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A COMPUTER PROGRAM TO CALCULATE THE LONGITUDINAL
AERODYNAMIC CHARACTERISTICS OF WING-FLAP
CONFIGURATIONS WITH EXTERNALLY BLOWN FLAPS

by Michael R. Mendenhall,
Frederick K. Goodwin, and Selden B. Spangler
Nielsen Engineering & Research, Inc.

SUMMARY

This document is a user's manual for the computer program developed
to calculate the longitudinal aerodynamic characteristics of wing-flap
combinations with externally blown flaps. A vortex-lattice lifting-
surface method is used to model the wing and multiple flaps. Each
lifting surface may be of arbitrary planform having camber and twist,
and the multiple-slotted trailing-edge flap system may consist of up to
ten flaps with different spans and deflection angles. The engine wake
model consists of a series of closely spaced vortex rings with circular
or elliptic cross sections. The rings are normal to a wake centerline
which is free to move vertically and laterally to accommodate the local
flow field beneath the wing and flaps. The two potential flow models
are used in an iterative fashion to calculate the wing-flap loading
distribution including the influence of the wakes from up to two turbofan
engines on the semispan. The method is limited to the condition where
the flow and geometry of the configurations are symmetric about the

vertical plane containing the wing root chord.

The calculation procedure starts with arbitrarily positioned wake
centerlines and the iterative calculation continues until the total
configuration loading converges within a prescribed tolerance. The
results available from the program include total configuration forces
and moments, individual lifting-surface load distributions, including
pressure distributions, individual flap hinge moments, and flow field
calculation at arbitrary field points.

This program manual contains a description of the use of the
program, instructions for preparation of input, a description of the
output, program listings, and sample cases.



INTRODUCTION

An engineering prediction method for calculating the static longi-
tudinal aerodynamic characteristics of wing-flap combinations with
externally blown flaps (EBF) is presented in reference 1. An externally
blown flap is a STOL high 1lift device in which the jet efflux from
turbofan engines mounted beneath the wing is allowed to impinge directly
on the trailing-edge slotted flap system. A large amount of additional
1lift is produced through engine wake deflection and mutual interference
effects. The purpose of the analysis in reference 1 is to provide a
potential flow method, requiring little use of empirically determined
information, to predict the detailed loading distribution on EBF
configurations. The method involves the combination of two potential
flow models, a vortex-lattice lifting-surface model of the wing and flaps
and a vortex ring model of the jet wakes. The two flow models are com-
bined by direct superposition such that a tangency boundary condition is
satisfied on the wing and flap surfaces. An iteration between the jet
wake position and the wing loading is carried out until the solution

converges.

The computer program described in this report is an improved and
extended version of the program of reference 2. Modifications include
the following. An improved vortex-lattice lifting-surface method is
used in which the trailing legs of the horseshoe vortices are allowed
to bend around the flap surfaces so that all the trailing vorticity
leaves the configuration tangent to the last flap. The geometry speci-
fication has been changed so that each flap surface can be modeled as a
separate lifting surface with a maximum of ten flaps permitted. The
iteration procedure has been automated so that the jet centerlines are
positioned according to the local flow field direction beneath the wing
and flaps, and the iteration procedure can be carried out a specified
number of times or until convergence to a specified tolerance is
achieved. The jet centerline calculation has been automated so that,
after starting with an arbitrary jet location, the centerline is allowed
to move so that it lies along local flow angles. The jet model of ref-
erence 2 was defined by a series of circular vortex rings. The improved
jet model will now handle elliptic rings; therefore, the jet may start
at the engine exit with an axisymmetric cross section and change to an

elliptic cross section as it moves downstream and interacts with the



lifting surface. The jet cross-sectional area and shape must be

specified by the user.

This document is a user's manual for the computer program developed
to carry out the calculations in the EBF aerodynamic prediction method.
Principal reliance is made herein to reference 1 for a description of
the details of the method and the calculation procedure. Reference 1
also contains calculated results and comparisons with data for a variety
of configurations. The following sections of this report will provide
a description of the program, a description of the input, a description
of the output, a program listing, and sample cases. The notation used
is the same as that of reference 1.

DESCRIPTION OF PROGRAM

The purpose of this section is to describe the EBF aerodynamic
prediction program in sufficient detail to permit a general understanding
of the flow of the program and to make the user aware of the analytical
models used to represent the jets and the lifting surfaces. Basically,
the program models the lifting surfaces with horseshoe vortices whose
circulation strengths are determined from a set of simultaneous equations
provided by the flow tangency boundary condition applied at a finite set
of control points distributed over the wing and flaps. The boundary
conditions include interference velocities induced by some external
source of disturbance such as the wake of a turbofan engine. The jet
wake is modeled by a series of closely spaced ring vortices, circular
or elliptical in shape, arranged on the boundary of the jet. The
strength of the vortices is specified by the initial velocity in the
wake which is determined from the momentum in the jet. The jet is
allowed to interact with the wing and flaps through the jet induced
velocity field on the lifting-surface control points. The wing and
flaps are then allowed to interact with the jet by forcing the jet
centerline to be aligned with the flow direction beneath the lifting
surfaces. This process is repeated iteratively until convergence of
both the lifting-surface loading and jet centerline position are

attained.




Calculation Procedure

The general flow of the program, shown in the flow chart in fig-
ure 1, proceeds as follows. After run identification information and
certain reference gquantities are read in, the wing geometry is input
and the wing lattice layout is set up and output. This is followed by
similar calculations for the flap surfaces. This concludes the lifting-
surface geometry specification; therefore, the influence coefficient
matrix, which is the left-hand side of the equation set and a function
of geometry only, can be calculated. The matrix is triangularized for
use in the solution of the simultaneous equations. This concludes the

first section of the program which need be considered only once in each

calculation.

The next section of the main program is that part in which the
solution is carried out and any iterations are performed. The first
step is the input of the initial jet parameters and the set up of the
jet centerlines in preparation for induced velocity calculations. The
jet induced velocity field at each lifting-surface control point is
computed at this time. The right-hand side of the equation set is now
computed. Solution of the equation set produces the values for the
circulation strengths of each horseshoe vortex describing the lifting
surfaces. Given the circulation strengths and the induced velocity
field, the load distributions on the lifting surfaces are calculated
and resolved into total forces and moments. At this point in the
solution, the total forces and moments correspond to those on a lifting
surface in the presence of a jet or jets in some specified position
relative to the wing and flaps. This may or may not be a converged
solution. Using the just-computed circulation strengths on the wing and
flaps, the induced velocity field at specified points on the jet center-
lines is computed. The jet induced velocity field at these same points
is also computed assuming each jet to be in its initially prescribed
position. The total velocity field, including the free stream, is formed
at the specified points on the centerline. The centerline at each of
these points is assumed to have the computed flow direction, and its

position is adjusted accordingly.

At this point in the solution, the first iteration is complete and
the solution may or may not be converged. The jet centerlines have been
moved; therefore, their new position does not correspond to the previously

calculated induced velocity field on the wing and flaps; thus, the
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interference loading on these lifting surfaces does not correspond to
the current jet positions unless the jets were moved only a small amount.
The option is available in the program to stop here or to continue on

for additional iterations.

If further iteration is indicated, the program returns to the
beginning of the iteration section and starts a second iteration by
computing the jet induced velocity field at the lifting-surface control
points. The solution continues as before. At the end of the current
iteration, two checks are made. The first test is on the local jet
centerline slopes. If these slopes have not changed an amount greater
than a prescribed convergence tolerance, convergence is assumed to be
attained, an appropriate message is printed, and the solution is
complete. If the centerline convergence test fails, the same tolerance
is applied to the current and previous values of total normal-force
coefficient. If this test indicates convergence, the program skips to
the final portion of the calculation procedure. If the convergence test
fails after the prescribed maximum number of iterations has been
completed, an appropriate message is printed and the program skips to

the final section.

In the final section of the program, the jet centerlines corre-
sponding to the last iteration are output. This jet configuration does
not correspond to the last set of loadings on the wing and flaps unless
convergence has been achieved, but it corresponds to the jet which should
be used for the next iteration. The purpose of printing these centerline
parameters is two-fold. First, it allows the user to compare the last
used centerlines with the new versions; and second, it provides a
centerline configuration with which to continue the iterations by

restarting the program.

The final calculation to be carried out, if requested, is the
computation of the induced velocity field at specified field points.
This option is provided so that the user may investigate the induced
flow field in the vicinity of a horiziontal tail position or other

points of interest in the flow field.

Program Operation

The EBF prediction program is written in Fortran IV and has been
run on CDC 6600 and 7600 computers. The version described in this



document was designed to be used under the FTIN compiler with a level 2
optimization. Other compilers can be used with only minor modifications
and lower optimization levels can be used with the only penalty being an
increase in run time. No tapes other than standard input and output
units are required for a typical run, although one option allows an
externally induced velocity field to be brought in via tape unit 4.

The main program, WNGFLP, contains one item which is not a standard
feature of all FIN compilers. Between cards WNGl62 and WNGl74 there are
two calls to subroutine REQFL. This is a request for an adjustment in
the core memory to make room for the influence coefficient matrix, FVN,
which is stored in a one-dimensional array. The purpose of this adjust-
ment is to minimize the core storage used until the large array is
required. FVN is dimensioned for unit length on card WNGO43. If sub-
routine REQFL or its equivalent is not available, the following changes
are required. First, remove cards WNGl62 through 174. Second, change
the dimension of the FVN array on card WNG043 to a value which will
cover the maximum number of elements in an influence coefficient matrix;
that is, the square of the total number of vortex-lattice panels on the
configuration of interest. Thus, the dimension of FVN can be made
large enough to cover the largest array anticipated, or the minimum size
array needed can be defined and the dimension changed as the number of

vortex panels is increased.

There is an alternative solution which minimizes storage requirements
for the FVN array when subroutine REQFL is not available. Program WNGFLP
can be turned into a subroutine with cards WNGl62-174 removed and the FVN
dimension set at unity. A short main program can be written which con-
sists of a blank common which sets the dimension of FVN to the required
size and a call to subroutine WNGFLP. In this way, a short five-card
main program is all that need be recompiled to change the size of the
FVN array. This alternate set up for a main program is illustrated in
figure 2 to accommodate a maximum vortex lattice of 165 elements. The
changes to the current main program, WNGFLP, to make it a subroutine

are also shown in this figure.

The following is a list of the components of the EBF program and ‘a
brief description of the function of each.
Main Program:

WNGFLP - controls the flow of the calculation and handles some input and

output duties




Subroutines:

WNGLAT

FLPLAT

INFMAT

FLVF

SIVF

RHSCILC

LINEQS
SOLVE

LOAD

FORCES

VELSUM

JET

JETCL

CORECT

VRING

ERING

JINTEG

ELI1

reads in wing input data, lays out the vortex lattice on the

wing, and outputs wing geometric information

reads in flap input data, lays out vortex lattice on the flaps
including wing trailing legs which lie on the flaps, and outputs
flap geometric information

calculates influence coefficient matrix

calculates influence function for a finite length vortex

filament

calculates influence function for a semi-infinite length vortex

filament

calculates the right-hand side of the simultaneous equations for

the vortex strengths
triangularizes the square influence coefficient matrix
solves for the circulation strengths

calculates the forces on the bound and trailing vorticity

associated with each area element

calculates and outputs the spanwise loading distributions and
total forces and moments and pressure distribution on the

complete configuration
computes wing-flap induced velocity field at a specified point

reads in initial jet parameters, outputs total jet configurations,

and calculates jet wake induced velocities at specified points

calculates the modified centerline position due to total velocity

field induced on the centerline

corrects field point locations relative to vortex rings to avoid

singularities

computes velocity components induced by a single, circular vortex
ring at an arbitrary field point relative to the ring

computes velocity components induced by a single, elliptic
vortex ring at an arbitrary field point relative to the ring

solves for the J-integrals required in elliptic vortex ring

equations

computes the generalized elliptic integral of the first kind




Subroutines (Cont'd):

ELI2 - computes the generalized elliptic integral of the second kind

obtains complete elliptic integrals of the first and second

kinds from tables

ELLIPS

QUART - solves a quartic equation

CUBIC - solves a cubic equation

QUAD - solves a quadratic equation
SIMSON - does a Simpson's Rule integration

Program Usage

Limitations.- It should be remembered that the prediction method is

made up of potential flow models which presume the flow to be attached
to the 1lifting surfaces at all times. When applying the program to

configurations at very high angles of attack or to configurations with
very large flap deflections, the results will generally be too high as

separation may exist on portions of the real model.

The program is a model for the wing and flaps only; therefore, when
comparing predicted results with measured characteristics on a complete
configuration, the force and moment contributions due to such items as
the fuselage, nacelles, and leading-edge slat must be included as
additional items. This is illustrated in the data comparisons in

reference 1.

There are certain limitations and requirements in laying out the
vortex-lattice arrangement on the lifting surfaces. These are discussed
in detail in the input section of this manual, but several of the more
important items are noted as follows. Since the current version of the
vortex-lattice method bends the trailing legs of the wing horseshoe
vortices around the flaps, in laying out the geometry care must be taken
that a flap surface not lie above the wing surface. For the same reason,

flap surfaces may not overlap.

The program has the capability of computing the induced velocity
field at any specified field point, but the modeling of the wing and
flaps with horseshoe vortex singularities can cause numerical problems
and unrealistic answers if a field point lies too near a singularity.

A general rule to follow when computing induced velocities is that the



field point should not be closer to a lifting surface than one half the
width of the nearest horseshoe vortex. This also has an effect on the
layout of the points defining the jet centerlines since wing and flap
induced velocities are important in the centerline iterations. This

detail is described when the preparation of jet input is discussed.

Run time.- Both the vortex-lattice lifting-surface and the vortex
ring jet models can be time consuming in a typical calculation; conse-
quently, their combination into the EBF program creates a calculation
procedure which can be very costly in terms of computer time. When the
program is used in the iterative mode, the required calculation time
increases nearly linearly with the number of iterations. Estimating the
computation time required for a calculation is difficult because of the
variables involved. Size of the vortex lattice, number of.flaps, number
of jets, length of the jets, shape of the jets, spacing of the vortex
rings, and iterations all help determine the total run time for a
calculation. A list of typical execution times for different combina-

tions of the above parameters is presented in Table I.

The long execution times for the elliptic jet cases are due entirely
to the additional complexity involved in computing the induced velocities
from elliptic vortex rings. The elliptic jet cases require so much
execution time that multiple iterations have been avoided in the use of
the program to date. There are some approximations to trim the run time
for elliptic jets which have been used by the authors. An equivalent
circular jet which has the same area distribution as the desired elliptic
Jet can be run through several iterations to get the approximate positions
of the centerline. The elliptic jets can then be put along these center-
lines, and the calculation continued for one or two additional iterations.
In this way, the elliptic jet effect on the lifting surfaces can be

obtained at some savings in total execution time.

Another method used to minimize execution time is to run the first
several iterations with a minimum size lattice to determine the approxi-
mate position of the jet centerlines. Then, the full lattice can be
input with the jets in their approximate positions and the solution

carried out several more iterations to convergence.



DESCRIPTION OF INPUT

This section describes the preparation of input for the EBF computer
program. In the following sections, some detailed information regarding
the layout of the vortex lattice and the specification of the jet wake
are presented. This is followed by a listing of all input variables
and their format and positions in the input deck. The last topic in
this section is a sample input deck illustrating a typical EBF calculation..

Vortex-Lattice Arrangement

The vortex-lattice method used in the EBF program is an extended

and modified version of the wing-flap program presented in reference 2.
For that reason, the wing-flap configuration considered herein is much
more general than that previously handled, and the specification of the
geometry for the input deck requires more detail than the input of ref-
erence 2. The characteristics of the configuration parameters are
listed below.
Wing

® Mean camber surface may have camber and twist.

® 1ecading-edge sweep angle need not be constant across semispan.

® Trailing-edge sweep angle need not be constant across semispan.

® Taper need not be linear and there may be discontinuities in the

local wing chords.

® Any dihedral angle is allowed but it must be constant over the

semispan.
® Thickness effects are neglected.

® Tip chord must be parallel to root chord.

Flaps
® A maximum of ten flaps may be considered, but no more than three

flaps may be behind any one wing chordwise row of panels,
® Fach flap may have camber and twist.

® Leading and trailing edges must be straight and unbroken on each

flap surface.
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Flaps (cont'd)
® Flap chord must have linear taper.
® Thickness effects are neglected.

® There may be slots between the flaps, but the leading edge of each
flap lies in the plane of the adjacent upstream lifting surface.

The vortex-lattice arrangement describing the wing and flaps is
general enough to provide good flexibility in describing the lifting
surfaces. A maximum of thirty (30) spanwise rows of vortices may be
used, and each lifting-surface component can have a maximum of ten (10)
chordwise vortices. The area elements on each lifting surface have a
uniform chordwise length at each spanwise station. In the spanwise
direction, the widths of the area elements may be varied to fit the
loading situations; that is, in regions of large spanwise loading gradi-
ents, the element widths may be reduced to allow closer spacing and more
detailed load predictions. The convergence of the predicted results as
a function of lattice arrangement is described in Appendix A of refer-
ence 2. These results apply to the current program with the following
exception. In reference 2, the spanwise distribution of the lattice
elements on the flaps was chosen independent of the lattice on the wing.
In the current program, the deflection of the wing trailing vortex legs
requires that the spanwise lattice elements on the flaps be directly

aligned with the lattice elements on the wing.

The maximum lattice size on the complete configuration is fixed at
250 in the program. The elements may be distributed in any proportion
over the wing and flaps, and for the sake of economy, considerably less
than this total number should be used for most calculations as illus-
trated by the run times in the table in the previous section of this
document. The following comments, based on the recommendations of
Appendix A of reference 2 and the authors' experience, are offered as
an aid to selecting the proper vortex-lattice arrangement for a wing-flap

configuration.

Spanwise distribution.- Convergence of gross aerodynamic forces and

moments to within 1 percent is obtained by using not less than fourteen
equally spaced spanwise rows of vortices. If an unequal spanwise spacing
is required to create a locally dense region of vorticity, the initial
spacing should be laid out approximately equal, with additional rows

11



added in the regions of interest. The spanwise spacing can be adjusted
small amounts to meet some additional requirements without changing the
gross loading properties. For example, it is desirable that engine wake
centerlines be positioned directly beneath a row of lattice element
control points; therefore, small adjustments in the lattice can be made
to meet this requirement. It is also desirable that there be some sym-
metry in the widths of the vortex elements about the engine centerline
station. This can cause some unusual distributions of lattice widths
as illustrated in figure 3 where a typical lattice arrangement on the
four-engine EBF model of references 3 and 4 is illustrated. 1In this
case the number of spanwise vortices was limited to fifteen to minimize
the total number of elements in the lattice. In this particular case,
the only suggested modification in the spanwise layout would be to add
two additional narrow rows of vortices, one inboard of the inboard jet
and one outboard of the outboard jet and redistribute the outboard

vortices near the tip into slightly more narrow rows.

Chordwise distribution.- Results in Appendix A of reference 2 indi-

cate that four is the minimum number of chordwise vortices on the wing
for best results and more than six vortices do not change the predicted
loads appreciably. A larger number of chordwise vortices on the wing
can be used if a chordwise pressure distribution is the goal of the

predictions.

The number of chordwise vortices on the flaps is somewhat arbitrary.
A rule of thumb is that the chord of the vortex element on the flap
should not be greater than the chord of the wing elements. Generally,
the chord of the flap elements will be much smaller than the wing
elements. If gross forces are the objective of the prediction, one or
two chordwise vortices per flap are all that are needed. If pressure
distributions are desired, there should be three to four chordwise
vortices per flap. The gross force will change very little with

additional flap vortices.

A comment that was made in reference 2 is also pertinent here. Care
should be taken in laying out vortices in regions of wake impingement.
Since interference of the jet on the lifting surfaces is "felt" only at
the control points of the area elements, small vertical and/or lateral
changes in the wake centerline can cause unrealistic changes in the wake

induced loading if the area elements on the flap are too large. This

12



is caused by the covering and uncovering of area elements whose control
points fall near the boundary of the jet. Results indicate that if a
sufficient number of elements are used in the wake region of the wing
and flap, the element sizes will be sufficiently small so that results

w1ll not be unduly influenced by changes in wake location.

The chordwise distribution of lattice elements on the EBF model in
figure 1 should be considered a minimum lattice. Flap 1 has but one
row of vortices, and flaps 2 and 3 have only two rows of vortices. This
is adequate for force and moment calculations, but the pressure distri-

bution results are not detailed enough for comparisons with data.

Jet Wake Specification

The vortex ring model used in the EBF program is an extended version
of the jet wake program presented in reference 2. Whereas the original
program considered only axisymmetric jets with the centerlines positioned
a priori, the present program will handle elliptic cross-section jets
and the centerlines are positioned by an iterative solution. This new
method removes some of the tedious input preparation required by the
previous program; however, the new method regquires careful layout of the
points describing the centerline and of the rings defining the jet
boundary. The best way to illustrate the description of a jet model
is to go through a sample case for a typical jet. A vortex ring model

of the inboard jet in references 3 and 4 is developed as follows.

The first step is to locate the geometric position of the actual
engine. From figure 2 of reference 4, the inlet of the inboard engine on
che left wing panel is at X = 1.43 m(4.68 ft), Y = -1.48 m(-4.85 ft), and
Z = 0.42 m(1.38 ft) in the wing coordinate system with origin at the wing
leading edge at the airplane centerline. The engine exit is at X = -0.40m
1-1.30 ft), Y = -1.48 m(~4.85 ft), and 2 = 0.42 m(1.38 ft). As noted in
reference 2, the jet model should be extended upstream of the actual engine
exit a distance of a minimum of two initial radii to give the model a chance
to develop the exit velocity profile. Thus, the jet model could start at
X = 1.43 m(4.68 ft) and go to X = -0.40 m(-1.30 ft) with a constant radius.
This initial portion of the jet is longer than necessary; therefore, in the
interest of conserving computation time, the jet is assumed to start at
X = 0.14 m(0.45 ft), Y = -1.48 m(~4.85 ft), Z = 0.42 m(1.38 ft) and have an
initial, constant radius section with length of 0.91 m(3.0 ft).

The initial cross-sectional area of the jet is assumed to equal the

sum of the fan exit area and the core engine exit area. From figure 4

13



of reference 4, the fan and core engine exit areas are 0.159 and 0.050 sgm
(1.71 and 0.54 sq ft), respectively. Thus, the initial jet area is 0.209sgrm
(2.25 sq ft) which is assumeé to be modeled by an equivalent circular cross

section with radius of 0.258 meters (0.845 ft).

The next step is to detdrmine the initial exit velocity in the jet
model so that we may specify the vortex cylinder strength. If the
average velocity in the exit is known from measurement, the vortex
strength can be determined directly from equation (28) of reference 1;

that is,

V.
- -3 _
= < 1 (1)

<=

where vj/v i the ratio of the jet exit velocity to the free-stream
velocity and v/V is the strength of a constant radius, semi-infinite
length vortex cylinder which represents a jet with the correct initial
momentum and velocity. Since the necessary velocity is not usually

available, an approximate value is calculated using equation (29) from

the same reference.

V.
2.1 S L2
V—2{1+J1+2CTAjpj} (2)

To get Vj from this eqguation, the engine thrust coefficient, Cp, and

the density ratio, p/pj, in the Jjet are required. The density ratio,
defined as the ratio of the ambient air density to the jet exhaust

density, can be estimated from the exhaust temperature. In eqguation (2),

S 1is the reference area used in defining Cg, and Ay is the initial

jet area which is calculated as the sum of the fan exit area and the

core engine exit area. Assuming a density ratio of 2.6, which is reasonable
for a tailpipe temperature of 538°C(1000°F), and choosing an engine thrust
coefficient of 1.0, equation (2) produces vj/v = 11.1. From equation(l),
the vortex cylinder strength defining the jet model vorticity to be input

into the program is ~/V = 10.1.

At this point the expansion rate and the shape of the jet must be
chosen. If some empirical knowledge of the jet to be modeled or of a
typical jet is available, it should be included in the specifications
in order to get the best physical model possible. Before a jet is
chosen, a decision must be made as to the cross-sectional shape of the
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selected. Based on figure 10 of reference 1, which was obtained from
flow field measurements, it is assumed that the jet cross section is a
2:1 ellipse at a point just aft of the last flap. These same measure-
ments are not used to determine the expansion rate because the measured
jet velocity ratio is much lower than we are considering. If we assume
that an elliptic jet expands at about the same rate as an axisymmetric
jet, the rate of expansion can be obtained from figure 8 of reference 1,
At approximately 12 radii downstream of the jet exit, the local radius
is approximately 2.2 times the initial radius; therefore, the jet cross-
sectional area has increased to approximately 4.8 times its initial
area. Using this value and the assumed 2:1 axis ratio, the jet is
completely described at this one point aft of the flaps.

Assuming an axisymmetric jet with linear expansion between the
engine exit and this point aft of the flap provides an area distribution
for the jet. If we further assume that the jet remains axisymmetric
until it reaches the flap surfaces and then, through linear variation of
the length of the vortex ring axes, approaches the 2:1 ellipse, we obtain
the solid curve for X € 12 ft. shown in figure 4. The circular jet
with the same area distribution is shown'dashed in this figure. Both
the circular and elliptic jets in figure 4 have nearly the same mass
and momentum distributions along the jets. Beyond X4 = 12 ft, the jet
is downstream of the flaps, and its shape has less effect on the induced
velocity field. Two options are open for this region of the jet. The
elliptic shape can bemaintained and simply extrapolated to the end of
the jet, or the shape can be changed back to circular and extraplated
to the end. 1In the interest of saving computer time, the latter choice
was made and the elliptic jet was returned to a circular shape in a
short distance. This last region of the jet is assumed to have a lower
rate of expansion as shown in figure 4. The following table illustrates
the parameters of the jet in the jet coordinate system.
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j&L Eggézzij%f Area Ratio aElliptic Axesb "
m_ (£t) m (£t) A/Aq m = (ft) | m = (se)| ¥
0 (0) 0.258(0.845) 1.00 0.258(0.845)] 0.258(0.845) 1.0
0.91 (3.0) 0.258(0.845) 1.00 0.258(0.845)| 0.258(0.845) 1.0
1.98 (6.5) 0.375(1.23) 2,12 0.375(1.23) | 0.375(1.23) 1.0
2.29 (7.5) 0.415(1.36) 2.55 0.451(1.48) [ 0.375(1.23) 1.20
2.59 (8.5) 0.448(1.47) 3.00 0.531(1.74) [ 0.375(1.23) 1.41
2.74 (9.0) 0.463(1.52) 3.25 0.570(1.87) [ 0.378(1.24) 1.51
2.90 (9.5) 0.482(1.58) 3.48 0.607(1.99) }0.381(1.25) 1.59
3.05(10.0) 0.500(1.64) 3.77 0.646(2.12) 1 0.387(1.27) 1.67
3.35(11.0) 0.533(1.75) 4.30 0.725(2.38) | 0.393(1.29) 1.84
3.66(12.0) 0.567(1.86) 4.83 0.802(2.63) | 0.399(1.31) 2.0
3.96(13.0) 0.576(1.89) 5.13 0.735(2.41) 1 0.463(1.52) 1.59
4.57(15.0) 0.597(1.96) 5.38 0.597(1.96) | 0.597(1.96) 1.0
6.10(20.0) 0.634(2.08) 6.06 0.634(2.08) | 0.634(2.08) 1.0

The above discussion includes the development of both an axisym-

metric and an elliptic jet model.

Either of the jets in figure 4 or the

above table could be used to represent the momentum in the wake, and the

only differences in the predicted interference effects would be caused

by the different portions of the wing influenced by two jets.

The

elliptic jet would tend to spread the load out in a spanwise direction

while the circular jet would concentrate the interference loading into

narrow regions on the lifting surfaces.

of thumb has been developed to determine the total length

the length was

A new rule
of the jet. 1In
comparison with

specified on the basis of
This

reference 2,
semi-infinite length vortex cylinder results.
method produced jets with lengths the order of 150 Rg.
time required to calculate the induced velocity field from a jet of this
length is excessive and not warranted on the basis of the small increase
In using the current program,

The computer

in accuracy achieved over shorter jets.
it is suggested that the jet extend downstream a distance behind the
last flap equal to the total chord of the wing and flaps combined.
user should investigate the effect of jet length on a particular configu-
ration by running one case with an extended jet and comparing predicted
jets longer than suggested above are not required

The

results. Generally,
unless velocity fields a long distance aft of the wing and flaps are

required. If this is the case, the jet should be lengthened so that
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it extends approximately one wing chord beyond the axial station at

which field points are desired.

The next item to be considered once the jet length and shape are
determined is the points on the centerline used to define the jet.
Linear interpolation between specified points in the table of jet param-
eters is used for intermediate points along the jet. Thus, tabular
points on the centerline are needed at the beginning, the end, and at
any point at which there is a change in the expansion rate of the boundary.
For example, in figure 4, the minimum required points in the jet table
would be at x5 = 0, 3, 6.5, 12, 15, and 20. This small number of points
is adequate for a description of the jet if it did not move during the
calculation; but since the program iterates on the centerline shape,
additional points should be added to the table. The procedure for laying
out the appropriate number and location of points on the centerline

should be carried out in the following manner.

A sketch of the wing and flap surfaces at the spanwise station
corresponding to an engine location is shown in figure 5. The jet
centerline, assumed straight, is also shown in its correct position
relative to the wing and flaps. Keeping in mind that more points on the
centerline are required in the region of greatest movement, the points
chosen to describe the centerline are shown as circles in the figure.
The points should be dense along the portion of the centerline near the
flaps except in the area immediately adjacent to the flap (x-: ~ 10.7).
Points are omitted from this area to avoid the numerical problems associ-
ated with being too near a horseshoe vortex. Points can be spread
farther apart aft of the flaps since the induced velocities are reduced
and the relative motion of these centerline points is less than other
points upstream. In general, too many points are better than too few

except in troublesome regions near the lifting surfaces.

The last critical parameter to be specified is the spacing between
the vortex rings. Ideally, the closer the rings, the more accurate the
results; but the closer the spacing, the more rings required to make up
the jet model and the longer the computer time needed to compute an
induced velocity field. A compromise number for the ring spacing is a
distance equal to approximately 0.1 Ry- This is not a firm number, but
it is generally a good estimate. The program has an option built into
it that allows the spacing to vary along the jet through use of the
variable DSFACT. This is simply a multiplying factor used to scale up
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the ring spacing to two or three times the initial value. This option
should never be used in the vicinity of the wing and flaps as the
accuracy of the induced velocity field at the control points will be
reduced. It is permissible to increase the spacing downstream of the

last flap. The use of this scaling factor is illustrated in the sample

input decks.

Input Variables

The purpose of this section is to describe the variables required
for input to the EBF program. An input form is presented in figure 6;
and for each item of input data shown in the figure, the following
information is given. The format for each card and the program variable
names are shown first. The card column fields into which the data are
to be punched are also shown. Within each block representing the card
columns is the FORTRAN format type. Data punched in I format are right
justified in the fields, and data punched in F format can be punched

anywhere in the field and must contain a decimal point.

Note that all length parameters in the input list have dimensions;
therefore, special care must be taken that all lengths and areas are

input in a consistent set of units.

Item number 1 is an index NHEAD which indicates how many cards of

information are to follow in item number 2. The value of NHEAD mus t be

one or greater.

Item number 2 is a set of NHEAD cards containing hollerith infor-

mation identifying the run and may start and end anywhere on the card.

The cards are reproduced in the output just as they are read in.

Item number 3 consists of one card and contains the following

information:

SREF reference area used in forming aerodynamic
coefficients

REFL reference length used in forming aerodynamic
moment coefficients

XM, ZM X and Z coordinates of point about which pitching
moment is calculated; wing coordinate system and
positive directions are shown in figure 3 and the
following sketch

TOL toleranceon C used for convergence criterion; a

typical valueMis 0.05
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DTH limit, in degrees, on the maximum deflection angle
of the jet centerline; this value is generally
70-85 percent of the maximum flap deflection angle
and is always input as a negative number
The variable DTH in Item 3 is used to model the turning effective-
ness of the jet and flap syétem. Static jet turning efficiency results
indicate that the efficiency decreases as the flap deflection angle
increases. For example, in figure 3 of reference 3, the 40° flap
deflection configuration has an efficiency of approximately 0.75, and the
559 deflection configuration has a turning efficiency of 0.70. Thus,
appropriate values of DTH for these two cases are -30.0° and ~-38.5°,
respectively. If this limit is not used, the jet turning angle approaches
the maximum flap angle and inaccurate results are predicted. The use of
the limit can be bypassed by defining DTH to be -90.0 in Item 3.

The next eight items of input data describe the wing.

Item number 4 specifies the value of NWREG, the number of wing
regions. The value of NWREG must be one or greater. The purpose of

dividing the wing into regions is to handle discontinuities in local
chord length. Region 1 must always extend from Y = 0 to the tip.
The sequence and position cf other regions is arbitrary. A wing with

three regions is shown in the following sketch.

r CRW
Wing Region #1 @
CIN #2 CIN

T !
'/ PHID
T =

SSPAN

Moment center
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Item number 5 contains three quantities which are also shown in

the previous sketch. They are:

CRW root chord of region 1, positive quantity
SSPAN wing semispan, positive quantity
PHID wing dihedral angle, degrees; positive dihedral is

shown in the sketch

Items 6, 7, and 8 are data describing wing region number 1. Data
input for this region determine the spanwise distribution of vortices
for all wing regions and all flaps. The present program requires that

the same spanwise distribution exist on all surfaces.

Item number 6 contains five indices. They are:

NCW number of chordwise vortices on wing region 1,
1 <{Ncw L 10
MSW number of spanwise vortices on left wing panel,
1 < msw < 30
NTCW twist and/or camber? NTCW = 0, no
NTCW = 1, yes
NUNI if wing has no twist and the camber distribution is
similar at all spanwise stations, NUNI = 1l; for all
other cases NUNI = 0 (omit if NTCW = O)
NPRESW is the wing pressure distribution to be calculated
and printed? NPRESW = 0, no
NPRESW = 1, yes

The minimum number of spanwise horseshoe vortices is determined by
the wing-flap combination geometry. The program requires that vortex

trailing legs lie at the following locations:

(a) the root chord and tip chord
(b) the side edges of all wing regions

(c) the side edges of all flaps
(d) points where there are breaks in leading-edge or trailing-edge
sweep

Item number 7 is a set of MSW+1l cards which specify the following:

Y (1) Y coordinate of the 1th trailing leg on the left
wing panel; Y 1is a negative number on the left wing
panel, but positive values may be input and program
will correct the sign [Y(1l) =0.0,Y(MSW+ 1) = —-SSPAN]

PSIWLE (I) leading-edge sweep of wing section to the right of
the Ith trailing leg, degrees; positive swept
back (méasured in wing planform plane)
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PSIWTE (I) trailing-edge sweep of wing section to the right of
the Ith +trailing leg, degrees; positive swept back

(measured in wing planform plane)

NFSEG(I) number of flaps behind wing section to the right of
the 1Ith trailing leg

When I = 1, Y(I) = 0 and the other three quantities are omitted.
If NTCW = 1 in item number 6, item number 8 is included in the
input data deck. These data specify the twist and/or camber distribution

of wing region number 1 in terms of the tangent of the local angle of

attack of the camberline for a root chord angle of attack of zero degrees.

The input data are:

ALPHAL (J) tan apy of the region 1 camberline at the vortex-
lattice control points. If NUNI = 1, only data
for the chordwise row adjacent to the root chord
are input. The first value is for the control
point nearest the leading edge. If NUNI = O,
data for all chordwise rows must be input starting
nearest the root chord and working outboard. Data
for each row start on a new card (omit if NTCW = 0).

The vortex-lattice control points are at the midspan of the three-—-quarter
chordline of each elemental panel laid out by NCW, MSW, and the Y(I)'s

of items 6 and 7.

Item numbers 9, 10, and 11 are input data for the other wing regions.

If NWREG, item number 4, is one, items 9, 10, and 11 are omitted. If
NWREG > 1, these items are repeated in sequence for regions 2 through

NWREG.

