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This report describes the EVD Jet-Wing Computer Program, developed by
the V/STOL Technology Development Group - Aerodynamics, of the Douglas Aircraft
Company, McDonnell Douglas Corporation. Development of the program was begun
in 1970 under sponsorship of the McDonnell Douglas Independent Research and
Development Program (IRAD), and resulted in the Mark I version. From April,
1971 through April, 1972, the program was entirely rewritten, drawing heavily
on the basic features developed in the Mark I version, but incorporating
extensive improvements in program flexibility, efficiency and the amount of
information available to the user. This work, culminating in the Mark II
version of the program, was sponsored by Office of Naval Research Contract
N00014-71-C-0250.

The major portion of the program was written by Mr. N. F. Wasson under
the direction of Dr. C. C. Shen and Mr. M. L. Lopez, Technical Director.
Other programming contributions were made by Mr. N. D. Halsey on the momentum
“induced drag" method, and by Messrs. J. L. Hess, T. M. Ridell, and D. N.
Smyth on the matrix solution. The technical work of Messrs. M. I. Goldhammer,
B. K. Lakin, and W. V. Whitman in applying the program to various configurations
has also been of great value in its design, verification and correction.

This report has been reviewed and is approved.

E. S. Rutowski, Chief
Aerodynamics Engineer
Technology Development

|

0. R; bunh; Director
of Aerodynamics




ABSTRACT

This report describes the EVD Jet-Wing Computer Program, which is based
upon the Elementary Vortex Distribution (EVD) Jet-Wing Lifting Surface Theory
described in Volume I of this report. This program provides a capability for
determining the aerodynamic characteristics of wings of arbitrary planform,
and includes the following: ;

1. Spanwise and chordwise loading
2. Spanwise variation of induced drag
3 A capability to investigate the effects of:
a. Part span flaps
b. Part span blowing
c. Pitching, rolling, yawing and sideslip
4, Total 1ift and induced drag (momentum method), pitching, vawing
and rolling moments, etc.

R N TR T

The program has the capabilities for investigating the effects of a
variation of leading and trailing flap deflection, camber, twist, jet deflec-
tion and jet momentum.
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PREFACE TO REVISED EDITION

This report was originally published in May 1973 in two volumes: Volume i
The Elementary Vortex Distribution Jet-Wing Lifting Surface Theory and
Volume II, EVD Jet-Wing Computer Program User's Manual. In this new edition
several typographical errors have been corrected, a minor change made in the
computer program, and the "Limited Distribution" of Volume II removed.

Michael L. Lopez
Douglas Aircraft Company
McDonnel1l Douglas Corporation
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NOMENCLATURE
INPUT/
| NAME SYMBOL QUTPUT DEFINITION
f
! A A 1/9 Fundamental case scale factor
AC €c /9 Local incidence due to camber
ACTE €ct 1/0 Local incidence due to camber at trailing edge
ALFIN aj 1) Downwash angle or jet angle at infinity
downstream
ALPHA a 9 Angle of attack
i ARATIQ R 1/9 Aspect ratio
i AREA S 1/0 Wing planform reference area
g i BETA B8 1/9 Deflection angle, (cf. 84s OF 65)
' J CBGL CBr ) Root bending moment coefficient due to
L pressure on left wing
CBGR Cap g Root bending moment coefficient due to
R pressure on right wing
3 CBJL Cpy ) Root bending moment coefficient due to
? L jet reaction on left wing
;; CBJR Cgy 9 Root bending moment coefficient due to
B R jet reaction on right wing
Et
ki CBL Cg, p Total root bending moment coefficient
fi on left wing
i =5 CBR CBR '} Total root bending moment coefficient
4 S . ' on right wing
ccD (Cpi) 9 Total induced drag coefficient calculated
p by pressure integration
CcCJ CJ '} Total jet momentum coefficient
‘ ccL 6, g Total 1ift coefficient
CCM C ) Total pitching moment coefficient (about
m
wing apex)
% CCs Cs p Total leading edge suction coefficient
ix
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INPUT/

NAME SYMBOL QUTPUT
ccT Cr P
ccy Cy 9
cD Cd; p
COITZ  (Cpyy )
CHPRD c ']
CL <, '/
CLL £ 9
CLLP Gy P
CLLR G, )
C

LQ CLq ]
cM S @
CMAC c )
cMQ Cmq )
CMU cu 1/0
CN Cn )
CN(P) cnp ')
CN(R)  Cp, 9
CP Acp ")

NOMENCLATURE

DEFINITION

Total net thrust coefficient
Total side force coefficient
Sectional induced drag coefficient

Total induced drag coefficient, calculated
by the momentum method

Wing sectional chord
Sectional 1ift coefficient
Rolling moment coefficient

Ro11ing moment coefficient derivative due
to rolling

Ro1ling moment coefficient derivative due
to yawing

Lift coefficient derivative due to pitching

Sectional pitching moment coefficient
(about the local leading edge)

Mean aerodynamic chord (MAC)

Pitching moment coefficient derivative due
to pitching about center of gravity

Sectional jet momentum coefficient
Yawing moment coefficient

Total yawing moment coefficient due to
induced drag (including leading edge suction)

Yawing moment coefficient derivative due
to rolling, dependent on rolling rate

Yawing moment coefficient derivative due
to yawing, dependent on yawing rate

Pressure coefficient, Acp=cplower ~ pypper

surface surface

8. 3w 8,

L TR I Maarac ok S o gl S i 6 |
4 .

.




n.;"_,.wm_,ﬁ S
{
|

NOMENCLATURE
INPUT/
NAME SYMBOL OQUTPUT DEFINITION
| el
i CPMBL — ') Spanwise center of 1ift of left wing, in
terms of half span
cPMgR  1GsLe
b/2 '] Spanwise center of 1ift of right wing, in
terms of half span
% CREF c 1/9 Wing reference chord
; CS Cs ') Sectional leading edge suction coefficient
-; CTO Ce 9 1. Sectional thrust coefficient
{ 2. Tip chord of wing
r X
1 I CXCL —gﬁkk ') x-coordinate of center of 1ift, in terms
i ! c of reference chord
} CXCL = - (CCMG + CCML)/CCL labeled (X/CREF)
X
CXCLB B;iL; ') x-coordinate of center of 1ift, in terms
of half span
CXCLB = -((CCMG + CCML)/CCL)*CREF labeled
: (x/B/2)
X
i cxce C;P. g x~coordinate of center of pressure, in
g c terms of reference chord
cxces  XC.P.
i b/2 ') x~coordinate of center of pressure, in
A terms of half span
! cY(p) Cy 9 Side force coefficient derivative due to
73 P rolling, dependent on rolling rate
) CY(R) Cy, ] Side force coefficient derivative due to
’ : yawing, dependent on yawing rate
D d /) Chordwise distance from trailing edge to
infinity EVD vortex point
DEL s 9 Chordwise length of an EVD element in
ke z terms of local chord
| DELTA 3 ) Half of the spanwise width of an EVD
element or a spanwise division, normalized
by b/2
‘ -{ DJ 8, 1/9 Jet deflection angle relative to the wing
trailing edge slope
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NOMENCLATURE

INPUT/
NAME  SYMBOL OUTPUT
EPS ¢ 9
GAMMA P
HL h, 1/9
I i 9
IcT I
ICTYPE I
IDERIV I
IGTYPE 1/9
THINGE 1/p
IHT I
IJTYPE I
ILT I
INBETA I
INCAMB I
INDELJ I
TNHITE I
INTWST I
IPRINT 1/9
ISYMM 1/9
J J

JETFLG 1/9
K k

DEFINITION

Total local incidence angle at a downwash
control point on the wing

Vorticity intensity
Height of leading edge above the x-y plane

EVD element sequence number
Camber type flag for each wing section

Wing chordwise division type flag for each
section

Stability derivative flag

Planform geometry type flag

Hinge EVD flag

Hinge type flag for each wing section

Jet chordwise division type flag for each
section

Flap type flag

Hinge angle input flag

Camber angle input flag

Jet angle input flag

Leading edge height input flag

Twist angle input flag
Output control flag

Symmetry control flag

Sectional jet momentum

Jet control flag

}
Sequence number of spanwise divisions or H
sections

xii
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NOMENCLATURE
| INPUT/
; . NAME SYMBOL OUTPUT . DEFINITION
N 1/9 Fundamental case sequence number
NCASES K -1/ Number of fundamental cases
NCT I Number of camler types
NHT ‘ I Number of hinge types
@ NI I Number of chordwise divisions of a
| particular chordwise division type (wing
| or jet)
- NJ 9 Number of chordwise divisions of jet section
| j NJTYPE I Number of jet chordwise division types
! NR@WS ] Number of wing sections or spanwise divisions
NR@WSJ I Number of sections having a trailing jet
NW ') Number of chordwise division of each section
NWTYPE I Number of wing chordwise division types ;
SPAN b 1/0 Wing span 1
SWEEP -Ac/4 1/9 Wing quarter-chord sweep angle
TANLE tanAl ") Tangent of sectional leading edge sweep angle
i THETA 8 ) Total jet deflection angle relative to the
free stream
TITLE 1/9 Run title
TR A I Wing taper ratio
a, 1/9 Twist angle for each wing section
') EVD type flag
U Free stream velocity
X p Chordwise coordinate of the Cartesian
coordinate system
xiii
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INPUT/
v NAME SYMBOL  OQUTPUT DEFINITION
| XB R 1/0 Chordwise distance of an EVD element from
the leading edge, in terms of local chord
g XBH Xh 1/9 Chordwise distance of a hinge point from
x' the leading edge, in terms of local chord
, XCL/C ’-‘c ] '] Chordwise location of center of 1ift at a
section measured from local leading edge,
in terms of local chord
XCP/C Rc p ') Chordwise location of center of pressure
at a section measured from local leading
edge, in terms of local chord |
| XC6 i 1/9 x-coordinate of the center of gravity about
| ‘ which pitching rate derivatives are taken ;
} XI X5 '] x-coordinate of an EVD element
XLEAD Xy 1/0 x-coordinate of the leading edge
XMC Xm. c. 1/9 x-coordinate of the moment center about
which pitching moments are taken
| XTRAIL Xt 1/9 x-coordinate of the trailing edge
4 Y y 1/0 y-coordinate of a section
o
1 Subscripts
i
SUFFIX  SUBSCRIPT * DEFINITION
A o Indicates a linear variation with angle of attack
A2 a? Indicates a quadratic variation with angle of attack
G r Indicates a contribution due to pressure (circulation)
J J Indicates a contribution due to jet reaction i
|
MC m.c. Indicates pitching moments taken about moment center .
‘ MU u Indicates a contribution due to jet reaction at a wing i
iy section

xiv
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SUFFIX SUBSCRIPT
R2 re

T t

X a

0 0

NOMENCLATURE

DEFINITION

Indicates a quadratic variation with yawing rate

Indicates a contribution due to the thrust component
of the jet reaction at a section

Indicates a contribution from mutual interference
between the basic configuration and the angle of
attack

Indicates a =0
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1.0 INTRODUCTION

This report describes the Mark II version of the EVD Jet-Wing Computer
Program, intended for use as a preliminary design tool for the analysis of
arbitrary wings incorporating trailing edge blowing. The program is based
upon the linearized Elementary Vortex Distribution (EVD) Jet-Wing Lifting
Surface Theory described in Volume I of this report (Reference 1). The
program is written in the Fortran IV language and can be adapted for use on
many existing large computing sytems. Versions are currently in operation on
the CDC 6000 series and IBM 360 and 370 series computers.

In order to execute the program, the user must describe the arbitrary
geometric configuration to the computer by using several different types of
input cards containing specific information in a fixed order. Deflection, for
example, of a wing control surface may be accomplished by using the linear
"fundamental case" feature of the program. Superposition of the aerodynamic
characteristics associated with fundamental cases so as to provide the overall
aerodynamic characteristics of a complete configuration may be obtained by
specifying the "composite case" feature of the program. The number of jet
strength cases which can be produced for each geometric configuration is
limited only by the computing time available. Printed output from the program
contains the jet-wing aerodynamic characteristics in coefficient form. Detailed
spanwise and chordwise loading and certain dynamic stability derivatives may
also be included at the option of the user,

Maximum realization of the potential of this program can only be achieved
by a user who is thoroughly familiar with the applications and limitations of
the linearized theory upon which it is based, and who is willing to apply his

‘own engineering knowledge and judgment in a methodical manner to each con-

figuration analyzed. It is suggested that both volumes of this report be
read before running the first problem, and that a few simple problems be
tried in order to develop understanding and familiarity with the program
before large complicated problems are attempted.
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2.0 FUNDAMENTALS OF PROGRAM USE

The EVD jet-wing computer program is based upon the Tinearized EVD
jet-wing 1ifting surface theory described in Reference 1. This program has
several unique features which enable it to be used by the aerodynamicist in
the evaluation, design and development of V/STOL aircraft systems which utilize i
powered high 1ift systems based on the jet flap principle (e.g., EBF, augmentor
wing, etc.). The scope of this program is not 1imited, however, to the analysis
of jet flap wings. By selecting several options available to the user, this
program may be used as a classical lifting surface method. Hence, as an aero-
dynamic tool, the analysis of conventional wings can be regarded as being
within the scope of the present computer program.

The program is written entirely in the Fortran IV language, and can be
adopted for use on any large-scale computer system. The program consists of
several primary components designed to minimize computer storage requirements
while maintaining maximum computer efficiency and speed. This modular arrange-
ment also results in easier program checkout and correction.

The programming philosophy has sought to maintain the indeperdence of
each small component of the program wherever possible. This approach also
facilitates the addition of new capabilities, with minimum alteration of the
existing components.

2.1 Philosophy of Program Use

It is fundamentally important that the userof the EVD jet-wing computer
program understand the basic limitations and approximations adopted in the
solution of the jet-wing problem. The program is not a "magic box" with which
he can expect to achieve valid results while supplying poorly prepared input
data. He must, therefore, understand each step of his role in the analysis
of a specific problem, including use of engineering knowledge and judgement in
every decision he makes in the preparation of computer input data. Only then
can he expect the program, which is essentially an engineering tool, to reliably
and accurately complete the task assigned to it. This point may be summarize
by the quaint term which applies to all computer programs: "GIGO" - Garbage
In, Garbage Out!
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Judgement is also required in the interpretation and application of the
computer output data. The user should be aware of those factors not included
in the program analysis, which may have an effect on the final result. He
should also have some understanding of the way in which these factors would be
likely to influence the program results. For example, if there are regions of
flow separation on a real wing, the program would be expected to overpredict
the 1ift of that wing. On the other hand, a thick wing is expected to have
higher 1ift than the wing of zero thickness which is considered by the present
program. The quantitative effects of such factors are, of course, very diffi-
cult to accurately predict, but the user should at least be aware of the trends
which they are expected to produce.

The user is also cautioned against extrapolating the linearized results
into regions where strong nonlinear behavior might be expected. For example,
the small angle assumptions of the linearized approach make it unlikely that
the program would accurately predict the characteristics of a wing with, say,

a flap deflected at 60 degrees. While the program would give an indication of
the trends produced by such a nonlinear configuration, and in certain cases

linearized results have been shown to be remarkably good in seemingly nonlinear
situations, it would nevertheless be dangerous to use the output data as though

it were generally an accurate prediction of the aerodynamic characteristics
under all conditions.

2.2 Brief Review of the Linearized Approach

The assumptions and restrictions of the EVD jet-wing 1ifting surface
theory are discussed in detail in Volume I of this report. For the convenience
of the reader, the basic assumptions are restated here:

On the Wing:

a. The wing is thin, and is represented by the mean camber line.

b. A11 local incidences are small, but may be discontinuous.
On the Jet:

a. The jet is thin.

b. The jet deflection, relative to the freestream, is small.
General Flowfield:

a. Incompressible, inviscid, irrotational.
b. No mixing occurs between the jet and the external flow.

3
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c. A1l spanwise components of velocity are considered small
relative to the freestream velocity.

d. Rollup of the jet sheet and wing and jet trailing
vortex system is neglected.

The above assumptions imply the existence of certain other conditions
which are of practical importance in the use of the program. Though they may
not seem to be obviously derived from the basic assumptions, these conditions
nevertheless are controlling factors in the application of the method, and
must be recognized and considered by the user. Such conditions include the
following:

a. The wing and jet are represented by planar sheets of bound
trailing vorticity.

b. A1l potential field influences of the wing and jet originate
in the wing and jet plane.

c. A1l boundary conditions are satisfied in the wing and jet
plane.

d. The jet issues from the trailing edge of the wing, and
its reaction force acts there also.

e. Since the lifting surface theory is for a jet-wing system :
alone, no account is taken for the effects of fuselage, 5
nacelles, empennage, etc. :

f. There are no losses or dissipation associated with the jet
sheet emergence from the wing trailing edge.

g. There are no gaps or slots in the wing (program restriction
only). |

2.3 Geometry Preparation

The EVD jet-wing computer program is capable of evaluating the aerody-
namic characteristics of jet-wings of arbitrary wing planform and arbitrary
jet spanwise distribution of momentum. In all cases, the jet sheet correctly
extends to infinity downstream. The jet-wing system may be considered as
symmetric, anti-symmetric, or non-symmetric. A symmetric jet-wing is defined
as one for which, under all conditions, the computed aerodynamic loading would

4
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be symmetric about the x-axis. This implies, therefore, symmetry about the
x-axis of all the following characteristics:
Wing:
a. Planform geometry
b. Local incidence of each element

c. Spanwise location
d. Strength at each spanwise section
e. Deflection

Anti-symmetric jet-wings are defined as having anti-symmetric computed
aerodynamic loading. Thus, they must be symmetric in all of the above items
except for (b) and (e), which mnust be anti-symmetric. Since anti-symmetry in
the angle of attack of the wing is meaningless, the program will always treat
the anti-symmetric jet-wing as being at zero angle of attack only. If an
otherwise anti-symmetric wing were at an angle of attack, its loading would
be non-symmetric, and it would, therefore, have to be treated as completely
non-symmetric. MNon-symmetric jet-wings are defined as having non-syrmetry
in any one or more of the characteristics listed in Items (a) through (e)
above.

It is, however, possible for the user to superimpose by hand the results
of anti-symmetric runs with those of symmetric or non-symmetric runs. Such a
situation may arise, for example, when a quantity of data has been generated
for various configurations of a particular wing and the effects of anti-
symmetric ailerons are then required. It may be more efficient to compute the
aileron effects alone in one additional run rather than rerunning all the
previous configurations non-symmetrically with ailerons included. The super-
imposed loading will be in general non-symmetric and both the right and left
halves of the wing must be considered. The linear aerodynamic coefficients
(e.q., CL» Cyo Cy) may be superimposed directly at zero angle of attack, and
the variation with angle of attack will be the original symmetric or non-
symmetric values. The non-linear coefficients (e.g., Cp» Cys Cn) cannot be
superimposed directly. Instead, they must be obtained by an integration of
the chordwise and spanwise loading.
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The problem analysis begins with the user definition of the planform
geometry of the wing and jet. The wing and jet are broken up into spanwise
sections of arbitrary width. The arrangement of these sections and their
size are mainly determined by two factors. First is the occurrence of plan-
form discontinuities; for example, flap edges, flap extensions, leading and
trailing edge brakes, jet limits, etc. Second is the allowance for spanwise
variation of loading. Since the program loading is assumed to be that which
occurs at the center of each section and is constant in the spanwise direction
on each section, there should be close spanwise spacing in regions where rapid
loading variation might be expected. For example, near the wing tip or near
the edge of a highly loaded flap or strong jet, there will normally be a rapid
change in spanwise loading. The spanwise sections should, therefore, be narrow
in these regions so that the "stairstep" loading of the program can adequately
represent a smooth loading variation.

