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ABSTRACT

Analytical engineering methods are developed for use in predicting the static
and dynamic stability and control derivatives and force and moment coefficients of
lift-jet, lift-fan, and veciored thrust V/STOL aircraft in the hover and transition
flight regimes. The methods take into account the strong power effects, large
variations in angle of attack and sideslip, and changes in aircraft geometry that are
associated with high disk loaded V/STOL aircraft operating in the aforementioned
flight regimes. The aircraft configurations studied have a conventional wing,

fuselage and empennage. The prediction methods are suitable for use by design

personnel during the preliminary design and evaluation of V/STOL aircraft of the

type previously mentioned.

This report consists of four volumes. Details of the computer programs
associated with the prediction methods are given in this volume. The theoretical
development of the prediction methods may be found in Volume I. The methods are
applied to a number of V/STOL configurations in Volume II. The results of a

literature survey are presented in Volume IV,
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SECTION I

INTRODUCTION

The purpose of this investigation was to develop analytical engineering methods
for predicting the static and dynamic longitudinal and lateral-directional aerodynamic
stability and control derivatives and coefficients of lift jet, 1ift fan, and vectored
thrust V/STOL aircraft in the hover and transition flight regimes during unaccelerated
flight conditions. The methods developed under the investigation were to be suitable
for use by design personnel during the preliminary design and evaluation of lift jet,
lift fan and vectored thrust V/STOL aircraft, Where appropriate, the methods devel-
oped might use high speed computers to permit solutions to be obtained within reason~
able time periods. The aircraft configurations studied were to have a conventional

wing, fuselage and empennage.

In Volume I the aerodynamic prediction methods are developed in a form suitable
for application to each aircraft component. The theoretical basis or semi-empirical
analysis is presented. Empirical coefficients are determined, where necessary, and

extensive comparisons of calculations with test data are made.

Volume I gives detailed examples of the application of the prediction methods
to the determination of the aerodynamic forces, moments, and, in some cases, surface
pressure distributions, on the aircraft wing, fuselage and empennage. In each case

a sample problem is given with method applicability and limitations discussed.

This volume is intended to serve as a User's Manual for the computer programs
developed as part of the investigation. Information dealing with both the operating
and programming aspects is presented for each computer program developed as part
of the effort. An abbreviated section is included on the Lifting Surface program,
which is utilized in the application of the prediction methods presented in Volume II,
but is itself a medified version of an existing program. A complete listing of all the

programs is appended.



SECTION I

JET FLOW FIELD PROGRAM

1. DESCRIPTION

The Jet Flow Field program evaluates the induced velocity field due to single

or multiple jets exhausting into an arbitrarily directed mainstream.

The equations of motion governing the development of each jet are integrated
numerically for the position of the jet centerline, the nondimensionalized mean jet
speed and the nondimensionalized major diameter of the ellipse which represents the
jet cross section in the mathematical model. The set of first order equations is
integrated by means of a fourth order Adams predictor/corrector routine with a

Runge-Kutta starting solution.

The induced velocity components due to each jet at 2 given control point are then
calculated by replacing each jet with a representative singularity distribution of sinks
and doublets along the jet centerline. The contributions to the induced velocity com-
ponents from the singularity distribution are summed over the length of each jet
centerline. The velocity components due to each of the singularity distributions are
additive at every control point.

For multiple jet configurations, distances between jet centerlines are tested
and when intersection of two jets is indicated, a coalesced jet is established from
continuity and momentum considerations, The coalesced jet is treated as another

independent jet in the computations for the induced velocity fieid.

a. Restrictions

Jets must exhaust at some angle into the mainstream, i. e. the jet exhaust dir-

ection may not coincide with the freestream direction.

For a two-jet configuration the jet exits must both lie in the same XY plane
and the jet exhaust plane, defined by the freestream vector and the initial jet exhaust
vector must be the same for both jets (see Figure 1 for definition of coordinate

system).



The same restrictions apply to a three-jet configuration. Additionally three-~jet
configurations must be colinear and negative angles of attack cannot be treated,

Control peints at which jet-induced velocity components are to be evaluated
may not lie within the jet exhaust itself, as the formulation of the mathematical model
is not valid in this region. Generally, control points positioned less than 2 jet exit
diameters from the center of the jet exit should be avoided.

b. Options

¢ Wing Option: The program computes the control points from the mapping
coefficients and radii generated by the Mapping Function program.

e Fuselage Option: The program computes the control points from the mapping
coefficients and radii generated by the Mapping Function program.

o Tabulation Option: Coordinates of the control points are provided as part of

the input to the program,

The first two options assure compatibility with the Transformation Method
program, when the Jet Flow Field program is to be used in conjunction with that
program. The punch control option is exercised to generate data for the Transformation

Method program in card form.

The third option may be utilized to generate input to the Lifting Surface program,
by again exerciging the punch control option,

2. OPERATING INFORMATION

Core and Time Requirements:
Computer: CDC 6600

Core: 100K8 to load
62K8 to execute
Time: Approximately 0.6 minutes for 2 typical run using 250 control points.

Additional Requirements: None

3. INPUT DATA

Figure 1 shows a typical wing configuration relative to the input/output coordinate
asystem. Figure 2 shows a typical fuselage configuration relative to this coordinate

system.



The input cards required by the program are shown in Figure 3. The cards of
Group A are always required., They are followed by the cards of Group B or Group C
or Group D depending on which of the geometry options discussed above is being
executed. The input cards are grouped in this manner and discussed in detail below.

Card
No. Variable Format Description

GROUP A: Required for all runs

[ muLT 16 Specifies number of jets in configuration
MULT =1, 20r 3
IGE@M 16 Specifies option of program being exercised
(=1 conirol points computed on wing
= 2 control peints computed on fuselage
= 3 control points are provided as
@ If IGE@MS  input
=4 game as 3, but flat plate pressure
coefficient is also computed at
L every control point
IPUNCH 16 Punch control
L = 0 no punched output
If IPUNCH | -, punched output
ALFA F12.0 Angle of attack o (defined in Figure 2)
@ in degrees
BETA F12,.0 Angle of sideslip 8 (defined in Figure 2)
N I8 Number of steps to be used in numerical
integration of jet centerline
® Limit: N <100
G Fi12.0 Step size in numerical integration of jet
. centerline, in fraction of jet exit diameter
—
XJET F12.0 X-coordinate of center of jet exit
YJET F12.0 Y-coordinate of center of jet exit
@ ZJET Fi12.0 Z-coordinate of center of jet exit
PHI F12.0 Jet exhaust angle ¢ (defined in Figure 1)
in degrees
PsI F12.0 Jet exhaust angle ¢ (defined in Figure 1)
| DJET F12.0 Jet diameter
@ I: VELJ F12.0 Freestream to jet exhaust velocity ratio



Card
No.

®

GROUP BE:

1

B

Variable Format Description

Cards of the type 4 and 5, describing the other jets, follow
at this point if MULT>1. For multiple jet configurations,
upstream jets are listed ahead of downstream jets,

DIA F12.0 Empirical factor controlling initial cross section
of a coalesced jet. Function of jet orientation
angle Q. (See Vol I, p. 56 for definition)

<20°DIA =1.0
it @ >70° DIA = 0.5
May be left blank for a single-jet configuration.

Cards provide data to generate control points on wing

NTHT 16 Number of control points at each spanwise
station or number of equal increments A# into
which the mapping circle is divided

NS 16 Number of spanwise locations where control
' points are located
Limit: N8 <25

NC@EF 16 Number of terms used in the mapping
expansion
Limit: NC@EF <15

IRECT 16 Indicates whether or not wing is rectangular
= 0 wing is rectangular

FIRECT =1 wing is not rectangular
Y1) F12,0 Spanwise location of control station
R(I) F12,0 Radius of mapping circle
DRDY() F12.0  Rate of change of R with Y
A(L,T) E12.5 Real part of mapping coefficient.
J=1, NC@EF
B({J,I) E12.5 Imaginary part of mapping coefficient

Sets of cards now follow fo describe the other wing stations,
I= 2, NS.

If IRECT =0, cards listing the real and imaginary parts of
the coefficients are omitted.



Card
No,

GROUP C:

GROUP D:
r
®

-

Variable

Format

Description

Cards provide data fo generate control points on fuselage

NTHT

NS

NC@EF

NSYM

XD
R
DRDX(I)

A, D)

16

16

16

I6

F12.0

E12,5

Number of control points at each station, if
NSYM =1. If NSYM = 0, number of control
points generated will be NTHT + 1.
Number of fuselage stations where control
points are located

Limit: NS =25
See definition, card 1, Group B
Flow symmetry indicator

= () compute only starboard side

If NSYM =] compute entire cross section

X-coordinate of control station

See definition, card 2, Group B

Rate of change of R with X

Real part of mapping coefficient J =1, NCGEF

Sets of cards now follow to describe the other fuselage
stations, I = 2, NS

Note: For procedure of obtaining mapping coefficients and
radii, refer to Volume II, Section I and to Section III

of this volume.

Cards provide control points as direct input

NS

NC

Xo(D
YO (M

Z0(T)

I6

Ie

F12.0
Fi2,0

F1i2,0

Number of spanwise control stations

Numbher of control points at each station

X-coordinate of control point
Y-coordinate of control point I1=1, NC x NS

Z-coordinate of control point



Combined Limits: Group B: NS x NTHT <600

=0 NS x (NTHT + 1) <600
Group C: If NSYM
=1 NS x NTHT £600

Group In NC x NS <600

3. OUTPUT

Both printed and punched output may be obtained

a. Printed Output

The jet configuration being treated is identified both by appropriate heading and
by printout of pertinent input information. Jet centerline information on all the jets
in the configuration includes the centerline coordinates, the nondimensionalized mean
Jet speed and the nondimensionalized major diameter of the ellipse representing the
jet cross section, Points of intergection of jets are identified.

The induced velocity components U, V, W, all nondimensionalized by Uw are
printed out at each control point. Additionally, if IGE{JM = 4 was specified, the flat plate
pressure coefficient, computed by using an image system, is printed out at each conirol
point.

b. Punched Output

For the first two options discussed in subsection 1.b, punched cards may be
generated which form a continuous input data block for the Transformation Method
program,. Data are punched in sets for X or Y-stations. Data consist of station,
radius of mapping circle, rate of change of the radius, mapping coefficients and
induced velocities at the control points. For convenience, the punched cards are

identified and sequenced in cols 73-80.

For the third option discussed in subsection 1.b, punched cards may be generated
which can be utilized as part of the input to the Lifting Surface program. The non-
dimensionalized velocity component W is punched out for every control point, This
can serve as an approximation for the tangent of the jet-induced downwash angle for
small angles of attack. Thus the punched output from this option can serve as the

downwash matrix [W] in the input to the Lifting Surface program.



4. PROGRAMMING INFORMATION
a. Logical Structure

The logical flow chart for the program is shown in Figure 4.

b. Purpose of Subroutines

BITEST - Tests for blockage and intersection of jets for multiple-jet
configurations

INTEG - Integrates equations of motion for the jet path

COMP - Computes extent of overlap between the jets in a multiple~jet
configuration

BALANC ~ Establishes initial conditions for a coalesced jet from a

momentum balance

@uTPT ~ Transforms local coordinates to program coordinates
VEL@C ~ Evaluates induced velocities at one control point

DERIV ~ Computes derivatives for ADAMS

TRWING - Computes control points on wing

TRBADY - Computes control points on fuselage

ADAPT ~ Punches output for Transformation Method program
PRTAUT - Prints out computed answers

%gﬁgg; - Transforms input coordinates to program coordinates
VEL1 -~ Computes effective velocity ratios for downstream jets in a

multiple jet configuration

TRANS3 - Transforms program coordinates to output coordinates

PLANE - Computes point of intersection between a given plane and a
given line

ADAMS - Adams predictor/corrector routine

CFCAL - Compuies direction cosines for the jet-centered coordinate
system



ROTATE - Transforms program coordinates to jet-centered coordinates
XPRUD - Computes cross product of two vectors

S@L - Solves a system of three simultaneous equations

¢. Interdependence of Subroutines

The Calling-Called matrix for the program is shown in Figure 5.



Zj
_ . Jet Location

FIGURE 1. COORDINATE SYSTEM FOR TYPICAL WING

N

~
X;—

%

x!

\\
S -of
4
/ (R
/ X

L L

a\ S\ J

Jet Location

FIGURE 2. COORDINATE SYSTEM FOR TYPICAL FUSELAGE

10




WVID08Ed Tl MOTA LAL 04 VIVA LO4NI "€ 3UNDId

.......

PO OO ©6

-

I Doz (1) 0x ) (1) o
S O — r S SR e i/ R L okl MR SO o.z..__ =
T T T T T uﬁdo%ﬁ 5¢ EJEp [CUOHIPPY @
........... r S —— S — Baa o
...... o R T (Dxasa | (D« X erm .
............. e e eyt Ewmz1ﬂ.mmaoz _ TEL
[T T T T T T e T - T pagyeotpul 8e Ssv [eUONIPPY @
........... — 41_ s e g e TERT TR
T ' | S N Awwﬁﬁ N GENEN TTMs T
T T T soawr | a9@0N SN | IHIN
— - . — N S — it St g
o N M y T cSuo%EmmnﬁuRnosag °®
T - T e r e
LAra w4 | T mEa LAFZ T LIrX

<<<<<<<<<<<

LN S S e o

LN i S S B S A S s e

LA T XTI T

HONNAJI

WPEDI

LTOR

el cTete e alaTe Te T T T Ta TaTw el 2l lo s luleiale iwielats

L 2L %9 %2 29 D0 3L S S S E 86 F S S PTYFPYPF YN PY Y §

TaTelw T Tl T e T T

T E € € E £ % £ T 2 2 2}

Toratad

RTINS D

¥ F—Oﬂﬂﬂ?dﬂ

el TeTalele

olsTelcTzl

TT LT EZOEOLLL LA LT 4L LY 0000 OO0 00 O

CIQICIOIG)

-

0 —stean]

I
-

[=a]

<

11



MAIN PROGRAM

FIGURE 4. LOGICAL FLOW CHART FOR JET FLOW FIELD PROGRAM
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SECTION II

MAPPING FUNCTION PROGRAM

1. DESCRIPTION

The mapping function program provides a method of obtaining a mapping of an
arbitrary cross section into a unit circle, This mapping is obtained by first develop-
ing a potential for a vortex flow about the section and comparing this potential with the
known potential for a vortex flow about the circle, Points where the two potentials are
equal are known to map into each other in a conformal transformation. Knowing the
point-to-point correspondence between points on the section and points on the mapping
circle, it is then possible to obtain the derivative of the mapping function with any cor-
ners on the section explicitly specified. This derivative of the mapping function is
integrated numerically about the mapping circle and the mapped section obtained is
printed out.

The program also takes the derivative of the mapping and removes the corners
which are contained explicitly by expanding the expressions specifying the corners.
The expression thus obtained can be integrated analytically to obtain the mapping func-
tion. The mapping function is obtained in this manner and the coefficients of the map-
ping function obtained are printed out. The program then prints out section coordinates
for the section as obtained from this mapping function. This mapped section can then

be compared with the original section to determine the accuracy of the mapping.

a., Restrictions
Cross sections must describe a discrete cross-sectional area.

Corner points must be separated by an element of distance 4s,

2. OPERATING INFORMATION
Core and Time Requirements:
Computer: CDC 6600
Core: 56.7 Kg to load
43.1 Kg to execute

14



Time: Approximately .25 minutes for a typical symmetric section with
NTERM = 10. Sections with corners and asymmetric sections

would require more time,
Additional Requirements: None

3. INPUT DATA
Figure 6 defines the coordinates in the section and circle planes.

The input data cards required are shown in Figure 7. They are described in
detail below,

Card
No. Variable Format Description
[ NPT I3 Number of coordinate points describing the section to
be read
Limit: NPT <90
KORN I3 Number of corners or pseudocorners on section
Limit: KORN <20
@ NTERM I3 Number of terms in potential expansgion and mapping
series to be computed
Limit: NTERM < 50
NSYM 13 Symmetry indicator
= 0 symmetric section
- I NSYM 3 _ 1 asymmetric section
[ XM F9.5 X-coordinates of points describing the section, listed
in sequential order starting at the positive X~-axis and
@\ going counterclockwise, I = 1,NPT
I NSYM = 0 last point is on negative X-axis
- If NSYM =1 last point is same as first point
@ Y(D F9.5 Y-coordinates of points describing the section.
- I=1,NPT
r—
@ DX F9.5 Shift of coordinate system along X-axis desired to
S center section.

® If KORN = 0, cards 5, 6 are omitted,

15



Card
No.

Variable Format

NCOR(D 13

XCOR(D) F9.5
YCOR() F9.5

DALPHA() F9.5

Description

For a true corner, this is the sequence number of the
corner point in the ¥X(I) tabulation. For a pseudocor-
ner, NCOR(I) = 0. I=1,KORN

Limit: Second point in tabulation may not be a
corner point, Adjacent points in tabula-
tion may not be corner points,

X-coordinate of corner point or pseudocorner point.
Y-coordinate of corner point or pseudocorner point,
Angle Aa turned through at the corner, specified in

radians. (I DALPHA(D) | =<y, sign convention is shown
in Figure 6 ; see also Figure 47, Vol I, p. 7%

There would now follow cards for I = 2, KORN,

If NSYM = 0, card 7 is omitted.

ALPHA(1) F9.5

X1 F5.,2
Y1 F6.2
THO F§.2
THF F6.2
DTH F5.2

Angle a which the tangent to the section makes with
the X-axis at the first poini, If the first point is a
corner point the angle between the X-axis and the
normal to the bisector of Aeis utilized.

X-~coordinate for first point of numerical integration
of mapping

Y-coordinate for first point of numerical integration
of mapping

Angle ¢ about mapping circle, corresponding to the
first point to be mapped (in degrees),

Angle @ about mapping circle, corresponding to the
last point to be mapped (in degrees).

Approximate spacing of mapping in increments about
the mapping circle (in degrees).

Note: Card 8 gives parameters for numerical integration of the derivative
of the mapping function, Card 9 gives the parameters for the analytic-
ally integrated mapping function . (See Eqs. 58, 59 Vol I, p.83)

N I3
DTH F6.2
THO F6.2

Number of points at which mapping is to be computed,

Angular spacing about mapping circle at which mapped
points are to be located, specified in degrees,

See definition, card 8,

16



Note: The optimum value of NTERM is to some extent dependent on the section to be
mapped. NTERM = 10 normally gives a satisfactory mapping. Too large a
number of terms may cause a divergence of the series, especially for thin
sections such as airfoils,

4, OUTPUT

Figure 8 shows an example of the output obtained from the mapping program.

This example is for a symmetrical body section.

Figure 8(a) shows some of the parameters calculated in computing the potential
about the given section and comparing the results with the unit circle potential.
Columns 1 and 2 reproduce the input X and Y coordinates of the section outline, except
that the X value has been shifted by an amount DX which was specified in the input data,
Column 3 gives the radial distance Rp from each point to the new origin. Column 4 gives
the section distance s to each point. Column 5 gives the velocity computed at each
point, Velocities written out at corner points are meaningless. Column 6 gives the
angle o which the section tangent makes with the X-axis, Column 7 gives the position
angle w for each point in degrees. Column 8 gives the angle ¢ around the mapping

circle in degrees.

Figure 8(b) gives the mapping obtained for the input section by numerical inte~
gration. The first and second columns are the X and Y coordinates on the mapped
section, and the third column gives the angular distance around the mapping circle
for each point in radians. The extent of the section printed out here and the number

of poinis is specified by card 8 of the input data,

Figure 8(c) shows the mapping circle radius and the coefficients of the mapping
function with the corners removed. The real parts of the coefficients are written first
and then the imaginary parts, which in this example are zero. The number of coeffi-
cients calculated is one less than the NTERM specified in the input.

Figure 8(d) tabulates the X and Y coordinates of the mapped section with the
corners removed from the mapping., The number of points and spacing between points

were specified by input card 9.

5. PROGRAMMING INFORMATION
a, Logical SBiructure

The logieal flow chart for the program is shown in Figure 9,

17



b, Purpose of Subroutines

C.

MAPP1 —

MAPP5 —

MAPP -—

MATINV —

QATAN -~

This subroutine computes the coefficients of the derivative of the
mapping function without the corners explicitly expressed. The sub-
routine then computes the corner parameters and obtains the deriva~
tive of the mapping with the corners explicitly expressed. The sub-
routine then sets up a series of increments around the mapping circle
at which points of the mapping are to be computed. It then calls
MAPP which computes points on the section. The points on the sec-
tion are then printed out.

This subroutine removes the corners from the derivatives of the
mapping function and evaluates the coefficients for this form of the
derivative. The analytical integration is then performed. The pro-
gram then computes points on the section using the mapping function
obtained at points requested by the inputs. The program prints out
the radius of the mapping circle, the coefficients of the mapping
function and the points computed from the mapping representing the
section.

This subroutine is used to compute a point on the section after an
incremental distance about the mapping circle has been traveled.
Three options are provided for this routine. The firsf option

(KODE = 1) specifies that the end points of the increment are both
on the circle and the integration is carried out on the unit circle,
This option is used when no corner point is in the interval. The
second option (KODE = 2} integrates the derivative of the mapping
function along a radial line, This option is not used by the program.
The third option {(KODE = 3) integrates about a corner point. A
gemicircular path about the corner point is followed external to the

mapping cirele and a point on the section past the corner is computed,
Inverts a matrix

Computes tan™1 (y/%) given y and x. The angle computed is not the
principal angle but ranges from 0 to 360 degrees, depending on the
signs of x and y.

Interdependence of Subroutines

The Calling-Called matrix for the program is shown in Figure 10.

18



Y | Aa, (negative as shown)

\ 5

I
@

oD

Section Plane Circle Plane

FIGURE 6. COORDINATE SYSTEM FOR SECTION AND CIRCLE PLANES
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SECTION MAPPING BY NUMERICAL INTEGRATION.
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FIGURE 8(b). (Continued)
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RADIUS OF MAPPING CIRCLE =
REAL PARTS OF COEFFICIENTS.
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FIGURE 8(c). (Continued)
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FIGURE 8(d). (Concluded)
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FIGURE 10. CALLING-CALLED MATRIX
FOR MAPPING FUNCTION PROGRAM




SECTION IV

TRANSFORMATION METHOD PROGRAM

1. DESCRIPTION

This program computes the pressure distributions on a wing or a fuselage. By

integrating the pressure on the surface, the force and moment can be obtained.

The principal input data are the induced velocity field and the mapping coeffi-
cients given by Sections II and III, The former is, however, calculated with no
obstacle present in the flow, Thus, the main function of the transformation method
is to insert a wing or a fuselage in this given field and to move the obstacle momen-
tarily in such a manner that the boundary condition is satisfied. This induces a
velocity potential from which, along with the potential caused by the exhausting jet,
the surface pressure can be determined.

a. Restrictions

Some implicit agsumptions made in the program to describe a wing or fuselage
must be satisfied. The following restrictions do not apply when only the segment
method is used and no force and moments are computed. The coordinate system
utilized is that of Figures 1 and 2 of Section II.

Wing Geometry:
Wing and jet configuration are symmetric about the midspan.
Midspan is located at Y= 0.

For zero sideslip, the first control station is located at Y = 0 and the last

conirol station must be located at the starboard wingtip,

For sideslip other than zero, the first contirol station is located at the port

wingtip and the last control station is located at the starboard wingtip.
Fuselage Geometry:

The fuselage nose must be located at X = 0,
The plane of symmetry of the fuselage must be situated at Y = 0,

No control stations may cut through an exhausting jet.
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b. Options
® Geomeiry: Wing or fuselage
® Power Configuration: Power effect, power on or power off

® Computational Method: Segment method alone or segment method plus three-

dimensional modification

® Force and Moment: Computation of integrated force and moment may be

exercised or suppressed

2. OPERATING INFORMATION
Core and Time Requirements:

Computer: CDC 6600

Core: 215 Kg to load
200 K to execute

Time: Approximately 3 minutes for a typical run with NSTA = 11 and
MTHET = 36

Additional Requirements: The program requires one intermediate
storage tape unit.

3. INPUT DATA

The program requires the input data cards shown in Figure 11, Cards 1 and 2
are required for all computations, Some of the cards of Group A may be omitted
depending on the Power Configuration option specified, Additional cards from Group B
may be required according to other options specified. Either the w-type or f-type
cards are added from Group B depending on the Geometry option.

Card
No. Variable Format Description
—
IGESM 16 Geometry index
o =1 wing
if. IGEM l = 2 fuselage
@ M@DIN I8 Modification index
. = 0 segment method only
if MPDIN =1 segment method plus 3-D
< modification
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Card
No.

Variable

JSTAP

IDIS

JPWER

IRECT

IFPRCE

[ NsTA

NFPUR

NSYM

Format

16

16

16

16

16

13

13

13

13

Description
Number of iterations

= 0 segment method only

if JeT@P | _ n iterate n times

Number of layers in the parallelepiped network
residual sources and sinks

Limit: IDIS <4
if M@DIN = 0, IDIS = 1

Power index
-1 power off

0 power effect
1 power on

if JPPWER

n o n

Configuration index

= 0 reciangular wing

I IRECT } _ 1 jonrectangular wing or fuselage

Force index

= 0 no force and moment computed

if IFBRCE | | o0 o oment computed

Number of control stations

Limit: 8 <NBTA <16 for fuselage
8 < NSTA <12 for wing with no sideslip
8 < NSTA <16 for wing with sideslip

Number of terms used in mapping expansion

Limit: N<12
Number of terms used in Fourier analysis for bound-
ary functions in segment method and also for down-
wash correction in 3-D wing modification

Limit: NFPUR <20
Computation index

1 NSYM =1

if IGEAM | _ 5 NsyM - 0

non
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Card
No. Varighle Format Description

( MTHET I3 When NSYM = 0 and BETA = 0, MTHET is the num-
ber of equal increments A¢ on the mapping semi-
circle, When NSYM =1 or BETA # 0, MTHET is
the number of equal increments 46 on the full map-
ping circle.

Limit: MTHET<18 when NSYM =0

and BETA = 0
MTHET< 36 when NSYM =1
or BETA+#0
uJ F7.3 Freestream to jet exit velocity ratio
ALPHA F7.3 Angle of attack in degrees
BETA F7.3 Angle of sideslip in degrees

GROUP A:

APART (D) F12.6 Coordinate of control station., APART (I) = Y{I) for
wing; APART () = X(I) for fuselage

@ R(D) F12.6  Radius of mapping circle

DRDX (I) F12.6  Gradient of R

& If NSYM =0, only A's appear on the next card

A1 E12.5 Real part of mapping coefficient

J=1,N
@ B(J,D El12.,5 Imaginary part of mapping coefficient

© If JP@WER = -1, omit cards 3, 4, 5

@ l: U, E12.5 Induced velocity component in X-direction,
J =1, NTHET

@ I: V{I,J) Ei12.56 Induced velocity component in Y-direction.
J=1, NTHET

@ l: W, E12.5 Induced velocity component in Z-direction,
J=1,NTHET

NTHET = MTET+1 if NSYM = ¢ and BETA =0

where | \rHET « MTHET if NSYM = 1 or BETA # 0

o There would now follow sets of cards for I = 2, NSTA
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Note: For all Power Configuration options other than JPFWER = -1, all the
data cards of Group A are generated for stations I = 1, NSTA by the

Jet Flow Field program.

For the Power-Off Configuration, Cards 1 and 2 must be provided at
each station. These mapping coefficients, radii and gradients required
are obtained from the Mapping Function program,

GROUP B: Additional data cards for further computations

Geometry Option: IGE@M = 1

_ = ( no further computations
=0 and IF¢RCE =1 ecard w3 required
If M@DIN
_ ={ carda wl and w2 required
=1 and IF¢RCE =1 cards wl—w3 required
Card
No. Variable Format Desgcription
[ NB¢¢L I6 NB¢¢L = 0, no modification is imposed on any of the
computed velocity components.
N B¢¢L = 1, velocity components, due to residual
sources and sinks at the station nearest to the jet
@ are the average values of the computed and infer-
preted components.
MEXIT 16 If BETA = 0, MEXIT = 1, If BETA # 0, MEXIT =
station number where jet is located.
M¢D 16 Number of stations where downwash modification is
@ to be effected,
Generally: M@D = NSTA-3 if BETA =0
s M@D = NSTA/2-3 if BETA+ 0
[ NDJ 13 Number of exhausting jets
DJET Fl2.6 Jet exit diameter
@ XCG F12.6 X-coordinate of moment center
YCG ¥Fi12.6 Z-coordinate of moment center
CH¢RD F12.6 Reference length for nondimensionalizing moment
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Geometry Option: IGE@M = 2

=0 and IFPRCE

It

= 0 no further computations
1 cards f3 and 4 are required

if MPDIN
- =0 cards fl and f2 are required
1 and IF¢RCE =1 cards fl1—f4 are required
Card
No. Variable Format Description
—
@ NJET 16 NJET = I when the upstream jet is located between

stations I and I+1

®
.

APART(NSTA+1) F12.6 X-coordinate of fuselage tail

NDJ 13 See definition, card w3
DJET F12.6 See definition, card w3
@ XCG F12.6 See definition, card w3
| CH@RD F12.6 See definition, card w3
r— YTIP F12.6  Y-coordinate of fuselage nose
ZTIP F12.6  Z-coordinate of fuselage nose

@ APART(NSTA+1) F12.6 X-coordinate of fuselage tail
YTAIL F12,6  Y-coordinate of fuselage tail

ZTAIL Fi2,6 Z-coordinate of fuselage tail

The optimum manner of choosing control stations along the fuselage or across
the wing span is at equally spaced intervals, When this is not possible, it is desirable

to avoid large variation in adjacent intervals and cluster of stations at one location,

4, OUTPUT
There are, in general, four groups of cutput data:

a, Control indices and other input variables: Control indices and other per-

tinent input data are printed out and identified.

b, Table for geomeiry: The correspondence between the angular increments
on the mapping circle and the rectangular coordinates of each station is
listed.
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c¢. Tables for pressure distribution: The computed pressure coefficients on the
surface are tabulated. The first table contains the results obtained by the
segment method, which is then followed by table (or tables) to include the
three-dimensional modifications.

d. Force and moment data: The calculated force and moment data are printed
out. Preceding this, the parameters used in three-dimensional modification

and for force and moment computations are also identified and listed,

If options in the input data do not call for three-dimensional modification and the
force and moment calculation, Group (¢) will contain only one table and Group (d) will not

appear.

5. PROGRAMMING INFORMATION
a. Logical Structure

The logical flow chart for the program is shown in Figure 12,

b. Purpose of Subroutines

STRIP — Establishes the appropriate induced velocity field for subroutines
VLB#DY or VLWING, calculates pressure coefficients from the
output arguments of VLWING or VLB@DY and prints out pressure
distribution tables.

VLB@DY — Defines the boundary function, represents it in Fourier series and
calculates the velocity components from the complex potential for
the fuselage configuration.

VLWING — Similar to VLB@DY but for the wing configuration.

WM@D3 — Determines the strength of residual sources and sinks and modifies

the original induced velocity field for the wing configuration,
BM@D3 — Similar to WM@D3, but for the fuselage configuration,
DNWASH — Uses lifting line theory to modify the downwash field.

FMWING — Integrates pressure distribution to give force and moment on a

wing.
FMBPDY — Similar to FMWING, but for the fuselage configuration.

THE@ — Expands a given function inte a Fourier series.
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INTEG — Performs integration of a given function,
svee — Fits a cubic curve through four points.

SVIN — Interpolates this cubic curve.

¢, Interdependence of Subroutines

The Calling-Called matrix for the program is shown in Figure 13,
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FIGURE 12. LOGICAL FLOW CHART FOR TRANSFORMATION METHOD PROGRAM
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SECTION V

LIFTING SURFACE PROGRAM

The Lifting Surface program is a modified version of the computer program
developed by Northrop Corporation under Bu Weps contract NOw-63-0726-C for design-
ing and analyzing subsonic lifting surfaces. The design options have been eliminated
and the capability to compute the downwash distribution due to a given camber distribu-
tion has been eliminated. The discussion in this section will be restricted to those
areas affected by the modifications, primarily the sequence of input cards. While it
is intended to provide adequate information to permit utilization of the Lifting Surface
program, in conjunction with the Jet Flow Field program, to evaluate power effects on
wings, the authoritative documentation on the program remains Northrop Technical
Report NOR 64-195 prepared for Bureau of Naval Weapons, Department of Navy,

April 1965.

1. DESCRIPTION

The program calculates the pressure loading on a wing due to a specified down-
wash distribution. It includes provisions for body effect. The program consists of
three main components (CHAIN1, CHAING, CHAINT) which may be used together in one
continuous operation, or independently.

The first step in the analysis is the calculation of the downwash control point
matrix [D:l, in CHAIN1. The next step is to calculate the least squares inverse of
the downwash control point matrix, [D]d’ in CHAING6. This may be done in a continuous
operation following the computation of [D], in which case [D] will be read off inter-
mediate storage tape. CHAIN6 may 2lso be used independently in which case the down-
wash control point matrix [D] is supplied to the program on punched cards. However,
it is preferable to compute [D] and [D]¥ in a continuous operation, in order to main-

fain maximum accuracy.

The downwash control point matrix [D] and its least squares inverse [D]¥,
depend on the planform, the location of the downwash control points, and the number
of terms in the loading series. Once calculated, [D]“"' forms an input to the third
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main component of the program, CHAIN7, which computes the pressure loading. The
downwash control point matrix [D] and its least squares inverse [D]'I’ are not recom-
puted as long as the planform, control point locations and the size of the pressure
loading series are not changed, The least squares inverse [D|¥ may be retained in
punched card form to serve as input to CHAINT for additional studies of pressure

loadings on the same wing.

Thus the third component of the program, CHAIN7, may be called directly by
the inversion program or used separately. The principal information required is:
the least squares inverted downwash control point matrix, the wing planform geometry
and the downwash distribution. In a continuous operation, the least squares inverted
downwash control point matrix will be read off intermediate storage tape. When
CHAINTY is used independently, [D]d’ is supplied to the program on punched cards.
CHAINT calculates the overall and local aerodynamic coefficients and the pressure
loading distribution at a set of apecified pressure control points. The overall moment
coefficients are referred to an axis located at one quarter of the mean aerodynamic
chord, The program is designed to analyze an unlimited number of downwash distribu-
tions for the one downwash control point matrix [D] The body effect on the downwash
distribution will be included by the program if the spanwise location of the edge of the
fuselage is specified. If the body effect is to be omitted, the spanwise location is made

Zero.

a. Restrictions

The program is applicable to continuous surfaces of arbitrary planform and no
interference effects such as slots, ground effects, large dihedral angles or end plates
are included.

Downwash control points must not be located at or near the leading edge, since
the cotangent elements of [ D] would become excessively large and dominate in the
solution for the pressure coefficient matrix [A].

Due to the computing techniques utilized, downwash control points must not he
located at discontinuities in the planform and at flap hinge lines.

bh. Options
¢ Execute CHAIN1 to obtain the downwash control point matrix [D]

e Execute CHAING independently to obtain the least square inverse of the downwash
control point matrix, [D_-]'\"’
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¢ Execute CHAIN? independently to obtain the aerodynamic coefficients and the
pressure loading distribution

® Execute CHAIN1 and CHAING in a continuous mamner to obtain [D]¥

@ Execute CHAIN1, CHAING and CHAINY in a continuous manner to obtain the
aerodynamic coefficients and the pressure loading distribution

Punch controls to obtain [D] or [D]}” in card form, when execution is not in a
continuous manner, are available and will be discussed as part of the input,

2. OPERATING INFORMATION

Core and Time Requirements:

Computer : CDC 6600
Core: 1241{8 to load
10":'1{B to execute
Time: Approximately 2.5 minutes for a typical run with a downwash

control point matrix [D] = {100 x 36]

Additional Requirements: The program requires two intermediate
storage tape umits.

3. INPUT DATA

A typical wing with two geometric regions is shown in Figure 14. The wing dimen-
sions must be normalized by the wing semispan before specifying data. Only data for
the starboard wing are specified since the wing is considered to be symmetric.

The input data required are shown in Figure 15. The first card controls which of
the three main components are to be executed. The other cards, sequentially, form
the input to CHAIN1, CHAING and CHAIN7. They are grouped in this manner in
Figure 15. They are described in detail below.

Card
No. Variable Format Description

_
ISTART I5 Indicates where execution of the program is to
begin

= 1 start with CHAIN1
If ISTART | = 2 start with CHAING
= 3 gtart with CHAIN7

o)
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Card
No. Variable Format Description

{ IST@P 15 Indicates where execution of the program is to
@ stop
= 1 gtop after CHAIN1

If ISTOP = 2 stop after CHAING
= 3 stop after CHAINT

h—

CHAIN1: Computation of downwash control point matrix

—
@ ARRAY 1246 Title card for CHAIN1
[ NS 15 Number of stations on semispan where downwash
control peints are located
M 15 Number of spanwise modes to be used in pressure
loading series
N 15 Number of chordwise modes, including the flap
modes, to be used in pressure loading series
Limitation: MxNs 38
NEED 15 Indicates whether or not coté/2 mode is to be
used
: = 0 don't use cot6/2 mode
If NEED l =1 use cotd/2 mode
@ NFLAP I5 Number of leading and trailing edge flaps
NPR 5 Print control for [D]
= don't print
ener | 290
NPU I5 Punch control for [D]
If NPU l f 0 don't punch
= 1 pimch
NAY IS Intermediate print control
= (, no intermediate printout
NAY | 1, intermediate printout
N@QLED 15 Number of leading edge discontinuities (including
root and tip positions)
| N@TED 15 Number of trailing edge discontinuities ncluding

root and tip positions)
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Card

No.

@ ® ® 6

©

©®

Variable
[ SPACE

FMACH

]

YSTAT (1)

FLPOS()

11

AMLE (T)

11

AMTE (T)

|

YLEAD(I)

11

YTRAIL()

Format

F10.0

F10.0

Fi0.0

F10.0

Fi0.0

F10.0

F10.90

F10.0

F10,0

Description

Indicates how downwash control points are
located chordwise at the spanwise control
stations

=, 02 the value is used to space
If SPACE =0 ﬁ&:ﬁssgggggsgﬁagi‘dwise
locafions
Mach number
Root semichord

Spanwise locations of downwash confrol points.
=1, NS.

Chordwise location of the flap hinge line in
percent of chord, I=1, NFLAP

Tangents of the sweepback angles of the leading
edges of the geometric regions. I=1, NQLED-1

Tangents of the sweepback angles of the trailing
edges of the geomeiric regions. I =1, NPTED-1

Spanwise locations of leading edge discontinuities,
I=1, NOLED

Spanwise locations of trailing edge discontinuities.
I=1, NOTED

® If SPACE # 0, omit cards 10,11

NCP()

I5

I
[ XDWASH(J, ) F6.0

Number of downwash control points at each
spanwise station. I=1, NS

Chordwise locations of downwash control points
at each spanwise station, in fraction of chord.
J =1, NCP().

® There now follow sets, I =2, NS.
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Card
No, Variable

Format

Description

® If NAY =0, omit card 12

NAY3

@ NAY4

NAY5
NAY6

15
15
I5
I5

Additional print controls
= 0 no additional printout
If NAYI = 1 additional printout

CHAING6: Computation of least squares inverse of downwash control point matrix

@ l: ARRAY

NROW
NCOL

NREAD

NPR
NPU

NAY

12A6

15

15

I5

I5

15

15

Title card for CHAING

Number of rows in downwash control point
matrix, or number of control points contained
in [D]

Number of columns in downwash control point
matrix [D]. This is the product of chordwise
and spanwise pressure modes,

Indicates if [D] is to be read from intermediate
storage tape as in a continuous operation or
from card input

= read from ta‘pe
If NREAD l = 1 read card input

Print control for [D ]V

If NPR ‘ = 0 don't print

=1 print
Punch control for [D ¥

I NPU I = 0 don't punch

= 1 punch

See definition, card 2, CHAIN1

SR
~ If NREAD = 1, the punched matrix [D] is inserted at this
¢ point, This is the output obtained from CHAIN1 when
operating in a noncontinucus manner,

Il

CHAINT: Computation of aerodynamic coefficients

—

@ ARRAY

12A8

Title card for CHAIN7
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Card
No.

L

Variable
N

M

NS

NR QW

NETA

NDISC

NFLAP
NAY

NPSI

NALFA

NEPSLN

NEED

NREADI

NREAD2

Format
15
15
15
I5

15

15

15

I5

15

I

I5

I5

15

I5

15

Description
See definition, card 2, CHAIN1
See definition, card 2, CHAIN1
See definition, card 2, CHAIN1
See definition, card 2, CHAING

Number of spanwise locations where chordwise
pressure loadings are to be caleulated

Number of wing discontinuities (including root
and tip points).

See definition, card 2, CHAIN1
Sce definition, card 2, CHAIN1

Number of chordwise points at which pressure
loading is computed

Limit: NPSI = 50

Number of angles of attack treated

Limit; NALFA = 20
Indicates number of EPSLN's to be read on card
See definition, card 2, CHAIN1

Indicates if [D]V¥ is to be read from intermediate
storage tape as in a continuous operation or
from card input

= 0 read from tape
If NREADI l =1 read from cards
Indicates if the downwash matrix [W] is read
from cards. Due to the modifications, eliminating
the capability to compute the downwash distribu-
tion from the camber distribution, NREAD2Z2 MUST
BE>ZERO.,

Number of downwash distributions to be
considered.
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Card
No.

—

Variable

F
SPACE
YF

DPSI

YSTAT ()

ETA()

EPSLN()

ALFA(

FLPOS()
CHORD(I)
WHY(T)

DELTA()

Format
F10.0
F10,0
F10.0

F10.0

F7.0

F1.0

F7.0

F7.0

F7.0

F7.0

F7.0

F7.0

Description
See definition, card 3, CHAIN1
See definition, card 3, CHAIN1
Spanwise location of edge of fuselage
Indicates how points, where pressure loading
is to be computed, are located chordwise at
all the ETA's
%£.02 the value is used to space the
points equidistant

< 0 must specify chordwise
locations

If DPSI

See definition, card 4, CHAIN1

Spanwise locations where pressure loading
distributions are calculated I = 1, NETA

Angles of incidence between G, of fuselage and
wing root chord in degrees. I =1, NEPSLN

Angles of attack of fuselage in degrees
I=1, NALFA

See definition, card 5, CHAIN1
Chord at spanwise discontinuities. I=1, NDISC
Location of spanwise discontinuities.

I=1, NDISC

Chordwise distance from rooct leading edge to
leading edge at spanwise discontinuities

If SPACE # 0, omit card 13

NCPQ)

I2

See definition, card 10, CHAIN1

If DPSI > 0, omit card 14
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Card
No.

Variable Format Description
- PSI(D F7.0 Chordwise locations of points where pressure
loading is to be computed in fraction of chord
[ If NREADI= 1, the punched matrix [D]¥is inserted at —J|
this point. This is the output obtained from CHAING
[L _ when operating in a noncontinuous manner. _d
P
Wi, 5 E14.7 Tangent of the downwash angle at the downwash
control points. J =1, NCP({)

There now follow sets, I = 2, NS.

4. OUTPUT

Depending on the options specified both printed and punched output may be cbtained.
Printed Output

CHAIN1 prints pertinent input information to identify the problem. CHAING,
which inverts the matrix [D] prints out the determinant of the unit matrix as a
check on the numerical accuracy, CHAIN7 prints geometric parameters of the
wing (mean aerodynamic chord, etc.). It also prints out the overall and local
aerodynamic coefficients and the pressure loading at the spanwise and chordwise

locations specified.

. Punched Output

CHAIN1 may generate the downwash control point matrix [D] in punched form
to serve as input to CHAING when the components of the program are not

executed in a confinuous mammer,

CHAING may generate the least squares inverse of the downwash control matrix
[D]"b to serve as input to CHAIN7 when that component of the program is being
executed independently,

5. PROGRAMMING INFORMATION

a. Logical Structure

The logical flow chart for the modified version of the program is shown

in Figure 16.
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b. Interdependence of Subroutines

The Calling-Called matrix for the program is shown in Figure 17.
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FIGURE 14. COORDINATE SYSTEM
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FIGURE 16. LOGICAL FLOW CHART FOR LIFTING SURFACE PROGRAM
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SECTION VI

NONLINEAR BODY AERODYNAMICS PROGRAM

1. DESCRIPTION

The nonlinear body aerodynamics computer program combines slender body theory
and viscous cross flow theory to obtain the aesrodynamic coefficients for an arbitrary
body. The program computes the coefficients Cy, C,,, Cy, C;, and C[ in body axes
as functions of resultant angle of attack a, roll angle ¢, pitching velocity q and yawing
velocity r. The coefficients are printed out with the slender body contribution and the
viscous contribution ligted separately. The rolling moment coefficient Cl does not
have a viscous contribution calculated for it, since it is not possible to formulate a
satisfactory model for it. Zero is printed out for the viscous contribution.

It is assumed that a mapping is known for the sections along the body and that the
coefficients of the mapping are continuous functions of axial distance along the hody.
The method of obtaining the mapping is described in Volumes I and II. An approximate
method has also been described and is preferred where simplicity and ease of use are

desired.

2. OPERATING INFORMATION
Core and Time Requirements:

Computer: CDC 6600

Core: 35.5 Kg to load
22.1 Kg to execute
Time: Approximately ,1 minutes for a run with nine angles of attack

and one setof ¢o, q and r.

Additional Requirements: None

3. INPUT DATA

The coordinate system utilized by the program is that shown in Figure 2 of
Section II,
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The input data cards required by the program are shown in Figure 18, The input
cards of Group A describe the body. The cards of Group B give the flight conditions
and reference dimensions for the computation of the aecrodynamic coefficients. The

input cards are grouped int this manner and discussed in detail below.

Card
No, Variable Format Description
GROUP A: Input data describing the body.
-—
MZT I3 The maximum number of mapping coefficients of
any station input to the program
® Limit: MZT =12
NX 13 Number of input data stat ions along body
| Limit: NX s 40
@ EXI (I) E12.5 Station along body. I=1,NX
® RB1(I) E12.5 Radius of mapping circle r, at input station.
| I=1,NX
@ DRIDX1 (I) E12.5 Derivative of the mapping circle radius with respect
| to X, at input station. I=1,NX
® L__Sl (T) E12.5 Cross sectional area S at input station. I=1,NX
@ DSDX1 {1} E12.5 Derivative of cross sectional area with respect to
L X at input station, I=1,NX
@ CDCY1 (1) F12.5 Cross sectional drag area per unit length in the
vertical direction, CDcy. I=1,NX
—
CDCL1 (I} E12.5 Cross sectional drag area per unit length in the
lateral direction, Cpe,. I=1, NX
NZ I3 Number of terms in mapping funct ion at station 1.
if NZ=0, MZT will be used.
@ Limit: NZ = 12
$



Card
No. Variable Format Description

® 4 Mm 18 Symmetry indicator at station I,

If ISM [=0, symmetrieal cross section
=1, ungymmefrical cross section

=0, include cards 10,11

® IIMZT>1 and if ISM {-——1, include cards 10a, 11a

[ REAL1(J,) EI12.5 Alternating real and imaginary coefficients of
mapping function for symmetrical section.

=0, J=1,MZT-1

If NZ {>1, J=1,Nz~1

[

[ REPR1(J,I) El12.5 Derivatives of mapping finction coefficients
with respect to X for symmetrical sections

=0, J=1
| I NZ [>1 =1

[ REALL {J,1) E12.5 Real component of coefficient of mapping function
for unsymmetrical section,

=0, J=1, MZT-1
@9a It NZ {>1: J=1,NZ-1

XMAG1(J,I) El12.5 Imaginary component of coefficient of mapping

l function for ungymmetrical section.

REPR1 (J, 1) E12,5 Derivative of real component of coefficient of
mapping function for unsymmeirical section.

=0, J=1,MZT-1
@ If Nz {>1, J=1,Nz-1

XMPR1(J,I) E12.5 Derivative of imaginary component of coefficient
of mapping function for unsymmetrical section,

® There now follow sets of cards, I1=2, NX
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Card
No. Variable

Format

Description

GROUP B: Input data specifying flight conditions and reference dimensions for the
computation of the aerodynamic coefficients.

@® | _ COMNT

REF

SREF

@ | ce

DX1

h—

NA

NQ

@ ALPHA1 (1)

) EPHII(I)

18A4

Fi0.4
F10.4

Fi0.4

Fl10.4

12

12

i2

12

F8,4

F3.4

Fg.4

F8.4

Comment card

Reference length A
Reference area

X-~coordinate of the center of gravity and moment
center

Incremental step gize for integrating along the
X-~axis
Number of angles of attack at which coefficients
are to be computed

Limit: NA =18

Number of roll angles for which coefficients are
to be computed.

Limit: NP9

Number of pitching velocities for which coefficients
are to be computed

Limit: NQ=9

Number of yawing velocities for which coefficients
are to be computed,

Limit: NR= 9
Angle of attack, in degrees. I=1,NA
Roll angle, in degrees. I=1,NP
Pitching velocity, or ,in radians, I=1,NQ
2Uw
I'[r

Yawing velocity, 5T in radians. I=1,NR
[+ ]
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4, CUTPUT

F¥igure 19 shows sample output for the nonlinear body aerodynamics program.
The title card is reproduced on the first line. The second line shows the roll angle
PHI (¢, in degrees), the pitching velocity Q {-2-%% » in rads) and yawing velocity
R ( 2£U%' , in rads) at which the asrodynamic coefficients are to be computed.

