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FIGHTER AIRCRAFT — A SUITE CF FORTRAN IV
PROGRAMS BASED ON ENERGY
MANOEUVRABILITY THEORY.

by
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\ SUMMARY
A suite of FORTRAN-IV computer prograins is described which may be used to
assist in evaluating relative combat aircraft performance, using energy manoeuvrability
theory. The programs are described in detail using flowcharts, and full operating instruc-
tions are given. A selection of outputs illustrates the grapl:ical and printed capubilities of

the suite. &
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p

e

41

. Accession For

48 {¥11s  arasl

g DTIC TAB

- Unannouncod a

S Justification e

% W
'f - By - -

I Distribution/

Availahility Codes

jAvail and/or
Dist | Spoelal

e ! C -
hY
1l I -
: -
-\
. -
l r'
e
+ I
i 1 -
3 i
i
v ¥
2 v
"4 {
4
I
;
v i
o x
/
1
-' s.._j
.3
N !
. "lL -

A ol A 3 N i e, 0 i 8 2




CONTENTS

NOTATION

LIST OF FIGURES

LIST OF TABLES

1. INTRODUCTION

2. MATHEMATICAL PRELIMINARIES

2.1 Eguations of Motion
2.2 Energy Relationships
2.3 Atmospheric Relationships

3. REQUIREMENTS AND CAPABILITIES

4. PROGRAM ‘‘AIRCRAFT*’ DESCRIPTION
4.1 Program Structure
4.2 AIRCRAFT Program Input
4.3 Unoptimised Grid Calculations
4.4 Optimised Grid Calculation
4.5 User-defined Subroutines
4.6 Standardised Data Storage Allocation
4.7 Program ANY

5. PROGRAM P2 DESCRIPTION
5.1 Program Structure
5.2 Input Operations with Subroutine P2IN
5.3 Suhroutine PSCON to Produce Energy Rate Contour Data
5.4 Subroutine RATE] to Produce Turn Rate Plots
5.5 Subroutine RATE2 to Produce MMD Data
5.6 Subroutine PSDIFF to Produce Differential Energy Rate Contour Data
5.7 Subroutine RZDIFF to Produce Differential MMD Data
5.8 Subroutine MMP to Aid in Maximum Manoeuvre Persistence Calculation
5.9 Subroutine GRID to Produce Raw Data Overview Plots

v TeLyY

Page No.

14
I8
21
22
25

26
26
30
30
KX/
KX
k1
36
41




o > 1 o A DMLt 5

bl i L W
o NI SR, <o s .

QLRI

6. PROGRAM P4 DESCRIPTION

6.1 Program Summary

6.2 Classification of Contour Plots

6.3 Subroutine PAMAIN

6.4 Subroutine P

6.5 Communication with System Routine PLOT

7. PROGRAM “‘AIRCRAFT”’ USER’S GUIDE
7.1 Loading and Saving of Absolute Files
7.2 Program Execution
7.3 Core Storage Requirements and Exccution Speed

8. PROGRAM P2 USER’S GUIDE
8.1 Loading and Saving of Absolute Files
8.2 Program Execution
8.3 Option 4A—Energy Rate Contour Data
8.4 Option 4B—Turn Rate Plots
8.8 Option 4C—Maximum Manoeuvre Diagram (MMD)
8.6 Option 4D-—Differential Energy Rat: Contour Data
8.7 Option 4E—Differential MMD
8.8 Option 4F—Maximum Manoeuvre Persistence Aid
8.9 Option 4Z—Overview of Data Grid

9. PROGRAM P4 USER’'S GUIDE
9.1 Loading and Saving of Absolute Files
9.2 Program Execution
9.3 Energy Rate Contour Plots
9.4 Differential Energy Rate Contour Plots
9.5 Maximum Manoeuvre Programs
9.6 Differential Maximum Manoeuvre Diagrams

10. INPUT/OUTPUT EXAMPLES
10.1 Introduction
10.2 Fiie Handling
10.3 Energy Rate Contour Plots
10.4 Differential Energy Rate Contour Plots
10.5 Turn Rate Plots
10,6 Maximum Manoeuvre Diagrams
10.7 Differential Maximum Manozuvre Diagrams
10.8 Overview Piots of Data Grid

45
45
45
46
]|
56

56
56
57
62

62
62
63
63
64
6¢
69
70
12
73

74
74
75
75
78
79
80

81
81
81
8]
86
86
86
94
94

W



PR

1. FUTURE PROGRAM DEVELOPMENT
12. CONCLUSION

13. ACKNOWLEDGMENTS

REFERENCES

APPENDICES
1. Newton’s Method Iteration for Calculating Geopotentiul Height
. “AIRCRAFT” Program Library
. P1 Subroutine Library
. P1LIB Subroutine Library
. Sample AIRCRAFT Program Library Listing
. Storage Allocation of Labelled COMMON Aresas
. P2 Program Library
. P24LIB Program Library
P4 Program Library
10. Routines from Libraries GRAFIC snd EXTRAS
11. System Routine Requirements

7 I S VI~

o 90 o

DISTRIBUTION

DOCUMENT CONTROL DATA

100
101

10t

W



——

miam

Symbols

Cb,\
Cp,min
ACps

CL,

CL, max

Ey
Fn
Fnp

Rair

NOTATION
Dejinition
Sonic speed
Drag coefficient
Induced drag coefficient .. .. .

Minimum drag coefficient
Store drag coefficient

Lift coeflicient

Lift curve slope

Maximum lift coefficient . .
Aerndynamic drag

Total energy

Specific energy, erergy height, energy state
Engine net thrust ..
Non-dimensionalizing force
Acceleration due to gravity
Geopotential altitude
Pressure altitude

Pressure altitude increment
Aerodynamic lift .
Aircraft mass

Mach number

Load factor normal to aircraft in plane of sym-

metry
Number of turns at optimum conditions
Co-ordinate origin
Ambient pressure ..
Specific excess power, energy rate
Ture radius
Range
Range increment ..

Gas constant for air

Aircraft reference area

Unit or Value
m/s (t/s)
rad-1

N (ib)

J (ft 1b)

m (ft)

N (ib)

N (ib)

G-80665 m/s? (32-17405 ft/s%)

m (ft)
m (ft)
m (f)
N (Ib)
kg (slug)

Pa (Ib/ft2)
m/s (ft/s)
m (ft)

km (n.m.)
km (n.m.)

287-053 J/kg.K
(3089 78 ft2/Ks?)

m? (ft2)

Trreanm e s an
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Greek
symbols

Q

g & 6 X

Subscripis
a

av

b

1,2

Math
symbols
X

’

x
In(x)

i b U bhiahsid o nab il

Time . e . s
Time increment .. . ‘e
Temperature

Flowrate scaling factor
Velocity

Aircraft weight

Weight loss due to fuel usage
Fuel flowrate

Co-ordinate axes .

Definition

Body incidence to flight path
Fffective angle of attack (=a {-v)
Flight path elevation angle
Specific heat ratio for air

Error function to be solved for Ay
Temperature lapse rate

Wing sweep angle

Thrust incidence to body axes
Energy rate function

Roll angle ..

Azimuth angle

Turn rate

Definition

Ambient conditions

Average value between two energy states

Base or reference level
Body-axis co-ordinate
Earth-axis co-ordinate
Iteration count

Sea level conditions
Trimmed airciaft

Wind-axis co-ordinates

Intermediate co-ordinate transformation

Definition

Differentiation with respect to time

Differentiation with respect to altitude

Natural logarithm

s
]

K

173600 1b.hr/lb.s
m/s (ftjs)

N (ib)

N (ib)

kg/s (1b/hr)

Unit or value
rad (deg)
rad (deg)
rad (deg)
1-4

m (ft)

K/m (K/ft)
rad (deg)
rad (deg)
rad (deg)
rad (deg)
deg/s

W e
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" !l CPU
) deg
P kt
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. MMD
| nm,
“« - SI
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i ABBREVIATIONS AND ACRONYMS

Calibrated airspeed

Centre of gravity

Central processing unit

Degree

Knot

Mean aerodynamic chord
Maximum manoeuvre diagram
Nautical mile

Systeme International d'Unités

True airspeed
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COMPUTER VARIABLES

Program Names

AIRCRAFT Generic name of main programs for each aircraft
ANY Member of AIRCRAFT family for data reprocessing
BATCON ARL system for batch program operations |

OPTFIT B-spline curve-fitting program

P2 Plotting and data reorganisation program
P4 Contour plotting program

PLOTQ System program for queuing plotter files
SURFM B-spline data verification program

System Filenome Extension

CTL BATCON control file

.EXE Absolute binary core image of program

.FOR FORTRAN program file

.LOG BATCON progress file written in user's disk area
LST Line printer file deleted when processed

.REL Relocatable binary file

User Filenames

P2 P2A P2DIFF DUM P4

User Filename Extensions

.OPT .CON .PLT

User Libraries

Pl PILIB P24LIB GRAFIC EXTRAS

Routines in Program AIRCRAFT
AERO BLOCK DATA THRUST TRIMCL

Routines in Library Pl
ALTIT BININ IDENT MAXMAN MONSEP PARAMS PIIN
PIOUT PIOUTA ROMIN SEP  TABLE

Routines in Library PILIB
SURF




PUDEPEN

Routines in Program P2
GRID INMMD  PSCON  PSDIFF  P2IN

Routines in Program P4
OUTXT P PLOTD P4MAIN

Routines in Library P24LIB
LINE PLOT

Routines in Library GRAFIC
CONT SMOOTH

Variables Common to P!, P2 and P4

R TR e ¥ . . Y

RATEI RATE2 R2DIFF

B,C

DELES, DELXM, DELGN

ESQ, XM0, GNO
NES, NXM, NGN
IUNITS, IPSTYP
PLA

Variables in Library Pl
ALB

AM

AWF

HP

IERR

IGRID

10PT

10UT
OMTAB
PSTAB

Variable. in Program P2
ICREAT

IONDSK

JIOPT

NAMOUT

OMEGA

PS

PSQ, DELPS, NPS
WORK

Reserved storage arrays of equivalenced variables
Increments of energy state, Mach number and load factor
Initial grid values of these variables

