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ABSTRACT

The SEATIDE Analysis Process is a semi-automated
procedure for the generation of time-phased, high value cruise missile
weapon systems concepts, together with the supporting technology and
intelligence indicators which would reflect that these technological goals
are being achieved. The SEATIDE process can also be used to evaluate
the effectiveness of fixed force levels, existing forces in SAL environ-
ments, or Naval defenses.

The Defense Intelligence Agency, through its Directorate
of Estimates, and The Advanced Research Projects Agency (ARPA) have
sponsored the development of this computer based analysis at the weapon
system and Naval force structuré level. A previous process, RIPTIDE,
was developed for DIA for use in analysis of strategic missile systems.

Generic to the SEATIDE Analysis Process are three
major computer models: The Naval Engagement Model (NEM), Cruise
Missile Concept Generation and Screening Model (CM-CGSM) and Relative
Worth Model (RWM). The NEM evaluates force effectiveness, tactics, and
task force configurations; the CM-CGSM enables definition and selection
of candidate, advanced cruise missile system concepts; and the RWM per-
mits assessment of worth in accordance with a variety of objective and
subjective criteria. Each of these models has been checked out by DIA.

In addition to exercising the computer models, there are
several other analytical and engineering tasks to be performed, e.g., the
identification of areas of current interest and the associated criteria and
potential concepts, the creation of a foreign technology data bank in a
format needed by the computer models, the engineering of concepts to

the required detail, and the use of a verification analysis loop.

iv




TABLE OF CONTENTS

CRUISE MISSILE - CONCEPT GENERATION
AND SCREENING MODEL (CM-CGSM)

APPENDICES
Volume  Appendix Classification Title
IIIB A U Aerodynamics
B U Vehicle Performance

Submodel (VEHPER)

IIIC C S Liquid and Solid
Propulsion Submodel
IIID D U Cruise Missile Booster
Sizing
3 U Inlet Sizing and Per-
formance
F U Ramjet Sizing Model
. | G U Turbojet Sizing Model
IIIE H U Cruise Missile - Concept

Generation and Screening
Model (CM-CGSM) - Source
Program Listing




FOREWORD .

VI. CCOMPUTER OPERATIONS PROCEDURES .2/

v

TABLE OF CONTENTS '

VOLUME IIIA

CONCEPT GENERATION AND SCREENING MODEL (CGSM)

USERS MANUAL

VII. "SAMPLE PROBLEM, ......

vi

A ST REA G T e e avs SN e & 500 LY G 00 o O I (3 e
. TABLE OF CONTENTS ......... B HBI0 0000 O 0e 0000000 680G 0D s o
e LIST OF ILLUSTRATIONS «..uouecnuennrannaoseansn 25 s
N 2
I. INTRODUC TION) ...... A e Ci6 DB DO 0 0ty Gl 0 B O B GG GG
H. “DESCRIPTION ... vesucnassss e N e
1 Purpose ....... 10 0 OO B 3 s 3y g SSRGS R
2. Assumptions and Approach .............. RO O
3. ©€CGOM Fop Level BIOW it i vl s sinn s esiniesnns e e
II. “CGSM INPUTS . ..uuuunnn... TR R L R
Y " Input Data DESORIPHON v oviis's sann slone s finmynnss v oans
/" 2. Basic Variables Input ............. o SRR
/' 3. NAMELIST Input Description ........ sl s s A e
\ 4. RCM Input Description ......... el el e G0 e G
5. BLOCK D 0 0L GO T O (O 1 L O O R et
IV. CGSM OUTPUT e IR o FETRe 1 e e SO
1. General . ........ 0G0 D Q'O Oy OC Ty
2. Summary OUEPUL «. . sie e oo evie s o iees e e sioe G
. 3. Optional Detailed Output .......covvvvniiiniiennn, .
V. ~ USER OPERATING PROCEDURES". ... vvunenrrnnnns..

Page
ii
iv
vi

vii

I-1
II-13
III-1
III-1
1II-9
III-24
III-98
III- 129
IV-1
Iv-1
Iv-1
IV-11
V-1
VI-1
VII-1




VOLUME IIIA

LIST OF ILLUSTRATIONS

Figure No. Title

II-1 CGSM Configuration Options ....... A ChD 0 DA O
1I-2 Body Configuration OPtiOoNS . . .« s e i s se s ssneasions
II-3 Lifting Surface Planform Options ................
II-4 Lifting Surface Arrangements ........ocveueen...
1I-5 Configuration Options - Inlet Systems.............
II-6 Rocket Propulsion Modeling .....ovivivinnenun..
II-7 Ramjet Propulsion Modeling .......c..0vunn.. S
1I-8 Turbojet Propulsion Modeling ... .......ccivviv...
1I-9 External Booster Modell .« cucoinniine waanenses
1I-10 CGSM Top' Level, FLoWs: . s « s sna o ticis v eie oinens e
1I-11 Aerodynamics Model Functional Flow ............
1I-12 Propulsion Design/Sizing Top Level Flow .........
I-13 Liquid Engine Schematic Diagram .......cc.c00v...
II-14 Pintle Nozzle Solid Motor ......... G OGO i D 3 PTG
II-15 Vehicle Performance Top Level Flow ............
II-16 Typical Mission Profile ....covvviiiiinininnnn,
III-1 ZIP Control Cards ..... 505800 G GG SR s sie et e e e s
III-2 CGSM Data Deck Setup «vvovtnn C: B D o L g s i e
III-3 Booster/Sgstainer AvailaBility e e o vine e s e
1I1-4 CGSM Inpt;t = Bagic Variables .vseosnonsivaes v s
II1-5 CGSM Input - Compatibility Matrices .............
III-6 NAMELIST Input Rules ........ A T e
II1-7 NAMELIST Descriptions s s s ss vves s e isissensssss
III-8 Input Required for Synthesis Options .............
III-9 Ramjet Fuel Map Layout - Gas Constant ..........
1II-10 Optional Formatted Input of Ramjet Maps .........