Item number 9 contains two indices which locate this wing region

spanwise relative to region 1. They specify the subscripts of the
elements in the Y (I) array, input in item 7, associated with inboard

and outboard side edges of this region.
IIN inboard side edge is at Y (IIN)
I0UT outboard side edge is at Y (IOUT)

Item number 10 contains five quantities. They are:

NCwW number of chordwise vortices in this region,
1 < nNcw < 10

NTCW twist and/or camber for this wing region?
NTCW = 0, no
NTCW = 1, vyes
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NUNI if this wing region has no twist and the camber
distribution is similar at all spanwise stations,
NUNI = 1l; for all other cases NUNI = 0 (omit
if NTCW = 0 for this region)

CIN inboard side-edge chord (see sketch), positive
quantity

TESWP sweep angle of the trailing edge of this region,
degrees

The vortices are laid out using the value of NCW for this region and
the portion of the Y(I) array beginning with Y (IIN) and ending with
Y (IOUT) .

Item number 11 is included in the input data deck if NTCW = 1 in item
10. These data specify the twist and/or camber distribution for this

wing region. These data are prepared in the same manner as described

under item number 8, the similar information for wing region 1.

Item number 12 specifies the number of flap regions, NFREG. For a
wing alone, NFREG = O and items 13 through 16 are not included in the
input data deck. A flap region is a particular flap arrangement behind
some spanwise region of the wing. The program will handle a total of

ten flaps.

Item number 13 contains four items of input which are repeated in

sequence NFREG times.

NINREG number of flaps in this region, 1 < NINREG < 3
IIN inboard side edge lies at Y(IIN) of item 7
I0OUT outboard side edge lies at Y (IOUT) of item 7

The next three items of input data are repeated in sequence NINREG

times beginning with the flap nearest the wing trailing edge and moving
rearward.

Item number 14 contains four indices. They are:

NCF number of chordwise vortices on this flap,
1 { NCF < 10

NTCF twist and/or camber for this flap?
NTCF = 0, no
NTCF = 1, yes

NUNI if this flap has no twist and the camber distribution
is similar at all spanwise stations, NUNI = 1; for
all other cases NUNI = O (omit if NTCF = O for
this flap)
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NPRESF is a pressure distribution to be calculated and
printed for this flap?
NPRESF = 0, no
NPRESF = 1, yes
The vortices are laid out using the value of NCF for this flap and the
portion of the Y (I) array input as item 7 beginning with Y (IIN) and

ending with Y (IOUT). IIN and IOUT were input in item 13.

Item number 15 contains data which locate this flap with respect
to the surface ahead of it, specify the inboard and outboard edge chords,

and give the streamwise deflection angle.

GAPIN the distance between the leading edge of this flap
and the trailing edge of the preceding surface,
measured in the plane of the preceding surface at
the inboard side of the flap

CRFIN inboard side-edge chord of this flap

GAPOUT the gap distance at the outboard edge of the flap
CRFOUT outboard side edge of this flap

DELXZ the streamwise deflection angle measured relative

to the wing root chord direction, degrees

A streamwise plane containing the inboard edge of a double-slotted flap
configuration is shown in the following sketch. The leading edge of each
flap lies in the plane of the preceding surface. All guantities in

item 15 are input as positive values.

GAPIN
' for |
WING Flapl / Crp

Item number 16 is included in the input data deck if NTCF = 1 in
item 14. These data specify the twist and/or camber distribution of

this flap. They are prepared in the same manner as described under
item number 8 for the wing except that the twist and/or camber angles
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_are measured relative to the angle of the flap inboard side-edge chord.

These angles are al

Item number 17

1 measured in a streamwise plane.

contains one index.

NRHS

the number of successive cases to be treated for
this wing-flap combination, NRHS > 1

The successive cases permitted by NRHS are those which affect only
the right-hand side of the equation set for the circulation strengths

(egs. (14) and (15)
unchanged in succes
23; therefore, the
and/or different je

The last six i

in ref., 1). Thus, the wing~flap geometry must remain
sive cases. Changes are permitted in items 18 through

successive cases may involve different angles of attack

t wakes.

tems of input data are repeated in sequence NRHS times.

Item number 18 contains seven quantities which are:

ALFA

KET

NFPTS

KJET

MJETCL

NJETV
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wing root chord angle of attack relative to the free
stream, degrees

index indicating whether or not an externally induced

velocity data set is to be input via tape 4

KEI = 0, no

KEI = 1, yes; data set is read from TAPE4 in a
3E13.6 format

number of points in vicinity of wing-flap combination
at which wing-flap induced velocities are to be
calculated, NFPTS > O

index indicating type of interference calculation
KJET = 0, no jet calculation, externally induced
velocities may be read in if KEI = 1
KJET = 1, jet interference calculation made one
time, no iteration
KJET > 2, iteration on jet centerline KJET times or
until convergence is attained, which ever

" occurs first

index used to restrict vertical motion of jet center-

line during iteration

MJETCL = O, no restriction of centerline motion

MJETCL = 1, centerline restrained from moving
vertically upwards toward wing or flaps

index indicating whether or not jet induced velocities

are to be included in external flow field calculation

when NFPTS > O

NJETV = 0, jet induced welocities not included

NJETV = 1, jet induced velocities included in flow
field calculation



NJETCL index used to restrict horizontal motion of jet
centerlines during iteration
NJETCL = 0, jet centerline is restricted from moving
laterally out of original X-2Z plane
NJETCL = 1, jet free to move laterally under influence
of wing-flap induced velocity field
The indices KEI and MJETCL are included for diagnostic purposes;
and for typical usage of the program, both indices should be zero. KEI
is used to input an interference velocity field induced by some source
of disturbance other than a jet wake. It cannot be used along with a
jet wake; thus, if KEI = 1, KJET = 0. The index MJETCL = 1 is available
to restrict the vertical motion of the jet centerlines in certain special
cases. On occasion, large induced upwash velocities beneath the wing
have forced the jets upward and caused unusually large jet interference
effects on the wing. The index MJETCL is provided so that the effect of
this upward jet motion can be investigated by the user.

The last index, NJETCL, is provided to restrict the lateral motion
of the jet centerlines. Under a swept wing-flap configuration, large
induced spanwise velocities can move the jet centerlines out of their
original planes. This can cause difficulties in the interference calcu-
lation if the spanwise distribution of vortices is specified in a symmetric
pattern about the initial centerline positions. Typical EBF measured
span-~locad distributions (ref. 4) indicate very little lateral motion of
the wake centerlines; therefore, the option to restrict this movement

is provided. It is suggested that NJETCL = 0 be used for best results.

Items 19 through 22 identify the initial jet wakes, and they are
omitted if KJET = O.

Item number 19 is a single card containing six indices pertaining

to the jet calculation. They are:

NHEAD number of heading cards to identify the jet model,
NHEAD > 1

NJET number of jet wakes ; NJET = 1 for one jet wake, etc.

NCYL number of entries in table defining jet parameters,

2 < NcYL £ 25

NNUM index controlling calculation of J-integrals reguired
by elliptic vortex rings
NNUM 0, integrals calculated analytically
NNUM 1, integrals calculated numerically
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NPRINT index indicating whether or not optional output from
the jet program is required

NPRINT = -1, minimum output
NPRINT = 0, induced velocities at wing control points
output from subroutine JET
NPRINT = 1, individual jet velocities at each control
point output from subroutine JET
NCRCT index indicating whether or not field point locations

are corrected with respect to vortex ring locations
NCRCT = 0, corrections made
NCRCT = 1, corrections not made (to be used for

diagnostic purposes only)
The last three indices in item 19 are provided for diagnostic

>

purposes only. For general program usage, these indices should be

NNUM = 0, NPRINT = -1, and NCRCT = 0. NNUM should be nonzero only if
difficulties arise im the calculation of elliptic jets. This is
discussed in a later section describing error messages. When the index
NPRINT is equal to zero, jet induced velocities at the control points
are output as they are combuted. This is a duplication of output. If
the user requires information regarding the contribution of each indivi-
dual jet to the total induced velocity at a control point, NPRINT = 1
will cause this output to be printed. NCRCT is an index used during
program development to investigate a situation in which a control point
was located very near the edge of a vortex ring. Unrealistically large
velocities were induced until the relative positions between the control
point and the vortex rings were corrected. This correction places the
vortex rings on either side of the control point equidistant from the

point.

Item number 20 is a set of NHEAD cards (from item 19) containing
hollerith information identifying the jet. The information may start
and end anywhere on the card and the information is reproduced in the

output just as it is read in.
The following two items are repeated in sequence NJET times,

Item number 21 consists of one card which contains the following

jet specifications:

GAMVJ (J) the strength of the vortex cylinder representing
the exit velocity of the J'th Jjet under the
left wing panel

DS (J) the ring spacing of the vortex rings in the J'th
jet; a typical value is 0.1 Ry where Ry is the
initial radius of a circular jet; if an elliptic jet
is to be used, the appropriate spacing is 0.1 bg
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XQ,YQ,2Q the coordinates, in the wing system, of the origin
of the jet model (YQ < O0)

Item number 22 consists of NCYL cards containing the following

information.
§g£§fg’gg the N'th set of coqrdinatgs specifying the cente;line
ZCLR(J:N) of the J'th djet in the jet coordinate system (fig.8 (b))
AJET (J,N) the semi-major axis of the vortex ring at the N'th
point on the centerline of the J'th jet
BJET (J,N) the semi-minor axis at the same point
THETA (J,N) the slope of the centerline in degrees at the point

being considered; THETA is negative when the center-
line is bent down to pass beneath the flap

DSFACT (J,N) scale factor for the spacing between the vortex rings
downstream of the N'th point; in region of wing
and flaps, the values should be 1.0; aft of the last
flap, the values can be greater than 1.0

When a circular jet cross section is being described, AJET = BJET; and

when elliptic cross sections are being described, AJET > BJET.

Item number 23 is a set of NFPTS cards containing the X,Y¥,Z coordi-
nates in the wing system, at which the wing-flap induced velocities are to
be calculated. This term is omitted if NFPTS = O.

Upon completion of the calculations specified by the above input
deck, the program returns to the beginning. Additional input decks,

starting with item 1, may be stacked one after another.

Sample Cases

In this section, two sample cases are described to illustrate the
input preparation and the use of the program. The first sample case
is a complete calculative example involving a four-engine EBF configu-
ration with elliptic cross-section jets. The second sample case is an
1llustrative example of a wing with multiple regions and multiple flaps
and a single engine. Its purpose is to provide a check run for the
program,

The EBF configuration chosen for the first sample case is the four-
engine model from references 3 and 4. The vortex-lattice layout on the
wing and flaps is discussed in the Vortex Lattice Arrangement section

and the actual lattice arrangement is shown in figure 3. The flap
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deflections chosen for this case correspond to the landing configuration,
5f1/5f2/5f3 = 159/359/55°, This particular configuration and lattice

arrangement are used extensively for the comparisons with data in reference 1

The jet wake model chosen for this sample case is the elliptic cross-
section example discussed in the Jet Wake Specification section and shown
in figure 4. The initial jet centerline is one which resulted from three
iterations using the circular cross-section jet also shown in figure 4.
The calculation is set up to run two iterations (KJET = 2) because of
the large execution time required by elliptic jets. The total time
required for two iterations, with the input deck set up as shown in
figure 7(a), is approximately 600 seconds on the CDC 6600. If the
circular jet radius distribution shown in figure 4 is substituted for

the elliptic jet axes, the same run requires approximately 200 seconds.

A second sample input deck ié illustrated in figure 7(b). This

input deck, to be used as a check run for the program, describes the
- hypothetical EBF configuration shown in figure 8. The wing shown in
figure 8(a), is modeled as two regions for illustrative purposes, but
wing region 2 could just as easily be modeled as a flap surface with
zero gap and zero deflection. Double-slotted flaps deflected 20° and
40° and a single, unslotted flap deflected 10° make up the two regions
of the trailing-edge flap system. A minimum lattice is specified on the
lifting surfaces to keep the calculation short. Wing region 1 is
modeled by a 7 x 2 lattice and region 2 is modeled by a 2 x 1 lattice.
Flaps 1 and 2 have three spanwise rows of vortices due to their position
behind the wing. One chordwise row of vortices is placed on flap 1 and
two chordwise rows on flap 2. Flap 3 is represented by a single

vortex-lattice element.

A single circular jet wake with initial jet velocity five times free
stream (Cu = 0.5) is placed at Y = -11. Since this case is only a check
run for the program, the jet is not extended downstream of the last flap as
far as is normally recommended. The expansion rate is linear as the
radius increases to two and one-half times its initial value between
Xy = 3 and 18. A sketch of the jet and its position relative to the
wing and flap is presented in figure 8(b). The ring spacing is set at
0.1 and it is constant until Xy = 15 where it is doubled for the
remainder of the jet length. Assuming a turning efficiency of 75 percent,

the limit on the turning angle of the jet centerline is set at -30°.
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Some incidental features of this sample calculation are the
following. Two iterations are specified (KJET = 2), and after the last
iteration, the induced velocity field, including the jeﬁ induced veloci-
ties (NJETV = 1), is calculated at four field points (NFPTS = 4). The
jet is free to move vertically (MJETCL = 0) and laterally (NJETCL = 1)
under the influence of the velocity field beneath the wing and flaps.
Pressure distributions are computed on the left wing panel, flap 2 in
region 1, and flap 1 in region 2. The output corresponding to this
input deck is presented in the next section.

DESCRIPTION OF OUTPUT

This section describes the output from the EBF. program. The contents
of a typical set of output from one of the previously described sample
cases is discussed. This is followed by a description of some of the

error messages which may be output during execution of the program.

Sample Case

The output generated during the execution of the sample case shown
in figure 8(b) is presented in figure 9. Each page of output is described

as follows.

The first page of output, shown as figure 9(a), is headed by the
program title "EBF AERODYNAMIC PREDICTION PROGRAM," followed by the
identification information on the several cards at the front of the
input deck. This is followed by the reference guantities consisting
of the reference area and length and the center of moment location.
Next on the first page is the wing input data. All of the input
describing the wing geometry and lattice arrangement is included in

this section.

Output page 2 in figure 9(b) contains all the input data describing
the flaps including the geometry and the lattice arrangement. Also
printed on this page are the coordinates of the four corners of each
flap in a coordinate system fixed in the flap with the origin at the
leading edge of the inboard chord of the flap. The purpose of these
coordinates is two-fold. First, they illustrate the slightly distorted
shape of the flaps that occurs because the flaps are attached to swept
trailing edges of the upstream surface. The flaps are required to span
a certain length which is defined in planform; therefore, the actual

29



surface must be longer when it is deflected around a swept hinge line.
Second, the coordinates are useful in locating the flap loading center
of pressure defined in the flap coordinate system and printed on a later
bage.

output page 3 in figure 9(c) is headed with the title "HORSESHOE
VORTEX PROPERTIES." This table lists all the properties of the lattice
elements on each lifting surface. The quantities in the last column
on this page labeled "ALPHAL(J)" are the input values of combined twist and
camber. This table completes the configuration dependent information.
The first item following the table is a list of the variables pertaining
to the run to follow. The angle of attack, ALPHA, in degrees, the
indices from item 18 of the input deck, and the convergence tolerance
(5 percent) are printed here. The last line of output on this page is
a statement regarding the limit applied to the jet centerline deflection.

If a limit is not specified, no statement is printed.

The fourth page of output is a listing of the jet input as shown
in figure 9(d). The variables printed are the same values input via
the card deck with the addition of two columns of numbers. The variable
SCL is the curvilinear distance measured along the centerline in the same
units as the other centerline distance variables. For a straight jet
centerline with no inclination (THETA = 0), SCL is the same as XCL. The
last column, identified as P, is the perimeter of the jet at the parti-

cular station.

The next page of output shown in figure 9(e) is the first output from
the program after the circulation strengths are computed. This page,
labeled "HORSESHOE VORTEX STRENGTHS FOR ALPHA = XX.X DEGREES, " contains
the computed circulation strength on each lattice element. The circula-
tion strengths (GAMMA/V) are printed in the last column on the page. Also
shown on this page are the externally induced jet velocities at each
control point. These velocities, UEI, VEI, and WEI are made dimension-
less by the free-stream velocity and their positive directions are defined
according to the wing coordinate system; that is, UEI is positive forward
and WEI is positive downward. If externally induced velocities are read
in via tape 4 (KEI # 0), these velocities are printed on this page. Also
noted at the top of the page, directly beneath the angle of attack, is the
iteration number "NTIME" that corresponds to the printed results.
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The output shown in figure 9(f) is headed at the top "AERODYNAMIC
LOADING RESULTS FOR ALPHA = xx.xx DEG." This is followed by a reiteration
of the reference quantities which are followed by the spanwise load
distributions. On each lifting surface at each spanwise lattice station
the span-load coefficient, the section normal-force coefficient, and the
section axial-force coefficient are presented. These results are normal
and axial to the plane of the particular lifting surface. Following the
section coefficients are the wing-alone force and moment coefficients.
These results are for both right and left wing panels. The axial force,
CAW, and the drag force, CDW, are both defined as positive aft. The
pitching moment is positive in the direction that tends to increase the

angle of attack of the wing.

The next section of output on this page is the individual flap
force and moment coefficients. These coefficients are for the flaps on
the left side of the configuration only. CNF is normal to the individual
flap surface and the center of pressure of the normal force on this flap
is at XF (CNF) and YF(CNF) where these coordinates are in the flap coordi-
nate system defined in figure 9(b). The axial-force coefficient, CAF,
and its spanwise center of pressure, YF(CAF), follow. The spanwise
force, CYF, and its center of pressure, XF(CYF), are the next items;
and finally, the hinge-moment coefficient, CHF, is the last item. The
sign convention of the flap hinge moments is such that a positive hinge
moment would tend to increase the flap deflection angle. The hinge
moments are taken about the flap leading edge. The last items on this
page are the complete configuration force and moment coefficients. These
are resolved into the wing coordinate system and the sign convention is

consistent with that described for the wing alone.

If pressure distributions are requested, they are output on the
next page shown in figure 9(g). The chordwise location, X/C, at which
the pressure coefficients are calculated corresponds to the location of
the bound leg in each lattice element. It should be remembered that
the pressure is constant over the entire lattice element. The last line

on the page is the number of the iteration just completed.

The velocity field induced by the wing-flap loading and the jet
models at specific points on the jet centerlines is printed at the top
of figure 2(h). The coordinates, in the wing system, correspond to the
points defining each jet centerline with the exception of the first two

points on each centerline. These points represent the physical engine
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location and are assumed stationary and not allowed. to move with the
remainder of the wake; therefore, induced velocities are not needed. The
perturbed jet position is shown on the lower portion of this page of output.
Notice that the jet deflection angle, THETA, is set equal to the prescribed
limit of -30° at two points on the centerline. Thus, the new centerline
has not been allowed to move as far as the induced velocity field wanted

to move it.

If a second iteration were not prescribed, the last page of output
containing the induced velocity field at specified field points would be
printed if requested (NFPTS > 0). If not requested, this would complete
the output.

However, additional iterations are requested; therefore, the jet
defined in figure 2(h) is allowed to interfere on the wing and flaps.
The results of the second iteration are shown in figures 9(i), (j), (k),
and (4) and these results are analogous to those just described in
figures 9(e), (f), (g), and (h),respectively. If convergence has not
been achieved or the maximum number of iterations completed, similar
groups of four pages will be printed until convergence or maximum number
of iteration is reached. At this point, a statement regarding the
convergence situation, number of iterations, and current level of con-
vergence (DEL) is printed as illustrated at the bottom of figure 9(4).
If convergence within the specified tolgrance (TOL) is achieved, the

message "***%* CONVERGENCE ATTAINED IN x ITERATIONS, DEL = X.XxX***%*" jg
printed.

The last page of output containing the induced velocity field at
specified field points is shown in figure 9(m). Note that both wing-flap
perturbation velocities and total velocities are printed on this page.

This concludes the discussioh of the output from the EBF prediction

program.

Error Messages

The following error messages may be printed during program
execution.

"ERROR IN JET, B.GT.A"

is printed when an elliptic jet is input with the semi-minor axis longer

than the semi-major axis. This is a fatal error.

"EXECUTION TERMINATED, ERROR IN DS"
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is printed when the vortex spacing is input as zero or less than zero.

This is a fatal error.
"ANALYTICAL J(N) ERROR, XX POINTS"

is a warning message printed to alert the user that the analytical calcu-
lation of the J-integrals had numerical difficulties at the noted number
of points. The program automatically switches to a numerical calculation
technique for these points; therefore, the anéwers are correct. If the
number of points is a large fraction of the total number of control
points, there may be some error in the specifications of the jets or in
the location of the jets with respect to the lifting surfaces. For
example, this error message would be printed if one of the jets was
located outboard of the wing tip by mistake or if the jet centerline

was located in the plane of the wing. If the error message persists,
consider switching to the numerical technique via the index NNUM in the
input data. The penalty for using the numerical procedure is increased
computer time and a slight decrease in the accuracy of the jet induced

velocity calculations.

If the jet centerline deflection angle becomes -90° or less during

iteration, the following message is printed.
"ERROR IN JETCL 3j k -90.00"

where Jj is the number of the jet and k is the number of the point on
the centerline causing difficulty. This is a fatal error. The error

is caused by this particular point being too near one of the vortices

on the wing or flap. To correct the situation, adjust the position of
the point in question upstream or downstream a small amount and rerun

or restart the calculation with the previous iteration.
PROGRAM LISTING

The EBF aerodynamic prediction program consists of a main program,
WNGFLP, and twenty-four subroutines. Each deck is identified by a three-
letter code in columns 74-76 and each deck is sequenced with a three-digit
number in columns 78-80. The table below will act as a table of contents
for the program listing on the following pages.
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PROGRAM

WNGFLP
WNGLAT
FLPLAT
INFMAT
FLVF
SIVF
RHSCLC
LINEQS
SOLVE
LOAD
FORCES
VELSUM
JET
JETCL
CORECT
VRING
ERING
JINTEG
ELIl
ELIZ2
ELLIPS
QUART
CUBIC
QUAD

SIMSON

IDENTIFICATION

WNG
WLT
FLT
INF
FLV

SIV

LIN
SOL
LOD
FOR

VEL

JCL
CRT
VRG
ERG

JIN

EL2
ELL
QRT
CBC
QAD

SIM

PAGE NO.

35
37
39
41
43
43
44
44
45
45
46
49
51

53
53

54
54
55
56
56
57
58
58
58

58



1

PROGRAM WhBFLP{INPUT,DUTPUT, TAPESSINPUT, TAPEGIDNTPUT, TAPESL) RN

c.l'll..l.'..l.l.'.!ll.'.tlﬁ.ll)l!'l..l..llll...‘t. LR RS FTITTEFEE L EE R TN
AN

< TAPE4 I3 THE INPUT UNIT FOR THE EXTEANALLY INDUCED VRLOCITIES whi
»NG

CA e AR AN RS AR ARt d NSRS ARAN A AN ANRANAR R AR IR AN N ARUGRRARRS ARG aRdRanan nNG
4 NG
g WING AND MULTIPLE FLAP VORTER LATTICE PROGRAM wlTH UEPLECTED #aKE aNG
wNG

' MODIFTED YO IMCLUDE JET INDUCED VELOCITY FIELD CALCULATINN "NG
c AND [TRRATION UN JET CANTERLINE nNG
[ NG
c OIMENSION STATEMENY NG
4 NG
DIMENSION WEAD(20) nNG
DIMENDION RCLR(2,29),YCLR(2,25),ZCLR(2,25), THETA(R)29),AJET(2,25), WNG

c BJET(2,25).%Q(2),YO(R),20(2),0ARVJ(2) NG
WNG

c TYPE STATERENT aNG
4 WG
LOGICAL EXVEL NG

[ WNG
4 COMMON BTATEMENTS i
¢ nNG
COMMON ZREPQUA/ BOPAN,SREF,REFL,XM,IN NG
COMMON /INODER/ MBW, MW, mTQT )NCWE(30), IMAX,NFBEG(J0) LABTF(30) NNG
COMMON /CPDAT/ ALPHAL(290),XCP(23503,YCP(250),ICP(R%0), WNG

1 CALPNLE290),9ALPHL(2%0) wNG
COMMON # INDEXF/ NFREG,NFLAPS, ROSLAP(10,2)yNCP(10),MBF(10),MF(10), WNG
IRQTART(10),MEND(10) ,NFEEGF(10) NG
COMMON 7BLDAT/ XBL(230),YBL(350),20L(2%50),TP81(2%0),0%(250) WNG
COMMON /RBIDE/ CIM(250),UEL(RS0),VEI(250),wET(280) wNG
GOMMON 7ATAK/ SINALF,COSALF NG
COMMON /RVELS/ UP, VP, wP wNG
COMMON FNORM/ CNT nNG
CUMMON 7XYICL/ NJET)NCYL,XCLR, YCLR, 2CLA,THETA,AJET,BJET, WNG

1 X0,Y0,20,GaMYY WNG
COMMON ZUYNCL/ U(2,2%),V(2,88),w(2,08) LI

c COMMON /CLEALC/ MJETCL,NJETCL, THMAX wNG
nNG

g SLANX COMMON we INCREASE LENBTH FOR NON®BCS USE DF PROSRANM NG
LL1)

COMMON BYN(1) LLTH

C wNG
[ FORMAT BTATEMENTS WNG
4 NG
701 FORMAT(1018) wNG
702 FORMAT(1M1, 20K, J4HEBF AZRODYNARLIC PREDICTION PROGRAM //) nNG
703 RORMAT(R0AG) wNG
708 FORMAT(IX,20A4) wNG
708 FORMAT(8%10,0) NG
T06 FORMAY(//5X,BTHREFERENCE QUANTITIRS USED IN FORCE AND MOMENT CALCU wNG
ILATION/LOX, UHAREA, 10X, {HE) P11 D710, 6MLENGTH, BX, 1HR,P11,5/10X, LL17
QIIHMOMENT CENTER/ISX, 2AXM, TX, [N8, F11,5/18X, 2HIM, TX, 11m,F11,5) wNG

722 FURMAY(INL, 48X, 2THHORGESHOE VYORTER PROPERTIES/ /12X 10CINR), 1IN HIN WNG
16 DATA ,10(tMe)) wRG

723 FORMAT(/IX,4HYORTEX,2X, JuHeCOORDINATES OF BOUND LEG MIDPOINT,2X, LLL]

1 3iHowsCOORDINATES OF CONTROL PQINTwew,2X,30M0,L, 38LEP,2X, wh

2 LOMMALF@WIDTH,SX; THOURFACEZ1X s GHNUNBER, J 08X, SHELOPE/6X, EHJ/ bXy L1}

3 tHllL(J):tl.OHVIL(J)-b!,bNIILtJ).tl.bﬂl:!(i),tl,ohvc’(J!:blv uNG

& QHICP (I, ex, oHPET(J), TX, SHERC), SX, IHALRMALTIJI/) uNG

T24 FORMAY(4X,13,9(2X,F10,5)) =NG
728 FDIHAT(Illl;lOtht);OHIlGIUN-lIoSN FLAP,TI2,0M DATA ,10(INE)) LL1]
726 FORMAT(1M],20X%,39HHORSESHOE VORTEX STRENGTHE FOR ALPMA 2 , wNG

1 F3,1,8% DEGREES//12X,10(1He), 11H WING DATA ,10(1Hn) NG

2 19X, THNTINE & ,13) wNG

T27 FORMAY(Z1X,6HYORTEX,2X,38HereeeCONTAOL POINT COORDINATESewes,qX,  wNG

1 3uMeveoEXTERNALLY INDUCED VELOCITIES®w»,3X, 9HGAMMA / v/ 1X,HNUNBER wNG
2 70X {HI 0N, 8HXCP(J)  0X@HYCP L) 0, 6HZICP(J) 40X, 6HUEI(J) 10X, wNG
3 GHVEI(J) 20X, 6HwEL(J)/) wNG
728 FORMAT(AX,13,7(2X,F10,5)) NG
T29 PORMAT($F10,0) UG
TSe PORMAT (//710%,39%JET CENTERLINE DEPLECTION ANGLE LIMIT 3 ,F7.{) nNG
732 FORMAT(F10,0,915) whi
733 FDIHAT(!!\! (3] WNG

734 ’DRHlei“l,iOK QIMHING/FLAP INQUCED PERTURBATIIN VELOCITIES/28X, nNG
| 25HAT SPECIFIED FIELD POINTB//15Xo1HX 9%, 2HY, 90, 1H],88,6MU/VINF, NG
2 WX ORV/VINF UX,0HR/VINF) whG

aono

oo oo nOon ocoo foon

acaon

o6

oo

738

1
2

3
750

151 Fonnar (/754 -n:n,:x?)ntuuV!lGENt: A11A1NED INGIB,2X1ONITERATIONS,
152 FORMAY (//7/7/710XSHALPHASXIHKE], TXSHNFPTS, SXUNRIET ) BXIHTOL , 4X6HNJLT

1
153

!
154

788 FDRNAT CIHE 28X, 4UHINDUCED VELOCITIES AT SPECIFIED FIELD POINTS //
40X 0lHIsnoevnee RING/FLAP sonasvaveslosa NING/FLAP+JETEV]

2
3

1000

S0
!

FURMAT{10X,9F10,5)

"
736 FORMAY (1MH],20X714nING/FLAP anND JET INDUCED PERTURBATION VELOUCIT1E

3 ON YHE JEY CENTERLINE 4/ a0x,

6iM]oaswense WING/FLAP 1 Jet 1

ISX, IMX)OX) IHY , 9K1NZ,GX, 20X, 6NU/VINF ) 4XORV/VINE s 4RONw/VINF ))
fUR"AT (/7 SHM aews, 2X208N0) CONVERGENCE AFTEW,13,2%)10HITERATIUNS,
SXSHTOL woFT7,d,5x5HDRL 8,F8 4, 2XaKanas )

SXSHDEL 8,F0,8,2XaHnate )

CL:SXSNNJEYV,5!5NNJLTCLI§IF10,},llxl,Ollu.1lIZ.Fll-irli-!l1llll)

FORMATY (/7 SH aeandX,38HCENTERLINE SLUPES INDICATE CONYERGENCE
2RUHerne)

FORMAT (/7 SXIKITERATION ,13)

NP wumeeo]/43X,23HPERTURBATION VELOCITIER /
18X, THX ) 0%, LHY s OX1HZ 8K, 2 (4, 0HU/VINE J UXOHV/VINF ;dRONU/VINF ))

CONSTANTS
DATa DTOR/, 01745329/, FOURPL/12 56037002/, 2ERD/0,/
INPUT AND QUTPUT CASE IDENTIFYING INFORMATION

READ ($,701) NHEAD
IFCEOFLS)) 1.2
sTor

CONYINUE
WRITE(S,T0R)

D0 3 tai,NHEAD
READ(S,703) HEAD
WRITE(6,708) HEAD

INPUT AND QUTPUT REFERENCE QUANTITIES AND MOMENT CENTER LUCATION

READ(S,Y2%) SREF,REFL,XM,IM,TOL,DTM
IF (BTH,0£,0,0 ,OR, DYH,LT,080,0) DTHRu0,0
WRITEC6.T708) SREP,REPL,UN, 2N

INPUT AND OUTPUT wING DATA AND LAYOUT WING VORTEX LATTICE
CALL WNBLAT

INPUT NUMBER OF PLAP REGIONS

READ (5,701) NFREG

INPUT DATA FOR ALL FLAPE AND L&Y QUT YORTICES

NFLARS o0
IF (NFREG,GT,0) CALL PLPLAT

COMPUTE BINE AND COSINE OF LOCAL ANGLE OF ATTACK DUE TO TwnIST AND
CANBER

00 41 Jui.,mTQY

ALFUATAN[ALPHAL(J))
CALPHL(J)mCOB(ALP)
SALPHL(JIWBINCALF)

WRITE WING VDRTEX DaTA

WRITE(8,722)

WRITR(®,723)

DD S0 Wul,Mw

PEIGNRATAN(TRSI(K))/0TOR

WRITE (O, TRE) X, XBLIK) ) YBLCK), ZBLIK), KCP(K) »YCP LX), ZCP(K),PSIGH,
WK}, ALPHAL (X)

IFINFLAPS,EGQ,0) GU TO oS

wRITE FLAP VORTEX DATA

DO 60 NFBi,NFLAPS

WRITE (64725) IDPLARCINF, 1), IDFLAP(NE,2}
WRITE (6, 72))

KLBMITART(NF)

KUBMEND (NF)
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o0 oo Doao

OONOOaNA0ONNO0A0N0000

ono

a0

7

7

-

00 S§ Xmkl,xUu
PSIGHRATAN(TPSI(X))/DTOR

93 WRITE(H,724) K, XBLOK),YAL(K),ZAL(K),XCP(X),YCP(K), ICP(K),PSIGH,

1
60 CONTINUE
65 CONTINUR

Sw(K) ALPHAL(K)

ADD CORE AREA FQR INFLUENCE COEFFICIENT MATRIX

IF REQFL I8 NOT AVAILABLE , REMOVE THI® SECTIOM AND INCREASE

THE DIMENIIONS QF FyN IN BLANK COMMON, ABOVE, TQ MTOT#HMTOT
WARERE MT0T w TOTAL NUMBER OF VOURTEX PANELS ON wING AND FLAP

1FLBa0
CALL mEQFL(IPLS)

CALL REGPL(LFL)

CALCULATE INPLUENCE COEFFRCIKNT LEFT MAND 8IDE, FYN
CALL INFMAT

TRIANGLULARIZE LEFT HAND 31D%

CALL LINEQB(MTOT,FVYN)

READ NUMBER OF RIGHMT SIDEB, AND FOR EACH FIND VORTEX
STRENGTHS AND LDAD DISTRIBUTION

READ(S,701) NRHS

00 79 xRai,NRNE

READ(S,732) ALFA,KEI,NFPTI,KJET, MIETCL,NJETY,NJETCL
IF (WJET,LE,Q) NJETveS

IF KJETe®0 NO JET CALCULATION, INDUCED YELOCITIES MAY 8E INPUT
»1 JET CALCULATION e NO ITERATIUN QN CENTERLINE
82 JEY CALCULATION » ITERATION ON CENTERLINE UNTIL
CONVERGENCE, OR KJET TIMED

MJETCLNO ORIGINAL JET CL CALCULATION METHOD
wi  JUT REBTRAINED FROM VERTICAL MOTION ¥iwamd wing

NFPTBUNUMBER QF FIRLD POINTS AT wHICH WINGeFLAP iNDUClD
VELOCITIES ARE YD BE COMPUTED

NJETVEO OQMIY JET INDUCEOD VELORITY FIELD
! INCLUDE JET INODUECED AND FREE STREAM VELOCITIED

NJETCL 8 0 NO LATERAL MOTION OF JET CL ALLOmED
NJETCL ® 1 JET €L PREE TO MOVE IN YeDIRECTION

NYINERO
1F (TnL,LE,0,0) TOLw0o,08

NRITE (6o782) ALFASKEI NPPTE, KJET, TOL MJETCL/NJETV NIETCL
IF (OTH, NE,a80,0) WRITE (4,¥86) OTH

THMAXRDTHDTOR

ALPRALFA

ALFAGALFACDTOR

SINALFa8IN(ALFA)

COSALFREDS(ALFA)

IF (MJET,LE,0) GO TO 74

INBUT INITIAL JET PARAMETERD AND CALCULATE JBT INDUEED VELOCITIES

EXVELaKJET N2, 0

CALL JEY (MTOT,XCP,YCP,2CP,URI,VE],WE],NTINE)
NTIMEGNTIMES]

O T0 7Y

READ EXTERMALLY INDUCED VELOCITIES SROM UNIT 4 [P KElwd AND KJETWO

EXVELSKET (NE, 0
tF (xg],EQ,0) GO 10 77
DO 74 Jai 10T

»NG 185
wNG 156
wNG 157
nhG 158
wNG 159
nNG 160
WNG 164
WNG 162
WNG 163
WNG 164
nNG 165

LLITNY
wNG 168
WNG 169
NG LT0
WhNG 171
WNG $72
wNG 173
WNG 174
NG 178
WNG 176
wNG 177
NG (78
NG 179
WNG 180
LLINY }1
aNG {82
WNG 183
wNG 184
wNG 183
WNG 186
WNG 87
WNG {88
WNG 189
wNG 190
WNG 191
NNG 192

