10.   *  CONV 
WF2   -   ZI16) 
CHOKE   ■   2(21» 
IF     (KO.EQ.O.)   KD   -   1. 
IF     (MN.GT.O.)   WN2   -  2.   /   WN 

SET   FOR   ROUND  OR  2-DIMENSIONAL   PLENUM  AND   THROAT   SECTIONS 

AP(N*2»   -   P|4   *   ÜTH**2 
AP(N4-1)   -   PI4   *  D   PLEN**2 
IF     (HIGH.EQ.O.)   GO   TO 6 
AP(N*2»    -   HIGH   *   2TH 
APIN-fl»    «   HIGH   •   0   PLEN 

6 VOLL   •   AP(N*i)   *   X   PLEN 
VOL   -   VOLL 
PA   >  AMAX1    (STAR,   1.) 

PREPARE TERMS FOR TWO PROPELLANTS 

MU2 ■ MU««.2 
COEFF   «   .0288   •   MU2   /   GO 
X2 > 2(6» 

624-00« 
62*-0056 
624-O057 
624-0058 
624-0059 
624-0060 
624-0061 
624-0062 
624-0063 
624-0064 
624-0065 
624-0066 
62<»-0067 
624-0068 
624-0069 
624-0070 
624-0071 
624-0072 
624-0073 
624-0074 
624-0075 
624-0076 
624-0077 
624-0078 
624-0079 
624-0080 
624-0081 
624-0082 
624-0083 
624-0084 
624-0085 
624-0086 
624-0087 
624-0088 
624-0089 
624-0090 
624-0091 
624-0092 
624-0093 
624-0094 
624-0095 
624-0096 
624-0097 
624-0098 
624-0099 
624-0100 
624-0101 
624-0102 
624-0103 
624-0104 
624-0105 
624-0106 
624-0107 
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If 
HP 
%d 
UO 
IF 

» 2 
(X2.GT.0.) GO TU 11 
1 
Xt ♦ 1. 

11 UO 13  1=1.N«» 
(XM( 1t.Eg.O.» XMI 11 > 1. 

G02XU) - G02(I)**XH|il 
BETARU) - - BETA * RHOI 11 
MKITE 13,12) NUNIIt-Dt It RHO(l>. BH(I>. PRII), XHCII, Z(l*5) 

12 FORMAT (17H EROSION HOOEL NO 12, 15H FOR PROPELLANT 12, 10X, 
1 6M RHO • F7,4,5X,4HKl ■ F7.4,5X,^MR2 • F7.4,&X,SHEXP - F5.2, 
I 5X,11HIU LENGTH - F5.l,4H IN.» 

13 ALPHAII) - .0288 • MU2 / PR(n**.6667 « BH(|> / RHO( M 

FILL LISTS WITH GEOMETRY AND TRIAL VALUES 

I • I 
NP > 1 
Xill - 0. 
TEMP ■ N - I 
CALL TAB (0., 2.« DMAX(l), 31 
GO TO 13 

i* XL - xn-n / XE 
CALL TAB (XL, 0., OX, 4) 
OX > OX * XE / TEMP 
xm - xn-n ♦ ox 
IF     lxm.GT.X2)   NP   «  2 
CALL   TAB   (Xm,2.,0MAX( I),3) 
FILL   -   FILL   ♦   PiB   •  OX  •  RHO(NP) 

15  CALL   TAB   ( Xd) , 1. ,0« It ,3) 
MEBMIII   ■   ,5  •   (OMAXm   - D(I)) 
CALL   TAB   «Xd),   0.,   OEFLO« I),   7) 
UU)   ■  0. 
Ed)   ■  0. 
RIM   -  0. 
RL(II   -  0. 
MEBP(I)   •   0. 
Gd)   -   1.6-6 
wm • o. 
Pd»   »  0. 
AP(|»   ■  0. 
TAUMd I   -   0. 
RHOGdt   ■   0. 
I   «   1*1 
IF     d.Lfc.NI    GO   TO   14 
OIAM(NSTARI    ■   OINSTAR) 
PL   •   P   PL EN 
PLO  •  PPLEN 
PIN*!)   ■   AMAXl    IP   PLEN,   PAMB» 
AHEAD   >   PI4   «   DHAXd)««2 
CALL   TAB   (0.,   0.,   DELT,   3) 
CALL   TAB   «COUNT,   0.,   TLIST,   61 

«   (DMAXm**2  ♦  DMAX(I-n*«2) 

624-0108 
624-0IOV 
624-0110 
624-0111 
624-0112 
624-0113 
624-0114 
624-0113 
624-0116 
624-0117 
624-0118 
624-0119 
624-0120 
624-0121 
624-0122 
624-0123 
624-0124 
624-0123 
624-0126 
624-0127 
624-0128 
624-0129 
624-0130 
624-0131 
624-0132 
624-0133 
624-0134 
624-0135 
624-0136 
624-013 7 
624-0138 
624-0139 
624-0140 
624-0141 
62^-0142 
624-0143 
624-0144 
624-0143 
624-0146 
624-0147 
624-0148 
624-0149 
624^0150 
624-0131 
624-0152 
624-0153 
624-0154 
624-0155 
624-0156 
624-015 7 
624-0158 
624-0159 
624-0160 
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C 
C 
C 

C 
c 
c 

c 
c 
c 

WRITE (3,101 X(NSTAR)t X(N(, D(U. 0(NSTARI, 0(N>, OMAXd), 
1 ÜMAXtNSTAR», DHAX(N), N 

1U FORMAT (18H0 NOMINAL GE0METRY/18X»4HHEAD<»X,6HTHR0AT6Xf4HEXIT/ 
1 8H0 LENGTH14XT2F10.2/12H  INNER 01AN3F10.2/12H  OUTER DIAM3F10. 
1 47H0 DETAILED GRAIN DESIGN INPUT IN TABLE 3 TO USE 13, 
1 33H NODES SPACED AS INPUT IN TABLE 4/1H0) 
WRITE «3,16» NUMm, NXRAY, IGNt HIGH, WIDE, VFZ, DOME, PPLEN, 

1 DALUM, WN 
16 FORMAT (<>2H0 CONTROL WORDS IN INPUT (NON-ZERO IS KEY»/ 

1 10X, 25H PARAMETRIC VARIATION KEY 14, 5X, 13H XRAY NODE NO 13/ 
1 10X, 23H IGNITION INPUT ÜT OPTION 14,/ 
1 10X, 24H 2-DIMENSIONAL GRAIN KEY F7.3, 7H (HIGH»/ 
1 10X, 24H N-PUINT STAR GRAIN KEY  F7.3, 7H (WIDE)/ 
1 IOX, 24H FUSE IGNITION CONTROL   F7.lt 1H «RATE»/ 
1 IOX, 24H HEAD-END DOME DESIGN    F7.1/ 
1 IOX, 24H PLENUM-THROAT CALC, P * F7.1/ 
1 IOX, 24H FRACTION BURNED KEY D > F7.1, 8S MICRONS/ 
1 IOX, 24H GRAIN DEFLECTION KEY WN F7.1 I 
WRITE (3,171 (X(1»,I=1,N,1PR) 

17 FORMAT (IH115X,8HPRESSURE BX,6HTHRUST3X,4HFL0W36X,19HWEB BURNED 
1LEN6TH/2X,4HTIME4X,4HHEAD4X,4HEX|T4X,4HPLEN25X,10F7.2,2X,4HL00P/ 
17X,2HP»6X,3HPT*4X,3HISP5X,3HIMP4X,5HSUM W4X,4HDEFL/) 

