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NOMENCLATURE

Coefficients of free boundary equation
Limits of integration

Aspect ratio

Factor in drag formula

Speed of sound

Slope

Drag coefficient

Wave drag coefficient

Lift coefficient

Pressure coefficient

Free surface of wing

Fixed underlying surface

Reduced potential

Mesh size

Indices

Mach number

Speed

Prescribed speed

Free boundary formula

Radius

Coordinate in the direction of flow
Velocity components

Rectangular coordinates

Mapped coordinates

Assigned values of ¢

Scale factor in boundary condition
Gas constant

Velocity potential

Stream function



SUMMARY

An inverse swept wing code is described that is based on
the widely used transonic flow program FLO22., The new code
incorporates a free boundary algorithm permitting the pressure
distribution to be prescribed over a portion of the wing surface.
A special routine is included to calculate the wave drag, which
can be minimized in its dependence on the pressure distribution.
An alternate formulation of the boundary condition at infinity
has been introduced to enhance the speed and accuracy of the
code. A FORTRAN listing of the code and a listing of a sample
run are presented. There is also a user's manual as well as
glossaries of input and output parameters.

INTRODUCTION

After much controversy about shockless airfoils in the
theory of transonic flow, experimental work has established that
wings can be constructed to virtually eliminate wave drag over a
practical range of supercritical speeds. Computational fluid
dynamics has become a primary tool for the design and analysis
of these supercritical wings. More specifically, computer codes
developed at NYU to calculate transonic flow in both two and
three dimensions have become widely accepted by the aircraft
industry. It is our purpose here to describe and list the latest
of these codes, which serves to redesign a swept wing by select-
ing its pressure distribution so that the wave drag is minimized
at a fixed speed and angle of attack.

Perhaps the best way to design shockless airfoils in two-
dimensional transonic flow is to use the hodograph transformation
in combination with analytic continuation into the complex
domain {[1,3]. Most analysis codes, on the other hand, depend on
an introduction of artificial wviscosity and artificial time that
is motivated by the retarded difference scheme of Murman and Cole
[9]1. The method of artificial viscosity can also be applied to
the design problem, for which it is especially helpful in three
dimensions [6,7]. An approach of this kind has been adopted in
developing the inverse swept wing code we are now concerned with.
Our procedure has been to modify the FL0O22 code of Jameson and
Caughey, which is in turn based on an earlier oblique wing code
for the calculation of transonic flow in three dimensions [2,8].

In the next section of the report we shall review theoreti-
cal aspects of the transonics codes that are either somewhat
controversial or have not been well publicized elsewhere.



Indications will be given of how the basic method can be general-
ized; but detailed treatments of more complicated problems, such
as the three-dimensional flow through a cascade of compressor
blades, will be left to other publications. An example of a
supercritical swept wing that has been redesigned by applying
the new three-dimensional code will be discussed. Both computa-
tional and physical properties of the example will be emphasized.
Then a detailed description of the code will be presented that
can serve as a user's manual. The final sections of the report
are devoted to the listing of a sample run for the supercritical
wing just referred to and to a listing of the code, with comment
cards.

MATHEMATICAL BACKGROUND

The transonic flow around airfoils and wings is usually
calculated by considering a velocity potential ¢ that satisfies
the second order quasilinear partial differential equation

(c2-u2)¢xx+ (c2—V2)¢Y + (c2-w2)¢zz- 2uvé, - 2vwo, - 2wap, = 0 ,

Y

where u=¢_ ,v=¢_ andw = 9¢ are the velocity components
and ¢ is the“speed of sound “defined by Bernoulli's law

2 2 2 2
u +v +w C _
+ Y=T = const.

A Neumann problem for ¢ is specified by setting its normal deriv-
ative equal to zero at. the wing and prescribing its asymptotic
behavior at infinity. Finite difference schemes that capture
weak shock waves effectively are arrived at by adding an artifi-
cial viscosity term to the equation for ¢. This term is obtained
by retarding difference approximations to second derivatives in
the direction of the flow, which does not alter the boundary
condition at the wing. Iterative methods to solve the difference
equations for ¢ are found by introducing artificially time-
dependent terms that force decay to a steady state [2].

An objection can be made to use of the velocity potential
because that presumes constant entropyv, whereas the wave drag,
which is of primary interest, has the same order of magnitude
as the jump in entropy across shocks, to which it can even be
attributed. However, we have been able to develop an expression
for the wave drag in terms of the velocity potential that is
accurate to lowest order for weak normal shock waves [6]. This
is important because there are ambiguities in determining a
steady state solution of the Euler equations that are perhaps



best overcome by the assumption of irrotationality that charac-
terizes potential flow. More general steady solutions may :
include vortices such as those that occur in models of the wake.
Therefore some hypothesis must be made to ensure uniqueness of
the flow.

In two dimensions another possibility for handling the
Euler eguations is to introduce the stream function ¥ as an
independent variable and to calculate the flow by solving a
partial differential equation for the ordinate y as a function

Y = Y(X,¢)

of x and ¥. This is equivalent to making the topological assump-
tion that each vertical line intersects each streamline just
once, which does eliminate vortices. But it is awkward to
formulate the laws of conservation of momentum in a fashion
convenient for numerical computation of the unknown y. Further-
more, experience with analogous problems in the calculations of
magnetohydrodynamic equilibrium shows that existence as well

as uniqueness becomes questionable for steady solutions of the
Euler equations in three dimensions. The analogy is based on
letting the velocity, the vorticity and the Bernoulli constant
for incompressible flow correspond respectively to the magnetic
field, the current density and the pressure in magnetohydro-
dynamics [5].

How the wave drag may be represented in terms of the velocity
potential ¢ is most readily understood by studying a model problem
for one-dimensional flow. Application of the retarded difference
scheme of Murman and Cole to the small disturbance equation for ¢
leads us to consider the ordinary differential equation

1 1921, = nimax(e, 006 1

describing conservation of mass, where h is a positive mesh size
parameter multiplving a term on the right that we conceive of as
artificial viscosity. The flow is said to be supersonic when

¢x > 0 and subsonic when ¢_ < 0. If appropriate boundary condi-
tions of the form X

¢(a) = 0l'l ’ $(b) = az ’ ¢X(a) =C >0

are imposed at the ends of the interval [a,bl, a unique solution
is found that approaches a pair of intersecting lines with the
opposite slopes C and -C as h »-_0. The intersection of the lines
is a shock wave across which ¢x remains continuous [2].



Multiplying by ¢X on both sides of the ordinary differen-
tial equation for ¢ , we obtain an analogue

3

31, = himax(¢y,000_9 1 - h max(¢_,0062

1
3 [¢ XX’ X

of the law of conservation of momentum. Integration by parts
and passage to the limit as h - 0 yields the entropy ineguality

2 3 _ 1 31 3
b
s 2
= ii? h f max(¢x,0)¢xx dx < 0 .

This not only establishes the necessity of the requirement C > 0
in our model problem, but also suggests that the integral on the
right is a legitimate measure of both the wave drag and the jump
in entropy. A similar argument has been used to represent the
wave drag as a volume integral involving ¢ for potential flow in
both two and three dimensions [6,7]. The resulting formula has
been implemented in our swept wing code and enables us to plot
shock waves in a fashion indicating the amount of drag associated
with them.

It is important to realize that the integrand in the volume
integral for the wave drag depends in a subtle way on the form
of the artificial viscosity used to calculate ¢. To understand
why this should be so one has only to alter the artificial
viscosity on the right in the ordinary differential equation
given above for ¢ to obtain

¢ ¢ =h¢

X XX XXX

instead. The same solution as before is found in the limit as
h + 0. The resulting entropy inequality

b
- % C3 = - 1lim h f ¢
h-+0

2

<% dx < 0

remains unaltered except that there is a change in the integrand
on the right. Thus the integral representing the wave drag is
seen to have the same value it had before, but the way in which
the shock wave is smeared when h > 0 becomes significantly dif=
ferent.

Another issue that arises in the computation of transonic

flow around airfoils and wings is whether or not to put the
finite difference equations in conservation form. Strictly
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speaking this must be done to approximate the shock conditions
accurately. However, boundary layer-shock wave interaction
and, more specifically, the pressure recovery at the foot of a
normal shock wave are poorly modeled by the conservation form
of the equation for ¢. This seems to be due to a term in the
artificial viscosity that can be eliminated by reverting to a
simpler difference scheme that is closely related to the
original method of Murman and Cole. We have chosen to retain
such a nonconservative scheme in the swept wing code listed in
this report. However, it is not difficult to modify the code
so as to bring the equation for ¢ into the mathematically more
correct conservation form.

For the model problem of one~dimensional flow the artificial
viscosity in conservation form is

hi¢ 6. 1. =h ¢.6___ + h ¢2

X XXX X' XXX xx !

whereas the nonconservative version is just h ¢49y4ys . The
difference between these two viscosities is a positive term h¢%x
referred to above that represents mass generated by shock waves.
For the full transonic flow problem the analogous guantity may
contribute significantly to truncation error in supersonic
regions where no shocks occur. Its omission from the nonconserva-
tive scheme adopted in the swept wing code therefore has
the advantage of improving accuracy to a certain extent on the
crude meshes that one must resort to for a three-dimensional
calculation of this kind. Moreover, the nonconservative scheme
seems especially appropriate for flows that are designed to be
shockless anyway.

Our principal concern is the inverse problem of shaping a
swept wing so that its pressure distribution may be prescribed.
More specifically, we wish to choose the surface y = f(x,2z) of
the wing so that the square of the speed g assumes given values
dg(x,z)4. This requirement yields a free boundary condition

Q(f,fx,fz) = qo(x,z)2 - q2 =0

which we may view as a partial differential equation of the first
order for the unknown function f. In the implementation of the
computer code X, y and z are taken to be sheared parabolic
coordinates such that the surface of the wing lies near the
plane v = 0 and the flow is restricted to the half-plane y > 0.
Problems with closure are circumvented by introducing a fixed
surface y = fo(x,z) and imposing the constraint f > f0 , which

5



asserts that the wing must enclose a specified inner structure.
The free boundary condition is only supposed to be fulfilled

at points where £ > £,. Difficulties in locating stagnation
at the leading edge or with closure at the trailing edge are
avoided by choosing the assigned speed g; so that it decays
rapidly there and makes f = f4 outside a range in the middle

of the wing where the free boundary condition becomes operative.

The free boundary problem we have formulated seems to be
well posed even in the case of transonic flow, but hanging
shocks tend to appear above the wing even when the prescribed
pressure distribution is smooth at the surface. An iterative
scheme to solve the free boundary problem numerically is arrived
at by letting the free surface function f vary suitably with
the artificial time parameter t of the transonic flow calcula-
tion. The motion of the free surface is defined by regquiring
that a partial differential equation of the form

ajfee taf =0+ 339 % * 24% O,

be satisfied at points where f > f5. The coefficients a. are
adjusted to achieve convergence of the method. An analogue of
the Lax-Wendroff finite difference scheme is used for the
computation of f. Precisely how this is accomplished is a
more subtle matter concerning which the reader is referred to
the listing of the code.

To eliminate shock waves on a swept wing at given speed
and angle of attack it does not suffice just to prescribe the
pressure smoothly. Experience with shockless airfoils designed
by the hodograph method suggests that to suppress shocks the
pressure distribution ought to be peaky at the front of the
supersonic zone. We have incorporated in the code an exponen-—
tial spline routine that generates desirable distributions of
speed depending on relatively few free parameters [7]. There
is also an option that enables one to choose the prescribed
distribution so as to minimize the wave drag. The -code can be
used to design swept wings that achieve virtually shockless
transonic flow at a specified condition. While this requires
some skill because the problem of design is far from easy in
practice, the code does seem to be robust and is capable of
delivering meaningful results for a relatively modest expenditure
of computational resources.

The speed and performance of the code have been improved
by vectorization and by modifying the boundary condition at
infinity. The new boundary condition is imposed on a control
surface at some distance from the wing. It asserts that the
reduced potential should decay at a specified rate as its
argument approaches infinity. This is equivalent to a linear
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combination of homogeneous Dirichlet and Neumann conditions on
the control surface. The precise rate of decay has been
adjusted semi-empirically to give optimal results.

The computational methods used to develop the inverse
swept wing code can be applied to a variety of harder problems.
Of particular interest are the flow past propellers or through
cascades of compressor blades and the flow around airplane
configurations that include a fuselage or engine nacelles.

The most crucial issue is how to treat complicated geometries
in space of three dimensions. While the question of adequate
coordinate generation remains a challenge, it would appear that
the difficulties associated with transonic flow are now well

in hand. It may also be worth inquiring whether less directly
related problems, such as that of ship wave resistance, might
be attacked successfully by similar techniques of computational
fluid dynamics.

DESIGN OF A STANDARD SUPERCRITICAL WING

Codes for the analysis of transonic flow around given
bodies have been used quite successfully to simulate wind
tunnel measurements, especially in the case of two-dimensional
motion. The agreement between computed and experimental data
is usually excellent, and the calculated results are obtained
more quickly and sometimes more cheaply. In Fig. 1 we display
a typical comparison of theoretical estimates of the drag
coefficient Cp with experimental measurements that shows how
well the new formula for the wave drag we have described works
in practice for two-dimensional £flow.

Design codes have been received less enthusiastically by
the engineering community. They leave more choices up to the
user, and the outcome of the computations may be less tangible.
In this section we present an example of a supercritical wing
that has been redesigned through an application of the inverse
swept wing code. The results serve primarily as a sample run
to illustrate how the code works, but they are also not without
physical interest despite the crudeness of the mesh that is used.

It is best to construct the swept wing from a supercritical
airfoil to begin with. PFor this purpose we have chosen a 13%
thick airfoil that is shockless at free stream Mach number
M = 0.75 and 1ift coefficient C; = 0.54. The wing is swept
back through an angle of 30° and has aspect ratio A = 3.8.

To redesign the wing, which has noticeable shocks near the
wall, a typically shockless pressure distribution has been
prescribed. It is specified in vertical sections by exponential



splines defined over three adjacent intervals. Optimization
was used to select peak values of the pressure so that the
wave drag became a minimum at the design condition of free
stream Mach number M = 0.83 and 1lift coefficient C; = 0.41.
This reduced the wave drag coefficient'CDW from 0.0028 to
0.0008 and softened the shock waves perceptibly.

Fig. 2 shows how the plot routine of the code displays
the results of an analysis calculation for our wing, and Fig. 3
shows corresponding data after the design run. Five sections
of the wing are seen on the right, and corresponding distribu-
tions of the pressure coefficient Cp over the upper surface
are seen on the left. Shock waves are plotted above the wing
with a thickness indicative of the wave drag associated with
them. The detailed input and output of the design run are
listed in the report. The mesh consisted of 128X 10X 12 points,
and 100 iterations were performed to achieve acceptable conver-
gence. This took 10 minutes of machine time on the CDC 6600
computer.

DESCRIPTION OF THE CODE

The NYU inverse swept wing code can be used for both
analysis and design of a swept wing. 1In the design mode an
option is available which invokes an optimizer (Harwell Mathe-
matical Subroutine Library, AERE, England) to minimize the wave
drag.

The analysis mode is like FLO022, which calculates the
transonic flow past a given swept wing [8]. For analysis, data
for the code is input on cards and stored on Tape 5 or read
directly into Tape 5. The input consists of computation param-
eters, wing geometry, and physical specification of the flow.
The resulting information is stored onTape 7. This file can be
saved and is used to initialize the computation if a wing is
to be designed.

In the analysis mode the principal difference between the
NYU inverse swept wing code and FL0O22 is the introduction of a
new boundary condition at infinity for the reduced potential G.
This condition is imposed on an outer control surface and it
improves the speed and accuracy of the computation. It has
the form

Gyyp = (1 =BGy,

where the index j+1 refers to a ghost point just outside the
computational domain. The positive parameter B is scaled so
that the requirement models a mixed Dirichlet and Neumann

8



condition

+=G=0

H [

b

that serves to annihilate the leading term l1l/r of a hypothetical
expansion of G in spherical harmonics. In practice B has been
chosen semi-empirically to give optimal resolution. The new
boundary condition provides a more effective way of asserting
that G decays at infinity [4,7].

In the design mode the surface of a given wing is modified
so that a prescribed Mach number distribution is assumed over a
portion of the wing. The optimization package attempts to
minimize the wave drag by changing the Mach number distribution
systematically. The wave drag is computed using a formula that
has been discussed in the section on mathematical background.

More pﬁecisely, the factor ¢y occurring there is replaced
by a term M“-1 involving the Mach number M, and the derivative
¢yx is replaced by a second derivative ¢gg in the direction of
the flow. This results in an expression of the form

c = ) an4 max(M2-1,0) ¢§s

DW

for the wave drag coefficient Cpy, where the summation is extended
over all mesh points and A is a factor determined by the finite
difference equations that are used. Contributions from rarefac-
tion waves are automatically excluded by the code.

To modify a given wing in the design mode, an analysis run
for the unmodified, or baseline, wing is made to assess the
characteristics of the flow field. The resulting speed distri-
bution is examined and used to construct a more desirable distri-
bution. The new distribution is input to the code on Tape 9.

An exponential spline routine in the code calculates the desired
distribution based on the input. This should have approximately
the same spanwise distribution of 1ift as the original wing.

It should be smooth throughout the supersonic zone, but may be
peaky near the leading edge. In addition to the design distri-
bution, a wing surface is prescribed that is identical to the
original baseline wing near the leading and trailing edges but
may be slightly thinner near the middle of each spanwise chord.
The design scheme adds material to this underlying shape to fill
in the thinned areas in a manner consistent with the assigned
speed distribution. The thinning is done by introducing a groove.
The parameters defining the shape of the groove are input to
the code on Tape 9. To avoid difficulties with trailing edge



closure and maintenance of thickness-to-chord ratio, the surface
modifications are made on a region of the upper surface that
excludes the leading and trailing edges.

The computational domain has been obtained by applying a
square root transformation to the physical domain that results
in a representation Y = S0(X,Z) of the wing as a shallow bump
lying above the (X,2)-plane. The wing surface is changed
iteratively, starting from the original shape as an initial
guess. At each step one or more cycles of line relaxation are
done in the standard analysis mode. The resulting speed distri-
bution is compared with the desired distribution. Surface
modifications are made that depend on the difference between
the two distributions. If the modifications cause the computed
surface to fall below the prescribed underlying surface
Y = SOPRE(X,Z), then the computed surface is replaced by
SOPRE(X,2) at such points. The procedure is repeated with more
line relaxations until the computed and assigned distributions
agree. The surface modifications are determined from a first
order partial differential equation that has been discussed
earlier. Parameters controlling the scheme are discussed in
the glossary. Assigning unrealistically low velocities near
the leading and trailing edges serves to drive the computed
surface onto the prescribed surface, which provides trailing
edge closure and leaves the nose unaffected.

The design distribution is defined by two or more section
Mach number distributions. Linear interpolation is used to
specify the values elsewhere. The section speed distributions
are assigned over the computational domain. For a fixed cross
section Z the lower trailing edge appears on the extreme left,
the leading edge appears near the center and has the largest
values of SO, and the upper trailing edge appears on the extreme
right.

The section distributions are defined by specifying input
speeds Q1, Q2, Q3 and Q4 at fractions PCQl, PCQ2, PCQO3 and
PCQ4 = 1 of the local chord and by interpolating in between
with an exponential spline. The spline has free parameters
that can be adjusted to prevent unwanted oscillations that would
occur if cubic splines were used. In addition, a weighting
parameter gives sagging curvature to the distribution so that
two-dimensional shockless distributions can be simulated.

The value Q01 at the nose should be set so that the result-
ing distribution lies below the initjal analysis distribution
along the lower surface and leading edge regions. Similarly,
the value of Q4, the speed at the trailing edge, should be lower
than the corresponding value computed in the analysis run. The
two intermediate values, 02 and Q3, define the size of the
supersonic 2zone and the section lift. The prescribed wing
surface can be thinned out near the supersonic zone by removing
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material smoothly to produce a slight groove. The depth and
extent of the groove are determined by the three parameters
DSURF, PCS1l and PCS2.

When the optimization routine is used a sequence of
calculations is performed in the inverse mode to determine
the gradient of the wave drag with respect to the assigned Mach
numbers that define the design distribution. After the gradient
is obtained, a line search of five steps is performed to mini-
mize the drag. This procedure can be adjusted by changing the
parameters that appear in subroutines OPT and VATIOA.

The graphic output is produced in subroutines THREED and
DRAGC and at the end of the main routine FL22INV. These programs
have been written for the CDC 6600 at the Courant Institute
of Mathematical Sciences and should be replaced by the plotting
routines used at local installations or by dummy subroutines
with the same names so that runs can be made without graphics.

Output appears in both printed and graphical form. All
the input data is immediately printed as output so that it is
easy to check the accuracy of the input.

At the beginning the coordinates defining the first span
station are printed. If all the sections are similar only the
coordinates of the leading edge, the chord and the twist are
printed at the other stations. If the sections are different
then the corresponding input profiles will be printed. The
program prints the coordinates of the unfolded sections produced
by the square root transformation at the root and the tip.

A two-dimensional chart of the plane Y = 0 is printed giving
values of an indicator IV which shows the properties of points
in this coordinate surface. IV = 2 specifies a point on the
wing; IV = 1 specifies a point on the trailing vortex sheet;

IV = 0 specifies a point on the singular line X = 0; IV = -1
specifies a point adjacent to the wing or vortex sheet; and
IV = -2 specifies a point beyond the wing or vortex sheet.

The iteration history is printed next. The maximum correc-
tion to the velocity potential and the maximum residual of the
difference equations together with its i,j,k location are
printed at every cycle. For an analysis run the 1lift coeffi-
cient CL, the wave drag coefficient CDW, two relaxation factors
P10 and P20, a convergence factor BETA, and the number of
supersonic points are printed at every iteration. For a design
run, in addition to the correction and residual, the average
difference between the computed and desired speeds and the
corresponding maximum difference together with its i,k location
are printed. The iteration cycles terminate after a given
number of iterations or after a convergence criterion has been
satisfied. A chart is then printed of the wave drag at the
grid points (X,Z) of the wing surface. Supersonic points are

11



indicated by drag numbers IDRAG > 0 and subsonic points are
indicated by -1.

After this, results for each span section are displayed.
The section 1lift, drag and moment coefficients are printed.
For an analysis run the mapped wing surface and the Mach
number distribution are displayed as a printer plot. For a
design run, the prescribed surface and the computed surface
are shown. The prescribed and computed Mach number distribu-
tions along the chord are shown for each span section. There
are also Calcomp plots. The upper surface pressure distribu-
tion at each span section and the corresponding wing sections
with markings that indicate the wave drag on shocks are plotted.
In an analysis run the same plots occur for each mesh refinement.

The final printed results are the characteristics of the
wing as a whole. These include the coefficients of 1ift, form
drag, friction drag, total drag, the ratios of 1lift to form
drag and 1lift to total drag, the pitching, rolling and yawing
moments, and the wave drag.

For an analysis run, the program repeats the same sequence
of calculations and output on successively refined meshes.

GLOSSARIES

The input files consist of sequences of pairs of cards.
The first card of each pair gives the names of the parameters
that appear on the data card that follows. Each data card
contains up to eight parameters with 10 columns provided for
each. The first input file described is needed for both analysis
and design. If the code is used for analysis we are concerned
with Tape 5 only and Card Pair 3 below does not exist. The
input parameters are given in the order of their appearance on
the input file. The input data is given in floating point
format. The integer parameters are converted to integers in
the code.

Glossary of Tape 5 Parameters

Card Pair 1:

NX The number of mesh intervals in the direction
of the chord. NX = 0 causes termination of the
computation.

NY The number of mesh intervals in the direction

normal to the chord and span.

12



NZ

FPLOT

XSCAL, PSCAL

FCONT

FSWEEP

Card Pair 2:

MIT

cov

P10

The number of mesh intervals in the span
direction.

Controls the plots.

FPLOT = 0. produces a print plot but no
Calcomp plot.

FPLOT > 1. produces a print plot and a
Calcomp plot.

These control the scales of the Calcomp plots.
XSCAL = 0. scales each section plot to 5.

PSCAL = 0. scales the pressure plots to 1. per
inch.

Determines the manner of starting the program.

FCONT = 0. begins the calculation at itera-
tion zero.

FCONT = 1. continues the calculation from a
previous calculation. For a design run the
flow data (velocity potential and circulation)
from an analysis run are read in on Tape 7 and
used for initialization. The iteration count
starts from zero for a design run.

An indicator which selects the subroutine YSWEEP
used to solve the finite difference equations
for the reduced potential G.

FSWEEP = 0. selects a vectorized YSWEEP
subroutine.

FSWEEP = 1, selects an unvectorized YSWEEP
subroutine.

The maximum number of iteration cycles which
will be computed.

The desired accuracy. If the maximum correc-
tion is less than COV the calculation terminates
or proceeds to a finer mesh.

The subsonic relaxation factor for the velocity
potential. Pl0 lies between 1. and 2. and
should be increased linearly toward 2. with mesh
refinement.

13



P20

P30

BETA

FHALF

NDES

Card Pair 3:

TSTEP

FOO

F10

14

The supersonic relaxation factor for the
velocity potential.

P20 < 1. Recommended value 1.

The relaxation factor for the circulation.

Recommended value 1.

The damping factor which controls the amount
of added ¢4+ . Recommended value between 0.
and 0.25.

Determines whether the mesh will be refined.

FHALF = 0. terminates the computation after
MIT iterations or after convergence.

FHALF # 0. halves the mesh after MIT cycles
have been run on the crude mesh. An additional
Card Pair 2 is required for each mesh refine-
ment. The value FHALF = 0. appears on the last
mesh refinement card.

Gives the number of surface modifications to be
calculated.

NDES < 0. calls for an analysis run.

NDES > 0. makes a design calculation with NDES
surface modifications. MIT cycles of line
relaxation are performed after each surface
modification. No mesh refinements are made
after the NDES cycles are completed. MIT = 1.
with NDES > 100.- is recommended. If NDES > 0.
an additional Card Pair 3 is needed at this
point.

