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A THREE-DIMENSIONAL SOLUTION OF FLOWS OVER
WINGS WITH LEADING-EDGE VORTEX SEPARATION
Part [I—Program Description Document

Ronald G. Coleman, Forrester T. Johnson, and Paul Lu
Boeing Commercial Airplane Company

SUMMARY

A computer program has been developed for the solution of the subsonic,
three-dimensional flow over wings with leading-edge vortex separation. The
documentation is divided into two volumes, Part I and Part 11.

This volume is Part II of the documentation containing the description of the computer
program. It consists of three sections presenting the Program Logic, the Description of
Subroutines, and the Program Listing.

INTRODUCTION

A computer program has been developed for the solution of the subsonic,
three-dimensional flow over wings with leading-edge vortex separation (ref. 1). The
program provides capabilities for calculating forces, moments, and detailed surface
pressures on thin, sharp-edged wings of an arbitrary planform. The wing geometry is
arbitrary in the sense that leading and trailing edges may be curved or kinked and the
wing may have arbitrary camber and twist. The computer program includes a recently
developed potential flow computational technique based on the advanced aerodynamic
panel method (ref. 2). The numerical method employs an inviscid flow model in which
the wing and the rolled-up vortex sheets are represented by piecewise continuous
quadratic doublet sheet distribution. The Kutta condition is imposed along all wing
edges. An iterative scheme is applied to find the strengths of the doublet distributions
as well as shape and position of the free vortex sheet spirals satisfying the nonlinear
boundary conditions of the flow problem.

The computer program is written in FORTRAN IV for a SCOPE 3.0 or KRONOS 2.1
operating system of the CDC 6400/6600 computer. The program uses overlay structure
and eight disk files (including input and output files), and it requires approximately
120 000 (Octal) central memory words. This program has been designed with the
primary objective of verifying new concepts and ideas.

The documentation of the program is divided into two parts:
Part I: Engineering Document

Part II: Program Description Document



The Engineering Document (bound separately) contains a detailed description -of the
theoretical method and, in particular, a thorough discussion of the following items: flow
model as a nonlinear boundary value problem, geometry definition, numerical method,
solution procedure, and verification of the method. A user’s guide of the computer
program is also included in the Engineering Document.

This volume, the Program Description Document, consists of three sections:
1: Program logic describing the basic program structure and listing the names of
overlay programs and all subroutines. It includes descriptions and flowcharts of

overlay programs, along with a discussion of file usages and common blocks.

2: Purpose, input and output, and a brief discussion of processing performed by the
routine for all subroutines.

3: A complete program listing.

The Program Description Document is written for the purpose of maintaining an
experimental-type computer program.



BASIC PROGRAM STRUCTURE

PROGRAM LOGIC

The computer program consists of one main overlay, four primary overlays, and one

user library. A description and flowchart of each overlay program are given.

The flowchart of main overlay program TEA378 illustrates the overall functions the

program performs. A schematic diagram of basic program structure follows:

Main

overlay

(0,0)

Program TEA378

Primary

overlay

(1,0

Program INPUT

Primary
overlay
(2,0}

Program AICGEN

overlay
(3,0)

Primary

Program SOLVER

Primary

overlay

(4,0)

Program QUTPUT

NAMES OF PROGRAMS AND SUBROUTINES

User
Library

The names of programs and subroutines used in each overlay and of those routines
included in the user library are given as follows:

Main
Program

Subroutines

OVERLAY(VORTEX,0,0)

TEA378

ITFLOW, FUNC, FGCAL, UPDATE, AJGEN, DFGMU, DFGDT




Primary
Program

Subroutines

Primary
Program

Subroutines

Primary

Program

Primary
Program

Subroutines

User Library
Subroutines

OVERLAY(VORTEX,1,0)
INPUT
DWNET, AWNET, GWNET, SWEPTE, SHEGEN

OVERLAY(VORTEX,2,0)
AICGEN

EDGEIN, KSORT, TGEOMC, GEOMC, SURFIT, TSING, SING,
LSQSF, TCNTRL, CONTRL, SURPRO, VINFCC, EIVC, PIVC,
GCPCAL, GRDIND, PIDENT, CCAL, ECAL, DPIV, FKCAL,
FMNCAL, FNKCAL, INTCAL, SIDECL

OVERLAY(VORTEX,3,0)
SOLVER

OVERLAY(VORTEX 4,0)
OUTPUT
SNGCAL, SINFCC

IPTRNS, PTRNS, TRNSFR, TRANS, ZERO, CROSS, UVECT,.
MMULT, CMAB, LINEQS, TDECOM, BSUBSM, PDSEQS, VIP, VIPA,
VIPS

DESCRIPTION AND FLOWCHART OF OVERLAY PROGRAMS

Main
Program

Purpose

Subroutines
Called

Discussion

OVERLAY(VORTEX,0,0)
TEA378

To call various overlays to perform the following tasks:

® Reading the input data and setting up geometry definition

® Generating the AIC matrix using an advanced panel-type method

® Solving a system of equations with the generated AIC to obtain
initial doublet distributions ’

® Using the routine ITFLOW to find an iterative solution to the
flow problem with nonlinear boundary conditions

INPUT(OVERLAY-1,0), AICGEN(OVERLAY-2,0), SOLVER
(OVERLAY-3,0), OUTPUT(OVERLAY-4,0), ITFLOW

Program TEA378 is the main overlay. It sets disk file numbers and
options for printing intermediate results. The printing options are for
checkout purposes. First the program calls INPUT to read input data
cards and to set up network panel corner points, including an initial
guess for the shape and position of free sheet. Then AICGEN is called
to generate velocity components and AIC matrix using a panel-type
influence coefficients method (see description of program AICGEN). An
initial guess for doublet distributions is obtained by calling SOLVER
to solve a system of equations with the generated velocity components
and AIC matrix.



Flowchart of Program TEA378

Sets disk
file numbers

Sets options for print-
ing intermediate resuits

CALL OVERLAY (6HVORTEX, 1,0)
(To read input data and to set

up network geometry including
indices and corner points)

'

CALL OVERLAY (6HVORTEX, 2,0)
(To generate veiocity components
and AIC matrix)

l

Sets up files for
coefficient matrix
{AIC) and right-hand
side (velocity
components)

l

CALL OVERLAY (6HVORTEX, 3,0}
(To obtain initial solution for
doublet distributions by sol-

ving system of equations)

Y

Stores initial
values of doublet
parameters in the
array S




Flowchart of Program TEA378 (Continued)

Yes

ITMX = 0?

Stores initial values

of doublet parameters
(excluding ones at edges}
and angles (free sheet)

in the array X

1

Sets total number
of variables
{doublet para-
meters and angles)

!

CALLITFLOW (X,N,RX, DX, Y, RY)
(Uses an iterative procedure to find

a solution of doublet distributions

and position of free sheet to satisfy
the given boundary conditions)

CALL OVERLAY (6HVORTEX, 4,0)
(To display initial doublet
distributions, positions of free and

fed sheet, velocity components, and
ACp, etc.)




Primary
Program

Purpose

Input
Output

Subroutines
Called

Discussion

Primary
Program

Purpose

If the user sets the number of iterations to Zzero in order to check
the input data, initial guesses for doublet distributions, and position of
free sheet, the program will call QUTPUT to display initial doublet
distributions, positions of free sheet and fed sheet, velocity
components, 4 cp, etc. Otherwise, the program proceeds to call the
subroutine ITFLOW to find a solution for doublet distributions and the
position of free sheet to satisfy the nonlinear boundary conditions.

OVERLAY(VORTEX,1,0)
INPUT

To read and print user input data, calculate freestream velocity,
calculate all panel corner point coordinates, calculate the initial length
and angle of inclination of panels in the Free Vortex and Fed Sheet
networks.

See Engineering Document—User’s Guide

Common block

/DAT3/-AR, NTR, XTR, MSP, YSP, NTC, NLE, YLE, NTE, YTE, MSF
/FSVEL/-FSV, FSVM, ALPHA, XPITCH, RCHORD

/INDEX/-NT, NM, NN, NP, NZ, NPA, NZA, NNETT, NPANT, NZMPT
/MSPNTS/-ZM, ZL

/SOLN/-ZA

AWNET, DWNET, GWNET, SHEGEN

c is set equal to the cosine of the angle of attack in radians, and s is
set equal to the sine. They form the components of a freestream
velocity vector whose magnitude is calculated by taking the square
root of the sum of the squares of ¢ and s.

The wing panel corner points may be input by the user following a
“$INPUT WING NETWORK?” data card or the program will calculate
them following a “$DELTA,” “$ARROW,” or “$GOTHIC WING
PREPROCESSOR" data card.

Subroutine SHEGEN calculates the Y and Z coordinates of panel
corner points on the Free Vortex and Fed Sheet networks. The distance
between adjacent panel corner points on each transverse cut in the
Free Vortex and Fed Sheet is calculated along with the panel
inclination angle with respect to the flat wing.

OVERLAY(VORTEX,2,0)
AICGEN

To calculate essential geometry information for each panel and the
locations of doublets and control points for each network and to
generate the aerodynamic influence coefficients using an advance
panel-type method.



Flowchart of Program INPUT

Read input data cards

Call DWNET to calculate
deita wing corner points.

Call AWNET to ¢alculate
arrow wing corner points

Read wing corner points
and indices from cards

Call GWNET to calculate
gothic wing corner points

Define number of spanwise
points per network

:

Define number of chordwise
points per network

v

Define NP, NZ, NPA, NZA, NPANT, NZMPT

T

Calculate corner points
for remaining networks

!

Calculate initial length and angle
of panels on free vortex and fed sheet




Flowchart of Program AICGEN

CALL TGEOMC
{To generate essential geometry
information for each panel of
alt the networks)

CALL TSING
(To designate the location of
doublets on all network panels
and to compute the matrix for
coefficients of quadratic doub-
let distribution for each panet)

'

CALL TCNTRL
(To designate the locations of
control points for all network
panels and to compute the unit
normal vector and the freestream
velocity vector at every control

point) )

CALL EDGEIN
(To provide new indices so that
control points and doublets at
edges of networks precede all

the others)

CALL KSORT
{To sort all arrays correspond-
ing to control points according
to new indices)

l

Rearrange
indices for
doublets




Flowchart of Program AICGEN (Continued)

No

NFUN=0?

JC=1

~

JC=1

l.__

If control point is
at edge of network,
impose Kutta condi-
tion

{i.e., sets E = 0)

If control point is
at edge of network,
impose Kutta condi-
tion

li.e., sets € =0)

v

CALL VINFCC
{To calculate components of aerodynamic
influence coefficients induced at one
control point due to doublet strength

on all panels)

JC=JC+ 1
Yes JCSNCTRT ?
No

Calculates number
of equations for
functions E,F,and G

'

JC=JC+1

JCNCTRT?

10

Yes




Input

Output

Subroutines
Called

Discussion

Priimnary
Program

Purpose

Common block ' .
/INDEX/-NT, NM, NN, NP, NZ, NPA, NZA, NNETT, NPANT, NZMPT
/INITF/-NFUN

/TPRINT/-IPGEOM, IPSING, IPCNTR, IPEIVC

Common block

/CMO03/-NPIF, NAIC3, NAIC

/BDYCS/-AC, ZCC, ZCR, ZDC, IPC, ITC
/INDEX/-NS, NC, NSA, NCA, NSNGT, NCTRT
/NINDX/-NEQ, NJC, ITC

TGEOMC, TSING, TCNTRL, EDGEIN, KSORT, PTRNS, IPTRNS,
VINFCC, VIP

The program first calls TGEOMC to provide least squares surface fit
for each panel and to generate essential geometry information such as
local coordinates of panel corner points and center, coordinate
transformations, moments, etc. The subroutines TSING and TCNTRL
are called to designate the locations of doublets and control points for
each network according to different network types. The coefficients of
quadratic doublet distribution for each panel are computed by using
least squares method. The unit normal vector and the freestream
velocity normal to the panel surface at each control point are also
calculated.

As discussed in the Engineering Document, equation (46), the stream
surface boundary condition at edge points of networks where the Kutta
condition has to be satisfied, gives a linear relation between the set of
doublets (Ke) at the edges of the network and the set of all remaining
doublets (Mr). Hence, doublets e can be expressed in terms of all
remaining doublets uy, and only py will have to be treated as the
explicit unknown parameters in the iterative procedure. For the
convenience of computation, indices of doublets are rearranged so that
He's precede uy’s. Indices of control points are also rearranged in a
similar way.

The components of aerodynamic influence coefficients (AIC) induced at
each control point, due to doublet distributions of all panels, are
computed by calling VINFCC. This process is repeated first for the
control points at the edges of networks and then for all other control
points. The program provides an option for skipping the last part of
the computation. Thus, when subroutine ITFLOW in the main overlay
calls AICGEN to update AIC at every KIT iteration, it sets NFUN=0,
and the new AIC is generated. Otherwise, NFUN#0 and the
computation of new AIC is skipped.

OVERLAY(VORTEX,3,0)
SOLVER

To solve a linear system of equations A-X=B

1



Flowchart of Program SOLVER

Reads out coefiicient
matrix from file
NMAT and right-
hand side from

file NRHS

|

CALL LINEQS
{To solve a system of
equations)

Check

if coefficient Yes

matrix appears
singular?

Write sclution
vector on file
NRHS

RETURN

12

|

Prints out the

message; "'The
matrix appears
singular”’




Input
Output

Subroutines

Called

Discussion

Primary
Program

Purpose

Input

Output

Subroutines
Called

Discussion

Common block
/INEQS/-NE, NR, NMAT, NRHS

Common block
/NEQS/-NRHS

LINEQS

The program reads out coefficient matrix and right-hand side from two
separate files and stores them in two different arrays A and B. The
routine LINEQS is then called to solve the system of equations. If the
coefficient matrix is not singular, the solution vector is written on the
file that originally stores the right-hand side. Otherwise, an error
message 'The matrix appears singular” is printed, and execution of the
computer program is terminated. The program has been set up with
the consideration that an out-of-core equation solver can replace the
present in-core one without changing the data structure significantly.

OVERLAY (VORTEX 4,0)
OUTPUT

To print the program results, including: circulation along terminated
edge of the fed sheet network; circulation along the wing trailing edge;
X, Y and Z coordinates of panel center, velocity on upper and lower
surfaces, and Acp for each panel in the wing and free vortex networks;
upper and lower cp and area for each panel in the wing network;
normal force coefficient; pitching moment coefficient; pitch axis x
value; root chord length; and total wing area.

Common Block
/BDYCS/-ZC
/CMO03/-NPIF, NAIC3
/FSVEL/-FSV XPITCH
/INDEX/-NM,NPA NZA
/MSPNTS/-ZM
/NFAJ/-NEQ,NF,NG
/PANDQ/-AR,ART,C
/SOLN/-S

See Purpose
MMULT,PTRNS,SNGCAL,UVECT,VIP

The Fed Sheet terminated edge points are calculated as the midpoints
between each pair of outboard Fed Sheet panel corner points. SNGCAL
is called to calculate the circulation at each edge point.

The wing trailing-edge points are calculated as the midpoints between
each pair of forward wake panel corner points. SNGCAL is again
called to calculate the circulation at each point.

13



Flowchart of Program QUTPUT

Print panel indices
for each network

Calculate and print the circulation
along terminated edge of FED SHEET

Calculate and print the circulation
along the wing trailing edge

l

Calculate total velocity and Qu

:

Calculate upper and lower velocity

!

Calculate A Cp

'

Calculate wing upper and lower Cp

Print panel center coordinates
and caiculated values

Calcutate and print Normal Force
Coefficient, Pitching Moment Coefficient,
Pitch Axis, Root Chord, and Total Wing Area

'
(= )

14




The total velocity is calculated by multiplying the AIC matrix
(DVDFS) by the vector, consisting of values S of doublet parameters
and adding the components of the freestream velocity vector.

SNGCAL is called to calculate the value and 1st, 2nd derivatives of
doublet strength at the panel center points of the wing and free sheet
networks. The components of sheet vorticity (first derivatives of
doublet strength) are transformed into the global panel system to
define Vu(VELFS).

Upper and lower velocity is calculated by adding to and subtracting
from the total velocity components, one-half of the Vu components.

Acp is calculated by multiplying two times the vector inner product of
Vu and the total velocity vector.

cp upper and lower for the wing network are calculated by the
equation:

(VSQ t HDCP + 0.25*GMUSQ) (1

where VSQ is the velocity vector inner product, GMUSQ is the Vu
vector inner product, and HDCP is one-half of Acp.

The final calculations performed are for a summation table for the
wing network consisting of normal force coefficient (enN)» pitching
moment coefficient (cp,), pitch axis X value (XPITCH), root chord
length (RCHORD) and total wing area (SW). The product (CNF) of the
normal vector, A Cp and wing panel area is used to calculate N
-and cp,.

cp is defined as two times the sum of CNF at each wing panel divided
by the total wing area.

cm is defined as two times the sum of CNF at each wing panel times
the X of the panel center minus XPITCH, divided by RCHORD times
total wing area.

XPITCH is the X value of the pitch axis input by the user.

RCHORD is defined as the X value where the trailing edge breaks
away from the planform centerline minus the X value of the first
transverse cut.

Total wing area is simply the sum of the individual wing panel areas
contained in array C in common block PANDQ.

15



FILE USAGE

There are eight disk files used in the computer program. The files are passed through
common block /CMO03/. Their disk numbers are assigned in program TEA378 (Main
Overlay). Files NTSIN and NTSOUT are the standard input and output files. The
following illustration gives where and how the other six files are used.

File
NTGD

NPIF

NAIC3

NAIC

NJAC

NSCR

Where
TEA378

ITFLOW
DFGMU
DFGDT
AICGEN
FGCAL
DFGMU
DFGDT
AICGEN
VINFCC
OUTPUT

FGCAL
DFGMU
AICGEN
OUTPUT
FGCAL
AICGEN
ITFLOW
DFGMU
DFGDT
ITFLOW
DFGMU

- DFGDT

Usage

Writing on components of freestream velocity at
control points; reading out initial values of doublet
parameters

Writing on residuals; reading out corrections
Writing on dG/due and 9G/du,

Writing on dG/96

Transferring panel information

Reading out panel information

Reading out panel information

Reading out panel information

Storing panel information

Reading out panel information

Reading out panel information

Reading out components of influence coefficient
Reading out components of influence coefficient
Storing components of influence coefficient
Reading out components of influence coefficient
Reading out rows of AIC matrix

Storing rows of AIC matrix

Reading out rows of Jacobian

Writing on d0F/9pg and 0F/Qu,

Storing rows of Jacobian

Writing on rows of updated Jacobian

Writing on partial derivatives with respect to
doublet parameters

Reading out partial derivatives with respect to
doublet parameters '

16



COMMON BLOCK DEFINITION

Variables of the more essential common blocks shared by main and primary overlays
and some subroutines are defined below.

Common
Block Variables Description Where Set
ADR RTD Number of degrees in 1 rad TEA378
DTR Number of radians in 1 deg
BDYCS zC Array of X,Y,Z coordinates of control TCNTRL
points
ZCC Array of normal vectors at control
points on the panel surface
ZCR Array of components of freestream
velocity normal to the panel surface
at control points '
ZDC Array of perturbation distances for
control points at edges of networks
IPC Array of panel indices for control
points
ITC Array of codes (=1 for control points
at edges of networks; =0 otherwise)
CMO03 See file usage TEA378
DAT3 AR Aspect ratio INPUT
NTR Number of transverse cuts
XTR Array of transverse cut x values
MSP Number of spanwise wing percent
values
YSP Array of spanwise wing percent
values
NTC Number of transverse cuts

intersecting root chord

NLE Number of points defining wing
leading edge
YLE Array of Y coordinates of

leading-edge points

17



Common

Block Variables  Description
NTE Number of wing trailing-edge,
transverse-cut intersections
YTE Array of Y coordinates of points
defined by NTE
MFS Number of spanwise cuts in the free
vortex network
EEQS EMUE Array of 0E/du,
EMU Array of 9E/dpu,
Array of (0E/dug ™ (9E/dyuy)
IPR Array of indices of row pivoting for
equation solver
FLATP NFLTP =1 for flat panel; =0 otherwise
FSVEL FSV Freestream velocity vector
FSVM Freestream velocity magnitude
ALPHA Wing angle of attack in radians
XPITCH X value of pitch axis
RCHORD Length of root chord
ICONST P1 n
P12 2n
PI41 1/4m
INDEX NT Array containing network type
indices 2,4,6,5,7
NM Array containing the number of
spanwise panel points in each
network ‘
NN Array containing the number of
transverse cuts in each network
NP Array containing the number of
panels in each network
NS Array containing the number of
singularity parameters in each
network
NC Array containing the number of
control points in each network
Nz Array containing the number of panel

points in each network

18

Where Set

FGCAL

DFGMU
FGCAL

INPUT

INPUT

AICGEN

INPUT

SING

CONTRL



Common

Array containing cumulative sum of
Array containing cumulative sum of
Array containing cumulative sum of
Array containing cumulative sum of

Number of networks
Number of total panels

Number of total singularity

Number of total control points

Number of total panel corner points

Array of H integrals
Z distance of field point above panel

Indicates necessity of using special
expansion when field point is near

Maximum value of m+n for H
integrals required to compute
influence coefficients

Maximum value of k for H integrals
required to compute influence

Controls printout of intermediate
results from program INPUT in

Controls printout of intermediate

results from subroutines GEOMC and

SURFIT in overlay (2,0)

Controls printout of intermediate
results from subroutine SING in

Block Variables Description
NPA
array NP
NSA
array NS
NCA
array NC
NZA
array NZ
NNETT
NPANT
NSNGT
parameters
NCTRT
NZMPT
in all networks
INTQ H
HZ
IH
panel surface
MXQ
MXK
coefficients
IPRINT IPNPUT
overlay (1,0)
IPGEOM
IPSING
overlay (2,0)
IPCNTR

Controls printout of intermediate
results from subroutine CONTRL in
overlay (2,0)

19

Where Set

TSING

TCNTRL

TSING

TCNTRL

INTCAL

DPIV

TEA378



Common

Controls printout of intermediate
results from subroutine EIVC in

Controls printout of intermediate
results from program OUTPUT in

X,Y,Z coordinates of corner points

‘used in least squares fit

Weights used in least squares fit

Generalized inverse from least

=2 for quadratic fit (6 terms)
<2 for linear fit (3 terms)

Number of data points used in least

Array containing panel corner point

Array containing panel lengths along

Number of equations to be solved
Number of right-hand sides

Name of file storing the coefficient

Name of file storing right-hand side

Number of equations corresponding to
control points at edges of networks

Number of equations corresponding to
all other control points (excluding

Number of equations corresponding to
number of panels of the free sheet

Number of equations corresponding to
control points at edges of networks

Block Variables Description
IPEIVC
overlay (2,0)
IPOUTP
overlay (4,0}
LSQSFC ZK
WTK
AK
squares fit
NO
NPK
squares fit
MSPNTS M
X,Y,Z coordinates
ZL
transverse cuts
NEQS NE
NR
NMAT
matrix
NRHS
or solution vector
NFAJ NEQ
NF
those at edges)
NG
network
NINDX NEQ
NJC

NJC()) gives new index for control
point j

20

Where Set

SURFIT,SING

LSQSF

SURFIT,SING

INPUT

TEA378,ITFLOW

AICGEN

EDGEIN



Common

IJC(k) gives the control point which

Number of functions called at every

Maximum number of iterations

Number of iterations to generate new

Printing output occurs at every

X,Y,Z coordinates of panel corner
Average X,Y,Z coordinates of four

X,Y,Z coordinates of origin of local
panel coordinate system

Rotation matrix for transforming
from global X,Y,Z coordinates to local
panel £ 0, {coordinates

Transposition of AR
£, ncoordinates of panel corner points

Panel principal curvature in §
Panel principal curvature in n

Length of longest diagonal of panel
Array of (§,7) moments
Matrix defining dependence of

coefficients of quadratic doublet
distribution on free parameters

Array containing indices of free
parameters on which panel doublet
coefficients depend

Block Variables Description
1JC
has new index k
NITF NFUN
KIT iteration
JT Iteration number
ITMX
KIT
AIC
ITPRIN
ITPRIN iteration
PANDQ CcP
points
PC
corner points
RO
AR
ART
P
A
direction
B
direction
DIAM
C
AST
I1S
INS

Number of free singularity
parameters determining coefficients
of panel quadratic doublet
distribution

Where Set

ITFLOW

INPUT
ITFLOW

INPUT

GEOMC

SURFIT

GEOMC
SURFIT

GEOMC
CCAL
SING



Common

Panel singularity type

Total number of panel-defining
quantities in PANDQ common block,
not used in this program

Index for keeping track of the
position of record (panel information)
on disk to be written

Index for keeping track of the
position of record (panel information)

Disk file on which panei information

Disk file from which panel
information is to be read

Local panel coordinates of control
Local coordinates of panel corner

Coefficients of the quadratic surface

Maximum diagonal of the panel
Moments for the panel

Integrals from routine DPIV

Number of coefficients in panel
doublet distribution

Not used in this program
Collection of géometric quantities

describing relationship of field point

Coordinate of field point relative to
panel corner point expressed in local

Coordinate of field point relative to
panel corner point expressed in local

Block Variables Description
ITS
NPDQ
PINDX KP
KQ
on disk to be read
NPWR
is to be written
NPRD
PIVINT XX
point
PP
points
AA
BB fit of.the panel
DDIAM
CC
DVDV
NTST
NCF
SIDEQ QSIDE
to panel side
SKAIC1 AKS1
system
AET1
system
AKS2

Coordinate of field point relative to
panel corner point expressed in local
system
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Where Set

Not set

Wherever routines
PTRNS and
IPTRNS are called

PIVC

Not set

SIDECL

INTCAL



Common

Block Variables Description Where Set
AET2 Coordinate of field point relative to
panel corner point expressed in local
system
DRM Length of panel edge
EL1 Distance from panel corner point to
projection of field point on panel edge
line
EL2 Distance from panel corner point to
projection of field point on panel edge
line
ELM Minimum value of distance from
panel edge to projection of field point
on panel edge line ’
ANK Component of unit normal to panel
edge
ANE Component of unit normal to panel
edge
A Distance from projection of field point
on panel plane to panel edge line
AA Square of A
GG Square of distance from field point to
panel edge line
S1 Distance from field point to end point
of a panel side
S2 Distance from field point to end point
of a panel side
S11 Inverse of S1
S21 Inverse of S2
HM Magnitude of HZ
HH Square of HZ
SKAIC2 GAK Accumulates A times FK over four FKCAL
panel sides
GKNK Accumulates ANK times FNK over FNKCAL
four panel sides
GENK Accumulates ANE times FNK over
four panel sides
GKMN Accumulates ANK times FMN over FMNCAL

four panel sides
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Common

Accumulates ANE times FMN over
Accumulates A times FMN over four
Accumulates H(1,1,1) over four panel

F integrals for M=1 and N=1
F integrals for M=1

E functions used for computation of F

Maximum value of K for F integrals

Maximum value of K for F integrals
when field point is near panel edge
and special expansion is required

Not used in this program

Used as upper limit for certain K
Used as upper limit for certain K

Used as upper limit for certain M or

Logical variable used to circumvent
unnecessary calculations
Logical variable used to circumvent
unnecessary calculations
Logical variable used to circumvent
unnecessary calculations
Logical variable used to circumvent
unnecessary calculations

Logical variable used to circumvent
unnecessary calculations

Block Variables Description
GEMN
four panel sides
GAMN
panel sides
H111
sides
FK
FNK
FMN F integrals for K=1
E
integrals
SKAICI MXFK
MXFKN
MXFNK
MXKM2
loops
MXKM4
loops
MXQM1
N loops
SKAICL LMXQ2
LMXQ3
LMXQ4
LMXK3
LMXK5
LMKEX

Logical variable determining
necessity of using special expansion
for field point near panel surface
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Where Set

FKCAL

FNKCAL
FMNCAL
ECAL

INTCAL
FKCAL

Not set
INTCAL

INTCAL



Common

Array of network points serving as
control points or locations of free
singularity parameters

Index array which counts
nonidentical points in ZA

Array of values of doublet parameters

Array containing panel inclination

Block Variables Description
SKRCH1 ZA
1A
SOLN S
ZA
angles
SYMM NSYMM

=1 for axisymmetric
=0 otherwise
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Where Set

GCPCAL

GRDIND

TEA378,ITFLOW
INPUT

INPUT



DESCRIPTION OF SUBROUTINES

The subroutines are arranged in alphabetical order.

Subroutine

Purpose

Input

Output
Subroutines

Called

Discussion

Subroutine

Purpose
Input

Output

Subroutines
Called

Discussion

AJGEN(X,N)

To obtain the analytic Jacobian for perturbation variables

(doublet parameters excluding those at edges and angles) assuming
D(AIC)/D(THETA)=0

Calling sequence
X—Array of values for the variables
N—Number of variables

Common block
/INDEX/—NM, NN, NZ
/MSPNTS/—ZM
/ADR/—DTR

Common block
{SQLN/—S, ZA

DFGMU, DFGDT

The routine stores values of doublet parameters (excluding those at
edges) and angles in array S and ZA, respectively. Routines are called
to generate the partial derivatives of functions F and G with respect to
doublet parameters MU, excluding those at edges (DFGMU) and angles
THETA (DFGDT).

AWNET

To calculate the coordinates of all panel corner points in an arrow
wing planform configuration

Common block
/DAT3/—AR, NTR, XTR, MSP, YSP, NTC

Common block
{DAT3/—YLE, NTE
/MSPNTS/—ZM

SWEPTE

The Y coordinates of the panel corner points at the intersection of the
leading edge and transverse cuts are computed by multiplying the X
value of the transverse cut by one-fourth the aspect ratio.

The Y coordinates of the panel corner points between the leading edge
and root chord on the transverse cuts are computed by multiplying the
Y coordinate at the leading edge by the array of percent values YSP.
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Subroutine

Purpose

Input

Qutput
Subroutines

Called

Discussion

Subroutine

Purpose

Input

Output

Subroutines

Subroutine SWEPTE is called to calculate the Y coordinates of all
panel points aft of the root chord.

The X coordinates of the panel corner points are the X values of the
transverse cuts input by the user. All Z coordinates are set to zero.

BSUBSM(A,NR,N,IPR,B,M)

To perform back substitutions using the factorization obtained from a
decomposition routine and find the solution for a system of equations

Calling sequence

A —The lower triangle of the array consists of a lower triangular
matrix L and the upper triangle consists of an upper triangular
matrix U. They are obtained from a decomposition routine such
as TDECOM

NR —Maximum row dimension of arrays A and B

N —Order of the coefficient matrix

IPR—Array consists of numbers of pivotal row, as derived from the
subroutine TDECOM

B —Array consists of M right-hand sides of the linear system

M —Number of right-hand sides

Calling sequence
B —Solution vectors

VIPS

The routine first uses pivotal information given in the array IPR to
exchange elements of right-hand sides. It then performs forward
substitution by solving the lower triangular system of equations LY=B
and backward substitution by solving the upper triangular system of
equations UX=Y. X is the desired solution of the given system of
equations.

The routine is a modified version of a routine in the subroutine library
of the Boeing Computer Services company.

CCAL(P,C)

To calculate for each panel the quadrilateral moment integrals used in
the computation of the source and doublet far-field velocity influence
coefficients. (See sec. B4, app. B, of the Engineering Document.)

Calling sequence
P—Coordinates of four corner points of quadrilateral

Calling sequence
C—Array of moment integrals

ECAL, ZERO



Called

Discussion

Subroutine

Purpose

Input

Output

Subroutines
Called

Discussion

Subroutine
Purpose

Input

QOutput

The routine computes the quadrilateral moment integrals
C(M,N)=I(SIGMA, KSE**(M-1)*ETA**(N-1), DKSE*DETA) for M=1,
MXQ and N=1, MXQ-M+1. A description of the calculations performed
is contained in section B.4 of appendix B of the Engineering Document.
The relevant equations are (B-93) through (B-102). The reélevant
procedure is procedure 6. The code closely follows the development and
notation of this portion of appendix B.

CMAB(A,B,R, NRA NCA ,NCB)

To multiply two matrices whose elements are stored compactly by row
(compass)

Calling sequence

A—Location of first matrix

B—Location of second matrix

R—Location of resultant matrix
NRC—Number of rows in first matrix
NCA—Number of columns in first matrix
NCB-—-Number of columns in second matrix

Calling sequence
R—Resultant matrix

None

Performs the matrix operation (R)=(B)(A).

CONTRL(NT,NM,NN,NC,NPA,ZM,ZC,ZCC,ZCR,ZDC,IPC ITC)

To compute control point defining quantities for each network

Calling sequence

NT—Network type

NM-—Number of spanwise cuts in the network
NN—Number of transverse cuts in the network
NPA—Total number of panels in all previous networks
ZM—Coordinates of corner points in the network

Common block
/IPRINT/—IPCNTR
/FSVEL/—FSV
[PANDQ/—PC

Calling sequence

NC—Number of control points on the network
ZC—Coordinates of control points on the network
ZCC—Surface normal vector at control points
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Subroutines
Called

Discussion

Subroutine
Purpose

Input.

Output

Subroutines
Called

Discussion

Subroutine

Purpose

Input

ZCR-—Normal components of freestream velocity
ZDC—Relocation distance of control point

IPC—Sequence number of panel to which control point belongs
ITC—Network edge control point indicator

GCPCAL. GRDIND, PTRNS, SURPRO, MMULT

The routine calculates quantities associated with the control points
and boundary conditions of the problem. Separate computations are
performed for each network type. First, the control points (points at
which the boundary conditions are applied) are located. This is done by
averaging certain combinations of corner points and then projecting
the resultant points onto the panel surfaces. Those control points
located on a network edge are withdrawn slightly from the edge and
not projected onto their panel surfaces to avoid numerical difficulty
later. The control points are ordered and indexed along with auxiliary
quantities which are computed as well. Such quantities include the
panel normal at the control point, the component of freestream velocity
in this direction (for use in applying the boundary conditions), and the
distances the edge control points are withdrawn.

CROSS(A,B,C)
To calculate the cross product of two vectors

Calling sequence
A—First vector
B—Second vector

Calling sequence
C—Resultant vector

None

CROSS performs the following calculations:
C(1)=(A(2)*B(3))-(A(3)*B(2))
C(2=(A(3)*B(1)-(A(1)*B(3))
C(3)=(A(1)*B(2))-(A(2)*B(1))

DFGDT(ZM,NM,NN)

To calculate partial derivatives of functions F and G with respect to
panel inclination angles of free sheet, assuming D(AICYD(THETA)=0

Calling sequence

ZM—Coordinates of corner points of free sheet network
NM—Number of spanwise cuts of network
NN-Number of transverse cuts of network
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Output
Subroutines

Called

Discussion

Subroutine

Purpose

Input

Output

Subroutines
Called

Discussion

Common block
/CM03/—NSCR
/BDYCS/—ZC
/FSVEL/—FSV
INFAJ/I—NEQ, NF, NG
/{ADR/—DTR

Common block
/CM03/—NJAC

PTRNS, CROSS, UVECT, VIP, UNIPAN, MMULT

A detail discussion of the formula used in the computation is given in
the Engineering Document (see app. C, geometry update coefficients).
The routine first finds a normal vector N for the panel. It then
computes partial derivatives of N with respect to angle THETA and
forms partial derivatives of N-V and of pressure jump with respect to
THETA. Finally, it stores all partial derivatives in proper position of
the Jacobian.

DFGMU

To ‘calculate partial derivatives of functions F and G with respect to
doublet parameters (excluding those at edges)

Common block
/CMO03/—NPIF, NAIC3
/BDYCS/—ZC
/INDEX/—NSNGT
/FSVEL/—FSV
/NFAJ/—NEQ, NF, NG
/SOLN/—S
/EEQS/—EMUE, EMU, IPR

Common block
/CM03/—NSCR

BSUBSM, PTRNS, MMULT, UNIPAN, VIPS

The formula and notation used here are discussed in detail in the

Engineering Document (see app.D, doublet. strength update
coefficients). The routine reads in DE/DMUE and DE/DMU and
calculates (DE/DMUE)(-1)*(DE/DMU), where E is the function
consisting of only those equations corresponding to control points at
edges. Then, it obtains partial derivatives of NV on wing and on free
sheet with respect to doublet parameters. Partial derivatives of
pressure jump V-GRAD(MU) with respect to doublet parameter are
also calculated. Finally, partial derivatives with respect to doublet
parameters excluding those at edges are formed.
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Subroutine

Purpose

Input

Output
Subroutines

Called

Discussion

Subroutine

Purpose
Input

Output

DPIV

To calculate the velocity influence coefficients induced at a field point
by a doublet panel

Common block
/ICONST/—PI2, P14
/PIVINT/—X, P, A, B, DIAM, C, NTST

Common block
/PIVINT/—DV

INTCAL, ZERO

The routine computes the doublet panel velocity influence coefficients
at a specified field point. A description of the method and calculations
performed is contained in appendix B of the Engineering Document. If
the field point is sufficiently distant from the panel, a far-field
approximation is employed. The approximation and computational
method is presented in section B.4 of appendix B and the related code
comprises the part of DPIV between statement 120 and statement 500.
The loop 450 contains the bulk of the calculations, and its purpose is to
compute the J vectors of equation (B-91). For this calculation the
terms on the right side of equation (B-91) have been expanded; hence,
the code does not directly correlate with this formula. Another
evaluation procedure is employed when the field point is near the
panel. A description of this procedure is presented in sections B.2 and
B.3 of appendix B. The related code comprises the part of DPIV
between statements 500 and 900. The loop 750 calculates the vector J,
defined by equation (B-34), with the H integrals computed by the
routine INTCAL. The loop 800 transforms the influence coefficients
relative to the expansion of doublet strength about the projection of
the field point to coefficients relative to the expansion of doublet
strength about the origin.

DWNET

To calculate the coordinates of all panel corner points in a delta wing
planform configuration

Common block
/DAT3/—AR, NTR, XTR, MSP

Common block
/DAT3/—YLE
IMSPNTS/—ZM
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Sukroutines
Called

Discussion

Subroutine

Purpose

Input

Output
Subroutines

Called

Discussion

Subroutine

Purpose

Input

Output

Subroutines
Called

Discussion

None

The Y coordinates of panel corner points at the intersection of the
leading edge and the transverse cuts are computed by multiplying the
X value of the transverse cut by one-fourth the aspect ratio.

The Y coordinates of the panel corner points between the leading edge
and root chord on the transverse cuts are computed by multiplying the
Y coordinate at the leading edge by the array of percent values YSP.

The X coordinates of the panel corner points are the X values of the
transverse cuts input by the user. All Z coordinates are set to zero.

ECAL(X1,X2,A1,A2,E,N)

To evaluate E(I)= A2+X2%«(]-1)- Al«X1+(I-1); I =1 N. (See eq.
(B-59), app. B, of the Engineering Document.j

Calling sequence
X1-—(see Purpose)
X2—i(see Purpose)
Al—(see Purpose)
A2-—(see Purpose)
N—(see Purpose)

Calling sequence
E—(see Purpose)

None

The routine calculates the quantities:

E(I)=A2+X2#+(I-1)-A1+X1#%(I-1) for I=1,N using the recursion formula
E()=(X1+X2)*E(I-1)-X1#X2#E(I-2) and the initial conditions
E(1)=A2-A1 and E(2)z=A2#X2-A1*#X1.

EDGEIN

To provide new indices for the control points and doublets so that the
corresponding equations (downwash condition) and doublets at edges of
network will precede all the others

Common block
/BDYCS/—ITC
/INDEX/—NCTRT

Common block
/ININDX/—NEQ, NJC, IJC

None

The routine obtains the number of equations corresponding to control
points at edges. Then it assigns indices according to whether control
points are at edge or interior.
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Subroutine

Purpose

Input

Output

Subroutines
Called

Discussion

Subroutine

Purpose

Input

Output

EIVC(ZC,ZNC,ZDC,IPINF)

To calculate the velocity induced by a doublet panel on a network edge
control point

Calling sequence

ZC—Coordinates of control point

ZNC—Unit normal to surface at control point
ZDC—Distance from control point to panel edge

Common Block

/IPRINT/—IPEIVC

1Z1P/—IPZ, IP, JCZ

/PANDQ/—CP, PC, RO, AR, P, DIAM
/SYMM/—NSYMM

Calling sequence
IPINF—Indicates whether panel is close enough to control point to
induce a substantial downwash

Common block
/PIVM/—DVDS

ZERO, CROSS, UNIPAN

The routine calculates the velocity induced by a doublet panel (and its
image if configuration is symmetrical) on a network edge control point.
The influence is computed by accumulating the influence of each panel
edge. The influence of a panel edge is ignored unless a point on the
edge is within a small sphere around the control point. In this case,
the influence, resulting from both the doublet strength and its
derivative perpendicular to the edge (evaluated at that edge point), is
computed. The resultant velocity is then distributed among the
coefficients of the doublet distribution on the panel.

FGCAL(FVZ,GVZ)

To solve for doublet parameters at edges and to calculate functions ¥
and G

Common Block ’ . .
/CM03/—NPIF, NAIC3, NAIC ’
/BDYCS/—ZC, ZCR

/[FSVEL/—FSV

/INFAJ/—NEQ, NF, NG

/SOLN/—S

Calling sequence
FVZ—Values of F
GVZ—Values of G

Common block
/EEQS/—EMUE, EMU, IPR
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Subroutines
Called

Discussion

Subroutine

VIPS, LINEQS, PTRNS, MMULT, VIP, UNIPAN

The routine reads rows of AIC matrix to form coefficients of function
E. The solution for doublet parameters (MUE) at edges are found by
using function E and given values of all other doublet parameters
(MU). Sirnice E is a function of doublet parameters only, DE/DMUE and
DE/DMU are simply the coefficients of E. If the matrix DE/DMUE is
singular, an error message will be printed and the execution of the
computer program will be terminated. Components of influence
coefficients are read in and multiplied by values of doublet parameters
to form perturbation velocity. The latter is added to freestream
velocity to become the average velocity vector V. The DOT product
N-V is then calculated for every interior control point on wing
(forming part of function F) and on free sheet (forming function G).

The jump in pressure coefficients V:GRAD(MU) (see Engineering
Document) on free sheet is also calculated (forming the other part of
function F).

FKCAL

Purpose

Input

Output

Subroutines
Called

Discussion

To calculate certain F integrals used to compute the H integrals
involved in the formulas for the source and doublet panel induced
velocity influence coefficients. (See sec. B.3 of app.B of the
Engineering Document.)

Common block

/SKAICL/—LMKEX

/SKAIC1/—EL1, EL2, ELM, A, AA, GG, S1, S2, S1I, S2I, HM
/SKAICI/—MXFK

Common block
/SKAICI/—MXFKN
SKAIC2/—GAK,H111

ECAL

The routine computes the integrals F (1,1,K) for K=1, MXFK where
F(1,1,K)=I(L,1./RHO+*+K,DL). A description of the calculations
performed is contained in section B.3 of appendix B of the Engineering
Document. The relevant equations are (B-60), (B-61), (B-68), and
(B-69). The relevant procedures are 4 and 5. The routine also computes
the arctangent terms of step 1 (eq.(B-41) of procedure 1. The code
closely follows the development and notation of section B.3. Note that
FNK(N,K)=F(1,N,K).
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Subroutine

FMNCAL

Purpose

Input

Output
Subroutines

Called

Discussion

Subroutine

Purpose

Input

Output

Subroutines
Called

Discussion

To calculate certain F integrals used to compute the H integrals
involved in the formulas for the source and doublet panel induced
velocity influence coefficients. (see sec. B.3 of app. B of the
Engineering Document.)

Common block

/[INTQ/—MXQ

/SKAICL/—LMXQ2, LMXQ3 )
/ISKAIC1/—AKS1, AET1, AKS2, AET2, ANK, ANE, A, AA. S1, S2, HH

Common block
/ISKAIC2/—GKMN, GEMN, GAMN

ECAL

The routine computes the integrals F(M,N,1) for N=1,MXQ and
M=1,MXQ-N+1 where F(M,N,1)=[{L, KSE«#(M-11+ETA+««(N-1)/RHO,
DL). A description of the calculations performed is contained in section
B.3 of appendix B of the Engineering Document. The relevant
equations are (B-62), (B-63), (B-64), and (B-65). The relevant
procedures are 4 and 5. The code closely follows the development and
notation of section B.3. Note that FMN(M,N)=F(M ,N,1).

FNKCAL

To calculate certain F integrals used to compute the H integrals
involved in the formulas for the source and doublet panel induced
velocity influence coefficients. (see sec. B.3 of app. B of the
Engineering Document.)