The program then tabulates the computed coefficients, The table is headed to
identify the angle of attack, ALFA, and the asrodynamic coefficients being computed,
CN (CN), CM (Cmn), CY (Cy), CEM (Cp) and CRM (Cy). For each angle of attack
specified in degrees, a potential set of coefficients and a viscous set of coefficients
is listed. The complete coeificients can be obtained by adding the two parts.

If more than one PHI, @ or R has heen specified aa part of the inpuf, the program
will repeat the tabulation.

5. PROGRAMMING INFORMATION
a. Logical Structure

The logical flow chart for the program is shown in Figure 26.

b. Purpose of Subroutines

DATA — Reads and stores the portion of the input data dealing with the
description of the body

C@EFF — This routine sets a step size for integrating forces and moments
along the body. It calls LACVAL which returns body parameters
at the desired station and then calls FORCE which computes pieces
of the coefficients up to the given station. When this routine
reaches the rear end of the body, enough information is available
for the main program to compute the potential coeificients.

L@ACVAL - Obtains interpolated body data at the station required by C@EFF

AINTRP - Interpolation routine. Determines a body parameter as a function
of the axial distance.

FARCE — Computes parts of the potential force and moment coefficients
up to the station at which it is called. When it is called at the rear
end of the body, it determines the parameters needed for com-

puting the rolling moment .
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VISC — Computes the viscous contributions to Cy, Cp, Cy and C,, by
dividing the body into increments and integrating the viscous
equations along the body.

c¢. Interdependence of Subroutines

The Calling-Called matrix for the program is shown in Figure 21,
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MAIN PROGRAM

r- Wl W e am iR A SaE aEn ﬂ
| |
] | Dimension Arrays !
i : DATA
] ; +| Read Body
| 4 Description
LPCVAL : :
AINTRP Determine Local] | |Read Ref Dims. I
i Values of and
Interpolatloﬂ.__: Body | Flight Conds, |
Parameters : :
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COEFF l I !
Set Step Size | i
for Integration " I
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: Print I
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FIGURE 20, LOGICAL FLOW CHART FOR NONLINEAR BODY

AERODYNAMICS PROGRAM
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Calling O/ ~
MAIN AN BN

LPCVAL ®
C@EFF ele

FIGURE 21, CALLING-CALLED MATRIX FOR
NONLINEAR BODY AFRODYNAMICS PROGRAM
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SECTION VII
NONLINEAR WING AERODYNAMICS PROGRAM

1, DESCRIPTION

The nonlinear wing aerodynamics program determines the aerodynamic coeffi-
cients Cy, C,,, and Cf in a body axis coordinate system as functions of angle of attack
o, sideslip angle 8, pitching velocity q, rolling velocity p and yawing velocity r. The
theoretical background for the method is described in Volume I and the application to
a sample problem is given in Volume II.

2. OPERATING INFORMATION
Core and Time Requirements:

Computer: CDC 6600

Core: 43. 4 Kg to load
30. 2 Kg to execute
Time: Approximately .3 minutes for a run with two angles of attack and

two lterations per angle of attack

Additional Requirements: None

3. INPUT DATA

The coordinate system utilized to describe the input is that of Figure 14 of
Section V. However, all dimensions are nondimensionalized with respect to the wing
root chord. Only the data for the starboard panel of the wing are specified, since the
wing is assumed to be geometrically symmetric.

The input data cards required by the program are shown in Figure 22 and are
described in detail below.

62



Card
No.

®

Variable

ALPHA

BETA

DALPHA

ETA0
ETAB

~ REFL
XCG

ZCG

CDh

CDXP@AS

I

[ NSTA

NDWSH

Format

F9.5

F9.5

F9.5

¥9.5
F9.5
F9.5

F9.5

F9.5
Fa.5

Fg.5

F9.5
Fo.5

F9.5

F9.,5

F9,5

I8

16

Desacription

Initial value for the wing angle of attack o,
in degrees

Angle of sideslip 8, in degrees

Step size of alpha, in degrees

Y-coordinate of wing root chord
Y-coordinate of wing tip chord
Wing taper ratio

Tangent of sweepback angle of wing leading edge

Rolling velocity, 2%% , in radians
Pitching velocity, E?J_lr' in radians
=]

Yawing Velocity, _xiy , in radians
2Uw

Reference length, fr, in percent of root chord
X-coordinate of pitching velocity axis

Z-coordinate of yawing velocity axis

Drag coefficient of wing section at o =90°
X-coordinate of line of action of section drag
at o =909, in percent of root chord
Number of circulation control stations on one
wing panel

Limit: NSTA =10

Number of downwash control stations on one
wing panel
NDWASH must be set equal to NSTA-1.
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Card
No.

®

®

Variable
[ NALPHA

NIT

NSYM

[ETA(I)

ETADW (I)

[ x10 (1)

TN{1)
L

X100 (2)

TN (2)

|

—

XI0 (3)
TN (3)
—
—

ALPHEF (I)

l

[ AL(D)
|

[ weHT (1)

Format
16

16

16

F9.5

F9.5

F9.56

¥9.5

F9.5

F9,5

F3.5

F9.5

F9.5

¥9.5

Description
Number of angles of attack

Number of iterations on the effective angle of
attack for each o

Symmetry indicator

=0, symmetrical wing loading
It NSYM {=1: agymmetrical wing loading

Y-coordinate of circulation control station, in
fraction of root chord. I1=1,NSTA

Y-coordinate of downwash control gtation, in
fraction of root chord. I=1, NDWASH
Use same values as ETA(D

X=coordinate of the inboard extremity of the
leading lifting line, in fraction of root chord

Tangent of the sweepback angle of the leading
lifting line

X-coordinate of the inboard extremity of the
aft lifting line

Tangent of the aweepback angle of the aft
lifting line

X~-coordinate of the inboard extremity of the
downwash control line

Tangent of the sweepback angle of the downwash
control line

Estimate of the effective angle of attack for each
downwash control station. 1=1, NDWSH

Angles of attack for which the weighting of the
circulation between the two lifting lines is to be
input, 1=1,10 (See Vol II, p.167)

Values of the weighting function at the a's given
in card 15, I=1,10



4, OUTPUT

The angles of attack and sideslip are printed out, followed by P (2%}% ,in radians),

@ (2—%%, in radiang), and R (2;&', in radians). The spanwise loading and effective

angle of attack are then printed out.

The normal force coefficient (normalized by wing area and freestream dynamic
pressure) and body axis moment coefficients (normalized by the reference length /y)
are printed out.

This set of output (except for angles of attack and sideslip) is repeated for the
number of iterations on effective angle of attack, specified in the input.

The above output is repeated for the number of angles of attack specified.

5, PROGRAMMING INFORMATION

a. Logical Structure

The logical flow chart for the program is shown in Figure 23,

b. Purpose of Subroutines

WGT — Determines weighting of circulation between the two lifting lines
GAUSS — Performs numerical integration, using 16 peint Gaussian
quadrature

LGRANG - Determines expression for the total circulation as a function
of values at the circulation control points, using Lagrange's
method.

LLINE — Determines the influence coefficients matrix for the downwash
due to the bound vorticity

TRV@RT ~— Evaluates the influence coefficients matrix for the downwash
due to the trailing vorticity

MATINV - Calculates the inverse of the influence coefficients matrix

FMINT — Integrates the span loading to determine the body axes force

and moments

FORM1 -~ Evaluates the integrand required in LLINE
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FGRM2 — Evaluates integrand required in TRVORT

FORM3 — Evaluales integrand required in TRV@RT

¢, Interdependence of Subroutines

The Calling-Called matrix for the program is shown in Figure 24
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Calculate Circulation |4

MAIN PROGRAM
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FIGURE 23. LOGICAL FLOW CHART FOR NONLINEAR WING

AERODYNAMICS PROGRAM
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FIGURE 24. CALLING-CALLED MATRIX FOR
NONLINEAR WING AERODYNAMICS PROGRAM
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APPENDIX

COMPUTER PROGRAM LISTINGS
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zEalaNaNg

ado

PROGRAM JET3 (INPUT,CUTPUT.PUNCH, TAPES=INPUT, TAPE&=OUTPUT,
LTAPET=PUNCRH)

EVALUATION OF JET-INDUCED VELOCITY FIELD (MAXIMUM OF 3 JETS)
INITIAL JET EXHAUST DIRECTION MUST BE THE SAME FOR ALL THREE JETS
FOR 3~JET COMPUTATIONS, JET EXITS MUST ALL BE IN THE SAME XY PLANE

DIMENSION CCEFR{15425)4COEFI(15,23)

DIMENSION STATN(25),RADIUS(25),SLP3D(25)

DIMENSICON X1(100)421(100Q),UJ1¢100),01(100Q),0XDZ2{( 100}
DIMENSION X2(100),22(100),UJ2(100)Y,02{100),DXDZ2(100)
OTKENSICN X3(100),23(100),UJ43(100},03{100),DXDZ3(100)
DIMENSTION X4(100):Z4(100},U44(100},D4{100),DXDZ4{100)
DIMENSION X5(100),25(1001,U45(100),D5(1001},DXDZ5(100}
DIMENSION XBAS1{100),Y8AS1(100},ZBA51(100)

DIMENSION XBAS2{100),YDAS2(100)},28AS2(100]}

DIMENSION XB8AS3{100},YBAS3(100),ZRAS3{10C)

DIMENSICN XBAS4{100),YBAS4(100),ZBA54(100)

DIMENSICN XBASS{100),YBAS5(100),ZBAS5(100)

DIMENSION CFL1{3,43)CF213,3),CF31(3,3),CF4(3,31,CF5(3,23)
DINMENSION UUVEL(100),UUE2(100),UVE3(100),UUE4(100),UUES511CO)
DIMENSICN PAR{10)}

DIMENSION SDXDZ1{(100),SOXDZ2{100),S0X0Z3(100),5DXDZ4(100),
1 SDXDZS5{1C0)

COMMON/BLKL /STATNe RADIUS +SLP30, COEFR. COEFI
COMMON/BLK2/CFY4CF2,CF3,CF4,CFS,UUEL,UUE2,UUES, UUES,UUES,PAR
COMMON/BLKI /X1 421,UJ1,01,DXDZ14X2422+U02,02,DXDZ2
COMMON/BLKG /X3 ¢239UJ3,4D3,DX0D234X4yI4yUJ4sD4sDXDL4
COMMEON/BLKS/X5,254UJ5,05,DX015
COMMON/BLKG6/XBASL,YBAS]1,ZBAS1,XBAS2,YBAS2,7BAS2, XBAS3,YBAS3,ZBAS3
COMMON/BLK7/XBAS4, YBAS4, TRAS4 o XBASS5.YBASS, 2BASS
COMMON/BLKB/ALFQBETQ,GETQ FLeF2,F3,F4,F5,VKONST
COMMGN/BLK9/MULT o THOLDL1, FHOLD2, THOLD3,KOUNT1,KOUNT2
COMMON/BLXLO/TONEy ITWO ITHR, IFOUR, IFIV.NLyN2oN3yN4,N5
COMMON/BLKLL/IFIX1.IFIX2,IFIX3
COMMON/BLKLZ2/XJLsYJR+ZJ1 e DJET A VELIL 9 XJ2,YI2,Z32,DJETZ,VELJ2
COMMON/BLKL3/XJ3,4YJI3,2J3,DJET3\VELJI3I o XJ44YI4,ZJ44DIET4(VELJA
COMMON/BLKL4/XJ54Y J592J5: DJETS,VELJS
COMMON/BLKLIS/GoG2Z9G39GaeG5,STEPTSTEPI2,STEPI3STEPI&,STEPIS
COMMUN/BLKLG/VZX1oV2Y1,V2I1,V2X2,V2Y2,V212,V2X3,V2Y3,V21)
COMMON/BLKLT/V2X44V2Y4 V274

COMMON/BLKLB/DR3,DR44DRS
COMMON/BLKL9/5DXDZ1,5DX022,5D0XDZ3,SDXDZ44SDXDIS
CCMRON/BLK20/DIARAT ,DREF

DIMENSION X0(600),Y01600),201600),U1600},VI(600),W{600)
DIMENSICN CP{5600)}
DIMENSTEON PHIDU(3),PSID{3)

SET PARAMETERS

El = .45

E2 = .08
30.
3.14%16
2424

-
-
LI
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(e ¥ Xl

501
502
503

14
603

15
604
16
605
17

606

18
607

19
20

608

609

READ IN JET DATA

READ {5,501) MULT,IGEOM, IPUNCH

READ (5,502} ALFA,BETA

READ (54+503) N,G

FOCREAT (1216}

FORMAT (6Fl2.0)

FORMAT (16,4F12.0)

READ (5,502) XJ1,YJ1,ZJ1+PHID(1},PSID(1),DJET],VELJL

IF (HULT‘Z’ 4'2.2

READ (5,502) XJ2,YJ2+ZJ2+PHIDI(2)4PSID(2)4DJET2,VELJ2

IF (MULT=2) 4,4,3

READ 15,502) XJ3,YJ3,2J3,PHID(3),PSIO{3),DJET3,VELJ)

CONTINUE

READ (95,502} DIARAY

KRITE {64690)

IF (MULT~-2) 14,1516

WRITE (6,45603)

FORMAT (1HO,44X,32H%*% SINGLE JET CONFIGURATION *%%/)

N1 = N+l

GO Y0 17

WRITE (64604)

FORMAT {1HO 445X 29H**% THO-JET CONFIGURATION *%%x/)

GC 10 17

WRITE (6,+605)

FORMAT (1HO 44X ,31H*#% THREE-JET CONFIGURATION #%#/)

CONTINUE

WRITE {64606) XJl4YJlaZJ1lsPHID{1),PSIDIL)sVELJ]

FORPAT (1BHO 22X ¢4HXJET s L1 X9y 4HYJETy L1Xe 4HZIET, 12Xy IHPHI, 12X, IHPS],
LI2X4SHUZUJO/LSX s FlSe 4o 1 X g Flanty IX s Fléaaby IX,Flboty 1XoFlhady1Xy
2F14.4)

IF {MULT-2) 20,18.18

WRITE (6460T) XJ24¥YJ2,1J2+PHIDI2).PSIDI2),VELJ2 .

FCRMATILSX g FlSad o X o Flaad ¢ IXoFload sl XyFléadyIXeFlbabylX,Flba4)

IF (MULT-21 20420419

WRITE (64607) XJ3,YJ3,7J3,PHIC(3),PSID(3),VELJ]

CONTINUE

WRITE (646083 ALFALBETA

FORMAT(1HOs 722X+ 19HANGLE OF ATTACK 2y 1Xe FT.2/722%4 L9HANGLE OF SID
1ESLIP =41XF7.2}

WRITE (64609} N,G :

FORMAT{1HO, /22X +32HNUMBER OF STEPS IN INTEGRATION =41Xe134/22X%,22H
LINTEGRATION INTERVAL =31X¢F5.241Xy 18HJET EXIT DIAMETERS)

CALL TRANSL (MULT.ALFA,BETA,PSID)

DO 8 I=1,MULT

PHI = PHID(I)*%.0174533

PSI = PSIO(I)*.0174533

IF (1-2) 5,647

CONTINUE

CALL CFCAL (ALFQ,BETQ,GETQ,PHI,PSI,CFl)

VZ2X1l = SINIPHI)*COS(PS1)

V2¥1 = COS{PHI)

V271 = SIN(PHI}*SIN{(PSI)

CALL ROTATE (V2X14V2YL V2Z1,CFL,VXT ,VYT,VZT,0)

udLil) = 1.

D1t1) = 1.

X1l1l) = 0.

Z1(1) = 0.
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OXDZ1il) = ¥XT/VIT
XBASLI1) = XJ1
YBASL({1) = Y41
IBASIILY = 141

STEP] = .2%G
D = ATARIVXT/VIT)
IF (¥YXT) 901,902,902
901 F1 = 3% CS(D)
GO TO 903
902 F1 = .3/C05(D)
903 CONTINUE
6C 70 8
& CONTINUE
CALL CFCAL (ALFQ,BETQyGETQyPHI+PSI.CF2)
¥2X2 = SIN{PHI)*COS{PS])
V2Y2 = COS{PHI)
V2IZ = SIN{PHI)ASINI(PSI)
CALL ROTATE {V2X2,V2Y2,V2Z2,CF24VXT,VYT,VIT,0)
vJzii) = 1.
D211) = 1.
X2{1) = Q.
I2{1) = 0.
DXDZ2{1} = VXT/VIT
XBAaS2(1) XJ2
YBAS2{1} YJ2
IBAS2(1) = Z42
G2 = G*DJETL/DJET2
STEPIZ = .2%G2
D = ATANIVXY/VIT)
IF (VXTY 904,905,905
904 F2 = 30C0SID)
GO 10 906
905 F2 = .3/7C081D)
906 CONTINUE
GO 70 8
T CONTINUE
CALL CFCAL (ALFQ.BETQ,GETQ,PHILPSI,CF3)
V2X3 = SIN(PHII*COS(PSI]
¥2¥3 = COS(PHI)
V213 = SIN(PHID#*SINIPSI)
CALL ROTATE (V2X3,V2Y3,V2234CF3,VXT«VYT,VIT,0}
Ud3lill = 1.
03tl) = 1.
X3{1) = 0.
Z3l1) = Q.
OX0Z3(1) VXTZIVIT
XBAS3(1) = XJ3
YBAS3{1) YJ3
ZBAS3(1} 143
63 = G*DJETL1/DJETI
STEPI3 = ,2¥%G3
D = ATAN(VXT/VZIT)
IF (vXT) 907,908,908
907 F3 = .3*US51{D)
60 10 909
908 F3 = .3/008(D)
909 COCNTINUE
8 CONTINUE

[}

% :
T4



[z N ulyl

g Nakal

OO0

9
10

100
701
702

12
103
104
799
620

11

50

TEST INITIAL JET EXHAUST DIRECTION (MUST BE THE SAME FOR ALL JETS)

IF (MULT-2) 11,10,9

CALL XPROD {ALFQ,BETQ,GETQ,V2X3,V2Y3,V223,XT3,YT3,273)
CALL XPROD (ALFQ.BETQyGETQ,V2X2,V2Y2:,V2724XT2,YT2,2T72])
CALL XPROD (ALFQ+BETQ.GETQ,V2X14V2YLeV22Z1,XT1,YT1,7T1)
IF (ABS(XT1-XT72)-.0001) 700,700,799

IF (ABS(YT1-YT2)-.0001) 701,701,799

IF (ABS(ZTI-272)~.0001) 702,7024+799

IF {MULT=2) 11,11,12

IF {ABS(XT1-XT3)-.0001) 703,703,799

IF (ABS(YT1-YT3)-.0001} TO4:T0%4,799

IF t(ABS(ZT1I-Z73)~-.0001) 11,111,799

WRITE (6,620)

FORMAT [lHO71HJETS DO NOTF EXHAUST TN PARALLEL PLANES, CONFIGURATI
LON CANNCT BE TREATED)

STCP

CONTINUE

CALL VELL (MULT ALFA4VK1l,VK2}
PAR(Ll} = El

PARI2) = E2

PAR{3) = E3

PARIT) = PI

PAR{8) = C1

PAR(S) = 1.

TESTS FOR BLOCKAGE AND INTERSECTION,PART OF INTEGRATION LOOP

N2 = 0
N3 =0
N4 = 0
N5 = 0
IHOLDL
IfoLD2
IHCLD3
KCUNTL
KOUNT2 =
TNEG = BETQ#vV2Y1

DREF = DJETI1

DO 50 I=1.N

ICNE = 1

IThC = |

ITHR = I

IFOUR = [

IFlv = [

VKCNST = VKl

IF (MULT-2) 21,22,23

IF (IHOLDl-1) 25,25,.21

IF (IHOLD3~-1)} 25,2521

CALL BITEST (1,TREG,VK1,VK2)
CCNTINUE

H 4 HH
CoOQDO

INTEGRATION OF THE EQUATIONS OF MGTION FOR THE JET PATH

CALL INTEG (I,TNEG)
CCNTINUE

READING IN CONTROL POINTS WHERE VELOCITIES WILL 8E COMPUTED
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aomo

&1

€2

63

&5

51

52
54

53
55

IF {1GEOM-2) 61,6263

READ {5,501) NTHT NSMAX,NCOEF, IRECT

CALL TRWING {NTHToNSMAX  NCOEF,IRECT4X0,Y0s20,NK)
NSYM = |

60 10 65

READ €5,50L) NTHT,NSMAX,NCOEF+NSYM

CALL TRBODY (NTHToNSMAX ¢ NCOEFsNSYMyX0sYO0,ZOeNK)
G0 TO 65

READ (5,501) NSMAX,NC

NK = NSMAX®NC

READ (5,502) (XO(I)},YOUL},ZO{1), I=1,NK}
CONTINUE

CALL TRANSZ (YG,20.NK)

EVALUATE INDUCED VELCCITIES AT EACH POINY

DC 80 J=l4NX

UtJd) = Qa

viJ) = Ce.

KWiJ) = 0.

PARLeY = VELJ)

PAR(5) = F1l

PAR(9)} = 1.

CALL YELCC (1oNleZ1lsXE+OXO2Z14UJLyD1sUUELyXJ1,Yd1sZ31,0DJETL.CF1,

1L PARXO(J},Y0(J)}2ZO0(J)LUIND,VIND,WIND,SOXDZ1}

Utd) = UL +UIND

ViJ) = V(JI+VIND

WiJd) = W{J)+NIND

IF (NULT=-2) B80,51,51

PARLE} = VELJZ

PARL(S5) = F2

PAR(9) = 1.

CALL VELOC (L,N2,22+X2,0X022,Ud2,02,UUE2yXJ2,Y}J2,2J2,DIET24CF2,

1 PARSXOLJ)»YO({J)+20(J}+UIND,VINC,WIND,S0XDZ2)

Utd) = ULJY+UIND

V{J) = V{J)+VIND

WiJ) = W(JI+NHIND

IF (MULT-2) B80,52,53
IFf (IHOLD1~1) 80,80,54
N3 = ITHR+1

PARI(S} = DR3

GC T0 %5

PAR(9)} = 1.

PARIG) = VELJ3

PARI(S) = F3

CALL VELOC (1oN3223,X3,DXDZ3,4UJ3,D3sQUEI¢XJIyYI3,2J3,DJET3I,CF3,

I PARGXO{J) YOUJ)},200J),UINDVINDyNIND,SEXDZ3)

UtJd) = UlLJ)+UIND

VIiJ} = VIJI+VIND

WiJ) = W{J)+WIND

IF (MULT-2) 80,800,586

IF (THQLD1-1) S57,57,58

I (IHOLD2-1) 80,80,58

PAR{&) = YELJ4

PAR(S) = F4

PARI9) = DR4

CALL VELDC (1 yN& 374 4X%,DXD24,UJ04,04UUE4 XJheYJI4,y2J4,DJET4,CF4,

1 PARYXOIJ) 4 YO(J)2Z0(J)UINDVIND,WINDsSDXDZ4)

UtJ) = ULJY+UIND

T6



VI{J) = VIJI+VIND
K{d) = WlJI+WIND
IF (IHOLD3~1} 804+80,59
59 N5 = IFIvV+l
PARI6) = VELJS
PARIS) = F5
PARIS} = DRS
CALL VELOC {(14NS5425:X5,DXDZ25,UJS5+ D5, UUES s XI5:Y)52 205, 0JETS5,LF S,
1 PARXOU(J) 4 YOU S +ZOLJ)4UIND,VINDsWIND,yS0OXDZ5)
Utd) = UTJI+UIND
ViJ) = VUJI+VIND
Wid} = WiJI+KIND
80 CONTINUE

COMPUTE FLAT PLATE PRESSURE CCEFFICIENT

OO0

IF (IGEOM-~-3) 90,90,81
Bl DC 85 J=1,NK

CPY = 4% (ULJI*(ALFQAUCI) I +WIJICIGETQ4NIJY))
85 CP{J) = l.-(ALFQ*ALFG +GETQ*GETQ +CPT)
90 CONTINUE

CALL TRANS3 (Y0 ,20,VeWyhK)

PRINT OUT CCMPUTED RESULTS

QOO0

WRITE (6,690)
690 FCRMAT (1K1}
CALL PRTGUT (IGECMoXOoYO 209UV W CPyNKNTHT)

PUNCH OUYT DATA FCR TRANSFORMATION METHCD OR LIFTING SURFACE PROG.

s Nalgl

IF {IGEGHM=-2) 96,96,97
$6 IF {IPUNCH) 95,99+95
95 CALL ADAPT(U,VoW o NTHT ,NSMAX,NCOEF, IGEOM)
6C TC 99
97 IF {(IPUNCH} 98,99,98
98 DO 101 I=1.NK
101 wW(l) = -¥il)
J1 =1
DO 102 I=1,NSMAX
J2 = J1+NC-1
WRITE (7,710) (W{J)y J=Jl,442)
102 Jl = J2+]
710 FORFMAT (5El4.T)
99 CCNTINUE
STGP
END

SUBROUTENE BITEST (I+TNEG.,VK1,VK2)

YESTS FOR BLOCKAGE AND INTERSECTION,CALLED AS PART OF INTEGRATION
LCOCP

[z Ezlglel

DIMENSICN COEFR{15,25},COEFI(15,25)

DIMENSICN STATN{25),RADIUS(25)4SLP3DI(25)

DIMENSION X1(100),21{100},UJ1(100),P1{100},0XDZ1{100)
DIMENSICN X2({100),22(100),0J42(1C0},D2{1001,DXDZ2(1C0)
DIMENSION X3(100},231100),UJ3(100},03(100),DXDZ3{100}
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200
201
203

204

205
202
206

2017
208

DIMENSION X41(100),24{100),UJ4(100)},04(10C),DXDZ4{1C0)
DIMENSICN X5(1001,2Z5(100},UJ5{100),05(100},0XDZ51100)
DIMENSION XBAS1(100),YBAS1(100),ZBASL(100)

DIMENSICON XBAS2{100%,YBAS2{100),ZBAS2{100)

DIMENSTCN XBAS3(100),YBAS3(100),28A53(100)

OIMENSICN XBAS4(100),YBAS4(100),ZBAS4{100Q)

DIMENSICN XBAS5(100),YBAS5(100),ZBAS5{100)

DIMENSION CF1(3,43),CF2(3,3},CF3(3,3)4CF&(3,3),CF5(3,3})
DIMENSION UUEL1100),UUE2{100),UUE3(100),UUE4(L100),UUESL1CC)
DIMENSICN PARL10)

COMMCN/BLKL/STATN,RADIUS,SLP3D,COEFR,COEFI
COMMPON/BLK2/CFL,CF2,CF3,CF4,CF5,UUELlUUE2,UUE3, UUE4,UUES s PAR
COFPON/BLKI/XL+214UJ1+DL+OXDZILX29724UJ24D2,0XD22
COMPON/BLKA/X3423,4UJ3,D390XDZIsX4y244US4,04,DXD24
COMMCN/BLKS FX5415,UJ5,D5,DXDZ5
COMMON/BLKG6/XBASL+YBAS]1,ZBAS1,XBAS2,YBAS 2, ZBA52, XBAS3,YBAS3,7BAS]
COMMON/BLKT/XBASSL,YBASSH, Z8BAS4XBASS, YBASS, IBASS
CCMMON/BLKB/ALFQ,BETQGETQyF1,F2,F3,F4,yF5y VKONST
COMMON/BLKS/MULT o THOLD1 , THOLD2, THOLD3,KOUNTIKOUNT2
COMPON/BLKLO/IONE, ITHO LTHRy TFOUR, IFTIVo NIy N2, N3¢ N4, NS
COMMON/BLKLIL/IFIX1,IFIX2,IFIX3
COMMON/BLKL2/XJLsY Il e ZJ19DJET LW VELJIL W XJI29YJ242J2,DJET2,VELI2
COREON/BLKL3/XJ39Y 3o ZU3DJETIoVELI3e XS He Y49 2J4e DJET 44 VELJ4
COMMON/BLEKL&/XJS4YJ5,2J05,DJETS5,VELJIS

COMMON/BLKLS/6462+639G4 G5STEPLSTEPI2,STEPI3STEPI4,STEPIS
COMMON/BLKLO/VZX1 o VZYL V214 V2X2,V2Y2,V2Z2,V2X3,4V2Y3, V2L
COMMON/BLKLIT/V2X4,V2Y4,4V214

COMMCN/BLKLB/DR3,0R%4DRS

DE = .0001%DJETL

IF (MULT-2) 21,200,300

IF (IHOLD1-1} 201,202,21

IF {TNEG) 203,203,204

CALL XPROD (V2X1,V2Y1,V2Z1,ALFQyBETQ,GETQyXTL,¥YT142T1)

CALL XPROD (XT1,YV1,2ZT1,ALFQ,BETQ,GETQ,CFNX,CFNY,CFNZ)

CALL PLANE ICFNX,CFNY,CFNZ,XBASL{T),YBAST(T)oZBASI(TI),V2X2,V2Y2,
1 V222.XJ24YJ242J24XINTLYINT, ZINT)

IF (YINT-YJ2-DE) 205,205,22

UUE2(I) = 1. |

CALL XPROD (V2X2,V2Y2,V2Z2,ALFQ,BETQyGETQy XT2, ¥T2,1T2)

CALL XPROD (XT2¢YT2,2T2,ALFQyBETQsGETQyCFNX¢CFNY, CFNZ)

CALL PLANE (CFNX,CFNY,CFNZ,XBAS2(1),YBAS2{1},ZBAS2(I},V2X1,V2Yl,
1 V2Z1,XJ14¥JLeZJ1sXINT,YEINT,ZINT)

IF (VINT-YJ1-DE) 205,205,22

THCLDY = 1

IF (TNEG) 206,206,207

1ThC = [-KOUNT1

60 YO 208

IONE = I-KOUNTL

ITL = IONE

172 = ITHC

Nl = IT1+1

NZ = 1T2+1

CALL COMP (V2X1,V2Y1oV2Z14V2X2,V2Y2,V2Z2oXBASL{IT1),YBASL(IT1),
1 ZBASL{ITL) 4XBAS2(1T2),YBAS2(1T2),2ZBAS2(1T2),ZL(IT1),22(1T2),
2 DL{IT1),DJETL,D2(1T2),DJET2,VELIL,VELJ2,DXDZL{1T1),UUE21IT2),
3 Al,A2,DR3,F1,INT)

1F (INT) 21,21,209
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209 IHCLDL = 2
NL = IY1
N2 = IT2
PAR{9)} = DR3
TFIxX1 = ¢
CALL SALANC (XBASL(ITL),YBASL1C(ITL),IBAS1(IT1).XBAS2(1IT2),
1 YBAS2(IT2)28AS2{1IT2),UJ1(IT1),UJ2(IT2),VELJL,VELJ2,AL1,A2,V2X],
2 V2YLaV2Z1,V2X2,V2Y2,V222,0R34XJ3,YJ3,2403,0JETI,V2X3,V2Y3,V2I3,
3 VELJ3)
PHI = ACOS(V2Y3)
PST = ATANIVZ2I3/V2X3)
CALL CFCAL {ALFQ+BETCsGETQ«PHIZPSILCF3)
CALL ROTATE (V2X3,V2Y34V2Z3,CF3,VXT,VYT,VZT,0)
uwjatL)y = 1.
Da(l) = 1.
X3(1) = Q0.
I3(1) = Q.
DxDz3(l} VXT/VIT
XBAS3(1) = XJ3
YBAS31) YJ3
IBASA(]) 143
PAR{&E) = VELJ3
D = AVANIVXT/VIT)
IF  (¥XT) 901,902,902
901 F3 = 3*CCS(D)
G0 TO 903
902 F3 = .3/CCS1D)
903 PAR(5) = F3
G3 = G*DJETL/DJETI
STEPI3 = ,2#%G3
GO TC 21
300 IF (IHOLD3-1) 301,301,21
301 IF {TNEG) 302,302,303
303 WRITE (6,68Q0) :
680 FORMAT (1HO,TOHNEGATIVE ANGLE OF ATTACK FOR THREE~-JET CONFIGURATIO
IN CANNOT BE TREATED)
STGP
302 1F (IHCLD1-1) 320,321,322
320 CALL XPROD (VZ2X14V2YL14V2214ALFQyBETQeGETQeXTLeYT1,2T1}
CALL XPROD (XTL,YT1 2Tl ALFQyBRETQ.GETQy CFNX,CFNY.CFNZ)
CALL PLANE {(CFNX,CFNY,CFNZ,XBAS1(1),YBAS1(I),ZBASI{I),V2X2,V2Y2,
1 V272,XJ24YJ242J24XINTHYINTH2INT)
IF {(YINT-YJ2-DE} 323,323,222
323 [HOLD1 = 1
321 IF {IH0OLD2-1) 324,324,325
324 ITWC = I-KOUNT]
ITl = IONE
1712 = TTWC
Nl = ITl+1
N2 = [T2+1
VKCONST = VK1
CALL COMP (V2X1,V2YLaV2Z21,V2X2,V2V¥2,V2Z2,XBAS1{IT1),YBASL{IT]),
1 ZBASLUITL) +XBAS2{ITR2)+YBAS2IIT2)yZBAS2(IT2),Z101ITL) 220172},
2 DLCITL)GDJETL1,D2CIT2)40JET2oVELJL,VELYJ2,DXDZL{ITY)UUE2Z(TIT2]),
3 AL4AZ,DRaA,FL,INT)
IF UINTY 330,330,331
331 1HOLDL = 2
N1 = ITl1
N2 = 172

L]
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340

904

905
906

330

332

334

133

335

322

IFIXL = 1

VKCNST = VK2

CALL BALANC (XBASI(TIT1),YBASL{IT1l),ZBASLI{ITL),XBAS2IIT2),
1 YBASZ2{1T2) 4ZBAS2(1T2)4UJILITLI,UJ2(IT2)VELJL,VELJ2,AL,A2,V2X],
2 VZYL V2714 V2XZ4V2Y2Z 4 V2I230RG 4 XJA Y IGeZ 4 CUETL V2XG,V2Y4,V214,
3 VELJW)

PHI = ACOSIV2Y4)

PSI = ATANIV2Z24/V2X4)

CALL CFCAL (ALFQ.BETQ.GETQsPHI,PSI,CF4}

CALL ROTATE (V2X&4yV2Y4 4, M224,CFa4 VAT VYT ,,VIT,0)

UJaf{l) = 1.

Dal{l) = 1.

X4{l} = Q.

Z4(l) = 0.

DXDZ4(1)
XBAS4{l)
YBAS4(1) YJ4

IBRAS4LL) Lla

D = ATANIVXT/VITY)

IF (VXT) 904,905,905

F4 = L33COSID)

GC TC 906

Fa = .3/CCS(D)

CONTINUE

G4 = GHOJETL/DJETS

STEPI4 = ,2%G4

IF (IHOLD2~-IHCLD1) 322,322,325

IF (JHOLDZ2-1) 332,333,32%

CALL XPROD (V2X24,V2Y2,V212+ALFQyBETQ,GETQ,XT2,YT2,2T2)

CALL XPROD (XT2,YT2,2T2,ALFQ, BETQ.GETQaCFNX,CFNY,CFNZ)

CALL PLANE ICFNXCFNY ,CFNZ,XBASZ2UIT2),YBAS2{1IT2),ZBAS2{IT2),¥2X3,
1 V2Y3 4, V2734XJ34VJ33ZJ34XINT,YINT,ZINT)

IF {(YINT-YJ3-DE) 334,334,23

[HCLDZ = 1

ITHR = I-KOUNT2

IT3 = ITHR

N3 = [T3¢l

VKONST = y¥2

CALL COMP (V2X2,V2Y2 ,V2Z2,V2X3,V2Y3,V2Z3,XBAS2{IT2),YBAS2(1IT2),
1 ZBAS2{1T2) XBASI(ITI),YBASI(IT31,28AS3(ITI),Z22(1T2),Z3(1T3),
2 D21IT2),DJET2,B30IT3),DJET3,VELJ2,VELU3,DXDZ2(1T2),UUE3(IT3]),

3 A2,A3,DR4,F2,INT)

IF {INT) 21,21,335

1HCLD2 = 2

N3 = IT3

N2 = IT2

IF1X2 =1

VKCNST = yK1

CALL BALANC (XBAS2(IV2),YBASZ2({1T2),ZBASZ2(IT21,XBAS3IIT),

1 YBAS3{IT3),ZBAS3(IT3),UJ211T2)},US311T3),VELJ2,VELJ3,A2,A3,V2X2,
2 V2Y2 V2224 V2%34V2Y3 V223 ,DRG 4 XJ% o YI4nZIAe DIET Ly VIXGoV2Y U, V214,
3 VELJ4)

GC 10 340

IFCLUR = [-TFiX1+l

ITHR = 1-KDOUNT2

IT4 = IFQUR

1T3 = ITHR

Ng = [T4+])

N3 = IT3+}

vXT/VZY
XJ4

i n

BO



341

350

907

S08
909

325

342

22
23
21

UUE4IIT4) = 1.

CALL COMP (V2X4V2YH V214 V2X34V2Y3,V2234 XBASA{ITA4), YBAS4{1T4),
L ZBAS4(1T4) 4XBASI{ITI),YBASI(ITI ), ZBASA(IT3},2411T4),23{173},
2 D4(1T4) DIET4203{IT3)4DJETILVELIGZVELJIZ,DXDZ41IT4),UUERLTITI),
3 A44A3,DRG4F44INT)

IF (INT) 21,21,+341

TIHCLDE3 = 2

N3 = 1713

N4 = IT4

IFIX3 = |

CALL BALANC {(XBAS&{IT4),YBASA(IT4)Y,7BAS4L4{IT4), XBASA(ITI),

1 YBASI{IT3) (ZBAS3IITA) UJAIITA)UJIIIITI )¢ VELISLZVELIIsAG,A3V2XG,
2 V2Y4 o V2Z4oN2XAGV2YI o V2TI34DR5 XIS YIS 225, DJETS,V2I2XS,V2Y5,V215,
3 VELJS) .

PHI = ACOS{V2YS)

PSI = ATANIVZZIS/V2X5)

CALL CFCAL (ALFG,BEYQ,GETQ,PHI.PSI,CFS5}

CALL ROTATE (VZ2XS5,V2Y5,V215,CF5,¥XT,VYT,VIT,O)

UJs{t) = 1.

D501} l.

X5{1) 0.

I51{1)
DXDIS(1)
XBASS511)
YBASS{1) YJS

ZRAASS{1) ZJS

D = ATANIVXT/VZIT)

IF (VXT) 907,908,908

FS5 = .3*CCS{D)

GG 10 909

F5 = J3/7C0S(D)

PAR{S) = F5S

G5 = G*DJETLI/CJETS

STEPIS = .2%G5

PAR(9) = DRS

PAR{S6) = VELJS

G0 10 21

IFCUR = I-IFIX2+1

171 = IONE

114 = [FQUR

N1 = IT1+1

N& = [T4+]

CALL COMP [V2X14V2YLV2ZL 4 V2X4eV2Y44 V224 XBASIIUIT1)YBASLIUITL),
1 ZBASL{IT1) XBASGLITA) YBASGUITA ) 2ZBASALITG)ZLITITLYZA0TT4),
2 DICITL) sDJETL yD4(IT4 ) 4DIEYS4VELIY JVELIGyDNDZL{IT1),UUE4{IT4),
3 AL +A44DRS54FLl,INT)

IF [INT) 21,421,342

IHCLDI = 2

Nl = [T1

Ng = [T4

IFIX3 = |

CALL BALANC (XBASLIUITL),YBASL{ITL),ZRASL(ITL), XBAS4(IT4]),

1 YBASA{IT4) +ZBAS4LITA),UJLIIITL)UJ4(1IT4),VELJL,VELJGeAL,A4,V2X],
2 V2YLoV2Z)1 e V2X4 4 V2Y4 V274 4DRS¢XJ5,YI542J05,DJETS,V2X5,V2Y5,V2Z5,
3 VELJS)

GC TC 350

KOQUNTL = KOUNT1+l

KGUATZ = KOUNTZ2+1

CCNTINUE

o
.

VXT/VIY
XJ5

kw4t i
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RETURN
END

SUBROUTINE INTEG (I,TNEG)

INTEGRATICN CF THE EQUATIONS OF MOTION FOR THE JET PATH

EXTERNAL DERIV

DIMENSTON
DIMENSICN
DIMENSICN
DIMENSION
DIMENSION
DIMENSICN
DIKENSICN
DEMENSION
DIMENSICN
DIMENSICN
DIMENSICN
DIMENSICN
DIMENSICN
DIMENSICN
DEMENSIDN
DIMENSICN

COEFR{15+25)+COEFI(15,425)
STATN{25),RADTIUSI25),5LP3DL25)
X11100),71(100),4J1(100},D1(100),DXDZ1(100)
X21(100},22(1003,0J2(100},02(100),DXDZ2(100)
X3(1001,23{100),043(100),03(100),0X0DZ23(100)
X4(100),24(100),Ud61{100},04{100),DXDZ4(1C0)
X5(1001,25(100),UJ5(100),05(100),DXDL5{ 100}
X8AS1(100),YBAS1(100),ZRBAS1(100}
XBAS2(1001,YBAS2{100),2BA52¢100)
XBAS3(100),YBAS3I(100},Z0AS3(100)
XBAS4{100),YBAS4(100),ZBAS4(100)
XBAS5(100),YBASS(100),ZBAS5(100)}
CFL13:3)4CF21{3,3)4CF313,3),CF4(3,3),CF5(3,3)
UUEL (Y00} UUE2{100}UUE3(L10C},UUE4(LO0)UUEST1(0)
PAR{10)
SDX0Z1(100),SDX0Z2(100},50X0D23¢1001,SDXDZ4(100),

1 SDXDEI5(1C0)

COMMON/BLKL/STATN,RADIUS,SLP3C,COEFR,COEFI

COMMON/BLKZ /CF12CF2,CF3,CF4,CF5,UUE1,UUE2,UVE3, UUE4,UUES,PAR
CCMFON/BLK3/X1+Z14UJ1,4D1,DX021eX2422,U32402,0XDZ2
COMMON/BLKG/X3223+UJ3¢D3,0X0234X4y Z4yUI44D4,DXDZ4
COMMCN/BLKS/ZX5,25,UJ5:05,0XD25

COMMON/BLKE/XBAS1,YBASL ,ZBAS1,XBAS2,YBAS24ZBAS 2, XBAS3,YBAS3,2ZBASS
COMMON/ZBLKT/XBAS4,YBAS4,ZBAS4XBASS,YBASS, IBASS
COMMON/BLKB/ALFQBETQvGETQ FLyF2,F3,F4,F5, VKONST
COMMCN/BLK9/MULT 4 IHOLD] , THOLD2,4 THOLD3KOUNT1,KDUNT2
COMBEON/BLKLO/TONE, ITKO» ITHR [FOURy IFTVoN14N2,N34N44NS
COMMON/BLKLL/IFIXI L IFIX2,IFIX)
CCMMON/BLKLZ2/XJL oY JL 421+ DJET Lo VELI Y9 XI24Y¥J2420240JET2,VELI2
COMPMPCN/BLKL3/XJ39YJ352J39DIET34VELIZ 9 XIS Y)4sZJGyDIET A VELJS
CONMON/BLKLA/XJIS ¥ U5 42354 DJETS,VELJIS
COMMCN/BLKL5/G462,G3 4G4 9G5,STEPI,STEPI2,STEPI3,STEPI4,STEPIS
COMMON/BLKLO/V2X12V2YL o V211,V2X2,V2Y2,V212,V2X3,V2Y¥3,V2113
COMMON/BLKLT/NZX4yV2Y4 V214

CCMMON/BLK1B/DR3 ,DR44DR5
COMMON/BLKLI9/SDXCIL+SOXUZ24SDXDZ3, SOXDZI 4 SOXDZS5

DIMENSICN

({TNEG)

FINU4) FOUT (&)

{PULT=2) 53,51,52
([HOLD1-2) 53,30,30
{THOLD3-2) 53,40,40
(MULT~2) 24,425,426

24424427

{IHOLDL) 28,284+24
(IHOLD1-1) 24+24.31

PAR(&) = VELJ}

PAR(5) =

Fl
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PAR(S) = 1.
UUEL(TIOKE) = 1.
Z1IICNE+L1) = Z1{IONE)+G

FIN{1) = UJI(IONE}
FINI2) = Dl(IONE)
FIN(3) = X1(IONE)
FIN(4) = DXD2Z1(ICNE)

CALL ADAMS(44Z1(IDONE)sZL(IONE+1}+STEPT4Gy 999, 1.0E-04,1.0E~05,
1 O«FIN,FOUT,PAR,DERIV)
UJI(ICNE+L) = FCUT(1)
DLCICNE+L)Y = FOUTL2)
XK1UIONE+1) = FOUT(3)
DXDZ1{ICNE+L) = FOUT(4)
SOXDZ1{TONE+1) = PAR{10)
CALL OQUTPT(XLEIONE+L) o ZL{IONE+L),DXDZL{ IONE+L1)oCFL4DJETL 4 XJ14YJ1y
1 ZJ1,XBAS)I{IONE+L1),YBAS1{IONE+1),ZBASYI(IONE+L),V2X],V2Y1l,V2Z1)
IF [MULT=2) 50441,42
41 IF [(1HOLOL) 50.50.28
42 IF lIHOLDZ2-1) 50+28,46

28 PAR{6) = VELJ2Z*UUE2(ITWO)
PAR({S) = F2
PAR{9) = 1,

I2{IThD+1) = Z22(ITWO)+62
FIN{1) = UJZ2(ITHOC)

FINIZ) = D2UITKC)

FIN{3) = X2([ITHWC)

FIN(4) = DXDIZ2(1TWO)

CALL ADANMSt4,Z2{1TWO)»Z20ITWO+1)+STEP1296G2+999 1. 0E~04,
1l 1.CE-D540,FIN,FCUT,PAR,DERIV)
UJ2IITWC+1}) = FOUT(1)
D21ITWO+1) FouT(2}
X2(ITWO+1) = FOUTI(3])
DXDZ2(ITWC+1} = FOUT (4}

SDXD2Z2ITTWO+1) = PAR(LIO)
CALL DUTPT (X2(ITWO#1).22(1TWO+1),DXDZ2(ITWO+1)4CF24DIET24XJ24YJ2y

1 ZJ2+XBAS2{ITWO+1) o YBAS2(ITWO+1},ZBASZ{ITHO+1),V2X2,V2Y2,V212])
IF (BULT-2) 50,50.31
31 IF IIHCLD2-1) 5032446
32 PAR(S) = VELJ3IBUUE3I(ITHR)

W H

PARL(S) = F3
PAR{9} = 1.
GO TO 35

30 ITHR = I-IFIX1+1
UUE3(ITHR) = 1.
35 Z3{ITHR+1l) = Z3{ITHR)+G3

FINIL)Y = UJILITHR)
FIN(2) = D3{ITHR)
FINI3) = X3(ITHR)
FIN{4) = DXDZ3(ITHR)

CALL ADAMS{4423(ITHR)4Z3(ITHR41},STEPI3,6G3,999,1.0E-04,
1 1.0E-05,:0,FINFCUT+PAR,DER]IV)

UJI{ITHR+1} = FOUTI(1)

D3{ITHR+1) = FOUTI(2)

X3{ITHR+1} = FOUT{3)

DXDZI{ITHR+L) = FOUT (%)

SDXDI3C(ITHR+1} = PAR{10)
CALL QUTPT (X3(IYHR+1},Z3(ITHR+1},DXDZA{ITHR+L),CF3,DJETI,XJ3,YJ3,

1 ZJ3,XBAS3{1THR#1) ,YBAS3(ITHR+1},ZBAS3(ITHR+1),V2X3:V2Y3,V¥273)
IF {MULT-2) 50,50447
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47
46

40

IF (IHOLD1-1) 50,450,446

PAR(6) = VELJ4*UUE4(IFOUR)

PARLS) = F4

PAR(9) = DR4

L4 (TFCUR+LY = Z46(IFOUR)I+G4

FIN(L) UJ4 {IFOUR)

FIN(2)} = D4&(IFOUR)

FIN(3) X4 {IFCUR)

FIN(4) = DXDZ4(IFOUR)

CALL ADAMS{4424{IFOUR) ¢ZH(IFOUR+L),STEPI44G44999,1.0E-04,

1 1.0E-0540,FIN,FCUT,PAR,DERIV)

UJ4TIFQUR+1) = FCUTI(1)

D4 IFOQUR+1) = FOUT{2)

X4({IFQUR+1) = FOUT(3)

DXDI4L{TIFOUR+L} = FOUT(4)

SOXDZ4(IFOUR+1) = PARLL1OD)

CALL QUTPT (X4I(IFOUR+L)+Z4(TFQUR+1),DXDZ4{IFDUR*]L)3CF 4, DJET4 ¢ X )4,
1 YJ4eZJ49XBASH{TFOUR+L),YBASA{TFOUR+L), 2BASHL TFOUR+YL},V2X4,V2Y4,

2 V214)

GO TO 50

IFIV = T~IFIX3+1
UUESITIFIV) = 1.
ISLIFIVel)} = ZS{IFIV)+G5

FIN(1} = UJS(IFIV)
FINE2) = DSUIFIV})
FIN{3) = XSUIFIV)
FiIN(4) = DXOISUIFIV)

CALL ADAMS(44Z25(IFIV)Z5(IFIV+1),STEPIS,G5¢999, 1o CE-04%,

1 1.0E-05,0:FIN+FOUT+PAR,DERIV)

UJSUEFIV4+1Y = FOUTI{l)

DS(IFIV+l) = FOUT{2)

XS(IFIY+1) = FOUT{3)

DXDZS{IFIvV+1) = FOUT(4)

SDXDZS{IFIV+L} = PAR(L1OD)

CALL OUTPT (XSUIFIV+1)1,Z5(1FIV+]1),OXD25(IFIV+L}4CF5,0JETS5,XJ5,Yd5,
1 ZJ54XBASSIIFIVH]L) o YBASSIIFIV+41) e ZBASSUIFIV+L] s DUMMYDUMMY ,DUMMY)

50 CONTINUE

RETURN
END

SUBROUTINE COMPIVX1 VYL, VIl VX2,VY2,VI2,X14Y1s2Z1aX2,¥2,22,21L422L,
1 DL+0J14D2+DI24VEeV2ySL14UVUEFF» ALy A24DRAT+F 4 IND)
COMPUTES UFUEFFECTIVE AND TESTS FOR INTERSECTION OF CENTERLINES

COMMON/BLKB/ALFUBETQyGETQ,FLF2,F3,F4,F5, VKONST
COMMON/BLK20/DIARAT, DREF

IND = 0

Pl1 = 3.1416

CALL XPROD (VX1,.VYLl,VZI1,ALFQ.BETQ,.GETQ,CFNX,CFNY,CFNZ}

CALL XPROD [(VX24VY24VZ2:ALFQsBETQ,GETQuXT2,YT241272)

CALL PLANE [CFNXJCFNY CFNZ X1 oYloZ 1o XT24Y¥T2,2T29XK2:¥247Z24K1,Y1421)
DIST = SQRY[(XI-X2)%%2+(YI-Y2)1%%24+({21~12)%%2)

COMPUTE U/JUEFFECTIVE
R = D1#%DJ1*.5-DIST
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[aNeN el

11

10
13

12

15

22

24

25
26

27

28
29

30
40
45

99

FACT
IF (F
UUEFF
GC 10
1F (F
UUEFF
60 10
UEFU
UUEFF
CONTI

TEST

COsy

SuUMe

IF (D
DISTN
LOvM

IF (1
FACTL
GO 10
FACT1
Z0vH

IF {2
FACT2
G0 TO
FACT2
SuNMD

IF (D
IND =
GC TO
IF (X
Al =

A2 =

DRAT

CCNT1
RETUR
END

SUBRC
i
2

ESTAB

Pl
X3
Y3
13
XMl
XMz
DEN
UJdXx
uJy
uJz
YELJ
VX3
VY3

w8

Wonw i NN R

= (1.0+R/(D2¥DJ2%,5} )%,5
ACT-1.} 10,510,111
= VKONST
15
ACT) 13,13,12
=1,
i5
= l.+(ls/VKONST-1.}%FACY .
= 1./UEFU
NUE

FOR INTERSECTION OF CENTERLINES

=z le /SQRT[EL#SLLI*S5L])
= DJLEDL*.5
IST-SUMD)Y 22,99,99
= SORTOIXLI-XIY 24 ({YL-YI)*k24(Z]1-Z1}%%2)
= Z1L/V1
OVM=F) 26&,24,25
= la—e TSRIOVMIF
26
= L,25
= F2L/{V2Z*YUEFF}
OVM-F) 27,27.28
= 1-".75*10"”":
29
= 25
= DJLI*DL*FACT1*COST*.5
ISTN~-SUMD) 30,30,40
3
45
2=-X%Xi} 30430,99
PISFACTLI*D1*D1#0J1%0J1* .25
PIXFACTZ#D2%0D2%DJ2%DJ2¢ .25
= DIARAT
NUE
N

UTINE BALANC (X1eYleZleX2oY2922,UJ1oUd2,V1sV2,ALeA2,V¥X1,VY],
VIL VX2, V¥ 2,VI2:FACTLyX39Y3,23,0J3,VX3,VY¥3,ViII,
VELJI)

LISHES INITIAL CONDITIONS FOR NEW JET FRDM MOMENTUM BALANCE

3.1416

(X1+X2}#*.5

[YL+Y2)%*,5

(Z1+72}%.5

UJL*Vi*Al

UJ2sy2ExA2

XML+XM2
{XMLI*UJL*VI*YX1+XMZHII2%V 22V X2 ) FDEN
(XK1*UJL*VIEVY L+ XM23UI 22y 2%VY2 )} /DEN
(XMI*UJLISVIRVT L+ XM2RUS2HV2XV T2 /DEN
= SQRT {(UJX*UIX+UIY*UIY +UIZ*UIT Y
UJX/VELJ3
UJY/VELJ3
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VI3 = UJZ/VELJS

A3 = DEN/VYELJI

DJ3 = SQRT {4.#A3/ (PI#FALTL))
RETURN

END

SUBROUTINE CQUTPT (XL, ZL DXDIoCFyDIyXJoYIeZJeXByYBLIB,VX,VY,VZ)
TRANSFORMS LOCAL COORDINATES TO PROGRAM COORDINATES (FIXED)
DIKENSION CF(3,3)

PHI = ATAN(DXDZ}
VXT = SIN{PHI)
YYT = Q.

