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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 A i rcraft
Company , McDonnell Douglas Corporation. Development of the program was begun
in 1970 under sponsors hip of the McDonnell Douglas Independent Researc h and
Development Program (IRAD), and resulted in the Mark I version . From Apri l ,
1971 through Apri l , 1972, the program was enti rely rewritten, drawing heavi ly
on the bas ic features developed in the Mark I vers ion, but i ncorporating
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 Nava l Researc h Contract
N00014-71—C-0250.

J The major porti on of the program was wri tten by Mr. Fl. F. Wasson under

the direction of Dr. C. C. Shen and Mr. M. L. Lopez, Technical Director.
Other programing contributions were made by Mr. N. D. Halsey on the momentum

“induced drag” method , and by Messrs. J. L. Hess, 1. M. Ridell , and D. N.
Smyth on the matrix solution. The technical work of Messrs. Fl. I. Goidhammer ,

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 .

erodynamic Technology Techno logy Development

0. R. Dunn, Di rec tor
of Aerodynamics
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ABSTRACT

I
This report describes the EVD Jet-Wing Computer Program, which Is based

I upon the Elementary Vortex Distribution (EVD) Jet-Wing Lifting Surface Theory
described in Vol ume I of this report. This program provides a capability for
determining the aerodynamic characteristics of wi ngs of arbitrary planform,
and includes the following:

1. Spanwise and chordwise loading

•1 2. Spanwise variation of Induced drag

1 3. A capability to investigate the effects of:
a. Part span flaps
b. Part span blowi ng

VI

c. Pitching , rolling, yawing and sideslip

I 4. Total lift and Induced drag (momentum method), pitching , yawing
I and roll ing moments, etc.

The program has the capabflitfes 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
Vol ume II, EVD Jet—Wing Computer Program User’s Manual . In this new edition

V several typographical errors have been corrected, a minor change made In the -

computer program, and the “Limited Distribution” Of Vo lume II removed.

Michael L. Lopez
Douglas Aircraft Company

J McDonnell Douglas Corporation
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NOMENCLATURE

INPUT/
• NAME SYMBOL OUTPUT DEFINITION

A A 1/0 Fundamental case scale factor

AC I/ O Local incidence due to camber

ACTE 1/0 Local incidence due to camber at trailing edge

ALFIN Downwash angle or jet angle at infinity
downstream

ALPHA a 0 Angle of attack

ARATIO ~ 1/0 Aspect ratio

AREA S I/ O Wing planforin reference area

• BETA I/O Deflection angle , (6 ff 
~~ 

or 6~)

CBGL CB 0 Root bending moment coefficient due to
F1 pressure on left wing

CBGR CB 0 Root bending moment coefficient due toFR pressure on right wing

• CBJL C~~ 0 Root bending moment coefficient due to
L jet reaction on left wing

CBJR CB~ 0 Root bending moment coefficient due to
R jet reacti on on right wing

CBL CB1 0 Total root bending moment coefficient
on left w ing

CBR CB 0 Total root bending moment coefficient
R on right wing

CCD (C01) Total induced drag coefficient calculated
P by pressure integration

CCJ C~ 0 Total jet momentum coeffi cient

• CCL CL 0 Total lift coefficient
V 

CCM Cm 0 Total pitching moment coeffi cient (about
• wing apex)

V CCS C~ 
Total leading edge sucti on coefficient

lx
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NOMENCLATURE
• INPUT/

NAME SYMBOL OUTPUT DEFINITION

CCI CT 0 Total net thrust coefficient

CCV CY 0 Total side force coefficient

CD Cd1 0 Sectional induced drag coefficient

CDITZ (CDi)M Total induced drag coefficient, calculated
by the momentum method

CHORD c 0 Wing sectional chord

CL c~ 0 Sectional lift coefficient

CLL C1 0 RollIng moment coefficient

• CLLP 0 Rolling moment coefficient derivative due
to rolling

)
CLLR C1 0 RollIng moment coefficient derivative duer to yawing

CLQ CLq 0 Lift coefficient derivative due to pitching

CM Cm 0 Sectional pitching moment coefficient
• (about the local leading edge)

CMAC 0 Mean aerodynamic chord (MAC)

CMQ 0 Pitching moment coefficient derivative due
to pitching about center of gravity

CMU c~ I/O Sectional jet momentum coefficient

CN C~ 0 Yawing moment coefficient

CNI 0 Total yawing moment coefficient due to
induced drag (Including leading edge suction)

CN(P) c~ 0 YawIng moment coefficient derivative duep to rolling, dependent on rolling rate

CN(R) Cnr 0 Yawing moment coefficient derivative due
• to yawing, dependent on yawing rate

CP Ac~ 0 Pressure coeff i cient, 
~
Cp=Cplower - Cpupper

surface surfac e

x
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• NOMENCLATURE
INPUT/

NAME SYMBOL OUTPUT DEFINITION

~C LCPMBL b12 0 Spanwise center of lift of left wing , in
= terms of half span

~C.L.C MBR bf2 0 Spanwise center of lift of right wi ng, in
terms of half span

CREF I/ O Wing reference chord

CS c5 Sectional leading edge suction coefficient

• CTO c~ 0 1. Sectional thrust coefficient
2. Tip chord of wing

XCCXCL —
~~~~~~~~~

- 0 x-coordinate of center of lift , in terms
C of reference chord

CXCL = - (CCMG + CCML)/CCL labeled (X/CREF)
•1 XC LCXCLB b’9 0 x—coordinate ~f center of lift , in terms

of half span
CXCLB = - ((cCMG + CCML)/CCL)*CREF labeled

• (X/B/2)

• CXCP XCf. x-coordinate of center of pressure , in
• C terms of reference chord

XC.P.CXCPB bf2 0 x-coordinate of center of pressure , in
• terms of half span

CY(P) Cy 0 Side force coefficient derivative due top rolling, dependent on rolling rate V

CY(R) Cy 0 Side force coefficient derivati ve due tor 
• yawing, dependent on yawing rate

D d 0 Chordwise distance from trailing edge to
infinity EVD vortex point

DEL 1 0 Chordwlse length of an EVD element In
terms of local chord

DELTA 1 0 Half of the spanwi se width of an EVD
element or a spanwi se division, normalized
by b/2

V • DJ 1/0 Jet deflection angle relative to the wing
trailing edge slope

V 

xi

• - ——V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— 

! & - * 5  • • V •IV *•~~

•
4V~~~ 

V~ •~~~~~l•~