Common block

/SKAICL/—LMXQ3, LMXQ4, LMXK5
/SKAIC1/—ANK, ANE, AA, S1I, S2I, HH
/SKAICI/—MXKM2, MXQM1

Common block
/ISKAIC2/—GKNK, GENK "’

ECAL

The routine computes the integrals F(1,N.K) for N=2,MXQ and
K=3 MXK-2,2 where

F(1,N,K)=I(L,ETA*+(N-1)/RHO++K,DL). A description of the
calculations performed is contained in section B.3 of appendix B of the
Engineering Document. The relevant equations are (B-66) and (B-67).
The relevant procedures are procedures 4 and 5. The code closely
follows the development and notation of section B.3. Note that
FNKi(N,K)=F(1,N,K).



Subroutine

Purpose

Input

Output

Subroutines
Called

Discussion

Subroutine
Purpose

Input

Output

Subroutines
Called

Discussion

FUNC(X,N,RX)

To evaluate function F (N-V on wing and V*GRAD(MU) on free sheet)
and G (NV on free sheet)

Calling sequence
X—Array of values for the variables
N—Number of variables

Commbon block
INFAJ/—NEG, NF, NG
/NITF/—NFUN
/SOLN/—ZA
/ADR/—DTR

Calling sequence
RA—Array of values of functions

UPDATE, AICGEN{OVERLAY-2,0), FGCAL

The routine stores values of doublet parameters (excluding those at
edge) and angles in arrays S and ZA, respectively. [t uses new angles
to update the corner points of free sheet, fed sheet, and part of the
wake network. AICGEN(OVERLAY-2,0) is then called to designate
locations of doublets and control points and to generate velocity
components and AIC matrix using the updated corner points. If
perturbation in angle is not significant, UPDATE and AICGEN are
skipped. Finally, the routine calls FGCAL to calculate values of
functions F and G.

GCPCAL(NM,NN,NM1,NN1,ZM,ZA)
To construct an NM+1 by NN-1 grid of points from corner point data

Calling sequence

NM-—Number of corner points in a row
NN-—Number of corner points in a column
NM1—Number of grid points in a row (NM+1)
NN1—Number of grid points in a column (NN+1)
ZM—Coordinates of corner points

Calling sequence
ZA—Coordinates of grid points

None

The routine computes an NM+1 by NN+1 grid of peints derived from
corner point data. The points in the grid consist of the average of each
set of four adjacent corner points, the average of each set of two
adjacent edge corner points, and the four extreme corner points. These
points are obtained by computing approximate averages of the corner
points.
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Subroutine
Purpose

Input

Output

Subroutines
Called

Discussion

GEOMC(NT,NM,NN ,NPA,ZM)

To calculate geometric defining quantities for each panel in a network

Calling sequence

NT—Network type

NM—Number of spanwise cuts in network
NN—Number of transverse cuts in network
NPA—Total number of panels in all previous networks
ZM—Coordinates of corner points in the network

Common block
/IPRINT/—IPGEOM

Common block
/PANDQ/—CP,PC,RO,AR,ART,P,A,B,DIAM,C

SURFIT, CCAL, IPTRNS

The routine calculates and stores geometric defining guantities for
each panel of a network. First, the four grid peints defining the panel
corner points are found. Together with adjacent grid points, these
corner points are fed into SURFIT, which defines the actual panel
surface and the local panel coordinate system. Then CCAL is called to
calculate panel moments. Finally, all the panel-defining quantities are
stored on a file.

To order nonidentical points of an NM by NN grid of points via an

I—Index array containing sequence number of each grid point
IS—Total number of nonidentical points in a grid

Subroutine GRDIND(NM,NN,Z,1,1S)

Purpose
index array

Input Calling sequence
NM—Number of grid points in a row
NN-—Number of grid points in a column
Z—Coordinates of grid points

QOutput Calling sequence

Subroutines PIDENT

Called

Discussion

The routine sequences an NM by NN grid of points. The sequencing
proceeds in the order ((M=1,NM),N=1,NN), where (M,N) is the point in
row M and column N. Any point identical with the point in the same
row and previous column or with the point in the same column and
previous row is assigned the same sequence number as that point. The
sequence numbers of the grid points are stored in an NM x NN index
array and returned as output along with the total number of
nonidentified points.
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Subroutine

Purpose
Input

Output

Subroutines
Called

Discussion

Subroutine

Purpose

Input

Output

Subroutines
Called

Discussion

GWNET

To calculate the coordinates of all panel corner points in a gothic wing
planform configuration

Common block
/DAT3/—NTR,XTR,MSP,YSP,NTC,YLE

Common block
/{DAT3/—NTE
/MSPNTS/—ZM

SWEPTE

The Y coordinates of panel corner points at the intersection of the
leading edge and transverse cuts are input by the user.

" The Y coordinates of panel corner points between the leading edge and

root chord on the transverse cuts are computed by multiplying the Y
coordinate at the leading edge by the array of percent values YSP.

Subroutine SWEPTE is called to calculate the Y coordinates of all
panel points aft of the root chord.

The X coordinates of the panel corner points are the X values of the
transverse cuts input by the user. All Z coordinates are set to zero.

INTCAL

To compute the H integrals involved in the formulas for the source and
doublet panel induced velocity influence coefficients. (See sec. B.3 of
app. B of the Engineering Document.)

Common block
INTQ/—MXQ,MXK
/PIVINT/—X,P AC,BC,DIAM

Common block
/INTQ/—H,HZ,IH

SIDECL, ZERO, TRNSFR, FKCAL, FMNCAL, FNKCAL

The routine calculates the integrals H(M,N,K)=1(SIGMA,KSE**(M-1)
*ETA**(N-1)/RHO**K,DKSE*DETA) for M=1,MXQ and

N=1MXQ-M+1 .and K=1,MXK,2. A description of the calculations .

performed is contained in section B.3 of appendix B of the Engineering
Document. The routine can be divided into three. parts. In the first
part, preliminary quantities concerning the geometric relationship of
the field point to the quadrilateral are calculated. In the second part,
the F integrals are calculated for each side of the quadrilateral and
accumulated. In the third part, procedure 1, 2, or 3 is executed.

38 -



Subroutine

IPTRNS(IP)

Purpose To write panel information on disk
Input Calling sequence
IP—Panel number of information to be written
Common block
/PANDQ/—CP,PC,RO,AR,ART,P,A,B,DIAM,C,AST,IIS,INS,ITS
/PINDX/—KP NPWR
Qutput Common block
/PINDX/—KP
Subroutines None
Called
Discussion Writes 197 words of panel information from common block PANDQ
onto disk file specified by NPWR.
Subroutine ITFLOW(X ,N,RX,DX,Y,RY)
Purpose To perform iterative scheme using quasi-Newton algorithm for the
solution of a set of nonlinear equations
Input Calling sequence
X—Array of initial values for the variables
N—Number of variables
DX,Y,RY—Scratch arrays
Common block
INFAJ/—NEQ,NF
INITF/—ITMX,ITPRIN
Output Calling sequence
X—Array of solution vector
RX—Array of residual vector
Subroutines VIP, FUNC, OUTPUT(OVERLAY-4.0), AJGEN, SOLVER
Called (OVERLAY-3,0)
Discussion The routine calls FUNC to evaluate residuals RX and calls AJGEN to

set up the Jacobian AJ. The system of equations AJ*DX=-RX is solved
and a new approximate solution is found using corrections DX.
Residuals and Jacobian are evaluated at the new solution. The -
procedure is repeated until the sum of squares of residuals satisfies a
predetermined tolerance TOL or the given maximum number of
iterations ITMX is reached. The routine includes a procedure of
generating new AIC after every kit iteration. The Jacobian will be
calculated by calling AJGEN only when new AIC is generated.
Otherwise, it will be updated by using a formula of quasi-Newton
scheme (see Engineering Document). Number of iteration, sum of
squares of residuals, and step size are printed for every ITPRIN
iteration. For iteration study and checkout purpose, some other
intermediate print statements are included (see listing).
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Subroutine

Purpose

Input

Output

- Subroutines
Called

Discussion

Subroutine
Purpose

Input

Output

Subroutines
Called

Discussion

KSORT

To sort the column of a two-dimensional array using the given key
index array

Calling sequence

A—Array of which the column is to be sorted

M—Number of rows of A

N—Number of columns of A

KEY—Array consists of given key indices

W—Working array of same dimension as A

Calling sequence
A—The sorted array

None

The contents of array A are stored in a working array using the
indices given in key array. Working array is then transferred back to
array A.

LINEQS(A,NR,N,IPR,B,M,D1)

To solve a system of linear equations A+X=b

Calling sequence

A—Array consists of elements of the coefficient matrix
NR—Maximum row dimension of arrays A and B

N—Order of the coefficient matrix

B—Array consists of M right-hand sides of the linear system
M—Number of right-hand sides

Calling sequence ‘

A—The lower triangle of the array consists of a lower triangular
matrix L, and the upper triangle consists of an upper triangular
matrix U. (Since U is unit upper triangular, its diagonal elements
are not stored.)

IPR—Array gives numbers of pivotal row (a record of interchanges)

B—Solution vectors

D1—=+1 or -1 according to the number of interchanges being even or

odd. It also indicates successful return;= 0 indicates that the
coefficient matrix appears singular.

TDECOM, BSUBSM

Routine TDECOM is first called by LINEQS to perform the
decomposition of the coefficient matrix A into a lower triangular
matrix L and an upper triangular matrix U. The result is then used in
BSUBSM for carrying out back substitutions and obtaining the
solution to the system of equations.

This routine is a modified version of a routine in the subroutine
library of the Boeing Computer Services company. ’
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Subroutine

LSQSF

Purpose

Input
Output
Subroutines

Called

Discussion

To find the generalized inverse from a least squares fit

Common block
/LSQSFC/—ZK,WTK,NO,NPK

Common block
/LSQSFC/—AK

TRANS, MMULT, PDSEQS

The routine first forms the weighted normal equations. It then calls
routine using the Cholesky scheme to solve the system of equations
and finds the generalized inverse. If the system of equations is not
positive definite, an error message will be printed and execution of the
computer program will be terminated.

A—Array containing elements of matrix A
B—Array containing elements of matrix B

M—Number of columns in A and rows in B

MMULT calls CMAB to calculate (C) (A)B).

To transform point coordinates from the local panel system to the

ART—Local to global panel system transformation matrix
RO—X,Y,Z coordinates of panel center (universal)
Y—X,Y,Z coordinates of point to be transformed (local)

X—X,Y,Z coordinates of transformed point (universal)

Subroutine MMULT(A ,B,C,L M,N)
Purpose To multiply two matrices
Input Calling sequence
L—Number of rows in A and C
N—Number of columns in B and C
Output Calling sequence
C—Resultant matrix
Subroutines CMAB
Called
Discussion
Subroutine PANUNI(ART,RO,Y.X)
Purpose
universal system
Input Calling sequence
Output - Calling sequence
Subroutines MMULT
Called
Discussion

The local panel coordinates are multiplied by the matrix ART using
subroutine MMULT to produce the global panel coordinates which,
when added to the universal panel center, produce the universal
coordinates.
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Subroutine PDSEQS(A,NR,N,DN.B,M,D1)

Purpose To solve a system of equations A*X=B, where A is a positive definite
symmetric matrix, using Cholesky decomposition

Input Calling sequence
A—Array of which the upper triangle is the upper tnangle of a given
positive definite symmetric matrix
NR—Maximum row dimension of arrays A and B
N—Order of the positive definite coefficient matrix
B—Array consists of M right-hand sides of the linear system
M—Number of right-hand sides

Output Calling sequence

B-—Solution vectors

A—Array of which the upper triangle is same as input, the lower
triangle contains the lower triangular matrix L from Cholesky
decomposition with diagonal elements excluded

DN—The reciprocals of diagonal elements of L

D1—=1 for successful return

=0 indicates that the given coefficient matrix appears not positive

definite
Subroutines None
Called
Discussion The routine first performs the Cholesky decomposition of the given
matrix A into a lower triangular matrix L and its transpose. It then
solves the given system of equations by back substitutions.
Subroutine PIDENT(P,Q,IDENT)
Purpose To determine whether the points P and Q are to be considered
numerically identical
Input Calling sequence
P—Coordinates of first point
Q—Coordinates of second point
Output Calling sequence :
IDENT—Logical variable equal to true if P and Q are considered
identical, and false otherwise -
Subroutines None
Called
Discussion The routine determines whether the points P and Q are considered

numerically identical. The criterion for identity is that the distance
from P to Q must be smaller than or equal to 1.E-12 times the sum of
the lengths of P and Q.
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Subroutine

PIVC

To obtain doublet panel influence coefficients for a given control point

The routine first transfers some of the panel information to be used by
the integration routine. It then calls the integration routine to provide
influence coefficients for a given control point induced by doublet
distribution of the specified panel and its image (when NSYMM is set
to 1). The influence coefficients are modified to account for the case
when the given control point is located on the influencing panel itself
(see Engineering Document—Aerodynamic Influence Coefficients).

/PANDQ/—CP,PC,RO,AR,ART,P A ,B,DIAM,C,AST IIS, INS,ITS

Reads 197 words of panel information from disk file specnﬁed by NPRD
into common block PANDQ. ) .

Purpose

Input Calling sequence
2—X.,Y,Z coordinates of a given control point
Common block
/PANDQ/—RO,AR,ART,P,A,B,DIAM,C
/ISYMM/—NSYMM
1Z1P/—1PZ.IP

Output Common block
/PIVM/—DVDS

Subroutines UNIPAN, DIPV, MMULT

Called

Discussion

Subroutine PTRNS(IP)

Purpose To read panel information from disk

Input Calling sequence
IP—Panel number of information to be read
Common block
/PINDX/—KQ,NPRD

Output Common block
/PINDX/—KQ

Subroutines None

Called

Discussion

Subroutine SHEGEN(ALPHA X,S,N,Y,Z)

Purpose

To provide an initial guess of the free and fed sheet geometry at a
particular transverse cut
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Input

Output

Subroutines
Called

Discussion

Subroutine

Purpose

Input

Output

Calling sequence

ALPHA-—Angle of attack of the wing (in radians)

X—X coordinate of transverse cut (APEX is X=0.0)

S—Y coordinate of leading edge on transverse cut
N—Desired number of free sheet panels in transverse cut

Calling sequence

Y—Y coordinate of corner points defining shape of free and fed sheets
on given transverse cut

Z—7Z coordinates of corner points defining shape of free and fed sheets
on given transverse cut

None

The routine computes an initial guess of the free and fed sheet
geometry at a particular transverse cut. (See starting solution section
of Engineering Document for method. Points describing the curves of

"~ figure 17 are stored in the array YZVAL.) Each curve represents the

free and fed sheet geometry for one of eight values of A. Points
describing the free and fed sheet geometry for an arbitrary value of A
are obtained by linear interpolation (or extrapolation). Linear
interpolation is then employed on this new set of points to construct a
representation of the free sheet by the number of points specified in
the input data.

SIDECL(W,DSMIN,D)

To compute .geometric quantities associated with the relationship of
the field point to the quadrilateral Z for use in computing the H
integrals. (See fig.30 and sec. B.3 of app. B of the Engineering
Document.)

Common block
/PIVINT/—X,P

Calling sequence
W—Point on quadrilateral closest to projection of field point onto
quadrilateral plane .
DSMIN—Minimum distance' of projection of field point onto
quadrilateral plane to perimeter of quadrilateral
D—Distance from W to projection of field point .onto quadrilateral
plane '

Common block

/SIDEQ/—QSIDE

/ISKAIC1/—AKS1,AET1,AKS2,AET2,DRM,EL1,EL2, ELM,ANK ANE,
AAA



Subroutines
Called

Discussion

Subroutine

TRNSFR

The routine computes geometric quantities associated with the
relationship of the quadrilateral I to the projection of the field point
onto the quadrilateral plane. In particular, the routine determines
whether the projection lies inside or outside of the quadrilateral as
well ‘as calculates the minimum distance from the projection to the
perimeter of the quadrilateral. Other quantities computed include
those quantities displayed in figure 31 and discussed in section B.3 of
appendix B of the Engineering Document. The quantities associated
with the quadrilateral in general are returned via the call list,
whereas the quantities associated with each side of the quadrilateral
are stored in a common block array, a side at a time.

SINFCC(Z)

Purpose

Input

Output

Subroutines
Called

Discussion

Given the X,Y,Z coordinates of a point SINFCC defines a matrix
(DSDFS), which when multiplied by a vector consisting of values of all
doublet parameters, gives the value and 1st,2nd derivatives of doublet
strength at the given point

Calling sequence

Z—X,Y,Z coordinates of the given point

Common block
/INDEX/—NSNGT
/PANDQ/—RO,AR,AST,IIS,INS

Common block
/ISNGC/—DSDFS

UNIPAN

Subroutine UNIPAN converts the input point from the universal to
local panel coordinate system.

A six-by-six matrix is formed by the general equation representing the
doublet strength distribution at the given point on a panel and its
derivatives.

A six-by-sixteen matrix (AST) for coefficients of quadratic doublet
distribution on the panel also exists. The matrix is computed in
subroutine SING.

The matrix DSDFS is formed by multiplying these two matrices.
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To calculate the singularity distribution defining quantities for a given

NSA-—Total number of singularity parameters in all previous

The routine calculates the dependence of each panel singularity
strength distribution on the free singularity parameters of the
network. Separate computations are performed for each network type.
First, the locations of the free singularity parameters on the network
are computed and indexed. For each panel, the singularity parameters
affecting the distribution of singularity strength on that panel are
isolated. Each such parameter is assigned a weight (large if the
parameter actually lies on the panel). The panel singularity
distribution is then obtained by fitting a quadratic form (if the
singularity is of doublet type) to the parameters by the method of least
squares. The matrix that relates the coefficients of the distribution to
the singularity parameters is then stored on a file along with indices

To calculate the value and 1st,2nd derivatives of doublet strength at

TSC—Array consists of the value and 1st.2nd derivatives of doublet

Subroutine SINGINT.NM.NN,NS.NSA NPAZM)
Purpose
netwark
Input Calling sequence
NT—Network type
NM—Number of spanwise cuts in the network
NN—Number of transverse cuts in the network
networks
NPA—Total number of panels in all previous networks
ZM—Coordinates of corner points in the network
Common block
IPRINT/—IPSING
/PANDQ/—RO,AR
QOutput Calling sequence
NS—Number of singularity parameters in the network
. Common block
PANDQ/—AST IIS, INS.ITS
Subroutines GCPCAL. GRDIND, PTRNS, UNIPAN, LSQSF, IPTRNS
Called
Discussion
identifying the parameters.
Subroutine SNGCAL(Z,TSC)
Purpose
the specified point
Input Calling sequence .
Z—X.Y,Z coordinates of the given point
Common block
/SOLN/—S
Output Calling sequence
strength
Subroutines SINFCC, MMULT
Called



SNGCAL calls subroutine SINFCC to produce the matrix DSDFS.
MMULT multiplies this matrix by the vector consisting of values of all
doublet parameters previously obtained to produce the value and
1st,2nd derivatives of doublet strength at the given point.

To define panel surface and local panel coordinate system

CROSS, UVECT, TRANS, UNIPAN, LSQSF, MMULT

The routine defines a panel surface and local panel coordinate system.
As a first approximation to the panel surface, the routine takes the
quadrilateral formed by projecting the panel corner points onto the
plane through the midpoints of the line segments joining these corner
points. A local coordinate system is constructed with the origin at the
average of the quadrilateral corner points and with one axis normal to
the quadrilateral. To obtain a second order approximation to the panel
surface, the routine calculates a paraboloid passing through the corner
points with curvature obtained by least squaring the paraboloid to
adjacent corner points. The local coordinate system is then rotated and
translated in such a manner that the paraboloid can be represented in
canonical form. An iterative process is required to eliminate linear
terms without translating the origin.

To find the location of the projection of a point onto a panel surface as
well as the surface normal at this location

Z—Global coordinates of point to be projected

ZP—Global coordinates of location of projection
UN—Global coordinates of unit normal to panel surface at this

UNIPAN, UVECT, PANUNI, MMULT

Discussion

Subroutine SURFIT

Purpose

Input Common block
/FLATP/—NFLTP
/LSQSFC/—ZK ,WTK,NO ,NPK
/PANDQ/—CP
/IPRINT/—IPGEOM

Output Common block
/PANDQ/—PC,RO,AR,P,A,B

Subroutines

Called

Discussion

Subroutine SURPRO(Z,ZP,UN)

Purpose

Input Calling sequence
Common block
/PANDQ/—RO,AR,ART

Output Calling sequence

location
Subroutines
Called
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Discussion

Subroutine

Purpose

Input

Output

Subroutines
Called

Discussion

Subroutine

Purpose

Input

Output

The routine calculates the projection of a point onto a panel surface as
well as the surface normal vector at the projected point. All input and
output vectors are assumed to be given in global coordinates. The
routine converts to local coordinates, projects and converts back to
global coordinates. In the event that the given point does not lie above
or below the panel, the projection is made onto the paraboloid of which
the panel is a part.

SWEPTE(X,S,N,Y,M,YP)

To calculate the Y coordinates of the panel corner points aft of the root
chord for swept trailing-edge designs

Calling sequence

X —Array of transverse cut X values starting with the last cut that
intersects the root chord

S —Array of Y coordinates of the leading edge on the transverse cuts
specified by X

N —Number of transverse cuts aft of the last transverse cut to
intersect the root chord plus one

Y —Array of Y coordinates of panel corner points lying on the last
transverse cut that intersects the root chord

M —Number of spanwise percent values input by the user

Calling sequence
YP—Array of Y coordinates of panel corner points aft of the root chord

None

Given the coordinates of two points defining a line and one coordinate
of a third point on the line, the unknown coordinate of the third point
can be calculated by triangulation.

One of the points defining the line is the leading-edge/trailing-edge
intersection point. The other point is the panel corner point lying on
the last transverse cut that intersects the root chord.

The X value of the third point is the value of the transverse cut.

TCNTRL

To designate the location of control points for all network panels and
to compute the unit normal vector and the normal component of
freestream velocity vector at every control point

Common block
/INDEX/—NT ,NM,NN,NPA,NZA NNETT
/MSPNTS/—ZM

Common block
/BDYCS/—ZC,ZCC,ZCR,ZDC,IPC,ITC
/INDEX/—NCA /NCTRT
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Subroutines CONTRL
Called
Discussion The routine calls CONTRL to calculate the location of control points
for all panels and to compute the unit normal vector and the normal
component of freestream velocity vector at every control point on all
panels for each network. It also finds the cumulative number of control
points and the total number of control points.
Subroutine TDECOM(A ,NR,N V. IPR,D1)
Purpose To decompose a square matrix into lower and upper triangular
matrices with partial pivoting and row equilibration
Input Calling sequence
A —Array consists of elements of a given matrix
NR —Maximum row dimension of array A
N —Order of the given matrix
V —Scratch array, may be same array as IPR to save storage
Output Calling sequence
A —The lower triangle of the array consists of a lower triangular
matrix L, and the upper triangle consists of an upper triangular
matrix U (since U is unit upper triangular, its diagonal elements
are not stored)
IPR—Array gives numbers of pivotal row (a record of interchanges)
Dt —=+1 or -1 according to the number of interchanges being even or
odd. It also indicates successful decomposition '
=0 indicates that the given matrix appears singular
Subroutines VIP, VIPS
Called
Discussion . The routine performs the crout factorization of a given matrix with
partial pivoting and row equilibration. The upper and lower triangular
matrices resulting from the decomposition are stored in the array A
which originally consisted of elements of the given matrix. If one of
the pivots appears to be too small, D1 is set to zero and an error exit is
taken. '
This routine is a modified version of a routine in the subroutme
library of the Boeing Computer Services company. o
Subroutine TGEOMC
Purpose To generate essential geometry information for each panel of all the
networks
Input Common block

/INDEX/—NT,NM,NN,NPA ,NZA NNETT
/MSPNTS/—ZM
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Output

Subroutines
Called

Discussion

Subroutine
Purpose

Input

Output
Subroutines

Called

Discussion

Subroutine
Purpose
Input
Output
Subroutines

Called

Discussion

Subroutine

Purpose

Input

Output

See output of subroutine GEOMC
GEOMC

The routine calls GEOMC to calculate essential geometry for all
panels of each network.

TRANS(A,AT.M,N)

To form the transpose of a matrix A and store the result in a matrix B

Calling sequence

A—Array containing matrix elements to be transposed
M-—Number of rows in A and columns in B
N—Number of columns in A and rows in B

Calling sequence
AT—Array containing elements of the transpose of the given matrix

None

AT(J,D) is set to A(I,J) as I varies from 1 to M and J varies from 1 to N.

TRNSFR(X,Y,N)

To move a number of elements from one array to another

Calling sequence .
X—Location of the first array element to be moved
N—Number of elements to be moved

Calling sequence
Y—Array of elements identical to the first N elements in array X

None

Y(I) is set to X(I) as I varies from 1 to N.

TSING

To designate the location of doublets on all network panels and to
compute the matrix for coefficients of quadratic doublets distribution
for each panel .

Common block
/INDEX/—NT ,NM,NN,NPA NZA NNETT
/MSPNTS/—ZIM

Common block
/INDEX/—NS,NSA,NSNGT
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The routine calls SING to calculate the location of doublets on panels
and to compute the matrix for coefficients of quadratic doublet
distribution for every panel of each network. It also finds the
cumulative number of doublets. Finally, the total number of doublets

To transform point coordinates from the universal system to the local

AR—Global to local panel system transformation matrix
RO—X,Y,Z coordinates of panel center (universal)
X—X,Y,Z coordinates of point to be transformed (universal)

Y—X,Y,Z coordinates of transformed point (local)

The coordinates of the panel center are subtracted from the coordinates
of the point to be transformed. This global array is then multiplied by
the matrix AR using subroutine MMULT to produce the local panel

To update corner points of free sheet, fed sheet, and the part of wake

Subroutines SING
Called
Discussion
is obtained.
Subroutine UNIPAN(AR,RO,X,Y,)
Purpose
panel system
Input Calling sequence
Output Calling sequence
Subroutines MMULT
Called
Discussion
coordinates.
Subroutine UPDATE
Purpose
attached to those sheets
Input Common block
/INDEX/—NM,NN,NP NZ
/MSPNTS/—ZM,ZL
/SOLN/—ZA
Output Common block
/MSPNTS/—ZM
Subroutines None
Called
- Discussion

Corner points are updated using given values of angle and fixed chord
length of panels in transverse cut obtained previously in
INPUT(OVERLAY-1,0). It is assumed that panel corner points move
only in transverse cuts. The routine assumes that NM(3)=2, NN(4)=2,
and NM(5)=NN(5)=2.
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To calculate the direction cosines of a vector

UVECT performs the following calculations—A(D)/ SQRT(A(1)*A(1)+
A(2)=A(2)+A(3)=A(3)), where I varies from 1 to 3.

To generate the three components of aerodynamic influence coefficients
for a given control point induced by all panels doublet distribution

Z—X,Y,Z coordinates of a given control point

ZN—Ncrmal vector at the control point on panel surface
ZD—Perturbation distance for control point at edges

JPC—Index of panel of which components of AIC are to be transformed

For every panel, the routine calls PTRNS to transfer panel:
information. Depending on the given control point being at the edge or
interior of the panel, the routine calls EIVC or PIVC to evaluate the
integrals. The latter is then multiplied by the generalized inverse from
least squares fit of quadratic doublet distribution obtained in

subroutine SING to form the three components of aerodynamic.. .

influence coefficients. If JPC is specified, the components of AIC will
be transformed to local coordinates of that particular panel.

Subroutine UVECT(A)
Purpose
Input Calling sequence
A—Direction numbers of a vector
Output Calling sequence
A—Direction cosines of a vector
Subroutines None
Called
Discussion
Subroutine VINFCC
Purpose
Input Calling sequence
to its local coordinates
Common block
/{CMO3/—NPIF
/INDEX/—NPANT NSNGT
Output Common block
/PINC/—DVDFS
Subroutines PTRNS, EIVC, PIVC, MMULT
Called
Discussion
Subroutine VIP(A,INCA ,B,INCB,N,O)
VIPA(A,INCA,B,INCB,N,C)
VIPS(A,INCA,B,INCB,N,C)
Purpose

To perform vector inner product calculation (VIP) and to add (VIPA) to
or subtract (VIPS) from an incoming value (COMPASS)
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Input Calling sequence
A—Vector A
INCA—Increment between successive elements of A
B—Vector B
INCB—Increment between successive elements of B
N—Number of elements to be multiplied
C—An incoming value to be added to (VIPA) or to be
_subtracted from (VIPS)
Output Calling sequence
C—Result: C=A-B(VIP), C=C+A:B(VIPA), and C=C-A-B(VIPS)
Subroutines None
Called
Discussion The inner product of two vectors A and B is calculated and stored in
C(VIP). The result is added to (VIPA) or subtracted from (VIPS), an
incoming value C, and the sum or the difference is stored back in C.
This routine is a modified version of a compass routine in the
subroutine library of the Boeing Computer Services company.
Subroutine ZERO(A,N)
Purpose To set the elements of an array to zero (COMPASS)
Input Calling sequence
A—Location of first element to be set to zero
N—Number of elements to be set to zero
Output Calling sequence
A—Array of zero elements .
Subroutines None
Called
Discussion

A(D) is set to zero as I varies from 1 to N.
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PROGRAM LISTING

Overlay programs and user library are listed in order as previously shown in the section
"Names of Programs and Subroutines.”
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CVEZLAY(VORTEX,7,0)
PERGRAM TCOASTR(INPUT=502,nUTPUT, TAPEL, TAPEZ,TAPES, TAPEL,

TAOFS=INPUT, TAPF6=0UTPYT ,TAPET,TAPER)
PEMGCA  TEA3TE
FUFDPOSE TC CALL VAFTICUS NVFFLAYS TN PERFNEM THE FOLLOWING TASKS
(1) FECADING THE INBYT DATA AMD SETTING UL GEOWVWETRY DFEFINT

~-T10M,
(2) GEMERATING AIC MATAIX RBY AN ADVANCED PANFL-TYPE ®ETH{
(3) SOLVINMNG SYSTEM DF SEQUATICNS WITH THE GEMNESATEDN LTC TC
TRTATY TGITIAL DOUBLEY NISTEIPYTINNS,

AND TN SE THE ONUTINF I7FLNW T FINDG AN [TEFATIVE SoLUI=-
TINN 7€ THFE FLOW PRORLEM WITH NONLINT AR SCQUNNDARY COMDIT -
TI7NS.

SURFIUTINES
reLLen INPOT{IOVERLAY=1,0) y2ICSEN(IWERLAY=2,7)  SOLVERIOVFEDL AV -13,"7
1, WTPUT(NOVEFLAY=4,0), [ TFLLNW

NISTUSSIAON  SFEE PROGRAM DOCUMENT 1,3 DESCRIPTION AND FLCW CHART CF

L2 2 2

TVERILAY PSIAGRAMS,
*
FOMMOCN /CMO3/NTSINGMTSOUT  NTGND NP IF,NATCI,NATC,NJAC,NSCF
COMMUN/RDYCS/D7C (64,1250, 7CF (125),7DC(125),12C(125,2)
COMMOM/ZIMDEX/DN(A4T7) yCHACLC 44 )y NNETT ,MDANT  NSNGT, MCTRT (147 MPT
COMMCN /MSPNTS//ZM(3,175),2L(75)
CNOMMCHN/FLATP/NFLTP :
COAMMOMN/ESVEL/FSV(3),FSUM AL PHA, XPITCH,FCHORD
COMMON/SYMM /NS YMM
COMMON /NEQS/NE,NRyNMAT,NFHS
COMMON /NFAJ/NEQZNF MG
COMMEOY /MTITE/MFUNJT o ITMX,KIT,ITPRIN
COMMCN /SOLN/S(125),72A(75)
COMMCN /ADR /RTD,DTF
COMMCN fIPEINT/IPHPUT L IPGFCM, IPSIMNG, TPCNTR,IPSIVC, [POUTE
DTMENSTION X(130),RX{I3C),DX{13D),Y(13C),PY(137)
CONSTANTS FOrR CONVEFTING RADIAM TO DFEGREF
AMD VICE VETSA
eTN = 57,29577951 & DT® = 0174532925
SETS CISK FILF NUMRERS
MTRIN = 5§ ¢ NTSNUT = ¢
MTSD = 1 ¢ NPIF = 2
NATIC3 = 3 ¢ NAIC = &
NJAC = T & NSCP = 8 :
SETS PFINTING CADES FI2 INTFEMEQRIATED
PESULTSy = 1 FO2 PEINTIUT $ = O OTHEOWISF
[eNPUT ¢ ¢ - lenuTp = o '
[PREFE = IPSIMG = IPCMNTE = [PEIVC = O
CALLS COVYERLEY(1,7) TO ST UP METWGOK
‘ IMDICES AND CORNER POINTS
CLLL OVERLAY(OHVIRTEX,1,0)
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CALLS OVERLAY(2,0) TO GENFRATE
VELNCTTY COMOOMENTS AND &1C MATRIX

MNEUN = 0

CALL OVERLAY(6HVORTEX,2,0)
OBTAINS IMITTAL VALUES FOR DIURLET }
PAFAMETERS BY SOLVING SYSTEM CF EQUATICNS
WITH AIC MATRIX

FEWIMD MNTGD

NE = NCTRT 8 MR = 1

Ne 16 JC=1,NCTRT

WRITE{MTGDY ZCREJC)

NMAT = NAIC 3 NRHS = NTGD

CALL OVERLAY(HAHVNRTEX,3,0)

EEWIND NRHS

FZAD(NRHS) (S(T) 4 T=1,MSNGT)

TFIITMX NF.2) GN 70O 15
DISPLAYS IMITTIAL DOUBLET DISTRIBUTION,
POSITICON NF FREE SHEET, VELOCTTY COMPONENT
AND DELTA CP WHEN NO ITERATION IS REQUESTED

MEUN = 10O ¢ [POUTP = 1

CALL NVSFRLAY(BHVIOFTEX,4,0)

Gn T 42

ITFRATIVE SCLUTION

CNhTINUE

[PNPUT = C 1PCUTR = O

1PGFECM = IPSING = IPCNTR = IPEIVC = 0
STCRES INITIAL RUFSSES (DOUBLET PACAMETFEFS
FXCLUDING THNSE AT EDGES AND ANGLES)

e 2¢ I=1,NF

Y{I} = S(INEQ+I)

0C 3¢ I=1,MNG

Y{(MNF+T) = ZA(T)*FTD

M = NF % NG

CALL ITTELOWI X MeRXsDXeY,PY)

CONT INUE
END
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SURFCUTTINE AJGEN(Y,N)

Cxetxse

ODIDAAN A IODNNANOANIAAOAY OO0 AN

O

(AV]
]

SUPECUTINE AJGEN

PHFOLSE TC ORTAIN THF ANALYTIC JACORTAN FOR PERTURBATINN VARTABLE
=S (DOUBLET PAPAMETEFRS EXCLUNING TH)ISE AT S0GES AND ANGLF
=S} ASSUMING O{AIC)/D(THETA) = O

INPUT CALLIMG SFQUFNCE .
X - ABRRAY OF VALUES FOR THE VARTABLES
N - MUMBER 0OF VAFTABLES
COMMIN 81NCK
/TNDEX/ = NM,NN, N7
/MSONTS/ - IM
/4D8/ - DTR

cureuyT COMMNON BLAOCK
/SOLN/ = S,.74

SURECUTINES
CALLEN DFGMY,DEGETY

DISCUSSIOGN  THE ROUTIME STHRES VALUES NF NDOUBLET PAPAMETERS(EYXCLUD
-ING THOSE AT EDGFS) AND ANGLFS IN ARRAY S AND 28 OESPEC-
TIVELY. RIOUTINES ARE CALLED TD GENERATE THE PAFTTAL DERI-
VATIVES NF FUNCTICMS F AND G WITH RESPECTY TO NCUBLET
PAPAMETERS MU EXCLUDING THOSF AT EDGES (NF5MU) AND ANGLES
THETA (DFGNT)

xR ExX

DIMENSICN X(1)
COMMON/INDEX/NT(9) (NMI9) (NN s MP{I) 4y NS{I)JNCTII)yNZ(9),

CMPACLIZ) WNSA(LP ) NCACLIS) S NZALTIC) ZNNETT 4 MPANT G NSNGTL,NCTP T, NIMPT

COMMOR: /MSPMTS/ZM(3,175),2L(TS)
COMMCON /NFAJ/NEQ, NF (NG
COMMCN /SOLN/S(125),2A(75)
COMMON /ADF /R TN, OTE
DO 1C [=1,NF
SINEC+I) = X(1)
nn 2¢ T=1,MG
ZA(TI) = X(NF+1)%DTF
TRTATNS PARTIAL DESIVATIVES WaeRaT. MY
CALL DFGMU
JRTAINS PARTIAL DECIVATIVES W.P.T. THETA
NZMP = NZ(1) + 1
CALL DFGDT{ZM{ 1 NZMP) ,NM(2) ,NN(2))
CRTIRN
EMD
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SUBFCUTINE DFGDT(ZM,NM,NN)

Cetextk

(X5 X Ne Ne e e e Ne TR Nie i e e N e N N Sin Be I e We Wes Bas B Wes B e Bk Biin Then I in

SUBRCUTINE DBFGDT

PUFPCSFE  TO CALCULATE PARTIAL DERIVATIVES OF FUNCTIONS F aMD G
WITH 2ESPFCT TN PANFL INCLIMATIOM ANGLES OF FREE SHFET
ASSUMING D(AIC)/O(THETA) = O

INPUT CALLING SEQUENCE
IM - COORDINATES OF CORMEF POINTS OF FRFEF SHEE™ NETWORK
NM — NUMBEP GF SEANWISE CUTS NF NFETWDRK
NN - NUMBER 0OF TRANSVEPSE CUTS 0QF NETWORK
COMMAON BLOCK
/CMI3/ - NSCF
/BDYCS/s - 1C
/FSVEL/ - FSV
INFAJ/ — NEQ,NF,4NG
/ADF/ - OTP

GUTPUT COMMAMN BLNOCK
/CM0I/ ~ NJAC

SURFCUTINES
CALLED PTRNSCROSSLZUVECT ,VIP,UNTPAN,MMULT

NISCUSSION A DETATL DISCUSSION OF THE FORMULA USED IN THE COMPUTA
=TICY IS GIVEM IN ENGINEFRTIMG DDCUMENT (SEE APPENDIX -
GENMETRY UPDATE COEFFICIENTS). THE RJQUTINE FIRST FINDOS A
NORMAL VECTCR M FNR THE DANEL . TT THEN COMPUTES PARPTTAL
DERPIVATIVES CF M WITH FESPECT T ANGLE THETA, AND FQORMS
PARTIAL DNDERIVATIVES 0OF N.V AND 0F PRESSURE JUMP KITH RES-
PECT 7O THETA, FIMNALLY IT STONCES ALL PAXRITIAL DFFIVATIVES
IN PROPER PNSITICGN NF THFE JACOBIAM.

wd k&K

COMMON  /CMN3/NTSINGNTSJUT,NTGD,NPTF,NATC3,NAIC,NJAC,NSCR
COMMON/BDYCS/7C(3,125),2CC(3,125),2CR(125),20C1125),12C(125%,2)
COMMON/PANRQ/CPI344) 4PC(3).FO(3)1,8R(3,3),ART(3,3),0(2,4),0UM(3),
COLEsE) yASTIELLO6), TTISLLI6) L INS,ITS,,NPDQ
COMMOMN/FSVEL/FSV(3) FSVM

COMMEON /PIMTX/KO,KQeNPWR ,NPED

COMMON /NFAJ/NEDQZNF G

COMMCN /SOLN/S(125),7A(75)

COMMCH JEEOQS/EMUE(2S0T) EMU(375C0),1PR(50D)

COMMON /ADR/RTD,DTP

DIMENSION ZM{34NM,NN)

NIMENSTION 4(33,3(3),0ADT(3),0BIT(3Y,NML{3),9N21(3}

DIMENSION CN{3),W(3) . GMU(3),DNDTH(3)

NIMERNSICON DNVITH(S0) CCPDTH(S5M) ,A0(139)

“QUIVALENCE (DNVDTH,EMULC ), (CCPDTH, EMUECLTL ), (A, EMUI
COUTVALENCE (XeN{L1)D), (Y, H{2))

FEWIND NSC?

REWIND NJAC
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' N B

Y

]

PENTND NTGD
NFG = NF + NG
NFW = NF = NG
PPOVINES ZERQ FNR D(AICH/D(THETA)
DO 310 J=1,NG
' AJINF+J) = D,
CALL ZEFOUAJ(NF+1),NG)
NN 320 1=1,MNFW
SEAD(NSCR)  (AJ(J),Jd=1,NF)
WO TTE(NJAC) (AJ(JI)J=1,NF5)
320 CONTIMUF
KQ = 3
CEWTND NPIF $ NPRD = NPIF
IPL = NFW
FADT(1)=DBCT(1)=0.
NMMT =pNM—]
NNM] =NN=-1
RO 200 MP=1,NNM]
NN 200 TP=1,N4MY
ITH=C
IPL = IPL + 1
CALL PTRNS{IPL)

(%)
|-
[}

CALCULATES CROSS PREODUCT nF VECTORS A AND ¢
TO FORM AN UNTT NNAGMAL VECTIE .
NN g8 1=1,3
ARF=7ZM( 1, IP ,MP ) =2M{ T, [P+ ,MP+]1)}
ARM=ZM(],,IP+1,MP)-7M(I,IP,MP+1])
A{T)1=ABE+ABM
85 BR(T)=ARE~-ABHY
CALL CRNOSS(A,3,CN)
SN=SCPRT(ON(L)**2&CN(2)*%2+4CN(3) %%2)
CALL UVECT(CN)
CALL VIP(CN,1,FSV,1,3,VL3)
TVL3 = 2.%VL3
CALCUALTES GRAD(MU)
TSC2 = 0. $ TSC3 = r,
CALL UNTIPAN(AR ,RC ,ZC{1NEQ+TPL),W)
PN 9C IC=1, INS
IS 11S(1C)
nXx AST(4,1C)=X + AST(S,I1C)=*Y
ry AST(S5,1C)%X ¢ AST(6,1C)%Y
nSNFS?2 AST(2,IC) + DX
DSNFS3 AST(3,IC) + Y
TSC2 = TSC2 + NSOFS2%S(IS) - o
TSC2 = TSC3 # NSNFS3£S(IS)
9C CONTIMUE
W(l) = TSC2 % W(2) = T&C $ W(3) = 0,
CALL MMULT(ART W,GMU,343,1) I
STARTS "N CALCUALYE D(N.V)/DTHETA AND
DIV.GRAD{MUII/DTHETA

~ 0N

Do 160 MP=1,NNM]
nn o1CcCc JP=1,N9IM1

59



O

-
[

20

3C

44

45

54

55

70

e

106

269

ITH=TTH+1

IF(JP-1PI11C,10,30

THETA IMSCAERD CF PANEL OUTBOARD EDGE

IF(NP-MF+1)30,40,20

IF (MP-MP) 30

THETA AFT DF PAMEL LeE.

+5C,30

SETS D{N,VI/DTHETA

= ND
ND(V.GRAN{MU) ) /DTHETA

0 A
=0

DNVOTH( T TH) =0,

DCPOTHLITHY
GO TC 120

= J.

THETA AT FANEL L.F.

NATT(2)=ZM(3,JP MP)=IM(2,JP+],MP)
DADT(3Y=2M(2,JP+1,MP)-7M(2,JF  ,MP)

IF(JP-1P) 44

145,44

MADT(2)y=D8DT(3)=0.
DADT(2)=DADT(2)+DADT (2)
NADT(3)=0ADT(3}+DANDT(3)

G2 TC 60
DENT(2)
NRNT(3)
GO TC 6C

ZM(—Bva*lvMp’ - 7M(3QJP'MP)
TMI24JPyMP) = ZM(2,4P+]1,MP)

THETA AT PANEL T.F,

PANT (2)=ZM(3,JP+1,%P+1)=ZM(3,JP ,MD+])
RADT(2)=2ZM(2,JP MP+1) =7M 12, JP+]1 ,1D¢1 )
IF{JP-1P)54,55,54

nanT(2)=N8N

T(3)=0.