VZT = COS{PHI)

CALL ROTATE (VX VY VI CFoVXT VYT, VIT,1)
CALL ROTATE (FXoFYF24CFeXL90oerlZl+1)

XB = FX*DJ+XJ

YB = FY¥DJ+YJ

IB = FI¥DJ+1J

RETURN

END

SUBROUTINE VELOC (N1 ¢N2,2¢X¢DXDZyUJsDeUUEsXJyYJ+ZJeDJETCF4PAR,
1 XCoY0s20,UIF,VIF,WIF,D2XDZ2]

EVALUATES INDUCED VELOCITIES AT ONE CONTYROL POINT (XO0.Y0,Z0 IN
FIXED CCORDINATE SYSTEM) FOR A GIVEN JET

COMMON/BLK20/DIARAT,, DREF

DIMENSION Z{1)4X{1}4DXDZIL),0I(1),D(1),UVE(L)},PARC(L)
DIMENSION CF{3,3)
DIMENSICN D2XDZ2{1}

EZ = PAR{2}

E3 = PAR(3)

F = PAR{5])
VELJ=PAR{S)

Pt = PARLT])

Cl = PARIL(S8)

DR = PAR{9}

N = NZ-N1+})

IF (NJ2-IN#1)72) 1,:2+2
M= (N~-1)/2

GO 1O 3

M= {N-2)/2

XPT = (XO-XJ)/DJET
YPT = (YO-YJ)/DJET
IPT = (I0-ZJ)/DJET
CALL ROTATE {(XPY.YPY ZPT,CFsA,B,C,0)
ur = 0.

V1 = 0.

Wl = 0.

Ml = M+}

DO 21 K=N1l,Ml
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10
12

11

14

51
52

47
40

43

44

45

3

32
33

El = PARI]1)

IF (K-M}) 11,11,10

IF (N/2-IN&1)/2) 22,12,12

1 = 23K-1

LINCR = Z(I+1}-211)

GO TO 14

I = 2%K

ZINCR = Z2{I+1)~-2t1-1}

CaOsST = 1./7SQRT{1.+DXDZ{IY*DXD2{I))

SINT = SIGN(L.,DXDZ{I}}*SQRT{1.~COST*L0OST)

SIE = ~({Z2{1)-CI*COST+IX(F)-A}*SINT)

ETA = B

LETA= ([(Z{D)-CI®SINT-{X{I)}-A)*COST

D1 = .5%D({1}

DOUBL = SIE*SIE+ETA®ETA+ZETA®*ZETA

DouBZ = SQRT(DCOUBL)

UBLOCK = S5¥D1*D1*ZINCR*COST*(1.~-3.*%ZETASZETA/OQUBL)/(DOUBLEDDUBZ)
1 =SINT*]1.5*SIE*ZETA*O1*DI*ZINCR/ (DOUB L*DOUBL%DOUB2)
VELCCK = —1.S*ZETA*ETAXDLI*D1*ZINCR/{DOUBL*DOUBL*DOUB2)
WNBLOCK = = S*D1*D1*ZINCR*SINT*(1.-3.%2ETA*ZETA/DOUBL)/(D0LABL*
l DOUB2}-COST*1.5«SIE*ZETA*D1*xD1+*Z INCR/(DOUBL*DOUBL*=DOUB2 )
VELJE = VELJ*UUE(])

CURY = D2XDI2¢I1)/{{L.+DXDZ(1)*DXDZI{]) )**1,5)

CURN = 3.,*CURV*DREF/DJET

El = E1-CURV/COST

E = E2/(1.+E3*COST/{VELJE*UJI{I}))

IF (VELJE®UJ(I}-SINT) 51,52,52

E = Q.

LS50 = (1l«~DRYSVELJIE*F/.T5

IP = ZU1}+250

IF (IP-VYELJE*F) 4T,60,60

IF [IP-10.) 40,604,560

I[F {ZP-.6¥VELJE*F) 42,43,43

E = E*,1/7.32

GO TO 60

IF (ZP-L,B*VELJE*F) 44,45,45

E = E¥*.12/.32

GO 10 60

E = E*,21/7.32

I0VM = ZIP/VELJE

IF (ZOVM-F) 31,32,32

VARB = {l.=.375%Z0VM/F)

VAR = SQRT{{l.4{la—~.75%70VM/FI*%2)72,}

HT3 = ,25%ZINCRM{EL4E*PI&VAR¥{VELJE*UJIII~SINTI/COST)
GO TO 33

VARB = .625

HT3 = J25%ZINCR*(EL+E*(VELJE*UJ(I)-SINT)*C1/COST)

UBLCCK = UBLOCK*VARE

VRLOCK = VBLOCK*VARB

WBLOCK = WBLOCK*VARD

1 = (C-Z{I}){C-Z2(T) )+ (A-XITL)}E(A~X{I})

2 = SQRY({B-Dl)*(B-D1}1+21)

I3 = SQRT((B+D1)*{B+D1)I+I])

USINK = —HE3I*®{X(I)-A}S{(B=-D1)/{Z1%Z22)-(B+D1)/(21%23)}/PI
VSINK = =HT3*{1./22-1./13)/¢P1

WSINK = ~HT3®(Z(I)-C)*({B-D1)/7121%72}-{B+D1)/{21*23))/P]
IF (UUETIY=~1la) 645,46

FACT = 1./VUUEI(T)

UBLOCK = ULUBLOCK#FACT
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21
22
691

11
12
47
42

43
44

45
60

22

VBLCCK = VBLOCK*FACT
WBLCOCK = WBLOCK*FACT
USINK = USINK*FACT
VSINK = VSINK®FACT
WSINK = WSINK2FALT

Ul = UI+USINK+UBLOCK

VI = VI+VSINK+VBLOCK

K1 = WI#WSINK+WBLOCK

CALL ROTATE {UTF,VIF,WIF,CFo,UYs¥IaWI,1)
FORMAT {6Fl2.5)

RETURN

END

SUBRCUTINE DERJV (Z,FNyFPR,PAR)
COMPUTES DERIVATIVES FOR ADAMS PREDICTOR/CORRECTOR METHOD

DIMENSICN FN{1),FPR(1).PARI(1)

El = PAR(Y)
£E2 = PAR{2)
E3 = PAR(3)
F = PAR(S5)
VEL J=PAR( &)
PI = PAR(T)
L1 = PAR{SB)
DR = PAR(9}
UJ = FNIL)
B = FN{2)
DXDI=FN{4)

COST = 1./SQRY{1.+DXD2*0XDZ)

SINT = SIGN(1.+DXDZ)}*SQRT{1.~-COST*COST)
E = E2/(1.+E3%CAST/(VELJ*UJ))

IF (VELJ*UJ-SINT) 11,12,12

E = Q.

250 = (1.~DR)SVELJ*F/.T5

IP = Z+1I50

1F {ZP=VELJ*F) 47,604,460

IF (2P~10.) 4G460,60

IF (IP—,6%VELJ*F) 42,43,43

E = E¥,1/7.32

GU 10 &0

IF (IP=.8%VELJ*F) 44,45,45

E = E*.12/.32

GC 10 60

E = E¥,21/.32

ICVM = ZP/VELJ

IF (Z0VM=F) 22,23,23

VAR = SQRT{(l4{le=o75*%20VM/FI%%2}1/2.)

XT = lea—o75%20VM/F

XT = la/X7

CO = [=XT*XT+6.6¥XT+.4)/6.

VARL = EL1*COSTH+E*(VELJ*UJ-SINT)*PIRVAR

VARZ2 = VELJ*VELJ*COSY

VAR3 = 25%PI¥(]l.-.T7S5*Z0VH/F)*UJ%0

DUJ = {(VARL*SINT/VAR2~-VARL®UJ/ (VELJI*COST)I/VAR]

DD = (VARL*D/ (VELJ*COST }+3.%PI#D*D*UJS/ (16 *FFVELJI1-VAR IRD2DUL/

UJI/12.%VAR3)
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23

15

i0

VARG = {ELl¢.S¢CO}»COSTH+E® (VEL J*UJ~SINT }#PI%VAR
DEXDI= VARG/ (VARZ*COST*VAR3*UJ)

GO 10 15

VAR] = E1*COSTH+E¥(VELJ®UJI-SINT I%*C1

CD = 1.8

oud 16 #VARL*(SINT/IVELJSVELI*COST I-UJ/ (VELJ*COSTI IV /{PI*D*UI)
oD B (VARL/{VELIFCOST)-PI*DEDUI/16. )7 (PI*UY)
VAR4 {EL+.52CD)*COSTH+E*{VEL J*UJI-SINT )*(]

DDXDZ= 16.*VAR4/ (PI*VELJ*VELJ*D*UJ*UI*CAST*COST)
CONTINUE

PAR{10} = DDXDZ

FPR{l1} buJ

FPR{2) oo

FPR{3} DXD2Z

FPRi4} DDXD2

RETURN

END

SUBROGUTINE TRWING {NTHT  NSMAX yNCOEF,IRECT, X0y Y0,Z0yNK)

ESTABLISHES CONTROt POINTS IN THE BODY FIXED CODRDINATES FOR WING
%A% IS THE REAL PART OF EACH COMPLEX COEFFICIENT

#B2 15 THE IMAGINARY PART OF EACH COMPLEX COEFFICIENT

MAPPING ARCUND 360DEG 15 SPECIFIED

IRECT=0,RECTANGULAR WING, IRECT=1,NON-RECTANGULAR WING

DIMENSION COEFR{15+425),COEFI(15,25)
DIMENSION Y(25),RADIUS(25),DRDZ{25)

COMMON/BLKL/YoRADIUS ORDZ,COEFR, COEFY

DIMENSICN X0(1),YOUL),Z0{1)
DIMENSION A{15),8(15)

XN = NTHTY

DTHT = 6.2832/X%N

DO 3G I=1,NSMAX

READ {5.,503) Y(I},RADIUS(E},DRDZIT}
IF (1-1) 2,2,3

IF {IRECT) 444,2

READ {5,502) (A(X),B{K)+X=1,NCOEF)
GO 10 10

00 8 J=1,NTHT

JG = {I-1)*NTHT+J

NSl = JG-NTHT

X010 461 = XOUNSL)

YOUJG) = YI(I)

Z01J6GY = I0(INS1)

GC TO 2%

RW = RADIUSI(IY

DO 20 J=1.NTHY

XJt = J-1

THETA = XJ1*DTHT

TERM]1 = RWECOSITHETA)+A(2)
TERPZ = RWHSIN(THETAI+B{2)

RhJ = 1.
DO 15 ¥=3  ,NCOEF
XK = K-2
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OO OO

15

20
25

26
30

502
503

15

COSTH = COS{XK*THETA)

SINTH = SIN{XK*THETA)

RWJ = RWJI/RYW

TERML = TERML+{A{K)®COSTH+B(KY*SINTH]}*RWJ
TERMZ = TERM2+ (—A{K}SSINTH+BIKI*COSTHI*RWJ
J6 = (I-1)%NTHT+J

X0¢JG) = TERML

YoG(J6) = Y{I)

10(JG) = TERM2

DO 26 K=] ,NCOEF

COEFR{K+I) = A([K)

COEFI{K,I) = B(K)

CONTINUE

NK = NTHTSNSMAX

RETURN

FORMAT (6E1Z2.5)

FORMAT{6F12.0)

END

SUBROUTINE TRBODY (NTHT (NSMAX¢NCOEF,NSYM, X0,Y0,Z0,NK)

ESTABLISHES CONTROL POINTS IN BODY-FIXED COORDINATES FOR BODY
#A% [S THE REAL PART OF EACH COMPLEX COEFFICIENT

BODY MUST BE SYMMETRIC

MAPPING DONE FOR 1BODEG IF FLOW IS SYMMETRIC,FOR 360DEG IF FLOW
IS NOT SYMMETRIC

DIMENSIGN COEFR{15,25)4CDEFI{15,425)
DIMENSION X(25),RADIUS(25),DRDX{25)

COMMON/BLKL /Xy RADIUS s DROX o COEFR,COEFI

DIMENSICN X0{11,¥0{1),20(1)
DIMENSION A(LS)

XN = NTHT

XSYM = KSYM+1

DTHT = XSYM#*3.1416/XN

IF (NSYM) 1,12

NTHT = NTHT+1l

CONTINUE

D0 30 I=14NSMAX

READ (5,503} X{I)},RADIUS(I},QRDX{1)
READ (54502) {A(K),K=1,NCCEF)
RB = RADIUSII}

DO 20 J=1NTHT

XJl = J-1

THETA = XJI*DTHTY

TERFL = RB*SIN{THETA)

TERMZ2 =-RBSCOS(THETAI-AL2)
RBJ = 1.

DC 15 K=3,NCOEF

XK = K-2

COSTH = COSIXK*THETA)

SINTH = SIN{XK*THETA)

REJ = RBJ/RB

TERM]L = TERMLI~A(K)*SINTH%*RBJ
TERMZ = TERMZ-A(K)*COSTH*RBJ
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20
22

502
503

61
62
63
64

65
70

JG = (I=11*NTHT+J
X04J4G) = X{I)
YOtJG) = TERML
I0(JG) = TERMZ

00 22 K=]1,NCOEF
COEFR{K,I} = A{K}
CONTINUE

NK = NTHT#NSMAX
RETURN

FORNAT {6F12.5)
FORMATI6FLE2.0)
END

SUBROUTINE ADAPTY {UaV WeNTHT,NSMAX ,NCOEF, IGEOM )}

PUNCHES OUT DATA TO SERVE AS INPUT TO THE TRANSFORMATION METHOD
DATA IN SETS BY X OR Y STATIONS. DATA CONSISTS OF STATION,
RADIUS OF MAPPING CIRCLE, SLOPE, COEFFICIENTS AND VELOCITIES

OIKENSION COEFR{15425),COEFI(15,25)
DIMENSION STATN{25],RADIUS(25),5LP30(25)

COMMON/BLKL /STATN,RADIUS,SLP3D,COEFR, COEF1
DIMENSION U(Ll)4V(1),R{1)

DIMENSION WRTVI(3)

DATA WREV/iHU¢1HVy1HW/

DO 50 I=1,NSMAX

WRITE (7,701) STATN{1),RADIUSC(Y}SLP3ID(I),1
IF {IGECOM=1) 3,3,2

NP = NCOEF/6

IND NP#*6—-NCOEF

JPS 1

D 4 J=1.NP

JPF = JP5S+5

WRITE (74702) (COEFR(Ks1) o K=JPS,JPF),[,J
JPS = JPS5+6

IF {IND) 5410410

NPL = NP+l

JPF = NCOEF

NOP = JPF-JPS+1

GO TO 161 .62,63,64,65),NOP

WRITE (T 7TL) (COEFR{K,I),K=JPS,JPF),I.NP1
GO TO 70

WRITE (T.712) (COEFRIK,1):K=JPS5,JPF}sI4NPL
6L TQO TO _
WRITE (T4713) (COEFRIKI) K=JPS3JPF)sIeNP1
GO 10 70

HMRITE (T,.714) ICCEFR{K,4I)K=JPS,JPF), I,NP1
G0 T0 70

ARITE (7,715) {(COEFRIK.I)sK=JPS4JPF)sI4NP1
CONTINUE

G0 1C 10

NP = NCOEF/3

IND = NP¥*3-NCOEF

0o
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JPrS =1
DO & J=14NP
JPF = JPS+2
WRITE (7,702) {COEFRI{K,1),COEFTI(K, 1), K=JPSyJPFl,1,J)
6 JPS = JPS+3
IF {IND) 7,10,10
T NP1 = NP+}
JPF = NCOEF
NOP = JPF~-JPS+1
GD TO (T1,.,72)NOP
71 WRITE (7,712) (COEFRIK,T)}COEFI(K,1),K=jPS,JPF},I,NP1
60 TO 80
T2 WRITE (T7+714) (COEFR{K,1)},COEFI1IK, 1} KuJPSyJPF),,NP1l
80 CONTINUE
10 KQUNT = 1
NP = NTHT/6
IND = NP#&6=-NTHT
11 JPS = {I=1)#NTHT+]
DO 12 J=l.NP
JPF = JPS+5
WRITE (74703} (UIL) oL=JPSJPF)WRTVIKOUNT )41,:J
12 JPS = JPS+6
IF (IND) 14,15,15
14 NP1 = NP+l
JPF = I#*NTHT
NOP = JPF-JPS+]
GO TO (314+82,83,84,85)N0OP
81 MRITE (7,721) {(UIL) ¢L=JPSy JPF)sWRTVIKOUNT Y, I4NPL
GC T0 99
82 MWRITE (T4722) (UL yLaJPS,JPF ) WRTVIKOQUNT )y I;NPL
GD 70 90
B3 WRITE (T4723) (UIL) sL=JPS 4 JPF)  WRTVIKDUNT )y I.NP1
GG 7O 90
B4 MWRITE (7,724) (UIL) yL=JPS+JPF)+WRTVI{KDUNT ), I.NPL
G0 1O 90
B85 NWRITE (7Ty725) (UL +LsJPS,JPF)oWRTVIKOUNT ), 1.NP1]
90 CONTINUE
15 IF (KOUNT-2} 20,25,50
20 NSTARY = {I-1)}#*NTHT+1
NFIN = I*NTHTY
DO 21 ID=NSTART.NFIN
21 U{ip) = ¥(ID)
KOUNT = KOUNT+1
GO TO 11
25 00 26 10= NSTART,NFIN
26 ULID) = W{ID)
KOUNT = KOUNT+1
GO T0 11
S0 CONTINUE
RETURN
701 FORMAT (3Fl2.6,141)
702 FCORMAT (8EL2.5,15,13)
T11 FORMAT (LlE12.5.165,13}
Tl2 FORMAT (2E12.5,153,13)
713 FORMAT (3E12.5,141,13)
Tl4d FORMAT (4E12.5,129,413)
715 FCRMAT (5€E12.5,117,413)
703 FORMAT (6FEL2.5:1X,A1,213)
721 FORMAT (1E12.5,61X,AL1,213)
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T22 FORMAT - (2E12.5+49%X4A1,213)

T23 FORMAT {(3E12.5,37X,AL1,213)

T24 FORMAT (4E12.5025X¢A1,213)

725 FORMAT {5E12.5+13X+A1,213)
END

SUBROUTINE PRTOUT (IGEQOMeX0+Y0,Z0:UsVeWoCPoNK,NTHT)

PRINTS CUY COMPUTED ANSWERS. INFORMATION INCLUDES JET CENTERLINE
DATA AND INDUCED VELOQCITIES AT CONTROL POINYS

DIMENSTON X1(100),71{100),UJ1(100).D1{100},DXDZ1{ 100}
DIMENSION X21(100),22(100),0J21{100},D2(100),DXDZ2( 100}
DIMENSION X3(100),73(100),UJ3(100),D03(100),0XDZ3(100)
DIMENSION X4(100),24{100),UJ4(100},D4{100}),0XDZ4(100)
DIMENSION X5{100)4+25(100),UJ5{100},D5{100),DXDZ5(100)
DIMENSTION XBAS1(100),YBASL(100),ZBAS1{100)
DIMENSION XBAS2(100),YBASZ2(100),ZBAS2(100)
DIMENSION XBAS3{100),YBAS3(100},ZBAS3{(100)
DIMENSION XBAS4(100),YBAS4(100],2ZBAS4(100}
DIMENSION XBASS{100),YBAS5(100},ZBASS(100)

COMMON/BLK3/X14Z19UJ1+DL+DOXDZ1eX24224UJ2+,02,DXD22
COMMON/BLKA/X342Z34UJd3,D3,0XDZ3¢X%4s244UJ4,D4,DXD24
COMMON/BLKS/X5415,UJ5,05,DXDZ5
COMPCN/BLKG/XBASL,YBAS]1 s ZBAS] ¢ XBAS2,YBAS2,ZBAS2, XBAS3,YBAS3,ZBAS3
COMMON/BLKT/XBAS4+YBAS4 . ZBAS4,XBASS, YBASS, ZBASS
COMMON/BLKS/MULT , THOLDY, THOLD2 THOLD3+KOUNT 1, KOUNT2
COMMON/BLELO/TONEs ITWO, ITHR, IFOUR, IFIV N1 N2y,N3,NG4yN5
COMMON/BLKL3I/XJ3 Y I3 423 DJET3VELII, XJAyYJ4, T4 DIJET 4y VELI S
COMPON/BLKLA/XJ54Y U525, 0JET Sy VELJIS

DIMENSTON XO{1)+YO(L)oZOUL)oU{L) VLI WIL1Y,CP(])

WRITE {6,601}
601 FUORMAT (1HO.//7)
IF [(MULT=2) 14243
1 KRITE {6,602)
602 FORMAT (1HO ,46X,2TH** SINGLE JET CENTERL INE #*%)
GO Y0 20
2 WRITE (6,603}
603 FORMAT {(1lHO ,&%3X,33H*% CENTERLINES OF JETS 1 AND 2 wx}
GO T0 4
3 KWRITE (&64+604)
604 FORPAT (1HO,42X,35H*% CENTERLINES OF JETS 1,2 AND 3 %)
4 IF (MULT=2) 5,5,6
5 IF [IHOLD1-2} 20+7.7
T WRITE (6,605)
609 FCORMAT (1H ,S1X,1THAND COALESCED JET}
GO 70O 20
6 1IF (IHOLD1-2) 10.8,8
8 MWRITE (6,606)
606 FUORMAT {1H 37X446HTHE JET RESULTING FROM COALESCENCE DF JETS 1.2}
GO 710 lé
10 IF (IHOLD2-2) 154949
9 WRITE {&,607)
607 FORMAT (1H +37X446HTHE JET RESULTING FROM COALESCENCE DF JETS 2,3)
15 1TIF {JHOLD3-2) 20,11,11
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11 MWRITE (6,608}
608 FORMAT (1H ,26Xs70HTHE JET RESULTING FROM COALESCENCE OF JET 1 AND
1THE JET DESCRIBED ABOVE)
GO 10 20
16 IF (THOLD3-2} 20,12,12
12 WRITE (64609) .
609 FORMAT (1H ,26X,TOHTHE JET RESULTING FROM COALESCENCE DF THE ABOVE
1DESCREBED JET AND JET 3)
20 CONTINUE
WRITE (6,4630)
630 FORMAT {1HO j45X ¢ 32HERR R ER S kS b RrhkEEhhEEREQERRER /] )
IF {MULT.GE.Ll) WRITE (6,610)
IF {MULT.GEL2) MWRITE (6,611)
IF (MULT.GE.3) WRITE [6,617)
610 FCRMAT [1HO 3Xy6HXCOORD,3X,6HYCOORDy 3Xs SHZCOOR D, 3Xe 2HUJ ¢ 4X9 3HDIA)
611 FORMAT {1lH# 42X, 6HXCOORD ¢ 3Xy6HYCOORD, 3% 6HZICODRD, 3%, 2HUJ s 4Xy IHDIA}
617 FORFAT (1H+,81X,6HXCO0RD,3X,6HYCOORD, 3X, 6HICOORDy 3Xy 2HUJ , 4X, IHDIA}
WRITE {64612}
612 FORMAT {(110)
IF {NULT=-2) 304490,60
30 CONTINUE
WRITE (6,616} (XBASLII),YBASI(I)eZBASLITII. UILIIY,DL(T)y I=1,N1)
616 FORMAT (IH sLXgFBa241XoF8.2¢LXyFBL241XsF5.3,1%X,F5.2)
G0 TO 90
40 IF (KL1~N2)} 4l .42 42
41 1Pl = N1
P2 = N2
GO TO 43
42 1Pl = N2
IP2 = N1
43 CONTINUE
DO 47 Ial,.IPl
47 WRITE {6:613) XBASL{I) VBASLUI)ZBASL{I},UJL{I},DLLI)XBAS2{I),
1 YBAS2(1).,ZBAS2{1),,UuJ2(1},D2( 1)
613 FORMAT (IH ¢LlXoF8.2 e lXsFB8 23 X s FB.201XsFSe3 410 3F5.251%XqF8.2,1Xs
1 FB 2ol X g FBa? e lXoFS5e3slXoFSu2s X FBa2sINgFBa2yIXaFB8.291X3F5.341X,
2 F5.21
IF INL-N2) 48,5044
48 IPP = P14l
oC 45 I=1pPpP,IP2
45 HWRITE (6,614) XBASZ2{I).VBASZII)ZBASZI(T),032(1),02(1)
614 FORMAT (1H 440X gFBaZ2 gl X sFB8u21XsF8a231XeFS5.331XF0a2:1XeFBa291Xy
1 FBL2e1XoF8.2¢1X3F5.341X,F5,.2)
G0 10 50
44 IPP = 1PL+1
DO 46 1=1PP,IP2
46 HWRITE (64613) XBASL(T).YBASLUITI),ZBASL{I),UJL{(1},DL(1)
50 CONTINUE
IF {IHOLD1-2) 90,5Ll,51
51 CONTINUE
V3 = 1./VELJ3
P = YJ3
YP = =-12J3
WRITE (64615) XJ3.YPLZP4V3,DJETI .
615 FORMAT (1HO3X,2 THPROPERTIES OF COALESCED JET, 33Xy 2HX=yF9.2y3Xy2HY=
LeFBuZ2eIXg2HI=oFBa2o3XybHUZUJIO=eF5.2,3XoS5HL/DO=,F5.,2)
WRITE (64610)
WRITE [(6,5616) (XBAS3I(1),YBAS3I(1),2BAS3(I)eUJ3LT1),D3(T1}, I=1,N3}
G0 TO 9¢C
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60
61

63

65

66

64

62

67

69

71

&8

72

73

74

15

16
17

78

CONTINUE

IF (N1-N2)} 61,72,62
IF {N1-N3) 63,80,64%

IP1 = N1
INDL = 1

IF (N2=N3)} 65,76,66

IP2 = N2
IP3 = N3
INDZ2 = 2
GO TO 70
IP2 = N3
1P3 = N2
IND2 = 3
G0 TG 70
1Pl = N3
IP2 = N1
IP3 = N2
INDL = 3
INDZ2= 1

G0 TO 70

IF (N2-N3) 674+76,648

IP1L = N2
INDLl = 2

IF {N1-N3) 69,80.T1

IPZ = N1
IP3 = N3
IND2 = 1
GO 10 T¢
1P2 = N3
IP3 = N2
IND2 = 3
GO 10 70
IPl = N3
IP2 = N2
IP3 = N1
IND1= 3

IND2= 2

GO 10 T0
INDLl =-1

IF IR1-=N3} 73,74,75

IPl= N1

IP3=s N3

IND2 = 3
GG TO 70
INDL = O
1Pl = N1
G0 10 70
TPl = N3
IP3 = N1
INGZ = ]
6C 1O 710
INDL =-2

IF {N1-N2} 77,74.78

1Pl = N1
IP3 = N3
INDZ = 3
G0 ¥0 70
1Pl = N2
IP3 = N1
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IND2 = 1
G0 Y0 TO
80 IND1l =-3
IF (N1-N2) 8l1,74,82
8l 1IPl = N1
IP3 = N2
IND2 = 2
GO TC 70
82 1Pl = N2
1P3 = NI
INDZ2 = ]
70 CONTINUE
DO 85 I=]1,IPl
85 HWRITE (6,613} XBASLOI),YBASL(I)ZBASL(I)4UJLIT),D1CIY XBASZ{I]},
1 YBASZ(I) 4ZBASZIIIoUJZI1)D211)¢XBASILIY ) YBASI{TI)ZBASI{T),UJ3LT]),
2 DI
IF (IND1) 120,150,100
100 IF {IND1-2} 101,102,103
101 IPP = IPl+]
DO 111 I=1PP,1P2
L1l WRITE (6.:614) XBAS2(11YBASZ2(T)ZBAS2()oUJ2{T3,D2(1)XBAS3{T]),
1 YBAS3(I)LZBASA{I},UJ3(1),03(1)
IF (IND2~-2) 104,104,105
104 1IPP = [P2¢]1
DO 106 1=IPP,IP3
106 MWRITE (6,618) XBASI{(I).YBASI{I},2BAS3{I),UJ3(1},D3(1)
618 FORMAT (1H JT79XeFBa2¢1XsF8.2)1XyFBa2e1XyFS5.3,41XF5.2)
GO0 ¥0 150
105 IPP = [P2+]
PO 1G7 I=IPP,IP3
107 WRITE (6,614} XBAS2(I),YBASZ2II),ZBAS2{(1),0J2{1),D2{1)
G0 TG 150
102 CONTINUE
IPP = [P1+]
DC 110 I=1IPP,IP2
11C WRITE (6,620) XBASL(l)YoYBASL{I)sZBASLII}oUJL(I)sD1I(EY+XBAS3I(]),
1 YBAS3{1},ZBAS3{I},UJ3(1).D3(])
620 FORPAT (1H olXsFBu2slXsFB a2y lXoFBuZ2elXoFS5.u331X3F5.2440X3F8.2,41X,
1 FBa2olXoF8.241XKeF5.341X4F5.2)
IF (IND2-2) 104,104,108
108 IPP = [P2+1
DO 112 I=1IPP,IP3
112 WRITE (6,613) XBASLI{I),YBASL{E)oZBASL{T),UJLITI),ODLLI}
G0 70 150
103 CONTINUE
IPP = [Pl+]
D0 109 I=1PP,IP2
109 WRITE {(64,613) XBASLUE) ,YBASL(I),ZBASY(I},UJL(I),D1{T) . XBAS2{]),
1 YBASZ2{I).ZBAS2(1).UJ2(1),D21L1)
IF {IND2-2) 105,108,108
150 CONTINUE
IF (IHOLD1-2) 151,152,152
151 [IF (IHOLD2-2) 90,153,153
152 1IF (N4) 170,170,154
154 V& = 1./VELJ4
P = YJ4
YP = =7J4%
WRITE (64,6211 XJG,YP,ZP V4, DJET4
621 FORMAT (1HO 3X,41HJET FORMED BY COALESCENCE OF JETS 1 AND 2.3X,
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153
155

622

158
170
11

120

130
121

122

123

135
124

126
121
140
141
142

143

90

200
640

201

631
632

202

1 ZH!-.FQ.Z.BX 92HY',F8-2|3K’2H1" FB.Z. 3X. 6HU’UJO'. F5.2'3K¢ 5HQIDO3.
2 F5.2)

60 70 158

IF (N%) 170,170,155

V& = 1. /VELJS

IP = Yl4

YP = =704

WRITE (5,622) XJ4 VP, ZIP,V4,DJET4

FORMAT (1HO3X,41IHJET FORMED BY COALESCENCE OF JETS 2 AND 3,3X,
1 ZHX=gF9.2 43X g2HY® yFBoa2y3Xy2HZm s FB84.24 3Ny 6HU/UNO= 4 F5.2¢3Xy SHD /D0,
2 F5.2)

WRITE (6,610)

WRITE (6:616) (XBAS4[I},YBASG(I),ZBASA{I),UJ&LT),D4{L), Ix=1,N4)
CONTINUE

If (THOLD3-2) 90,171,171

V5 = l./VELJS

P = YJ5

YP = =745

WRITE (6.615) XJ5,YP.IP,V5,DJETS

WRITE 16,610}

WRITE (6,5616) (XBASS{L) VBASSU(I)yZBASS{I),UJSIT)sD5(1)y I=1,N5)
GC T0 90

CONTINUE

IF (IABS{IND1)-2) 130,135,140

1IF (IND2-2) 121,121,+123

1PP = IP1+1

DO 122 I=IPP,IP3

WRITE (64613) XBASL{I),YBASL{I)oZBASL{I),UJL{I):DLITI) XBAS2(]),
1 YBAS2(1),ZBAS2(1),U0J2(1),D2(1)

G0 10 150

If2 = 1Pl

G0 T0 104

If (IND2-2) 124,126,126

IP2 = 1P]

GO TO 108

IPP = [P1+]

DO 127 1=IPP,1P3

WRITE (646140 XBASZU1),YBASZ2II),ZBASZ2(I)oUJ2(1),D2(11,XBASI(1),
1 YBAS3II),ZBAS3(T),0J3(1),D3(1)

GO 0 150

IF {IND2-2) 1424141142

IP2 = IP1

60 T0 105

IPP = [Pl+l

DO 143 I=[PP,IP3

WRITE {6,620} XBASIII),YBASI(Il.ZBASl(IlvUJllI)oDllll XBAS3(I}),
1 YBAS3U(T),ZBAS3{1),UJ3{1},03(T)

GO 10 150

CONTINUE

IF (IGEDM) 200,99,200

WRITE (6,640)

FORMAT {(1HL)

IF {IGECMK~-2) 201,202,203

CONT]INUE

WRITE (6,631)

FORMAT (LHO p44X,34H*** INDUCED VELOCITIES ON WING %&%x)

FORMAT [1HO 427X o LHX 48X o IHY 48X g LHZ 9 12Xy 1HUg 14X,s 1HV 4 14X, LHW/)

GO 10O 205

CONTINUE
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633
205

634

206

214
211

212
213

210
203
&35
221
222
636

6317

638

99

WRITE {6633}

FORKAT (1HO 44X ,34H®%« INDUCED VELOCITIES ON BDDY #*#%)
CONTINUE

WRITE (6,630)

WRITE (6,4632)

KOUNY = }

DO 210 I=1,NK

WRITE {64634) XO{I)oYOUI)oZOUI)oULT ) VITI ,WN(I)

FORMAT {1H s21X¢F9.341XyF9.3;1X%X4F9.3,3E15,5)

IF {I-KOUNTENTHY) 210,206,210

KOUNT = KOUNT+1

WRITE (6,630)

WRITE (&,640)

IF {I-NK) 214,210,210

CONTINUE

IF (IGEOM-2} 211,212,212

WRITE (6,:631)

GO 10 213

WRITE (64633)

WRITE (6,630}

WRITE t6,632)

CONTINUE

GO TO 99

CONRTINUE

WRITE (64635)

FORMAT {(1HO3BX,44H&$% INDUCED VELOCITIES AT CONTROL POINTS #&s)
IF (IGEQOM-3}) 221,221,222

WRITE (6,632}

WRITE (6,634) (XOUID.YOUI),Z0LId4UII)eVII}4WII)e I=],NK)

Gl TD 99

WRITE {64636)

FORMAT (1H (40X,39HPRESSURE COEFFICIENTS AT CONTROL POINTS)
WRITE (64637)

FORMAT (1HO 320X s lHX ¢BX o LHY 48X ¢ LHZ 9 12X 2HCP ¢ 14Xy 1HU, 14X, L1HY 414X,
1 1HW/)

WRITE (64638) (XO(T)oYOUI)oZOUI}oCPUTI} oULT)oVIT)oWlT)y I=]1,NK)
FORMAT {1H s14XeF9a3,)1X,F9.3,1Xy3F9:344E15.5)

LONTINUE

RETURN

END

SUBROUTINE TRANS1 {MULT,ALFA,BETA,PSID)

TRANSFORMS [NPUT COOROINATES TC PROGRAM COORDINATES (FIXED)
CONVERTS ANGLE OF ATTACK AND SIDESLIP TO FRSTRM DIRECTION COS.

COMMON/BLK8/ALFQBETQ,GEYQsF1,F2,F3,F%,F5,VKONST
COMMOCN/BLKLZ2/XJ1 oY JL 3 ZJ1 oDJETLeVELJL19XJ24¥J2¢2J2,DJET 2, VELJ2
COMMON/BLKL3/XJ3yYJ343203+DJETIHVELIIs XJ4eYI4,2J4¢0JETH,VEL IS

DIMENSICON PSIDIY)

A = ALFA®.0174533

8 = BETA#*.017453)
ALFQ = COS{AY*COS(B)
BETQG = SIN{A)*COS(B)
GETCL = SINID)

¥s = YJi
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Yl = Z2Jl

TJl=-Y§

PSIDI1) = -PSIDI1)
IF {MULT=2) 544,33
¥S = ¥J3

YJ3 = 143

113 =-Y§

PSID(3) = -PS1D{3)
¥Ys = YJ2

YJj2 = 142

142 =-¥§

PSIO(2)Y = ~PSID(2)
CONTINUE

RETURN

END

SUBROUTINE VEL1l (MULT,ALFA,VK1,VK2)
COMPUTES EFFECTIVE VELOCITY RATIO FOR DOWNSTREAM JEY AT EXIT

COMMON/BLKB/ALFQ BETQ.GETQ4F14F2Z,F3,F4, F5,VKONST
COMMUN/BLKL2/X 014 YJL 4 ZJL4DJET 1, VELJ 19 XJ29YI2,232,0JET2,VELIZ
COMMON/BLKL3/XJ34YJ342J34DJETIGVELIIWXIG9YIbe T4y DIETS, VELI4
COMMON/BLKLIG/Y2X1,¥2Y14V221,V2X2,V2Y2,V222,V2X3,V2Y3,V212

VELJL = 1./VELJ]

IF (MULT=-2) 5,1,1

VELJZ2 = 1./VELJ2

DOTP = (XJ2~XJL)*ALFQ+{YJ2-YJ1)*BETQ+{ZJ2-241)*GETQ
DEN = SORTUIXJ2-XJL)##2+{YI2~YI11%%24(2J2-201)%%2)
DOTP = DOTP/DEN

IF {ABS{DCTP)=~.02) 10,10,11

VKI = 1.

GO0 T0 15

CONTINUE

A = ALFA*.0174533

ALF = COS(A) :

BET = SINIA}

GET = 0.

CALL XPROD {V2X1sV2YLeV2Z1sALFBET+GETXTL,YT1,2T1)
CALL XPROD {XY1l,¥YT1,2T1,ALF,BET,GET,CFNX,CFNY,CFNZ)
CALL PLANE QCFNXvCFNYoCFNZQXJI'VJ1;ZJltVZNZQVZYzoVZIZUKngYJZvlJzn
1 XI,YI,21)

S = SQRT (IXJL=XI}*%2 +{YJLl-YII%%2 +({ZJ1-Z21)1%%2)/DJET]
VK1 = {5+¢.75})/715-1.)

CONTINUE

IF {RULT=2) 5.5,2

VELJ3 = 1./VELJ3

IF (ABS(DOTP)-.02) 12412414

VKZ = 1.

GO 10 5

CONTINUE

CALL PLANE (CFNXoCFNY JCFNZ X J1loYJ1eZJ1eV2X34V2YI,V2234XJ3,YJ2,743,
1 XI.YI,Z1}

S = SQRT {(XJ1-XI)#%2 #+{YJl-Y]I)**2 +({ZJ]1-Z21)%%2}/0JET1
VK2 = (S+,.,75)/1{S~1.)

CALL XPROD (VZ2X2,V2Y2:VZZ2,ALF,BET,GET,XT1sYTL,2T1)
CALL XPROD (XTl,YT1leZT1sALF.BET,GET,CFNX,CFNY,CFNZ}
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CALL PLANE (CFNXGCFNY CFNZ XJ2¢YJ24202,V2X3,V2Y3,V2234XJ3,YJ34243,
1 XL+YILZ1)

S = SQRY ({XJ2=XT1}#%2 ¢(YJ2-YII*¥2 +(JJ2~-71)%%2)/DIET]

VK2 = [§+.,75)/(5~1.)%VK2

CONTINUE

RETURN

END

SUBROUTINE TRANSZ {Y,Z,NO)
TRANSFORMS INPUT COORDINATES TO PROGRAM COORDINATES (FIXED)
DIMENSION Y(l},.Z(1)

DO 1 I=1+N0
¥S = ¥i1l
Y{1) = 21N
2L} = ~¥§
RETURN

END

SUBROUTINE TRANS3 (Y,Z,V.W,NO)

TRANSFORMS PROGRAM COORDINATES (FIXED) TO OUTPUT COORDINATES.
JET CENTERLINE AND CONTROL POINT COORDINATES ARE AFFECTED

DIMENSICN XBAS1{100),YBASL1{100),Z8A511(100)
DIMENSION XBAS2(100),YBAS2(100),Z8AS2{100}
DIMENSION XBAS3(100),YBAS3(100),2Z8A531100)
DIMENSTON XBAS4(100),YBAS4{100),ZBASA(100])
DIMENSION XBAS5(100) ,YBAS5{100),2ZBASS{100)

COMMON/BLK6/XBASY,YBAS] ,ZBAS1,XBAS2,YBAS2,ZBAS2, XBASI,YBAS3,ZBASY
COMMON/BLKT/XBAS4 ¢ YBASA, ZBAS 4, XBASS, YBASS, ZBASS
COMMON/BLKLIO/IONE, ITHO ITHR, FFOUR, TFIViN1,NZ2s N3y N4, NS

DIMENSTION YIL)oZiL)WV(L),WIL)

DG 1 I=1,ND

YS = Y(1)

YiI) = ~211)

(1) = ¥§

VS = v(I)

VII) = =W(I)

WEI) = VS

DO 2 I=1,Nl

YS = YBASLII)
YBASL{1} = -ZBASL{I)
ZBASIII) = ¥§

IF (N2) 3,10,3

D0 4 T=1,N2

YS = YBAS2(I)
YBAS2(I) = ~IBAS2(I)
ZBAS2{1) = YS§

IF (N3) 5,20,5

D0 & T=1,N3

YS = YBAS3(I)
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YBAS3(I} = -ZBAS3(])
ZBAS3I{1) = ¥§

IF {N&} T+30,7

DD B I=1.N%

¥S = YBAS4(I)
YBASA(I) = -7BAS4(I)
LBAS4{1) = Y§

IF IN5) 9440,9

DO 11 I=1,.N5

¥S = YBASS{I)
YBASS{I} = -ZIBASSI(I)
IBASS{I) = Y§
CONTINUE

RETURN

END

SUBROUTINE PLANE (CFNL14CFN2,CFN34X14Y¥19Z1,CSN14CSN2,CSN3,XL1,XL 2,
XL3,COORL1,COOR2,CO0R])

COMPUTES INTERSECTION OF A GIVEN PLANE WITH A& LINE

DIMENSION CFN{3),CSN(3)4XL13},CO0R{3]}

CFNIL} = CFN]

CEN{2) = CFN2
CFN{3) = CFN3
CSN{1) = CSNI
CSN(2) = CSN2
CSN{3) = CSN3
XL{l) = XLl
XL{2}) = XL2
XL(3) = XL3
It =1

IM =1

IN=1

SUBL = 0.