-3
1I-4
-5
1I-6
157
11-9
1I-10
H=11
I-12
II-14
II-17
11-20
.25
I1-24
H-27
II-28

III-2

III-6

III-8

III-11
I1II-19
II1-25
1I1-26
II1-27
II1-34
I11-37




LIST OF ILLUSTRATIONS

(Continued)

Figure No. Title Page
II-11 Map Variable Name Correlation Matrix ......... .. III-36
I 12 CGSM Input - 1/O Ccntrol Options (NAM1

NAM I TS ) et sas e cialieate el olaiarts: st alkatolial ois ele el oo iorln 1I1-46
III-13 CGSM Input - Configuration Terms (NAMCNF

NAMELIST) <.docenasees 5 5170 6000 105500 106 5 0. B i £ II1-48
III1-14 CGSM Tnput - Launcher Packaging Terms

(NAMPAK NAMELIST) ..vvvvnnn £ 0 s B P III-51
III-15 CGSM Input - General Booster Parameters

(NAMB OO NAMETLIS) o ahcisis oroaio s sl o aielsoiniol o siistors s I1-53
III-16 CGSM Input - External Booster Terms

(NAMEXB NAMEILIST) .« . ovciaeasioonionisionssisess III-56
II1-17 CGSM Input - Solid Rocket Sizing Terms

(NAMSR NAMELIST) .t cvvevvennennnns (0 O e III-58
II1-18 CGSM Input - Liquid Rocket Sizing Terms

(NAMI/RINAMEBETLTS T i s o el eiahal oot 5o II1-59
iI1-19 CGSM Input - Ramjet Sustainer Terms

(NAMRIS NAMERLTISIE): . cia e sinias sioinis oo e ioe oo anes oo II1-61
III-20 CGSM Input - Turbojet Sustainer Terms

(NAMEISNAME TIISEYR S it ol sletai s o ele siesie o s III-64
II1-21 CGSM Input - Ramjet Fuel Temperature Rise

Tables (NAMTRS NAMELIST) ....... G R I S =6 6
II1-22 CGSM Input - Ramjet Fuel Specific Heat Ratio

Tables (NAMSPH NAMEDLIST) .o oo smessonss I1-71
III-23 CGSM Input - Ramjet Fuel Gas Constant Tables

(NAMGSC NAMELIST) ...... G GO0 G O S G II1-73
oI-24 CGSM Input - Ramjet Fuel Burner Severity

Tables (NAMBSP NAMELIST) .......... ww e e e III-75
III-25 CGSM Input - Air Inlet Performance and Sizing

Data (NAMINM NAMELIST) .......... o u e e III-77
II1-26 CGSM Input - Relative Worth Data (NAM3

NAMEBELIST) oo veneoeesoossssivess e o ela e s e III-80
III1-27 CGSM Input - Bypass Options (NAMBYP

NAMELISTY vosvisnivecsvnse sales haw g s ey s - JLL=82

viii




, LIST OF ILLUSTRATIONS
(Continued)
Figure No, Title Page
III-28 CGSM Input - Trajectory Control Terms
(NAN PN NAMET TSI ol iee ot oleis sls sislata s oo aaioes I111-85
II1-29 CGSM Input - Supervisory List (SUPER
IR\ VA R R0 B 0 e a5 ot 9 PAEct 5 23 63 6 O P S s eI A I111-93
I1I1-30 CGSM Input - Screening Terms (NAMSCR
N AN T S T e le e el oeil el et is elal ataltsl oilar o Vs ot aah s o et o 1I1-97
; II1-31 CGSM Input - RCM Data (NAMCST NAMELIST) .... II-100
” =372 CGSM Input - RCM Bypass Data (NAMCBY
VAU BILT ST e 56 0 Gt O o O 0 OIS B T O O B D e T I TT~ 103
II1-33 Bypass Input Required for CGSM RCM ............ III- 107
II1-34 CGSM Input - RCM Non-Propulsion CER
Multipliers (NAMCNP NAMELIST) ............... III- 108
III-35 CGSM Input - RCM Non-Propulsion CER
_ Coefficients (NAMGCECN NAMEILIST) ... oo oenossss TIE= 13
: III-36 CGSM Input - RCM Propulsion CER Multipliers
(NFAMG BS INIAMIETOTSTE) woiele ieietione sl akerelohaialte o o ohsts iohsrishs LI =115
I1I11-37 CGSM Input - RCM Propulsion CER Coefficients
(NAMEE P NN S T et etlel s e e hel el e talel alleFeonstialts wh III- 124
I1II-38 Liquid Rocket Fuel Deck - Specific Impulse
Tabler .ol ek B e s s el Tty ot e Ml HI=139
1I1-39 Solid Rocket Fuel Deck - Expansion Ratio Table.... III-133
11I-40 Solid Rocket Fuel Deck - Specific Impulse Table.... III-13%
II1-41 Solid Rocket Fuel Deck - Expansion Ratio Table.... III-14]
Iv-1 CGSM Output - Generation Data .........c.c000n. IV -3
IV -2 CGSM Output - Summary Screening List .......... v -7
Iv-3 CGSM Output ~ Detailed Screening List ........... IV -9
IV -4 CGSM Output - Relative Cost Output ....cvvvvennn IV -15
IV -5 CGSM Output - External Booster Sizing ........... IV-16
IV -6 CGSM Output - External Booster Nozzle Design .... IV-20
Iv-7 CGSM Output - Inlet Sizing . csevesessesssesvsssoan IV <22

ix




Figure No.

Iv-8
IV -9
IV-10

IV-11
Iv-12

Iv-13
IV-14
IvV-15
IV-16
IV -17
Iv-18
IV-19
IvV-20

VI-1

VII-1

LIST OF ILLUSTRATIONS

(Continued)
Title

CGSM Output - Ramjet Sizing Summary Data .......
CGSM Output - Ramjet Fuel System Summary ......

CGSM Output - Integral Ramjet Booster/
Combustor SIZIng ves sewesss e Vst st e TeXe e alla aker aliatts

CGSM Output - Integral Ramjet Nozzle Design .....
CGSM Output - Non-Integral Ramjet Combustor/

Nozzle Data ...... CAE 110 DTG O B B 0 O se v wee sies e .
CGSM Output - Solid Rocket Sizing .....co0uevevann.s
CGSM Output - Solid Rocket Performance .........
CGSM Output - Liquid Rocket Sizing ..............
CGSM Output - Turbojet Design List ......... dragn
CGSM Output - Turbojet Sizing List ........... et
CGSM Output - Optional Aerodynamics Tables .....
CGSM Output - Trajectory Table A ....... seieieis s ue
CGSM Output - Trajectory Table B ...............

CGSM Compilation and Link Edit to a User's
EADETEY  aloic ofel oo elolatele el dioys o sl sl st ekstels 55100 GO G m da e

Overlay/Insert Specification Cards ......ooveuuenn
CGSM Flile Definition ......0000.. v e e el w8 o al s v
CGSM Execution JOB Control Language ........ ie

Library Compress Utility JCL ...cccvooccoscsoces

Sample Problem ....... e O O O 0 O G T S .

IV -24
IV-26

Iv-29
IvV-31

IV -33
. IV -36
IV -38
IV -40
IV -43
IV -46
IV -48
IV -50
IvV-53

VI-1

VII-2




8- CGSM T@P LEVEL FLQW
The CGSM top level flow is diagrammed in Figure 1I-10. The

use and functional steps of the CGSM are as follows:

(a) The user selects sets of basic variables and NAMELIST
constants defining the payload, wings, tails, inlets, air-
frame, propulsion system, and trajectory profile.

(b) Baseline worth and worth derivatives are computed from
output of the Naval Engagement Model (NEM) and are
input along with the data in (a).