NG 194
wNG 198
wNG 196
NG 197
whG 198
WNG 199
wWNG 200
WNG 201
wNG 202
®NG 203
WNG 204
NG 208
WNG 204
WhG 207
wWNG 208
NG 209
WNG 210
wNG 21}
NG 213
WNGARL2
WNGR212
wWhG 213
wNG 214
nhG 218
aNG 216
wNG 217
WNG 218
WNG 219
whNG 220
wNG 221
wWNG 222
#NG 223
*NG 224
wWNG 228
NG 226
NG 227
wNG 228
NG 229
wNG 239

non

o000 ono

oco0oo coon

nOon

76 READ (w,733) UEI(d),VEI(J),uEI(J)
T7 CONTINUE
“RITEC6,726) ALF ,NTIME
WRITE(6,72T)

CALCULATE RIGHY Manp SIDE OF EQUATIONS

CALL RWBCLCIEXVEL)

SOLVE FOR VORTICITY DISTRIBUTION FO® THIS RIGHT MAND SIDE
CALL SOLVE(CIR,FVN,MTOT)

PRINT VORTEX STRENGTHS

1F(,NOT EXVEL) GO TO &85

DD 80 NPsy,Mu

GAMMARCIR(NP) *f QURP]
80 WRITE(6,728) NP, XCP(NP),YCP(NP) 4 ZCP{NP),UET(NP),VET(NPY, wEL(NP),

1 GAMma

60 TO 8¢
8% CONTINUE

00 38 NPE],Mw

GAMMARC IR (NP)#FOURPY
88 WRITH(&,728) NP, XCP(NP),YCP(NP),ZCP(NP) ZERQ, ZERD, ZERD,GAKNMA
89 IF(NFLAPS,EQ,0) GO TO 96

DO 9% NFm},NFLAPS

WRITE (4,789) IDPLAPINE, 1) IDFLAPINF,Z)

WRITE(6,72Y)

MBIMETARTY(NF)

MERMEND (NF)

IP(,NDT,EXVEL) GO TO 92

DO ®1 NPmMP, ME

GAMMAWCIR(NP)*FQURP]
9!lhié1ltt:7il) NPy XCP{NP), YCP(NP), ZCP(NP) JUEI(NP),VES(NP) ,WET(NP),

MMA

GU T0 o5
CONTINVE
00 93 NPaMp, ME
GAMMAQCIR(NP)SFOURPY
93 WRITE(6,720) NP, XCP(NP),YCP(NPY,ZCP(NP) ZERC, ZERD, ZERD,GAMMA
95 CONTINUE
96 CONTINUE

CALCULATE LOADS, FORCES AND MOMENTS

CALL LOADCEXVEL)
CALL FORCER

IF (KJEY,LE,0) GO TQ '8
WRITE (6,754) NTINE
ITERENTINE

JET CENTERLINE ITERATION

IF {NTIME,GY,1) GO TO 7%
CNImENT

DEL®{ 0

G0 TO 193
DELN(CNIeCNT)/CNT
CNImCNT

7

-

CALCULATE wINGePLAP=JEY INDUCED VELOCITY FIELD ON JET CENTERLINE

173 CONTINUR
WALYE (6)T736)
NTIMEnwNTINE
JAsi
DO $7e¢ Jm),NJET
U(Js1)80,0
utJ,2)mo,0
V(Js1)ug,0
viJ,2)m0,0
LICYESLI Y
n(J,2)80,0
DO 176 Km3,NCYL
XFPEXQ(J)eXCLREJ K}

nNG
LL1A
nNG
NG
ANG

wNG .

whG
wNG
NG
NG
NG
wNG
NNG
WwNG
nNG
WNG
wNG
aNG
NG
whG
NG
WNG
»NG
NG
LL1]
nNG
nhG
WNG
WNG
WNG
wNG
whG
whG
whG
wNG
NG
whG
»NG
NG
wNG
nwNG
kNG
nNG
whG
wNG
WNG
wNG
nNG
wNG
wWNG
wNG
nNG
»NG
WNG
wNG
ahG
nNG
wNG
wNG
wNG
wNG
whG
NG
wNG
L1
wNG
LLI
wNG
aNG
WNG
nNG
LLI1A
wNG
WNG
whiG
wNG
WNG
wNG

234
232
233
234
238

237
238
23%
240
auy
262
243
264
248
24e
247
2us
249
250
254

k%2

253

255
256

258
259
260
261
262
263
264
265
266
o7
268
269
270
2Tt
212
273
214
275
276
an
278
279
280
28]
282
283
284
205
286
287
2868
289
290
291
292
293
2%
293
2%

298
299
300
301
302
303
304
305
306
307
308



€

O oon

o0

X XaXaXaXs

17

17

1347
170

78

10
10

~

1ns
108
110

7%

-

YPPaYQUJ)eYCLR(J,K)

IFPa20(J)e2CLA(J K}

CALL VELSUM (XFP,YFP,2FP)

CALL JEY (JA,XFP,YFP,2FP, UL, VEL,mE],NTINME)
ViJex)auP « UEICL)

V(J.R)BYP o VEI(})

WiJ,KImRP o WEI(T)

WRITE (0:738) XEP,YPFP,ZFP,UP,YP,wP,UEI(1),VEIL1),uE](Y)
CONTINUVE

NTYIMEseNTINE

CALL JETCL (NTIME,TOL)

IF (ABS(DEL),LE,TOL) GO TO 178

IF (NTIME,GE,XJET) GO YO 178

1F (NTIME,$2,9%) GO YO 178

80 10 13

NTINER®99

COMPUTE FINAL PORITION OF JET CENTERLINE
CALL JEY (WTOT,XCP,YCP,2CP,UEY, VEI,NEI,NTINE)

IF (ABS(DEL),LE,TOL) GO YO 170
IF (NTIME,GU,KJET) GO TO 178
l; :NY!:U-G!.'O) WRITE (4,733)
®RITE (6,780) KJET,TOL,DEL

60 10 14
WAITE (6,791) IVER,DEL
CALCULATE VELOCITIFS AT SPECIFIRO PIELD POINTY

16 (NFPTB,E0,0) GO TD $30

1F (NJETY,LE,0) GO 10 §03

RRITE (6,798)

60 10 102

WRITE C6.T34)

CONTINUE

NTIMEpe}

Jas{

DO 103 Jul,NFPTR

READ (5,708) XPP,YPP,1FR

CALL VELBUM (XFP,YPP,IFP)

1F (NJETV,LE,0) G0 TO 104

CALL JET (JA,XFP,YFR,TFP, VLY, VRL ) WED,NTINE)
VET(1)mUELI(1)eUPeCOBALF

VEI(1)sVELI(1)evP

WESCEIAMELI (3 ) enPoBINALF

lll;l (8 738) XPP, YRR ZFP UP, VO WP, UET(Y), VEZ (1) RLILY)

10 $0
WRITR (6,738) XFP,YFP,IFP,UP, VP, NP
CONTINUE
CONTINVE
CONTINUE
G0 TO 1900
enp

BUBROUTINE wWNGLAT

1418 SUBROUTINE READS IN THE wING INPUT DATA AND LAYS OUT THE
WING VORTEX LATTICE

CUMMON BTATEMENTS

CUMMON ZTOLRNC/ TOL

COMMON sREFQUA/ BBPAN, SREF , REFL AN, IN

COMMON 7 WNGDAT/ Y(30),PEINLE(Y0),PRIWTECIO) 4 3PHIn,CPHIN, TPHIN
COMMON /INDEX/ MBu, MW, MTOT,NCRI(30), INAX,RFBEG(30),LASTF(30)
COMMON 7CPDAT/ ALPHAL(280),XCP(230),YCP(2%50),2CP(250),

§ CALPHL (2503, 8ALPH (250)

CORMON /TLDAY/ KTER(30),XTEL(30),XTLRL250), YTLR(250),2TLR(290),

NG
aNG
WNG
WNG
nNG
whG
NG
nNG
wNG
wNG
L1114
uNG
L1
WNG
wNG
L1
LL13
®NG
wNG
®NG
wNG
wNG
[ 11
NG
wNG
NG
WNG
wNG
LL1Y
LLIY
NG
nhG
nNG
NG
uihNG
wWNG
wNG
NNG
WG
whG
NNG
LLI
LL ]
nNG
(11
NG
aNG
WNG
NG
wNG
wNG
WNG
wNG
WNG
WNG

001
002
003
(4.1]
008
006

(1]
coe
010

012
013
o0&

fOon ana

con oo ooo

T01
T02
793
704
708

708

707 FORMAY(/15x,39H3PaNn]SE LOCATIONS OF TRAILING VURTEX LEGS, SwEEP a
INGLES OF/20X,6SHaING SECTION TD THE RIGHY AND NUMBER UF FLAPS BEH]

To8
709

T FOINIT(/!SI;I.NTH!I REGION EXTENDS ¥ROM v 8,F10,%3,78 TO Y u,F10,9)

m

o

20
e

22
23

1 oXTLL(2%0),YTLL(250),2TLL(250)

COMMUN /BLDAT/ xBLI2S0),YBL(250),28L(250),TPSI(250),3n(250)
CUMMON /PTLDAT/ FILXR(250)FYLAL(250) PTLZR(250) 6 TLZL(250)
COMMON /(L DCONE/ CUNS(250),CONBN(2%0),CONRL(250),TEnP, TENR
CUMMUN #CHORDS/ CHRDLW(30),CRODTFC10),CTIPF(10)

COMMON /PREDAT/NPRESN,NPRESF (10),ELAREA(ZS0),XLE(30)

DIMENSION STATEMENT
DIMENSION XTE(30)
FURMAT STATEMENTS
PORMAT(1019)
FORMAT(8510,0)

FORMAT(y/SX, 1SHWING INPUT DATA)
FORMAT(//710%, 1 INREGION NUMBER,13)

FORMATY(15X,20nINBOARD EDGE CHOND w,Pi0, 5/15!|0NI!IKIDAN,lll,lNu.

1F10,8/151, 14#DIHEDRAL ANGLE,3X INI.FIO.
FORMAT(/13%,13,4In VORTICES AR‘
112,421 BPANWISE 8Y,13,100 CHORDRISE)

ND THID SECTION//21K,8HEPANWIAR) 7X,8HLE BWEEP, TX,QNTE BnEEP,TX,
J6HNUMBER/21X,8HLOCATION, 37X, 4HOF FLARS)

PORMAT(BF10,0,1%)

'UIHAY(l’loI'IS $,9%,12)

FORMAT(318,2F10,

0)
712 PORHAv(IlSI,IsanBDAlD SIDE«PDGE CHORD #,P10,5/15k, 1OHTHAILING £0G

1€ OwEEP, 5,118, F10,5)

CONBTANTS

DATA DTOR/0,01748329/,P1/3,16189265/
INPUT NUMBER OF wING REGIONS

READ (3,701) NWREG

INPUT REGION 1| DATA AND LAY OUT VORTICES

READ (%,702) CRw,33PAN,PH]ID

NREGw{

WRITE (4.703)

WRITE (6:704) NREG

WRITE (4,705) CRw,B8PAN,PHID

oL S{IIPiNe 1§, 0Le05) 00

READ (9,701) NCw MBW,NTCW,NUN],NPREBN
MWSNCHaNSH

HYOTeMwW

WRITE (69708) MW, MEn,NCw

IMAXENBWe ]

WRITE (&,707)

DO 10 Isy,IMAX

READ (S,708) YCI),POTwLECL),POInTE(I),NFOEC(T)
NCRI(I)SNCH

IF (1.60,4) %RITE (6,709} Y(I)

IF (1,NE, 1)

IWRITE (6)709) Y(1),PIINLECI),POINTE(LI),NFOEG(L)
IF (Y(1),67,0,0) Y(I)sev(])
CONTINUG
00 11 lai,maw
NPBEG(1)aNFBEG(Is1)

IF (NTCH,NE,0) GO TO 21

DO 20 Jai,Mw

ALPHAL(J)®0,0

GD 10 a8

IF (NUN1,NE,O) GO TO 23

LLT 1]

DO 22 JNwel,Mk,NCN

MNGMNeNEN

READ (5,702) (4LPHAL(J),JsdNn,pN)
G0 10 2%

READ (5,702) (ALPHAL(J),Ja1,NC)
D0 2¢ Jug,Min

JJs(Jel)eNCm

DU 28 xml,NCW

T0 St Ll!D OUT IN TH]S REGION/20X,

w1

(191
LI
a1
L19]
(19
L1%)

w1
aLt
LI
LI
LI%
wlT
w7
LI9
al?

L19
LIS}
L19
L18]
L9

w1
wT
lLT

ILT
LIS}
wr
w7
wT
w1
L1894
L1
w7
LIS
LIS ]
w1
w1
wl?
L18}
L19]

L1

w.t
1%}
=L
w7
L181
L
.t
1%
Wit
LIS}
LIS}
1%}
LIS}
L1
aLt
L1981
L1894
wit
a1
w1
w1
L1
L9
L1984
L1% ]
1%
w1
(18]
wi T

LI%y
L19]



8¢

L XaXal

oo

non

noo

24
25

(3]
“o

LY BAXY
ALPHAL (KK)3ALPHAL(K)
CONTINUE

LAY DUY REGION { WING VORTICES

TEMPR 16,00 ] /SREF
TEMRRQ,SeTEMP
PHIaDTYORSPNID
SPHINaBIN(PHT)
CPuIngCOS(PH])
TPMINREPHIN/CPHIN
FNCHENCH
aLAC1)00,0
XTE())woCRW
cLLachn
OUMASTEMR/PNCH

LOCP OVER CHURDWISE ROWS

DO 40 1#2)IMAX

IME]ey

LASTP(IM)BD

TLRYBY(IM)

TLLYsvty)
TLRZSTLRY®TPHIN
TLLZETLLY S TPHLN
TPRILERTAN(POINLE(I)#DTOR)
TPRITESTANCPRIWTE(L}«OTQR)
DYSTLLYeTLRY
XLECTInkLE(IM)SDYRTPEILE
XTECIYmRTE(IM)+OYATPRITE
BLAR(XLECII#XLE(Ir)) 90,8
XTER(IHIBXTE(IM)
XTELLIW)IRXTE(1)
OPBIaTPBILE=TYPIITE
CTLRaCILL
CTLLaCTLRepYsDPS]
CBLO(CTLReCTLL)#0,Y
DCRORCBL/FNCH
CHROLN(IM)oCBL
TLAXaY(E(IM)

TLLXaXLECI)
TCONURADUMARCTLR
TCONBLBBURARCTLL

LOOP OVER YORTICED IN THIS ROW

JIn(Tm2)oNCH

00 4% Jsl;NCw

1vedJed

ALY
PACBu(PJe0,75)/FNCH
FACCH(BJn0 RE)/FNCH
XCPUIvIeBLASPACCHCOL
ATLR(IVIBTLRASFACR*CTLA
YILR(TV)RTLRY
2ILR(IVIDTLAL
XTLLOIVIRTLLXFACE*CTLL
YYLLEIVImTLLY
TTLL(IVIeTLLZ
PILXR(IVIBYLRXOFACCACTLR
FILIRCIV)ATLRY
FILXL(IV)mTLLXoFACCCTLL
FrizucviaTiLl
ELAREACIVIRDCRD
CUNBR(IV)ISTCONBR
CONBLCIVIaTCONIL
CONTINUE

CUNTINVE

LODP NYER DTHER wING REGIONS 1P PREBENT

1F (NWREG,EG,1) GD YO t00
00 50 N2, NwREG

WRITE (&,704) N

READ 1%,701) JIN,I0UT

aL7
w1
L%
sLT
w1
nl7
aL?
WLt
wL1
L 194
T
w7
[T
wT
nt
w1
[ T8
WLt
"Wl
aLt

L1894
L1984
nt
w1
wif
19
wiY
wit
L18)
LIS
w1
(194
w7
wY
LIS
w1
WLY
wi1
wY
LI3]
L1984
LIS}
LIN¢
L 19
W T
L1%]
Wy
L1224
L1

w1
LIS
LIS 4
19
L19
L194
L1}
L9
w1
WL T
w1
WLt
LI
L19
L194
L%
18]
WL 1

LI%)
L3
L18
L19]
wl?y
L1983
"y

coo

oao

[}

.

-

=]

wRITE (6,710) Y(LIN),Y(IUUT)

READ (S,711) NCh NTCW,NUNT,CIN,TESHD
NSkmIUTeIIN

NY(PabSNeNCh

KRITE (6,706) HVOR,N8W,NCw

wRITE (6,712) CIN,TESWP

LAY Oyt VORTICES FOR THIS RESION

FRNCwunCw
CTLLBCIN
DUMARTEMR/ENCW

LODP gvER CHORDXISE ROWD

IBEGRIING]
DD 60 1sIBEG,IOUT
IMeley

SHIFY YORTEX DATA 80 NEw VORTICES CaN BE INSERTED

NCw3uusQ

DO 61 JeigIM
NCHBUMBNCWRURONCHI(J)
MWaMWeNCH

HTOTeuN

NCWEUNBNCHBUNS |

IF (1,EQ,IMAX) GO T0 3
Jukvey

KnJaNCw

Jedey

KuKey

XCP LISt (X)
ATLRCJIMATLR(K)
YILRLDIWYTLR(X)
ITLRLJ)BZTILR(K)
XTRL LD WXTLLIKY
YTLLCJIDYTLL(K)
TTLLESIOTTLLIN)
FILUREJIBFILXR(K)
FTILIRCIINFTLER(K)
PTILXLCJYRPILXL (KD
FYLIL(JISFTLIL(K)
ELAREA(JIWELAREA(K)
CONBR(J)ICONBR(K)

CONBL (JIwCONBL(K)

ALPHAL (J)mALPHAL(K)
ALPHAL(N) =G, 0

IF (K, GY,NCWOUNM) GO TO &2
NCWI(IMIGNCHI(IM)eNCH
TLRYsY(IM)

TLLyey(l)
TLRZGTLRYRTPHIW
TULZBTLLYS TPMEN
lkll(l!!(l).l?!(l"’)'ﬂ.l
YRRILETAN(PSIRTE(I)*DTOR)
TPOITERTAN(TESWPeDTOR)
PAINTEII)DTEIND
CPSImtPBILEeTPOITE
DYRILLY#TLRY

CTLReCTLL
CTLLmCTLR+DY*DPR]
CBLR(CTLReCTLL)In0,S
DCRDmCBL/FNCN

CHROLW(IM) gCHROLW(IM)+COL
TLRXeXTE(IM)

TLLXAXTE(D)
XTER(IM}BKYE(IM}eCTLR
XTELCIMISXTR(IY=CTLL
TCONSRSDUMARCTLR
TCONpLBOUMARCTLL

IF (NTCH NE,0,AND, I EQ,IBEG) READ (S,702) (XBL{M),Mu),NCW)
iF (NYC*;N(.O.AND.I.GY.IBEG,ANO.NUNK.C0.0) READ (8,702) (XBL(M),
1 Me{,NCH

LOOP OVER VORTICES IN THIS ROw

L9 ]
194
L1
sl
Wil
(18
18
wi1
w7
LN
(193
wil
wLT
LIS}
w1t
(19 ¢
L19
w1
LI
wLY
wh1
L[]8
aLr
L19]
w1
wit
18
nLY
LIS}
L18]

w1

"y
it
(184
L1
LI%

LI
al T
(184
194
L19)
wil
L19]
wt
18]
LI
wu,t
Wil
LIS
L9
wil
(%1
(18]
it
all
LIS
L8]
18]
LIS
w1
wt
LIS
w1
19
L1984
w1

wit

w1
L1
LIN ]
L1
w1
LI
w1
wt
LIS




6€

oon

ononana

Te
60
50

100

tot

JJsMCrSUMe]

DO Y0 Jei,nCw

l1vsdJed

FisJ

PACHN([F Juw0,78)/FNCh
FACCH(FUw0,28) /FNCH
XCP{IvIRBLXSFACCRCOL
XTLR{IVIBT RXeFACBOCTLR
YILR(Tv)aY RY
ZTLRIIVISTLRY
XTLL(IVIBTLLXeFACROCTLL
YTLLCIVIWTLLY
ITLLOIVIeTLLE
FTILXRCIVISTLRXFACCSCTLR
FILIR(1V)BTLAZ
FTILAL(IV)STLLXeFACCeCTLL
FTLILcIVIATLLE
ELAREA(IV)BOCRD
CONBRIV)WTCONBR

CONBL (1V)WTCONBL
ALPHAL(IVIRO,0

IF INTEW,6T,0) ALPHALCIVISXBL(J)
canTInuE

CONTINUR

CONTINUE

CALCULATE OYHER WING VORTEX SUSNTITIES

DUNMSO,5/CPHIN

DO 10§ Jui,Hn
XBLCI)BIXTLLEJI¥XTLR(J) IO, &
YOL(JYmCYTLL(JI+YTILR(J))#0,8
TBLEJISCITLL(J) ¢ ZTLR(J) )80,
Yer(JyevaLcJ)

CP(JImTBLLY)
TPRILIIMCXTLRLI)®XTLLGI) )/ (YTLRCJIYTLL(JIIRCPHIN
SW(JImOUMR(YTLA(J)eYTLL(J))
CLAREA(JINELAREALI)nBN(JInE 0
CONACJINTERPSBN ()

CONTINUE

RETURN

END

SUBROUTINE PLPLAY

THIS SUBROUTINE READY IN THE FLAP DATA AND LAYS OQUT THE FLAP
VORTICES INCLUDING THE wING VORTEX SEGHMENTS In THE FLAPS

COMMON OTATEMENTS

COMMON 7CPDAT/ ALPRAL(230),xEP(250),YCP(280),2CP(250),

1 CALPHL(230),34LPHL (250)

COMMON /BLDAYT/ XBL(250),YBL(250),Z8L(250),TPSI(250),8w(250)
COMMON s WNGOAT/ Y(30),PSIn E(30),PRInTE(I0) s 3PHIM,CPHIN, TPRIW
COMMON 7INDEX/ MBn, Mn, HTOT,NCWI(30), IMAX,NFOEG(30),LASTF(30)
COMMON /TLDAT/ XTER(3Q),XTEL(80),XTLR(250),YTLR(230),ZTLRI250),

1 XTLL(290),YTLL(250),2TLL(2%Q)

COMMON 7 INDEXF/ NFREG,NFLAPS, JOFLAP(10,2)sNCFL10),M8F (10),0F(10),

SROTARY(10),MENDCLIO) ,NFOEGF(10)

COMMDN /FLPDAT/ BDELXZ(10),COELAZ(10)4¥F(30,10),8PHIF(10),

1CPHIP(LD)

COMMON /RKDATN/ XwkKAN(30,3), YwKRW(30,3),LuKRu(30,3),XnKin(50,3),

1YWRLN(30,3), ZWKLW(30,3)

COMMON /WKDATF/ XwKRF(30,2,10),YWARF(30,2,30),ZrKRF(30,2,10),

IXWRLF (30,2,10),YwkLF(30,2,10),Z%%LF(30,2,10)

CUMMON /FTLDAT/ FILXRI250) 6 TLRL(250),FTL2ZA(250),PTLIL(250)
COMMON (L DCUNB/ CONA(R50),CONBR(250),CONALC250),TERP, TEMR

COMMON 7CHORDS/ CHROL®(30),CROOTF(18),CTIPF(10)

COMMON 7PLAPLE/X®ILE(10),¥YnILECL0),ZwILE(10),8nPFLE(10)

wit
aL?
T
(19
L1
wLy
sLT
LIS}
L194
1% ]
L7
19
LIS
wr
Wt
wl¥
"y
w1
L1
184
L1%)
LN
w7
LIS
L1S)]
w1
1
L]N3
L1814
w1
LI%)
LIS 4
(1S4
Wit
wl?
wi T
"Wt
w1

wY
18]
alY
L1S4

FLT
43
FLY
FLI
FLT
FLY

FLY
FLY
FLY
FLY
FLY
1
FLT
FLY
KLY
FLT
FLT
FLT
LT
FLT
FLY
FLY
FLT
FLT
FLT

001

00}
004
005
006
807
008
009
610
011

013
014
01§
016
017
018
(1384
020
021
022
023
[T 1]
02s
02e

nfon

ona o

aono

Tut
702
708

104

TOS FORMAT(/$5%,11HFLAP NUMBER, [3/20X,21HINBOAND ENGE Gap

CUMMON sPRSDAT/NARESW, NPRESKF(10),ELANEAC2S50),XLEC30)
FGRMAT STATEMENTS

FURMAT(IN] 4Xo ISHFL4P INPUT DATA}
FORMAT(101%)

FORMAT(/710%, L 3HREGLUN NUMBER, T2/ 15X, 9HTHERE AREL2,21W FLAPS 1IN Tni

13 REGION/15K,20HTHEY EXTEND FROM v u,F10,5,74 TO ¥ w,F10,5)

FORMAY(8F10,0)

120X, 21MOUTRUARD EOGE GaP

112H SPANWIgBE BY,13,10H CHORDwIRE)

,F10,5/

€,F10,5/20%,21HINBOAKD EDGE CHURD =,
5'10.51201.!1H0u150Ano EDGE CHORD ®,F10,5/20%,24HDRFLECTION ANGLE
8,F10,9)

706 lanAT(;20lllfﬂlH VORTICES ARE TO 8% LAID QUY ON THLE FLAP/Z2SX,12,

707 PORMAT(/20%,21HOPANN]SE LOCAYIONS OF /721X, 20HTRAILING VONTEX LEGY)

To8

FURMAT(QSX,F11,5)
1 ISHCFLAP LIES IN IFu0 PLANE}/SIXN,2hXF 11X, 2HYF)

T340 FORMAT(29X,2F13,%)

CONBYANTY

DATA DTOR/D,01145329/
BRITE (6,701)

LOOP oVER REGIONS

DO 100 NRE},NFREG

READ (%,702) NINREG, 1IN, J0UT’

RITE (4s703) NRONINREG,Y(IIN),Y{IOUT)
XTEDGIMXTER(IIN) .
YTEDGIaY{IIN)

ZTEDGIWMYYEDGIeTPHIN

XTEDGORTEL ({ULTeY)

YTEDGOsY(IOUT)

ITEDGORYTEDGO* TPHIN

ANGU O, 0

LOOP OVER FLAPB IN THIS REGION

DO 200 NFEL,NINREG
NFLAPSaNFLAPS+]
IDFLAP(NFLAPY, 1 )aNR
I1DFLAP(NFLAPE,2)8NF
NESBNF
MEF(NFB)SIQUYSI]IN

NFSEGH (NFS)aNINREGNY

READ (%,702) NCF(NFB), NTCF,NUNI,NPRESF (NPE)
READ (5,704) GAPIN/CRFIN,GAPOUT,CRFOUT,DELXZ

WRITE (6,708) NF,GAPIN,GAPOUT,CRFIN,CRFOUT,DELXZ
CROUTE (NFS)BCRFIN .
CYIPF(NFO)aCRFOUY

ANGHRAND®DTUR

BANGRIINCANGR)

CANGECOO(ANGR)

ANGBDELRZ

XWINSXTEDGIeGAPIN®#CANG

YhINSYTEDG]

IMINBZTEDGI+GAPIN*BANG

XuILE(NFB)RXWIN

YWILE(NFS)aYw]Nn

InILE(NFS)aZRrIN

XN0UTXTEDCOwGAPQUTaCANS

YNULITRYTEDGO

2W0UTR2TEDGO+GAPDUT n8ANG

DELREDELXZ¢DTUR

SDELRaSIN(DELN)

CDELRsCOS(DELR)

SDELXZ(NFE)aSDELR

CDELXZ{NFB}sCOELR

XTEOGIaNW]INeCRF IN#CDELR

ITEDGIWININSCRS INSDELR

XTEDGO®X*OUT=CRFOUTSCOELR

2TLDGORZNOUT4CRFULTSOELR

NYONCF (NFB)aMSF (NFD)

709 FORMAT(/20X,41HXF,YF COORDINATES OF FOUR CORNERS OF FLAP/28X,

LY
LY
FLY
FL
ELTY
FLY
LY
FLT

FL1
FLY
FLY
FLY
Ll

FLT
(4134
LT
(49
(43
FLY
L1
FLY
(49)
LY
FLY
FLT
HLY
LT
FLT
Y
FLT
FL1
FL1
FL?
FL1
Fut
FLY
LT
FLY
LY
149
(48]
FLY
FLY
FL1
FLT
L1
LT
KLY
FLT
Lt
LY
FLT
FL1
LT
FL?
FLT
FLT
FL?
FLY
1%

-FLT

LY
FLT
FLT
FLY
FL1
FLT
FLY
FLY
LY
LT
LT
LY
FLY
FL?

027
02s
029
030
031

033
034
035
03
037
038
03
Q40
o4y
[1H
(131
Ouy
(111
Que
04
ves
[T1)
050
051
0s2

054
(L1
(+1]
087

(11)
¢e0
net
oee
063
[1T]
(1}
LI
(T3]
068
069
010
011
0r2

otu
134
QT
077
130
079
80
081
082

(1.1
[11]
084
087
088
989
(1]]
(11}
092
093
094
09s
9%
(1}

088
099
100

101

102

103



ov

Xz Xz

XXl

210

211
212

(1%}
214

215
a1e

ME (NEg)aNV
HITART(NFI)MTOT S|
MEND(HES)SMT{ITeNy
»10UTaMENDINES)

SRITE (8,700) NV, MIF(NFS),NCF(NFY)
MEFPEMSF (NES) ey

®RITE {6,707

KS]INey

DO 210 Js1,M8FP

AEKe ]

YF(J,nFRIBY(R)

WRITE (4,708) YF{J,NF$)
MSEMSTARTI(NFS)

PLAMEND (NFD)

NCFEBNCE (NFS)

MSFtangF (NFS)

1F (NTCF,NEL0) GO TOD 212
DO 211 xmm3,ME
ALPHAL(R)20,0

GU 10 218

1f (NUNI,NE,0) GO TO 214
KNEMS e

DU 213 JINFaM$,ME,NCFF
MNBMNGNCFF

READ (93,704} (ALPHAL(K),KnJNE,MN)
G0 TD 216

NCELEHBeNCFFo]

READ (S,700) (ALPWAL(X)},KBH3,NCFL)
MNBMga]

00) 215 we2, =§fFf
KKB(Kui)ONCEFOMN

00 215 LW1,NCPF

LLBKKeL

LLLBLeMN
ALPHAL (LL) AL PHAL(LLL)
CONTINUE

LAY OUT VORTICES

OXWEXWwOUTeXnIN
DInalWOUTeZIwln
XFOsDxwaCDELReDZmaSOELR
YEORYNOUTeYHIN
ZFUROXxm#SDELR+DZweCDELR
TPHIFuZFO/YFD
PHIFRATANCTPHIF)
SPRIF(NFS)RSIN(PHTF)
CPHIF(NFB)aCOS(PHIF)
TPSILEwdFO/YPFO
TPBITER(XFO=CRFQUTCCRFINI/YFO
OPS1aTPSILECTPSITE
FNCFFanCPF

%Elno,0

CTLLmERFIN

CPHImCPHIF (NFY)
SWPFLE(NFS)SATAN(TPSILE #CPHI)
wWRITE (6,709)

AFFE0,0

YFFR0,0

®RIYE (&,710) XFF,YFF
XFFawpHE IN

WRITE (62750) XFF,YFF
XFFeXr0

YFERYFO/CPN]

WRITE (6s710) XFF,YFF
XFFuXFQeCRIOUT

WRITE (8,710) XFF,YFF
KKBMSw]

LOOP (VER CHORDWISE HOwd

00 220 Im2,48FP

IMplet

TLRYSYF(IM,NFS)
TLLYavYF (I, N8 8)
TLRZS(TLRYeYn][N}nTPH]F
TLLZe(TLLYeYR]IN)2TPHIF

FLT
PLT
FLY
LT
LT
ELT
FLT
FLT
FLT
LY
LY
FLY
FLT
LY
FLT
LT
FLT
FLT
FLT
FL1
LT
Ll
FLY
FL1
FLT
Ll
FL1
FLT
FLT
FLT
FLT
LY
FLT
FLT
LY
Ll
FLT
FLY
FLT
FLY
FLT
FLT
LT
FLT
FLY
FLY
LT
LT
FLT
FLT
FLT
FLY
FL1
FLT
FLT
FLT
FLT
FLY
FLY
FLT
L1
FLl
FLT
FLTY
LY
FLT
FLT
FLT
FLY
LY
FLI
FLT
kLY
FLT
FLT
L
FLT

180

[aXaXs)

aoo

230
220

DYSTLLYwTLRY

XLt IraxLE]
XLFISXLEIreDY*TPIILE
HLEB(YLBIex| FImYIan, 5
CY RaCTLL
CTLLeCTLRDYSLPS]
CBLE(CTLL*CTLR)*0,S
DCHDuCBL/FNCHF
BLZR(TLRZeTLLZ)*0,5
BLYS{PLRY¢TLLY)*0,5
Sye0,5eDY/CPH]
ELARERNCRDeSe2,0
TCONARTEMP}
TCONBL@TEMRECILL/FNCFF
TCONBRETEMRECTLR/FNCFF

LOUP nvER YURTICES IN THIS ROwx

DUMASRLZ *3DELRexnIn
DUMHERTLRZI*SDELReXRIN
DUMCETLLZ*SDELR+XxIN
DUMDBRLZ #CDELReInIN
DUMERTLRIRCUELF4Zwln
DUMFEYLLZ*COELR+ZwIN

PO 230 Kkaj,NCFF

KKEKK 4

FKmk

FACBE (FKw0,75) /FNCFF
PACCB(PK®0 25)/ENCFF
XCPFapRLXwFACC*CBL
ATLRFexLEIMeCTLR#FACS
XTLLFexLEleCTLL*FACSH
FXTLReX[ EIMaCTLReFACC
FXTLLeXLElwCYLL2FACE
XCP(MK)mXCPFeCOELR+DUMA
XTLR(KK)®XTLRF#CDELR¢DUMB
XTLLCRK)OXTLLF #CDELReDUNE
FILXR(KN)BFXTLReCDELR+DUNE
FILXL(KK)SFXTLL*CDELReDUMC
XBLIKK)R{XTLR(KK)¢XTLL(KK))*0,8
YCP(KK)WBLY

YTLR(kK)STLRY

YTLL(KX)®TLLY

YBL (XK)mBLY

ICP (KK )ewXCPE *SDELReDUMD
2TLR(KK)aw) T RESSUELReDUME
ITLL (k) mmx L LFaSDELRYDUMK
PYLZR(KK)ReFXTLReSDELR+DUME
FILIL(KK)mePXTLLoSDELRODUNF
TBLCKK IO CZTLA(KK)#ZTLL(KK) 00,8
Sw(KK)ng

ELAREA(KK)BEL ARE
TPII(KNIN{TPBILE=FACBADPS] ) aCPA]
CONA(KK)mTCONA
COMBR(KK)BTCONAR
CONBL (KN )BTCONBL

CONTINVE

CONTINUE

LOCATE INTERSECTION OF wING TRAILING LEGS WITH ThIS FLAP

OXwaxwOUTeXwiN
DYweYuQUTwYW]N
DInaZwQuTeZalXN
JOUTMRIOUT»]

00 240 JmlIN,]JOUTH
JPeJ+y

1F (NFLEQ,NINREG) LASTF(J)ENFY
YYRY(J)
FACS(YYoYm]N)/DYW
XWKRW{JyNFIaXmIN¢FAC2DXW
YWKRn(J,NFIuYY
IWKRW(J,NFYBZNINGFACKD I
YYsY{JP)
FACEB(YYRYWNIN)/DYM
XKLW(J,NF)RXNINSFAC#DXw
YwKLiw(J,NFlaYY

FL1T
FLY
FLT
FLT
FLT
129

FL?