CALCULATE COEFFICIENTS FOR PARTICLE LAG CURVE FITS 

FR « 1. 
SLIP ■ 1. 
SLIPOX - 1. 
IF  (OALUM.LE.O.I GO TO 18 
X50 « XE / 50. 
FAL - (1. - .0084 * DALUMI * X50**.6633 
SAL - SALUM • X50**.1759 / (OALUM / 100.)**.0842 
SOX • SALOX * X50**.0234 

FILL   INITIAL   CONDITIONS  FOR   FUSE  CONFIGURATION 

18 L - 1 
IF  (VFZ.LE,0.1 GO TO 19 
L « NUM(9) 
IF  (L.EQ.N) TIME » - CONV 
DELT » (X(L» - X(L-1»» / VFZ 

19 P(L» - P START 
FIX » 2. 

SET CONSTANTS TO BEGIN AT THE INSTANTANEOUS HEAD END 

21 CALL TAB (TINE, 0., WIGN, 2) 
WIGN - AMAXI (WFZ, WIGN» 
FACTOR ■ Z(25) 
IF  (TIME.GT.TRISE) FACTOR « FACTOR / FR 
IF  (WN.LE.O.» GO TO 22 
WNT * WN * CELT 
WNTl > I. - WNT 

624-0161 
624-0162 
624-0163 

2/624-0164 
624-0165 
624-0166 
624-01i7 
624-01ifi 
624-0169 
624-0170 
624-0171 
624-0172 
624-0173 
624-0174 
624-0175 
624-0176 
624-0177 
624-0178 
624-0179 

/ 624-0180 
624-0181 
624-0182 
624-0183 
624-0184 
624-0185 
624-0186 
624-0187 
624-0188 
624-0189 
624-0190 
624-0191 
624-0192 
624-0193 
624-0194 
624-0195 
624-0196 
624-0197 
624-0198 
624-0199 
624-0200 
624-0201 
624-0202 
624-0203 
624-0204 
624-0205 
624-0206 
624-0207 
624-0208 
624-0209 
624-0210 
624-0211 
624-0212 
624-0213 
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C 
C 
c 

c 
c 
c 
c 

tXPWNT   »  EXP   (-WNT) 
WN2T   ■  MN2   *   ÜELT 

KO   *   (2.   ♦   WN   *   XOO   +   XOOT) 
KO   •   WNTt   *   XÜO  -   PLO   *   «1. 
OELT   -   WN2 
(1.   -   MEBP(NSTAR)   /   WE6MCNSTAR)) 

UELT 

♦  WNT) 

/   PREF 
.5  ♦ 

XTERN1 
XTERM2 
XTERM* 
XTERH5 

22   BELT2 
I   -  L 
J   «   I 
V  «  0. 
NP   -   1 
OX   ■  0. 
PNUN   >   1. 
ERRN  -   1. 
FAULT   >   I. 
TAU  BAR   =   0. 
ERRML   «   ERRM 

PREPARE   PARTICLE   LAG   TERMS 

IF     (OALUH.LE.O.I   GO  TO  24 
P500   - PID   /   500. 
FR   =   AMINI    IFAL   *   P600«».ll5lt   1.) 
SLIP   »  AMIM1    (SAL   *   P500**.2271,   1.) 
SLIPOX   •  AHINl   (SOX   /   P500»*.038l,   I.) 

UPDATE   THERMOCHEMICAL   COEFFICIENTS 
INPUT   TABLbS  ARE  ASSUMED   IN   TERMS   AND   UNITS  OF   ISP  PROGRAM 

24 CALL   TAB   (FR,   0.«   TC«   8> 
TC   »   U8  «   TC 
CALL   TAB   (FR,   0.,   CPP,   9) 
CALL   TAB   (FR,   0.,   CPG,   10) 
CALL   TAB   (FR,   0.,   HOLG,   13) 
CALL   TAB   (FR,   0.,   HOLP,   14) 
RATIO  •  MOLG  /   MüLP 
CALL   TAB   (FR,   0.,   MHTG,   15) 
KG  >  RU  /  MWTG 
tOl   ■  MMTG  *  MOLG  /   100. 
EG - t, - eoi 
F « SLIPOX ♦ (I, - FR) * ALUM / EO * (SLIP - SLIPOX) 
Fl » 1. - F 
F1SQ « 1. - F * F 
GAMP   »   CPP   /    (CPP -   1.987  ♦   RATIO) 
EPS   «  EO  /   (F   *  EOI   ■»•  EO) 
Cl   -   I.  -   EO   »   Fl 
C2   •   I.  -  EPS   *  F1S0 
EPS1   n   1.  -   EPS 
RP   *   EPSl   ♦  RG 
TEMP   »  CPG ♦   (CPP  /   RATIO -  CPG)   /   F 
C   CONS   »   TEMP   /   (TEMP -   1.987)   *   RP   »   GO 
GFl   »  GAMP -   1. 
GF2   •  GAMP  ♦   I, 

624-0214 
624-0215 
624-0216 
624-0217 
624-0218 
624-0219 
624-0220 
624-0221 
624-0222 
624-0223 
624-0224 
624-0225 
624-0226 
624-0227 
624-0228 
624-0229 
624-0230 
624-0231 
624-0232 
624-023 3 
624-0234 
624-0235 
624-0236 
624-023 7 
624-0238 
624-0239 
624-0240 
624-0241 
624-0242 
624-0243 
624-0244 
624-0245 
624-0246 
624-024 7 
624-0248 
62t-0249 
624-0250 
624-0251 
624-0252 
624-025 3 
624-0254 
624-0255 
624-0256 
624-025 7 
624-0258 
624-0259 
62'--0260 
624-0261 
6t 4-0262 
624-0263 
624-0264 
624-0265 
624-0266 
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C 
C 
c 

G«   «  GAMP   /   GFl 
GF5   «   2.   /   Gf2 
C(N-t-2»   a  SORT   (C  CONS   *   TC   * GFä) 
RT   =   TC  ♦   RP 
GAMT   »   .5   /   «GF3  *   GO   *   RG»   »   II.   -  EC  ♦   F1S0»   /   E01 
UMAX   «  SORT   (TC   /   GAMT) 
IF     JWN.Lfc.O.»   GU   TO   30 
POOT » <P(L> - PLO» / OELT 
XTERM3 ■ XTERM2 ♦ XTERM1 • DELT ♦ POOT * WN2T 
XD » EXPWNT • XTERM3 + PLO + POOT » XTERM4 
OEFLN » XD * XTERM5 
GO TO 30 

TRIAL VALUES FOR FIRST TRY DOWN THE PORT 

2 5 ÜOJ « 00 
RJ > RRI 
RHJ = RHI 
OX a X(I) 
DXOT =   OX 

XU> 
DELT 

IF  (Um.GT.O.) GO TO 30 
G(I) 
PU» 
um 
Hill 

30 LOOP 
LOOPL 
IF 
IF 
NP « 2 
PNUM = 

G(J) 
P(J) 
UUI 
Riai 
-2 

> LODPM 
(I.GE.NSTAR) LOOPL - 2 » LOOPM 
«xm.LE.X2) GO TO 32 

2. 