Each spanwise section is further broken up into chordwise divisions so
that the jet-wing planform is represented by an array of rectangular elements
with which are associated an equal number of Elementary Vortex Distribution
elements. This representation is shown in Figure 1 for a typical jet-wing.
Note that no two adjacent elements overlap, nor are there any gaps. Also,
that any one of four types of EVD elements, (i.e., Regular, Leading Edge, Hinge,
and Infinity), can be selected.

Given close uniform spacing, the program would always yield a good,
smooth chordwise loading. But the Tinear nature of loading given by the
Regular EVD elements allows much larger spacing to be used in regions where
the loading is expected to nearly linear, that is, where the slope of the
loading is nearly constant. In addition, in order to more accurately approxi-
mate the chordwise loading, special EVD elements have been developed. These
EVD elements provide an accurate representation of chordwise loading in these
special regions which are normally difficult to approximate with the Regular
EVD. These regions are near the leading edge, near the abrupt turning angle
produced at a flap or jet "hinge" point, and far downstream on the jet sheet.
Use of the special EVD elements makes chordwise spacing less critical and
reduces the required number of elements on each section. Most of the chord-
wise EVD elmenents are of the regular type, representing a linear loading

6
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= ' —> SINGULAR PART ')
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FIGURE 1. PROGRAM REPRESENTATION OF A JET WING
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variation. Each section will contain the proper arrangement of EVD elements,
automatically assigned by the program. The four EVD element types are discussed
in detail in Volume I of this report, and will not be further discussed here.

Chordwise spacing may also be affected by section camber. In regions
where there is a large variation in camber, close spacing should be used in
order to accurately account for the rapidly changing boundary conditions
resulting from the winrg camber. Volume I of this report contains further
discussion and examples of spacing arrangements. 1

Since the sectional geometric characteristics of a non-planar wing are
approximated by the "mean camber" line, it is important that the user be able
to translate a typical wing section into a.suitable camber distribution. See
Figure 2 for the camber line representation of various complex wing sections.
A1l of the wing sections originate with some shooth camber distribution of
the "clean" configuration. However, when various types of control surfaces -
are deflected, radical chanyes may occur in the shape of the camber line. In
each case, the best camber representation of the particular deflected configu¥
ration must be used. Generally, the original basic camber should be considered
i separately from the changes produced by deflections. Ideally, the basic camber
distribution would be fixed, and the variations in camber due to deflect1ons
would be superimposed on 1t The program cannot, however, automat1ca11y take .
account of such effects as cherd exteqs1on associated with flap rotation and '
slot openings. The user should, therefore, include some allowance for those
i effects in the basic camber distribution, and then superimpose s uple deflec- ¢
tions which do not contribute to changes in the basic camber. Even though
the program may be used to approximate such complicated configurations as in )
Figure 2, the user is reminded that these approiimations may be very crude, : )
and rigorous treatment of such details is beyond the‘3c0p€ of the linearized 2 f«
approach. Thus, the program results cannot be expected to accurétely.predict ‘fp
the aerodynamic characteristics of such configurations. |

| SO

.
| e——

2.4 Use of Fundamental Cases

An important feature of the EVD jet-wing computer program is the concept
of fundamental cases. The use of fundamental cases is intended to increase the I‘
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amount of information produced by the program and to make the use of that
information easier for the user. The theory of fundamental cases is discussed
in detail in Volume I of this report, and will not be repeated here. The pro-

gram application and treatment of fundamental cases will, however, be explained.

Fundamental cases are used to treat variations in different types of
deflections which result in a change of wing camber and are not applicable to
any changes in planform geometry. The types of deflections which may be
treated as fundamental cases are as follows:

. Wing twist

. Jet deflection

. Camber

. Leading and trailing edge flaps

. Leading edge vertical displacement (special)

B w NN -

The fundamental cases produce loadings which are linearly related to
the magnitude of the deflection selected. The loading of each case may,
therefore, be directly added to the loading of any of the other fundamental
cases to produce the composite loading of a particular configuration. The
composite cases will be discussed further below.

As treated by the program, each EVD element is a part of every funda-
mental case. Associated with each element is a characteristic set of incidence
angles relative to the freestream direction. Each of these incidence angles
is the resultant angle due to the deflection pattern of one fundamental case.
When the deflection of a fundamental case varies, the associated incidence
angle of every EVD element and the associated loading on every element vary
accordingly.

An example of the use of fundamental cases for a complex wing is shown
in Figure 3. In Figure 3a, the planform is broken up into regions which will
be deflected as control surfaces. The program allows the use of up to ten
fundamental cases, the first of which is automatically set up as a flat plate
wing at 1° angle of attack. The remaining nine fundamental cases may be
used in any manner, and eight of them have arbitrarily been used in the figure

10
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ANGLE OF ATTACK

SPANWISE TWIST DISTRIBUTION
CAMBER DISTRIBUTION
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OUTBOARD FLAP DEFLECTION
INBOARD FLAP (VANE) DEFLECTION
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OUTBOARD JET DEFLECTION
INBOARD JET DEFLECTION
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| a. ARRANGEMENT OF FUNDAMENTAL CASES FOR A COMPLEX JET WING
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to define flaps, jets, leading edge flap, camber, etc.

Figure 3b shows the sectional arrangement of the same fundamental cases
for section A-A. It will be noticed that in each case the incidence of all
elements outside the region affected is zero. Thus when the deflection is
varied, these elements will have no change in incidence. However, since the
deflection of even one EVD element produces a loading distribution on every
element of the jet-wing system, variation of the deflection of a fundamental
case will produce a corresponding linear variation in the loading of every
EVD element.

In most problems, the user will find it best to consider those components
which are to be deflected as separate fundamental cases. However, it is some-
times convenient to combine several types of deflection into one fundamental
case. For example, camber and twist will usually be held constant while other
deflections vary, so it is natural to combine them. However, once they are
combined, they can no longer be separately distinguished by the program.

2.5 Use of Composite Cases

The purpose of the composite case capability in the program is to pro-
vide the user with data for any configurations that may be required, at the
minimum computing cost. Figure 3c shows how linear fundamental cases are
superimposed in any manner to form a composite case. The result is the com-
posite loading of the required configuration. The composite case capability
is very effectively used in parametric studies, where the effects of systematic
variation of parameters are required. As mentioned in the discussion of fun-
damental cases, it is often convenient to combine several unchanging character-
ijstics into one fundamental case which may then be included in all composite
cases as a "basic wing" starting point. The user supplies the scale factors
by which the program is to multiply the incidence and loading of each respec-
tive fundamental case before adding them to get the composite incidence and
loading. The user is again cautioned, when using composite cases, about ex-
ceeding the range of deflections where linear behavior is likely. He should
also be careful, when approximating complex sectional geometric characteristics

12
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such as those of a slotted flap system, to 1imit the range of deflections so
as not to significantly change the planform by chord extension.

2.6 Final Comments

The accuracy of the results obtained with this computer program is
generally increased as the number of EVD elements increases, assuming that
the elements are wisely located by the user. When pursuing accuracy, however,
the relative significance of factors which are unaccounted for must be kept
in mind. In addition, the computing time is very strongly affected by the
number of elements (somewhere between a quadratic and cubic function of the
number of elements). Thus, a compromise must be reached between the desire
for the best program results on the one hand and, on the other, the practical
limitations of computing resources and various unpredictable influences.

It is again strongly recommended that the user read this computing
manual thoroughly before attempting the first problem, and also that he read
Volume I for valuable background material and insight into the theoretical
foundations on which the program is based.

13 4




! 3.0 PROGRAM DESCRIPTION

3.1 General Description

The McDonnell Douglas EVD Jet-Wing Lifting Surface Program is composed
of several basic component programs, each of which is independent of the others
in logical program flow. These components rely, however, on each other for
sharing of information, and all of them are required for satisfactory analysis
| of a problem. The component programs are tied together by two master routines,
i only one of which is used in any given run. The choice of which master routine
| to execute is made by the main routine according to the user's requirements.
| Figure 4 shows the general functional arrangement of the various program com-
| ponents. The first master routine, called APPLY1, controls execution of
ordinary runs, without stability derivative calculations. If stability deri-
vatives are requested by the user, the main routine calls APPLY2, which
controls execution for stability derivative runs. Each of the master routines
calls subroutines in the four component programs as they are needed.

Ao

In Component 1, the problem is formed according to the user's input.
A11 input is read, consistency and correctness of input are checked as far as
{ possible, and all geometric parameters are defined.

In Component 2, the mathematical problem is solved. The system of
simultaneous linear equations is formed using the downwash influence coeffi-
cients of each EVD element. The matrix system is then solved directly, and
« the solution is achieved in the form of the vorticity strength of each EVD
) element of the jet wing system.

In Component 3, the vorticity solution is translated into useful aero-
dynamic coefficients and/or stability derivatives. These include chordwise
loading, spanwise distribution of 1ift, drag and pitching moment, and total
1ift, drag, and static and dynamic moments.

Bl

e
-

Component 4 contains supplemental subroutines which are used during
calculation of dynamic stability derivatives. This is not a self-contained
component program as are the others, but is simply an unstructured collection

14
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of subroutines whose functions are related.

3.2 Subroutine Descriptions

The general introduction to the program system has been completed. Next
we will review the significant details and functions of all of the subroutines
of each component program. Since the subroutines are generally executed in
the order which follows, this review also will provide a general description
of the logical flow during execution. Figure 5 gives a very general flow
chart of the program logic. Reference to this diagram may help the reader to
understand the overall program operation and the function of the various sub-
programs described below.

Main Routine (MAIN)

The main routine is verv short, and serves three functions. It first
reads the title card and the cards containing planform parameters and control
flags. Next it checks whether stability derivatives have been requested and
accordingly calls either APPLY]1 or APPLY2, When control is returned to
MAIN, it checks whether the run has been completed normally, whether a new
jet strength case is expected, or whether a fatal error has occurred.

Master Routine for Ordinary Runs (APPLY1)

This routine is very short, and consists of simply calling the control
routines for component programs 1, 2, and 3.

Master Routine for Stability Derivative Runs (APPLY2)

As in APPLY1, the control routines for component Programs 1, 2, and 3
are called. In addition, Component 4 is called to produce supplementary infor-
mation for stability derivatives due to pitching. The loading solutions for
the first run are then stored on the mass storage file for later use, and new
equivalent camber information is generated for each element due to yawing and
rolling effects. Component 2 is again called for solution of the matrix system.
Finally Component 3 is called for integration of the loading to get dynamic
stability derivatives.

16
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FIGURE 5a. PROGRAM STRUCTURE FOR A BASIC RUN
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FIGURE 5b. PROGRAM STRUCTURE FOR AN EXTENDED RUN FOR
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Control of Problem Formation (STAGE1)

The control subroutine (SGMAIN) for dealing with sectional geometry input
and element definition is called after the validity of certain control flags
has been checked. Alternate methods of input and element definition may be
the user-supplied optional routines for any specified values of the IGTYPE
flag. (See Section 4.1 - Input Data Instructions). Next the composite case
requirements are read by calling INCOMP. Subroutine BLOWIN is called to
read the jet strength requirements, and finally BOXJ is called to prepare
additional jet parameters for internal use later in the program.

Sectional Input Method Control (SGMAIN)

The spanwise and chordwise spacing of wing elements are read by calling
subroutine INPTS. Next the planform is defined by calling either XLETR}
for irregular planforms, or XLETR2 for simple trapezoidal planforms. The
planform parameters are normalized by half the input value of wing span in
subroutine NORMI. Inputs defining the spanwise and chordwise spacing of ele-
ments on the jet are read by calling subroutine INPUTJ. Subroutine BOXS
next combines all of the element and planform input data acquired up to this
point in order to define the network of elements required by the program. At
this point, the jet-wing planform arrangement of EVD elements is completely
defined, but it remains to specify the pattern of deflections required by the
user. This is accomplished by a sequence of calls to subroutines INCASE, .
BEECEE, and OQUT1 for each required fundamental case. The inputs describing
the elements to be deflected and the amount of deflection are read in INCASE.
BEECEE 1interprets this dataand derives certain parameters to be used later in
the program. OUT1 prints the resulting parameters for each element.

If shortcut methods can be devised for easier input of all or part of
the geometrical data required for a class of wings of particular interest,
some of the routines above may be replaced, modified or made optional, as the
user requires. However, the result must be the same data as produced by the
present system in the correct form for use by remaining components of the
program,
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Wing Element Input (INPTS)

This subroutine reads the spanwise spacing arrangement, and then the
number and chordwise spacing of elements on the wing.

Irregular Wing Planform Input (XLETR1)

This subroutine reads the leading and trailing edge input coordinates
to define the arbitrary planform, and linearly interpolates where necessary
to define the leading and trailing edges at any sections for which no input
is given.

Trapezoidal Wing Planform Input (XLETR2)

This subroutine reads the general planform parameters for simple sym-
metrical trapezoidal wings, and calculates the leading and trailing edge
coordinates at each required spanwise section.

Wing Parameter Normalization (NORM1)

This very short subroutine simply normalizes all the dimensional plan-
form parameters by the wing half-span. From this point on, the program deals
entirely with the scaled wing, where the wing span is two units.

Jet Element Input (INPUTJ)

[ P S———

In a manner similar to that used in INPTS, the number and chordwise
spacing of elements on the jet are read. HNote that the spanwise spacing of
jet elements is the same as for the wing, but that some or all of these jet
sections may have no chordwise elements, thus effectively eliminating the jet
at those sections.

EVD Element Definition (BOXS)

This subroutine uses the input data from the above subroutines to com- -
pute the length, width, and location of each EVD element on the wing and jet. ;4
In addition, the appropriate EVD type is chosen for each element, and several L

other parameters are defined for later internal use by the program.
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Leading and Trailing Edge Sweep (TANS)

This subroutine computes the sweep angle of the leading and trailing
edges at each section. This data is needed later for calculation of side
force.

Fundamental Case Input (INCASE)

This subroutine reads, for each fundamental case, the flags indicating
the types of deflections to be used, then the magnitude of each particular
type of deflection, The types of fundamental case deflections read are twist
angles, leading edge vertical displacement (for use later in pitching moment
calculations), jet deflection angles, camber angles, and hinge location and
deflection angles.

Fundamental Case Boundary Conditions (BEECEE)

From the fundamental case input, this subroutine computes, for each
fundamental case, the resulting incidence angle of each EVD element relative
to the freestream. This is done by summing the accumulative deflections due
to twist, camber, and flap deflection from the leading to the trailing edges.
The effect of jet deflection is also included on the first jet element of each
section. Thus the effects of all deflections are superimposed and the indi-
vidual effect of, for example, deflection of a particular flap is no longer
distinguishable by the program. Therefore, if the user wishes to be able to
see the effects of that flap deflection separately from those of the other
deflections, he must make use of a separate fundamental case, where only the
flap deflection is present.

Fundamental Case Output (OUT1)

This subroutine prints out, for each fundamental case, the location,
size, resultant incidence angle, hinge deflection angle, if any, and EVD type
of each EVD element. Parameters of spanwise significance are also printed,
including wing chord, leading and trailing edge coordinates, leading edge
height, twist angle, etc.
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Composite Case Input (INCOMP)

This subroutine reads the user's requirements for composite cases, in
which the linear fundamental cases may be superimposed in any combination to
form a deflection pattern of particular interest.

Jet Strength Input (BLOWIN)

This subroutine simply reads the sectional value of jet momentum coeffi-
cient, cu, for each section which has been specified to have jet elements.

Additional Jet Parameter Definition (BOYJ)

This subroutine defines an additional jet strength parameter for later
internal use, and checks on the consistency of the input cu data. The jet
strength from the previous c, case, if any, is also saved for later internal
use.

Control of Problem Solution (STAGE2)

This routine simply calls the two overlay segments which set up the
system of simultaneous linear equations and solve the matrix system.

Development of Simultaneous Equations (STG2D)

The large square left-side matrix of downwash influence coefficients is
computed by calling DWNWSH. HNext this matrix is augmented in SHUFL1. If
previous c, cases have been run, these steps are skipped and a simple reaug-
mentation is performed in SHUFLZ2. For each fundamental case, the right side
column of constant boundary conditions is formed in COLUM1. Since the down-
wash influences of the logarithmic singular hinge EVD elements depend only on
the hinge turning angles and thus are known, these influences are computed in
HINGE and superimposed directly on the right side matrix in COLUM2. Sub-
routine PREP then prepares the complete linear equation system for solution
by assembling the left and right side matrix data together on tape in the pro-

per form for use by the solution subroutine.
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Downwash Influence Coefficients (DWNWSH)

This subroutine calculates the downwash on every element due to the
influence of all the other elements. Each element is selected in turn, and
the influence of all elements on it are computed one at a time by calling the
appropriate downwash influence function: EVD1, EVD2, or EVD3 (hinge EVD
not yet considered). If the wing is symmetric or anti-symmetric, the appro-
priate influence coefficients are superimposed (added or subtracted) to reduce
the size of the linear system to half the number of equations. The array of
influence coefficients on the particular element under consideration forms one
row of the coefficient matrix, and these rows are stored, one by ore as they
are computed, on the mass storage device, Unit 1. Rows corresponding to ele-
ments on the wing are stored first, then rows corresponding to elements on the
jet.

Regular Downwash (EVD1)

This function computes the downwash at any point in the wing plane due
! to a triangular distribution of vorticity on an element located anywhere on
the wing (see Figure 1).

§ Leading Edge Downwash (EVD2)

This function computes the downwash at any point in the wing plane due
to a square root singular distribution of vorticity on an element located at
the leading edge of the wing (see Figure 1).

Jet Infinity Downwash (EVD3)

This function computes the downwash at any point in the wing plane due
to a quadratic decaying distribution of vorticity on a trailing jet element.
This element begins several chords behind the wing trailing edge and extends
downstream to infinity, where the vorticity decays to zero (see Figure 1).

23
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Hinge EVD (EVD4)

This function computes the downwash at any point in the wing plane due
to a logarithmic distribution of vorticity on an element located on the hinge
line of a deflected flap, jet, or leading edge flap (see Figure 1).

Initial Matrix Augmentation (SHUFL1)

This subroutine reads the matrix rows corresponding to elements on the
jet, subtracts adjacent rows from each other, and further modifies certain
elements near the main diagonal due to the nonlinear influence of jet strength.
The augmented rows are then replaced on mass storage Unit 1 immediately behind
the original downwash matrix rows.

Additivaal Matrix Augmentation (SHUFL2)

This subroutine reads the augmented matrix rows from Unit 1, remodifies
certain elements near the main diagonal, then restores the rows in their origi-
nal locations.

Column Matrix Formation (COLUM1)

This subroutine defines the right side column matrix of constant bound-
ary conditions. For elements on the wing, the values are the total incidence
angles relative to the freestream, in radians. For the first element of each
jet section, the value is the total trailing edge incidence angle plus the
jet turning angle, in radians, and for all other jet elements, the values are
zero. Each column corresponds to one fundamental case.