FLT
FLT
LT
LT
FLT
LT
FLY
LT
LT
FLT
FLY
FLY
FLT
FL!
FLY
FL1
FL1
FLY
LY
LY
FLT
LT
kLT
tL!
FLY
FLT
FLT
49
LT
LT
FL1
FLT
LT
LT
FLI
FLT
LT
FLt
FLT
FLT

FLT

FL1
LT
kLT
T
L
FLT
FLY

FLT

L1
FLT
FLY
FLT
FLI
145
LT
tLT
FLY
FLY
FLY
Ll
FL1
ELT
FLY
FLT
LT
FLI
FLY
FLT
FLT

181
182
183
184
185
188
187
188
189
19y
191
192
193
194
19%
19
197
198
199
200
eny
114
203
204
205
206
207
208
209
210
211
21
215
244
215
21e
217
18
219
220
221
222
223
e2u
229
a2
227

22
230
e
252
233
254
23y

37
£31
239
240
24}
242
2u8
2uu
2us
24ub
R47
248
249
250
251
%5
253
2%¢
25%
296
87



[aXxN3l

o6an

Nnonono

fOon

=3

260
25¢
270
200
100

Twklw(J NE)BTP INGFACED N
CUNTINUE

LOCATE INTERSELTIUNM OF UPSTRPAM FLAPS TRAILING (LEGS alTm Tn]S FLAK

1F (NF,BG,1) GO Tu 270
NFEUNE

JEBNFSenFFe)

JEFEhFBe}

LOUP (vER UPSTREAW FLAPS

0O 2%0 KaJF,JFF
M3FURMSP (K)
NSaJFFeike]

LOOP CVER v LOCATIONS OF TRAILING LEGS ON THIS UPSTREaM FLAF

00 260 Jmi,MSFL

JPaJey

YYaYP(J,JF)
FACB(YYaTu]IN)/DYW

XnKRF (], N8, K)BXRINCFACRDXN
YRR (J, NS, R)BYY

IWKRF (JyNB, K)RZwINCFACKDZN
YYSYR(JP,J F)
FACEB(YYuYRINY/DYW

ARKLE (NS, KIBXNINeFAC BN
YURLF(J N8, K)BYY

TWRLE (I, NB,R)ETWINGFACHDZN
CONTYINUE

CaNTINUE

CONTINUR

CONTINUE

CONTINUE

RETURN

END

SUBRQUTINE INFMAY
CALCULATES INFLUENCE COSPFICIENT ®ATAIX
COMmON STATEMENTS

CaMuoN FYNCY)

CUMMON /FLPDAT/ BDELXZ(10)/CDELRZ(10),YF(30,10),3PNIF(10),
1CPHINF(10)

COMMON 7WKDATW/ XWNKRW(30,3),YRKRW(33,3),InKRW(30,3),XnKLm(30:3),
SYRKLW(30,3),2rkin(30,3)

CUMMDN /nKDATF/ XWKRF(30,2,10),YWKRF(30,2,10),2uKRF{30,2,10)¢
IXWNKLF(30,2,10),YnkLF(30,2,10),2nKLF(30,2,10)

COMMON 7 WNGDAT/ Y(30),PIwLP(30),PBINTE(S0) ) 3PHIN,CPHIn, TPH]N
COMMON /INDEX/ MBw,Ww,MT0T,NCn1(30),IMax, NFSEG(30),LaSTF(30)
COMMON /CPDAT/ ALPHAL(250),XCP(250),YCP(250),2CP(a50),

1 CALPHL(250),34LPHL{250)

COMMON FYLRAT/ XTER(30), xTEL(30),XTLR(250),YTLR(250),2ZTLR(250},
1 OXTLL(2%0), YTLL(2S0),2TLL(2%0)

CUMMON /FLVERG/XE, Y1 021,020 72,22, XP,¥P, 2B, FU,Fv,Fu,At, a2

COMMON /7 INDEXF/ NFREG,NFLAPS, IDFLAP(10,2)sNCF(30),MBF(10),MF(§0),

IHBTART(10),MENDC10),NFSEGF10)
LOOP nVER ALy CONTROL POINTS

JFLAPa)
CPHERCPHIF (1)
SPHERBPHIF (1)
CDXZBaCDELXZ (1)
0xZemSOELXZ (1)
DO 200 Jal,mMT0Y

LT
FLT
L
rLT
[T
FLT
BLY
FLT
FL?T
LT
FLY
FLT
FLT
FLI
FLT
FLY
LT
FLT
LT
FLY
FLY
FLT
FLY
FLY
FLT
FL1
FLT
LT
FLT
FLY
LY
PLT
FLY
FLT
FLT
FLT
FLT

INF
INF
INF
INF
INF
INF
INF
INE
INF
INF
INF
INF
INF
INF
INF
INF
INF
Int
INF
INF
INF
It
INF
INF
INF
INF
L
INE
INF
INF
InF

2se
259
260
2nt
2n2

0]
002
003
004
008
006
007
0os
009
[3%]
o1t
o1e
013
014
015
0le
o
018
019
020
021
022
023
024
02s
026
w27
028
029
030
03§

aooa ann

nOon

2 XaXa

Xl

5

=

1)

s

o

120

122

Pzxcr i)

VDIVCF(J)

7PslLr ()

1RASE R0
CaLbeCaLPmL(J)
SaLFesaLPrL(J)

TF (J,LE,Ms) GO Tu 40
IF (J,LE MENDIJFLAP)) GU TU 30
JFLAPZJFL AP

CPub aCPHIF (JFLAR)
SPHFRSPHIF{JFLAP)
COXZBaCDELEZ(JFLAP)
80328 30ELXZ(JFLAP)

FLAP RANUNDARY CUNDITIUN FACTORS

AnSCPHFsCALFSCOXZBOSALF e3DXZA
RyuwSPHPeCALF
RUBSALFeCDXIBeCPHFOCALFR3DXZR
G0 T0 So

»ING QDUNDARY CUMDITION FACTORS

Rysw3PHIwaCALF
RusCPHIweCALF
RUBSALF
CONYINUE

LOUP OVER CHORDwISE RO»3 OF wING VOMTICES

DU 150 l8wal,M3w
AFTURD,

AFlVs0,

AFTweO,

LFELASTF(I8N)
MAFTRNFSEG(ISW)
IF(NAFT,£Q,0) GO 1O 125
IFINAFT,EG,1) GO YO 122

CONTRIQUTION UF FINITE TRAILING LEGE 1IN FLAPS AFT (F TWIS Riw,

NAFTHRNAFTo]

DO 120 IASS],NAFTM
1ASPuIARe]
X1sXWKRA(ISw,1A8)
YIeYukRM (8w, 148}
T1mZwkRU{IBw,148)
X2BXKRN(]8w, [aSP)
YIRYWKRW(ISw, A8P)
22uIwKRE(18n, ]1A3P)
CALL FLVF
AFTURAFTUSsFU
AFTVvRAFTIVeRY
AFTREAFTReFw
X1mXnK N (I8n, [AS)
YisYwkLW(]18w,148)
TisZnkin(Ign, a8)
X2mxwkLN(T8n, 1A8P)
Y2aYwkiw(1gw,[A8P)
228Zwrln (19w, 1A8P)
CaLL FLVF
AFTUsAFTUFU
AFTVZAFTVaRY
AFTHEASYnoFr
CONTINUR

CONTRIAUTION OF SEMI@INFINITE TRAILING LEGS IN LABT AFT FLAP

Axs=CDELXZ(LF)
AZaSOELXI(LF)
X{mXWKRW{IBN, MAFT)
YIBYWKRw( 19w, NAFT)
TinZNKRN (18R, NaFT)
CALL SIVF
AFTUsAFTUSFU
AFTYEAFTYeFY
AFTeciFTamfn

InF
INF
InF
Ink
InF
Ink
InMF
1INk
INF
INP
InF
INF
InF
INF
INF
INE
INF
INF
InG
I~F
I8¢

[nF
INF
INF
INF
InNE
INF
INF
InF
INF
INF
INF
INF
InF
I
Int
Int
Ink
INF
INF
INF
InF
InF
INE
INE
INF
INF
INF
INF
InF
INF
by 12
InF
InF
INF
InF
INF
1414
Int
1414
INE
INF
NG
InF
INF
N
INF
IF
Inf
I8¢
INF
INF
INF
1NF
INF
Inr

v32
uly
PRT
03y
03s
087
03a
039
XY
ouy
vug
vus
1T
045
Oub
0wy
ous
049
asq
051
uh2
o83
054
05y
056
057
058
059
060
0k
LT
063
Oby
065
LT
[
068
06y
[ 1]
or
G672
73
04
LTy
t7s
ur?
ore
019
080
081
08¢
or3
3.1
08s
LLTY
0a?
(.1}
089
090
(L)
09e
093
094
09y
096
08?7
09
use9
100
101
102
103
104
108
108
107
jon



t4A4

ano

ann

ann

fOoONo

LT

125

13

13

5

o

NIWARu Nl ]§meNAFT)
YiSYuklw(]9n,NAFT)
182wl w{lBa, AP T)
CALL SIVF
AFTUBAFTUFY
AFTVRaAFTyeFY
AFTrgaFTaskw
CONTINUE

LUUP NVRR vDRTICES IN THIS ROw

NCWCSNCWI(18n)
D0 140 ICwei,MCWC
1al8ASE+«]Cn

CUONTRIBUTION UF BOUND (kG

X1exvLLCD)
x2mXTLR(1)
YisYT L L(])
Y2sYTLR(Y)
Z1a21 L)
12821 R(1)
CALL FPLVF
ut0Tafuy
VIOTary
wi0TeFw
IF(NAST NE,0) GU TU §35

NU SURFACES BEMIND THIS WwING HO® » TRATLING LEGS IN mING PLANE

dxusy 0
AZuo,

CALL 3Ivr
UTOTayl0Tery
VIOTeyTOTesy
wTOTewTOT4Fw
Xisxg

YisY2

11872

CALL Slve
UTOTaytOTepu
VIOTav1QTtefv
¥T0TuwTOTerw
GO 10 136

THERE ARE FLAPS BEMIND THIS RUw, COMPUTE INFLUENCE CF

FINITE TRAILING LEGY IN THE wING PLANE

XisXTLR{I)
YIWYTLRLD)
Z18ZTLRLD)
NQuXWKAW(]Igw,1)
YaaYukRN(18A,1)
ZaslmkRU(IOn, )}
CALL FLVP
UTOTeuTOTesU
VIOTeyTOTeFyY
WTOTEWTOTerR
xlexTLLeD)
YisYTLL(D)
2imITLL(L)
ABAWKLN(I§W, 1)
Y2uYwklw(Igw,1)
128wkl (13v,1)
CALL FLVF
UTOTsUTDTwFU
VIOYayTuTesy
*»TOTewTUTOPn

ADD CONYRIBUTINNG FROM PANELY AFT UF »ING

UTUTRUTOT+AFTL
VIOTevIDTeaFTY
wT0TautOTeafF T
RACISEIRTLALAER)
FYR{JJIBUTQOTeRU+VTOTaRVewTOT#RW

InE

Ind

InE

Iné

I8t

InF

1nF

InF

Int

INF

INF
INF

INF
INF

INF
INF
I~k

INF
Ink

1nf

I~NF
INF

Int
IN#
INF
INF
INF
INF
INF
INF
INF
INF
INF
IN$
INF
INF
INF
INF
INF
INF
INF
InF
INF
INF
INF
INF
INF
INF
INF
INF
1Ink
Inp
INB
1IN
INF
INF
INF
INF
InNF
INF
INF
INF
INF
INF
INF
IN
INF
1IN
L1
Nt
INF
INF
INF
Inp
INF
INF
INF

1ue
1ie
[ B]
1t
114
114
115
11e
11?
114
119
{ev
121
122
123
124
12%
126
127
128
129
138
13}
132
133
134
13%
134
137

139
140
14}
{ee
143
l1da
1uy
14e
1e?
fas
{49
150
151

153
156
158
156
157
158
159
160
16y
162
163
164
169
1]
167
168
169
170
[§21
172
1713
174
175
178
177
178
179
180
181

183
184
188

fon

ono

anmo

anon

oan

ano

fey CUNYVE U

184

1e

1e

-

-

IndSERIBASESNCHC
COMTINUE
TR (NFLAPS, kL, D) G(H TD 200

INFLUENCE CF FLAP VUWRTICES =e LUNP LVER FLAPS

DU 196 JFLEj,NFLAPY
NAFTENFREGF (IFL)
LELPSTFL¢NAFT

LUOP NVER CHDRDW]SE ROwS UN TWIB FLa®

HSEPRuEFLIFL)
COXsCOELX2(IFL)
SpxsSnELXI(IFL)
NCRFENCF(IFL)
M3TaMSTART(IFL)

DU 175 [S=&i,~SFF
AFTusp,

ASTTN

Af TreQ,

18438a BT e(18me))anCFFay
TF(NGFT,EG,0) GO TU 163
IF(MAFT,EUL 1) GU TU 161

Y0 FLAPS BEMIND THI3 CNE = COMPUTE INFLUENCE OF FIniTi

TRAILING LEGS ON Twp FIRST ONE,

XIBXwRRF (18w, 1,1FL)
YIaYwKRF(IBw,1,1IFL)
TisZwkRF (184,1,1FL)
X28XwkRF(I8w,2,1FL)
YosYukRF(18m,2,1FL)
2282axRE(184,2,1FL)
CALL kLVF
AFTURAFTUSFY
AFTVaAFTVeFY
AFTwgabTRerw
XISXWKLE(IQW, ), IFL)
YieYwn F{I8W,1,1FL)
ZisZnxlP (180, 1, ]FL)
XZEXwKLF(18w,2,1FL)
’

YaaywkiF (I}
ZanZuulF (1A,
CALL FLVF

AFTUSBAFTU=PY
AFTVBAFTVeRY
AFThuaFTnoFn

CONTRIBUTION OF SEXImINFINITE TRATLING LEGS IN LABT FLAP AFT U

THI8 NNE

XImXnkRF(IBW,NAFY,IPL)
YisYukRF (18w, At T,]FL)
TIOZuKkRF(Igm, NAR T, IFL)
AxusCRELXI(LFLP)
AZSBDELXZ(LFLP)

CALL s1ve

AFTURsAPTVSFU
AFTVRAFTVeFY

AFTmEAF TwaFw
XiEXRKLF(18n,NAFT,1FL)
YisYuKLF (13w, NABT,1FL)
TIs2Zux F(10n,NAFT,1F)
CALL 81vF

AFTUSAFTUSFU
AFTVEaF TV Y

AP TWgAF Thebr

LOOP OVER VORTICES 1N ThIS ROw

CONTINUE
DO 170 I1Cwa),NCEF

INFLUENCE OF BOUND LEG

N
INF
INE
InE
Iné
Ink
INF
InE
InF
I
InF
INE
PN
INF
INF
INF
InF
INF
INe
ING
In$
(£33
InF
Ink
Int
INF
INF
INF
INF
INF
INF
InE
INE
InF
Iné
1IN
Ind
INF
ING
INe
INF
Ink
Tt
INF
Ine
IN¢
INF
INF
InF
Ink
Int
INE
INb
Nt
InF
InF
INB
INF
Inp
1n¢
INF
Ind
INF
INE
INE
INE
I~
InF
INF
InE
INF
1534
Ihe
INF
INF
INF
Inp

i
187
108
189
190
19
192
193
1%
19%
1%
197
198
199
2n0
201
20¢
203
2du
205

207
20n
209
¢10

213
214
e1s
210
17
218
219
220
2¢1
222
223

225
226
227
a2n
1]
230
231
232
233
234
235
2%
237
238
239
aue
edl
22
24l
244
Rud
2ue
24y
2un
209
250
251
252
eS8
244
245
256
257
258
25%
260
261
a2



ConOon

onoo

‘oo

w

167
170

190
200

1a]BAS3¢1CN
X1mxTLL(L)
viaYTLL(l)
T182TLL(L)
X2SXTLR(1)
Y2rYTLR(])
Tas2TLR(])
CALL FLVF
uToTery
YTOTerv
wTOTaEw
IPCNAFT NE,0) GO TO 163

N0 FLAPS GERIND THIS ONE, COMPUTE INFLUENCE QF SEMI«INFINITE
TRALING LEGS IN THE PLANE OF THIS FLAP,

AXseCDX
AZndDx

CALL alvP
UTOTautOYSPU
YTOTaYTOTeFY
HTOTYNTOToFk
xjoxp

Yisvl

T1a22

CALL SIVF
UTOTauTOTerU
YT0TsyT0Yepy
»TOTANTOTern
60 TO 167

THERE ARE FLAPS BEHIND THIO ONR,
FINITE TRAJLING LEGS INT THIB sLaP

COMPUTE THE INFLUENCE OF

X1WKTLR(])
YiaYTLA(L)
ZINZYLR(T)
X2BXWKRE(1QW, §,1FL)
YRRYWKAF (20w, 1, 1FL)
TROIWKRECION,1,1PL)
CALL FLVF
UTOTeuTOTeFU
YT0Tuyt0TerY
n10TewTOTern
X3oXTLLLL)
YieYTLL(D)
13mTLLLL)
XIBXWKLE( IO, 1, IPL)
Y2uYukLE (0w, 1, 1PL)
I28wkLF(18m,1,1PL)
CALL FLVF
UTOTeuTOTsFU
YT0TeviOTely
WYQTaWTOYeFN
UTOTeUTOTeAPTU
VIOTavTQTeaFTY
WTOTuwTQT4APTH
JUN(Iel)aNTOTey
PYN(JS)BUTQTEAUSYTOTORVeNTOT o RN
CONTINUE

CONTINUE

CONTINUE

CONTINVE

LOUP DVER PLAP CONTROL PUINTS

RETURN
END

INF
INF
Iné
I
INt
INF
INF
INF
INF
InNG
INF
INF
Int
INF
INF
INE
INF
INF
INF
INF
INF
INP
INF
INF
INF
INF
INF
INF
INF
INF
INF
INF
INF
INF
INF
INE
INF
INF

INF
INF
INF
INF
INF
INF

NS
N

INF
INF
INF

INF
INF
INF
INF
INF
INF
INF
INF
INF

INF
NP
INF
INE
IN¢

oo no

onaao

L1

100

SUBRDUTINE FLVF

APFLIFS BEUWUATIONS FUR FINITE LENGTH YORTEX FILAMENT
INFLUENCE FUMCTIONS, TAXE FROM HBOEING REPORT Devedue
BY RUBBERT PP, B384

COMMON BTATENENTS

COMMON /TULHNC/ TOL
COMMON /FLVBRG/X1,Y1,28,X29YRo2Ro AP, YP,IP,FU)PY, FupaXpAl

XPOukpet]

XTQex2edy

xPYaxpektd

IPOaipell

11087203}

rTazrel2
SPTeXPTeXPT4IPTeIPT
SPOaxpQsXPO2POZPO
BelT0«XPOeXTO2P0

830820

Fusd,o0

FVEO,0

Fusd,0

S1GNEY, 0

YPUsYpeY]

YTOsy2eY}

YPTuYpey2
ELOCRXTOOXTOeYTORYTDS2TGHZTO
ELsdORT (ELOQ}

DO 100 Kei,2
ABYTORZIPO=2TOAYPO
CEXTOaYPOeYTORNPO
RADCLSSART (AnA+BSQeC ()

1F (RaDCL(LE,TOL) GO YO 9¢
R1$Qn8PO+YPOSYPO
R2BQuBPT+YPTRYPY

L3 T(R18Q)

R2s8ERT(R20G)

RIDER| 8QeRRN0Q
COTHIa(RIDELIQY/(R,0%ELRR])
CSTHRu(RBDSELSQ) /7(2,0ELnR2)
RROR2e3GRT (1,0uCATHINCATHR)
FACOBIGN(COTHIRCOTHR) /(RRERADEL)
FUBFUsARFAL

FYSFVeBeFiC

FuuFneCaFAL

YTOmey 10

YPORYPeYL

YPIaYPevd

316Newl,0

RETURN

END

SUBROUTINE SIVP

INPLUENCE FUNCTIONS , REPERENCE s RUBBERT PP, U3sd9
APPLIES EQGUATIONS FOR SEMISINFINITE VORTEX PILAMENT

COMMON STATEMENTS
COMMON /TOLRNG/ TOL
COMMON /FLYFRG/X1,Y1, 280 X20 Y2022 XP,YP 20, FUsFV Fin,aK,AL

XXpXPeky
1ImZPely
EmAZexXmAXaZl

XIPZBaxNeXXeZLn2

FLy
FlLy
FlLy
FLy
kLY
kLY
FLv
FLY
LY
FLy
FLY
FLY
FLy
FLY
FLV
FLy
FLy
FLy
(1%]
FLY
FLY
LY
kLY
FLv
FLv

FLY-

LY
LY
LY
FLY
LY
FLy
LY
FLY
LY
FLY
FLv
FLY
FLY
FLy
LY
FLY
FLY
LY
FLY
FLY
FLY

FLY
FLy
LY
FLv
FLY
FLv

sy
sy
Slv
iy
Sly
sl
sly
Slv
£ 28/
slv
3y
slv
(24
v



144

afon ooOoono

oron NOn 0N

oOoNnn

L1
100

L1

YYsYPeY)

ruso,0

tve0,0

Fnz0,0

SIGNm1,0

00 100 kui,2

DewAleYY

FuAXsYY
RADCLuSURT(DSDIERESFF)

1F (RaADCL,LE,TOL) GO 1O 990
BIGRRSURT(YYeYYeXIPZS)
COTHYECUP/BIGR
SHLREBISRIBGRT (1 ,00CATHTRCATHT)
FACTR(COTHT®1 ,0)/(SMLRARADCL ) 8IGN
fuaFu+OeFACY

PVRFYCENFALT

FusSFueFrP ALY

YYSYPeY]

3]IGNu=}, 0

RETURN

END

SUBROUTEINE RWSCLCCEXVEL)

THIS SUSROUTINE CALCULATES THE RIGHY HAND BIDE OF
THE TQUATIONS FUR WORSESHUE VOATEX STRENGTHS,

THE ARGUMENT EXVEL 18 TRUE IF PRTERNALLY INDUCED
VELOGITIES ARE TO BE INCLUDED IN THE CALCULATION,
LOGICAL EXVEL

COMMON STATEMENTS

COMMON / INDREAF/ NEREG,NFLAPO,IDFLAPL1I0,2)/NCFLLD),NAF(10),¥F(10),

IMBTART(10),MEND(10) ,NFSEGF(10)

COMMON /FLPDAT/ BDELXZ(10),COELXZ(10),YP(30,10),3PHIF(10),

ICPHIF(10)

CONMON 7 WNGDAT/ Y(30),POINLE(N0),PEINTEC30),8PHIN,CPHIN, TPHIN

comuon JINDEN/ MW MR, MTOT )NCHEICE0) ) IMAX,NFSEGLIO0) )LABTE(30)
MON /CPDAT/ ALruALtllo).xcP(l10).vc-(l|OJ,zcrclso),
‘l!nL(!So):lALPHL(!! )

co-n0u /REIDE/ CIR(2%0),UEI(230),VEI(RSO),WET (250)

COMMON /ATAK/BINALF,COBALF

RIGHT HAND S10DE FPOR wING CONTROL POINTS
IF(EXVEL) 60 TO 48

LOOP OVER WING CONTROL POINTS FOR CADE WITHM NO EXTERNALLY
INOUCED VELQCITLES

SACPESINALF#CPHIN

00 40 Juy,muw

CIR{JIn  3aCP SCALPHL(J) + COBALFaSALPHL(M)
60 10 8%

LOCP DVER wING CONTROL POINTS FOR CASE wITH EXTERNALLY INDUCED
VELOCTTIES INCLUDED

43 CONTInUR

DO S0 Jui,Mw

50 CIR(JINC(SINALFaREI (J)IRCPHIN ¢ VEI(J)w8PHIK)INCALPHL(J)

1 *{COSALFDET(J))aSALPHL(J)

S IF(NFLAPS,HQ,0) RETUAN

RIGHT HAND $IDE FOR FLAP CONTROL POINTS (IF PREBENY)
LOOP OVER PLAPS

DO 90 JFm{,NFLAPS
CPRRCPRIF (JF)

8lv
Slv
Siv
$1v
Slv
sly
v
Siv
slv
Slv
Sly
Slv
sly
slv
slv
Slv
slv
Slv
Sy
Slv
1V

RHY
RHS
RHS
RHE
HHS
RHS
RHS
RM3
RMS
RHE
RMS
LLT
R

RHS
RHS
RHS
AHS
LLT)
AHE
RH3
ELE]
RS
RHS
RHY
RHS
RHE
RHB
RHS
RHS
RHS
RHS
RHS
RHS
RHS
LLE)
RWY
i1
RHS
AMS
RHS
KNS
RHS
L1
HHS
RHS
RH§
KHS
RHY

(111
016
037
018
019
020
021
02e
0238
024
025
026
027
(11}
029
030
031
032
033
(21
033

ogo0an

oono

SPHEIPHIF(JF)
COXZxCDRLX2(JF)
8DXZeSDEL X7 (JF)
CALDXmCORZSCUBALFoSDXZeSINALP
SADXRCOIZ9GINALF +3DXZwCOSALE
DASSADXSCPH

DCRCPHNLDXZ

DDECPHe8DXZ

MSRMBTART(JF)

MEBMEND (JF )

IF(EXVEL) &0 10 7S

LOOP OVER CUNTROL POINTS ON FLAP wITHUUT EXTERNALLY INDUCED
YELOCITIES

0O 70 JuHB,ME
CIR(J)BDAXCALPHL(J)«CADXBALPHL(J)
60 10 99

7

o

LOOP QVER CONTROL POINTE ON THIS FLAP FUR CASE wlTi EXTERNALLY
INDUCED YELUCITIE® INCLUDED

7

w

CUNTINUE

00 80 JuMS, N}

CALECALPHL (J)

SALRRALPHL(J) .

80 CIR(JINDARCAL®CADX#8ALoMET(J)®(DCCALOBDXZEAL)
L& YEI(JISOPHECAL « UEICJYn(84LeCDRTODORCAL)

90 CONYINUR

RETURN

END

SUBROUTINE LINEQB(N,A)
DIMENSION AIN,N),IP(300)
COMMON ZLINBOL/IP
IP(N}a1

DD & u=mi,N
IF(XK,E0,N)GD 10 §
KPimKe}

MoK

00 | 1sKPy,N

CONTINUE

IP(K)aM

IF(N NE,KITP(N)meIP(N)
TaA(M,K)

ANy MIOACK, KD

A(KsK)nY

1P(1,£0,0,)00 10§

00 2 ysKPY{,N

A(T K )med(1,X)/Y

00 & JeuPy,N

TeA(m,J)

A(MpJ)matK, J)

A(KgJ)at

1F(T,E0,0,360 10 &

DO 3 IeKPI,N
A(Tod)nAlT, J)ea(,K)0T
CONTINUE

IPEA(K, l) 26,0, )IPIN)mO
CONTINVE

RETURN

END

-

*ewew

RHS
NH3
Rm§
T
LLE]
RHS
KHS

KNS

LLH)
AHS
L]
LLE)
KHS
RHS
RHS
RHS
L}
LLE)
LLE]
LLEY
RHS
LLE)
RHS
LLE )
RME
RHS
LLE
LLT]
RnS
LLE]
RH3

LIN
LIn
Lin
LIN
LIN
(S L]
LiN
Lin
LIn
LI
VIN
LiN
LIN
LIN
LN
LIN
LIN
Lin
LIN
LIN
LIN
LiN
LIN
LIN
LIN
LIn
LIN
(BL]
LIN
LIN

(T1}
[11]
051
082
[1-X)
(LT
(-3
0he
0S7
058
0%9
060
061
062
063
LT
nes
066
067
(L1}
o069
070
074

073
[3L8
[24)
(2{]
oTT
[ 3]
are

004
00¢e
003
vou
005%
o6
Qo7

0o0e
010
ol
0l
vl
014
018
0le
o1?
018
019
020
021
022
023
vae
02s
026
o7
v28
029
030
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SUBKUUTINE SOLVE (B,A,N)
OIMENSION B(1)
ODIMENSION AfN,N)
COMMOR /#LINSOL/IPL300)
1F(N,EQ,1)G0 TO 9
NHPNm]

DU 7 kaf,Nmy
KPlEKe]

MalP(x)

Tadiny

a{M)pBiR)

B(K)eY

00 T 1aKkPi,N
B(1)mBI)ea(] K)eT
00 & xBui.NMY
KMiBNek§

KeKM{s]

BLRIBRLKI /ALK, M)
Taed(x)

D0 8 Jey, KM}
B(I)eBCl)eA(,K)eT
B(i)mB(1)/A(4,Y)
RE TURN

END

SUBROUTINE LOAD(EXVEL)
COMMDN GTATEMENTS

COMMON /YORPOR/CABL(250),CYBL(250),€258L (250D ,CYTLL(250),CYTLR(250)

1 4 CITLL(290),CZTLR(280)
COMMON /RYELE/UP, YP, WP
COMMDN /ROIDE/ CIR(2%0),UEL1(250),VEL(2%0),nE1(250)

COMMON /BLOAT/ XBLC2501,YBL(2%0),2AL(250),TP8I(250),8n(250)
COMMON 7 wNGDAT/ Y(30),P8InLR(30),PEINTE(30) ) 8PHIN,CPHIR, TPHIN
COMHON ZINDEX/ MBN, MW, MTOT,NEWT(30), IMAX NFBEG(30),LASTF(30)
COMMON #ILDAT/ XTER(30),XTEL(30),XTLR(250),YTLR(290),ZTLR(28D),

§ OXTLL(250),YTLL(250),2TLL(250)
COMMON /ATAK/ SINALF,COBALF

COMMON / INDEXF/ NFREG,NFLAPS,JOFLAP(10, 23 NCF(10),MBF(10),MF (103,

IMSTART(10),MENDC10) ,NFBEGF(10)

COMMON AFLROAT/ BDELXZ(10),COELXTCI0D,YFL30,10),8PHIF (10},

1CPHIF(10)

CUMMON JFTILDAT/ FTYLXR(280),FTLXL(250)FTLZR(250),FTLIL(280)
COMMON /L DCONS/ CONA(250),CONBR(R50),CONBL(250), TENP, TEHR

LOGICAL EXVEL
DIMENSION YLL10),VR(10),#R(10),m.(10),
1 GAMFAR(30),GAMBUN(30)

CALCULATE FORCE COMPONENTS IN wi, Y, AND oI DIRECTIONS AT

BOUND LBG MIDPOINTS ON NING

CPEARCPHIWeBINALP

SPCABSPHIWRCOBALF

CPCABCOBALFACPHIN

00 100 Jwmj,NNW

TRSJaTRBI(IN)

CALL VELBUMIXBL(Jw),YBLCJW),2BLCJN))
1FC,NOY,EXVEL) GO TQ 10O

PeURL(JM)

PevEI(JIR)

WPENPanEI(Jn) |
FACTRCONA{JNI*CIR(JN)
CXBL{IWINEPACTR(CPBARP2LPHINeYPRBPK]IN)
CYBL(JIW)SFACTE(SPCAUP#3PHINe (nPeBINALF)&TPYY)
CZBL(JIR)QFACTa(VPaTPSJeCPCARUPACPHIN)
CONTINUE

IF(NPLAPS,EQ,0) GO 10 20§

GANFRR(30),

SoL
S0L
suL
SUL
SuL
801
oL
S0L

0L
0L

0L
30L
0L
sUL
L
118
80L
80L
soL
80,

$OL

la¥akals)

o

oo

oo

noo

11

19
20
20

2

3
$

®

0
0
1

0
[]

=

BUUND LEG M]OPUINTS DA FLAPS
LOGP NVER FLAPS

U 200 JFS1,NFLAPS
COXZaeDELXI(JF)
S0XZa8DELXZ(JF)
C3UMBCDRZACUSALF>SDXZaSINALF
SSUMBCOXZeBINALF +30XZ#COSALP
CPHBCPHIF(JF)

SPHESORIF(JF)

CPSAFuCPHABIUM
SPLAFuSPHOCRUNM
CPCAPRCSUMSCPHN

HIBMSTART(JF)

MESMEND(JF)

LOOP pYER BOUND LEG MIDPOINTS ON THIS FLAP

D0 190 JCSMS,ME

1P8JaTPRI(JIC)

CALL VELSUM(XBL(JC),YBAL(JC),28LLJCY)
IF(,NOT EXVEL) 60 T0 (10
LPBUPSUEI(JC)

yPEvPLVEL(JC)

®PERPeREI(JC)

ROTATE U AND ¥ TO LIE IN THIS SLAP COOROINATE 3YSTEM

wysup

nHUNpP

UPsn{j«COXIwnmugDX]
wPonueCOXZenUeBDXT
FACTCIRCIC)ICONACICE
CXBLLJC)OFACT s (WPeCPHOCPEAFaVPRSPH)
CYBLCJCIBFACT(SPCAFeUPeSPHe (WPuISUM)uTRE))
CZBL(JCINFACTR(VPRTPEI+CPCAFwUPR(PH)Y
canYInve

CONTINUE

CONTINUE

LOADS ON WING TRAILING LEG POINTS

NCRCBNCWI(Y)

00 S0 Igwei,NCHC

CaLlL VELSUMIBTLXR(ICW)\YTLRCICW)FILZR(ICN))
IF(.NOT EXVEL) GO TO 20

VPeVRVELLICH)

WPENPLNEI(ICH)

YR(ICW)aYP

WR(ICW)awP .

CALL VELBUMIFTLXL(ICW),YTLLLICH) FTLILLICH))
IF(,NDT,EXVEL) GO YO 30

YPBVRVET(ICW)

wPEWPLuET (ICW)

Ve{Icwjuv?