~~~~t l~ ~ ~~~~~~~~~~~~~~~ __J ~~~~~~~~~~~~ — ~~



NOMENCLATURE
INPUT/

NAME SYMBOL OUTPUT DEFINITION

EPS 
~~~
. 0 Total local incidence angle at a downwash

V 1 control point on the wing

GAMMA 0 Vorticity intensity

IlL hL I/O Height of leading edge above the x—y plane 4

I 1 0 EVD element sequence number

ICT I Camber type flag for eac h w ing section

ICTYPE I Wing chordwise division type flag for each 
V

section

IDERIV I Stability derivative flag

j IGTYPE I/O Planform geometry type flag

IHIN GE I/O Hinge EVD flag

IHT I Hinge type flag for each wing section

IJTYPE I Jet chordwise division type flag for each 
V

sect ion •

ILl I Flap type flag

INBETA I Hinge angle input flag 
V

• 
INCAMB I Camber angle input flag

• INDELJ I Jet angle input flag j
T.NHITE I Leading edge height input flag

INTWST I Twist angle input flag

IPRINT I/O Output control flag

ISYMM I/O Symmetry control flag 
-

~~

- 
• J J Sectional jet momentum

V JETFLG I/O Jet control flag

K k Sequence number of spanwise divisions or
sect ions V

I
xli
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V 
• NOMENCLATURE

-- 
INPUT!

NAME SYMBOL OUTPUT • DEFINITION

N I/ O Fundamental case sequence number

NCASES K • I/O Number of fundamental cases

NCT I Number of caniLer types

NHT I Number of hinge types

NI I Number of chordwise divisions of a
particular chordwise division type (wing
or jet )

NJ 0 Number of chordwise divisions of jet section

NJTYPE I Number of jet chordwi se division types

NRØWS Number of wing sections or spanwise divisions
• NRØWSJ I Number 0f sections having a trailing jet

NW 0 Number of chordwise division of each section

- 
NWTYPE I Number of wing chordwlse div is ion types

SPAN b 1/0 Wing span

-- SWEEP Ac,4 I/ O Wing quarter-chord sweep angle 
V

TANLE tanA2 0 Tangent of sectional leading edge sweep angle

THETA e 0 Total jet deflection angle relative to the
free stream

TITLE I/ O Run title

TR A I Wing taper ratio

TWIST a0 I /O Twist angle for each wing section

• • V 
TYPE 0 EVO type flag

V U U Free stream velocity

- X x Chordwise coordinate of the Cartesian
coordinate system

1 xiii
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• INPUT/
V NAME SYMBOL OUTPUT DEFINITION

V 

XB I/O Chordwlse distance of an EVO element from
the leading edge , In terms of local chord

XBH I/~ Chordwi se distance of a hinge point from
- the leading edge, in terms of local chord

XCL/C .

~ 

Chordwise location of center of lift at a
secti on measured from local leading edge,
in terms of local chord .

- XCP /C p Chordwi se location of center of pressure
at a secti on measured from local leading
edge, in terms of local chord

XCG x~ g 1/0 x-coordinate of the center of gravi ty about
- 

. which pitching rate derivati ves are taken

XI x1 0 x-coordlnate of an EVO element

V XLEAD x1 I/~ x-coordinate of the leading edge

XMC Xm c  I/~ x-coordlnate of the moment center about
whi ch pitching moments are taken

• XTRAIL Xt I/O x-coordlnate of the trailing edge

V Y y I/~ y-coordinate of a secti on

-

= 
Subscri pts

SUFFIX SUBSCRIPT DEFINITION

A a Indi cates a linear vari ation wi th angle of attack

a2 Indicates a quadrati c variation wi th angle of attack

G r Indicates a contribution due to pressure (ci rculation)

I 
J J Indicates a contribution due to jet reaction

MC m.c. Indicates pitching moments taken about moment center

MV u Indi cates a contribution due to jet reaction at a wing
4 section

4 ’,. 
VJ~

• V - x iv
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NOMENCLATURE

4 V 

SUFFIX SUBSCRIPT DEFINITIONr

V 
• 

R2 r2 Indicates a quadratic variation with yawing rate

T t Indicates a contribution due to the thrust con~onent
V of the jet reaction at a section

X Indi cates a contribution from mutual Interference

- between the basic configuration and the angle of
attack

0 o Indicates ~ * 0

V ( —

V j

V i

t
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1.0 INTRODUCTION

V 

This report descri bes the Mark II version of the EVD Jet-Wi ng Computer
Program, intended for use as a preliminary design tool for the analysis of
arbitrary wings incorporating trailing edge blowi ng. The program is based
upon the lineari zed Elementary Vortex Distribution (EVD ) Jet-Wi ng 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
geometri c configuration to the computer by using several different types of
input cards containing speci fic informati on In a fixed order. Deflecti on, for
example , of a wing control surface may be accomplished by using the linear
“fundamental case ” feature of the program. Superposition of the aerodynami c
characteristics associated wi th fundamental cases so as to provide the overall
aerodynamic characteristi cs of a complete configuration may be obtained by

- -
‘ 

speci fying the “composite case” feature of the program. The number of jet

• strength cases which can be produced for each geometri c configuration is
limi ted only by the computing time avai lable. 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 real ization of the potential of this program can only be achieved
• by a user who is thoroughly familiar with the applications and limitations of

the lineari zed 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.

1
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2.0 FUNDAMENTALS OF PROGRAM USE

The EVD jet-wing computer program is based upon the lineari zed EVD
V jet-wing lifting surface theory described in Reference 1. This program has

several unique features which enable it to be used by the aerodynamicist in
the evalua tion, design and development of V/STOL aircraft systems which utilize
powered high lift systems based on the jet flap principle (e.g., EBF, augmentor
wi ng, etc.). The scope of this program is not limi ted, 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
V adopted for use on any large-scale computer system. The program consists of

several primary components designed to minimize computer storage requirements

J while maintaining maximum computer efficiency and speed. This modular arrange- r
inent also results in easier program checkout and correction.

The programing philosophy has sought to maintain the independence of
each small component of the program wherever possible. This approach also 

-

•

facilitates the addition of new capabilities , wi th minimum alteration of the
existing components.

2.1 Philosophy of Program Use V

It is fundamental ly important that the userof the EVD jet-wing computer V

program understand the basic limi tations 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

V data. He must, therefore , understand each step of his role in the analys is
of a specific problem , including use of engineering knowledge and judgement in

- 
V 

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 whi ch applies to all computer programs: “GIGO” - Garbage

7 
V 

In, Garbage Out~
2
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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 lift of that wing. On the other hand, a thick wing is expected to have
higher lift than the wing of zero thickness which is considered by the present
program. The quanti tative effects of such factors are , of course, very diffi-

V 

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 resul ts
= V into regions where strong nonlinear behavior might be expected. For example ,

the small angle assumpti ons of the linearized approach make it unlikely that
the program would accurately predict the characteristi cs of a wing with , say ,
a flap deflected at 60 degrees. While the program woul d 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

V under all conditions.

• 2.2 Brief Review of the Linearized Approach

V The assumptions and restrictions of the EVD jet-wing lifti ng surface

theory are discussed In detail in Vo lume I of this report . For the convenience
of the reader, the basic ass umpti ons are restated here:

On the Wing:
a. The wing is thin, and is represented by the mean camber line.
b. Al l local incidences are small , but may be discontinuous .

V On the Jet:

a. The jet is thin.
V b. The jet deflection, relative to the freestream, is small.

4 General Flowfleld:
V a. Incompressible , inviscid , irrotational .

b. No mixing occurs between the jet and the external flow.

V4 . V T~~~~~~~~~
I 7  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



V 
c. All spanwise components of velocity are considered smal l

relative to the freestream velocity.
d. Rollu p 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 w ing and jet are represented by planar sheets of bound
trailing vorticity.

b. All potential field infl uences of the wing and jet originate 
Vj in the wi ng and jet plane.

c. All boundary conditions are satisfied in the wi ng 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 
V

al one , no account i s taken for the effects of fuselage, V

nace ll es , empennage , etc.
f. There are no losses or di ss ipation assoc iated wi th the jet

sheet emergence from the wing trailing edge.
g. There are no gaps or slots in the wi ng (program restriction

= only).

2.3 Geometry Preparation

The EVD jet-wing computer program is capable of eval uating the aerody-
-

V 
namic characteristi cs of jet-wings of arbitrary wi ng planform and arbi trary
jet spanwise distribution of momentum. In all cases , the jet sheet correctly
extends to infinity downstream. The jet-wi ng system may be considered as

V 

V 
symmetr i c, anti-symmetric, or non-synmietric. A symmetri c j et-wing is defined
as one for wh ich, under all conditi ons, the computed aerodynamic loading would

4 
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V be symmetric about the x-axis . This implies , therefore, symmetry about the
x-axis of all the following characteristi cs :

Wing:
a. Planform geometry
b. Local incidence of each element

Jet:

c. Spanwise locati on
d. Strength at each spanwise secti on
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 V

except for (b) and (e), which must 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. Non-symmetric jet-wings are defined as having non-symmetry
in any one or more of the characteristi cs 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 

V

for various configurations of a particular wing and the effects of anti-
7 symmetric ailerons are then required. It may be more efficient to compute the

aileron effects alone in one additi onal run rather than rerunning all the
previous configurations non-symmetrically wit h 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.g., C~., ~~ C~) may be superimposed directly at zero angle of attack , and

V the variation wi th angle of attack will be the original symmetric or non-
symmetric values . The non-linear coefficients (e.g., C0, Ci,, Cn) cannot be

V 

V V superimposed directly. Instead, they must be obtained by an Integration of
the chordwise and spanwise loading.

V 5
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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

V 
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 limi ts, 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 sect ion, there should be close spanwi se spacing in regions where rapid
loading vari ation mi ght he expected. For example, near the wing tip or near
the edge of a highly l oaded 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 V

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 , V

• that any one of four types of EVD elements , (i.e., Regular, Leading Edge , Hinge,
and Infinity), can be selected.

Gi ven close uniform spac ing, the program would always yield a good,
smooth chordwise loading. But the linear nature of loading gi ven 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 

V

loa di ng i s nearly cons tant. In additi on, in order to more accurately approxi-
mate the chordwise loading , special EVO elements have been developed. These
EVD elements provide an accurate representation of chordwlse loading in these
special regions which are normally difficult to approximate wi th 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-
w i se EVU elmenents are of the regular type, representing a linear loading V

V 
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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 Vol ume I of this report, and will not be further discussed here.

V Chordwise spacing may also be affected by section camber. In regions V

where there i s a large vari ation in camber, close spa cing should be used in V

order to accurately account for the rapidly changing boundary conditions
resulti ng from the wi ng camber. Volume I of this report contains further V

discussion and examples of spacing arrangements.

Since the sectional geometric characteristics of a non-planar wing are
approximated by the “mean camber” l ine, it is important that the user be able
to translate a typical wing section.- into a suitable camber distribution . See
Fi gure 2 for the camber line representation of various complex wing sections.
All of the wing sections originate wi th some s~nooth camber distribution of
the “clean” configuration. However , when various ty pes of control surfaces

are deflected, radical changes 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
separately from the changes produced by deflections. Ideally, the bas ic camber
distribution would be fixed , and the variations in camber -due to deflections
would be super imposed on IL The program cannot , ~ wever , automatically take .

account of such effects as ch~rd extet~s ion assoc iated w~ith flap rotation and
slot openings . The user. should , therefore, incl ude some allo~iance for those
effects in the basic camber distribution , and then super impose s ~ple deflec-
tions which do not contribute to changes in the basic camber. Even tho~igh
the program may be used to approximate such complicated corifigurations as ~~~~

Figure 2, the user is reminded that these approximations may be very crude,
and rigorous treatment of such details is beyond the ’~cope of the linearized
approach. Thus, the program results cannot be expected to accurately. predict
the aerodynamic characteristi cs of such configurations .

2.4 Use of Fundamental Cases

V An important feature of the EVD jet-wi ng computer program Is the concept
of fundamental cases. The use of fundamental cases is intended to Increase the8
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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 variati ons 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 :

1. Wing twist
2. Jet deflection
3. Camber
4. Leading and trailing edge flaps

• 5. Leading edge vertical displacement (special)
7’

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 compos i te loading of a particular configuration. The
compos ite cases w ill be discussed further below .

As treated by the program, each EVD element is a part of every funda-
mental case. Associ ated wi th 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 deflect ion of a fundamental case var ies , the assoc iated incidence
angle of every EV O element and the assoc iated loading on every element vary
accordingly.

V 
An example of the use of fundamental cases for a complex wing is shown

V in Figure 3. In Figure 3a , the planforn 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 

V

wing at 10 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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to define fl aps , 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 EVO element produces a loading distribution on every
element of the jet-wing system, variati on of the deflection of a fundamental
case will produce a corresponding linear variation in the loading of every

V EVO 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

V case. For example , camber and twist will usually be held constant while other
deflections vary, so it is natura l 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

V 
minimum computi ng cost. Figure 3c shows how linear fundamental cases are

V superimposed in any manner to form a composite case. The result is the corn-
posite loading of the required configuration . The composite case capability
is very effectively used in parametri c studies , where the effects of systemati c
variation of parameters are required. As mentioned in the discussion of fun-
damental cas es , it is often convenient to combine several unchanging character-
istics into one fundamental case which may then be included in all composite

V 

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



such as those of a slotted flap system, to limit the range of deflect ions so
as not to significantly change the planform by chord extension.

2.6 Final Coninents

The accuracy of the results obtained with this computer program is
V generally increased as the number of EVD elements increases , assumi ng that

the elements are wise ly located by the user. When pursui ng accuracy , however,
V the relati ve signifi cance of factors which are unaccounted for must be kept
V 

in mi nd. In addition , the computing time is very strongly affected by the
V number of elements (somewhere between a quadratic and cubic function of the
V 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
V limi tations of computing resource~ and various unpredictable influences.

It is again strongly reconinended that the user read this computing

manual thoroughly before attempting the f i rst problem, and also that he read
Vol ume I for valuable background material and insight into the theoretical
foundations on which the program is based .

13 
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V 3.0 PROGRAM DESCRIPTiON

3.1 General Description

The McDonnell Douglas EVD Jet-Wing Lifting Surface Program Is composed
of several bas ic 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 al l of them are required for satisfactory analys is
of a problem. The component programs are tied together by two master routines,
only one of which Is used in any gi ven 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 APPLY 1, controls execution of
ordinary runs, without stability deri vative calculations. If stability deri-
va ti ves 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.

In Component 1, the problem is formed according to the user’s input.
All input is read, consistency and correctness of input are checked as far as

V possible , and all geometric parameters are defined.

- 

~
- In Component 2, the mathematical problem is solved. The system of

simultaneous linear equati ons is formed using the downwash infl uence coeffi-
d ents 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 lift , drag and pi tching moment, and total

V lift , drag, and static and dynami c moments.

Component 4 contains supplemental subroutines whi ch are used during
V 

calculation of dynamic stability derivatives . This Is not a self-contained
- i component program as are the others, but is s imply an unstructured collec tion

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 signifi cant details and functions of all of the subroutines
of each component program. Since the subroutines are generally executed in
the order whi ch follows , this review also will provide a general description
of the logical flow duri ng execution. Fi gure 5 gi ves 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)

7’ The main routine is very shovt., and serves th ree functi ons. 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 APPLY1 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 APPLY 1 , the control routines for component Programs 1, 2, and 3
- 

V are called . In addition , Component 4 is called to produce supplementary infor-
mation for stability derivatives due to pitching. The loading solutions for

V the fi rst run are then stored on the mass storage fi le for later use , and new
V 

equivalent camber information is generated for each element due to yawing and

rolling effects . Component 2 is again called for soluti on of the matrix system.

V 
Finally Component 3 is called for integration of the loading to get dynamic

V stability deri vati ves .
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Control of Problem Formation (STAGE1)

The control subroutine (SGP1AIN) for dealing wi th sectional geometry input
V 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
requi rements are read by cal li ng INCOMP. Subroutine BLOWIN is called to

read the jet strength requirements, and finally BOXJ i s 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 i s def ined by call ing either XLETR 1
for i rregular planforms, or XLETR2 for simple trapezoidal planforms. The
plan-form parameters are normalized by half the input value of wing span in
subroutine NORM1 . 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 ,V

BEECEE , and OUT1 for each required fundamental case. The inputs describing 
V

the elements to be deflected and the amount of deflection are read in INCASE.

BEECEE interprets thi s data and derives certain parameters to be used later in V

the program. OUT1 prints the resulting parameters for each element.

V If shortcut methods can be devised for easier input of all or part of 
V

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

V 

present system In the correct -form for use by remaining components of the
program.
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V 
Wing Element Input (II’4PTS)

Thi s subroutine reads the spanw i se spac ing arrangement, and then the
V 

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 leadi ng and trailing edges at any sections for which no input
is given . 

V 

-

Trapezoidal Wing Planforni Input (XLETR2)

J 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 (f4ORM1VV) V

-
. 

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 wi th the scaled wing, where the wing span is two un its.

Jet Element Input (1NPUTJ) 
V

In a manner similar to that used in INPTS, the number and chordw ise
spacing of elements on the jet are read. Note that the spanwise spaci ng of
jet elements is the same as for the wing, but that some or all of these jet
sec tions may have no chordw i se elements, thus effectively eliminating the jet
at those sections.

EVD Element Definition (BO~,~~
V 

This subroutine uses the input data from the above subroutines to corn- V

. pute the length , width , and location of each EVD element on the wing and jet.
In addition , the appropriate EVD type Is chosen for each element , and several
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 
V

the types of deflections to be used, then the magnitude of each parti cular
V type of deflection. The types of fundamental case deflections read are twist

V 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 sunining the accumulative deflections due

to twist, camber, and flap deflection from the leading to the trailing edges. V

The effect of jet deflection is also incl uded on the first jet element of each
section. Thus the effects of all deflections are superimposed and the m di— 

V

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
deflect ions, he must make use of a separate fundamental case , where only the
flap deflection is present.

- 
- Fundamental Case Output (OUT1) V

This subroutine prints out, for each fundamental case, the location,
V size , resultant Incidence angle, hinge deflection angle , if any, and EVO type

of each EVD element. Parameters of spanwise signifi cance are also printed,
Including wing chord, leading and trailing edge coordinates , leading edge
height , twist angle, etc.
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Compos ite Case Input (INCOMP)

This subroutine reads the user’s requi rements for compos ite cases , in
whi ch 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, c , for each section which has been specified to have jet elements.

Additional Jet Parameter Definition (BO~a

This subroutine defines an additional jet strength parameter for later
i nternal use, and checks on the consistency of the input c data. The jet

ii
strength from the previous c~, cas e, if any , i s also saved for later i nternal
use.

Control of Problem Solution (STAGE2I

V 
This routine simply calls the two overlay segments wh ich set up the

system of simultaneous linear equations and solve the matrix system.

Development of Simultaneous Eguations (STG2D)

The large square left-side matrix of downwash infl uence coefficients is
computed by calling DWNWSH. Next this matrix is augmented in SHUFL1 . If
prev ious c~ cases have been run, these steps are skipped and a simple reaug-
mentation is performed in SH(JFL2. For each fundamental case, the right side
col umn of constant boundary conditions is formed in COLUM1. Since the down—
wash infl uences of the logarithmi c singular hinge EVD elements depend only on
the hinge turning angles and thus are known, these influences are computed in
HINGE and superimposed di rectly 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-

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

This subroutine calculates the downwash on every element due to the
infl uence of all the other elements. Each element is selected in turn , and
the infl uence of all elements on it are computed one at a time by call ing the
appropriate downwash infl uence function: EVD1 , EVD2, or EVD3 (hi nge EVD
not yet considered). If the wi ng is syninetric or anti-syniiietric, the appro-
priate influence coefficients are super imposed (added or subtracted) to reduce
the size of the linear system to half the number of equations. The array of
infl uence coeffic ients on the particular element under cons iderat ion 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)

V 

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). 
V

Jet Infinity Downwash (EVD3)

This function computes the downwash at any point in the wing plane due
to a quadrati c decaying distribution of vorticity on a trailing jet element.
This element begins several chords behind the wing trailing edge and extends

V downstream to infinity, where the vortlcity decays to zero (see Figure 1) 
V
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Hi nge EVD (EVD4J V

This function computes the downwash at any point in the wi ng plane due
to a logarithmic distri bution of vorticity on an element located on the hinge

line of a deflected flap, jet, or leading edge flap (see Figure 1).

Initial tiatrix Augmentation (SHUFL1)

V This subroutine reads the matrix rows corresponding to elements on the
jet, subtracts adjacent rows from each other, and further modifies certain

V elements near the main diagonal due to the nonlinear influence of jet strength.
V The augmented rows are then replaced on mass storage Unit 1 imediately behind

the ori ginal downwash matri x rows.

Additw.Ial Matri x Augmentation (SHUFL2)

This subroutine reads the augmented matrix rows from Vnit 1 , remodifies j
certain elements near the main diagonal , then restores the rows in their origi-

nal locations.

Col umn Matri x Formation (COLUM1) V

This subroutine defines the right side col umn 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 
V

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 infl uence of eac h
hinge singulari ty distribution is computed by calling EVD4, added or sub-

tracted according to syninetry requirements, then multiplied by the appropriate
hinge turning angle. The infl uence due to all such hinges are sunined as they 

V 
-

are calculated , so that one hinge Infl uence factor is produced for each element
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on the wing and jet. Thi s is done for one col umn (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 infl uence 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 ri ght
side matri x in order to account for the infl uence of jet strength on the vorti-

V 
city of each jet hinge element. These operations are done for one column
(fundamental case) at a time.

Vi

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

• matri x are defined as the last values of the transfer array, and the entire

V 
array is wri tten 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 wri tten to Unit 2 to form the entire matri x system.

V Control of Matrix Solution (STG2S)

V 
Thi s control routine calls the matrix so lution routine, MATRIX , re-

trieves the vorticity solution , and calls the back substitution check subrou-

V tine if requested.

V 

Matrix Solution (MATRIX)

4 This subroutine solves the matrix system directly by triangularizatlon . V

It is able to solve very large matri x systems using a relatively small amount
of core storage because it deals wi th only a portion of the system at one time,
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the remainder being stored on scratch files.

V - 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 signifi cantly increasing the solution speed.

Scratch File Reading (GETII) -

As w ith subroutine SAV E, reading whole arrays without reference to
- ; subscr ipts significantly reduces the matrix solution time.

Matrix Back Substitution (BAKSUBj

J As a check of the matrix soluti on accuracy, the user may wish to call
for a back substitution check. In a row by row manner , the augmented left
side matri x is read from mass storage Unit 1 and the corresponding elements
are multipl ied and sumed 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 Aerodynami c Coefficients (STAGE3)

V 

This routine controls computation of all aerodynamic coefficients, in-
cluding stability deri vati ves , for both regular runs and stability derivative

V 

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 suninary
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 deri vatives are requested, subroutines FUNOER and C~MDER are
called , which compute stability derivative coefficients for all fundamental and
composite cases, respectively.

V 26
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Chordwise Loading (STG3FC)

V 

The loading on each element is computed from the vortici ty solution pro-

- V duced in the problem solution component program. If requested, the loading is
printed , along wi th detailed expansions of the loading on all singular leading
edge and hinge EVO elements.

Spanwise and Total Loading Control (STG3FS)

Spanwi se variati on of lift , pitching moment and induced drag are computed
by calling SLOAD. Total induced drag is also computed by a momentt~n
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 pri nted. This sequence is
repeated for each fundamental case.

Suninary Table (STG3FT)

I f  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 Loadiflg Control (STG3C)

The composite chordwise loading is first computed by superimposing the
loading from the required fundamental cases , each multi plied 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 vari ation with
angle of attack must be computed. For the nonlinear coefficients , the vari-
ation wi th angle of attack becomes quadratic , and a new “cross-product” term,
linear in angle of attack , is also requi red. The computation of all spanwise

V and total coeffi cients corresponding to the zero , linear , quadratic , and cross-
product angle of attack terms are computed by calling the vari ous loading
utility subroutines . All spanwise and total aerodynamic coefficients are then
printed , Inclu ding a sumary table of all total coeffici ents . Final ly, sub-
routine TABLE is called to gi ve a variation of total lift, drag, and moments

V 
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wi th angle of attack . The entire sequence of computations above are repeated
for each composite case requested.

V 

Initial ized Data (BLKDTA )

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

Singular EVD Loading Expansion s (EXPLE, EXPH1, EXPH2)

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

~panwise Loading (SLOAD)

This subroutine integrates the chordwise loading at each section to
V arrive at the sectional values of lift, induced drag and pitching moment.

Because of the genera l nature of the computations , the loading for either
V fundamental or composite cas es can be computed, dependi ng on the element

loading given .

- 

~
- 

~panwise Cross—Product Loading (SLOADX)

V 

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)

V This subroutine integrates the chordwjse loading at each section to get
the total vorticity of the jet wi ng system for use in calculation of induced
drag by a momentum analysis. Integration is from the leading edge to the
trailing edge for unbi own sec tions, and from the leading edge to infinity
for sections wi th a jet.

28
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Total Loading (TLO,AD)

This subroutine perfo rms spanwise integration of the sectional values
of lift , 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 V (TLOADp~

This subroutine computes total lift and pitching and rolling moments
for all composite cases at zero angle of attack. The coefficients are corn-
puted by sunining the fundamental case coeffi cients , each multiplied by its
respective input scale factor.

J Total Loading (TLOADX)

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

Trefftz Plane Downwash (JREFTZ)

Thi s 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

V drag method.

Composite Case Suomiary (TABLE)

This subroutine computes and prints a table of the variation of lift ,
V 

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 (FUND~~1
V 

This subroutine controls calculation of stability deri vatives for all
fundamental cases . Subroutine STG3FC is first called to generate the chord--wise loading for the stability fundamental cases. Then both chordwise and

29
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- spanw ise integration are performed by calling subroutines SUMIT1 and SUMIT2,

to yield stability derivatives due to rolling and yawing rates. For the last

I fundamental case (due to rolling rate) certain stability derivati ves are de-
ri ved di rectly from chordwise and spanwise loading In the normal manner by

call ing 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

- 
V Unit 1. Then the subroutines SUMIT1 and SUMIT2 are called for chordwise

V :- 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)

V 

This subroutine computes the derivati ve of yawing moment due to yawing
V by chordwise and spanwise integrati on of the loading on each element.

Stability Derivative Table (STABLE)

This subroutine prints , for each composite case, a suninary of all stabi-

V 1-I ty derivatives and the terms used to compute each. An angle of attack table
is then computed and printed, containing all the stability derivatives wh ich
depend on angle of attack.

1 Control of Utility Routines for Stability Runs (STAGE4)

During the fi rst run of a stability derivative run sequence , an extra

r 30
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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 geometri c 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, wi th 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 (0UT2)

Thi s subroutine is the same as subroutine OUT2, and prints the geo—
metric data defining the stability derivative fundamental cases.

J
Save First Run Solution (SAVECP)

For stability deri vative 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, di rectly behind the matrix information previously
stored.

P1tching~Rate Induced Camber (BCPICH)

This subroutine defi nes the induced camber angles on all wing and jet
EVD elements , which result from simulati on of the wing pitching about the
input center of gravity locati on.

Rolling Rate Induced Camber (BCROLL)

This subroutine defines the Induced camber angles on all wing and jet
- - 

I EVD elements, which result from simulation of the wing rolling about the
x—axls.

4 YawIng Rate Induced Camber (BCYAW J

This subroutine defines the Induced camber angles on all wing and jet V

EVD elements , which result from simulation of the wing yawing about the z—ax is.

• V V ~~~~~~~~~~ _~~~~•~~~~~~~~~~ 
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V 3.3 EVD Functions—Numerical Restricti ons

V 

Because of the characteristic of all digital computers of defining

V numbers to only a limi ted number of significant digits , it sometimes happens
that equations cannot be evaluated wi th the required accuracy . This Is
particularly a problem where the di fference 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 identi cal (to the number of digits
the computer can hold), the difference loses all accuracy.

For the four EVD downwash infl uence functions (see Appendix I of
V 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 regi on of any EVD element. These can generally occur along

Vi the leading and trailing edges of any EVD element, and at the apex of a V

Regular EVD.

The following restrictions and approximations have been adopted, without V

loss of generality , in order to prevent random inaccurac ies from affec ting the
results. In the case of far—field cutoff, the true limiting values of each

V function are used, and the only approximations are that these limiting values
are used somewhat “closer ” than real infinity , where they correctly apply.

V For near-field cutoff, the limi ting values are used in small regions near the V

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 elemen t j.
EVU

In flu ence
Function Regi on Val ue Used

Regular* 
~(+6 l) 

> 100 ~~~~~~~~~~~~~~~~~~ (o~~+o~ l)(y y~~ 
- _ _ _ _ _ _

x .~-xJ = 0~ y=O Not encountered

- 

- 
xj_xj = 

~
6j...i’~

=° Not encountered

= ~‘=O Not encountered
V *Reference 1: AppendIx I, Section I.,
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EVD 

- V 
~~~~~~~~~~~~ ~

VV ~~~~~~~~~~~ VV VV - V~-VV V ~~~~~~~~~~~~~~~~~~~~

Function Region Value Used

Leading* 
(x1-x~)/6~ 

100 a(.~,(Yi~yj))= - 

~~,y (yj~~j~~ ~~~~~j
+6)

V 

I —4
~
x _ x

) 6. < 10

j[(xi xj)/6:~ ~
i~< io 6

~ 
a(~j~xj).(Yj~Yj)) a(O .(Y~~Yj ))

Infinity~ _ _ _ _ _ _  io6 a ~x -xj) (Yi~Y4=

__\
( 

+ d)

