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SECTION 1

1.0 INTRODUCTION

This document is the Users Manual for the Solid Rocket Booster Perfor- .
mance Evaluation Model (SRB-II). Descriptions of the model, the program
options, the required program inputs, the program output format and the
program error messages are presented herein. This Users Manual is con-
tained in Volume II of a set of four volumes which describe SRB-II.
Volume I contains the engineering description; Volume III contains the
sample case; and Yolume IV contains the program 1isting.

SRB-II is written in FORTRAN Language and is operatfonal on both the
IBM 370/155 and the MSFC UNIVAC 1108 computers. The mode] has been
extensively overlayed in an effort to meet the MSFC UNIVAC 1108 System
core storage restriction of 32,000 words at any given time.

Both analytical ard functional simulation technigues are employed in
SRB-IT to predict performance of the propulsion elements in the Space
Shuttle Solid Rocket Booster. The model also contains analytical methods
for reconstructing performance of motors for both static test and flight
using measured data as direct input. SRB-II calculates the performance
of a wide variety of possible solid rocket booster configurations using
input data derived from theoretical analysis, small scale tests, large
scale tests, and flighi motor configurations. Three analytical scaling
techniques are included in the model for the purpose of predicting
delivered characteristic velocity {¢*) and vacuum specific impulse

(Isp) of the motor. The predicted Isp and c¢* are used in conjunction

. with motor propellant data to predict booster propulsion performance.
Motor performance parameters such as thrust, flowrate and operating
pressures may be calculated with an internal ballistics techniaue

or scaled from avajlable test data.

The SRB-II Source and Executable Tape has been placed on file in the
'MSFC Data Systems Laboratory Library as tape number 29312. This tape
contains the operational version of SRB-II demonstrated on the MSFC

- UNIVAC 1108 system, and the symbolic; relocatable, and absolute modules’
of SRB-II. ' ' : '

-1
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SECTION 2

2.0 PROGRAM DESCRIPTION

The Solid Rocket Booster Performance Evaluation Model js made up of
analytical and functional techniques combined to simulate the pro-
pulsion elements of a solid rocket booster. The model was developed

by making maximum use of existing computer nrograms and simulation

techniques. Tiiree existing computer programs incorporated into SRB-IT.

are the Boeing Internal Ballistics Computer Program, the Lewis Thermo-
chemical Computer Program, and the One-Dimensional Two-Phase Flow Loss
Computer Program. X .

* SRB-IT has user options to select simulations for flight and static

test prediction or reconstruction of a vide variety of solid rocket
motor configurations. The options selected are denendent on data .
available to the user; therefore SRB-II may be input with data derived
from theoretical analysis, small scale test data, large scale test
data, and flight motor configuration data. SRB-II input is described
in Section 3.0. _ _

.The user has sevekaT outnut options for thé éaTcu]ated propuision

system performance parameters, Output includes major parameters (Isp,
thrust, flowrate, mass accounting, and onerating pressures) as a
vunction of time, as well as single point scaled data. SRB-1I output
is described in Section 4.0.

Thé remaining paragraphs of Section 2.0 include a description of

. gach SRB-IT Module, a description of the: groundrules used in naming

program variables and constants, and a discussion of the overlay which
was required to attemnt to meet the MSFC UNIVAC 1108 System storage
restriction of 32,000 words at any given time, _ _

2.1 MODULE DESCRIPTION

The following procedure was used to synthesize the SRB-II_in_mOduTar

form. -

{1} The best solid rocket motor simulation technigues availahie were
selected utilizina existing simu1aﬁion§ whepe_possjh1e.

(2). Comnutér routines were written to deécribe functions of individual

components not already programmed. -

- (3) The simulations and routines were grotped into modules.

(4) The moduTes were Tinked togsther with an Executive Module such

‘that the path through th. model can be selected or controlled by =
Sthe UserL T e T T e T S
The modularized SRB-IT program flowchart is shown in Figure 2-1. Al1
the modules are linked together with an Executive Module which is .

s 'used'to“COhtroT"thé"gveral1.p?ﬁﬁfém'for'eéch331mu1§t¢0n"ca5e,'

2
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2.1 (Continued) _
The following paragraphs will discuss each module in detait.
2.1.1  Executive Module (MAIN)

The Executive Module controls access to the other modules such that

a unified analysis of sojid rocket booster performance can he performed.
The module is set up so that new modules may he readily added.,

Figure 2-1 is a logic flow chart which shows the manner in which

the Executive Module Tinks the other modules. The utilization of the
varijous modules is controlled in-the Executive Module hy control
indicators, These indicators are variables whose values are determined
by the proaram user and are input through the Centralized Input Moduie.
For example, the user could either utilize or hvnass the BATES Isp
sigu]ation by input of the appropriate value for the BATES Isp Module
indicator.

2.1.2  Centralized Input Module (INPUT)

The Centralized Input Module processes input data to the SRR-IT using
the folTowing four methods: BLQOCK DATA, NAMELIST, set format cards,

and data taves. The Centralized Input Module subroutine INPUT processes
all NAMELIST and set format cards and transfers the card input data to
disk. Data are then read directly from disk by the routines which
require the data. Tape inputs are read directly by the routine re-
quiring the data. Direct data access by the program routine is

- required because of core starage limitations set by the MSFC UNIVAC -

1108 operating rules. A complete discussion of input data is given in
Section 3.

2.1.3  BATES Isp Module (BATES)

The BATES Isp Module computes the end item vacuum Isp and characteristic

velocity (c*), using the Air Force devised BATES method and is the
preferred one of three modules provided for these calculations. The
Isp Scaling and Contractor Data Modules are considered alternate
methods and are discussed in separate paragraphs.

The Air Force devised the BATES method of accurately measuring Isp
of a test propellant using a high precision test motor and closely
controlled test conditions (References 1 and 2). BATES is an acronym
for BAlTistic Test Evaluation Scaling. -Extensive use and modification
over the past twelve years have extended this system to allow precise
prediction of propellant performance in the expected "end item" or

_fina]_produetion rqcket mqtor,_

The BATES system test procedure ‘employs. the use of a carefully designed
solid propellant test motor. PropelTant samples are prepared hy the
solid rocket motor contractor in separate cartridges which. are subsequently

2~3
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2.1.3 (Continued)

Toaded into a test motor much the same as a cartridge is loaded into

a8 gun. The motor is olaced in a calorimeter capahle of precise heat
loss measurement and fired. An extremely accurate test stand is

manned hy Air Force personnel who actuallv conduct the test, Air

Force personnel alsn accomplish the data reduction, thus insuring the
consistency of all test nrocedures, 0nver 400 firings have heen made

to accurately determine the specific impuise of a numter of pronellants
of interest to the Air Force.

The BATES philosophy involves correcting an emnirically derived Isn
by means of analvtical corrections. The corrections required are
described in the following paragraphs

*

2.1,3.1 BATES llo Loss Delivered Specific Impulse

BATES "ideal" or no-loss delivered Isp is cbtained by adding three major
Isp correction factors tn the RATES delivered Isp. These are heat
Tlow, two-phase flow, and diveragence lossas. ' :

Heat flow Toss is measured directlv usina the test stand calorimeter.
These heat flow Toss effects, as measured in the BATES program, can
result in a Toss of up to 5-1/2 seconds of Isp. : '

A typical space shuttle snlid rocket booster propeliant contains
sixteen percent aluminum resulting in an exhaust f1ow containing
approximately thirty-nercent solid particulate aluminum oxide (AT203).
These solid particles Tag the gaseous flow and cause a nerfaormance
decrement known as two-phase flow loss. The primary parameters
required to calculate this flow loss are size and flow rate of the
particles. A correlation for particle size and throat diameter has
been adapted from the 1iterature and programmed. This correlation is
shown in Figure 2-2 and has been incorporated into the BATES Module.
Particle Tow rate will he calculated usina output Ffrom the Lewis

‘Thermochemical Program (Reference 3) which is incorporated as a sub- -

routine in the BATES Isp Module. Once the particle size and flow
rate are known, the 1DMP7L nroaram developed hv the Ajr Force
(Reference 4) is used to calculate the Isp decrement due to two-phase

7low loss.. This program has heen incorporated into the BATES Isp.
Module ‘as Subroutine IMD@AZL. : '

The final Isp correction to the BATES small motor data, the divergence
Toss, acceunts for the fact that all the exhaust velocities are not
parallel to the axis of the nozzle. For a simple conical nozzle this
loss is given hy: '

Ispy;, = [1/2 - 172 (cos o)} 1Isn .

theoretical specific impulse
nozzle half anale.

n-n

and o
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2.1.3.1 (Continued)

;h;s1divergence loss caleulation has been incorporated in the BATES
odule. : R _

The three losses, when combined with the measured BATES Isp, result

- in the BATES no-loss delivered specific impulse. The BATES module

- computes’ a correlation with the theoretical Isp (Lewis Program) for
use as a back-up. This provision allows performance extrapolation of

similar propeliants for which BATES data is not available by providing

an estimated no-loss Isp.

2.1.3.2 "End Item" Delivered Specific Impulse and Characteristic
Velocity -

‘The basic assumption of the BATES method is that the delivered no-loss

Isp of the small test motor is equal to the delivered no-loss Isp '

of a large motor for a given propellant composition. Therefore, the

nand item" delivered Isp is obtained by deducting the large motor Isp

losses Fram the BATES no-Toss ‘delivered Isp and then making any necessary

expansion ratio corrections. The major large motor losses are two-phase

flow loss, heat Toss, divergence Tloss and submergence foss. The

two phase flow and heat loss are accounted for in the same manner as the

previously described BATES motor losses. Submergence loss is also a required

input. When the Targe motor has a conical nozzle the divergence losses

are calculated as described for the BATES motor. If the Targe motor has

a° contoured nozzle the divergence loss can be calculated with either of

the following methods. ~The approximate ‘method uses the following equation.
ot o6 '

ISPyiy = [% - % (cos(-——z—e’i)] 15p

and'

 ”whefe ISP = theoretical specific impulse . o _
« = equivalent conical angle of the contoured nozzle
= angle of nozzle contour at the nozzle exit p1ane'measured

‘€% from the nozzle centerline
The method of characteristics method uses the following eauation

150, = [F - 3 (cos &)1 [L] [1SP]

where ISP = theoretical specific impusie 7
S w= equivalent conical angie of the contoured nozzle
and L = vatio fo the theoretical specific impulse of a contoured

nozzle to the theoretical specific impulse of an equivalent
conical nozzle derived with the ATPAP computer program.

"End Ttem" motor charactefisfic exhatist velocity (c*)'ﬁé calculated
by correcting the theoretical c* at the nozzle throat. “The correction

has the form of the ratio of the End Item motor actual ISP at the nozzle
* throat to-the "end item" motor theoretical Isp at the nozzle throat.

2-6
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2.1.4 Isp Sca11ng.Modu]e (SISCAL)

The Isp Scaling Module calculates "end item" Isp by calculating theoretical
Isp and accounting for divergence losses, motar inefficiencies as a function
of motor mass flowrate, and nozzle submergence Tosses. Since this method
Tor calculating Isp requires a very minimum of input data, it is a useful
alternate to the BATES technique.. o - S

The previousTy mentioned Lewis computer program is incorporated into the
Isp Scaling Module as the means of calculating theoretical specific
impulse and characteristic exhaust velocity. The theoretical jmpulse
is corrected for divergence Tasses as previously described in 2.7.3.2.
Motor Isp inefficiencies will be taken into account by using the NASA
data (from Reference 5) shown as Figure 2-3. This figure shows the re-
sults of many previous motor tests using various size motors with different:
types of propellant, and indicates that motor Isp efficiency is a function
of mass flow rate. These NASA data are used to ohtain an efficiency for
the SRB simulation in the Isp Scaling Module. The derivation of delivered
specific impu]se”used in_the_Isp Scaling Module is summarized,be1ow:'_
Ispger = (1) (ng) (np) (ng) (1sp, )
where X
' “n_ = nozzle efficiency Factor
n. = c* efficiency factor

-l

nozzle divergence loss Tactor

.. - Ng = nozzle submergence Toss factor
IspdeT delivered specific impulse
Isptheo = theoretical specifi; Impulse

" "End item"'mbfor chardcterfstics exhaust velocity (c*) is calculated by
correcting the "end item" motor nozzle thiroat thecretical c* with the
motor c* efficiency n. and the nozzle submergence factor ng.

2.1.5 Contractor Data Isp Module (CDSI)

The Contractor Data Isp Module is used: to calculate Isp whenever
contractor smail motor test data for the exact propellant composition
s available. Since this data wil] not contain the information necessary

far BATES-tvpe corrections, simpiified correction techniques are employed

to. convert the-smaTJ_motor'de1ivered_lsp_toj"end_item"-de]ivéred Isp

1. The Lewis program is used to find the theoretical specific
. -.impu]se-(shifting_equi]ibrium)iof,the=prnpe11ant:fdrmu1ation=-'
- for" two different conditiorns: '
(a) The contractor test conditions (Isp 1) B
{b) The "end item" expansion ratio at vacuum conditions
- A{Isp 2) _ -
' 2~7
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2.1.5 (Continued)

2. The contractor. test motor divergence Tess (D1) and the “end
o item® d1vergence Toss (D2) are calculated. ' o

3. The data from F1gure 2-3 are used to find the Isp efficiency
for the contractor test motor mass flow rate (ETA1) and "end
{tem" mass flow rate (ETA2). ‘When the "end jtem" nozzle is
submerged, ETA2 is corrected for a nozzle submergence factor.

- 4. The "end item" vacuum Isp is predicted as follows:
s . Isp2 Isp2-0D2 ETA2
I5pyac (end item) = ISptest Tsp T Tsp1-01° EWAI

The “end 1tem" motoy c* is ca1cu1ated by correct1nu the contractor test
motor theoretical c* by the ratio of the Isp efficiency (ETA2/ETAD).

©2.1,6 - Internal Ballistics Module (IBM) .

The Internal Ballistic Module is a major portion of SRB-II. 1IBM is used

to calculate significant SRB propuision performance parameters. The
- basis.for this module is the Boeing Internal Ballistics Program .
(Reference 6). _ .

_The Interna1 Ba111st1cs ModuTe w111

(a)' Generate nom1na1 f1ou rate, chamber pressure and thrust
- histories as a function of time.

(b)Y  Evaluate propellant mass and volume.
(c)" Utilize'actﬂa1 grain dimensions.
(d} - Evaluate burning rate scale-up effects.

(e) Evaluate the changes in nozzle throat area as a function
of t1me. . . _

.(f) Utilize nozzle eff1c1rncy factors as a funct1on |
- of time. '

- (g). Generate moments 'of inertia and center of gravity h1stnr1es Of'f-”

solid propeTTant gra1ns

~ (h) Match burning rate w1th measured head~end pressure. For hu11dun_
Lo prediction and” performance reconstruct1on.
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2,106 (Continued) - . | o

' The Internal Ballistics Module can be used in conjunction with the

“Inert" Mass Module to evaluate the effects of "inert" mass exnenditures -
as a function of time. The Disnersion Module cansbz used in conjunction

with the Internal Ba]]isf?ﬁé Module to aenerate parformance dispersions

based on probable variations in selected. performance variables. IBM
s used- in conjunction with the Recenstruction Module to analyze
performance data from flight and static test.

The module calculations are based on either of the motor confiaurations
“shown -in Figure 3-13. This fiaure shows examnles of the aeometrical
models for a monolothic, tapered drain motor and a seamented arain
motor. The motor confiquration is divided into three sections: the
head-end section (forward dome), the cylindrical section, and the aft-
head section (aft-dome). The qrain oeometry is described with input
reference planes within the cylindrical section. The cyvlindrical

section is further divided into a numbher of increments or mass addition

regions by the location of increment dividing nlanes. These dividing
~ planes are Jocated at each reference plane, and at specifiad intervais
(A Z). from each reference plane, unti] either a segment slot interface
or the next reference nlane is passed. During the comnuter solution
of the internal ballistics, the port perimeter, nort cross sectional
area, and moments of inertia are determined at each increment dividing
plane by linear interpolation hetween adjacent reference planes. Mass
addition is assumed to occur as a step process between two successive
increment dividing planes. o -

“ In generaTQ the major innuts required by the Internal Ballistics Module

are dimensions and geometry factors to describe the RMOtor casn, nozzle and
propeliant grain, and the propellant characteristics. Proneliant charac-

teristics include densitv, specific heat ratio, gas constant, molecular
weight, characteristic exhaust velocity, and coefficients and exponents
tor the burn rate equation which is an expanded form of '

Ry = a(P )",
where RB = nf@pe]?ant_burn rate" .
e propellant burn réfe';oéfffcient.
n = propellant burn rate exponent
~and '-"Pe”“éﬂ ﬁdfbk chamber pressure
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2.1.6 (Continued)

The module is cancerned with the burning characteristics and nrogression
of the propellant surface, and the dynamics of the gas generation and
gas flow in the interior. of solid propellant rocket motors. The solution
of -the internal ballistics requires the geometric analvsis of the grain
design to determine the burning surface area and propellant volume,

and the physical analysis of the gas flow through the port cavity and
nozzle to determine motor performance, L Co

The Internal Ballistics Module can be used to analyze a large variety
of prapellant grain configurations. Also, numerous simulation options

are available, ‘Fiqure 2-4 presents some of the more important capabilities

of the Internal Ballistics Module.

2.1.7 Thrust Scaling Module (FSCAL)

The Thrust Scaling Module provides an alternate performance prediction
technique which can be utilized when sufficient data are not available
for running the more sophisticated Internal BalTistics Module, or

when a quick, cost effective, relatively simple technique of determining
mator performance is desired. The user of this technigue must realize
that it 1s only an approximate method of deriving the parameters and

is only valid for small perturbations about the nominal., The

. Thrust Scaling Module will scale a nominal performance versus time .

curve to compensate for variations in burn time and propellant mass
for a particular solid propeliant motor. : :

2.1.8  "Inert" Mass Module (INERT) =~

The "Inert” Mass Module will predict "inert" mass flow rate and “inert!
mass thrust contribution. "Inert" mass accounting is required because

- the total mass expended by a solid rocket motor exceeds the propellant

mass. The excess is considered expended "inert" mass and is made up

~ primarily of insulation and ablative material contained in the motor
“interior and nozzle throat. This expended mass has_a-s11ght_1nf1uence »
on thrust and a significant influence on motor mass versus time. SRB=II. - -

contains an "Inert” Mass Madule which scales the "inert" mass remaining
onboard by proportioning "inert"” mass to propellant mass remaining.
"Inert” mass flowrate is calculated from the mass overboard schedule,

: -and then "jnert" thrust contribution is calculated from the "{inert"

mass flowrate and the input "inert" Isp. "Inert" effects are added
to appropriate parameters from either IBM or FSCAL before output in

the Qutput Module.

: 2,]]"
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- forces generated by the complex shuttle configuration. In order to
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2.1.8  (Continued)

Required inputs are SII, AMIRR(I), AMPRR(I}, NP(10), MIT@T, AND MPT@T
(If NF=0). Data for these variables is provided through BLACK DATA
or NAMELIST INPUT1 of the CPNTR@L DATA PACKAGE. For definitions, see
Table 3-XIII. | , '

2.1.9  Flight and Static Test Reconstruction Module (REGHN)

The Réconstruetiqn Module will accurately analyze the data resulting

 from both static tests and F1ight tests of the Space Shuttle SRB

motors. Reconstruction of both flight and static test data is
based on the technique which forces the prediction routine to produce
a match between calculated and measured values of certain critical

parameters,. . o

2.1.9.71 Static Test Reconstruction

‘Reconstruction of the SRR motor static tests fs accomplished through the -

use of a progressing time step algorithm which requires the calculated
burning area to he consistent with the measured chamber pressure
using the Internal Ballistics Module to force the match at each time

. step. “As-a result of this matching pracess, a history of motor mass

flow rate and mass overboard is produced.

~2.1.9.2 Flight Reconstruction .

The f1ight reconstruction is accomplished through the use of a
progressing time step algorithm which requires the calculated burning
area to be consistent with measured chamber pressure using the Internal.
Ballistics Module to force the match. As a result of this watching
process, a history of motor mass flowrate and mass overboard is nroduced.

Recanstruction of f1ight parameters using acceleration as the hasis has

- been established as the most accurate method for evaluating solid booster

flight performance. For the Shuttie, acceleration matching is complicated
by simuitaneous burning of the two solid boost motors and the three Tiguid

main engines., Reconstruction is further complicated due. to. the aeradynamic -

establish tha contribution of the solid booster motors %o the instantaneous
vehicle acceleration, and thus establish the SRB total thrust, it is '
necessary. to apply Newton's second law to the vehicle in some specified

direction.. The resulting equation is then solved for total solid motor
 thrust  and may be expressed as: - -

- Fsrn = Mvewtcre Aveasuren) = FyEnTCLE.

2213
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2.1.9.2 (Contimed)

where FSRM = The sum of ?hfust ?roduged by solid motors
. . .+ .. in the specified divrection R
MQEHICLE ' = Instantaneous fota! mass of the vehicle
AMEASURED;' o :f_]g$igg;?gﬁaccé1eratian ip the-Sngcifigd.-'
J:FVEHICLE o= Summation of all forces acting on the

vehicTe in the specified direction
o o excluding Fepy S
Instantaneous total mass, MYEHICLE, is calculated from an input vehicle
-mass -history which will be the summation of the masses. of all vehicle
components, excluding the solid rocket motors, summed with the results
of a mas$ halance performed on the solid rocket motors. This SRB mass
balance is accomplished by algebraically summing the initial solid
-~ motor masses with the intearal of the existing mass flow rates cal- -
culated in the Internal Ballistics Module. Parts of the FYEWICLE
term are required input items and include liquid enaine thrust,
aerodynamic forces, an estimated thrust for the motor not being recon-
-structed in the run and any other forces acting on the vehicle in the

specified direction.
2:1.10 - Dispersion Module (DISP)

The Dispersion Module perturbs independent casual variables such
that the effects of these perturbations are seen in the critical output
quantities such as thrust, Isp, and mass flowrate of the solid rocket
motors. - Perturbations are made on single IBM qinput variables such as
nozzle erosion rate, propellant density or characteristic velocity

while all other variables are held at their nominal values. - Thus, a
- complete set of dispersion predictions can be generated by utilizing SRB-1I.

2.1.11 Output M¢duTe (ﬂUTPUT)

forms: © tabulated computer printout, seven and nine track-performance -
data tapes (UNIVAC 1108 version generates seven track fapes while .
IBM-370 version generates nine track tapes) and plot tapes, and
punched data cards. The last two items are optional outputs and
their generation are determined by setting input indicators.: The . .
followina paragraphs describe the three output methods available in
this Module. - SR o '

- The Qutput Module is cavable of nroducing data in the'fo]lowing three

< .2.1.71.1 Tabulated Comouter Printout

The tabujated'cnmputer printout, controlled by the Output Module, will
- pravide the user with tabulated data of performance parameters. The

2-14
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Z.T.Ti.] ;(Continuedj

format of the printout displays key performanéé parameters, Variables of
special interest may be obtained at the user's discretion by setting the

appropriate indicators in the input data packages.

A two part tabulated printout will be made for all computer runs. The

- first-part will consist.of both the input data enterad through the

Centralized Input Module and ‘the results of all initial calculations.
The second part of the printout will contain performance parameters and
variables for the entire simulation. The printout time increment
~will:vary for the ignition transient, web. time, and thrust decay
portions of the simulation and will be determined by an input NAMELIST
indicator. Typical output for SRB-II is given in Section 4.0. :

. 2,1.11.2 Performance Data Tapes =

The user has the option to set an indicator which will require the model

to generate a data tape. If the indicator is set, the program automatically

~ records the desired data on magnetic.tape_at”predetermined time jncrements
fgr'?h%_ignition'transientg-WEb time and -thrust decay portions of the

simulation. :

,-2.},11.3. Plot Tapes.

Plot tapes created by the Output Module are an ntermediate step in
obtaining hard copy plots. The model generated tape can be reformatted
~into a-plot tape using existing Benson and Lerner (B/L) or MSFC SC 4020
‘Plot Programs. ~The hard copy plots can then be plotted on the B/L
or SC 4020 plotter. ' , ' -

2.1.11.4 Punched Data Cards .

_ The_thirﬂ_Output Module option available 1is punched data.tards}_'Thé
punched data cards are output when an indicator is set in the input data.’ - -

Contents and format of the punched_card outpﬂt_variab]es_are discussed

in Section 4.0,

9.1.172  Nozzle Submergence and Contour Effects Module (NSCE)

The Nozzle Submergence and Contour Effects Module simulates the effects -
of nozzle contour and submergence on the internal ballistics and overall
performance of a solid rocket motor. Contour effects are simulated

using: functional modeling techniques which account for changes in per-
formance due to nozzle-expansion section shape. . Effects of- submerging.
“the nozzle entrance section in the motor grain are modeled using both
anaiytical and functional simulation techniques to account far changes

- in motor dinternal flow field and performance. Results from both contour

" and submergence simulations are transmi tted to-the Internal Ballistics.
Module where computations for critical output parameters such as thrust, -
specific impulse, flowrate, mass accounting and center of gravity are made.

- 2-15
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2.2 . VARIABLE AND CONSTANT NAMES

The Yariable and constant names used in development of SRB-IT are con-
51stent‘1n all modules developed totally during the=SRB~II;effort and

Ballistics Module and Subroutines LEWIS and IDN@ZL. - These parts of -
- SRB-IT were dEVeinued.prior-to;?ncorporatﬁoh'in the model. =~
2.2.1 - Comman Stnrage - |

~The ¥orm of Common BTock Names will be COMMON/BLKnnr/, where nnn
is the assigned sequence number starting with 001 and progressing -in

steps of one. Normally, onlv five variable names are put on the ariginal

Common card.

2.2.2 FORTRAW Statement Humbers

Subroutines have sequential statement numbers in.in;rements.of_]ﬂ,-ile;:J“

10 TF (X.LT.A) o T4 20

:B = C . .
@i
W Be=d
s -”t # e
30 g

If later corrections are to bhe inserted, statement numhers "split the.
differeance" in existing statement numbers, i.e., a statement numher
inserted between 10 and 20 would be 15, between 1 and 15 then would
be._'IE, e-'f:c..- . _— : T sV _ . ) ot ;

2.2.3  FORTRAN Nomenclature

* The first Tetter of each nomenclature term generally defines the term
and adheres. to the following list where practical. ,

R bEmEmn
A o ﬁ-éfeé; anéfég.érréy;:accéiefatioﬁ,iaTtitUde, (tﬁe*Tast
' Tetter of A indicates the‘predicted value) R
G af‘,“fsfcdéfffciéﬁts,'ednéiéﬁtégnspégffic'heaa;”C*;:cﬁj c6 7_ :
N ~ diameter, deﬁsity,rdeTfa, diétance'or Tength '
2-T6
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2.2.3  (Continued)
SYMBOL DEFINITION
E - efficiency, expansion ratio

thrust, force, fuel

G gamma
H height | o
1 fixed po1nt 1nd1cator. R B
J fixed point indicator
K " fixed point indicator
L Ffixed point indicator
M M will be made REAL,(i.e., floating point); mixture
ratio (MR), mass, mass flowrate (MF), moment, mach
number
N  Fixed point 1hdicat6k.
@ . oxidizer |
p _'. . 'pré§Sufe,ibéﬁCénf; bfopeTTEnf
0 heat transfer
R radidj.diStéhcé,'hﬁfn'rafe'(ﬁB)
S - o 'speCificzimpuise'(SI)Q stage
T ' '-'temherature;ﬁtfme, total impuise_
¥ | ~ volume, ve10€‘ty
W | B WE1qht ) o
X the last letter of X means in thé X &irection
Y EREE fhe 1a§f Tetter éf'Y”meaﬁézfn'ihé.Y direction

Z : ' the last letter of Z means in the Z d1rect1on or the
L e pPeV1OUS value of a parameter SRR

2-17
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2.2.4 FORTRAN Constants

The constants used in SRR-II have been assigned names according to the -
followinag 1ist. : ' : ' '

AK(I) curve fit constants

eK(T) S ﬂnivérSaI constants

DK(I) distance or dimension constants

(1) : fixed point indicators |

MC(T) ' ' motor constants and'taq values (floating point)
MK(T) mass constants (floating point)

PK(1) odd constants
CPK(T) - - propeliant chéracteriét?c’tnnstanté.

TK(I) time constants |

- 2.2.5 Program Indicator Concepts

Indicators which are used specifically for one moduie will begin with
I followed by a thrae Tetter abhreviation of the module and a counter
number, i.e. an indicator for the BATES Module miaht he

TRATOT

Indicators which are used generally or in the Executive Module will beqin
with N and have a descriptive name such as

NISP
NRECHH!
NDISP

2.3 SRB-11 OVERLAY STRUCTURE

The'develoment of an overlay structure for SRB-II was required
in an attempt to meet the MSFC UNIVAC 1108 core storage restriction
of 32,000 words &t any given time,

The SRB-I1I overlay for the IBM 370 and UNIVAC 1108 versions of the
‘programare -shown in Figures 2.5 and 2.6, respectively. f0ne section
(left side of tree shown in the figures)_containsuthe_Isp scaling
modules and the necessary subroutines for these modules. " The other.
section (right side of tree shown in the figures) contains the Internal
Ballistic Module and necessary subroutines for this module. The
routines.shown in the section with MAIN (Executive Module) remain in
core at all times during a computer:run. S

2-18
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SECTION 3

3.0 PROGRAM INPUT DATA

The input data for the SRB Performance Evaluation Model (SRB-II)

consist of variable values compiled as an integral part of the program
(BLACK DATA), data input from punched cards, and data read from magnetic
tape. All card inputs to SRB-II are arranged in input data packages '
and processed through the Centralized Input Module. Magnetic tape

inputs are accessed by the subroutine. requ1r1ng the data. BLBCK DATA .
subroutines are discussed in paragraph 3.1.1. -Magnetic tape inputs-are
discussed in paragraphs 3.1.4 and 3.3. The remainder of Section 3 is
devoted to a description of the punched card input requ1red by SRB-II
for successful operation of the program.

3.1 DATA INPUT METHODS

SRB 11 uses “Four methods for transm1tt1ng data to the pragram modules.
The data input methods are:

1) BLECK DATA
2y NAMELIST '
'3) Set Format Cards = .
4) Set Format Maqnet1c Tane

3.1 B "BLﬁCK DATA

The BLBCK DATA method cons1sts of stor1nq 1nput data directly in the '

~ pérformance wodel. using BLACK DATA subroutines. The data in these sub-
routines are stored in the computer memory during program compilation
and are availahle to the module requiring the data. - The BLACK NATA
subroutines form an integral part of the SRB performance model and

~ consist principally of tabulated data for independent and dependent.
parameters Nominal motor performance parameter values, hooster con- =
stants, program . indicators, dispersion 11m1ts, and empirical coeff1c1ents
~ are contained in the BLOACK DATA 5ubrout1nes he BLﬂCK DATA- method is
_..augmented by the NAMELIST method . o R

3 1.2 NAMFLIST _ 7
‘The NAMELIST method is. the primary method of enter1ng input. data 1nto the

iodel using punched cards. ‘This methad, when used in conjunction with’

. BLACK DATA subroutines, is in most cases superior to field formatted
input methods because: strict arrangement of data is not PEqu1red

the -number: of data cards is significantly reduced since only parameters
subject to changes in value need to be entered; and: Field format:
violations are eliminated since both the name and value of the parameter
are entered. MNAMELIST can be used to override the assigned value of

- any ‘BLECK DATA variable, thus avo1d1nq the, need to recomp11e the computer___: -

o program for each’ BLﬁCK DATA change

1
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3.1.2 . (Continued)
_ A.NAMELIST variable may be in the form of a subscripted arrav ora -
single valued variable. The vaTue of the MAMELIST varjable may be
integer, real, 1iteral, complex, hexadecimal, or Togical. FExampies
of some of these variables are given below: _

 Single valued variable: GAMMA = 7.160,

Single subscripted variable: THRUST(1) = 2400000.0, or
T ISP (1) = 276,16,

MuTtiple valued array: THRUST(1) = 2400000.0, 2410000.0,
In this example THRUST(2) = 2410000.0

* Logical variable: STATIC = .TRUE.
3.1.3  Set Format Cards | |

As noted in paragraph 3.1.2, the NAMELIST method for data input is

o superior to set format input in most cases. 0One example of a situation
n which this is not true is the handTing and sorting of large quantities

of ,alpha-numeric data, This situation occurs in inputs for the LEWIS.
subprogram; inputs consist largely of alpha-numeric data which identify
the propellant chemical composition. " The LEWIS input data are the

only SRB-IT card input requiring set formats.

A discussion of the data féquired For the LEWiéisubﬁﬁdgrém and the set
format for these data are presented in paragraph 3.2.2, o
- .3.1.4  Set. Format Magnetic:Tape.

Magnetic;tape Tnputs to SRB-II are restricted to reconstruction data .

- -and 'LEWIS thermodynamic data. A discussion of ‘data required for re-
construction and the set format for this tape is presented in paragraph

3.3 .

" Execution of the LEWIS subroutine to obtain theoretical rocket perfor-

- . mance: parameters requires that the LEWIS THERMO- data tape be-available -

to the program. This tape is ‘included in the MSFC tape Tibrary as
tape number 23810. The format and contents of this tape are given in
“Appendix A. : ' - '

Card inputs for SRB-IT are arranged in data packﬁges;_'These data packages
-are processed and transferred ‘to disk by the Centralized Input Module,

“Incorporation of this data package concept gives the user flexibility
in.assembling and arranging the input data required for execution of
_ the program, B ' _

o g e
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3.2 (Continued)

Data for SRB-II are arranged in as many as four data packages per case.
These packages are shown .graphicallv in Fiaure 3.1 for a case daia

" deck. The identification Control Cards for each data package must

be arranged in the data package in precisely the order shown; however,
the data paclages may be input in random order for each case. Data

-packages . not required for a case may be excluded in the data deck

for that case. It is also permissable to include a data package in

the case data deck which is not reauired for that case (data are
ignored bv the program). A "CASE END" card (see Tahle 3-I) is required
as the last card for each SRB.performance case data deck.

3.2.1 Cantroi Data Package

The Control Data Package is the input route by which data for the
majority of SRB-II modules and subprograms are transmitted to the program:
(Exceptions: data for the LEWIS Subroutine, the One-Dimensional Nozzle
Subroutine, the Mozzle Submergence and Contour Effects Module, and the
Internal Ballistics Module are input in separate data packages). Program

" indicators which control the path followed through the program and options

exercised in the program are also input through the Control Data Package.
(Exception: Internal Ballistics and Nozzle Submergence and Contour Effects
indicators input in the IBM Data Package). The Control Data Package must
be included in every case.. - - : . T R

Control Data Packaae contains only the NAMELIST INPUTT.- Mo other
NAMELISTS or set format data are included i the data package. Variables
input through the Control Data Package are identified and defined in

the Program Options Section (paragraph 3.4).

13.2.2 Lewis Data Package

" The Lewis Data Package is required for use when the option to exercise

the LEMIS Subroutina is. chosen (NLEWIS > 0). The LEWIS Subroutine is
used to calculate the theoretical values of Igp, c* and nozzle axit

_pressure, as well as several other theoretical solid rocket motor

" performance parameters. LEMIS Subroutine is a modification of the CEC7]
‘computer nrogram develepad by NASA Lewis Research Center (documented in -

Reference 3). The CEC71 program was modified to fit the requivements of

. ~the SRB performance model by-removing all options not required to-analyze -

racket prohlems. The program wds then reduced in an effort to meet the .
core size requirements of_the MSFC UNIVAC 1108 operatihgiruTes.

_“The Lewis ‘Data Package consists of set format input data cards. This - -

data package is the only card input in the SRB model which is in'set -
format rather than MAMELIST format. Formatted jnput data are required -

to provide the user with an efficient manner of supolyving the needed
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© FIGURE 3-1  INPUT DATA PACKAGE ARRANGEMENT ~
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IDENTIFICATION CONTRDLVCARDS FUR DATA PACKAGES

LEWISBDATA

o IDNQZL&DATA
CASEbEND

REQUIRED WORDS

CANTRLBDATA

END
IBMBDATA

COMMENTS

IDENTIFIES CONTROL DATA PACKAGE

IDENTIFIES LENIS DATA PACKAFE

SIGNIFIES THE END QF LEWIS DATA FACKACE

IDENTIFIES THE IBM DATA PﬂCKAGE

TntNTIFIES THE ﬂNE DIMENSIﬂNAL NGZZLF DATA PACKAG
SIGNIFIES END UF DATA FOR A CASE :

A1l Identification Control cards start-in-card column 1.

After the Required Words are punched, the remainder of

_vthe card is available to_the user for data 1d9nt1f1cat1on

and comments.

NOTE: B dis a Blank Character

@ s the a1phabef1¢"1ettér 0;:'

3-5
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3.2.2  (Continued)

ga;$meters to the program. Data cards in the package are identified as
_ folTlows: : : _ _

Package Identification Card

REACTANTS Card and Snec1es Cards
- INSERT Cards

PMIT Cards

END Card

:A typical Lewis_Data-Package-is shown in.Fiqure-S-Z..

Package Identification Card - The package identification card is required
to Tet the program know that Lewis subroutine data are availabhle and to
flag out this data. to the input processor. The package identification

~ card is the Tirst card in the package and consists of the words LEWISH
DATA punched in card columns 1 through 10. Card columns 11 through 80
are ava11ah]e to the user for free format 1dent1f1cat1on of the packaae

REACTANTS Card and Species Cards - The first card in this set contains
the word REACTANTS punched in card columns 1 to 9. The Tast card in the

- set is blank. Between the first and last cards may be any number of -
cards (up to a maximum of 15), one card for each reactant species being
considered. The cards for each reactant species must give the chemical
formula, the relative amount of the reactant, and the fnitial enthalpy
vaiue. The format and contents of the cards are summarized jn Table 3.II.
A 1ist of some REACTANTS cards is given in TahTe 3.III. A set of example
REACTANTS and Species cards are shown in Figure 3.3,

. The relative amounts of reactants may be specified in several ways. They
may be specified in terms of moles, mole fraction, or mole percent (by
~keypunching M. in card calumn 53} or in terms of u91uht vigight fraction,
or weight percent (blank in column 53). A letter F is required in card
column 72 of all reactant species cards. This indicates to the program
that this is a so]1d rocket problem. .

EhfhaibiPs are taken from the reactant species cards unless zeros are
punched in card columns 37 and 38. For each card with the "00" code,
an enthalpy will be calculated for the species from tape input data for

- the temperature given in card columns 64 to 71. . The automatic’ ca1cu1at1on B

-gption is ava11ab1e on]y if two conditions are met:

(1) * The reactant must also be one of the species in the set of THFRMO
. data. . For example, MH3(g)- is- in the set of THERMO data and the -
: entha]py for this species can be calculated, NHo(1) doss not
appear 1n the Tist and enthalpy cannot be calcu ated.

3-6
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/END
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TABLE 3-II - REACTANTS CARDS
ORDER CONTENTS | FoRMAT | caRD coLums
First | REACTANTS | _ 304 Tt
Any . | One card for -each reactant species. | a
- ~ (maximum 15). FEach card contains:
(1) Atomic symbols and formula num- | 5(A2, F?.S) 1 to 45%
~.bers. (maximum 5sets)a -~ ol T L R
(2) Relative weightb op number of - F7.5° 46 to 52
moles ) _ : o
(3) Blank if (2) is relative weight AV 53
or M if (2) is number of moles ' _
(4) Enthalpy or interrial energyd®, | = fo.5 |- 54 to 62
- cal/moTe - _ 7 _
(5) State: S,L,or G for sqlfd, . AT _ 63
- liguid Or-gas,-respectively : : < '
| (6) Temperature associated with FB.S 64 to 71
enthalpy in (4} °K | S _
(7) F if fuel or g if oxidant M 72
(8) Density in g/cm? (optional) ~ F8.5 | 73 to 80
Last_ Blank

rogram will calculate the enthalpy or internal energy (4)
for species in the THERMO data at %he temperature (6) if
zeros are punched in card columns 37 and 38. o

bRe]atfvé weight bf fuel in total fuels or oxidant in total
oxidants, ATl reactants must be given eithgr_aTT 1n.re1ative :

g]‘weights.qr,a]Tiin_numherfof-moies.;,-;

© *Atomic Symbols start in columns 1, 10, 19, 28, 37. .

K
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TABLE 3-T1I LIST OF REACTAM.. ARDS FOR SOME OXIDANTS & FUELS
- Per~ |ASSIGNED TEMPER- DENSITY,
~cent |ENTHALPY,|- ATURE . G/cm
. _ (cc [cal/mole |- K (cc 73-
g a | 54- 1{cc 54- | . |(cc 68-] 80)
CHEMICAL S CHENIFAL FORMULA (PARD COLUMNS T to 45) :62) 62) (a) 7]). (h)
Acetonitrile N "H 3. M. ' .100._ 12800, L | 2908.15| F | .7857
Acetylena S C 2. HZ2. 100. | 49270, L[ 192.60] F | .610
Air i NI, 66175ﬁ 41959 AR, 0093246 000300 1001 -28.2 | & | 298.15| 0 |
Aluminum: - o - ALT. _ 100. | 0.0 S| 298.15( F | 2.702
| Ammonial(g) — 1. - H 3. ' o 100.§ 10970, | 6 | 298.15| F -

{ Ammonia(1) - 13 PSR O : | 100. ) -17090. | L | 230.72] F | .476
Ammonium pprchlorat@ o L PO | I SO v I I fa, . 100. 1 -70690 | S | 298.15{ F | 71.95
Aniline . L 6. S N _ o 100. | 7100. L1 298.15| F 1.02173
Argon. - ARY. o ) 110001 0.0 - [ 6] 208,150 F |
Benzene . - {.Ca. CH6. T 100. | +11718. | L' | 208.15 F | .8737
Berv111um o “BET. ' . ‘ : 100. 1 0.0 S| 298.16| F | 1.85"
Butane . o C 4. ~=H 10, S : 100. | -36080. | L 272.65] F | .6012
T~butene | C4. - H8. - . o 100, | -5800. | L | 266.9 | F | .6263
Chlorine{yg) . cLe.. T 100. |.0.0 G 1208.95(n |
ChTor]ﬂE(T) CL2. S B Lo 100, { -5391. | 239.091 0 | 1.56
Chlorine. tr1f1u0r1de(q] CLT. F3. o : 100. 1 -39000. | 6 | 298.15{0 |
Chlorine. tr1f1u0r1de(])_=CL1.] o F 3. 100, | -45680. | L-| 284.55| p 1.8517
Cyanogen{q) . o €2, N2 100, +73840. | & [ 298,15 | F

E Cvanoqen(]) c2. 2, 100. | 67655. L] 262.01 | F | .0537
| Diborane B2, - He. 100. | 4970, L-{ 18059 | F | .a37
. {Ethane - ¢ 2. “H 6. o 100. | -25008. | L 184,52 | F .5464
- | Ethyl alconol C2. I, 01, 100. | -66370. [ L | 298,15 | F | ‘7303
| Ethylene = C 2. na., 100. | 8100. L | 169.44 | ¢ | .5ean

- | Ethylene oxide L2 W4 03, 100. 1 -18840. | L | 283.72 | F | 8824

| Ethylene noTyﬂer Cl. . H2. - o | o0. ] -6100. S {29.I5 1 F | 038
| Fluorine(g) " F 2. 100. | a.n A 298,15 ¢ _

| Fluorine(1) Fas 100. 13008, [ L | 25.02|0 | 1.505

1 Graphite I O 106. | 0.0 S | 29816 | F | 2.25
Helium HET. = o oo 100. | 0.0 G | 298.15F

| Heptane C7. H16. . | 100. ) -53630. | L | 298,15\ F | .6795]
~THydrazine - N2, :H 4. '-"‘ Co B 1 100, 12100. L' | 298.15 | F [ 1.0038

~L

¢~02001-95¢20

| qphase: 5, so11d L, ]1qu1d G, gas.

3 bFUelh Fs ox1dant H _ = R : _
“Based on the f0110w1nq molar percents: Ny = 78. 0881 flz = 20.9495, Ar = 0.9324, cfly = 0.0300.

dESt1mate based an parafan hydrocarhon series. ' R ;
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3.2.2  (Continued)

(2) The temperature T must be in the range Tyg/1.2 < T < Thigp X 1.2
where T10w tO'Thiqh is the temperature ranae of the THERMD data.

The set of species data as well as the temneratiure range for the data
is documented in Reference 3 and is presented in Apnendix_A. :

AMIT and INSERT Cards - #MIT and/or INSERT cards may follow the REACTANTS

cards. Their incTusion is ontional. They contain the names of narticular
species in the Tibrarv of thermodynamic data for the snecific purnoses o :
be discussed. Each card contains the word #MIT (in card columns 1 %o 4) or

INSERT (in card columns 1 to 6) and the names of from one to four species

‘starting in columns 16, 31, 46, and 61. The names must pe exactly the

Same as they amoear in the THERMO data (see Annendix A). .

mMIT cards'F These cards 1ist species to he omitted from the THERMOD

data. IT PMIT cards are not used, the nrogram will consider
as nossihle species all those species in the THERMO data -
which are consistent with the chemical system being con-
sidered. Nccasionally it mav be desired to snecifically
omit one or more species from considerations as possible
species. This may be accomnlished hv rmeans of PMIT

cards. : : ' ' R :

INSERT cards - These cards contain the names of condensed snecies only.
’ They have heen included as options for two reasons.

The first and more important reason for inciuding the
INSERT card ontion is that, in rare instances, it is
irpossible to obtain convergence for rocket proklems
without the use of an IMSERT card. This occurs when,

- by considering gases only, the temnerature becomes ex- _
‘tremely Tow (say several dearees Kelvin). In these rare
cases, the use of an INSERT card containing the name of
the required condensed species will eliminate this kind of

- convergence difficulty. When this difficuitv occurs, the
following message is printed hy the program: "LOW TEMP-
ERATURE. IMPLIES CONDENSED SPECIES SHOULD- HAVE - BEEN TNCLUDED

0N AN INSERT CARD".- .

The second and less important reason is that if one o
~ knows that one or sEVeraT-harticU]ah;condensed-species_'

will be present among the final equilibrium compositions

for the first assigned point, then a small amount of

computer time can be saved by using an INSEPT card. . o

Those. condensed snecies whose chemical formulas are in- .-
~cluded on an INSERT card will be considered hv the program

during the initial iterations for the first assiagned point.
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2.2,2  (fontinued)

If the INSERT card were not used, only gaseous species
would be considered during the initial iterations. However,
-after convergence, the program would automatically insert
the appropriate condensed species and reconverge. For

all other assigned points the inclusion of condensed

species is handled automatically by the nroaram. There-
fore, it usually is immaterial whether or not IMSERT cards
are used for the purpose of savina computer time.

END. card - The EMD card signifies the end of the Lewis Data Package .

o ' to the program and consists of 1 card with the word FND
punched in card columns 1 through 3. The EMD card is the
last card in the Lewis Data Package.

MOTE: The LEWIS THERMO data tape (MSFC Tape #3810) must be available
to the program if the LEWIS Subroutine option is exercised. The
Internal I/0 Unit Number is 4.

3.2.3  IDNAZL Data Package

The IDN@ZL Data Package is a required input item when the option to

exercise a BATES Isp prediction is-chosen (NSI = 3). The data contained .
in the IDNPZL package is used in the One-Nimensional Nozzle Subroutine ' jI
to calculate Tossas caused by solid particles in the motor exhaust '
products, Data input through the IDN@ZL Data Package are contained in —
~ the NAMELIST @NEDNZ. Mo ather NAMELISTS or set format data are included

- in the data package. VYariables input through the IDNQZL Data Package
are identified and defined in the Program Options Section-{paragraph 3.4).

3.2.4 IBM Data Package T e S

The IBM Data Package is a required input item when the option to predict
motor performance using the Internal Ballistics Module is chosen (NF=1),
The 1BM Data Package is also required when a reconstruction is performed. .
The data contained in the IBM Data Package are used in the Internal
Ballistics Module and the Nozzle Submergence and Contour Effects Module
to predict or reconstruct mator performance, Data input through the

IBM Data Package are contained in the NAMELIST IBDATA. No other NAME- .
- LISTS or set format data are included in this data package. Variables
input through the IBM Data Package are identified and defined in the
Internal Ballistics Options Section (paragraph 3.5). IR

Multiple. Case Restriction: For multiple case runs in which the

.:°*_Interna1 Ballistics (1BM)-option is"executed, the.IBM Data Pack- .

age must be included in the first case data deck, even if the option
is not chosen in that particular case. The IBM Data Package
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3.2.4  (Continued)

must also be included in the data deck for each case in which the
Internal Ballistics option is chosen. The program writes the entire
IBM Data Package from the First case on disk and then reads it in
each subsequent case for which the IBM option is exercised. Thus,
data in the subsequent cases need only to update the data of the
first case (if no update to the first case data is required, at Teast
one variable must he included in the IBDATA MNAMELIST in each case),

3.3 RECONSTRUCTION DATA TAPES

The magnetic tapes used for reconstruction of flight or static test
consist of one file and are required to have 10 variahles par record
written in binary format. There is no 1imit on the number of records
in the file. Variables are required in the following order:

1. TIME Time from ignition sianal (SECONDS)

2. PHEAD Measured head-end pressure (PSIA)

3. FLDCL Force indicated by load cells in static test (LBg)

4. AVEHI Measured vehicle Tonoitudinal acceleration in

' fliaht {g's)

5. MM2EST Mass of the motor not being recomstructed
during this run (LBy)

6. MBRB Mass of the orbiter excluding the external tank
propellant during fliaht (LBy)

7. MET Mass of liquid propellants in the external tank

8. FSSME: Thrust of space shuttie main engines durina fliaht
(Total in IBf)

9, DRAG Total shuttle vehicle drag durina fiiaht (LBF)

10, "FM2EST ~ ~ ' Estimated thrust of the other solid motor not being
reconstructed during this run (LBF) ,

User Action Required: Static test requirements are set to zero for )
flight reconstruction and flignt requirements are set to zaro for static-
test reconstruction.

3.4 PROGRAM OPTIUNS _ -

The'SRB-II Pérformance Evé]uation Model is constructed such that

the user has ootions to choose the method of calculation for several of
the intermediate calculation and output variahles. Choice of calculation

3-13
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3.4 - (Continued)

metaod is largely dependent on availability of data. This section of
the document defines th. available options and shows the arrangement

of the data for successful simulations using SRB-II.

The program options are presented graphically as an Nptions Tree in
Figures 3-4 and 3-5. The Option Tree is used to define the availabile
options and to identifv the program input indicators which are required
to obtain the desired option. Once the program indicators are defined,
all the required input data for that option can be defined. For
example if a reconstruction is reguired, the program indicator MRECHN
would have to be input as NRECAN =1 and data required for a reconstruction -
would have to he made available to the proaram. Hote that the program
automaticallv assumes one option by assigning a value to the indicator
~ for that option is no value is input; all data for the automatically
* - set option are required input in this situation. A further example
of use of the Options Tree for a full problem follows:

PROBLEM: Suppose that the user requires a nominal prediction of
' o motor performance using contractor supplied data to
scale Isp and c*. The user desires to use an internal

hallistics simulation far perfdrmanca nradiction.

SOLUTION: From the Options Tree, it is required that the indicator o -
—_— NRECBN be set to 0 (automatically set); the indicator [.ﬁ
NSI=2 for contractor data scaling prediction; the
LEWIS subroutine is desired for the theoretical rocket
performance parameters and the indicator NLEWIS=1;-
. the motor nozzle is not submerged, indicator SILSB=1.0
(automatically set); the divergence Toss is to be cal-
culated and CLAME=0.0 (automatically set): the motor
nozzle is conical, indicators ALPHA=0.0,. QEX=0.0,
XLAMBD=1.0 (automatically set); since no dispersion
prediction is required, indicator NDISP=0 (automatically -
‘set)s and since an internal balljstics prediction is
- desired, NF=1"(set automatically). -~ - ' o

The input variables required for each option are identified in following
paragraphs. Variahles are identified and defined by ontion for each
available option. Thus for the second example, it would he necessary
to assemble the data required for a Contractor Data ch]inq Pradiction,
paragraph 3.4.2, (the Contractor Data hSca'[ ibng tP‘rEdiCtleob?ISparauq;n?enrhgence
i data requirements for each of the suboptions, » S "gence
: ?gg;?eind divergence loss) and. the data required for an Internal Ballistics
‘Performance Prediction, paragraph 3.5, o . = _

The program indicators MRECON and NCASES. are input to the proaram in

~the Centrol Data Package and are contained in MAMELIST INPUT1. - The .-

‘variahle TITLE is also input through the Control Data Package and

NAMELIST INPUTT. TITLE is the variable input used to identify the run. S
TITLE may contain up to 80 alpha-numeric characters enciosed in blocks (-

. of six in Hollerith fields (6HVYY¢¥V,) and separated by commas.. ... .. . .o 0o/

3-14
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NF=-1

TIME VARYING PREDICTIDNS I

s o ey

. |
| WOHINAL: PREDICTIAN |

15p =04 HDISP > 0
_ .__.| DISPERSE nug VARIABLES:|
[ ro1se = 1-T [ noisp 1 2
DISPERSE VARIAGLE | | DISPERSE VARILLE
5 ] |

2w =10

[aberhaaty]
LAz 1)

MALE 1D TIME VARYING
PREDICTION

L
b

—
=)

e e e L

MALE PREDICTiOHS USTNG
THRUST SCALING MODULE

) B > 0
[TE SET_AUTONATICALLY | | EERTRTEG
N

HPTOT WAS THRUT

l HPTOT = HPNDM |'

HAKE PREPICTION usine
INTERNEL BALLISTICS popuiE

{ HCASES =1 )

HCASTSE =

END RUN AFTER THIS
CASE

* CONTINUED FROM PREVIOUS PAGE .
** OPFIONS LIST FOR TRTERNAL BALLISTICS ATTACHED AS SEPARATE FIGURE (PARAGRAPH 3.9)

H
e

EXECUTE MORE
CASES

FIGURE 3-4  OPTIONS TREE FOR THE PREDICTION MODE OF SRB-iI (CONTINUED)

£ __7} VALUE TO WHICH PROGRAM AUTDHATICALLY SETS INDICATOR IF NO VALUE 1S INPUT
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SRB PERFORMANCE MODEL ‘OPTIONS

~ ThRECON = 0} | NRECON = 1
: F“E”ICTH’“ ! | RECONSTRUCTICN |
' OPTIONS DESCRIBED .It - R CLLISTI = JTRUES | LISTI'= LFALSE.
- FIGURE 3.4- | T e R — —
ALL VARIABLES FOR 1 [cALCULATE RECONISTRUCTION
RECONSTRUCTION HAVE VARTABLES
BEEN INPUT WITH EXCEPTION | o _
~ OF LEWIS CURVE FIT COEFF,
LMEWIS =07 | mews =1
9] _
I I 1
= LEWIS CURVE FIT COEFF. | - [ LEWIS RUN REQUIRED
_ “WERE INPUT | TO DERIVE CURVE FIT
. CONSTANTS :
1
CEzo] | o
HEAD END PRESSURE LHPUT : HEAD END PRESSURE
FROM TAPE THPUT FROM CARDS ™
| = 1
] EXECUTE RECONSTRUCTION MATCHING
{NCASES = 1| HCASES » 1
EMD RUN AFTER _ EXECUTE NORE
THIS CASE . CASES
::::_J Value to Which Program Automatically Sets Ind‘tcatnr' 1f no- Va'lue is Input.

