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ABSTRACT

A method has been developed for the design of leading-
edge slats that produce a specified pressure distribution
on the main airfoil., The method of distributed singulari-
ties is applied in a unique manner. The airfoil is repre-
sented in the conventional manner by a vortex sheet having
the same shape as the airfoil. The slat is represented by
a vortex sheet and a source line. The source line provides
the slat thickness; the vortex sheet provides the camber.

A closed slat shape is guaranteed by requiring that the net
mass added to the system be zero and that the stream func-
tion at the slat leading-edge stagnation point have the same
value as at the trailing edge. 1t was found that valid
solutions are possible only when the source line at least
approximates a streamline generated by the airfoil without
the slat. The slat shape is computed by locating the body
streamline of the slat. A constrained least-square analysis
provides this definition., Several sample designs are dis-
cussed. Detailed instructions for application of the method
are provided. Details regarding the associated computer
program are included,
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1. INTRODUCTION

The application of leading-edge slats on modern
high~-performance aircraft is now commonplace. The vast
majority of these slats are retractable, which means that
the low-drag qualities of the cruise airfoil are maintained
for high-speed flight, but the high-lift capabilities pro-
vided by leading-edge slats are available during takeoff
and landing.

Until recently the number of design options available
to the slat designer was very restricted. The slat was
basically a portion of the cruise airfoil, with the upper
surface belng the nose section of the airfoil. The designer
would design the lower-surface shape of the slat and the
upper-surface shape of the airfoil nose. He also had some
freedom in the choice of the position of the extended slat.
However, as performance requirements increased, designs
have necessarily become more sophisticated. A rotating-
nose slat was developed for the Convair F-111. A variable-
camber slat was developed for the Boeing 747. With the
advent of suitable deformable materials, the designer can
now obtain almost any leading-edge slat shape he needs.

The subject of this present study is a new design tool,
which will allow the designer to take full advantage of
these new capabilities.

Methods for the design of leading-edge devices can be
divided into two main classes. The first, the older and
most widely used, is the '"cut-and-try" method. The second,
just in its infancy but showing great promise, 1s the
inverse method,.

In the cut-and-try method, brute force is employed to
select a leading-edge device shape and orientation. Slat
shape and size are selected, and, although some guidelines
are available, selection is made primarily on the basis of
the intuition and experience of the designer. The optimum
slat location is then determined by measuring its perform-
ance at a great variety of locations relative to the airfoil.
Slat performance is usually measured by a combination of
wind tunnel tests and analytical evaluations. The position
that provides the most desirable performance is then
selected as the optimum position.



Although this procedure has been of value in the past,
it has several shortcomings. For example, no assurance can
be made that the desired performance will be attained with
the selected slat shape simply by varying its position. 1If
the chosen shape is found to provide inadequate performance,
a new shape must be selected, and one must again repeat the
expensive process of determining the optimum orientation.
It is not difficult to systematize the search for the opti-
mum (largest Crp,,) slat orientation; however, selection of
the slat shape is not so straightforward. Guidelines for
shape selection are generally either statements of the
obvious or premises difficult to translate into physical
shapes. As a result, slat design, by this method, tends to
be more of an art than a science.

The alternate to the cut-and-try method is the inverse
method. In this method, the designer specifies conditions
on the flow field, such as surface pressures and freestream
conditions, and then computes the required shapes. Tech-
niques of this type have been available for single-element
airfoil design for several years (Ref. 1), Such procedures
are especially useful in designing speclalized airfoil
shapes such as "laminar' airfoils (Ref. 2) or maximum-lift
airfoils (Ref. 3). Since the development of this technique
has been directed primarily toward single-element airfoil
design, the extension to multi-element airfoll design has
been neglected. Even 1f such an extension were made, the
utility of the procedure for the design of high-lift devices
is questionable. If a Lighthill-type inverse procedure
(Ref. 4) is utilized, the entire airfoil geometry is de-
signed, not just the leading- and trailing-edge regions,
The result is that the main airfoil could have a substan-
tially different shape from the cruise airfeoil shape.
Generally, this would not be an acceptable design solution.

A recent addition to the list of inverse methods, made
by Chen (Ref. 5), utilizes a nonlinear approach to design
maximum~1ift multiple-element airfoils. This is a full
inverse procedure in that both the airfoil and the high-1lift
devices are designed. For each element the method assumes
an optimum pressure distribution, consisting of a uniform
stagnation pressure on the lower surface, a uniform minimum
pressure on the upper surface immediately downstream of the
front stagnation point, followed by a Stratford zero skin-
friction pressure rise. The contours of the various elements
are adjusted in a systematic manner to produce the desired
pressure distributions. The method presents a novel approach
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to the airfoil design problem, but it exhibits the same
difficulty as the Lighthill method: the entire airfoil
geometry is designed, not just the slat,

A compromise approach has been formulated by 0'Pray
(Ref. 6). By permitting the airfoil shape to be specified,
he computes the shape of the leading-edge device through a
gsemi-inverse procedure. Through a series of conformal
transformations, the airfoil is mapped into an ellipse and
then into the real axis of a complex half-plane with the
airfoil nose at the origin., The slat is represented by a
set of distributed singularities along a straight line in
this plane, This depictment of the slat requires the
designer to specify both the location and the approximate
chord of the slat.

0'Pray defines the slat shape by requiring the slat to
produce a specified pressure distribution on the main air-
foil nose. He uses a seventh-order least-square description
of the pressures to describe the distribution on the average.
Using the coefficients of the least-square fit, he defines
the slat. The solution at this point does not account for
the circulation generated by the slat., In order to satisfy
the Kutta condition on the ellipse, an iteration must be
made., The net slat circulation is added to the circulation
about the ellipse, and then a new slat is computed. This
is repeated until convergence is attained. The actual slat-
shape definition is accomplished by tracing streamlines from
the leading edge to the trailing edge through the use of
linearized flow theory,

After thorough examination of the O'Pray procedure, it
is felt that its intricate mathematics and its approxima-
tions are not necessary. An alternate, more generalized
method has been developed that applies the method of dis-
tributed singularities (Ref. 7 or 8, for example) to
represent the airfoil and the leading-edge slat. The
resulting method is very simple, direct, and versatile.
Also, the entire analysis is carried out in the physical
plane. This is especially useful in interpreting the effects
of the design parameters. The method is described in detail
in Section 2, (Derivation of the pertinent potential-flow
equations is given in Appendix I.,) Some representative slat
designs are presented in Section 3. Step~by-step instruc-
tions on the utilization of the design technique are pro-
vided in Section 4. A detailed description of the computer
program developed during the study is given in Appendix II.
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Program utilization and program listing are given in
Appendixes III and IV, respectively,



2. DESCRIPTION OF METHOD

The method of distributed singularities provides an
efficient tool for the solution of complex potential-flow
problems. The method is based on a fundamental character-
istic of incompressible, inviscid flows. The linear nature
of the governing partial differential equation (Laplace's
equation) permits simple solutions to be superimposed to
form more complex solutions. 1In this problem, the solutions
for simple source singularities and for simple vortex
singularities are superimposed. A description of how these
singularities are superimposed and how the results are
interpreted is the subject of this section,

In this design problem, two types of bodies are
considered: those whose shapes are specified and those
whose shapes are to be computed. The technique is general
and can be extended to an arbitrary number of bodies, pro-
vided that at least one body shape is specified. For
example, the shapes of the slat and the three flaps of a
triple-slotted flap system could conceivably be computed
with this technique. Only the two-body problem is con-
sidered in this study. The specified body is the main
airfoil; the computed body is the slat.

The main airfoil is defined by a vortex sheet in the
shape of an inscribed polygon, exactly as described by
Bhateley in the companion volume to this present study
(Ref. 7). Note that the capability of designing leading-
edge slats for airfoil-flap combinations and blunt trailing-
edge airfoils, as well as considering ground effects, could
be included in the method in the same manner as discussed
in Reference 7. The boundary condition of zero flow normal
to the local surface is applied on the airfoil. For the
purpose of the slat design, the pressure coefficients at
selected points on the airfeil are specified. Thus, at
these points both the normal and the tangential velocity
components are specified; at the remaining points only the
normal velocity component is specified. A Kutta condition
is applied at the trailing edge of the main airfoil.

The slat is represented by a vortex sheet and by a
source sheet in the vicinity of the airfoil leading edge.
The source distribution provides the slat thickness; the
vorticity distribution provides the slat camber. So that
maximum versatility is provided, the locations of the slat
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vortex and source sheets are specified by the user. This
permits the user to exercise control over the relative
location of the slat and its shape. The singularity
strengths at the vortex and source control points are the
unknown parameters that will be fixed by the specified
airfoil pressure conditions.

Two types of flow conditions are assoclated with the
slat design. The first type satisfies the requirement that
a specified pressure distribution be produced on the air-
foil. The second type represents the closure conditions.
These conditions ensure that the slat has a closed shape.
The justification for each of the conditions is discussed
in Subsection 2.2. Briefly, the conditions are as follows:
(1) the net mass emitted by the source line is zero, (2) the
source and vortex lines approximate a portion of some
streamline around the airfoil without the slat, and (3) the
stream function has the same value at the forward and rear
stagnation points on the glat. The last condition implies
an additional set of conditions, namely, that the locations
of the forward and rear slat stagnation points must be
specified.

The equations describing the boundary conditions on
the wing and the conditions on the slat, listed above, form
a linear system of algebraic equations. This system is
solved by the Gauss-Jordan method to determine the unknown
singularity strengths at the control points. This set of
singularity strengths defines the flow field and provides
sufficient information to determine the required slat shape,

The shape of the slat is determined by tracing the body
streamlines from the forward stagnation point around the
slat to the rear stagnation point. Since the initial slope
of the streamlines is multi-valued, a special streamline
integration routine is applied. The routine fits a segmented
line between the two stagnation points. This line is re-
quired to have minimum directional deviation from the local
flow direction. After the shape of the slat is determined,
the pressure distributions on the slat and the wing are
computed., The net forces on the individual elements, as
well as on the entire system, are also computed.

The discussion above provides a brief description of
the operation of the slat design method. Much of the method
represents modifications of the airfoil potential-flow
analysis procedure of Reference 7. Other portions of the
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slat design method were developed specifically for this
program, A more detailed discussion of the method follows
in the remainder of this section.

2.1 Airfoil Representation

The potential flow about an arbitrary airfoil can be
simulated exactly by a vortex sheet with a continuously
varying strength along the surface of the airfoil. The
condition of tangential flow along the airfoil surface and
the imposition of the Kutta condition establish the local
strength of the vortex sheet,

A reasonable approximation of this representation can
be obtained by assuming that

1. The vortex sheet can be represented by a
polygon inscribed within the airfoil. The
vortex strength is allowed to vary linearly
along each side of the polygon.

2. The tangential flow condition is imposed
only at the mid-points of the polygon
segments,

The vertices of the polygon are referred to as control or
corner points, since it is at these points that the strength
of the vortex sheet is controlled., The mid-points are
boundary points, in reference to tangential-flow boundary
condition. The general arrangement of this approximation

is depicted in Figure 1. The locations of the corner points
are arbitrary, but the resulting polygon should provide a
good representation of the airfoil shape. Thus, short
segments should be used in the leading-edge region, while
longer segments are tolerable near the trailing edge.

The linear variation of the vortex strength over a
typical segment is the sum of two triangular distributions
(see Figure 1). One has the strength Gj and the other Gj4j.
Thus, the influence of the vortex sheet can be represented
by the summation (i.e., superposition) of the effects of a
series of triangular distributions. The influence of a
single triangular distribution is derived in Appendix 1 as
a superposition of discrete vortex singularities. The velo-
city induced at the kth boundary point by the ith such
distribution has the form
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Ui = Ajp Gy
(1)
Vik = Big G

where u and v represent the horizontal and vertical velocity
components, respectively. The coefficients A and B are the

result of the singularity length and the relative locations

of the boundary point and the singularity.

Normally, each Gj is associated with two triangular
distributions, one on each side of the corner point. Thus,
the coefficients are composed of

+ -
Ajk = Ai T Ak

- (2)

+
B + Bik

Bix = Bik

A special case occurs at the airfoil trailing edge. The
vortex sheet is assumed to begln at the trailing edge, pass
over the upper surface of the airfoil to the nose, and then
returning to the trailing edge along the lower airfoil sur-
face., Thus, the first and last vortex control points only
contribute to one distribution each. For this case Equation
2 is not needed, only Equation 1.

Another special case occurs when the boundary point is
located on the influencing segment of the polygon. When
this occurs, the distributed singularity is replaced by a
discrete singularity at the corner point having the same net
strength. The strength of this equivalent vortex, GE’ is

Cg = % d, G (3)

where dy is the length of the polygon segment. The coef-
ficients for the induced velocity in this case are

d - ]
A = - — , zi o — (4a)
4 (%4-x"1)° + (yi-y'K)




d x; - x'

k i k
By = . ——— Y (4b)
b (xg=x"p )¢ + (y4-y'y)

The velocity at any point within the flow field is
given by the summation of the velocities induced at that
point by all of the singularities in the field plus the
freestream velocity., Note that the influence of the source
and vortex control points on the slat must be included in
the summation. Letting Gy represent both the source and
the vortex singularity strengths yields the velocity at any

point (x'y, ¥'K):

N
u, = i?:l Ajy Gy + U, cosa

(3)
N

Ve = izl Bik Gi + U, sina

where N is the total number of singularities,

The tangential flow condition requires that the
component of the velocity normal to the airfoil surface at
a boundary point be zero. 1If @, is the local slope at the
kth boundary point, the condition is

N
fgi (Ay) sin €, - B;,cos 8,)G =
U,(sina cos @y - cosa sin ©) (6)
The slope 8, is understood to be the slope of the linme

joining the kth and the (k+l)th corner points; hence,

Yk = Yk+l

8, = arctan 7
k = A X - men 7
Equation 6 can be written in the form

N

gzi Cix 61 = By | (8)
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where C;i 1is referred to as the influence coefficient of the
ith singularity at the kth boundary point. An equation of
this type is generated for each boundary point on the airfoil.

The number of boundary points on the airfoil is one less
than the number of corner points. The Kutta condition pro-
vides the additional equation to give a balanced system of
equations and unknowns for the airfoil. The condition
requires that the net vorticity at the trailing edge be zero.
Since two corner points are coincident at the trailing edge,
the condition is

Gp + Gy = 0 (9

where Gr is the vortex strength at the first corner point
and G1, is the strength at the last corner point.

Equaticns 8 and 9 combine to form a system of N, linear
algebraic equations for the singularity strengths at the Ng
airfoil control points. This system can be solved to define
the flow about the airfoil in the absence of a leading-edge
slat.

2.2 8Slat Representation

The leading-edge slat is represented by a set of
distributed singularities located in the vicinity of a
leading-edge slat, i.e., external to the wing. The singu-
larity strengths vary linearly along straight lines between
fixed control points. The singularities are distributed
vortices and sources. These external vortices induce velo-
cities in the same manner as the vortex distribution on the
wing. Thus, the same methods can be used to compute the
influence coefficients related to these external vortices.
The velocity induced by the source distribution can be
derived very simply by comparing the velocities induced by
a single discrete vortex and a source. The velocity induced
at (x,y) by a discrete source at (x',y') is

=M x - x! 10
M7 om ex)Z + (332 o

M y-y' 11
M2 (xx)2 + (3-y")2 (o
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Similarly, for a vortex,

-.G y-y' 12
27 (x-x")2 + (y-y')?2 )

G X - x'
Vp = =— (13)
¢ or (x-x")2 + (y-y")?2 '

Eliminating the geometric terms yields

M M
“w < ¢ Ve M~ " gY% (14)

Thus, the velocity induced at (x,y) by a source at (x',y')
can be related to the velocity induced by a vortex at the
same location. Since the effect of distribution of the
singularity strengths is a geometric relation, Equation 14
remains valid for distributed sources and vortices.

The stated purpose of the slat design is to produce a
specified pressure distribution on the wing. Thus, a set
of conditions is required that specifies the pressure on
the wing at a selected interval of boundary points. The
velocity at the kth point is given by

N
uk - El Aik Gi + U, cosa - Qk cos Gk (15)

N
Ve ™= izl Bik Gi + U, sinc - Qk 8in Gk (16)

The term Qi accounts for the influence of the vortex sheet
on which the boundary point occurs. It is given by

G. + G
k k4
Q = =il 1 (17)

The velocity component tangential to the surface is

v . IS\ = uk cos Gk + Vie sin ek = U,V l-CP (18)
Substituting Equations 15 and 16 into 17 yields
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N N
EE; Ay G; cos @, + égi B, G sin 8 -Q =

Uoo( ‘/l-Cp - cosacos 8k - sina sin ) (19)

This equation specifies the relationship between the singu-
larity strengths and the local pressure, Cp. It provides

the set of linear equations, one for each pressure condition,
that are included in the system to be solved for the singu-
larity strengths.

A necessary, but not sufficient, condition for the slat
being a closed body is that the net strength of the slat
source line 1s zero. Thus, no net mass is added to or re-
moved from the system. Mathematically, this condition is
expressed

Np‘l

where Mj represents the source strengths at the Np control
points, and djy represents the distance from control point
Mj to control point Mj4+j. Equation 20 is linear in Mj and,
as such, is included in the system to be solved for the
singularity strengths.

One additional requirement must be met to assure a
closed-slat shape, The streamlines that emanate from the
forward stagnation point must also pass through the rear
stagnation point. One method of satisfying this require-
ment is to force the stream function to have the same value
at the forward and the rear stagnation points. Thus,

The value of the stream function at any point (x,y) is given
by
N
Y= 3 D; G + (y cosa - x sind) U, (22)
i=1

where Gj represents the strength of the ith singularity
(source or vortex), The term Dy represents the geometric
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influence coefficient of the ith control point on the stream
function at (x,y). The derivation of the form of Dj is given
in Appendix I.

Equation 21, in conjunction with Equation 22, represents
another linear algebraic equation governing the strengths of
the singularities, if the locations of the stagnation points
are known, This property can be used only if the stagnation-
point locations are known a priori. Thus, additional condi-
tions must be placed on the flow-field solution. The condi-
tions are given by Equations 15 and 16 with u and v set
equal to zero. Since the stagnation points do not lie on a
vortex sheet, Q = 0 and the conditions are

N
2. A{ Gy = - U, cosa
i=1
(23)
g:
B; G, = - U, sina
{=1 i”t

where the Aq and B; are the influence coefficients evaluated
at the assumed stagnation points,

The application of the above conditions is still not
sufficient. When these conditions were utilized on a sample
problem, the influence-coefficient matrix was found to be
singular. This implied that no singularity strength distri-
bution along the specified singularity line would produce a
close-slat configuration, An examination of several very
simple problems demonstrated why the matrix was singular and
permitted a resolution of the difficulty.

Of the several problems studied, one provides a parti-
cularly clear demonstration of the closure constraint. The
case consists of three discrete sources (or sinks) and three
discrete vortices placed in a uniform flow field, as shown
below. Stagnation points are specified to occur at (-1,-1)
and (1,-1), The summation of the source strengths is re-
quired to be zero. These conditions define the singularity
strengths of five of the six singularities. The sixth one,
arbitrarily chosen to be Gy, is left unspecified with the
others defined in terms of Gy. The resulting configuration
for G, = 0 and a zero angle of attack is shown in Figure 2.
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As mentioned above, the configuration will be closed
only if the stream functions at the two stagnaticn points
are equal. Thus, the value of Gy should be selected such
that the difference between the two stream function values
be zero. For this problem the difference is

AY = - (1n25 + 67 + 4 tan~12 + 2) sina (24)

The terms within the parentheses are a result of the geome-
tric arrangement of the problem. They are independent of
G2 and all of the other singularity strengths., Thus, the
configuration will be closed if and only if sina= 0, i.e.,
a zero angle of attack.

Another simple problem provides a physical interpreta-
tion of this result. Consider a source-sink pair of equal
strengths located on the same undisturbed streamline, as
shown below. Let their strengths be small enough so that

é’

Source
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their effects are only small perturbations on the surround-
ing flow field. Because of the small net flow from the
source, the mass it emits will very nearly follow the undis-
turbed streamline. When this mass reaches the sink, it is
completely absorbed. As the strengths of the singularities
are increased, the flow pattern remains essentially the
same, except that the perturbation on the external flow
field becomes larger. Now consider the same problem, only
with the sink placed on a different streamline, as shown
below. The relative displacement of the sink permits a

Source

streamline to pass between it and the source. This prevents
the sink from absorbing the mass emitted by the source. As
the singularity strengths are increased, the local perturba-
tion becomes large enough that some of the source mass is
absorbed by the sink, but not all of it, Thus, a closed
configuration is possible only if the singularities are
located on a single streamline in the undisturbed flow field.
For the slat design problem, the slat singularities must be
placed on a streamline generated by the airfoil in the
absence of the slat,

2.3 Flow-Field Solution

Each of the flow-field conditions discussed above can
be written in the form of a linear algebraic equation in
terms of the unknown singularity strengths., Seven of the
conditions, or equations, are present in all problems. They
are (1) airfoil Kutta condition, Eq. 9; (2) mass conserva-
tion on the slat, Eq. 20; (3) equalization of slat stream
function, Eq. 21; and (4) through (7) specification of slat
leading- and trailing-edge locations, Eq. 23. 1In addition,
there are N_.-1 equations which assure tangential flow over
the airfoil, The remaining M, equations specify the pres-
sure at M, points on the airfoil. Thus, a total of N, +
Mp + 6 equations are required for each problem.

17



Now consider the number of unknown singularity strengths.
The airfoil vortex sheet has N, corners; hence, N, singularity
strengths need to be specified, Since No + M, + 6 equations
are required, M, + 6 slat singularity control points must be
available, Thus, seven slat control points are needed to
specify the pressure at a single point on the airfoil.

The linear form of these equations allows efficient
solution by means of several standard methods. The Gauss-
Jordan method was utilized in this study. The solution de-
fines the singularity strengths at each of the control points
on the airfoil and on the slat, From this data the condi-
tions at any non-singular point in the flow field can be
computed, Thus, the slat shape is defined but still unknown
at this point,

2.4 Determination of Slat Shape

The slat shape is determined by calculating the shapes
of its body streamlines., These are the two streamlines that
emanate from the forward stagnation point on the slat and
pass to the rear stagnation point. In the computerized
version of the technique, the flow-field properties are
calculable at nearly all points in the field. The primary
exception are points coinciding with distributed singulari-
ties. Also, the locations of the forward and rear stagnation
points are known. Thus, determination of the slat shape
appears to be simply a problem of computing the shapes of
two streamlines. Unfortunately, the streamline slopes
become indeterminate at the stagnation points, so that the
initial step in the integration is not reliable. The result
is an erroneous shape definition. 1In the discussion below,
an alternate, more accurate method for determining the slat
shape 1s described.

The basic idea of the method is to determine a segmented
line which emanates from the forward stagnation point and
terminates at the rear stagnation point and which minimizes
the difference between its slopes and that of the local flow
velocity vectors. Consider the typical segmented line shown
below. The end points are given by

N

yg = ya t+ g;i d sin 6, (25a)
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N
g = X+ > d cos L (25b)
n=1

X

o ;n+1
3 < Vntl
\\\
Yy

n \
/ (xB 1 YB)
(xA’ YA) Rear Stag. Pt.

Forward Stag. Pt.

where d is the length of all segments and N is the total
number of segments. Each successive corner point is defined
by

Yo+l = ¥n T+ sin 6, d (26)
Xp4] = X, + cos 8, d 27

1f N is made infinitely large, then the line should approach
a streamline, or

en — §n = tan-l & (28)
The streamline projection point is given by
‘y_ +1 =Yy + sgin 6 d
n n n (29)

The velocities are computed at the midpoint of the segment,
which is

Ve = (¥a t Yn41)/2
(30)
Xe = (xy + xp41)/2
The difference between this slope and the corresponding
slope on the segmented line is a measure of the error in
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segmented-line approximation. It is
eq = (8, - 8,)° (31)
The total error is the sum of all of these, or
N
e= X (0 - 60)2 (32)

The task is to minimize e subject to the constraint that
Equation 25 remains valid.