LINS{{ M L4

LOOP QVER WING CHORDWISK ROwS

1BAE R0

00 1200 18naj,uiw
NCHCENCRE (18w}
IFCIw,EQ,1) GO TO oS
NCoMaNCRI(TBWel)
JUBMINO(NCWC ,NCM)

00 60 JsisJU

VR(J)avL(J)

wR(J)wrL(J)
IF(NCwE ,LE NCr¥) GO TO 66
JLBNCWHe |

DO 6% JuJL,NCwe

In1BASEsY

CALL VELSUM(FYLXR(I),YTLR(I),PTLIN(I))
1F{,NOT,EAVEL) GO TO b2
YPRYPGVEI(T)

wPerPewp (1)

62 YR{J)ave

ode
047
0uB
ouy
0%0

0he
053
054
085
oS
0357
(1]
05¢
060
L3}
ube
063
[11]
[1.1]
(11)
(13
068
069
070
[E 3]

073
074
L4
076
07y
078
ore
080
uet
ose
083
084
08s
08s
134
088
o8e
090
091
092
0e3
[11]
o8y
0%
097
098
(1]
100
104
102
103
104
108
108
107
1ns
109
110
111
112
113
114
115
116
117
118

120
124

123



oo

(11
[ 1]

(1]
10

1100
1280

0o

305
306

~

nonoen

ane

Lo X 1]

312

33§
390

wR{J)snP

CONT TN

DU 70 JmlsnCaC

Islbasted

CALL VELSUM(FTLXLILY, YILLLI)FIL2L(T))
IFC,NOTEXVEL) GO TO o8

VPEVPVEI(D)

M ITT N TEERE]

vi(J)avP

sLtJIawp

DELGANRY, 0

DO 1100 ICwai,NCWC

IsI8AsEeiCH

CIRRuCIR(1)

DUMARDELGAMS0, TSCIRR
FACLEDUMASCONBL (1)
FACRBeDUMA2CONBR(])
CYTLLLLIWPACL*{nL(ICR)=BINALP)
CYTLR(1)RFACRA(UR(ICHIwSINALF)
1F (19w, EQ,1) CYTLR(I)aeCYTLL(]}
CITLL(IImFACLRVL{1CH)
CITLR(IIEFACR*YR(ICN)
DELGAMRDELGAMSCIRR

CONTINUE

GAMSUML IOW ) BDELGAM
IBASERIBABEONCHC

YRAILING LES LOARS ON PLAPE oo LOOP DVER FLAPS

IFINPLAPS,20,0) RETURN
00 800 IFLsi, NPLAPS
IPCIOPLAP(IPL,2),6T,1) GO TO 312

THIS {8 THE FIRST FLAP AFT DF THE W) us. COMPUTE GAMMA
CONYRIBUTIONS FROW WING VORTICKS ANgAD

MESMSTART(IFL)
HOFFONSF(IFL)
NCFFanCP(IFL)
YOTRTFaYF (1, IFL)

DO 308 ISwwai,M3n
Jonutann

IF (Y(18uw) LE,YBTRTP) GO 10 3o
CONTINUE
GAMFNR (1 )SCANSUM{ION)

DO 307 IBwFw2,MEFF

(I LINFLTYY
GAMPWR(TINF ) wGANBUM(JBN)
CONTINUE

60 T0 30

THERE I8 A FLAP AHEAD OF THIS ONE, COMPUTE GawMA CONTRIGUTIONS
FROW THE PLAP AMEAD

LOOP OVER CHORDWISE ROWS ON THIS FLaP

IFLMaFLe)

NCFFuNCR(]PL)
HSFFansF(1FL)
MOSMBTART(IFL)

00 335 1ONFsi, MOFF
CAMFUR(IBHFINGAMNEAR(18NF)
CONTINUE

CONTINUE

COMPUTE THE TRAILING LES LOADS ON TWIS FLAP
COXZacDRLAZ(LFL)

$0XZusDELNZ(IFL)

BALFPoBINALFeCOXT+COBALF#30XE

RIGHT ANO LEFT VELOCITIES ON FIRST ROw QF THIS FLAP
bR LI Y

DO 398 ICnsi,NCFF
I1slls1CH

onn

oo

X, 2]

ODOOOONANN

39

3%
Jop

39e
L1
401

$00
800

CALL VELSUM(PTLXR(I),YTLR(I),FTLZRL(]))
IF( MDY EXVEL) GLD Y0 39%

UPSUPeUEL(])

VPRVPVETL])

whandsuki(1)

WR(ICWIBNPaCDXZeUPaSDX]

YRUICw)avP

CALL YELBURCFTUXLCTY, YTLLCTY,FILILLTY)
IF(,NOTEXVEL) GO TO 396

UPsUPURI(E)

VPavpevel(l)

WPRWPLHEI(])

WL{ICW)BnPeCBXZ¢UPASDXL

vitiCuw)avP

LOUP OVER CHORDWISE RONS ON THIS PLA® = LOAD CALCULATIUN
DO 500 I8ne],M3FF
Yoo

IF (19w,EU, 1, AND, YTLR(ME) ,GE,0,0) Tvel
IFCISn,00,1) GO TO so1

UPDATF RIGHT AND LEFT VELDCITIRS

JSLLITASE LITRL T4 LFY

DO 400 ICwsl,NCFF
VR(ICK)mYL(ICK)
WR{ICWINN, (ICW)
1sllerCw

CatL v!Lth(FYLXL(I).VYLL(I)'IYLILII)!
IF{,NOT,EXVEL) GO TO J9¢
uPlUPoUII(!)
YPaVPeVEL(])
wPawpeNgI(])
WLCICW)awPeCDX2eUPRBDXT
yL{ICw)avP

CONTINUE

LOOP OVER TRAILING LEG PDINTAE IN THID ROw

OELGMREGAMPWR (13w)
Jlu(1gne) ) aNCFFoMdu]

DO 4o ICWsi, NCFF

1mllesCu

CIRRRCIRLY)

DUMARO,?PSeCIRR

FACRuw (DELGHRODUMA) «CONBR(T)
FACLE (DELCHReDUMAILCONDL (L)
CYTLL(JI)uFAGLO(WL(ICR)aBALPP)
CYTLR(IISPACR® (WA (ICH)=BALFP)
IF C17,00,1) CYTLRUI)DCYTLLIY)
CITLLCIIOFACLoV  (ICN)}
CITLR(I)aFACReyR(ICH)
OELGMABDELGHRSCIRA

CONTINUE

GAMFAR(IOW)SDELGHR

CONTINUE

CONTINUR

RETURN

IND

SUBRQUTINE FORCES

THIS SUBROUTINE CALCULATES THE SPANNISE LOAD DISTRINUTIONG AND
THRE FORCES AND MOMENTS FROW THR FORCES ACTING ON THE VORTEX
FILAMENTS

COMMON STATEMENTS

FOR
FOR
FOR
FUR

FOR
FUR
FOR

001
00

(11}
(11}
(11]
(124
008



iy

LXaXsl

oo

a noo

noa

acon

COmMMUN ZATAK/SIMALE,CLSALY

COMMGR /RLOAT/ 1hL(250),vrl (250),ZRL(250),TPSI(250).8-(250)

COMMDY: /7 mMGDATZ Y(30Y,@SIaLF(30),PSTaTE(30),8FHT sl Pr]In,TPK]
COMMON ZINDEXZ 5m g myMTUT R0 2T(30), 1A%, MFSELI30),LASTF(3N)
CUMMUN 7 INDRXF/ NFREG,NFLAFB, ICFLAP(10,2)40CF L0, *5F (10),~F(10),
IMSTART(10)MENDCLIOY,NFSEGF (1)

CORPON ZFLPDAT/ SDELXZ[10),CRELXZ(10),YF(30.410),3PRIF(1C),
1CPHIF(10)

COMMON ZFTLDAT/ FTLXR(P50)50 TLZL(250),F TLZR(2%0),FTL 2L (L50)

COMMON ZRLBGUA/Z SSPAM,SREFREFL, XM, ZM

CUMMUN /CHUPDS/ CHROLWI30),CRONDTF{10)sCTIPE(10)

COMHUN /YURFOR/CXBL(250),CYBL(290),€Z8L(250),CYTLLC250),CYTLR(250)
1 4 CITLL(250),C2TLRN(250)

COMMON /TLDAT/ XTER(30),xTEL(30),XTLR(250),YTLR(250),2TLR(250),

1 xTLL(250), yTLL (250),27LL(250)

COMMON ZFLAPLE/XWILEC10), YNILE(10),ZnILEC10),3aPFLE(10)

CUMMON /PREDAT/NPRESW, NPRESK (10),ELAREALRS0),XLE(30)

COMMON #NURM/ CNT

DIMENSTON SYATEMENT
QIMENSIUN XC(20),PRES(20)
FORMAT SYATEMENTS

701 FORMAT(IML, 190, 39HAERQDYNAMIC LDADING RESULTS FOR ALPHA =,Fe.2,
1 S5k DES,)

702 FPORMAT(7/30%,20HREFERENCE QUANTIYIES/23X,126nING 8PAN, B,3X,dHAREA
1 ,eX,6HLENGTH/R3X,3F11,5)

703 PORMAT(//27%,27THIPANRISE LOAD DISTRIBUTIONS/22X3THannsnnarws LEFT
IwING PANE] eswawssisn)

T0d FORMAT(G4OX,SHLOCAL/Z1OXTHBTATEION, 3X, THY/(B/2),3X,84CHORD, C,2X,

11 SHCNDRMAC/ (2#8) , 4X, SHCNDRM, 8XFHCA)

705 PORMATLIONIS,F12,5,FL1,4,F12,5,2F12,4)

706 PORMAT(/22XEDCIH®) 1N, 6HREGINN, [2,5H FLAP,12,1X,1001He))

TOY FORMAT(///21%,40nmING ALUKE FURGE AND MOPEMT CDEFFICIENTS)

708 FORMATLQ9X,24n(w]ING CUDKDIMATL 3YSTENM))

709 FORMAT(ISX, SHENW) 9X, JHCAN 9%, IHCLW, 9X, JHCOW, 9X, SHCHR)

T10 $ORMAT(9X,9F12,5)

T11 FORMAYT(///13X, T9HINDIVIDUAL SLAP FURCE AND MOMENT CUBFFICIENTS AND
1 LOCATIONS AT weICH FURCES ACT/26X,52H(FLAP CUORDINATE SYSTERS = F
2LAP L1ES IN XF,YF PLANE) /1K, 1| MREGION FLAP,5X,3hCNF, 7X, THRF(CNF),
IS, THYF{CNF ) 7X, 3RCAF  2X THYF (CAF) P JHCYE (TX TRXF(CYF), X, 3NCAE)

742 FORMAT(1X,14,15,8F12,5)

T13 FORMAT(///714X,S2RCOMPLETE CONFIGURATION FURCE AND MOMENT COEFFICIE
INTS)

T1u PORMAT(11X, 2MCN, 10X, 2HCA, JOX, 2NEL, 10X, 2HCO, 10X, 2HCM, 6, 10BCD/ (CLC
IwNn

715 FORMAT(4X,0F12,5)

716 PORMAT(IH],54X,22HPRESSURE DISYRIBUTIONS/61x,9HDELTA P/Q)

TIT FURMAYC/SX, 10(1H®), 1%, 1SHLEFT wING PANEL,1X,10(1H4))

T18 FURMAT(/3X,THY/(B/2),2%,8HCHORD, C)

719 FORMAT(RF10,3,TX,8HX/C0,F9,5,9610,5/30K,10F10,5)

T20 FURMAT(21X,10HDELTA P/Qa,F9,8,9F10,8/30%,10F10,9)

720 FURMAT(§h )

T22 FORMAT(/5X,10(1M®)s1X,0HREGION,12,3N FLAP,I2,1X,10(1He))

CONSTANTS

DAYA RTDO/%T,295779%/
SPANS2, BeRQPAN
SREFTBaBREF/(2,23PAN)
ALPEASIN(SINALF)IaRTOD
WRITE (09701) ALF
wRITE(8,702) SPAN,IREF,REFL
CALCULATE wING L0ADS
®»RITE (&s703)
wWRITE (&) 704)
CUNSSREFTB/(2,%CPrIn)
LUOP OVER CHORDWISE ROwS

18ASES0
D0 1| 1m2,1maX

Fun
FUK
PUR
FUKH
FUk
Fuk
# 0k
Fuk
FUR
+OR
[J00]
FuUR
FUR
FOR
FUR
FOk
FUR
FUR
FUR
FUn
FOR
FUR
FUr
(1513
FUR
FQR
FUR
FOR
FUR
FUR
FUR
FOR
#OR
FOR
FOR
FOR
FUR
FOR
FOR
FUR
FUR
FOR
FOR
FOR
FUR
FOR
FOR
FOR
#GR
FOk
FOR
FOR
FOR
FOR
FLR
FOR
FOR
FUR
FOR
FOR
FOR
FUR
FUOR
FOR
FUR
FOR
FOR
FOR
FOR
FUH
FUK
FOR
FUR
FOR
Flh
$OUR
FOUR

oue
010
UADY
e
c13
014
01s
0le
017
018
niq
020
021
022
02}y
024
02%
026
oer
02s
029
030
034
032
033
034
03s
03¢
037
038
[h1]
Quo
04t
042
U3
LITY
04s
(113
047
[T )
(T1)
%0
0S5t
052

084
0ss
08
(134
038
059
060
061
062
63
064
[11]
066
067
068
069
3]
0Ty
072
ors
[} 1]
07§
076
[34]
ors
(3]
080
081
082
083
o8a
0es

non

Ll X X, ]

ono

LaXaXa)

~

-

40

30
e

50

cysso,
(hSap,

Cabdbmg,0
YALTmrY(1)ev(le]))/(2,0550ar)
ANSTATgTw]

CHLOCmCHRULA(KSTAT)

LNOP NVER AREA ELFMENTS IN ROW

ACAnRNCR] (NSTAT)
DN 2 w31, HCAm
JIulgasesx
CYSRCYB4CYBL(JJ)¢0,50 (CYTLL{JUYCCYTLR{JJ))
CNIRCNSOCZBLIUJ) 0,5+ (CZTLL(JJI*CLTLRIIIN
CASeCANeCXBL(JJY
CONY INUE
TaeCUN/8w(J))
CYSaTasCYs
CNSECNSETA
CNORMCNSRCPHI 4 CYSSPHEN
1RASERIBASE¢NCHA
CNECNORM®Q ,08SPAA/CHLUC
CASMCAS#TAn2, 008PAN/CHLIC
wRITE(6,705) NSTAT,YBOT,CHLOC,CNORM,CN ,CAS

CALCULATE BLAF L DADS
LOOP QVER FLAPS

IF(NFLAPS,BU,0) GO 10 50
00 20 NEl,NFLAPS
WRITE(6,706) JOFLAP(N, 1), IDFLAR(N,2)
wRITE (&,704)

NCFPRNCP (N)
CPHIFFCPHIF(N)
SPHIFFIPHIF(N)
CUNaGREPTB/2,0
IFHEMSF (N) ¢}
CROUTWCRQULTF (N)
DCHURDECROGTeCTIPR(N)
YINSRDBYP(1,N)/7(2,0083PAN)
JBLEMBTART(N)wy

LOOP OVER CHUKDeISE RO®3 ON THIS FLAP

00 30 1s2,15M

NSTATum]el
YBOTECYRCI M) eYFINSTAT,N))Z(2,083PaN)
CHRLOCCROUT+ (YBOTeYINBRD )«QOCRORD
CY8mo,0
CN3m0, 0

CASs0,0

LOOP DVER AREA ELEMENTS IN THIS ROw

DO w0 Jmi,NLFF

JBLaJBL ¢t
CYSBCYSeCYBLIJBL) 0, SA(CYTLL(JOLI*CYTLRIJEBL))
CNSECAReCIBLIJBL) #0, S« (C2TLL(JBL)I+CZTLRIJIBLY)
CASscXBL(JBL)

COMT INUR

TASCON/@w(JBL)

CYSaTanCYS

CNSEYARCNS

CNORMECNSSCPHIFFOLYSeIPHIFF

CNaCNQRM® 2,00 8PAN/CHLOC
CASsCABaTA#2,0aSPAN/CHLUC

WRITE(Go708) NSTAT,YBUT,CHLUC,CNOIRM,Cie ;CAS

CUNTINUE

CALCULATE wING FURCES AND FUMENTS

CNwag, 0
Canug,0
CHbsp,0
DU 6D Jui,Mw
CxBLusCXBL(J)

FUn
Flw
[
[
Fuw
fFuUR
FUR
FLh
FCK
PR
FUw
FUx
FUR
FUR
FOK
FUW
Fiw
FUR
Fuk
FUk
FUK
Gk
Fun
FuUR
PR
FUM
FUN
Flw
FLH
FUR
FUR
FUk
FUR
FUR
POR
b UK
FOK
FUR
FUR
FOR
FUN
FOR
FUK
FUR
FOR
PUK
FUK
FOR
Funr
FUK
FOR
FUK
Fun
FUk
FUN
FUK
FUn
FUk
FUk
FiR
FUk
FUR
PR
Fuk
FUN
F Uk
FUk
UK
FUR
Uk
LR
Fus
FUR
FUK

- FUR

({10
FOm

ote
124
(11
(1.1
090
091
092
093
0%
098
0%
ooy
[L1]
099
100
101
102
103
1rg
10%
100
107
103
106
110
111
112
113
114
115
11e
1ur
16
119
120
121

123
124
125
12s
127

129
130
1"
152
133
134
13%
136
137
138
139
140
141
tue
143
tue
148
1ue
1a7
lap
169
190
151
152
154
1%
14%
156
157
158
159
160

162



fe0 an

LY,

CIBL=x(C28L(J)
CIZTLRwaCZILREJ)
CITLLA8C2TLLIY)

IF (J,LE N (1)) CLTLHREY, .
CAwBCAnsCXHL
CNASCNmeCZBLmeCZTLRWOCTZTLL "

CHMRECHWS (XBL(J)=XM)aCIBLre(2HL(J)@ZH)aCARLRO (FTLXR(JImkn) 8L 2T LR

1 e (FTLXLLI)eXF)eCZTiLw

L1

81

CONTINGE

CNRB2 aChw

CANIZ..CAI

CMrB2 aCMR/REFL
CLwaCNmeCUSALFuCARASINALF
COWBCNRAS[NALFeCANRCOSALF
®RITE (64707)

nRIYE (6.708)

WRITE (6,709}
AHEITE(5,710) TN CAwW,CLn,CDR,CMn
CLYBCL~

CDIsChn

CMTaCMm

CALLULATE FLAP FURCE AND MOMENTS
IF(NFLAPS,EG,0) GO U 100

LOOP OVER FLAPS

WRITE (o,711)

00 70 Nmi,NFLAPS
CNFRO,0

CAPry .0

CYFag 0

CuPug, 0

CMKNFR0,0

CHYNFR0,0

CMZAF=0,0

CMIYFa0,D

NCFFanCP(N)

MS  WMITART(N)

ME  BMEND(N)
COXZuCOELXZ(N)
S0XZs3DELXZ(N)
XnLeXwILEIN)
YWLaywILE(N)
InLsZwILE(N)
CPHIFFSCPNHIF(N)
SPHIFFRIPHIF (N)
SP80usPHIFFasbXZ
SPCOsSPHIFFuCDX2
TPRILERTANCONRPFLE(N))
CPSILERCOS(SnPFLE(N))
CAPDRCOBALFaCOX2ZuSINALF*3DX]
SAPDRS INALF#COXZeCUSALFRSDXZ

LUCP OVER VORTICES ON THIS FLAP

DU 80 JeMS, Mg
CABLFaCHBLLY)
CYBLFaCYBL(J)
CZBLFsCZBL(J)
CZTLRFeCITLR()
CZTLLFRCZTLL(J)
CYTLRFECYTLR(J)
CYTLLFuCYTLL ()
KajJeMS+]

IF (K, GV, ,NCFF UR,YF(1,N),NE,0,0) GO TU B8}

CITLRFRO,0
CYTLRFm0,0

CONTINUE
OXnBLaXBL(J)eknl
OYwbLuYBL(J)ewyny
OZWBLEZBL(J)=lnl
DXwILRBFTLXR(JI@XwL
OYRTLREYTLR(J)wYnL
OIWTLREFTLIN(J) w2 nt
DXWTLLBETLXL (J)wXml
DYmTLLOYTLL(J)mYwL

kUk
FUK
FGH
F Uk
FlUh

KLk

oo

oan rcoa

oo

B

o

70

100

Lo TLLSFTLZLIJ Y™ gL

UXFRL DX aHL a{DXx2eC2Znk, ¢80x7
DVPbL:DthL-(FNIFFﬁulwa-sﬁsn§nl~+L.59co
DXFILQENNmT Ka(P Y @iZal PaSny]
E'F7LQ:DVA1LH‘LV“IF‘OJXOILitsUSUODz'YLR.SPCL
OXFTLLEDXWT{L*(DX2=02uT{L2bpXZ
CYFTLLEDYMTLLACPRIFFeDXnTLLOSPSNDZaTLL*SHCD
CAFULICZBLFa(PHIFF4CYRLFeSPHTFF
CYFBLECYBLFaCPHIFFaCIRLF eSPHIFF
CNFTLRRCLTLEFRCPRIFF+L YT RFegPR]FF
CYPILARCYTLLF 4 CPRIFFal ZTLRF s §PRIFF
CNFTLLECZTLLF®CPRIFF4CYTLLF aSPHIFF
CYFTLLSCYTLLIACPHIFF@CZTILLF ¢3PH]FF

CAFuCaFeCaBLF

CNFACNBeCNFRLCCNFTLROCNETLL

CYPRCYFOCYRFRLSCYETLROCYPTLL
CHXNPgCMINFODYFBLACNEBL4DYF TLRRCNF TLRODYE TLLOCNFTLL
LHVNF.CNVNL'DbuLtCNFELtolFILRnL~FTLR001;1LL-CN;TLL
CMZAFQCHZAL ¢DYFHL*CABLF
C“ZVFlC“lVFODlFBLlCVluL'DxFTLR-CVFTLNODIFYLLthrlLL
C”FlanO(laL(Jl-Xﬂ)i(CZBLF'LDlZ-EXRLF'SU:I)-(ZBL(J)-Zh)
1 #(CZBLF*SDXZ+CXBLF #CDNZ)
cnlncu!'(FYLxﬁrJ)-XN)-cvaRl-cn.z-(lTLzﬁ(J)-zn)-czrLﬂ&-snxl
tFFlcnlo(iYLlL(J)-XM)ncvaLsscnyz-(!VLZL(J)-zn)ncl1LLfnsolz

CUNTINUE
CNFFRCNFRCPHIFFuCYFaSPH]FF
CLERCNFFCAPDCAF#84APD
COFRCNFFeSAPD#CAF#CAPD
XFCNF2999,999
YFCNF 999,999
YFCAF2996,999
XFCYF2999,999
IF (CNFNE,0,0) XFCNFaCMYME /ONF
IF (CNFONE,0,0) YECNFRCMXNF JENF
YFCARRCMZAK/CAF
20) XFCYFuCMZYP /LY
CHERCNF R (XFCNFOYFCNFOTPSILE) oCPSILE/RERL
CHERCMF/RESL
"RITE (6,712) ID‘LAP(N,1).!olLAP(~,z),c~r,chnr,vrCns,cAF,vr:Ap,
LCYF XFCYR,CHF
CLTSCLT42,8CLF
CDTeCDTe2, 000t
CHMTBCHT €2, aCMF
CONTINUE

CALCULATE CONPLETE COMFIGURATION FURCES ANC MOMENTS

"RITE(6, 713}

WRITE (6,708)

WRITE (6s714)
CNTRELTSCOBALF+COTHSTNALP
CATECOTACOSALFeCLT*SINALF
CDCLONCOT/(CLTSCLT)

WRITE(8,715) CNT,CAT,CLT,COT,CHT,CNELS

CALCULATE PRESSURE DISTRIQUTIONS
IHEADSD
WING PRESSUKE DISTRIBUTIUN

1F (NPRESW,EQ,0) GO TO 300
“RITE (8)710)

IHEADSY

wRITE (89717)

WRITE (6,718)

LOOP QvER CHORDWISE RUwS

1843780

DU 200 Tm2,1Max

[H-I-|
YBUTH(Y{IJev(IN))/(2,0088PAN)
ChLOCRCHRDL A (M)
XLEEw(XLE(I)eXLE(IMI) /2,0
NC!IINChI(]M)

00 210 Kz)1,NCan

Flw
FOn
FUw
Uk
Fux
FUK
FOR
FUR
FUR
FUR
Fln
FON
FUR
Fln
FUR
FUR
FURr
FUN
L XYY
FUR
FUR
Fls
FLK
Fuk
FUR
FUR
FUk
Fun
FUR
kUK
F Uk
FQOR
FUR
PUK
FUR
UK
FUk
FOR
UK
POR
FOR
FQe
FUR
LA}
FON
FUK
FOn
FOR
PUR
FUR
FOK
(1]
FLw
FUR
FUk
(91
FUk
FUR
FUR
FUR
FUR
FUR
Fux
FOR
FOw
FUn
FUn
FUR
FUR
Fuk
FUs
bR
FUK
FUR
b UK
FUK
PlUk

2ul:
24y
U2
2ul
24u
245
2dn
2uy
248
249
250
251
252
253
25¢
25%
258
257
258
259
ean
I3
262
éb3
264
265
{1}
267
260
269
ero
27
272
ers
eTd
ar%
ele
217
ely
279
280
281
282
263
28y
¢ay
e8s
287
28N
289
290
291
292
298
294
29
29
297
298
299
3oy
501
30e
303
S04
309
30a
307
k11
309

310

11
31e
313
LIY]
315
316



(34

nOoo

ocon

ano

Oononna

210

200

300

LTH

o

32

330
310

JURIRASE 4"
ACCRI(XLERmXhL (Jy) ) s SLOC
CNSBCZALLJINC2TLE(JIIHCTTLLIIY)
CYSECYRLUJJIeCYTLIR(JIIeCYTILL(JS)
CNURMCNSHCPHIneC YSa§PH]r

PRES(x YNCNORMSBREF /ELAREA(JY)
COMTINUE

WRITE (80,7193 YBUL,CHLLC, {AC () Ja1,NCan)
wRITE (8s720) (PRES(J)sJOlsNCom)
wRITE (e,721)

TBASER]BASE ¢ N nn

CONTINUE

FLAP PRESSBURE DISTRIBUTIUNS
IF (NFLAPS,EQ,u) RETURN
LOOP NVvER FLAPSY

DU 310 ASY,NPLAPS
1F (NPRESF(N),EG,0) GU TO 310

IF (IWEADEQ,1) GO 'O 320

rRITE (6,710}

1HEADal

wRITE (8s722) IDFLAPIN, 1), IDPLAP(N,2)
WRITE (62718)

NCFFUNCF(N)

ENCFFQNCPF

DO 321 Jwi,NCPF

FJuJ

XC{J)e(FJ=0,T3)/FNCHF

1FHENSF(N)+1

FSPANSYF (], N)eYF(IFM,N)
YINBROBYF(1,N)/F3PAN

CRUDTSCROUTE (N)

OCHURRRCROGT=CTIPH (N)

JBLEMSTART(N)e]

CPFaCPMIF (N)

SPRagPHIF (N)

LUOP NVER CHORD]ISE ROWS

DU 330 1e2,1FN

iMaley
YROTW((YF(I, NI eYF(IN,N)I/2,0)/80PAN
YFSsYNOTsYINBRD

CHLOCWCROUT+YFS «DCHOKD

PO 340 K®si,NCFF

JRLaJBL¢1

CNI3CTAL (JBL) +CITLL(JBLIYCITLR(JIBL)
CYBRCYBLCJBL)#CYTLL (JBL)*CYTLR(JBL)
CNORERCNBICPF4CYEREPF

PRES (K)SCNORPeSREF/ELAREA(JBL)
WRITE 16,719) YBOT,CHLOC, (XC(J) oIt NCFF)
WRITE (6,720) (PRES(JI,Ju1,NCFF)
WRITE (8,721)

CONTINUE

CONTINUR

RETURN

END

SUBNOUTINE VELSUN(XX,YY,22)

CALCULATES VELUCITIES OUE TC VORTICES AND THE]R WARES AT
A FIELOPOINT (xx,vY,2Z)

COAMMON STATLMENTS

[
Fuw
FuUk
Fun
FUk
FUR
fUR
FUR
FUR
FOR
tUR
FlUx
FUR
FOR
FUK
FUk
FOR
FUK
FUR
Fuw
FUOk
FOR
FOR
PUR
UK
FOx
FUK
FQOR
FUR
FuUn
FOR
FOR
FUR
FOR
£ UK
FUR
FOR
FOR
FOR
FOR
FOR
FUR
FOR
FOR
FOR
PUR

FOR

FOR
FOR
FOR
FOR
FOR
FUR
FOR
FUR
FOR
FOR
FOR
FOR
FUR
FUR

vEL
vel
vEL
vEL
VEL
vEL
vEL

001
toe
003
004
0os
one
007

oo

ono

130

131

1
1
1
1
1

(UMM 7 anNGDATZ YU30),PSIRLELSG),PSTnTE(3U))5¥nlms{Pr]a,lkr]n

COMAUN Z150FE/ *Sapt =, "TOT)NC=T1(50), Tran,NFSEGI30) L ASTF(S0)

CUPFON JTLDAT/ aTie(30), xTELCS0), ¥ TLRIPSG) y YL M(280),2TLRI250),

XTLY £250), YTLL(250),2TLL(250)

COMM(n / JADEXF/ “EREGNPLAPS, [USLAP(I0,2),0LF110),%SF10),%FL10),

MSTERT(]0),mEND(IN) ,NFSEGF (10D
COMMUN ZFLPDAT/Z SDELXZC(E0),CDELXZC102oYF(30,10),5PH[F(10),
CPmIF(10)

CUMMON /mkDAYR/ XaKHW(30,3), YWXRn{ 500 3) 2ankh{30,3),xrxlu{30,3),

YoKLwn(30,3),Zexin(30,3)

CUMMUN /axDATF/ XakRF {30, 2010),Ynn@8 (30,2,30),7akuF{31,2,10),

NunLF(30,2,10),YekLF(30,2,10),2nkLF(50,4,10)

COMmMON ZRVELB/UP, VP, WP

COMMON /BLVERG/X1,Y1,21,%20Y2,22,%P, VP, ZP,FUsFV,FuyAN Al
CUMMON /RSJDE/ CIR(250),VEI(250), VEL(250),wE1(230)

XPEXX
YPEYY
bid 244
uPRL, 0
vPz0,0
wPE0,0
{RASERD

INFLUFENCE OF =ING VORTICES == LUDP UVER CHURDWISE RUNS

00 200 1Sws],M8n
NAFTuNFBEG(IBW)

AFTUsD,

AFTvap,

AFTwap,

IF(NAFY EG,0) GO TO 133
IF(NAFT,EG,1) GU T0 131

INPLUENCE UF FINITE LENGTH waXE PIECES REHIAD THIS kU»

NAFTHgNAFTe]

DO 130 IA38),NAFTM
X{mXwkRW(IQW,1A8)
YiRYuRuW(IO%,148)
ZisIwkRu(I8n, 1A5)
149PR1AB+]
X2uXwkRn(I8%,148P)
Y2uYukRa([§u, [AP)
1aninkRAn(18m,148F)
CaLl FLVF
AFTUsAFTUSFUL
AFTVBAFTVeRY
AFTHgAPTW RN
XIBXnkLW(I§W,[A8)
YinYuk|w(18w,1A9)
PALTL TSN ISE LIRYY 3]
X2mxXwk W([3W, [ASP)
Y2uYwklw(I18w,IASP)
l1eaZwklw([8n) 1ASP)
CALL FLVF
AFTURAFTUSFU
AFTVEARTVaFY
AFTugaAFTneFs
CONTINUE

INFLUENCE OF SEMI@INFINITE THAILING LEGE IN LAST aFT FLaP

CONTINVE
LFeLASTR(]18¥)
AXmeCRELXZILF)
AZeBDELRZILF)
X1eYwKRw(]Qa, NAFT)
YISYRKAW(IBRNAFT)
I1aZnkRu([84,NAFT)
CALL SIVF
AFTUsAFTUsFU
AFTVERAFTVeFY
AFTwgaFThsFw
X1EXwglni]B8u, NAFY)
YieYaulu(18a,NAFT)
ZimZuxtiw([3n,NAFT)

VEL
vEL
(138
vEL
vEL
vEL
VEL
VEL
vEL
vEL
vEL
vii
vEL
vEL
vEL
vEL
1118
vEL
vEL
vEL
vEL
vt
vEl
viiL
vkl
vEL
vEL
vEL
vEL
vEL
vEL
vEL
vEL
vEL
Vi
vEL
vEL
vEL
vEL
viL
viL
vEL
viL
vEL
YEL
YEL
vEL
vEL
vEL
VEL
vEL
VEL
VEL
VL
viL
vEL
Vel
VEL
viL
YEL
vEL
viL
vEL
VEL
vEL
vEL
vEL
véL
vEL
L
vEL
YEL
VEL
vEL
viL
vEL
vEL

oos
(11]
1o
01l
01p
13
Otu
018
Ole
017
[3Y.]
(38
020
vay
o2e
023
LTZ]
029
ves
nel
veE
229
030
03
03¢
033
034
035
a3e
037
0ls
(21
040
04}
[ 13
(18
Quy
04s
046
[y
ous
[T 1]
050
051
05¢
083
a5a
055
0%6
057
(1]
049
080
L]
ve2
003
1T
(L1
113
0n7
(1.1}
069
Q70
(28}
or2
0TS
T4
015
07e
wr?
o7
079
[LL]
8]
o8
083
(1.1}



0s

CaLL SIvF

velL 08§ ¢ JLELUENGE TF FLAP VOARTICES ew LULF ('VEW BLAPS vEL 182
AFTUSAFTUSFU VEL 086 C viL lo}
AFTVEAFTVeSY vEL 087 I (SELAPS,Ew,0) RETURN vEL 164
AR Traab Taeka vEL 088 ne 300 1FLEt,MFLARS VEL 165

135 COMTTHUE VEL 089 NCHERNCF (IFL) YEL lee

¢ VEL 099 »SFFumMEF (IFL) VEL 167
C LUOP NVER VORTICES 1A THIS rING CHORDWISE WGw vEL 091 COMZECDELXZ(IFL) vEL o8
¢ vel 092 SuXZeSOELXZ(IFL) VEL 169
NCmlanCWI(18m) vEL Q93 NAF Tanb 8EGE (15L) YEL 170
D0 180 ICw=i,NCwL velL 09¢ 1BASEMSVART(IFL) vEL 171
¢ vEL 098 4 vEL 172
< INFLUENCE OF BUUND LEG vElL 098 C LOUP [VER CHURDWISE R0»S OFf VORTICES uh THIS FLAP vEL 173
¢ VEL 097 ¢ VEL 174
ImIBASESICwW VEL 098 DU 250 18wm1,M8FF VEL 1T
X1axT(L(I) VEL 099 AFTUSD,0 YEL 170
YisyTiL(l) veL j00 FTvap,0 YEL 177
1S PAINN B vEL 10) AFYrun,0 vEL 178
Xamxn R(l) Vel 102 TF(NAFT EV,0) GO TO 212 VEL 179
YasY1LR(I) VEL 108 IF(MARTED,1) GO TO 210 VEL |RN
2asZrLRCD) VEL 104 4 vEL 1My
CALL FLVF VEL 108 [ INFLUENCE OF FINITE TRAJLING LGS In FIRST FLAP AFT OF THiS DNE VEL 8¢
Custy YEL 100 C vEL IR}
Cvefyv vEL 107 X1mXWKRF (18w, 1, 1FL) VEL B4
CwaFw veL 108 YIRYRKRF (18w, 1,1PL) vEL 18%
1F(NAFT,NE,0) GO TO 14% VEL 109 2ymIwkRECISw,1,1FL) VEL 186
¢ vEL 110 X2BXWKRFCI8w, 2, IFL) vEL 187
< NO FLAPS BEWIND THIS ROX, COMPUTE TwE INFLUENCE OF INFINITE VEL 114 Y2BYWKRE L18n,2,1FL) vEL 188
c TRAILING LEGS IN wING PLANE vEL 112 22sIwKRF (18w,2,1FL) vEL 189
4 vEL {13 CALL FLVF YEL 190
Axsel,0 vEL 114 AFTUsAFTUSFU JtL 19y
AZn0,0 VEL 115 AFTVRAFTVeRY vEL 192
CALL SivF vEL 116 AFTREAFTHSFR vEL 193
cusCusFy VEL 117 XIEXNKLF(IBw, 1, JFL) VEL 194
CveECYeFyY VEL }18 YieYakLF(i8n,1,1FL) vEL 195
(27 14 Y3111 VEL 119 TimZenl P L18%,1,15L) skl 19
xysx2 vEL 120 x2mxnkLF{I18n,2,1PL) veL 197
Yisv2 VEL 12t Y2RYuKLF{18n,2,JFL) viL 198
1122 vEL 122 2287wkLF(10n,2,1FL) viL 199
CALL SIVF vEL 123 CALL FLVF viL 200
Custuebu vEL {24 AFTUSAFTUSRU vEL 201
CVECVaFY VEL 129 AFTVRAFTVeRY vEL 202
CwaCwuFn vEL 126 AFTWRAFTROF R vkl 203
GO Y0 147 VEL 127 [ vEL 2uu
c VEL 128 c CONTRIBUTION (F SEMI=INFINITE VYRAILING LEGS IN SECUND FLAP vEL 20%
< THERE ARE FLAPS BEMIND THIS MOw, COMPUTE INFLUENCE OF ¥EL 129 [4 vEL 206
c FINITE YRAILING LEGS IN wING PLANE vEL 130 210 x{RXmKRF (18w, NAFT,IFL) viL 207
4 VEL 131 YIRYWKRE(1OW,NAFTY,IFL) vEL 208

145 X1eXYLR(I) VEL 132 TISIWKRF(18n,NAFT,IFL) VEL 209
YiavILR(]) vEL 133 NFS]FLeNAFT vEL 210
J3LTAIRISS] VEL 134 AXseCDELXZINE) vEL 211.
x2uXxwiRu (18w, 1) vEL 13§ AZSIDELRZINE) veL 212
Y2uYnkRW (18w, 1) VEL 136 CALL SIVF vEL 213
T2mZwxRw(lBn,]) vEL 137 AFTURAFTUFY vl 2%a
CALL FLVF vEL 138 AFTVRAFTVeRY vEL 215
CusCuUery VEL 139 AFTwRaAFTRefu vEL ¢21b
CVaCVery VEL 140 XyaXwKLP [k, NAFT, IFL) vEL 217
CwaCweFw VEL 141 Y1mYuKLF (I8N, NAFT, IFL) vEL 214
X1aXTLL(D) vEbL 142 2ENTWKLF (1%, NAF T, IFL) vkl 219
YiBYTLL(I) vEL 143 CALL BIVF viL 220
ZiaZTiL(l) vEL l4g AFTURAFTUSSFY veL 221
X2uxwkLu{18w,1) vEL 1us APTYEAFTVeRY vil 222
YRRYWkLw(I8w, 1) VEL lde AFTHRAFTReFw vEL 223
2enZwxlw(I0W,1) VEL 147 [ vEL 24
CALL FLVF VEL 148 [4 LOOP (WWER VORTICES INM THIS CHORDw]IBP ROw vEL 22%
CusCuefu vEL 149 ¢ vEL 226
CvaCvePy vEL 150 212 CONTINUE vEL 227
CwaCunFw VEL 151 T18IBASB(Snn])eh(FFo vEL 228
CUBCUSARTY VEL 152 DU 220 ICwsi,NCFF vEL 229
CVEBCVeAsTY veL 193 c veL 230
CABChodFlw vEL 154 c INFLUENCE OF BOUND LEG vEL 231