FIGURE 3-5  OPTIONS TREE FOR THE RECOISTRUCTION ODE OF SRB-II .
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3.4 (Continued)
EXAMPLE:

~ TITLE = 6HSRB  P,6HERFOR!,6HANCE M,6HODEL C, SHASE AL, 6HPHA
6H10/15/,6H73 ’

. .

3 4 1 Isp Sca11nn Pred1ct1on

The opt10n to Dred1ct the end Tth de11vered Isp and c* usina the Isp
Scaling technique is exercised by setting the program indicator NST = 1.
Data required for an Isp Scaling prediction are Tisted in Table 3-IV.
Data which are 1isted undeyr the indicator NSI = 1 are required for all
Isp Scaling predictions. Data 1isted under NLEWIS .= 0 are optionpal .
and required only if NLEWIS = 0. Likewise data Tisted under NLEWIS =1
are optional and required anly if the indicator NLEWIS = 1, The
variable CLAME may be calculated from the nozzle geometry (CLAME 0.0} -
or input (CLAME>0.0). The data package and NAMELIST in which the
variables are input to the program are identified in the last two
coTumns of Tab]e 3-1v. o L . :

Tab1e 3-Y ]1sts def1n1t1ons of all 1nput varwah?es 1dent1f1ed in

Tabte 3-IV. Variables are listed in alphabetical order to facilitate
. use, _

3.4.2 Contractor Data Scaling Prediction

The option to predict the end item delivered Isp and c¢* usina contractor
supplied data is exercised by setting the program indicator NST = 2,
Inputs which are required for scaling contractor data are 1isted in
Table 3-VI, As shown in paraaraph 3.4.1, data required for a particular
option are listed under the indicator for that option. Definitions for
all contractor data input variables are listed anhahet1ca11y in

Table 3-VII.

3.4.3  BATES Prediction

The option to predict the end item delivered Isp and c* usina BATES
program data is exercised hy setting the program indicator NSI = 3.
Input data required for the BATES prediction are listed in Table 3-VIII.
As shown in paragraph 3.4.1, the data reguired for a particular option
are listed under the 1nd1cator for that option. Definitions for all
BATES 1nput var1ab1es are 11sted a1nhab9t1caT1y in TahTe 3-IX,

'3 4, 4 D1spers1on Pred1ct1on

The option to disperse the nominal prediction is exercised by setting
the program indicator NDISP > 0. Input data requ1red for a dispersion.
prediction are listed in Table 3-X. As shown in Paragraph 3.4.1; the
- data required for a particular option are listed under the 1nd1cator ,

for that option. Definitions for all dispersion pred1ct1on 1nput var1ab1es
- are listed a]phabet1ca11y 1n Tab1e 3= XI : R _

3-18
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3.4.5 Thrust Sca11n0 Pred1ct10n

- The option to pred1ct the end item performance parameters as a function

of time usina the Thrust Scaling technique is exercised hv setfing the
program indicator NF = 0. Input data required for a Thrust Scaling
prediction are Tisted in Table 3-XII. As shown in paragraph 3.4.1,

the data required for a particular option are listed under the 1nd1cator'
for that option. Definitions for all Thrust Scaling input variables
are listed a1phabet1ca11v in Table 3-XIII.

3.4.6 Reconstruction

The 0pt1on to perform a reconstruction of motor perfurmance using
measured test data is exercised by setting the proaram indicator
NRECON = 1. Input data required for a reconstruction are listed in .
Table 3- XV As shown in paragraph 3.4.1, the data required for a
particular option are 1isted under the 1nd1cator for that option.
Definitions for all rPconstruct1on input variables given in Tahle 3- XV

- are Tisted a]phabet1ca11v in Table 3-XVI.

The BIAS DATA are used to manipulate the reconstruction data after thay
are read from tape. The BIAS subroutine must be recompiled to include
any bias factors required for corrpct1on of transducer drlft and zero
shift in a tape parameter. '%
CONTROL SYSTEMS DATA are used to correct the measured or calculated
‘thrust for effects of thrust vector control. Thrust is corrected
to nozzlie centerline value by subroutine CﬁNT '

The Reconstruction Module uses the Internal Ballistics Module to perform
the required match on measured head-end pressure. Thus. the IRM-NData - -
Package must be included For a reconstruction run. '

3.4.7 Opt1ona1 ﬂutput

SRB-1I has several output options wh1ch are keyed by program indicators
input through the data packaqes. A complete description of these
output opt1ons is given in Section 4.0, _

Theoret1ca1 rocket performance from the LEHIS subroutine may be ohta1ned
by setting the indicator IRKTQ1=1 in the Control Datfa Package. The
results of the One-Dimensional Nozzle subroutine may be obtained by
setting the indicator IDNPRT=1 in the IDNPZL Data Package. Extended -
print for the One-Dimensional Nozzle may be obtained bv settina the
indicator IDBUG = 1 in the IDN@ZL Data Package. Four Internal Ballistics .
Hodule print options are available and are controlled by the indicator

. PRTFLG. (see paragraph 3.5 for definition and va1ues) - PRTFLG is input -

through the IBM Data Package
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KEY: NRECGN = O

INPUT DATA REQUIRED FOP AN ISP SCALING.PREDICTION

D256-10020=2

VARIABLE

VALUE IF

REQUIRED BY

INPUT DATA

NAME TYPE NOT INPUT |INDICATOR | PACKAGE NAMELIST

NST = 1 INTEGER T S CANTREL DATA |INPUTT
PCAVE | REAL 494:0 NST =1 noo 0
DTE m 71.0 [ " 0
ETACS n (.994 n I "
AK(10) " 0.8543 n i ]
AK(11) " 0.0244 " n "
AK(12) " -0.00125 n n "
ARETE " 6.0 n 0 n
gK(3) " 1.0 n " n
SILSB " 1 .0 1] 1] [i]

NLEWIS = 0 | INTEGER 0 - ' !
AK(1) REAL - 246,62 NLEWIS=0 ! "
AK(2) " 5.406 " " !
AK(3) . -0.144 - " " i
MC(7) X 5144.0 u " "
CSCREF(1). u 4735.23 " u "
CSCEEF(2) n 0.09546955 u T "
CSCOEF(3) - " ~0,359902%10-4 " " n

NLEWIS = 1 INTEGER q] —em " !
LEWIS INPUT  [ALPHA- - - NLEWIS=1 | LEWIS DATA | NONE
DATA* HUMERIC | | | )

CLAME = 0.0 REAL 0.0 - CONTRAL DATA | INPUTI
AHALFE o . 3054327 CLAME=(.0 Cw u
ALPHA " 0.0 ] 7] n
QEX " 0.0 . . n
XLAMBD LR 1.0 - n "

CLAME » U;O " 0.0 —— " i

 *SEE SECTION 3.2.2:

"LEWIS DATA PACKAGE"
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AK(3)

TABLE 3-V.

YARIABLE
AHALFE

M0

AK(z) |

AK(10)
k(1)
AK(ig)
ALPHA

ARETE
CLAME

| CSCPEF(1) -

AK(10) + AR(T1)*Tn(m) + AK(12)*Tn{m
AK(10) + AK(T1)*In(m) + AK(12)*In (i

AK(10) + AK(11)*Tn(i) + AK(12)¥1n

3256-1120-2

VARIABLE DEFINITIONS FOR AN ISP SCALING PRENICTION

DEFINITION

End item nozzle divergence half angle.
{RADIANS)

- Curve fit coefficient for theoretical vacuum
- Isp,~in seconds, versus expansion ratio at

average nozzle throat total pressure. Data
derived from LEWIS Output. Isp=AK{1) + AK(2)*

ARETE + AK(3)*ARETE**2

Curve Tit coefficient for theoretical vacuum
Isn, in seconds, versus expansion ratio at

. average nozzle throat total pressure. Data

derived from LEWIS Output. Isp=AK(1) + AK(2)*
ARETE + AK(3)*ARETE**2

Curve fit coefficient for theoretical vacuum
Isp, in seconds, versus expansion ratioc at
average nozzle throat total pressure. Data
derived from LEWIS Qutput. Isp=AK(1) + AK(2)*
ARETE + AK(3)*ARETE*+#2 o .

Semi-Tog to hase e curve-fit coefficient for
Isp officiency versus flowrate. nisp =
?**2

Semi-log to base e curve-fit coefficient for

Isp efficiency versus flowrate. nI§p =
wkd

L=

Semi-Tog to base e curve-fit coefficient for

Isp efficiencv versus flowrate. nisp =
(m§**2

Equivalent conical divergence angle of the
contoured nozzle. (RADIANS)

End item nozzle area ratio. (AEXIT/ATHROAT)' '

End item divergence loss factor X, where

A= (liggé&) and o is the nozzle divergence

half angle in_dégrees.;

Curve Tit coefficient for end 1tem.pr0pe11ant .--~

theoretical c¢*, in ft/sec, versus nozzle
stagnation pressu~e in psia. c¢* = CSCPEF(1)
CSCPEF(2)*PN + CSCAEF(3)*PN*+2 |

+
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TABLE 3-V

VARIABLE

CSCREF(2)

CSCPEF(3) .

DTE
ETACS
MC(7)

AK(3)
PCAVE
SILSB

QEX

X.AMBD

J256-10020-2

VARIABLE DEFINITIDNQ FOR AN ISP SCALING PREDICTION
(Cont1nu9d)

DEFINITION

'Curve fit coeff1c1ent for end item nropel]anf

theoretical c*, in ft/sec, versus nozzle
stagnation pressure in psia. c* = CSCPEF{1} +
FSCQEF(Z)*PN + CSCREF(3)*PN*+*2

Curve fit coefficient for end item nropellant
theoretical c*, in ft/sec, versus nozzle

~ stagnation pressure in psia. c* = CSCPEF(1)} +

CSCEEF(Z)*PN + CSCﬂEF(B)*PN**E
End item nozzle throat diameter. (IN)
End item theorétical c* effitieﬁty.

Theoretical c* of the end item propellant

~at end item average chamber pressure. (FT/SEC)

Empirical correction for end item ¢* in SISCAL.

End item average chamber oressure. (PSIA).

End item motor delivered specific impulse
correction factor for the effect of nozzle
submergence.

Angle of the nozzle contour of the nozzle
exit plane referenced to the nozzle centerline.
(RADIANS)

Ratio of the theoretical specific impulse of

a contoured nozzle to the theoretical specific
impulse of an equivalent conical nozzle deraved
with the ATPAP program.

3-22
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TABLE 3-V1 INPUT DATA REQUIRED FOR A CONTRACTOR DATA SCALING PREDICTINN
KEY: - NRECGN = 0 | .
VARIABLE VALUE IF  |REQUIRED BY| INPUT DATA | . - o
NAME TYPE MNOT INPUT |INDICATOR | PACKAGE '

NST = 2 INTEGER . - CANTRGL DATA | INPUTT
PCAVE REAL 494.0 NST = 2 " g
bTE " 71.0 " g "
MC(23) " 4886.0 L " n
AK(10) " 0.8543 " " "
AKE11) " 0.0244 " I n
Ak(12) n -0.00125 § " "
QK(E) i 1.0 i 1] 1]
ARET " g.8 " ] n
ARETE " 6.0 " ] "
AHALF1 " .2617994. u " "
PCT " 494.0 n " n
SICON " 247 .0 " " "
Wne " 10.0 " l N
SILSB . " _ 1.0 " o 1

NLEWIS = 0 INTEGER 0 — ] “
AK(1) REAL - 246.62 MLEWIS = 0 o "
Ak(2) " 5.406 i " "
AK(3) " -0.144 n " L
AK(13) " 246.62 u ] n
AK(14) n 5.406 u n "
- AK(15) " 0.144 o n "
PAMT i 1 ﬂ . 7 1 1] n
MC(6) " 5144.0 i i "
CSCOEF(1) " 4735.23 " n "
CSCOEF(2) X 0.095469 . " e

: CSCﬂEF(.?J) : " ...Q .359002%10~4 n n "

NLEWIS = 1 INTEGER 0 — u "
He(a) | REAL 1000.0 NLEWIS =1 " "
LEHLS INPUT | pc -, | —- " LEWIS NATA | MOTIE

CLAME = 0.0 REAL 0.0 - CANTRAL PATA | INPUTI
AHALFE " .3054327 CLAHE = 0.0 H "
ALPHA R M SRR ¢ 24 LA " w. H
QEX " ' 0.0 " u 1
XLAMBD u 1.0 - " " "

CLAHE 5 0'0 . I-."I_ c 0.0 o " "

*SEE SECTION 3. 2.2 : "LEWIS DATA PACKAGE"
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TABLE 3-VII . VARIABLE DEFINITIONS FOR A CONTRACTOR SCALING PREDICTION

:

.

_ - X
VARIABLE | DEFINITION -
AHALFE. _ . . Fnd item nozzle diverqgence hatf anale, .
WWE (RADIANS ) i . ]
AHA Contractor test motor nozzle divargence half ?
HALF1 anale. (RADIANS) . S |
A1) Curve Fit coefficient for End Ttem motor 3
theoretical vacuum Isp, in seconds, versus ex- -

pansion ratio at average nozzie throat total
pressure, Data derived from LEWIS Output. Isp=
AK(])+AK(2)*ARETE+AK(3)*ARETE**2. '

AK(2) _ Curve fit coefficient for End Item motor
theoretical vacuum Isp, in seconds, versus ex-
pansion ratio at average nozzle throat tota]
pressure. Data derived from LEWIS Qutput.. Isp=
AK(I)+AK(2J*ARETE+AK(3)*ARETE**E. :

AK(3) ' ' Curve Fit coefficient for End Item motor
, theoretical vacuum Isp, in seconds, versus ex-
pansion ratio at average nozzle throat total
pressure. Data derived from LEWIS Output., 1sp=
AK(])+AK(2)*ARETE+AK(3)*ARETE**2. T

AK(10) _ Semi~-Tog to base e curve fit coefficiént
for Isp efficiency versus flowrate, nISp
AK(10) + AK(11)*In(m)+ AK(12)*1n(m)**2

AK(T1) Semi-Tog to hase e curve fit coefficient
: far Isp efficiency versus f]owratg. nisp
AK(T0) + AK(11)*¥ T n(m)+ AK(12)*] n(m)#=*2

mO2) . Semi-log to hase e curve it coefficient
: : S for Isp efficiency versus flowrate, nisp
AK(T0) + AR(T1)*Tn(m)+ AK(12)> T n(m)**p

AK(13) - o Curve fit coefficient for contractor test
o motor theoretical vacuum specific impulse,
in seconds, versus expansion ratio on
average nozzle throat total pressure. Data
- derived from LEWIS output. Isp=AK(13) +
AK(T4)*ARET + AK( 15 )*ARET**2

motar theoretical vacuum specific impulse,
in seconds, versus expansion ratio on
dverage nozzle throat tota] pressure. Data _
derived from LEWIS output. TIsp=AK(13) + = S kT‘ﬁ
AK(14)*ARET +:AK(TS)*ARET?*2' o ' ' T

AK(14) Curve fit coefficient for cunﬁractor.test

s A
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TABLE 3-VII VARIABLE DEFINITIONS FOR A CONTRACTOR SCALING PREDICTION

(CONTINUED)
VARIABLE -~ DEFINITION
AK(15) ' Curve fit coefficient for contractor test

motor theoretical vacuum specific impulse, in
seconds, versus expansion ratio on

average nozzie threat total pressure. Data
derived from LEWIS output. Isp=AK(13) +
AK(T4)Y*ARET + AK(15)*ARET**2,

ALPHA Equivalent conical divergence angle of the
contoured nozzle. (RADIANS)

ARET o - Contractor test motor nozzle area ratio.
(AEXIT/ﬂTHROAT)
ARETE _ End item nozzle area ratio.
R (Aexrt/Ariropr)
CLAME End item diveragence loss factor A, where

A = (ligg§g) and « is the nozzle diveraence
half angle in dearees.

CSCREF(1) Curve fit coefficient for end item nroneliant
: theoretical ¢* in ft/sec, versus nozzie
stagnation pressure in psia. c* = CSCREF(1) +
CSCAEF(2)*PN + CSCAEF({3)*PN*+2

CSCPEF(2) - Curve fit coefficient for end item prooellant
theoretical c*, in ft/sec, versus nozzle
stagnation pressure in psia. c* = CSCAREF(1) +
CSCREF(2)*PN +_CSCEEF(3)*PN**2

CSCPEF(3) Curve fit coefficient for end item propellant
theoretical c* in ft/sec, versus nozzle
stagnation pressure in psia. c* = CSCPEF(1) +

CSCPEF(2)*PN + CSCREF(3)*PN#*2 #
CSTAR Pre&icted end item characteristic velocity
_ | ~{c*)., (FT/SEC) |
ﬁTE End item nozi]e throat diémeter. (IN)
MC(4) . . Typical BATES test motor nozzle throat total

: ' ' pressure, set to 1000 psia. . (PSIA)

MC(6) Theoretical c* of the end item propeliant
_ - at 1000 psia chamber pressure.  (FT/SEC).
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TABLE 3-VII VARIABLE DEFINITIONS FOR A CONTRACTOR SCALING PREDICTION ~
(CONTINUED) _ " ;
VARIABLE DEFINITION
PK(2) ' Empirical adjustment for end item motor
efficiency used in CDSI.
PAMT Contractor test ambient pressure. (PSIA)
PCAVE End item average nozzle throat total pressure.
{PSIA)
PCT Contractor test motor nozzle throat total

pressure. (PSTA)

QEX Angle of the nozzle contour at the nozzle ‘
exit plane measured from the nozzle center- D
line. {RADIANS)

SICON _ Contractor test motor specific impulse. ?
' ' (SECONDS) :
SILSB End item motor delivered specific impulse
_ correction factor for the effect of nozzle
submergence. ) 'M}
Wo2 Contractor test motor flowrate. (LBS/SEC)
XLAMBD Ratig of the theoretical specific impulse

of a contoured nozzle to the theoretical
specific impulse of an equivalent conical
nozzle derived with the ATPAP program.
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TABLE 3-¥ITI

D256-10020-2

IMPUT DATA REOUIRED FOR A RATES PREDICTINM

KEY: NRECON = 0
VARIABLE VALUE IF REQUIRED BY] INPUT DATA NAHMELTST
NAME TYPE NOT INPUT [INDICATOR PACKAGE !

NSI = 3 INTEGER 1 ——— CONTR@EL DATA | INPUTI
AHALFE REAL .3054327 NST = 3 " s
AL 1 n.043 " n it
ARETE " 6.0 " " "
OTE 1] 71.0 " n n
MCE4) " 1000.0 " " "
MC 8) " _.'1 .0 n 1] i
MC(9) " 2.9583 " " "
MC(10) " 2.9583 " " "
@K('] ) " -i .0 n n n
QAIE " 1450.0 " " "
QBT " 4200.0 “ " "
WINE " 15081.0 " ! "
WPE " ]1676366.0 " " "
PSTAG ) 1000.0 " IDNAZL DATA | AINEDNZ
TSTAGK " 3321.0 " u "
TEXITK " 1957.0 ! " !
CHER " ~433.11 " " "
EXEN " ~1225.4 " “ "
GMUS " 0.00005 " " "
PRﬂP t '] .0 n n 1}
ALPHA " 0.6 " " "
CPL . 8503.3 " " "
- LPS n 8610.7 H n H
HLH " |4.7944x107 " " "
HSH " 3.5978X107 " " "
TM 1] ﬂ.] 67‘0 1 1] H
PARMT n 101.94 " " "
GMSSP " 2407 u " n
ATABL(T) " 0.001 " ! !
EPS] ] 0.1 " 1] "
EPSH u 0.008 " " v
DXO " 0.001 " " i
RTABL(1) " N.000001 " " '
WTHMELG " 19.20641 y " !

SIBNL = 0.0 ! 0.0 ——- CANTRAL DATA | IMPUTT
ARETB ! 8.82 SIBHL ! !
N7B " 1.926 ! ! !
PCBT " 1000.0 ! " !
PAMBT " 14.696 : " "
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0256-1020-2 |
TABLE 3-VIII INPUT DATA REDUIRED FOP A BATES PPEDICTINN (CONTINUEDY

CEY: NRECON = 0 MSI = 3
VARIABLE VALUE IF |REQUIRED BY| INPUT DATA SAMELTST
NAME TYPE HOT INPUT | INDICATOR PACKAGE

SIBNL = 0.0 CONT. . | _
HMC(3) REAL 8.82 SIBNL=0.0 | CANTRAL DATA|IMPUT]
MC(5) " 0.017 I n :
HPBT . " 69.83 . 7 n 1 1] . . st

SIBT = D.O* n 0.0 . . X -_-_ . " . . "
ETABT* " 0.0 SIBT = 0.0 n ' "

SIBT > 0.0% S IR PSR R TR

DPB = (.0%* n 0.0 : —— i .u
AK(q)* n : 1.4939 ’ “lDPR = 0.0 wo o
AK(5)* u 0.62403 n n u
AK(B)* " -0.0030535 " u u
AK(7)* y -4,278X10-4 "o " oo
AK(8)* " 8.6104X10-6 |  » T n
AK(9)* " -4.634%10-8 n , n n

DPB > 0.0% " 0.0 - 1. S

SIBNL > 0.0 " 0.0 - P

, OPE = 0.0 " 0.0 . - " o _.u
AK(4) | " 1.4932 {DPE = 0.0 TR
AK(5) H 0.62403 , " n "
AR(G) " -0.0030535 ,, " n
AK(?) it | -4.278Y%1 D..ﬂ. " . " n
AK(8) y 8.6194%10-6 n " "
AK(9) " -4,634%10-8. | o " n

DPE > 0.0 ". _ n.n ——— " . _ "

NLEWIS = 0.0 INTEGER 0.0 —— " n
AK(T) REAL . 246.62 NLEWIS = 0 " "
AK( 2) . n . 5 . 4[‘}6 ) 1] . i i
AK(3) " -0.144 u 0 oo
CSTART* Ll 57144.0 i " ) n
PAMBT* - 14896 | v SRR L
Mc(2)* - 1 5184.0 - T R
HC(6) o 5144.0 " R "
MC(24)* R S 5144.0 o SR i

: _*REDUIRED ONLY IN SIBML = 0.0 .
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N 256-10020-2
TABLE 3-VIII  INPUT DATA REQUIPED FOR A RATES PREDICTINN (CONTINUED)

- KEY: NRECON = O . NSI =3
f VARIABLE VALUE IF |REQUIRED BY| IMPUT DATA MELIST
NAME TYPE MOT INPUT |INDICATOR | PACKAGE NAMELIS
NLEWIS = 0.0 CONT|
CSCAEF(1) REAL 4735.23 |NLEWIS = 0 | CANTRAL DATA | INPUTI
CSCAEF(2) n 0.09546955 | . " .
CSCAEF(3) L -0.359902X10-4| - . " "o o
NLEWIS = 1 INTEGER 0 ' - oo . "
Mc{18) - | REAL 68.2 NLEWIS = 1 ot "
LEWIS INPUT AL.NUM, —— o LEWIS DATA NONE -
DATA* ' - 1
CLAME = 0.0 ° | REAL 0,0 we= | CONTREL DATA | INPUTT |
ALPHA : " . = " u '
QEX : i 8.8 CLAMEH 0 n 1]
XLAMBD _ .o 1.0 " " u
CLAME > 0.0 " 0.0 —— ] f

Cay L

- % SEE SFCTION 3.2.2:  “LEWIS DATA PACKAGE"
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- TABLE 3-IX
VARIABLE

AHALFE

AK(T)

'.AK(Z)

A(3)
AK(4)

AK(5)

AK(6)

VARIABLE DEFINITIONS FOR A BATES PPEDICTION

P2a0~-10020-2

DEFINITION !

End item nozzle diveraence half anala.
(RADIANS)

Curve fit coefficient for thegretical . _
vacuum Isp, in seconds, versys exnansion

ratio at 1000 psia chamher pressure,  Data
derived from LEWIS Output. Isp = AK(T) +

_AK(Z)*ARETE + AK(3)*ARPETE#*2

Curve fit coefficient for theoretical
vacuum Isp, in seconds, versus expansion
ratio at 1000 psia chamber pressure. Data
derived from LEWIS Output. Isp = AK(1) +
AK(2)*ARETE + AK(3)*ARETE**2

Curve fit coefficient for theoretical .
vacuum- Isp, in seconds, versus exnansion
ratio at 1000 psia chamber nressure, Data

" derived from LEWIS Qutput. Isp = AK(1) +

AK(2)*ARETE + AK(3)*ARETE*+*2

'Curve fit coefficient for solid narticle mean

mass particie diameter in microns versus s
hozzle throat diameter in inches. MDP =
AK(4) + AK(5)*D + AR(6)*D**2 + AK(7)%D**3
AK{B)*D**4 + AK(Q)*D**5

Curve fit coefficient for solid particle mean
mass carticle diameter in micrans versys
nozzle throat diameter in inches. Mpp =
AK(4) + AK(5)*D + AK(6)*DN**2 + AK(7 )*D¥*3
AK(B)*D**4 + AK(9)*p**5

Curve fit coefficient for sniid particle mean
mass particle diameter in microns varsuys
nozzle throat diameter ip inches,  MDP =
AK(4) + BK(5)*D * AK(B)*D*%2 + AK(7)*D**3 -
AK(8)*D**4 + AK(9)*D**5

Curve fit coefficient for solid narticle mean

. mass particle diameter in microns versus

nozzle throat diameter in inches. MNP =
AK(4) + AK(5)*D + AK(G)*D**2 4+ BK(7)*N**3

AK(BY*D**A T pKR(9)*DERE

3-30



TABLE 3-IX
VARIABLE

AK(8)

AK(9)

AL
ALPHA

ALPHA

ARETB

ARETE
ATHBL

CHEN

CLAME

CPL

CPS

0236110202

" VARIABLE DEFINITIONS FOR A RATES PREDICTION (Continued)

DEFINITION

Curve fit coefficient for solid particle mean
mass particle diameter in microns versus
nozzle throat diameter in inches. MDP =
AK(Z) + AK(5)*D + AK(6)*D**2 + AK(7)*D**3
AK(8)*D**4 + AK(9)*D**5

Curve fit coefficient for 5011d particle mean
mass particle diameter in microns versus
nozzle throat diameter in inches. MDP =

AK(4) + AK(B)*D + AK(6)*D**2 + AK(?)*D**B
AK(8)*D**4 + AK(9)*D**5

Prope1]aht aluminum Toading normalized to
16%: AL ZAL

_ = 76.0
Temperature'exponent in viscosity versus

temperature equation of IDNOZL. Used only in
IDNOZL Namelist. Set to 0.6

Equ1va]ent conical divergence angle of the
contoured nozzle. '

BATES test motor nozzle expansion ratio.
(Aex 11/ Arhroat!

End jﬁgm noz;]e area ratio. (Acyrr/Aquroat)

A dimensionless absoluie tolerance on the
gas and particle velocities used in IDNOZL
Runge - Kutta 1nteqrat10n Suggested value:
0.007.

BATES test motor chamber enthalpy. (KCAL/
100 BRAMS)

End item divergence Toss factor A*, where

A is (1i%9§2) and ¢ is the nozzle d1verqence
-ha1f—ang1e in degrees.

Specific heat of the BATES test motor com-
bustion product ]1qu1d part1c]es (FT /SEF2
DEG R}

Specific heat of the BATES test motor comhust10n

product solid particles. (FT2 /SEC - DEG R)
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TABLE 3-IX
VARIABLE
CSCPEF(1)

CSCREF(2)

CSCPEF(3)

CSTAR]
DPB
DPE
DTB

DTE
DX0

-~ ESPM -

ESP1.
. ETABT

EXEN

U236-11020-2 -

VARIABLE DEFINITIONS FOR A BATES PREDICTION (Continued)

DEFINITION

Curve fit coefficient for end item propellant

theoretical ¢* in fi/sec, versus nozzle _
stagnation pressure in psia. c* = CSCPEF(1) +
CSCREF(2)*PN + CSCPEF(3)*pN#*2 _

Curve fit coefficient for end jtem propeilant
theoretical c* in ft/sec, versus nozzle
stagnation pressure in psfa. c* = CSCOEF(1) +
CSCPEF (2)*PN + CSCOEF(3)*PN**2

Curve fit coefficient for end item propellant

theoretical ¢* in fi/sec, versus nozzie '
stagnation pressure in psia. c* = CSCPEF(1) +
CSCQEF(Z)*PN + CSCQEF(S)*PN**Z e

End Item motor thearetical characteristics
exhaust velocity at the nozzle throat (c*).
(FT/SEC) ~ ' - ' :

BATES test motor combustion product solid
particle mean mass particle diameter. (MICRQN)

End item combustion product solid particle
mean mass particle diameter, (MICRONS)

BATES test motor throat diameter. - (IN) -
End item nozzle throat diameter. (IN)

A dimensionless inteqration interval in.
IDN@ZL. suggested value: 0.001.

A dimensionless tolerance Timit used as the
denominator by IDAZML in solving the total
momentum equation integration interval.
Suggested value: 0.008. :

A dimensionless tolerance on gas velocity
at Teft end of bracketing solutions in
IDNGZL. Suggested value: 0.7,

BATES test motor Isn efficiency (actual/
- thearetical) for standard conditions (1000

to 14.7 psia expansion).

BATES test motor nozzle exit enthalpy.
(KCAL/100 GRAMS)
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TABLE 3-IX

VARIABLE
GMSSP

GMUS

HLM
HSM~

Me{2)
‘MC(3)

Mo (4)
HE(5)
MC(6)
MC(8)

Mc(gj

Me(10)

D256-10020-2

VARIABLE DEFINITIONS FOR A BATES PREDICTION (Continued)
DEFINITION

BATES test motor combustion product particie
mass density (LBM/FT3),

BATES tesf motor combustion Dfoducts viscosity.
(LBF/FT - SEC)

BATES test motor combustion product particle
enthalpy at the particle melting point with
the particle in the Tiauid state. (FT2/SEC?)

BATES test motor combustinn product particie
enthalpy at the particie melting point with
the particle in the solid state. (FTZ/SEC2)

BATES test motor c*. - {FT/SEC)

Area ratio for theoretical optimum expansion
from 1000 psia to 14.7 psia. Avajlable from
optional LEWIS Output.

BATES test motor standard chamber pressure.
(1000 FSIA)

(1 - A) where \ is the divergence loss factor
l_igEQ§g and a is the nozzle divergence half-
angle. '
Theoretical c* of the end item propellant at

~ 1000 psia chamber pressure. . (FT/SEC)

End item nozzle entrance slope in the con-

verging section. ( See conical nozzle sketch
below.. - N |

End item nozzle throat radius. (See conical
nozzle sketch below). (FT)

'End item nozzle throat exit radius (See
conical nozzle sketch below). (FT)
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TABLE 3-IX
VARIABLE

MC(18).

MC(24)
AK(1)

PAMBT
PARWT

PCBT

PREP

PSTAG

DATE.

Cowmr

COMICAL NOZZLF SKETCH

I ~_ Mc(9)

]
|
_ T
COMVEPGING S: "TIOM - §
l
|

J0u=1 18 )yl

- VARIABLE DEFINITIONS FOR A BATES PREBICTION (Continued)

DEFINITION

. 1
- THROAT

Standard pressure ratio (1000 to 14.7 psia)..
Set equal to 68.2.

End Item motor theoret1ca1 specific 1mpu1se

_at the nozzle throat. (SEC)

Empirical adaustment for ca]cu]ated end. item
c* from BATES Module.

BATES test ambient pressure. (PSIA)

" “BATES test motor combustion product

mu]ecu1ar weight. (GRAMS/MOLE)

BATES test motor steadv state chambey
pressure. (PSIA)

| BATES test motor prope11ant fue1 1nd1cator,

0 or 1 for aluminums greater than 1 for
berv111um

'BATES test motor steady state nozzIe entrance

total pressure (PSIA).

- End Item expended 1nerts heat of abTatwon

(BTU/LBM)

BATES test motor heat loss. (BTU)
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-TABLE 3-IX
VARIABLE

QEX-

RATBL

SIBT

SILSR

™
TSTAGK

WINE

- WPBT

WPE

WTMPLG

XLAMBD

Jeul=10)E0-2

VARIABLE DEFINITIONS FOR A BATES PREDICTION {Continued)

DEFINITION

Angle of the nozzle contour at the nozzle
exit plane measured for the nozzle centerline.
(RADIANS)

A dimensionless relative tolerance on the aas
and particle velocity and enthalpy used in the
IDNDZL Runge - Kutta integration. Suaggested
value: 1 X 710~6

BATES test motor specific impulse at standard
%ondgticns. (1000 to 14.7 osia exnansion).
SEC

End Item motor delivered specific impu1ée
correction factor for the effect of nozzle
submergence, :

" BATES test motor combustion product solid

particle melting point (DEG R).

BATES test motor Steady state nozzle entrance
total temperature, (DEGVK)

End item mass of expanded "inerts". (LBM)
BATES test motor propellant mass. (LBM)
End jtem mass of initial propellant, (LBM)

BATES test motor combustion product gas molecular
weight. Available from optional LEWIS Output.
(GRAMS/MOLE)

Ratio of the theoretical specific impulse of

a contoured nozzle to the theoretical specific
impulse of an equivalent conical nozzle -

derived with the ATPAP program.
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TABLE 3-X
KEY: NRECOW =0

13254-17120-2

INPUT DATA REQUIRED FOR A DISPERSICY PREDICTIGN

VARTABLE VALUE IF  |REQUIRED BY| INPUT DATA ... ror
NAME TYPE MOT INPUT |INDICATOR | PACKAGE

NDISP = 0 INTEGER 0 “-- CONTROL CATA |INPUT]
NDISP = 1 g 0 " " "
DISLIM(1) REAL | 0.0C0615 NDISP = 1 " "
NDISP = 2. INTEGER 0 - " "
DISLIM(1) REAL ~ |-0.000615 NDISP = 2 " u
NDISP = 3 INTEGER | - 0 - " "
- DISLIM(2) | REAL | o0.00612 HDISP = 3 " "
NDISP = 4 INTEGER | 0 - " o
DISLIM(2) REAL | -0.00612 NDISP = 4 " "
NDISP = 5 INTEGER 0 R v "
DISLIM(3) REAL | 0.00268 MDISP = 5 " "
NDISP = 6 INTEGER 0 R ! "
DISLIM{3) = | REAL |~0.00268 NDISP = € X »
NDISP = 7 IHTEGER 0 - " "
DISLIN(4) REAL | 0.000065 = |MDISP = 7 " "
NDISP = 8 INTEGER 0 - " "
DISLI}(4) REAL | -0.000065 [DISP = 8 u "
NDISPo=-9% . |INTEGER | O e " "
DISLIN(5) - REAL | 0.00084 NDISP = @ g g
NDISP = 10% | IHTEGER | 0 - " )
DISLT(5) PEAL  [-0.00084 HAPISP = 10 g ‘
NDISE = 11% . | INTEGER 0 . " "
~ pISLIM(6) . | REAL - | 0.00393 NPISP = 11 " :
WDISP. = 12¢  |INTEGER [ O e " ’
DISLIM(E) REAL  |-0.00393 HDISP = 12 " "
MDISP =13 INTEGEP |0 0 0T e N "
DISLL(7) REAL | 0.05001 HRISP = 13 " "

#tlon-Automated Disnersion-User Action Required: Disrerse input data external

to procram.

- .+Does ‘not affect simulation = Used for run identifiction only..:
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TABLE 3-X

\EY: NRECON =

INPUT DATA

0256-10020~2

REQUIRED_FQR_A_DISPERSION_PREDICTION (COHTINUED)

VALUE IF

BALLISTICS PREDICTION AS IHPUT

3-37

gﬂséBBLE | TYPE | MOT INpUT ?ﬁggéﬁggRBY gﬁEEKGgATA- NAMELIST

NDISP = 14 | INTEGER 0 - 'CONTROL DATA | INPUT 1
 DISLIM(7) REAL | 0.05001 NDISP = 14 . "
MDISP = 15 INTEGER | 0 e g "
DISLIM(8) REAL 0.3861 NDISP = 15 " u
~ NDISP = 16 INTEGER | = 0 — " "
DISLIM(8) “ REAL | -0.3861 NDISP = 16 u u
NDISP = 17 INTEGER 0 - " "
DISLIM(9) | REAL | 0.0006 NDISP = 17 K "
NDISP = 18 INTEGER | 0 Li- u "
DISLIM(9) REAL | -0.0006 . | NDISP = 18] " "
MDISP = 19 INTEGER | O N S " .
DISLIiH(10) REAL 5.000 MDISP = 19 " "
| WDISP = 20% . TINTEGER | 0 = p— m "
DISLIM{10) REAL | -5.000 NDISP = 20 g "
NDISP = 21% _ |INTEGER | 0 - k "
(DISLIM(1T)- - *| REAL | '0.01033 . | HDISP- = 21 N "
HDISP = 22 INTEGER 0 e u .
DISLIH(11). REAL | -0.01033 | MDISP = 22| . * "

"ﬂdTE: DISPERSIAN PREDICTIGHS ALSﬂ RECUIRE NorINﬁL DATA DECK FDR INTERMAL |



D256-10020-2

TABLE X1 VARIABLE DEFINITIONS FOR A DISPERSION PREDICTION

VARIABLE - B DEFINITION

DISLIM(1) Propellant density dispersion 1imit formed
_ as the dispersion value of density divided
by the nominal value of density.

DISLIM(2) Burning rate law pressure exponent dispersion
_ limit formed by the dispersion value of pressure
exponent divided by the nominal value of
pressure exponent.

DISLIM(3) _ Burning rate Taw pressure coefficient dispersion
o . limit formed by the dispersion value of pressure
coefficient divided by the nominal value of
pressure coefficient.

DISLIM(4) Characteristic velocity dispersion Timit
formed by the dispersion value of characteristic
velocity divided by the nominal value of
pressure coefficient. : 3

DISLIM(5) Propellant grain Tength dispersion 1imit - L
formed by the dispersion value of grain length ~~*
divided by the nominal value of grain Iength.

DISLIM(8&) Propellant grain web thickness dispersion
limit formed by the dispersion value of grain
web thickness divided by the nominal value of
web thickness. '

DISLIM(7} Initial nozzle throat diameter dispersion
_ ]jmit. (INCHES) _ o C
DISLIM(8) | Initial nozzle exit diameter dispersion 1imit.
S ' ' (INCHES) ' : : :
DISLIM(9) ' . Nozzle throat éroSion rate dfspersion Timit

based on the throat radius. { INCHES/SECOND)

DISLIM(10)} _ Proveilant grain temperature dispersion limit.
: . B (DEGREES-F) : . . S '

DISLIM(11) - Initial "inert" mass dispersion Timit formed
by the dispersion value of "inert" mass divided

by the nominal value of propellant mass. -
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D256-10020-2

TABLE XI VARIABLE DEFINITIONS FOR A DISPERSION PREDICTION (Continued)
YARIABLE DEFINITION

NDISP Indicator for dispersion prediction:

NDISP=0, Nominal Prediction

NDISP=1, +propellant density dispersion

NDISP=2, -propellant density dispersion

NDISP=3, +burning rate law pressure exponent
dispersion

NDISP=4, ~burning rate law pressure exponent
dispersion

MDISP=5, +burning rate law pressure coefficient
dispersion '

NDISP=6, -burning rate law pressure coefficient
dispersion

NDISP=7, +characteristic velocity dispersion

NDISP=8, -characteristic velocity dispersion

NDISP=9* +propellant grain Tenath dispersion

NDISP=10*, -propelliant grain length dispersion

NDISP=11*, +propellant grain web/thickness
dispersion

NDISP=12*, -propellant grain web/thickness
disperson

NDISP=13, +initial throat diameter dispersion

NDISP=14, -initial throat diameter dispersion

NDISP=15, +initial exit diameter dispersicn

NDISP=16, ~initial exit diameter dispersion

NDISP=17, +throat erosion rate dispersion (radius)

NDISP=18, -throat erosion rate dispersion (radius)

NDISP=19*%,+propellant grain temperature dispersion

NDISP=20*,-propellant grain temperature dispersion

NDISP=21, +initial "inert" mass consumable
dispersion

NDISP=22, -initial "inert" mass consumable
dispersion

*Non-automated dispersion - user must perturb the input data in order to
generate dispersion prediction data for this case.
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TABLE 3-XI1

INPUT DATA REOUIRED FOR A THPHUST SCALING PPEDICTION

0256-11021-2

KEY: NRECON = 0
VARIABLE VALUE IF  |REQUIRED BY| INPUT DATA | ... . oo
NAME TYPE NOT INPUT {INDICATOR PACKAGE

NF =0 INTEGER 1 _— CANTRAL DATA |[TMPUTI
ATB(I)}* REAL TABLF 3.XIV NF=0 " "
AFSRM(I)* " " " n "
MPNAM " 1676366.0 " " "
NP(1)** INTEGER an n " "
SII REAL 190.0 " n "
MC(1) " 0.1718%10-3 L H L
AMPRR(T)+ " TARLF 3,¥IV " " h
AMI RR( I )’i‘ " ’ " H] 1 n
NP(10)++ INTEGER 10 " " "
MITOT REAL 15081.0 " n n

NTB = 0 1 1rTEGER 0 L " "

HTB > 0 n 0 ——— [ T}
B REAL 150.0 MTR>0 " "

MMP = 0 INTEGEP n —_— n "

P s n 0 —— " "
MPTET REAL  |167636F.1 HMPsn n ’

*axipum of 50 nointks.
- **HP(1) must be < 50.

+Maximum of 10 points.
++HIP(10) must he <10,
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~ TABLE 3-XIII
YARIABLE
AFSRM(T)

AMIRR(I)

AMPRR(T)

ATB(I)

MC(T)

MIT@T
MPHpM

MPTAT

MF

NP

NP(1)

J286-143020-2

VARIABLE DEFINITIONS FOR THRUST SCALING PPEDICTIONS

DEFINITION

Array of nominal vacuum thrust used to cenerate

a thrust scalina performance prediction. Points
in ATB({I) must corresnond to points in AFSPM(I),
i.e., ATB(3) is the time at which nominal thrust
is AFSRM(3). (LBF)

Array of non-dimensional inert mass remainina
for an inert mass calculation. Points in
AMIRR(I) must correspond to points in AMPRR(I),
i.e., AMPRR(5) must corresoond to AMIRR(5).

Array of non-dimensionalized propeliant remainina
for an inert mass calculation. Points in AMPPR(I)
must corresnond to points in AMIPR(I), i.e.,
AMPRR(5) 1is the portion of propellant mass
remainina which correspends to AMIRR(5).

AMPRR(I) is non-dimensionalized bv dividina

the mass remainina scheduie hv MPTAT.

Array of nominal times used to generate a
thrust scaling prediction. Points in ATB(I)
must correspond to points in AFSRM(I), f.e.,
ATB(3) is the time at which nominal thrust
is AFSEM(3)., (SECONDS)

Constant for converting SRMlthrust to SRM
nozzle stagnation oressure for a thrust scaling
prediction. MC(1) = 1.0/(CrA:) (IN-2)

Total "inert" mass on hoard at time equal zero. (LBM)

Mominal pronellant mass for a thrust scalina
performance prediction. This mass must be
compatible with ATB and AFSRM. (LBM)

Total initial nropellant mass for a thrust
scaling performance prediction. (LEM)

Indicator used to establish which module is
to be used to generate propulsion performance
predictions. MNF = 0: Thrust Scalina Module.
NF = 1: Internal Rallistics Module.

Indicator used for thrust scalina prediction.
NMP = 0: MPTAT = MPMAM, NMP > N: MPTRT ig
an input varijahle.

Number of noints in the ATR and AFSRM arravs.
Maximum of 50 points,
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TABLE 3-XIIT ~ VARIABLE DEFINITIONS FOP THRUST SCALING PRENICTIONS
(Continued) '

VARIABLE |  DEFINITION -

NP(10) - Number of points n the AMPRP and AMIPR

arrays. Maximum of 10 points.

NTB ~ Indicator used for thrust scaling performance
prediction. NTB = 0: TB = ATR (NP{1) - 1).
NTB > 0: 7B was input by NAMELIST, '

RE-1 % . Specific Tmbuise 0F the inert material
exhausted from the motor. (SECONDS)

8 ) - Motor burn time for thrust scaling performance
' prediction. (SECONDS)
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D256-10020-2

TABLE 3-XIV NOMINAL VALUES FOR USE IN'THRUST SCALING PREbICTION |

POINT NO. ATB(I) AFSRM(T)* AMPRR(I) AMIRR(T)
1 0.0 0.0 0.0 0.0
2 1.0 2,969,184 0.0 0.0
3 4.0 3,059,184 0.0 0.0
4 8.0 3,199,184 0.090 0.150
5 12.0 3,299,184 0.160 0.235
6 16.0 3,389,184 0,255 0:325
7 20.0 3,459,184 0.740 0.670
8 24.0 3,549,184 0.850 0.770
9 28.0 3,649,184 0.928 0.870

10 32.0 3,839,184 1.000 1.000
11 36.0 3,849,184
12 40.0 3,929,184
13 44.0 3,859,184
14 48.0 3,799,184
15 52.0 3,749,184
16 56.0 3,699,184
17 60.0 3,649,184
18 64.0 3,559,184
19 68.0 3,489,184
20 72.0 3,439,184
21 76.0 3,439,184
22 80.0 3,439,184
23 84.0 3,439,184
24 88.0 3,439,184
25 92.0 3,439,184
26 96.0 3,419,184
27 100.0 3,409,184
28 104.0 3,379,184
29 106.0 3,359,184
30 108.0 2,409,184
31 112.0 3,199,184
32 116.0 2,569,184
33 120.0 1,149,184
34 - 1240 679,184
35 128.0 559,184
36 132.0 529,184
37 - 136.0 479 .184
38 ~ 140.0 - 459,184
39 150.0 0.0

40 200.0 0.0

*DATA DERIVED FROM 260-SL-1 TEST

3-43



S2oh-1J020-2
TABLE 3-XV (HPUT DATA REOUIRED FOR RFCONSTRUCTION

KEY: NRECGN = 1

VARIABLE - ' VALUE IF |REQUIRED BY| INPUT DATA .NAHELTST
NAME TYPE NOT INPUT | INDICATOR PACKAGE !

NRECGN = 1 | INTEGER 0 — CONTRAL DATA| IMPUTT
BIAS DATA* REAL 0 NREC@N=T "o "
CONTROL SYS. n 0 " u "

DATA** ‘

STATIC . LOGICAL .TRUE, _ " n "
NGZPAS INTEGER 0 " " ,
gK(4) REAL 100.0 " n ;
EK(E’) n 5.0 t [

LISTT = .TRUE. {LOGICAL .FALSE. - — o "
TSREC REAL 0.0 ) IST1=.TRUE. L oo
TEREC 5 | - 1000.0 " " "
CSBAR n ‘ 4800.0 . " " n
PBAR "o 1000.0 ' H 0 "
TWEB u 1000.0 o u "
PITH " 1000000.0 " " "

LISTI" = _FALSE. ' .FALSE. R " N
PFLAG REAL 0.0 | IST1=.FALSE] n g
PADJC(.[) " 0.0 " " "
PADJC(Z) " O.n : n 1] 1
PHEPI " 100.0 n n t
ATBAR 4 3950.0 " " "
HPTOT " 1676366.0 " " v

NLEWIS = 0 INTEGER T —— oo "
CSCREF(1) REAL 4735.23 MLENIS=0 " "
CSCREF(2) " 0.09546955 L | u n
CSCHEF(3) " H0. 3590N210” " " u

NLEWIS = 1 INTEGER 0 —— - Lo
LEWIS DATA AL . ~HUM. o HLEWIS=1 LEWIS DATA NOME
PACKAGE+ |

NPH = Q INTEGER 0 ——- 1Bt DATA {BDATA
MMETT REAL 2000000.0 | MPH=D CONTRAL DATA| INPUTT
MVEHI " 50000000 n " n
MINST i 50000.0 " " n

*Requires Comoilation of Subroutina BIAS and Possihle Addition of Variables to -
Common and flamelist.

**Requires Comnilation of Subroutine CONT and Possikle Addition of Variahles o
Common and Mamelist.

~ +3ee Section 3.2.2: ‘"Lewis Daia Package".
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TABLE 3-XY  INPUT DATA REOUTRED FOR RECONSTRUCTION (CONTINVED)

(EY: MRECON = ] | |
VARIADLE | VALUE IF  |REQUIRED BY| INPUT DATA | ... o
HAME TYPE MOT INPUT {INDICATOR | PACKAGE '

NPH > 0 INTEGER 0 - IBM DATA IBDATA
PHST(T) REAL 0 NPH > 0 " !
TIMEPH ( I ) " 0 " B 0

IN ADDITION [TO DATA LESTED ABOVE, ALL| INPUT DATA REQUIRED FOR
A NOMINAL PREDICTION |ISING THE INTERMPL BALLISTICE MODULF AND
NSCE MODULE 'ED FOR A RECONSIRUCTION.

ARE REQUI]
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TABLE 3-XVI VARIABLE DEFINITIONS FOR A RECOMNSTRUCTION

VARTABLE DEFINITION
ATBAR Average throat area for reconstruction.

Normaily the arithmatic averade of initial
and final throat areas. (IN2)

CSBAR ' - Characteristic ve]ocify used with PRAR to
shift the theoretical c* curve for use in a
reconstruction. (FT/SEC)

CSCREF(1) Curve fit coefficient for end item nropellant
theoretical c* (FT/SEC) versus nozzle stagna-
tion pressures (PSIA). CSCPEF(1) is intercgpt
at pressure = 0.0. (c Gy + CoPyg + C3PyE)

CSCAEF(2) Curve fit coefficient for end item propeliant
theoretical ¢* (FT/SEC) versus nozzle stagnation
pressure,

CSCAEF(3) Curve it coefficient for end item propellant
theoretical c¢* (FT/SEC) versus nozzle stagnation
pressure,

LISTI Logical indicator which, when true, shows the
following variables were input: TSRFC, TEREC,
CSBAR, PBAR, TWEB and PITUW.

MINST Mass of SRB inert structure, not including
motors. (LBM) (FLIGHT ONLY)

MMATI Initial total mass of the motor heing recon-
structed including prorellant, case, insulation,

nozzle, etc., (LBM)

MPTAT Total propeliant mass Toaded into the motor
Peing reconstructed (LBM)

MVEHI Mass of Shuttle vehicle at launch. (LBM)
(FLIGHT ONLY) '

NLEWIS Indicator for a Lewis Run. MLEWIS = f: No
LEWIS Subroutine execution, MLEWIS = 7T: LEWIS
Subroutine ‘execution. '

N@ZPAS : Indicator for nozzle exhaust direction for a
: static test reconstruction. MNAZPRS = -7,
Horizontal;, N@AZP@AS = 0, |lpy NA7PPS = 1,
Dovm. : .
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TABLE 3-XVI
VARIABLE

NPH
NREC@N

fK(4)

pK(5)
PADJC(T)

PADJC(2)

PBAR

PFLAG
PHEPI

PHST(I)

PITW

STATIC

TEREC

D256-10020-2

VARIABLE DEFINITIONS FOR A RECONSTRUCTION (Continued)

DEFINITION

Number of points in the arrays of head-end
pressure, PHST(I), versus time, TIMPH(I).
Maximum of 70 points.

Indicator uéed to establish a pradiction or
reconstruction. NRECEN = 0: Prediction,
NRECAM = 1: Reconstruction,

Characteristic velocity correction increment
for Reconstruction. (FT/SEC)

Iteration 1imit for a reconstruction.

STope of pressure adjustment term in recon-
struction. Used to adjust measured head-
end pressure to nozzle stagnation pressure.
Pys = Py - (PADJC(1)*TIME + PADJC(2))

Intercept of pressure adjustment term in
reconstruction. Used to adjust measured head-

end pressure to nozzle stagnation pressure. (PSIA)
PNS = PH - (PADJC(T)*TIME + PADJC(2))

Time average nozzle stagnation pressure used
with CSBAR to shift the theoretical c* curve
for a reconstruction.  (PSIA)

Pressure level at which initial reconstruction
calculations are started and ended. (PSIA)
Percentage of head-end pressure integral which
defines TWEB. (%)

Array of head-end total pressure during a
reconstruction. This is the dependent array;
See TIMEPH(I) as independent array. (PSIA)

Head-end pressure integral used to calculate
TWEB. (PSIA-SEC)

Logical indicator used in a reconstruction to
establish a static test or flight. STATIC =
.TRUE.:; Static Test. STATIC = .FALSE.: Flight.

Time to end integration of pressures in a

reconstruction. Set equal to time when the
head-end pressure tailoff reaches PFLAG. (SEC)
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TABLE 3-XVI
VARIABLE
TIMEPH(I) |

TSREC

TWEB

D256-10020-2

VARIABLE DEFINITIONS FOR A RECONSTRUCTION (Continued)

DEFINITION

Array of time during a reconstruction. In-

dependent array, PHST(I) is the dependent array.

(SEC)

Time to start integration of pressures in

a

reconstruction. Set equal to time when the

head-end pressure buildup reaches a value
equal to PFLAG. (SEC)

Web time of a grain for a reconstruction.

Define as the time of occurance of a percenizge

of the total head-end pressure integral.
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3.4.7 (Continued)

Punched card output is available when the IBM performance prediction
option is exercised. Punched cards are generated by setting the input
indicatopr NCARD=]_in the Contro] Data Package. - :

Data tape and plot tape output may be obtained from an IBM performance
prediction by setling the indicators NTAPE=] (data tape, Internal 1/0
Unit 12) and NPL@T=1 (plot tape, Internal I/0 Unit 13).  NTAPE and
NPLET are input through the Control Nata Package.

3.5 INTERNAL BALLISTICS OPTIONS

The input data options for the Internal Ballistics Module are shown
graphically in Figure 3-6. Many of the indicators and variables in-
cluded as input to the Internal Ballistics Module are initialized

in Subroutine IBM. If the initial or "standard" value is the desired
input value, then the term need not be inciuded in the data deck.

This substantially reduces the number of terms which must be included
as input.

The input data section of the Boeing Internal Ballistics Program User's

Guide (Reference 6) has been adapted for this document and is given

n the following paragraphs. Definitions of al] input variables are

given in Tables 3-XVIT through 3-XXII. 1In addition to these data, the
"Inert" mass data of Table 3-XIT are required inputs.