The method of Lagrangian undetermined multipliers 1is
applied to determine the 84 and d such that e is a minimum
and Equation 25 is satisfied. Equation 32 may be written

N - .2 N
e=3 (8, -6, + H[YA - yg + ) sin 8, d]
n=1 n=1
N
+ I ’xA - xp + Y. cos 9, d] -(33)
n=1

where H and 1 are the undetermined multipliers. Holding vp
and u, temporarily constant, e may be differentiated as

6@.8_ - Z(Qn - gn) + Id sin en - Hd cos en = ( (34)

n

86, - ! 3 0

5 H 21 sin 8, + I E cos O, = (35)
n= n=]1

Equation 34 defines the set of ©, in terms of the un-
knowns H, I, and d and the set of 5. In theory it could
be used to eliminate the €, from Equations 25 and 35. The
result would be a set of three simultaneous equations in
H, I, and d, namely

N N
Fi(H, I, d) -Z sin @, + Z cos 8, = 0 (36a)
n=]1 n=1
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N
F2(H, I, d) = Yp = YA - d g;l sin 8, = 0 (36b)

N
Fy(H, I, d) = xg - x, - d g;l cos 8, = 0 (36¢)

Unfortunately, the transcendental form of Equation 34 pre-
vents it from being solved for 8, in closed form. A simple
Newton-Raphson iteration provides an efficient numerical
solution to the equation. The iteration is defined by

(v+1) _

On en(v) - @Ey ™ (37)

where

F = 2(8, - 6,) + Id sin @, - Hd cos 6,

(38)
F' = 2 + Id cos 8, + Hd sin 8,

Thus, for a given set of 1, d, and H, a set of 8 can be
determined. These three parameters can be computed by
solving Equations 36. A numerical approximation of the
solution can be obtained by application of a three-dimen-
sional form of the Newton-Raphson iteration method. 1In
vector form, the iteration scheme is

+ -
E(v 1) _ E(v) - A 1 F (v) (39)
where
Fp H
Fq d
and
Fin P11 F1d
A= |Fay For F24 (41)
F3n Far F3q
where
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oF; oF,
F].H - "'a"H_ s FZI ™ "6"'1_-, etc.

These derivatives, as derived from Equations 34 and 36, are
listed in Table I.

The computation of the slat shape through the use of
these equations is accomplished by a three-level iteration
scheme, The diagram below describes the general scheme of
how the different levels interact. (A more detailed des-
cription is provided in Appendix II1.) As with most nonlinear

Input: {x,y} & H, I, d
Loop 1
Compute {8} & |&! for the
points {x,y}
Loop 2
R
Compute new {®} from Eq. 37
Loop 3
Compute new H, I, d from Eq. 39
Average new and old values of
H, I, d and |8}

Adjust d and {6} for proper
terminal point location

(- Final {x,y}

iteration schemes, this scheme is not the only workable
method. Of the methods examined, it has the fastest con-
vergence rate and the most uniform error distribution. The
integration (Loop 1) is continued until the error e (Eq. 32)
is negligibly small. The resulting segmented line repre- -
sents an approximation of the slat body streamline,
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Table I

CROSS DERIVATIVES FOR NEWTON-RAPHSON ITERATION

N N e N 50
-Z sinen+l-12== cos 0 --E-IZ sinené-h-'l

n=1 n GH
d N in 8 b
= sin —
=1 n oH

aen aen

N N
= cosen-i-H cosen_-IZ sinen"—"
2“:1 §1 o1 =1 o1

N 00
n
= -g cos 6, —
n
;1 o1
N 86,
= dq gsin Gn —_—
n=]1 o1
N 56 N o0
n n
= H cos @, z— - I sin 6, =
;1 o 8d @1 od
N N 6
= - sinen-d cos Bn—n
;1 ;1 od
N N
a8
= - cos €, + d sin 6, —2
:“:1‘ ? nzul " ad
00
= d cos 0,/D, ; 5-1-'1 = -d sin 6,/D, ;
o8

—= = (H cos &, - I sin 6,)/D,

Dn=2+Hdsin9n+Idcosen
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The initial line provides the first guess of the slat
shape for the iteraticon procedure. By modifying the parti-
cular initial shape, either the upper or lower slat surface
can be determined.

The initial line is composed of two linear segments,
as shown below. Each of these segments is divided into N/2

//////’“\(x"y')
Nd

(xA » YA)

(xB » YB)

parts (N must be even)., If L is the distance from (xj, ya)
to (xg, yB), then the length of the small segments is

d = §\/1 + 4n2/1.2 (42)

The coordinates of the midpoint on the line are

xA+xB
x' = 7 cos 6 - (yp £ h) sin ©
+ (43)
' o XATXp
y -~—— sin & + (yA + h) cos ©

where the upper sign corresponds to the upper surface of the
slat and vice versa. The coefficients for Equation 25 are
given by

y'-yA % -Xp <N/2
Nd/2 Nd/2 n
sin 6, = cOS8 Qn = (44)
yB‘Y' xB'X'
= N/2
Nd/2 Nd/2 nz N/

Equations 44 in combination with Equations 42 and 43 provide
the definition of hoth the upper and lower initial lines.
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The accuracy of the slat shape definition routine was
examined by a simple test case., A velocity field was speci-
fied, which corresponded to the flow about a circular cylin-
der, The routine computed the coordinates of the cylinder
to an accuracy of 0,037 of the radius. The mean local
deviation between the velocity direction and the line slope
was only 0,14 degrees.

2.5 Pressure and Force Computation

The velocity at each airfoil boundary point is given by
Equations 15 and 16. The velocity at each slat definition
point is also given by Equations 15 and 16, except with Q
Qk = 0, since the points are not on a vortex sheet. The
pressure coefficients at these locations are given by the
incompressible relation

2 2
u “ + v
k k
T (45)

C

o0

The pressures are numerically integrated to give the force
and moment coefficients of both elements and of the total
system.
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3. APPLICATION OF METHOD

A study was conducted to examine the performance of
this slat design method. The purpose of the study was not
so much to design perfect slats as it was to determine the
effects of three design parameters: (1) the location of
the leading-edge stagnation point, (2) the location of the
trailing-edge stagnation point, and (3) the specified design
pressure on the wing. The effects of each of these parameters
on the slat design are discussed below.

A very simple problem was chosen for this study so that
the effects of the various slat design parameters could be
readily identified. The airfoil was a simple symmetric air-
foll operating at an angle of attack of five degrees. The
slat singularities were placed on a straight line. The line
was oriented such that it approximated a streamline in the
undisturbed airfoil flow field. The simplicity of the pro-
blem was maintained by specifying only one pressure on the
airfoil. Thus, only seven singularity control points were
required, four sources and three vortices. This basic
configuration is shown in Figure 3.

The effect of modifying the leading-edge location is
shown in Figure 4. Each design shown has the same trailing-
edge location and produces the same pressure at the airfoil
pressure control point. In the figure, d;p is the distance
from the leading-edge stagnation point to the first control
point, Two trends are indicated by this comparison. First,
an increase in the distance between the first source control
point and the leading-edge point increases the radius of
curvature of the leading edge. The second trend is actually
a result of the first: the larger the separation distance,
the thicker the slat design., The same trend is valid for
the trailing-edge location. The slight indentation at the
leading edge was also noted on other configurations not
presented here.

The resulting pressure distributions on the slat and
the airfoil are shown in Figure 5. Both designs create a
rather sharp peak at the design pressure point, as compared
to the solution without the slat.

The location of the trailing edge affects the apparent
slat trailing-edge angle (see Figure 6). The closer the
stagnation point is to the last source control point, the

26



smaller the included angle, Note the relative sizes of the
distance from the source point to the trailing edge, drg.
Only when that distance is very small does the slat become
slender. This implies that the trailing edge should coincide
with the last source control point, Presumably, this would
eliminate the rounded trailing edge that seems to be charac-
teristic of these slats. Such a formulation has not been
attempted.

Both slat designs produce essentially the same pressure
distributions on the airfoil (see Figure 7), The thicker
slat reduces the load on the airfoil slightly more than does
the thinner slat. Note that both slats reduce the suction
peak on the airfoil significantly.

The final comparison shows the effect of changing the
design pressure, The effect on the slat shape is shown in
Figure 8. As would be expected, the case with the higher
suction (Cp = -2) has a lesser gap. The pressure increase
(to Cp = -E) is gained by increasing the camber of the slat
with only a slight change in slat thickness.

The two designs result in significantly different
airfoil pressure distributions near the slat (Fig. 9). The
high-suction case (Cp = -2) produces a very sharp spike;
the low-suction case (Cp = -1) produces a relatively flac-
topped pressure distribution. O©On the basis of this compari-
son a reasonable pressure distribution with reduced suction
can be obtained by use of a single pressure control point;
multiple control points are required to produce a smooth
pressure distribution when airfoil suction is increased.
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4, UTILIZATION OF METHOD

One of the principal shortcomings of an inverse design
technique is that it requires experience in order to obtain
good designs. The amount of experience required is signi-
ficantly reduced if a good set of design guidelines is
available. 1In this section, such a set of guidelines is
provided through step-by-step instructions on the utiliza-
tion of the design technique. In particular, the instruc-
tions apply to the utilization of the computer program
developed in this study (see Appendix II).

Step 1.

Step 2.

Step 3.

Step &4,

The first task is to obtain a potential-flow
solution for the airfoil alone at the angle of
attack of interest. This solution serves a two-
fold purpose: (1) it provides the baseline airfoil
pressure distribution, and (2) it permits a set of
streamlines (about five, normally) to be traced in
the proposed vicinity of a leading-edge slat.

The design pressure distribution is specified next,
Note that the slat will generally only affect the
pressures in the leading edge. For preliminary
work, only one or two pressures need be specified,.
All pressures control points should be on the upper
surface of the airfoeil,.

Next, the streamlines traced in Step 1 are plotted
on an expanded scale (see Fig. 3) along with the
airfoil and the pressure control points. At this
point some engineering judgment must be used.
Select a portion of one of the streamlines that is
relatively straight and near the pressure control
points, yet has the location of a reasonable slat
configuration. This line will form the vortex and
source sheets for the slat. It will also form the
approximate chord line of the slat. The program
will permit curved singularity lines, but their
utllization is much more complex and they do not
provide significantly better results.

A straight line is drawn along the selected stream-
line. 1Its length should be approximately 90 percent
of the desired slat chord length. The orientation
and location of the line should provide a reasonable
approximation of the streamline. This line will be
the slat singularity line,
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Step 5.

Step 6.

St E 7.

Step 8.

The number and location of vortex and source control
points should be selected next. Np + 6 control
points are needed (N, 1s the number of pressure
control points). The singularities should be di-
vided evenly between vortices and gsources, with the
odd point being a source point, The distribution
along the singularity line is not critical, but a
source control point should be placed at each end

of the line and a vortex control point at the aft
end, The best results are obtained when the sources
are concentrated near the leading-edge region. Care
should be taken that the control-point locations are
defined accurately. Misaligned source control points
can result in the design of unclosed slat shapes
(see Appendix I1-2 for discussion of source branch
cuts) .

The trailing-edge stagnation point should be
located very near the end of the singularity line
and very slightly below its extension., The separ-
ation distance should be on the order of .01 per-
cent of the slat chord. Note that this minute
distance places a very tight tolerance on the loca-
tion of the source control points.

The final parameter to be specified is the location
of the slat leading-~edge stagnation point. Two
items are of importance here. First, the larger

the distance from the stagnation point to the singu-
larity line, the "fatter'" the slat. Second, the
slat camber can be increased (hence the load it
carries) by moving the stagnation point normal to
the singularity line. With these guidelines, a set
of candidate leading-edge locations should be
selected.

Approximate slat shapes for each of the leading-edge
locations are obtained next. Two points should be
selected near the trailing edge, one slightly above
and one slightly below. From these two points,
streamlines can be traced upstream to the leading-
edge reglon., 1If reasonable starting locations are
selected, the streamlines will provide an approxi-
mation of the slat shape. Although the representa-
tion in the nose region is usually poor, the general
shape is sufficiently accurate to select a good
leading-edge location. Airfoil pressures should
also be examined at this point,
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Step 9.

For the selected configuration, i.e., leading-edge
location, the program is rerun, requesting the

slat shape to be computed. 1f the slat shape rou-
tine is unable to converge on the proper shape, an
alternate starting solution should be provided. As

a general rule the starting solution should lie

well outside (see sketch below) the actual slat,
egpecially in the leading~ and trailing-edge regions.

/| -Actual Solution

PEY

\“Starting Solution
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5. CONCLUDING REMARKS

This study has proven the feasibility of an inverse
design method based on the method of distributed singulari-
ties. The method has been demonstrated to be workable and
able to produce reasonable design solutions. Such solutions
can be obtained with minimum input requirements but with a
good degree of design flexibility,

Also, the utility of this type of approach is enhanced
by the possibilities of further developments. A relatively
simple improvement would be to allow the airfoil to have
trailing-edge flaps. Ground effects and blunt-trailing-edge
effects could also be included without much difficulty. A
somewhat more extensive extension would allow the simulta-
neous design of both the leading-edge slats and an arbitrary
number of trailing-edge flaps.
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APPENDIX 1

DERIVATION OF POTENTIAL-FLOW EQUATIONS

I-1 Flow Field Induced by Distributed Vorticity

Consider the stream function produced by a line vortex
distribution whose strength increases linearly from zero.
The stream function at any arbitrary point P at (x,y) is
given by

* P(x,y)

b - op {-E w|e-0?+5° ]} {¢me ae} @b

where G is the maximum vortex strength of the distribution.
Equation I-1 can be integrated by making use of the formulas

2.2
fz La (22 + y2)dz = Z—‘E'L Ln (22 + y2) - -;'-zz (1-2)

./an (22 + yz)dz = zLn (22 + yz) + 2y tan'l(ﬁ) - 2z (I-3)

The integration of Equation I-1 gives

b= gl o - gL+ byt - 0 1 (w2 + v o0

where
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2 2

2 2
L = Ln [(K-p) + v ] (I-5)
' X" +y

and

T = tan"! X2 - tan~! (1-6)
y

X
y

Equation I-6 can be rewritten as

I

T = tan-l{tan [t:an”1 §§E - tem.1

e

Then,
T = -tan~1 —2-—11’—— (1-7)
y° + x(x-p)

Actually, either Equation I-6 or I-7 can be used, but
Equation I-7 is more ugeful for computer work.

The velocity induced by a vortex sheet can be derived
by differencing Equation I-4, Recall that

u = g-;l-) v = - %}Z (I-8)
Thus,
u= r% (xT - %-yL) (1-9)
and
v = %%; (%xL + yT + p) (1-10)

where L and T are the same as in Equation I-4.

I-2 Flow Field Induced by Distributed Sources

The derivation for the flow induced by distributed
sources follows the same pattern as the vortex derivation.
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*P(x,y)

at 1T
N\
PR )

The stream function at any arbitrary point P at (x,y) is
given by

RI)-/: ;- %T—r tan” 1 E;Té [ ;(élp)M d&& (1-11)

where M is the maximum source strength of the distribution.
Equation I-11 can be integrated by making use of the formulas

“lz g, = Lz2 + y?ytanl 2 . L -
J(z tan z dz 2(z + y“)tan 3 5Y2 (1-12)
v/}an"l Z gz = z tan"! Z - %y Ln(z2 + yz) (I-13)
y y

The integration of Equation I-11 gives

Y= - M

- (yz-xz)T + yp(L+1) + p2 tantl P (1-14)
p

y

The last term in this equation requires special atten-
tion. This term introduces a branch cut into the flow field
due to the multi-valued nature of the inverse tangent func-
tion. The branch cut is the semi-infinite line defined by
(x >0, y =0). Along this line, the term approaches zero;
just below the line, the term approaches 27n. Because of
this discontinuity, special care must be exercised when
comparing the stream functions at two points in the presence
of multiple source distributions. Both observation points
must have the same relative orientation with respect to the
branch cuts. For example, they must all be located above
all of the branch cuts or they must all be located below
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the cuts. Otherwise, the numerical value of the difference
between the stream functions at the two points will be
incorrect.

The velocity field is given by

umd¥a M [yT+-l=xL+p] (1-15)
oy 27p 2 |
and '
vm ¥l M o lyL] (I-16)
dx 27p 2

-3 (Coordinate Transformation

In general the singularity line is not aligned with
the coordinate system as shown above. The line must be
rotated and translated into that orientation. Consider a
singularity line with an arbitrary orientation as shown
below., For this case, the coordinates of the singularity

y'4
* P(x' sy')
(x'pyy'p)
x x?
X

line and observation point are known with respect to the
primed coordinate system. The problem is to determine the
coordinates of the observation point in the unprimed coor-
dinate system, The proper transformation is

x= (x' - x'p)cos¢-+ (y' - y'p)sin¢

(1-17)
y = =(x' - x'p)sinq‘:-i- (y' - y'p)cosqb
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where
yl - yl
tang = — 2P (1-18)
X o = X p

The application of the transformation, I-17, permits the
flow-field functions defined in the earlier discussion to be
applied for general singularity arrangements.
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APPENDIX II

COMPUTER PROGRAM DESCRIPTION

II-1 Procedure Description

The procedure XOV is programmed in FORTRAN Extended
Language for operation on a CDC 6600 or a compatible model
and requires only the standard CDC-supplied operating system
and utility programs, The main program X0V0O directs the
calling of four overlays. 1In each overlay there is a pro-
gram XOVyz where y is the primary level number and z is the
secondary level number of the overlay. These programs bring
the desired subroutines into the core and direct the calling
of the subroutines to make the necessary computations,
Figure 10 shows the important subroutines called from these
programs, while Figure 11 shows the flow of information
from the customers viewpoint,

X0ovoo
I___p.xovw
———p— X0V11 RD ———p— WRTE
GEOM —3p— SLPCLR
MTRXGN VELOC
Y FLOSAT —p— CONTRB
——p— X0V12 —p STLNS —Pp— STREAM—[:—_VELOC
FLOSAT—p~ CONTRB
—>—RMIVTY VELOC
FLOSAT —p— CONTRB
—§~ SHAPE —p— VELOC
- PRSS -p— CLCR
Y ~ L5 cruts
—p— FRCE———p— SBFRCE

———X0V20 —p— SLNR

Figure 10 Flow Schematic of Procedure X0V
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[NRTF-HRITES INPUT DATA]

SLNR~SOLVES THE SYSTEM OF
FOQUATICNS AND WRITES VORTEX
AND SOURCE STRENGTHS

- W W e e M e g e R s T e e

NE
STREAMLINE A )

STLNS-DIRECTS
CALLING OF STREAM

STRFAM,VELOC +FLOSAT-
CALCULATE THE STREAMLINES

Figure 11 Flow Chart for Procedure X0V
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RMTVTY, VELOC »FLOSAT~

CALCULATE VELOCITY COMPONENTS

AT REMOTE POINTS

cmmmmome oo oo

SHAPE s VELCC-CGMPUTE
AND WRITE GEOMETRY COF
LEADING EDGE SLAT

__________ s

PRSS,CLCR-CALCULATE
PRESSURE COEFFICIENTS

PRESSURE COEFFICIENTS

- A o — W i —— -

CRWTB-WRITES ]

Figure 11 Coatinued
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Subroutine SHAPE

[STAﬁT]

19 SET:LOWER=FALSE.N=10
DELX=X DIF, IN T.E. AND LeEe

? LT {,
SET: ITER=0
DLAM,DMU,DL TO INITIAL VALUES

SLAT GECM,
L

-

‘[Reau INITIAL]

39 CALC,., 10 VALUES FOR
DELTAX,DELTAY,AND ANGAB
(SEGMENTED LINE SLQPE) m—

AT MIDPOINT OF EACH LINE

S —— - —— W —— p Y —— -

160 [CALC. VELOCITY COMPONENTS

Figure 11  Continued
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ITER=ITER + 1]

——.-———}——-— -
e Ak e e -

182 CALC. TOTAL ANGULAR DEVIATIONS
RETWEFN ANGAB AND ANGUV
(LOCAL STREAMLINE SLOPE)

199 LCALC. NFW ANGAH]

- e ——— -

T e i A -

NC
222
243 CALC. NELTAX,DELTAY
ANDISUM OF DELTAX)
359 [CALC. DLAMuDMU-DL]

Figurell Continued
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382 DIF < EPS

e A - - .

SAVE DL;DHU;DLAM]

NDRMALIZE OL+DMU,DLAM
ANGAB,DELTAX,DELTAY

o A - — T -

DOUBLE N,ITER=0
ADJLST DELTAX,
DELTAY,ANGAB

A o S dala -

100

Figure 11 Coantinued

50




NO

» SAVE OL,DMU
DLAN,ANGAB

112
YES
OWER=TRUE 4
420 SAVF CORNER AND BOUNPARY
POINTS ON UPPER SLAT SURFACE

- ——————— T e il i

417 SAVF CORNFR AN BOUNDARY
POINTS ON LOWER SLAT SURFACE

ON OUTPUT FILE

-————————-{—-—--—--—

[exi7]

e o -

420 [NRITE SLAT GEDMETRY]

Figure 11 Concluded
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1I-2 1I/0 Requirements

Card input occurs on file name TAPE5, and data odtput
occurs on file name TAPE6. 1In addition to these files
there are two more file names, as listed below.

File
Subroutine  Name Operation
MTRXGN TAPEl Writes U, V velocity components
TAPE9? VWrites linear equation coefficients
PRSS TAPEL Reads U, V velocity components
SLNR TAPE9 Reads linear equation coefficients
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I11-3 Deck Structure

The deck makeup for a run consists of a Job card,
INPUT. card, 7/8/9 card, binary object decks as listed
below, 7/8/9 card, problem data deck, and 6/7/8/9 card.

DECK STRUCTURE FOR OVERLAYS

OVERLAY (DUM,0,0)

PROGRAM XOV00

SUBROUTINE KEOF
OVERLAY(DUM, 1,0)

PROGRAM XOV10
SUBROUTINE CONTRB
SUBROUTINE DSTRBD
SUBROUTINE DSTSQD
SUBROUTINE FLOSAT
SUBROUTINE VELOC

OVERLAY (DUM,1,1)

PROGRAM XOV11
SUBROUTINE GEOM
SUBROUTINE MTRXGN
SUBROUTINE RD
SUBROUTINE SLPCLR
SUBROUTINE WRTE

OVERLAY{(DUM, 1,2)

PROGRAM XOV12
SUBROUTINE CLCR
SUBROUTINE CRWTB
SUBROUTINE FRCE
SUBROUTINE PRSS
SUBROUTINE RMTVTY
SUBROUTINE SBFRCE
SUBROUTINE SHAPE
SUBROUTINE STLNS
SUBROUTINE STREAM

OVERLAY(DUM, 2 ,0)

PROGRAM XO0V20

SUBROUTINE SLNR
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1I-4 Function of Subroutines and Programs

SUBROUTINE CLCR calculates the incompressible pressure
coefficients at any boundary point after the velocity com-
ponents have been calculated.

SUBROUTINE CONTRB calculates the portion of the stream
function induced by a single distributed singularity.

SUBROUTINE CRWTB writes the pressure coefficients on the
output file,

SUBROUTINE DSTRBD calculates the components of velocity
induced by a triangular distribution of vorticity at any
point,

SUBROUTINE DSTSQD calculates the distance between two
specified points.

SUBROUTINE FLOSAT directs the computation of the stream
function at any point by subroutine CONTRB.

SUBROUTINE FRCE writes the force coefficlents, drag coef-
ficient and pitching moment coefficient.

SUBROUTINE GEOM calculates and writes the boundary point
coordinates and the local surface slope associated with
each boundary point.

SUBROUTINE KEOF writes the location of an unexpected end of
file during a read operation,

SUBROUTINE MTRXGN generates the influence coefficient matrix
to be solved.

SUBROUTINE PRSS directs the calculation and writing of the
pressure coefficients.

SUBROUTINE RD reads the input data and checks for input
errors.