LOCAL PORT AREA AND BURN PERIMETER CALCULATIONS 
BRANCH FOR OIFFERENi GEOMETRY ASSUMPTIONS 

32 IF  (IGN.GT.O) RL ( I > ■ RID 
PWEBII) > DELT * (R(   ♦ RL( I M 
OIAMI = 0(1» ♦ OMEB( I 
00 a OIAMI - OMAX( I) 
OIAMd) » AMIN1 (DIAHI, DMAXdN 
XO » X(I) - X(L» 
IF  (HIGH.GT.O.i GO TO 33 
IF  (MIOE) 34.34,35 

33 APdi   ■  OIAMd)   *  HIGH 
S   »  2.   *   (DIAMd)   ♦  HIGH) 
GO  TO   36 

34 APd) > PI4 * DIAM( 1 )**2 
S « PI « OIAMd) 
GO TO 36 

35 Y   a   .5  *   OIAMd)   /   TANN 
W2   »   MIOE   -   Y 
S   *  2.   «   M2   +   PI2   *   OIAM(I) 
APd)   >   OIAMd)   *   (PI8   «   OIAMd)   >   M2   >   .5   *   Y) 

624-0267 
624-0260 
624-0269 
624-02 70 
6;:4-02 71 
624-0272 
624-0273 
624-0274 
624-0275 
624-0276 
Ü24-0277 
624-0278 
624-0279 
624-0280 
624-0281 
624-0282 
624-0283 
624-0284 
624-0285 
624-0286 
624-0287 
624-0288 
624-0289 
624-0290 
624-0291 
624-0292 
624-0293 
624-0294 
624-0295 
624-0296 
624-0297 
624-0298 
624-0299 
624-0300 
624-0301 
624-0302 
624-0303 
624-0304 
624-0305 
624-0306 
624-0307 
624-0308 
624-0309 
624-0310 
624-0311 
624-0312 
624-0313 
624-0314 
624-0315 
624-0316 
624-0317 
624-0318 
624-0319 
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C 
C 
C 
C 

36   «HI   *   APU)   /   S 
A8AR   *   .5   *   (AP(11   ♦   AH(J)( 
All)   >   A   BAR 
IF      (T1ME.EQ.0.)   GO   TO   80 

PROPELLANT   BURN  RATE   SECTION 
EROSIVE   BURN   RATE   CODE   FRON  NUNI2)   OR   NUM(3I 

CALL   TAB   (PU ItPNUMtROtll 
IF      (NUMfNP-fll   -   21   «1,42.43 

41 DR   -   IGin«*XN(NP»   -   G02X(NP))   *   SORT   (U< 1)   /   C«N*2)| 
60   TO  44 

42 OR   ■   GUI   -   G02(NP) 
44 R(l(   =  RO   *   XKG(NP)   *   AMAX1   (DR.   0.) 

60   TO  50 
43 IF      U.EO.LI   GO  TO  49 

A   TERN  «   ALPHAINP»   *   G(I>«*.8  /   X0**.2 
B   TERN  »   -   BETA   *   RHOCNPI   /   G( I > 
RID   -  ANAX1    (RID,   RO) 

46  Xft   *  RO  +   A   TERN *   EXP   IB   TERN /   RID) 
ERR   *   ABS   II.   -   XR   /   RID) 
RID   •   XR 
IF      IERR   -  CONV)   50,&0t46 

PERFORM   SUMMATIONS   AT   EACH  AXIAL   NODE 
EXECUTE   TRAPS   TO  SMOOTH  THE   SLIVERING-OFF  TRANSIENTS 

49 
50 

51 
52 

54 

55 
56 

RID   »  RO 
R  REAL   =   RU) 
IF     IDO.üT.O.O)   R  REAL   «   .25  • AMAX1   I01AM(I)   - Oil»,   0.)   /  0ELT2 
TS   ■  TC  -   GAMT   •  Ull)«*2 
IF      (I.6T.NSTAR)   GO   TO   51 
RHOGII)   >   PID   /   IRP   *   TS) 
GO   TO  52 
RHOGUI   ■   6(11   /   Uli) /   EPS1 

TS) Cd)   ■  SORT   (C  CONS   * 
U TRY *  um 
IF     II.EO.L)   GO  TO  57 
DAP  ■  API!)   -  APIJ) 
IF      IOO.LT.O.)   60  TO   54 
IF      (OOJ.GT.O.)   GO  TO   56 
TEMP   «   DO   /    IOD -   DOJ) 
GO  TO  55 
IF      IDDJ.LT.O.)   GO   TO   56 
TEMP   »   DOJ   /    (00  -   DOJ) 
All)    »All»   ♦   .5  *   DAP   *   TEMP 
M  ADD   -   RHO(NP)   «   (All)   -  AL(I))   *   OXDT 
WII)   =   WIJI   ♦   N ADD 
RMOBAR(I)   •   .6   *   (RHOGII)   +   RHOG(J)) 
IF      IIGN.LE.O)   WII)    3   Ml!)   -   (RHOeAR(I)-RHOL( I )) 

F      (HI D.GT.O.)   GU   TO   58 
ML)   »   .75   •   P(L) 
&0   TO 22 

*   ABAR   *   OXDT 

624-0320 
624-0321 
624-0322 
624-0323 
624-0324 
624-0325 
624-0326 
624-032 7 
624-0328 
624-0329 
624-0330 
624-0331 
624-0332 
624-033 3 
624-0334 | 
624-0335 
624-0336 
624-033 7 
624-0338 
624-0339 
624-0340 
624-0341 
624-0342 
624-0343 
624-0344 ■ 

624-0345 
624-0346 
624-034 7 
624-0348 
624-0349 
624-0350 
624-0351 
624-0352 
624-035 3 
624-0354 
624-0355 
624-0356 
624-0357 
624-0358 
624-0359 
624-0360 
624-0361 
624-0362 
624-0363 
624-0364 
624-0365 
624-0366 1 
624-0367 i 

• 
624-0368 ; 
624-0369 • 
624-03 70 
624-0371 
624-0372 • 

i 
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C 
c 
c 
c 

57 

58 

59 

61 

C 
C 
C 

62 

TRAP   TO AVOID CROSSING MACH  ■   1 
COMPLETE CALCULATIONS   AT   THE  NODE 

IF     (DOME.LT.O.I   HIM  -  RHO(NP)   •  R  REAL   «  PI2   •  DIAMIU«*2 
RR1   ■  R  REAL 
H(L>   ■  MiGN 
CALL   TAB   (TIME,   0.,   HEADM,   16) 
If     IHEAOM.EQ.O.)   60   TO  58 
N(L)   >   M(L)   ♦  RHO(NP)   «   RREAL   *   (AHEAD  -   AP(L)>   *   HEAOM 
X(L>   ■  XHEAO  ♦   (R(L>   ♦  RLU))   • HEAOW   » 0ELT2 
OEFL(I)   -   OEFLN *   OEFLOtI» 

OEFL(I)   /   DlAMdll 

C 
C 
C 

ADEFL  - APdl   •   (1.   ♦  <».  • 
0(1)   -  H(l)   /  AOEFL   *   E01 
TAUW(I)   «  0. 
IF     (I.6T.NSTAR)   GO   TO  59 
UC   > 6(1)   /   RHOCm   /   EPS1 
U(I)   - AMIN1   (CO,   UC) 
IF     (I.EQ.L)   60  To  62 
U BAR  -   .5  *   (U(l)   ♦   U(J)) 
ERRN ■  0(1)   /   UC 
RRI   >   (2.   * RJ   ♦  R  REAL)   /   3. 
IF     (6(l).LT.l.)   60  TO  61 
TEMP  ■  U(I)   *  EXP(BETAR(NP)   *  RRI  /   6(1)) 
TAUM(I)   ■  COEFF   /   XO   •   (6(1)   *  X0)*«.8  «  TEMP 
TAU BAR  -   (TAUH(I)   ♦   TAUM(J))   /   (RNI   ♦  RHJI   *   DX 
DU - um - um 
DP  >  UBAR   /   GO  «   (RHOBAR(I)   *  OU « C2   ♦  MAOO  *   Cl   /   ABAR)   ♦ 
P(l)   >  AMAX1   (P(J)   -   OP,   .7   *   Hin 
IF     (I.LE.NSTAR)   GO   TO  62 
DELP  ■  P(I)   -  RHOG(I)   ♦  RP   »   TS 
UC  -  U(I)   ♦  60   /   &(NSTAR)   •   OELP 
UC   > AMIN1   (U(l)   *   .25  «   (UMAX  - U(I)),   UC) 
U(I)   ■  AMAX1   (C(NSTAR),   UC) 
ERRN  -  UC   /   Ud) 

