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BOUNDARY-FITTED CURVILINEAR COORDINATE SYSTEMS
FOR SOLUTION OF PARTIAL DIFFERENTIAL EQUATIONS
ON FIELDS CONTAINING ANY NUMBER OF ARBITRARY TWO-DIMENSIONAL BODIES

By Joe F. Thompson,t Frank C. Thames,* and C. Wayne Mastin‘gX
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Mississippi State, Mississippi 39762

Research Sponsored by NASA Langley Research Center, Grant NGR 25-001-055
SUMMARY

A method for automatic numerical generation of a general curvilinear
coordinate system with coordinate lines coincident with all boundaries of
a general multi-connected, two-dimensional region containing any number of
arbitrarily shaped bodies is presented. No restrictions are placed on the
shape of the boundaries, which may even be time-dependent, and the approach
is not restricted in principle to two dimensions. With this procedure the
numerical solution of a partial differential system may be done on a fixed
rectangular field with a square mesh with no interpolation required regard-
less of the shape of the physical boundaries, regardless of the spacing of
the curvilinear coordinate lines in the physical field, and regardless of
the movement of the coordinate system in the physical plane. A number of
examples of coordinate systems and application thereof to the solution of
partial differential equations are given. The FORTRAN computer program and
instructions for use are included.

I. INTRODUCTION
There arises in all fields concerned with the numerical solution of
partial differential equations the need for accurate numerical representa-
tion of boundary conditions. Such representation is best accomplished when
the boundary is.such that it is coincident with some coordinate line, for
then the boundary can be made to pass through the points of a finite dif-
ference grid constructed on the coordinate lines; hence the choice of

cylindrical coordinates for circular boundaries, elliptic coordinates for
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elliptical boundaries, etc. Finite difference expressions at, and adjacent
to, the boundary may then be applied using only grid points on the inter-
sections of coordinate lines, without the need for any interpolation between
points of the grid.

The avoidance of interpolation is particularly important for boundaries
with strong curvature or slope discontinuities, both of which are common in
physical applications. Likewise, interpolation between grid points not
coincident with the boundaries is particularly inaccurate with differential
systems that produce large gradients in the vicinity of the boundaries, and
the character of the solution may be significantly altered in such cases.

In most partial differential systems the boundary conditions are the dominant
influence on the character of the solution, and the use of grid points not
coincident with the boundaries thus places the most inaccurate difference
representation in precisely the region of greatest sensitivity. The genera-
tion of a curvilinear coordinate system with coordinate lines coincident with
all boundaries (herein called a "boundary-fitted coordinate system" for pur-
poses of identification) is thus an essential part of a general numerical solu-
tion of a partial differential system.

A general method of generating boundary-fitted coordinate systems is to
let the curvilinear coordinates be solutions of an elliptic partial differen-
tial system in the physical plane, with Dirichlet boundary conditions on all
boundaries. One coordinate is specified to be constant on each of the bound-
aries, and a monotonic variation of the other coordinate around each boundary
is specified. Thus, there is a coordinate line coincident with each boundary.

The procedure is not restricted to two dimensions, allows the coordinate lines



to be concentrated as desired, and is applicable to all multi-connected regions

(and thus to fields containing any number of arbitrarily shaped bodies).

The coordinate system so generated is not necessarily orthogonal, but
orthogonality is not required, and its lack only requires that the partial
differential system to be solved on the coordinate system when generated
must be transformed directly through implicit partial differentiation rather
than by use of the scale factors and differential operators developed for
orthogonal curvilinear systems. An orthogonal system cannot be achieved
with aribtrary spacing of the coordinate lines, and the capability for such
concentration of coordinate lines is of more importance than orthogonality.

This general idea has been applied previously to two-dimensional regions
interior to a closed boundary (simply-connected regions) by Winslow [1],
Barfield [2], Chu [3], Amsden and Hirt [4], and Godunov and Prokopov [5].
Winslow [1] and Chu [3] took the transformed coordinates to be solutions of
Laplace's equation in the physical plane which, as is shown in the next sec-
tion, makes the physical cartesian coordinates solutions of a quasi-linear
elliptic system in the transformed plane. Barfield [2] and Amsden and Hirt
[4] reversed the procedure, taking the physical coordinates to be solutions in
the transformed plane of a linear elliptic system which consists of Laplace's
equation modified by a multiplicative constant on one term. This makes the
transformed coordinates solutions of a quasi-linear elliptic system in the
physical plane. Barfield also considered a hyperbolic system, but such a
system cannot be used to treat general closed boundaries, since only elliptic
systems allow specification of boundary conditions on the entirety of closed
boundaries. Stadius [6] also used a hyperbolic system to generate a coordinate

system for a doubly-connected region having parallel inner and outer boundaries.



With parallel boundaries it is only necessary to specify conditions on one of
the boundaries, the location of the other boundary being free. The elliptic
system, however, allows all boundaries to be specified as desired and thus has

much greater flexibility.

Amsden and Hirt [4] constructed the coordinate generation method by
iterative weighted averaging of the values of the physical coordinates at
fixed points in the transformed plane in terms of values at neighboring
points. Although not stated as such, this procedure is precisely equivalent
to solving Laplace's equation, or modification thereof of the form noted above
in Barfield [2], for the physical coordinates in the transformed plane by
Gauss—-Seidel iteration. Amsden and Hirt also allowed the boundary to move at
each iteration, but this is simply equivalent to approaching the solution of
the boundary-value problem through a succession of boundary-value problems
converging to the problem of interest. In the approach of Godunov and Proko-
pov [5] the elliptic system is quasi-linear in both the physical and transformed
planes. These authors applied a second transformation to that used by Chu [3],
the transformation functions of this latter transformation being chosen a
priori to control the coordinate spacing. Though not stated as such, the over-
all transformation may be shown to be generated by taking the transformed coor-
dinates to be solutions in the physical plane of Laplace's equation modified
by the addition of a multiple of the square of the Jacobian, the multiplicative
factors being a priori chosen functions of the physical coordinates.

Meyder [7] generated an orthogonal curvilinear system by solving for the
potential and "force" lines in a simply-connected region and taking these as

the coordinate lines. This amounts to making the curvilinear coordinates



solutions of Laplace equations in the physical plane with Dirichlet boundary
conditions (constant) on part of the boundary and Neumann boundary conditions
(vanishing normal derivative) on the remainder. The solution for the coordinates
was done, however, in the physical plane on a rectangular grid using interpola-
tion at the curved boundaries, rather than in the transformed plane.

Orthogonal curvilinear coordinates for multi-connected regions, including

regions with two bodies, have been generated by Ives [8] using conformal mapping.

Conformal mapping is a special case of the generation of coordinate systems
by solving an elliptic boundary value problem, but is not extendable to
three dimensions and is less flexible in the spacing of the coordinate lines.
There have also been a number of transformations developed directly for
special purposes without solving a partial differential system. One such
approach is that of Gal-Chen and Somerville [9] for the treatment of an
irregular boundary, such as mountaneous terrain, in a simply-connected region.
In the present research, the technique of generating the transformed coor-
dinates as sclutions of an elliptic differential system in the physical plane
has been applied to multi-connected regions with any number of arbitrarily
shaped bodies (or holes). The elliptic equations for the coordinates are
solved in finite difference approximation by SOR iteration. Procedures for
controlling the coordinate system so that coordinate lines can be concentrated
as desired have been developed. Present effort is confined to two dimensions
in the interest of computer economy, but the technique is extendable in

principle to three dimensions. The procedure is also applicable



to fields with time-dependent boundaries, ome coordinate line remaining

fixed to the moving boundary. Here the equations for the coordinates must be
re-solved at each time step. The computational grid remains fixed in spite
of the movement of the physical grid.

Any partial differential system can be solved on the boundary-fitted
coordinate system by transforming the set of partial differential equations
of interest, and associated boundary conditions, to the curvilinear system.

(It is shown in Appendix B that the equations do not change type, i.e.,
elliptic, parabolic, hyperbolic, under the transformation.) Since the bound-
ary-fitted coordinate system has coordinate lines coincident with the surface
contours of all bodies present, all boundary conditions can be expressed at
grid points, and normal derivatives on the bodies can be represented using
only finite differences between grid points on coordinate lines, without

need of any interpolation, even though the coordinate system is not orthogo-
nal at the boundary. The transformed equations can then be approximated
using finite difference expressions and solved nué;rically in the transformed
plane. Thus, regardless of the shape of the physical boundaries, and regard-
less of the spacing of the finite grid in the physical field, all computa-
tions, both to generate the coordinate system and subsequently, to solve the
partial differential system of interest can be done on a rectangular field
with a square mesh with no interpolation required on the boundaries. More-
over, the physical boundaries may even be time-dependent without affecting
the grid in the transformed region.

The computer software utilized to generate the boundary-fitted coordi-
nate system is independent of the set of partial differential equations to

be solved on this system. For example, numerical solutions for inviscid
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and viscous fluid flows have been obtained using this system (Ref. 10-14).
The partial differential equations governing these phenomena differ drasti-
cally. However, for a given body geometry, the same boundary-fitted system
generation program was used in both solutions. Another major advantage of
using boundary-fitted coordinates is that the computer software generated to
approximate the solution of a given set of partial differential equations is
completely independent of the physical geometry of the problem. The coordi-
nate systems for the wide variety of bodies included in this report, for
example, were all developed utilizing the same computer program. Finally,
it is shown in Appendix C that physical integral conservation relations need
not be lost in the transformed plane.

This report presents a detailed development of the method for generation
of boundary-fitted coordinate systems for general, multi-connected, two-
dimensional regions. The basic doubly-connected region transformation is
discussed in Section II in some detail. Extensions of the basic transforma-
tion to multi-connected regions, contracted coordinate systems, and time-
dependent systems are also discussed. The numerical techniques used to
implement the method and a number of specific examples are presented in the
Sections III and IV. Examples of application to the solution of partial
differential equations are given in Section V. Finally, instructions for
use and a listing of the FORTRAN program are given in Section VI. Various
derivative relations used in the transformation of partial differential systems

and program parameters used in the examples included are given in Appendix A.

IT. MATHEMATICAL DEVELOPMENT
Preliminaries
The general transformation from the physical plane [x,y] to the trans-

formed plane [£,n] is given by the vector-valued function
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£ £(x,y)
= (1
n n(x,y)
The Jacoblan matrix for this transformation is
E &
_ | X y
ﬂx T\y

where the subscripts denote partial differentiation in the usual mannel.

The inverse function or transformation of (1) is, if it exists,

X x(&,n)
= (3)
y y(&,n)
The Jacobian matrix of (3) will be denoted by J, and is given by
X, X
- £ n
J2 (4)
e In
The Jacobian determinant, or Jacobian as it is normally called, is
then
J = det(J = X - X
[_3] e7n e (5)
The Jacobian matrices, (2) and (4), are related by
3, = 13,07 (6)

which implies the relations

£, = yn/J, &y = —xn/J, n, = -yg/J, ng = xglJ (7a,b,c,d)



Partial derivatives are transformed as follows:

£ o226y, 3GL,y) | Onfy 7 Vel

x Sany | aey C 3 (8)
(-x £, + x_f )
JA0GE) [, 3G,y _ CRfe toxE

R Y G REIGRS 3 (9)

where f is some sufficiently differentiable function of x and y. Higher
derivatives are obtained by repeated application of (8) and (9). A com-
prehensive set of transformed derivatives, operators, unit vectors, and
other useful relations is given in Appendix A.

Sufficient conditions for the transformation described above to exist
are given by the inverse function theorem (Ref. 15). 1In particular, if
the component functions of (1) are continuously differentiable at a point,
say (xo, yo), and the Jacobian matrix (2) is nonsingular at (xo, yo) then
there exists a disk NO about (xo, yo) such that the inverse function (3)
exists and (6) holds for all [x,y] in NO. It is readily apparent that the
theorem guarantees existence only in a local fashion. For this reason com-
ponent functions of (1) which possess even more desirable properties than
those required by the inverse function theorem are sought,

Since the basic idea of the present transformation is to let the com-
ponent functions of (1) be solutions of an elliptic Dirichlet boundary value
problem, an obvious choice is to require that £(x,y) and n(x,y) be either
harmonic, subharmonic, or superharmonic. Harmonic functions have continuous
derivatives of all orders. Moreover, harmonic functions obey a maximum
principle which states that the maximum and minimum values of the function
must occur on the boundaries of the region D. Thus, since no extrema occur

within D, the first derivatives of the function will not simultaneously
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vanishes in D, and hence the Jacobian J will not be zero due to the presence
of an extremum. (Note that this merely removes one condition which may cause
the Jacobian to vanish.) Further, the maximum principle guarantees uniqueness
of the coordinate functions E(x,y) and n(x,y), (Ref. 16), and thus ensures
that no overlapping of the boundaries will occur. Subharmonic and superhar-
monic functions are also continuously differentiable and obey a maximum
principle. (The maximum principle is not as strong for these functions as

it is for harmonic functions.) A more general discussion of the mathematical

properties of the transformation is given in [(17].

Doubly~-Connected Region

Consider the transformation of a two-dimensional, doubly-connected
region D bounded by two simple, closed, arbitrary contours onto a rectangular
region D* as shown in Figure 1. (The basic transformation is discussed here
assuming that the body contour and outer boundary are transformed, respec-
tively, to the constant n-lines forming the bottom and top sides of the
transformed region. The more general case of segmented body contours trans-
forming to any side of the transformed region follows analogously and is
discussed in later sections. The computer program allows the body contour(s)
and outer boundary to be segmented and placed around the sides of the trans-
formed plane in any manner desired.) Let I'. map onto Pl*, F2 map onto Fz*,

1

T3 onto F3*, and F4 onto FA*' For identification purposes region D will be

referred to as the physical plane, D* as the transformed plane, and Ii as the

body contour. Note that the transformed boundaries (Fl* and Fz*) are made con-
stant coordinate lines (n-lines) in the transformed plane. The contours T3

and I‘4 which connect the contours Fl and F2 are coincident in the physical
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plane and thus constitute re-entrant boundaries in the transformed plane.
In view of the closing remarks of the previous section, consider taking
Laplace's equation as the generating elliptic system. That is, let E(x,y)

and n(x,y) be harmonic in D. Then

gxx + Eyy = Q (10a)

L + nyy =0 (10b)

with the Dirichlet boundary conditions

”E ,-gl(x’Y).

= s [x)YJ € Fl (10(‘.)
oM
€] . £, (x,y)]

= ’ IX,YJ € r2 (10d)

where ny and n, are different constants (n2 > nl),and El(x,y) and Ez(x,y)
are specified monotonic functions on Fl and Fz, respectively, varying over
the same range, The arbitrary curve joining Pl and F2 in the physical

plane, which transforms to the right and left sides of the transformed plane,
specifies a branch cut for the multiple-valued function £(x,y). Thus, the
values of the physical coordinate functions x(£,n) and y(€,n) are the same on
D3as onIﬁ, and these functions and their derivatives are continuous from F3
to FA' Therefore, boundary conditions are neither required nor allowed on

F3 and F4. (A graphic analog to the above ideas can be found in most com-
plex variable texts where Riemann surfaces are discussed. For example, see

Levinson and Redheffer, Ref. 16.),
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Since it is desired to perform all numerical computations in the uni-
form rectangular transformed plane, the dependent and independent variables
must be interchanged in (10). Use of equation (A.18) of Appendix A yields

the coupled system

ax€£ - ZBxgn + yxnn =0 (11a)
ayEg - 28y€ﬂ + Yynﬂ =0 (11b)
where
o = xn2 + ynz (11c)
B = xgxn + yEyn (11d)
y = x£2 + y€2 (1le)

with the transformed boundary conditions

X £,(,n;)
= » [Eynyde T* (11f)
y £,(8,n))
X gl(E,nz)
= ’ [E;’TIZ]C rz* (11g)

The functions fl(i,nl), fz(E,nl), gl(E,nz), and gz(E,nz) are specified by
the known shape of the contours Pl and Fz and the specified distribution of
£ thereon. As noted, boundary data are neither required nor allowed along
the re—entrant boundaries F3* and PA*'

The system given by the equations of (11) is a quasi-linear elliptic

system for the physical coordinate functions, x(£,n) and y(£,n), in the
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transformed plane. Although this system is considerably more complex than
that given by (10), the boundary conditions (11f,g) are specified on straight
boundaries, and the coordinate sparing in the transformed plane is uniform.
The boundary-fitted coordinate system generated by the solution to (11) has

a constant n-line coincident with each boundary in the physical plane. The
gE=constant lines may be spaced as desired around the boundaries since the
assignment of the £-values to the [x,y] boundary points via the functions fl’
f2, 8> and g, in (11f,g) is arbitrary. (Numerically the discrete boundary
values [xk,yk] are transformed to equi-spaced discrete Ek—points on both
boundaries.) Control of the radial spacing of the n=constant lines and of
the incidence angle of the Z=constant lines at the boundaries is accomplished
by varying the generating elliptic system (i.e., the system of which £(x,y)
and n(x,y) are solutions) as will be demonstrated in Section IV. As 1llus-
trated in Figure 1, the left and right boundaries of the transformed plane
are re-entrant boundaries, which implies that both solutions, x(£,n) and

y(£,n), are required to be periodic in the region {[E,n]l - ® < f <

Multiply-Connected Region

The basic ideas and procedures introduced in the preceding section
can be extended to regions containing more than one body--that is, to general
multi-connected or multi-body regions. One transformation for two bodies 1is
illustrated in Figure 2. The bodies are connected with one arbitrary cut,
with an additional cut joining one of the body contours to the outer boundary.
The physical plane contours I', - I' map respectively onto the contours Tl* -

1 8

FB* in the transformed plane. Note that the body defined by the union of

F7 and F8 is split into two segments (T7* and F8*), as is the cut joining
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this body and the one defined by contour Fl. The n-coordinate is the same
for both of the bodies and cut between them. Conversely, the cut defined by

Ty and T, in the physical plane is taken as a &=constant line in the trans-

4
formed plane as before for the single body case. The outer boundary contour
Tz maps onto the upper boundary in the [£,n] plane, becoming a constant
n-line in the manner of the one-body transformation. In contrast to the one-
body transformation two re-entrant boundaries occur for this two-body trans-
formation. The left and right vertical boundaries (Fé*’ F3*) appear as
before, In addition a horizontal re-entrant segment due to the coincidence
of FS and P6 in the physical plane arises. The coordinate functions and the
derivatives thereof are thus continuous across these re-entrant boundaries.
The boundary-fitted coordinates for the multi-body transformations are

again determined by the solution of the set of equations (11) with the added

boundary conditions

rx. Fhl(g’nl)

= ) li,nl] e I* (11h)
y hz(i,nl)
r 9 r 7
X ql(E,nl)

= , la,nl] e g (11i)
Y] q,(&,ny)

to define the additional body. Note that boundary conditions cannot be
specified along the re-entrant boundaries defined by F3*, FA*’ FS*, and

P6*. As with the basic transformation all numerical computations both to

generate the system and subsequently to utilize the coordinates for
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solving a set of partial differential equations, are executed on a rectangular

field with a uniform grid.

Simply-Connected Region
For a simply-connected region there are no bodies in the field and hence,
no cuts in the physical plane and no re-entrant boundaries in the transformed
plane. The single continuous boundary surrounding the physical field trans-
forms to the entire rectangular boundary of the transformed field. The
manner in which the physical boundary is split into four segments for place-
ment on the four sides of the rectangular boundary in the transformed plane

is a matter of choice.

Coordinate System Control

Control of the spacing of the coordinate lines on the body is easily
accomplished, since the points on the body are input to the program. The
spacing of the coordinate lines in the field, however, must be controlled by
varying the elliptic generating system for the coordinates. One method of
variation is to modify the Laplace equations (10) by adding inhomogeneous

terms to the right sides so that the generating system becomes

E . Y E . =PEmM , n__ +

ot Byy wx * Mgy = QCEM) (12)

In the transformed plane these equations become

]
o

2
0, - 2 + + P +
x Bx yxnn J°(Px an) (13a)

£g gn £

1]
(=)

2
-2
ByEn + Y Yn + J (I’>"E + Qyn) (13b)

e
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The effect of changing the functions P(£,n) and Q(£,n) on the coordinate

system can be seen by examining the system (12). If P = Q = O, the system
reduces to the pair of Laplace equations used as the original generating

system, i.e., Eq. (10). Let £', n' be the solutions of (10) with boundary
values on D. Let £", n" be the solutions to system (12) with the same

boundary values and with positive functions P aud Q on the right hand side

of the equations. Now &" and n" are subharmonic on D. Thus for any constant

k, the £" = k coordinate line would be closer to ' = gmax than would the &' = k
line. The same relation holds for the n" = k and n' = k coordinate lines.
Now if all or part of the curve &' = gmax is a branch cut in D, this branch

cut will move in the direction of increasing & to meet the curve §" = gmax
if the right side of the system (12) is increased from O to a positive
function P. An analogous discussion can be made on the effect of negative
functions P and Q on the generated curvilinear coordinate system.

Even though a change in P or Q in a subregion of D would change the
coordinate lines throughout the entire region, the effect would certainly be
more pronounced in the subregion. Also, the greater the change in P and Q,
the greater the movement of the coordinate lines. By varying the sign and
magnitude of P(f,n) and Q(£,n) for different values of £ and n, considerable
control can be exerted over the coordinate line spacing as will be seen from
the examples that follow din Section IV,

One particularly effective procedure is to choose P and Q as exponential

terms, so that the coordinates are generated as the solutions of
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n
fx T By 5 3 sen(E - g dexp(-c,[€ - £, ])
- / 2 2
-jzl bj sgn(g - €j)exp(—dj € - Ej) + (n - nj) )
= P(E,T‘l) (148)
n
Nex T Mgy =—1£l a; sgn(n - nexp(-c;n = n )
bt Zz Z
- I b, - n, -d /(£ - £.)?% + - n,
i1 0 sgn(n nJ)eXP( i (g EJ) (n nJ) )
= Q& n) (14b)

where the positive amplitudes and decay factors are not necessarily the same
in the two equations. Here the firsf terms have the effect of attracting
the £ = constant lines to the & = Ei lines in Equation (1l4a), and attracting
n = constant lines to the n = ny lines in Equation (14b). The second terms
cause { = constant lines to be attracted to the points (gj,nj) in (l4a),
with similar effect on n = constant lines in (14b). No computational dif-
ficulties have been encountered because of the discontinuities in P and Q
caused by the sgn function, which is defined by setting sgn(x) to be 1, 0,

or -1 depending on whether x is positive, zero, or negative. Should pro-

blems arise in later applications, this function can be replaced by

2 . . .

;—Arctan(nx), where n is a large positive integer. The sgn function was
chosen to give the maximum control. Several examples of the use of coordinate

system control are given in Section IV.
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With the inclusion of the sgn function (or the arctan function) the
equations (l4a & b) for the curvilinear coordinates are no longer subharmonic
or superharmonic, since the sgn function causes a sign change on the right
side when the attraction is to lines or points not on the boundaries. It is
possible, therefore, that too strong an attraction amplitude may cause the
system to overlap and therefore be unusable. Many successful systems (all
those included in the examples given herein) have been generated, however,
using the above equations.

The use of the sign-changing sgn function is only necessary to cause
attraction to both sides of a line or point in the field. Elimination of this
function causes attraction on one side and repulsion on the other. If it is
only desired to concentrate coordinate lines near ome boundary, such as the
body surface, then there is no need for the sign change, and the sgn function
can be eliminated. 1In this case the equations are subharmonic or superharmonic,
and a maximum principle is in effect to prevent overlap. Such a choice is
provided for in the computer program.

The subject of coordinate system control is still very much under investi-
gation, and other control functions are being evaluated. It is anticipated
that new coordinate control packages will be made available for inclusion in
the code when warranted. Of particular interest is the capability to cause a
specified number of lines to fall within a certain physical region, such as
a boundary layer. Another area of further investigation is the coupling of
the coordinate equations with the partial differential system to be solved
thereon so that the coordinate lines concentrate automatically in regions of

high gradient.
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Time-Dependent Coordinate Systems

If the coordinate system changes with time then the grid points move
in the physical plane. Ordinarily such movement of the physical grid
points would require interpolation among the grid points to produce values
of the dependent variables at the new locations of the grid points. With
the present method of coordinate system generation, however, it is possible
to perform all computation on the fixed rectangular grid in the transformed
plane without any interpolation‘no matter how the grid points move in the
physical plane as time progresses. This occurs as follows:

Recall that the coordinate system is generated as the solution
of some elliptic system with the values of the transformed coordinates
[£,n] specified on the boundaries in the physical plane, one of these
coordinates being specified to be constant on the boundaries and the other
being distributed as desired along the boundaries in order, perhaps, to
concentrate grid points in certain regions. The transformed coordinates
define a rectangular plane, the extent of which is determined by the range
of the values of £ and n. Now if the same boundary values of £ and n are
redistributed in the physical plane, perhaps because the boundaries in the
physical plane have actually moved or maybe just to change the concentration
of grid points around the boundaries, and the elliptic system is re-solved for
the transformed coordinates with these new boundary conditions, new trans-
formation functions can be produced with still the same range of values in
€ and n (provided the elliptic system used exhibits a maximum principle) and
hence to the same rectangular field in the transformed plane. The grid
points in the rectangular transformed plane thus remain stationary, and the
effect of the movement of the. coordinate system in the physical plane is just
to change the values of the physical coordinates [x,y] at the fixed grid

points in the rectangular transformed plane.



20

Thus, although the position of a grid point changes on the physical
plane, its position in the transformed plane is fixed. The time

derivative transforms to the transformed plane as shown below:

(éﬁ) _ 3(x,y,f) , a(x,y,t)
at 3(g,n,t) © 3(g,n,t)

X,y

= £ -x gy - fnyi)/J

+

yt(fgxn - fnxi)/J (15)

Here all derivatives are expressed in the transformed plane, so that the
interpolation that would be necessary to supply values at grid points in
the physical plane that have moved is not required in the transformed plane.
(Note that in the transformed expression for the time derivative, all
derivatives are taken at the fixed grid points in the transformed plane.
The movement of the grid in the physical plane is reflected only through
the rates of change of x and y at the fixed grid points in the transformed
plane.)

The problem of solving N partial differential equations of any type in

a physical region with time dependent boundaries has been replaced by a new

problem consisting of N + 2 equations with fixed boundaries. The two
additional equations are, of course, those governing the transformation
(either (10) or (12)). Thus, it is possible to construct numerical solutions
to physical problems with time dependent boundaries in a fixed rectangular
plane with a fixed square mesh with no interpolation required. Again the
above statements imply the independence of computer software from physical
geometry. Problems involving moving blast fronts, shocks, free surfaces,

and any other time-varying boundaries can be attacked successfully with these
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procedures. (Some application to free surface flow is illustrated in Ref. 26.)
In addition this method allows time-dependent concentration of grid points as
desired in the physical plane.

The use of time-dependent coordinate systems requires that the difference
equations for the curvilinear coordinates be resolved at each time step,
of course. The coordinate values at the previous time step can serve as
the initial guess for the next, however, so that the iteration will converge

rapidly.

ITI. NUMERICAL SOLUTION

Difference Equations

The discussion here assumes the body contour and outer boundary trans-
form, respectively, to the n-lines forming the lower and upper sides of the
rectangular transformed plane as discussed in Section II. More general seg-
mentation of the body contour(s) and the outer boundary, and placement as
desired around the boundary of the transformed field, are provided for in the
computer program.

The finite difference grid for the single-body problem is illustrated
in Figure 3a. Circles denote the points at which the difference approxi-
mation to (lla,b) or (13a,b), are applied, while the triangles denote boundary
points. The left and right vertical boundaries are coincident in the physical
plane, and the values of x and y are thus equal along these lines. Such lines
are designated re-entrant boundaries as indicated before. If the number of
£ = constant lines is designated IMAX and the number of n-lines by JMAX, the

computational field size is (JMAX-2)(IMAX-1). Boundary values are specified
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on j=1 and j=JMAX for all 1 < i < IMAX. The j=1 line corresponds to

the contour Fl (the body contour) in the physical plane while j=JMAX is
associated with the remote boundary contour FZ' Second-order central dif-

ference expressions (see Appendix D) are used to approximate all derivatives

in the transformed equations, The resulting equations are, for (lla,b),

xioj - [aiyj(xi‘lsj + xi+1!j) - Bi’j(xén)i’jlz

vy g xg, 5.0/ [20g 5 F vi,3)) (16a)

yi:j - [aisj(yi—lyj + yi+1)j) - Bi)j(yén)i!jlz

) g0y ge1 t Y30V IE 5T vi,50] (16b)

where o! B

\ \ \i 1 -
i,4° Y (Xin)' ., and (ygn)i 3 are the difference ap

&,j 3’ i,3 ,

proximations for o, B, Yy, and the cross derivatives respectively. These
expressions are developed in Appendix D. The re-entrant boundaries
occurring at i=1 and i=IMAX are dealt with as follows. Since the values
of x and y are equal along these lines, jiteration is necessary along only

one of them. Choosing i=1 for convenience, the g-derivatives along this

line are approximated as exhibited below:

(xgdy g = (g5~ *naax-1,307 2 (17a)
(XEE)i,J R 2% 5 *oax-1,3 (17b)
(xe ) )/ 4 (17¢)

enl1,3 ° 2,341 7 ¥2,3-1 F Fax-1,3-1 T TIMAX-1,3+1
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for 2 < j < JMAX-1. Similar expressions are used for the derivatives of
y. The set of non-linear simultaneous difference equations produced by

(16a,b) is solved by point SOR iteration.
Multiple-Body Fields

A sample mesh for a two-body transformation is shown in Figure 3b.
As before, circles denote computational nodes and triangles the boundary
points, Values defining the outer boundary contour P2 (see Figure 2) are
required for 1 < i < IMAX along the j=JMAX line. Boundary values specifying
the shape of the body contours Pl’ F7, and F8 in the physical plane are

required in segments along the j=1 line as follows:

The above requirements may be more clearly seen by comparing Figures 2 and
3b. The difference equations (16a,b) and the vertical re-entrant boundary
relations (17a,b,c) are also valid for multi-body transformations. The
primary difference in the two transformations results from the existence,
in the multi-body case, of the horizontal re-entrant boundaries along j=1.
The equivalence of x and y values along these segments is demonstrated in
Figure 3b. Again it is only required to calculate values along one re-
entrant segment. Choosing the leftmost (I1 < i < 12), the n-derivatives
are calculated using special procedures which are illustrated by the
expressions below for the point marked with an ® (i, = 11 + 1,1) in

Figure 3b:
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= - 2 (18a)
V41,1 7 G, 2 T *e-1, 2)/
. - (18b)
) 1141,1 11+, 2 2x7941,1 1 *14-1,2
- - - 4 (18c)
ed 41,1 ® 14,2 7 *14-2,2 + X1142,2 xr1,2)/

Note the existence of the horizontal re-entrant boundaries increases the
size of the computational field somewhat. In the two-body example given

the number of additional equations to be solved is I2 - (I141).

Multiple-Body Segment Arrangements

In the case of a single body it is logical to keep the body contour in
one segment, with a single cut connecting the single segment to the outer
boundary. This type of arrangement is illustrated in Figure 4a. (Figure 4b
shows an alternate single body arrangement. In these and all subsequent
figures the dotted lines on the segment arrangement diagrams identify the
two members of a re-entrant pair.) In the case of multiple bodies there is
a wider choice of reasonable arrangements, some of which may be better than
others for certain applications. The boundaries in the physical plane may
be split into as many segments as desired, and these segments may be arranged
around the rectangular boundary of the transformed plane in any way desired.
These segments are all connected by branch cuts in the physical plane and by
re—entrant boundaries in the transformed plane. Several of these arrangements
are illustrated in Figures 5-13. Illustrative values of the segment input
parameters are given in Table 1 for each of these arrangements, and input

instructions are given in Section VI.
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In the arrangement of Figure 5, an n-line encircles both bodies and
forms a cut between the bodies, the cut to the outer boundary being a £-line.
The outer boundary is also a line of constant n but at a different value.
Here one body is split into two segments, while the other body and the outer
boundary are each in single segments. Figure 6 shows an arrangement in
which each body is in a single segment, each body being a £-line of different
value. Here there is no cut between the bodies, but rather an n-line cut
between each body and the outer boundary, which is split into two segments,
each being an n-line of different value. (This produces a system similar
to a bi-polar coordinate system.) In Figure 7 each body is also in a single
segment with the outer boundary split into two segments, but here an
n-line encircles each body and forms the cut between that body and the outer
boundary. In Figure 8 one body is a single segment encircled by an n-line
which forms a cut to the other body. The other body is split into two seg-
ments, each being a £-1ine of different value, with each segment connected to
the outer boundary by a £-line. The outer boundary is in a single segment
and is an n-line. Other arrangements are shown in Figures 9-13. All
these arrangements are shown without coordinate line attraction, and, conse-
quently, many of the resulting systems exhibit wide spacing in concave areas.
This spacing can be improved by coordinate attraction as illustrated in the
examples of Section IV. The results of the use of several of these multiple-
body segment arrangements are given for two-body potential flow in Section V.
Coordinate system control was used effectively in that case to improve the
spacing in the concave region. These concave regions occur when he cut and

body are on the same coordinate line.



26

Initial Guess

Since the difference equations are nonlinear, the initial guess must be
within a certain neighborhood of the gsolution if the iterative solution is to
converge. With some segment arrangements a logical choice of an initial
guess is difficult to perceive. Therefore several different types of initial
guesses have been inserted in the program, with the choice to be made by the
user as guided by past experience. The rationale for some of these guesses
is more intuitive than analytical. The choices available are detailed below.
(In each case the initial values of x and y on all cuts are interpolated
linearly between the boundary values at the cut end points.) The choice is
controlled by the input parameter IGES as discussed in Section VI. The guess

type is identified by this number in the discussion below.

(a) Weighted Average of Four Boundary Points - Here the values of x
and y at each point in the field are set equal to the average of
the four boundary points having either the same £ index or the
same n index, the average being weighted by the distance to the

boundary in the transformed plane. Thus

_ (MAX - 3 -1
RSP Gax - 15,1 " X = %1, JMax
IMAX - i i-1
+ it — —
Dax - 1%1,3 ¢ (Tax = T *1MAX, § (19)
for i =2, 3, ..., IMAX-1 and j = 2, 3, ..., JMAX-1. An

analogous equation is used for y. (IGES =1). A variation of
this type (and also of types (b),(c), & (e)) is provided by IGED,
whereby the average may be restricted to only a two-point average
in either the £ or n direction. The direction chosen should be

that which proceeds between the bodies and the outer boundary. This

variation is useful with an outer boundary located on three sides.



(b)

(c)

(d)

(e)
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Same as (a), except zeroes replace the values on the cuts in the
formation of the average. This type of initial guess is particu-
larly effective with simply-connected regions, single-body fields,
and multiple-body segment arrangements having the all body seg-
ments on one horizontal (vertical) side and the outer boundary a
single segment on the other horizontal (vertical) side. (IGES = 0)
Weighted Average of Body Segment Boundary Points Only - This type
guess is the same as that of (a), except that boundary points on
cuts are not included in the formation of the average, which there-
fore may be formed with fewer than four points. This type and the
exponential projection below are widely effective. (IGES = 2)
Moment Projection - Here the initial value at each field point is
given by

(idijk)(i ) - E 4 1%
X,, = (20)

ij NZIZd,,
K ijk

with dijk /(xij - xk)Z + (yij - yk)[
Here X is the value at a point on the boundary of the trans-
formed plane; dijk is the distnace to that boundary point in the
transformed plane; N is the total number of boundary points; and
the summations extend over the entire boundary in the transformed
plane (IGES = 3). A modification of this type omits the division
by N (IGES = 4).
Exponential Weighted Average of Body Segment Boundary Points -
This guess is similar to that of (c) except that the weight in the
average is exponential rather than linear. Increasing IGES causes

the points to contract nearer the boundary segments corresponding
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to the lowest values of n and £. This type is most effective
when strong coordinate attraction is used with a single-body
field having the body located on the bottom or left side of the
rectangular transformed field. (IGES > 4)

(f£.) Exponential Projection - The initial value of x is determined at
each field point by

ixk exp(—iIGESldijk/do)

i3 71 exp(—IIGEsldijk/do)

K (21)

where do is the diagonal length of the transformed field, the
other quantities having the same definitions as in (d) above.
(IGES < 0)

Examples of these initial guess types are shown in Figures 14-23 for

the segment arrangements given in Figures 4-13. The value of IGES for each

is given in the upper left cormer of each plot. Table 2 lists the types for

whic

h convergence was obtained with each of these segment arrangements.

The most widely effective initial guess in these cases was the expo-

nential projection. This type of guess produced convergence in the single-

body

case and in six of the nine two-body cases. The optimum decay factor

for the exponential projection was 40 (IGES = -40) in most cases, with an

optimum of 20 (IGES = -20) in a few cases.

Guess Type 2 (IGES = 2) also gave convergence in six of the nine two-

body cases and in the single-body case. However, the number of iterations

required was a bit larger than with the exponential projection. Type 2 gave

convergence with one segment arrangement (Figure 9) for which the exponential

projection gave divergence, but gave divergence for another arrangement (Figure

12) for which the exponential projection gave convergence.

Arrangements having the outer boundary in two segments tend to be the

more difficult to converge. Of the four arrangements of this type (Figures.



29
6, 7, 12, 13), Guess Type 2 gave convergence for only one (Figure 13), while

the exponential projection failed for two of the four. The two arrangements
of Figures 6 and 7 proved to be particular recalcitrant, requiring a switch
to a different size field in order to get convergence for the arrangement of
Figure 6 and the introduction of a special guess for that of Figure 7.

The general suggestion for two-body cases is to use either exponential
projection with a decay factor of about 40 or Guess Type 2. For simply-
connected regions, single-body cases, and the two-body segment arrangements
having both bodies on the same coordinate line, Guess Type 0 is generally
more efficient, although the exponential weighted average or projection and
Guess Type 2 will also give convergence. Arrangements having two bodies in
single segments on opposite sides of the transformed plane are particularly dif-
ficult, and Guesses Type 1 and 4 may be used.

With some segment arrangements with multiple bodies, convergence can
be achieved with a close outer boundary, but not with the outer boundary
farther out. Therefore, provision has been made for initially converging
the solution with a circular outer boundary close in and then constructing
an initial guess for a-field with a larger circular outer boundary from this
solution by linear projection to the larger field. This process can be
repeated as many times as desired with the outer boundary gradually being
moved out to its desired position. Two types of movement are provided: (a)
the outer boundary radius is doubled at each step, or (b) the outer boundary
radius is increased linearly at each step. This provision should not be used
unless necessary, and then the movement of (a) is to be preferred in general,
with as few steps as will produce convergence.

Finally, with strong coordinate line attraction it may not be possible
to achieve convergence from an initial guess that gives convergence without

attraction. Provision therefore has been made whereby the attraction can be
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added gradually, the converged solution for a small attraction becoming the
initial guess for a case of stronger attraction. Two types of increase

in attraction strength are provided: (a) the attraction amplitude is doubled
at each step, or (b) the attraction amplitude is increased linearly at each
step. This procedure is to be used only when necessary. In general, type
(a) is preferred, with as few steps as will provide convergence. Further dis-

cussion of the use of the various initial guesses is given in the instructions

of Section VI.

Convergence Acceleration

For a difference equation of the general form

al(f + f ) + a2(f

i+1,j © Fi-1,3 940V fi 5o Py T By

+ f - =
bz( 1,541 fi,j—l) + Cfij + dij 0 (22)

(i=l,2’_-91;j=l’2a—_a~])

with boundary values specified on i = j 0, i=1I+1, and j =J + 1, and

al, ay; bl’ bz, c, and d constant, the optimum value of the SOR acceleration

parameter w can be obtained in the case where a]2§_b12 and a22 f_bzz, and in
the case where al‘ i_blz and a22 z_b22, (Ref. 18). The optimum parameters

in these two cases are as follows:

Case #1: a,?2 >b 2 and a.’> b2

1 1 2 — 2
2 .
W = ———— (over-relaxation, 1 < w < 2) (23)
1+ /1 - p?
R 2 2 2 2
Case {#2: a;® < b;” and a,” < b,
2 .
w = (under-relaxation, 0 < w < 1) (24)
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where
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In the remaining case where a12 2 bl2 and a22 £ b2 ,» no theoretical
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determination of the optimum acceleration parameter exists as yet.

Since the difference equations for the coordinate system are nonlinear,
the above theory is not directly applicable. However, if the equations are
considered as locally linearized then a local optimum acceleration parameter
can be obtained which will vary over the field. It should be noted that
the local linearization is applied only to the determination of the accel-
eration parameters, not to the actual solution of the difference equations.

Following this approach and neglecting the effect of the cross deriva-

tives, the local constants in the above equations become

_J2%p _J%q
b1 T2 bz )
c = =2(a + v)

so that locally optimum acceleration parameters are

Ji.zlPijl o J2le
Case #1: a,, > =L 2 .4 y,, 2 =134
ij — 2 ij 2
2 .
w,, = (over-relaxation) (26)

13 1+ V1 - pij2
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2 2
3, e ] 3. 1Q;. |
Case #2: «a,, PR R RERPY| Y.. < AL 41
ij — 2 iy — 2
w,. = 2 (under-relaxation) (27)
S R Piy
where
1 2 Ji'P m
°15 T .. + v.. %37 T4 COS\TMAX - 1
1] 1]
T 2
J
Y2 - ijQij co T
ij 4 S\IMAX - (28)

3% |P| 3%l

In the remaining case where o 2 5 and v < 5 not even a local

optimum is available. The program allows a choice of strategy in this case:
over-relaxation, under-relaxation, or a weighted average as follows:

First f1 and p, are calculated from

-1 o _ J4P T
°1 7 a+y l“ 4 °°S<pnAx - 1> (29a)
G2
= 2 _JQ° T
Py = oty IY A °°S<éMAx - 1) (29b)

If over-relaxation is specified then w is calculated from Eq. (26) using

p = pl + pz. The same expression for p is used in Eq. (27) if under-relax-
ation is specified. If the weighted average is to be used then,using Py
in place of o, wy is calculated from Eq. (26) if « Z_JE%Bl_Or by Eq. (27)
if o f_gzggln Similarly, using Py in place of p, w, is calculated from

2

2
Eq. (26) if vy > Q;%Ql} else by Eq. (27). The average is then formed by

pjuwy + pow
P1 * Py
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Optimum Acceleration Parameters

In order to provide some guide to the selection of acceleration para-
meters for the most rapid convergence of the iterative solution, the
optimum values were determined in a number of representative cases by
computer experimentation.

The body for this study was a Karman-Trefftz airfoil, the contour of
which is shown in Figure 24. The points on the contour were spaced at
equal angular increments in the complex plane from which the airfoil was
generated, with three additional points added at half, fourth, and eighth
angular increments above and below the trailing edge to provide finer
resolution in that region.

A basic case was selected and four quantities, (the number of points
on the body, the number of coordinate lines surrounding the body, the
amplitude of the coordinate line attraction to the body, and the radius
of the circular outer boundary) were varied individually and in pairs
above and below the basic values. The initial guess type (Type 0) giving the
fastest convergence for the basic case was used for all. Each case was
run to convergence of iO_q. Additional cases were run with different
convergence criteria and different numbers of steps in the addition of the
final attraction amplitude. The basic case was also run with a circular
cylinder as the body for comparison of the effect of the body shape.