IF {ABSI{CSN{1))-1.0E-04) 1,1,2
IiL=2g0

SUBL = CFN{1)}®XL(1}

COORIL) = XL{l)

IF (ABSICSN(2)1=1+0E~04) 3,3,4
IM =0

SUBL = SUBL+CFNIZ2)*XLI2)
COCRI2) = XL(2)

IF (ABS{CSN(3))1-1.0E~0%) 5,5,6
IN =0

SUBL = SUBL+CFN{3)*XL(3)
COOR(3)} = XL{3)

D = CFN(LI*X1+CFN{2)*Y1+CFN(3)%Z1
IF (IL+IM+IN-2]) 10+30,50

IF (IL) 12,11,12

IF (IM) 14,13,14

1P = 1

G0 TC 15

IP =2

G0 TO 1S

P = 3

COQRIIP) = (D-SUBL)/CFN(IP)
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G0 10 90
30 IF (IL) 32,31,32
31 1Pl = 2
IPZ = 3
GO TO 35
32 1IF (IM) 34,33,34
33 1Pl =1
iP2 = 3
60 TO 35
34 IP1 = 1
P2 = 2
35 SLOPE = CSNIIP1IJCSNIIP2)
COOR{IP2) = (D-SUBL+CFN(IPL)®SLOPERXL{IP2)-CFENLIPL)*XLILIPL1) Y/
1 LCFN{IPLI®SLOPE+CFNIIP2))
COCRIIPL) = SLOPEX(COOR(IP2)I-XLIIPZ2)DeXL(IP]1)
60 TC 90
S50 CDEFX1 = 1./CSN{l}
COEFY]L = =1,/CSNI2)
D1 = XLOLY/CSNIL)Y=XL(2)7CSh(2)
COEFX2 = 1./CSN(1l)
CDEF22 = -1 ,./CSN(3)
D2 = XLU1Y/CSNTIL)=XL13)}/CS5NI3}
CALL SOL C(CFN{L)+CFNC2Y4CFN(3) Do COEFX 1 COEFYY1y0asD14COEFX24 04y
1 COEFZ12,02,CO0R{1},CO0R{(2),CO0R(3))
90 CCOR]1 = CCORI1l}
CCOR2 = CCOR{2)
CDOR3 = CCOR(3)
RETURN
END

SUBROUTINE ADAMS {(NsSTARTFINAL¢Hy PRINT, JCOUNT,RELB,ABSB, ISKIP,

1 XO.XP,PAR,COERIV)

C
c SUBROUTINE ADAMS SOLVES A SYSTEM OF ®N% FIRST DRDER DIFFERENTIAL
C EQUATICONS BY MEANS OF A FOURTH ORDER ADAMS PREDICTOR/CORRECTOR
C METHOD. THE STARTING SOLUTION IS BY RUNGE-KUTTA METHOD.
C AUTCMATIC ERROR CONYROL 1S OPTIONAL.
c

DIMENSICON Xi50,5),VK(50,44),Fi50,51,E(50)

DIMENSION XP(1),X0{1)},PAR(LD)
C

[BOOL = @
IF {(PRINT} 20,10,20
10 IF {ICOUNT) 20,31+20

20 CONTINUE
c2co WRITE (6,400} 1D,N
IBoCL = }
C400 FORMAT (1THOPROBLEM NUMBER 110,5X12HSOLUTION OF
1 13,5X35HFIRST ORDER DIFFERENTIAL EQUATIONS.)

SETUP INITIAL VALUES

o0t

DO 30 1=1,N
X(I«1) = XO(1)
30 CONTINUE
a1 CONTINUE
IF {ICOUNT)} 40,435,40
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3333

100

ICOUNY = 9999

ITENP = O

BOUNKD = START+PRINT
T = STARY

IF (ISKIP) 45,50,45
IA = 2

IB = 4

GO 1O 2222

RLTEST = 14.2*%RELB

ABTEST = 14.2%ABSB

FACTOR = RELB/ABSE

BLB = RLTEST/200.0

H = 2,0%H

RUNGE-KUTTA STARTING METHOD

1A = 2
IB = 2

DC S0 J=1A,IR

CALL DDERIV (T X(leJ-=1)4Flls;.J-1)4PAR)
DO 60 I=]1l,N

VK{TIesl) = H*F{l,J-1)

X{Tad)l = X{I9J-104,5%VKi(I,1)

CONTINUE

TTEMP = T+,.5%H

CALL DDERIV {(TTEMPXI(1l,J)sFllsJ),PAR)
DD 70 I=1,.N

VK(I,21 = H*F{l,J)

X{Ied) = X(EaJ=1)14.5%VKI(1,+2)

CONTINUE

CALL DDERIY ITTEMPX(1:J),Fil,J),PAR)
DO B0 I=1.N

VK(I43) = H¥F(],J}

XileJd) = X{14J=134VKI(1,3)

CONTINUE

T = T+H

CALL DDERIV {(TX{lyJ)eFiled)yPAR)

DO 85 I=1.N

VE{TI,4) = H*F(]1,J)

X{TgJd) = X{Iod-1)+.10666666T{VKIT,10142,0%{VK(],2})+
1 VK{I+2))4VK(le4))

CONTINUE

CONTINUE

If (18-2) 150,3333,150
DG 100 I=1,N

XPLI} = X(T1,2)
CONTINUE

XP{I)=DCUBLE INTERVAL RESULT TO BE USED IN ERRDR
ANALYSIS

T = T-H
H = ,5%H

103



IF (1BOOL) 120,125,120
120 CONTINUE
€120 MWRITE (64410) H
C410 FORMAT (34HOIN THE FOLLOWING CALCULATIONS H =El4.8)
125 IF (H-.0000001) 130,130,140
130 WRITE (6,420}
420 FORMAT {(1HO.10(LH*),7///
1 &SHOEQUATIONS CAN NOT BE SOLVED FURTHER WITHIN GIVEN
2 14H ERRCR BOUNDS.)
RETURN

140 1B = 3
GO TD 2222

150 IF (18-3) 200+160,200
IS ACCURACY CRITERION MET

QOO0 g

160 J = 3
4444 DD 190 I=1,N
E{I)=ABSIXP{I)}-X1t1,J))
IF(E{I)-ABSIX{l JI®RLTEST})LT0,175,175
170 E(1)=E{I)}/ABS(X{(1:+d))
GO 70 190
175 1F {E{1)-ABTEST} 180,185,185
18¢ E(I) = E{I)*FACTOCR
G0 TO 190

185 T =7-H
IF (J-S) 3333,187,333)3
187 DO 188 K=l,N
188 X!Ktli = X(K'4}
GO TD 1111
190 CONTINUE

IF (J~5)195,66664195
195 1A = &

1B = &

GO TO 2222

SHOULD ANY OF THE STARTING VALUES BE PRINTED OUT

(2Bl

200 ¥V = T-3,0%H
DO 250 J=2.,4
T = TeH
ITEMP = ITEMP+1
IF (PRINT) 210,230,210
21¢ IF [T-BOUND) 230,220,220
220 BOUND = BOUND+PRINT
3999 CONTINUE
C9999 WRITE (654430) Ty (T+X{Isd)sI=1l,N)
C430 FORMAT (4HOT =El4.8/ 50 2H X412, 1H=1PEL12.5))
LTEMP = @

230 IF LITEMP-ICOUNT) 240,9999,240
240 IF {T-{FINAL-H/10.0)) 250+999,999
250 CONTINUE

C BEGIN ADAMS RETHCD
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385
380

CALL DDERIV (T, X{le¢4%),F(l,y4),PAR)

DO 260 I=1.N

XPLT) = X{I+4) 4, 04L606666T*H® (55.0%F(1,4)-59.0¢F{1,3)
1 +#3T7.0%F(1,2)-9.0%F(1,1))

CONTIRUE

T = T+H

CALL DDERIV (T XPUL1),F{1l,5),PAR)

DO 270 T=al,N

X{I+5) = XlIet)l+.04166606ToHE{9.,0%F(]14S5)+19.0%F{1,4)~
1 5.0%F{1,3)4F(1,2))

CONTINUE

IF {ISKIP) 6666,280,6666
J =5
GO0 TO 4444

IF {T-{FINAL-H/10.0}) 295,290,290
J =5
GO TO 999

DO 300 I=1,N
X{le4) = X(1+5)
DO 300 J=2,5
FLiIeJd-1) = FlI,+J)
CONTINUE

ITENP = ITEMP+]
TEST WHETHER COMPUTED VALUES SHOULD BE PRINTED

IF {PRINT) 310,330,310

IF {T-{BOUND-H/10.00}330,320,320
BOUND = BUUND+PRINT

Jd = &

WRITE (64430) TolleX(14J)eI=1eN)
1TEMP = @

IF (ITEMP-ICOUNT) 340,7777,340
IF (I5KIP) 5555,350,5555

TEST WHETHER INTERVAL CAN 8E DOUBLED

DG 355 I=Ll4N
IF {E(I)-BLB) 355,355,5555
CONTINUE

IF {(PRINT) 358,380,358

D1 = PRINT/(2,0%H}
DII=ABS{FLOAT(IFIX{D1)}-D1)
IF (D1I1-21) 362,362,360

IF (D11-.9) 5555,362,362

D2 = (BCUND-T)}/(2.0%H)
D21=ABS(FLDAT(IFIX(D2)})-D2}
IF {D2I-.1) 380,380,365

IF {D21-.9) 5555,380,380
DO 382 I=1,.N

XEI41) = XiIe4)
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CONTINUE
H = §,0%H
GO 10 1111

CONTINUE

WRITE (6,440)

FORMAT [20HOFINAL T AND XP()...)
DO 385 I=1,N

XP(I)} = X{l.+J)

CONTINUE

FINAL = Y

WRITE {64430) Tef{IeX[T9J)eI=l4N)
RETURN

END

SUBROUTINE CFCAL(ALFQ,BETQ,GETQ,PHI,PSI,CF)

COMPUTES ODIRECTICON COSINES FOR THE LOCAL COCRDINATE SYSTEM, X IN
DIRECTION OF FREESTREAM,Y NORMAL TO FREESTREAM AND INITIAL JEY
DIRECTION, 2 IS XCROSSY

DIMENSION CF(3,3)

CXJ = SIN(PHI)*CCS{PSI)

CyJ = COS{PHI)

CZJ = SIN{PHI)*SINIPSI)

CFil,1) = ALFQ

LFl142) = BETQ

CF{1+3) = GETQ -

CALL XPROD (CXJoCYJIsCZJoCFILlo1)sCFL1,2),CFi{143),CFL2,1)4CF(2,2),
1 CFi2,3))

CALL XPROD (CF{ls1l)oCF(Lls2)oCFlLe3),CF(2+11,CF(242)¢CFl243),
1 CFI341),3CF(3,2)4CF(3,3}))

RETURN

END

SUBROUTINE ROTATE (AsByCyCFeS,TU,L)

L=0 ROTATES A,BsC INTO S,.T,U, (FIXED COORDINATES TO ROTATED)
L=1 ROTATES S+TsU INTO AyBC, IROTATED COORDINATES 70 FIXED)

DIMENSION CF{3,3),D(3),v(3)

IF (L) lel,2
Dt1) = A
Di2) = 8
Dtay)y = C

Go 10 3

Dt1) = §
Dtz2)y = T
DI3} = U
CONTINUE

DG 4 I=1,3
vil} = Q.

DD 5 I=1,3
oo 5 J=1,3
1F (L) 9,9,10
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(I} = YIT)+DLJI*CFIMyN)
F (L)Y 64647

CONTINUE
RETURN
END

SUBROUTINE XPROD {(ALF1,BET]1,GET1,ALF2,BET2,GET2,ALF3,BET3,GETI)
COMPUTES CROSS PRODUCT OF TWO VECTORS,RETURNS A UNIT VECTOR

ALF3 = BETL#GET2-BET2%GET]

BET3 = ALF2*GET1-ALF1#*GET2

GEV3 = ALFL*BETZ2-ALF2*BET]

DENCM = SOQRTUALF3$ALF3+BET3*BETI+GET34GET3)
ALF3 = ALF3/DENOM

BETYT3 = BET3/DENOHM

GET3 = GET3/DENDM

RETURN

END

SUBROUTINE SOL (AL1,AL24A13,AK1,A21,A22,A23,AK2,A31,A32,A33,AK3,
1 X14X2,X3)
SOLVES A SET OF THREE EQUATIONS BY METHOD OF DETERMINANTS

DELTA = ALL*{A22%A33-A23%A32)+A21%(A32%A13~A12%A33)

1 +A31X[AL2%A23-A13%A22)

X1 = {AKL#*[A22%A33-A23%A22)+AK2¥{A32%A13-A12%A33)
1 +AK3I*(AL2%A23~A13%A22))/DELTA

X2 = (ALL*{AK2¥A33~A23%AKI)+AZ & (AK3I*ALI~AK]1*A33)
1 +AJL*(AKI®%A23-AL3%AK2))/DELTA

X3 = [ALL#{AZ22%AK3I-AK2%A32]J+A21%(AAZ2¥AK]1~AL12%AK3)
1 +AJL*{ALZ2*%AK2~AK]I*A22) ) /DELTA

RETURN

END
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PROGRAM MAPFNLINPUT OUTPUT,,TAPES=INPUT, TAPES=0UTPUT)

DIMENSICN NCOR(20)4X(100),Y(100).XCARL20),YCOR{20),DALPHAL20]),
1B(5G) 4C (57 ,50) »ALPHA(1G0),S(100),BETA{20), EXPON[2C),OMEGA{10G0O),
ZRU1CO) +OMEGAALLL) 2 SA(IT) 4EPS1{LL)+RALLILILA(50,50),D(50), VELL1CO),
3PIITL1ICOY . LUMMY {20,2)

CUOMMON NPT NSYM,NTERM,KORNyNCOR,RCyDALPHA, PHL, DUMMY,ALPHA,S

RFAD (5:5) NPT KCRN,NTERM,NSYM
FORFAT(2013)

IF (ECFI5)) 500.56

READ {5,1C) (X{T),yI=1,NPT)
READ {5410) (YIT),1=1,NPT)
FCRYAT{RF9,5)

RFAD {5,10) DX

DU 12 T=14NPT

X{1¥=X(1}+DX

IF (NSYMIS500,15,20
XINPY+1)=X{NPT-]1)
Y(NPT+L)=-Y{NPT~1)

Gt TG 25

XINPT+1)=X(2)

YINPT+#1)=Y{2)

[F (KORN) 500.+55,430

REAC [545) (NCOR{I},sI=1,KDORN)}
DC 35 I=l,KORN

RFAD (5410} XCORI(T)4YCOR(I)yDALPHAILL)
Di: 36 1=1,KCRN
XCCRETI)=XCOR(T Y+DX

KCR1I=KQORN

De 50 1=1,K0R1L
EXPCNC(IY=—DALPHA(1)1/{3.141593+0ALPHA(IL)]
IF (NSYM) 500,40,50

IF {YCORIUI)) 45,50,45
KCRAN=KORN+1

NCCR{KORN)=0
YCOR{KORN)=~YCOR(I1}
XCOR(KORN)=XCOR( 1)
EXPCNIKORN)=EXPONIID

CENTINUF

ALPHALL)=1.5T70796

NC=1

KB={

IF (NSYM) 500+654+60

RCAD {(95:10G) ALPHALL)

IF {KORN) 500:90,70

I+ (NCOR{1)-1} BOs75.,80
ALPHA{1)=ALPHA{1)+DALPHA[L1)/Z.
BETA(L)=ALPHALL)

NC=2

Kh=1

IF INC-KORN) 80,80,90

DC 85 [=NC,KCORN

BETALT ) =QATANIUYCORIT)I=Y (L))o IXCOR{II-X(1L)}]}~3.141593
S(11=0.

Iz=1

CrEGALL Y =CATANIY (L} X(1))
R{1)=SQRT{Y (L) #¥2+X (1) %%2)

108



95

1€
10%
1190

115

122

125

130
145
140

NCOL=NTERM* [NSYM+]1)

DC 95 T1=1,NCOL

B{l)=0.

00 95 J=1.NCOL

Cil,J)=0.
EPSL(11)=ALPHA{})-OMEGA(L)-1.570796

IF {KCRN) 500,110,100

DG 105 I=1,K0ORN
EPSI(LLI=EPSI(LL)+EXPONITI*(RETA({L)-OMEGA(]1))
DU 230 I=24NPT

[i=1-1

KA=KB

KB=C

EPSL(LY=EPSL(L1}

OMEGAA(L) =OMEGAL(]IL)

RA{1I=R{I1)

SA{l)=0.

IJ=i-12

SN=SIN{ALPHA(IL])

CS=CCSOALPHALILY)

Ul=0XET =200 *CS+{Y{I)-¥{I1))%5N
Cl2=yl#%2

Cli=Cl2=*Ul
Vi=tY(I)~YAIL) ) RCS—(X(I)=-X{TL})%SN

IF {1J-1) 500,115+120
UZ2(X0T+1)-X{LL ) ICS+(Y(T41)-YI{T1))I*SN
Ve=tYLT4+L)=YLI1))HCS—IX{T+1)-XI1))*SN
G TG 125
UZ=(XtI1-1)=XET1 ) eCS+(V{T1--1)-¥Y{T1))I%SN
Ve={Y{I1-1)-Y{IL})2CS—{X{11-1)-X{TI1})*5N
Cr2=u2*%?

C21=C22%U2

DEN=CL11*C22-C12*(21
AA={V1#C22-v2%(12})/70EN
BR={Vv2%C1l1-v1*C21)/DEN

L=Ca.

DLu=L1/10.

€C3=C.

XB=X{(11)

YrzY{[1l)

DC 175 J=2,11

£e=C3

U=u+GU

XA=XB

YazYd

V=(AARU+BR) U %2

XB=X{I1})+LUs(5~VESN

YR=Y{[1)+U*SN+VECS
RACII=SCRI{XB&*2+Y¥BX%2)

TH= (YBEXA-XB*YA) J{XA*XH+Y A%YB)
OKEGAA(J)=OMEGAA(J-L)+ATANITN)
Cl=({3.%AA%+U+2,.*BB) *U

DALP=ATANIC3)
EFSI{J}=ALPHA(IL1)+DALP-OMEGAA{JI=-1.570196
SA{JI=SA{J-1I+DU*SQRT{1.+.25%(C2+C3)1%%2)
IF (KORN) 5004175,130

IF (J=-11) 1554+135,500

IF (14-1) 500,155,140

DL 150 K=1,KORN
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145

15¢
155

L1571

160
162

165

174
175

180
i81
142
185
190
195
200
201
202

203
205

219

IF {I-NCOR(K)}} 150,145,150

KB=K

G6C TC 155

CCNTINUE

DG 170 K=1,KORN

IF (K-KA) 160,157,160
BETAIK)=ALPHA(IL}+ATANIV/U)

GG TG 170

IF (K-KB) 1654162,165
BETA{K)=ALPHA(I1)+DALP~3,141593
GO TC 170
ANUM={YB-YA)* [XA-XCOR(K) )~ (XB-XA)I®(YA-YCORIK))
DEN={XB-XCOR(K) )= {XA-XCOR (X)) + (YB-YCORIK)}I*{YA-YCOR(K])
BETA(K)I=BFTA{K)+ATAN(ANUM/DEN)
EPSLUJ)=EPSI{JI+EXPONIK)I*{BETA(K)-OMEGAA(J)})
CENTINUE

R{1)I=RAIL1L)}

OMEGA( L ) =0OMEGAALLL)
S{II=S(1I1)+5A111)
ALPHA({T ) =ALPHALIL)+DALP

IF (1J-1) 500,185,180

IF (NSYM) 182,182,181

IF (T-NPT})} 182,185,500
BETA{KBY=ALPHA(T ) +DALPHA(KB)
ALPHALT )=RETALKR}

12=1

IF (KORN) 500,205,190

D0 200 K=1,KORN

IF {I+1-NCORIK)) 200,195:200
12=1-1

GC TC 205

CONTINUE

IF INSYM) 205,205,201

IF {(1+41-NPT} 205,202,205

IF (NCOR(1)-1} 205,203,205
I12=1-1

CONTINUE

DC 230 J=2,11

DS=SA{J}-SA(I~1}

RKl=l.

RKZ2=1.

D0 230 K=1,NTERM

AK=K

OMK1=AK#OMEGAA(J-1])
OMKZ=AK*CMEGAA(J)
RE1I=RXK13*RA(J-1)

RK2=RK2#RA{J)
SKRLI=SINI{DOMK]1])/RK]
SKR2=SINICMK2)/RK2
BIKI=B{K)+,5%[EPSL{JI*SKR2+EPSL(J-1)%SKR1)*DS
Ri1=RK1

RL2=RK2

DC 210 L=K,NTERM

Ab =L
SLRL=SIN{AL=OMEGAALJ-1}]1/RL1
SILR2=SIN{AL*CMEGAA{JI}/RLZ
RLI=RL1#*RAlJ-1}

RLZ2=RLZ2*RALJ)

CLKsL)=CIK L)+ . 5% [SKR2*SLR2+SKR1*SLR]1)=DS
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224
225
234

235

240

245
250

265
210

215

280

282

[F {NSYM) 500,230,215

K1=KRTERMF+K

CKR1=COS(CHKL ]} /RK]
CERZ2=COS({CMK2)/RK2
B{KL}=B(K1)-.5%(EPS1(J)*CKR2+EPS1{J-1)*CKR]1)*DS
RLi=1.

RLZ2=1.

DC 225 L=14NTERYM

AL=1

LI1=ATERN+L

RL1=RLLI*RALIJ-1)

RLZ=RL2*RA(J)
CLRI=COS({AL*OVMEGAA(J-1})}/RLL
CLRZ2=COS(AL*CVMEGAA(J})I/RLZ
CUKHLLY=CIKy L1 ) ~oS*¥{SKR2ACLR2+SKR1*LLR]1)*DS
II" TL=-K) 225,220,220

CUEB L1} =C(KLyL1)+o5%{CKR2*¥CLR2+CKRI¥CLR1I®DS
CONTINUE

CONTINUE

D0t 235 [=2,NCOL

Il=1-1

DC 235 J=l,11

Cl{I+d)=ClLJy1}

CALL MATINVIC (NCCL.A)

DG 240 I=1,NCCL

D{I)=GCe.

D 240 J=1l.,NCOL
D{I=D001+A(1,3)%B(J)

Ka=1

PHI{L1)=0.

PHTA=Q.

IF (KCRNY 500,255,245

TF INCOR({1}~-1) 255,250,255
vit{ld=0.

ViEL2=0.

KA=]

Kb=1

orh 10 282

VFLZ=1./R11)

IFf (KCRN) 50042704260
DEN=X(1)#%2+Y (]} %*%2

DC 265 I=1,KORN
AMP=({1lo-IXCOR{II*=XILI+YCOR{TIZY(L1))/CEN)¥* X2+
1 {{XCORUII*Y[L)~YCOR{II*XN {1} }/DEN)*%¥2 )2 (EXPON{I}/2.)
VELZ=VELZ *ANMP

EXPN=0.

RJd=l.

DC 280 J=1,NTERM

AJ=)

RJ=RJ%RI[1)
EXPN=EXPN+D{I)*CCSLAJ*OMEGA{L) /R
IF INSYM) 500,280,275

JI=NTERM+ J
EXPN=EXPN+D(JIIXSINCAJECOMEGA(L)Y/RY
CONTINUE

VELZ2=VELZ2*EXP{EXFN)

VEL(l)=VvEL2

12=1

D0 400 T=2,NPY
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Il=(-1
Td=f-12
SN=SINCALPHA(TIL))
CS=COS{ALPHAC(TILY))
Ul={X0TY=-X(IL) Y &CS+{Y{T}-Y{ILl)}*SN
ClL2=L1#%2
Cli=Cl2#%U1
Vi=(Y(I)=Y(TL1)Y®CS~=(X(T)-XLI1)}®SN
IF (TJ-1) 500,285,290
285 U2=(X(T+1)-X{T101)%CSe(Y(I+1)=-Y{I)))%SN
V=Y {I+1 Y=Y (1) I%CS—{X{TI+1)-X{11))®5SN
Gr 1C 235
280 UZ=(X{ILl=1)=X{L11l))%CS+{Y{ILl-1)-Y{I1))*%*SN
VZ=IYIT1-1)-YIIL}IRCS—4X{11-0)=-X{11))*SN
29% (C22=U2%%2
C21=C22%y2
DFN=ClI®C22-C12%C2]
AA=({v1#*C2¢~-V2¥(C12)/0EN
BRA=(v2%Clt-vi*C21)/DEN
U=C.
Ci3=Ca
DL=L1/10.
DE 367 J=2,11
G2=C3
U=L+DU
Ca={3.%AA*)+2.%2BB) %Y
V=1 AA®U+BR) #U%%2
DS=DUASCRT( 1. +.25%{ (2403 )%%2)
Xp=X{[1)+U*{S~V*5N
YE=Y{Tl}+URSN+V%CS
VELI=VEL?2
VELZ=1a/SCRT{XB*¥24YB%¥%2)
IF (KCRN) 500+335,300
300 Ik (Jd=11) 325,305,500
30% IF (1J-1) 5004+325,310
31C DO 320 K=1,KORN
It {(I-NCOR{K)) 320,315,320
315 Ka=-1i
Ku=K
GC TC 350
320 CONTINUE
If (KSYNM) 325,325,321
321 IF {I-NPT} 325,322,325
32?2 IF (NCOR{1)-1) 325,323,325
323 KA=-1
Kh=1
GO IC 350
3129 DEN=XB%%23+YHt%2
Di; 330 K=],.KORN
ANP={{l.~{XCOR(K)XXB+YCOR{K)*YB}/DEN)®%2+
1 {{XCCRIK)*YR-YCCRIK)I®XB)/DEN}**=2)*% [EXPON(K)/2.)
330 VELZ2=VELZ#*AMP
335 EXPN=0.
RK=1.
RU=SCRTIXR¥&x2+YR*%k2)
OFMEG=QATAN(YD,XB)
D06 345 K=] ,NTERM
AK=K
RK=RK4ARL
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[

349
345
354
355

3640

365
367

370
ars
38¢C
381
382

383
400

4C2

405

410
415

500

15

EXPN=EXPN+D (K} *CCS (AK*OMEG)/RK
[F (NSYM) 500,345,340

KI=NTERM+K
EXPR=EXPN+D (K1 )*SIN[AK#¥OMEG}/RK
CCNTINUE

VELZ=VEL2*¥EXP(EXPN)

IF (KA) 355,355,360
PHIA=PHIA+VELL1*DS5/ (1. +EXPGNI{KB)}

KA=1

GO 10 367
PHIA=PHIA+VEL2*DS/ (1. +EXPONIKE} )
Kaz(

GG TO 367
PHIA=PHIA+.5%{VEL2+VELL)*DS
CCANTINUE

PHI(LY=PHIiA

YIL(T)=VEL?Z

{2=1

I {KCRN} 500+400,370

DT 3BO K=1,KGRN

IF {T+1-NCORIK)) 380,375,380
[2=1-1

GO TC 4COQ

CCONTINUE

[F INSYM) 400,400,381

IF {I+1-NPT) 4004+382,400

IF (NCORI1}-1) 400,383,400
12=1-1

CONTINUE

AF=NSYM+1
PHIF=PHI(NPT}/(180.%AF)
WRTIE (6,402)
FIIRMAT(43HLICONMPUTATIONS FOR S AND ALPHA VERSUS THETAL)
WRITE (6,40%)

FCRMAT (6HE Xel2XIHY 412X1HR 4 1ZX1HS, 12X LHY 4 1OXSHALPHA,, BXSHOMEGA ,
i BXSHTHETA/LH }

D 410 I=14NPT
PHI(I)Y=PHII(1)/PHIF

ALPHALT =57.29578%ALPHALL)
UFEGALT Y =5T.295T8%0MEGA(])
WRITE (64415) XUIY Y UTYWREII,S(T),VELL{T},ALPHACT ) ,OMEGAL 1)} ,PHI(I)
FCRMATILIH ,9EL13.5)

CALL MAPPL

CALL MAPPYH

GC 1¢C 1

sICP

END

SUBRCUTINE MAPPIL

DIMEASICN ALPHA(LOO) yTHETAL100),S{100).NCOR{20),A12042),C121,2),
IDALPHALZO0) o SNNL{19) +SNN2TL9), CSNLTL9),CSN2UL19),TH{22)4D420,2)

COMNMON NPV NSYNM NTERM,KURN,NCCRYRC,DALPHA, THET A, A, ALPHA, S
DE 15 I=1.NPT

THETA{I)=.01745329*%THETALI)
ALPHALT)=.01745329%A1 PHALT)
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20

25
30
35

38
40

45

5¢

55
60

65

10

75

80
85

90
95

1C6G
105

11Q
115

IF (NSYV) S00420425
THETA{NPT+1}=6.283189-THETAINPT-1)
ALPHAINPT+1)=9.4267TT8~-ALPHA(NPT~-1)
SINPT+1)=2.%¥S{NPT)-S{NPT~1)

GO TG 40
THETA(NPT+1)=6.283185+THETA(L2)

If (NCCRIL)-1} 30,35,30
ALPHAINPT#+1)=6.,2B83185+ALPHA(Z)

G TC 38
ALPHA{NPT+1)=6,.283185+ALPHA(Z2)-CALPHALL)}
SINPT+1)=S{NPT)+5{2)

NTERM] =NTERM-]
CS2=COS{ALPHALLY~-THETAIL1))
SKZ2=SINIALPHALL)-THETAL{1))

D 45 T=1,NTERM]L

Al=1

ANG=ALPHA{L1)+AI®THETAL{Ll)

CSN2 LT ) =COSTANG)

SNAZ2(T)Y=SINIANG)

GO 90 1=]1.NTERV

D0 5C J=sl42
AlT+db=0.
I71=C

TA=(

IF (KORN} 500,80,55

IF (NCOR(LY-1) BO,60,80

IT=1
EXP1=3.141593/(3.141593+DALPHA{L) ]
SC=5(11

THC=THETA(1)
Arl=0S512)-S{1))#*EXP]
A12=1SL2)-S(11)%%2
Bl=VHETA{Z)-THETALL)

IF INSYN) 500465,70
A21==1S{1)+5(2))*%*EXP]
AZ2=[S{L1)+S(2))*¥2
BZ2=—THETA(Z2}-THETA{L)

GG TC 75
AZl=—(S(1I+SINPT)~S(NPT-1)Y%%EXPL
AZ2=(SUL)Y+SINPT)-SI{NPT-1) )#%%2
B2=—THETALL)-THETA(NPT)I+THETAINPT~1)
DEN=ALL%A22-Al2%A21
Cl={A22%B1-A12%B2)/DEN
CZ=(A11%B2-A21 %81} /DEN

B3 2CQ [=2+NPT

IF (17) 5C0,90.85

IT=0C

GG TC 120

IF (KORN) 500.110495

DL 165 J=1,KORN

IF (NCOR(J)}-I) 105,1004105

I1¥=1
EXP1=3.1415937(3.141593«DALPHALY))
GC 7C 115

CONTINUE

EXPl=1.

All=(S{TI+1)}-S(I})I*%EXP]
ALZ2=(SII+1)~S{I))*%2
B1=THETAL(I+1}-THETAL(I)
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124
125
130
135

140

L45
153
155

160

165

AZ2l==(S(1)~-5{1-1))**CXPl
AZ2:0STIT)1-5(1=1))%x%2
B2=THETA([-1)-THETA(I)
Se=s{1)

THO=THETAIIL)
DEN=ALL#AZ2-Al2%A2]
Cl=(A22%B1-A12%82)}/DEN
CZ2=(Al1%*B2-A21%B1}/DEN

1AB=0

IF {(1A) 500,130,125

1a=C

[AaB=1

G 10 160

IF (KCRN) 500,150,135

DO 149 J=1.KCRN

IF (NCOR(CJ}=~I-1) 14541404145
Ta=]

ALZ=ALPHA(L+1)-DALPHALJ)

GC T4 155

CONTINUE

ALZ2=ALPHA(L+]1)

S1=5111)

ALC=ALPHALL)

All=S{I+1)-5(1)

AlZ2=A11%%2

Bl=ALZ=-ALPHA(I)
A21=S5(1-1)~-5(1)

A22=A2]1 %%/
B2=ALPHA{I-1)-ALPHA(I}
DEN=AL1*A22-A12%A21
Ci={A22%B]1~-AL2%B2) FDEN
Ca={A11%B2~-A21%R1)/0DEN
ALZ=ALPHAI(I-1]

TH2=THETA(I-1)

SA=S(I-1)
DSs=(S(1)~-S1I-1))/10.

DO 165 J=2,1%11

TH1=TH2

SA=SA+DS
TH2=THO+SIGN(CL 4 SA-SO)} *ABS (SA~-SQ)**EXPL+L 2% (SA-50)%%2
ALZ=ALO+C 3% (SA-SLY+C4%(SA-5S1}¥%2
SANL=5N2

£S1=CSs2

ANGZAL2~-TH2

SN2=51N{ANG)

CS52=CCS5{ANG)
AlLs1)=A11,1)+(SN2+4SNLI*DSS2.
All,2)Y=A01,42)+{CS2+CS1Y2DS/2.
Kl=1

PO 165 K=1.NTLCRM]

K1=Ki+1

AK=K

ANG=AL2+AK*THZ2
SNALLK)=SKN2(K)
CSKNI(KY=CSNZ2(K)
SNNZLK)=SIN{ANG)
CSNZIX)=CCS{ANG)

AlKYL L) =A{KL,1)+(SNN2IK)+SNNY{K)}*DS/2.
A{KLl42)=AIKL,2)~-(CS5N2{K)}+CSN1(K)}*DS/2.
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175
L80
200

220

225

2331
235

245

255
260
265
2190

172

fF (IAB) 500,180,170
ANG=ALPHA{T+1)-THETA(I+1}

C52=COS5(ANG)

SN2=SINLANG)}

DL 179 K=1,NTERM]

AK=K
ANG=ALPHALI+]1)+AK*THETALLI+])

CSN2IK}=COS (ANG)
SKNZ2(K)Y=SIN{ANG)

CCNIINUE

CONTINUE

IF (NSYM)} 500,215+225
C=A{l,1)/73.141593
A{l.1)=C.

AtlyZ,':O-
PIRC=3.,141593*R(

DG 220 [=24NTERM
Alls1)=A01,1)/PIRC
All,2)=0,

G TG 235
RC=Al1,1)/6.2B3185
All,1)=G.

All+2)=0,.
PIRC=6.2683185%RC

DD 230 T1=2,NTER¥

DY 230 J=1.2

ALl J)=A([,J)/PIRC

DI 240 [=1L+NTERW¥

DO 240 J=1,2

C{l,J)=0.

ClI+l,.d¥=u.

C(1v1]=1o

Ctl,21=0C,

IFf {KCRN} S500.,2854+245

Br 280 [=14KCRN

IF (NCOR{1)) 5004+280,250
NSYM]=1

IF (NSYVM) 5004+255+270

IF (NCORII}~-1) 500,270,260
IF (NCORI(ID-NPT) 265,270,500
NSYML=2

TA=NCOR(1}

ANG=THETA(1A)
SN==SIN{ANG)

CS=COS(ANG)

DC 215 J=l4NSYML

Sh=—S5N
EXPI=DALPHA(I}/3.141593
ClEFR=].

CCEFI=0.

DC 172 ¥X=l.NTERWV

OC 172 L=1.2
CIK+14L)=00K,L}

DC 275 K=14NTERNM

A¥=K

CCEFL=CCEFR
COEFR=-EXPI*{COEF1#LS-COEFI*SN)/AK
CCEFI=—EXPI*(COEFI*CS+COEF1#SN)/AK
EXPI=EXPl-1l.
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N1=KTERM+]
NAzN1-K
DO 271% N=K NTERWM
Nl1=sKi-1
DIN1:1)=D{N1+1)}+CINA42)*COEFR-CI(NA42)*COEF]
DINL1+2)=D{NL1+2)+CI{NAy1)*COEFI+C{NA, 2)¥COEFR
215 NA=NA-1
280 CECNTINUE
285 All,.1)=-D(1,1}
A{ls2t==011,2)
o0 290 T=22,NTERM
AlL+1)=A01,41)~C{I,1)
AlL+2 =A1142)=Dt([,42)
00 290 J=2,41
Jl=[-d+1
AT 21)=A0Ta0)=N{J=-1,1)%AL0IL,104D(J~1,2)%A0J1,2)
290 A(T.2)=A{T1,42)-D1J=-1,41)%A1J1,2)-01J-1,2}*%A0t]1,1})
WRITE 16,295)
29% FORPAT(42H1SECTICN MAPPING BY NUMERICAL INTEGRATION,./49HO
1 X Y THETA)
RFAD {5:305) XY, ,THO,THF,DTH
309 FLRMATISFO.2)
OTH=.01745329%DTH
THC=o Q1 745329%THO
THF=,01 145329%THF
NSEG=]
THINSEG)=THO
IF (KCRN) 5004335,310
310 DC 330 I=1,KO0ORN
IF (NCOR(1)) 500,330,315
315 TA=NCOR(I)
IF {THETAL{TA)-THO)Y 330,500,320
320 If (THF-THETA(TA)}) 335,500,325
325 NSEG=NSEG+}
THINSEG)Y=THETA{TA)
330 CCNTINUE
IF (INSYM) 5G04331,335
331 DC 337 1=1,KORN
IF INCOR{T)-1) 337,337,332
332 If (NCORCI)-NPT) 333,337,500
333 TA=NCORLI)Y
THT=6.283185-THETA(TA)
IF (THY-THO) 337.:500.+334
334 IF {(THF-THT} 335,500,3356
334 NSEG=NSEG+]
THINSEG)}=THT
331 CONTENUE
335 TH{(NSEG+1)=THF
TH2=THO
peElL = 10,
IF (NSEG-1) 500,350,340
347 DC 345 1=1,N3EG
DELLI=1TH{I[+1)~TH{I)) /3.
345 DFL=AMIN]IDEL,DELL}
DEL=AMINL(DEL+.0349066)
350 DC 385 I=]4NSEG
NPSEG=(THI(I+1}~THI(I) }/LTH
NPSEG=NPSEG+1
PSEG=NPSEG
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Al=C.
IF (1-1) 500,360,355
355 Al=Al+l.
36C IF (1-NSEG) 365,370,500
36h  Al=Al+l.
370 DI=(THU{I+1}-TH(TI)-AI*DEL}/PSEG
OC 385 J=1.NPSEG
THi=TH2
TH2=TH1+D1
CALL MAPPITHL sTHZ231a9la s XYyl
WRITE {(6,39C) X+YeTHZ
IF {(J~NPSEG) 385,375,500
375 IF {1-NSEG) 380,385,500
380 THlI=TH2
THZ2=TH1+2.*DEL
CALL MAPP{THL sTH231lasleeX,Y3)
WRITE (64390) XY TH2
385 CONTINUE
390 FORMATILH +3E17.5)
500 RETLRN
EAD

SUBROUTINE MAPP(TH1+THZ+R1,R2+X,Y,KOODE)

DEMENSICN NCGR{20},DALPHA(20),THEYA{100},A(20,2),RA{11), THALLL),
TAMUTLIL) »ANULLL)

COMPMON NPT, NSYM,NTERM,KORN,NCOR,RC, DALPHA, THETA, A

IFf {KGDE-2) 5420,35

5 DC 1G 1=1,11

10 RA{T)}=R1
DTH={TH2-TH1)/10.
THA(1)=TH1
pe 15 1=1,10

15 THA(T+Y)=THA{I}+CTH
GO TG 45

20 DO 25 1=1,11

25 THA(I)=TH1
RA{1l=R1
DR={R2-R1)/10.
oc 30 1=1,10

30 RA(I+1)=RA(T)+DR
GC L 45

15 C=2.%SIN(ITH2~-THL)/4.}
DEL={THlI-TH2-6.283185})/4.
DOEL=~DEL/S.
THC={TH1+TH2)} /2.
RA(ll)=1.
RA(11)=1.
THA{1)}=TH]
THA(}1)Y=THZ
DC 4C 1=2,10
DEL=DEL+DLDEL
CO=CCS(DEL]}
SB=SIN(CEL)
RAIT}=SQRT(1.+C(C+2.%L0))
ANG=C®SL/ (1l .+C*CC)

118



40

50
95

1:10]
&5
10
75

80
B5
9C

125
500

THALT }=THO+ATANI ANG)

DC 100 K=1,11

AML(K}I=RC

ANL{K) =0,

IF [KCRK) 500,90,50

Dt 45 1=1,K{RN

YF {(NCOR(I)) 500,85,55
NSYML=1

IF INSY¥) 5004360,75

[F INCCRI{I)=1) 500,75,65
IF (NCORUI}-NPTY 70,755,500
NSYN] =2

Ia=hCOR(I)

Al==-1.
EXPN=DALPHA(I)/6.283185
Dt B0 J=1,NSYM]

Al=-Al
DANG=AT*THETA{TA)-THA(K)
SN=SIN{DANG)
CS5=COS{DANG)
Sh==-SN/RA{K)
CS=1.~-CS/RA(K)
R=ICS5*32+S5N*32 ) ¥ 2EXPN
ANG=2 , #EXPN*ATANISN/CS)
SN=R*SINTANG)
CS=R*=COS{ANG)

AMI=AMU(K])

AMUIK) =AML *CS—ANUTK) *SN
ANL{K) =AMIRSN+ANULK)2CS
CONTINUE
RU=RA(K)*COS{THA(K)})
ATF=RA(K)*SINITHATK)})
RN=l+/RA{K)

AM=z-1,

DC 65 I=1,NTERNM
RN=RN¥RA (K]

AN=AN+10

ANGN=ANSTHA (K)
C5=COS{ANGN}/RK
SN=SIN(ANGN) /RN
RE=RE+A(I 41 }¥CS+A(T,2)%*5N
ATM=ATM+AL] 2} *#CS5-A(T,1)%5N
AVM1=AMU{K)}

AML (K} =AM1#RE-ANU(K]) *#ATM
ANUIK)=AMI*AIM+ANU(K) *#RE
I¥ tKCDFE-2) 105,115.10%
00 11C I=1,10
DIH=(THA(I+1)-THA{T)) /2.
X=X—{ANLII+1Y+ANULT) }*DTH
Y=Y+ {AMU([+1)+AMU(T) ) *DTH
IF (KODE~1) 500,500,120
Or 125 1=1,10
DR=IRAITI+1)-RA{I))/2.

X=X+{AMUII+1)/RA(T+] }+AMULTI/RALT)I*DR
Y=Y+{ANU{T+1}/RA(I+1)}+ANULI)}/RA(T)I*DR

RC TLRN
END
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[ ]

1C
i5
20
25

35
40

45

50

60
65

10
71
76

13
14

SLBRCUTINE MAPPS

DIMENSICN NCOR(201 ¢DALPHALZ20) ¢ THETALL00),A120,2), ALPHALLCO),

1S{1C0)4B(21,42)

CCMMON NPTNSYM,NTERM,KORN,NCOR,RC,DALPHA, THETA,A,ALPHA, S

IF (NSYNM) 500,512

DI 10 I=1,NTERM
AlT42)=0.

IF {(KORN) 500460,15

DC 55 I=1,KCRN

TF (NCORUI})} 500,55,20
Ji=1

IF {(NSYFM) 500+25,40

IF (NCCR{TI)-1) 30,40,30
IF (NCCRII)-NPT} 35,400,435
J1=2
THET=THETAINCCR({1}]
CS=COSITHET)
SN==-SIN{THET)

DE 50 J=1.J1

SN=-35N

Bitl.,L1=1.

B{1,2)=0a.

D 45 K=1,NTERM

DC 45 L=1,2
BIK#1sL)=A(K,L)

RE=1le

Ar=C0,.

CrEF=l.

DO 90 K=1,NTERK

AK=K
CCEF=-CCFF#*{DALPHAII}/3.141593-AK+]1.)/AK
RF1=RE

RE=REL*CS—-AMESN

T AN=REL*SN+AM®CS

DC 50 L=K,NTER®

LK=L-K+1

AL L) =A{L L)Y+ CCEF*[RE*BILK, 1 )-AM*B(LK,2))
ACL 2)=ALL2)+COEFE(REXB LK, 2)+AM¥B{LK,1))
CUNTINUE

WRITE (&£,605) RC

FCRMAT(2THLRADIUS COF MAPPING CIRCLE =4,E13.5)
NTERML=NTERM~1

fAk=RC

DO 70 I=1.NTERNML

[1=1+1

RN=RN*RC

Al=1

A{T1)=-A(ILs1)*RN/AT
A(I'2)=‘ﬂ(!1p2)*RN/AI

WRITE (6,71)

FCRMAT(2BHOREAL PARTS OF COEFFICIENTS.)
WRITE (&6,75) {(A(T,1),0I=1,NTERML)

IF (NSYM) 500,76,74

D& 73 1=1,NTERMIL

All,2)=0.

WRITE (6472}
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72 FCRMAT{3I3HOIMAGINARY PARTS DF COEFFICIENTS.)
KRITE (6475) (AlT42)9I=14NTERM]L}
75 FCRFMATILIHG,,TEYI3.5)
READ (5,95) N,DTH,THO
95 FLCRMAT(13,2F6.2)
DIH=,01745329%DTH
THC=.01745329%THQ
TH=THO=-DTH
WRITE (64%8)
96 FCRFAT{4LHY MAPPING OF SECTICON WITH CORMERS REMDVEL.)
WRITE (6,100)
104 FOCRMATIZ20H X Y)
DO 110 [=14N
TH=TH+DTHK
CS5=CCSUTH)
SH=SIN(TH)
X=R{*CS
¥Y=RC*¥SN
Ry=1.
DG 165 J=14NTERM]
Ad=J
THR=AJ*TH
CS=COS{THNY
SK=SIN{THN)
RN=RNFRL
X=X+{AtJy1)5CS+A(S,2)%SN)} /RN
109 Y=Y+(A(J 21 20S~ACS L I¥SNI/RN
11C WRITE (6,115) X,¥Y
115 FCRMAT(1IH 42F12.5)
500 RETURN
END

SUBRCUTINE MATINVIA,N,B)
DINMENSICN A{50,50),£(50,5G),L(50,50)

oo 1 [‘-'I’N
DC 1 J=1,N
1 B{l,J)=0.0
D 2 I=1,N
BlI«I)=1.0
D 2 J=14N
2 CldeId=A{Uy1)
BC € T=1,A\
TFICIT 411124450424
50 DO 21 TZ=1.N
TFICITIZ,41))22,421422
21 CCNTINUE
WRITE(E,100)
100 FURMAT(1SHOMATRIX IS SINGULAR)
GO 1C 7
22 DC 23 ¥=]1,N
CUL M =C{LyMI+C(IZ M)
23 BilF)¥=B({1,4M)+BI1Z,M)
24 TC=ClI,41)
OC 3 J=14N
ClT4J)1=C(I,J}/TC
3 BIL,J)=BlE,0}/7C

121



pe 6 Kzlph
IFIKk-1)4,6.+4
4 T=C(K,1)
DG 5 L=14N
CIK yL)=ClKyL¥~T%C(I,L)
BUK L) =BIK,L}-T*B{[,L)
CONTINUE
RETURN
T STCP
END

o N

FUNCTION QATAN{SN,CS)

IF (SN) 45,20,5
5 IF {C5} 10,115,860
10 QATAN=3.141593+ATAN(SN/CS)
GC 10 1C0
15 QATAN=1.570796
Ge 1C 100
20 I+ (CS)Y 25,30,40
25 CATAN=3.141593
GC TC lo0
30 WRITE (6,35)
35 FORMAT (30HOANGLE UNDEFINED. SET TO ZERG.)
40 QATAN=Q.
GC TC 1CQ0
45 If [CS) 10450455
5Q QATAN=4,712389
GL TC 1C0
55 QATAN=6.2831685+ATAN{ISN/CS )
G TC 100
60 QATAN=ATANISN/LCS)
100 RETLRN
END
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aEaluleEaEalsNalel

101

1c2

1113

1114

601

60
a1l

602

PRCGRAM TRANS{INPUT,CUTPUT,TAPES=INPUT,TAPEG=DUTPUT,TAPE2)

6% MATN PRCGRAM FOR COMBINED STRIP METHOD AND 30MODIFICATION *%%

IGECH = 1 FOR WING, IGEOM = 2 FOR BODY

MCDIN = O SKIP 3D MODIFICATION, MODIN = 1 PERFORM 3D MODIFICATION

JSTCP=NUMHBER OF ITERATIONS, TDIS=NUMBER OF LAYERS IN 3D MODIFICAT
JPOWER=0, POWER EFFECT; JPOWER=1, POWER 0ON.

IRECT=0, RECTANGULAR WING; TRECT=1, NONRECTANGULAR WING OR BO
IFCRCE=0,NO FGRCE/MOMENT COMPUTED IFDRLE=1,FORCE/MOMENT COMPUTED

DIMENSICN UJHKI(164+40) 4VIHK(16940) s WIHK (16,400, APART{2C)yRBHK (74156}
sAHK(12¢16) 9 VXX (19169403 9VYY(1y16+40),0W130)

DIMENSICN BHK{12,16)

DIMENSICN CP{16&440)40RDX(16)

DIMENSICN X[44184%40)2Y(4518:40),704¢18,4014571(40,20),C5(40,2C)

DIMENSICN DX{16440),DY(i6,40),02(16.:,40)4AC(150)

COCMPON/BLKHKL/NSTAZN NFOUR,NSYM, ITAPE
COMPON/BLKHKZ ZUJHK 3 VIHK s WIHK ¢ APART ¢ RBHK 4 2
COCMMCN/BLKHK3/ST L5
COMMCN/BLKHKS4/DRDX
CONMMCN/BLKHKS/UJ, ALPHA, BETA
COMMUEN/BLEHKSG/CP

COMMCN/BLKHKT X

CCMMCN/BLKHKRE/Y

CCMMCN/BLKH9/DZ

COPFCON/BLKH10/DX

COMMON/BLKHLL /DY

COMMON/BLKHL3 /VXX

COMMEN/BLKHL4 /VYY

COMMON/BLKHLS /NDOWN, IREPET
COMMON/BLKHLGE /DWW

ITAPE = 2

CONTINUE

RFAD {5,501) IGECM,MODIN,JSTOP,1DIS,JPOWER, IRECT, IFORCE
IF [EOF(5)) 999,102

CONTINUE

DO 1113 K=1,16

DO 1113 J=1,40

VXX(1,K,J}=0.0

VYY[1|K|J)=0-0

D0 1114 K=1,30

DhiK}=0.0

NECWN=0

IREPET=1

I {IGECM-2) 1,2,201

WRITE (64+601)

FORMAT [1HL 452X, L6HWING COMPUTATION/SIX, 20H**kkkkkhkk kS X kb Rk e%)
WRITE (64,610}

IF (FCBIN) 60,60,61

WRITE {6,611}

FCRMAT (lHO:15X,22H1. SEGMENT METHOD ONLY)

Go TO 3

WRI1TE (6,602}

FORMAT (1H1,52X416HBODY COMPUTATION/S1X, 20Hkkkkkkbkdk ks krdhhhiE)
WRITE {6,610)
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&61C

61
612

3

62
613

&4
614

65
615
T0
&l6

617

628

1131

1132
1133

618

620
621
622

12

15

FORFAT {1HO+///10% 434HOPTIONS SPECIFIED FOR THIS RUN ARE/)

IF (NFCDIN) 60,560,461

WRITE {6,612) JSTOP

FORMAT (1HO,15X,36H1. THREE DIMENS IONAL MODIFICATION OF,13,3X,
19HITERATICN)

RFAD (545021 NSTA Ny NFOUR NSYM MTHET,UJ 4 ALPHA,BETA

IF (JPOWER) 62,464,465

WRITE (6,613)

FCR¥MAT (1HO,15X,26H2. POCWER OFF CONFIGURATION}

GC IC 70

WRITE (6,614}

FORMAT (1HO,15X,20H2. POWER EFFECT ONLY)

GC 10 10

WRITE (6,4615)

FORMAT {EHO,15X,25H2. POWER ON CONFIGURATION)

WRITE {64616)

FORMAT {1HO+/7753X ¢ L4H¥RINPUT DATA*%)

WRITE (63561 7INSTAYNGNFOUR NSYM,MTHET, TRECT 4 IFORCE LiJs ALPHA,BETA
FCRMAT {1HO oS X o5HNSTA= o[ 393X 2HN= 135 3X 6HNFOURT, 1343Xy5HNSYM=,]12,
1 IXs6HMTHET =4 13 43X y6HIRECT =, 13, 3X, THIFORCE=413,/6X,3HUJ=,F7
2 .3.3)(.6HALPHA=,FB.3.3K.5HBETA=,F8.3!