CHECK  C0MVER6ENCE   AT   EACH  AXIAL  STATION 

LOOP  • LOOP  +   1 
IF     (LOOP.LT.O)   GO   TO  32 
Ed)   > 0. 
IF     (I.EQ.LI   GO   TO  68 
IF     (Ud).LE.O.)   60   TO 68 
ERR  U -  Ud)/U   TRY  -   1. 
IF     (ABS(ERR U).LT.C0NV2)   60 
IF     (LOOP.LT.LOOPL)   GO  TO   32 
Ed)   -  ERRU 

TO 63 

VERIFY   THAT   THE   THROAT  HAS  NOT MOVED   INTO  A   DIFFERENT   STATION 

63   rADLT  -  FAULT   *   ERRN 
IF  d.GT.NSTAR) 60 TO 64 
V > V * ABAR * DX 

624-0373 
624-0374 
624-0375 
624-0376 

♦ WI6N624-0377 
624-0378 
624-0379 
624-0380 
624-0381 
624-0382 
624-0383 
624-0384 
624-0385 
624-0386 
624-0387 
624-0388 
024-0389 
624-0390 
624-0391 
624-0392 
624-0393 
624-0394 
624-0395 
624-0396 
624-0397 
624-0398 
624-0399 

TAUBAR624-0400 
624-0401 
624-0402 
624-0403 
624-0404 
624-0405 
624-0406 
624-0407 
624-0408 
624-0409 
624-0410 
624-0411 
624-0412 
624-0413 
A?4-0414 
6i4-0415 
624-0416 
624-0417 
624-0418 
624-04i9 
624-0420 
624-0421 
624-0422 
624-0423 
624-0424 
624-0425 
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C 
C 
C 
C 

IF      (tHÜKt.l T.O.)    GÜ   TO   68 
IF      IJ.Lt.HUVE)   GO   TO   67 
UtNUM   B   HAUL)   /   M(I)    •   Of-2   ♦  *.   •   IAUBAR   /    (Pill    ♦   M(J)| 
IF      IÜAK   /   A   bAK   -   OeNOM.LE.O.)   GO   TO   67 
NbTAR   -   J 
I   -   J 
•(RITE (3,66) NSTAR, X4 I I t DAP 

66 FORMAT (2*H0 THROAT LOCATION AT NODE 13. 10H AT LENGTH F5.1, 
1 13M IN,  SLOPE - F6.2/) 
GO TO 69 

64 IF  (rAULi.LT.UI GO TO bb 
IF  1 I.LI.N» GO TO 68 
60 TO 83 

65 HOVE ■ NSTAR 
NSTAR = N 
LOOK - 0 
GO TO 22 

67 IF  (I.60.NSTAR) 60 TO 74 
68 I - I * 1 
69 J - I - 1 

IF  tl.Lb.N) 60 TO 2» 

DETERMINE   PLENUM  CONDITIONS   (IF   ANY) 
CALCULATE  CONVERGENCE  FACTORS   FOR CHOKED  EXIT   TO  GRAIN 

IF      (L.EQ.N)   GO   TO   HI 
IF      (P   PLEN»   76,74,70 

70 CALL   TAB   (P(N*l),    P   NUM,   RIN^ll,   3> 
DELL   =   DELT   «   RIN+1) 
VOL   ■   VOLL   ♦  APIN+ll   *   OELL 
EPSP  »   GF5*»(l,   /   Gfl) 
IF     mm.GT.O.)   EPSP  «   2(17» 
TERM  -  DELT2   * C(N+2)   *   A(N«2) 
W(N*1)   -   M(NI   *   PA   +   RHO(NP|   * 
W BAR   >   .5   •   (M(N>1)   ♦   WD 
IF     (TERM.GT.0.91   GO   TO   72 
P(N*l>   »   (PL   •   (1.  -  TERM» 
GO  TO  76 

72   P(N*l|   =   W»AR   •   RT   /    (EPSP   *  AP(N+2»   •  C(N+2)) 
74 IF      (FAULT  -   1.»   75,76,81 
75 ERR   M   «   I./FAULT   •    1. 

FAC   -   3.   «   FACTOR   *   AMINI 
GO   TO   78 

76 ERRM   a   P(N+l»   /   P(NSTAR»   -   1. 
IF      (CHOKE.LT.O.»   GO   TO   77 
IF      (ERRM.LE.O.)   GO   TO   73 
CHOKE   ■   -1. 
NSTAR   -   N 
WRITE   (3,82» 

82   FORMAT   (17H0   THROAT   UNCHOKEO  /) 
GO   TO   77 

• EPSP 
R(N«1 ) 

VOL 
(AP(N*1» - PA * AP(N»» 

♦ DELT ♦ RT / VOL * HBAR» / (1. + 

(SORT (ERRM / .003», .5 ♦ FAULT) 

624-0426 
624-042 7 
624-042« 
624-042^ 
624-0430 
624-0431 
624-0432 
624-043 3 
624-0434 
624-047 5 
624-0436 
624-043 7 
624-0438 
624-0439 
624-0440 
624-0441 
624-0442 
624-0443 
624-0444 
624-0445 
624-0446 
624-044 7 
624-0448 
624-0449 
624-0450 
624-0451 
624-0452 
624-045 3 
624-0454 
624-0455 
624-0456 
624-045 7 
624-0458 
624-0459 
624-0460 
624-0461 
624-0462 
624-0463 

TERM»624-0464 
624-0465 
624-0466 
624-0467 
624-0468 
624-0469 
624-0470 
624-0471 
624-04 72 
624-0473 
624-0474 
624-0475 
624-04 76 
624-0477 
62A-0478 
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73 

77 
70 

100 

79 

80 

C 
C 
C 

C 
C 
C 

EKRN  -  lid )   /  Cd»   -   1. 
FAC   ■  AM1N1    (-FACTOR   *   tRRM,    .8) 
GO   TO   78 
FAC   •   FACTOR   *   ABSd.Ol   -   U(N)   /   UN)) 
OELP   «   AMAX1    «-,5,   ERRM  *   FAC» 
P(L)   -  P(L)   *   II.   ♦   DELP) 
LOOK,   >  LOOPC   ♦   1 
IP     (LOOPC.LT.01   CO   TO 2?. 
IF     lABSIERRNI.LT.CONVl)   CO   TO   79 
IF     (LOOPC.LT.LOOPM)   CO  TO 22 
MUTE   (3,100)   LOOPC,   ERRM,   P(L),   FACTOR,   FAULT 
FORMAT   (14,   1P6E12.M 

SIGN   (.05,   ERRM   *   ERRMLI IF     (LOOPC.fcO.LOOPMd»   FACTOR   -  FACTOR 
IF     (L I0PC.LT.2  *  LOOPM)   GO   TO 22 
IF     (ABS(OELP).LI.CONV)   60  TO   79 
IF     (ABS(OELP>.CT..«S)   GO  TO   1 
IF     (I.GE.Ni   GO  TO  81 
FAULT  •  I. 
GO  TO 48 
RMO  BARdl   -  RHO  AMB 
FILL   ■   FILL   -   ABAR   *   OX   «   RHOINPI 
GO TO  79 