A series of two-body cases was also run with two of the same Karman-
Trefftz airfoils positioned as an airfoil and flap system. Only one seg-
ment arrangement was considered, with both bodies on the same curvilinear
coordinate line. The multiple-airfoil system and the segment arrangement
are shown in Figure 25. The same set of quantities varied in the single

body case was varied individually above and below the basic values (except
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that variation of the number of points on the bodies above the basic value
involved too much core and was omitted). The initial guess type was the
same as that used for the single-body studies, which proved to give the
fastest convergence in the basic two-body case as well. The values of all
input parameters for the cases run are given in Tables 3-6.

The results of these studies are given in Tables 7-10. For the single-
body field, Table 7 shows the effect of individual variation of each of the
chosen quantities; Table 8 gives the effect of variation in pairs, and in
Table 9 other miscellaneous quantities are varied. Table 10 gives the results
for the double-body field. The number of iterations required with the

variable acceleration parameter field and the average variable acceleration

pcrameter over the field are also included in these tables. (Under-relaxation
was used in the case of complex eigenvalues.) In a number of cases the vari-
able acceleration parameters tend to be too large, and only in a few cases

was the variable field better than the uniform experimentally determined

optimum.

?lots of the number of iterations required vs. the acceleration para-
meter are given for a few cases in Figure 26. In a number of cases the
optimum parameter was only 0.1 below the divergence limit for the particular
case. A typicnl example of this appears in Figure 26b. The effect of the
general field size is evident in Figure 26c and d, where the larger field
(d) gives a much sharper minimum. Strong attraction with small fields makes
the convergence more difficult as can be seen in Figures 26e and f. With
strong attraction and a small field convergence was obtained only in a very

narrow band of acceleration parameters.
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A few trends are evident in these results:

(1) The optimum acceleration parameter, w*, and the number of iterations,
I*, increase with the number of grid points.

(2) w* increases slightly as the outer boundary moves outward, this effect
being more pronounced at small outer boundary radius. I* experiences a
minimum as the outer boundary moves outward. Both of these effects are stronger
with two bodies than with one.

(3) w* is little affected by attraction amplitude with one body, but tends
to decrease with increasing attraction amplitude with two bodies. (This dif-
ference is probably due to the fact that in the two-body case there was attraction
to a line in the field, i. e., the cut between the bodies, as well as the body
contours.) I* tends to increase with increasing attraction.

(4) There is an optimum number of steps for addition of the attraction,
with increasing I* occurring on both sides of this optimum. Too few steps
may produce divergence. This optimum is less apparent with two bodies than
with one.

(5) The number of attraction lines had only a small effect on either
w* or I* in the cases considered.

(6) w* increases as convergence tolerance is tightened.

(7) The intermediate convergence tolerance value that should be
used when the attraction is added gradually should be 0.01. A tighter
tolerance requires more iterations, while a looser tolerance may not produce
a sufficiently close initial guess for the next addition of attraction.

(8) The use of the variable acceleration parameter field is not generally
recommended in cases where the optimum can be estimated from experience. This

feature can be useful, however, in the absence of a good estimate. In that
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case it is probably best to use the variable field once, and then to use a

factor about 3% less than the average over the variable for subsequent runs.

IV. EXAMPLES OF COORDINATE SYSTEMS

A variety of results utilizing the theory and numerical procedures
outlined in previous sections are now presented. The results selected for
presentation here were chosen to exemplify the generality of the method, and

some were used for the numerical fluids studies in Ref. 1ll. In most of the

plots only a portion of the physical field is shown in order that the coord-
inate lines may be distinguishable near the bodies. The actual fields were
generally extended some ten chords in radius from the hodies.
Coordinate System Control
As discussed in Section II, the curvilinear coordinate lines may be

concentrated by attracting the lines to other lines or points in the field.

The control of the coordinate system in this manner is illustrated in Figures
27-28. Input parameters involved are given in Table 11. 1In Figure 27, the
basic system generated by the Laplace equations (zero right hand sides) is
shown in (a). In (b) the n-lines have been attracted to the body. In (c)
the attraction to the body has been made stronger on two sides, while in (d)
the lines are more strongly attracted over a small portion of the body. 1In
(e) and (f) the angle of intersection of the lines with the body has been
controlled, over the entire body in (e) and over only a portion of the body
in (f).

Figure 28 illustrates the use of control to pull the coordinate lines
into a concave portion of the body contour, (a) being the result of the
Laplace equations and (b) having the lines attracted to the slope disconti-

nuity on the lower surface.
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Various Body Shapes

Coordinate systems for a circular cylinder and a cambered Joukowski air-
foil are pictured in Figure 29. The contours are of equi-spaced £ = constant
and n = constant lines in the physical plane. (In the interest of clarity
only a portion of the grid is shown in this and subsequent figures. The
outer boundary for these and all succeeding results is circular and has a
radius of ten body-lengths.) Note that the two systems given in Figure 29
are orthogonal (The transformations in these instances are conformal.).
Slightly more general bodies are shown in Figure 30. These include ‘a cambered
and an integral flap Karman-Trefftz airfoil. Although systems for each of
these could be generated by conformal transformations, the ones shown were
obviously not. The effect of the coordinate system control is demonstrated
for both airfoils in Figure 31. The figures exhibit the effect of contraction
to the n-line coincident with the body profile. Note that the grid spacing is
significantly collapsed in the contracted transformation. The contracted
mesh spacing near the solid body boundary allows the solution of viscous
flows (Ref. 11).

Contracted coordinate systems for more general airfoils are exhibited
in Figures 32-34. These are the Liebeck laminar airfoil, the Gottingen
625 airfoil and a NACA 0018 profile. Contraction to the single-body n-line
is demonstrated for the Liebeck profile and to the initial 15 n-lines for the
Gottingen 625 and NACA 0018 airfoils. The effects of multiple-n-line con-
traction are seen to be quite dramatic.

Coordinate systems for a multiple-airfoil system are shown in Figure 35,
with coordinate line concentration to the bodies and into the concave region
formed by the airfoils and the cut between. The coordinate line attraction is

to the. first ten n-lines surrounding the bodies with an amplitude of 10,000



38

and a decay factor of 1.0 on all but the tenth line, where 0.5 was used. The

coordinate system for simply connected regions are shown in Figures 36 and 37.
Finally, to demonstrate the applicability of the transformation method

to quite arbitrary bodies, a system in contracted form (15 line) for a rather

odd looking body--denoted the cambered rock--is given in Figure 38.

V. EXAMPLES OF APPLICATION TO PARTTIAL DIFFERENTTIAL EQUATIONS

As noted above, any set of partial differential equations may be solved
on the boundary-fitted coordinate system by transforming the equations and
associated boundary conditions and solving the transformed equations numeri-
cally in the transformed plane. All computation can be done on the fixed
square grid in the rectangular transformed region regardless of the shape
of the physical boundaries. Several examples of such application are given

below.

Potential Flow (Ref.11, 12, 19)
The two-dimensional irrotational flow about any number of bodies may

be described by the Laplace equation for the stream function Y:

lpxx + q)yy =0 (31)

with boundary conditions
pix,y) = wk on the surface of the kth body. (32a)
Y(x,y) = y cosb - x siné at infinity. (32b)

where 6 is the angle of attack of the free stream relative to the positive

x-axis. Here the stream function is nondimensionalized relative to the air-
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foil chord and the free stream velocity. When transformed to the curvilinear

coordinate system this equation becomes

- =0 (33)
Weg = 2B F ¥ Fov + T,

The transformed boundary conditions are (see Figure 1).

w(g,nl) = wo on n = n, (1.e., on Fl*) (34a)

. . 3 y *
Pleamy) = y(Eumy) cosh = x(f,n,) ind onn = ny (i.e., on T4  (34b)

The uniqueness is implied by insisting that the solution be periodic in

—° < £ < o, <n< The coefficients @, B, Y, 0, and T are calculated

ﬂl nz-
during the generation of the coordinate system (see Appendix A). Equation (33) was
approximated using second-order, central differences for all derivatives,
and the resulting difference equation was solved by accelerated Gauss-
Seidel (SOR) iteration on the rectangular transformed field. The value of
the boundary values of ¥ on the bodies were determined by imposing the Kutta
condition on each body.

The pressure coefficient at any point in the field may be obtained

from the velocities via the Bernoulli equation, which in the present non-

dimensional variables is

CP = ] - lylZ (35)

On the body surface this becomes
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with the derivative evaluated by a second-order one-sided difference

expression. The nondimensional force on the body is given by
F = - § Cp 1 ds 37

where n is the unit outward normal to the surface, and ds is an increment

of arc length along the surface. The lift and drag coefficients are

(@]
i

L § Cp (~x€c059 - y,.sin0)dg (38a)

£

@]
Iy

D= é Cp (ygcoso + x{sino)dﬁ (38b)

These integrals were evaluated by numerical quadrature using the
trapezoidal rule.

The coordinate system for a Karman-Trefftz airfoil having an integral
flap is shown in Fig. 30b, and the streamlines and pressure distribution for
this airfoil are compared with the analytic solution (Ref. 20) in Figure 39.
Similar excellent comparisons have been obtained with other Karman-Trefftz
airfoils. Fig. 32 shows the coordinate system for a Liebeck laminar air-
foil, the solution for which is compared with experimental results (Ref.

21) for the pressure distribution in Fig. 40. Finally the coordinate
system for a multi-element airfoil is shown in Fig. 35, with the stream-
lines and pressure distributions shown in Fig. 41. Here coordinate system
control was employed as discussed above to attract the coordinate lines
into the concave region formed by the intersections of the cut between the
airfoils, as well as to the bodies.

Figure 42 shows a coordinate system for a pair of circular cylinders,

the coordinate lines being attracted to the intersections of the cut between



the bodies with their surfaces. (The accompanying diagram shows

the arrangement of the body and re-entrant segments in the transformed
plane.) The streamlines for potential flow obtained on this coordinate
system are shown in Figure 43a, and the surface pressure distribution is
compared with the analytic solution (Ref. 22) in Figure 43b. By contrast,
the uncontracted coordinate system, generated by Eq. (11), and resulting
pressure distribution are shown in Figure 44. The effectiveness of the
coordinate system control is clear in the comparison of these results with
those in Figure 43b. To illustrate the use of different segment arrangements,
Figures 45 and 46 show another coordinate system and Pressure distribution
for the same two cylinders.

The effects of the various numerical parameters involved for the potential
flow solution were investigated in some detail, and the results.are reported
in Ref. 19. These results should serve as a guide to reasonable choices of
such parameters as field size, convergence criteria, mesh spacing, etec. for
the use of the body-fitted coordinate systems in other applications as well,
Ref. 19 also serves to illustrate in some detail the procedure of application
of the body-fitted coordinate System to the solution of a partial differential

system.,



42

Viscous Flow
The time-dependent, two-dimensional viscous incompressible flow about
any number of bodies may be described by the Navier-Stokes equations in
various formulations, two of which are illustrated below.

Vorticity-Stream Function Formulation. (Ref. 11 -14) with the vorticity and

stream function as dependent variables the transformed Navier-Stokes

equations are

wp + (Vg = e )T = (g = 280,
2
+ Ymnn + ow_ + ng)/J R (39)
- = _12
awgg Zngn + Ywnn + Own + ng J4w (40)

with boundary conditions:

It

1] constant, %; wn = 0 on body surface

(41a)

<
1

y cosf - x sin6, w = 0 on remote boundary (41b)

All quantities are non-dimensionalized with respect to the free stream
velocity and the airfoil chord. All space derivatives in the field were
represented by second-order, central difference expressions. The time
derivatives were represented by two-point backward difference expressions.
The n-derivatives on the body surface were represented by second-order one-
sided difference expressions. The solution was implicit in time, all the
difference equations being solved simultaneously by SOR iteration at each
time step.

The boundary conditions were implemented directly except for the second
of (4la), which was satisfied by adjusting the value of the vorticity on the
body by a false-position iteration procedure until the second-order, one-
sided difference representation of the tangential velocity, %? wn, was below

some tolerance:
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s o o (B _ () - (k)

+1) _ k) _ il il Y

©i1 = Wi K 0 -1 \ T Yn) . (42)
A " (A, i
ol J i

Here (k) is the iteration count, K an adjustable parameter, and (i,1) refers
to a point on the body surface.
The surface pressure is calculated from the line integral of the Navier-Stokes

equations on the surface:

2 r
e 1o TR
-1
2 &2
Y J:E (ng - Ywn)di (43)
1

The body force components are then obtained from the integration of the

pressure and shear forces around the body surface:

Fx = + é pyg dg —-% § wxE dg (44a)
- - _2
F, = $ px, d& - 2 $ wy, de (44b)

Finally, the 1lift and drag coefficients are given by

L

F cos86 - F sind (45a)
y X

C. =F sinB + F cosh (45b)
D y X

where 6 is the angle of attack.

The coordinate system for a Gottingen 625 airfoil shown in Fig. 33 was
used in this solution. The high density of constant n-lines near the airfoil
is the result of contraction to the first 15 n-lines. Streamline contours are
shown in Fig. 47, and velocity profiles are shown in Fig. 48. Pressure and
force coefficients are illustrated in Fig. 49,

To show that the boundary-fitted coordinate system can be used with
arbitrary shaped bodies, the viscous flow about a cambered rock at a Reynolds

number of 500 was developed. The contracted coordinate system used in

the solution is given in Fig. 38. Y and w contours are shown in
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Figure 50, and velocity profiles are shown in Figure 51.
In order that the pressure be single-valued, it is necessary that the
value of the stream function on each body of a multiple-body system be such

that the line integral of the Navier-Stokes equation on each body vanishes:

2
ov !vl
0=47vp -dr=-§ [+ 75
1
- vWw+=Vxuw] - dr
- ~ R . ~ -
= —-% § (V x w) -dr
~ - - (46)
Thus in the transformed plane it must be that

§ (yw - Bu)dE =0 (47)

on each body. Since this requires a double iteration, i.e., for both w
and ¢ on each body, it appears that this formulation is not as well suited
for two-body calculations as is the primitive variable formulation that
follows.

Velocity-Pressure Formulation (Ref. 23, 14). With the velocity and pressure

(primitive variables) as the dependent variables the transformed Navier-

Stokes equations are

u, + Ly (@) =y WO+ [xp(ov) = ox (/)

+ (v pp - ¥ep )T = (Bug = ZBup e,

+ ou_ + TuE)/RJ2 (48)

v, + [yn(uV)g - yg(UV)n]/J + [xg(vz)n- X'n(vz)g]/J

+ (Xgpn - ang)/J = (avy, = 28v. + YV

£E g nn

+ov + tvg)/RJz (49)
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- = - - 2
Pgg = 2BPg, typ  +oop + TR, (pug = yeup)
T 20eu - XU (y v -y )
- - 2 _ g2
(XEvn xnvg) J D, (50)
where
b= (ynu£ - yiun * XEVn - Xnvi)/J GL

Equation (50) is the transformed Poisson equation for the pressure,
obtained by taking the divergence of the Navier-Stokes equations.

The boundary conditions are

u=1v =0 on body surface (52a)

u = cosb, v = sin6, p = 0 on remote boundary (52b)
The pressure at each point on the body was adjusted at each iteration by
an amount proportional to the velocity divergence evaluated using second-

order one-sided differences for the n-derivatives on the body.

Pressure Distribution and Force Coefficients. The surface pressure distri-

bution is calculated in the vorticity-stream function formulation from

the line integral of the Navier-Stokes equation around the body surface.

In the velocity-pressure formulation the surface pressure, is, of course,
obtained directly. In the velocity-pressure formulation it is necessary to

calculate the body vorticity before applying (44) from

-1
w = - J(yivn + x (53)

&un)
Figure 35 shows the coordinate system for a multiple airfoil consisting
of two Karman-Trefftz airfoils, one simulating a separated flap. Coordinate
system control was used to attract the coordinate lines strongly to the first
ten lines around the bodies and to the intersections of the cut between the

bodies with the trailing edge of the fore body and the leading edge of the

aft body. Velocity vectors and pressure distributions for the viscous flow
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solution at Reynolds number 1000 are shown in Figure 52.

Loaded Plate (Ref. 24)

Figure 53 shows a comparison between the numerical and analytic solution
(Ref. 25) for deflection contours for a simply supported uniformly loaded
triangular flat plate. This problem involves the solution of the biharmonic
equation by splitting into two Poisson equations. The transformed Poisson
Again all computation was done in the

equations appear as in Eq. (40) above.

rectangular transformed plane.
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VI. INSTRUCTIONS FOR USE - COORDINATE SYSTEMS

The coordinate system is generated by the program TOMCAT with the
subroutines BNDRY, CORPLOT, LINWT, ERROR, GUESSA, MAXMIN, PARA, RHS, SOR,
PLOT, and SYMBOL. Subroutines PLOT and SYMBOL were added for compatibility
between the GOULD and CALCOMP plotters. Each facility will probably have
to make minor changes for plotting. A complete set of instructions for the

input is included in the listing of TOMCAT.

Core must be set to zero at load time.
Files. The program uses two essential files with internal names 10 and 11.
File 11 is used to store a partially converged solution so that the itera-

tion can be continued by a subsequent run. This file need not be retained

once the solution has converged.

The converged coordinate system is written on file 10. This should be

saved to use as input for PROGRAM FATCAT.
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Certain files and additional control statements will also be necessary
for the operation of the plotter, and these must be added to fit the user's
installation. The program is compatible with both the GOULD and the CALCOMP
plotters.

Dimensions. The standard program allows a maximum field size of 70 £ lines
and 60 n lines and requires a core size of 131,000 words for the Langley
Research Center's CDC 6000 Series Computer System. Error signals and instruc-
tions for modification will be given if these limits are exceeded. The three
statements requiring modification for larger fields are separated from the
rest of the dimension and data statements of the main program for convenience.

Input Parameters. Most of the input is self-explanatory in the instruc-

tions given in the listing of TOMCAT. However, a few additional comments

may be in order.

Field Size. The parameter IDISK controls the storage of the converged

system on the disk file and also signals the restart of a partially con-
verged solution. The format of the storage of the coordinate system on

the disk file is given following IDISK in the instructions.

Plotting. Plotting may be by-passed by setting IPLOT to zero and eliminating
certain control cards. The selection of the GOULD, CALCOMP, or other plotter
is made by the parameter IPLTR. Recall that the user must also add certain
site-dependent control statements to the run stream appropriate to the

particular plotter installation. The parameters NUMBR and NUMBR1 allow the
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plotted field to be confined to a portion of the actual field by restricting

the number of curvilinear coordinate lines plotted. Coordinate lines may be
skipped in the plot by adjusting ISKIP1 and ISKIP2. The parameters XB1,
XB2, YBl, and YB2 also allow the plotted field to be restricted to the
portion of the actual field between limits in the cartesian coordinates.

Initial Guess. The parameter IGES controls the initial guess for the

iterative solution of the difference equations. Since these equations are
nonlinear, convergence can be obtained only from an initial guess within

some neighborhood of the solution. The same initial guess will not in
general give convergence for all segment arrangements. The type 0 is
suitable for single-body and simply-connected systems, however, as well as
for multi-body systems having all body segments on the same curvilinear
coordinate line. Types 2 and -40 are widely applicable to multiple-body
fields, except those having two bodies in single segments on opposite sides
of the transformed field, where types 1 or 4 may be effective. Very

strong coordinate attraction near a boundary having a sharp convex corner
requires an initial guess having sufficiently closely-spaced lines in the
region of line attraction, else the iterates may overlap the boundary. In
such a situation the exponential weighted average guess (type IGES > 4) should
be used. The lines in the guess will be more strongly contracted as IGES

is increased. Note that the use of this type of guess requires that the
boundary to which the lines are attracted be located on the bottom or left side
of the rectangular transformed field. Gradual movement of the outer boundary
may also help(see INFAC). gSee Section ITI for more information.

Body Contours. Points on the body and outer boundary contours may be placed

as desired around the contours, and the cartesian coordinates of these points
are input in order from cards, one card per point, or from a file with one
image per point.

Some of the contours of a multiple-body system may be split into several
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segments which may be located on the rectangular boundary of the trans-
formed field in many different ways as noted above in Section III. For
single bodies the body and outer boundary contours are simply cut and
opened into single segments. The points will be placed on the rectangular
boundary from the first index, LB1, to the second index, LB2, even when

LBl exceeds LB2. The contour segments must be arranged so that the segment
ends are connected by coordinate lines that do not cross. This is simply a
matter of arranging the segments on the rectangular transformed field
boundary such that a continuous path is traversed over the contour seg-
ments and connecting cuts in the physical field as a closed circuit is

made of the rectangular boundary of the transformed field. The order in
which these sets are input is immaterial, except that the outer boundary
contour must be last. There is no relation between the order of input of
the sets and the order of their appearance on the circuit of the rectangu-
lar boundary.

Note that no points are repeated in the input; the closure of each
body contour is accomplished internally by the program. (The total number
of £ and n lines, IMAX and JMAX, however, will include the repeated points
that close the contours. See, for example , the test cases given following
the program listings in this section.

If a circular outer boundary is desired, this contour may be calculated
internally rather than being input. In this case the radius and origin
of the circle, and the angle of its initial point counter—clockwise with
respect to the positive x-axis, are input. The points on the outer boundary
contour will then be placed at equal angular increments clockwise from this
initial angle. This outer boundary may then be located on the rectangular
boundary in one or more segments in the same manner described above.

Re—entrant Boundaries. The re-entrant segments pairs are specified by

their end points and the sides on which they lie, but no points are input
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thereon, since these are actually cuts rather than boundaries in the phy-
sical plane. The order in which the re-entrant segments are input bears no
relation either to the order in which these segments occur on the circuit
of the rectangular boundary or to the order in which the body contours are

input.

Acceleration Paramaters. If a non-zero value is input for R(1l), then this

value will be used as a uniform SOR acceleration parameter. Typical values
for a number of cases have been given above in the Section III. The
program also has the capability of calculating a field of variable local
acceleration parameters which are updated at each iteration until the
maximum absolute change of acceleration parameter over the field is less
than the input value R(10), after which the acceleration parameter field is
frozen. Since these local parameters are calculated from linear theory, they
are not true optimum values. Furthermore, in certain local situations, not
even the linear optimum is known. A choice is given, via IEV, for these
situations, but under-relaxation is generally the safest course. As noted
in Section III, in some cases these calculated variable acceleration
parameters tend to be too high and may not give convergence. The use of
the variable acceleration parameters also requires extra computer time for
their calculation, of course, and this calculation involves a square root.
Therefore, the constant input acceleration parameter is usually to be
preferred, provided this value is selected with some care with attention to
the results in Section III.

Coordinate System Control. The curvilinear coordinate lines may be concen-

trated by attracting the lines to the body contours or other lines or to

points in the field. Generally an effective way for concentration in the
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vicinity of a body contour is to use attraction to the contour and also to
the first several lines off the contour, with decreasing attraction amplitude
on each line outward and a decay factor of 0.5 or less on all lines.

On a field that is 10 chords is radius with 40 lines surrounding the
body, an attraction amplitude of 1000 with attraction to 10 lines gives
moderate concentration,while 100,000 gives very strong concentration.
Amplitudes of 100 or below give only slight changes from the concentration
that is inherent in the basic homogeneous equations.

Some attention must be paid to the rapidity of the change of coordinate
line spacing with strong attraction else truncation error in the form of
artificial diffusion may be introduced as follows: Consider the finite
difference approximation of a first derivative with variation only in the

x-direction to which the &-lines are normal. Then by (8)

f f
£ =yn€ - _&
b4 ngn xE
The difference approximation then would be
f, - £,
£ = i+l - 1—1\ + T,
S S N S | *
where Ti is the local truncation error.
Taylor series expansions of fi+l and fi—l about fi then yield, after
some algebraic rearrangement,
- _1 -
Ti =-3 (fxx)i (Xi+l + X571 2xi)

But the last factor is simply the difference approximations of ng so that
1
2 *er Txx

This truncation error thus introduces a numerical diffusive effect in

T = -

the difference approximation of first derivatives. Care must therefore be
taken that the second derivatives of the physical coordinates (i.e., the rate
of change of the physical spacing between curvilinear coordinate lines) are not

too large in regions where the dependent variables have significant second

*

derivatives in the direction normal to the closely spaced coordinate lines.
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Just what is a permissible upper limit to the rate of change of the line

spacing is problem dependent. Consider, for instance, viscous flow past a
finite flat plate parallel to the x~-direction. Here the velocity parallel
to the wall changes rapidly from zero at the wall to its free stream value
over a small distance that is of the order of A1 where R 1s the Reynolds

VR
number, R = UoX | based on freestream velocity, U_ the distance from the
b (e o] .

leading edge of the plate, x, and the kinematic viscosity, v.
The equation for the time rate of change of the velocity parallel to the

wall is

1
= - - +_ +
ut uu vuy R(uxx uyy)
Recalling that the large spacial variation in velocity occurs in the y~-direc-

tion, coordinate lines would be contracted near the plate. The truncation

error introduced by this contraction would be

= (o ¥
-v(-T) ( 3 ynn)uyy

This introduces a negative numerical viscosity (-‘% Yy ), since v and yn

nn n

are both positive.

The effective viscosity is thus reduced (effective Reynolds number
increased),so that the velocity gradient near the wall is steepened. There-
fore care should be taken that yrm is limited so that the numerical viscosity

(—-% ynn) not significant in comparison with the physical viscosity (%).

The situation is mitigated somewhat of the fact that the numerical

viscosity is proportioned to the small velocity normal to the wall, this

velocity being of order "1"3 Actually this limit is conservative, since the
/R
1
normal velocity drops to zero at the wall and only attains the order‘;:f
R

in the outer portion of the region of large gradient of velocity parallel
to the wall where uyy is very small.

Sufficiently close spacing of lines can be obtained even subject to

such limits on the rate of change of the spacing by using decay factors in
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the tenths range for the.coordinate attraction.
The use of coordinate system control tends to slow the convergence
of the iterative solution, and it is necessary to add the attraction grad-
ually for strong concentrations. Convergence can be achieved even with
very strong attraction amplitude by successively partially converging the
field with a weaker amplitude and then using this result as the initial
guess for the iteration with a stronger amplitude. This can all be done in
one run by inputing the number of steps to be used for addition of the full
amplitude (IFAC) and the multiple of the final convergence criterion to
be used as the criterion for the partial convergence of each succeeding
amplitude (EFAC). Generally the lowest or perhaps the next-to-the-lowest
number of steps that will produce convergence is the most economical. 1In
typical single-body fields, an amplitude of 1000 has required three steps,
while 10,000 has required six steps. A value of 100.0 is typical for EFAC.
When very strong coordinate attraction is used to a boundary having
a sharp convex corner the lines may tend to overlap the cormer unless the
SOR iterative sweep is toward this boundary. Since the sweep is done to-
ward lower & and n wvalues, such a boundary should be located on the bottom or
left side of the rectangular transformed plane if strong attraction thereto
is to be used. In such a case the initial guess should be IGES > 4
as mentioned above, the stronger the attraction, the larger IGES. When
IGES is large enough it should not be necessary to use gradual addition
of the attraction. Movement of the outer boundary may also help (INFAC).

Convergence of Very Large Fields. With some segment arrangements for

multiple-body fields convergence problems have occured with large fields
(20 chords or so). This problem arises since with some arrangements, fewer
lines pass between the bodies and the outer boundary in some directions

than in others. Therefore, provision has been made for approaching con-
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vergence on the final field by successively partially converging smaller
fields and using each succeeding result to produce an initial guess by
linear projection for the next larger field. This can be done in a single
run by specifying INFAC and INFACO. A choice is given between doubling
the field radius at each step and increasing it linearly. 1In the former
case the initial size is completely determined by the number of steps
specified, while in the latter case it is necessary also to specify the
initial point in the linear increase from zero at which the radius is to
start. Care should be exercised that the initial outer boundary does not

intersect the bodies.
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Coordinate System

Program TOMCAT



PROGRAM TOMCAT(INPUYoOUTPUTaTAPESUINPUT.TAPEOIOUTPUYa
ITAPE10,TAPEYY)

C weeamawe MISSTSSIPPT STATE 2=0 BODY=FITTED CNORNINATE SYSTEM wannnnnn
C » (8IMPLY NR MULTIPLY CONNECTED REGIONS)
C =
€t = (DEPARTMENT NF AEROPHYSICS AND AEROSPACE ENGINEERING )
C = ¢ MISSISSIPPY BTATE INIVERBITY 1978 )
C = (DEVELOPMENT SPONSNREND AY NABA,LANGLEY RESEARCH CENTER)
(of »
C » DIRECT INQUIRIES TO DR, JOE Fe THOMPSON
C = DRAWER A
C « MISSISSIPP! STATE, M9 39742
C =
C = PHONEY 6014325034258
C =
f tittttaiﬁﬁtﬁ!ttttﬁttttt*ttttn*tt'it'titttt*ttntﬁtnitﬁatttttnittitn*tt
o
DIMENSION X(70,80), Y(70,60), RETA(TO0,80), RXT(70,60), WACC(70,60)
1, TACC(70,60), XPLOT(72), YPLOT(72)
DIMENSTION R(l!).IXER(Z)'IYERtZ).c1(0).c2(8).anv(8). LBRSIN(s
1), LB1(6), LR2(s), LBDY(6), LR8ID(s), LR1(6), LR2(6), LISIDC6), LI
21(6), LI2(8), LTYPE(s), LAEN(S), IWER(2)
INTEGER TACC
Crnnnn

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnh

DATA NDIM,NDIMY /70,60/
DATA RAN/ST, 20577981308/
NATA MNBSEG,MNHSEG /6,6/
DATA ZERC /1,0Ew08/

iittttittﬁ*.ﬁttt'i'ttwﬁnﬂhtitiit‘tiﬁttiﬁaittﬁtti.iﬁttaﬁtttttttittttti
"

RARORRAARRARIARRAR R RN nwn [NPUT DATA AR AR AR AR AN AR RAR AN A RA S AN A NN
®

*4e CARDS(3) , ci/Cc2/BNnY » FORMAT(BALIN)

(MAY RE ALANK)

C1 AND C2 = B0 CHARACTER A/N ARRAYS WHICH ARF PRINTED AT
THE TOP OF EACH OUTPUT PAGE AND ON ANY PLOTS,

BDY « NAME QOF RODY BEING TRANSFORMED (80 CMARACTERS MaXx),

*% CARD ) INAX,JHAX,NBDV'ITERaIGESaIDISKoIWIRoININTL:IWFINaIGED
e FORMAT(101S)

IMAX o NUMAER OF XIel INES,
JMAX ® NUMBER OF ETAe[INES,

NBDY « NUMAER OF BODIES IN THE FIELD,
(ZERO FOR SIMPLYeCONNECTED REGION)

ITER MAXIMUM NUMBER OF ITERATIONS ALLOWED,

1GES

INITIAL GUESS TYPE 1 (SEE IGED ALSO)

(8OME SEGMENT ARRANGEMENTS WILL NOT .CONVERGE

WITH THE BTANDARD INITIAL GUESS, THEREFDRE
SEVERAL ALTERNATIVES ARE PROVINED,)

(IGES®mD 18 TYRICAL FOR SINGLE=BODY FIELDS OR
MULTIPLE=BODY FIRLNDS MAVING ALL BODIFS ON THE
SAME SIDE OF THE TRANSFORMED FIELD, IGES®2 OR w49

.l.’..ll."l.‘.ll'l‘ll""

57
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15 TYPICAL FOR OTHER MULTIPLFeRODY FIELDS, EXCEPY
FOR THOSE HMAVING TwD BADTES 1IN SINGLE SEGMENTS

ov NPPNSITE SIDES 0OF ThHE TRANSFORMED FIELD, IN THE
LATTER CASE TRY IGEBm) CPR 4,)

{1GED,NE,0 TS MDRE FFFECTIVF FOR CASES wITH THE
NUTER ROUNDARY ON THREE SINEY,)

ni
a0
82

83

=y

»U

<0

WEIGHTED AVERAGE OF FOUR PRCJECTED
BOUNDARY VALUES,
SaMF AS | EXPEPY ZEROD 1ISED IN PLACE OF VALUES
ON CUTS,
SAME A8 | EXCEPT BOUNDARY VALUES ON CUTS
OMITTEN TN AVERAGE,
MOMENT PROJECTIOND
X (SUMD#SUMXaSUMXD)/8UMD, DIVIDED BY TOTAL
NUMBER OF BOI/MDARY POINTS,
WHERE SuUMXmSum OF ROUNDARY VALUES,
suUMDESUM OF DISTANCES 71O HOUNDARY POINTS,
sumMxDm8u™ OF PROMUCTS OF ABOVE,
SAME AS 3 EXCEPT NO NIVISION BY TOTAL
NUMRER OF ROUNDARY POINTY,
SAMF A8 2 EXCEPT EXPONENTIAL WEIGHT RATHER THAN
LINEAR, CONCFMTRATION 18 TOWARD LOWER VALUES
0F X1 AND/OR ETA WITH NECAY FACTOR OF
0,1%{1GESed) ,
EXPONENTIAL PROJECTIONE
XaSUMXE/SUME, WITH EXPNONENTIAL DECAY
FACTOR EQUAL T0 TARS(IGES),
WwHERE SUmMEmSUM OF EXP (eNECAY4DISTANCE),
SUMXEmSUM OF PRODUCT OF ROUNDARY VALUE
AND ARQOVE EXP,
(NISTANCE 18 NONDIMENSTONALIZED RELATIVE
Y0 DIAGONAL OF RECTANGULAR TRANSFORMED FIELD)

{DI8K = DISK READ/WRITE CONTROLS

=0
LB

L T4

LR

START ITERATION FROM INITTAL GUFSS,

DON®T STORE CNRORDINATE SYSTEM ON D1SK,
START ITERATION FROM TINITIAL GUESS,

STORE COORDINATE BYSTEM ON DISK,

CONTINUE ITERATION DF A PARTIALLY

CONVERGED SOLUTION READ FROM RESTARTFILE

ON DIBK, STORE COORDINATE SYSTEM ON 018K,
AS #2 EXCEPT NON’T 8T0RE COORDINATE SYBTEM,

NOTEY IDISK OF { OR 2 CAUSES THE COORDINATE SYSTE™ TO BE WRITTEN
YO DISK IN THE FOLLOWING FORMATY

...t"t'."’ll

WRITE(10,1) CH

wRITE(10,1) C2

*RITE(10,1) IMAX, JMAX,NBSEG,NRBEG,LISEG,NBDY
*RITE(lﬂaI),(LBGID(L)uLBl(L);LBZ(L)nLBOV(L)-LSEN(L)-

1 Lei,NBIEG)

WRITEC(10,1) (LRSIO(L)pLﬁitL)nLRZ(L)aLlSID(L).LIl(LJaLIZ(L)c
1 LTYPE(L),L81,NRSEG)
wRITE(10,1) CeXCI d) Tl T MAXY OB, JMAXY,

!

CEYCT d) 1oL, IMAXY ;I , IMAK)

HERE LISEG I8 THE TOTAL NUMBER OF BODY SEGMENTA(EXCLUSIVE
OF NUTER BOUNDARY SEGMENTS) PLUS 1y LOENCL) 18 +1 IF

119
116
117
118
119
120
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» % »

LA 0 B NN S N

LR2CLIDLRI(L) AND 18 e OTHERWISE (LRI AND LR ARE
INTERCHAMGED INTERNALLY AFTER L8EMN 18 SET IF NECESSARY

SO THAT LB2>» .R{) LTYPE T8 142,3,4,%,0R b, RESPFCTIVELY,

IF THE TWD SEGMENTS OF & RE=ENTRANT PAIR AKRF (1) ONF DN
ROTTOM AND ONE ON TOP, (2) BOTH 0N ROTTOM, (3) ROTH ON ToP,
(8) ONE ON LEFT AND ONE QN RIGHT, (%) 8NTH NN LEFT, OR

(6) ROTH ON RIGHT) X AND ¥ ARE THF PARTESIAN COOKRDINATES,

IF CONVERGENCE I8 NOT ATTAINED TN THE ALLOWEN NUMRER QOF
ITERATINNS THE PARTTALLY CONVERGEN SOLUTION 18 SYONED ON
DISX FOR RESTARY, THE ITERATION Mapy THEN BE CONTINUED RY

*ean SETTING IDISK TO 2 OR 3 AND INCREASTING ITER,

IWIR e« ®0 DON®Y PRINT EACH TTERATINN ERROR NORM,
Bl PRINT EACH ITERATION ERRNR NORM,

IWINTL = =0 DONCT PRINT INTTYAL GUFSS,
2] PRINT INITIAL GUESS,

IWFIN » 20 PRINT COORDINATE SYSTEM,
®1 NDON’T PRINT COORNINATE SYSTEM,

IGED « CONTRNLS DIRECTION OF “FIGHTED AVERAGES FOR INITIAL
GUESS TYPES 0,1,2, AND «GT U

B 0 « AVFRAGE IN ROTH XT AND ETA NDIRECTIONS
(FOUR PODINT AVERAGE)

® § o AVERAGE IN ONLY ETa DIRECTION
(Twhl POINT AVERAGE)

B 2 = AVERAGE IN ONLY XY NIRECTION
(TWO PUINT AVERAGE)

waa CARD IPLOT,IPLTR,NCOPY.LINHT!,LINWTZ,NUMBR,NUMBRI,

[ 2 2]
»

.l"'..ll".ll'.’l..tlll

I8KIP1,18%1P2, = FORMAT(91S)

IPLOT o PLOT OPTIONS)
%0 NO PLOTS (INPUT OF REST OF CARD NOT REQUIRED),
®i PLOT COORDINATE Svavgm,
%2 PLOT INTTIAL GUESS AND COORDINATE SYSTEM,

IPLTR » @1 PLOT WITH GOULD 4800,
82 PLOT WITH GERRER
®3 OTHER ( CALL PSEUDOD = DEVICE INDEPENDENT o
VARIAN AND CALCOMP DO NOT NAVE LINEWT
CAPABILITY)

NCOPY = NUMBER OF COPIES OF PLOT DESIRED,

LINWT] o PLOT LINE WEIGHWY DESIRED FPOR PLOY TITLES,
(e2 =1, 0, 1, 2 RESPECTIVELY POR TRIPLE, DOUSBLE,
NORMAL, MALF, YHIRD WEIGHT LINES)
(THIS APPLIES ONLY TO THE GOULD 4800)

LINWT2 e PLOT LINE WEIGHT DESIREND FOR COORDINATE SYSTEM,
(SEE NOTE BELOW LINWTY)
(THIS APPLIFS ONLY TO THE GOULD 4800)

NUMBR e NUMBER OF ETAsLINES DEBIRED POR PLOT,
(ZERD VALUE PLOTS ALL)

59

121
122
123
124
125
126
127
128
129
130
131
132
133
134
138
136
137
138
t39
140
141
142
143
144
145
146
147
148
140
150
151
182
183
184
158
156
157
158
159
160
161
162
163
164
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166
167
168
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179
172
173
174
178
176
177
178
179
180
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» % ¢t H % BN B FR

LR A
LA A
L2 2
RN
»

hirh
*

*
»
"
-
*
L

-
"
]
*
*
L]
*
»
| ]
*
»
]
[ ]
1]
L]
»
L]
L]
]
*
L]
*
]
»
"

L 2

»
]
]
"
L]
-«
»
]
[ ]
| ]
L]
L

NUMAR| w NIIMRER OF XTeLINES PESIREN FUR PLOT,
(ZERD VALUE PLOTS ALL)

1SKIP1 = SKIP PARAMETER FOR XI=LINES,
(1 PLOTS EACH LINE, 2 PLOTS EVERY SECORN LINE,JETC,

ISKIP2 = SKIP PARAMETER FCOR ETaeLINES,
(SEE NOTE HELOW ISKIPY)

EArH BODY AND THE OUTER ROUNDARY I8 DPIVIDEN INTD ONE OR
MARE SEGMENTS PLACED ON THE SIMES NF THF RECTANGULAR TRANSFORMED
FIFLD, THESE SEGMENTS ARF CONNECTED RY RE=ENTRANT SEGMENTS,
THE SEGMENT CONFIGURATIOM INPUT 18 AS FOLLOWSY
CARD § NASEG,VRSEG e« FORMAT(215)
NBSEG = TOYAL NUMBER QF RODY AND OUTER BOUNDARY SEGHMENTS,

NRSEG o TUTAL NUMBER 0OF PALIRS OF RESENTRANT SEGMENTS,
{2FRO FNR SIMPLYeCNONNECTED REGION)

a% CARDS(NRSEG) 3§ LBSID,LA},LR2,LADY = FORMAT(UIS)

LHSID e SIDE OF RECTANGUL AR TRANSFORMED FIELD ON WHICH
RADY AFGMENT OR OQUTER ROUNNDARY SEGMENT 18 LOCATED,
(ROTTOM 18 1, LEFT 18 2, TAP I8 3, RIGHT 18 4,)

LEt,LR2 » FIRST AND LAST INDICES OF SEGMENT,
(LMY MAY EXCEED LPA2)

LADY = RANDY NUMBER (BRUDIES ARE NUMRERED CONSECUTIVELY

FROM TO NBDY

OUTER BOUNDARY 18 BODY NUMBER 0 OR NRADYei,

NUMBER 0 CAUSES OUTER BOUNDARY TO BE CALCULATED

INTERNALLY A8 & CTRCLE, POSTITIVE NR NFGATIVE

NBDYel CAUSBFS OUTER BOUNDARY T0 RE READ AS OTMER

BODIES,)

NOTF @t FACH BODY 18§ READ VIA A SINGLE 0ADD OR SETY
OF CARDS WITH NO REPEATED POINTS, NOT EVEN
TWE FIRST POINT, BODY SEGMENTS MUST BE
CONSECUTIVE ACCORDING TO LBDY, wWITH THE
OUTER BOUNDARY LAST REGARDLESS OF 178
LBDY, POINTS IN FaCH SEGMENT ARE READ
CONSECUTIVELY AND PLACED ON BOUNDARY
FROM INDEX LBY TO INDEX LB2,

CARDS(NRSEG) ! LRSID,LRi,LR2,L1870,L11,L12 = PORMAT(619)
(OMIT POR 8IMPLYeCONNPCTED REGION)

LRSID,LISIN e SIDES OF RECTANGULAR TRANSFORMED FIELD ON
WHICH SEGMENTS OF A RE=ENTRANT PAIR ARE
LOCATED, BFE NOTE BELOW LBSIN FOR SIDES,
(LISID MUST EQUAL OR EXCEED LRSID)

LRY,LR2,L11,LT2 » FIRSY AND LAST INDICES OF EACH BEGMENT
OF A RE-ENTRANT PAIR, (IF LISID I8 EQUAL
YO LRSID TWEN LI{ MUST EXCEED LR2, IF
LISID 18 NOT EQUAL TO LRBID THEN LI
MUST EQUAL LR1, IN ANY CASE LR2 MUBY

181
182
183
184
168
186
187
188
189
190
191
192
193
194
198
198
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
et
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214
218
216
217
218
219
220
221
222
223
224
22%
226
227
228
229
230
231
232
233
234
238
236
237
238
239
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"

EXCEED LRi, AnD LI2 MUSNT EXCEED L11,)

"
waxx CARD 1 R(1),R(2),R{3),YINFIN,AINFIN,XOTLF,YOINF,NINF =

R(1) =

R(2) =

R(3) =

YINFIN

AINFIN

NINF =

IA1T =

L R B 2% 2R 2R 2 2k B b B 2B IR 2 I 2R A NP 2 b Nb BE 3N B NN NF BE B BN BN BB B NN I N Jh B B B NS S NE N BN N 3N NN B NF BB NN NN NN BN R N N 3