TSTEP times the mesh increment in the X direc-
tion is the time step defining the free boundary
iteration. The recommended value is 0.03.

The coefficient multiplving the first order time
derivative in the free boundary equation. This
term dominates for subsonic flow. Recommended
value F00 = 0.16.

The coefficient of the second derivative with
respect to time and the X coordinate in the
free boundary equation. This term controls
convergence for supersonic flow. Recommended
value F10 = -1,



FoOPT

Card Pair 4:

FMACH
YAW
ALPHA
CDO

Card Pair 5:

ZSYM

NC

SWEEP1

SWEEP2

SWEEP3

DIHED1

DIHED2

DIHED

FOPT < 0. indicates a regular inverse run.
FOPT > 0. invokes the optimization procedure.

The free stream Mach number.
The vaw angle of the wing in degrees.
The angle of attack in degrees.

The estimated drag due to skin friction.
This can be read in and added to the drag
calculated by the program to give the total
drag.

Indicates whether an isolated wing or a wing on
a wall is being considered.

ZSYM = 0. specifies an isolated wing at a
prescribed vaw angle; obsolescent.

ZSYM = 1. specifies a swept wing on a wall.

The number of span stations from the wing root
to the tip at which the wing section is defined
if ZSYM = 1. For ZSYM = 0. the span stations
are distributed from the leading to the trail-
ing tip. The wing sections are each defined
on subsequent cards.

Sweep of the singular line at the wing root
if ZSYM = 1. or at the leading tip if ZSYM = 0.

Sweep of the singular line at the tip. SWEEP1
and SWEEP2 are used as the end conditions for
the spline fit for the X coordinates of the
singular line.

Sweep of the singular line in the far field.

Dihedral angle of the singular line at the wing
root if ZSYM = 1. or at the leading tip if
ZSYM = 0,

Dihedral angle of the singular line at the
wing tip. DIHED1 and DIHED2 are used as the
end conditions for the spline fit of the

Y coordinates of the singular line.

Dihedral angle of the singular line in the far
field.

15



Card Pair 6:
A
XLE, YLE

CHORD

THICK

ALPHA

FSEC

Card Pair 7:

YSYM

NU

NL

Card Pair 8:

TRAIL

16

Span location of the section.
X and Y coordinates of the leading edge.

The local chord value by which the profile
coordinates are scaled.

Modifies the section thickness. The Y
coordinates are multiplied by THICK.

The angle through which a section is rotated to
introduce twist.

Indicates whether or not the geometry for a new
profile is supplied.

FSEC = 0. means the section is obtained by
scaling the profile used at the previous span
section according to the parameters CHORD,
THICK, and ALPHA. No further cards are read
for this span station and the next card is the
title card for the next span station, if any.

FSEC = 1. means the coordinates for a new
profile are to be read from the data cards
that follow.

Indicates the type or profile.

YSYM = 0. means the data supplied are for a
cambered profile. Coordinates are given for
the upper and lower surfaces, each ordered
from nose to tail with the leading edge
included in both surfaces.

YSYM = 1, means the data supplied are for a
symmetric profile. A table of coordinates is
read in for the upper surface only.

The number of upper surface coordinates.

The number of lower surface coordinates. For
YSYM = 1., NL = NU.

The included angle at the trailing edge in
degrees. If the profile is open then TRAIL is
the difference between the upper and lower
trailing edge angles.



SLOPT The slope of the mean camber line at the
trailing edge. This is used to continue
the coordinate surface, assumed to contain
the vortex sheet, smoothly off the trailing
edge.

XSING, YSING The coordinates of the singular point inside
the nose about which the square root trans-
formation is applied to generate parabolic
coordinates. This point should be located as
symmetrically as possible between the upper
and lower surfaces at a distance from the nose
roughly proportional to the leading edge
radius. The coordinates of the mapped profile
in the output will show if this point has
been located correctly. The coordinates of
the singular point are chosen relative to the
profile coordinates supplied in the cards which

follow.
Card Pair 9: (Upper surface coordinates.)
X, ¥ The coordinates of the upper surface. They

appear, a pair on each card, from leading edge
to trailing edge. The format is (2F10.6).

Card Pair 10: (Lower surface coordinates.)

X, ¥ The coordinates of the lower surface from lead-
ing edge to trailing edge. The leading edge
point of the upper surface is the same as the
leading edge point of the lower surface. The
trailing edge points are different if the
profile has an open tail.

Card Pairs 11,12,...: (Geometry at other span stations.)

These cards are like Card Pair 6, which defines
Z, XLE, YLE, CHORD, THICK, ALPHA and FSEC for
each section. The number of such cards depends
on the number of span stations, NC. If FSEC = 0.
new coordinates X,Y are not needed to define the
profile.

The last card pair:

The card which terminates the run is a repeat
of Card Pair 1 with all the data set egual to
zZero.

17



Card Pair 1l:

NQSTA

Card Pair 2:

ZOSTA

PCQ1

PCQ2

PCQ3

0l

Q2

Q3

Q4

card Pair 3:

PCsSl

PCS2

DSURF

18

Glossary of Tape 9 Parameters

The number of span stations at which the
design distribution is defined from wing root
to tip.

(Card Pairs 2 and 3 are repeated NQSTA times.)

The 2 coordinate of the span section at which
the design distribution is given.

The location of the first specified value Q1
of the speed, expressed as a fraction of the
local choxd.

Location of the second specified value Q2.

ILocation of the third specified value Q3.

(PCQ4 = 1 because the speed Q4 is always
prescribed at the trailing edge.)

The first prescribed Mach number near the
leading edge used in spline fitting the design
distribution at each section.

The prescribed Mach number near the front of
the supersonic zone.

The prescribed Mach number near the rear of
the supersonic zone.

The prescribed Mach number at the trailing edge.

(These parameters are used to define the groove
for each span station.)

Location of the left edge of the groove
expressed as a fraction of the local chord.
The groove is assumed to be on the upper surface.

Location of the right edge of the groove
expressed as a fraction of the local chord.

The maximum depth of the groove expressed in
units used in the computational domain.
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1. Theoretical and experimental drag rise curves.
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UPPER SURFARCE PRESSURE WING AND SHOCKS

M= .83, CL = .37, CDW = .0028, A = 3.8

Fig. 2. Calcomp plot for analysis run preceding design.
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Fig. 3. Calcomp plot for the sample design run.
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FNX FNY
«12B00E+03 «10000E+02
XSCAL PSCAL
«56000E+01  =,50000E+00
FIT(NM) COVO (NM)
«10000E+01 +10000£-06
P3O(NM) BETAO(NM)
»10000E+01
TSTEP FOO
«30000E-01 «16000E+00
FOPT
0.
FMACH YA
«83000E+00 0.
ZSYM FNC
«10000E+01 «60000E+01
SWEEP DIHED1
.30000E+02 O,
ZS(K) XL
0. 0.
CHORD THICK
«67370E+00
YSYM FNU
0. «47000E+02
TRL SLT
«1577€401 -.1000E+00

LISTING OF A SAMPLE RUN

FNZ

+12000E+02

FCONT

P1O(NM)
«17200E+01

FHALF (NM)

«10GO0E+00 0.

F10
-«1G000E+01

AL

«10000E+01

SWEEP1
+30000E+02

DIHED¢
O.

YL
C.

AL

+10000E+01 0.

FNL
«35000E+02

XSING
+1000E-01

«10000E+01

FPLAT

O.

FSWEEP

«10000E+01

P20 (NM)
«10000E+01

FDES(NM)
«10000E+03

F11l

C.

]
O.

SWEEP2
«30000E+02

DIHED
O.

FSEC
0.

YSING
+1403E-01

23



UPPER SURFACE

XP(I)

~+28010E-02

«46130E-02
«19370E-01
e 26231E-01
«35059€-01
e45415E-01
.«57105E-01
«69832E-01
«83659E-01
«98782E-01
«11506E+00
«13213E+00
e1499QE+00
«16893E+00
«18896E+00
«20982E+00
023146E+00
«25400E+00
e 2TT23E+G0
«3G076E+00
«32450E+00
«34853E+4+00
«3T262E+00
«39645E+00
«41996E+00
«44315E+00
«46569E+400
«48715E+00
«e50725E+00
«52567E+0C
«94206E+00
«55629E+00
«96854E+00
«57908E+00
«H8821E+00
«59637E+00
«60433E+00
«61266E+00
«67205E+400
e 73993E+00
«80171E+0Q0
«86178E+00
«91109E+00
«95185E+00
«97857E+00
+99411E+00
«99673E+00

24

YP(I)
v 22664E-01
«35103E-01
«46090E-01
+49082E-01
«52122E~01
«54992E-01
«57681E-01
+60167E-01
6249701
64716E£-01
«66806E-01
«68731E~01
« 70501E-01
«72148E-01
e 73667E-01
«75033E-01
e 76243E-01
e 77299E-01
«78188E-01
»78895E-01
«79252E-01
«79521E-01
e 79618E-01
« 79550E-01
«79320E-01
«78932E-01
«78400E-01
o 77747E-01
«76996E-01
s 76184E-01
«75346E£-01
«74526E-01
«73734E-01
«72982E-01
«72270E-01
« 71577E-01
«70852E-01
+70035£-01
«62571E-01
«51620E~01
«39381E-01
«26501k=-01
«16163E-01
«87060t-02
«47780E~-02
0 29260E-02
e26110E-02

LGWER SURFACE

XP(I)

~¢28010£-02
o.

«80950E~02
«19227E-01
+33397E-01
2495€1E-01
«67610E-01
«87596E-01
«10980E+00
«133G92E+00
«15988E+00
«18742E+400
«21663E+00
0« 24724E+00
«27937E+00
«312€4E+00
+34718E+00
+38259E+400
«41913E+00
+45636£+00
+49472E+CO
«53380E+00
«57433E+400
«61612E+0C0
«66026E+00
«7T0633E+00
« 755C4E+00
+8G455E+00
+85410E+00
+89932E+00
«93856E+00
«F6789E+00
«98810E+00
«99652E+00
+99733E+00

0

YP(I)
«22664E-01
+98270E-02
«17255E-01
«23432E-01
«28572€-01
«32891E-01
«36589E=-01
«39868E~01
«42776E-01
«45339E-01
«47551E-01
«49431E-01
+50965E=01
«52158E-01
«52800E-01
«53145E=-01
«53076E-01
«52537E=-01
«51470E-01
«49808E-01
«47365E-01
+43957E-01
«39376E-01
«33304E-01
«25802E=-01
«17281E-01
«92630E=02
«35060E-02
«10920E-02
«13510E-02
«27310E-02
«41570E-02
«49110E=-02
«50020E-02



SECTION DEFINITION AT Z = 0.00000
XLE YLE CHORD
0.0000 0.0000 « 6737

ZS(K) XL YL

«20000E+00 «11500£+00 O.

CHORD THICK AL
«61470E+00 «10000E+01 O.
SECTION DEFINITION AT Z = «20000

XLE YLE CHORD
«1150 0.0000 e 6147

ZS(K) XL YL
«4000CE+00 0« 23000E+00 O.

CHORD THICK AL
«55580E+400 +10000E+01 O.
SECTION DEFINITION AT Z = « 40000

XLE YLE CHOKD
2300 0.,000¢C «5558

LS(K) XL YL

«+60000E+00 +34500€E+00 O.

CHORD THICK AL
«4968B0E+00 «10000E+01 O.
SECTIGN DEFINITIUN AT Z = «60000

XLE YLE CHORD
03450 0.0000 04968
2S5 (K) XL YL

«80000t+GO +46G00E+0Q0 C.

CHORD THICK AL
«43790E+00 «10000E+01 Oe.
SECTIUN DEFINITION AT Z = «80000

XLE YLE CHORD
« 4600 C.C000 «4379

Z5(K) XL YL

«10000E+01 «57500E+400 C.

CHORD THICK AL
«37890E+00 «10000E+01 O.
SECTION DEFINITION AT Z = 1.00000

XLE YLE CHORD
«5750 0.0000 « 3789

THICKNESS RATIO
1.00600

FSEC

O.

THICKNESS RATIO

1.0000

FSEC

Oe.

THICKNESS RATIO

1.0000

FSEC

O.

THICKNESS RATIO

1.0000

FSEC

0.

THICKNESS RATIOD

1.0000

FSEC

0.

THICKNESS RATIO
1.0000

ALPHA
0.00600

ALPHA
0.0000

ALPHA
G.0000

ALPHA
0.00600

ALPHA
0.0C00

ALPHA
0.0000

25



PARAMETERS
K yA
1 0.000
2 «250
3 «500
4 «875
5 1.000

26

TO DEFINE THE ASSIGNED DESIGN MACH NUMBER

PCM1

« 065
«055
«055
« 065
« 065

PCX1

« 500
¢ 400
«400
«150
«150

PCMZ

. «220

0220
2220
220
«200

PC X2

«900
+900
«900
2900
«900

PCM3

«830
»800
780
«780
«820

DSURF

«002
« 002
« 002
0.000
0.0060

M1l

420
440
«440
+480
e300

M2

850

1e¢140

1.270
1.370
1.345

M3

1.240
1.190
1.210
1,120
1.000

DISTRIBUTION
M4

670
680
«670
« 660
« 700



INDICATION IV(I,K) OF WING AND VORTEX SHEET IN PLANE Y=0

{(IV(IsK)sK=K1sK2)sI=29NX)
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NORMAL CELL DISTRIBUTION IN SQUARE ROOGT PLANE

Y
«56695
44721
«359009
« 28868
022917
17678
12910
08452
«064181

0.00000

SCALE FACTOR POWER LAW
«50000 « 50000

SPANWISE CELL DISTRIBUTION AND SINGULAR LINE

z X SING Y SING Xz
0.00000 « 00862 -.00582 « 57735
«12500 «08018 -.00556 « 56934
+2500¢C «15138 -.00316 « 57083
37500 22282 -.00486 «57173
« 50000 e 29424 -e00454 57106
«62500 036565 -.00423 57173
« 75000 «43709 -.00393 57083
«87500 «50829 -.00353 « 56934
1.000600 «57985 -.00327 «e27735
1.12677 «65304 -.00327 « 57735
1.26516 « 73294 ~.00327 «57735
1.43301 « 82985 -.00327 «57735
YZ X112 YZz

«00000 ~«10€44 « 04426
»00333 —-.02173 « 00902
« 00271 « 01938 -.00807
00233 -.00491 «00206
«00261 -.00000 « 00000
«00233 « 00491 ~.00206
00271 -.01938 « 00807
«00333 « 02173 -.00902
« 00000 «10644 -. 04426
0.00000 0.60600 0.00000
0.00000 0.00C€00 0.00000
0.00000 0.G0C00 0.00000

TIP LOCATION POWER LAW

«57143 +50000
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ITERATIVE SOLUTION
STRIP WIDTH FOR HORIZONTAL LINE RELAXATION

1.00000
NX
128

COMPUTING TIME

MACH NO
«83000
ITERATION

WONOCTDWN -

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

NY
10

474497

YAW

SECONDS

0.00000

RESIDUAL

«32652E-05
«22339E-04
+33525E-04
e 66452E=04
+65743E-04
«61413E-04
+55446E-04
«49685E-04
e42556E-04
+39147E-04
«39657E~04%
«40238E-04
«4081l5E~04%
s 4144Z2E-04
«41479E-04
«42238E-04
«44582E~04
+46007E-04
«47812E-04
«4B8790E-04
«49760E-04
«50483t-04%
«50944E-04
«51533E—-04
«5160Ct-04
«51489E-04
«51816E-04
+51418E-04
«51416E-04
«51081lE-04
¢« 50849E-04
e50622E—-04
«50489E-04
«50499E-04
+50617E~-04
«50744E-04
+50766E-04
«50833t-04
«50722E-04
»50504E-04
«50140E-04
2+ 49725E-04
«49258E-04
248772E-04
«48218E=04
e47602E~-04

1
128
128
110
i11
111
111
111
111
111
111
106
1C66
106
106
106
118
118
lis
118
118
118
118
118
118
118
118
1186
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118

ANG OF ATTACK

J

10
10
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
il
11
il
11
11
11
11
11
11
11
11
11
11
11
i1
11
11
11
11
11
11
11
11
11
11
11

1.00000
AVERAGE 4Q
0.

WWWLWwLEWLWRLWLWWWLWWLWWWLWWLWLWLLLLWLWLLVLVLLWLWWLWLWWLWLRYLLWLLWWLWWLWPUBOC X

+24099E+C0
«23144E+00
0« 22337E+CC
«21972E+00
«21434E+400
«20744E+00
«20334E+00
«19688E+00
«19178E+00
+18661E+00
«18115E+0C
«17402E+00
«16688E+00
+16052E+00
«15602E+00
«15039E+C0
«14704E+00
+14158E+00C
«13557E+CO
«13093E+00
+12642E+00
«12177€+00
«11737E+00
«11316E+00
«10941E+00
«10650E+00
«10299E+00
«G9838E-01
«96995E~01
+93886E-01
+91089E-0C1
«88611E-01
«86250E-01
«82413E-01
«79798E-01
« 77769E-01
«76239E-01
e 74098E-01
¢« 71992E-01
«70111E-01
«68546E-01
«66656E~01
«64673E-01
«63204€E-01
«62074E-01

DRAG
«0028
« 0026
« 0028
<0027
«002c06
0025
« 0024
«0023
« 0022
0022
«0021
«0020
« 00206
« 0019
+ 0019
0018
«0018
«0017
0017
« 0016
«GOl6
« 0016
0015
. 0015
«0015
«0015
«0015
« 0014
«0014
« U014
«0014
« 0014
+0014
«0014
+ 0014
« 0014
« 0014
+ 0014

+0014

« 0014
« 0014
«0014
+0014
«0014
« 0014
2«0014
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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
b4
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
38
89
90
91
92
93
94
95
96
97
98
99
100
MAX RESIDAL 1
«3265E=05
COMPUTING TIME

«46976E-04 118 11
«46369E-04 118 11
+45817E-04 118 11
«45222E-04 118 11
e44648E-04 118 11
«44038E-04 118 11
«43466E-04 118 11
+42837E-04 118 11
«42229E-04 118 11
+41618E-04 118 11
«41004E-04 118 11
«40368E-04 118 11
«39772£-04 118 11
+39209E~-04 118 11
«38655E-04 118 11
«38039¢-04 118 11
«37509E-04 118 11
«36847E-04 118 11
«36252E-04 118 11
«35627E-U4 118 11
«35008E-04 118 11
+34363E-04 118 11
«33749t-04 118 11
«33131E-04 118 11
«32486E~034 118 11
31794t-04 118 11
«31138€-04 118 11
+30488E-04 118 11
«296836E~-04 118 11
+29193E-04 118 11
«28521E-04 118 11
«27883E-04 118 11
«27184E-04 118 11
«26540E-04 118 11
«25852E-04 118 11
«25194E-04 118 11
+24503E-04 118 11
«23841E-04 118 11
«23131E-04 118 11
e22452E-V4 118 11
21766E-04 118 11
+21059E-04 118 11
«20368E-04 118 11
«19682E-04 118 11
«18975E-04 118 11
»18292E-04 118 11
+17604E-04 118 11
«16921E-04 118 11
«16242E-04 118 11
«15568E-04 118 11
«14893E-04 118 11
«14235€E-04 118 11
+13593E-04 118 11
«12961E-04 118 11
MAX RESIDAL 2
01296E-04
672.962 SECONDS

LWWLLLWLWLLLLLWLWLWLWLLLLLPLWLWLWLWLLLWLLLLWWELELWWWLWLWLWWWWEWLWWWWWWWWW

«60766E-01 + 0014
e 59644E-01 « 0014
+58050E-01 «0014
+56752E-01 « 0014
«55776E-01 2+ 0014
«54843E-01 « 0014
«53823E-01 +0014
«22818E-C1 «0013
«51770E~C1 « 0013
«50704E-01 «0013
e 49794E-G1 «0013
+48961E-01 «0013
047793E-01 -0013
«46724E-01 «0013
+45672E-01 + 0013
+45067E-01 « 0012
«44301E-01 «001¢
«e43454E-01 00012
«42829E-01 « 0012
+42009E-Q1 0012
«41134E-01 «0012
«40542E-01 e 001c¢
«39980E-01 «0011
«39322E-01 «+0011
«38786E-01 « 0011
«37994E-01 «0011
+»37112€-01 «0011
«36548E-01 0011
¢« 35976E-01 «G011
«35314E-01 « 001G
o34710£'01 00010
«34138E-01 «G010
«33668E-0C1 «0010
«33157E-C1 0010
«32543E-01 +0010
«32108E-01 «C010
+31485E-01 « 0009
«31071E-C1 «0009
«30416E-01 « 0009
«29559E-01 «0009
«29395E-01 «0006
«29200£-01 « 0009
«287G90E-01 «0009
«28600E-01 « 0009
«28460E-01 «+ 0009
«28356E-01 + 0006
028030E-01 + 0008
027879E‘01 «0008
«27734E-01 + 0008
e27594E£-C1 « 0008
«27635E-01 + 0008
«27428E-01 +0008
«27197E-01 « 0008
«26965E-01 « 0008
WORK REDUCTN/CYCLE
99.0000 1.0140



« 00078

OF IDRAG(I,K)

WAVE DRAG =
PRINTGUT
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WING CHARACTERISTICS

MACH NO YAW
«6300C0 0.00000
cL CD FORM
«40535 01729
L/D FORM
23.43966
CD WAVE
«00078
CM PITCH CM KOLL

34

ANG OF ATTACK

1.,00€00
CD FRICTION cD
0.G0CO0 01729
L/C
23.43966
CM YAW AWING
« 00116 « 52764



10

LISTING OF THE COOE

PROGRAM FL22INV(INPUT=512,0UTPUT=512s TAPES=INPUT» TAPEG=0QUTPUTSTAPE
114=0,TAPE15=0sTAPEL1G6=0U»TAPEL=0» TAPET=512sTAPEB=512,TAPEL11=0yTAPE9=
264sTAPE10=512)

MAIN ROUTINE WHICH CONTROLS THE COMPUTATIONAL PROCEDURE.

G IS REDUCED VELOCITY POTENTIAL

COMMUN G(129512515)550(129515)5E0€(131)»2Z0(131)»IV(129s15),1ITELI(15)
1, ITE2(15)5A0(129)5A1(129)5A2(129),A3(129)5B0(12),81(12),82(12)sB3¢(
212)9Z(15)sCLl(15)5C2(15)5C3(15)sXC(15)sXZ(15)sX2Z2(15)»YC(15)sYZ(15)
3oYZLZ(15)sNXoNYsNZIKTELyKTE2yISYMyKSYMsSCAL»SCALZ»YAWSCYAWS SYAWs ALP
4HASCA»SASFMACHISN1IINZ2sN3»IOsNDES» TSTEPSEPSL1sQPRE(129515)sSCPRE(129)
515)»)NQSTA»ZQSTA(L15)»PCAL(15)»PCQR2(15)»PCQA3(15)5QQ2(15)»QQ2(15),Q03
6(15)»QQ4(15)sPCS1{15)sPCS2¢(15)sDSURF(15)sRDQsRDSO»FO0sFOL»F1CsF11,
INDQs IQsKQs AWINGy) VOLDRG» IDRGPLT(129515),SECDRG(15)

CUMMGN /FLO/ STRIPsP1lsP2sP3sBETASFRIIRIJRIKRIDGIGJGIKGINSsFSWEEP

DIMENSION XS(200511)», YS(200511), 2S(11)» XLE(11l)s» YLE(1ll)» SLOPT(
111), TRAIL(1ll)y NP(11l), E1(11)» E2(11)s E3(11)s E4(11)» E5(11)s XP
2(241)s YP(241l)» D1(241)s D2(241)s D3(241)s X(129), Y{(129), SV(129)
3y SM(129)y CP(129)» CHORUD(15), SCL{15), SCD(15)s SCM(15), FIT(3),
4C0OVO(3)y P10O(3)s P20(3)y P3G(3)s BETAO(3)s, STRIPG(3)s FHALF(3), RE
55(501)» COUNT(501)s UC(129)s VC(129)s, wC(129)s FDES(3)s CLU(1l1l)s C
6LPRE(15), ALFO(15)

DIMENSION DESC(1C)s LABEL(10)s NPARAM(Z0)s TITLE(10)

COMMON /DIM/ NX1sNY1IsNZL1sFDIM

ND=200

NE=129

IREAD=5

IWRIT=6

KPLOT=Q

IPLOT=1

ISTOP=2

JO0=0

NF1l=1

REWIND 7

RAD=57,2957795130823

WRITE (IWRIT»670)

WRITE (IwRIT, 390)

READ (IREAD»660) TITLE

WRITE (IWRIT»700) TITLEk

READ (IREADs660) DESC

READ (IREAD»650) FNXsFNYsFNZyFPLOTs» XSCALyPSCAL» FCONT»FSWEEP

WRITE (IWRIT»780) FNXsFNYsFNZyFPLOT»XSCALSPSCALyFCONT»FSWEEP

NX=FNX

NY=sFNY

NZ=FNZ

IF (NX.LTs1l) GO TO 380

KPLOT=ABS(FPLOT)
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20

READ (IREAD»b560) DESC

WRITE (IWRIT»790)

NM=0

NM=sNM+]

READ (IREAD»650) FIT(NM)»COVO(NM)»PLlO(NM)»P20(NM)»P3O(NM)sBETAO(NM

1), FHALF(NM) s FDES(NM)

STRIPO(NM)=1.0
WRITE (IWRIT,»690) FIT(NM)»COVO(NM)»PLO(NM)»P20(NM)s»P30(NM),BETAO(N

IM)sFHALF(NM),FDES({NM)

30

40

50

IF (FHALF(NM) eNEoCeosANDeNMsLT«3) GO TO 20
IF (FDES(1).LE«O.) GO TO 30

READ (IREAD»660) DESC

READ (IREAD»650) TSTEPsFOO»F10sF11,FOPT
WRITE (IWRIT,400) DESC

WRITE (IWRIT»410) TSTEP»FOO»F10sF1l,FOPT
CUNTINUE

NMESH=NM

FHALF(3)=0.