DADT(2)=DADTI2)1+DADT(?)
DANT (3}=DADT(3)+DADT(3)

0 7C 60
nenT(2y=zM¢(

3,JP+1,MP+1)=2M(3,JP ,MP+1)

PRNT(3)=ZM(2,JP, MP+1)-ZM(2,JP+1,¥P+1)
CALL CROSS(DADT,B,DNL)

caLL CR0SSH
D076 1=1,3
DNDTH( T)=DN
caLL VIP{CN
PO 8C I=1,3
DMDTH(T) =

A,DBDT,DN2)

1{I)+DN2TL )
v 14 DNDTH, 1,3, DNTHL3)

(ONDTH(I) — DNTHL3%CN(T)) /SN
F2RMS D(N.VI/DTHETA

CALL VIPIDONDCTH,14FSV41,3,DNVDTHITH)Y

DNVDTH(TITH)

= DNVOTH{ITH)*DTR
CALCULATES N(DELTA CPI/NTHETA

CALL VIP(GMU,1,DNDTH,1,3,CGMUDN)

CCPDTH(ITH)
CCPOTHOITHY
CONT INUE

PCAD(NSCR)
WEITE(NJAC)
WRITE(NTGD)
CONT INUE

=TVL3*GMUDN
DCPOTHOITHIROTR

{AJ(J) eJ=1,MFI o
(AJCI) o J=L NF), (DCPDTHIY ) d=1,ITHI
(DNVDTH(J) yJd=1,4 ITH)

STORES AlLL PARTIAL DERIVATIVES IN PFOPER
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POSITION OF THE JACDBIAN

REWIND MTGD

NN 4C0 I=1,M6

FCADINSCRY  (AJ(J)J=1,NF)

CEADINTGD)  (ONVDTH(J ) 4Jd=1,NG)

WRTITE(NJAC) (AJ(JI) 4 J=1,MF), (DNVDTH(J} »JI=1+NG)
40C CONTIMUE

FETURN

END
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ODOOAAAAOINDNANOONONMAOOMNIDIANAANAATIOOO0

SUBRCUTIME DFGMU
Cekaexs
SUBRDUTINE DFGMU

PYRPLCSF TO CALCULATF PARTIAL DERIVATIVES OF FUNCTIOMS F AMD G
WITH RESPECY YO DOURLET PARAMETFRS (EXCLUDING THOSF AT
EDGES)
INPUT COMMON BLOCK
/CM33/ - NPIF,NAIC3
/80YCS/ - 7C
/IMDEX/ — NSNGT
/FSVYEL/ - FSV
/MFAJ/ = NEONF NG
/SOLN/ - S
/EEQS/ - EMUE,EMU, TPR
nUTPRUY COMMON BLOCK
) /CMC3/ ~ MSCER
SURRCUTINES
CALLED BSURSM,PTRNS 4MMULT, UNIPAN,VIPS

s

NDISCUSSICN  THE FOPMULA AND NCTATION USED HERF ARE DISCUSSFD IN DF

-
3
1
#
*
*
#

i)

CRMMCN

=TAIL IN ENGINMFRING DOCUMENT (SEE APPEMDIX - CCURLEY S§ST-
RENGTH UPDATE CREFFICIENTS), THE RJIUTINE READS IN DE/EMUE
AND DE/DMU AND CALCULATES (DF/DMUEI(-1)*{DE/NMY) WHERE €
IS THE FUNCTINN CONSISTING OF OMLY THOSE ZQUATIONS CORRES
=POINDING TO COMTROL POINTS AT EOGES. THEN IT CRTAINS PAR-
TIAL DERIVATIVES CF Nev ON WING AND ON FREF SHFET WITH
RESPECY 70 DOURBLET PARAMETERS. PARTIAL DERIVATIVES 0OF PRF
-SSURE JUMP V,GPAD(MYU) WITY EESPECT TO DOUBLET PARAMETER
ARE ALSO CALCULATFN, FINALLY, PARTIAL DERIVATIVES WITH RE
-SPECT YO DOUBLEY PARAMETERS EYCLUGING THOSE AT EDGES ARE
FORMED,

JCMO3/NTSINGNTSQUT NTGD4NPIF,NATIC3,NATCy,NJAC,NSCP
CG“MON/QDYCS/ZC(B,IZS)'ZTC(3,125),ZC?(lZS)'ZDC(IZS)oIZC(125,2)

COMMON/INDEX/DN(9,47) yONA(LC 44 )y NNETT yNPANT NSNGT NCTRT ,NZMPT

COMMEN
COVMMON
COMMCM
COMMTN

rC““CN/pANDQ/rD(3’4'QPC(3)vDC(3)yAR(3 3),ART{3,3)+P(2+4)4A, B DIAM,
CC(E+6) AST(H6415), TIS(16),INS,ITS,NPDQ ;
CNMMCM/FSVEL/FSV(3),FSVM
/PINC/DVNFS{3,125)
/PINDX/KP,KQyNPWR ,NPRD
INFAJ/NEDQ MNELMG
FSOLN/S(L28),2A(75)
COMMCN /EEQS/SMUE(2500) »EMUL3TS50),IPR(S0C)
NIMENSION VL(3),FSVLI3),W(3),DSOFS2(16),0SDFS3(16)

DIMENSTION FGMUELISD),AS(L00)
FQUIVRALENCE (X oW{1)) (Y W(2))o(FGMUFR,IPR),{AJ,EMUE)

CALCULATES DE = (DE/DMUEN(-1)%(DE/DMU)
US ING EMUFE ANC £MU Fe0OM SUBROUTINE FGCAL
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Lo

2n
1c

40

50

60

70

80

1on

CALL RSUBSM{EMUE (NEQ,NEQ, IP2,EMIU,NF)

FEWIND NJAC

REWIAND NTGD

K@ =9

CCWIND NPIF 3 NPED = NPIF

FEWIND NAIC3
SKIPS FIRST NEQ FEECNRDS COIRESPONDING TN
CONTROL POINTS AT EDGES

Ge 1e 1=1,NEO '

FEAD(NATIC3) NVDFS(1)
MEW = ME - NG
NN 1CC 1J=L1,NF
1P = 14
CALL PTENS(IP)
PEANDIMAIC3) DVOFS
N3 3C J=1,NSNGT
CALL MMULT(AR,DVNDFS(1,4J)yWe3,03,11)
nn 2C 1=1,3
DVRFS{I,d) = W(I)
CONT IMUE
IF{1JGTMNFW) GO TO 420
STORES D(NLV) ON WING
WRITE(NJAC) (DVDFS(3,0),J=1,NSNGT)
Gn TC 10
STOPES N{N.V) ON FREFE SHEFT
CONT INUF
WEITE(NTGD) (DVDFS(3,4J)eJ=1,4NSNGT)
CALCULATES DIV.GFAD(MU)Y) ON FREE SHFET
CALL MMULT(NDVDFS,S+VLs2sNSNGT,1)
CALL MMULT(AP,FSV,FSVL,3,3,1)
DN 52 1=1,3
VLITD)Y = VLLL) & FSVL(T)
TSC2 = Q. $ TSC3 = Q.
CALL UNIPAN(AR GROLZCIL/NEQ+TJ)y W)
ne £C IC=1, INS
IS = 11S(1C)
DX = AST(4,IC)%X + AST(S5,IC)=%Y
DY = AST(S,IC)*X + AST(e,IC)=%Y
DSNFS2(1C) = AST(2,1C) + DX
DSDFS3(IC) = AST(3,1C) + DY
TSC2 = TSC2 + DSDFS2(IC)I%S(1S)
TSC3 = TSC3 - DSNDFS3{IC)I=S(1S)
CONT IMUF
N 70 IS=1,NSNGT . v o
DVOESE1,1IS) = 2.5(TSC2#DVDFS(1,1S) - TSCI®*DVDFS(2,135))
oM BC 1C=1, INS ’ .
IS = 1TIsSt1C)
NYDFS(1,1IS) = DYNDFS(1,15)
1 + 2.%(VLI1)*DSNFS2(IC) & VL(2V1&DSDFS3(ICH)
WRITE(NJAC) (DVDFS(1,4)+J=1,NSNGT)
CONT INUE

FORMS (DF/DMU) - (DF/DMUE) *DE
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12C

138

FEWIND NJAC

KFWIND NSCP

NO 130 T=1,NF

RCANINJAC) (FGMUE(J) 4 J=1,NFQ),(AJ(J) 1 J=1,NF)

N2 120 J=1,MF

ML = (J-1)ENEQ+L

CALL VIPSI{FGMUE.14EMU(JINL) 41 ,NEQyAJ(J))
WRITE(NSCR) (AJ(J) J=1,NF)

CONT INUE ,
' FORMS (DG/DMU) - (DG/DNMUYE) #DE
FEWIND NTGD

N 150 I=1,NG

FEARINTGR) (FGMUE(J)4J=1 o NEQ),(AJ( ) 4J=1,NF)

DO 140 J=1,NF

JHML = (J-1)#ENEQe]

CALL VIPS(FGMUE,1,EMU(JINL), 1,NED,AJTJ))
WRTITE(NSCR) (AJ(J),J=1,NF) -

CONT IRUF

FETUPN

END
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SURROUT INF FGCLAL(FVZ,GVZ)
Crekkas :

SUBRPCUTINE FGCAL

PURPCSE TO SNOLVE FOR DOUBLET PARAMETERS AT EDGES AND T4 CALCULATE
FUNCTIONS F AMD G

INOUT COMMON RLOCK
/CM03/ — NPIF,NAIC3,NAIC
/8DYCS/ - 2C,ICF
/FSVEL/ - FSV
INFAJ/ = NEQNF NG
/SOLN/ - S

cuTPUT CALLING SFOQUENCE
FVI - VALUES OF F
GVZI - VALUES OF G -
COMMON BLQOCK
JTEEQS/ - EMUE,EMU, IPPR

SURPCUTINES
CALLED VIPS, LINECSyPTANS, MMULT ,VIP ,UNTPAN

DISCUSSICN THE PNUTINE QFADS FOWS 2F AIC MAT2IX Y0 FOFRVM CORFFI-
CTENTS NF FUNCTION E. THE SOLUTION FIR DCUBLET PARAMETEERS
{MUE) AT EDGES ARE FOUND RY 1JSING FUNCTION F AND GIVEN
VALUES OF ALL OTHEZR DDUBLEY PARAMMETERS ('MUd. SINCE £ IS A
FUNCTION OF CQUBLET PARAMETERS ONLY, DE/DMUE AND DE/DMU
ARE SIMPLY THE COFFFICUIENTS OF E. IF THE MATRIX DE/OMUF
IS SINGULA®, AM ESRQOP MESSAGE WILL BF PR[INTED AMD THE FX-
ECUTION OF THE COMPUTER 0O0AGEAM WILL RE TEFMIMATFED. :
CCMPONENTS NF [NFLUENCE COFFFICIENTS ARE QEAD TN AND. MUL-
TIPLIED BY VALUES OF DOUBLFT PARAMETERS TO FORM PERTURBA-
TION VELACITY., THF LATTER [S ADNDED T3 FREF STREAM VELC-
CITY T3 RECOME THE AVERAGE VELOCITY VECTOR V. THE NOT PPQ
-DUCT N.V IS THEN CALCULATED FOR EVEQY [NTERINE CONTRINL
POIMT MM WING (FOIMING PART (OF FUNCTION F) AMDC N FREE
SHEET (FNPMING FUNCTION G).

THE JUMP TN PRESSUPE COEFFIEICENTS VL,GRAD(MU) (SEE ENGIN-
FERING NOCUMENT) ON FREE SHEET IS ALSY CALCULATENR (FOPM-
IMG THE OTHEP PAFPT OF FUNCTINN F), :

ANl B RN Rsleiainie ke e Ne Ne T We e el We W e I e I o i W e W e R I R T N R I Rt W

RRE KA

NIMENSTON FVZ(1),GVZ(1)

COMMECM JCMO3/MTSINGNTSOUT G NTGD,MPIF ,MATC3¢NATCoNJAC,NSCF -~
COMMCN/RDYCS/ZCU3,125%),7CC(32,125),2CR{125),2DC{(125)},12C{125,2)
COMMON/ZTNOEX/ON( D9 T o ONACLT 34 1o NNETT MNP AMT yNSNG Ty NCTRT 42 MPT
COMMON/DAMNDQ/CP{3,4) 4PLI3) 4 %2(3)4A%(3,3),AFT(3,3),P(2,4),4,B,D124M,
CClEL6)AST 6,16, TIS(L6),INS,ITS,NPDQ
COMMON/FSVEL/FSV(3) ,FSVM

COMMCON /PINC/DVDFES(3,125)

COMMCN /PINNX/KD 4KC,NPWE,NPRD

COMMCN /ANFAJ/NEQZNF NG

~
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[aNa]

~

[ Ne!

3¢

40

10C1

60

1C

3C

COMMCN /SCLN/S(125),7A(75)

COMMON /ESGS/EMUE(250G) 4FMU(3T50),IPR(50)

DIMENSTIOM VG(3),VL(3),W(3)

FOUTVALENCE (X W(1)),{Y W(2}))
SOLVES FQOR EDGE DOQUBLETS BY USING
FUNCTION E AND GIVEN VALUES OF ALL
ATHER DOUBLETS

PEWIND NAIC

ne 3¢ 1=1,MEQ

IM = T - NEQ

FEADINATC) {(EMUE(JENEQH+IN) y =1y NEQ) y (EMULJENEQ+IN) J=1,NF)

MEQL = NFQ O+ 1 :

9 4C I=1,MNEQ

S{1y = ZICR(T)

CALL VIPSIFEMULT) ,NEQ,SIMNEQLIY L, 1,NF,S(T))

CALL LINEGSIEMUE,NEQNEQ,IPR,S,1,D1)

IFINTI.NELCY GO TNO SC

PPINT 10C1

FORMAT (/% (DE/DMUE) APPEARS STINGULAPRPXx)

<TNp

CONT INUE
STAETS TN CALCULATE FUNCTINONS F AND G

KQ = 0

EEWIND NPIF & NOPD = NPIF

FEWIND NAICS

v

SKIPS FIRST NEQ RFCOFNS CNRRESPONDING TO
CONTRCL POINTS AT EDGES
no 6C T=1,MNEQ
READ(NAIC3) DVD=S(1)
NFW = NF = NG
0N LCC TJ=14,NF
1P = 14
CALL PTENSTIP)
FEAND(NATIC3Y NVDFS
CALL MMULT(DVOFS,S4VG,+3,MNSNGT,1)
ne 7C 1=1,3
VG(I) = vGelTI) + FSVIT)
IF{TJ.GT.NFWY GO YO 8C
CALCULATES N.V ON WING
CALL VIPIARE3),3,VGel 3,5V7(14}))
T 100
CALCULATES N.V ON FPEE SHEETY
16 = 1J — NFW
CALL MMULT(AF,VG,VL,3,3,1)
GVZ(IG) = VL(3)
CALCULATES V.GRAD(MU) ON FREFE SHEFY
7SC2 = G & TSC3 = 0.
CALL UNIPAN{AR 4RO LZC{L,MEC+1J), W)
rPN Qe IC=1,IMS

IS = T1S(1C)
NX = AST(4,ICH%EX + AST(S5,IC)*Y
nY = AST(S,IC)*X + AST(6,IC)*xY
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NSDFS2 AST(2,IC) + DX

NDSNES3 AST(3,IC) + CY

TSC2 = TSC2 + NSDFS2%S(1S)

TSF3 = TSC3 - DSDFS3%5(1S)
9 COMNTINYF

FVZ7LId) = 2.%(TSC2*=VvL (1) —= TSC3*vi{2))
190 CONT IMUE

PFTURN

=ND
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SUBRCUTINE FUNC(X,N,RX)

Caxxass

FUCPLCSF

IMFUT

GuTPUT

CALLED

AN OD YO0

L2 2 2 2 3

-

'

SUBEGUTINE FUNC

TC EVALUYATE FUNCTION F (N,V ON WING AND V.GRAD(MYy) (OM
FREE SHEET) AND G (N.V ON FREE SHEET)

CALLING SEQUENCE

X — AREAY OF VALUES FOR THE VARTABRLES
N - NUMBEF 0OF VARTABLFES

COMMON 2L0CK

INEAS/ = NEGJNF NG

/INITE/ = NFUN

JSOULN/ - 74

/AQR/ - DTF

CALLING SFOQUENCE
AX — AGRAY OF VALUES OF FUNCTIOMS

SUURFCUTINES

UPDATE, ATCGEN(IVERLAY-2,2}),FGCAL

DISCUSSION  THE ROUTINF STGRFS VALUES OF DNUBLET PARAMETEERS, (EX-

CLUDING THOSE AT ENGE) AND ANGLES IN ARRAYS S AND 72
FESPECTIVLEY, IT USZS NEW ANGLES T3 UPDATE THe CNEMNER
POINTS OF FREE SHERT, FED SHEET ANN PART OF THF WAKE NFT-
WORK, AICGEN(QVERLAY-2,0) 1§ THEN CALLED T3 NESIGMATE LO-
CATIONS NF DOURLFTS AMD COMTRCL POINTS AND T2 GEMERATE
VELOCITY COMPCOMENTS AND AIC MATEIX USING THE UPDATEDR CORN
-FER POINTS. IF PRETURRATION TN ANGLF IS NOT SIGNIFICANT
UPDATE AND AICGEN ARE SKIPPEDR, FIMNALLY, THE ECUTIMNF CALLS
FGCAL T0O CALCULATE VALUES NF FUNCTIONS F AND C.

DIMENSTION X{1),8X{1)

COMMCM /MFAJ/NEQ,MF NG

COMMON /NTTF/NFUNSJT y ITMX G KIT,ITPRIN
COMMCN /SOLN/S(125),22(75)

CAMMCN JADR/ETD,DTP

DO 10 I=1,NF

1C S(NEQ+T)
Suv = 0.

= X(1)

DO 27 I=14NG

xnTe = XINF+[)*DTF
nze = 74(1) - XDTR
S = SUM + DZA*DZA

20 71A(1) =

XNTE

IFINFUNLFQR.D)Y GO TD 30
ITF(SUM.LE.1.0E-32) GO TO 42
C PCTINT 1CCL, SUM
CLOOL FOFEMAT( /% SUM OF SOUAFES QF CHANGHES M AMGLES (RAD.) =%,Fl4.6)

UPDATES COPNER PCINMTS
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CALL UPNATE .
CBTAINS VELCCITY COMPIONENTS AND ATC MATRIX
35 CONTINMUS
Cat{ CGVEFRLAY(EHVORTEX,2,0)
GFTS VALUES OF FUNCTIONS F &ND G
40 CONTINUE
CALL FCCAL({FRX.RX(MF+1))
PETURN
FND
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SUBFOQUTINE ITFLOWIX NGEX,DXyYeRY)

Cxrkeks

o e}

DO OO

-

MATIIAATIAO NN OO0AM TN AN ANND

SURRCUTINE ITFLOW

pyyre{sSc TO PERFOFM JTSRPATIVE SCHEME USTNG QUAST-MEWTON ALGRR [THM
FCP THE SOLUTION GF A SET )F NONLINEAR EQUATIONS

INPUT CALLING SEQUFNCE
X — AREAY OF INITIAL VALYES FOP THE VAFTABLES
M - NUMBER NF VARTARLES
DXQY!D-Y - SCFATCH A:R.AYS
covmpn BLONK
INFAJY/ — NEQ,NF
/NITF/ - JTMX,[TPRIN

nuTPLT CALLING SCQUENCF
X = ARFAY OF SCLUTICN VECTOR
OX - ARRAY NF FFSIDUAL VECTNR

SURFFUTINES
caLeen VIB FUNCHPUTPYT (OVERLAY=4,0), 0 JGEN,SOLVER(NVERL AY=~-3,0)

DISCLSSICN THE FE2UTINE CALLS FUNC TO FVALUATE RESIHDUALS FX AND
CALLS AJGEN TN SFT UP THE JACORTAY AJ. THE SYSTEM OF ZQUA
“TINANS AJ%DX = -0% 1S SOLVED AND A NEwW APPENXIMATE SNLU-
TINON IS FOUMD USING CNERECTICONS DXe RFSIDJALS AMD JACOR]I-
AM ARFE EVALULTED AT THFE NEW SOLUTION., THE PRNCEDURE IS RF
-PEATED MNTIL THE SUM NF SQUARES OF PESIDUALS SATISFIES a
PREDETEFMINED TOLFRANCE TOL N8 THE GIVEN MAXIMUM MUMBRER
OF ITFRATIQONS ITMXx 1S FEACHEDN., THS 23UTINE INCLUDES 2& PRO
-CFLURE NF GENFPATING NEw AIC AFTER EVERY KIT TTEPATIONS.
THE JACOBIAN WILL 8F CALCHLATED BY CALLING AJGEN ONLY
WHEN NEW AIC IS GENERATED., OTHEFWISE, IT wWILL RE UPDATEN
Ay USING & FOPMULA OF QUAST-NFWTON SCHEME (SEE FMGIMFEF -

) ING DOCUMEMT), MUMREF OF ITERATION, SUM OF SQUAFES NF RE-
SIDUALS AND STEP S1ZF ARE PRINTED FOR €VERPY I[TPRIN ITERA-
TIONS. FNF ITERATINN STUNY AMD CHECK OUT PURPNOSE, SNMFE
NTHEE TNMNTEEMEDTATE PFIMNT STATEMEMTS ARE INCLUDED (SEF -
LISTING) .

R ko gk

CIMERNSION X{1),RX(1},OX(1),Y(L1),RY{ L)
COMMCN  /CMC3/NTSINGNTSOUTZNTGD,NOTF,NATC3,NATC,NJAC,NSCF
COMMON /NEQS/NE,MP,NMAT, NRHS
COMMCN /NFAJ/NEQ NF (NG
COMMCN /SOLN/S(125).2A(75)
COMMCN /NITE/NFUMLJT  ITMX,,KIT, ITPEIN
NIMENSION AJ(130)

SETS PRIMTING GODE (FQ% ITERATICM STUDY)
Ip =0 ’

SETS NO. OF ITERATIONS TO GENERATF NEW AIC
KIT = §

SEYS TCLERANCE FOF CONVERGENCE, AND
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[ Nan!

O™

5018

13
15
125

141

102

193
18

2¢

PEFCENTAGE FOFR NEWYON STEP
TOL = )..OE'.—Q

CAMA = .1
INITIALTIZES ITERATION
TSSX = 1.0E5)
IT = 2
MEUN = O

CALL VIPIX, 19Xy 1eMNeSX) :

CALLS FUNC TN EVALUATE CESIDUALS

Car L FUNMCIX4MyEX)

NEFUN = NFUN + 1

CALL VIP(RX ¢1yEXy19NySRX)
CHECKS IFf STEP STZE FEDUCTICHN IS MPCESSATY
AND SETS THE AaPOROPRIATE COCLE

Ic = ¢

IF{SFX LT, TSFEX) IC =1

TLUX = SEX :

PRINTS FRESULTS FOF FEVEIY ITPFIMN ITFFR2TINNS

[F{MCD2(TITLITPRIN) .NF.C) G 1O 15

WEITE(HNTSOUT,5C01D) 1T,SkX

FOSMAT(IHL, % [TERATION NOJ%,[4,6X,%SUM NF SQUARES QOF FESTRUALS =%,

tc1s.10)

TF{TITLNELD) WFITE(MTSCUT,S5Z204  SADS

NN 13 I=1,MF

SINEQ+T) = X(1)

CALL ZOVERLAY{6HVORTEX,4, %)

IF{IP.EQ.)Y G TN 1R

PEINT 105

FNPMAT(1H1)

PPRINT 1G1, 1T,SRX,NFUN

EQFMAT(//% TTERATION NOo%*,T173,5X,#SUM OF SCQUARES (QF FESIDUALS =x%,Fl

18,10 /% NG. OF FUNCTICON CALLED =%,1%)

PEINT 102, (X(I),1=1,N)
FREMAT( /% VALUES OF VEPTIARLES®/(SF14.61))
PRINT 103, (RX(1),I=1,N)

FREMAT (/% FESIDUALS®/(5E14.61))
IFIIT.EQ.0) GO TO 20

ITP = T + 1
IS(ITOLGE.ITMX) G0 TN 114
TFISFX.LT.TOL) G T7 116

TO CBRTAIN THE JACORIAN
CALLL AJGENCY,M)
PO ICO K=1,KIT - -

T SOLVE AJeDX = -FX
FEWIND NTGS
NE =N & NR =1
ne 3C 1=1,N
PYM = ~PX(I]}
WFITE(NTGD) FXN
NMAT = NJAC $ N2HS = NTGD
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T Eea R EaNe)

MO

CALL NVEPRPLAY(H6HVOFRTEX,3,0)

FEWINDG MRHS

FEAD(MEHS) {DX{I),I=1,N)

TE{K.EC.L)  PRINT 107, (OX(1),1=1,N)
107 FREMBT (/% CORRECTIOMS®/(5F14.6))

CALL VIP(DX,140%X,1,N,S0%)

DETEFMINES THE STEP SI7F

EXN = SQRET(SY/SDX)

CALFL = AMINLIGAMAZRXD, 1, )
FALFA = CALFA

It = 0

40 N 5C [=1,N
DX(T) = CALFA*DX(T)
ST Y(TY = X(1) + D¥Y(1)
PLIMT 108, FALFA
TSR FORMAT (/% (FRACTION NF NFWTON STEP TAKEN =%, El4.6,%)%)
PEINT 177, (DX(I),1=1,N)
PRINT 172, (Y(1)eI=1,N)

FVALUATES NEW RESIDUALS
CALL FUNC(Y N,RY)
NFIUN = NFUN + 1
CALL VIP{RY,1lykY,1lN,80Y)
TF{SPY . LT.S52X)Y GO 70 60
TFIIMFDL 1. AND.K.FRL. 1Y GO TD 69
IH = TH + 1
PEINT 106, TH.SRY
166 FOFMAT(/15, % CYCLE GF STEP SIZE FEDULTINN%/% SUM OF SQUAFES QF ~FS
TNUALS =%,[14.6)
IF{[+GF.3) GO TN &0
CALFA = 0,5
FALFA = O,5%FALFA
GC TC 40

-

UPDATES THE JACOBRIAN
67 A0S = SOX%FALFA%*2
PADS = 1./ADS
FENIAD NJAC
FEWIND NSCF
DN 7% 1=1,N
FEAD(NJAC) (AJ{JY.d=1.M)
CALL VIPLAY,LyDX,,1,N,TyD)
SN = (RY(1) - RX(I) - TJYD)*rANS
Lo 70 J=1,N
AJUY) = AJ(J) + RJDEDX(Y)
70 CONTINUE
75 WRTTE(NSCF) (AJCIY e 0=1,N)
MTH=NSCF
NSCR=NJAC
NJAC=NTH

72



)

an

124

[
[\
0

110

RESETS VALUE OF THE VARTABLES AMD THE RESIDUALS
NN 8N [=1,N
X{I} = v(1)
PX({T) = RY(T)
SEX = SRY
JT = 17T + K
PRIMTS RPESULTS FNS EVE=RY [TPRIN JTTEEATIONMS
SANS = SQET(ADS)
TF(K.FRWKITY GO T 107
[F(MCN(JYT, ITPR[N) .NE.T) GO TO 90
WETTE(NTSQUT,SI101 JT,SFX
WETTE{NTSCOUT,.522N) SADS
FIRMAT (/% STEP SIZE {LENGTH OF CHORRECTION VECTOR) =%,F14,6)
NN AR5 =1,NF
SINEG+T)Y = X(1) ’
CALL QVEPLAY(AHVNRTEX 44,2)
IF{IP.EN.NY GG TO 130
PEIMNT 101, JT,SRX¢NFIIN
PEINT 104, 2XD,FALFA
COAEMAT (/% RATIO OF LFENGTH NF INITIAL VECTNR T LEMGTH 0OF FULL NEWT
1NN STEP =%/S14,6/% FRACTION OF MEWTON STEP TAKEN =%,Z14,.8)
PEINT 102, {(X{I)sT=1,N)
PCINT 123, (RX(I)sT=1,N)

> CONMNTIMNUE

IT = I7 + KIT
[FITT.LELTITMX) G0 TO 1%
COMNT INUE

FETUPRN

END
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SUR
Chxxts
SUr

PUFR

nuT

SuUp
AL

OMOAANODANADNNINATAAD D MDA

xR KFE
M
crpa

RCUTINE UPDATE
CCUTINE UPDATE

PCSE  TO UPDATE CORNER POINTS OF FREE SHEET, FED SHEFT AND THE
PART (OF WAKE ATTACHED TQ THAISE SHEETS

INPUT CCMMON BLOCK

FIMDEX/ = NM,NMN,GNP(NZ
SMSPNTS/ - IMyZ2L
/SCLN/ - ZA

PUT CCMMNN BLOQCK
/MSPNTS/ - 7M

RCUTINES
LED MONE

DISCUSSICN CNFMER POINTS ARE UPDATEDR USING GIVEN VALUFS NF ANGLE

AND FIXED CHORD LENGTH OF PANELS IN TRANSVERST CUT Q3TAIN
-F PREVIOUSLY IN INPUT(OVERLAY-1,0), IT IS ASSUMED THAT
PANEL CORNFR POINMTS MOVF ONLY IN TRANSVERSE CUTS,

THE ROUT INE ASSUMES THAT NM(3)1=2, NN(4)1=2, AND MNM(5)=
NN(5) =2,

MON/INCEX/NTL9) ¢ NM(G) JNN{G Iy NP(9)yNSI{GI NC(3),4,NZ(9),
(1C) yNSA(LN) JNCA(LIC) 4y NZACLDY) yNNETT ,NPAMT (NSNGTyNCTET,NIMPT

COMMON /MSPMYS/ZIM(23,175) 471 (T5)

cowv

NMD

NZ ™

nn
J2
JA
JM
no
Il
IA
M
AN
7M(
FALR
100 CCN

NZ1
NP2
Co

IM

TMN
LML
LM

MON /SOLN/S(125),28(75)
UPDATES CORNFR POINTS OF FREE SHFFT

= NM({2) $ NN2 = NM(2)
= N/Z{(l) & NM2
1cC J=2,NN2
= J-2
= J2%(NM2 - 1)
= NZM + J2%NM?2
1¢N 1=2,NM2
= 1-1
= JA + I
= UM & I1
= JL{TA) $ ZAP = ZA(1A)
2,IM+ 1) = ZM(2,1M) + 7LP*(0S(2AD)
3,IM+1) = ZM{3,IM) + JLP:SIN(Z2AP)
TINUE . - o
UPDATES CORNFR PIINTS OF FED SHEFT
= NZ7(1) & NZ72 = NZ1 + NZ2(2) '
= NP(2) & NP3 = NP(3)
2C0 1=1,NP3

= NIM + T%NM2

= NZ2 + (2%1+1)
24IMN) = ZM(2,IM)
3,IMN) = IM(3,1M)
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200

31C0

TA = NP2 + |
ZLP = 7L (1A)
IM(2,TMMNe]l) =
IM{3 ,TIMNGYL) =
CONT INUE

$ 78P = Z4(1A)
I¥(24IMN) + ZLP%COS(24P)
IM(3,IMN) + ZLPASIN(ZAP)

UPDATES FLRIFN WAKE ATTACHED Y0 FKEE SHEETY
NM3 NM(3) $ NM4 = NMi4)
NZ 3 NZ2 + NZ(3) & N74 = NZ3 + NZ(4)
NZMA = NZ2 - NM2 :
MZMR = NZ3 + MHM4 - NM2
ne 3Ce I=2,NM2
[ = NZMA + ]
IMMN = NIMB + |
IM(2,TMN+NM4)
ZM(3,IMN+eNMY)
COMY IMUE

IM(2,TMN)
IM(3,1MN)

IM(241M)
IM(3,1M)

UPDATES FRQIZFN WAKE ATYTACHED T7 FED SHEFT
NMS = NM{5)
NZMC = NZ3 - NM3
N0 4C0 1=14NMS

IM = NZMC + 1

IMN = NZ 4 + T

IV(2,1vMNe2) = IM(2,IMN) = ZM(2,IM) '
IM(3,IMN+2) = 7M(3,IMN) = ZM(3,IM)

: CONT INUE

RETUFN
tND

75



OVERLAY(VNETEX,1,0)
PEOGRAM INPUT
Cxxksss
PECGEAM INPUT

PURPCSE READ AND ECHC USER INPUT DATA
CALCULATE FREF STFEAM VELD2CITY
CALCULATE CONEDINATES QF ALL OANFL CORNER POINTS
CALCULATE IMITTAL LENGTH AND ANGLE COF PANELS ON
THZ FREE VNFTEX AMD FED SHEET

MPUT DATA CARCS (SFE ENGINEERIMG DOCUMENT - USER GUIDE)

ouUTPLT CCMMON BLCZK
/DAT3/ — ARG NTF,XTE ,MSP,YSP,NTC,NLE,YLE,NTE,YTE, MSF
/FESVEL/ = FSV,FSVM,ALPHA,XPITCH,FCHIRZD
JINDEX/ = MT MNM MM MNPy NZGNPAGMZAZMNETT,,NPANT,, N7MDT
/MSPNTS/ - IM,7L
/JSOLN/ - ZA

SURRCUTINES

CALLED SHEGEN, DWNET ,AWNET , GWNET

NISCUSSIOM  SEE PROGRAM DOMUNMENT 1.3 NESCRIPTINN AND FLOW CHART OF
OVERLAY PRNGrAMS,

ONAOONOOANAN NN ITANONOM IO

ek

COMMEON  /CMC3/NTSIMGNTSOUT NTGD o NPIF,MATC3,NAIC,NJAC, NSCF
COMMON/ INDEX/NT(9) 4NM(Q) ,NN{SG)(NP(TF) ¢NSIS),NCIS),NZ(9),
CNPALLIO)ANSACLID) 4 NCACIO) s NZA(10) ¢y NNETT  NPANT JNSNGT NCTRT ,NZMPT
COMMCON/MSPNTS/ZIM(3,175),2L(75)

COMMON /SOLN/S{125),2A(75])

COMMCN/FLATP/NFLYP:

COMMCN/FSVEL/FSVI(3),FSYM,ALPHA, XPITYCH,FCHAED
COMMON/SYMM/NSYMM

COMMCN /ADR/RPTD,DTE

COMMON /NTITF/NFUNGJT, TTMX KITLITPFIN

CCMNMTN /DAT3/AC ,MTRGXTRE(10) 4MSP,YSP(12) MTC,NLE,YLE(LD),

1 NTELYTE(1C) ,MFS

COMMCN /IPRINT/IPNPUT ,,IPGECOM,IPSIMG, IPCMTR,IPEIVC,IPQUTP
DIMENSION  TLE(LC)LITE(1OD0).YFILIS),,2F({15)

DIMENSION IDICT(Y4), ICARD(2C)

DATA NDICY/14/

NATA IDICT/4HEALP 44HEASP 4 HSTRA,, 4HESFA L 4HSCEN L, GHSDEL , 4HSAFFE,
1 GHEGD T GHEINP L HSFREJ4HSPTT y4HSITE JeHEDR [, 4HEEND/

C SFEYS NSYMM = 1 FDR AXISYMMETRIC

r NSYMm = 0 OTHEFRWISE
NSYHMNM = 1

C SETS NFLTP = 1 FOR FLAT PANEL

C NFLTP = T FCOR CUJRVED PANEL
MELTF = |1

C —

C PRINTS TITLE AMD DATA CARDS
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C

C

WRITF{NTSCUT,5210])
5C1C FORMAT{IHLI/Z/5TX,*A

COMPUTER PPNGFAM¥/L5X%FNR%/42X*A THREEE DIMENS

TTONAL SOLUTION GF FLOWS OVER WINGS®/748X,*W[TH {EADING EDGE VOPTFEX
SSEPARATINN%////753Xe%= LIST OF INPUT DATA CARDS -~-%¥)

MCAFDR = Q% £cog
[DEND = IDICT(1%)
10 weITE(NTSOUT,5220

= &7

5020 COFMAT{/ /734X, 5NT.%,4X %CAPD IMAGES%//) .

28 TEAD(IMTISIN, S573N)
K530 FOFMAT{20C44)

ICARD

TF(ECE L NTSINY - 64C,30

3G HCAFD = MCARD + 1
HE TTE(NTSOUT,5049)

NCARD, ICARD

5040 FOPMATI30X,16,5X+,2044)

TF(ICARDEQLIDENDY
TR{AFD(NCARD,LCPR)
KRITE(NTSOUT,5059)
5080 FORMAT(LIHL)

o0 TC 10

47 NRASP = NCARND-3
$N 8C I=1,NRSP
GACKSPACE NTSIM

50 CONTINUE

60 READ(INTSING,SO3N)
TF(EQFL,NTSINY) 654
5 WRITE(NTSIN,S?SS)

GG TO 4¢
NELCGY GN T0 20

REANS IMPUY VARIABLES
1ICLFD
n

6
5255 FOFMAT(//*% - END NF FILE FENCOUNTERED - #/% - END CARD ASSUMED PROC
ISSSING WILL CONTINUE®*)

GO TC 2726
7C 0N 8C 1G0=1,NDICTY
IF(ICAFND . EQ.IDICT(
8C CONTINUT
WRITE{(NTSGOUT,5062)
5060 FOFMAT(///% - THE

IGC)) G0 10 90

[CaRD
FOLLOWING INPUT DATA CAFD DDES NOT MATCH ANY DES

VIGMATED KEYWORD -%//2X%X,2044)

STNp
9C GOTN (100,110,120,

100 SEAN(NTSIN,5070)
507C FORMAT(6E12.0)
ALPHA = ALPHADENTR
50 7€ 67

11C BEAD(NMTSINGSCTR)
6N 70 A

12C PFAN(MTSIN,S5CTQ)
NTe = TCAN
PEAD(NTSIN,G 5270)
G0N TC 60

13¢,140,15C,160,17C,18G,130,195,200,210,2201),1G0
PEADS ANGLEF 0OF ATTACK IN DEGREES
ALPHAD

REANDS ASPECT RATIO - e
AR

READS ND. AND X CONED. OF TRANSVERSE CUTS
TC AN

{(XTR(T)syI=1,NTR)

FEADS NQ. AND PERCENT VALUES OF SPANWISE CUTS
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[a N

130

143

15"

167

17

18¢

5086

182

183

184

186

188

READ(NTSIN,50C7D)
mMsSp SPAN
PEAND(NTSINGS5Q70)
GO TC 60

FEADINTSIN,5CT0)
MNTC CTRA
GO TC A0

FEAD(MTSIN,SITO)
KWPR = 1

- -

GO TC 60

FEAD(MTSIN, 5CT70)
KWPR 2
GO Y0 60

PEAC(NTSIN,L,5070)
KWPE = 3
GO T0O 69

FEAD(NTSIN,S5GTI)
NZwW FNZ
TF{NZW.EC.MSPENTR)
WRITE(NTSOUY,5080)
FOFMAT(//%* NO.

1L TO=/% THE PRODUCT OF NO.

2CUTS*)

STno

NO 184 J=1,NTR
JN (J-1)%MSP
XJ XTR{J)

D3 183 1=1,MSP
IM{1,JN+T) XJ
READ(NTSIN, 50T0)
CONTINUE
READINTSIN,SQ70)
MLE = FNLE
FEANINTSIN,5070)
nNo 186 1=1,NLE

SPAN

{(YSP(1 'vI=1'MSp’

REANS NO. CF TRANSVERSE CUTS AL3NG CENTERLINE
CTFA

SETS CODE FOR DZLTA WING PREPROCESSOP

ODUMMY

SETS CODE FOR ARROW WING PREPRQCESSOF

DUMMY

READS Y VALUES OF LEADING EDGE CORNER POINTS
AND SETS CODE FOR GOTHIC WING PREPRQCESSQR

(YLE(TL),1=1,NTR)

READS INPUY COPNER PCINTS AND
GENERAL TYPE OF WING MNETWIIK
FNZ

GO 70 182

OF INPUT CORNER POINTS FOR WING NETWORK IS NOT

OF TRANSVERSE CUTS AND NO.

(ZM(2,IN+T)oZM(3, N*T),I=1,MSP)
FNLE

(YLE(T),I=1,NLE)

ILF{I) = K = YLE(T)
YLECI) = ZM(2,K)

CONT INUF

FEAD(NTSIN, 5070) FNTE
NTE = FNTE

PEAD(NTSIN,SOT70)
DC 188 I=1,NTE

ITE(I) = YTE(I)
KWPR = 0
GO TC 60

(YTE(ID),yI=1,NTE)
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el

READS MO, OF SOANWISE CUTS FOR THE FEEF SHEET
NE TWORK
19C EEAD(NTSIN,5270)  SFS
MES = SES
rNTC 43
FEEADS X VALUE OF PITCH AXIS
195 REAN(NTSIN,SR70)  XPITCH
£ Te 6C
FEADS MAX, NG. NF ITEFATIONS ALLOWED FNE Tiif
NCNLINEAR EQUATIONS STLVER
207 FEAD(NTSING 5070) TmX
[Tu4X = TMX
GG TC €9
RELDS PEINTING OPTINN
210 FEAN(NTSIN,GSATY)  POTNT
ITPRIN = PFINT
IF(ITPRIN.FN.D) ITPFIN = 5§
G TC 6D
CALAULATES FREF STRETAM VELICITY AND ROOT (uoid
220 COMTINUE
FSVI() COS{ALPHA)
ESY(2) 2.
€SV{3) = SIMN(ALPHA)
FOVM=SCRT(FSVI L) $%2+FSV( 2) %% 2#FSV(2) %42 )
SCHOFD = XTRINTC)
IF(KWPR.EN.D) GO TO 2&C

([T

USES PPEPROCESSNE TN GENERATE COPNEP PCINTSL Fi
WIMG NETWORK
GO TC (226,240,259), KKPR
CALLS DELTA WING PREPAIDCESSOF
23C CALL OWKNET
HLE = NTR $ NTE = MSP i
NMZ = (MTR=131%MSP
onN 235 I=1,NTE
TYE(T) = NMZ + 1
235 CONTIMUF
rne TG 260
CALLS ARROW NING PREPRDCESSOR
24C CALL AWNET
MLE = NTR 8 NTE = NTR-NTC+1
NMZ = (NTL-1)%=MSD + ]
NN -245 1=1,NTF . e
ITECTY = MM7 + ([-1)%uSP
245 COMTIMNYFE
GO Y0 260
CALLS GOTHIC WIMNG PREPRICESSOF
250 CALL GWNET ‘
NLE = NTR 3 NTE = MTR-NTC+1
MMZ = (NTC-1)%MSP + 1
NN 265 [=1,NTE
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Y M

YOO

ITE(T) = NMZ + ([-1)%MSP
255 CONMTINUF

SETS UP METWORKS IMNDICES

2567 NM(L) = MSP  $ NN{') = MAYS{NTC,NLE)
NM(2) = MFES & NMN(2) = NLF
NM{3) = 2 3 CINU3) = NLE
NM{&) = NTTHNM(2)-1  $ NN(4) = 2
MMR) = 2 £ NN(S) = 2
DESIGNATES NETWORK TyYpPE
MMETT = §
NTE1) = 2 8 NT{(2) = 4 §& NT(3) = 6
MT{4) = 5§ & NT(5) =7

CALCULATES DTHER NETWORK DATA

NPACLY = & 08 MZA(L)Y = O

DO 227G K=14,NNETT :

MP(K)Y = (NM(K)=-1)%(NN{K})-1)

NMZIX) = NMIKIEMNIK)

MPA(K+ 1) = NPA(K) + NP(K)

NZA(K+]1) = NZA(K) + NZ(X)
270 CONTINUE

NMZIMMNETT+1) = D

MPAMT = NPA(NNETT+1)

NIMDPT = NZA(NNETT+1)

NZL = MNZA(2Y ¢ NZ2 = MZIA(3) ¢ MI3 = M74a(4)
NZ4 = NZA(S) & MNIS = NZA(6)

M1 = NM(1) $ M2 = NM(2) $ M3 = NM(3)

MG = NM(4) 8 MS = NM(S)

CALCULATES COFNER POINTS FIOR FREE SHFFT, FED
SHEET AMD THE ATTACHEDR FRIZEN WAKE
MNL = NMN(1)
XWLAKE = 50.%XTRINNL)
IF(YWAKFLLE.100.,0) XWAKE = 100.
FOF NETWOPK NO. 2
X1 = ZM(l,yM1} % Y1 = ZM(2,M1) & 71 = ZIM(3,M])
O 290 1=1,M2

IM{LNZ1+1) = X1
IM(2,N214T) = Y
IM{3,NZ1+1) = 11

280 CNHLTINUE
: FOF NETWOPK NO. 3 .

X1 = IM{1,NZ1+M2) $ YL = ZIM(2,N71+M2) & 71 = IM{3,NZ1#¢M2)

DN 296 1=1,43

IM(L,NZ2+1) = X1
INM(24NZ22+1) = Y1
IM{3,NZ2+T) = 21

290 CONTINUE
FOR NETWOFK NN, 2

NMS = M2 -}

80



=D

i Wae TR Y

312

340

is5¢

DO 310 K=2,NLE

K1 = K-1

NMK = MNZY & KlzM2
CALL SHE

X¥ = /7;:

JLEK = ZM(3 K%M1)
00 3G J=1,M2

JM = NMK +

IM(1 . M) XK
IMU2  Jir)

o

Y CONTINE

YE( ) $ IM(3,dM) =

IF1J)

FOR METWOEK

MMZ = MZ2 & KLEM3
7M1 NMI+1) IM{L,NMZ+2}
IM{2 N2 +)) YE(M2) ¢ 2
IV(2 NMZ+2) YE(M2+1) %

COoNT INUF

FAORF NETWOFK NO.
tlfta = 72 - M2 £ N7MB = NZ3 & NTE -
DNy 32¢C 1=2,M2
I™ = NZMA + 1 $ [MN = NZIMBR + I
ITM{L,IMNY = ZM(1,IM) & ZM{},IMNeMSG) =
IMI2 ,1MNeM4) = TM(2,IMN) = 7M(2,1M)
ZM{2 MMM = IM{3,TMN) = IM(3,1IM}
COnNT IhyF

FOR NETWOFK NO.
NZIMC = NZ3 - M3
DO 330 1=1,M5
[M = Nq7MC « | % IMN = N74 + T
IMIL,IMN) = 7M1 ,IM) § ZM(]1,1MN+2) =
IM{2,12NMe2) = A(2,1MMY = ZM(2,1M)
ZMODIMN+2) = IM(2,TMN) = Z¥(3,TM)
COMT INUE

MATCHES LFADING EDGE

NMZ = NZY + 1

N0 340 T=2,NLE

™ = T=M]l $ MM = MMZ ¢
IM{2,1H) = IM(2, IMN)
7M{34 1) = ZM(3,4IMN)

COMT [NUF

= XK

NO.