% CARD 1 INFAC,
(CAN RE USED TO AID CONVERGENCE BY CONVERGING A
SMALLER FIELD FIRSY AND USING THIS RESULY TO PRODUCE
AN INITIAL GUESS FOR A LARGER PFIELD, BLANK CARD
MAY RE INPUT IF THIS FEATURE I8 NOY YO BE USED,
STANDARD 18 Y0 NOT USE THIS FEATURE,)

FORMAT(TF1IN,0,1%)

GAUSSeSEIDEL ACCELERATINN PARAMETER,

ZERD VALUE CAUSES VARTARLF ACCELERATION PARAMETER
FIFLD TO RE CALCULATED INTEANALLY,

(TYPICALLY 1,85)

CONVERGENCE CRITERINN FOR X JTERATION ERROKk NORM,
(TYPICALLY 0,00001)

CONVERGENCE CRITERION FOR Y JTERATION ERROR NORM,
(TYPICALLY 0,00001)

e RADJUS OF CIRCULAR DUTER KUUNDARY,
e ANGLE OF FIRSY POINT NN QUTER ROUNDARY, (PDEGREES)

CANGLEF 18 PNSITIVE COUNTEReCLOCKWISE FRNOM POSITIVE
XeAX18, POINTS ARE CLOCKWISE FRNM THTS ANGLE,)

XOINF,YOINF e CENTEKR OF CIRC!IILAR OUTER BOUNDARY,

NUMBER 0OF UNIQUE POINTS ON OUTER ROUNDARY,

NOTE1 YINFIN,AINFIN,XOINF, & YONINF MAY BF ALAMK IF

OUTER ROUNDARY I8 YO BE READ,

*% CARD ¢ IFV,IATIY,R(10) = PORMAT(21S,F10,0)
(BLANK CARD MAY BF INPUT IF COMSTANT ACCELERATIOM
PARAMETER IS USED)

TEV » CONTROLS COMPLEX JACORY FIGENVALUE PROCEPURE,
(OPTIMUM ACCELERATION WITH REAL PIGENVALUEY 18

OVEReRELAXATION, OPTIMI/M wITH IMAGINARY I8
UNDERORELAXATION, NO THFORETICAL OPTIMUM I8 KNOWN
FOR COMPLEX EIGENVALUES,)
«{ § UNDEReRELAX,

0 ¢ WEIGHTED AVERAGE,

¢ § OVEReRELAX,

NONoZERD VALUE CAUSBES VARTAALE ACCELERATION

PARAMETER FIELD Tn BE PRINTED,

R(10) = CONVERGENCE CRITERION FOR VARIABLE ACCELERATION

PARAMETER FIELD, FIELD I8 FPROZEN wHEN MAXIMUM
ABSOLUTE CHANGE ON FTELD 18 LESS THAN R(10),
(TYPICALLY 0,01)

INFACO = FORMAT(21S)

INFAC = NUMBER DF BTEPS IN ATTAINMENT OF QUTER BOUNDARY,

POSITIVE DOUBLES CUTER BOUNDARY AT EACH STEP,
NEGATIVE MOVES OUTER BOUNDARY LINEARLY,
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267
268
269
210
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(INCREASE MAGNITUPE TF DIVERGENCE OCCURS)

INFACD e INITIAL STEP IN ATTAINMENT OF QUTER BOUNDARY,
(LINEAR ATTATMNMENT ONLY)

«¢ CARD t SI2E,RATIO,NPIST,XR1,XB2,YR1,YR2 = FORMAT(TF10,0)
(OMIT 1F NO PLOTS OESIRFED, 1,.,F,, IF IPLOT I8 ZERO)

SIZE = PLOT SIZE IN YeDIRECTION, (TNCHES)
(TYPICALLY 8,0)

RATID « m0 X AND Y PLOT SQCALES ARE EAQUAL,
>0 X AND Y PLUT SCALES ARE ADJUSTED 80 THAT THE
PLOT 18 SUUARE,
(TYPICALLY 0)

RIST e GOULD PAGES REQUEST(X=DIRECTION), EITHER 10 OR 20,
(TYPICALLY 10,0)

XB1,XB2 » MINIMUM AND MAX]IMUM XevAlLUES TO RE PLOTTED,
(ZEROS PLUT ALL)

YB1,YR2 e MINIMUM AND MAXIMUM YeVALUES 10 RE PLOTTED,
(ZEROS PLOT ALL)

» % % & % % B % % % % % %% F SN S F SRS

waw AFTER THIS INPUT, READ IN BODY COORDINATFS o FORMAT(2F10,0)

LR 2 ]

wnx TF NO COORDINATE SYSTEM CONTROL I8 TD RE USED, FNLLOW THESE CARDS
akn WITH THREE RLANK CAKRNDS, TF CONTRNL 18 TD BE UBSED, (I8E THE

pas FOLLOWING INPUY RATHER THAN THF BLANK CARDS)

wae INPUT FOR COORDINATE SYSTEM CONTROL, USE Tw0O SETS, ONE FOR

wxe X]s INE CONTROL AND ONE POR ETAe_INE CNNTROL,

wkx (THIS DATA I8 REAN IN SURROUTINE 80R,) 1

wxn CARD | ATYP,ITYP,NLN,NPT,DEC,AMPFAC o FORMAT(Ab,14,21%,2F10,0)

ATYP e TYPE OF ATTRACTION, (XI FOR XIwLINE ATTRACTION,
ETa FOR ETAeLINE ATTRACTION,) LEFT JUSTIFIED,

ITYP e« ZERO GIVES ATTRACTION ON BOTH SIDES,

. NON®ZERO GIVES ATTRACTINN ON CONVEX BIDE AND
REPULSION ON CONCAVE SIDE,

NLN ® NUMBER QOF ATTRACTION LINES,

NPT e NUMBER OF ATTRACTION POINTS,

DEC = NON®ZERD DEC USES DEC POR DECAY FACTOR,

AMPFAC e NON®ZERO AMPFAC MULTIPLIES ALL AMPLITUDES
BY AMPFAC,

e CARDS(NLN) § JULN,ALN,DLN = FORMAT(SX,1%5,2F10,0)
(OMIT IF NLN I8 ZERD)

JULN » ATTRACTION LINE INDEX,

ALN o AMPLITUDE (NEGATIVE REPELSY FOR LINE ATTRACTION,

L 2 BB BE SN N BB NE NE NE NF BE 2R 2N SR NE B B NE JE BB BE BN 2B J
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330
331
3132
333
334
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337
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339
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BLN @ NECAY FACTNR FNR LINE ATTRACTIOM,

* @

*aw CARDS(NPT) 1 IPT,JPT,APT,DPT ® FARMAT(215,2F10,0)
(OMTIT IF NPT T8 ZgKN)

»

IPT,JPYT ® ATTRACTION POINT INDYICES,

APT @ AMPLTITUDF (NFGATIVF REPELSY FOR POINT ATTRACTION,

» % % % BN

OPY = DECAY FACTOR FNR PNAINT ATTRACTION,

»

eaw FOLLOW THF COORDINATE SYSTEM CONTROL CARNS WITH THE

wan FOLLOWING CARD{

]

waw CARD 3 JFAC,IRIT,EFAC = FURMAT(21%,F10,0)

* (CaN BE USED TD AID CONVERGENCE HY CONVERGING FIELD
WITH LESS ATTRACTION FIRST AMD USING THIS RESULY

AS THF INITIAL GUESS FNR STROANGER ATTRACTION,

BLANK CARD MUST RE INPUT TF TWYS FEATURE 18 NOT USED,
STANDARD IS TO NOY USE THIS FEATURE , HUT 178 USE May
BE NECESSARY WITH STRONG ATTRACTION,)

*

»

*

*

"

*

* IFAC = NUMRER OF BTEPS IN ADDITION OF INHMOMOGENEOUS TERM,
* POSTITIVE DOUHLES INHOMOGENEOUS TERM AT EACH STEP,
" NEGATIVE INCHRFASES INWOMOGEMENUS TERY LINEARLY,

b [(INCREASE MAGNITUNE IF NIVERGENCE OCCURS,)
"

"

L

*

"

*

"

»

]

IRIT » NONeZERD VALUE CAUSES INHOMNGENFOUS TERM YO BE
PRINTED,

EFAC = MULTJPLE OF CONVERGENCE CRITERION TO RE USEN FOR
INTERMENTIATE CONVERGENCE BETWEEN ADNITIONS OF
INMOMDGENEQUS TERM, (TYPICALLY 100,0 )

AR RN R RN R AR AR R R RN R RN AR A RN AR R N AN N RN I AR RN R AR SR AR R AR AR A RN AN AN AR
READ INPUT PARAMETERS
WRITE(6,640)

A CALL TO PSEUDD INTTIALIZES THF GRAPHIC OUTPUT SYSTEM, THIS MUST
BE THE FIRST CALL FOR GRAPHICS IN ORDER TO GENERATE PLOT DATA
IN THE FORM OF A DEVICE INDEPENODENT PLNT VECTOR FILE,
A CALL TO LEROY SLOWS THF SPFED POR GERAER FOR LIGUID INK PEN,
IT 18 OK TO LEAVE CALL LEROY IN FOR THF OTWER NEVICES,

CALL PSEUDO

CALL LEROY

READ (5,6%0) Ci,C2,BDY

READ (5,620) IMAX,JMAX,NBDY,ITER,IGES,INISK, INIR, TWINTL,INFIN,IGED
IF (IMAX,GT NDIM) WRITE (6,700) IMAX,NDIM

IF (JMAX,GT NDIM1) WRITE (6,720) JMAX,NDIM{

IF (IMAX,GY  NDIM,OR JMAX GT NDIML) BTOP |

READ (S5,620) IPLOT,IPLTR,NCOPY,LINWTL, LINWT2,NUMBR,NUNBR],]
18KIPY,18K1P2

READ (S5,9860) NBSEG,NRSEG

1F (NBSEG,GT MNBBEG) WRITE (6,910) NBSEG,MNBSEG

IF (NRBEG,GT ,MNRBEG) WRITE (6,920) NRBEG,MNRSEG

IF (NBSEG,GT,MNBSEG,OR,NRSEG,GT ,MNRSEG) 8TOP 2

READ (5,880) (LRSIDCL),LALCLI,LR2(L),LBDY(L),L81,NBSEB)
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c
e

c

c
c
c

(g Ne NaNel

1F (MNRSEG,~E,0) READ (5,890) (LRSIOCLY,IRICL),LR20LY,LISID(L)LTILL
tL)oLI2(L),L®1,NRSEG)

RFAND (5,900) (RCT),Tm1,3), YINFIN AIRFYO, XOINF, YOINF NINF

READ (5,820) TEV,1ATT,R(10)

READ (S,620) INFAC,INFACDH

1F CIPLOT NE,0) REAN(S,630) STZF,RATIO,NI8T,XAY,XR2,YRY,YRY

wRITF INPUT PARAMETFRS

*RITE (6,1060)

WRITE (6,990) IMaX,J¥AX,NRDY,ITFR,IGES, THYISK, TwIR,IWINTL,IWFIN
1,16ED

WRITE (6,1000) IPLOY,TPLTR,NCOPY,LLINWTY L INWT2 ,NUMBR NUMBRY
1,I1SKIPY,I8K]IP2

wRITE (&,1010) NRSEG,NRSEG

WRITE (6,1020) RC1I,R(2),RII),YINFIN,AINFIN,XOINF,YOINF,NINF
“RITE (5,1030) TEV,IA1T,R(10)

WRITE (6,1040) INFAC,INFACO

“RITE (&,1080) SIZE,RPATTIO,DIST,XBY,XB2,YH),YR2

wRITE (6,1070)

1F (NRSEG,EQ,0) wRITE (6,1080)

wRITE (46,970) IGES

WRTITE (6,9%0) (L,LRSINCL),LRICLY,LR2(L),LRDY(L),L®1,NRSEG)

1F (NRSEG,NE,0) WRITE (6,940) (L ,LREBINCL),LRIIL))LR2CL)HSLISID(LI L
tI1 (LY LT2CL), Lt ,NRSEG)

IF (INFACOL,EG,0) INFACO®Y

IF (INFAC,EQ,0) INFACEY

WRITE (6,950) YINFIN,AINFIN,XOINF,YOINF,NTINF,INFAC,INFACD

1F (R(1),6T,0,0) WRITE (6£,870)

SET UP PARAMETERS

NPLTSE]

AINFINBAINFIN/RAD

IF (NUMBR,EQ,0) NMUMBREJMAX

IF (NUMBRY ,EG,0) NUMBR{EIMAX

1F C(I8KIPY,EG,0) 18KIP{smy

1F (I8KIP2,EQ,0) I8KIP2E{

IF (NBDY,LE,D) NBDYRY.

1F (IPLOT, EQ,0) GN TO {0

IF (ABS(XBY) LT, 2EROC) XBimey 0E20
IF (ABS(XB2),LT,2ERD) XxR2me) 0F20
IF (ABS(YRL),LT,ZFRO) YBimwy O0E20
IF (ABRS(YBR),LT,2ERO) YB2me¢) ,0E20
IF (DISY, LE,0,0) DISTY=R10,0

10 CONTINUE

READ POINTS ON BODIES AND
READ OR CALCULATE PNINTS ON OUTER ROUNDARY

DO 20 Lwi,NBSEG
IF (TABS(CLBDY(L)) EQ NBDY¢! ,OR LADY(L), EQ,0) GO TO %0
LISEGuNBSEGe!
G0 Y0 40
LISEGHL
DO S0 Isi,IMAX
DO S0 Jmi,JMAX
X(1,J)®0,0
Y(1,J)u0,0
LBDYOmO

4zt
4e2
4y
“eu
4es
4ze
ée7
ues
u29
asn
a3y
w32
433
43y
uyrs
43e
437
uxe
439
440
4ut
dy?
4y
duu
4ds
q4deé
a4y
ays
a4
450
sy
us2
4sy
4su
'L 1]
4S8
usT
(1.1}
4s9
480
dot
(YY)
s}
Y
4es
'Y
'YS
ueld
4s9
470
@
472
473
474
478
ave
ar?
478
4ve
480



LBDY(NBSEG+|)me 0D
DO 280 Lwi,NHSEG

IMtalB1(L)

12882 (L)

ISENRY

IF (11,G67,12) 18ENsa]
LBEN(L)®ISEN

KIeMINO(IL,12)

K2B8MAXO(13,12)

LBi{(L)mK]

LB2(L)mK2

IF (LBNPY(L),EQ LBDYD) Timlie¢lSEN
IF CLADY(L) NE,LRDY(L+1)) 12m72=18EN
IF (LBDY(L) ,NE,LBDYO) IamTy
KisMINO(I1,12)

K2BMAXOCT1,22)

IGOTO=LBSID(L)

GO TO (60,160,60,160), 1GOT0

Cewnx BOTTOM DR TOP

60

70

90

100

130

140

150

Cuwn
160

170

190

200
230

IF (LBSID(L)ED,1) Jmy
IF (LBSID(L)EQ,3) JsJIMAX

IF (NRSEG,EQ,0) GN TO 90
IF (L.LT,LISEG) GD TO 90
IF (LBOY(L)) 90,70,90

CALL BNDRY (X,Y,J,11,12,LBSIDCLY,YINFIN,AINFIN,XOINF,YOINF,NINF,
INDIM)

GO 70 130
DO 100 KmKi,kK2
In]lie(KoK1)RISEN
READ (5,830) x(1,0),Y(1,J)
IF (LBOY(L).EQG,LBDY0D) GO TO 40
lémy
Xdomx(14d,1s)
Y4emY(l4,1s)
GO TO 1%0
CONTINUE
X(I1eIBEN,J)aX3S
Y(I1e18FN,J)mY3S
188J .
13sl2
X38:X(13,I%)
Y3SevY(13,18)
IF C(LBDY(L).EQ,LROY(L*1)) GO TO 260

IF (NRSEG,EQ,0,AND,NBDY,GT,1) GO TO 260

X(I2+18EN,J)mXus
YCI2¢I8EN,J)mY4b
GO TO 240

LEFT OR RIGHT

IfF (LBBID(L),EQ,2) Is}
IF (LASID(L),EQ,d) lalMaX

IF (NRBEG,EQ,0) GO TO 190
IF (L.LT,LIBEG) GO TO 190
IF (LBDY(L)) 190,170,190
CA%L BNDRY (X,Y,1,11,12,LB8I0CL),YINFIN,ATNFIN,XOINF,YOINF,NINF,
INDIM

GO YO 230
0O 200 KmKi,K2
JRI1e (XK1 )n]BEN
READ (%,830) X(I,J),Y(1l,J)

IF (LBDY(L),EQ,LBDYO) GO YO R40

65

481
482
ugs
4ed
48%
uge
ua7
uaa
489
490
491
492
49y
49y
u9%
496
4§97
498
499
500
501
502
$03
S04
508
506
s07
508
509
510
51y
812
$13
814
515
516
517
518
519
520
521
522
523
s24
52%
526
sa7
528
529
$30
534
532
533
534
53
536
$3y
s38
539
S0
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66

240

2%0

260
i1)

11)
270

280
pn

290
CLASS
1F
no

300

310

120

3130

Juo
350 €O

PULL
1r
IF

1F
Do

3160

lanm]

x4nex(le,Id)

YuemY (16,14}

GO TN 250

CONTINUE

X(l,11eISENYRX3S

Y(I,11eI8SEN)EY3S

18m]

13812

X158x(1%,13)

Yissy(1S,I%)

IF (LBDY(L), EQ,LBDY(L+1)) GO YO 260

IF (NRSEG,ER,0,AND NBDY GY, 1) GO TO 2&0
X(I,12¢18EN)BXUS

Y(1,12¢+18EN)RYYS

IF (L NELISEG=1) GO T0 270

CALL MAXMIN (X, TMAX,JMAX,MDTM, XBMAX, XRMTIN,IDUM, T-NUM, IDLM, IDUM, L,

CALL MAXMIN (X, TMAX,IJMAX,NDIM,XBMAX, XRMTIN,IDUM, IDIIM, IDUM,IDUM, L,

CONTINUE
LADYO®LADY (L)
CONTINUE

290 Lul,NHSEG
LADY(LIBIABS(LBDY (L))

IFY REENTRANT SEGEMENTS

(NRSEG,EQ,0) GO TN 3%0

340 Lm1,NRSEG

1GOTYORLRSID(L)
GO TC (300,310,3%20,330), 1607D
LTYPE(L)m}

IF (LTSID(L),ER,LRSINC(L)) LTYPE(L)m?
G0 10 340
LYYPE(L)ud

IF (LISID(L).EQ,LRSIDIL)) LTYPE(L)®S
GO TO 340
LTYPE(L )=

IF (LISBIDCL)EQ,LRBYD(L)) LTYPE(L)®}
GO TO 340
LYYPE(L)m4

IF (LYISIN(LYEQ,LRSID(L)Y) LTYPE(L)Imb
CONTINUE
NTINUE

OUTER BOUNDARY IN FOR INITIAL GUESS IF INFAC NOT ZERO

CINFAC,GT,0) CINFACS] ,0/FLOAT(2an(INFAC=1))
(INFAC,LT,0) CINFACSFLOAT(INFACO)/ABS(FLOAT(INFAC))
(LISEG,GT,NBSEGR) GO TO 410
400 Lw_I8EG,NASEG
ItsLBI(L)
12sL82(L)
1GOTOmLBSIDCL)
GO TO (360,380,360,380), IGOTO
IF (I1GOTO,EQ,1) Jmi
1F (1GOTO,EG,3) JmJMaX
DO 370 Ieli,l2
X(1,J3)8X(1,JInCINFAL

541
%42
543
sS4
548%
Sus
547
S4A
549
$50
881
582
583
5S4
558
5§56
557
$58
559
Se0
561
$62
563
Seu
56%
S6é
567
S68
569
870
574
572
5§73
$74
575
576
577
578
579
580
$81
582
583
S84
58%
586
1.3}
sas
5890
590
591
$92
593
S04
L L1 ]
596
$97
s98
$99
600
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2 NeNe)

MO0

c
o
¢

370 Y(I,J)nY(1,J)aCINFAC
GO TN uoon
380 IF (IGOTO,EQ,2) Im{
IF C1GOTN EQ,4) ImImaAX
DO 390 Jely,l2
X(1,J)mX{1,J)aCINFAC
390 Y(1,J)aY(1,J)*CINFAC
4oo CONYINUE

INITYIAL GUESS

410 CALL GUESSA (IMAX,JMAX,NDIM,X,Y,XBMAX, XRHIN,YBMAX,YRMIN, YINFIN, MRS
1EG,LR1,LR2,LI1,L12,LR8ID,LISIN,IGPS,IGEN)

40s IF (IPLOT,EW,2) CALL CORPLY ({X,Y,NDIM,NIMAR] ,NUMBR,C],(2,RAT10,812
{E,NCOPY, LTNwT!,LINNYZ ISKk1PY, ISKIPa,XPLnT.vPLﬂT DIST,IPLYR,NPLTS,
2 LLBSID,LBt,LK2,LRDY, LRSID.LISID LRY, LQE.LIlaLIZ.LTYPE.NBSEG.N
IRSEG,LISEG,J“AX, IMAX,XB],XH2,YR1,YR2)

PRINT INITYAL DATA

430 wRITE (H,6U0)
WRITE (6,660) C1I
WRITE (b,6860) C2
WRITE(6,670) BDY,IMAX,JMAX,R(1),JTER,R(2),R(3)
WRITE (4,B60) NBDY
1F (NBDY,EQ,1) GO TO 4wyo
440 IF (IPLOT) 4S0,4%50,460
uS0 WRITE (6,680)
GO T0 470
460 WRITE (6,690) NCOPY,LINWKT2,81ZE,RATIO
470 CONTINUE
IF (IWINTL,EQ,0) GO TO Sao
WRITE (6,730)
WRITE (6,740)
DO 480 Jmi,J MAX
wRITE (6,750)
480 WRITE (6,710) (X(I,J),Imi,IMAX)
WRITE (6,760)
DO 490 Jmi,JMAX
WRITE (s,75%0) J
490 WRITE (6,710) (Y(1,J),1®1,]IMAX)
S00 CONTINUE

ITERATIVE SOLUTION

CALL 80R (R,X,Y,IMAX,JMAX,ITER, IXER, I1YER, IEND,NDIM, THER,NBDY,WAC
1C,RETA,RX], LRI LRz.LI! szoLTVPE.NRSEG rhrR IAIT INFAC, INFACO NBSE
26,L18€G,LB81,L82,LA81D,TACC,1EV,1DI8K)

PRINY PINAL VALUES

IF (IWFIN,NE,0) GO YO 570
WRITE (b,6400)
WRITE(&,660) CI
WRITE(6,660) C2
WRITE (6,770)
GO Y0 (%10,%20,%530), IEND
510 WRITE (s,780)
GO 10 %40
S20 WRITE (6,790) ITER

67

601
602
6n3%
Y]
608
-3
6507
608
609
610
611
612
613
614
619
616
617
618
619
620
LY-3)
622
623
624
625%
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
X'}
Y'Y
643
a4y
(X'}
648
647
bAR
649
650
651
652
653
6%4
658
656
657
(11}
689
660
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68

6N Y0 840
S30 wRITE (6,800)
SU0 WRITE (H,B10) R(AY,R(T),RIU),R(5),1ITER
WRITE (6,850) IXERC(1),IXFR(2),IYER(1),IYFR(?)
WRITF (&,740)
NO 850 Jwi,JMAX
wWRITE (A,7S50) J
580 WRITE (&,710) (X(1,J),1%1,IMaAX)
#RITE (&,760)
DA K60 Jat,IMAX
WRITE (6,780) J
860 WRITE (8,710) (Y(I,J),1m1,IMFAX)
wRITE (6,640)
S70 1F C(IDISK,EQ,0,NR, IDISK,EN,3) GO TO 600
“RITE (10,980) C1t
wRITE (10,980) C?
1F (IDISK,EQ,4) GN TO 889
wRITE(10,620) IMAY,I“AX,NRBEG,NRSEG,LISEG,NBDY
WRITE(10,981)(LBSIDCLY,LBI(L),LR2CLY,LBDPY (LY, LSENMIL),L8] ,NRSEG)
WRITE(10,982)Y(LRSIDIL),LRICL)LR2CLI,LISIDILI,LIICLILTI2(]),
{LTYPECL)Y,L®Y ,NRSEG)
60 10 890
S80 wRITE(10,981) IMAX,J™MAX
590 V‘RIYE(IO,QB;’((X(IJJ)OI.‘IIM‘x)pdllIJM‘x)l((Y(IIJ)II.ilIM‘x)IJ'xl
fJmax)
600 CONTINUE

PLOT

1F (IPLOT,GT,0) 6O 1O 610
80P 3
610 CALL CORPLT (X,Y,NDIM,NUMARY ,NUMBR,C1,C2,RATIO,STZE,NCOPY,LINNT],L

1INWT2,18KIPY,I8KIP2,XPLOT,YPLOT, TS, TPLTR,NPLTS,LB8]ID,LBY,
2LB2,LADY,LRSID,LISID,LR1,LR2,L11,L12,LTYPE,NBSEG,NRSEG,LISEG,IMAX,
IIMAX,XB1,XB2,Y81,YR2)

IF (IPLOT,GT,0) CaALL PLOT (0,,0,,999)

STOP 0101

620 FORMAT (161S8)

630 FORMAY (8F10,0)

640 FORMAT ({M1)

650 FORMAT(BALD)

680 FORMAT(21X,BA10)

670 FORMAT (/37X,#BDDYwFITTED COORDINATE SYSTEMw//21X,«TRANSFORMED ROD
1Y, %,8A10//721X,#FIELD PARAMETERS, NUMARER OF XTelLINES Bw,]4/38X,s N
2UMBER OF ETAeLINES ® »,14///19X,% 1TERATION PARAMETERSY SOR ACCEL
SERATION PARAMETER ® w,F8,5/42X,» MAXIMUM NUMBER OF TTERATIONS ALLO
UWED 8 %, 14/39X,* ALLOWABLE ITERATION ERROR NORMSY Xg #,E10,%5/75
5%,% Yy %,E10,%)

680 FORMAT (/21X,wNO PLOTS DESIRED®)

690 FORMAT (/21X,#PLNT PARAMETERSY COPIES DESIRED ® #13/37X,% [INEw,
{aWEIGHTY NESIRED » «13/39X,wPLOT SIZE TN YeDIRECTION m 2F5,3/39X,»R
2ATI0 = .'Fs.z)

700 FORMAT (w0wew ERROR swme IMAX YOO LARGEw, 10X, #IMAXm®, 185,5X, aMAXIMU
1M 18%,18/716X, #INCREASE NDIM IN DATA STATEMENT ANDa,% FIRSY DIMENSI
20N OF X,Y,RETA,RXI,KACC,TACC , #/16X,nAL80n,» INCREASE NDIMENSION OF
3XPLOTY AND YPLOT TO MAXIMUM OFw,w NDIM AND NDIMY PLUS 2,w)

10 FORMAT (4X,10F11,%)

720 FORMAT (w#0wew ERROR wees JMAX YOO LARGEwW, {O0X,aJMAXB®,15,5X, aMAXIMU
1M 18#,15/16X,wINCREASE NDIMY IN DATA STATEMENT ANDw,» SECOND DIMEN

661
'662
663
bod
66%
[Y.1)
667
66A
669
670
671
672
673
674
675
676
677
678
679
680
681
~82
683
684
68%
686
687
688
689
690
6914
692
693
694
64%
696
697
698
699
700
701
702
703
704
708
706
707
708
709
710
711
712
713
Ti4
719
716
717
718
719
720



2810N OF X.V.RETA.RXI.NACC.TACC.-llbx.nALsO-.t INCREASBE NIMENSION O
3F XPLOT AND YPLOT TO MAXIMUM OF#,% NDIM AND NDIM) PLUS 2,%)

730 FORMAT (/21X,#INITIAL GUESSES FOR X AND Yw)

TUO FORMAT (/SX.!!(lHt)-QX;tX-lQRlYtGX.53(1Ht))

7S0 FORMAY (SX,wJawly)

760 FORMAY (/!X.SS(!Hn).vx.tv-APRAYﬁOX.SS(IHt))

770 FORMAT (/S1X, aFINAL VALUES®/)

TBO FORMAT (21X,#ITERATION DIVERGES »)

790 FORMAT (21X, «ITERATION I8 CONVERGING RUT DOFS NDT REACH ERROR TOLE
1RANCES IN #13,» ITERATIONS,»)

800 FORMAT (21X, «ITERATION CONV!RGEB.'J

810 FORMAT (/231X,wINITIAL ITERATION ERROR MNRMSY X1 *,E10,8, vy w,E
110.5,% AT ITERATE # 1721 X, 2F INAL ITERATINN ERRORR, % NORMS ¢ Xt
20,E10,8,% Yy %,E10,5,% AT ITERATE #a,14)

820 FORMAT (21%,F10,0)

830 FORMAT (2F10,0)

850 FORMAT (21X, #L0CATION OF MAXIMUM TTERATION ERRORY X1 IaxIS,n,Jts#]5
1/758X,aY1 18a]S,« JmalS)

860 FORMAT (/21X,«NUMRER OF BODIES IN FIELD palS)

870 FORMAT (#OUNIFORM ACCELERATION PARAMETER 1JSED, )

880 FORMAT (uls)

890 PORMAY (61S8)

900 FORMAT (7F10,0,21S)

910 FORMAT (#0ees ERROR swes NHSEG TOD LARGFw, 10X, *NBSEGR®,I3,5X, aMAX]
IMUM I8%,13/18X, #INCREASE MNRSEG IN DATA STATEMENT ANDw,» DIMENSION
28 oF LBSIN,LB1,LB82,LADY,  SEN, W)

920 FORMAT (#0mee ERROR eeowse NRSEG TOO LARGE!-1010'NRSEGU'|I!aSXl'H‘XI
IMUM T8, T3/16X,#INCREASE MNRSEG IN.DATA SYATEMENT ANDw,% DIMENSION
23 OF LRGID,Lﬂl.an.LtSID.Lll.LI?.LTYPE.-)

930 FORMAT (w0mseBRQODY QEGMENTE--QIIJX.tLi,ZX.nLBBIDt.a!,tLalt.aX.tLBEw.
13X,2L.8DYe//(14,417))

Q40 PORMAT (w0wwRE-ENTRANT BEGM!NTS---IIIX,tLt,ZX.tLRSID*.UX.'Lﬂlﬁoﬂxo

) ltLﬂzthX.tLISIDt.OX.-LIlt,ﬂx.-LIZ-//(Ia.bt7))

950 FORMAT (w0ewODUTER BOUNDARYwen//3X,*RADIUS B, F12,8,10X,aINTTIAL AN
I1GLE mw,FLi3 B8/3X,#0RIGIN AT X Oh,Fl1a8,% , Y wa,F11,8//3X,sNUMBER
20F POINTS Br,14,10X,I8,» STEPS IN®,® ATTAINMENT OF INFINITYR,$0X,»
SINITIAL STEP (LINEAR CASE) m#,l4)

960 PURMAT (21%5,2F10,0)

970 FORMAY (wOINITIAL GUESS TYPEgw,14)

980 PORMAT( 8A30)

981 FORMAT(SIS)

982 FORMAT(T7IS)

983 FORMAT(8E16,R)

990 PORMAY (tOINAX.JHAx.NBDY,xTER.IGES.ID!GK.INIR.IHINTL.IHFIN.IGED 1
1,101%)

1000 FORMAT (tﬂ!PLDT,tPLTR,NCOPY.LINHT:,L!NHTZ.NUMBR.NUMBRl,a
InIBKIPY,I8KIPR §90,91K)

1010 FORMAY (wONBSEG,NRSEG jw,218)

1020 FORMATY (toRfl3-R(!)aﬂtli.YINFIN.AINFIN.XOINF'VOINF.NINF 1%/7F15,8,
119)

1030 PORMAY (vOIEV,IAIT,R(C10) 1%, 21%,F15,8)

1040 FORMAT (#O0INFPAC,INFACO 1»,218)

1050 PORMATY (aosxze,nAvxo,o:at.xal.xaz.vst.vaa-.rriz.A)

1060 PORMAT (i1X,17(1Me),» INPUT #,;30(1Hu))

1070 FORMAY (1X,130(iH#))

1080 FORMAT (208IMPLYeCONNECTED REGIONS®)

END

3

721
722
723
T84
7258
726
727
r28
729
730
734
732
733
734
738
736
737
73a
739
Tuo
741
Ta2
743
744
748
746
47
748
749
780
751
752
753
7984
15S
756
757
758
759
760
761
T62
763
764
768
766
767
768
Y69
770
T
T72
775
774
778
776
117
778
779
T80



70

SURROUTINE BNDRY (X,Y,1J,11,12,L8ID,R,A,X

AARNRANRAAARARATRARR RN CIRCULAR OUTER BOUNDAR
L ]

o THIS ROUTINE CALCULATES NINF X,Y COORDINAT
% RADIUS R AT EGUALLY BPACED ANGULAR INCREME
% (PNSITIVE COUNTEReCLOCKWISE FROM PNBITIVE

LOCLOCKWISE FROM THIB ANGLE,

w

lﬁ*tiﬁtttititit!iﬁtt'ﬁtﬁi‘iiiit*'iﬁﬁﬁﬁittiﬁt

OO0

NIMENSTION X(N,1), Y(N,1)
DATA P1/3,14159265359/
Canank
KimMINO(IL,12)
K28MAX0(I1,18)
I8ENB1
1F (11,67,12) I8ENms|
IXM{SNINF
Dee2,0eP]/FLOAT(IXM1)
GO YO (10,30,10,30), LSID
Cwean BOTTOM OR TOP
10 DD 20 KEK1,K2
1alle(KeKi)*ISEN
XCI,1J)aRwCO8(A)+X0
Y(I,1J)mReSIN(A) YO
20 AsAeD
GO0 YO SO
30 DO 40 KmK§,K2
Cannn LEFT OR RIGHT
JuIf{e(Kmki)a]IB8EN
X(1J,J)sR*COS(A)+XO0
Y(IJ,J)mRaSIN(A)4YD
40 AmA+D
S0 CONTINUE
RETURN

END

SUBROUTINE CORPLY (X,Y,NDIM,NUMBR{,NUMBR,
lNHTloLINw72.18K1P1.I!KIPZoX’LUT.YPLOT.DIS
zbaLBlaLBloLBDYoLRGIDoLIUIDoLﬂloLRQ;LIloLI
!,JJNAX.!INAX.XBl,XBZ,Yﬁi,YB!)

waxa PLOT ROUTINE e PLOTS COORDINATE SYBTEM A
»

t!Qtittttiitiﬁiitﬁtttittil't'iﬁi'titllﬁi..lt

(e Nz Nale Ngl

DIMENSION LBSID(1), LB1(1), LB2(1), LBOY(
tR1(1), LR2C3), LI1C1), LIR(1), LTYPE(1)
DIMENSION X(NDIM,1), Y(NDIM,1), XPLOT(1),
LAXISLC2), XA(S), YA(S)

DATA 8CAL 70,1/

DATA 81 /0,0878/

DATA 82 /0,17%/

O,YO,NINF,N)
Y ANNARAANNRREARANRARARARS
ES AROUND A CIRCLE OF

NTS STARTING AT ANGLE &
YeAXIS) AND PROCEEDING

tiititttﬂ*ti*ti'.ﬁt'.!t*i

c1,C2,RATIO,B1ZE,NCOPY,LI
T,IPLYR,NPLTS,LBS]

2.LTYP!.NBBEG,NRBEGaLISEG
ND SEGMENT DIAGRAM atnnnw
ANRAARTRARRRARARRAANARRARAN

1), LRBID(1), LISIO(L), L
YPLOTCL), C1(1), C2C1Dy

781
782
783y
784
78%
786
787
788
789
790
791
792
793
794
798
796
797
798
799
800
804
802
803
804
80%
806
807
808
809
810
811
812
813
814
81%
816
817
a18
819
820
821
822
823
824
LY 3]
a8gs6
827
sas
829
830
831
832
833
834
838
836
837
(31}
839
840



Cannnn

c
c
¢

o0on

(g Na Na

(g Xe Nal

DATA HB /1,07
DATA H9 /0,8y

18vm27
JMAXaNUMBR
IMAXBNUMBRY
Him0,S5#81
H2Bf ,S5%81
H3®0,85%8?2
Humy ,5»82
HSB0, 2581
Hem2 ,0ndt
H7mi ,S282
IMAXMInTMAX®]

AXI8 MINIMUMS AND SCALEF FACTORS

10

20

CALL MAXMIN (X.IMAX,JMAX,NDIM,XMAX,XHIN,IXMX,JxMx,IxMN,JxHN,ISuIPl
1,18¢1P2)

CALL MAXMIN (Y, IMAX,JMaAX

1,18K1P2)

XMAXBAMING CXMAX,XB2)
XMINBAMAXY (XMIN,XR1)
YMAXBAMING CYMAX,YR2)
YMINBAMAX{ (YMIN,YRY)
X{@XMIN

YimsYMIN

AXI8L(2)=812¢

IF (RATID) 10,10,20
Y2B(YMAXYMINY /AXTIBL (2)
X2my2
AXTBLC1)S(XMAXOXMIN) /X2
G0 YO 30
AXISL(1)wAX]ISL (2)
X2m(XMAXeXMIN) /AXISL ()
Y2u(YMAX@YMINY /AXTSL (2)

8ET UP PLOTTER

30 CONTINUE

NPLTBR2

LABELS

'NDI”:Y"llpV”IN.IXMX.JXMX,IXMN,JXMNpISKIPI

IF(!PLYR.EO.l.OQ.IFLYR.EQ.z) CALL LINWTCIPLTR,LINWTY)

C‘LL PLOT (.51.20'3)

CaLL lYHBOL(O.p.001..0675.C1.90..60)

CaLL OYHBOL(.!,.OOI..OQ?S.C!.QO.,BO)

CALL PLOT (1,,0,,e3)
CALL PLOT (0,,9,99,2)
CALL PLOT (,5,,5,=3)

PLOT LINES OF CONSTANT ETA

IF(IPLTﬁ.!Q-l.Ol.IPLTR.EO.Z) CALL LINWTCIPLTR,LINWT2)

DO S0 Jsi,JMAX,I8KIP2
Kao
0D 40 Imy,IMAX,18KIP}
IF (X(1,J3,67,x82,0R
IP (Y(1,0),67,v82,0R

oX(I,J).LT,X81) GO YO 40
JYUILJ) LT, YBL) GO TO 4O

71

841
Ry2
843
Ryy
845
846
847
848
849
850

A52
RAS53



72

KaKe§
XPLOT(kYmX(1,J)
YPLOT(K)mY(1,J)
40 CONTINUE
XPLOT(Kel)mX]
XPLOT(K&2)8X2
YPLOT (K¢l )mY
YPLOT(xe2)BYR2
50 CALL LINE (XPLOY,YPLOT.K,l.0.0..07)

(@]

PLOT LINES OF CONSTANT XI

laNe ]

no 70 IsY,IMAX,ISKIP)
K0
D0 60 Jmi,JMAX,I8Kk]1P2
IF (X(1,J).6T,XR2,0R, X(1,J),LT,XB1) GO TO 60
1F (Y(!.J).GT.YHZ.OP.Y(I.J).LT,YBl) GO TO 60
KeKe}
XPLOT(K)®X(],t)
YPLOT(KISRY (T, J)
60 CONTINUE
XPLOT(Kel)mX]
XPLOT(Ke2)uX2
YPLOT(Ket)mYY
YPLOT(Ke2)mYQ2
70 CALL LINE (XPLDT,YPLOT,K,1,0,0,,07)

BEGMENT CONFIGURATION NIAGRAM

(g Be X9 ]

CALL PLOT (AXISL(1)42,001,0,3)
JMAXEJIMAX
IMAXBYIMAX

o
Connnr BODY SEGMENTS mwaw

00 100 Lmi,NBSEG
D1mLBYI(L)NSCAL
D2eLB2(L)#SCAL
160TOmLBSID(L)
GO YO (B80,90,80,90), 16070

80 IF (LBSIDC(L),EG,1) D3ImSCAL
Caxan BOTTOM OR TOP

IF (LBOID(L),.EQ,3) DIsJMAXRSCAL
LWTeew?

IP(IPLTR.!O.!.OR.IPLTR.EG.!) CALL LINWT(IPLTR,LWT)
CALL PLOT (D1,D03,V)
CALL PLOT (02,03,2} ,

IFCIPLTR,EC,1.0R, IPLTR BG,2) CALL LINWT(IPLTR,0)
IF (LBSID(L),EG,1) HmeM2
IF (LBSID(L),EG,3) HeH2e81
HHIOIGN!HU,H)-S?Q(I.OQSIGN(l.O.H))ﬁO.S
HHHESIGN(HS, M)
CALL NUMBER (DioMl,D3¢H,81,FLOAT(LBI(L)),0,0,=1)
CALL NUM'!.‘(DZCHI[Dl’“l.‘l'LOAT(LBQ(L))00.00")

I?(!PLTR.!G.!-OR.IPLTR.!G.I! CALL LINWTCIPLTR,=})

IF (L,LT,LIBEG) CALL NUMBER ((D14D2)#0,SwH3,D3¢MH,82,FLOAT(LBDY(

1L)),0,0,08)
IF(L,GE,LIBEGICALL SYMBOL((D14D2) 0, Sen3,DI3¢HH,82,18Y,0,0,e1)
IF(IPLTR,EQ,1,0R, IPLTR,EQ,2) CALL LINWT (IPLTR,0)

901
902
903
904
905
906
907
908
909
910
911
92
913
914
915
918
9y
918
919
920
921
922
923
924
925
926
927
928
929
930
934
932
933
934
938
936
937
938
939
940
94l
942
943
944
948
946
97
48
949
950
951
52
983
%4
953
956
957
958
959
960



CAaLL PLOY
CALL PLOT
CALL PLOT
CALL PLOTY
60 TO0 jo00

(D1 ,03¢HHKH,3)
(N1,C3akmK,2)
(D2,N3eHNHH,3)
(D2,D3mHKK,2)

Carnn LEFT OR RIGHT
IF (LBSID(L),EQ,2) D3ImSCAL
IF (LASIDCL)EG,4) DImIMAXNSCAL

90

100

c
Coannn

o

110

LWTse?