3.5.1 Grain Geametry

For analysis purposes the motor is divided into three sections, aft-
head, fore-head, and cylindrical. The cylindrical section is sub-
divided.by a number of input reference planes (minimum of two and a
Maximum of eighteen) that describe Tocal grain geometry. -The region
‘between the reference planes is divided into a number of smaller
regions by increment dividing planes for caleulating the interpa] gas
dynamics, Figure 3-8. The cylindrical section may be divided into

as many as one hundred mass addition regions. : '

In each of the three sections, various options are availabie. Typical
motor configurations that can be analyzed are shown in Figqre'3-9.
Motor designs with both internal and external taper, monolithic and
segmented propellant sections can be analyzed. The capab111?1esg
Timitations, and inputs for the aft-head, tore-head, and cylindrical
section are discussed in the tollowing paragraphs. '
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I INTERHAL BALLISTICS OPTIQHS i

SA(1)0

SEGHENTED GRAIN

-§A(1)=0
POHOLITHIC GRALN

1

AF(1} # RF{2) # ETC. RF{1) . RF{2) = ETL,

TAPERED ¥OTOR CASE

STRAIGHT HOTOR CASE

i I I I I T ]

CIRCULAR * STAR » SLOTTED-CARE * HAGON-WHEEL FORKED COMBIHATION GTHER
GRAIH PESIGH GRALN DESTGH GRAIN DESIGY craln oestan «| | wagen-wncel] | oF circuLar, BY TABULAR
— . GRAIN STAR, SLOTTED- THPOT QHLY *
' DESIGH | ] CONE, WAGON- .
WHEEL OR FORKED
WAGON-WHEEL
r
HEEB{1)=0 ' HeEg(1}:0
CALCULATE BURN AREA 1HPUT BURN
ggr.é a;:' AIFUHETII:III QFSIEQ gﬂﬁ%ﬂnu
URH DISTANCE
OF BURIL DISTANCE
X
. y
STOYST = 1,0 L L STFLAG = 1.0
STEADY-FLON HON-STEADY FLOW
STHULATION SIHULATION
. R, E I HPH=D
WiFUT TABLES DETERMIHE
OF PRESSURE Vs, START TRANSIENT
TIME FOR START : CONDITIONS
TRANSIENT o o [ ARALYTICALLY
U > UtR I ¢ UCR
R o i
G > GCR G < GCR
EROSTVE BURNING Hon-£RGSIVE| .
BURNING )
G 5 GCR MND '
U < lUCR 4 » HER
EROSIYE BURKIKG | o EROSIVE BURHLNGY.
AS A FUNCTEON-OF] - A A5 A FURCTICN
MASS FLOY RATE OF GAS YELACITY
i t - ' ;

. 1HDI_¢RTURS ASSUNED :Tﬂ BE-ZERD WHLESS SET .
OTHERWISE. ALSO, THE ORDER IN WHICH THE
OPTIONS ARE PRESENTED DOES HGT FOLLOW A
“Detarmined by Ceamstry Input Data CHROHOLAGICAL SEQUENCE.

FIGURE 3-6  INTERNAL BALLISTICS MODULE OPTIONS TREE
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HOT > 0 '
PONBAR=0.0 FRBAR>0
#0ZZLE SAOSION A0ZZLE EROSION
RATE THSUT 1K CALELLATED AS Al
TABLES AS A EHPIRICAL FUKCTION
FIBICTION OF TINE OF PRESSURE
]
lnAxasr =0 Lumsr o0
1SOTRNPIC AMISOTROPIC
PROPELLANT PRAPELLANT
QURNIIG BURH NG
HACCEL > § UACCEL = O
ACCELERATION BURN RATE
DEFENDEHT THDEPENBENT
BURN RATE QF ACCELERATION
KHOICG = 0
CALCULATE '
GRATIL 2015 _ KHOICE = 1
AD £6'S
T5LVR » 0
: ACCOUNT FOR
TSLVR = 0 THEAT SLIVER
MCSTR = 0 HESTR » 0
GAS PROPERTIES BAS PROPERTIES
COISTANT
BRE INPUT IN TABLES
(C*.T, LT, , ETC) 4 A FUNCTION OF
PRESSURE '
oo INDICATORS ASSUMED 7O BE ZERO UMLESS SET
: OTHERWISE, ~ALSO, THE ORDER Iy WH(ER THE
) QPTIONS ARE PAESENTED DOES HOT FOLLOW A

CHRONOLOGICAL SEQUENCE.

FIGURE 3-6 INTERNAL BALLISTICS MODULE OPTIONS TREE {CONTINUED)
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[2{]

WEACTZO
WFACT-0.0 PROPELLANT
HASS
CORRELATION
HSHBKG=1
SHBMERGED usuagﬁ-n
NOZILE -
HCBNT=0 RCBHT=1
CORICAL CONTOURED
NOZZLE ROZILE

JNDICATORS ASSUMED TO BE ZERD UHLESS SET
. OTHERHISE. ALSO, THE QROER.IN WHICH THE
R OPTIONS ARE PRESEHTED DAES HOT FOLLOW A

) o CHRONOLOGIEAL SEQUEMCE, - .

FIGURE 3-6  INTERNAL BALLISTICS MODULE OPTIONS TREE (CONTINUED)
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3.5.1.1 Aft-Head Sectian

Two grain geometry options are available: a straight through grain,
where the port cross-section is the same as that at the aft tangent
plane, or an input table of burning area versus distance burned.

The Tatter is generaily used when a submerged nozzle or complex grain
designs are considered. A typical strajght through grain configuration
1s shown in Figure 3-10. The required grain geometry input at the aft
tangent plane is discussed below under the heading "Cylindrical Section",
Section 3.5.1.3. Inputs required for simulating a submerged nozzle are
discussed in Section 3.5.5.

The dome external contour is made up by a combination of elliptical
and conical confiqurations. Figure 3-11 shows necessary inputs to
describe the aft dome shape.

The input values are 1) BN, 2) DN, 3) A@INM, and 4) DLRF. The term

BN defines the ratio of the ellipse semi-axis perpendicular to the
motor axis to the semi-axis coincident with the motor axis. The case
opening diameter is specified by the value of DNT. The maximum allow-
able angle between the tangent to the ellipse section and the motor
centerline at the plane of the case opening is AGNM, To define the
end section, the program first computes the value of angle ANR,

This angle is defined by the tangent to the ellipse and the motor axis
at a_diameter equal to DM1. If the value of ANR s less than or

equal to the value of A@NM, then the ellintic contour is assumed to
terminate at the case opening diameter. IF, however, the value of

. ANR is greater than the value of APNM, then the elliptic contour

is terminated at the point where the angle between the tangent to

the ellipse and the motor axis is equal to the value of ABNM. From
this point, a frustum of a cone tangent to the ellipse is extended

to the case opening diameter.

Desired accuracy of the burning surface area and initial volume are
governed by the input DLRF. As this value approaches zero, the
calculations approach an exact solution at any value of thickness
burned. A typical value is 0.01.

Certain Timiting requirements must be satisfied for the end dimensions
as Tollows:

1. The value of DNI/2 must be less than or equal to the value of RF
in the reference plane adjacent to the end section.

2. The value of ABMM must be greater than zero.
3. The value of BN must he either
a. Equal to 1.00 (hemispherical end),
b. Equal to or greater than 1.01 {oblate spheroid end) or

c. FEqual to or Tess than 0.99 (prolate spheroid end).
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3.5.1.1  (Continued)

IT any of these restrictions ijs exceeded, the proaram will automatically
stop and print out a statement identifyina the restriction,

Propellant cutback is considered if DNT/2 is qreater than P1, (Fiaure
3-1]2. If this occurs, burning will occur on the aft face, The grain
configuration shown in Figure 3-11 illustrates end hurnina,

If the input DN1 is such that the resulting length of the aft dome

is Tess than the maximum web thickness of the aft tangent plane

grain geometry, then the difference between these Tenaths will be

added to the initial dome Tenqth making it eaual to the maximum weh
thigkness. This prevents the aft face from burning into the cviindrical
section,

If the burning area table option is used, BN, DNT, APNM, and DLRF are
not required. Burning area versus distance burned and the total dome
and propellant volume for the aft-head section are the required inputs.
If grain moments of inertia and center of gravity are to be determined,
this data also becomes required input.

3.5.1.2  Fore-Head Section

Three grain geometry options are available, They are straight throuah
grain, burning area tabTe, and a head-end with web, The First two
are the same as discussed above in the aft~-head section.

The inputs for the straight through grain option are: 1) BH, 2) DH1,

and 3} APHM. Definitions of these inputs and the corresponding
Timitations are identical to the equivalent aft-end section inputs

and 1imitations. The fore-head increment sizes are set by the
dimensionless ratio DLRF, the same as the aft-end increment sizes. In
the forehead, however, RF is the outside propellant radius of the forward
tangent plane, Likewise, the calculation of the fore-head section

iength is based on the maximum web thickness of the forward tangent

plane grain geometry.

The third option is a head-end with web as shown in Figure 3-12. Re-
quired jnputs are: 1) BH, 2) BTAgE, 3) RIG, 4) AK, 5) DRVRF, and 6) AKK.
Note that the dome outer contour can only be an elliptical confiquration,
The definition of BH is the same as that for a straight through grain.
The term BTADE represents the ratio of the head-end with web ellipse
semi-axis normal to the motor axis to the ellipse semi-axis which lies

on the motor axis. In addition to defining the propellant internal
coutour, BTAPE is used to transfer the program to the head-end with

web solutfon. If the value BTADE is non-zero, the head-end with

web solution 1s used, The term RIG is the radius of the ianiter

opening, which is assumed to be inhibited on the internal surface.

The centers of the ellipses defined by BH and BTARE are alwavs assumed

to be coincident. The reference fore-head length, HHR, is always measured
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3.5.1.2  (Continued)

from the center of the fore-head eliipse closure, A restriction

to the head-end with web solution requires that the initial propeliant
surface reach the igniter opening. If this restriction is exceeded

by using too small an input value for BTAGE, the program will stop

and print a statement that the head-end with web fraction is negative,

Burning surface area and initial volume calculations for the head-

end with web are based on approximate integrations of surface and
volume increments. Initial values of the required increment sizes,

DRV and DL, are computed in the same manner as DL for a straiaht

through grain. In subsequent calculations, the increment sizes are
modified by the input constants AK and AKK, which adjust the increment
sizes to account for changes in the configuration during burning., The
input values of AK and AKK are the primary factors in determining
accuracy and execution time for the head-end with web calculations.

As these terms approach zero, the calculations approach exact solutions.
Input value AK controls the accuracy of the burn surface area calcu-
Tations, and input value AKK controls the accuracy of the initial volume
calculations. A recommended value for these terms 15 0.50.

Values of propellant volume in both end sections at any thickness other
than zero are computed by means of approximate integration of burning
surtaces with respect to thickness burned. These integrated volumes
are subtracted from the previous volume to give instantaneous volumes
at any time. Because of this process, the final propellant weight

at complete burnout is Tikely to be some value other than zero.

As the time increment input approaches zero, the caiculation for in-
stantanecus propellant weight abproaches an exact solution,

3.5.1.3 Cylindrical Section

The cylindrical section is that section lying between the forward and
aft tangent planes. The cylindrical section length is designated as
input HCP. Various grain geometry options exist as shown in Figure 3-13.

L.

The grain may be either monolithic or segmented.

The cylindrical section is described For input by dividing it into a
number (maximum of 18) of geometrical reference planes, Figure 3-14.
These reference planes are used in describing the grain geometry at
a particular location. They are designated by AINCIN(1)...AINCIN(18)
and are placed at desired distances from the Forward tangent plane.

The value of AINCIN(1) must always be zero, thus placing the first plane
at the forward tangent plane. Likewise, the AINCIN va]ge of the last
plane used must be equal to the value of HCP, thus placing the last
plane at the aft tangent plane.
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3.5.1.3 (Continued)

The general forked wagon wheel configuration for an input reference
plane is shown in Figure 3-15. The following are required inputs:

ANB(T) R4(I) ALST(I) AB1(1)
RF(I) R5(1) AL52(1) Ap2(1)
TAUW(T) R6(I) - ALA(T) AR3(1)
R2({1) R7(1) ALB(1) AB4(I)
R3(1) RB(I) ALE(T) AP5(T)

'AN@ is the number of symmetrical sectors. The segment lengths ALC and

ALD are not input.

Figures 3-16 and 3~17 show the inputs and calculated plane constanis

for the aeneral forked wagon wheel confiquration. The calculated nlane
constants allow the user a neans of checking if the proper grain desian
is being analyzed. Although the program is desianed to solve the
general configuration shown in Fiqure 3-15, there are certain variations
of this configuration that exceed the mathematical limits of the
analysis. To obtain a program solution, ail of the followinag conditions
must exist for each reference plane used:

R1 must be greater than or equal to zero

R3 must be less than or equal to T2M

R7 must be Tess than or equal to T12M

R9 must be greater than or equal to zero
.ALC must be greater than or equal to zero

ALD must be greater than or equal to zero

B71HM must he greater than or equal to zero

BATM must be greater than or equal to zero

AP must be Tess than 90° and greater than or equal to AQ2
Ap2 must be greater than or equal to zero

AR3 must be less than 90° and greater than or equal to AB2
Ap4 must he greater than or egual to zero

AQS must be Jess than 9u? and greater than or equal to AP4
THE must be greater than or equal to zero

If any of these restrictions are exceeded for any reference plane, the
program will automatically stop and will print the reference plane
dimensions along with a statement of the exceeded restriction. Although
the program is self-checking for these mathematically invalid con-
figurations, there are some physically invalid confiqurations 7 =

which there is no such check. For example, such a situation w."{ occur
in a case where a value of an ANP input is not a whole number, and the
program will yield valid mathematical solutions that are physically
impossible. To avoid such probiems, it is suggested that the user
visually review a sketch of each reference plane input configuration
before attempting to obtain a orogram solution.

Special attention should be given to the manner in which input lengths
ALA, ALB, and ALE are defined. The length ALA is measured along a common
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3.5.7.3  {Continued)

tangent to the arcs generated by radii R2 and R3 (Figure 3-15)., 0One of
the points that defines this Tength is the point of tangency with the
arc generated by the radius R2, However, the other point that defines
length ALA is not the point of tangency with the arc generated by
radius R3. This end 1imit of length ALA is determined by bisecting

the angle subtended at the center of the arc generated by radius R3

and extending this bisector until it intersects the axis of symmeiry of.
the grain sector. From this intersection point, a perpendicular to
1ine ALA is erected. The intersection of this perpendicular and the
lTine ALA is the point which defines the end of length ALA. An expanded
sketch showing the definition length of ALA is shown in Figure 3-18.
Line Tengths ALB and ALE are defined in a similar manner.

Figure 3~19 shows the inputs required for the wagon wheel grain
configuration. :

Figure 3-20 shows the inputs required for the standard star grain
configuration.

Figure 3-21 shows the inputs required for the slotted-cone grain
configuration. Burning area tables are always required for the fore
and aft-head region with this grain conféguration.* In addition to the
standard star input of Figure 3-20 an additional parameter THR is required.

" Figure 3-22 shows the inputs required for a circular port grain con-

figuration.

The inert sliver option can be used for the wagon wheel, star, and
slotted-cone grain confiqurations, If the inert sliver aption is used,
the distance burned on the inert stiver TSLVR(I) must be input. Inert
sTivers are considered only in the cylindrical section. TSLVR(I) is
also required to be equal to or greater than the web thickness, TAUW(I).

An input is required for the incremental distance burned before and
after web time. These inputs are DTAU(I) z2nd DTAUW(I) and are used in
generating tables of geometry data versus distance burned for the
reference planes and end sections.

If there is a special grain configuration to be analyzed that the
program options do not include, this can be analyzed by inputting a
table of port perimeter versus distance burned in place of the grain
geometry inputs. The initial port cross-sectional area is also required.
When this option is used, the burning area versus distance burned is
required for both the fore and aft-head sections. The required inputs
are identical to the inputs that were described in the fore and afi-
head sections. When this option is used, woments of inertia and centers
of gravity for the fore-hzad, aft-head, and cylindrical sections will

be bypassed unless they too are input for each reference plane and end

section.

The cylindrical section must also be described for input by dividing
it by a number of increment dividing planes (a maximum of 101) where
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3.5.1.3 (Continued)

the region between adjeining increment dividing planes 1s.c§1]ed a mass
addition region, Figure 3-14, Spacing of the increment d1y1@1qg planes
is controlled by an input parameter DELZ. The increment dividing
planes are Tocated at each input reference plane and spaced DELZ from

" each reference plane until either a segment or the next reference

piane is reached. This procedure is repeated and terminates at the

aft tangent plane of the motor case. '

The Tocation of the initial forward and aft segment faces shoulq be
input if applicable. These inputs are SA(I) and SB(I}, respectively.

3.5.2 Propellant Properties

Propellant properties are defined by input 1) T@, 2) GAMA, 3) P,

4) DELF and 5) CSTAR. These inputs, in the order shown, are stagnation
temperature, specific heat ratio, gas constant, solid-pronellant
density, and characteristic velocity. TH, R, and DELF are used in

the gas dynamic analysis along the grain, whereas CSTAR and GAMB are
used to calculate nozzie flow rate and thrust coefficient » respectively.
Both T and CSTAR are not requireds given GAMA and either of these,
subroutine INPT will calculate the other, .

To more accurately represent the Propallant qas pronerties, arrays of
temperature, v, molecular Wt., and ¢* versus pressure can he innut.,
Also, c* can be determined by the reconstruction module or ane of the

specific impulse moduTes, in which case it need not be input.
3.5.3 Burning Rate Innuts
Propellant burning rate, RB, at any increment dividing plane, may be

computed in terms of the following values at the adjacent increment
dividing plane in the upstream direction; _ o

1. Static pressure ?

2. Gas velocity U

3. Mass velocity per unit area G

4. Distance from stagnation point HRB
5. Burning rate RBHI
6. Solid propellant density DELF

With the exception of DELF, these values are not input but are calculated
within the program.

- 3-58



D256-1N020-2

3.5.3 {Continued)
Fifty-one constants are available to define the burning rate equation.
Only the constants that are required for the particular burning rate
equation to be used are input; the remaining constants are not input.
These constants are as follows:

AKG(T) through AKG(5)

AKU(1) through AKU(5)

" AKR(1) through AKR(39)
AKSLAT(7) and AKSLAT(2)

Prior to calculatina burning rate, critical values of velocitv, UCR,
and mass velocity per unit area, GCR, are obtained as follows:

UCR = AKU(T) + AKU(2).PAKUE3) o apiiqay.pARU(E)

BCR = AKG(1) + AKG(2)-PPKE(3) 4 axara).pAKE(S)
Propellant burning rate is then calculated in one of two ways.

If G is greater than or equal to GCRor U is greater than or equal

"to UCR, the following relationship is used:

RE = AKR(T) + AKR(2)-PPKRE3) o axr(a).pRKR(5) o app(s).yPKRR(7)

+ AKR(14)_PAKR(15),UAKR(TS) + AKR(17)_PAKR(TB).UAKR(TQ)
+ AKR(ZD)-PAKR(E?).GAKR(ZQ) + AKR(23).pAKR(24),GAKR(ZS)

+ AKR(26)/[AKR(27) -PARR(28) 4 ap(2g).pRKR(30)
+ [AKR(31)-6MRE32) RB ARR(33) 1. o pacp (24) Bt . DELF/6]

The fore-head reference Tength (HHR) used in calculating HRB- must be
input if fore-head burn data arrays are input. If the value of G is
less than GCR and the value of U is Tess than UCR, then erosive burning
does not exist and the following relationship is used.

RB = AKR(35) + AKR(36)-PPKR(37) L aypeas).pPKR(39)
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3.5.3  (Continued)

To prevent the values of GCR and UCR from being used simultaneousiy
for choosing the burning rate model, one .of these values must always
be equal to zero. This is. accomplished by setting the values of
constants AKG(T), 'AKG(2) aad AKG({4) or the values of constants
AKU(1), AKU(2) and AKU(4) equal to zero. The program will automati-
cally stop if any of the terms AKG(1)}, AKG(2) or AKG(4) are not equal
to zero when any of the terms AKU(1), AKU(2) or AKU(4) are also not
equal to zero. In such cases, the program will print a statement
that the GCR or UCR coefficients are invalid. If AKR(26) is not
equal ta zero, then neither AKR(27) nor AKR(29) can be negative or
simultaneously equal to zero. IF this restriction is exceeded, the
program will stop and print a statement of invalid AKR(27) or AKR(29).

The burning rate at the segment slot face is calculated by:
RBSLAT=AKSLAT(1) . pAKSLET(2)
where P is the static bresshre‘in the‘port at the segment interface.

For anisotropic burning, arrays of burn rate coefficients, AKRTAU(I)},
versus burn distance, TAUAKR(I) are required. . Then the burn rate
equation becomes :

RB=AKRTAU(1).pKR(3)

Anisotropic burning is simulated only during the buildup and tailoff
intervals, and the same arrays may be used for both intervals. One
option exists here for burning in the fore-head and aft-head sections.
If the values of AKRH and AKRN are set to zero, the AKRTAU(I) versus
TAUAKR(T) data will be used for the fore-head and aft-head sections.
If it is desired that anisotropic burning not be considered in the
end sections, AKRH and AKRN are set equal to AKR(2) and AKR({36).

Propellant burn rate is frequently a function of the distance burned
radially for a given pressure. This may be due to a significant

temperature gradient through the grain or”variations in the composition
of the propellant constituents in the radial direction. An example of the

Tatter occurs when the predominant alignment of oxidizer particles
varies between the bulk of the propeliant and the core interface
or the case wall. . .

The inputs required to account for radial burn rate varjation are NAKR,

NAKEND, TIMAKR(I), and TBLAKR(I). A burn rate adjustment factor
(AKRADJ) is determined from the TBLAKR(I) array as a function of the

time array TIMAKR(I). The time points in the TBLAKR(I) array correspond

to radial burn distances for which burn rate variation data points
are given. NAKEND determines whether or not AKRADJ will be applied in
the end sections.
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3.5.4 Nozzle Configuratian

The nozzle configuratien, Figure 3-23, is jnpyt for {wo purposes, One,

to calculate throat area which in furn is usgd td determing nozzle flow

rate. The other is to provide the parameters required to'calculate

the nozzle thrust coefficient. - E / S :
Required inputs are DT, DE, and ANN {{f ithEP than }), Also, one
option in each of the following 5et§ must be input:

Ambient Pressure: Input as a cqnstgnt-(PA) gr as a variable with
vespect to time (NPA, TIMEPA(I), and TBLPA(I}),

v

Nozzle Efficiency: Input as a constant'(GM)'or as a variable with
respect to time (NCH, TIMECM(I), and FBLEM(I)),

Nozzle Erosjon: Input as a variable with respect %o time (NDT, TDELDT(I),
and TIMEDT[I)) or as a variabie wjth raspect to npzzle stagnatjon
pressurg (ERBAR, PPNBAR, EREXP)! If no nozzle erosion is desired, then

no inputs are reguired. |

Nozzle Contour: Three possibilities exjst for describing the nozzle

contour, The nozzle contour must be described so that a divergence

flow Toss factor can be deteymingd for use in fhe thrust calgulation.
{ |

(1) FEor a conical nozzle, the nozzle cone halfrangle, AN2, is required.
Also, the contoured nozzle indicatpr, NCONT, must be input as zero.

(2) For a contoured or bell-shaped nozzle, theg nozzle half-angle can -
be approximated as the average of thE initial and Ffinal nozzle
angles, These inputs are ANZ and THETEX, respectively, NC@NT
must be input'as 1. - - :

(3) If data js available for theoretical specific impulse for a conical
and contoured nozzle, a more preaise deteyminatjon for the eftective
contoured nozzle halfrangle is possible, This fypg of data is
‘available from the Axisymmeiric, TworPhase Perfect Gas Performance
Program, ATPAP (Reference 8Y. This program can be used to calculate
the ratig of the theoretical specific impulsg for the actual nozzle
contour to the theoretical specific impulse for an equivaﬁent conical
nozzle, This ratio is called SIRATE and s inpuf atong with the
equivalent conical nogg]e halfrangle,. ANZ and NCONT=1,

The form qf the del{vered {hrust goefigient, LF, jﬁ;
- (.GAMAH- ) 1
2 GAWR=1/{ 7
cEc = | [ 24CAMA) 2]
GAMA-1 GAMA+]
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3.5.4 {Continued)

_ 1
‘GAMA-]) e
) |
CF = {'CFC [ (I-%%ﬁ) BANA ] [5+.5 cos (An2) | +

[(E%ﬂ) EP1] } M- (%%NJ Ep1

where PE is the exit plane static pressure, PA is the ambient pressure,
and EP1 is the exit cone expansion ratio.

3.5.5 Nozzle Submergence

Solid propellant rocket motors are commonly restricted in total length
for numerous reasons. Inserting or submerging the nozzle some distance
into the motor chamber may be desirable for use on motors with a length
restriction. This nozzle submergence permits a longer motor chamber
with more propeilant.

Nozzle submergence introduces performance losses. These losses are
primarily due to entrance effects, two phase flow effects, and flow
field effects. MNozzle submergence also introduces additional con-
siderations for the internal ballistics simulation. As shown in
Figure 3-24, a portion of ‘the propellant grain is located aft of the
nozzle entrance plane and requires a reversed flow region_ which allows
the mass generated in the submerged area to exit the motor. In order
to correctly simulate this phenaomena, a different convergence scheme
for the submerged nozzle case is required in the Internal Bailistics
Module. This scheme requires the simulation of the stagnation regions
and the flow field for the reversed flow.

Required inputs for an internal ballistics simulation with a submerged
nozzle are listed below. These finput variables are defined in detail

in Table 3-XVIII and several of these variables are shown in Figure 3-24.

(1) Nozzle submergence indicator, NSUBMG. Always input as one for a
submerged nozzle simulation. ' '

(2) Submergence distance from aft tangent plane, HSUBMG.

(3) Length of the cylindrical portion of the aft dome, DELH. Not
required for a nozzle that is only slightly submerged into the
aft dome. ' '

{(4) Maximum. burn distances in Regions A and B, TAUMMNA and TAUMNB,
respectively. ’ '

(5) Nozzle entrance coordinate data; TRSUB(1), TXSUB(I}, and NPSUB.
(6) Region B port area data; TA1B(I), TA2B(I), and TAUNB(1).
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- 3.5.5  (Continued)

With grain configurations for which the Internal Ballistics Module cannot
automatically calculate the aft-end geometry, additional input data may
be required. These data are burn areas, moments of inertia, centers of
gravity, and propellant and chamber volume for Regions A and B. The
complete Tist of these possible inputs is given bejouw. Each variable

s defined in detai] in Table 3-XIX.

%RSNfgglowﬁng dependent arrays are functions of the independent array

(1) Burn area for each region, ABNA(I) and.ABNB(;).

(2) Grain voll moment of inertia for each region, PMBINA(T) and
PMAINB(I). Required only when KMPICG=0,

(3) Grain pitch moment of inertia for each negion, RM@INA(I) and
RMPINB(I). Required orily when KMPICG=0,

(4) Grain center of gravity fan eagh r gigh {relative to the aft
tangent plane), XCGNA(T) and XCGNB?I), Required anjy when
KM@ICG=0. ‘ ' ' ‘

The following variables are not fuhppﬁon$ oF cther yaki&b}es}
(5) Case volume for both regions, VCNINA and VCNINB. The total aft
case volume, VCNINP, should also be input, This is simply .-
. VCNINA plus VCNINE. '

(6) Propellant volume for both regions, VFNGA and VFNOB, The total
art-end propellant voiume, VFN@, should also be input. This -
is simply. VFNBA plus VFNGEB, ' '

3.5.6 Internal Gas Dynamjcs

The Internal gas dynamics along the propellant grain can be based on
either steady or non-steady flow, depending on ghoige pf input. The
influence of an accelerating reference system can also be considered.
The exactness of the intérnal ballistic cal.ulations is dependent

upoh two parameters, time interval between caleulatjons, and the number
or size of the mass addition regions alopg the §y11ndrica] section.

The mass addition region size is determined by he input vaTue of DELZ.
The computation time interval is discussed beloy.

The jnternal ballistic solutions based on steady flow are caleulated
independent of the preceding time point and do not jnclude mass and
momentum storage terms in_the_gqugtigns._ However, the internal ballistics
that are calculated based on non-gteady flow account for volume

change of the mass addition region and storage of mass and momentum

within the mass addition region, The addition of the pon-steady flow
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3.5.6  (Continued) —\

terms to the momentum and continuity equations enables the program to
be used for calculating ignition transients. _

Steady Flow

In order to simulate steady flow internal gas dynamics, STDYST is

set to 1.0 and STFLAG is set to 0.0. An initiaj guess for the fore-
head pressure, PHI, is required. The necessary time control inputs
are DELTSS, DELTT@, and ANITW. These are discussed in Section 3.5.7.

Non-Steady Filow

In order to simulate non-steady flow, STFLAG is set to 1.0, and STDYST

1s set to 0.0. The initial guess for the fore-head pressure, PHI,

is input, however, unlike the case of steady flow, PHI must be input

as twice the value desired. For example, if a start transient is

;ﬁ?rged4with an ambient value of 74.7 for the fore-head pressure, then
=29.4. '

When exercising the option to input a buildup pressure trace and thus
campute "a® (in r=apn), the trace is input as the pressure array,
PHST(I), versus the time array, TIMEPH(I). MPH is also input to specify
the number of points in these arrays and PHI should be input as twice

the value of PHST(1). AINCPL is the desired increment plane Tocation -

at which the constant "a" is to be eva]uated. _

‘The necessary time control inputs are DELTST, DELTSS, DELTT®, ANITW,
and one of the start transient termination point inputs, TST, PST, or
AITST. A1l of these time control inputs are discussed below.

At the end of the start transient, the value of the computed constant

"a", or AKR(2) and AKR(36) of the input burn rate eguation, may be used

- for the remaining calculations. I RBFLAG=0.0, AKR(2) and AKR(36) will be
used during the web-time and tail-off calculations. if RBFLAG=1.0, then
the Tast value of "a" will be used in place of AKR(2) and AKR(36) during
the web-time and tailoff calculations.

3.5.7 Time Control Inputs

Several options are available to define the calculation time interval.
Quiput from the internal ballistics module is provided after each
calculation cycle, therefore, time interval input data simultaneousiy

control module calcuiation and printout intervals.

The time ncrements used during the start transient, steady-state or web-
time, and tailoff intervals are DELTST, DELTSS, and DELTT@, respectively.
If a start transient is simulated, DELTST must be non-zero. The start

transient interval can be terminated by either inputs of time, TST, fore-

head pressure, PST, or total impulse, AITST. The steady-state time é ];
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3.5.7 (Continued)

increment DELTSS is used during the web-time jnterval and is used until
the tail-off interval begins. Tail-off starts when web burnout occurs
at a number of increment dividing planes which equals or exceeds ANITW.
If ANITW is not input, a value of 1.0 is automatically assumed. The
tail-off increment DELTT@ is used until run termination occurs.

A simuTation is normally terminated when the pressure ratio across
the nozzle is insufficient to maintain sonic flow at the throat.
The program can also be terminated earlier by the TIMAX flag, i.e.,
when time reaches or exceeds TIMAX.

An option exists by which a special time increment may be used. This
increment is DELTSP and will override any other program time increment
between the input time values of TIMPT1 and TIMPTZ,

3.5.8  Propellant Mass Correlation

The Internal Ballistics Module determines initial propellant mass from

the inputs for propellant density and the propellant grain dimensions.
Tolerances characteristic in measuring propellant dimensions and determining
propellant density may be such that the mass calculated with these inputs
may vary |slightly from the mass determined by actually weighing a pro-
pellant grain. These inaccuracies can be compensated for with a program
option called propellant mass corvelation.  Figure 3-7 presents the ~

logic flowchart for this correlation which is performed in subroutine

SETPH. : ’

Four possibilities are available for the program user. 1) Decide to

make no correlation; 2) adjust the propellant mass by biasing the average
propellant density, 3) adjust the propellant mass by biasing the grain
dimensions, or 4) adjust the propeiiant mass by biasing the propellant
density and the grain dimensions. Density adjustments are made in-
ternally but grain dimension adjustments musi be made through the

input data.

Related inputs are 1) WFACT, 2) RH@TGL, and 3) WFTBL, WFACT is the actual
fuel weight which would be known from grain weighing measurements. IT
WFACT is not input, no propellant mass correlation is performed. RE@TOL
is the maximum amount allowed for a density adjustment. WFJOL is the
minimum difference between WFACT and the calculated fuel wejght which

will be considered to be significant enough to perform a correlation.

3-65



TALLE 3-XVII
VARIABLE

AINCIN(I)

AK
AKK

ALA(T)
ALB(I)
ALE(1)
ALS1(1)
ALS2(1).

ANG(T)

AQHM
AGNM

AR(T)-

(1)

VARIACLE DEFINITIONS FOR MOTOR CASE AND PROPELLANT v
GRAIN GEOMETRY FACTORS : ' ™

WARTITN YR S

DEFINITION

Reference plane location measured from forward
tangent plane. See Figure 3-14, (IN)

Adjusting factor waich determines the distance
between planes for the head-end web analvsis and the
end section analysis. A value of 0.5 is recommended.
Required only when simulating a head-end with web.

Adjusting factor used in the head-end weh block 2
analysis to determine distance hetween planes. A
value of 0.5 is recommended. Required only when
simulating a head-end with web.

Perimeter length of sector ALA for a reference plane.
See Figures 3-15, 3-18 and .-19. (IM)

Perimeter Tength of sector ALB for a reference plane.
See Figure 3-15. (IN) _

Perimeter Tength of sector ALE for a reference plane.
See Fiqure 3-15. (IN)

Length of web to inner grain point of a reference
plane. See Figures 3-15, 3-19 and 3-20. (IN)

Length of web to outer grain point of a reference
nlane. See Fiqure 3-15.

Number of grain cross-sectional symmetrical parts
for a reference plane. This works out to be half
the total number of "pie slices" as shown in
Figures 3-15 and 3-19 through 3-22.

Maximum allowable angle between tangent to fore-

head ellipse and motor centerline. See Figure

3-11. (DEGREES)

Maximum allowable angle between tangent to fore-
head ell1ipse and motor centerline. See Figure
3-11. (DEGREES)

Reference plane angle of side ALA. See Figures
3-15 and 3-19 thyough 3-21. (DEGREES)

Reference plane angle of side ALB. See Figures
3-15 and 3-19 through 3-21. (DEGREES) '
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TABLE 3-XVII VARIABLE DEFINITIONS FOR MOTOR CASE AND PROPELLANT
GRAIN GEOMETRY FACTORS (Continued)

VARIABLE DEFINITION

AR3(I1) Reference plane angle of side ALC., See Figure
3~15 and 3-19 through 3-21. (DEGREES)

AGA(T) Reference plane angle of side ALD. See Figure

. 3-15. (DEGREES) . ‘

Aps(1) Reference plane angle of side ALE. See Figure
3-15. (DEGREES) )

BH Fore-head case ellipse ratio. The value of BH must
be either

a. Equal to 1.00 (hemispherical end)
b. Equ?] to or greater than 1.01 (oblate spheroid
end
C. Equ?l to or less than 0’99 (prolate spheroid
end .
See Figure 3-12.

BN Aft-head case ellipse ratio., See BH definition -
above and Figure 3-11.

_ BTAGE Ratio of (head-end web ellipse axis norma] to motor

axis) to (ellipse axis paraliel with motor axis).
See Figure 3-12. Pequired only when simulating a
haad-end with web,

DELZ Maximum length of mass addition region. See Figure
3-8. (IN)

DHT Fore-head case opening diameter. See Figure 3-11. (IN)

DLRF AL/RF, where AL = increment size used for the burning

surface area calculations, measured along the internal
perimeter in the adjacent reference plane. A value
of 0.01 is recommended.

DNT Aft~-head case opening diameter. See Figure 3-11. (IN)

DRVRF ARV/RF, where aRv = thickness of each head-end with
web volume increment, and RF = outside propellant
radius of adjacent or first reference plane. A value
of 0.01 is recommended. Required only when simulating
a2 head-epd with wep.
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TABLE 3-XVII VARIABLE DEFINITIONS FOR MOTOR CASE AND PROPELLANT .
GRAIN GEOMETRY FACTORS (Continued)

VARIABLE DEFINITIOR

DTAU{I) Increment used in generating geometry tables as a
function of distance burned. This increment is
used until the web has reached the wall, then
DTAUM(I) is used. See definition of DTAUW(I)
below. (IN)

DTAUW(I) Increment used beyond web thickness (TAUW) in
generating geometry tables as a function of
distance burned. DTAU(I) and DTAUW(I) must be
chosen such that the total number of peints in
the geomeiry tables does not exceed 50. (IN)

HC@ Length of motor's cylindrical section. See
Figure 3-8. (IN)
RF(I) Outer radius of propellant for a reference plane.
See Figures 3-15 and 3-19 through 3-22. (IN)
RIG Igniter opening radius. See Figure 3-12.  (IN)
R2(1) Radius of inner grain point for a reference plane.

See Figures 3-15 and 3-19 through 3-21. (IN)

R3('1) Fillet radius between ALA and ALB for a reverence
plane. See Figures 3-15 and 3-19. (IM)

RA(I) Fillet radius between ALE and ALC for a reference
plane. See Figure 3-15. (IM)

R5(1) Fillet radius between ALC and the web for a reference
plane. See Figures 3-15 and 3-19 throuah 3-21. (IN)

R6(1) Fillet radius between the web and ALD for a reference
plane. See Figure 3-15. (IN)

R7(1) Fillet radius between ALD and ALE for a reference
plane. See Figure 3-15. (IN)

RE(1) Fillet radius between forks of forked wagon wheel
for a reference plane. See Figure 3-15. (INM)

SA(I} Location of slot forward interface measured from
forward tangent plane. See Figure 3-14. (IN)
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TABLE 3-XVII VARIABLE DEFINITIONS FOR MOTOR CASE AND PROPELLANT
GRAIN GEQMETRY FACTORS (Continued)

VARIABLE DEFINITION
SB(I) Location of slot aft interface measured from forward

. tangent plane. See Figure 3-14. (INM)

TAUW(I) Reference plane web thickness. See Fiqures
3-15 and 3-19 through 3-22. (IN)

THB(1) Reference plane central angle for a slotted-cone
configuration. See Figure 3-21, (DEGREES)

TSLYR(I) Distance from core interface to inert sliver for
a reference plane. Input not required unless an
inert sliver is to be simulated. See Figures
3-19 through 3-21. (IN)



TABLE 3-XVIIT
VARIABLE

ANN

ANZ
CM

DE-
DELH

DT

ERBAR

EREXP -

HSUBMG

NCM

NCONT

_ VARIABLE DEFINITIONS FOR NOZZLE PARAMETERS

D256-10020-2

DEFINITION | ‘

Numbeyr of nozzles. Assumed to be 1.0 if not
input. ' ' S

Nozzle half-angle. Required for a conical
nozzle (when NCENT=0) and for a contoured or

bell nozzle (when NCONT=1). See Figure 3-23.

(DEGREES)
Nozzie efficiency, Mot needed if the TBLCM(I)

array is input,

Nozzlie exit diameter. {(IN)

Length of the cylindrical portion of the aft
dome. Assumed to be 0.0 if not input. In
simulating a submerged nozzle, the nozzle
entrance must remain within the aft-dome

and DELH enables the aft-dome region to be
expanded if needed, When DELH is input, HC@
should be reduced by the same amount. See
F1gure 3-24, (IN)

Nozzle throat d1ameter. (IN) * .

Average erosian rate of the nozzle throat }
radius. Used only when the empirical erosion

rate equation (E= %(P/P) is simulated. Also,

see EREXP and P@NBAR. (IN/SEC

Nozzle erosion rate exponent. Used only
when the emp1r1ca1 erosion rate equation
(E=E(p/PIN) is simulated. Generally input
as 1.0 when used and when more definitive
data is noi available. Also, see ERBAR and
PONBAR.

Distance from the aft tangent plane to the
nozzle inlet. .Used only when a submerged. ..
nozzle is simulated, See Figure 3-24. (IN)

Number of points in the nozzie efficiency versus
time arrays. Maximum aljowable= 50 A]so, seg

TBLCM(I) and TIMECM(I).

Nozzle contour indicator. Input as zere for

& conical nozzle and as one for a contoured..
" or bell-shaped nozzle. Also, see ANZ, THETEX
SIRATC, and FIgure 3-23,
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TABLE 3-XVIII

VARIABLE
- NDT-.

MPA

NPSUB

NSUBMG

PA

PANBAR

~USIRATC
TAIB(I)

s

© p2sE-10020-2

VARIABLE DEFINITIONS FOR NOZZLE PARAMETERS {Continued) :

DEFINITION

Number of .points in the nozzle throat diameter
variation versus time arrays. Maximum allow-
able=25. These arrays will not be used if

the PBNBAR simulation is used. See TDELDT{1I)

.and TIMEDT(I) helaw. S

Number of points in the ambient pressure versus

time arrays. Maximum allow:ble=50, Aiso, see |
~ TBLPA(I) and TIMEPA(I). ~ = = o o

Number of points in the TRSUB(I) and TXSUB(I)

nozzle coordinate arrays. Maximum number=20,

Submerged nozzle indicator. For no submergence
simulation, a value pf zero is assumed, For -

simulating a submerged nozzje, a value of one

‘should be input, -

Ambient pressure, MNot required if the TBLPA(I)

array is input, (PSIA)

Average nozzle stagnation pressure expected
during a burn. Used only when the empirical

erosion rate equation (E=E(P/F)N) is simulated.
If not input, P@NBAR is automatically given a
0.0 value and this erosion rate simulation

will not be used. Also, see ERBAR and EREXP.

'__ (PSIA)

‘Ratfo of the theoretical specific impuise for

the actual nozzle contour to the theoretical
specific impulse for an equivalent conical

~nozzle, See "Nozzle Contour" in Section 3.5.4.

Table of part area at the forward end of
region B in a submerged nozzle simuiation.

- Input as-a function of TAUNB(I) and calculated

as grea enclosed by propeljant grain minus the
nozzle entrance area. (INF*2) ©

Table of projected port area in the aft end
- of regfon B 9n a submerged nozzie simulation.
Input as a function of TAUNB(I) and calculated

as the port area at the aft-most propellant

* point-in region B minus the external area.of . .
- the nozzle at the submergence point in the
case. (IN*¥*2) ' P ,
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TABLE 3-XVIII VARIABLE DEFINITIONS FOR NOZZLE PARAMETERS {Continued).

VARIABLE
TAUMNA

TAUMNB
TAUNB(1)

TBLCM(I)

TBLPA(I)

TDELDT(1)

THETEX

TIMECM(I)

'TIMEDT(1)

© TIMEPA(T)

TRSUB(I)

DEFINITION

Maximum burn distance in region A, Must be
E?ﬁ?t if a submerged nozzle is simulated.

Maximum burn distance in region B. Must be
E?ﬁgt-if-a'submerged.nozz]e is simulated.

Independent array of burn distance used with

* the dependent arrays TAI1B(I) and TA2B(I).

Maximum number of points=50. (IN)

Array for nozzle efficiency as a. function

of time.  Also, see NCM and TIMECM(I). -

Array for ambient pressure as a function of

- time. Also, see NPA and TIMEPA(I). (PSIA).

Array fof change in nozzle throat diameter.
Also, see NDT and TIMEDT(I}. (IN)

Mozzle expansion skirt half-angle measured
at the nozzle exit. See Figure 3-23 and
“Nozzle Contour" -in.Section 3.5.4.
(DEGREES) . . . .

Time array for nozzle efficiency. Also, see

‘NCM and TBLCM(I). (SEC)

Time array for nozzle throat diameter change.

Also, see NDT and TDELDT(I). (SEC)

Time array for ambient pressure} Also, see

“WPA and TBLPA(I). (SEC)

Table of nozzle radii input as a function
of TXSUB(1) and used to calculate submerged
nozzle volume and nozzle contraction ratio.

First point in table must correspond to TXSUB(1)= ”

0.0 and must be the nozzle entrance radius.
Last point in table must correspond to TXSUB

(NPSUB) and must be. the nozzle radius at the
point of submergence. Radii are measured from

nozzle centerline to nozzle external surface.

- See Figure 3-24.. (IN). .
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| TABLE 3-XYIII  VARIABLE DEFINITIONS FOR NOZZLE PARAMETERS (Continued)
VARIABLE | DEFINITION

TXsus(1) . - Table of X coordinates for the submerged nozzle
' radii table, TRSUB{I). TXSUB{I) is measured
From the nezzle entrance plane. TXSUB(1)
- must be equal to 0.0; TXSUB(MPSUB) must be the
X coordinate of the submergence point of the
nozzle in the case referenced to the nozzle
entrance plane. See Figure 3-24. (IN}

373



TABLE 3-XIX

D256-10020-2

VARIABLE DEFIMITIONS FOR GEOMETRY TABLES PARAMETERS'

(If all geometry tables are to be calculated by the internal ba111si1cs
module, then the terms marked * are not required)

VARIABLE
ABHD{1)*

ABN(I)*
ABNA(T)*

ABNB(I)*
AKGYP(I,N)*

ALPPL{I,N)*

APGRT (1)*
GEACEN(I,N)*

KPLANE

NGEB(I)

NGEBHD*

DEFINITION

Dependent array of head-end burn area as a function
?f bur? distance. Also, see TAUHD(I) and NGE@GHD.
IN**2

Dependent array of aft-end burn area as a function
of burn distance. MNot needed if a submerged nozzle
is simulated. Also, see TAUN(I} and NGE@MN.

(IN**2)

Dependent array for burn area of region A of the
aft-end as a function of burn distance. Used
only when nozzle submergence is s1mu1ated Also,
see TAUN(I) and NGE@MN, (IN**2) _

Same as ABNA(I) except for region B. (IN**2)

Dependent array of radius of gyration for reference

plane N as a function of burn distance. Also, see
the independent array TAUPL{I,N) and NGER(I). (IN)

Dependent array of port perimeter for reference
plane N as a function of burnh distance. Also, see
the independent array TAUPL(I,N) and NGE@(I). (IN)
Initial port area for a reference plane. (IN**2)

Reference plane geometry constants. There are 45

constants per reference plane, see Figures 3-16 and
3-17. These inputs are seldom, if ever, hand

calculated for a run. They can be obtained from
the punch card output of a previous -internal
ballistics run.

Number of reference planes. Must always
be input.

Number  of po1nts 1n the reference plane geometry
arrays. Maximum allowable = 50, See TAUPL(I,N},
ALPPL(I,N), and AKGYP(I,N).

Number of points in the head-end geometry arrays...
Maximum allowable = 50, See ABHD%I), TAUHD{I),

~ PMBIHD(I), RMPIDH(I), and XCGHD(I).
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TABLE 3-X1X

VARIABLE
NGE@MN*

NPUTAB
NWRTAB

PMBIHD(1)%

PMPIN(I)*

PMBINA(I)*

PMQINB(i)* :

RMBIHD(I)*

- RMOINA(I)*

RMBINB(T)*

' 1RMQIN(I)£ O T

nonon

D256-10020-2

YARIABLE DEFINITIONS FOR GEOMETRY TABLES PARAMETERS
~ (Continued) S o

DEFINITION

Number of points in the aft-end geometry arrays.
Maximum aliowable = 50, See ABN(I), ABNA(I), ABWB(I),
TAIN(I), PMBIN(I), PMBINA(I), PMAINB(I), RMBIN(T),
RMPINA(I), RMBINB(I), XCGN(I), XCGNA(I), and

- XCGNB(T)

| BéOmetny array punch flag.

0, No geometry arrays ar plane constants output

1, Punch geometry arrays and plane constants

2, Put geometry arrays and plane constants on disk
with NAMELIST data for multiple case use

3, Punch geometry arrays and plane constants and

- Write on disk

0, Do not print geometry arrays.
1, Pring geometry arrays in table form,

'Geometry'array print flag.

Dependent array of head-end rolj M.Q,I. about

longitudinal axis. Also, see TAUHD(I) and NGEGHD.
(SlUg-In#=2y 70 | | R

Dependent array  of aft-end roll M.Q.I. about
Tongitudinal axis. MNot needed if 8 submerged nozzle

is simulated. Also, see TAUN(I) and NGEgMN. S
(SLUG-IN**2)

Dependent array of aft-end region A roll M.0.I.
about Tongitudinal axis. Used only when nozzle
submergence is simulated. Also, see TAUN(I) and

NGEPMN.  (SLUG-IN*%2) |

Same as PMOINA(I) except for region B. (SLUG-IN*%2)

Dependent array of head-end pitch M,0.1. about aft
tangent plane. Also, see TAUHD(I) and NGE@HD.
.(SLUG"IN**Z)J- R _ S o
Dependent array of aft-end region A pitch M.0.I.
about aft tangent plane. Used only when nozzls
submergence is simulated. Also, see TAUN(I) and

'NGE@MN,“'(SLuG;IN**z) '
Same as RMPINA(I) except for regiop B. (SLUB-1N*%2)
Dependent array of aft-end pitch M.0.1I. about aft

tangent plane.  Not needed iF a submerged nozzle is

simulated. Also, see TAUN(I) and NGEPHN.  (SLUG-IN**2)
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TABLE 3-XIX VARIABLE DEFIMITIONS FOR GEOMETRY TABLES PARAMETERS  “’
_ (Continued) =~ : N
VARIABLE DEFINITION o
TAUHD(T)* _ Distance burned;. the independent array for : E .
' the head-end dependent arrays ABHD(I), TAUHD(I), L
PM@IHD(I}, RMAIHD(I), and XCGHD(I). {IN) '
TAUN(I)* Distance burned; the independent array for the
aft-end dependent arrays ABN(I), ABMNA(I),
ABNB(1), PMAIN(I), PMAINA(I), PMPINB(I),
RMPIN(I), RMPINA(I), RMAINB(I), XCGN(I), -
G e XCGNA(I), and XCGNB(I). (IN) _
TAUPL(I.N)* -~ Distance burned; the independent array for the : §
reference plane dependent arrays ALPPL(I,N)
| and AKGYP(I.N). (IN) - - | o ]
VYCHINP* , Volume of fore-head case. (IN**3)
YCNINP* o . VYolume of aft-head case. (IN®*3) o - %,
VENTHA* ' Volume of aft-head case, Region A. (IN**3) |
~ VCNINB* _ Volume of aft-head case, Region B. (IN¥*3) -
VFhHp* Inftial prabeilént volume in fore-head. (IN**3) X :
YFNp* _ : Inﬁtia1-prope]1ant_§o1ume in aft-head. (IN**3) . - - 3~
VFNpA* , Initial propellant volume in region A of the L
aft-end. Used only when nozzle submergence is
- simulated. (IN*¥3) S .
VFN@B* ~ Same as VFN@A except for region B, (IN¥*3)
XCGHD(I)* Dependent array of head-end propeilant C.G.
location measured from the forward tangent plane.
7 | A1SD,,SE&.TAUHD(I) and NGE@HD. (IN)
XCGN(I}* . -+ Dependent array of aft-end propellant C.G.
” o ' location measured from the aft tangent plane
(always positive)., Not needed if a submerged
nozzle is simulated. Also, see TAUN(I) and
. - ONGE@MN, (IN) I
XCGNA{I)* ~ Uependent array aft-end region A propellant C.G.
o Tocation measured from the aft tangent plane (always
- positive). Used only when nozzle submergence is =
- simulated. Also, see TAUN(I) ‘and NGE@MN. (IN)
XCGNB(I)* ~ ©  °  Same as KCGNA(i) excépt'fqr region B.;'(IN) - _fiﬂ
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TABLE 3-XX VARIABLE DEFINITIONS FOR PROPELLANT PROPERTIES AND

BURNING RATE MODEL PARAMETERS

(** - See Section 3.5,3 for discussion of burnina rate inputs)

VARTABLE
AINCPL

AKG( T )#*

AKR(T)%*
AKRH**

AKRN##

AKRTAU(I)**
AKSL@T(1)**
AKU(T )
AMWG(T)

CSTAR

CSTR(I)

oEF
GAMA

DEFINITION
Increment dividing plane Tocation in cylindrical
sec?ion where anisotropic burning is to be evaluated.
(IN

Critical mass velocity {5CR) per unit area equation
constants., '

Burning rate equation constants.

Head-end burp rate coeffigient for apisptropic
propellant burping simulation. An input valpe

for AKRH will override any table value for

anisotropic burn rate coefficient.

Aft-end burn rate cogfficient for anisotropic.
propellant burning simulation, An input value for
AKRN will override any table value for anisotropic
burn rate coefficient. '

Array of anisotropic burn rate coefficients. This

is the dependent array; see also the independent
arréy of distance burned, TAUAKR(I), and NAKRST.

Slot interface burning rate equation constants.
Critical gas velocity (UCR) equation constants.

Array of propellant gas molecular weight. This is
a dependent array; see also the independent array
of tptal pressure, PRESS(I), and MESTR. {LBM/MOLE)

Propellant gas characterisiic exhaust velocity.
Not required if the CSTR(I) array is input.
(FT/SEC) : -

Array of propellant gas characteristic exhaust
velocity. This is a dependent array; see also the
independent array of total pressure, PRESS(I), and
NCSTR. (FT/SEC) '

Soifd propellant demsity. (LBM/IN3)

Prope11ant gas specific heat ratio. Not, required

_ if the GAMAG(I) array -is input,
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TABLE 3-XX VARTABLE DEFINITIONS FOR.PROPELLANT PROPERTIES AND
BURNING RATE MODEL PARAMETERS (CONTINUED)

VARIABLE DEFINITION
GAMAG(I) Array of propellant gas specific heat ratios. This

is a dependent array; see also the independent arrav
- of total pressure, PRESS{1), and NCSTR.

HHR Reference Tength of fore-head section. Distance
along motor. centerline from forward tangent
plane to the propellant gas stagnation point.
Required only when burn area tables are input
for the head-end. (IN)

NAKEND " Indicator which specifies whether or not the burn

rate adjustment fagctor will be used for the end
sections. -

0, nejther end
1, head-end only
2, aft-end only
3, both ends o
Also, see TBLAKR(I) and TIMAKR(I),

1o n

NAKR . Number of points in the burn rate adjustment versus
time arravs. Maximum allowahle = 25. Also, see
TBLAKR{I) and TIMAKR(I). .

. NAKRST ' o Number of points in the arrays of anisotropic burn
- rate coefficient, AKRTAU(I), versus burn distance,
TAUAKR(I). Maximum number of points = 30. :

NCSCOE Indicator to suppress the c* second order curve
Tit calculation. If NCSCPE is greater than zero,
the second order c* calculation (CSTAR = CSCAEF(1) +
CSCOEF(2)*PAN + CSCPEF(3)*PPN**2) s bypassed.
Thus, the internal bhallistics module will use its
own input value for ¢* instead of that determined
by the reconstruction module or one of the specific
impulse modules.

NCSTR - ‘ Number of points in tHe propellant gas property

o arrays, PRESS{I), CSTR(T), AMWG({I), GAMA(I), and
TCAMB(I)., If NCSTR is input, then all Five arrays
must -be input and each must contain the same no.
of points, Maximum no. of points = 20,

NPH " Number of points in the arrays of fore-head pressure,
PHST(I), versus ‘time TIMEPH(I). Maximum no. of points=70.

S



_ TABLE 3-XX

VARIABLE
NTAUT®

PHST(1)
PRESS(1)
R

RBFLAG

SLTBRN(I)

TAUAKR (I)**

. TBLAKR(I)**

.. TC@MB(I)

N266-10020-2

VARIABLE DEFINITIONS FOR PROPE%LANT PROPERTIES AND -
BURNING RATE MODEL PARAMETERS' |

Continued)
DEFINITION

Indicatar used to suppress anisotropic tailoff
calculations. If not input, a value of 1 is assumed
and any anisotropic tailoff simulation which might
otherwise be simulated will be suppressed. (i.e.,
an isotropic tailoff will be simulated). If input
as (, an anisotropic tailoff will be unaffected.
This enables the userto simulate a start transjent
by specifying the buildup pressure trace (and thus
specifying an anisotropic buildup) without having

a corresponding anisotyapic taiieff,

Array of head-end total pressure during the start
transient, This is the dgpendent array; see also the
independant array, TIMEPH?I?, and NPH. (PSIA)

Independent array of total. pressura.for the dependent

propellapt gas property arrays, ESTR(I);'AMHG(I),

TC@MB(I),'ﬁhd GAMAGEI), {PSIA)
Praopellant gas constant. (FT/°R)

Program control flag to set the burn rate eguation
coefficients AKR(Z) and AKR(36) equal %o the aniso-
tropic burn rate coefficient AKRST at the termination
of the start transient jnterval, A nen~Zero value
will revise the hurn rate coefficients.