READ (IREAD»660) DESC

READ (IREAD»650) FMACH, YA AL»CDO,CLOPTHRCL, SREF
WRITE (IWwRIT,800) FMACH,YA,AL,CDO,SREF
YAW=YA/RAD

ALPHA=AL/RAD
CALL GEOM (NDsNCsINP»ZSsXSsYSyXLESYLE)SLOUPTS»TRAIL» XP»YP,»SWEEPL1sSWEE

1P2sSWEEPSDIHED1,DIHED2yDIHEDY XTEQO» CHORDO»ZTIP» ISYMO»KSYM»CLO)

ISYMaISYMO

IF (KSYMJNELG) YAWsC.

CYAWsCOS(YAW)

SYAW=SIN(YAW)

CA=CYAW*COS(ALPHA)
SAsCYAW*SIN(ALPHA)

IF (FDES{1).GT+0e¢) CALL READQS (NQSTA»ZQSTA»PCQlsPCQ2,PCWQ3,QQ1,QQ2
1,QQ3,Q0Q04sPCS1sPCS2,DSURFsFMACH)

IF (FCONT.LTs1l.) GO TO 50

READ (7) NXsNYsNZsNMsK1,K2,NIT
MX=NX+1

MY=sNY+2

MZ=NZ+3

IF (FDES(1)eGTe0s) NM=1

IF (FDES(NM)«GTaO0e) NIT=0

DU 4G K=1lyM2Z

READ (7) ((G(IsJsK)sI=loMX)sJdslyMY)
CONTINUE

READ (7) (EO(K)sK=K1l,K2)

REWIND 7

CONTINUE

FDIM=FHALF (1)

NX1sNX+40-20%FDIM

NYlaNY+2-FDIM

NZ1=NZ+2-1%FDIM

CALL COORD (NXsNYsNZsKSYMsXTEQ»ZTIP» XMAXsZMAXsSY»SCAL,SCALZsAXsAY)
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60

70

80

90

100

1AZsA0»ALlyA25A3sBCsBLlsyB82sB352ZsC15C25C3)

CALL SINGL (NCyNZsKSYMyKTElsKTEZ2sCHORDC»SWEEPL1s SWEEP2sSWEEPSDIHED1
1sDIHED2sDIHED s ZSoXLESYLESXCoXZ9XZZsYCsYZsYZ2292sClyC2sC3sE1sEcsERSE
249sE59 IND»CLOs CLPRE)

CALL SURF (NDsSNEsNCoNXsNZoISYMyKSYMyKTEL)KTEZ2sSCALY YAWSIAG ZsZSsXC>»
1YCsSLOPT»TRAILSXSsYSsNPs»1TELs ITE2»IVsSU»Z0sXPsYPsD1sD2sD35XsYs IND)
2XZsYZsA1lsCl)

IF (IND.EQ.O) GO TO 370

IF (FDES(1)eGTeOe) CALL SETQS (NEsSNXs»QPRE»SOsSOPRESITE1»ITE2»KTEL>S
IKTER2»292QSTA» AO»PCQLyPCQ2sPCQ35UCHYVC»QC1,QQ2,»0QQ3,Q04sPCS1sPLS2sDSUL
2RFsNQSTA)

IF (FCONT.GE«le) GO TO 60

NM=1

NIT=0

CALL ESTIM (ALFO)

WRITE (IWRIT»670)

FCONT =0,

MIT=FIT(NM)+NIT

KRES=2

JRES=0

NRES=Q

COV=COVO(NM)

STRIP=STRIPO(NM)

BETA=BETAO(NM)

MX=NX+1

MY=NY+2

MZ=NZ+3

KY=NY+1

Kl=2

KZ=NZ

IF (KSYM.EQ.O0) GO TO 70

Kl=3

K2=NZ+2

Li=NZ2/2+1

IF (KSYMJNELO) L2=3

WARITE (IWRITs420)

DO B0 I=2sNX

WRITE (IWRIT»720) (IV(IsK)sK=K1lyK2)

WRITE (IwRIT,»67C)

WRITE (IWRIT»430)

DO 90 I=2sNX

WKITE (IWRIT,680) AO(I)»SO0(IsLZ)»SO(IsKTEZ2)

WRITE (IWRIT, 440)

WRITE (IWRIT»680) XMAXs AKX

WRITE (IWRIT»670)

WRITE (IWRIT»450)

DO 100 J=2,KY

WRITE (IwRIT»680) BO(J)

WRITE (IWRIT,s460)

WRITE (IWRIT»680) SYsAY

WRITE (IWRIT,»670)

WRITE (IWRIT»470)
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110

120

130
140

150

160

DO 110 K=sKl,K2

WRITE (IWRIT»680) Z(K)sXCAK),YC(K) s XZ(K)sYZ(K)p XZZ(K)»YZZ(K)
WRITE (IWRIT,480)

WRITE (IWRIT,»680) ZMAXsAZ

WRITE (IWRIT»670)

WRITE (IWRIT» 490)

WRITE (IWRIT»680) STRIP

WRITE (IWRIT,»500)

WRITE (IWRIT»710) NXsNY»NZ

CALL SECOND (T)

WRITE (IWRIT,770) T

WRITE (IWRIT»510)

WRITE (IWRIT»680) FMACH»YA,AL

IF (FDES(NM)eLEeOeoeANDeCLOPTsLE«Os) WRITE (IWRIT»540)
IF (FDES(NM).G6GTeO0O«) WRITE (IWRIT,530)
IF (CLOPT.GT«404) WRITE (IWRIT»520)
KDES=0

NDES=FDES(NM)

LXaNX/2+1

CL=0,

DO 120 K=K1l,K2

Il=ITE1(K)
X(I1)sXC{K)+«5*«SCAL*(AO(IL1)*A0(I1)~SO0(I1,K)*S0(I1,K))
X(LX)YSXC(K)+, 5%SCAL*(AQ(LX)}*AO(LX)=SO(LX»K)I*SO{LXs»K))
CHORD(K)=X{I1)=-X(LX)

CONTINUE

KZDUMsKTEZ2-1

S=0.

DO 130 K=KTE1lsKZDUM
DZ0=,5*%(2(K+1)~2(K))
S=S+DZ0*(CHORD(K+1)+CHORD(K))

AWING=S

KDES=KDES+1

IF (NDES+6T.0) NIT=0

NITaNIT+1

P1=P10(NM)

P2=P20(NM)

P3=P30(NM)

IF (FOPT.LT.1s) GO TO 160

CALL OPT (QQ1,QQ2,QQ3,Q04)

GO T0O 250

CONTINUE

CALL MIXFLO

FCL=0.,

KCL=0

IREFIN=0

VOLDRG=Q.

CALL DRAGC (0»0.)

IF (NDES.GT.0) GO TO 180

DO 170 K=3,M2
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170

180

190

200

210

220

230

IF (KeLTeKTE1WORKeGT4KTER2) GO TO 170

CALL VELO (KsKsSVsSMsCPsXsYsUC,»VCsWC)

I1=ITE1(K)

I2=ITE2(K)

CHORD(K)=X(I1l)=X{LX)

CALL FORCF (I1s12sXsYsCPrALSCHORD(K)»XC(K)»SCL(K)»SCD(K)2SCM(K))
CUONTINUVUE

CALL TOTFOR (KTElsKTE2»CHDRDy)SCL»SCDs»SCM»Z,XCrCLsCD1sCMPCMRyCMY, A

1WING)

CONTINUE

JO=0

IF (NDES.LE.Q) GO TO 190

IF (NDQ«GT.0) RDQ=RDQ/FLOAT{(NDQ)

IF (CLOPT.LE«O.) WRITE (IWRIT»740) KDES»DGyrIGsJGsKGsFRsIRyJRsKRsRD

1Q,RDS0O,IQsKQs» VOLDRGSCL

IF (NDES«LE«O«ANDCLOPTSLE«Oe) WRITE (IWRIT»730) NIT»DGsIGsJbsKGsF

1R» IR JRHIKRICLIVOLDRG)PLpP2,BETAHNS

IF (CLOPTeGTeO0s) WRITE (IWRIT»750) NITs»DGr»IGsJGrKGsFRyIRsJRIKRSFCL

1sKCLsRCLINS

JRES=JRES+1

IF (JRESEQ.KRES) JRES=1

IF (JRESWNE«1) GO TO 200

NRES=NRES+1

COUNT(NRES)=NIT-1

IF (NDES«GT+G) COUNT(NRES)=MIT*KDES-1

RESI(NRES)=FR

CONT INUE

IF (NITeLT MIToANDABS(DG)eGT«COVeANDABS(DG)eLT&10s) GO TU 15C
IF (NDES«GTeOeANDKDES+EQealeANDSNITSLTel) GO TD 150

IF (NDES+LE.O0) GD TUO 240

RDSO‘O.

NDQ=Q

RDQ=0.,

IQ=¢

KQ=Q

DU 210 K=3sMZ

IF (KelLToKTEL1«DR«KsGT«KTE2) GO TOD 210

CALL VELO (KsKsSVeSMeCPsXsYsUCsVCrWC)

IlsITEL1(K)

I12=ITE2(K)

CHORD{(K)=Xx(I1)=X(LX)

CALL FORCF (I15I2sXsYsCPsALsCHORD(K)»pXC(K)»SCL(K)sSCD(K)»SCM(K))
CONTINUE

CALL TOTFOR (KTE1lsKTE2sCHORDs SCLsSCDs»SCMs2sXCsCLsCD1sCMPsCMRsCMYs A

1WING)

DO 220 I=2,NX
SO0(Is2)=3.*¥(S0(I,3)~S0(I»4))+450(1,5)
IF (KDES.LT.NDES) GG TO 140

GO TO 240

IF (JO.EQ.1) GO TO 10

JO=1

G0 70 150
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240 RATE=0.
IF (NRES«GTel) RATE=(ABS(RES(NRES)/RES(1)))**(1./(COUNT(NRES)=COUN
1T(1))) '
WRITE (IWRIT»550)
WRITE (IWRIT»760) RES(1)»RESINRES)»COUNTI(NRES)SRATE
CALL SECUND (T)
WRITE (IWRIT»770) T
WRITE (IWRIT,670)
250 COUNTINUE
LX=NX/2+1
VOLDRG=0.
DO 260 K=K1lsK2
I1=ITEL1(K)
X{I1)=XCUK)+e5%SCAL*(AQ(I1)*A0(I1)=-SO(I1sK)*SO(I1sK))
XCLX)sXCUK)+o 5% SCALX{AQ(LX)*AQ(LX)=SO(LXsK)*SO(LXs»K))
CHORD(K)=X(Il)=X(LX)
SECDRG(K) =0,
DO 260 I=2sNX
260 IDRGPLT(IsK)==2
IZDUM=KTE2~-1
S=Q.,
DO 270 K=KTEl,IZDUM
DZO= 5% (Z(K+1)=-2(K))
270 S=S+DZO* (CHORD(K+1)+CHORD(K))
CALL DRAGC (0s0.)
WRITE (IWRIT»670)
WRITE (IWRIT,560) VOLDRG
LXsNX/2+1
LXOsMINO(LX+56sITE2(KTEL))
DU 300 I=LX,LXO
KDUM=0
DU 280 K=sKTElsKTEZ
280 IF (IDRGPLT(I»K)«EQe=2) GO TG 290
KDUM=KTEZ2
60 TO 300
290 KDUM=K~-1
300 IF (KDUMGESKTEL) WRITE (IWRIT»720) (ICDRGPLT(IsK)sK=KTEL1sKDUM)
DO 320 K=3,MZ
IF (KelLTeKTEleOR«KeaGT«KTE2) GO TO 320
I1=ITE1(K)
I12=1TE2(K)
CALL VELO (KsKySVeSMyCPsXsYsUCsVCsWC)
CHORD(K)=X(I1l)=X(LX)
SECDRG(K)=SECDRG{(K)/CHORD(K)
CALL FORCF (I1s12sXsYsCPpALyCHORDI(K)»XC(K)»SCL(K)»SCD(K)»SCM(K))
IF (KPLOT+GTeleANDeK«GT«KTEL1) GO TO 31C
WKITE (IWRIT»670)
WRITE (IWRIT»570)
WRITE (IwRIT»680) FMACHsYA»AL
WRITE (IWRIT»580)
310 WRITE (IwWRIT»680) Z(K)»SCL(K)»SCD(K)»SECORG(K)»SCM(K)»CHURD(K)
IF (KPLOTeLEe1l) CALL CPLOT (I1»125SMsUCs»VC»QPRE(1sK)»AO»SOPRE(1sK)
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320

330

1,5S0(1sK)sFMACH)

CONTINUE

CALL TOTFDOR (KTEl»KTE2»CHORDsSCLsSCD»SCMsZsXCsCLICD1sCMPICMRICMYy A
IWING)

CDL1=sCYAW*CD1

CD=CDO+CD1

VLD1=0,

IF (ABS(CD1).GTelsE=-6) VLD1=sCL/CD1
VLD=0.

IF (ABS(CD)eGTeleE—6) VLD=CL/CD

WRITE (IWRIT»670)

WRITE (IWRITs 590)

WRITE (IWRIT»680) FMACHs»YAs AL

WRITE (IWRIT»600)

WRITE (IWRIT»680) CLsCD1sCDOsCDsVLDL1sVLD
WRITE (IWKRITs»610) VOLDRG

WRITE (IWRIT,»620)

WRITE (IWRIT»68B0) CMPsCMR»CMY»AWING

IF (KPLOT.LT«1) GO TO 330

CALL THREED (IPLOT»SVsSMsCPsXsYsTITLESYA»ALsVLDsCLsCDsCHURDOSXSCAL
1sPSCALLABELINIT,UCo»VCsWCoNF1)

NFl=11

IF (I0.EQ.O0) GO TO 230

IF (ISTOP.EQ.1l) GO TG 380

IF (FHALF(NM).EQ.0Q0+s) GO TO 350
NX=NX+NX

NYsNY+NY

NZ=sNZ+NZ

FDIM=FHALF(2)

NX1sNX+40=-20%FDIM

NZ1=NZ+2=-1%FDIM

NYl=NY+2=-FDIM

CALL CUOURD (NXsNYpNZsKSYMsXTEOQ» ZTIPs» XMAXsZMAXsSY»SCAL»SCALZyAXy»AY,
1AZsA0sAlsA295A35sB0sB1lyB2sB3sZyC1lsC2sC3)

CALL SINGL (NCsNZsKSYMsKTEL»KTEZ2sCHORDC»SWEEPL1ySWEEP2,SWEEPSDIHED1
1)DIHED2sDIHED »ZS s XLESYLESXCoXZsXZZyYC»pY2Z9Y2ZZ9»2ZsClsC25sC3sEL1lsE2sE3SE
249E55 INDsCLOs CLPRE)

CALL SURF (NDsNESNCyNXsNZs ISYMsKSYMsKTELsKTE2sSCALs YAWSAOU»Z5Z5sXC>
1YCsSLOPTSTRAILSXSsYSsNP»ITEL»ITE2sIVeSCeZO0s XPsYPsD19D2sD39sXsY»INDy
2XZsYZyAlsC1l)

IF (INDJEQ.O) GO TO 370

IF (FDES(1l)eGTeGa) CALL SETQS (NEsNXsQPRE»SO»SOPRESITEL1»ITE2,KTELS
1KTE22Z»2ZQSTA»AO»PCQLyPCQ2yPCQ3,>UCHVCy»Q01,QQ25,QQ35UQ4sPCS1sPCS2,5D5U
2RFsNQSTA)

CALL REFIN (ALFO)

IREFIN=1

IF (ID.EQ.0) GO TO 340

N=N1

N1=aN2

N2aN3

N3=N

NM=NM+1
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NIT=0
60 TU 60
340 NX=NX/2

NYsNY/2

NZsNZ/2

FDIM=FHALF (1)

NX1sNX+40-20%FDIM

NZ1=NZ+2~1%FDIM

NYlaNY+2-FDIM

CALL COOUORD (NXsNYsNZrKSYMsXTEO» ZTIP» XMAX»ZMAXsSY»SCAL)SCALZyAXsAY»
1AZsAO»Al»A25A35B0sB1sB2sB35sZsCls(C25C3)

CALL SINGL (NCs»NZsKSYMsKTELsKTE2sCHORDCUSSWEEPLy SWEEP2sSWEEP,DIHED1
1sDIHED2sDIHED 9 ZS s XLESYLESXCoX29 X2ZsYCsY2sYZZsZsClsC2sC3sELlrskE2sE3E
24sES59s IND»CLOs CLPRE)

CALL SURF (NDSNEsSNCHNXsNZo ISYMyKSYMyKTELSKTEZ2»SCALs YAWSAQ»Z92SsXC»
1YCH»SLOPTSTRAILs XSsYSyNPsITELs» ITE2sIVSSC»Z0sXPsYP»D1»D2sD35XsYs INDy
2X2ZsYZsAlsC1)

IF (IND.EQ.O) GO TO 370

G0 TO 230

350 K1sKTE1~-1

K2sKTE2+ITE2(KTEZ)-NX/2

WRITE (8) NXsNYsNZsNMeKLlsK2sNIT

WRITE (6,630)

DU 360 K=1,MZ

WRITE (8) ((G(IsdsK)pIalsMX)yd=lysMY)

360 COUNTINUE

WRITE (8) (EO(K)»K=K1sK2)

END FILE 8

REWIND 8

GO 70 10

370 WRITE (IWRIT»67C)
WRITE (IWRIT»640)
GO TO 10
380 CONTINUE
CALL PLOT (Ces0.2999)
STAP 0101
C
390 FORMAT (28HGNYU INVERSE SWEPT WING CODE)
400 FORMAT (1X»10A8)
410 FURMAT (1X»6F10.3)
420 FORMAT (48HOINDICATION OF LOCATION OF WING AND VORTEX SHEETs27H IN
1 COORDINATE PLANE Y = Q./27HO((IV(IsK)pK=K1sK2)sI22,NX))
430 FORMAT (49HOCHORDWISE CELL DISTRIBUTION IN SQUARE ROOT PLANEs»S4H A

IND MAPPED SURFACE COORDINATES AT CENTER LINE AND TIP/15HO X
2 »15H ROOT PROFILE»15H TIP PROFILE )
440 FORMAT (15H0 T& LOCATION »15H POWER LAW )

450 FORMAT (46HONORMAL CELL DISTRIBUTIOUN IM SQUARE ROGT PLANE/15HO
1 Y )

460 FORMAT (15H0 SCALE FACTOR»15H POWER LAW )

470 FORMAT (45HOSPANWISE CELL DISTRIBUTICON AND SINGULAR LINE/15HO
1 2z » 15H X SING s 15H Y SING »15H XZ
2515H YZ »15H XZ1 » 15H Y21 )
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480 FORMAT (15H0 TIP LOCATIUN,15H POWER LAW )
490 FURMAT (19HOITERATIVE SOLUTION/43HOSTRIP WIDTH FOR HORIZUNTAL LINE
1 RELAXATION)

500 FORMAT (15HO NX »15H NY 215H NZ )

510 FOURMAT (15HO MACH NO 2 15H YAW »15H ANG OF ATTACK)

520 FORMAT (10HOITERATION,s15H CORRECTION »4H I s4H J »4H K »15H
1 RESIDUAL s4H I »4H J »4H K »15H SEC LIFT COR s4H K ,»10H
2 RALF »10H SUNIC PTS)

530 FORMAT (10HOITERATIONsL15H CURRECTION s4H I s4H J »4H K »15H
1 RESIDUAL s4H I s4H J »4H K »15H AVERAGE Q »15H MAXI
2MUM Q@ »4H I »4H K »10H DRAG»10H cL)

540 FORMAT (1CHOITERATION,15H CCRRECTION »4H I »4H J »4H K »15H
1 RESIDUAL s4H I s4H J »4H K »10H CcL. »10H DRAG »10
2H REL FCT 1,10H REL FCT 2510H BETA »10H SONIC PTS)

550 FORMAT (15HO MAX RESIDAL 1515H MAX RESIDAL 2,15H Wl RK 1

15H REDUCTN/CYCLE)

560 FORMAT (13HOWAVE DRAG = sF9.55/5,23H PRINTOUT OF IDRAG(I»K))

570 FORMAT (24HOSECTION CHARACTERISTICS/15H0O MACH NO »15H Y
1AW »15H ANG OF ATTACK)

580 FORMAT (/13H SPAN STATION,12X2HCL»10OX5HCDULDs» 1OX5HCDNEWS 13X2HCM»10
1X5HCHORD)

590 FORMAT (21HOWING CHARACTERISTICS/15HOC MACH NO »15H YAW
1 »15H ANG OF ATTACK)

600 FORMAT (15H0 CL »15H CD FORM »15H CD FKRICTION »1
15H cD »15H L/D FORM s1EH L/D )

610 FORMAT (/2X15H CL WAVE »/F10.5)

620 FORMAT (/2X8HCM PITCHsHX7HCM ROLLSIXEHCM YAW,9XS5HAWING)

630 FORMAT (1X»14HWRITE ON TAPES8)

640 FURMAT (24HOBAD DATA,SPLINE FAILURE)

650 FORMAT (8E10.7)

660 FORMAT (10A8)

670 FORMAT (1H1)

680 FUGRMAT (Fl2.557F1545)

690 FORMAT (1Xx»8E15.5)

700 FURMAT (1HO,»10A8)

710 FORMAT (1857115)

720 FORMAT (1Xs3214)

730 FURMAT (I110sE15e593145E1545931455F10.55110C)

740 FORMAT (I105E15e593149E15e59531492E19¢552145F10e45F642)

750 FORMAT (I1105E15¢553149E15e593145E15e59149F10.55110)

760 FORMAT (2E15.422F15.4)

770 FORMAT (15HOCOMPUTING TIME»F10.3,1CH SECONDS)

780 FORMAT (/5X3HFNXs11X3HFNY»11X3HFNZs1LOXEHFPLOT»9XSHXSCALY9IXS5HPSCAL S
19X5HFCONT» 1OXOHFSWEEP/1XsBEL1445)

790 FORMAT (/4X7THFIT(NM)y8XBHCOVO(NM)»B8XTHPL1O(NM),BXTHP20(NM),B8XT7THP3O(
INM)Y»6XIHBETAO(NM) s 6XIHFHALF(MNM) s 6XBHFDES(NM))

800 FORMAT (/5XS5HFMACH» 11X2HYA,14X2HAL»12X3HCDOs12X4HSREF/1Xs5E15.5)
END
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SUBROUTINE GEOM (NDsNCsNP»ZSsXS»YSsXLE»YLESSLOPT)TRAILSXPsYP»SWEEP
11sSWEEP2s SWEEPSDIHED1»DIHED2s DIHEDs XTECsCHORDO» ZTIP»ISYMO»KSYM,CLO
2)

C GEOMETRIC DEFINITION OF WING

DIMENSION XS{NDs1l)s YS{ND»s1)» 2ZS(1l)s XLE(l)s YLE(1l)s SLOPT(1l)» TRA
1IL(1)» XP(1)» YP(Ll)s NP{(1l)s CLO(DL)

DIMENSION DESC(10)

IREAD=5

IWRIT=6

RAD=57,2957795130823

READ (IREAD»150) DESC

READ (IREAD»140) ZSYMsFNC»SWEEPLlsSWEEP2s»SWEEPSDIHED1sDIHELZ2sDIHED

WRITE (IWRIT»190) ZSYMyFNC»SWEEPl1y)SWEEF2)SWEEPSDIHED1yDIHED2,DIHED

IF (FNCeLTe3s) RETURN

KSYM=ZSYM

NC=FNC

SWEEP1=SWEEPL1/RAD

SWEEP2=SWEEPZ2/RAD

SWEEP=sSWEEP/RAD

DIHED1=DIHED1/RAD

DIHED2=DIHEDZ2/RAD

DIHED=DIHED/RAD

ISYMO=1

XTEOQO=0,

CHORDO=0.