IF (L,GE,LISEG) Lwlua]

IFCIPLTR,EQ,

CALL PLOY
CaLL PLOTY

IF(IPLTR,EQ,

I.OR.IPLYQ.EQ.E’ CaLL LINWTCIRPLTR,LWT)
(D3,01,%)

(h3,nz2,2)

140R,IPLYR,EN,2) CALL LINWT(IPLTYR,N)

IF (LBSID(LY,EG,2) HmeMs

IF (LBSID(L),EQ,4) HaMpa§)
HHISIGN(H?.H)-Sthi.OOSIGN(l.O.H))*O.S
HHHBS TGN (HS,H)

CALL NUMBER (D34H,D1,81,FLOAT(LBYI(LY),0,0,e1)
CALL NUMBER (D3+H,02,81,FLOAT(LR2(L)),0,0,e0)

IF(IPLTR, EQ,

1.0R,IPLTR EQ,2) CALL LINWT(TIPLTR,wt)

IF (L.LT,LISEG) CALL NUMBER (D3+HH, (D1402)%0,5,82,FL OAT(LROY (L))

100000'1)

IF(L,GE,LISEG)CALL SYMHOL(03¢NH.(01002)10.5,82,!sv,n,n,.1)

IFCIPLTR,EQ,

CALL PLNY
CALL PLOT
CALL PLOT
CALL PLNY
CONTINUE

1.OR IPLTR,EG,2) CaLL LINWT(IPLTR,0)
(D3+HHK,D1,3)
(P3eHKHH,Nt,2)
(N3+HHH,D2,3)
(DIeamHKH,N2,2)

REWENTRANT SEGMENTS wann

IF (NRSEG,EQ,0) GO TO 260
NO 250 Lm1,NRSEG
DImLRYI(L)wSCAL
D2WLR2(L)#SCAL
IF(IPLTR,EQ,1,0R, IPLTR,EG,2) CALL LINWKY(IPLTR,0)
I1GOTORLRSID (L)
60 TO (110,120,110,120), 1GOTO
Cwuxne BOTTOM OR TOP & FIRST OF PAIR
IF (LRBID(LY,EQ,1) N3ImSCAL
IF (LRSID(L)(EN,3) DIMJMAX#SCAL

CALL PLOT
CALL PLOTY
GO TO 130

(01,03,
(p2,D%,2)

Canwn LEFT OR RIGHY = FIRST OF PAIR

IF (LRSID(L),EQ,2) D3sscAL

IF (LRSIOCL),EG,4) D3wIMAXWSCAL
CALL PLOT (D3,D1,3)

120

130

140

CALL PLOY

(p3,n2,2)

DamLIf(L)*8CAL

DSsLI2(L)e8CAL

1GOTOSLISIDCL)

GO 70 (140,1%0,140,1%50), 1G60TO
Cewxa BOTTOM OR TOP « SECOND OF PAIR

IF (LISID(L),EQ,1) NamSCAL

IF CLISID(L),EQ,3) DemJMAXWSCAL

CALL PLOT
CALL PLOY

.(D4,0s6,3)

tnps,p6,2)

73*

96!
962
963
Q64
6%
966
967
968
969
970
971
972
973
974
975
97e
77
974
979
980
981
942
983
984
8%
986
87
98A
989
990
991
992
993
994
995
996
997
994
999
1000
1001
1002
100%
1004
1008
1006
1007
1008
1009
1010
1011
1012
1013
1014

1015

1016
1017
1018
1019
1020



74

Cransn
150

Chrunn

160

Chawsn
176

Chkne
180

Cunnn
190

Canrw
200

GO 10 160

LEFT OR RIGHT e« SECOND OF PAIR

1% (ILTSID(L),.EQ,.2) Dem8CAL

IF (LISINCL),EQ,u4) NeSIMAX®SCAL
caLL PLOT (D&,NU,3)

caLt PLOY (P6,D05,2)

NOTTED LINES CONNECTING RE®ENTRANT SEGMFNTS kunw

TE(IPLTR EQ,1,0R, IPLYTR,EG,2) CALL LINWTCIPLTR,2)

IGOTOsLTYPE (L)
GO 10 (170,180,190,200,210,220), IGOTQ

ONE 0N BOTTOM, ONE ON TOP

Ya(i)s(DieD2)#0,5
YA(1)aD3
XA{2)sXA(})
YA(2)sYA(])mHA
XA(I)ERIMAXASCAL$HA
IF (E.OtDZ.LT.FLﬂATtI“AX)tSCAL) XA(3)meHB
YACI)mYA(2)
XA(UYSXA(Y)
YA(UYRIMAXRSCAL ¢HB
XA(S)R(DUeDS)INO0 5
YA(S)mYA(4)
XAC(6)mXA(S)
Ya(6)umD6

NAmS

G0 TO 230

ROTH ON HOTTOM

XA(1)a(PIeD2) 0,5
YA(1)uD3
XA(2)mXA(l)
YA(2)BYA(1)wH9
XA(3)IR(D4eDS)IN0,S
YA(3)mYA(R)
XA(4)BXACS)
YA(U4)mDS

NABd

G0 TO 230

BOTH ON TOP

XA(1)B(D1eND2)w0,5
Ya(i)sD}
XA(2)8XA(1)
YA({2)mYA(1)eHO
XA(3)®(DUeDSIN0,S
YAa(3)avAa(e2)
XAC4)BXALS)
YA(U)=DS

NABU

GO TO 230

ONE ON LEFT, ONE ON RIGHY

XA(1)=D3

YA(1Y®(D3eD2)#0,S

XAC2)BXA(1)oHS

YA(2)sYA(Y)

XA(3)mXA(2)

YA(I)ImIMAXRSCAL+HS

144 (Z.OiDZ.LT.FLOAY(JHAX)CBCAL) YA(3)mend
XACU)MIMAXRSCAL +H8

YA(d)ImYALD)

1021
1022
1023
1024
1025%
1026
1027
1028
1029
1030
1031
1032
1033
10584
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
10us
1046
{047
1048
1049
1080
1051
1052
1083
1054
108S
1086
1087
1058
1059
1060
106t
1062
{1063
1064
1069
1068
1087
1068
1069
1070
107}
1072
1073
1074
$078%
1076
1077
1078
1079
1080



Canmn
210

Cunnn
220

(o Na Nal

e30

240
25%0

s Na Xal

XA(S)mXA(4)
Yl(S)a(DaoO%)ao,s
XA(6)mDp
YA(HIaYA(S)
NAmG
GO T0 230

BOTH ON LEFY
XA(1)=sD3
YA(1)R(D{eN2)wn, G
XA(2)8XA(Y)mH®
YA(2)BYA(])
XA(3)mXA(2)
YA(S)®(DUIDS)Iwn, 5
XA(4)=Do
YA(4)mYA(S)
NAmd
GO T0 230

AOTHM ON RIGHT
XA(1)aD3
YA(1)®(DieD2) 0,5
XA(2)mXA(1)em9
YA(2)mYA(1)
XA(3)mXA(2)
YA(S)R(DUGDS)IwD,5
XA(4)mDb
YA(4)mYA(Y)
NABUY

PLOT DOTTED LINES

CALL PLOT (XxA(1),YA(1),3)

DO 240 Nm2,NA

CALL PLOT (XA(N),YA(N),2)

CONTINUE

TERMINATION SEQUENCE

260 CALL PLOT (SCALtSLOAT(IMAX)OE.O.-Z.S,-iﬁ

»

OO0 N

10
20

CALL NFRAME
RETURN

END

SUBROUTINE LINWT(IPLTR,IPEN)

tRkankonanthnnnewres SETS P

GO TO (10,20), IPLTR
CALL LINEWT(IPEN)
RETURN

CALL PENBL (IPEN)
RETURN

END

LOT LINE WEIGHY RANNAR RN NN RN AR R RANR AN RARAS

ittlt’ttﬁ!!tliitﬁiitﬁtt.iﬁit"Qﬂ*ﬁQi'iitttt"tit!tlt.tttttt'ﬁttﬂ.ﬁ"'

75
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FUNCTION ERROR (VME W, VULD,ERROLR, TFLD, JFLD, TVER)
DIMENSION TVER(Y)

c
r ARRARASEARSRRARNERR MAXTMIM NOKM OF TTEWRATE (CHANGE ARNERRRAARAR A AR AR RN R
C »
¢ iaﬁtQ**ttﬂt*ittttittttttii**ﬁitkitttitttt*ﬁttﬁatﬁattﬁt*ttﬁtttiﬂﬁ*tt!t
C

TeARS (VNEWeVOLD)

IF (T,LF,ERROLD)Y GO 70 10

IVER(1)=IFLD

JVER(2)®JFLD

ERRQORsT

RETURN

10 ERROKmERROLD

RETLIKN
c

END

SURROUTINE GUESSA {Y“AX,JVAX,NDYM,X.V.XRVAX.XBMIN,YBMAX,YB"IV.*INF

il”o”QSEG-LRI.LWZ'LIl'LIE.LRSIH.LISIUyIGFS.XGE”)

c
C ANRRARAANRRARKAANREATRRA AR INITIAL GUESS PP Y12 11222223 2 22 E 2 0 8 A0
C =
o ﬂt*ﬁﬁﬁﬁtitttiﬁﬂﬁtﬁﬁ*iittﬁitttﬁﬁnﬁtittt*ttittttﬁttﬂi'ittttt'*t*'tt'ﬁtt
c

NIMENSION X(NDIM, 1), YONNDIM, 1), LRIC1Y, LR2C(Y), LTIy, LI2C1), LR

181ID(1), LISID(Y)

Casnnn

IGESS=IGES

IF(IGES.EO.Z.OR.TGES.GE.S! 1GE8n0

JMXMIBRIMAX®]

IMXMIBIMAXS Y
c
¢ PROJECTION FROM BODY SEGMENTS
C

IF (1GES,NE,0) GO T0 30
Ti80,1#(1GESS=4)
ARG2BTL#JMXM]
T2u1,0/(EXP(ARG2)®!,0)
ARGIAT #IMXMY
TY81,0/(EXP(ARG3)=1,0)
DFACEY,0
NFACCEY 0
IFCIGED,EQ,1) DFACCS0,0
IFCIGED,EQ,2) OFACEO0,0
DO 20 Jw2,JMXM}
1F (1GESS,GE,S) GO TO 6
FACRFLOAT(Je1)/FLOAT (JMXMY)
GO 10 7
& ARGISTiw(Je})
FACE(EXP(ARG1) el 0)aT2
Y CONTINUE
DO 10 Im2,IMXM{
1F(1GESS,GE,S) GO 70 8
FACCRFLOAT(Te1)/FLOATCIMXMY)

1141
f1u2
1143
11440
1148
1{us
1147
1148
1149
1150
1154
1182
115%
11%4
1185
1156
1187
11%8
1189
1160
IBN-3
1162
1163
1i{ed
1165
1166
1167
1168
1169
1170
1174
1172
1173
1174
1175
1176
117
1178
1179
1180
1181
1182
1183
1184
1188
1186
{187
1188
1189
1190
119014
1192
1193
1194
1198
1196
1197
1198
1199
1200



(g X o Ne ]

77

G0 Tn ¢ 1201

8 ARG({RTIn(Tw]) 1202
FACCR(EXP(ARG{)®],0)4T3 1203

9 CONTINUE 1204
l(I:J)l(x(Ic1)O(X(IJJ”AX)'Xrol))'FAC)*hF‘CO(CX(IMAXaJ)-X(ipJ) 1208
1INFACCeX(1,J))nDFaCE 1206
Y(IuJ).fY(Ivi)O(Y(IDJM‘X)’YfI:1’)‘F‘C’*DF‘C¢(fY(I“lon)'Yfl'J) {207
1)#FACCeY(1,J))"0FACC 1208
144 (IGESS.EQ.Q.UR.IGESS.GE.S) GO T0 10 1209
IF(DF‘C.EQ.0.0.0R.D"CC.EQ.0.0) GD T0 10 1210
x(IvJ’.oos‘x(I'J) 121
Y(1,J)m0,8+Y(1,0) 1212

10 CONTINUE 1213
20 CONTINUE 1214
1248

RE@ENTRANT SEGMENTS 1216
1217

30 IF (NRSEG,EQ,0) GO TO 140 1218
00 139 (=1 ,NRSEG 1249
I1eLRI(L) 1220
128LR2(L) 1221}
ITimItey 1222
I12u]2ey 1223
IGOTOs RSIDC(L) tea2ud

GO TO (40,60,40,60), 1G60TO 1228

40 IF (LROID(L)Y.EQ,1) Jm) 1226
IF (LRSID(L),EQ,3) JmJMAX 1227
OxXmX(12,J)=X(21,]) 1228
DYsY(12,J)e¥(11,0) 1229
DXeDX/(12e]I1) 1230
OYaDY/(12e11) 12314

DO S0 leYlt,lr2 1232
DDOX®(IeI1)aDX i233
DOYS(I=sI1)aDY 1234
X(1,J)mX{1§,J)eDDX 123%

S0 Y(I,J)eY(11,5)¢DDY 1236
GO TO a0 1237

60 IF (LRSID(L),EQ,2) Ia} 1238
IF (LRSID(L),EQ,4) TaIMAX 1239
DxsX(l,I2)eXx(2,11) 1240
OYBY(I,I2)eY(1,11) 124}
OXeDX/(12=11) 1242
DYeDY/(12e11) 1243

DO Y0 JsIli, 172 1244
DOXm(Jm]1)nDX 1248
DOYm(Jeli)nDY 12ds
X(I,J)eX(1,21)eDDX 1247

70 YCI,J)eY(1,11)4D0Y 1248
8o IfalI1(L) 1249
I12mL22(L) 12%0
Il1imltey 12%
I12812ey 1282
I1GOTOsL182DCL) 1253

GO YO (90,110,90,110), 160TO 1284

90 IF (LISID(L),EQ,.1) U=y 1288
IF (LI8ID(L),EQ,3) JmJMAX 1256
Dxmx(l2,J)ex(11,J) 12%7
DYRY(12,J)=Y(11,J) 1258
DXeDX/(32e14) 1299

OvysDY/(12»11) j260
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00 100 ImIli,Il2 1269
DDXs(lel§)wDX 1262
DOYB(Im]Il)sDY 1263
X(1,J)mX{11,J)+00X 1264

100 Y(1,J)eY(11,J)e¢DDY 1268

G0 TO 13%0 {266

110 IF CLISIDC(L),.EG,2) Twmi 1267

1F (LISID(L). EG,4) ImIMAX 1268

DXsX(I,12Yex(I,I4) 1269

DYsY(I,I12)eY(1,I1) 1270

DXmDX/(12%11) 1271

OYmDY/(12e11) 1272

Do 120 Jmlly, 112 1273
DOX®(JeIf)nDX 1274
DDYs(JeI1)*DY 1278
X(1,JYaxX(1,11)eDDX 1276

120 Y(I,J)sY(1,11)¢DDY 1277
130 CONTINUE 1278
{40 17 (IGEB,EQ,0) RETURN 1279

c 1280
£ LINEAR PROJECTION « IGESSE] 1281
o {1282
1 (1GES,NE,1) GO TO 170 1283
DFACRY,0 1284
DFACCey,0 _ 128%

1P (1GED . EQ,1) OFACCH=0,0 1286
1F(1GED,.EQ,2) DFACHNO,0 1287

DO 160 Ju2,JMxM] 1288

FACESFLOAT(Je 1) /FLOAT (JMXMY) 1289

DO 150 lm2,IMXMY 1290
FACCSPLOAT(I=1)/FLOAT(IMXM]) 1291
XCX.J)I(X(I'1)0fx(IoJMAX)'x(Iu1))"AC1'DFIC0(fX(IHAX.J)'X(!vJ) 1292

§1)Y&FACCX(1,J))#DFACC 1293
Y(InJ)l(Y(Iol)O(Y(IuJ“‘X)'Y(I.I))tFAC)iDPAC*((Y(INAX-J)-Y(IoJ) 1294
1InFACCeY(1,J))nDFACC 1298
IF(DPAC.GT.0.0.0R.DPACC.GT.0.0) G0 TO0 1%0 1296
X(1,3)80,9%X(1,J) 1297
YC1,J)e0,8nY(1,J) 1298

1%0 CONTINUE 1299
160 CONTINUE 1300
RETURN 1301

c 1302
¢ MOMENT OR EXPONENTIAL PROJECTION 1303
¢ 1304
170 BNN2w(IMAXSIMAX) =4 1308
DNISGRT(PLOAT((IMAX-X)*tEO(JMAx-l)ttz)) 1306

DM (IABA(IGES)) /DM 1307

DO 210 Jm2,JMXM{ 1308

DO 210 1Im2,IMXMY 1309
$Xw0,0 1310
8Ys0,0 1311
8080,0 1312
8x0m0,0 1313
$Y0®0,0 1314
8 XMe0,0 1318
8YMn0,0 1316
8C00,0 1317
DO 180 1Imi,IMAX 1318

SXWSXOX(IT, 1) eX (2], JMAX) 1349

SYSAYSY(II,1)eY (LY, MAX) 1320



[~ NaNel

(s NaNgel

180

190

DEIABS(Tle])

DIRTARS(1e])

D2elARS (JMAXs])

DeDan2

DIS8URT(D+D1Rn2)
D2eBORT(DeN2ww2)

SDs8NeDIeD2
IXORBX0DSX(IT,1)wD eX (], JMAX)#DD
SYDSSYDeY(11,1)00D14Y(T1,JMAXIRD2
E1NEXP (eD1wDM)

E2BEXP (=«D2aDM)
SXMBSXMeX(TT,1)%E X (T, JMAX)RE2
SYMBSYMaY(TIT, 8 InE eY(TI,JMAX)IRED
SERSE¢F1¢E2

CONTINUE

DO 190 JJm2, IMxmy

BXB8XeX(1,JJ)eX(IMAX, )
SYBSYeY(L1,JJ)eY(IMAX,JJ)
Del1ABRS(JJ=0) '
DIsIABS(le])

D281ABS(IMAXe])

DeDwn2

DInSQRT(DeD12n2)
D298QART(DeD2wn2)

SDEsDen D2
SXOuSXDeX(1,JJ)#DteX(IMAX,JI)eD2
SYNEBYDeY(1,JI)*D1eY(IMAX,JI)D?2
EImEXP (eDinDM)

E2REXP (mD22DM)
SXMEBEXMOX (Y, JI)RE e X (IMAX,JI)nED
BYMRSYMeY (1 ,JI)nELeY(IMAX,JI)RED
SERSE+E1+£2

CONTINUE

IF (IGES,EQR,3) GO YO 200

EXPONENTIAL PROJECTINN = IGES<O

200

Tim1,0/8E
X(1,J)mTia8XM
Y(I,J)eTin8YM
GO T0 230
CONTINUE

MOMENT PROJECTION = IGESR 3 OR 4

Timi,0/80

IF (IGEB,EQ,3) TisT1/8N
X(1,J)m(8Dn8X=8XD)T]
Y(I,J)e(8D#8Y=8YD)nT}

210 CONTINUE

SUBROUTINE MAXMEIN (X, IMAX,JMAX,NDIM, XMAX, XMIN, ITMX,JMX, IMN, JMN, 18K
1PL,18KIP2) ' ’ ' 4 ’ e IMX o JMX o TMN, JMN, 18K

79

1321
1322
1323
1324
1328
1326
1327
1328
1329
1330
13314
1332
1333
1334
133%
1336
1337
1338
1339
1340
134y
1342
1343
1344
1348
1346
1347
1348
1349
13%0
138t
1382
1383
1354
138§
13%6
1387
1358
1359
1300
1361
1362
1363
1364
1368
1366
1367
13p8
1369
1370
1371
1372
1373
1374
1378
137
13717
1378
1379
1380



80

C wawn THIS SUBROQUTINE CALCULATES THE MAXTIMUM AND MINIMUM VALUES svnenx
C wawx (OF A TWQaDIMENSTONAL DATA ARRAY, AAAARR
C =

c % INPUT DATA

c *

C * Xs2eD NATA ARPAY wHOSE MAXTMUM & MINIMUM 18 TO BRE DETERMINED

¢ = IMAXs_LARGEST vaALUF OF FIRST SUBSCRIPY OF X TO RE SCANNED

t w JMAXS_ARGEST VALUE 0OF SECOMD SURSCRIPY 0OF X TO BE SCANNED

C « NOIMmIST DIMENSION OF X

C = TSKIPI®SkIP PARAMETER FOR 18T INREX OF X (THE 1 INREX)

C = ISKIP2aSKIP PARAMETER FOR 2ND INDEX OF X (THE J INDEX)

c =

C % QUTPUT DATAg

C =

£ % XMAXBMAXIMUM OF X ARRAY

c » Imx,JuXml,J LOCATION OF XMAX

€ « XMINEMINIMUM OF X ARRAY

C w IMN,JIMNET,J LOCATION OF XMIN

C =

C ARRNAR RN RARR DR AN AT RN AR RARR A RN R AN N AR R AN ARAAR AR AARNARAPARARAN AR AR RARSD
r

NDIMENSION X(NDIM,1)
Caanw

XMAXEX(1,1)

XMINBX(1,1)

IMxml

JMXe{

I¥Nay

MLLT B

DD 20 Imy,IMAX,I8K]PY

DO 20 Jsi,JMAX,ISK]IP2

IF (X(1.0),LT, xMAX) GO YO 10
XMAX®X(],J)

IMX®]
RLEFTR]
10 IF (XCY,J),GT ,XMIN) GO TO 20
XMINBX(],Jd)
IMNm]
JMNe)
20 CONTINUE
RETURN
o
END
SUBROUTINE PARA (XXY,YXI,XETA,YETA,LACC,CPAC,RETA,RX],C8],C8J,WACC
1,R,T,ACCL,ACCLLI,NDIM, Y ,J,INER,TACC,1EV)
of
€ wwaw COEFFICIENTS AND VARIABLE ACCELERATION PARAMETERS ON waasantsad
C wean RESENTRANT SEGMENTS I TTTTIEIIT
cC
C AN AN AN RN RN AN R AN AN R AN PR AP A AR TN AR R AR N AN A NA RN AR AR AR NARRANAARANAR
c

DIMENSION RETA(NDIM,1), RXI(NDIM,1), WACCINDIM,1), R(1), T(1)
DIMENBION TACC(NDIM,1)

DIMENSION IWER(])

REAL JACHS,J8A6

INTEGER TACC

1381
1382
1383
1384
1385
1386
1387
138A
1389
1390
1391
1392
1393
1394
1398
1396
1397
13948
1399
1400
1401
1402
1403
1404
140
1406
1607
1408
1409
1410
1411
1412
1413
1414
1418
1416
1417
1418
1419
1420
1421
16422
1433
1428
142
1426
1427
1428
1429
1430
1431
1432
1433
1434
1438
1436
1437
ja3e
1439
1440



Connne

¢

c

c
o

LOGICAL LACC

UACC(RJ)®S2,0/(1,048NRT(1,0¢RInn2))
OACC(RJII®2,0/(1,0480RT (1, ,NeRJuu2))
ALFARXETANReYETARRD
GAMARYXIwa2eYXTen2

AGe] ,0/(ALFA+GAMA)
JACRSB(XXI#YETAmXETAsYXI)nw2aCFAC
JIAGRIACRBRAGH0, 0628

VARTIABLE ACCELERATION PARAMETER

10

20

30

ao
50

60
70
8o

90

100

110

IF (LACC) GO TU 10
TEr{aJACASn0,125

BipaTEMIaRXI(1,J)
R2BaTEMIARETA(L,J)

BisaB8(B1)

R2mABS(R2)

TisALFAR®2mBinn?

T2aGAMAR# 2B %2

ATimABS(TY)

AT28ARS(T2)

IF (Y{,GE,0,0,AND,T2,GE,0,0) GO TO 8O
IF (TL1 ., LT,0,0,AND,T2,LT,0n,0) GO Yﬂ 90
JllSQRT(ATl)-CSItAG

IF (71,6€6,0,0) GO YO t0O
TEMPwllUACC(RJl)

TACC(I,J)=40

60 70 20

TEMPWISOACC(RJL)

TACC(I,J)m20

RJIEBSORT(AT2)aC8InaAG

Ir (T2,6GE,0,0) GO TO 30

TEMPWRRUALC (RJ2)Y
TACC(I,J)NTACC(YI, )1

GO TO 40

TEMPWRBDACC(RJ2)
TACC(I,J)mTACC(1,J)¢2

IF (IEV) $0,60,70

TEMPWBUACC (SORT(RJ1an2eRI2wn2))

GO Y0 100
TEMPWE(RJIIWTEMPWISRIZRTEMPW2)/(RJ1eRJ2)
GO YO 100
TEMPWBOACC(SORT(RI1#w2¢RJ2W%2))

GO TO 100
RIB(BORT(ATIIWCSI+SORT(AT2)nL8J)nAG
TEMPWBOACC (RJ)

TACC(I,J)m2

GO T0 100
RIB(SQART(ATI)IWCST+SART(AT2)#CSJ)INAG
TEMPWeUACC (RJ)

TACC(I,J)my
R(11)RERROR(TEMPwW,wWACC(Y,J),R(11),1,J,IWER)
WACC(I,J)mTEMPW

CONTINUE

COEFFICIENTS

T(S5)BJOAGRRETA(L,))
TC4)BIBAGHRXI(I,J)

81

144y
1442
14u3
'y
1448
1d44s
144
Y]
14u9
1450
1451
1452
148%
1454
14858
1486
1497
{4SA
14859
1460
1461
1462
1463
1ded
1468
1466
1467
16468
1469
1470
1471
1472
1473
1474
1478
1d76
1477
1uys
1479
1480
1481
1482
1483
1484
1488
1486
1487
1488
1489
1490
1494
1492
1498

1494

1498
149e
1497
1498
1499
1500
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(a Ne e e B

T(1)m SwALFA®AG

T(R)®, SaGAMARAG

TE3)R 2Sa(XXIAXETA+YXTAYETA)wAG
ACCLBWACC (Y, )

ACCLI=),0eACCL

R{12)=R(12)+ACCL

RETURN

EnMD

SURROUTINE RHS (R, IMAX,JMAX,NDIM, NLN NPT, ATYP,ITYP,NEC,AMPFAC,RETA
1)

wepankan INHOMOGENFEQHS TERM FUR CONRNDINATE ATTRACTION ARAANNARANARRANN
*
I AS AR R s R R e R R R A R R R R S R R 2222223222 2223YX222

DIMENSION R(1), RETA(NDIM,1), ALNC20), NLN(20Y, JLNC20), ART(100),
1 DPT(100), IPT(100), JET(100)

INTEGER XI,ETA,BLK,ATYP

DATA ZERQ/1,NEmin/

DATA XI,ETA,RLK/6HXT JEHETA bW

Cannnn

ja Kg I ]

a NaNgl

IF (NLNeNPTY EQ,0) RETURN
wRITE (6,200)

IF (1TYP,EQ,0) WRITE (6,260)
IF (ITYP,NE,O0) wWRITE (6,270)
IF (ATYP EQ.ETA) WRITE (6,280)
1F CATYP ,EG,XI) WRITE (6,290)

SEY UP AMPLITUDE AND DECAY FACTOR

IF (NULN,NEL,O) READ (%,210) CILNCLY ALNCL)Y,DLNCL), Loy, NLN)
IF (NPT NE,0) READ (5,220) (IPTCLY.JPY(L),APT(L),NPT(L),LBY,NPT)
IF (DEC.LY,ZERD) GO TO 490
IF (NLN,EQ,0) GO TO 20
DO {0 Lmt,NLN
10 DLN(L)®DEC
20 1F (NPT, EQ,0) GO TO uo
DO 30 Lmi,NPT
o DPT(L)=DEC
40 CONTINUE
IF (ABS(AMPFAC),LT,ZERO) GO TO A0
IF (NLN,EG,0) GO TO &0
DO %0 L®i,NLN
S¢ ALNCLYBALN(L)Y#AMPFAC
60 IF (NPT, EQ,0) GO TO A0
DO 70 Lei,NPT
70 APT(LISAPT (L)wAMPFAL
80 CONTINUE
IF (NLN,NE,0) WRITE (6,2%30) (JUNCL) ALNCLY,DLN(L)Y,LEi,NLN)
IF (NPT NE,0) WRITE (6,240) (IPYC(L),JPTC(L)Y,APT(L),OPT(L)},LB1,NPT)

CALCULATE INHOMOGENEOUS TERM

DO 190 I®1,IMAX
DO 190 Jmy,JMAX

1501
1802
1%u3
1804
1508
1506
18507
1508
1509
1510
1511
1512
1513
1514
1815
15186
1517
1518
1519
1520
1521
1522
1923
1524
152$%
1526
1527
1828
1529
1530
1838
1532
1533
1534
153%
1536
1537
1538
1539
1540
1841
1542
1543
1844
1948
1546
1547
1548
18549
1550
1551
1592
1953
1554
1599
1556
1587
1558
1589
1560



Canwd [ INF AVTTRACTION

1F
1F

(ATYP ,EQ,ETA) TJm)
(ATYP EQ . XI) [J=}

T2s0,0

IF

(NLN,EQ,0) GO TU 100

N0 90 LWi, ,NLN

Q0

TRALNCLY®EXP (DL N(LINTABS( I JeJLNCL}))
IF (ITYP NE,N) GO YO 90
TeTxI8IGN(L,1JedLM(L))

IF (IJ,EQ,JLNCL)Y) Tmo,0

122727

Ceann POINT ATTRACTION

100 1F

(NPT LEQ,0) GO TO (A0

DO 170 Lmy, NPT

140
150

1460
170

I1alPY (L)

IF (ATYP NEETA) GO TO t4n
IisJesJPY (L)

GO TO t%0

1imJeIPT(L)

ISNRISIGM(Y,11)

IF (11,EG,0) I8NmO
TO(I@IPT(L))wa2e(TmJPT(L))un2
TRAPTY(L)*EXP (eDPT(L)®8QRT(T))
IF (ITYP,NE,0) GO TO 160
TaTw]I8N

IF (1.EQ,IPT(L)AND JLEN,JPT(L)) Ta0,0
T2aT2e?

CONTINUE

180 RETA(I,J)eT?2
190 CONTINUF

c

€ PRINT INHOMOGENEQUS TERM

c

IF C(IRIT,NE,O0) WRITE (6,250) ((1,J,RETACI,J),Tmi,IMAX), Ju),IMAX)

Connnn
RETURN
¢
200 FORMAT
210 FORMAY
220 FORMAY
230 FORMAT
1.8))
240 FORMAT

{(#0EXPONENTYIAL DECAY RHSa)

(110,2F10,0)

(215,2F10,0)

{«OATTRACTION LINESH//UX,mdn,i7X,aAMPs,{SX, aDECAYS/(15,2F20

(«O0ATTRACTION POINYBw//0X,alm, X, aJu, 17X, aAMPa, iSX,#DECAYY,

1/(21%,2F20,8))

250 FORMAT
260 FORMAY
270 FORMAT
280 FORMAY
290 FORMAY

END

(RORHEA//76(3X,nle,3X, nlun,6X,%RETA on)/(6(214,1E10,4,x wn)))
{2 » ATTRACTION ea)

(¢ @« ATTRACTION TO CONVEX SIDE, REPULSION TO CONCAVE ew)
(#0moe ETA EQUATION RHS ooan)

(n0ess XI EQUATION RHS eeos=p)

S8UBROUTINE 80R (R,X,Y,IMAX,JMAX,ITER, IXER,IYER, IEND,NDIN, SWER,NB
IDY,WACC,RETA,RXI,LR1,LR2,LI1,LI2,LTYPE,NRSEG,IWIR,IAIT,INFAC, INFAC
20,NBBEG,LI8EG,LB1,LR2,LA8ID,TACC,1EY,1DI8K)

c

C weawnsnnnnnnnnnnwnnen SOR ITERATIVE SOLUTION AR aannaArnanatatnasdARAn

83

1561
1562
1563
1864
1569
1Se6
157
1568
1569
1870
1571
1872
1873
1574
1578
1576
1577
1578
1570
19540
1581
1582
1583
1584
158%
1586
1887
1588
1886
1590

1591

1592
1593
1594
159S
1996
1897
1598
1599
1600
1601
1602
160%
1604
1608
1606
1607
608
1609
1610
1611
1612
1643
1614
1615
1616
1617
1618
1619
1620
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OO0 IO

et BT R R EREEEE RS

LOGICAL CONTROLS ¢ LACC = VARTABLE ACCELFRATION PARAMETER FIELD
CONVERGEN, (ITRRELEVANT TF LCONBTRUE)

LCFAC @ ANDITIUN OF INKOMNGENFENIIS TERM COMPLETED
LEON w CONSTANY ACCELFRATINON PARAMETER,

ACCELERATION PARAMETER TYPE g BOTM FV TMAGINARY (UMNPEReRFAX)
ROTH EV REAL (OVEReRE_LAX)
X1 EV THAGINAKY, ETA BV REAL

X1 Ev REAL, ETA FV IMAGINARY

1
e
1e
21!
AR AR NA RN NN A ANNR RN R AR AR A RN R RN AN R AN N ARRRARRAN A RN AARR AN RN N AN ARNNRRAS

DIMEMSTION X(MDIM, 1), Y(NDIM,1), K(1), IXER(!), IYERC1), Y(5), LRI(
11), LR2(1Y, LIYe1), LI2C1), LTYPE(Y), IWER(1)

NTMENSION wACC(NDIM,1), RETA(MDIM,3), RXICNDIM, 1), TACC(NNIM,!)
DIMENSION LBY1C1), LR2(1), LASID(1)

DOURLE PRECISINN AG

INTEGER ATYP,EYA,XI,TACC

REAL JSAG,JACRS

LOGICAL LACC,LCFaC,LCON

DATA X1,ETA/6HX] JhHETA ’

DATA PI/3,14159265359/

Canmnn

HACK (X, T,1,J0,18,12,014J2,A,A1,T72,T1)RALeX(1,J)e¢da(T(1)eix(12,.1)+x(
111, 0))¢T(2) X (T, 2)¢X (Y, J1))eT(3)w(X(]12,32)eX(12,J1)4X(I1,J1)eX (]
215J2))¢T(8)wT2¢T(4)nTy)

HACKR2 (X, T,1,J0,11,12,J1,J2,A,A8,T2,T1)mALaX (T, J)¢Aa(T(1)n(X(12,J)0K
TR, )T (23w IXCT, 2)eX(J1,J2))mT (3 )n(X(]12,J2)eX(Jle1,J2)¢X(S1e1,]
22)eX(11,J2))¢T(5)aT2eT(U)nTY)

HACKS (X, T, 0d, 10,72, 01,J2,A,A1,T2,T1)mAteX(T,J)eAn(T(t)e(X(12,J)¢X
101,000 T(2IR(XCJY,J2)eX(1,J2))aT () n(X(lle), JO)mX(12,J2)exX(1},J2)
20X (J141,J2))eT(5)aT24T(4)aTY)

HACKUCX ) ToTods11,12,01,020A,48,T2,T1)BALWX(T,0)eAn(T (1) (X(22,J)eX
1012, 11))eT(2I#(X(1,J2YeX(Y,J1))aT(3)n(X(12,J2)YeX(12,J1)¢X(12,]1e})
2eX (12,1121 ))eT(S)wT2+T(4)nTY)

RACKS (X, T,1,J0,18,12,J1,J2,4,A1,T2,T8)mALRX (Y, J)¢An(T(1)0(X(12,I1)¢
IXCI2,I))0¢7(2)m(X(Y,J2YeX (1, 1))aT(3)n(X(12,1=1)eX (12,1101 )ex(12,J
21YeX(12,J2))eT(S)xT2+T(d)aTY)

UACC(RJ)I®B2,0/(1,0e80RT(1,0¢RJan2))

OACC(RJ)®2,0/(1,0¢8GRT(1,0eRJnn2))

Cannnn

oMo 0N

R
1

ARITE (6,630)

EAD COORDINATE ATYRACTION PARAMETERS AND CALCULATE
NHOMOGENEOUS TERM

KO®{

READ (%,610) ATYP,ITYP,NLN,NPT,DEC,AMPFAC

IF (ATYP,EG,ETAY CALL RHS (R,IMAX,JMAX,NDIM,NLN,NPT,ATYP,ITYP,DEC,
1AMPFRAC,RETA)

IF CATYP,EG,XI) CALL RHE (R, IMAX,JMAX,NDIM,NLN,NPT, ATYP,ITYP,DEC,A
{MPPAC,RXT)

READ (S,610) ATYP,ITYP,NLN,NPT,DEC,AMPFAC

IF (ATYP,EQ,ETA) CALL RHS (R, IMAX,JMAX,NDIM,NLN,NPT,ATYP,1TYP,DEC,
1 AMPPAC,RETA)

IF (ATYP ,EO,XY) CALL RHS (R, IMAX,JMAX,NDIM,NLN,NPT, ATYP,ITYP,DEC,A

1621
1622
1623
1624
1625
1626
1627
1628
1629
1630
16314
1632
1633
1634
163%
1636
1637
1638
1639
1640
164}
1642
1643
1644
1648
16Lb
1647
1648
{649
1680
1651
1652
16853
1654
1658
1656
1687
1658
1659
1660
1661
1662
1603
1664
1668
1666
1687
1668
1669
1870
16714
1672
{673
1674
1678
1676
1677
1678
1679
1680



[aNaNel

(s X aNel

IMPFAC,RXI)
READ (5,%90) IFAC,IRIT,EFAC

INITIAL SETUP

IF(R(1),67,0,0) GO TP 4o
IF (IEV) 10,20,%0
10 WRITE (6,6u0)
GO T0 40
20 ARITE (6,650)
GO TO 4o
30 WRITE (6,860)
40 CONTINUE
If (ID18K,6Q,2,0R,IDISK,EG,3) GO TO %o
GO TO 0
50 READ (11,720) LACC.LCON.cFAC.LcrAc.!RCGUN.INc0uN.CINFAC;haIEVaIFAC
1,!FAC.JMXMI.IMXMt.JMxpx,csl.CSJ,NPT,INFAc,syNF,IENo
READ (11,730) (R(1),1m1,13)
READ (11.730)((XfI.J).V(I.J)'RXI(I-J).RETA(I.JY.NACC(I-J).Inl.IMA
1X),Jey,JMAX)
REWIND {1
KOmK+1
IF (IEND,NE,3)Y GO TO 100
KOmy
GO T0 80
60 IF (1FAC,EQ,0) IFACSHY
WRITE (6,400) IFAC,EFAC
EFACRAMINI(R(2),R(3))%EFAC
IF (I1FAC,GT7,0) CFAC®] ,0/FLOAT(2an(IFACe]))
TP (IFAC,LY,0) CFACRL, 0/ARS(FLOAT(IFAL))
WRITE (6,670) CFAC
IRCOUNSY
IF (IWR,GT,0) WRITE (6,%70)
JMXMIBIMAXS
IMXMiBINMAX®Y
JMXPlaJIMAX ¢
C8JRCOS(PI/FLOAT(JMXML))
COIRCOS(PI/FLOAT(IMXML))
NPTB(IMAXw2)R(JMAX®D)
1F (NRJEG,EG,0) GO TD 7%
0O 70 L@}, ,NRSEG
70 NPTENPTSLR2(L)=LRYI (L)}
7S IF (INPAC,EQ,0) INFACHR}
IF (INFAC,GT,0) CINFACE) ,0/FLOAT(2ex(INFAC®1))
IF (INFAC,LT,0) CINFACUFLUAY(INIACO)/ASS(FLOAT(INFAC))
WRITE (8,710) CINFAC
INCOUNS
IF (INFAC,LT,0) INCOUNRINFACO
EINFPREFAC

SET UP ITERATION

80 LCONRBR(1),67,0,0
LCFACe FALSE,
IF (IABS(IFAC),LE.1) LCFACE,TRUE,
DO 90 Imi,IMAX
DO 90 Jmy,JMAX
90 WACC(2,J)mi,0
WRITE (6,620)

1681
1682
1683
1684
1688
1686
1687
1688
{689
1690
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1708
1706
1707
1708
1709
1710
1711
1712
1713
1714
1718
1718
1717
1718
1719
1720
172!
1722
1723
1724
172%
1726
1727
1728
1729
1730
1734
1732
1733
1734
1738
1738
1737
1738
1739
1740
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¢ SOR ITERATION

¢

100 IENDSO

110
120

c

PO 4S0 xmKO,ITER

1F (K, LE.,2) LACCH, TRUE,
IF (K,NE,3) GO TO 120
LACCE FALSE,
IF (LCON) LACCEs,TRUE,
TEMRR{))
DO 110 Imy,IMAX

DO 110 Jmi,JMAX

WACC(I,J)=TEM

R(u)mn,0
R(S5)e0,0
R{i11)m0,0
R(12)e0,0

Cunnn FIFLD annw

C

130
140

DO 260 JJm2,JMXM{
JaJMXMieJJeg

JMisjel

JPisJ+l

D0 260 Illm2,1ImMXMy

IsIMXMin]]Te2
IPimIey
1f (1,67,1) GO TO 130
IMi{mIMX My
60 TN 1ud
IMimley
XX1wX(IP1,J)eX(IM],J)
YXISY(IP,J)eY(IM],])
XETARX (I, JP1)eX(1,JM1)
YETABY(T1,JP1)eY(],0ML)
ALPABXETAAN®2¢YETARRD
GAMABXXIan2eYX]ung
AGSY 0/ (ALFASGAMA)
JACBIR(XXIaYETAXETARYXT ) un20CFAC
JSAGRJACBBuAGH0,0628

Crnwn VARIABLE ACCELERATION PARAMETER

150

160

IF (LACC) GO YO 2%0

TEMINJACBS®0,12%

BilemTEMI#RXI(,J)

B28=TEMI#RETA(L,J)

BI®ABS(B))

B28ABS (B2)

TisALFAR®2=Binn2

T28GAMANR2eBR2002

AT{mABB(TY)

AT28ABS(T2)

1P (71,6€,0,0,AND,T2,GE,0,0) GO Tn 220
1F (T1,LT,0,0,AND,T2,LT,0,0) GO TN 230
RJ1ESGRT(ATL)«CSI*AG

IF (71,6€,0,0) GO YO 150
TEMPW{®UACC(RJ1)

TACC(I,J)e10

60 TO 160

TEMPWIROACC (RJ1)

TACC(I,J)m20

RI2NSORT (AT2)#CBJnAG

1741
1742
1743
1744
1748
1746
1747
148
1749
1750
1754
1752
1753
1754
1735
1756
1757
1758
1789
1760
17614
1762
1763
1764
1769
1766
1767
1768
1769
1770
1774
1772
1773
1774
1778
1776
1177
1778
1779
1780
17814
1782
1783
1784
1788
1786
1787
1788
1789
1790
179}
1792
1793
1794
17908
1796
1797
1708
179¢
1800



170

180
190

200
210
220

230

24¢

2%0
Cannn

260
¢

IF (Y2,GE,0n,0) GO TO 170
TEMPW2SIIACC(RJ2)
TACC(I,J)TACC(T,J) e}

GO TO 180

TEMPwW2BOACC(RJ2)
TACC(I,J)MTACC(Y,J)+2

IF (1EV) 190,200,210
TEMPWBUACC(SART(RIIwa24RJ2nw2))

GO TO0 4o
TEMPwE(RJI«TEMPWI4RJ2TEMPRI) /(RI14RJID)
60 TO 240
TEMPwBOACC(S8QRT(RI{wa2eRID222))

60 TO 240
RIB(SQRT(ATI)INCSI4SORT(AT2)IACSI) 4G
TEMPWROACC (RJ)

TACC(I,J)m2

60 TO 240

RIB(SORT (ATI)INCSI+BART(AT2)INCSI)2AG
TEMPwRUACC (RJ)

TACC(I,J)my
RC11)MERROR(TEMPW,wACC(T,J),R(11),1,J, IWER)
WACC(I,J)mTEMPW

CONTINUE

ITERATE

T(S)YWJBAGeRETA(D,J)
T(U4YBIBAGRRXI(T,J)
TCII® , SeALFARAG

T(2)B ,SaGAMARAG

TC3)0 , 2Sn(XXIaXETAGYXINYETA)IRAG
ACCLEWACC(I,J)

ACCLim1,0maCCL

R{12)BR(12)+ACCL

TEMPXBHACK(X,T,1,J,1M1,IP1,JM1,JP1,ACCL,ACCL1,XFTA,XXT)
TEMPYRHACK(Y,T,1,J,IM1,IP1,IM1,IP1,ACCL,ACCLYL,YETA,YX])

RC4)BERROR(TEMPX,X{T,J),R(4),1,J, IXER)
R(S)RERROR(TEMPY,Y(1,J)sR(S),1,J,1YER)
X(I,JYsTEMPX

Y(I,J)RTEMPY

IF (1,GT,1) GO TO 260

X(IMAX,J)mTEMPYX

Y(IMAX,J)BTEMPY

CONTINUE

Coannn REENTRANT SEGMENTS anesn

c

Cannn
270

IF (NRBEG,EQ,0) GO TO 400
00 390 L=i,NRSEG

ONE

T1sLRI(L) 1

I28LR2(L) e}

ISELIL(L)e1

14 12(L) =1

IGOTOSLTYPE(L)