- 

Y j Yf a - 

Y j -Yj 4t~J
V 

1x
-x1

+d
1<10

2 
a((xj-x~) . (~~

-
~~~

))= a (~d~ (~-i-~))

j~ingu1av\ 
X j~~Xj  -

~~ 
> 7.5 b ((x -x~) . (~~-~j ) )  

= 
~~.[_ (6j1

+6j) -

V 

~ Part j a+~j~~ -

~ 
1

- 

(~j_ l1~9 6j..1~
6S 1og 6~~[yj .yj

_~ 
-

lO~~ b((Xi
_X
j)~~(Y~ij~~ b(O~(Y~

_Y
~))

lx i 
.+6...1

1< 1o~~ b ((x~
-x

~) .f r-
~~

))= b(-6~ .i~ (Y~
-Y

~))

~Xi~X~-~if< l0~~ b ((x1-x~) ,(yj -yj)) b ~~~~~~

F 

- 11< 10~~ b ((x1-x~)1(Y1-Y~~ b(6~~1~(Y1-Y3))

V 

- 
_ _ _ _  - 1~< 10~~ b ((xj~xj) ~(Yj-Yj)) b(6~~(Y

-Yj)) 
V

* Reference 1: AppendIx I, Section I 2
+ Reference 1: AppendIx I, Section I 3

I ‘P Reference 1: Appendix I, Section 1 4
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Function Region Value Used

I’Hinge .-x.-x . 6
— (Singular) ~~~~~~~~~~~~~ ~ < 10 ~~~~~~ ‘~

Yi-Yi~) 
= b

cont’d

x -x +6_i 41 < io~~ b ((x1
_x
~)~ (Y1

_Y
~))= b (—6j_l~ (YI—Yf))

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

Vi

1’ Reference 1: Appendix I, Secti on I 4
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4.0 INPUT DATA INSTRUCTIONS

The program input cons ists of various types of cards containing all the
V 

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 requi red, but the sequence of the remaining cards must not be changed. Load
sheets for all cards are shown in Appendix 0. 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 ex ists , 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 di rection always
aligned wi th the x-axis. It must be noted that if a wing is to be analyzed in
the yawed positi on, it must be input as a non-symmetric planform , rotated about

the wing apex (z-axis) with respect to the x—axis. All wing sections will

still be aligned wi th the x-ax is , including the wing tip sections. The printed 
V

output will also be referenced to the w ind axi s 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 val ues are real float-

ing point numbers (F format), unless otherwise specified. All -specified inte-
gers should be right—justi fied in their fields.

4.1 Input Description

V 

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

1-80 TITLE Run title (any acceptable machine characters).

• General Planform Parameter Card - This card contains basic planform infor-
mation.

Co lumn Name Explanati on

1-10 AREA Wing area, in units of (SPAN)2 to be used for normal ization
of aerodynamic coefficients.

11-20 SPAN Wing span, in any desired units.

V 
21-30 CREF Wing reference chord, to be used for normalizing vari ous

aerodynamic coefficients. Same units as SPAN. If a value of
V 

Vi 0.0 is input , the mean aerodynamic chord will be used.
31—40 XMC Point about which pitching moments will be taken , measured

from the wi ng apex (origin). Same units as SPAN .
41-50 XCG Wing center of gravity location, measured from wi ng apex

(origin), which will be used as pitching axis for compu-
V tation of stability deri vatives due to pi tching. This para-

meter must be input only if IDERIV ~ 0. Same units as SPAN .

O General Control Card - Thi s card contains control flags wh ich descr ibe the
basic characteristics of the run ,

Column Name Exp lanation

1-2 NROWS Number of spanwise sections (rows) into which the wi ng is
divided . For symmetric or anti-symetric wings , only the
number of sections on the right half should be input
(3- � NRØWS -~4O). Integer.

V 

3..4 NCASES Total number of fundamental cases. It must be noted that

- 
the angle of attac k case is always set up automatically as
fundamental case number one, and no input data Is requi red

V V 

for it. Therefore, NCASES must be one more than the number
V 

of cases for which input data will be given , to allow for 
V

the angle of attack case. (l~~NCASES~~lO). Integer. j .
V 
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Col umn Name Explanation

V 

5-6 ISYMM Symmetry indicator flag (symmetry about the x-axls).
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 V

coefficients.
= 1 In addition , print spanwise loading.
= 0 In additi on, print chordwise loading.
< 0 In additi on, print all matrices, back substitution

check, and other details. This option is normally
reserved for troubleshoot ing, since it produces a
very large amount of output.

10 JETFLG Jet indicator flag. Integer.

V = 0 There is a jet sheet.
= 1 There Is no jet sheet, and no jet inputs will be read.

12 IGTYPE Wing planform geometry indicator flag. Integer.

= 1 Wing p lanfo rm is completely arbitrary, and sectional
leading and trailing edge coordinates will be read
to define planform.

= 2 Wing planform is trapezoidal , and simplified plan—
form input will be read. V

14 IHINGE Hinge EVD indicator flag. Integer.

= 0 Regular EVD only will be used on all hinge elements.
V 

- > 0 Hinge EVD will be used on all hinge elements. This
V option is not permitted for use in computing dynamic

stability derivatives (IDE’RIV>O).

40

~~~~~~~ 

1 • 
V~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _  ——- -V -- V V

I - 
- V 

• ) ~~ -VV V~ V~ ~& V
V ~~~~- _V~~S _  V.~~~~~~ S_ V V _A V VV__VV ’VVVVV.A_VIV.V.V V~ - V 

-
~~~~~~~~~~~~ -~ ——~ 1- —A V V ~~~VV VV~~~. _V V . ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~..



r ._r

VV — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V _ - V  VV____ ~____VV.V_ V_V~VV_ V 
~~~~~~~~~~~~~~~~~~~ V _V. 

~
_ VV VV V. V _ _ ,V_ _ _ ~ _ . _ _ ~~~~~~~ _ _ _~~~~~~~ V V

I
Col umn Name Explanat ion

16 IDERIV Dynamic stability derivative control flag. Integer.
V = 0 A basic run will be executed, wi th no stability

derivatives computed.
> 0 A basic run will be executed, and in addi tion,

a dynamic stability derivative run will be executed.
V This option requi res approx imately double the bas ic

computing time.

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

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

V Column Name Explanation

1-10,11-20, V Spanwise distance from wing centerline (x-axis) to section
etc. centerl ine, normalized by SPAN/2. All values must be

(-1.0< Y < 1.0). NROWS values must be input, beginning

V 
at the right wing tip and working to the following:

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

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

V 
• Wing Section Type Card - This card indicates the chordwise arrangement of

EVO elements for each section on the wing.

Column Name Explanation

V 1—2 , 3—4, ICTYPE Type number of each wing section. The arrangement of
etc. 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—
V tions of all EVO elements , have the same ICTYPE value.

NRØWS values must be input. There may not be more than ten

different values (i.e., section types). The highest value

Input Is called NWTYPE, and all values less than NWTYPE
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Column Name E~planation

must be used, that is , no “ gaps ” are allow ed in the
sequence 1 through NWTYPE. Integer.

I Number of Chordw-Ise Wing Elements - This card contains the number of chordwise
EVD elements for each wing section type.

Col umn Name E~çp1anation

1-2,3-4, NI Number of chordwise EVD elements of each wi ng section type.

H LJ~
t
~~ There must be NWTVPE values (l~~NWTYPE~~lO) in the

- - CCIO sequence for section type 1 , 2, 3 (i.e., ascending
Vi 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.

O Wing Chordwise Element Coordinates - These cards contain the x/c coordinates
of each EVD element of each section type. NWTYPE sets

— of cards requi red, each with NI values of x/c. Maximum

V of ten sets, three cards per set. 
-

V

I Column Name Explanati on V

V 

I 1-10,11-20 , XB The chordwise coordinate of each EVD vortex point, measured
etc. from the sectional leading edge and normalized by the

sectional chord. The vortex point Is defi ned 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 V

must be 0.0 (leading edge ) and the last val ue 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.

V~~1
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I Leading and Trailing Edge Coordinates - These cards contain the coordinates
V 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 leiding and trailing edges are inter-

- : polated for secti ons not given by putting straight lines
between those sections which are given . This method of

V planform definition is used only if IGTYPE = 1. Number
of cards required Is ?2 and ~NRØWS.

V 

Col umn Name Explanation

1-10 V Spanwise distance from a section centerline to the center-

I 
line of the wing (x-axis), normal ized by the half span.

J Each value must be the same as one of those al ready input

V 
on the secti on center line location cards. Values on the
right wing half are positi ve , and values on the left wing
half (nonsyninetri c only) are negative.

V 

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

V 

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

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.

• Trapezoidal Wing Parameters - This card contains planform information for
simple trapezoidal wings. It replaces the above coordi-
nate cards including the 9 card when 1GTYPE = 2.

V 
1 This type of input may be used only when the wing planform

is symmetric.
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Card Variable
Column Name Exp lanat ion

1-1 0 ARATIØ Wing aspect ratio, (SPAN2/AREA).

11-20 SWEEP Sweep angle of wing quarter-chord line, in degrees .
I

21-30 TR Wing taper ratio, CHØRDWIng/CHORDaXIS of
tip symmetry

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

Column Name Explanation

J 1-2,3-4, IJTYPE The type number of each jet section. This variable is
V 

etc. s imi lar to the ICTYPE var iable, except that for sections
wi th no jet a value of 0 must be input. The number of
different jet section types is called NJTYPE. The number
of nonzero val ues input is NROWSJ , the number of sections

V having a jet. Integer.

• 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

Col umn Name Explanation

1-2, 3-4, NI Number of chordwise EVD elements of each jet section
etc . type. Th i s var iable is s imi lar to NI for wing sections

above , except that there must be NJTYPE sections. At
V least 2 but not more than 10 chordw ise EVD elements must 

-
~~

be Input on each jet section (2�NI~~l0). Integer.

• Jet Chordwise Element Coordinates - These cards contain the x/c coordinates 17
V 

V 

of each element of each jet section type. NJTYPE sets 1

of cards requi red, each with NI values of x/c. Maximum

V 

of 10 sets , 2 cards per set. Required only if JETFLG = 0.
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Column Name E~pj anation

V 1-10,11-20, XB The chordwise coordinate of each EVD vortex point,
etc. measured from the sectional leading edge (at centerline )

and normal ized 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 s NI~~l0).

• Fundamental Case Control Card - This card identifies the types of linear
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 indi cates omission of the
respective type of input for that fundamental case. A
non—zero value Indicates the variati on will be included
and input must be given to define it.

Column Name Explanation

2 INTWST Spanwlse twist distributi on flag. Integer.
4 INHITE Leading edge vertical displacement flag. Integer.

V 

6 INDELJ Jet deflection flag. Integer.
-
~~ 8 INCAMB Camber flag. Integer.

10 INBETA Wing hinge deflection flag. Integer.

• Twist Distribution Card - These cards contain the spanwise distribution of
wing twist. NRØWS values required, eight per card.

V 
Required only if INTWST ~ 0.

Column Name Explanation

V 

V 1-10,11—20 TWIST Sectional wing twist , In degrees , at secti on centerline,
etc. wi th 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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• Leading Edge Height Card - These cards contain the displacement of the wing
leading edge from the wing reference plane. NRØWS values
requi red, eight per card. Required only If INHITE ~‘ 0.

Col umn Name ExplanatIon V -

1-10,11-20, HO Displacement coordinate of sect ional lead ing edge from the
etc. wing reference plane , normal ized by the sectional chord.

V These values are used only for computation of the moment F

arm of the jet reaction thrust contribution to pitching V 
V

moments. Leading edge displacement may be the result of
V dihedral , twist, nonl inear movement of a leading edge

devi ce, etc. Translation resulting from ordinary linear
leading and tra i ling flap deflec tions and angle of attack V

are accounted for automatical ly by the program.

• Jet Deflection Card — These cards contain the spanwise variation of jet
deflect ion, relative to the trailing edge. NRØWSJ
values are requi red, eight per card. Required only if -

INDELJ ~ 0.

V 

Column Name Exp lanation
V 

I 1-10,11-20, DJ Jet turning angle, in degrees , relative to the mean line
etc . of the trailing edge. Positi ve deflection is downward.

See Figure 3b @J. V

• I Camber Type Flag Card - Thi s card indicates the chordwi se distribution of - - 
V

V camber for each section on the wi ng. Required only if
INCAMB~~ O. —

Column Name E~p1anation _ -

1-2,3-4 ICT Camber type number of each wi ng 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
value of Id . NRØWS values must be input, but a maxi-
mum of 10 different types is allowed. The highest value
Input is cal led NCT, and there may be no “gaps ” in the
numbering sequence between 0 and Nd . 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 requi red, three cards
per set maximum. Required only if INCAMB ~ 0.

Col umn Name Explanation

Vi

1-10,11-20, AC The camber angle, in degrees , at the downwash control
etc. 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
the same sense as positive angles of attack- See Figure
3b © .

• Trailing Edge Camber AnQle Card - These cards contain the trailing edge angle
due to camber only. NRØWSJ values are required. Requi red
only If both INCAMB ~ 0 and JETFLG = 0.

V I 

Column Name Explanation

1-10,11-20 ACTE Trailing edge angle, in degrees, due to camber only. These

V 

etc. values are required only for sections which have a trail—
• - 

- -Ing jet , and are used only In computing the total jet de-
flectlon angle wi th respect to the freestream.

V 

I Hinge Section Tvoe Card - This card Identifies the arrangement of leading
and trailing flap hinges on each secti on. NRØWS val ues
are requi red. Requi red only if INBETA $ 0.

47
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Column Name Explanation

IHT Hinge section type flag. If there are no hinges , a value
e C~ of 0 should be input. Sections wi th 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 NRØWS different
V section types. The number of di fferent types is called

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

NIh .  Integer.

• Hinge Parameter Cards - These cards contain the location , type (leading or
V trailing edge flap) and turning angle at each hinge on a

given type of hinge section. NHT cards required. Each
section may have a maxi mum of four hinges. Requi red only
if INBETA ~ 0.

Column Name Explanation

1-10,21-30 XBH Distance from the sectional leading edge to the hinge
etc. point, normalized by the sectional chord. This value

must be the same as one of the XB coordinates inp’it for
the section.

11,31 , ILT Hinge type identification flag. Integer.
etc . 

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

V 
~E 0 Leading flap hinge (positive deflection in the

sense of negative angle of attack). 
V

V 12-20,32-40, BETA Hinge deflection angle, in degrees, of the element
etc. behind the hinge point, relative to the element before

the hinge point. See Figure 3b ®, ©, ~2j .

V 

V 

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

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

1-2,9—10, N Fundamental case number which is to be Included In
etc. forming a given composite case. Integer. V

3-8,11-16, A Multiplication factor to be applied to the fundamental
etc. case identi fied in the previous two card columns.

1 9 A “9” must appear in CC1 of the card following the corn-
V posite case cards to signal the end of composite case

input. (Required even if there are no composite case
cards input).

I Jet Strength Cards - These cards contain the jet strength for all sections
which have a jet. NROWSJ values are required. An
unl imi ted number of sets of cards may be input, maxi-
mum of five cards per set. Required only if JETFLG = 0

Column Name Explanat ion

1-10,11-20, dilL) Sectional jet momentum strength for each jet row. Cliii
etc. is defined as CML) = J/qc (y), where J is the sectional

jet momentum per unit span and q and c are the dynamic
pressure and sectional chord, respecti vely. There may be
no zero values input , unless all values are zero (indi-

cating no jet at all).
1 9 A “9” must appear in CC1 of the card following all CML)

cards to signal the end of CML) input. Required only if V V

JETFLG = 0.

4.2 Input Restrictions
Most of the limitations imposed on the range of Input values are designed V 

V

to minimi ze computer storage requirements, but still to provide the capability

for adequate treatment of complicated configurations. While all of the input
V 

restrictions have been stated or implied In the input description section above,
they will be summarized here for convenient reference. V
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1. 3 ~ NRØWS ~ 40 
V

V 2. 1 ~ NCASES ~ 10

3. IGTYPE = 1 or 2
4. Number of chordwise wing elements on any section 2 ~ NI ~ 20
5. Number of chordwise jet elements on any section 2 ~ NI ~ 10 V

6. Maximum of ten different section types each on wi ng and jet
7. On wing 0.0 ~ XB -< 1.0
8. On jet 1.O~~ XB
9. Only NROWSJ values required for DJ, ACTE and Cliii Input J
10. 0.0 ~ CMU < 800.0
11. For stability deri vative runs , only one set of CMV data may be input I

Due to certain curve fitting restrictions in the calculation of induced V

drag by the momentum method , at least three adjacent sec tions must be used -

4 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 , -
V 

i nboard or outboard of any jet, there must be at leas t three unbiown w ing 
-

sections . If the three-in-a-row rule is not followed , the program will stop 1
automati cally.
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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 descr ibed above , are available to the user. The normal printout is given
for the default value of zero, and incl udes chordwise and spanwise loading and

• total wing aerodynamic coefficients. If the details of chordwise or spanwise
loading are not requi red, 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 matri x coefficients , vorticity solution and back substitution check
for recovery of the right side matrix. The matri x information is given in a
row by row sequence, each row corresponding to one EVD element. For each row
the infl uence coefficients of al l EVD elements on the one in questi on are
listed across the page. For example , the downwash influence due to Element 12

V 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 gi ve for the second run the chordwi se 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 indi rect checking of the consistency of certain stability derivati ve
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. All output
symbols and labels are listed in the nomenclature section and all angles
are measured in degrees.