SUBROUTINE RMTIVTY directs the calculation and writing of
the velocity at the remote points,

SUBROUTINE SBFRCE computes the force coefficients.
SUBROUTINE SHAPE computes and writes the geometry of the

leading-edge slat,
54



SUBROUTINE SLNR solves the system of equations for the
vortex and source strengths.

SUBROUTINE SLPCLR calculates an angle by the use of the
arctangent function,

SUBROUTINE STLNS initializes the calculation of the
streamlines.

SUBROUTINE STREAM calculates the streamlines for the air-
foil system,

SUBROUTINE VELOC computes velocities induced at a point by
singularities at the control points.

SUBROUTINE WRTE writes the input data.
PROGRAM XOVOO directs the calling of the overlays.

PROGRAM XOV10 permits the subroutines CONTRB, DSTRBD,
DSTSQD, FLOSAT, and VELOC to be in the overlay (1,0).

PROGRAM XOV1l directs the calling of subroutines RD, GEQOM,
and MTRXGN.

PROGRAM XOV12 controls the calling of subroutines FRCE,
PRSS, RMTVTY, SHAPE, and STLNS.

PROGRAM X0V20 directs the calling of subroutine SLNR.

I1-5 Definition of FORTRAN Variables

COMMON BLKA

IND(30) Option indicators, input

NCPTS Number of control points

NSTLNS Number of streamlines, input

NVLPTS Number of remote points at which the
velocity is required, input

NPNTS Number of control peints plus one

IB Number of control points minus one
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COMMON_BLKB

XLE X coordinate of main airfoil 1ead1ng
edge, input

YLE Y coordinate of main airfoil leading
edge, input

XTE X coordinate of main airfoilltrailing
edge, input

YTE Y coordinate of main airfoil trailing
edge, input

XMBAR X coordinate about which moments are
calculated, input

YMBAR Y coordinate about which moments are
calculated, input

USUB1 Freestream velocity
CREF Reference chord length
XSUBC X value to which streamlines are

calculated, input

DLTIMN Minimum distance between two consecutive
points on a streamline, input

DLTALN Nominal starting distance between two
consecutive points on a streamline,
input

DLTALM Maximum distance between two consecutive

points on a streamline, input

TOLLMT Tolerance used in calculating streamlines,
input

CRT Maximum number of points on a streamline,
input

CRFSQ Square of reference chord length
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COMMON BLKC

ALPHA

XS(10)

YS(10)

XV (100)

YV(100)

X(200)

Y(200)

COMMON BLKD

(o
SN
XBP{(200)
YBP(200)

COSSLP(200)

SINSLP(200)

COMMON BLKE

U (200)
v (200)

CPUP(200)

Angle of attack in degrees, input

X coordinates of initial points on
streamlines, input

Y coordinates of initial points on
streamlines, input

X coordinates of remote points at which
velocity is to be calculated, input

Y coordinates of remote points at which
velocity is to be calculated, input

X coordinates of main airfoil corner
points, input

Y coordinates of main airfoil corner
points, input

Cosine of the angle of attack

Sine of the angle of attack

X coordinates of the boundary points
Y coordinates of the boundary points

Cosine of the slope angle associated
with a boundary point on main airfoil

Sine of the slope angle associated with
a boundary point on main airfoil

Velocity component in the X-direction
Velocity component in the Y-direction

Pressure coefficients on upper side of
airfoil vortex sheet
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CPLR(200)

CPM(200)

COMMON BLKG

GAMMA (200)

COMMON BLKJ

TITLE(12)

BLOCK BLKK

SCOSLP(160)

CPSLAT(160)

SSINLP(160)

XSLAT(161)
XXBP (160)
YSLAT(161)
YYBP(160)

COMMON BLK1

NVOR

NSOR

MCPS

MCPF

Pressure coefficlients on lower side of
airfoil vortex sheet

Pressure coefficients on upper side of
airfoil vortex sheet

Vortex and source strengths

Title of problem, input

Cosine of the slope angle associated
with a boundary point on slat

Pressure coefficient on slat

Sine of the slope angle associated with
a boundary point on slat

X-coordinate of corner point on slat
X~coordinate of boundary point on slat
Y-coordinate of corner point on slat

Y-coordinate of boundary point on slat

Number of vortex control points on slat,
input

Number of source control points on slat,
input

Index of first pressure or singularity
strength to be specified, input

Index of final pressure or singularity
strength to be specified
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NMOD
NPTS
NB

NCTS

NSORL
NVORT

COMMON BLK2

CPMOD(50)

COMMON BLK3

XSLE

YSLE

XSTE

YSTE

Number of pressures or singularity
strengths to be specified

Number of control points on main airfoeil,
input

Number of corner points on main airfoil
minus one

Number of corner points on main airfoil
plus one

First source control point index

Total number of vortex control points

If Bl = 0, slat singularity strength
array, input

If Bl = 1, pressure coefficient array,
input

X coordinate of slat leading edge, input
Y coordinate of slat leading edge, input

X coordinate of slat trailing edge,
input

Y coordinate of slat trailing edge,
input
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APPENDIX TIl

PROGRAM UTILIZATION

III-1 Input

Card input is classified into three sections. The
first section consists of the title for the problem and has
two cards with alphanumeric information, The second section
consists of the option indicators and problem dimensions and
has three cards with integers. The last section has a vari-
able number of cards with floating-point constants.

The section requiring integer input has a maximum of
15 ipput items per card. Columns 1 to 3 contain the first
input item, columns 4 to 6 contain the second input item,
+++y and columns 43-45 contain the 15th input item, if
required. The numbers should be right-adjusted in each
field since leading, trailing, and embedded blanks are
treated as zeros. If additional input items are required,
the 16th item appears in columns 1 to 3 on the next card
with the additional items in the following three column
fields.

The cards requiring floating-point constants have a
maximum of six items per card. Each input item has a field
length of 10 columns and must be right-adjusted or accompa-
nied by a decimal point. If the decimal point is omitted,
the decimal is assumed after the digit in the 10th column.
The first input item is in columns 1 to 10; the second input
item, if required, is in columns 11 to 20; ...; and the
sixth input item, if required, is in columns 51-60. If more
input items for a card type are required, the input items
appear on additional cards.

ITI-1.1 Card Description

A problem deck should be assembled in the order given
below,

A, Title Cards (2 required)

These cards contain the title in columns 1-60,
Any combination of alphanumeric characters may be
ugsed (FORMAT 6A10/6A10)
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Option Indicator Cards (2 required)

These cards have the following input items on
Card 1:

Bl, B2, B3, ..., Bl4, B15
and on Card 2:
Bl6, Bl7, ..., B30

with a FORMAT of 15I13/1513, where

Bl =20 Slat singularity strength input
=1 Airfoil pressure input
B2 =0 Slat included and shape calculated
=1 Slat included and shape not calculated
B3 =20 Not in use in present version
B4 =0 Slat design option
=1 Single-element airfoil solution, used
in defining a slat singularity
streamline
B5 =0 Airfoil pressures calculated
=1 Airfoil pressures not calculated
B6 =0 Forces calculated with detailed output
=1 Forces calculated without detailed
output
= 2 Forces not calculated
B7 =0 Not in use in present version
B8 =0 No output of intermediate calculation
=1 Output of intermediate calculations,
used in program checkout
B9 =0 Program calculates initial slat shape
=1 Input of initial slat shape
B10 = 0 Not in use in present version
B30 = 0 Not in use in present version
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NOTE :

D.

Problem Dimension Card (1 required)

This card has the following input items:

Ccl, C2, C3, C4, C5, C6b with a FORMAT of 613

where

cl

C2

C3

C5
cé

Number of corner points on main airfoil,
Cl>0

Number of vortex control points on slat
If B4=0, C2 must be positive
If B4=1, set C2 to zero

Number of source control points on
slat,
If B4=0, C3=22
If B4=1, set C3 to zero
(C1+C24C3) < 200, (C24C3) =27

If B4=0 and if Bl=0, the index of
first control point whose strength
is to be specified, C4 >Cl

If B4=0 and if Bl=l, the index of
first airfoil boundary point at
which pressure is to be specified,
C4<ct

If B4=1, set C4 to zero

Number of streamlines, 0<C5<10

Number of remote points at which the
velocity is required, 0< C6 <100

The singularity control points for the slat are
indexed in sequence with the airfoil singularities.
The slat source control points follow, in sequence,
the slat vortex control points, which follow the
airfoll corner points. Boundary points are the
midpoints of the lines connecting two adjacent corner
points.
lower (numerically) corner point index.

They have the same index as that of the

Moments Card (1 Required)

This card has the following input items:
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D1, D2 with a FORMAT of 2F10.0, where

Pl = X coordinate of the point about which
moments are calculated

D2 = Y coordinate of the point about which
moments are calculated

Velocity and Edge Cards (2 required)

These cards have the following input items on
Card 1:

El, E2, E3, E4, E5
and on Card 2:
E6, E7, E8, E9
with a FORMAT of 5F10.0/4F10.0, where

Freestream velocity

= ; 0.0 Freestream velocity is set equal to 1.0
E2 = X-coordinate of airfoil leading edge

E3 = Y-coordinate of airfoil leading edge

E4 = X~coordinate of airfoil trailing edge
E5 = Y-coordinate of airfoil trailing edge
E6 = X-coordinate of slat leading edge

E7 = Y-coordinate of slat leading edge

E8 = X-coordinate of slat trailing edge

E9 = Y-coordinate of slat trailing edge

Incidence Card (1 required)

This card has the following input item:
Fl with a FORMAT of 1F10.0 where

Fl = Angle of attack in degrees
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G.

Airfoil Corner Point Cards (Cl/3 required)

These cards have the following input items:

Gl
G2
G3
G4

GA

The

Gl, G2, G3, G4, ..., GA, with a FORMAT

of 6F10.0 where

= X-coordinate of corner point 1

= Y-coordinate of corner point 1

= X-coordinate of corner point 2

- Y~-coordinate of corner point 2

- Y-coordinate of corner point B with
B=Cl and A=2%*Cl

corner points should be listed starting from

the trailing edge along the top surface to the
leading edge and then back to the trailing edge

along the lower surface.

The trailing-edge point

on the upper surface is always the first point
listed, and the lower trailing-edge point is the

last point listed.

These points must be coincident.

Slat Vortex Control Point Cards (0 or C2/3 required)

These cards are required when B4 is zero

the

Hl

H2

H3

H4

following input items:
Hl, H2, H3, ..., HA with a FORMAT of
where

= X-coordinate of slat vortex
peint 1

- Y-coordinate of slat vortex
point 1

= X-coordinate of slat vortex
point 2

= Y-coordinate of slat vortex
point 2
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HA = Y-coordinate of slat vortex control
point B with B=C2 and A=2%*C2

The slat vortex control points should be listed in
sequence starting with the point nearest the trail-
ing edge and ending with the point nearest the
leading edge. The total number of slat vortex
control points is given by C2.

Slat Source Control Point Cards (0 or C3/3 required)

These cards are required when B4 is zero and have
the following input items:

11, 12, 13, 14, ..., 1A with a FORMAT of
6F10.0 where

I1 = X-coordinate of slat source control
point 1

12 = Y-coordinate of slat source control
point 1

I3 = X-coordinate of slat source control
point 2

14 = Y-coordinate of slat source control
point 2

IA = Y-coordinate of slat source control

point B with B=C3 and A=2%(C3

The slat vortex control points should be listed in
sequence starting with the point nearest the trail-
ing edge and ending with the point nearest the
leading edge. The total aumber of slat source
control points is given by C3.

Specified Singularity Strength Cards (0 or
(C24+C3-6) /3 required)

These cards are required when Bl is zero and B4 is
zero and have the following input items:

Jl, J2, ..., JA with a FORMAT of 6F10.0
where

65



Jl = Singularity strength at slat control
point index C4

J2 = Singularity strength at slat control
point index C4+1

JA = Singularity strength at slat control
point with an index of C4+(aA-1)
where A=C2+C3-6

The singularity strengths should be listed in
sequence (ascending order) starting with the point
specified by C4. The total number of singularity
strengths to be specified is given by (C2+C3-6),
and the number must not exceed 50,

Specified Pressure Coefficient Cards
(0 or (C2+C3-6)/3 required)

These cards are given when Bl is one and B4 is
zero and have the following input items:

K1, K2, ..., KA with a FORMAT of 6F10.0

where
Kl = Pressure coefficlent at boundary point
index C4
K2 = Pressure coefficient at boundary point
index C4+1

...

Pressure coefficlent at boundary point
index C4+(A-1) with A=C24C3-6

The pressure coefficients should be listed in
sequence (ascending order) starting with the
boundary point specified by C4. The total number
of pressures coefficients to be specified is given
by (C2+C3-6), and this number must not exceed 50,

Streamline Card (0 or 1 required)

This card is required only when C5¥0 and has the
following input items:
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Ll

L2

L3

L5

L6

L1, L2, L3, L4, L5, L6 with a FORMAT of
6F10.0 where

= Maximum X value to which the stream-
lines are calculated; a typical value
is two chord lengths downstream of
the trailing edge.

= Minimum distance between two consecu-
tive points on a streamline; a typical
value is 10~3 times the reference
chord.

= Nominal value which is the starting
distance between two consecutive points
on a streamline; a typical value is
1074 times reference chord.

= Maximum distance between two consecu-
tive points on a streamline; a typical
value is 10~1 times reference chord.

Maximum error allowed in calculatin
streamlines; a typical value is 10~
times the reference chord.

= Maximum number of points on each
streamline, typically 500,

L2<L3< L4

Streamline Coordinate Cards (0 or C5/3 required)

These cards are required only when C5#0 and have
the following input items:

M1

M2

M3

ML, M2, M3, M4, ..., MA with a FORMAT of
6F¥10.0 where

= X~-coordinate of the starting point for
the first streamline

= Y-coordinate of the starting peint for
the first streamline

= X~-coordinate of the starting point for
the second streamline
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M4 = Y-coordinate of the starting point for
the second streamline

MA = Y-coordinate of the starting point for
the Bth streamline with B=C5 and
A=2%C5

Remote Points Cards (0 or C6/3 required)

These cards are required only when C6#0 and have
the following input items:

Nl, N2, N3, N4, ..., NA with a FORMAT of
6F10.0 where

Nl = X-coordinate of remote point 1 at
which the velocity is required

N2 = Y-coordinate of remote point 1 at
which the velocity is required

N} = X-coordinate of remote point 2 at
which the velocity is required

Ny = Y-coordinate of remote point 2 at
which the velocity is required

NA = Y-coordinate of remote point B at
which the velocity is required with
B=C6 and A=2%*Cé6

Initial Slat Control Points Cards (0 or 6 required)

These cards are required when B9 is one and have
the following input items:

01, o2, 03, 04, ..., O17, 018, 019,
020, ..., 035, 036 with a FORMAT of
6F10.0 where

oL = X-coordinate of second point on upper
surface

02 = Y-coordinate of second point on upper
surface

68



03 = X-coordinate of third point on upper
surface

04 = Y-coordinate of third point on upper
surface

017 = X-coordinate of tenth point on upper
surface

018 = Y-coordinate of tenth point on upper
surface

019 = X-coordinate of second point on lower
surface

020 = Y-coordinate of second point on lower
surface

035 = X-coordinate of tenth point on lower
surface

036 = Y-coordinate of tenth point on lower
surface

Nine points must be listed between the leading and
trailing edge, starting from the point adjacent to
the leading edge and progressing along the upper
surface to the point adjacent to the trailing edge.
In a similar fashion for the lower surface, nine
points should be listed, starting from the point
adjacent to the leading edge. The nine points
must not include either the trailing edge or the
leading edge. The points should be selected so as
to approximate a configuration larger than the
expected slat configuration. With the leading edge
as point 1 and the trailing edge as point 1ll, each
of the nine points should be approximately equi-
distant from its adjacent points,

ITI-1.2 Restrictions

Maximum of 10 streamlines

Maximum of 100 points at which the velocity is calculated
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Maximum of 50 values for specifying singularity strengths
Maximum of 50 values for specifying pressure coefficients
Maximum of 200 points for the sum of Cl+C24C3
where: Cl = number of corner points on main airfoil

C2 = number of vortex control pointé on slat

C3 = number of source control points on slat

III-2 Output Description

The output consists of the following items:

A listing of the options chosen, the angle of attack,
the streamline starting coordinates, the point about
which moments are taken, the airfoil and slat leading
edges, the airfoil and slat trailing edges, the refer-
ence chord, the slat vortex and source control points,
and the remote points at which the velocity is calcu-
lated,

For the airfoil, the set of corner points, the set of
boundary points, and the slope at each boundary point.

If B8=1, the velocity components and the influence
coefficients are printed for each boundary point,.

A set of gammas for the vortex control points and, if
B4=0, the slat source control points,

If B2=0, B4=0 and B8=1, the set of corner points for
the slat and the velocity components at the boundary
points during the intermediate calculation steps for
the slat shape.

If B2=0 and B4=0, the corner points and pressure distri-
bution for the slat.

For the airfoil, the pressure versus the boundary points,

and the boundary points non-dimensionalized with respect
to the reference chord.
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If B6 is equal to 0 or 1, a listing of the pitching
moment coefficient, the force coefficients normal and
parallel to the reference chord obtained by integration
of pressure distribution for the main airfoil and also
for the slat if B2=0 and B4=0,

If B6 is equal to 0, a listing of the force coefficients
normal and parallel to the reference chord and pitching
moment coefficient for each segment of the surface lying
between consecutive corner points for the main airfoil
and also for the slat if B2=0 and B4=0,

If C5 is not equal to zero, a listing of the coordinates
of the points defining the streamlines requested. Under
the X-coordinate, the local flow angle is listed; under
the Y-coordinate, the local pressure coefficieant. The
magnitude of the local stream function appears below

the pressure coefficient,

If C6 is positive, a listing of the modulus, magnitude,
and the components of the velocity vector at each
remote point at which the velocity is calculated. Also
listed are the non-dimensionalized coordinates of each
remote point with respect to the reference chord. The
magnitude of the local stream function is listed under
the heading "'FLOW",

III-3 Sample Test Problem

111-3.1 Input

The input for the sample test problem is presented on
the following page to illustrate the method of card input:

0 Cards 1 and 2 are the title cards.

0 Cards 3 and 4 are the option indicator cards.
Indicator 1 indicates slat singularity strength
will be input. Indicator 2 indicates shape will
be calculated. Indicator 4 indicates the slat
configuration will be designed. 1Indicator 5
indicates airfoil pressures will be calculated.
Indicator 6 indicates a detailed output of force
calculations. Indicator 8 indicates an output of
the intermediate calculations. Indicator 9
indicates the input of the initial slat shape.
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Card 5 indicates 21 corner points on main airfoil,
with 3 vortex control points on slat, and 4 source
contrel points on slat., Strength of contrel point
25 is the first to be specified. Two streamlines
are to be calculated. Velocity is not required at
any remote points.

Card 6 indicates the coordinates of the point about
which moments are calculated (1.2,0.0).

Card 7 indicates a freestream velocity of 1.0, the
coordinates of the airfoil leading edge (0.0,0.0),
and the coordinates of the trailing edge (1.2,0.0).

Card 8 indicates the coordinates of the slat leading
edge (-0.06,0.035) and the coordinates of the slat
trailing edge (0.02,0.082),

Card 9 indicates a 5° angle of attack.

Cards 10 through 16 indicate the coordinates of the
airfoil corner points.

Card 17 indicates the coordinates of the slat
vortex control points.

Cards 18 and 19 indicate the coordinates of the
slat source control points.

Card 20 indicates a slat singularity strength of
-1.0 at control point 25,

Card 21 indicates the input information for calcu-
lating streamlines.

Card 22 indicates the coordinates of the starting
points for the two streamlines.

Cards 23 through 28 indicate the coordinates of the
initial slat control points.
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II1-3.2 OQutput

The sample problem output listing is shown on the
remaining pages of this appendix (75-124),
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laXsRalalyl

k¥
* ¥
*¥
*k
*%

'
SUBROUTINE CLCR (Cly C2y C3y C4, C54 CEy C7y CB)
SUBROUTINE CLCR CALCULATES THE INCOMPRESSIBLE

PRESSURE COEFFIENTS AT ANY BOUNDARY POINT AFTER THE
VELOCITY COMPONENTS HAVE BEEN CALCULATED

GVG = (C1 + C2)/4.,

Gl = GVG * C5

G2 = GVG * (6

C7T = 1o = (C3 ~ GL)} *% 2 - (C4& ~ G2) %% 2
CB = 1la - {C3 + G1) *x 2 = (& + G2) ** 2
RETURN

END
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X0V50010

‘XOVS0020

X0vVs003
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X0V50041
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X0vs0120
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40
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SURROUTINE CONTER (Iy Ky TX, TY, Q)

XOVHO21C

XOVHON11

SUBRCUT INE CONTRR CALCULATES THE PCRTICN OF THE XOVHRO12

STREAM FUNCTION INDUCED BY A SINGLE DISTRIBUTED XOVHOO13
SINGULARITY XOVHOD 14
XJVHON15

COMMON /BLKC/ ALPHA,XSTL1C) YS{10)oXV(10C0),YWL1C0) X (2001 ,¥(200)  XOVHCO20
COMMON /RLK1/ NVGR yNSGR,MCPS,MCPF o NMCD g NPTS s NB ¢NCTS,NSORL,NVORT  XDVHNI3D
DATA  EPSy, FOURy CVy CS /14D E~17y 4.0y +0397387358,-.0795774716 /XOVHOD4O
, PIHALF /1.5707963/ XOVHNN 50
XOVHO 160

DELX = XU{I) - X(K) XOVHOGC 70
DELY = Y{I} - Y(K) XOVHOC B0
DELX? = DELX * DELX XOVHO IS0
DELYZ = DELY * DELY XOVHO1GO
DIST2 = DELX2 + DELY?2 XIVHO1 10
[F  {D1ST2 .GE., EPS) GO 7O 10 XOVHN126
WRITE (6,801 XOVH0120
CALL EXIT XOVHO 140
CONT INUE XGVHO 150
UIST = SQRT (DIiST2) XOVHO16C
SINA = DFLY / CIST XOVHG 170
COSA = DELX / DIST XOVHI 189
ROTATION OF AXIS TO GET XI ANC XK CN X AXIS X2VHOLSC

TMXK = TX - X{K) XJVHD 290
TMYK = TY = Y(K} XGYHD 210
TXP = TMXK * COSA + TMYK %* SINA XOVHO 222
TYP = - TMXK * SINA + TMYK * COSA XOVHG2 30
X1P = DELX % COSA + DELY * SINA XOVHD 24D
YIP = - DFLX # SINA + DELY * CDSA XJVHN250
XOVHO26C

TXP2 = TXP % TXpP XOVHO2T2
TYP2 = TYP * TYP XQVHO 280
X1P2 = X{P % XIpP XIVHS290
TMXIP = TXP — XIP XOVHA 300
TMXTP2 = TMXIP % TMXIP XIVHO3 LD
XLK = ALOG ((TMXIP2 & TYP2) / (TXP2Z + T¥P2)} XOVHN 320
IF  (ARS(TYP) .GT. EPS ) OGN TN 20 X0V HO 3 36
THET = PIHALF XIVHO 340
IF  (TMXIP .LT. £.0} THET = - PIHALF XOVHO350
GO TO 30 XIVHO 369
CONT INUE XGVHO 370
A = TMXIP / TYP XOVHO 380
THET = ATAN(A} XOVHO390
CONT INUE XOVHT40C
IF  (ABS(TYP).GT. EPS) GO TO 4Q XOVHO410
THETR = PIHALF XOVH04 20
IF (TXP LT, CuC) THETB = ~ PIHALF XOVHO4 30
GO TO 5S¢ XOVHD4 40
CONT INUE XOVHQ450
A = TXP / Tvp XIVHO460
THETR = ATAN(A]} XIVHO4 7C
CONT INUE XOVHO480
THETA = THET - THETR XCVHO490
, XOVHO 500

[E (1 «GT. NVORT) GO Tn 6C XOVHOS10

127



Q@ = (CV /7 XIP) * ({TXP2 - TYP2) * XLK ¢ FOUR * TYP % TXP * THETA
1 - XIP2. % ALOG(TMXIP2 + TYP2) + (TXP + TXP + XIP) * XIP )

GO TO 70

CONTINUE

Q= (CS / XIP) * ({(TYP2 - TXxP2¥* THETA 4+ TYP * XIP « TXP % TYP %

! XLK
CONT INUF
RETURN
FORMAT

1l **x
END

+ X[P2 ¥* THET)

XO0VHG520
XO0VHO530

XOVHO540
XOVHO550
XDVHO%60
XOVHOS570
XOVHO580
XOVHO5S0
XOVHC600
XOVHO610
XOVHO&20
XOVHO630
XOVHO640

"XOVHO65C0

{1HO, S3k*%%x DISTANCE BETWEEN TwWC POINTS IS ZERC IN CONTRABXOVHOEE0D
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SUBROUTINE CRWTB (C1lyC24C3,M)

COMMCHN INC{3CT 4 NCPTS NSTLNS .NVLPTS,NPATS,IB

COMMON

/BLKA/

/RLKB/

NLTALN,DLTALM, TOLLMT,CRTLRFSO

CSeSN,XEP(2NG), YAPL1200),COSSLP L2000 ,S5INSLPI2NY)

COMMNON FBLKK/ SCOSLP(160), CPSLAT(16D1, SSINLP(16U),y XSLAT(1l&1}
y XXBPULED), Y¥YSLATL161), YYBP{16D)

COMMMN /BLK1/ NVORZNSORyMCPS MCPF yNMOD yNPTSy NB gy NCTS,NSORL NVORT

COMMON /BLK3/ XSLt, YS5LE, XSTEs YSTE

DIMENSION CI(M)y C2(M)y C3(M), HD(12}

DIMENSTON YPP{200),XPPL200)

DATA HD /7 10H Mily L17H. '
’ 1GH YRpP y 17H XICR
' I1OHY/CREF v 10H XTRICR

1CHR /CR + 10H CP-INNER,

COMMNN  /BLKD/

10HXBP

10HEF

104 YT
10H ce 7

WRITES PRESSURE COEFFIENTS...