GO TO (270,290,310,330,3%0,370), 1GOTO
ON BOTTOM, ONE ON TOP

DO 280 JJmly,12

IslReJJlely

XXI@X(1e1,8)eX(1wl,1)
YXIsY(1e1,1)mY(lei,t)
XETARX(I,2)oX(1,IJMXM])
YETARY(I,2)eY (], MXML)
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1801
1802
180%
1804
1808
18n6
1807
1808
1809
1810
1811
1812
1813
1814
1848
1816
1847
1848
1819
1820
1821
1822
182%
1824
1828
1826
1827
1828
1829
1830
1831
1832
1333
1834
18358
1836
1837
1838
1839
1840
1841
1842
1843
1844
1848
184é
1847
1848
1849
1850
18851
1852
1853
18%4
185S
18%6
1857
1888
1859
1860
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CALL PARA (XXT,YXI,XETA,YETA,LACC,CFAC,RETA,RX],C81,C8J,wACC 188

1,R,T,ACCL,ACCLY,NDIM, T, 1,IwFR,TACC,TEV) 1862
TEMPXSHACK(X,T,1,1,Tel,1¢1,IMXMY, 2, ACCL,ACCLYL,XFTA,XXT) 1863
TEMPYRMACKLY,T,1,1,Tet,T¢1,IMXMY,2,ACCL,ACCLT1,YETA,YX]) 1864
RIUIBMERROR(TEMPX ,X(T1,1),R(4Y,I,1,IXFRY 1865
R(S)SBERROR(TEMPY,Y(1,1),R(58),1,1,TYFR) 1866
X(I,1)mTEMPX 1867
Y(1,1)RTEMPY 1B68
X(!,JMAX)WTEMPX 1869
Y(],J4AX)BTEMPY 1870

280 COMTINUE 1871
G0 TO 390 1872

Crxwn ROTH ON BOTTOM 1873
290 00 300 JJUmlIt, 12 1874
Inlleleld 1a7%
IInJide(TI=]}) 1876
Xxiax(1+¢1,1)ex(lml,1) 18717
YXiay(lel,1)my¥(lel,1) 1878
XETARX(T,2)=X(11,2) 1879
YETABY(1,2)=Y(11,2) 1880

CALL PARA (XXT,YXJ,XETA,YETA, ACC,CFAC,RETA,RXT,CS8I,C8J,wsCC 1881

1 4R, T,ACCL,ACCLL,NDINM,T,1,TwER,TACC,IEV) 1882
TEMPXOMHACK(X,T,1,1,1I=1,le1,11,2,ACCL,ACCLY,XETA,XX]) 1883
TEMPYRMACKR2(Y,T,1,1,1e1,]¢8,11,2,ACCL,ACCLY,YETA,YX]) 1884
RCUIRERROR(TEMPX,X(1,1),RCU),1,1,IXER) 1888
R(SIBERROR(TEMPY,Y(1,1),R(5),1,1,1YER) 1886
X(I,1)eTEMPX 1887
Y(1,1)8TEMPY 1888
X(11,1)0TEMPYX 1889
Y(I1,1)aTEMPY 1890

300 CONTINUE 1891
GO TO 390 1892

Caxex ROTM ON TOP 1893
310 00 %20 JJsIt,1l2 1894
Inl2ejJely 1895
I11slds(Imlf) 1896
XX1aX(lel,IJMaAX)eX (@t , JMAX) 1897
YXIBY(lel,JMAX)eY(lm], JMAX) 1898
XETASX(TY,IMXMiYaX (T, MXMY) 1899
YETARY(I1, MXMEYeY (T, ,0MXML) 1900

CALL PARA (XXY,YXI, XETA,YETA,LACC,CPFAC,RETA,RXY,C81,C8J,%ACC 1901

1oR, T,ACCL,ACCLY,NDIM, T, JMAX,INER, TACC,IEV) 1902

TEMPXOMACKI (X, T, ,IMAX,I01,T¢1,1],J4XM1,ACCL,ACCLY,XETA,XX]) 1903
TEMPYSHACKI(Y,T,1,IMAX,Io5,T01,12,J4XML,ACCL,ACCLL,YETA,YX]I) 1004

R(4GIBERROR(TEMPX , X (I ,JMAX)Y,R{(U),TI,JMAX,IXER) 1908
R(S)BERROR(TEMPY,Y (T, JMAXY,R(8),I,JUYAX,IYER) 1906
XCI,JMAXISTEMPYX 1907
YCI,JMAX)RTEMPY 1908
X(11,IMAX)mTEMPX 1909
Y(IY,JMAX)aRTEMPY 1910

520 CONTINUE 1911
GO TO 390 1912

Cwanse ONE ON LEST, ONE ON RIGHWT 1943
330 00 Y40 JJmlt,l2 1914
JalgeJJel 1918
XXJaX(2,J)aX(IMXM],J) 1916
YXImY(2,J)eY (IMXM],]J) 1917
XETARX(1,Jel)eX (i, Je1) 1918
YETARY(1,Jel)eY(1,Je}) 1919

CALL PARA (XXI,YXI,XETA,YETA,LACC,CPAC,RETA,RX],C8],C8J,WACC 1920



1-R,T,ACCLaACCLl;Nbl”aioJ.!NEﬂaTACC.IEV)

renpxnnncxtx,r,1.J,IMXM:.2.J-1.J¢1.ACCL.ACCL:.xtra,xxr)
TEMPV-HACK(V.Y.l.J.IHlﬂi.2.J-1.Joi,ACCL.ACCLx.YETA,vxI)

REUGIBERROR(TEMPX,X(1,J),R(4),1,J, IXER)
R(S)ISERROR(TEMPY,Y(1,J),R(S),1,J, IYER)
X($»J)mTEMPX
Y{1,J)mTEMPY
X(IMAX,J)mTEMPYX
YCIMAX,J)BTEMPY
340 CONTINUE
G0 TO0 390
Cxxna ROTH ON LEFT
350 DO 360 JJisly, 2
Jel2eJlely
Iteldm(Jemly)
XXl®X(2,J)=X(2,11)
YXI®Y(2,J)mY(2,1])
YETABX (1 ,Je1)aX(1,Je])
YETASY (1,J¢1)mY(1,Je}])

CALL PaARA (XXI,YXI.XETA;Y!TchACC.CFleREYAoRxlaCSInCSJ.*‘CC

1.R.T.ACCL.ACCL1'NDI“.!.J,INER.YACC.IEV)

TEMPX'H‘CK“(XpTa1nJ'I!ozoJ-lpJ*lolCCL-lCCLioXEfleXI)
YEMPYIHACKU(YpTo!oJoIIo?oJ'!nJ’lo‘CCLo‘CCLlnYEY‘OVXI)

R(U)l!RROR(TE"PXoX(l-J):R(ﬂinloJoIXER)
R(S)SERROR(TEMPY,Y(1,J),R(5),1,J, 1YFR)
X(1,J)aTEMPX
Y(1,J)RTEMPY
X(1,11)mTEMPX

Y{1,11)mTEMPY
360 CONTINUE
GO YO 390
Caner BROTH ON RIGHT
370 DO 380 JJely, 12

Jal2eJJel]
Iimlds(J=]y)
XXTRX(IMXMY, T1)mX (IMXMY, )
YXIMY(IMXME,IT)aY(TMXMY,J)
YETARX (IMAX,Je1)aX{IMAX, Jul)
YETABY (IMAX,Jet)eY(IMAX,Ju])

CALL PARA (XXT,YXT,XETA,YETA,LACC,COAC,RETA,RX],C8],C8J,WACC

10RITI‘CCL0‘CCL1I~D!MOIM‘leOINER1TACCOI!v)

T!"PXIH‘CKS(!oTnI"AX:JaI!pINXHlaJ-laJO!pACCL;‘CCLloxETA.X!l)
TEHPVIHACKS(VoTpI”AxodllxpI"x”loJillJ‘lo‘CCLo‘CCL!oYETA.YXI)

RCUIMERROR (TEMPX, X (TMAX,J),R(4),IMAX,J, IXER)
R(S)IERROR(T!MPY,Y(IMAX.J)oR(S).IHAX.JpIYER)
X{IMAX,J)uTEMPYX
Y(IMAX,J)RTEMPY
X(IMAX,I1)BTEMPX
Y(IMAX,211)aTEMPY

380 CONTINUE

390 CONTINUE

400 CONTINUE

STORE INITIAL ITERATION ERROR NORNMS

OO0

R(12)PR(12)/FLOAT(NPTY)
IF (K,6T,1) 6O YO 410
R(o)BR(4)
R(7)aR(S)
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1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
193S
193¢
1937
1938
193¢
1940
1941
1942
1943
1944
1948
1940
1947
1948
1949
1980
1954
19852
1953
1934
1958
1956
1987
1058
1939
1960
196t
1962
1963
1964
1968
1966
1967
1968
1969
1970
1979
1972
1973
1974
1978
1976
1977
1978
1979
1980



90

wWRITE ITERATION ERROR NORMB

[g N o)

410 IF (IWIR,GT,0) WRITE (6,5A0) KoRCU),RESI,REI1),R(12),LACC,LEFAC,
1LCON

CHECK TO SEE IF ITERATION I8 COMPLETE

s Ne Ne Rgl

anaw CHECK VARTARLE ACCELERATION PARAMETER FTELD CONVERGENCE
LACCER(11),LT ,R(1O)
IF (LCON) LACC=,TRUE,
IF (LACC) R(11)80,0
Cannse CHECK INTERMEDIATE FIELD CONVERGENCE REFORE INCREASING
Canew COORDINATE ATTRACTION
IF (LCPAC) GO TO 420
IF (R(4),GT.EFAC,OR,R(S),GT,EFAC) GO TO 420
Cawaw INCREASE COORDINATE ATTRACTION
R(4)®L,0
LACCS FALSE,
IF (LCON) LACCem, TRUE,
1F (IFAC,GT,0) CFACR2,0eCFAC
IF (IFAC,LT.0) CPACRCFACH®PLOAT(IRCOUNS®I)/FLOAT(IRCOUN)
IRCOUNBIRCOUNS]
1F (CFAC,GT.1.0) CFACE),0
LCFACOABS(CFAC1,0),LT7,0,000001
WRITE (6,670) CFAC
420 CONTINUE
Casne CHECK INTERMEDIATE FIELD CONVERGENCE BEFORE MOVING
Coenn OUTER BOUNDARY
IF (INCOUN,GE,IABSCINFAC)) GO TO 430
i (9(0).LY.E!NF.AND.P(S).LT.EINF) 6N 10 490
Cokna CHECK PIELD CONVERGENCE
430 IF C(R(4) LT, RC2),AND R(S),LT,R(3)) GO TO 49N
canns PRINT VARIABLE ACCELERATION PARAMETER FIELD AT START OF ITERATION
1F (IAIT,EQ,0) GO YO 4%0
IF (K ,NE,3) GO TO 480
WRITE (6,680)
DO 440 Jml,JMAX
WRITE (6,690) J
WRITE (6,700) (TACCUI,J),wACC(I,J),1m1,IMAX)
440 CONTINUE
s CONTINUE

c
€ ITERATION DOES NOT CONVERGE
c
Canrsx WRITE PARTIALLY CONVERGED SOLUTION TO DISK
48S WRITE (11,720) LlCCoLCUNpC’lC;LCFAC.IRCOUN,XNCOUN.CINFAC.K.I!V.IF‘
1CaEFAC,JHXH$'!“xnanHXPlaC'!oCQJyNPYOINFlﬁollNFoIEND
WRITE (11,730) (R(I),I81,13)
WRITE (11,730) ((l(fnJ)oY(IoJ)'RXI(IoJ)'P!Tl(IpJ’nW‘CC(IoJ)cI.IOI"
1AX) ,Jmi , JMAX)
Cananw PRINT VARIABLE ACCELERATION PARAMETER FIELD
IP (IAIT,EQ,0) GO TO 470
WRITE (6,680)
00 460 Joi,JMAX
WRITE (6,690) J
WRITE (6,700) (TACC(I J)sWACC(I,J),181,IMAX)
460 CONTINUE
470 CONTINUE
IF (R(6),BT,R(G) AND,R(7IGT,R(S)) GO YO 480
I1END®Y

1981
1982
1983
1984
19,8
1986
1687
1988
1989
1990
1991
1992
1993
1994
19905
1996
1997
1998
1999
2000
2001
2002
2003
2004
2008
2006
2007
2008
2009
2010
20114
202
2013
2014
2018
201é
2017
2018
2019
2020
20214
2022
2023
2024
e02s
2026
2027
2028
2029
2030
2031
2032
2033
2034
2038
2036
2037
2038
203¢
2040



4RA0

c

RETURN
IENDSE2
RETURN

C ITERATION CONVERGES

C
490
Cannp

Son

520

530
S40

Cannn
550

Crnnn

S&0

S70
580
590
600

610
620

630

2TION OF INMOMOGENEOUS TERM COMPLETED®//20X

IENDEY
MOVE OUTER BOUNDARY
DINFACSBCINFAC
IF C(INCOUN,GE,IARS(INFACY) 60 TN 859
IF (INFAC,GT,0) CINFACR2,0#CINFAC
IF CINFAC,LT,0) CINFACICINFACiFLUAY(INCOUN¢1)/FLOAT(INCOUN)
DINFACRCINFAC/DINFAL
WRITE (4,710) CINFAC
INCOUNRINCOUNGY
DO S40 LsLISEG,NBSEG
ItsLBI(L)
I2s.B2(L)
IGOTOom BSIDCL)
GN YO (%00,%20,%00,%20), I1GNTQ
IF (IGOTO0,EQ,1) Jmy
IF (IGOTO,EQ,3) JaJMaX
00 510 !=It,12
X(1,J)BX(1,J)aDINFAC
Y(I,J)@Y(I,J)DINFAC
GO0 TO S40
IF (IGOTO0,ER,2) Imy
IF (1GOTO,EQ,4) 1mIMaX
DO %30 Jely,12
X(1,J)mX(1,J)eDINFAC
Y(I,J)RY(1,J)DINFAC
CONTINUE
IF(LCFAC) IFACHE]
KOmy
IF(K,EQ,ITER) GO TO 4SS
GO TD 40
FINAL CONVERGENCF
CONTINUE
ITEREK
PRINTY VARIABLE ACCELERATION PARAMETER FIELD
IF (IAIT,EQ,0) RETURN
WRITE (6,680)
00 %60 Jmi,JImMax
WRITE (6,690) J
WRITE (6,700) (TACC(T,J),WACC(Y,J), Ty, IMAX)
CONTINUE
RETURN

FORMAT (wiw,{SX,n]lTERATION FRROR NORMS®/ /)

FORMAT (18,3E15,%,F20,5,5L10)

FORMAT (215,2F10,0,1%)

FPORMAT (a0w,1S8,2 STEPS IN ADDITION OF INMOMOGENEOUS TERM,
1EDIATE CONVERGENCE FACTOR sw,Fig 8)

PORMAT (A6,14,21%,2F10,0)

INTERM

FORMAT (#0eemme MAXIMUM NORMS OF ITERATE CHANGES®,40X,«L0GICAL CON
lTPOLO*//QOITERAT!t,QX.tX-NORMt,Ql,tY-NORMt,7X.tACC-NORHt,7X.1AVO.A

2CC.PARA.-.bx,tLACCt.sx.QLCFAca,‘x,.LCON.)

FORMAT («OLOGICAL CONTROLS | LACC = VARTIABLE ACCELERATION®, s PARAM
LETER FIELD CONVERGED (IRRELEVANY IF LCONBTRUE)w//20X,a CPFAC o ADDI

s*LEON » UNIFORM ACCELER
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204
2042
204y
2044
2045
2046
2047
2048
2049
2050
2081
2052
2083
2084
205$
2056
2087
2058
20%9
2060
2061
2062
2063
2064
2068%
2066
2067
e0o68
2069
2070
20714
2072
207%
2074
2078
2076
aory
2078
2079
2080
2081
€082
2083
2084
2088
2086
2087
2088
2028
2090
2091
2092
2093
2094
2008
2096
2097
2098
2099
2100



92

buo0
650
660
670
680
690
Y00
710
720
130

IATION PARAMETERw//20X)

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMATY

(«0COMPLEX EIGENVALUE PROCED!RF 3 UNNEReRELAXW)
(20COMPLEX EIGENVALUE PROCEDURE 19 WETGHTED AVERAGEW®)
(wOCOMPLEX FYGENVALUE PROCENURF 1 NVEReRELAX®)
(a0%,FiS A, n (0F INHOMUGENEQUS TEHRNw)

(*O0ACCELERATION PARAMETERS#//)

(«0J w#,13/)

(10C X, a(w,12,%)%,FT7,4,1%X))

(#0»,F15,8,% OF DUTER BOUNDARYw®)

FORMAT(2L10,E16,8,L10,215,E16,8/315,E16,8,315,2F14
IS . . ' . ’ .8 2€16 ,B/21%,F16,8,15)

END

SUBROUTINE PLOTIX,Y,I)
CALL CALPLT(X,Y,I)

RETURN

END

BUBROUTINE SYMBOL(X,Y,H,TEXT,ANGLE,NCHAR)
CALL NOTATE(X,Y,HN,TEXT,ANGLF,NCHAR)

RETURN

END

21¢}
21u2
2103
2104
2108
2106
2107
210A
2109
2110
21141
el
2113
2114
2118
2116
2117
2118
2119
2120
2121
2122
2123
eled
etes
2126
2127
2128
2129
2130
2131
2132
2133
2134
2135
2136
2137
2138
2139
2140
2141
2142
2143
2144
2148



Sample Cases
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Sample Case Output: Simply-Connected Region

RARRERARAAARARNARAAN JNPUT 220ttt A AR AU AR AR AR RARA RN

IMAX JMAX G NBOY, TTER, 1GES ) TOISK, IwIR, EWINTL, InFIN,IGED 1 21 el ¢ 100 0 1 1 0 0 ]
IPLOT IPLTR, WCUPY, LINWMIY, LINWT2,NUMBR,NUMBR],ISRIP), JSKIP2 ¢ 1 3 1 0 0 0 0 1 1
NEBSEG)NNSEG 4 Q
RO1) oM (RIyR(3)yYINFIN,AINFIN,XOINF,YUINF NINF ¢

1,80000000 Q00010000 «00010000 0,00000000 0,00000000 0,006000000 0,00000000 v
TEV, IAIT,R(10) 1§ 0 0 0,00000000
INFAC, INFACO 13 0 0

SIZE,RATLO,0L1ST,XxB1,%B2,YBY,YB2 B,0u000000 0,00000000 10,00000000 0,00000000 0,00000000 0,00000000 0,00000000
AR R AR RN R AN AR AR R AR S AR R AN S AN R R AR S AN R AN AR A AR AR S AN R R AR A A AR AN R A AR N AR AR RN AR R A A R R A AR R AR AR AR R AN AR AR AR ANAAAANRA AR RARANS

SIMPLY=CONNECTED REGIUN
INITIAL GUESS TYPES 0

«=B0DY SLGMENTS=e

L LBSID L8l Loz LBoY
1 i i el -l
2 4 i el -1
) 3 21 1 =1
4 e 21 1 (2

==QUTER BUUNDARYm»=

RAQDIuUS & 9,00000000 INITIAL ANGLE = 0,00000000
ORIGIN AT x 3 0,00000000 , Y & 0,00000000

NUMBER QOF POINTS = 0 1 STEPS IN ATTAINMENT OF INFINITY INITIAL STEP (LINEAR CABE) & 1

UNIFOR™ ACCELERATIUN PARAMETER USEU,

TESY CASE o BOOYer ITTED CUURDINATE SYSTEM
SIMPLY=CONNECTED REGION

BOOYF]TTED COORDINATE SYSTEM
TRANSFORMED BOOY, KtY StaT SnafF?
FIELU PARAMETERS, NUMBER UF XIeLINES = 21
NUMBER OF ETA-LINES » 21

ITERATION PARAMETERSE SUM ACCELERATION PARAMETER = 1,80000
MAXIMUM NUMBER OF ITERATIONS ALLOWED = 400
ALLOWAGLE JTERATION ERROR NORMSE X3 ,10000Ee0QS
Y1 ,10000E«03

NUMBER UF HUDIES IN FIELD ¢ 1
PLUT PARAMETERST COPIES DESIREL = 1
LINEWE]IGHT OESIRED = 0.
PLOT SIIZt IN YeDIRECTION = 8,000
RATIO ® 0,000
LOGICAL CUNTRULS ¢ LACC = vARIABLE ACCELERATION PARAMETER FIELD CONYERGED (INRELEVANT IF LCONNTRUE)

LCFAC = APOITIUN UF INMOMOGENEUUS TER® CUMPLETED

LCON = UNIFURM ACCELERATION PARAMETER




Sample Cases
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Sample Case Input: Simply-Connected Region

TEST CASE = BUDY=FITTED COORDINATE SYSTEM
SIMPLY*CONNECTED REGION
KEY SEAT SHAFT

21
1

[ VIVIRF S o

1,8

o

0

8,0

'.125
o, 37461
'.62932
=,82904
®,9563
-1.

®,9563
»,82904
-.b2932
e, 37461

37461
062932
«82904
9563
1o
9563
+82904
062932
e 37461
125
125
0125
125
o125
» 125
125
0125
0125
0125
0125
125
125
0125
125

21
3

0
0

0 10
1

2t -
2l .
i -
i -
«0001
0,0

0,0

99215
,92718
LT7715
,55919
,29237

..29237
-,955919
.|77715
-.92718
-],

-,92718
®, 77715
=,55919
-.2q237

29237
+55919
77715
92718
099215
986
978
97
962
954
,946
936
1932
926
92
914
\908
,908
898

0
0

!
{
1
1

(=]
-
—
[ =)
(=]

0,0001

10,0



0129
125
125
» 125
0125
W 125

115
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Sample Case Output: Simply-Connected Region

ARRERRARRRARARNANAN JNPU] SAANSA A AN R AR AR AAARAARRARARARAR

IMAK g JMAX NBDY, TTER, LGES, JOISK o IwIR, IWINTL Ik IN,IGED 3 2l 21 ¢ 100 0 1 1 0 0 0
1PLOT  IPLTR NCUPY, LINRI 1, LINwT 2, NUMBR, NUMBRY , ISKIP1,]15KIPE i 3 ! 0 0 0 0 1 1
NBSEG,NHSEG 1 4 0

RCE)#R(R) 4 R(3) 4 YINFINJAINFINGXOINF, YULINF,NINF 3

1,80000000 «00010000 00010000 0,00000000 0,00000000 0,00000000 0,00000000 v
TEV, IATT,R(10) ¢ ¢ v 0,00000000
INFAC, INFACUO 1 0 0

SIZE,RATI0,01ST,XB1,%B2,YB1,¥YB2 B,0u000000 0,00000000 10,00000000 ©,00000000 ¢,00000000 0,00000000 0,00000000
AR A RARN AR ANARAR AR A AR NRA AR AR R AN AR AR AR AR SR AARAR R AR R A AR AR AR AR AR AR AR AR AR AR IR R A AR RN AR AANA AN RARANRARRRAANNARRDRROARNAN

SIMPLY=CONNECTED REGIUN
INITIAL GUESS TYPES 4

«=B00Y SELMENT8==

L L8Slv LB81 Lo2 LeoY
1 1 i L3 =1
2 4 1 [ -1
3 3 21 1 =1
4 2 21 1 -1

waQUlER BUUNDARYwe

RADIuUS ® ¢@,000000u00 INLTLAL ANGLE = 0,00000000
ORJUIN AT X ® 0,00000000 , Y ® U,00000000

NUMBER COF POINTS = Q 1 STEPS IN ATTAINMENT OF INFINITY INITIAL STEP (LINEAR CASE) & )
UNIFOQRM ACCELERATIUN PARAMETEW UStUL,

TES

SIm

CASE o BUDYwFITTED COURDINATE SYSTEM
YeCONNECTED REGION

T

PL
BODYeF[TTtD COOHUINATE SYSTEM

TRANSFONMED BUOY, KEY SEAT SnafFT

FIELD PARAMETEWS, NUMBER UF XI=LINES = ¢}

NUMBER UF ETA®_INES » 21

ITERATION PARAMETERSE SUN ACCELERATION PARAMETER ® 1,80000
MAXIMUM NUMBER OF JTERATIONS ALLOwED ® {00
ALLOWABLE ITERATION EXROR NUHMSE X3 ,10000E=03
Yy ,10000E«03

NUMBER UF BODIES IN FIELD 8 1
PLUT PARAMETENST CUPIES DESIREDL ® 1
LINEwWEIGHT DESIRED @ 0.
PLOT SIZk IN Y=DIRECTION ® 8,000
RATIU s 0,000
LOGICAL CUNTRULS t LACC =« vARIABLE ACCELERATION PARAMETER FLELY CONVENWGED CIRRELEYANT IF LCONSTRUE)
LCFAC = AUDITION UF INMOMOGENEOUS TERM CUMPLETED

LCON e UNIFUHM ACCELERATION PARAMETER



EXPONENTIAL UVECAY RNS
o ATTRACTION e

wee ETA EWUATION RHS e
ATTRACTION LINES

J AmP
1 10,00000000

| STEPS N AQLITION UF INWMOMOGENEQUS TERM,

OECAY

200100000

1,00000000 OF INHUMOGENEQUS TERm

1,00000000 UF QUTER BOUNDARY

mamwe MAXIMUM NQHMS OF ITERATE CHANGES

ITERATE XwNUR™
«77167E=0)

2 s 73593E=0]
3 «22586E+00
4 S 19242E+00
S 2 13070E+00
[ 4 109355E400
7 (BldBEe0!
8 « 7585901
9 4743 2E=01
10 J47590E=01
i s41089E=01
12 «29926E=01
13 2 2T004E=0G Y
14 2 17856E=01
1% «19630E=0
16 s 1904UE=~01L
17 1 T0ubE=0]
18 W 1U402UE=D]Y
19 W89439E=02
20 F9uddE U2
21 «10402E=01
22 W11177E=01
23 «90140E=02
tL] s 71066E=02
29 «SbbbUt ey
20 «41851E=02
27 «33512E~02
28 026513k=02
29 «21974E=02
30 219004k =02
3t 11406802
32 W 10214E=02
33 W T6642E«03
I s62992E«03
55 WJ49023E=03
36 W 4T7594k=03
37 +28581k=035
38 2 36817E=0S
39 +32896E«03
40 «27069E=03
41 «18414E=03
4 JJUOUBE=Q]
43 «98688E=04
44 2 11059E=03
45 «13414E-03
uo +55074E=04

YeNURM
«18730E400
01795500
«SEUTOEQ0
«4202)1E+00
o38712k¢00
221774E+00
E39TUESO00
2 14B85E+00
14096E¢00
«96U23E=0]
+0B8676E=01
+55841E=0]
+57719E=01
s61240L=01
W 4S244E=01
«29517E=01
232T43E=01
s40620E=01
«35133k=0)
026755801
«22US0E~01
«2005Tk=01
v16369E«01
W 12976E=01
s 1075%E=01
+808%6E=02
«04339E=02
W QUS2TE=02
«32897E=02
025503k =02
e 17945E=02
103852802
289375E=03
«83619E=03
2S3767E=03
+H42S985E=03
e36137E=03
s 39204k=03
«30726E=03
e31300E=03
«260687L=08
«28925E=08
«19891t=03
«1428TE=0S
¢1UBSIE=0S
«T8560E=04

.

ACCeNORW AVG ,ACC,PANA,
1,00000
1,00000
1,80000
1,80000
1.,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1.80000
1.80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
180000
1,80000
1,80000
1.,80000
1,60000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000

INTERMEDIATE CONVERGENCE FACTUR =

100,00000000

LOGIcAL CONTROLS

LACC

R e e e I I I R R R R I R R R R R R I

LCFAC

B I R R R R R R R I R s R e e I R IR I IR RN R I

-
(2]
(=]
z

e R b e R I R R R I I B R S P e e b o b I B B R e e D R
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TEST CQSS - BOOY‘F&?TED COURDINATE BYSTEM
YIMPLYCONNECTED REGION

FINAL YALUES
ITERATION CONVERGES,

INITIAL ITERATION ERROR NURMB3 X3 ,7716TEe0) Y3 ,1BT30E+00 AY [TERATE # }
FINAL ITERATION ERROR NURMSY Xy ,5507dke0d Y1 ,T8360E=04 Ay JTERATE # 4o
LUCATION UF MAKIMUM ITERATION ERRORD Xt s S,Jn [}

Yy la 17 Js 5

ARARAAAARAANNRA RN ANARRANR R ARG AANSD XwARRAY AAARRRARAARB R AR R AANAN G AAAAAAAARAAANNAADANRARASNRATRRAN

Js 1
®, 12500€E+4000,37461E400w,62932E¢00m,8290UE+00=,95030£400,10000E+01=,95630E+000,82904L¢00,02932E%00=,374061E¢00
0, 3TUOIEG00 ,62932L 400 ,B2904E400 (95630£400 ,10000E401 ,95630E+00 ,82904E+00 02932600 ,374e1E¢00
«12500E400
Js 2
©, 12500t ¢00w,28715E400=,4b6551E+00®,063666E400= ,76855E+00,83593E400=,02284E+000,72549E¢000,55131E¢00,31209E400
®,41931E=0% ,312868E+00 ,55130E000 ,72547k¢00 ,B2281E+00 ,B3ISY0E400 ,7608S2E+00 ,630661Ee00 ,30551E¢00 ,20714E000
2125008 ¢00
Js 3
®, 12500t ¢+00@,24193E+00=,36117E400=, 48457 ¢00=,59338E+400%,66367E400=,67305E+000,0074TC+00=,40592E¢00=,250060E000
®,11970€@0u ,25858E900 ,ub589E+00 ,00TULE+00 ,67297TE+00 ,066356E¢00 ,59331L900 ,q8451E+00 ,36116E¢00 ,20191Ee00
2 12500k¢00
Js 4
©,12500E400w,21621E400®,29906E400=,38120E400e,45569E¢000,50838E¢00»,52150L¢000,970876E+00e,3T191E¢00e,20572E+00
e l6420Ewgd ,20569E+00 ,3T7186E+00 ,L7B6TE®0U ,S2158E¢00 ,50825E+00 ,45562E¢00 ,38110E¢00 ,29905E+00 ,21018E000
«12500E¢00
Js S
g 12500E400m, 1 9937E400»,26073E400%,31592E¢00e,36207E+400e,39170E+00%,394436¢000,35911E400w,27816E400%,153288+00
e ,bU8S8E=05 ,|5325E+00 ,27812E400 ,35903k900 ,39433E+00 ,39162E+00 ,36201E+00 ,31592E400 ,206073E¢00 ,19933E¢00
+«12500E+00
Js 6
© 1250084000 ,18707E#00=,23457L400e ,27328E400=,30155E¢4000,31472E+00=,30671E+000,27155E400w,20574ke00mei)ibdle00
oo 17952E=05 11163E400 ,20571E400 (2T1SIE400 ,3006B8E+00 (31471E+00 ,30154E+00 ,27326E«00 ,23456E400 ,310703Ee00
2125008 ¢00
Js 7
©,12900€+4000,17743E400e,21505E400® ,24290E400,26022E+00°,26391E400%,25019E¢000,21590€¢000,16005L¢00e,85540Ew0}
«82325€eyS ,B594UE=0] ,1600UE00 ,21589E¢00 ,R25018E+00 ,26390E¢00 ,26022E¢00 242886400 ,21502E+00 ,17741E¢00
W 12500€400
Js [
®, 12500E+00@, |6959E 400, 199596400 ,21968E¢00@,22972E+000,22775E4000,2113780000,17895E+000,13058E+4000,69051Ee0¢
12824BLe0S ,69065E@0) ,1805BE+00 ,178966¢00 ,21337E+00 ,2277SE00 ,22972E¢00 ,2196TE+00 ,19956E400 ,16933E¢00
1250uEe 00
J= 9
©,12500E4000,16300F+00w,18689E¢00® ,20110E+00®,20598E+00w,20034E+00e,18276E¢00m,15243E+000,10992E+000,57083Ee0}
890076205 ,S5769TE~01 ,10993E+00 ,152456¢00 182756400 ,20034E¢00 ,20597E*00 ,20109E¢00 ,18087E¢00 ,16298E¢00
4 12500E¢00
Js {0
1250064000, 157366400, 1T016E+00®,{8576E400=,18680b¢00e,17870€400w,16063E¢00s,13233E4009,94525E012,49300Ee0}
«OB5FUEeYS LU9IL1YESQ) ,FUSISE=01 ,13233E¢00 ,16069E¢00 ,17871E¢00 ,18682E¢00 ,1B5TUE+00 ,1T018€+00 1573300
12500L¢00
Ja i
@, 12500E+400w, 1 5239E+U0=,16691E+00®,17279E40U®,17092L¢000,16111E400m,14298E400m,11653E¢00»,82575€C0)=,42852E0])
LUTOSHE=0S ,42867r=0] 82585601 ,11656E400 ,143500E600 ,16114E400 ,17094E+00 ,17R2T9E400 ,16691E%00 ,15236E¢00
1€500E+00
Ja e .
©,12500E¢00e,14795E400=,15880E+00e,16164E200m,157SUESV0w, 1 4e30E¢00°,12860E¢000,10300E+000,73063E0010,377308040
L,78007k*05 ,37757Ee01 ,73082ke0l ,10380E400 ,12863E400 140598400 ,1573TEeQ0 ,10)07E¢00 ,13082L+00 187900090
12%00E400
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Js {3
, 12500E 4000, 1439UL+00«,15160E400%,15193L900e,14611E¢000,13430L¢00%,11673L¢00e,93493L00)e,65301Lke01e,33097Ee0}
238128905 ,33667b=0] ,65396E=0] ,935]2Le0) ,11676E¢00 ,134A0E¢00 ,14010k+00 ,151908+00 151628000 ,143%4Re00

«12500E¢00

Js 14
e 1250064000, 14029E#00=,1451dE+00%,143U1E+0U=,13629E400=,12408E+00=,10688L+00m,95019L w0l 59142Ew01e,30353 0]

LUB91dE=0S ,30549E=01 ,59157E«0] ,85039Ew0] ,10692E+400 ,12412E400 ,135634E¢00 (QU4IUTES00 ,14SI8E400 ,14030E«00

+18500E400

Js 15
©o12500£400m,13692E400=,13931L400%,13591E400=,12783k¢00m,11539E400=,98727E=01",78071Ew0]1~,54078Le01e,27662Ee0]

0514bE=0S ,27674kw0} ,56093k=01 ,78100E=01 ,987063E=01 ,11544E¢00 ,12789L¢00 ,13596E+00 ,1393SE+00 ,13094E+00

«12500E¢00

Js 16
= 1250UEP00e,13378L 900, 13002E 400, 12950E400m,12058E+400=,10812E+00~,92024Ew0le,72453En0)e, 499082E=019,25507Ee0]

+71054k205 ,25518E=01 ,50005E=0) ,72473k=0l ,92064E=0) ,10817E+00 ,12063E+00 712936E400 ,13406E+00 ,13380E«00

«12500E9400

Js {7
@y 1250064002, 13082E400=,12923E400=,12353E+400=,11442E+00w,10213L¢00,806660L°01=,p7985Ew0ie U67USEw01e,23795E00})

Jb20UTEw0S ,23806Ee0) ,4bT63keul ,68010be0] ,8669TEe0] (1021TE€00 ,1144TECQ0 ,123S8E+00 ,12926E¢00 ,13084E400

125008400

Js |8
*y 125008400, 12804E+00m, 1249064000, 11859E+00m,10932L¢00e,9734GEa0]1e,82580Ew01n, o597t 0=, 4d24bEmU]m,22401En0}

JUTBTIEW0S ,224649Ee0] ,UU2S9EmU] ,b4614ERN] ,82606E=0) ,97379Ee0] ,10936E¢00 ,{1862E900 ,12492E+00 ,12805E+00

s 12500E+00

Ja 19
=, 129500E+00=,12537¢400,12103L+00%,11452E+0U=,10526E400,93740E=0]1=,79852E201=,52209E00)~,42386E01w,21435k00}

+11030ke06 ,21436k=01 ,42393k=01 ,62219E=01 ,79B864E=O] ,93768E«01 ,10528E000 ,114S4E00 ,12104E+00 ,12538E+00

e 12%00E200

Js 20
“ 1250UE400w, 12270400, 11 T6BEC00=, 11153E400=10221E+00m,91330E=0)>, T8733E=01m,40755Em0im 41036E=Q1w,206518=0]
©,11656E06 ,20646E=01 ,4104lk=01 ,60760E=01 (78734E»01 ,91336E=01 ,1022¢E+00 ,11154E¢00 ,11768E*00 ,12276E«00

212500k ¢00

Js 2}
=y 12500E+400%,12000E400=,11500E+00,11000k400=,10000E¢00%,90000E«01»,80000k=012,4,0000E001e,40000E=01e,20000E00}
0, L20000E®01 ,40000E=0) ,60000k®0] ,80000E=U) ,90000Ew0l ,10000E400 ,31000E«00 ,11500E+00 ,12000E¢00
s 12500E400

RAANRRANRARRAAANRNR AN RN A AR NRANNS YeARRAY AN RANRARAR AR AR AR A A G AN R RARRNRARAANAASRAARR RN RN
Js 1

2 99215E400 ,92718E+00 ,77715€400 ,55919E+0U ,29237E4000, «,29237E4000 ,55919E+00w,7771SE+000,92710£900
=, 40000E+01m,92718E400m,77715E400=,55919t400%,29237€4000, o2923TE+00 ,55919E000 ,77718E900 (92TI18E00
e 992156000

Je 2

,9B600E400 ,935700E¢00 ,82639E¢00 ,6S070E 400 ,41B8S6E+00 ,14921E+00w,{3025E+00w,39042E+00%,60492E+009,75304E+00
«, B1400E+00e,75304E400,60490L4000,39039E+00,13022E400 ,14925E+400 ,41861E+00 ,550TUECD0 ,82642E+400 ,93707E+00
« 98600k« 00

Js 3

J9TBOUES00 ,93897E+00 ,B5767E400 ,72515E400 ,53959E+00 ,30974E+00 ,56384Ee01w,(1905TE400°,39940£+00%,54295€200
= 996TS5E+00®,54294E400m, 5993UE+00m,1904BES00 ,56511Em01 ,30989€+00 ,53970E¢00 ,72524E¢00 ,85770E¢00 ,93893E+00
.97800E+00

Ju [

<97000E400 ,93638E+00 ,BT7367E400 ,7T7539E400 ,65680E¢00 45885600 ,25201E+00 ,38149Ee0le,15204€¢000,28570E00
e, 53452E 00w ,28565E¢000,15193£400 ,3B8334Ew0] ,25226E400 ,4590TE+00 ,03696E400 ,779G4TE00 ,87370E¢00 ,93640E+00
2 97000L400

Js 5

296200E400 ,93188E400 ,BB03SE400 ,B0469E+00 ,TO215E400 ST260E+00 421086400 260606400 ,11327€+00 ,71993802
©,51770Ew0] ,72859E=02 ,11344E+00 ,2608UE+00 ,42134E+00 ,ST2B3E+00 ,70231E400 ,0473E¢00 ,B803I9L400 (931902000
+90200E400

Js [}

o 95400E200 ,92662E+00 ,B8824WE+00 821136400 ,74200L400 64082€000 330866000 4274636000 ,327J46000 (336308000
230496000 ,25001E¢00 ,32750F¢00 ,42764E¢00 .53IBTUEC00 , 68695400 ,TA2IAE400 321200000 882466900 ,%20088¢00
+95400E«00
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Je 7

W F460VEC0QQ
0« 39920E¢00
«FUb00E*00
Jn [}

¢ 95600400
W9U929L 400
+93600E400
Js 9

2952006400
sSTTTTEQO
«93200E400
Jr .10

«920600E+00
28310700
2 92600€+00
Js 11

s 92000E+00
267245L 400
«92000k+00
Js 12

91400 +00
JT0991E+00
«91400E+00
Ja 13

290800k +00
e 73384E00
«90800E +00
Ja 14

«QUB00ES0O
«7S777E40Q0
+90300E«00
Ja 19

+89800E¢00
W TT870E+00
+B9800E+00
FLEESY )

«89300k400
WTOTSTEOD
sB930UVE+0QOC
Js 17

LBB8B00E+00
LOLUTSESOD
«88B0UE+00
Ja  1d

+BBU0VEROQD
«83075E+00
$OBUQUE+QO
Js 19

+88000E+00
«BU4592E+00
«88000E+00
Js  2¢

1877008400
+80056L+00
«BTT00E+00
Js 2}

2«87500E#00
L87500E+00
87500€00

192108E+00
181636E200

L9154UE+00
LS1laTEe00

91002k 00
S8687t 00

s I0UBSE*QU
W63811Ev00

J89992E 400
677199000

«89525E 490
«71030kE¢00

$B9089L¢0U
W 73733L+00

JBBOBTEYOU
s T6054E+NY

«88320E+00
«THO9UESOUL

«87995¢L+00
2 19925E 400

L87721E400
WBlOULE+00

WBTS11E400
.B5165E400

W87 3T9E« QU
JBuduU9t ey

W87 859E+00
«B86085¢+00

W87300E900
«87500ke00

,B88233E+00
LUBUITEDD

LBB1UIE+0U
L55178k400

W B7929L 400
W01278E¢00

eBTT123E+00
«05826L 40U

«B7512E+400
169391E+00

87310k%00
2 72300k ¢Qu

J87126L000
JTUTUBES VY

+B6909ES OV
«T6859E¢uv

JBOBUBESUD
LTBT2BESLO

W86 T7T2E+00
LB0416E$00

LB6T91E+00
«81970E400

+86796E¢00
f8342TES00

,86924E400
W848 TESVY

87193k« 00
6166k +00

+8TS00E+00
<B7S00E+00

«83093E¢00
53330000

B3T1TESOV
s6U259L+00

LBU136E400
(65173E400

«HUU32ES00
«6B8887E+00

LBU656E¢00
L71832E¢00

+B4B42E+D0
L TU256E¢0U

185011E000
1 T0316E900

L85183L400
.78113te00

1 85371E400
o 79719E«00

85590t +00
81185k ¢00

«BS849E+00
«Be5U9E+00

861626400
21B3842E#00

186539k 400
285085k +00

«BO98TES00
s B6299E¢00

1875006000
«B875008¢00

WToTR26E¢00
«0129TE+00

s TBUSSELQO
W0b62TIEGUD

s 79720E400
169870400

«BUTOUEQO
«72635E0 U0

1814976400
174852400

+8R1TSE+QO
« TE699E+00

2 827T8E+VO
o 78¢90L+0O

W83538E400
2 79698k «00

183877E%00
«80975E+00

«84U1SE400
«82160E+00

+8U4960E+ 00
«83282E+00

285542E¢00
L8436SE400

WB8153E+00
«BSU2BE400

86803E«00
«864T2E+00

«87500E«00
2»87500E¢00

169319600
69320E000

«72515E400
W T2517E900

«TUBOLIESOO
sTUBOUE 00

«T6683E400
o TO6BLE00

«TB162E400
2 TB163E400

s TRUI0E+00
W TOUUBESOQU

+B0Q99E+00
»BOUSTESOO

W814BLES00
B14BLESO0

+B8d392E400
+82591€400

«B83259€E+00
1 83258E900

«BU104ES00
$BUL101EG0O

1BU9ULEROV
«BU939EL00

«85781E400
285780E200

1B6033E4+0¢0
186633E400

«87500€400
«87500€400

0128700
«T6730E¢00

66265E400
JTBUS0E00

,69868L+00
«T9T24E Q0

L T2633E400
+807035E %00

«TUBSSE0Q0
WBLU99E 400

W76703E400
+8217SE+00

JTB294E400
L8279k +00

J79701L+00
+83330E¢00

,80978E400
L83878E400

82103E¢00
84415k 00

,B3286E400
L84965E+00

WB8U368E200
2859G1E«Q0

oBS5H27L 00
WB61S1Ee00

»BOUTUESQO
+86802E+00

+87%00ke00
«87300E+00

1533258000
1830978000

«60254E+00
«83721E400

v65169E400
v8ULGIE00

+6888SE¢00
s BUG3OEC00

«71832€+00
s84658EC00

274259900
«84844EH00

176320E400
185015E400

«T811TEC00
+85187E«00

«79724€400
18537S€¢00

+81189€#00
185592€400

»82553E¢00
+85850E400

«83644E¥00
86162E900

+85087E¢00
«86538E¢00

+186300E¢00
86986E+00

1873008000
27500800

«86003€000
«88230k900

+55171Ee00
W88118E+00

+61275€400
287930E%00

1©5024E €00
87725E400

W09391E+00
«87517E¢00

WT2301E400
,87316E+00

JTUTUBEQO
«87131E%00

L T6863E400
LB69TUECQ0

«T8732E¢00
+80853E¢00

W80620E%00
JB6TTSE+00

«81973E400
867528400

834296400
+B80T96E+00

,BU818ES00
+86923E900

«86167E+00
«87152€+00

979008000
875008400

810300000
21100000

+51742E000
«91545L900

«580685E+00
910056900

+03010E200
190490E¢00

07799900
89997400

2710318000
«89530E¢00

«713734E000
«09094E+00

1 76036E400
«88093E+00

2 78096E¢00
«88325E¢00

«T9927E«00
«87992E¢00

+81602E400
877220400

«83165E900
187512E+00

2 84649E+00
+87379€¢00

«86085E+00
«8T7338E+00

1875008000
875008000
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Sample Case Plot: Simply Connected Region