~ Indicator to control total inhibiting of burning

on the forward and aft interface of a slot, I
indicates the slot number, .

= 0,0, neither interface inhjpiter

1.0, forward interface inhibited only

2.0, aft interface inhibited only

3.0, both interfaces inhibited

iU n i

Independent array of burn'distance for anisotropic -
%Hrgimg simulation, 5See alse AKRTAU{I) and NAKRST. .
IM ' : - .

- Dependent array far radial byrp rate variation as
a funchian of time, Also, see NAKR, NAKEND, TIMAKR(I),
and Segtian 3.5.8, , . ‘

Array of head-end total gas temperature. This is
a dependent array; see also the jndependent array of
total pressure, PRESS{I), and NGSTR, (°R)
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TABLE 3-XX

VARIABLE
TIMAKR (T )**

+ TIMEPH(I)

Td

| 0256-10020-2

VARIABLE DEFINITIONS FOR PRdPELLANT.PROPERTIES AND -
BURNING RATE MODEL PARAMETERS (Continued)

REFINITION
. Independent array of time for radial burn rate

- variation. . Also, see NAKR, TIMAKR(I), and Section
© 3.5.3. (SEC)- '

Array of time during the start transient. This is
the independent arrav; see also the dependent array
for buildup pressure, PHST(I), and NPH. (SEC)

Head~end cdmhustfon gas total temperature. MNot
required 1f the TCOMB(I) arrav is input. (°R)

330
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TABLE 3-XXI VARIABLE DNEFINITIONS FOR NQN-STEADY FLDW STEADYFSTATE
AND PROGRAM TIME CONTROL PARAMETERS

VARTABLE DEFINITIUN
AITST - Desired maximum valye of tota] impulse duping the

‘start transient., IF AITST 4s input, the start
transient interval wil] terminate when the total
delivered impuise, AIT, reaches or exceeds AITVAC,
Also see PST-and TST and note that only one of these
1; ;equ1red to terminate a start transient. (LBF-
SEC :

ANITW Number of increment d1V1d1ng planes at whigh web
burn through must occur - before tailoff begins.
Assumed ta be 1,0 if not input.

. .DELTSS | | ?ggpﬁtatiep-tlme 1naremqnt used during steady-stata.
DELTST | 'camputation time 1ncrﬁment used dyring the start
transient. Mot requived iF STFLAG is not jnput.
{SEC)
DELTTP ComputatTOn time increment used durinq tai]aff
_ (SEC) _
- .
DELTSP spacial compptation Lime iperement. Can be

applied at thq discretion of the program user
?etw§en the input time po1nt§ TIMPTT1 and TIMPT2.
SEC

PST Desired maximum yalye of total pressure during the
: ' start transient, If PST js input, the start transient
interval will terminate when the tptal head~end
pressure, PH, reaches or pxceeds PST. A]so, see AITST
and TST and note that only one of these is requ1red
ta terminate a start trangient, (RSIA)

STDYST Progpam control flag to indicate steady7state,
Required as input only when a start tpransient is
T nat simulated (i,e,, when §TFLAG s net input).
' Should be input as 1.0 when used, _

STELAG Start transignt caicu]at1on contrel flag, If a
start transient is des1red, set STFLAG = 1.0.

TIMAX Maygimum program time fpr 1nﬁgrna1 ba]jistigs
sqmu}aﬁ1en. (SEE)
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TABLE 3~XXI

YARIABLE
TIMPT1

TIMPT2

TST

N256~10020~2

VARIABLE DEFINITIONS FQR NON-STEADY FLOW, STEADY-STATE,

AND PRUGRAM TIME CONTRUL PARAMETERS (ContInued) : f}-
\‘\
' DEFINITION ‘

If the special calculation time increment, DELTSP,
is used, this is the time at which it beg1ns to
be used, Alsag, see TIMPTZ below. (SEC)

-The time at which DELTSP will stop being used.
If not input, a value of 0.0 is assumed and
BELPSP will not be used. If input greater than
0.0, then DELTSP will be used when TIMPTI <
TIME < TIMPT2. (SEC)

'Desired'maximum value of time during the start
transient, If TST is input, the start transient
interval will terminate when the program time,
TIME; reaches or-exceeds TST. Also, see AITST

and PST and note that only one of these is required
‘to term1nate a start transient. (SEC)
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TABLE 3-YXIT  VARTABLE DEFINITIONS FOR MISCELLANEOUS INRUTS

VARIABLE DEFINITION
ACCELT(I) Dependent array of vehicle longitudinal acceleration

used .in simuTating acceleration dependent burning
rates. Also, see the independent array of time,
TIMEAC(T), and MACCEL. (&'s)

CKDUMP(T)} -~ Times.at which the internal ballistics diagnpstic
data dumps are started and terminated. Also, see
KDUMP(1)"and the descriptian of "diagnostic data dumps”
in the internal ballistics papt of PROGRAM OUTPUT.

(SEC) 5 |
CRP - Convergence value for npn-stéady flaw discharge
- pressure at exit of eagh mass addition region,
Assumed tg be 0.0Q] if not input, This 15 usually
quite sufficient, -

CRT Copvergenge value for non-steady flaw discharge

- . .~ dgas tewperature at exit of each mass addjtion region.
Assumed to be 0,007 1f not 1npytr This 1s ysually
quite suffigient, ' :

. CRW - : ‘Eonvergence yalue used to compare flow rates at =~ -
exit of grain to that which can be diseharged through
the nozzie at the same total pressure, Assumed to be
0,007 if not input, This is generally sufficient

" but-a-smaller-valie pi11 give a closer convergence
if the need far accuracy js warranted,

EPCAT) Dependent array for gase strain at the forward tangent
' : - plang,  The case strain is yspd %o determine a port-
area change which results froem internal pressure.
Also see EPCN(I), TIMEPS(I), and NEPS, -

EPGN(I) - Dependenit apray fop case stwain at the aft tangent
_ plang, Also, seq EPCA(I), TIMEPS(I), and NEPS.
GEPRUN - “Indicator ysed:tp terminate am Internal Ballistics

Modyle® simulation d¥ier fhe refersnge plaps and: end
- section gepmefry data have baen calculated apd
autput, "I ynput as 1.0, aply the geometry
- simulation will be pepformed.  If not input, a .
~ value af Q.0 is assimed and a full Interpal
Balliskics module simulation will be performed,

o Indigatars used tp exercise internal ballisties
. - diagnostic data dumps, - ATSp, See CKDUMP(I) and the -
' description of “"diagnpstic data dumps” in the .
internat ballisties mpdute. part of PROGRAM QUTPUT.

KoUWP (1)
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TABLE 3-XXII

~ VARIABLE
KMPICG
MACCEL

NEPS

PCTAB

PHI

. PRTFLG -

R

'0255-1onzon2

VARIABLE DEFINITIONS FOR MISCELLANEDUS INPUTS (Cont1nuad)

e DEFINITIUN

Pragram 1ndﬁcator used. to suppress C.G. and M.0.I,
calculations, If KMAICG = 1, calculations are

‘suppressed,

Number of points in the acceleration versus time
arrays, ACCELT( ) and TIMEAC(I). Maximum no, of

" po1nt5 qo

Nusber of pa1nt5 in the case strain versus time

arrays, EPCA(I), EPCN(I),_and TIHEPS(I).f Maximm )

o no of pDTﬂtS = 50

Perceht of total. burn’ area, relative to 1.0,

~ required to force ballistic solution for the aniso-
“tropic burp rate coefficient, AKRST, and head-end
‘pressure, PH, at each time 1nterva1 Required

only whep it is désired to input hoth head- end

Tpressure, PHST(I), and anisotropic burn rate coeff1c1ent

AKRTAU(I). ~Seldom used option.

Initial estimate for head-end pressure. If STDYST
is input as 1.0, then PHI 1s the estimate of head-

" end pressure at TIME = If STFLAG is input as.

1,0, then one-half the Va1ue of PHI will be used

- for the head-end pressure at TIME = 0.0.
~Indicator which- controls output of" the Internal

Ballistics Modyle data.

PRTFLG = 0, Motor ballistic data outnut only.

‘ T, Motor ballistic data and increment
~dividing plane data will he qutput,

2 Motor ballistic data and grain C.G. and
- M.0,T, data will be output. :

3, Motor hallistic data, increment d1V1d1ng
plane data, and drain C,G. and M.0,I,
data w111 be output

nwou

]

Maximum amount allowed for a dens1ty adgustment in:

~-a propellant mass -correlation. The absolute value

of [{adjusted density-input density)/input density]
is not allewed to exceed RH@TOL. This prevents an

- unreasonable adjustment to density.

——



TABLE 3-X(1I
VARIABLE

-"TIME:A'c(gI-)'_ '
© TIMEPS(1)

WEACT

WETAL

| 256-10020s2

* VARTABLE DEFINITIONS FOR MISCELLANEOUS INRUTS (Continued)

DEFINITIUN

Independent.array of time usad in simuiating -
acceieration dependent burping rates, Also, see
AGRELT(T) and NACCEL, " (SEC)

-'Independent apway of time usgd in simylating the

case strain effects on port avea, Also, see NEPS,
EPCA(I)¥ and EPGN(I) (SEC?

Known ‘er measured propellant mass toward wh1ch

a propellant mass carrelation 1s tq be made. If
not 1npu¥ a valug of 0,0 75 assumed and no
gorrelation will be gerfqrmgd. {15}

The i nfmum diffenen¢e between WFAGT and the cal-
culated prqu]lant mass whigh 1s gon;xdgrgﬂ signifi-

cant enpugh te pgrfprm a propp11ant mas; sarre]at;on,

{LBM)

At
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3.6 SAMPLE INPUT DATA FOR IBM 370 VERSION OF SRB-II

CUNTROL. . UATA CAKRDS

LINFUTL o

TITLEMtSAMP T 1LE S'g'HH P'n'ERFU'||RHAN'i'CE PIytREQTGICTIONGIN 4,

Niml, -

NSI=m4y

NLEWIS=g,

MITOT=9T740, 0r
L REND T o

IUNQZIL DATA CARDS

LONEDNZ -

IUNPRT=(Q

LENU_ ) L ) - e . ' :
RtACTANTS .
€1 : 11,158 5 298,15
H le J.7048 S 298.1%
[ I . ) . .. 39.078 | S 298.15
N l« L o - S ‘ . 8.783° C -9 298.15
AL 1. . . 15,999 5 294.]15
€L le - o : : 21,274 =72600, 3 295.15

el B B B T

INSERT - AL203(L)

1 “ENU

1M DATA CARUS
LIBUATA .
HLUO=1258,%
ULLZ%304.
CALJNCIN(1} =0, 0!115 Blllﬂnalﬁl§16l417-6'b9ﬂ lt701 l 996-9!999 9!125&|9!
SA(L)®]i5.,81010.6v698.1999649 :
SE(Ll)1=]118480417,64v705410999.%y
KF(1)=10#7] .59
. ANDLL) m28 14, ¢804,y
. ]AUH(l)'E'a 70!36-4!33.5'3&.5!33 5!3& 3'33 513& ﬁ’32 5y -
ALSL(1im2w35,4,
AUL{1)=2%T.0v
AQZ2[1)}=2® 7,0
AQD{)xZe]7, 0y
H{}l)=2%0 .5y
RS (1)=2%2,0,
- PTAU L t=2e] 982,
Dlauw (i) =2 ,betinz,,
AN2=1T .0y . .
Le=ts0.22¢
DT'balDl
PUNHAR®STE, T
ERBAR=(, 0045,
. tHEAP'l.Dr.ﬁ _ o - L S oLt _
CUSTRLAGEL e 0 T S 2 . e
CT8T=lay , DRIGINAL PAGE IS
 DELTST=EU 25y : ' - ST D O
DELTSS5%2,0, : : On POOR QUALLYY
DELTTO=Y o0y . o T . e
~ANLTWaS,. e
TIMAX®}35,,.
PA‘]".T‘
PHIZZ2G 4,
ARRI2)I m0,0bb90,233y . )
AhHCJbi'U.Obb‘U.EJJ.'ﬁ G 0
AKSLOT(I)-OcDbeU|£33I

3.104
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3.6 : (Contiﬁued)‘

CAKUCE).®=50004y .

SLTBRN(1)‘2-0!0-0!2.0'D-Dv

NAKENDx3, -

NAKH=9

TIMAKR(1}=04017. 1154c|71 6989,y 0&¢J91t3e3912%469130.y
THLAKR(1)=2*-UUIOSv-DDIJE)-0015!.00132v‘.UOOlﬁu-.00195;'.DDQBt'oOUQB:“
AINCPL=62T7.69 '
NTAUTO=1y _ : _

NPH=S ¢ ’ : . ) : -
TIMEPH{1)%00390.25:0. 5-0.75v1-0! _ _ _ :

© L CPHSTly=14, 71490.;725.,800.!815.. .

DELF=0,06%
R=5504+2y
NCSCOE=xIy
NCSTR=G

'_Paesstx)ro.-aao..eou..aoo..xoou.'laoo.. :
S C5TR{1)=5088,8¢5125.095138, x.5147.9,5154.4,5146 8y

TLUMB(1)85950-06125.16197-'6245.;6282.r6232-7
ARWG (1) =28, 128.27928.39928447928.54928.54y )
GAMAG (1) =1, lbldvl lélS’l 161611-1618:1 1619’1-1619!

CIDLRF=0,01y

DRVRF“D.OI'
AK=U .50 ]
AKK=Z0 45y

CDH1=36.9

ON1=BU.y o

BH=}.0y - o :
BN=1.09y : ; b " N
AOHM=T5,42d ' i ' '
AONM=55462

. HTAUE=1,0y = -

RIG=18B47

HHR=35'7S!

NCM=13,

TIMECM{1)70e093)41324+38, 0046|1540158-v76-v!1010116.5120.llE“o’l“U-!

"THLCM{ 1) x2#,365,,9064 ye 962 7-969 |.959'.960',961,.960,.958,.95‘“-949!.947|

PHTFLG=)ay
NWRTAB=1,
KMOICG=]y
YCHINP=T64380.y

. VEHO=594380 .

KPLANE=10y

NGEOHD=12y :
TAUHD{1I=0.10+592.0044016, 0?8 Tt9.ﬂy10 0!12 O 14 Dvlﬁ 253417404
ABHU{1}= 55000-!55300.155400.954700.vSETOO.,48200.|44000-’3“000c!31000o1
10500-;&*0 Uf~

SEND .

CASE-END
g ALL UATA CAHDS FDR THIb CAbE HAVh BEEN TRANSEEHEQ IU pISK
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3.7 UNIVAC 1108 CUNTROL CARDS -

e

CARD 1 ERUNBSRB, THNTSYXXXXXX, COLSONBINZZS 2,200
a h

© @ASE,THSRBOT,T, 29312
GFREE TPFS.

" BASG, THTPFS, F/T/PQS/BO
@CEPINﬁSRBO1 ,TPFS. o | | | “
GRS * i L L e e -

CARD 7 @ASG,Th4, T 23810 o |

CARD
CARD

CARD

CARD'S - @ASE .TH8, F/100/TRK/150
CCARD 9 @ASG,THS,F/100/TRK/150 : - o
'CARD’TO: ".@ASG;Tﬁ}O;F/TOU/TﬁK/TOO:ﬁ PR 'f S 1; :,,;"--,. : 721 L é
CARD 11 GASG,T$20,F/100/TRK/100 S
-.cARD:Tg' '@ASG;T525,F71oo/TRK/100"f;"”-f""r 1°’ B ..   ffj1 o
CARD 13 eXqTBABS | B [

\ Lo BATACARDS o b e e e e

' CARD 15 "@FIN

" The f0110w1ng is a br1ef descr1pt1on of each contro] card 'Note tﬁét'
each card starts in column 1. - :

CARD 1

Th15 15 the JOb control card which contains the account nUmber as. the eng1neer

or programmer's name submitting the run b, and the BIM number c, The explanation

- of the other items on this card may be found in the MSFC/Computat10n Lahora- P
toty Programmer Procedures Manua1

CARD 2 -

" This card defines the Fileniame (SRBOT) and tape fumber (29312) which -~ =
contain the SRB-II program. . 18] wateh

. CARD 3

This card sets free the Temporary Program File (TPF) storage ared.

3-106
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3.7 (Continued)

" This Card sets up épacé for tﬁé.fPF storage.area.

' Th?g céfd toﬁiéé info“fhe TPF.fhé.SRB-II program. .The symbo]ié, re-

locatable, and absolute modu1esrare‘q0pied.

 This card sets free the tape unit from which the SRB-II'program was read.
RO 7 _ L . .. . «l.;- TR

This cérd.defines the fﬁTeﬁame (4) and tape number (23810) for the Lewis-

Thermo data tape. This card is needed only when the MLEWIS > 0 option

S dstused. o o 0T T B '

- This card sets up téﬁporéry Space*bnfdisk“tpfbélHSed:by;ihe'BATES HoduTe.
: gggﬂljl o 7 N : . -

'*;Same.as;Cafd.S.“jzﬁ_'“

CARD 10

. “This~card_sets.up-tempoﬁany“spatéjoﬁ'diSk-fof the input data (per case)
-coming in by cards. - - :

This card seis'up temporary space on disk into which the IBM module
namelist data is to be copied for Jatep recall, _ '

+This éard-sets up temporary space on disk into which the dispersion data
is to he copied_fqr_Tater_reca}j;_ e

CARD. TS

This card is used to initiate the ]oéding_qnd execution of the SRB-II . . . .

1 3-107
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CARD 14

This card will
nas been execut
no pastmortem d

CARD.15°

' D256-10020-2
nued)

cause a postmortem dump to be generated after the program
ed in an octal form. IF termination occurred normally
ump is taken.

This card is used to signal that the end-of-run has been reached. It

mUSt:be_physiga

11y the last card n the total run deck.

108
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SECTION &

4.0 PROGRAM OUTPUT

- A description and identification of SRB-IT output is presented in this

section. Some of the output is standard for a given type of simulation, ;
but much of the output capability is opticnal and at the discretion of ]
the program user. A detailed description of the separate outputs is i

. presented in the paragraphs that follow.

SRB-IT can utilize three methods of output:

(1) :Computer printout
(2) Magnetic tapes
(3) Punched cards

- These types of output are disgussed in Sections 4.7, 4.2, and 4.3,

respectively. Program error messages are diseussed in Sectjon 4.4,

4.1 COMPUTER PRINTOUT |

471 Input Data and Initial Values Printput

The input data and ipitial values printayt are standard forms of output
which are exercised for every SRB-II run, The input data printout dupli-.
cates on paper the exact card input which makes up the data deck, This
printout is done on a case-by-case basisy i.e., the data packages for a
given case are printed before the other output for that case. "The input

- data printout for a given case is identified with the following heading:

"CARD IMAGE OF INPUT DATA FQR CASE X"
The initial values printout 1ists the values for constants, indicators,
dispersion Timits and inert wass schedule for the case to be executed,
Initial values printout format for each. case is identified by the
following heading: _

“THESE ARE THE INITIAL VALUES.FOR GASE X"

2.1.2  Module Data Printout

' Much of the printout for SRB-II 1s grouped by program modules. Separate

printouts are given for: (1) Bates Spacific Impulse Module, (2) Specific
Impulse Scaling Madule, (3) Contractor Data Specific Impulse Module,

{(4) Dispersion Module, (5)'Thru5t'SCanngTMOdU]Eraand:(6)“1ﬂt8rna1'.'

Ballistics Module. Data from the Inert Mass Module are presented in

the Thrust Scaling Module printout or the Internal Balijstics Madule
printout. The Reconstruction Module has no separate printout. Data from
the Dispersion.dodule are reflegted jn the Thrust Scaling Module printout
or the Internal Ballisties Module printout as well as the initial print
generated for dispersions. Data from the Reconstruction Module and the
Nozzle Submergence and Contour Effects quu]e are reflected in the Internal

- Ballistics Module printout. -~

- 4-1
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4.1.2 (Continued)

In most cases data from a module are transferred to the Output Module
for the actual execution of the output procedure. The basic printout
from each module gives a definition of each parameter, the appropriate
FORTRAN nemenclature, the units, and the computed value for both
International System (SI) and English units.

4.1.2.1 BATES Specific Impulse Module Printout

The BATES Isp Module calculates the "end item" vacuum Isp and
characteristic exhaust velocitv for a given solid propeliant at a
standard operating pressure using the Air Force devised BATES method.
Data from this module are printed through the Output Module with the
format shown in Figure 4-1. This is a standard printout and is obtained
each time a simulation is made through this module.

£.1.2.2 Specific Impulse Scaling Module Printout

The Isp Scaling Module calculates the "end item" vacuum Isp and characteristic
exhaust velocity for a given solid propeliant by employing methods for
determining theoretical Isp, divergence losses, and motor inefficiencies.

Data from this module are printed through the Output Module with the

format shown in Figure 4-2, This is a standard printout and is obtained

each time a simulation is made through this module.,

4.1.2.3 Contractor Data Specifﬁc Impuise Module Printout

‘The Contractor Data Isp Module calculates the "end item" vacuum Isp
and characteristic exhaust velocity for a given solid propeliant using
contractor small motor test data. Data from this module are printed
through the Output Module with the format shown in Fiqure 4-3. This
s a standard printout and is obtained each time a simulation is made
through this moduie. '

4.1.2.4 Thrust Scalina Module Printout

The Thrust Scaling Module provides motor performance versus time prediction
by scaling nominal performance data curves ta adijust for variations

in burn time and propellant mass for a particular solid rocket motor.

Data from this module are printed through the Nutput Module with the

format shown in Figure 4-4. Data are printed for multiple time steps,

but only the first three are shown in the Tfigure. This is a standard
printout and is obtained each time a simulation is made through this
module. B . R R .



THESE ARE THE VALUES FROM THE BATES SPECIFIC {WPULSE HODULE

PARAMETER . INTERNATIUNAL _  E)BLISH
BATES TEST ANALYTICAL SPECIFIC IMPULSEy SIBAT(M/SeS) | 2571.4392 | 262,21387
T BATES TESYV SPECIFIC IMPULSEs STETiH/75:5) 236447751 54114060
. BATES. SPECIFL: IMPULSE_DIVERGENCE 105Ss SILOYAIM/S2S). ... 43761318 . . . _ 449603739
BATES SPECIFIC IMPULSE HEAT LOSSs SILOE(M/S:S) 57.355026 - 5.B4B5B7D
T BATES SPECIFIC IMPULSE 2 PHASE FLOWLDSSs stzpB:H)s.s:_ T63,273849 B.5324536 ]
__ BATES.NO _LOSS SPECIEIC IMPULSEy SIBNL{M/SeS)___ .. .. ... 252045984, . _ 257402956 . ___
STANOARD-ANALYTICAL SPECIFIC IMPULSEy SIAS(K/SsS) 2573.0195 zsz.57sna
END ITEM ANALYTICAL SPEGIFIL IMPULSEs SIAE(M/54S) 26BE. 7649 273.87183
_END. LIEM SPECIEIC IHPULSE DIVERGENCE_LOSS.STLDVEIM/SI5) _ 62152636 .. 6,337805T______
END ITEW-SPECIFIC IMPULSE HEAT LOSS, SILOE (M/515) 11.729193 1.1960449
EWD TTEW SPEC. WP, 2 FRASE FLUHLDSSsVSILEPEiH/S|5] 38, 766586 55530926
—DELIVERED_END_1TEM SPECIFIC IMPU LSE, SIDEHES 51 24BO.6196,. . _ 252,95284 -
DIVERGENGE CORRECTION FOR NOZZLEs CLAME 0,0 ‘
CHARACTERISTIC EXAUST VELGCITYr CSI1AR(B/S:¥1/5) TIRTY.BI4T HESELTOTE -
. CSTAB.CURVE FIT COEFFIGIENT. NO. 1 L | 4795.6172_ T n T T
CSTAR CURVE F1T COEFFICIENT NO. 2 0.95469534E-01

CSTAR CURVE FIT COEFFICIENT WOs 3 . .

—D.35990190E~04 _

FIGURE 4-1  BATES SPECIFIC IMPULSE MODULE SAMPLE PRINTOUT

Z"OZUUL"QSEG



THESE ARE THE VALUES FROM THE SPECIFIG IMPULSE SCALING MODULE'

PARAMETER .. - = INTERNATIONAL __ ENGLISH
END LTEM AWALYTICAL SPECIFIC IMPULSE, SIAE(H/S:S)  2685,7649 273.8718)
" TPELIVERED END TTER SPECTFIC THPULSE: SIDETW/S:8) 25529417 28032764
o oEND ITEM_FLOWRATE WD (KG/SsLBN/SY . e ssaz.:.{avs.,.,'_,__léaoc-.'if,ﬁ__;_____
‘ | END ITEM NOZZLE EFFICIENCYs ETANZ . - 0.97322583 ’
: i L _ " DIVERGENCE CORRECTION FOR NOZZLEy CLAME §.58259217
. o | - __IME0,_PROPELLANT.LSTAR. AT.PCAVE, CSIARZ(M/SJET/S1 . 1567,8909 . Slas,0000_ -
PREDICTED END ITEM CSTARs CSTAR{H/S.FT/S) 1441,6955° AT29.6W45 - : n
= " esTaw cURve FIT COEFFICTENT WO T ) 4E87. 21T i
P - ESTAR CUBVE E1T COEFFACIENT MO, 2 - . 0:95463534E20) . . R 2
-CSTAR CURVE FIT COEFFTCIENT MO, 3 L —u_.:asw&_wue-on ™

FIGURE 4-2°  SPECIFIC IMPULSE SCALING MODULE SAMPLE PRINTOUT
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THESE ARE TﬂE VALUES FROH THE EOHTFIACTOR DATA SPECIF[C IHPULSE HODULE

T PARAHETER. S TRTERNAT I ONAL ™ ERGUISH ™ = === =

_GONTRACTOR AHALYTICAL SPEGIFIC TMPULSES SIACONIH/SsS) _2368,1387 au.;uaaq?"

T END 1TEM ANALYTICAL, 5PEc:IFIc [HFULS ‘f-‘suemrs-sn :f‘”','asas}mw w7 -273.31133’_ R

‘_f‘ﬁELIWEREﬂ"E“D‘TrEu‘EPECiFLC" ﬁ«‘PTsE. smEtws. Si 25692917 T T dETLe9EET T T
__.END iTEM FLUHRATE. WOE, IKG/SsLUM/S) i 5541_;__;:&71_‘_,__'_:' iz_gjg.u_zg____ .
_TEST HOTOR FLOWRATEs w02 IKG/SiLBH/S). "7 4.5359230° - 10.000000""

ENDTTENT NBZZLE‘EFrxcrsucf‘“Er*Nz .!_ — - giegeaa) T T T
. JEST:HOTOR NUZ2LE EFFICIENCY ETANZI . o.opiEsseR '
DIVEHGENCE CORRECT]ON FOR’ MGZZLE- CLAME ARSI _'n.g‘r_s_a'ga_$q__ ._; y ' T .
T DTVERGERCECORRECT TR FUR NOZZLES COAH —-g,9adgeal T T T
__END IYEH CSTAHs CSTAR(M/SIFT/S) o 1436.4460  _ 4712.7500 o
[CSTAR CURVE FIT. 'cuEFFxcrENT*Nu.T*"""*" e — :.ﬁ'rr. 3672 T e
CSTIR‘CURVE'FTT‘KUEFFTCTEHT“NU- : : 0. 954695IAE-0T =~ -
CSTAR,_CURVE FIT COEFFICIENT NO. 3 . =0,35990190E=04

FIGURE 4-3  CONTRACTOR DATA SPECIFIC IMPULSE MODULE SAMPLE PRINTOUT
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THESE _ARE THE VALLES FRCY THE. THPLUT SCALENG MODULE

C.100009005 01}

gpu

IGKITIAN TI¥2, TPRA(S)

0.378949] 28

0, 547619418

. VERICLE PRy LMETRES INTERRATIONAL ENGLISH
. SR TOTAL TH(RT, FSE&+Z] (N,LEE] 0.12232079F 08 Q,29748150F D7
S SFW IMTET THW1ST, FI(M,LR&) . 0.255393520F 05 J3,57311719F 44
SFM TATAL ¥ACS FITREATS, MFSRVM#NIF(KG/S, LPH7G] D.5049ZB0EEE 04 J.112C54RCE g5
_SFYW TMERT WASS FIAWEAYE, MIF{KG/S.LAM/S]) : 0.13F32183F 02 " N.30142056%F g7
©SEFCOPRPPELLANT SPECTEIL [WOJLSF, SITF. . {M/5,57 0.24£054544F 04 0.2656%552F G2
- §tv SPTLIELL IMPULEE A INFATS. SIIEY/S,51) N.1PE225123F N4 ).19030039F g3
COGPM O CESCTRTF [VOLLSE, SAMEI([wse,T] 0.256732954F 04 1,755 4P257F 9=
(SEM PICPFIL ANMY YASS RE¥AINIMG, MPE {HG, LBM]} Q0. 75768213F 06 JulSYCTTRIF Q7
SAM TRERT MACE ESMAFATINS, WILIKG,LRM} " 0.8828C514F 0% J.L5050325F OF
_BEM ClRA4dbe BESg&LFE, OF IM/Hr>d, |RE/INw-*ZT} D0.35170534E 99 J«31010571F g2

SFY INMITIw Tive, TPN{S) -E«50CECC0D0E D)

VEHETLE PLFALVETERS & TMTEAMATIONAL ENGL TSH
SEM TNATAL . Tha 8Ty FSR“+F1(N;LBF} 0.13A556B2F 08 " J,3070912d% 07
SEM JMEPT THIMIST. FI{%N LAF} 0.51756270F 05 D.11635273 )&
CREM O TRTAL %ASS FLNOWRATE, FESRM+NIFIKG/S,s LRM/S) 0.929505547E U4 O0,T157549£F 0%
_SFYM JMFRT MASS FLAWFATE . MIF(KG/S,LRAM/S) 0.,27377206F 02 0L41238281F 4z
. SFW PLCPELLANT SEECIFIT IMPULSE, SIDF EEVERE C.26054944E 04  0,763&9659F 0OF
59M SPECTRIC I4PLLSE OF INERTS, SIT{v®/5,5) 0.18632432E D4 0,190000073% 07
§P» SPECIFIT '[MPULSF,y SEMST(M/S,5) - B.250155T7T9E 04 0.26528417F 03
S 8FM PECOBFI| ANT MLSS RFMATINING, MPR (KG, LEM) D.74221406F 06 -D.1636T430% 07
CURRMC THERT MASS CEMATMIMG, MIR{KGyLRM} D5THI609%E 04 0.12967121F 05
SEM CHAMBEE PEESSURE, PC (N/Mw=2, {RE/IN**32) 0, 2E23L5G65F 09 J.52556THEE D32

SEM IENITTIW TIME., TPHIG) C.3¢cccoacs el

. VEAICLE PARAME TERS THTEARATIOANAL EMGL ESH
CSFM O TTTAL THYLST, FRRM+FI{MN,LAF) 0.142R4403E dr D,.3172.1Za20t 07
ot IMERT THRPUST, El{N,LRF) . . 0.537320630F 05 0.1287Ra14C I35
SFY TOTAL MASS FENWRATE, MESRM+MTF{KG/Sy LRM/SY 0<54306289E 04  0O.12.0&7R6¢ 05
“ErW IMFRT MASS FIPWRATE, MIFIKG/S.LBY/S) D,2BAF334E 02  0.475T73242F 02
SFM PFPPFLLANT SPECIFIC IPPULSE, SINF RLYETY ) 0.2A05494L4E G& N 7AS5EPE52F O3
St4 SPECIFIC IMPULSE NF INERTS, SIT{M/5,5) 0.19£32622E 04 N.12300993F 92
_ SEM O SDECTFIL [MPULSE, SBNST{M/S,S) : D.26015942% 04 D.263299322 (3
T B ABELL ANT MASS REMATNING, MFR (KR, LBM) 0.721044RAF N4 .. 0,15966220F 37
FEM THERT O MASS REMATNING, MIF (KG,LAM] : 0.562R2656F 04 0.145617929F A&
_Sts CHAMRER DBERESSUEF, PC [N/M¥x2, LBF/IN®*p}- na 03

FIGURE 44  THPUST SCALING HOPILF SAUPLE PRINTOUT -
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4,1.2.5 Dispersion Module Printout

.The Dispersion Module is used to perturb the Internal Ballistics
Module input data about the nominal values. These perturbed data

are used to generate a dispersion prediction from the IBM, Output

for a dispersion prediction consists of the value of the indicator
NDISP, a dispersion options catalog which Tists all available dispersion
options, the final value of the dispersed variable, and -normal IBM
prints. (Paragraph 4.1.2.6). The Dispersion Module print is generated
1n the Output Module with the format shown in Figure 4-5, Formats
shown in Figure 4-5 are staridard for dispersion predictions and appear
in the output of each dispersion case immediately following the initial
values print. : ' '

4.1.2.6 Internal Ballistics Module Printout

The Internal Ballistics Module performs an in-depth analytical simulation
of solid rocket motor performance as a function of time. This module =
© has one ‘standard printout and several optional printouts. - Each :printout
capability is discussed in the following paragraphs.

Motor Performance Data Printout: For predictions in which an internal
ballistics simulation is performed, a printout of motor performance

data will be made following each computation time step. A sample

. printout for a Targe solid rocket motor performance prediction for a

. motor with no nozzle submergence is presented in Figure 4-6. The .
standard printout for.a motor with nozzle submergence is identical to the
one shown in Figure 4-6 with the exception of substitution of data for
regions A and B for aft-end parameters. A complete printout of motor
performance data for an internal ballistics simulation inciudes this data
for every program computation time-steép . (see Volume III of this document).
The computation times are controlled by program inputs. This printout
is executed by the -Qutput Module. ... oo A

Increment Dividing Plane Data Printout:  An optional expanded printout -
controlled by PRTFLG (see Table 3-XXII for definition) is available to
print additional data for the end sections and wass addition regions
between each increment dividing plane (I.D.P.). A mass addition region
is defined as the region between two increment dividing planes (e.g., -
mass addition region 1 would Tie between increment dividing planes 1
and 2). The values printed are the parameters at the downstream plane
of the mass addition region except for the generated weight flow, DWDAT,

which is within the region.

1.D.P. data are printed wifh’the format shown in Figure 4-7 fqr motorg
without nozzle submergence. UWhen the I,D.P. printput option is exercised,

. “the -data are written below -the motor performance data shown in Figure 4-6 -~

and corresponds to the same program computation time as the preceding

motor performance data. This printing is conmtrolled by subroutine IBMEUT

of the Internal Ballistics Module. The following 1ist defines the parameters
cgiven forseach TuD.Pue o b e e L



. T HUISPETETT= THROAT EROSTON RATE

THESE ARE THE DISPERSION VALUES FOR THIS.CASE

-NDISP = i5

_NDISPx 1 3+ PHOPELLANT DENSITY
= = FPROPELLANY DEHSYTY
MOISP= 3 3  + PRESSURE EXPONENT

ROTSF= % ¥ = PAESSUAE EXPUNENT
NDISP= 5 |- + PRESSURE COEFFICIENT

RUT&P= & T~ = PRESSURE COEFFICIENT
NDISP= 7 Y + CHARACTERISTIC VELOCITY

T WUTSFE B ¥ = CHARACTERISTIC VELOTITY

NUISP= 9 | + PHOPELLANT GRAIN LENGTH
= =" PHOPECLANT GHRAIN LENGTH
NDISP=11 1. + PHOPELLANT GRAIN WEB YHICKNESS

ROTSPET2 T = PROPECLANT GRATN WEB THITRNESS
NOISP=13 §  + INITIAL THRDAY DIAMETER

) ROIEPEIZ ¥~ = INYTIAL THROAT DIAHETER

NDISP=1S 1 + INITIAL EXIT DIAMETER

NUTSF=l6 | = IRITIAL EXIT UFARETER
NDISP=17 § -+ THROAT EROSION RATE

HDISP=19 { '+ PHOPELLANT GRAIN TEMPERATURE

NUTSF=20 T = PROPECLANT GRATN TEMPERATURE
NDISP=2] § + INITIAL INERT MASS CONSUMABLE

=7 = SURKHLE

DISPERSED PARAMETER(S] §-

DEx D414060608F 03

- FIGURE 4-5  DISPERSION MODULE SAMPLE PRINTOUT
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JGRETION TIHEs TIME (S) -

PARAMETER, DESCRIPT!DN lUHITSl

© HGTOR PIRAHETERSt i
TOTAL DELIVERED THRUST. IN+LBF)
TOTAL VACUUH YHRUST ([(HWLBF)
THRUST CONTRIGUTION OF INERTS {N«LBF)
DELIVERED TOTAL I1HPULSE (MN*S,LHF*S}
YACUUR TOTAL EMPULSE (N’S-LBF‘S)
. THRUST COEFFICIENT. - -

1.0000000

PROGRAM

NOMERCLATURE

GRAIN DISCHAHGE MASS FLOWRATE ‘1KG/S,LBM/S]

FLOWHATE INTEGRAL (KGyLHM)

INERT MASS FLOWRATE {KG/SsLBH/S)
1NERT HASS REMHAINING (RG+LBH}

TOTal BURN AHEL (meed, [Need)

TOTAL FPROPELLANT VOLUME (He=3,1yee]) -
PROPELLANT HASS REMAINING (KG.LBH)
TOTAL GAS HALS (KG.LHM)

RATI0 OF SPECIFEC HEATS

MOLECULAR WELGHi QF GAS tKG/HOLE-LBM/HDLEi
CHARACTERISTIC EXMAUST VELOCITY (M/5+FT/5)

HARIHUM CHAHHER MACH NUHBEH

HEAD. END PARAHETERS!
ToTAL PRESSURE (NIH"E:LBFIIN"E)
PRESSUHE TNTEGRAL. tN'S/HIDE'LBFGS/IN"B!
HUHN - AHEA (Hee2,I1Nes2}
BUKN RATE (M/Sy1H/S)}
DISTANCE BURNER {Mylh)
PROPELLANT VOLUSME ([Me#a3,INe#])
GAS VOLUHE (Hes3g[Need}
GAS STATIC TEMPERATURE (DEG K.DEG R}

CYLIMDRICAL SECTIOM PARAHETERS)
RADLAL, BURN AHEA  (H*®2,[N®e2) .
SEGHENT FACE BURN AREA lH"EtIN"E)
PHOPELLANT VOLUHE (M®=3, [nw#d) '
GAS VOLUME {H®s3,IN+#3)

AFT EHD PARAMETERS:

TOTAL PRESSUKE (NOZ ENT)] (MH/Mee2,LBF/IN®=3}

PRESSURE  INTEGREL !N'ElH"EvLBF’SIIN'*Z)
BUNE AREA (MVeZ,ineez)

BUKN RATE tM/5:IN/SEC)

DIEYANCE DUANED (M. IN)

PROPELLANT YOLUME [M®e3,; [N**3)

GAS VOLUME (Mem3, [Ne*3r

GAS STATIC TEMPERATURE (DEG K.UEG RP
POHT AREA IH“EolN"El

NOZZLE FAQAMETERSI
THROAT AHEA {Mee2yIH4eZ}
EXPANSION HATIO
PRESSURE RATIO

HI&LELLANEUJS PARAHETE“SI .
ANISOTROPIC dURN RATE COEFFICIENT
NURBER QF PRESSURE ITERATIONS -

FYOEL
FTVAC
FI
SRHDTI
SRHYTI
cF .
woaT
SWDOTN
HIF
HiR
ABTAT
¥E
wE
WGTOT
GAMA
AMR
CSTAR
AMPN

PH

5PHDT

AHH
RBZ11)
TAUZ{1).
VFH .
VPH

PRANT (1431

ABCYL
-ABSLOT
VFCTL

VP

PFON
SPONDTY
AAN
REZ(NIel)
TAUZINI*lJ
NFN- -

YPN

PRNT [NI+3)

AR

AT
EPR:
REPQ

AKRST
ANLOPS

INTERNATIONAL

11329499,
12339240,
161603,31
u156130.0
9039666.0
L. k22587
#791.5781
4583.445]
Hb,405332
4371,9313
J4S.62231
c34,92639 .
“51607.,94
$J3,19507
le1618061
12.916148
1568,5613

0429865497

0.56192256E 09
0«41BB3034E 09
45.570129

0.79865083E=02

0.566&9856E-02

9,5388775
2498705596
1672.3760

255,87112
4, 632126 -
238,05310
89,761520

045277T2S5TE 09
0.3B8901350E 09
9.549)00%
D« 77958256E=02
0«55107139E=02
To3324032
436932735
51,3865
321171980

14227328
5.9975862
0+22163045E=01

0+6595T407E=01
3.0000000

EHGLESH

256697340
277397440
38195, 000
1833573,0
20321980
1.6423987
10563,629
7767,8672
190,50000
9536.4766
515715494
15556448, -
59561] .88
1175, 4564
1.1616061
28475235
El4h, 1992
0,29865457

815.,00000
607 .,462186
55133,816
U, 31462958

© 0422303104

58209B.31
182281469
62502773

396601,06

© . 69179,538

14526898,
SATTSBT.0,

765,40137
564, 21655
14801,137
0430692238
0.2169572T
H4T650,96
2B6401,25
62124961
4B31,6680

2206.7710
6,9975882
0+22163045E~01

D-&59514075-01
3.0000000

FIGURE 4 6
PERFORMANCE DATA

INTERNAL BALLISTICS MDDULE SAMPLE PRINTOUT OF MOTOR

e



! . INCREMENT DIVIDING PLANE DATAL _
MASS PO . [ T u H 1P AP wDov owDoT D¥/DT R - TAU RBTO  TauTn
J . APDITIOH. ) .
REGIONS PSIA PS1A DEG., R ' FY/SEC ' "INCHE5  SGv INs. LB/SEC ~LB/SEC LB/SEC  IN/SEC  :IN.  IN/SEC IN.
FORE BlS«00 Bi4.7S5 6250428 82.34 0.023 . 1165,69 B55/8.44 1103,23 1109.48 64285 0,3144 04223 0.23i32 0.223 -
304000 Blh.78 Bi4y1D 624F.82 134,65 D.038 1165.69 5578,35 1B02.23 T01.7) 4,70 0u3144 04223 0.2id4 0,223
60,000 Bl4.35 813,04 6249415  187.09 0,053  1165.69 S5/8,26 260le13 703462 4471 043143 04223 043141 0a.22%
20:000 . 8l3.7] B)1.57 626B425  229.76 De067 1165.6% S57B,17 3199.86  703:45 4272 043143 04223 003142 0,222
115,576  Bl2.98 809,968 6P47.3]1 284,92 D080 1165.69 SE5TH.I1  3795.64 599,49 3,70 0.314] D.,223 -0.3141 0,221
118,800 - Bl2«bl  B05.77 6243.18 . 429,74 D121  221.94 3319,72 &D04.65 472,96 1,78 0.3140 04223 0,3140 0.221
10B.800 Bli+92 B0s.H4 6242493 - 437,09 Del2) 223,79 395,31 4136.6%  134.27 2423 043136 D.222 D0.3136 0.227
1TH.800 Bl1«21 - B03.90 6P42.68 ~ 444,28 Da125 . 225,63 401,42 4269.70 135428 2.26. 023135 0,222 0.3135 0.22?
2084800 . B10«4% 802,96 6242443 © #51,33 0,127 227.%B . 41lB,06 &5403.,75 ' 136436 2430 043334 D.222 0.3134 0.22p
238,800 - ;809476 802.00 6243417 458,23 D129 - 229,33 4145.23 4538,B4 - 137.43 2434 - 0,33133 0,222 0.,3133 B.222
Z68.800 . B09.D02 801.0% 624).93 465,00 G131 231417 4232,93° 4674.55  138.50 2.38° 043113 0.222 0.3123 0,227
2984800 - H08.28 B00.08 624].68 471,64 D133 233,02 A321.17 4Bl2.11 139,58 c2ek2 042132 0,282 0.3]132 D.222
. L : . - J2B.BO0 . BUT52 799,10 624143 478,14 Do134 234,87 438%,93 4950,29 140465 2446 0,3131 0.222 0,313]1 0.227
R S U T 2584800 806476 T9B.12 624)419 484,53 De136 216,72 4499,21 508%.50 Jal.T2 2.50 0,213p0 0.222 0.,3130 0.227
‘ . T 3BA.BO0  ROS+99 797,14 6240.94 490,79 Ds138 228,56 AS5E9,04 G229.75 - 142.7% 2,55 0.3129 0.222 10,3129 0,227
414376 . AU0S«33 796,30 624073 496,06 0.139 . 240,14 4588,98 5350,4] 122458 1,91 043128 0.222 0.3128 0:227
4174823 B03.40 788,58 06234.,35 - 637,28 0,179  22F.95 3919.99 5820,53 228,40 2eB2 04127 04221 043127 D222
467,600 . BO2.)8 ° 787,19 623414 641,48 0,180 223.B8 J9uB.64  5951.,21  132.70 2,02 0,3120 0.221 0,3120 0.221
477.600 BO0«%& 785,79 6233.93  0645.4D 0,182 . 225,A3 445H,39 60B3.56 - 136.68 2,32 0,3119 0.221 D0.311% 0.221
507.600- 799.73  7B4.40 6233472  649.65 D.183 227,77 4128.72 6216.99 - 135,79 2¢36° 0.3118 0.221 . 0.3118 0.221 -
537,600, 794,50 . TAJL01 6233.,51 653,63 0,188 229,72 A1Y9.66 6351.,49 136,50 2,40 0.3116 De221 043116 0.221 ™
: S674000 797.2T . 7Bl.42  6233«3] . 657.54 D0.185 231,67 4211.18, 6587.05 138,01 2,54 D,3115 0,820 0.,3115 0,220 37
-+ 597,600 " 796.05 TAD.24 6233.11 661,39 0.180 233,62 4353.29 &6623.68 139:12 2,48 0,3114% D.z20 0.311% 0,220 o
2. B27.600 794483 TIB.86 b232.91 AES.1B D,18% 235,57 44l5.99 6761.37  l40w22 2,53 043113 0.220 - 0,3113 0.22n t,
—— bh7e600 T T9IaBl  TTT.49 6232471 668.51 0,188 237,51 &489,27 6900.13  l41.33 2,57 D.3}11 0,220 043111 0.220 =
L 6874600 792439 T76.12 6232.51 672,58 G189 . 239,46 -4503,16 7T039.94 - 142,43 2.61 D0.3110 0,220 0.3110 0,220 =
697,878  791.97 175.865 6232.44 673,85 0.189 249,13 45HB,60 7088.35 49,05 0,63 04,3109 0.220 0.3109 0.22p )
7034100 79076 TH6.5T 6223456  H22.64 0,232 221,92 3919.15 7314.94 467,36 1.78 0,2108 0,220 D.3108 0.220 'ga
7314100 . 789«82 765,54 &B23,43 . B24,62 0,232 231,77 3904,72 T445,43 132,81 2,31 0,3i00 0,219 D0.3100 0,219 h
T6l4100 JuH.88 Thsa53 6223.31 B26:i56 0.233 225,62 4090.B2 7576,79  133.7¢ 2.35: 0,3099 D219 0.3099 0.219
T9E4100 - TBY.9S  THd52 6223418 BRA4LT 04233 227.46 4117,45 7709.16 134,76 2:38 0,098 0.219 0.3098 0,219
B821.100 87,02  T7H2.5] 6223.00 - 830.36 04235 - 229431 4lda.8) TB42,55 135482 2,42 0,097 0,219 00,3097  0.219
B51.100 788411 761.51 6222.93  B32.21 B«236 231416 4292,30  7976.97 . 136.88 2.45 - 0,309 0:219 D.3096 0.219
BB14100 785420 760.52° 6222.8]1 B34.05 D235 - 231,00 %320,52 B8l1l2.641 = 137.93 259 0,3095 0.219 0.3095 0.219
9114100 . . 7B4429 759,54 6222.69 B3IS.86 0.235 234,85 43u9.27 8248,87 138,99 2,53 0,30% 0.219 0,309% 0.219
941,100 783,39 75B.56 622P.57  B37.65 D.236 236,70 44928.55 B638B6.34  J40.0% 2+56 043093 0.219 0.3093 0.219
9714100 TH2449  TS5T.59 6222.,45 839,42 0,236 238,55 4G4H.36 B524.B4 . 141,10 2,60 0,092 0.219 0.3092 0.2l9
99645679  TBI.09 756410 6222.30 641,66 02237 240,12 458B,30 B643,%% 12114 1.98 0,3091 D219 0.3091 @.215
1000.120  777.86 T3B.71l 6205.75 1059,83 04299 221,93 3919.57 9l0B.S6 - Dul 2.72 0,090 0.219 ~0.309% 0,219
- 1D29+900, 776,50 T3B.2]1 &20646B 1048,92 0,296 - 224,75 4019.,80 923T.66 131,17 2.08 '0,2073 04217 '0.3073 0,217
1059,900 775418 737,72 6207.57 1038.26 D.293 237.59 4122.02 968,69 : 133.44 2438 0,2073 0,217 0,307 0.217
1108%.900 ' 773.91  737.22 - 620B.4] }02B.0] 0290 2AD,42 A2c25,48 9501.35 135,09 2,43 0,2072 0,217 0,3072 0.217
T 11194900 TT2.06 TI6.T2. 6209422 1018415 0.287 233,26 4340,20 9635.60. 136,74 2o49 De20T72 0,217 0,372 0.217
o S oo Jl4e9.900 - TTl.45  T36,22  62D9.,98  1008.45 De284 236,10 4438,16 9771l 44 - 138,39 2,55 0.30T1 0,217 D.30%1 0,217
‘ ; S ¢ ©1179.92000 T70.27 735,72 6210.72 999,50 D.2B82 218,94 A543,38  09(B.BR . l4D.04& 2460 04In7] 04217 0.3071 0.217
. g L 1205.900, 769,12  T35.21 621142 990,68 Da279 - 241477 4ADLLES4 10047.91 - 14}.70 2,66 D 3070 0,217 D.3070 0,217
T 1239,900° T6B.00  734.T1 . 6212,09 982.18 D277 244,61 ‘47b).54 J018B8.54 143,34 2,72 0,3070 -0.217 0,3070 D.217
C12585900. .. T6¥+31  T3k,39 6212.50  976.55 D.275 . 246.41 HB31.67 10278,41 9iab4 1475 0,3069 0,217 0.30569 0,217
’ AFT RLETET TI0,42 6209.95  1009.11 0.284 seuss HBI1.6T 10563,63 290 T4 5452 04,2069 0.217 cude. subeR

FIGURE 4-7 INTERNAL BALLISTICS MODULE SAMPLE PRINTOUT OF - INCREMENT
' DIVIDING PLANE DATA
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4.1.2.6 (Cont1nued)

PR o Total pressure
_ P___ . Static bressure
T' - o Stat1c temperature |
oy ' _Gas velacity
M ) _Tl.lll fas meeﬁ number
_.LP_ N :__ - Port perTmeter
AP 5 T Port area |
Wogt Discharge mass f]ow'rete
DHD@TVL - _ Generated mass Flow rate
DH/DT ~ Mass buildup in region
RB : | _”.Iéotrobiclbhrn rate”
TAU o Isotropic burn distance
ﬁBTﬂ | | Anisotropic burn rete
TAUT@ o Anisofropic burn distance

. If the motor being s1mu]ated contains slots, data for the: var1ab]es
‘1isted above will also be included for each slot in the I.D.P. printout.
‘This data are printed for the slot forward and aft interface locations.

Center of Gravitv and Moment of Inertia Data Printout: When the option

to calculate propellant center of gravity (C.G.) and moment of inertia
(4.0.1.) data s exercised, a printout of the data is given below the .
motor performance data for each time step. The C.G. and M.0.I. cal-
culations are controlled by KMBICG and the printout is controlled by PRTFLG
(See Table 3-XXII for definitions). This output is generated by subroutine

- IBMBUT of the Internal Ballistics Madule. The following variables are

printed:
- HEADING A
:c(FORTRAN-NAME)-- O T ,::--;_ DESCRIPTION L _ _
GRAIN C&.. . - - - Motor center of graV1ty ]ocat1on from aft tangent
' (XBARIH) ~plane, (M IN) | .
GRATN ROLL o - " Motor voll moment of inertia about 10ng1tud1na?
(AJPP) e axis, (Ke-MF*2,SLUG- IN*%2),.

4-11
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4.1.2.6 (Continued)

HEADING
(FORTRAN NAME)

- BRAIN XY MOI
(AJBB)

HEAD END CG -
(XBH) '

HEAD END ROLL MOT

~ (AJPHED)

HEAD END XY MOT
(AJBHED)

' CYLINDER CG.
(cecyL)

CYLINDER-ROLL MOI

(AIPCYL)

CYLINDER XY M0
(AIBCYL) =

AFT END CG

(XBN)

AFT END ROLL MOI
(AJPNOZ)

- AFT END XY MOI.
(AJBNOZ) '

Geometry Tab]és'Printouti

- D266-10020-2

DESCRIPTION

Motor'pitch'moment of inertia about grain center

of gravity, (KG-M¥*2, SLUG-IN#*2),

Head end section center of gravity from forward -
tangent plane, (M, IN).

Head end section roll moment of inertia about
Tongitudina] axis,'(KGAM**Z, SLUG=-IN*%2),

Head end section pitch moment of inertia about

forward tangent plane, (KG~1#+2, SLUG-IN*#2),

CyTindrical section center of gravity location
Trom aft tangent plane, (M, IN). :

- Cylindrical ‘section roll momEnt.of-inértia.about-

longitudinal axijs, (KﬁfM**Z, SLUG-IN#*#2),

Cylindrical section pitch moment of inertia about
aft tangent plane, (KG-M**2, SLUG-IN**2), SR

Aft end section center of gravity from aft

- tangent plane, (M, IN).

Aft end section roll moment of inertia about
Tongitudinal axis, (KG-M¥*2, SLUG-IN**2),

An Optfona1 printodt is éVaiiabie-ﬁQ-WPite

~ Internal Ballistics Madule geometry tables data. Following £he :
calcuTations of the geometry tables for the reference plane perimeter an
radius of gyration versus burn distance, and the end sections burn area,
center of gravity and moment of inertia versus burn distance are completed
. each table is printed if the input NWRTAR is set to 1.7 This printout . -
is obtained prior to the printing of the motor performance time-step data.

Diagnostic Data Dumpét Several intermediate, diagnostic print statements

- have been permanently bu
in program and data

i1t into the Internal Baliistics Module to aid
-error analysis. These user-controlled dumps. are

available through the use of inputs CKDUMP{I) and KDUMP(I). The KDUMP
outputs are printed each calculation interval unless they are con-

- trolled by the GKDUMP_inputs,g;A_§356rfptionIOf;the5e-1nputs}foT]owsi' _~.f; !3

42
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4.1.2.6 (Continued) -

CIHPUT |

CKOUMP(1)
CKDUMP(2)

CKDUMP(3)

CKDUMP (4)

KDUMP (1)

KDUMP(2)

KDUMP (3)

7 Writes ITER TS T, TX2y TY2
: |E1 TE2.

'DEFINITIUN :
Time at which KDUMP(?]) will start

:pr1nt1nq KDuMp 1, 2, and 3 (SEC)
Time at which KDUMP(71) w111 stop

printing KDUMP 1, 2, and 3. (SEC).