(c) The CGSM sizes, designs, and packages the propulsion
systems, payload, aerodynamics, and control surfaces
to determine concept total weight. The model then flies
the missile through the required trajectory profile to
compute its overall range and cruise range. Next the
CGSM logic computes relative worth of the concept.

(d) The CGSM stores selected data for each concept as it
is generated, and retrieves those data during the screen-

ing step. The model screens all concepts to dominance

levels using relative worth versus relative cost.

During the CGSM generation steps, all basic variables, and furthermore,
all candidate concepts which pass certain built-in performance and sizing
constraints, are considered to be of equal credibility. However, the
CGSM method of using all permutations of the basic variables set may
result in some mismatches of design or performance parameters; that
is, may result in some non-optimum configurations. There is, then,

a need to screen the generated configurations and isolate those which

dominate, or which best satisfy mission and design objectives.

II-13
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3.1 Executive Methodology

The CGSM executive logic links together the major design,
sizing, and performance models by coordinating all their input, output,
and internal communication requirements. The executive includes many
special purpose steps such as worth/cost/screening operations, basic
variable selection logic, and booster AV iteration logic steps.

3.2 Cost and Worth Methodology

The Naval Engagement Model (NEM; see Volume IIA) computes
Red versus Blue kill for selected scenarios. The CGSM user reduces the
kill data to baseline worth and to tables of worth with respect to cruise
missile design/performance parameters. CGSM worth parameters in-
clude accuracy (CEP), maximum range, force size, flight reliability,
warhead weight, cruise phase range/altitude/velocity, and run-in phase
range/altitude/velocity. Worth for each generated missile concept is

computed in the WORTH module using the relationship:

6
= +
W CONCEPT W BASELINE Z Aw,
1=1

where AWi is the change in worth with respect to the ith parameter.
This ''relative'' worth is computed for each missile during concept gene-
ration and is used to screen the various configurations.

Relative cost of each missile concept is computed in the Relative
Cost Model (RCM). The RCM computes RDT&E cost, first unit produc-
tion cost, and total cost.

Concept screening is executed by the SQRTCM module in terms
of relative worth versus cruise missile cost. Concepts are sorted into
dominance levels and are arranged in order of increasing cost within a

given level.

II-15




3.3 AERODYNAMICS METHODOLOGY

The Aerodynamics Model is designed to provide the aerodynamic
parameters required by the CGSM for the general solution to the cruise
missile synthesis problem. The coefficients required for performance

analysis (C CD) are the primary output; however, certain elements of

L'
the pitch and roll characteristics of the configuration are also computed in
the model. Basic force coefficients and pitch plane aerodynamic derivatives
are computed as a function of vehicle geometry, flight conditions, and

center of gravity location. Force coefficients (C CD) are required for

mission performance analyses in the Vehicle PerI;ormance Model.

The model computes aerodynamic coefficients of each element of
the configuration and combines these elements along with appropriate
interference factors into a description of the complete configuration
aerodynamics. Component drag coefficient is computed as a function of
both Mach number and altitude, because of the dependency of skin friction
drag on altitude, while curve slope is computed as a function of Mach
number only. The general procedure for this is diagrammed in Figure
II-11. The analysis is limited to the linear angle-of-attack region, to Mach
numbers from 0 to 5.0, and to altitudes below 100,000 feet. Component
drag is compiled from skin friction drag, nose pressure drag, afterbody
pressure drag, base drag, wing/tail/inlet drag, and induced drag. Lift
is compiled from nose and cylindrical section lift, boattail lift, wing/

tail lift, and inlet lift.

II- 16




SECTION III

CGSM INPUTS

1.0 INPUT DATA DESCRIPTION

Input to the CGSM consists of a punched-card deck containing a
mixture of formatted data tables and NAMELIST lists. This section discusses
sach table and NAMELIST list, defines all list/table items, and discusses list
options and applications.

Formatted input falls into two types. A formatted ''basic variables"
table is provided to allow synthesis of multiple missile designs in a given CGSM
case. As few as 1 or as many as 16 values can be input through that table for

as many as 17 basic variables, and a missile will be synthesized for each

permutation of the sets. If a single value is input for each basic variable,
the CGSM will synthesize a single missile for each case. Basic variables are
useful in generating data for trend analysis. A second type of formatted data

input 1s provided for convenience in loading ramjet inlet maps and ramjet

fuel decks. Those data tables may be loaded as NAMELIST data (see Section 3. 10)
below or as formatted decks.

NAMELIST input to the CGSM is grouped according to function to
reduce the size and complexity of the data deck. NAMELIST input variables
have prestored values which will be used unless the variables are referenced

in the input deck. A supervisory NAMELIST (SUPER) is provided to ease

input requirements for stacked cases. That list contains a number of frequently-
changed variables from all synthesis specialty areas. |
The CGSM executive is programmed to accept the data tables and |
NAMELIST lists in any order within the card input deck for a given case.
That self-loading feature is based on input of a unique "ZIP code' control

card with each table or list. That ZIP code is tested in the executive and

used to route to the READ statements required for each table or NAMEI IST,
The complete set of ZIP codes is presented and defined in Figure III-1. The

cards are formatted as follows:

III-1
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Column Parameter
1-4 ""ZIP'" must be punched in columns 1-3

with column 4 blank (A4).

5-10 These columns contain the actual ZIP
code (312).

11-20 Auxiliary control variable used to control
input of inlet and fuel decks (I10).

21-40 Specialized control parameters not used
in the CGSM (41I5).

41-80 Optional comment space (10A4).

Labeling and classification cards are provided as input for each
case. The classification card is used to input a message which is printed
at the top and bottom of each page of printed output. The labeling card is
used to input a message which is printed at the top of each page of printed

output. Those cards have the following format:

Column Parameter
1 Blank (1X)
2-80 Classification or labeling message (19A4, A3)

During CGSM execution, functions assigned to a specific ZIP code
are initiated as soon as that ZIP card is executed, and those are completed before
another ZIP card is considered. The sequence of ZIP and data cards, then,
determines the order of execution of the problem. A typical data deck is
illustrated on Figure III-2, and contains the following card sets:

Set A The first card of each data deck is always a security
classification card. Data punched in the 80 columns
of this card are printed at the top and bottom center
of each printed output page during execution. This
card must also follow each ZIP 1 card.

Set B The second card of each data deck is called the
PCODE card and is used to label the problem.
Data punched in the 80 columns of this card are
printed at the top of each printed output page during
execution, The PCODE card is also updated after
each ZIP 1 command. If columns 1 through 4 are
left blank, the card image print of the input deck
is suppressed.