CHECK FOR CHOKING AT END OF GRAIM 

81 IF  (CHOKE.GT.0.1 CO TO 83 
V > V ♦ VOL 
IF  (FAULT.EO.l.l GO TO 83 
CHOKE - 1. 
GO TO 65 

NORMAL OUTPUT ANO ADVANCE TIME INCREMENTS 

83 TIME1   ■  TIME  ♦   I.E-* 
IF     (TINEl.LT.TLIST)   GO  TO  85 
COUNT   ■ COUNT  ♦  1. 
CALL   TAB   (COUNT,  0.,   TLIST,   6) 
MR1TE   (3,841      (I,   TAUWd),   G( I ) ,   Ud),   Pd),   APd),   W(I),   R(I), 

1   RHOGd),   I>1,NI 
84 FORMAT   (IHOl 5X,3HTAU9X,1HG11 X, 1HVUX,1HPIIX, IHAUX, 1HM1IX, 1HR1IX, 

1   3HRH0/   dlO,lP8E12.4M 
WRITE   (3,171   (X(II,I>1,N,IPR) 

85 00 84   I   >  L,N 
IF     (E(I).NE.O.)   WRITE   (3,100)   I,   Ed) 
RLd )   - Rd ) 
ALd)   =  Ad) 
0(1)   -  O'i)   ♦  0MEB(I) 
RMOLd)   «   RHOBARd ) 

84   WEBPd)   *  AMIN1   (WEBP(I)   *   ,5   *   OHEB(I),   MEBMd)) 
IF     (TINE.LE.O.)   GO   TO  94 
ICN  *  0 

624-04 79 
624-0480 
624-0481 
624-04Ö2 
624-0483 
624-0484 
624-0485 
624-0486 
624-0487 
624-0488 
624-0489 
624-0490 
624-0491 
624-0492 
624-0493 
624-0494 
624-0495 
624-0496 
624-0497 
624-0498 
624-0499 
624-0500 
624-0501 
624-0502 
624-0503 
624-0504 
624-0505 
624-0506 
624-0507 
624-0508 
424-0509 
624-0510 
424-0511 
624-0512 
624-0513 
624-0514 
624-0515 
624-0516 
624-0517 
624-0518 
624-0519 
624-0520 
624-0521 
624-0522 
624-0523 
624-0524 
624-0525 
624-0526 
624-0527 
624-0528 
624-0529 
624-0530 
624-0531 
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C 
c 
t 

120 

THKUST CALCULATION 
OUIPUT SeCTION 

OIVR - 1. 
ANG ■ .6 • lOIAM(N) - OIAM(NSTAR)) 
IF  (ANG.Lfc.O.) 'JU   TO 120 
ItMp ■ x(N) - XINSTAR) 
OJVK « .5 • II. ♦ TEMP / SORT IANG»«2 ♦ TfcMP»«2n 
FG • WIM • UIN) / GO * ÜIVR • Cl ♦ AOEFL • IP(N) 
l-MAX ■ AHAXl |FG« FMAX) 
PMAX « AMAX1 IPIL), PMAX> 

PAMB) 

C 
C 
C 

C 
C 
C 

SUMMARY TERMS AND ACTION TIME 

ISP   >   FG  /   MINI 
SUMF   •   SUMF   ♦   DELT2   ♦   |FG   ♦   FGt» 
SUMW   •   SUMH   ♦   DELT2   *   IWIN)   ♦   MNL) 
PTSTAR   =   PINSTAR)   *   II.   ♦   .5   •   GFl   •   IUINSTAR)/C<NSTARI)♦• 
IF      IACT.GT.0.1   GO   TO   125 
IF      IFG.GT.0.1   *   FMAX»   CO   TO   123 
FAV   *   SUMF   /   TIME 
TEMP   ■   SUMF   /   SUMW 
WRITE   13,123)   FAV»   TEMP*   TIME,   FMAX,   PMAX 

123   FORMAT   I28ri0   AVERAGE   THRUST   AND   ISP  ARE   F6.0,5H   IBM,   F6.1, 
1   7X,   20H   WITH   ACTION   TINE   OF   F6.3,   SH  SECONDS/   5X,19H   MAXI 
1ST   IS   Fb.O,   2«H  LB,   AND   MAXIMUM   PRESSURE   IS  F8.2,5H   PSIA/I 

ACT   •   1. 

PRINT   L*   WARNING  -   CANCEL   DURING   TAILOFF 

4H 
MUM 

C 
c 
c 
L 

123   IF     ITAIL.LT.O.I   GO   TO   130 
IF     ITIME.LT.TRISEI   GO   TO   130 
IF      IWEBPILI.LT.WEBMILM   GO   TO   128 
WRITE   13,127) 

127 FORMAT   I38H0   L*  WARNING   SUPPRESSED  DURING   TAILOFF   /) 
Gü  TO   129 

128 LSTAR   ■   V   /   APINSTAR) 
IF   (LSTAR.GT.10.91A3»IALPHAN/RIL)*»2)**.41981   GO   TO   130 
WRITE   (3,105)   LSTAR 

105   FORMAT   {lH0/<*bK,l3Hl*   WARNING  AT   F6.2/I 
129 TAIL   »   -1. 
130 WRITE   13,104)   TIME,   PID,   PIN),   PIN+ll,   FG,   WIN), 

1    IWEUP(I),   I>1,N,IPR),   LOOPC,   PINSTAR),   PTSTAR,    ISP, 
1   DEFLINSTAR) 

104   FORMAT   11H0F5.2,3F8.1,F8.0,F8 .3,9X,10F7.3,I6/2X,3F8.1,F8.0 
IF     ILIST.NE.O)   WRITE   13,100)   LIST,   TIME,   FG,   ADEFL,   PID 

RETAIN   NOMINAL-CASE   PARAMETERS 
CALCULATE   SLOPE   MATRIX   TERMS 

IF      (STEP.LT.O.)   GO   TO   90 
IF      ITIME1.LT.TPART)   GO   TO 
IS   =   IS   ♦   1 

90 

624-0532 
624-053 3 
624-0534 
624-0535 
624-0536 
624-0537 
624-0538 
624-05 39 
624-0540 
624-0541 
624-CJ42 
624-0543 
624-0544 
624-0545 
624-0546 
624-054 7 
624-0548 

2)««GF3 624-0549 
624-0550 
624-0551 
624-0552 
624-0553 
624-0554 

SEC 624-0555 
THRU624-0556 

624-055 7 
624-0558 
624-0559 
624-0560 
624-0561 
624-0562 
624-0563 
624-0564 
624-0565 
624-0566 
624-0567 
624-0568 
624-0569 
624-05 70 
624-0571 
624-0572 
624-0573 
624-0574 
624-05 75 

,2F8.3) 624-0576 
624-0577 
624-0578 
624-0579 
624-0580 
624-0581 
624-0582 
624-0583 
624-0584 

SUMF, SUMW 
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IF  (STtP.OT.Ü.) GO TU 88 
COUNTH = COUNTP ♦ I. 
CALL TAB (COUNTP, 0., TPART, U) 

88 

90 

H<l,IS) « TIME 
HlltlS+ll « I.E6 
H(2,1S) '   P(L» 
H(3,IS» - FG 
H(4,1SI » R(N) 
H(3,IS) = R(NXKAY) 
GO TO 90 

TPART - H(1,IS*1) 
H(6, IS) = P(LI / H(2fIS) - 1 
H(7,IS> » FG / H<3,IS) - 1. 
H(8,IS) = R(N) / H(<»,IS) - 1 
H(9,IS) = R(WXRAY) / H(5, IS) 

91 

93 
9A 

95 

96 

C 
C 
C 

1. 