D0 20 I=1,NSTA

RFAD (5,503) APART(I),RBHK(1,1),DRDX(1)

WRITE (6,028) APARTII)RBHK(l,I),DRDX(I}

FCR¥AT (1RO 12X ;BHSTATION=,F12.6453Xs THRADIUS=4F12. 643Xy 6HCERL V=,
1 Fl2.6}"

BFAB= ABSI{BETA}

IF (NSYPM)} 202,546

IF (BEAB-QO.0GL) 1131,1131,1132

NTHET= MTHET+1

GO TG 1133

NTHET= MTHET

READ {(5.:505) (AHK{J.1)yJd=1,N}

WRITE lblbl'el I"AHK‘J‘I" J=1'N,

FCRMAT(1HG 42X 36HGECOMETRY COEFFICIENT #A* FOR STATION,13/(6E15.56}1
GC TC 8

NTHET = MTHET

READ (5,4505) (AHK(J,J)sBHK(Js1)y J=1yN}

WRITE (64619) T.(AHKIJ,1)BHK{J,T}yJ=]1,N)

FCRMAT (1HO2X 44 LHGECMETRY COEFFICIENTS =A% ,#R* FOR STATIDON,13/
1 (bE15.61)) '

If (JPOWER) 12411,11

READ (5,505) (UJHKITI+d)4J=1,NTHET)

RFAD {54505} (VJHK(14J)}sJ=1,NTHET)

READ 15,505) (WJHK(1,J)yJ=1,NTHET)

WRITE (64620) T4 (UIHK(IyJ)eJ=1+NTHET)

WRITE {64621) 1 4{VJIHK{I+J)y =14 NTHET)

WRITE (64622) I+ {WJSHK{I4J)sJd=14NTHET)

FORMAT (LHD 42X ¢33HVELCCITY COMPONENT *U* AT STATION,I3/(EEL15.5))
FORMAT {1HO+2X33HVELOCLITY COMPONENT *V* AT STATION,I3/(6E15.5))
FCRFAT (1HO 42X 33HVELOCITY COMPONENY #*W¥* AT STATION,I3/(6EL1S5.5))
GO TG 20

DO 15 J=1,NTHET

UJHKIT 4 J) = D
VIHKIT o J) = 0.
WIHK([4J) = 0.
CCNTINUE

DC 900 K=1,NSTA
RBHKIZ2+K)= 1.5%RBHK(1l+K)
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DT 905 I=3,1I01S
Al=1-2
AT=AI¥RBHKI{Ll,K)
905 RBHKII K}=RBHK{2,K)1+A]
900 CCNTINUE
IF {NFOUR-N) 800,805,805
800 NFCL= N
GO TQ 801
805 NFCU= NFQUR
BCl IF (NSYM) 202+841,842
B4l IF (BEAB-0.001) 837,837,842
B3IT MT=2%MTHET
GO TC 843
842 MT=MTHET
843 ANz=6.283185/FLOAT(MT)
OC 835 [=1,MT
Af=1-1
AC(I)=AT#*AN
ANG=AN%AL
STL{L,1=STIN{ANG)
CS{T+1)=CUS(ANG}
SI{I42)=2.0%ST{T,13%CS5(1,1)
835 CSU142)21.,0-2.0%ST[1,1)%x2
NTESTI=NFCU/2
NTESTZ2=(NFOU+1)/2
IF (NTESTL1-NTEST2) 1220,1221,1220
1220 NCCFl= NFCU-1
NCCF2= NFOU
GC TO 1222
1221 NCCFl= NFQU
NCCF2= NFOU-1
1222 D0 840 J=4,NCCF],2
DIt 840 T=1,MT
STUT o d)=SEtL42) %0501 4 Jd-2)+CS{1,2)*ST(144-2)
B40 CSUT9Jd)=CSOLe2)%0SH{T4J~2)-SIt142)%SI(1,J-2)
DO 845 J=3,NCOF2,2
DC 845 I=1,MT
STUTI4J)=ST{I 11 %CS(T,J-1)+CS{I,1}*S51{T,J-1)
845 CS{Iod1=CS{T 1) *CSC{YJ-1)-SEIT,10%SI{1,4-1)
IF (IGEQM-2) B10,815,201
810 IF (IRECT) 201,846,847
B4H NNN=]
GC TC 848
847 NNK=NSTA
848 D' B50 K=1,NNN
DT 850 I=1,IDIS
DO B50 J=1,MTHET
AA=RBHK (T +K)*LAHKI L, K}*CS51(Jel) #BHK(1.K)}*SI{J, 1)) +AHK[2Z2.K)
BR=RBHK ([ ;K) k[ AHK{1 ,K)®ST(J,1) +BHK[1,K)*(LS{J, 1))} +BHK(2,K)
REV=1.0
DT 855 NS=3,N
LL=NS§-2
REV=REV/RBHK{I+K]}
AA=AA +REVEIAHKINS JKI*CSTJpLL) #BHKINS,K)}®SI(J,LL))
855 BRA=BE +REVE{-AHKINS ,K}*ST{J,LL) +BHKINS K)*CS5tJ,LL))
XiI sKeJd)=AA
B30 Z({1,K,J)=88
DO 860 K=14NKN
BC 860 J=1,NMTHET
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865

860

857

858
856
710

715

8i5
920

925
930

940

935

AD=RBHK (1 K} *(-AHK(1,K}*S1(Js1) +BHK{1,K)*CS5¢{J,1)}
BU=RBHK{1 4K) X (AHK{LK)#CS5{Jp 1) -BHK{1,K1%51(Js11)
REv=1.0

DG B6S ND=3,N

Ch=ND-2

REV=REV/RBHKI1,K)

AD=AD +REV¥{~-AHK(ND,KI*5I1(JyND-2) +BHK(ND,K)*(S{J,ND-2}1}*CD
BD=BD ~REV¥{ AHKI[ND,K}*CS{J,NC-2) #BHK(NDC,K}*SI(J,ND-2)}*CD
DX{KJ)=AD

DZ{K,J)=BD

IF (NMNN.NE.1) GC TO 856

DG 857 K=2,NSTA

DC 857 1=1,I01S

DC 857 J=1+¥THET

X1 ,K,J’=x‘1111~”

Z(I|K'J1=Z(I'1'J)

DC H58 K=2.NSTA

OC 858 J=1,MTHET

DX{KyJY=DX(1,J}

DI{Kyd)=D2i1l,sJ)

NSTAZ=(

NSTAl=NSTAZ2+1

NSTAZ=MINOINSTAINSTAZ+4)

WRITE (6,702}

WRITE (64703) {(APART(I),I=NSTAL,NSTA2)
KRITE [6,4704)

ATHET= 360.0/FLOAT{MTHET)

DC 715 J=1,MTHET

TEJ=J-1

THEE=TE J*ATHET

WRITE (6,705) THEE»(X{1eTpJdYeZilaled)s I=NSTAL,NSTA2}
IF INSTA-NSTA2)1041,1041,710

1F {BEAB-0,001) 920,920,925

ITH= MTHET+1

GO ¥C 930

ITH= L+MTHET/2

DO 935 K=1,NSTA

DC 935 1=1,IDYS

DO 9395 J=1,1ITH

AA=~RAHK ([ 4K)#CS(Jel) —-AHK(24K)

BB= RBHEK{I,K}*5[1{J,1}

REV=1.0

DO 940 NS=3,N

Li=N5-2

REV=REV/RBHK{] 4K)

AA=AA —REVEAHK{NSK)*({S(JyLL)

BRE=BB —-REV¥AHKINS,X)3*S5I(J,LL)
Y(I.,X.,J)=BB

21T, J)=AA

DG 945 K=]1,NSTA

DC 945 J=1,ITH

AD= RBHK{l,K)*51{J,1)

BD= RBHKI{1,K)#*CS5{J,1)

RE¥=1.0 '

DI 950 ND=3,N

CD=nD-2

LL=ND-2

REV=REV/RBHKI[],K)

AN=AD +REV*AHKINDG,K)®S5T(J,LL)*LCD
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950

945

955

956

720

125
104l

1115
1125

1120
50

22

23
30

1c0l
1015
40

1020
1025

24
1030
1024

38

1035

BD=HD -REV¥AHK(NG,K)*CS(J,LL}*CD
DY(K,J)=BD

DZIK,J)=AD

ITTHM=TTH-1

DI: 955 K=1,NSTA

DG 955 [=1,IDIS

DO 9595 J=2,1THM

LL=2%[ THM+2-J

YOI sKpLL)==Y{I,K,J}

LI +KyLl)= ZUT14KsJ)

DG 856 K=1,NSTA

DO 956 J=2,1THM

LL=2%ITHM+2-

DY{ KelL)= DY{ K,J)

DIL KeLt)=-D2( K,d)

NSTAZ2=0

NSTAL=NSTAZ+]
NSTAZ=MINO{NSTA,NSTAZ+4)

WRITE (&,706)

WRITE (64707) (APARTII),I=NSTAL,NSTA2)}
WRITE (6,708)

MIHET2=2%{]1TH-1)

ATHET= 360.0/FLCAT{MTHET2}

DD 725 J=]1MTRHETZ2

TEJ=J-1

THEE= TEJ®ATHET

WRITE (64705) THEEw(Y(lelsJleZ{ly1sd)yI=NSTAL,NSTAZ)
IF (NSTA-NSTA2) 1041,1041.,720
KUUNT=0

IF INSYM) 202,1115,1120

IF (BEAB-0.001) 1125,1125,1120
NTH= 2%VFTHET

GO TU 50

NTH= MTHET

CALL STRIP [IGEQM,KOUNT,MTHET,JPOWER, AC)
IF {(MCDIN) 90,90.,22

IF (IGECM-2) 23,24,201

IF {(KCUNT-1}) 30,40,90

KOUNT = KCUNT+1

NTH = MTHET

READ {5,501) NBOCL,MEXIT

GC TO LQ15

KOUNT=1

TREPET=IREPET+1

CALL WMDD3 (NTH,IDISNBOODL,MEXIT)
GC 1C 50

KOUNT = KOUNT+1

iF (IREPET -1) 1020.,1020,1025
READ (5,501) MOD

CALL DNWASH (NTH.MOD)

GC YC S0

IF {IREPET-1} 1024,1024,1030

IF (IREPET~JSTOP) 1035,1035,1002
IF (KOUNT) 38,38,90

KCUNT = KOUNT+1

READ {5,501) NJET

READ (545041} APART(NSTA+1)
CALL BMCD3 (NTH.IDIS,NJET)
[REPET=IREPET+1
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GC 10 50
90 IF {IREPET-JSTOP) 1001,1002,1003
1002 IF (IGEOM-2) 1305,1310,201
1305 WRITE {6,731) TDIS,NBOCL,MEXIT,MOD
60 10 1003
1310 WRITE (6,732) IDISNJET,APART{NSTA+1)
1003 IF {(IFORCE.EQ.O0) GO TOD 101
IF {IGEOM-2) 91,922,201
91 READ (54506) NDJ+DIAMXCG,2CG,CHORD
WRITE {6+734) MNDJyDIAMyXCGyZCGy CHORD
CALL FMWING {NTH,IRECT,NDJ,DIAMyXCG42ZCG,y CHORDY
WRITE (6.+660)
660 FORMAT (LHO /45X ,29H**#END OF WING COMPUTATION®**)
GO 1C 101
92 READ (5,506) NDJ,ODIAM,XCG,CHORD
READ (5+504) YTIPLZTIP,APART{NSTA+1),YTAIL,2ZTAIL
IERC = 0.
WRITE (6,733) NDJ,DIAM;XCG,CHORD. ZERD YT IP, 2T IP, APARTINSTA#]Y,
1 YTAIL,ZTAIL
CALL FMBODY (NTH,YTIP+ZTIP,YTAIL.ZTAILyNDJ,DIAM,XCG,CHCRD}
WRITE (6,661}
661 FORMAT (L1HO,/45X29H*¥**END OF 80ODY COMPUTATION®**%)
GO 1Cc 101
201 WRITE {6,603)
603 FORKMAT (1HO+31H**ERROR [N GEOMETRY INDICATOR®*)
sTCP
202 WRITE (6,604)
604 FORMAY (1HO,31H**ERRCR IN SYMMETRY INDICATOR®*)
999 S7TcCP
501 FORMAT {1216)
502 FCRFAT (5134+4F7.3)
503 FORMAT (3F12.6)
504 FORMAT (6F12.6)
505 FCRMAT {6E12.5)

506 FORMAT ([3,4F12.6)

702 FORMAT ([1H],42X23HTABLE FOR WING GEQMETRY)

703 FORMAT (1HO46Xy4(LOX,2HY=4F6.2,10X1})

TO04 FORMAT (1H 46H THETA,4(5X4HX(I}10X4HZ{T115X))

T35 FORMAT {1H ,F6.2,48E14.5)

706 FORMAT (1H1,38X2THTABLE FOR FUSELAGE GECMETRY)

TOT FORMAT {1HO 46X 44 (10X 42HX=,F6.2410X1})

T08 FORMAT (1H 46H THETA,4{5X4HY(1)10X4HZLTI5X))

731 FORMAT (1H] .54HPARAMETERS USED IN 3D MODIFICATION OF WING COMPUTAT
LION3XSHIDIS=5[3 41 X6HNBOOL =913 LX6HMEXIT=y 13y L X4HNOD=,13)

732 FORMAT {1H1,58HPARAMETERS USED IN 3D MOCIFICATION OF FUSELAGE COMP
LUTATIONy3XSHIDIS=y I3 4 IXSHNJET =y I3 IX19HLENGTH OF FUSELAGE=,F8.3}

733 FOREAT (LHQ4THPARAMETERS USED IN FORCE AND MOMENT COMPUTATION,
113,16HJET OF DIAMETER=4FB.34y6H XCG=4FB.3y19H REFERENCE LENGTH=,
2FBe3y/ SX23HCOORDINATES OF NOSE X=yFB8.3,4H Y=,F8,344H 1I=,F8.3,
3254 COCRDINATES OF TAIL X=yFBu.3y4H Y=4FB.344H 1I=,F8.3)

734 FCRMAT (1HO,3BHPARAMETERS [N FORCE/MOMENT COMPUTATION,.13,16HJEY OF
1 CIAMETER=yFB.346H XCG=yF8.396H ICG=yFBa3919H REFERENCE LENGTH=
2'[‘8.3,

END

SUBROUTINE THEQ{NM,MA,NU,AC,PT,A,B}

DIMENSICON NUIL)ACCE)PT{L},AIL1,B11)
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DIMENSICN CZ{37)+SZU3T)+CALT)»SA(T)4VAR(10),ARG(10),CONC10)

MI=NMASL

MAE=MA+4

DO 59 M=M7,MAE
IFLACIMI-AC(M=1)) 58459,59

58 ACIMI=AC{M)+6.283184

59 CCNTINUE
D0 110 N=z=1,NM
FN=FLOQATIN)
DEL=C.17453288/FN
ANGC=AC{1)-DEL
DC 20 I=1,18
ANGC=ANGO+DEL
CZ{I)=COS{FN®ANGC)
SZII}=SINIFN®ANGC)
CZi1+1B)==-CZ{1)}

20 SILI+18)=-S211)
CZ2(37)¥=CZil)
SZ(3Ty=52(1)

A(N}=0.0

BiIN)=0.0

MC=-3

ARG (&4)=ACI1)
CA(TI=CZ(L)*PT{1)
SA(7Y=SZ(L)*PT(1l)}
ANG=AC (1}

DG 1C0 J=Ll,.N

DC 90 K=1,6
CA{LY=CA(T)
SA(LY=SAL(T)
LC=(K=1) %4

DC 80 L=2,7
Ly=LC+1L
ANG=ANG+DEL
IFLARGI4)-ANGIS50,70,70

40 MC=pMC+3
IF(ACIMC+4)~ANG) 50,55455

55 DU 60 M=1.%

My=pCa+M
ARGI{MY=ACIMVY)
VAR (M}=PT(MV)

60 CONTINUE
CALL SVCCI(VARLARG,CCN,%}

710 ZA=SVIN{ANG s ARGy CONs4 )
CALL)I=ZA*CT(LV)
SA{L)=ZAXSZ{LY)}

80 CUNTINUE
B{NI=BUINI+SA{L)+SA{3)+SAIS}+SA(T)I+5.0%{SA{2)+SA(L))+6.0%5AL4)
AINI=AIN)I+CALL)+CA(3)+CA(SI+CALTI+S.0%(CAT2)+CA(6)})¢06.0*CAL4)

90 CCNTINUE

100 CCNTINUE
HDE=DEL*0.0954930
A{N)=AIN)*HDE
BIN)=BIN)*HDE

110 CONTINUE
ARCTLRN
END
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10
15

20

25
30

SUBROUTINE SVCU(VAR,ARG,CON,NUM}
DIMENSICN ARG(L1),VAR{L1),CONC(1)

DEM=ARG (NUM) -ARG (1)

DC 1S J=1.NUM

DEN=1.

DC 10 I=1.NUM
DEL={ARG{J)-ARGI(T}}/DEM
[F [ABS(DEL)-0.000001} 5,5,10
DEL=1.

DEN=DEN#*DEL
CON(JY=VARL J) /DEN
RETLRN

END

FUNCTION SVINCARK,ARG,CON,NUM)

DIMENSICN ARG{1),CONI(Y)
DIMENSICN DEL{10)

DEM=ARG{NUMI~-ARG (1)
SUMC=0.

PRCA=].

JP=1

DC 20 J=1l,NUM
DEL{J)={ARK~-ARG(J) )/DEN
IF (ABS{DEL{J})-.000001) 10,10,20
SUMC=CON(J)

JP=2

DEL{J)=1.

CCNTINUE

D0 30 J=1,NUNM

GC TO (254+30),4P
SUMC=SUMC+CON{ J) /DELLJ)
PROA= PROAXDEL{))
SVINzPROA®SUMC

RETURN

END

SUBRODUTINE STRIP (IGEOM, JPRINTsMTHEY, JPONER,AC )

DIMENSICN UJHK{L16440) VJHK{16,40) s WIJHK{16,40)sX(20)RBHKI T, 16},
1 Z{491B440) 4VEX(L,16,40),VYY{1s164+40),DW{30)

ODIMENSICN CPL164+40),CROX(16)

DIMENSICN ACLL)

DIMENSION VX140),VY{40),VZ{40)

COMPON/BLKHKL/NSTAyNoNFOURyNSYMN, ITAPE
CCFMCON/BLKHK2 /UJHK ¢ VIHK s WJIHK e X o RBHK, 2
COMMCN/BLKHKS /ORDX
CUMMCN/BLKHKS/UJ4ALPHAZBETA
COMMCN/BLKHKG/CP

COMMON/BLKHL3 /VXX

COMMCN/BLKH14 /VYY

CCMMCN/BLKHLS /NOOWN, IREPET
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COMMON/BLKHLG /0DW

BEAB=ABS{HETA}
MTT=MTHET+]
ALPC= Q.01T74533%AL PHA
BETR= 0.0174533%8ETA
CCAF= CCS{ALPQ)
STAF= SIN{ALPC}
COBE= CCS(BETR)
STBE= SIN(BETR}
Q= CCAF=*CCBE
R= SIBE
S= STAF*CCBE
U0= 1.0
1F (JPOWER) 442.4
2 U0=C.0
4 DXz U0*Q
DVY= UQ*R
DvZ= UQ=%S
REWIND ITAPE
DC 920 T=1,NSTA
I+ {NSYM) 200,25,35
25 [¥ {BEAB-0.001) 26,426,435
26 NTHET= MTHET+1
GO TC 40
35 NTHET = MTHET
40 DO 41 J=1.NTHET
VXIS = UJdHKLT 4}
VY(J} = VIHKL{T,J}
41 VIUJ) = WJHK{I,3)
FHE SIGN COCNVENTICN FOR Z-VELCCITY COMPTS THROUGHOUT HERE I35 POSITIVE
IN PCSITIVE Z-DIR POINTED UPHARD
DC S0 J=1,NTHET
VXL JY=¥X{J)+DVX
VYi 1 =vy¥{J)+DVY
50 VZI(J)I=VI1J)+DVZ
IF {(NSYM) 200+55,65
55 IF {BEAB-0.00C1) 303,303,65
303 Tli= 2%¥NTHET~1
DC 60 J=2 ,NTHET
Il=11-1
VWX{ILY=VX{J)
¥YY(I1l)l=-v¥{J)
60 VItIli=vZtd)
NTHET=2aMTHET
65 IF (IGEDOM-2) 664,6T4+67
66 CCNTINUE
CALL VLWING (NTHET 1 ,VX:VY,VZ,AC)
GO 1C o8
67 CALL VLBODY {NTHET,I,.VX,VYVZ,AC)
68 CCNTINUE
IF (JPOWER)Y 901,900,901
9C0 DO 505 J=1+NTHEY
G05 CP{lad)==2. 0% {VXIII2Q+VY (JI*R4VZ{IIRSI-VUAL{II®R2-VY(J)ER2-VT{))¥%2
GC 10 921
G301 OC 70 J=1,NTHET
10 CPUT oY ==20%UCH VX (J)~UD - {VYX{J)-UQ )k 2=-YY (I ik Z-VYI(J)**2
321 IF (IGECM-2) 906,907,907
906 IF {KDUWN-0) 300,920,300
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300 OC 908 J=1,MTHEY
VJHE(T 9 J)= VIHK(T o JI=VYY (1,41, d)
WIHK(T ¢ J}= WIHK{TI,J}-DW(I)/3.0
908 VYYI1l,1,+J}=0.0
DwWil1}=0.0
G TC 920
9G7 D 909 J=1l,KTY
UJHKIT 3 J¥= UJHKITJ)~-VXX{1s14J)
909 VXX(1,1.,d1=0.0
920 CCNTINUE
IPRIN=IPRINT+1

203 FORMAT (4THLPRESSURE COEFFICIENTS AT WING,

SEGMENT METHDD.)

204 FCRMAT {71HIPRESSURE COEFFICIENTS AT WING AFTER RESIDUAL SOURCE/SI

INK MCDIFICATICON. )

205 FORMAT (72HYIPRESSURE COEFFICIENTS AT WING,

1L MCDIFICAYION OF4I3,3X,LOHITERATION,.)

END OF THREE ODIMENSIONA

236 FURMAT (51H1PRESSURE COEFFICIENTS AY FUSELAGE, SEGMENT METHOD.)
207 FORMAT (6FHLPRESSURE COEFFICIENTS AT FUSELAGE, THREE DIMENSIONAL M

IGRTFICATICN OF 4 1343X ¢ 10HITERATIONG )
NSTA2=0

B0  NSTAL=NSTA2+l
NSTA2=MINO(NSTA,NSTA2+7)
IF (IGECM-2) 85,95,200

85 GG TC (2104215,220),IPRIN

210 WRITE (6,203)
GC TC 225

215 WRITE (6,204}
6o 10 225

220 WRITE (64205} IREPET

225 WRITE (6,110} (X(I},I=NSTAL,NSTA2)

110 FORMAT (LHO 16X o7 (4X2HY=,Fb642+4X))
WRITE (6,4115) (RBHK{1,1),I1=NSTAL,NSTA2}
WRITE (64121) (DRDX{I),1=NSTAL,NSTA2)

121 FCR¥AT (1lH 46H THETA,7{1X5HDRDY=,F6.2,4X)1}

GO 10 105
95 GO TC (230,235),IPRIN
230 WRITE (6,206}
GG IC 240
235 TRETT= IREPET-1
WRITE (64207)IRETT
240 WRITE (64111} IX{T},I=NSTAL,NSTA2)
111 FORMAT (1HO 26X 7TL4X2HXK=,F6.244X]))
WRITE (6,115) (RBHKI{L,I).I=NSTAL,NSTA2]
WRITE (6,120) {(CRDX{I),I=NSTAL.NSTA2)
115 FCRPAT {1H 46X, TI3X3HRB=,Fb6.2,4X))

129 FORMPAT {LH +6H THETA,T{1XSHDRCX=yFba2,4X1})

105 CONTINUE
WRITE (6,125)

125 FORMAT (1H )
ATHET=360./FLCAT (NTHET)
pC 130 Jd=1,NTHET
Ad=d-]

THE T=AJ*ATHET

130 WRITE (&,135) THET,{CP{I+J),I=NSTAL1+NSTA2]

13% FCRMAT [1H +F6e24TELG.5)
IF (NSTA-NSTA2) 201.201,80

200 SICP
2C1  RETLRN
ENG
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65

1C

15

16
17

80
85

240
95

106

SUBROUTINE VLBCDY {MTHET  K,VX,VY,VZ,AC)

DIMENSICN DRDX (L6}

DIMENSICN UJHK (164540} 2 VIHKIES 940 ) gWIHK (16440)y XL{ 20} +RB( 74161},
1 2(4418+40),Y14418440),DY(16440),021{16440Q),DPSI{40)
DIMENSICN ST{40420),L5(40,20)

DIMENSICN VX{1},¥Y{1},VZ{1).,AC{1)

DIMENSEICN AFI(301,BF(30)

DIMENSICN NU{150),PT(150)

COMMON/BLKHKL/NSTAZ Ny NFOUR,NSYM, ITAPE
COMMONZBLKHKZ /UJHK o VIHK g WJHK ¢ XL 4 RB, 2
COMMCN/BLKHK3/S51,C8
COMMON/BLKHK4/DROX

CCMMON/ZBLKHKB/ZY

COMMON/BLKH9/DZ

COVMPCN/BLKHLL /DY

DO 50 I[=1,MTHET
DS2=SQRT(DY{K, [ ¥*2+407(Ky[)*#2)
DV¥Y=VX({T)*DRDX(K)*DZ{K,1)/D52
DVZ=-VXI1)*DROX(K) *DY (K,1}/DS2
DPSI{I)=AVY({I}-DVY)I*DZ{K [} —(VZII)-DVZI*DY{K, [}
PTI1)=0.0

J=MTHET+1

AC(J)=6.2831853

GPSItJ)=DPSI(])

CALL INTEG (4,J40PSI,AC,PT)
BO=L.1591549%PT( J}

AJ=C.0

CORR=PTIJ)/FLOAT{MTHET)

DO €5 1=2.,4

Ad=AJd+]1.0

PT(E)=PT(I)-AJ*CCRR

DG 10 I=2,4

J=J+l

ACTJl=ACH{ L)

PT{J)=PT{1}

on 15 [=1,150

NUIT)=1

CALL THEQ (NFOURZMTHET ,NU.AC.PT,AF,BF)
WRITE (ITAPE) BOLlAF(1),BF(I},1=1,NFOUR)
IF {(K-NSTA) 77,76,76

END FILE ITAPE

DC 110 T=1,NMTHET

YCOMP=BO*CS1{1,1}

ICOVP=-BO*ST(T,.1}

DG 105 J=1,.NFCUR

NANG={T{-1)*(Jd+1}+1

IF {NANG) 85,85,90

NANG=NANG+MNTHET

GC TG 80

If {NANG~-MTHET) 100,100,95
NANG=NANG-MTHET

G T4 90

AJ=J
YOOMP=YCCMP+AJ®R(BF LJYECSINANG, LI-AF(J)IXST(NANG, 1))
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105 ZCONP=ZCCMP-AJ*(AF (JI%CS{NANGy LI +BF(J)I*STINANG, 1))

i10
200

65

TC
75

35

40

45
50

DRE=DZI(K ¢TI *CS(T 1)~-DY{K,I)*ST(T41}
DIM==-DY{K,I1}&#CS{I,1)-DZIK,[}%51{1,1)
DENZ=DRE**2+D1 M¥%2
Vi=-{YCCMP*DRE+ZCOMP*LIM) /DENZ
V2={ZCCMP*DRE-YCCMP*DIM])/DEN2Z
VY(T)=VY(])+V]

VZIII=VZIUi]i+V2

RETULRN

END

SUBRCETINE VIWING (MTHET o K,VX VY, VZ,AC)

DIMENSICN UJHK{16,40) ¢V JIHKI16980) ¢ WJHK{16440), XL {20)4RBUT,161},
i DRDX{16)

DIMENSION X{4,184401,Z(4418,40),DX{16440},DZ{16,4C)eS104C4+201},
i C51(40,20),DPST (40}

DIMENSTCN VX(1)Y,vY(1),vZ{1},AC{1}

DTMENSICN AF(30),BF{30)

DIMENSION NU(L150),PT(L50)

COMMCN/BLKHKL/NSTA,N,NFOUR,NSYM, ITAPE
COMMON/BLKHK2 /UJHK ¢ VIHK ; WIHKy XL4RP4 Z
COMMCN/BLKHK3/51,CS
COMMCN/BLKHK4/DREX

CCMMEN/BLEHKT/ZX

COMMCN/BLKH9/DZ

COMMGN/BLKHLQ/DX

IF {ABSIDRDXU{K}).GT0.01) GO TO 40
DO 35 T=1.MTHEY
DPSI(I)=vX{1}*DZ (K, 1) -VZ(L[}*DX(K,1I)
GC TC 50

DG 45 1=1,MTHET
DSZ=5QRTIDX (K, 1) *+2+¢DZ (K, 1}%%2)
DvX=vY{T)*DROX(K)I*DZIK,1)/DS2
DVZ==-VY(] I*DRDX(KI*DX(K,1}/DS52
DPSI{I)={VX{I)-OVWX)*DZ{K,[)-(VZ(I)-DVZ)*DXI{K, I}
PT(1)=0.0

J=MTHET+]

AC(J)=6.2831853

DPSI{J)=DPSTI{1)

CALL INTEG {4,J,CPSI,AC,PT)
BO=0.1591549%PT{ J}

AJ=C.0

CCRR=PT(J)/FLCAT (MTHET)

DC 65 1=2,)

AJ=AJ+1.0

PTUT)=PT{!)-AJ%CCRR

DO 70 1=2.,4

J=J+1

ACLJI=ACLI)

PT{J)=PT({I)}

o0 715 1=1,150

NUET)=1

CALL THEQ (NFOURLMTHET ,NU,AC+PT,AF,8F]}
AC=C.0

D¢ 76 I=1,NFOUR
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Al=|]

76 AC=AQ+AT*AF{I)
WRITE (ITAPE} AQ,BO,{AF{I},BF(1),1=]1,NFOUR)
DC 110 I=1,MTHET
XCCMP=BO*CS{I+)1)+A0*51{I,1)
JCCHP=—BO*STI(T41)+A0%CS(1,1)
DO 105 J=14NFOUR
NANG=(TI-11%{J+11+]

80 IF (NANG) 85,85,90

85 NAKNG=NANG+MTHET
GO 10 84

90 I¥ INANG-MTHET) 100,100,95

95 NAKG=NANG-~MTHET
GC TC 90

1060 AJ=J
XCCMP=XCCMP +AJ*(BF(J)*CSINANGs 1)-AF(J)*ST(NANG,1)]

105 ZCCMP=ZCOMP —AJ*{AF(JI*CS5 [INANG,1}+BF{J)*ST{NANG, 1))

DRE=DZ{K,1)*CS{I41)-DX{KoI1)*5111,1)
DIM=-DX(K,I}1*CS{1,1)-0DZ(K,I)¥SI({L,1)
DENZ2=DRE**24DIM*%2
Vi=-(XCOMPXORE+ICOMP*DIM) /DEN2
V2=(ICCPP*DRE-XCCMP*LIM)/DEN2
VXII)=VX(Thev]

11¢ VI{T)=VZ(])+V2

200 RETURN
END

SUBROUTINE INTEG(N,NX,FPR,X,FCN)
DIMENSICN CON(10}4FPRI1)XU1)4FCNLL)

NI=1C
XNI=NI
NIpM2Z2=NI-2
DO 75 [=2.NX
J=1-1
IF (J=1) 141,45
1 JO=1
GO 10 20
5 IF (NX=-J=-N+2) T70,10,15
10 JO=NX=-N+1
GO 1C 2C
15 IF (NX=1) 70,70,16
16 IF (J-JO-N+2) T70418,18
18 JC=J=-}
20 CALL SVCCIFPRIJO)+X{JO)CONe4 )
10 SUM=0.0
DELX={X(I)=-X{J))/XN!
D0 B0 K=2,N[M2,2
DX=K-1
DX=DX/XNI]
XX={la 00X} *X{J)+DX*X({1)
YY=SVINIXX oy X(J0) 4CONe4 )
XX=XX+DELX
YYZ2=SVER(XX 4 X(J0)CONy&)
80 SUFM=SUMI4.0%YY+2.0%YY2
XX=XX+DELX
SUM=SUM+SVYINIX{I) o XTJO) yCONg 4 ) 4SVINIX{T) o X(JO),CONy 4}
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1 +4.0%SVINIXX,X(J0),CONy4)
SUM=SUMEDELX/3.0
FOCN(II=FONLJ)+SUNM

75 CONTINUE
RETLRN
END

SUBRCUTINE DNWASH (NTHET,MOD)

DINENSTICN UJHK(L16,40) ,VIHKI16440) 2 WJIHK{164540)s Y{120),RBHK{7516),

1 Z(4,18440!}

DIMENSIEN AOHK(16)

DIMENSICN S1(40420),C5040420),NU{L5C),ECL150},A(50)},B150)},GAMA(40)
I +CX(40) CYL40)4FAL40),H{30)

CUMMCN/BLKHKL/NSTI yNDUM,NFOUR,NSYM, ITAPE
CCMMCN/BLKHK2 /UJHK Y JHK ¢ WJIHK ¢ Y4 RBHK o 2
CCHNON/BLKHKS /UJeALPHA,BETF
COMMON/BLKHLS /NDOWN, IREPET
COMPON/BLKHL1E /W

REWIND ITAPE
OC 10 T=1,NSTI
1t RFAD (ITAPE) AQHK(I)
NDOwN=1
BETA= ABSI(BETF)
IF {(BETA-0.001) 400,400,405
405 MO=NSTT
T5P= {(NSTI#l)/2
NSTA= [SP-L
DN 150 I=1,1SP
CT= Y(I)/Y(1)
15C CXt1) = ALOS{CT)
DC 155 I=1,1ISP
155 CX{NSTI+1l~-10= 3,14159-CX(1)
DC 160 I=14NSTI
160 CYINSTI+1-1)= AOHK(T)
CY{11=0.0
CY(RSTI)=0,0
GO 10 420
400 NSTA=NSTI-1
MO = Z2ENSTA
DG 2 [=24N5T1
INV = NSTI-1+1
CX{IKY} = YLI)
2 CYILINVY = AQHKI(1)
cCY(il = 0.
D0 255 [1=2,N5TA
CT=CXIT/CX (1)
25 CX{I) = ACOSICT)
CX(1)=0.0
415 D0 262 I=1,NSTA
J=FC+2-1
CX{d)= 3.14159-CX(1)
262 Cy(J)= C¥Y{I)
CX{NSTI)= §1.5708
CY(NSTI}= AOHK({1)
¥(=pC+]
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420 IF {BETA-U.001) 421,421,422
422 DE 271 J=2,18
Al=J-1
DUM=0.174533%A1
DC 272 1=2,N5TI1
IF (CX{I}-DUM) 272,1120,1121
1120 GAMALII=CYL(])
G0 TC 21
1121 GAMATJ)=CY(I-1) #{CY(I)-CY{I-1) 1% {DUM-CX{T-1))/LCX{IY-CXII~-1})
GC TG 271
272 CCNTINUE
211l CONTINUE
GAMA(1)}=0.
GAMA(19)=0.
GO 1C 423
421 DO 265 J=2,9
Al=J-1
DUM=0.174533%A]
DC 266 I=2,NSTI
IF {CX(E)-DUM} 266,1180,1181
1180 GAMA{I)I=CYL])
GO IC 265
L181 GARALJ)I=CY{I-11 +ICY(I)-CY{I-1)}*(DUM=CX{I~1)}/(CXLID=CX{1-1]})
GO T0 265
266 CCNTINUE
265 CONTINUE
GAMA{L)=0.
GAMA(LOY=CYINSTI)
DG 275 1=1.9
J=2C-~1
275 GAMA(JI) = GAMA{LT)
423 DO 355 I=2,18
J=38-1
355 GAMA(J)==GANMALT)
MA=134
0C 350 1=1,1%0
350 NUtil=1
DC 360 I=1,36
Al=1-1
360 EC(1)=0.174533%4]
ECI(37)=6.283185
GAMA(37)}= GAMALL)
DC 361 I=2,.4
J= 36+]
EC{J)=ECIT)
361 GAMALJ)=GAMALT)
CALL THEQ (NFOUR,MA,NU,EC,GAMA,A,B}
DC 365 1=1,NFCUR
365 FA(T)Y=B{I1}
MTHET=MOD
NTESTL=NFQUR/2
NTEST2={(NFCUR+1) /2
IFENTESTLI-NTEST2) 1160,116141160
1160 NCCFLl=NFQUR-1
NCCFZ2=NFOUR
GC TC 1162
1161 NCCFL=NFCUR
NCCF2=NFCOUR-1
1162 DO 95 I=1,MTHETY
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105
110

115

60

6%

301
300

430
165

166

110

175

135
180

190

425

435

IF (I-1} 110,105,110

GOIC 115

N=NSTA+2-1

ANG=CX (N)

SI{T+1)=SINTANG)
CS{1,1)=COS(ANG)
SICI2)=2.0%ST{I,1}%CS{I,1}
CSil42)=120-2.0%51(1,1)%%2

DC 60 J=4,NCCF1,2

DT 60 I=1,MTHET

SIUT s 3)=51(142)%CS{14J-2)4CS5(142}%51{1,J-2)
CS{T+J)1=CS(T+2)%CSIT,0-2¥-5T{1:2)%51(1,4-2)
DC 65 J=3,NCGF2,2

DC &5 I=1,MTHET
SILIHIy=ST{T1)%CSHTsJ~1)+CSCI1)%51(1,J-1)
CSUTeJY=CSIT L) *CSE{L,J-11-51101,1)%530(1,4-1)
FACT = 2.%YINSTI)

DC 300 K=1,#00

S5=0.0

DC 301 T=1,NFCOUR

Al=1

S=S+FACI ) *#ST{K,[)*Al

W{K} = 3.1416*%5/(FACT*S5L{K,1}))
1F (BETA-0,.001) 425,425,430
DC 165 K=1,¥00

WITSP=-1+K)l= WK}

MR=[SP+1-¥0D

DC 166 K=1,MR

Wik)=0.0

00 170 J=1.NKCCF2,2

bC 170 1=2,¥0D

MM=ISP+]1~1

SI{EMe Y= ST(T1,4J)

DO 175 J=2.NCCF1,2

oC 17% I=2,.8CD

MpM=1SP+]—-1

S[t"“t\l“: "SIII'J)

MS=[SP-1

MT1=15P=-1+M0OD

DO 180 K=MR,MS

$=C.0

00! 185 1=1,4,NFOUR

Al=|

S=S+FA{TI*ST{K,1 %Al

WiKlz 3.1416%5/7(FACT*ST{K,1))
00 190 K=MR MT

DO 190 J=1,KTHET

WJHK{K pJ} = WIHKIK, J)+WIK})/ 3.0
GC TC 435

DC 3 I=1,#0D

DC 3 J=1,NTHETY

WJHE(T 401 = WIHK(T,J)+K(I}/3.0
RETLRN

END

SUBRCUTINE FMWING (MTHET, INDEXsNDJ,DIAM, XCGoZC Gy CHORD )
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12
13
14

DIMENSICN UJHK (16440} ¢ VIHK(16240) yWIJHK{16,40)s Y(20),RFILT4 161},

1 T{4,18,40),X(4,18,40}

DYMENSION CP(16+40)

DIMENSICN AREX{20440) 4AREY(20440),AREZ120,40),FX(20,40},FY{20,40}
1 oFZ{2C+40) o FATCTI20),FYTOT(20),FZT0OT{20)

COMMEN/BLKHKL/LS MB,NFOUR¢NSYM, ITAPE
CUMMON/BLKHKZ ZUJHK yVIHK yWIHK, Y 4 RF, Z
CCMFON/BLKHKS FUJ 5 ALPHA,BETF
CCVPON/BLKHKS/CP

COMMCN/BLKHKT /X

FORMAT (LHO /77 /745X 22H**FORCES AND MDOMENTS®# )

FCRMAT (1H )

FORMAT {32HOX-FCRCE Y-FORCE Z~-FORCE)

FORMAT (3EL11.3}

FORKAT {47THOPITCHING MOMENT COMPUTED ABOUT AXIS THRU CeGu=,1E1l.3)
FORFAT (45HOYAWING MOMENT COMPUTED ABOUT AXIS THRU CuGe=y1E11a43)
FCRMAT {46HOQRULLING MCOMENT COMPUTED ABDUT AXIS THRU C.G.=,1E11.3)

C INDEX=0 RECTANGULAR WING#* OTHERWISE, INDEX=1*

20

1125

25

1130

E1y

35
1135

BETA= ABSIBETF)

LS1=LS-1

NTHE= MTHET+1

DG 20 K=1,LS

X{1 ;K NTHE} = X11,K,1}

ZUL+KyNTHE)Y= Z(14K,1)

IF {INDEX) 1125,1125,1130

DO 25 K=]1,LS1

DELY= Y{2)-¥Y{1)

IF (KaNE.L)DELY=Q.5% (Y {K+L}-Y{K~-1)}

DC 25 J=2 ¢4MTHET

AREZIK e J) = O.5%{X{L Ky J+L)-X§leK,J=-1))%CELY
AREY(K,J) =040

AREXIKs )= 0.5%{2(1 oK d41)-2(1,KsJI~1) ) *DELY
GC 7C 1135

DC 30 K=2,.,LS1

DELY= 0.54%{Y(K+1)-Y({K~1}}

DC 30 J=2,MTHET

OX1lz QuaSH(X(LyK-1lpJ+l}-XiYyK=-1pJ-1})

DX2= 0a¥ (X1l yKed+l)-X{1l,K4d~1)])

DX3= 0,9 [XILsK+lpJel)=X{1,K+1lpJ-1))
AREZ{K,yJd)= 0.25%{DX3+2.0*%DX24+DX]1)*DELY
AREYIK¢d¥s 0225 (X (1aKeJ+1)=X {1y Ko J=1)12(2{14K+1lyJ)-2(1lsK=-1,4J]}
DIl= CaS5%(7201 ,K~1,3J+1)-2{(1,K-1eJd-1})

D22= 0453121 4KyJ4]1)-2(14KyJ-1))

DZI3= 0a.59%{Z (L yK+lsJdel)-2(1,K+1l,yJ-1))
AREX{IK,J)= D.25%(DZ342.0%D72+CZ1)1*DELY
DELY= Y(2)-Y(1}

DO 35 J=2 MTHET

DX2= 0.5%{XllslsJtl)=X{lylyd-1))

DX3= 0.,5%{X{Lly2+J41)=-X1{142+d-1)}))

AREZ1L,4J)= (DX2+40.5%(DX2+DX3) 1*DELY .
AREY{L1ad)= QuS*(X(Lyled#tl)=X (L led=1)32(Z2{1s2¢J)=20141sJ))}
D22= 0a5%¥(721(1s1l,43J+1)=281,1,3~1))

DZ3= 05%(2(192¢J#1)=-2{142,4-1))

AREX(Y,J)= (DZ72+0.5%{0D22+023) )+0DELY

DELY= 0.5%({Y(LS}-YILS]1))

DC 40 J=2.MTHET

DX2= 0.5%{X{14LSLsJ4Ll)=X{14LS1yd-1})
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DX3= 0.5%IX(LeLSeJ+1)-X{14LS+J-11}])
AREZ{LSyJ)= 0.5%(DX3+0.5%{0X2+DX3) y*DELY
AREY(LSed)= 0.25%{X(1pLSeJ+11=X{1sLSeJ=1)*[ZL1sLSsd) ~Z(1eL 514D}
DZZ2= Qo5%[Z{LlyiSisd*l)-2{1,4L51yJ-1)])
DZ3= 0.5%{Z{1¢LSyJ#1)-2114LSsJ-1)}
40 AREX{LS,J)= 0.5%{DZ3+0.5%{D224¢D73) )*DELY
IF {BETA~3.001) 1136+1134641137
1137 D0 45 J=24MTHET
AREZ(L,J)=0.5%AREZ{1,4}
AREY(Ll +J)=De5%AREY {1 ,J)
45 AREX(L1,J)=0.5%AREX (1 +J}
DO 5C J=2,MTHET
CPBAR= CP(24Ji-(CP{24J)-CPIll,J))%0.75
FX(1,J)=—AREX(1l,J)*CPBAR
FY(leJ)= AREY{1l,J)*CPBAR
50 FZ(led)= AREZl1,.J)*CPBAR
GD TC 1138
1136 D' 55 J=2+MYHET
FA(LleJd)=~AREX{1, )*CP(1,J)
FY(14sJ)= O.
55 FI{lsJ)= AREZ{1,4J1%CP(1,4}
1138 DE 60 K=2,LS]
Dri 60 J=2 ,MTHET
CPBAR= CPIKyJ)+ (CP{K+LyJI-CPIK,J))*{0.5%{ Y{K=-1)+Y(K}} #0.25%
L (Y (K1) =Y IK-1))=Y{K) }/(YIK+]1)-Y(K]))
FX{KyJI=—AREX (K, J)*CPBAR
FYIKyJ)= AREYIK, JY®CPBAR
60 FI{K,J)= AREZ(K,J)}*CPBAR
D0 65 J=Z,MTHET
CPBAR= CP{LSLl+J)+(CPILS,J)}~CPILSL,J))%0,.75
FXULS,J)Y=—AREX (LS, JV*CPBAR
FY{LS,J)= AREYI(LS,J)*CPBAR
65 FI(GLSyJd)= AREZ(LS.J}*CPBAR
DC 145 K=1,15%
FXTCTIK)=0.0
FYTCT{K)=(.0
FZICT{K)=0.0
DC 145 J=2,MTHET
FXTCTIKY=s FXTOTUIKI4+FX (K, d)
FYTGTUK)= FYTCTIK) +FY{K,J)
145 FITOT(K)= FITOT(K)I+FZ{K,J)
XFCRCE=0.0
YFCRCE=Q.LO
ZFCRCE=0. 0
TRUST= 3.14159%FLOATINDJ)*{CI1AM/Ud)®%2/2,0
DO 155 K=2,L5
XFCRCE=XFORCE +FX7TOT(K)
YFCRCE=YFCRCE +FYTLT{K)
155 ZFORCE=ZFCRCE +FITOT(K)
If (BETA~C.CO01) 1160,1160,1165
1165 XFCRCE= FXTCGT(1)+XFCORCE
YFCRCE= FYTCGTU(1)+YFCGRCE
Z¥ORCE= FITCT(1)+ZIFORLCE
YHCRCE= YFORCE/TRUSY
XFCRCE= XFORCE/TRUST
LFCRCE= IFORCE/TRUST
GO 16 117G
1160 XFCRCE= FXTCT{1l)+2.0%XFCRCE
YFCRCE= 0.0
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1110

1180
161

162

1

IFCRCE= FITOT(1)+2.0*%IFCRCE

XFCRCE= XFORCE/TRUST

YFGRCE= YFORCE/TRUST

ZFORCE= ZFORCE/TRUST

WRITE 16,5)

WRITE (64+0)

WRITE (6+9)

WRITE (6410) XFORCE,YFORCE.ZFORCE

YAW=0.0

PITCH=0.0

ROLL=0.0

IF {BETA-0.001) 1175,1175,1180

DG 161 K=1,LS

OC 161 J=2,MTHET

PITCH= PITCH +FX{K,J)2{Z2(1 Ky J)-ICG) +FZIN JIR{XCE-X{1sKyJ))

DL 162 K=2,L51

YAW= YAWH+FXTOT(K)I%Y (K}

YAW= YAWSFXTATLLI*{Y(2)40.25%(Y(L)-Y(2))I+FXTOTILSI®{YI{LSL)
+0.25%{Y(LS)-YIL51) )}

D0 163 K=1,1S

DO 163 J=2,MTHET

163 YaAk= YAW+FY (K4 JI*¥IXCOG-X{LsKoJ)}])

OC 164 K=2,L51

164 ROLL= ROLL-FITCTIK)*Y({K)

166

1175

160

165

1185

1

1

1

ROLL= RCLL=-FITCT{LI*{Y(2)+0.25%{Y{L}=-Y(2) I }-FITOTILSIHY(LS])
+0.29%(Y(LS)-Y{LS1)})

OC 166 K=1,L5

DO 166 J=2,MTHET

RCLL= RCLL +FY{K,J}*(Z(1l4K,J)~2C6)

PITCH= PITCH/ (TRUST#CHORD)

YAh= YAR/{TRUST#CHCRE)

RGLL= ROLL/ITRUST*CHCRD)

GC TQ 1185

DO 160 K=2,4LS

DG 160 J=2,HTHET

PETCH= PITCH +#FX(KyJ)#IZ11oKyI)=2C6) +F2{KeJd)*{XCO-X{1sKyJd))

PITCH= 2.0%PITCH

DC 165 J=2,MTHET

PITCH= PITCH +FX{1,J3%{Z(L1a1eJ)-ZCG) #+FZ{1,J)%{XCG—Xl2p1led))

PITCH= PITCH/(TRUST*CHCRD)

WRITE (6,461

WRITE (6,12} PITCH

WRITE {6,413) YAW

WRITE (6414) RCLL

RETLRN

END

SUBROUTINE FMBOOY (MTHET,YTo2ZT+YTAILZTAIL+NDJI:DIAMeXCGy CHORD)

DIMENSTICON UJHK{16340) VIHK(16240) ¢ WIHK{16440)s X(2Q)4RF(T416),
Z{4,18,40)4Y(4,18,40)

DIMENSTCN CP{16,40)

DIMENSICN AREX(20+,40)2AREY{20440)+,AREZ(20440), FX{ 20,40, FY{2C,40)
+FZ120,40),FXTCT120).FYTOT(20),FZTOT(20)

CCMMCN/BLKHKLI /LS yMB,NFOURNSYM, ITAPE
COMPOCN/HLKHKZ /UJHK ¢ VIHK o WIHK o X, RF 7
CUMMON/BLKHKS/UJ ALPHA,BETA
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20

25

30

is5

40

45

CCHMCN/BLKHKG/CP
COMMON/BLKHKBZY

FORMAT (LHO /777 745X 4 22H*2FORCES AND MOMENTS®k}
FCRNMAT (1H )

FORMAT (32HOX-FORCE Y-FORCE I-FORLCE)
FCRMAT{3ELIl.3)

FORNAT (47HOPITCHING MOMENT COMPUTED ABQUT AXIS THRU CeG.=;1E1ll.3})
FORNMAT {45HOYAWING MOMENT CCMPUTED ABDUT AXIS THRU C.Gexy31Ell.3)
NTHE=MTHET/2 +1

LST=LS+1

LS1=LS-1

NTH=NTHE+1

D0 20 K=1,LS

Y{lyKsNTH)= =Y (1 KsNTHE~1}

ZILyKgyNTHI= Z{1,K¢NTHE-1)

DC 25 J=1NTH

YOLl,L5T,Jd)= YTAIL

201 ,LST 4= ZTAIL

DG 30 K=2,LS

DELX= 0.9%{X(K+1)-X{K-1)1}

AREXIK 1= 0.5%(Z(1LyK4l,,1)-Z013K-1,1))%Y(1,K,2)
AREY(Kel)= 0.0

AREZIK41)= 0.29%(Y {1l 4K+l ,42)42.0%Y{1sKy2)¢Y(1,K~1,2))*%DELX
DG 30 J=2,NTHE

DYlz QuS#¥{Y{l4K=1yJ4l)-Y(1¢K-1,4-1)}

DYZ2= QuS5*¥{Y(LsKeJ*l)i-Y(1sKed-1))

DY3= 0.5% (Y1l KtlpyJtli-Y{l,K+1led-1))

AREZ(KsJl= Qe25%(DYI42.0%DY240Y L I*DELX

D71= Q0uS*{Z{1l 4K=1lgJ+1)-Z(1sK=]lyJd~1))

D72= 04S%¥{Z{1+KeJ+11-7Z1{1,KyJ-1))

DZ3= 0.53(2(14K+1lpd+1)1-2{1eK+1lsJ~1))

AREY(KyJ)= 0.25%{D7342.G*022+D21)*DELX

AREXIKyJ)= 0.25%{Z(1yK+LloJ)—ZiloKmlg ) IR (Y ILsKod+1)=Y(1y4Ked=1})
DELX=0.5%X12)

AREXILsl)= O.5%{Z L4241 )=IT1%Y¥ (1412}

AREY{1,1)=0.0

AREZ{191)= 0.25%{Y(1L42+2V42.0%Y{1y1e2)+YT}*DELX

DD 35 U=24NTHE

DY2= 045%(YIlsled+1l)=YI(1lyled-1))

DY3= QuS5%FiY(1,24d40)-Y{1,2:,J-1))

AREZ{lyJ)= 0.25%(DY3+2.0%0Y2)*DELX

D72= De5% (711 lyd+1)=21(1,1,J-1))

DZ3= Q0.5%(Z{1,2¢J+1)-Z(Le2sd-1}]}

AREY(1,J)= 0.25%{DL342.0%D72)*0DELX

AREX{Llod)= 04253 {212y J)=ZT)%{Y{1ly1leJ+1l)-Yi1s1,J-1)1)
DG 40 K=1,LS

DC 40 J=NTH,MTHET

NCN= NTH -{J-MTHET/2)

AREZ(KyJ)= AREZ(X,NON])

AREY{Ky JI==AREY{K,NON)

AREX(KyJ)= AREX(KyNON)

DO 45 K=2,LS!