147 v3aCIR(D) VEL 15% [4 viL 232
UPRUPsCUYE VEL 156 IslleICh vYEL 233
YPeuPICVevl VEL 157 XLERTLLCL) vEL 234
wPErPeLusvy VEL 158 YisYTLL(I) vel 235

150 CONTINUE VEL 1%e Z1s2TL (1) vEL 23

¢ 200 1HASERIBASE+NCHC vElL le0 12eXT RCI) Vit 237

VEL 161 Y2V R(T) vkl 238



1]

fnoan

afooo

acaoonocanan

21

3

220
250
300

N OFLAPS BEMINP THIS UNE,
TRATLING LEGB IN THE PLAME OF THIS FLAP

THERE ARE FLAPS BERIND THI® OMB,
FINITE TRAILING LEGS IN THIS FLAP

1282T1.5¢7)

CALL FLVr

Cusky

CvaFy

Crspw

IPENART NE,0) GU T. 214

LOMPUTE INFLUEMCE UF SERIINFINITE

AXaeCDx?
AZ»3Dx2
CALL stvF
CusCU+FU
Lvslvetv
ChECnoFN
xisxp
Yiev2
2122
CALL 81vF
CusCuU=FU
Cvalyafy
CusCweFu
60 TO 216

COMPUTE INFLUENCE OF

X1eXTLR(1)
YIayYTLR(I)
iaZTLR(L)
X2RXwkAF{ISN, 1, 1FL)
Y2RYwkRP (180, 1, 1FL)
Z2u2wkRF (18w, 1,1PL)
CALL PLVF

CuaCueruy

CvaCvepy

[ {4 FY 1]

KEmKTLL (D}
yiayrLLelnd
TANZYLLLDY

X2RXwkLE(I8w, 1,100

vYeRYwkiF(I8m,1,1¢L)
TRaZakLF (T8, 1,1PL)
CaLL rFLVF

CUsCuefu

[41 1478 37

CHRCHaFN
CUNCU+aPTU
CVRCVoaFTY

CNSCheAFTH
viaCIR(I)
UPBUPeCUPYE
YPaYPoLVVE
»PunPeCnavy
CURTINUE
CONTINUR
RETURN

EnD

SUBROUTINE JET (NPyxP,YP,2H,UP, VP, aP NT]1RE)
COMPUTE VELOCITY INOUCRO By & SERIES COF €LLIPTIC VURTEX RINGS
BITH YARTABLL LENGTH AXES LYING ALUNG A PRESCRIBED PATH

SLL FIELD PUINT CODROINATES ARE INPUT In THE winNG SYSTEM ANL
TRANSFURRED TU THE ENGINE SYSTEM FUR CALCULATIONS

JET CENTERLINE COORDINATES ARE IMPUT IN ENGINE S5ySTEM

ALL QUTPUT 15 1IN THE wING SYSTEM,QPTIONAL OUYPUY IN ENGINE 3YSTEM

vEL
vEL
vEL
viL
viL

VEL ¢

vil
vEL

Vil &

vEl
viL
viL
VEL
vEL
vEL
vEL
vEL
vit
1138
vEL
vEL
vEL
vEL
vEL
VEL
VEL
vEL
vEL
vEL
vEL
vEL
vEL
vEL
VEL
vEL
vEL
VEL
vEL
vEL
vEL
vEL
vEL
vel
vEL
vEL
vVEL
vil
vEL
vEL
vEL
vEL
vEL
vEL
VEL
vEL
vEL
VEL
vib
viL

JET
JET
JET
JET
JeT
Jt7
JLT7
JeT
Jt1

001
ene
003
00a
[T
(.13
[ 13
(1])
009

cCOoOONOOaOCO0RNONOaRONOMO

can

700
701
702
103
Tou
LERY

712
743
114
718
714
nr
718

T20 FORMAT(/bXoMan JEV,J2,9N22HANALYTICAL J(A) ERROR,[8,10n PUINTS #e)

121
99

)

999
993

o

ANLE 8 0 Jn) CALCULATEL aMALYTICALLY
RaLM & | J(N) CALCuLATRO »UMERICALLY
NCRLY = n CURRECT FIELD FOINT PUSTITIONY
®ITH REBPECT TIo vCRIEX RINGS
MCRCT = | DU MNT CURRECT FIELD PUINT PUSITIONS
NTINE 2 0 INPUT ang PRINT JET PARAMETERS and

CALCULATE IAPUCED VELLCITIES
PRINT JET PAWAMETERS AnD CaLCULATE
INDUCED vELUCITIES
PRINT JET PaRM™ETERS ONLY
CALCULATE INODUCED VELUCITILS FHOM

NTIME ,GT, O

NTINE m 999
NTIME LT, ©

PBEVIOUSLY DESCRIBECD JETS = w0 QUTPUY

OPTIONAL QUTPUY .,
MPRINT g wi
NPRINT g D
NPRINT g |

FINTHUM DLTPUY
NONE
JET YELOCITIES

DIMENSTION TITLE(8),xCLR(2s 25),YCLR(2, 25)¢2CLR(2, 29),3CLN(ds 2%)

DIMENSION THETA(2, 25),AJLT(2, 2%),BJET(2, 25),GANVI(2),XQ(2),
i YA(2),20(2),08(2),PJET(2),XP(250),YP(2503,2P(250),
e XPR(250), YPR(I50),ZPR{250),0(250),¥{250)4n(250),
3 UP(280),VP(250),7P(250) ,08FACT(2,2%)

COMMON /ERR/ JEAR

COMHON /JN/ AJNUM

COMMON /XYICL/ NJET,NCYL, XCLR, YCLR,ZCLR TRETA, AJEY,BJET,

! X0, YQ,20,GArvy

FORMAY
FORMAT
FURMAY
FORKAY
FURMAY
FORMAY

(8F10,5)

(1S1S)

tea10)

(10x,8410)

(iny}

(/2% (11,16N) JET PARAMETERS, TXTHGANNAZY, 8X2HXQ, BX2NYY,
1 SXRHIO, TRGHD(S) /7 23K,5F10,84 /

4 JOXIHRCL ) TRIHYCL s TAIHZEL , TXSHOCL, SSNTHET A, PX 1A, 9K 1 NS
L] GXOHDIFACT, TXINP )

(3%,10F10,3)

C/3UUMNJET , 2XURNC YLy BX2MNP ) JXUHNNUR, QXSHNCRE T, 2XoMHERTAT )
(1%1e)

( GXIHN, TXZHXW, BN2HY R, BRIMZNSNIHU/Y ) IXSHV/YBR3HR/Y)
(15,3F10,3,3¢1PELR,4))

(72X, 22MwING COORDINATE BYSTEM)

FORMAT
FORMAY
FORMAY
FGRMAY
FORMAT
FORMAY
FORMAT
IYSTEM/URIHN, TXGRKP  ,OXEHYP  ,gXANIP  ,3INIHU/VOXINV/VEXIKA/Y)
FORMAY (///710X, 34NEXECUTION TERMINATED, ERRUR In DR )
FORMAT (////10X30Husen ERRUR IN JET, B,GY,A sane )

PI83, 1419926
RADB180,/P1

IF (NTIME) 193,10,997

READ(S,901) NMEAD,NMJET,NCYL, NNUM, NPRINT, NCRCT
IF (EOF(5)) 999,998

709

CONTINUE

IF (NPRINT GT,1) NPRIMTEY
NABNPRINT

NERRBO

®RITE (o,704)

00 9 =y, NHEAD
READ(S,Y02) YITLE

»RITE teyp703) TITLE
AJNUMaNNUM

INPUY INDIVIDUAL JET PARAMETERS

OU 16 JIsl,NJEY

READ (5%5,700) GAMVJ(J),
DO 13 Nei,NCYL .
READ (5,700) XCLR(J, M) pYCLW(JpN) L ZCLRCI %) sAJRT (S, M), BILTLI, M),

DSCIIPxOLJY, YULII TG}

(/72x,25MVELOCITIES INDUCRD BY JET,12,24H » JET COORDINATE §

010
o1t
012
018
Vie
[J5]
(21
017
ots
0te
020
021

02s
02e
2%
ues
aer
uee
v2e
ayn
vit
032
033
(XT]
(311
036
037
(21}
039
LI
ou1
[ LT
[I'H
[TT]
0us
.1 1Y
va?
vus
nag
050
051
05e
0%3
054
(23]
uSe
057
058
059
(11
(1 })
ool
Cé3
(T
L33
Con
087
(1)
[T
(3]
[ 231
ere
ors
L2l
071%
07e
orr
o018
ore
oso
[ 1]
(LT
(1}
08
[L1]
[1 1)



zS

con

aonn

aon

oo

11
1e

97

13
1

1%

193
1%

192

19¢

191

2

o

el
L1}

a5

1 THETA (I M) s DEFACT(J,N)

18 (OSFACT(J,a),LE,0,0) DSFaCT(J,NInl,0
CONTINUE

CONTINUR

CUNTINUE

NPRINTRNA

BET UP TABLE UF JEY CENTERLINE PARAMETERS

00 14 Jsl,NJET

SCLR(Jst)mn,0

DC 13 Nm2,NCYL

BR & (NXLLR(J)M)eXCLR(J,Nw1))ned o (YCLR(I,N)@YCLR(J N=1))an2 +
1 (LRI NI @ZCLALI,Nwl) ) an2

BCLR(J,N)aSQRT(3R) + SCLR{J,Ney)

CONTINUE

PRELIMINARY OuTPUT

RRITE (69713)
SRITE (4)714)
DO 1S Nmi,NJET
PJETINIBR,00PIuSQRT((AJET(N,1) o2 ¢ BIET(N)1)n22)/2,0)

RRITE () TU4) N GAMVI(N), XQ(N),YQUN), I0(N)D8(N)

00 18 Jsl,NCYL

IF TAJET(N,J) LT,BJET{N,J)) NERRaNERR¢{

PR2,0uPIaBORT ((AJET(N,J)we2 ¢ BJET(N,J)*02)/72,0)

RRITE (b6,712) XCLRIN,J), YCLR(N,J) o ZCLRIN,J) s 8CLRIN,JISTRETA(N,IJ) )
1 AJET(N,J) ,BJETCN,JY ,DEFACT(NSJ),P

IF (NERR,GT,0) GO 10 990

IF (NTIME,GE,999) RETURN

G0 YO 19¢

NPRINTEw]

CUNTINUE

NJET,NCYL NP, NNUM,NCRC T, NPRINT

00 192 Jel, NP
UP(J)aD,0

VP(J) 90,0
wP(J)ab,0

DU 4o Mul,NJEY

IF (08(M),LE,0,0) GO TO 90
00 1% Jui,Np
U(J)mo,0

Y(Jimo,0

w(d)mp,0
SRENDSSCLR(M,NCYL)

TRANSFORK FIELD POINT COORODINATES TU ENGINE SYSTEM

DU 191 Js}, NP

APR{J)& ®XP(J)oxXQ(M)
YPR{JIs YP(J)evQ(M)
IPR(J)m =IP(J)e2Q(M)

CORRECT FIELD POINT LOCATIONS IF DESIRED

1F (NCRCT,LE,0) CALL CQRECT (NP, XPR,YPR, ZPR,08(M},M,NCYL,

! XCLR,YELR,2CLR/ SCLR,AJET,8JET, THETA)
SRESDR(M)/R,0

PACTORSDOFALT(N,))

J3Rs

CONTINUE

DSReDS(M)#FALTOR

GAMIRGAMVJ(M)RPJET{M)%DOR

SRuINGDBR

LOCATE INDIVIDUAL VORTEX RINGS

16 (SReBCLR(M,J8R)) 23,25,22
5T LLIELTRY

IP(JSR,8T,NCYL) GO TO S¢

GO 10 24

XGUXCLR(M, JOR)
YGBYCLR(M, J3R)
LGuZCLR (M, JIR)
AGBAJET (M, JBR)

u8r

o000

ooo

aon

ono

ano

3

o

3

3

=

35
36

3

H)

-

s2

92
50

ug
9t

42

BGEhJE T{™, J5R)

THOETRETA(Y, 38k} /nal

FACTORRDSFACT (M, J8K)

GO TO 30
DELTARCSHmBCLN (M, JSH=]))/(SCLR(")JIR)=SCLR(M)J3Key))
AGEXC[ W (R, JSHey) ¢ (XCLN(#, JSH)=XLLR(+)JSNwl))*DELTA
YGEYCLR(™, JSRe e (YCLR(M,JSK)eYCLA (M, JSKat})oDELTS
IGBZCLR(My ISR ) #(ZCLH (M) JSR)=ZCLA (M) JSHm) ) )ADELTA
AGBAJET (M, JOKw 1 )¢ (AJET (M, JOR)mAJET (M, J8Re1))#DELYA
BGBBJET(M, JSRe|) e (RJET (M, JERYeRIFT M, ISRe]) ) oDELTA
THOBTHETA (M, JSRe{ ) (THETA(M, ISR)eTHETA(M, JSR=1))eDELTA
THGRTHG/RAD

FACTOHBDSFACT(¥,JSRe})

CONTINUE

SNTHESINITNG)

CSYhHeCOS(THEG)

PGAMB2 0#PI*SURT((AG#=2 ¢ BG##2)/2,0)

GAMPARGAM]/PGAM

DO 38 Naj NP

XIPHR(XPRINI®XG)*CSTH & (IPR(NI®IL)eSNTH

ETARE (YPR(N)=YG)

ZETARW® (XPR{N}®XG)#SNTH ¢ (ZPR(N)®ZG)sCSTH
RPESORT(ETAR®*2 ¢ 2tTaRee2)
IF ((AGe8G)/AG ,GT, 1,08e02)
»GRO,0

G0 Y0 3%

COMPUTE VELODCITY INDUCED RY & CINCULAR RING

CALL VRING (AG,XIPR,RP,UG,VG)
UGRUGRGAMKHA

1F (RP,LE,1,0Ew0S) GO TO 3
wGa YGWIETAR/RPaGAMMA

VG VGHETAR/RPeGAMMA

GO T0 36

COMPUTE VELOCITY INDUCED RY AN ELLIPTICAL RING

CALL ERING (GAMMA,AG,BG,ETAR,ZETAR, RIPR, VG, G, UG)
1F (JERR,GT,0) NERRENERR#®]

UGAMBUIGECATH whGoSNTH

VGAMBYVG

WGAMBUGRSNTH ¢ wGe(CITH

UIN)SUIN)+UGAM
W(N)mw(N)eWGAM
VINIEV(N) ¢VGAM

NOTE,, ULNI,VINY,w{N) ARE VELOCITIE® INDUCED IN ENGINE SYSTLN

1F (SR,LT,SREND) GC TO 20

CONTINUE

IF (NERR,GT,0) WRITE (6,720) ™,NERR
NERRSO

DO 52 Nmi, NP

UPIN)IgUP (N} ¢U(N)

VP (N)IEVPIN)#V(N)

WP (N awP(N) el (N)

IF (NPRINT) 40,40,92

UPTIONAL OUTPUY

WRITE (6,718) ™

00 %0 Nui NP

WRITE [6,716) NpXPR(N) ,YPR(N),ZPRIN) U(N), V(M) yn(N)
COMTINUR

DO &) Nsi,NP

UP(N)aeUP(N)

WP (N)geWP (N)

CONTInUE

IF (NPRINT,LT,0) RETURN

UUTPUT INDUCED VELOCITIES IN wING SYSTER

PRITE
nRITE
00 42
WRITE

(6:717)
{6:715)
N i ;NP
(65 T10IN, XP (N}, YPIN) ZPIN),UPIN),¥P (N} nP(N)

Jet
Jev
JET
Jkt
JET
JeTY
JET
JET
JET
It
Jer
JET
JET
JET
JEY
k1t
JEI
Je1
Jt1
Jet
JeY
JET
JeY
JET
JEY
JET
JET
Jet
Jert
Jt T
JET
JET
Je
JeT
JET
Jel
JET
JEY
Jel
JET
JET
JET
Jet
JET
JET
Jt
JET
Jer
JET
Jtt
Jit
Jt 1
JET
Je1
Jb1
JET
Jt1
gt
JET
Je1
FIa}
JeT
Jer
JET
JET
Jei
JET
JET
JET
JET
Jty
JEY
JET
JET
Jet
JE1
JET

16y
148

167
108
169
170

AN

172
17y
17a
175
176
1
178
179
100
181
182
i3
184
185
{Ap
187
188
189
190
19
192
193
194
19%
196
197
198
199
200
201
202.
203
204
2158
ive
207
208
209
210
[3%)
212
213

215
216
217
218
219
220
221
202
el
L
22%
2o
221
2e8
229
230
231
232
235
23
235
236

238
39
240



ocoon

&E TURN JE1 eay SUENDUTINE CUNECT (NP, APR, YPKH,2PR,08H, %, NCYL)ACLR, YCLR, ZCLR,SCLR,  CN1 001

90 wRITE (6,721) Jel 2ue ) AJET, RJET, TubTa) C*1 002

sT0F WET Q63 c CRT 005

990 wRITE (8,991) JET 2ad ¢ CURKEET FIELD POIN! LOCATIONS Tu AVUID SGRTEX RING STNGULARITIES CHT 004

sSTUP JET 2us C Cx1 006

END JET 2se DIMENSTIL XPR(25C) YPR(290),2PR(250),XCLR(2y 25),vCLR(2, 25)) CxT 00p

c L 20U (P,25) AJET(2,25) ¢ JET(2,25),8CL0(2,25) THETA[2,25),M6P(250) CKT 007

CH1 008

Jaumy CNT 009

SRzepsR/2,0 CRY 0}¢

DO 1y Jmi,AP CRT g11

11 KEP(JymY CRT o1e

NCTag CKT 013

KADNE?, 2957795 CRT 014

20 SRESR4DSH CRT 018

SUBROUTINE JETCL (NTIME,TOL) JCL 0ot 21 IF (3ReBCLR(M,JSR)) 25,25,22 CRT 018

JCL 002 22 JSRaJsmsd CRY 017

CALCULATE THE CHANGE IN JET CENTERLINE POSITION DUE TO THE JLL 003 IF (JSH ,GT, MCYL) RETURN Cn) 018

INDUCED VELCCITY FIELD OF THE wING/FLAP AND JEY JCL 004 GU 10 21 CHT 019

JCL 008 25 XGERXCLR(M,JBR) CKT 020

DIMENSIUN XCLR(2,25),YCLR(2,25),ZCLR(2,25),THETA(2,28), JCL 006 YGRYCLR(M,JSR) CHY 021

1 AJET(2,25),BJET(2,25)/X0(2),YU(2),2U(R]),GanvI(R), JCL 007 IGRICLA(, J8R) CRT 022

2 EPBZ(25),EPSY(25) JCL o008 ¢ AGEAJET (M J3R) CR1 023

JCL 009 BGRBJET(M, J§R) CRT 02u

CUMMON /XYZCEL/ NJET,NCYL,XCLR, YCLH,2CLR, THETA, AJET,BJET, JCL 010 THGBYHETA (¥, JSR)/RAD CKT 025

1 X0, YQ,26,GAMY] JeL o1t GO 10 3¢ CHT 026

COMMON FUVNCL/ UC2,25),Y(2,25),%(2,28) JeL 012 23 DELTAR(BR@SCLR(M,J3R®1) )/ (SCLR(M,JSR)=ICLRIM/JIR])) CRT 027

COMMON /ATAK/ SINALF,CUBALF JeL o013 XGOXCLR(M, JBRe1) ¢ (XCLR(M,JIR)wXCLR (M) SR 1)) #DELTA CRY 023

COMMON /CLCALC/ MJETCL NJETCL, THHAX JCL 01¢ YGEYCLR(M, JSRe1)#(YCLR(M)JOR)wYCLR (M) JSRul) ) *DELTA CRT 029

JeL 015 IGBICLR(M, JSRe1 )¢ (ZCLR(M ) JIR)@ZCLR (M, JSRal) ) #DELTA CrY 030

NTH & 0 JeL o1e BGEBJET(M, JSRm ) e (BJET (M, JIRIBJET (¥, )SRe]) ) *DELTA CeT 031

RADESY, 29578 JeL o7y c AGEAJET (M, J8Re1) e (AJET(M,JIR)wAJET (W, 9Re1])*DELTA CHT 03¢

00 30 JeisNJET JCL 018 THGETHETA (M, JSR® 1) (THETA(H, JOR)THETA(M, JSKe]})DELTA CKT 033

DD 30 XKwi,NCYL JeL 019 THGETHG/RAD CHT 034

17 (x,67,2) GU YO 3% JCuL 020 30 RGEBG#), 10 CHY 035

EPBZ(K)BTHETA(JIKI/RAD Jeb 021 SNTHRSIN(THG) CHT 03

EPSY(KIN0,0 JeL 022 CSTHECOB(THG) CRY 937

G0 10 38 JeL o) 00 38 NEI NP CNT 038

38 CUNTINUE JCL o02a IF (NFP(N) ,EG, 0) GO TO 38 CRT 039

SAVE » THETA(J,K) JeL 025 XIPRE(XPR(N)@XGI*CSTH ¢ (ZPR(N)®ZG)#SNTH CHY 040

Muke} JCL 026 ETAREm(YPR(N)wYG ) CHT Qut

UTSCOSALF & ULJ,K) JeL o027 ZETARE (XPR(NI®XGI#SNTH u (ZPR(N)ISZE)INCITH CRT 0w

WTRBINALF » N(J,K) JCL 028 RPREJORT(LTARNE2 + ZETARW®2) ChT 04l

34 VTeV(J,K) JCL 02e IF (XIPR¢DBR) 35,35,36 CRT pug

DXBXCLR(J,MIXCLR{J,Ke)) Jeb o030 35 NFP(N)®D CRY 0us

EPSZIXK)BATANR(®T,UTY Jeib 031 NCTENCT#1 CRY oup

1F (MJETCL,GT,0 ,AND, EPBZ(K),6T,0,0) EPSZ(K)n0,0 Jci, 032 GO TD 38 CHY 0u7

EPBY(K)u0,0 JeL 033 36 CONTINUE CRT 0us

1F (K LT NCYL (AND, NJETCL.GT,0) EPBY(K)mATAN2(VT,UT) JeL 034 RTESTaRPR=RG CN1 0ud

IF (EPST(K) LT, THMAX) EPS2(K)ImTHMAX JCL A4 XTESTeABS(X]PR) CRT 050

THETA(J ) R)SEPBZ(K)#RAD JCL 035 IF (XTESY ,GT, D8R/2,0) GO TO 3¥ CRT 051

1F (ABB{THETACJ,K)) LT, ®0,0) GO 10 81 JeL 03 NFP(N)YNO CRT 052

JJnd JCL 037 NCTENCT#) CRT 053

KKRK JCL 038 1F (RTEST ,GT, DSR) GU YO 38 CRY 54

[TR{E] Jel o039 FSIGNaL,0 L®T 055

51 CONTINUE JCL 0wo 1F (XIPR LT, 0,0) FSIGNE®],0 CRT 056

ZCLR(JoKIBZCLRIJ Kol ) 4DXSTANC(RPOZ (N) 0EPAZ(Ke]))/2,0) JCL 04y XIPRPaF1GN (DSR/2,00XTEST) CRT 057

YCLR(J,KIBYCLR(J Ko 1) 4DXOTANC (EPIY (K)¢EPSY(K®1))/R,0) JeL oe2 XPR(NYRXPR(N)4XIPRP&CSTH CRT 058

DELTAm],0 JCL 043 ZPR(NIBZPR{N) +XIPRPaSNTH CHT 059

IF CARS(THETACI,X)),GY,1,0L05) DELTASCTHETA(J,K)SAVE)/THETALJS,X) JCL 044 38 CONTINUE CRT 060

IF (ABSCDELTA) ,GT,TOL) NTH & NTH ¢ JCL 045 1F (NCT LT, NP) GO TO 20 CRT 081

30 CONTINUE JCL 046 RETURN Ck1 082

20 CONTINUE JeL 047 END CRT 083
1F (NTH,EQ,0) NTIME ® 100 JCL ous
RETURN JCL 049
S0 WRITE (s 700) JJ,KK,THETA(JJ, KK} JCL 050
T00 FORMAY (////// 28X, L4MERRUR IN JETCL ,215+F10,3) JEL 051
$T0P JCL 052

END JCL 053
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SURROUTINE VRING (RGAMR, XIPR,nPH, UGAM,Y(AM)

SUBKDUTINE 10 CLMPUTE VELLCITY INDUCED BY & SINGLE VORTEX RING

RGAMR ® RING WADIUS/REFERFNCE WADIUS

X]PR  a axlaL pISTan(E TO FLELC POINT/HEFERENCE HADIUS
RPR & RADIAL NISTANCE TU FIELD PUINT/REFERENCE RADIUS
UGA® & AXTAL VELCCITY/GAuMa

VGAM = RADIAL VELOCITY/GaMMA

PIs3, 1415920

DENMEXIPR222 + (RPReRGAMR)®a#2
CENPEXIPRa%2 + (RPR4RGAMR)®aQ2
AK234 ,0¢RPRARGAMR/DENP -

CALL ELLIPS (an2,IK,ZE)

UGAMB(ZK® {1,042, 00R[AMRe(RPRaKGAMK) JOENMIWZE) /BURT(DENP)/(2,09P1)

YGAME(D,0

IF (RPR ,LE, 1,0E=05) RETURK
VGAMBOXIPR/RPR/(2,0wP1wSQRT(DEVP) ) w (2K (] ,#2,#HPRORGAMR/DENM) #2E)
RETURN

END

SUBROUTINE ERING (GAMMA,84,88,X2,YL,2L,VPX,VPY,VvPY)

CUMPUTE THME 1NDUCED VELDCI1TY CUMPONENTS DUE TO an ELLIPTYICAL
VORTEX RING

DIMENSION A($),AS(S),RTK(4I,RTI(4),TJ(S)
DIMENBION F(41),T(41)

COMKON /ERR/ JERR
COMMON 7JN/ AJNUM

PIe3, 1d15% ¢

JNUMBAJNUM

fis1,0

JERRED

382u35+88

Il2s22+1
3C2nBanfA=pBs3p
3Cs3QRT(ICR)
QUMBXZatl+YZaYZeS(C2
BZ230,5%(DUM+BGRT (DUMEDUMed,009C20Y22Y]))
IF (822,L7,0,0) B22a0,0
AZ28B72+8C2
AZBBART(AZR)
BIB8QRT(BI2)

vPXE0,0

vPYRD, 0

vPIm0,0

BEGIN LUOP TO CALCULATE CONTRIBUTIUN OF FOUR QUADRANTS UF RING

00 30 Jmi,4

GO TO (11,42,13,14) »J
rx®l,0

Frel,0

$0 0 1%

Fxwsy 0

Fye 1,0

GU T0 18

Fasey 0

FYuey,0

60D TO 1S

FXs §,0°

Pysey 0

CONTINUE

1F (ARS(X2),GT,3C ,AND, ABS(YZ),LT,1,0E=05) GO TC 180

Vi
VG
ALY
VRE
VYRG
vRG
VR{
YRG
VR
VRG
VHG
YRG
VG
vk
VRG
vRG
vYRG
VRG
VRG
VRG
VHG

01
002
Vol
004
vos
006
oo
oos
009
010
011
[3F4
013
014
01
ole
(1%
018
019
020
[] 2

aooa

O0n

afoo0

L}

o

5

28

50

51

55
29

15 (BZ,67,0,0) GD U 1n
TF CARSIRZI, LY, 80 ,AND, xl,hE,0,0) GU TU 18
CSETAZEO0, v

SNETs7¥1,0

IF (J,GT,1) G 10 37
FXE0,0

FYsQ, D

Flnu,0

GO Y0 17y

CSETAZEXZ/AZeF)X
SNEYAZSBINTACUS(CSETAZ))
GUu TQ 1Y
CSETAZBFXAXZ/ARS(X2)
SNETAZ®O,0

G0 T0 17

CSETaz=x2/aZwFX
SNETAZBYZ/BZeFY

CONTINMUL

SET UP CUEFFICIENT ARWAY F\R QUARTIC EQUATION
A(S)a{Toad)ea(a)a(Tue3)eA(3)e(Taed)ea(2)eT0a(])n0,0

A(5)=1,0

UuSCR#CBETAZACSETAZ + 382 ¢ BZ2 +I72 ¢ 2,094Z¢3A#C3ETAT + 3C2
Ald)sol ,OnBBRBZeSNETAZ/Q

A(3)n2,0%(SCROCSETAZRCOETAZ ¢ 832 ¢ BZ2 ¢ 122#3C2)/¢
A2)ealw)

AUUIR(SCRACSETAZOCOLTAZ o SB2¢BZ2¢722+8022,008aralnC3ETAZY/O
00 19 *a1,8
LLITTY]
AS{MMIBA(M)

IF ( JNUM,GT,0
Pry

CALL QUARTCAB,RYR,RTI)

BIWRTR(])

B82sRYR(3)

1F (ABS(BL) LT, 1,0E«07) B1e0,0

IF (ARB(B2) ,LT, 1,0E=07) B220,0
AjmABS(RTI(1))

AZBABS(RTLI(D))

tF (B2 ,GT,0,0 ) GO 10 %4

IF (92 ,LT,0,0 ,aND, B ,GT, 0,0) GO 10 Se
1F (B2 ,EQ,0,0 (AND, BY ,LY, 0,0) GO TD 5&
CONTINUE

DuME®2

[ T11.1}

Biadym

ouMEaA2

AdwAY

AlsDuM

CONTINUE

) GO T0 28

CALCULATE JeINTEGRALY

CALL JINTEG (A{,B8t,A2,82,2)
1F (JERR,ED,0) GU TD 29
JNUMBYS

CONTINUE

CALCULATE J=INTEGRALS USING NUMERICAL INTEGRATION

(1180,

NPayy

pXaMPal

DX#i,0/DX

DO So Ms2,NP

T(#)aT(Me])eDx

00O 51 Mmi,NP
FOMIRALL)CA(RIOT(MIoA(3)aT(M)aT(MIoa(dIN(TINIORI)eA(S)O(T(M)R0Y)
F{M)my 0/ (F(M)nr),5)

CALL 8IMSON (NP,F,DX,2J(1))
DO 53 MMs2,S

DO &% May,NP
F(M)sF(MIaT(M)

CALL SIMSUN (NP,F,DX,2J({MM))
CONTINUE

(117
the
kG
[ 3.1
LS
| 3,19
tRG
ERG
tRG
(11
ERG
EXG
£k
tRO
(1.1
LRG
ERG
ERG
ERG
LKG
ERG
ERG
ENG
LRG
ERG
ERG
(147
LRG
ERG
tRG
LRG
ERG
ERG
EKG
LRG
ERG
tRL
ERG
ERG
ENG
ENG
EnG
tHG
ENG
EHG
ERG
ERG
ERGL
(1,37
LRG
EHG
ERG
LRG
LRG
tRG
tHG
Eng
tRo

ERG
EHG
E£RG
LRG
LRG
ERG
ERG
ERG
ERG
ERG
LRG
ERG
[X.13
ERG
LHG
119
ERG
LR
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CALCULATE VELUCTTY CUMPUNENTS

DUMBPIa(wen],5)
VXBGANMASSUOZL/0uUMe0, 50 (2J(1)=Z2J(8))0FX
VYSGAMMASIARZZ/DLPs(ZI{2)edJ(4))eFY
VIROARMARG ,S/DLMa ((SAs3PeAZeSRICSETAZ)LI(S)
o L2,085A0RZaSNETALYSII(u) ¢ 2,095003842J(3)
 2,0008002eSNETAZHZI(2) ¢ (SasbbealeSBeCSETAZ)S2J(1))
vIsvleF?
VPXBYPXOVR
VPYSVPY VY
vPIsyPevl
1F ($7,67,3,0) RETURN
CONTIMVE
RE TURN
END

SUBROUTINE JINTEG(AL,P1,A2,B2,2J)
SOLUTION OF JeINTEGRALS

DIMENSION 2J(S)
COMKON /ERR/ JERR

JERRGp
00 ) N=§,S
ZI(N)=0,0
1F (ARS(81eB2),LT,1,0E07)
P13, 141592
Pr2eP1/2,0
RADa180,/P1
TLad,0
Tusi,o
12P80,0
TINS0,0
Fs0,0
E20,0
CaZE(ni=B2)0e2 ¢ (AfeAQ)nel
CB20(RtaB2)802 ¢ (AjeAQ)sed
CAsBORT(CAR2)
tosSaRT(CB2)
AK2B4,04CANCH/((CACCBINR2)
tx2e1,0eAK2
CXaSPRT(CKD)
Ga2,0/(CALB)
G12u(u,00A ALe(CASCBI#02)/((CAPCHIAR2 » 4, 00Al041)
GISSORT(G12)
NMsO
1IPsy=AinGy
GO TO 19
CiseGy
NHB)
TINEBy=A12G]
TUsTIn
IF (TU,GT,TZP) TusTZP
CONTINUE
1F (Ty,67,1,0) tust,o
TPHILNSTLOA8G Bt
TPHILD®AI+G10B1=GIaTL
1PHIUNE TUeAl®G]eBY
1PHIVDEAL+GI*BI=GleTY
PHILEATANRETPHILN, TPRILD)
PRIUSATANZ(TPHIUN, TPRIUD)
DLaPKILeRAD
ousPHIYsKAD
IF (DLLLT,0,0 ,AND, G1,67,0,0 (AND, NM,EG,0) GU TO 10
1F (Nw, £0,0) Mus3
FHed,0

&l T0 o0

LRy
L1
ERG
ERD
ERG
‘eRG
ENL
ERG
LhG
LXG
ERL
ERG
ERG
ENG
ERG
ERG

Jik
JIN
JIN
JIN
JIN
JiN
Jim
JIN

JIN
JIN
J1N
Jin
Jin
JIN
JiN
JiN
Jin
Jin
1N
JIn
JIN
JIN
JIN
JiN
JIN
Jin
JiM
Jim
Jin
JiN
JIn
Jin

JIN
JIN
Jiw
Jim
JIN
JIN
JIn
JIN
JIN
J1IN
JIN
JIN
Jin
Jin
JIv
Jin
JIN
Jin

125
128
127
128
129
130
131
132
133
134
135
136
137
138
13e
10

XX

noo

]

~

23

L]

H

-

~

2

50

H)

52 ZJOSDUMa{ILAMG & 4, 00G1efLAME o &,0aGI20ZLAN2 + 4 Ungl3eZLaN]
1

53

PLEPMYL

16 (PuIL ,G1,P[2) E BEMel,0
IF (PulL LT,P1) Gir 1D 22
PLaP| =P]

[ 3 LT

CUNTINUE

1F (PL,LE,PI2) 6 Tiy 23
DUMBYAN(PI2)

CaLl FLI1  (F,0UK,CH)

CALL ELI2 (E.DUm,CX,1,0.(x2)
CuMSTn(PlePL)

CALL FLIY (FPL,DUMICK)

Call ELIQ (kPL,DUM/CX,1,0,Cx2)
FLB2,00EMeF » FPL
tLsd,0etnet o EPL

GO 10 24

DUMBTAN(PL)

CALL FLIVLFL,DUM,CR)

CALL ELI2(EL,0UM,CK,1,0,C%2)
Ems0,0

PURPulU

1F (PNIU,GT,PI2) EMmEMet, 0
IF (Pulu,LT,PL) GO TQ 26
PURPULP]

Enn2,o

CONTINUE

1F (PU,LE,PIR2) GO TO 27
DUMETAN(PL2)

caLl ELIL(F,DUM,CH)

CaLL ELI2CE,DUM,CK,1,0,CK2)
DUMBTAN(PLePY)

CaLL ELIV(FPU,DUM,CK)

CALL ELJ2CEPU,DUM,CK,1,0,CR2)
FUs2, DeEPeF o FPU
EUs2,0sEM*E = EPU

GO TD 28

DUMBTAN(PU)

CaLL ELIICPU,DUm, LK)

CaLL ELIR2(EU(DUM,CX,1,0,Cn2)
CONTINUE

SNULESIN(PRIL)
SHUURSIN(PNHIY)
CNULBCOS(PHIL)
ChuunCcO8(PrIL)
ONULESORT (], 0eAK2eSNUL *SNUL)
DNUUSSGRT (] ,0=AaK24SNUU*SNUY)

COMPUTE LAMBDA(Q) THRU LANBDA(Q)