I11-5




T Vv advO NOILVOIIJISSVTID

d ayvod (@aoond) T3EvT 940fr ;

ﬁ. TITOW STHY 90X
SATIVI dd¥9aadod
ANV SISIT LSI'TANVN "

advD dIZ NOILVYINID LdIDONOD

SAYVDO LSI'TIWNVN ¥43dNS

111-6

9 ayvO dIZ DONINITYOS

STYVO LSITINVN dOSIWVN

SHSVD Y3IHL1IO v/
¥OJd LNdNI

»_\ D (@uvDd do1s) o1 d1z2

dNLdS JADdAd VLvVA WSDD
Z2-IIT 39NOIA




Set C The third and succeeding cards of the data deck
include all NAMELIST input lists (except SUPER),
a basic variables list, and tabular data. Each
input data list must be preceeded by its appropriate
ZIP code card. The order in which these lists are
input may be varied.

Set D A single ZIP card followed by the SUPER NAMELIS']
list initiates concept generation. A compatibility
matrix may be inserted after the ZIP card but
before SUPER.

Set E A single ZIP card followed by the NAMSCR NAMELIST
list initiates concept screening.

Set F Multiple cases may be executed in a single problem.
Card sets C through E are repeated for each case
as required. Cards A and B are also required if a
ZIP 1 is used.

Set G A ZIP 10 card terminates the J@B when all problems
are completed.

All tables and NAMELIST lists are defined in this section. A basic variables
table and SUPER NAMELIST are required for all cases, regardless of the
availability of prestored data. All other lists are required only if their pre-
stored data are unacceptable. Certain lists are required only if specialized
options are requested.

Input requirements are heavily dependent on propulsion system
type. Available sustainer types, and optional boosters available for each
sustainer, are shown on Figure III-3,

Liquid and solid rocket sustainer fuel data may be changed, to
accommodate a change in fuel type, by reprogramming and recompiling

a set of BLOCK DATA modules. Instructions for BLOCK DATA repro-

gramming are found in Section 4.




FIGURE III-3
BOOSTER/SUSTAINER AVAILABILITY

SUSTAINER FIXED WEIGHT FIXED LENGTH
OPTION NO WITH NO WITH
BOOSTER BOOSTER BOOSTER BOOSTER
RAMIJET Yes Yes Yes Yes
(Integral (Integral
or or
External) External)
LIQUID Yes Yes Yes No
ROCKET (External)
SOLID Yes Yes Yes No
ROCKET (External)
TURBOIET Yes Yes No No
(External)

III1-8
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2.0  BASIC VARIABLES INPUT

Multiple missiles are synthesized during a single CG5M case
through input of multiple basic variables. A total of 17 basic variables
are provided, and each may be assigned up to 16 values. Basic variables
are input through a specialized table format which is described in this
section. Missiles are normally synthesized using all permutations of the
basic variable values; however, seclected permutations may be excluded
through input of a compatibility matrix. That matrix and its tabular
format are also described in this section.

The basic variables table and its compatibility matrix are de-
scribed with the aid of sample input lists. Those lists are writicn on
80-column format paper, and are appended to the figures defining table
variables. No prestored values are available for basic variables;
however, compatibility matriccs are prestored in such a way as to
allow all basic variable permutations to be synthesized. Format speci-
fications are listed for each card of each table. Those specifications,
along with the 80-column illustrations, arc the basis for assembling table
data decks. Three FORMAT types are used as [ollows:

(1) "A'" FORMAT is used to input alphameric labeling data and
comments. Multiples of A4 are used for large ficlds. Any
of the A formatted fields on a basic tablc input card may be
left blank; however, each card, even if left completely blank,
must appear in the input deck.

(2) "I'" FORMAT is used to input integer numbers. All such
integers are assumed to be right - justified in their field,
and blanks are interpreted as zeros.

(3) "F'"" FORMAT is used to input floating point numbers,
Multiples of F10,0 are generally used. Numbers may be
punched in any column of their field as long as a decimal

point is used.

' II1-9




2.1 BASIC VARIABLES TABLE

A total of 17 basic variables are provided, and cach is dimen-
sioned for as many as 16 values. The basic variable list contains
exclusively design and sizing parameters. Since the sizing methodology
covers numerous configuration and propulsion system types, the basic
variables list necessarily must cover those types as well. The 17 var-
iables thus may define different parameters corresponding to the unique
selection of types for each job. A list cf available basic variables, their
definitions, and their inpt card formats, is included as Figure III-4.
A sample table, laid out on 80-column format paper, is a part of that
figure. The sample table is assembled for a typical ramjet missile
synthesis job.

The basic variables table is loaded with a ZIP code of "2ZIP 7 4 1"
(see Card A on Figure 11I-4). The first card following the ZIP card must
be a table number card. That second card contains only two input var-
iables plus labeling space (see Card B on Figure I11-4). 7The two required

I|mll

inputs are a table number (always set to 2010000) and the parameter
(maximum number of table entries allowed for a single basic variable).
The parameter, m, is used to control the reading of the column label
cards and basic variable cards. If m<6, one label card and one card for
each of the 17 basic variables is cxpected by the CGSM executive. If
6 <m £ 12, two cards are expected for column labeling and two each for
the basic variables. If 12<m <16, three cards each are expected for
the column labels and basic variables. If fewer than m values are
required for any of the basic variables, blank entries (or blank cards)
must be used. The table identifier card is followed by the column label-
ing card (or cards if m>» 6). Format of that card is defined and illustrated
in the two parts of Figure III-4 (see Card C).

Basic variables are defined, and their formats are illustrated,
in Figure II1-4 under Card D (cards D1, D2,...,D17). Options

available within that list are described on that figure. Columns 1 - 16

1I1-10
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CARD

%D

Figure I1I-4 (Cont'd.)

DEFINITION

Z 1P code card. Format includes:

Column Parameter

1 -4 Z1P designator (A4)

5 -10 Z.1P number (312)

11 - 40 Not used (110, 4I5)

41 - 80 Optional comment space (10A4)

Table identifier card. Format includes:

Column Parameter

1-12 Optional comment space (3A4)

14 - 20 Table no. 2010000 (17)

21 - 30 Not used (215)

31 - 35 Case number (uscr optional) (15)

36 - a0 Maximum number of table entries allowed

for a single basic variable (m) (I5)
41 - 80 Optional comment space (10A4)

Column labeling instructions. Format is specified as
follows:

FGORMAT (5A4, 6 (2X, 2A4))

A second card is required if m > 6, and a third if
m > 12, using

F@RMAT (20X, 6 (2X, 2A4))
Card C is required even if the fields are left blank.

Basic variables cards. Format includes:

Column Parameter

1-16 Optional comment space (4A4)

17 - 20 Number of values input (14)

21 - 80 Basic variable values (6F10.0)

A second card is required for each basic variable if
m > 6, and a third card if m >12. Those cards use the
format:

111-12




VARIABLE

E -G

Figure I1I1I-4 (Cont'd.)

DEFINITION
Column Parameter
1 -20 Not used (4A4, 14)
21 - 80 Basic variable values (6F10.0)

These cards are required to close out the table. Insert
them as shown in the illustration.