M3 MMIH]L) =
IM(3 ,NMZ+2)

{1-1)%M2

+

1
(FN(ALPHA XTK(K) YL E(K) NMS,YF, 7€)
{K

ZLek

3

IF{M2) + ZLFK
= ZF(M2+41) + ILFK

4

A\

XWAKE

5

XV AKE

CNERNEF POINTS

SETS uUP CORNEFR POINTS FOR THE PARY OF

THE WAKE

5750 =1, MTE
" = ITE(T)Y & IMN = NZ3

+ 1

7201, 1M4) = ZM(1, M) ¢ IM(1,IMNEMG)
IM (2,4 1%)

IM(2 1 MN+M4) = ZM(2,1ME) =
2”(30‘“’-.\"‘!’44) = ZM(3,1MN‘
CONTINUSE -

M3,

™)

NETWORK ATTACHED TO WING

YWAKE

PR INTS QUT CNRNER POINTS

81



S

1C1¢C

172¢
1730
1540

105¢

1762
26¢

370

IFCIONPUTLEN.OD) GO T 1060

PPINT 1CGO .
FOPMAT{%1CHEFCK TEST FPRNBLFM NATASL)
FOOLGRO (=] ,NMETT

JU = NZACI) + ' 8§ 42 = NZIA(I+1)
POINT 1010, I

SREMAT(//% METWORK M0 ., 13)

PEINT 1020, (ZMILed) s ZM{29d) 47M( 3,0 4d=d1,J2)
FOFEMAT(12F1C.5)

CONT [NUE

CANT IRUE

CALCULATES IMITIAL LENCTH AND ANGLE CF SPAM-
WISFE SECTIDON OF PANELS FNR FREF AND FED SHFETS
ASSUMING NM(3} = 2

TF{IPNPUT.NELC) PRFINT 1080

FOFMAT( %] AMGLE AMD LEMGTHE/)

NM?2 = NM(2) 8 MN2 = NN(2)

NZM = NZ(L) + NM{2)

TR 360 J=2,MM2

J2 = J-2

JbE = J2%(NM2 - 1)

JM = NZH + J2%N#M2 '
DO 3é5 Y=2,NM2

It = I-1

A = J& + (1

™ = UM ¢+ 11

YU = IM(2,IM} & Y2 = TM(2,]M+])
Il = 7TM(3,IM) $ 72 = ZIM(3,1IM+1)
Gty = Y2 - vl $ DZ =172 - 11

ILP = SQRT{DY*%2 + DZ%x2)

ZAD = ATANZ2(DZ.DY)

Zv(t14)Y = ILP

JA{IA) = 7AF

TFCIPNPUTLNELD)  PRINTY 1060, TA,TMyZAP,ZLP4Y14210Y2,422,0DY,MN2Z
FOFMAT(215,2812.4,6F8.3)

CanNT INUE

MP2 = NP(2) $ NP3 = NP(3)

NN 370 1=1,NP3

1A = MP2 + |

TM = NZ2 + (2&1+1) 4
Y1 = IM(2,IM) & Y2 = IM(2,IM+1)
I1 = ZM(2,IM) 8 22 = IM(2,1M+1)
nY = Y2 - YL & 07 =72 - 11

ZLFP = SCRT(NY**2 ¢ D7*%2)

JAP = ATYANZ2(DZ.0Y)

7LiIAYy = 7LP

JA{TA) = ZAP ,

IFCTPMPUT  MELD) PETINT 1060, T5,4IM AP, 7L P Y1921, Y2412,TY,2
CONT INUE

FETUPN

END
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SUBRCUTINE AWNET

TO CALCULATE THE COORDINATES OF ALL PAMEL COFMER EOINTS
IN AYN AREROW wIMG PLANFCOEM CONCIGUIATION

COMMON BLOCK
/DAT3/ - AR NTE XTE,MSP,YSP,MTC

COmMMON 8L OCK

/DAT3/ = YULEWNTE
/MSPNTS Y/ ~ IM

SWEPTE

NISCUSSICN  THE Y CODFRDINATES OF THE PANFL CORNER PQOINTS AT THE

INTERSECTIAN NF THF LEACING FLGE AMD TRANSVESSF CUTS AFF
COMPUTES Ry MULTIFLYING THE X VALUE OF THE TRAMSVORSE (CUT
BY ONE-FOUFTH THE ASPECTY RATIC.

THE ¥ CDOPDINATFES OF THE PANEL CORKMNER POINTS BETHEENM
THE LEARIMNG ENGFE AMD ROCY CHCFD OM THE TFAMSYEFST CUTS
APE COMPUTED BY MULTIPLYING THE Y CONFNINATE AT THF
LEADING EDGE BY THE ARRAY 0OF PEFCENT VALUES YSP,

SUBKOUTIME SWEPTE 1S CALLED TN CARLCULATYR THFE Y
COORNDINATES 0OF ALL PAMEL POINTS AFT OF THE POOT (HORD,

THE X CONPDINATES OF TYHE PANFEL COSNER POINTS 25r THe
X VALYES GF THF TRANSVERSE CUTS TIHNPYUT BY THE USFF. ALL 7
COORDINATES ARE SET TO 7ZERD.

COMMCN/MSONTS/Z7IM3,175),7L(T75)
COMMIM /DAT3/ARMTR L XTR(1IN) ,MSPL,YSP{IC) NTCNLEL,YLF(12),

NYF,YTE(1C)},MFS
YW(12) XY (10,17)
CINDS D (= S/X)
ORTAINS CORNEN POINTS CNORND, EN& THE UPPEFR peaT

OxX 1L

X1

C XX

C SURRQCUTINE AWNSTT

¢

C PURPCSE

C

C

C NEUT

C

C

C QuTOeyY

C

C

C

A SUBFCUTINES

C CALLED

C

C

c

¢

C

c

C

C

£

C

C

C

¢

CRERxfEx
!
DIMENSICN

-
N = AR/4,

C
X1 = XT& (1)
YLECL) =
DNYIG T=1,M5P
ZM( 1.1' =
IM{241) =

LG CONT IMNUE
Ne 3¢ Jg=2,MT8 - e
Jtto= {J-1)%MSO ’

X4 =-XTE(J)

SEMI =
YLE(J)

IM(3,1) = C.

NEXJ

SEMI

ne 20 I=l,MsP

ITM{L,JN+T)

i

XJ

IT¥(2 4NV = SEMT2YSP({T)
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20 ZM(2 L, N+T) = 7,
30 CNMTINUSL
OBRTAINS CORNEP POIMNTS CODRD. FNR THF [ NDWER PART
WITH SWEPY TRAILING EDGE
KTl = NTC-1
NTF = NTR - KT}
DN 40 T=14NTF
YLE(KTI+T) = DEXTR(KTL+1)
40 CONTINYE
NMT = KT1EMSP
NN 5C J=1,MSP
YWJ) = ZMU2,NM2+0)
50 CONTINUE
CALL SWEPTE(XTRINTC) s YLE(NTC)4NTE, YW MSP,XY)
MTEYl = NTE-1
N0 60 J=1,NTFE1
JM NMZ + J%4Sp
xJ XTRINTC+J)
N0 6% 1=14MSP
™M = M + [

it

IM(Ll,IM) = XJ

IM(2,IM) = XY(I,J)

IM(3,IM) = Q, '
60 COMTINUE :

ECTURN

FND
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SURFOUTINE CWNFT
Cxx&exs

SURFCUTINE JWNET

PUFPCSE 70 CALCULATE THE CNORDIMATES OF ALL PANEL CORMFE POTINTS
IN A DELTA WING PLANFORM CONMFIGURATIIN

INFUT CCMMON BLCCK
/DATR/ - AE  NTE ,XT®,MSD

cyTeuyT COMMAON 8L 0CK
/DAT3/ - YLE
/MSPNTS/ - IM

SURECUTINES
CaLLER NINE

DISCUSSION THS Y COORDINATES QF PAMFL COFNER PJINTS AT TS
INTERSECTIAON NF THE LEADING FDGE AMD THE TRANSVERSE CUTS
AFE COMPUTED RY MULTIPLYTNG THE X VALUE QF THF TRAMSVERSFE
CUT 8Y ONE FOURTH THE ASPECT =ATIA,

THT ¥ COOENTMATES DF THE PANFL CORAINER PGOIMTS AatTWEEMN
THE LEADIMG EDGF AMNMD RQONYT CHNFQ An THE TRAMSVEFSFE CUTS
ARE COMPUTEDR PY MULTIPLYING THE Y CONFDINATE AT THE
LFADING EDGF RY THE ARRAY OF PEFCHNT VALUES YSP.

THE X CONRDTMATES OF THE PAMEL COIMER PNIMTS ARE THF
X VALUES NF THE TPANSVERSE CUI™S [MPJT BY THE USFs, ALL
] CONSDINATES ARF SFET TO 7ERQO,

aEalaEalh R N NaNoNa e Ne R e W W Wl e i o Wa e We I SRR

E -2 -%-2 %3
COMMON/MSPNTS/ 2(3,17S),2L(T75)
COMMEN /DAT3/AR G NTE G XTR(10) ,MSP,YSP(1G) HTC,NLF,YLE(1M),
1 NTELYTF(10) ,MFS '
FINDS © (= S/X)

[

0 = AR/4,
C QRTATNS CORNEN POINTS CODRD,
X1 = XTR(}1)
YLE({1) = D*X1
" o1c 1=1,MSP
2M{1,1) X1
IME2,1) IM(3,1) = C.
16 CONT INUE
00 3G J=2,NTFR
JM o= {J-1)%MEP
X4 = XTEA(J)
SEMl = DX}
YLE(J) =SEMI
npn 20 [=1,MSp
IM(1,JN+T)
IM(2,dM+ 1)
2C IM{3,0N+1)
3D CONT INUE
RETUEN
END

Won

xJ
SFEMI%XYSP (1}

~
e

W oo
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SURRCUTINE GWMET
Cx*xExEx

SUBRCUTINE GWNFET

PUE2CSE  TC CALCULATE THE CONRDINATES CGF ALL PANEL CORNMER PRINTS
IN A GOTHIC WING PLANFORM CAMNF IGURATION

INPUT covMmnpM BLECK
/DAT3/ — NTRXTR,MSP,YSP,NTC,YLF

n7UTPUT COMMNON ARLICK
/DAT3/ - NTE
/MSPNTS/ - IM

SURBCUTIMES
CALLED SWEPTE

DISCUSSICN  THF Y CONKCINATES OF PANEL CRENEF PAINTS AT THE
INTEESECTION DF THE LEADIMNG FDGF AMD TRANSVERSE CUTS AGFR-
INPYT BY THF (JCFR,

THE Y COOFNINATES PF PANEL CORNER POINTS BFTWFEN THF
LEADIMG ECGE AND 0T CHOFD NN THE TRANSVERSE CUTS ARE
COMPUTED BY MULTIPLYING THE Y COCRDINATT AT THE LEADING
EDGE 8Y THE ACFRAY 0OF PEFCENT VALUES YSP.

SUBRQUTIME SWEPTE IS CALLED YO CALCULATE THE VY
COORDINATES CF ALL PANFL POINTS AFT JF THF R30T CHNRRN.

THE X CNORDIMATFS NF THE PANFL COINER POINTS &FE THY
X VALUES OF THE TEAMSVERST CUTS INPUT AY THE USES. AL L
7 COORDINATES AFE SET TO ZERD.

NMOMAMOOMNAIAN OO ANNADDYNNYO MO

Caxkx &
COMMCN/MSPMTS/IM(3,175),2L(75)
CAMMON /DAT3/ARGZNTRZXTP (101 ,MSP,YSP(LT) yNTC NLEYYLE(L1D),
1 NTE,YTE(1D) 4 MFS
DIMENSICN  YWOLG) ,XY(15,1C)
r DRETAINS CORNEN POINTS COOPN,. FOR THE UPFEP PAFT
X! = XTR(1)
Lo 12 I=1,MSP
IM{1,1) = X1
IML2,1) = 7M(3,1) = 0O,
17 CCNT INUE
DO 3C J4=2,MTKR
JN = (J-1)%MSP
X3 = XTR(J)
SEMI = YLELD)
0N 20 I=1,M5P
IMUT,IN+T) = XJd
IMO2,JN+T) = SEMT*YSP(])
2C IM(3,UN+T) = 2,
3C CONTINUE
C NRTATINS COKRNFE POINTS CUURD. FOP THE LOWER PART
C WITH SWEPT TEAILING EODGE

KTL = NTC-1
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NTF = NTR - KT!
MM7 = KT1%MSP
neosC J=1l,MSP
YW(JD) = IM(2,NMZ2+))

5C CONTINUE
CALL SWEPTEAXTR(NTC) ¢ YLE(NTC)GNTE,YW,M50,XY)
NTel = NTe-1

NN 6C J=1,NTEL
Jio= NMZ + JEMSP
XJ = XTE(NTC4+J)

DO 60 I=1,45pP

T o= g™ o4 T
IMEL,T™) = X
ZM(2,1M) = XY(1,J)

IN{(3,1M)

57 COMT INUF
SETURN
END

D
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SUBZCUTINE SHEGEN(ALPHA, X3S NyY,7)
e REER

SUREDUTIHNHE SHEGEM (ALPHA X SeMNeY 2]}

PURPLCSE T3 PROVIDE AN INITTAL GUESS 0OF THFE FREE AND FER SHFFET
GEOMETRY AT A PAPTICULAR TRAMSVEFSE CUT

INPUTY CALLING SEQUENCE
ALPHA - ANGLE NOF ATTACK 7F THE WING ([N RADTAMS)
X - X COOFDINMATE NF TRAMSVERSE CUT {APEX IS X=C.]
S - Y CODFDINATE CF LEADING EDGF ON TRANSVERSE CUT
N - DESIRED NUMRFT 0OF FREE SHEET PANELS IhN TRAMSVERSE rUT

nyYToeUY CALLING SEQUENCE
Y - VvV COCRCTINATFE COF CORNER PNINTS DEFINING SHAPE OF
FREE AND FED SHEFTS ON GIVEM TRANSVERSE CUT
I - 7 COODRDINATES CF CDFNER PRINTS DEFINING SHAPE OF
FREE AND FED SHEETS ON GIVEN TRANSVERSE CUY

SUBRCUTINES
CALLED NCNE

NISCULSSION  THE PCUTINF COMPYUTES AN INITIAL GUESS OF THE FREE™ AMD
FEC SHEET GEDMFETLY AT A PACTICULAR TRANSVERSE CUTL(SFF
STARPTING SQULUTION SECTICN 0OF ENGINFERING DIOCUMENT FNOT
METHIN) PCINTS DESCFIRING THZ CUFVES OF FIGURE 17 ARF
STARED IN THE ARRAY Y7vAtL, £ACH CURVE REPRESEMTS THE
FRPFE AND FEN SHEET GEOMETRY FOR NNF NF ETGHT VALUFS CF A,
PCINTS NESCRIRING THE FREF AND FED SHEEY GESVETREY FNE AN
AFBITRARY VALUE OF A ARE NARTAINED AY LIMEAF TNTERPOLATION
(NR EXTRAPOLATINN) . LINFAR INTERPQLATION IS THEN FMPLOYFD
ON THIS NEW SET (OF PGINTS TO CONSTRUCT A REPRESENTATION
OF THE FOEF SHEET RY THE NUMBRER COF PPRINTS SPFCIFIED IN
THE INPUT CATA,

ek k&
DIMENSTION YIN),Z({N)
DIMERSICM AVAL(8) ,YZVAL(219+8),Y2(2,9),N(8)

eNeolekeNeleNeloa¥oluolaloEaEaEaleRa el ke e e R Xa in Ra R e e N e Xa lin]

C SET NUMBER NF Y-Z CURVES AND NUMRER GF POINTS
C REPRESENTING EACH CURVE
NATA NA,NP /8,9/
C VALUES OF A FOR EACH CURVE .
DATA AVAL /oe29eb0ler1e491aB92a2972.64v3.3/7
r VALUES OF Y AND Z FOQF POINTS ON CUFRVES

DATA vyZvaL /
Clo,ﬁov0993'6927.98'¢C45o.963v.07'o94'.0889.92'(097'.89790C97.
CaB8784209,e892,4.25,
ClesNes1aCl29e233,e998,240089e973,01549492,.22494853,.268,.7%,
C.27?..74'.269..789.-14bv
CleeNer1al3yeCaTele028,0134910906232,.958+943141e87,.403,.764,4445,
CefBT4eb4,.708,.246,

C‘.. 120'10046'0\’:‘6' 1.36’01569100391 029, .q9't408'089'.53, .7851058'
CebBre58T9e6669633,

38



-

38

38

Cln’i\’o'IOCbl'.‘)7'1.087'.188'1.076’-33911.019"502,0974' 0624"R121

C.639,.7G4y 0703"651.398!

C1e1%asleCT54228,14112,.22201a11420392,1.C55,.5659.9610714%604,.77%,

CaT354089)e044,y.45%,

Cla s e 1aC99009, 1014442529 14142404635,1e0G5,.561791.036,.7586,.877,

C.SSR'.770088200645'.5,
Cler1Parl1el02,0095 101624277911 72,30468,101329eb4T741.9254.8,.7089,
(4922480546554 .648,.541
cr/
COMPUTE VALUE QF A FFOM IMPUT DLTA
L=ALPHA®RX/S
SELECT TWr DATA CURVES FOF USE [N INTERP)ILATING
(AR EXTRAPOLATIMNG) NEwW CURVE FOR COMPUTED VALUYE TF A
NN 12 K=24NA '
L=K=-1
TRALLTAVAL(K)) GO T 12
COoMT INUF
CELTA=(A-AVAL(LY)/(avaLiL+1)-AVAL(L))
CALCULATE POINTS DESCRIABING CURVE FNR CAvPUTEYD
VALUE OF a
Be 2C 1=1,2
o 20 J=14NP
YZIT o3 =YZVAL(Y, J o LY +DELTAX(YZVAL(T oL +1)=-YIVAL(T,JyL )
SET IMITIAL PNINT QN FREF SHFET
Y(Ly=yY.(1.,1)
241 =yl(2,1)
GFT LAST POIMNT ON FREE SHFET
(ANT INITIAL POINT OM FED SHEET)
Y{M+1)=YZ(L,NP=-1)
2{MN+1)=YZ(2,NMP-1)
SET LAST 9NINT 0N FED SHEFET
Y{N+2)Y=YZ(1,NP)
I(N&2)=YZ(2,NP)
D(l1)=C.
MPMI=NP-]
CALCHULATE DISTANCES BETWEEN POINTS ON MEW CURVE
NP 30 I=2,NPM]
COTY=D(T1=10+SQRTLIYZ(1,I)=-YZ (1, I-1)}%%24(Y7(2,1)-YI(2,]-1))%%2)
FOMTINUFE '
DIST=D(NPM]1)/FLOAT(N)
LIMFARLY IMTERPSLATE DPESIFFD MUMREE 0OF POINTS
FCR FREF SHEET FEPFESENTATYICN
Ne 4C [=2,N
DIS=FLOAT{TI-1)&DIST
TG 38 J=2,NPM)
K=J=-1
[F(NIS.LT.D(Y)) GO TN 28
CorT INUE U
DRLTA=(DIS=D(KY I/ (DIK+1)Y=-D(K))
YOI)=YZ (1, K)4DELTAR(YZ (L, X+1)=-YZ(1,K))
7L =YZ (2 KI4DELTAX(YZ(2 ,K+1)=-YZ(2,K))
COMT INUF
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(9]
(> ]

M2 = N+ 2 .
SCALF POINTS 70 ACCOUNT FOR MAGNITUDNE OF LICAL SEMI-SPaM
"N 50 I=1,N2
Yin Y(I)%S
(1) Z2{1)*S
CCNY INUE
FETUFN
END
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[aleNe Nale N Ne e e Eea e N Nie Wi Bae B Bhe B B Wi I e Bide B Ba Was 3w B T e Wen Jiken Je Yt Sen Wie |

BOEING

SURRCUTINE SWEPTE(XsSN,Y,M,YP)

L EEETE

SUARCUTINE SWEPTE -

PUSPCSE TN CALCHLATE THFE Y CONRNINATES [0F TNE PAMEL CARCNFF POINTS
AFT 0F TYF RFOOT CHIORD FOF SWEDT TRAILING EDGE NESIGHNS
INPUT CALLING SEQUENCE
X - AREAY NF TRAMSVERSE CUT X VALUES STARTING WITH THE
LAST CUT THAT INTERSECTS THE ROJT CHORD
S - APRAY OF v (DNPNTINATES 7F THE LEADING EDGF 7% THE
TRANSVERSE CUTS SPECIFIED RY X
Y — NUMBEF OF TFANSYSEPSE CUTS AFT OF THE LAST TramMSyeRSFE
CUYT TG IMTFESECT THE FNOT CHORD PLYS ONF
Y - APRAY CF Y CNORNIMATES OF PANEL (COSNEQ PCOIMTS LYING
AN THE LAST TEANSVERSE CUT THAT [NTERSECTS THT ornT
CHORD,
M - MUMBER OF SPANWISF PERCEMT VALUES [NPUT QY THF ycrEr
QUTPLT CALLING SEQUENCE
YP - ARRAY 0F v CrORDIMATES AF PANEL CORNECF FNINTS AFT NF
THE ROCT CHNRD,
SURBCUTINES
CALLED NCNE

DISCUSSICN GIVEN THE CRCRDINATES 0OF Tu0 POINTS DEFINING & LINE

Sk rkk

AND DNE COCRRINATE OF A THIRD POINT ON THF LINME, THE
UNKNIWN COORDINMATE CF THE THIFD POINT CAN 8F CALOWMATED
3Y YCIANGULATICN.

ONE 0OF THE POINTS DEFINING THE LINE IS LEADIMC FDGF-
TEATLING EODOCF INTEFSECTION POIMT., THFE DTHES FOIMT IS THE
PANEL CORMER PLRINTS LYIMNG ON THE LAST TRANSVRFSF CUT THAT
INTESSECTS THE FQOTY CHORD,

THE X VALUE nF THE THIRD PUINT [S THE VALUE DF THF
TRANSVERSE CUT,

DIMENSTION X{1h,SCLY,Y{1),YP(1(C, 1)

DX = X(N) - X(1)

NY = N - 1 .
ICFINERL2Y 5O TO 15
N 1C Jg=2,M1

XX = X{J4) - Xt

J1 = g - 1 N
CO 1C I=1,M

YS = Y(1)

TM = (S(N) - YS)/DX
YP(T,yJl) = TMxXX ¢ YS
COMT IMUE

[o)
-0

5 CONT INUF

DR 20 T=1,M

20 YP{

T.N1)

FETUFN
END

MO, DE-41789

PAGE
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OVERLAY(VORTEX,2,72)
PRNGEAM AICGEN.

S kR K

PRNGEANM  AICGEM

-~

PUFPCST  TO CALCULATE FESSENTIAL GENMETRY [NFORMATION FGF SACH
PAMEL AND THE LOCATIONS NF DNURLETS AND CONTEOL POINTS
FOR EACH NETWORK AND TO GENERATE THE AFRODYNAMICS INFLUEN
~CE COEFFICIENTS USING AN ADVANCEDN PANEL-TYPE METHND

TNPUT COMMOM BLCCEK
JINDEX/ = NT  NM NNy NPy NZyNPL,NZANNETT,NPANT (NZMPT
/MNITE/ - NFUN
/IPRINT/ — TPGECM, IPSING,IPCNTR,IPEIVC

nUTPLT COMMOMN BLCCK
/C¥03/ - NPIFMAIC3 ,NAIC
/BOYCS/ = 7CICC4ZCPIDC,I1PC,ITC
JINDEX/ = NS MCoyNSLyNCAJNSNGT NCTRT
ININDX/ = NEQ,MNJC, 1JC
/1CONST/ — P1,P12,P14]
SURRCUTINES : ‘
CALLFD TGEOMC, TSING,TCMTF L, ECGFIMN,KSOFT,PTRNS, IPTRENS,VINFCC,VIP

DISCUSSION SEE PROGRAM DUCUMENT 1.3 DESCRIPTION AND FLNW CHAFT NF
OVERLAY PROGRAMS

' X e T W e e e e e N W B e Y S B I T W W N e W

-
+*
1%
%*
3+
L
*

CCMMCN  /JCMCO3/NTSINGNTSOUT yNTGDyNPIF MATCIL,NAICyNJAC,NSCF
COMMON/BEOYCS/ZZICU3,125),70C13,125),2CR(12%),IN0C(L125),1PC (1251,
1 ITC(125]) .
COMMON/ZINDEX/NT(Q) s NM{9) yNN({ D)y NP{G)4NS({F)4NC(9),NZ(9),
SOMPALIOY JNSA(LIT) g NCECLDY G NZACLC) yNNETT G NPANT JNSNGT ,NCTRT,NIMPT
CNAMMCN/PANDIR/CO(3,46) yPLI3)yFCI3) AP ({3,3)4ART(343) 4P (2+4)44,B4,ND1AM,
CC{E,6),A5T{5,16)s IISL1£)Y,INS,ITS,NPDD
COMMCN /NINDX/NEP NJIC(125),1JC(125)
COMMEN /PINC/DVDRES(3,125)
COMMCN /PINDX/KP KQyNFWF ,NPED
COMMCN /ANFAJ/NEQ(NF (NG
COMMCN /NTTFE/NFUN o JT , ITMX K IT,ITPRIN
COMMCN /Z21P/1P2,1P,ITZ,4C2
COMMCN/ICONST/PL,PI2,P14]
COMMCN /IPRINT/IPNPUT ,IPGFOM, JPSING, [PCNTF,IPEIVC,IPRUTP
OIMENSICN ATC(125) o
C SETS CONSTANTS pPI, FTC,
PI = 3.1415926535897931
012 = 2.%P1
PI4] = N.25/P1
CALLS FOQUTINE TN GEMERATE ESSENTAIL GENME-
TRY INFOPMATIOM FOF EACH PAMEL CF ALL
THE NETWIRKS

YOO

KP =
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CALLS ROUTINE TO NESIGMNATE THE LOCATION T
NETHIRKS PANELS
AR COEEFICIENTS COF

RENTND NPIF 8 MPWR? = NOIF
CALL TGEMC
NOURLETS ON ALL
COMDYTE THE #ATE[X
DOURLET DISTRISUTION FOR
K3 =0
FEVIIND MPIF 3 NPPD = NPIF
Ko = ¢
FEWIND NTGD 3 MPWR = NTGH

CALL TSING
CALLS ROUTINF
CONTE QL
TA CANDYTE THE

TY DESIGMATE
POINTS FOR ALL
UNTT NOFMaL VvECTOR
MAFMAL COMPOMNENT 0OF FREZ

A TN

FATH PANEL

THZ

LecaTioN
CAMTLCS AND

AND O THE
VELDC T TY

NZTNSRK

STEEA

VECTNE AT FVFRY CONTROL POINT

Ke = &
FEAING MTGOD 3
CALL TONTEL

NPED = NTGD

T PEARR ANGF

T PCINTS
WOkKS PFECEDS®
CaLL ECGEIN
FALL KSCRTUZC34NCTRT W NJICLDVNES)

AL KSORT(ICC s 3,NCTRTHHJIC,DVDFS)

CALL KSORT(7LR,LyNCTET,NUC,A1C)
CALL KSCRT{7DC 41 NCTRT NYCLATIC)
CALL KSORTITIPZ, 1 yNCTET,NJC.ATIC)
CALL KSTST(ITC,L,MCYRT MJCL,AIC)
KQ = 0 )
CEAING MNTGD £ NPED = NTGC
Ko = 1
FEWINR NPIF & NPWR = NPIF
No o120 1P=1,NPANT
CALL PTENS(IP)
N0 5C [=1,INS
IS = TIS(T)
[ISCT)Y = MNJC(IS)
CALL TPTRNS(IP)

 CONT INUF
TF(NFUN,FQ.C)Y G 1D 560

INNICES SO THAT TiSE C0N-
AND DNYBLETS AT
ALL Tue

EDGES 2F NET-

OJTHERS

TO SKIP AIC CALCULATION [F NFUNJNE,D

00 3CC JC=1,NCTRTY
TECITC(JYCraEN. 1D
CNT INUE

G TC 9no

ICF(JC) = C.

GFNERATES ATC MATRIX

> CONT INUFE

PRINT 3061, JT7
FOF™AT(//% TTFCATIOCON
FEWIND MATCS

REWIND NAIC

MO.*,[‘Q'SX'*NEH AIC
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TF(IPEIVC.NS.D)  DPRINT 1003
FOPMAT(#1FRGM EIVC%/)

Jec=c

No 70C JC=Y,NCTRY

1PZ = [PC(JC)
1ITZ = 17CHY0D
JC7 = JC

IF(ITZ.FQ.1) ZCR(JCH) = 0.

CALL VINFCC(2C(1,4C),7CC(1,JC),2RC(4CHY,J4PC)
WeTTE(NATIC2) DVOFS

00 650 TS=1,NSNGT

Catil. VIP{ZCC(L,4JC) 41 4DVDFSIL,1S),1,3,81C(T1S))

.CONT TMUE

WRITE(NALIC) ATC
CONT INUE

CALCULRATES NUMBES OF EGUATIONS

NFO = NEP
NF = NSNGT - NEQ
MG = NP(2)

KT TIIRN

END
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SURRCUTINE CCAL(P,C)
Cxksxtx

SURRQUTINE CCAL (9,01

PUSPCSF T CALCULATE FOF FACH PAMEL THE QUADRILATERAL MOMENT
INTEGRALS USER IN THE COMPUTATION NF THE SOURCFE aMD
NOUBLET FAR FIELD VELOCITY INFLUENCE COEFFICIENTS, (SFFE
SECTION BR.4 , APPENDIX 8 0OF THFE ENNGINEZEFING DNCNMEMT,)
INPUT CALLING SCQUENCE
P~ COANEDINATES QOF FQUR CORNER POINTS OFf QUANDTILATERAL
puTPUuT CALLING SEQUFNCF
£ - ARRAY QF MOMENT INTEGRALS
SUBRCUTINES
CALLFO ECAL,7FRG

DISCUSSICM  THE KQyT INE COMPUTES THE QUADRTLATERI AL MOMEMT

INTEGRALS CIM,N)=T(STOCMA,KSFEF (M1 )2ETASK{N-1),0KSF2RETL)
FOR M=1,MYX0 AND M=1,MXQ-M¢l, & DFESCRIPTION 2OF THE
CALCULATIONS PERFCORMED [S COMTAINED IM SECTINM 2.4 0OF
APPENDIX A NF THE ENGINEERING NOCUMEMT, THE RELZVANT
FQUATIONS AFRE (B,.93) THROUGH (B.,1C2). THE RELFEVANMT
PRNMCEDURE IS PRNCEDURE 64 THF CODE CLOSELY FILLNWS THF
CEVELOPMENT AND NNTATINN OF THIS oNRTINN JF APFENDIX P,

DIMENSION P(2,4),0(6,6)
COMMOCM/SKATC2/RL(2),F2(2)4DEL2),E(T),GA(6,5),DUMS(24]1)
SQUATIONS AND PROCENURES REFEPENCED IN THIS PDUTINE

ARE

CONTAINED IN APPENPIX B8 GF ENGINEFFING NDOCUMENT

SET (CRDE®R 0OF MGMEMTS NESIRED

MY Q= ¢

VYRR 1=MX Q4

CALL ZEFRC(C ,MXQxMXO)

CYCLL THFCUGH SIDES OF CUADRILATERAL
CC 650 1S=1,4
EXECUTF PENCENUPF &
TSPL=MGD(IS 440 +1
CALCULATE GEOMETRIC QNUANTITIFES ASSTOCIATED WITH
SICE TF QIADE T ATEFAL
DN &C 1=%,2
FL{U)=P(I,15) . .
E2(1)=0(1,1SP1)
DELIY=E2(L)=-R1 (1)
NCMS=NR(1)*DP{ 1) +DF(2)%DR(2)
IS(DRMS,.EG.2.Y) GN T2 S5CC
A=P YT (L)%R2{2)=F1(2)%62(1})
BFAMCH TO PROCFNDURE (6.8) OF (€.3)
TFLARSIDRIL1)II-ABSIDRI?))Y 100,100,200
AL=NEC1)/DP(2)
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130

[

230

]

275
300

O W+
QOO
QDD

L2=A/DP(2)

PROCEDUFE (6.4.1)
CALL ECALIFL(2)4R2(2)91aslasE4MXCPL)
GO 127 MN=1,4X9
GA(L N)=82%C(N+L)/FLOAT(N)
IFIMXC.LT.2) GO TO 3CC

PENCEDURE (5.A.T1T1)
DC 17C M=2,MXQ

T MYN=NMXC-M+]

DN 170 N=l,MXN
GA(MNI=ALEGA{M=LyN+]1 ) +A2ENA(M=1,N)
GN TC 3C0
41=D2(2)/0P (1)
A2=A/DF (1)

PROCEDUFE (6.B.T7)
CALL FCALIRI(1)4R2(L1)olaylagFEeMX0OP1)
np 230 mM=1,MX0
GA(M,L)=A2¢F(M+L)/FLOAT (M)
TF{MYC.LT.2) 50 TN 300

PEOCEDUFE (6.B.11)
nNa 270 N=2,MX)
MYM=NXQ-N+1
N0 270 M=1,Mxh
GA{MN)I=ALECA(M+ L JN=1 V=A2%CA(M,N=-1)
COrT INYE

PEFFNRM ACCUMULATION AF EQUATINN
NC 40N M=],MXQ
MXN=NMXG-NM+]
NN 400 N=1,MXN
CAMyN)I=C (M, MI+GA(MZMNY/FLDAT(MeN)
CONT INUE
FETURN
Fan
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SURRCUTINE CONTRL(NT ,NMyNN,NCyNPA,ZM,ZCyZCCH+2CRL,IDC,IPC,ITC)

Clets

PURPCSFE

INPUT

nyUTPeUT

CALLED

ODONONOOANDNONANODNNMNANANANNOANANNNIADINAANIONNANONO

S
%
#*
*®
kol
4%
3

SUREBCUTINE COMTRLAMT yMMgMN,NCyNPA,ZM,2C,2CC42CR,ZNC,12C, ITC)

O COMPUTE CONTROL POINT BEFINING QUANTITIES FN2 EACH
NETWIRK

CALLING SFOUENCE

NT - NETWORK TYPE

MMo— MUMBEFR OF SPANWISE CUTS IN THE MNETHGPK

MAN = NUMAEP GF TRAMSVEFSE CUTS IN THZ NETWORK

NPA - TOTAL NUMBEF OF PAMFLS TN ALL PREVIDUS METWCEKS
IM - CNNEDINATES 0OF CORMEFR DOINMNTS OF THE METWCEK

TCOMMON 8LNCK

JIPRINT - IPCMTR
/FSVEL/ - FSV
/PANDO/ - PC

CALLING SEQUENCE

NC - NUMAREF 0OF CONTFOL POINTS ON-THE NETWORK

7C - COORNINATES OF CONTRCL POINTS ON NETWORK

ICC - SURFACE MN:IRMAL VECTCS AY CONTROL PCINTS '

ZCR - NOJFMAL CCOMPONENTS NF FREESTREAM VELGCITY

ZNDC - RELDCATION DISYANCE OF CONTRCL POINT

IPC - SEQUENCE MUMBRER 0OFf PANEL T WHICH CONTRETL POTMT
BELCONGS

ITC - NETWROK ENGE CCNTROL PRINY INDICATCR

SURECUTINES

GCPCAL,yGRNIND,PTPNS,SURPPRO,MMULT

NTSCUSSICMN  THE FQUTIME CALCULATES QUAMTIVIES ASSOCIATEDR WITH THE

CONTRAL POINTS AND BNUNDARY CONDITIONS OF THE 0oo(Q8LEM,
SFPAKATE COVPUTATIONS A%F PERFNORMED FOR EACH NETWORK
TYPE,

FIRST THE CONTRCL POINTS (PCINTS AT WHICH THE
SAMINNARY COMDITICONS ARF APPL IFD) ARE LOTATED, THIS IS

OONE BY AVERAGING CERTAIM COMR INATIONS GF COENMEFR PORIMTS
AND THEN PRCJECTING THE RESULTANT POINTS ONTD THE PANEL
SUFFACES. THOSE CONTROL POINTS LOCATED ON A NETWNRK FDG

AFE WITHDFPAWN SLIGHTLY FROM THE E£NS3E AND NIT PeQJECTED

ONTU THFEIF PANEL SURFACES TG AVOID NUMERICSEL DIFFICULTY
LATEP, THE CONTRCL PIINTS A0 F JRDERED AND IMNEYED ALDNG

WITH AUXILIARY QUANTITIFS WHICH A9E COMPUTED AS WELL.

SUCH QUAMTITIES INCLUDE THE PANEL NORMAL AT THE CONT

PCINT, THE COMPONENT OF FREESTREAM VELOCITY IN THIS

OIRFCTION (FNe USE IN APPLYING THE ADJUNDARY CONDITIONS)
AMD THE DISTAMNCE THE EOGE CONMTFOL PJINTS ARE WITHDC AWN,

COMMICN/FSVEL/ESV3),FSVM

CCOMMON/PANNG/CP(3,4) s PC(31,F0(3 )9 AF(343),AFT(3,3),0(2,40,4,B,0D14M,
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COUB46) sAST(H,161, TTS(16),INS,ITS,HPDQ
COMMON /SKRCHY/74(3,175),1A(175)
COMMCM /IPR INT/IPNPUT ,IPGEOM, IPSING, IPCNTR,IPEIVC,IPOUTP
NIMEASIGON ZC(3,107),2CC(3,120C),2C5(102),I0CL100),IPC(LIOL},ITC(LOD)
DIMENSTON ZM(3,NM,NN)
NDATA DELTA /1.Q0E-5/
IF(NT.EQDNRNTLEQ.T)Y D=L T2 = 1.05-7
IFCTIPCNTR.NEL.N)  PEINTY 1001
1371 FOEMAT(1HL)
NNL=MN+1
NMl=pAMe ] .
C CALCULATE LOCATINN OF CONTROL PQINTS FPOM CORNER PIOINT CATA
CALL GCPCAL(NMo NN NML1,NN1,ZM,74) '
NEGEF NAN=IDENTICAL CONTRAOL POIMTS
CALL GEDINDINMY,NNL,ZA,TA,NTA)
¢ TEANSFEF Tn CODE FOR APPRUPRIATE NETWORK TYPE
GO TC(156G,290,370,400,520465C,607)  NT
CANT INUE
SCUSCE/ANALYSIS NETWORK CALCULATIONS
(NOT AN IPTION IN PRISEMT PROGRAM)
JC=0
DD 169 N=2,ANN
PO 168 M=2,NM
JC=J4C+1
IP=M=1+(NM=L)*(N—-2)+NPA
IPC({JCY=1P
CALL PTRNS(IP)
CALL SUFPRO{PC,ZC(1+4JC),7CC(1,JC))
CALL MMULT(ZCC(L,JC) 4FSV,LZCPLJC)y1,3,1)
2Ct(JCI==-2CP(JC)
193 COMTIMUE
169 CONTINUE
NC=J4C
60 TC B8R0
200 CONTINUE
C DCUBLET/ANALYSIS (WING) NETWGRK CALCULATIONS
Jc=2
C CYCLE THFNOUGH ALL CONTROL PCIMTS ON THE NETWDRK
PO 259 N=1,NN1
nN 268 M=1,NM]
LMMN=MeNMIE(N-1) A
C CrMPUTE INDICES ASSOCIATFND WITH CONTROL POINT
IF{TA{LMN).LELJC) GC TO 298
JC=JC+1
[P=MINQ(MAXD(My2 ), NM) =14 (NM=1)E(MIND(MAXCIN,2),NN)=-2)+NPA
IpC(yCi=1pP '
17C(Jcy = C
TRE(MeEQeloOFR M END NMLLORNLEQaLl DR NGEQJNMLY  ITC(JC) = 1

;)

o
iy )
D

[N

r RETRIEVE PANEL INFOPMATICN
CeLL PTENS(IP)
e = 0.
C CALCULATE CONTPOL POINT COURDINATES
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a N

228

208
259

420
428
429

DO 220 L=1,3
DPZ = DELTA®(DPC{LI-ZA(L,LMN))
IC(L ,JC) = ZA{L,LMN) + DP7
SeC = SO0 + DPZ#%
COMT INUF
ZRCLJCY = SQRT(SDC)
IF(ITC(JCINF.l) Z20CH(JC) = Ce
PEROJECY CONTROL POIMT DNTQ PANFL SUPFACE UNLESS
CONTFCL PIIMT IS OM NETWNORK FDGE
LCMPUTE SURFACFE NMIFMAL AT CONTROL POINT
IF(ZNC(JC)oTQ.0e)  CALL SUFPRO(ZC(14JCY 47C(14JC)oZCC(L,4JCY)
TF(ZRCUJCYIGMNELDe) CALL SURPRO(ZC(1,J0) 2CC {14 JCI+2CCLL4JT))
CoMPUTE MORMAL COMPONENT QOF FREESTREAM
VELUCITY AT CONTECL POINT
CALL MMULT(ZGC{L,JC),FSV,ZCF(JC 41,3, 1)
1C%(JC)==2Cr(JC)
IF{1ECNTRGNE D)
SWwEITF(E,1D00) JC, 1P, ZCH Y14 JC)yZC (2400 )4ZCHL3,JC)2ZCRIJCY yZ0CLIC)
COnT IMYE
CONTINUE
NC=JC
CO TC 8CO
CPMY INUE
SCHUSCE/DESIGN NETWNRK CALCULATIONS
(NOT AN NPTIOMN IN PRESEMT PROGRAM)
ng TC 80C
CONT INUE
DCURLET/DESTISM (FOEF SHECT) NFTWAFK CALCULATIONS
Je=2
DO 442G N=1,NN
NO 428 M=1,NM
RE-CFDER COMTRAOL PCINTS FLIMIMATING CNNTROL- POINTS
ON TWO OF THE NETWOPK FDGFS
LMN = M + NMx(N~-1)
LMNP=MeNN] R (N=1)
DN 420 L=1,3
7A{LLMN)=ZA(L,L4NP)
CONT INUE
CONT INUE
CONT INUE
OFDER MON-IDENTICAL CONTRQL PQINTS
CALL GFNIND(MNM,MNNL,ZA,TA,NTA)
CYCLE THROUGH ALL CONTFOL POINTS OM THF NETWORK
DG 4S9 N=1,NN"
NC 468 M=1,MNM
CCMPUTE INDICES ASSQCIATED WITH CONTROL PSINTS
LMN=NeENME(N=-1)
TF(TACLYNYLLELJC) GO TD 498
JC=JC+1 .
IP=MINC(MAXTG(My2 ) ¢ NM)=1+{NM=1)®{MINCIMAXG(MN,2)sNN)-2)¢NPA
1eCc(ycy=1p
ITC(JC) = ¢C

~
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r

[N

4983

450

5Cn

520

IF(Y.EQel.0RN.EQL L) ITC(J4C) = 1
RPETFIFVE PANFL INFORMATION

CALL PTENS(IP)

SBC = T.
CALCULATE CONTROL POINT COQFDINATES

DN 456 L=1,3

PPZ = DELTAX(PCIL)=-ZA(L,L4ND)

1C{L ,JC) = 7A{L,LMN) + DP7

SDC = SDC + NP7%x2

COMT INUE

IDCLJYT) = SQRT(SDCY.