IF  (TIME1.GT.TST0P) GU TO 109 
IF  IPa).LT.PAMB + 2.) GO TO 109 
FGL = FG 
WNL ■ WIN) 
WL - H(N+1) 
VOLL ■ VOL 
PL = P(N-H) 
XIN) = X(N) - DtLL 
IF  (WN.Lfc.O.) GU TO 91 
XDOT = (tXPWNT ♦ (XTERM1 - WN • (XTERM3 ♦ PLO * XDO) + POOT) 

l        +PÜOT) / KD 
XDO >= XO / KO 
PLO = P(L) 
IF  (L.GT.l) GO TO 95 
XHEAÜ =   X(L) 
IF  (TIME.GT.TRISE) OP » 
IF  UIME.LE.TRISE) UP « 
DO 93  I=L,NSTAR 
P(I) = P(I) • OP 
IF  (L.GT.l) GO TO 95 
CALL TAB (TIME, 0., DELT, 
WF2 » 0. 
GO TO 96 
L » L - 1 
PID = P(L + 1) * (FIX ♦ I.) / FIX 
DELT » (X(L*l) - X(L)) / VFZ 
LOOPC ■ -2 
FIX » FIX ♦ I. 
APT = AP(NSTAR) 
TIME x TIME ♦ DELT 
GO TO 21 

OUTPUT AND ADVANCE OF PARAMETRIC STUDIES 

APT / AP(NSTAR) 
(FIX*1.) / FIX 

5) 

109 TEMP 
WRITE 

' SUMF / 
(3,1081 

FILL 
TEMP, FILL 

62V 
624 
62* 
62A- 
62V 
624- 
624- 
62<»- 
62<»- 
62V 
624- 
624- 
624- 
62A- 
62V 
624- 
624- 
624- 
624- 
62V 
62*- 
62*- 
624- 
624- 
62V 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
62^- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 

■0585 
•0586 
■0587 
■0588 
■0589 
■0590 
•0591 
■0592 
•0593 
■0594 
■0595 
■0596 
■0597 
■0598 
■0599 
■0600 
■0601 
•0602 
■0603 
■0604 
■0605 
0606 
0607 
0608 

■0609 
•0610 
0611 
0612 
0613 
0614 
0615 
0616 
0617 
0618 
0619 
0620 
0621 
0622 
0623 
0624 
0625 
0626 
0627 
0628 
0629 
0630 
0611 
0632 
0633 
0634 
0635 
0636 
0637 
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H15,I(, 
BXf 6MP 

1=1,IS» 
HEAD 6Xt 

Hi9,n, 

10« FORMAT (12H0 blUP IS»» ■ H/.2,2MH, BASED ON LOADED NEIGHT OF F7,l, 
1 AH LbS / ) 
IF  IbTEP) 1,110,111 

110 WK1U (3,1061 (M(l,l), H(2,l), H(3,II, H(4,l), 
106 FOKMAT    (19HINÜM1NAL    PARAMETERS   /    IHOAX,   4HTIME 

1   2HF0   10X,   2H.**   9X,   5HR(N4»   /   ISF12,3M 
GO   TO  112 

111 ZINPARI   =   /(NPAK)   /   1.1 
WRITE   13.1071   NPAR,    (HI1«II,   H(6,n,   H(7,l>,   H(8,n 

1    1-1.IS) 
107 FORMAT   (39HISENSITIV1TY   DERIVATIVES  FOR  PARAMETER   13  /   1H0AX. 

1   4HTIME   8X.   6HP   HEAD   6X,   2HFG   10X,   2HR»'   9X.   5HRJN4)   /    (5^12.311 
112 STEP   =   STEP   ♦   1. 

CALL   TAb   «STEP,   0.,   TEMP,   121 
N   PAR   =   TEMP   ♦   l,E-6 
IF      INPAR.EO.O)   GO   TO   1 
ZINPARI   ■   Ul   ♦   Z(NPAR) 
GO   TO   <» 
END 

62A-063B 
624-0639 
624-0640 
624-0641 
624-0642 
624-0643 
624-0644 
624-0645 
624-0646 
624-064 7 
624-064B 
624-0649 
624-0650 
624-0651 
624-0652 
624-0653 
624-0654 
624-0655 
624-0656 

A-20 
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C 

c 

c 
c 
c 
c 

SUBKUUTINE   TAB   IN 

INPUT   LOGIC   FUR   VARIOUS   TABULAR   DATA 

LMHbNSlON     GEOMET(3000)t   MLISTIIOZ),   LÜGIC(2t) 
COMMON     /CÜMl/C0M(lü2l      /COMA/MASTER i 30001      /C0M5/SYSTEM(125 I 
EoUIVALENCb      (GEOMET»MASTER>,      (MLIST»COM),      «LOGIC,SYSTEM!101»»» 

1    (J,ML1ST(101I I.      (MIMLIST(102» ) 

J   ■   MAXO   (Jt    U 
2   ML   »   J 

CALL   DATA   IN   (0) 
ITVPt   -   LÜG1C(4) 
IF      (ITVPE.LT.O)   RETURN 

M   -   M   ♦   1 
ML IST   (M)   •   ML 
IF      (M.LE.50»   GO   TO  1 
WRITE   (3,12) 

12   FORMAT   (1H010X,35H LIMIT 
CALL   EXIT 

1   MX   -   LOGICil) 
MLIST   IMX^SO)   -  M 
NX   =   MAXO   (L0GIC(6),   1) 
NY   •   MAXO    tLOGICO),   11 
N  LOG   >  LOGIC!3) 
MASTERIML*3»    •   ITYPE 
MASTER I ML4-1 31   -   NY 
MASTER! ML••'2)   *  N LOG 

OF   50   TABLE   INPUTS   EXCEEDED  /» 

READ  -Y-  ARGUMENTS   (LIMIT   TO   19) 
MAKE   ALTERATIONS   FOR  NON-RECTANGULAR   TABLES 

ML I'» 

C 
C 
C 

J 
INY   ■   1 
JUMP   -   0 
IF      (ITYPE)   *,4,3 
INY   =   NY 
JUMP   »   1 
DO   5      1«1,INY 
MASTER(J)   >   MAXO   (LOGIC ( U5),   1) 
J   a   J   ♦   I 
MASTER(ML+7)    =   J 
DO  7      1=1,NY 
GEOMET(J)   .   SYSTEM(I) 
IF      (N  LOG.GT.O)   GEOMET(J)   =   ALOG   (GEÜMET(J)) 
J   «  J   ♦   1 
INUX   =   J 
MASTtR(ML^6)    >   INDX 
GEOMET(ML+ll)    =   SYSTtM(l) 

READ  -X-   ARGUMENTS   (LIMIT   TO   50) 

62V 

624 
624 
624 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 
624- 

•065 7 

•0658 
-0651* 
•0660 
•0661 
•0662 
•0663 
■0664 
-0^65 
-0666 
•0667 
•0668 
•0669 
■0670 
0671 

■0672 
•0673 
•0674 
■0675 
■0676 
0677 

■0678 
-0679 
■0680 
■0681 
■0682 
0683 

■0684 
0685 
0686 
0687 
0688 
0689 
0690 
0691 
0692 
0693 
0694 
0695 
0696 
0697 
0698 
0699 
0700 
0701 
0702 
0703 
0704 
0705 
0706 
0707 
0708 
0709 