' Time at which KDUMP(5) will start .

printing. (SEC)

Time at wh1ch KDUMP(S) w111 stOp
printing. - (SEC) -

Writes KDP 11T, IIJ TAUZ(II1),
RBZ(I14), P SUMDV VF ASE AP

WDGT, DHDT,
Writes PIN, PD(III) PDPR(III-1),

PDPR(III), V(III VPR(III) APHI,
AP, U. UTMP NDGTI DWD@T, WD@TD,
R, T, DELT, 111, PDY, TEMP, ACCEL

Writes IFLAG, PD(III) PDY, WDATD,

‘PDX2, PDYZ, El

Writes ITER, TX1, TY1, TXZ, TYZ,'

~TEL, TE2.
Ur1tes P, APHI, AP, DELTA U, R,

, WDQTT, WDAT, DWDRT, I1I1.

- Writes SLTFLG, 1IS, IS1, 1S2, AINCK,

AINCY, AINCW, SCUR(IIS 1) SCUR

(118, 2) TSL@TF(IIS) TSLETA(IIS)

I11, ‘ZCALC(TIT). |
\rites PHOLD, WDPT, WDB, DELLP,

PMIN, WD, CLAPS, PN, DIS, DISE,
~ DEED, PMAx PH, ANLPS.

'wr1tes IC@UNT PSA(IIS) an

WD@TD, PDX2, PDYZ, ET. E2.-,

413

SUBROUTINE

ASESUB, ASTSUB, &

~ HNDSUB

AIBST

AIBST
AIBST
ATBSUB -

SEGSUB .

SETRY

SLpT

st
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4.1.2.6 (Continued)

INPUT

. Koump(3) -

KDUMP(4)

KDUMP(S)

KDUMP(8) -

KDUMP(7)

Burnout Data Printout: ~When web burnout_occurS'in any increment dividing -

DEFINITION

~ Mrites WSLOTI(ITS), APF(IIS), UF

(IIS), PBF(IIS), PSF(IIS), TSF
(IIS), PD(IST), WSLOTD(IIS)
APA(IIS), UA(IIS), POA(IIS), =

PSA(IIS), TSA(IIS), PD(1S2),

OWSLTF(IIS), RBSLTF(IIS), ABSLTF
(IIS), DWSLTA(1IS), RBSLTA(IIS),
ABSLTA(IIS), DupTS(I1S). ..

Writes AFP, ASLVR, BVIM, BY1,
BV2M, BV2, Bvep, ETA22, ETA2,

-ANGLE, ETA11, ETAT, BVX, BYXX,

THY, THSLVV, RSLVRV, TAU, RF, III.
Writes (AL(1),I=1,4), AL(7), AL(8),

AL7, AL8, DWDAT, DU7, DWS, RB7, RES,
AKRTP, TAUTAM

" AKRT@X, TAUTEX,
AKRTOM, AKRTOW "N, NND M. 111,

Writes ANIRD, ANLPPS, BRNAUT, CKTIME,
CLAPS, ICHN, IE, IFLAG, IIT, II.J,
LIS, IPLANFE, IST, IS2,JUMP, KPLANE,
KRASUB, KXRSUB, NBACK, NI, NINCPL,
NSLBT, NTME, SLTFLG, TIMCKT, TIMCK2,
TOFLAG (This dump will also be
written whenever an error situatiopn
occurs such that ICHN is set to 5},

~ Hrites AKRST, DIFAKR, WD@T, DIS, WD,

DEED,

Writes PCTAB, DIFAB, WDAT, DIS, Wp,

Writes AP, ALP, AFF, ALPX, ALPY, APX,

APY, AINCW, AINCX, AINCY, TEMP, ITI.

Thié flag overrides KDUMP{1), |
KDUMP(2), and KDUMP(3) settings and

. Prints these dumps - according to the

simulated burning times s ecified
in CKDUMP(1) and CKDUMP(Z?.

Plane, the Interna] BaTTisticS'Moduie-aUtomat1Ca11y.prints'the.fol]owing_

- statement:

WEB BURNOUT INCREMENT LOCATION
e RREKLKRR e T

4-14
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MNCHN4
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Cany
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4.1.2.6 (Continued)
In segmented motors, each t1me a s10t burns 1atera11y through an
increment dividing p1ane, the statement below is automatically printed to
1dent1fy the 1ocat10n of the dividing p]ane

LATERAL BURNOUT INCREMENT LOCATION "ZCALC(I) = KXXX, XXX
4.1.3 M1sce11aneous Opt1ona] SRB-II Printout

LENIS Subroutwne Pr1ntout The LEHIS Subrout1ne is anmodification of

the CEC/T program deveToped by MASA Lewis (Reference 3}. LEWIS is used

in all three Isp modules and the Reconstruction Module fo calculate
theoretical rocket performance parameters such as Isp and characteristis
velocity. Printed output from LEWIS is optional in SRB-II and is obtained
by setting the indicator IRKTOl =.1 (see Paragraph 3.4.7). A sample
printout for the LENIS Suhrout1ne is shown in Figure 4-8.

-IDN@ZL Subrout1ne Pr1ntout The IDNQZL Subrout1ne is a mod1f1ed version

0F Tthe One-Dimensional Two-Phase Flow Loss Computer Program developed

by Aerospaces Corp. (Reference 4). IDNPZL is used in the BATES Module

to calculate the two-phase flow Toss for the "erd item" rocket motor
and/or the BATES test motor. OQutput from IDM@ZL is optional in SRB-1I
and is obtained by setting the indicator IDNPRT = 1 (see Paragraph 3.4.7).
Extended print for the IDN@ZL subrout1ne is obtained by sett1ng the

1nd1cat0r IDBUG =

The first values that appear in the IDN@ZL pr1nt0ut are the NAMELIST
input data values, propellant constants, tolerance 1imits, the results
of all initial calculations, and the fo]]ow1ng ca1cu1ated nozz1e
parameters are 11sted

~

XT X coordinate at throat (FT)

O X coordinate of transition point between Tinear segment
?nd)circu]ar segment of the nozzle upstream of the throat
FT
RTI  nezz]e:raHius at X = X1 (FT)
KXo | X coordinate of transition peint between Tinear seament and
: . circular segment of the nozzlé downstream of the throat (FT)
Ro f : :nnzz1e radius at X = Xo (FT)
L XF T X% coordinate at exit (FT)
RF -~ nozzie radius at exit (FT)

4-15
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4,1.3 (Continued)

The following three parts of tabular data are also printed:
PART 1 OF TARULATED IDNOZL PRINTOUT:

The following quantities associated with the “LAF" case are listed as
functions of X: _

S Distance down the nozzle from the end of the chamber (FT)
M Mach number of the qas

UG Gas velocity (FT/SEC)

up Particle velocity (FT/SEC)

TG Gas temperature (°R)

TP Particle temperature {°R)

KD Drag correct1on factor

KH Heat transfer correct1un factor

REP Reynolds number of the particles

ETAG DU/ dx V(FT/SEC/FT) '

H Enthalpy of the particles (FT?*2[SEC#*2)
FX Surface tension (DYNES/CM)

P Pressure at X (PSIA) |

A Area at X (FT**2)

R Radius at X (FT)

PART 2 of TABHLATED IDN@ZL PRINTOUT:

The fo110w1nq quant1t1es assoc1ated W1th the "LAG“ case are. 11sted as
functions of X: : N o

X Distance down the nozzle from the end of the chamber (FT)
M Mach'number of the gas ) o

A/ATH area ratio

UP/UG  Ratio of velocities

4-17



4.1.3
T6/TP
T(VAC)
1{(pPT)
RE/RESTE
P/PSTG

(Centinuad) -

D256-10020-2 -

Ratio of temperatures _ o

Vacuum spECifit imﬁu]se, nb-1ég tSEC)

Optimum specific imoulse, no Tag (sEc)
Ratio of gas density to stagnation gas,-no lag

Ratio of nressure to stagnation pressure, no Tag

I/IREF(V) Ratio of "LAG" to "NO LAG" vacuum specific imoulses

I/IREF(g) Ratio of "LAG" to N0 LAG" optimum specific impulses

AT1 of the aforementioned IDNPZL subroutine printouts will be written
when IDNPRT = 1. If IDBUG is also set to 1, then iteration cases of
part 1 of the tabu]ated printout will also be written. :

4.2

MAGNETIC TAPE OUTPUT

The SRB-II program has two optibnaT magnetic tape outputs. These -are the
internal ballistics data tape and the internal baliistics plot tave.

These output options record internal ballistic simulation data on a ;
time step basis and are discussed separately below. The actual Y

execution of the output is contro]led by the Output Module,

Internal Ballistics Data Tape (I/0 Unit 12): This tape will be written

when the ndicator NTAPE 3s set to ] in the Control Data Package and an’
Internal Ballistics Modue simulation is executed. Values for the
following variables will be written after each Computation time step:

(1)
(2)
(3)
(4)
(5)
(6)
(7)
- (8)
(9)

Time from fanition (SEC)

Vacuum thrust (LBF)

Vacuum total impulse (LBF~5EC)

Vacuam specific impuTﬁe‘(SEC)

Characteristic exhaust velocity (SEC)_

Thrust coefficient ~ =~

Head-end total pressure (PSIA) |

Nozzle entrance total pressure (PSIA)

Head-end static temperature (°R) '” | f S s

4-18
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4.2 (Continued)

(10) Nozzle throat area (IN**2)

(1Y Maximum combustion chamber mach number
(12) ‘Grain discharge mass f]bwrate (LBM/SEC)

(13) 'Prdbel?aﬁt’méﬁs conSuméd:(LBM) o
- {14) - Pfope11ant'mass remaining (LBM)

(15) © * Tnert mass remafning.(LBM) Lo

(16) " Nozzle exit area (IN**2)

(17) © ‘Nozzle expansion ratio

(18) Propellant graih centér of gravity referenced to the aft

tangent plane (IN) |
(19}  Pitch/yaw moment of inertia (SLUG-IN**2)}
(20) Roll moment of inertia (SLUG-IN**2)

Internal Ballistics Plot Tape (I/0 Unit 13): This tape will he written

. when the indicator NPL#T 1s set to 1 in the Control Data Package and an

Internal Ballistics Module simulation is executed. The generated tape
represents an intermediate step in obtaining hard copy plots. The tape

can be reformatted for use by existing Benson and Lerner or MSFC SC 4020
Plot Programs. '

The variables written on the plot tape are the same as those 1isted above
for the performance data tape and are written in the same order.

4.3 PUNCHED. CARD OUTPUT

SRB-II has two optional punched card output capabilities. These are the

booster/mass property data cards and the Internal Ballistics Module
géomEtry_tabTe cards. - - ..o P

Booster Mass Property Cards: Booster mass property cards are punched
when the indicator NCARD is set to 1 in the Control Data Package
and an Internal Ballistics Module-simulation is being executed. - Cards

are punched for each computatjon time step and contain data for (1) time

from ignition (SEC), (2) mass of propeliant remaining (LBM), (3) wmass
of inerts remaining (LBM), (4) propellant center of gravity referenced

o the aft tangent plane (IN), (5) propellant moment of.inertia in pitch.
or yaw {SLUG-IN**2), and (6) propel]ant moment of inertia in roll (3LUG-

IN**2).  The execution of this autput is controlled by the Output Module.

4-19
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4,3 . (Continued)

Internal Ballistics Module Geometry Array Cards: After the Internal
Ballistics ModuTe has calculated the end section and reference plane
geometry arrays and plane constants, these data may be punched on-cards -
for use-as ‘input in subsequent program runs.  If these data are available
as input in the Internal Ballistics Data Package, then the program
calculations for the data are hypassed and program execution time is
reduced.  NPUTAB is the program -indicator which controls autput for. these -
cards (See Table 3-XIX for definition). ‘When this ootion is exercised,
the following data can be punched in NAMELIST format. Definitions for
these terms can be found in Table 3-XIX. o -

REFERENCE PLANE DATA

NGER(I)
GEGCAN{T)
APPRT (1)
TAUPL(T)
ALPPL(1)
AKGYP(1)*

FORE-HEAD AND AFT-HEAD DATA

NGEJHD - NGE#MM. . XCGNA{I]**
TAUHD(T) TAUN(T) " XCGNB(I)*
ABHD(T) ABN(I) PMQINAEI)**
PMPTHD(I)* PMATIN{I)* PMAINB(I)**

RMATHD(I)* - - RMAIN(I)* =  RMBINA({I}#* -
XCEHD(1)* XCGN(I)* RMBINB(1 )*+

* - These arrays will not be punched if propellant center of
gravitv and moment of inertia calculations are not being .
- made (KMPICG = 1). . :

*% - These arrays will be punched only when a'submerged nozzle
is simulated (NSUBMG=1). - _

4.4 ERROR MESSAGES
‘The majority of the error messages in SRB-II are self-explanatory. The &

following Tist of error messages require clarification. Messages are
- réferenced to the subroutine which generated that message.

4-20
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{Continued)

SUBRQUTINE EOLBRM ERROR MESSAGES

3

. “DERIVATIVE MATRIX SINGULAR" - This situation accurs very rérely

inasmuch as, if singuiarities in the matrix solutions occur, they
generally occur first in the iteration matrices and the program does
not get as far as the derivative matrices. However, it is possible
for the iteration matrix to just barely avaid being singular and for
the derivative matrix to be singuiar. When this occurs the above
message is printed, DLVPT is det equal to -1, DLVTP is set equal to

1, and the program continues.

QoW TEMPERATURE IMPLIES SPECIES SHOULD HAVE BEEN INCLUDED ON AN
INSERT CARD, RESTART" - this message can occur only for an HP or
UM problem. It occurs only when the omission of an important

- condensed product of reaction causes the program to seek a combustion

~a slightly medified equivalence ratio or o/f.

temperature that is unrealistically Tow {T < 100K). When this
occurs the program skips to the next case, ‘

"DHASES OF A CONDENSED SPECIES ARE OUT OF ORDER" - This statement is
written when the thermodynamic data for three or more condensad
phases of a species are not in a permitted order as discussed in
Appendix A. After the statement is written, a table of output

for all completed. points is written and program goes to next case.

"STNGULAR MATRIX" - Singularities rarely occur in the course of
obtaining a matrix solution in GAUSS. When they do occur the nrogram
restarts with new estimates. However, if-the singularity occurs
again even with new estimates, the above error message is printed

and control is returned to the main program which starts the next
case, One possible way to.get through this difficulty is to assign

"THE. TEMPERATURE = (Degrees K) IS QUT OF RANGE FOR POINT (Mumber)" -
This message is printed whenever the converged temperature for the

" indicated point is outside the température range read-in on the card

© next cases”

following the THERMO control card. This temperature range, vhich at
present is 300 to 5000 K, is the one over which the gas phase thermo-
dynamic data have been fitted. Generally the thermodynamic data can
he extrapolated a short distance without much loss in accuracy.
However, to prevent large errors due to extrapolation if TLOW/1.5 >
T > 1.25 THIGH, then after the message has been printed, the program
writes the output for all completed points and then skips to the

coA2
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4.4 (Continued)

6. "35 ITERATIONS DID NOT SATISFY CONVERGENCE REQUIREMENTS FOR THE POINT
{(Number)" - Compositions are tvpically obtained in 3 to 12 iterations.
The number 35 was arbitrarily selected to indicate that if convergence
has not been reached by that number the problem probably will not
converge at all, This situation occurs rarely. A1l completed points

. up to this point are printed and program goes. to. the next case. If

the cause of nonconvergence is not obvious from the output, it is
recommended that the prohlem be rerun with intermediate output.

'~ SUBROUTINE R@CKET .ERROR MESSAGES =

T. "DID NOT CONVERGE FOR AREA RATIO = (Value of area ratio)" - The
program permits a maximum of 10 iterations to converge to the pressure
ratio corresponding to the assigned area ratio. The usual number of
iterations required is 1 to 5. Present experience indicates that the
only time the number of iterations will exceed is for an assigned
area ratio very close to 1 such as 7. <Ag/A, <1.0001. This is due
to the fact that the converged throat conditions do. not correspond
exactly to an area ratio of 1.

SUBROUTTNE SEARCH ERROR_MESSAGES

T, "INSUFFICIENT STORAGE FOR FOLLOWING &Number of) SPECIES" - This
statement shows that for the chemical system under consideration,
the program found more possible species in. THERMO data than can be

" accommodated by storages reserved for the thermodynamic data in
Tabeled common/SPECES/. This excess number of species is given in
the error message. When this situation occurs, the names of the
possible species are printed and control is returned to the main
program where the next case is read in, o -

This situation can be resolved in two ways. - First, the program can
be recompiled with dimensions increased to accommodate the excess
species. Secondly, @MIT cards can be used to eliminate the required
number of excess species. - ‘

The program js currently dimensioned for 115 species which has been
found adequate for all problems calculated to date. =~ =~ = =

SUBROUTINE HCALC ERROR MESSAGES

© 1. "REACTANT (Humber) IS NOT IN THERMO DATA" ~ Enthalpies can be calculated-
by the program only for those reactants that are also included as
- reaction species in the thermodynamic data. The error message is

printed when this condition is not met. The prqgram“skips to the . . .

next: casey

422
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4.4 o (Continued)

2. "REACTANT TEMPERATURE OUT OF RANGE OF THERMO DATA“ - Subrout1ne
HCALC permits calculation of thermodynamic data . for reactants for
temperatures that extend up to 20 percent beyond the temperature
range over which the data have been fitted.

SUBROUTINE'LENIS_ERROR MESSAGES

1. "ERROR IN LEWIS INPUT CARD, CONTENTS BELOW" - This messaqe indicates:

a keypunching error in a control card, a missing control card, ar
an extraneous card.  The entire contents of this card are 1qnored
by the program. _ ,

2. "ERROR IN REACTANT CARDS" - This is due to an error in a chem1ca]

symbol < ch as-the symbol not being Teft-adjusted or not included
in BLACK DATA. Program sk1ps to next case.

SUBROUTINE ENDCSB ERROR MESSAGES o .l

1. UALPHA E MAX TOO SMALL®

ADEM 1is input negat1Ve or zerg.

2. U"RE1 T0O LARGE". ' '
Nozzle opening diameter is qreater than case d1ameter.

- 3. "INVALID BETA E"

‘Ellipse ratio must be T 0+ 01
SUBROUTINE SCI ERROR MESSAGES

1. "TDMAX GREATER THAN TAUM® Maximun burn distance in fora-head

is greater than that for forward tanqent plant

 SUBROUTINF GAMAZS ERROR MESSAGES

1, "NEGATIVE HEAD END WEB FRACTION Increase size of BTAPE.

SUBROUTINE AIBST ERROR MESSAGES

1. "ICOUNT = X X ITERATION FOR INCREMENT DISCHARGE PRESSURE...”
Th1s comment usually indicates a data error; however, it
is possible for convergence failure in part1cu1ar cases
where the. port -to- throat ratlo 0s Tess than o1y

2. "ITERATION FOR INCREMENT X X DISGHARGE TEMPERATURE

See (1) above: Also, frequently indicates a c* 1nput va]ue PER
which is not suff101ent1y consistent with burn rate equation
constants, .or an incorrect input value f or VFH@ or VCHINP.
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4.4 (Continued)
SUBROUTINE SETPH ERROR MESSAGES

1,..“AT = XXXX.xXx, THROAT AREA GREATER....." The throat area _
is too large to maintain sonic flow; decrease throat diameter.
This comment is followed hy the relevant nozzle and discharge
parameters.

2. “ITERATION FOR NOZZLE PRESSURE RATIO....;" Failure at
this point generally indicates an input error. :

~ SUBRQUTINE TISUB ERROR MESSAGES -

T. ~"SLOT NUMBER X X HAS BURNED INTO ...." With anisotropic
burning it is possible for the s]ot face to burn into
- the fore-head section; relocate slot or modify burn rate.

SUBROUTINE LIN ERROR MESSAGES

1. "THE INDEPENDENT ENTRY IS ABOVE OR BELOW THE TABLE" “TABLE NO. = N" -
: The dppendent variable is out of the range of XTABLE. The subroutine
LIN is called from a subroutine with the table number N in the
call statement. The program will stop when this error occurs.

SUBROUTINE XLIN ERROR MESSAGES

1., "X IS OUT OF RANGE IN XLIN" - This error statement may be generated
anly from calls in the IBM module. The program: will continue afier
this message. The independent variable that is returned from XLIN
after this message is issued will be unpredjctable., ,

SUBROUTINE IDNAZL ERROR MESSAGES:

1. "THE VALUE COMPUTED FOR GAMMA IS NOT WITHIN THE LIMITS (1.0, 1.7).
CASE REJECTED" - Check- input data for ID NOZZLE contro1 section.:

428
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APPENDIX A

THERMO DATA (FORMAT AND LISTING)

- MSFC TAPE 23810 -

ORDER CONTENTS FORMAT CARD COLUMNS
T 1 THERMO® 34 1 %0 6
2 Temperature ranges for 2 sets of 3F10.3 1 to 30
. coefficients: Towest T, common Ts : o o
and highest- T* T
3 | Species name M | 1 to2
Date S - 2R3 | 19 to 24
Atomic symbols and formula 4(A2,F3.0) 25 to 44
Phase of species (S, L, or G for Al 45
solid, Tiquid, or gas, respectively) o '
- Temperature range . 2F10.3 46 to 65
Integer 1 - s 115 80
4 Coefficients a;(i = 1 to 5) in equa- | 5(E15.8) 1 to 75
tions (90) to 292) (for upper temp-
erature interval) ' _
* Integer 2 15 - 80
5 Coefficients in equations (90) to ' 5(ET5.8) T to 60
(92) (ag, ay for upper temperature . -
interval, and a,; a4, and 'a~ for =
1 2 3
Tower) : o ,
Integer 3 I5 80
6 Coefficients in equations (90) to (92) 4(E15.8)
(&g, ag, ag, ay for lower temperature | -
in%erva1) : | _
| mtegera o o0 d0
- (a) ‘Repeat cards numbered 1 to 4 in cc 80
_for each species . g _ .
(Final | END (Indicates end of thermodynamic C3M | Tto3
card) | data) = S R e by ,

%Gasecus species and condensed s
~can be in any order.

| species with only one condensed. phase
Hovever, the sets for two or more condensed L
- .-phases of the same species must be adjacent. - If.there are more-than - -

“two condensed phases of a species, their sets must be either in in-

creasing ar decreasing order'aqcording to their temperatur
~*NOT INCLUDED ON THERMO TAPE. ..

e intervals.
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APPENDIX A (CONTINUED)

-300.000  1000.000 S000.000

AL(S) _ Jla/sesaL 1o 00 on 0s IN0L000 ¥33, 000

0. ) e s : 0. .

0 N 0« 22P5R601F 01 0.755A1AY9AF =02 0.25994942F «0h
=0.44923993E-08 0.3RI4H5RKE~11~0.77P50039F N3=0.1001A747F 02

AL (LY : “Jl2/Ze5aL 10 no no M. 937000 S00LJ.ON0
0.38IRAS052F 0t 0, 0s n. H
~0.96116844E 02~0.17518952E 07 0.381RSASPF n] 0O, 1.

U. 0. ~“0.96116B44F 02=0.1T7S]RISPF 02

AL - JI2/65AL 100 000 000 A A00.000  S000.000

0.25450650E 01-0,75157512F -
0.3849R957F 05 0.531007°56E
w04 1S4RTTARIF =08 0,43185442E -
AL+ J H/65AL

0.7513R516F 01-0,29077450FE~-

0.10859&36F 06 0.370233123E
=0.9751R340E~11 0.33H9432AF~
ALBQZ2 : J 6/6ARAL

0.71727995E 01 0.297R0741E-
~0.676083682F 05=-0.99949242F

0+10251324F«07=0.16941283E~11-0.664B7167F 05

ALCL J 6/70aL
0.43563254E 01 0.2148103RE-

=0e7534264HE U4 0.243]19991E
04429091 63E=~08=0,106214H2E~
ALCL+ J AR/TNAL

Ne43T7BLSREE+0] 0,JR1ATIBRE=~03=044R5N4ARF =0T
D+101R1202E+06 0.30944K25FE+01 0+33A59977F+n1

Ne&SO0ALTIF-0B=0,]1193A%24F~
ALCLF J 9se48L
0.64598861F 01 0.59A3GR73E-
=04HEHAIOHTLE 05=0.33724191E

0.93919221E-08~0.20431534E=11~0.61R39641F 05

ALCLFZ J 9/64AL
0.89238843F 01 0.11946919F~

-0.122500R4E 06~0,15879099E
D+13307895E=07=0.26476994E~

aALcLz . J 9768AL
0+66933063E 01 0.33723139E=

_-G.39836262F 05-0,38121908E 01 0.633R34ABF 01

0.10272735E=07~0.26037172E=

04 DetrrAT4]ITHE=NT=0.146045799F =10 0,152 19PASF =16
01 N4 /9649R3F 01-0.1P4RRL95F (12 0,207 133 AF =05
17 0.3845A100F DS 0.417365426F 01
1E <100 000 G 300,000 SN00.000
04 (u20R043NRE=-NT=0.599R3957HF~11 B.#2090RANF-15
01 0.250067S8F 01-0.0471494T7E=05 0.101'9HOA1F~07
14 N.10860109F N6 0,177449A9E 01
1R 10 200 a6 30,000 SO0D.000
07=0+12671107F=05 0,73 1RRTTUF =090, 16041 PNAF=]3
Ul 0«23087234E 01 0,1RBUNSIVF=0]=0.P0A3334HF =04
0.164R3R34F 0P

AN 0600 sS000.000
N 7TI0APHOF =11 0.7650 3644F o5
Ua6342501AF =N2=1) 4 630 ISHAF =S
0.73297428F 01

00,000 Son0.000
D./101%137+=11=0,199R20]AF~]%
M, 4aF4AFALE=(2=N. A8 US| F =05
11 0410201517E«0h 1.796A4BRE -]
ICL IF . 1on 05 '300.000 S00Dp.000 _
09-0.25ARP111E~06 0.4RAIET2YF=]N-0.340F/3620F =14
01 D«35A19421E 01 0.11408579E=01=0.]54962HE=NG
0,10712370E N2

3N0.n00 .5000.000
0.FRPNLRHPF =1 0=~0.AAYY TARAE <14
0.181A7323F=01=0.23129617F <04
0.7306R4H2E 01

ING.000 S000,000
0.2AA38301FE=10=0,18%32160F-14
G.9U5A3TRAE=02=0. | 5U+Y633F~04
0.753825)7E 01

1L to no neG
N3=N+6341R3IAIE=NT
01l D«3340AR612E 01}
11=0.737299A9TE N4
icL lE =10 06

icL 1IF 200 06
02=0+51514910F =06
02 0.42271R32%€ 0l
11=0.12144555F 04
1CL 200 000 oG
B3~0e]l14321ARZE=NA

PUV— P DN =P UV R AV DN =D AU P AV P AN P e By -

11-0.39341237F 05
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ALCL2+
: G. ?lrﬁThEu[oCL
0.9 1IOLST A
0.11003%00E~01
ALCL2- Y LY
0.6kTaRLNG1 0]
“0.423526]15F¢0Y
D, 1uSRKINE~-01

J 9r54
C.ales1571r+01
0. THRYTYAEICS
014983444807 -

ALCL2r

ALCLI(S) J s
a2,
Q.

G, IQRESQOTE 0y

ALCLBle 1 b!?n
By l50968B4E+02
L =DeB5B8LTIAR#NY .
0.
ALCLY . : J 6/70
a. ?4301qnor001 .
~0, T1ZHOALSE 101G
0. 19400600807

J B/069
. D.41455463F 0L
-0.33233821F 0y
Ge23090101E-0u

ALF

ALF# J &/68
0.4198710&E+01)
C.796B2722F +09% .
C.322215R2€=-00
ALF2 J 9/64
L.b1BDG240E+0L
=G.E85071157F+0n
0.51644409F-08

CALFZ+ |
C.64T6TTT6E+D]
0. 1d9L6320F +0Y
0.1U394906F-07
OALF2- L L 6l&l

: C.blt30£25F+01
=G.93104129F 05

0.542531437TE-08

ALF3{51
C.
0.
=0.7 1he99T0k-07

ALFIL5) 1 ar70
£.1035%394F+02
=0, L46N4ASE LD
~04592064 LEE-0B.

ALT3 J 6770
Q. 844H9HR2F+0]
T -0.14B35TS2F ¢06
€. 11942435607

0. JlabbuqﬂrtOE
DLIR0RLTALF 04 ¢
“OL 620415041 =0k

CUALNISH R
: 04 ITRAGE0T +OL -

f4t0B2TRA4T +05

0.7799452 PF~0u

Jd &768

R R

J &ric

Joerey

Al
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APPENDIX A (CONTINUED)

1. CL
Q.34 7IRGH2F-0]
~0.55391013F 0|
~0,282339¢7E~11}

AL L. CL
0.35E0504GF-03
=0.44 |HA2GQ01 30}

" =0.26576T15F-11

A 1. CL
0.50165354F-03
-0. 15620427102

=0.34108042E=1]

AL 1. cL
0.

o,

 =0.156844C9E-09

a1
0.
-0.65219455¢ +02

*

AU L. . CL.

DL EIL6RESIE-03
“0. 100644 1TE+02
~0.385810956E=11

AL 1. F
0483C07233E-03
0.194535T6F+0L
~0.232h3553k-12

AL 1. F
0.3829G9C0F-03
0.244756C10+CL

~0.54458503E-12

AL 1. F
0.9048B5T7E-03
~0.39592296E+01
-0, 5641&2F?E 1?

AL l- F
0.68E99880E-03
~0.l06257CHE+N2
~0.23427970E<11

AL- L.~ F

0.976674736-03

-0.46C9655E+01

-0.567687926-12

A L. F
0.
0.
0.50384236E~10

AL 1. F
0.245234E8F~02
-0.52022358E402

0429C5TALAE-1L

AL 1. F
0% 15CORDBSE-02
~0.17C335C9F+02

=0. 20?&0702&-![_

AL 1. CH
0,1287T8&4E=-02
0.A0R23232E+0T
0.18863103C~-11

COAL T, M
0420198198602
~0.76C919618 102

~D.554978%TF =12

el

2. Bl D .

1

=0 148332638F- 0e- -

0.4T02171080 ¢y
GeS380B594E 165

2. E 1. 0 6.
CmAe 18322131 ~08
042601657k #01
“0.41865194L +0%

2. F 1. 00 0.
~0,39032122F-06
0. 4060U2108 40

~0.A6934551E105

3. Q. o.
0.
0.98728292F+0)

o 0.

=0, 879L4G546+0%

3, ' 0 0.
0.

0.15096804E+02

~0.B5E6L733E+N05

3. -8 Q. 0 0.
T 0273745376068
0. %623J67GF +0L
-0.725039656+05

l.. 0. 0. 6 0.
-0.16165009-0¢
T 0LAB30643LEANL
-0.,3291B0Y0E405

t. E =1, 0 0.
=0.13075649(:-06
B.20575830E+01
N. 798912107 +05

2. 02 0. 00 0.
~0.38832937F-06
0.3330L702E +01
. ~0.A838TT9LE+DS
Tzl BT 8 e,

~0.29551540E-06
0.3778128BE+uL
0.19590891E+05

Ze - E Ve 0.
~0. 41809432& b

0.30389102F+0)

-0.893851185+05

3. o 0. 0 0.
a. .
0. 142569804F~01
~0.183122252E+04

0 6. 0 0.
-0. 10104245805

0.92673507F+01
~0.1B45H483E+056

3¢ 0.0, B 0.
“~0.54T340005-06
D 3464941001 +01
=04 14719581E+06

1. 000, 0t G.
T =0.4984994E-D6
0. Y5 TOHSTCHO1
0.30140645HE40

1. .70000.. . 060 .0,

-0.12%586T0F-05

=0. T7504L459F-01
=0.3BB373498 ¥0H

0 0.

. 0. Mk,

0. FATYTEY LT
Deiuitysit- o)
Q. 25H3ANS49F +]

300.00C
GvAUY34079F=10
0.10221935-01
0. 721930116 +01

300,060
0. 76365 T1al~10
N-17353741¢t -0l
Hab691LE50E 151

~ 300,000
0. : :
0,273316731.-02

. =0.R37279490+07

465.700
0. . )
‘0. Coe :
—0.64%219455E+02

; 370.040°

Qdadl22ling=10
ColB859Na7H ~0]
0.19471337F+01

300. 000

C D301 T406E-10-

C0.47513307E-02
Mai5323219E+01

300Q. 000
0.224913214-10

© De5061T403F-02
S BLNUNLIE2E G

. .-300.000

0.73713937E-10
0. 1079569 1F-01
B, 10315035&+02

300 000
0.56021377F-10
He 12332101801
0.45427075F8+01

C 300,000
0479151 J04E=10
0.11066507F-0)
0.1078533GE+02

 300.00&
[ ! 5
Ne44131411E-0}
—0.31981506E+0)

728.000
0.330975336-09
0.61513748F-02 ..

~0,46196712F+02

300. DUG
0.123493308=-09
0.18770395¢-01

. 0. ?8ﬂ780?5E+ﬂl

30D 000
. 0.122946337~10"

Lm0 Y TARAYBESDP

-0 ?O?S%&bﬂﬁtﬂl

e 300 nno
‘0.36783351F 09
0.1714906 1) =01

~0e15105473F401

AOCL. L
“he bH1nMY
=0 19

5000 .000
~0.20173216F - 14
C=DL15A61 TR <04

5000, 700
SN HZIIG210F - 14
(0L P5ALT6TE 04

b5 700

0.
~0.26131740E-D4

3000.c0¢C
N.
D.

£000.C00

-0+369529%3F - 14'

-0. ?358 LRFE-04

5000,000
~0.205337350-14
-0452178235E-05

5000.0800
-0, 13164857k -18

-0, 61246583505

L60N.000
=N 515719 186 -14
=0. 1144480 3F 04

5000.000
~0.39146TCUF-14
~0. 148635 T0F -04

© 5000,000°

=0.5575655TE~ 14
~0,12222713F-04

728.000

=0.427221 8k =04

2500.000
=N.40272615F =13
T N.173211548-05

5000, ﬂDﬂ
=0 B6AIN0ELF - 14
=0. 22610402 LE-08

5000.200 -

~0eb34516%4F~-14

N.6HLATISNAF -G

L 3e00.€00. Lo
D ina39281241E-13

“0. 1T840 T #SF~G4

P PN P WNE D e R b e e e e L YR - Ay VRV VD P SR R VY

o A

e N e




ALN ! J sy
Ca4N201038E+0)
B.5102B544E+Q5
0.58151994F-09

ALC 3 s770
0.34971343F+01
Q.00775178F +04
~0.6 195037 4E-QY

ALCs J 870

C.A96799546101

0. 11A%06R2F+04

~04 20971 724E-07

ALCEL J 9784

C.&57BN5200E+01
~0.44080832F+05
0.11962758E-07
: J 3764
C.64258955E+0]
~0.727440937E+05
0,12468255F-07

ALCF

ALcr S :
C.368606T4E +01
~C.23045105E+05 -
-0, 113546028-07
ALCH+ J12787
0.41625797E+01
~0.15316295F +04
-0.37733A7AF-08
ALQR- Jl2r67
C.43010716F+01
-0.249134095F +05
~1. 12598 109E-08
aLcz J12/68
C.65519349E+40]
+0.26316483IE+05
* 0.76845277E-08

J12/68
C.H2HLD0376E+01
=N, 75094901 +0%
0.34746059E-04

ALGZ~

ALEZH Ji2s68
0.64264345F+01
~0.57626154E405
0.60456166E-08
ALZCLG J ar76
0.4N7TTT546E+02
-0.15235442F+06
N.40595490E=07
ALZF& T J a0
C.1H970021E+02
-0.3231ARB2E+04
0. I3RB6RTIE-0F
aLzc J 9765
 B.6130940TE+0L
~0. L 7AZ987HE+D5
. 0.427547626-04

AL2C+
0.61392920F+01
0.716430805E+05
C.ab0N34848G-0H

aLzcz - : -Fi11

: T 0.T7227053E+01

-0.51611928E+0%

- 0.32432492E-08

J12787°

CJ bs88

APPENDIX A (CONTIMUED)

AL L. LR
0.546430940E-03
0.21454703k40)
0,79409158F=12

AL 1. H
0.BAS611£35-03
D.6T401LI7E+Q]
0.90LBA502E~12

AL L. n
~0.29R3T2405~02
=0.271943CHE+02>

0.55CB6864E-11

AL 1. 4]
0.75862A22E-03
=0.93132976E+01

~0,270491R0E-LL .

a1, 0
0.11928084E-02
~0.91256977E+0]
~0,231922138~11

AL L. n
0.73&356822E-02
0.36769913E+01
0.455695596~11

AL 1. n
. DL 2B687145E-02

C0.25996843E¢0

N.24R06051E-11

Al L. n
0.2146H05C36-02
0.35138246E+01%
D.12e860T4E-11L

AL 1. 1]
0.10730554F~02
~0.45038553E+01

~0.12520185E~11

AL 1, 0
0.1)358A5Q6~C2
-0.856G5434LE+0)
0.536R145]1E~13

Mo a
0.3122303628-02
~0.74707SE5E+01
=0.40994759E-12

AL 2. cL
0.13E01872E-02
~0.82264326F¢02
~0.10454H11E~-L0O

aL 2. F
0.238L6485E~02
=0.44L1684AE+02

- ~0.79939883E-11

AL 2. n
0.+96280159E-03
=0.44C30124E+0)
-0.325T3I3B80E~12

AL 2. 1}
0.+54Fr49579E~03
~0.40182213E+0L
~0.438453538-12

: dL-E.if &

0.25161423E-02
~0.13589237E+02
O L3PTTHETE~]LL

1. F 1.
. =0.514324842E-0¢

D256-10020-2

l. 00 0. &G 0.
-0, 22196395508
0,78422305F+0|
0451 350654E +05

1. v O, o o,

Qe 354H8LN4E=D5
Q. 201934K5F501
0.9N7161M 7404

1. E -1, a 7.
CubhATHATIL-0b
CD.H2H4583IR G,
0.11903587E¢05

[. Gl 1. av o,
—Ce35213355F 08
N.326444049F 11

oo 9.

0.17646910F+01
=G 7169193305

l. ® 1. ¢ 0.
-0, 12466264604

0.261322115+0¢
~Ce2258b797E+0n

ta H l. E =l
=04 1041L6371E=NS
0.194366R2E+0L
-0.90847219E+03

Lw W 1. E .
=0.73580645F-04
0.29130204E+01

—0.2BT8L42T7E+05

2. [ o 0.
“0.47379153E~256
0.32167326F+0L

2. E 1. g 0.
“0.5TL46602E~06
0.32378637F+q1
~0e75320823E+05

2. H 1. 8 G.
-0.12139348E-05
0. 26800656E +01
~Ue THLEZTHTEHDS

& 0 0. 0 0.

~0.60321544F-08
0.117943066+02
-0, 16059604E+06

6. 0 0. 0 0.
-0.14684 315605
0.57619594F + 0]
~0,32024 1538406

1. QU 0. 00 0.

=~0.41516089E~04
0.341171CIF+OY

-0.17185730F +05

1« E~-l. 0 g
~0.46671071E~D4
0.3391G6E19E +01
B, 721083596405
2. 7060 B.

0. L8A5682F 0]
=0.9C8I41-ISE NS

Al

[

-0,43302343F 405

~0.23541570F+G5

an 0;::
=0, 1093029 3E-04

36n,000
QahidB Iy ir-n
A.30630 202602
D A2 192854401

tn.0u0
“C PGSR AF =00
Be3bn2lblHi-02
NaN9L29450% +01

WN.000
=N 437202343k ~10

=D LAGORGTIF-0]
=0, 163251247 H: ],

. 3un.000
a2 49HE-1D
. 141171005F-01

C 09022 [49R+01

100,000
N.48028 15IE-10
N L7035939E-0]
N-136977716402

Q000
G+ 21382205E-09
0.2/71164948~02
0.10C62 LosE+D2

300,060
A, 175715550E-09
0. AYLS2ZHSE ~N2
0.15614LHTHE+02

109,000
0.1LlB2INS5F-0Y

N.59531C7156-02
 0.10609284E+02

300.000
0. 1le25145€~10

0.12556174%-01
0.8061954T7E+0L -

inn.oog
0.10835442E-09
D.10595234F -1
0.6T504A24E+01

300.000
0.21l075500E-0%
Nelblag264E-n]
0.12293907E+02

360, 000
0.11629451E-09
0.383508438-01

=0.19173371E+02

300,000
0¢2B107365E~09
8.41454933E-01
0.10213G7TE+01

30n.q00
Ns7921L1578E~10
01.96968909E-02

0927344058401

100.000
0. 77181 909E=10
0984601 3E-02

0-"f28?393€f01_

0.26637242E-09
0.19382190E-01

C 016211 1T4F+02

joa.000

sen0.c00

“NL2MNPIn ekt <Ly
N 320130 F 8 -1y

5000 CCO
R 0T3S - |2
=0 20U 2k -05

5000 ,000
=0, 276 16991E - bk
N YR 59 T5E~04 -

590n0.000
e ABR1ILGTE=14
“Ne 1932206 IBE-04

5000.000
—~0.HBASZH AE=-14
=1.2253T03ILE~N%

5000.000

0. 13HGH I 19E~13
N. 741578 }E-05

5000,000

C=0,112T16E20-13

=0.,250705145-05

5000.000

~0.72200U41E~14

=1, 958N C4E -5

5000.000
~0.63174266E~14
=0, 140106 56E =04

f000.co0
“N. 75032579k~ 14
=0.10215156E-04

5000.000°
=N 1 3HZBECOE~1T
=M. 1673345246 -04

$000.000
~0.B2492947E~ 14
~0.58%302¢1E~-04

5001 .000

. =0.190474526~13

-0. 66961309805

5000.000
~0.55717H13E=14
-0 101061 22£-04

sN99.000
0 860196 ETE- LG

=N, 104506 J6F -5

© sn03; 00

"M 145021 60F ~11

~Ga 169%05G45E-04

./) o
e LA

o e o P - £ A - e e B R " L. Ly Ve L o P P By - LR N A T Lo T = P o - 8»&-—'_

[ N

Lo




ALZC2Y ‘ J bro6H
0.80E2TPINEIG L
Q. 6305601UF +05
0.045042315 na

ﬁl?CB(SI B! 3{&4
. 0,1253IN23F N2 '
~C,2088140TF+06

DahNBYN159E6=-07

' AL2CIILY J 3764
: C.1T422481F402 -
—C. 1970612 TR +05

0.

AR L G7é&b6
C,25000000E+401
S m0 TRGITSO2E+OE
0.
ARt L1276t
0.284206T2E+01
0.18272563F+06
-0.319236719%F=08
B{s} . J12re4
0.21353842E+01
=C.A21HT211F#0)
) a. ElﬁﬁTEBQF ﬂﬂ
BUILY -
C.36735752E+01
Cet116A1 TOE+D
O

B ) ) 4 L2/ 64
0.251267416+01
Ce&b0TH153F405
0.26217528E-10

gt zraT
© . 0.25106353E+01
" 0416233967F 106
0.12516710E=10
acL J12/64
0.41020571E+01
0.15687953L+04
0.15161G78E~08.
BOL+ J 6748
0.41060888F+01
0.1471309TE+06
0.19672716E-0

BCLF -
0.5707T675TE+4 D1
-0,396%332TE+05
-0.11374057E-04
ecLe’ ; a12/64
DJB146325TEFDL
-6.12097450E405
G.45615910E-08

J 61&8
0. 69266527?*01 :
0.7226551LTE+05
0.55372511E—0u

T oRLL2e

pcL2=
0.35372QUOE+01
=C. 141754000 +CH
D 794#8“805‘05

: 112764
L A5IE53B0E 0L,
.-P.ﬁl!%?n?trur%
C. 1082R3VSEZDT

BEL3

JlZbe"

J1zr84

JlZle‘

'--"D 13C147135 Ll

=D }7325961F=11

~ D256-10020-2
APPENDIX A (CDNTINUED)

AL 2. n 2.
0. 2125%698E-02
~0.144316P0OC+02
-0.55 397 74E~-12

_ CAL 250 B A
0.264R37L6F-02

=0.6TS1 13r0F D2
~0.1553CH%0E=10

A 2. f1 3.

R 2
~0.93759984F+4C2

0.

AR L. 09 C.
L .
D43LGO0CHE+DL

0.

BR LS
~0.B764B603E-0%
0.367202CLEOL

(0,14 1432798-11

g 1.
0.629R4AP6E-03
-0.1204R914E402
0.1260190838~11
¢ "1 0 0.
0.
-0. 2[C683ﬁ5&+92
0.

~ .4 1. . 00 O.
-0.25820535E504
0.41207260E+01
-0.12G480R8E-13

B L. E ~1l.

~0.229026C0E-Q4

0.234R40RATE+OL
-0.435679a4a—14

e 1. cL 1.
0.4B8E59193E-02
0.19420655E401
0.32645195E8=13

o1,
DL ATPT41T0E=03
0.25295615E+01
-0.13837802E-12

"o CL L
0. IQIOOZCZE -a2

©=0,15482L76E+0L

0.13763850E=11
B L
-0.297L6083F +01
-0.41141656E-12
g 1.
0.67T7T633E-03

=0 BIRTTEEIEHNL -
~0.1834987T1E-11

SR Ll
0,55324727E-02
0.104752B5E4N2

B1. kL 3.f
. 0.19531923¢-02

Z0,15171594F 02

E -1.

0 0.

cL 1.

L LL 24
0.«34438848E-03 7. -

CL 2.

ol e

£ -1. 0 5,
—G.41683475H-0b

0. 1A140536F +01

0.64523715F 108

ﬂD s nn 3N
-0,1125215%57~08
~N.P50717735+0L

=0, 2028142LE406
0o N, OO €.
‘B :
0.
o.
00 0, 00 7%
0. )
0, 25C0UC0LEDY

[H

43

~0. 7453 T49BE +03

cd 0. 00 .

w0, 7h863209E-07

0.24057001F+01
0.18290215%+06

o 0. T G.
0.527639843F-04

. =0, T3LBLE3LE 0L -
-0.h559719&5!ﬂ?

'p n. 0 .G
0.

0.

e
.00 O - OG Gy

0.18396000E~07

0.750229798+0)
0. 6607%T44E305

o @. @€ 9.
0.16005879E-07

0.24991667E+01 .
0.16234334E+06.

00 0, 00 C.
~0.16864326E-04
0.2R364463E 401

 0.16001361E +05

E-1, 0 0.

‘=0.17928584E~06
0.72812419TE4+01

0. 147445598 +06
R T
0.33126234E401
20.3401 15486405

00-0.: 00 M.

: 00 N. -
-0.501L4L3TE-Qk

~0.405510THE-QL " -

.0.338%1928E+01
~0.114256382E405

E -L. o 0.
=0.371001496F=06
0.43764931F+0L
D.TESQBTII(!O&

BT i 0.

T -0.241 70GLEF-05"

0.3279245HE+0L

S -0- 144315295+05=

“OU U.- DO 0.

Lo, HTC00607F G0
0.373992650001°
C =0.507L45600F 485

ano,.0ng
N 1T4RR14TE-NT
Vad223o6i3bE-01
U-lIDQIﬁJOE'ﬂ?

) 300 OUD
~0.25404218L-C9
Q62271 160k-01

0. 53454599 401
7315.000
0. '
Na
a.
327000
Oa
N

300,000
£.122503118~10
~0. 026824608 =03
0. 28HBD 1 54E4D]

360,000
=0 364 12HLEE-0D9

Uell04%0884F=01"

N.H12122016+01

. 2%50 000
Q.
0.
O
300,000

-0.5563614RE-11

11,91 3409LTE-00

De4lBY0FEEFO]

300.000
~0.,50B49164F~11

" Na9b246273E-05.

G.Z4G93838E+01

300,000

(. 358333426-10°

Dat%360AL2E-N2

. 0.B332144AE+0L

3G0.000

0.2324616137E~10 -

0.55006392E-02
roaLa3S[45E+HNL

: 300.000
0.11367044E-09
D T2198763E-N2
0.1093517TE+N2

: 360.000 .
‘B.77C5LTL4E~1G

0.498759TL4F~07

0. 10B9249760+02

S 380.000
S 0L LB3444220-10

0. 10603791F=0L -
" 10:40632904R401 - -

" 300,000
0. 53G2ubTHE-09
1n LUSHAITTE-CL

1065?17&[60? L

. 000

n-livujlxzs o
0.161G4EL3F=01
0.49039%632¢c 401

N 36600065+ 01

000,30t

—nL12paun Ok -1
e 2 IHUZNIAF e

- 23lf.ﬂﬂb

YT FLE TR 17
—n.nuuqnurh' A

5000.000
O -

.

5000.000
.

LB

Su00.000
-0, 118861 39E~18
0.3319-B49F ~058

2550.000 .
0. 5407C254E-13
~1}. 10999 1638 -C4

' 5000 000

D'
0.

5000.000

D,51959870E~15
-0. 15435319607

5000. 000
0.54628543E-15

=0, 12R21246E~07

5000 .C00
~0.250990¢63E~14
-G.43887%22E-0%

5000,000

-0.20545758E-14

~0.451}79E2E-0%

5000,800 o
~0sT934R0EZE~14"

-0.43485949E-05

5000.000

S EnLR3RQNTETE-L4

-0 lﬂﬁﬁﬁﬁﬁzt-ﬂﬁ

5000.000

- Ip.500735526-14
-_-u_;qzzqaaaﬁ_oa

_suuq ang ]
20.2750LDETE-13

-0, 12053143F-04

" 5gpe.no0 .
=G D0ANGG ST - 14
w0 PP ARCHENE -Ch

ORIGINAL PAGE Isi
OB POOR QUALITYI |

T T T

e b -

Pt DR DWR e D PR PR PR e e

f o Ve

S R

o -




BF

BF2

BF2+

BF2-

BF3

BH

BRF2

BH2

BH3

-

Bn{s)

BK

ac

accL

&CF

" BCF2

BG2

J12/64
0.35771888BE+01
=0+ 14%127244E¢05
“0.584%7805TE~08

J12764
.524607750 +a]
-0-4T259288F 405
~0.5228 199550y

J ars8
0.54127630E+01
0.40267084F+05
0.13383545E~08

J12764
0.57561208E+01
=0.79362479E+05
=0.53R70797E-10

. J 56769
0.70241985E+0]
~0.1391A072E+05
0.568907502E-09

. Jdlasss
0.28919079E+01L
0.52328714F+05

=~0.91073738E-0Y

4127465
C.53184527F+0]
-0.903750) 2E+05. .
=0.86HNTHISE-DNE

J12/64
0.336252R5E+01
0.22919028F+0%
0.45826358E-04

Jizreq
0.20621726E+01
0.11923753£+05

~C.h6158694E-08

J.6r65
0.90909293€+00
~0.30R50545E+05
£.21058502€-08

J .6/65

. 0.35981083228+Q1

0.56171241E+05
~0.61683269F-08

J 6468
0-31564956E+01
~C.103034226+04
~0.53894828E-~04

J 3764
0.57135566E+01
-0.39977353E+Q5
Qe 720255462E-08

J 3465
£.52618488E+01
~0.74326949F+05
0.274570588-08
Lo N2sea
0.730772335401
-C.103345T6E+06
0.265594702-08

W J &len
C.5H198434E+0] -

 -0.36255117F+05

- La420021E-08

n256-10020-2

APPENDIX A (CONTINUED)

| % F

. 0. 10192908E-02

0+ 129230H8F+G)
0.22155349F=11

Ho1. F
0. 10501144k -02

=0.1L%2N5HGF )
0.24432R91E~11

i1, B
0.18193424F~02
~0.7017480aE101
0.451149108-t2

B . F
0.567L24687F-0)
~0.544532039E+01
Dal8d68424E~]1

8 1. F
0.32221599E-02
—0.111974H6E+02
0.14893187E~11

8 1. H
0.15R32948E-02
0.37B254H3E+N]

=0+155%911356-12

o1, H
0.474544484E~12
~0.30561344E+01
0.412110158=11

LA H
0.39C128546~02
0.12459933E+01

~0.125106R0E~11

2 L. H
0.72455895E-02
B.88351864E+01
0.563186168-12

g 1. N
0.AL1a32775-02
“0.58284489E+01
0,115821198~11

B 1. ]
0.871768C5E-03
0.4585699958+01
0.19872461E6-11

8 1l 1]
0.13816589€-02
0.60262T06Er0|
0.10616632E-11

B2 la 1]
0.LBEGLGETE~D2
=G .48335834E+01
~0.149L4738E-11

g 1. 0
0.23462431E=-02
~0.40691029%+01
-0.111752198~12

8. 1. 8]
0.29903420E-02
-0l Z05602E+02
0.137984CG6E-11

B la- 0
0.18£26574E-02
~0.6574{050E+01
0.16£58233F~11

Le

2.

2.

2.

3.

1.

la

2.

3.

1.

Le

1.

L.

Ry 0. ou n.

=N, 41251964104
N.34013609F 40t
“0.1496M020F 102y

0g 0. oo o,

-0.BOQLY689F =06
N ¥583272F 10,
=0 O6HA5 TONRE +0Y

E-l. 0 g.
-0. 77103457606
0.37146474F +01
0.40955931C+0h

E 1. Q n,

N.51655707E~06
0+25%8 73487 +01
=0 695H4957F +04

6 8. 0 0.

~0.LIT05154E-05
0. 26508244 +0 |
-0, 137901356406

00 0. 00 n.
-0.5828L729E-04
0+ 36A622086F +01
C.52L76330E+02%

F 7. 0GO.

=0, 1933 /458F— 0%
N.240536026+0]
~0,8914d409E+0%

a0 0. nn o.

0. 15C9755]E=-05
0,23958282E+01
0,23162650F+09

00 0. 00 0.
“N.27519337E~Q5
0.39487033E+0}
0. 116LEH09E+0%

00 0. 00 0.
=0.48032006E-04
~0. 11182452840
=-0.30413091E+05

00 0. oo 0.
-0.29912644E-06
043537T5045F+0¢
0.56329743E+08

0 0. 0 0.

~0.59049636E=Cs
D.37291250E+01
~0. 104188596 +04

CL 1. Q0 o.
=N, T7487898E-0&
0.32705321E+01

| -0,393782082+05

Fo1l. a0 o.

=0.,9752081CE-04
0.277414855+01
=N. T3640460E+05

Fo2e
-0.13059617E~05
DL 1T744597TC 01
-0.10186758E+0&

g o. o 0.

-0, B13027978-08

0.31212048F +31
~0,35453307E+0%

00 0.