* The following are basic variables:

CARD

D1
P2
D3
D4
D5
D6
D7
D8
D9

D10

Dil

BASIC VARIABLE

Total exposed wing area in sq. ft.

Total exposed (all panels) tail area in sq. ft.
Wing aspect ratio (exposed span)z/(exposed area)
Payload compartment length in inches

Warhead weight in 1b.

Controls system weight in lb.

Missile airframe diameter in inches

Booster delivered thrust-to-weight ratio

Propulsion parameter no. 1

Maximum thrust for liquid or solid rockets if
ITHR=0 in SUPER (1lb)

Maximum thrust-to-weight ratio for solid or liquid
rockets if ITHR=1 in SUPER

Design point altitude for ramjets or turbojets (ft)

Second propulsion parameter

Specific impulse (at maximum thrust) for liquid or
solid rockets (sec)

Design Mach number for ramjets or turbojets
Third propulsion parameter

Chamber pressure for liquid or solid rocket (psi)
Design point flight path angle for ramjets (deg)
Design maximum thrust (sea level static) for
turbojets (lb)

‘. Il1-13




D13

D14

D15

D16

D17

Figure III-4 (Cont'd.)

BASIC VARIABLE

Fourth propulsion parameter

Liquid fuel mixture ratio for liquid rockets (set to
one for solid rockets)

Combustion temperature (TT4) for ramjets (°R)

Turbine inlet temperature for turbojets (°R)

Propulsion design parameter number 5 (ramjets only)

Fraction of ramjet fuel consumed at the design
point

Sixth propulsion parameter (ramjets only)

Ramjet design point normal acceleration
component (g)

Seventh propulsion parameter (ramjets only)

Ramjet design point tangential acceleration
component (g)

Eighth propulsion parameter (ramjets only)

Ramjet design pressure margin

Sizing parameter

1

Missile total weight if INWORL=0 in SUPER (1b)
Missile total length in INWPRL=1 in SUPER (in)

III-14




are reserved for optioiial numbering, labeling, and comments. The

number of values entered for a given basic variable (ni) is entered in
columns 17 - 20 on the first card input for that variable. Lach basic
variable may be assigned a number of entries which is independent of
any other basic variable, and is only limited to be less than or equal

to the maximum (m) entered on Card B. The values that a given basic
variable will assume during missile synthesis are entered in columns
21 - 80 on one, two, or three cards, depending on the value of m. If n,
is less than m, the fields corresponding to n,

i+l 1eeeIn are left
blank.

' P2

The structure and format of the basic variable table is invariant,
in that all 17 variables must be input for every job, and a set number
of cards is loaded for each variable even if n, <m. The values loaded
through a particular variable are subject to user options, however.
Those options are described briefly in the following paragraphs.

Missiles may be synthesized with wings and/or tails or with no
wings and/or tails using control options provided under the NAMELIST
lists NAMCNF (Figure III-13) and SUPER (Figure lII-29). If a job
calls for synthesis of a wingless missile, single values of zero are
input for basic variables 1 and 3. If the missile has no tail, basic
variable no. 2 should have a single input of zero.

Non-boosted missiles may be synthesized by proper selection of
the parameter KPRQ@P in the SUPER list (Figure I1II-29). In that event,

basic variable no. 8 (booster thrust-to-weight ratio) is input with a

single, dummy value of zerc.

Basic variables 9 through 16 are dependent on sustainer type
(see also KPR@P in the SUPER list). Settings of those variables for

the various types are as follows:

I-15
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(1) Solid Rocket Sustainer - Sustainer maximum thrust,
specific impulse, and chamber pressure are input
through variables 9, 10, and 11, respectively.
Variable 9 may be maximum thrust-to-weight ratio

(if ITHR=1 in SUPER). Variables 12 through 16 are

input with dummy values.

(2) Liquid Rocket Sustainer - Sustainer maximum thrust,

specific impulse, chamber pressure, and fuel mixture
ratio are input through variables 9 through 12.

[ Variable number 9 is taken to be maximum thrust/
weight if ITHR=1 in SUPER. Variables 13 through 16
are input with dummy values.

(3) Ramjet Sustainer - Design point altitude, Mach
number, flight path angle, combustion temperature,
fuel consumed fraction, normal acceleration, tangen-
tial acceleration, and pressure margin are input
through variables 9 through 16.

(4) Turbojet Sustainer - Design point altitude, Mach
number, thrust level, and inlet temperature are input
using Variables 9 through 12. Variables 13 through

16 are input with dummy values.

Those propulsion design parameters are defined in Figure III-4. The con-
trol option ITHR is prestored as zero, but may be changed through input
of a SUPER list.

Basic variable number 17 is assumed to be missile total weight if
INWORL=0, and to be missile total length if INWPRL=1. The control
parameter, INWORL, is prestored as zero but may be changed through |
the SUPER NAMELIST (see Figure III-29). Limitations on the user's
choice of length or weight as variable number 17 are shown on Figure
III-3. For example, turbojet sustainers must be sized to a weight and

not to a length.

1I1-16




Payload compartment length (variable 4) is the total linear space

required to package all "payload " components. Payload components in-
clude the warhead, guidance and control equipment, miscellaneous equip-
ment, radar, and void spaces. Those components may be contiguous or
may be distributed arbitrarily along the missile. Payload weight is com-
piled within the CGSM by summing the warhead weight (variable 5), the
controls system weight (variable 6), the miscellaneous payload weight
(see WMISC in the SUPER NAMELIST list of Figure III-29), the guidance
system weight (see WTGUID in the NAMCST NAMELIST of Figure III-31),
and the airframe skin weight around the payload components (computed

internally based on the input nose shape and payload compartment length).

IoI-17




2.2 COMPATIBILITY MATRIX

Selective permutations of CGSM basic variables can be suppressed
through input of an optional compatibility matrix. That matrix is loaded
immediately after a ZIP card with code "ZIP 11 1", and is itself followed
by a SUPER NAMELIST list.

The compatibility matrix is labeled Mij and has the form: h
el' 1 el' 2 . . . e 1. m
ez' 1 ez. 5 oo ez. m

M = . L] .
en' 1 en’ DL en' m

Each element of the matrix corresponds to a pair of basic variable values.
If an clement has anon-zero value, the basic variable values tied to that
element are judged to be compatible, and the CGSM executive will attempt
to synthesize a missile using them. If an clement is assigned a

zero value through input of a compatibility matrix, the pair of values.
corresponding to that element are labeled incompatible, and synthesis

of a missile is suppressed when those values would be combined. If no
matrix is input, prestored values label all permutations of all basic
variables as compatible.

Use and input of the compatibility matrix is illustrated through
the sample matrix of Figure 1II-5, by reference to the sample basic
variables table of Figure III-4. That sample basic variables table
defines a set of potential ramjet cruise missiles. A total of nine per-
mutations are possible within that set, since three diameters and three
weights are specified. The compatibility matrix in Figure III-5 reduces

that total to three, and allows the following permutations:

No. Diameter Weight
1 18 3500.
2 19 3750.
3 20 4000.