Hinge Downwash Influence (HINGE)

For each element on the wing and jet, the downwash influence of each
hinge singularity distribution is computed by calling EVD4, added or sub-
tracted according to symmetry requirements, then multiplied by the appropriate
hinge turning angle. The influence due to all such hinges are summed as they
are calculated, so that one hinge influence factor is produced for each element
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on the wing and jet. This is done for one column (fundamental case) at a
time.

Column Matrix Hinge Augmentation (COLUM2)

This subroutine adds to the right side column matrix row corresponding
to each element on the wing and jet, the hinge downwash influence factor com-
puted in HINGE. For rows corresponding to elements on the jet, additional
modifications are made to the hinge factors before adding them to the right
side matrix in order to account for the influence of jet strength on the vorti-
city of each jet hinge element. These operations are done for one column
(fundamental case) at a time.

Matrix Preparation for Solution (PREP)

The form in which the matrix solution subroutine expects to find data
is row by row, left side then right side on each row, stored on a sequential
scratch file. Thus the augmented left side rows are read one by one from the
mass storage Unit 1 into a "transfer" array, the elements of the right side
matrix are defined as the last values of the transfer array, and the entire
array is written as one record onto Scratch Unit 2. In this way all the rows
corresponding to elements on the wing and then the jet are assembled or
"concatenated" and written to Unit 2 to form the entire matrix system.

Control of Matrix Solution (STG2S)

This control routine calls the matrix solution routine, MATRIX, re-
trieves the vorticity solution, and calls the back substitution check subrou-
tine if requested.

Matrix Solution (MATRIX)

This subroutine solves the matrix system directly by triangularization.
It is able to solve very large matrix systems using a relatively small amount
of core storage because it deals with only a portion of the system at one time,
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the remainder being stored on scratch files.

Scratch File Writing (SAVE)

Because of the large amount of writing to scratch files required in the
matrix solution this subroutine is used to write whole arrays as records with-
out reference to subscripts, thus significantly increasing the solution speed.

Scratch File Reading (GETT)

As with subroutine SAVE, reading whole arrays without reference to
subscripts significantly reduces the matrix solution time.

Matrix Back Substitution (BAKSUB)

As a check of the matrix solution accuracy, the user may wish to call
for a back substitution check. In a row by row manner, the augmented left
side matrix is read from mass storage Unit 1 and the corresponding elements
are multiplied and summed to form the right side matrix. This right side
matrix is printed for reference and should agree with the boundary conditions

printed earlier.

Control of Aerodynamic Coefficients (STAGE3)

This routine controls computation of all aerodynamic coefficients, in-
cluding stability derivatives, for both regular runs and stability derivative
runs. If stability derivatives are not requested in the current run, chord-
wise loading, spanwise loading, and total coefficients are computed by calling
STG3FC and STG3FS, respectively, for each fundamental case. Then a summary
table of total coefficients for all fundamental cases is printed by calling
STG3FT. For each composite case requested, the composite loading routine,
STG3C, computes and prints spanwise loading and total aerodynamic coefficients.
If stability derivatives are requested, subroutines FUNDER and C@PMDER are
called, which compute stability derivative coefficients for all fundamental and
composite cases, respectively.
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Chordwise Loading (STG3FC)

The loading on each element is computed from the vorticity solution pro-
! _ duced in the problem solution component program. If requested, the loading is
] printed, along with detailed expansions of the loading on all singular leading
edge and hinge EVD elements.

Spanwise and Total Loading Control (STG3FS)

Spanwise variation of 1ift, pitching moment and induced drag are computed
by calling SLOAD. Total induced drag is also computed by a momentum
analysis by calling subroutines SLOADG and TREFTZ. Total lift, pitching
moment, and rolling moment are computed in TLOAD, and total induced drag
(by pressure integration) and yawing moment are computed by calling TLOADX.
| If requested, all the above coefficients are then printed. This sequence is
repeated for each fundamental case.

Sunmary Table (STG3FT)

If requested, subroutine STG3FT prints a table of all total aerodynamic
coefficients for all fundamental cases. Since no coefficients have been com-
puted for unused fundamental cases, they are initialized to zero before printing.

-

Composite Case Loading Control (STG3C)

The composite chordwise loading is first computed by superimposing the

! loading from the required fundamental cases, each multiplied by its respective
input scale factor. The loading is also printed, if requested. For composite
cases, both the loading at zero angle of attack and the linear variation with
angle of attack must be computed. For the nonlinear coefficients, the vari-
ation with angle of attack becomes quadratic, and a new "cross-product" term,

| linear in angle of attack, is also required. The computation of all spanwise

f and total coefficients corresponding to the zero, linear, quadratic, and cross-

‘ product angle of attack terms are computed by calling the various loading

{ utility subroutines. A1l spanwise and total aerodynamic coefficients are then

1 printed, including a summary table of all total coefficients. Finally, sub-

‘ routine TABLE 1is called to give a variation of total lift, drag, and moments
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with angle of attack. The entire sequence of computations above are repeated
for each composite case requested.

Initialized Data (BLKDTA)

The block data subroutine defines an array of label names for use in
labeling the summary tables of total aerodynamic coefficients.

Singular EVD Loading Expansions (EXPLE, EXPH1, EXPH2)

The loading at five points on the EVD element are computed for leading
edge singularities and the leading and trailing parts of hinge singularities,
respectively.

Spanwise Loading (SLOAD)

This subroutine integrates the chordwise loading at each section to
arrive at the sectional values of 1ift, induced drag and pitching moment.
Because of the general nature of the computations, the loading for either

fundamental or composite cases can be computed, depending on the element
loading given.

Spanwise Cross-Product Loading (SLOADX)

The sectional cross-product values of induced drag are computed by chord-
wise integration of the loading of each element. This subroutine is utilized
only in computation of composite cases.

Spanwise Vorticity (SLOADG)

This subroutine integrates the chordwise loading at each section to get
the total vorticity of the jet wing system for use in calculation of induced
drag by a momentum analysis. Integration is from the leading edge to the
trailing edge for unblown sections, and from the leading edge to infinity
for sections with a jet.
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Total Loading (TLOAD)

This subroutine performs spanwise integration of the sectional values
of 1ift, jet strength, and pitching moment to produce total lift, induced
drag, jet strength, and pitching and rolling moments. Only total coeffi-
cients for fundamental cases are computed.

Total Loading - (TLOADO)

This subroutine computes total 1ift and pitching and rolling moments
for all composite cases at zero angle of attack. The coefficients are com-
puted by summing the fundamental case coefficients, each multiplied by its
respective input scale factor.

Total Loading (TLOADX)

This subroutine computes total induced drag (both momentum
wing pressure integral methods) and yawing moment coefficients at zero angle
of attack by spanwise integration of the appropriate sectional data. Both
fundamental and composite case coefficients may be computed.

Trefftz Plane Downwash (TREFTZ)

This subroutine computes the induced downwash at the Trefftz Plane
(infinity) due to all the loading of the complete jet-wing system, for either

fundamental or composite cases. These data are used in the momentum induced
drag method.

Composite Case Summary (TABLE)

This subroutine computes and prints a table of the variation of lift,
induced drag (momentum method), and pitching, yawing, and rolling moments
with angle of attack. The printout is given for each composite case.

Fundamental Case Stability Derivatives (FUNDER)

This subroutine controls calculation of stability derivatives for all
fundamental cases. Subroutine STG3FC is first called to generate the chord-
wise Toading for the stability fundamental cases. Then both chordwise and
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spanwise integration are performed by calling subroutines SUMITI and SUMITZ,
to yield stability derivatives due to rolling and yawing rates. For the last
fundamental case (due to rolling rate) certain stability derivatives are de-
rived directly from chordwise and spanwise loading in the normal manner by
calling STG3FS.

Composite Case Stability Derivatives (COMDER)

This subroutine controls computation of stability derivatives for all
composite cases. First the composite case loading is assembled, requiring
reading of the fundamental case solutions for the first run from mass storage
Unit 1. Then the subroutines SUMIT] and SUMITZ are called for chordwise
and spanwise integration of the loading to obtain the required stability de-
rivatives. Finally a table is printed showing the components of the stability
derivatives and the variation of the derivatives with angle of attack.

Stability Derivative Integration (SUMIT1)

This subroutine computes the derivatives of yawing moment due to rolling,
and rolling moment due to yawing by chordwise and spanwise integration of the
loading on each element.

Stability Derivative Integration (SUMIT2)

This subroutine computes the derivative of yawing moment due to yawing
by chordwise and spanwise integration of the loading on each element.

Stability Derivative Table (STABLE)

This subroutine prints, for each composite case, a summary of all stabi-
lity derivatives and the terms used to compute each. An angle of attack table
is then computed and printed, containing all the stability derivatives which
depend on angle of attack.

Control of Utility Routines for Stability Runs (STAGE4)

During the first run of a stability derivative run sequence, an extra
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fundamental case is created with induced camber intended to simulate a rate of
pitching. This is accomplished by calling subroutine BCPICH, and all the
resulting geometric data is printed by calling OUT2. During the second run
of a stability derivative run sequence, the fundamental case solutions from
the first run are saved on mass storage Unit 1 in subroutine SAVECP. The
fundamental case geometry is then redefined, with induced camber simulating
rates of yawing and rolling, by subroutines BCYAW and BCROLL, respectively.
Again, OUT2 gives a record of the new fundamental case geometry.

Fundamental Case Output (OUT2)

This subroutine is the same as subroutine OUT2, and prints the geo-
metric data defining the stability derivative fundamental cases.

Save First Run Solution (SAVECP)

For stability derivative runs, the loading solution from the first run
must be saved for use in the second run. This is accomplished by writing the
data on mass storage Unit 1, directly behind the matrix information previously
stored.

Pitching Rate Induced Camber (BCPICH)

This subroutine defines the induced camber angles on all wing and jet
EVD elements, which result from simulation of the wing pitching about the
input center of gravity location.

Rolling Rate Induced Camber (BCROLL)

This subroutine defines the induced camber angles on all wing and jet
EVD elements, which result from simulation of the wing rolling about the
x-axis.

Yawing Rate Induced Camber (BCYAW)

This subroutine defines the induced camber angles on all wing and jet
EVD elements, which result from simulation of the wing yawing about the z-axis.

31

kit itk oot b o o B S a S

i
]
|
4
i
!
:
1




A v

]
i
]
i
]
.
i
‘
!

3.3 EVD Functions-Numerical Restrictions

Because of the characteristic of all digital computers of defining
numbers to only a Timited number of significant digits, it sometimes happens
that equations cannot be evaluated with the required accuracy. This is
particularly a problem where the difference of two numbers of nearly the
same magnitude is taken. As the two numbers approach each other, the dif-
ference loses accuracy, and if they are identical (to the number of digits :
the computer can hold), the difference loses all accuracy.

For the four EVD downwash influence functions (see Appendix I of
Reference 1), the above type of problem has been encountered in their evaluation
when the control point is in the far-field or, for certain unique locations,
in the near-field region of any EVD element. These can generally occur along

the leading and trailing edges of any EVD element, and at the apex of a
Regular EVD.

The following restrictions and approximations have been adopted, without
loss of generality, in order to prevent random inaccuracies from affecting the
results. In the case of far-field cutoff, the true limiting values of each
function are used, and the only approximations are that these limiting values
are used somewhat "closer" than real infinity, where they correctly apply.

For near-field cutoff, the limiting values are used in small regions near the
points where the values correctly apply. The subscript i refers to the
control point at which the downwash is being computed, due to the vorticity
of element j.

EVD
Influence
Function Region Value Used
X =Xs 3
e 4 . i + 1 o 1
Regular* 6j+5j-]) > 100 a( .(.y.i yj)) e (sj Gj'])(yi'yj"‘ Yy ]
xi‘*j = 0, y=0 Not encountered
Xj=Xg = -Gj_],y=0 Not encountered
xi-xj = sj, y=0 Not encountered
*Reference 1: Appendix I, Section I.1




EVD
Function Region

Leading*
("i xj)/cj > 100

(xi-xj)/al <10t
‘(xi-ij/ ] \ 10°6

|x.-x.+d

Hinge =X
ingula T—-—-JL:i
Part j \'2'( j+6j

o -4
= 10
\'Z'(Gjhsj-]*

X;=X.+6
i 6'I II-]‘( 10-6
j-1

X =X:=6
J+l|< 107°
§
S.
k—l'—" - 1l< 10t
i~%5|
[
h;—_—}— - 1|<' 1074
i J

Value Used

o= fryvg) = - 2

1 1
Zn (.Vi'yJ"A .Yi'.Yj"‘A)

éi X3) (s yd)) (0'(’q'yj))

a ((x-%;) .(yi-yj))= - %“(f%.'—‘- + d)

) 1 )

a(("i"‘j) '(yi"j))‘ JEN? )

b (fe4-x3) » 047%) = E'f[‘ (85-1%8;) -
(sj JTog 65_1#5; logsj[ T TS +A]

"(("i'xj) 14 i'yj)} b("- (yi'yj))
b(x1 x3) » (¥4 J))— ( jo10 (s yJ)
(- o)
b("i x3) s (Vs ya)‘ 8310 (¥4 ))
b ((xi-xg)+(vs-v3)f b (80 (r47¥,)

* Reference 1: Appendix 1, Section I 2

+ PReference 1: Appendix I, Section I 3
+ Reference 1: Appendix I, Section I 4
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EVD
Function Region Value Used
Hinge* (=X =X 6
Singular j———-']- < 10° b(x =X\ s (Yi-Y )= b(c. y .=y )
(Part, ) & ‘ (1 J)'(i J) J’(i J)
cont'd

Xe=X.+6 I
"Lsi']‘jil <10 b (ki) (vi9) = B g0 0470y

Note: Values of Hinge EVD regular part are equivalent to Regular EVD.

¥

Reference 1: Appendix I, Section I 4
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4.0 INPUT DATA INSTRUCTIONS

The program input consists of various types of cards containing all the
information required to define a particular problem. The number of cards of
each type may vary from problem to problem, but the sequence is the same in all
runs. As a result of options chosen by the user, some types of cards may not
be required, but the sequence of the remaining cards must not be changed. Load
sheets for all cards are shown in Appendix D. The input deck is shown diagram-
matically in Figure 6.

For symmetric and anti-symmetric wings, all input and output data are
for the right half of the wing only. Figure 7 identifies some of the planform
coordinates required as input. These will be discussed in detail below.
Sectional input normally begins at the right wing tip section, working inboard
section by section. However, most data required for description of the jet
is only needed at sections where the jet exists, and unblown sections should
be skipped as indicated in the instructions below.

Figure 8 shows the reference coordinate system used for both input and
output data. This is a wind axis system with the freestream direction always
aligned with the x-axis. It must be noted that if a wing is to be analyzed in
the yawed position, it must be input as a non-symmetric planform, rotated about
the wing apex (z-axis) with respect to the x-axis. A1l wing sections will
still be aligned with the x-axis, including the wing tip sections. The printed
output will also be referenced to the wind axis system, and the user must make
suitable transformations if coefficients are required in a body axis system.

In the input description which follows, all input values are real float-
ing point numbers (F format), unless otherwise specified. Al11-specified inte-

gers should be right-justified in their fields.

4.1 Input Description

@ Title Card - This card provides any desired description of the computer
run. The title will be printed at the top of the first page of output.
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Column Name

1-80 TITLE

Explanation

Run title (any acceptable machine characters).

@ General Planform Parameter Card - This card contains basic planform infor-

mation.

Column Name

1-10 AREA

11-20 SPAN

21-30 CREF
i
S
/

31-40 XMC

41-50 XCG

Explanation

Wing area, in units of (SPAN)2 to be used for normalization
of aerodynamic coefficients.

Wing span, in any desired units.

Wing reference chord, to be used for normalizing various
aerodynamic coefficients. Same units as SPAN. If a value of
0.0 is input, the mean aerodynamic chord will be used.

Point about which pitching moments will be taken, measured
from the wing apex (origin). Same units as SPAN.

Wing center of gravity location, measured from wing apex
(origin), which will be used as pitching axis for compu-
tation of stability derivatives due to pitching. This para-
meter must be input only if IDERIV # 0. Same units as SPAN.

@ General Control Card - This card contains control flags which describe the

basic characteristics of the run.

Column Name

1-2 NRPWS

1 3-4 NCASES

Explanation

Number of spanwise sections (rows) into which the wing is
divided. For symmetric or anti-symmetric wings, only the
number of sections on the right half should be input
(3=NRQWS =40). Integer.

Total number of fundamental cases. It must be noted that
the angle of attack case is always set up automatically as
fundamental case number one, and no input data is required
for it. Therefore, NCASES must be one more than the number
of cases for which input data will be given, to allow for
the angle of attack case. (1= NCASES=10). Integer.
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Column  Name Explanation

5-6 ISYMM Symmetry indicator flag (symmetry about the x-axis).
Integer.

0 Wing and jet are symmetric.
> 0 Wing or jet are non-symmetric.
< 0 Wing and jet are anti-symmetric.
7-8  IPRINT Printed output control flag. Integer. ]

> 1 Print geometry details and total aerodynamic 3
. coefficients. ’
;% = 1 In addition, print spanwise loading. L
- = 0 In addition, print chordwise loading.
< 0 In addition, print all matrices, back substitution
check, and other details. This option is normally
reserved for troubleshooting, since it produces a
very large amount of output.
10 JETFLG Jet indicator flag. Integer.

| SESECEESEES

]

0 There is a jet sheet.
1 There is no jet sheet, and no jet inputs will be read.
E 12 IGTYPE Wing planform geometry indicator flag. Integer.

[}

1 Wing planform is completely arbitrary, and sectional
leading and trailing edge coordinates will be read
to define planform. *

= 2 Wing planform is trapezoidal, and simplified plan- 3

form input will be read.

Z :

14 IHINGE Hinge EVD indicator flag. Integer. L

: = 0 Regular EVD only will be used on all hinge elements. [
E > 0 Hinge EVD will be used on all hinge elements. This

option is not permitted for use in computing dynamic
stability derivatives (IUéRIV>>0).




Column Name Explanation

16 IDERIV Dynamic stability derivative control flag. Integer.
= 0 A basic run will be executed, with no stability
derivatives computed.
> 0 A basic run will be executed, and in addition,
a dynamic stability derivative run will be executed.
This option requires approximately double the basic
computing time.

® Section Centerline Location Cards - These cards contain the spanwise locations
of the centerline of each wing (and jet)section. Eight

| S—

Column Name Explanation
1-10,11-20, Y Spanwise distance from wing centerline (x-axis) to section
ete. centerline, normalized by SPAN/2. A1l values must be

(-1.0<Y< 1.,0). HNRPWS values must be input, beginning

at the right wing tip and working to the following:

(a) VWing centerline, for symmetric or anti-symmetric
wings.

(b) Left wing tip, for non-symmetric wings.

® Wing Section Type Card - This card indicates the chordwise arrangement of
EVD elements for each section on the wing.

Column Name Explanation

1-2, 3-4, ICTYPE Type number of each wing section. The arrangement of
e chordwise EVD elements in a row (both number of elements
and the x/c location of each) determines the wing row type.
Any two sections which have the same number and x/c loca-
tions of all EVD elements, have the same ICTYPE value.

different values (i.e., section types). The highest value
input is called NWTYPE, and all values less than NWTYPE

41
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values per card, maximum of five cards (40 sections) allowed.