Cf, 00
Do HF190G30 =40
0.9 NS R ATF -0y
Nttty IvhHOEF+OL

SH.Gun
delSLATALH Ny
[+ PN S TN o R ]
Basundunldeen]

futt, 000
Q.lh&nTIn2r =00t
OedhbbInhar-n2
RN 15131F 0]

acn.oun
=N, L5454 375-09
Q174641 257802
Ma L1530 1758 +02

30n.0040
C.290 )00l |F-09
01927531 2E-D1
. 12554h36F+02

iLn.Goo
S.1024276RE=09g
=04 13055435007
~0.48%4C385F-01

3N, 000
0. 39838382E-09
0.12755944F =02
0. 12R76H50F +0p

102,004
0.26L72405F-0%
. f4TTH2E0E-NZ
T.O063L311EeQ]

300.000
0.47B03T09E~09
=0.592170543E~03
-D.58801882€-01

360.000
0.122919166-08
7.15038275E~01
C.41742190E+01

ipo.o0Q0
0.58038944E~10
-0.135546506F-02
0.554995095+01

300.000
0.99114678E-10
=0,208783248-02
0. 3612322 1F+01

30n.000
0.14394572E-~09
N. 10227750801
0.733412258+01

3a0.0n0
N.1B1A67525E~0Y
0.93927631E-02
D.BI507490E+01

'300.000
0.253082428~09
Q. 108683217F-01
0.17339953F+N)

360,000 .
0.15715821E-09
D RGbBOBATIE-02
0.75146493AE+01)

Wrn. cop
BT LD EF EA VN
okl L InTHaF -0%

LAY E00
UPR L LU VLY LY E)
L1071 3009t 05

4PNt 00
LG 09 | SRE - 16
D645 16HF 05

S5009.000
0.,21208210F -2
-0, 10129545, =05

5009.000
0. 1HL22310F-13
=M. I0TR46 1 TE-04

5000,000
=N ATRLYS LR -14
0. 2h1421G5F-04

5000.000
G 2H20IBEIE~]
UPRRRLETY ]

An00,000
=D 1711I0S3IE~1)
“0. 727159 14E «05

5000.400
~C.313342085E-13
De TALRLLE4E-DS

3500.%00
“0. 115171 25E~12
~0. L LARTHEQE-Q4

5000.000
-0.407504 21614
0.622141789E-05

5000.000
=0.64166944E-14
0.57362049E-05

5009.000
-0.99317745E-14
-N.120701463E-04

5000.000
~0.125454891E~13
=0, 199946 TF =05

5000.000
~0,1748/3336~13
“0.15246164E-04

5000.000
-0.10944238E~13
-0.459722 18F -05

1

Lo B - o B - £ o b £ N - o N - e B — o~ L T o A= L A P o - B - L A & e b —

o N



ree- Jl2z60
C.4uB05 14691061
~0.A9284124F 1 0
039802544 -0y
Bs J Ases
C.31891419E401
0. 3900521 9E+05
~0.44%076402E-0K
n2 . J12766
0.341199706+01
Co9ER4T U2 TR GH
=0.21308174F-008

. J 6766
C.41300%34F+01}
D.9HHS533G6F + 04

=C.5140]795E-08

cac

J12/54
C.hua3anT4E+0L
“C.BT2961THE+OS
C.12i71651F~07

B2C3{L) JE2/64
0,1862%107€+02
=0.14%8065BAF 106
-£.521T9RTIF-06

J12764
0uBA0LISTHOL+OL
~.10323545E+04
Q.11427350F-07

ra2cs3

B3C3CL3 J 2765
© L 0.197BP564E+402
~C.2C320883E+56
0.22223128E-07

E3CIF3 J 3765
 0.16B586168+02
£ =0.20003104F +0éb
0.249538839E~08

BELS) J 9s8l
0.16386257E+01
-0.54430876E-03
0. 1393545 7E=07

BEIL) J 9761
0.31569397E+01
0. 30544 TSOE+03

.

CJ g6l
0,24060350E+01
0.3H4656155E+09
0,35564329E-10

BE

BE+ . JBlbe5
: C.29101862E+01 -
0.14756576E+06
0,110802216-0%
BEBC2 J &8/66
C.6310B3T&HE+QL .
-0.40505715E+05
0,6UB4653T73E~08
BECL - J 9786
0.,41052B78E+01L
0,59753060F +04-
0.1%8525876-08.
8ECL+ .J6led
0.53827500E+01
0.115997ETE408

M, 3h63I2640DE-0H

D256-T10020-2 -

APPENDIX A {COMTINUED)

B 1, L]
0.26743451F-P2
~0,302249 16E+0]
-0.40611271E~142

[{ I Y 5
0.79€20169E-73
0.397125210E+01
0.148C%BLABE-11

B 2. o6
0.E91659TUF-03
0.1579BR24E401
0.1129901 7&=11

t 2. n
0.23541486E-02
~0.649004C2E4+00
0.22047340E~]1

B 2. n
0435%404930-02
~0.12180094F407

-0.324110G10E-11

g 2. n
=D.44CR23G57E=-02
~0.594TH2 14 +02

0.1R3276716-09

rZ. n
0.473920C3E~02
~0.158351C9F +02
=0.25F19915F-11

E 3...0

0.6317258LE-02

-0.57HIHIIPE+N?
~0.141812958=11

6 3. 0
0.BALE5T54E-02
=-0.59871548E4+02
0.4475876LE-11

BE L. a
0.184961010E-02
~0.A715&145E+0]
~C+35115543E-1)

BE 1. O

~0.46473346E-04
~0.164565356+02
0.

HE 1. 00

0.18872751E-02

HE 1.
-0,1B471150F-02

~0.50753759E+01

- =0.65925088C~12

cL

I Fol. 6 a.
=, 10Gs2LaF -0y
V.20%L64371+31

=N HAbG 21T ¢ty

1. aG -0, [N
~N.32549942 3t ~06
N, 314192225 401
0. 1924 1U599F + 0%
0. ng 0. oo 4.
~0.27lyhb2nE-08
Q. 29RTI5] 38 ¢0L
0.9712d2707005

ia €0 O. oo 2,
=0, 10C0d324E~CY
Do 352047 3LF+0L
0.10363201F+0Y

oo 0. oo .
=0y 1475361 F~Cn
G 36001074 F 301
—N.G56E068 1L 409

2.

3, 00 @. 06 d.
0221060 P6IT-0Y
0285513340 r02

=-0.15664%01GF ¥86

ng n. 00 C.
~N,19523814F-04

C.16THO4ILE L)
-3 102030075406

3

fL.3, .on 0.
—(,272429266-05
eaNasaI943E+0 L
-0,19941632E408

3.

3. F 3 20 0.
=0.37BALOSHE~DS
0,3IN79886L1E+0]
~0.28TE2213F+NG

0. a o, Q 0.
~0.519L5094E-08

=0.53BH6197EHI0

-0.27RLE23TE+03

o 0. 0 o
0.27703566E-06
0.

0.

0.

60 0. 00 O.
=0.11913206E~04

0.

1. E-l. 0 p.
Cill1l23603E-0
0,209654040+01

0.1b671468E404

G

0.264454C2F+01 0. 2498 24460F+01
-0.135381076~-13 0.38463314064+04
NE 1. E -l. ~ G0O:.0., - 00 Q.
-0.21E88740E~04 " QyE9TS6HRGE-OT
0.27707490E+01 M. 2694273BE+01
=0.417393G8E>13 Qe LBTS49BSL 406
BE 1. . .01 1. n 2. 00 0.
0.32£66684E-02: - ~0, 1367HL2GE~DYS.
-D.917485C1F+0) 0.200569120E+01
~0.17276285k-12 ~0.59234197E+05
HE 1+ - CL 1. no B 00 Dy
0.47461TCLF-03 -0.17996520E-06
. D.24513844F ¢l © 0.28321907E+01L
© D.45206B94E-14 062906244 EFDs

ORIGIV,
OF PooR

st 0L0
fla 0L B34 002
L LN LY L]
[UTF SR T N Y|

IG0. 000
0.H1CRAT4G < 1O
D.93155211F-n1%
D.1aRT9 2250401

100, D30
B P-T R SR R LR Ful
N 2abr2 v tL—ne
NN AT Y RES TR |

LN, 0nn
N dhHTS LDy
e 319-13876F 12
Bob220348TF+0]

00,000
D 2127012561 -09
Fa 1S 361132E-01
0.43429084E w01

LN, Quo
~C.4uT7625100-09
=0, 1184322 ) F 400
-0,117930836+03

| 3gn.o0a
G.36115921C-09
. 706130 386k -n)
0.a0Z09606F+0]

‘3G0.000
0,5204791pE~DD
M, 542605970 -n]
0.90435427F+0]

300.000
D.,712£7040] E-09
O.45638592F-01
0.11462196E+02

200.000
~0.40857551E-09
0.13250958E=-01
010351 100E+01

1556.000
+0.49431677E-10 -
0.
0. .

" 300.000

0.244933727E-10
0.1291000RE-0%
D.2laul1l4E+D1

" 300,000.. .

-0.4TTEB232E-11

0.41392101F-04
0.28490691E+01

300.00G
0+2557621 1E~00 "
0.18044824F-01" +

0.15792 3656407

300.000
0.7%2563903(-10
S De4hSLATBSE~D2-
DR IR6OTEE*0L.

3p0.000
~0,te7529%4 =09
0 u126T492€-02
M THAHLIE9E ]

AL PAGE 1y

| QUALITY

TR (R |
A AN 13
R PR LY A A L

W30, (00
=M h2abaupl-La
M. 29U013371F-05%

s00n.Lon
0 YGNINAGTE 14
=~U.U410006 1 LF -07

SHno 00
=Fe 129530 12F - 11

0.403292S7E-C5 -

5000.002
~f. 1869549 G60~13
=0 \HADARATE-D4

5000.C00
0.353273IS9E-13
N. 50520 34H8E-D3

500C.000
~0.24845211E-13
0. 216371 Z5E~04

5G0n. 400
~, 366 TTTS0E~13
-0.55T507&61E~04

5000, 000
-0, 50376917E~13
~0.33098826E-04

15564.000
0.155TL542E-12

© =D. 19RENZETE =04

5000, 000
0.81533L236-14
0.

5000.000
-0, %6423640E-1%
20,331833C3E6-07

5000.000 .-

526654 56E-15

=0.104T2R ITC-06

5000.000

L =DLLTT2TTALE=L3
© =N.169175ETE-C4

5000, 000

=0.20n5284G68 -14

o, 45482 LEIE-0S

5000.000
D.ulB0TCH1IF~14a

N 6L42T911H~0%

Plhm BwNe FaNe Sl Bl Pwie Puheoe Pwe PN Sete Pefue PuNe Be e Beve S

e P




BRCLF YY)
0.66407 T9LE+OL
~0.71059TT1E+05

0.40074232E-08

EECLZ[s!
.
Q. )

~0.2%504158E-07

) B74&5

BECL21L} J 6763
Q.14603719E+02
.-U.EQQQBQLTFfﬂs
R PR
BECLZ b6 /8%
0.5704319LE+01
=M. 454945507 +05
© Cah0B97049E-N8

PEF J 3763
0.37145220F+01
“0e206229052E+0%
-0.52284254%-04

EEF2(S}
Q.
Qe
0.89800555E-00

BEF21S}
G’
Qs
n'

J &rt0

BEFZ(L) J 870
0.604895635GE+01
~0.1251134 18408
0.311262542E-08

BEFZ J 6770
0.60657631E+01
. =R.97779127E404
t 0.42920089E-08

REH - J 3/8&3

) C.30570218E+0Q1
£.27639513F+05
“0.32925883E-OB

REH+
a. 3@0159925*0[
D.138l6R12E+04

~0.1€9332721FE-08

HEN J &6/63
0.37855937E +01
0.50066 LEOE+05

-0.43481099E-08

BECIS) - J 9763

0.331B0450E+01L .

- ~0.73551553F+05

0.19540031E-07

BECIL)
0.80512B67E+G1
-0-712981685*05

0.

J 9/63
0, 35045549E+01
0.14435010E+05
~0, 63&74976E-08

BECG

| BEQH : i 9783
0.36351960E+01
-0, 1385606 7E+05

~7.92269046E-08

J.&/70

J 9/é8

I /83

D256-10020-2

APPENDIX A (CONTINUED)

TF 1. £t
04 1166 2693E-0n2
LUPRRENLLLTEY 3 |
“0.51E27RIVE=-12

BE la CL
0. .
g.
0.23534H61F~1G

BE 1. cL
0.
-0. T&ﬂ§8784E+02
0.

BE 1. CL
Q0.A7166468E-03
~N.8A351641E+01

-0.534980926~12

HE 1. F
0.EBAGLL 4 3E-03
0.212397LHE+QL
N.19£29220E-11

EE 1. ~ F
0.
G.
~0.564665264E-09

BE 1. . F
0. '
0.
0.

HE 1. F
0.4322849RE-02
=0.29026240E 02

=0.254562 79811

FE 1 F
0.156293746=02
=0.79210455E+01L

CmR 5T LLI3E-12

RE 1. H

0.14577221E6-02
0.33471052E+01
0.66630562E-12

AE 1. H’
D.18751751E~-02
0.35425415E+01
0.17173264E~12

RE 1. N
0.8238565756~03
0.20925194E+01

0.17534453E-11

g€ 1. 1]
.0.555171212€=-02

| S0 1904223E+02

~0449216319E=-11
EBE- 1. O

0.
=0 469724%6E+02
0.

CBE L. O
0.105&67AB4E~Q2
0.23167347E+01
0. ?0?1184?5-11

28g 1.' 0
0.28532436E~02
: 0451294294E+01
0.,325183G2E-11¢

le Foota oo .
=S4 YAUE=i1L
0.410203RL+NL
~0.IN&an T 36E+0Y

2. .00 0. 00 0.

. 0. ;
‘N.00A3T4SE0L
“N A0 TE2100F +Q4

24 00 0, oo 0.
N o
© D.l4b03TLI9E+G2
=0.644944TF+05

F- Q0 0. o0 oy -

=N.3725%0593E—-04
Da4092T125E401L

~0.44952BR1E +C5

L. ca o. 00 0.
~0.35713612F 00
0.32725419E+0L
=N.260126A%E40%

2. 0 0. 0 1.
Q.
7.20593770F+02

=G, 12693708F+ 0o

2 2 Q. [ 3

© O

=0.125248H4F +04

2e a4 0. 1 0.
0. 1875640 5E-06

. 0.77423361E+01
~0.12546530E +0b

2. 0 0. 0 9.
-0.66108197E=-04
0.35234274F +01

“0.9113046LE€05 .

la a0 0. o 0.
+=0.56872963E-D&
N, 37T312309F+01
0. 375465560F +05

1. E -l1. 00 o,
-0.66A05503E-06
0.37095712E+01
0:138G2ZHALE +Ah

1.. 00 G. .00 0.

-0.3*7116025-08

0.316842H6F+01
L 0.50310451E+05

1. ag 0. 00 Q0.

=0.46301271E-05,

~0.197235586+01
-0.72270069E+05

| oo a.
1
. Qe
B

0o 4.

l. no  g. 00 0.

L =0.%3990877E-0d

0.35250620E+01

0.14562192E405

léi T H la
=0.102303246E-05

L 0. 37270356401
~0.13732272F*05

6.56965576E F)

 _bb3u;..

Tk

G

N A
0. 40244 349RF=02

woL.ann
Hawlgalrunse -0
Guuu0116000 N7
Ny aunbI0a9 k0

i00.0640
O ’ ’
Jelib3runung-ri
D25 IT2V 02

HHNLAND
N
0.

CaDe J64HY THAE+02

. 3000
0. 16567006 -1C
D405 3545460 -2

Dad b’l"bfn‘lﬁl'.f-ﬂl_ .

00.070
Cotal?T 40t -10C
N 2804714 31F -0
Cab86T3TLGE+OL

360.05C
0.
=068 ET30F -]

=Q L7931 3IF D2

500,000

~N A0 WHOE+02

Hy' 5.000

Q3O 36B2E-0Y
=0 09640065140

=04 37650 304E+02

00,000
0.12641551E=-09
0.7 3N 2165117

N.4870H125F+01

- 330,000
D.10286031L 76-09
=0.1914354AF=n2

0. 3754 3895F +00

Jan.ano
0. 25105 LE~Dg

-Q.15H520351F=-02
=0.29598407E+N0 -

60,079

C0GLYSLAARF=10 .

0.102424830-02
0. 6649355 1F+01

3CN.000

G.191068779E~08

0.257653545-01
NaHTUHILLGEHNTL

2820.000
0.
0.
0. o
300.000

0.8Z0HBR6TE-10
0. 1304428 LE=02
0.3“!&1456F+01

100.000°
011069998~

=0.3555%4826F~0).

Deua3IRINAR0AED]

Lann,een
IR LY L TR R
NN VY EE TR =Y

hQ".QUO
o, .

0. HRA1ANCST 05

HONG.nCco
0.
n,.

50000
=LAV NI ANE-14
=0LHA L2 NP -CS

S000, 100
“DLhbBAZLIITE-LY
N.ai6Ti51F=-05

500.000

n,
=0.12C3245AE-03

025,000
n,.
0.

2000.000
T 0.T1338H22F~13
N, 267434 CHE-0S

600,000
=0.AAT1AGEIE-14
=N.95636 208 -05

5000.000
=DeALAGY IR -14
0.46910325F-05

5000.000
“0.ALTHLGEBE-14

0, 36228 169€-05

.

5000:.000

0, 4 2uNO041E - 14 -
6.27 576G 17E-05

2A20.000

0, 2TBASDATE=12 |
T »N.3LETR I AOF-CA

5000.000
0.

I P

5000.000
~Q.56TTRAGOE =14
N.62R3IZ2ITE~N5

'5000.000

=0.10060994E-123
0.62188520E-05

-

D PR Bl AN F e N b o P R N T e - D taee PSS -

Ea T T

B T




 HE2CF2

"RE4C4

.E+'

BECH+ NCYZY:!
0.375493358+01
C.961%944049F 1Dy

~0.10392932C-07

BEC2HZ NEEYEY

- D.H4B63231F01
~0.81126230E40%
0.627521586-00

BE2C. J 9763
0.54%49734E+01

~C.9495A985F + 04

~0.3476912HE-0Y

0. 103113436402
-0 L4R4462 31 06
0.71009903F~08

#E2C32 J 983

0.71783652E+01

-0.5 19848766405

N.21268A14E-08

BEICT J 9r63

0.91907322E+0F

-1, 13061 849E+06

-0, 17092805E-07

J 9/83
C.14547030R+02
“N.19704R55F 06
D.47379T07E-08

U J 9s6l
C.210TELOD4E+DL
0.12A52810964+0%
C.11307441E-08

UR

BRZ(L) 3 9/&l
g .

0.
-0.128856307F~06

HR2 JL2/s61
Quht4TG4956+0L
0.2365995 16404
C.2H120689E-08

c1s) ) 4. 37581

) 0.L3606942F+01

~0.45TI3BT0E+03

~£.40459298E-08

[ J 3751
0.25B10453F+01
T.85216294E¢00

=C.267T7T0064E~08

0.25(18274F+01
C.21667721E+06
~G452665RTRE~09

© 0.24470591£401 .
0.69972969F +05
0.139513796-€9

ccL 112769
. De419B&I2TEOL
M. 590TH599E+05
~0.517744065F-09

teee - Jrz2/68
0.37184999E40]
C,21554793F +05
C.13%00.176F-07

d 6166

L12/66"

J 9785

D256-10020-2

APPENDIX A (CONTINUED)

BE 1. a0 1.
0.213439683E-02
O. 14057049 +01
0.43387733E-11

PE 1. 0 2,
0.583803130L 07

-0.936801147 101

-0.30£975376=12

'€ ?; LU ¥4

0.21970385€-22
-0,56A3458E0E401
0.,11C15472E~11

P 2. 0 .
0.29258151E-02
~0.74500646F+n2
~D.37¢252RBE-12

HE 2. n 2.
0.30796926F-C2
~0.12%38758E302
0. 14691993E-11

g€ 3. [
0.736237C1E~C2
-0.233300436+02
D.B&A62TRS5E~]]

HE A 0o 4,
0.81502730k-02
-0.51509929Ft02
0.455541&4E-11

HR 1.
0.£73570076=03
Q.8955180954C1

~0,406646CTE=17

BR 2. 0 0.
o o0

0.
0.49440410E~10

ER 2. e 0.
0.10C512CBE-N3
0.,40E8HB421E+NL

-0,732562C2E-12

C 1. 0 0.
0.19182227E-02 ’
~0.AOGTO2CTE+OL
0.21134939F-11

c 1. 00 0.
~0.14695202E~-03
0.43128879E+01
N.874808276-13

c 1.
“0.172597R4E-04
D.42851296E+01
Q.15CR3377E~12

: [ E: 1
‘De112B642ZRE<03
0.423563925+01
-0.521509%528-13

€ . €L 1.
0.5067 7845603
033702015 0}
0.614097326«]2

L I. CL 2.
0.53449743E-02
0.963282740 01

~03LEHRTISER-TL

H 1. F =1,
=0.12505204E-0%
0.200140200CF 0]
B.96643753F+05

H 2. 00 0.
-0.21849203~0%
0.24681022¢ +01
~0.BOLITLINF 405

Go . .00 &
=0. 929195 THE-N

Ne2TS2TROTE+
~0.87L74TQ9F + 04

[ 00 ©,

- =041248198T0-05

¢ 0.

E -1,

00 0,
=0, TRG9LGAZE~DT

N ABLLUC2LE +O]
=0.14703959%+N8

ag o. a0 G.
~0.131062273F-05

0.17102T39F101

~0.905L2346F ¢G5

ne 6. 0o o.
-0.31292729¢-05
0.20002692F401

—0.12H2686TE N6

Co N. 00 G.
~0.35162709F-05
=0.1381843BE +01
“C.192THIGOEDG

0 0. o 9.

“0.24505431E-16
0. 2465950605F+0L
Qe 12T13949E+0%

0 0. o 0.

Oa C

N.15501419E+02
~0.336L759TE 04

"0 0. 0 0.

-0.10383816E-07
0. 3B469500F+01
0.25846%85E+04

G Q. o 0.
=0.B40403A9E-0b6
“0.44778093F+00

=0.942606R8E+02 -

00 0.. 00 0.

0.743880B4E-CT
0.25328705E+01
0.B5250422E+05

00 0. - 00 U,

0.950426THE-0H
0.25953840E+01
0.21666L2BL1F+06

06 04

D.24525640€401
0. 69955875TE+0S

0 o. 0o,
-0.200128338~06
0-21953557F401
0.533250776+05

0 0. 4 0.
~0.23431285F=05
0.285H8%06F #01
0.27304526E4+0%

G

G

G060

0. 215902 70—~ v)

Qo 4T THEAE~D2

D.u83a] GBIF+N] .

Nn.oon
Qv 4TLHL 2408708
Q. la 71251601
0D L0UHEHL LTIV LD

300.090

0. 1749410709

Mo bShbbh 3=
Qe h4 IRTSRSLF 0]

M.3.080
0. 234L52168F-00
Na 134 309R82F-0F
0. 4 7H5 TDGF D)

3039.0G0
Q249712461 4F-04
Q.lua264a930r-n1
0.15201347L402

0. 006
0.9916256%E -09
0.2000L1720-01]
D.19607790F02

i00.000
0.669234571 =G
0.523I04HARF-N]
0.303M903E+07

- 380: 000

0.35C94374F-10

Ca2?8LL604F~03
N, 69293 THTE+D]

265.900
o. .
~0.46B04826E-0]
~0.h0333606E 07

160,000
G.226B%621E-11
Q.2b11184#10=-07
0.59696FBGF+01

. 3op.000
Qu lLSHETOTE~DD
DeB3091002E-N2
0.168-0791E+01

~ 300.000
“0-794A1079E-11
~0. 1588784 LE-CS

0.46062 3T4F+01

»300.000
~2.221HAS1AE-11
=, 4D EBOAGSF-0]

0. 489572%9RE+0]

. 300.000
Q. 197 THAL4E-10
0.53153086E-04

0.398114657E+01

) 300,100
0,3B6R0792E~-10

‘0. ZB0TL31BE=02.

0.H0220197E+01
300,000

0.4 LH0GLITE~09

0.13957934F=01
0.12010151F+02

5C00.000
~0alalla? e -1
0.594445€61F-05

570,000
=M. 7545049 14E=-113
=N 16A99D 6L 014

5000000

=M 12LHYYFRF =13
RO L UL LY R 1Y

5007.000,
SRL 16550 LOE=13
=0, LHALHT&0F -C4

030,000

0. 1749A3913E-13 .

=N 143772536046

~ade. a0
=0.4136015RE-13
N.57511847F-06

5000 .000
“0, 470059 F3E-13
—5.40893018F-04

5000.000
=0. 174591 S4E~ |4
~N. 718495 24E 05

1900.500
e - -
N.11978Y E6E-03

5000.000
-0.107367 14E- 15
-0.40034 | 47E~C5

500G.000
=0, 116726 M0E-13
-0.397TR5T1E-06

5000.C00
n, 589009 17E~16
N.306B20€26-06

EDdG.BDﬁ
D.1862F892E-15
T HRAPILAUE DR

- 4000000

“N.11105555E-14
=0, 13301154¢ -C6

5000.200
=0.25h4L1 13k -14

=04 16063B45E-05 -

5000.000
“0, 26765255013

=0, P00 3d858F =08

ou e - et N e B e I B e Fogery T I g Ll i e i R e o W B N - e N o P Fowd N £ e D e

o N -



ORIGINAg, PAGRE oy

D256-10020-2 OF Poog QUALITY

e B

[

~N.203194T4F-04

APPENDIX_A (CONTINUED)

A-T0

YA L la LL oy, ¢t 0. o 0. i LG T T S AnN0LeNG - 1

O.ATAL5473E+QL - 0.135146110F-~02 =~ SN25945 3F =8 s PR B U RY AT ] DT 09F~ 14 Ki
C.hn344151E+04 =0.15%2292R4k 02 0. 171541457 +01 Ny 19G6 L FelgEan] PR TIR Y ey, P )
B.137864564E-07 “0.74638934E~-1) 0. 71920020F 104 LPETIEERTT, YL 4

CLlLg J12/68 £ 1. tL4. a o, o 0, 4 WNa.nGe W0, 000 1
Gel1401304802 0154802 13k~ =0.414M5280 -04 O 127 P 8377 -0 T ELIC UL T A 7

=L LHIMTHS2F NG =0.MCH36 73R 02 NLa2bLT500F ] 0. ish0 05 1k-01 B 40925501 ~04 5

N 25501 564F -07 - -0.98756489F-1] =0.138100L5F+05 . Danfhltannreng #

CF J &210 [ S l. 0 0. 0 0. G ian, ngn SO0 . 000 t
Cu JHBAIATIE D] 0.41143471E-03 =0. 3046 I855F=064 OutfthddAbar- |0 R PER ALY LT T Y TN P

Lol 6aTn125Cens Ha41EL3068E+0] 0.34659141F+0) =N BRT INANSF-0] Do BB TAGF -05 }

“Ca basnyvﬂeF-oa 0.229AB24R8=]1 0.20655598F+0h AR 9 AR FOY i : 4

CF2 J 4770 L 1. F 2. a9 q, n n. G 331060 300,000 t
Cu92267142F 00 0.20A376P0E-92 “0. 003 F2T8F =05 0. 51254 4405 wan S LSV L 1sE-13 2
0.2175584 7 +05 =0,192406 70 +01 G.2TaBUH2LE+0] N F2372062E-02 RN CARERTF I 1
~ReaWS1I21TIE-04 - 0.26448011E-11 =0.230149788F+05 N.11E265336+07 o : e

CF2 4 6/49 C 1. F 3. 0.0, n 0. 300.000 400,007 l
0. 7’01?6£PE+DL 0 L6 39158-02 =0.13144181F=-05 Q. P40 IN2SE =G RUPS EELTY FETEY§ S
=0.5121R61LE+0S =0 109504 73F +Q2 0.20450168E+01- fta 16424 158601 =016 W8 401 g - 3
“0.493179976=08 0.2307A0I0E-1 1 =N.578119T6F Qs 0215691 5308 +02 “

CF4 J 4749 C i F 4, 0 N 00 0. 6 309.060 AOD0LCH0 3
: 0.91664298F+01L 0.419Ta8%964LE~-02 =0, L1797 14R4E =05 0. 361320421 -00 =N.23934115F-13 2
“0.11571354F+08 ~0.232929418+02 Dollasalntesal Q2TLTITIBAE-N] ~0e2 3410 =04 §
C.55704586E-0y D.1286185%88-11 ~0s LL3680%2E 08 G 17820 65AE4+02 L

CH J2ret 1. H 1. 0 0. 0 0. G 0,000 5000. 600 L
C.22673116FF01 0.22C430C0E-02 ~0s62250191F -84 0 ASLRINGBE-1Q =0. 2127143526 ~ 14 2
0.TUA3ANITELQS 0.A7FATIS2E+0L G.3%632752E+01 —0, 2663 3T20-0) =060 294 L4F =g 3
C,18226%9225-08 “0.BETSRIILE~LD 0.706055C4E 0 0.17629023E+01 4

Chz J 6769 C 1. H 2. 0 o, a o, G 3. 000 S00G,GNo 1
025859248 3F+01 0.454949256-02 -0 16974415F-0% 0e29273014E-09 =N 419118%20F-13 ?

N.6%31555 128 +0y C.572554608E+0] G 272770668401 . LREFRYERTS LY A, ELAS%I41E-05 3.

=0, 25591 07AFE~08 0.10457258E-11 N 451644450 +05 N 920094627F +(1) [

Ch2C Jo 3761 6 1. H 2, 0 1. 0 u. G 3un.0ag 600,100 l
0.24365249E+0} | D.EQE057THE-G2 ~0.2458826467E-0% Q.6 {071 25RE~04 =N 12LLH&GTAF-13 2

=0, L3236031F+0Yy 0.78531149F +01 0.379637838+01 ~0.25701 ta5E-02 DL LASANALSE=04 H

L LTAENLTIRE-07 0. =5‘04ﬁ51F—11 ~0.15084947F+05 n.arsautaaﬁ&cl 4

£r3 J bray €4, M 3. g 9. 0 ¢. G un, con 000,000 1
0.(*630327[#0[ 0.A0865008F~02 =0.217403308-05 e V62425 [at—~Dn =N.2272% 330813 é

T EAATALIE405 0.55098 I51F+Q1 N 346860350E501 0. $H30LR5KE=-N] . 161164525 -05 3
-C.1aR597214E~08 0.6A7011R2R-12 D.14313104E+08 T.361T2192F 0] 4

CHa ) J 3781 € L.  H 4. 00 0. au 0. G 3oo.oce G000, 000, 1
. 0.1%0210728+01 a. lGalaTaag-c} ~N,39181522E-0Y n.a777raqu—aq B PETEL S TS Y 2
~C.ITETATAF +Q4 G.10707143F+N2 0.14261932E+01 =0, WTILGSE1F 07 0. 24555 400F «04 3
-0.22732926F=017 N.AT+2A0STE=11 =0.10144950F +05 0. %6670073F +nd ) 5

Ch J 6789 c 1. N1, 0 0. 0 0. G 300.000 S000.506 L
0.3/035285F+01 0.230644\00F-03 N.1N029913E-0n =G.1631d1886E-10 0. V820K 27615 2
C.51199837F +0% 0.31545490%6 0L 037386107k 401 ~0. 19231224k -07 0, 41051 FIk =G5 3
=0.311L3000F-0k . N&LETSILOF-12 0.51270027F+Q5 0. 36490218601 . : [

Che J A7&Y [ N- Y. E-l.: 0 o, G 300.090 SCON. OGO 1
0.349279195+01 0.3142751E-03 =N, 20853348E-0¢ 0.29071604E-10 =0, 1 TNA%0G4F - 14 2
C.2U4A0620 IF 108 0.43514T1OF+0L 0.3617S0LBF+OL | =0,201 U550F-02- T THIGIUS5E -5 . 3
.-n.t:iaﬂklaF-oa C 0y ZeTIRG TIE~T L (0. 2L504159C 08 | 0L HIASTINZTEHO) . - 4

Ch- ) a/éq c 1. N1, E 1. g 0, G - 6n.ong 500G.,000 3
£.29571 {25E+01 0.145884278-02 . =0.5757954 TE-Nd D.10L7277u9E-09 L =0 AINIASCIE~ 14 2
CeTLLO2TROE +O4 0.A3743952E+N1 0.37034310F+01 ~ “Na14NTh625E=02 0.314A44 7C1F-05 3

-0. 1hn3130%F -08 . D.ﬁRIZIﬁﬁ3E—[B a, 598542685*1ﬁ S a?7°23435+0t I : L4

" Ch2 ) : J élb& RN T TS L - ﬂO Ve 00 0. G - 350 noo 5000.000 t
) ,.4d?uqn77F+01 0.24750014E-02 -0, n«athoqe-na QulbYS4HTHGE =G =3 iDANT] 2UE~ 13 2
0.646R5060F +0% =0, 48485019 +00 0.3507 71179801 - 04 72023958r <02 ~0. T9G7H509F 05 3
0.42979217F~08 =0.942579315E-2 D hBI942R1F 05 0.60234966F 0] 4
ce o J /65 [P O ls o00. o000, "G " i0. 000 C SN noo . -
< RL2uned898Er0L - Q. VAMGLIA0E-C2 ' =, 5/3%494R0[~08 - .1036«%!7%-00 SLESINENE - g ?
=0.16245228F+05 0.63419156E+031 0.37100928F+0) . =M. lela0vanl -0z B389 0345945 -5 3
N.23093164E~17 . ~0. 14356 310E+05. 0.2955936EF +001 ‘ 4




coelL 12785
C.54791236F+0]
‘0.?!304P07E‘04

0.2966 TYRZE~04

J &f4al
0.7731H082F+01
~N. 2N INN6A0 05
Gal286R184E-07

cecLa

CCF . o
0.44408214F+01
~0.2235T9R4LE+0S
~0.231260690~0H -
COF2 J12s69
T 0a8%5403ESEQE
=0. 79321 725F 464
G+20091842F-08

1 361
0.52397CCHE101
~0; LU4HDA455E 405 -
C.8G707TI6F-04

ces

ez . J 97465
G.hh6DADGIF4OL
“0.409614462F408%
0.2CR21661F-0h
cre- J12/66
0. 4545606600401
=0.5%4TALARE N5
~C.99554755¢-08

S T J 6262
0.3743481128+01L
C.54757175¢+05

CCLAEIRHGIHF (G

s d12r62

o R 3nT4253AE01
C.24452213E+06
~C.5h 253K F-08

NIYI
0.5906T7196+01
L, 120638506404
C.529A7662F-DH

cs2

ez 12769
0.404333598+01
£.5570%4865405
0.87321100€-CY

JL2/t69
0.36726257E+01
L. 52 IA953E+GE

~0.SHIZO0H27E-00

E Jl2red
0.B172BS47E+01
0.22510190F+05
0. 11610348F-G7

cacLz

c2F2 - d12767
L CuTBIA65A1F+0L
-0, 16107655F4 03
0.360429A5E-0K

J 6r84
0, L1OHOAGHE10Z
C-DJBIZOZBRAEANG
NLE2PREALSESDR

C2F4

- 4 3AT
G.46207650F 1G]
MaG4AIRGANE ¥ DY

S Re&HITAGZUL 0B

C2H

J12465

APPENDIX A (CONTINUED)

[ I 0
0.16121925E-02
NJIALTLH AL 4G

~i.11r93a093k-12

L 1. n
D26 QPR IE-u2
=N TLI210 el eiiz
=027 GBCHE=] ]

B S DU
B ZZUIPIRAE=22
G.3765200 75 +00C
Q136163535 11

€ 1. .0
B.36729542E-02
=012 01101
0.1i0900¢F1E=-1]

L L. n
0.241004B4E=-02
=0.,30%105  Fert
~0:183276%A0-11

€ 1. n
0.3066817190~-02
-0.90L3%9APE 00
0.£3274039L-15

¢ 1. 0
0.26C5431AF-C2
Q.182173¢89T+ 01
0,368456719E~11

£ 1. P
0.E36114R6E~03
0.623NSHE%F+0]
0.6 5E551E-11

C. l. S

 0.H9CBAZ THE-G3

D256-10020-2

1.

L.

2.

1o

0. 381760028 +0L

0.2039244BE~11

1. 5
0.163944368=-02
~0L.A359R22DE+0OL
~0.83C22&80E-12

S 2. 0.
0420571654E-03
D.12175150€401

-0.24429752F~11

C 2. E
0.41578040E-03
0.22470173E+01
G.16604296E-11

S R 2 cL
0.23659892E-02
=0, 145L6T44F +02
~0.2B8H174T78E-11

..t 2. F
0.31ehbaE2E-02
~0.15C81225E+02
0.1911R951E=-12

€ 2. F
0.82700429(~02

0.

2.

2

b

=0 29FAGHIEL +02

‘0.621492464F=12

C 7. H
0,.221193C3t =02
-0.115A80493L +01

0 1 TE62T3E~11

B 1.

G D

Cl 1. ‘GO D,
~0.hb6C0LZACE =n
LR AT HUEET |

C=0.u0122217E si0h

cL 2, cu 0.
0. 10111 a3E-9>
G sl ibuldut iy
-0 PR sdaliah e (o

oo n.

=025 1258F ~ua
O A2DLUT2 IR0 ]
“0.21BLICG3[ 4i}s

E 20 0 .
-0.1%54702) 1E-C5
N L707 40476 401
=0, 78009422404

5 1. a0 0.

=N, 96064422F 08
N.26629321F+Q1
~0.17TA04IBTESDY

N0 0. og G.
~0.1239,571F=-0%
Dy 2HCLITINTIF+QL

- -BLARITIR2EL P0G

£ 1. oQ n.
=0, 10928732 F~Jh
0.3475373170+01

~U. 542490451 +0h

co 04 a0 o.

~0. 34156216 ~C0
0. 32385B5TE+R]
0.55196565E+05

o¢ 0y 00 0.

=0 3660u044E=Ly

N.3309303uC+G1
0.26658906L+0%

0 0. G 0.
-0. 6B 3L4B4HE-08
0.3214923HE4+DL
0. 127450 T4E +05

0. 00 O
0.1090/575E-06
0. 7451d140F¢01

© 0, 9891 E9849F 405

o 0. 0 0.

G.11604211E<07
0.37342910F101
0922814271 +05

=0.896552505F-06
Q.h02294H2F r0 1
- 0e23227402EF+15

0.0, .0 .0.

C=0.133113A5F-05

0. 35345837F+0]
0.921335627 +03

0 0. o o,
~0.22354400£-05

0, 361661030401
-0.012772626405

a0 0. oo o,

V“ﬂ,“ﬂ??ﬁﬁﬁﬁ[*ﬂb

N 264996001 0]

A-T1

CQ 04

i

o

0

10

(4]

G

G

G

COLSAZTHTIILA05 - ¢

o, aon
Al t3T11Gr -y
Ja ikl hOL =
CPans e L 30A a0

w000
Coin3n2iar - ng
Folnttuyjui-ny
Coll %% 20y

3G0.000
el M2OL NU
ey AT IINL -0
CalOCGInTHE D2

100,000

D 9085 14907

N lafilinTl2i~01
Qu lLA THOGTE 4002

300,060
G.ITTIHIETE=O0
0. LL9ss9u2t D]
0. 107 NSHF 40

300.000
0.22741 375t -09
fuHTASOUSTE-1.2
096951 457F +01

300.000

V204404215 -09 -

Da 1T 30041 -N2
0. 38343249002}

LT
N.E3TTSHA3E 1O
Nau175436TE-01
Q.727012797 ¢ 1)

360,000
0.hETTRITOE=LE
0281844301 ~04
0,.62T42TOTE+01

300.006
0.12636890E-09
LN lonasBaEE~G]
0. Tul85765E+01

/300.000
~0.36427TAT6L~10
~0. 10144 GHEE =]
-0, ISk466TEF D2

nn.000
0.217556B0E=) ]
=0,23034049F-02
N 2THE0423EIL

- 300,000
0.17736148F-09

N, L4BARELTE-O] -

0.59684170E+00

300,000
0. 24960049F0%
D lahanBL5F-01
0.%4063023E+01

innR.oco
N.42166046E-00

D 2GHHHBLEF-G1

0115 LOpOLOEI N

300,000
0.7%195775f-10
N.He49195]1 55 -0
0. 16896098401

85040000 .
=N HZAGEG( L -t 4
“HLR0T2u81 s 4

5200, 009 .
=0, 131393081 14
w0, 2RG200401 i

5000, 000
=0, 11995343 - 13
=0, 1424 LLF -0%

5000, 000
~0.202205461 ~ 11
“Qa LZWOINCTF =04

500C.N0C
=0.1223570401-11
~0. 137842 /OF -C4

5000, COU
=0, 15625054k =113
~0. hAITON THE G4

5000.000
=D 14 RGS 42 -1
0, 735338C3E~-C5S

5000.C00°
=N 4094 6I0E ~ 14
0.35657 §19E-04

5000.800

- =l HTHIGUEDE - 14

N. 4431 16747 -05

5000, 000
-0, RO 1674 49E-14
-0, 110629T9E -04

5600.70¢
0,341278€5E-14

0. 854747 I56-05

50n3,000
~0. 1450824815
0. 68417013k -05

" 5000, 000 :
©20,12136203L 13

~0. 1G5 659F -N4

5000.000 :
=0.17342072¢-13
-0.171B5L52F -04

600,000
=0.294311148-17
~0.224132¢ 01 -04

5000.r00
~O AN 2T564F - (&

-0 081653 I5F ~0%

SN D e S e D teer Do ts e B oam o @ e e P T

P —

B

e P

A




_ 2781
GoaunnaunEre0l
0. LMTHUNTE+GY
L+ 1a920%uF N7

C2HF

L FTY) 1
f.650510835 401
8.29607428F 40
A.1499087 2801

361

(L2b4 J 97465
€. 345521525 +01
D44 1TIL195 404
T 1a253KI9E-07T

(WL ]
D.460731308E101L
C.E0AIRIT2E+0Y
L« 1T650559E-00

J 3761
C.6596B93SE+AL
C.36BA3T26F +05
C.12012779E-017

ang

cac )

0. 4H9903[3Ff01
C.32800545F¢05
0. 170373470%-08

Jr2/69
0 3681534 1E+01
L6l IN5S5Fr05
”G.!“ﬁlﬂqaqE“NT

3

€302 1 6788
D.81635464E+01
T2.14219013E+C5
NLLETSOLI2E~0T -
ce ° .
C.a5402101Er0L
€. 11430434F 405
0. luHZ?ﬁZbE-O?
cs : J12765
0.42067016E+QL

0. l1eh3AaTE 04
0.19056934E-07

cL 13781
£.205953152 v01
0.13657143F+05
N.2200R5E4F-0Y

CL+ J 6/6%
€.312926055+01
0.16561H545 +C6
0.65290309€-08

cL- J &4res
€.230000008+01
~(s27HTH553F £05

0.
CLCA J 6768
C.54920021F+01
0.14T47151E+05
C.5081962F=08 ¢

J 9/&5
T.41550345E+01
=N.74382174F+0%
c. ElﬁS&&hBF-ﬂ&

CLF

CLRI - - D | ufas
0.A453596 7£+Q1
~0.2207506BF 04

C N.?2559591E-07

J et

J dlas.

J12/76%

O A LFGTRLOE=0]

'D256-10020-2

APPENDIX A (CONTINUED)

€ 2. m
0.394324720F 02

“0.HIM5L 15T Q1
=N, 37281929F-11

L 2~ H
Quuleininng 02

L =035 7309407 +3]

=0 4l 20500 0E-11

t 2. H
N.1189t05 3E~0L
0265871957 0]
0.6874912546C~11

. E. 2. N
D 15721539¢E-02
-0.H4 1322985 +01
0.59632 T60E-12

€ 2. N
0.382951 31E 02

| =04 10C014NLF +02

~0.33565712E-11

’ C 2. i}
D 284301P4E-02
-0.912822P0F+00
~N.141080712E=-13

St 3.0
0.24165736E-02
CuiHITINC2F G
N I9ETER P~

c 1. )]
0.4%4795018e-02

~0415456760E+N2

~0.26%A9415E~11

=6 4. 0O
0.4G5A52348=02
‘Q.11F20311E+02
0.2173992038-11

¢ 5. 0
0. 56E949NRAE-02
0.7024A1CHE02

—0.40,89G1AE-11

L 1. e

0.3035, | 596+

33750 THUE-12

cL 1. E
-3.64878626E-03
G.2649ARHAGE+0]
“0.143L3368E-11

C. 1. F

0. .

0.4LET2HERELOL
i ¢

0.20587246E-02
=0.374361F1L+0L

-0.259252£0%-11

.U L. F
04+463195948%E-03
0:2270 JHTIE+QL
~0.241A7423E~12

Tl . E

O.11122163E-C2

=N THCOA T v 2
“N.53¢hLl9TRE-LL

l. LI PO T
SO TLLA R -0y
GelhbulITEL 0
Dol bhn 1223k 000

2. 090 0. 00t
RIS LR LI
N belus thit vt}
Gredh a2l b)S

00 0. L1 A
SR AS1T50E-0Y

N, l425na210e 2L

0.53Y70159E+04

l. 000. coo.
=0, 412551615 -Cé
0. 126 10394E 10

0.h55B905FL+05 -

nu 2.0 00 9.
=L l95loLblF-08
0.3015 1782801
N0.3%514550E405

2.

l. 2o 0. 00 0,
=0, 1N2C3669E-04
N.35365A10E+01
9.33151572F+05

0 0...0 0.

-0, 8434411 26-98
0.57408466E+01
0.9TL579245+05

9 J. 0 o.
-N.22192662E-05
L3NG I005E+01
=0. 13NYF402F+05

LI 0 GC.
=N, L TCGU4TLE-05
C.lH4632021E+01

0.

G

o

[-+]

cy

Cy115502T68+06

0. 9 0. a o.
=0.22094876E-Q5
D.111L2446E+0L

0.11637970E+406

oo 9. oo 0.

N. 59809 73IE-04
. 200H43L0E+Q]
0. 13R3633LF+05

0G 0, 00 0.

0.754143F5F-04
C.19783295E+0L
£.165625905 104

-1,

la g o
Q.
0. 25000000E ¥JL

a0 g.

=N, 28874556005

.- H 1... gb D,

-0, IT415914E-06
0. 313190854 101
0. 152375396405

L. o0 0. 20 J.
-0, LAL53995E-6
C Oe2BaygdTLL+OL
-0 112170&6r+uq

40 0.
-0.5NHIE1ABE<04
0L, PBY4LINELOL
-0, 2079H540E+05

00 Oa-'

Qo

i

FIPTI 1)
e tag thnh s 0}
[AFE AN S A |
Dol 330073 01

on.oua
L AL TIOBSE -0
UMD LY P T T
C.l1323027E 02

wa.mo
QL MHLRSANSL--0Y
Je L1343 tanc=n)
Q. 14021 AHF D)

n0.000
C.LISTRTOTF-0Y
C.2110TE-D?
O.A%A42 104E+01

W0.000
G.28161546E-09
Lo lat 1LOBBE-DL
be 423843538401

3C0.000
TelalllinSE=-09
N.AIS4EBT2E-02

C.6GLToAT0F+HOL

160.000

Uu L4 4GHLIBE-NG

=No:la 2l 2ARE=NL

2fly

300.90G
0.40774627E-09
G I9B72164E-G1

G.592FME12E+A] -

360.0060
0.31614228F=09
G.19363432F=0]
0. 120C4HIRE +N2

3C0.000
G.42073355£-09
G.295134218~-0L
e 19360193E+02

300.000
-3, 28102 TLTE=10
028675912012
1.726550375+01

300,000
-0. 3460744210
0.471071709k-02
N 179 TH420E+01

1q0.onn
o.

fﬂ hlﬁ?Zﬂ?lk*ﬂl
300.000

Q.L3823082E-n9
LR UE L FLT LIRS BY

'U bdl?B?Sﬂliﬂl

. ago
0. 306593160 E-10
Do fTI0OLLE-1 2

2IBITATARE+N]

(zlﬁqzil?
F p
Oop Qaﬁﬁﬁ

H.lhhh|n'll—=]
L P EAPSCL YR A3

SA0GLE00
LU L TR TR
~0e P6HNT 5 CE G

R UL R GRS T

b

SLOLLGCO
A rAD] 360014
0L A3PHATIIE-0S

%009, 100
CeCL LH A INAIE =13
<0 11404 50E - 04

EYLLER
SRa556 29 16E - 16
-0, HA0TLE 16E =05

5000.0C0 .- .
-1, 15607 1C0E~ 14
D BRPOLSHF -

SCQU L
0,210 399 248~ 13
~ls SIS TELF 04

5000.000
w0, 2E 161 64F <17
=0, 004215 2L 04

9006G.600
“D2HNTLE-12
~0. 331504342 =04

5000 .00
N lBRTIAZEF ~ 18
Q. BE905Y 26F 05

S000.000
0.209411L3I5E=14
“NLHATAZUGTE-0S

50013.000 .
B -
PO

SO0 QUG

~-0.,923108 84514

=0

5000,000
= ALTILLIE - L8
=02 RTTHGRF «05

O.dfhiqllelﬂl

300 000
[PUFLTS LY LT T
Q.28 113%500--01
Q. Ll 3aHR3&E G

Y007, 000

= G T 1Bl h
B IS UR T A

«13/00850F =04

ERh e Patue Pehm Pufe S aNm Pahe fefus Fater Rt PFutie Doan e

&

Y




ORIGINAL PAGE I .
OF POOR QUALITH

D256-10020-2
~
3 o .. APPENDIX A (CONTINUED)
‘fLe J a/6l L l. 0 o 0, o0 0. Ju0, e LMt
0.409126197401) B.5CCOL20Y~03 “0e 1RTIHZNGE- Qb N V50BTI ] =da QA e - b
0. LONGAR2IT ¢l]Y WCLTIRZRIC] D201 T9364F 101 Noa&fisl 353 1) MU PR R AR E R )
G.lh@EOU%ZI—Ou S T0.144R8242117 n.lllTIBQTFtuﬁ Dy LUtRa U2 Ry 4002
cLez ' 13761 tLote 0 00 8, nf o, ipo.0R0 5001000
0.57P4975RF401 Batatagdnt -n2 -D,SUQE&]SIFwﬂb 1. 11384750 - 19 N 19706 T ILE - 14
N. 126082641105 “D.PSuIN BTN} Qy2ABTd1L6EYOL n,-»zmgaoafn fi2 e TOAZRGHOLE -0
0.63453%7h1-CY G.hBENLHL -1 2 Ny 1136TITTE+QRS N, 1200687137 +0p
cLe Coaues cL 7. - OG- N0 N. 8L I. 300,090 5N oL

C.43077014110¢
0.1 14982511 104
BohalBobtlb-0b

LLa2c J12765
Co&43400A21 411
D.8aH635GIOF 04
0, 112643R3F-07

Jd o Ef5E

cs181
C.
. 0. .
0,49541402F 07
Csit J 6/68
0.33143040E+01

~f, PN109A2AE 103
=0 haINAIAGT-0Y,

ty T X ares

NJLHTI0LGLELOL
O BBRL4554F+04
Q44?83910R-11

C5¢ ) S J 6268

0 25000DO0F+P1
De53653730F+05
Q.

C5CLiS)
TR
o,

=0 Qﬂ’fl&ﬂﬂr ay

CSCLLS)
C.

J Grh8

A . ) .
n,3q307311F208;-"

CSCLIL) . O A 7 4.3
S L9109 TAS AN V)
N.55M131161ENS

cscL C 0. sfee
Cu4nTIBLTSFCL
-0.30235BCAEHDS
C.,la83baTaE-08
CgSFisE, d BFAE
c. .

:
-G.63084871LE-09

CSFIL)

S 0LBI0TIALVEFOL
<. 690KRBLTLHOY
O

CSF ) G/6H
0.443733C9+01
L m0.8622TANGE DN
T 0.321796947-08 - 7

CsC Hdldshn
G aubaN?N2is 0l
Cuh 1950041 104

J a/af

Jbles

G:3)1H2N16F-03
0.205L600L08 101
-0, 10421 854E=11

£L 2. 1]
062 12RHCAE-02

0L HEYRIHTLTEAOL

~QLPHENGE52F-1L

£5 1. @
0.

B O
“0,24631942F-09

cS 1. 4]
0.P2z61348E-04
S0.THISG2L AT+

Bo19734AEGF-10

LS . 0
0.15LHhAGTLE-N2
0. leF3veiLFe02

~0.TURIDNGAF-14

£s 14 -
b
0.616949235+01
0.

151 l.
Be - -
0.

-C% 1. CL

S 0.
-0.234573418-11

LS % cL

Q.
“0.4QFLCLI3E 02
Q.

€s 1. cL

0.10459 45F=03 .

0.52041MA5E+Q1

~0.39164546E-12

LSy . F o
0. )
0. . i
DL 18£92339E~12 -

CS L. F
Q. .
—D-39§IZFI4E+DZ

g.

€S 1. " F
0.12711L9060E-03

D 36£03975C40Y
-0 RS THEOLTE-12

€5 1. D
Dol15633328-74
0. 5%2013dn4E 101

Ewl.

c 1,

0.3850548-12

=0, 143138070 -G
0. 41310h86E401
-ﬂ-lﬂﬂ??bQﬁPiQA

0o o, 00 Ja
=0, d5RIIP292T G

0.37545238E 400 -

N F1H8T423E 400

‘e 0y A 0.

N

0.318277428+01 |

~0.HH2OUBTTF+03

4 0, o 0,
~0. 456k ) B2LF-0L
fe 4THOLAIDF 401

-0y LOL5ENY2E 404

‘5 o, o o,

B LOAJL222F-U5

€. 24194 bLE 0L
473 029F +05
i

_0 _gv

B:ZWOUOOQDF*OL
0. 53653 TIGECS

o 0.
[t

ol ssabaanoc+ol'

~i.55020535E+0%

0 0.
.

a a.

. NGH1GLOTITE+QL .
~0.5%5B04 3 E+05 -

o o,
8. -
0.93097452E+0]

~0.55031 1616405

0 0. G O

-0.39989914E~08

D.41223030E+0!
-0, 10[17937E+05

o o, o q;
a, . |
o,5a4u99935+n1

-0,58485102E+05

0 0. 0 0.
Q. - :
Gqﬂﬂﬁ?lbl?ﬁiﬂl

—O-bao&hﬂlTErﬂﬁ -

n o0, QO
~C.20R4 7650807

| DeITHRYBTIAERSOL. -
TS0 44NY0EAFHAY o -

f. 6. .0 G
?O.QQQbVlﬂTIWCH
039N 74197401

0 o,

a o. .

1] '.0"- .'

D.aa6 1L in
A GUINRTTE =0
0, I7TH33424Fi01

190,000

8yn1T63940~ 10
0. 121995508 =01
CelGLoH058E+07

300,000
0.

=0, 4 TOBIOSE-CZ
=0. 79956 9H0E+0]

 301.5%0
-0, 5936053 7E-11
=0, 471 3505E-02

. —0.1##60?27‘*"?

380 nog
0, 30SHITIHE-049
Q0. 10IE2TH2E-0%
D.OBG2TTOTED]

.. 300.000
6l

0. )
Da6] £95925E+0L

300 000
i1 PR

G-PBHOSBSG& 0?
~B. 201642607402

T43.000
0«

 ~0.176235688-02 .
=0, 13941 30LE+02.

. 918.000
N
.

-."0 40u101335+oz...

'300.000
0. 205641995612
0.13759553E=02
0.66253273E+401

) 3nn.oob'
‘0.

B,laTllBGEr 0z
0. 221499596412

974,000
Q-

O .
~Oa 3?4127?45*02

1QO.QDB
Re29413357+~11

0. IUI0ISLEL L2 . ..
o, 7LB170988 2017

300..000

T3 IhEIRE =Y

0.2121M2b11 =110

“Qus3unt e -la

= bl 144 F=-0h

500C .00

LI LT T U A T
=, 1 124 G0E -C4

301, 5490
0.

D, LHRGTS TRE-06

1500,000

O.59%ATEG22E-1D -

N, REHBALLEYF -05

$000.0C0 . *
-ﬂ-quf?f;’]?i"l'i
«0, 34771171 F -0R

. 500%,000

O.
0.

7«3 000
“D 835703‘0F Ob

916905
0,

. -n.z;suuﬁlaE-Oﬁ_

5900 GBD

N P

De

Suun oo
0,221B4640E~16

~0. 205867138 =05,

" 97h, 000
e

0.66242 3E2E-06

500,600

0.