] 1 2k




102
Sample Case Input: Single-Body Field

TEST CASE = BUOOYeFITTED COUORDINATE SYSTEM
SINGLE BODY 1 KARMANSTREFFTZ AIRFOIL, 26 PUINTS
KeT AIRFOIL #}%

27 20 1 200 0 ) 1 0 0

1 3 1 0 0 0 0 1 1
e 1
i 1 27 -]
3 1 27 0
2 1 20 4 1 2o
1.8 0,0001 0,0001 S,0 0,0 0,0
0 0 0,90
0 0
8,0 0,0 10,0 0,0 0,0 0,0
L 499528 »,000031
1498623 =,001402
496086 =,002760
«486293 «=,005552
s4T0dOU4 =,008509
0390148 «,018591
+269552 =,0299606
«122707 =,040790
«,034802 *,048453
-.167“72 '.050524
w,321146 «,045592
e ,42388b =,033739
*, 486506 =,016526
e,502726 2003820
e, 471102 0026435
®,396903 1 04B6U2
“,287913 066101
=, 153756 e075299
s 144046 0064352
0282251 s 047498
«39S776 «028262
2471999 011299
2487103 4006809
JU96419 0003040
L498779  ,001426
LTA 0 4 2 0,0 Vel
1 100,0 1,0
2 100,0 1,0
3 100,0 1,0
4 100,0 1,0
1 1 100,0 1,0
a7 1 100,90 1,0
X1 0 0 0 0,0 0,0
i 90 100,0

26
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Sample Case Output: Single-Body Field

RARANRAAARRNAAN D AR A l'owVH AARNAA R AL AR AR AR AARA RN A R PR AR R RN
IMAK  JMaX, Uy, JTE R Lot S TulSA Imlny InINTL, Inkin, luED 3 2l 2y 1 2uu b 1 ) v n [%
IPLOT  TPLTH, wCUPY LI va T L w T2, wumrn, NUMENTL, [SAIF L, ISRLPe 3 1 3 1 n y U y 1 1
NBSELINRSEL 8 2 i
LISPYLAYOFLIC PR S DETY I LTS CN IVDEN IR AVF OV SRV S ]
1.800U000y oMUl OUUY FRVAVS RIRIRTNY) S, utyuutiy Q00000000 U, Uun000000 Gauduuungt 20
Tbv, a1t ,=w(10) 1 U 0 GeUBUNOUY
INFAC, [NFALU U 0
SLIE e HATIULUIST, XB1, 482, YKT, ¥R  B,I0000000 0, 0C0Q0ud0 16,000000(0 VeB0uuluDy 0, 0u0Q0000Q U,u0p0U0U  0,NU0UDBLOUL

RARAARARA R R R AR AR A R AN R AR S AR R AR AR AR N AN A R AR AR A A R A AN R AR AR R A AR RN R R R R AR N R R AR R R R TA N R A AR AR A RN AR R AR AR A AR R A Rk A R A AR N R AR RAANA AR

INITIAL GUESS Types U

==H0UY SEUAENTS==

L Leslv [N Loe LDy
1 1 1 27 -1
é k) 1 el [

=oREmtNTRANT SEGMENTSe=
L LKrSIv LK} tne  LISTU Lt Lie
! 4 1 - o 1 2y
==0uUTE" BUUNJARYmm

RADIUS 3 S5,00000000 INITIAL ANGLE = YeQOOOLOUD
OMILLIN AT ¢ 3 0,00000000 , Y ® ,000UV000

Numrber OF POINTS = 2o 1 OSTEPS IN ATTALwMENT UF Ik [N]TY INITIAL STEP (LINEAW (ADE) = 1

UNIFUKM ACLELERATIUN PAkAMETER USED,
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TEST Cast

TRANSFURMED BUUY,

FIELD PARAMETENS,

1TERAY [N PARAMETERSE

WENY

PLUT

Pakant [FRSS

= sUDY®FlT1€U CUUNKVINATE SYSTE™m
SInwGLE RUDY 3 KawmAN®TKREFFIZ AIRFULIL,

26 PUINTS

BODYwFITIED CUQHOINATE SYSTEM

kel AIRFUIL w»l

NUMBER OF X]=i[NES =

er

NUMHER UF ETASLINES B 2v

OF BODIES In FIELD 8 1

COPIES DESLIRLD 2
LINEwEIGHT DESIRED =

1

SUR ACCELEKATIUN PARAMETER B

0

PLUT SIZE [~ Y=DIRECTION ® 8,000
RATIU 8 0,000

1,80000
MAXIMUM NUMHER OF [TERAT[ONS ALLOWED =
ALLO~ABLE JTERATIUN EHMNOR NORMST X3

v

200

210000ke03
«10000Ee03

LUGICAL CUNTRULS t LACL = vaRIAALE ALCELERATIUN PARAMETER FIELD CONVERGED (IRRELEVANT ]F LCONSTRUE)

EXPONENTIAL

LCHAC

LCUN ® UNIFORM ACCELERATIUN PARAMETER

DECAY WHS

= ATTHACTLIUN =

eew ETA EWUATION KAS ===

ATTHACTIuUN LINES

EonN— o

amp
100,0Uv00D0Y
1UU,0U000VY0
100,00000000
100,0UdU000V

ATTRALTION POINTS

1 STEPS I~ AQOITIUN OF

AODITIUN UF INMOMDGENEOUS TERM COMPLETED

OtCay
L,v0000000
1,00000000
1,00000000
1.,00000000

AMP
100,00000000
10000000000

INMUMUGENEOUS TERM,

1,00000000 OF INAUMOGENEOUS TERM

1,00000000 OF

UUTER RUUNDARY

momew MAX|MUM NORMS UF JTERATE LMANGES

ITeRATE

VU E b N

AmNURM
«1409VE+0Y
«72723E%00
«11796E¢01
e S4595E+00
«27025E¢00

YmNURM

366621400 0o
J3u2uptruu [
+10532E¢01 0,
+33196E¢00 O,
«1T84TES0OO 0,

DECAY
1,00000000
1,00000000

ACCo=NURM

LPY

AVG,ACC PANA,
1,00000
1,00000
1480000
1,80000
1,80000

INTERMEDIATE CUNVERGENCE FACTUR =

LUGICAL CUNTROLS

LACC

— = -t -

100,00000000

LCFAC

— ot =



187424k *00
+25074L+00
236641C4+00
223330k 000
e23302k%v0
022900E+00
#21953L+00
W20774L+00
¢19629E ¢y
183256400
1+ 15008E400
W 11877€400
«82255E=01
B60TuUE=0]
10143E900
W98128Le01
+98005E=01
«OUSISE=Y L
«00748E=01
dHOUBUE=DL
e97935€wy)
0«58655E=y]
v91678E=y1
«64573E-01
9075108k =0]
194161E=u1
»38088E«u1
ed4Bo66E=0]
«39245k=v ]
230429E=01
cldbulSEmD
WH42776E=01
40456k =0)
37437601
126262690
1 18522E=01
111689E#01
+53882E%02
0 55185E=02
035818202
025005E=92
«15855t=02
010572E=02
2 994d12E=03
«75458E«0 8
169234Em03
21 52T7B6L=03
s43706E=038
239697E=03
+30279k=038
123031E=03
W 17911E=03
W16377E=0 3
o 17506t=03
W1281b6E=0u s
013322E=03
299475804
«81150E=uu
210581t=03
«87798E=0u

W 1ST20E 00
+ 16559k +00
«16BB8E200
W1B002EY0L
18360k 400
ot7ULIEPOU
« L8540t +uv
18402t +u0
«16856L¢0V
e 1S4S9E+ 00
«12508E¢00
+B83352E=01
18129 /F=01
«TETBTEwO0Y
«92858L=01
s 7601 0Emul
W85372E-ul
o 79ubbE=yl
«B04STE~01
o 759528 =0)
e07772Ewu}
«72VUSTE~UL
03519t =y]
«9520622E=0)
«U8VISE=D]
«90925kev]
2572878k =01
«H0289Ew 0}
«42320E=01
W 58580k =0l
o 39709 =ul
«35775¢E=0}
234UTkey}
e131106ke0}
88901 E=0¢
1b06201E=02
«S10653E=02
s49050E=02
«ST1UUE=D
+39505E=02
«36130E=02
2« 25742E=02
«16755ke02
21003 b 02
2+ 77696E=03
260310E=03
«53640L=03
24b39BE=Q3
+35396E=03
031222803
« 28350k =03
s23353L=03
020808E=D3
¢15006S5E=0 S
e 15035E=03
«13660F=03
12497 =03
sJUB1S5E=03
«93708k=04
J93298twuy

1,80000
1,80000
1.80000
1,60000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1480000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1.80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000

—.—.-.—4—1—4—.-0-4«44—4—.-.-4—.-44-4-4-:-.-1—4-«-4-4-1—4—~—c-q<-.-.a-q-c—q-<-4—c-4-4—-a--4-c—a—c—<-4-4-4-4«-4

- —
- ——— 4—n——¢-1-<-¢q-4-¢—-¢—4-¢<-<—q-.-¢.<<-4—4—1—a—4-4—1-4—4—4-4—4—1—1—4——.-:-—-4—~—4-¢-<<4dq—‘

B e e i B e B e e e e et T B D [ O D A
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TEST CASE = wULY=FL1TEU CUOURDINATE SYSTE™
SINGLE BODY 3 RaRMAN®TREFFI1Z AIRFULIL, 26 PUINTS

FINAL VALUES
1TERATIUN CUNVERGLES,

[NIT1AL ITEWRATIUN ERROR NORMSE Xt ,14090t¢01 Y1 c36662E 900 AT LTERATE & |
PIvAL J1ERATIUN ERROR NUKWS] X3 L67793bm=04  YI ,95298E=04 AY LTERATE & 65
LOCATION OF mAxlmMuM JTEWATIUN ERRURE X3 I3 11,43 19

Yy 1= 2% Js 17

iil“!lll.ll-!llllil!l!llnl.lt-tt XmARRAY ﬂtll.tllli'i.tltﬁ.il...l.-Ilt.llilll.!!!lli.l!'ﬁ.-llﬂ
J3s i

LU9Y9SIES00 ,U9BO2E QU LUTLLIESUY LuBO2YE VU ,4TudbEIUO L,39U15E+00 s 26955L 400 s1deTibebge, SuByekmulm, LB874TECOU
-.321\5&000-,U?SSQEOUO-,UBOSltOUU-,50375&'00-.“71l0&000-.590906000-.267912000-.15}765'00-,50u00t'02 J1UU0SE+00
LEB225E400 ,395TBEY00 ,4T7199E+00 LUBT10E 400 (U96W2E4VU J49BTBEYOO NCLEEI X ]

J3s e

«OUBUTESVD ,S0AIVE+OV L49TuteUU LUBLUSESOY 2UULBPE V0 L36T4SEL00 ,250088L+u0 .1077bt'00-.de750h-01-.197bet900
-.Siolbtﬁuoa,ﬂldQEttoo-.QQSUSLOUU-.5\275&#00-.&6207£0UO-,uOuuthuO-.?QQBQtvOD-.10559&000-.18)det-01 «13002E+00
,2656Ube00 ,S7611E+00 ,4513uke00 ,4B8415Ee00 LJU9BYREFUD ,50902E400 50647 +00

Js 3

4H200BE U0 ,S1022E400 WDOUUBSE#OU L4BOTIRE4OO LU3a95c U0 ,35281E400 ,23650E¢00 LQUITIE=C e S8ubTEou]l=,20905E¢00
-.suzssﬁooo-.uuau7tooo-.5xo7otouﬂ-.5eeozﬁ¢uu-.uqsxutoou-.ues7otvuo-,sxsobﬁooo-.17eurt'oo-.loeeet-ux J11797€E400
25534E+00 36415000 ,4u222E¢09 JUBYSZE+0U (50T62E+00 JS17bub+00 ,52008L+00

JEB ]

JDUULIE LU0 (S3dBlEenV «S1T797E YUY L4B5BUEP00 LU306YE+VO «SuSs6BE+00 ,22537E¢00 .55192&-01-.706H7£°0x-.8227£i'00
-.SSBustvoon,ubblAttuU-,sl187touo-,55095E000-.5200§£000-.HH370&000—.5}10ltoou.,19327t¢00-,45007t-01 «10689L¢00
LRU393E U0 (3STUUReNy LUu05EE+00 CUFRTIER00 ,H2R243E00 253700E¢00 ,54069E €00

Js 5

25701 7E200 ,56198E+00 2539196400 ,49814E00 (43322800 ,33898E00 «21004ESQO 2 70816E00]%,89895E-01~,24095E+00
-.56000E000-.091015000-.50\$1t000-.50165E000-.Sso19!000-.u71005ooo-.lsul't¢00-.zl2“&!000-.502555-01 195331801
c230UUESDU (ISS14E+00 ,uuS02Eeu0 L5072SE+00 ,SUS20E+00 ,56498E00 «5701Te00

Js [}

2012556400 ,00176E+00 ,572258400 ,52121E¢00 ,444T8E¢00 ,34QUBEOO 20853€400 +56280Ee0]e, 106070E¢00=,26795E200
-.011096'0u-.S!OGS!OOO-.oolMOlQOO-.OZSMOEODO-.59297E¢00-.5l059!000-.}556l£000-.2¢016!000-.79002£-01 281912E00})
«23090E400 ,35888L¢0V c4598TE0D ,53262400 579926400 ,60562E+00 ,6125%k+00

Js 7

JOTOTBE4QD 65709t +00 ,62005E¢00 +eSSTGBE®00 ,ub70FE4UD o34916E+400 ,20458E+00 40394t =01=,1335TL*00,30495L¢00
-.U5958k000-.5527at000-,50093touu-.bﬂﬂbetvoo-.bSlO1&000~.Sbuu;5000-.u}S}BEoOO-.zI?SQEoOO-.105095000 20T73006E=01
22C2918E400 (3TUSEQ0 ,UBHULELDL 2971376400 ,62936E400 +O61B1lE®00 ,67078E¢00

Js 8

«T4TTUES00 ,T73076E+0u ,08512E¢0U0 L6096TES00 ,50352E¢00 ,367350E+00 220491E+00 .2}37at-01'.166665000-.356902000
-.51987E000-.05250E000-.73630&000-.762232v00-.72690E000-.05M7ZE¢00-,M952!E¢00-.325615000-.13610h000 «S1852E=0]
«€310BE+00 391326900 ,52380E¢00 +OR555E 00 ,69b60uk+00 e73632E¢00 ,74770E00

Js 9

JBUBR0E+00 ,B255TE+00 ,76994E+00 c6T90GES00 5534300 ,39522€+00 «20957L+00 uBB21Ee02m,20T36E400~,41308€E+00
-.SleSEOOO-.7“10IEOOU-,BBESSE000-.861075000-.52}0lEoOO-.7(382(000-.51295t000-.185505000-.l77bu£000 J3U9b9E w0}
223BUBE+00 ,42161E+400 ,5T612E400 ,69T05E0D TB239E+00 ,B3193E+00 ,Bub20E+00

Jg 10

JI0986E+00 (IUU62EC0U ,BTT21Ee0V ,T76798E¢00 ,61872E400 WU33ILTESQO .Zlauuiouo-.15155&-01-.15615&000-.HG1IZE000
-.691lﬂti00-,85152&000-,052656000-.960“0[000-,90509&o00-.63“5}[000-.bb7&bE000-.uSQDZtvOO-,ZES}HtOOD «16002€E=01
J2UUUEYOD ,4bl196EP00 ,64365E400 ,78791k00 L,BOL10E+00 ,95175E«00 «96958E¢00

Js 11

W11210E401 JLUVIGELC] ,101028+01 +8T890E€00 ,70105Ee00 ,48233E400 .111511000-.3910.&-0l-.51&76&000-.57720&000
-.Iorlblooo-.vl7ZZEto°-.l10012'01-.111632001-.lOOISEOOI-.070)06000-.1!!09(000-.slalltooo-.zll.oiooo-.s'it!!-o!
o304 UbE00 ,51314E900 ,T280TEC0Q0 ,90062E000 e102S4Ee0) ,10994E00]} «112106E901
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Jr1e

s 1SUB9ES01 ,12710E401 ,11728E¢y! «101545ke01 ,B80271E+00 ,54357L400 .2“891&000-.50616£-0l-.iDSDliOOO-.000°7Eooo
-.90655&000-.1lSéStOOl-.12602£'Ol-.lAZlZEOOl-.l£710t001-.lllsst'ol-.92ﬂo?t‘00-.55075!000-.152035000-.11017!-01
2283500400 (57024t 00 ,B3152E400 ,L03BUE+U] ,11892E4U] 2 1279dE+01 ,15069E+01

Jz 1S

«15312E 901 ,1udHSE+0] 13701k eul 11805k ¢0] ,92698E¢00 ,61867E400 .27091t000-.987545-01-.“0917&000-.61707L000
-.llldli'ul-.11517h001-,lu978t'01-,l50506001-.10391&001-.1SSMHEOOl-.109075001-.78737tQOUO.H]SMthOO-.62917!-01
¢ 3UBATESD0 65275k 400 ,996H1L+00 ,12051E+0] 2 13875E401 L 14972E901 ,15312b401

Js 14

o 18O13E 401 (175026401 ,16080E4U1 ,13803E901 ,1UT6UEC0L ,70968E+00 229B01E+00m, 1 3687L400=,96994L+00=,974353E+00
'.15£5£t001-.159l7E001-.175955'ux-.161uut001-.l7bl££tu!-.lS?SoEoot-,1zqvutool-.90070&000-.53605t000-.100595000
o 35ububeUn L TUdbUEEOU L1L10T4R YL s JUODSES0L 16259k 401 ,17594E40L ,18013k%01

Jz 15

e€1299E 401 ,200uYb+0] ,18964CE+0Y 2 1620SE20] 12565401 ,B1921E+400 .3507Bt¢uoo.16236£v00-.09063£000-.116295001
-.1soustou1-.15797ton1-,eu7u3foux-,ex}eotoox-.eueoueoux-.1u¢soe¢01-.1su5u£001-.11suotoo1-.bb7uatooo-.1005?5900
o 507088400 ,B53595E 400 ,12KH7UE UL 16458k 401 , 191196401 QUTHE 0] ,21259E+01

Jz e

2€5149E 401 ,24423E 401 ,2237ube0] L19084E+0] W14T725E 901 ,9%0356E400 136995E400e,235099E 400 ,85536E¢00e,13889E¢0]
-.xuoestoon-.aeeu7tvnx-.zusl1E.u1-.eszsatvo1-.euu5u[ool-.££o°7koox-.xeuoatool-.x5017&001-.60u0u£000-.20115&000
2 UO0GS3E00 98551k 00U L,15021E401 ,19327E+0]1 ,225643beul 22USI3ES0L ,25149E %01 -

Ja 7

129BUOEYUL ,28942E 00l ,C0UTbE+OL ,22551F40) ,17804beul 110686401 ,41615E+00°,30302E400=,10091E+01w,16596E40}
-.eeluet+u1-.eoslotvul-.ZOertou1-.&@699t+01-.28953toul-.eozuuﬁoul-.219§£t¢ul-.1ossetoo1-.98\552000-.272905¢oo
WHATOOEC0U L 11366E¢0) (179716 eu) ,22750E401 126635E401 29023k 01 ,29806E401

Jz 14 .

$35377E401 (34350F401 ,31389E+4U] ,266U9E+0] ,208682E+01 0 12928E401 ,47010kE+00=,383356¢00e,12179E408e, 19640E+0]
-,eessstvol-.S\ﬁlﬂtOOl-.Suuletoul-.550a9t00l-.iﬂsbqtoul-.ildlLEOUl-.20200t001-.19652tt01-.llOth’Ol-.559SlE000
sUIUB2E U0 L1305k eal L20596E401 ,26825E401 515156401 JUUISERUL ,35377E¢01

Je 19

2UE2USBESUL LUUBLTE401 (372610401 31969401 ,24048E+01 W19131E40]1 ,5352216+00%,48160E¢00%,14690E+01e,23732E401
-.523925001-.37215&001-,0065u£001-,02081t001-.00622h00l-.37l57E001-.51305[001-.23021&00[-.l“SbSEOOI-.MO7GeE000
vDUEBLESO0 ,15¢73E+01 ,24176F 901 ,31671E401 ,37336E401 ,40B57E+0] WJHR203BES0Y

Jz 2y¢

WS0000E401 ,4B567F+01 ,uuT3bell ,37426L 401 W28403L¢01 ,1T7730€¢01 «6U20BEPU0m,50268E900%,17730E+01e,28403k¢0])
-.57&205001-,““171100l-,u&S«?tool-,50000&001-.06347:vO1-,uﬂzlltool-,lTMZOtOUl-.zBUOIEOOI-.177105001-.00100!000
¢00268E400 177308401 ,28403Eeul ,3TUR6EUL ,U42TIE+0] 485476401 +50000F¢01

RRRAARRERANNANRN AR AR AARNARARARNER YeaAKKAY ’ ERAANRR R AAAA RN N R IR AN N AR AR N AR T ANNRARRNRAANANRANARRARRR
Ja 1
-.5xoooE-ou-.1uozut-02-.37600t-uz-,ssszot-oe-.uSOOOE-uz-.18501t-ox-.eoeoet-ol-.a07°0t-0l-.ﬂG“SLE-Ol-.505Z“E-01
S149592Ee01=, 33759k =01e,16526E%01 ,3B200E=02 ,26435E=ul ,UBbU2k0L ,66101E=01 ,75299E=01 o 74531te01 ,64352Ew0}
1U7U9BE=0L ,2B2b2b=01 ,11299E=01 ,68090k=02 ,30400E=02 ,14260E=02%,34000E=04

JE 2
-.so:urE-us-.15795&-03-,1aeerg-u1-.eorsxz-o1-.397555-01-.b7asxt-o1-.7uoz7t-u1-.57047&-01-.94751t-u1-.9370&&-01
=¢825906L0012,00827E201=,29956E=0] ,62061te02 ,43995k=y) ,78021E=01 ,10360E+00 11773E400 4119528400 ,10995€000
e 915641k a0l (6798BE=I1 ,4un69EeUl ,28156E@01 ,16269E=01 ,73200bw02e,365G47E=0S

Js 3
-.vorsit-os-.171ubt-o1-.su516z-u1-.ssovut-o1-.75621&-01-.QQueet-01-.l1972tooo-.lssostooo-.1uo¢a€ooo-.13o20£ooo
=e11926L+00<,87962k01=,43667k 01 ,B44UlE=02 ,61258E=01 ,10719F+00 ,14081E+00 15979400 ,10614E+U0 ,15540E¢00Q
W 13618400 L10U969E400 ,8U529% =01 ,55269E=0] ,33904E=0] 115646t =01=,90737L=03

Ja 4
-.100951-03.,eavguf-ux-,soqzls-o1-.uexeot-o\-.1xsootouo-.xuuu9€ooo-.1eruo£voo-.1525}t000-.1u1un£¢oo-.180505000
SelOTUTEA00m, 1162064005802k =01 ,10408E=01 ,78BB92E=0l 137576400 ,17964E+00 020391E400 ,21108E¢00 ,203534E+00
¢183GUES00 (15455E400 ,1205TE 400 ,86906L w01 ,55540Eai] 426093t =01, 16095E=02

Je -]
'.247l“t'OZ'.“5““65'01'.5U$30£~ul'.1(“68&000-.10300:000-.19804&000-.£2M$9E000-.zﬂOuonOo-.ZM“Zonoo-.2!261!000
~+201U2E0002,1479264009,73931£=0]1 ,1224Sk=01 ,98029kw0]1 ,17126E400 ,22453E400 255916400 ,206978400 ,£6037E¢00
+€3976E400 L20760E+0U ,16776E4u0 124786400 ,814S6L=01 ,39006E=0fw,247]4tw02
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Js e
@y 352086 =022,61791E001n,11906L400=,1T423E+00%,22510E400m,26838E400=,30033E¢00e,31618E400~,31929E+00,30001E¢00
e, 2562564000, 18804E+00e,92671E01 ,14036Ee0l 120126400 ,21200E400 ,28094k+00 ,32365E+00 ,34139E+00 ,33723€+00
J31459E000 ,27691E+00 ,22812€400 ,17278E+00 ,11446E400 ,55350k=01~,35208k~02
Js 7
. 47303Ee02e,80226Ea0]l=, 161626 +Ude, 234RBE400~,300B8E400=,35961t¢00~,39471E400m,4ludubs00e,U11e5E+00,58129E400
= 32121E+00=g23060E400m, 114556400 ,15730t=01 (14529E400 ,259UIE400 ,34TEIE400 405736400 ,4I301E400 ,u32U4CE00
JUOTOIES00 ,3627SE+00 ,302U41E+00 ,23167E+00 ,19495E400 ,T5059E =01, 473y3E"02
Ju 8
0 60610E002=,11104E+0U=,21259E 400, 30749E+00®, 3915564002 ,45977L+00=,50688E+000,52806E¢00=,51B95L+00=,47579L+00
“ 39635E400%,2821 1E+00w 1400LE+U0 (17323E=01 ,17385E+00 ,31381E+00 ,4251BE+00 ,50136E400 ,54077k+00 ,54526L400
+518S5E400 (46SAIE0U 39185E+00 ,50226E+00 ,20358E¢00 ,99699k=01=,60010t°02
Je 9
°, 7455 UEe02w,14204E+00, 27276 +00%, 5951 4E+00,49825E400m ,58185E¢400=,63762L+00m,559606L¢00=,64310E400=,58464E400
v UB2BQEC00m 3UISTESQ0e, 1696UE400 ,IBTTBEROL (206356400 ,37593b 400 51377400 ,51134E+00 ,66529E400 ,670642E+00
L6UB24E400 ,SBOO3E+00 ,49623Ee00 ,3BSTSE00 ,26128E+00 ,12859E+00=,74S54k=0¢
Ju 10
@ 8873 Ee02, 179064t 400w, 343376400 49355E+00=,62300E+00=,72412E 400, T6925E+u0e,81168E200%,7T860FE+00=,70953L+00
o 5B254E¢00m 41 0UBE00m, 20424E400 20079k @0t ,24351E 400 ,44T22E400 ,61555E+00 ,75781E400 ,80887E+00 ,B2E25E+00
J79906E 400 72696900 ,01922E+400 ,UB399E+00 ,32936E+00 ,16284E400%,88731E=02
Js 11
“ 10252E=01%,22289E 900, 42610 +00=,61112E+400=,76889E400 BB99TE 400, 96555E4002,08791E400=,951064L 900 85440E+00
« 69B2BE+00m,490EIES00m, 24UB0E+00 ,21195E00] ,2B628E+00 ,52954£400 ,73306E+00 ,8B8397E+00 ,97507E400 ,100dGE+0}
(ITUT2E400 ,B9165E+400 ,76342E+0U ,5994BE+00 ,40964E+00 ,20342E+00=,10252E=01
Js 12
. 11513Ee0lw, 2735 F 00, 52314k +00=, 749 0E+00=, 959826400, 10BUIE+ULI= 1 1T14E+U1=, 11934k e0] e, 1164SE+U1m 102358401
« 83343E+00e,58404E+00e,2929TE+0U0 ,220T4Em0L 535786400 025126400 ,B86964E+00 ,10539E+0l ,11685E+01 412100E+01
J11801E+01 ,1084TE+01 ,93288E+400 ,73553E40u ,50446E400 ,25157E¢00=,11513k=01
Js 13
e, 12600 =019, 33284t +00=,63735L 400, 91143k ¢0u=, 114U9E+01=, 15120640 e, 14130E400m, 304543k e0 = 137u5E¢01m, 12212401
« 992056400, 695156400 ,36903E+400 ,22631Em01 ,39335E400 (T3670E+00 ,10292E401 ,12526E¢01 ,18949E+01 ((4508L 0]
S LU212E401 413119E401 ,11327Ee01 ,89627E+00 ,61673E+00 ,30883E+400=,12600E=01
Js 14
e 1 3560E=01m 40267E 400w, 7720 E+U0", L1031E¢01=,13781E+010,15810E¢01=,16976E+01e,17179L+01e 16306E401,14544E401
e 11791E+01w,B2560E+00=,01601E¢00 ,22751E=0] ,46058E000 BOTUBES00 ,12164E+01 (1UB59L+0L (166108401 (17343E401
J1TOSSE+0] 15801901 ,13690E+0] ,10868L401 ,7S008E¢00 57714t +s00e,13360k=01
Js 1%
e 13700E=01e,48500E4000,93144E+000,13300E001=,16591E+4010,18992E¢01>,20343E401%,20533L¢01,19511E4012,17300E¢014
®, 14003E+01=,9802TE 400, 49509E400 ,22273E=01 ,SIVISES00 10212601 ,14309Ee01 ,17009€+01 ,19750E¢01 ,20092E¢0)
J2001TES0L ,JU9T9E401 ,16495E¢01 ,13132€¢0)1 ,90891E¢00 ,45883E400%,137086E=01
Ja 1e
“y 13400E=01w,582U44E400m,11207E+01,15996L¢01«,19928E401=,22770L 401w, 24338L901»,204509E+01=,25239E+01,20567E+01
, 16626E+01w,11639E+01=,59067E400 ,20969E00] ,63170E+00 ,12025E¢01 (16972L+01 ,20858E+01 ,2340dt+01 ,24659k¢0}
LCUUOGE+O] 227SUE+0] , 198336401 ,15831E+01 ,10986E+01 ,556B0t+00=,15406E=01
Js 17
©,12292E=01m,69804E+00m, 1 3400E+01=,19200E401e,23902E¢01e,2726TE+01=,29090E401=,29237E4012,276069E+01e,c4dd8ESOL
g 19743E+01e,13823E401=,70G09E+0U ,185QBEmOL ,T4OUSE+00 141656401 ,20051E¢ul ,24707E+0) ,27B69k %01 ,29570E401
W29149E+01 ,27252E901 ,23815E401 ,19056E401 ,13258E+01 ,6T4STE+0U=,12292E=0)
Js 18
“,99564Ee020,83561E400e,1614BE+ULe ,230U3E+01m,280UBE+01e,32034E+0 e, 34756+ 01e,J48Y0E¢0)e,329U3E+01m,29VbHE+0]
., R345SE+Q1m, 16426E401w,B83972E400 ,1uS98E=0] ,B6B3BE+00 ,16696E«01 ,23697E401 ,29273E401 (33102L+01 ,34973E401
JIUBOSESOL 326216401 ,28577E¢ul ,22921E401 ,1598SE+01 ,B1661E+00,99564k=02
Ju 19
«,60318E202%,99982E40Ue,19368E¢01»,27637E40)=,34329E¢01=,39053E¢01,41527E+01m,41593E+01=,3923SE+01=,54575E+0}
@, 278TBEC0 ®, 195506401, 10023E+01 ,B6308E«02 (10190E+01 ,19690E+01 ,28022E+01 ,34698E+0] ,39550E¢01 ,41657L+0)
JUISSSECQ] ,39046E+01 ,342BTE+01 ,27563E401 ,19270L+0t ,98833E+00«,00518Ee02
Ju 20
0, e 11966E+01=,23236E40)=,33156E+01~,U1149E+01e,ub751E+01>,49635E401w,490635k+01®,00751k+01=,41149E40)
@y $53156E¢01 @, 23236E+0 e, 11966E90) ,58559E=12 ,11966E+01 ,23236E401 ,33156E+01 ,ul1u9Ee01 ,ubT51E+01 ,49035E401
2UPO3SECOL ,UBTSIESOL ,41149E401 ,33156E+01 ,23230E01 ,11966E+010,
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Sample Case Input: Double-Body Field

TEST CASE = BUDY=FITTED COUKDINATE SYSTEM
DOUBLE BUDY 1 Twy XARMAN=TREFFTZ ALRFUILS, 26 PQINTS ON EACH
KeT AIRFOLL=FLAP #]

69 20 2 200 0 1 1 0 0
1 3 1 0 0 10 0 | !
4 P4
1 1 14 -]
1 56 69 -l
1 2e 48 -2
3 i 09 0
1 14 22 1 48 56
e 1 20 4 1 20
1.8 0,0001 0,0001 5,0 0,0 0,0 0,0
0 0 0,40
0 0
8,0 0,0 10,0 0,0 0,0 0,0 0,0

«807780 =,162631
1807061 =,1062608
754614 =,140182
721468 =,124170
, 686409 =,106140
053086 «,087505
102477 =,0069728
604009 =,054319
592603 =,042765
591634 =,036332
,601308 «,035389
1620148  =,039856
1645928 =,049700
1676125  =,0064478
708095 =,083158
» 739231 =,104073
767046 =,124998
789221 =,14335%3
803001 =,156552
806312 «,159414
807858 =,161394
,8081e7 =,162039
,499528  =,000031
14980623 =,001402
,496086 =,002760
LU4862938  =,00555¢
2470404 =,0085%09
2 590148 «,01859])
2269552 <, 0299606
0122707 *,0407990
=,034802 =,048453
=, 187472 =,050524
*, 321140  =,04559¢2
*,42388p =,03373%9
®,4B65%00 =,016526
«,502726 «003820
471102 020435
«,3969038 048642
=,287915 «Ub6101
=, 153758 01075299

68



LTA

x1

2005644
«iuduyes
W282251
03957706
471990
2487103
W496419
,498779

22
48

S C o= Wiy O

2074531
10U 852
2047498
0028262
0011299
2006809
+ 003040
e 001428
4 4
100,90
1u0,0
100,0
100,90
100,0
190,0
]
100,0

<

—

b, et b e g

e & o © e =

e OCOC COe

(=]

<

[ =]

10,0
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Sample Case Output: Double-Body Field

RARRARAAAARARNRRS [NPUT A et 2t a aad N ANRAARANARKARANNARS

IMAXpJRMAX G NBOY, ITER, IGES, TOISR, Iwins LnINTL WP In, LGEY 69 20 ¢ 20y 0 1 1 ¢ v v
TPLOT IPLTR,NCUPY ,LINWT L, LINAT2, NJMBR, NUMBR]L, [SRLPL, lSK]IP2 3 1 3 1 0 [} 10 0 1 1
NBSEG,NRSEG B 4 é
RO1)aRECISRCB) pYINFLIN,AINFIN, XQINFYUINF,NIVF 3

1,80000000 0003000V 00010000 5,0000000V 0,000U0000 0,00000000 0,00000000 (1]
TIEV,IALIT,«(1Q) 1 [V 0 v, 0uluooou
INFAC, INFACO ¢ v 0

SIZL,MATIO0,018T,Xd1,XHE, YH],YBE B,Uu000uny 0,00000000 10,00000000 0,00000000 0 _0UOOO0UO 0,00000000 0,00000000
AR AN R AR AR AR R A NN R AR R AN R AR AN R AN R R AN AN R A AR AR ARV R AN R AN R R AR R AR R AR A A AR A AR AR AR RS AN R A A AR AR AR B A AR R AN R R AR A AR AR R AN RRAS

INITIAL GUESS TYPE: 0

=eBODY SEUMENTSw=

L LBSlv Let L82 LBDY
1 i 1 14 -y
2 1 1 69 -l
3 i 22 48 -2
4 3 1 69 0

w«nRESENTRANT SEGMENTS=e
L LRSIv LR1 LrRe LISIV L (S ¥

1 1 14 e2 i “8 Sé
2 2 1 20 4 1 20

s=QUTEN HOUNUAKRY=e

RADIUS & 5,00000000 INITIAL ANGLLE 3 0,00000000
ORIGIN AT X 8 0,00000000 , Y ® 0,00000000

NUMBER (F POINTS = 08 1 STEPD [N ATTAINMENT UF INFINITY INITIAL STEP (LINEAR CASE) = 1

UNJFOR™ ACCELERATION PANAMETER USEL,



Test

CaSt = MOUYeF [TTED

VOUKRLE syDY 1 T~0 RARMAN

Iwan

Flty

11k~

N

Lol

LOGICAL CuniROLS 1 LALL

LCFAC
Ll

FPAPONENTIAL UECAY wxKS
« ATTWACT)UN =

=ea Lia BEWUATION HHY =e=
ATTQACT]ON LINES

avp
130, 0u0Lulon
190Nn,00u000nyY
1900 duduyun
1000000000470

& -

ATT=ACTIUN PUINTS

1 J
r-2d 1 10J04Vvy
'Y, ) 1 100 00Nn

5 >Terd 1w ADUILNTunN
W250U0UN0 UF INHUM
1evdudgyne Uk Lulew

smmee MAX][AUM NURMS P ]

ITERATE Amrane
L14902E 491
«92017E+ 00
Clétubent
912tAE 400
e 71030Ev0n
FCERA R
R ELT-TI XA
sH4295keun
J43TToke0e

€ X T JE N -

vuULY=F [T
SFummby BhwY, n=T a]

U PawaMy [ErS, NUMAENW

CUUNDINATE SYSIEm

=THEFFTL AInFUlLS, 6 PUOINTS Un BALH

TED CuumulnaTe SYSlem™
RPUlL=FLAP ¥]

JF Xl=LINES 5 69

NUMHER UF tlAeLIvES 3 en

ATJun ParwA~ElERDSS Su

En Uk odulES IN FIEL

PARAWETE®S:  LUPIES
LINEmE
PLUT S
RAT I

K ACCELERATJUN PARAMETIER @

[P} e

DESIxkED 3 1

Lhnt LESINED = o

et I~ y=RIRECTLIUN 2 B,000
2 u,000

1,80000
MAKTIMUM NUMBER OF JTERATIUNS ALLURED =
ALLUwABLE [IERAT]ION EXRRUR NURMST X3

AR |

200

«100p0UE=Q3
«10000E=03

113

= varlalLt ACCELERATIUN PARAMETEN FLIELD CONVERGED (IXKELEVANT [F LCUNBTRUE)

= ApLITION UF INNUM
e UNLFUmM™ ACCELEWAT]

OeCay
levbQUUOUY
l,000u00u0
L,uttgloou0

1,000000u0

AMP
vunuo 1,0u0
uinng 1,000

UE IamongLe veOUS TER
UGENEUUS TEwm
HUJOARY

Tewale LHANLES

YoM
B ET-LY X n,
15291+ 00 0,
el10602E+01) 0,
23258k vU0 0,
19948k 00 0,
L1 TY96F ¢4 0 0,
J1RT8TE 40 0,
19u8lteuy O,
$20UULE 00 0,

UGENEUUS TExM CUMPLLEITED
UN PARAMETER

brCay  L¥)
yuuyy Q
Juudu bl

Mo INTERMEUTATE CUNVERGENCE FACTUW =

ACCmNDnm™ AVO ALC PANA,
1,0000v0
1,00000
1,80000
1.80000
1,80000
1,80000
1480000
1,80000
1,80000

100,00000000

LUGICAL CONTHULS

LACC

o A -~

LCFAC

rTTErrrvTrvrwm

LCON

B e R R ]
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10
11
12
15
14
15
is
17
is
19
2u
21
22
23
24
29
26
el
4]
ey
30
31
32
34
34
35
3o
st
i
59
“
]
w2
qs
ay
as
o
a7
ug
a9
Su
51
52
5%
sS4
55
56
57
508
59

e50745€+00
+07226L 900
70723k %00
JB2L15E400
JJO784E+0D
NYLITIRY R
HulbsEruL
sub74db 400
30245t +0u
s 342UTE+UD
225359t 400
s2001lEeQu
J1BULSL 400
s16223b%00
16521t +00
e 150649t ¢ 0y
g130d5L+0n
«1UOSTE+YY
«13706E+00
«12530E¢0u
19755k +00
. 11884E+00
e112dot+00
49738k =0)
«89018E=01
W87387cw0)
«F4UOUuE=0]
285117y}
s T69UVE=D])
L 72599k 01
Wo7705t=01
03282k ~01
55535t =01
H1187E=0]
9unSoE=ul
39752 =01
L 3805CE=01
InodPE=01
W0231b=ut
«34P908E=y L
s291006E=01
«30927E=01
e 29114E=01
«29889E=01
«25321E=01
s1d2udE=ut
« 12549t =01
LB9149E =97
sb3UUSE=OZ
NEYEFTENP

20003k e0U
WC1063EPUL
@14b3trou
21 /B1Ee0Y
21512 00U
L 2NEIRE +0V
18452k +0U
«18074E+ 0V
1748 IE0V
W 16872E¢ 0
195 ik e 00
JsluTbob 00U
W 1242TE#0V
J13271E 00
s154utE*0U
117208400
10259600
P92825E wyl
LHB6305e=01
s 719bbuE=T]
W 15502E=V1
sblibbE=U]
sS033b6Fey)
s55S 52t eu]
CRATEIATRS
J4B095Ee0]
J49783E01
+S1295E=0Q1
«992uRE=01
e92747E=ul
«9059L=ul
TR LEIE DA
JSuidleavl
JuBludtent
e39RL 3ty
W39 3%uE=u])
3109 7E=0])
2782uFen]
P 2h9HSE =0
J23ud2t=ul
L 2UASUE=DY
R RIS
W17547L o0}
slol79k=n)
Llubbot=yl
W1ul08te(]
s1342ut =l
1502t =0]
W110661E=01
IR IIZ2E=UE