Number of grid values of these variables

Flags for types of units and energy rate variables

Power setting

Mass scale factor (2-2046225 1b/kg)

Length scale factor (03048 m/ft)

Fuel flow rate scale factor (3600 ALB 1Ib.s/kg.h)
Pressure altitude

Error flag

Height variable flag

Optimized grid flag

File output flag
Turn rate output vector

Energy rate output vector

On-line data generation flag
Differential MMD disk file fiag
Processing option flag

Cutput file name

Turn rate

Energy rate

Energy rate grid definition

Working storage vector
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Variables in Program P4
CONLAB, LABFLG
IC

ICOUNT

ICHK

IDATA

IDEF

IDOT

1DOTY

1GES

IMMD

NDATA

NLEV9

XPT, YPT

XTAB, YTAB
YiLMIN

Z,2G

T R L T ey e

Contour label flag

Running counter of differential MMD boundary points
Final count of points in each boundary

Order flag for x-co-ordinates in boundary vector
Data set leap counter

Default contour texture flag

Current contour *exture flag

Texture flag for zero contour

Energy state contour flag

Turn rate boundary flag

Number of data sets

Level number of zero contour

Plotter co-ordinates transmitted by CONT

Vectors of differential MMD boundary co-ordinates

Minimum y co-ordinate on MMD boundaries

Working storage vectors
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1. INTRODUCTION

With the increasing complexity of modern combat aircraft and the resulting extension of
their capabilities, the need has arisen for techniques to avaluate the relative combat performance
of new designs, und to compare these designs against existing aircraft in service,

This report and two companion reports!+? dsecribe techniques developed at ARL, which
were considered to meet the current needs of the Royal Australian Air Force. This report
describes a suite of FORTRAN 1V computer programs developed for the computation and
presentation of data uscd in evaluating combat aircraft performance using the energy manosuvr-
ability theories3-¢ which have been developed in the past two decades.

The suite of programs produces, for a variety of possible aircraft configurations, tabulated
and plotted data in either metric or Imperial units, which describe aircraft combat performance
in energy manouvrability terms. For each aircrafl to be evaluated, the user must supply sub-
routines which calculate simplified propulsion and aerodynamic characteristics.

The mathematical basis for the calculations is describad in Chapier 2. Chapter 3 presents
the requirements and capabilities of the suite as a whole.

Chapter 4 describes the main calculation program, given the generic name AIRCRAFT
in subsequent pages. Chapter § describes the output program P2, which provides plotted output,
as well as input for the coniour plotting program P4 described in Chapter 6.

Chapters 7, 8 and 9 present a self-contained user’s guide with full instructions on how to
operate the three programs. Typical outputs are described in Chapter 10.

Chapter 11 concludes with some suggestions of possible extensions to the suite’s capabilities.

2. MATHEMATICAL PRELIMINARIES

A complete description of the theoretical background for this suite of programs is given in
Reterence 1, supplemented by the published literature of References 3-6. The basic equations
are given below without derivation.

Where numerical methods are available in the published literature, they are quoted without
derivation. An iterative technique developed by the author is the subject of an appendix, and
the results are quoted in the body of the text.

2.1 Equations of Motion

The equations of mction in flight path axes as shown in Figures 1 and 2, for an aircraft
in general turning flight are:!

mV = Fpcosa'~-D—Wsiny .1
mV = (—y cos ¢~ cos y sin ¢) = —Fn sin o' —L+ W cos y cos ¢, (2.2
mV = (—Yysin ¢+ cos y cos ¢) = W cos y sin §. 2.3)

where m = aircraft mass, kg (slug),

W = aircraft weight, N (Ib),

V = true airspeed along the flight path, m/s (ft/s),

g = gravity constant, 9-80665 m/s? (3217405 ft/s2),
Fn = engine net thrust, N (ib),

o' = a-+o = effective angle of attack, rad,

1

- |




Fig. 1 Earth-and wind-axes systems
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Fig. 2 Force system
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D w aerodynamiv: drag, N (ib),
L = aerodynamic lift, N (Ib),
¥ = azimuth angle, rad,

y = elevation angle, rad,

¢ = roll angle, rad,

In deriving these equations, it is assumed that

(@) the earth is flat;

() acceleration due io gravity is constant;

(c) the aircraft is considered As a point mass;

{d) atmospheric parameters follow standard laws;

(e) the velocity vector, aerodynamic forces and net thrust are co-planar in the aircraft frame
of symmetry.

2.2 Energy Relationships
Using the fundamental relation that energy state (£3). or specific energy is given by
Es = E/W = h+ V22, 24)

the equations of motion for fligh* in a horizontal plane (y = ¥ = § = 0) can be expressed as

vdv
AR -— e =X (4 g R
Py ¢ di V{Fn cos a'— D)/ W, (2.5)
and
n = l'cos ¢ = (Fnsin «'+L)W, 2.6)

where Equation (2.5) is a restatement of Equation (2.1) and Equation (2.6) is a combination
of Equatioiis (2.2) and (2.3). In these equations

Py = dEg/dt = energy rate, m/s {ft/s)
h = geopotential height, m (ft),
n = load factor normal to the aircraft in the plane of symmetry.
In addition rate of turn () is denoted by w, and it is readily shown that
w = g(n*~1)0-5/V, .7
and
= V/w, (2.8)

where r is the turn radius, m (ft). ‘
For flight in a vertical plane, Equations (2.1) and (2.2) reduce to

vdv dh '
Pg = (g = + —cTt) = V(Fncos &' —D)/W, 2.9)
and
Vy/g+cosy = (Fpsina'+L)/W = n, (2.10)

Energy siate metl.ods enable climb schedules to be estimated using the calculus of vari-
ations” based on Py or some function of Ps:

X1 = P, @11
xz = Ps/wr, (2.12)
xs = PgV/wy, (2.13)

3




where wy = fuel flow rate, kg/s (1b/hr).
Integration of the maximu of these quantities, viz:

ES.
t = (1/x1,max)dEs, (2.14)
Esl

ESn
m = (1/xz, max)dEs, (2.15)
Es,

Esq
miR = | (1/xs, max)dEs, (2.15)
Es,

results in approximate profiles for minimum time, minimum fuel or maximum range respectively.

Apart from Py, the energy functions y; have no unique names. Hence, in the program
described in later chapters, an output variable yg is referred to either as the “‘energy parameter”,
or simply as the energy rate, with the implication that any of the three energy functions may be
referred to.

2.3 Atmospheric Relationships

The algorithms used to determine atmospheric pressure, ambient temperature and geo-
potential height have been presented fully elsewhere,® and only the essential details are given here.

Two atmospheres, the ICAO Standard Atmosphere and the ARDU Tropical Atmosphere
are provided as atmosphere models. They are approximated to by atmospheric layers with con-
stant temperature lapse rates, and are defined by values of ambient temperature and pressure
height at the points where these lapse rates change. The atmospheric pressure is defined by the
standard atmosphere relationships

P = Py{Tv/(Ty -+ AAhp) 0/ RyicA)] A # 0‘
or .17
P = Py exp{—gAhp/(RairTh)}, A= Oj

where P = atmospheric pressure, Pa (1b/ft2)

Ahy = pressure height in linear segment = hp —hpp, m (ft)
hp = pressure height, m (ft),

hpy = pressure height of base of linear segment, m (ft),
Py = atmospheric pressure at base of linear segment, Pa (1b/ft2),
T = ambient temperature at base of segment, K,

A = temperature lapse rate, K/m (K/ft),
Reir = gas constant for air, 287-055 J/kg.K (308978 ft2/K.s?).

Atmospheric temperature “T"’ is given by
T = Th+AAhp, K. (2.18)

In the ARDU tropical atmosphere, geopotential height, required for performance calcula-
tion, is obtained by integration over all layers up to the given pressure height

h="Sh, (2.19)

where

By = ;{Mp+(T,,,_T,,,\./A)ln(l+Mp/T»)}, A#0

(2.20)

or
he = hy(Tav+Ashp/2)/ T, A=0

B )
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and h = geopotential height, m (ft),
hy = geopotential height increment in ith layer, m (ft),
Aa = lapse rate in ambient atmosphere, K/m (K/ft),
Tap = temperature at base of layer in ambient atmosphere, K,

n = total no. of layers to the given pressure height in both standard and non-standard
atmospheres.

In the ICAO Standard Atmosphere geopotential height and pressure altitude are identical.
Given pressure, altitude and Mach number, and the speed relations

V=M, (2.21)
and
a = (yairRa1:Ta)"5, (2.22)
where M = Mach number,
a = sonic speed, m/s (ft/s),
yuir = specific heat ratio for air, =14,

Equation (2.4) may be used to determine energy state.

However, to determine pressure altitude, given energy state and Mach number, the inter-
dependence of geopotential height, pressure height, temperature and Mach number requires
the iterative solution of Equation (2.4), which is non-linear in A, and hence in /. Appendix 1
develops the solution using Newton's method, the result being given below:

hp.Hl = hp,i“f‘shp.h (2.23)
where
h+kT.-Es
Shyy = —| —————= . 2.24
b [ TolT+ihe ],,p-,,,,_‘ 2.24)
k = yRairM2/(2g), (2.25)

T, = ambient temperature, K

and i denotes the ith iteration.
Iteration continues until 8h; ¢ is less than G-75m (0-25ft). A suitable initial estimate of

hp is:
hpo = Es—asL2M?/(2g), (2.26)
where as, = sonic speed at sea level, 340-30 /s (111646 ft/s).