DUMBBNULUACNYU/ORUY = SNUL «ChUL 70NUL

AKUBAKQeAKD

LAm0u( Y, 00CK2)(EUSEL)®2,00Ch2a(FUaFL)nAKZODUN) /(ARUSCKD)
2LAMIE{DNULe] (0/DNUL =DNUL®) ,0/DNUL) ZARE

TLAM2m (2,00 EU=EL) o (],00CK2)In(FU=FL)eaK2oDUN)}/7AKY

ILAMIme (DNYLCX2/70NUY »DNULeCKR/DNUL Y /AKY
ZLAMUB((1,04CK2) @ (EUSEL)=2,09CK20(FUsFL)mAK2e(R20pUN)/AKE

COmPLTE J(0) THRY J(4)

TAUS{a1e819G))/7(B1=a10G])
DuME(Gen3)/tain(1,04012))002
Ci13sGt2ab)

TAUZeTAUSTAL

TAUSaTAUReTAY :

¢ GileGlelLang)
DUmEDyYMe (B1=A]eGl)

ZJ1BDUMS (TLANG ¢ (F,00G1eTAUINZLAMS ¢ 3,00Gin({GleTAU)ZLARY
)

® GI20(GTeS,08TAUIR2LANY o TAUSGIISILARD)
DUmEDURe (H]ealaG])

2J2EDUNR (ZLAPG ¢ 2,02{GloTAU)eZLAND o (Tau2ek, 0nG1eTAUCLIR)nlLARS

A ¢ 2,00G10TaUn(GleTAU)@2LAN] ¢ DI120TAURR]LAMD)
DuMsDUme(B1eal9G)) )
ZJ3MDUPE (2L AMG & (3,00TAUSG]IIOZLAMS ¢ 3, 00TaUs(TAUCGL)0ZLANZ
¢ TaURe(3,0eGleTAUIRZLANL o GioTauseZLaNg)

i
Dumabyme(BleilnG])
TIGROUMS (TLAMK ¢ 4, 00TAURTLANY o O.nf‘lUlﬂZLlIZ 4+ 8,00TAUSeZLANL JIN

Jin
Jin
Jin
Jis
Jin
Jin
JIN
Jin
Jin
Jin
Jis
JIN
JIN
Jin
JiN
JIN
JIN
Jim
JIN
JIN
Jin
JIn
JIn
JIN
JiN
Jis
Jin
JIN
Jin
i
Jis
Jik
JIN
Jis
Jin
JiN
Jin
JiN
Jin
JIn
Jm
Jiw
Jis
Jin
Jim
JIs
JIN
Jiw
Jin
Jiw
Jin
JIN
d1m
Jim
Jix
Jin
JIv
Jim
JIv
Jin
Jin
JIN
JIN
JiN
JIn
Jin
Jin
JIn
Jin
JiN
Jim
Jin
JIN
Jin
Jin
Jin

(11
(21
088
056

087
[11]
058
oe0
[.1}}

Vb2
083
Oed
(133
[T}
ae?
(11.]
11
elo
[34]
[2F4
973

(24 ]
vTe
or?
oIn
ore
(1 1]

as2
083
o08a
0as
98
os?
(11}
o8v
veo
nel
oe?
098
0%
vesy
0%
o

Ll

099
100
101

103
104
108
108
to?
108
109
110
11

113
11e
1y

117
1te
119

1
12¢
123
124
12%
120
127
128
12e



95

OO NENONONOONONNNNAO0ONOON0OO0N0NOO

S4

(1]

DY

1 4 TAUSTAUISZLAMO)

TNULBSNUL/CNUL

TNUUSSNULIZCNUL

SUBELLEY 0/ {{TLap2)ael + A2¢a2)

SUBRLUS] ,0/{(TUeBRI*s2 + 42442)
SUBZRLE{(GA(1,00G1&TNUL))I**2)/((1,04612)0(1,04CK2aTNULETRUL))
SUBZRUS{(GR(1,0+G1IaTNUL)I*#2)/((1,04612)a(],0¢CK20TNULSTNUL})
TIC1Imld0 o 2443

2J(2)2J) ¢ 2J(2)

LJt3)s2de ¢ TJ(3)

2J(u)=ZJd3 ¢ 2J(4)

L3(5)eldu « TJ(S)

TEST12AB8(SUB2LLwSUB2RL)

TEST28ABS8(SUB2LUeIUBRRU)

1F (TEST1,GT,1,0E=05,0R, TEST2,G7,1,86=05) GO TO &0
1F InN%,67,2) RETURN

1F (€1,0=7TU) LT, 1,0E=0f) RETUAN

Gla=gy

TLatTy

Tusy ¢

NMB 3

G0 10 11

JERRu9®

RETURN

END

SUBROUTINE ELIL(RES,X,CK)

PURPQOSE
COMPUTES THE ELLIPTIC INTEGRAL OF FIR3T KIND

USAGE
CalL ELIV(RES,X,CK)

DESCRIPTION OF PARAMETERS
RES e REJULT VaLUE
x sUPPER INTEGRATIUN BOUND(ARGUMENT UF ELLIPTIC
INTEGRAL OF BIRST KIND
CH  »COMPLEMENTARY MOOULUS

REMARKS
MODULUS K 8 SOQRT(f,eCKACK),

METHOD
ORFINITION
RESRINTEGRAL(1/8CRT((f¢TaT)n(qe(ChaT)nn2})),
OVER ¢ FROM © TU x),
EQUIVALENT ARE THE DEFINITIONS
RESSINTEGRAL (1/(COS(T)eBQRT (e (CKATAN(T) ) nwp2)),
OVER T FROM 0 TO aTAN(R)),
RESBINTEGRAL(1/30RT (1w (KaBIN(T))anp), SUMMED DVER
T FROM 0 TO ATAN(X)),
EVALUATION
LANDENDS TRANSFURMATION 18 USED FOR CALCULATION,
REFERENCE
Ry BULIRSCH,
ELLIPTIC FUNCTIUNS,
HANDBOUX SERIES OF SPECIAL FUNCTIONS
NUMERTSCHE MATWEMATIN VML, T: 1965, PP, 78%08,

SUMKED

SUMMED

L N R N R R N PR N YR

1FtX)20102

LIX LT

RETURN

AR IY
HESWALOG(ARS(X)¢SQRT (Y, 4xxX)}
60 10 1}

JIN
JIN
Jin
JIn
Jin
JIN
JIn
JIn
JIN
JIN
JIN
JIN
JiN
JIN
Jin
JIN
Jlm
JIN
JIN
Jin
JIN
JIN
JIN
JIh
JIn
JIN

(19
€LY

ELL
118
ELi
tLt
ELL
ELL
ELl
ELY

ELL
ELl

ELL
ELt
ELL
ELL
(%)
til
EL1
ELL
ELS
ELL
ELL
(15}
ELl
ELL

NUMERICAL CALCULATION OF ELLIPYIC INTEGRALS AND ELI

[1%)
ELl
kLl
EL1
ELL
ELt
ELL
EL}
eLt
ELl
ELy
EL)

130
131
132
133
134
135
136
137
138
139
140
{4l
162
143
14u
145
140
a7
148
149
150
191
152
153
154
15%

001
002
003
oou
00S
006
007
008
Q09
010
0it

a13
014
018
0le
017
o018
019
020
021

023
02e
028
o26
0ar
028
029
030
031
032
033
034
035
036
037
038
039
ouo
061
ou2

OO OO NN AN NN 0NN ONNO

ANGLEARS(Y /%)
GLOZARS(CX)

ARIZL,

Plm=o0,

SUGELORART»GEDN

AAR]maAR]

AR]EGEUwaR]

ANGLEs =SUGEC'/ANGLE+ANGLE
SOGEDRSURT (3BGHD)
TF(ANGLEIT, 06,7
REPLACE 0 WY SMaLil
ANGLEESOGECY) (£ =8
TESTRAARI#| E=d

JF (ABS(AAR]=GEQ)®TEYT)10,10,8
GEOZSDGFO+SGGED

PIMERPIMeP]IM

1F (ANGLED 9,545

PlMaPImMs3, 1415927

G0 TO S

IFCANGLER)11,12,102

PlHEPIMeY 1415927
HESS(ATAN(ARI/ZANGLE) +PTIM) /AR]
1#(%)14,18,15

RESA=RES

RETURN

END

VALUE

SUBRQUTINE ELI2(R,X,CK,4,8)

PURPUSE

COMPUTES THE GENERALIZED tLLIPTIC INTEGRAL OF BECUND KIND

USAGE
CALL FLI2(R,X,Cr,4,R)

UVESCRIPIION OF PaRAMETERS
R = RESULT VALUE
X «JPPER INTEGRATION BNUND(ARGUMENT OF ELLIPTIC
INTEGRAL OF SRCUND KIND)
CX  «COMPLEMENTARY MODULUS
A @CONSTANT TERM [N NUMERATOR
A sQUADRATIC TERM [N NUMERATOR

REMARKS
MODULUS K & SGRT(1,sCKeCK),
SPECIAL CASES OF THE GEAERALTZED ELLIPTIC InTeGRaL ULF
SECOND KIND ARE
FUATAN{X®,R) DBTAINED w]TH As],, But,
ECATANC(X),X) ORTAINED wITH Amt,,BaCKeCK,
BCATAN(X®,K) OBTAINED wITH Ami,, HEO,
DC{ATAN(X#,%) DBTAINED wIfH AmQ,, Bul,

METHOD
DEFINITION

REINTEGRAL((AsBeT#T)/(80RT({1T#T)a(1e(CXATIRaZ))N(1eTeT)),

SUMMED NVER T FROM o TC %),

FUUIVALENT 18 THE DEFINITION

ROINTEGRAL ((Ae(Bwa)*{SIN(T))na2)/80RT(Im(KeBIN(T))Inn2),
SUMMED OVER T FROM 0 TO aTan(X)),

EvaLuaviOwn

LANDENS THANSFORMATION 18 USED FNR CALCULATION,

REFLREMCE

R, BULIRSCH,
ELLIPTIC FUNCTIONS
HANDBOOK SERIES NF SPECIAL FUNCTIONS
NUMERISCHE MATHEMATI® v, 7, 1965, PP, 7R8e90

NUMERICAL CALCULATION DF ELLIPTIC INTEGHALS ANC

el
EL}
[1%)
tLy
(1%}
ELl
ELl
EL1
EL]
(1%
ELY
19}
[18)
EL1
ELY
ELY
ELY
tLl
£Ll
ELY
Ly
ELY
ELY
Ll
kLY
ELY

tLe
ELe
ELe
ELZ
ELe2
kLe
(3%
ELe
tie
ELe
kLe
ELe
ELe
1%
1154
tLe
kL2
ELe
LLe
(394
ELe
£L2
tLe
tle
(29
ELe
tLe
ELe
ELe
EL2
tLe
ELe
ELe
EL2
tLe
eLe
ELe
ELe
EL2
tte
EL2
ELe

oul
\L'T)
0us
Qds
(LR
LY
049
050
051
052
083
Sy
(13
uSe
057
05n
089
080
061
082
063
06y
065
Obe
067
088

a0y
002
003
ond
00%
008
co7
0ng
0os
o1n
011
01l
018
014
015
01A
ey
(Y]
ofe
oeen
vel
022
023
024
02%
026
027
(T{]
029
03y
031
032
033
034
V3%
Q01e
037
LET)
030
Q49
LLT
ou2
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IF(1124102
a0,
RETURN
TEST “OPLLuS

IF(Cx)T,3,7
RESYRT (] +x9X)
RE(A=R) *APS(X)/ReBealNG(ABS(X)eR)
TEST SIGN OF aRLUMENT
RaReCe (AwY)
IF(X)5, 8,0
RasR
RETURN
INITIALIZATION
ANE(Beadn0,8
AASA
RsR
ANGEBARS(1,/X)
PIMag,
18100
ARIsq,
GED=ARS(CX)
LANDEN TRANSFORMATION
RuAdeGEQeR
SGEOmARI #GED
AARAN
AARImaR]
ARTTHMETIC nEaN
ARINGEQ#+ARY
JUM DF S1InE VALUEY
ANB(R/ARI44AAYR0,S
AANGBABEC(ANG)
ANGERSGEU/ANG4ANG
PlrAmpinM
IF(ANG)10,9,1)
ANGEe] Eo88AANG
PIMaPIMeY 1415927
18In181el
AANGEART AR ¢ ANGOANG
PaD/SQRTLAANG)
JLESE ETRRE PRV IR T
13181814
IF(I81e2)19,14,14
Paep
Calep
OBDa (4 ARI=GED)#0,5/AR]
1F (aBB{AARIGED)w EotshaR1N17,417, 00
SGENsSQRT(SGED)
GEUMETRIC MEAN
GEOs3GED+BGED
PImapymePIns
181s181¢18]
G010 8
ACCURACY wa8 SUFFICIENT
RECATAN(ARI/ZANG)oPIM}sAN/AR]
CECoDwaANG/AANG
60T0 &
END

SUBROUTINE ELLIPS (4X3Q,Tn,TE)
»e TABLE LUUNSLP ¥ ELLIPTIT INTEGRALE e

DIMENSIUN CXK(100),Ccx(800),CE(100)

trx = ARGU7ENT OF ELLIPTIC INTEGRALS

tee
£Le
ELe
EL?
tLe
ELe
tie
[ 191
eL2
tLe
tLd
tLe
tke
ELZ
EL2
eL2
EL2
eLe
EL2
ELZ
Ll
ELZ
kL2
(1%
el
EL2
EL2

ELZ
EL2

EL2
kL2
tL2
[1%4
EL2
ELe

el
kL2
ELe
€Le
EL2
tLe
EL2
[1%4

il
EL2
EL2
EL2
ELd
eL2
ELe
EL2
tLe
EL2
(1%
(AN

ELL
ELL
ELL
ELL
ELL
ELL
(298
ELL
ELL

[T
Qua
04s
0ue
gur
ous
uke
050
051
052
us3
054
05%
056
057
058
0s9
060
0el
0se
003
[T
0eS
k1)
1)
[T1]
069
070
071
072
073
074
018
078
or?
078
079
080
081
082
083
084
08s
086
oer
088
08¢
090
oef
002
093
094
09s
09
097
(L]
099
100
104

001
002
003
004
008
006
o007
oos
009

cno

3% Xa)

21
Too

701
To2

©

s

ee

3

o

PR Y I S NS

A PMMOC T Rr OV E N~

COTMMOOTFOBINEC AL WN—

140,18 ,10,,17, 1a19,,20,,2350220,23,4261,25),20¢,27,
0 €8y 2%, 300, 80,,82),358,,8409,5%)¢80,,37,,38,,39,,40,,41,
WU25 443, 000,45, 4800 ,87,,48,,49,,50,,%1,,92,,53,,56,,59,
W50, 5T, (58, 99, 00, ,01,,062:,030900,,05,,0b:,07r,68,,b9,
W TP T 724,780 074 TS, 700, 170378, ,79,,R0,,81,,82,,b835,
BUy BS, Ry (BT BB, B9, 90s 91092, ,93,.904,,95,,%,,97,

.98, ,99/

Cx x CUMPLETE ELLIPISC INTEGHALS DF FIR3Y K)ND

DATA €x/1,570796,1,5747ub,1,57R7d0,1,582780,1,5806868,1,591003,

1,595488,1,599423,1,603710,1,008049,3,0}2061,1,610889,
1,021393,1,625995,1,630578,1,635257,1,060000,1,644806,
1,649078,1,654617,1,659024,1,064701,1,569850,1,075073,
1,6B0373,1,8B5750,1,891208,1,000749,1,702374,1,708087,
14713689,1,719785,1,725776,1,731A65,1,73805%,1,704381,
1,750756,1,757269,1,763898,1,770647,1,777519,1,784519,
1,79105%0,1,7989R,1,806328,1,b13A84,1,8215%3,1,82%60,
1,8370491,1,845694,1,856075,1,8620641,1,A71400,1,880304/
1,889533,1,898925,1,908547,1,918410,1,9208%526,1,938908,
1,049568,1,9605¢1,1,971783,1,943871,1,995305,2,007598,
2,020279,2,033369,2,0486894,2,000882,2,075303.2,090373.
2,105948,2,122132+2,138970,2,156516,2,174827+2,193971,
2,210022/2,235008,2,257205,2,280549,2,305232,2,531409,
2,359264,2,389016,2,420933,2,455338,2,492435,2,533335,
2,578092,2,627773,2,683551,2,747075,2,820752,2,908337,
3,00601¢,3,155875,3,35¢141,3,095637/

CE ® COMPLETE ELLIPTIC INTEGRALS OF SECOND wIND

DATA CE/1,870796,1,5606R62,1,562913,1,5580u8,1,554069,1,550473,

1,%46963,1,542930,1,538893,1,534833,1,530758,1,5200065,
1,522555,1,518428,1,516284,1,510122,1,505942,1,501743,
1,897526,1,493290,1,089035,1 ,4847061,],0b0466,1,476152,
14071R18,1,007602,1 ,40308b,),u58088,],434209,),449827,
1,0453563,1,440876,1,438366,),4318352,1,427274,1,022691,
1,418083,1,413450,1,40879],1,404105,1,399392,1,394652,
1,389883,1,385086,1,380e%9,1,375402,1,370515,1,365596,
1,350645,1,355601,1,350644,1,345592,1,340805,1,335382,
1,530223,1,325020,1,319788,1,314511,1,309192,1,303832,
1,298428,1,292979,1,287480,1,2R1942,1,276350,1,270707,
1,205013,1,259263,1,253458,1,247595, 1 ,241071,1,235084,
1,229632,1,223512,1,217321,1,211056,1,2004714,1,198290,
1,191781,1,185185,1,178490,1,171697,1,564798,],157787,
14150056,1,143396,1,135998,1,128451,1,120742/1,112856,
$4104775,1,096078,1,087938,1,079121,1,009980,1,040474,
1,050502,1,039947,1,028595,1,015994/

1F (AxS8G,LE,0,99) GO TO 20

PARASQ,25%(1,0AKSQ)

TEST 3 1,00En07
IFLPARARTESTYT01,702,702
PARARTEDT

ILPmA| 0G4, /PARA)
TKRZLPw0,5¢(1,¢PARAYPARS

TER],p¢(ZLP*PARA)=PARA
G0 10 39

JARLON  OnARSD

JAr]lega

IF(CKK(JA)eARSDI22,2),22
TRRCK(JA)
TERCE (JA)

G0 TO 30

CONB(ASUSCKR(JA))/(CRK(JArl)mCKRK(JA))
TKRCK (JAYCUNSCCK(Jae))aCK(JAY)
TERCE (JAY+CONO(CE(Jae))eCECTA))

CONTINUE
RETURN
END

FATS CHM/N 00,010,020 087a0Up, 09,000, ,UTsq0b,s,09,,10,,134s,122¢33, ELL

ELL
(3N
ELL
ELL
ELL
(199
ELL
tiL
ELL
(198
ELL
ELL
tLL
EtL
(198
ELL
ELt
tLL
ELL
ELL
ELL
ELL
[ANN
ELL
ELL
ELL
ELL
ELL
(3NN
[ 1NN
eLL
ELL
ELL
(199
ELL
ELL
ELL
ELL
ELL
ELL
ELL
tLL
ELL
ELL
tLL
tLL
ELL
ELL
ELL
ol
(14N
(398
ELL
el
ELL
ELL
tLL
ELL
tLL
ELL
ELL
ELL
[XNN
ELL
ELL
Eit
ELL
(X8
ELL

[2Y.]
041
012
013
Q4
01y
Ole
o1’
018
ale
020
021

023y
02s
028
026
ver
02k
029
030
031
us
033
034
03y
0l
03y
V3A
%9
LI
('R}
042
0w}
LT
(111
[I'TY
ouy
08B
069
050
041
092
053
052
5%
056
0S5y
[L1]
059
(L 11]
061
LY
063
oed
vesS
LT
ce7
(1)
069
070
071
0re
Q73
0Ty
0rs
0Te
ory

are



8S

coo

aan

10
12

13
20

[1]

2u
25

1004

1008

1008
1010

10%e

1016
1018
1020
1022

SUdROLTINE wUART(C 4 xR, X1)
SOLUTTON NF TE GUARTIC LLuatlus
Alyletxany)eaf{2In(xoead)ea(dla(xand)eh(d)oxer(n)sn,y

DIMENSTON COS),XR(4), a1 (4)24C(4),20(3),bA(3),"T(S)
EOUIVALENCE (4Q,R4)
AssC(21/01(1)

AgsC(3)/C(1)

AteC(eY/7C ()

AnsL(§)/CL1Y

ISTEYF

AC(1)ml,

AC(2)mwA2

ACC3)mad|nadau, 0]
AC(u)mAQe (U, e02eAlrad)whieh)
CALL CUBICCAC,RY,&T])
IF(RYYY 20,10,20

1P (RY(1)=RT(2)) 11,102,192
RT(1)eRY(2)

IF(RT{1)=RT(3)) 13,20,20
AT(1)8RT(Y)

BERT(y}/2,

DUMEB#B=AQ

1F (DUM,GT,1,0E°05) G TU 2u
Oso,

CASSORT(AsA+2,2BwA2)

GD 10 2%

DeSGRT(ReBeAD)
CAB=(4t/2,24%8)/0

VIS IS

AQ(2)mAmCA

AQ(3)sReD

CALL GUADCAG)XR(1),xR{2),X1(1))
BU(2)wAeCA

BR(})aBsD

CaLL QUAD(RG,XR(3),XR(4),Xx1(3))
X1 2)u=ny(1)

X1 (4)n=ny(3)

RETURN

END

SUBRUUTINE CUBIC (4,XR,XI)
SALUTION OF CURIC EQUATIQN
ACl)exaaBoa(2)axeeea(3)XeA(u)a0,

OIMENSION A(4),XK(3),40(3)

19ATreR

Exe}, /3,

IF(AC4)) 1006,100u4,1006

XR(1)m0,

GO 10 1834

AgmA(y)ea(Y)
GE(27,#A29A(U)w0, aa (1) *A(2)0A(T)42,0A(2)9«3)/ (54U, 002¢A(1))
IF{uW)1010,1008,1014

In0,

G0 10 1032

Omey

1PATHAY
PEL3,ea(1)0A(3)ea(InAl2))/(9,042)
ARGEPaPePeQQ
IF{ARG)1010,1018,1020

Ise2 , +3QRT (»P)eCO8 (ATAN (SGRT (=ARG)/0)/3,)
GO 10 jo28

In®w2 e0wat)

G0 Tu 1028

SARGESGRT (4RG)

IF (P)Y1022,1024,1026
Inn(Q¢SARG) knE Xu(QmSARG) AREX

GO 0 1028

N T
kT
uRT
LA
ukT
GHT
Ukt
RRT
"L}
WRT
'Y
Wil
URT
ORT
GRY
WR1
1.3
URT
GKY
oy
GRY
uk1
FLA}
LAl
QKT
GRT
uRT
URY
GRT
WRY
GRTY
ERT
WRY
GRTY
WRT
uRT
URT
URT
GRT
URT

CBC

CHC
CBC
414
cec
CBC
[4:14
(414
414
[4.19
CsC
CbC
[4:15
4.4
[4.19

cot
[4:19
(414
4.1+
[4.17
[1.]9
(414
414

cBC
cuc

001
oge
0ol
cou
005
00
o7
008
009
o1¢
o1
o012
013
Ui
018
0le
o017
o1a
019
020
021
022
023
024
02s
02e
oar
028
02¢
030
034
032
033
034
038
03
037
(31]
039
040

001
002
003
004
00%
006
o007
voe
009
010
014
012
013
014
018
016
017
018
019
020
02t
022
023
024
02%
02e
027
o2s

acon

1024

102n
toge
tu3u
1032
1934

o

2

o

30

-

Ine{2, vu)nsLx

G 10 1028
IE(oALGey)saf X (SAND SR aRER
Gur 7O 01030,10321,1P41n

Ic=

ARCIIR(3 a1 )0Z=a(d)V/ (3, *a(1))
AUCi)aagl)
AL(2YeA(2)exR1)2a (1)
AG(3)ed{3)exR{])wali(2)

CalL nUAD (AU XKI2), xR (3),x])
KE TURN

LaD

SUBROUTINE QUAR (4,xR1,aR2,x1)

SOLUTYON UF YHE QUARRATIC EQUATION

A(LIaxaXeA(2)#X¢A(3)80,

DIMENSTLN A())
X18mA(2)/(2,4A(1))
DISCexiwXiwa(3)/A(])
1F(D13C)10,20,20
X2833RT (=DISC)
XRLBX}

XR28Ky

X1sxa

GU 10 30

X2m8QRT (DIBC)
XRIwx{en2
XR2ax{ex2

X180,

RETURN

END

SUBROUTINE SIMBON (N F,DX,3UN)
DIMENSION #C 1)

SUMBF (1)4F (N)

DO 1 182,N,2
SUMBBUMeU, O*F(T)
MENwQ

00 2 1w3,M,2
SUMBSUMe2,0#F (1)
SUMSDXSIUM/3, 0
RETURN

END

(414
cne
419
1419
(919
CHe
(ot
(414
414
(4]
4,19
[41.19

wAD
Gap
WAL
LAD
GUAD
Qap
Al
GAD
WAD
Qap
wAD
wAD
WAD
whD
wAD
LAD
GAD
WAD
uAD

S1w
Sin
Sik
$IM
Sim
sir
$im
5Inm
81n
£ L]
L0
Sim
Sin

vae

0n3A
ns9
ouo

061
00¢
003
004
vos
006
907
ocos
00e
010
011
012
013
01
o1s
01e
047
aje
019

oot

noe
[13}
004
005
00p
noy
vos
0oe
o10
01)

012
013
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Wing-Flaps Jets Angles Execution Time (sec.)
vVortex Iterations of
A CDC-6600 CDC-7600
ELlaet;;elnctes Ne- Shape Length | As Attack | pry opr=2 | FIN,OPT=2
26 1 Circular 18 0.1 2 1 8
104 Off | ~=——ee - _— 1 2 40
120 Off | —=~—w——e—- - _— 1 1 48
135 Off | == - - 1 2 90
156 Off | === —_ -_— 1 2 120
126 2 Circular 20 0. 3 1 170 35
126 2 Circular 20 0.1 4 1 215 .45
126 2 Circular 20 0.1 5 1 270
135 2 Circular 20 . 1 1 85
135 2 Circular 20 . 2 1 140
135 2 Circular 20 . 3 1 200
135 2 Circular 20 . 4 1 260
135 2 Elliptical 20 0.1 1 1 330
135 2 Elliptical 20 0.1 2 1 590
149 2 Circular 20 0.1 1 1 100

Table I.- Typical execution times for EBF predicfion program.
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PROGRAM WNGFLP :

Input and output wing data and | |

layout wing vortex lattice IWNG 119 | WNGLAT
!
Input data for all flaps and
layout vortices IWNG 128 NFREG > 0 FLPLAT
| NFREG 2 D ol
Add core area for influence '
coefficient matrix ‘WNG 162 !
] REQFL
‘WNG 174
Calculate influence coefficient
left hand side, FVN lWNG 178 2| TNFMAT
Triangularize left hand side lWNG 182 LINEQS
(Begin iteration section) |
Input initial jet parameters l
and calculate induced
velocity distribution |WNG 222 KJET > 0 JET
l NTIME = 0

CUBIC

]

FLVF

SIVF

CORECT

VRING ELLIPS
ERING QUART

QUAD

QUAD

JINTEG

Figure 1l.- General flow chart of program WNGFLP.
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Calculate right hand side

of equations

T
llwuc 238

Solve for vorticity distributions |
for this right hand side

e

SOLVE I

FORCES|

}WNG 242

Calculate loads, forces !
and moments ]WNG 278
IWNG 279

Calculate wing-flap-jet induced

velocity field on jet centerline lWNG 311
IWNG 312

(Calculate new jet I
centerline position) lWNG 319

[End iteration section] I

VELSUM

KJET >0
1 ¢ NTIME < KJET

JETCL

FLVF

vamﬂ—"@mg

QUART QUAD ]

VRING ]——-P‘E.ms

Figure 1.~ Continued,

CUM\NJ




Compute final jet
centerline parameters

Calculate velocities at
specified field points

KJET >0
KJETV > 0

VELSUM

NTIME= -1

END

€9

CUBIC

QUAD

QUAD

ELI1

ELI2

CUBIC

QUAD

| QUAD

Figure l.- Concluded.

CORECT
VRING ELLIPS
QUART
ERING 1 JINTEG
SIMSON
FLVF
SIVF
/ CORECT
VRING = ELLIPS
‘ QUART
ERING JINTEG
S IMSON |

ELIl

ELI2
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PROGRAM MATIN (INPUT,OUTPUT, TAPESZINPUT,TAREGSOUTPYT, TAPEY)

CUMMUN FYN(27225)
CALL WNGFLP

stop

END

SUBROUTINE WNGFLP

COMMON FYNCY)

CONTINUE

G0 TO 1000
RETURN
EnD

Figure 2.- Alternate card decks defining program

MAIN and Subroutine WNGFLP,

wWNG 00§

whNG 043

WNG 169
wNG 161
WNG 175

wNG 3o2
WNGA3H2
wNG 363



Wing

arrangement for EBF

Figure 3.- Vortex-lattice

configuration of references 3 and 4.

65



99

. Elliptic cross section
44 Top View

~— — — ~— Circular cross section

4* Side View

Wing
b Region ——)l(—Flaps—b-l
2k
[
0 T | S T T T — 1 T |
0 2 4 6 8 10 12 14 l6 18 20
X.
J

Figure 4.~ Jet wake model boundary specification.
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Bound vorticity

N = < e — ey

/— Control point
o QA " o " o <
N

/ Jet centerline
- -— *“'>— O

- O~ —O—0— O0— W—O— = —0
(©® Points in centerline table

1 i 1 i ] l J 1 i

4 5 6 7 8 9 10 11 12
*3

Figure 5.- Jet centerline specification in region
near lifting surfaces.
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ITEM1 FORMAT (I5), 1 card
1 6
-
ITEM 2 FORMAT (202A4), NHEAD cards
1
TITLE
A
ITEM 3 FORMAT (6F10.0), 1 card
1 SREF 11 REFL . 31 M R o) 8! pmm
T ¥ F F F F
ITEM4 FORMAT (I5), 1 card
1 ]
.
ITEM5 FORMAT (3F10.0), 1 card
1 n 22 31
CRW SSPAN PHID
F ¥ F
ITEM6 FORMAT (5I5), 1 card
1 8 11 18 21 26
NCW MSW |NTCW NUNTI INPRESW]
I T T T 11T
(a) Page 1.

Figure 6.~ Input forms for EBF prediction program.
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NFSEG (I
ITEM 7 FORMAT (3F10.0,I5), MSW + 1 cards J/' (x)
31

oy(1) *1psIWLE (1) |* PSIWTE (I) se
E F E I
Omit item 8 if NTCW = 0 MSW sets of cards if NTCW = 1 and NUNI = 1
ITEM 8 FORMAT (8F10.0), NCW values, eight per card. One set of cards if NTCW=1 and NUNI =1
. 1
> aveman(1))*'arpman(2) 2 . . . Plavesaymew)t? ot ol 7
F

Omit items 9,10, and 11 if NWREG=1. If NWREG)> l, repeat items 9,10, and ll in sequence.
NWREG -1 times
ITEM 9 FORMAT (21I5)

* 1in Prour ¢!

I 1
ITEM 10 FORMAT (3I5, 2F10.0)

! Now PNTew fiwunzpi®  cIn 26 TEswp 3e

I I I F F.

Omit item 11 if NTCW=0 IOUT - IIN sets of cards if NTCW=1 and NUNI =0

ITEM 11 FORMAT (8F10.0), NCW values, eight per card. }One set of cards if NTCW=1 and NUNI =1,
: 1 41 S1 1 71
! aLpHAL(1) {*'arpmanL(2) |°' ... ® ALPHAL (NWC °
F
(b) Page 2.

Figure 6.- Continued.
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ITEM 12 FORMAT (I5), 1 card

NFREG 1° Oomit items 13,14,15, and 16 if NFREG =0.
If NFREG >0, item 13,14,15, and 16 are repeated in sequence NFREG times.
ITEM 13 FORMAT (3I5), 1 card
1 K 11 18
! 1IN | I0UT
I I I
ITEM 14 FORMAT (415), 1 card NOTE: More than one set of items 14,15, and 16 may be

1 8 11 le 2) required by NINREG on item 13,
NCF |NTCF | NUNI NPRESF|
1 I | T T |

ITEM 15 FORMAT (5F10.0), 1 card

1 11 21 3l 41 51
GAPIN CRFIN GAPOUT CRFOUT DELXZ

F F F F F

Omit item 16 if NTCF =0 IOUT - IIN sets of cards if NTCF £ 1 and NUNI=0
ITEM 16 FORMAT (8F10,0), NCF values, eight to a card. }One set of cards if NTCF =1 and NUNI=1

21 41 LES el T1

1
. ALpgAL(l) ' ALPHAL (2) - -« [ALPHAL (NCF)

ITEM 17 FORMAT (1I5), 1 card
1 e

NRHS
T

Items 18,19,20,21,22 and 23 are repeated in sequence NRHS time,

ITEM 18 FORMAT (F10.0,6I5), 1 card
11

1 ie 21 26 31 36 41
ALFA KEI NFPTS{ KJET |MJETCH MJETV |NJETCI|
F T T | T i i I
(c) Page 3.

Figure 6.- Continued.
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ITEM 19
1

Omit items 19,20,21 and 22 if KJET =0

FORMAT (6I5), 1 card

NHEAD

]

NJET

11
NCYL

ie
NNUM

21

NPRINT

26
NCRCT

31

I

I

I

I

I

I

ITEM 20

ITEM 21

ITEM 22

ITEM 23

FORMAT (8A10), NHEAD cards

TITLE

A

DS (J)

21

3

Items 21 and 22 are repeated in sequence NJET times.
FORMAT (5F10.5), 1 card

1
GAMVJ (J)
. F

F

X0 (J)
F

* YgéJ)

z%;J)

1
XCLR (J,N)
F

11
YCLR (J,N)
F

FORMAT (7F10.5), NCYL cards

21
ZCLR (J,N)

31
AJET (J,N)

41
BJET (J,N)

s1

51
THETA (J, N)

81 ’
DSFACT (J,N

Tl

F

F

F

F

F

Omit item 23 if NFPTS = 0

FORMAT (3F10.0), NFPTS cards

XFP

11
YFP

21
ZFP

3

F

F

31

(d) Ppage 4.

Figure 6.- Concluded.
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s
4=ENGINE
REF,

SAMPLE CABE §

200,34
1

0,19
L] 18

%

2,

3,02

4,3

S.4

6,08

6,77

7445

8,58

9,23

10,5

12,

13,7

15,5

17,3

19,08

© -

0414

1

o

0,11

[P YR VRO E
=

18,5

2

JET MODEL
10,10

0,

3,

®,50
7,50
8,50

9,0

9,%0
10,0
11,0

EBE MQODEL

5,56

19,08
0
27.711
27,71
2¥, 71
27,71
27,71
27,71
27,71
2714
27,74
27.74
27. 71
27,71
27.7}
21,71
27,71
27,71

16

0
1.12%

[}
1.9

0
1,688

0 1

13
JT15De}

[]
0

FLAP ANGLES ® 15/35/55 GAPs,015C
PERRY AND GREENE  NASA TN De78p3
ADYAGI, FALARSKI, AND KOENIG

ALPHA = 18,5

»b,92

04
1

18,29
18,29
18,29
18,29
18,29
18,29
18,29
18,29
18,29
18,29
18,29
18,29
18,29
18,29
18,29
18,29

0,048
0,045
0,048

2
L1
C(J)rsd
WdS
®0,000
®0,000
0,10
0,133
0,08
-, 01
w,16
w,d0
s1,08
»i,088
2,4
e}, 52
w83
vl,2
0,0
0,0
0411
0,10
v0,01
«0,17
0,45

£438

Wt ol bt ot ol Wl 0t Ut s R el 0 i et

0,48
040
1678

[ 0
CtYImi,0
i ,85
84S

2848
123

0
0
W0

0,05

19,0
38,0
83,0

ELLIPTIC CROBS SECTIUN NEAR FLAPS

1,38
848
, 848
1,23
1.23
1,23
1,24
1,45
1,27
1,29
1,52
1,%6
2,08
1,38
848
848
L
1,24
1.24
1,89
1.20
1,27
1,29
1,52
1.96
2,08

NASA

TH Xwb219Y

38,5

(a) Sample case 1.

Figure 7.- Sample input decks for
EBF prediction program.
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(b) Sample case 2,
Figure 7.- Concluded.
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(a) Planform view.