A-21 

*;& 



AFRPL-TR-73-20 

02/20/73 PAGE     16 

C 
c 
c 

Jl   -   ML   ♦   14 
ÜO   8     K«1,|NV 
IF        INY.GT.l)   CALL   DATA   IN   (1 » 
NX   »   MASTER(Jl) 
DO   6      I>1.NX 
IF      (N  LOG.GT.O)   SYSTEM« 1) 
GEOMETUI   ■   SYSTEMCI) 

6   J   ■   J   ♦   I 
8   Jl   -   Jl   ♦   JUMP 

GEOMfcKML + lOl   ■   GEOMET(INOX) 

KEAO   TABLE   VALUES   -Z- 

IN02   -   J 
MASTER(ML4-8)   -   INDZ 
Jl   «   ML   t   14 
00   10     K=l,NY 
CALL   DATA   IN   (1) 
NX   «   MASTEKUl) 
00  9      1=1,NX 
IF      (N  LOG.GT.O»   SYSTEMJl)   ■ 
GEOMET(J(   =   SYSTEM«1) 

9   J   ■   J   ♦   I 
10   Jl   =   Jl   +   JUMP 

GE0MET(ML+12(   =   GEOMET(INOZ) 
GO   TO  2 
END 

-   ALOG   (SYSTEM(I)) 

ALOG   (SYSTEM! IM 

624-0710 
624-0711 
624-0712 
624-0713 
624-0714 
624-0715 
624-0716 
624-0717 
624-0718 
624-0719 
624-0720 
624-0721 
624-0722 
624-0723 
624-0724 
624-0725 
624-0726 
624-0727 
624-0728 
624-0729 
624-0730 
624-0731 
624-0732 
624-0733 
624-0734 
624-0735 
624-0736 

A-ll 
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C 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 

SUttROUTlNE   TAB   IXI ,   VI,   11,   MX) 

TABLE  LOOK-UP  ROUTINE   FOR  LINEAR   INTERPOLATION UF 
ONE-OIMENSIONAL Z-FIXIt OR Z-FtVI. TWO DIMENSIONAL 2-FtX, 
AND TWO-DIMENSIONAL NON-RECTANGULAR TABLES WITH COLUMNS 0 
VARYING  NUMBERS  OF  ROMS 

PERFORM  LOG-LOG   INTERPOLATION   IF   CODED   «MASTEROI   OR  -(ML*2 

DIMENSION     GEOMETOOOOtt   MLIST(102>,   A«2),   JUNK(32I 
CUMPON     /COM1/COM(102I     /C0M4/MASTER( 3000)      /C0M5/SVSTEM(125) 
EQUIVALENCE      (GEOMET,MASTER),      (MLISTtCOM),      (JUNKtSVSTEM(90)) 
EgUlVALENCE      (ITVPF;JUNK( 4))*      (JX11JUNMS) ) ,      tJY1,JUNK(6)), 

1 (INOX.JUNKCT»»,      (INDVtJUNKI8))t      <INOZ»JUNK«9)Iv 

2 (XS,JUNKdl)),      (VS,JUNK(l2))t      (ZStJUNK(13) I, 
3 (NV*JUNKI1M)»      (NX1,JUNK(15)) 

M   •   ML 1ST   |MX*$0) 
IF      (Ml   9,7,10 

CODE 70 ALLOW ONLY ONE ERROR MESSAGE 

)) 

2K  /   ) 
7 WRITE   (3,8)   MX,   M 
8 FORMAT   (40H0  REFERENCE   TO UNCORRELATEO  TABLE  NUMBER 

MLIST   (MX^O)   »  -I 
9 Zl   -  0. 

RETURN 

10  X   -   XI 
V «   Yl 
ML   -   MLIST(M) 
IF      <MASTER<ML42).EQ.O)   GO  TO  25 
X   «   ALOG   (X) 
Y >   ALOG   IY) 

MOVE   INDICES   FROM  PREVIOUS   ENTRY   TO  WORKING  STORAGE  -JUNK- 

25  LOW  ■  0 
J   •   ML 
DELY   -  0. 
00 27     I>1,30 
JUNKII)   -   MASTER(J) 

27   J   ■   J   ♦   1 
NX   *  NX1 

DETERMINE  COLUMN AND  Y   INTERPOLATION RATIO  -DEL  Y- 
SHORT  CIRCUIT   IF   INPUT  ARGUMENTS  ARE  UNCHANGED FROM PRIOR 

IF (ABS(XS - X) •» AHS(YS - Y)) 67,67,31 
31 DYl ■ Y - GEOMET (INÜV) 

IF (0Y1) 38,50,33 
32 0Y1 « DY2 
33 IF UY1 ♦ 1 - NY) 34,50,50 
34 DY2 « Y - GEOMET (INDY«-l) 

624-0737 
624-0738 
624-0739 

Y), 624-0740 
F 624-0741 

624-0742 
624-0743 
624-0744 
624-0745 
624-0746 
624-0747 
624-0748 
624-0749 
624-0750 
624-0751 
624-0752 
624-0753 
624-0754 
624-0755 
624-0756 
624-0757 
624-0758 
624-0759 
624-0760 
624-0761 
624-0762 
624-0763 
624-0764 
624-0765 
624-0766 
624-0767 
624-0708 
624-C769 
624-0770 
624-0771 
624-0772 
624-0773 
624 •0774 
624-0775 
624-0776 
624-0777 
624-0778 
624-0779 
624-0780 
624-0781 

SET624-0782 
624-0783 
624-0784 
624-0785 
624-0786 
624-0787 
624-0788 
624-0789 
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C 
c 
c 
c 

IF      (ÜV2)   40,3^,35 

SfcQUENCE   FORWARD  ONE  COLUMN 

35 1NUY   «    INÜY   ♦   I 
IF      (ITVPfc)   37,37,36 

36 NX   *   JUNMJVl + lS) 
INUX   ■    INÜX   ♦   NX 

37 IN'JZ   -    INÜZ   ♦   NX 
JVl   =   JY1   ♦   I 
IF      (LOW)   32,32,50 

38 
39 

'-l 

42 

40 

5Ü 

46 

49 

SEQUENCE   BACKWARDS   ONE   COLUMN 
IF      (JVl)   50,50,39 
INÜV   "    INOY   -   I 
JYl   =   JYl   -   I 
IF      (ITYPE)   42,42,41 
NX   =   JUNK(JYl+15) 
INÜX   ■    INDX   -   NX 
INDZ   =    INOl   -   NX 
UY2   =   DYl 
DYl   =   Y   -   GEUMET(INÜYI 
IF      (DYl)   38,50,40 
DELY   =   DYl   /    (DYl   -   ÜY2) 

CONTINUE   TO  FIND   X   INTERPOLATION  RATIO  AND   2   VALUE   (ONE  OR 
TWO  VALUES  AS   REQUIRED) 

DELX = 0. 
COUNT BACK TO THE 

IF  (1TYPE) 51,51,48 
NX = JUNKUYl + lS) 
I = JX1 ♦ 1 - NX 
IF  (I) 51,51,49 
JXl = JX1 - I 
INÜX => INOX - I 
IND2 = INDZ - I 

END OF THE COLUMN (NON-RECTANGULAR) 