K=l

10 READ (IREAD»150) DESC

READ (IREADs140) ZS(K) s XLsYLsCHORD» THICK,)ALSFSEC,CLO(K)

WRITE (IWRIT»200) ZS(K)sXLsYLsCHORDy THICKs AL FSEC

ALPHA=AL/KAD

IF (KeGTelsANDL.FSEC.EQ.O.) GU TOD 80

READ (IREAD»150) DESC

READ (IREAD»140) YSYMsFNUsFNLoSNGOPT,SZENDy SNGRAT

WRITE (IwRIT»210) YSYMsFNUsFNL

NU=FNU

NL=FNL

NaNU+NL=-1

READ (IREAD»150) DESC

READ (IREADS140) TRL,SLTH»XSINGs» YSING

WRITE (IWRIT»220) TRLs»SLT»XSING»YSING

READ (IREADs150) DESC

WRITE (IwWRIT,»230)

DO 20 IsNLsN

READ (IREAD»140) XP(I)sYP(I)

20 WRITE (IWRIT»180) XP(I)»YP(I)

LaNL+1

IF (YSYM.GTW0s) GO TO 40
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READ (IREAD,150) DESC
WRITE (IWRIT,»240)
DU 30 I=1sNL
READ (IREAD»140) VAL,DUM
WRITE (IWRIT,»180) VAL,DUM
Jul=]
XP({J)=VAL

30 YP(J)=DUM
60 TO 60

40 J=L
DO 50 I=NL»N
J=J=-1
XP(J)=XP(1I)

50 YP(J)=—-YP(I)

60 WRITE (IWKIT,160)
WRITE (IWRIT»110) ZS5(K)
WRITE (IWRIT»170) TRLsSLT»XSING,»YSING
WRITE (IWRIT,120)
DO 7C I=1,N

70 WRITE (IWRIT,»170) XP(I)»YP(I)

80 CONTINUE
SCALE=CHORD/(XP(1)=XP(NL))
XLE(K)=XL+(XSING=XP(NL)})*THICK*SCALE
YLE(K)=YL+(YSING-YP(NL))*THICK*SCALE
XXsXP{NL)+{XSING—XP(NL))*THICK
YY=YPINL)+ (YSING=YP(NL)I*THICK
CA=COS(ALPHA)
SAsSIN(ALPHA)
DO 90 I=1sN
XSCIsK)=SCALE*((XP(I)=XX)*CA+THICK*(YP(I)=YY)*SA)

90 YS(IsK)=SCALE*(THICK*(YP(I)=YY)*CA=(XP(I)=-XX)*SA)
SLOPT(K)=THICK*SLT-TAN(ALPHA)
TRAIL(K)=THICK*TRL/RAD
NP (K) =N
XTEO=AMAX1(XTEO»XS(1,sK))
CHORDO=AMAX1(CHORDOs CHORD)
IF (YSYM.LE.OooURoALPHA.NEoOc) ISsyMo=0
WRITE (IWRIT,130) Z5(K)
WRITE (IWRIT»170) XLsYLsCHORDs»THICK, AL
K=sK+]1
IF (KsLE.NC) GO TO 10
Z0= 5% (ZS(1)+2ZS(NC))
IF (KSYMJNE.Q) Z0=ZS5(1)
DO 100 K=1,NC

100 ZS{K)=ZS(K)=10
ITIP=2S(NC)

RETURN
C
110 FORMAT (16HOPROFILE AT Z = ,F10.5/15H0 TE ANGLE »15H
10PE »15H X SING » 15H Y SING )
120 FORMAT (15HO X »15H Y )
130 FORMAT (27HOSECTION DEFINITION AT Z = ,F10.5/15H0 XLE



1H YLE » 15H CHCRD » 15HTHICKNESS RATIO»15H AL
2PHA )

140 FORMAT (8F10.6)

150 FORMAT (10GAS8)

160 FORMAT (1H1)

170 FORMAT (Fl2.457F15.4)

180 FORMAT (BE15.5)

190 FORMAT (/5X4HZSYMy12X3HFNC» lOXO6HSWEEPL1»9XOGHSWEEP2sGX5HSWEEP»10X6HD
1IHED1,9X6HDIHED2y 1OX5HDIHED/1XsBEL1545)

200 FORMAT (/5X5HZS(K)s12X2HXL»13X2HYLs L1X5HCHORD»1OUXS5HTHICKs12X2HAL 1
12X4HFSEC/1Xs7EL15.5)

210 FORMAT (/6X4HYSYMs11X3HFNUs»12X3HFNL/1X,3E15.5)

220 FORMAT (/6X3HTRL,»12X3HSLTs11X5HXSINGs» 1CX5HYSING/1X»4E1545)

230 FORMAT (/5X5HXP(I)»10X5HYP(I))

240 FORMAT (/6X3HVAL»12X3HDUM)

END

SUBROUTINE COORD (NXsNYsNZsKSYMyXTEO»ZTIPsXMAXy ZMAX»SYsSCALsSCALZ,
1AXsAYsAZsAD»AL»A2sA3sBO»BLlsB2sB35Z»C1lsC25C3)
C SETS UP STRETCHED PARABOLIC AND SPANWISE CODRDINATES

DIMENSION AO(1)» Al(1l)» A2(1)s A3(1l)s BO(1)» B1l(1l)s B2(1l)s B3(1)>»
12(1)» C1(1)» C2(1)s C3(1)

COMMON /DIM/ NX1sNYLlsNZ1yFDIM

DX®2,/NX

DY=1,/NY

KYaNY+1

DZ=2./NZ

DX=2,/NX1

DY=1./NY1

Di=2./NZ1

KYl=NY1l+1l

10=1.-DZ

Kl=2

K2aNZ

IF (KSYM.EQ.G) GO TO 10

Di=1l./NZ

DI=1,.,/N121

L0=0.

Kl=3

K2aNZ+2

10 AX=,5

AY=,5

Al=¢H

BX=0D,

BZ=0,
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20

30

40

50

XMAX=,625

IMAX=8./14,

SY=,5

SCAL=XTEOG/ (50001 *XMAX¥*XMAX)
SCALZ=ZTIP/(1.000001*ZMAX)
V2=(DX/DY)*%x2

Wl=SCAL/SCALZ

W2=(Wl*DX/DZ)*%2

S73=xSQART(73,.)
BBX®=BX®XSQRT(3+%(7e4+S5S73))/((1le+ST3)%kXMAX¥*3)
ABX=1,-BBXkSQRT((7e+S73)/712.)*XMAX¥%3
CBX=(19.+573)*XMAXKkXMAX/12.
ABBX=ABX+BBX¥ (3 4*¥CBX=4 .k XMAXKXMAX) *XMAXKXMAX/SQRT(CBX—=XMAX¥XMAX)
MX=NX+1

D0 40 I=1,MX
DD=(I-1)*DX=1++{(NX1-NX)*DX/2.

Bsl.

IF (ABS(DD)«GT«XMAX) GU TO 20
A=CBX~-DD*DD

AS=SQRT(A)

C=ABX*¥AS+BEBX* (3.%¥CBX—4.*DD¥DD)*DD*0D
DO=ABX*DD+BBX*AS*DD*%*3

D1=AS/C

D28BEX* (CBX*(—6.%CBX+19.%DD*DD)~12.*%DD*%4)*DD/ (A*(C)
GO T0 30

IF (DDeLTe0s) B==1,

A=l .~ ((DD-B*XMAX)/(le=XMAX))%%x2
CmAx*xAX

D(AX+AX=1.)*¥(1le-A)
DO=B*XMAX+ABBX*(DD-B*XMAX)/C
Dls=sA*C/((1l.,+D)*ABBX)

D2==(AX+AX) X (DD-B¥XMAX)*(3.+D)/ ((le+D)*A%(Lle=XMAX)**2)
AQ(I)=DO

Al(I)=.,5*%D1/DX

A2(I)=D1%*D1

A3(I)=.5%DX*D2

CONTINUE

JS=4-FDIM

DO 50 JJ=JdS,KY1

JsJJ=(2=-FDIM)

DD=(KYl-=JJ)*DY

A=1.-DD*DD

Cm=A¥%AY

De(AY+AY=1.)%(1le—A)
D1=A%C/((ls+D)*SY)

BO(J)=SY*DD/C

Bl1(J)=.5*%D1/DY

B2(J)=01%D1%*V2
B3(J)=s=AY*DDXDY*(3.+D)/7((1l.+D)*A)
BEZs=BZ*SQRT(3e*(74+573))/((1e+S73)*IMAX¥%3)
ABZ=1.-BBZ*SQRT((7++S73)/124)*IMAX%¥%*3
CBZ=(19.+S73)*ZMAX*ZMAX/12.
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60

70

80

10

20

ABBZ=ABZ+BBZ¥ (3 4%CBZ—4 . *ZMAX¥ZMAX)*ZMAX¥ZMAX/SQRT(CBZ-ZMAXXZMAX)
DO 80 K=2,K2

DD=(K=K1)*%DZ~20

B=l.

IF (ABS(DD).GT.ZMAX) GO TO 60

A=CBZ-DDx*DD

AS=3SQRT(A)

C=ABZ*AS+BBZ*(3.*CBZ-4.*%0D*DD)*DD*DD
DO=ABZ*DD+BBZ*AS*¥0DD%**3

Di1=AS/C
D2=BBLl*¥(CBZ*(=6%¥CBZ+19.%DD*DD)=12.%¥0D**4)%DD/ (A%*(C)
GU T0 70

IF (DDeLT«0.) B=-1.

Axle={((DD-B*¥ZIMAX)/(la—ZMAX))%%2

C=A%%AZ

D=(AZ+AZ-1.)¥(1l.-A)

DC=B*ZMAX+ABB Z*(DD-B*ZMAX)/C

D1=A%C/((1l.+D)*ABBZ)
D2==(AZ+AL)*(DD-B*ZMAX)*¥(3+0)/ ((Lle+D)*AX(1le~ZMAX)*%2)
Z(K)=SCALZ*DO

Cl(K)=.5¥D1*¥w1l/D1

C2(K)=D1*D1*wW2

C3(K)=.5%DZ%D2

CONTINUE

RETURN

END

SUBROUTINE SINGL (NCs)NZsKSYMsKTE1sKTE2sCHORDOs»SWEEP1s SWEEP2»SWEEP,
1DIHED1sDIHED2 yDIHEDS ZS» XLES YLE» XCo XZs X2ZZsYCoYZLsYZZs2sC1lyC22C35E1sE
22sE35E4sESy INDyCLOs CLPRE)

GENEKATES SINGULAR LINE FOR SQUARE ROUOT TRANSFORMATIOGN

DIMENSION 2ZS(1)s XLEC1l)s YLE(1)s XC(1)» X2(1)s» XZZ(1l)s YC(1l)y» YZ(1
1)y YZZ(1)s 2(1)s» CL(1)» C2(1)s C3(1)s EL1C(C1), E2(1)s E3(1)s E4(1)>
2E5(1)» CLOC(C1)y CLPRE(L)

DO 10 K=1,NC

E4(K)=0.

ES5(K)=0.

Kl=2

K2=N2

IF (KSYMJ.EQ.OQ) GD TG 20

Kl=3

K2sNZ+2

KTEl=3

DO 3C K=K1lsK2

IF (2(K)eLTeZS(1)) KTELl=K+1
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40
50
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IF (Z{(K)LE-ZS(NC)) KTEZ2=K

CONTINUE
B=CHORDO

S1sTAN(SWEEP1)
S2=TAN(SWEEPZ2)
TlsTAN(DIHED1)
T2=TAN(DIHEDZ)

CALL SPLIF
CALL INTPL
CALL INTPL
CALL INTPL
CALL SPLIF
CALL INTPL
CALL INTPL
CALL INTPL
CALL SPLIF
CAaLL INTPL

(L1sNCsrZSs»XLESELS)E2sE3515S1515529205045IND)
(KTEL1sKTE22ZsXCs1sNCr»ZSsXLEYEL1SE2sE350)
(KTELsKTEC»ZsXZ21sNCorZSsEL1sE25E39E450)
(KTEL1SKTEZ29ZsXZZs1sNCsZSsE25E35E45E55C)
(1sNCsZSsYLESPELSIEZ9E391sT1s1sT2505Ces IND)
(KTELlsKTE2sZsYCs1sNC»ZSsYLESELSE25E350)
(KTEL1yKTEZ2»ZsYZs1sNCsZSsELsE2sE39E45Q)
(KTELsKTEZ2sZsYZZs1lsNCsZS5»ER29E39E4ED0)
(1sNC»ZSsCLOSELSEZ29E339350e3350e9050esIND)
(KTE1sKTEZ2»ZsCLPRESLIINC»ZS»CLOSEL1SE2»ES»C)

S=B*TAN(SWEEP)

S1=B*31
S52=B*S2

T=B*TAN(DIHED)

Tl=B8*T1
T2=B8%T2

XC(2) =3, *x(XC(3)=XC(4))+XC(H)
YC(2)=3.¥(YC(3)=YC(4))+YC(D)
IF (KSYMeNE.O) GO TO 50

N=KTE1l-1l

DO 40 K=K1lsN
2Z=(Z(K)-2(KTE1))/8B

A=EXP(ZZ)

XC(K)sXC(KTEL)+S*ZZ-(S1l-S)*x(1l.-A)
YC(K)=YCA(KTEL)+T*ZZ~(T1=T)*(1le-A)
XZ{K)=(S+(51-S)*A)/8B
YZ(K)=(T+(T1-T)*A)/B
XZZ(K)=(S1-S)*A/(B*B)
YZZ(K)=(T1l=T)*A/(B*B)

N=KTEZ2+1

DO 60 K=N,K2
LZ=(ZL(K)-2Z(KTE2))/8B

AsEXP(~L1)

XC(K)=XCIKTE2)+S*¥ZZ+(52-S)*(1e.—A)
YCA(K)=YC(KTE2)I+T*2Z+(T2-T)*(1.—A)
XZ(K)=(S+(S2-S)*A)/8B
YZ(K)={(T+(T2=-T)*A)/B
XZZ(K)==(S52~-S)*A/(B*B)
YZZ(K)==(T2=-T)*A/(B*8B)

RETURN
END
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SUBRUUTINE SURF (NDsNEsNCsNXsNZs ISYMp)KSYMsKTELSKTEZ2sSCALSYAWSAQsZ,
1ZSsXCsoYCoSLOPTSTRAILSXS»)YSHsNPSITELSITEZ»IVSS0sZ0sXPsYPsD1sD2sD3sX>
2Ys INDs XZsYZr»Als(C1l)

INTERPOLATES MAPPED WING SURFACE AT MESH POINTS

INTERPOLATION IS LINEAR IN PHYSICAL PLANE

DIMENSION SO{NEs1l)s XS(NDs»1)s YS(ND»1l)y ZS(1)» SLOPT(1)s TRAIL(1),
1 XC(1)y YC(1), AC(L)» Z(1)» ZO(1)s X(1)s Y{(1)» XP(1l)s YP{1)» D1(1)
2y D2(1)s D3(1)y 1V(NEs1l)s NP(1l)» ITE1(1)» ITEZ2(1)s» XZ(1l)» YZI(1l)s A
31(1), C1(1)

COMMON /DIM/ NX1sNYLlsNZ1sFDIM

PI=3,14159265268979

TYAN=TAN(YAW)

Si=.5%*SCAL

Dx=2,/NX1

LX=aNX/2+1

MX=NX+]

MZaNZ+3

IVO=1-1ISYMN-ISYM=-ISYM

IVli=a-1-ISYM

DO 1C K=l,MZ

ITEL(K) =MX

ITE2(K)=pMX

DO 1G Is=lyMX

IV(IsK)==2

SU(IsK)=0.

KaKTE1

K=l

KesKz+1l

Kl=sK2-1

R2=1.

IF (ZS(K2)=-2Z(K)) 205s40,30

R2=s(Z(K)=ZS(K1))/(ZS(K2)-ZS5(K1))

Rl1=]l.-R2

C2R1#*XS({lsKLl)+R2%XXS(1,K2)

CC=SQRT((C+C)/SCAL)

DO 50 I=2,NX

IF ((AG(L)+.5%DX)+LTe~CC) I1=1+1

IF ((AQ(I)=e5*DX)eLT.CC) 12=]

CONTINUE

ITE1(K)=]I1

ITE2(K)=]I2

CC=AC(I2)/CC

ZO(K)=Z(K)=TYAWwR(XC(K)+S1*A0(I2)*A0(12))

KK=K1

P=R1

N=NP (KK}

Q=SQRTIXS(1sKK)/C)/CC
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DO 70 I=2sNX

TO X(I)=Q*AQ(I)
ANGL=PI+PI
U=1.,
V=0.
DO 90 I=1sN
RESQRTIXS(I KK)¥*¥2+YS(I»KK)*%2)
IF (R.EQ.0.) GO TO 80
ANGL=ANGL+ATANZ2((URYS(LIoKK)=VEXS(IsKK))» (U*XSIIsKK)I+VXYS(IsKK)))
UsXS(IsKK)
VeYS({IsKK)
R=SQRT((R+R)/SCAL)
XP{I)=R*CUS(.5%ANGL)
YP(I)=R*¥SIN(.5%ANGL)
GO TO 90

80 ANGL=PI
Us=-1,
V=0.
XP(I)=0,
YP(I)=0,

90 CONTINUE
ANGL=ATAN(SLOPT(KK))
ANGL1I=ATANCYS(1sKK)/XS(L1pKK))
ANGLZ22ATAN(YS (NsKK)/XS(NsKK))
ANGL1=ANGL=«5*%*(ANGL1=-TRAIL (KK))
ANGL2=ANGL=«5% (ANGL2+TRAIL(KK))
Tl=TAN(ANGL1)
T2=TAN(ANGL2)
CALL SPLIF (1sNsXPsYPsD1s02sD3515T1ls15T2505062IND)
CALL INTPL (I11sI2sXsYs1sNsXPsYPsD1»D250350)
X12,25%¥XS{1yKK)
A=SLOPT(KK)*(XS(1sKK)}=X1)
Bele/(XS{1rKK)-X1)
ANGL=PI+PI
U=1.,
V=0.
M=]1~-1
DO 100 I=2sM
XX=q5kS5CALRX(L)*%2
D=Bx(XX-X1)
YYaYS(1,KK)+AXALGG(D)/D
Ra=SQRT(XX**2+YY%%2)
ANGL=ANGL+ATANZ2{(URYY-V*XX)s (URXX+VXRYY))
U=XX
V=YY
RaSQRT((R+R)/SCAL)

100 Y(I)=R*SIN(«5%ANGL)
AsSLOPT(KK)*{XS(NsKK)=X1)
Bales/(XS(NpKK)=X1)

ANGL =0,
U=1,
V=0,



110

120

130
140

150

160

170

180

190
200

M=12+1

DO 110 I=MsNX

XX2 o 5kSCAL*X(I)%*%2

D=B* ( XX=X1)

YY=YS(NsKK)+A¥ALUG(D)/D
ReSQRT(XX¥*2+YY*%2)
ANGL=ANGL+ATANZ2((U*YY=VEXX) s (UXXX+V¥YY))
U=XX

V=YY

R=SQRT((R+R)/SCAL)
Y(I)=R*¥SIN(5%ANGL)

QeP*Q*CC*CC

DO 120 I=2sNX
SO(IK)=SO(I,K)+Q*Y (1)

IF (KKeEQJK2) GO TO 130

KK=K2

PsR2

6D TO 60

D0 140 I=11,12

IV(IsK)=2

M=]l-1

DO 150 I=¢seM
LIsZ(K)=TYAWR(XC(K)+S1*¥A0(I)*A0(I))
IF (ZZ.GEZO(KTEL)) IV(IsK)=IVO
CONTINUE

M=]2+1

D0 160 I=MyNX

ZZsZ(K)=TYAW*¥ (XC(K)+S1*AQ(I)*AQ(I]))
IF (ZZ.GELZO(KTEL1)) IV(IsK)=IVO
CONTINUE

Ke=K2-1

K=K+1

IF (KoLEJKTEZ2) GO TO 20

Kl=2

K2=NZ

IF (KSYM.EQ.D) GO TO 170

Kl=3

K2=N1+2

DU 180 I=2sNX

2Z2Z(K)=TYAWk (XC(K)+S1*A0(I1)*A0(I))
IF (Z2eLEVZSINC)eANDeZZ«GESZO(KTEL)) IV(IsK)=IVO
COUNTINUE

K=K+1

IF (KeLELK2) GO TO 170

N=KTEZ2

IF (YAW.LE.Oe) GO TO 200
IO=ITEL(KTEZ) +1

D0 190 I=I10,LX

N=N+1

ZOIN)=Z(KTE2)-TYAWR (XC(KTEZ2)+S1*A0(I)*A0(I))
IsITE1(KTELl)

ZO(KTEL=1)=Z(KTEL1-1)-TYAW*(XC(KTEL-1)+S1*%A0(I1)*A0(I))
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210
220

230

10

ZO(N+1)=Z{(KTE2+1)

DO 220 K=K1lsK2

DO 210 I=2,NX

IF (IV(I»,K)eGT.0) GO TO 210

IF (IV(I+1sK+1)eGTeOQeOReIVII=1sK+1)e6Te0) IV(IsK)=IV1
IF (IV(I+1sK=1)eGTe0.0ReIV(I=1sK=1)eGT.0) IVIIsK)I=IVl
CONTINUE

IF (SO(LXsK)elLTeleE~05) IV(LXsK)=0

IF (KSYM.EQ«O) RETURN

DO 230 I=2,NX

SO0(Is2)=3.%(50(I»3)-50(Is4))+50(I,5)

RETURN

END

SUBROUTINE ESTIM (ALFO)

INITIAL ESTIMATE OF REDUCED POTENTIAL

COMMON G(129512515)550(129,15)5E0(131)»20(131)»1IV(129515)5ITEL1(15)
1,ITE2(15),A0(129)»A1(129),A2(129)5A3(129)sB0(12),B1(12),B2(12)s8B3(
212)52(15)5C1(15)5C2¢(15)5sC3(15)s XC(15)sXZ(15)sXZZ(15),YC(15),5YZ(15)
3sYZZ(15)sNXoNYINZSsKTELSKTE2) ISYM)KSYMsSCAL»SCALZsYAWSCYANWSSYANWSALP
4HASCA»SA9sFMACHINL1sN2sN3»sIOsNDES» TSTEPSEPS1»QPRE(129,15)sS0PRE(129)
515)sNQSTA»ZQSTA(15)sPCQL(15),PCQ2(15)»PCQ3(15),QQ1(15),QQ2(15)5QQ3
6{15)5QQ4(15),PCS1(15),PCS2(15)»0DSURF(15),RDQsRDS0O0sFO0sFOLsF10sF11s
TNDQ» IQsKQy AWINGy VOLDRG» IDRGPLT(129,15),SECDRG(15)

DIMENSION ALFO(1)

KYaNY+]

MZ=NZ+3

00 10 I=1,129

DO 10 J=l,12

DO 10 K=1,15

G(I»JsK)=0Q,

K=1

D0 30 K=l,M2

DD 20 I=2,NX

G({IsKY+1,K)=0,

IF (IV{IsK)eLTe2) GO TO 20

DSI=sSO(I+1,K)=SO(I~-15K)

DSK=SO(I»K+1)~SO0(I,K=-1)

SX=A1(I)*DSI

SZ=sCl(K)*DSK

FHsAO(I)*AQ(I)+SO(I»K)*SO(IsK)

H=1./FH

AZs=AQ(T)%XZ(K}-SO(I,K)*YZ(K)

BZ=s=AQ(I)*YZ(K)+S0(IsK)*XZ(K)

HZ=AZ*SX-BZ+FH*SZ
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20
30

40

FYY=] o #SX*SX+H¥HZ*HZ
FXYmSX+H¥AZ*HZ
VeSA*AO(I)=-CA*SO(IyK)
U=CA*¥AQ(I)+SA*SO(IsK)
WeSYAW+CARXZIK)+SA*YZ(K)
GCIsKY+1pK)mG(IoKY=-1poK)+(VR(le=H*BZ*HZ)—U*FXY-W*HZ)/(FYY*B1(KY))
CONTINUE

CONTINUE

K1sKTEl-1
K2sKTE2+ITE2(KTE2)=NX/2
DO 40 K=K1,K2

ALFO(K)=0.