V 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

51

______________ ________ _________

-- ~ i
_
~~_ _1i

~~~~~~ i -V~~~ -V ;:~~t~~



V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

deflections or planform changes will be visible in the F format. While
V changes in the last signifi cant digits may indicate the trends of effects due

to small changes , they must not be construed to Indicate their magnitude ac- 
- 

V

- curately.

The compos ite case linear aerodynamic character istics are lift, pitching
moment, root bending moment, and rolling moment. They are composed of a value
at zero angle of attack and a li near var iation with angle of attack, and may
be calculated as follows:

C = C  + C a
- L La.o L~

(CCL = CCLO + CCLA * ALPHA)
Vi

The nonlinear characteristics include all of the drag contributions , yawing
moment and s ide force , and are composed of a value at zero angle of attack,
a square variation with angle of attack , and a “cross-product” linear van -

- 

V 

ation with angle of attack as follows:

CD = CDa=O 
+ CD + CD~~

a2 I
(CCD = CCDO + CCDX * ALPHA + CCDA2 * ALPHA ** 2)

The proper methods of composition of the dynamic stability derivatives vary V

greatly, and are shown in the printout for each of the types of derivati ves.

As noted in the input data instructions , the reference system of both
input and output data is a wind ax is system, with the x-axis aligned with the
freestream. If it is required to analyze a yawed wing, the wing must be i nput V

• V 
V in the yawed position and considered as non-symmetric. If aerodynamic coeffi-

den ts are required In a body axi s system, they must be transformed by the
user. In the lineari zed analysis , the only contribution to side force should

V be the leading edge suction, taken normal to the local leading edge.¶ ‘1The program automatically normalizes all the geometry data by dividing
V by half the input value of the wi ng 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 Wing 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

- 
V 

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
J 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 fi rst line, followed by the chordwi se arrangement of all ele-
ment locations, angles and EVO 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 incl ude, for each element,
the following:

V a. Chordwise location , first normalized by the local chord, then
in dimensional units.

b. Chordwise element length.
V c. Total incidence angle resulting from all forms of fundamental

case deflections.
d. Hinge turning angle of each element.
e. EVD type.

Next,the jet element data is given , if there is a jet at that section. The
-
. V 

first line contains data applying to the whole jet section , and i s followed V

by the chordwlse arrangement of EVO e lement data . The element incidence angle
V 

- Is not printed since It has no phys ical meaning, and the hinge turning angles
must be zero for all but the leading jet element. The length of the jet in—

-

• 
V 

V 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 i denti fy the following EVD types:

10 Regular EVO
20 Leading Edge EVD

- 30 Infinity EVD
41 Leading edge flap hinge )
42 Trailing edge flap hinge ~ Hinge EVD
43 Trailing edge - jet-emersion~

V 
For all fundamental cases after the first the printout of element

dimensional locati ons and lengths are skipped, since they are the same for
all cases. The normalized chordwise locations are also repetitious, but are

V 
printed for reference in each case.

5.3 Sectional Jet Strength
-I V 

V

Thi s output i s gi ven for reference and includes the c~ value at every
section , whether or not it is a jet section. This printout is skipped if
JETFLG ~ 0.

For dynamic stability deri vative runs, an extra fundamental case i s
F created automati cally by the program, wi th incidence angles defi ned according

to the quasi-steady induced camber due to a one degree/second pitching rate
V about the XCG locati on.

5.4 Fundamental Case Coefficients

After the problem solution is comp leted, the loading , ~~~ on eac h EVD
element is printed for all fundamental cases. These data are given section 

V

by section, with the wing element loading first and the jet element loading V

second. In addition , detailed loading at small intervals are given for all

V 

V 
V leading edge and hinge EVO elements. This is intended primarily as an aid

V 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 loadi ng data include, for each fundamental case , the lift ,

I V ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
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induced drag, pitching moment, and center of lift for each wing section. At
the bottom of each column, the values labeled “TOTAL” are the corresponding
integrated aerodynami c coefficients for the whole wing. The sectional pitch—
ing moment coefficients are taken about the sect ional leading edges , whi le
the total coefficients are taken about both the wing apex (origin) and about
the input XMC location. Sectional center of pressure and center of lift
data are all normalized by the sectional chord. The total values indicate the
chordwise centers of pressure and lift , 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 derivati ves due to pitching
are deri ved from the last fundamental case and are printed below the spanwise
loading data .

j
Finally, a summary table of all total aerodynamic coefficients for all

fundamental cases is printed. These va lues are the same as those printed
under the spanwise loading data, but also Include rolling and yawing moments.
The most importan t coeffici ents are labeled wi th 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 1eadir~g and trailing edges must be known. For wings with flap

V 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 wa rned to
use care when interpreting the pitching moment results for jet-wings where

flap or slat deflecti ons are treated as camber alone.

5.5 Composite Case Coefficients

The composite case output is similar to that for fundamental cases, ex-

V - 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 V

V 

chordwi se loading is pri nted for each section. The ~~ values are for zero
V angle of attack, labeled (A = 0), and for the variation of loading wi th angle

of attack, labeled (A = 1). The fundamental case factors apply only to the
loading at zero angle of attack, and the loading vari ation with angle of
attack is taken di rectly from fundamental case number one. V -

V

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 s ingular Hinge EVD loading,
if any. Thus, these points must not be plotted directly by the user. The V

Jet—Infinity EVD decays slowly from its “peak” value to zero at infinity
downstream. The pri nted values may be used to compute any intermediate
loading from the following equations:

Leading Edge Element:

= 
~~ 

ac~ - 

~~~~~ 

+ ~~~~ ~
)

- 
V 

Hinge Element:

= - ~~ 1log(c~XB-XHJ ) + 

9( 
~
_l)( 

~
1-+ 1i~c ÷

(
~~~~~~

‘1_ 1) (xB_xH)
~XB ‘~ L i— l J [ ~i i— l

- (for XB < XH)

V 

t~cp = _ [__~! log(c~XB-X H~ ) - 

g( 1)(
)] 

[ 

(~
cPl

_
~
cPi+i)~~~~

)] 

V 

V

V (for XB < XH)

Jet-Infinity Element:

= ~c d2 Ic (XB_ l)~
V ~XB ~i

V 

56

_______ 

‘V %

I ~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~V V _ V. V. V - - VV V V  - ~~ V V-VV~~~ VV.VV.V — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ f_ V ~~~~~~



where c is the local chord , ~ Is the element length, XB is the point
where the loading is required, XII is the hinge point, and I refers to
the Leading—Edge, Hinge or Jet-Infinity elements, respectively. XB , XH,
and ~ are normal ized by c.

The spanwise loading data are presented in generally the same way as
for each fundamental case, except that there Is more information. For the
linear aerodynamic coefficients (lift, pitching moment, and center of lift),

V the sectional and total coefficients are given for both zero angle of attack
(labels ending wi th 0) and their variati on with angle of attack (labels
ending with A).- The first two lines of total lift 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.

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

A summary table of all total aerodynamic coefficients is printed, wi th
the data taken from the total data of the spanwise loading. Coeffici ents at
zero angle of attack and those which are associated with a and a2 are

• _i shown.

V Finally, a summary table of the variations of total lift , pitching
moment (about XMC ), roll ing moment, Induced drag (momentum method) and yaw-
ing moment about XMC wi th angle of attack are given. In the sample case , the

small negative drag values are not errors , but are simply an Indication of

V 
Inaccuracy resul ting from the very coarse spacing used in the example.

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

angle of attack equal to zero refers to the basic configuration of the wing
- 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
be input for Case 1, it Is possible to have a composite case which is labeled

• 
V “0=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 disti nguish an input for

fundamental Case 1 from the other cases and , therefore, does not “know” that
the wi ng is already at some angle of attack.

This feature may be used wi th care to obtain the composite loading at V

some angle of attack of particular interest, say a 4.30, but the user should
be aware that he has now forced the loading labels to be misleading. A label

of a O °  now refers to the loading at a 4.3°, a 10° now means a l4.3°, V.

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 l abels are consistent wi th the

- V 
printed data.

Al l of the output data described in Section 5.5 are repeated for each V

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 

V

- 
- data is found, it will attempt to begin a completely new run, if no new run

V 
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- V V

- 
V 

rivati ves due to rolling and yawing are computed. All 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).

~VI~

The output for the composite cases again Includes the Input fundamental
- case mul tiplication factors. As with the basic aerodynamic coefficients,

the stability deri vati ves 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.

V Finally, a table of the variation of those derivatives which depend on
angle of attack is given. Since on ly one CHU 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

V 

is completed, and if no further input data -Is given, the job is terminated.

I ‘

. 4
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6.0 OPERATIONAL CONSIDERATIONS

6.1 Program Versions Available

The EVD Jet-Wing Computer Program has been wri tten entirely in Fortran 
V

IV , and could run on any large computer system. The program was developed on
the IBM 360 and 370 systems at Douglas Airc raft Company and converted for use V

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

Because of the large s ize of the program, the overlay feature of
FORTRAN is required for operation on most machines. Shown below in Figure 9 V

J is the overlay structure of the Mark II version. This structure requires
approximately 141000 octal words of storage on the CDC 6500 and approximately
235000 bytes of storage on the IBM 360 computer. The overlay control cards
for CDC 6000 seri es computers are included in the program listing, Appendix C.

6.3 Peripheral Storage Devices

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 V

units , and are described as follows :

Unit Type Use

1 Binary Mass storage of downwash influence coefficients and
matrices.

2 Binary Matrix input to solution routine.

• 3 Binary Temporary storage during matrix solution .
4 Binary Temporary storage during matrix solution .
5 BCD Standard input unit. 

V

6 BCD Standard printed output unit.

_ 
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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,
of course , on which computer is being used. The number of fundamental and
composite cases requested has a relatively small infl uence on computing time.

Figure 10 shows the time required for program execution on the IBM
370/165 computer. CPU (Central Processor Unit) time refers to real time V

used in calculation . 10 (Input/Øutput) time refers to an equivalent time
charged for process ing on peripheral storage devi ces and may be known as PP
(Peripheral Processor) time. This includes reading and wri ting of temporary

V 

data sets such as the card input uni t , pri nted output unit , scratch tapes ,
punc hed cards , etc. Total time is the sum of CPU time and 10 time.

J

Other machines and other installat ions may requi re a di fferent 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

V hand , 10 time is expected to vary from installation to installation , depending
on the facilities available , the demand placed upon them, their cost, etc. V

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.

V 
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V APPENDIX A — SAMPLE PROBLEM

Both the input card images and the program printout for a small sample
case are gi ven below. It must be noted that this case has been prepared only
as a brief example of program input and output. The spaci ng Is very rough,

V 

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 , i t  is expected that the results shown
will not accurately predict the wi ng’s aerodynamic characteristi cs .

INPUT CARD IMAGES

*** ONR SM4PLF CASF *~~~~~ PF C T ’ ~Nr,lj, V.~~R WING CMU = I
W ITH STA~ 1L [TV D E RIV A TIVES

4.500 4.~ O0 I.f~’~0 0.2 5 0  0.250
j 4 3 0 0 0 7 1 1

‘~.9750 0.~~ 750 0.~~ 7S0 0.2750
1 1 2 1
5 6
c.ooo c’.loo o.’co c.soo c.qoo
0.01)0 0.100 0.2~0 0.600 0.ROC 0.900
4.500 0.000 1.0CC
1 1 1 1
4
1.000 1.100 1.500 3.000

0 0 1 0 0
1.000 t.COC 1.0CC 1.CCO
0 0 0 0 1
0 0 1 C
0.90”C 0 1.000

V 1. 0 .00 7 10.00 3 10.00
9
1.000 1.000 l.C00 1.flCO

9

4
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SAMPLE PROBLEM OUTPUT V

V •.t.I*.SUMA.eflS*flflfl... ,M..$...M..eS
~ 180 JET — W INO COM PUTER PROGRAM R
•s*R~~sS•S.*~~nBM*•SB•*eSfl•*S*MM..flSfle

Q441 S A B P L E  C A SE ••~~ B P C T A E G I & 6 0  W I N G  CMU • I WI TH SYA RILITY D ERI V A T IV ES 
V

USED INPUT
ARE A. • O.RRM SRQ 4.100000
SPAN • 2.000000 4.500000
18FF • 0.44444’. 1. 000000
XML • 0 . l 1 l 1 I 1  0 250000

CMA C • 0.44444’ 0.999999
11 0 • ‘.500000 4.500000
000 • 0 .1)1)11 0.250000

N R O A S . 4. 4
NCASI S • 3 3

15 1MM . 0 0
IPEINT • 0 0

J E T E I V G • 0 0
IG YB BE • Z 2
I H I N G R  • 3 1

HUM M ER 01 WIN G ELEMENTS • 21
N U M B E R  OF J E T  E l E M E NT S • 16

TOTAL NUMB E R 3F ELEMENTS • 37 

* 0114861  1;~ 7 M L l 4 Y  DATA 8 60 FUN DAM ENTAL CASE DATA POE FUNDAMENT AL CAS E 
S.. a. . .8S. . .R. .MMM.MM.M**MR.. . . .R. . . . .8 . . . . . . .S. .8B. .R.f l . .RR

V 
•.. %LCTI I IV I •B•  V • 3 .97 1000  D E L T A  • 0.0210)0 111*0 — 0.0 O T R A I L  • 3.444644 CHOR D • 0.444444 TAN LE 0.0

V fl 

W I N G  E L E M E N T S  Ti~ - 5 TWIST • 0.0 NI • 0.0 THETA S • 0.3
08 2.0 0.100000 0.200000 0.500000 0.9000 00
XI 3.0 0.044444 0.068889 0.222222 0.4000 00

CA L 3.100)30 0.800030 0.300030 0.400000 0.100000
IFS 1.000023 1.D~)QO3O 1.000000 A 000000 1.000000

BET A 3.0 ~1.0 0.0 0.0 0.0

VI ‘YP O 2) 10 10 10 10

J ET E L E M E N T S  PI J • 4 0 • U . 886889  OJ • 0.0 A C T E  • 0.0 T H E T A  • 1.000 000
115 I.0~ 2.,00 1.094q9Q 1.500000 3.000000
X I  3.444444 0 . 4 3 A P - 4 M  0.666667 1 . 3 33 3 3 3

T EL ) .061~~’9 0. 400301 1.50OO00 **~~•~~W W * R M *
B E T A  3 . 0  0 . 0  0.0 0.0
T Y P E  10 10 13 30

W~~ B S E C T I I V E 2 0~~~ - J . 0 ~~7 Y U J  D E L T A  • 0.062 0 00  0L E A I )  • 0.0  O T R A I L  • 0. 444~~44 CHORD • 0.444444 T A N L E  • 0.0

W I N G  E L E M T 4 T S  NA • ‘ T W I S T  • 0.0 It • 0.0 THETA S • 0.3
XV 3 .0  0 . 1 0 03 0 0  0.700000 0.100000 0.900000

V 111 3 .0  0.04444.-. 0.088589 0 . 22 2 22 2  0.400000
tEL 3.133333 0 .100000  0.300000 0. 4.00000 0.100000

V 
V EPS 1.000100 1.000001) 1.000000 1.000000 1.000000

b E T A  3 . 0  0 O  0 .0  3 .0  0.0
T Y P E  20 10 10 10 10

J ET E L E M EN T S  NJ • 4 1) • 0 . P M R P M  U • 0.0 ACTE • 0.0  T H E T A  • 1.000000
All 1.0002)0 l.,99°~ c 1.530000 3.000000
0 4  3 . 444.4.4.4 T . - O M I I S S  0.666667 1 .333333

LEL .Qcl’Y6 0.400)101 1 .50000OBRRSBSR ~~~ M W

B E T A  3 .0  0 .0  0.0 0.0
l O P E  10 I I  10 30

•S• SE C T I CT 3 ~~~~ V - 0.697530 00116 • 0.137’OO 011*0 • 0.0 STRA t I • 3 . 4.4444.4 C HOR D • 0.444444 TANL E • 0.0

RING ELE ME E TS ~ d • 6 10101 = 0.0 l.t • 0.0 THETA S • 0.3
06 3.0 0. 1 0 00 0 0  0.200000 0.500000  0.800000 0.900000

— X I  3 . 0  0 .044 4-44  0 . 3 8 9 8 M M  2 . 2 2 22 2 2  0 .351155 0. 40000 0
4 0~~1 3 . 100030  0 .1000 00  0.300000 0.300000 0.100000 0.100000

L~~S 1 . 0 20 3 03  1.000000 1.000000 1.000000 1.000000 1.000000
B E T A  0 .0  0 . 0  0.0 0 .3  0 .0  0 .0
T YPE 70 10 10 I X  10 10

V J O T E L E P P V T S  ~J . 4. 1 • 0. 08588 4 DJ — 0 .0  &C T E • 0 .0  T H E T A  • 1.003000
S B  I 0 0 0 J J O  1 . 0 3 9~~°Q 1.500000 3.000000
R I 0.444.- .4 4 0 . ’F!BBT 0.6 66667 1 . 3 3 3 73 3

T E L 3 .01q~~SQ 0. 40 01)01 1 .5000O0 *P *W *B **~~*V 
8AT ~ 0 .0  0.0 0.0 0 .0
T Y P T  10 12 10 10

••* S E C T I T I N 4 . o  B • 0.275000 tIl L TA • 0 .2 7 00 00  I L I a D  • 0.0 Ol E A I L  • 3.444444 CHOR D • 0.444 444 T A N L E  • 0.0

. 4 1 - C -  E L E B E N I S  N4. • 5 T , I S T  • 0.0 HI • 0.0 T H E T A  S • 3.)
V XII 2 . 0  0 . 13 0002  0.200000 0.500000 0.900000

x l  3 . 0  0.048 V44 0. 0 9 5 8 8 9  0 .2 2 2 22 2  0. 400000
364 3 4 0 0 )) 0  ‘1.100030 0.300000 0.400000 0.100000
11S 1.00020)2 1.020000 1.000000 1.000000 1.000000

B E T A  3 .0  0.0 0.0 0.0 0.0
T Y P E  2 3 10 10 10 40

J E T I I I  M E N T S  N_i • 4 5 • 0 . T P M P P 9  03 • 0.41 6 d B  • 0.0 T H E T A  • 1.000000
I I I  1.020000 l .0’5~~)3  1.500000 3.000000
T I  3 .4444*4 0 .4 8 6 0 1 5  0.666667 1 . 3 3 3 53 3

T E L  . 0 N e 0 3 5  3. 4 00001 1.5o00oo’.*~~.W •.~~~*
V #114 3 . A  0.0  0 .3  0 .0

V TYPE 10 10 10 30

ThISPAG11S ST~ UA1ITY~~~CT1~~~~ 
V
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V. - VVVV. V VV V V~_- V- V~_~~~~ V V.-V~~ V.~~ V V V . ~~~~~~~~~~~~~ V.V

• E L M M I N T G I J M E T R Y  DATA AND F U N D A M E N T A L  CASE DATA P05 PUIIOANENT*AV. CAS E S
•M ..M.... BW.-S . . .. . .. . . . .S.MWWWW.. . . . .MWS. .MR SW .. . .M. . .WW. .S.*W.WW. *.W S.MEMS.M