IF(ITC(JC) «NEL1) ZDCLIC) = C.
PROJECTY CONTROL PDINMT QONTO PAMEL SURFACE
YMLESS CONTROL POINT IS 2N NETWNRK fODGE
CCMPUTF SURFACE NORMAL AT CONYEQL POINT

TF(7DC(JC)EQ.MN.)  CALL SUPPROIZC(1,JC)2C(1,J0C)ZCCLLoJC )

TF(ZIRCUJCYNELDS)  CALL SURPRO(ZC(1,J4C) «2CC(14JC),2CC(1,40))
CCMPUTE NORMAL CCMPONENT CF FFEFSTREAM
VELSCITY AT CONTROL POINT

Callt MMULT(ZCCALL JdC) s FSVY 4 ZCR(JC)o143,1)

7CREJIC)==ICR(IC)H

[F{IPCNTRJNELT)

EWFITFL4,1000) JC, TPy ZC(1+JC),2C12,JC),7C(3,JCH,ZCR(JCI,ZDC(IC)

CONT INUE
CONT INUF
NC o= JC
G TC 8n0
CONT INUF .
NDCUBLET/DESIGMN (WAKFE) NFTWORK CALCULATIONS
Jc=" :
CYCLE THEAUGH ALL CONTROL POINTS 0N THFE NETWDRK
DO 5S9 N=l,1
N 568 M=1,NM]
CCMPUTE INDICES ASSOCTIATED WITH NETWQRK
LMN=M+NMLI%(N=-1)
[IF(TA(ILMN] LF.JC) GO Tn 598
JC=J4C+1
IP=MINCIMAXO(M442) yNM)=1+{MM=1)X(MINT{MAXC(NG2)y,NN)=2)+NPA
IPCLJC)I=IP
ITC(JC) = 1
FRETRIEVE PANEL INFORMATION
CALL PTRNS(IP)
sSnC = G,
CALCULATE CAONTROL PCGINT COORDINATES
NN 52C L=1,13
DPZ = DELTAR(PC(LI-=-ZA(L, LMN))
2C(L+JC) = TA{L,LMN) + DP7
SNC = SDC + DPZ%%?
CANT INUFE
70C(J4C) = SHRT(SNC)
POOJECT CONTRNOL POINT ONTQ PANEL SUFFACE
CCMPUTE SURFACE NORMAL AT CONTFOL POINT
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O

62C

IF(70CLUCY FR.D.) CALL SURPRO(ZC(L4JCH) 4ZC(L,4JdCYo20C(L,ICH)
TF(ZIDC{JC)aNELN, ) CALL SUFPEREQUZCILJC) 42CO(L4JCY)2CCLY, 400
CCMPUTE NORMAL COMPONENMT OF FREESTRE AM
VELNCTTY AT CONTRCL POINT
CALL MMULT(ZCCUL,JCY FSVL,ZCR{JC)I 41,3, 1)
{CRJCY==7Cc(JC)
IFLIPCATR NF D)
EWRITE(E,1000) JCWIPLZC(L 4 JC) 42C(2,JC)47C(2,JC)ZCREYC) L ZDCLIOY
CONT INUF
CONT INUE
NC=JC
G TLO80N
CONT INUE
NDCURLET/DESIGN (FED SHEFT) CALCULATINNS
JC=C
ND = NN -
IC(NT Q. T) NOD =1
CYCLFE THRNUGH ALL COMTENL POINTS M THE NETWIRK
DN AG9 M=, ND
NN gC] M=z, ,
CCMPYTE INDICES ASSOCIATED WITH THE NETWIAK
LMN=MeNMYLF( M=) '
JC=JC+1
[P=MINDI(MAXO{My2) JNMY =1+ (NM=L )& (MINGIMAXT(N,2),NN}I=-21+7PA
o0 (J4C)=10
ITC(JC)Y) = 1
RETRIEVE PANEL INFORMATION
CaLL PTRNS(IPY)
snro= 0,
CALCULAT® CONTPQRL FOINY COCRDINATES
N™ 420 L=1,3
NP7 = DELTAX(PC(L)-ZA(L,LIN))
FCHLJC) = 7A(L,LMNM) + 0P7
SNC = SNC + DPZ%x%x2
COMT INUE
20CCJCY = SQORT(SNC)
PFKOIJECT CONTEOL PCINTY ONTG PANEL SURFACE
CCMOUTE SURFACE NOFMAL LT COMTRZL POIMT
IF(ZDCIJIC) «FQ.0.) CALL SUFPFN(ZCIL,JC) 20 (1,JC)2ZCCLL,dCH)
TELZDC(JC)NELDL) CALL SURPRD(ZCIL,JC) +Z2CC(1,4C)Y2CC(1,4C))
CCMPUTF NIPMAL COMPOMENT OF FREFSTREAM
VELOCITY AT “ONTROL PNINT
CALL MMULT({ICCUL4JC) 4FSV 202000 )41,43,1)
700040 y==-2CRLIC)
IF{IPCMTR.NF.D)
FHETTE(ELICD0) JC W IPLZC(1,30) 2012530 ),2C(3,Ud0),2CR(JC),2RCJC)

1COC FOPMAT(215,5€E15.6)

69g
699

8C0

CONT IMUE
CONT INUE
MC=JC
COMTINUE
FETURN
END
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SURRCUTINE CPIV

Tl

pusPCSE

IiNeyT

auTeLT

CALLED
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2322 2

SURRGUTINE NPTV

TO CALCULATE THE VELCCITY INFLUENCE COEFFICIENTS TNDUCED
AT A FTELD POINT Ry A DOUBLET PAMEL

CCMMON 3LOoCK
/ICONST/ - PI2,Pl4]
/PIVINT/ — X,P o A,8,D[AM,C,NTST

COMMNN 31.0CK
JPIVINT/ - nV

SURPCUTINES

INTCAL,ZERD

DISCUSSINON THE ROUTINF COMPUTES THF DOURLET PANEL VELOCITY

INFLUENCE COEFFTICTIENTS AT a4 SPECIFIED FISLD POINT, A
DESCRIPTIOM CF THE METHCD AMD CALCULATIONS PERFORMED IS
CONTAINNED IN APPENDIX B NF THE ENGINEER ING NOCUMENT, IF
THE FISLD POINT 1S SUFFICIENTLY DISTANT FROM THE PANFL

A FAR FLELD APPRAXIMATION IS EMPLOYED. THE APPROXIMATICN
ANN COMPUTATIOMAL METHOD IS PRESENTED IN SECTINN B4 OF
APPENDIX 8 AND THE SELATED CONE COMPRUISES THE PART OF
DPIV RETWFEM STATEMENT 122 AMD STATEMENT 5005, THE

LOOP 450 CONTAINS THE BULX NF THE CALCULATIONS AND ITS
OYRPISE TS TG COMPUTF THE J VECTNRS OF EQUATION (B.91).
FOR THIS CALCULATICN THE TERMS NN THE RIGHT SIDE 9F
FQUATIDON (P.S1) HAVE BFEEN CSXPANDED, HENCE THE CODE DOES
NOT NIRECTLY COPRELATE WITH THIS FORMULA, ANCTHES
CVALUATION PROCENURE TS EMPLOYED WHEN THE FISLD POINT

1€ NEAR THE PAMEL., A DESCRIPTINON OF THTS PROCENURE IS
PRESENTED IN SECTINNS B.2 AND B.3 OF APPENNIX B. THF
RELATED CODE COMPSTISES THE PART NF DPIV BETWFENM
STATEMENTS s00 ANC 900. THE LOCP 757 CALCULATES THE
VECTNR J DEFINED RY EQUATION (B.34) WITH THE H INTEGRALS
COMPUTEDN BY THE RNUTINE INTCAL, THE LOOP 800 TRANSFDAMS
THE IMFLUENCE COFEFFICTENTS FELATIVE TN THE EXPAMSION OF
OOUBLET STRENGTH ABOUT THE PROJECTION OF THE FIELD

POINT TO CCEFFICIENMTS RELATIVE TO THE EXPANSION NF
DOURLET STRPENGTH ABQUT THE NRIGIN.

LOGICAL LOGAR

COMMCN/ICONST/PIPI2,P141

COMMCMN/IMTG/H(5464T) s HLy THy MXGQy MXK
COMMON/PIVINT/X{3)4P(294)¢sA4ByDIAMaC(64€),0V(346) NTST,NCF
NIMERSICN Q(3),QEX(3,0) s MJ(6),NJ(5)

DATA MUINJ /192414343291 el4t42014243/

CATA DELMD,DELMQ /4442.45/

[ Ne)

FCUATINONS ANN QUANTITIES REFFRENCED IN THIS ROUTINE
ARE COMTAIMEDN [N APPENDIX B NF THE EMGINEER ING DOCUMENT
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42=2 %A
R2=2 ,%8
TEST FRF POSSIBILITY OF EMPLCYING FAR FIELD APPROXIMATICN
XM=SCRTIX{LIEX(L)eX{2)%X(2)+X(31%X(3))
RATIC=XM/DTAM
BASIC TEST
IF(RATINL.GT L OELMD) GO TO 120
AUXTLIARY TCEST BASED ON MORE RFEFINED ESTIMATE
FATIC=0,
N 1¢C IC=1,4
DIP=ARSIP{L ICHIH(P({1,IC)=2.%X{1))+P(2,10)X(P(2,IC)=-2.%%X{2)))
FATYC=AMAXY(RATIO,QIP)
PATIC=XUEYM/QATI]
REANCH TO NEFAK FIFLD CALGCULATION [IF FLELD POINT TON
CLOSE TG PANEL
TF(C AT 2 LT.00LMQY GQ T 500
CNMT INUF '
FAE FIELD CALCULATIOMS
U=1,/¥M
U2=u%)
U=u*y2
X{1)=uxx(1l)
¥Y{2)Y=Uu%x¥x(2)
Y{3)=u*xx(3)
APY =pA2%X (1)
A2y =02%X(2)
UnarI=tI3&pT4l
UNBPI=.5%2UD4P!
CAMCULATE VECTOR J OF EQUATION (B.91)
DN 450 J=1,NTST
M=MJ(J)
M=NJ (D)
ChPI=UD4PI
TE({JeFUed) OR(JFR.EV) QROT=UDRBPI
E1=C{M,N)
FiM=C(NM+1,N}
EIN=C{M,N+1)
ET==A2X+EIM-B2Y%EIN&X(3)*F]
XF==2,%F£7
QLY =XF:X(1)-A2%F1M
QE2)1=XFEX{2)-R2%E 1L
Q(2) =XF#X(3)+F1
USF CNLy MONOPQLE ADPPGYIMAYIDI IF FIFLD POINT SUFFIrTENTLY
DISTENT
[EF(SATIC.CTLOELMD)Y GO TO 4G
EQMM=C{M+2,N) ’
EIMN=C{ M+l ,N+])
EINN=C(MyN+2)
SY(1)EEIMeX(2) % 1IN
Eo2M=X{ 1) %ELMMeX{2)%E1MN
F2M=X{ 1Y %E I MN#X(2)*F 1NN
FSzpeF IMMeRRE L NN
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hEa]

-

FIM==B2XEEIMM=B2YREIMN#X {3)%EIM

EIN=-A2X&FIMM=A2YREINNEY (R)%EIN

XF==3, %0515, %[ X{ 1) XETMeX (2 )XETN+X( 3} %X (2)%ES)

ClL) =001 )+U*{XFEX{1)¢2 ., % (FETM=-A2%E2M))

C2)Y=Q(2)+UH(XFEX(2) 2 % (ETNMN~-P2%E2NY) )

DUR)=CU2)+UR(XFEX (I )43, (F242.%X(3)V%EE))

4C%  CONTINUE

N 425 1=1,3

CVIT,J1=C0PI%:Q( 1)

425 CONTINUFT
450 CONTINUE
fQ T 39Co
500 CONTINUE
NFAR FIFLD CALCULATIONS
NETERMINE NFNER COF H INTFGRAI'S REQUIRED

MXG=6

MXK=7
CHECK [IF PANFL IS FLAT

LPGAB= (AafNeTa) AMND(P.EQLCed

TF{LCGAR) MXxQ=4 '

TFILCGAR) MXK=%

TFINTST 1 T.6) MxN=MXE-1

IFINTST (T4 3) MXQ=MXQ-!

CALCULATE H INTEGFALS

CALL TINTCAL
CALCULATF QUANTITIES FREQUENTLY USED [IN SUBSEQUENT
CCMPUTATIONS

CAB=2%xX(1)%X{(1)+8xX (2% (2)-X{3)+H7

PTF=PI41

X2=2.%X(1)

¥Y2=2 .%5X(2)

A2X=82%X{1)

R2Y=RB2%X(2)

H3=3 ,%H7

H6 =6 %H7Z

HO=Q ,%HZ

HHA=3 ,%HZ%*H]

HH15=15,%HZ *HZ

HHH1S=HZ%®HH LS

CALL ZEPND(QEX,3%NTYST)

IF(IKFLEQ.N) GO TS €75 ,
CALCULATE AUXILIAFY TEFMS CF H [MTEGRALS DEFINED BY
FCQUATINN (B.51) IF PROCENURE 2 HAS BEEN EMPLOYED

Sp12=P12

[F(HZLTL(0.)) SPI2==-P12

TEF(NTST.LTL3) GO T 675

OEX(192)=SPI12%(]1,¢22%H7)

NEY(3,2)=S5SPT12%(A2X)

DEY(2+3)=SPI12%(1.+82%H7)

DEX(3,3)=SP[2%(B2Y)

TF(NTST 1L T.6) GO TO €75

QEX(1e4)=SPI2%(4,%A2X%HL)
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CEX(244)=SP12%(2,%82Y%H7)
DEY(2,4)=SPI2% (2. 3(-HI*( L +HI%(2 ,%4+8))+CAB})
“EY(I'>)—SPIZ*(BZY*HZ)
EX(245)=SPI2%(4A2X%HZ)
0Fx(..b)—59124l2 A2 X *H7 )
QEX(2,86)=SP12%( 4, R2Y%*HT7)
‘EX(‘ E)=SPI2%( 2, %{—HZ¥( 1. +HIX( 3. %¥3+A))+CAP))
675 CONTINUE
CALCULATE VECTNR g OFFINED BY EQUATICN (8.34}
D7 750 J=1,NTST
M:MJ(J)
=MNJ(J)
Q1)1 =CEX(1lsJ)+H3xH(N+]1,N,5)
G{2)=0EXA(2¢J)¢HIXH(M,M+]1,5)
CUA)=0EX 3, JYeHIM4Ny 3 )-HH3EH(M, N, 5)
IGNORE TFRMS DEPENQING ON CURVATURFE IF PAMEL [S FLAT
TF(LCKARY GO T 699
GLLI=0(11}
CHA%R( (3.2 (MEB,M5) =2, H( M+ N3 ) +HHISEH(MEZZN, 7))
CeNOE(=H (M N, 3)+HHISEH(ME2,N, T}
CHPH( (3, xH{M+] N2 ,5)+HHISEHIMEL N€2,T7)) +Y2% (HHISYH{ M+ ,M¢1,7)))
CHOABE( -3 xH(Me L, NyS)+HPLISEH(M+L,N,T)) .
Q{21=Q(2) ,
CHAF((3axb{M+2, N+ L, S +HHLSRH (M4 ,N+1, 7))+ X2 (HHLISEH{ ML, N1 ,T7)))
CHRE({3.FH{M NE3,5) =2 FH(My " +]143) +HHLISEH(M,N+3, 7))
CHY2%(=H (M N,3)+HHISXH(M,MN+2.T7)))
C+CABR( -3 ¥H(M, N+, 8) +HHISH*H (M N+L,T) )
C13)=0(3)
CHAE((HIEE(M42,NsS)—HHHIS&H{ Me2,N, 7))
CH+HX2%(HAXH(M+1,N,S)—HHHLIS®*H{V+]1 N, 7))}
CH+RF((HIXH(MINE2,5 ) -HHHISEXH(M,N42,71))
CHY2F(HOEXH{M yNe | ,S)=-HHHLIS*H(M,Ne¢1,T7)) )
C+CABF(HAIETH( M NG 5) —HHH]1S®H(M,N,T))
659 CONTINUE
O 7CC 1=1,3
CY LT JI=FIF2Q(T])
700 CONTIMUF
750 CONTINMNUE
FANTST LT.3) GO TO 9¢p
CEARSCAMGE COAFFFICIENTS AS FEQUIRER BY FQUATISN (B.31)
DR 3¢n 1=1,3
DV(T,21=DVI 1,20 ¢X(1)%0VI(T, 1)
DVITL ¢3)=DV(T,3)+X(2)%0V(T,1)
IF{NTST LTLE) GO TO 80D
DVX=CVI{T42)-5%x{1):DV(I,1)
CTVY=OVT 430 =-.5%X(2y#DV(1,1)
DVIT,4)=.5%0V([,4)eX{1)12DVX
NDVET 45)=DVIT45)#X (1) EDVY+X{(2)%DVX
DV 461 =5%0V{T,61+X(2)%DVY
8L CONTINUF
900 CONTINUE
RETURN
cND

D
M

v,

105



SUBPCUTINE ECAL(X1,x2,41,42,F,N])
Ceeenes

SURFCUTINE ECAL (X1,X2,81,A2,F,N)

PUPPLSE  TD EVALUATE E(I11=A2%X2%3(J-1)-A1*X1**x{]~-1) I=t.%.
{SEE EQUATION (B8.59), APPENDIX B OF ENGINEERTING DNCUMENT)

INPUT CALLING SEQUENCE
X1 — {SEE PUFPGSE)
X2 - (SEE PURPLSF)
Al - (SEF PUFPDRSE)
A2 - (SEE PUKPJSE)
N - (SFE PURPOSE)

PUTPUT CALLING SFQUENCE
E — (SEF PURPCSF)

SURPCUTINES
CALLFL  NNNE

DISCUSSIGON  THE RCOUTINF CALCULATES THE QUANTITIES _
E(I)=A2X2%%x([-1)—-A1%X12x(1-1) FOR 1=14N USIMNG THE
PECURSTON FORMULA  E(I)=(XLeX2)%E(I-11=-X1%xX24E([-2)
AND THE INITIAL CONDITIONS F(1)=82-A1 AND
F(2)=42%X2-Al1%X].

e RalaRalaNaRale WaWe Ne We ol B o W We N Wo Na Bo !

kX kg
DIMEASTION E(N}
E(1)=A2-21
TF{NLTL2) GO T 90C
EL2)=A2%X2~ALl%X]1
[F(NJLT.3) GO TO S8CO
X2PX1=Y2+X1
X2TX1=X2%X]
NO 1C I=3,M .
1C FLTY=X2PX1%E(1~-1)—-X2TX1*E( -2}
9CC FETUFRHN
END

J
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CExE%

OOMANANNIND NN ANANMT AN

20

SURPCUTINE EDGEIN
* %

SUBRCUTINE FDGEIN

PULCPCSE  TQ PROVIDE NFw INDICES FOR THE CGNTROL POINTS AND DOUYRLET
~S SN THAT THE COFFRESPONDING EQUATIDNSIDOANWASH “UGMDTTION
) AND DAUBLETS AT E£D0GES IF NETWAFK WILL PRECEDFE ALL THF
QOYHERS

IMNPUT CoMMON BLOCK
/8DYCS/ - ITC
/INDEX/ - NCT2T

AUTPUT  COMMON RLOCK
INTNDX/ = “EQ,NJC, 1JC

SUPRCUTINES
CALLEN MOME

CISTUSSION  THE ROUTIMNT OBTAINS THE MNUMBER NF SQUATINNS CARRESPOND
~ING T CONTFIL POINTS AT EDGES. THEMN [T ASSIGHS IMDICES
ACCAORDING TC WHETHEP CONTRNDL POINTS AFRE AT EDGE QP\IMTER-
ine,

2222 2 4

CCMMON/RDYCS/7C(3,125),2CC13,125),7C2(125),Z2nC(125),1PCL1251),
! [TC(125)
CCOMMCNM/INDEY/NT(IY s NM(9) yNN(S Iy NF(9) ¢NS(9),MC(9),NZ(9),
CNPACLON G NSACLO) ,NCA(LD) o NZA(LO0) JNMETT ZHPANT ¢NSNGTHZNCTE T, NZMPT
COMMCN /NINDX/NEQMNJIC(125), TJC(125)
T0 OBTAIN THE NUMBES OF EDGT DOWNWASH FQS.

NEQ = O
nD 18 JC=1,MCTYRT
NED = NEQ + ITC(JIC)
TO ASSIGM THE INDICES
Le =0
LC = NEQ

no 3C JC=1,NCTeT
IFCITCLUC)NELLY GO TN 20
LE = LE + )

NJCLJC) = LF

TJCOLEDY JC

CCc vC 3G

LG = LC +
NG o
HJyoeLo)

f

]
Co ™ e
[ N}

0 CoNTINUE

EETURN
END
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SURRCUTINE FIVC(ZC,7MC,ZDC, IPINF)
Cresxxs

SURPCUTINE FIVC (2C,ZINC,20C, IPINF)

PUEPCSE T CALCULATE THE VELOCITY INMDUCED BY A DRUBLEY PANEL 0OM f
NETWORK EDGE CONTFOL POIMT

INPUT CALLING SEQUENCE
IC - CODFRDINATES CF CONTPOL PRINT
INC - UNIYT NOFMAL YO SURFACE AT CONTROL POINT
IDC - DISTANCE FFOM CONTEQL POINT TO PANEL EDGE

COMMON 8LOCK

/IPRINT/ - 1PEIVC

/rie/s - 1PZ,1P,JC2Z

/PANDQ/ = CPPCLPLLAR,P,DIAM
/SYMM/ - NSYMM

ouUTPyT CALLING SEQUENCE
IPINF — IMDICATES WHETHER PANFL [S CLOSE ENUOUGH TO
CONTROL PRINT TO INDUCE A SUBSTANTIAL DOWNWASH

CCMMON -8LOCK
/PIvM/ - DVDS

SUPFCUTINES
CALLED IER0,CRNSS,UNIPAN

DISCUSSICN  THE PNUTINE CALCULATES THE VELOCITY INDUCED RY A
DOUBLET PANEL (AND ITS TMAGE TF CONFIGURATION 1S
SYMMETRICAL) ON A NETWNORK EDGF CONTROL POINT. THF
INFLUENCE IS COMPUTED 8Y ACCUMULATING THE [INFLUEMNCE 0OF
.EACH PANEL EDGE. THE INFLUENCF NF A PANEL EDGE IS IGNOREL
UNLESS A POINY ON THE €DGE IS WITHIMN A SMALL SPHERE
ARQUND THE CONTPODL POINMT. IN THIS CASE THE INFLUENCE
DUE 7O 8NTH THE DOURLET STRENGTH AMD ITS DERIVATIVE
PERPENDICULAR TO THE ENGE (EVALUATED AT THAT f£DGFE
POTNT) 1S COMPUTED. THE RESULTANT VELOCITY IS THEN
DISTRIBUTED AMONG THE COEFFICIENTS 3F THE DQUBLET
DISTRIBUTION ON THE PANEL.

el e R N e N N N N e N N e N R R e B W W e N W e W e N i a B T N W W Wa e e Wa We We Wa We IS

SiiTEEs
COMMCN/PIVM/DVDS(3,6)
COMMCN/PANDQ/CP(3,4),PC(3),FC(3},AR(3,2),ART(3,3),P(2, 4),A ByDNTAM,
1C{6,6) ,AST{6,16), 1IS(16),INS,ITS,NPDD Co
CCMMOM /SYMM /NSYMM
CNAMMEN /Z1IP/1P1,1P,I1T2Z,4,JC2
FOMMON /IPRINT/IPNPUT ,IPGECM, IPSING, IPCNTR,IPEIVC,IPOUTP
DIMENSION F1(3),22(3)DF{3),0(6)sW(3),2(3)

DIMENSICN  ZC(L) 4 ZNC(Y)
DATA EX /la1l/

TPIMF=C

£XZDC=EX*ZDC
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N

n

CALL 7FF0Q(DVNS,18)
W{1)Y=20(1)
WIR)=70C(3)
CCMPUTE IMFLUEMCE CF PANEL AND IMAGE [F NMSYyMM=]
D200 1SYMM=1,2
SIGM=2-2%SYMM
W(2)=SIGN®7C(2)
DIST=SQET((H(L)=PCL)IEX24 (W21 =PC(2))%%24(wW(3)=PC(3)})e%2)
IGNGFE INFLUENCE TF PANEL IS NRT 1N
PEAXTINMITY NF COAMTEOL POTNT
[FINIST.CT.OIAM) GO TC SCC
CALCULATE POINT ON PAMEL EDGE CLASEST TO CONTROL POINT
FY 100 1S=1,4
[SPL1=1S+1
TF(TSP1.GT.4) 1SP1=1
ne SC T=1,12
F1(I)=CP(I,IS)=W{(T)
F2U1)=CPLL, ISPLY}=WII)
NO([)=CP (1, ISCLI=CP{]I,1S)
COMNT INUE
DEM=SOOT (DR {L)%&24NP (2) %2 +DF (3)%%2)
TE(DEM,LT.ZIDC) 6D TH 100
FIM=SNET(21(1)4s24R1(2)%%24F () %%&D)
Eov=SORT(O2(1)*2¢R2(2)%%2+422(3)%%2)
T==(RL(LY40F(LI45S1(2V 2D () +F LU 3VXNL () )/ (NTM%ED)
TRE((RLI%,GT.EXINC)oANDL(T.LT."u) ) G T 106
11 (R2M,GT.EXIDCY JAND A T.GT . 1)) 00 TN 120
NN 55 I=1,3
Z(I)=CO(T,IS)+T&DE(])
€T INUS
CALL CPOSS({P1,€2,0)
EM=SCRT(C(1)2%2+0(2)1¢224Q(3)%%2)/0FM
TGMORE INFLUEMCE GF DANFL EDGE IF FNGE IS
NOT IN PRUXIALITY OF CONTRGL PRIMT
IFLAM.GT LEXZDCY GO To 120
SPI=(FLELI*NE( L) +SL(2)8PF (2 )+FL(3)1%DE(3))/(CLMENEM)
SP2=(R2(1)&NF( L) 422(2)%NC(2)+E2( 3)V&LE(3)) /[ K2M&DF M)
CALCULATE MAGNITUDE 0F DPWNWASH INDUCED 8y DOUBLET
STREMGTH AT DPANEL EDGE POINMT CLGSEST T0 CONTRCL OOINT
TF(SPL4SP2,GE.Ne) FI=AME( ) /P MEH2-1 /0 1ME&2) /(SPL+SP )
IF(SPL%ASP2,LTe7.) F1=(SP1-SF2)/AM
T=0(1)FZNCLLI+0( 2V ZNC(2)+0 (318 Z2NC( 3)
IF(T.5.0.) Fl=—F1
F1 = InC=F1 o
CALCULATE MASHITUNE NF DOWNWASH THDUCEN 3Y NEF [VATIYE
NE DNUYBLET STOENGTH PEFPENMDICHLAE TO FNGE AT PANEL
ECGE PLINT CLOSEST TN CONTECL PIOINT
IF(SPL.GE.0.) F=ALOG{(POME(]1.4SP2) )/ (F1ME(],+SP1)))
TE(SP2 LELDe) F=—ALGG((F2ME(Le~=SP2) )/ (F IME([.-SPL)))
IE((SPLalTaGu) e ANDL(SP2.GT .00 ))
(F=tL0G(R2ME(L . +SP2YRF M2 (L, =SPL)/(AM%E2))
£ = INC*F
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SO

DP=SORT((P{L1,ISPL)-P(1,IS))%%24(P(2,]SPL)-P(2,]15))%%2)
F2=-F%(P(2,ISP1)-P(2,T1S))/DP
F3=Ff%[{P(1,15°P1)-P(1,T1S))/DF
CALL UNIPAN(AF,RD2,2,2)
CALCULATE DOWNWASH INNUCED BY EACH CGEFFICIENT 3F
QUANRATIC HOURLET CISTRIABUTION ONM PANEL
e{1)=F1
QU2)=F24F1%72( 1)
Cl3Y=F34+F1%*7(2)
Fo=F2+.5%F1%7(1)
F5=F3+,5%F1%7(2)
D(4)=7(1)%F 4
QUSYI=Z(1)1%F5+7(2 ) %F4
QUsYI=7(2)%F5
ne 715 Jd=1,%
DVRS(L,J)=CVDS(1,J)47MC(1)%0(J)
DVESL2,J)=DVNS(2,JV+SIGNEZINC(2)%0Q(J)
NVCS(3,J)=NVDS(3,J)+7NC{3)%Q(J)
T8 CONY INUF
[F{TPEIVC.NELS
SWRITE(6,y1C0C) JCLZWIPZ41P4ISyW,FL,F2,F3
1000 FOPMAT(4IS5,6E15.6)
IrIMF=1
160 CONTINUE
IF{NSYMM FQ.0.) GO TC 500
200 CONTINMUE
50  RETUFN
FAD
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SUBECUTINE FMNCAL

Cotkdts

R R R N N N I e ke ia Na e e R n R Nn RS En N Be e T W W T i e

SUBPTUTINE FMNCAL

PURPCSF  TC CALCULATF CERTATN F INTESGRALS USED T3 COMPUTE THE H
INTEGRBLS INVCLVED IN THE FRRFMULAS F2R THT SOURLCE AMN
DOUBLET PAMEL TMDUCED VELTCITY INFLUEMCE COEFFICIEMTS,
(SEE SECTION B.3 CF LPPEMDIX R NMF THE CSNGINEZFINMG
DOCUMENT )

IHpeLT CCMMON 3L0CK
JINTQ/ = MXQ
/SKAICL/ - LMXGC2,LMXE3
/SKAICY/ =~ AKSLAET],AKS2,AFT2,ANK,ANE,A,A4,S51,S52,HH

CUTPLT COMMDN BLOCK
ISKATC2/ = GKMM,GEMN,GEaMN

SUERCUTINES
CALLED £CaL

NDISCUSSICM  THFE FOQUTIME COMPUTES THE [MTEGKALS F(My,N,1) FOF
N=1,4XQ0 AND M=1,MXD-N+1 WHEFF

FUMaMy L) =T (L o KSEFX (M1 I XETAXX(H~1)/RH2, D), A CESCEIDTIOM

OF THE CLLCULATTONS PERFORMED 1S CONTAINED M SECTION

P.3

DF APPENDIX 8 (F THE ENGINEFPING DGCUMENT. THE RELEVANT

FQUATIOMS AFFE {(Be62), (Bob3)y (Rebs) AND (R.65). THE
RELEVANT PPOCENUEFS ARF 4 AND 5. THE C£ODE CLNOSFLY
FOLLOWS THF DEVFLGOMENT AND NOTATIAON OF SECTICN R.13,
MOTE THAT FMM(M,MN)=F({M,N,1).

-~
4*
1
#*
#*
4
L

LOGICAL LMXO2  LMXO3 LMY Gy LMXK TSI MXKS, L 4KE X
COMMON/INTQ/H( 6,64 7) 3 HL, TH,*XQ, MXK
CONMMCN/SKATCL/LUXG2 1 MX03,1 MXCh oL MXK3,L MXKS , L MKEX
COMMOCN/SKAIC1/78KSYL AFTL,AKS248ET2,D%Me L1 ,SL2+CLA,ANK,AME AN,

CRG»S1yS2,S1T,S21,HM,HH
COMMON/SKATC2/GAK (21) yGFMKIS5,6) 4GENK (S, 5) yGKUN {64 6) 9 GEMNLED ,

COAMMUG 46 )y HLTL,FKU3T) ,FNK(E,5), FMN{6,6) ,F(3T)

INITIALY 2E F(M,M,1) INTFGRALS
FMMEL1, 1) =FK(])
IF(LMXQ2) 60O TO 5I°

BFANCH TO STEP {3,8) OF (3.R) OF PROCENUAE 4 EESPECTIVELY
IF(ARS{ANEZ)I-ARS(AMK))Y 120,150,200
CONT IMUF . o
Cl=ARANF
C3=ANK

EXECUTE STEP (3.A.7) (EQUATION (R,.62)) DOF PROCEDURF &4
CALL FCAL(AET]1,AFT2,51,82,F,M%XQ-1)
FMN(1,2)=Cl%FMN(1,1)+C3=E(1)
TE(LMXG2) GO T 15D
C2=-=(AA+HHZANKXANK )
DN 1230 N=3,MX)
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O

O N

130

159

178

2C0

279
500

680
690
996

FMN(T o NI=(FLOAT(2%N=3 ) %CLEFMN{L1,N=1)+FLNAT(N=-2)*C2EFMN(1,0M=-2)
CH+C32E(N-1) ) /FLOAT(N=-1)
AY==ANE/ANK
A2=8/ANK
CYECUTE STED (3,A.11) (FQUATION (B.63}) OF PROCENDURF 4
NN Y70 ¥=2,MX9
MXN=MXC-M+]
nn 170 N=1, MXM
FAN( Ny N) =AY SFMN(M=1 N+ 1) $L2%FMN(M=-1,N)
Go TC 500
CONT INUE
C1l=A%ANK
C2==AMNF
EXECUTF STEP (3.B.1) (EQUATINN (B.64)) ZF PRIOCENUPFE 4
CALL TCAL({AXS1,AKS2,S1,S2,E,MX0~-1)
FMM{261)=C1%2FMN(L1,1)+C3%E(1)
1Ie{LMXQ3) G TN 2S¢
C2==(AA+HHXANEXAMNE)
nNe 220 M=3,Mx0
EMMIMy 1) =(FLOAT{2=M-2 ) %C12FMN(M=1, 1) +FLOAT(M=-2)1%C2%FMN(M=-2,1)
C+C2xE(M=-1))/FLOAT (M=1)
== ANK / ANE i .
AD=A/ANE
EXECUTE STEP (3.P,11) (EQUATIOMN (B.65)) OF PROCEDURE 4
NN 270 N=2,MXQ
MXM=NMXQJ=-N+1
DO 270 M=1,MXM
FMN( M, N)-AL*FMN(M*l.N-l)+A2*FMN(H N~-1}
CONT INUE
ACCUMULATE CONTRIBUTINN CF QUADFILATERAL SIDF 7O F
INTEGRALS FNOR USE IN STFP 3 (EQUATION (R,43)), STEP 4
(EQUATION (3.44)) AND STEP 5 (ZQUATIOM {(B.45))
NF PRNCENURFE 1
G 69C MN=1,MXQ
GEMN(NI=GEMNI{N) +ANE*FMI( 1 N)
MXM=MXQ=-N+1
NO HARO Mz=]1,MXM
GKMNIM N)=GKMN(M,N) +ANKEFMN (M, N)
GAMNIM N)=GAMN[ M, N} +AFMN{M,N)
CONT INUF
FETURN
£5D
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SURRCUTINE FNKCAL
C ki

SHESCYTTINE FNKCAL

DOCYMFNT )

TNPUT L COManN BLOCK
/SKATCL/ = LMXD3,LMXQ4,LMXKS5
/SKAICl/ - ANK,ANF,AA,511,521,HH
/SKAICT/ - MXKM?2,MYXQM]

SUTPUT CNOMMON - BLOCK
/SKAIT2/ ~ GKNK,GENK

SURRCUTINES
CALLED FC AL

N=2,MX] AND K=3,MXK-2,2 WHFE

e I e R e T T T B B e B B B I e R e K R R N R

LPOENDIX B OF THE ENGINEERING COCUMENT.

ARE PROCEDUFRES 4 AND 5. THE €ODE CLTISELY
NEVELDPMENT AND NOTATION OF SECTION 8.3,
FMKIN,K)=F(1,N,K).

T I

aREEE
LCATICAL LMXQ24LMYCRyLMXCLE LMXKIyLMXKS, L MKEX
COMMOR/SKATCL/LMXQ2,LMXQ34LMXC4e,LMXK3,LMXKSyLMKEFX

~

puepLss TN CALCULATE CFFTAIM F OINTEGRALS USED TO COMPUTE THE H
INTEGRALS IMVOLVFD TN THE FORMULAS FJR2 THE SOUELR AND
DOUBLET OANEL INPDUCED VELDCITY INFLUENCE COEFFILIFNTS,
(SEE SECTION BR,.3 0OF APPENDIX R 7F THE ENGINEEAING

DTSCUSSICH  THE FOUTIMFE COMPUTES THE [MTEGRALS F(laMgK) FTE

FOLgNpKISTIL,FTARX(N=LY/CHNE$C ,DL), A DESCRIPTICN NF THE
CALCULATIOMS PFRFEOGFMEN IS CONTAIMED IN SECTINON B,3 0OF
THE RELCEVENT
ENUATIONS BRE (P.6£) AMD (8,57). THE RELEVANT PEDRCEDURES

EJLLNWS THE
NOTE THAT

COMMON/SKATCL/AKS T ZAFTL,AKS24ACT2,02M,E01,SL2,,ELA,ANK,ANE, A,4A4,

CCGyS1e52,SE1,S21HM,HH

CDMMCN/SKAICZ/GAK(ZI)vCKNK(SoS)'GENK(Sys).GKMN(S.b),GFMH(é)v

COAMN(G 6 )y HLLL FKI3T7) 4FNK{E 35 ) FMMN(E,6) ,E(3T)
COVMOM/SKAICI/MXFK GMXFKM,y MXENK, MXKM2 ,MXKMG , MXQM]

e EaNe!

DO 1CC K=l ,MXKM42,2
10C  FNK{1,K)=FK({K}
TE(LMXC2) GO TO 5G0
D 15C M=2,MXOM]
150 FAMK(My1)=FMN(]1,N)
: TFIL¥XKS)Y G2 TC 5100
r EXEC)TE STEDS 4 AMD 5 0OF PROACENUFE 4 OF 5
CALL FCALISTIT,S2TyleplesFoMXKM2-])
rN 250 K=3,"XKM42,2
Cl=8%ANE
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200
25¢
500

[ K]

683
690
999

STEP 4 (EQUATION 8.66)
FNK{2,K)=Cl*FNK{]1,K)-ANK%E(K=-1)/FLOAT(K=-2)
IF(LMXCG) GO T2 250
Cl=2.%C1
f3=AMKEANK
C2==-(LA+C3EHH)
STEP S {EQUATICM B.67)
PG 2CN N=3, MXQOML
FNK(NGK)=CLEFNK(N=1,K)+C2¢ENK(N-2,K)+L3%FNK(N=-2,K=-2)
CNNT [MNUE
CONT INUE A
LACTUMULATFE F INTEGRALS QOVER ALL FOUR SIDES UF QUADRTLATFZAY
FOF 1JSE IM STEPS 6 (FQUATIOM B.45) AMD 7 (SQUATION 83,47)
0F PFCCEDURES 1, 2 AND 3
N 660 K=1,MXKM2,2
NN 6 8C M=z1l,MXOML
GRMK AN K)I=GKNK (NyK) +ANKEFNK(N,K)
GENK(N,KI=GENK (NG K) +ANSEFRNK(NyK)
CanT INYE
RETUEN
END ‘
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SURECUTINE FKCAL
EhETER
SUMErYTINE FKCAL

PUEPCSE TN CALCULATF CESTAIM F INTEGRALS USED T2 COUPUTE THE H
INTESRALS INVOALVED IN THT FIFMULAS FI° THE SPURCE Amn
NNUBLET PANEL INDUCED VELCCITY INFLUENCE COSFFICTENTS,
(SSE SECTION R.3 OF APPENDIX 3 OF THT ENGINFEOING
DACUAENT )

IMNOYT COMMIN 3L0CK
/SKAICL/ - LMKEX
JSKAICL/ ~ ELLGEL24sFLMe A AA GG eSYyS2sSLT4S21,HM
/SKAICI/ - MYXFK

~UTPLT COMMCN RLOCK
/SKAICT/ - MXFKNM
/SKAIC?/ - GAK,H11l1

SUPCCUTINES
CALLED ECAL

DISCUSSICN  THE EOUTINE COMPUTES THE TMTEGFALS F(l,1,K) FOR

DMOANO AN ANIN DT AN DDA

r K=1 ,MYFX WHEFE FllalyK)=T{L,L /FHD%E%K,DL), A DFSCRIDTIAN
¢ OF THE CALCULRATINONS PEERFORMED IS CONTAINEN IN SECTINN A.3
r OF APOENDIX B DF THE EMGIME=CGING DOCUMENT, THE ESELFVAMT
¢ FQUATINNS AKE (R.570), (R.bl), (3,68) AND (B.59), THF
c SELFVANT PROCENURES ARE 4 AND 5. THE FOJTINE ALSO
Y COMPYTES THFE APCTANGENT TERMS AF STEP 1 (SQUATIOM (8,41))
C OF PRACEDUFE 1. THE CODE CLOSELY FOLLNWS THE OFEVELNOMENT
¢ AND NOTATION OF SECTION R_.3, NOTE THAT FNK{MKI=F(L,N,X).
C 2 3 833

LOGICAL LMYXOQ2,LUXG3yLMXQE g LMXK2 4L MXKS oL MKEX

COMMON/SKATCL/LAXA2, LMXO3, LMY G4, LUXK 2,1 MXKS, LMKEX
COMMOMN/SKATCL/AKSL o AETL,AKS2,AFT2, 00, SL1,EL2, FLM,ANK,ANE, 2,48,
CGC,S19S2,S1T,S21,HM, HH
COMMEN/SKATC2/GAK(21) +GKNKIG,5) yGENK(5,5) GKMN(6,6) JGEMN(E)
COAMNIO6) yHILL,FK(3T) ,FNK{695), FMMN(6,6) ,E(37)
COMMOM/SKATCI/MXFRK ¢MXFKM, MXFMNKy MXKM2, MXKMG, MXQOM]
NATA DELFKS,NFK /.01, 16/
EQUATIONS AND PFOCEDURES REFERANCEN [N THIS FQUTINE
AFE CEONTAINEP INM APOENMDIX R NF THE ENGIMEEE ING DOCUMENT

e A B Wan )

EYECUTE STSP 1 OF PRACEDURE 4 (EQUATION (8.569))
IFIEL2) 10,10,27
18 FATIC={S1-ELL)/(S2-EL2)
CC TC SC
20 TF(EL1) 30,30,40
30 FATIC=(S1-EL1)*(S2+EL2)/GG
GG TN 50
4n  PATIC=(S2+EL2)/(SL1+EL1)
50  FX(1)=ALCG(RATID)
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55

OO

600
999

IF{LNMKEX) 65,55
CL1=CCeHMES )
C2=0G#HMESD
CALCULATE AMD ACCUMULATE CCMTFI3UTION NF QUADRILATFECAL
SIDE TN AGCTANGENMT TCEEM OF H(l,1l, 1) AS DEFINED 8Y
STEP | (FQUATION (R.41)) OF PROCENURFE |
H111=H111+A*FK(L1)-HMRATANZ2(A*{CL*CL2-C2%EL 1) ,CLl*C2+AR¥FL1%FL2)
JF{MXFK.LTL.3) GO TO S0GC
NRANCH 1T PROCEDUPE S5 OF 4 RESPECTIVELY
[F{GC . TLOELFKS*( FLM=ELM+GG) ) 420,202
CONT INUE :
MXFKAN=MXFK
EXFCUTE STEP 2 (FOQUATION (B.61)) QOF PRDCENURE 4
CALL ECAL(SIT,S21,ELL EL2,7MXFK=-1)
NN 250 K=3,MXFK,2
FRAKI=(FLOAT(K=3)HFK(K=2)4F(K=1)}/(FLOAT(K=-2)%GG)
GO TC 506
CONT INUE
MXFXN=MXFK+NFK
EXECUTE STEPS 1 AND 2 (ZQUATIOM (R,.568) AMD (R.569))
¢ PRQCENURE 5
CALL FCAL(S11,S21,ELL1,EL24E4MXFKN-1)
FKN{MXFKN)=0D,
DN 450 KP=5,MXFKN,2
K=MXFKN+5~KP
FRK(K=2)=(FLOAT(K=21%G0*FK(K)~-FE(K-1))/FLOAT(K=-3)
T INUE
ACCUMULATE CONTRIBUTIGN CF QUADRILATERAL SIDE 1O F
INTEGRALS FOR USE IN STEP 1 (FQUATINON (B8.41)) 4ND 2
{ FQUATION (R.42)) OF PRNACEDURE 1 AND STcP 2
(CEQUATION (B.50)) OF PRAOCEDRURE 2
O 6C0 K=1,MXFK,2
CGAK(K)=GAK(K)+ARFK(K)
PETURN
END
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SURECYUYTINE GCPLAL{NMZMNGNMML,NNL,ZMy 7 A)
P PP,
SURRQUTYTINE GCPCAL (NM,NN,NMI,NN1,ZM,74)

PUPPLCSE  TO CONSTRUCT AN NM4l BY NN+l GFID NF 30OINTS FROM COFNEE
PCINT DATA

THPUY CALLING SEQUFNCE
MM - MNUMBEF QOF COFMNER POINMTS IM A ROW
NN —~ NUMBEF DOF CORNERP POINTS IN 4 CJLUMN
NM1 - NUMBFR OF GRTD POTNTS IN A R3OW (NMY+1)
NN - MUMBEFR CF GRID POINTS I8 A COLUMN (MN+l)
IM - COUIPDIMATES GOF CORNEP POINTS

oNTPyT CALLING SEQUENCE
IA = CONRNDINATES NF GRID POIMTS

SUESCUTINES
CeLLED NONE

DISCUSSION THE ROUTINE COMPUTES AN NM#l RY NN+l GFIN fF POINTS
DFEIVED FGNM CCRMER POINT DATA, THE POINTS [N THE GRID
COMSIST NF THE AVEFAGE CF SACH SET OF FOUR ADJACENT
FORNER PLINTS, THE AVERAGE (0F FACH SET OF T4 ANJACENT

e T T T T T B T N W T R T B T T W o W N e W M Wl

’ FNGE CORNER POINTS AND THE ELUR EXTREME (OCNEF POINTS,
C THESE DQUIMTS AFE NRTATHEN AY CCMPYTING APDEOXIMETE

( AVEFRAGES DF THE CGFNFR PNINTS.

rExEEd

DIMENSTON ZM(R,NM,NNY ,Z8(3, MM1,NNL)
NG 99 N=1,MN1
NI=MAXC(N=1,1)
N2=MINC Ny NN)
PO ag M=],MM]
MI=MAXD(M=1,1
UQ=MING (M, NM)
reO9C 12143
TAL oM N =255 (ZMOL ML NI #ZM(L M2, NV #7MIL 3 ML g N2)+IM(L M2, N2) )
an CUOMT ITNUF
09  CONTINYE
99  CONTINUE
PETURN
ENDY
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SUREDPUT INE GEOMCINT KM, NN ;NPA,ZM)
C %okt

SURRCUTINE GEOMC (NT ,NM,NN,NP B8, ZM)

PUFPCSF TO CALCULATE GEOMFYRIC DEFINING QUANTITIES FOR EACH PANEL
IN A NETWORK

INPUT CALLING SEQUENCF
NT - NETWORK TYPE
MM - NUMBEF (OF SPANWISE CUTS IN NETWGRK
NN — NUMBEE COF TRANSVERSE CUTS IN NETWORK
NPA -~ TOTAL NUMBER OF PANELS IN ALL PREVIOUS NETWGFKS
IV - COOSDINATES OF CORNER PRINTS IN THE NFETWORK

COMMON BLOCK
JIFFINT/ - TIPGFCM

ouTouT CCMMON BLOCK
/pANDQ/ - Cp’pC'PO'AR’ART’DOA'B'DIAM'C

SURECYTIMES
CALLED SURFIT,CCAL, IFTeNS

DISCUSSION THE FOUTIME CALCULATES AMD STCRES GEOMETRIC NDFRFINIMG
QUANTITIES FOP EACH PANEL 0OF A NETWIIK. FIRST THE FQUF
GRID PNINTS DEFINING THFE PANFL CORNER POINTS AREL FRUND,
TOGETHER WITH ADJACENT GRIN POIMTS THESE CCRNFF DOINTS
ARE FED INTO SURFIT WHICH DEFINES THE ACTUAL PANTL
SURFACS AND THE LCCAL PANEL COORDINATE SYSTEM., THEN CCAL
IS CALLED TC CALCULATE PAMEL MOMENTS. FINALLY, ALL THE
PANEL DEFINING QUANTITIES AFE STCRED ON A FILE..