EO(K)=0,

10=1

RETURN

END

SUBROUTINE MIXFLO

SOLUTION OF EQUATIONS FOR MIXED SUBSONIC AND SUPERSONIC FLOW

USING ROTATED DIFFERENCE SCHEME

COMMON G(129512515)5S0(129,15)5E0(131),20(131)1V(129515)51ITEL1(15)
1,I1TE2(15)940(129)5A1(129)5A2(129),A3(129),B0(12),B81(12),B2(12),B3(
212)52(15)5C1(15)5C2(15)5C3(15),XC(15)sXZ(15)sXZ2(15)sYC(15)sYZ(15)
39YZZ(15) sNXsNYsNZyKTELIIKTE2s ISYMsKSYMsSCAL» SCALZyYAWSCYAWS SYAWSALP
4HASCA»SASFMACHYN1,N2sN3» IOsNDESSTSTEP»EPS1»QPRE(129515),SOPRE(129s
515)sNQSTA»ZQSTA(15),PCQ1(15)sPCQ2(15)5PCQ3(15)»QQ1(15),QG2(15),QQ3
6(15),QQ4(15)sPCS1(15)5PCS2(15)sDSURF(15)»RDQsRDS0sFO00sFO1sF10sF11,
INDQ» IQsKQy AWINGs» VOLDRG» IDRGPLT(129515),SECDRG(15)

COMMON /FLO/ STRIPsP1sP2sP3sBETASFRyIRyJRsKRs DG IG»JGsKGINS» FSWEEP
COUMMON /SwP/ DXYZ(129)sGK1(129515),G6K2(129915)sS5X(129)»52(129),5XX
1(129)5sSXZ2(129)5S2Z(129)sR0(129)»R1(129)5,C(129)sD(129)5G10(15)5620¢(
215)9G30(15)5640(15)561(15)5G2(15)911s12sKsL sNO»LXsMXsKYsMYs»T1lsAAODS
3Q1,Q2,TYANW»S1

COMMON /DIM/ NX1sNY1»NZ1lyFDIM

BETX=,01

BETY=,15

BETZs=,1

BSCAL=1./(1l.+FDINM)

BSCAL1=1le/(2.%(1e+FDIM))

LX=sNX/2+1

MXsNX+1

KY=NY+1
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10

20

MYsNY+2
TYAW=SYAW/CYAW
S1=,5*%SCAL

DX=24./NX1

Tl=DX*DX
AAO=1+/FMACH*#2+,2
Ql=2,/P1

Q2=1./P2

FR=0.,

IR=Q

JR=0

KR=(Q

DG=0,

I16=0

JG=0

KG=0

NS=Q

Kl=2

KZ2=NZ

IF (KSYM.,EQ.0) GO TO 10O
Kl=3

KZ2sNZ+2
F=ABS(.5*%STRIP*NX)
L=F

IF (L.EQ.NX/2) L=L-1
Il=LX-L

I2=LX+L

IF (L.EQ.0) I2={Xx-1
DO 20 J=1,MY

DO 2G I=1,MX
GK1(IsJ)=G(IsJdrl)
GK2(IsJ)=G(IsJd»1l)

Ke2

L=2

NO=KTE1l-1

IF (K4EQ.K1) GO TO 90
IF (KSYM.tQ.0) GO TO 80
I=LX
DSI=sSO(I+153)-S0(1-1,53)
DSK=S0(I,4)-S0(Is2)
SX{I)=A1(I)*DSI
SZ(I)=C1(3)*DSK

R=1.0

DO 30 J=2,KY
YP=BO(J)+S0(1,3)

IF (JeEQeKY) R=AMINO(Lr»IVI(IsK))
HeR/(1le=R+YPXYP)
Al==YP%XYZ(3)
BZ=YP*XZ(3)
AsH®AZ*AL(])

Be (H* (BZ~AZ*SX(I))=-SZ(I))*B1(J)
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DGI=aG(I+1sJs3)-G(I=-1sJs3)
DGJI=G(I»J+1s3)=G(IsJ—-1s3)
G(Isds2)=G(IrJs4)+(A*¥DGI-B*DGJ)/C1(3)
GK1(Isd)=G(Isds2)
G(lIsdol)=3.%(G(I1sJs2)-G(1rds3))+G(IsJr4)
GK2(I5J)=G(IsJ»1)

30 CONTINUE
JeKY+1
GlIsds2)=G(Isdra)+(AXDGI-B%DGJ)/CL(3)
GK1(Isd)=G(IxJds2)
G IsJsl)=34%(G(Isds2)=G(Isds3))+G(Isdrs)
GK2{I,J)=G(1sJrl)
M=NX/2-1
DO 7C II=1,M
I=LX~-11
GO TO 50

40 I=LX+11

50 DSI=SO{I+1s3)-SCG(I-1,3)
DSK=SC0(I,4)-S0(1s2)
SX(I)=A1(I)*DSI
SZ(I1)=C1l(3)*DSK
DG 60 J=gsKY
YP=sBO(J)+S0(Is3)
Hxlo/(AQ(I)*¥AQ(I)+YPXYP)
AZ==AQ(I)%XZ(3)=YPXYZ(3)
BZ==AQ(I)*¥YZ(3)+YP%XZ2(3)
S=SIGN(1l.»AZ)
AxH*¥ABS(AZ)*AL1(I)
Be(H¥(BZ-AZ*SX(I))-SZ(I))*B1(J)
IPsI+IFIX(S)
IM=I-IFIX(S)
DGI=G(Isdrés)-G(IMyJr4)
DGU=G(LsJ+153)-G(IsJ=~1»3)
G Isds2)=(CL 3)%G(IoJrpa)+tA¥(GC(IP»JI»2)+DGI)—-8%DGJ)/(CL(3)+A)
GK1(IsJ)=G(Isds2)
G(Ipdsl)=3,%(G(IyJds2)=G(IlsJs3))+4G(IsJr4)

60 GK2(1sJ)=6(I,Js1)
JEKY+1
GlIsJde2)=2(CLl(3)%G(IsJs4)+AX(G(IP»Js2)+LGI)—-B*DGJ)/(CL(3)+A)
GK1(I»4)=6(Isds2)
IF (I.LTsLX) GO TO 40

70 CONTINUE

80 KK=K+1
K3=K2+1

Q0 DU 150 K=KKyK2
DO 100 J=1,MY
GlO(J)=G(I2sJsK)
620(4)=G(12-1sJ,K)
630(J)=G(IlsdsK)

100 G40(J)=sG(I1l+41lsJsK)
DO 110 I=2,NX
DSI=SO(I+1sK)=SO(I-1,K)
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110

120
130

140

150

160

170

180

DSK=SO(IsK+1)=-SO(I,K=1)
DSII=SO(I+1sK)=SO(IsK)=SO(IsK)I+SO(I=-1,K)+A3(I)*DSI
DSKK=SO({IsK+1)~SO(IsK)=SO(I»K)+SO(IsK=1)+C3(K)*DSK
DSIK=SO(I+1sK+1)=SO(I~-1sK+1)=SO(I+1sK=-1)+S0{I-1,K=-1)
SX{I)=Al(1)*DSI

SZ(I)=Cl{K)*DSK

SXX(I)=A2(I)*DSII

SZZ(1)=C2(K)*DSKK

SXZ{L1)=T1*A1(I}*C1L(K)*DSIK

L=K

IF (12.LE.I1) GO TO 1390

IF (FSWEEP.LTW0s) GO TO 120

CALL YSWEEP

G0 TO 13C

CALL VYSWEEP

CONTINUE

IF (KeNEKTE2+O0R.YAW.LELOL,) GO TO 150

IO=sITE1(K)+1

DO 140 I=10sLX

MaNX+2-1

E=sG(MsKYpK)=G(IsKYsK)

NC=NO+1

EO(NC)SEO(NO)+P3*(E-EO(NOQ))

CONTINUE

BOUNDARY CONDITION AT INFINITY REPLACED BY MIXED DIRICHLET
AND NEUMANN CONDITION AT CONTROL SURFACE

DO 160 I=l,MX

DO 160 J=1l,MY

G(IsJsK3)=(1e=BETZ/BSCALL)*G(Is»JsK2)

DO 170 J=l,MY
G(I2+19J»2)=(1l.~BETX/BSCAL)*G(I2sds2)
G(Il=1sds2)=(1e~BETX/BSCAL)I*G(I1sJ»2)

DO 180 Is=slyMX
G(IyJdl=1s2)=(Lle~BETY/BSCALL)*G(I»J1s2)
FR=1.,2%FR/AAG

RETUKN

END

SUBROUTINE YSWEE?P

THE FINITE DIFFERENCE EQUATIONS FOR &G ARE SOLVED BY ROW RELAXATION
MOST OF THE COMPUTING TIME IS SPENT IN THIS ROUTINE

COMMON 6(129512515)550(129515)5t0(131),2ZC(131),1IV(129,15),1ITEL1(L15)
1,ITEC(15)5,A0(129)5,A1(129)»A2(129),A3(129),B80(12)sB1(12)»82(12)sB3(
212)52(15),C1015),C2(15)5C3(15)sXCU15)sX2(15)»XZZ(15)sYC(1b)s»YL(15)
3sYZZ(15)sNXsNYyNZsKTELIKTE2s ISYMyKSYMsSCAL»SCALZ» YAWSCYAWs» SYAW,ALP
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4HA»CA»SA» FMACHsN1yN2sN3»IOsNDES» TSTEPSEPS1sQPRE(129515)sS0OPRE(129)
515)»NQASTASZQSTA(15),PCQL(15),PCQ2(15)»PCQA3(15)»QQ1(15),QQ2(15),QQ3
6(15)5QQ4(15)sPCS1(15)sPCS52(15)»DSURF(15)sRDQsRDSO»FO00»FO1sF10sF11,
INDQs»IQsKQs AWING, VOLDRG» IDRGPLT(129515)»SECDRG(15)

COMMON /FLO/ STRIPs»P1sP2sP3sBETAsFRIIRsJRIKRs DG IG»JGsKGsNSs FSWEEP
COMMON /7SwP/ DXYZ(129)»GK1{(129515)s6K2€(129915)s5X(129)9s52(129)sSXX
1(129)5sSX2(129)5sSZ2(129)»R0(129)»R1(129),C(129)5D(129)56G10(15)»620¢(
215)956G30(15)5640(15)»G1(15)s62(15)5I1sI2,KsLsNOsLXsMXsKYsMY»T1ysAAQ,
3Q01,Q2,TYAWsS1

COMMON /DIM/ NX1sNY1sNZ1sFDIM

BETX=,01

BETY=,15

BETZ=.1

BSCAL'lo/(10+FDIM)

BSCALI'l./(Z.*(l.*FDIH,)

J1=2

IF (FMACHeGE«1s) J1=3

C(Il-1)=0Q,

D(Il-1)=0,

DO 1C I=I1,12

RO(I)=1,

R1(I)=1.

GK1l{(Is»1)=G(I»1l,L)

GK1(IsJ1-1)=G(IsJ1-1»l)

J=J1l

I3a]2

BC==T1*B1(J)*C1(K)

00 60 I=I1,13

AB=-T1*Al(I)*B1l(J)

ACsT1*A1(I)*C1(K)

YP=SO(IsK)+BO(J)

Azl.=RO(I)+AQ(I)*AQ(I)+YP%YP

H=RO(I)/A

FHaRO(I)*A

P=AQ(I)*(4.*YP*YP-FH)

QasYP*¥(4.*¥A0(I)*AO0(I)-FH)

A=XZ(K)*XZ(K)=YZ(K)*YZ(K)

Ba(XZ(K}+XZ(K))*YZ(K)

AZ==AQ(I)*XZ(K)-YP*YZ(K)

BZ==A0(I)*YZ(K)+YP*XZ(K)

CluH¥H¥(P*A=Q*B)-AQ(I)*XZZ(K)=-YP*YZZ(K)

DZsH*H* (Q¥A+P*¥B)=AQ(I)*YZZ(K)+YP*XZZ(K)

DGI=G(I+1sdsL)=G(I-1sJdsl)

DGJ=G(IsJ+1sL)=GK1(IsJ-1)

DGK=G(IsJdsL+1)-GK1(IsJ)
DGII=G(I+1sJdsl)=G(IsJsL)=G(IsoJolL)+G(I-1sJsL)}+A3(I)*DGI
DGII=G(Iod+lsoL)=G(Isdsl)=G(IoJdslL)+G(1sJ-15L)-B3(J)*DGJ
DGKK=2G(IpJdol+1)=G(IsJyL)=G(IsJdsoL)+G{IsJ,L-1)+C3(K)*DGK
DGIJ=G(I+1yJd+1lsL)=G(I-1sJ+1lslL)=G(I+1sJ=1sL)+G(I-1sJ=-1sL)
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30

DGIK=G(I+1sJdsLl+1)=G(I+1lsJsl=1)~G(I-1pJsl+1)+G(I=1sJsiL~-1)
DGIK=G(IpJd+1le L+2)~G(Ipd=1sLl+1)-G(LsJ+1sL-1)4G(LlsJd—-1sL-1)
GX=Al(I)*DGI

GY==B81(J)*DGJ

UsGX=SX(I)*GY+CAXAC(L)+SA*YP

VeGY+SAXAQ(I)=-CA*YP

WeRO(I)*(CL(K)*DOGK=SZ(I)*GY+SYAWH+CARXZ(K)+SA*¥YZ(K)+H* ({UXAZ+V%BZ))

AUsU+W*AZ

AVaV+u*BZ

QXY=H¥ (U*U+V*V)

QU=Q XY +Wkl

AA=sDIM({AAQ,».2%QQ)

HZ=sAZ*SX(I)=-BZ+FH*32(1I)

FXX=lo+H¥*AZ*AZ

FYY®)le+SX(L)®kSX(1)+HXHI*HZ

FXY=SX(L)+H*AZXHZ

BV=AV=AURXSX(I)-FH*W*xSZ(1)

UU=H*AU* AU

VVaH*BV*BYV

WWesFHXWEW

UVsHXAU*BY

UW=AU*W

VWe=B Vil

AXX=R1I(I)¥(FXX¥*AA-UU)

AZZ=FH*AA-WW

AXZ=(RO(I)+RO(I)I*(AZ*AA~UNW)

Ree ( AXXESXX(I)Y+AZZ*SZZ(I)+AXZ*SXZ(I))*GCY+T1%®(RO(I)*AAX(CZ*GX+(DZ-S
IX(I)*CZ)*GY)=HX(CAX (AUXAU=AV¥AV)+(SA+SA)I*AURAV=QXYR(UXAQ(T)+V*YP+(
2H+W)IR(AQ(I)*AZ+YP*BZ)) ) =WWR(CAXXZZ(K)+SARXYZZ(K))=W*xWx{(U*CZ+V*DZ))

AXT=ABS (AU*AL1(I))

AYT=ABS(BV*Bl1(J))

AZT=ABS(FH*W*xC1(K))

A=RO(I}*BETA®AA/AMAXLI(AXTsAYT»AZT»(1e=-RO(I)))

AXT=A*AXT

AYT=AX*AYT

AZT=sA*AZT

IF (QQ.GE.AA) GO TG 30

AXX=AXX*¥A2(I)

AYYs(FYY*XAA=VV)%*B2(J)

ALZ=AZI*C2(K)

AXYs=RI(I)*(FXY*AA+UV)¥*(AB+AB)

AXZ=AXZ*AC

AYZ==RO(I)*{(HZ*AA+VW)*(BC+BC)

BP=AXX

BM=AXX

Be=AXX=-AXX-Ql*(AYY+AZZ)

ReEAXX*DGII+AYY*DGJJ+AZZ*DOKK+AXY*DOGIJ+AYZ*DGIK+AXZ*DGIK+R

GO TG 40

NS=NS+1

S=SIGN(l.rU)

IMsI-IFIX(S)

IMM=IM=-IFIX(3)
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50

60
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80

AXX=UU%®A2(])

AYY=VYV%kB2(J)

AlZ=wWxC2(K)

AXY=E #*SHUV%AB

AXZ=E . ¥S*UWKAC

AYZ=8 . *¥Vi*xBC

BXX=s (FXX%¥QQ-UU)*A2(I)

BYY=(FYY*QQ-VV)*B2(J)

BZZ=(FH*QQ-WW)*C2(K)

BXY=~({FXY*QQ+UV)* (AB+AB)

BXZ=(AZ*QQ-UW)*{AC+AC)

BYZ=—(HZ*QQ+VW)*(BC+B(C)

AQ=AA/QQ
DELTAG=BXX*¥DGII+BYY*DGJJ+B2ZZ*DGKK+B8XY*DGIJ+BYZ*DGJK+BXZ*DGIK
DGII=G(IsJal)=G(IMsJsL)=G(IMs»J,L)+G(IMMyJL)+A3(I)*DGI
DGJJI=G(Iodol)=6G(1lod=1sL)-G(Isd=1sL)+GKI(IsJ=2)=-B3(J)*DGJ
DOKK=G(IasJaslL)=G(IpJdsL=1)=G(IpJdsbL=1)+GK2(IsJ)+C3(K)*DGK
DGIJ2G(IsdsL)=G{IMsJsrL)=G(Isd=1rL)+G(IMsd=-1sL)
DOIK=G(IsJdsL)=G(Isdsl=1)=G(IMsJsL)+G(INsJsl~-1)
DGJK=G(IsJs L) =G {Isodsol=1)=G(IoJd=1sl)+G(1sJd-1sl-1)
GSSaAXX*DGII+AYY*DGJJ+AZZ*DGKK+AXY*DGIJ+AYZ*DGIJK+AXZ*¥DGIK
B e5%(AQ=1,) ¥ (AXX+AXX+AXY+AXZ)

BP=AQ*BXX~(1.~S)*8

BM=AQ*BXX—-(1.+S)*B
B=—=AQ¥x(BXX+BXX+Q2% (BYY+BZZ))+(AQ-1le ) ¥ (2% (AXX+AYYH+AZZ)+AXY+AYZ+AXZ

1)

Ra(AQ=1.)*GSS+AQ*DELTAG+R

IF (ABS(R).LELABS(FR)) GU TO 50
FR=R

IR=]

JR=J

KK=K
RER=AYT*(GK1(IoJ=1)=G(IpoJd=1sL))=AZT*(GKI(Is»J)=G(IsJsl=-1))
B=B ~AXT-AYT-AZT

BM=aBM+AXT

B=le/(B=BM¥C(I-1))

C{I)=B%BP

D(I)=B*(R=BM*D(I-1))

Cb.o'

I=]3

DO 8C M=I11,13

Ce=D(I1)-C(I)*CG

IF (ABS(CG).LE.ABS(DG)) GD TO 70
DG=CG

IG=1

Je=J

KG=K

GK2(1sJ)=GK1(Is»J)
GK1(IysJ)=6(Isdsl)
G(IsJdslL)=G(IsdsrlL)-CG

[=1-1

JEJ+1
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100

110

120

130

140

150

160

170

IF (J=-KY) 205905110

IF ([2.GTITE2(K)) I3=ITEZ(K)

IF (ITE2(K).EQ.MX) I3=LX

DO 166 I=Il1l,I3
LV=IABS{1-TABS(IV(I»K)))
RO(CIN=AMINO(LV,IABS{IV(IsK)))
R1(I)=LV

G0 TO 20

N=NO

IsLX+]1

IF (KeLToKTEL1 sORK«GTKTE2) GO TO 130
I0=NX+2-1I3

DU 120 I=10,13
Axl.=RO(I)+A0(CI)*AO(I)+SO(I,K)*SO(I»K)
H=RO(I) /A

FH=RO(I)*A
AZa=AQ(I)*XZ(K)=SO(I,K)*YZ(K)
B2Zum=AQ(I)*YZ(K)+SO(IsK)*XZ(K)
HZ=AZ*SX(I)=-BZ+FH%®SZ (1)
FYYx1oa#SX{I)RSX{I)+H*HI*HZ
FXYsSX(I)+H*AZ*HZ
DGI=G(I+1sKYsL)=G(I-1sKY>sLl)
DGK=G{IsKY»L+1)=GK2(IsKY)
VaSA*AQ({I)=CA*SO0(1sK)
U=zA1(I)*DGI+CA*XAQ(I)+SA%*S50(I»K)
WeCl(K)*DGOK+SYAW+CA*XZ(K)+SA*YZ(K)
GUIsKY+1loL)aG(IoKY=1sL)+(V*(1le—~H*¥BZ¥HZ)=U¥FXY~W*HZ)/(FYY*B1(KY))
I=10

IF (I0.NELITE1(K)) GU TO 130
EasG(I3sKY,»L)=-G(IO0»KYsL)

NO=NO+1
EQ(NO)=EUVU(NQ) +P 3% (E—EO(NQ))

N=NO

IF (I.LE.I1) GO TO 170

Is]-1

E=0e

IF (IV(IsK)eNE«1l) GU Tu 160

27222 (K)=TYAW* (XC(K)+S1*AO(I)*AC(I))
IF (Z2.GE.ZO(N-1)) GO TJd 150

N=N-1

GO TO 140
R=(Z22=-Z0(N=1))/7(ZO(N)=Z0(N=1))
E=R*¥EQ(N)+(1l.-R)*EO(N-1)

MaNX+2-1

G(IsKY+1sL)=G (MsKY~1»L)~E
G(MoKY+1sL)=G(IpKY=-1sL)+E
GK2(MyKY)=GK1l (MsKY)
GKL(MsKY)=G(MsKYsL)
GI{MyKYsL)=G(IoKYsL)+E

GO TO 130

ACCURATE TRUNCATED BOUNDARY COUNDITIONS
CONTINUE
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190

10

DO 180 I=Z2,NX
G(IsJ1l-1sL)=(1lo~BETY/BSCALL)I*G(IsJlsL)
DG 190 J=1,MY
G(Il-1sJsL)>(1le~BETX/BSCAL)I*G(I1sJdsL)
G(I2+1sJslL)=(1.=-BETX/BSCAL)I*G(IZsJsL)
RETURN

END

SUBROUUTINE VELDO (KsLySVeSMsCPsXsYsUCH»VCHrWC)

CALCULATES SURFACE VELOCITY

COMMUN G(129512515)550(129515)5E0(131),20(131)51IV{(129»15)»ITEL(L15)
1, ITEZ(15)5A0(129)sA1(129)5A2(129)5A3(1c9)sB0(12)581(12),B2(12)»B83¢
212)52(15)5C1015),C2(15)5sC3(15)yXCU15)sXZ(15)sXZZ(15)sYC(15),YZ(15)
39YZZU15) sNXyNYsNZsKTELSKTEZ»ISYMIKSYMySCAL»SCALZyYAWSCYAWS» SYAWSALP
4HACAsSASFMACHs N1 yN2)N3 s IO»NDES») TSTEPSEPS1sQPRE(129515)sSOPRE(12G,
H515),NQSTA,ZQSTA(15),PCQL(15),PCQ2(15)5,PCQA3(15)»QQ1(15),QQ2(15)5Q0Q3
6(15)5Q04(15)sPCS1(15)sPCS2(15)sDSURF(15),RDQsRDSOsFO0»FO015F10UyF1l,
INDQsIQsKQyAWINGIVOLDRG,IDRGPLT(129515)sSECDRG(15)

DIMENSION SV(1)» SM{1)» CP(1)s X{1)s Y(1l)y UC(1l)» VC(1l)sy WC(])
DIMENSION Q2(129)s Q2S(129)s Q2SX(129)s Q25Z(129)s Q2M(129)» Q25M(
1129), Q2SxM(129), Q2SZM(129), Q2P(129)

DIMENSION DY(129)s DYK(129)

COMMON /DIM/ NX1sNYLpNZLlyFDIM

I10=ITEL(KTEL)

I120=1TE2(KTEL)

DU 1C KDUM=KTEL,KTEZ

I10=MINO(IL1CyITEL(KDUM))

I120=MAX0(I20, ITE2(KDUM))

JaNY+1

Ql=ao 2%FMACH%*%*2

Tl=loe/ (e 7%FMACH*%2)

00 20 I=110,120

FH2AG(I)*AQ(I)+SO(IsK)%SCO(IsK)

H=Q0.

IF (IV(IsK)eNECO) H=lo/FH

AZ==A0(I)*XZ(K)=SO(IsK)%YZ(K)

BZ==A0(I)%YZ(K)+SO(IsK)%XZ(K)

DSI=SO(I+1,K)=SO(I-1sK)

DSK=SO(IsK+1)=SO(IsK=~1)

SX=A1(I)%DS1

SZ=C1(K)*DSK

DOI=G(I+1yJdsL)=G(I-1sJsL)

DGU=G(IpJ#+lsL)-G(IsJd-1sL)

DEK=G(IsJyL+1)-G(IsJdslL-1)
U=A1(I)*DGI+SX*BL(J)*DGJI+CA*AQ(IN+SA*xSC(IsK)
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20

V==B1l(J)*DGJ+SA*¥AO(I)—~CA*SO(IsK)
WesCl{K)*DGK+SZ*B1(J)*¥DGJ+SYAWH+CAXXZ(K)+SA*YZ(K)+H* (UXAZ+V*BZ)
QQ=H* (UXU+V*Y ) +wky
SV(I)=SIGN(SQRT(QQ),U)
IF (IV(I»K)eEQeO) SV(I)aSVHI-1)+SV(I-1)=-SV(I=-2)
UC(I)=0,
VC(I)=0,.
WC(I)=Q0.
QQ=1.+Q1*(1.-QQ)
SM(I)=FMACH*SV(I)/SQRT(QQ)
CP(I)=T1*(QQ**3,5-1,)
X{I)eXC(K)+5%SCAL*¥(AO(I)*AO(I)~SO(I,K)*SO(I,K))
Y(I)=YC(K)+SCAL*AOQO(I)*SO(IsK)
IF (NDES.LE.Q) GO TO 20
 W2Sm2 KWHEHR ((=U*YZ(K)+VRXZ(K)+SAXAZ=~CA¥BZ)=2¢%SO(IsK)%*HE(U*AZ4VXBZ
1))
Q2S(I)==2.%H* ((SA*¥U=CA*V)=SO(IsK)*H* (U*¥U+V*V))=uw2S
Q2SX(I)==2.%BLl(J)*DGJXHE(U+AZ%W)
Q2SZ(I)==2.,%B1l(J)*DGJI*W
CONTINUE
IF (NDES.LE.O) RETURN
CALL SURMUD (KsLsSVsSMsCPsXsYsUC»VCrwC»Q2S5Q25X»Q2S2)
RETURN
END

SUBROUTINE SURMOD (KsLsSVsSMyCPsXsYsUCH»VCrwCr»Q255G25X,Q252)
PERFORMS SURFACE MODIFICATION IN DESIGN MODE

COMMON 6(129512515)»50(129515)sE0(131)520(131)51IV(129515),ITEL(15)
1y ITE2(15)5A0(129)5A1(129)5A2(129)5A3(129)sB0(12)sB1(12)s82(12)sB3¢(
212)9Z2(15)5C1(15)sC2(15)sC3(15)sXCULS) s XZ(15)»XZZ(15)sYC(15)sYZ(15)
3sYZZ(15) sNXsNYsNZyKTELIKTE2sISYMIKSYMsSCALSCALZsYAWSCYAWSSYAWSALP
4HA» CAs SA FMACHIN1)N2s)N3sIOsNDES» TSTEPSEPS1»QPRE(129515)sSOPRE(129
515),NQSTA»ZQSTA(15),PCQL(15),PCQ2(15)sPCQ3(15)»0QQ1(15)5QQ2(15)5Q0Q3
6(15)»QQ4(15)»PCS1(15)sPCS2(15)sDSURF(15)sRDQyRDSOsFOUSFO1sFLl0,F1l,
TNDQs» IQsKQy AWINGy VOLDRGSIDRGPLT(129515)sSECDRG(1LD)

DIMENSION SVI(1)s SM(1l)s CP(1)s X(1)» Y(1l)s UC(1)» VC(1)s wWC(1)
DIMENSION Q2(129)s Q25(129)» Q2S5SX(129)y Q2SZ(129)s Q2M(129)s Q2SM(
1129), Q25XM(129)» Q2SZIM(129)s Q2P(129)

DIMENSION DY(129)s DYK(129)

COMMUN /DIM/ NX1yNY1sNZ1,FDIM

I1=ITEL1(K)

I2sITE2(K)

I10=ITE1(KTEl)

I120=ITE2(KTE1)

DO 10 KDUM=KTE1sKTEZ2
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I10=MINO(I10sITEL{(KDUM))

I20=MAXO(I20, ITE2(KDUM))
DX=1+/FLOAT{NX1)

CuTLO=,.80

J=eNY+1

Ql=e 2*FMACH%**2

Ti=sle/ (e 7*FMACH*%2)

KFLAG=0

IF (KeGT.KTE1) GO TO 30

DU 20 1=110,120

DYK(I)=0.
Q2(I)=QPRE(I,K)*QPRE(IL,K)=-SV(I)*SV(I)
UC(I)=QPRE(IsK)
VC(I)=SO0(IsK)=SOPRE(I,K)
Q@2sM(I)=Q2sS(I)

Q25XM{I)=025X(I)

G2SZM(I)=Q2SZ(I)

RETURN

DO 40 I=I110,1I20
Q2P(I)=aPRE(L1»K)I*QPRE(LsK)=SV(I}*SV(])
UC(I)=QPRE(I,K)
VC(I)=SO(IsK)=-SCGPRE(IsK)

IF (KeGToKTE1+1) GU TO 60

DG 56 I=110,120

Q2M(I)=Q2P(1])

CONTINUE

DT=TSTEP*DX

KM2K-1

IF (KFLAG.EQ.1l) KM=KTEZ

I=12¢

DY(I)=0.

DYK(I)=0,

I=1-1

DY(l)=0.