L)

5060, 000

=D 161747450 =15
=0, 45REYSEAE - 0%

5000000
A YR SN LT Y
bty Pl I PP L B I

o - B N = £ B = Do o £ N L I e N R N R

T

e B - 2w N —

B VI .

P ow o

4

G.22TA6PUBE-D¢ - -0.BT2L9TTR-12 . O,6ZBYHTLOE:0G - My 1512359381601

A-13



ORIGINAL PAGE IS

D256-10020-2 OF POOR QUALITY

APPENDIX A (CONTINUED)

cs2 J 47468 LS 2. .0 0. 6 0, 0 u. o 300,000 w0, 0 3
Guathl1ATOEOL Q. 1004 RF -0 10101308 -08 ’ Hahas I IaSE~10 AL TN AF - 18 h \
Bl 3aTROGT+05 0. TL/RGHC LT 0] G. 451 1easanal #01 DLLIvIZTOSL 0 DAV hE =08 3 ;
LA L6ST0LTE-QY Dol 4IRS |5F 12 A A Lagn NGk 105 DLH3IH26693F 0] 3 ‘
Cs2cL? TS 1] LS 2. [ 3 - 0 0. o aq, i W00 WaflS,rnn l
Co9%624375T+0L C0LA2ASDINE 00 0. 2835109 7E-Ut D091 214820-11 0, 148496172 - Y 4
RUSERRLLELE S R PR TR B PR § Y P LML ANS 26h 0+ SN0 ARD -1}, “Hl, h far) GE 0% 5
Ve 3N PN =08 T HALOTIRZE-]2 ~RaN2A22HBL FY 049 3151 3 et “
Cs2F2 - - J Hlay 5 2. & 7. 0 0. 0 Y. 4 00030 RN, OO 1
C.auiIIT25E vg1 0.12675820F-01 “N, %N 30525 3F-1 ¢ Do tllT62F~11 A1y nte s 207 - 15 2
: _-G-ll'l')‘-n"ﬂ-mﬁ =N LhChTINOFQ2 1y 44295611 )] ISLP § 0 S LR =0, LN ETF <0G }
- ‘!l”!ﬂ‘it-F uu 0,230 139181 —0 109 tubhs ks e f2HLEMAENR] . L
CSZC .nuas £s 2. -0 1. n 0. 0 4. 5 A30,.000 ange 00 -1
Ce6MITIHBTEQL 0,.101A5050F=-03 =0.38062042E=-07 Nuobabhda3E-11 SUPELY LT VAT L] F
-O;I HMAYAYF QY =011 TICHC2E+Q L 0.%74%530 39F v L N 441160 T13%=0p =L M2 3R =05 )
5’019!\'!575-08 -0. 1490894k =1 1 =-0. la%buetrr +y VH2YHMILIEFOL ] ’ 4
B S Lu2ieT B S N 0.1, ) o. n 0o 6 3w0.000 5006 . 300 i
C.2%00N0CGE+O] 0. N. Qe [ 1% 2
~0.7645317496E+03 ~0.117380268 602 0,25006000F+01L N : 2. 3
0. 0. =0 7453 45005 +0 3 =0 1114402KE+02 o
| -d 9285 1 Fo L. 0G-0. .. 0 0. a0 G. G 00,000 400G . 000 -1
C 2!00"»353“0‘11 =0.228 V182803 0.,9794 L 3BSF=-NT =0.i012303AF=14 doLIIERLEAE-14 /
G, AT1636LTF+04 Q. MLEILAZEFNL C.2H128140F+0G) =0 3623098 E-DY =0 1244231120 =05 ]
0JLA¥YIIGHE-0Y 0665870 33F~-12 DLHEHUA019E +04 Q. J0UHG IVEF+CL iy
F= J htbE5 F L1, E 1. Ho 0. G 0. 0 i00.000 4090, 100 1
: £.240000005101 0. 0. . 0. . P
- =Bu 3NG4 T52F+05 0.32%14B45E+01 n.25C0000GL 0L lie 0. 1
N - g. =0, 32044-152F+05% o, 3:.‘51‘-'!'46}7*01 “
FCN ) ar89 F.oLl. [ ML 0 Q. G 360.000 51000,:00 t
e ':H?RSETFral 0.24 1706348 -02 ~0.97642 ThGE~DH G LIB134e2F~-N0) -Q. 2114813 .
H.297TWNTALELN ~0.2A8%745%56+01 3250674 1F +01 . 83073146E=02 =0, bk kAR -08 ‘
Mot 125644504 0. HEB2H23F~-12 - N.30591LI9EF £04 T N.64209832E¢01 - -
FC 412266 Fol. 0 1. £o 0. M 0. G 3G:).000 G0R0, 000 3
Ca 37192 T7T4E+0] 0.70442345E-93 —0.20664204F-06 0.496175996-10 G AVBEG [LF= 14 2
0.1 LT 193EF0S 0.231559%LF+01 . 2968507 GF Q] 0. 26643393602 =, 411p30051 -0& 3
-U.llﬂ06225'~03 0.1G6142R3E~EL N.120873498+¢05 0.430803342E0) _ 4
‘fC2 - ‘J/eb TOF le 2. 00 0. ¢t 0. " G 100,060 - 500u.000 1
R 57040'315&01 0.13nh2anggE-02 -0.583%5374E=-0b D.10037216F-0 . 0. 753p7rli--15 2
G AGATALTRELQ] ~0,20HLDEGSEHD] G 3IRQS0TIE+NL D.HNLTESASE-02 - =B L AaNSE-05 4
C.lI5hP2%048-0Y 0.57157430E-13 0.12769464E+Q 3 N, 78225198F+01 4
E2 Jrazse0 F 2. 0: 0, ¢ 0 0 0. G-:' - 300,000 $000.000 1
0,409 THOBF+OL 0.5603480 15603 -0.21494672E-06 T 4GEYHBONE-LD L =D 2H2N54 23k =14 e
=0.13123534F+04 0.59523019E+0Q N.2844%099TE+N]L N.A0135072E-02 =0.3121656558-056 3
[ wnuvao; 09 G, IRES5237E~-12 -0. 999117615!—04 a,. 7[13[621’{«01 . A
F2r JL?J&Q F 2. 0 1. o} 0. Q 0. 7} 300 000 500a.000 1
CesDS18T7TLE+OL 0.11C284C2E~02 =N 4154193 7F Q4 . L Ra6A3L45E~10 . =D H3IRIQURE - 14 © 2
CCal9IB065E403 . -0.52152886E 00 0.26105219F¢01. . - 0.12231280E-01 g --0 139:.1:.irr-ur.-' )
Q. a-mnm.Lza LE ~0.548LTSE-12 - 0.1T3I4710&F" 04 - - 0107147196402 4
FELS) J 3/65 FE L. Q0 Q. 00 0. OO0 O. 8§ - - 300.000 L1R4.CON 1
0.43283341F402 -0.250947&9E~0Q1 =0.24056004E-0% O0.1L749263E-07 Q.4T1522 20E=11 ?
-QL.2IILNI0E HOY ~0.23775025E+03 N.32514004F+01 =0 12791 A4 TF-02. . D 3254 159F =04 .3
LVAHSBA13I2E=OT Q28187444810  -0.83324423E+03 °  =0.14209L30F+02 e ' S
FELS1 - : .2 365 - FE la 0g 0.. 00 0. oo 9. s LL84.000 L&665.000 1
: Co320093594F+GQ1: 0.75684421E-03 Q.. D Ne -2
: -G, 172106435403 “0.14410926E+02 0. [« 118 3
: a. . 8. ' . L . C 0. . . &
FELS) = 7 Cod e FE L. a0 g B0 0. 00 0. § . 1e&5.000 14073, 1009 I
: ’ C.340108312E+C1] Q.MSALIQGE=-QF . 0. 0. 1+ £
=C.5456 754 [E+03 =0, 16CT58C4E+02 e 0. e 3
a. - (' 0. 0. : 4
FELLY S0 34eh- T FE L. A0S 000040 00.0. - L T LHOY,000 SCRonoLqo 1
AR o 121.‘::!42!:'01 0.,2012%L196=-03 -~ N - ' Qs S : 0. e ¢
R TTTS E LT 0B -0..2510{4.'*0&-0-02 a. P B }
0. D4 ' : L

o

A-14

,.ﬂ,




‘FEC2H2IS)

FEZC3(5]

T FEICETS)

FE ' L J 3765

0.3443053074+01
0.491226R41 404%
0.909942570-0H

FECL J &/ey

Qa6 6536609F 0L
N+ 287130364 D5
041 707054F-08

FECL2(S) J 0285
G.
0. _ :
T B.131868£68-07
FECLZMLY J 6/&5
£.122H0276F+02
-0.41107HGSF ¢y
e
FECLZ 4 6/h5
CaTYHEWLTTFIOL

=0.202207%AF +0b
0.31321T14E-07

FECLILS)
C.
0.
0,5TTI0a84F-006

J BLES

FECLILLY YL
C. 161023748 +02
=0, 684355331 +05
6.

) 6765
C 9777106840
-0.334305700 + (4
0.11185368707

FECL3

FEC151 4 &/65
0.583164A9F 101

~Ca3a506902F FY

=0.27929729F=08

FECILI. J 6765
0.82027482E1C1
-0, 3304R6L5E105
0.

FEC BRI

- Da/2049031T7F+01
0.2dA2%170F 105
0.13701189E-08

, J B/ GG
0.74031808F 01

“0. 7199220 6F 40y

=0.42094525F=-0H

FEQ2H2 } J12/ 464
Q. BT60421F 0L
—0.427545620 105

0.4063%5112F-07

FEO3HIL{S) Jbs6a
DAQ22392RE 401
~0.E0321VV6F G0

G 2RERHTP <08

1 6185
Ge60497000 0y
0. L 13 THZET 10l
0.301504 70 = 04

Q.241337020040¢
0. L4121052F s 0
=G SHPTHEITI =0

I 9reh -

0 b

D256~10020-2

APPENDIX A (CONTINUED)

B Ot.
0140014075002
0.259¢H L40E+O]
~0.28P13060 4111

L 1. oL
0,11£040THLE =03
G411 0039 INEQL

=0.Ba&BRTTIL-L2

FE . €L
0,

. 0. . Co
-0.40G1 15 1HE-TY

FE 1. CL

0. :
~0.5319C51498 402
0.

FE 1. Gt
~0, 1043 TG LE=G3

=0 10752 1AL MY
=N AT GYIL~L]

PR L. (48
0.
0.
-0 49860600 =CY

tE 1. o
G.

=0 6T0LaHH1E 4152

0.

re t. 1
G.20021362E=-73
=0, 1606231 E07
=0.305224996F+11

FE 1. 0
T k42750 YWaL="2
0280506908 +Cy
0.12226713E-11

HE 1. 0
g.
~0.407T129E+02
0.

FE L. O
0,268386 52603
N.401726R6E+0]
0.71316Z1TF-13

FE 1. a
0.11%817427 -1
~0.346T326TE+02
0,23G471H4E~12

FE l. i}
D.45006400E~02

T-0.LTESASTIEE02

€0 Q.

2.

2

1.

i

L

1.

=0.13206872F~10 ~

FEOV. 0
0+164201356-01
~0.376360700+02

3.

0:226323208-11

FE 24 n

1.

0. 4A1¥1AR6E-01 -

CSEATEIURULEN
~0. 16 C205E-0%

Uoal5922208=14
-0 12rn6a 127 v

0L ETeRLCPL-NY

00 0.

. oo 0.

“d o

o¢ 0.
0.01291351L-06
N. 263504 5HE +01
0.491874008+0%

oo 0. QL 0.

-0, 208401 75k-07"

0. 3TEH5B26F+01
0.20920097F +24

ag 0.
Dl
DeTLIUTOSLIF G
=0, 43600855E+05

0o Q.

a0 Q. -
0.
0.12285276F+02
=0+ 4110 7855E+0)

a0 0.

GO 0, 00 0.
0.48393893F=07
0.38434440E+01
=0.196715449F+0%

Q0 0..
.
0.11806993F+02

=1 516004204 €05

g0 q.
Q0.

a¢ 0.

e D. oo 0.
=0, 103139941 -5

D.?56L14HT7AE+0L

~0.33013624F +0Y

ne o Be 0.
~0.93208143F-07
TeB3ILY56T0ELQ]

~He344071 658205 .

90 B.
A
0.
D. .

C600. 00 D4
~0.89426736k-0/

N.2f2h256F +01

0.29195038F 05 .

W 2. 0D 0.
~0.14957611E505
0.1pG9 1218 +02
“B.T22176DBF+05

H 2. an 9.

. —0.10B80UTT1E-OS

71649181 T2F +01

a0l B 1A50948EDY

o3,
=0, 12364370L=-00
0,451 L6B3BE+DL

~0.102 1 1A34T 04"

0 0. £ 0.
0.31B2640LE-DG
~0. 7703 THA3E 401

~0, 10006G0TatE+0b

~0s26331692E=-01
N.36I0G14TEN2
“, 15138 TINN 0

A-15

0. 161025T4E+82
V"D.4ﬂ63=533EF05

0o 0.

000, .

d'fﬂrﬁ.

G

L&)

P

300.0u0
=), 162904730y
Ne 18R 2024 -0
ULy WEY. P R LT

350.000
—e 1102644 0F~1)
Qat36THILL[-1)
0.13402095L+0}

$00.000

0.
0.1095101AL-11
~0.790720530+02

95,000
0.
0.

-0.53190515E+02

360,000

=0 L 06570E=-10.

Nadl 64 365F-01
N, 776T70LOF+C)

300,000
9.
. LHZBOGHIE-0}
“N.9EA3TRLUL P

577,000

e

N hTHLGHB1F ¢02

330,000
N, 192074265-10
DT 330249802
=0, 399HIBETF+{L

300.070°
~0.65991763E-11
N 2200459107

DL L36B6D34FD?

1630.000
0.
0.
[+ 1%

300.000
0.3LH559LLE-1D
04 %30492Q7F-02

Q. 113THOLIF+07

309.000
=0, 50U 526 59E-04
0. h4523 141702
-0.484C0034E402

307,000
0.341TTH02E~04

0. 304992650 -01 7

0.)63B5I01E+02

36n.000

~0 EH1F2WIBF~00 -

De32hB2462f-N1

SR PETEETE TS 2Y P

300,000

~0en¥226331E-08

Ca L3854 F+O0

. 0.25292085F +0?

300,000

9. h631609AF«11
=0, }TAATHTLI+00
~0.18956A03E 403

2006 ,£006 .
0.12250H064-13
0 O3 INNE 05

LA00.N0D

N.N2Y]AnLake]5

) ABIAZ I, AE =05

350,000

Q. X
=N 1732700 -04

Sn0G. 600
a.
0.

5GON. GO0
Oulblanledr-1s

=N Y9375 ILF -C4

577,%0C
0.
=no19186be 3 -0

C150¢, 700

fa .
a.

anon,ico
=0, 131792 .1 -14

~a 158433001 -04 -

165,007
=0.225121431 -1
n.int2L71sr-c5

S560G.900

.
0,

5000. 000
~0.33922543E~ 14
=0.,410841°1) =05

1500.000
0,200%71117-11
0.40666855E6-05

H000.000
=G, 23047921F-13

L=, hl5004F4L 04

1500, 600
3, 232TLNCTE-11
~0.22 313151 -04

2400, 106
0. B46554 17812
-0, 320G 05 -6

U sGnaLnon.

=N, A86N2HAEN =15
N.5&T596 138 -0

TE e e D w N b e e - -

e P e

I A= P e R e R O R L R I O T P N N T T LT I W L Py

A P




L J 45
C.25000000F N
. 25“?1627F'05
as

33 ' 1 Ls86
0,25000000F +01

1.1%403344F +0a

N, :

Lt J /635
£.250000C0Z+Q1
0. 1494 10658+05
0.

WALC
n. 4n55b053Fr01
0.21456053F+04
“Qe46530734F-038

HEC J12764

" 0.3.9027850+01 ’
=G, 117394036 +G5
N.21375092E-08

HEC+ J s768
C.4h54T34TEOL
0.164694372F+04
‘0.13452306F-09

Hac? Jt2/a4
CeaI3HNSLIE+RYL
~N.61240B18F +05
=0. 4705902 2E=04

HCL J A a4

C.27665HB4E+Q)
-3 LI THGEFGS
C.PJQTQTZIE—OH

HC N o 605CeT .

9.37063121E+ﬂl'
0. 14R62HAKE+GY
Coh 125569R% -0d

ke R VYT

0313867207 40

=0, 2643045578 404

~0.5460A603K-08

FCC+ J hIEG
C.37043179E¢en)
0. 159716 e
N.AT945750F Ny

FCP - J12789 .

C.447200C9€+01L
C.LERSHRAGE DY
04403R9TCE-Nu

HF 12768
€4 30019 18BE+0L
~0.7162699 TE 405
p.lzo:aante-as

FNG VIS

C.J5548619E+01
0690 TI4E+048
=0. 77110571 3E~0Y

- rC2 : 33764

L. 318662508501
0. L LRASSOOF +04
~0.7IT955196-04-

F] J 361
0.31001901F 0l
~C.377INO%2E 0D
2.5%210 W IE-08

3384

APPENDIX A (CONTINUED)

Fol. 00
0.
~0.466117636400
0.

[
0.
~0.115%34620E+01L

0.

- 1. g
Q.
-a. ll&Zh#“ﬂFtﬁl
0.

: Fol. o AL
0.285989338-02

C=0.3259549JHE+ 0]

.61 1003R0E-11

P le . K

D256~-10020-2

0.

E =l.

1.

l. .-.

0.351167a1E-02 -

0.41115742€ +00
~0.,487907C3F-12

[ 1]
0.31428a145E=-02

0.20£819C7E-12

L Y H
0.47110TT7T1E-0Q2

=0,23%4713E~02

~0.E0143]149E+00

0.23%49893F=11

kFol.e CL
0.14381883E-92
0.£4537540E+01
~0.58.581%1F~12

o1, 6

...EHEB’JF-PE
D.207948C4E+0)
-0.11526959F~11

FooLa c.
- Q0.13412031F-02
0.49479873R+01
0.1828H628E6-11

Fool. C
0.31E89482E-02
0, 22608LA5B4N Y

“0. 240469198 ~L1

SR SN PR ~
9.261421456-04
-0.5647813556+00
~0.58717249E-12

F 1. F.

0.59328915E-03 .

N.375750858E+0L

-0.37137249€-12

CE 1.
G.32713182E-02
0.5E6849CLF+01
G.25928309E~1 1

Sk le 0
0.27e454C48-02

0.4314761EF+Q1L

0.29607083E-11L.

k2. a
0.611LL9464E=-073

L. 194294216 01

=0.18122739E~11

60 0. 00 .
0. 2500GE00F 0L
0,254 1162 TE 3%

00 0.
0.

0. 2500LNC0E FOL
D 18aC 33047005

ao a,

a0 0.
0,

Q. 259000091+ G L
0.152610456+0%

Qo 0.

[ R GC 0.

~Ce 12152421863
DL IBIHC22GT+01
0.3L156300T +04

a 1. 0g 6.

S a0 1416T146E-05

0.2 0004408+
-0.11132099¢ +05

0 1. £ ~1.
“0. 12961295605
 0.297965665 K01

0. 16144444 +06

1n 2. 0o 0.
=0. 1806 3494FE-00
C.2RIGIHAGEN]

~0.68A24111E+05

Q0 a. og o.
=0.44173000E-06
0.35263171E¢01L

-0.12150509F +05

Mool 0 ¢
~5.1191532GE-05%
© 024513556 F 401

7.13213002F+05

[ GO De

6.129576296-05

0,37929190F +0)1
~0.262H8218E+04

n 1. E -l.

-0 L1162077E6-05
0.2hG008376E+0L
D.101dib650E+08

PoLl. 0 0.
«G.97C89571E-04
0. 211111326101
0. 19119209E505

o 0. o Q.

=0.56135180F-07

0.3463591208+01

-D.%iHZISPQPPOS_

0t 0 0.
-0.1273407LF =05
0.3 74 12008E +01
0. LOWLTA4SE DS

a0 8. " 9%
=0.19163708F-0%
M, 35094850k +01
Q.1 3801331F+D4

a -
Y Y

o 0. 0 n.
0.52644210F-07

S WL I0574651EFDL

~O0ORNYTATHEIOD

[

:_'ﬂ

4]

560,000
0.
i
~0.66011 T62L +00
300,000
0.
.
-0.115 194621 F el
339,000
1.
0.

~n, ll%a%&sbfrﬂl

!ﬂO.BGﬂ

0.4 1606191 -00
+ 11103 LaeE =07
D.127A3795E+02

ng.000
0. 2oH05 THSE-DY
N HTH21404E~D2
Qe F2VSG559F+0]

3043.000
0./ 529 605F-01
D.61796Y82E=02
N.f3616124C+01

157,900
Pe31492R89E-09
N TuBL2ZOGHE-12
N, 101613ZOE+ﬁ2

w000
0. 1349740RE-10
0.297B4 4EIZF-04
D235 LIRS0

100,000
0.199929 7TF-09
G.N720n3T71£=-02
. 2GHINABSE+OL

" 360,000 -

0.22619230E-0y

-N.4TRBEL91 9% =00
0.52070412E+01

320.000
‘G LB295352AF-09
0,894 0899 7F-0G2
DaHIGLH94IEFN]

300.00N
0. 15700386£=-09
0. 10701666E-01
N lLICBT4TEE4ND

300.000
=0.14767T7LLE~10
0.33246A61LF-N3

. 0.10758272F+0)

301.000
0.22602044F-09
~f.20CHT061E=D]
NL.5U0G36T73F 101

30a.000-
0. 17183944E-0%
N,114%9947T0F-02
D hB2THI29F 0]

300.000
=0, 36909 TIE-10

COsebTHY2U0F-D2T

=0N.,229910%6F.+01

Sy, )
n,
n.

B0, 00

R

5300.600
0.
.

009,200
M LY VRIS X
0. 152266126 -05%

5003,6G00

SR, 1R300 52k~

=1 %31ALIFSE-08

SO0, 1502
=L LG TaRE 13
=04 27946CN FLE~QS

HCOGCOG
~0.20/39312E-13

S = A0T734042F 08

5209, 000
20.63TILLCHE=14
<A.BAZITa3LF-06

5000.000
R 12RA2AGSIE -13

~0. 1009420 3F 04

CSO0C.000

=0 14152412613
.97 LI F0F =05

5A00. 5606
-0.11424913E-13
-0. 121250 9F 04

5000.000 .
=2 ABLSTLILE~14
-0 1OROLTAIF-006

5000.000
.221404356~14
~0.100A37EBE -05

5006.000
-0, 15066827E-13
0. 15409 1L0F <05

.- 5000,000

=N 11021H526-13
0. 507H42 59F =05

5000.000

0 3R E ARSE =14
C =0, 5BNYYLE2E D5 .

E R Tt e o P B P - J“-...t\—-' B N e R VR N T YR F O VI T N AP VI S T W L O & o By -

L TV T

'
i



L

L KE{S)

F2CL5) . LIy
0. :
0.
0.
PRCILY Llllﬁs
0. o
0.
0. aoazoqan-oa
H2C J 3t61
D.27167H335 601
-0.29405826E405
-0.296374C4F-0y
H2C2 L 2/69

0+65731667140%
~0.18006761F+06
=0.46250055F-08

" Wzs o M2ses

n 24479103E+01
=0.344607T0854+04 -
~0.21020445F-N8

H3A3Cs JL2764

G. 2?L55579F+0)

~C.28104092F 406
0.39445392E-07

RE ' L 5/66
. B.Z50000C0E+0L - -
 SG.T453T4GBF 104

O
HE+ 12766

0.249000000E+0}
C.2i534260E400

_ Ba - .
KIS J12/81
0. ’
0.
. 0.579158025-0?_
BILy Ee1

0. 33&25DQBE+01
“0.52%25237F+03
0.85816043F-09

K S Jo8le2

. 256?165UE+01
C.O855N53 1 E+0n
[ 135%049[E -09

Kt J 3765

C.Z2500n000E+01
C.6109655AE05
118

KCL1S) ' d Ir&L
0.2915T169E+0E
S =0.97T4T066F 05
~0 5025184300 -
KCLIE) J 366
0-BuS180646401
-CJ53160478F +0Y
C. ’

Tkct RN Jiea'

0.4%636T33E40]
~0.27173133F+0Y
0, 2232530860y

36769
0.94627 70201
~0.71240107F+0%
-0.4u106141F=09

D256-10020-2

APPENDIX A (CONTINUER)

2.0 1.
0. ’
Q.
D.

2. 0 1.
Q.
0.

-0. Z#b?ﬂblﬁf 09'

F 2. o 1.
G.29451314F-02
0.663056T1E+0L

0.807021C3F-12

o2 i1 2.
0+43361363£-02
D.501136%46F+00
0.24715147E-11

k24 5 e
0.38415990F~02
0.747R814120 101
0.207683779F-12

-

- T N 3.

0. 1301 6286L-01
=0.79/8%4%71E+4C2
~0.360606035F=11

rE 1. 00 0.

0.S1=3440RE+00 -
0.

FE L. B -1.
G.

.04 16684045E+01.

Ko L. o Q.
0.
0.
-0. 1173&935E-09

K1, D 0.
-0.13113792¢-03
-0.56002325E+01
-0.235655R804L~12

£l
D.48662081¢+01
~0.51145936F-13

K 1. E =1,

0.
0.43239455E+01
0.

K To - €L L.

-0.20627271k~02
=0.10L44800E+02
D40 721220E~£1
K la CL 1.
0.
~0.40C10059€6+02 -
0.

T
0.12229207L-03
0.32349330v +01

~0.59C94 179612

LR L

-, 54c575125 =02
~0.440318041 +032
0.102807207<1]

a0 0.

'0 uv.

o ag o,
~0.14533556£-03

CL i.'

00 0.
a.

-0.39269330F~01
~0.35949581F+0%

00 Q.

Qo o. oo 0.

0.12713782¢+02
=0.37463200F +05

oag 0. na ¢.
-0.80224374E~08

D.40701275B+01L |

=0.30279722F+05

n 0. a 0,
—0.14746888E~05
0.2308T536F+0L

. =0.17663147C+25

10 o.

~0.14099367£-05
0,308L1293E+01
-0, 3635091 7€ +04

0 5. na.0.
-0.50669619F~05
=0.22705116E+01

=0.27569523E+Gh
313 D- 00 G.
0.

-0.7T453T488E+03
00 0. 0O 0.

0.

0.25000000F+01

0.28534266E+06

o 0.
0.
0,17263229E+01

~0.69166994F 403

P o. 0 ¢.
0.5G811991E~06
0.4542021105+01

~0.96275T84E+03

00 0., 00 0

0. 12342444606
0.24930947E+01
0.997863605+4

G0 0.

0.
-ZSDGODDQE¥OI

0. 61096558 +05

o0 0.

00 0. 00 G,
0.473L0LBIF=-N5
0453934311F+01

0, 542483B9E+05

00 n.

i 1%

Q.
.D,

o0 Q.

00 g. G0 0.
-0,91719210¢-08
0. 39908589F401
“0.27080184E+05

o g, d 0.
" 0.&IFLI2HZCAOT

0.49H43972F+01

=0, 7001H149F +05

A-17

Q. ZSGUODODE+01

s

(HEKHI@&L
QUL

E)

200,000
0.
Q. lbR2v8207-01
%0933 TALF 400G

273.150
- - .
~0. 176562 190F -01
~D.u3L15345F+02

100.00¢C
0.107740821 -C4
~0, L1084 6997 =A)

T =0.32270066F000

300.000°

DL 234BH03T0-09"

0. 65652 260F =02
0.67853463)F+01

300.000
0.24278754E~09
~0e132118565-03
0.,25161511E+01

.. 300,000
0.4N30R253L-0G
0. 9702400LE-(]

N. 325164546407
200.000

Q... . :

0.

0-0153485650ﬂ0

300000
0. -

e S
0. 60840465101

300.000
0.
=0.78042772F-04
=0. 292343?2[*0!

33&.350
0.624105076-10
=0.19475966L~07
-0.160424633F N2

300,000
-0.5339%40F-10
0.50166177E-04

.50560438F+01
300.000
N
0. .

0.43339455F +01

300.000
0.70152537E-0R
0.26535252E-02

' ~0.21596814F402
1954,000
o
S R
300,000

 0-9264R2421 =12

0e2L009T6TFE-07

0. 9%98H4TSE40)

- - 300.000 :
PR ELTULT L

0.359431901 -n2
~0. 213845048 ¥ 02

273.150
0.
a.

373150
.

=0, 2245008011 - G4

5900, 0CC
=l HHETI L4y - 14

CBehlHZLLr0E-CS

5000.C00
=M. 14314536113
=03, 14851 76F <00

9000, COu
=D 15THIPESF-1)

0.365117 26F -05

000,000
~0.60R32410F-13

0.5 114t -Ch

5000.000
Na .
Na

5000.060
.
0.

336.350

0.

0, 13852918E-C4
2000.0900

=0.51 130489713
0.6 LA99C LHE -Gk

500¢0. 000 .
Do 1L3586 26E-13
04127512248 -0

500G.000
n.
o,

1044 .00Q

r0.56166098E-11
.0 960756 55E 06

5000.000

0.

5000.000

~0. L1040 LIT =10
=N, 310365 10F -85

1131, noo
.—ﬂ-3359u1¢4& -11

-0.17A%64C1T-05

SR N M PNE D ave PN P utim Paves P omuem Do e

ey

L e ]

P wNE Pele Dwhoe

Y LT

R e



kzclsy.

CLLeLts).

KE(L} ) J alan
0.RA555449E+0]
=C./9260025F+05

[+

kF 4 6769
0440479100 +01
=C.40A55149F 405 . -
0431751438E~08
kE2- : 12768
© D.T25H1638E+01
-C.B5IRORIOE +05
0.94160R32E-QY

K2F2 J 6789
. 0.9014D098E401
<0, 1167598 TE +0&
. 1098246 95-07
KE & o
0.43731489€+01,
 0.37491B0LE+04
" 0.40675370E~08

KLCH . . J 3
0.44938925E 101
~0.29345720F+05
~0.65575545E6~10
KQH (S} J 3766

Ge
"0a A
0.21439641E-04
KCHILY 3 3768
C.99941373E+0%
=C.52514159£+05
.0, . .

w2 Jlazet

C:45089995E+01]
0.1392606TE+05
C.1250291NE-0Y9

0.858907376+01
~0.464492356+05
0.740060AKE-07

o
0.2565652TE~06

Y
0.34114162F+01

=C.74925737F+03
2.612903468F-08

LI{L)

L J 6632

0.24737689E101
0. LUSEE03LE+DS
<. 1954084 TE-09

LI J 3r88

0.250000006+01L
0.51899048E+05
c.

R
C. , o
0.135853868-07
LIGLILY - .. . b -6/&2
oo GLB2189477EROL

-C.5900TVI2E+05
S 0L AT T4E-08

3127632

[4:1- 9

1 6783

d b/62

S rer

D256~10020-2
APPENDIX A (CONTINUED)

LI F 1.
O. .
=0.,41179932E+02

K 1. F o 1l.
0.1THY1725E~0]
0.20179327¢¢01

=0.93%24210E-12

K 1o F 2,
0.26703557C-03
~0.10115452E+02
-0.24482602F-11

R 2. F 2.
0.20453081E-03
—0.1TE54966E+02
-0,307217205-11

K 1, 0 le

0.19160449E-03
0,32551045E401
~0.59172 /54E~12

K 1, c 1.

‘0.189217548-02
Q.316B891248+01
0.4559759TE-12

X l. 0 L.
a.
0. L
~0.18755557E~09

Ko le Q1.
0.
~0.45107668E+02

K 2. 00 0.

0.32596406E=-03
0.4250H8563E+01
-0.32%705?&&-13

K 2. 01,
0.51097498E~02
~0.39589233F+02
~0427313775e-10

0.
. .
~0.34313103%E-09

L i. 2 6.
~0.18325283C~-03
=.16352732E+02
~0.23400340E-11

LI 1.. "00 0.

V.47435341E-N4
0.25£30280E+01

’ 0.‘73!4;5?&6!_5—13.~

Ll L. E -l.
Q.
0.17406170E+01
0.

Q.
0.

- ~0.36457022E-11

Loootbile el b
T G.5639138LE<03 7

=0.3BL0RELEF02

~0.94459493F =1

LtIte 0. 0.

Ll 1.l 13 00 o

0 0. g J.

. M 3n093T97R-01

0. 39 156086F 0 L

=04 h04760 79K +05

E ia a o,
~0.1178461CF -4
0.525075737+01L

- =8,R5IB IYTLE vOY

0 0. 0 0.

c =0,HT071665F~07

0.71329504F+¢01)

=0. ING3ATI2F kNG

" 00 0. 0g 0.
~A.56A26365E-07
0338051 38F+01
0.31512947E+04

H L. 0 0.
=0.60T44056F =08
0.8 2660F +0L
~N.29196450E+1)5

H 1.
o.

a9 0.

M. 20119300501

~0.92334762E+05

H- {. Q. 0.

0.

. 0.99941373E+0L

~0s829145199F K05

.00 0. 00 4.
04 L4ASTLT2E-017
0.44424903E 491
0.1354)A70E +05

o0 0. Q0 0.

-0.720386508E-08
0.3404436BLE+01
=0.45925458E+09

0 0. 0 4.

LI 2 PR

0.91018617E AL

~0.15169533F +04

0 0. g 2.

D.H0743757E=-07
P+ 3R0H4094E )L
~0.87593882F+03

00 0. 00 1.

=~0.907713573F=-Q1
0241037306 +9)
N AAS6EATOR+HAY
00 0. 00 0.
0. -

0. 290000008 +01

0. ALATUOGHE £95

O :
A.4109%2645E+0)

~0.5N408266F rOY -

G- Q. 200 0.

.07 V503 LE-OY,
. 10143028F 0
=0:505391 2054105

A-18

ag . -

G

LEstatue
0.
Q.
.
170,004

Deagit-fhnrt 11
Madltrbnid2s Dy
Date1 0P80

ifn,.010
Bu21001H85F -\

Deah 3Al 1AL -2,
C=0.490333401 00

i), 001G
DelHINTE2TE-1D
N HY2A0A3LF-N2

-0.82555457¢+0|

jcnioon-
N.1041035KE-10
Q. 619320020 -02
0.H04730L5E+01

30,000
Qe 2T72106F-10
N. 3869184 1F-02

D ebII06649F D)

Jod. 000
0. .

=N HB TAYISGF 0T
673,000

.
0.

o =0.45107668E+02

373,000
=0, L1532 =11
Guablani26F-03
N.4SHOHASTE +4)

100,000
Qa8 14T271E=1D
GuaUS&I03LY -0
~0.LT385210F+n2

. 3no.aon
0. :
-0. 3593 3108-01

—f. 4FB43RTLE DD

45 3.690
.25 19630611

0.6 335404F-03

=D lBLISL235FEN2

no.ono
0.313219248-10
=0, 147357308 =04

- D 234024536 +0L

300.000
0.
0. :
0. L709A L TOESDL

300,000

n.
A.ALAELO03E <02
=B LB2IBYYLF 02

e iH3.m0n
Gy TS INN0RE~NG -

=Neall 19649k =02

=0.4049211608 +02

036934 50AF=r]

ALl .00
Mo MW FAT A0S - 18
TN ing 1552 <08

100,600
“s LOR2ICINE- 14

5000,000
N.112R 1286 -14
“N, 16719852K -4

SN00.000
=0, J029] 3£BE-15
-0.61230854E-05

5000, 000 :
~N.5203T7R66E-14
=0.22 105 29F ~-05

h73,000
D - .
-0, 714ZUR084E Q8

§000.000
0
0.

S00N 009
Ga 34052376615
=0, ¥W0NZSS95E-C4

2000.c00

=N 1D9PIHZIE-14

=D HZNE1685E-04

453,690
. :
0. 248HALUS4E-~DQS

00000
=N, L158725C3E-14
- GBI TAGHF L5

5000.600
~ L TSTIICHE - 14

DL LAAI2SETE=06

5400, 0G2
© o Da T
0,

" B4 3. 00

eNnn. 005

~0L I THG 1R

“Dalbl 14V IF=05

-ﬂ.llﬁﬂ\b?}F‘Oh_

N LLS618T6E-04 - -

Do N PN Pt DN L N R N ik .V = S P, T R o N S LRI P S

£ s P -

Pl P




:I;

Licy

LIk{S)

TLICkES)

ticr

CLiew

J 6762
0a42712043F 00
=0. 248044421 408
Ge340501AGF ~0p

. d12768
0524057388 401 -
=0. 79900 415F +015
0. 22093 4845F-07

LIFts)

LIFiL) Jl2768
Co?H1M56D1F40)
0. 74304 34750l
o, A

L1r .12/
€.400AN240F 1)
“Da 42290 3HIE +i5
0. 4374539 7E -Gy
Lira- J12/6H
0.834885904 401
~Q.8 266 TRIQE 115
G.Sh?ﬁﬁﬂdfﬁ-ﬂb
LIFc o
0.599?61C9F+0!
Dol 1LO0YHEF sy
CLH4508 74T -15

U VA |
0.
o .
Rabh il 188580y

LIkt J o9rs]
O.TﬁqH1t°1E4QJ
SO ISR EALT iy
GC.

LI J.arer
0.35084397¢+p)
Ge 15T T025F 04
~Le671B034RE-Y

’ J12/88
0422580771401
D.3849164825 405
0, 3/28899 =04

e J 3’84
0.4 LHTH205%F+0)
CaBTI9%259F 404
S Ne34114335F 08

Lic . 2ot
0.6 1410217E+01
“0.93R4UT02€ 404
043139965 | k-0p

NREVIY
G e
RPN T SR
. 31492 106E-~01

LICFIL} 4 iss
L ITA3H TSR 02
=B, 50 103 250F 105
e? o
_ J 1286
[T T Y Y ) O
-0, 310032160 105
-0.5378639F - gy

£.901234941 +0]
0.11692102F 105
0.V LAZH 11 2F By

NI:-779

ACITYS

D266-10020-2

APPENDIX A (CONTINUED)

tl 1. L
0,31400791L-C5
0. 102R56%52F 102}

=0, 2611 14485F-)

RS I I F
=0.13421080F-03
=D.2746 72 6F 002

~O0.ARE368RF -]

L 1. F
a,

=0 28ELS4ETE VR

L k.t OF
0.57C4105¢E-03
D.484532112+00

LI 1. F
0.125712726-02
=0.93115d42F 40
~0.RLES59RL0E-12

LE 1.
0.111392r0F-0,
=0.5350976850 408
"0 T428 (43 1E-12

LI 1ls H
. '
=0.12493483F-1)

Lt b, H
0.

~0.40L4T278E 402

Li 1. R

l.

.

. BL3TLSSERTE-L2 .

2.

1.

1.

0.107276716 =02
-0, 380239506 +00 .

11 1. ]
D:39€AT1EIT-03
C.63768%63E+60

LR 72355143F-12"

. L . 0
0,411865748-r]3
0121826708+

Ll 1. 0
0.417856026-01
0.15559110f 100

“D.GTPTP9ETF12

Lt 1. u

D_...' N

-0.6663971RE~1]

Li 1. 0.

: Lt . 0
0.23%B48528-07
0.22550447F«0)
0.24493%40F-11

T IS S
0.123706260-07

D =0.43ASTHINZ2EA0L

D0.42704172F-12

B PLN3LTEER] )

 —0-¢¥£3[3435"12"

-
~0.536411646E+02.

.

- .00 @,

lo

.0,

00 a. an o,
=0.101231301 =26
G 299069067 +9]
~0.2056U31A2F 10y

" B, a8 9.

0. 17625606+-0%

D.17895325F40)
=0: 752992 TRE+G5

0 0. o ¢

0 0. U
~Ua21454144F =06

G

¥

- Ge2H5ZdBEREIOL -

~N.4198T2050405 .

£ l.. 0 0.
-0.535228105-06
©.347101 366 +01

"D BA953111E405

7 1. Qo0 d.

~0.47ABE403E-08
042500 790F + 01
-0.12265534F+05

no 0.
0 -
0.38611812¢+9
“Bell486991E+95

00 0.
Ou

00 0.

08 0; oot
=0 40194588F =0y
Ge38209495E4+01

“ 0 L5AY4T455+0S

00 Q.
=0 124939938~04
N.208Y4306C+01

0.39216323F+98

00 0. Qo 0.
“0. 14520296606

N.283590078+0} .

D MRB43 L 4F +04

E 1. 0 d..
-0.15024B8456-06
N.2B515866F+0]
~0IOTTHOTSEE QS

H 1' .

0.636403565-01
“0-59]3[34ﬂﬁ’05
Hol, poe.
0.

N.104356979F+02 .
© ~0.60109250F ¢G5

H l.. 66 n.
=G.82302724F-08
0.37564310F 10l
~0. 3013063 7R 05

N O, [

~0.55466171OF-08
0.36701164E+0]
0.20271703F 0%

A-19

00 ¢,

0.74981191E+a1"
-0 11581826E+05

60 0.

106, 056
I LLET LTS U]
Cauiiiidnapr-n,
Pa I3 186218 94

30,000
fle g P 4801-0
el TUBNI20E -]

U LY E D Y YR

_ 1171,304
0. .
9.

7,

3c0,.0n0
D 40n00]1 38 - |0
e PISIFIHLF 02
CBahITTROSST ¢4

: 309,000
O HU11I02%E- 00
N l0H36T1IF=0]
D227 0466F+01

300, 060
0+4106HI3PE~10
0,12681711F-01
0.12133855¢ +np

0.
N 121279578 -pt
=0.30654575F 401

) 961.800
Ca
~0.40047278E+02

360.n00
0.73620967F-]0

L BB06T 16603

0. 1052571464

Na.0co
Ca231T4759L 10
0.527i2534k-02
‘0. 727570566 +01

300,000
0.2725307T0E-10
Y DRL53BAR6E-02

0. 78949545F+0]

- 300.000
G.243977328~10
0,501 h38B07-02

0.L4442T19F Q)|

360,000

-

Ne IU4DTB60F-0]

“0.257960046+0 1

T44.300
0,
Qe

~0,u366) 166802

. 300,000
n.1327914] L -0y
0. 104499101 02

D 0.bESeheBTEHAL -

360.000

N.10314947L ~09

- Q. 125681L77F-Q2
Bt 6133051 40|

309,006 |

500, 600
TS LR L LY T FRF Y
LIS LY B VTR 1

125,
S L TRV S
“TFe PEEIRTLIF Q4

5080, 00D

0.

40T . 000 ;
“Na2H3519:0L-14
=0, 317249 05L -06

5000.£00
~0eTGSBL Ta4k~ 14

~C 1117840004

5000.0C0
“0,638491 7314
0L 141579 E9F - Ch

941,B00
0.
~0, 869003 36E-05

Suo0,cot -

0.

5000, NGO
- 490898640 14

0.5652TIELE <05

%000.003
~0.15HS1917E -4

-0-4596902|£~05

5600.000
~0.18R64775¢-14

5000.600
~0, 19TRY L F1E-14

. Te%.300.
- A :
~0. 64034 0C5F -04

'5000.000
. De
L)

5000.N000
“0.B18929542i «14

5000, too
=0, 714304 TE - g
~0.58AR L L vt -0

=0.630823E2E-05

=N, 595474 15€ -0%

n,?ﬁ??lbﬁ}FHDS :

FUWNE P W Pwae a WNE Pu e S wNe b we et SR P eNe Tene bwhie b e -

A e

o -




L12

LizcLa

LI2r2

J 6762
0.64338756Fe0] -
0.245005 14 7F vy
N.32618304E-0p

J 6262
0.95245814E40]
~0.164990263F 105
C.20313359E-07

J12/68
0. 89566636E 101
0411637228805
C.25722599E=-07

LI2ETS) ) J 3764
L

Liaceey.

Lizc

Li2cz

0.42776T16E+0
=0, 73196 27HE+05
0.417964376-07
1 3764
0.120769316+03
-0.71337921E+05

J 364
0.64198 7485401
-0,22255325E+05
14346391 60E-08

J 3re4
C.93275240E+01
*C.32102484E405

£.19305629E-07

LI2C2h2 Jd 3266

" LI3CL3

LI3F3

#GiS§}

HGLL)

L4

FGH

¥GCL

PGCL

0.895206098+01
~0.94593042E+05
N.63208723E-08

J ars2
0el4319440E4+02
=0.12558051E+06
0.348294145¢8-07

. J13/48
0.1436844228¢02
-0.14223734E+08
0.37193544F=-07

J 9/62
Q.

C 0.

0.81194529E-04

. J 9762
0.265TN514E+0]
0.22858300F+03
.

J 9782
0.24188605F+01)
0.17036992F+04
N.26207528E-14y

JL27a7
Q.250844Z2BF+01
0.in371517E 08
0720156 16E=-10

_ . J. 3r64
L. ANTTSHIIC DL
“Nehl30B2H% 4004

Caha872291F -0y

J 6768
ﬂ.&!ﬁlﬂlﬁ&Fle
B TAGENDY T+ 04
ﬂ,jqqnbtirﬁ-nn

D256-~10020-2

APPENDIX A (CONTINUED)

(r 2. 0g 0.
0.22% 94 1E-03
0. 17114905k +01
=0.85300218F~12

Lt 2. cL 2.
N.526508 14E-0 )
=0.20C44824F 102
~0.5343324 761

Ly 2, F 2.
Oolltt9269E-02
=0,20899494E +02
=0.462237225E=-11

Li 2. 0 1.
0,78%215726-02
~0.21165497E+02
~0.11804048E-10

18 BF TR

~0.£5174974E+02

»

LI 2. g 3,
0:56879444E-03
-0.10034722E+02
~.75&58A80E6-13

Lr 2. a a2
0.530210136~03
=0.21P722 15 ¢02
=0.5020749578-11

Ly 2, 0 2.
0.605833315¢-02
~0.20057433E 402
0.£4221372E-12

Lt 3. [ R
0.184540076-02
=0.427241 756402
~0.B57847008~]1

Ll 3. F 3,
D.182854988=-02
=0.4%CT74075E6+02
~0.89230125E-11
MG 1. g o.
Q.
0.
~0.235387086~11

HG L. 0 o.
0.13CB39¢c4E-02
0. 1043281 7E+02
0.

PG (. 70 0.
0.16t45771E-03
0.40641123E+01

~0.10300811E~11

PG 1. E -l
=G, L1496 80E-04
0.426852 35k ¢
~0.26%30084E~15

L eG 1.

T 0.1BY341T5E-03
0.29762132K N1
=0 114217275 -11

LR

LS RN A LT, T,
LA LU TY Y
N HINGA 0kt =) 2

o LL1d - 0 0,

CL L.

ao o, 0o 0.

0. 26519024F -7
D 37418914860
N.26142156F 0y

o0 0. o 0.

=0.223371949E-08

Re52001351E+0¢
=0.74160003E+05

0 0. 0 q.

=0.50790504E=-04
0.2400 I90sk ral
“0.{1501091E+0s

no o. a0 o.
=0.52225090E~04
-0.31 1272997 ¢00
=~0.73106196E+05

a9 6. oo o.
0.
0:
a.
00 0. 0g ¢.

=5l 4536508 F-08
0.397217036+0)
~0.21596988F +05

€0 0. o p.
=0.2100584:F =00
C0LBNTS2IE R L
=0.31604044% 105

H 2. ou 0.
-0.220348%25-0%
D. 20083765k +0]
=0, 93706 TUF 05

.00 0y 00 g.
~0.819783 30608
Da45145999F 40 )
-0.12353351F+04
n a. 2 o.
=C.¥9221159F-06
Ne4b41 1975801
~0. 185198528 +08

0 0,
0.

-0.20184771F+01
“R.7T246TISF+03

g 0.

n o,
0.

0.26570516E+01
0.228643008+03

g 0.

20 0, 00 o.
=0.993992056=-07

0.249887518+0)

0, 1T0053216+0y

9 0, a o,
0.t210231 7607
0.24941675F+0]

Q1057 774Fv00

ng oy
—UeH54488592F-07

0o 3VAQUS 34F +11]
~0.H38264%A0) HI S

Fo~ls  a Q.
28 TL 26 5E -y
G ian 22308
LIPS R VYN FITSTTITS

A-20

G

10N, 0a0
N b iohnalng - |t
Nadlgan?vat -0
Ao lnta0?21E ]

n, 000
DotlIShitan-10
Te 18 386 100F -0}
0./6612 tOSF+00

300.000
Q. 3101 71%34E-10
el 706843TE=C]
0. 10RIB616E G2

wo.000
Q. THAG 260 -0
04 36141356F=-01

~0.220A0330E 401

id%3,000
0.
0.
o,
30,000

O TH63III3TL=-10
9.92400921F-02
T0.29391511F+0]

3L3.000
Dun4Uu3I0IILE-]C
DulT386223E-01
=0 2T0LA TEOE sG]

sC. 000
D43/ 27308 LE =D
Ny 20 16 TGO -0
N.99H920046 101

No.000
0.15735494E=-n0y
0 3 T402 398 =01

Q40076442840 .

300.000
0.15154529¢-09
0. 19ATuH96F =0
0.21491987E+0}

300.020
0452825 146F-02
-0.88131212F+0)

922.000
T+ 1308376 E-02
~0. 1043191 7E+02

32.000
0.1870912F=10
N HTOOH2058=G5
N 362636335101

300,000
03632040381
N2t THRE-NG
0.43307379E 101}

320,000
CeMinilnl)e~-11
Des2B104Q -r 2
o 7T IS Y2 IR L0

" iDu.hna

S =G NN YNGR ey

Mo 447 ILA5BQF -6
Gonl201176F 0]

Snon, nno
Sl MGk -]
et 1300430 =05

"ann,.neg
S M2 el - 14
=0, 20806 45F - 04

5900, 500
-H.QQJlﬁhﬁeﬁ’lﬁ
~0L 0250 | HOE =04

tas3,.000
D.53941035E 12
~0e 5544491 E-C4

5009, 000
n.
0.

5000, CO0
=0, 84162 50E =14
~0.%3595] 49E -5

20N0.cao
M NLAIC2E-14
=0.27191911E-04

5040.000
0. 240095¢L6E~13
=D P1H03275E-G4

5008.000

0. 111194 12E=-11)

=0 YAHOR2 13604

S0n0n. 000
=0.100756138-13
=0.57244895]1E-04

922,000

—N.8%1600598-05

5000.000
0.
Q.

2000.000
D+ T1656145E~ |8
~0+?236146122-07

%0, N0g
N, 340534735 -15
~aHGA ST FOERD T

508,000
SN AbNGIL §1E-]S

' =~ hHAS 1313 .05

ST, PO
W WYL L0 251 -1
/PR B LY NPT )

e Py - B By - Ll S VI e P - & e Py o A - e WA - o e e P B e e LA WP o B - o

LR W

-~



VGCLF J 3766
B 65536109 F 101
~DeT522498F 404

Ce4797313E~NY
FELLZ(5)

0.

J12745

0.

0.19131573E~07

¥GLLZIL) Jlas68
0.11071048E¢02
TR 7629461 AR+05

B

FGCL2 J12749
0.72401913E4018
~Q.4'442326E405
N T44178R9E-NY

¥GF J 367
0+42110735E+AL
=0, 24058832540
0.35302039E-04

PGF215) o
0.66953750E+01
~0,137364T4E+06
0.33548644F-07

366

FGEZ(L) J 3/66
. 0.113578A9E+02
" =C.134007986F+06

0.

PGF2 J 3see
0.564234668E+01
-C.B922H615F+05
0.801456506E-04

HGH 2768
i 0.3463B591 8401
‘0e191763106+05
~0.66054846F-D8

J 364
0:42214417E401
0.23382931E+05
0.37T218933E-08

FGH

JL2/65
0.5L120158E+0L
~0«T40B4363E+05
Ne2434TA3TF-GT

¥GOLS}

HGOILI J12165
0.729547B6F+01

~0.677544028F405

Ce
PRE J12765
0, 48654 306E+01
-0.81403801F+02
0.77BBS54G8E~-09

J 57567
044432A606E+01
~0.277550A5E+04
0.11934124F-08 -

PGCH

J &/68
0.4742633CE401
o TO3ZIROKEHNS
0.7341378BF-NB

¥GCH+

FGL2H2 Jd B6rev
0.73269210€+C1
=0.71132uN2E+¢0S

0.T4423876:-00

D256-10020-2
APPENDIX A (QONT;NUED)

. kG 1., GL
0.49%03754¢-03
~0.61610390E+0L
~0.27227485F~11

e 1. L

0.
0.
~0.51059014E~11

¥G 1. cL
Q.

-Q.48972586E+02

0.

FG la CL
0. 2RA556239E~03
~0.31940550E+01

=0.202323502€E~11

kG 1. F-
0.351122598-03
0.23145832E+0)

. 651TT563E-12

MG 1. F
0.43529188F-02
~0.32490950E+02
=0.91548251F-11

/
G .
-0.57CLEB4I3E+02

0.

Y6 1. F

FG 1. F
0.£3569995F=-03
=0.40280TA4E+0]
=0.16%6H864E~11

*G 1. H
0,12404055F~02
0,29E45865E+01
G.22C03625E-11

PG 1. N
0.36485240E-03
0.27138874E+01

~0.72305964E~12

PG 1. 7 O
0.172316E4E-02
~0.26TRA3ILTE+O2
~0.E65THBI51E~11

MG L. 0

0.
~0.38362751E+02
B

¥G L. 0
0.54784296E~03

0.310309305+01

0.2778302DE-t2

NG la 0
0.25811349E-02
0.7591892%5E+00
0.547237CBE~12

G la n

Q. 22RTTACTE~C2
~0.18F12547F+01
~0.10187671F-11

6. l. B
0.4537C374E~02
“0.10°1697E€ +07
—~0.10F6T748T7E-11

1.

2e

2«

1.

2.

La

e

l.

l.

L.

F 1, By,
~0,21265567F ~00
f.309675343F+01
~0.A9%]4510E+05
00 0, 00 O,
8y -
Ba54491290E+01
=0, T4 IATGE+NS

0g 0,

Q.

0.1 L071048F+02
0, TH29A61HBE+0Y

00 0.

v 0. B8 0.
041240017708
. 540955206+01

—0.4G07L537F+05

06 G, 0D O.
-1, 13239533600
0286641995401
~0.27754852E+0%

00 6. 90 0.
-0, LLY035B4E~0
0.21304889F+01
~0a L3BTHATEF +06
ga 2, 00 0.
oo
Q.
[ Y

ad 0. 040 u.
0 270097HIE-06

0.37TOB721€+01
F(=88639643L+05

g0 6. 00 0.
~0.502762106-0&

0.35102397E+01L

0. 15253893E+05

00 0. . 00 Go.
-0.12995730E~04
0. 2RB945409E+6]
0.336B1058E+05

on o, ad ..
~0.90258B1RE~0&
0.47740339E+00
=0. F315%22B8E405
ng a. Go a.
Ja .
0.
O,

oo 0. oo O,
-0, LAT0ATSAE-06
0. 284420756401
~0.5977T511E203

H l. 0o a.
~0.91A877A3E~04
0.1A842602F+01
~0.270813801 +05
H 1. E =1,
~€,BO19HYIIIE =08
0172459360401
0,70977H79E+05

H 2. 00 0.
-0, 1B02L[ORE~0Y

Da42THYZRULA 0L
~Ne 704 3YTIGF 10N

A-21

1)

G

ORIGHV
(IF‘I%DCHE

A 000
Danl 3429071 =10
D166 191861 -1
[P TR Y A YA |

Wa.000
G. .