WRITE {64200 D

PG 16 172 = 1y NB

XPP{LEZ) = (XHP{IZ) - XLE)

¥eRr{IZ) = (YBP(IZ)Y - YLE}

WRITE {6,30) [Z, XBPUI7 ),
C1{12})

/ CREF
/ CREF

YRP(IZ), C2(1zy,

XPP(IZ), YPPLUIZY,
CONTINUE

RETURN

124172)
I3y 416X,

FORMAT
FNRMAT
ENED

{1HC,

(BX, 26Xy F8.48))

FRsA)y 29%,
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XLESYLEyXTE o YTE ) XMBAR s YMBAR (USUBL yCREF ¢ XSUBC s OLTLMN,

XJVTCC1C
XOvT0220
XJVT0n20
XOVTN 243
XOVTQ062
XOVTOm &0
Xavrosan
XIVT G390
XovTnian
Xevralin
XovTo12C
XAVTS137
XIVTOL40
XOVT0157
XIVTOieD
XKOVICL172
XONT0DLleo
XQvTo1ssh
XOWTa230
xeyrezao
Xovtoz3n
XIVT0240
XQYT025¢
XIvTL26C
XQVTO277
XOVT028%5
AOVTD230
XOVTD3IN
XaVvTn3le
Xavigsao
XOVTO 337
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SUBROUTINE OSTRBD (X1, Y1y X2y Y2+ Uy Vy Ay X3, Y3)
SUBROUTINE *DSTRBD' COMPUTES THE 'DISTRIBUTED!

COMPONENTS DOF VELOCITY..s

CALL CSTSQD {(X2y Y24 Xlo Yls X4y Y4y By Bly 1)

CALL DSTSQD (X224 Y24 X34 Y3y XSy Y54 Cy Bl,y O}

8SQ = A - B - C

DSQ = 2, * B + BSQ

C50Q = 2. * {X4 * ¥5 - X5 #% Y4)

IF  (ABS(CSQ) .LT. 1.0E~13) GO 710 18§

0 = (ATAN{DSQ/CSQ) - ATAN(BSQ/CSQ})/CSQ
Gn 70 20

CONT INUE

§8 = 1.0 / BSQ

S0 = 1.0 / DSQ

S82 = 5B ¥ 58

$S83 = SB * 582

SB5 = SB3 % SB2

5D2 = SD * 5D

$D3 = 5D * 5D2

SD5 = 503 % §D2

C5Q2 = C3Q * CSQ

€SQ4 = CSQ2 * Cs5Q2

D = SB - SO + (CSQ2 * {SD3 - 583) / 3.0) - (C5C4*{5D05~585)/5.0)
CONT INUE

E = ALOG(A/C)

BIK = (0,5 * E - BSQ * D)/B

FIK = (B - N,5 * BSQ * £ + {(BSQ * BSQ - 2. * B * C) * D)/(B * B)
SQBP = B1/6.283184

U = SQBP * (Y5 * BIK -~ Y4 * FIKI

V = SQBP * (X4 * FIK - X5 * BIK)

RETURN

END
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XOVFQC10
XOVFQo 20
XO0VF0030
X0VFD040
XOVFQ050
XOVFOQ60
XOVFQOTO
XOVFQO080
XOVFOO09Q
XOVFOLO0
XOVFOL10
XOV¥FQ1290
XOVFO130
XOVFQ140
XOVFO150
XO0VFO160
XOVFQL170
X0V¥Fo18¢C
XOVFO1990
XOVFQ200
X0VF0210
XQVFC0220
XOVFQ230
XQVFD240
X0VF0250
XOVF0260
XOVF0270
X0VFQ280
X0vFO0290
XOVF0320
XOVFQO3 10
XQVF0320
XOVF03130
XOVF0340
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SUBROUTINE

CSTSQAD

SURFOUTINE
ANY TWD POINTS IN

(X1,

Y1,

XZ,

'OSTSQDY
TWO-SPACE-~-
THE DIFFERENCE BETWEEN
THE DIFFERENCE BETWEEN

Y2y

CALCULATES

X3,

Y3,

S1.
THE

THE
THE

THF SQUARE (OF THE DISTANCE

THE OTSTANCE BETWEEN THE PCINTS,

POINTS.ue
X3 = X1 - X2
¥3 = ¥l - Y2
SIL = X3 % X3 ¢+ ¥3 * ¥3
IF (KWNELOH 52 = S0OKT(S1)
RETURN
END
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52, KI

FCLLUWINGy USING

ABSCISSAS...
DROINATES .4
RETWEEN THE

IF KeNELO4ow

XIVEDDILT
XCVEDDZ0
XOVEQC 2D
XDVEQZ4C
XOVEQISC
XIVEQDEN
XAIVEQLTD
XOVEQDAL
XOVELDSE
XOVED L™
X2VENLIQ
XOVELLI 20
XIVEC 13D
XIVEC 140
XOVEQ150
XOQVEQLARD
XIVEQLTD
XOVFED1IARD
XOVEJLIN
XGyEQ22C
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SUBROUTINE FLOSAT (USUM, TXx, TYI

SUBROUTINF FLOSAT DIRECTS THE COMFUTATION CF THE
STREAM FUNCTION AT ANY POINT BY SUBROUTINE CONTRB

COMMON /BLKA/ IND(30) yNCPTS NSTLNS+NVLPTS+NPNTS,IB
COMMON /BLKB/ XLEyYLE» XTEs YTE s XMBAR, YMBAR,USUBI yCREF 4 XSUBC +DLTLMN,

1l DLTALNDLTALM, TOLLMT ,CRT,CRFSQ

COMMON /BLKC/ ALPHAZXS{10),YSULC) s XVI1001 ,¥VIL00) X(200),Y(200)
COMMON /BLKD/S CSeSNyXBP{200),YBP[200),COSSLP(200) SINSLP(200)
COMMON /BLKE/ U(200},¥(200),CPUP{2001,CPLR(200),CPM{200)

COMMON /BLKG/ GAMMAL 200)

COMMCON /7BLK1/ NVOR,NSOR,MCPSyMCPF NMOD ¢NPTSyNB NCTS4NSORL 4 NVORT

COMMON /BLK3/ XSLEs YSLEs XSTE, YSTE
DIMENSION T{400)
EQUIVALENCE (T{1l), Utl))

TX
TY
K =0

CONT INUE

CALL CONTRB (1. 2y TXs TY, UQ)
K=K +1

TIK) = UQ

XSLE
¥SLE

n

BO 20 IY = 24 NB

K=KH+1

CALL CONTRA {IYy IVY+l, TXy TYs UQ)
T{KY = UQ

CALL CONTRB {1Y, IY-1, TX:s TY, UQ)
TIK) = T(K) + UQ

CONT INUE
CALL CONTRAR {NPTS, NPTS-1, TX, TY, UQ)
K=K+ 1
T{K)y = UG
VORTEX CONTRGL POINTS ON SLAT

If  (NVOR .EQ. 0} GO TO 5C

I¥ = NCTS + 1

CALL CONTRB INCTS, IYs TX, TY, UQ}
K=K +1

TIK) = UQ

IF (1Y .EQ. NSOR1) GO T¥O 50
NVORML = NVORT - 1

IF  {NVOR LEQ, 2} GO TO 4
DD 30 I = 1Y, NVORM]

K = K + 1
CALL CONTRRAB (Is I+1y TXy TY, UQ)
T(K}Y = Yo

CALL CONTRB (Iy I-1y TXy, TY, UQ)

TIKY = TIKY + UQ

CONTINUE

CONT INUE

CALL CONTRB {NVORT, NVORM1l, TX, TY, UQ)
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X0vVG0010
XOVG0oOoll
XovGogl2
X0vVGoOo13
X0VGOD14
XQvVGo020
XGVG00 39
X0VG0040
XOVG0050
XOvGD060
XQVGOOTO
X0vVGao8so
XavG60090
XGvGo1n00
XO0VGOo1l10
X0vGG120
X0vG0o130
X0VG0140
X0vVG0150
X0VGO160
XOVGO170
x0vGo1s80
XoVGo190
XovGo200
XovGo210
XOvG022C
XOV¥Go230
X0vVG0240
XOVG0250
X0VG0260
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XQvG0250
X0VG0 300
XOVGO310
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X0VGQ330
X0VGO340
X0vG560350
XOVG0350
XOVG0o370
X0vG0O380
XoVGQ 399D
X0VG04Q0
X0VG0410
XOVG0420
X0VG60430
X0VG0&440
XOVG045D
XOVG0460
XOVG047D
X0V GO480
XOVG0490
XQvGa500
XOVGOS510
X0vG60520
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K = K + 1
TIK)Y = 1@
CONTINUE

SOURCE CLNTROL PCINTS ON SLAT

IF {NSOR LFD. Q) L0 TO 8C

IY = NSURL + 1

CALL CONTRAB  (NSORL, IY, TX, TY, UQ}
K = K + 1

TI{K}) = UQ

IF  INSCR1 (EQ. NCPTS) GO 7O 8O
IF  (INSOR L£Q. 2) G0 TO 7C

6o 1 = [¥, I8

K= K + ]

CALL CONTRB (I, I+L, TXy TY, UQ)
TIKY = UG

CALL CONTRE (T, I-1y TX, T¥, UQ)
TIK) = T(K} + UQ

CONTINUE

CONTINUE

CALL CUNTRB  (NCPTS, NCPTS-1, TX,y T¥, UD
K = K + 1

TiK)Y = UQ

CONT INUE

[F (K ,GT, 2C0Y GU TO s

Tx = X5TE
TY = YSTF
K = 220
GG TO 1T
CONT INUE
RETURMN

ENTRY FLOUAL
USUM = USURT * (TY * L5 - Tx * SN}

CALL CONTRB ( Ly 2, TX, 1Y, UQ)
USUM = ISUM + UQ % GAMMALL)

D100 1Y = 24 NE

CAatL CONTRB { 1¥, IY+l, TX, TY, UQ)
USUM = USUM + UQ = GAMMALITY)

CALL CUNTRR € IY¥,y I¥=-1, TX, TY, UQ)
PBSUM = USUM + UQ *= GAMMA{ILY)
CONTINUE

CAaLL CONTRB  (MPTS, NPTS-1, TX, TYy UQY
USUM = USUM + U * GAMMAINPTS)

VORTEX CUONTROL PCINTS ON SLAT

TF  INVOR JEQ. 0) GO T0 12C
1Y = NCTS + 1

133

XOVGCSID
XOVGae40
XOVvG05HaTl
XIVGO5 5.
XIVGCSIn
XoygresAan
XOVG0O5%0
XOVGUATT
XOQVGCs1LN
XAVGD&627T
XIVGReIN
XIVGEO&E4T
XOYGI4650
XOVGOAERD
XIVGOARTD
XIVGELBRE
XAIVGO&ST
XOVGOToT
XIVGOTLC
XOVGaT2n
XCVGOT30
XGVGOT4C
XoVGnise
XOVGETHND
XOVGOTTD
XIVGGTED
XOYGHT90
XOVGOBRTD
XOVGOR1G
XIVGDE2D
XIWG3830
XOVGO840
XOVGoHsT
XOVGEBEN
XJvgagroe
Xaveeaa

X0VG08a9

XOVGORT0
XOVGCS1T
XV Gow20
XONVG0930
XCVYGNoal
XOVGease
XOVGESeD
XOVGOSTO
XOVGL9a:
XOVG0930
XKOVGLIOND
XUVGlr1n
X2IVG1220
XIJVGLT3n
XOVGLIN4C
XOVGlase
XIJVGLlTer
XUvG1o7Td
XOVGL1JRT
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140
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160

CALL CONTYRB (NCTS, IY, Tx, TY, UQ)
USUM = USUM + UQ * GAMMAINCTS)

IF (1y LEQ. NSORL} GG TO 130

NVORM]1 = NVDRT - 1

IF  {NVOR LEQ. 2) GO YD 120

DO 110 I = 1Y, NVORML

CALL CONTRB (I, I + 1, TX, TY, ULQ}
USUM = USUM + UQ * GAMMA(IL)

CALL CONTRB (I4 T - 1y ¥X, TY, UQ)
USUM = USUM + U * GAMMA{IT) :
CONTINUE

CONT INUE

CALL CONTRB (NVORT, NVORM1, TX, TY, UQ)

USUM = USUM + UQ * GAMMAINVORT)

CONT INUE
SOURCE CONTROL POINTS ON SLATY
IF  (NSDR JEG. O} GO 1O 160

I¥Y = NSORL + 1
CALL CONTRB (NSOR1l, 1Y, TX, TY, LQ}

USUM = USUM + UQ * GAMMAUINSORL)

IF  (NSOR1 .FQ. NCPTS) GO TO 160
IF  (NSOR .EQ. 2) GO 7O 150

DO 140 1 = 1Y, IB

CALL CONTRB {1, I + 1+ TX, TY, UQ)
USUM = USUM + UQ * GAMMA(T)

CALL CONTRB (I, [ - 1y TX, TY, UQ)
USUM = USUM + UQ * GAMMALIT}

CONT INUE

CONTINUE

CALL CONTRB (NCPTS, NCPTS - 1, TX, TY, UQ)
USUM = USUM + UQ * GAMMAINCPTS)
CONT INUE

RETURN

END
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XQVG1090
Xovilrioce
X0VG1l110
X0VG1120
X0VG1l130
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XOVGL170
X0VG1180
XgvG6l190
X0vG1200
xX0vGl210
x0VGl220
X0vG1230
X0VG1240
XQVG1250
XovGlze0
X0vGl270
X0VG128R0
X0VvG1290
X0VG1300
XovGl3aloe
AOVGl320
XovVGl33o
X0VG1l340
X0VG1350
X0VG136D
XovG1l3aTd
XQVG1380
XvG1lago
XOVG1400
X0vGl4l0
X0VG1l420
X0VGl430
XOVG1440
X0VG1450
XQ0VGlab0
X0VG1l470
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SUBPCUTINME FRCLE gvyorie
xovyecae
xOVUDNIn

SURKDUTIME FRCE WRITES THE FORCE CCEFFICIENTS XDOVULHET
XGvunosn

COMMON JELKA/ INC{30) yNCPTS NSTLNSyNVLPTS,NPNTS,IR XIVUet et

COMMON 7BLKB/ XLEsWYLES XTC o YTE  XMBAK s YMBAR JUSUBT 4CREF yXSUBC yOLTLMN, XOVUDGT ]

1 DUTALN,DLTALM,, TOLLMT ,CRT,CRFSQ Xavuassn

COMMON JBLKC/ ALPHA,XS{10),¥SULO) y XVI10D) ,YV(1ICO) . X{200),Y(200) XOGVUL199

COMMON FBLKD/ CSeSNXBPL200) . YBPL2C0) 4 COSSLP2C0) 4 SINSLP(200) XOVUCLGO

COMMON /PRLKE/ UL200),W{230),CPUPL{ 2001 ,CPLRI2CO)LPM(200) Xovuyzlin

COMMON JBLKI/ NVORGNSOR GMCPS,MCPF ¢ MMOD yNPTS,NByNCTS NSORY ¢ NVORT XIVUOLED

COMMON /BLKK/ SCOSLP (1671, CPSLAT{160), SSINLP(lAQ), XSLAT(161) LS A IVECHREIN

1 v XXBP{L160), YSLATOLEL), YYBP(L6D} XOvucl4c
XOVUDLIS0

CN2T = 0.0 XGVU0iaed

CLIT = 7,0 XGVUD LT

CC2T = &,0 Xovyolan

COLT = 2,0 xovuelan

CM27 = .0 Xeyucaon

[F CIND (4) LEQe 13} GO TO 10 Xxgvuoz21oe

WRITE (£,2C) XovuGg2220

CALL SBFRCE (CPSLAT, XSLAT, YSLAT, XXOP, YYBP, SCCSLP, SSINLP, 1XOwVUQ23D

169 s Lole CN2y CLL, CC2y CD1, CM2, CSy SN} XGyunzan

CN2T = (N2T + (N2 xovyczen

CLIT = CLIT + CL} XOVUCZEC

CC2T = CC27 + CC2 XSVULC 216

CN1T = CR1T ¢ CD1 Xovuoz8a0

CM2T = CM2T + (M2 Xovuecz2so

WRITE (&430) CNZy CL1, CC2y CN1, CM2, XMBAR, YMBAK Xgvygaao
X3IVUO 31T

CONTINUF XOVuGg3z2e

WRITL (&40 XBVU33an

CALL SAFRCE (CPM, X, Y, xBP, YBP, CLCSSLP, SINSLP, AR XIVUo34C

l + NPTS, CMZy CL1y CC2y CD1s CM2, CSy SN) Xovua3an

CNZT = CN2T + (N2 XOVyQiss

CLIT = CLYIT + CL1 XOVvuoi37do

CC2T = CC2T + (L2 Xovuagasdl

CHLIT = CDLIT + (D1 XDVua3an

CM2T = CM2T + CMZ XOvun4g ol

WRITF {A,20) OM2y CL1, CC2, CDLl, CM2, XMBAR, YMBAR XDOVUO04 1T

WRITE (E45M) XOVuUD4zZn

WRITE (&6+437) CNh2T, CLIT, CC2T, CO1Ty CM2T, XMEAR, YMBAR XTVUID 430

RETURN XOVUQO4 40
XOQVUNas0o

FORMAT  (1HLl, 35t%%%x FORCE CCEFFICIENTS FOR SLAT *=xx } XIVUG460

FORMAT  {1HN, 12X, 3THNNRMAL FORCE CNEFFICTENT =y FlO,6XDVUCLT"

1/ IH Gy 12Xy 3THUIFT CGEFFICIENT =y F10.,6XI3VUD4LA

2/ LHGy 12Xy 3THCHORDWISE FORCE COEFFICIENT =y FlOL6XIVUHaTT

3/ 1HN, 12Xy 3THDRAG COEFFICTENT =y F1C.6XTVUOLTD

&/ LHG, 12X, 37HPITOHING MOMENT COEFFICIERNT =y FIC.oXUVUNS1E

5/ 1HD, 12Xy 3THPDINT ABOUT WHICH MOMENTS ARE TAKEN {, F8.4,X0VU0527

b 1H, F&.4y, 1HY 7/ ) XSWUD 539

FUORMAT  {1H1, &3Hxxx FORCE CNEFFICIZNTS FOR MAIN AIRFOIL =x%% ) XOVUOS 4

FORMAT  {1HL, 32h%%% TOTAL FORCE COEFFICIENTS *%xx ) Xovycaear

END XAVUL 6D
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SUBRAUTINE GEOM

COMMON /BLKA/ IND(30), NCPTS, NSTLNS, NVLPYS, APNTS, IB

COMMON /BLKC/ ALPHA,XS{10),¥S{10FyXVI10C)»YVI100),X{200),Y(200)
COMMON /BLKD/ CSySNyXBP{200),¥YBP{200),COSSLP(20G)SINSLP{200)
COMMON /BLK1/ NVOR ¢NSORMCPSyMCPF yNMOD 4 NPTS o NB o NCTSoNSORL 4 NVORT
DIMENSION HD(9}

DATA HD / 10H y 10H IND, 1OHEX
’ 10H X 10H Y s 10H
' 10H XBP v 1CH Yap 4 1OH SLOPE /

SUBROUTINE ‘'GEOM?® CALCULATES AND WRITES THE BOUNDARY

POINT COORDINATES, AND THE SLOPE ASSOCIATED WITH EACH
BOUNDARY POINT, THE COORDINATES OF THE POINT ASSOCIATED
WITH EACH BOUNDARY POINT ARE ALSO WRITTEN...

APHA=ALPHA/57.29578
SN=SINTAPHA)
CS5=COS(APHA)

WRITE (6,201

WRITE (6,30} HD

DN 19 I2=1, NB

I¥ = 12 + 1

XBP{IZ)= (X(IZ) ¢ X{IY}))/2.

YRP(TIZY= (Y(IZ) + YLIY¥Y))/2,.