The final atmosphere-related quantity required is the non-dimensionalising force *Fnp",
which is defined as:

Fxp = 0-SyairPM2S, N (lIb), 2.27)

where § = aircraft reference area, m? (ft?),

3. REQUIREMENTS AND CAPABILITIES

The object of the suite of programs for air combat performance estimation is to produce
tabular and plotted data for accurate assessment of the performance and manoeuvrability of
of any aircraft operating in a wide range of weapon/store configurations.

S




In particular, the programs produce:

(a) specific excess power (Pg) plots on a height-Mach number grid for a range of sustained
normal loadings;

() turn rate as a function of Pg at various height and Mach number combinations;
(c) optimum turn rate plots on a specific excess power —energy state (Pa—Es) grid;

(d) differential plots of Py for two aircraft on a height-Mach number grid for a range of
sustained normal loadings; and

(e) differential plots of optimum turn rate on a Ps—Es grid.

The tabular and plotted output may also be used to assist in the production of fuel/distance
diagrams used in a variety of range calculations. Data which may be obtained from the outputs
include:

(a) estimated fuel used and range achieved when flying profiles for minimum time, minimum
fuel or maximum range;

(b) estimated fuel used and combat conditions for optimum sustained manoeuvres;

(c) estimated fuel used and range achieved during accelerations using maximum power;
(d) estimated maximum speeds at counstant altitude;

(e) estimated *“‘corner velocity’ ’and sustained turn boundaries.

Finally, in order to provide a concise picture of combat performance throughout the air-
craft’s operating regime, plotted output can be produced on a turn rate/Ps versus Mach number
grid for a range of load factors for ary choice of altitudes or energy states.

The suite consists of three main programs, whose interrelations are shown in Figure 3.

AIRCRAFT is the generic name given to the family of programs which represents par-
ticular aircraft. An AIRCRAFT program includes user-defined routines which calculate propul-
sion and aerodynamic parameters using thrust and drag data files. The program uses input data
describing the aircraft configuration, and produces tabular output for line-printer listing, as well
as unformatted data files for input to program P2. Program ANY is a particular member of
the AIRCRAFT family used to reprocess published performance graphs or unformatted data
files, producing listings and further input files for program P2.

P2, the second member of the suite processes the data provided by program AIRCRAFT.
For some requirements, disk files are produced which may be immediately plotted off-line. For
other requirements program P2 is a pre-processor for the contour plotting program P4, re-
arranging data arrays and performing elementary operations such as are required for comparing
two aircraft.

Program P4 is a contour plotting program producing only files for off-line plotting.

Associated with these three programs are several subroutine libraries used in the loading
phase of program operation, containing input-output, curve-fitting, optimisation and plotting
routines.

Concise descriptions of the three programs and the required subroutine libraries are given in
Table 1. The programs and libraries are described fully in Chapters 4 to 9, together with instruc-
tions for using the subroutine libraries in the loading process.

4. PROGRAM “AIRCRAFT* DESCRIPTION
4.1 Program Structure

Program AIRCRAFT is the starting point for all combat performance calculations. It
includes aerodynamic and propulsion routines peculiar to each aircraft under assessment, and
calculates combat performance parameters, such as energy rate and turn rate, for given values of
energy state, Mach number and load factor and for specific aircraft configurations.

Output files may be produced for off-line printing, containing full details of all relevant
parameters, or for input to subsequent programs which prepare graphic presentations of the
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- TABLE 1

Library Descriptions
: Name Function Brief description ’
k AIRCRAFT | Program Contains calling program, thrust, drag and data subpro- i‘
'} library grams; different for each aircraft. !
b, P2 Program Processes output produced by “AIRCRAFT”, and pro-
i library duces files for plotting, or data files for input to program
:.‘E | P4‘.
1 P4 Program | Processes data produced by program P2 and produces con-
library s tour plots,
‘ Pl | Subprogram Processes all input options and produces text output and

library data output for input to program P2; library for program

“AIRCRAFT".
‘. PILIB Subprogram Contains curve-fitting and optimisation routines; library for
3 library program “AIRCRAFT".
'; P24LIB Subprogram Contains system routines for processing plot instructions; :
] library library for programs P2 and P4. ?
GRAFIC External External libraries containing contour plotting routines. ,
K EXTRAS subprogram ]
. libraries S
TABLE 2

Program and Subroutine Libraries

‘3

ez, t

Library name Rcutines

- AIRCRAFT | MAIN. AERO BLOCK DATA THRUST
< ' (and any routines called by AERO and THRUST)

] Pl P!IN BADINP TABLE ATMOS INTRP HEIGHT HTRUE
‘ IDENT PIOUT BININ ALTIT PARAMS MAXMAN SEP
PIOUTA MONSEP

P2 MAIN. GRID INLAB INMMD MMP PLTLAB PSCON ,
PSDIFF P2IN RATEl RATE2 R2DIFF UNITS WRLAB 5
P4 MAIN. OUTXT P PLOTD P4MAIN :
PILIB SURF CUBICS CHECKD SPDER3 ROMIN
P24LIB INTRP BADINP AXiS NUMBER LINE SYMBOL INLAB
PLTLAB UNITS
GRAFIC Routines required: CONT DIAG SMOOTH REALIN
EXTRAS Routine required: PROMPT
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printed output. Program AIRCRAFT user’s guide (Chapter 7) gives an example terminal input.
Sample output from co-ordinated running of programs AIRCRAFT, F2 and P4 is given in
Chapter 10,

An AIRCRAFT program consists of routines in program library AIRCRAFT, together
with routines from subroutine libraries PI and P1LIB. The routines which make up these librarics
are listed in Table 2, and briefly described in Appendices 2 to 4.

The division into program and subroutine libraries is required because the program library
is different for each aircraft, but the service routines in the subroutine libraries are unigue. The
further division of subroutine libraries into two parts, Pl and PILIB, arises from the routines
in PILIB having their origins in the curve-fitting program OPTFIT.

Appendix 5.1 lists the calling program, designated MAIN. in Table 2, which, together with
data subrovtine BLOCK DATA, must be included as part of the AIRCRAFT program library
for each aircraft. '

The two remaining subroutines which make up the AIRCRAFT program library, THRUST
and AERO, are aircraft dependent and are fully described in Section 4.5. Sample routines are
given in Appendices 5.2 and 5.3. A standardised form for aerodynamic and thrust data files is
described in Section 4.6

Data communication between subroutines is principally by means of labelled COMMON
areas and EQUIVALENCE statements. Appendix 6 lists the COMMON areas and the storage
allocation within cach area. As indicated in that appendix, this storage allocaiion scheme is
also used in programs P2 and P4, with slight modifications.

A flowchart for the AIRCRAFT program siructure is given in Figure 4, and it can be seen
that program operations fall logically into three areas:

(i) input;
(ii) unoptimised grid calculation and output; and
(iii) optimised grid calculation and output.

Each of these areas is discussed below.

4.2 AIRCRAFT Program Input

The details of the conversational input routine P1IN are skown in Figure 5. Subroutine
P1IN, called by the main program, performs an on-line dialogue with the user, thereby defining
the type of run. The user’s guide for program AIRCRAFT given in Chapter 7 gives exact speci-
fications of all FORTRAN input parameiers, together with example inputs,

The first task of P1IN is to request the user to specify his output units; P{IN then sets scale
factors for length, mass and fuel flowrate accordingly.

The next task is to call subroutine IDENT, which requests the name of the disk file contain-
ing the following aircraft configuration information:

(i) descriptive name of the aircraft;
(ii) type of units used for area and weight in the file;
(iii) aircraft wing reference area;
(iv) gross weight for the current role, and centre of gravity position (if required);
{v) description of the current role;
(vi) file names of the thrust and drag data files;

(vii) tabular data defining external store drag; it is assumed that this drag may be defined
in terms of drag dount (equal to ACp s x 10%) versus Mach number, from which linear
interpolation yields the external store drag count increment.

These data are then read from the aircraft configuration file, followed by reading of the
thrust and drag data files with calls to subroutine BININ. Control then returns to subroutine
PIIN to complete the conversational dialogue.




[

/Rud input defining
type of run ~

3 CALL P1IN
Read input defining
aircraft characteristics

CALL IDENT
No Optimisation Yes

run?
|
Calculate Pg and turn Calculate optimum Fg, »
rate for given range of turn rate, Mach no; given .

(a) Energy state (a) Energy state

{b) Mach number (b} Load factor :
(c) Load factor Estimate climb schedule |
CALL TABLE CALL MAXMAN T
i
Qutput results Output results '
: CALL P1OUT CALL PIOUTA |
E l
i ’. ‘

. ‘ o END

Fig. 4 Program aircraft structure
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/  Define type of output units
IUNITS = 0 — Imperial
IUNITS =1 -S.1.

IUNITS = 12
(.17

Yes

Sat S.1. scale factors —
AM = 0.3048
ALB = 2.2046225
AWF = 36060 * ALB

% 4
1120

Set run date and
read aircraft data
(CALL IDENT)

1210 ‘

/. Accept IPSTYP
(IPSTYP = 1, Calc. Pg

"o=2, " Pglwf

" =3, " PgViwf)

1

Use unity
scale factors
as defaults

FIG. 5{a) Program AIRCRAFT Conversational Input Flowchart




Set default values:
IGRID = 2 {Pressure altitude)
IOPT =1 {No optimization)
v = 0 (User grid)

is hp the

~ Yes

Type preset grid —

(0, 4000, 18) (imp.) or
(0, 1000, 21) (S.1.)
0.0.06, 31 (Mityor [ ¥
0.0.06, 41 (A/B)
(1.2, 6)

height variable?

IGRID =1
(Energy state is height variable)

Maximum manoeuvre

10PT = 1

?

ica P . Accept height grid -
(Optimise Pg by varying {initial, step, number) —
Mach number
29
Yes
No
32
Set dummy Mach grid Accept Mach grid —
(1,0, 1) (Initial, step, number)
R’
/ Accept load factor grid —
(initial, step, number)
-

Preset grid?

v=1
Set preset grid values

(22)

Fig. 5(b) Program AIRCRAFT Conversational Input Fiowchart
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89
/ Accapt Throttie request, PLA

—

(Mit = 100, Max A/B = 200)

1 IV=1and
i =" PLA > 100 (Preset grid Number of Mach nos. = 41
N and ? A/B)
v 64
) Accept wing sweep -}
i’ .
i 70
Accept atmosphere and
N deviation

LI

ICAO or ARDU
MT =1 orMT=2?