DO 45 J=1,MTHEY

CPBAR= CPIKyJI+(CPIK+13J)=CPIKyJ) IR [O 5% (XIK~-LI+XIK)) +0,.25%
1 (X(K+3)~-X{K-1))=X(K)}/I{X{K+1)~X(KD)

FX{KsJd)= AREX{K,J)*CPBAR

FY{KyJ)==AREYIK,JY*LPBAR

FI{KyJi= AREZ(K.J)*CPBAR
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D0 50 J=1,MTHET
CPBAR= CP{lyd}+ (CPU2:J)=CP(LlyJ))*(0.5%X{L)+0.25%X(2}-X{1))
1 FiX121-%X{1)}
FXTled)= AREX(1,J)}*CPBAR
FY(l,J¥= -AREY{1,J)*%CPBAR
FI{lsJ)= AREZI{1,J)#CPBAR
CPBAR= CP(LS,J}+ (CPILS+J)-CPILSLeJ)I*(0.5%IX(LS)+XILSL) )+0,25%
1 EXILSTI-XALSLI I =X (LS I/ {X{LS)=-X{LS1})
FXI1SysJh= AREX{LSyJ)*CPBAR
FY{LSyJ)= —AREY(LS,J)*CPBAR
50 FZ{LSeJd)= AREZ{LS,J)*CPBAR
DD 145 K=1,LS
FXTCT{K)=0.0
FYTCT(K}=0.0
FZTCTIK)=0.0
pDC 145 J=1,MTHET
FXTCTEK)=FXTOT(K)+FX{K,:J)
FYTCY(K}=FYTCT(K)I+FY{K,J)
145 FITOTI(K}=FZITOTE(K)I+FZ(K,yJ)
TRUST= 3.14159%FLOCATINDJI®{DIAM/UI)*%2/2,0
DG 150 K=1,18
FXTCTIK)= FXTOT{K) /TRUST
FYTCT{K)= FYTOT{K}/TRUST
150 FZTCT(K)= FITOT(K}I/TRUST
XFCRCE=0.0
YFCRCE=0.0
IFCRCE=0.0
DO 155 K=1,L15
XKFCRCE=XFCRCE+FXTOT{K)}
YFCRCE=YFCRCE+FYTOTIK)
155 ZFCRCE=ZFORCE+FZITOT(K)
WRITE 16.+5)
WRITE (6,61}
WRITE (6,9}
WRITE (6,10} XFCRCE,YFORCE,ZFORCE
YAw=0.0
PITCH=0.0
DC 175 K=1,LS
IF {(X{K]1-XCG) 175,176,176
175 CONTINUE
176 MCMENT=K
XDYS= X{MOMENT)-XCG
IF UPCMENT-1} 1111,1111,1180
1175 DO 160 K=MOMENT,LS
YAR=YAR+FYTOT{KI*{X{K}=X{MOMENT ) +XDIS)
160 PITCH=PITCH-FZTOTIK)*(X{K}~X{MOMENT }+XDIS}
GG TC 1185
1180 MENT=MOMEANT-1
DG 165 K=1,MENT
YAW=YAW-FYTOT{K) * (X {MOMENT ) ~X (K)-XDIS)
165 PITCH=PITCH4+FITCTI(K)} 2 (X {MOMENT )-X{K)-XDIS}
I+ (LS-VOMENT) 1111,1111,1175
1185 DC 170 K=1,LS
DC 170 J=1l.MTHEY
YAW=YAN-FX{K,31%Y(1,K,J)/TRUST
170 PITCH= PITCHHFX{KeJY*Z{1,K,J)/TRUST
YAh= YAW/CHQRD
P1TCH= PITCH/CHCRD
WRITE (645)
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WRITE (6,12) PITCH
WRITE (6,13} YAw
RETLRN
1111 WRITE {6,601)
601 FCRMAT (1HO,30H*#ERRCR IN MOMENT DATA INPUT*2)
syor
END

SUBRCUTINE WMOD3 (MTHET,101S,NBOGL,MEXIT)

DIFMENSICN UX(16440),UY(16,40),UZ(16,40),YCOMMI20),RF{ 7,186}
DIMENSICN X(49418,40),2(4,18440),DNORM(49,16,40)50TANGl&y16,40),
1 DVOL{4s16¢40) FLUX (491644004 PHT14,416,40)

DIFENSICN VX{141644012VY{1,16,40)4V211416,40)

CDIMENSICN ST140,20),CS5040,201,0(30,16),0(30,16}

DIMENSICN EUL6),Y (401}

COMMON/BLKHKL/LS yMByNFOUR,,NSYM, ITAPE
COMPONBLKHK2/UX ,UY,UZ YCOMM,RFy 2
CCMMON/BLEHK3/ST 4CS
COMFMCN/BLKHKS/UJALPHALHETF
CCMPON/BLKHKT/X

COMMOCN/BLKHL4 /VY

CCMMON/BLKHLS /NCOWNS IREPET

EGUIVALENCE {FLUXUL) ONORMILY I {PHIT1)sDTANGI(L1))

REWIND ITAPE

DC 15 K=1,LS

YUK} = YCOMMIK]

READ (ITAPE) DUNMMY ,E{K} {ClI,K},DIIL[,K)}, I=1,NFOUR)
15 CCNTINUE

BFTA= ABS{BETF)

LSI=LS5-1

MTLl=MTHET+1

DC 60 K=14LS1

DO 60 I=1,IDIS%

KL oK oMTI)=X{1,Kel)
50 Z{I,K,Mlll=ZlIvall

DO 65 K=1,LS1

DC &% [=2,1DIS

DO 65 J=1MTHET

ONCRMUT 3K g ) =SQRTIIX LT o Ko J) =X (I~} Ky J3 k2 (21, KoJI=-Z{I-1sKyJd))

i ¥%2)
65 DTANG(T oK JF=SCRT{IX (I Ko J+LI=X{ToKyJ)I%%2 #{I{1 KyJ+1)=Z211,KsJ})
1 &2

bDr 70 K=1,Ls1
b 10 I=2,1018
OC T0 J=1,MTHET
IF (I-IDIS) 1145,1146,1145
1145 IF {I-2} 115041151,1150
1146 DON=ONCRFIIDIS.K,J)
GO 7C 1152
1151 DN=C.5*#DNCRMI3,K,J}+DONORM(2,K,J)
GO TO 1152
1150 DN=C.5*(DNORMITI+1,K,J)+DRORM( I KeJd))
1152 IF (J-1) 1155,1156,1155
1156 DT=C.5*{DIANG(T Ky L)+DTANGL{TKyMTHET}}
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GC TC L1157
1155 DT=CeS*¥{DTANGUI s Ky JI+DTANG{IsKyJ=11})
1157 IF (K-1) 1159,1158,1159
1158 D¥=Y{2)
GO TC 1160
1159 DY=C.5%{Y(K+1)-Y{K-1))
1160 DVCLUI Ksd)= DN*CTRDY
10 CCKTINUE
DC 75 K=1,LS
DU 75 I=2,1DIS
RL=ALOGI(RF{T &)}
DY 75 J=14MTHET
AA=E(K) *RE
Riv=l.0
DC B0 N=1,MNFOUR
REV=REVARF{1,K)/RF(]1.K}
80 AA=AA4REVH(~DINyK)}*CS(JyNI+CINsKIESTI{I,N))
75 PHEI(I +KyJ1=AA
DC 85 K=2,L51
DC 85 1=2,I1D1IS
D0 85 J=1 ,MTHEY
BS FLUX(I oKy J)= DVOLCL 4Ky I ¥ {PHTI(T K41y J) =2 0%PHI(I,KyJV4PHT(T4K-1,J
I J-{PHIIT 4K+l o J)~PHI (L 4Ky J))EIYIK+L)-2.0%Y[K)+YIK-1})/{YIK+1)
2 “YIXKII}Z1L2.566%(Y{K)I-YIK-1)]}*%2}
C SIGN IN FLUX IS PLUS,DUE TO COMBINATION OF MINUS SIGNS.
1F (BETA-0.001) 1200,1200,1205
12395 DO 86 K=1,15
DC A6 M=]1,MTHET
VXT1sKeM)=0.
VY({1,K4M)=0.
86 VZI(14KeM)=0.
L53=L5-3
D0 87 K=& ,LS3
1A=MAXG(2 K4}
LR=VINQ{LSL +K+4)
DC 87 LKi=IB,LB
DC 87 M=] MTHET
DC 871 t1=2,ID1S
DI BT J=1,.MIHET
CBS=0AXTL oK yM)=X (T LKL, J) )24 (2 (oK yMI-Z({1oLKLoeJ)}5%2
1 #{Y{K})-Y{LKL)}®%2}%%],5
VXL KoMl UX(LyKoMIAFLUX T LKL IR IX {1 K M)}-X{T,LKLeJ))Y/CRS
VY(LoKogM)= VY (Ll gKoMIAFLUX(ToLKL o JIX{YIK)-YILKL))/CBS
BT VZII14KoM)= VIl KeMIFFLUXTITGLXL Yk {Z{oKoM)=Z2{ToLKi»J))}/CBS
1¥ (LS.LE.13) GC TO 1210
LS54=L5~-4
LSS=LS54-4
DU 88 KA=4,1L54,LS85
KB=kKA+1
IF [KA.EQ.4) KC=5
DU 88 ¥K=KA,KB
ODC 88 M=]1,MTHET
DC 88 1=2,101%
DC 88 J=1,MTHET
CES= [UIX{LoKy¥M)-XIEyK+KC3J))2F2 #{Z{1 4K oH)=Z( 1 K+KCy. )} }%%2
1 +(Y(K)-Y{K+KC) IE%2 )*x] .5
VX{LeKyM)= VXTIl KoMitFLUX{I  K+KC» JIFIX(Ly K M)-X{ T, K+K W J)}/CBS
VYL1 KoM= WY LL Ky M)+FLUXCL KeKC o JI*IYIK)-YIK+KC ) I/CBS
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B8 VZ{1leKyPMlz VZ{1l o KoMISFLUXTIyK+KCo JIF{Z (1K M)}-Z1L1,K+KLJ)I/LBS
GO 1C 1210
1200 D 90 I=2,1DIS
DC 9C J=1.+MTHET
90 FLLX{T 31 9d)= DVCL (T ol JY 2. 0% {PHY{142,J)=PHI(I41:4J)})7112.5656%Y(2})
1 *¥(2))
DD 91 K=1,L51
DO Sl I=2,ID1S
DG 91 Jd=1.MTHET
1 PHIMI X3 J)= FLUX{T 4Ky J)
bC 92 K=1,LS1
DC 92 1=2,1018
DL 92 J=1 4MTHET
92 FLUX{T 9K+ 4 0)= PHI I 1Ky J)
LECOPP= LS+4
DO 95 K=1,LS
oC 95 I=1,1D1S
D0 95 J=1,MTHET
PHI{I K, J)=X{1,KyJ)
95 DVCLI(I4Kedl= Z{T 4K, J)
D} 100 K=1,LS1
Do 100 I=1,IDIS
DC 1C0 J=1,MTHET
X{I K44, J}=PHTLT 4K}
100 711 ,K+44,J)1=DVCL{T,K,J])
OC 105 K=1,4
N=§-K
DC 105 1=1,IDIS
D105 J=1,FTHET
X{IKedl= PHILIWNe )
105 ZI14KyJ)= DVOLLE N3}
FLUX HAVE SAME SIGNS ON BOTH SICES OF JET,DUE TO SECDOND DERIVATIVE
00 110 K=1,4
N=10-K
DG LLO I=2,1D18
D 110 J=1,MTHET
110 FLUXITI «KyJd)= FLUXTIT 4N J)
D 115 K=1,LS1
115 Y{K+20)=Y{K)
DC 120 K=1,LS1
120 YIK+4)}=Y{K+20)
DO 125 K=zl,4
N=10-K
125 Y{K)==-Y{(N}
DC 130 K=1,LCOMP
DC 130 M=1,NMTHET
VX(1sKsVM}=0.0
VY{14KeM)=0.0
130 VI{I.'K'P]:O-O
LCCM3=LCOMP-3
DO L35 K=5,11
[R=MINO(3 ,K~4}
LE=MINQILCOMA+2,K+4)
DC 135 LKL=1B,L8
DC 135 W=1,MTHET
DG 135 I=2.1D1IS
OC 135 J=1,MTHET
CBS=0IXTL K opMY=X (LKL 3) ) k24 (Z( 1 KeM)~21TyLKL,J)})®%?
1 +(Y(K)~-Y{LKL} 1 ¥22)%%],5
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135

140
12140
1180
1183

149

1184

151

1185

152

1181

VX(LaKpMl= VX(1oKoyMI4FLUXII LKL JI*IX{1,K M)=X 1T, LKLy J))/CBS
VY(LoKsM)= VYL Ko MISFLUXCTI LKLy JI*{Y{K)-Y (LKL }}/CBS
VI{LleKeM)= VZIL K yM)+FLUX [T oL KLy JI*¥ (20K M)}=Z{T,LKLyJII/CBS
IF (LCCM3.LELILY GO TCO 1210

OC 140 K=]12,LCCH3

IB=K~-4

LE=FMINOILLOM3I+2,K+4)

0C 140 LKL=1B,LB

D0 140 ¥=]1,MTHEY

DG 140 I=2,1015

DC 140 J=1,MTHET

CRASSUIRIL g KaMI=X{T oLKLp J) I **2+ {21 1o KyMI=Z{T4LKL ¢J))E%2
1 #UY{K)-Y (LKL} %22 )%%x],.5

VXU gKoM)= UX{LoKyMIGFLUX (T oL KLy JY* (XL KoM)=X{T,LKLyJ))/CBS
VYLLK sMi= VY (L aKeMI+FLUX (T LKL JYRLY[K)I=-YILKL ) }/CBS
VZU1aKaM)= VZ{1 oK MI+FLUXIT LKL oI XR{Z 1, K ,M)-Z 11,1 KLy J))/CBS
IF (NBOCL-1) 1181,1180,1181

iF (BETA-0.001) 1183,1163,1184

Miz=3

MbE=6

=7

MR=j

DC 149 J=1,¥THET

VXT1e34d)=VX{12Ted)

VY(L1,43,3)=VYIL,7,J)

VZI{1439J)=VZI1,7,4J)

GO 1C 1185

M2=MEXIT-3

Miz=pk2+]

M4=V242

MG=N2+3

ME=W244

Miz=N245

ME=MZ2+6

YNLz (Y{M&)=Y(MI)DIH®IY (MY =Y(MTIDI/IY(M2)=-YI(MII}/(Y(M2)=-YIMT))
YNZ2= (Y(M4)=Y{M2))R(Y (MG )~Y{MTIIZ(Y(MI)-Y{MZ)}/LY(MI)=-Y(MT)])
YN3= (Y{Me)=Y(M2)) (Y (MG)-Y(MIPI/IYIMTI-Y(M2}D/CY(MTYI~Y{NM3))
DG 151 J=1,MTHET

VX{LoMa 3= 0.5% (VXL oMby JI+YNLIEYX {1y M2, JY4YN2RYX(1sM3yd)

1 +YNIRYX{LMT,J)) ‘

VY(LyMa,J)lz 0.5% VY {LyMe, JI+YNLIEVY (1o M2, J)+YNZEVYY ({1 4M3I,J)

1 +YNIRYY {Ll M T4J))

VIIL1aeMaoJd)= 0.5 IVZIL Mo J}+YNI¥VZ(LoM2,J)¢YNZ2EVZ{L1,M3,J}

i +YNIRVZ (1 40T ,J0)1)

¥NL= (YIMO)-Y(MTI)*{YIME)-YIMB))/(Y{M3I)=YIMT)}/LYI(MI)=~Y{NE})
YNZ2= (Y{MOE) =Y (M) )Y M) -Y(MBII/UY(MT)I-YIMI)}/{Y(MT)-YIMB})
YR3= (Y{ME)Y=YI{MI))HlY(ME)-Y(MT) I/ (YIMB)-YIMI)}/LYIMB)-Y{MT)}
DC 152 J=1+MTHET

VX{1sM64JY= 0S5 (VXILyMOJ) +YNLEYXLIL, M3, J)IFYN2EVX(L,MT, 0}

i +¥YNI2VX{L,M8,yd})

VY{Ll oMb J)= Qa5 {VY(LsMbyJ) +YNLRVY (1,M3,J)+YN2EVY(1,MToJ)

1 +YN3IRYY(1,M8,J))

VZELoMELJ)= DS*{VZ{1eMOE I} +YNLEVZLL M3, J)I4YN2EVI(1,MT4J}

1 +YNI*VZILL,M8,4) 1}

IF {(BETA-0,001) 1182,1182,1190

1182 DC 160 ¥=5,LCCM3

N=K=-4
DC 160 L=1,NTHET
UXENSLY =UXIN LY #VX UL oKyl
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UY (N L) =UYIN,LI+VYI1,K,L)
160 UZTINWLY= UZINLLI+VZ(14K,4L)
DC 153 ¥=5,LCCM3
DU 153 J=1,MTHET
N=K~4&
153 VYLl yN,J)=VYLL,Ked)
LCCk&=LLCOMI-3
DO 155 K=LCCM6,LCOMP
DO 155 J=1,PTHET
155 VYt1|K'J}=0-
DMl 154 K=l,L5
DG 154 1=1,IDIS
00 154 J=1PTHET
X(I|K'J)=PHI[IOK1J)
194 Z{I Ky J)=DVEL(T+Kyd)
GO TC 119%
1199 DC 161 K= 4 ,LCCM]2
DC 161 L=1,MTHET
LX(KyL) = UX{R LI+VX[1,4K,L)
UY(KeL)= UY(KLI#VY LKL}
161 UZ(KyLl= UZIK,L)I+VI(1eK4L}
1195 NCCwh=0
RETLRN
END

SUBRCUTINE HM0D3 {MTHET,IDIS,NJET}

DIMENSICN UX({16440)UY{16440) 02116440y X{201,RF{ 74161},

1 Y{aslB8340) yZ{H41B440},E(16)sDNORM( 4y 16540)y DTANG (44164401},
2 CVOL{4416540) 4FLUX 4416,40)4PHI{G,16,40)

DIMENSICN VX1i12164+40)sVY{1416440)4VZ{1,164y40})

DIMENKSICN SI1{(40,20),C5040420),C(30,16)4D1(30,16)

CCMMCN/BLEKHKL/LS yMB,NFOURGNSYM, ITAPE
COMMON/BLKHK2/UXUY,UZ4XsRFyZ
CCVMMCN/BLKHK3/SICS
COMMON/BLEHKS /UJ, ALPHA, BETF
COMMUN/BLKHKB/Y

CCMFCN/BLKHL3 /7VX

ECUIVALENCE (FLUX(1)+ONORM({1} ), (PHI(1)yDVANG(1)}

REWIND ITAPE
DO 20 K=1,L5
READ (ITAPE) E{K)2{C{T14K) 4DUtI,K),I=1,NFQUR)
20 CCONTINUE
8 LS1l=LS-1
MYL=FTHET+1
DC 40 K=2,L51
DC 40 [=1,IDIS
YOI sKeMTL)=Y¥{T4Ksl)
Z(T 4K MTL =21 4Ksl)
YOI pKeMTL#L)=Y{T4K,2)
4C 211 JKeMTL41L)=21{1,K,42)
D0 45 K=2,LS1
DO 45 1=2,1DIS
0N 45 J=1l.MT11
DNCRMIT 3K J)=SCRTI(Y LTI+ Ko JI-Y{TI-1sKoJ))®%2 #{Z(T4KoJ)=Z{T=1,K,J}}
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45

1145
1146

1151
1150
1152
1156
1155

1157
50

15
10

B0

81

a5

1 *%2)

DYANG(I ¢ Ko J)=SQRTUIV (T s XKy J¥LT=Y{T K J) V%22 +{I{T,KyJ*L)-ZM] K¢ )}
1 *%2}

DL 50 K=2,LS1

DO 50 1=2,1DIS

B0 50 J=1,MTHET

TF (I-TDI35) 1145,1146,1145

IF {I-2) 115041151,115¢

DN=DNORPLIDIS K4 J)

GO TO 1152

DN=CL.5%0ONORM(3 4K JI+DNORMI2Z2,K o J)

GC TC 1152

DN=0.5%{0ONORMIT+1 4Ky J)+DNORMITI4KyJd))

IF €J4-1) 1155,1156,1155
DT=Ca5*{DTANGC(E+Ky L) +DTANG (T K4 MTHET) )

6C TC 1157

DT=0.5%{DTANG(T 4Ky JI4DTANG({I4KoeJI-1)1)

DX=Ce 5 {X{K~1LI+X{K+1})

OVCLIT sKeJd)= DN*DT*DX

DC 70 K=1,LS

cc 10 1=2,iID1S

DC 70 J=1,MTHET

AA=-E(K)}*RF (1 ,K)/RF{]I,K)

REV=1.0

0C 75 N=1,NFOUR

REV=REV*RF{1,K}/RF{I,K)}
AA=AA+REVE{-D(N K *CSTJsNI+CIN,KIEST{J,N))

PHI{I KyJd)=AA

LS2=15-2

SIGN IN FLUX IS PLUX,DUE TC COMAINATION OF TWO MINUS SIGNS.
D 80 K=2,L51

WXl= XUK-1)-X{(K}

WX2= XIK-1)-X(K+1}

WX3= XIK)I-X{K+1)

Do 80 I=2,IDIS

DO 80 J=14MTHET

FLUX{T yKed)= (PHILT  K—=1oJI/WXL/WX2 -PHI(I4KpJI/WXL/RXT +PHI{T,K+1,
1 JI/WX2/8X3 ~0.5%EIK)*RF UL K)/RF{T,K1**3)%0OVOL(I4KeJ)/6.2832
DT 81 K=1.LS

00 81 M=]1,MTHET

vx( ].’K.")=0-0

VY ( ].QK'M’=O-0

VI(1,KeM)=0.0

LS3=L5-3

NTHE=MYHET/2 +1

1F (ABSI{BETF).GT.0.001) NTHE=MTHET

NJL=NJET-2

NJR=NJET+3

DO B5 K=3,KJL

[#=FAXO{2 . K-4)

DC B85 LKL=IBsNJR

DG 85 M=],NTHE

DG 85 I=2,1018

DC 8% J=14MTHET

CBS= [{XIKI-XILKL) *%2 +(Y{LoKyMI-Y{T LKL, J)Ik%2 +{Z11,K,N)
1 —Z01 LKL, J) ) %22} 4%].5

VX[ 1aKeM)l= WXILsKeM) $FLUX(I LKL JI*{X{K)-XI{LKL))/CBS
VY(LeKeMi= VY(LogKyM} +FLUX{T,LKLs J)*{YI1oKyMI-Y(I,LKL,J))/CBS
VZI1eKe¥)= VZI12KoM) +FLUXTIW LKLy JI*IZULoKeM)-Z{T,LKL,J))/CBS
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30

95

110

1180

100

NJ1=NJET-1

NJZ2=NJET+2

DO 90 K=NJ1,NJ2

[Bz=K~4

LB=K+4

D0 90 LKL=IB,LB

DL 9C M=] ,NTHE

D 90 1=2,1DIS

D€ SO0 J=1,MTHEY

CBS=s {{XIK)=X(LKLY)#**%2 +{Y{L1oKoM)=YI(ToLKL,JII¥%2 +{Z(1,K M}
1 ~Z0leLKLyJ) )Y ®E2)%%],.5

VUX{LyKeWMi= VX{14KeM) +FLUXLToLKL, JI®(X{K)=-X{LKL}}/CBS
VY{L1KeM)= VY{1lgKeM) +FLUX{T LKL J}* (Y[l gRoM}-Y(I,LKL,J})/CBS
VZ{1oKsM)= V2Ll oKy M) +FLUX{T LKLy JI*(Z{1,K,M)-Z{1,LKLsJ}}/CBS
Or 9% K=NJR,LS2

LB=NMINO(LSL K+4)

DC 95 LKL=NJL.LSB

O 95 M=1,NTHE

DO 95 I=2,I0IS

07 95 J=1,MTHEY

CBS= ({X{KI=XULRL)I*%2 +(Y{LoKeMI=Y{IoLKLyJ)1%%2 +{Z{14KsM)}
1L =20l LKLy J))#*2)%%x] 5

VX[ LeKeM)= UX{1oRKeM) +FLUXCL LKLy JI*{X{K)}-X(LKL)}/CBS
VYLLK W)= VYTLeKyM) +FLUX(T LKLy JI®CY (1 KyM)}-YI{I ,LKLoJ))}/CBS
VIULsKoM)I= VZ{14KeM) +FLUXCT LKLy JIRLZ (L oK oMI=Z(T LKL ¢J)}/CBS
N=KJET-1

NZ=N-2

N3snN—~1

N¥=K+1

XNL= {XOINI=XINB)IREXANI-XINTI I/ (XIN2}=XINI)I/EXINZI-XINT))
XN2= (X[Nl-X‘NZ')*|X(N)—X|N7)|f(X(N3"X(N2,‘/(xlN3l-x|N7})
XNz (XINI~XINZ)IELXIN)=X{NIY I/ IXAINTI=-XINZ) )}/ LI XINT)=XIN3 )}
DG 110 J=14+NTHE

VECL yNedl= 0.5%{VX 1L eNygJ} #XNLI®VX{LyN2yJI+XAN2EVX[14N34J)

1 +XNI2VX {1 eN7,J1)

VYYCLaNgdds OS5 (VY {L NeJ) #XNI*VYY (L N2y JI+XN2¥VY( 1,N3,J)}

1 +XANI®VY (1 4,NT 4 J})

VZI{1oNgd)= Q5% (VZI1eNeJ) +XNIXVZILsN2yJI+XNZ2EVI{ 14N34J)

1 +XN3I*VZ (LN )}

DC 100 K=1,LS

DC 1006 L=1,NTHE

UXIKGL) = UX{KLI+VX{14K,L)
UY(KeL) = UY{K,L)#VY{1l,Kel)
LZTK L) = UZ{KaLI+VZIiLl4K,L)
RETLRN

END
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10
20
30
50

501
601

(g Rl e

2

PROGRAM LFTSR{INPUT ,QUTPUT ,PUNCH, TAPES=INPUT, TAPE&=DUTPUT,
1TAPET=PUNCH.TAPE2,TAPE])

READ (5,501) ISTART,ISTOP
IF {ISTART-2) 10,20,30
CALL CHAINY

IF (ISTOP-1) 50,50,20
CALL CHAING

IF {ISTOP-2) 50.50,+30
CALL CHAINY

CONTINUE

WRITE {6,601)

sTop

FORKAT (215)

FORMAT {1HO o ///748X ¢ 24H*S%END OF COMPUTAT [ON*&*)
END

SUBROUTINE CHAIN]1
THIS PROGRAM CALCULATES THE DOWNWASH CONTROL POINT MATRIX

OIMENSION GAUSSI50)+DLODN(16}+DLD0DO{16)+ FROWR{ 364 50), THETB{ 2044},
1THETAA{304,16) 4FORR(30,16) ,NOMRBI20,3),NQI3),THETA(4),ETA(20), YDWASH
21150} ,FLPOSTL10)+NSECT20) ,XDWASH(L50),YSTAT(50),NCP(50),

JARRAY(12) s TITLE(S) sGAUFFAISOY Y (1004 NSQULC), AMLE( 30 AMTE{30]),
4YLEAD(31) XLEAD{3L1),YTRAIL(3IL) ,XTRATL{3]))

COMMON GAUSS,THETB,THETAA,FORR,NOMB,NQ THETA,ETA, YDWASH, FLPOS,NSEC

DATA PTIE+XLEAD(1}eVJI/3.14159265,0.416.7
DATA Y{1) 4NSQE1)¢NSQL2),NSQ(3)/~1.0,16418,7/
DATA YITLE/6HDOWNWA 6HSH CONy6HTROL Py 6HOINT My 6HATRIXe+ 6H D /

REWNIND 3

THETA(11=0.0

READ (5,123) ARRAY

READ {54121) NYSTAT,MSPAN,NCHORD,NEED,NFLAP,NODEL,NODE3,NAY1 ,NOLED
1, NOTED

READ (54122) SPACE.FMACH,FB0

READ (5,122) (YSTAT(I),I=1,NYSTAT)

READ (5,122) (FLPOS(1),I=1,NFLAP)

NCOL=NOLED-1

NOT=NOTED-1

READ (5,122} C(AMLE{T),[=]1,NDL)

READ (54122) (AMTE(1)oI=1+NOT)

READ (541221 (YLEAD{1},I=1,NOLED}

READ (5,122) (YTRAILII},I=1,NOTED)
XTRAILt1)1=2.0%FBO

DO 1 I=2,NOLED

XLEAD (T }=XLEAD{I-1)+AMLE(T-1)*(YLEAD(I)-YLEAD{I-1))
CONTINUE

DO 2 1=24NDTED

KTRAILIT) =XTRAILA{I~1)+AMTE(I-L )% (YTRATL{T)-YTRAIL(I~-11)
CONTINUE

S=1.0/F80

MCBS=MSPAN*#NCHORD
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BOF=2,0*F80
WRITE (6+124) ARRAY
WRITE (64973 MSPANJNCHORD«NFLAP¢NEED
D0 3 I=1,NFLAP
WRITE (6,98) [.FLPOSII)
FLPOS{T)=ACOS(1.0-2.0%FLPOS(I )}
3 CONTINUE
C SET UP CONTROL POINY LOCATIONS
IF (SPACE) 6,447
4 READ (5+121) {NCP(I),I=l,NYSTAT)
NDWASH=0
Lte=0
DO 5 I=1+NYSTAT
NOWASH=NDWASH+NCP(I)
LCl=1C2+1
LC2=LC2+NCPLI)
READ (5,499) (XDWASH(L)L=LCl,LC2)

5 CONTINUE
60 10 190
6 WRITE {6,100}
G0 TO 96
1 NXSTAT=1.0/SPACE

IF {NEED.EQa0) NXSTAT=NXSTAT+]
DO 9 I=1,NYSTAT
L=NEED
DO B8 J=1 NXSTAT
XL=L
K={I~-1)*NXSTAT+J
XOWASHIK)=XL*SPACE
L=l+]

8 CONTINUE

9 CONTINUE
NDWASH=NXSTAT®NYSTAT

10 IF INDWASH-150) 12,12,11

11 WRITE (6,101)
GO TO 96

12 K=1
DO 16 I=],NYSTAT
1F (SPACE) l4,13,14

13 NXSTAT=NCP{ )

14 DO 15 J=1 «NXASTAT
YOWASH{K) =YSTATI )
K=K+l

15 CONTINUE

16 CONTINUE
WRITE {6,102) NOWASH,FMACH
BETA=SQRT {1 .0-FMACH#*FMACH)
NAY3=Q
NAY4=D
NAYS=0
NAY6=0
IF (NAYl.NE.O) READ {54121) NAY3I,NAY4,NAYS,NAYG
Ni=1i
N2=NCP(1)
IF (SPACE.GE..02) N2=NXSTAT
DO 95 IYSTAT=1,NYSTAT
NXPTS=NZ2-N]1+1

C

Cxexd CONVERT XDWASH FROM PERCENT CHORD TQ X
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17
18

19
20
21

Crkes

22

23

24

25

246

21

28

00 17 J4=2,NOLED

IF (YSTAT(IYSTAT).LE.YLEAD{J)) GO TD 18

CONTINUE
XLE=XLEADCJI-1)+(YSTAT{IYSTAT)=YLEAD{J~1))%AMLE(J4~1])
D0 19 J=2,NOTED

IF {(YSTAT(IYSTAT)LLE.YTRAILLJ)) GO TO 20

CONTINUE

XTE=XTRAIL(J-1}+{YSTAT{IYSTAY )-YTRAIL(J-1)I*AMTE{J-1)
CHORD=XTE-XLE

DO 21 YI=N1lgN2

XOWASH(I)=XLE+XDWASH{I)*{HORD

IF {NAY1.NE.O} WRITE (6,104)

WRITE (64003) NLoNZ2,YSTAT(IYSTAT)

SET UP SPANWISE INTEGRATION INTERVALS

AULT=YSTATULIYSTAT)

NRAS=4

IF {(AULT.LT..89) GO TO 22
NRAS=3

H=1.0-AULT

GO TC 23

IF (AULT.GT..85) H={1l.0-AULT)/2.0
IF [AULT.LE..85) H=.1

IF (AULT.LT.+571 NRAS=S
IF (AULT.GT..8) NSQU4)=10
IF {(AULT.LE..B) NSG{4)=16
IF (AULT.GE..57) GO 7O 23
Y(5)=AULT+H+.3

NSQ{5)=10

IF (AULT.GT..%) NSQU5)=7
Y{Z2)1=AULT~-H-.3
Y(31=AULT-H

Y(4)=AULT+H

Y{NRAS+1)=1.0

IF (NAY3) 24,2729

WRITE (&6,105])

JRZ=1+NRAS

DO 25 JR=1.JR2

WRITE (64106} JR,Y(JR)
CONTINUE

DO 26 JR=1,NRAS

WRITE 1641071 JRJNSQUJR}
CONTINUE

START BIG REGION LODP
CLEAR RDWS OF D MATRIX

DO 28 K=]1,NXPTS

D0 28 J=1,MCBS

FROKR{ J4K}=0a0

LAP=0

1FL=0

D0 90 J=1,NRAS

NOW SET UP SPANWISE AND CHORDWISE QUADRATURE STATIONS
FOR REGULAR AND SINGULAR REGIONS
NSTAT=1

IF (J.EQ.3) GO TO 33
ESTABLI SH SPANWISE QUADRATURE FOR A REGULAR REGION
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29

30

31

32

313

35

36
37

38
39

40

42
43

44

FOPTS=NSQi S}

MNUMB=FQPTS

IF {(NAY4) 29,30,29

WRITE 16,108) J

WRITE {6,109}

CONTINUE

NONSNG=1

INDEX=FOPTS

GAUSSI1)=FOPTS

CALL FNUD (FOPYS.GAUSS(2),GAUSS(INDEX+2))
NCOWW=MNUMB+2

ETAJL=Y{J)

ETAJK=Y([J+])}

PHIJL=ACOS(-ETAJL]}

PHI JK=ACOS{-ETAJK]}

PHI L= 5% {PH] JL+PHI JK]

PHIZ=.5%] PHTJXK-PHIJL)

00 32 ¥=]1 ,MNUMB

PHI J=PHI L +PHI2%GAUSS (K+1)
ETA{K)==-COS{PHIJ)

If (NAY4)Y 31,32,31

WRITE (6,125) GAUSS{K+1) PHIJLETA(K)¢GAUSSINCDOWH)
NCOWW=NCOWHe1

CONTINUE

GC TQ 39

ESTABLISH SPANWISE QUADRATURE FOR THE SINGULAR REGIDN
IF (NAY4) 34,35,34

WRITE (6,110)

CONTINUE

MNUMB=NSQLJ)

DEL=H/3.0

ETALLY=YL))

ETA(Z2)=ETA(1)+DEL

ETA{3)sETA(2)+DEL

ETA{4)}=AULT

ETAISI=ETA{4}+DEL

ETA{6)=ETA(5)+DEL

ETA{TY=Y{J+1)

IF (NAY4) 36.+38,36

DD 37 K=1,7

WRITE (6,111) ETA(K)

CONTINUE

NONSNG=(

CONTINUE

00 49 L=],MNUMB

MNUMB = NO OF SPANWISE STATIONS IMN A REGION
CALC. X ORDINATE AT L.E. AND T.E. FOR ATA
ATA=ETA{L)

K2Z=NGLED-1

IF (ATA}) 404,41 4%1]

ATA=ABS(ATAY

DO 42 K=],K2

IF (YLEAD{K+#]1)-ATA) 42,43,44

CUNTINUE

GO TO 946

DLDONCLY =XLEADIK+1]

GO TO 45

DLDONIL) =XLEADI{K)+ IXLEAD(K+1}=XLEADI(K) )* (ATA-YLEAD(K))/{YLEADIK+1)
1-YLEAD(K))
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45

46
%7
%8

49

51

52
53

63
64

65
66

67

&8
69

K2=NOTED-1

DO 46 K=1,K2

IF {YTRAIL(K+11=-ATA) 46,4T,48
CONTINUE

GO TO 96

DLDDOML)=XTRAIL{K+1)

GO0 TO 49
OLDOO(L)=XTRAIL{K)+{XTRAIL{K+1}-XTRATL (K)I®(ATA~-YTRAILIK}}/{YTRAIL
1(K+1)-YTRATL(K}}

CONTINUE

DO B9 I=Nl.N2

TXa[~N1l+1

IF (NCHORD=NFLAP) 965,83,50

DO 82 L=1,MNUMB

MNUMB=NUMBER OF SPANWISE STATIONS IN A REGIDN
YO=YSYAT(IYSTAT)-ETA(L)
COMP=ABS{BETA®*S*Y ()
DLDON=({OLODN{LY+DLDDOCLY )/ BOF
DLENJ={DLDDO(L)}-DLDDN{LY }/BOF
DLONJ=DLDON-S*XDWASHIT)
STEVEN=DLDNJ/DLENJ
DLFNJ=ABS(STEVEN)
XSD=XDWASH{T)*5-0LDN

IF (LAP) 51,52,51
FHETFL=FLPOS(IFL)
XFL=COS(THETFL)
XFLAP=(DLON-XFL*OLENJ)*FBQ

IF (NAY4) 53,454,53

WRITE {64+112) LLETALL),YO
BNON=FBO*DILDN

WRITE (6,120} DLDONI(L),DLDDOIL},BODN
CONTINUE

IF (DLENJ]Y 55.55,56

NSECIL}=D

G0 TO 82

IF (COMP~10.0) S5T457,58

IF (OLFNJ-1.0) 60,58,58

IF {LAP) 59.,67+59
THETA{2)=THETFL

GO TO 66

IF {LAP) 61 ,65461

IF (XDWASH{I}~-XFLAP) 63,565,62
VHETA(Z2)=THETFL
THETA(3)=ACOS{STEVEN)

GO TO 64
THETA(2)=ACOS{STEVEN)
THETALI) =THETFL

NQI =3

GO TO 68
THETA(2)=ACOS{STEVEN)

NQT=2

GO TO &9

NCI=1

NOtE) =V

60 TD 70

NQ{3)=10

NQ(2l=10

NQ(1)=10

NUMBER COF CHORDWISE SECTIONS, QUADRATURE POINTS, AND
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71
12

73

T4

75

76
17

83
84

85
86
87
g8

89
30

LIMITS HAVE BEEN ESTABLISHED

NSEC(L)=NQ!