IF (I.LE«.I10) GO TOU 100

IP=I+1

IM=]-1

IF (1 eGTeITE2(KM)eORILTLITELI(KM)) GO TO 70
Q2X=2e%AL(I)%(Q2(IP)=-Q2(I))

IF (Q2SXM(I)aLEaQe) Q2X=2,%A2(I)*(Q2(1)=~Q2(IM))
Q2Z=2.,*%CLIKM)*(Q2P(1)=-Q2(1))

IF (Q2SZM(I)eLEeOe) Q21=2.%CL(KM)I*¥(Q2(1)=-Q2M(I))
DS2Q2(I1 )+ 5%DT*(Q2SM{L)*Q2(I)+Q2SXM{1)*Q2X+Q2SZM(I1)*Q27)
FFOO=F0O

FFOl1=F01

FF10=F10

IF (ABS(SM(I))«.LE.CUTLO) FF10=0,
FFll=F1ll

FAC=1./(FFOO+FFQO1-FF10-FF11)
DY(L)=(DT*DS=DY(IP)*(FFlO+FF11)+4DYK{(I)*(FFO1l-FF11)+DYK(IP)*FF11)*F
1AC

DUMM=SO(I,KM)+DY(I)
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100
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120

C

IF (DUMMJLT.SOPRE(IsKM)) DUMM=SOPRE(I,KM)
DY(I)=DUMM=SO(I,KM)
SOUIsKM)=DUMNM

IF (SO(I»KM)eLE.SOPRE(I»KM)) GO TO 90
IF (ABS(DS).LT.RDSO) GO TO 80
RDSO=AMAX1(RDSO»ABS(DS))

IQ=1]

KQ=KM

CONTINUE

NDQ=NDQ+1

RDQ=RDQ+ABS(DS)

CONTINUE

GO TO 70

CONTINUE

IF (KFLAG.EQs1l) KETURN

DO 110 I=110,120

DYK(I)=DY(I)

Q2M(I)=Q2(I)

Q2(I)=Q2P(I)

Q2SM(I)=Q2S5(I)

Q25XM(I)=Q2SX(I)
Q2SZM(I)=Q2S52(1)

CONT INUE

IF (KeLToKTE2) RETURN

DO 120 I=I110,120
QZP(I)=AMIN1(Q0ss2.%Q2(I)-Q2M(1))
KFLAG=1

GU TO 60

END

SUBRUUTINE DRAGC (INDsSCALX)

COMPUTES THE WAVE DRAG BY VOLUME INTEGRATION OF ENTROPY INEQUALITY
CUMMON G(129512515)550(129515),E0(131)5,20(131)sIV(129515)ITEL1(15)
1,ITE2(15)5A0(129)sA1(129)5,A2(129)»A3(129),8B0(12),B81(12)sB2(12)sB3(
212)9Z2(15)sCLl(15)sC2(15)5C3(15)sXCUL5)sXZ2(15)sXZ2Z(15)sYC(15)sYZ(15)
39YZZ(15) s NX)NY)NZIKTELIKTE2s ISYMsKSYMsSCAL»SCALZsYAWS>CYAWS SYAWS ALP
4HASCA»SASsFMACHYNLISNZ2)N3»IOyNDES» TSTEPSEPS1»QPRE(L129515)sSCPRELL129)
515)sNQSTASZQSTA(15),PCQ1l(15),PCQ2(15)sPCQ3(15)5QQ1(15)5QQ2(15),0Q3
6(15),QQ4(15)sPCS1(15)sPCS2(15)sDSURF(15)sKkDWsRDSO»FOUSFO1sF10sF11>
TNDQ» IQsKQs AWING»VOLDRGy IDRGPLT(129515)sSECDRG(15)

COMMON /FLO/ STRIP,PLsP2sP39sBETASFRIIRIJRIKRIDGIIGIJIGIKGINSIFSWEEP
COMMON /SWP/ DXYZ{129)sGK1(129515)sG6K2(129515)sSX(129)»S2(129)s»SXX
1(129),5X2(129)»SZ2Z(129)5R0(129)sR1(129)5sC(129)sD(129)5GLlO(L15)s620¢
215)5630(15)5sG40(15)»GL(15)sG2(15)911sI2sKsLsNOsLXsMXsKY»MY»T1sAAQS
301,Q2sTYAWSS1
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DIMENSION XXX{(34)s YYY{34), DRAG(34)

COMMON /DIM/ NX1»NY1sNZ1lsFDIM '

IF (SCALX+EQe0QeG) SCALX=5./(Z(KTE2)-Z(KTE1))
TTTX=3.

SSSX==SCALX*¥XC(KTE1)

DX=2+./FLOAT(NX1)

DZ0=1./FLOAT(NZ1)

DVOL=2, /FLOAT(NYX]IXxNY1%NZ])
DU 10 K=KTE1,KTERZ
SECDRG(K)=0Q.

FACZ=.5

LXsNX/2+1

PI=3,1415927

RAD=PI1/180.

ANG=-=5,%RAD

NDARK=40

SCUT=,02

INDPLT=0

SZ02200*¥ (FLOATU(NX) /1564 )%%2
D0 130 K=KTEl1sKTEZ2
INOPLT=INDPLT+]

DU 20 J=2,KY

XxX{(J)=0.

YYY(J)=0,.

DRAG(J) =],
SSSY=s5,%(Z(K)=Z(KTE1))/(Z(KTE2)-Z(KTEL1))+2.45
KP=K+1

KMsK=-1

I1=ITE1(K)

I12=]ITE2(K)

DU 50 Isll,12
IDRGPLT(IsK)==-1

IP=]+]

IM=I-1
SX(IV=AY(I)*{(SO(IPsK)-SO(IMsK))
SZ(I)=CL(K)*(SO(IsKP)=SO(IsKM))
FACY=],

00 40 J=2,KY
YP=sSO(IsK)+BO(J)
FHsAQ(I)*¥AQ(I)+YPX*YP

H=l.,/FH
AZ=2=AQ(I)*XZ(K)=-YPXYZ(K)
BZ==AQ(I)*YZ(K)+YP*XZ(K)
DCI=G({IP»JsrK)=G(IMs»JsK)
DGJI=G(Ir»J+1sK)=G(IsJ=1sK)
DGK=G(IsJsKP)=G(IsJdsKM)
GX=Al(I)*DGI

GY==-B1l(J)*DGJ
UsGX=SX{I)*GY+CA*AO(])+SA*YP
V=GY+SA*AQ(I)—-CA*YP
Wes(CL(K)*DGK=SZ(I)*GY+SYAWH+CAXXZ(K)+SA*YZ(K)+H*(U*xAZ+V%BZ))
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40
50

60

AUsU+WxAZ

QXY=sH* (UU+V*V)
QU=QXY+W*W

AA=DIM(AAQ), +2%QQ)
DUMM=0,

IF (QQ.LT.AA) GO TD 30
UU=H*AU*AU
AXX=UU*A2(I)

AQ=AA/QQ

XJACO=1*SCALZ*¥((Le+4¢*%BO(J)*BO(J))I**1.5)%DVOL/SCAL

DRGSS=(G(I+1yJsK)=2*¥G({IrJsK)+G(I=1sJsK))/(DX*DX)
DRGSS5=+5*% (DRGSS=ABS(DRGSS))
ROCS=FMACH*FMACH* (FMACH*FMACH*AA)*%*1.5

DUMM=2 . *¥DX*SCAL*SCAL*¥(1.,~AQ)*RUOCS*AXX*DRGSS*DRGSS*¥SQRT(H)I*XJACG/AW

1ING

SECOND ORDER ACCURATE VOLUME INTEGRAL
VOLDRG=VULDRG+FACY*FACZ*¥DUMM
SECDRGI(K)=SECDRGIK) +AWING*DUMM/ (SCALZ*D20)
IF (JeEQ«KY) IDRGPLT(I»K)=1000000.*DUMM
IF (IND.NE«1l) GO TO 40

IF (I.LT.LX) GO TO 40
XXeXC(K)+oe5%¥SCAL¥(AO(L)*AQ(I)=(SO(IsK)+BO(J))*%x2)
YYaYC(K)+SCAL¥XAQ(II*(SO(I,K)+BO(J))
DRAG(J)=DRAG(J)+DUMM
XXX{J)=aXXX(J)+DUMM*XX
YYY(J)=YYY(J)+DUMM*YY

CONTINUE

CONTINUE

IF (INDe.NE.1) GO TO 130

DO 60 J=2,KY

IF (DRAG(J)eLT.1.E=50) GO TO 60
XXX{J)=XXX{J) /DRAG(J)

YYY(J)=YYY(J) /DRAG(J)

CONTINUE

IPREV=0

DO 120 JJ=2s5KY

J=KY+2-JJ

SIZE=SZ0*DRAG(J)

IF (SIZEL.LT.SCUT) SI1ZE=O.
XCO=SCALX*XXX(J)I+SSSX+TTTX
YCO=SCALX*YYY(J)+SSSY
XL=XCD=~SIZE*COS(ANG)

YLeYCD=-SIZE*SINUANG)

IF (SIZEeLT«SCUT.AND.IPREV.EQ.0U) GO TO 110
IF (J.EQ.KY) GO TO 110

IF (IPREV.EQ«1+AND.SIZE.GELSCUT) GO TO 80
IF (SIZE.LT.SCUT) GO TO 70

XXs2&¥ (XXX(J)=XC(K))/SCAL

YYR2 . ¥(YYY(J)=YC(K))/SCAL
RReSQRT{SQRTUXX*kXX+YY*YY))
THET= 5% ATAN(YY/XX)

XX=RR*¥COS(THET)
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80

90

100
110

120
130

YY=RR*SIN(THET)
YY=YY=-BO(J)+BO(J+1)
XCDO=XCUK)+oe5¥SCALX(XX¥XX=YY*XYY)
YCDO=YC(K)+SCAL*XX%XYY
XCDO=SCALX®kXCDO+SSSX+TTTX
YCDO=SCALX*¥YCDO+SSSY
XLO=XCDO

YLO=YCDO

GO 70 80

XX32 . ¥(XXX(J+1)=-XC(K)})/SCAL
YY®S2.%(YYY{J+1)-YC(K))/SCAL
RReSQRT(SQRT{ XXk XX+YY%XYY))
THET=. 5% ATAN{YY/XX)
XX=RR*COS(THET)
YY=RR*SIN(THET)
YY=YY-BO(J+1)+BO(J)
XCD2XC(K)+o5%SCALX(XXEXX=YY*YY)
YCD=sYC(K)+SCAL*XX*YY
XCOsSCALXKkXCD+SSSX+TTTX
YCD=SCALX*YCD+SSSY

XL=XCD

YL=YCD

CUONTINUE

IF (KTE2.LT.10) GO T8O 990

IF (MOD(CINDPLTS2).EQ40) GO TG 110
CONTINUE

DO 100 L=1sNDARK
FAC=FLOAT(L)/FLUAT(NDARK)
Xx=FAC¥XCD+(1.-FAC)*XCDO
YY=FAC¥XYCD+(1l.~FAC)*YCDO
CALL PLOT (XXsYY»3)
XX=FACEkXL+{1le~=FAC)XXLO
YY=FAC*kYL+(1.~-FAC)*YLO

CALL PLAOT (XXsYYs2)

IPREV=(Q

IF (SIZE.GE«SCUT) IPREV=1
XCDO=XCD

YCDO=YCD

XLO=XL

YLO=YL

CONTINUE

CONTINUE

FACZ=1,

RETURN

END
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SUBROUTINE CPLOT (IlsI2sXsYsZsAsBsCrDsFMACH)
C PLOTS CP AT EQUAL INTERVALS IN THE MAPPED PLANE
DIMENSION KODE(3)» LINEC100)s» X(1)s» Y(1)s A(l)s B(1l)s C(1l)s D(1)>

12(1)
DATA KODE/1H »1H+,1HO/
IWRIT=6

AAO= o 2+1 s /FMACH*%2
WRITE (IWRIT,80)
00 10 I=1,100
10 LINECI)=KUDE(L)
I110=11
120=12
ISPA=1
LX=({Il+I2)/2
FOEN=1,/B(120)
LX0=.85%FLOAT(LX)
IF (LX0elLTeI2-49) ISPA=2
AMAX=Q,
CMAX=0,
DG 20 I=I110,120
AMAX=AMAX1(AMAX» ABS(X(I
AMAX=AMAXT(AMAX»ABS(Y (I
CMAX=AMAX1{CMAXsABS(C(I
20 CHMAX=AMAX1(CMAX»ABS(D(I
DO 70 I=LX0,12,1SPA
XFRAC=FDEN*B(I)
Y(I)=SQRT(Y(I)*%2/(AAD=+2%Y(])¥%2))
Kl={59,/AMAX) *ABS(X(I))+41.
K1sMINO(K1,100)
LINE(K1)=KODE(2)
K2=(59+/AMAX) *ABS(Y(I))+41.,
K2sMINO(K25100)
LINE(K2)=KUDE(3)
K3=(36./CMAX) *¥D(I)+1.
K3sMINO(K3,40)
IF (K3.GE«.1) GO TO 30
K3=1,
GO TG 40
30 LINE(K3)=KODE(2)
40 K&s(36./CMAX)*C(I)+1,
IF (K4.GE.1l) GO TO 50
Ka=]1
GU TO 60
50 LINE(K4)=KODE(3)
60 CONTINUE
JJ=0
IF (Z(I).GT.0) JJ=1
WRITE (IWRIT»90) XFRAC»X(I)»Y{(I)sJJsLINE
LINE(K1)=KODE(1)
LINE(KZ2) =KUDE(1)
LINE(K3)=KODE (1)
LINE(K4)=KODE(]1)

)
)))
}))
1))
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70 CONTINUE
I1=110
I2=120
RETURN

80 FORMAT (1X,/53Xs3HX/Cr»aXs5HMCOMP»4Xs 5HMDSGNS3H ON)
90 FORMAT (1XsF5252F94351352X5100A1)
END

SUBROUTINE FORCF (I1,12sXsYsCPsALyCHORCsXM»CLSCDs»CHM)
CALCULATES SECTION FORCE COEFFICIENTS
DIMENSION X(1)» Y(1)s CP(1)
RAD=57.2957795130823
ALPHA=AL/KAD
CL=0.
CO=Q.
CM=0Q,
N=12-1
DO 10 I=I1,N
DX=(X(I+1)=-X{I))/CHOKD
DY=(Y(I+1)=Y(I))/CHORD
XAm( 5% (X(I+1)+X(I))=-XM)/CHORD
YAn 5 (Y(I+1)4Y(I))/CHORD
CPA=5*(CP(I+]1)+CP(I))
DCL==CPAXDX
DCO=CPA%*DY
CL=CL+DCL
Cb=CD+DCD

10 CM=CM+DCD*YA=DCL*XA
DCL=CL*CUS(ALPHA)=CD*SIN(ALPHA)
CD=CL*XSIN(ALPHA)+CD*COS(ALPHA)
CL=DCL
RETURN
END

SUBROGUTINE TOTFOR (KTE1lsKTEZ2,CHORD»SCLsSCDsSCMrZs XCsCLsCDs»CMPy CMR)
1CHY s AWING)
CALCULATES TOTAL FORCE COEFFICIENTS
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10

DIMENSIUN CHORD(1)s» SCL{1)» SCD(1)s SCHM{1)» Z(1l)» XC(1l)
SPAN=Z(KTE2)-Z(KTEL1)

CL=0.

CD=0,

CMP=(C.,

CMR=0,

CMY=0,

$=Q0,

N=KTE2-1

DO 10 K=KTE1sN

DZ=.5%(Z(K+1)=-Z(K))

AZs 5% (Z(K+1)+Z(K))
CLeCL+DZ*(SCL(K+1)*CHORD(K+1)+SCL(K)*CHORD(K))
COsCD+DZ*(SCD(K+1)*CHURD(K+1)+SCD(K)*CHORD(K))
CMPaCMP+DZ* (CHORD(K+1)* (SCM(K+1)*CHORD(K+1)-SCL(K+1)*XC(K+1))+CHOR

ID(K)*(SCM(K)*¥CHORD(K)=SCL(K)}*XC(K)})

CMR=CMR+AZ*DZ*(SCL(K+1)*CHORD(K+1)+SCL(K)*CHORD(K))
CMY=CMY+AZ*DZ*(SCD(K+1)*CHORD(K+1}+SCD(K)*CHARD(K))
S=S+DZ*% (CHORD(K+1)+CHORD(K))

AWING=S

CL=CL/S

CD=CD/S

CMPsCMP®RSPAN/S**2

CMR=(CMR+CMR) /(S*SPAN)

CMYs(CMY+CMY)/(S*SPAN)

RETURN

END

SUBRODUTINE GPT (QQ1l,Q0Q2,Q03,0QQ4)

INITIALIZES PARAMETERS FOR THE OPTIMIZATION ROUTINE
AND CALLS OPTIMIZER

DIMENSION QQ1(1l)» QQ2(1), wGQ3(1)y, QQ4(1)
DIMENSION X(20)s G{(20)s H(20520)s w(60)s XM(20)
EXTERNAL DORFCT

IWRIT=6

N=4

DFN=.0003

HH=1,

MODE=1

DO 10 I=1sN

XM(I)=,.05

X(1)=QQ2(2)

X{2)=QQ3(2)

X(3)=QQ2(3)

X(4)=QQ3(3)
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C
C

10

MAXFN=30

IPRINT=1

EPS=.1

CALL VA1OA (DRFCTsNsXsFsGosHsWsDFNs XMsHHIEPSsMODESMAXFNSIPRINTHIEXI
17)

RETURN

END

SUBROUTINE DRFCT (NDUMs» XDUM,F)

EVALUATES THE DRAG AS A FUNCTIUN OF THE SPekD DISTRIBUTION
UDETERMINED BY THE OPTIMIZER

COMMON G(129512515)950(129515)5E0(131),20(131),IV(129,15),ITEL(15)
15 ITE2(15),A00129)5A1(129),A2(129)5A3(129)s8B0(12)sBL(12)sB2(12)5B3(
212)92(15)5CL(15)sC2(15)5C3(15) s XCCL5) e XZ(15)sXZZ(15)sYC(15)sYZ(15)
35YZZ(15) s NXsNYsNZsKTEL)KTEZs ISYMsKSYMsSCAL»SCALZs YAWsCYAWs» SYAWSALP
4HA CA» SAy FMACHSNLISNZ2) N3, IO NDESsTSTEP»tPS1I»QPRE(129515)sS0PRE(129)
515)sNQSTA»ZQSTA(15)»PCQL(15),PCQ2(15)sPCQR3(15)»QQ1(15)sQQ2(15)s0Q0Q3
6(15),QQ4(15)sPCS1(15)sPCS2(15)sDSURF(15)sRDQsyRDS0O0sFO0»FOL1lsF10sF1ly
INDQy1QsKQyAWINGIVOLDRGHIDRGPLT(129515)sSECDRG(15)

COMMON /FLO/ STRIPsPlsP2sP3sBETASFRsIRsJRIKRs DGy IG»JGsKGINS, FSWEEP
DIMENSION XDUM(1)

DIMENSION SV(129)s SM(129)y CP(129)s X(129)» Y(129)y UC(129), VC(1
129)s WC{(129)s CHORD(15), SCL(15)s SCD(15)s SCM(15)

DATA ISTART/1/sNITQT/0/

DATA VAR/0.0/

IWRIT=6

AAO=1./FMACH¥**2+,2

NE=129

LXsNX/2+1

QCUT=,015

IMAX=150

QQ2(2)=xbuM(l)

QQ3(2)=XpuM(2)

QQ2(3)=XDUM(3)

QQ3(3)=XDUM(4)

IF (ISTART.NE.1) CALL TREAD

ISTART=ISTART+1

IF (ISTART.GE.10) IMAX=200

DO 10 KL=1,5

PRINT 70, ZQSTA(KL)»QQI(KL)»GQZ(KL)»QQ3(KL)»QQ4(KL)

CONTINUE

CALL SETQS (NEsNXsQPRE»SOsSOPRESITEL1s ITE2,KTEL1sKTER2»ZsZQSTA»AQ»PCQ
11sPCQ2sPCQ3,UCsVC»QQ1s0Q29Q03»5QQ4%49sPCS1sPCS2sDSURFINQSTA)

WRITE (IWRIT»120)
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C

20

30

40

50

60

70
80

90

WRITE (IWRIT,»80)

ITER=Q

ITER=ITER+1

CALL MIXFLO

NITOT=NITOT+1

VOLDKG=0.

CALL DRAGC (0)

RDS0=0.

NDQ=C

RDQ=0.

DO 30 K=KTE1l,KTEZ

CALL VELO (KsKsSVs3SMsCPsXsYsUCLs VCyWC)

I1=sITEL1(K)

I2=1ITE2(K)

CHORD(K)=X({I1)=X{LX)

CALL FORCF (I1,1I2sXsYsCPrAL)CHORD(K) s XCUK)pSCLIK)SSCDU(K)sSCM(K))
CONT INUE

CALL TOTFOR (KTE1»KTE2sCHORDs SCL»SCDsSCMr»ZsXCrCLCDLyCMPSCMRsCMY» A

1LWING)

IF (NDQ.GT«0) RDQ=RDQ/FLOBATINDQ)

WRITE (IWRIT»930) ITER»FR»yDGINSH»RDQIRDSC»VOLDRGsCL,NITOT
IF (ITER.GE«IMAX) GO TO 40

IF (AMAX1(RDQ»RDS0O)eGEe2e) GU TU 40

IF (RDQ.GT«QCUT+UORRDSO.GT.QMCUT) GO TC 20

VOLDRG=0Q.

CALL DRAGC {(0)

WRITE (IWRIT,100) VOLDRG

NDUMC=NDUM/ 2

DO 50 I=2,3

XMAL=SQRT(QQ2(I)**2/(AA0~2*%QQ2(I)*%*2))
XMA2=SQRT(QQ3(I)**¥2/(AA0=.2%QQ3(I)%%2))

WRITE (IWRIT»110) I»,0QQ2(I)»QQ3(I)sXMALyXMA2

DO 60 K=KTE1l,KTER2

CALL VELD (KsKsSVseSMyCPsXsYsUCH»VCsrswC)

Il1=ITE1(K)

I2=ITE2(K)

CHORD(K)=X(I1l)=X(LX)

CALL FORCF (I1sI2sXsYsCPsALsCHORD(K)»XC(K)»SCL(K)s»SCD(K)»SCM(K))
WRITE (IWRIT»120) Z{(K)sSCL(K)

CALL CPLOT (I1s12sS5MsUC»VCsQPRE(L1sK)sACySOPRE(L1sK)sSO(1sK)sFMACH)
CONTINUE

F=VOLDRG

CALL CHEKPTX (VAR)

RETURN

FORMAT (1X»s5F10.5)
FORMAT (1Xs6X924HITER»HX 95HRESID» 6X24HDPHI»8X» 2HNS»5Xs SHDQAVES 5Xs5H

1DQMAX,»6X s 4HDRAG» BX» 2HCL»5X» 5HNITDT»//7)

FORMAT (1X»I1052E10435s11052E10e39F10459F642516)

100 FORMAT (1Xs//91X5HDRAG=»F10e5,20H SFEED1 SPEED2,s20H MACH1

MACHZ )

110 FORMAT (1Xs/56X511054F10.5)
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120 FORMAT (1H1,1X»7HZ(K) = »F10e¢552Xs0H CL = »F1Cs2//)

10

END

SUBROUTINE TREAD

READS THE POTENTIAL STORED AT THE END LF THE LAST LINE SEARCH
COMMON 6(129512515)550(129515),E0(131)5Z0(131)51V(129515),ITEL1(15)
1, ITE2(15)5A0(129)5A1(129),A2(129)5A3(129)»B0(12)»B1(12)sB2(12)»B3(
212)92(15)5CLl(15)5,C2(15)»C3(15)s XCU15)sXZ(15)sX22(15)sYC(15)5YZ(15)
3sYZZ(L15) s NXsNYsNZsKTELSKTE2sISYMsKSYMsSCALySCALZyYAWSCYAWsSYAWALP
4HA CA»SASFMACHINLINZ2sN3»IO»NDES»TSTEPHEPSL1SsQPRE(129515)sSCPRE(12D)S
515)sNQSTA,ZQSTA(1S5),PCAL{15)»PCQ2(15)»PCQ3(15)5QQ1(15),QQ2(15),0QQ3
6(15),QQ4(15)sPCS1(15)»PCS2(15)s DSURF(1E5)sKDQ»RDSO»FO0sFOL»F1Gs»F1ls
TNDQs» IQsKQs AWING2» VOLDRG, IDRGPLT(129515)5SECDRG(15)

NT=8

REWIND NT

READ (NT) NXsNYsNZyNMsK1sK2,NIT

MXsNX+1

MY=aNY+2

Mi=NZ+3

DO 10 K=1,MZ

READ (NT) ((G(IsJsK)sI=1sMX)sJd=1sMY)

CONTINUE

READ (NT) (EQC(K)s»K=K1lsK2)

READ (NT) ((SO(IsK)sI=lsMX)pKnulyMZ)

REWIND NT

RETURN

END

SUBROUTINE THWRIT

STORES THE POTENTIAL AT COMPLETION OF LINE SEARCH

CUMMON G(129512515)550(129515)5,E0(131),20(0131),IV(129,15)s1ITEL(15)
1,1TE2(15)9A0(129)»A1(129)sA2(129)5A3(129)sB0(12)sB1(12)sB2(12)sB3¢(
212)52(15)5CLl(15)sC2(15)5C3(15)sXCL15)aXZ(15)sXZZ(15)sYC(15)sYZ2(15)
3yYZZ(15)sNXsNYyNZsKTELsKTE29 ISYMoKSYMsSCAL»SCALZsYAWSCYAWs SYAWsALP
4HASCAsSAS FMACHINLI SN2sN3» IOsNDES»TSTEPSEPS1sQPRE(129515)sSUPRE(129)
515)sNQSTA»ZQSTA(15),PCQLl(15)»PCQR2(15)sPCQ3(15)»QQ1(15)»Q0Q2(15)»0Q4Q3
6(15)5Q0Q4(15)sPCS1(15)sPCS2(15)sDSURF(15)»RDQsKDSOsFO0Q0»FQ1sF10,F11>»
INDQs» IQ»KQs AWINGy VOLDRGy IDRGPLT(129515) s SECDRG(15)

74



(e X p]
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20
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NT=8

REWIND NT
NM=0
NIT=0
K1sKTE1l-1

K2sKTEZ2+ITE2(KTEZ)=NX/2

WRITE (NT) NXsNYsNZyNMsK1sK2,NIT
MX=NX+1

MYsNY+2

MZ=NZ+3

DO 10 K=1,MZ

WRITE (NT) ((G(I»JsK)sI=lsMX)sd=lsMY)
CONTINUE

WRITE (NT) (EO(K),K=kl,K2)

WRITE (NT) ((SO(IsK)sl=1sMX)sK=1,MZ)
REWIND NT

PRINT 20

RETURN

FORMAT (1X»15H wWRITE ON TAPES)
END

SUBROUTINE VA1O0A (FUNCTsNs»XsFsGsHsWsDFNs XMsHHyEPS»MODESMAXFN, IPRIN

1T, IEXIT)

UPTIMIZATION SUBROUTINE

PERFURMS LINE SEARCH FUOR DRAG MINIMUM
REAL X(1)»G(1l)sH(1)sWll)sXM(1)

IF (IPRINT«NELO) PRINT 190

IF (IPRINT.NE.O) PRINT 200 DFNsHHs (XM(I)»I=1sN)

NN=N*(N+1)/2

IG=N

IGGsN+N

IS=1GG

IDIFF=1

IEXIT=0

IR=N

IF (MODE.EQe3) GO TO 40
IF (MODE.EQ.2) GO TO 30
IJ=NN+1

DO 20 I=1,N

DG 10 J=1,1

IJslJ-1

H(IJ)=0,

H(IJ)=1.