CALL DSTSQD (X{IZ}y YUIZY, X{IY¥)e ¥Y(1¥)y Sy T4 D1, D2, 1}
CALL SLPCLR ([SLPEs S, T}

COSSLP{IZ) = 5/D2

SINSLP(IZ) = T/02

WRITE (6,40} [Zy X(IZ)y ¥Y{LZY,y XRAP{I1Z2), YBP(I2}, SLPE
CONTINUE

WRITE (6,50) IZyX{12)b,¥Y112)

RETURN

FORMAT {lHl, 20X, Z23HAIRFOIL DEFINING POINTS )

FORMAT (1HO, SALIO)

FORMAT (19%e 13y 1H.94Xy4{F10.5:5X) 44XeF9.5)

FORMAT (19X, I3, 1lH,» 44Xy 2{F1l0Q.54 5X})

END
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SUBROUTINE

IF (Kl
WRITE [
Go TD 2
CUNTINUE
WRITE
CONT INUE
CaALL  EX
RETUKN

FORMAT
FORMAT

END

KEOF

SUBROUT INE
END GF FILE DURING

NO JNE. CY GO 1D 102
fy 301}

N

byal) TAPEND . KSUBR,
IT

{ TAPEND,

KIND,

KSURRy KSTMT)

A READ OPERATION

KSTMT

(22H THIS JOB 1S COMPLETE. )
(326 UNEXPECTHC END F FILLE CN UNIT ,

15H

IN SUBROUTINE

A,

114 STATEMENT

137

KECF WRITES THE LOCAYICN CF AN UNEXPECTED

I3 7

L
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XoVAaCGoll
XOVBQT12
XIVBG 113
XOVARODZ
XJVv30:3 3D
XQv80214°
XOVRONSED
XOVHEOTIET
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x0vednan
XdvyRZuaqe
XOVag Lo
XIVABC1LD
XIVROLZE
XGVRUL 3
XGVB)1lan
XOVROLST
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SUBROUTINE MTRXGN

COMMON
COMMON
1
COMMON
COMMDN
COMMCON
COMMON
COMMON /
COMMON /
DIMENSIO
EQUIVALF
REW IND
NS ING
IBMS
NL NCT
IF {INDI
Do 20 17
CALL VE
AINPNTS}
WRITE {
IF (IND{
Do 10 Iy
AtTY) =
CONTINUE
IF  (IND
WRITE
CONT INUE
IF {IND
DG 40 12
AINPNTSY
po 30 1v
Atly)
CONTINUF
A(MCPS+I
I 17 +
IF  (IND
WRITE
CONT INUE
Gh 10 9
CONTINUE
DO 82 17
CALL VE
A INPNTS
WRITE |
IF  (IND
159
D 60 1Y
ALIY)
CONTINUE
IF (IND
WRITE

/
/

/
/
/
/

= ]

SUBROUTINE MTRXGN GENERATES THE MATRIX TO BE SOLVED

BLKA/ INDU3014NCPTSyNSTLNS NVLPTS,NPNTS,IB

BLKB/ XLEJYLEsXTE, YTE s XMBAR 4 YMBAR,USUBI[ 4CREF ¢XSUBC 4DLYTLMN,

DLTALN,OLTALM,TOLLMT ,CRT +CRFSQ

BLKC/ ALPHAXS{10},¥S{101,XV{100),¥YVI100),X(200},Y(200)
BKLKD/ CS+SNsXBP(2CO},YBP{200),COSSLP{200)+SINSLP{200)
BLKE/ UL200),v(200),CPUP(200},CPLR{2CO),CPMI200])

BLK1/ NVORNSORyMCPSyMCPF 4 NMODyNPTSs NByNCTS,NSORL ,NVORT
BLK2/ CPMDD(5Q)

BLK3/ XSLE, YSLE, XSTE, YSTE
N A{201}), E{4)
NCE (E(1)y XSLE)

9

&

8 - NSING + 1

5 = MCPS

1} JEQ. 1Y GO TO 50
=14NB

LOC (UOs VO, XBP{I1Z)y YBP{IZ}, VM, IZ)}

= VO % COSSLP(IZ} - U0 * SINSLP{IZ)

17 (UlJ)eVIJ)yJ=1,NCPTS)

BloNEsO) WRITE (6419C) I1Z40JsUlJ)s¥V{J)»J=1,NCPTS)
=1 4NCPTS

ULIYE * SINSLP(IZY - wilY) = COSSLP{IZ)

(8) «NE. ) WRITE (64200) 1Z, (Jy A{J)sy J = 1y NPNTS)
9 {A(J)s J = 1,y NPNTS )

fay EQ. 1) GO TO 90¢

= 1, NMOD

= CPMODI(I1Z)

=1, NCPTS

C.D

-1} = 1.0

NPTS

(B} .NE. 0) WRITE (6,200} [y tJsy ACJ)y J = 1,y NPNTS)
9y (AtJ)y J = 1, NPNTSI

0

= 1y NB

LOC (UDy VO, XBPUIZY), YBP{IZ)s VM, [2)

} = USUBIL * (SN * COSSLP(IZY - CS * SINSLP{IZ}}

iy uddgyy VIJ)y J = 1, NCPTS)

(B) JNE. O WRITE (641901 IZy (Jy UlJ)y VUJEsy J = 14 NCPT
= ls NCPTS

ULIY) * SINSLP{IZ) - V(1Y) * COSSLP{IZ)

(B) NE. D) WRITE (4,200 Iy {Js AlJ)s J = 14 NPNTS)
gy {A(J}y J = 1, NPNTS}
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XOVNQ 540
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TF (17T MCPSORLIZLCT.MCPFJORLIND(4)LEQLLY GC T 82 XIVNCH5D
A{NPNTS) = USUBI * {SQRT(1.0 - CPMOD{(IZ-MCPS+1))- (S5 * XOVNO562D
COSSLP{IZY ~ SN # SINSLPIIZV} XOVNGS T

Do 70 Iv = 1, NCPTS XCYNDSAD
ACIY) = UCLy) # COSSLP{IZ) + VIIY} * SINSLP(IZ) XAIVNGSIC
I[F {IY «FQ. 17 OR. IY FQ. 12 # 1) A(IY)} = A{IY} - 0.25 XOVNO&TD
CONT INUF XIVNQELD
I = NL + [7 XIVNOG 2T
TF  {IND{BY JNE. C) WRITE (é,200) I  (Jy AlLJly J = 1, NPAKTS) XOVNOs 3D
WRITE (9} (A{JY, J = 1, NPNTS) XDVNG6LD
CONTINUE XGYNCHSC
CONTINUE XOVNO6AT
00 190 T=24NPNTS KOVNGAETC
AlT)Y = 0,0 XCYNCHAT
CONT INUE XOVNQAGT
A{NPTS} = 1.C XOVWNO T30
ALY = 1.0 XIVNQTLD
IF (INOUR) NE. 0) W ITE (6,200) ANPTS, {Jy AlJly 4 = 1y NENTS) XOVNODT20
WRITE {S) (A{J)y J = 14 NPNTS ) XOVNAT3C
IF CIND(4) LEQ. 1) GO TO 180 XOVNOT 40
DN 133 12 = 1, 2 XIVNCTSD
122 = 17 + 1Z XOVNQTAHD
I =172 - 1 XCVNGTTIC
caLt VELOC (UG, VO, E(I)s FIIZ2Y, VM, 202) XOVNOTRO
DO 115 1Y = 1, NLPTS XGVNOTAn
ACIY) = U{IY) XIVNGH AN
CUNTINUE XOVNGALD
AUNPKTS) = - Un XIYNUB 2T
IY = 16M5 + 1 XOWNOGIT
TE CINGEB)Y WNE. ) WRITE (64,2000 1Y¥e (dy AGJYy J = 1, NPATS) XIVNUJHR4GN
WRITE (9} (A{J)y J = 1, NPNTS) XIVNNRSED
DY 120 1Y = 1y NCPTS XKOVNNAED
AlTYY = Vv{TY} XOVNGHTI
CONT TNUE XOYNGRYD
A{NPNTS) = - VO XIVNOHGT
Iy = IBMS + 122 XOYNUIED
IF  (INDEB) JNE. O WRITE {6422C) 1Y, (Jdy ALJ)e J = 1, NPNTS) XOVNOGLO
WRITE (9} {A(J)}s J = 1, NPNTS) XOUNDQ 20
CONT INUE X3VNG3 30
ALNPNTS) = 0.0 XIVNQ 340
DG 140 I¥=1, NVOKT XOVNOAST
A{IYY = 0.0 XIVNOILL
CONT INUE XIVNCSG TG
D1 = 0. XOVNGSRY
C0h 150 IY¥Y=NSORL, IB XQVNJaan
CALL DSTSQD {XTIY YU IYYy XUIY+1) Y (TY+1),4X3,¥3,0,02,1) XOVMN1NGD
A{IY) = D1 + D2 XCWYNLTLN
1 = D2 XZVNL 220
CONTINUE XOVNL N3
AINCPTS) = Ol XOWNL 340
IF 1IND(8)} NE. ) WRITE 16,4290) IB y L(dey AlJYs J = 1 NPNTSIXTVNLTED
WRITE (9} {AlJ)y J = 1y NPNTS } XOYNLuUAN
XAIVNLGTD

CALL FLOSAT  (USUM, TXx, TY) KDVNL e
00 160 1Y = 1, NCPTS XKOVNL 2G
ACLY) = ULIY) - VIITY) XDYNLLOG
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CONT INUE

ACNPNTS) = ySuBI % (( ¥YSTE - YSLE) * CS - (XSTE - XSLf)

IF (INL(B}.EQ.tH) GO TC 17C

WRITE (6,210) NCPTS, (Jy UlJdly VIdbse Jd = 14y MPTS)

WRETE (6,200) NCPTS. (Jy ACJ)y J = 1, NPNTS)

CONTINUE

WRITE (9} (AGJ),y J = 14 NPNTS)

CONTINUE

END FILE 1

REWIND 1

EMD FILE 9

REWIND S

RETURN

FORMAT (//112,10%425HVELDCITY COMPONENTS (U VW) /4301511 +2E14.6))

FORMAT (/112,10%X,22HINFLUENCE COEFFICIENTS/+5(I5+1HsE20.8))

FORMAT  {//112, 10X, 24HSTREAM FUNCTION {LE, TE) / 3{I5,
2ZELG4.61Y)

END
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SUBROUTINE PRSS

SUBROUTINE PRSS DIRECTS THE CALCULATICN AND WRITING
OF THE PRESSURE CUEFFICIENTS

COMMON INCU30) yNCPTSoNSTLNS o NVYLPTS5,NPNTS, 18

COMMON

/BLKA/
fBLKB/
DLTALN DLYALM, TOLLMT,CRY,CRFSO

ALPHA,XSEL10) , YSLL1O0F o XVI100),YVILI00) 4 X{20C),¥Y1{200)
CSeSNyXRP{200),YRP (2001 ,COSSLP(200) ,SINSLP(230]
U207y V{200 ) CPUPL20D0) +CPLRIZ2OU) (CPM(20D)

GAMMA( 256

NVOR yNSORyMCPSs MCPF yNMOD ¢yNPTSyNByNCTS,NSORL ZNVORT

COMMON
COMMNY
COMMON
COMMON /BLKG/
COMMON /BLKL1/
LOGICAL HRLIP

fBLKC/
/7BLKD/
/BRLKE/

DATA KNSUB / 4HPRSS/

RLIP = TRUE,

DM 30 IZ2=14NR

Iv = 17 + 1

READ (1) (UGJd)+ViJd)sd=1sNCPTS)

1 (EOF{5) JNE. 0.0) CALL KEOF (5. 1y KNSUB,y 11l4)
UvT = Ususl * LS

V¥T = USURL * SN

DO 12 K=1, NCPTS

UVT = UVT ¢ U(K] * GAMMA{K)

YVT = YT + ViIK) ¥ GAMMA(K)

CALL CLCR {GAMMA(IZ} GAMMACLY) JUVTyWVT,COSSLP(IZ)+SINSLP(LIZ),

CPUP{1Z21,CPLRITIZY})
IF {IND(B)NELC) WRITE (6440) IZ2GAMMA{IZ) UVT,VVT,CCSSLPLIZ),
SINSLP{IZY CPUP(1Z)
CPM(T1Z)= CPUPLIZ)
IF (XBP{IZ} LE.X{IZ}}
IF (BLIPY TULT = 17
BLIP = JFALSE.,
CONT INUE
CONT INUE
REWINE 1
WRITE (645%5)
CALL CRWTHB (CPUP,CPLR,CPM,IB)
RETURN

GO TO 20

FNRMAT (20X 13HPPESSURE CUMP/(IL1C,6E15.61))
FORMAT {1H1463X, 29HPRESSURE DISTRIRBUTION ON WIAG}
END
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SUBROUTINE RD X0V¥JO010
COMMON ZELKA/ INC(I30),NCPTSyNSTLNS,NVLPTS,NPNKTS,IB X0vJoo20
COMMON /BLKB/ XLEZYLEs XTE YTE s XMBAR,YMBAR yUSUBI sCREF ¢ XSUBC OLTLMN, XOVJO03D
1 DLTALN,OLTALM, TOLLMT.CRTCRFSQ X0VJ0J40
COMMON /BLKC/ ALPHA,XS(10),YS{10)XVI100),YVI1COY 4X{200),Y1200) X0V Joosn
COMMON /BLKJ/ TITLE(LZ) XOVJ02690
COMMON /BLKL1/ NVORNSOR,MLCPSyMCPF ,NMOD ¢NPTSyNB o NCTS,NSORL 4NVORT X0VJOOT0
COMMON /BLK2/ CPMOD{S0) XovJeaaa
COMMON /BLK3/ XSLEs YSLE, XSTE, ¥STE XovJongQ
DATA KNSUR /2HRD / XOVJoe13o0
SUBROUTINE *RD' PERFORMS THE INPUT FUNCTIONS FQOR xX0vJ4o11n

EACH PROBLEM, THE NECESSARY VARYABLES ARE CHECKED FOR X0VJOlL20

RANGEy AND ERRURS CAUSE PROBLEM REJECTICN... X0vJOol13C
XOVJO14D

1 - SINGULARITY, INPUT ({0} XOVJQ3150

CALCULATION (1) XoVvJo160

2 - SHAPE 0OF SLAT REQUIRED, YES{O) XOVJ4ol17on

NO {1) XUVJO180

4 —- SLAT REQUIREDs YES(2) X0vJolso

NO (1} Xo0vJo2z2a0

5 = PRESSURES REQUIREC... {041} Xo0vyo210

6 - FORCES REQUIRED WITH DETAILED OQUTPUT,.X0VJ0220

FORCES REQUIRED WITH OUT NETAILED X0vJ3o230

OUTPUT, NO FORCES REQUIRED... (041,2)X0Vi0240

B ~ PRINT DUMP, NO (Q) X0vJy02s50

YES (1} X0vJoze0

-= NSTLNS — NUMBER (OF STREAMLINES... XovJoz2719o

~= NVLPTS - NUMBER OF POINTS AT WHICH VELOCITY XQVJ(0280

[S REQUIRED s Xo0vJo2s0

-= TITLE - PROBLEM INPUY TITLE... XOVJ40300

-=- XMBAR, YMBAR - COORDINATES ABCUT WHICH XQVJo3t1e

MOMENTS ARE CALCULATED... XOVJ0320

-=- UUSUBI - FREE STREAM VELOCITY... XQvJo3an

-= CREF — REFERENCE CHORDa4ws XOVJI034C

==~ XTEy YTE - REFERENCE TRAILING EDGE X0vJd03s0o

-~ XLEy YLE - REFERENCE LEADING EDGE XOQVJ036D

== XSUBC - X-VALUE T0O WHICH STREAMLINES ARE XOWJo37o

CALCULATED, s XovJ0380

—= DLTLMN -~ MINIMUM DELTA-L... X0V 40399

~= DOLTAULN = NOMINAL DELTA-L... X0V J0400

== DLTALM - MAXIMUM DELTA-l... XOvVJ04190

== TOLLMT - TOLERANCE USED IMN CALCULATING X0vd04a20

STREAMLINES ... X0V J0430

-= ALPHA - ANGLE/S OF ATTACK.se XOVJ0440

~= XSy ¥YS = COORDINATES AT WHICH STREAMLINES X0V JO45C

BEGINua XQvVJO&sD

== XVvy YV - COORDINATES AT WHICH VELOQCITY IS T0O X0VJ047D

BE CALCULATED. oo . XOVJO4BD

-~ Xy ¥ = CODRDINATES OF CORMER POINTS.ew XOVJ0490

XOVJos0o

READ {54160} {(TITLE(IL)y I = 1,4 6)y IKy (TITLE(I)y I = 74 121 X0VJ0S510
IF TEOF{5) .NE. 0.0) CALL KEOQOF {5y Oy KNSUB, 101} XOVJ0520
REAG (5,170} IND XOVJI053n0
IF [EOF(5) NE. 0.0) CALL KEOF {5, 1y KNSUB, 102) X0VJ0540
DO 10 1 = 1, 15 X0VJO0&50
I1F (IND(I) LLT. 0} WRITE (64190} H XOVJN o560
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CONT INUF

MCPSy NSTLNSs MVLPTS
{5y 1y KNSUB, 1C3)
+LE. 10V} GC  TC 20

REAN {%,17C)
IF {EOF(5) JNE, D.C) CALL
[F (UNSTLNS LGE. Q1 .AND.
WRITE [(6y200C)
CALL  EXIT

CONT INUE

IF (INVLPTS .CF.
WRTTE (f,210)
CaLlL  EXIT

NPTS, NVOR, NSOR,

KEOF
(NSTLNS

T} JAND. {NVLPTS LLE. 100H) GC  TO 32

- CONT INUE

IF  (UINDUS)Y JLF. JAND. (INDCED 210 GO TO 4C
WRITE (6222}

CALL EXIT

CONT INUF

READ {5+ 18C) XMBAR, YMHBAR

IF (EOF(5) JNE., 0,0} CALL
PFAD (5, L1HO) USUBT, XLE,
READ (%, 187) XSLE, YSLF, XSTE, Y¥STE

IF {ENFI(5) JNF. 0.0 CALL KEQF {5y 1y KNSUB, 105)
CALL OSTSQU (XTE,YTE.XLE,YLEy XCF 4YDF ,CRFSQ,CREF,!1
IF {CREF LGF. 1.0 E=006) GO TD &0

WRITE {6,e230)

CALL  FXIT
CONT INUE
READ {5,180)
1f  {ELF19)
NSING = &
NMOD = NVOR + NS{IR
NVIORT NPTS + NVOR
NSOR1 NVORT + 1
NCPTS NVORT + NSUR
MCOF = MCPS & NMOD=-1
MB o= NPTS - 1
KCTS = NPTS + 1
NPNTS = NCPTS + 1
I8 = NCPTS - 1

IF {NMID GT. 7))
IF (INSOR NVOR)
WRITE [(£4240)
CALL ExIT

CONT INUE

IF  ((NCPTS .GT,
WRITE {6,250}
CALL FXTT
CONTINUE

iF (INPTS .GT.
WRITE {6,260
cAaLL EXIT
CONT INUIE

IF  CING(1}
IF  timCPs
WRITE
CALL

1) «LE.

KEOF (5, 104}

YLE, XTE

1,
YTE

KNSUB «

ALPHA

NEL. Cof) CALL KEOF {5, 1, KNSUB, 1GC6)

- NSING

fHhon

T 60T
1 6o

GG

+LE. TO &0

G) «AND. (NCPTS LLE, 2030) GG To 70

Cl.ANDJANVOR JGES C)ANDJINSOR LGE. 0)) GO TQO 87

fala

LR

(MCPF

«EQ. 1) GO
» CE« NCTS)
15,270Q)
EXIT

™

~AND ., «LEs NPNTSEH) GO TC 90
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XovJgnsit]
XOVJU58C
XIVvJ0s55%
XGVJn&cn
X3VJIo6 16
XIVJI06 20
XIvJoe3n
XCVJC64T
XOMANES D
XOVIGEED
XUVJAGTH
XGVJO&EHRD
XOW IS990
KOV D100
XGvJdorle
XOVJ072
XIVJCT20
XCWYJIO T4
XOovJaisa
XOVJ0T 4

XOVvJo 76l
XOVJI0T7TH
XQVJIGT787
XOVJITTG
XavJoadn
XIVJ0AR1D
XNVJICRZ2Y
XIVJG330
XAV JOF47Y
XOWJ5 3570
XAV JOBED
XwWJyoer”
XIVJOHRETN
XJvJases
XOV 09 -m
XTVJOs1h
XIVJus 2o
XOVJ0SG 35
XIVJogal
XayJnase
XOVJLS4 7
XOVJIGsTD
X2VJNSan
KIVICIG 2
XIVJS1o0n
XIVJ Yt
XOV 1020
X413
XOV L1247
XOVJL17350
) SUAUND AT~
XOV 127
XOW )L mHY
XOW g1 q
XAyl aa
XovJlile
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220

249
250
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CONT INUE X0vJll2o
G0 7O 110 X0vdll3g
CONT INUE X0VJ1140
IF  ({MCPS .G6T, C) LAND. {(MCPF .LE. NPTS}) GC TO 110 XQvJ1150
WRITE (6427C) XgvJ11690
CaLt  ExITY X0VJ1170
CONTINUE xavyl1ian
READ (5,180) (XUIheY(I)yI=1,NPTS) XO0VJ11%0
IF  (EOF(5) JNE. 0.C}t CALL KEQF (5, 1, KNSUB, 10T7) XavJa120¢G
IF  (IND{4} .GT. C) GO TO 129 XovJ1iz1o
READ 15,1801 (X{I#NPTSE,Y(I+NPTS),1=]1,NVOR) XovJal1z229d
IF {EOF{5) .NE. 0.0) CALL KEOF (5, 1, KNSUB, 108) X0vJleio
READ (5+182) IX{I}s¥Y(1)sI=NSORL1, NCPTS} X0vJ1240
IF  {ENF{5) .NE. 0.0} CALL KEOF (5, 1+ KNSUB, 109) XOovJL250
READ ({(5,18C) (CPMOD{TI}y I = 1, NMOD) X0V2l260
IF  (EOF(5) JNE. 0.0) CALL KEDF (5, 1, KNSUB, 110} X0vJ1273
CONT INUE XQvJ1280
IF  {(USUBI.EQ.Q) USUBI = 1. X0vJl230
IF  INSTLNS .EQ. 0) GO TO 140 X0vJ1300
READ (5,180) XSURC,DLTUMN,DLTALN,DLTALM,TOLLMT,CRT XQvJ1310
IF {EOF{5) .NE. 0.0) CALL KEOF (5, 1, KNSUB, 111} X0vJ1320
IF  ((DLTLMN (LE. DLTALN} .AND. (DLTALN .LE. DLTALM)) GO TO 130 XOVJ1330
WRITE (64280) X0VJ41340
CALL  EXIT X0vVJ1350
CONTINUE X0VJ1369
READ (5,180) {XS(I)}, ¥5(1)y, I = 1,4 NSTLNS) XovJ1370
IF {EQF(5) .NE., 0.0) CALL KEGF (Sy 1, KNSUB,y 112} XOVJ1380
CONT INUE X0vJ1390
IF  (NVLPTS .EQ. O) GO TG 150 X0vVd41a00
READ (5,18C1 {XV(Ily ¥YVIiLl)y I = L1y NVLPTS )} X0vJ1410
IF  (EQF{5) WNE, 0.0) CALL KEOF (5, 1y KNSUB, 113) XO0vJl420
CONT INUE X0vJ1430
CALL WRTE X0VJ 1440
RETURN X0vJ1450
AOVJ1460

FORMAT {6A10, 4Xe Il / 6A10 ) X0VJ41470
FORMAT  {1513) X0VJ1l480
FORMAT (6F10.C) X0VJ1490
FORMAT  {1HO, 48H*%¥x TN SUBROUTINE RD IND(I) IS LESS THAN ZERO I=,X0VJ150C
1 13, 4H *%% ) X0vJ1510
FORMAT  {1HN, 29k%%x%x INPUT ERROR IN NSTLNS #*%x% ) X0vVJ1520
FORMAT  [1HO, 29H#¥*% INPUT FRROR IN NVLPTS *#xkx ) X0VJ1530
FORMAT  (1H0, 4BH%2% INPUT ERROR IN OPTION INDICATCRS 5 ANLC & *¥*x X0VJ1540
1) X0VJ1550
FORMAT (1HO, 4BH#¥«x LEADING AND TRAILING EDGE ARE COINCIDENT ##%x X0VJ1560
11 X0VJ 1570
FORMAT {1HO, S8H#**%x INPUT ERROR [N NUMBER OF SCURCES AND / OR VORX0OVJ1580
ITICES #*%%x |} X0vVJ15%0
FORMAT  {1HTy 48H*%* INPUT ERROR,NO. OF CONTROL PTS. IN ERROR *%x*x X0VJ1600
1} X0VJ1610
FORMAT (1HO, &5H*** [NPUT ERROR IN NUMBER OF CCRNER. VORTEX, OR 5XQVJ1620
1OURCE PDINTS *#x% ) X0vJ1630
FORMAT (1HOD,y 60F%#%% INPUT ERRDR OF INDEXES OF PRESSURES YO BE SPEXOVJ1640
1ICIFIED %% ) X0VJ1650
FORMAT (1HO, 44H¥x*x%x INPUY ERROR IN STREAMLINE INKPUT CARD **¥x ) X0y¥J1i660
END X0VJl1670
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SUBROUTINE RMTVTY

COMMON /BLKA/ INCU30) 4NCPTS ¢ NSTLNS NVLPTS.NPNTS,IB

XOVX0J10
Xovx0029
XIvX0a1c

COMMON /BLKA/ XLEYLEsXTEy YTEyXMBARYMBAR ,USUBT yCREF ,XSUBC oDLTLMN, XOVX0D47

DLTALN,DLTALM, TOLLMT CRT4CRF S0

COMMON /BLKC/ ALPHA,XS(1G0Y¥YSL10b,XVELD0) ¥VILO0Y «X(200),Y(230)

CIMENSION HO{L1)

DATA HD 7/ 1CGH NUG. » LCH XV + LOH YV
+ 10H XV/CREF, 1CH YV/CRE, 1OHF MGDULUS
v L0H MAG, 10H. Uy 10H
v 10HV + LOH FLOW

SUBROUTINE 'RMTYTY' FINDS THE VELCCITY AT ALL
REMOTE POINTS..s THE COORDINATES,

MODULUS AND MAGNITUDE ARE WRITTEN,...