NROWS values must be input. There may not be more than ten |
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Column Name

Explanation

must be used, that is, no "gaps" are allowed in the
sequence 1 through NWTYPE. Integer.

¢ Number of Chordwise Wing Elements - This card contains the number of chordwise

Column Name

1-2,3-4, NI
etc.

Up to
CC10

EVD elements for each wing section type.

Explanation

Number of chordwise EVD elements of each wing section type.
There must be NWTYPE values (1=<NWTYPE=10) in the
sequence for section type 1, 2, 3, ....(i.e., ascending
order of row types). At least two but not more than twenty
chordwise EVD elements must be input on each wing section.
(2=NI=20). Integer.

® Wing Chordwise Element Coordinates - These cards contain the x/c coordinates

Column Name

1-10,11-20, XB
etc.

of each EVD element of each section type. NWTYPE sets
of cards required, each with NI values of x/c. Maximum
of ten sets, three cards per set.

Explanation

The chordwise coordinate of each EVD vortex point, measured
from the sectional leading edge and normalized by the
sectional chord. The vortex point is defined as the leading
edge for all Leading edge EVD's and the "peak" point for

all Regular and Hinge EVD's. The first value of each set
must be 0.0 (leading edge) and the last value must be less
than 1.0. A maximum of 20 values (i.e., 20 EVD elements) is
permitted for each set, but the total number of elements

on the wing and jet combined must not exceed 600.
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0 Leading and Trailing Edge Coordinates - These cards contain the coordinates

of the leading and trailing edges of the given sections.

; Only stations on each side of breaks in the leading or
trailing edges need be input. The tip and root sections
must be input. The leading and trailing edges are inter-

; polated for sections not given by putting straight lines

1 between those sections which are given. This method of

] _

|

planform definition is used only if IGTYPE = 1. Number
of cards required is 22 and =NR@WS.

3 Column Name Explanation

1-10 Y Spanwise distance from a section centerline to the center-
line of the wing (x-axis), normalized by the half span.
Each value must be the same as one of those already input
on the section centerline location cards. Values on the
right wing half are positive, and values on the left wing
half (nonsymmetric only) are negative.

R

11-20 XLEAD Chordwise distance from section leading edge (at section
kL centerline) to the wing apex (y-axis). Same units as SPAN.

21-30 XTRAIL Chordwise distance from section trailing edge (at section
centerline) to the wing apex (y-axis). Same units as SPAN.

F 1 9 A 9 must appear in CC1 of the next card after all the
above coordinate cards to signal that all desired

sections have been input. This card is required only
if IGTYPE = 1.

0 Trapezoidal Wing Parameters - This card contains planform information for

simple trapezoidal wings. It replaces the above coordi-
nate cards including the 9 card when IGTYPE = 2.

This type of input may be used only when the wing planform
is symmetric.

e el e




Card Variable
Column  Name Explanation

i 1-10  ARATI@  Wing aspect ratio, (SPAN/AREA).

11-20 SWEEP Sweep angle of wing quarter-chord 1ine, in degrees.
/
21-30 T Wing taper ratio, cupaowin%/cuoanaxis e
tip symmetry

® Jet Row Type Card - This card indicates the chordwise arrangement of EVD
i elements for each section on the jet sheet. Required
L; only if JETFLG = 0 .

Column  Name Explanation

1-2,3-4, IJTYPE The type number of each jet section. This variable is
ShS. similar to the ICTYPE variable, except that for sections
with no jet a value of 0 must be input. The number of
different jet section types is called NJTYPE. The number
of nonzero values input is NROWSJ, the number of sections
having a jet. Integer.

Ao el

® Number of Chordwise Jet Elements - This card contains the number of chord-
wise EVD elements for each jet section type. Required |
only if JETFLG =0 .

Column Name Explanation
' |
1-2, 3-4, NI Number of chordwise EVD elements of each jet section J
etc.

type. This variable is similar to NI for wing sections
above, except that there must be NJTYPE sections. At
least 2 but not more than 10 chordwise EVD elements must
be input on each jet section (2<NI=<10). Integer.

'

® Jet Chordwise Element Coordinates - These cards contain the x/c coordinates
of each element of each jet section type. NJTYPE sets
of cards required, each with NI values of x/c. Maximum d
of 10 sets, 2 cards per set. Required only if JETFLG =-0. L
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Column Name

1-10,11-20, X8
etc.

Explanation

The chordwise coordinate of each EVD vortex point,
measured from the sectional leading edge (at centeriine)
and normalized by the sectional chord. The first value
of each set must be 1.0 (trailing edge) and a maximum
of 10 values is permitted for each set (2< NI =<10).

® Fundamental Case Control Card - This card identifies the types of linear

| ——

Column Name

2 INTWST
i 4 INHITE
| 6 INDELJ
8 INCAMB
3 10 INBETA

geometric variations to be included in each fundamental
case. The number of fundamental cases input must be

one less than NCASES, to allow for the angle of attack
case. A new fundamental case control card is required
for each of the (NCASES - 1) input cases. In each of
the flags below, a zero value indicates omission of the
respective type of input for that fundamental case. A
non-zero value indicates the variation will be included
and input must be given to define it.

Explanation

Spanwise twist distribution flag. Integer.
Leading edge vertical displacement flag. Integer.
Jet deflection flag. Integer.

Camber flag. Integer.

Wing hinge deflection flag. Integer.

® Twist Distribution Card - These cards contain the spanwise distribution of

Column Name

1-10,11~20 TWIST
etc.

B PSS S ——

wing twist. NROWS values required, eight per card.
Required only if INTWST # O.

Explanation

Sectional wing twist, in degrees, at section centerline,
with respect to the wing reference plane. Positive is
in the same sense as a positive angle of attack. See
Figure 3b .
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0 Leading Edge Height Card - These cards contain the displacement of the wing
: ! leading edge from the wing reference plane. NRPWS values
required, eight per card. Required only if INHITE # 0.

Column Name Explanation
| 1-10,11-20, HO Displacement coordinate of sectional leading edge from the
etc.

wing reference plane, normalized by the sectional chord.
These values are used only for computation of the moment
arm of the jet reaction thrust contribution to pitching
moments. Leading edge displacement may be the result of
dihedral, twist, nonlinear movement of a leading edge
device, etc. Translation resulting from ordinary linear
leading and trailing flap deflections and angle of attack
are accounted for automatically by the program.

@ Jet Deflection Card - These cards contain the spanwise variation of jet
E deflection, relative to the trailing edge. NROWSJ
values are required, eight per card. Required only if

r INDELJ # O.

| Column Name Explanation

1 1-10,11-20, DJ Jet turning angle, in degrees, relative to the mean line
etc.

of the trailing edge. Positive deflection is downvard.
See Figure 3b (:).

, 0 Camber Type Flag Card - This card indicates the chordwise distribution of

| camber for each section on the wing. Required only if
i INCAMB # O .
!

"1 Column  Name Explanation
| 1-2,3-4 ICT Camber type number of each wing section. The arrangement
etc.

|
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of camber, including all positions (x/c) and angles must
‘ be the same in order for two sections to have the same
i value of ICT. NRPWS values must be input, but a maxi-
! mum of 10 different types is allowed. The highest value
input is called NCT, and there may be no '"gaps" in the
q numbering sequence between 0 and NCT. A zero value
indicates no camber. Integer.

@ Camber Angle Cards - These cards contain the camber angles for each camber
section type. NCT sets of cards required, three cards
per set maximum. Required only if INCAMB # 0.

B oa i >
R OB o 7 AT

i Column Name Explanation
|
J
1-10,11-20, AC The camber angle, in degrees, at the downwash control
etc.

1 ' point of each EVD element (i.e., the point arbitrarily
chosen as halfway between any two adjacent XB points,
including the trailing edge). Positive values are in

’E the same sense as positive angles of attack. See Figure

3b Q.

b . ® Trailing Edge Camber Angle Card - These cards contain the trailing edge angle
l‘; due to camber only. NRPWSJ values are required. Required
P 1

}

only if both INCAMB # 0 and JETFLG = 0.

Column Name ; Explanation
1-10,11-20 ACTE Trailing edge angle, in degrees, due to camber only. These
etc.

values are required only for sections which have a trail-
E | ing jet, and are used only in computing the total jet de-
flection angle with respect to the freestream.

| ® Hinge Section Type Card - This card identifies the arrangement of leading
A and trailing flap hinges on each section. NR@WS values
are required. Required only if INBETA # 0.
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Column Name Explanation
, 1-2t3-4 IHT Hinge section type flag. If there are no hinges, a value
i etc.

of 0 should be input. Sections with the same hinge sec-
“tion type must be alike in number of hinges, their loca-

tion (x/c), their type (leading or trailing flap) and in

all deflections. There may be as many as NRPWS different
section types. The number of different types is called

NHT, and there may be no gaps in the sequence 0 through

NHT. Integer.

¢ ® Hinge Parameter Cards - These cards contain the location, type (leading or

j I trailing edge flap) and turning angle at each hinge on a
given type of hinge section. NHT cards required. Each

| —

section may have a maximum of four hinges. Required only
if INBETA # O.
Column Name Explanation
| 1-10,21-30 XBH Distance from the sectional leading edge to the hinge
E etc. point, normalized by the sectional chord. This value
¥ must be the same as one of the XB coordinates input for
- the section.
1
# 11,31, ILT Hinge type identification flag. Integer.
! etc.

= 0 Trailing flap hinge (positive deflection in the
sense of positive angle of attack).

# 0 Leading flap hinge (positive deflection in the
sense of negative angle of attack).

12-20,32-40, BETA Hinge deflection angle, in degrees, of the element
WAL behind the hinge point, relative to the element before
the hinge point. See Figure 3b @, ®, @.

@ Composite Case Cards - These cards specify the desired superposition of the
linear fundamental cases. A maximum of 24 composite cases

may be requested. No composite cases may also be specified j
(9 card alone required). See Figure 3c.
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Column Name

1-2,9-10, N
etc.

3-8,11-16, A
etc.

1 9

Jet Strength Cards -

Column Name

1-10,11-20, CMU
etc.

Explanation

Fundamental case number which is to be included in
forming a given composite case. Integer.
Multiplication factor to be applied to the fundamental
case identified in the previous two card columns.

A "9" must appear in CCl of the card following the com-
posite case cards to signal the end of composite case
input. (Required even if there are no composite case
cards input).

These cards contain the jet strength for all sections
which have a jet. NROWSJ values are required. An
unlimited number of sets of cards may be input, maxi-
mum of five cards per set. Required only if JETFLG = O .

Explanation

Sectional jet momentum strength for each jet row. CMU

is defined as CMU = J/qc(y), where J is the sectional
jet momentum per unit span and q and c are the dynamic
pressure and sectional chord, respectively. There may be
no zero values input, unless all values are zero (indi-
cating no jet at all).

A "9" must appear in CCl1 of the card following all CMU
cards to signal the end of CMU input. Required only if
JETFLG = 0 .

4,2 Input Restrictions

Most of the limitations imposed on the range of input values are designed
to minimize computer storage requirements, but still to provide the capability
for adequate treatment of complicated configurations. While all of the input
restrictions have been stated or implied in the input description section above,
they will be summarized here for convenient reference.
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3 < NROWS = 40

1 = NCASES = 10

IGTYPE = 1 or 2

Number of chordwise wing elements on any section 2 = NI = 20
Number of chordwise jet elements on any section 2 < NI = 10
Maximum of ten different section types each on wing and jet
On wing 0.0 < XB < 1.0

On jet 1.0 < XB

Only NROWSJ values required for DJ, ACTE and CMU input
0.0 = CMU < 800.0

11. For stability derivative runs, only one set of CMU data may be input

1
2
3
4
5.
6
7
8
9

—
o
.

e ey, e

‘ Due to certain curve fitting restrictions in the calculation of induced
} drag by the momentum method, at least three adjacent sections must be used
in defining either a jet sheet or a region on the wing which has no trailing
jet sheet. Thus, a jet cannot consist of only one or two sections. Likewise, {
inboard or outboard of any jet, there must be at least three unblown wing
sections. If the three-in-a-row rule is not followed, the program will stop
i automatically.
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5.0 OUTPUT DATA DESCRIPTION

The program output consists entirely of data written to the standard
print Unit 6. Four print options, controlled by the input value of the IPRINT
flag described above, are available to the user. The normal printout is given
for the default value of zero, and includes chordwise and spanwise loading and
total wing aerodynamic coefficients. If the details of chordwise or spanwise
loading are not required, a large part of the print and a slight amount of com-
puting time may be saved by requesting one of the more restricted forms of output.

If more information is required for program checkout or troubleshooting,
the extended print option may be used. Under this option, all of the perti-
nent data of the problem solution are printed, including downwash coefficients,
augmented matrix coefficients, vorticity solution and back substitution check
for recovery of the right side matrix. The matrix information is given in a
row by row sequence, each row corresponding to one EVD element. For each row
the influence coefficients of all EVD elements on the one in question are
listed across the page. For example, the downwash influence due to Element 12
on Element 6 would be the second number of the second line listed under matrix
Row 6.

The detailed print option, when used in a stability derivative run, will
also give for the second run the chordwise loading, spanwise loading of the
last fundamental case, and the summary table of total coefficients for all
fundamental cases. These data are not intended for direct use, but mainly
for indirect checking of the consistency of certain stability derivative
results.

It will be helpful for the user to refer to the sample problem output
of Appendix A during discussion of the output data given below. A1l output
symbols and labels are listed in the nomenclature section and all angles
are measured in degrees.

Even though many significant digits are printed, this is by no means
meant to imply that the coefficients are accurate to such a degree. Six or
eight significant digits are printed only so that the effects due to small
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deflections or planform changes will be visible in the F format. While
changes in the last significant digits may indicate the trends of effects due

to small changes, they must not be construed to indicate their magnitude ac-
curately.

The composite case linear aerodynamic characteristics are 1ift, pitching
moment, root bending moment, and rolling moment. They are composed of a value
at zero angle of attack and a linear variation with angle of attack, and may
be calculated as follows:

(CCL = CCLO + CCLA * ALPHA)

The nonlinear characteristics include all of the drag contributions, yawing
moment and side force, and are composed of a value at zero angle of attack,
a square variation with angle of attack, and a "cross-product" linear vari-
ation with angle of attack as follows:

C = C :

o
e TR

a=0 a

(CCD = CCDO + CCDX * ALPHA + CCDA2 * ALPHA ** 2)

The proper methods of composition of the dynamic stability derivatives vary
greatly, and are shown in the printout for each of the types of derivatives.

As noted in the input data instructions, the reference system of both
input and output data is a wind axis system, with the x-axis aligned with the
freestream. If it is required to analyze a yawed wing, the wing must be input
in the yawed position and considered as non-symmetric. If aerodynamic coeffi-
cients are required in a body axis system, they must be transformed by the
user. In the linearized analysis, the only contribution to side force should
be the leading edge suction, taken normal to the local leading edge.

The program automatically normalizes all the geometry data by dividing
by half the input value of the wing span (i.e. SPAN). Thus, the program works
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exclusively with a wing which has a span of two units, and all output is for

this normalized wing.

5.1 _MWing Characteristics and Control Flags

The program title header and the input case title are printed for ref-
erence. Next the major wing planform characteristics and input control flags
are printed. Since the program will automatically redefine some of the para-
meters and flags under certain run conditions, both the input and internally
used values are printed for reference.

5.2 _Fundamental Case Geometry

The page header is printed at the beginning of data for each fundamental
case. For each section, the pertinent dimensions are given on the first line.
Next the detailed data for the wing are given, with the general information
printed on the first line, followed by the chordwise arrangement of all ele-
ment locations, angles and EVD types. Each number printed across the page
corresponds to one EVD element, beginning at the sectional leading edge and
working toward the trailing edge. The data given include, for each element,
the following:

Chordwise location, first normalized by the local chord, then

in dimensional units.

Chordwise element length.

Total incidence angle resulting from all forms of fundamental

case deflections.

Hinge turning angle of each element.

EVD type.
Next, the jet element data is given, if there is a jet at that section. The
first 1ine contains data applying to the whole jet section, and is followed
by the chordwise arrangement of EVD element data. The element incidence angle
is not printed since it has no physical meaning, and the hinge turning angles
must be zero for all but the leading jet element. The length of the jet in-
finity EVD element will always be printed as a large number overflowing the
format, since it is theoretically infinite and is automatically assigned the
value 1010,
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The values of TYPE identify the following EVD types:

10 Regular EVD

20 Leading Edge EVD

30 Infinity EVD

4] Leading edge flap hinge

42 Trailing edge flap hinge Hinge EVD
43 Trailing edge - jet-emersion

For all fundamental cases after the first the printout of element
dimensional locations and lengths are skipped, since they are the same for
all cases. The normalized chordwise locations are also repetitious, but are
printed for reference in each case.

5.3 Sectional Jet Strength

This output is given for reference and includes the cu value at every
section, whether or not it is a jet section. This printout is skipped if
JETFLG # 0.

For dynamic stability derivative runs, an extra fundamental case is
created automatically by the program, with incidence angles defined according
to the quasi-steady induced camber due to a one degree/second pitching rate
about the XCG 1location.

5.4 Fundamental Case Coefficients

After the problem solution is completed, the loading, Acp, on each EVD
element is printed for all fundamental cases. These data are given section
by section, with the wing element loading first and the jet element loading
second. In addition, detailed loading at small intervals are given for all
leading edge and hinge EVD elements. This is intended primarily as an aid
to the user in plotting the chordwise loading. The hinge detailed print is
given only if IHINGE # 0, since hinge loadings are otherwise represented by
regular EVD elements rather than singular hinge EVD elements.

The spanwise loading data include, for each fundamental case, the 1ift,
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induced drag, pitching moment, and center of 1ift for each wing section. At
the bottom of each column, the values labeled "TOTAL" are the corresponding
integrated aerodynamic coefficients for the whole wing. The sectional pitch-
ing moment coefficients are taken about the sectional leading edges, while

the total coefficients are taken about both the wing apex (origin) and about
the input XMC 1location. Sectional center of pressure and center of 1ift
data are all normalized by the sectional chord. The total values indicate the
chordwise centers of pressure and 1ift, each normalized by either reference
chord or wing semispan. The total value of induced drag computed by the
momentum method is given under the column headed ALFINF.

For dynamic stability derivative runs, the derivatives due to pitching
are derived from the last fundamental case and are printed below the spanwise
loading data.

Finally, a summary table of all total aerodynamic coefficients for all
fundamental cases is printed. These values are the same as those printed
under the spanwise loading data, but also include rolling and yawing moments.
The most important coefficients are labeled with asterisks.

It should be noted that in order to compute the sectional pitching
moment about the leading edge due to the thrust component (in the freestream
direction) of jet reaction acting at the trailing edge, the vertical distance
between the leadirg and trailing edges must be known. For wings with flap
or slat fundamental cases, the program computes this distance using the hinge
points and respective deflection angles. If, however, the same deflections
are described by a camber fundamental case, the program has no way of knowing
that the leading or trailing edges are displaced, and therefore, the jet thrust
pitching moment contribution will always be zero. The user is thus warned to
use care when interpreting the pitching moment results for jet-wings where
flap or slat deflections are treated as camber alone.