NOMB(L,1)=NQ{1l}

NOMBIL .21=NQ(2)

NOMBIL3)=NQ{3)

THETA{NQI+1)}=PIE

THETBI(L«1)}=THETA(])

THEYBIL ,2)=THETA{2)

THETBI{L,3)=THETA(3)

THETBI{L,4)=THETA (&)

IF (NAY4) T1,72.71

WRITE {(6,113) NQIT

CONTINUE

NOW SET UP QUADRATURE POINTS ANLD INTEGRANDS
FOR CHORDWISE QUADRATURE

D0 81 1LQ=1,NQI

MO=NQ{ICQ)

IF (NAY4) T3,T74,73

WRITE (6,114) ICQ.THETA{ICQ)THETAIICQ+1),M0
WRITE {6,115)

CONTINUE

NFEL=MQ+2

FOPTS=NQ{ICQ)}

GAUFFA(1)1=FOPTS

I NDEX=FOPTS

CALL FNUD (FOPTS GAUFFA(2),GAUFFA{INDEX+2))
PTL=(THETA{ICQ+1 1+THETA(ICQ}) /2.0
PIZ2={THETA(ICQ+1)=-FTHETA(ICQ}) /2.0

DO 30 K=1.MQ

IF (THETA{ICQ)}) 96,476,755

PHTI J=PTI+PT2*GAUFFA(K+]1)

GC 10 17

PHI J=PT1%{1.0+GAUFFA(K+1}}
XO0=XSD+DLENJ*COS (PHI J}
FKER=FKERNL{XO,YCeSsFMACH)
THETAAINSTAT,L)=PHIJ
FORRINSTAT, L) =FKER*GAUFFA{NFEL )*SINIPHIJ]
IF (NAY4) 78,779,768

WRITE [(64116) GAUFFAIK+1) ,GAUFFAINFEL )y PHIJsXOs FKXERsFORRINSTAT,L}
CONTI NUE

NFEL=NFEL+]

NSTAT=NSTAT+]

CONTINUE

CUONTINUE

NSTAT=1

CONTINUE

CALL MATROW (MSPANGNCHORD¢NONSNGyHs [e NAYS, NEEDsNFLAP, PHIJKyPHIJL .
1LAP,IFL,IX,FROMWR}

IF (NFLAP)} 87,8784

LAP=]

IF (IFL~NFLAP) 85,856,96

1FL=1FL+]

GC TG 50

IFL=0

LAP=0

IF {NAY6) 88,89,88

WRITE {64117] (FROWRIND.IX)¢ND=1,MCBS}
CONTINUE

CONTINUE
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91
92
93
94

96

97

98

99

100
101
102
103
104
105

106
107
108
109
110

111
112

113
L14

115

116
117

118
119
120

121
122
123
124

125

MATRIX ROWS FOR ALL CONTROL POINTS ON A CHORD ARE COMPLETED
DO S4 IX=1,NXPTS

WRITE {3) (FROWR{ND,IX},ND=1,MCBS)

IF {NODEJ3) 91,+92,91

WRITE (T,118) (FROWRIND,IX),ND=1,MCBS}

IF (NAYSH) 93,94,93

WRITE (64119} (FROWRIND,1IX),ND=1,MCBS)

CONTINYE

IF (JTYSTAT.EQ.NYSTAT) GO TO 95

Nl=N2+1

IF (SPACE.LT..02) N2=N2+NCP{IYSTAT+1)

IF (SPACE.GE+.02) NZ=NZ+NXSTAT

CONTINUE

ALL MATRIX ROW CALCULATED

GO TO MATRIX PRINT SUBPROGRAM

IF (NODEl.NE.O) CALL MPRINT (TITLE,b643,NDWASH,MCBS)
RFTURN

sTOP

FORMAT (26HINO. OQF SPANWISE MODES = 13/726HONO. OF CHORDWISE MODES
1 = I3/26H0NQ. QF FLAP MDDES = 13/26HOCCTANGENY MODE, NEED =
2 13}

FORMAT {1THOPOSITION OF FLAP13,3H = F8.6)

FORMAT [1Z2F6.0}

FORMAT {25HOTHIS OPTION DISCONTINUED)

FORMAT {1H150HNUMBER OF DOWNWASH. CONTROL PDINTS GREATER THAN 150)
FORMAT {LH119XT4¢LX23HDOWNWASH CONTROL POINTSe5X, SHMACH NO.=El4.8)
FORMAT (264HODOWNWASH CONTROL POINTYSI4,SH TOl4, 5X2HY=E1S5.8)
FORMAT (1HL}

FORMAT (TSHOSPANWISE QUADRATURE INTERVALS AND NUMBER OF QUADRATURE
1 PUOINTS PER INTERVAL)

FORPAT (3HOY(I2,4H) = Fi0.7)

FORMAT (SHONSQUI2,4H) = I3

FORMAT (1H115X,15HREGULAR REGION I12.12H INTEGRATION)

FORMAT (46HOSTATIONS AND WEIGHTS FOR SPANWISE INTEGRATION/LIH )
FORMAT {(1HL115X:2THSINGULAR REGION INTEGRATTION/33HOSPANWISE STATION
1S FOR QUADRATURE)

FORMAT (6HOETA= E15.8)

FORMAT {(4BH1STATIONS, WEIGHTS, AND INTEGRANDS FOR CHORDWISEZ32H QU
LADRATURE AT SPANRKISE STATION, I15/6HOETA= EL15.8,5X,4HYD= E15.8/71H0)
FORKMAT [(30HONO. OF CHORDWISE INTERVALS = [3)

FORMAT (24HOCHORDWISE INTERVAL NO. [3/13H LIMITS FROM FL1eB¢5Xy3HT
10 F11.8,8H RADIANS/28H NQ. OF QUADRATURE POINTS = I3)

FORMAT (1HO8X,10HGAUSS STAL» 10Xy FHGAUSS WT .9 13Xy SHYHETA,16X,2HXD,
116X +6HKERNEL » 13X 49HGAUSS FN./ 1HO)

FORMAT {6E20.8) ‘

FORMAT (1HO10X,39HPARTIAL ACCUMULATED SUM OF ROW ELEMENTS/1HO
16E20.871LH 6E20.8))

FORMAT (LP5EL4.T)

FNRMAT (1HOLlOX,13HCOMPLETED ROW/1H /{1H 6E20.81})

FORMAT (2SHOLEADING EDGE AT ETA, X= F9.6/26H TRAILING EDGE AT ETA,
I X= F9,6/22H MID-CHORD AT ETA, X= F9.6/1H0)

FORMAT (1415}

FORMAY (TF10.0)

FORMAT [12A6)

FORMAT {1H154X,11HCHAIN (1,8}/50HOCALCULATION OF OOWNWASH CONTROL
1PDINY MATRIX FOR (12A6)

FORMAT (1HOLOXTHGAUSS= Flé.B8y2X6HPHYJ® F1l4.842XsSHETA= Flé.8,2X4HW
1T= Fl&.8)
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[n] o000

- On WY

OO0

END

SUBRCUTINE CHAINe&

THIS LINK CALCULATES THE LEAST SQUARES INVERSE OF D
D MATRIX IS ON TAPE 3 OR READ FROM CARDS
INVERSE IS STORED CON TAPE 2, POSITION ZERO

DIMENSION ARRAY{12),VITLE(9)

READ (5.6) ARRAY

READ (5,5) NROW.NCOL , NODE3,NODES,NODESHs NAY
WRITE {6,7) ARRAY

CALL PINVRS{3,2,NAY,NODE3,NODES, NROW.NCOL )
IF [NGCDES) 344,3

DATA QODOHL/G6HINVERS/
TITLE(1)=Q000HL

DATA QOO1HL/&HE OF 0/
TITLE(2)=Q001HL

DATA QOO2HL/6HOWNWAS/
TITLE(3}=Q0Q2HL

DATA QOO3HL/6HH CONT/
TITLE(4)=0Q0003HL

DATA QQO4HL/6HROL PO/
TITLE(5)=Q004HL

DATA QOQSHL/SHINT MmAy
TITLELS)Y=Q0QSHL

DATA QOO6HL/GHTRIX /
TITLE{T)=Q006HL

CALL MPRINT (TITLE,T,2¢NCOL,NROW)
RETURN

FORMAT (1015)

FORMAT {12A6]}

FORMAT (1H150X,11HCHAIN (6+8)}/42HOINVERT DOWNWASH CONTRODL POINT MA
LTRIX FOR 412A6)

END

SUBROUTINE CHAINT
CALCULATES PRESSURE DISTRIBUTION

DIMENSION Wilel50) 9ANM{Ll,75),ETA(SO),CNPITS},CLNP(TS),GEELITS),BENT
150) yARM(50) 4CLLOC{20) ,CMLOCIZ20) 4 ALLOCT20)4COLOCL120),EEDELT10),
2EPSENILO)»CKI6,1004CA(12)4CRATL2)4DINVRSIL,150),CEE(150,36),P(1,
3150) oCHORD(S51) 4 WHY (51 ), FTHETA(20)¢PST(50),CP(50+450),DELTAIS1),A(50
4) 4BU{50),C(50)sDI50), ALFA(20)DELFL{10)4WW114150), FLPOS(10),BETAL(20
51 ,¥YP{20) +NXOPL20) ¢ ARRAY (12}

COMMON WoANM,ETA,CNP,CLNP,GEE,BEN, ARMyCLLOC,CMLOC,ALLDC,CDLOC,
LEEDEL yEPSLN¢CKosCACKAYCLyCMyCOL 4Ny My NUsNON+NFLAP, PI,PLBANETA,BOD,
2BA,BBAR,PIRCNPSI

READ (5,166) ARRAY :

READ (5+164) NyMyNYPoNROWSNETA,NCHORDs NFLAP,NAY,NPSI
READ (5,164 NALFANBETA.NEED,NODE64NODE7,NNW

READ (5,165) BOD,SPACE,YF,DPSI
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L+ ] P L)

~

20

21
22
23
24
25

26

READ {5+4167) (YP{I)+I=1,NYP)

READ (5,16T7) {ETA(I),I=1,NETA)
READ (5,167) (BETA{I),1=1,NBETA}
READ (5.167)1 (ALFAII),I=1,NALFA}
READ (5,167} (FLPOS(I},1=1,NFLAP)
READ (54167) [(CHORO(I),I=1,NCKORD)
READ (5,167) {WHY(1)},I=1,NCHORD)
READ {54167) {DELTA{[),i=1,NCHORD])
WRITE {6,168) ARRAY

IF (YF} 2,3,2

WRITE (64162) YF

G0 T0 4

WRITE {64163}
CONTINUE

IF (SPACE) 5,6,5
NXDOP=NROWS/NYP
GO YO 7

READ (54+169) {NXDP{L)}.,I=1.NYP)
NCNsN®M

RAD=57.29578

PI=3,14159265

IF (NFLAP} 158,+13+8

DO 12 1=1,NFLAP
DELFL{LI)=DELFL({I}/RAD

IF (FLPOS(I)-0.5) 1049,11
FLPOS{1}=0.5%P]

GO 70 12
FLPOS{I)=AC0S(1.0~2.0%FLPOS(I))
GO TO 12

FLPOSUT}=0.5%PT+ASIN(2.0%FLPOSII}-1.0)

CONTINUE

CALCULATE CD-~ORDINATES OF PRESSURE PDINTS

IF {DPST) 14,164,415

RFAD (5,167) (PSI{I).1=14NPSI)
GO TO 19

NPSI=1.0/0PS1

IF {50-NPS5I} 16417,.,17

WRITE (6,171)

GO 10 159

J=1

XJ=J

PSI{Jy=XJ*DPSI

J=J+l

TF {J-NPSI) 18,418,119

NOW CALCULATE ELEMENTS OF C MATRIX
I=1

ETYA=ETALL)
RUOT=SQRT(L.O-ETTA%*2]}

IF (NCHORD-1) 158421422
CC=CHORDI{ 1)

G0 T0 27

NESS=2

IF (ETTA-WHY{NESS)) 26,25+24
NES5=NESS5+]

GO TO 23

CC=CHORDINESS)

GO 10 27

CC=CHORDINESS—1)~(CHORDINESS~1)}~CHORDI{NESS ) Jx{ ETTA-WHY{NESS-11}} /1

IWHY{NESS)-WHY {NES5-1))
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21
28

29
30

31
32

33

34

35
36
a7
38

39
&0
41
42

43
44

45
%6
47

48

49

50

PIRC=(16.0*PI*ROCT}/CC

J=1

PSIT=PSI(.4)

KR={I-1)*NPSI+)

IF (PSI1-0.5) 30,429,431

THETA=PI /2.0

GO T0 32
THETA=ACOS(1.0-2.0*PSI1)

GO TO 32
THETA=PI/2,0¢ASTN(2.0%PS5]I~-1.0)
NtJ=N~-NFLAP

IF [NEED) 33,34,33

Ni=2

NX=0]

GO TO 35

Ni=}

NX=1

G0 10 36

FYHETAC(L) =COSITHETA/2.0)7SINITHETA/2.0)
DG 3T NN=N],NU

ANN=NN-1&NX

FTHETA(NN)=(4, 0%SIN(ANNXTHETA) }/2.0%% { ANN%2,.0)
CONTINUE

IF (NFLAP) 158,40,38

NUU=NU+1

NFR=1

DO 39 NN=NUUgN
AUX=SINI{FLPOS{NFRY+THETA}/2,0)
AUY=SIN{(FLPOS(NFR)-THETA}/2.0)
AUXY=ABS{AUXZAUY)
FTHETAINN)={ALDG (AUXY})/P]
NFR=NFR+1

CONTINUE

EMM=M

K=1

NN=1

EM=0.0

IF {ETTA) 15B,42443

ETEM=1,0

GO TO 44

ETEM=ETTA®RENM

CEE(KR K} =PIRC*FTHETA(NN)*ETENM
EM=EM+2.0

K=K+1

1IF tEM/2.,041.0-EMM) 43,43,45
NN=NN+1

IF [INN-N} &l.41,.46

J=J+1

IF (J-NPSI}) 28,28,47

I=1+1

IF {I-NETA) 20,20448
NPOINT=NPSI*NETA

REWIND 2

IF (NODE&) 49,51,49

DO 50 I=1.NON

READ (5,170) (DINVRS{1,J},J=1,NROWS)
WRITE (2] IDINVRS(10J1$J=1|NRDHS,
CONTINUE |

REWIND 2
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51 IF (NAY]} 52,55,52
C PRINT € AND D MATRICES
52 WRITE {6,172}
DO 53 1=1,NON
READ (2) (DENVRS{LsJ},J=1,NROWS)
WRITE (6,173} (DINVRS(1,J)+J4=1,NRONS}
53 CONTINUE
REWIND 2
WRITE {64174)
DO 54 I=14NPOINT
WRITE (64173} (CEE(T+K)+K=1,NON}
54 CONTINUE
55 NY=NCHORD~1
c NORMALTZE X DIRECTION
D0 56 I=1,NCHORD
DELTACI)=DELTALI)/BO
56 CONTINUE
C CALCULATE A AND FOR WING REGIONS
DC 5T 1=1,NI
ETAA=WHY{I+#1)-WHY(I)
BIT}=0,5%{CHORD{1+11~CHORD(I)JI/ETAA
IF (ABS{B{1)}-1.0E~-05) 201,201,202
201 BiI} = Q.0
202 CONTINUE
AlT)=0.5%CHORD(I)-B(1)*WHY (I)
57 CONTINUE
c NOW CALCULATE AVERAGE AND MEAN CHORDS
BA=0,0
BAR=0.0
00 58 I=1,NI
BA=BA+ALLI*{WHY (141} =WHY{[) )40, 5%BIII*(NHY [T+ )%k 2-WHY(] ) %%2)
BAR=BAR+ (AL ) *22 )% {WHY (I+1)-WHY{I) ) +A{T)}*BII)* (WHY{I+1)%%2-WHY([}*
1R2) (BT *¥R2)  {WHY (] +1)*%3-WHY{[)&%3) /3,0
58 CONTINUE
CHA=2,0%BA
BEAR=BAR/BA
CBAR=2.0%BBAR
C CALCULATE LOCATION OF MEAN CHORD AND MOMENT AXIS
1=1
59 IF [CBAR-CHORD{I+1)) 60,56L,61
60 [IF 1I1+1-NCHORD) 2004+61,61
200 1 = [+]
60 TO S9
6 CONTINUE
IF {B{1)) 203,204,203
204 YBAR = (.0
GO TO 205
203 YBAR = {(BBAR-A(I)}/B(I])
205 CONTINUE
PSIQ=DELTACI)+ (DELTACI+L)-DELTA(I))*(YBAR-WHY(I))/(WHY{I+1)-WHY(])}
1}+8BAR/{2.0%B0)
PS10BO=PSIQ*BO
c NOW CALCULATE C AND D FOR REGIONS
DO 62 1=1,4NI
ETAA=WHY [(I+1)-WHYI(I)
OltI)=(DELTA{I+L)-DELTALTI})I/ETAA
ClIY=DELTA(L}-PSIC~D(I}*HHYL{I)}
62 CONTINUE
C CALCULATE LOCAL MOMENT ARMS AND SEMICHORDS
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63
64
65

66

&7

68

69

70

71

T2
13
5
76

17

T8
19
80
81

82

83

1=1

J=2

IF {ETA{T)}-WHY{Jd]) 66,566,665
NENLS)

GO TD 64

Jl=J-1
BENIII=A{JLI+BLILY*ETAL])
ARMII)=C(JLY+D(JLI*ETAL])
I=1+1

IF (NETA-1) 6T,63,63
WRITE (6,17S) CHA,CBAR,P5I0B0O,YBAR
CON={PI*%2) /{BAXBBAR)

DO 68 I=1,75

CNPII)=0.0

CLNPL1I)=0,0

L=0

IF (NEED) 69,73,69

L=L+1

MM=]

DB 71 T=1,NI

ETAO=WHY(1)

ETAL=WHY({I+1)

MpPp=2%[MM-]1)

RMI=FRMI (ETAQ,ETAL,MP)
PMY =FPMI LETAQETAL,MP)

CNPLLI=CHPILI+ (AL +2,0%BOSCLTI}I*RMT+(BLT)+2,0%80%D( 1)) *PM] )*CON

CONTINUE

MMxMMs )

IF (MM~M) T2,72,73
L=L+]

GO TO 70

IF {NU-1) 158,74,75

IF (NEED} 85,75,85
L=L+1

MM=]

00 771 1=1.NI1
ETAG=WHY (1)
ETAl=WHY(L[+1)
MP=Z2%[MM-1)
RMI=FRMI{ETAQ,ETAL,MP}
PMI=FPMI(ETAQ,ETAL MP)

CNP(LY=CNPILI+((ALT)+BO*C(I)I*RMI+{BIT)I+BO*DIT) }RPMIV*LON

CONTINUE

MM= MM+ 1

IF [MM-N) 78,78,79
L=L+1

GO 1O 76

IF (NU-2) 85,80,81

I[F (NEED) 85,81,85
L=L+]

MM=]

DO 83 [=1,4NI
ETAC=WHY{]1)
ETAl=WHY(I+1}
MPx22{MM-1)
RMT=FRMI(ETAO,ETAL,MP)
PMI=FPMI(ETAQLETAL,MP)
CNPILI=CNPIL)-0.125%(A{])*RM]I+B{T)*PMI}*CON
CONTINUE
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84

85
86

B7

a8

89
30
91

92

93

94

95

96

97
98
99
100

101

MM=MMs |

[F (MN*H’ 8‘,8#.85

L=L+1l

GO TO 82

IF (NFLAP) 158,92,86

DO 87 I=1,NFLAP
SN=SINIFLPOS(I))
CSN=COS(FLPOS(I}}
EPSLNI1)=5N

EEDEL(T i=SN*¥{1.0-.5%CS5N)
CONTINUE

Li=L+}

L2=NU*M

DD 88 L=L1l,L2

CNP(L)=0.0

CONTINUE

L=t2

DO 491 IR=1,NFLAP

DO 90 MMzl .M

L=L+}

CNPLL)=0.0

UP=2%{MM-1})

DO 89 I=1,NI

ETAQ=WHY{T)
ETAL=WHY{I#])
RMI=FRMI{ETAQ,ETAL,MP)
PMI=FPMI (ETAQL,ETAL,MP)
CNPILI=CNPILI+ (2. 0%CON/PI V¥ {{EEDELIIR)®A(II+BOCEPSINCIRIXC{T ) I#RM]
L¢(EEDEL{IRI*BII)+BOSEPSLN(IRYI*D(I) )2PM]}
CONTINUE

CONTINUE

CONTINUE

CNP COEFFICIENTS HAVE BEEN CALCULATED FOR MOMENT EQN
NOW CALCULATE COEFFICIENTS OF LIFT EQN - CLNP
CONST={PI#%3])/(4.0%AA)
L=0

1F (NEED) 93,98,93

L=1+]

CLNP{L)=4.0%(ONST

IF (M-1) 98,9B,94

L=L+l

CLNP(L)Y =CONST

IF (M=-2) 9B,98,95

L=L+1

CLNP{L)=0.5%CONST

IF (M~3) 98,98,96

DO 9T MM=4,M

L=L+]

PM=2%{MM-1)

CLNPLL)Y ={PM<~1.0)*CLNP(L~1}/(PM+2.0)
CONTINUE

tF (NU-1) 158,999,100

IFf (NEED) 105,100,105
L=L+]

CLNP{L)=2.0%CONST

IF {M-1) 105,105,101
L=L+1

CLNPILYI=0,5%CONSTY

IF {(M=2} 105,105,102
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102 L=L+1
CLNPIL)=0.5%0.,5*%CONST
IF (M=-3) 105,105,103
103 D0 104 MM=4 M
L=L+]
PH=2%{MM-1)
CLNPLLI=(PH-1,0)*CLNPI{L-1)/(PM+2.0}
104 CONTINUE
105 1F (NFLAP) 158,113,106
106 Li=L+1
DO 107 L=L1,L2
CLNPIL) =0.0
107 CONTINUE
L=L2
COST=CONST/P)X
DN 112 IR=1,NFLAP
EPSLON=EPSLN(IR}
L=L+1
CLNP(LY=4.0*COST*EPSLON
IF (M-1) 158,112,108
108 L=L+1
CLNPI{L)=COST*EPSLON
IF {M-2) 112,112,109
109 L=L+1
CLNPL{L)Y=0.5%C0OSTHEPSLON
IF (M-3) 112,112,110
116 DO 111 MM=4 M
L=L+1
PM=2%[ MM~}
CUNPIL)=(PM-L,0)*CINP(L-1}/{PM+2.0)
111 CONTENUE
112 CONTINUE
c CLNP HAVE BEEMN CALCULATED — NOW PRINT COEFFS
113 IF [NAY) 114,115,114
114 WRITE (64176)
WRITE (641731 (CLNP{L},L=1+NON}
WRITE (6,177}
WRITE (6,173) (CNP{L}Y,L=1,NON)

C SET UP A TABLE OF GEE FOR CD CALCULATION
115 PLBA={2.0%P]*%5) /BA

GEE{1)}=0.5

GEE{12)=0.125

J=4*{M-1)

IF (2~J) 116,126,126
116 D0 117 JJ=b 44,2

Jdd=(JJ+21/2

EJdd=JJ

CRE={EJJ-1.0}/1EJJ+2.0)

GEE(JJJ)=COE*GEE L SJdJ~-1)
117 CONTINUE
C STARY CAMBER LOOP

DO 157 [W=1l,NW

IF (NODET) 118,123,118
118 1Wl=1

DO 122 1Y=1l,NYP

IF (SPACE) 120,119,120
119 TWZ=NXDPLIVY)+IWL=-]

GO TO 121
120 TW2=NXDDP+IWl-1
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121 READ (5417001 (W{LsIWX),IWX=IW1,1IW2)
IWl=1W2+1
122 CONTINUE
GO 70 124
123 CONTIRUE
G123 CALL CAMBER INXDP,NEED,SPACE,NYP)
c THES SUBROUTINE WILL CALCULATE W MATRIX
124 WRITE {6,178) 1M
WRITE (6,179)
WRETE (69173) (W(ls1),1=]1,NROWS)}
DO 125 KW=14+NROHWS
WIL KW)=ATAN(W(L KW})
125 CONTINUE
WRITE (6,180)
WRITE (64173} (WI(l,[)s1=1,NROWS}
c STARYT BETA LOOP - (INCIDENCE ANGLES)
126 D0 156 KK=1,NBETA
C NOW START ALFA LOOP
DD 155 K=1,NALFA
RALFA=ALFA(K}/RAD
ANGLE=BETA[KK] +ALFA(K)
RANGLE=ANGLE/RAD
IF (YF) 158,127,129
127 D0 128 I=1.NROWS
ARG=W[1,1)}-RANGLE
WWileT}=SINCARG)/COS{ARG)
i2a CONTINUE
WRITE {6,181} BETA{KK),ALFA(K)
WRITE (6,173} {(WW(l,yJ)eJd=LyNROWS)
G0 TO 138
129 SYL=SIN{2.0%RALFA) /2.0
L=1
DG 137 I=1,NYP
IF (YPI{I)-YF) 1304131,131
130 ATSLP=0.0
60 70 132
131 SLOOP=SYL*(YF/YP(1))*¥2
ATSLP=ATANISLCOOP)
132 IF {SPACE) 133,134,133
133 NXP=NXDDP
GO TC 135
134 NXP=NXDP{])
135 D0 136 J=1,NXP
ARG=WI] yL}—RANGLE-ATSLP
WH{l,LI=SIN(ARG)/COS{ARG)
L=L+]l
135 CONTINUE
137 CONTINUE
WRITE (6,182)
WRITE (6,173} {WH{l,J}ysJ=2,NRDNS)
138 DO 139 I=1,75
ANM{1,1)=0.0
139 CONTINUE
DO 140 I=1,150
P{l+1)=0.0
140 CONTINUE
c NOW CALCULATE A MATRIX
DO 142 I=1+NODN
READ {2) (DINVRS(L4J),sJ=1,NRONWS)
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141
142

143

l44

145
146

147

148

149

130

151

152

206

153
207

154
155

156
157

DC 141 J=1,NROWS

ANM{Ll 1) =ANMIL,I)+DINVRS{1yJ)*WW{LsJ)
CONTINUE

CONTINUE

REWIND 2

IF INAY) 143,144,143

WRITE (6,183}

WRITE (6,1T73) (ANM(1,1),I=14,NON)

NOW CALCULATE P MATRIX

DO 146 I=14NPOINT

DO 145 J=1,NCON
P{l,I)=P{LlsI)+CEE(]+J)*ANN(]1,J)
CONTINUE

CONTINUE

NOW STORE P IN A TWO DIMENSIONAL ARRAY
00 147 L=14NPOINT

I[=(L~1)/NPS]+]

J=L-(¥~1) *NP51

CPILyJi=P(Ll,L)

CONTINUE

CALL AERO {NEED)

NOW PRINT CL, CM AND PRESSURE DISTRIBUTION
WRITE (6184) ALFA{K},BETA{KK)

WRITE (6,185) CL,CM,CDL

L=1

WRITE (6,186)

IF (NETA-11%L) 149,149,150
NCOLL=1+({L-1)%*11

NCOL2=NETA

GO TO 151

NCOLLl=1+({L~-1)}*11}

NCOLZ2=L*11

WRITE (6.,187) (ETALL),I=NCOL1,NCOL2)
KRITE (6,188)

DO 152 J=14+NPSI

WRITE (6,194) PSI{J}41CPI1+J),I=NCOLL1sNCOL2)
CONTINUE

RRITE (6,189)

WRITE {6,193) (BENI{T},I=NCOLLNCOL2])
WRITE 16,1501

WRITE (64193) (CLLOCUI),I=NCOL1,NCOL2)
WRITE {6,+192)

WRITE (6,193) {(CMLOC(I),I=NCOL1,NCDL2)
WRITE {6:160)

WRITE (6,193} (COLOC{I),I=NCOLL4NCOL2)
IF (NAY) 206,207+206

WRITE {64161}

WRITE (6,193} (ALLOC(I), I=NCOL1,NCOL2)
DO 153 JC=l¢N

WRITE 164191) JC{CK{JC,I)sI=NCOL1,NCOL2)
CONTINUE

CONTINUE

IF {NETA=11%L) 155,155,154

L=L+]

60 TO 148

NOW CONSIODER NEXT ALFA

CONTINUE

CONTINUE

CONTINUE
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158
159

160
| X. 31
162
163
L64
165
166
167
1468

169
170
17
172
173
174
175

176
177
178
179
180
181
182

183
184
185

186
187
188
189
190
191
192
193
194
195

GO 10 159
WRITE (64195}
RETURN

FORMAT (1HQO,20X,10HCO*C/CAVE )

FORMAT (1HO,20X,23HALPHA TNDUCED (DEGREES))

FORMAY (1HO/24H FUSELAGE EDGE AT ETA = FS5,.4)

FORMAT (1HO/8H NO BODY)

FORMAT (1015)

FORMAT (4F10.0)

FORMAT {12A6)

FORMAT {10F7.0)

FORMAT [1HL54X,11HCHAIN (7,8)/S0HOCALCULATION DF PRESSURE LOADING
IDISTRIBUTION FOR ,12A6)

FORMAT {2012)

FORMAT(S5ELl4.T)

FCRMAT (1H110X.26H ERROR-FLAG LESS THAN 0,02}

FORMAT (1H120X»43HINVERSE OF DOWNWASH CONTROL POINT MATRIX, D)
FORMAT (1HOG6E20.8/7(1H 6E20.8))

FORMAT (1H120X+32HPRESSURE CONTROL POINT MATRIX, C}

FORMAT (1HQL10X420HGEOQMETRIC PARAMETERS/1HO22HAVERAGE CHORD, CAVE =
1 F10.6/1HO31HMEAN AERDDYNAMIC CHORDy, CBAR = F10.6/1H029HLOCATION O
2F 1/4 CBAR, XBAR = Fl0.6/1HO34HSPANWISE LOCATION OF CBAR, YBAR =
IF10.6)

FORMAT (1H110X,2THCOEFFICIENTS OF CL EQUATION)

FORMAT (LHO/LHOLOX,2THCOEFFICIENTS OF CM EQUATION)

FORMAT (1H131X,20HCAMBER SHAPE NUMBER ,12}

FORMAT (1HO25X y46HSPECIFIED DOWNWASH OR SLOPE (DZ/DX) MATRIX, W)
FORMAT [LHO/40HOSPECIFIED SLOPE DISTRIBUVION IN RADIANS)

FORMAT {1H110X,21HW MATRIX WITH BETA = F9.4,12ZH AND ALFA = F9.4)
FORMAT (1HL10X.48HTOTAL DOWNWASH MATRIX - INCLUDES THE BODY EFFELT
1

FORMAT (1HO/1HOLOX,5BHA MATRIX, 1.€. COEFFICIENTS OF THE PRESSURE
1LOADING SERIES)

FORMAT {1HL11O0X,1B8HRESULTS FOR ALFA= F9.4,15H, AND EPSILON= F9.4,9H
1 DEGREES)

FORMAT (lHO23HLIFT COEFFICIENT, CL = Fl0.5/1HO025HMOMENT COEFFICIEN
1Ty CH = F10.5/1H032HINDUCED ORAG COEFFICIENT, CDI = F10.5)

FORMAT {1HOZ20X,33HPRESSURE LOADING DISTRIBUTION, PR)

FORMAYT {1HO6HSPAN =,11F10,.4)

FORMAT (9HOFRACTION/9H OF CHORD)

FORMAT (1HO20X,20HLOCAL SEMICHORD, C/2)

FORMAT {1HO20X,9HCL C/CAVE)

FORMAT (2HOKI1elH »1PT7E15.7/(4H 1PTELS.T))

FORMAT {(1HO20X 1 THCM C**2/CAVE CBAR)

FORMAT (LlHOG6X411lFl0.4])

FORMAT (1H F6e4911F10.4)

FORMAT (1H113HERROR IN DATA)

END

SUBROUTINE AERD (NEED)

DIMENSION W(ls150) dANMIL 7510 ETALSO)+CNP{TS)oCLNP(T5)4GEEL(TS),
1BENI50) ARM{50),CLLOCI{20),CMLOC(20),ALLOC{20),COLOC(20), EEDEL(10),
2EPSLN(LIO) ,CKI16,10}+CALL2),CKALL12)

COMMON W ANMETA,CNPoCLNP,GEEyBEN, ARM, CLLOC,CMLOC,ALLOC,COLODC,
LEEDEL yEPSINJCK CAJCKAZCLyCM,CDL s NegMyNUgNONyNFLAP+PI,PLBA,NETA,BO,
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10
it

12
13

2BA,BBAR,PIRC,NPSI

NOW CALCULATE CL AND CM

CL=0,0

DO 1 I=1,NON
CL=CL+CLNP(I)}*ANM(Ll,I)
CONTINUE

CM=0.0

DO 2 [=1,NON
CHM=CM+INP{I ) *ANMIL,1)
CONTINUE

CMx=—(M

CALCULATE INDUCED DRAG

SUM=0.0

DO 16 1S=1,M
IM=2%({]5~1)

DO 15 L=1,IS§
IK=2¢({L~1)
SUM=FSQMITMIK)

DO 14 IR=},M
1P=2%({[R=~1}
MRP={IM-LIKe+1P+2)/2
AMP=0.0

NCA=NFLAP+2

IF {NEED) 5,3,5
CAl1)=0.0

CKA{1)=0.0

IF (NU) 54,8,4
CAl2)=0.5%ANM{]1,15?
CKA(2)=0.5%ANM(1,IR}
GO TO 8
CACL)=ANM{1,IS)
CKA(L)=ANM{1,IR]

IF (NU~-1) 66,7
CA(2)=0.0

CKA(2)=0.0

GD 1¢ 8

MIR=M+IR

MIS=M+1IS
CA{2)=0.5%ANMIL,MIS)
CKA(2)1=0.5%ANM{]1,MIR)
IF (NFLAP) 54,11,9

DD 10 IFL=1,NFLAP
MFL={NU~1+]FL)*M
MFR=MFL+IR

MFS=MF( +15
CALIFL+2)Y=EPSLNUIFL}=ANM(L,MFSY/PI
CKALIFL#2)=EPSLN(IFLI*ANM(L . MFR)/P]
CONTINUE

DO 13 IFL=]14NCA
CIFL=CA{IFL)}

DO 12 IML=1,NCA
AMP=AMP+CIFL*CKA(IML])
CONTINUE

CONTINUE
SUM=SUM+AMPRGEE(MRP)XS5QM
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14
15
i6

17
18

19
20

21
22

23
24

25

26

28

29
30

3l
32
33
34

35

CONTINUE
CONTINUE
CONTINUE
COL=PLBASSUN

NOW CALCULATE LOCAL LIFY AND MODMENT COEFFICIENTS

CO=4.0%{P1%*2)

COD=PI *%2

DO 43 I=1,NETA
ROOT=SQRT{1.0-ETA{}}*#2)

SERES1=0.0

VERES=0.0

SERS=(0.0

DO 42 J=1.M

SERES=0.0

LP=2%({J~1)

IF tLP)} 54,17,19

IF (ETALTI)}} 54,18,19

ETT“‘I.O

GO T8 20

ETTA=ETA{I} s¥Lp

IF (NU) 54,27,21

IF (NEED) 24422424

MJz=¥+ §

SERES=SERES+D.S*ANM{1,J)
SERSSSERS+(BEN{I)+BO*ARM{I} ) ®«ANM{]1, J)%ETTA
1F INU~1} 27,27+23
SERS=SERS-C.L25%BENTI)*ANM{T M I=ETTA
G0 T0 27

Mi=pi)

MRJ=M+}e

SERES=SERES+ANM{ 1, J)
SERS=SERS+(BENITI+2.,0%BO*ARM{ ) }*ANM{1,.J)*ETTA
IF iNU-1) 27,27,25
SERES=SERES+0.5%ARN{ 1, M)}
SERS=SERS+{(BEN(I)+BO*ARMIT)I}*ANMI 1, MII*ETTA
IF (NU-2) 2T.:27,2%
SERS=SERS~0. L 25*BENII ) *ANMI1, RMJ I XETTA
IF (NFLAP) 28,30,28

ETPI=ETTA/PI

DO 29 IFL=1,NFLAP

MFL={NU+IFL-1})#"¥M

MIP=MFL+J
SERS=SERS+2.0%ETPYI*(BEN{S)*EEDEL{ IFL ) +BO%ARM(I }*EPSLN(TIFL ) I *ANM{],
iMIP)
SERES=SERES+EPSLNI{IFLI*ANM(L4MIP)/PI]
CONYINUE

AYE1l=0.0

DO 4l NG=1,.J

NGM=2%[NG~1}

IF (ETA(L)) 32,31.32

ETAG=1.0

60 TO 33

ETAG=ETA{ I} *%{LP=NGM)

IF [NG~2) 34,3536

AYE=LP+}

GG TGO %40

AYE=1-~-LP
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35

kY

38
39

40
41

42

oo e

44

45
46

%1
48

49

50
51

52
53

54
55

56

AYE=0.5%AYE

GO TO 40

NUM=1

LOW=2

IF (NGM~4) 40,39,37
1G2=NGM-2

DO 38 1G=4416242
NUM=NUM*{IG-1)}

LON=LOW*1G
UNM=NUM*(NGM~LP~-1)
ELW=LOWENGM

AYE=UNM/ELMW
AYEL=AYEL+AYE®ETAG
CONTINUE
VERES=VERES+SERES®AYEL
SERES1=SERESL+SERES#ETTA
CONTINUE
CLLOC{I)=CO*RUOT*SERESL/BA
ALLOC{IV1=COO*VERES
COLOCIIY=CLLOC{T ) *ALLOC(T)
ALLOC(I)=1B0.0*%ALLOCLI)}/P]
CMLOCLE ) =~COD*RODT*SERS/ [ BAXBBAR)
CONTINUE

CALCULATE CKIUN4ETA)

DO 53 IT=1,NETA
ETTA=ETA{IT)
PIRC=8.0%PT*SQRT(1l.0-ETTAXETTA)/BEN(IT)
DO 52 JC=14N

IF {JC-1) &5,44,45
EL=1.0

60 TO 48

IF (JC-NU) 46,46,47
ELs4.0/{2.0%%{2%JC-21})
GD TO 48

EL=1.0/P1

SIGMA=0.0

NEL={JC~-1) %M

DO 51 JS=1.M

MEL=NEL+JS

IF 1J5-1) 50+49,50
SIGMA=SIGMA+ANM{1,MEL)
GO T0 51
SIGMA=SIGMA+ANM{ L, MEL}*ETTA®* (2% ({15-11])
CONTINUE :
CRUJC+IT)=STIGMA®EL*PIRC
CONTINUE

CONRTINUE

GO0 TO 55

WRITE (6,56)

RETURN

FORMAT (1H113HERROR IN DATA)
END

SUBROUTINE PINVRSUININ,NOUT,NAY,NODE3,NODES,NROW,NCOL}
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11

12

14

15

16

17

18

19

20

21

CALCULATES THE LEAST SQUARE INVERSE COF Dy A IS EQUIVALENY OF D

INVERTED MATRIX 1S5 PLACED ON TAPE 2 FOR CHAINT
DIMENSTON Al120+48),B(48,48),C11,+,120),DUN{12D)

NOM=1

JMAX=NROW

IF {UMAX~120) 1,1.33

KMAX=NCOL

IF (KMAX=4B) 2,2,33

REWIND NIN

DO 3 J=1,JMAX

DO 3 K=1,KMAX

AlJeK)=0,.0

CONTINUE

IF [NAY) 4,5.4%

WRITE {6,434}

DO 11 [=1,JMAX

IF (NDDE3) T,6,.7

READ (NIN) (DUMIK) ,K=1,KMAX)
GO 1D 8

READ (54+35) (DUMIK),K=1,KMAX)
DO 9 K=} ,KMAX

A{14K)=DUML{K)

IF (NAY} 10,111,110

WRITE (6436) tA{I K]} K=1l,KMAX)
CONTINUE

ORTAIN PRODUCT OF A AND A TRANSPOSE
IF (NAY) 12,13,12

WRITE (6,37}

DO 16 J=1,KMAX

D0 14 K=]1 ,KMAX

BlJ,KI=0.0

DO 14 I=1,JMAX
BlJsXI=zBlJeKI+A(L, J)%ALI,K)
CONTINUE

IF INAY)} 15,416,415

WRITE (64¢36) (B{JgK) K=14KMAX)
CONTINUE

DO 17T J=1.120

Ciled}=0.0

CONTINUE

DETER=0.0

CALL MATINV {B,KMAX.C,0,DETER)
IF INAY) 18,20,18

WRITE (6,38)

D0 19 N=l,KMAX

WRITE {86436) {(B{NeK} K=]1,KMAX)
CONTINUE

CALCe [INERSE OF A TRANSPOSE*A}®A TRANSPOSE
WRITE [6439)

REWIND NOUT

REWIND NIN

DO 27 1=} .KMAX

DO 22 J=1,JMAX

Cll,J)=0.0

DO 21 K=]1 ,KMAX
CllyJ1=C(1,d1+BII,K)#*ALJ,K)}
CONTINUE
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22
23

24
25

28
29

30

31
32

33

34

35
36

37

39

40
41

42

[aXeNeXul

CONTINUE

g0 23 J=1.JMAX

DUMIJY=C{1,.d)

IF (NAYY 24,25,24

WRITE (6436) (ClleJdled=1,IMAX)
WRITE (NOUT) (DUM(J),J=l,JMAX)
WRITE (NIN) (Cll,J)yJ=1,JMAX)
IF (NOCDEB) 26,27.+26

WRITE (7,35) (DUM{JYyJ=1,JMNAX)
CONTINUE

LEASY SQUARES INVERSE COMPLETED
EVALUATE DETERMINANT OF {A INVERSE)}*(A)
REWIND NIN

DO 29 J=] KMAX

READ ININ) (CULyUN}sJN=1,JdMAX)
DO 28 K=l ,KMAX

Bt JeK)=0.0

DO 28 =1 ,JMAX
BlJWKI=BlJsKI#C{1oI)*ALI,HK)
CONTINUE

CONTINUE

IF (NAY[ 30,324+30

WRITE {6440}

DO 31 I=1,KMAX

WRITE (5,36} (Bill,J),yJd=1,KMAX)
CONTENUE

CALL MATINV (B KMAX,C,0,DETER}
WRITE (6,41} DETER

RETURN

WRITE (6442)

STOP

FORMAT (25HOMATRIX TQO BE INVERTED, A)
FORMAT (1P5EL4.T)

FORMAT{1HO6E20.8/(1H 6E20.8))

FORMAT (1H113HA TRANSPOSE®A)

FORMAT (1H125H INVERSE OF A TRANSPOSE®*A)
FORMAT {1HIZ0HINVERTED MATRIX AINM}

FORMAT (1H1Z0X40HUNIT MATRIX = {INVERTED MATRIX)®(MATRIX))
FORMAT (1HO,29HDETERMINANT OF UNIT MATRIX = ;E15.8)

FORMAT (1HL16HMATRIX TODO LARGE)
END

SUBROUTINE MATROW (MSPANyNCHORD,NONSNGyHs IyNAYyNEED(NFLAP4PHIK,

LPHILLAP,IFL,IX+FROWR)

THIS ROUTEINE PERFORMS THE QUADRATURE AFTER THE STATIONS

AND WEIGHTS HAVE BEEN ESTABLISHED.

OIMENSION GAUSS(50),FROWR(36,50), THETB(20,4), THETAA(30,16},FORR(3C
Lelb) e NOMBI2043 ) ¢ NQU3 ), THETAL4)L,ETAL20), YOWASH{ L50),FLPOS(10) +NSEC{

2201 2 ANSWRI50) oSGHT {101 ¢ FNNNN(20)4FN{20)

COMMON GAUSS THETB,THETAA,FORR, NOMB,NQs THETAL, ETA, YONASH, FLPOS.NSEC

IF (LAP) 241,42
NELZ2=NCHORD-NFLAP
NEWASH=]
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15

16
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20
21

GO T0 3
NEL2=1

NEWASH=MSPAN®{ NCHORD~NFLAP+IFL~-1)+1

MNUMB=GAUSS (1)

IF {NONSNG) 5,4,5
DELA=1.0/1100.0%H)
SGWTI1)=13,0%DELA
SGHT{2)Y=72.0%DELA
SGHT(3)=495.0%DELA
SGHT{4)=-13560.0*DELA
SGHTIS)=5GWT(3)
SGHTLIE)=SGNT(2)
SGWT(7)=5GWT{1)
MNUMB=T
PKL=({PHIK-PHIL}/2.0

DO CHORDWISE INTEGRATION AT SPAWISE STATIONS

DO 30 NEL=1,NEL2
NSTAT=]

IF {NAY) 6,7,6
WRITE (6,31} NEL
CONTINUE

DD 19 L=1,MNUMB
NQI=NSEC{L)
FNNNN{L)}=0.0

IF INQY) 8411.8
DO 10 YICQ=1.NQI
FNIICQ)=0.0
MM=NOMBIL,I1CQ)

CALL PRESSR (MM,NEL,NSTAT,ANSHR,FLPOS,NEED,LAP, IFL,THETAA,L)

DG 9 LNM=l,MM

FN(ICQ)=FORRINSTAT,L)*ANSWRILNM}+FN(ICQ)

NSTAT=NSTAT+1
CONTINUE

FNIICQY=(THETB (L, TCQ+1)-THETBIL,1CQ) }*FN(ICQ}/ 2.0

FNNNN{L)Y=FNNNNI{L)}+FN(ICQ)}
CONTINUE

NSTAT=1
SPHI=1.0-ETA{L)}#*ETA(L)

IF I{NAY) 12,13,12

WRITE (6432) ETA(L) +FNNNN(L)
CONTINUE

IF (NONSNG) 1S,14,.15

FNNNN(L Y=FNNKNN{L)®SGWT (L) *SQRT{SPHI)

GO TO 16

YOO=( YOWASH{I}~ETA{L)}
YOO=YOD*YCD
NGAUS=L+MNUMB+]

FNNNN{L}=FNNNNIL)*GAUSS (NGAUS )*SPHI/YDO

IF (NAY) 17,18,17
WRITE (6,33) FNNNNI(L)
CONTINUE

CONTINUE

DO 29 MEL=1,MSPAN
MELL=2% [ MEL-]1}
AUX=0.0C

D0 24 X=1,MNUMB

IF (MELL) 22,20,22
IE (ETAIK]) 22+21.22
PNHER=)1.0
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YO, ~ O~

GD 1O 23

POMER=ETA{K) »xMELL
AUX=AUX+FNNNN{K) *POWER
CONTINUE

IF (NDNSNG) 25,426,295
AUX=AUX*PKL
FAOWR{NEWASH, IX)=FROWR(NEWASH, IX)+AUX
1F (INAY) 27.28,27
WRITE {6434) MELL,AUX
CONTINUE
NEWASH=NEKASH+1
CONTINUE

CONTINUE

RETURN

FORMAT (42HL1CHORDWISE INTEGRALS FOR PRESSURE MDDE, N=13)

FORMAT (THOETA = E15.8/1H 421X, THIC 1 = E15.8)

FORMAT (1H 421X,THIC 2 = E15.8)}

FORMAT (40OHOSPANWISE INTEGRAL FOR PRESSURE MDDE, M=13,3H = E15.8)
END

SUBROUTINE MATINV (A,N,8,M,DETERN)}
MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF L INEAR EQUATIONS

DIMENSION IPIVOT(48),INDEX{48,2)
DIMENSION A{48,48}4B148,1),PIVOT148)

INITIALIZATION

DETERM=1.0
D0 2 J=L1N
1PIVOTI S =0
DO 21 I=1,N

SEARCH FOR PIVOT ELERENY

T=°c0

DO T J=1.N

IF (IPIVOTL(J)=-1) 3,7,3
DO & K=l4N

IF (EPIVOT{K)I~1]) 446,425

"IF (ABS(T)I-ABS(ALJIK})) 5,646

IRGwW=J

ICOLYM=K

T=A{JdsK}

CONTINUE

CONTINUE
IPIVOTLEICOLUMI=TPIVOTLICOLUM) +]

INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

IF (IROW=-ICOLUM} 8,12,8
DETERM=~DETERM

DO 9 L=1,N

T=A{IROW, L)
ACTROW L} =ALICOLUM, L)
ALTCOLUM, L) =T
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IF (M} 12,12,10

DO 11 L=1.M

T=B(IROW,1)
B{IROW,L)I=BIICOLUM,L)}
BUICOLUN,L) =T
INDEX(T,41)=1ROW
INDEXII+2)=ICOLUM
PIVOTIT)=A(ICOLUM, ICOLUM)
CETERM=DETERM*PIVOT(]}

DIVIDE PIVOT ROW BY PIVOT ELEMENT

A(ICOLUM, IEOLUM) =1.0

DO 13 L=1,4N
ALICOLUM L) =ALICOLUM,L)/PIVOTI(I)
IF (M) 16,16414

00 15 L=1+M
BIICOLUM L) =BLICOLUM,L)/PIVOT(])

REDUCE NON-PIVOT ROWS

00 21 Ll=1.N

IF (L1-ICOLUM) 17,21,17
T=A(L1,ICOLUM)
A{L1,iCOLUM)=0.0

DO 18 L=1,N

ATLLyL)=A{LL L)-ATICOLUM,L)%T
IF (M) 21,21,19

DO 20 L=1,M
BILESLY=B(LLoL}-BlLICOLUMGL)*T
CONTINUE

INTERCHANGE COLUMNS

D0 24 I=14N

L=N+1-1

IF (INDEX{L+L)=INDEX{L2)) 22424422
IROW=INDEX{L,1)
ICOLUM=INDEXIL,2)

DD 23 K=1,N
T=A{KsIRONW}
A(K,JROW)=A(K,ICOLUM)}
A(K,,ICOLUMY =T
CONTINUE

CONTINUE

RETURN

END

SUBROUTINE PRESSR (MMyNEL ¢NSTAT ¢ ANSWR, FLPOSoNEEDoLAP, TFL ¢ THETT,LL)
DIMENSTION THETT{(30+1),ANSWRIL),FLPOS{1)

LAC=NSTAT

IF (LAP) 9,1,9
IF (NEED) 2,3,2
KEL=NEL~1

GO TD &

KEL=NEL
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IF (KEL) 545.7

DO 6 LNM=]1,MM
AUY=THEYTI{LAC,LL) /2.0
ANSWRILNM)=COS{AUY)/SINLAVUY)
LAC=LAC+]

CONTINUE

RETURN

FNEL=KEL

DD 8 LNM=1,MM
AUY=THETTI{LAC,LL)
ANSWRILNMI=4.0%SIN{AUY*FNEL])/ (2.0%&{2%KEL ))
LAC=LAC+]

CONTINUE

RETURN

AUFL=FLPOS{IFL)

DO 1O LNM=] MM
AUY=THETTILAC,LL)
UNUM=SIN{O.S*{AUFL+AUY))
DENCM=SIN(0.5% (AUFL-AUY)}
ANSWR{LNM)I={ALOG (ABS LUNUM/DENOM) ) )/ 3.14159265
LAC=LAL+]

CONTINUE

RETURN

END

SUBROUTINE MPRINT (TEXTM,NW,MTAPE,MAT2,MKAT3)
THIS ROUTINE 1S USED TO PRINT A MATRIX
DIMENSION QOOOFL{150),A(5),TEXTM{9)

NROWS=MATZ
NCOLS=MAT3

REWIND MTAPE

NOW BEGIN PRINT LOOP
LINES=0

DO &6 J=1,NROWS _
READ {MYAPE)} (QOOOFL{L),I=1,NCOLS)
K=1

A{l)=0.0

A12)=0.0

A(3)=0.0

A{4)=0.0

A(SI=0.0
AL1)Y=QO00FL{K)
Al2)=Q000FL{K+]1)
A(3)=Q000FL(K+2)
Al4)=QD00FLIK+3)
A{5)=Q000FL(K+4)
Nl=K

NZ=K+1

N3=K+2

Na=K+3

NH=K+4

K=K+5

IF (LINES) 2,3,2

1F (49~LINES) 3,4,4
START NEW PAGE
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WRITE (649} (TEXTM(I),I=1,NW)
WRITE (6,7} NROWS,NCOLS

WRITE (6,9}

LINES=5

WRITE (645111} JeNIJA(L) o NZ2,AT214NILA(3) NG, ALL) NS,ALS)
LINES=LINES+1

IF (NCOLS-K) G411

WRITE (64,1010

LINES=LINES+]

CONTINUE

RETURN

FORMAT {1HO30X,14+9H ROWS BY I4,BH COLUMNS)

FORMAT (1HOZ2XBHROW COL,18Xy3HCDOL 19X, 3HCOL ¢ 19X 3HCOL 4 19X'3HCDL)
FORMAT (1H129X%,9A6)

FORMAY (1H )}

FORMAT (1H 22Xy 0340154 1XKeEL1S5e892X el 2N s EL15.8¢2Xs1342XeE15.842X013,
12X4EL5.842X+[342X0EL5.8)

END

SUBROUTINE FNUD (FEN,GAUSS,WTGS)
DIMENSION NLOC(14)+FTABLE(TO),THGTS{T0),GAUSSIL)NTGSI1?