GO TO 40
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30 CONTINUE
CALL MC11B (HsNsIR)
IF (IR.LTeN) RETURN

40 CONTINUE
I=F
ITN=0
CALL FUNCT (NsX,F)
CaLL TWRIT
IFN=]1
DF=DFN
IF (DFN.EQ.O+) DF=F-Z
IF (DFNelLTeOe) DF=ABS(DF*F)
IF (DFeLE.Ge) DF=1.

50 CONTINUE
GU TO 170

60 CONTINUE
IF (IFN.GEJMAXFN) GO T0O 130
IF (IPRINT.EQ.C) GO TU 70
IF (MOD(ITNsIPRINT).NE.O) GO TO 70
PRINT 210s ITN,IFN
PRINT 220s F
IF (IPRINT.LT.0) GO TO0 70
PRINT 220s (X(I)sI=1,N)
PRINT 220, (W(IG+I)s1=1sN)

70 CONTINUE
ITN=]ITN+1
DG 80 I=1,N

80 W(I)==W(IG+I)
CALL MC11lE (HsNsWsGs 1K)
Z=0.
GS0=0.,
DO 90 I=1sN
W(IS+I)=W(I)
IF (Z#%XM({I).GE.ABS(W(I))) GO TG 90
Z=ABS(W(I))/XM(I)

90 GSO=GSO+W(IG+I)*W(I)
IEXIT=2
IF (GSO.GE«0s) GO TGO 1490
ALPHA=-2,%DF/GSC
PRINT 230, ALPHA
IF (ALPHAGT+1le) ALPHA=1,
DSTEPO=,C3/SQRT(ABS(G30))
JMIN=1
FDMIN=F
DU 110 JD=2,5
DSTEP=FLOAT(JD-1)*DSTEPO
DO 100 I=1sN

100 W(I)=X(I)+DSTEP*W(IS+1I)

CALL FUNCT (NsWsF1)
IF (F1l.GE.FDMIN) GO TO 110
FOMIN=F]
JMIN=JD
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110

120

130

140

150

160

170

180

190
200
210
220
230

CONTINUE

DSTEP=FLOAT(JMIN-=1)*DSTEPO

DO 120 I=1sN

W(I)=X(I)+DSTEP*W(IS+I)

CALL FUNCT (N»WsF1)
G0 7O 170

CONTINUE

IEXIT=3

GO TG 150

CONTINUE

IF (IDIFF.EQ.2) GO TO 150

IDIFF=2
GO TG 50
CONTINUE
DO 160 I=1,N
GII)=W(IG+1I)

IF (IPRINT.EQ«0) RETURN
PRINT 210» ITNsIFN,IEXIT

PRINT 220, F

PRINT 220s (X(I)sI=1,sN)
PRINT 220s (G(I)»I=1,N)

RETURN

CONTINUE

IF (ITN«GE«1) RETURN
CALL FUNCT (N»X,F)
IFNsIFN+1

CALL TWRIT

DD 180 I=1sN
Z=HH*XM(I)

ZZ=X(1)

X(I)=2Z1+2Z

CALL FUNCT (N»XsF1)
WOIG+1)=(Fl-F)/1
X(I)=22

IFN=IFN+N

GO 70 60

FORMAT (15H1ENTRY TO VAlOA,/)
FORMAT (6H DFN =3F10¢595H HH =, F10e55/58H XM(1)

FORMAT (241I5)
FORMAT ((8E15.7))

FORMAT (1Xs7HALPHA =,F10.5)

END

=3 (F10.5))
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SUBRGUTINE MC11B (AsN,IR)
OPTIMIZATION SUBROUTINE
FACTORIZE A MATRIX GIVEN IN A
DIMENSION A(1l)

IKk=N

IF (N«eGT.1) GO TO 19

IF (A{1).6Te0O¢) RETURN
A(l)=0.

IR=0

RETURN

CONTINUE

NP=aN+1

II=1

DO 50 I=2sN

AA=A(II)

NI=II+NP~-1

IF (AA.GT.0.) GO TO 20
A(II)=0.

IR=IR-1

II=N]+]

GO TU 50

CONTINUE

IP=I1+1

II=NI+1

JK=11

DO 40 IJ=IP,NI
V=A(IJ)/AA

DU 30 IK=IJsNI
A(JK)=A(JK)=A(IK)*V
JK=JK+1

A(IJ)=Vv

CONTINUE

IF (A(II).GT«.0s) RETULRN
A(II)=0,

IR=sIR-1

RETURN

END

SUBROUTINE MC11lE (AsNsZswsIR)

OPTIMIZATION SUBROUTINE

MULTIPLY A VECTOR Z BY THE INVERSE OF THE FACTORS GIVEN IN A
DIMENSION A{(l)y Z(1)s W(1)

IF (IR.LT«N} RETURN

W(l)=2(1)

IF (N.GT.1) GU TO 10
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Z(1)=Z{(1)/A(1)
RETURN
CONTINUE

DO 30 I=2,N
IJ=1

Il1=-1

V=Z(I)

DO 20 J=1,1I1
VeV=A(IJ)*Z(J)
IJ=IJ¢N-J
W(l)=v

Z(I)s=V
Z(N)=Z(N)/A(IJ)
NP=N+1

DO 50 NIP=2,N
I=aNP=-NIP
II=IJ=-NIP
VsZ(1)/A(II)
Ip=I+1]

Is=11

DO 40 J=1IP»N
II=11+1
VaV=A(I1)*Z2(J)
Z(I)=v

RETURN

END

SUBROUTINE REFIN (ALFO)

HALVES MESH SIZE

COMMON 6G(129»12515)550(129515),E0(131),20(131),1IV(129515),1TEL(L5)
1,ITE2(15),A0(129),A1(129)»A2(129)5»A3(129),80(12),8B1(12)s8B2(12),B3(
212)»2(15),C1(15),C2(15),C3(15)sXC(15)sXZ(15)sXZZ(15)sYC(15)»YZ(15)
3sYZZ(15)sNXsNYsNZ)KTELSKTE2) ISYMsKSYMpySCAL»SCALZ»YAW»CYARy SYAWSALP
4HA»CAsSAyFMACHINLI)N2IN3sIOsNDESs TSTEPSEPS1,QPRE(129515)5SOPRE(129,
515)»NQSTA,ZQSTA(15),PCQ1(15)5PCQ2(15)sPCQ3(15)5QQ1(15)54Q2(15),QQ3
6(15),QQ4(15)sPCS1(15),PCS2(15)»DSURF(15)sRDQsRDSOsFO0,FCLlsF10sF11,
TINDQ» IQsKQy AWINGy» VOLDRG» IDRGPLT(129515)sSECDRG(15)

DIMENSION ALFO(1)

MX=NX+1

KY=NY+1

MY=NY+2

MZ=aNZ+3

MXO=NX/2+1

MZ0=NZ/2+2

K=l
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KK=K
IF (KSYM.EQLO0) GO TO 10
MZO=aNZ/2+3
Ks2
KK=K

10 DO 70 K=KKsM20
JesNY/2+1
JJ=KY

20 I=MXC
II=MX

30 G(IIsddsK)=G(IndsrK)
I=sl~-1
II=]1]-2
IF (1.6T.0) GO TO 30
J=J-1
JisJJd=-2
IF {(J.GT.0) 60 TO 20
DO 40 J=1l,yKY,2
DU 40 I=2sNXs2

40 G(IsdsK)=e5*¥(G(I+1yJsK)+G(I-15JsK))
DO 60 I=1,MX
DO 50 J=25NYs»2

50 G(IsJsK)=moS5*¥(G(IsJd+1lsK)+G(Isd—15K))

60 G(IsMYsK)=0,

70 CONTINUE
IF (KSYM«NELO) GO TO 80
MZM=MZO0
MZST=NZ+1
GL TUL 90

80 MIM=MZO0
MIST=MZ

90 CONTINUE
DO 100 J=1,MY
DO 100 I=1,MX

100 G(IsJdsMZST)®G(IsJsMZNM)
IF (MZST.EQ.1) GO TO 120
MZST=MZST-1
DO 110 J=1,MY
DO 11C I=1sMX

110 G(IsJdsMIST)I=05%(G(IsJsMIM)4G(IrJsMIM-1))
MIM=MZM-1
MZSTsMZST-1
60 TG 90

120 CONTINUE
TYAW=SYAW/CYAW
S1=.5%SCAL

NO=KTE1l-1
EC{NO)=0.
K=2

KK=K

IF (KSYMoNE.O) KK=K+1
DO 2060 Ke=KK,MZ
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N=NO

I=sMX0+1

IF (KeLTeKTEL1«UORSKeGT<KTEZ2) GO TO 150
I1=ITE1(K)

I2=ITE2(K)

DO 130 I=I1l»1I2
DSI=SO(I+1sK)=SO(I-1sK)
DSK=SO{I,K+1)-SO(I,K-1)
SXsAl(I)*DSI

SZ=C1l(K)*DSK )
DGI=G{I+1sKYsK)=G{I=1sKYsK)
DGK=G(IsKYsK+1)=G(IsKYsK=1)
ReAMINO(L1sIV(I,K))

Al ,0-R+AQ(I)*AQ(I)+SO(I,K)I*SO(IsK)
H=R/A

FHaR*A
AZ==AQ(I)*XZ(K)=SO(I»K)*YZ(K)
BZ==AQ(I)*YZ(K)+SO(IKI*XZ(K)
HZ=AZ*SX-BZ+FH*SZ
FYYR1oO#+SX¥SX+HRHZ*HZ
FXY=sSX+H¥*AZ*HZ
U=AL(I)*DGI+CAXAQ(I)+SA*S0(IsK)
WasCI1(K)*DGK+SYAW+CAXXZ(K)+SA*xYZ(K)
VaSA¥AQ(I)—-CA%*SO0(IsK)

130 G(IpKY+1oK)=G({IoKY=1oK)+(VX(1aO0-H¥*¥BLZXHZY-UXFXY-WXHZ)/(FYY%*B81(KY))
NO=NG+1
EO(NO)=G(I2sKYsK)=G(I1lsKYsK)

N=NO
I=I1
IF (KeNEJKTE2+OkeYAWsLE«O.) GO TU 150

140 I=I+1
MaNX+2-1
NO=sNO+1
EO(NO)=G(MsKYs»K)I=G(IsKYsK)

IF (I.LT.MX0) GO TO 1490
I=I1

150 I=I-1
E=0,

IF (IV(IsK)eNEL1) GD TO 180
ZZ=Z2(K)=TYAWR{(XC(K)+S1*A0(I1)*A0(I))

160 IF (ZZ.GE.Z0(N-1)) GO TO 170
NaN-1
G0 TO 160

170 R=(ZZ-20(N-1))/(ZO(N)=Z0(N-1))
E=R¥EQO(N)+(1le=R)*EOQO(N-1)

180 MsNX+2~1I
GIIsKY+1sK)=2G(MpyKY-1sK)-E
GIMyKY+1,K)=G(IpKY=1sK)+E
IF (IV(IsK)«NEs=1) GO TO 190
GUIsKYsK)meS5%G(IsKYsK=1)+e25%(G(IsKYsK+1)+G(MsKYsK+1))
IF (IVIIoK+1)elTel) GUIsKYsK)=moeS5*¥G(IoKY)K+1)+425*(G(IsKYsK=1)+G(M»

1KY »K-1))
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GIMsKYsK)=G(IsKYsK)

G IsKY=1oK)=oa5*¥(G(IpKY»KI+G(IsKY=25K))
GIMsKY=1sK)®a 5% (G(MsKY»K)+G{MyKY~-2,K))
IF (1.6T.2) GO TO 150

CONTINUE

EGI(NO+1)=0.

K2sKTE1+(KTE2=-KTE1)/2
ALFO(KTE2)=ALFO(K2)

K=K2-1

KKsKTE2-1
ALFO(KK) = 5% (ALFO(K)+ALFO(K+1))
ALFO(KK=1)=ALFO(K)

KK=KK=-2

KaK=1

IF (KeGELKTELl) GO TO 210

RETURN

END

SUBROUTINE SPLIF (MsNsS»FsFPsFPPsFPPPsKMyVMs KNy VN, MODES FQM,» IND)
CUBIC SPLINE FIT WITH PRESCRIBED END CONDITIONS
INTEGRAL PLACED IN FPPP IF MODE GREATER THAN O
IND SET TO ZERO 1F DATA 1LLEGAL

DIMENSION S(1)s F(1)s FP(1l)s FPP(1l)s FPPP(1)
IND=Q

K=IABS(N=M)

IF (K=1) 180,180,510

K=(N=-M)/K

I=M

JEM+K

DS=S(J)=S(I)

D=DS

IF (DS) 205,180,20

DF=(F(J)~F(I)) /DS

IF (KM-2) 30540550

U=e5

VE3 ., ¥(DF~VM) /DS

GO Tu 80

Uz0.

V=VM

60 TO 80

u=-1,

V==DS*VM

GO TO 80

I=J

J=J+K
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DS=S(J)~-S(I)
IF (D*DS) 180,180570
70 DF=(F(J)=-F(I))/DS
B=sl./{DS+DS+U)
UsB*DS
VaBk(6¢e*¥DF—V)
80 FP(I)=U
FPP(I)=V
U={2.~-U)*DS
Ve ¥DF4+DS*YV
IF (J=-N) 60590560
90 IF (KN=2) 100,110,120
100 V=(6.*VN=-V) /U
GO TO 130
110 v=VN
6O TO 130
120 vs(DS®kUN+FPP(I))/(1l.+FP(I1))
130 B=V
0=DS
140 DS=S(J)=-S(1I)
U=FPP(I)-FP(I)*V
FPPP(I)=(V-U) /DS
FPP(I)=y
FPUI)=(F(J)=-F(I))/DS-DS*(V+U+U) /6,
V=U
=1
I=z]I-K
IF (J=-M) 14051505140
150 I=aN-K
FPPP(N)=FPPP(I)
FPP(N)=B
FP(N)=DF+D*x(FPP(I)+B+B) /6.
IND=1l
IF (MODE) 18051805160
160 FPPP(J)=FQM
V=FPP(J)
170 I=J
J=J+K
DS=S{J)~-S(1I)
UsFPP(J)
FPPP(J)=FPPP(I)+.5%¥DSk(F(I)+F(J)~DS*DS*{(U+V)/12.)
V=y
IF (J-N) 170,180,170
180 RETURN
END
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SUBROUTINE INTPL (MIsNIsSI»FIsMsN»SsFsFPsFPPsFPPPyMODE)
INTERPOLATION OF CUBIC SPLINE B8Y TAYLOR SERIES
ADDS CORRECTION FOR PIECEWISE CONSTANT FOURTH DERIVIATIVE
IF MODE GREATER THAN O

DIMENSION SI(1l)s FI(1)» S(1)» F(1l)» FP(1l)s FPP(1l)s FPPP(1)
K=IABS(N=-M)

K= {(N=-M) /K

I=M

MINsMI

NIN=NI

D=S(N)=S(M)

IF (D*(SI(NI)-SI(MI))) 10,20,20

MIN=NI

NIN=MI

KI=IABS(NIN=-MIN)

IF (KI) 40,40,30

KIs(NIN-MIN)/KI

II=MIN-KI

C=0.

IF (MODE) 60,60,50

C=1l,

Il=TI4KI

SS=SI(II)

I=sI+K

IF (I-N) 805,90,80

IF (D*(S(I)=SS)) 70,70,90

J=l

I=I-K

$5=58-5(1)
FPPPP=sC*(FPPP(J)-FPPP(I)}/(S(J)=S(I))
FFsFPPP(I)+.25%SS*FPPPP

FF=FPP(I)+SS*FF/3.

FF=FP(I)+.5%SS%FF

FICII)=F{I)+SS*FF

IF (II-NIN) 605100560

RETURN

END

SUBROUTINE THREED (IPLOTsSVsSMsCPsXsYsTITLES,YAsALsVLD»CL»CDs» CHORDO
1o XSCALSPSCALs LABELSNIT,UCs»VCsWCsNF1)

GENERATES THREE DIMENSIONAL PLOTS

GENERATES CALCUMP PLOTS ON CDC 6600

COMMON G(1295125,15)»5S0(129515)5E0(131),20(131)51IV(129515),1ITEL1(15)
1,ITE2(15),A0(129),A1(129)5A2(129)5A3(129),B0(12),B1(12),8B2(12),B3(
212)52(15)5C1(15)5C2(15)5C3(15)sXC(15)9XZ(15)sXZ2(15)5YC(15)sY2(15)
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BoYZZ(15)sNXsNYsNZsKTEL)KTE2s ISYMsKSYMySCAL»SCALZsYAWSCYAWS SYAWSALP
4HAPCA»SAsFMACHINLISNZsN3» IDsNDES» TSTEPSEPS1»QPRE(129515)»SCGPRE(129)
515)sNQSTALZQASTA(L15)»PCQL{15),PCQ2(15)5PCQ3(15)»QQ1(15)»QQ2(15),QQ3
6(15)5QQ4(15)»PCS1(15)sPCS2(15)sDSURF(15)»RDQsROSO»FO0»FO1»F1l0sF11,
INDQ» IQsKQs AWING» VOLDRG, IDRGPLT(129515)sSECDRG(15)
DIMENSION X{1)» Y(1)s» SV(1l)» SM(1l)s CP(1l)s TITLE(10)s» R(20)» UC(1)
1s VC(1)s WC(1)

M=l

LXsNX/72+1

MXaNX+1

MY=NY+2

IF (XSCALNE.O.) SCALX=,5%ABS(XSCAL)/CHORDO

IF (PSCAL.GE«OQOs) SCALX=5.,/(Z(KTE2)-Z(KTE1))

SCALP=-1.0G0

IF (PSCALJNE.Os) SCALP=-,5/ABS(PSCAL)

TXx=3,0

SX=s=SCALX*¥XC(KTE1)

IF (IPLOT.NE.1) GO TO 10

CALL PLOTSBL (10000s22HJEFF MCFADDEN 3210WWH)

IPLOT=O

CALL FRAME

CALL PLOT (l1e25914es-3)

ASRAT=2 % (Z(KTE2)-Z(KTE1) ) *%2/AWING

ENCODE (605s90sR) FMACH»CLs» VOLDRGs»ASRAT

CALL SYMBOL (450506755 4145R5045060)

ENCODE (6051005R)

CALL SYMBUL (050)1025)01"’R)00)b0)

CONTINUE

K=l

IF (KTE2.LT+10) K=2

KaK+2

IF (KTE24LT.10) KsK~-1

IF (KeGTWKTEZ2) GO TO 70

IF (KJsLT.KTE1l) 60 TO 30

I1=ITE1(K)

I12=aITE2(K) .
CALL VELO (KsK»SVsSMsCPsXsYsUCyVCyrwC) ,
SY®S5 % (Z(K)=Z(KTEL))/(Z(KTE2)-Z(KTEL1))+2.45

SCPa5 ¥ (Z(K)=Z(KTEL))/(Z(KTE2)-2(KTEL))+2.75

D0 40 I=I1,12

X(I)=SCALX*¥X(I)+SX

Y(I)=SCALX*Y(I)+SY

CP{I)=SCALP*CP(I)+SCP

IF (MsEQ.2) GO TO 590

N=sJ2-LX+1

CALL LINE (X(LX)sCP(LX)sNs1sCs1s0esles0esls)

G0 TO 30

N=12-11+1

DO 60 I=11,12

X(IV=X(I)+TX

N=I2~I1+1

CALL LINE (X(I1)sY(I1l)sNsls0s1s0eslesOesle)
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GO 1O 30
70 CONTINUE
M=M+1
IF (M.GT.2) GO TO 80
60 TO 20
80 CALL DRAGC (1sSCALX)
10=1
CALL PLOT (=1¢255=1e5-3)
RETURN
C _
G0 FORMAT (4HM = »F34291Hs2Xs5HCL = sF3e291Hs2Xs6HCDW = sF5.451Hs2Xs 4
1HA = ’F301)
100 FORMAT (22HUPPER SURFACE PRESSURE»5X»15HWING AND SHOCKS)
END

SUBROUTINE READGS (NQSTA,ZQSTA,PCQlsPCC2,PCQ3,Q15,Q25Q3,5,Q45PCS1sPCS
12,DSURF»FMACH) _
C READS IN ASSIGNED SPEED DISTRIBUTION
DIMENSION ZQSTA(1), PCQ1(1)» PCQ2(1), PCQ3(1)s Q1(1l)» Q2(1)» Q3(1)
1, Q4(1)» PCS1(1), PCS2(1)s DSUKF(1)
IREAD=9
IWRIT=6
AAO=]l o /FMACH¥*2+,2
WRITE (IWRIT»20)
READ (IREAD,4C)
READ (IREAD»s40)
READ (IREADs50) FQSTA
NQSTA=FQSTA
DO 10 K=1,NQSTA
READ (IREAD,»40)
READ (IREADs»50) ZQSTA(K)»PCQ1(K)»PCQ2(K)»PCQ3(K)»Q1(K)»Q2(K)»QA3(K)
1,Q4(K)
READ (IREAD,»40)
READ (IREAD,50) PCS1{(K)s»PCS2(K)sDSURF(K)
WRITE (IWRIT»30) KsZQSTA(K),PCQl(K)s»PCQ2(K)»PCQA3(K)»Q1(K)»Q2(K)»Q3
L(K)»Q4(K)»PCS1(K)»PCS2(K)»DSURF (K)
QLK) =SQRT((AAO*QL(K)*%2)/(1le+e2%QL(K)¥%*2))
Q2(K)=SQRT((AAQ*Q2(K)**2)/(1l.+.2%Q2(K)*%*2))
Q3(K)=SQRT((AAQO*Q3(K)*¥2)/ (le+e2%Q3(K)*%*2))
 Q4(K)=SQRT((AAD*Q4(K)*%2) /(1le+.2%Q4(K)*%*2))
10 CONTINUE
RETURN
C
20 FORMAT (55H1 PARAMETERS TO DEFINE THE ASSIGNED DESIGN MACH NUMBER
113HDISTRIBUTIONGs //53H Ks9Xs1HZ»6Xs 4HPCM1y6Xs4HPCM2)6Xs4HPCM358X)
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22HM1sBX92HM29 8Xp 2HM 398Xy 2HMG4» 6X s 4HPC X1 9 6X» 4HPCX295Xs5HDSURFs /)
30 FUORMAT (1Xs1I2511F10.5)
40 FORMAT (1X)
50 FORMAT (8F10.5)

END

SUBROUTINE SETQS (NEsNXs»QPREs»SOsSOPRESITEL»ITE2)KTELSKTEZ2» Z5ZQS5TAy
1A0»PCQLl,PCQ2sPCQ39SI»FI»0G1lsQ25Q3,Q4sPCS1yPCS2,DSURF,NQSTA)
C DEFINES ASSIGNED SPEED DISTRIBUTION BY EXPONENTIAL SPLINE
C ALLOWS EASY CONSTRUCTION OF SHOCKLESS DISTRIBUTION USING E AND G
DIMENSION QPRE(NE»1l)s SO(NEsl)s» SOPRE(NEs1)s ITEL(1l)s ITEZ2(l)s 2(1
1)y ZGSTA(1)y AO(1)s PCQL(1)s PCQ2(1)s PCQ3(1)s SI(1l)y FI(1)» Q1(1)
2y Q2(1)s Q3(1)y Q4(1)s PCS1(1l)s, PCS2(1l)s DSURF(1)
DIMENSION X{(4)» Y(a)y» E(4)s G(4)y A(4)s B(4)s C(4)s D(4)
DATA ISET/0Q/
BUMP (X)3l6.*(X*¥(],~X))**x2
E(L)=,007
E(2)=,007
E(3)=,007
G(1)=0,
G(2)=-3,
G(3)=45,
LXaNX/2+1
MX=NX+1
KM=2
VM=0,
KN=3
VN=Q,
Ké=2
KeKTE1-1
10 KsK+1
I1=ITE1(K)
I12=ITE2(K)
20=Z(K)
K23K2-1
20 K2=K2+1
Kl=sKz2-1
Z1=ZQSTA(KL)
L2=22QS5STA(K2)
IF (Z0.GTeZ2+ANDK2.LT.NQSTA) GO TO 20
R1=a(Z22-20)/(12-21)
R2=1.-R1
DLEN=AD(IZ2)-A0Q(LX)
PX1=R1*PCQL(K1)+R2*¥PCQLl(K2)
PX2=R1*PCQ2(K1)+R2*PCQ2(K2)
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PXx3=2R1*PCQ3(K1)+R2*¥PCQ3(K2)
X{1)=A0(LX)+PX1%*DLEN
X(2)=A0(LX)+PX2*DLEN
X(3)=A0(LX)+PX3%DLEN

X(4)=A0(I2)
Y(1)=R1%Q1(K1)+R2*Q1(K2)
Y(2)=R1*Q2(K1L)+R2*%Q2(K2)
Y{(3)=R1*¥C3(K1)+R2%Q3(K2)
Y(4)=R1*¥Q4(K1)+R2*%Q4(K2)

CALL SPTEN (4sXsYsEs»GrAsBsCoDsKMyVMIKNyVN)
DO 30 I=1,MX

QPRE(I»K) =0,

IF (ISET«EQe0) SOPRE(IsK)=SO(IsK)
CONTINUE

LS=11

LS=LS+1

IF (AO(LS) LT WoX(1)) GO TO 40
NN=MX=LS+1

DO 50 I=1,NN

J=LS+I-1

SI(I)=AQ(J)

CALL INTEN (NNsSIsFIls4asXsAsBsCsDsrE»G)
DO 60 I=LSs,MX

JeI-LS+1

QPRE(IsK)=FI(J)
DENO=1./FLOAT(LS-I1)

DO 70 I=I1,LS
QPRE(I,K)=FLOAT(I-I1)*DENO*Y(1)
IF (ISET.EQ.1) GO TGO 90
PX2=k1%PCS2(KLl)+R2%PCS2(K2)
PX1=R1*¥PCS1(K1)+R2¥PCS1(K2)
DSOPRE=R1I*¥DSURF(K1)+R2*¥DSURF(KZ2)
X1=A0O(LX)+PX1*DLEN
X2=sA0(LX)+PX2%DLEN

I=]11

I=I+1

IF (AO(I).GT«X2) GU TO 90

IF (AO(I)eLTeX1l) GO TO 80

XX={ AG(I)=X1)/(Xx2=-X1)
SOPRE(IsK)=sSC(IsK)=DSOPRE*BUMPI(XX)
GU TO 890

IF (KeLT.KTEZ2) GO TO 10

ISET=]

RETURN

END
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SUBROUTINE SPTEN (NsSsFsEsGsA»sBsCrDsKMsVMsKNs VN)
COMPUTES EXPONENTIAL SPLINE WITH WEIGHTING FACTORS
£ IS TENSION PAKRAMETERs SMALLER E PRODUCES LESS OSCILLATION
G IS WEIGHT FACTOR» LARGER G PRODUCES MORE SAG
DIMENSION S{(1)» F(1l)s» E(1)» G(1)s A(Ll)y B(1l)s C(1l)s D(1)
NMaN-1

HaS(2)=5(1)

HiI=1l./H

SI=1./SINH(H/E(1))

TI=SI*COSH(H/E(1))

IF (KM=2) 10520530

B(l)=E(l)*(E(L1)*HI-TI)

C(1)=E(L1)*(SI-E(1)*HI)
D(1)=VM+HI®(F(Ll)=F(2))+E(L)*G(L1)*(SI-TI)+.5%H%*G(1)
60 TO 40

B{l)=1,

C(1)=0.