Defaulr: Use ICAO
Atmosphere

o

74
Accept output level IOUT
{1IOUT =1 — Print O/P
" 2 — Input for P2 %
" 3 - both
76
Yes .
No

( Accept Print Filename *

and open disc file

79

Accept P2 Input
Filename and open disc file

/ Type: ‘Calculation’ <

Fig. 5(c) Program AIRCRAFT Conversational Input (Cont.)

13




ST R TN T s A

e e T e

it} L Ll e g Tl AT s s ey,

The following run data are next supplied in response to program prompts from routine
PIIN:

(@) The type of calculation required. The energy parameter may be one of':
(i) Ps, IPSTYP = 1,

(ii) Ps/wr, IPSTYP = 2,

(iii) PsV/wy, IPSTYP = 3,
(b) The height variable to be used as an independent variable,
(c) Grid definitions for the independent variable height, Mach number and ioad factor,
(d) Engine power setting.
(e) Wing sweep.
(/) Atmosphere profile.
(g) Output files required.

Grids for height, Mach number and load factor are supplied as the triplet; initial value,
increment and number of points. Two height grids are available—energy state (IGRID = 1)
and pressure altitude (IGRID = 2). In the latter case, the preset grid indicated in Figure 5 is
available as a default (IV = 1), giving a reasonably fine grid for most purposes. The maximum
value for the Mach number grid is then either 15 or 2:0 depending on military or afterburner
throttle setting.

When energy state is requesied as the height variabie, data may be produced on an optimum
Ps-energy state grid by selecting the maximum manoeuvre option. In this case, a Mach number
grid is not needed, since Mach number will be chosen by the program to optimise the energy
parameter.

Throttle setting is coded in the range 0 to 200 with ranges (0, 100) and (100, 200) denoting
partial military or partial afterburner settings. Note that availability of thrust and fuel flow data
for these settings depends on data supplied for each aircraft. Wing sweep may be specified if
required as an input by the aerodynamic routines.

Where possible, each conversational input line is checked against valid limits, and the input
prompt repeated if invalid input is detected. Valid ranges for the various inputs are given in
Table 3.

TABLE 3
Program AIRCRAFT Input Data Velocity
Parameter Valid condition
Calculation type I < IPSTYP £ 3
Height and Mach grid (initial 2 0, step > 0,0 < number < 50)
Load factor grid (imtial > 1, step > 0,0 < number < 50)
Throttle 0 < PLA €200
*¥ing sweep 0 < wing sweep < 80
Output level 1< IOUT g3

4.3 Unoptimised Grid Calculations

Unoptimised grid calculation encompasses all calculation other than that of the maximum
manoeuvre diagram, which optimises energy rate (Pg) as a function of Mach number. Hence
unoptimised calculations include those for energy rate vs. turn rate, energy rate contour plots,
and turn rate/energy rate vs. Mach number.

Figure 6 presents a flowchart for these unoptimised calculations, controlled by sub-
routine TABLE.
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CALL TABLE

I0PT=0

Height loop
» DO 9201ES = 1, NES

R

Optimised grid
CALL MAXMAN

[ RETURN

ALT=ES@+(IES-1) * DELES

IGRID = 1l '

lncmo-z

Use energy state as
control variable
ES=ALT

Use pressure altitude
as control variable

HP = ALT

2 Mach number loop
DO 910 1XM = 1, NXM

i !

XM = XM@+(IXM-1) * DELXM

'

A Clear error flag

IERR =0

!

Set default values of x;, w;
Xi * -9980.999 =
w,= ogoosy '~ 1NGN

Fig. 8(a) Calculation Flowchart for Unoptimised Grids
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and geopotantial height temperature and
explicitly - geopotential heignt
CALL ATMOS
CALL HEIGHT CALL ALTIT
Ye No
. g
215 _
0<HP< No
104989 ft - -4
? ~
Yes

Calculate spsed and
pressure parameters
initialise a —
CALL PARAMS

IGRID - 2 g =h +vi/2g Y
Find thrust and
fuet flow — -
CALL THRUST
No >
to
Yes 908
9809

TR PR TON TV U ST e

Fraee

wf available
( if needed? XEL_.___/ Error text:

('WF # Q and IPSTYP # 1

‘NO WF DATA'

Fig. 6(b) Calculation Flowchart for Uncptimised Grids {Cont.)
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i, iy,

Yes

Load factor loop

DO 800 i=1,NGN

'

GN = GNA + (i — 1) * DELGN

T

Clear error flag; find turn rate
IERR =0

w =3 [onNt -1

y

Trim and calculate drag
CALL AERO

IERR = 07 No -

Yes

Ps = (F,, Cosa — D)W\L

— —
IPSTYP = 1 t ipsTYP=2 ¥ IPSTYP = 31

X = PS X; = PS/wf X" PsV/Wf

!,m4_7

S
ol Next load factor
N\

908 *

Output data for one Mach o
number CALL P1QUT

910

Next Mach Number

A

920 *

Next height

A

RETURN

FIG. 6(c) Calculation Flowchart for Unoptimised Grids (Cont.)
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Height and Mach number loops are set up according to the grid data supplied by subroutine
PIIN. Vectors of energy parameter (x) and turn rate (w) are then calculated for the load factor
grid specified. At the end of each load factor loop these vectors are transmitted to the output
files before passing on to the next Mach number in the grid.

Calculation is straightforward, except that when energy state is the height variable, an
iterative calculation is required to determine pressure altitude and hence geopotential height,
Subroutine ALTIT performs this iteration using the algorithm developed in Appendix (.

Output for printing is arranged as a one page summary for each height requested. On this
page, each call to PIOUT produced a performance summary for the current Mach number,
comprising

Mach number,

True airspeed,

Energy state or pressure altitude,
Geopotential height

Fuel flow rate,

Energy rate

Turn rate for the requested load factor grid.

These data are also written on the alternative output file as input to program P2, In this output
however, a minimum of explanatory text is included.

Provision is made for user subroutines THRUST and AERO to flag error conditions, by
returning nonzero values for the parameter IERR. Error conditions encompass thrust or aero-
dynamic calculations outside the defined data envelopes, inability to trim the aircraft, and
altitude iterations which yield pressure altitudes outside the range sea level to 32 km (104,987
ft). When an error condition is detected, an immediate jump is made to call the output routine
with default values set for y; and w;. These default values are used by PIOUT to avoid printing
excessive output when error conditions occur; however, default values are included on the P2
input file and subsequently used by program P2. If wy is required for calculating y and no data
are available, an error text is typed on the terminal and execution ceases.

Routine PIOUT converts output quantities to the required output units; the only exception
to this conversion rule is that energy parameter y is calculated direcily in output units in routine
TABLE.

4.4 Optimised Grid Calcuiation

Optimised grid calculation includes calculation of data files to produce maximum manoeuvre
diagrams (turn rate contours plotted on a maximum energy rate/energy state grid) and for
producing approximate schedules for minimum time, minimum fuel or maximum range climbs,
In addition, conditions for optimum sustained turn rate are obtained.

Figure 7 presents a calculation flowchart for the controlling routine, subroutine MAXMAN,

Energy state and load factor loops are set up according to the grid data supplied by sub-
routine PIIN, The Mach number is then determined, for each combination of energy state and
load factor, which optimises the energy parameter x. The optimisation is performed, using the
direct search method proposed by Rosenbrook® and implemented by Machura and Mulawa,'0:11
by subroutine ROMIN. The energy parameter to be optimised is calculated by subroutine SEP.
Conv:rgence to the optimum is monitored by ROMIN via calls to subroutine MONSEP. Further
details concerning the use of ROMIN and its communication with SEP and MONSEP are given
in Appendices 3 and 4,

Subroutine SEP calculates energy parameter x, given energy state and load factor, calling
subroutines ALTIT, PARAMS, THRUST and AERO in a similar manner to that shown in
Figure 5. Error conditions resulting in nonzero values of IERR assign a default value of y of
—9999-99, imposing an effective flight envelope constraint on the energy parameter.

Two features of the optimisation process peculiar to the current application deserve special
attention. Firstly, the time required to achieve an optimum for any energy state/load factor
combination is considerably reduced if the initial Mach number estimate is carefully chosen.

18
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CALL MAXMAN

y
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integration. Initial

Mach step (optimis'n) = 0.1

y

Energy state loop
DO 920 |ES = 1, NES

Y
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Y

Estimate initial Mach
M| b fl (Es)
ILOOP = f= (Eg); 11 =1

Y
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X = -9999.99 . -
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'

> Load factor loop
DO 500 IGN = 1, NGN

'
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GN = GN@ + (IGN—1) * DELGN
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CALL ROMIN .
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Set initial Mach
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Second
Moy Ostimate
(=2

Yes
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airspeed at optimum Mach.

Fig. 7(a) Calculation Flowchart for Optimised Grids
: 1 ‘ 19

3




T T A T TRy W Ry s

Adjust initial Mach estimate
below data limit

w0 ¥
———-4—-< Next load factor

Yes

interpolate

A v x = flw)
for max, sustained

turn rate ;

660

Zero time,

fuel and 2y
range

No

Yes
700

increase step count
tntegrate 1/x and
determine time, fuel

and range history

|
910 } ‘

/ Output data for i
one energy state, -t
CALL P1OUTA

920 I

/ ,
-l Next energy state
\
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Fig. 7(b) Calculation Flowchart for Optimised Grids (Cont.)
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Each time a new energy state is considered, the Mach number estimate is found from an
empirically-determined function of energy state as foliows:

M, = Es/10000, Es < 5000
M, = 0-425+4 3E£5/200000, 5000 < Ez < 35000 a1
M, = 0154 E5/50000, Es > 35000

where M = initial Mach number estimate,

]

PO,
2 .