 111-18
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VARIABLE/CARD

A

Figure III-5 (Cont'd.)
DE FINIT ION

ZIP code card. Format includes:

Column Parameter

1 -4 Z1IP designator (A4)

5 -10 ZIP number (312)

11 - 40 Not used (110, 4I5)

41 - 80 Optional comment space (10A4)

Table identifier card. Format includes:

Column Parameter

1 -12 Optional comment space (]2X)
14 - 20 Table No. 2010000 (I7)

21 - 30 Not used (10X)

31 - 35 Case number (user optional) (I5)
36 - 80 Not used (46X)

Number of compatibility arrays input (maximum of 8).

Column Parameter

1 -60 Cormnment space (l15A4)
61 - 70 Number input (I10)

71 - 80 Not used (10X)

Concept group number.

Column Parameter

1 -60 Comment space

61 - 70 Group no. always set to one (I10)
71 - 80 Not used (10X)

Key which specifies basic variables covered by the
compatibility matrix. The key used on the sample
matrix specifies that a compatibility check is
required between basic variables 7 and 17.

© I11-20




VARIABLE/CARD

Figure III-5 (Cont'd.)

DEFINITION
Column Parameter
1 -10 Key for matrix no. 1
1 -3 Matrix no. (I3)
4 Comment space (1X)
5 -6 First basic variable no. (I12)
7 Comment space (1X)
8 -9 Second basic variable no. (I2)
10 Comment space (1X)

A separate key is required for each matrix, up to
the total number input on Card C. Columns 11
through 20 are set aside for the second matrix key,
21 - 30 for the third, and so on. The ten columns
allocated to each key are broken down parallel to
that listed above for the first key. Variable num-
bers must be drawn from the list defined in

Figure 111-4.

Identifiers for each matrix.

Column Parameter_

1 -4 The symbols "COMP' must be
punched in these first columns
(A4)

b =25 Optional comment space (5A4, Al)

26 - 30 Matrix number (I5)

31 - 65 Optional comment space
(10X,6A4, Al)

66-70 Group number always set to one
(15)

71-80 Not used (10X)

' ‘III-Zl
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Figure I11I-5 (Cont'd.)

VARIABLE/CARD DEFINIT ION s
G The set of cards labeled "G'" is used to input

compatibility matrix elements. Cards G and F
are repeated for cach matrix. Each matrix is
designated M., and each card in ""G'" loads a
matrix row. dards are formatted as:

Column Parameter

1 -10 Optional comment space (10X)

11 - 80 Matrix elements for a given row
(M..; 1 = constant; j=1,2,...m;

m 2 input) (1515)

Two cards (identical in format) are required if

m > 15. An upper limit of 16 is imposed on m
since no more than 16 values can be input for

any of the basic variables. The limit on m is set
operationally by the Card "D'" of the basic variable
set (see Figure III-4) for matrix variable no. 2.
The limit on number of rows for each matrix is

set during basic variable table input by the Card
"D" which corresponds to matrix variable no. 1.
One card is required for each row (2 if m > 15).

A zero value in any field stores a zero for the
element, ejj, corresponding to that field, and labels
incompatille the jth value of matrix variable no. 1
and ith value of matrix variable no. 2. Any non-
zero setting label!s the matrix variables as com-
patible and enables missile synthesis for that
combination of variables.
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Steps in assembling the matrix are as follows:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Card A is loaded as a "ZIP 11 1" to instruct the CGSM
executive that a compatibility matrix will follow the ZIF
card and precede the SUPER NAMELIST,

Card B is loaded with the same table number as Card B
of the basic variables table (2010000 is required for the
CGSM).

Card C is punched with comments and a value of one in
column 70 to spe~ify that a single matrix will follow,
Card D includes optional comment space and a group

number which must be one for CGSM applications.

Card E loads a single key for the single matrix. Basic
variable no. 7 (diameter) is loaded as the first matrix
variable. Basic variable 17 (weight) becomes matrix
variablc no. 2.

Card F begins with "COMP'" in columns 1 - 4. Comments
shown on Figure III-5 are recommended but are not manda-
tory. Comments listed under "A'" format are reproduced
in the printout of the table but are not used otherwise.
Group number and matrix number are punched on Card F
as ones.

Card set G includes 3 cards with non-zero values in the
fieldsshown on Figure III-5. Since a value of 3 was loaded
on card D7 of the basic variables table, the matrix con-
gsists of three elements per row (three columns), and each
card in set G contains three element values. Since three
values of basic variable no. 17 (see card D17) were loaded,
card set G consists of three cards. By punching in a value

of zero in all except elements e , and e , the six

1" 2,2 33
unwanted combinations of weight and diameter arc

suppressed.

2 111-23




3.0 NAMELIST INPUT DESCRIPTION

A total of twenty-five specialized NAMELIST lists are used in the
CGSM. Their functions are input/output control and data input. CGSM
lists follow the general FORTRAN IV NAMELIST rules listed on Figure
III-6. CGSM input decks can be large; however, the following steps have
been taken ‘o limit the volume of input for a given JOB:
(1) All NAMELIST parameters have been assigned pre-
stored values, and only those which need to be changed
from those prestored values are required as input.
(2) All NAMELIST values are saved within the CGSM
executive logic for the duration of a JOB, and input
for stacked cases need only include changes from the
previous case.
(3) Use of ZIP control cards makes the lists self-loading,
so that they may be input in any order or may be

omitted altogether for a given JOB,

A CGSM JOB which uses primarily prestored data may require as few as
50 cards.

Multiple lists are provided with the purpose of helping the user to
sort out the many types of input data, and of making the overall input task
simpler. A summary of all CGSM NAMELIST is included as Figure III-7.
That summary describes the types of data which were assigned to each
NAMELIST. All liquid rocket sustainer design and sizing data are
assigned to the NAMLR list, for example, and the user need only be con-
cerned with the NAMLR list if his JOB calls for a missile with a liquid
rocket sustainer. In general, the user may confine his attention to those
lists which are necessary for his unique JOB. The dependence of input
requirements on the user's selection of synthesis options is illustrated on
Figure III-8. The user can identify relevant input lists by tracing through

that figure for a set of options.
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FIGURE 111-6

NAMELIST INPUT RULES

The first column on all NAMELIST cards must be blank.
Column 2 of the first card must contain the ampersand (&)
followed immediately by the NAMELIST name (e.g., &NAM]I)
and followed by at least one blank. The reading of NAMELIST
input is terminated by putting ampersand end (&END) after the
last number, or on the final card by itself.