TOODNOOAOOOADIATNIAO TN OO AN N O

FRpp P,
CCMMCN/LSQSFC/ZK(3,1€) yWTKL16)y AK{6416) 4NCyNPK
COMMOM/PAMNDO/CPU344) 4y PCI3),FOI3)ZJAR(2,3),2FT(3,3),P12,4),2,R,01AM,
CCUH46) s ASTI6416),1TS(L6) 4 INS, ITS,NPDO

COMMCN /IPRINT/IPNPUT,IPGECM,IPSING, IPCNYP, [POUTP
DIMENSITN ZM{3MNM,NN)

DATA WT /1.FS/

IF(IPGEOMJNELD) PRINTY 1701

1001 FORMAT(1HL)

C CYCLE THPOUGH ALL PANELS IN THE NETWNRK
DO 199 N=2,NN
DC 188 ¥=2,NM
[P=M=-14#(MM~1)1%(N-2)+MNPA _

C ASSEMBLE FOUR GFID POINTS DEFINING THE PANEL |
DN 110 L=1,3 ‘
CPIL,LI=ZM(L,M-1,N=-1)

CP(Ly2)=2M(L M=y N)
Coll +3)=7ZM(L.M,N)
CP(L y4)=ZM(LsMyN-1)
110 CONTINUCD
C ASSEMRBRLE ANJACENT GRID PCINTS AND PESPECTIVE
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WEIGHTS FOR DEFINING CURVED PANEL SURFACE
NP¥ =N
NN 129 J=1,4
NIJ=MINC{MAXG(N+J~3,1) MM}
nro129 1=1,4% .
MI=NHTMOC{MAXG(M+T—-3,1) ,MM)
NPK=APK+]
WIK(NPK)=1,
TE (T alQ02) 0% (T10%0.3)) eAMNDL((JeF042) oNR (JEQe3))) WIK(NPK) =T
Do 120 (=1,3
ZK{LNPK) =2 MLy T NJ)
TE(INNGECL2) JAND L ((JoEQ 1) e MR el JoZ04)))

CTKIL JNPK)=aSR(ZMIL M,V )42M(L,MT,2))
IFUIAMFQe2)ANY o ((ToFQal) eDRLITLE0.%)))
CIKIL JNPK )=, 6% (ZM( Lol NJI+ZM(L,2,NJ))

122 CONTINUE

2128 COnTINyE

129 COMTINUE
IF{IPGECM.ME,D)  PRIMT 2062, 1P

2C02 FOF4BT(//% DANEL*,14)

OEFIMNE PANEL SURFACF
CALL SUFRFIT
CALL TCANS(AG,ART, 3, 2)

CALCULATE PANEL CHAFACTERISTIC LENGTH
D13=SORT ([P (13} =Pl 1) )E%2+(P(2,3)-P(2,1))%%2)
N24=SQRTE{P(L,4)=2(1,2))%824(P(2,63-2({2,2))1%%2)
DIAM=24YAX1(C12,024)

CALCULATFE PAMEL MOMENTS FOR LATEFR USE IN

INFLUENCE CNEFEICIENT CALCULATIONS
caLL CoeL(P,C

STORE PANEL DEFINING QUANTITIES IN A FILE
CALL IPTFMS(IP)

IF(IPGEOMLNELN)  PFINT 10C2, CPyPCeR0,AR,P,A,B,DIAM
1502 FOSMAT(AFELS.6)
198 CComT IMNYyE
199 CONT INYFE

FEYYRN

MO
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SUBFCUTINE GROINDINMGNM,72,1,1S)

Crux e

COMNANAONAANNAAONONMNANAAMDNIANNNMNN MM

ag
99

SUBTCUTINE GRDIND (NM,NN,Z,T1,1S)

PURPCSE  TQO CRDER NOM~IDENTICAL POINTS OF AN NM BY NN GRIN 0F
PCINTS VIA AN [NDEX ARQRR2Y

IMNPYT CALLING SEQUENCE
NM — NUMBEE 0OF GRID POINTS IN A ROMW
NN - NUMRER QOF GFID PNINTS IM A CZLUMN
I - CONRDINATES QOF GRID POINTS

CyTPUTY CALLING SEQUFNCE '
I — INDEX APFAY COMTAINTIMNG SECUENMCE NUMBER 0OF FACH GRID
POINT
IS - TOTAL NUMBER QOF NON-IDENTICAL POINTS IM A GFID

SUBRCUTINES

CALLED PIDENT

RISTCUSSICM THE ROUTIME SEQUENMCES AN MM BY MN GRID OF PCINTS,
THE SEQUENCING PROCEENS IN THE ODOFDER ((M=1,NM),MN=1,NN]}
WHERE (M,N) IS THE POINT IN POW M AND COLUMMN M. ANY POINT
IDEMTICAL WITH THE POINT IN THE SAME ROW AMD PREVIOQUS
COLUMN OR WITH THE POINT IN THE SAME COLUMN AND PRFVICUS
ROW IS ASSIGNED THF SAME SEQUENCFE NYMBER AS THATY PCINT.
THF SEQUEMCE NUMEFSS OF THZ GEIN POINTS AFE STORED M AM
NM X NN INDEX ARFAY AND PETUONEN &S OUTPUT ALQOMG WITH THF
TOTAL NUMRER CF NON-IDENTIFIED POINTS,

L2 2% 5

LOGICAL IDENT
DIMENSTION Z(34NM¢NND TUNM, NN)
INITIALIZE SEQUENCE NUMRER

1S=0

CYCLE THRNUGH GFIR PCINTS COLUMN-WISE
"0 ag N=1,NN
CYCLF THeOUGH CCLUMM FOW-WISFE
NN 98 M=1,NM
IDENT=,FALSE.
CHFCK IDENTITY WITH PCINT IN SAME COLUMMN AS PREVIOCUS FOW
IF{M.GTal) CALL OIDENT(Z2 {1y MyN) ,Z(L,M=1,N},IDENT)
IFCICENT) T(MyNI=T({M1=1,N) '
IFCICENT) GC T 98
CHECK IDENTITY WITH POINT IN SAME RPOW AND PREVINUS COLUMN
IFIN,GTL1) CALL PIDENTLZ {1 ,MyN),Z(1,MN=1},IDENT)
IF{IDENTY T(M,N)=T{M,N-1)
IFL{IDENT)Y GO T2 98
AUMP SEQUENCE NUMRFR [F PCINT IS NFW
1S=1S+1
T{(M,N¥=TS
CONT INUE
CONT INUE

RETUPRN
FND
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SURCCUTINE INTCAL

CEstuts

OO ODNNDINOOANMNININANAOMAMNDANA AN

Rk Ekk

SURPCUTINE INTLAL

PURSTSE TN COMPYTE THE H INTEGRALS INVOLVED I[N THE FORMULAS FQ°

THE STURCE AMD DOUALETY PAMEL INDUCED VELNCITY INFLUEMCE
COEFFICIENTS, (SEF SECTION B.3 OF APPENDIX 3 CGF THF
ENGINEER ING DGCUMENT.)

TNDIT CLMMON 3LNCK

FINTZ/ = MYO aMXK
/OIVIMNT/ = X,0, 00, RCDIAM

cuTOoUuT COMMON B3LOCK

JINTG/ - HyHZ,,IH

SURRCUTINES
CALLED STOECL7EED, TANSFE 4 FKCAL,FUNCAL,FNKCAL

PISCUSSICN  THE ROUTINS CALCULATES THE INTEGRALS

H(MyNyK)=T(SIGMA,KSE*X(M=-1)*ETA*%(N-1)/RHO%*K,DKSE*DCTA)
FAR M=] ,MXQ AMD N=1,MXQ=-¥4+] AND K=1,MXK, 2.

A DESCRAIPTION NF THE CALCULATIOCNS PERFUPMED (S rﬁN*AI\¢D
IN SECTINN R,3 OF APPENDIX 8 1F THE FNGINEER [NGC
DOCUMENT, THE COQUTINE CAM BE DIVIDED INTD THRFFE PARTS.
TN THz FIRST PART PREL IMIMATY CUANTITIES CONCEERMINMNG THE
GECMETRIC RFLATIONMSHIP OF THE FIELD POINT TO THE
QUANDRILATERAL ARE CALCULATED, IN THE SFCONMD PAFT THE

F INTESRALS AFT CALCULATED FOF EACH SIDE OF THE
QUADRTILATESAL AND ACCUMULATED. TN THE THIFD PAFT
peaCzOnReE 1,2 OF 3 IS EXYECUTCOD, :

LAGICAL LAXC2,IMXQ3,LMXCL, LMXK3 L MXKSy L MKEX
COMMCN/INTQ/HU 606, T) o HZy THy MXCy MXK
COMMON/PIVINT/X(3)4P(244)43C,BCDY1AM,C(6,61,DVI3,6),NTST,NCF
COMMEON/SIDEQ/QSIDE(L2,4)

COMMON/SKATCL/1 AXQ2,LMXG3,LMXCe ) LMXK3,LMXKS,LMKFX
COMMON/SKAICL/AKS 1, AETL ) AKS2,AFRT2,D9M,F 1L 1,EL2,5LM,ANK,8NE A, L4,

£a

GeS1eS29S11,S27,HEM,HH

COMMON/SKATC2/GAK(2Y1) yGKNK(545) yGENKIS95) o GKMNLG,6) 4 GEMNISY,
COANMN(GL 46 )y HILL CK{AT) JFNK( 695 FMN(ALH) ,E(37)
COMMCM/SKATCT/MXFK ¢MYFKN, MXFMEK, MXKM2 MXKM4G,MXQMI

DIVENSICGN Q(2)

NATA OFLTH /.91/

DATA DELTH? /1.7-8/

DATA NHKEX /18&/

YO O

CCUATIONS AND PEOCEDURES FEFELRINCEDN IN THIS ROUTINE AFE
CONTAIMED [N APPENDIX B NF THT ENGINEFRIMG DOCUMENT

CALCULATE QUANTITIES ASSOCIATED WITH GFOMETRICAL QELATINNSHIP
NF FIELD POINT TD QUADRILATERAL

CALL SIDECLIGC,DSMIN, D)



a0

O

(@)

CALCULATE H OF EQUATICM (B.14)
HZ=X{3)-ACXQ(1)%Q(1)-BC%Q(2)=C{2)
TF{ABS(H7 ) LTLOSLTHZ%NDIAM) HZ=0.

HM=ARS(HZ)

HH=H7%H?7
LMKEY=HM LT, (DELTH®DSMIN)
[H=C

TF{LMKEXJAND {DeERDS)) TH=1

SET INDICES AND LIJGICAL VAPIABLES FN& FUTURE BRANCHES
MYKMI=MXK=~2
MXKM4L{=VXK=4
MXQMI=MXC~]

LMYG2=MXCLLT,2
LMXQR3=MXGCelL o3
LMXD4=MXQ.LT. 4
LMXK3=MXK,LT,3
LMXKS=MXK.LT,5S

MXFYX=MYK=2

IF{LMKEX]) MXFK=MXFK+NHKECX
CALL ZERO(GAK,159)

CALCULATE AND ACCUMULATYE F IMTEGEALS QVER FOUR SIDES

OF QUADRILATERAL
nn 5080 1S=1,4
CALL TRNSFF(QSINE{1,1S5),AKS1,12)

IGNDRE SIDE IF LENGTH 1S ZERD
IF(2PM EQ.0.) GO TN 500

CALCULATE FURTHER CUAMTITIES ASSOCIATED WITH

PELATIONSHIP OF FIEILD POINT TO QUANRILATERAL
GG=AA+HH :

SLIS=FLLI#ELL+GG
S2S=EL 2%EL2+G6
S1=SCRT(S1S)
S2=S0RT(S2S)
Sir=1./51
$21=1,/52

CALCULATFE F(1,14K) INTEGRALS
CALL FXCAL
[F(LMXQ2) G2 TO 59C

CALCIJLATE F(M,Ny1) INTFGRALS
CALL FMNCAL
IS(LV¥MXK3) GO TO 500 ,

CALCULATE F(L,N,KY INTESRALS
CarL FNKCAL
CONT INUE

BRANCH T3 P2OCEDUFE ' NE PROCENURFE 2
IF{(LV¥KEX) &T75,625 ’

EXECUTE STEP 1 CF PROCEDURE 1
Hil,1,1)=H111
IF{LMXK3) GO TO 700

EXECUTE STEP 2 (EQUATIDON (B.42)) NF PRACEDURE 1
PO 650 K=3,MXK,2
HlLo Vo KI={FLOAT(K=4I¥H(1,y1,K=2) +GAK(K=2))/(FLIAT(K=-2)%HH)
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a0

Y OY

GO TG 74C
SXFCUTE STE® | {FQUATION (P.49)) NF PFOCEDURE 2
5715 7=".
EXFECUTE STEP 2 (EQUATIOM (B.5C)) OF PROCEDURE 2
DO 580 KP=2,NHKEX,2
K=MHKEX+MXK-KP+2
68C 7={HFHXFLCAT(K=-2)%I-GAK(K=2))/FLOAT(K-4)
H{l,lyMXK)=7
IE(LMXK3) Ao Tr) 790
DI 650 KP=3 ,MXK,2
K=MYXK~KDP+3
E9C H( 1y 1y K=2)=(HHEFLOAT(K=218H (141 4K)=S3AK{K=2) ) /FLIAT(K=4)
730 IFILMXG2) GO T 999
EXECUTE STEDS 3 AND 4 {FQUATION (2.43) AND (B.44))
OF PECCEDURE 1
H{ly 2, 1) = SE(HHAGEMN( L) +GAMN( 1, 2))
AN =MX O~ 1
NC T80 N=1,MXN
TOE0 H(2yNe1)= (HHEGKMN{ L, N)+GAMN(2,M)) /FLOAT (N+1)
IFILYXQ3) 592 T2 8300
DG TTO N=3,MX0
T7C H(LgM, L)I=(HHX(=FLNAT(N=2)%H{ L ,M=2,1)+GEMN(M=-1) 1 +GAMM(L,) ) /.
CFLOAT(N)
EXECUTE STEDP 5 (EQUATION (8.45)) OF PROCECURE 1
NN 795 M=3,MX? '
MYN=MYQ=NM41
N 78D N=)4MXN
T8C  HIMyN, L) = (HH( =FLDAT(M=2)&H(M=2 N, L) +GKMN(M=1,M) ) +GAMN(M, 1))/
CELOATIM+N=1)
790 CNANTINYE
879  [F{LNMYK2) G T3 969
EXECHTE STEPS 5 AMD & (FQUATINNS (R.46) AND (8.47))
SF PRCCENURF 1
NN 8GL K=1,MYK,?
FACTK= L. /FLNAT(K=-2)
MYN=MX (-1
N8 TN N=1,MXN
A70Q  H2yMeK)==FACTUEGKNK(MyK=2)
H(1,2,K)==FACTKEGENK(1,K=2)
TF(L¥XQ3) GC T) 899
NO 887 N=3,MX0 .
B80 H{1,MyK)= FACTK&(FLOAT(N=2)*H{1,N-2,K-2)~-GENK(N=-1,K=2))
3G N CONT INUE . A
0% TF(LMYQR) GO TN 299
EXECUTE STEP 8 (FQUATIAN (B,48) 2F PFOCENURE 1
DG GS7 K=3,MXK,2
NG 990 M=3,MYD
MYRZMX(G-V4]
D0 990 A=, MY
0G0 HM¢NyK)=-H(M=2,N+2,K)-HHEH(M=2 N, K} +H(M=2,N,K-2)
999 KETURM
END
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SURRCUTINE KSORT(A,M,N,KEY, W)
CaHmktgk
SURPJUTINE KSORT

pyUcoCSE  TO SORT THE COLUMN OF A TWO-DIMENSIONAL ARRAY USTNG THE

GIVEN

KEY INDEX AREAY

INPUT CALLING SEQUENCE

A - ARFAY NF WHICH

M — MJMBER 7F ROWS [CF A
N — NYMABFR .OF COLUMNS OF A

KEY -

AFRAY CONSISTS OF GIVEN

THE COLUMN IS T2 8F SNRTED

KEY INDICES

W — WOFKING ARPAY [OF SAME DIMENSION AS A

QuToUT CALLING SFQUEMCE
A - THE SORTED ARFAY

SUBRCUTINES
CALLED NOME

DISCUSSION THF CONTENTS OF ARRAY A AFE STORED IN A WORKING

S ING

THE INGICES GIVEM

IN. KEY ARKAY, -

THEM TPANSFEFED BALZK T(C ARRAY A,

Hed g ok ¥

DIMFNSION A(M, 1) KEY(L),W(H,1)

DO 10 J=14M

K = KFY(J)

N 1Ld T=1,M

Wl K) = A(1,4)
nno20 Jg=1,M°

D0 27 I=1.M
A{I,J)Y = WilTl.d)
FETUFN

END
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SURRCUTINE LSQSF

SRR ER

SHRRCUTINE LSOSF
PUEDCSFE TQ FIND THE GENEFALIZED TNVEPRSE FFOM A LEAST SQU&FES FIT

MDY Y CCMMON BLOCK
JLSQSFC/ = TK,WTK,NDJNPK

auTPLT COMMNN BLOCK
JLSQSFC/ - AK

SUBRCUTINES
CALLEN  TEAMS,MMULT,PDSFCS

NISCUSSIECN  THE ROUTINE FIRSTY FORMS THE WEIGHTED NORMAL EGUATICNS,
IT THEN CALLS FOUTTINE USING CHOLESKY SCHEME TN SOLVE THF
SYSTeM QOF CCUATIONS AND FINDS THE GENFFALIZED INVERSE. IF
THE SYSTEM OF ENUATICNS IS NOT PGSITIVE DEFINITE, AN FFF-
0R MESSARE WILL BRF FPRINTED AMD EXECUTION O3F THE TOMPUTFF
PFOGRAM WILL BE TEFMINATED,

(eEsxts

SO

()

225
254

COMMCN/LSQSFC/IK (3,161 WTK( 161, AK(E, 160 4NO,NPK
PIMENSION VIS8) 400961 ,8(36)
NT =6
TFUINGLLT.2)e0R (NPKLLTL6) ) NI=3
IF (NG LT LY ORL(NFKLLTL3)) NIz
FOFMS A FFCTANGULAF SYSTEM (OF SQUATIONS V
FROM LEAST SQUARES FIT
DA 250 K=1,MPK
L=NT%({K~1)
VIL+1)=1.
IFINI.LTL2) GO TO 2CO
VIL+2)=7K{1,K)
VIL+3)=ZK(2,K)
IF(NI.LT.4) GD TO 2CC
VIL#6)=,5%7K(14KI®2K(1,K)
VIL+S)=7K (1 yKIXZK(2,K)
VIL46)=.S*TK(2,K)EIK(2,4K)
COMT INUE
MULTTPLIES V RY £ DIAGONAL MATEIX WTK
.CONSISTS OF GIVENM WEIGHTS
6O 225 1=1,M1
L=[+NT*(K=-1)
COLI=WTRIK) 2V(L)
CONT [NUE
COMT INYE
' FOFMS THFE WEIGHTFED NORMAL EQUATIONS
CALL TEANS(V,AK,MI,NPK)
CALL MMULT(CoAK, P (NI MPK M)
CALLS POUTINE USING CHOLESKY SCHEME TO
SOLVE THE NORMAL SQUATINONS AND DRTAIMS
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THE GENERALIZED IMVERSE
CALL PDSEQS{B NI NI,V,CNPK,D])
IFIDl.NEL0.0) GO TO 350
PRINMT 3CC
30C FOFMAT(//7% NORMAL EQUATINMS APPFARS SIMGULAFR*)
FETURN
350 CONTINUE
STORES THE GEMFRALIZED INVERSE IM ACPAY 2K
DT 499 K=1,MNPK :
NO 475 1=1,6€
475 AK(I,K)=0.
PN 450 T=1,N]
L=T+NI%(K-1)
AK{TI,K}) = C(L)
452 CONTINUF
499 CONTINUE
PETURN
END
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SURRCUTINE PIDENT(P.Q,INEMT)
C %tk

¢ SURPCUTINE PIDENT (P,C,IDFENT)

PUSOCSE TC DETERMIME WHETHLFR THE PIINTS P AMD ) ARE TN 6%
CONSTIDERED NUMCEICALLY TOENTICAL

1MPUT CALLING SFQUENCE
P ~ COORDINATES 0OF FIPST POINT
C -~ COORDINATES CF SECONG PAOINT

cuTPUT CALLING SEQUENCF
IDENT - LOGICAL VAFIABLE EQUAL TO TRUF [F P AND Q AFPF
CONSIDEREC IDENTICAL AND FALSE OTHERWISE

SUBRCUTINES
CALLED NONE

RDISCUSSION  THE ROUTINE DETERMINES WHETHEF THE POINTS P &MD Q AFE
CONSTIDERED NUMERICALLY IDENTICAL. THE CRITERIA FNR
IDENTITY IS THAT THE DISTANCE FROM P TN O MUST RBRE SMALLER
THAN N2 FQUAL TN 1.,F~12 TIMES THFE SUM OF THE LEMGTHS NF
P AND Q.
Ak ek %
LOGICAL IDENT
DIMENSION P{3),0(3)
NATA DELTA /l1.E-12/
SCALF=SORT(P(1)%:22+P(2)%x&2+P(3) %2} +SQRT(C( 1) %x%24Q(2)%%24Q(3)%%2)
INENT={(P(L1=0(111%22#{(P(2)-Q(2))}%%2+(P(3)-Q(3))+%2).1LF.
COCSCALE*CELTA)Y®%2)
RETURN
END

2 X Xa X RaNaXe Kol e We e Wale Wa i e W e le INC RS
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SURE CUTINE PIVC(Z)

CResats

PURPCSE

INPUT

CuTPUTY

CALLED

e¥eNale el ie Ko Re I Ie e le e Wealle N Ee Ne e Re B Bie 3 o R B Wea B Bt

L2 223 X4

SUERCUTINE PIVC

TO OBTAIN DGCUBLET PANFL IMFLUENCE COFFFICIENTS FOR A GIV-
EM CONTROL POINT

CALLING SEQUENCE

I = XeYy7 COURERNDIMATES OF A GIVEM COMTROL POINT
COMMON BLOCK

/PANDQ/ - RO.AF JART,P,A,B,D1AM,C

/SYMM/ — NSYMM

/21p/ - 1PZ,1P

COMMON BLOCK
/PIVM/ - DVDS

SUBRCUTINES

UNTPAN,DIPV,MMULT

DISCUSSION THE RQUTINE FIFST TEANSFERS SOME NF PANFL INFORMATION

TC B8& YSED BY THE INTEGRATION ROUTINE. IT THREN CALLS THF
INTEGRATIOM FOUTINE TN PPOVIDE IMFLUENCE CREFFICIFNTS FODF
A GIVEN CONTROL POINT INDUCED AY DIUBLET NISTRFIARUTION 0OF
THE SPECIFTED PANFL AND ITS IMAGE (WHEN NSYMM IS SFT T0 1
}o THE INFLUENCE COFFFICIENTS AFRE MIDIFIFED TN ACCDUMT FOF
THE CASE WHEN THE GIVEN CONTRCL POINT IS LOCATED ON THE
INFLUENCING PANEL ITSFLF (SEF ENGINEERING DOCUMENT -~ AFED
-DYNAMIC INFLUFMCE CCEFFICIENTSY,

COMMCN/PANDQ/CP(344) +PC(3),PG(3),AR(39y3)4ART(3,3),P(254)+A48+0D1AM,
CCLE+6) e 8ST( 64164 TISI16)4INS,ITS,NPDQ

comMmrn

JPIVIMNT/XX{3),PP(8),4A,8R8,NDIAM,CC(36),DVDV(3,6)4NTST,NCF

COMMON/PIVM/DVDS(3,6)
COMMOCM/SYMM/NSYMM

/ZIP/1DZ,IP,1TZ,yJC

NIMENSICN Z(3)4W({3),DVS({3,6),6DVDV(3,56)

COMMCN
C
C
NTST =
C
C
AA=A
RBR=R
CDIAM =

SFTYS NUMBER QF TERMS OF LEAST SQUARES FIT
FOR DCUBLEY DISTRIRUTION

TRANSFERS SGME OF PANFEL [INFOFMATION TO 8F
JSED RY THFE IMTEGRATIDON ROUTINE

DrAM

nn 20 I=1,36
2% rcery=c(r)

Do 1C0 I1=1,.8
109 Pe(I)=P(I)

oy

SFTS ARDAYS DVS AND DVDS TQ ZERC

CALL ZFKC(DVS,18)
cAatL ZEFO(DVDS,18)
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YN MY Y

VY Y My

162

4C0

W(l)=Z(1)
W(3)=2(3)

no 2¢n [SYMM=1,2
SIGN=3-2%TSYMM
W(2)=STIGN%2(2)
CALL UNIPANU(AR,RO,W,XX)
IFLITS.FR.2) (A

CALL MMULT(ART ,DVDV,GDVDOVe3,3,6)
[F(TSYMALNE«LaR o IPONE

HLLF
HXT

HETA
DVS{1,2}
DVS(1,4)
OVS(1,5)
DVS(2,3)
DVS{2,5?
DVS(2,46)

CALL MMULT(ART ,NVS,DVDS+3,3,6)

CONT TNUE

-'\'.5
HALF=XX(1)
HALF XX (2)

HALF
HXI
HET A
HALF
HX1
HETA

DN 175 I=1,6

pvnsi(l, 1)
nVnsS({2,1)
DVNS(3,1)
CONT INUE

CONT [NUE
CONT INUE
PETURN
END

[ ]

bvdstl, 1)
avos(2,1)
VDS (3, 1)

S TE(NSYMM,EQLD)

CRBTIANS INFLUENCE COSFFICIEZNTS FOF A
GIVEN
DISTFIBUTION AF THE SPECIFIED PANEL AND

ITS

LL DPIV

6D 10

+ GDVOVI(1,.1) -
+ SIGNFGDVDOVI2, 1)
+ GOVYDVI3, 1)

4720

+IPZ)

129

GO TN 167

TN ACCOUNT FOR THE CASE WHEN THr GIVEM
CONTRQOL POINMT IS
ING PANFL ITSELF

TMAGE (WHFM MNSYMM=1)

LOCATED

N THE

CONTR0OL POINT INDUCED 8Y DOUHRLET

INFLUENC
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SUBRCUTINE SIDECL(W,DSMIN,D)
Chestks

SURROUTINE SIDECL (W,DSMIM,D)

PURPCSE

INFUT

QuUTPUT

TO COMPUTE GFOMETRIC QUANTITIES ASSOCIATEND WITH THE
FELATIGNSHIP 0OF THFE FIELD POINT TO THE QUADRILATECAL
SIGMA =0R USE IN COMPUTING THE H INTEGRALS.(SSE FIGUFE 3C
AND SECTION P,3 NF APPENDIX B OF THE ENGINEERIMG
NACUMENT . )

COMMON RLOCK

/PIVINT/ = X,P

CALLING SEQUENCE
W — POITNT ON QUADFILATFERAL CLOSEST TO PROJECTION NF FIELD
POINT NNYC QUANRILATERAL PLANE
DSMIN — MINIMUM DISTANCFE OF PPODJECTION OF FIELD POINT
ONTG QUADPILATERAL PLANE TO PERIMETER [F
QUADRILATERAL
D - DISTANCST FFOM W TO PROJECTION OF FIELD POTMT ONTO
QUADRILATERAL DL ANF

COMMON BLOCK
/SIDEQ/ - QSIDE

" /SKATCY/ - AKS]1  AFT]1 AKS2,AST2,NPM,ELL,EL2,ELM, ANK,ANE,

2y AA

SUBFCUTINES

CALLED

ek Xk ok
COMMON/PIVINT/X(E3) 3P (244) yACBC,NIAM,C(6+6)sDVI340) 4 NTST,NCF
COMMON/SIDEQ/QSINE(12,4)
COMMON/SKATCL/AKSLAET1,AKS2,AET2,DPMeFLL,EL2,ELM,ANK,ANELA,AN,

CGG+S145S2+4511,521,HM,HH : ’
DIMENSTION W(2)

TRNSFR

NISCUSSION  THE ROUTINE COMPUTES GEOMETRIC QUANTITIES ASSOCIATED

WITH THFE QRELATIONSHIP OF THE QUADRILATERAL SIGMA T0O THF
PEJJECTION CF THE FIFLD PNINT ONTO THE QUADRILATEFRAL
PLANE. IN PARTICULAF THE ROUTINE DETERMINES WHFTHER THE
PRNJECTION LIES INSIDE OF CUTSINE OF THE QUADRILATERAL
AS WELL AS CALCULATES THr MINIMUM DISTANCE FROM THE
PROJELCTINN TO THE PERIMETER QOF THE QUANRILATERAL,.

OTHER QUANTITIES COMPUTED TNCLUDE THOSE QUANTITIES
DISPLAYED IN FIGURFE 21 AMD DISCUSSED IMN SECTIOM

2.3 OF APPENDIX R 0F THE ENGINEERING DOCUMENT, THE
QUANTITIES ASSQOCIATED WITH THE QUADRILATERAL IN GENE®AL
ARE RETURNED VIA THE CALL LIST WHEREAS THFE QUANTITIES
ASSOCIATED WITH FACH SIDE OF THE QUADPILATERAL ARE
STORED IN A COMMON BLOCK ARZEY A SIDE AT A TIMF,

DJUANTITIES AND PFOCENURES REFEPENCEDR IN THIS ROUTINE APE
DISCUSSED IN APPENDIX R 0OF THE ENGIMEERING DOCUMENMT
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D=GC.
MNCT =0
NPST 20
154=C
CYCLE THENUGH SIDES OF QUADRILATERAL
NG SC2 I1S=14.4
[SP1=MOD(IS+4)+1
CALCHLATE QUANTITICES OISPLAYED INM FIGUFRE 31
AKSI=P(1,IS)-x(1)
AETI=P(2,1S)-X(2)
AKS2=0(1,ISP1)-X(1)
AFTZ2=0(2,15P1}-X(2)
NKS=AKS2-AKS1
DET=AFT2-AET]
NRY=SDRT (DKS*DKS+DET*DET)
IGNOCE SIDF IF LENGTH IS ZERC:
IF(DEM.,EG.D.) GO TD 5¢°
ISA=1SA+]
eMY=1,/7CFM
A=NRM]I&( AKSIHAFT2-AKS2%AET])
AA=A %A
ANK=0PMTSDET ‘ \
ANE==DRMI=DKS
FLL=FRMIE(AKSL*NDKS+AETLI.NDET)
EL2=CR¥TI%( AKS2*DKS+AET2%DET)
CCMPUTE INCEZSMENT OF INTEGERS WHICH WILL EVENTUALLY
NETEAMINE WHETHER THE FIELD POTNT PRQJECTION ONTN THFE
QUADRTLATERAL PLAME LTES IMSIDE OF TUTSIDE THE QUADFILATEFRAL
TFlAGTL.0e) NPST=NPST+]
B=AKSI®AKS24AST I *AFT?
TF((2A.0TeCa) edMNDa(Bal Tole)) NNCT=NNCTHI -
CALCULATE MINIMUM OISTANCE FROM FIFLD POINT TO QUADRILATERAL
SIDE .
TEIELLI*EL2) 75,75,85
75 FLv=C,
GnN TC g7
25 FLM=SIGM{AMINL(ABS(FLL1),ARS(EL2)}),ELL)
9 NIS=FLMEFL M4 AA :
TFECTISALCT D)L ANDL RIS GT D)) GD T 5CD
D=DTE
158=18 '
STOKE CALCULATED QUANTITIES FOR ZACH 510&
CatL TEMSFP(AKSY,ASIDE(Y,IS),12)
D=SRPT(N}
DS®IN=D
REFANCH T0O 7390 IF HCD NEPENDING UPON WHETHER FIFLD POINT
. PROJECTICMN LIES INSIDE NE QUTSINE QUADRFTLATFERAL
TE((NPST  ENLG) . NI% ((NPST EQ43)AND.INMC T GEL2))) 700,820
¢ D=0,
W(1)=x(1)
W(z)y=x(2)
FEFTUEN
CETRIEVE CALTULATEDR QUANTITIZS FOF SIDE COMTAINING POINMT

6,
D
WD
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arco

CLSSEST T3 FIELD POINTY PRCJECTION AND CALCULATE
CCORNINATES OF THAY POINT

CaLL TANSFPIOSINE(1,1SS)yAKSL,12)

WL =X{1)eARANK=-ELMEANE

W{2) =X (2)+AXANE+CLMEANK

RETUPRM

END
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SUBRCUTINE SINGUINT o NM NN, NS NSA,NPA,ZM)
T T2

SUBRTUTINE SINSG (NT,NM NN NS, ,NSANPA, M)

FUZPTSE  Tn CALZULATE THE SINGULARITY DISTRIRUTION DEFIMING
QUANTITIES FOF A GIVEN NETANEK

INPUTY CALLING SFQUENCE
MY - NETWOFK TYOF
NM - NUMBER CF SPANWISE CUTS IN THE NETWORK
NN - NIJMAER OF TRANSVERSE CUTS [N THE NETWORK
MSA - TNTAL NUMBER nF STMNGULAFITY PACAMETERS [N ALL
PREVICUS NETWORKS
NPA - TOTAL NUMBER OF PANELS TM ALL PREVIOUS MFETWOFKS
IM — CCNRDINATES OF COFNER POINTS IN THE NETWNEK

COMMON RLOCK
JIPRINT/ -~ IPSING .
/PAMDY/ = E( AF

CUTPUT  CALLING SEQUFMNCE
NS - NUMBEE NF SINGULAFITY PARAMETERS IN THE NETWCGK

CaMMgMN BLOCK
/PANDOD/ - ASTLIIS, INS,ITS

SURRODUTINES
CALLED GCPCAL,GRDINNyPTRMS,UNIPAN,)LSQSF,IPTENS

DISCUSSICN THE ROUTINE CALCULATES THF DEPFNDENCE CF EACH PANEL
SINGUL ARITYY STRENGTH DISTRISUTION ON THE FREE SINGULAPRPITY
PARAMETEFS [OF THE NETWORK., SEPAPATE COMPUTATIONS AFPE
PERFORMED FOF FACH NETWORK TYPE, FIRST THE LOCATICNS DF
THE FPEFR SINGULARITY PARAMETERS NM THE NETWORK APF
COMPUTED AND INDFYED. FOR ZTACH PANEL THE SINGULARITY
PARPAMETERS AFFFCTIMG THE DISTEIRBUTINY OF SINGULARITY
STRENGTH ON THAT O AMEL ARF ISCLATFND. FACH SUCH
PARAMETER 1S ASSIGMNED A WEIGHT (LARGE 1€ THE PAFAMETER
ACTUALLY LIES CM THE PAMEL)e THE PAMEL SINGULAFITY
DISTRIBUTION 1S THEN ORTAINED RY FITTING A QUADFATIC
FORM (IF THF SINGULARITY IS CF DOUBLETY TYPE) Tn THE -
PARAMETERS RY THE METHOD OF LFAST SQUARES., THE MATRIX
VHICH RELATES THE COEFFICIEMTS OF THE DISTPIBUTION TR
THE SIMNGULAFITY PARAMETERS IS THEN STAORED ON & FILE ALONG
WITH INNDICES IDENTIFYING THE D ACAMETERS,

e W R N N R I N e W T B B B B e B o e N e B W B W T T R B R e I N W W e W W S W e I N R

~

kALK
COMMON/LSQSFC/ZK(3416)+eWTKI1E )y LK(6416) 4NGNPK
COMMON/PANDQ/CP (3,4 )4 PCU3) 4 FR(3)4AF {3423 )4ART(343)4P(244)4A0,B,DT14M,
COLELE)  ASTUE416), TTIS(L1A),TMS, ITS,N2DQ
COMMCN /SKFCHI/ZA(3,175),16(175)
CAMMCN ZIPPINT/IPNPUT ZIPGEGNM,IPSING, TPCNTFR,IPFIVC,IPOUTP
NIMENSTON ZM3,MM MM
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(@]

101

125

128
129

148
149

1983
169

DIMENSTICN Z2PK(3)
DATA WY /1,FE5/
IFCIPSING.NF.C) PPINT 1001
FREMAT(1HL)
NN1I=AN+]
NM]_:P\M{'I
CALCULATE LOCATION OF STNGULARITY PARAMETERS
CALL GCPCAL(NMyNM¢NMLNNL,7M,24A)
NFDER NCON-IDENTICAL SINGULARITY PARAMETERS
CALL GRDIND(NM1I,NN1,728,TA,NMNIA)
TRANMSFSF TG CONE FCk APPEOPRIATE METWCRK TYPE
GO TC (18C,2C2,300,4CC,505,6062,600) NT
CONTINUF
SCURCE/AMALYSIS NFETWNFK CALCULATTIONS
(NOT AN DPTION IN PRESEMT pPROGRAM)
0O 169 N=2,NN
DD 168 M=2,\NM
[P=M=1+(NM=1)&(N=-2)+NPA
CALL PTEASH{IP)
17S=1
MPK=(
ne 129 J=1,3
NJ=N+J~-2
TRFUINS QLT 2V.0RJINJGTNNY)Y) GO TO 129
no 128 1=1,3
Ml=M4T=-?
TRUIMI JLT.2)ORLIMILCGT . NM)) GC TO 128
NPK=ANPK+ ]
[TSINPK)=MTI-1+(NM=])%(NJ-2)+NSA
LMN=MI+NMLE(NJ~-1)
npe 125 L=1,3
IPK(1)=7A(L,LMN)
CONT INUE
CALL UNIPAM{AR 420 ,IPK,7PK}
K1 NPK)=7PK(1)
IK{2 NPK}=ZFK(2)
WTK{NDK)=1,
TF{{T1eFQa2) o AMNDL(JaEQWa2)) WTK{NPK)=AT
CONT INUE
CONT INUF
TNS=APK
ND=1
CALL LSCSF
D 149 K=1,MPK
DO 148 I=1,2
AST( ToK)=AK(T,K)
CONT INUE

CONT INUE

CAaLL IPTRNS(IP)
CONT INUE
CCNT INUE
NS=(NM~1)%(NN-1)
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O

2C0

o

[ Ne]

228
229

248

249

298
2489

G0 TC 80C
CONT INUE
GCUBLET/AMALYSIS (WIMS) NMNETWORK CALCULATIONS
CYCLE THROUGH ALL PANELS IN THE NETWAORK
N 269 N=2,NN
N 268 M=2,MM
IP=M—14+(NM=1)(N=-2)+NPA
RETRIEVE PANEL GEOMETRY NEFINIMNG QUANTITIES
CALL PTRENS(IP)
[7S=2
NPK =l
CALCULATE quATIPNC OF SIMNGULARITY PACAMETELS
AFFECTING PANFL SINGULAFITY DISTRIBUTIONM
DO 229 J=1,3%
MI=N+J=-2
NG 228 1=1,2
MIz=Ms$ =2
LMN=MT#ANMEX(NJ-1)
MPK=APK+ ]
TISINPK)=TA(LMN)+NSA
CALL UNTPANLAR,Q0,ZA(]1,LMN),,7IPK)
IK{1 NPKJ=ZPK(1}
IK(2,NPK)=ZPK(2)
WEIGHT CCONTRIBUTION OF STANGULARITY PARAMETFR
WIK(ANPK) =1,
TF(L(MTIaEQal)e NP UMTLEQ.MML)eCR(T.ENL2)) ANDS
Cl{lNIaCCo 1) e NRa{NJLEQaMNNL ) DF (I cFEDL2))) WIK(NPK )=
CONT INYE
CCMT IMUF
INS=NPK
MNG=2 ’
LEAST SQUARE PAMEL STINGULARITY DISTFE 13UT [IN
TC SINGULARITY PARPAMETERS
CELL LSNSF
0O 249 K=1,NPK
DC 24R 1=1,¢
AST{T,K)=AK{],K)}
CCMTINYE
cCoOMY IMNUE
STNRE SINGULARITY DEFINING QUANTITIES ON & FILE
CALL TPTENS{IP)
[F{TPSINGaNELD)
$SWETITE(A,10G2) 1P, INS,,IIS,NO,A2ST,ZK
COMT ITNUE
CeNTINUE
MS=NTA
GO TQ 330G _
SCURCE/NESIGN NETWCAK CALCULATIONS
{(MOT AN POT IO IM PRESFMT PEFAGRAYM)
COMTINUE
GCC TC A”ro
CONTINUE
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i)

YO

428 .