5.5 Composite Case Coefficients

The composite case output is similar to that for fundamental cases, ex-
cept that all data is given for each composite case before going on to the
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next. The first line of data contains the input multiplication factors for
the fundamental cases comprising this particular composite case. Then the
chordwise loading is printed for each section. The Ac_. values are for zero
angle of attack, labeled (A = 0), and for the variation of loading with angle
b of attack, labeled (A = 1). The fundamental case factors apply only to the

| loading at zero angle of attack, and the loading variation with angle of

‘ attack is taken directly from fundamental case number one.

As noted above, the CP value is infinite at the Leading Edge and
Hinge points, and the values printed are the Leading Edge "average value"
and the Regular EVD "peak" value underlying the singular Hinge EVD loading,
if any. Thus, these points must not be plotted directly by the user. The
Jet-Infinity EVD decays slowly from its "peak" value to zero at infinity
) downstream. The printed values may be used to compute any intermediate
loading from the following equations:

Leading Edge Element:

-3
“oxp 3 "4 [(—35-(%) 7 (é?‘)] " i (‘)‘é%)

Hinge Element:

4. Tog (c&;_,) (xB-XH)] (acps-acp, ) |
i i-1 Pi™""pi-1 |
Ac, = - — |Tlog(c|XB-XH|) + + |ac, + XB-XH |
Pg 7 851 J P 5i-1 e !
(for XB <XH) |
g g |
4g . Tog (c3.)(XB-XH ACp:=ACp. |
Ac. = -|—- log(c|XB-XH|) - (€83 )+ ac, - (4pi-2pi41) XB-XH
m by
Pxs i Pj i
(for XB < XH) |
Jet-Infinity Element:
f =2
Ac. = Ac_ d?|c XB-1|
PxB i ( )
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where ¢ 1is the local chord, & is the element length, XB is the point
where the loading is required, XH is the hinge point, and i refers to

the Leading-Edge, Hinge or Jet-Infinity elements, respectively. XB, XH,

and & are normalized by c.

'f The spanwise loading data are presented in generally the same way as

; for each fundamental case, except that there is more information. For the

i linear aerodynamic coefficients (1ift, pitching moment, and center of 1ift),
the sectional and total coefficients are given for both zero angle of attack
3 (1abels ending with 0) and their variation with angle of attack (labels

| ending with A).. The first two lines of total 1ift center data are the chord-
wise locations normalized by reference chord, and in the third and fourth
lines they are normalized by the wing semispan.

L —

For the nonlinear induced drag coefficients, three terms are required:
zero angle of attack (labels ending with 0), variation with angle of attack
squared (labels ending with A2), and the “"cross-product" variation with angle
of attack (labels ending with X),

;. A summary table of all total aerodynamic coefficients is printed, with
the data taken from the total data of the spanwise loading. Coefficients at
zero angle of attack and those which are associated with a and o2 are

4 shown.

F Finally, a summary table of the variations of total lift, pitching

: moment (about XMC), rolling moment, induced drag (momentum method) and yaw-
ing moment about XMC with angle of attack are given. In the sample case, the
small negative drag values are not errors, but are simply an indication of
inaccuracy resulting from the very coarse spacing used in the example.

It must be noted that in the above description of composite cases,

TP S ———

1 angle of attack equal to zero refers to the basic configuration of the wing
P as constructed from the scale factors input for all fundamental cases. Since
\ the a-case is a legitimate fundamental case and a multiplication factor may
f be input for Case 1, it is possible to have a composite case which is labeled
"o=0" by the program, but which actually has an arbitrary constant flat plate
| -
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loading superimposed on it. The program does not distinguish an input for
fundamental Case 1 from the other cases and, therefore, does not "know" that
the wing is already at some angle of attack.

This feature may be used with care to obtain the composite loading at
some angle of attack of particular interest, say a=4.3°, but the user should
be aware that he has now forced the loading labels to be misleading. A label
of o=0° now refers to the loading at o=4.3°, o«=10° now means a=14.3°,
etc. The user should check the scale factor for fundamental Case 1 printed
at the top of the page in order to avoid misinterpretation of the composite
case output. If it is 0.0, then all the labels are consistent with the
printed data.

A11 of the output data described in Section 5.5 are repeated for each
requested composite case in turn.

5.6 Stability Derivative Output

For most runs the program will repeat the above output for all requested
composite cases. It will then attempt to read new CMU data and, if no CMU
data is found, it will attempt to begin a completely new run. If no new run
data is found the job is terminated. For dynamic stability derivative runs,
however, the program will automatically begin a second run in which the de-
rivatives due to rolling and yawing are computed. Al1 previously input
fundamental cases are altered to represent the effects induced by a yawing
rate of one degree/second. Likewise; the extra fundamental case is altered
to represent the effects induced by a rolling rate of one degree/second.

The fundamental case output for the second run consists simply of the
rolling and yawing derivatives due to yawing (original fundamental cases) and
due to rolling (extra fundamental case).

The output for the composite cases again includes the input fundamental
case multiplication factors. As with the basic aerodynamic coefficients,
the stability derivatives are generally composed of several angle of attack
terms, but some of them are also dependent on the rates of yawing or rolling
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themselves. The complete formulas for calculation are given in the printout.

Finally, a table of the variation of those derivatives which depend on
angle of attack is given. Since only one CMU case can be treated, the program
will attempt to begin a completely new run after the second stability deri-
vative run. The termination message is printed, indicating the current run
is completed, and if no further input data is given, the job is terminated.
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6.0 OPERATIONAL CONSIDERATIONS

| —p——

T e e

; 6.1 Program Versions Available

The EVD Jet-Wing Computer Program has been written entirely in Fortran f
IV, and could run on any large computer system. The program was developed on ;
4 the IBM 360 and 370 systems at Douglas Aircraft Company and converted for use f

on CDC 6000 series computers. It is expected that only minor changes would
be required for running on any other large-scale computing system.

|
|
| 6.2 Overlay Structure q

Because of the large size of the program, the overlay feature of ﬂ
FORTRAN is required for operation on most machines. Shown below in Figure 9 I
is the overlay structure of the Mark II version. This structure requires '
approximately 141000 octal words of storage on the CDC 6500 and approximately z

Mr—

235000 bytes of storage on the IBM 360 computer. The overlay control cards
for CDC 6000 series computers are included in the program listing, Appendix C.

A —

6.3 Peripheral Storage Devices

i

The program requires the use of six peripheral storage devices, plus
any devices required by the local system. These devices may be tape or disk £
units, and are described as follows: 7

Unit Type Use 13

1 Binary Mass storage of downwash influence coefficients and
matrices.

Binary Matrix input to solution routine. ¥

Binary Temporary storage during matrix solution. -

Binary Temporary storage during matrix solution.

BCD Standard input unit. L

BCD Standard printed output unit.
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QVERLAY (0)

EVD (MAIN)
APPLY1
APPLY2
[WEMAV 3] lovenuw 12) lovenuw (3) ]oveauv (4)
STAGE3
s - e
!::.',i J STG3FT SAVECP
XLETR1 STG3C 8CPICH
XLETR2 [ofveauw 2. 1oveauv 2.2  BLK DATA :gcgat
NORM1 STG2D STG2S EXPLE
8OXS DWNWSH MATRIX EXPHY
INCASE EVD1 SAVE EXPH2
BEECEE EVD2 GETT SLOAD
ouT1 EVD3 BAKSUS SLOADX
INCOMP EVD4 SLOADG
BLOWIN SHUFL1 TLOAD
BOXJ SHUFL2 TLOADO
TANS coLuUM! TLOADX
CcOLUM2 TREFTZ
HINGE TABLE
PREP FUNDER
COMDER
SUMIT1
SUMIT2
STABLE

FIGURE 9. PROGRAM OVERLAY STRUCTURE
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6.4 Program Running Time

The computer running time for the EVD Jet-Wing Program depends primarily ,
on the number of EVD elements which are used to represent the jet-wing and, i
of course, on which computer is being used. The number of fundamental and
: composite cases requested has a relatively small influence on computing time.

| Figure 10 shows the time required for program execution on the IBM k
| 370/165 computer. CPU (Central Processor Unit) time refers to real time |
used in calculation. I@ (Input/@utput) time refers to an equivalent time

charged for processing on peripheral storage devices and may be known as PP

(Peripheral Processor) time. This includes reading and writing of temporary

data sets such as the card input unit, printed output unit, scratch tapes,

punched cards, etc. Total time is the sum of CPU time and IP time.

[ S—

Other machines and other installations may require a different amount
of time for execution. It is expected that CPU time will vary among machines,
but will be representative of the speed of any particular model. On the other
E; hand, I@ time is expected to vary from installation to installation, depending
4 on the facilities available, the demand placed upon them, their cost, etc. !

b . Figure 10 applies to the execution of one value of jet strength (which
may be the no-jet case). For each additional jet strength case required in
a single run, the total time will be increased by approximately half the total
time of the first jet strength case.
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APPENDIX A - SAMPLE PROBLEM

Both the input card images and the program printout for a small sample
case are given below. It must be noted that this case has been prepared only
as a brief example of program input and output. The spacing is very rough,
both spanwise and chordwise, and should not be used as a model for preparation
of other cases. The fundamental and composite case capabilities of the pro-
gram are far greater than those demonstrated by the sample case. Because of
the crude spacing and few elements, it is expected that the results shown
will not accurately predict the wing's aerodynamic characteristics.

INPUT CARD IMAGES

*x% ONR SAMPLE CASE *xx RECTANGULAR WING CMU =1
WITH STARILITY DERIVATIVES

4.500 4.500 1.700 C.2590 0,250
43000211

n.9750 0.88750 N.68750 C.2750

1121

56

C.000 C.100 C.2C0 C.509 C.900
c.0nC 0.100 n.270C C.5C0 0.R0C 0.900
4.5CC c.N00 1.0CC

EE L1

4

1.0C0 1.100C 1.5CC 3.C09
001100

1.2C0 t.cocC 1.0CC 1.CC0

0 N001

¢ 2 1e

0.9CNC 0 1.000

1 0.0C 2 10,00 3 10.00
9

1.000 1.C0o0 1.CN0O 1.0C0

9
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SAMPLE PROBLEM

sene e .

OuTPU

JET - WING COMPUTER

PROGRAM =

*%% ONR SAMPLE CASE ®s® RFCTANGULAR WING My = | WITH STABILITY DERIVATIVES

USED
AREA = 0.898889
SPAN = 2.000000
CREF = 0. 4ho4bs
XuC = 0. 111111
C™MAC = 0.4bbbbs
ARATIO = ©.500000
XCG = 0.111111
NROWS = & o
NCASES = 3 3
ISYMM = 0 )
IPRINY = O 0
JETFLG = 0 0
IGTYPE = 2 2
IHINGE = O 1

NUMBER NF WING ELEMENTS =
NUMBER OF JET ELEMENTS =
TOTAL NUMBER OF ELEMENTS =

ven

LR R e T R T T T T

1NPUT

4.500000
44500000
1.000000
0.250000
0.999999
4.500000
0.250000

21
37

">

¢ ELEYENT GFNMETRY DATA AND FUNDAMENTAL CASE DATA FOR FUNDAMENTAL CASE 1 =

*#es SECTION 1 se= ¥ = ).975000 OELTA = 0.025000 XLEAD = 0.0
WING ELEMENTS Nw = 5 TWIST = 0.0 HL = 0.0

x8 J.0
x1 Je0

XTRAIL = J.444464 CMORD = 0.644444 TANLE = 0.0
THETA S = 0.0

0.100000 0.200000 0.500000 0. 900000
0.044444 0.088889 0.222222 0.400000

CEL J.100200 2.100000 0.300000 0.400000 0.100000
EPS 1.000000 1.000000 1.000000 1.000000 1.000000

BETA 0.0 V.0 0.0 0.0 0.0
TYPE 20 10 10 10 10
JET ELEMENTS N = & 0 = 0.888889 0J = 0.0 ACTE = 0.0 THETA = 1.000000

x8 1.0u0000 1.099999 1.500000 3.000000
x1 Jebblsbs 0.4388R29 0.666667 1.333333
DEL 0099299 0.400001 1.500000%%s¢ss savsa
BETA 0.0 0.0 0.0 0.0
TYPE 10 10 10 30

*%% SECTIUN 2 ®* ¥ = Q,897500 DELTA = 0.0625%0 XLEAD = 0.0
WING ELEMENTS NW = & TwiIST = 0.0 H = 0.0

X8 0.0
xi 3.9

XTRAIL = D.4bkéeld CHORD = 0.444464 TANLE = 0.0
THETA § = 0.)

0.100000 0.200000 0.500000 0.900000
U.04606% 0. 088885 0.222222 0. 400000

CEL J.+102300 0.100000 0.300000 0.400000 0.100000
EPS 1.000700 1.000000 1.000000 1.000000 1.000000

BETA 2.0 0.0 0.0 0.0 0.0
TYPE 20 10 10 10 10
JET ELEMENTS Nz 6 D = 0.98RRE9 CJ = 0.0 ACTE = 0.0 THETA = 1.000000

X 1.Qu0uu0 1.u999096 1. 500000 3.000000
xI Dabbbbtots 0.438085 0. 666667 1.333333
LEL J.069¢99 0.400001 1.500000% ¢*sesesnss

BETA J.0 0.0 0.0 0.0
TYPE 10 10 10 30
*%% SECTICN 3 ®»a¢ v = (,687500 (ELTA = 04137500 XLEAD = 0.0 XTRAIL = 0.646444 CHORD = 0.644444 TANLE = 0.0
wING ELEMENTS N = 6 TwIST = 0.0 H = 0.0 THETA S = 0.0
X8 .0 0.100000 0.200000 0.500000 0.800000 0. 900000
x1 .0 0.044464 0.08R889 0.222222 0.355555 0.400000

DFL J«100000 0.100000 0.300000 0.300000 0.100000 0.100000
£es 1.000200 1.00000¢C 1.0000060 1.000000 1.000000 1.000000

BETA 0.0 0.0 0.0 0.0 0.0 0.0
TYPE 20 10 10 10 10 10
JET ELEMENTS N o= 6 © = 0.r88889 0J = 0.0 ACTE = 0.0 THETA = 1.000000

XA 14000000 1.039¢@04q 1.500000 3.000000
X1 Qe bbbty 0.48°R8¢ 0. 666667 1.333333
DEL J 06994 0+400001 1.500000%¢#esssnton
BET& 0.0 0.0 0.0 0.0
TYPE 10 10 10 30

®s% SECTION 4 ==¥ ¥ = 0,275000 OELYA = 0.275000 XLEAD = 0.0
WING ELEMENTS Nw = 5 TwIST = 0.0 HL = 0.0

Xxb 0.0
xt 2.0

BETR .0 0.0 0.0 0.0 0.0
TYPF 20 10 10 10 10
JET ELEMENTS o= 6 N = 0.3888P9 DJ = 0.0
X 1.000000 1.099¢39 1.500000 3.000000

x1 Debbbtrss V486579 0. 666667 1.333333
DEL J.0%9939 0.400001 1.500000%*ssssesans
BETA d.0 V.0 0.0 0.0
TYPE 10 10 10 30

A2

0.130000 0.200000 0.500000 0.900000
0084 e4d 0. 088889 0.222222 0.400000
Okl 24100000 0.100000 0.300000 0.400000 0.100000
(133 1.000000 1.000000 1. 000000 1.000000 1. 000000

ACTE = 0.0 THETA = 1.000000

XTRAIL = ) .444464 CHORD = 0.444444 TANLE = 0.0
THETA S = 0.)
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& ELEMENT GFOMETRY DATA AND FUNDAMENTAL CASE DATA FOR FUNDAMENTAL CASE 2 o

.
*es SECTICN | ®ee v x ),975000 DELVA = 0,025000 XLEAD = 0.0 KTRAIL = J.446466 CHORD = 0,444444 TANLE = 0.0
WING ELEMENTS N o= 5 TWIST = 0.0 ML = 0.0 THETA § = 0.)
X8 2.0 0.100000 0,200000 0.500000 0. 900000
EPS 0.0 0.0 . 0.0 0.0
BETA 0.0 0.0 0.0 0.0 0.0
TYPE 20 10 10 10 10
JET ELEMENTS N o= & D = 0.,888889 DJ = 1.000000 ACTE = 0.0 THETA = 1,000000
xB 1.000200 1.099%99 1, 500000 3.000000
BETA 1.000000 0.0 0.0 0.0
TYPE 3 10 10 30
*®s SECTION 2 %es Y = Q,887500 OELTA = 0.062500 XLEAC = 0.0 XTRAIL = J.464é4ke CHORD = 0.4444464 TANLE = 0.0
WING ELEMENTS NW = 5 THIST = 0.0 H = 0.0 THETA S = 0.)
X8 0.0 0.100000 0.200000 0.500000 0.900000
EPS J.0 0.0 0.0 0.0 0.0
BETA 0.0 0.0 0.0 9.0 . 0.0
TYPE 20 19 10 10 10
JET ELEMENTS N = & 0 = 0,388889 0J = 1.000000 ACTE = 0.0 THETA = 1.000000
X8 1.000000 1.099¢39 1. 500000 3.000000
BETA 1.000200 0.9 0.0 0.0
TYPE 43 10 10 30
ses SECTION 3 ¢es v = 0.687500 CELTA = 0,137500 XLEAD = 0.0 XTRAIL = 0.4446466 CHORD = 0.444444 TANLE = 0.0
WING ELEMENTS Na = & TWIST = 0.0 H = 0.0 THETA S = 0,)
X6 0.0 0.100000 0.200000 0.500000 0.800000 04900000
EPS 3.0 0.0 0.0 . 0.0 0.0
BETA 3.0 0.0 0.0 0.0 0.0 0.0
TYPE 20 10 10 10 10 10
JET ELEMENTS N = & D = 0.388889 0J = 1.000000 ACTE = 0.0 THETA = 1,000000
xe 1.000000 1.09999¢9 1.500000 3.000000
BETA 1.000020 0.0 0.0 2.0
TYPE 3 12 10 30
*se SECTION & %e® vy = ),275000 OFLYA = 0,275000 XLEAD = 0.0 XTRAIL = 0.644444 CHORD = 0.444646 TANLE = 0.0
WING ELEMENTS M= 5 TAIST = 0.0 A = 0.0 THETA S = 0.
X3 040 0.1000690 0.200000 0.500000 0.900000
EPS 0.0 0.0 0.0 0.0 0.0
BETA Jd.0 0.0 0.0 0.0 0.0
TYPE 20 10 10 10 10
JET ELEMENTS N = & C = 0.388889 04 = 1.000000 ACTE = 0,0 THETA = 1.200000
XB 1.000000 1.099999 1.500000 3.000000
BETA 1.000090 0.0 0.0 0.0
TYPF o3 10 10 30