M W M  SECTI ON I • M B  V • 0.913000 O B L T A  • 0. 023000 A L E A D  - 0.0 E T R A I L  • 3 . 444444 CHOR D • Ø~~44444 4 TANL E • 0.0
V 

l I E ~ E L E M E N T S  P4* • T W I S T  • 0.0 SI. • 0.0 T H E T A  S • 0.)
SB 3 .0  0.100)200 0.200000 0.500000 0.9000 00

EPS 0.0 0.0 0.0 0.0 0.0
BB T * 0 .0  0.0 0.0 0.0 0.0
T Y P E  20 10 10 10 10

JE T E L E M E N T S  1~3 • 4 I) • 3 . M M M M M 9  DJ • 1.000000 ACTE • 0.0 T H E T A  • 1.000000
08 1.000300 4 .099899  1. 500000 3.000000

V B E T A  1.000000 0.0 0.0 0.0
T Y P E  43 10 ID 00

.8e SE C T I O N  2 •R * V • 0 . 8M 7 5 0 0  D E L T A  • 0.062500 X L E A O  • 0.0 0 T E A I L  • 3.44444.6 CHOED • 0.444444 T A N L E  • 0.0
W I N G  E L E M E N T S  P4W • 5 T W I S T  x 0.0 I’.. • 0.0 T H E T A  S • 0 .3

05 3 . 0  0.100000 0.200000 0.500000 0. 900000
EPS 3 .0  0 .0  0.0 0.0 0.0

B E T A  0.0  0.0  0.0 0.0 V 0.0
T Y P E  20 13 10 10 10

JET ELE MENTS NJ • 4 5 • 0 .MBRBP9 Di • 1.300000 ACTE • 0.0 TH E TA • 1.000000
118 1.000000 1.05Q5 9 1.300000 3.000000

BETA 1.300330 0.3 0.0 0.0
T Y P E  43 10 10 00

••W S E C T I O N  3 6••  V • 3.6$1303 L A L T A  • 0 . 13 7 5 0 0  A L F A C ’  • 0.0 O T R A I L  • 0.444444 CHO RD • 0. 444446 TAME • 0.0
V 

W I N G  E L E M E N T S  P~ • 6 T W I S T  • 0.0 It • 0.0 THETA S • 0.3
06 0.0 0.100300 0.200000 0.500000 0.800000 0.900000

EP ~ 3 . 0  0.0 0.0 0.0 0.0 0 .0
B E T A  3 .0  3 .0 0.0 0.0 0.0 0.0

V T Y P E  23 10 ID 10 10 10

JET ELEM ENTS NJ • 4 0 — 0.988889  Di • 1.000000 ACTE • 0.0 T H E T A  • 1.000000
.5 1.0*10000 1.095599 1.100000 3.300000

BETA 1.0000)0 0.0 0.0 3.0
T Y P E  43 13 I D 30

V M M •  S E C T I O N  4. MBM Y • 3 .375000  D E L T A  • 0.275000 OI.V EA IT • 0.3 X T R A I L  • 3.444444 CHORD • 0. 44444 4 TANL E • 0.0

W I N G  E L E M E N T S  SW • 5 T W I S T  • 0.0 1t • 0.0 T H E T A  S • 0.3
05 3.0 0.100030 0.200000 0.300000 0.9000 00

• EPS  3 .0  0.0 0.0 0.0 0.0
B E T A  3 .0  0.0 0.0 7.0 0.0
T Y P E  20 10 10 10 10

VI
JET E L E NE P .T S NJ • 4. 7 • 0 . 8 8 5 3 5 9  Di • 1.000000 ACT F • 0.0 T H E T A  • 1.300000

06 L . 0 0 0 J 0 0  1 .005995  1 .500000 3.000000
B E T A  1.0000-30 0 .0  0.0 0.0
T IF F 43 10 10 30

. . . W . * . $ . * *S. . , . M . . . . M R W . * * . M B . A M . R 8 . W W S f l B *M W . W W W S . f l W SM *B M . . W M M *, M SM . S S W S R B
* E L E M E N T  G E O M E T R Y  D A T A  AND E U N O A M E N T A L  CASE DATA FOE FUNDAME N TA L CAS E 3 5
•••* A ..M*S.M*.. , . .**.SMBW*.W*.fl .WOS*W..**SSeS.. t*.SW*.W.*MS..WSS.. . .M.. . . . .

V *8. SE CTI ON 2 A” V • 0 . B T 5 0 0 0  C O L T S  • 0.025000 X L B A D  • 0.0 E T R A I L  • 3 . 444444 CHORD • 0.444’44 TAMI E • 0.0

W I N G  E L E N E N T S P-A • S T W I S T  • 0.0 HI • 0.0 THETA S • 0.0
SR 3 .0  0 . 4 0 0 0 0 0  0.000000 0 .5000 00  0. 900000

IFS 3 .0  0.0 0 .3  9.0 0.0
• B E T A  0.0 3 . )  0•0 0.0 0.0

T Y P E  22 13 10 10 10

JET E L E P E I T S  NJ • 4. 0 • 0 988 P5 Di • 0.0 A C T E • 0.0 T H E T A  • 0.0
• XV  1.000300 R . 0 5 9 5 Y ~ 1.500000 3.000000

V BETA 3•0 0.0 0.0 0.0
TYPE .3 10 10 30

~~~~~ SECTION 2 ~~~~ V • 0 . 0 5 7 50 0  C O t T A  • 0.063500 OLEA D • 0.0  E T R A I L  • 3.444444 C HOR D • 0.444444 T A N L E  • 0.0

• I N D  E L E M E N T S  NW • S T W I S T  • .4.0 It • 0.0 THETA S • 0.3V 
05 3 . 0  0 . I O O C O O  0.200000 0.500000 0.900000

BPS 3.1) 0 .0  0.0 0.0 0.0
BETA 3.0 41.3 0.3 3.0 0.0

A 
TYPE 20 10 10 10 10

J E T  EIV E M E E T S  NJ • 4 1 • 3.9FBBBS DJ • 0.0 A I T E  • 0.0 T H E T A  • 0.0
13 1.000000 1.015959 1.500000 3.000300

B E T A  0.0 .1.0 - 0.0 3.0
T Y P O  43 50 10 30

... SE C T I C P -  3 x~~• I • 3 . 6 8 7 9 00  C-EL l A • 0 . 13 75 00  B I E W O  • 0.0 O T B A I L  • 3.444444 CHORD • 0•446446 TAN L E • 0.0

W I N G  E L E M E E T S  NM • 6 TA 1 S T  • C .0  It • 0.0 THETA S • 0.)
XE 0.,) *1. 1000 * 10 0.200000 0.500000 0.8000 00 0.900000

EP S  3 . 0  0.u 0.0 0.0 0.0 1.000000
B E T A  0 .4)  0.0 1.0 0.0 0.0 1.000000
T Y P E  20 10 I,) 40 10 42

JET A L P  M E N ’ S  NJ • 4 0 • 0.MPE PBS DJ • 0.0 A C T E  • 0.0 T H E T A  • 1.030000
‘5 1.000 30 1.099979  4.500000 8.000000

W E T A  2.0 0 . )  0.2 0.0
T Y P 5  43 10 lO 30

V •~~• S E C T I O N  4. •.. B • 0 . 2 15003  T E L E X  • 0.2’ OOO BE EHO • 0.0 B T B V C L  • 7. 644544 C HO RD • 0.44444’ TANLB • 0.0

W I N G  ILEM FE TS PAl • 5 T W I S T  • 0.0 HI • 0.0 T H E T A  S • 0.3
80 3 . 0  0 .11 )0 (00  0.200000 0.300000 0. 500000

E PS 3.0 0.) 1.0 0.0 0.0
B E T A  3 .0 3.~ 0.0 7.0 0.0

• T OPS 20 12 10 10 ID

JET LL PMFE T$ t-J • 4 1 • J . B 8 M 8 R E  DO • 0.0 A C T E  • 0 .0 TH E TA • 0.0
SE 1.020300 1.059999 5.500000 5.000000

8 E T A  3 .0  0.3 0.3 0.0
T Y P P 43 35 33  50

A3 TRIS PAGE IS BEST QUAI,IT” P~A-CTICABL~
~~~M COPY FUB~N-ISH~D TO DDC 
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RSMBSRMM O **RS$BW*A *$**MS*WWW*S$5..MSW.$ .

• S E C T I O N A L  J E T  S L O W I N G  C O E F F I C I E N T S  * 
M *B * MW *MM .SW W tM * W . W WM *M B S *

R OW C IRJP I 1.000000
2 1.000000
3 1.000000

V 
V 

4 1.000000 

** B**e***•~~W 0 S * * R * * W * M M * f l R M * * S * W f l W~~ M *M ~~~~R * 5 5 * * M M M W W W M M W .
• E L E M S N T  U E T I M E T V Y  DATA  AND •LJMOAMS NT AI CASE DATE FOR FUNOEMEN TAL CASE 4 S
*4.0** SB.RB•l*.** .*M I$$5x.BS*.t$*$tBAWM... ** S W * * M * * * MM O * M S RMM M W B BMW M R W

V .•• SECTION 1 5 • 0.575000 r E L I A  • 0.026000  O L F A D  — 0 0  X T R A I L  • 7.444444 CHORD • 0.444444 TWNL P — 0.0

WI N G E L F MEPV TS Nw • T W I S T  • 0.0 ft • 0.0 T H E T A  S • 0.7
00  0 . 0  0 . I 0 0 0 0 0  0.20000U 3 .500000 0.900000

E P A  — 3 . -.00J0 0 — 0 • 2 0 0 0 3 0  0 . 1 9 5 9 9 9  0.900000 1.400000
BETA 3.0 0.0 0.0 3.0 0.0
T O P E  20 10 I T 10 10 - 

VV 
J E T  E L E M E N T S NJ • 4 0 • O. d RFVFS El) - 0.0 ACTF • 0.0 T H E T A  • 1.50)000

TI. 1.0 3 09 0 0  1 .095’9°  1.500000 3. 000000
Vi W E T A  3.0 0.0 0.0 0.0

T Y P E  43 10 10 30

.RX SECTIO N 2 0* 8  V • J.B 97TCO SELTA • 0.062900 0 L T A D  • 0.0 A TRA 1 L • 3.444444 CHORD • 0.444444 TAN LE • 0.0

W I N G  E L I F I E M S  CO • 5 T . I S T  • 0.0 HL • 0.0 T H E T A  S • 0.0
~ P 3 . o  0 . 5 00 0 00  0.200000 V0•S00000 0. 900000

EPA V.3 .4.00)00 —0.200000 0.151999 0.500000 1.400000 V
A l T O  3 .0  0.0 0 .0  0.0 0.0
T S P E  2) ID II 10 10

JET E L E M E N T S  NJ • 4 C • 0 R P R 9 8 9  Di • 0.0 ACTE - 0 .0  T H E T A  • 1.503000
Xll  1.000305 1.009499 1.50)000 3.0)20000

BT TO 3.0 0.0 0.0 0.0 VV 
TY P E 4 3  10 10 30

*M • S E C T I O P .  3 * • -  T • 0 . b 9 7 3 , ) 0  0 N L T A  • 0.137500 X L PAD • 0 .0  X T E A I L  • 3.444444 (HOED • 0.444444 TANLE • 0.5

W I N G  E L E ~ -E V VTS C, — 6 T W I S T  • 0.0 It • 0.0 T H E T A  S • 0.3
V B E ).L . 100000  0.200000  0.500000 0.B00000 0. 900000

IFS ~ 3• ’ U 0V V00 -0.200700 0 . 15 999 9  0.500000  1 . 19 ~ 999 1• 400000 VAl T O 3.0 0.1) 0.0 0.0 0.0 0.0
T V P E  00 10 10 10 I D  42

JET 11 1 - P I N T S  0-3 • 4 t • 0 . S I I E E P 9  03 • 0.0 ACTE • 0.0 T H E T A  • 5.500000
X V  1.003~~00 1.79c°9c 1.500000 3.000000

A l T O V 2 I  0.0 0.2 0.0
T Y P 1  43 10 10 30

R . M  SEC T I I  • •~~ • V • 0 .2 150 10  ( V O L T A  • 0 .2 7 5 0 0 0  X L E A O  • 0•0 X T R A I L  • 3 . 444404 CHORD • 0.444444 TANL E • 0.0

SING E L E M E N TS CO • T T M I S !  • 0.0 ft • 0.0 THETA S • 0.7
B E 3 . 0  0 . 1 0 0 - T O O  0.200000 0.500000 0. 900000

EPA -J.-C3~~00 -3.200000 0.590999 0.900000 1.400000
B E T A  3 .0  0.0  0 .0  0 .0  0.0
T S P C  20 1,) 10 I A  10

J E T  1 1 0 • E N T S  1.2 • 4 5 • 0 . 5 5 8 3 F 9  03 • 0 .0  A C T E  • 0 .0  T H E T A  • 1.003000
1 . 0 4 3 0 0 0  1 . 0 9 9 5 9 0  1 .5003 00  3 . 00000 0

B E T A -  3 .0  *1.0 0.0 0.0
T Y P E  4 3  I A  10 30

TRIS PAGE IS BEST QUALITY PRkCTICABL*
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V 

• S . . . M R . . M B S * *S O W S H M *. * S W *S W * * S SM M *M M S M S . *W M S . . W
• C IORO WIS E IIIADI NO POW LIE FUNDA MENTAl. CASES •
•*•WW*SB$*•* W *W8*M •W•*MM *WW ***•M*M*MM SS*S*SSMMS*W

551 T 13N I S — 0.975000 CHORD • 0.444444
WING 1 06 C S L  I C A S E  2 C A S E  5 CAS E 4 CASE B CASE A CAS E 7 CASE B CASE 9 CASE 10

V 1 0 .0 1 . I J O S 7 O  0.015231 0.006165 0.02899) 0.0 0.0 0.0 0.0 0.0 0.0
V 2 0.100.400 0.062480 0 . O V 3 S Ô 2 P  0.004320 0.041840 0.0 0.0 0.0 0.0 0.0 0.0

3 0 .200000 0 .23 6112  0.007270  0.003624 0.041261 0.0 0.0 0.0 0.0 0.0 0.0
4 0.900000 0 .016367 0. 0(26730 0.004280 0. 044040 0.0 0.0 0.0 0.0 0.0 0.0
5 0 .400000 (l.0074T6 (1.01604 9 0.005106 0.033779 0.0 0.0 0.0 0.0 0.0 0.0

V JE T
22 1.000000 A . ) 0 5 0 R 5  0.055976 0.003649  0. 019743 0.0 0.0 0.0 0.0 0.0 0.0
23 1 .09959 9  0 . 30 33 00  0.1)091*3 0.002402 0.00B359  0.0 0 .0  0.0 0.0 0.0 0.0
24 0 .300300  0.00 1203  0.0052 47  0.000538 0.002077 0.0 0.0 0.0 0.0 0.0 0.0
25 3.0041300 41.200202 0. 000111 0.000006 0.000261 0.0 0.0 0.0 V 0.0 0.0 0.0

V D E T A I L E D  L E A D I N G  EDGE L O A D I N G
1 0.020300  0 . 1 6 . 1 3 7 1  0 .022600 0.010083 0.047702
2 0.040000 0.121019 0.013945 0.007136 0.039566 V

3 0.0600410 0.057170- 0.012793 0.OOSB)2 0.03B460
N 0 .0BX0~,0 0 _ 3 ? 7 4 5 6  0. 0 1 0 93 1  0.003057 0. 039619
S 0.100000 0.04248,) 0.009425 0.00492 9  0 .04 1M40

$.. *W.SW....SMM *.*MWR .M*.*..W.fl*..W*SSW. SS,Btfl.