51 ÜX1   «   X   -   GEOMET(INOX) 
IF      (0X1)   55,58,52 

52 IF      (JXl   ♦   I   -   NX)   53,58,58 
53 DX2   =   X   -   6E0MET(INOX+1) 

IF      (0X2)   57,54,54 
COUNT   FORWARD   ONE   ROW 

54 JXl   =   JXl   ♦   1 
INDX   *   INDX   ♦   1 
INDZ   -    INDZ   ♦   1 
0X1   =   DX2 
GO   TO   52 

55 IF      (JXl)   58,58,56 
COUNT   BACKWARDS   ONE   ROW 

56 JXl   =   JXl   -   I 
INDX   =    INDX   -   1. 

624-0790 
624-0791 
624-0792 
624-0793 
624-0794 
624-0795 
624-0796 
624-0797 
624-0798 
624-0799 
624-0800 
624-0801 
624-0802 
624-0303 
624-0804 
624-0805 
624-0806 
624-0807 
624-0808 
624-0809 
624-0810 
624-0811 
624-0812 
624-0813 
624-0814 
624-0815 
624-0816 
624-0817 
624-0818 
624-0819 
624-0820 
624-0821 
624-0822 
624-0823 
624-0824 
624-0825 
624-0826 
624-0827 
624-0828 
624-0829 
624-0830 
624-0831 
624-0832 
624-0833 
624-0834 
624-0835 
624-0836 
624-0837 
624-0838 
624-0839 
624-0840 
624-0841 
624-0842 

A-Z4 
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C 
C 
c 
c 

IND2   «   INOZ   -  I 
0X2   -   0X1 
0X1   >   X   -   G».OMET(INÜX) 
IF     (0X1)   «.5,58,57 

57  DELX   ■   0X1 /   10X1  -   0X2) 
A(LOWn)   >' GEOMET(INDZ)   ♦   DELX   *   < 6E0MET ( INOZ+U   -   GEOMET ( 1NDZ ) ) 
60   TO   60 

be   A(LOW+n   = GEOHET(INOZ) 

RESTORE STORED INDICES AND SET-UP SECOND X INTERPOLATION 
SECOND X VALUE AND A V INTERPOLATION IS NEEDED ONLY IF 
-OELY-  HAS   bEEN   SET   POSITIVE 

60 IF      (LOW)   61,61,65 
61 LOW  ■   1 

J   »   ML   +   * 
00 62      1=5,9 
MASTER(J)   *   JUNK(I) 

62 J   *   J   +   1 
IF      (OELY)   63,63,35 

63 GE0HET(ML+12)   =   A(l) 
GO   TO  66 

COMPLETE   TWO-DIMENSIONAL   INTERPOLATION 
SAVE   VALUES   X,   Y,   AND Z  FOR SHORT  CIRCUIT  ON  RE-ENTRY 

65 GEOMET(ML*12)   «   A(l)    +   OELY  *   (A(2)   -  A(l)) 
66 GE0MET(ML+10)   «   X 

GEOMET(ML-Hl)   =   Y 
67 ANS   ■  GEOMET (ML-«-12) 

ZI   -  ANS 
IF     (MASTER(ML+2).  NE.O)   Zl   «  EXP   (ANS) 
RETURN 
END 

624-0843 
624-0844 
624-0845 
624-0846 
624-0847 
624-0848 
624-0849 
624-0850 
624-0851 
624-0852 
624-0853 
624-0854 
624-0855 
624-0856 
624-085/ 
624-0858 
624-0859 
624-0860 
624-0861 
624-0862 
624-0863 
624-0864 
624-0865 
624-0866 
624-0867 
624-0868 
624-0869 
624-0870 
624-0871 
624-0872 
624-0873 
624-0874 
624-0875 
624-0876 
624-0877 

-^g|WWWW¥?fP,,M,%*B»k.|. 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

1 
2 

22 
3 

23 

SUBROUTINE   0«TA   IN   (Nt 

READ RANOOH-ENTRV  DATA  TO  ESTABLISH  PROBLEM OEFi'NITION 

STACK   EACH  GROUP  HlTH   INTEGERS  FIRST,   THEN  FLOATING  DATA 
CONTROL   KEY  -N-  CALLS  FOR  DATA ONLY   IF   (♦)•   BOTH   IF   101,  OR 
INTEGERS   ONLY   IF   l-l 

READ UP   TO   6   PAIRS   (LOCATION   12,   DATA   (U,6X)   OR FIOI   PER CARD 
ANY   FIELD  MAY   BE  BLANK     NUMBER  FIRST   LOCATION   IN  LISTS 
(-)   LOCATION  OR   BLANK  CARD  TERMINATES   SEQUENCE 

DIMENSION     LI7I,   K(6),   E(6I,   L0GIC(25i,   COMENTIT» 
COMMON     /CüM5/SYSTEM(125l 
EQUIVALENCE      (LOGIC,SYSTEM«ICIM 

IF  (N) 1,1,11 
DO 2  I«l,25 
LOGICm * 0 
READ (1,31 (L(I),K(II,I»1«4I, L(S), (COMENTC1), 1-1,71 
FORMAT (4(12,14, 6X1, 12, TA4I 
WRITE (3,231 (COMENT(n,I«l,TI 
FORMAT (/6H LOGIC 10X, 7A4I 
J * 0 
Kl » 1 
00 9  I«l,4 
IF  (Ldl) 5,6,5 
J < L(II 

(J) 10,8,8 
(Jl 7,9,7 
J ♦ 1 

8,9,8 
Mil 

9 
10 
4 

29 
30 

11 
12 
32 
13 

IS 

16 
17 

18 

19 
20 
14 

24 

21 

'1,K1I, L(K1*1» 

'1,61, L(7) 

IF 
IF 
J » 
IF mm 
LOGIC(J) • 
Kl * I 
CONTINUE 
WRITE (3,4) (L(I),K(I)tI 
FORMAT (6X,6(18,15,7X11 
IF  (Jl 30,30,29 
IF  (L(5II 30.22,22 
IF  (Nl 21,11,11 

00 12  1-1,50 
SYSTEM!I» « 0. 
READ (1,131 (Ldl,Ed),I' 
FORMAT (6(12,F10.5), 121 
J ■ 0 
Kl - 1 
00 19  1-1,6 
IF  (LCD) 15,16,15 
J « L(I) 
IF  (J) 20,18,18 
IF  (J) 17,19,17 
J - J ♦ 1 
IF  (Edll 18,19,18 
SYSTEM(J) » Ed) 
Kl - I 
CONTINUE 
WRITE (3,14) (Ldl,Ed),l-l,Kl), L(KUl) 
FORMAT (6H  DATA 6(I8,F12.6). 14) 
IF  (J) 21.21,24 
IF  (L(7M 21,32,33 

RETURN 
END 

594 0654 
594 0655 
594 0656 
594 0657 
594 0658 
594 0659 
594 0660 
594 0661 
594 0662 
594 0663 
594 0664 
594 0665 
594 0666 
594 0667 
594 0668 
594 0669 
594 0670 
594 0671 
594 0672 
594 0673 
594 0674 
594 0675 
594 0676 
594 0677 
594 0678 
594 0679 
594 0680 
594 0681 
594 0682 
594 0683 
594 0684 
594 0685 
594 0686 
594 0687 
594 0688 
594 0689 
594 0690 
594 0691 
594 0692 
594 0693 
594 0694 
594 0695 
594 0696 
594 0697 
594 0698 
594 0699 
594 0700 
594 0701 
594 0702 
.594 0703 
594 0704 
594 0705 
594 0706 
594 0707 
594 0708 
594 0709 
594 0710 
594 0711 
594 0712 
594 0713 
594 0714 
594 0715 
594 0716 
594 0717 

b-^L(> 73 