Figure 8.~ EBF configuration for Sample Case 2.
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EBF AERODYNAMIC PREDICTION PRUGRAMW

SAMPLE EHF CONFIGURATIGN WITw 1 CIRCULAR JET WAKE, 2 WING REGIONS,
2 SLOTTEp RLAPS, AND | AILERON TYPE FLAP
ENGINE CENTERLINE FREE TO MUVE IN Y AND Z DIRECTIONS, 2 ITERATIONS SPECIFIED -

REFERENCE QUANTITIES USED IN FORCE AND MOMENT CALCULATIONM

ARFA = 300,00000
LENGTH s 10,00000
MOMENT CEMTER
XM s =85,00000
M s 0,00000

WING INPUT DATA

REGION NUMBER {
INBUARD EDGE CHORD =  10,00000
SEMISPAN x 20,00000
DIHEDRAL ANGLE =  0,00000

14 VORTICES ARE TO BE LAID OUT IN THIS REGION
7 SPANWISE BY 2 CHORDWISE

SPANWISE LOUOCATIONS DF TRAILING VORTEX LEGS, BWEERP ANGLES OF

wING SFCTION TO THE RIGHT AND NUMBER UF FLAPS BEMIND THIS SECTION

SPANKRISE LE SwWwEEPR TE SWEEP NUMBER
LOCAYION OF FLAPS
0,00000
2,50000 24,20000 11,30000 0
S,00000 24,20000 11,30000 0
9,00000 24,20000 11,30000 2
13,00000 2d4,20000 11,30000 2
15,50000 24,20000 11,30000 2
18,00000 24,20000 11,50000 0
20,00000 24,20000 11,30000 1

REGTON NUMBER 2
THIS KEGION EXTENDS FROM Y & 0,00000 TO Y s« o5,00000

€ VORTICES ARE TO BE LAID QUT IN THIS RFGION
2 SPANWISE BY 1 CHORDWISE

INBOARD BIDEeEDGE CHORD ® 2,00000
TRAILING EDGE SWEEP = 11,30000

(a) Page 1.

Figure 9.- Sample output from
EBF prediction program.
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FLAP INPUT DATA

REGION NUMBER 1
THERE ARE 2 FLAPS IN THIS REGION
THEY EXTEND FPROM Y 8 %,00600 TC Y = ={%,50000

FLAP NUMBER
INBOARD EDGE GaPp . 10000
OUTROARD EDGE GaAP L] 10000
INBOARD EDGE CHDRD = 1,50000
OUTBUARD EDGE CHORD = 1,50000
OEFLECTIUN ANGLE- = 20,00000

3 VORTICES ARF YO BE LAID OUT ON THIS FLAP
3 SPANWISE BY | CHORDWISE

SPANWIBE LOCATINNG DF

TRAJLING VORTEX LEGY
»$,00000
=%,00000
»13,00000
»15,50000

XF,YF CODRDINATEY OF FQUR CORNERY OF FLAP
CFLAP LTES IN ZFR0 PLANE)
xF \i

4
0,00000 0,00000
»1,50000 0,00000
*1,97158 w10,52449
»3,47458 -10,52049
FLAP NUMBER 2
INBOARD EDGE GaP = .10000
QUTBOARD EDGE GAP = ,10000
INBOARD, EDGE CHORD ®  2,00000
OUTBOARD EDGE CHORD & 2,00000
DEFLECTION ANGLE = 40,00000

& VORTICED ARE TO BE LAID DOUT ON THID FLAP
3 3PANNISE BY 2 CHORDWISE

SPANKISE LOCATIONS OF

TRAILING VORTEX LEGS
«%,00000
“9,00000
«13,00000
«15,%0000

XF,YF COORDINATES OF FNUR CORNERS QF FLAP
(FLAP LIES IN ZFuQ PLANE)

1] e
0,00000 0,00000
*2,00000 0,00000

“i,00724 »10,58626
«3,60v28 «10,58026
.

REGION NUMBER 2
THERE ARE | FLAPS IN TWIS RECION

THEY EXTEND FROM Y » »18,00000 TO Y ® =30,00000

FLA® NUMBER |
INBQARD EDGE GaP . 0,00000
QUTBOARD EDGE GAP L] 0,00000
INBOARD EDGE CHORD ® 1,20000
QUTBOARD EDGF CHORD = 1,00000
OEFLECTION ANGLE = 10,00000

1 YORTICES ARE YO BE LAID UUT ON THIB FLAP
1 SPANwIBE BY | CHORDwISE

IPANWISE LOCATIONE OF

TRAILING VORTEX LEGS
=18,00000
»20,00000

XF,YF COORDINATES OF FQUR CORNERS OF FLAP
(FLAP LIER IN 2Fnd RPLANE)
x#

\{
0,00000 0,00000
wi 20000 0,00000
-, 39357 .2,00120
wt 30387 =2,00t20
{b) Page 2.

Figure 9.~ Continued.
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‘panuT3uUo) -*6 2InbTI

¢ abeg (0)

VORTEX
NUMBER

BN NEVIN -

VORYEX
NUMBER
J

17

18
19

VORTEX
NUMBER

VORTEX

InumagR

J
L]

HCRSESHOE VORTEX PROPERTIES

ahsnrawndd WING DATA wundndndus

eCONRDINATES OF BOUND LEG MIPPOINT wweCOOURDINATES OF CONTROL POINTess 8,1, SWEEP
x8L (J) YAL(d) 28LL) XCP(J) Yeedd) ICP(J) rP8I(J)
wy V7277 =] ,25000 0,00000 ol 19477 ], 2%000 0,00000 22,6955¢
. wb,81677 =1,25000 0,00000 «9,03877 o], 25000 0,00000 16,3526
»10,74977 e1,25000 0,00000 wl1,74977 w],25000 0400000 11,30000
=2,81832 -}, 75000 0,00000 »5,008433 «3,7%000 0,00000 22,695%
»7.35032 w3, 78000 0,00000 w9,61632 «3,75000 0,00000 16,35269
*11,24932 =3,78000 0,00000 =12,24932 =3, 75000 0400000 11430000
ou, 17783 ®7,00000 0,00000 wbh, 24073 e7,00000 0,00000 22,6955
=8,30393 =7,00000 0,00000 ®10,36714 7,00000 0,00000 16,35269
w5,8%8040 *11,00000 0,00000 w?,06400 =11,00000 0,00000 22.09%%p
«g 47764 ®11,00000 0,00000 wy],29121 .11,00000 0,00000 16,35269
e7,20% *14,3%5000 0,00000 w8, 82041 ©14,23%000 0,00000 32,695%
o10,43122 ®14,2%000 0,00000 *12,064203 *i{4,35000 0,00000 16,3%269
«8,1%%18 s16,75000 0,00000 »9,7099¢ »§6,750006 0,00000 82,09%%
oi1,164Y7 »16,73000 0,00000 ©12,61998 ®16,7%000 0,00000 16,3%5269
»9,19614 ©19,00000 0,00000 =10,5105% #19,00000 0,00000 22,69%%¢
wi,82uny wi{9,00000 0,00000 e13,13937 «19,00000 0400000 16,35260
nandaanataREGION § FLAP | DATA annsaattan
«COORBINATES OF BOUND LEG MIDPOINT eweCOOGRDINATES OF CONTROL PUINTess §,L, SWEE?P
gLty YsL(J) 8L () XeP(J) yerdd) t{44 L} PSI(J)
w1],85112 »7,00000 112826 »12,55589 ®7,00000 238477 10,6103%¢6
*12,65040 ®11,00000 12026 13,3357 »1],00000 38477 10,68036
13,2990 =14,2%000 +120820 ®14,00080 ®14,3%000 238477 10,01038
aroranak2REGION 1 FLAP 3 DATA nanapenanw
*COORDINATES OF BOUND LEG MIDPOINT oexCOCRDINAYES OF CONTROL POINTse= 8,L, SNEEP
XBL(J) YBL (J) Lt xXePed) ycrdd) Pt Pa1(J)
*13.19374 *7,00000 JOYY  =(3,57678 »7,00000 1,02932 8,63292
«13,95080 ?7,00000 1,389 sid, 34282 7,00000 1.07241 8,03292
»13,99304 o1{,00000 Jor43 814,3760¢ e{1,00000 1,02932 8,63292
o14,75908 ®11,00000 1,3%072 v15,34210 wi1,00000 1,607211 8,632%2
®14,060248 »1U,25000 70708 - 15,02%547 »34,2%000 1,02932 8,63392
®15,40849 ®14,25000 1,3%5072 o18,7915%52 =14,25000 1,07211 8,63292
ahadaaanakeREGION 2 FLAP | DATA onwrnaning
SCODRDINATES OF BOUND LED MIDPOINT weeCOORDINATES OF CONTROL POINTese B, , SWEEP
L (J) YBL(J) 28L () xeP ) Yer () ZcP(d) PIICS)
ola. 0648 #19,00000 204778 '14.00'04' *19,00000 16326 9,T4164
ALPHA KE} NFPTS KJEY TOL MJETCL NJETY NJETEL
10,000 0 4 [ § 105000 0 1 1

JET CENTERLINE DEFLECTION ANSLE LIMIT & »30,0

HALFealDTH
Sn(d)

1,25000
1,25000
1,25000
1,25000
1425000
1,25000
2,00000
2,00000
2400000
2,00000
1,85000
1,25000
1,29000
1025000
1,00000
1,00000

HALFen]DTH
LLIS )]
2,004067

2400467
1p2%9292

HALRuwIDTH
LLIT D)
2,01643
201643
2,01043
2,0164)

1,26027
1.26027

HALPoNIDTH
sn(y)
1,00060

SURFACE.
SLOPE
ALPHAL(J)

0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0.00000
0,00000
0,00000
0,00000
0,00000
0.9000¢0
0,00000
0,00000
0,00000

SURFACE
sLoPreE
ALPHAL(YS)

0,00000
0,00000
0,00000

SURFACE
sLorg
ALPHALLY)

0,00000.
0.00000
0,00000
0,00000
0,00000
0,00000

SURFACK
sLore
ALPHAL(J)

0,00000
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+ponUTIlUOD -6 sanbtd

*y o2bea (p)

NJET NCYL
1 1%

(1) JEY PARA

XCL
0,000
. 3,000
5,000
7.000
9,000
10,000
114000
11,500
12,000
12,500
13,000
14,%00
15,000
16,000
18,000

CIRCULAR JET WAKE MODDEL FOR 8aMPLE EBF CONFIGURATION ,

NP NN
26

METERS

YCL
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000

UM NCRCT
0 L]

GAMMA/V
4,0000
ICL
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000

NRRINT

wi

XQ
'!|°°00
8CL
0,000
3,000
5,000
7.000
9,000
10,000
11,000
11,500
12,000
12,%00
13,000
14,500
15,000
16,000
18,000

Yo
»i{,0000
THETA
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000

16
2,0000
A

1,000
1,000
1,200
1,400
1,600
1,700
1,800
1.850
1,900
1,950
2,000
2,150
2,800
2,300
2,500

vi/veS

0¢s)
21000

1,000
1,000
1,200
1,400
1,600
1,700
1,800
1,880
1,900
1,950
2,000
2,1%0
2,200
2,300
2,500

DSFACT
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
2,000
2,000
2,000

6,283

6,283

7,540

8,7%
10,053
10,681
11,310
11,624
11,938
12,2952
12,566
13,509
13,823
14,458
15,708



VYORTEX
NUMBER
J

OE NG WRE WA ™

VORTEX
NUMBER
J

17
18
19

VORTEX
NUMBER

20
21
22
23
4
2%

VORTEX
NUMBER
J

26

80

wknkhawnnt WING DATA Rawmawnann

wneawCONTROL PGINT COORDINATESwmee

xeP(J)

o, 19477
»9,03877
wi1,7u877
»5,08432
".616;2
'1212“9‘2
o6, 20073
»10.,36714
=7,66400
=i],29121
-8,82041
»12,00203
-9.’09’6
*12.61988
"10,5108%
*13,139%Y

YCP(J)

*1,25000
=],25000
'1.25000
©3,7%5000
OS.TSOOO
»3,75000
»7,00000
®7,00000
v$1,00000
®11,00000
oi4,25000
®14,2%000
=16,75000
®16,75000
®19,00000
©19,00000

Pt

0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0.00000
0,00000
0,00000
0,00000
0,00000

HORSESHOE VORTEX STRENGTHE FOR ALPHA &

NYIME =

10,0 DEGREES

wouEXTERNALLY INDUCED VELOCITIESwe

UEI(D)

,00343
100970
201256
400638
01481
201996
10144y
002443
201937
03409
202069
+03488
01824
02677
001480
01880

ke nankdaREGION | FLAP § DATA #*uakpwwnww

reeaeCONTROL POINT COCRDINATESewmes

XePod)

»{2,55589
=13,35517
=1y4,004%8

YCP(J)

=7,00000
=11,00000
»{4,25000

CP ()

38477
38477
.38477

VEI ()

=, 01297
'.00591
w,008424
w, 02111
v, 01481
», 00786
,03782
», 03002
0,00000
0,00000
«03878
«03§08
,02063
401138
«010%4
s00228

wEI(J)

100266
200183
+ 00087
100582
00400
000209
101801
201501
109014
« 09149
02386
101910
W00718
00396
1 002%8
400072

enaEXTERNALLY INDUCED VELOCITIESee

VELIC(d)

,03586
»2,09582
, 05181

bR ARndakaREGION | FLAP 2 DATA sanneninan
wosEXTERNALLY INDUCED VELOCITIESew

reeeaCONTROL POINTY COORDINATRSsewe

XCP(J)

“13,570678
o14,34282
w14,37606
(5 142190
et{g 02547
15, 79152

YCP(J)

»7,00000
»7,00000
w{1,00000
»11,00000
=14,25000
wi4,2%5000

CP LYY

1,02932
1,072
1,02932
1.67211)
1,0293p
1.67211

UVEICI)

04382
08121
®],96547
»},87086
100677
. 080%4

Anndnaen ke REGION 2 FLAP | DATA whanenwadn

sepanlfONTROL POINY COOROINATESwewe

XCPLJ)
®{u,60904

YCR(J)
«19,00000

LCP ()
143320

VEI(J)

=,02%014
0,00000
102375

VEI(J)

v,02219
v, 01711
0,00000
0,00000
01761
,00642

KEICJ)

001010
., 10771
01180

WEICD)

« 00538
200140
., 06417
-.02339
200526
00065

owsEXTERNALLY INDUCED VELUOCITIESwe

VEICS)
s 08041

(e) Page 5.

VEI())
», 0029}

Figure 9.- Continued.

WEI(J)
», 00068

GAMMA / y

3,u8552
1.78442

. 31417
3,639%64
1.89226

11896
3,759%0
2.,4%213
3,58566
3.18416
3,5122%
2.,28968
2,97452
1,2%389
2,08460
«6382%

GAMMA / v

1,8447S8
§,01918
1.78761

GAMMA / ¥

88186
28264
2,725%7
83326
, 79789
22293

GAMMA / vy

35480



AERNDYNAMIC LOADING RBSULTS FOR aLPHA = 10,00 DEG,

REFERENCE GUANTITIES
WING SPAN, B ARFA LENGTH
40,00000 300,00000 10,00000

SPANWISE LOAD DISTRIBUTIONS

akxdnanwnn LEFT WING PANEL

wWAN R kAR

REGION FLap CNE

LOCAL
STATION Y/(8/2) CHORD, C CNORM#C/(24B) CNORM Ca
1 ., 06250 11,0880 14232 9741 ., 0968
2 », 18730 11,0640 01709 1230 ", 139
3 =,35000 8,2528 13704 1,3285 », 1879
4 *,55000 7.2544 14825 1,5797 =, 1224
S -, 712%0 6, 44032 413033 1.6181 =, 2780
[ *,B3780 5. 8192 010819 1,4874 -, 3107
7 ,9%000 5.357¢6 0653} 9937 ®,23h0
nhataneixr REGION | FLAP | madawwkany
LOCAL
STATION Y/(8/72) CHORD, C CNORM#C/{2¢8) CNURM CA
[ *,35000 1,5000 10908 55,8178 ",6584
2 «,58000 t,%000 32688 17,4337 =5 ,2994
3 «,712%0 1,5000 12408 65,6160 ®,6557
shkhhktkhd REGINN | FLAP 2 wanaadhann
LGCAL
STATION Y/(B/72) CHORD, € CNORM*C/(248) CNORM Ca
1 -, 35000 2,0000 MLT3Y] 1.,845S =, 0140
2 «,55000 2,0000 18897 7.5588 ®,0918
3 *, 71250 2,0000 206005 2,4021 =, 0088
nanmansann REGION 2 FLAP | #awawrwads
LOCAL
STATION Y/(8/2) CHORD, C CNORMaC/(248) CNORM Ca
1 =,95000 1,1000 210306 T.49%6 «,0801%
WING ALONE FORCE AND WOMENT COEFFICIENTS
(wING COORDINATE 3YSTEM)
Chw CAw CLw Cow CHw
1,008%4 =, {8620 1,02535% w,00828 08197

INDIVIDUAL FLAP FORCE aND MOMENT COEFPFICIENTS AND LOCATIONS AT wHICH FORCES ACT

(FLAP COOMDINATE SYSTEMS = FLAP LTIES IN xF,YF PLANE)

XF (CNE) YF (CNF) CAF YF (CAF) cyr

1 ST =1,61933 “S,17774 ., 1276% »5,80908 ", 07992
2 34008 .i,38234 .u, 78196 ", 06049 .5,86013 ., 13597
1 10845 -, 87911 ., 02352 ®, 00089 ®1,00060 ., 00813

COMPLETE CONFIGURATION PUORCE AND MOMENT COEFFICIENTS
(WING COORDINATE SvY3TEM)
c

CN CaA L co [} Cb/(CLeCL)
3,19814 ,43493 3,07108 198315 v}, 80744 10424
(f) Page 6.

Figure 9.- Continued.

XFLCYF)
m2,35652
=2,80870
*1,14263

CHE
=, 04289
»y 02207
=, 0090%

8l



kkeenkakanx LEFT WING PANEL
Y/(B/2) CHORD, €

-, 060250 11,68800 X/Cn

OELTA P/Qnm

», 18750 11,06401 X/Cs

DELTA P/0Os

=,3%000 8,25281 X/Cm

DELTA P/Om

-, 55000 7.25442 x/Cs

DELTA P/Qs

w, 71250 6,44323 X/Csa

DELTA P/Qsm

-, 83750 $.,6192% X/Cs

DELTA P/0sm

=, 95000 5.85764 X/Cs

DELTA P/Qs

eaxannknete REGION | FLAP 2

Y/7(Bs2) CHORD, C
«,35000 2.,00000 X/C=
DELTA P/Qa=
55000 2,00000 x/C»
DELTA P/0Be
=, 7125%0 2,00000 X/Cs
DELTA P/G=
Ahaxnwnuik REGION 2 FLAP
Y/(Bs2) CKQORD, C
=, 85000 2.,81000 X/Cs=
DELTA P/Gnm

ITERATION I

82

A AR ARAAR

.10361 .51805
1,4243% ,89042
. 10240 51202
1,%002 1,15175
.12%00 162500
1,68456 81426
, 12500 c 62500
1,82040  1,15559
,12%00 262500
2,06625 1,11764
« 12500 162500
1,91215  1,27870
12500 162500
1,54649 J41007
ARAhA AN RN AN
12500 162500
4,01272 2,06894
12600 62500
11,18092 2,84862
, 12500 62500
5,29840 3,00024
ARA KRR A AR W
25000
14,37054

(g) Page 7.

PRESSURE DISTRIBUTIONS
DELTA P/Q

187166
1288068

80443
10,3116}

Figure 9.~ Continued.



€8

*ponuUIjuUC) ~°g aIANDTI

*g abeg (u)

WING/FLAP AMD JET INDUCED PERTURBATION VELOCITIES ON THE JET CENTERLINE

X Y
«7,00000 «1t,00000
«9,00000 *11,00000

»11,00000 »{1,00000
»12,00000 »11,00000
«{3,00000 »11,00000
»13,50000 »11,00000
®{4,00000 »41,00000
»14,50000 »11,00000
®15,00000 «11,00000
v16,50000 »13,00000
®17,00000 »31,00000
»18,00000 =11,00000
©20,00000 #11,00000
NJET NCYL NP NNUM  NCRCY
1 18 cé 0 ]
(1) JET PARAMETERS GAMMA/ZY
4,0000
XCL YClL Zct,
0,000 0,000 0,000
3,000 0,000 0,000
5,000 e, 033 «036
7,000 *. 103 .093
9,000 v, 186 094
10,000 -, 238 053
11,000 -, 314 ., 066
11,500 w364 ., 180
12,000 - 427 «, 350
12,500 »,502 e %90
13.000 v, 586 v, 878
14,%00 w, 779 1,741
15,000 », 817 »2,018
16.000 '.855 '2.“6“
18,000 «,870 «3 144

]ewwrmasce KING/FLAP wwrerncosvu]vasassnnnsevrs JET wecvornapen]

b4
2,00000
2,00000
2,00000
2,00000
2,00000
2,00000
2,00000
2,00000
2,00000
2,00000
2,00000
2,00000
2,00000

NPRINT
et

X9
'!.0000
ScL
0,000
3,000
5,001
7.00%
9,004
10,007
11,016
11,532
12,064
12,024
13,208
14,948
15,521
16,62%
18,731

U/ZVINF
« 36794
145060
57451
+ 75987
099421
1,10789
1,20740
1,279037
{,233%45
192065
183926
679018
43772

Ye
wlt,0000
THETA
0,000
0,000
2,049
1,258
-1.239
e3,388
*10,188
*15,48%
v22,098
®29,333
'!0.000
.3°|°°°
=27,92%
»22,007
.!“.4‘7

V/vINF
'.121°¢
'01263.
", 12909
v, 18227
'.19391
'.2!920
'.2032’
", 27459
.,27332
", 15655
-, 10701
o, 02482

0493Y

20
2,0000
A

1,000
1,000
1,200
1,400
1,600
1,700
1,800
1,880
1,900
1,950
2,000
2,150
2,200
2,300
2,500

W/YINF
203383
+1000%
023553
13229}
155893
AREY |
+90248
t,10489
1,32083%
1,20208
1,08944
« 86044
51506

0¢s)

U/ZVINF
=3,29939
'2.51503
w2, 45128
.2|29503
2,1533%
“2,0882(
=g, 01827
v],9516%
".55“23
ol 006494
=1,58221
wi, 38837

n, 77902

21000

DSFACY

1,000 1,000
1,000 {1,000
1,200 1,000
1,400 1,000
1,600 1,000
t.7o° ’ 1.000
1,800 1,000
1,8%0 1,000
1,900 1,000
1,950 1,000
2,000 1,000
2,1%0 1,000
2,200 2,000
2,300 2,000
2,500 2,000

V/VINF
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0400000
0.00000
0,00000
0,00000
0,00000
0,00000
0,00000

W/VINF
«0,00000
'0.00000
'°|°°°°°
*0,00000
*0,00000
»0,00000
'0.00000
=0,00000
»0,00000
'0.00000
.°|°°°°0
®0,00000
w(,00000

14
6,283
6,283
72540
8,796

10,053
10,6814
11,510
11,624 -
11,938
12,252
12,566
13,809
13,823
14,451
15,708



VORTEX
NUMBER
J

DOPNO N E -

-

- . - -
O N B W

VORTEX
NUMBER
J

17
18
19

YORTEX
NUMBER

20
2)
23

24
25

YORTEX
NUMBER
J

26

84

HORSESHOE VORTEX STRENGTHS FOR ALPHA =

ekgdhhkban WING DATA Aadwntions

seeesCONTROL POINY COORDINATESeres

10,0 CEGREES
NTIME = 2

emat XTERNALLY INDUCED VELOCITIES=w

XEP(J) YCP(J) 6P )
.y, 19477 *1,25000 0,00000
»9,03877 »1,25000 0,00000

"11,Y4977 *1,25000 0,00000
*5,08432 *3,75000 0,00000
*9.616%2 »3,75000 0.00000

*12,24932 *3,75000 0,00000
v6,264073 «7,00000 0,00000

“10,36714 ©7,00000 0,00000
»7.66400 «11,00000 0,00000

«11,29121 =11,00000 0,00000
»8,82041  =14,2%000 0,00000

*12,04203 «14,25000 0.,00000
*9,¥0996  =16,7%000 0,00000

*12,61958 =16,7%000 0,00000

®10,51085 =19,00000 0,00000

©13,1393Y  =19,00000 0,00000

UETCJ) VEI(J) WEICJ)
100362 ., 01267 ,00168
200922 ., 00811 *, 00005
+01094 *, 00374 v 00163
L00696 -, 02094 (00433
,01439 01247 00080
01689 », 00558 e, 00246
,01691 ", 03650 ,01529
,02%99 ., 02327 ,00577
$01768 », 02423 209187
,05834 », 04670 06127
,01308 .042865 ,03140
L0244 L0359 203568
,01318 .02598 L,008%8
L02088 L02171 100636
01211 01487 ,00193%
,01658 .00999 ", 00064

wnen 2 aknkREGION § FLAP { DATA Raudsunmnn

eeen=CUNTROL PUINT COORDINATESewewm

XCP(J) YCP(J) ICP ()
©12,55589 *7,00000 .38477
*13,35517  «11,00000 ,38477
®14,00458 =14,25000 ,38477

=oaE XTERNALLY INDUCED VELOCITIESes

VEL (D) VEI(J) wEICY)
03172 v, 01254 «, 00390
»1,598%7 »,03262 13272
203590 203972 03742

wkwARANARAREGION | FLAP 2 DATA sdenanvans

eveseCUNTRAUL POINT COQROINATP Semaw

XeP(J) YCP(J) ICP(J)
=13,57678 »7,00000 1.02932
v1a,34282 ®7,00000 1,6721%
»14,37606 =11,00000 1,0293¢
®15,14210 v11,00000 1,6721
=15,02547 ®14,25000 1.,02932
.15,701%2 -14,25000 {.07211

ceaEXTERNALLY INOUCED VELOCITIESe=

VEI(J) VET(J) WEI(J)
03494 ., 00522 ., 01084
08734 00270 ., 01545
.],57472 ", 06910 52610
vl 6053] ., 08602 78207
,05439 ,05847% 03535
,08059 ,06977 (0198}

kAR RARAR*AREGION 2 FLAP | DATA wéknandkny

reauelNTROL POUINT COORDINATESmrwwe

n=aE XTERNALLY INDUCED VELUCITIES»=

XCP(J) YCPCS) 2CP(J) ULI(J) VEI(J) wel(Jd)
®14,60904 »19,00000 < 14326 201898 400570 =, 00322
(i) Page 9.

Figure 9.- Continued.

GAMMA / vV

3,19879
1,58019

27465
3,31917
1,65892

,09604
3,38045
2,10381
3,09228
2.52351
2,99067
1,78692
2,57104
1,02795
1,83309

,54608

GAMMA / v

1,6571)
3,30812
1,47535

GAMMA / v

RITIT)
23489
1,63875
«33187
166700
,15669

GAMMA / v

s 5448%



AERNDYNAMIC LCADING RPSULTS FOR ALPHA 8 10,00

REFERENCE QUANTITIES
WING SPAN, B AREA LENGTH
40,00000 300,00000 10,00000

SPANWISE LDAD DISTRIBUTIONS
whkhakkha® LEFT AING PANEL Radadnswns

. LocsL
BTAYION Y/(B/72) CHORD, C  CNORMaC/(208)
1 =, 06250 11,6880 12773
2 =, 18750 11,0640 02710
3 ®,55000 8,2%28 12099
4 =,55%000 7.,2544 11770
L *,712%0 6,4u32 11873
[ «,8375%0 5,8192 09185
7 =,95000 §,2576 105699
wahhasnand REGION | FLAP | wwihadnewew
LOCAL
$TATION Y/(8/72) CHOKDs C CNORM«C/(248)
1 =,35000 1,5000 »0887¢
2 ®,55000 1,%000 218789
3 e, 712%0 1,5000 209268
cnrankedn REGION | PLAP 2 dnnnkaneny
LoecAL
8TATIUN Ystg/2) CHORDy C CNURMaC/(248)
1 =,35000 2,0000 03752
? *,55000 2,0000 10717
3 =, 71280 2,0000 0483
wrarakAnks REGINON 2 FLAR | wwkamawgnk
LOCAL
STATIUM Y/(B/2) CHORD, € CNORMAC/(248)
1 =, 95000 1,1000 «07920

wING ALONE FORCE AND MOMENY COEFFICIENTS
(wING CODNRDINATE SYSTEM)
CNw CAw CLw CDw
090399 -, 15849 91778 200090

VEG,

CNORM
L8742
11980

1,1728

1,2979

1,4370

1.2627
8872

CNORM
4,731
10,0208
4,9415

CNURM
1,5008
4,2869
1,932%

CNORM
5.7600

CMe
03470

CA
®,08453
s, 1202
#1620
*y1310
- 2113
=,237S
",1860

Ca
.,5618
=2,3514
., 4871

CA
-, n108
., 0021
w, 005}

ca
», 0755

INOCIVIDUAL FLAP FORCE AND MOMENT COEFFICIENTS AND LOCATIONS AT wHICH FORCES ACT
(FLAP COORDINATE SYSTEMS = FLAP LIES IN XF,YF PLANE)

REGION FLaP CNF XF (CNF) YF(CNF) CAF YF(CAF) CYF
t 1 45338 ~1,61431 =y ,9p4068 *, 00450 =5,62217 e,03880
1 ° e22762 =1,38178 -4,62052 »,02583 w5,59633 ., 040086
2 1 208015 v, 87449 ®,03763 *,00055 =1,00060 ®,00622
COMPLETE CONFIGURATION WORCE AND MOMENT COEFPICIENTS
(WING COOKDINATE BYSTEM)
CN Ca cL co 2 CD/{CLACL)
2,34847 31953 2,25800 « 71894 =1,19459 014093

(j) Page 10.

Figure 9.- Continued.

XFL(CYF)
=2,59432
=3,9729S
»1.15852

CHF
»,03083
®,01531
*,00682

85



98

‘panurjuo) -'¢ aanbrg

*1T 8bea ()

ahanakhnnnw LEFTY

Y/7(8/2)
*, 06250

", 18750

*,35000

,55000

-, 71250

»,83750

CHORD, €
11,68800
DELTA

11,06401
OELTA

8,2%5281
DELTA

T.2%642
DELTA

6, 44333
DELTA

5,8192}
DELTA

S, 29764
DELTA

WING PANEL

X/Cwn
P/Qs

X/Cn
P/Qn

X/Cm
P/Gw

X/Cs
P/Ge

X/Cn
p/Qs

X/Cs
P/Qn

X/C»
P/Qs

anantnexsen REGION | FLAP 2

Y/(B/2)}
,3%5000

*,55000

», 71280

CHORD, C
2,00000
DELTA

2,00000
DELTA

2,00000
DELTA

X/Cn
P/Gs

X/Ca
p/Gr

X/Cs
P/Gnm

sxakhnewen REGION 2 FLAP |

Y/(8/2)

cHORD, C
2,81000

X/Cm

DELTA P/Qm

ITERATION 2

ARRS AR AR
110361
1,30318

10240
1,41804

«12800
1,51812

12500
1,557%89

«12%00
1.,85947

12500
1,67860

12800
1,36037

T I LLLLL
13500
3,20992

12900
6,80863

12500
4,11876

LA 2 1]

25000
10,9203

25180%
2 76669

151202
97207

62500
68072

162500
285080

162%00
1.10729

1628300
199657

168500
133801

102800
1,63147

162800
1y134s2

162800
2,%52%17

PRESOURE DISTRIBUTIONS

187166
2247

286443
vB8,20738

DELTA P/Q



WING/FLAP AND JET INDUCED PERTURBATION VELOCITIES ON THE JET CENTERLINE

Iemeraren WING/FLAP menconcrre]venmsncssnnven JET evemsepgess]

*panuTluO) ~-°(0I 2aInbTI
*Z1 9@bea (7)

L8

X ¥ ? U/VINF V/VINE W/VINE U/ZYINF V/VINF K/VINP
«?,00000 @«{1,03259 1.9642% 30644 “, 11818 003673 «3,30012 v, 04212 »,088%4
*9,00000 »11,10288 1,90650 235954 e, 12186 208829 =2,82186 »,05501 w,00001

w11,00000 »11,18508 1,90817 JU2034 e, 13648 ¢19782 w2,d5782 =, 00863 » 09741
#12,00000 »it, 23844 1,94657 ,52%892  »,18539 W2470% ®2,29198 =,0766) 123019
«13,00000 w11,31361 2,06561 03780  =,20906 38907 #2,10836 =,08882 45177
»13,50000 o11,36403 2,172 00847 =,23158Y JU7S12 =2,00768 w,0940% ¢ 3784S
©14,00000 »11,42651 2,340%9 67510 =, 28194 #55711 ©1,88930 «,09748 2 71489
°{4,50000 ®}1,50249 2,%903S 85601  «,2689p s01846 »1,80118 =,09850 480475
{8,00000 »{1,58%69 2,87%(¢ (62893 e 28488 165309 wi,70644 e, 00457 186285
®16,%0000 »11,77864  3,74118 (61558  =,3253¢ W70968 «1,49820 e,00438 ' 79425
©17,00000 »1),81675 4,01791% 162981  w,33061 W 73359 #1,4292%  #,05106 72208
©18,00000 »1),85503  4,48413 2682809  -,30358 80466 #1,208627 #,03018 N TYT
=20,00000 »11,86968 S,14371 W 73837 00829 87324 #,73017 «,0098% 25037
NJET NCYL NP NNUM  NCRCT NPRINY
i 18 26 0 =0 =y
(1) JEYT PARAMETERS GAMMAZY X0 \ 1] 10 D(3)
4,0000 =p,0008 =31,0000 2,0000 .1000 _
{48 YCL 2L scL THETA A 8 DaFACT p
0,000 0,000 0,000 0,000 0,000 1,000 1,000 1,000 0,283
3,000 0,000 0,000 3,000 0,000 1,000 1,000 1,000 6,283
5,000 », 040 . 087 5,001 3,241 1,200 1.200 1,000 7,540
7,000 o, 132 . 150 7,008 2,083 1,400 1,400 1,000 8,79
9,000 »,250 YT 9,009 2,304 1,600 1,600 1,000 10,053
10,000 -, 327 069 10,018 eb, 42} 1,700 1,700 1,000 10,681
11,000 ., 432 s, 122 11,038 =15,218 1,800 1,800 1,000 11,810
11,500 ., 497 ., 284 11,568 ®#20,673 1,8%0 1,050 1,000 11,624
!2.000 .!572 '.502 12.‘!9 .ablsal 1.900 1.’00 1.000 11.9,‘
12,500 ", 65% ., 171 12,692 =30,000 1,980 1,9%0 1,000 12,252
13,000 v Td4 ®],060 13,277  *30,000 2,000 2,000 1,000 12,866
14,%00 1,039 »1,926 15,034 *30,000 2,150 2,150 1,000 13,509
15,000 1,148 w2, 214 15,620 ®30,000 2,000 2,200 2,000 15,823
16,000 w],387 2,792 16,794 30,000 2,300 2,300 2,000 14,4510
18,000 »i,%64 I 19,113 «30,000 2,500 2,500 2,000 15,700
wxke  NO CONVBRGENCE AFTER 2 ITERATIONS 0L & L0800 DEL = ,3605 wswe



88

9L6T ‘Aa18ueT-ySVYN

9042-4D

spapnTouo)d -1 2InbTd

*¢T obeg (w)

X
*16,00000
®46,00000
e16,00000
»i6,00000

INDUCED VELOCITIES AT SPECIPIED FIELD POINTS

Y
#11,00000
»11,00000
*11,00000
e{1,00000

z
0,00000
2,00000
4,00000
6,00000

Ivaweswas WING/FLAP senmpnuarven]nuw WING/FLAPSJET¢VINF enaene]l
PERTURBATION VELOCITIES

U/VINF
244147
102041
54993
» 37314

V/VINF
2« 00802
s, 1@418
'.1‘1.’
. 12040

W/VINF
+58849
+ 70560
61534
040693

U/ZVINF
. 68550
!2.00821
e1,98081
o, 47428

V/VINF
», 08413
v, 22%07
v, 23167
..1507.

wW/VINE
w176
1,48965
1:346%0
v 32487