WRITE {6,22)

WRITE {6430} HOD

I =20

DO 10 J = 1, NVLPTS

CALL VELCOC (UQ,y VO XVIJlsYVidaVie-1)

CALL  FLOCAL (USUM, XVIJ)y YVIJ))

XL = IXvi(J) - XLE) / CREF

YL = (YV(J) - YLF) / CREF

TN = ATAN{VO/UD) * 57,29578

WRITE (6440} Jdy XV{J), YVIJYy XLs YL, The VL, UD, VD, USUM
I =1+ 1

IF {1 LT« ) GO 70 10

WRITE (6,301}

1 =3

CONT INUE

RETURN

FORMAT  {1m1l, S3X, 25HVELOCITY AT REMCTE POINTS / )
FORMAT  (1HD, 1121C)

FORMAT (11X, 13,4 3%, 2{FG.4, 3X), E6(FB.4,y 3%X),y FL1O.5 }
END
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VELCCIYY CCMPCAENTS,

XOVX0350
XOVX036T
XQVXO05 T3S
Xovxoosoe
KOV X0380
XAVXDLQ0
FXOVX0110
XOVXG120
XOVX0L13T
XOVX0l4ac
XOYX0157
XIVX0160
XOVXOL7IC
Xovxo180
XQVXQ190
Xa¥xgzan
XOVXG212
XO¥xaz220
XOVXN230
XQVXnzad
Xnyxozsn
XOVX0260
Xavyxaz2wro
XQovxa282
XOVX029D
XDVX3329D
XOVXD3ILG
XOVX0329
XQVX0 330
XOVX0340
XOVX0350
XOoVX33aD
XOVX037D
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10

20

30

40

50

SUBRQUTINE SBFRCE
1 + NNPLl, CM2,
% ok

COMMON /BLKA/ TIND{30)sNCPTS,NSTLNS,NVLPTSyNPNTS, I8

(CPy
CLl,

Xy Yy XBPy YBP,

€ccz, CD01ly CHM2,y, CS5y SN)

CCSSLP,

SINSLPy NN X0vvQolo
X0vvo020
XoVvQa 3o

XQvvnQ4o

COMMON /BLKB/ XLEyYLEyXTEs YTE+XMBAR,YMBARSUSUBT 4 CREF ¢ XSUBC +DLTLMN, XOVVO050

1 DLTALN,DLTALM, TOLLMT,LRT,CRFSQ X0¥vnasg
*xk XovVvooTe
DIMENSTION HD{9), X(NNPl}, Y{(NNPl}, XBP{NN),s YBP{NN), CCSSLP(NN) X0vvQoBo
1 + SINSLPINN}, CPINN} Xovv 0090
DATA HD / 10H s+ 10H v 1OH XOVV0100
1 ' 10H v 10H NGO, y 10H DC~ X0vvolle
2 ' 196N v 1CH DC-C s+ 10H DeL~M  / Xovvol120
ik Xavvol3o
i SUBROUTINE SBFRCE CCMPULTES THE FORCE CCEFFICIENTS X0vvol40
®% Xavvolso
LMPL = 1 Xovvoled
ICP1 = 1 Xovvol10
CPX = (CPLICP1) + CPUICPL &« NN - 1})1/2. Xxovvolsn
CNZ = 0. X0vv01l90
cc2 = 0. Xovvo2cLo
M2 = 0, xXovvQg210
IF {INC(6).EQ.1Y GO TO 1¢C XOVvV0o229
WRITE (6470) HD Xovv0230
CONT INUE XQqyvoz240
DO 60 J = 14 NN XovvQ2aso
LM = | [ MP] XOVYVQ 260
LMPY1 = (M + 1 xXovvo27o
1C = 1CP1 Xovvozao
ICP1 = IC + 1 X0Vvo2s0
IfF (J.FQ.1) GO 7O 20 X0Vv0300
CPl = CP2 XOVv0310
1 = 52 XQVv0o320
GO TO 30 XDVYO3IA0
CONT INUE XOVV0340G
CALL DSTSQD (XBP{ICly YBPLIC),y X[LM), Y(LM), XDF, YDF, Sl S1, 1L)XOVVD350
CP1 = CPX XO0vv0360
CONT INUFE XOVvo3To
A = D5 % (~ S1} X0Vv0380
TF  (J.EQ.NN)Y GO TO 40 XOVvQ0330
CALL DSTSQD (XBP(LICPliy YBPLICPLl)y X{LMPl), Y{(LMPl), XDF, YDF, XOVV0400
1 §2y S22, 1} X0vvo041l0
CP2 = (51 « CPLICY +« 52 * CPLICPLIY/{S] + 52} X0vvQ420
GO T 50 X0vv0430
CONTINUE X0VYV0440
cp2 = CPX XOVV0D450
CONTINUE XOVV0 460
DF1 = A % {{P1 + CPL{IC)) XovVvo470
DF2 = A %= (LP2 + CPLIC)) X0vvo480
DFN]1 = DF1 * COSSLP({IC) XovVv0430
DFN2 = DF2 % COSSLPIIC) XOVV0s504
DFC1 = - DFL1 * SINSLP(IC) X0VvQs10
DFC2 = = DF2 * SINSLPUIC) XO0vVv0520
NDEN = {DFNL1 + DFNZ2)}/CREF XOVV0530
DFC = (DFCY + DFC2)/CREF XOVVQ0540
DM = (DFNLl * (XMBAR - (XBP{IC) + X(LMI}/2.) X0Vv0550
1 ~ DFC1 * (YMBAR - {YBPU{IC) + Y(LM)})/2.) XOVV0560
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60

(4
B

+ DFN2 * (XMBAR - {(XRP{IC) + X{L™PLl))/2.])

- DFECZ2 % (YMBAK - (YBP{ICHY + YILMPL})I/2.¥)/CRFSQ
IF {IND(A).EQ.D0) WRITE (£,840) Js DFNy OFC, OM
CN2 = CN2 + DFN
CCe = CC2 & NFC
CM2 = (M2 + DM
CONT INUE

CL1= CN? * CS - CC2 * SN
COl= CM2 * SN + £C2 * CS
RETURN

FORMAT  (1H0D, GA1C)
FORMAT  (41%, I3, 5X, 35X, FG.4))
END
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X0vvo570
XDVV0580
XOVV0590
XOvvoslc
XOVVG61l
XOVVD62D
XOVV0 520
XOWVC64Q
XOVVG65G
XOVVOh6D
XQWVOosT0
XDVVDABD
XJVVC69G
X0VWVO0700
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SUBROUTINE SHAPE
SUBROUTINE SHAPE COMPUTES AND WRITES YHE GECMETRY
OF THE LEADING EDGE SLAT
COMMON /BLKA/ INCU3C) +NCPTSyNSTLNS NVLPTS,NPNTS, I8
COMMON /BLKB/ XLE.YLE, XTE, YTE ¢ XMBAR ,¥YMBARyUSUBI 4CREF ¢ XSUBC +DLTLMN,
DLTALN,DLTALM, TOLLMT 4CRT,CRFSQ
COMMON /BLKJ/ TITLE(LZ2)
COMMON /BLKK/ SCOSLP{1601, CPSLAT{160CY, SSINLP(160)s XSLAT{(161}
v XXBP(160), YSLAT{L61),y YYBP({160)
COMMON /BLK3/ XSLE» YSLE, XSTE, YSTE
LOGICAL LOWER
CIMENSION A(B8Q), B{B0O), SX{B1l}, SXH{80)
s SY(B1), SYH(AD), UTBOY,y UH{BO),y VI8O),y VHIRO), CAB({BQ)
v Gi3, 23, GA(3), DABUVIBO), ANGAB(80}), ANGUV(BD]

s ANDAB(BO), ANDUV(8D), GF{3},
{GA(2)y DMU)y (GA(3},
57.29578 [
HALF,

EQUIVALENCE (GA{l), DLAM},
DATA FIVE, RADCON / 5.0,
DATA EPS, ACFPT, ZERD, PTTHK(,

/.0C0C1, C.000Q1

DATA IZERDy TONE, ITWODs ITEN

XSLF

YSLE

XSLE - XSTE

YSLE - YSTE

DEEX * DELX

DELYZ DELY * DELY

pDist?2 DFLX2 + DELYZ

IF (DIST2 .GE. EPS) GO TO 1G
WRITE (6,43D)

CALL EXIT

CONT INUE

DIST = SQRT (DIST21-

XMT DIST *= HALF

YSX = DELY / DELX

THETA = ATAN (YSX)

IF  (ARS(YSX) .LT. EPS) ¥YSX =
DMUS AV ~ (EPS % ¥5X)

COSETA COS{THETA)

SINETA SIN{THETA)

SU2 = ONF / {USUBI * USUBI)

N =
NT2 =
NT3 =

s5xi{l)y =
SY(1) =
UDELX =
DELY =
DELX2

"o

n

ONE

NT2 + IONE

H =
LOWER =
SIGN =

CIST * HALF
+FALSE.
ONE

CONTINUFE

SAVAB( B0}

ONE

148

10

DL}

ONE254 TWO
] G.Dy O.2g 0.5' 1-0! 1-25'9 2.0/
/ 0’ 1' 2!

!

XOVPOGO10
XOVPOO1L
XovePool2
XOVPOOL3
XOVPOQLl4
XQVPOOSD
XO0VPO0O&D
XOVPOQTYD
XovPQ0o8s0o
Xovegasce
XQvPO1C0
XQvVPO110
XovPOl120
Xoveol30
XOVPQO140
XoveQ1s0
XQVPOo160H
XGVPOL1T70
xXaoveo1s0
XQvP0O190
XavPQ230C
Xoveo2z210
XoVPQ220
Xgveo23in
XOVPQ 240
Xovenzso
XO0vP0260
XOVPO270
XOVPQ280D
X0VP0O290
XOVPO320
XOVPO310
X0vP0320
XOVP0O330
XQVP0340
XQVP3350
XOvPO3s0
XovPQO370
AOVPO3RO
XOvP0390
XOVPO400
XQVP9419
XQveQa420
X0VPO430
X0V PO460
XOVPO470
XOVP0480
XQVP0490
XOVPOSOU
XOVPOS510
XOVPO520
X0vPQ530
XOVPN540
XOVPO550
XOVPO560
XQVPO570
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DEFINITION OF INITIAL UPPER OR LCWER SLAT SURFACE

ITER = ITZERN

IT = 17ERD

DLAM = EPS

DMLY = DMUSAV

SN = N

SN = ONE / SN

DL = DIST % SN %= SQRT{TWD}

MMYL = N - T0ONE

SX{N+1) = XSTE

SY(N+1) = Y¥YSTE

1F [INC(9) LERQ. 1Y GO TO 171

YMT = H % SIGN

XMR = XMT * COSETA - YMT % SINETA
YMR = XMT * SINFTA + YMT % COSETA
XM = XMR + XSLE

¥YM = YMR 4+ YSLFE

SN2 = SN+ SN

AA = XMR * SN2

BB = YMR * SN2
THETA = ATANZ{BB, AA)
SUMA = FIVE % AA

SUMB FIVE * BR
DO 32 I = 1, NTZ2
A(T) = AA

LT = RH
ANGABUI) = THETA
CONT INUE

AA = (XSTE - XM} * SN2
BB = {YSTE -~ YM} * SN2
THETA = ATANZ(BB, AA)
SUMA = SUMA + FIVE * AA
SUMRB = SUMB + FIVE * HB
PO 42 1 = NT3, N

AL T) AA

BLT) BB

ANGAR(T) = THETA

CONT IMUE

GO TN 145

CONTINUE

A RESTART wWwITH NDOUBLE THE NUMBER OF PREVICUS SEGMENTS
UNTIL M = 80, WITH N = B0 ITERATE UNTIL CCNVERGENCE

DL = [DL + SAVDL) * BALF
SUMA = ZERD

SUM3 = ZERO

DO 6C T = 1y N

ANGABL T} = (ANGAELT) + SAVAB(I)} * HALF

COS (ANGAR(I}) * DL
SUMA + A(CI)
SIN {ANGABLTI) * DL

ACTY
SUMA
BOI)

X0V PO58D
X0VPO597
XJyPoeln
XIVPOALLD
XQVP0e20
X3vpPna2n
XOVPOE4AC
XOVPG650
XOVPO&AKT
XIV¥PO577
XIVPO&EN
XDOVPUHST
X0VPO651
XaveoTon
XQVPAT1o
XVPQET720
XJVPOT32
XOVPDT40
XOVPOT750
XIVPOTHT
XOVPCTT0
XOVPDT780
XJVPOT30
XOVPOBEND
XNv¥PO8190
Xovengao
XIVPG83)
XOVP0O840
XovPo850G
XAVPOBED
XOVPDAT)
XoyPEa8G;
Xaypgosan
XoOVPGCa20o
XOVPOQ1L0
XovPOoe20
XOVP(O33e
XOVPL940
XOVPQR350
XOVPO9AT
Xovpogrr
XQVP(EI8D
X0V P299N
XoVP1l23ac
XOvPLOLD
XayP1320
XOve 1030
XIVPLllan
Xavelinsn
XOVP1D6D
XQVP1370
XoVpP1a8s
XJVP17252C
XJAvP1l1ian
XOVPL111lD
XOVR1120



60

T0

BO

90

130

110

120

130

SUMB = SUMB + 8(1)
CONT INUE
DNGRMA = - DELX / SUMA

IF ((ABS{DELY).GT.
DNORMB = ONE

ACEPT)I.AND.(ABS(SUMB).GT. ACEPT)} GO

G0 TO BO
CONT INUE
DNORMB = = DELY / SUMB

 CONTINUE
IF  {IND(8) .EQ. IZERO) GO 10 90
WRITE (64440) DNORMA, DNORMB
CONT INUE
DORMDL = (DNORMA + CNORMB) * HALF

DL = DL * DORMDL

SUMA = SUMA * DORMOL

SUMB = SUMB * DDRMDL

0O 100 I = IONEs N

ALY = A{T) * DORMDL

B{I} = B(I) * DORMDL

CONT INUE

DMU = (DMU + SAVMU) * HALF
DLAM = (DLAM + SAVLA) * HALF
IF (N .LE, 40} GO TO 120
IT = IT + I0ONE

DLDIF = DL - SAVDL

IF  {SAVDL .GE. EPS) GO TG 110
WRITE 16,450)

CaLL  EXIT

CONT INUE

DLOIF = ABS (DLOIF /7 SAVDL)}
WRITE {6,460) 1IT, DLDIF
[F (DLDIF .LT. ACEPT)Y GO TO 3950
IF (IT .GT. ITEN) GO TO 380
GO TD 140

CONT INUE

JL = N + N

JS = N

DO 130G I = 1+ N

A(JL)Y = A(JS) * HALF

B{JL) = B(JS) * HALF
ANGABLJL ) = ANGABI(JSI

JL = JL - IONE

A(JL) = AlJL+1)}

B{JL) = BlJIL+1}

ANGABLJL)Y = ANGAB(JS}

JL = 4L - IONE

J§ = JS - ITONE

CONTINUE

DL = DL * HALF

ITER = IZERD

N=NS+N

SN = N

SN = ONE / SN

NM1 = N - IONE

SXIN+1) = XSTE

SY(N+1} = YSTE

156

T0

70

XCvP1130
XOVP1140
XQVP1150
XOVPl160
Xovell7o
Xoveliiac
XovVePL1s0
XQvP 1200
X0VP1210
Xovp1220
X0vpP1230
XQvP1240
XOVPL250
X0vP1260
XQve1270
X0ovP1280
XgvP1250
X0vel3eco
X0¥P1310
XQvP1320
XoVP1330
X0VP1340
X0vP1350
XovP1360
X0VP1370
X0VP1380
x0VvP1390
X0VP1400
X0VP1410
X0vP 1420
X0V#£1430
X0VP1440
XOVP1450
XOVPl460
X0VPLl4T0
XOVP1480
XOVP1490
XQvePLl500
X0VP1510
X0vP1520
XQVP1530
X0VP1540
XOVPL550
XQVP1560
XOVPL5T0
XQvP1580
XJVP15S0
X0VP1&00
XOVP1810
XOVP1620
XQVP1630
XOVP1640
XOVP1650
XQVP1660
Xoveletro
XQVvPl1680



[ ABRS o
[V .

9O

177

171

172

174

176
179

O

CONT INUE

IF (N B0) GO TO 16C
SAVDL
SAvwy
SAVLA
poo1sc 1
SAVAB( I
CONTINUE

CONTINUE

LT
DL
DMY
DL AM
1. N
ANGARL T}

W oHon

W

CALCULATE THE SEGMENTS AND THE VELCCITIES AT THE MIDPCINTS

o 170 1 = 1, NM]1
SK{T+1] SX{I) + A(l)
SY{(I+1) SY(I) + B{1}
SXHOIY = (SX(I+1) + SXx(1
SYH{I) = (SY(I+1) + 5¥{]
CALL VELDC (UH(T}, Vit
UET) = UKITY / W

VIT) = v&{1} /7 W
CONTINUE

GO TN 179

CONT INUE

READ (5, 172y (SXx{1),
FOORMAT (6F106.0M)

DL = ZERD

DO 174
ALTY =
Bl{1) =
ANGAB(T) =
CL = 01 + SQRT
CONT INUE

DL = DL * 2.1
ne 176 [ = IONE, G
SXEIT)Y = (SX({I+1) + Sx{(I)
SYHUTY = {SYUT+1) + Syild
CALL VELOC (UHETY, VHUIY,
UEIY = URIILY /7 W

VIT) = VHIT) / W

CONTINUE
CONTINUE
SXH{N) =
SYHIN} =
CaLL VELDC
U{N} = UHI{N)
VINY = VHIN)

o

Y)Y & HALF
b1 % HALF
Ibs SXH(I)

SYH([), Wy [ZERC)

SY(Ily I = ITWCy ITEN}

I = 1I0NEs ITEN
SxtI+l)y - SXU1I)
SY(I+1) - SY(I}
ATANZEBTTIY, At

{ACTL) * A{

)

I
IV + BOL) * B8(1))

* HALF
* HALF
XH{T),

}
)

S SYH{1),y Wy, [ZERQO}

(SXIN) + SXIN+11) % HALF
{SY{N) + SY(N+1)}) = HALF
{UHINYy VHINYy SXHIN)
/ W

!/ W

SYHUN) v Wwe I1ZERND)

CALCUALATE THE TOTAL ANGULAR DEVIATIONS BETWEEN LOCAL
STREAMLINF SLOPE AND SEGMENTED LINE SLOPE

ITER = ITEP + IONE
ERR2 = Z£RC

D180 1
ANGUV ()

1+ N
ATANZ

(vil}y ULIY)

151

XQVP1690
XovP17)20
XOVPLTI1O
XJyPLr122
XoveP1730
XOVPL743
XOVP1750
XOV¥P176C
XQVP1770
XJvplrar
XOYPLTSD
X0VP1B1O
X0VP1820
XOVP 1830
XCVP]84f:
XJv¥P1850
0VvP1R&eD
Xov¥P1319
XOVPLHED
XOVP1R90
XOVP197G
XqvPl9lJ
Xaveloll
Xgvelaole
X0vPl913
XJI¥P191l4
XQVP19l5h
XoVP13716
XOVP191L7
XAVP191R
XDVP1916
Xovelgzne
XO0¥P1921
xQve1922
XOVP1923
XIvP1G24
X2VP1925
XOVPL1926
Xove1927
XoVPLS928
XovP1l929
X0VP1930
XO0VP19131
XJ¥P1932
XCVP1G40
XOVP1950
XQVPlSen
XAYPL9TO
Xovp1930
XOVP1997
Xoypa2nnn
XOVP25 10
XIPV2C15
XIVP2T 2D
XJIvP2530
XOVP204C



180

200

210
220
230

240

ANDUV{ T}
ANDAB(I)

ANGUV{IT) * RADCON
ANGABLI) * RADCON
CAB(I) = ANGAB(I} - ANGUVLI)
DABUVII) = CAB(I) * RADCON
ERR2 = ERRZ + ABS(CABUVII)I
CONTY INUE

N

IF (INDC(R)} .EQ. [2EROY GO TO 1%¢C
WRITE
WRITE

WRITE

(644TCY DLAM, DMy

{6,480 Ny, DLy ERR2

(6449C) (EF, SXII),
v DABUV(I)y T = 1y N)

SY(I)s ULI)y V(I)y ANDUVLI}, ANDAB(I)

CONT INUE

DO 350 M = IONE, ITEN
CALCULATE NEW ANGLES OF SEGMENTED LINE

bo 230 1 = IONE. N

DO 210 M1 = [ONEs ITEN

ABSIN = SIN{ANGAB(I)?1 * DL

ABCOS = COS{ANGAB(I}) * DL

SUM = TwO + DMU *= ABCOS + DLAM * ABSIN

1F  (ABS(SUM} .GE. EPS) GO TO 20¢
WRITE (&,500)

CALL EXIT

CONT INUE

CAB(I) = ANGAB(I) - ANGUV(I}

SUM = (CAB{I} + CAB(I} # DMU * ABSIN - DLAM * ABCOS) / SUM
ANGAB(I) = ANGAB{I) - SUM

IF  (ABS(SUM) .LT, ACEPT) GO TO 220
CONT INUE

CONT INUE

CONT INUE

SUMA = ZERQ

SUMB = ZERQ

DO 240 I = 1, N

A(T) = CDS (ANGAB(I)) * DL

SUMA = SUMA + A(I)

BUI) = SIN (ANGAB(I}) % DL

SUMB = SUMB + B(I)

CONT INUE

IF  (ABS(SUMA # DELX} .LT. ACEPT) GO TO 360
SUMLM = ZERQ

SOL = ONE /7 DL

SUMCO = SUMA * SCL

SUMST = SUMB * SOL

G1MU = ZERD

G2MU = ZERD

G3IMU = ZERQ

GLLAM = ZERD

GZLAM = ZERD

G3LAM = ZERD

DO 260 1 = 1, N
DENCHM TWO + DLAM * B(I} + DMU * A{]}
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Xove2050
XQveP2060
XoVP2070
X0vP2080
X0VP2090
X0VP2100
X0vVP2110
XQVP2120
X0vP2130
X0VP2140
XG0vp2150
XovP2160
XoVvP2170
X0vP2180
XoveP2190Q
X0vP2200
X0VP2210
xove2220
X0vpP2230
XoveP2240
X0VP2250
XOVP2260
XovpP2270
Xove2280
xoveP2290
xX0ve2300
XovVeP2310
Xove2320
X0ove2330
X0VP2340
XOVP2350
XOVP236n
XOVP23T0
X0VP2380G
XovP23990
Xovez2400
X0VP2410
XOVP2420
X0VP2430
XOVP2440
X0VP2450
X0VP2460
XOVP2470
Xovez2480
XOVP2490
XOVP2500
XOVP2510
X0veP2520
X0VP25130
X0VP2540
X0VP2550
XovP2560
Xovp2570
XQveP2580
X0VP2590
XOVP2600



269

OO,

210

290
ng
an

320

IF  {ARS
WRITE (
CALL EX
CONT INUE
DENCM =
DODLAM =
pooMy =
oDDL
G1lMU
G2MU
GIMy
GlLAM
GZ2LAM
G3LAM
CONT IMUE
Gll, 1}
G{l, 2]
Gll,y 2}
G2y 1)
Gi2y 21
G2y 3)
Gt3, 11}
G(3, 2}
G(3, 1)