• C E C R O W C S E  L O A D I N G  FOE A L L  FUNDA ME NTAL CASES
• PS* W * * M . .* * S W* . M* 3 * X W S W S* W * S M W* B . M * M* B * *W . . M S W W*

S E CT I ON 2 Y • 0.887500 CHORD • 0.444444
W I N G  I R E C A S E  S C A S E  2 CASE 3 C A S E  4 CASE 5 C A S E  6 CAS E 7 CASE B C A S E  9 C A S E  ID

6 0 .0  0 . L B S B O O  0.0241B2 0.010730  0.056734 0.0 0.0 0.0 0.0  0.0 0.0
7 0.100000 0. 10 7 4 34  0.017094 0.0080 19  0.06R5 9A 0.0 0.0 0.0 3 . 0  0.0 0.0
6 0.2000* 10 I1.0l.4T0M 0.0 13036 0.006499  0.067874 0.0 (2.0 0.0 0.0 0.0 0.0

V 3 0.500000 3 . 5 8 02 3 6  0. 0120*0 0.007938 0.070133 0.0 0.0 0.0 0.0 0.0 0•0
V 10 0.902000 0 . 9 1 2 979  0.027342  0 .0 114 1 3  0.051704  0.0 0.0 0.0 0.0 0.0 0.0
V JET

V 26 I .00-J-)00 A . V )09P7E 0.071214 0.008014 0.030824 0.0 0.0 0.0 0.0 0.0 0.0
1)7 5 . 0 90 0 9 9  ,) .1)OS ’ 7 0 .0 15626 0.0045 75  0. 014111  0.0 0.0 0.0 0.0  0.0 0.0
28 1.50.4200 0 .00 1576  *1.00 199 1 0.000959 0.003273 0.0 0.0 0.0 0 .0  0.0 0.0

J 29 3 .002300 0.0130 2 87 0.000 1ST 0.000002 0.000369 0.0 0.0 0.0 0.0 0.0 0.0

D E T A I L E D  LEAD ING EDGE LOADING
1 0.023000 O.V73 6B7 0.006243 0.016196 0.090728

V 2 0.043000 u.1M 9277 0.025875 0,011573 0.072012
3 0.060000 0.130051 0.025396 0.009764 0.067293
4 0 .080000  0 . I 2 5 5 4 1  0 . O I B R O 3  0.00949’ 0.066906
5 0. 13X 000  0 . 10 7 4 0 ’  0 .011094 0.000019 0.06M59A

• W S . S* S S M S W MW . B t * * M R ~~V P S M $ W * * * W 5 M*A * *X M W M 5*W . 5 , M S M
• C H O E O W I S E  L O A D I N G  FO B Al t  FU ND A ME N T AL CASES
•**S*B55.~~$*M55$ WR.Bfl.MM$,**,.$MS.W5,5SM..**.W.W

• S E C T I O N  3 0 — 0.657S00 CHORD • 0.644444
WING I SPA C A S E  I 1551 2 C A S E  0 CASE 4 CASE S C A S E  6 CAS E 7 C A S E  8 CASE 9 C A S E  10

11 0.0  0 . 73 0 7 6 1  0.034 0 E6 0.01444P 0.091B36 0.0 0.0 0.0 0.0 0.0 0.0
12 0 . 503 000  . .E40 P~~F 4 1 . 0 2 5 1 0 2  0 . 0 1 5 1 2 7  0.093908 0.0 0.0 0.0 0.0 0.0 0.0
13 0.2 00000 •. 1J995P4 0.31942 3 0.009280 0.040410 0.0 0.0 0.0 0.0 0.0 0.0
14 0.500000 0 .34409f  0 . 0 1 B 7 7 E  0 .0 12 4 70  0.059234 0.0 0.0 0.0 0.0 0.0 0.0
55 0.803030 0. 323 5 4 ’  0 .027B30 0.032356 0.073930 0.0 0.0 0.0 0.0  0.0 0.0
16 0.9041000 0.3241025 0.035631 0.085626 0.062237 0.0 0.0 0.0 0.0 0.0 0.0

J E T
30 1 .0330 0 0  0 . 0 13 4 1 4  0.0 16381 0 .026233 0.0392 17 0.0 0.0 0.3 0.0 0.0 D.D
3 1 5 • Ø 9 9 5 X 9  0.0 28 2341  0.015171 0 . 0 1 1 36 4  0 .0193BB 0.0 0.0 0.0 0 .0  0.0 0.0
32 5.100000 11.V1026TT 0.002923 0.001 1 75 0. 004705 0.0 0.0 0.0 5.0  0.0 0.0
33 3.000000 41.000348 0.01305’S 0.000040 0.000442 0.0 0.0 0.0 0.0 0.0 0.0

DE TAI lE D L E A D I N G  EDGE LOADING
I 0 .023000 4 1 . 1 4 1 4 0 9  (C.O5?102 0 .021P37 0.143341
2 0.043000 0 .238 061 .  0.097353 0.0151.27 0.110619
0 0.06)00)  .o . i3054 1  (1 . 03 10 50 0 .0 1 3 3 02  0.059451
4 0.080000 0 . 1 o 1 6 4 Y  0.02743* 3 . 0 1 10 6 T  0.006198
5 0.100000 0.1405014 0.1)23102 3 .011127 0.095008 

*R . X $ * *O M * * *. P . . S*..**S..**. ~~0~~ W 0 M S * ~~ *flR* S
- - * C N G E D W I S I  L O A D I N G  FOR A L L  F U N D A M E N T A L  CAS ES

- 
• . , S . S ,*. , $ f l w*, . BM , M .*A . .*f l. . *R W .f l . ,W . f l$ *, S f l

S i l T  I JN 4 V • 0.275000  CH OB D • 3.4.444441
V W IPIG I BE C O O P  I E A S E  2 C A S E  3 CASE 4 (ASP 5 C A S E  C A S E  7 C A S E  8 CASE 9 C A S E  ED

£7 0.3 0 01299 0.04’340 3.01I’i0 0.82)952 0.0 0.0 0.0 0.0 0.0 0.0
V IA X.l0000A - U .)522P5 0.032007 0.007~~30 0.117146 0.0 0.0 0.0 0.0 0.0 0.0

V 19 0.2001)00 0 . I 0 5 2 0 x  0. 02.658 0 .005E0P 0.106011  0.0 0.0 0.0 0.0 0.0 0.0
2)  u.~~0,).10U 4 1 . 4 54 0 2 3  0. 022370 0 .004250  0 .101691 0.0 0.0 0.0 0.0 0.0 0.0
21 0.900000 u.023337 0.036868 0.0074 13  0 . 07 I p 2 7  0.0 0.0 0 .0  0 .0  0.0 0.0

I JE T
V - 34 1.00001 ,0 0 . 1 1 7 2 4 3  , j .A1M2EO 0.002059  0.0446 16 0.0 1.0 0.0 0 .0  0.0 0.0

V 33  1 .09 9595  * 1 . 2 1 0 4 5 ’- ~j . , ) 7 ,3364  0.001’40 0 .022 0 60 0.0 0.0 0.3 0.0 0.0 0•0
- 36 1 .300000 o . 3 0 3 5 2 6  0 . O l ) 1 5 7 B  0.0006’-’ 0 . O D S 9 Q I  0 .0  0.0 0.0 0 .0  0.0 0.0

57 3.020000 41.011040 1 0.1)015220 0.000051 0.000522 0.0 0.0 0.0 0 .0  0.0 0.0

D E T A I L E D  LEADI N G EDGE I.TIA5INC.
I X.I1 ) C.111fl0 0 l 9 7 I 0 1 1  0 .000-991 0 .0 5 7 10 1  0. I E 8 4 6 2

V 2 (1.040JoO 0,~’70E4- 7 0.047711 0.010172 0.142549
0 9.0.7030 v.01 77o1 1)~~93 V * 4 3 Q 0.010023 0.116204
4 (.030190 L.1B52? (1.055003 0.00~’x7 0.119495V 7 0.10.3100 o . I 5 l 2 x , (4 .01/007 0.007 31) 0 . 5 17 1 4 6  V

• TRXSPAGE IS B~ST QUALIT! PBACflCABLZ
A5 FR~i COPY FUBi~1sHZD TO DDC
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V

V • . * * * R MR ~~MS M • 5 M M M 9 B M S . W . M *W M W f l W * .* W * . M * M . M W M .
0 SPA SWISE L O A D I N G  F OE F L $ * OA MF NTAL CASE I *
•.WSS*W BM8flSM.$ .*flS. ..**R*WM.MR$M*WWW..S .MM .

. L I F E  • . I N0(J CID D W A 0 .
S E C T I O N  ‘I C L G  C L F LI CL • COG C OM U CS CO CMI) GAMMA ALP IN V

1 O .4753 0 T  0 . 3 3 .28 4  0 . 0 174 5 3  0 . 0 5 1 7 3 7  • 0.0005984 0.0001525 0.0002930 0.0004377 1.0000000 0.009 1925 0.04279 112 0.867000 J.35 V 186 0.017453 0.0704)9 • 0.0009806 0.0001523 0.0006025 0.0009304 ..0000000 0.015)976 0.021R746
3 X.8W7~ 00 3 . 0 7 V , ) 1 4 .  0 . 0 1 14 5 3  0.0934 68  • 0.00I3267 0.0001523 0.0009294 0.0005496 1.0000000 0.0111986 0.0120)00
4 0 . 37 5 3 0 0  O . 0 B 0 5 6 6  0 . 0 1 74 9 1  0.107020  * 0 .0 0 5 5 63 2  0.000 1523 0. 0011957  0.300 520 9  1.0000000 0.0219S96 0.0065474

S( TA L 0.o71003 3.JI749 3 D .09635A • 0.001)771 0.0001523 0.0010Db 0.0003283 0.9,99996 0.00050)3 

PIT CH ING M O M E N T  .•. LIFT CENTER
S L C T I V I -  V CM S CM M U C M I  C F  M • I CE/C A CE/C

I 0. 97 5300 -0 . 00 7 64 5  — 0 . 0 1 7 4 5 3  0 . 0 5 7 4 5 )  —0. 007 64 9 M 8 0.222985 0.485106
2 0 . 6 9 55 0 0  - 0 . 0 1 3 3 9 1 4  - 0 . 0 17 49 0  0 .0 17453  — 0 . 0 13 3 8 8  W • 0.2112B4 D.4IBRII
3 0 . F 8 7 0 0 o  - 0 . 0 1 )3 9 6  — 0 . 0 1 7 4 63  0 .0 1 7 4 0 3  — 0 . 0 5 9 3 9 4  * A 0.255 167 0.594250
4 ~.~~75 03u -0.023731 —0.01 7453 0.011053 —0 .023761 S M 0.245285 0.365106

T O T A L  — 0 . 0 1 0 4 5 A  — 0 . 0 17 4 5 3  0 .0 1 7 4 03  - 0. 0 2 0 45 8  I A P E 0 I  0.239202  0.393450 I E / C M E F P
-0.000’32  — 0 . 3 1 00 9 0  0 .0 10093  -0.000732 (001 ) 0 .115236  0 .174867  ( X / E ~~2)

M• ~~ R S M ~~0f l M M~~ M MM .MM*.**fl..*.****$*M.*

S P A N W I S E  L O A D I N G  FOE FUNDAMENTAL CASE 2 •
t~~W * M * W W * W M M ~~*SMS S*.tfl.**flM***M*$MM$*fl.flBS

V L I F T  I N D J C E D  DE AG 
S E C T I L P .  S CL I O L M U  CL M C D O  COMU CS CD CMI) GAMMA REIN

I 0 . 9730o0  0 . u I , 2 5 6  0 . 0 1 7 4 5 3  0. 0 30 7 10  • 0.0 0.0001523 0.0000040 0.000148) 1.0000000 0.0044160 0.0254144 V
2 0 . 0 B 7 5 0 0  J . 3 2 ~~3 5 0  0 . 0 1 7 . 5 Y  0 .038806  8 0 .0  0.0001523 0.0000 102 0.500142 1 1.0000000 0.0066649 0.01222553 o . o F l T 0 o  o . 0 I 4 ~~46 0 . 0 1 7 . 5 3  0 .045899 W 0 .0  0.0001523 0.0000210 0.200 13 13 5.0000000 0.00 69216 0.005 7449
4 0.2T500.) 0.~~33327 0.057453 0.050980 * 0.0 0.0001523 0.0000343 0.0001180 1.0000000 0.0103034 0.0022070

TO TAL 3 .0/ 05 9 4  0.017453 0.047047 0 0.0  0. 0 0 0 1 5 2 3  0.0000261 0.0001262 0.9999996 0.0001164 

P I T C A I M 0 MOM ENT ... L I F T  C E N T R EV 
S E C T I( V ~ V C MI 7080 CMT CM M * E C PI C X C L # C

I 3• C 7 5 J 3 ~ - 0 .0 07 63 0  - 0 . 0 5 7 4 9 3  0.0 -0 . 0 23 2 63  • B 0.990695 0.623298
2 3.0F7600 -0.012071 -0.011490 0.0 —0 .029529 • * 0.565305 0.760612V 3 3 . .  P 7 5 0 0  V V 4 . . 0 1 5 I 44 — C . 0 1 ’ 453 0 .0  - 0. 0 32 9 4 7  • * 0.93239) 0.710205
4 0~~ ’l 5 J 0 X  -3 . U l 7 0 ~~Y - 0 . 05  7493 0.0 — 0 . 0 5 4 4 0 8  • W 0.5 08389 0.676695

‘ , V T A (  - 0 . 0 1 54 . ..) -0 .0 1 7 4 93  0.0 — 0 . 0 3 2 8 4 3  (APE x ) 0.121710 0.699142 IXI C 8EFI
- J . 0 3 0 0 - I  - 0 . 0 1 1 0 9 1)  0 . 0  — 0 . 0 2 1 1 0 1  ( 0 0 1)  0.235015 0.310730 IX/E02)

V MOSS...... A.... . MM ~~SSW*M*S*****MWM *.M
• S P * S W I S E  L G A L I S G  F O R  F I VIF I DAM E N T A L  CASE 3 * 

R*W * M  ..•*flM.* M.*M..*MWM*..

~

1 I N D U C E D  D RAG SEITICT. V LI E. (tM _ V C4. • C Oo COMU CS CD CMU GAMMA A L F I N
1 0 0 7 5 3 00  l . U ( ~~ 0 1 1  0.0 0 . 0 0 48 1 1  • 0 .0  0.0 0.0000000 —0.0000008 1.0000000 0.0013792 0.0050237
2 0 . 8 4 7 ( 0 , .. 3 .00  /30 0 . 0  0.009230  • 0.0 0 .0  0.0000020 —0 .0000020 1.0000000 0.0026257 0.00I.463 I
3 O . 6 E l ( 3 /  ) J I AV S L O  0 .0 ( 1 4 5’, 0.04591*. • 0.0000917 0.0001523 0.0000036 0.2002463 1.0000000 0.0066333 0.0108795
4 0.270013 ) 0 . 3 0 5 4 1 9  0.0 0.005419 • 0.0 0.0 0.0000023 —0.0000023 0.0000000 0.0014751 0.0095400

T O T A l  3 . 3 1 1 1 1 0  0 . 0 0 V 8 0 0  0. 0 I 5 9 I 5  • 0.0000269 0.0000419 0.0000025 0.3030662 0.9949996 0.0000783 

P 1 T ( H I N O  M O M E N T  •. .  L I F T  C F N T E E
S E C T I V JV V A ( M G  C M M U  C M T  C F  S X C P / C  A C I O C

1 Ii . ’ : 7S ) - J0 — 0 . 0 3 0 / 4 0  1.11 0 .0  — 0 . 0 0 2 2 4 8  • • 0.467185 0.467185
2 0 . o B T 3 3 J  V . 0 . 0 0 0 6 0 9  0.0 0 .0  -0 . 00460E  M 5 0.499208 0.499208
3 3. ’ 4 1 7 5 0 J  -o . 0 1 - , / 2 A  - 0 . 0 1 7 4 5 3  0 .00 1743  — 0 . 0 3 1 9 3 6  • * 0.662069 0.802619

V 4 0 . / 7 53 0 0  - 0 . 0 0 1 8 W ?  0.0 0.0 - O . O D I 8 B T  • A 0 .34 82 60  0.346260

T O T A L  - 0 . 0 0 6 1 E 9  -O.00..800 0.0004E 0 -0.050509 S E E P S )  0.556798 0.690460 I X I C R E F I
V - 0 . 0 0 4 4 1 0  — 0 .003600 0 .000480  — 0 . 0 0 6 5 3 0  ( 0 0 1 1  0.247466 0 . 3 O E R 7 O  (l!R12)

V .Be....BM. M fl*S***S*M*.W.SMM*SM
V • 0 0 0 V I W I S E  L O O T I N G  FOE TUNLT AN EN TA (  CASE 4 * 

.B .M , M *S * *8* * B * B S**BM * * . . .  
L I F T I N D U C E D  DRAG 

S E C T I ( I V  O L E  ( E P A  CL • 1051. CDI* U CS CD (MU GA MMA 8L F I N
1 0. 91130u 0 .040 181 0.025 IBO 0.066561 * 0.0003055 0.0003427 0.0000147 0.3006335 5.0000000 0.0101972 0.0550330V 
2 0.081500 0.01-, 522  0.02, 180 0.001002 * 3.0004689 0.0003427 0.0000952 0.0007550 1.0000000 0.0164323 0.0277237
3 0 .6F 7500  X . O 9 , . S O T  O . 0 2 , I B O  0 . 1 5 2 1 8 3  • 0.0005723 0.000)427 0.0001472 0.0007678 1.0000000 0.0219236 0.0144727
4 0.216 000  0.103 )14 0 .024180  0 .12 1094  • 0.0006319 0.0003427 0.0002380 0.0007162 1.0000000 0.0256569 0•0069t44

TOT Al 3,080 .78  0.32 6  ISO 0 . 1 ( 5 f 5 8  * 0.0005789  0 .0003427 0.000100 1 0 .0007311  0. 9499906 0.0007183 

P I T C H I N G  ECIM E E T • .. LI FT CENTER
S E C T I U N  V CMI C M MU CMT CI) * * SC P/ C XC L~C• - 1 0 . 17 5 3 0 0  -0 . 0 1 9 6 0 7  — 0 . 0 2 A 1 8 0  0.0  — 0 . 0 4 4 7 8 7  * 0 0.460776 0.672963

2 3 . 1(873 00 - 1 . 0 2 0 2 4 5  -0.026180  0.0  0.053443 • 0.449381 0.607270
3 3.o0773t. - 0 . 0 0 7 6 0 /  — 0 . 0 2 t 1 9 0  0.0  -O.0637E2 • • 0.434182 0.563327
— 0 . 2 7 3 0 1 )~ -0 . 04 2 4 00  — 0 . 0 2 6 1 8 0  0 .0  -0.068610  * * 0.421039 0.540510

* A — 
T O T A L  -0.03A2~~9 —0 .026183 0.0 -0.064474 (A PEX I 0.420323 0.55749) IEICEEF )

- 0 . 0 1 5 9 23  — 0 . 0 1 9 63 5  0 . 0  - 0 . 0 35 56 4  1 5 0 1 1  0. 190232 0.247775 (E ~~B#2)

L I F T  C I7EFF I C I E N T  T E R I V A T ) V F  SUE TO P I T C H I N G  ABOU T 0(0, CL O • 0.089476
V j l I V A )~ 1). M Y V LCT CI~U I F I L V l E N T  DEl  I V A T I  R E 418307  08 101 PA DUE TO P I T C H I N G  ABOU T EC O. CMQ • .0.036299

TI  ( C H I C O  I )BfP(V 1.014 6 F ( l E E T V A T I V E  A R O U T  RMC OU T TO P I T C H I N G  A E 7 I I T  XCI. , CH ON C • 0.015929
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N* .A.MS.*MBBMM*SW .flS$S .W558.M** .***

* TOTAL SERU 0YNAE IC COEFFICI E NTS *
*5* 0 55* 6 * S SS*  0 8*5 *5* 5 ***~~8 SW 8**~ *6

C A S I  I C A S E  2 CASE 3 C A S E  4 CASE C A S E  B. C A S E  1 CASE B CASE 9 CASE 10

V CCIG 0.0184028 0.0295441 0.0111.15) 0.0844754 0.0 0.13 0.0 0.0 3.0 0.0
V (CIA O.0I7’533 0.0574533 0.0041497 0.0261799 0.0 0.0 2.0 0.0 3.0 0.0

** C C L O .2c03661 0.3*70471. 0.0159149 0.3)56543 0.0 0.0 0.0 0.0 0.0 0.0
V V CCC’G 0.3313771 0.0 0.0000260 0.0003783 0.0 0.0 0..) 3.0 0.0 0.0