=0, Fapulinat sy

HHT.0060
0.

[+ P

=0 48072 508k ¢G2

Mn.o0n
D.2452H1011-10
N.T7204H2u1E ~u2
Qe (340049588500

300,000
Ged4b44432F~]0
fLELHLSH]LBE-CQ
UL HYBHG T )L 0]

100,000
~0.%30062104E =06
Q2065212+

=N 12066 725402
. 153a.000
0.
0.
o.
16,000

Do bdfaluast-10

0.10405361E-01 -

0.70214053F 101

300.0R0C
0.9U1108360=10
~0.1236R352r-D2
0.335604838E+01

300,000
0.74415940F~ 10
0251757 1456-02
0.92844249F 01

. 380.000
0.26460605F-08
0.21441138F-01

~0.49583487aFent
3044.000
0. . :
n.
0.
306,000

0.366064371 -10
0.41055545F-02
D.93345957F +n]

300,000
0.151514B84F -0
" 0.109048448F-01

00 141 SOHE3F 402

300,000
0413175 MBL=0n
0.137310064 -0}

0.129315271 402

. 360000 -
0. JULbl:20RT -0
OubHhuC e 2~y
Qaabitfir 1635 40

Dulbta922ae-0l

P
szﬁgés

S00% . 0Ch
~Te RIS =10
~0, T en&nlt 4. - 04

9A7.7CL

.

—0 29954908 (b

5000.00C
24
0.

5000, 0%
A, LbhaizthE =14

=L l1620usat ~Ca

000,000
N 16919080k 16
=0, H5NHE6H4F-DS

1534.000
0.31219773¢ -12
~(a&9699913E-Ch

5600,.000
0. .
3.

000G 000
=3 THIZABGE=18
=N 13484%2 TRE-04

50Q0. 600
“Nh6181CHEE 14
D.6%26095RF ~09

$00¢.000
-0 l&NITTESE~14
=0, 654490 T4k ~05

3094.060°
~0.20339947F-13
=N0.334534, 71E-04

5000, C0C
0. :

ity

5000,000
~0.251029700 - 14
=0 350612430 ~-0%

5000.C00
0. 937909090 - )4
OLHTOZAYG AL -05

L4000, COL
e HP (20000 =14
=0, 1&9279 ] hirf -Os

G000, G000 .
=0, {54050 -3
U LRS0HN TIF -04

E ol L e P £ Ko o N e ow A~ A T E TR B e o - T e oty - T o e

L




hF

hF2

NF3

NH

HH2

NH3

KO

NG+

NCCL

hCF3

G2

hC2-

hC2CL

nC2F

1 /61
N25502602F+0L
C.54116040F+05

-0.54675402F-10

J a/es
G.34426G40F+0]
1. 28669390F 05
“N.2%13064 JE6-08

3 3/64
C.571846R90E+01
0. 30992948E+04
D172 t664F-0H

’ I &6/69
0. 79819 18GE+01
=0.1267335AF 05

0.11994191E-a7

JL2765
0.217415R0E+01
0.3%959049E+05
N.22935931E-04

J127465
C29169524E+01
0.1%33%712F+05

-0.2108%3112E~08

' J 9755
0.26165%177E+90]
~0.86T4TLTTE+DS
=M. B3A3IIASE-DE

. 4 6/63
0.31890000E+01
0.982R3290F+N4

- =0.46L139315E-08

J 6746
0.24A85468E+0)
B.118l9245E+D6
=~0.4482274T2E-09

J12/765
C.54195728E+01
D.44171516E+04
C.29353736E-08

1 4/s61
0.51906666E+01
“C.ALTSHIG4E+DY
C.20520282E~08

W} 6/70
C.98929GC9E+01

-=0.231854R8E+05 -

G.2C510613E-1)7

J /44
Q.uc26077LF0L
0.22899200E +04
—CeFRE556125F =0

AE2765
0.537964220+01
=0. 490393074025
-0 THTSH M LE-0b

J12r6%
0.72N452 1 39E¢01
“Q.113651723E+04
Q.2598901 34F -0y

) JL224%
0.60637166 +0E
0L 1212877 +05
032719425504

D256~10020-2

APPENDIX A (CONTIMUED)

LR [i1¢]
0.10eb61458E~073
Q.taaBT9R1E O]
0.20895044F-11

Nl F
0.764099E1E-D)
0265002 11E+0]
0.13%04556L=11

A le F
0.14102022E-02
=0.M469299E01

D.7124964TF=12

LI F
0.22349R97E-02
~0.15667394E+02
~0.12905657F~11

L I H
0.13179398E=-02
N.3TH23234F+01

=0.95757540E~]12

A o la H
0.35496090F~02
0,79C74A%0F+01
0.39022087E~12

L H
0.£1871711E~02
G.7T04635828+01
0.27299092E~11

N 1. 3]
0.132822B81lE-02
0.67456125E01
D.15919074E-11

LI 0
0.15217119E-02
0.70027197E+01

=0.27R4{906E-12

LI 0
0.181368894E-02
~0.191835466E+00
~0.6651T46E=-12

[ v}
0.18%26266E-02
=0.4298477£+00
-0,29%26815E-12

Al a
0.23819898E-02
~0.24%44299E+02
-0.37109%60E~11

LI o}
0.25:60322¢-02
0.123324138E¢01

0.14195481E-11

LI ]
N.20060322F-02
~0. 1836 T6RQE LY
N.34577493E~11

AN L. G
}.29949809E-02
~0.5925656 76401
O.44289401E-12

Nl
0-23554417E-02
-0.95006218E+01
0.59144TN3E-12

[+N) CG 0. © 00 0.
=N T4H533735-01
N.2503ullag il
OebbCyd0KF +YS

l. ac 0. 0Q o,
=024l TRE-08
Do 10GHGSBUE b L
0.209416R8F +05

2 00 1. oG Q.
=0. 6043 3969F-06
0.25609872F+Q1
0.3931706954F 04

3. 0 0, a 3.

= 6301027E-D8
0. 126761048 +01
=0.170551F +n5

1. nfoa, 00 o.
~0.3H379707E-06

Q. 348495 32F+01 -

N.397LaT93E+05

2e ao o. o 4.
=0.12276378E8~05
0.40385791F+01
G. LART3010E+0S

3. 00 q. 00 0.
=N, 217851 26E-05
0.35912768E+0L
=0.66TLTLA3F+04

1. oo 4. ag g.
=0.52899318F-08
0.40459521F+01
0.974539345+04

1. E ~1." 00 0.
-0.575312418-06
0. 360AH45056E+01
0.11803369F+04&

L. CL 1. 00 Q.
=0, 5487669 1LE~-04
3. 40280308E )
0.480344A0E+04

1. F 1. oo o.
-0.78642361F-06
0.32902070E+01
~N.9156h4445E+04

1. F 3, 0 o.
-0.14434138E-05
0.1427587SE+01
3.21189425E+05

2. 00 9. .00 O.
-0.10409498€-05
0.34589236E+Q1
0.28152255E 104

2. E L. 00 0.
~0.888237626-06
0.29614526E+01
-0.44317503F+05

2. CL 1. oo 9.
-0.12641250E-0%
0.30302225E+0]
0.76652034E+01

2. F 1. . 00 9.
=0.14154297F-0%
0.22424380E+0)
~0.14364205F +05

A-22

G

@G

. It GNo

O ImS26F |1
TP ALHUL LN -4
Cohlbuinloniang

WnN.6a0
Nehyl 360221 -10
0. 1056606 7E-02
Na 790921638 0}

iGn.oon
0, 1L471711E-09
0.1012106258-1n1
0. L2YY4042E+02

IL0.000
N.ld 34 1AGRE-CY
0u.24289231E-01

Gal7971633E02

Jon. 000
N.54162146F~10
0.28026519C-01
0.1H654952E+01

“300.000
0. 179495 76E-09
~0. 10090 LE3E=-02
0.524662856+00

Jgg.000
0. 37597090609
0.4%3IBBL6FFE-03
N.2252G764E+01

300,000
0.495%19332E-10
=0.34181789%=0C2
0.29974988E+01L

3002000
0.10051041E-09
=+ 11544580E-n2
0.31779324E+01

300,000
N.12297226€-09
0.m59428529E-02
0,698647732E+01

300,000
G l4626364E-009
0.74C45493E-02
0.1 451 185E+01

300,000
0.273816H5E-09
0.32A31049E~D1
0.i72264284E+02

ic0.000
0.19879239E~09
N.2G647064F-02
0.031L6983E+01L

300.000
0. 16501079E-09
0.5 360R32E-02
0.10052399E+02

304.4400
0e/375H750E~0D9
0. 453H93QF-N]
N, 11418570E N2

. 300.300
0.26622227E-G9
0. 162U0716F-01
D162 1096E+072

LY TS IR
It TR I R D T '8
ELRIE LI L A, O 4

AG0N,. JCD
=0 WAL IRE-L,
NaH& 1224608 =010

5000.000
“Cn00364 1LF-14

-6 %7064 | S0E -0%

300,000
=0. 1270t 442E~13
. LAY TLE-04

5000.000
~0.dAH3INII2E-14
~Na 13056 TERE=05

5000.000
-0.110734C1E-13
0.401209C3F-0%

5000.000
-0.24445R055E-13
0.83640302E-05

5000.000
=0, 54404 W3I2E=14
0. T9R19{YDE~QS

5000.C60
~N.h60642546F«14
D.2175h4608E~05

anN0n. 600
=0, BaN20Y I6E~ L4
=0.5356203L6E-05

5000.0400
~0.,10A97419E~-13
~0. 661953035 -05

5000.000
“0. 191 B6GNRE=1]
~0.38%73384E-04

5000 .7100
=0, 13/99384E=-13
0. 66BAL0ATE-OS

3000.000 ‘
-0, 11743414613
0. 262051 267 -05

5000.C00
0. 16524084RF-13
=0, LA4SYI0E -04

000,000

-0, IE53166RE=-13

=0, 133841 22E-04

-

B owd N - Al TV S EAR VLV Y ok PO PN - £ u by e -l P £ B oo o B e I e - I an P £ e NS - B

LR VR



Rl AN

‘MNATL)

N2 J 9785
0.20953194E+01
~0,90586184F+03
~N.632175595-09

NeL - J 8766
0,59145719E+01
Do 4NGHANG 7C+05
0.3H58D460F~0b

N2H4 . J1776%
0.5U947270F+D1
0.92996644F 404

012698753809

haan J12/b4
0.473064T9F 0
D.Blal76R2F +04
N.22215R17TE-08

h2es J 964
0.1350463 1E+02
~0.28609096F+04
e 1 1B45939F~08

J 8762

~0.71915700E-08

J b/h2
0.40097373E+01
“0THLLI5472E+403
0.34590020%-1y

Ka ) J brG2

© C29823078F+D1 )
0.121937826<0%
C226T1RBTR-CY

AAs+ J 3765
€.2500000C5+01
0.72599329E+05
a.

hACLLS) J UhLg
0.22134927F+01
=C.4N263201E403
C.a36719796-08

hacLiL) J 9744
0.1235R48T7E+C2
“0.514232&5F+05
G

haCL J12/ b4

0.4427931E+01
=L 21170900Eens
0.3463921BF-06

MAF{S) -
C.7¢342026F+0)
~0.71B10405F4 0%
0.14125911€-07

RAF L} Ji2rs4d

0. 10953261 F+07 -

~0.TUATIFLIE O

0.

NAF Ji2reu
Coh 3IMARAZEDL
~0.306321075E+0Y
" C.4511842 ¥ 01k

haF2- Ji2/50
0.TI1223193F+C)
LIRS TR R T
O lubar7 -0

Jtasea

D256-10020~2
APPENDIX A (CONTINUED)

H 2. 0
0,15154H66E-02
O.6161504NF +01L

=0+22577253F~12

N2, C
0.171768784E~N2
~0.7356C994E+0}
-0.17324120¢-12

o2, H O

0,9379613I0E-02
-0.,35550952E +01
0.2586520 3 =11

ho2, ¥]
0.2B2562E7E~02

‘0L 1TIS1073F+001

-0.806503306-113

ho2. 3l
0.58723267E-02
=0.26252230F+02
0.2000161BE~11

Y- 0
0.
(18
~0.58226A18E-11

LY. % 0
-0,12533184E-02
~0.15366120E 402
~0.R2500044F=13

LY. 3 oa .

~0.135632845-03
0.3895772F+0)
-0.A5125266E-12

NA 1,
0. _
F. 152740 14E+01

ML 1. L
0.159859902F-02

0.

1.

1.

G

Q.

0.

E -l.

L.

~0.26C25660F+01 |

~C.12C13424E=11

hA 1. cL

~0.63CTL2N1E-02

~0.60505510E+G2
N

NA 1. cL
Gel5627241E-03
0.22E78154F+01

~0.5113587521F-12

‘KA 1. F
~0.548391B0E=-03
—0.3IBPISTLIOE+N2
-0.395145298~11

NA 1. F
~0.320444598-02

l.

1.

le

s

~0.%6375655E+02 -

0.

KA la F
0.258D05R0F-01
0.12663019¢8+01

~0.124759H8E~11

bA 1. F
0.4]:A%048F-03
-0 18 MInRntEa0g
=N.2b60180730F-11

L.

2.

00 a.
~0.33626986E-04

o o, O 0.

-0.97P35277E-06
0.36740261F401
~0.1061158RE+D4

00 0. 00 o,
-0.73057492E-08
0. 2AB23173F+01
0.504 745791 +05

00 Gu

Da TTRO3RIGT +00
0.I03798ATE+NS

ag 0. 00 0.
~0.11558115F-05
N 261891968 +01
0.87590123F+D4

oo a. Q0 0.
-0,24T606296F~0%
0.3665828650+01

| ~0.90631797F+03

n 0. 0 0.
0.
0e24]1185T08+401
-G.83578157++03

g5 @ 0 0.

04244530 8F-05
0456732261 +01
-0.97421906F +03

0o -0. 00 O.

0.11292708F=08
0.748817266401
D, 12215904F +0%

oo 0.’
0.

0.25000000E+01
0.72599330E+05%

no Q.

0 Q. o 0.
0.50486383E-04
C.50240778E+01
~0.58123335E+05%

0 0. o 0.
0.320046723e~05

0.
oo 0.
~0.2810H303E-07

0.370322B86E+0]
-0, 23028276C+QS

0 4. 0 0.
—0.54B8439886E~05
0. 3497 T552E+01
= Ie4TEAIEDS

0 0. o o.
L 0.11611642E~06
0 * ’

0.

o 0. o o.
~0.72954961F-07
0.316A4325F+0)
=D 3O0E3INAL DY

E 1l 0 n.
=0.17972299r-04
QL4SH28IUF IO}
=N B223449 7L 4Ny

A-23

oo 0.

G

3

(]

360, 006
0998073931 -10
=0. 120815007 02
Do23AHOG24L 400

306.000
0.13812907€-n9
Qe LORGIAOAF-N)
De Q4 LGOBAL 4]

. 300.000
0. 54300 3041-~09
D.2LTRAONTE =0
Do l824B6B6F +07

ion,. noo
0,21263863F-NY
0,864 3G 16F =02
D.4226693ZE10]

300,000
0,456556024E-09
DLiett T4RE=N)
N.%397T3337E401

300,000
0.
0 HEI518504-03
~0.b21572680F 401

370.9H0
0.5248]1272F-04
“0.}B2HTLIORF-07
=0 183 ITHGHE+0Op

3nN.00c
=C.42307732E~10
a9 626]102E~04
0.42BC40B39E+01

. 300,000
Qe . :
0.
0.35374014E401

390,000
0.26020549F =08
0uu1N&I06EF-C2

~N,21227201E402

1073.800
~0.6I?17362F=-00
0.
G -

300,000
Q47163571111
0.31997608T-07
0.5760352438+0)

300..000 .
D.u68630225-00
N 10526572F-n1

~0.17394A33L402

1269.009
=0, 1629429 7E~0G .
0.
n.

C0,060
0.13348457F-10
Lo a46H6921F =02
Ruh9325349T 461

300.060
B.34G61 220710
D lLLDR2) 1L~
D 147603125+

S00C.00C -
0. 09223555014
M. 23240 LC2F =05

$600. 600
=0, 65407 145 - 14
=0, 10399% 11E =04

aop. cono
=0.35H6¢10-13

=0 13450184 204

5000, 600
“0, 145640871 =13
=0.GHL104  4F -0y

5000.700
~0.AP4NP0BZF-1)
=0, 16007247L-04

370.980
o.
M. 1058333L1E-04

2000.,006G
=N, IRIFGHC2L-12
D. 148400 1AfF =05

5600.000C
MoALTOSTRESF 16
=0.215142286-08

5000.00C
. -
0.

'073.600
=0+ 364HTO6E -1
~N. 72834730k ~05

500,000
D.5EN15612E-13

5000,C0C
-, 2ERILZSSTC-1G
—0.4B9245C2E-05

1269,n00
~0.P928%UE0F -1}
=0.170350%6F -04

1509.000
0.52456141E~14

5000.C00
=0, 400G E51 - 18
=N, T2UINRCTE -0

5000, 00,
=N, 233501518 . .
=0 157200008 -0

o - R R e b =

£ o =

I e W = L

I PO - o e o Ny e £ Ay

R - R I T

e

T

w Fe e

o~



NAH

HAQ

hAC~-

MACFLS)

Fl

hAGHIL)

NACH

nAZ

haZ2CL2

NAZF2

hE

NE#

c-

CH

Ch+

J /4
0.34130579E¢Q1
N.134683062F+0%
-N.39950795E~08

J12787
C.43926158F+01
0.ATILBI95F +Qs
0.645TT1199E~08

J12/467
0.4 1B6A00AE+Q}
=0.199456268E+05
.4 3ATISLSE~08

J 764
0.

Na .
0.30599796E-06&

3 368
0.107741438+02
~0.51%03103E+05

0.

J 3766
0.447051A3F+01
~0.25R0B1B7E+05
N.22226945E~09

J 6/52
0.44923459F 0L
N.lS1R40B1E+Q5
0,79209225L=C9

J12/484
0.98262001E+01
~0.71077T149€ +05
R.1227T¢C0E-NT

J12/64d
.94335530E+01
~R. 164801 L4E+05
C.21'33704Q0F~07

L 5748
C.25000G00E+QL
=0.,74537500F+03
0.

L127&&

C.25285147€+01
0.2501521AF+04
N.34693079E-08

. Joare2
0.25420576E+01
1.29230403E+05

-0.1602R532E~08

L12/46
0. 25060484E+01
N IHT94TCRE+(S
0.322646939E-10

J &l66
0.25437173E+01
C.11480516F 05

-Ca13479178E~0B

J 3766
C.25106427F+01
0.37353R15F+04
N.18713972£-09

LYY
C.275448G9E+01
D IMT5I9H4Er 08
CL1HNOTRBAE-04

D256-10020-2

' APPENDIX_A (CONTINUED)

KA . H 1.
0.8S5&43HCNF-0]
0.471002856+00
0.16726118E-11

LY. N (LI
0.211205146-03
Ga2V1a120M 01

~0. 1L {204H6F =11

A 1. 0 1.
0.22454672E-02
N.1GCAaSEIF+0L

=0.113/26796-11

M L. 0 1,
Q. :
Oe - -
~0.22B97432E-09

ha L. 0 1.
=0.704521 26E-03
“0.522569A9C+02

0.

hA 1. g l.
0.19293385E-02
0.231160R1E+0L
0.39074039CG-12

hA 2. 00 0.
0.19571359£-03
0.200441 EAE+O]

~0.20279358F~12

NA 2. CL 2.
0.15184753E~03
~0.17C452%6E+02
=0.28644994E-11

NA 2. F 2.
0.434115088-03
-0,197661556+02
~0.55744114E-11
ME 1. OO0 O.
0.
0.33420438€+01
.

NE L. E -1.
=G0.412293206-03
0.24159397E+01
~0.537%1304E=-12

c 1. cao 0.
=0.27550619E-04
0.49702080E+0L
0.38506764E-12

c 1. E -1,
~0.1406424498=04
0.43479T41F+01L
~0.1237155171F-13

c 1. E 1.
~0.332587C0E-04
0.45202518F+01
0.36663996E~12

[ H 1.
0.55531650E~03
0.54622645F+01

~0.22571094E~12

C I H 1.

0.15C25181E-02
0.50CTALGC I +01
=0.9487T1432E~12

00 . 50 0.

=0.312268|4F-08
0, Y1 2039%0t +01
P 136006YF+G

0 0. o 0.

~.4%220598F-07
D 34421007FHOL
UG.ATILI&TTE DA

£ 1. noa.

“NatH2LAGF2F=0F
0. s4ldafhhFeg)
0157522041 ¢4

1.
0.

00 n.

D.69758356E+01 -

~D.53654255E 405

H 1.
Q.

N, 10774143E+02
=N.53503303E+05

09 .

H 1. 0o o.

=0.62522237F-06
0.37586137F+01
~0.26564595TC+05

Y 0. Q0 0.

0.2265d41 /+-~08
0.431975147+01
0.15220419F¢05

.00 Q. 00 Q.

T -D.HLEQATA)E-O7

0. 7953 3953E+01
~0.70725939F +05

o 0. a 0.

~0.27624720E-06
C.4B8212191F+01
-0, 103890058 +056

0o 0.
0.

00 0.

N.25000000E+01

“0.764537493E+03

oo 0, no o.
0.16341709F~06
0210064068 +01

U.?SOZQSESE*O&_

00 0. o0 o.

=0.31020033E-04
De29464287F+0L
02914 1H46E+05

no o. ca n.

0.12446049E-07
N.24984 16F 01
O IBT794908F + 06

Lg 0. a0 0.

C.25 L1941 TE-0O7
O 28115T96E+01
V. 1142853 1E (S

00 0, an Q.

~0.19441702E~08
0.383759743F +01
0.364128213%+04

E =ls 0o n.

~N A4 LELITE-Q6
U 3544 1365k +01
015736576 F 408

A-24

G

G

G

OR};

nn.oue
Dol n J15- (s
Dol 52Tk 2
Nan bl §eaut vis)

: wWo.Ang

Qo2 11
DeslBLIdnkr oy
D031 6251 10

431,000
0.5 2248 =111
Doud 114821 =yp
UaN65547250 01

360.0060
D. .
OLlJUGSARIE~D]
«N. 13192509037

592.250
0.
-0, 10452126F~03
-0,52256949E +07

300.090
0.933211670-10
N Al T9358TF~02
0.58652624E+01

JnG.0ng
“0.10132M46kE-11
N dLINISTL-0Y
e B VPHFTLERDL

3¢0.000 -
D ISP9RIHLIE-1D
0.{39621608~02
=G.n10847998+01

JZ0.000
0.52917190€£-~10
N. 190346 1956F-01
N.72351091TE+0L

300.000
Q.
0.
0.33420438E+01
300.000

=0.249554891F~10
0.32616425F-02

0.LI09B6TAE+OL

360,400
N.455108674F-11
~0. 68 6b5F~02
0. 296039969 +0]

300.000

~0.4BHSBAT2F~1]

N.LE4109T2F-04
N.43864355E+01

gn.an0

~0.5185Eh066E~11
=0, 11905697E=-02

0.32640ZH55E+¢01

330, N00
0.13/56A46E-10
=3, I 77HN5HY, =02

0449316309 +00 .

300,000
T FIDOZAGSE =10
=3.103/5 38 5005

D.18137392L 401

GIN,
og }3()(2§%11?§;f1(¥1§ IS

4

"0N 000
Yot 24T - tg
A R R Y Sl

00,000
R Y W B AN L O
TR LT ] 7L Y

W Ar.r0g

N IR -in

RLEPUR B VY Y S 1

n12, 250
0. . _
S0, 11694 112k -01

"A00.C00
0.
0.

5000.000
—.55 2200k
=0, PHA0AN LIF =C5

5000,000
D 1065 E-LS
-N. 11333078 -05

5400.060
~0. 10958 9%4E ~ | 4
-0.t3817116F-Ds

500,000
SN 3T310393E-14
-0, I0K[ 7L L4E-O6

5000.000
n,
0.

5000.000
0206549 L TE- 15
=0.562654¢t1F=05

5G40 .000
~0.436H0515€~-15
N.24210) 16E-05

"5000.000

N, ASS4NE TIE-1S
“0.29761355E-07

5000.200
N.39N11542E~15
O I8 838 -05

56N . 000
Nela22649642F~15
N.960313 INE =04

0%, 500
=D 4B15V6TF -1
=N SL AL P -GL

e

-ty —

- D e

Ly VI o o ho— o R - o - o by - L v Vi £ ny e o A e L

T



D256~10020-2 - . ,
APPENDIX A (CONTINUED) . | /

I
3
&

T,

J 3lah

0.20772616F+01
-0, 111242877405
0.19713%19F-00

J 9765
0.3621953561+01
=0+12019825F 104
~Ce4T6351376-08

J12/686
0.3814%234F+01
-0.6991008TF+04
=0, 40916092808

J 6/62
0.26302620F+01
0.37352993F +05

~0.149050206F- | L

J &tal
.
C.
0.133664766-07

Li2/&6
0.25021547C+01
0.16204407F+06

-C.54858021F-00

J 6770

. 6.9456£116E401
~0,3560441 37405
0.12898240F-07

J12784
C.B4347TA3E 40
=C. 1 160B0A4F +04
0, L4490962€-07

dl2res
Cul2R4BIR4F+0D7
~0JHA26212040¢
G.2n416686F-07

J &r617
0. 301050421 101
C.2Uh26215L 04
D.84326107F -0

- J bIEE
Ca3 446D TR4E4C]
CollA3Toker tla
D L5R279046E-01

J 9762
Codr8lR2267 (L
B.11343A00F+05

0.5 TOHGSBF-0H

J12se0
e 3438390HE+QL
G LOTLIIBSR2FR O
0. TedSHAISE~0n

Jd 6617
Qe 156357 6F 201
CLY3SHIBICGE + 04
N 1165076000

J etol
Oualbll?IiFell
G- lGBTEAF+05
G 2060050 1 -Gb

E-YIIn

L. Td262 Fuui v0i]

Co1s H

0, 593236740-0C)
Qabhrn2BNABFA01
-0.710007%316~12

c 2. 0
0.73618264F-03
0.36150%£0F +02]
0.,21555953L-11

T 2. E
D.1744ubabE-03

0.295%871951, +0]

G, 164853G4E-11

Pl o0
=0.17633559E=-03
0.44495133E+01
0.73%T4468E~14%

Fla o
0.
0. . .
~0.471919605-11

Bl
~0.58¥TR8S9E-03
0.3B8705658F¢0)]
0.12{9885T7E-11

¥ 1. (48
-Q.60270401L~-03
~0.156%428C3F+02
~0.h8TIH4G4F -] ]

Fol. F

0.173936206-02
N 1A4TETEGF+02
~0.24¢023400-11

LIRS F
0.35104485-02
=RL.AHAAPTUSELNR?
=N, 45163208 -11

Pol. H
0.11£98947E~0Q2
G.STRaHAISE+0L
-8.172086090 =12

Pl "
0.65770941E~-02
0.254162716F+01
0.32034250k=11

[ N
0.544606726-013
QuelITLTI2EL0]
0.21213%82E~11

[ a]
0.73137263E-01
0.450NTALT O]
0.246509961E-11

L T 5
0.3024Cne5€-01
04321611 590+01

=0 A4 20RTU0E-L2

P 2. 00
0.35£2C8C0L0-N3
0.22219293E+01

~0.32236453E~12

0.BEENL ] 2RE=-03

£ ~la

Poh. ne

B, 0o 0.
-0+ ZL L AQEAE-On
C. V45565041 +Q1
~0, 1835 L4BE 1 ON

0 0. L 0.
=0195632728F ~0A
N.362559u% 4001
=0, 10&10226E+04%

00 0.  OU 9.

=0, 3041 1669 -04
0. 316505251 +01
~0.67364ThLE+04

ao o. oG Q.

0, 1202011 3E-07

C.250101440+01L
0. 35400 T93F 404

o 0. e 0.
0.
0.11B69E42E4+0]
=0.59485421F+¢03

0c 0.. 00 O.

0.31298116F=00

B h3T9ualTT 101
0L 161T4TTIEE Q4

D 0. g N.

C=Q.PINGEBIBL-(0

NL.5259033 1 #0l
=C. 3476440 (F+05

¢ 0. 0 2.
=0, 751 1S80HF=-D4

M. 2362187n{+01-

.46 Tam6 36

o 0. 00,

=1, 151944604k-9)%
(. 1062304498 401
—0. 191532 3TF 4016

ro n., o0 .

=0.3058l4%4-C6
C.36R02433F 401
C.2943350G9E+05%

no o. oG 9.

~0.26336750E-04
0.31581935E+01
Gel1A3u706LEHOS

00 0. 6o 0.

-1.3R923480F-08
0.33755239F+01
0.11510440F +Gn

00 a. 6o o.
~0.295492R5E =06
0-39692750F +3 1

—~0.1BT2L 68T ¢tit

no a, Qg 0.

0. THLBLHTLL =01
Cue3THY2020L+0]
D551 TI6IEYDY

oo 0. Qg 0.

~0.15544339C-06
D.28391107F+01
0.2045495%4E40Y

00 0v . QO 0.
~N.3TT5833H =N

(3]

. 0L 0010
D LICTH, JHE -1
et It 24 4401 -1

Ha"H G v o th ineg

300,050
b T VTS Y LS T
=l RAlak: - 02

LR LRy SN} i

1D, 00
Detbalutisl (e
D l2l2inize 02
GetTtbtbtart Fiafp

I ST
Qu VG IE2 0400 -1
0L TLNR2 00 L
Cohlbtndrrang

Capon.oce

0.79257720T-02

=N OTHYYA2ZAF+D ]

306,000
=R b T2yt~
=Dt d £I2TE -1}
~Sa 13ROB HGRLeN]

300,000

CLHBEHDL FYGE =L

Oa b THBOREAL =Dy
Be3z239linsteng

wn.nnn
[P T P YT L T
G E P Z0L6%Y -0y
e bABTIRRUEICY

G000
910100 E-0u
DI P PR LEET o
TS CUTY ERT 0

we.o00
LR TR YL
=, 121560 87-0
Nei056TEPL+0)

300,080

0.46T74600608 - DY

f2eaalenat-ne
N 622635661 +0

00.000
D TIZILH2EE~ 1
=N, 4109 ear-C1
O .LOBAIHLIRF 4

00.000
0. 55080 HOTE=-LT
=0.2201%0400 02
0.454616930L+0]

30Nn.000
N.1491934356-10
N, 243305740 -n2
DotsL9I9H0OBE 4 L

300.000
0., 29094 far -6
NahUAHH 13 -0
N.Hd2eaTOLing

~ 30n,600
N ré3unani -1

-1t LOPRN L

L E RS DTS [
REEPR LR L LN TN B L]

HO0D. G0
CoPB0RE, TT =14
re I GG nyE - OY

F00G.06G0
MUTE L P TE-T IS B
D.2iutdleli- 06

LS TR o ]
EAPRR A LY Y T4
Lol s -0

“ane, aot

0. .
=N, 13nha04] - 04

SC00.000
0. 393044751 - 14
J.U9340GL2E -US

S00C, 000

=0 3G0NILESL - 14
LN ZTILTHESE 08

5000.600
=0.100939 9F=13
=N, 2T4OLELPT N4

5000.000
—0.20%34T7C8F-13
-0.538014 29F -us

son0. 000
“0. 770009 75 - 14
0. 2593244626 -0%

5001.000
~0.32254350F-13
D.90755253F-05

s00C. 000
~1.50%961632f - 14
D.5%12651%1k-C5

A00N . 000
-0, SHNQaAPRE - 14
N1 13241278 =058

5NN, 600
0L EARSL3E - Y
=0.s110raCIE-Cn

4000, 00
“DLeCHEALTAE -1 4
B PLYY TS P R

A LTI A

UL HIPREL T - 18

£ own =

[ P A

—

S B e

ow oy -

LA

E T £

& o b

w e

P.124%0323E4CY% B YL Y LR TR

04 24906°06F 01

=C.196540&A +0
=0 32940 E3F-11

N, 153433000101
N, 13RABANIT vus

D.3612%2490 -0}
PLITH2 T 320t 4 0]

bt i

A-25 ;



S5(5}

SiL}

SRy

S5Fé&

SH

SN

50

s0F2

502

S5C2F2

sC3

52

stesy

S[tLt

€.241186538+01

J12/65
0.
n.
D.H4TATROGIE-06

J12/&5
N+34036672€+01
~0. 8453038 3E+0 3
N 110106377 -08

JL2/765
C.2"M1L165E+0]
C+3272626TE+05
0. 24521 102F~08

LE2/65

G 15375 TIE+NQS
—C.LO 4B TA9E~00

Jlz2/49
C.lLI01043E+C2
~C.UTITIZT00R+0Y
C.25%01103F-07

3 9/85
0. 15286816E+032
-0.15234672E+04
0.482644560GF-07

J &6/67
0.3N371382E+01
0a1654543TF+05 °
0. L&E46TLTIE-08

J &/61
0.33493976E+01
0.35459952E+05%

~N. 75158560608

J12/45
N439290162E+C1
~Ge4 JHT26F5E+03
~0.34700644F~-08

- J 9745
0.4814TA190E£+01.
“Q0. 7775349427 +05
0.113284886E-07

J &6
G.52550L164E+01
-0.3755R227E+0%
~0.52810047E-08

J 3/63

C.97587416E+¢01
~0.1H6H096E+04
C.9362030%5E~08

J 9/43
D TTITITEF+OL
~0.5"211376E+0%
~0.79203022E-09

J12465
C.42051134E+0]
G.l41N2908F+0S
7.33097322F-08

: ERRTE N
SO, 20T33I0B9E QL
=0.41255620F +03
C.GT533603F~00

JoAre?
G 12I0DUL5E01
C.hnfibhS4TRFO,
c.

D256~10020-2

APPENDIX A (CONTINUED)

S la o 0.
0.

0.
-0,1734496 TE~08

5 1. 0 4.
0.59C0334G5E-013

-0l 164T0BE 402

~0.352761950E-10

5 1. N0 O.
=0.5409C535E-013
0.3171R5044E+01
=~0.10&656090E-1L1

5 1. E -1.
0.,22103303R-03
0.58H61130F+01
0,400 21RKE~3

S le F 4.
0.211309998-03

 ~0.2BERASHCTE+O2

=0.51523879~11

5 1l. F  b.
0.41%41264E-02
-0.59CAGAT2E+02
-0.58455246k-11

5 1. H o la
0.12752466E-02
B.607229B1E+0]

- =0.12144787E-11

5 1. N l.
0.72756788E-0)
Q.6617T9139F+0Y
0.25591098E-11

S . a L.
0.75%93144E~03
0.4652R1GRF v
0.1575a249E~11

S . t. 0 1.
0.20156607E-02
=D 141455446 +02
~0.16T445636-11

i 1. 0 2.
0.18704204E~-02
~0.10073524E+01
0.25590454F~11

S 1. A a.
0.35745%726-02
-0.23C29063E+02
=0.44301989E-12

S L. n 3.
0.31716338%-02
~0.11200793F+02
0.19709473E~11

5 2. 249 0.
0.331071506E-03
0.32C9471728101

~0.537376109F-12

Y 0g 0.
0.PBL12187E-03
“0. 12180 74TE¢02
~0.272753R0E-11

50U L. 0aQ o.
Q.
“0.1352R92BLE+N2
0 L]

g 0. ot 0.
0.
=0.50437025F+01
0. 710B2A249E+03

0 Df o0 c.
=0.10114410F-0%
-N,1270&6310F N2

0.123400H9F +Q4

00 0. 00 Cc.
«QUL5L555F-Ng

D.27290L51E 01

0. 12686945E405

aa N. ag 0.
=0. LU3IYSH4E-DA
0.2508B2145+01
N.15373003E+0a

0 0. 0 G.

=0.91283093F-0a

0.246226425F+01L
=0.9578u5LE+DS

00 0. og¢ 0. .
~0.1806324%E~05%
~0.11646703E+01
=0.14868151F ¢Qb

ao o, a0 9.
=0.42314345E~06

0.44098953F +01

0. 161HUTISE+OS

an g. 40. 0.
~0.2%9370203E-05
0439422971E4+01
0 3IN563947E 05

00 0. Q0 0.
=0.30791n%1E-00

0.3123242228+01
0.1 TR4T9ATE+OD]

F 2. o0 0.
~0.86557421F-008

. 26900606E+OL
~0.869453573F+05

no 0. 00 a.
=N.A03757HIE-0US

0.32656533BE+01
=0. 36908l 4HE+0S

F 2. no o.
=0, 15105050E~-0%

0.26HZ4217E+2]
=0.10447505F+06

0o 0. 00 0.
~0.13535760€~05

0.257d03B5E+01
~0.4A931753F405

ne g. 00 0.
=0.115430569E~08

0.281242586+01

D la4U TOTRE NG

00 0. 00 Oy

-=0.20934Y4R81E-06

0. A4 1915387400

~0.524562R0F+03
60 0. 00 0.
L8

Q.

0.

A-26

G

&

jun,00¢
0,
N HRTI36)F 02
0. H71&0THE 02

3B, 360
DeafS it -9
D252 LAF -0}
GuhedlOlo0L+n

L0.000

T}, 099601 2F 106

Q. 196 NATF=0)
M. 340003728 +01

i30.000
. hilALATRE~LO
~GafidtTuhs 1L -00
S ).W3A%7186E+0L

. 300.000
D.1T427082E-09
N.33574538F=01
0. lAB41096TF 02

300.000
0. S4ATOABGE -0
G b 060691 2E~01
0.25921 t67E+02

300.000
CanlTIWGLRE-10
=0 200V T4 TF=02
—N. L7256 129E+01

J0g.000
0.59013562BE~-10
=0.003551%E-02
N.6564%584F+0L

3oh.c00
0.47380156E~10
Ue137973426-02
N 44 17693LE+O)

300.000
0.16471939E-04
0.20114317€~01
0.13247064E+02

jo0.000
D.15149969F=-N%
N.232319028-02
D.I651347T6E+0]

. 390.000
0.2604B29TE-N9
0.752{7HU2F-0L

N,1728826335+02

G0.000
0.25630912F-09
0.14554335E=-0]
D 12751 863E+02

340,000
N.2524%175F-10
B 04 4hab1E-02
N I30A2505F +01

360.000
- 0. 2T5H1BTE-LL
Dad3T10416F-12

—0.0527126T8EYDL
LW, 000

Q.

a.

n.

TTIRTT.
a. :
Ol 1L LEF 04

000,000
A REL I YSE =13

SRR LI rAF 03

5000, 004
Dot Mana i0E-14
= FINLANENE-GS

5000.000
-0, 53AR7 170 - 14
. 15511305606

" 6000.900

~t. 127005 l4E~17
~0.437221 14F -04

5000 . 0200
~.7492363IE~-L]
“0.HI1I7S | PF 04

500 ;.000
~D.603343 12E-14
0,131710B1E-C5

5009,000
-0,38123551E-14
0.73514644E-09

560n,000
I0.,40206449E-14
0.20611717E -05

3000¢.000
=0 1156A 3 14E-13
~0.23187553F «04

5000.G00
-0.10%5A0CE=-13
N.6A43IT452E-Ca

5000 .000
=0.200723%G3E=12
~0.24T89158E =04

500€,000
=C.1T9d40Q44F-13
=N 7641 13E-GS

000,000
-0, 1 TVAT4BAC - 14
=N, AZ055277E-05

LARS .. 000
DalaNNANEGE-1 3
-0, 13IATICWQE-04

G0, 100
0.
n.

o - FLRVVR VI £ owe by - LR VR o e o By e o o o P o— e - £ A = LR To ER TR g o b — E O S N

w -



5l

S50+

5IC

5IC2

sicL

sicL2

SICE3

SICL4

EIF

51F2

S1F3

S5IF4

S1kg

J 3467
C.26506014C+0Q)
0.53437054E+05

=0.328331T7F-08

: 1127566
Cu26645138E+01
0.1479]814E+06

«0.5241T458F-0H

J 3/81
0.55799033F+01
0. B504H1202+05
0. 60694 120E~07

J 367
Q.5 1011523E¢0] '
0.720233910 05
0.106573232F~08

J 167
G.u4179424E+01
N1.21650362F+05
N.29169051E-04

_ 112769
C.665620096+01
~0.21H651B0E+05
2.10572099F-07

L 12769
0-93913834F+0L
~0.51296848698 0%
C.14160893E=~07

J 9787
0.12089656F+02
-0.B2936052E40%
0.2454BT48F-07

JP2re9
0.41433075E+01
-0,36327053E+04
~0.677TD3IRAIE~0S

J12/68
0.63359092E+01
=0.72721130E+0%
Q.hdu541 33TE-O

’ 1 8270
0,A84105118F410¢
-0.13523389E+00
Q. 152987T62E-D7

4 9763
0.17545038E+02 .
“0.19772290F 06
6.12074579E-07

Jia/e9
0.3091L1R4E+0L
0.543024466F+05

-1,5317970ALE-0O8

J12/60
0,44433856E+01
R 1H66B2RHEO4
-0 75058684E-08

J 3767
0,39yR58A21E+0L
D.621524009F+05

~0.37734883F-08

J owreT

G.314TUB3ISEDL
=0.13317430F+05
-0.510244083E-08

APPENDIX A (CONTINUED)

51 1. 11}
=0.357638%21-03
D.522060567F+01
0.91713831E-12

ST 1. 3
-0.,19504035(-03
Q.40 2R I6F +21
D123 FHETF-11

st 1. L
=0.13409344E~0/

L =Be566335%IE+01

~“0.167292G7C~10

50 L. L
0.212206%0L-02
~0.4916RUA1E+D]
0.255131420-12

ST 1. cL
0,13137080E£~03
0.33:224348F+01

~0.6514B061F=12

51 1. oL

0.3%225514F-013
~0.53%0204549F +01
“0.2677T1636F~11

ST 1., CL.

CG.67561523E-03
~0.1575R539E+02
-0.457018%4E-1 1

LY % CL
0.10196735E-02
=0.295400HSED2
=0.¢0270155E-11

51 1. F
0. 42BALIRTE-QD
0.326208912E40]
0.61.282750E-12

57 1. £
0.117320C6F-02
~0.4285611996401
-0.EB5105P5E-12

St 1.~ F
0.175640802F-02
~0.151898%9E+02
=0.13744T7148E-11

ST 1. F
0.27200B00E-02
=0,274519448 +02
-0.13F17263E-11

51 1. H
04144L89347E~02
0.STENEILAE +01
D.12582721E-11

91 1. H
0.86%34212E-02
(0. uQITTT4BE+NL

. 0.31097221E-11

51 1. N
~C.ATU2T0%6L-C5
0.31¢&15156F+01
0.16635331E-11

- 50 1. 0
0.81591943F-0 3
Q3647040440 ]
0.18471317F~11

D256-10020-2

0. .00 0. 0C Q.

B.79592293E =00
0,3179353I00}
(t, 533349032C +05
00 0.

~la 00 0.

0.E90170658-01

0.3944T015F +01
0.14T65904k+04

1. oo 0. 00 0.
- D.7R4H304TE-QL
—0.215265696E+01
0.H9953143E+05

2 00 0. 00 0.
~0.11457T69E-04
G.38B00333F+01
0. T255H209F +0b

la 60 0. 00 4.
~0.30T67G] 3E-Q7
0.3R251525FE401
N.211740THE+DY

7. 0 e 0O 0.
=0.169TL920F-00
M. &2 36047 TR +{}1

={1. 2137042 HF+05

3. 0 0. 0 0.

—0.2938549R9F-Ch.

0.51253414E+01
~0.50431048E+05

4. 00 0. 00 O.
~0.64167065E-06
0.61040010F +0{
-0.81705075F+05

| 38 a 0. o G.
~0.162L2959F=06
0.33084%81L+G1L
—0.34002393E%04

2. 0 0. o 0.
-0.51341257E-06
0.2935657/50F+01
=0.11965416F40%

3. 0. 0. n-o.
-0.755097060F=06
0.305815A0E+0OL

—~0. 133952T2E+06

fm oo O. 00 0.

: -0.11741279E-05
0.31099749E+01
-0.194611327E+04

e © 0. 0 0.
. ~0456345951F-06
0.41309TR2T +01
D.44159598F 403

4, 0o 0. 0O 0.
-0.35060000E-0%
0.17519579F+01
0.289880916R+04

k- a0 0. 00 0.
0.54269519F =00
D305 195%F 101
0437857096105

1la ng o. 0C 0.
=0,32524 3948 -0
0,125 u2T6F+01
=0 130902401+ 05

A-27

L 300.000
= TZUOHR A2 = LD
=0 2That N2} =-n2

0.2727320a1 +0]

G I60.000
=0, 1785141t 18
=0.,13031 022+ ~02
=N 150T14uTE40OL

9 In0,000
=P la5563TI0E-D%
0.41342700F-11

0.2615608DE+07

[} 300,000
04 3L0%0 Ton =00
D.0I94TT0TF-N
0.6453740428+01

It 300.000
Q.4TBOZ2942F-11
N 2449641307 ~02
NaG196I5T3F+01

s 300,000
0.3002eN210-10
D029 v ikt ~0]
QLT30S 01

G N0, 060
Quhslinh3aN: =10
‘Belf40bE2 =01
Cutls? 15054 +01

" 100.000
ALRGAKYHIA-10
0,267 14E =01

=0 74955 7RO +CO

G 300,000
0.29310636-10
J PBLOLOHLE =00
0. 7609HHATFR+0]

G 300.000
0.10236931F-0N9
O.lla3gafur-0t
0.11226%7TF 40,

G 3co. 000
0.14362943! =D
0,158506385C-0]
D.llS08300F+02

G 340,000
G.224335602L-0%
D 2hHOENUH2T=N]
N, 14141HF+0]

G 300.000
0.10QT71 335E-NY
L =04 35019084V ~N2
0103586551 +01

G 300.000
N4 194983 F=0%
Dulléhgabzt =01
0.11303127E 4007

G a00.000
~0.,179510] TE-C®
O.1abh2h8 =N
0.T8TS361E0}

G Wo. 00
Daht1260671 -0
Q. eli2Ilenl ~pd
[P YN TIEY (] ]

500G A00 -
0.0T96 8 F9F- 14
0, 44 THG G INE -( Y

5000, 001,
01313645091 - 14
0.TI5IIHESE 08

5000,000
0.120633465F-11
-0.78:741 |3F-04

5000, 000
=0.271618%T( =13
“0, NPT L21 -05

5000.000
~0.24135148¢ =15
=0, 3664602 {68 ~0S

5000.000
=0 14 T65CETE =14
-0.1%9513731f -04

Snon. 000
-0, 193744882 -14

| =0, 26R25407F -04

S000.000
=0,9948 | S0k =14
~0.36T032£3F -04

4$000. 000
-N,181372E0c 14
-0.131H]4+80-08

5000.600
~0.bPONI2E2E -1
=Us L2ZHDIRSIF-Ca

S0C. 60D
-, 108737ELE-13
~0.21991979F-C4

5000.000
~0_ 15031 56E-1)
=0.7918A745T7-00

5000.000
=0.636THACLE- 1%
N, Th632635F-0%

5n00.000
~0.43A24576E- 13
0.106863 165 =04

%100.000
0, 163370097 -13
n.las6alGeok -0n

sN0a.00n.
=0, 1550R P 40E < 14
0, 37804, 20 -0%

i o B - [P R W

-

oa e - Do o

£ oo

Lo L e o N — o A o N —

PN -




s1az1s}
418
a.
~0.HTI09BTIE~-Q8 -

J B/4T

510219) “J asev
C.70B54T10E+01
-0 1L1TAT40E+DG
0.

SIC21S5) 4 6787
0.656032385E+C1
~C,1L150871E+06
Q.

slo2iL) J ALaT.
0. 103162048402
~0.11460598E+06
cl
sic2 3 9287
0.59620395E+0)
~0,347678LAE+05
0.172896573E-10

51§ : J12/60
G.41729993E+01
D.71885070E+0%
0.30600985E~08

512 J 3287
0.506474139E+01
C.591331848+05

~0.57649603E-08

srac ) J 367

0.62510988E+01

N.&7300599E+05

C.249850475-08

si2h J 3787

0.65709912E+01

0.45620154E+05
0.716880%05-08

St3 J 3767
0,74ZL3360E+40)
Q. T41456699E+G5
0.10969207E~-07

iE L 4/70
G.25000Q00E+Q1L
~Q.T453ITSQLE+O

a

Le

ENG

D256-10020-2

APPENDIX A (CONTINUED)

5l 1. 1
0.

0. .
0.12526C158~=10

sl le -0
G.12C775CTE~D2
~0.36198180E+Q2
0.

st L. i}
0.2555465C0E~-02

24

~0,238562535+02 .

0.

sl 1. @
a.
~D.57629588E+02
0.

51 1. a

2.

0.17719784E~02

~0.58£0380LE+D1
0.97S6497AE~12

sL 1. £
0,39496404E~-03
0.2B82624504E+01
~0.487546%0E~12

ST 2. [ 1¢]
0.53990034E-013
-0.19234578E+0Q1
0.1477500C4E~11

ST 2. c
0,E3Z24176E-Q2
“0.729646415E+01
~0.16196555%E~-12

i 2. N
0.91-i17882E~-03
~0.78114415E+01
-0.123783106-11

5T 3. Qo
-0.11709948E~-03
=0..03892 THE+02
-0,27832875E-11

XE L 4]
Q.
0.61512740E+01L
0.

=-0.

1.

=0.

oa 0. oa 0.
0.
0.37T282143E+0Q0
© =D.EL048LELE+DG
N0 0. a0 0.
a,
0.70854710E+01

-0. 111747406406

0o 0. 00 6.
-0.690752936-06

Q.

Q0 0. oa o,
0.

0.

0.

00 0. 00 0.
~0.75194194E~058
0.326H24058E+01
=0.380359TLE+0S
00 0. 00 0.
-, 14004802E~Qb
0.20507845E4101
0.74329393E404
00 0. 0o Q.

-, 43015376E-08
0.39155393E+0L
0.69784655E+05

ao g, co a.

-0.72805214E-06
0.40438930E+01
0.562935417E+05

o0 Q. Q0 o.
=0.39517130E-046
0.36456T3I5F+01
N.46318083E6+05

g G. 00 G.

0.89620775E-07
0.45979129E+01
N, T4ToB324E +0Y

o 0.
0.

0.25000000E+01L
~0.TAGITLAIF +0T

0 Q.

~g. -0,

A-28

300,000
0.
. 0.215422236-01
~0.2BA21543E+01
547.000
.
0.120775076-02
-0.16198 LA0E+02
" 107%.000
-0.17559104E-09
0.
N
1996.000
0.
0.
0.
300.000

0. 14 1B0584E=-09
0.85015584E-02
N60549L23F+0]

3od.000
0.3084L97RE-10
04983591 TE~-NZ
0.93999024E +01

300,000
0. 11355206E~-09
=0.190956542E-03
N, 5T275554F+01

300.000
N.23263424E-09
0.73456957E-R2
0.41T12491E+01

300.000
0, 74357 145E-10
. 10301 B40E~( L
0.71095658E+01

300.000
0.71935964E~11
0.10715274E-01
0.344216T1E+0L

300.000
0.

Q.
O.6l512742E+01

-u-

84 1.000
o

=3 14573AG4E ~04

1079.000
O.

a.

1994.000
0.B21315408~13
Q.

5000.000 -
G.
0.

5000.000
~0.98H856417E~14
~D.ST3BBL44E~05

$000.000
=N, 218B5645E~14
~{1. 5370314 (9E-05

5000.000
~0,96242871E-14
N.592334 |6F-05

500G. Q00
~0,23285148E-13
-0. 666125496095

5000.000
~0.502Rh&651E-14%
~0. 136371 19E~04%

5000.000
-0.25670817E~ 1%
“0.14100422F-04

3000.000
0.
Q.

=0.

L Xl £ ow P I e £t N - ol oo BTN S Do b DR O LY o o

PR N



 D256-10020-2
APPENDIX B

CURVE FITTING EQUATIONS'FDR DERIVING SRB-II INPUT DATA

~ A substantial savings in computer time may be realized hy using the

program options to input curve fitted data for output from the analytical
simulation models rather than executing the programs themselves. Ex-
amples of these input data are CSCPEF(1), (2?, and (3) for the
theoretical c* simulation derived from the LEWIS Subroutine; and AK(1),
(2), and (3) for theoretical vacuum Isp versus expansion ratioc at 1000
psia derived from the LEWIS Subroutine. The c* curve fit coefficients
are derived automatically in the Isp modules but the vacuum Isp curve
fits are not. Thus, 1t is necessarv for the user to exercise a curve
fitting procedure in order to obtain the necessary coefficients for the
input data.

Least Squares Second Order Fit
If we choose to represent a set of data (xy, vi), where i = 1,2,3,...,n,
by the same relationship y = f(x), containing r unknown parameters ais
32,33s...58., and form the deviations as

vi = fxi) - ¥
Then the sum of the sguares of the deviations

n .n
S=z vi2 =1 [f(xg) - yil?
=1 i=1

is clearly a function of 8128938330« 28p. We ¢an then determine the a's
to that S is a minimum.

Now if S{a1,80,335....8,) 15 a minimum, then at a point in question

35 _ g 35 . 35 . as_ .
B0, 0 0 Se 3

The set of r equations, (1), called normal equations, serve to determine
the r unknown a's in y = f(x). This particular "best-fit" criterion is
known as the principle of Teast squares. _ ' '
Now for a second degree polynomial fit.

y = a-l + a2x + 8.3)(2
and

= R 2 .
V,i =@y +agxy + agxs ¥s

R-1
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then
BV, o BV, . vy -
E —— - F] _— - -
8a; T ea, i’ hag i

Since the normal equations for a polynomial take the form

]Viﬁ-;fo, k=1,2,3

It =

i
- The normal equations are

(a] tagk, + a3xi2 - yi) 1 =90

—
| o B |
-

2 =

Inm=

—dy
——

2 2 _
(a] tagk + agxs" - yi) ;" =0

ez

ety
—

Collecting the coefficients of aj

ot (2x)a, (8 xBay = b
nay + {2 xa, + (2 x.%a,= 1y,

SIS 1 b S B AL

n n 2 n 3 n
(151}’(1)3] + ('i——z-'[x.i )az + (ii]xi )33 = i:]xiyi
n n n n

2 3 4y 2

(i51x1 Ja + (i£1xi Ja, + (ii X )ag = EXYs

Solving (2), (3) and (4) for 255

ag = (zxzy-nzxy)(zxzxz-nzx3)-(zxzzy—nzxzy)[(zx)z-nzxzj

(zxzxz-nzx3)2-[(zxz)z-nzx4][(zx)2—nzx2]

B-2

(2)

(3)

(4)

(5)
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(txZy - nzxy) - aq (zx2x2 - nzxs)

d, = (6)
2 [(Zx)2 - nzxzj
Iy -I% a, - £xZ a,
ay = — (7)

NOTE: A1 £ in equations (5), (6), and (7) are from i=1 to n and
variabies x and vy are subscriptedi.

Equations (5), (6) and {7) mav be used to derive the required
curve Tit coefficients. .

In cases which require a semi-log to the base e curve Fit (AK(10, (11),

and (12)}, the value of 10g9 (yi) should be substituted in equation
(5), (8) and (7) for Vio 7

6-3
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