DATA NLOC/2 44 9T910414018423428934440447454462,70/

DATA TUGTS/.888888888,.5555555554 4652145154, .347854845,.5680808888,
1.4786286T0y.236926885,4.46T7913934,.360761573,.171324492,.417959183,
2.381830050,.279705391,.129484966,.362683783,.313706645,.222381034,
3.101228536+.330239355,4.312347077,.260610696,.180648160+.812743884E
4=19.295524224+.269266T719,.2190863624.1494513494.666713443E~1,
5.272925086,4.262804544,4.233193764, .186290210,.125580369+.5566B5671E
6=14.249147045,.233492536,.20316742645.160078328,.10693932¢8,
Te4T1T53364E-14.232551553,.226283180,.207816047,.178145980,
84138873510,4.921214998E~1,.404840048FE~-1,.215263853,.205198463,
9.185538397,.15720316T4.121518570, .801580872E-1,44351194603E~1,
A.2025782414+.198431485,4.1561610004.166269205,.1395706774.107159220,
B.T703660475E-144307532420E-1,.189450610, .182603415,.169156519,
Ce149595988,.124628971,.951585117E-1, .622535239E~-1,.2T1524594E-1/

DATA TABLE/ Q403 774596669:.3399681043,.86113631140.0,4.53B469310,
129061798459 .23B8619186,.6612093864 .932469514,0.0,.405845151,
2.7415311854.949107912,.183434642,.525532409,.796666477,.960289856,
30.0443242534234.613371432,.836031107,.968160239,.148874339,
44433395394, .679409568,.865063366, « 9739065284040, .269543156,
54519096129, +.730152005,.887062599,.978228658,4.125333408,.367831498,
6.587317954,5.769502674,.904117256, .981560634,0.0,.230458316,
To448492751,4.642349339,.801578090,.917598399,.984183054,.108054948,
84319112368+ .515248636,.687292904,.827201315,.929434883,.986283808,
90.04+02011940944+.394151347,.570972172,.724417731, 848206583,
Au937273392,4.987T992518:.950125098E-1,.2816035504.458016777,
B.6178B76244%9.T755406408,4.865631202,.944575023,.989400935/

N=FEN+1,0

INDEX=NLOC (N-3)

N2=N/2

J=N-1

DO L 1=1.N2
GAUSS{T)=—TABLEUINDEX)
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GAUSS{J)=TABLE{INDEX)
WIGS{I)=TWGTS I INDEX)

HTGS(JY=TWGTS (INDEX)

J=d~1

INDEX=INDEX~-1

RETURN

END

FUNCTION FSQM (MM, IR)

GMM=MM

I={IR+2}/2

IF {[-1) 1,1,2
FS5QM=GMM+1.0

GO TQC 8

IF (1-2) 3,3,4

GO Tg 8

I11=3
EMI=0.5%({GMM+1.0}
EM2=GMM

ENUNL=3.0
OEM1=4.0

ENUN1=1.0

DENL1=2.0

FS1=ENUML /DEM]
F52=ENUNL/DEN]

IF (I-11) T4+746
ENUKL=ENUML1+2.0
DEM1=DEM1+42.0
ENUNL=ENUN1+2.0
DEN1=DEN1+2.0
F51=F51 *ENUM]L /DENL
FS2=FS2*ENUNL/DENL
[i=11+1

Gn 10 5
FSOMzEMLI*FSL-EM2%FS2
CONTINUE

RETURN

END

FUNCTION FKERNL {XO,Y0DsS5¢FMACH)

BETASQ=1.,0-FMACH*FMACH
COMP=X0O*X0+BETASQ*S#5%Y0*Y0
SQCCMP=SQRT(COMP)
FKERNL=1.0¢X0/5QCOMP
IF {SQCOMP) 1.1,2

1 WRITE (6,601}

S¥ar
2 CONTINUE
RETURN
601l FORMAT (1HO,///10X,32H**&SQCOMP=0, EXIT FROM FXERNL*%*)
END

FUNCTION FPMI (ETAQ,ETALyMM)
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PHI=ACOS(ETAQ)}

PHI1=ACOSIETAL)
FOMI={(SIN(PHI) ) ##3.0—(SINIPHIL))*%3,0)/3.0
IF (MM-2) 3,1,1

IM=2

GM=]M
FPMI=((ETAQO®*GM)#{SINI(PHI )1 #*3 . 0—(ETAL*XGMIK{SIN(PHIL))**3,01/(GM+
13.0)+(GM*FPMI)/(GM#+3.0)

IM=TMe2

IF (IM-MM) 242,3

RETURN

END

FUNCTION FRMI (ETAQ.ETAL,MM)

PHI=ACOSI{ETAD}

PHI1=ACOS(ETAL)

IF (MM-2) 1.,2,2
FRMIz0,5%{PHI-PHIL1)~D.25%{SIN(2.0*PH]}-SIN(2.0%#PHIL})

GO TO0 6
FRMI=0.125%{(PHI=-PHIL1)}-0.25%(SIN{4.0¥PHI)}-SIN(%.0*PHIL)})
IF (MN-2) 3,3,4

GO TD &

IM=4

GM=IM
FRMI={ETAO®*{GM-1.0) *(SINI(PHI))®%3 O0~ETAL**(GM=1.0)*{SIN{PHI]1) )*=*
13.0+¢(GM=-L.O)*FRME}/IGM+2,0)

IM=TMe2

IF (IM-MM) 5,5,6

RETURN

END
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PROGRAM NLBODYLINPUT ,QUTPUT ,TAPES=INPUT, TAPES=JUTPUT)

DIMENSION ALPHAL{18) 4PHIL19},QL(9}+REID),COMNTI1B),C(10)
DIMENSTION CYS(4) ¢CNS(4),CMS{4)4CES(4)oRLSTL10),CYSVI3)LNSVI)

COMMON DXL DX ISTART ¢NEXEIT ,LREF4SREFeCGyCYSoCNSyCMSyLESoRLS3LYSV,
LCNSVPHI

REAL LREF

CALL DATA
READ (545) COMNTY
WRITE (6425) COMNT
5 FORMAT(18A4%4)
READ (5,10} LREF,SREF.CG,DX1
10 FORMAT{4F10.4)
READ (5+1i5) NALPHA NPHI,NQyNR
L5 FORMAT(5]2)
READ (5,20} (ALPHAL(1},I=1,NALPHA)
READ (5,20) (PHILLI),I=14NPHI)
READ (5,20) {QLUI),4I=1,4NQ)
READ (5,20) (RL{I}),I=1,NR)
20 FORMAT(9FB. %)
25 FORMATILHl41BA%)
DO 50 I=1.,NPHI
PHI=.0174533#PHIL{I)
CP=COS(PHI}
SP=SIN{(PHI)
CALL CUEFF
DO 50 J=1,NR
DO 50 X=1,NQ
CL=RL{JY*CP+QLIKI*SP
C2=QlIK)*(P-RL{J)*S5P
WRITE (6,30) PHIL(I),QlIK}+RLUJ)
30 FORMAT{SHOPHI=F84a345H Q=1FTa4,y5H R=yFTa4/
18HO ALPHA,30X2HCN,15X2HCM, 15X3HCY 4 14X3HCEM, L4X3HCRM)
DO 50 L=1.NALPHA
ALPHA=,0174533%ALPHAL (L)
CA=COS{ALPHA)
SA=SIN{ALPHA)
Cil1=L1#CA
C(21=SA*CA
Ct3)=C2%CA
Cla)=CAn%2
CYSPOT=2-{CIII2CYS (1140 (2}2CYS(2)+4C{IVRCYS (3404 I*CYS5(4) V/SREF
CESPOT=-(C{LI*CES(L)+C(2}*CES(2)+C(I}*CES{A)+C(4)*CES(AY )/
1 [ SREF*{_REF)
CNSPOT==(CL1)#CNS{1)+CU2)*CNS(2) L (3)#.CNS{3)+L (4 ) 2CNS{ &) ) /SREF
CMSPOT=-({C(LI%CMS{LI+C {2V *CASL2)+C(II*CHSI{3)1+C (4 ) *CMSL4) )/
1 {SREF*REF)
CYSPl=CYSPOT
CYSPOT=CYSPLRCP-CNSPOT*SP
CNSPOT=CYSPL%SP+CNSPOT*CP
CYSPL=CESPOY
CESPOT=CYSPL*CP~-CMSPOT#*SP
CMSPOT=CYSPL*SP+CMSPOT*LP
Ci101=Ci4)
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C{9)=2.*C{1)*CA
Cle)=2.%C(1)%C1
ClTy=2.%C(3)*%CA
Ci6)=2.3C{3)*+L2
CI51=C(2)*CA
Cla)=C12)*S5A

C{31=C(31%C1

C(21=C12)%C2
C(1)=Cl1)*SA

CLSPOT=0.

CLSVIS=0.

DO 35 N=rl,l0
CLSPOT=CLSPOT+C (M) *RLS (M)
CLSPOTsCLSPOT/(SREF*LREF)

WRITE (6,440} ALPHAL(L).CNSPOT,CMSPODTCYSPOT,CESPOT,CLSPDT
FORMAT{1H 4FTo4,lOXIHPOTENTIAL,5X5(3X1PEL12.4,2X))

CALL VISCISA,QLUK) yRL(J)4CNSVISCMSVIS, CYSVIS, CESVIS,CLSVIS)
WRITE (6445} CNSVIS,CMSVIS,CYSVIS,CESVIS,CLSVIS

FORMAT(1H ,1TX9HVISCOUS S5X5(3X1PEL2.4,2X)/1H )

CONTINUE
STOP
END

SUBROUTINE FCORCE

DIMENSION CY{4)4CN{4}4RLEF)CYO(4)CNOI4)4RLOUIIKPLRELLL),

1 KPLIM{L]1)

DIMENSION CYS{4) ¢CNS(4),CMS14 ), CES{4&1,RLS{1O0),CYSV{3),CNSVI3)
DIMENSION Al{12),81112),APR1{12},BPR1{12},C(2)

COMMON DX1+DX o ISTART 4 NEXITLREF,SREFsCGs CYSoCNSyCMS,CESyRLS,CYSY,

LCNSV,PHI

COMMON XoRE+RBPR4RB2+S+DS0OX,COCYCOCLeNyAL,B1y APR1,BPR],C

REAL LREF KPLRE+XPLIM

Cl={X-CG} /LREF
CY{11=25.13274%(AL{3)-RB)*RB*C]
CY(2}=12.5663T7#%B1{3)*Re
CYi3i=2.*Cl*CY{(2)

CN{1Y=CY(3)
CN{2)=-12.5663T*{AL(3}+RB)*RB
CN{3)=2.%CL1¥CN{2)
CY(4)=12.56637%C{1)1-2.%5%APR1 (2]
CN{4)=12.5663T%C12)-2.%5%BPR]1(2)
RLIL)=CY{1)-CN(3)
RL{2}=2.%CY(3)
RLI3)I=C1*{CY(1)~CN(3))
RL{4Y=CY(2)

RLISI=CY(4)

RLIG)=CLHCY(3)

RLITI=CLI*CYI(4)

RL(8)}=—C1*CN{1)

RLIG)==CLleCN{&)
CY(1)=CY{1)+4.%CL*S

CNI3I=CN(I) +4.%(1*S
CNL2)=CNI2)+2.%5

IF {ISTART) 200,5,+10
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DO 6 I=1,4

CYSiI)=Q.

CNSI(1)=0.

CMS({1)=0.

CESLI}=0.

CYO(L)=CYLI)}

CNO{I}=CNI(1)

D0 T I=1,9

RLS(I)=0.

RLO(TI)=RLAI)

ISTART=]

GO TO 200

XA=zX~,5%0X-C6

00 15 1=1,4

CYS{I)=CYSCEI}+CY(I)-CYOLL)

CNSITI)=CNS{IL}+CNI(T)~-CNQI(I)

CMS{T)=CMS{I)-XA®{CNI{I)-CNOI(]I})

CES(IVsCES{T)=-XA®ICY(TI}-CYOLI})

po 20 1=1,9

RLS{T)aRLSTIJ+(RLITIY+RLOLT))*DX/2.

IF INEXIT} 200,25,35%

DO 27 I=l44

CYD{IY=CYI(I)

CNCUII=CNLT)Y

DG 30 (=1,9

RLO(I)=RL(I)

GO 7O 200

RLS(SI=RLS{S5)+12.5663T*{AL(2)*{A1(3)+RB)+B1LL2}*B1(3))*RB

RLSITI=RLS{TI*12.5663T*{AL(2)%[AL(3)+RB)+BLI2)*BLI(3))eRARC]

RLS{F)=RLS(9)+12.5663T7%(BLI2)*(A1(3)-RB)+AL(2)%BL{3))*RB*C]

RLS(10)==12,5663T*(AL{2)*{{AL{3)+RBI*BPRIL2}-APRL(2)*Bl(3)}
+BLl{2)Y*%{{A1I(3)-RBY®APRLII2)}+BPRI{2)%B1113)))=RB

Nl=N-1

IF INL) 200,200,437

DO 40 I=1,N1

KPLRE{(I)=0,

KPLIM{I)=0.0

DO S0 M=]l,Ni

N3=N1-M+]

IF (M=2) 42,5042

RBI=1.

DO 45 I=1,N3

MIz=p+e]

RBI=RBI*RB

IF (MI=-2) 200,45,43

D=AL{M}I®*ALIMI)+BLIM)%B]L (M]}

E=AL(MI*BL{MI)-BL{M)*ALIN])

KPLRE(I)=KPLRE(I }+D*RBI

KPLIMITI)=KPLIM{I}+E*RB]

CONTINUE

CONTINUE

M=N1+1

D=BL{3)*KPLRE{1)+{AL{3)-RB)*KPLIMI(1)

E=BLl{3)*KPLIMIL1}+{AL(3)-RB)*KPLRE(L}

IF (N1-3) 65.:65,55%

REI =RB

DO 60 1=4,N1

RBI=RBI*RA

Al=1-2
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D=D+AT*{AL{T)*KPLIM(TI}-BLIT}*KPLRE(I))/RB]
E=E+AT*(AL(T}*KPLRE(I}+BL{I)*KPLIM{I})/RBI
RLS{S5)=RLS(5)1+6.2B83185%E
RLS{T}=RLS{7)+6.283185%E#C1
RLS{9)=RLS{9)+6.283185%D*C1
RLS(10)=RLS{10)-6.283185%(D*APRL{2)+E*BPRL{2)}
RETURN

END

SUBROUTINE DATA

DIMENSTION COMAIN(40) ,COMFOR{59)
DYMENSION X1{40) +RB1{40),DRDX1{40}+S5S1140),050X1(40},CDLY1{40),COCL
11(40)4M{40) yREALL1(11,40), IMAGL1(11,40),REPRI{11440),IMPRLILL,40)

COMMON COMAIN,COMFOR
COMMON NXoX1sRBLyDRDX1451,DS0OX14CODCY1,COCLLyMyREALL, IMAGL-REPR],
LIMPR]

REAL IMAGL,IMPR]

READ (5,5} MAXZET,NX
FORMAT(2413)

DO 7 [=1,0X

DO 7 J=1,11

REALL{J,1}=0.

{MAGLLJ,1)=0.

REPR1(J4+11=0.

IMPR1(Jy1)=0.

READ (5,30) (X1{(I},I=1l,NX)
READ (5,30} (RBL{IY,I=1,NX)
READ (5,30) {DRDX1{I},I=1,NX)
READ 15,30) (SLII),I=1,NX]
READ (5,30} (DSDXLIIY,I=1,NX}
READ €(5,30) LCOCYL{I},I=1,NX)
READ (5,30) (CDCL1(I},I=1,NX)
FORMAT{6EL12.5)

IF (MAXZET-1) 45,10,45

DC 15 I=1,NX

M(I)=]

&0 10 300

DO 110 F=1,NX

READ (5,5} NZETA,1S5YM

IF (NZIETA} 55,55,60

N1=MAXZET

MiI)=Nl

GO TO 65

N1=NZETA

MI{Ti=N]

IF (N1-1) 300,110,770

N1=N1-1

IF {1SYM) 300,75,95

READ (5,30) (REALL(J¢I),Jd=1¢N1)
READ 15,30) {(REPRL{Jy1I}.J=1,N1)
00 90 J=1,N1'2
IMAGL(J,,I)=REALLLI, D)
IMPRL(JsT)=REPRL{J,I)
REALL1(J,1}=0.
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REPRL{J,1}1=0.0

GO TO 110

READ (5,30) (REALL(JyI)oIMAGL{JeT}oJ=14N1)
READ (5+30) (REPRLUJ,1),IMPRL(J41),J=1,N1)
CCONTINUE

RETLURN

END

SUBROUTINE VISC{SA,QL+R1,CNSVIS,CMSVIS,CYSVIS,CESV]IS,CLSVIS)

DIMENSION DUMLI{3),0UM2132),0UM3{59)X1{40)+DUM4L1601,CDCYL{40),
1CDCLL{40)

COMMON DX1,DUML 2 LREF 4SREF,CGy OUM2 ¢ PHT, DUM3,NXy X1, DUM4.CDOCYL,COCL L
REAL LREF

SP=SIN(PHI)

CP=COS{PHI)

CLSVIS=0.

CNSVIS=0.

CMSVIS=0.

CYSVIsS=Q.

CESV[ §=20.

ARM={X1{1)-CG)/LREF

V=—S5A%5P+2. ¥R]1 *ARM
W=SARCP+2,*QL¥ARM

CYVO=CDCY1{1l)*V*ABS(V)

CNVO=COCLL (1)} *W*ABS (W)

CEVO=—-ARM*LYVO

CMVO=—ARRFC NVO

X=X1(1)

XQ=Xx

X=AMINLIX+DX1+XLINX})

COCY=AINTRPIXLsCDCYL o NX s Xo4)

CDCL=AINTRPIX]4CDCLL yNXyX 44}

ARM=( X~CG)}/LREF
==SA%SP+2, *R]1 *ARM

W=SAS*CP+2.%(]l $ARM

CYV=CDCY*VEABS{V)

CNV=CDCL*W*ABS (W)

CEV=—ARM¥(CYY

CHY=—~ARMECNYV

DX2=(X-X0) /2.

CNSVIS=CNSVIS+ (CNV+CNVO)*DX2

CYSVIS=CYSVIS+{LYV+CYVQ)%DX2

CMSVIS=sCMIVIS+{CHV+LMVOI*DX2

CESVIS=CESVIS+(CEV+CEVO)I*DX2
X0=X

CNVO=CNYV

CYvQ=CYyY

CMVO=CMY

CEVO=CEYV

1IF (X=-X1(NX)] 10,20,20

CYSVIS=CYSVIS/SREF

CNSVIS=CNSVIS/SREF

CESVIS=CESVIS/SREF

CHSVIS=CMSVIS/SREF
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RETURN
END

SUBROUTINE LOCVAL

DIMENSION FCN(40),COMAINL39)

DIMENSION A1(12),B1(1Z),APR11121,BPR1{121,C(2)

DIMENSION X1(40),RBLI{40),DRDX1(40),51(40),DSDX10(40),CDCYL{40),COCL
11(40) 4 M{40) 4REALLIL1L+40), IMAGL(11440),REPRL1{11440), IMPR1{11440}

COMMON COMAIN,PHI
CUOMMON X4RB4RBPR,RB2+5,DS50X,CDCY,CDCLyN1,A1,Bl,APR]L,BPR]1,C
COMMDN NX,X1,RB1+DRDX1,SL+0DSDXL,CDCYL,CDCLL1¢M,REALL,IMAGL,REPR]L,

30

35

40

45

50

11MPR1
REAL IMAGL+IMPRL.IMAG,IMPR

RB=AINTRPIX1oRBL ¢NXeXs4)
RB2=RB¥*2
RBPR=AINTRP{X1+DRDXLI sNXsXs4}
S=AINTRPUX] ¢Sl eNX o Xe4)
DSDX=AINTRP(X]1 4DSDXL 4 NXgX 4)
DO 10 IL=},NX

IF {(X=-X1(IL}) 20,15,10
CONTINUE

Ni=M{IL)

60 10 2%

Nl=M{IL-1)

AL{l)=RB

B1¢ 1"00

APR1(1)=RBPR

BPR1{(1)=0.

Cily=0.

Cl2)=0.

AlL(2)=0,

B1{2)=0.

APRL{2)=0.

BPRL(Z2)=D.

Al1{3)=0.

Bl1{3)=0.

IF {(N1-1) 100,100,30

B0 55 J=2,Nl

Jl=Jd-1

AJ=Jl

PHT J=AJ*PHI

DO 35 K=] ¢NX
FCNIK)=REALL{J1,K)
REAL=AINTRPIXL+FCNyNX X4}
DO 40 K=1,NX
FCN{K)=IMAGL I J1,K)
IMAG=AINTRP (XL 4 FCNoNX  Xs4)
DO 45 K=]l,NX
FCNI(K}=REFPRL{J1,K)
REPRAINTRPIXL oFCNyNX o X 4)
D0 50 K=] ,NX
FCNIK)=TMPRI(J1 4 K)
IMPR=AINTRP (XL sFCNgNX X3 &)
SN=SIN(PHIJ)

185



CS5=COS{PHIJ)
AL{J)=REALS®CSHIMAGHSN
BL{J)=TMAG*CS5-REAL®*SN
APR1{.JY=REPR*CS5+IMPR*SN
55 BPR1I(UJI=IMPR*CS—REPR*SN
C{1)=RB2*APRL1(2)
C{2)=RB2*BPR1(2)
IF (N1-2) 100,100,60
60 N2=N1-1
DD 65 N=24.N2

ANzN=-2

J=N+l

AJ=J-2

COLY=C{1)-CAJ*(AL{JY*APRI(N}+BL{JI)*BPRI(N}}+

i AN®C(ALUN) *APRL [J)+BLINI*BPRLIIJ) }I*REB
65 C(2)=CL2)+{AJ*(ALLJ}*BPRL(N)}-BL{J)*APRLI(N]} )+

1 AN*(BLINY*APRL(J)=AL(N)*BPR1(J))I*RB
100 RETURN

END

FUNCTION AINTRP (XY NyX1,M}
DIMENSIDON X(40),Y(40)

1=0
5 I=1+1

IF (N-1)} 70,10.,10
10 IF (X{I)=X1} 5,20,15
15 IF {(1-1) 100,700,425
20 AINTIRP=Y{I)

GO 70 100
25 M2=p/2+¢1

IF (I-M2) 30,30,35
30 Il=1

12=M

G0 T0 %50
35 IF (N-1-M2) 40,445,45
40 12=N

I11=12-M+1

&0 TO 50
45 11=I-M2

[2=11¢M=~}
50 AINTRP=(,. 0

PO 65 I=11,12

FCN=Y{1}

DO 60 J=1l,12

IF (J=1I) 55,;60,55
55 FON=FCN*{X1=X{ I }/7 (X{1)-X(J)}
&0 CONTINUE
45 AINTRP=AINTRP+FCN

GO TO 100
T0 WRITE (6,:75) Y{1l):YI(N) X1
75 FORPAT (53H AINTRP QUT OF RANGE FOR FUNCTION WITH END VALUES OF

1EL2.5+4H AND,E12.5,5H X1=,E1l2.5)
109 RETURN

END
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SUBROUTINE COEFF
DIMENSION COMAINI36) ,COMFOR(58) 4 X1{40)
COMHON DX1+DX, ISTART 4NEXIY COMAIN, X, COMFOR¢NX, X1

NEXIT=0

ISTART=(

Di=0.

X=X1(1)
10 X=X¢DX

CALL LOCVAL

CALL FORCE

DX=DX1

IF (NEXIT} 500,122,500
12 IF (X4DX=~XLINX}} 10,15,15
15 NEXIT=]

DX X1 [NX) ~X

G0 T0 10
500 RETURN

€ND
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ana

10
15

25

26

PROGRAM NLWING(INPUT,0UTPUT.TAPES=INPUT,TAPEG=JUTPUT)

DIMENSION XIL{21,XI0(3),ETA(20),ETADRIBO),TN(3),
1X{40)eY(40),CI(BO)CFLB8Q),W(20),
2C4(20420)4C6120,20),CIRCLN{20),DWASH{Z20),TRVQU(20,201, C5120,20),
3IC4T0(20,20),C5701020,20),TRVTOL20,20)
4yALPHEF (20) +WT{20) »SINAEF{20),GAM(20)
5.C0EF{10,10)4CHORD{10),XL1120),XL2(20),XPMOM(20),CIRCL1I 20}
64CIRCL2(20) sALILO) 4 WGHTL10),SPAN(20),ALPHI20)

READ (5:60) ALPHA,BETA,DALPHA
READ (5:60) ETAQ,ETAB,TR,TNLE
READ (5,60) P,Q.R

READ (5460) REFLXCGZICG

READ (5,+60) CD.LDXPOS

READ (5,55) NSTA,NDWSH

READ (54551 NALPHALNIT

READ (5,55} NSYM

READ (5,60} {ETAII),1
READ (5,60) (ETADWI(I]
00 5 I=1.3

READ {5460} XIC{T},TNI{I)

READ (5460) [ALPHEF({I),1=1,NDWSH}
READ (5,60) {AL{I),I=1,10}

READ (5460) (WGHT(I),1I=1,10}
ALPHA=ALPHA%,0174533

BETA=BETA®, Q174533
DALPHA=DALPHA%*, 0174533

Dag 7 I=1,10

AL(T)=AL(I)*,0174533

P=P#2, /REFL

Q=Q*2./REFL

R=R*2,./REFL

CBETA=COS{BETA}

1,NSTA)
I=1,NDWSH)

v

CALCULATE COCORDINATES OF DOWNWASH CONTROL POINTS

NROW=0

DO 26 J=1,NDWSH

ALPHEF{ J)=ALPHEF(J)%¥.0174533
XI=XI0(3}

YI=ETAQ

YF=ETAB

IF (ETADWIJ}-YI) 25,10.10

IF {(ETADWI(J}-YF)} 15,15,25
NRDW=NROW+1

Y{NROW)} =ETADWI(J}
XINROW}=XI+ (Y (NROW)-YI)&TN(3)
GO TD 26

WRITE (64+65) ETAO,ETADW(J),+ETAB
STOP

CONTINUE

N=NSTA

NCOL=N-1

NOW CALCULATE LAGRANGIAN COEFFICIENTS
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17

110

29
30

45

70
50

56

CALL LGRANGIETA,CDEF,N)
CALCULATE LOCAL CHORDS

DO 17 I=1,NCOL

IN=NCOL+}

ETALIN)=ETALI}
SPAN{II=ETA(1)/(ETAB-ETAD)
SPAN{IN)=~S5PANL])
CHORD{I)=1e#({TR-1. )*ETA{I )/ (ETAB-ETAQ)
CHORD{INI=CHORDI(1)
NROW2=NROW+1
NROW1=2*NROW

J1=0

DO 110 J=NROWZ,NRDW1
J1=Jl+1
ALPHEF ( J1=ALPHEF {J1)
XtJd)y=x(J1)

YtJdi=-y{J1)
XIER(L)=XTOU{L)+ETAB*TN(L)
XT1{2)=XIO(2)+ETAB*TN(2)
DO 172 #M=1,NALPHA
ALPHD=ALPHA%57,2958
BETD=BETA*57.2958

WRITE (64+300) ALPHD.BETD
SALPHA=SIN(ALPHA)
CALPHA=COS(ALPHA)

DO 170 L=]1,NIT
NCOL=NSTA-1

NROW=NDWSH

DETERMINE DOWNWASH CONTRIBUTION FROM LEADING LIFTING LINE

DO 40 J=1,NROW1

CALL LLINE(X(J) ¢¥Y{J}s0.0¢XTOCL)yXIL{1)+ETAO,ETAB, TN(L1],
LALPHEF{J) +BETA+COEF,CIN)

CALL TRVORTIX(J) 4Y(J)40.0XI0O(1)4XIL(1)9ETAOLETAB,TN{ L)
LALPHEF(J) +BETACOEF+CF+N)

DO 29 I=1.N

TRVQU{T s J)=CF L)

DO 30 I=l.N

Call Jd)=CICLI+CFLL)

CONTINUE

TEST FOR SYMMETRICAL LOADING(NSYM=()
IFINSYM=-1145,56,45

DO 50 J=1.NROW

J2=J+NROMW

DO 70 I=1,NCOL

TRVQUIT y J)=TRYQU{T,J)+TRVQU(T,J2)
Co(Tp)=Ca(Tod)+Calld2)

CONTINUE

GC TO 59

DO 73 I=NRDMW2,NRCW1

IN=T-NCOL

DO 73 J=1NROHW

JN=J+NROMW

TRVQUIT 4 J)=TRVQU{INy JN)
TRVQUIT » JN) =TRVQUI IN+ J)
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73

T2

59

32

31
41

46

T
51

81

82

a3

85

52

CS{lsJ¥=CalIN,JIN)
C5014JdN)=C4(INyJ)
D0 72 I=1.NCOL
DO 72 J=1,NROW1
CS{TeJ)=C4{]1,+3)

DETERMINE DOWNWASH CONTRIBUTION FROM AFT LIFTING LINE

DO 41 J=1,NROW!

CALL LLINE(XUJ) oY1 J)90e0¢XI0(2)XIL(Z2)4ETAOLETAB,TN(2),
LALPHEF{ J) ,BETA,COEF,CI NI}

CALL TRVORT(X{J) Y (J),0.0eXI0(2)eXTL(2)sETAO+ETAB,TNI2),
1ALPHEF{J) ,BETA,COEF,CF,N)

DO 32 I=1.N

TRVTO(I o J}=CF (1)

DO 31 I=1,N

C4TO(TJ}=CI(I)+CF{T)

CONTINUE

TEST FOR SYMMETRICAL LOADING(NSYM=0)

IF{NSYM=1146481 .44

DO 51 J=1+NROW

J2=J+NROW

D0 71 I=1,.NCOL

TRVIO(Y s JI=TRYTO(I+J)+TRVTC(1,J2)
CSTOUI+J)=CaTOIJ14C4T0(1,J2)
CONTINUE

G0 TC 85

DO B2 I=NROW2sNROW1

IN=1-NCOL

DO 82 J=1,NROW

JN=J+NROW

TRVTOLI +J)=TRVTO(IN,JN)
TRVTOL1 o JNI=TRVTO{IN,J)
CS5TO{I»J)=C4TO(EN, IN)
CS5TO(I,JNI=C4TO(IN, J)

00 83 I=1,KCOL

DO 83 .J=1.NROWl
C5T0{I1,J)=C4T0(1,+4)

REDEFINE NUMBER OF ROWS AND COLUMNS OF CIRCULATION MATRIX
FOR ASYMMETRICAL CASE

NCOL=NROW1
NROW=NROW]

DETERMINE WEIGHTING OF CIRCULATION BETWEEN THE LEADING AND
AFT LIFTING LINES

CALL WGT(ALPHEF,NT,AL,WGHT,NROW)

DO 52 I=1,NCOL

DO 52 J=1,NROW

TRVQU(T 4 J)=TRVOQU(T y JINT(I)+TRVTO(1,J)%(1.-KT (1)}
C5(14J)=C5(14J) #WTLII4CSTO(T,J)*(L.~NT(1})

DO 80 1=1,NCOL

DO 80 J=1,NCOL

C6(14J)=0.

DO 80 K=1,NROW
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80 C6(I1+J)=C6CI,J)+C5114KI*C5{J4K)
DO 120 I=1,NCOL
DG 120 J=1,NROW

120 C4ll,4J)=C5(1,.11

DETERMINE INVERSE OF CIRCULATION MATRIX

CALL MATINVICG64NCOL,C5)
DO 100 1=1.NCOL
DO 100 J=1.NROW
C61{T14J)=0.
DO 100 K=1,NCOL
100 Co{IsJ)=COIT+JI+CSIIKI*CaIK,J)
00 150 I=1,NCOL
CIRCLNIT)=0.
D0 150 J=1.NROW

TEST FOR SYMMETRICAL LOADINGINSYM=0)

IF(NSYM-11125,4130,125

125 W(J)=SALPHA*CBETA+Q* (X [J}-XCG)
GO TO 145

130 W{J)=SALPHA*CBETA+P*Y(J)

145 CONTINUE

150 CIRCLNI1)=CIRCLN(I)}-C6LI,J)*NW(J)
00 160 J=1,NROW
DWASH(J)=0.
DO 160 K=}1,NCOL

160 DWASH({J)=DWASH(J)}-C4{K,JI*CIRCLN(K}
DO 161 J=1,NROW
DWASHIJ}=0.
DO 161 K=l.NCOL

161 DWASH{J)=DWASHIJ)-TRVQUIK, JI*CIRCLN{K)
DG 162 J=1.NROW
ALPHEF{ J}=ATAN( {SALPHA®CBETA+Q* (X (J)~XCG)+P*Y(J}~DWASH( 1))/
L1{CALPHA®CBETA-ZCG*Q~-R*Y(J4) )]
IF{ALPHEF{(J}~-ALPHA)185,185,180

180 ALPHEF([J)=ALPHA

185 CONTINUE

162 SINAEF(J)=SIN(ALPHEF(J})

CALCULATE SPANWISE LODADING
DO 171 I=1,NCOL
171 GAM{I)=CIRCLN(I)®*2.#(CBETA+R*Y (1)) +CD*SINAEF(I)*SINAEF(T)

1%CHOROD (1)

CALCULATE NORMAL FORCE

CALL FMINT{GAM,COEF,ETAB,N,XINT ,NSYM,0)
CN=(1.+TRI#(ETAB-ETAO) /2.

CN=XINT/CN

CALCULATE PITCHING MOMENT

DO 210 I=1,NCOL
CIRCLL{T)=CIRCLN(T }*WT (1)
CIRCL2(T)=CIRCLN{I)*{1.-WT(I)}
XL1(1)=XIO(L)+ETACII*TN(L)
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XL2(IF=XTO(2)+ETALT I *TN{2)
210 XPMOMITI ) ={CIRCLL{II*¥XLL{T)+CTIRCL2(II*.XL2(T} )62, «{CBETA+R*Y{[})

1 +CD*SINAEFI{I)*SINAEF{1)*CHORD(E)* (ETA(I)*TNLE+CDXPOS*CHORD(I)]}
CALL FMINT({XPMOM4COEF,ETAB,Ny XINTyNSYM,0)
CM=(1.+TR)*(ETAB-ETAO)*REFL/2.

CM=XINT/CM

TEST FOR SYMMETRICAL LOADING(NSYM=0Q)
IFINSYM-112114212,211
CALCULATE ROLLING MOMENT

212 CALL FMINT{GAM,COEF,ETAB+NsXINT+NSYM, 1)
CMX={1.+TR)*(ETAB-ETAD)*REFL/ 2.
CMX=XINT/CMX
GD TO 213

211 CMX=0.0

213 CONTINUE
DO 214 1=1.NCOL

214 ALPH{I)=ALPHEF{[)%¥57.2958
WRITE (6,174) P4Q4R
WRITE {64186}

WRITE [(6417%) {SPAN{I),I=1,NCOL}

WRITE (64176) (GAM{TI),I=1,NCOL}

WRITE (&,177) (ALPHI1}.I=1,NCOL}
170 WRITE (64220) CN+CMCMX

NOW ADJUST ALPHEFFECTIVE FOR NEXT ITERATION ON ALPHA

IF(ALPHA-0.011192,190,190

190 DG 191 I=1,NCOL
191 ALPHEF(Y)=ALPHEF(I}*(ALPHA+DALPHA)/ALPHA
132 CONTINUE
172 ALPHA=ALPHA+DAL PHA
55 FORMAT(1216)
60 FORMAT(8F9.5)
65 FORMAT(4THODOWNWASH CONTROL POINT ODUTSIDE OF END PDINTS.,3FLl3.5)
174 FORMAT (1HOSX+2HP=F9.542H(=F9.,5,2HR=F9,5)
175 FORMAT (1HO15HSPAN 10Fl0.4/(16X10F1044%1})
176 FORMAT (LHO15HLOADING 10F10.4/({16X10F10.4))
177 FORMAT (1HOL1SHEFFECTIVE ALPHAIOF10.4/(16X10F10.41)
186 FORMAT (1HQ20X,36HSPANWISE LOADING AND EFFECTIVE ALPHA)
300 FORMAT {1Hi10X,18HRESULTS FOR ALFA= F9.4,12Hy AND BETA= F9.4,10H

1 DEGREES)
220 FORMAT {1HO31HNORMAL FORCE COEFFICIENT, CN = F9.5/1H0

L40HMOMENT COEFFICIENT ABQUT Y-AXIS o CMY = F%.5/1H040HMOMENT COEFF

2ICIENT ABOUT X-AXIS 5 CMX = F9.5)

sToe

END

SUBROUTINE WGT{ALPHEFyWT 3 ALy WGHT4N)
DIMENSICN ALPHEF{(20} ,WT(20),AL{1D) WGHTI(10)
DU 100 1=i,N
IF (ALPHEF(I)-AL{Z2})} 5,10,10

10 1F (ALPHEFI(T)-AL{3)}15,20,20
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20
3¢
&0
50
60
T0

1F
IF
IF
1F
IF
IF

(ALPHEF{I}-AL{4))25,30,30
{ALPHEF{I)-AL{51)35,40,40
(ALPHEF{I1-AL(6})45,50,50
{ALPHEFLT}-AL{T))554+60.,60
(ALPHEF(I)-AL{8))65,70,70
LALPHEFII)-ALI9))75,480,80

WT{I)=WOHTIL)—(ALPHEFII)-AL{L))*{WGHT(1)-WGHT12) )} /(AL L2)-ALT1))
GO TO 100
WTL{I)=WGHT(2)-(ALPHEF{I}-AL({2)1*{WGHT[2)-WGHT{3) ) /{AL(3}-AL(2Z2]))
60 10 100
WTII)=WGHT(3)~(ALPHEF{I}-AL(3))*{WGHT{3)-WGHF(4)) /(AL (4}-AL{3))
60 10 100
WT(I)=WGHTl4)-(ALPHEF(I)-AL(4) 1= (WGHT {4 )-WGHT(S) )} /(AL 15)-AL(4))
G0 TO 100
WTCT}=NGHT(S5}-{ALPHEF(T)-AL(S ) }*x(WGHT (S )1-WGHT{6) ) /{ALI6)-AL{5))
G0 TD 100
HWT{T)=WGHT{6}-{ALPHEF[I1-AL{6 ) }*¥ {WGHT(6)-WGHT(T) )}/ {AL{T7)-AL{6]])
GO TO 100
WTII)=WGHT(7)-(ALPHEF{I}-AL(T7))* ({WGHT (T)-WGHT{8) ) /{ALL8}~AL{T})
GO TO 100

WTIIY=WGHT (8)—(ALPHEF(I}-AL{8))*(WGHT(8)-WGHT(9})/{AL(9)-AL{8))
GO T0 100
WTIT)=NGHT(9)-{ALPHEF(I)-AL{9) )% (WGHT {9 )-WGHT{10) I/{AL{10}-ALI9))
CONTINUE

RETURN

END

SUBROUTINE GAUSS(FUNCTN,A.B,C,D,E4NsX1yX2¢ANTEG)
DIMENSION X{16)yHW{16)

IF(K-1968]1,2,1
K=1968
X{1)=0.005299533
X{21=0.027712488
X(3)=0.06718439%
X{41=0.122297796
X{5)=0.191061878
Xt6)=0.270991611
X{7)=0.359198225
X181=0.452493745
X191=0.547506255
Xt10)=0.640801775
X(11)=0.729008389
X{(12}=0.808938122
X(13)=0.87T702204
X(14)=0.932815601
X(15)=0.972287512
X(16)=0.994700468
Wil)=0.0135T76230
Wi2)=0.0311L26762
Wi3)=0.047579256
W{4)=0.062314486
WI5)=0.074T797994
Wi61=0.084578260
Wi7)=0.091301708
Wi8)=0.094725305
W(9)=0.094725305
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W(l0)=0.091301708

Will)=0.084578260

Wil2)1=0.074797994

Wi(l13)=0.062314486

Wil4a)=0.04T579256

wils)=0.031126762

¥(16)=0.013576230
2 SUM=0.

DO 3 [=1.16

CALL FUNCTNUIXZ2~-XL)*X{T)4X19yAsBeCyDeEsN,F}
3 SUM=SUM+W{l)*F

ANTEG=SUM¥(X2-X1)
S00 FORMAT(8F9.9)

RETURN

END

SUBROUTINE FORMLUIX,A:B+CeDsEsN,F)
F=(D#X*EN+EXX %% (N~-1) ) /SQRT (ARX¥42+B*xX+C)
RETURN

END

SUBROUTINE FORMZ(X,A,BsCyDyEyN,F)
F=X#EN/ { {A®RXEX+BEX+C)ESART (X2 X4+DEX+E} )
RETURN

END

SUBROUTINE FORM3{X4A,B,CyDUMY1,0UMY2yNsF)
F=X*¥N/ (A+X*X+BEX+()

RETURN

END

SUBROUTINE LGRANGIX,CsN}

DIMENSION X{10),C(10,10)4X11(9),C2(10)

DO 35 I=1«N

DO 5 J=1,N
) cC2tJ)=1l.

Cl-‘-l.

M1=0

DO 15 J=1.4N

IF (1-J) 10,15,10
10 Ml=Ml+}

Cl=Cl/{X(I)=-X1J})
X1{ML)=X(J}
153 CONTINUE
CiI.1)=Cl
Ni=N
Ti=1
20 Nl=Nl-1
IF (N1) 35,35,25
25 1l=11+1
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35

10

DG 30 J=1.Nl

Ccz2l4)=0.

DO 30 K=J,N1
C2(N=C21J1-C2(K+L)*X1(K)
ClI,I1)=C2{1)*L1

60 TG 20

CONTINUE

RETURN

END

SUBROUTINE LLINE(X oY sZ¢XI1oXI2+ETALLETAZ, TNALPHEFBETA, COEFCI,N)
DIMENSION CDEFI110,10),CI{80)
EXTERNAL FORM1

Al=ABS{ETA2)

Al=AY*TN/ETA2

TN2=TN*TN

Cl=(X-XT1}*A]l

C2=(Y-ETAL ) *A1-X+X]1
C3=(X-XT1)*AL-{ETA2-ETAL)*TN2-ETAZ+Y
Ca=(Y-ETAZ)®AL-X+X12

A=1.+TN2

B=—-2+.*{ Y+ETAL*TN2+Cl}
ColX-XTL)*¥2+Y %52+ 2% k24 TN2*ETALl%®R2 42 xETAL*C]
DEN=12.5663 T*(A%7%%2+(2%%2)

UMl =C2#%#A/DEN
UMO=-C2*{Y+ETAL*TN2+C1)/DEN
Cl=Cl+¥-ETAL
SQRI=SORTU(X-XIL ) *%2+4(Y-ETAL)*%2+7%%2])
SQR2=SQRT{{ X-XT12)1%%2+ (Y-ETA2) *%2+7%%2)
Vi=-C1l*(2/(DEN*SGQR1)
V2=-C3%C4/(DEN#*SQR2)

NZ=N-1

DO 10 I=1,N

CIi1)=0.

DO 5 J=1.N2

J1=N-J

AlJl=Jl1

CALL GAUSSIFORML 4A,8,C4UML1,UMO,J1,ETAL,ETA2,FCN)
CICII=CICI)-AJL*FCNXCOEF{1,J)

ETALN=1.

ETA2ZN=1.

N1l=N+1

DO 10 J=14N

N1l=Nl-1
CIMI)=CE({I)+COEF (I N1)*(V2*ETAZN~-V]1#ETAIN)
ETAIN=ETAIN*ETAL

ETAZN=ETAZN*ETA2Z

RETURN

END

SUBROUTINE TRVORT{X,Y ZsXI1leXI2,ETAL,ETAZ, TN, ALPHEF,BETA,COEF
1,CF 4 N)

DIMENSION COEF{10,10),CF(80),A11(3)
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i0

EXTERNAL FORMZ,FORM3

TNZ=TN*TN

AA=ABSIETAZ}

AA=AA®TN/ETAZ

BEFCQS=COS(BETA)

BEFSIN=SIN(BETA)

ALFCOS=COS{ALPHEF}
ALFSIN=SIN{ALPHEF)

Cl=BEFSIN/{BEFCOS*ALFCOS)

C2=ALFSIN/ALFLCOS

DO 22 K=1,N

CF(K)=0.

ETAA=ETAL

ETAB=ETAZ2

Al=l.+L2%%2

A2=CL¥*24+(2%%2

A3=2.%1

Ad=-2 . ¥VEAL AR [ X+(2%7)
AS==2, W {1 RY-C2%Z+A2%X)

AG=AL Y RE2+ A2 XX+ (Lu+C1¥%2 ) TRk 2+ ATRY R (X 4C2%7 ) - 2.% XK1 % (2
A=A1+AZ%TN2+A3%¥AA

C3=XI1-ETAL *AA

B=A442, %CIXAARAZ+ABZ R34 ASHAA

C={A2%C3+A5)*C3+ A6

D=2.#{(C3-X)*AA-Y)/(1.+TN2)

Ez{ X224+ YH¥247%%2—- (2. %X~C3}*C3)/{1.+4TN2)

F=AA-(1]

G=C3-X+Cl*Y-C2%Z
SOR=SQRT(1.+C1*¥2+C2%%2)/12.56637

DEN=SQRT{1.+TN2}*]12,.56463T%50QR
=—{l.+Cl*AA}®SQR
AI=(Y+C1%*(X~-C3) }*SQR

All(1)=Al

All(2)=H

DO 10 I[=1.N

Ii=N-1

ETAA=ETAL

IF{Y}1+2,3

ETAA=.005

GO 10 1

ETAB=Y-.005

CALL GAUSS{FORM3,A.Bs+CyD+E,11,ETAA,ETAB, ANTEG)

ETAA=Y+.005

60 TG 13

ANTEG=0.

ETAB=ETA2

CALL GAUSS{FORMI ;A,B4CoDyE4IL,ETAA,ETAB,BTEG])

ANTEG=ANTEG+BTEG

INO=MAXCG{1ls3-1)

INL=MINQ(2yN+1-1)

00 10 J=INO,INL

Ji=1+J~2

AJ=N—J1

DO 10 K-1.N

CFIK)I=CF(K)-AJ*All (J)*ANTEG*COEF(K,J1}

AlL(1)=AI*G/DEN

A11{2)={H*G+F*Al)/DEN
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20

15
25

TS

80

10

40
20

All(3)=H*F/DEN

N1=N+1

DO 20 I=1,Nl

11=N1-1

ETAA=ETAL

IF{Y)4,45,6

ETAA=.005

GO 10O 4

ETAB=Y-,005

CALL GAUSSIFORMZ 4A,8,C,D+Es11,ETAA,ETAB, ANTEG)
ETAA=Y+.005

GO TO 16

ANTEG=0.

ETAB=ETAZ2

CALL GAUSS(FDRM2,A,B,C,DyE,I1,ETAA.ETAB,BTEG)
ANTEG=ANTEG+BTEG

INO=MAXO(1l.4~1)

IN1=MINQ{3,N1+1-1)}

DO 20 J=INQ.INl

J1=1+J-3

AJ=N-J1

DO 20 K=1,N
CFIKI=CF(K)+AJ*ALLl { J)*ANTEG*COEF (XK ,J1)
RETURN

END

SUBROUTINE FMINT(FX,COEF,ETAB Ny XINT,NSYM, IMX}
DIMENSION FX(20),COEF{10,10),C(20)
NCOL=N~-1

DO 10 I=1,NCOL
Clii=0.

TEST WHETHER NORMAL FORCEI(Q},PITCHING{O) OR ROLLING{1) MOMENT

IF{IMX)15,5,15
X=1l.

GO 10 2%

X=E TAB

00 10 J=1,4N

TEST WHETHER NORMAL FORCE{0)sPITCHING(O) OR ROLLING(1) MOMENT

TFLIMX)BO,T5,80

XN=.J

&0 TD 85

XN=.J+1

K=N+1-J

X=X+ETAB
CII)=ClI)}+COEF{I,K)*X/XN
XINT=0.

TEST FOR SYMMETRICAL LOADINGINSYM=0)
IF{NSYM—-1140,50,40

D0 20 1=1,NCOL

XINT=XINT+C(I)*FX{])
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50

51
94
52

95
60

100

50
21

22

23
24

GO T0O 60
CONTINUE

TEST WHETHER NORMAL FORCE{Q),PITCHING{0) OR ROLLING{1) MOMENT

EF(IMX)51+52,.51

DD 94 I=1,NCOL

IN=I+NCOL
XINT=XINT-(FX{I)-FXUIN))}%C(I}/2.0
GO 10 60

DO 95 I=1,NCOL

IN=I+NCOL
XINT=XINT+{FX{IY+FX{IN})%C(I) /2.0
CONTINUE

RETURN

END

SUBROUTINE MATINV(A.N,B)
DIMENSION At20,20),B(20,201,C120,20)

FORMAT{19HOMATRIX IS SINGULAR)
po 1 J=1'N

DO 1 I=1,N

BII  J)=0.0

Do 2 I=I'N
B{I,Il=1.0

DO 2 J=1«N
ClJdsld=A(d,41])

DO & [=1,N
IF(Ci1,1)3)24,50,24

D0 21 IZ=I,N
IFIC(12,10)22,21422
CONTINUE

WRITE(6,100)

GO T0 7

DO 23 M=]1,N
CIIsMI=CiTeMI+CILIZ,M)
BIIM)=BII,M}+B(IZ,M)
TC=ClE, 1)

DO 3 J=1,N
ClI.Jd}=C{I,J)/TC

B(I s J}=B{1,J4)/7C

DO & K=1,N
IFIK=1)4,6,4

T=C{K,I)

DO 5 L=1,N
CIKL)=CiK,L}-T®C(I,L)
BiKsLI=BI(K,L}-T=B(I,L)
CONTINUE

RETURN

S5TOP

END
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