Es == energy state in fzet,

At cach energy stats, for load factors other than the first of the grid, the final Mach number from
the previous optimisation is used as M for the next calculation. A limiting value of (Mmax —0-05)
! is applied whenever M; exceeds Mmax, Where Mmax is the maximum Mach number for which
data is available.

Secondly, Ps variation with Mach number is such that the energy parameter x may have two
local maxima, corresponding to subsonic and supersonic regimes. At low values of Es the sub-
sonic peak dominates, while at higher vaiues of Es the supersonic peak gives the global maximum.
The energy state at which the transition of this global maximum from the subsoric to the super-

W a3 3
3

] 4 £

it T, i Ay L R g
Bancie§ Wsisied
i

w»
sonic peak occufs is not known a priori; hence both local maxima must be investigated. This is
" - done in subroutine MAXMAN when afterl:urner power is requested, by performing two
it optimisations for each load factor for energy states between 25000 ft and 50000 ft. M, for the
; ol supersonic optimum is 0- 15 units above the optimum Mach number at the subsonic peak. The

Ps values for each optimum are compared and the largest is taken as the global maximum.

‘ X - Having obtained the maximum values of y at several values of the load factor grid, the con-
: i ditions for the best sustained turn are found by interpolating load factor, turn rate, speed and
pressure altitude at a value of y = 0, regarding these variables as a function of x as load factor
] T increases.

i N The final calculation performed by MAXMAN is to integrate the values of (1/x) at 1g load

factor over the available Es range, giving an approximate climb profile. An estimate of the time
taken to change energy state (Ar) is given using Equation (2.14):

At = (1/Ps, av)AEs, (3.2

where AEg is the difference in energy states, and the subscript *“av’’ denotes the mean of values
at each energy state. Ps is found from Equations (2.11), (2.12) or (2.13) depending on the value
of IPSTYP (1, 2 or 3 respectively). Then the fuel increment (AW) and the range increment
(AR) are found from

AW = M'f,lvA', (3.3)
5 and
) AR = Vay €08 yavAl, (3.9
where
sin yay = Ay av/(Vavde). 3.5)

Time, fuel and range increments are summed to give the required estimates in the form of a time-
1 history.
Routine PIOUTA controls the printing of optimised grid data, arranged as a block of data

,,-‘,
¥

for each energy state. This block includes optimum energy rate, turn rate, Mach number, true
. airspeed, pressure altutude and fuel flow rate, tabulated at points on the requested load factor
% grid. It also includes sustained turn rate and climb performance estimates. Turn rate and energy
" - rate data are also transmitted to the alternate output file to be used as input to program P2,
Conversion of all quantities to the required outputs is performed within routine PIOUTA,
- all other internal calculations being performed in Imperial units,

4.5 User-defined Subroutines

Only subroutines AERO and THRUST need to be defined by the user, although the standard
- main program and the BLOCK DATA subroutine must be included when creating the
AIRCRAFT program library.
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Subroutine THRUST returns values of powerplant thrust and fuel flow in Imperial units,
using input values of altitude, Mach number, thrust setting and, if required, atmospheric
quantities. The latter data is required if thrust data is available either for alternative atmospheres
or in non-dimensional form with corrections for atmospheric variations. Usually only thrust for
the 1CAO Standard Atmosphere will be available.

Thrust and fuel flow vaiues are determined by curve fitting, interpolation, or thermodynamic
calculation, depending on which form of data is available. Data required are as follows:

Thrust = fn(M, hy, throttle, atmosphere),
Fuel flow = fa(M, hp, throttle, atmosphere).

A flowchart for a typical THRUST subroutine is given in Figure 8 and a sample FORTRAN
1V thrust routine is given in Appendix 5.2.

Subroutine AERO returns values of angie of attack (degrees) and aerodynamic drag
(pounds). Input values required are initial angle of attack estimate, Mach number, thrust, ioad
factor, c.g. position and store drag table. Altitude will be required where aerodynamic data
makes provision for any Reynolds number corrections, and wing sweep angle will be required
where the aircraft has variable geometry features. '

The subroutine would normally be written in two sections. The first section uses Newton’s
method to solve the implicit equation, (2.6), to determine trim angle of attack («r), and hence
trimmed lift coefficient (Cr1). If this iteration fails to converge, or trims at an a which exceeds
the maximum allowed value of Cyr, an error flag is set and a return is made. Once Cyy is satis-
factory, curve fitted or interpolated data is used to determine minimum drag coefficient (Cp,min),
coefficient of drag-due-to-lift (Cp,;) and store drag coefficient (ACps). The net aerodynamic
drag is then determined by summing the drag components and multiplying by the dimensional-
ising force, Fnp.

Data required for subroutine AERO (or its equivalent) are as follows:

Cry = fn(a, M, A),
Ciq = fn(a, M, A),
Cr.max = fa(M, hy, A),
Co.min = fn(M, hy, A),
Cho, = fn(Cry, M, hp, A),
ACpgs = fn(M, A, store configuration).

A flowchart for a typical AERO subroutine is given in Figure 9, and a sample FORTRAN
aerodynamics routine is given in Appendix 5.3. .

Note that any further routines called by THRUST or AERO must be provided in the AIRCRAFT
program library. The example in Appendix 5 requires a subroutine TRIMCL to determine aircraft
trim. The amount of coding obviously depends on the complexity of the data required to represeni a
given aircraft.

4.6 Standardised Data Storage Allocation

The method of representation of propulsion and aerodynamic data depends on the format
of available data. Where these data are produced by readily available computer programs, these
programs can be easily incorporated in program AIRCRAFT s&s subroutines. The data may be
in the form of equations which can be readily coded into FORTRAN statements. Usually,
however, the data are in the form of a family of graphs, requiring either curve fitting or interpola-
tion. The former is more economical in storage, and is preferred, providing efficient algorithms
are available for evaluating the polynomial expressions using the curve-fitted coefficients.

Two methods of polynomial curve fitting are readily available at ARL. The first!? uses
Chebyshev polynomials, and was developed for use with aerodynamic functions of up to three
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(CALL TH RUST)

TN TSR T

CHECK THRUST
REQUEST

| legal
Raquest

TYPE FAILURE
MESSAGE

y

SET DATA POINTER
FORMIL/MAX OR
PARTIAL POWER

'

SET ATMOSPHERE
POINTER

'

SET MACH LIMIT(S)
FOR THRUST

!

USE SPLINE FITS
FOR THRUST & FUEL
FLOW

RETURN

Fig. 8 Typicai THRUST Subroutine Flowchart
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CALL AERO )

SET ITERATION COUNT

!

FINDC, y -

Y

USE NEWTON'S METHOD A
TO ESTIMATE BETTER
a

NO

ITERATIO TERATIO YES SET ERROR
CONVERGED COUNT EXCEEDED FLAG
v
USE SPLINE AT
FORC_ Y
max
YES SET ERROR > <
FLAG
NO
USE SPLINE FITS
FOR CDMIN' CDi
USE LINEAR INTERP.N Y
FOR ACDg
D= (Comin + CD‘
+ ACDg) * Fyp
RETURN v e}

Fig. 9 Typical AERO Subroutine Flowchart
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independent variables, The alternative method using B-splines as a basis was developed specific-
ally for use in preparing data for program AIRCRAFT, and experience has shown it to provide
fast, accurate evaluaticn using an economical storage allocation.

The method bused on B-splines uses the algorithms dev:loped by Cox!® 14 and de Boor!3
incorporated into a program cailed OPTFIT, which produces B-spline coefficients with optimum
placement of knots, The coefficients are written on disk files which are then read by an auxiliary
program, SURFM. This program enables checking of the curve fits over any desired domain of
the independent variables, and combines several files of ASCI! data into a single binary file of
propulsion or aerodynamic data for use with program AIRCRAFT. Program library PILIB
contains the routine SURF and associated routines needed to evaluate the B-spline coefficients
and produce the desired propulsion or aerodynamic data.

The sample THRUST and AERO routines presented in Appendix 5 use data stored in this
manner. The binary data file structure used to represent aerodynamic and thrust data in arrays
E and F is presented in Table 4.

TABLE 4

Binary Data File Structure
The data file consists of a sequence of groups of data, each representing a family of one or
more curves of an aerodynarmic or propulsion parameter (military power thrust, induced drag
coefficient, etc.)

Item Word Variable Description
1 1 AK | Number of words in the current group of data
2 12 U TITLE | One word code for group of data
3 13 NCURYV Number of curves in family (floating point
format)
4 4> | CURV(1)> NCURY values of independent variable y for
! (NCURV+3) CURV(NCURY)|  each curve

5 | (NCURV-4) Ko I Lower bound on independent variable x

6 | (NCURV-S5) KM | Upper bound on independent variable x

7 | (NCURV4-6) ’ NCAP; : No. of arcs representing jth curve
9 | (NCURV4D-> | K{1)~> I (NCAP—1) interior knots representing jth curve
(NCURV+6+ K(NCAP;--1) '

NCAP)
9 | (NCURV+7+ | CI(I)» } (NCAP+3) coefficients representing jth curve
NCAP;)-> |
(NCURV+6+ | CI(NCAP;+3)
| 2x NCAP)) |

| ; |

Items 7, 8 and 9 are repeated for each of the curves, giving a total storage requirement for
NCURYVY
each group of data of (4 x NCURV+-2 ¥ NCAP(J)+5).
Jm

4.7 Program ANY

If basic aeropropulsion data for an aircraft is not available, but comparative combat per-
formance is still required, it is possible to use published performance curves of energy rate against
turn rate or cnergy rate contours on a height/Mach number grid.