I (CD) 0.3001523 5 3001S23 0.0000459  0.0003427 0.0 0.0 13.0 3.0 3.0 0.0
CCI 0.0010013 0.0000261 0.0000023 0.0001901 0.0 0.0 0.0 0.0 0.0 0.0
CCO 0.0005290 0.L300I242 3.0300462 0.0001311 0.0 0.0 0.0 0.0 0.0 0.0

8* (0877 0.0025033 0.3001164 0.0000785 0.0007583 0.0 0.0 0.0 0.5 0.0 0.0

J ** CC.) 0.9808908 0,3445996 .3.9499496 0.0940996 0.0 0.0 0.0 0.0 0.0 0.0
CCIBG —0 02045B1 —0.3194396 -0.0061894 -0.03E208B 0.0 0.0 0.0 5.0 5.0 0.0
CCI’.) —0.0174533 -0.0174933 —13.0041997 •0.0211799 0.0 0.0 0.0 0.0 0.0 0.0
(GIlT 0.0)74533 0.0 0.0004800 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(CM —0 .3234181 -0.0128925 -0.0105086 —0.0644767 0.0 0.0 0.0 3.0 0.0 0.0

CACP 13.7’92E)7 0.3217040 0.5967941 0.47F0220 0.0 0.0 0.0 3.0 3.0 0.0
(ICE 0.3934504 0.6991421 0.6904403 0.5974428 0.0 0.0 0.0 0.0 0.0 0.0

CICPB 0.1)52363 0.2318709 0.2474638 0.1902324 0.0 0.0 0.0 0.0 3.0 0.0
(ACER 0.1748648 0.310729E 0.8066112 0.2477145 0.0 0.0 0.0 0.0 0.0 0.0

CCNGMC —0.000T32’ -0.00804113 -0.3034101 -0.0104292 0.0 0.0 0.0 0.0 0.0 0.0
CC)4j01 -0.01)13400 —0.3130000 .).003509T -0.0146349 0.0 0.0 0.0 0.0 0.0 0.D
C4.M7MC 0.0100930 0.0 3.0004800 0.0 0.0 0.0 0.0 3.0 0.0 0.0

*8 (DIsC —0 .013137324 —O.L0 21I310 -0.3065290 -0 03 5642 0.0 0.0 0.0 0.0 0.0 0.0
V CLLC. 0.0 0 0  0.0 0.0 0.0 0.0 0.0 3.0 0.0 0.0
V CLI..) 0.3 8.,) 0.1) 0.0 0.0 0.0 0.0 5.0 0.0 0.0
V * CLI 0.11 13.0 0.0 0.0 0.03 0.0 0.0 0.0 0.0 0.0

CNJ 8.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0 0,0

~ 
CNI 8I 0.0 0.0 13.0 0.0 0.0 0.0 15.0 0.0 0.0 0.0

V • CCV 0.0 0.) VI .,) 0.0 0.0 0.0 13.0 0.0 0.0 0,0
CEIR 0.034P220 3.0134E’0 0.006712) 0.0609330 0.0 0.0 0.0 0.0 0.0 0.0
CBGL 0.3338225 0.0134640 0.00A7121 0.04D8301 0.0 0.0 0.0 3.0 0.0 0.0
CRAB 0.0081260 0.0087266 0.0002490 0.01304130 0.0 0.0 0.0 3.0 3.0 0.0
(BAt . 0.0087266 0.00*7266 0.0032998 0.0133900 0.0 0.0 0.0 0.0 S.D 0.0
(ER 0.0445490 0.0221800 0.0100119 0.0533/00 0.0 0.0 3.0 0.0 0.0 0.0
CAl . 0.0440495 0.0221906 0.0100)19 0.0539200 0.0 0.0 0.0 0.0 0.0 0.0

CEMEP 0.4623423 0.4712647 0.4240900 0.4662008 0.0 0.0 0.0 0.0 0.0 0.0
CR81. 1 0.4631423 0.4716647 0.6290400 3.4662009 0.0 0.0 0.0 0.0 0.0 0.0
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5**  *• •80*0* S 8* *0. .M e .  WM *• ** 805 SM *0 8*
CHO R OW IS E l OAD ING FOE COMPOSITE CASE I •

••*~~~~** S* * *S S M 8 S *R *Ø W S M * *R * * *5 * *WW S Ø S Ø S S * *~~ M *
F IftI D AM EN TAL CASE FACTORS

V A I 1 I  6I21 A I I I  A R )  6(9) 616) 6(7) All) 6 ( 9 )  1(10)
V 0.0 10.000030 10.000000 0.0 0.0 0.0 0.0 0.0 0.0 0.0

V •‘S E l i T E  .50 EAC H LE ASI N O EOGE CF VA LUE IS THE A V EBAGF VA L UE UE THE SINGU1 *E EI S TRIIU T ION
90 P I TT PLOT THO SE L0AO INC POINTS 3 IEEC TLY

V S E C T  134 1 5 • 0. 979000 CHOED • 0.444444 
V

W I N G
AR 0.0 V)~ 100003 3.200030 0.S00000 0.900000

V (P 1 6. 0 )  0.210421 0.141564 0.108041 0 .150103 0.2)1953
CF (A.EI 0.125570 0.062480 0.036112 0.016347 0.007476

J E T
S F  1.000000 1.009059 1.400000 3.000000

CP IA .0) 0.020244 3.119351 0.018450 0.001371
(P56 .1 I 0.005186 3 . 0033 3 0  0.00 1203 0.000202

SECT ION 2 V • 0. 8873 00 CHORD • 0.444444
V W I N G

El. (1 .0 0 .100000 0 20000,) 0.530000 0. 900000
LFIA .01 0 .35,325 0.2511)2 0.195345 0.200600 0.387349
L P I A — 1 )  0 . 1 0 4 E 0 0  0.101434  0.064705 0.029236 0.012979

J E T
SB 1.000030 1.09(909 1.500000 3.000000

( 8 ( 6 . 3 )  0 .7 5 22 1 2  0 .2 0 8 0 3 3  0.02 9491 0 .00 1947
C P I A . 1 I  v . 3 06 8 7 8  0 . 009 4 5 1  0.00 1516 0.000267

S E C T I 3 N  3 5 • 0.687300 CHORD • 0.44444’
- , W I N G

18 0 .0  0. 1003 00  0.200000 0.500000 0.800000 0.900000
CFIA .0) 0.44134/ 3.362249 0.2P7105 0.312486 0.602161 1.21260R
(8(4.1) 0.230741 0.14300 0.089584 0 044098 0.025141 0.020025V J ET

lB 1.03U000 LQ4-)599 1.400000 3.000000
( 8 ( 6 . ) )  1.074- 74 3  0 .30 5 252  0.040973 0.002582
C F ( A . I I  0.0 1 3414 .).O0 ~~208 0.002674  CV .0003 60

SF C T 135 V • 0.213000 CHORD • 0. 44 444’
V 6161

V R IP 0.0 0.100000 0.200000 0.500000 0. 900000
( 8 ( 6 . 3 )  0 .5 5 7 6 5 6  0 .3 003 10  0.3 1)4646 0 .2 6 6 23 4  0.397805
CP(A.1) 0.241209 0.162203 0.105206 0.054223 0.025301

JE T V
XV 1.30.3033 1.004053 1.50000,) 3.000000

V C P I A . 0 )  0 . o . 1J 7 4 ’  3 .2 2 0 04 1  0 .042222  0.003008
CP)A .1) 0.051243 0.01)055 0.00)524 0 000400 

• COMPCTSI SE CAST 1 
M0000R*** ** R* R***

FU))OOMENTAI C A S E  F A C T O E S
V 4 1 1 1  0 ( 2 )  01 31 0 ) 4 )  6(51 01 61 A I 7 )  A (B) 8(9) 11 (10)

3.0 50.0(3000 10.3001100 0.0 0.0 0.0 0.0 0.3 0 .0  0.0 

L I E S  A * P I T C H I N G  MOMENT * * •.. l I F T CENTER ...
S E C T I O N  V C L I . 0  C L O t S )  C L O  S CM0O CMMU O CM TO (MO * 8 XCPOIC S LOFC

L L A 6  C L 4 U A  ( L A  • CMGA CM HUA CM T A CPI A * * XCPA I C I CLA IC
I 1.575311 1.100814 0.174533 0.355206 * C —0 .100776 —0.57453) 0.0 —0.279309 * S 0.957779 0.775067

0.3).2*.. 0.0 (1433 0.051737 * 5 —0.007645 —0.017493 0.017453 —0 .007645 S S 0.2229*5 0.4*5106
2 0.687501) 0 .3 ) 5 8 2 5  0 . 1 1 45 33  O . 4 9 0 3 SB  * 5 —0.  566784 — 0 . 1 7 43 3 3  0.0 —0.34 1317 * * 0.345357 0.710347

V 0.1104106 0.01’453 0 073639 0 0 — 0 . 0 1 3 3 8 8  — 0 . 0 17 4 53  0 .017433  —0 .0133 68 * * 0.236264 0.4)8111
3 U . 6 & ) ’ G V ) O  3 . 5 1 3 5 8 0  0 .3 49,3 66  0.87 ’626  * * — 0 .3 1 3 7 1 8  — 0.34 9066 0.0 17453  .0.643335 * * 0.3924 13 0.734342

0 . 3 1.01’ 0 .0 17 4 5 3  0. 003468  0 • —0.019)96 —0 .017453 0.35745 ) —0 .019396 * * 0.255167 0.394250
4 0.27’300  0 . 3 I V V ) 4 0 0  0 . 1 7 4 53 3  Q. 543 993  . * —0.  189319 — 0 . 17 4 53 3  0.0 —0 .363 852  * * 0. 416101 0.645 136

0 ./ V  (51-6 0 .0 17 4 5 3  0. 101020 • * —0.023151 —0 .017453 0.017453 —0 .023761 * 8 0 .2652*5 0.385106
* S

T C T W L  1. 4 1 1 0 0 3  0 .2 7 2 5 2 9  0.0/9223  • • —0.2162*5 —0 .222529 0.004800 —0.43401’. (APE S) 0.531290 0.696048
0.0’)903 0.0174S3 0.096356 * A —0.02045E —0 .017453 0.017453 —0.020458 (APEX) 0.239282 0.393450

V 0 . 0 . 1 14 5) 1  —0 .1668-7? 0.004800 —0.276609 (5)01) 0.236129 0.309754
• —0.00073 2  — 0 .0 13090  0. 013090 — 0 .000732  (*0 1 )  0.1 15236 0.17466 7 

I N E ( ~~T3 3880 
S ) C T I V I I  B 1000 CDOU3 COO COO GAM M A O  A LFINO (TO CMU

COb C GM U R C S X  C E O
15102 C000E Z C S A 2  CD A 2 SeP02 A L F I N A

V I , ) . 0 7 ’ L J J  0 .0  0 .0 1 92 3 0 9  0. 1)008642 0 .0543 86 ?  0.0979720 0.3043853 0.9856133 1.0000000
0 . 0 1 3 1 4 3 3  0 .0030462 0. 100 5047 0.005204F