Data may begin on the same card as the NAMELIST name
(separated by at least one blank) and has the form:
VARIABLE = number, followed by a comma. If the number
is an integer (variables whose names begin with I, J, K,

L, M, N) no decimal point is used. If the number is real,
embedded decimal points must be used while trailing decimal
points are optional. Do not leave blanks betwecen numbers
and their trailing comimas. Do not split a variable name,

or a number and its trailing comma, from one card to the
next.

The same variable may appear more than once in the NAME -
LIST input deck and the last value is the one used. Not all
variables belonging to a NAMELIST need appear at input time.
If they are not on the input card, their current value is
unchanged in core. A variable may belong to more than one
NAMELIST list.

If a variable is dimensioned, i.e., is subscripted, such as
KBOOST (2,2), this means there are actually four variables
identified by the indices as KBOOST (1.1), KBOOST (2, 1),
KBOOST (1,2), and KBOOST (2, 2) in this order. Note that
the left-most index varies most rapidly. They may be recad

one at a time or all at once. For partial lists, the indices must

be specified, e.g.

KBOOST (1,2) =1, KBOOST (2,1) =0

KBOOST (1,1) = 3, KBOOST (2,2) = 2, .
If the numbers are read all at once, the indices may be
omitted and the above is equivalent to:

KBOOSE =13300, L, 2.

1
1"

]
It
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FIGURE III-7

NAMELIST DESCRIPTIONS

NAMELIST
NAME INPUT DATA DESCRIPTION

NAMI1 Output Control Options

NAMCNF Configuration Data

NAMPAK Packaging Data

NAMBOO General Booster Data

NAMEXB External Booster Data

NAMSR Solid Rocket Sustainer Data

NAMLR Liquid Rocket Sustainer Data

NAMRJS Ramjet Sustainer Design Data

NAMFLR "Turbojet Sustainer Design Data

NAMTRS Ramjet Fuel Temperature Rise
Tables

NAMSPH Ramjet Fuel Specific Heat Ratio
Tables

NAMGSC Ramjet Fuel Gas Constant Tables

NAMBSP Ramjet Fuel Burner Severity Tables

NAMINM Air Inlet Performance Map

NAM3 Worth Data

NAMVPM Trajectory Control Terms

NAMBYP Options for Bypass of Computational
Steps

SUPER Supervisory List

NAMSCR Screening Control Data

NAMCST Cost Data

NAMCBY Cost Data for Bypass

NAMCNP RCM CER Data

NAMCCN RCM CER Data

NAMCPS RCM CER Data

NAMCCP RCM CER Data
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Figure III-8
INPUT REQUIRED FOR SYNTHESIS OPTIONS
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Each NAMELIST list is discussed separately in the following
sections. A complete list of parameter definitions for each list is in-

cluded at the end of this section (see Figure III-11 through III-29).

3.1 NAMI1 LIST DESCRIPTION

The NAMI list is used to input those control flags governing
CGSM printed output. The list parameters, INPRIN and IPRP, control
print during the input steps. IAIR, IPSM, ICOST, and IVP control output
during missile synthesis and trajectory steps. The NAMI list may appear
at more than one point in the input deck to selectively suppress print
during input; however, the NAMI1 values current at the point of reading
the SUPER NAMELIST are used to control synthesis output. The para-
meter KFIL12 is used to suppress file 12 data storage when screening is
not required.

Prestored values in NAMI call for minimum printed output. List

parameters are defined in Figure III-12.

3.2 NAMCNF DESCRIPTION

The NAMCNTF list includes the payload, wing, tail, and airframe
design and sizing options and data, as well as miscellaneous parameters
used in aerodynamics computations. Several parameters which would
logically be assigned to NAMCNEF have been deferred to the SUPER
NAMELIST for convenience in assembling stacked cases, however. All
list parameters have prestored values. A complete definition of list

parameters and their prestored values is included in Figure III-13,

3.3 NAMPAK DESCRIPTION

All input parameters required to test the viability of packaging
each generated concept into a launch tube or on an aircraft are input
through the NAMPAK list. The parameter KLNCH is used to designate
whether surface or air launch testing is required. Testing is bypassed if
KBYPAK=1 in SUPER (see Figure III-29). List items and prestored

values are presented on Figure III-14.
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3.4 NAMBOO DESCRIPTION

Data input through the NAMBQ® list apply to the design and sizing
of integral and external boosters. Principal parameters include charac-
teristic exhaust velocity (CSTAR), thrust coefficient (FJ), ambient pres-
sure (PA), and chamber pressure (PC). These NAMBOO list items are
combined with an input delivered thrust-to-weight ratio (basic variable
no. 8), and with an ideal velocity and payload weight determined internally,
to size the booster. A design point is implicit in the selection of inputs
(see PA, CSTAR, T/W, etc.) but is not input otherwise.

External booster sizing requires input of both NAMBOO and
NAMEXB. All other boost stages require only NAMBOO. Some booster
control options are deferred to the SUPER NAMELIST (Figure III-29).

List parameter definitions and their prestored values are included

as Figure III-15.

3.5 NAMEXB DFESCRIPTION

Boost stage design and sizing parameters which apply only to
external boosters are input through NAMEXB. Those parameters are
combined with the NAMBOO list items. External booster control options
are deferred to the SUPER NAMELIST. NAMEXB list items are defined
in Figure III-16.

3.6 NAMSR DESCRIPTION

Solid rocket sustainer design and sizing data are listed in NAMSR.
Those list parameters are combined with the solid rocket design point
input through the basic variables table. Figure III-17 presents a complete

listing of NAMSR parameter definitions.

3.7 NAMLR DESCRIPTION

Liquid rocket sustainer design and sizing data are input through
NAMLR. Those list parameters are combined with the liquid rocket
design point input through the basic variables table. NAMLR list items
are defined in Figure III-18.
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3.8 NAMRJS DESCRIPTION

Ramjet Sustainer design and sizing data are input through the
NAMRIJS list. Those data are combined with the ramjet design point data
input through the basic variables table. NAMRJS applies to all ramjet
sustainer options, whether integral, unboosted, or externally boosted.

Several ramjet fuel data items are included in NAMRJS. The
parameters IFTYPE, PT41, PT42, and PT43 control input and interpola-
tion in the fuel performance maps.

All NAMRIJS list parameters are defined, and their prestored

values are listed, in Figure III-19.

3.9 NAMTJ DESCRIPTION

Turbojet sustainer design and sizing data are input through NAMTJ.
Those list parameters are combined with the turbojet design point input
through the basic variables table. NAMTJ list items are defined in
Figure III-20.

3.10 RAMJET FUEL MAP INPUT

Ramjet fuel characteristics must be defined throughout the
ramjet operating regime in terms of temperature, pressure, and fuel/
air ratio. Four maps must be input for a given fuel type. The first
three maps are three-dimensional tables defining temperature rise,
specific heat, and gas constant variations. The fourth map defines the
linear variation of combustion efficiency and lean blow out ratio with
burner severity parameter.