SHOESEI SRRSO R AR RSS SAB S E

* ELEMENT GEQOMETRY DATA AND FUNDAMENTAL CASE DATA FOR FUNDAMENTAL CASE 3 =

CEELT Y v - il
®es SECTION 1 ees v = 0,975000 CELTA = 0,025000 XLEAD = 0.0 XTRAIL = J.444444 CHORD = 0.466444 TANLE = 0.0
WING ELEMENTS LU TWIST = 0.0 L = 0.0 THETA S = 0.0
X8 2.0 0.100000 0,200000 0.500000 0.900000
EPS  J.0 0.0 0.9 2.0 C.0
BETA 0.0 0.9 0.0 0.0 0.0
TYPE 20 10 - 10 10 10
JET ELEMENTS LY 0 = 0.4988°P9 0J 0.0 ACTE = 0.0 THETA = 0.0
X8 1000000 1.09965¢  1.500000 3.000000
BETA 0.0 0.0 0.0 .
TYPE «3 10 10 30
*%s SECTION 2 #¢+ ¥ = 0,387%500 CELTA = 0.062500 XLEAD = 0.0 XTRAIL = J.444444 CHORD = 0.444444 TANLE = 0.0
wING ELEMENTS N = § TWIST = 0.0 HL = 0.0 THETA S = 0.0
XB  J.0 0.100C00  0.200000 0.%00000 0.900000
EPS J.0 0.0 0.0 . 0.0
BETA 0.0 Vel 0.0 9.0 0.0
TYPE 20 10 10 10 10
JET ELEMENTS No= & f = ).HBE889 Dy = 0.0 ACTE = 0.0 THETA = 0.0
X3  l.0u00ou 1.0%9969  1,500000 3.000000
BETA Je0 V.0 i . 3.0
TYPE 43 10 10 30
*e® SECTICN 3 #¢¢ Y = ),687500 CELTA = 0.137500 XLEAD = 0.0 XTRAIL = D.4h6644 CHORD = 0.444444 TANLE = 0.0
WING ELEMENTS Aw = 6 TWIST = (.0 M = 0.0 THETA S = 0.)
Xe 0«0 V. 100000 0.200000 0.500000 0.800000 0.900000
EPS  J.0 0.0 0.0 0.0 0.0 1.000000
BETA 0.0 0.0 0.0 0.0 0.0 1.000000
TYPE 20 10 w 10 10 62
JET ELEMENTS N o= & D = 0.5BE289 Dy = 0.0 ACTE = 0.0 THETA = 1.000000
’e 1.000520 1.999939 1.500000 3.000000
BET2 0.0 0.0 0.9 .
TYPE 43 10 10 30
*es SECTION & #ee v = U, 275000 CELTA = 0,275000 XLEAD = 0.0 KTRAIL = ).444444 C(HORD = 0Q.444444 TANLE = 0.0
WING ELEMENTS Nd = 5 TWIST = C.0 HL = 0.0 THETA S = 0.)
Xk .0 0.100000 0.200000 0.500000 0.900000
EPS 3.0 9.3 V.0 Jeo 0.0
BETA 0.0 942 0.0 9.0 0.0
TYPe 20 10 10 10 10
JET ELEMENTS L C = J.386889 Dy = 0.0 ACTE = 0.0 THETA = 0.0
xe 1.000000 1.099¢99 1.500000 3.000000
BETA  D.0 0.9 0.7 0.0
TYPE 43 10 10 30
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* SECTIONAL JET RLOWING COEFFICIENTS =
LTI LT PR T T T P T T e T P
ROW cm
1 1.000000
2 1.000000
3 1.000000
4 1.000000

LR e T L T P Ty

*  ELEMENT GEOMETRY DATA AND FUNDAMENTAL CASE DATA FOR FUNDAMENTAL CASE & =
BEESIEREATHEARIEIA A AERAEE RN ER RSN REIRNRAEIORE SESESSHSES R 0000000023088 08

wex SECTION } »%= Y = 3,975000 TELIA = 0,025000 XLFAD = 0.0 XTRAIL = D.4444446 CHORD = 0.444444 TANLE = 0.0
WING ELFMEATS Nw = & TWIST = 0.0 HL = 0.0 THETA S = 0.
xB 0.0 0.100000 0.200000 0.500000 0.900000
EPS  =0.400000 =-0.200000 0.199999 0.900000 1.400000
BETA 2.0 0.0 0.0 0.0 0.0
TYPE 20 10 19 10 10
JET ELEMENTS No= 6 0 = 0.388889 0J = 0.0 ACTE = 0.0 THETA = 1.500000
XB 1.000000 1.099¢9° 1.500000 3.000000
BETA 2.0 0.0 0.0 0.0
TYPE 42 10 10 30

#*% SECTION 2 w»*+¢ Y = ),8875C0 CFELTA = 0,062500 XLEAD = 0.0 XTRAIL = 0.444466 CHORD = 0.444444 TANLE = 0.0

WING ELEMENTS Nd = 5 TeIST = 0.0 HL = 0.0 THETA S = 0.0
XA 9.0 0100000 0.20Q0000 3.500000 0.900000
EPS  =0.4009C0 =-0.200000 0.195999 0.900000 1.400000
BET 2 2.0 J.0 0.0 0.0 0.0
TYPE 22 10 10 10 10
JET ELEMFNTS N o= & 0L = 0.8088889 DJ = 0.0 ACTE = 0.0 THETA = 1.500000
X8 1.000000 1.099¢99 1.500000 3.000000
BETA J.0 0.0 0.0 0.0
TYPL 43 10 10 30

*#» SECTION 3 #sx Yy = 0,697500 OFLTA = 0.137500 XLFAD = 0.0 XTRAIL = 0.4466444 CHORD = 0.444444 TANLE = 0.0

WING ELEMENTS Na = 6 TWIST = 0.0 H = 0.0 THETA S = 0.0
XEe 0.0 4100000 0.200000 0.500000 0.800000 0.900000
EPS  =0.40L0L00 -0.200000 0.159999 0.800000 1.199999 1.400000
BETA 9.0 0.0 0.0 0.0 0.0 0.0
TYPE 20 10 10 10 10 42
JET ELEMENTS N & U = 0.%6BBRS DJ = 0.0 ACTE = 0.0 THETA = 1.500000
XA 1.000000 1.09599s 1. 500000 3.000000
BETA Jeu 0.0 0.0 .
TYPE 43 10 10 30

*** SECTIOM « w®v ¥y = (,275070 CELTA = 0.275000 XLEAD = 0.0 XTRAIL = Do.4444bks CHORD = 0.444444 TANLE = 0.0

WING ELEMENTS M= € TwlST = 0.0

HL = 0.0 THETA S = 0.0
xg V.0 0.100900 0.200000 0.500000 0.900000

EPS  =0.«00C00 -J3.2uC000 0. 199999 0.900000 1.400000

BETA J.0 0.0 0.0 0.0 0.0

TYPE 20 10 10 10 10

JET FLEMENTS K = & D = 0.838389 DJ = 0.0 ACTE = 0.0 THETA = 1.500000

X 1.000300 1.099659 1.500000 3.000000

8eTA 0.0 Y 0.0 0.0

TYPE 43 10 10 30
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sesetustte s
ING FOR ALL FUNDAMENTAL CASES »

SERBIL B0 IENSEERINIBROTOS .
SECTION 1 Y = 0.975000 CHORD =  0.664664
#ING 1 xB CesSE ) CASE 2 CASE 3 CASE S CASE o CASE 7 CASE 8 CASE 9 CASE 10
1 0.0 Us129570 0.015231 0.006761 0.0 0.0 0.0 0.0 0.0 0.0
;i 2 0.100000  0.Lb62¢80 V. 006628 0.00452¢ 0.0 0.0 0.0 0.0 0.0 0.0
3 3 0.200000 0.036112 0.007270 0.003624 0.0 0.0 0.0 0.0 0.0 0.0
; 4 G.500000 0.016387 0. 006730 0.004280 0.0 0.0 0.0 0.0 0.0 0.0
§ 5 0.500000 Uu0TeTE 0.016049 0.00510¢ 0.033779 0.0 0.0 0.0 0.0 0.0 0.0
% 1 JET
i ! 22 1.000000 0.20518¢ 0.058976 0.003649  0.019742 0.0 0.0 0.0 0.0 0.0 0.0
1 23 1,089999 V.203300 0.009183  0.002402 0. 008359 0.0 0.0 0.0 0.0 0.0 0.0
2 24 1.500000 0.001203 0.001247 0.000578 0.002077 0.0 0.0 0.0 0.0 0.0 0.0
2 3.000000 U.000202 0.000111 0.00002¢ 0.000261 0.0 2.0 0.0 0.0 0.0 0.0
DETAILED LEADING EDGE LOADING
: 1 0.020000 0.164371 0. 022600 0.010083 0.067722
{ a 0. 040000 v.1270148 0.015845 0.007136  0.039566
: | 2 04060000 0.097176 0.012793 0.005832 04038460
! 3 0.0H0000  0.077456 04010931 0.0050%7 0.039619
i 5 0.100000 UL.0bL2480 0.009628 0.004529 0.041840
1
{
FERUREIIERSSHES ST RN SN
* CHIROWISE LOADING FOR ALL FUNDAMENTAL CASES »
- o= et es
SECTION 2 Y = 0.887500 CHORD = 0.446464
WING 1 XB CASE 1 CASE 2 CASE 3 CASE ¢ CASE S CASE 6 CASE 7 CASE 8 CASE 9 CASE 10
6 0.0 0.18%5800 0,024182 0.010750 0.056734 0.0 0.0 0.0 0.0 . e
T 0.100000 0.107434 0,01709¢ 0.008019  0.068596 0.0 0.0 0.0 0.0 0.0 0.0
8 0.200000 UL.UH&TOB 0.013036 0006499 0. 067874 0.0 0.0 0.0 0.0 0.0 0.0
) i 9 0.500000 J.n29236 0.012062 0.007938 0.070135 0.0 0.0 0.0 0.0 0.0 0.0
| { 10 0.900000  L.Ul2979  0.027342 0.011413  0.051704 0.0 0.0 0.0 0.0 0.0 0.0
i JEY
.‘ 25 1.000000 U.)08ETE 0.071214 0.008014 0.030824 0.0 0.0 0.0 0.0 0.0 0.0
21 1.093399 0005437 0.015626 0.00487¢8 0.014111 0.0 0.0 0.0 0.0 0.0 0.0
| 28 1.500000 0.u01876 V.001991 0. 000959 0.003273 0.0 0.0 0.0 0.0 0.0 0.0
d 29 3.000000 0.000287 0.00015% 0.000032 0.000369 0.0 0.0 0.0 0.0 0.0 0.0
DETAILED LEADING EDGE LOADING
1 0.020000 0.273687 0.036243 04016196 0.090728
2 0.04J000 V.189277 0, 025879 0.011¢73  0.072112
3 0.060000 0.150051 0.021396 0. 009764 0.067293
s 0.080000 Ce125341 0.018803 0.008¢€94 0. 066906
5 0.100000  0.10743¢ 0.017094 0.008019  0.068%596
L]
} ST uBENS ‘o ssens
: # CHORDWISE LDADING FOR ALL FUNDAMENTAL CASES ®
Y] it
- SECTION 3 Y = 0.687500 CHORD = Q.444464
{ WING 1 xR CASE 1 CASE 2 CASE 3 CASE & CASE 5 CASE 6 CASE 7 CASE 8 CASE 9 CASE 10
b 11 0.0 U.230761 0.034686 0.014440 0.091838 0.0 0.0 0.0 0.0 2.0 e 0
12 0.100000 Ve léepeoR 0.025102 0.011127 0.095908 0.0 0.0 0.0 0.0 0.0 0.0
b 13 0.200000 v.059584 0.019423 0.00923¢8 0. 090418 0.0 0.0 0.0 0.0 0.0 0.0
! 14 0.500000 V.0+4098 0.01R8778 0.012470  0.089254 0.0 0.0 0.0 0.0 0.0 0.0
15 0.800000 vLeN25147 0.027830 0.,032336  0.073530 0.0 0.0 0.0 0.0 0.0 0.0
{ 15 Q.900000 L.020025 0.035635 0. 085626  0.062237 0.0 0.0 0.0 0.0 0.0 0.0
3 JET
{ 30 1.000000 0.013414 0.076381 0.0262933 0.039217 0.0 0.0 0.0 0.0 0.0 0.0
31 1.09¢99% 0.008238 0.019171 0.011354 0.019388 0.0 0.0 0.0 0.0 0.0 0.0
b 32 1.500000 000267« 0.002923 0.001175 0.004705 0.0 0.0 0.0 0.0 0.0 0.0
33 3.000000 04900348 0,090179 0.000040 04000442 0.0 0.0 0.0 0.0 0.0 0.0
DETAILED LEADING EDGE LOADING
g 1 0.020000 U.341409 0.052102 0.021R37 0. 143841
2 0.040000 U.238066 0.037353 0.015827 04110679
3 0.06200) vel90861 04031040 0.013332 0. 099851
L3 0.080000 0. 101645 0.02763¢ J.011265 0. 096198
5 0.100000  0.140898 0.025102 d.011127 0. 095908
LA L A A A A A L L A L T L T Y
B . # (HORDWISE LDADING FOR ALL FUNDAMENTAL CASES
' | e L L T L tawnee
! SECTION 4 Y = 0,275000 CHORD = Q.4b44664
,‘ WING 1 xB CASE 1 LASE 2 CASE 3 CASE 4 CASE 5 CASE & CASE 7 CASE 8 CASE 9 CASE 10
| 17 Uel Jel61299 0. 044340 2.011430 0.121582 0.0 0.0 0.0 0.0 0.0 0.0
! 13 Ve lU00OUL Uel52285 0.032007 0.007930 0.117146 0.0 0.0 0.0 0.0 0.0 0.0
19 V.200000 0.10520¢ Q024658 0.008608 0.106311 0.0 0.0 0.0 0.0 0.0 0.0
l 2) V. A0U00L  ULU54223 0.022370 0.004253 0.101691 0.0 0.0 0.0 0.0 0.0 0.0
21 0.900000 0L.,U25307 0.036868 0.002913 0.071027 0.0 0.0 0.0 0.0 0.0 0.0
JET
9 t ’ 3% 1.0000600 VeI LT263 V. 07R280  0.002095 0.044616 0.0 V.0 9.0 0.0 0.0 0.0
’ 35 1.09356% Ua)1068% 0eN20564 0.001440 0.022860 0.0 0.0 0.0 0.0 0.0 0.0
36 1.500000 ve03524 0.003578 0. 000644 0.005991 0.0 0.0 0.0 0.0 0.0 0.0 9
a7 3.000000 UeJ0040 3 0. 000220 0.000081 0.000522 0.0 0.0 0.0 0.0 0.0 0.0

DETAILED LEADING EDGE LOADING
0020000 0+337138 Ve D6H5RT 0.017101 0. 188462
¢.040000 Ue270867 V. 067717 0.012172 0. 142565
0.060030 V217781 V. 039630 0.010023 0.12629%
¢.080000 GelRS22" 0.03%007 0.008767 0.119495
0. 100000 Veln2zes (e 932007 0.007¢30 0117146

o
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CHBEIIEEEERNINNNIEENEETIBNI NI ERISRIERREST
% SPANWISE LOADING FOR FUNDAMENTAL

SESEESEEENEROVR ISRt

sesescccens LIFT ceacccncesnee essesces

SECTION Y Lo CcLry

LII LT Y]

INDUCED ORAG cessvccecccecossvcanscsnvsnssnas

- c0G "Comnu cs co (1] GAMMA ALFIN
1 0.57500C 0.034284 0.017453 0.051737 *  0.0005984 0.0001523 0.0002930 0.0004577 1.0000000 0.0081921 0,0627911
2 0.887500 0.U54186 0.017453 0.073639 & 0,0009806 0.0001523 0.0006025 0.0005304 1.0000000 0.0133976 0.,0218746
3 0.087500 0.»750!4 0.017453 0.093468 = o 0013267 0.0001523 0.0009294 0.0005496 1.0000000 0.0181988 0.0120300
. 0.275000 0.089566 0.017453 . 0.0001523 0.0011917 0.0005239 1.0000000 0.0215896 0.0065474
o S e T e e e - - ——
TGTAL o.uvaeoz 0.017453 0.096356 = 0.0013771 0.0004523 0.0010010 0.0005285 0.9999996 0.0005033
{ cessecaccas PITCHING nonznr sececcccsas eee LIFT CENTER oas
i SECTION Y CMG CMMU T (o ] LI xCp/C Xcusce
1 0.57500U -0.007665 =U.017453 0.017453 ~0.007645 ® = 0.222985 0.485106
2 0.E87500 -0.013398 -0.017453 0.017453 -0.013388 ¢ = 0.238286 0.418818
! 3 0.€87500 -0.019396 -0.017453 0.017453 -0,019396 ¢ = 04255167 0.396250
. Ce2?5000 -0.023751 -0.017453 0.017453 -0,023761 & = 0.265285 0.385106
MRS sEsE S AR sEsE..S EEEEE.. " S m - . - R s .-
TUTAL  -0.020458 -0.017453 0.017453 -0.020458 (APEX) 0.259282 0.393450 (X/CREF)
-0.000732 -0.013090 0.013090 -0.000732 (XMC) 0.115236 0.176867 (X/8/2)
i
&
1
|
“ SRBEE RIS IS NERERESERE NN
| ¢ SPANWISE LOADING FOR FUNDAMENTAL CASE 2 @
i tRAEsE SRS . 6880
' esessceccee LIFY cenecssscnes sesecccececsccccccccccse INDUCED DRAG seeevesscccscecse ceees
£ SECTION Y e cLmy cL . €06 (£17] GAMMA ALFIN
1 0.975000 0.013256 0.017453 0.030710 * 0.0 0.0001523 0.00000640 0.0001483 1.0000000 0.0044180 0.0254144
2 0.B67500 0.021353 0.017453 0.038806 ¢ 0.0 0.0001523 0.0000102 0.0001421 1.0000000 0.0068849 0.0122251
3 V.6FT50U 0.024646 0.017%53 0.045899 & 0.0 0.0001523 0.0000210 0.0001313 1.0000000 0.0089218 0.0057449
. 0.275000 0.u23527 0.017453 0.0509€0 * 0.0 0.0001523 0.0000343 0.0001180 1.0000000 0.0103034 0.0022070
T = mm. mscsmcccss cseccrce. emecmeee- . —-—— R
1 TOTAL 04029594 0.017453 0.047047 * 0.0 0.0001523 0.0000261 0.0001262 0.9999996 0.0001164
i cesessccces PITCHING MOMENT seeveceeese eee LIFYT CENTER ... 1
| SECTION v CMG MMy CMT (1] .. XCP/C xCL/C k
1 0.675000 -0.007630 -0.017453 0.0 -0.025283 = = 0.590655 0.623298 3
2 J.RB7500 -0.012071 -0.0176%3 0.0 -0.029524 + ® 0.565305 0.760812
H 3 J.¢B7500 -0.015144 -0.017453 0.0 -0.032597 + 0.532393 0.710203
l . «2T500U =0.0170<5 -0.0174%53 0.0 =0.034498 x . 0.508389 0.676695
R e el - - L] - - mE-————-—-
! TUTAL  -0.015440 -0.017453 0.0 -0.032893 (APEX) 0.521710 0.699142 (X/CREF)
- J =0.00K041 -0.013090 0.0 -0.021131 (XMC) 0.231871 0.310730 (X/B/2)
k | SessssstsnpteRntts e LI LI
4 i LING FOR FUNDANENYAL CASE 3 =
SR nsstane s
sssesesvies LIFR Seoscegssosss sesassecassossssasasesscsscsss INDUCED DRAG cocccscccescsesacsossasscsnssses
SECTION Y e cLmy L . c0G COMU cs co (£17] GAMMA ALFIN
1 0.675000 0.0C¢RLL1 0.0 0.004811 * 0.0 0.0 0. =0.0 1 0.0013792 0.0050237
2 0.BRT50U J.009230 0.0 0.009230 * 0.0 0.0 0.0000020 =-0.0000020 1.0000000 0.0026257 0.0014837
3 0.6L7500  3.,02¢510 n oxvsss 0.0619¢4 *  D,0DD0097? 0.0001523 0.0000036 0.0002463 1.0000000 0.0066333 0.0108795
; “ 75000 0.005419 0.005419 * 0.0 0.0 0.0000023 -0.0000023 1.0000000 0.0014751 0.0095400
o S ) S a e S e
! TOTAL 311115 0. 004800 0.015915 * 0.0000269 0.0000419 0.0000025 0.)000662 0.9999996 0.0000785
E | cececsscces PITCHING MOMENT tucvevacees eee LIFT CENTER oee
& . SECTION ¥ MG CMMU cMT (4] * x Xce/c xcu/c
s 1 0.€75000 -0.00224R 0.0 0.0 -0.002248 ¢ = 0.467135 04467185
4 2 0.6B7500 =0.004608 0.0 0.0 -0.004608 ¢ = 0.499208 04499208
3 0.687500 =0.014228 =0.017653 0.001745 -0,031936 * = 0.662069 0.802619
3 4 0.275000 -0.001887 0.0 0.0 -0.001887 * 04348260 0.348260
* i~ - - - - - - L] -
| TUTAL  -0.006189 -0.004R00 0.0U04ED -0.010509 (APEX) 0.556798 0.690480 (X/CREF)
-0.003410 -0.003600 0.000480 -0.006530 (XM) 0.247466 0.306871 (X/B/2)
!
)
]
:
4 | EESREREREE AN RIS R R RN N AR AN AR RNER R ONERS
G| * SPAVWISE LCADING FOKk FUNDAMENTAL CASE
SRR RREERERRR L R n R RE & ERRREER SR RSN S
sseessesvos WEET wesveisssssies sesecccserccassescescsvescecss INDUCED DRAG ceecccveccccscccncscascsascnsanes
SECTICN Y LG CLMy L (4119 CoMyY s €0 ™ GAMMA ALFIN