D(1)=VHM

GO TO 40

B(1l)=-TI

C(l)=S1I

D(1)=G(1l)*(SI-TI)+VM*E(1)

XX=1l./7B8(1)

D{1)=XX*D(1)

D0 50 I=2,NM

HM=sH

HIM=z=HI

SIM=S]

TIMsTI

H=S(I+1)~-S(I)

HIsl./H

SI=1./SINH(H/E(I))

TI=SI*CUOSH(H/E(I))

A(I)=E(I-=1)*(SIM=HIM*E(I-1))
BOI)=E(I)*(HI*E(I)=-TI)+E(I-1)%(HIM*E(I-1)-TIM)
C(I)=E(I)*(SI-HI*E(I))
DCI)=HIMR(F(I)=F(I-1))+E(I=1)*G(I=1)*(SIM=TIM)+5¥HM*G(I=1)+HI*(F(
LI)=FlI+1))+ECI)*GUI)*(SI-TI)+.5%H%G(])
C(I-1)=XXx*C(I-1)

XX=2le/(B(I)=A(L)*C(I-1))
DCI)=(D(I)-ACI)*D(I-1))*XX

IF (KN=2) 60570580

A(N)=E(NM)*(HI*E(NM)-SI)

BI(N)=E(NM)*(TI-HI*E(NM))
DI(N)sYUN+HI®(F(NM)=F(N) )= 5%¥HXEG({NM)+E(NM)XG(NM)*(TI-SI)
G0 TO 90

A(N)=0,

B(N)=1.

DI{N)2VN

60 TO 90

A(N)==SI/E(NM)

BIN)=TI/E(NM)
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DIN)=VYN+GINM)I*(TI-SI)/E(NM)
90 C(NM)=XX*C(NM)
XX=21le/(BIN)=A(N)*C(NM))
DIN)=(D(N)=A(N)*D(NM) ) *XX
DO 1GC0 J=2,sN
I=N+1-J
100 D(IN=D(I)-C(1)*D(I+1)
DI=D(1)
DO 110 I=1,NM
DIP=D(I+1)
H=S(I+1)=-S(I)
SI=1./SINH(H/E(I))
A(I)=F(I+1)=F(I)+{(DI-DIP)*E(I)**2=.5%G(I)*H*%x2
BOI)=F(I)+(G(I)-DI)¥E(I)*%*2
CeI)=SI*(DIP-G(I))*E(I)**2
D(I)=SI*(DI-G(I))*E(I)**2
110 DI=DIP
RETURN
END

SUBROUTINE INTEN (NXsSIsFIsNsS»A»BsCsDsEsG)
C COMPUTES INTERPOLATED VALUES FROM EXPONENTIAL SPLINE
DIMENSION SI(1)s FIC1)s S{(1)y A(1)y B(1)s C{1l)s» D(1)s E(1)s G(1)
I=0
J=1
JP=J+1
10 I=I+1
20 IF (SI(I).LT.S(JP)) GO TO 30
IF (JP.EQ.N) GO TO 30
J=J+1
JP=J+1
60 Tu 20
30 HI=1l./{(3(JP)=S(J))
EI=1./E(J)
FIC(I)=BJ)+HI*A(JIR(SI(I)=SCJ))I+CUJ)*RSINH(EI*(SI(I)-S(J)))+D(J)*SI
INHEEI®X(S(JP)=SI(I)))+e5%G(J)}*(ST(I)=S(J))*%x2
IF (I«.LTuaNX) GO TO 10
RETURN
END
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THIS VERSION OF SUBRUUTINE YSWEEP IS VECTORIZED AND CAN BE INVOKED
BY SETTING FSWEEP TG =-1.,0 ON THE APPROFRIATE INPUT CARD

SUBROUTINE VYSWEEP

RUW RELAXATION

COMMON G6G(129512515)5S50(129»15),E0(131)»20(131)sIV(129515),ITEL1(15)
1, ITE2(15)»A0(129)5A1(129)5A2(129)5A3(129)»B0(12)sB1(12)sB2(12)»B3¢(
212)5s2(15)5C1l(15)sC2(15)sC3(15)sXC(15)sXxZ(15)sXZZ(15)5sYC(15)sYZ(15)
39YZZ(15) s NXsNYsNZsKTELsKTE29sISYMsKSYMsSCAL)SCALZ»YAWSCYAM» SYAWSALP
4HASCAs SAs FMACHINLINZ2sN3sIUsNDES» TSTEPSEPS1,QPRE(129515)9SOPRE(129
515)sNQSTALZQSTA(15)»PCQL(15)»PCQ2(15)sPCQ3(15)»QQ1(15)5QQ2(15),QQ3
6(15),QQ4(15),PCS1(15)sPCS2(15)sDSURF(15)sRDQsRDSO»FO0»FO1»F10,F11,
TNDQ,IQsKQsAWINGs VOLDRGS IDRGPLT(129515),SECDRG(15)

COMMON /FLO/ STRIP,»PlsP2sP3sBETAsFRYIRsJRIKRsDGHIGsJGsKGINS

COMMON /SWP/ DXYZ(129)sGK1(129515)9sGK2(129»15)s5%X(129)»S5S2(129)sS5XX
1(129)sSX2(129)sSZ2Z(129)»R0(129)sR1(129)5C(129)»D(129)sG10(15),G620¢(
215)9G30(15)5G40(15)»sG1l(15)5G2€15)sI1lsI2sKsbaNUsLXsMXsKYsMYsT1,AAQ)
3Q1,Q2,TYAW,S1

COMMDON /DIM/ NX1sNYLlsNZ1l»FDIM

COMMON /CRAY/ KA

COMMON /VECT/ YP(129)sSAVE(129)sTEMP2(129)sTEMP(129)s TEMPL(129)sAJ
10129)sH(129)»FH(129)9AZ(129)sBZ(129)»sC2(129)s02(129),D06I(129)sDGJ(
2129)sDGK(129)sU(129)sV(129)sW(129)sAU(129)sAV(129)5QQ(129)sHOLD1(1
329),HOLD2(129)»HOLD3(129)»HOLD4(129),HOLD5(129)sHZ(12%)5AA(129)sFX
4X(129)sFYY(129)sFXY(129),BV(129),UU(129)sVV(129)sWW(129)sUv(129)sU
BW(129) s VW(129)»AZZ(129)sAXX(129)sAXZ(129)sR(129)sAXT(129),AYT{(129)
65AZT(129)sDG6GII(129)5s0GJJ(129)sDGIJU(129)sDGIK(129)sDGJIK(129)sAC (129
T)sAB(129)sAYY(129)sAYZ(129)sBP(129)sBM(129)»8B(129)»AXY(129),CG(129
8)sDGKK(129)5,A(129)55(129)

BETX'.OI

BETY=,15

BETZ=.1

BSCAL=214/(1.+FDIM)

BSCAL1=1./(2.%(1.+FDIM))

J1=2

IF (FMACH.GE«le) J1=3

C(Il-1)=0,

D(I1l-1)=0.

DO 10 I=I1,1I2

RO(I)=1.

R1(I)=1.

GK1(Is1)=G(Is1sL)

GK1(I»J1l-1)=G(IysJ1l-1sL)

J=Jl

I3=]2

BC==T1*B1l(J)*C1(K)

DD 3G I=1I1,1I3

YP({(I)=SO(IsK)+BO(J)
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SAVE(I)=1.0-RO(I)
TEMP2(1)=YP(I)*YP(I)
TEMP(I)=AC(I)*A0Q(I)
AJ(I)=SAVE(I)+TEMP2(I)+TEMP(I)
30 CONTINUE
DO 40 I=I1l,1I3
H(I)=RO(I)/AJ(I)
FH(I)=RO(I)*¥AJ(I)
TEMP1(I)=A0(I)*(4.%TEMP2(I)-FH(I))
TEMP2(I)=YP(I)* (4 *¥TEMP(I)=FH(I))
ATsXZ(K)*XZ(K)=YZ{K)*YLZ(K)
BTa(XZ(K)+XZ(K)})*YZ(K)
AZ(I)==AO(I)*XZ(K)=YP(I)*YZ(K)
BZ(I)=s=AQ(I)*YZ(K)+YP(I)*XZ(K)
TEMP(I)=sH({I)¥H(I)
CZ(I)=TeMP(I)*(TEMPL(I)*AT-TEMP2(I)*BT)=AO(I)*XZZ(K)=YP(I)*YZZ(K)
DZ(I)=TEMP(I)*(TEMP2(I)*AT+TEMPLI(I)*BT)-AC(I)*YZZ(K)+YP(I)*X2Z(K)
40 CONTINUE
DO 50 I=I1,13
DGI(I)=G(I+1sJsl)=G(I-15JsL)
DGJ(I)=G(I»Jd+1yL)~GK1(I»J=-1)
DEK(1)=G(IsJsL+1)=-GK1(I»J)
50 CONTINUE
D0 60 I=I1,13
TEMPL(I)=A1(I)*DGI(1)
TEMP2(1)==B1(J)*DGJ(I)
UCI)=TEMPLI(I)-SX(I)*TEMP2(I)+CAXAO(I)+SA*YP(])
VII)=TEMP2(I1)+SA¥A0(1)=-CA*YP(]I)
WEI)=RO(II*(CL(K)*¥DGK(IDI=SZ(II*TEMP2(I)+SYAW+CA*XZ(K)+SA*YZ(K)+H(I
L)*(UCL) *AZ(I)+V(I)*BZ(1)))
AUCL)=UCI)+W(I)%AZ(])
AV(I)=V(I)+w(I)*BZ (1)
TEMP (1) =H(I)*(U(L)*U(I)+Vv(I)I*V(I))
QQ(IN=TEMP(L)+W(I)*W(I)
60 CONTINUE
DO 70 I=I1,13
HOLD1(I)=,2%QQ(1)
AA(I)=DIM(AAOC,HOLD1(1))
HZ(I)=AZ(I)*SX(I)=-BZ(I)+FH(I)*SZ(1])
FXX(I)=1.0+4H{I)*AZ(I)*AZ(])
FYY(I)21eU+SX(I)*SX(I)+H(IDI*¥HZ(I)*HZ(])
FXY(I)sSX(I)+H(I)*AZ(I)*HZ(])
BV(I)=AV(I)=AULI)*SX(I)=FH(I)*w(I)*SZ(1I)
70 CONTINUE
DO 8C I=11,13
UUCI)=sH(I)*AU(I)*AU(])
VV(I)=H(I)*BV(I)*BV(I)
WH(I)=FH(I)*W(I)*W(I)
UV(I)=H(I)*AU(I)*BV(])
UW(D)=AU(I)*W(I)
VW(I)=BV(I)*W(I)
AXX(I)=RI(II*¥(FXX(I)*AA(I)=-UU(I))
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80

90

100

110

AZZ(L1)=FH(I)*¥AA(I)=WW(I)
AXZ(I)=(2.0%¥RO(II*(AZ(L)*AA(I)~-UW(I)))

CONTINUE

DO 90 I=Il,12

HOLDI(I)==TEMP2(I)* (AXX(I)*SXX(I)+AZZ(I)*SZZ(I)+AXZ(I1)*SXZ(1))
HOLDZ2(I)=(AACI)*(CZ(I)*TEMPLCI)+(DZ(I)=SXC(IL)*CZ(I))*TEMP2(I)))*RO(
1I)

HOLD3(I)=CA*(AUCI)*AU(TI)=AVII)I*AV(I))+(SA+SAI*AULTI)*AV(I)
HOLD4(I)=TEMP (L) *¥(U(I)*AO(I)}+V(II*YP(I)+2. 0%W(I)*(AO(II*AZ(I)+YP(I
1)*¥BZ(1I)))

HOLDS(I ) m=WW(I)*(CA*XZZ(K)+SA¥YZZ(K))=W(I)*W(L)*(U(I)*CZ(I)+V(I)*D
1Z(I))
R{I)=HOLD1I(I)+T1*(HOLD2(I)-H(I)*(HOLO3(I)-HOGLD4(I))+HOLD5(I))
CONTINUE

DO 100 I=I1l,1I3

AXT(I)=AUCI)*AL(I)

AXTCI)=ABS(AXT(I))

AYT(I)=B8V(I)*B1(J)

AYT(I)=ABS(AYT(I))

AZT(I)=FH(I)*W(I)*C1l(K)

AZT(I1)=ABS(AZT(I))
SAVE(IL)=AMAXL(AXTU{I)»AYT(IV»AZT(I)»{(1.-RO(1)))
HOLD1I(I)=RO(I)*¥BETA*AA(I)/SAVE(I)

AXTCI)=AXT(I)*HOLD1(I)

AYT(I)=AYT(I)*HOLD1(I)

AZT(I)=AZT(I)*HOLD1(I)

CONTINUE

DO 110 I=I11,1I3
DGII(IN=G(I+1,JsL)=G(IsdslL)=G(IsJsL)+G(I=15JsL)+A3(I)*DGI(I])
DGJJI(I)=G(Ird+1lsL)-G(IsJsl)=G(IsJdsl}+G(IsJd=1L)=-B3(J)*DGJ(I)
DGKK(I)=G(IsJdsL+1)=G(IsJdslL)=G(IsJdslL)+G(LsdsL-1)+C3(K)*DGK(1)
DGIJ(IN=G(I+1sJ+1lsL)=G(I-1sJ+1sL)=G(I+1sJ=1sL)+G(I-2sJ=1>sL)
DGIK(I)=G(I+1lsJdslL+1)=G(I+1sJsl=1)-G(Il=1sJsL+1)+G(I=-1sJslL-1)
DGUK(I)=G(IrJ+1sL+1)=G(IsJ=1yL+1)=G(l,J+lsLl~-1)+G(IsJ=-1sL=-1)
AC(I)=T1*A1(I)*C1L(K)

AB(I)==T1*A1(I)*B1(J)

AXX{L)=AXX(I)*A2(1)

AYYLI)=(FYY(I)*AA{I)=VV(I))*B2(J)

AZZ(L1)=AZZ(I)*C2(K)
AXY(L)==RLI(II*(FXY(I)*AA(T)+UV(I))*(AB(I)+AB(I))
AXZ(I)=AXZ{1)*AC(I)

AYZ(I)=s=RO(I)*(HZ(I)*AA(IL)+VW(I))*(BC+BC)

BP(I)=AXX(1I)

BM(I)=AXX(I)

BCI)==AXX{I)=AXX(I)=Ql*(AYY(I)+AZZ(I))
SAVE(I)=AXX{(I)*DGII(I1)+AYY(I)*DGJJ(I)+AZZ(I)*DGKK(I)+AXY(I)*DGIJ(I
1)+AYZ(I)*DGJIK(I)+AXZ(I)*DGIK(I)

CONTINUE

DO 120 I=I1,13

IF (QQUI).LT.AA(I)) GO TO 120

NS=NS+1

S(I)=SIGN(lerU(I))
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120

130

140

150

160

IM=I-IFIX(S(I))

IMM=IM=IFIX{(S(I))

AXX(I)=UU(I)*AZ(])

AYY(I)=VvV(I)*B2(J)

AZZ(I)sWW(I)*C2(K)
AXY(1)=8.*%S(I)¥UVII)*AB(I)
AXZ(1)=B8e*S(I)*UN(I)*AC(I)
AYZ(I)=8.*%VW{I)*BC

HOLDI (D)= (FXX(I)*QQ(I1)=-UU(I))*A2(1I)
HOLDZ2(I)=(FYY{L)*QQ(I)=VV(I))*B2(J)
HOLD3(I)=(FH(I)*QQ(I)-WW(I))*C2(K)
HOLD4(I)==(FXY(I)*¥QQ(I)+UV(I))*(AB(I)+AB(I))
HOLDS(I)=(AZ(I)*QQ(I)-UW(I))*(AC(I)+AC(I))
TEMP(I)==(HZ(I)*QQ(I)+VW(I))*(BC+BC)
TEMP1(I)=AA(1}/QQ(I)
TEMP2(1)=HOLDLI(I*DGII(I)+HOLD2(I)Y*DGJJ(I)+HOLD3(I)*DGKK(I)+HOLD4(

11)*DGIJ(IN+TEMP(I)*DGJIK(1)+HOLDS(I)*DGIK(I)

DGII(I)=G(IpJdsl)=G(IMsJsL)=G(IMsJsL)I+G(IMMSJoL)+A3(I)*DGI(I)
DGJJI(IN=G(IsdsL)=G(Iod=1sL)=G(IoJ=1sL)+GK1(I,J=2)=-B3(J)*DGJ(I)
DGKKAI)=G(IsJsl)=G(IsJsL=1)=G(IsJslL~1)+4GK2(I»J)+C3(K)I*DGK(I)
DOIJ(I)=G(IsJdsL)=G(IMyJslL)=G(IsJd=1sL)+C(IMs»J=1,L)
DGIK(1)=G(IsJsl)=G(IsJdsl=1)~G(IMsJsL)+C(IMsJsL~-1)
DGJK(I)=G(IsJdsL)=G(Iodsl=1)=~G(IsJ=1sL)+G(Is»J-1sL-1)
TEMP(I)=AXXC(I)*DGIIC(I)+AYY(I)*DGJJ(I)I+AZZAI)*DGKK(I)+AXY(I)*DG1J (1]

L)+AYZ(I)*DGJIK(I)+AXZ(I)*DGIK(I)

BII)eo Sk (TEMPLI(I) =1 ) (AXX(I)+AXX(I)+AXZ(I)+AXY(I))
BP(I)=TEMP1(I)*HOLD1(I)=(1.=S(I1))*B(I)
BM(I)=TEMPL(I)*HOLD1(I)=(1.0+4S{(I))*B(I)
B(I)==TEMPL(I)*(HOLDI(I)+HOLD1(I)+Q2% (HOLD2(I)+HOLD3(I)))+(TEMPL(I

L)=1e) ¥ (2o ¥ (AXX(I)+AYY(ID)+AZZ(I) Y +AXY(I)+AYZ(I}I+AXZ(I))

SAVE(I)=(TEMPL(1)=14)*TEMP(I)+TEMPL(I)*TENP2(TI)
CONTINUE

00 130 I=11,1I3

R(I)=R(I)+SAVE(I)

DO 140 I=11,13

IF (ABS(R(I)).LE.ABS(FR)) GO TO 140
FR=R (1)

IR=]

JR=J

KR=K

CONTINUE

DO 150 I=I1,1I3
REIV=R(IN=AYT(I}*(GKL(IsJ=1)=G(IsJ=1sL))=AZT(I)*(GKLI(I»J)=G(Isdsl~
11))

B(I)=sB(I)=AXT(I)=AYT(I)=AZT(I)
BM(I)=BM(I)+AXT(I)

CONTINUE

DO 16C I=11,1I3
B(I)=1.0/(B(I)=-BM(I)*C(I-1))
C(I)=B(I)*BP(I)
D(I)=B(I)*(R(I)=-BM(I)}*D(1-1))

I=13
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170

180

190

200

210

CG(I3+1)=0.,

DO 170 M=I1,13
CG(I)=D{I)-C{I)*CG(I+1)
GK2(I»J)=GK1(I»J)

GK1(IsJ)=G(IsJdsrl)
G(IsJdsl)=G(IsJsl)-CG(I)

Isl-1

I=I3

DO 180 M=11,13

IF (ABS(CG(I)).LE.ABS{(DG)) GO TO 180
DG=CG(I)

IG=]

JG=J

KG=K

Is]-1

JeJ+]

IF (J-KY) 205,190,210

IF (12.GTLITE2(K)) I3=ITE2(K)

IF (ITE2(K)eEQeMX) I3=LX

DO 200 I=I1,1I3
LV=TABS(1~-IABS(IV(IsK)))
RO(I)=AMINO(LV,IABS(IV(IsK)))
RI(I)=LV

GO TO 20

N=NO

I=LX+1

IF (KelToKTE1«ORKeGT4KTEZ2) GO TO 230
I0OsNX+2~13

DO 220 I=10,13
AJ(I)=1,=RO(IVN+A0O(II*AO(I)+SO(I»K)I*SO(IsK)
H(I)=RO(I)/Z/AJ(I)

FH(I)=RO(I1)*AJ(I)
AZ(T)==A0(I)*XZ(K)=SO(IsK)*YZ(K)
BZ(IV==AQ(I)*YZ(K)Y+SOU(IsK)®XZ(K)
HZ(I)=AZ(I)*SX(I)-BZ(I)+FH(1)*SZ(1I)
FYY(I)=)lo#SXCI)*SX(I)+H(I)*HZ(I)*HZ(I)
FXY(IL)YaSX(I)+H{(I)*AZ(I)Y%*HZ(1)
DGI(I)=G(I+1sKYsL)-G(I-1sKYsL)
DGK(I)=G(IsKYsL+1)-GK2(IsKY)
V(I)=SA*¥AQ(I)~CA*SO(I,K)
UCI)=AL(I)*DGICI)+CA*AQO(I)+SA%*SO(I»K)
W(I)=sCLl(K)*DGK(I)+SYAW+CAXXZ(K)+SA*YZ(K)

220 G(IsKY+1yL)=2G(IsKY=1oL)+(V(I)*(Lle=H(I)*¥BZ(I)*HZ(I))I-UCII*FXY(I)=w(

230

1I)*HZ(I))/{FYY(I)*B1l(KY))
I=10
IF (IOWNELITEL(K)) GO TO 230
E=G(I3,KYsL)=G(I0,KY,sL)

NO=NO+1

EO(NO)=EO(NOQO) +P3*(E-EOQO(NO))
N=NO

IF (I.LE.I1) GO TO 270
I=I-~1
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240

250

260

270

280

290

E=Q.
IF (IVIIsK)NEJ1) GO TO 260
ZZsZ (K)=TYAW* (XC(K)+S1*¥A0(I)*AC(I))

IF (ZZ.GE«.ZO0(N-1)) GO TO 250
N=N-1

GO TO 240
RV=(ZZ-Z0(N=1))/(Z0(N)=2Z0(N=-1))

EaRV¥EQ(N)+(1.~RV)*EQO(N-1)

MaNX+2-~1

GII»KY+1lsL)=G(MyKY~-1sL)=-E
G(MyKY+1oL)=G(I»KY=-1sL)+E
GK2(MyKY)=GK1 (MsKY)
GKI(MsKY)=G(MsKYsL)
G(MsKYsL)=G(IsKYsL)+E

G0 TO 230

CONTINUE

DO 280 I=2sNX
G(IsJ1l-1sL)=(le~BETY/BSCALLI)*G(IsJ1lsl)
DO 290 J=1,MY
G(Il=1sJsL)=(1e-BETX/BSCAL)I*G(I1sdsl)
G(I2+1sJsL)=(1le=BETX/BSCAL)*G(I2sJsL)
RETURN

END
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