For this purpose a special member of the class of AIRCRAFT programs called ANY has
been compiled. This makes use of the unoptimised grid calculations (Section 4.3), replacing the
calculation of energy parameter using thrust and drag data by a conversational input. No input
files are required, all data being supplied via the user’s terminal. Qutput files are produced as
before, with one file intended for printing and the other as input for program P2. An additional
feature included in program ANY is that it will re-read the alternate output file (possibly with
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corrections required by on-line typing errors) to reproduce the printed output file.
' Such a program has been found to be useful for a variety o purposcs:

(@) Published turn rate curves or energy rate contours may be replotted on a more suitable
scale.

(b) Data files can be produced for diffcrential contour plots. Data from aeropropulsion
sources can be readily compared with that from published graphs, as well as comparing
one set ol published graphs withk another.

e

(¢) The re-reading feature can be used to reproduce formatted printer files (provided P2
input is retained) without the need to recalculate the complete grid.

(d) Airspeed-altitude data can be produced in printed or plotted form, o complement
energy rate data over the required energy state/Mach number/load factor grid.

A similar feature for replotting and comparing optimised grids (maximum manoeuvre
diagrams) is incorporated as an option in pregram P2.

5. PROGRAM P2 DESCRIPTION

5.1 Program Structure

Frogram P2 is essentially a dual purpose program. Or. the one hand, it prepares plotter
. output for turn rate diagrams and overview plots of the data grid. On the other hand, it prepares
e data files for the contour plotting program P4. In addition assistance is given in calculating
' turring endurance for given fuel quantities.
The input to the program consists of data files prepared for particular aircraft by program
AIRCRAFT, and additionally in the case of maximum manoeuvre diagrams, comparative
aircraft data based on existing diagrams may be supplied in a conversationai mode.
The modular st ucture of program P2 may be seen with reference to Figure 10. Subroutine
P2IN opens data files and reads identification headers and then converses with the user to
determine what operations to perform on the data. This is indicated by parameter IOPT, whose
v range of seven values determines the subroutine call for subsequent processing. The modular
o structure allows for easy future addition of other data processing operations.
T The actions taken by the input routine P2IN and the various subroutine options are con-
sidered in the remainder of this chapter.
Brief descriptions of ail user subroutines required by program P2 are given in Appendices
7 and 8. £xamples of terminal input are given in the user’s guide for program P2 in Chapter 8,
and examples of output produced by co-ordinated running of programs AIRCRAFT. P2 and
P4 are given in Chapter 10.

5.2 Input Operaticns with Subroutine P2IN

Subroutine P2IN detcrmines the option parameter IOPT and performs various preliminary
data input operations, depending o the vatue of 10PT. Figure 11 provides a flowchart for this
subroutine.

After initial settings of the default output filename and recording the current CPU time, an
option code is requested to determine the type of run. The seven codes, their meanings, and output
files produced, are indicated by the following terminal prompt:

. OPTIONS ARE (QUTPUT FILENANE IN BRACKETS) = 10PT

o 4p PS5 CONTOUR PLOT. (P2.CON) 1

= 4B PS VS TURN RATE FOR GIVEN HEIGHT. (P2.PLT) 2
4C MAXIMUM MANEUVER DIAGRAM - MMD. (P2.0PT) 3
4D PS DIFFERENTIAL PLOT. (P2.CON,P2A.CON,P2DIFF.CON) 4
4E MMD DIFFERENTIAL PLOT. (P2.0PT,P2A.0PT,PZDIFF.OPT! 5
AF MNP CALCULATION ASSISTANCE. 6
47 TURN RATE, PS V5 HACH FOR GIVEN HEIGHT.  (F2.PLT) 7

#%  ANY OTHER REPLY PRODUCES THIS HELP TEXY
26
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@\LL P2IN (IOPT)

'

MSECS@ = current CPU time
Default output filename:
NAMOUT (1) » ‘P2

NAMOUT (2) = *,CON

260 ;

Select input option —
AOPT = ‘4A', ..., ‘4F", 42"

OPT=1%, ..,6,7;

Echo selected option

Yes
MMP caiculation — -

JOPT = 67

o R e P et o

Ditferential
MMD \

IONDSK = 0
* IONDSK = 1 ;
BOTH .OPT FILES Yas NAMGUT {1} = 'P24/ .
ON DISK? NAMOUT (2) = *,OPT’
{Use NAMOWT as {/P File) :

508
e ICREAT =0 ‘

IOPT = 3
—4—“'-9-\/\(;? IoPY = t>
(MMD?)

On-line data

¢ <
~a o~
T
518

Accept data filename, NAM.
Cpen file and read ‘
file header.

ICREAT=1 |
CALL INMMD >

Return

Fig. 11(a) Subroutine P2IN Flowchart
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9990
Type ‘empty End of file
file’ toxt ?
Check storage requirement
NTOT = NES » NXM * NGN
9986

Type ‘insufficient
storage’ icxt

Assign texts for C/P units:
CALL UNITS

'

Echo units and energy parameter; Read
rest of header including load factor vector

No -

OPT = 2 or IOPT =

Open file P2,PLT for
plotter output

000

Fig. 11(b) Subroutine P21N Fiowchart (Cont.)
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? If MMP calculation assistance is requested, an immediate return to the main program is

made, since all input/output operations for that option are conversational, on the user's terminal.
If a differential MMD is requested (IOPT = 5), a further test is made if the two files of {

required comparative data (iilenames P2.OPT and ¥2A.0PT) already exist on disk. If not, l

suvroutine P2IN continues in order to produce these files, If . QPT" files do already exist, the

flag IONDSK is set, and comparison filename P2A,OP stored in NAMOUT before returning ‘

to the calling program. |

If any type of MMD is requested (1OPT = 3 or S} and on-line data is to be supplied, flag
ICREAT is set, and routine INMMD is culled to accept identifving text before returning to the
calling program,

For remaining options, a filename of output from program AIRCRAFT is supplied and ;
header data identifying the aircraft and the data grids is read. The storage requirement is checked i
against the 8000 words available in array WORK, and, if it is excessive, an error text is typed on ‘
the user’s terminal and execution ceases. If sufficient storage is available, execution continues by , \
assigning text headings and echoing data units and the type of energy paranieter on the terminal.

If plotter output is to be produced (IOPT = 2 or 7), plot file P2.PLT is opened before return-
ing to the main program. \

5.3 Subroutine PSCON tc Produce Evergy Rate Contonr Data

The purpose of subroutine PSCON is to rearrange the grid data produced by program
AIRCRAFT and produce energy rate contour output compatible with the requirements of the
coatour plotting program P4, j

The operation of the subroutine is quite straightforward, and can be described without '
reference to flowcharts. The fil. indicated by NAMOUT is opened and the header text written.
An outer loop ior the height variable and an inner loop for Mach rumber are set up and Mach
number and energy state are read from the input file, followed by energy rate data over the full
load factor grid. The matrix of energy stated on the Mach number/altitude grid is written on
the output file, in case enzrgy state contours will be required.

The energy rate matrix on the Mach number/altitude grid is then written on the output file

for each of the requested load faccors. A conversational input allows the user to sclect the lpad . b
factors for which contour plots are desired, from the availabie data. |

Load factor requests are stored, so that if PSCON is called hy subroutine PSDIFF to pro- T
duce data for differential contour plots, the load factor grid will be identical, f

At the end of tie load factor loop, control returns to the calling routine, either the main
program or subroutine PSDIFF,

5.4 Subroutine RATE! tuv Produce Turn Rate Data

Subroutine RATE] is called when 1OPT has the vaiue 2 (option 4B). lts purpose is to read
the data file produced by program AIRCRAFT and pivduce plots of energy rate against turn
rate. The plots are produced by joining the (1urn rate, energy ratc) co-ordinates of points calcu-
lated at small increments of load factor. i

A flowchart for the subroutine is given in Figure 12, The first action of the subroutine is to i
plot a header text on the plot file on logical unit 1, {ollowed by setting of storage poiniers, Axis
ecales and energy rate axis definition are provided on the user’s terminai. An “invalid input” text
is given if either scale is zero or if the y-axis length is not in the range 0 to 26-7 cm (10-5in.).

One page of plots is produced for each requested height variable on an A4 size arsa. From
the sets of height and Mach number Jdata on the data input §le (logical unit 5), particu'ar com-
binations of heigiit and Mach number may be selected by replying to the prompts as fo:lows:

Reply Meaning

YES .. .. Plot data for this value |
NO .. .. Skip to the next value i
ALL .. .. Plot data for all rexnaining curves at this height

END .. .. TYerminal execution now.
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(‘cALL raTEY (WORK) )

Plot header text
CALL PLTLAB {1,1)
Set storage and plot parameters
'
ccept axis scales, energy
rate axis definition
100 }

Calculate remaining plot size
parameters

Y

Height loop

DO 550 K = 1,NES

'

Read and echo height;
accept height request.

850

End of file
encountered

Type ‘end of
data’ text

Plot any End: Terminate

-

curves 'for this axecution
height

& Yes

Skip data on 240

input file for Plot turn and energy rate axes;
this height. Plot A4 trim edges. Plot

S N L T PP NS I

labels for height and load
factor markars

Y

Mach number loop
v ’ DO B40L = 1,NXM
A ead Mach number and
alternate height variable
to

[ol©

Fig. 12(a) Subroutine RATE1 Flowchart

31




Skip Mach
request ‘
Echo Mach number and Y '
accept curve requast for this Mach
295 &

Read energy rate and
turn rate vectors
Plot
Yes curves foralB
> Mach number:
._’ \ /
3 ;No
5 Plot
3 curve for ctw_.)__j
Mach number
P .

-3 \ 2

Yes
360

3 Find energy rate data which is
‘ P nost negative and still on plot grid

;

Store minima and scale values
for energy rate and turn rate
in next storage locations

A V + /’ Piot turn 3&5 curve by *

joining (energy rate, turn rate)
co-ordinates —
CALL LINE

, Plot curve identification ‘
3 label — Mach, alternate heights :
y 540 ‘ %

—a fNext Mach number  j——at——rs

N\
Y ;

Move pen and raset origin
for plot at next height

P
580 900

SR e

5f Fig. 12(b) Subroutine RATE1 Flowchart (Cont.)
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If data are not required for any height, the input file is advanced to coasider the next height.
Otherwisc axes, A4 trim edges and height and load factor labels are plotted before reading
turn rate data for the first Mach number. If ail Mach numbers ate requested, plotting is continued
without further Mach number prompts.