{
G
G
G

{1 T [ 1}

CAL

DO 310 1
IF (ARS
WeITE |
CALL EX
CONT INUE
TE = [(NE
GII.I) =
DD 280 K
G(I,K. =
CONT INUE
cn 300 J
IF (J «
TE = G{J
G{Jd,I) =
no 280 K
G‘JrK} =
CONT INUE
CONT INUE
CONTINUF

CAL
o 3120 [
GF{1)
GF(2}
GF{2)
SUM = 7k
Do 320 J

(CENOM) JGE, EPSY GO TO 28C
6y 5101}
iT

ONE /7 DENGCM

A{T) * CENOH

- B{I) %= DENOM

DLAM % A{I) - DMU * B(I)) * DENOM % SDL
IMU ¢« BUI) % DDDLAM

2MU) + B(I) * DODMU

MU o+ B(TI) * DDDL

GLLAM + A{I} * DDDLAM

GZ2LAM + ALY x DDDMY

G3ILAM + A(T) * DDOL

SUMST + (DLAM * G1LAM - DMy * GLMY) % SDL
SUMCO + (OLAM % GZLAM - DMU * G2MU) * SDL
{DLAM % G3LAM - DMU % G3MUL * S0L

- GlLAM

- G2LAM

{- SUMSI) - G3LAM

GiMU

G2MU

{- SUMCOI) + G3MU

ot ooonodontouon

CULATE THE INVERSE OF G MATRIX
= 1, 3

(GII+1)) JGE, 1.7F=1C) GG TC 27C
By 520}

7

/ GLI.1)

(ONE

=1|3

GiTyK) * TE

.:1,3

FQ. I3¥ GO TH 3C4

1 1)

ZERD

= 1y 3

GlJsK) - G{I,K) * TE

CULATE NtWw DLAM, DML, DL
=173

GA(L) * SUMSI + GA(2) * SUMCC
(-CFELY) — GA{3) * SUMSI
(-DELX) = GA{3) * SUMCD
RO

= 1y 3

SUM = SUM + G(I,J) * GF{J}

CONT INUE
GA(I}) =

GA(T) = SuM
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XOVP26 10
XOVP 2620
X0V P2630
XOVP2640
XQVP2650
XOVP2660
XOVP26T0
XJVP 2680
XOVP2690
XOVP275
XOVP2T10
XOVP2720
XOVP 2710
XOVP2740
XDVP2750
XOVP2740
XOVP2770
XOVP2730
X0V 2790
XOVP2300
XQVP2819
XOVP2322
XOVP283n
XOVP 2840
XOVP 2850
XOVP2360
XCVP2AT7
XAVP2880
XIVP 2850
XOVP24900
XQVP2910
XIVP2920
XQVP2530
XOVP 2940
XOVP2950
XOVP2960
XOVP29730
XOVP2980
XOVP2990
XOVP31CE
XOVP3D10
XOVP3020
X0VP33130
XOV P3040
XOVP3350
XOVP3067
XOVP3NTC
XGVP3780
XOVP 3050
XOVP3120
X3VP3110
XOVP3129
XOVP31 30
XDVP3140
XOVP3153
XOVP 3169



330

340
350
360

370

400
%%

410
C  Hx

420

SUMLM = SUMLM + ABS{SUM)
CONTINUE
1If  (IND{B) EQ. IZERQO) GO TO 340
WRITE (&,530) SUMLM
CONT INUE
CONT INUE
CONT INUE
I (N .EQ. 80) GO TO 5¢C
[F (ITER .GT. IONE) GO TO 50
0o 370 1 = 1 N
SAVABL{ 1) = ANGAB(I)
CONTINUE
SavpoL = DL
SAVMU = DMy
SAVLA = DL AM
GO T0O 140
CONTINUE
WRITE (6,540)
CONTINUE
S0L = ONE / DL
1 ({LOWER) €GO TO 410
LOWER = LTRUE,
SIGN = - ONE
N = ITEN

SAVE THE CORNER AND BGUNDARY POINTS FOR THE UPPER SURFACE
J = 81
Do 400 I = 1y 80
XSLAT(I} = SX(J)
YSLATUIY = Syld)
XXBPII} = SXH{J-1)
YYBP(I) = SYH(J-1)
CPSLATI(L) ONE = {UH{J-11 * UHTJ-1) + VH(J-1)
SCOSLPHI) AtJ-1) = SDL
SSINLPLT) BLJd-1) * S5DL
J=4J4 -1
CONT INUE
GO TO 20
CONT INUE
J = 81
D0 420 I = 1, 80
XSLAT(J) = SX{1)
YSLATU(J) = Syl
XXBP{J) = SXH{I)
YYBP(J) = SYH(I)
CPSLAT() ONE = {UMII) * UHII) + VHII)
SCOsSLP{U) - A1) * SDL
SSTINLP(J) - B(1) * SDL
=4 +1
CONTINUE
XSLAT(J) = XSTE
YSLAT{J) = YSTE
WRTITE 64550}
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XQVP3170
XOVP3180
X0V P3190
X0VP3200
XOVP3210
XOVP3220
X0VP3230
XOVP3240
XOVP3250
XOVP3269
XOVP3270
X0V P3280
X0VP3290
XOVP3300
XOVP3310
XOVP3320
X0VP3330
XOVP3340
XOVP3359
XOVP3360
XOVP 3370
XOVP3380
X0VP3390
X0VP3400
XOVP3410
XOVP3420
X0VP3430
X0V P3440
XOVP 3450
XOVP 3460
XOVP3470
XOVP3480
XOVP 3490
XOVP3500
XOVP3510
XOVP 3520
XOVP3530
XOVP3540
X0VP3550
X0VP3560
XOVP3570
XOVP3580
X0VP3590
XOVP3600
X0VP3610
XOVP 3620
XOVP3630
XOVP 3640
XOVP3650
XOVP3660
XOVP367C
XOVP 3680
X0V P3690
XOVP3700
X0VP3710
XOVP 3720



437
441

s
467

470
4BD

490
500
517

521
530
540
550
541

S70

592
597

WRITE (6,560) XOVP3T730
WRITE 16,57C) Xove3740
WRITE {&,58G) (Jy XSLAT{J)s YSLATLJ), XXBP(J), YYBP{J)y CPSLAT{JXOVPITSC
1) r J = 1y &0} X0VP3T760
WRITE [(£4550) XOVP3TT0
WRITE (£4562) XavP3Ts0
WRITE (6,570) X0VP3752
WRITE (6458010 {J, XSLAT{J),y YSLAT(J), XXBP(J)y YYBPUJ) s CPSLATIIXOVP3IBOT
1) + J = 41, 8D ) XOVP3B1Y
WRITE (&4550C) XOVP3829

WRITE 16,590} XOoVP3g3c
WRITE 16,570) XOVP38490

WRITF (64580) (Jy XSLAT(J),y YSLAT{J}, XXBP{J), YYBP(J), CPSLATL{IXOVPIRRD
i) r J = 81, 120 ) XOVP3A60
WRITE (64,5501 XJIVP38 710
WRITE (6.590) XOVP 333890
WRITE 16,870) XoyP3899

WRITE (£9580) (Jy XSLAT(L), YSLAT{J) s XXBPUJ), YYBPUJ), CPSLAT (UXOVP3GOO

1) v J = 121y 167} XOvP3aln
4 = lél XCVP35273

WRITE {64580) Jy XSTE, Y¥STE XQypr3930

RETURN XGVP3940

X0VvP3y50

FORMAT  (1HO, 5T7P%x% LEADING AND TRAILING EDGE CF SLAT ARE COINCIDXOVP39£D

LENT  #%% ) XOVP39TC
FORMAT  (1H 5 2BENORMALIZATION FACTOR FUOR A =,£1%,By 5H B =,E15.8X0VP398¢C

1) XOVP3990
FORMAT (1K, 41b%%% IN SURROUTINE SHAPE SAVOL IS ZERQ #*%x* ) XQV¥P4030

FORMAT  {1H0, HHAFTER , 13,y 534 ITERATICONS , THE RELATIVE CHANGE XOVP4&4913

1IN SEGMENT LENGTH = » El4.5 ) XQVP4020
FORMAT  {1HD, THOLAM = 4 El4.5¢ 11Xy 6HOMU = 4 E14,5 ) XavP4230

FORMAT  (LH7y 21HNUMBER OF SEGMENTS = 4 I3, 3X, LTHSEGMENT LENGTH XOVP4740

l= y El4,.5, 3X, BHERROR = 4, F1l4.5/1H0, 5Xy LHIy 9%y &4HX{I}, 11X, XIVP4I50
2 AHY {TYy 11X, &HUCI)s 11Xy 4HVII}, 11X, BHTHETA UV, 7X, XIVP4LI6D
3 BHTHETA AW, TX, &6HERRIL)} //) XIVP4DTO
FORMAT LaX, I3, TF15.6) XOVP4G80

FORMAT  (1HO, &1H%%%x [N SUBROUTINE SHAPE A SUM [S ZERQO *x% ) XAVP4&£G9D

FORMAT ([ 1HD, 4&49FHx&k [N SUBRQOQUTINE SHAPE A DENCMINATCOR IS ZERDO *#%*xXJVP4100

L) XOVP41190
FORMAT  {1H9, S4H=*% [N SUBRCOUTINE SHAPE PIVCT ELEMENT IS TOC SMALXOVP4&12C

1L k%% ) XOVP&130
FORMAT  {1HN, 52HABSOLUTE SUM OF CORRECTICNS TC OLAM, DMUs AND CL XJVP4140

11S + El4.5] XQVP415%
FORMAT  (1HQ, 46RCONVERGENCE HAS NOT QCCURRED WITH B0 SEGMENTS ) XOVP4lsa0

FORMAT  {1H1, 43HSLAT COORDINATES AND PRESSURE DISTRIBUTION ) XOVP4&LTR

FORMAT  (1H+, 43X, Z21HFNR UPPER SURFACE **% ) XOV P& 189

FORMAT  (1HC, 3Xs 1HI, 6Xy 4HX{I), 8Xy 4HY(1), 6X, 6HXBP(I}, 6X XUVP419D

1 » OHYBP(L)y TXy SHCP(I) ) XGVP4220D
FARMAT  (1X. 13, 5Fl12.5%) XOVP&210

FORMAT  (1H+, 43X, 2IHFCR LOUWER SUKFACE **x } XOVP422)

END XQvPr423]
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SUBROUTINE SLNR

COMMON /BLKA/ INC{30) 4NCPTSyNSTLNSS,NVLPTS,NPKTS,IR

COMMON /BLKG/ GAMMA{20C)

COMMON /BLK1/ NVOR,NSOR,MCPS¢MCPF,NMCDNPTS NByNCTSoNSORL, NVORT
DIMENSION HD{11l)y A(2C0,291)

DIMENSION IPIVO{(200}

DATA KD / 10H PT « 10H G s+ LOH PT
M 10H G s 10H + 10H PT
' 10HG + 1CH PY v 10H G
' 1GH Py 1QHT G /
DATA EPSLN, IONE, 1ZEROy DONEy ZERO / 1.0E=104s 14 Oy 1.0¢ 0.0 7/

DATA KNSUB /4HSLNR /

SURROUTINE SLNR PRODUCES THE GAMNMAS REQUIRED FOR
THE SOLUTION OF THE CURRENT PROBLEM, ..

DO 10 I = 1, NCPTS
READ {9) (A{I4 Jlsy J = 1y NPNTS )
IF (EOF{9).NE, C.C} CALL KEOF (94 1, KNSUB, 115)
CONT INUE
REWIND 9

2ERO THE PIVOT INDEX ARRAY
DD 20 1 = 1, NCPTS
IPIVO(I} = IZERD
CONT INUE
DO 110 1 = 1, NCPTS
T = ZERD

THE FOLLOWING SELECTS THE PIVOT ELEMENT WHICH HAS THE

LARGEST MAGNITUDE .

DO 4C J = 1, NCPTS
1F  (IPIVO{J)} .NE. I2ERQY GO T0 &0
DO 3G K = 1, NCPTS
IF {IPIVO{K) L NE. [ZERD} GO TO 30
TE = ABS (A(J,K}])
IF (TE WLF« T ) GO TO 30
T = TE
JROW = J
KCOL = K
CONT INUE
CONT INUE

IF A SELECTED PIVOT ELEMENT IS LESS THAN THE SINGULARITY

CRITERION, CALL ERROR(112)

IF (T .GE. EPSLN) GO TO 50
WRITE (6,140])
CONT INUE

TPIVO(KCOL) = IONE
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XKQVZIQOo10
X0vzZo020
X0v20030
X0V20040
XQVZ0050
XOvZI00690
XO0vIoo70
XQvzooao
X0V ZI0090
X0viI01900
X0vZQllo
X0vioi20
X0vZIQ130
X0VZ0140
X0vZIo150
X0VZ0160
X0VZOol70
XCVZ0180
X0V20190
Xovz202990
Xov¥z0210
Xovigez2o
XoVZ20230
X0VZ0240
Xovi02so
XQVZIo260
X0vio2710
Xovz0280
X0v20290
X0vZ0300
XOVZI0310
X0vZ0320
X0VZ0320
XO0VZ0340
X0VZIQ350
XQViID360
Xovzi0310
X0vVZIo3eo
Xovzgase
XOVZ0400
X0vZI0410
XOVZ0420
XO0VZ0430
X0V Z0440
X0VZ0453
XoVZ0460
XOVI0410
X0vzic480
X0¥2049C
Xovzoson
XOVZ0510
XOVZ0520
X0VZI0530
X0vZ0s540
X0vVZ0550
XOVZQ560
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60
XS

OOz

gn
102
117

12n

139

C
140

150
159
177
186G

IF {JROW LEQ. KCOLY GC YO 70O

PUT A(JROW, KCCL)Y N DTAGONAL

00 67 J = 1s NPNTS

TE = & (KCOL, J)
ALKCOLy J0 = A(JROW, J}
AUJRCW, JI TE
CONTINUE

CONT INUE

"o

CIVISION DOWN THE PIVOT ROW BY ITS MAIN DIAGCNAL ELEMENT

TE = ONE / A{KCULs KCCL}
A{KCOL, KCOL) = ONE

DO 82 K = 1, NPNTS

AIKCDCLy K) = A(KCOL, k) * TE
CONT INUE

REPLACE EACH ROW BY LINEAR CCMBINATICN WITH PIVET RCW

DO 120 J = 1 NCPTS
IF  {J +EQ. KCOL}Y &GO
TE = A{J, KCOL)

Aldy KCOLY = ZERC

GO 80 K = 1, NPNTS
AlJ, K) = A(Jy K) - A[KCOL, K} * TE

™ 120

CONT INUE

CONT TNUE

CONT INHIE

DO 120 1 = L1y NCPTS

GAMMA(T) = A(Ty MNPNTS)

CTONT INUE

WRITE (64150

WRITF (&:,160) KD

WRITE (6417C) (Jy GAMMA( Yy J = 14 NVCRTY
TF (NSOF EQ. O) GO TO 138

WRITE (6,180}

WRITE (61701 ( Jy GAMMA(J), J = NSORl, NCPTS }
CONT INUE

RETURN

FORMAT (LHY, £2F%%Xx [N SUBROUTINE SLNR SELECTED PIVCT ELEMENT
1TOQ SMALL *%x% )

FORMAT  (1Hly 46X, 1BHGAMMA DISTRIBUTION )
FORMAT (LHD, 11A17Y

FORMAT {5{2X, I2y lH.y F15,5, 3X)}

FORMAT  (1HOTy 45Xy L1SHSOURCE DISTRIBUTION)
END
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XOVZIGST0
XJVZO580
X0yZ2d590
XQVICs00
XOVZC610
X0vIce2C
XOVZ0630
XOVZ20640
X0V 20657
XQVZI0640
XOVZIU6TC
XOVZIO6RO
XCVZIQ69D
XOvZ2070G32
XIvicilo
XQvzn720
XOVZaT730
XQvzQT4an
XNV zoT50
XavZO160
XOVZOT70
XOVZ0780
X0VZI0790
XQV 204950
Xeyzoale
Xovingae
XOVZI0830
Xnvzionasn
XOVZ085%
X0VZ0863
Xov70870
XOVZIOQRBD
XOVZAS0
XOvZQO9a0
XOVZINSlD
XOV2I53520
Xovzna3n
XOVZI0340
Xovzoeso
XIVZIO9hAD
XoVZQasi?o
XOVZI0980
XOVZIG390
X0V Z12920
XOVZLI1L0
XQvz10292
XDV Z1230
XQVZ124D
XJVZ1250
XOVZI1760
XOVZL1aT0
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SUBROUTINE SLPCLR {SLP, Sy T)

SUBFOUTINE SLPCLR CALCULATES AN ANGLE BY THE

ARCTANGENT FUNCYION

LOGICAL SFLG, TFLG

SFLG = S.EQ.0.

TELG = T.FQ.0.

IF (SFLG JAND, TFLG) WRITE {64+30)
IF  (SFLG)Y GO TO 10

IF (TFLG) GO TD 20

SLP = ATANIT/S) * 57,29578
RETURN

CONT INUE

SLP = 900

IF (TLTeOud SLP = - SLP
RETLIRN

CONTINUE

SLP = 0.

RETURN

FORMAT {1HD, &47H#**%* I[N SUBROUTINE
END

SLPCLR S ANC T EQUAL ZERQ *%x)

XQvM0D10
X0VMON11
X0vmMo012
XOVMOD13
X0VMOO 14
XOVMQO020
XOVMO030
XOVMOQJ 40
X0VMO050
X0¥M0060
X0VMOGT0
X0vM0on8o
XOVMQ0O9D
X0VM0O 100
X0vMQ1l10
XO0VMO0120
X0VMO130
XOVMO 140
X0VMO150
XOVMO 160
X0VMO170
X0vVMOol80
XQ0yM0190



SUBRCUTINE

C %%

COMMON /JRLKA/
COMMON /BLKB/

1

COMMON /BLKC/

Wu
%4
ke
e
ok
*ox
¥ e

e EaEaEsEuNala

BC 1%L

XA
YA

WRITE

CAL
1

L

FOR

VALUF FOR

STLNS

INCU3ODY4NCPTSyNSTLNS ¢ NVLPTS,NPATS, IR
XLEsYLE XTE YTE ¢ XMBAR , YMRAR yUSUBI »CREF , XSUBC yDLTLMN,

DLUTALN,OLTALM, TOLLMT 4CRT,CRFSQ

SUBKFOUT INF
FOR THE GIVEN AIRFOIL SYSTEM.
STREAMLINE EXCEFRD

A GIVEM
1y

ATTEMPTED e e

J =
xS(J4)
YsiJd

1,

NETLNS

(6200 J
{XSURCyOLTLMN,OLTALNDLTALM ,TOLLMT4CRT+XA,YA)

STREAM
CONT INUE

RETUKN

20
END

FORMAT

{1+],

BXy

FETLNS?

IS5 ACHIEVED,

LCHESTREAMLINE o

ALPHA s XS{L T o YSELID) o XVI1UD) s ¥VILCG) o X {2023 ,¥Y(200)

CALCULATES

IF THE ITERATICNS REQUIREC
'CRT' BEFCRE THE CUTCFF
THE NEXT STREAMLINE IS TO BE

2 1
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XOVWOo1n
XOvWna2n
XOVW0330
XOVW0uJ&N
XOVWCaOan
XOVWDI6D
XOVW0DOTO
XOVWOTRD
XGVWQL 3D
XOVW0 100
XCVWOL LG
Xovuwol2o
XOVW0 13232
XOVW(140
XIVWOLl53
XOVWO160
XOVWOL1 70
XDVWO180
XDYWD190
XOVWe 2o
XOVWN212
XWw0220
XOVW0 239



e NuNalNel
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SUBROUTINE STREAM {XSUBC,DLTLMN,SAVE DLTALM,TCLLMT,CRT,XA,YA} XOVQOO10
*x XovVQooll
** SUBROUTINE STREAM CALCULATES THE STREAMLINES FOR THE X0vQ@oo0l2
*¥ AIRFODIL SYSTEM x0vQ0013
*¥ XOVQo01l4
COMMON /BLKB/ XLE.YLEsXTE, YTE ) XMBAR, YMBARUSUBI 4CREF +DUM{T) XQvQoo20
*% X0vQ0o30
LOGICAL BLAP X0vQ0040
DIMENSTION HD (12} XX{Ss1)s¥YY(541)4ERRL{5)4ERRZ{5},5LP(5),CP(5} X0vQeooso
1 + PS1(5) XQvVQQo0&0

DATA RO / 10H v 1CH X e 10H ¥ XovQooTo
1 ' 10H X v 10H Y + 10H X Xovgooao
2 ’ 10H v+ 1OHY + 10H X Xgvoeoo9o
3 ' 10H Y y 1OH X + 10H Y [/ X0vQol100

DATA BLANK / 1H /, ERR1 / 1H1l, LIHZ2, 1H3, LlH4&, 1HS / X0vQol10

IK = 0 X0vQol20

BLAP = ,TRUE. X0vVQol3n

IL =0 X0vVQo140

DLTALN = SAVE XovQo150

WRITE {6,80) HD XovQolen

CALL VELOC (UA)VAXA,YA,DA,~1) X0vQo170

CONT INUE XovQolao

SNA = VA/DA X0vQo1le0

C5A = UA/DA XovQo 200

CONTINUE x0vQo2195

VL1 = DLTALN * CSA Xov¥gQoz220

VL2 = DLTALN %= SNA X0vQo230

XB = XA + VL1 X0vQo240

¥YB = YA + VL2 X0vQo250

XC = XB + VL1 X0VvQo240

YO = ¥B + VL2 xovQozaie

CALL VELOC (UByVByXByYBsDRy~1} X0vQo289

CT = DLTALN/DSB XovQo290

XD = XB ¢« UB * CT X0vQ0300

YD = ¥YB + vB * C7 X0vQ0310

CALL DSTSQD (XC, YCy XDy YD,y XEs YE, Sl S2, 1) Xovaec3aao

IF  (S2.GE.TOLLMT) 60 71O SO X0vVQ0d330

IF  (BLAP) DLTALN = 1.25 * DLTALN X0VQ0 340

BLAP = ,TRUE. XOVQ0350

IF  (DLTALN.GT .DLTALM) DLTAELN = DLTALM X0vQ0360

CONT INUE XOVQQ370

IK = IK + 1 X0vQ0380

IL = IL + 1 XovQ0o3sp

ERRZ(IK) = BLANK x0vQ0400

IF  {.NOT.BLAP) ERRZ2{IK} = ERRL(IK} X0VQo4l0

XX(IXs 1) = XB XQvQo420

YY(IK, 1) = YB X0vVQ0430

SLPIIK)} = 57.2957TB*ATANZ2(VB,UB} X0vQo440

CP{IKY = 1. - {UB*UB + VB*VB}/USUBI/USUBI X0VRQ0450

CALL FLOCAL {(PSILIK)y XB, YB) X0VQ0460

IF (IK.NE.5} GO TO 40 X0vQ0o470

IK =0 XQvQo480

WRITE {6490 (XX{TAs10s¥YY{IA41)1A=145},(SLP{[A),CP(1A),]A=1,5) XOVQO04S0

WRITE (6,100} ERR2Z X0vVQoe 500

WRITE (46,110) PSt Xovaos1o

CONT INUE X0vQo520
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FL = IL

IF ((FL AT CRTJLORL{DLTALN.GT.0. JANDXB.GTLXSUBC)LCR,
1 (OLTALN.LT.O.,AND,XB.LT.XSUBCY) GC TO 60
XA = X8

YA = YB

Ua = UB

VA = VH

04 = B

6o TC 1Ih

CNNTINUE

IF  (DLTALN.EG.CLTLMN)} GO TC 30

BsLAP = JTRUF,

DLTALN = Q.75 * [LTALN

IF  (DLTALNLGTLOLTLMN) GO TO 23

BLAP = LFALSE.