Fuel maps may be input through NAMELIST lists or through
optional formatted data decks with proper settings of ZIP control
cards. For either input method, the following data are required:

(1) Map 1l - Fuel temperature rise versus free stream

total temperature (TT2), fuel-to-air ratio (F/A), and
combustion pressure (P).
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(2) Map 2 - Specific heat versus combustion temperature
(TT4), F/A and P.

(3) Map 3 - Gas constant versus TT4, F/A and P.

(4) Map 4 - Combustion efficiency and lean blow out ratio

versus burner severity parameter.

Three pressure levels are required for temperature rise data tables;
however, specific heat and gas constant data tables may be assembled
with one or three pressures depending on the setting of IFT YPE in the
NAMRJS list.

The option of NAMELIST input for the fuel data is useful since
it allows maps to be prestored. A complete set of JP5 fuel data is
stored in the CGSM through BLOCK DATA and is available to the user.
Input of blank NAMELIST lists is recommended when JP5 fuel is to be
used , since that causes the tables to be printed during the input
step.

3.10.1 NAMTRS, NAMSPH, NAMGSC and NAMBSP Descriptions

Ramjet fuel performance characteristics may be input through
the following lists:

(1) NAMTRS

(2) NAMSPH - Specific heat (Map 2)

Temperature rise (Map 1)

1

(3) NAMGSC - Gas constant (Map 3)

(4) NAMBSP - Burner severity (Map 4)
Standard NAMELIST rules and conventions apply to these lists and their
data.

The procedure for assembling the data tables of Maps 1, 2, and
3 for NAMELIST input is explained through the following example. The
procedure is identical for each of the three maps, but gas constant
(Map 3) is singled out for illustration. Gas constant data should be
arranged as in Figure III-9 as a preparatory step. Data arrays are
grouped into ''subtables'', where each such subtable corresponds to a

specified ramjet combustion temperature (TT4B), and where each
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Figure III-9
RAMJET FUEL MAP LAYOUT - GAS CONSTANT

SUBTABLE COLUMN
NO. TT4B VARIABLHY 1 2 3 4 5 6
' FAR2 0. .06
1 400
GASLQ 53.35 53.35
- FAR2 0. .10
2 2248 GASLQ 53.35 53.35
FAR2 0. .07 .08 .09 .10
3 3600
GASLG 53. 35 53.40 55.10 56.58 58.05
O L B ol ]
FAR2 0. .07 .08 .09 .10
4 4000
GASLGQ 53.40 53.62 55.10 56.60 58.05
FAR2 0. .06 .07 .08 .09 .10
5 4400
GASLG 53.45 53.53 53. 87 55.15 56.63 58.08
TFTAR?2 0. .05 .06 .07 .08 .10
6 48
w GASLQ 53.55 53.72 53. 87 54, 25 55. 35 58.20
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includes the dependence of gas constant (GASL®) on fuel-to-air ratio

(FAR2). A "column'' designation is assigned to each set of GASL@/FARZ
data points. All subtables and columns are independent in length and value,
as shown on Figure IlI-9. In assembling the sample tabular data for

NAMGSC input (see also Figure I1I-23), the following steps are required:

¢ The number of subtables (6) is input through the
parameter K4.

(2) The number of columns in cach sequential subtable
(2,2,5,5,6,6) is input through the array KN(I).

(3) The temperature values corresponding to cach sequential
subtable (400, 3200, 3600, 4009, 4400, 4800 deg R) are
input through the array TT4B(I).

(4) Fuel-to-air ratio values are input through the two-
dimensional array FAR2 (I,J), where I corresponds
to suhtable number and J corresponds to column number.

Under that format, the following values may be observed:

FAR2(1,1) = 0.0
FAR2(1,2) = .06
FAR2(6,6) = 0.10
(5) Gas constant values are loaded through the two-dimensional

array GASL@® (I,J) using the same format as FAR2 (1,J).
Data shown in Figure III-9 are drawn from the prestored JP5 fuel type.
That fuel type requires only one pressure level for gas constant data. If
three pressure levels are required for an alternate fuel type, GASMED
and GASHI (see Figure III-23) are loaded in the same manner as GASLO
in step 5. As many as 15 subtables and 15 columns may be used for a

given map.
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Map 4 consists of an array of up to 15 values of burner severity 1

parameter (BSP) plus corresponding arrays of (dependent) combustion |
efficiency and lean blow out ratio values. Those data are input through
the NAMBSP list as simple arrays with BSP points arranged in increasing
order. Map 4 can only be input through NAMBSP.

A complete fuel map is prestored in the CGSM using the JP5 fuel
type. Definitions of list parameters and listings of prestored values are :
included as Figure III-21 (for NAMTRS), Figure III-22 (for NAMSPH),
Figure III-23 (for NAMGSC), and as Figure III-24 (for NAMBSP).
3.10.2 Formatted Fuel Deck Input

Maps 1, 2, and 3 (see above) may be input through formatted
decks if desired (see Section 1.0 for ZIP codes). Format of those decks
is illustrated in Figure III-10 for a generalized map. CGSM executive
logic expects the first card on Figure III-10 to be loaded immediately after
the fuel map ZIP card. Actual reading of the deck is controlled by the
executive based on the set of dimensioning parameters read on cards 1
and 3. The first card sets the number of subtables (as many as 15), and
card 3 sets the number of data points per subtable for each variable (as
many as 15). A separate control parameter is input on card 1 as either
1 or 3 in column 8. That control parameter is punched as 1 if a single
pressure is to be considered, and is punched as 3 if multiple pressures
are uscd. The setting of 1 requires that IFT YPE be set to zero in the
NAMRIS list, while a setting of 3 requires that IFT YPLL=1. Data cards
are read under the format ''10 X €F10, 0" so that multiple cards are re-
quired when NELEM > 6 for a given subtable. In that case, all of the
cards for VAR2 are read before the first card ¢f VAR3 is read, and so
on through the deck.

The generalized variables of Figure I1I-10 are correlated to
specific fuel map parameters in Figure III-11, Thus, where the genera-

lized variable VAR is seen, the user substitutes TT2 (Map 1), TT4A
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FIGURE I1I-10
OPTIONAL FORMATTED INPUT OF RAMJET MAPS
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(Map 2), or TT4B (Map 3) from Figure III-11. Definitions of the vari-

able names shown on that figure are found in Figures III-21 through III-23.

3.11 RAMJET INLET DATA (NAMINM) DESCRIPTION

Two-dimensional inlet sizing and performance data are input
through NAMINM. Inlet performance data include maps of inlet additive
drag, mass flow ratio, and pressure ratio versus both Mach number and
pitch angle. Input of the inlet maps is completely parallel to input of the
ramjet fuel maps. Either NAMELIST or formatted deck input is per-
mitted, and the steps in assembling inlet data are identical to the steps
described in Section 3. 10 for the fuel maps, where v<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>