429

448

449

498
499

OCUBLET/DESIGN (FREE SHEET) NETWORK CALCYLATIONMS
NDEDER NON-TDENTICAL SINGULARITY DARAMETERS

CALL CRDINDINM,MNNsZM, TA,NIL)
CYCLE THROUGH ALL PANFELS IN THE NETWCPK

N0 499 H=2,NN
DO 4S8 M=2,NM

IP=M-1+(NM=-1)%(N-2)+NPA
RETRIEVFE PAMNEL GENMETRY DEFINING QUANTITIES

CALL PTaNS{1Ip)
I17S=2
MPK=C

CALCULATE LOCATINNS NF SINGULARITY PARAMETERS

AFFECTING PAMEL SINGULARPITY DISTRIBUTINM

DO 429 J=1,4
NJ=N+J=3

IF(U(ANSLTL1) 0P INJ.GTLNNYY GO TO 429

DN 428 [=1,4
MI=M+]-3

TFOONMTLLTL1) MR IMILGT.NMY) GO TO 428

LMN = MI + NM&(NJ-

MPK=APK+ 1]

1)

TIS(NPKI=TA(LMNYI+NSA
CALL UNTPAN{AR,QD,IMI1,MT NJ},2ZPK)

IK(1,NPK)=2PK(1)
7K{2 4NPK)=ZPK(2)

WEIGHT CONTRIBUTION NDF STINGULARITY DARAMETER

WTK{MNPKY=1,

[F(l T efRe2)eDF el TafQa3) ) eANCal{JeENQa2)eDF(JeEQL3)))

CONT INUE
CONTINUE
INS=NPK
NO=2

LFAST SQUARE PANEL SINGULARITY DISTRIBUTION
TC SINGULARTTY PARAMETERS

CALL LSGSF

DO 449 K=1,NPK
LN 448 T1=1,6
AST{T,K)I=AK(I,K)
CONT INUE

CONT INUE

STORE SINGULAPITY DFFINING QUANTITIES CN A FILE

CALL TPTRNS(IP)
1IF{IPSING.NE.O)

$WFITE(6, 1CCC) IP, INSTIS,ND,AST,7K

CONT INUE

CONT INUFE

MNS=MTA

G0N TC 8CC

COMT INUE
DOURLET/DESIGM

(WAKE)

NETWORK CALCULATYTINMS

CYCLE THROUGH ALL PANELS IN THE NETWORK

DN 569 N=2,NN
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DO 5G8 M=2,NM
IP=M—1+{NM-1)*(N-2)+NPA

C TETRIEVE PAMEL GEOMETRY DEFINING QUANMTITIES
CALL PTRNS(IP)
[18=2
MPK=C
C CALCULATE LOCATIONS DOF SINGULARITY DAPAMETERS
C AFFFCTING PANEL SINGULAPTITY DISTRIRYTINN

nr 529 J=1,3

NJ=N+J-2

ne 528 1=1,3

MT=M4[-D

LMN=M] +NMLR(NJ=1)

NPK=APK+1

TISIANPKI=TA(MI)+NSA

CALL UNIPAN(AR ,20,ZA(1,LMN),7PK)
ZK{L NPK)=7FK(1)

JK{2 ,NPK)=70K(2)

WETGHT CONTPIRUTION SF SINGULAFITY PACAMETER
WTK(NPK)=1,
TE((IMIeFQa1)eOR e ({MI EQeNML ) oOR{]eTQa2))AND,

COUNI Qe l) e F e {NJEQeMNML) oNNF e (JoENe2))) WTKINPK) =WT
£23 CCONTINUE
529 CONTINUE
TMS=NPK
N)=2
LFAST SCUARE PANFL SINGULARITY DISTPIBUTION
TC SINGULARITY PARAMETEFPS
CALL LSCSF
D) 549 K=1,NPK
NN 548 1=1,6
AST(TKI=AK(I,K)
548 CONTINUE
549 CONTINUE
C STAFE SIMGULARTITY DEFIMING QUAMTITIES OM A FILE

- GALL IPTENS(ID)

1F(IPSING.NELD)

FWPTITE(6,1000) 1P, IMS,TTS,MNN,AST,ZK
598 COMTIMNUF
599 (ONTINUF

MS=TA(NM])
: GQ TC 800
600  CONTINUF _

DCURLET/DESISGN (FED SHEET) MeETWNPK CALCULATIONS
C CYCLF THEDJGH ALL E2MELS TN THE METWNRK
D 566G N=2,KNN '
NO S8 M=2,NM
TP=M-14+(NM=1)%(N=2)+NPA
DFTPIEVF PANEL GEOQMFTRY DEFINING QUANTITIES

CALL PTFNS{IP)
173=2
NPK =C

-

[ Re!

l)

O

137



628
6249

648
649

CALCULATE LOCATIONS NF STINGULARITY PARAMETERS

AFEECTING PANEL SINGULAFITY DISTRIBUTICN
N 629 J=1,3
NU=hi+ =2
nn £2% 1=1,3
MI=M+1=-2
LMN=MI+MML £ (M]J-1)

NPK=NPK+1

TTS{NPK)=NJ+NSA

TFINTLEQ.T) TIS{NPK) = 1 & NSA
CALL UNTPAM(AR RO GZA(L.LMN),Z7K)
IK(1 4MPK)=ZPK(1)

ZK (2 4NPK)=7PK{2) :

WFIGHT COMTRIBUTION OF SIMGULARITY PAFAMETEFR
WIK{NPK) =1,
TF{{(MILEQel) DR (MILFQ.NML ) eCR.(TEQe?2))oAND.

Cl(MHIaFRQel)aOF e (NJaFONMLYLTRe(JaFNa2))) WTK(NPK) =WT

CONT INUE

CONT INUF

INS=APK

N)=2

LEAST SCUARF PANEL SINGULARITY DIST? [RUT DN

TC SINGULARITY PAFAMETERS
CAaLL LSQSF
NN 649 K=1,NPK
D0 648 1=1,46
AST(T4K)I=AK{(,K)

CONTINUE
CONT INUE

STPRFE SINGULARITY DEFIMIMG QUANTITIES CH A FILE

CALL IPTRENS(IP)
IF(IPSING.NFL.O)
SWRITE(6H,1CDC) 1P, INMS,TIS,NMO,AST,,2X

LCOC FOFMRAT(//41915.,/(AF15.6177)

698
60Q

f00

CONT INUE

CONT INUE

NS=MM1

IFINT.EQ.7)Y NS =1
CCONTINUE

CETUERN

END
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SURPLUTINE SURFIT

C 3%k sks

AN ATITETYTYIIDDNE Y Y)Y OISO YYD Yy YOy Y

49

SURCCUTINE SURFIT
PUCPCSE TN DEFINF PANEL SUSFACE AND LOCAL PANEL COCDRDINATE SYSTEw

INeuyY CCMMON BLOCK
/FLATP/ - NFLTP
/LSOSFC/ - ZK’NTK'”O,NPK
/9ANDR/ - CP
JIPRINT/ - TPGEOM

rUTPUT COMMON BLOCK
A PANDQY/ - PC.PO,LE,P.AyB

SHRCCUTINES
CALLED CROSS, UVECT y TEANS yUNTP AN, LSOSF ,MMIILT

DISCUSSIOM  THE ROUTINE DEFINES £ PAMEL SURFACE AND LOCAL CAMEY
CONGNIMATE SYSTEM, AS A FIRST APPROXIMATIQON TO TuE PANTYL
SURFACE THE FQUTINE TAKES THE GQUANFTLATERAL FCRMED BY
PRCJECTING THF PAMFL COFNEF POINTS NNTO THE PLAME THEOUGH
THE MIDPOINTS OF THE L INF SEGMENTS JUDINING THESE (0oNEF
POINTCS, A LGCAZL COOPDINATE SYSTEM IS CONSTRUCTEDR WITH
THE ORIGIN AT THE AVERANE (F THE QUADRILATRSAL COENEER
PAINTS AMD WITH OME AXIS NAORMAL TO THE QUADSILATERAL,., TN
QUTAIN A SECGND QRDEP APPRANXIMATION T THE PAMEL SURFACE
THE SNUTINE CALCULATES A PARARQLOIN PASSING THENUGH THE
CORNFE OGINTS wITH CURVATURE DRTAINED BY LEAST SQUARING
THE PARABCLOID TG ADJACENT CORNEF POINTS. THE LOCAL
CNORDINATE SYSTEM IS THEN ROTATED AND TEANSLATED IM SUCH
A MANMER THAT THE PAFASCLOID CAMN BE SEPRESENTED IN
CANOMICAL FOFM, AN ITERATIVFE PECCESS [S REQUIRFD TN
ELIMINATE LINEFAR TEEMS WITHAOUT TRANSLATING THE OGRIGIN,

B2 X 22 2

COMMCN/FLATO/NFLTP
COMMON/LSOSFC/IK (3416 ) WTK(1E)AK(6,16) ¢NMTLNPK
COMMON/PANDO/CP U344 ) oSC{3YFU(3Y AR (3,3),AT(3,3),0(2,4},4,8,D12M,
CC(Es6) s AST(H,16, TTISTLEY ZIMNSHITS,NPDO
COMMCON /IPEINT/TIPNPUT W IPGECM, IPSING, IPCNTR,IPEIVC,[PUUTF
DIMENSIAON HI3,3),4T(343),U03),VI3)eWd(3) ,2ETALLO)COF(6),R2P(3Y
DIMENSTION WK(3,16)
CAUTIVALENCE (ULL),HT (1)), (VY1) HT(4)), (h(l)oHT(?l)
DATA NITL,NELTA /1C,1.F-8/

CALCULATE BISECTING DIFECTINNS AND CEMYEF POINT
D s5C 1=1,3
UTT)I=CFCL,11+0P(T,4)-CP{1,2)-CP(T,3)
VITI=CP(T,1)+00(1,2)-CP(I,2)-CP(1,4)
PCUI)=a28%(CP (1, 400 (1,2)+CP(T1,3)+CP(1,4))
NN 46 K=1,NPK
WK{T 4 DI=ZKI[T,K)
comtnue
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50 CONTINUE
f. CONSTRUCT ORTHOGONAL YUy,V,yWw COOFDINATE SYSTEM
C WITH W PFRPENDICULAF TD PANEL PLANE
CALL CFOSS{U,V,4W)
CALL CRNSS{ WeleV)
CALL UVECT(U)
CALL UVECT(V)
CALL UVECT(W)
CALCULATE DRTHOGONAL MATFRIX WHICH T% AMSFORMS
CONRDIMATES FFOM GLOBAL TC LOCAL
CALL TYRANS(HT,A2,3,3)
C ITERATE TO FIND PANFL CURVATYRES
00 170 1T=1,MIT ’
N 170 K=1eNPK
C TFANSFOFM ADJACENT CORPNEPRP POINTS T LOCAL COORDINATES
CALL UNIPAN(AR (PC WKL yK)ZK (1K
LETA(KYI=TIK(3,K)
IF(NFLTP.EQLY) ZETA(KI=C,
100 CONTINUE
MO=2
C CCNSTRUCT LFAST SQUASES PAGAROLOID THRCUGH CORMER PQINTS
CaLL LSGSF
CALL MMULT(AKLZFTALCOF,64,MPK,y 1)
TF{IPGECMJNF.D)
$WRITE(¢,1CC2) COF
100200 FORMAT(/ 4XSHCOF 2y (6EF2C.12))
C CCTATE CRNRDINATE SYSTEM ABJUTYT NJWRMAL TOD PANEL
C TC GET FID NF QUACPATIC CRQSS TFrM
COFah=,5%ABS(CCF(4)-CCF(&))
DP=SCFT(CCF{5)%¥2+(CNF46%Xx%2)
IFIDP.EQ.(CL)) SpPSI=C.
IF{DP NE{(N,.)) SPSTI=S0T (5*%¥2BS(1.-COF46/DP))
TFI(COF(SY®{CNF(4)-COF(6))) LTe(0L)) SPST==SPSI
COSI=SORT(ARS(1.~SPSI%%2))
APT{1l,1)=CPSI
ART(2,19=-SPSI
ART(2,1)=C.
AT (1,2)=5PSI
AFT(2,2)=CPSI
ART{2,2)=C.
ART(1,3)=0.
ART(2,3)=",
ART{ 3v 3,=l.
r CALCULATE PRINCTIPAL CURVATURES
A= 5% (COF(4)%CPSTx=2+COF(6)%2SPSI*%2)+COF(S)%*SPSI*CPST
E=53%¥{(COF(41%SPST*%2+COF(6)2CPST%%2)-COF(S5)£SPSIRCPS]
D=COF(2)%*CPST+CNF(3)=SPST
IF(ARS(D).LT.DFLTA) D=0,
F==CrE(2)1%SPSI+CNF(3)*CPST
IF(ABS(E).LT.OELTA) E=0,
F=CNnF(1)
C CALLCULATE NCSIGIN CF NFwW LOCAL CONEDINATE SYSTEM

[aNe]
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C
C

Y

laEe)

TF(A.EQ.{0.)) RGP(1)=C.

[IF{ANEL(0.)) ROP{1)=-.5%D/A

IF(RL.EQ.{0.)) ROP{2)=C.

IF(B MEL {0a)) ROP(2)=-,5%E/B
oP(3)=CCF( 1)~ A*ROP(I’**Z B*ROP(2) *%2

IF(IFGFFH NE.C)

SWRITE(642000) AyByDeEHF.FOP

2000 FNFMAT((RE15.6))

170
175

2090

300

CCTATE COORDINATE SYSTEM ABOUT AXES IN PANFEL PLANE
TO TRY T0 SLIMINATE LINFAR TERMS

CA=1./SORT(1l.+D%D)

SA=D%CA

CR=1,/SQFT({1.¢E%F)

SB=E=*CR

HT(1,1)=CA

HT{1,2)=n,

HT(1 .3)-SA

HT(2,1)=—-SB*SA

HT(2,2)=CB

HT(2,3)=SB*CA

HT(3,1)=—CBx%SA

HY(3,2)=-S8

HY(3,3)=CB%*CA
CALCULATE ORTHQGOMAL TRANSFORMATION MATPIX
FGP NEW LOCAL COORDINATE SYSTEM

CALL MMULY{ART, AR Hs3,3,3)

CALL MMULT(HT,HyARy343,3)

IF({DeEQeCa).AND{ELEQ.DL)) GO TOD 175

CONT INUE

CONTINUE

CALL MMULT(FNP,AR,W,1,3,3)
CALTCULATE QRIGIN OF LDOCAL PANEL COORDINATE SYSTEM

D3 200 1=1,3

RO(I)=PCL{I)+W(T)
CALCULATE LOCAL COORDINATES OF PROJECTIONS OF
CCPNER POINTS ONTO PANEL PLANE

DN 3CT I=1,4

CALL UNIPAM{AR,RO,CP(1l,1),W)

P{lyI)=W(1)

P(2,1)1=W(2)

CONT INUE

FETUPN

END
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SUBFCUTINE SURPRO(Z,ZP,UN)
CrEstek

SUBRCUTINE SurPRQ (Z,2P,UN)

PURPCSE  TC FIND THE LOCATION OF THE PROJECTION OF A POINT OMTO
A PANEL SURFACE AS WELL AS THE SURFACE NORMAL AT THIS
LOCATION.

IMPUTY CALLING SFQUENCE
I - GLOBAL COORNINATES OF POINT TO BE PROJECTED

COMMON BLNCK
JPANDQ/ — ROLARLART

nyuTePuY CALLING SEQUENCE
Ip — GLOBAL CDORDINATES OF LOCATION OF PROJECTION
UN - GLORAL CCDRDINATES OF UNIT NORMAL TO PANEL SURFACE
AT THIS LOCATICN :

SUBRPCUTINES
CALLFD UNTPAN,UVECT,PANUNT ,MMULT

CUSCUSSICN THE QOUTINE CALCULATES THE PROJECTION OF A POINT ONTQ
A PANEL SURFACE AS WELL AS THE SURFACE NORMAL VECTOR AT
THE PRNOJECTED POINT. ALL INPUT AND QUTPUT VECTORS ARE
ASSUMED TN RfF GIVEN IN GLNBAL COORDINATES. THE RDUTINE
CONVERTS TO LOCAL CCORDINATES, PROJECTS AND CONVERTS
BACK TN GLORAL CCORDINATES. IN THE EVENT THAT THE GIVEN
POINT DOES MOT LIE ABOVE DR BELOW THE PANEL THE
PROJECTION IS MADE ONTNO THE PARABOLIID OF WHICH THE
PANEL IS A PART, :

aEsleEeEeaNela EnNeRhNe N NaNeNaNaNaNe Re Ne e Nea e e e Ne e e N

EERERL
COMMON/PANDQ/CP(344) ,PC(3),RC(3)4AR(3,3)4ART(3,3),P(2,4)+A,B,DIAM,
CO(6,6) 4 ASTIELL6),TIS(16),INS,ITS,NPDQ
DIMENSTION Z(3),7P(3),UN(3),2ZN(3)

C TKANSFORM REPRESENTATION CF POINT FROM GLOBAL TO LOCAL
C PANFEL COORDINATE SYSTEM
CALL UNTPAN(AR ,RN,7,2P)
C CALCULATE VERTICAL COORDINATE OF POINT ON PANEL HAVING SAME
C HCPIZONNTAL LOCATION

ZP(3)=A%ZP{1)%IP(1)+B%IP(2)#ZP(2)

r CALCULATE SURFACE NORMAL VECTNR AT THIS POINT
INCL)==2 . %A%ZP (1) '
IN(2)==-2,%R%7P(2)

IN(31=1,

C CCNVERT NORMAL VECTOR TCQ UNIT NORMAL VECTIR
CALL UVFLCT{ZN)

o CCNVERT PROJECTION TO GLOBAL COORDIMNATES
CALL PANUNI(ART,RN,ZP,ZP)

¢ CCNVERY NORMAL VECTOR TO GLOBAL COORDINATES
CALL MMULT(AKT,ZIN,UN,3,3,1})

FETURN
END
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SUSFCUTINE TCMNTRL
IS ES
SHRECUTIMNE TONTRL

PUEPCSE  TO DESIGNATE THE LOCATTINN OF CONTEDL POINTS FCOP ALL MET-
WORK PANELS AMD TO COMPUTE THE UNIT NORMAL VECTYOG AND THE
EORMAL COMPONEMT TF FREE STREAM VELQCITY VECTTF AT FEVERY
CONTROL PUINT

TRFPYT COrMAIN 8LGCK
JIMOEXS = NT ,NMO MM NPANTAGNNETTY
JMSONTS ), = M

cureur coMsnN BLOCK
/BRDYCS/ = IC,1CC,2CFR,INC,1PC,ITC
JIMDEX/ - MCA,NCTPY

SUEFCUTINES
CALLEN CONTFL

DISCUSSINN  THE ENUTIME CALLS CONTSL TC CALCYLATE THE LOCATION ©F
COUNTROL 9QTMTS FNR ALL PANELS AND TO COMPUTE THE UNTT NaF
-MAL VECTOF AND THE NORMAL CAMPONANT OF FKES STEFAV VEL(-
CITY VECTOR AT EVEEY CONTEAL 20IMT OM ALL PAMFLS FNR EACH
NETWASK, 1T ALSN FINDS THE CUMULATIVE NUMBER NF CONTENL
PGINTS ANP THE TOTAL NUMRFR DF CONTROL POINTS,

MOMANANAMAMN AN AN YN Y

b33 23 £
CONMON/RDYCS/2C(3,125),7CC(3,125),2C2(125),20C(125),1°C(125),
1 1T0(125)
COMMON/ZINDEX/NT{9) o NM{9) JAMIG )y NP{9) NS (9D NCL9)4NZID),
CNOACLE) yNSACLG) ,MCA(LC) o MTACIC) yNNETT NP ANT JNSNGT, HCTRT ,NZMPT
CrRMMCN /MSPNTS/ZM(3,175),2L(75)
NCA(1)="
N0 20C K=1,NMETT
MZIMOAT=NZA(K)+!
NCTRAL=NCA(K)+1
CALL CONTOL(NTIKY JNMOK) gNNEK) JNC (K)o NPA(K) yZM{ 1 ,NZMPAL),
17C (L, NCTRALY,, ZCO L LoNCTRAL) ,7CRINCTRALY ,7RC(NCTRAL), IPCINCTPALY,
2ITCINGTEAL)) '
MCA(K+ L) =NCA(K)&NC(K]}
200 T INUE .
C CRTAINS THFE TOTAL NUYMRER 2F CONTRCL POINTS
MCT2T=MCA(NNETT+])
ECTYRN
r»m

o
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Cogdtss

C SURFCUTINE TGEOMC

C

C PULDCSE TN GENERATE ESSENTIAL GEOMETRY INFORMATION FOR FACH PAMEL
C NF ALL THE NETWORKS

C

r InNPUT COMMON RLOCK

C JINDEX/ = NT ,NM,NNZNPAGNZA,NNETT

r /MSPNTS/ - IM

C )

C cCuTPyT SEE JUTPUT OF SURRQOUTINE GEOM(C

c

C SURECUTINES

C CALLFD GECMC

r

C NISCUSSICN THE ROUTINE CALLS GEOMC TO CALCULATE FSSENMTIAL GFDOME-~
C TRY FAIR ALL PANFLS CF FATH METWNRK, :
Otk ok

N
~

SURECUTINE TGENMC

COMMONZINDEX/NTIO) 3 NM(9) yNN(Q)y NF{9) 4 NS(9)NC(S),NZ(9),

CMNPA(CLICYyNSA(L2Y Gy NCALLN) ¢ NZALLIC) JNNETT MPANT 4NSNGT,NCTRP T NZMPT

COMMEN /MSPNTS/7M(3,175),2L(TS)

PO 200 K=14NNFETT

NIMPAL=NZA(K)+1

MPAMAL=NPA(K)+1]

CLLL GIONMCUINT(K) 4 NMI{K)NNIK) NPAIK),ZM{]1,NIMPAL)})
CONT IMNUF

£oTUYEN

FND
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SUXRCUTINE TSING
CxExtss

SURRCUTINE TSING

PUFPCSE  TC DESIGNATYFE THFE (OCATINN OF DCUBRLETS 2N ALL NFTWORK
PANELS AND TR COMPUTE THT MATEIX FMNR COEFFICIENTS OF CuUaAuL
—-GATIC DOUBRLETS CISTRISBUTION FOF FACH PANEL

JINDEX/ = NT MM NN NPA,MZA,NNETT
/MSPNTS/ - 2¥

CUTFRUT CCMMON BLOCK
-/ IMDEX/ = MS,NS2,NSNGT

SURPFCUTINES
CALLEDR SING

NISCUSSTICN  THE ROUTINFE CALLS STMS T1) CALCULATE THE LICATIAN OF
DOURLETS ON PANELS AND TO COMPUTE THE MATRIX FOR (CEFFI-
CIENTS OF QUADFATIC ONUBLFT NISTEISUTION FOR EVECY PANEL
PF EACH METWGRK. IT ALSG FINDS CUMULATIVE NUREE 0F
DOUBLETS. FIMALLY THE TOTAL NUMBEF OF DOUBLETS IS 0OR-
C TATNED,
Xk e Wk ok
COAMMCM/TNNEX/MT(9) 4NM(Q) JNN(G ), NP(9) ,MS(9),HC(O) 4 NZ(T),
CNPA(LO) W NSACIN) ,NCATLC) WMZA(LC) JNNETT ,NPANT NSNGT NCTRT,N7MPT
CNMMCN /MSPNTS/ZM(3,175) ,ZL(75)
NSA(1)=0
RO 2CC K=1,NNETT
NZMPAL=NZA(K)+1 _
CALL STNGIMTIK) JNM(K) JNN(K) JNSIKI NSA(K) JMNPA(K) ,ZM(1,0/M0A1))
MSA(K+1)=NSA(K)+NS(K)
20~ CrNTINUE
c GRTATNS THE TOTAL NUMBEF NF DJURLETS
MSHGT=NSA(MMETT+ 1)
FFTUFN

£Nn

sl e NalFh e e e WS NS Na Th Ui I Na T W Wa e e la Wl

-~
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SUBFCUTIME VINFCC(Z,2ZMs1D,J4PC)
Cordres

SUBFCUTINE VINFCC

PURDPCSE TO GEMFRATE THE THFEE COMPONENTS OF AECQDYNAMYIC INFLUENCE
COEFFICIENTS FO? A GIVEN CONTEQOL POENT INDUCED BY ALL PaN
-FLS DOURLET PISTA [AUTICN

INPLEY CALLING SFQUENCF
l - XyY,Z COOEDINATES ©OF A GIVEM COMTEOL POINT
It = NOMAL VFCTDF AT THE CONTROL POTHT OM PANFL SUFTACE
0 - PECTUFRBATION DISTANCE F0Op CONTSOL POINT AY EQGES
JPC - [INDEX CGF PANEL 2F WHICH COMPDMENTS GOF 21C ARF T4 RF
TRANSFORMED TO ITS LNCAL CONDRDIMNATES
COMMON BL0OCK
JCMC3/ - NPIF
/INDEX/ =~ NPAMNT,NSNGT

cuTPUY COMMON BLGCK
/PINC/ - DVOFS

SURFCUTINES '
caLLen PTENS s SIVC,PIVE MMULT

DISCUSSION  FENE EVYEFY PAMEL, THE FOUTINE CALLS PTRNS TQ TRANSFER
) PAMEL INFDPMATTION, CEPENDING OIN THE SIVEN CONROL POINT IS

AT EDGT NT INTERICE 0F THE PANMFEL, [T CALLS EIVC OF PIVC
TN EVALUATE THF IMTEGFALS, THE LATTEC [S THEH MULTIPLICD
BY THE GENFPALTIZED INVERSE FEUM LEAST SQUARES FIT 0OF QUAD
-DFATIC DCURLET DISTRIBUTICN OBTAINFD IN SUBRNUTINE SING
TC FNEM THE THEEE COMPONEMTS NF AERDDYNAMIC INFLUENCE
COEFFICIENTS., If JPC IS SPECIFIED, THE COMPONENTS OF AIC .
WILL BF TRAMSFNAIMED TO LNCAL COCRJDINATES DF THAT PARTI-
CULAR DANE( .

T T 00 T T T N T T T T e N T T T Nan i T T TR A Nun WD TR M¥an Mife v Hhan N BN Bihn

Ctkxiks:
CCMMCN /CHMO3/NTSINGNTSOUT 4MTGD,NPTFNATC3,NATC,NJAC,NSCR
COMMON/ INDEX/NTIQY JNM(9) yNN( D), NP9 ,NS{O)4NC(9)yNZ (9D,
CAPA(LP) G NSACLD ) oNCA(1C) JNZACLC) JNNETT  NPANT JNSNGT,NCTRT,N7MPT
COMMCN/ PANCO/CP(3,4) ,PCI3),F0(3),89(3,3),A0T(3,3),P(2,4),8,3,D1AM,
CCL6+,6) 4 AST(6,15) s 115161, INS,ITS,NPNQ
COMMCN /PIMC/DVDFS{3,125)
COMMPN /P INDX/KD,KQ,NPWR ,NPED
COMMON/PTVM/DVOS(3,6)
COMMECN /Z1P/IP7,1P,17Z,JC2
DIMENSICN VF(3),VS(3,16),7(3),ZN(3)

¢ SETS ARRAY DVDES TC 7FRO

CALL ZEFCIDVDFS, 3%MNSNGT)
C NRTAINS THE 3 COMPONFNTS UF AFFNONYNAMIC
C TMFLUENCE COEFFICIENTS FOR A GIVEM CONTROL
C POIMT TMDUCED 8Y ALL NOUBLET PANFLS 0OF HALF
r THF CONFIGURATION AND THEIR [MAGES

KO

]
2D
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6G2
£25

ane
as0

ogo

FEWIND NPIF & NPED = NPIF

DO 702 1FP=1,NPANT

Catlt PTENS(IP)

IF(IC.EC.0) GN TN 6C72

CALL EIVCUZ+INLZDHIPINF)

TF(IPINF) 625,700,625

CALL PIVC(L)

CALL MMULT(DVDS,AST,VS,3,64INS)

nn 65C IC=1,INS

IS=IIS(IC)

NVNFS(1,IS)=DVDFS(1,IS)+VvS{(1,IC)

NVOFS(2,1S5)=DVDOFS{2,1S5)+VS(2,1C)

CVDFS(3,1S)=DVOFS(3,1IS5)+VSI(3,1C)

CONTINUE .

CONT INYE

IF(JFC.FC.C}Y G TO 900
TRANSFORMS AIC T LCCAL PANEL

CALL PTENS({JPCH

NY RSN [S=1,NSNGT

CeLlL MMULTOLAR,,CVDFS(1,1S),VE,3,3,1)

N7 8CC 1=1,3

DVOFS(T,1S)=VR(])

COMT IMUF

FETURN

gnn
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CVERLBY(VDRTEX,3,C)
PEOGRAM SOLVER

Catttsn

OAODINOODOANAMN AN AN ANN

()

15

29

pPenNneaM  S(LVEFR
CUFPCSE  TO SOLVE A LINEAF SYSTEM OF ZQUATIONS Axx=R

NPy T COAEMON RLOCK
INFQS/ - NE,NF,NM&T,N2HS

QUTPLT  COMMDN BLECK
INEQS/ - NRHS

SUBRLTINES
CALLFD LINEDS

DISCUSSION SEE P20GRAM DCCUMEMT 1.3 DESCKIPTION ANMD FLCYW CHART 0F
NVEFLAY PROGPAMS.
THE PRQCPAM HAS EFEN SET UP WITH THE CONSITEFATIONM
THAT AN ONT-CF-CCFFE EQUATIOM SCLVER CAN BE RFEPLACF THE PF
SENT IN=-CCRF CONE WITHRUT CHANGING THE DATA STFUCTURF
SIGNIFICANTLY.

TXERXE

COMMOAN /NEQS/NEJNRGNMAT, NERS
NIMENSTON A(13C,132),R(13C),IPR(133)
NM o= 130
KEADRS CUT COEFFICIENT MATR X AMD RIGHT-
HAND SIDE AND STGRES THEM IN ARRAYS 4 $ R
FEWIND NmMAT -
FEWTAD MRHS
NN 18 T=1,NF
READ(NMAT)Y  (A(1,J)sJd=1,NFE)
READ(MRHS) R(I)
CALL LINEQSUANM,NF,IPR,AR,MF,D1)
IF{D1.NELC, GO T2 2C
PeINT 15
FARMAT(///7% THF MATRIX APPEARS SINGULAF ¥)
SYop
WEITES SCLUTINN VECTOR AN THe FILF
EEWIAND MRHS
WEITE(NPHS) B
PEYURN
END
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GVEFLAY(VORTEX,.:4,0)
PRNGRAM CUTPUT

Crrsxex

aRalaNaNa¥eNale el e Re N WL W W IR N ks iska i iainis ialn i ke i io e ta o inisia Na Xe

-

PEAGRAM  OUTPYT

PUTPQSF  TO CALCUYLATE AND PRINT THE FOLLOWING RESULTS

PANEL INDJCES OF THE WING, FRFE AND FED SHEETS AND WAKE

XeYeZ COORGINATES, PANEL NUMBEFR AMD CIRCULATIOM AT POINTS
ALONG THE TECMINATED FDGE OF THE FED SHEET

XeYol CODFLINATES, PAMEL NUMBER AND CI2CULATION AT POINTS
AL ING THE WING TRAILING EDGF

PAMFL NUMEER, X,Y,7 CCORDINATES OF PANEL CENTEF FOINT,
UPPER BMD L2WER VELOCITY, DELTA CP, UPPER AND LUOWFEF
CPy AND PANEL AREA

MOEMAL FQORCE COEFFICIENTY

PITCHING MOMENT COEFFICIENT

PITCH AXIS

S0NT CHAORD

WING AREA

XeYoZ COOFDINATES OF PANEL CCENEFR POINTS IN THE FREF
SHEZT NETWIRK

Xe¥Ysl COCRDINATES OF PANFL CNRENER POINTS IN THE FED
SHEET NETWNFK

oY COMMTr 3 DCK
/BDYCS/ - 1IC
/CMYY/ - NPIF,NAIC3
JESVEL/S = FSVXPITCH
/INDEX/ = NM,NPA,NZA
/MSONTS/ ~ IM
INFAY/ = NFEQNFZNG
/PAMDQ/ - AR LACT,C
/PINC/ - DVOFS
/SCLN/ - S

CuTPLT SEE PUFPOSE

SURFRCUTINES
CALLED MMULT,PTENS , SNGCALZUVECT, VP

DISCUSSICN SFE PROGRAM DOCUMENT 1.3 DESCRIPTINN AND FLOW CHAST Of
PVERLAY PROGRAMS,

RkE EE R

COMMEN  /CMCO3/NTSINGNTSCGUT ¢NTGD 4 NPTF,NATC3I,NATC NJAC,NSCE |
CRNMMON/BOYCS/2C(3,125),27C(3,125),2CR(125),20C(125),1pPC(125),

1 ITC(125) '

COMMOM/ INDEN/NT(Q),NM(9) yNN(G) s NPEI) yNS(9),NC(9),NZ(9),

CNPA(LID) yNSA(TID) o NCAGLG) yMNZALLT) ¢ NMETT G NPANT JNSNGT,NCTRT,NZMDT
CNMMAN/MSPMTS/ZM(3,175),7L(T5)
COMMON/PANDG/CP(3,4) 4PCI3) 4 RC{3),AR(3,3),4KkT(3,3),P(2,4),4,B,01AM,

CC(6,6)AST(H,16),TIS(16),INS,ITS,NPDN
COMMCN /PINMC/DVIOFS(3,125)
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a M

SO

COMMECMN JPINTX/KP4KQMPWE ,NPED
COMMON/FSVEL/FSNVI3),FSYM, AL PHA, XPITCH, R CHORN
CCYMON /RFAJ/NEQ  NF (NG
COMMON /NMTTFR/NFUNGJIT , TTMX KIT,[TPEIN
TOMMCN /SOLN/S(125),24(75)
COMMON /IPRINT/IPMPUT JIPGEDM,IPSING, IPCNTE,IPEIVC,I1POUTE
CTIMENSTON VEL(3),VELES(2),7(3),TSCLE), V() ,VL(3)
TFUTFQUTP.EQN.DRNFUNJMELINO) 60 TO SQ
PEINT 2C 10, NMNETT ,MPANT,NSNCGTNCTRT ,NZMFY

2010 FREMAT(*1FROM DUTPUTX/S]5)
PREINT 2C2C, (S{1),1=1,NSNGT)

2020 FOFMAT(//% SCLUTICN S%/(5F14,.6))

ST COMTINUE

PRIMTS PANEL MND. FOR DIFFERENT NETHOTKS
't =1 £ 12 = NPA(?2)
T3 = NPA(2)+]1 § 14 = MPA(2D)
IS = NEA(R)+]1 &5 6 = NPA(4)
17 = NPA(4)+1 & I8 = NPA(g)

AETTEANTSOUT,5C10)  T1e12,13,14,15,16,17,12
SENYT FOEMAT( ///48X =W ING PANEL NUMBEFR*,3X,14,% TO*,14/
GRY (#HFCFE SHEEY CAMTL NUMBER*,2X, [4,% TNx, 14/
48X HFED SHEST PANEL NUMBES® 3%, [4,% TN, [4/
48X ¢ XWAKE CANEL NUMBER®,3Y,T4,% TO%,[4)

(VRN

FRINTS CIRCULETION ALIMG TESMINATED FNGE
FF FED SHEFT
VEITE(NTSNUT,5020)
5020 FOFMAT(/ /743X #CIRCULATION ALONG TERMINATED EDGE OF FED SHEET®//

142X s #X &, 10K g 3Y % LOX % 7% 4 LOX o #PANEL® 6 ¢ *CTKCULATI NN %/ )
KO = 0
REWIND NPIE & NPED = NPIF
M3 = NV (3)
Ll = N78(3) + M3
no 2C IP=15,15%
L2 = L1 + M3
CALL PTFNS(T?)
DTN L=1,3
ZOL) = NLSE(ZM(L,LL) + ZM(L,L2))

106 CONTINUSE
CALL SNGCAL(7,TSC) ‘
WP TTE(NTSOUT,5030)  (Z(L),L=1,3),1P,TSC(1)

5030 FOFMAT(34X,3F11.4,8Y,14,4X,F11.4)

L1 = L2

200 CONTINUF

PEIMTS CIFCULATION ALONG WING TEAILING EDGE
WETTE(NTSIUT,5242) )
S040 FOEMAT(//48X,%*CIRCULATION ALOCNG WING TRATLING ENGE%x//
142X o X%, LOX g %Y X, 10X o %1%, 10X 4 ¥PANEL* ,6X 4 2CTFCULATION%/)
TNP = NPA(S) - {NM(2)-1)
Ll = NZA(4) + 1
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e T TG T W

3C73

466

5059

5C<C

6920

DU 4CO IP=JT7,INP

12 = L1 + 1

CALL PTRNS(IP)

NO 385 L=1,3

ZOLY = naS5E(7{L,LL) + ZM(L,L2))

COMNT INUE

CALL SNGCAL(Z,TSCH

WOTTE(NTSGUT,5230)  (Z(L)sL=1,3),1P,TSC (1)
L1 = L2

CONTINUE

PRIMTS VI(UPPFFR), V(LNWER}, CTP(UPPEX),
CP{LOWER), DELTA CP, ETC. FVALUJATED AT THE
CONTENL PCINTS CORPFESPONNDING T CENTRAL
LNCATICON CF PAMELS

WETTE(NTSOUT,5252)

F"]PMAT(///ZQX, *DAa\‘EL*QEX' *ZCX*;&JX'*ZCY*' EX v*lCZ*Oon*VU!*'ﬁXv*VUY*,
TEX g FVUZ R 36X g FVLXE ,O6X g XVLY R, 6X g VLI¥*, 6X SO PE,5X, O R, £ X, 2P *,6X,
2%8°E A% /)

E-WIND NATC3

KO = 0

CCWIND MPIF  §  NPFL = NPIF :

NFl = MF = NG

ne S5CC [=1,NFQ

QEAD(NAIC3) DVNFS(L)

COMTINUFE

Sw = D
N = 0.
C."'- = r) .

RO QCT 1Jd=1,NF
READ(MNATC3) DVDFS
IP = 14 ¢ JC = MEQ + 1J
CALL PTRNS(IP)

CALCULATFES V{TOTAL) AND GRAD{(MU)
CALL MMULT(OVDFS, SosVFL,3,MSNGT, 1}
DN 6CC I=1,7
VELIT) = VELITL) + FSV(T)
TALL SNGCAL(ZC(1,3C),TSCH
2(L)=TSC{(2) & 2(2) = 7SC(3) ¢ 2(3) = Q.
CALL MMULT(ART,7,VELFS42,3,1)

CA{CULATES V(UPPFEPY AND V(LOWER)

nn 102 I=1'3

VUCT) = VEL(T) + D.SEVELFS(T)

VLII) = VEL(T) = D.5%VELFS(T) . N
COMT TMUE

CALCULATES DELTA CP
CALL VIP(VELs1sVELFS,1,3,KHNRCP)
NCe = 2,%*4DCP N
IF(TJeGTJNFW) GJ 70 8’Ch
CALCULATFS £O(UPPER) AND CP(LOWEP) FQF WING
CALL VIP(VEL,1VFLyl,y3,VSE)
CALL VIP(VELFS,Ll,VELFS,1,3,GMUSQ)
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()

5C6%

8C¢C
507135
1ole

50C9C

5100

511C

0 N -

crPy le = (VSQ + HDCP + C,25%GMUSO)

ceL l« = (VSQ - HDCP + G,25%GMUSQ)
CALCULATES WING ARFA, NODRMAL FORCE COEFF.,
PITCHING MCGMENT COEFF,

SP = C(1,1)

SW = SwW + SP

CNF = AF(3,3)%DCP#%SP

CN = CN 4+ CNF

M = CM 4+ CNF*(ZC(1,JC) - X¥PITCH)

WRITE(NTSOUT,S506%) 1P (ZCIT,JC),I=1,42),VU,VL,DCP,CPU,CPL,SP
FORMAT(3X,1442X,13FG.4)

G2 TC 93¢

WRITE(MTSCUT,S507C) IPy{ZC(T+JC)yI=143),VU,VL,DCP
FORMAT{3X,1.4,2Y,1CGFC 4)

CONT TNUF
CALCULATES NOPMAL FOECE CNEFF.,
PITCHING MOMEMT CNEFF,

SW = 2,.%SW

CN = 2.%CN/SW

LM = 2,%CM/(ACHIFD%SK)

WRITE(NTSOUT,S5C82) CN,CM,XPITCH,RCHNRN ,SW
FOSMAT(///76TX*NORMAL FORCF COFFFICIANT =%,3X,F9,4/ '
47X, *PITCHING MOMENT COEFFICIENT =%,c9,4/
47X 2P [TCH AXIS =%,17X,FG,4/
GTX,*F Q0T CHORN =%4,17X,F9.4/
LTXs ¥WING ACPFA =%,18X,F9.41)

PRINTS CCPNEF POINTS OF FREE SHEFT NETWNRK
AND FFD SHEET NETWNOFK
WRITE(MTSOUT,S5390)
FORMAT(///749X,¥X Y I COCKDINATES UF CNRNER POINTS¥)
J1 = NZA(2)#1 & J2 = NZIA(3)
WRITE(NTSOQUT,5120) (ZMIL 3o ZM(243) 0 IM(3,J) 9 J=d1yJ2)
FNEMAT(/STX 4 xFREE SHEET NETWORK%//(15F2.3))
J1 = NZA(3)+41 & J2 = NZA(4)
WPTTE(NTSOUT,511%) (ZMUL, 01 ZM(29J) 27 (34U 4 d=J1vJ2)
FORMAY(/S5TXs¥FED SHEFT NETWORK%//(15%8,3))
FETURMN.
END
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SURRLCUTINE SINFCL(2Z)

CREEERS

AN MNNIOMTNANNNNOONANAOS NN A DO

L 23 52 % 3

SUBECUTINE SINFCC (2)

FUPPCSF GIVEN THE X,vY,7 CCCRDIMNATES OF A PGINT SINFCC CEFIMES A
MATETX (DSDFS), WHICH WHEN MULTIPLIED BY A VIZT(GE CON-
SISTING GF VALUES OF AL L DNDUBLET PARAMETERS, GIVES THF
VALUE AND 1S7,2NC DERIVATIVES CF DOURLEY STREMGTH AT THE
GIVEN POINT

IMPUT CALLING SEQUFNCE
I = XeYol COPORTMATES ©F THE GTVEN POINT
CCMMON BLOCK
/INDEX/ -  NSNGT
/PANMRG/ — RO GAF gAST,, ITS, INS

cuyeuy COMMNN BLGCK
/SMGC/ - DSDFS

SUBPCUTINES -

CaLED UNTPAN ‘
DISCULSSINN  SURBPQUTIME UNIPAN CONVERTS THF INPUT POINT FFOM THE
DMIVERSAL T2 [JCAL PANEL CNRENINATE SYSTEM,

A SIX Ry S[Y MATRIX IS FARMEDN 8Y THE GENERAL EQUATINN
REPRFSENTING THE DOUBLET STRENGTH DISTRIRUTINE AT THE GV
-EN PNINT DN & PAMEL AND ITS SFRIVATIVES.

A STX RY SIXTEEN MATFIyY (AST) FOR CHEFFICIENTS 2F QUAD
-CATIC DOURLET NISTRIBRUTION CN THE PANEL ALSO EXISTS. THE
MATRIX IS COMPUTEDR IN SUBROUTINE SING.

THE MATRIX DSDES IS FARMED BY MULTIPLYING THESFE TwQ
MATRICES.