V 0.0000984  0 .0001573  0.0007930 0.0004577 0 .008192 1  0 .042 79 15V 2 U . 8 &
V
~~~I.O 0.3 0.115230 9  0.002 1298 0. 013 101 1  0 .0955065  0 .13 10682  0.9*68990 1.0000000

0 . 0 0 5 3 ) 7 1  0.0030462 0 .00226 56 0. 0061182
V 3 0 V ) - ) 0 3 I 1 6  0 . 0 0 0 1 52 )  0.1)006025 0.0003304 0.0L 334714.  0.0218746

3 3.6 7’- J .) 0 . 0 I ( ) ( .OV ) 0.0IP0~ 2 35 0.0042135 0.0762314 0.5355502 0.1662443 0.92374*1 1 0000000
0.111(9534. 0 .0060923  0.0039578 0 .0116490
3 .3 3 1 3 1 0 7  0. 0 0 0 1 52 3  0.00002*4 0.0005496 0. 018 14*8  0 .D I 2 O 3 0 0

4 V . V 7 0 0 0  J )  0 .0 1 5 2 5 1 3 0  0 .00542 84  0.0098025 0.1177849 0.1174700 0.9901975 1.0000000
U.U OE ?9 ~~4 0.0030462 0 .3050 *69  0.0047568
0 .0 3 5 96 1 /  0 . 0 0 0 5 5 2 3  0 .00 11511  0.0009239 0.021 5 *06 0.0063474

7 1 5 0 1  3.3053’.) 0 0777063 0. 304 65/B 0 .0 28 7 17 6  0. 3 ’ 5 I22 1  0.9712820 0.9998996V 1 3 . J J 7 ( 5 4 6  0 . 0 0 3 8 8 ) A  0. 3 0 42 1 00  0.0068502 0.3 1 0 12 3 4  V
3 3V)10’7I 0.0001923 0.0013010 0.0005285 0.2005033

V 
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VS — VV.~5~~ V.~ 5V.5V.~~~~~ V~~V
—-V.

• TO TA L A E A O O Y N A M I C  C 0 ( P F I C I F N T S

ALP HA• O A L P H A  A L F H A W W Z
C C L G  0.407093 0.078003

V CC )VJ 0.222529 0.0(7453
V 44 CCL 0.825623 0.096354

CC(TG 0.0053741 0. 0071154 0.00 1)771
(CD.) 0.0277083 0.0038839 0.0031523
(CS 0.0044328 0.0042100 0.0010010
CI VD 0.02 87176 0.0068302 0.0005285

.8 (0100 0.0451221 0.0)01239 0.0005033
*5 (( J 5. 99999%

( ( M G  — 0 . 2 1 6 2 * 5  — 0.02 0438
CCMJ — 0 . 2 2 2 5 2 5  — 0 . 0 1 1453
CC M T 0.004*00 0 .0 57 43 3

(CM -0.434014 -0. 020458
Z R C P  0.53129 0 0 .239282
~ 1C1 0.69694 8 0. 3*3450
(0(86 0 .2 3 6 5 2 9  0.0132)6
C O d E 0 .3 09 75 4  0. 174*61

CC * b~ C — 0 . 1 5 4 9 1 1  — 0 . 000732
CC *J M C —0 .146897 —0.01)090
CC STMC 0.004*00 0.013090

*5 CC MHC —0 .2756 00  — 0 . 000732
C L L G  0.0 0.0

V ( L U  0.0 0.0

0.0 THIS PAGE IS 3~ST QUALITY PRLC~tI~A.~Z~
• 

C~~C.R 0 .2017 61  0 .03382)  
0.0 Th.)M COPY FU~~LIS~i~~ TO DBC _~~~~~ —

CEGS 0.201761 0.033823
CB J R 0.120264 0. 00*727
C M J I  0.120264 0.00872 1

V (BE 0.32 2023  0.044540
V V CVI 0 .322023 0.044569

C R 8 6 8  0 . 3 1143 7  0. 642 342
(P 551 0 .51143 7 0. 662342

J

• T A R I t  ATEO T3TAL COEFF IC IENTS FOE CDMPO SITF CASE I S
V 1(**B4td******te****Se6fl***IP* fl*SS.R******* **S*S***.*.S* V

ALPHA CCI C C L AZ C C M ( M C )  CLI. (0171 (CE CIII CM CC V V

—16.000000 • — 3 . 3 3 3 s 3 0 ~ 0 . 1 1 1 5 1 4 7  — O .2 6 3 2 P 5 1  0.0 * — 0.00 47847 1.00518*0 * 0.0 3.0 0.0V , —3.300000 • 12.13)5f.’I 0.0064442 — 0 .2 7 0 0 5 7 5  0.0 • —0.00 52239 5 .00 52233  * 0.0 0.0 0.0
8.000000 • .01.1’1o250 0.0100448  .0.2 107499 0.0 • .0.0036585 1.0036554 * 0.0 0.0 0.0

V —7.000000 • 0.04sA0 1~ 0 . 3 0/ 0 ) 0 3  — O . 2 ? I A P Z Z  0.0 5 .0.0010824 1.00S0815 • 0.0 0.0 0.0
—4.000000 • (4.36 I . .F,2 0 .0 0 2 1 . 30 9  — 0 . 2 7 2 2 5 4 5  0.0 • 0.0024582 0.0975014 * 0.0 0.0 0.0
—5.000000 • 0.1478*23 0.0219470 -0.2729464 0.0 * 0.007006 0.9529140 * 0.0 0.0 0.0
—4.000000 5 0.24 14R4 0 .03 96328  -0 .2 73 6 7 93  0.0 S 0.0)28796 0.987)200 5 0.0 0.0 0.0

V —3.000000 • Q.)4o5~~.3 0.113477) —0.2744116 0.0 * 0.0192803 0. 480 7193  * 0.0 0.0 0.0
—2.000000 0.4369104 0.1909V09 —0.275)440 0.0 * 0.021-8876 0.9731120 • 0.0 0.0 0.0
—1.000000 • 0 . 5 3 33 ( 6 7  0 . 2 0 4 3 53 3  — 0 . 2 7 5 8 7 6 3  5.13 * 0.0335015 0.9646981 * 0.0 0.0 0.0
0.0 • 0..2’tiJA 0.3964145 —0.2166087 5.0 5 0. 063 122 1  0 . 0 5 4 M T 7 5  * 0.0 0 .0  0.0

V 1.000000 • 0.7295199 O .02704’2 —0.2773410 0.0 * 0.0357494 0.~~442S02  • 0.0 0.0 0.0
V 2.000000 • 0.8223340 0.6162)47 —0.2780734 0.0 * 0.0673832 0.9326144 * 0.0 0.0 0.0

3.000000 • O . o I e b ~~T o  0 .8439’ 32 — 0 .2 7 8 8 0 3 7  0.0 5 0.0800238 O .51907’P * 0.0 0.0 0.0 V
V 4.000,300 • 1.019110.1 1 1.0303602 —0.2795381 0.0 * 0.0936710 0.90652 86  * 0.0 0.0 0.0 V

3.00030) • 1. 1114025  1. 23 9 2 1 32  — 0 .2 8 0 2 705  3.0 * 0.1083248 0.5916748 * 0.0 0.0 0.0
6.000030 * 1.23775) 0 1. 45 8 6 8 1 1  — 0 .2 81 00 28  0.0 * 0.1239894 0.876314) 5 0.0 0.0 0.0
7.000000 — 1 . 3 3 4 1 ( 7 . 0 1 . 7 0 0 1 ( 60  — 0 . 2817 332  0.0 * 0.1406325 0.850)472 5 0.0 0.0 0.0
8.000300 • 1.40047 117 1. 06 10190  — 0 .2 82 4 675  0.0 * 0 .1583263  0 . 84 16 7 3 3  • 0.0 0.0 0.0
9.003303 • 1 .49 6 82 0 1  2 .2404509 — 0 . 2 9 3 ) 9 4 8  0.0 8 0.1770068 0 . A 2 2 0 M 2 9  * 0.0 0 .0  0.0 V10.003003 8 1 . 5 93 1 8 3 4  2 . 5 0 0 03 2~ — 0 . 2 8 5 9 3 2 2  0.0 0 0.196690B 0 . 8 03 3 ) 5 8  * 0.0 0 .0  0.0 V

11.000000 • 3 .66 9 5 ) ’O 2 .8543419  —( .2 54664 6  0.0 * 0.2173876 0. 7 8 25 12 0  • 0.0 0.0 0.0
10.000000 • 5 . 7 8 3 4 4 5 3  3 . 5 8 9 ’3 I 1  — 0 . 2 8 53 8 5 9  0.0 * 0.2)40880 0.7600118 • 0.0 0.0 0.0
13.000000 * I .021 13 8 ) .5’28677 — 0 .2 8 6 12 9 5  0.0 * 0.2617950 0.7392046 • 0.0 0.0 0 .0
16 .000000 • 1 . 0 7 0 0 .0 12  3 .91458’9  — 0 . 2 8 1 - O S ?  0.0 * 0.2835088 0.7144409 * 0.0 0.0 0.0
15.000200 • 2 .3749634  6 .3 0 5 4 7 3 3  — 0.29799* 0  9.0 * 0.110229 1 0.6897705 * 0.0 0.0 0.0
16.000000 • 7 .1 113 200  4 . 7 )4 6 10 1  —0. 7893244 0.0 * 0.33’95A2 0.6640435 * 0.0 0.0 0.0

C 17.000300 • d .2 4 7 5 5’ 5 . 1 4 2 3 3 ) 2  — 0 .2 8 9 0 9 0 7  2.0 * 0.362E 897 0.637)399 * 0.0 0.0 0 .0
18.000000 0 ~.064l13L* 4.3886499 —0.28 9 1930  0.3 • 0.3904300 0.6045656 * 0.0 0.0 0 .0
19.000300 • 7.41-0319/ 6 . 0 5 3 3 30 7  — 0.2 9052)6  3.0 * 0.4191770 0.SEO *22 4 * 0.0 0.0 0.0 V
20.000000 • 2.3361( 36 6 . 5 3 6 9 37 1  — 0 . 2 4 1 2 5 5 R  0.0 * 0.4489306 0.351049 1 0 0.0 0.0 0.0
21.000300 ?.6~ 313)3 7.004939S —0 .2919781 0.13 * 0.6796908 0.3203089 * 0.0 0.0 0.0 V

22. O 0O0 OI ~ • 7. 7* 047 8 4  7. 5 5 9 5 5 0 2  — 0 . 2 0 2 7 2 0 3  0.0 * 0.5514577 0 . 4 8R 5 4 1 9  * 0.0 0.0 0.0
23.000000 8 2 . 9 4 5 8 1 1 5  8 . 0 N H e 4 4 3  -0 . 20 3 4 9 29  0.0 * 0.S4o23 12 0.4951684 * 0.0 0.0 0.0
24.000000 • 2 . 942 1( 32 l .6 ’65530 — 0 . 2 9 6 1 8 3 2  0.0 * 0. ’7B0113 0 .42 5 9 8 E 2  • 0.0 0.0 0.0
25.000000 • 3 . 3 ) B 3 7 ’ o 3 . 2 3 2 6 1 ( 1  — 0.29 *9) 74 0.0 • 0.612798) 0.3812014 B 0.0 0.0 0.0V 26.000000 * 3.111 (6131 9. 827672 1  — 0 .2 9 9 6 6 9 5  0.0 * 0.4485918 0.331*079 * 0.0 0.0 0.0 V

V 27.000000 • 3 . 7 3 ( ~~ 3#0 10.4433844 0.2985522 0..) * 0.6853919 0.5146377  * 0.0 0.0 0.0
28.000000 • 3 . 3 2 7 ) 0 7 0  5 1 . 0 7 7 ) 7 4 1  — 0 . 2 4 7 1 1 4 8  0.0 * 0.723I9E7 0.2768)09 * 0.0 0.0 0.0
29.000300 • 3 .473 9 .. ) 1 1 . 0 0 3 4 2 1 1  -0 .2 978470  0.0 • 0. 762 0121 0 .2 0 5 4 8 7 5  0 0.0 0.0 0.0
30.1100000 • 3.523)1 (41 12 . 0 5 2 4 4 — 7  — 0 .2 98579)  0.3 M 0.8 0 18323  0 . 1 5 6 1 574  * 0.0 0.0 0.0
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V 5 SF C ON’ ) 8 5.84 FO* S T A B I L I T Y  DE l I  V A T I V E  C A S E  0

•..*.fl-,*.*•.S.*.•*S*..*..*********••****•*****•****.•*
* S~~$ B I L  I T! D E R I V A T I V E  D A T A  FOE FU NO A MI NT A L CASE I *
* 0* **t *0* *0*5* *0*0* 0* *5 *0 *0* *8 5* S*******5fl*5*P*SSRA* *5

P IUL ISO G MOMENT COEP FICI EN T O B E I V A T IV R  DUE TO YAWI NG . CLL* • 0.0001168

0 6 8 ) 5 0 MO *FI. T ~O E F F I C  lEN T ABOUT b C  DUE TO SAWING ABOUT 1(6. C R I B )  *45 BE CAL CULATED AS F O L L O W S

C N I R I  • C8M*E * CN82*P5*Z

51-686 CNI • 0.000001049
CNE2 • 0.0

S I D E  FORC E C C ) F 5 F I C I E N T  DUE 50 Y A W I N G .  C Y I P )  PlA Y ER C A L C U L A T E D  AS FOLLOWS

C S ( S )  * ( VR .R  44 CYR2OE **2

WH E RE Y8 • 0.0
C Y R 2  • 0.0

V •••S•*•**••***• 5*5*5**5*****SPflSS*555*555005.*.
* S’AEI L  IT !  D E R I V A T I V E  D A T A  1.08 E U MS A M E NTAL CASE 6 S

V 
61111140 M O M E NT C O E F F I C I E N T  D E R I V A T I V E  DU B TO SAWIE G . C L L E  • 0.0000436

Y A C I P . ( .  M O *E ST C O E F E I C I E S T  ATI D UT XM C RUE TO Y A W I N G  A R G U E  0 1 G .  C R I B )  MAY BE C A L C U L A T E D  AS FOLLOW S

C 8 , I E )  C R E SS • C 1825E **2

*9186 O NE • 0. 000000034
V ( 58 2  • 0.0

V 
5 5 ) 5  6115 11 C O E F F I C I E N T  DU B TO Y A W I N G .  C Y ( R )  MAE BE C A L C U L A T E O  AS FOLLOWS

( V I E S  • C Y R * B  6 (YE 2 M R **2

W EI F EE O V E  — 0.0
C Y R 2  • 0.0

V • S T A B I~.ITY D E E I V A T I V E  DATA FOE FUNO AMEN TAL CASE 3 *

h ILLI NG FCWFNT COEFFICIENT D E R I V A T I V E  DUE TO YAWING . CULl • 0.0000364

VOl.161. 50*145 C OEF FICI E N T  (ROUT XMC DUE T 3  S A W I N G  A V O U T  E C G. C R I E S  ‘P AY BE C A L C U L A T E D  AS F O L L O W S
V 

CN(8I • C N R * R  S (082*5*02
V 

W II E * E  CNE • —0.000000(00 
V

C N B 2  • 0.0

$1 1.6 FO8CA (D EFICIE N T 111)8 TO YAWI N G .  (SIR ) MAY BE CALCULATED AS FOl LOW S

C Y I P )  • C Y R ’P  • (YR2*E**2

WH) PE CVI - 0.0
( V P 2  • 0.0

0*5*5 .00*  .5*5. **.*.**. ...********S***S.*S.***.**000 **** V
I S T A B I L  IT ! 0EE I V * T I V B  DATA FOE F I JM) AM EN T A L CASE S * 

POLLING ESOPE NT COEEF DES IV A T IV E  DUE TO ROLL ING . CLL 8 • —0.0066549

R A W I NC. 1VV 54B67 C(V) 6 P  IC l E N T  *44307 XPI C ClUE S5) • O L L I A G . C R I P )  Pl AY 55 C A L C U L A T E D  AS P O L L O A S

( R I P )  • (682 *85 *2

WIlE PR (482 * 0.0

V 
I S 11.16 E I * C p  C O E ~~F I C  IE4 ~ DUE TO E O L L I N G ,  CY I P I MAY SE CALCULATED AS FOLLO W S V

( Y I P )  • CSP2 *P *S2 V -

- 

V 
W H C * E C Y # 2  • 0.0
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* S T A B I L I T Y  OR B I N 6 T I W I  DATA FDA COlIPOSITE CASE I *

P I VINOA N A N T A I V  CAS E FA CTO * S
V 6(1) *525 35 9) 6(4) 6)5) A l e )  8(7) A( S) 8)9) *1 101

(1.6 10.030)00 50.0 (1 0000 0.0 0.0 0.0 0.0 0.3 0.0 0.0

L I F T  ( 0 6 FF  SI lENT O E * I V A T I V E  OUE 90 PITCHING ABOUT 1(0. CLO • 0.089478
P I T C H I N G  MDAIN1 C T I I P F 1 C I E R T  D E R I V A T I V E  AB O UT 08101W DUB TO P I T C H I N G  ABOUT *~~~. CEG •

F I I C N I N D  *1111(41 (178FF DERIVA T IV E AEflU T RIG 05)8 TO PITCHING ABOUT 1(6, CMOMC • —0 0I59)9

BOL l h oc. MOMENT COEFF CI E P I V A T I V E  DUE TO EOU L IEG * CLLP • —0 .0046*45

V 
V Y A PII .C 4)1*861 (0116 IC S E N T  ABOUT 151 0935 TO lOLLING . CHE F ) MAY SC CALCULATED *5 811(5.045
- (NIP) • (58*8 • (606*8*02

WHERE CPIP • (480 • CHPA *AL P II *V - ( AP O • —0.0005331
(N SA • .0.0000601
C982 • 0.0

SIDE F) VV P C E  (1)611 IC lENT 0118 SC) E)ILL (#40. CYLPI MA Y BE CALCULATEC AS FOLLOWS
(YIP) * CYP*P • CYP 2 *P S *2

INFO (VP * COO * CEPA*AL PHA
C580 - 0.0

V . (EPA • 0.0
(Y82 • 0.0

SLV L L I N G  6C’IENT (01144 DER IVATIVE DUE TO 545546 ABOUT XCG . CLII MAY ME CALCULATED AS FOLLOW S
CLII I — CU L B O • CLL *A*AL P8IA
(811*6 (0.180 • 0.0007805

7 V (LIES • 0.0001165

— Y A 8 I R G  5081(1 COEFF ICI EN T ABOU T E’IC DUE TO YAWING  ABOUT ACE . CR(S) MAY SE C A L C U L a T E D  IS FOLLOWS
CN IE ) • coo • CNI2S8~~~2

W IV IEBI CIII • CR1 0 * CNRASA L PHA • (.NSA2S6LPHA**2
COO • —0.0000130
(N R A • —0.0000035

CR862 - 0.0000010
AND (‘452 • (6820 • (N528*ALP8I A • CNE2 *258L 8H6 *52V 

CR520 - 0.0
CNR2 A - 0.0

- 
- - 

I 

(558262 — 0.0

SlOB FORCE C”FIFI (I.O.T AI3CIIV IT INC DUE TI) YAW ING ASOUT ECO. (VlSI MA Y BE CALCULATED AS FOL L OWS
1 CY(I9) * CYRS R * CYS2*R5*2

WHERE (YR — CYI 0 • C SEA*ALOH A 11 CYB A2SALP)4A**2
CYSO - 0.0
CYPA • 0.0
(51*2 • 0.0

AN D CYE Z • CSP2O • CYE2A*6LPI4 A 44 CY1262*A IPHA **2

- CYR2O • 0.0
(5*2 6 • 0.0
(552*2 • 0.0

6 V A R  I A T I O 4  3F S T 6 S I L I T Y  T E E M S  *1755 ANGLE OF ATTACK •

V AI.B EIA (NP (*82 CYP CIP2 CLL8 CEll CPIE2
TV —12.000003 • (1.0002459 0.0 * 0.0 0.0 * -0.0003880 0•0001273 0.0

—9. 0030 00 • 3 .0 0 0 1 8 7 8  3.0 • 0.0 0.0 * —0. 0002 712  0.0001038 0.0
V -8.000003 • 0.0005.277 0.0 V 0.0 0.0 * -0.0001343 0.0000824 0.0

V 1.000000 • 0.0000676 0.0 • 0.0 0.0 * —0.0000)73 0.0000632 0.0
V - —1.000000 * 3.0000015 .7.0 * 0.0 0.0 * 0.0000794 0.000046 0 0.0

- -5 .0000570 • -0.0000526 0.0 * 0.0 0.0 * 0.0001962 0.000030 9 0.0 V

-4 .000300 • —0.0001127 0.0 * 0.0 0.0 * 0.0000131 0.0000579 0.0 V
V —3.000000 * -0.0001728 0.0 * 0.0 0.0 * 0.0054299 0.0000010 0.0 V4 —2.000000 • -3 .0002320 0.0 • 0.0 0.0 * 0.0005468 —0.00000)7 0.0 3

—6 .000003 • —0.00029)0 0.0 * 0.0 0.0 * 0.00066)6 —0.0000084 0.0
7.0 • -0 .0000531  0.0 * 0.0 0.0 * 0.0007805 — 0.0000130 0.0
1.000000 • •V3.00041)2 0.0 • 0.0 0.0 * 0.0005973 —0.0000135 0.0
2.000000 * -3.0004733 0.0 • 0.0 0.0 * 0.0010142 —0.0000159 0•0
3.000000 * -2.0035354 0.0 • 0.0 0.0 * 0.0011310 -0.0000162 0.0 V

I 4.000000 * —0.0005935 0.0 * 0.0 0.0 * 0.0012474 —0.0000104 0.0 V

5.0000570 • -0.00055344 0.0 * 0.0 0.0 * 0.001)667 —0.00000-45 0.0
6.0000(0 • -0.005113? 0.0 • 0.0 0.0 • 0.0014815 0.0000033 0.0

V 1.050000 • -0.0001738 0.0 * 0.0 0.0 * 0.0015954 0.0000136 0.0 V
8.00(1003 * .l.000P33 9 0.0 • 0.0 0.0 * 0.0011152 0.0000238 0.0
9.060000 * —~~.0006940 0.0 • 0.0 0 .0  * 0.0015321 0.0000401 0.0 V
16.000004 • -3.0009541 0.0 • 0.0 0.0 * 0.0019419 0.0000565 0.0

V 31.000003 • 9.00301 4,3  0.0 * 0.0 0.0 5 0.0020655 0.0000750 0.0
12.0000(0 • —3.0010743 0.0 * 0.0 0.0 • 0.0021826 0.0000936 0.0
13.000000 * -0.3015344 O•O * 0.0 0.0 ~ 0.0022995 0.0001182 0.0

V I’.000u00 • - 0 . 0 0) 1 9 4 5  0 .0  * 0.0 0.0 * 0.0024563 0.00014)0 0.0
13.000030 I -3 .00.4348 0.0 * 0.0 0.0 0 0.00255)2 0.0001699 0.0

V 16.000000 • —1. . 0 0 55 5 4 7  0 .0  * 0.0 0.0 * 0.0026500 0.000)959 0.0
* 17.0005700 • —0.0013748 0.0 • 0.0 0.0 • 0.0027669 0.0002299 0.0

V 18.000300 * —0.0016349 0.0 * 41.0 0.0 * 0.00281)7 0.0002650 0.0
15 .09.05703 • -(1.0014440 0.0 * 0.0 0.0 * 0.0030006 0.0002984 0.0
20.000000 • —3.0015951 0.0 ‘ 0.0 0.0 * 0.0031174 0.0003)31 0.0
21.000033 • -3.00 (6(52 0.0 * 0.0 0.0 * 0.0032343 0.0003752 0.0
22.000000 • -0.001615)  0.0 • 0.0 0.0 * 0.0053511 0.0004568 0.0

- 23.000000 • -0.001733’ 0.0 * 0.0 0.0 V 0.00346S0 0.0004605 0.0
24.000330 * -0.0017,59 0.0 * 0.0 0.0 0 0.0035545 0.0005062 0.0
21.000030 • —3 .0018394 0.0 8 0.0 0.0 S 0.0037017 0.00035’.I 0.0

V 26.000001 * -0.0059157 0.0 • 0.0 0.0 * 0.0035155 0.000604 0 0.0
27.000000 * -3.0054736 0.0 • 0.0 0.0 * 0.0039534 0.0006561 0.0 4
60.000020 - -0.00703’) 0.0 * 0.0 0.0 0 0.0040322 0.000 7 102 0.0

V 2~~.0O00u0 • -0.0020960 0.0 * 0.0 0.0 * 0.00416*0 0.0007665 0.0
V 30.0001100 • -..5702I561 0..) 5 0.0 0.0 * 0.0342839 0.0005245 0.0

I V

• 114 8*0082* 5505 REACHED N0686L T E R P I N A T I O N  *

- THI SPAG~EIS BEST QUAIiITY FBACVTICABI~Z
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APPENDIX B - ERROR MESSAGES

V In order to avoid wasting con~utlng time, some types of errors or
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 ignori ng the data or substi-
tu t ing  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 indi cating whether the program has reached a normal or
abnormal concl usion.
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