If data is not requested at any Mach number, the program reads in data for the next Mach
number before giving the request prompt. For each Mach number requested, scales and minimum
values of the x- and y-axes are stored in locations required by subroutine LLINE before calling
that subroutine to join the (turn rate, energy rate) co-ordinates with straight lines. These co-
ordinates are at fixed increments of load factor, and it is evident that reasonably small increments
are required when running program AIRCRAFT (approximately 0-25g) to produce a smooth
curve. lg increments of load factor are indicated on the curve, together with a label identifying
the Mach number and alternate height for the curve. (“Alternate height” refers to whichever
of the two height variables, energy state or pressure altitude, is not being used as the control-
ling grid.)

After all Mach numbers for the given height have been considered, the pen is moved to a
new origin for the next value of height. After all heights have been considered, control returns
to the main program to terminate execution,

5.5 Subroutine RATE2 to Produce MMD Data

The purpose of subroutine RATE2 is to produce turn rate contour data output on an
energy state/optimum energy rate grid prior to processing by the contour plotting program P4,
Usually the input will be a data file produced by program AIRCRAFT as optimum energy rate
data on an energy state/load factor grid; the data is rearranged to the desired output format.
Alternatively, input may be supplied in conversational mode, reproducing published MMD
plots on the required MMD grid.

Figure 13 presents a flowchart for this subroutine, The energy rate grid for the MMD
contour plot is supplied via the user’s terminal as the first operation. Definition of this grid is not
required if on-line data is being supplied or if a file of comparative data is being produced,
since the grid has already been defined, either in a call to subroutine INMMD, or in a previous
call to the subroutine RATE2,

Within the loop for each cnergy state two main operations occur. These are, firstly, to con-
struct two vectors of optimum energy rate and corresponding turn rate data as load factor
increases (if on-line data is being supplied). Secondly, usinyg either this on-line data or data read
from a disk file, to interpolate or extrapolate turn rate values at fixed increments of optimum
energy rate.

In supplying on-line MMD data, pairs of (turn rate, optimum energy rate) are requested,
with turn rate increasing. If a non-increasing turn rate value is detected, all data for the current
energy state is rejected and the data input restarted. Up to 50 data points may be supplied, the
end of the curve being indicated by a negative value of turn rate.

In using the PSTAB and OMTAB vectors to find turn rate values at fixed increments of
optimum energy rate (Ps), three regions are detected. If data limits are exceeded (e.g. lift limit)
at large negative values of Ps, default values for turn rate (--10:0) and Ps (—9999-99) are
stored in the grid matrix WORK. If the grid value of Py is above the zero turn rate boundary,

_nominal values of turn rate are calculated by extrapolation. These (negative) values of turn rate

are physically unrealisable, but are useful in providing a smooth zero turn rate contour on
MMD plots. The third region is that where valid turn rate data is calculated by linear interpola-
tion in the vectors OMTAB and PSTAB at the grid value of Ps.

After all input energy states have been considered, the turn rate matrix is written on the
output file on an energy state/optimum energy rate grid, for use as input to the contour plotting
program P4.

5.6 Subroutine PSDIFF to Produce Differential Energy Rate Convour Data

Subroutine PSDIFF is called by the main program when IOPT has the value 4 (option 4D).
Data files produced by program AIRCRAFT are read in order to produce dlﬂ'ercmlal energy
rate contour data for input to program P4,
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Fig. 13(a) Subroutine RATE2 Flowchart
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Fig. 13(b} Subroutine RATE2 Flowchart {(Cont.)




A flowchart for the subroutine is given in Figure 14. The logic is straightforward, but input
and output file operations need some comment. Using the file indicated as primary input, sub-
routine PSCON is called to produce base data on file “P2.CON"". These input and output files
are closed and the comparison file is opened and grid data read. If the base and comparison
grids for height, Mach number or load factor, or flags for unit systems or types of energy para-
meter differ in any way, an error text is typed and execution terminated.

If the grids are identical, comparison contour plot data is written on file P2A,CON with a
second call to subroutine PSCON. Input and output files are again closed; base and comparison
data files opened as input files, and file “P2DIFF.CON" opened to receive the differential
contour data. Grid data is transferred to the output file, together with identifying texts for both
aircraft. Energy state contour data is written for the required Mach number/height grid and
input files positioned to read energy rate data.

Load factor and height loops are set up, to read vectors of energy rate data at each height.
These vectors are subtracted, and the difference vector written on the output file. The load
factor loop continues until all requested load factors have been processed. If any load factors
were not requested for plotting during calls to PSCON, unit 4 will run out of data before the
lnop terminates, and an information text to that effect is typed on the terminal,

1t is seen that using the option for differential plots results in three data files—one for each
aircraft and the differential data, any of which may then be processed with program P4.

5.7 Subroutine R2DIFF to Produce Differential MMD Data

Subroutine R2DIFF is called by the main program when IOPT has the value 5 (option 4E).
Data files produced previously may be read, or data may be supplied in a conversational mode,
in order to produce differential maximum manoeuvre diagram data as input to program P4,

A flowchart for the subroutine is given in Figure 15. The structure is similar to that for
subroutine PSDIFF, but is made more complex by the provision of options for generating
data on-line and for using existing *.OPT” files to generate a differential data file. The sub-
routinie is roughly in two phases: generation of base and comparison files (Fig. 154) and
generation of the differential file (Fig. 155).

If the files for comparison are on disk when R2DIFF is called (IONDSK = 1), the first
phase is skipped. Otherwise the base and comparison files are generated with calls to subroutine
RATE?2, using ¢ither on-line data or data files generated by program AIRCRAFT. Units 5 and
6 are used as input and output units respectively, in this phase. Energy state grids of base and
comparison data and flags for unit systems and types of energy parameter are compared, and, if
different, an error text is typed before terminating execution. In the first phase there is no need
to compare energy rate grids because the same input reply has been used for both sets of data.
Base and comparison data are written on files “P2.OPT" and “P2A.OPT" respectively.

In the second phase, a preliminary file of differential turn rate is written on file “DUM”,
using files “P2,OPT" and “P2A.OPT” as logical units 4 and 5 respectively. Identifying text
headers are not needed on this preliminary output, and input files are positioned accordingly by
the loop “Skip file headers”. if independently generated “.OPT" fiies are used, it is necessary
to compare data grid definitions. If any difference appears, an error text is typed and ¢xecution
terminated.

Turn rate vectors for each energy rate level are then read from the input files, subtracted,
and the result written on the output file. The system program PIP is run to combine the input
files and the preliminary output file into the final output file “P2DIFF.OPT”. This file now
contains contour data for both aircraft and their compatison; the three sets of data are required
for program P4 to generate zero furn rate (lg) boundaries as well as differential turn rate
contours.

CPU time used is calculated by subroutine R2DIFF because the running of program PIP
bypasses CPU time output generated by the FORTRAN operating system,

5.8 Subroutine MMP to Aid in Maximum Manoeuvre Persistence Calculation

Subroutine MMP is called by the main program when 1OPT has the value 6 (option 4F).
No input or output files are involved as all communication is via the user’s terminal. When
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Fig. 14 (a) Subroutine PSDIFF Flowchart
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Fig. 14 (b} Subroutine PSDIFF Flowchart (Cont.)
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Fig. 15(a) Subroutine R2DIFF Flowchart
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Fig. 16(b) Subroutine R2DIFF Flowchart (Cont.)
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fuel/distance diagrams are constructed for outward and return legs of a mission,? the resuiting
wedge represents the diminishing fuel available for manoeuvres as range from base increases.
For any given energy state, using maximum manoeuvee output from program AIRCRAFT
the user can determine optimum sustained turn rate and the fuel flow rate at the resulting Mach
number and aititude. Subroutine MMP aids in calculating the number of turns (nr) possible at
optimum turn rate and fuel flow rate, given the available fuel quantity, according to

MO W (5.1)

YWy

ne

where w = optimum sustained turn rate (deg/s),
we = fuel flow rate, kg/s (Ib/hr),
W = available fuel, kg (Ib),
v == unit scale factor = 1/3600 (1 for Imperial units).

The routine first accepts the number of ranges and the available fuel at each of these ranges.
Then for a given energy state, optirnum turn rate and fuel flow rate are provided, and Equatior,
(5.1) is calculated for each range. New energy state data are requested and calculation repeated
until a zero value of energy state is supplied, when execution terminates,

n is termed the maximum manoeuvre persistence, and may be plotted either against energy
state at fixed ranges, or against range at fixed energy states. The former is more informative.
Example plots are given in Reference 2.

5.9 Subroutine GRID to Produce Raw Data Overview Plots

Subroutine GRID is called when 10OPT has the value 7 (option 4Z). Its purpose is to read
the data file preduced by program AIRCRAFT, and produce plots of turn rate and energy rate
against Mach number for given values of the height variable. The plots are produced by joining
the required points, calculated at small increments of Mach number. These plots are intended
as an overview of the data grid, and consequently are produced with predetermined scales. The
variable ranges obtained using these sczles are shown in Table 5.