DLTALN = DLTLMN

GO 10 20

CONT INUE

IF {IK.EQ.nY GO TO 7C

WRITE (6490 (XX{TAy11,YY{1A,1)4iA=1,IKI
WRITE {6955) {SLPUIA)LCP(TA),IA=]1,I1K)
WRITE (6,100} (ERRZ(IAY,y 1A = 1, IK}
WRITE  (6,110) (PSTCLIAYy TA = 1,4 IK)
CONT INUE

RETURN

FORMAT  (1HO, 12A10)

FURMAT  L4aX, SlaX, FSuby 2Xy FIat) [ 44Xy S5(4Xy FO.4,
FORMAT  {1H+, 125%, 5A1)}

FARMAT (&%, S(LEXy FG.4Y / )

END
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Xovqesiao
X0VQQO540
XOVQ0550
XOVQOS60
XovQosTo
XovQus8d
ADVQO590
XavQeang
Xovacelc
X0VQQos2C
XOVQ0630
XIVQOE4D
XQVQoasd
X2vR0647
XOVRCATO
XvnRos80
XoVQCA90
XQvQaaTac
XovQot1on
X2vgoT2n
Xovno1in
XovVQ0 740
XavQa750
XAVQD 769
XQvQev7o
XovQo7so
XuvQoiso
XovQosco
XGYQORILO
XavQuaze
XOVQOA3N
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SUBRCUTINE VELOC (UQeVO,XBP+YBPyWM,IZ)

SUBPOUTINE VELOC COMPUTES THE VELCCITIES INDUCED
A POINT By SINGULARITIES AT THE CONTROL POINTS

COMMON /7BLKA/ IND{30) 4NCPTS NSTLNSNVLPTS,NPNTS,IB

COMMON /BLKB/ BUM{6),USUBIL,.COUNM{B)

COMMON /BLKC/ ALPHAXS(10),YSE10),XVI100),YV{100}) ,X{(200),Y{200)
COMMDN /BLKD/ CSs SN, DUM{800)

COMMON /BLXE/ UL200), V(20G), CPUP(200), CPLR(200), CPM{200)
COMMON /7BLKG/ GAMMA{ 200}

COMMON /7BLK1/ NVORJNSORyMCPSMCPF yNMOD yNPTS¢NByNCTSsNSORL ,NVQORT
Ud = USUBI * CS

VD = USUBI #* SN

IF (17 .LE. O} GO 7O 10C

DO 9C 1y=1,NCPTS

IrMl=1v-1

IYPl=1Y+1

CALL DSTSQD (x{I¥Y), Y(IY), XBP, YBPy XL,y Yly A, Al, 1}

IF ((I1Y.EQall.ODRC{IY.EQ.NSOR1I.OR.I{IYLEQ.NCTS}) GO TC 10

IF ({IY.EQuNCPTS)DR.IUIYLEQ.NPTS},ORL{IY.EQ.NVCRT}}) GO TO 20

IF {I1Z.EQ.IY) GO TQ 30

IF {1Z.EQ.I¥YM1) GO TO &40

STANDARD PQINT

CALL DSTRBD {X{IY)y, Y{I¥Y), X(IYPLl)}, Y{IYPl), Ul, V1, A, XBP,
1)

CALL DSTRBD €X(1IY)e Y{IY), X{IYMLI, Y(IVYML}, L2, V24 A, XBP,
1)

GO TO 60

CONT INUE

uz = 0.

Ve = 0,

IF (12.EQ.I¥Y) GO TO &€

Ul = 0.

vl = 0.

CALL DSTRBD (X(IVY), Y{IY¥Y), XUIYPLl), YUI¥YPLl), U2, V2, A, XBP,

GO TO &0

CONTINUE

uz = 3.

vz = 0.

[F (1Z2.8Q.I¥YM1) GO TO 5C
Ul = 0,

Vi = 0.

CALL ODSTRBD (x{IY¥), Y{IY)y X{LYML), Y{LIYML), U2, V24 Ay XBP,
1)
60 TO 60

CONTINUE

CALL DSTRBD AX(IY), YUIY), XULIYML), YUIYM1D), U2y V2, Ay XBP,
1)

GO0 TO 50

CONT JNUE
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X0vVDOO10C
xQvooo11
AT X0vDoO12
X0vVDoo13
X0VDOO14
xXovpoo20
Xovooo3o
X0vDO0D 40
XQvpooso
XovVDO0o 60
Xo0vDOOT0
Xgvpooso
X0ovDO1l10
X0vpo1:20
XGVG0130
X0VDO140
X0vDO150
XovDo160
XovooLvo
xXovpol1ao
XGvDO190
x0vDe200
XQvno210
xovD0220
YBPXOVD0O230
XovD0240
YEPXOVDO250
Xovp0260
Xovooz10
Xgvnoz28d
XQvDO290
X0VD0 300
X0VDO3190
Xovpo3zo
X0vD0330
X0VD0340
YBPXOVDO350
X0vDO0360
XOvVDC370
XQvVoo3eo
X0vDo399
XJvpo400
X0vDO41D
X0vDO420
XovVD0430
XOVDO440
YBPXOVDO450
XovD0460
XOVDO4 70
X0VD0o480
X0vDo490
YBPXOVDO500
X0vD0O510
XovDO0o520
XgvDo530
XovDh0540



CALL DSTRBD  (X{UIYl, YOIYD, XUIYPL1), Y(IYPL), U2, V2y Ay XBPy YRBPXOVDOS5GQ

1) Xavonsad

5N CONT INUE XQV0N570
Bl = 6,283184 % Al Xxovposan

Ul = Y1i/81 xXoypos5q0

vl = - X1/B1 XovDoa10

67 CONTINDE XOvpoe61cd
IF (IY.GELNSORLY GO TO 73 XOVpN& 20

utT = Ul + U2 XIVDCH 3D

VT = v1 + V2 XoVD0 447

£18) TG RO XovoDQes?)

n CONT INUE X3vDQoesT
UT = vi + V2 XOVDOBTL

Vvl =~-ul - U2 XovDos3C0

ac CONT INUE XDVDO&ASE
Jily) = UT XOV0on72o

VIIY) = VT Xevpo7ic

19 CONT INUE XOvDQT20
RETURN XOVDOT73C

C  kx% XAVDOT4T
133 CONT INUE XAvDATS2
C ik XOVDAT60
CALE  GSTSQD  ( Xt1l by ¥Y(1 Y+ XBP, YBP, X1,y Y1, Ay Als 11} Xovooirio

CALL DSTRBL (X{1)y YUL1}s X{2Yy ¥Y(2)y L2y V24 Ay XBPy YBP) Xavoo 180

Ug = uo + U2 %= GAMMALL) XOVDOT9ID

V2 = W0 ¢ V2 ¥k GAMMA( L) XovDO8soo

¢ =% Xovpoaln
DO 110 1y = 2, NE XOVDOB82C

CALL DSTSQD  ( Xx{1ly Y YOIV Ys XBP, YBP, Xl Y1, Ay Al, 1) X2VE383C

CALL  DSTRBD  (X41¥), YOUIY), X(OIY+1), Y(IY+1}, Uly V1, A, XBP, YRPXOVDDOB4D

I XovDIss)

CALL GSTRBO  (X(IY)y YOIYD, XOEY=-1)y Y{IY=11, U2y V24 4, XBP, YBPXOVDDBSD

1) Xuvpnarn

Ut = Ul + 12 xovDoasan

VT = V1 + V2 XovDo899d

U = Ud « UT = GAMMALTY) XIDAGDT

VO = WD+ VT % GAMMA(ILY) XoVDosl1o

113 CONT INILIE Xgynoa2z2n
C &= . Xovpo9ian
C IY = NUMBER 0OF CORN:R PIRINTS CON AIRFOIL = APTS, CONTRIBUTIOGN XOVD0D947
¢ %k XOVD09sh
CALL DNDSTSQL  XINPTS 1}, YINPTS ), xBP, YHP, X1, ¥1, A, Al, 1) XOVD09s{

CALL DSTEBD  [X(NPTS), YINPTSY, X{NB), ¥Y(NR), U2, V2, A, XBP, YRPXQVDOSTD

1} XDVDASRN

Ua = U ¢ 12 = GAMMA(NPTYS) XoVDogsn

VI = ¥ & V2 = GAMMA{INPTS} Xnyo1o09n

C o %* XOvD1710
C 1Y = NCTS TO ONVORT Xovplaozo
L *®% XOvDl1130
IF  (NVOR LJEGQ. ) GO TO lad XOVD1240

iy = NCTS + 1 XOVD1IO&D

CALL  DSTSQD ¢ ¥{NCTS }y YINCTS )y XBP, YBRP, X1, Y1, Ay, Al, 1} XOV0O1060

CALL  DSTRBD AX{NCTS)y Y{NCTSY, XUIY)y Y{IY)y UZe V24 Ay XBP, YBRXOVDILIOTD

1} XOVD1LRO

Un = UG + U2 = GIMMAINCTS) XoVD1lL9o

VO = VO + V2 % GAMMA(NCTS) XavpLinn
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- XO0V01110
IF (IY .EQ. NSORL) GO TO 140 X0VD1120
NVORM1 = NVORT - 1 XOVD1130
IF (NVOP LEQ. 2) GO 1O 130 X0V01140

C ** X0VD1150
DO 120 T = IY, NVORM1 XOVD1160
CALL DSTSQD { X{I by YUI )+ XBP, YBP, Xl ¥l, Ay Aly 1)  XOVDILT0
CALL OSTRBD {X(I), Y(I), XtI¢l), Y(I+1), UL, Vl, A, XBP, YBP)  XOVD1180
CALL DSTRBD {X(I}, Y{I), X(I-1), Y{I-1), U2, V2, A, XBP, YBP)  XOVD1190
UT = Ul + U2 X0VD1200
VT = V1 + V2 X0VD1210
UO = UD + UT % GAMMA(T) X0VD1220
VO = VO + VT * GAMMA(I) X0VD1230

120 CONTINUE X0VD1240

130  CONTINUE XOVD1250
CALL DSTSQD ( X(NVORT), Y(NVORT), XBP, YBP, XLy Y14 Ay Al, 1)}  XOVDL260
CALL DSTRBD {X{NVORT), Y(NVORT), X{NVORML}, Y(NVORM1), U2, V2 XOVD1270

1 » Ay XBP, YBP) X0VD1280
UD = UO + U2 * GAMMA[NVORT) X0VD1290
VO = VO + V2 * GAMMA(NVORT) X0VD1300

140 CONTINUE X0VD1310

C *¢ XOVD1320

c 1Y = NSOR1 TO NCPTS X0VD1330

C *x X0VD1340
IF  (NSOR .EQ. 0) GD TO 170 X0VD1350
1Yy = NSOR1 + 1 X0VD1360
CALL DSTSQD ( X{NSOR1), Y{NSOR1), XBP, YBP, XL, Yl, A, Al, 1)  XOVD1370
CALL DSTRBD (X(NSORL}, Y(NSORL}, X{IY}, Y{(IY), U2, V2, A, XBP,YBXOVD1380
1P} XOVD1390
U0 = UD + V2 * GAMMAINSORL1) XOVD1400
VO = V0 - U2 * GAMMA{NSORL) X0VD1410

C *x XOVD14 20
IF (NSOR1 .EQ. NCPF¥S) GO TO 176 X0VD1430
IF (NSOR .EQ. 2) GO TO 160 XOVD1440

C *x X0VD1450
DO 150 I = 1, I8 XO0VD1460
CALL OSTSQD ( Xxtl be YUI by XBP, YBPy Xl, Yly Ay Aly 1)  XOVD1470
CALL DSTRBD {X(I)y Y(I )y X{J¢1)y Y{I+1)y UL,y V1, A, XBP, YBP) XOVDL480
CALL DSTRBD (X(I3, Y(I 3}, X{I-1), Y(I-1}, U2, V2, A, XBP, YBP) XOVD1490
UT = V1 + V2 X0VD1500
vT = -Ul - U2 XOVD1510
UO = UD + UT * GAMMA(I) XOVD1520
VO = VO + VT % GAMMA{I1) X0VD1530

150  CONTINUE XOVD1540

160  CONTINUE XGVD1550
CALL DSTSQD ( X(NCPTS), Y(NCPTS), XBP, YBP, Xl, Y1, A, Al, 1)  XOVD1560
CALL DSTRBD (X(NCPTS), Y(NCPTS), X(IB), Y(IB), U2, V2, A, XBP,YBXOVD1570
1P) X0VD1580
UD = UO + V2 % GAMMAINCPTS) XOVD1590
VO = VO - U2 * GAMMA{NCPTS) X0VD1600

1760  CONTINUE X0VD1610
VM = SQRT (UD*UQ + VO*V0) XOVD1620
RETURN X0VD1630
END XOVD1640



SURRNIUTINE wWRTE XOVKODLn

C %% XOVKDD 11
C &% SUBROQUTINE wWRTE WRITES THE INPUT CATA XOVKOG12
C %% ) XOVKOC 13
COMMON /BLKA/ INC(3CY 4 NCPTS,NSTLANS,NVLPTS,NPNTS,IB XOVKS220
COMMIN /3LKE/ XLEsYLE ¢ XTE(YTE; XMBAR yYMBAR JUSUB [ 4CREF ¢XSUBC ¢DLTLMN,XAVKGTDIY

1 DUTALN,OLTALM, TOLLMT .CRT,CRFSG XDVKOI4S
COMMON Z7BLKC/ ALPHA,XSEIO) y¥S{1D} o XV{L100 YV (LCO) 4 X(200),Y (2073} XOVKON50
COMMIN ABLKIZ TITLE(L2) XIVKDII6D
COMMON JRLK1/ NVOP ¢NSORsMCPSyMCPF ,AMED yNPTS,NB;NCTS,NSCRLAVCRT XQVKOCTC
COMMON /8LK2/ CPMOD{SEC) XOVKOGAn
COMMCN /BLK3/ XSLF, YSLE, XSTE, YSTE ' XOYK00SD

WARTTE {6,80) XIVKD130
WRITF (6,50) TITLE ' XOVKO11D

[F (NMOD .GT. 3) WRITE (6,100) NMOD, MCPS, MCPF XKIVKO120

IF (NVLPTS.NE.O) WRITE (&41101 NVLPTS XGVKQL132D

IF LINDISYWNE.OY GO TN 1D XIVKO 14"

WRITE f(eyl20) XQVKO150

GG TR 29 XOVKO 15D

10 CONT INUE XAVKHL70
WRITE (6,130} ' XOVKU180

20 CONT INUE XIVKG160
IF (INC(B1.EQ.2) GO TO 20 XOVKD 210

WRITE (6,140) XOVKC 210

6N TN 4n XOVKn220

kR CONT INUF XOVKO?230
WRITE {6415%0) XOVKD 240

470 CONT [MUF XOVKO25D
IF  INSTLNS .EQ. €Y GD TO %0 XOVKD263

WRITE (6,167 1 MNSTLNS XOVKQ 2780

G TO O X0VKQ 280

50 CONT INUE XOVKO0290
WRITE (6,177} XOVKO 220

£ CONT INUE XOVKO 31N
WRITF (&,18C) ALPHA XOVKD329

WRITS {6,100} XMBAR, YMRAR XAVKO3In

IF  (INDU&) .20Q. 0) WRFITE (&,270) NVDR, NSOR XTVKD 340,

WRITE {(6+210) XSLE,YSLE yXSTE,,YSTEWXLE,YLE ¢+ XTE,YTE,CREF XOVKQO3480

IR INSTLNS.FQLD) 60 TO 770 XNYKD34D
WRITE {6422°) (1,XS{1),¥SCL),I=14NSTLNS) XOVKC370

70 CONTINUE XOVKD3BO
IF (NVERTS,NELTY WRITE (£4230) {1 ,XV(E)e¥YVII}sI=1,NVLETSY XOVKC3S0

IF  (IND{4) LFQ. 1) RETURN XOVKO&0D

WRITE (£4240) (T,X¢1ya¥01),I=NCTS,NVCRT) XIVKD410

WRITF (642800 (T4X(T)e¥{I34I=NSMKL,NCPTS} XOVKN4 20

WRITE {6,267 (1¢X{1) Y[ 1),CPMODIT-MCPS+1},I=NCPS,MCPF) XOVKI4 30
RETURN XOVKC 44D

C XOVKL 45D
R FORMAT  (1KL,24Xy TCHTWO-DIMENSIONAL SLAT CESIGN BY THE METHCC CF CXOVKO460
LISTRIBUTED SINGULARITIFS//) XCVKD4T0

g0 FORMAT  {1X, 12410 /7 ) XIVKD4 8%
107 FORMAT  (loX.24H-—- PRESSURE SPECIFIED AT,13,29H POINTS, BEGINNING XOIVKD49D
1WITH POINT14,18H ENDING WITH POINT,!4) XNVKG 500

112 FORMAT  (L&6X,25H-- VELOCITY CALCULATED AT.14,17H REMOTE POINTS...)XOVKOGLIN
122 FORMAT  (16X,26H—- PRESSURES CALCULATED..u) : XOVKO520
130 FORMAT (16X,30H=-- N PRESSURE CALCULATIONS.aa! XQVKO530
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140
1590
160
170
180
190

200

210

220
230
249
250

260

FORMAT
FORMAT
FORMAT
FORMAY
FORMAT
FORMAY
1)
FORMAT

{16X,

1
2 I3y9HPOINTS...}

{16X%Xy23H-- FORCES CALCULATEDs )
{16Xy27H=~~ NO FORCE CALCULATICONS...)

2H==, 13,26H STREAMLINES CALCULATED.+.)

FORMAT (16X,30H-~- SLAT LEADING EDGE

O

16Xy 30H-- SLAT TRATLING EDGE
16X, 30H-—- AIRFOIL LEADING EDGE
16Xy 30H~-- AIRFOIL TRAILING EDGE
16X+ 30H-- REFERENCE CHORD

{16Xy29H-~ NO STREAMLINE CALCULATIONS)
{16X,32H-~- ANGLE OF ATTACK OF SYSTEM IS
(16X, 34H-— MOMENTS TAKEN ABOUT THE POINT (FB.4+1HysFB.4,1HIXOVKO590

X ='F8o415H
X =4FB.4,5H
b 4 =|F8.4|5H
x =!FBO4ISH
C =yFB.4 )

FORMAT (/16X,34H-- STREAMLINE STARTING COORDINATES/

1 (16X:3(16,

8H.

X = F3o4|6H Y = F8.4)))

FORMAT (/16Xy27TH-- REMOTE POINY COORDINATES/

1 (16X,3(16,

BH.

X = FB,446H Y = FB8.411)

FORMAT {/16Xy29H-- SLAT VORTEX CONTRCL POINTS/

1 (16X, 3016,

BH.

X = FBs4y6H Y = FB,4)))

FORMAT (/16X929H-— SLAT SOURCE CONTROL POINTS/

1 116X%s3(16,

8H.

X = FB.446H Y = F8.4)))

FORMAT {/716X,22H~~- SPECIFIED PRESSURES/
1 {16X,211648H.

END

X = FB-416H ¥ = F8.4.7H
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cP =

FBa%)))

+F8,448H DEGREES)

XOVK0O540
X0VKD550

XOVKO560
XOVKG570
X0vVKO580

X0VKQ600

(16Xy 47H-- SLAT VORTICITY DISTRIBUTION TO BE DEFINED AT,.I3,XOVKO610
IHPOINTS va e/ 16Xy 44H-- SLAT SOURCE DISTRIBUTION TO BE

OEFINED AT, X0OVK05620

Y =:F8-4/
Y =¢F8.47
Y =1F8g4[
Y =|F8-4,

XOVKQO630
XOVKQ640
X0VKQ650
XOVKQ660
XOVKO670
XO0vK0680
XQVK0690
XOVKOTD0
XOVKOT10
XQvKO0720
XO0VKO730
XOVKO740
XQVKOT50
XOVKO 760
XOVKOT70
XOVKO 789
XOVKOT790



PROGRAM XxQvan( INPUT=512, QUTPUT=512, TAPES=INPUT, TAPEG6=CUTPUT XOVAQO1L

1 y TAPE1=2C4PR, TAPES=]1024 } XOVACD2

{ %% XOVAODZ2]
€ %% PROCRAM XQVNC DIRECTS THE CALLING OF THE CVERLAYS X0VAQDR22
C *%=% XOVAQD23
COMMON /BLKA/Z INCO30) NCPTS NSTLNS NVLPTS,NPNTS,IB X0V AZC3n
COMMON /BLKR/ XLI, YLE, XTEsy YTE, XMBRAR, ¥YMBAR, USUBI, CREF, XSUBCXOVAQI4D

1 ¢+ DLTLMN, DLTALN, DLTALM, TOLLMT, CRT, CRFSQ XIVAQOSO
COMMON FBLKC/ ALPHA ¢ XSTL1D) 4 ¥SUL1O) o XVI100) 2 ¥YVILICO) ,XE200),Y(200) XOVACDE2
COMMON /BLKD/ CSsSNyXBPLZ20T)Y,¥YBPI200) +CNSSLP {200 +SINSLP{20D) XOVADTTLE
COMMON JRLKE/ UL202), VI2N2), CPUP(Z200),y CPLRIZOD), CPMLI2072) XOVAQOBO
COMMON /BLKG/S CGAMMA{ Z200) X0V ANNQSY
COMMON /BLKJ/ TITLE(LI2) XOVAL1an
COMMON FHLK1/ NVUR NSORMCPSyMCPFyNMCDyNPTSyNByNCTSeNSORL o NVORT XOVAQL1Z
COMMON /BLK3/ XSLEy YSLE, XSTEs YSTE XOVAD120

C =#*% TWO=-DIMENSINONAL POTENTIAL FLOW ANALYSIS BY THE METHODXOVAQL2JD
C #*x OF DISTRIBUTED SINGULARITIES... XOVAQ14C
113 CONT INUFE XJVAOL1SD
REWIND 1 XJVAQLAD

CALL DVERLAY [ 3HCUM, 1, C} XAOVADLTD

CALL OVERLAY (3HDUM, 1, 1) XO0VAD1812

CALL  QVERLAY (3FHDUM, 2, ™) XIVAOLSD

CALL OVERLAY (3EDUM, 1, C) XQVADZ2DD

CALL OVERLAY {3HDUM, 1, 2) OVADZIC

G TO 117 XOVan220

ENC XOVAOQZ23D
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™
¥
%
ok

PRGGRAM

G = 0.0
END

XGv10

PROGRAM XOV1IC PERMITS SLBRCUTINES TC BE IN

OVERLAY {DUM,

|

Q)
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X0VCOO01

XovCconll
XQveconliz
XQvCoo1l3
X0VCO0014
XQvLoo20
XQYCQu 30
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%%
o
o %
%X

PRCGRAM xDVI11

CALL
CALL
CAil
EMD

RD

D
GEOM
MTRXGN

PROGRAM XCV11 DIRECTS THE CALLING CF SUBROUTINES

GFEDOM,

MTR XGN

169

XOVICOl

XOVIOall
XOvI10712
XOVI0Q13
X0V 10014
XNV 13320
X0vi1g03c
Xov 10949
XOV1a352



OO O

ok
Y
¥
o

PROGRAM XxXOV12

PRGGRAM XCv12 DIRECTS THE CALLING

STLNS, RMTVTY, SHAPEs PRSS,y FRC
COMMON /BLKA / IND{30ky NCPTSy, NSTLNS,
If  (NSTLNS .GT. O) CALL STLNS
IF {NVLPTS .NE. 0) CALL RMTVTY
1IF U{IND(2} EQ. O) .AND., (IND{4) .EQ.
IF  (IND(S) .EQ. 0) CALL PRSS
IF {IND(6) .NE. 2} CALL FRCE
END
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E

NVLPTS,

0)} CALL

CF SUBROUTINES

NPNTS,

SHAPE

I8

X0voool
Xovaogz
X0voao3
X0V0004
X0vgoos
X0v0oo0s0
XQv00070
XOVo0089
X0v0o0090
X0v00100
X0voollo
X0vaol20
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PROGRAM XCy2n

CaLL
ENE

SLNR

PROGRAM xCv20 DIRECTS THF CALLING CF SUBROUTINE SLNR
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ovyool

XgvyYQoll
XQvYQole
XOV¥Yoal3
Xovyonzao
XIV¥Y¥Y2030
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