U000 OF lwrumubenbULUS TEnm

oV
o1
ol
X
bd
69
o0
ol
(Y]
&9
70
71
1é
73

s $54dUE=ul
@957 4E=ul
«23192E=01
1795401
14S6up =0}
W P2H9 4t
218089y ]
W15383k eyl
D LURUNE i
LRI IVNE
10375 =01
W1017bE=01
«10085E=0L
98034k =y

RELE 1t L IUR
s Stlunst=og]
L2 /859 -0}
2073k mud
2025 1Emul
2hB5Zt eyl
W311Vsteul
ZH2 30t eyl
elnudUL =]
FRREL-T:1 X XD}
W1 S0onfay]
i0blob =01
BRATELT I,
W98278E=0d

1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,B0000
1,80000
1,80000
1,80000
1.80000
1,80000
1,.,8v000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,60000
1.80000
1,80000
1,80000
1,80000
1,80000
1,80000
1 ,80u00
1 B0000
1,80000
1,80000
1,8000v
1.,80000
1 .80000
1,80000
1480000
1480000
1,80000
1,80000

180000
1,60000
1.80000
1,80000
1480000
180000
1,H0000
1,80000
1,80000
1.,8000GU
1,80000
1,80U0y
L,80000
1,80000

JO OO A I I T T T e e I R e I I I I I R e e ]

PP e e e )

MM T NPT YR NN TN T Y YN FTTAMTT R PR VMMM TT TN N |Y MNP RERTTFRNUTN

rFYrHmyeryYyTrTrYTRIYTTT

P e e e e I I R I I e R I R e I R R R R R R e e e R ]

[ e e ]



Lyubu0yo00 OF

14
75
’n
)
&
14
8y
o1
¥4
X
LR
By
L)
LY
X}
a9
LA
“l
92
93
Yu
9y
Yo
97
L]
99
1o
vl
10e
']
104
Lvs
fub
fu/
100
109
[ RY
1t
112
113
|
[
1o
117
118
1t9
1ev
121
122
125
124
125
1 ¥4
127
1 ¥ ]
129
130
151
132
155
134
13%
130
157
134
139

479914
W 3ibbUt =y
eluddct =]
o187 54y
PR Y-T-A1 A VA
WeHIBUL =y
PR E-NIE AR |
chude e
YARE TUAIVET
RETELITNE
REIRREEAN]
w1129t ~U
s11UUbE=UL
Wdu78Theut
JlusNnt eyl
f9hSunt =y
BHO04E=Ue
JT3018E=02
094Uk ey?
LRI Y,
W073Ulk=ue
83603k =u?
«O981Stay2
«554S1t 02
45058k =02
Jdadrob=ng
21120t eu?
20259882
29576t =ug
f2U092bwu?
23825uk =02
1 2207hE=0?2
2055 7E=y2
18R55E=02
v1b64i2b=02
LlUB92E=02
W 12927E=u2
W11B37E =02
210857k =02
sFuUbZut =yl
WH2915Eeu3
7764k =03
2671501E=03
W633U2E=058
«02309E=0 8
16THdIE=0
s 72383k=0}
«7328ut =y}
«72641E=08
«00/15E=0%
«21408L=03
«S3470E=03
$49150LE=0 4
H41925E=03
«$3263E=0%
«26927E=03
«21290t=03
172448203
«1d4378E=058
«15184E-u3
«11765E=0%
LY LI
19924t e04
8577 7k=04
091958 =04
47079t =04

[ yrUMUGENE IS TERM

+ 35262k =01
23581 7Lk=01
W29 YE =]
pCh 1ML su
llBBYr =]
P lb=y]
LS9 lubtE=11
JulHILE=U]
s 32u9NnE=D]
y21699r =01
AL NE
W1GRS YR =]
J12Y91ube0]
JIR2YE U]
elluloE=01
977200t mue
85203k enyg
831 71E=0¢2
77493 mue
31 TeE=0e
00921 1L=0¢
buUdTiEmue
«HUSUE =L
+48809E=0¢
+H4320RE=D2
«3RUSAE-e
35520k =02
J3e101Emug
L3N05uE=02
27158k =02
239851 =02
121049k =02
«1RVISE=0E
15194k =02
s 1277T0E=02
Ji1UuSBEm02
MR- Y1
299509y
»@32u3k=ul
WBB127E=03
JHIUPuE=NS
B65ubb=0)
fBIVUSE=0S
WB190UE=0d
e 17500E=0 3
W71377Ew03
0234UE=0}
2 517556=03
Hb6b 5=}
RY-ETT T XY
Wut2178.03
«39413E~03
LT BT IS
«374867E«05
e 31004E=0 S
-LEER] SR
e1TU02E=03
¢ 15659t =03
«15431E-u3
elbluiteys
«17221£=03
Jlo749¢e0 s
«15105€=03
12851k =us
e 1VUYUE=US
$849%0E=0u

1,80000
1,80000
1.8Lou0
1,8u0u0
1,800¢0
1,8000u
1,80000
1,8uU000
1,8u000
1,8U000
1480000
1,80000
1,80000
1,8000¢
180000
1,A4Y000
1,80000
1.80000
1,80000
1,80000
1.80000
1,80000
1,80000
1,80000
1,80000
14BU0V0
1,80000
1,80000
1,80000
1,80000
1.,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1480000
1,80000
1.80000
1,80000
1,80000
1,80000
1,80000
1,80000
1.80000
1,80000
1,80000
1.,80000
1,8000¢
1.,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1,80000
1.,80000
1,80000
1,80000
1,80000
1,80000
1,80000

B T e T T T D R T e T T e T T e TR p R R P S R e S O S

et o o 4wt v b b et ot 4 d —d e 4t e 4 Ak 4 ot mq 4 et d ot g % b 4 4 4 =t o bt g a ot ot 4 o o m ot ot m — d — — — —t —1 - —

B e B e e e B B e 2 B B e o o B e i T B e e e T e A e B T B I B B e R R I e R I I (PP PSP D DS
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TEST (ASE = BubY=k LTl
DrudLE ooy 1 Ty XaK

Tl

»C

Tem

ILS, 2o PUINTS UN EALH
FINAL vALUEDS

LTe=aTluy CinviKubS,

LvIT1aL [Te~allun ERWUK NUKMSE K3 ,1u902B+U1 Y8 ,1uB860b+y0 AT ITEWATE » ]
Floeap JTE~ATLoN EMkOR NUKMSS Xt LH7679E=0d Y3 HuS90L=04 AT ITERATE & 139
CoCATLuN LF maxlrum JTewaTIUN EXRUKE X3 @ Susde i5

Yi 1= el Js 18

KRN AR ARARARUARAARRREANARANARANE RIS XmAWKHAY AR ARAAR R ARAAA R R R R AN A G AR AR R R RARRARARRANRRRRRRARASAAAS
Js i
BUBISESV0 L BUTTBEYLL (BUTCBECVU ,BUWSIEeOU ,B008DE+00 ,TB215E+00 JTS5U61E¢00 ,72147Ee0Y ,08041E¢00 ,05310E900
CB2UTTECUD ,BUGOTE*YL ,N9260F #uu (ST163Ee00 ,S8u1SE+uD L9683TE4N) ,556316+¢00 ,54418E¢CO ,S53221k+C0 +92065E400
<SUY0BE400 49953k UL L UFHEIEFUL LUYB09Le0y ,4BDEIE+0U ,4T0UBE S0 L39ULSE+00 ,20999E¢00 ,122T1E*V0=,34B02km0]
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14098 401w 14929E 401 m, 1SULTEIU e, 151 USESULe, 15U3FESOL
.lalllt00l'.llISMEQQXD.|OUSQkQOIH.EUSI1t0v0-.70791[¢00
L2Z664E 00 L 3940BEP00 ,6§5582b¢00 ,70934Eeu0 L85¢30k¢00
JIUQROE$U] ,1uU56E+01 ,14b73ke01 ,14TU3E*0] ,140T5E0L
W11855E901 4110618401 10193401 92577400 8262100
J13983E 90U ,17609Ee0)=,104b06E¢+00=,22612L¢00

LIB3YLE+00=, 10710t +01=g11908E¢01",13026L¢40]=,14050E¢0]
W1B120E¢01=, 18399+l (B551E+01e, 1897 1L ¢Ulm,18452E¢0]
c1USEBE+01=,1336BE+01m,12015E¢01=,105}9E+01=,88895E400
258326400 LU5UTHES00 ,pU5U2E 200 ,B2TT73L400 ,99928E+00
L1T065E+U1 ,176170+01 ,17988L+01 ,1B182E+¢01 ,18203E+0]
D151 79b 401 ,14236E¢0) ,§3193E401 ,120S57TE*ul ,10839E«01
L23169E 40U ,78629E=01a,74790E=0)=,2275 k00

W l12U0E+0Lm 1285 1E+Ule, 14572 401=,159792E4U1»,17104E+0)
W 22220k 401w, 229514012 22717k ¢01» 22710k ¢01»,225%2/E+01}
17519001, 16036E+01e,14382b¢01=,12570k¢U1e,10613E+401
W29306E400 ,52u3BL+00 ,74975F¢00 ,960642E%U0 ,11718E¢0}
20563E901 L2133HE+01 ,21899E401 ,2224TE*01 ,22585E+0})
L19222E 401 ,18119E*ul ,168808401 ,19917E+U1 ,14uddE+0]
2 35290F+00 ,10C0Uit¢00»,2977 tet]l=,2210U9E 400

13365001 m, 15398 ¢01 e, 1731 7L 40 e, 19110E+U1e,207063L¢0}
W €TISHESD L=, 27545E401m, 2772390 =,27683L9U1w,¢T420EC0]
W C1UB2E401e,19265%k+0te,17255E40Lm,15008L+01m,272¢E20])
o33081E400 ,60015E400 ,a7)19E400 ,11290E%01 1374000}
LPUTOBE$0] ,25T4Tkeul ,265G40FE+01 ,27081E401 ,27371k+01
JEUISOESU] ,22873E¢01 ,2101T7E«0) ,19796E*01 ,1802UEOQ])
W51292E¢0U 27528t ¢y0 ,36320bw0]1e,20202E+00
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Js 18
-.loul0E¢uo-.uo£eu£‘ou-.7sueut0uu-.10«10&001-.151915001-.15670t00|-.l6u¢5h00l-.zoasvtoo1-.23093&001-.25171t001
-.27055t¢01-.267!2t'01-.50166500l'.51012&001-.32390&001-.331luk001~.3}576L00l-.33766E001-.55665t001-.53524t001
-.52065&001-.51Tb}tool-.SOSolﬁool-.29101t'u1-.27575&901—.25195t00l-.Zj150&001-.307052001-.161ldi'Ul-.lSlOltoOl
"o 12340E+01m,9256FE+0 0  B0OTSUEI YIS, 28325F 400 JUULBUESD] ,3714TESQQ ,69552E+00 «1V125E¢0] ,13198k+01 ,16141E401

189266401 ,215206k¢01 ,23917E¢0% W@60TTE40] ,27986k401 ,29630L401 e 30995%E 401 ,32072k¢0) ,32855%E4+0) s 33340k e0}

$399270 40 G33419E 0] 33021E 601 L 52543E401 L31387k+u1 W 301716401 ,2870/E401 ,27010k40) ,25097Leu1 2298490

«CUO90E+0) 18286k +01 ,156U1E+01 L,12927E¢01) 101156401 ,72275E+00 ,ulH69E4U0 2»131606E+0u=, 10610400

Js 19
-.IOZGSEQOU-.M7EM5E000-,&380![‘00-.1lqooEOOI-.lS“SStoui-.15617&#01-.220£8h00l-.?Bobot00l-.21869t00|-.$009u5001
-.AeebStool-.1u9uotvw1-,5075bt001'.58208t001-.59“bdt‘0l-.HUS“H&#UI-.HoﬁbdtOOl-.u1092t¢0l-.00050t001-.00u7lE001
-.59&“5t001-.ldudotinl-,5b965t'ul-.551&5&00\-.55058t00)-.30@19&001-.27925&0010.pHQEoE'Ol-.ZlelGE‘Ul-.lB“Slt'Ol
=, 14915k 401w, 11242 +U]lm, fULUOE 400, 3159 40y 126729k U1 414976400 ,7995UE+QO et 1T69E901 ,15U85L 401 ,)1B961E¢0)

12314k e0l 25403k +u] ,2H3B1IES0L ,310G1E+0] ,3342iEsul 1 35500E401 (372601t +01 (3BOBIES0L ,39775E401 240510k +0})

14UBY1E401 440906k 0L LuUSBBEIUL L 39912E 901 ,3BB9LE4U] L SI9S50E401 3588901 +33927E201 ,316B4E+01 ,29179F+0)
220435k 01 ,23476E40] ,20326E4ul ,17012E+01 ,13561L401 W J0002E+01 65647400 26779k ¢00=,10285E+00

Js 20
U, -,uel5uE000-,91675£¢uu-.1Sba}toul-,180b££+v1-.2228Itool-.203£2E¢0l-.}Ol!ZtvOl-.536656001-.56950t¢01
-,5993)Eouln,u£5l1fool—,uul%dt¢o1-,uhezutvOl-.aBqu£¢u1-.491uvt¢01-.09787t'0l-.50000500l-.u9167t001-.u91u9t001
-.08091E001-.uboeut001-,00756t‘01-.uZSllEtnl-.399015001-.56950é001-.33655t¢ul-.301$2t00l-.éolé?tout-.dZZUltoOx
= lB0bRE PVl @, J5605E+01e I1BTSEALO 4] 3ub 400 585591y fH46134dEC00 ,F18T5E*00 L13085E+0] ,18002E401 2 22287E+0}

@b522E 01 (3UISQEYUL L 536B85E+01 ,369%0k+0L ,39901EG0Y s 4251 1E401 (UdTS8E 0] ,qbb24E401 L4B091E40 WH9LUIE O}

e UYTBTE#V] ,500008%y) ,49787L+UL ,49{uIb+0) ,4B091L+¢! 1406R4ES0T LU4T7SBEGU) ,42511E401 399016401 ,36950E40]

233685E401 L30132Ee0) ,26322E401 ,22287F 401 ,1B062EA0L ,13683F+01 W91875E400 46134k +000,
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Sample Case Plot: Double-Body Field
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VII. INSTRUCTIONS FOR USE - SCALE FACTORS

After a coordinate system has been generated, the "scale factors" for
use in the solution in any partial differential equation transformed to the
rectangular transformed plane are generated and written on a disk file by
the main program FATCAT with its subroutine ABG, AMXMN, PARAl, PARA2, PARA3,
and WRDATA. Instructions for use are included in the listing of FATCAT.

Core must be set to zero at load time.

Dimensions. The standard program allows a maximum field size of 70 £ lines
and 60 n lines and requires a core size of 201,000 words for the Langley
Research Center's CDC 6000 Series Computer System.

Input Parameters. Explanation found with the sample test data, and program

listing.
Files. This program requires 2 essential files:
TAPE 1 - input tape ~ generated as TAPE1O by Program TOMCAT.

TAPE1O - disk on which the factors are to be written.
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Scale Factors

Program FATCAT



PROGRAM FATCAT(INPUT,QUTPUT, TAPESRINPUT,TAPEABOLTPUT,
ITAPEL1O,TAPEY)

dahanuenwsn MISSISIIPPI STATE 2D COORNINATE TRANSFORMATION wsawsawnnwg

»

* CODRNINATE SYSTEM “SCALE FACTORS®: ALPHA,BETA,GAMA,SIGMA,TAU,

” JACOBTAN,DX/DX]I,0X/DETA,

* DY/NXY, AND DY/DETA

*

AR AR RN R AN R AR AT RN AR AR AR R AN RN RN A AR R AR ARANANRANNRARANANRRAAT R AN RN RN

s N Balas NeNe Ne ]

DIMENSION X(T70,60), Y(Y0,40), C(10,70,60), CB(10,70,4)
DIMENSION C1(B),C2(8),LBSID(6),LK1{6),LR2(6),LRDY(8)Y, LRSID
1(6), LRI(8), LR2(6), LIBID(SL), LIV(6), L 12C8), LTYPE(K), LSENC(S)
PATA NDIM/NDIMI ,NDIMX /70,60,707

Coaxanen

NARAANRN KRR AR NR A AR AR A AN RN R AN AR AR AR N RANS NN ARN AR AR RANARNRARARAAARAR

THE COORDINATE SYSTEM IS REAND FROM NISK(TAPEL) IN THE SAME
FORMAT USED BY TOMCAT TO WRITE ON DISK, THE SCALE FACTOURS
ARE WRITTEN ON DISK(TAPEIO) IN ONE OF THE FOLLOWING FORMATS,
SPECIFIED BY IFORM,

awne FORMAT N1 (IFORMEY) waw

WRITE(10,1) C}
WRITE(10,1) C R
WRITE(10,1) IMAX,IMAX,NBSEG,NRSEG,L ISEG,NBDY
WRITE(10,3) (LRSID(L),LBIC(L),LB2CL),LPANY (" Y,L8ENC(LY,
{ L=y ,NBBEG)
WRITEC(10,1) (LRSIDCLI,LRICLILLR2(LY,LISIDC(LY LT (LY, ,LI2¢CL),
1 LTYPEC(L),L®{,NRSEG)
DO 2 Jmi,IMAXw2

2 WRITE(10,1) ((C(N,T,J),NmYi,10)},Im! . IMAX=D)
DO 3 Jmi,u

3 WRITE(10,1) C((CBUN,T)J))N®L,10),181,MAXOCIMAX,IMAX)

THE ARRAY C CONTAINS THE FACTORS FROM THE SECOND POINT YO THE
PENULTIMATE POINT, ON SECOND ROW TO THE PENULTIMATE ROW,

THE ARRAY C8 CONTAINS THE FACTORS ON THE RECTANGULAR BUUNDARY,
Jei1,2,3,4 IN CR CORRESPONDING, RESPECTIVELY, TO THE BOTTOM,
LEFT, TOP, RIGHT SIDES, ON EACH SINDE THE POINTS RUN FROM 1 TO
EITHER IMAX OR JMAX, AS APPROPRIATE,

wen FORMAT #2 (IFORMB2) weaw

ARITE(10,1) C1
WRITE(10,1) C2
WRITE(10,1) IMAX,JMAX,NBSEG,NRSEG,LISEG,NBDY
WRITE(10,1) (LBSIDCLY,LBL(L),LB2CL)Y,LBDY(L),LBENCL)Y,
! L®y,NBBEG)
WRITEC10,1) (LRSIDCLY,LRICL)LR2(L),LISIDCLY LILCL) L22(L),
1 LYYPE(L),Lmi,NRSEG)
DO 2 Jmi,JMAX
2 WRITEC10,1) (CCIN,T,J),Nm1,10),188,IMAX)

THE ARRAY C CONTAINS THE FACTORS FROM THE FIRST POINT TO THE
LAST POINT, ON THE FIRST ROW TO THE LAST ROW,

n<1r|o(wr§nt1rvn¢1r)n¢1r7n¢1r\nrwr)newrsnrwr\nfwrin:wrvn¢1r)nt1r\n:ﬂfﬁc1rvn
LR 2R B 2N 2% 2% 2% 2F 2 2R 20 2R 2R JE BN IF B IR I Bk B b NE R 2R B 2R B NN NE N NE R NE BB NE JE I B N N A
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X2 RsXalaXe s RaNeXnXaNs XuNsNs e NaNaNaNaNe Na N Ne Na Ne Na Nale Ne Ne Na/

s Ko Nal

L]
»
w
L]
L]
%
*
*
"
-
]
"
L]
L]
L]
]
]
w
*
]
w
*
]
*
L]
»
[ ]
L]
L]

R L2 84

THE FACTORS CORRESPOND TO THE INDEX N A8 FOLLUOWS?

Nei t JACODRIAN
Ne2 1 ALPHA
Ne3 1 BETa

NB4  t GAMMA
Ne% ¢ SIGMA
Nw&d 3 TaU

Na? g DX/DXI
N8 g DX/DETA
N9 g DY/DXI]
N0 3. .0Y/DETA

AANRNRANRRARARARRAARAARARAANd JNPUT DATA aaata kARt adadn etk apahrdnn

*% CARD 1 IWRT!,IwWRT2,IFURM = FUORMAT(3158)

IWRTL e B0 DON’T PRINT COORDINATE SYSTEM FROM wH]ICH
FACTORS ARE CALCULATED,
»0 PRINT CONRDINATE SYSTEM,

IWRYZ = 80 DON'Y PRINT FACTORS,
»0 PRINT FACTORS,

IFORM @ FILE STORAGE FORMAT CONTROL, (SEE ABOVE)

AR A AR R AN N N TR R AR AN AR NN AR N AR AR AR AN AR AN A AN ARRNARRR AN A S AR T RTINS

READ INPUTY DATA

WRITE(6,180)

Nim{

REWIND NI

READ (%5,110) IWRTY{,IwRT2,IFORM

WRITE (6,1%0) IWRT1,IWRY2,IFORM

IF (IFORM, LT,1,0R,IFORM GT,2) WRITE (6,170)
1F (IFORM_ LT,1,0R,IFORM,GY,2) STOP |

READ COORDINATE SYSTEM

READ (N1,101) Ct

READ (N1,101) C2

READ (N1,3110) IMAX,JMAX,NASEG,NRSEG,LISEG,NRDY

ITESTalMAXe2

JTESTRJMAX @R

IF (IFORM,EQ,2) ITESTRIMAX

IF (IFORM, EG,2) JTESTEJIMAX

IF (ITEBT, GT NDIM) WRITE (6,130)

IF (JTEST, GT NDIML) WRITE (6,140)

IF CIYEBT . GT NDIM,OR,JTEBT,GT NDIML) 8TOP 2

IF (MAXOCIMAX,JMAX) ,GT NDIMX) WRITE (6&,160)

IF (MAXO(IMAX,JMAX) GT NDIMX) STOP 3

READ (N{,102)(LBSID(L),LRI(L),LR2(L),LBDYLLY,LSEN(L),l.81,NBSEG)
READ(N1,$103) (LRSIDCLYSLRICL),LR2(L)H,LTSIDCL)SLIICL)LTI2CL),
1LYYPE(L),L88,NRSEG)

READ(NS ,104)Y(CX(T,J),TIm8,IMAX), 0.y, MAX)Y, C(Y(L,J),]Im8,1MAX),
1Je1,JMAX)

109
110
111
112
113
114
118
116
117
118
119
120



-

i R}

(o el

o Ne Ral

o el

TOO

PRINT LAREL

~RITE (6,100) C1
“RITE (6,100) C?
WRITE (R,120) IMaX,JImax

CALCULATE FaACTORS

JMXMIBIMA XS

IMXVigIMAX®Y

MOTHXRMAXO(I~AX, JMAX)

IMxm2eIMmAXe?

JMAMIRIMAX w2

CALL ARG (CaXy Y, pDIM, IMAX,JMAX, THAMY, IMY MY, T#RT2,NRSER,LISEG,CH,LR
13!“1LB‘nLa?aLﬁnvtLHSTnle1oLpZJLISInaLI\uLIZ;LTYPE,LSFN;NDI"XJNRSE
PG,MNDIMY)

PRINT X AMD Y FIELDS

TF (IwRTY,EQ,0) GO TG 10
CALL wRDATA (X,I™AX,J%AX,1,2,NDT™)
CALL wRDATA (Y, IMAX,J™AX,3,4,NDTHM)

WRITE FACTORS T0 NISK

to 60 Y0 (20,50), IFQRM

rak FORMAT Mf ansa

20 »RITEC(10,101) CH
WRITE(10,101) C?
wRITE(10,110) IMaAX,I™AX,NRSEG,NRSEG,LTISEG,NRDY
WRITfflooloz)(LBSTD(L);LR‘(L)'La?(L):LEnYfL’,LSEN(L),Lli,NBSEG)
WRITE(10,103) CLRSIDCLY,LRICLY,LR2CLY,LINIDCLYLTILELY,LI2(L),
ILTYPE(L),Lmy ,NRSEG)
0N 30 Jmi,JMXM2

30 WRITE(10,104) ((CIN,I,J), Nt ,10),1m1,TIMXMD)
00 40 Jmi,ud

40 “RITEfIOplOQ)((CB(NII'J)oN.lylo’at'lJMDIMX)
STOP 01014

var FORMAT %2 ane

S0 WRITE(10,108) C1
wWRITE(10,101) C2
*RITE(10,110) IMAX,JMAX,NBSFG,NRBEG,LISEG,NBDY
WalTEflO.iO!)(LBSID(L).Lﬂl(L)lLH?(L)pLBDY(L’oLSEN(L)aLIlo~BSEGJ
uRITE(IO.lO!)(LRSIDtL),LR!(L)aLPE(L)aLISID(L)aLll(L).LIZ(L)'
ILTYPE(L),Lmi,NRSEG)
DD 60 JJsy,JMXMQ
DO 60 IIsy,IMxXM2
DO &0 Nmy,10
JJJaJMXxM =]
I1IsIMXMiel]
JaJMAXeJJ
InIMAXel]Y
60 CIN,T,J)8C(N,ITT,JJ0J)
DO 70 Imi,IMAX
00 70 Nmi,i0
C(N,I,1)8CB(N,I,)
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121
122
123
124
12%
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
144
142
143
{ud
148
146
147
148
149
180
151
152
183
154
159%
156
187
158
1%9
160
161
162
163
164
168
166
167
168
169
170
i1
172
173
174
178
178
177
178
179
180
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70 CIN,1,JMAX)ECR(N,I,3)

DO B0 JE2,JMXM]i

DO RO Nmi{,10
C(N,1,J)mCB(*,J,2)

80 CIN,IMAX,J)mCR(N,J,H)

N0 90 Jei,JIMAX
90 WRITE(10,104) ((CUN,T1,J),~v21,10),]s1,THax)

$TOP 0102

100 FORMAT(1X,RA10)

101 FORMAT(BAL0)

102 FORMAT(SIS)

103 FORMAT(TIS)

104 FNRMAT (RELSL,B)

110 FORMAT (1618)

120 FORMAY (wOFTELD ¢ IMAX mw,1d,5X,alHAX mw,T4)

{30 FORMAY (#0swaes FRROR wweeewn,iOX,®#IMAX TON L_ARGE, IMNCREASEw,s NDIM
{ AND FIRBT DIMENSION NF X,Y AMD SECOND DIMENSTON OFw,# C %)

140 FORMAY (#Newwes FRROR sewsam#,{0X,#JMAX TOO LARGE, INCREASEw, s NPIM
11 AND SECOND DIMENSINON OF X,Y AND THIRDw,w DIMENSYOM OF C, w)

180 FORMAY (wOINPUY 1 IwWRTiwe,12,5X,2IwWRT28%,12,5X,¢IF0RMan,12)

160 FORMATY (#0weewe EFERROR owweowwx, 10X ,wMAXIMUM OF IMAX AND JMAX M_STe,n
{ NOT BE GREATER THAN SECOND DIMENSION OF €£B, INCREASE THISw#w,a DIME
eNSIONw/

3# AND NDIMX IN DATA STATEMENT,w)
170 PORMAT (sw0)wwewe FRROR moaemn,{0X,w]FORM MUSY BE § OR 2,w)
180 FORMAT(tINM1//)

¢

END

SUBROUTINE ABG (CF,X,Y,NDIM, IMAX,JMAX, IMXML, JMXML, TWRT2,NRSEG,

1LI8¢G,C,LB81D,LB1,LB2,LRDY,LRSIN,LRY1,I R2,LI8I0,L11,LI2,LTYPE,

SLOEN,NDIMX ,NBSEG,NDIMY)
c
C soannnnnannnenrvewanganrawr SCALE FACTORS aanaananeatasatAr ANkt Anataneh
[« [ ]
C SRR AR AR R AR AR RN A AR AR AN AR NN R AR A NN R AR AN AR A AR R R AR AN RN NARN R AR AR R RN
c

DIMENSION X(NDIM, 1), Y(NDIM,{), CFL10,NNIM,NDIML), C(L1O0,NGIMX,4)

NIMENSION LBBIDC(1), LBYC1), LB2(1), LBDY(1), LRS8ID(1), LRI(1), LR2

1¢(1), LISIDCLY, LYITCL), LY@CYY, LYYPE(L), LSENC(1)

DIMENSION FAC(10), SIDEC(Q)

INTEGER FAC,810F

REAL JCB

DATA FAC /6MJIACOBN,OHALPHA ,6NBETA ,6HGAMMA ,6MS8IGMA ,6KTAU

JOMHX XY L OHX,ETA ,6HY XT ,6HY ETA /

DATA SIDE/6MBOTTOM 6MLEFT ,6HTOP 2 8HRIGHT /
Cannne

GO Y0 260

(4
Connw BODY BEGMENTS awnw

t

10 DO 100 Lei1,NBBEG
IltelB81(L)
12sLB2(L)
15811}
14ulde}

1814
182
183
184
168%
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
20!
202
203
204
205
206
207
208
209
210
211
212
213
214
218
216
217
218
219
220
22
222
223
224
22%
226
227
228
229
230
231
232
233
234
233
236
237
38
39
240



1GOTNRLRJIDCL)
GN YO (20,40,60,R0), IGNTD

Coexnsx BOTTN“

20

30

a0

CALL PARAI (X, Y, 11,1 ,NDIM, XXT, ¥YXT,19,1,%1¢1,1,1142,1,XETA,YETA,]
11,1,34,2,01,3,1,3,BETA,GAMA,IGUTC,JCL,ALPHAY

Jui

IsIt

JCey

Iraly

ctt,I1¢,JC)=JCR

C(2,1C,JC)mALPHA

C(3,I1C,JCYmRETA

C(u,1C,JC)BGAMA

C(S,10,JC)s816

C(e,1C,JC)mTAL

C(Y,IC,JC)mXX]

C(8,1C,JCYuXETA

C(9,1C,JC)syYX]

Ce10,1C,JCI)RYETA

CALL PARAS (X,Y,12,1,NDIM, XXT,YXT,12,1,12e1,1,122,1,XETA,YPTA,]
12,1,124201243,=8,1,RETA,GAMA,IGOTO,JCR,ALPHA)

Is]2

ICul?

c(1,I1¢,JC)mJCB

C(2/,1C,JCImMALPHA

C(3,1C,JC)mBETA

Cla4,1C,JC)mGAMA

ces,1c,JC)m816

C(6,1C,JC)aTAY

C(7,1C,JC)eXX]

C(8,1C,JCIBXETA

C(9,1C,JC)mYXI

C(10,1C,JC)mYETA

DO %0 I=13,7T4

CALL PARAZ (X,Y,1,1,NDIM,XXT,YXT,T1@1,1,0,0,1¢1,1,XETA,YETA,L,]

191,2,1,3,0,1,BETA,GAMA,IGOTD,JECR,ALPHL)

ICs!
c(i,IC,JCYmJcB .
C(2,I1C,JCI)BALPHA
C(3,IC,JC)mBETA
C(4,IC,JCIWGAMA
C(%,1C,JC)n81IG
C(6,1C,JC)mTAU
C(7,IC,JCYmXX]
C(8,1C,JCIBXETA
€(9,1C,JC)myYX]
C(10,IC,JCImYETA
CONT INUE

GO T0 100

Connsx LEFT

CALL PARAS (X,Y,1,10,NDIM, XXT,¥YXT,1,11,2,18,3,11,XETA,YETA,L,11,
11:§1Ilolo!l‘!.lo1.BETA:GAMA.IGOTO.JCB.ALPHA)

e

Jell

Jem2

1CmI}

C(1,1C,JC)luiCH

C(2,1C,JCYmALPHA

C(3,I1C,JC)WBETA

CCU,1C,JCImEAMA

129

24
242
24%
244
24us
2ub
247
248
249
250
251
2%2
253
254
2%%
2%6
257
€58
259
260
261
262
263
264
268
266
267
268
269
270
271
272
273
274
2718
276

278
279
280
261
282
283
284
288
286
287
288
289
290
291
292
293
294
298
296
297
298
299
3oo0
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c(S5,I1C,JC)a8]G 3ny
C(6,1C,JC)mTAU 302
C(7,1C,JC)mXX] 303
C(8,1C,JCImXETA 304
€(9,1C,JCYayXY 308
C(10,1C,JC)BYETA 306
CALL PARAS (X,Y,1,12,NDIM XX],¥YX],1,12,2,72,3,12,YETA,YETA,1,I2, 307
11,121,1,12=2,4,=1,BETA,GAMA,IGOT0,JCR,ALPHA) 108
Jule 309
1Cal2 310
cc1,1¢c,JCYmJCB 31
C(2,1C,JC)RALPHA 312
C(3,1C,JCImRETA 313
Ce4,1Cc,JCYaGAMs 314
c(%,1Cc,JC)mSIC 315
Cte,1C,JCINTAL 316
C(7,I1C,JCYmXX] 317
C(8,IC,JCImXETA 318
Ct9,1Cc,JC)myYX] 3to
C(10,3C,JCIBMYETA 3120

DO S0 I=I3, 14 121
CalLL PARAS (X,Y,1,I,NDIM XXT,¥XY,1,7,2,7,3,1,XETA,YETA,1,lel,D 322
1,0,1,7¢4,4,0,RETA,GAMA,IGOTO,JCR,ALPHA) 323
ICm1? 324
c(1.,1Cc,JC)nJCA 325
C(2,1C,JCIBALPKHA 32é
C(3,1C,JCINBETA 327
C(4,IC,JC)uGAMA 32A
c(s,1Cc,JC)s8!G 329
C(6,1C,JC)mYAU 330
C(7,1C,JC)mXX] 33
C(8,1C,JC)mXETA 132
C(9,1C,JC)sYX] 133
C(10,IC,JC)InYETA 334

S0 CONTINUE 35S
GO YO jo00 I3s
Cannn TOP 137

60 CALL PARAS (X,Y, 11, IJMAX, NDIM, XXT,YXT,T1,JMAX,T1¢1, JMAX, T 1e2,JMAX 338
1;XETA.YETA,!1.JNAX,Il.J"Axvi.li.JMAX-z.1.-1.BETA.GA“A.IGOYO,JCB,AL 339

2PHA) 340
JeJIMAX 344
Il L Y'Y
JCal : 343
ICsly 344
c(1,1C,JCImICH 348
C(2,1C,JCI)mMALPHA 34b
C(3,1C,JC)eBETA 347
C(4,IC,JCIBGAMA 348
c(s,I1c,JC)=816 3149
Ct6,1C,JC)sTAU 350
C(7,1C,JCYmXX] 3%y
C(8,IC,JC)mXETA 352
C(9,I1C,JC)a¥X] 353
Cl10,1C,JCYmYETA 384y

CALL PARAS (X,Y,12,JMAX ,NDIM,XXT,YXT?,12,JMAX,12et,JMAX,]2e2,JMAX 358
1) XETA,YETA, 12, JMAX, 12, JMAXm),]2, MAX=2,a!,e]! -RETA,GAMA,160T0,JCB,A 356

2LPHA) 157
Inl2 388
ICel2 159

c(i,1C,JCYmJCH 360
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C(2,IC,JC)malPHA 361
C(3,1C,JCImAETA 362
C(u,IC,JC)mGAMA Y63
c(s,I1r,JC)mS1IG So4d
Clé6,1C,JC)mTal 365
C(T,1C,JCYaxX] 366
C(8,IC,JCYSXETA 367
C(9,1C,JCI)mYX] 368
C(10,IC,JC)mYFTA oo

PG 70 I=13,14 370
CALL PaARa3 (X.v.I.J“AX.NDIN.XXI,Vl!.I-l.JMA!,O,ﬁ,Iol,JMAt.XEIA 3N
1,YFTA.I,J”AX,I,JMAX-I.I'J”Ax-?,ﬂ.-l.BFYA.GA"‘A.IGOTO;JCB;ALPHA) 372
IC=} 173
ca1,1¢,JCy=JCR 374
C(2,1C,JCYRALPHA 3718
C(3,IC,JCYBRETA . 376
Cla,1c,JC) eiaMA 77
C(SvICpJC)ISIG 178
C(6,1C,JC)mTAl 3719
C(7,1C,JC)mxx] 380
C(R,IC,JC)mXETa 381
C(9,1C,JC)myX] 382
CC10,IC,JC)mYETA 383

70 CONTINUE b Y.1]
GO TO to00n Jas
Cannn RIGHT 386

80 CALL PaARAY (Xp Y TMAX, T1oNDIM, XXT, YXT, TMAX, 11, IMAXe),11,IMAX®2,]] 387
l.XETAoVETl.I“AX.Il,I“lxollol.lﬁllolitz.-i.I.BEYA.GAHA,IGOTO.JCB.AL 388

2PHAY 389
IsiMax 3%0
Jslt 394
JCmy 392
ICal!l 193
C(t1,1C,JCYmJICAR 394
CC2,1C,JC)mALPNA 358
C(3,I1C,JC)mRETA 396
Cla,1C,JCisGAMA 397
c(5,10,JC)a816 394
C(6,1C,JC)mTAL 399
Ct7,1C,JClexxy 400
C(8,IC,JC)mXETA 4ot
€c(9,1C,JC)mYXY 402
CC10,1C,JCImYETA 493

CALL PaRaY (!,Y.I“AX,IB.NDIM.XXI.Y!Y,IMAX:I?cIMAX'IaIZ.IMAX-ZpIZ 404
1.XETA.YETA.I"AX.IZ,IMAX.IZOl.INAX.IZOE,QI.-1,BETA.GAMA,!GOTO,JCG,A 408

2LPHA) 4oe
Jel 4o?
I1Cel2 408
cCti,1c,JCIm)CR 409
C(2,1C,JCINALPHA 430
C(3,IC,JC)BBETA 41
Cld,IC,JC)RGAMA 432
C(S,I1C,JC)n81C 413
C(é6,IC,JC)eTAU 414
C(7,1C,JC)luxX] s
C(8,1C,JCYmXETA 416
C(9,1c,JC)myYX? 417
C(10,1C,JC)mYETA 18
DD 90 !sl3,14 419

CALL PARaA3 (!.V:INAxaIpND!N,XXI,YXI,IMAX,I,IHAX-!.IpI"AX-ZaIpX 420
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1ETA.VETAoI“AX.I-1cO.O.I”AX:I‘l.-1.O.HFTA.GA“A.IGUTO.JCP.ALPHA) 421
ICs! uge
cti,1Cc,JC)mJCR ued
C(2,]1C,JC)mALPHA 424
C(3,IC,JC)mRFTA ues
clu,1c,JC)mGaMa uege
C(S5,1C,JC)m81G 427
cte,1C,JC)mTAU 428
C(7,1C,JCY)mXXI uge
C(B,IC,JC)BXETA 430
C(9,1C,JCYmYXI] 431
C(10,1C,JCluYFTA 432

90 CONTINUE 43y
100 CONTINUE uiy

C ulg
Canwn REENTRANT SBEGMENTS wxwn 436
c u3y7
1F (NRSEG.,EQ,0) GO TO 248 ulxa

DO 240 L=1,NRSBEG u3e
ISmLRI(L) ¢} 440

168 R2(L)=]) agy
I38LI1(L) e+ 4ue
TdmlI2(L)=! 4us
IGUTOSLTYPE(L) 4au

60 YO (110,130,1%0,170,190,210), IGOTO uys

Cexax ONEF ON BOTTOM, ONE ON TODP qus
110 DO 120 1&1S,16 auT
Jet uus

XXIQ(X (et ,1)eX(1m1,1))n0,5 449
YXIB(Y(I+1,1)eY(l@l,1))00,5 uso0
XETAS(X(I,2)eX (2, JMXM ))%0,5 usy
YETAR(Y(1,2)sY(],IMXM1))In0,5 use

Iimle} us3

I12mIed Y

JimJMXMY i8S

J2m2 456

CALL PARAY (XXIS,YXI1S8,I12,J,T1,J,XETAS,YETAS,1,J2,T,J1,XXIETA,Y 487

IXIETA,12,02,12,01,13,08,11,d2,%X,Y,1,J,NDIM) usAa
CALL PARAZ (XXY,YXY XETA,YETA,XXIS,YXIS, XETAS, YETAS, XXIETA,YX] use9

TETA,ALPHA,GAMA,BFTA,S8IG,TAU,JCH,I,J,NDIM) 480
JCsy 461
ICal une
c(t,1C,JCYmJCH 463
C(2,1C,JCYSALPHA 'Y Y))
C(3,1C,JC)BBETA 4es
C(4,1C,JCYeGAMA 46b
C(S,1€,JC)m816 us7
C(e,1C,JC)nTAL Y.}
C(T,IC,JCYmXX] 469
C(8,IC,JCImXETA u70
€C(9,1C,JCImYX] '8 A
CC10,1C,JCYnYETA 4r2

120 CONTINUE 473
G0 TO0 230 474

Cannw BOTH ON BOTTOM . “7rs
130 DO $40 1mIS, 6 uve
Jei a7y
1Ivlie(le19) 4re
XXI®(X(Ie1,1)0X(lel,1)})n0,9 479

YXIS(Y(lel,t)mY(Imy,1))00,5 uao



{40

XETAR(X{1,2)ex(11,2))#0,S

YETAm(Y(1,2)eY(11,2))%0,%

lisl=y

12al+)

Jimll

Jem2

CalLL PARAY (XXIS,YXI8,12,Jy11,J,XETAS,YETAS,1,J2,J1,J2,%XX1ETA,

TYXNTETA,T2,J2,01m1,J2,J141,J2,11,J2,%,Y,7,J,NDIM)

CALL PARA2 (XXI,YXI,XETA,YETA,XXI8,YXTS,XFTAS, YFTAS,XXIETA,YX]

TETA,ALPHA,GAMA,RETA,81IG,TAU,JCR,T,J,NRTI™)

JCmt

ICm}
C(1,I1C,JC)IMICR
C(2,IC,JC)mAPKA
C(3,1C,JCInRETA
Cl4d,IC,JCImGAMA
c(s5,1C,JC)m81G
c(e,1C,JCImTaU
c(7,1C,JCrmxx?
C(8,I1C,JCYuXETA
cto,Ic,JC)myxI!
C(10,IC,JC)mYETA
CONTINUE

GO T0 23%0

Cawra BNTH ON TOP

150

160

DO 160 ImlS,]6

JrJMAX

Iislde(lals)
XXI(X(I¢),IMAXYmX(]m),IMAX) )"0,
YXIs(Y(I+l,IJMAX)eY(Jum]l,IMAX))n0,8
XETAR(X(IT,JMXM )X (],JMXMLY)n0,5
YETAR(Y(IT,J™XML)mY(],JMXM1))}n0,8
Iisley

12ml¢]

Jisll

JemIMxMy

CALL PARAYL (XXIS,YXI8,12,J,18,J0,XETAS,YETAS,J!,J2,1,J2,XXIETA,

(YXIETA,J1=1,J2,12,02,714J2,J1¢1,J2,%X,Y,1,J,NDIM)

CALL PARA2 (XXI,YXI, XFTA,YETA,XXIS,YXTS, XETAS, YETAS, XXIETA,YX]

LETA,ALPHA,GAMA,BETA,81G,TAU,JCB,1,J,NDIM)

JCe3

ICe?
cC(1,1€,JCYnjCH
C(2,IC,JCYYALPNHA
C(3,IC,JCIYNBETA
C(4d,I1C,JCIBGAMA
C(S5,1C,JC)n81C
C(6,1C,JCIRTAU
C(7,IC,JCYmXX]
C(8,1C,JCYmXETA
C(9,1C,JCYmYX]
C(10,2C,JCYnYETA
CONTINUE

GO TO 230

Cenxnn ONE ON LEPT, ONE ON RIGMT

170

DO 180 JelS,Is

imy

XXI®(X(2,J)@X (IMXML,J))n0,S
YXIB(Y(2,J )oY (IMXM,J))%0,S
XETAm(X(L,Je )X (1 ,Jui))n0,S

133

48
482
ua3
484
48s
u8b
487
Y
489
490
491
492
a9y
494
49s
ugh
ug7
498
499
500
501
502
503
S0u
508
S06