A flowchart for the subroutine is given in Figure 16. The first action is to plot & header text
on iogical unit 1, followed by allocation of storage constants. From the grid data supplied on the
data input file (logical urit 5), particular combinations of height and load factor may be selected
by replying “YES”, “NQ", “*ALL" or “END", as indicated in Section 6.4. If data is not to be

TABLE 5
Ranges of Variables Plotted by Routine GRID
| | '
! ! Range
Axis | Variable | IPSTYP | IUNITS | Units Scale
' | . i Min. Max. units/in.
x | Mach number | i — 0 2:5 0-4
yl ’ Turn rate i ﬁ deg/s 0 25 5
Ps 1 0 | ms —600 | 400 200
Lo s —1500 | 1000 500
2 | e 2 0 | mikg —75 | 50 25
Lo | —15 | 100 50
PsV/I000w, | 3 1 0 | mkes ~75 50 25
’ 1 ft2/lb.s ~150 100 50

el
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plotted for any height, the input file is advanced to the next height. Otherwise, axes for turn rate
and energy rate are plotted in the y direction, and Mach number axes are plotted in the x direc-
tion, together with a height label for each pair of graphs. For each Mach number, energy rate
and turn rate vectors are read into the array WORK.

At this point all the data for the plot at the current height has been read in. The remainder
of the subroutine is concerned with plotting the data in a different grid order from that on the
input file. A load factor loop is set up and requests for plots of curves at selected load factors
are supplied via the user's terminal. For each load factor selected pointers K1 and K2 are cal-
culated to indicate storage locations corresponding to the lowest valid Mach number and plot
scale parameters. These parameters (minimum vaiue and axis scale) and then stored for each of
energy rate, turn rate and Mach number, together with a copy of the Mach number data vector.
This storage in array WORK is carefully allocated to make use of the “repeat” cycle concept!®
used in subroutine LINE to plot muitidimensional data.

Subroutine LINE is then called twice to plot turn rate and ¢nergy rate curves for the selected
load factor. The plotter origin is adjusted after each curve, ana again between each set of graphs
for the selected height. Control returns to the main program to terminate execution after all
heights have been considered.

6. PROGRAM P4 DESCRIPTION

6.1 Program Summary

Prograra P4 is a multi-purpose contour plottirg program: input consists of data files pro-
duced by program P2. The output is a single file, P4.PLT, to be submitted to the system program
PLOTQ for off-line piotting.

The main program is very short, and simply accepts an input data filename, reads the grid
definitions and header text and calls the major control subroutine P4MAIN. This routine con-
trols all logic functions for the various type of data, processes scale and contour level requests,
draws axes and controls pen positioning for each page of plotter output.

Subroutine CONT, called from subroutine PAMAIN, processes the data grid and searches
along the requested contours, plotting points where the linear approximation changes direction,
with calls to the auxiliary subroutine P.

The following sections discuss the types of plots which may be produced and describe the
routines invoived with the control logic, subroutines PAMAIN and P. Subroutine CONT and
several utility routines are portions of a larger contouring package used at ARL.

Brief descriptions of all routines used by program P4 are given in Appendices 8, 9 and 10.
Examples of terminal input are given in the uset’s guide for program P4 in Chapter 9, and
examples of contour plots produced by co-ordinated running of programs AIRCRAFT, P2
and P4 are given in Chapter 10,

6.2 Classification of Contour Plots

The control logic of subroutine PAMAIN is capable of differentiating four types of contour
plot, based on input data filenames, as shown in Table 6.

Each data file contains grid definitions and text descriptions of the aircraft configurations.
The energy rate data files contain, in addition, data for plotting energy state contours if desired.
One page of plots is produced for each load factor, which may be selected from the available
load factor grid.

The differential MMD data files contain, in addition to the differential data, turn rate data
for both aircraft from which zero turn rate (1g load factor) boundaries are obtained. Contours
of differential turn rate are then plotted only when they are bounded by both of these boundaries.

For all types of contours, a terminal dialogue is used to define the range of contours required
and the scales to be used on the x and y axes.
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TABLE 6

Contour Plot Classification

i

|

'
!

l
Piot | Input data [ Brief
type | filenames ) description
1 t P2L.CON, I Energy rate contonr plots.
1 P2A,CON , Input data contains energy state contour data, followed by energy
i

rate contour duta for selected load factors.

[ ;
2 | P2DIFF.CON | Differential energy rate contour plots.

| Input data contains descriptive texts for both aircraft, followed by
l

|

[ eneryy state and differential energy rate contour data as above.
!

3 1 P2.0OPT, ! Maximum manoeuvre diagrams (MMD),
| P2A.OPT ] Input data contains only turn rate contour data.
! a

4 | P2DIFF.OPT | Differential MMD.

+ and comparison aircraft, respectively, followed by differential turn

|
| " Input data contains copies of files P2,OPT and P2A.OPT for base
|
j rate contour data.

6.3 Subroutine PAMAIN

Subroutine PAMAIN controls all of the logic functions for the four types of contour plot,
and performs a dialogue with the user to supply scale and contour level data. It also controls
reading of the input file, plots axes on the output file. positions the plotter pen for each page of
plots, and calls subroutine CONT to trace the requested contours through the grid data. A
flowchart for the subroutine is given in Figure 17.

Several important switches are used to control the logic operations. The first, IMMD is
set to | (otherwise 0) for MMD plots, based on input data filename. If the MMD plot is also a
differential plot. the data set loop counter NDATA is set to 3 (otherwise 1). For the first two
passes through the data set loop (IDATA = 1 or 2), switch IGRID is set to 1 (otherwise 0) to
indicate that only the zcro turn rate boundary is to be plotted. For each of these boundaries
counter IC records the number of points used to define the boundary (limit of 400 allowed), and
switch LABFLG is set to .F. (otherwise .T.) to indicate that contours are not be labelled.

For contour plots, switch IGES is set to | (otherse 0) if energy state contours are to be
plotted; these are plotted with a dotted line, and do not require contour labels, being readily
identified by their intersection with the height axis.

The subroutine proceeds by plotting identifying fuels, accepting axis scales and positioning
the plotter pen for cach set of contour data on the input file.

Two loops are set up in PAMAIN. The first of these is for the number of data sets on the
data file, NDATA. After che¢king for a differential MMD label, the first set of contour data is
read into array Z. Pointers IGRID and 1ES are given default values of zero, and if a differential
MMD zero turn rate boundary is being plotted, the first word of the contour request vector is
set to zero.

MMD plots then proceed immediately to the load factor loop (executed only once); other-
wise the energy state contour request is processed. If these contours are requested, matrix Z is
copied into matrix ZG, switch IGES is set and the energy state contour vector constructed, using
the user’s terminal input.

The load factor loop is then entered and, if energy rate contours are being plotted, data is
read into matrix Z and the load factor request processed. If the data is to be skipped, control

jumps to the end of the load factor loop. Energy rate/MMD contours are then specified and the
plotter origin reset, x and y axes are drawn (these are skipped if the MMD zero turn rate boundary
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is being plotted), and either a load factor label or a zero energy rate axis is drawn, depending on
the type of plot.

Data scales are set to unity for plotting the contours themselves, as the contouring routines
plot data in real inches of plot. Scaling io these units is performed in subroutine P.

If energy state contours have been requested on cncrgy rate plots, these contours are plotted
first as a broken tine with a call to CONT, after sctting parameters as follows:

Parameter Value
CONLAB .. .. .T. to label contours, .F. to omit,
1IDOT, IDEF.. .. 1 to draw contours with a broken line (dashes),

0 fo= a solid line, and —3 for an interrupted
line (dot-dash).
NLEVS .. .. Level number of zero contour

A second call to CONT plots encrgy rate/ MMD contours with a solid line, except for the zero
contour which is plotted using a dot—dash format to distinguish it from other contours. Sharp
corners of the contours are smoothed using a smoothing interval of 0-05 in. ; calls to subrcutine
SMOOTH with a pen command of 4 are required whenever the type of contour line changes, to
finish the current line.

For the remainder of the load factor loop, if MMD boundaries are being plotted, scaies are
reset to unity and the pen moved to the crigin before jumping to the end of the loop. Otherwise,
the list of contour levels is plotied before resetting plotting scales to unity and positioning the
pen for the next plot. .

When all load factors and data sets on the data file have been considered, control returns
to the main program to terminate execution.

Errors when replying to terminal prompts result in the prompts being repeated. Encountering
an end-of-file on the input file before the end of the data set or load factor loops results in an
“end of file” text being typed on the terminal before ceasing execution.

6.4 Subroutine P

Subroutine P is an interface routine between subroutine CONT and the plotter software,
which renders CONT independent of plotter conventions. It modifies pen-up and pen-down
movements commanded by CONT, taking into account the zero turn rate boundary when pro-
ducing differential MMD plots. It also controls the parameter IDOT specifying the type of line
used in plotting a contour. A flowchart for the subroutine is given in Figure 18,

P is called with co-ordinate and pen command arguments supplied by CONT. (XPT, YPT)
are the co-ordinates of the point to be plotted in mesh co-ordinates, which have ranges (1, NXM)
and (1, NES) for XPT and YPT respectively. The co-ordinates (x, y) are adjusted to a zero origin,
and a local copy of the pen command is made in NSAV.

A test is next made of IDATA, the counter for the loop in PAMAIN which has called CONT.
If a differential MMD boundary is being plotted, P also stores copies of the co-ordinates in
vectors XTAB and YTAB for future reference. Counter IC is incremented each time a point is
stored, and the two-word vector ICOUNT records the value of IC at which data for the two
boundaries finishes. If the maximum values of IC of 400 is exceeded, execution ceases after
typing a failure text on the tefminal. The ininimum value of y on either boundary is recorded in
YLMIN, and flag ICHK set to zero. This records that the order of x values in XTAB is undefined
(ascending or descending). A jump is then made to statement 1000 to plot the boundary point.

For all other types of contour plot, y is first tested against YLMIN. Unless a differential
MMD is being plotted, this has a default value equal to the maximum y mesh co-ordinate; hence
the test is always satisfied and a jump always madc to statement 1000 to plot the point. If the
test is not satisfied, the point (x, ) must be further tested against both of the stored MMD
boundaries.

The first time this area of code is entered, ICHK is zero, and the data in vectors XTAB
and YTAR are rearranged if necessary to guarantee each boundary is stored in ascending order
of x values, This is done in the loop ending at statement 580. ICHK is set to 1 so that future calls
to P skip this rearrangement.
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