-

1 0.97500U 0.V40381 0.025180 0.066561 = 0.0003055 0.0003427 0.0000147 0.0006335 1.0000000 0.0101972 0.0550330
2 U.BB7500 0.U65122 0.025180 0.091302 = 0.0004685 0.0003427 0.0000552 0.0007550 1.0000000 0.0164325 0.0277257
3 046F7500 0.UB950% 0.025180 0.112785 = 0.0005723 0.0003427 0.0001472 0.000767¢ 1.0000000 0.0219236 0.0144727
4 ~
-
-

i el bie

\)U'?llo 002'»180 0.127094 0.0006315 0.0003427 0.0002580 0.0007162 1.0000000 0.0256589 0.0069844

3.0?"~75 002“!6 0.115658 0.0005785 0.0003427 0.0001901 0.0007311 0.9999996 0.0007183 ‘

cossonesvee PITCHING MOMENT soeswsvenes eee LIFT CENTER o.s
SECTIUN v CMG CMMU cHr . » XCP/C XcL/C

R 1 0.975000 -0.019607 =0.026180 0.0 -0.046787 * * 0.460776 0.672865
] 2 0.£87500 =0.025265 =0.026180 0.0 -0.055445 = # 0.449387 0.607270 ]
] 3 2.68750U ~0.037602 -0.026180 0.0 -0.063782 * * 0.436182 0.565522
: “ V-275000 -0.042490 -0.026180 0.0 -0.068670 * ® 0.421055 0.540310

- - eemesss—. .- - - . e e Sesne----

TOTAL  -0.038299 -0.026180 0.0 -0.0664479 (APEX) 0428023 0.557493 (X/CREF)
~0.015929 -0.019635 0.0 -0.0355¢64 (XMC) 0.190232 0.247775 (X/8/2)

3 LIFT COEFFICIENT OERIVATIVE DUE TO PITCHING ABOUT XCGy CLQ = 0.089478
g | PITCHING MOMENT COEFFICIENT DERIVATIVE ASJUT ORIGIN DUE TO PITCHING ABOUT XCGs CMQ = =0.038299
) { PITCHING 40MENT COEFF DEPTVATIVE AROUT XMC DUE TO PITCHING ABOUT XCGe CMQMC = =0.015929
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f BESEEEEUR SR ESE SR ROINSINENRR ISR SRS SR
! * YOTAL AERUDYNAMIC COEFFICIENTS

i LIS
CASE 1 CASE 2 CASE 3 CASE 4 CASE S5 CASE o CASE 7 CASE 8 CASE 9 CASE 10
CCLG 0.0785028 0.0295%41 0.0111152 0.0894784 0.0 0.0 0.0 0.0 0.0 0.0
o CCLJ 0.0174533 0.0174533 0,00647997 0.0261799 0.0 0.0 2.0 0.0 0.0 0.0
| { 88 CCL 040663561 0.047047% 0.,0159149 0.1156583 0.0 0.0 0.0 0.0 0.0 0.0
i CCeG 0.0013771 0.0 0.0000269 0.0005785 0.0 0.0 0.0 2.0 0.0 0.0
} CCDJy 0.0001523 0.0001523 0,0000419 0.0003427 0.0 0.0 0.0 2.0 0.0 0.0
{ CCS 0.0u10010 0.0000201 0.0000025 0.0001901 0.0 c.0 0.0 0.0 0.0 0.0
| CCO  0.0005295 0.0001252 92.0000562 0.0007311 0.0 0.0 0.0 0.0 0.0 0.0
% CNITZ 0.0008033 0.000)164 0,0000785 0.0007183 0.0 0.0 0.0 0.0 0.0 0.0
os  (CJ 0.999999¢ 0.3999996 0.9999996 0.9999996 0.0 0.0 0.0 0.0 0.0 Q.0
CCMG ~0.0204581 -0,0154396 -0,0061839 -0.03¢2588 0.0 0.0 0.0 0.0 0.0 0.0
CCMy <0.0174533 -0,0176533 -0.0047997 -0.02¢1799 0.0 0.0 0.0 0.0 0.0 0.0
CCMT  0.0174533 0.0 0.0004800 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CCM -0.020458]1 -0.0328929 -0.0105086 -0.06445787 0.0 0.0 0.0 .0 0.0 0.0
CXCP  0.2592B17 0.5217092 0.5%567981 0.42€0229 0.0 0.0 0.0 9.0 J.0 0.0 |
CXCL 0.3934504 0.6991421 0.6904503 045574928 0.0 0.0 0.0 0.0 0.0 0.0 |
CXCPE 0.1152363 0.2318709 0.2474658 041902324 0.0 0.0 0.0 0.0 0.0 0.0 |
CXCLB 0.1748668 0.,3107298 0.3068712 042477745 0.0 0.0 0.0 0.0 0.0 0.0
CLMGMC -0.00073246 -0,0080410 -0.0034101 -0.0129292 0.0 0.0 0.0 0.0 0.0 0.0
CCMUMC -0.0130900 =0,0130900 -).0035997 -0.01963469 0.0 0.0 0.0 0.0 0.0 0.0
CAMTMC  V.0130900 .0 0.0004800 0.0 0.0 0.0 0.0 0.0 0.0 0.0
* CCMMC -0.0007324 ~0.0211310 -0.0065299 -0.0325642 0.0 0.0 2.0 0.0 0.0 0.0
i L6 0.0 e.0 0.0 0.0 0.0 0.0 0.0 040 0.0 0.0
{ CLLy 00 V.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
! . CLL 0«0 9.0 0.0 a. 8 0.0 0.0 2.0 0.0 0.0 0.0
‘ CNJ V.0 0.0 0.0 0.0 0.0 0.0 0.0 .0 0.0 0.0
¢ s CNIKC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
: . cCy 0.0 0.2 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
b CBGR 0.0358227 0.0134€40 0.0067121 0.0409301 0.0 0.0 0.0 0.0 2.0 0.0
i CAGL V0358225 0,0134640 0U.0067121 0.040330) 0.0 0.0 0.0 2.0 0.0 0.0
CBJR 0.008726+¢ 0.0087286 0.0032998 0.0130900 0.0 0.0 0.0 0.0 2.0 0.0
! \ CBJL 0.008726¢6 C(.00R7286 (.0032998 0.0130906 0.0 0.0 0.0 0.0 0.0 0.0
» CBR  0.,0644569%5 0,922190% 0.,0100119 0.0533200 0.0 0.0 Je0 0.0 0.0 0.0
i CBL 0.0445495 0.0221906 0.0100119 0.0533200 0.0 0.0 0.0 0.0 0.0 0.0
E 3 CPMBP  0.,4623423 0.6T1€647 0,4290900 0,46¢2008 0.0 0.0 0.0 0.0 0.0 0.0
t 3 CPMBL  0.46236423 0.4Tlo6e7 0,6290900 0.4662008 0.0 0.0 0.0 0.0 0.0 0.0
i
$
2 "I i
»
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{ *  CHOROW FOR COMPOSITE CASE | *
i Sesennese sese e
{ FUNDAMENTAL CASE FACTORS
Al1) AL2) A3} Al4) A(S5) At6) A7) Ate) A9) A(10)
0.0 104000000  10.000000 0.0 0.0 0.0 0.0 0.0 0.0 0.0
*%s NOTE =we  EACH LEANING EDGE CP VALUE IS THE AVERAGF VALUE OF THE SINGULAR DISTRIBUTION
OU NOT PLOT THESE LOADING POINTS DIRECTLY
SECTION 1 Y = 0.975000 CHORD = 0.444444
WING
x8 0.0 24100000 04200000 0.500000 0.900000
i CPLA=0) 0.219527 V.161564 04108941 0.110103 0.211553
i CP(A=1) 0.129570 0.062480 0.036112 0.016367 0.007476
| JET
i x8 1.000000 1.099999 1.500000 3.000000
CPLA=D) 0.626264 0. 115851 0.018450 0.001371
| CPLasl) 0.00518¢ 2.003300 0.001203 0.000202
k1
i SECTION 2 Y = 0.887500 CHORD = 0.464664
5 WING
it Xk 0.0 0. 100000 0.200000 0.500000 0.900000
i CPLA=0) 0.364325 0.251132 0.195345 04200600 04387549
p CPlA=1) 04185800 0.107434 0.064708 0.029236 0. 012979
. JET
3 x8 1.000000 1.09:999 1.500000 3.000000
| CPLA=0) 0.792212 0.205033 04029491 0.001867
i CPLa=1) V.00HBTE 0.005457 0.001876 0.000267
‘1 SECTION 3 Y = 0.687500 CHORD =  0.464664
1 wING
i xe 0.0 0.100000 04200000 0.500000 0. 800000 0.900000
| CP(A=0) 04491340 0.362289 0.207105 0.312686 0.602161 1.212608
{ CPiA=1) U.230761 04140898 0.089584 0.044098 0.025147 0.02002%
1 JET
| X8 1.000000 1.099999 1.500000 3.000000
i CPLA=0) 1.02¢6743 0.305252 0.040973 0.002192
i cPLa=1) 0.01341¢4 0.008238 0.002674 0.000343
3 SECTION 4 Y = 0.275000 CHORD =  0.664664
i NING
! XB 0.0 0.100000 0.200000 €.500000 0. 900000
5 cP(a=0) 0.55769¢ 0.399370 0.304666 0.266234 0.397805
i CP(a=1) 0.261209 0.162285 0.105206 0.054223 0.025307
: JET
xe 1.000000 1.099999 1.500000 3.000000
CPLA=0) 0.30374¢ 0e220061 0.042222 0.003008
J CPLa=1) 04017243 0.019685 0.003524 0.000403
BESEBERP AR E R SRR RB SRR RS
* COMPOSITE CASE 1 *
4 - -
) FUNDAMENTAL CASE FACTORS
i A1) A(2) AC3) At4) A(S) Al ALT) A(8) A9) A(10)
! 2.0 104000000 10.J00000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 I
' cosecsvsess LIFT cocascessses & ® essscccascs PITCHING MOMENT caces . . ese LIFT CENTER ... §
+ SECTION Y cLo LU tLo & CMGO CMMUO CNTO CHO L XCPO/C xCLO/C
e cLGa CLMUA cLa (] CMGA CMMUA CHMT A CHA . XCPA/C XCLA/C
1 0.3975000 0110674 0.174533 0.355206 ¢ + -0.100776 =0.174533 0.0 -0.275309 ¢ » 0.557779 0.775067
0.03428 0.017453 0.051737 ¢ = -0.007645 -0.017453 0.017453 =0.007645 & « 0.222985 0.485106 |
8 2 0.B87500 0.305825 0.174533 0.480358 ¢ « -0.166766 =0.174533 0. =0.341317 & = 0.545357 0.710547 {
bt 0.055186 0.017453 0,073639 ¢ = -0.013388 =-0.017453 0.017453 -0.013388 * = 0.238284 0.418818 i
3 0.687500 0.349066 0.877626 ¢ % -0.313718 -0.3649066 0.017453 =0.645331 & =« 0.592413 0.754342 !
b 0.017453 0.093468 ¢ =« -0.019396 =0.017453 0.017453 -0.019396 « = 0.255167 0.394250
; “ 0.275000 04359460 0.174533 0.563993 ¢ » =0.189319 -0.174533 0.0 -0.363852 & » 0.486108 0.645136
3 | 0.0R7566 0.017453 0.107020 ¢ = -0.0237¢l =0.017453 0.017453 -0.023761 ¢ « 0.265285 0.385106
--------------------- emeccs cesccccas . = . = B
3 ToTaL Cee) 7093 0.222529 0.629¢23 *+ = -0.216285 -0.222529 0.004800 =0.434014 (APEX) 0.531290 0.696948
i 0.073903 0.017453 0.096356 + = =0.020458 =0.017453 0.017453 -0.020458 (APEX) 0.259282 0.393450 t
B - . =0.114511 =0.166877 0.004800 =0.276609 (XMC) 0.236129 0.30975¢
i . . =0.000732 -0.013090 0.013090 =0.000732 (XMC) 0.115236 0.174867
@
9 HsIE R eT e IR v s TR ves v e ds s INDUCED BRAGLS vis s SRS R TR Ve TR e s BN u e
b SECTION v C0Go CoMLd €50 co GAMMAO ALF INO cTo cNU
CoGx COMUX €sx cox
NGAZ COMUL2 C5A2 CoA2 GAMMA2 ALF INA
1 0.97€009 0.0 0.0152309 0.0008442 0.0143867 0.0579720 0.3043813 0.9856133 1.0000000
k. 040031533 0.0030662 0.0009947 0.005204€
0.000%384  0.0001523 0.0002930 0.00064577 0.0081921 0.0427911
2 0.6E7€00 0.0 0.0152309 0.0021298 0.0131011 0.09510656 0.1370882 0.9668990 1.0000000
0.0053377  0.0030462 0.0022656 0.00&1182
0.0099306 0.0001523 0.0006025 0.0005304 0.0133976 0.0218746
3 V4697500 0,0195620 0.0409235 0.0042135 0.0762519 0.1555502 0.1662443 0.9237481 1.0000000
: 0.0u9534% 0.0060923 0.0039578 0.0116690
i 0.0013267 0.0001523 0.000929 0.000549¢ 0.0181988 0.0120300
“ 04275000 0.0 0.0152309 0.0054284 0.0098025 0.1177849 0.1174700 0.9901975 1.0000000
V.U0€7976  0.0030462 0.0050868 0.0047568
0.0015632 0.0001523 0.0011917 0.0005239 0.0215896 0.006547¢«
Tora 940053741 0.0277963 0.0046528 0.0287176 0.0451221 0.9712820 0.9999996
0.00TIESE  0.003R83° 0.)042190 0.00€8502 0.010123%
0.0013771  0.0001523 0.0010010 0.0005285 0.0005033
R |
|
’ i
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LLLA LI LT T
& TITAL AERODYNAMIC COEFFICIENTS o