COMMONZINREX/NT(9) JNM{9) yNN(G),NP(9),NS{SG) ,NC(9),NZ{9),
CNPA(LIDI NSA(LG) o NCACLC) sMZA(LI0) g NNETT o MPANT JNSNGTLNCTRT,MNZMPT
CTMMCM/PANDQ/CP(344) yPCU2)GRC(3) AR 343 ),ART(3,43)4,P(2,4),A,8,N14M,
CCUELE) g AST(ELLIA) B TTIS(16),INS,ITS,NPDQ
COUMCN /SNGC/ DSDFS(6,125)
NIMENSION Z(3),41(3)
FOOTVALENCE (X,W{Ll)),y (Y W(2))
TEAMNSFORMS THE INPUT POINT FROM GLORAL. TQ
LOCAL FPANEL COCRDINATE SYSTEM
CALL UNTIPAM{ AP ,RN,Z,W)
SETS APRAY DSDFS TG ZERD - - -
CLLL ZEFO(DSDFS,6%NSNGT)
MULTIPLIES Twl MATRICES T0O FORM THE MATFIX
, DSNFS
pn 2€9 1C=1,IMS '
I1S=11IS(IC)
DX="ASTU4,ICIEX+AST (S, IC) %Y
DYzAST(S,ICY&EX+AST (6, IC) %Y
DSNFS(1,IS)I=DSNFS(L1,IS)I+AST(L,ICHI+(AST(2,1C)e.5%DX)} %X
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C+AST(3,IC)+.5%DY ) %Y
NSNFS(2,1S)=DSDOFS(2,1S)+4ST(2,10)+DX
DSOFS(3,1S)=DSOFS(2,ISI+AST(3,IC)+DY
DSDFS(4,1S)=DSDFS(4,1S)4AST(4,IC)
ASDFS{5,1S5)=DSDFS(S5, ISI+AST(5,17)
NSDFS(6+15)=DSD"S(&, I<¥+4ST(6,1C)

2C0  CONTIMUE
RETYRN
END
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SUBROUTTINE SNGCALI(Z,TSO)
Cxkerss

SURRCUTTIANE SNGTAL (Z,TSC)

PURPCSE TG CALCULATE TH=Z VALUF AND 1S8T,2MO DEFIVATIVES 02F DOUR-
LET STENGTH AT THE SPECIFIED pPOINT

IreyT CALLING SEQUENCE
7 =~ XoYe2 COORDINATES DRF THE GIVEN PJOINT
CCMMON BLNOCK
/SgLd/s - S

ouToUuT CALLING SEQUENCF
TSC - ARRAY CONSISTS OF THE VALUFE AND L1ST,2MD DFRIIVATIVFES
NF DOURLET STREMGTH

SUFFCUTINFES
CALLED STMNFCC,AMULT

NDISCUSSION SNGCAL CALLS SUBRQLUTINE SINFCC TGO PRORUCE THE MATSTY
NSDFS. MMULT MULTIPLIFS THIS MATRIX 8Y THE VECTOR CONSIST
-INT 3OF VALUES OF ALL DOURLET PAFAMETERS PEEVIQUSLY DH-
TAINED TQO PRODUCF THE VALUT AND IST,2ND DFRIVATIVES 0OF
DOUYRLET STRENGTH AT THE GIVEN POINT

DOANTINOAOMNOMNOANAOOD MO

S
L.
%
4
*
3#*
1*

COMMCN/ INDEX/NT(G) 4 NM{Q) yNNIG Iy NPUG) yNS(9Y,NC(G),NZ(S),
CMPALIC) oy NSALIDV o NCACLC) o NZA(CLN) yNNETT o NPANT gNSNGT NCTRTSN7MPT
CAMMCN /SNGC/DSNFS(6,125)

COMMCN 7SOLN/S(125),24(75)

DIMENSTION Z{3),TSCt6)

Caty SINFCC(Z)

CALL PMULT(DSOFSeSsTSCeb,MNSMGT, 1)

QETURN

FNG
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SURFCUTINE BSUBSM({A,NP,N,IFR,R,M)

Clelkdt s

SUBFCUTINF BSUSSM (A,NR,N,IPF,B,M)

PUFPCSF TO PERFIRM RACK SU3STITUTIONS USING THE EACTRRIZATION (A=
TAINED FROM A DECOMPGSITION KOUTINE AMD FIND THE SCLUTION
FN2 A SYSTEM CF EQUATICNS

INPUT CALLINSG SFQUENCF
A - THE LOWEF TRIANGLE CF THF AKRFRAY CONSTISTS NF A& LIJwEC
TRIANGULAF MATRIX L AND THF UPOEI TRTANGLE CNMNSISTS
DF AN UPPER TETAMGULAF MATEIX ). THEY ART MRTAINED
COUOM A DECOMPOSITION ROUTINE SUCH AS TOELOCM
NR - MAXIMUM FOW DIMENSION OF APRAYS A AND B
M — IRDEF NF THE COEFFICIEMT MATFRIX
IPR — APzAY CONSISTS OF NuUM8ESS OF PIVOTAL RO%W, AS DERIV-
ED FEOM THF SURROUTIME TDECNM
P = AFRAY CONSISTS CF M FIGHT-HAMD SIDES NF THE LIMEAFR
SYSTEM ‘
M - NUMRER 0OF RIGHT=-HAND SIN:S

curTPLT CALLING SEQUENCE ) '
B ~ SOLUYION VECTOEKS

SURECUTIMES
CALLED vIPS

DISCUSSICN THE ROUTINE FIEST USES PIVOTAL INFORMATION GIVEN IN

THE AFRAY IPR TD FXCHANGE FELEMENTS JF RIGHT-HAMD SIDES,
IT THEN PERFIRMS FCORWARD SURSTITUTICN BY SOLVING THF LOW-
ER TRIANGULAR SYSTEM NF FQUATIOMNS LY=8 AND B2ACKWARD SUE-
STITUTION 3Y SOLVING THF UPPER TRIANGULAR SYSTEM DF £QUaA-
TINNS UX=Y., X IS THE DESIFFND SGLUTIUN 02F THE GIVEN SYSTEM
OF EQUATIONS.

THE SOUTINE IS A MODIFIED VERSIOM OF A ROUTINE IN THE
SURRDUT INE LIRRARY CF THE BNEING COMPUTER SERQVICES (3.

L2 2 8 2 2

sz inkeala¥a Tz iakalaRe RaRa We Fe B N N Ne Re N N e R NaNa No e Ke Ra Na Ne Ne!

laNe

DIMENSION AINR L), IPR(1),8(NE,1) ]
USES PIVOTAL INFOPMATION TQO EXCHANGE
ELEMENTS OF RIGHT-HAND SIDES
NO 10 I=1,M
IF(TIPR(T).EQ.I)} GO TO L3
DO 5§ K=1,M
X=8(I,K)
J=IPR(I)
B(I,K)=B(JyK)
R{J,K)=X
CONT INUE
PERFNRMS FORWARD SURSTITUT NN
NM1 = N - 1
NGO SC K=1,M
= B(1l

B(1,¥%) B(LlyK)/A(1,1)
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20

o
Y

50

IF(NLEQL 1)

D 2C¢ [=2,N

X=28 (14K}

GG T2 3¢

CRLL VIPS{A({T41) MF 8(1sK),1,1-1,X)
X/A(T,1)

F'I’K) =

* B(M,K) =

TF(M.EQ.

A(N,.K}

1)

G0 T3 s5C

N 4 IN=1,MM1

I = N-IN

X = P.(!,K)
L= T4

C

B(T,K) = X

CONT INUF
CUNT INUF
ESTURN

cHn
[l

PEPFORMS BACKWAFT SUBSTITUTICN

1
ALL VIPS(A(T+TL)eNRGBITLyK)elsINGX)
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IDENT CMAB (A,B,R,NFA,NCA,NCR)
X2 3 22 23
* SUBFCUTINE CMAR (A,R,F,MNRA,NCA,NCR)
*
% PUFPCSE TO MULTIPLY TWO MATFICES WHUSE ELSMRENTS ARE STQFED
% COMPACTLY RY RCWS (CCOMPASS)
* INPUT CALLTNG SEQUENCFE
% & ~ LOCATION QOF FIPST MATRIY
® B - LOCATION GF SFLCND MATR X
= R — LOCATICH noF RESULTANT MATC X
* MF A = NUMRFE NF FOKS [N FISST MATEIX
* NCA - NUMBREF 0OF CCLUMMS TM FIEST MATRIYX
* MCB - NUMBRER 0F CPLUYNS T% SFOOMD MATEIX
%
* CUTPLTY CALLING SEQUEMNCF
% P - RESULTANT MATE IX
£
® SUBFCUTINFS
% CALLED  NONE
b 3
% ODISCUSSION  PERFDRMS THE MATRIX OPFRATICN (R) = (B) (A)
*
* WARNTNG -
% ThIS RAUTINE USFS FUN CONVEMTIOM CALLING SSQUFNCE
* DC NOT CALL FFOM €TH COMFILED PPQGRAMS
22 333 2
FMTRY CMaAB
CMAR RSS7 1
*
x IMITIALTZATIGN PCRTION
N .
Sas B4 LOAD NUMBER OF ROWS A MATLIY
SAS R5 LOAT NUMRES 0F PNWS R MATEIX
Px7 X4%X5 GET NUMRER ELEMENTS IN MATRIX
34 f81+X5 LAST ADNERESS PLUS ONE FIRST ROW A
SAQ Rl SAVE ADDRESS 0OF A IN AD
B85 X5 NUMBER COLUMMS A
s$a3 86 NUMBER COLUMNS 8
o 1 GNE TD X2
SR7 P1+X7 LWA+0OME OF A MATRIX TN 87
$86 Y3 NUMEES CCLUMNS B MATRIX
rY1 XC#X3 EVEN/DDD FLAG FN&E NCR TN X1
SA4 P3+X3 STOKE FwA SECQOMD P0W DOF B IN A4
iy X1,CL0o0P 1F R HAS AN EVEN NUMBFEF 0OF CUCLUMNS'
# MNEED NOT DO THE 390 LOOP
%=
* FESCESS FIRST COLUMN NF F IF NCB IS 0DD
*
X0 R3 SAVE ADDRESS NF F IN X0
=
% THE FOLLOWING COCDE IS EXFECUTED IFF NCGB IS 29D
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it 3 4

* % o4 2 %

T

cLace

#*

FLCCP

LOOPBACK IS FOR

MX6 0
Sal 81
SA2 22

LOCPRACK IS FOR

FX5 X1%X2
SR Rlel

S&2 A2+R5
Sal 51 .
FX6 X5+ X&

LT Bl,R4,IL
NX 6 X%

SAe g3

SR4 B4+05
SA3 B3+:346

te BayAT,FL
SRl AD

SR3 XC+1

Se2 32+1

SBa Bl+35
SXx1 né6-1

1F X1,CMAB

FPIMARY PZRTION

LNCPBLACK IS FNOR

SA1 R1

X0 P3
LCOPBACK IS FOF
MY 6 0

SA? B2

SA3 A2+ 1

MX 7 0

LCNPBACK IS FOF

FXe& X1%Xx2
<81 81+1
£X5 X1%X3
SA2 A2+36
Al A1
FX6 X6+X4
SA3 42+1
FX7 XT+X5

EACH ROW

THE TMNF

OF Ccop=

A PAIR OF COLUMNS

RCHWS 0OF

INNER PR

159

IN A

ZEED TO X6 AS ACCUMULATOER
FIFSTY ELEMENTY OF R0Ww 0F A TC X1
FIRST ELEMENT OF COLUMN OF 7 TN X1
F PFODUCT (NCA TIMES)

MULTIPLY FLEMEMNT A % ELEMEMY 3

SUMP ADDPESS TN A UP AS LOOR COUMTE®R
L2AD MEXT SLEMENT COULUMN OF R
LOADC MEXT ELEMENT ROW OF &
£DD ON CURFENT CONT. 7O INKNEE
NONE TF 21 IS POINTS T NEXT

peanynT
W OF &

STOFE ELEMENT IN THE R MATEIY

RUMP INNEF LOCP DONE COUMTEF 2Y NCA
BRUMP P STOKE BY NCB

TEST FOP ALL ROWS FIRST COL NF £ DONE
FESTORE ADDFESS F A

RESTORE R AMD, TH SECOND ELEMENT 0F P
FESTORE B ADC. TD SECCND ELEMENT 2F R
CFESTNRE R4 T(O LwWA+! FIRST EGW CF A
TEST FOR DENE AT THIS PNOINT

DCNFE IF OMLY ONE COLUMN IN 3

T0 PROCESS MULTIPLY

IN P

LOAT FIRST ELEMENT NF A FOR INNFR MNP

SEVE ADDRESS OF & MATRIX COL IN X2

A

ZEFD TO X& FOP ODD ACCUMULATCE

LOAC FIFST  ELEFMENT 0ODD COLUMN OF R
LOAD FIRST ELEMENT EVEN COLUMN OF R
7ERO TN XT AS EVEN ACCUMULATCR

NDUCT (MNCA TIMES)

STAST 0NN MULTIPLY GOIMG

BUMP 81 AS LOCP CIUNTER

STAST EVEN MULTIPLY GOING

LOAD NEXT FLEMENT 0DD COLUMN NF 8
LOAD NFXT ELEMENT ROW OF A
ADD ON TNNFR PROD. O0OD COL
LPAD NMEXT CLEMENT EVEN COLUMN
ADD ON T INNER PRID. EVEN ZCL

NF R



lT

NYXE
Sy
Sks
NX7
<a3
Sa7
LT

ca3
se
a2
Sng4
SY 2
N

£0

END

81,84, 1L020F

X6
B4+35
a3
X7
B3+R6
A6+

B1,87,0L0GP

X35+2

Al

242
a1+a5
A4-R3
x2,CL00P
CMAS

160

DONE TF 21 PRINTS T2 NEXT POW OF A

ADVAMCE R4 TO MNEXT KOW DF A
STOPE SLEMENT & IN ODD COL

BUMP THE f STOFF 2y MNC3

STORE ELEMENT R IN EVEN CDL

PONE IF 31 IS PASY THC A MATRIX

ACV ANCE INMTITTAL VALUE COF R3 BY TuD
RESTORE Rl TG FIGST ELEMENT NF A
ADVAMCE CCL B PQOINTEE 3y Twn
RESTOEF R4 T SECOND SOW 0OF A

LWA+]1 NF F -~ NEXT COL OF £ ACDFESS
DCMF IF NEXT COL OF R IS SECOND PN
GEYT nuT



SUCRCYTINE CROSS(4,8,C)
Tt EES

SUSRCUTINE CROSS (A,B,0)

-

PURPCSE TO CALCULATE THF CRCSS P&ODUCT 0OF TW) VECTORS
INPLTY CALLING SEQUENCE

A - FIRST VECTOF

R - SECOMD VECTOK

nuTPLT CALLING SEQUENCF
£ - PESULTANT VECTOF

SURECUTINES
CALLED NONE

DICCUSSICN  CROSS PERFGEMS THE FOLLOWING CALCULATINNS-

2 N e Ibe e Nl el e R N lie B e W N Be S N |

Cl) = (L£(2)%B(3)) - (A(3)%B(2))

C(2Y = (A(3¥x=R{11) - (A(1)%R{3))
: C(3) = (ACL}®*B(2)) - (A(2)1%B(1))
CEktxtn

DIMENSICN A(3),R{(3),C(3)
C1)=A(2)*R(3)-A(3)%RB(2)
ClaY=a(3)=R(1)=-A(1)%R(3)
CO2)=Aa(1)%xR(2)-A(2}%3(1)
RETURM

FND
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SUBRCUTINE TPTENS (1IP)
CEexnex

C SUBRCUTINE [PTPNS (1P)
C
C PURPCSE TO WRITE PANEL INFORMATICON ON DISK
C
C INpUIT CALLING SEQUEMCE
C [P - PANEL NUMBER OF INFORMATIQON TO BE WRITTEN
C COMMON BLDCK
C J/PANDQ/ = CPPCWRGLAP,ART P, A Ry DIAMyCyAST,,IT1S,IHS,ITS
c /P INDX/ — KPNDWR
C .
C OUTPUT COMMOM BLOCK
C /PIMDX/ — KP
C
r SUBRCUTINES
C CALLED NONE
e
C DISCUSSICN WRITES 197 WORNS 0OF PANFL INFOPMATION FROM COMMONM
r BLCCK PAND(C ONTO DISK FILE SPECIFIED BY NPUWR
CarkkEkk
COMMCN /PANLH/ PDQ(L9T)Y, NPDQ
COMMCN /PINDX/ KPKNDUM,NPAN,NDUM
c _

ID = IP - KP

TF (ID) 2CC,32C,1C0
10" IBFANCH = 1D

GO TC 250
200 IBFANCH = 1P

FPEWIND NPAN'
250 IfF (IBRANCH ,FQ. 1} GC TO 29C

MAX = TERANCH - 1L

D2 275 1=1,MAX
275 WRITE(NPAM) PDAC1)
290 WRITE{NPAN) PDO
ICD KP = 1P

RETUERN

END
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Couxtds .
SURRCUTINE LIMEQS (A MR, ,MN,IPF,ByMyD1)

AN ONANDNIOMNNOOIAANAMNAATNMIMATI SN IIAN TN

SURRCUTINE LINFQS(A,NF,N,IPR,B,M,D1)

PUFBCSE

iNPUT

AuTPLT

TO SOLVE A SYSTEM OF LINEAR EQUATIONS A%X = 3

CALLING SEQUENCE A

A — ABSAY COMSTISTS OF FLEMENTS OF THE COEFFICIENT MATE X

NE - MAXIMUM EOW DIMENSION NF AFCAYS A AND 8

N - CRDSE CF THF COEFFICIENT MATRIX

3 — ARRAY CGNSISTS OF M RIGHT-HEND SINES OF THF LIMFAR
SYSTEM

M - NUMBER CF & IGHT-HAND SIDES

CALLING SEQUFNCE
A - THE LOWER TEIANGLE OF THE AFCGAY COMSISTS GF A LNWER
TRPANGULAS MATRIX L AND THE UPPER TRIANGLFE CONSISTS
OF AN UPPER TP TANGULARP MATTIX tJ {SINCE U IS UNIT UP-~
PEP TRIANGULAR, ITS DIAGMMNAL ELEMENTS ARE MOT STOEFED)
IPR - APRAY GIVES NUMRERS OF PIVOTAL %0W (A RECORD OF IN-
TEQCHAMGES)
B - SOLUTION VECTARS
Nl - = +1 NR -1 ACCOFDING AS THF MUMRSR NF [MTEECHANGES
1S EVEN NR ORN, IT ALSO INDICATES SUCCESSFUL FETURN
= O INDICATES THAT THE COEFFICIENT MATRIX APPFACS
SINGULAF

\

SURKCUTINES

CALLED

TDECIM, 3SUBSM

NISCUSSICMN FOUTINE TDECOM IS FIRST CALLEDR 8Y LINEQS TO PERFOPM

Cxextxs
DIMENSICGN A(NR,1),IPR(1),BINF,]1)

P B |

OO0

10

THE DECAMPASITIAN NF THE COEFFICIENT MATRIX A INTO A LOW-
EC TRIAMGULAR MATFIX L AND AN UPRCR TRIANGULAF MATRIX U,
THE 2ESULT IS THEN USED IN BSURBSM FOR CARRYING. 0T BACK
SUBSTITUTIONS AND CRTAINING THE SOLUTINON TO THE SYSTEM NF
EQUATINNS,

THIS ROUTINE IS A MODIFIED VFRSION OF A ROUTINE IN THE
SUBROUTINE LIBRARY OF THE BOEING COMPUTER.  SERVICES CO.

CALLS POUTINE TN DECOMPOSE THE GIVEN
CNEFFICIENT MATFE IX

CALL TDECCM(AHNFEWNoIPF,IPR,D])

IFIN1.EQ.C.) GN T 12

CALLS ROUTINE TG PERFOIM BACK SUBSTITUTIONS
AND CBTAIMN THE SOLUTION FOR THE SYSTEM (QOF
FAUATIONS

CALL BSUBSM{A,JNR yNJIPE,B,M)

KFTUFN -

END
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SUPFCUTINE MMULT(A,B8,CyLyMeN)

C Rk rts
SURRCUTINE

c

SUBFCUTINES

MTAMAOONO NN NN N0

DISCUSSICN
Hded ek ok

(]

M

MULT (A,B+sCoeLosMyNI

PURBCSE  TO MULTIPLY TWO MATEICES

NUMBEE QF POWS IN A AND C
NUMIRER OF COLUMNS Th A AND POWS IN 8
NMUMAREF (CF COLUMNS "IN 8 AMD C

INPUT CALLING SEQUFNCE
A = ARRPAY COMTATINING
3 = ARRAY CONTAINTNG
L_
N -
N -

~UTPLT CALLING SFQUENCE

- RESULTAMT MATE [X

CALLED CMAB

MMULT CALLS

M8 TO CALCULATE ()

DIMENSTINAN A(Le™) 4BIM,N),C(L,N)
CALL CMAR(R,A,CyNyM,L)

FETURN
FND
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SURENUTINE PAMUNI{ART ,E0,Y,X)
C¥esfn s
SURBCUTINE PANUNI (ART,E2,VY,X)

PUECOCSFE  TO TRANSFORM POINT COCRDIMATES FEOM THF LOCAL PANEL
SYST=#M 70O THFE UNIVERSAL SYSTEM

THPUT CALLING SEQUENCE
APT - LOCAL TC SLUOBAL PANEL SYSTEM TPANSFORMATICN MATRIY
R = Xy¥Y,e2 CODEDINATES QF PAMEL (CFENTER (UNTVEFS2ALY
Y - XoY,I COCIDINATES OF PNINT TG BE TRANSFOEMED(LNCAL)

nuTNLT CALLING SEQUENCE
X - Xe¥sZ CODOFDIMNATES OF TRANSFASMED PCQINT (UMIVFFSAL)

SUBRCUTINES
CCALLED  MMULT

DISCUSSICN  THFE LOCAL -PANFL CCORPDINATES BRE MULTIPLIED BY THE
MATETX AT IN SUBRAOUTINME vMaMylT TO PRIDYCE THE GLOBAL
CANFL CNOKDINATES WHICH, WHEN AQDED T3 THE UNIVERSAL
ODANEL CENTEFR, PFNDHCE THE UNIVEFSAL CNORDINATES.

Fon IR e True B 2e T T e T e B B B3 e P T o T HF e TP T Se Ttn Wi dn |

TEXEFE
DIMENSICN ART(3,3),FC{3)X(3),Y(3),W(3)
CALL MMULT(ART,YW,e3,3,1)
"y 1C I=1,3
10 X(T)=W(T)+«RO(T)
FETURN

END
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SURRQUTINE PDSEQS(ANRyN,DN,RM,D1}
Eddk ok

SUBRCUTINE PDSSQS (A,MR,N,N,B,y,M,D1)

PUEPCSE  TO SOLVE A SYSTEM OF EQUATIONS A®X = B, WHERZT A4 IS A PASH
-TIVE DEFIMNITE SYMMETSIC MATRIX, USING CHOLESKY DFECOMPNSI
~-T 1NN .
INPUT CALLING SEQUENCE
A - ARRAY 0OF WHICH THE UPPER TRTIAMNGLE 1S THT 1PPFR TC[AN-
GLF OF A GIVEN POSITIVE CEFIN[TE SYMMETRIL mMATR[X
NFE - MAYIMUM RCOW DIMENSION COF AFRRAYS A AND B
N - ORDER CF THF POSITIVE DEFINITE CREFFICTENT MATEIX
R — ACFAY CONSISTS OF M RIGHT-HAND SINES GF THE L IMEAR
SYSToM
Moo= MUMBER (OF P IGHT-HAMD SIDES

nuTPUT CALLTING SEQUENCE
R = SOLUYTICN VECTOFS .
A — ARRAY CF WHICH THE UPPER TFETANGLE IS SAME A4S INPUT,
THE LOWERP TRIANGLE CONTAINS THE LIWER TRIANGULAR MAT-
RIX L FFOM CHOLESKY DECOMPOSITION WITH DIACCMAL ELF-
MEMTS EXCLUDED
ON = THE FECIPRQCALS OF DIAGOMAL ELEMENTS OF L

31 - =1 F0OP SUCCFSSFUL RETUEN
= D INDICATES THAT THE GIVEM COEFFICIEMT MATFIX ADP-
PREARS NNT POSITIVE DEFINITE
SUBRCUTINES

caLLep NOMNE

NISCUSSICN  THE ROUTIMNE FIRPST PERFOPMS THE CHOLFESKY DECCMPQOSITICN
OF THE GIVEN MATRTIX A INTD A LOWSS TRTANGULAR MATPIX L
AND ITS TYRANSPOSE. IT THFEN SOLVFES THE GIVEN SYSTEM 0OF EQU
-ATINNS 8Y BACK SURSTITUTINNS,

a¥e Nals ¥e e e Ne e Bo N ¥ k2 I Re Ea e Ne e ln N e N e Na la e Ha lee e lie We e Be

0
3
4
4#
3¢
*
#

DIMEANSICN A(MR,L 1) ,ONM{1),8(NR,1)
PERENPMS CHCOLESKY DECOMPOSITINN

(@}

no 20 I=1,N
KT = 1-1
NO 2C J=1.N
X = A{l+J)
IF{KTGTC) CALL VIPSIA(IZ 114 MRGA(Tg1) oMF KT 4X)
IF(J.NFLT) G T2 1C
IF(X.LE.".) GO TO 8D
DNETE) = 1./SNRT(X)
Ce TC 20

12 a(Jds 1) = XEDON(I])

20 CONTINUE
Nl = 1.

c BACK SUBSTITUTIONS

NML = N -1
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DO 6C J=1,M
P{leJd) = BLLoJ)®DNI(])
IF{INER. ) GN T2 4C
no 3¢ 1=2,N
Y = B(1,U) :
CALL VIPS(A(T,)1) yNRGyB{1yJ)eleI=-1,Y)
P{YyJd) = Y®DON(IT)
IF(N,EQ.1Y GN T 6
32 COMT IMUE
40 BIN,JY = BIN,JYEDN(N)
N0 5C IN=1,NM1.
I M= N
Y B(I,J)
11 = T+1
CALL VIPSTA(IL.T),41,B(I1,J),1,IN,Y)
B{T,J) = Y=DNI(T)}
53 CONTINUE
60 CONT INUF
TQ RETUPN

([

80 n! = 0,
en TC 70
FND
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SUBRCUTIMNE PTEMS (IP)
Cheextx

C SUBFCUTINE PTERNS (1P)
C
C PUEPCSE T FEAD PAMNEL INFCFMATICON FROM DISK
p .
C INFUT CatLING SEQUENCE
C IP — PANEL MUMBER NF INFNEMATICON TO BE FEAN
r COMMNN BLNCK
C /PINDX/ - KO,NPRD
C
r cuTeLT COMMON RBLOCK
c /PANDQ/S = CPPCHRCVARVAFT 4P A,B,DIAM,CyAST TIS,IMS,ITS
C /PINDX/ - ¥Q
C
C SUBRCUTINFS
C CALLED MONE
C
C PISCUSSTION  FEADS 197 WORDS CF PANEL INFOREMATION FROM DISK FILFR
C SPECIFIED RY NPRD INTGC COMMON BLCGCK PANDQ,
CEtksd s
C
¢ FEACS PANSL INFOFMATIAN FRCOM NISK
C
COMMCN /PAMER/ PDRLELATE, NODQ
COMMOMN /PINCX/ KDUM,KP,NOUM, NPAN
C

ID = 1P - KP
IF (ID) 2CC,300,100
100 IBFANCH = 1D
GO T 250
200 TREANCH = 1P
PFWIND NPAN
250 IF { IRRANCH .EQ. 1) GO TO 290
MAY = TRRANCH - 1
PN 275 T=1,MAX
275 FREAD(NPAN)  PDQ(1)
290 FPEAD(NPAN)  PDO
3cn KP = IP
PETYRN
FND

-

168



SUBECUTTMNE TDECOM{A,NE,N,V, IPF,[1)

Cxtkbst

OMNOAOONODNOAANNODNNTAMNNINIANNAMANNN NN ANAM D A

1C

SURGCUTINE TDECDM (L,MC,N,V,IPR,D1)

FUFPCSE TO DECOMPGSE A& SQUARFE MATETIY INTO LOWEF AND UPPEE TETAK-
GULAE MATRTICES WITH PARTIAL PIVOTING AND R0W “CUTLIBRA-
TTCGN

INPUT CALLING SEQUENCF
£~ APRAY CONSISTS OF FLEMENTS OF A GIVEN MATRIX
NE = MAXTIMUM EDW DIMENSION 0OF ARPAY A
N ~ ORDEP OF THE GIVEN MATFIX
V - SCEATCH ARRAY, MAY 8F SAME ARRAY AS [PR TC SAVF STOR
—AGE

GUTPLT  CALLING SEQUEMCT
A - THE L0WER TEIANGLE OF THE AFEAY CONSISTS OF A LIWEF
TETLNCULAR MATRIX L AMD THE UPPE? TRTAMGLE CANSISTS
NE AN UPPER TFIANGULAR MATRIX U (SINCF U IS UNTT yp-
PFF TRIANGULAF, TTS DIAGOMAL ELEMENTS ARE NOT STAFED)
IPF — ARFAY GIVES NUMBEFS OF PIVOTAL FOW (A RECOFD NF [N-
TERCHANGES) ‘

Pl - = 1 OF =1 ACCORDING AS THE NUMBE® NF INTEECHANGES
[S SVEM AF CND. IT ALSO INDICATES SUCGESSFUL NECOH-
PASITICN :

= N TNDICATES THAT THE GIVEN MATRIX APPEARS SINGILAF

SURGCUTINES
-CALLED VIP,VIPS

DISCUSSICN THE FQUTINE PEPFQOFMS THE CFPQOUYT FACTORIZATION OF &4 GIV-
EM MATRIX WITH PARTIAL PIVATING AND ROW FQUILIREATION,
THE UPPER £MD LOWER TFTANGULAR MATRICES RESULTEDR FPOM THE
DECOMPNSITICM ARF STOFED IN THE ARRAY A WHICH CFIGINALLY
CONSISTS ELEMENTS CF THE GIVEN MATRIX., [F ONE NF THF PI-
VOTS APPEARS 7O BE TN SMALL, D1 IS SET TO ZERC AMD AN
ERROR EXIT IS TAKFEN,
THIS RPUTINE IS A MODPIFIED VERSION OF A ROUTINF IN THE
SUBFOUTINE LIBFARPY OF THE BOEING CNAMPUYTEK SERVICES (0.

ko ok &

DIMENSICN A{NR,1),V(L),IPP(1)
DATA EPS/16407TTTTTTITITTITTTIT68/
EA=B.*EPS
CALCULATES LENGTH OF ROW VECTQFS -
D0 1C I=1,N
CALL VIPIALT,1)¢NR,yA(I91)¢NRB,yNyY)
IFIY.LE.Q.) GO TN 70
VII)=1./SQRT(Y)
PERFCEMS THE NECOMPOSITINN
nl=1.
DN 5C K=1,4N
L=K
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20

3¢

59
60
7C

=n,

Kl=x-1

ne 20 [=K.N

Y = A("K)

IFIKT.GT.0)  CALL VIPSIA(T, 1) ,MFEA11,K),1,K1,Y)

A{T,k) = ¥

v=aBS{y*v(I)])

TF{(Y.LE.X) GC TCO 20

X=Y

L=1

COMT INUE _

IFIL.EC.KY GO T 35

Dl=-C1

DD 3C J=1,N

Y=A(KeJ)

(e, JI=A(L,J)

A(I'J’=Y

VL) =V(K)

TPRIKY=L

. CHECKS IF THE PIVDT IS TON sMall
IF{X,LT.ER} GO TQ 76
X = lo/A(KvK,

J=K+1

IF(J.GTN)Y GO YO S50
Y = MKyJd)
TE(K1aGTLQ) CALL VIPSLA(K 1} yMF2A(1sd)s1sK1l,Y}
A(KvJ’ = X%Y

J=d+1

GNn TC 4¢C

CNONT INUE

FETURN

Dl = o.

56 1L 6C

END
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SUBRCUTINE TRANS{A+AT4M,N)
( tktes

SUPRCUTINE TRANS (A,AT,M,N)

PURPCSE T0O FNRM THF TRAMSCOSE GF A MATRIX A AND STORE
THE FESULT [N A MATRIX 8

INCUTY CALLING SEQUENCE
L - ARGAY COMTATIMING MATRIX ELEMENMTS TC RBE TFAMSPOSEN
M - NUM3EF COF FOWS IN A AND COLUMNS IN B
N - NUMAacp F COLUMNS IN 2 AND COWS IN B

cyuTeyuT CALLING SEQUENCF \
AT — AFRAY CONTAINING FLEMFNTS 9F THE TRANSPOSF ©F
THE GIVEN MATRIX

SUBRCUTINES
CALLEDR NECNE

DISCUSSICON  AT(J,1) IS SET TO A(I,J) AS I VARIES FRCM 1| T M anD
J VAFIFS FROM 1 TC N,

MM MAMANAMDANMN NS Y AN AN A

B ERREFX
DIMENSTON A(MyMN) , AT(N,M)
N 1CC I=1,M
DD 50 J=1,N
AT(JvI,=A(‘9J)

s CONTINUFE

160 CONTINUE
EETURN
END
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OMAMNAOAAANASAN AN NN N

SURCECUTINE TFNSFR{X,Y,N)}
C & dokstk

SUPCCUTIME TENSFR (X,Y,M)

PUFPCSE

TNPUT

cuTeyY

TC MOVE A NUMBEFR (CFf ELEMENTS FROM NNE APFAY TO AMOTHES

CALLING SEQUEMCF
X — LOCATION CF THE FIFST AReAY
N - NUMBEF NF ELEMFENTS TO BE MO

CLEMENT T B& MOVED
VED

CAILLING SEGUENCE
Y - ARFAY OF FLEMENTS IDENTICAL TG THE FIRST M FLEMFMTS
IMN ARFAY X

SURFCUTINES
CALLED

MNONE

DISCUSSICN Y1) IS SEY TQU X(1) AS T VARIES FROM 1 T0O N,
Chtfkt
NIMENSTION X(N),Y(N)

no 110
Y(1) =
RETUGN
END

=‘.'N

xtn
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SUBRCUTINE UNIPAN(ARRC4X,Y)
Cekxtds

SURRCUTINC UNIPAN (Ak B0 ,X,Y)

PIIROCSE  TOQ TRENSFOPM POIMT CCOFRDRINATES FPOM THE UMIVEFSAL
SYSTEM TD THE LOCAL PANEL SYSTEM

IMPUT  CALLING SEQUENCE
AP - GLORAL TO LNCAL PAMEL SYSTEM TRANSFOPMATICH MATRTX
Rf= X,Yy2Z COUEDINATES OF PANFL GENTER {UNIVEFSAL)
X - XyY,7 CNNPDINATES OF POINT TC 8F TRANSFOCSMEN
(UNTVFESAL)
CuTPUT CALLING SEQUENCE
Y - X4Y,2 CCORDINATES OF TRANSFRRMED POINT (LOCAL)

SURFCUTINES
CALLED MMULT

DTISCUSSINN  THE CODRDINATES OF THE PAMFL CENTER APF SURTFACTED
FEOM THE COCFDINATES OF THE PRINT T) 8F TRANSFCREMED, THIS
GLOBAL APRAY IS THEN MULTIPLIED B8y THE MATRIX AC USIMG
SURRQUTINE MMULT TC PRODUCF THE LOCAL PANEL COGRDINATYES,

aNealaEalalaNsNaNeNeEalaNala NeNeNala e NaRnNal

£33 2 3% 23
DIMENSICN AR(3,3),R2(2),X{2),Y{3),W(3)
6D 10 1=1,3
in WIT)=X(T1)=FC(])
CALL MMULT(AR,WeY23,3,1}
FETURN
ENP
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SUPRCUTINE UVECT(A)
T2 2

C SURFCUTINE UVECT (A)

C

C PUFPCSE T2 CALCULATE THE DIRECTION COSINES OF A VECTNE
c )

C IMPUT CALLING SEQUENCE

C A - DIRECTION NUMARFFS OF & VECTOFR

C

C pUTPLT CALLIMG SEQUENCE

C A - DIRECTION COSTNES OF & VFCTN®

C

c SUBRCUTINES

C CaLLED NONE

C

c DISCUSSION UVECT PEFFMP2MS THE FOLLIWING CALCULATIONS-
C A(T) / SQFT{ACLI*AC L) +A(2)%A(2)+A(3)%A(3)) ,WHEFRE
c I VARIES FFOM 1 TC 3.

(o 223 233

DIMENSICN A(CR)
7=SOFT(A(L) %%24A(2)%%24A(3)%%2)
D2 17 1=1,3
10 A(T)y=a(11Y/2
FETUFRHY
END
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IDENT VIP (A, INCA,B8, INCB,N,C)

Rk ok
* SURRCUTINE vlio (A, INCA,R, TNCB,N,C)
* VIPA (A INCA,RyINCE,N,()
* VI?S (A, IMNCA,2, TNCBy N,
%
% PUZPCSE TQ PERFNRM VECTDR INNER PRODUCT CALCULATION (VIP) aNS TG
+ ADD (VIPA)} T0 OR SURTRACT (VIPS) FoaM AN [MCOMING VALUE
" (COMPASS)
* ,
* INCUT  CALLING SEQUENCE
" A - VECTNR »
* INCA — INCREMENT BETWEFN SUCCESSIVE ELEMENTS OF &
* B - VECTOR 8
* INCB — INCREMEMT BETWEEN SUCCESSIVE ELEMENTS CF &
% N - NUMBEP OF ELEMENTS T9 8E MULTIPLIED
= C - AN INCOMING VALUE TG BE ADDED TN (VIP&) N8 TO SF SUR-
* TRACTED FROM {VIPS) :
* . .
* cuTL LT CALLING SEQUENCE
i C - RESYULT C = A.2 (VIP), L = C ¢ A,8 (VIPA), AND
- £ = C - AR (VIPS) ‘
*
« SUAS CUTINES
% CALLED  NONE
%
* NISCUSSICN THF [NNFR eRQODUCT OF TwD VFCTQFS A AND B IS CALCULATED
% AND STHRED IN C (ViP)a THZ FCSULT IS ADDED TO (vIPA) Ne
* SUBTRACTED FFOM (VIPS) AN INCOMIMG VALUE C-2%D THE SuUmM ne
%* THE DIFFERENCE IS STORED RACK IN C,
* THIS XQUTINE < A MORIFTED VERSION QF A C24PASS POUT-
* IME 111 THE SUREQAUTIMF LIRRARY ©F THE BOEING CNMOYTER SFL-
%x VICES CD.
ERFR R
ENTRY VI®,VIPA,VIPS
VED 36/0HVIPA, 2476
vipa gSSz 1
SA4 EMNVA FETCH TRAMSFKER
Al Rl FETCH DRE-ND
lF RO, GO
. VFD 36/ HVIPS, 2476
vIips asszy 1
SA4 ENDVS FETCH TRANSFER
sal 8l FETCH PRE-DNP
IP RO, (N
+ VED 35/J0HVIP,24/6
vIP RSS7 1
SAS ENDV FETCH TSANSFEF
SAl /Rl FETCH PRFE-NO
GO SA2 93 FETCH PQOST—-0P
ey g X4 PUT TRANSFER IN X7
I1X0 XQ—- X CLEAF DENDUCT RESISTER
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EVEM

NVER

STAFT

NONE

THPU
ouTvaA

QUTVS

<xe
Sr7y
<23
St4
SAS
Se2
Sa4
SRS
Sx7
€87
Sy Qo
PXG
e

Fxn
<35
72

FYs
SAal
SR
AY G
Lx3

I.X4&
<el
<33
<A3
<A
Sp2
R4
VA

si1
&X 5
S62
Sany
hY6
SA4
SH5
£X5
Ex
Sy7
MXE
N7

RXS
NX 6

£X5

NX A
RSS2z
Sal
©X7
\NX5h
SAG
7P

SA1l

BG
TH2 Y
B2
R4
85
X3
Y4
X5
33
;‘_\.’\..,2
30+
XC%XS
X 4EVEN
X1%y?
85-1
35, DUNEF
XD +X5
Al+B2
A2+R4
X5
1
1
X3
X4
Al+BR2
A2 +R4
Bl
n3
30 ,START
Al+82
XT+X6
A2 +R4
A3+B2
X5
AL +B4
B5-87
XH+XT
X1%X2
X3%X4
X5
B5,0NVER
X2+Y6
XS
XT&X6&
X5
1
R4
X1+Xé
X7
B4
30,VIPA
Bs

«GET

«PUT
LPUT

CLEAR FOR FIFST ADD

CLEARP SUMMING REGISTER
STORE TRANSFCF

INCA IN X2

IMCB IN X4

GET N IN X5

INCA IN B2

INCB TN R4

PUT N TN BS

GET 2 FNR NECF N,
MASK TD DETFEMIME ODD/E
MASK LOWFR RIT

OF X6+Y7

VFM

IF EVEN, RY PASS (0D ELEM SFTUP

ape, NN FIEST ELEMENT
pECR N

IF N=1,DOME

ADD FIRST TEFM [N DDN C
GET NEXT ELEM OF DRE-(P

NCRMALTZE FISST AND

GET TMCAX2

GET IMNCH=%2

81= 2%INMCA

B3= 2*INCR

GET 2ND FLEM OF PRE-QP
GET 2ND ELEM 0OF PONST-NP
B82= 2%[MCA

4= 2*INCH

SUM FIRST MULTIPLY

LCAC POST-NP
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LOAD 2ND PRE-CP
NORMALTZE FIRST ADD
LNAaD 2ND PCST-0P
CFCREMENT N

ASE

GET NEXT FLEM N POST-NP

SUM 2ND “PY (DUMMY FIRST TIME)

FIRST MULTIPLY

SECOMND MUL TIPLY
MORMALTZF SECOGND ADD
DCNE WHEN N=C

FINAL ADD - FIRST MPY
MC oM

FINAL ADD - 2ND MPY{I[F
NOEM

STUFFEDN WITH 4 TRANSFEF
FETCH ¢

ADD C

STOFE

N=1,

X7=0) .



ENDVZ
ENDVS
FrOY

RX7
NX6
Sa6
IR
7R
FAS
SLE
ZF
EMD

X1-X¢&

X7

86
RG,VIPS
RO,DUTVA
RN, QUTVS
86
BG,VIP
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suR

INMEE PEODUCT



IDENT ZGRO (a,N)

-2 3-% £33
= SUESCUTINE ZERD (A,N)
*=
¥ PUFPCSE Ti{) SET THE ELEMENTS OF AN AFPAY T ZEED (COMPASS)
*
* INFUT CALLING SEQUENCE
* A - LDCATION 9F FIRST ELEMENT TO RE SET TO Z2FRQ
% N - NUMBER OF ELEMENTS TN RE SET 1O ZEROQ
¥
& ouTPLT CALLINSG SECUENCE
* A — APRAY NF ZFRO ELEMENTS
fr- .
% SURRCUTINES
% CALLFD NONE
b4
* NISCUSSION  a(I) IS SET TO ZERD AS | VARIES FPOM 1 TO N.
Fhkkkkd
+ VFU 36/ IHIERD, 24/ 46
FNTRY 7ERA
Z2E20 ass7 1
SA2 R2
a4 X2
SR3 B0
SRS 1
X6 B
CYCLF ) B1+33
<13 B3+RB5
LY 33,84,CYCLE
EQ ZERN
FND

Boeing Commercial Airplane Company
P.O. Box 3707 .
Seattle, Washington 98124
September 24, 1975
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Engineering
variable

(D]}

(DK]

g(i)

APPENDIX

Description
Parameter of Smith’s conical solution
Aerodynamic influence coefficient

Matrix defined by eq. (42) of Engineering
Document

Pitching moment coefficient

Normal force coefficient

Pressure coefficient

Jump in pressure coefficient

Matrix for coefficients of quadratic
doublet distribution on a panel, defined

by eq. (23) of Engineering Document

Matrix, defined by eq. (19) of
Engineering Document

Matrix, defined by eq. (40) of
Engineering Document

Function, see eq. (46) of Engineering
Document

Vector, defined by eq. (52) of Engineering
Document

Function, see eq. (46) of Engineering
Document

Function, see eq. (46) of Engineering
Document

Jacobian
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ENGINEERING AND PROGRAM VARIABLES

Reference
Program program or
variable subroutine
A SHEGEN
DVDFS VINFCC
VS VINFCC
CM OUTPUT
CN OUTPUT
CPU,CPL OUTPUT
DCP OUTPUT
AST SING
DVDV PIVC
DVDS PIVC
EMUE, FGCAL
EMU
RX . ITFLOW
FVz FGCAL
GVZ FGCAL
AJ ITFLOW



Engineering
variable

(K]

i'm

Q¢

S

Description

Matrix, defined by eq. (37) of
Engineering Document

Chord length of panel segment in
transverse geometry cut

Number of panels on one-half of
configuration

Number of doublet parameters in
neighborhood of panel

Number of doublet parameters on
one-half of configuration

Number of free sheet panels on one-half
of the configuration

One-half of the number of wing panels
Panel corner point

Panel center

Position of elementary doublet

Local wing semispan

Panel area

Wing area

Freestream velocity

Velocity
Average sheet velocity

Pitch axis
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Reference

Program program or
variable subroutine
DVS PIVC

ZL INPUT
NPANT INPUT
INS SING
NSNGT TSING
NP(2) INPUT
NP INPUT
CP GEOMC
PC SURFIT
ZPK SING
YLE INPUT
SP OUTPUT
SW OUTPUT
FSV INPUT
VEL OUTPUT
VG FGCAL
VEL OUTPUT
VG FGCAL
XPITCH INPUT



Reference

Engineering Program program or
variable Description variable subroutine
a Angle of attack ALPHA INPUT
2 Constant in quasi-Newton method GAMA ITFLOW
o Vorticity - Z OUTPUT
r Strength of line vortex along terminated TSC(1) OUTPUT
edge

51 Scaling parameter CALFA  ITFLOW

] Panel inclination in transverse cut ZA INPUT

He Doublet parameters along edges of S, ... FGCAL
networks : S(NEQ)

M Doublet parameters not located along S(NEQ+1),. FGCAL
edges of networks S(NSNGT)

H; Doublet parameters on one-half of S TEA378
configuration FGCAL

OUTPUT
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