A9

LILIIA I LI YTy L1
ALPHA=O ALPHA ALPHA®SZ
ceLe 0.407093 0.078903
ccLy 0.222529 0.017453
s oL 0.629623 0. 096356
cco6 0.0053741 0.00718%¢ 0.001377)
oy 0.02779¢3 0.0038830 0.0001523
ccs 00044526 0.0042190 0.0010010
cco 0.028717 0.0068502 0.0005285
« COITZ 0.0451221 0.0101239 0.0005033
«  cCy 0.999999
CCMG -0.216285 -0.020458
oM -0.222529 -0.017453
comr 0.004800 0.017453
Cex -0.434014 - 0. 020458
xce 0.531290 0.255282
Ixit 0.696948 0.393450
Cxcep 0.236129 0.115236
CxcLB 0.309754 0. 174867
CCuGuC -0-114811 -0.000732
CCMIMC 02166897 -0.013090
CCuTHC 0.006800 0. 013090
xe COMMC -0.276609 -0.000732
CLLG 0.0 0.0
L 0.0 0.0
v ool 0.0 0.0 ;
Ng 020 PRACTICABLE
S e w ~ FHISPAGE IS BEST QUELTH
. coy 0.0 0.0 0.0
CBGR 0.201761 0.035023 FROM COPY FURNISHED TO DD i
CeoL 0.201761 0.035823
CBJR 0.120264 0.008727
casL 0.120266 0.008727
cer 0.322025 0. 044549
8t 0.322025% 0. 044549
CoMBR 0.511457 0.462342
CPMBL 0.511457 0.462342
9ssdne . & L 1]
* TABIMLATED TOTAL COEFFICIENTS FOR COMPOSITE CASE 1 =
reed N - >y -
£LPHA et reLse ceame) o o112 cer Nt N cey
©10.000000 *  -0.333531z 0.1115147 -0.2692651 0.0 ®  <0.0057847 1.0057840 * 0.0 2.0 0.0
-9.900000 *  -0.2375E2] 0.0564452 =0.2700175 0.0 *  -0.0052239 1.0052233 s 0.0 0.0 0.0
-8.000000 * -0.1412260 0.0199448 -0.2707499 0.0 ®  <0.0036565 1.0036554 * 0.0 0.0 0.0
-7.000000 * =-0.04c859% 0.0020133 -0.2714822 0.0 *  -0.0010824 1.0010815 s 0.0 0.0 0.0
<6.000000 *  0.051e52 0.0026509 -0.2722145 0.0 *  0.0024982 0.997501¢ & 0.0 0.0 0.0
-5.000000 *  0.1676423 0.0214573 -0,2729466 0.0 *  0.0070856 0.9929140 & 0.0 0.0 0.0
- ~4.000000 %  0.26¢1584 0.0596328 -0.2736793 0.0 e 0.012679 0.9873200 % 0.0 0.0 0.0
-3.000000 *  0.3405¢%5 0.1159773 -0.2744116 0.0 *  0.0192803 0.9807193 & 0.0 0.0 0.0
-2.000000 *  0.4365105 0.1908508 -0.2751440 0.0 s 0.0268876 0.9731120 * 0.0 0.0 0.0
-1.000000 *  0.5332667 0.2343733 =0.2758763 0.0 «  0.0355015 0.9544981 & 0.0 0.0 0.0
0.0 . De52%L228 0.39662¢8 -0,2766087 0.0 - 040451221 0.9548775 = 0.0 0.0 0.0
1.000000 ¢  0.7269799 0.52706£2 -0.2773410 0.0 *  0.0557404 0.%42502 * 0.0 0.0 0.0
2.000000 &  0.822334% 0.6762347 =0.2780734 0.0 & 0.0673832 0.9326166 * 0.0 0.0 0.0
3.000000 v  0.9186S10 0.3439¢32 -0.2788057 0.0 *  0.0800238 0.9199768 s 0.0 0.0 0.0
%.000000 * 1.01%0471 1.0303202 -0.2795381 0.0 L] 0.0936710 0.9063286 = 0.0 0.0 0.0
5.000000 *  1.1114025 1.2352152 -0.2802705 0.0 ®  0.1083248 0.8916748 * 0.0 0.0 0.0
6.000000 *  1.20775¢9 1.4€66811 -0.2810028 0.0 *  0.123985¢ 0.8760143 ¢ 0.0 0.0 0.0
7.000000 =  1.304L153 1.70071€0 =0.2817352 0.0 *  0.1406525 0.8593672 * 0.0 0.0 0.0
8.000000 = 1.4004T07 1.9513180 -0.282467% 0.0 . 0.15832¢3 0.8416733 = 0.0 0.0 0.0
9.000000 *  1.4968271 2.2404509 -0.2831958 0.0 *  0.1770068 0.8229925 * 0.0 0.0 0.0
10.000000 &  1.5931635 2.5287329 -0.2839322 0.0 *  0.1966938 0.8033058 & 0.0 0.0 0.0
11000000 »  1.66853°0 2.8545418 -C.2846646 0.0 *  0.2173875 0.7625120 = 0.0 0.0 0.0
12.000000 *  1.7656%53 3.1694217 -0.28539€9 0.0 *  0.2350880 0.7509116 * 0.0 0.0 0.0
13.000000 *  1.8622°08 3.5626677 -0.2861293 0.0 *  0.2617950 0.7382046 * 0.0 0.0 0.0
16000000 >  1.979¢072 3.9148855 -0,2868617 0.0 *  0.2655088 0.7144809 * 0.0 0.0 0.0
15.000000 »  2.0749636 &.305¢733 =0.2975940 9.0 *  0.3102291 0.8897705 = 0.0 0.0 0.0
16.000000 ¢  2.1713200 4.T146301 -0.2683264 0.0 *  0.33%9562 0.6640435 s 0.0 0.0 0.0
17.000000 = 22676756 5.1423812 =0.2890587 0.0 *  0.362¢897 0.6373395 * 0.0 0.0 0.0
16.000000 %  c.3840306 5.58854%0 -0.2897910 0.0 *  0.3904300 0.6095696 * 0.0 0.0 0.0
19.000000 *  2.4603£32 6.0533097 -0.2905234 3.0 ®  0.4191770 0.5€0822¢ s 0.0 0.0 0.0
20.000000 * 25557436 6.5369377 =0,2912558 0.0 *  0.4489306 0.5510891 % 0.0 0.0 0.0
21.000000 ¢  2.6531000 7.038939% -0.2919981 0.0 *  0.4796908 0.5203089 ¢ 0.0 0.0 0.0
22000000 *  2.7¢34%6e  7.5595102 -0.2927205 0.0 *  0.5114577 0.4885619 % 0.0 0.0 0.0
23,000000 + 2.8¢56119 B8,098¢E443 =0.2934%29 0.0 . 005642312 0.4557684 0.0 0.0 0.0
24.000000 *  2.9€21632 8.6563530 -0.2941852 0.0 *  0.5780115 0.4215382 * 0.0 0.0 0.0
25000000 *  3.3365760 3.2326317 -0.29¢9175 0.0 e 0.6127983 0.3872014 * 0.0 0.0 0.0
26.000000 * 3.1%BEJL 9.R274T27 =0.295649% 0.0 - 0.6485918 0.35164076 = 0.0 0.0 0.0
27.000000 ¢ 3.2312365 10.4403834 ~0.2963822 0.0 . 0.6853919 0.3146077 0.0 0.0 0.0
28.000000 %  1.3275523 11.0724741 ~0.297014€ 0.0 e 0.7231987 0.2764009 * 0.0 0.0 0.0
25.000000 *  3.6236wn3 11.72342]1 ~0.2978470 0.0 *  0.7620121 0.2379875 & 0.0 0.0 0.0
30.000000 *  3.5203047 12,35254«7 ~0.2985793 0.0 *  0.801€323 0.1581574 * 0.0 0.0 0.0
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UN FOR STABILITY OERIVATIVE CASE

BONARBULINTEEENEINISE S L
* STABILITY DERIVATIVE DATA FOR FUNDAMENTAL CASE 1 o

sessntene

! ROLLING MOMENT COEFFICIENT DERIVATIVE DUE TC YAWING, CLLR = 0.0001168

YAWING MOMERT COEFFICIENT ABOUT XMC DUE TN YAWING ABOUT XCG, CN(R) MAY BE CALCULATED AS FOLLOWS
CN(R) = CNR*R ¢ CNR2®Rsw»2
WHERE INR = 0.000001049
CNR2 = 0.0
SIDE FURCE COEFFICIENT DUE TO YAWING, CY(R) MAY BE CALCULATED AS FOLLOWS

CY(R) = CYR®R & CYR2*%R%e?2

WHERE YR = 0.0
CYR2 = 0.0

* STARILITY DERIVATIVE DATA FOR FUNDAMENTAL CASE 2 »
- "

e “Ll !.;.....,a.:_..":>-—-
[ —

S o

FOLLING MOMENT COEFFICIENT DERIVATIVE DUE TO YAWINGs, CLLR = 0.0000436

YAWING MOMENT COEFFICIENT ABOUT XMC DUE TO YAWING ABOUT XSG, CN(R) MAY BE CALCULATED AS FOLLOWS

—
L

CN(R) = CTNR*R ¢ CNR2*R%#2

WHERE CNR = 0.00000003¢
CNR2 = 0.0

SINE FORCE COEFFICIENT OUE TO YAWINGs CY(R) MAY BE CALCULATED AS FOLLOWS
b v CY(R) = CYR®R ¢ CYR2%Res2

WHERE  ZYR = 0.0
! CYR2 = 0.0

L L] s ”"
* STABILITY DERIVATIVE DATA FOR FUNCAMENTAL CASE 3 =
P "en

T ——

FOLLING MOMENY COEFFICIENT DERIVATIVE DUE TO YAWINGy CLLR = 0.0000344

YARING MOMENT COEFFICIENT 4BOUT XMC DUE TO YAWING ABOUT XCG, CN(R) MAY BE CALCULATED AS FOLLOWS
CN(R) = CNR*R ¢ CNR2*Rx%2

WHERE CNR = -0,000000100
CNR2 = 0.0

L A

4 4 SIDE FORCE COFFFICIENT DUE TO YAWING, CY{R) MAY BE CALCULATED AS FOLLOWS
CY(P) = CYR*R ¢ CYR2*#Rx%2

WHERE YR = 0.0
CYr2 = 0.0

LRI LT IR I T 1] LLL AL L]

i # STABILITY ODERIVATIVE DATA FOR FUNDAMENTAL CASE & *
* » BREERE SRR

tERSRERRR AR

ROLLING MOMENT COEFF DERIVATIVE DUE TC ROLLINGs CLLP = =0.0066949

YAWING MIMENT COEFFICIENT ARJUT XMC DUE TO ROLLINGy CN{P} MAY BE CALCULATED AS FOLLIAS ‘
CN(P) = CNP2#P%»2
WHERE CNP2 = 0.0

SIOE FUKCE COEFFICIENT DUE TO ROLLINGy CY(P) MAY BE CALCULATED AS FOLLOAS
CY(P) = CYP2#Pe®2
WHERE CYP2 = 0.0

'; THIS PAGE IS BEST QUALITY mcncmal
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.
¥ SYABILITY DERIVATIVE DATA FOR COMPOSITE CASE 1 »
o (1] .
FUNDAMENTAL CASE FACTORS
atl) AL 2) AC3) ALé) ALs) Ale A7) AlB) AlY) A(10)
06 10.000000 10.000000 0.0 0.0 0.0 0.0 0.2 0.0 0.0
LIFY COEFFICIENY DERIVATIVE DUE TO PITCHING ABOUT XCG, CLQ = 0.089478

PITCHING MDMENT COEFFICIENT DERIVATIVE ABDUT ORIGIN OUE TO PITCHING ABOUY XCGs CHO = -0.038299

PITCHING MUMENY COEFF DERIVATIVE ABOUT XMC DUE TO PITCHING ABOUT XCGo

ROLL ING MOMENY COEFF DEP IVATIVE DUE YO ROLLINGy CLLP =

CHQWC = -0,015929

=0.0066949

YAWING MOMENY COEFFICIENY ABOUT XMC DUE YO ROLLINGs CNIP) MAY BE CALCULATED AS FOLLOWS
CNLP) = CNPOP ¢ CNP2ePes?

WHERE CNP = CNPQ ¢ CNPASALPHA
CNPO = -0,0003531
CNPa = =-0,0000601
CNP2 = 0.0

SIDE FURCE COEFFICIENT DUF TU ROULLINGs CY(P) MAY BE CALCULATEC AS FOLLOWS
CY(P) = CYPOP ¢ CYP2epse

WHERE CYP = CYPO ¢ CYPASAL PHA
CYpo = 0.0
cYPa = 0.0
Cyp2 = 0.0

RULLING MOYENT COEFF DERIVATIVE DUE YO YAWING
CLLR = CLLRO
WHERE

CLLRO =
CLLRA =

ABDUY XCGo¢ CLLR MAY RE CALCULATED AS FOLLOWS
¢ CLLRASALPHA

0.000780%

0.0001168

YARING MOMENT COEFFICIENT ABOUT XML DUF TO YAWING ABOUT XCGs CNIR) MAY BE CALCULATED AS FOLLOWS

CN(R) = CNR®R + CNR2SR%®?
CNR = CNRO & CNRASALPHA ¢ CNRA2SALPHA®S2

WHERE
CNRQ = ~0.0000130
CNRA = ~0. 0000035
CNRA2 = 0. 0000010
AND CNR2 = CNR20 ¢ CNR2A®ALPHA ¢ CNR2A2SALPHA®®2
CNR20 = 0.0
CNR2A = 0.0
CHR2A2 = 0.0

SIDE FORCE COEFFICIENT ABOUT XMC DUE TU YAWING ABOUT XCG, CY(R) MAY BE CALCULATED AS FOLLOWS
CY(R) = CYR®*R ¢ CYR2®R®82

eretssenItae
¢ THE
P L L T T Py

LA ITT L]

PROGRAM HAS REACHED NORMAL

TERMINATION *

WHERF CYR = CYRO ¢ CYRASALPHA ¢ CYRAZSALPHAS®S?
CYR0 = 0.0
CYRA = 0.0
CYRAZ = 0.0
AND CYR2 = CYR20 ¢ CYRZASALPHA ¢ CYR2A2%ALPKASS®2
CYR20 = 0.0
CYR2A = 0.0 3
i CYR242 = 0.0 ;
) LXTE 2 vedgs e 1
2 & VARIATION JF STABIL TERMS WITH ANGLE OF ATTACK ®* E
i tee sestee
¥ -
i ALFHA (414 CNP2 cyp cyp2 CLLR CNR CNR2
I =10,00000) = 0.,0002479 0.0 . 0.0 0.0 . -0.0003880 0.0001273 0.0
H =9.000000 * U.0001878 Je0 * 0.0 0.0 . =-0.0002712 0.0001038 0.0
-6.000000 = 0,0001277 0.0 . 0.0 0.0 - =0.0001543 0.0000824 0.0
i -7.000000 * 0.0000676 0.0 . 0.0 0.0 . -0.0000375 0.0000632 0.0
i d =5.,000000 = 0.0000075 0.0 . 0.0 0.0 . 0.0000794 0.0000460 0.0
Y =5.000000 +* -0.0000526 0.0 - 0.0 0.0 (7 0.0001962 0.0000309 0.0
: =4,000000 = -0,000L127 0.0 b 0.0 0.0 . 0.0003131 0.0000179 -0
=3.000000 « =0.0001728 0.0 . 0.0 0.0 . 0.0004299 040000070 0.0
=2.000000 ¢ =2.0002329 0.0 b 0.0 0.0 . 0.0005468 -0.0000017 0
-1.000000 =+ -0.0002930 0.0 he 0.0 0.0 - 0.0006636  -0.0000084 0.0
{ 0.0 * -0.0003531 0.0 . 0.0 0.0 * 0.0007805 -0.0000130 0.0
& 1.000000 = =),0004132 0.0 * 0.0 0.0 L 0.0008973  -0.000015% 0.0
. 2.000000 ¥ =J.0004733 0.0 L 0.0 0.0 . 0.0010142 -0.0000159 0.0
g 3.000000 = -2.0005334 0.0 * 0.0 0.0 . 0.0011310 -0.0000142 .0
» 4.000000 -0.000593% 0.0 . 0.0 0.0 . 0.0012479 =0.000010¢ 0.0
A 5.000000 * 000453¢ 0.0 L4 0.0 0.0 . 0.0013647  -0,000004% 0.0
£.0000€0 =~ =0.0007137 0.0 . 0.0 0.0 . 0.0014815 0.0000035 0.0
7.000000 -0.000773¢ 0.0 . 0.0 0.0 . 0.0015984 0.0000136 0.0
8.000000 ¢ =0.0008339 0.0 . 0.0 0.0 . 0.0017152 0.0000258 .0
S.00000C * =v 0008940 0.0 . 0.0 0.0 . 0.0018321 0,0000401 0.0
10.000000 * =0.00009541 0.0 . 0.0 0.0 L 0.0019489 0, 0000565 0.0
11.000000 = =J.0010142 0.0 . 0.0 0.0 . 0.0020658 0, 0000750 0.0
12.000060 = =2.0010743 0.0 . 0.0 0.0 L 0.0021826 0.000095¢& 0.0
13.000000 * =0.001134% 0.0 e 0.0 0.0 L 0.0022995% 0.0001182 0.0
16,000000 ¢ =0.0011945 0.0 ¢ 0.0 0.0 L 0.0024163 0.0001430 0.0
15.000000 * =0 .00:254¢ 0.0 . 0.0 0.0 . 0.0025332 0.0001699 0.0
16.000000 * =0 0013147 0.0 ¢ 0.0 0.0 * 0.0026500 0.0001989 0.0
{ 17.0000C0 * =0.0013748 0.0 = 0.0 0.0 b 0.0027669 0.0002299 0.0
18.000000 * =0.0016349 0.0 b 0.0 0.0 . 0.0028837 0.0002631 0.0
19.000000 = 0.0014950 0.0 . 0.0 0.0 . 0.0030006 0.0002984 0.0
20.000000 = =0.0015551 0.0 & 0.0 0.0 . 0.0031174 0.0003358 0.0 §
21.000000 * =2.0016152 0.0 L 0.0 0.0 . 0.0032343 0.0003752 0.0 7
22.000000 * =0.0015753 0.0 L 0.0 0.0 . 0.0033511 0.0004168 0.0
23,000000 * =0.001735¢4 0.0 . 0.0 0.0 b 0.0034680 0.000460% 0.0
26.000000 = -0.,0017955 0.0 L 0.0 0.0 . 0.0035848 0.0005062 0.0
25.000000 * =0.00138¢4 0.0 . 0.0 0.0 . 0.0037017 0.0005541 0.0
26,000000 ~0.00191%7 0.0 * 0.0 0.0 . 0.003818% 0. 0006040 0.0
27.000000 * =0.,0019756 0.0 be 0.0 0.0 . 0.00393%4 0.0006561 0.0
26.000000 = =0.00203%37 0.0 hd 0.0 0.0 . 0.0040522 0.0007102 0.0
. 25.,000000 = ~0.00209¢0 0.0 . 0.0 0.0 . 0.00416°0 0.000766% 0.0
30.000000 « ~ve0021581 0.0 . 0.0 0.0 . 0400420859 0.0008248 0.0

All
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APPENDIX B - ERROR MESSAGES

|
|
1
|
|
|

In order to avoid wasting computing time, some types of errors or v
inconsistencies in input data can be checked by the program before beginning {
| computation. Sometimes such errors make the program unable to continue execu-
| tion, and sometimes the program can recover by ignoring the data or substi-
tuting correct data. In any case, an error message will be printed, enabling
the user to identify the type of error or warning him that the input data may
have been altered. Below is a list of the messages which may be printed and
the subroutines in which they occur. At the end of each run a status message
is always printed indicating whether the program has reached a normal or

ccn—

abnormal conclusion.

p—

Message Subroutine

L S—

FERRAGI AR LE AN AT O ARG AR gaBNY LIRS T T AT YT
O TUE PROGRAYM  HAS  RTACHED MOON. . TERMINATION ® wAIN
CHARAET TR AR ARS IR AIATRSA AR PASEEC A ARSI N SO SR RP A A S

st et
AR AAEP T PRI TR AT EERRERL ET AR EEREPE RN EP RO SR ERN GRS
e THE  OWHGRAM  HAS  REACHMED  ABNDRMAL  TERMINATION @ o MATY
VEREECECARLERARL FUR SEAREILRN TR ORGSR EEA LTINS S RS dRRABERR
LR LA L Ll
\
'; re ISYAM BL4L DUICATED AN ANTI=SY#ETRIC CASE, HOWMEVER, 1T wiLL BE TREATED AS SYMETRIC. appLY2
}
- -5 THE IGTYPL FLAG NAS THF VALUE UFe®*
k) fINLY THF VALUES | OR 2 ARF ACCEPTABLE STAGLL
-
R THIS CASE HAS '\EEN TERMINATED
4 .
R i ARDAS ares STAGLL
4
: i HUMAER (1 WING Kuw TYPES zses INPTS
1 €% WING FLFMeNTS PRESCRIBED FUR ROW TYPFese INPYS
4
. NUMBEK CF JET ROW TYPES =ees NPTy
»
¢ JET FLEVENTS PRESCRIKED FOR Ruw TYPCaes INPUTY
3 ROW CONTINIETY KULE FALLYME INPUTY
AUCTUCGUS TS IENLY RAS SERN FYND DN THE SECTIONAL LEADING AND TRAELING EOGE INPUT XLETRL
ALFASY UHELK YUUR SECTION LOCATION (Y) INPUT HIXS
l
asee IS TGO WANY ELEMENTS s
A Zr40 VALUE OF CMU HAS BEEN INPUT. THIS CMU CASE HAS BEEN IGNORED. AOXY
FUNOAMENTAL GFUMETRIC CASEes® BEELEE
AMTHCINS TS TR ALY HAS SEFM FCUNT TN THE HINGE INPUT DATA FOR WING ROWSSS, RUN TYPEess
A OINL R RILT LUPSETE LaSE INPUT VALUE HAS BEEN FOUND. IV wilL BE IGNORED. INCUNP
FOALOTHAY 2 LUBISTTE CASFS HAVE REEN INPUT, SUBSEQUENT INPUTS WILL BE [GNORED. INCOMP
VO EET o FIED HAS REFL PEAD DURING COMPOSITE CASE INPUT INCOMP
v
IATE X IOFS NOT MAVE FNOUGH CORC TO WORK $TG2S
| THl> CASE WAS BECH TERMINATED
i
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