S08
S09
sio
S11
512
513
S14
518
516
Si7
518
519
520
521
522
523
Sa4
529
526
527
528
$29
530
$31
532
$33
$3d
-3 1.}
3 1)
537
538
539
$40
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YETAR(Y(1,J¢1)uY(1,Je1)})%0,S
IimImxNy
12me
JinJe]
JemJed
CALL PARAY (XXIS,YX18,12,J,11,J,XFTAS,YETAS,1,J2,1,J0,XX]IETA,Y
IXIETA,12,02,12,01,11,J1,11,J2,X%,Y,1,J0,ND]IM)
CALL PARA2 (XXI,YXI XETA,YETA XXIS,YXTS, XETAS, YETAS, XxXIETA,YX]
1ETA,ALPMA,GAMA,BETA,8IG,TAU,JCB,TI,J,NDIM)
JCme
ICmJ
C(i,IC,JCHUJCR
C(2,1C,JCYRALPHA
C(3,1C,JC)mRETA
C(u,1C,JC)mGAMA
C(S,1C,JC)m81G
cle,1C,JCImTAU
C(Y,I1C,JC)mXX]T
C(8,IC,JCIBXETA
C(9,I1C,JC)mYX]
C(10,1C,JC)mYETA
180 CONTINUE
G0 TU 230
Cenon BOTH ON LEFY
190 DO 200 JmlS,lé6
Isy
Ileldm(J=1S)
XXIm(X(2,J)eXx(2,11))20,%
YXIm(Y(2,J)eY(2,11))0,S
XETAR(X(!,Jé¢1)eX(]1,Je1))n0,%
YETAR(Y(1,J¢1)e¥Y(],Jml))n0,§
Tiel!
12w2
Jimle}
JasJel
CALL PARAYL (xXx18,YXI8,12,J,12,11,XETAS,YETAS,1,J2,1,J1,XXIETA,
IYXIETA,12,J2,12,J01,12,11¢1,12,11e8,X,Y,1,J,NDIM)
CALL PARA2 (XXT,YX] XETA,YETAXXIS,YXIS,XPTAS, YETAS, XXIETA,YX]
1ETA,ALPHA,GAMA,BETA,S81G,TAU,JCB,1,J,NDIM)
JCw?2
ICsy
c(y,1Cc,JC)aJCB
C(2,IC,JC)mALPHA
C(3,1C,JCImBETA
Cra,I1c,JCrInGAMA
C(S,1C,JC)u816
C(s,1C,JCYNTAU
C(7,I1C,JCYmXX]
C(8,IC,JCI®MXETA
Ce(9,1C,JCYmyX]
C(10,1CyJCIMYETA
200 CONTINUE
G0 Yo 230
Cwean BOTH ON RIGHT
210 DO 220 Jm1S,lé
InIMAX
1Inlda(tn]s)
XXIB{XCIMXMY , TI) X (IMXMY,J)) 00,5
YXIB(Y(IMXMYL, T ey (IMXML,J))n0,S
XETAS(X(IMAX,Jol )X (IMAX, Jei))n0,8

541
Su2
543
S4u
S48
Sub
S47
S48
849
SS0
591
852
S5%
Ss54
§55
556
s%7Y
558
£%9
S60
561
562
563
S64
11
S66
567
568
569
bR A¢
ST
572
573
874
5718
576
§17
578
579
580
581
s8¢
s83
584
58%
886
587
588
$89
590
594
$62
8§93
894
59%
596
567
598
$99
600
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YETEm(Y(TMAX,Je1)eY (IMAX,Jul))a0,5 601

[1=m]Y 602
T2mTMXM] 603

JisJe] 604

JemJel 608

CALL PARAY (XXIS.VXISplzaIl.IZ.J:YETAS;VETAS¢I.JZ.I;J!,XXIEYA- 608
IYXIETAn12.11-1a12.11¢9,12.J1.I?.JZ,X,Y,Y,J,NDJM) 607
CALL PARA2 (XXT,YXI,XETA,YETA,XXI18,YXT3,XETAS, YETAS, XXIETA,YX] 608
TETA,ALPHA,GAMA,RETA, 816G, TAlU,JCR,T,J,NAIN) 609
JOmy 6410

1CsJ 611
C(1,IC,JCimicH 612
C(2,1C,JCYmALPRHA 613
C(3,I1C,JCINRETA 614
Clu,IC,JCYmGAMA 615
C(S,1C,JC)YmSI6G 616
C(&6,1C,JC)8TAU 617
C(7,1C,JCYmeXX] - 3.}
C(R,1C,JCY=XETa 6319
F(9,1C,JC)syXTY 620
C(10,1C,JC)mYETA 621

220 CONTINUE 622
230 CONTINUE 62%
24N CONTINUE 62U
248 NO 246 Nmi,10 62%
TEM &8 C(N,1,1) & C(N,1,2) 626
CiN,1,1) m TEM 627
C(N,1,2) & TEM 628

TEM 8 CIN,JMAX,2) ¢ CIN,1,3) 629
ClN,JMAX,2) n TEN &30
C(N,1,3) w TEM 631

TE~ & CIN,IMaX,3) CINGJIMAX, W) 632
CIN,IMAX,3) & TEM 633
CINyJMAX,4) & TEM 634

TEM = CIN,1,4) ¢ C(N,IMAX,1) 638
C(N,1,4) o TEM 636
CONGgIMAX,1) = TEM 637

24s CONTINUE 638
IF (IWRT2,EU,0) GO TN 290 639
WRITE (6,330) 640

PO 2%0 Jmi,d Y'Y
wRITE (6,340) SIDE(S) hup

IF (JLEQ,1) IMAXX{ ® TMAX 643

IF (J,EQ,3) IMAXX] ® IMAX bud
IF(J,ER,2) IMAXX) & JMaX 6us
IF(JEQ 4) IMAXX] @ JMAX bue

00 2%0 Nm1,10 647

250 WRITE(H,320) FAC(N).(C(NoI.J).Ill,IMA!Xij 648
GO TO 290 649

[o 650
Conws FIELD wawnwn 651
o 682
260 CONTINUE 653
DO 270 Ju2, mMXMy 684
JCeJe] 698%
JMieJet (11
JPimJel 637

DO 270 Im2,IMXMY (1 1.]
ICnleg 6%9

IPinley 660
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c
c
9

ero

I“is]e}

XETARMIX{I,JP1)eX(T,J%1))n0,8
YETAR(Y(],JP )Y (I,I"1))e0,5
XXIm(X(IPY,J)eX(IM1,J))%0,5
YXTS(Y(IPYL,J)=Y(IM},J))%0,5
ALPHASXETAnw2eYETARRD
RETARXXIeXETA+YXIwYETA
GAMAmXXI#w2eYXInnp

JCHBXXIaYETA=aXYETARYX]
XX188Y(IPY,J)w2, 08X (]I,J)¢X(TM],J)
YXISEY(IPY1,J)e2,0aY(l,J)¢Y(TM1,])
XETASEX(],JP{ w2, 0eX(T,J)ex(I,IJM1)
YETASEY(],JP1 )2, 00Y (T, J)eY(],JM1)
XXIETAIO.ZSt(X(IPI;JP!J-X(I"loJPXB-Y(TF!.JM13¢X(I“1.JMl))
Y!IETAnO.ZSt(Y(!Pi.JPl)-Y(IMI.JPX)-V(TP!,JM1)+Y(I“1.J“1))
DXlALPHA-XXIs-z.OaPFTAtXXIETAocavatigTAS
DYIALPHAiYX15-2,OﬁPETA'YXIETAﬁGAMAtYETAS
SIGR(NXaYXI=mNYwXXT)/JCH
TAUR(DY#XFTA=DX®YETA)/JCH

ABSJmABS(JCH)

CF(1,1C,JC)mJCR

CF(2,1C,JCYmALPHA

CF(3,1C,JC)mBETA

CF(u,IC,JCIRMGAMA

CF(S,1C,JC)u810

CF(6,1C,JC)mTAU

CF(7,1C,JC)mXxXT]

CF(8,IC,JC)RXETA

CF(9,IC,JCY)mYXT

CF(10,1C,JC)BYETA

CONTINUE

KRITE FACTORS TO PRINTER

280

290

300
3o
320
330
340

IF (IWRT2,6QG,0) GO TO 10
WRITE (6,300)
JMXMIBIMA X2
IMXMIBIMAX®2
DO 280 Jmy,JMxM2
JInJel

WRITE (6,310) JJ

DO 280 Nmi,10

WRITE (6,320) FACIN),(CF(N,T,J),1m1,IMXM2)

GO TO {0
CONTINUE
RETURN

FORMAY (w0ewee SCALE FACTORS ewsawn)
FORMAT (// =« J 8x,13/)

FORMAT (eOw,Ab//(8E15,8))

FORMAT (/7 % BOUNDARY®)

FORMAT (//72H w,A8)

END

FUNCTION AMXMN (NOPT,A,AX,1,J01X,JX)

X3
662
663
66U
65
6bh
he?
Y-1.]
hoQ
670
671
672
A3
a4
675
ATH
617
678
679
680
LY-B!
882
6«83
hBU
HRS
[1-1.]
687
488
~89
690
691
692
693
694
695
696
697
69R
699
700
7014
702
703
704
708
706
707
708
709
710
711
712
713
T4
718
746
717
718
719
Y20
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2 2ie Ne e Be )

AR R R NN AN AN R R R RN R AR AN AT IR R AN AN AR AR AR AR R R ANAR T RANAN RSN NN R R AN DR RN

»
-
*
»
L2 ]

10

20
30

40

i
"

NOPTeY § A AND AX ARF COMPARED FUR MAXIMUM VALUE,
NOPT®E2 3 A AND AX ARE COMPARED FOR MAXIMUM VALUE,

RAN KRR RN AR AR AN AR R A RN RN I A AR R R A AR NN ARRARNIRR AR R A RN R R RN N A RAAN AR RN

G0 YO (10,20), NOPTY
IF (A,LT,AX) GO T0 un
G0 YO 30

IF (A,GY AX) GU TO 40
AMXMNEA

Ixml

JxXmJ

RETURN

AMXMNEAX

RETIIRN

END

SUBRQUTINE PARAYL (X1,Y4,1t,J1,12,J2,%2,Y2,13,J03,14,J4,X12,Y12,15,J
15,160J6,17,J7,18,08,X,Y,1,J,NDINM)

wannnnpgknwrtakdnr SECOND DFRIVATIVES aanaaa R a ANt dan A et R e A AnnR

ARARBAR AR R AR AN RN AR AR RN R AR AR AN AR RN AN RANRA AR R AN RARRAA AR AR RARR

DIMENSTION X(NDIM, 1), Y(NDIM,1)

Crawnw

X19X(Ii,J1)e2,0%X(],J)eX(12,J2)
YiuY(I1,J1)=2,00Y(1,J)¢Y(12,J2)
X2uX(13,J3)@2,0nX(1,J)eX(14,J4)
Y2mY(13,J3)e2,00Y(T,J)¢Y(14,J4)
X1280,282(X(15,J%)aX(16,J0)¢X(17,J7)eX(18,J8))
Y1280,25¢(Y(15,J8)eY(T6,J6)¢Y(17,J7)eyY(18,J8))
RETURN

END

BUBROUTINE PARA2 (XX1,YXI,XETA,YETA,XXIS,YXI8, XETAS,YETAS,XXIETA,Y
IXTEYA,ALPHA,GAMA,BETA,81G6,TAU,JCRB,1,J,NDIM)

Ankkannnhrannnanwnanwnnn FACTORS ON RESENTRANT SEGMENTS sanaanenavaunwaw
L
AR AR R AR AR R R AR AN AR R R R RN AN R A AN AN RN AR A AR R AR NN RA RN R AN R AR ARATARRN

REAL JCB

(AL 3R]

ALPHABXETAZNZ¢YETARN2
BETASXXIAXETASYXIRYETA
GAMARXXIww2eYXInw2

JCBRAXInYETAaXETARNYX] :
DXBALPHA#XX]8302,00RETARXXIETAGGAMARXETAS

137

721
722
723
724
72%
726
727
728
729
730
731
732
733
734
735
736
737
738
73¢9
740
741
T4
743
Tdu
748
T46
T4
T48
749
750
751
752
783
784
785
756
787
758
739
760
761
762
763
Té4
768
T68
767
768
T69
770
771
712
773
774
7718
776
777
778
779
780
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c

¢

c

cC *

c

c

Conkww
10
20
30
40

c

c

¢

o ]

c

[«

Chnann
10

o

DYSALPHA#YXISe2 ,0#RETYA=YXIETACGAMARYETAS
SIGR(DX*YX]eDYRXXT)/JCB
TAUR(PYeXETADXAYETA)/JCR

RETURN

END

SUBROUTINE PaRAS (X,Y,I1,J ,NDIM, XXT,¥YXT,11,J1,12,J2,13,J3,XETa,YETA

1,14,J4,15,J5,16,J6,K1,K2,RETA,GAMA,IGOTN, ICR,ALPHA)
wannnnannkdnnr ALPNA, BETA, GAMMA, JACUBIAN Aa2tada 2 AN AAdskttaRanadid

AR R AR A AR R AR RN R R AR R A AR RN N R R AN AR AR AR N AR R R A RN AN RANAIRAARAN AR AN RARS

DIMENSION X(NDIM,1), Y(NDIM,1)
REAL JCR

IF (K1, ,EG,0) GO TO 10

XXI0w0 S (X(13,)3)ed 00X (T2,J2)¢3,0&X(]1,J1))wkt
YXIe0 , Su(Y(13,)3)ald , 0nY(T2,J2)¢3,00Y (11, )1))nK]
GO YO 20

XXI®0, S«(X(13,J8)eXx(]1,J1))
YXI®0,5e(Y(13,J3)mY(11,J1))

IF (x2,EG,0) GO TO 30

XETABe) Sw(X(16,J6)md 0nxXx (15, J5)¢3,0aXx(14,J4))nK?
YETAR®O ,SH(Y(1b6,)0)nd, 0nY(185,JS)¢3,0nY(T4,J4))eK?
GO TO 40

XETARO Sa(X(I6,J6)eX{Tu,J4))

YETA®O ,Su(Y(16,J6)eY(14,J4))

CONTINUE

ALPHRASXETAR224YETARRD

BETASXXIaXETASYXIwYETA

GAMARXXIna2eYX]an?2

JCREXXIYETAaXETANYX]

RETURN

END

SUBRNUTINE WRDATA (X,IMAX,JMAX,T1,12,NDIM)

EARRRRANNARRANNNN AR R RARAwt PRINT SOLUTION ot nan e sttt b davaARsanasd

PR AR R A RN RN AN RN R AN I AR AR RN AN R KRN A AR AR RN AR NI R A AR AN AR NARNR AR RN NN AN AR RN

OIMENSION CODE(4)
DIMENSION X(NDIM,1)
DATA CODE/6Ha® XAR,6HRAY aw,bHan YAR,AMRAY wwn/

WRITE (6,20) (CODE(Y),ImI},I2)
DO 10 Jsi,JMAX

WRITE (6,30) J

WRITE (6,40) (x(I,J),1s1,IMAX)
RETURN

781
782
783
784
785
788
787
788
789
790
791
792
793
794
7958
796
197
798
799
AQ0
801
gu2
803
804
8uS
806
807
808
809
LRg]
a1t
A12
813
814
81%
816
817
AR
819
820
821
822
A23
824
a2s
826
827
L ¥1.)
829
830
834
a32
833
834
838
836
837
838
a39
840



20
30
un

FORMAY
FORMAT
FORMAY

F NN

(1M1 ,20X,246/7)
(Sx,x)mexla)
(AX,10F11,5)

139

Rut
842
Au3l
Buu
8us
8us
Bu7
8un
U9
850
Aby
8%2
8s3
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SAMPLE CASE INPUT: SINGLE-BODY FIELD

Input for Program FATCAT requires only one card and is described beginning
at line number 76 in FATCAT Tisting. For the sample case computed:

1 1 2

Disk file 1 needed as input is TAPE 10 saved from the TOMCAT program.



INPUT 3

JwkT1e |

InrT2n

Sample Case Output:

IFORMB 2

TEST CASE o BODY«FITTED COORDINATE SYSTEM

SINGLE BODY 1 KARMAN®TREFFTZ AIRFOIL,

FIELD 1 ImMax =

el JMAX &

emee GCALL FACTDRS eomes

JACOBN

£10550213k 03
f61405367E=02
WB0USTS20E=02
J10507333k=03

ALPHA

«13965106E0038
«19515796E~02
«19373959E02
y13947044E~03

BETA

2227501138204
212691909E=02
v, 14027197E=02
«,23804773E=04

GAMMA

283409808k =0u
20140264E=01
«19869220E«Q)
«83215866E=04

SIGMA

=,12965420E«006
+50975878E=03
J4938U4908E=03
®,i1000d85E=08

TAv

=, 36957506E208
*,88302697E907
12755842607

o S4350150E=08

XoX1

-, 45288450E=02
=, LULBOTR4ESOD
214075316k 400
+37467300E=02

X ETA

LB7962850k =02
-y 10786980Ew01
«,12357495E«01

,94299600tw02

«22191337Ew08
LUS|1U2BBEe02
L85740884Ew02

W2704TUGOE=0S
214T14530E=02
2 21594582E=02

£10078728E=03
46939631 0E03
ey 19954793Eey2

+21957532E=03
sld122729t01
R18012%4E=01

2150738 72Ew0b
127531002k =03
258383797¢e03

e, 92094734t =08
«,20149204E08
=, 75874308E=07

- 11435860Em0]
« 11769669400
W1UTBOUIBESOO

L42813650Ew02
107011 70Ew0}
“y12522001E01

26 PUINTS
20
57976329E=03 ,164225968Ew02
225404457E=Q2 ,94836351Ew03
62789707Ew02  ,51497322Em02
$59430079E@03 14481044k =02
1B6252535E«08 (331163 77E«03
122425966k 002 ,21729860Ew02
+35590529Ew03  (15356095¢ke02
222073699€E203  ,2866730jEw0é
®,248bT3STE=02 =»,27084520Ee02
«TTB6U4163E=03 ,34908489E=02
«75390121k.02 ,27183383E=02
+R20326530E0) ,15980152E=01
312581 TTE=QS ,32078256E04
«8T3UL195E=0d  ,12170024k=04
152990932E203  , 35285314803
e759115305k=08 ,80779995E«07
2 4S5B0266TE=0T ,31304389E%07

=, 42299118E=07

- 25296185Em01
», 62742135k w0]
«1418B29IES00

*,27920250Em02
»e11291825E=01
»,13037110E=0}

L 18101999Ee00

«,57000410E0]
3991 194SED]
+12304400E+00

*,17758790E=01
=, 12124520E=0}
® 14494 095E«01

«36417321Ew02
s4944TS90E=03
«34049200€=02

198455778 w02
+17302890E%03
»19082035E=02

025354155k =02
*¢37830160E=05
=, 243}56808E=0Q2

W99218804E=02
s14131780EwQ2
«918456062E=02

171443 46E=0]
«33129046E=05
«149T0T60E=03

=, 94585592k-07
»,10526688E«08
=,37070776E07

*,98073415Ew01
16890600002
2 92850215¢e-01

*,18687310E=01
*,12949250E=01
“,15823705E-01

055798287E=02
013933742002
2 15735155Ee02

122868820002
148588954k e03
14198202E02

128146p21E002
*, 80592022604
-, 14936003E=02

217078854Ee0}
J4009114TE02
+331505318e02

141433993E003
V262004 2TEm04
289543595€=04

22402863Ee0b
®,99007145E=08
®,95863068E208

=, 12983296E¢00
«52172185E=01
¢5U0224758w0]

*,16520290€01
®,13517975E€=01
*,14887200Ew01

Single-Body Field

W07874787E02
3071214002
+560815950€«03

+23620008E =02
«10372257Ee02
508772733603

+29311742Ee02
* 35229409903
v 35569344ke03

122217058800}
«921340880Ew02
276064934Ee03

81978862803
«12756508Ee03
29715525605

+30UB3BT0E=Q0
161319222E=08
110126782€=07

", 14871366E400
0 912360680E01
23821160k001

v, 13867909E=01
=, 13429455k «01
®,79351000Ee03

141

2169705009E»02
47910431Ew02
«21938724kw03

1224839736002
115610239€002
+26909787€03

+19453130E=02
«,8417a755E=03
*, 102333926903

«23314200k=0}
«15137093Ee0}
217452328003

«65616920Ee0)
¢310538208E0)
1352168700

«,24098441E00
*,38641710Ee07
v, 141550a0€e0?

®,19265985¢C¢00
12142019E000
110436240Ee0)

=, 11832379¢e0}
v, 12875930Ee0}
+55994900E=02
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Yoxl

v, 793091 24Ew02 =, 942501 24Ew02 » 11779035 w0) =,155U9908Eu0] «,17420042E=0) *,14908308E=0] «,10065013Ee0) »,30282720Ew02
¢60803940€e02 ,104383408Ew0) ,203201008Ew0) (335466088401 ,36955347Ee01 ,35877260Ee0) ,29822077Ee01 ,190%55260€e0]
79627200602 =,38885750E002 »,13991752E«0) «,20983958E=01 «,23736120Ew01 «,19914ql12Ee0] =,13899701E«01 »,104)8129¢=0}

=, 83173241E=02

Y ETA

=, 789150 1SE=02 «,15879055Ee0] =,242191|2Ew0] «,33650052k20] «,404480Q00E=0] *,44874eu5Ew0] =, Ub57984Skal] =, 458954S50Em0]

®, 42839475¢e0] =,36836375Fa0) w,27111253Ew0] «,13570549Ew0) ,23121170E=02 ,17411315E6e01 ,292724¢3%ke01 ,373528]15Ew0}
JU2245STUEe(] L,44B0654SE=0] ,45526150E=01 L W4ILTTTSEwO] ,40716260E=01 ,346149b61ked] ,24230099ke01 ,154¢31902Ee0}
«T110013%E=02



BUUNDARY

LI R AL
JACIBN

LUIIHTOUTE=US
L718593 bk 002
L47161623E02
L650BY788E =)

ALPRA

13118027 =04
23270618 7L =y
15209089k =02
J121B8U99SE=)§

BETA

=, 37804408E =08

22098370pE =y
-, 77321090t =0}
*, 32659934k =04

GAMmaA

19054272k 005
«CUUTOUULE=D]
1495770501
sUlicouiob=0u

SIG4A

=,337508c0k=0u
=,33730820t=04
=,33730820t=04
=, 537308206 =04

Tay

32031263k =04
232031263k =ud
e32031265E=0u
32031263k w0u

XXl

-, 8Y000000E=04
*,155u89%0k+00
W121573SCE+J0
298380YVUE=I2

X,ETA

W361391S0key?
=, 12004 132E=01
= 10480950t =01
= 4r65700Ut=03

Yox!

13775090k ~u2
e, 48670000k ey2

J1352¢8500Emu1
«,26915000€=02

12191429k m0u
s0ludileireu?
BUN2UbBF P
211908200kl

0 $2132530Eeuu
19821174k =02
194U TUEe2
31287512t -0

225232470L =05
J1281648ukey?
® 14104038k ene
., 24gBUIuBEWUS

48257012 =0S
2U500268Le0]
199367150t
W4T742505L=0%

e, 8573uB26L =04
w,33/3u828Leny
=, 38730828k e04
©,33730026E=u4

32031263k =00
«32031c03kaiiu
«320312n3E=uu
32031203t eua

- 17210000k w02
“ 148172008000
141154508000
¢ 19545000k w02

W CH4B3I9S0E D
©,93800400F w02
e, 1131351865k=0)

e 3USESUUGE=0?

*,13645%0U0Ewg
W 143USO0UE=U2
242150000k w0e

®,19355000k=02

20479590 ke0u
2HUSEIZIBEY 2
LobSH1UBRE 02
s49YGHI92E=US

e 12UBSP20TE Y]
Jlud10218L-02
W 22011717E=02
W1511562TL =00

032953103804
«60251604E=0S
=, 213U3293E=02
11590255k =08

4231 2R9VE =0
f1ULUII29kay]
22201 UbTE=UY
+ 10034545k =0%

=, 3373UB2b6EwU4
®,337308206E=04
«,3173u8206E=0u
«,3373y826ke04

»32031263E =00
2320512638 =04
«32081263Lk=00
«32vS51263E a0y

-, 5169000UE=02
*,1182U0700E+00

14890100k 00
=, 5h50L000E=0uU

-, 16209050t =02
., 77362900Ew02
., 126486227k wy]

L86139150k02

«,d075%0000kwue

W83925000E=0¢
54735000892
«,13785000E=02

21242434t e03
$23571509¢E =02
W 63721823€a02

o 37714390k=03
»77930926E=03
,2312060bt w02

eJH41U30OTE=DS
217223922E=03
=,27795022t %02

W17238447E=03
L 7TUUT190%E=02
W2UUIST9E-0 ]

=,5373082b6k04
=, 33730820tw04
©,33730820k=04

«32udleoit=04
«32031c03t=04
32031263k =04

~,12811000k=01
=,B82680000E=0]
214394750k +00

-, 59387850802
-, 58405350t mng
« 150200SCE=0}

*, 28745000t w02
«14535000€=01)
=,13516500k=01

W 11966705E=02
JBUTOBTIIERCY
,51700971Ew02

s 17065313E=02
«219659728+03
«22680352E~02

16075598k w02
$90862778L =05
*, 51525906k =02

+23534691E=02
+190606080E=02
«16167620E=01

®,33730826E=04
*,33730820E=04
=, 35730826E=04

+32031263ke04
«32031265k=04
+320312635E=04

», 4B072500E=01
», 39420000k =0}
«12586%00E400

©,29521410L =01
®,65614800E=02
o, 18772485E=01

., 65195000Em=02
«18779500tk=0}

3933161 7E=02
«17347604E=03
»32488150km02

221632¢u3En=02
+S7791752E04
«20532252Em02

2 30977315Ea02
2344050 ’SEw06
*,29321159E=02

210206509k =0}
252073288E003
,93278139E-02

=,53730826t=04
*,33730820E~04

1570796306E=02
W11212911E=02
1128750502

«24260153€=02
138154178603
11654138902

1335137088e02
»,50112400E=04
v, 19379792602

1800437180}
«33018798Ew02
220021 30Ee02

=,33730826E=04
®,33730826E=04

143

o T0247040E=02
«208915915¢kw02
+2UA42703E=03

22478a631Ew02
«90204751E03
¢ 36705372E03

«28742217E=02
® 29709586k =03
*,15867020ke03

123243282¢e0]
,87829003E02
116624678k 03

=,337308206Ee04
*,3373008206E=04

©,33730826E=04 =»,3373¢826E204 «,337308206Ee04

23205126304
2 32031263E04
,32031263Ee04

“,10045500E400
W T7020000E 02
,94B69500E =01

-, 26775090k 004
«, 71508900k =02
=, 235174SSEwO]

©,10728600E=01
,214B0500E=01

J2031205Ee04
+32031263ke04
+32031263E=0u

»,13372050E¢00
152911500Ee01
145663500€201

«,21223570¢k=01
=, 84130250E%02
=, 26416520€a01

®,11099500€=01
«22411000k=01

=, 18UL5000k=0] =,18099500kw0) ©,10720500E001

«32031263E004
¢32031263E=04
+3203126JEe04

=, 15217700E40¢0
291594500k 0)
o 12214500E=01

*,160264312Ew01
*,96279450E=02
*,51109500L=02

=, 92435000Le02
+19833000Ee0]
*,4129%000ke0d
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Y ETa

=, 2307499 1k=08 «,5003u4]91Ew02 =»,11055530E0}

«,456712090L=01
37642905k a0)
a110l0uUnle=01

ALEFT
JaCopn
JUIIB ULt eS
s 15VeBSuE =0y
3509732350000
ALPHA
1811302 =Ny
J12307520E=01
261541928400
BETa
., 3780GU0BE=UE
w,102190829E=yl
=, 52054ubbmyR
GAMAA
L 1PUDE2TE=DY
J18a0u21 7]
Jall102e23E 00
SIG%A
-, 337%u8¢bLevd
LR AR A PIE K]
- 2AUTUTNIE= DY
Tau
+320512n38keuu
e, 1052650 1F gl
W4e2h0 185k ey
X Xl
LTV IV V)
31811 70vE=02
-, 4¢70T000k =02
X,E1a
56139150k =02
11095038+ 00
«St1evsdyteng
Yexl .
w1537 7/50uuted?
=, 135501732E+00
w, 68630 U4 ey
Y,ETA
*,23074991k -y}

w, 140600897E=02
s172u0888k =02

=,d455¢9207E=01
p4eb18nSut =yt
WNOT791 05k =02

JT8lbnBUSr ey
€358ul T3ty
«OUSLEBTEESUL

IUSB2TISkeS
18956339 e
(STu10B9YE LD

=,4luedltdt=co
=221 7574t =03
®,4581Ya] Tt =12

P-RA-T-2- P LT RO
27550689 mu]
ChB2UTI Eeun

“,1391H5 70t eue
o, dilobdlokend
», 82420987 a0

WU 1974 58 el
*, 52854225t =00
f17189242E =04

=, 563955uvt =yl
=, ShbB 0550t =02
=, $2b35500L=02

10277925t =01
W1376749¢E 00
b11054B5E+00

7599721 1k ey
= 17120240k 400
=,82b11214L 400

e, 4sBIBUbUEeUS
., 13984520k w02
W 31301 530E=De

=, 57172189E=01
J4hiRULSER0
-, 250 7L991Eey}

€81263nSt=ys
« 35953 loub el
72882049E 40V

(2930865 kel
eouududitenl
«23ub19T73ke00

=, IYOUURTHE=UY
-, 379T7UB4OE=US
0398597 2E=02

26997 95E=03
f45u50089Lmu]
JHEB1YSb0Eevy

*,21953001t=v5
o JHTUTETIE=DS
®,1917u9y%t =04

=, 18930065k eu7
126181195E=05
121990619k =yu

=, 71187500kay3
-, 391950850 0Ewue
-,107‘:9”00[-03

17107005k 0]
JloBouTBUESQD
«TH116GU0ES00

-, 10U155595E«01
=,21515423k400
=, 99607835000

*,6220u3%7Leyd
°,15198359€Ewu0¢
4978177 5key2

°, 16138298k =0] «,28890673E01 *,38030762Ew0] =, duudT4a5Ee0] =, 47137490}

“,d7065039E=0}
P456T7TT70E=01

0897400 7L=03
WH3TTsBULE=UY
2106035850

TR BE Y- TN T
41945005k =01
JTUled7uYe+00

=, 585386u5E=Ub
=y 595350/ 4E=03
=, 12380532E=01

LT5789021L =038
OBIUU I BEEmU L
19102373t +0)

., 28615009 muy
=, 16585850E=03
~y33750620E=0u

-, 1417259907
w,Jul1220Ult=0S
03203126304

=, 10927450k =02
s,42162000t=02
e 421850 0tey2

p€90U 215k}
WCUUBUEITE+UD
WB6110602¢0E+00

= 27508110Em01
=, 26253954t +00
©,12313u8TE+01

*, /820234TE=0S
°, 11738870k=0¢
108954370k 02

«,152893ubEep)
JusTET899% eyt

W1488uybeye
279350110k =01

12920977k =02
01131982801

-, 144095 1E=04
. BUSHUYLIE =03

217019109k w02
11029562900

=, 12961725t=¢3
»,10888189b=~03

493528725k =07
«0U9930uE=0b

-, 18983500 =02
®, 44734500k =02

559353055k =01
W24T2UTIOE G0

=, 4122700UEey])
“,5208368uk+0C

=, 95960835E=03
»,$2382900E-03

«25800240E=02
«38731828F%01

2948502 1Ew02
115994491 Ee00

42531851 1k=02
WBBU2IS13E=0]

=,50720013¢ w04
*¢11550955¢ ¢

LRI LTI X 1T
215204729k 400

“,lbb76552E=0S
»,120480206E=03

=, 27847 280E=07
=, 14718520804

= 192569508 =0¢
=, 40097000t =0¢

W50304geSE=0
129736040900

-, 5857027ut =0}
=, 38990518E+00

*,11294g23Le02
*,95308000E«03

«17628179E01)
«30924203E=D}

+539803i2L=92
s 16835841Le00

$450TUNQ3E =02
v127276063L 400

=, HT871796Le0u
w,lbdobuIutep2

«05803986L w02
22272109400

., 2325869703
5500467904

=, 21366130k=08
12710890t w04

®, 24557200002
-, 486455000t 02

«07570905t =01
239675850k 400

°,79842bUYE=U]
®,47191115E400

®,12700780E=0¢
®,22027500ke0n

+39404705Ea0)
W 1846a3u2Ce0}

W 92UST796TE0R
s24342220E400

2 70953242Ew0¢2
»18202382E¢00

«,100310066k=0)
~e23178132t=0¢

+»11109970k =0}
s 5C449091E*00

*, 2501 u469t=03
«,65782305€E=04

«80051251t=00
=, 32940250t=04

*, 2780415002
=, 44815500E=02

87712415001
e 4eT34US0E00

*,10536716E400
=,56962341L+00

®, 1362533202
2 TUG80000E=0)



nTQP

JACOBN

W 10603985E401
LL0498276E001
L10352018E¢01
L1033952bE001

ALPHA

W TH16UTORE+00
«TH9U25T5E 000
2 TUOLI9BUESDD
WsTUT1IuR29E+0U0

BETA

=, 125b60382E=0]

123922722801
e, 5000285/E=0]
=, 39654354t ~01

GAMMA

15162373E+01
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TABLE 2
Effect of Initial Guess on Convergence
IGES:

Configuration 0 1 2 3 -1 -4 -10 =20 =40 -100
(Fig. 4a) 68 NC 80 NC NC NC NC - 69 71
(Fig. 5) 75 NC 64  NC 100+ 100+ 70 63 67 68
(Fig. 6) NC Nel NC NC NC NC NC NC NC NC
(Fig. 7) NC NC NC NCZ2 NC NC NC NC NC NC
(Fig. 8) 100+ 100+ 100+ NC NC 100+ 100+ 87 84 86
(Fig. 9) 1004+ 100+ 100+ NC NC 100+ NC NC NC NC
(Fig. 10) 99 89 99 NC NC 100+ 91 84 82 86
(Fig. 11) NC 100+ 100+ NC NC 100+ 100 93 91 94
(Fig. 12) NC NC NC NC NC 100+ 100+ 100+ 100+ 100+
(Fig. 13) NC NC 100+ NC NC 100+ 100+ 100+ 100+ 99

Legend: Numbers given are the number of iterations required for convergence
to 0.0001.

NC indicates no tendency toward convergence in 100 iterations.

100+ indicates a converging solution at 100 iterations.

Notes: IlIGES 1 gave convergence for the field shown in Figure 6.

21GES = 4 (Guess 3 without division by total number of boundary
points) gave convergence for the field shown in Figure 7.



Input Parameters for Basic Single-Body Field Used in
Optimum Acceleration Parameter Studies

IMAX
JMAX
NBDY
IGES
NBSEG
NRSEG
LBSID
LB1
LB2
LBDY
LRSID
LR1
LR2
LISID
LIl
LI2
R(1)
R(2)
R(3)
YINFIN
AINFIN
XOINF
YOINF

NINF

TABLE 3

Case 1

67

40

40

varied

0.0001

0.0001

10.0

0.0

0.0

0.0

66

67
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IEV
R(10)
INFAC
INFACO
ATYP
ITYP
NLN
NPT
DEC
AMPFAC
JLN
ALN
DLN
ATYP
ITYP
NLN
NPT
DEC
AMPFAC
IFAC

EFAC

TABLE 3 Continued

0.0

0.0

0.0

1

1000.0

1.0

0

0.0

0.0

0

100.0



TABLE 4 155

Input Parameters Varied for Single-Body Field Used in
Optimum Acceleration Parameter Studies

Case | IMAX | JMAX | LB2 | LR2 | LI2 | YINFIN | NINF ALN IFAC
2 100.0
3 10000.0 4
37
4 37 37 36
97
5 97 97 96
6 20 20 20
7 60 60 60
8 5.0
9 20.0
37
10 37 37 36 100.0
37
11 37 37 36 10000.0 4
97
12 97 97 96 100.0
97
13 97 97 96 10000.0 4
14 20 20 20 100.0
15 20 20 20 10000.0 4
16 60 60 60 100.0
17 60 60 60 10000.0 4
18 5.0 100.0
19 5.0 10000.0 4
20 20.0 100.0
21 20.0 10000.0 4
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TABLE 4 Continued

Case IMAX JMAX LB2 LR2 LI2 YINFIN NINF ALN TFAC
37
22 37 20 37 20 20 36
97
23 97 20 97 20 20 96
37
24 37 60 37 60 60 36
97
25 97 60 97 60 60 96
37
26 37 37 5.0 36
97
27 97 97 5.0 96
37
28 37 37 20.0 36
97
29 97 97 20.0 96
30 20 20 20 5.0
31 60 60 60 5.0
32 20 20 20 20.0
33 60 60 60 20.0
Case NLN ALN DLN IFAC EFAC
34 10000.0 1
35 10000.0 2
36 10000.0 3
37 10000.0 5
38 10000.0 4 1000.0
39 10000.0 4 10.0




TABLE 4 Continued

157

Case

NLN

ALN DLN IFAC EFAC
40 2 1000.0, 1000.0 1.0, 1.0
41 3 1000.0, 1000.0, 1000.0 1.0, 1.0, 1.0
NOTE: Blanks indicate the basic value (Case 1, see Table 3).
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TABLE 5

Input Parameters for Basic Double-Body Field
Used in Optimum Acceleration Parameter Studies

Case 42
IMAX 93
JMAX 40
NBDY 2
IGES 0
NBSEG 4
NRSEG 2
LBSID 1 1 1 3
LBl 1 75 29 1
LB2 19 93 65 93
LBDY 1 1 2 0
LRSID 1 2
LR1 19 1
LR2 29 40
LISID 1 4
LI1 65 1
LI2 75 40
R(1) varied
R(2) 0.0001
R(3) 0.0001
YINFIN 10.0
AINFIN -30.0
XOINF 0.0
YOINF 0.0

NINF 92



IEV
R(10)
INFAC
INFACO
ATYP
ITYP
NLN
NPT
DEC
AMPFAC
JLN
ALN
DLN
ATYP
ITYP
NLN
NPT
DEC
AMPFAC
IFAC

EFAC

TABLE 5 Continued

0.0

0.0

0.0

1

1000.0

1.0

0

0.0

0.0

100.0
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TABLE 6

Input Parameters Varied for Double-Body Field Used in Optimum
Acceleration Parameter Studies

Case IMAX JMAX LBl LB2 LR1 LR2 LI1 LI2 YINFIN NINF ALN IFAC
19 29 65 75
45 60 1 60 1 60
19 29 65 75
44 20 1 20 1 20
47 10000.0 6
46 100.0 1
49 20.0
48 5.0
1 33 33 43 107 117
43 149 117 | 149 1 40 1 40 148
43 | 107
1 149
Case NLN ALN DLN IFAC EFAC
54 10000.0 6 10.0
53 10000.0 5 10.0
52 10000.0 5
51 10000.0 4
50 10000.0 3
Note: Blanks indicate the basic value (Case 42, see Table 5).
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TABLE 8

Optimum Acceleration
Field : Variation

Parameters for Single-Body

of Pairs of Quantities

Amplitude Down
1.80 : 185
(1.91 : DIV)

1.80 : 184

(12) IMAX Up 5) IMAX Up (13) IMAX Up
Amplitude Down Amplitude Up
1.89 : 122 1.88 : 137 1.86 : 183
(1.90 : >122) (1.89 : >183)
( 2) Amplitude Down 1) Basic ( 3) Amplitude Up
1.85 : 81 1.84 74 1.86 : 114
(10) IMAX Down 4) IMAX Down (11) IMAX Down
Amplitude Down Amplitude Up
1.79 63 1.77 68 1.83 86
(1.85 : 92) (1.84 : 83)
(16) JMAX Up 7) JMAX Up (17) JMAX Up
Amplitude Down Amplitude Up
1.86 : 129 1.85 : 126 1.87 : 147
(1.90 : DIV) (1.90 : DIV)
( 2) Amplitude Down 1) Basic ( 3) Amplitude Up
1.85 : 81 1.84 74 1.86 : 114
(14) JMAX Down 6) JMAX Down (15) JMAX Down
Amplitude Down Amplitude Up
1.84 89 1.81 : 90 1.81 : 139
(1.84 : 94) (1.81 : >139)
(20) Radius Up 9) Radius Up (21) Radius Up
Amplitude Down Amplitude Up
1.89 : 131 1.84 : 205 1.81 : 243
(1.88 : >131) (1.88 : DIV)
( 2) Amplitude Down 1) Basic ( 3) Amplitude Up
1.85 : 81 1.84 74 1.86 : 114
(18) Radius Down 8) Radius Down (19) Radius Down

Amplitude Up
1.81 : 176
(.91 : DIV)
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(24) JMAX Up ( 7) JMAX Up (25) JMAX Up
IMAX Down IMAX Up
1.83 : 77 1.85 : 126 1.89 : 128
(1.89 : >100) (1.91 : DIV)
( 4) IMAX Down { 1) Basic ( 5) IMAX Up
1.77 68 1.84 74 1.88 : 137

(22) JMAX Down

IMAX Do
1.71 48
(1.76 : 62)

( 6) JMAX Down

1.81 : 90

(23) JMAX Down
IMAX Up
1.84 : 142
(1.87 : >142)

(28) Radius Up

( 9) Radius Up

(29) Radius Up

IMAX Down IMAX Up

1.81 77 1.84 : 205 1.87 : 219

(1.84 : 92) (1.90 : >219)
( 4) IMAX Down ( 1) Basic ( 5) IMAX Up

1.77 68 1.84 74 1.88 : 137

(26) Radius Down
IMAX Down
1.78 : 102
(1.84 : >102)

( 8) Radius Down

1.80 : 184

(27) Radius Down

IMAX Up
1.82 : 285
(1.93 : DIV)

(32) Radius Up

( 9) Radius Up

(33) Radius Up

JMAX Down JMAX Up

1.82 : 117 1.84 : 205 1.89 : 103

(1.84 : >117) (1.90 : >103)
( 6) JMAX Down ( 1) Basic ( 7) JMAX Up

1.81 : 90 1.84 : 74 1.85 : 126

(30) Radius Down
JMAX Down
1.80 : 176
(1.91 : DIV)

( 8) Radius Down

1.80 : 184

(31) Radius Down

JMAX Up
1.58 : 218
(1.91 : DIV)
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TABLE 8 Cuntinued

Format: (Case Number) Case
Optimum Acceleration Parameter:
(Average Variable Acceleration Parameter:

Number of Iterations
Number of Iterations)

See Tables 3-4 for values of the quantities varied.



for Single-Body Field :

TABLE 9

Optimum Acceleration Parameter
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Miscellaneous Variations

Experimental Optimum

Op t imum Number
Case Acceleration of
Number Case Parameter Iterations
Effect of Number of Steps in Addition of Inhomogeneous
Term (Attraction Up)
34 One Step 1.35 561
35 Two Step 1.61 317
36 Three Step 1.85 119
3 Four Step 1.86 114
37 Five Step 1.85 125
Effect of Intermediate Convergence Criterion (Attraction Up)
38 Convergence : -01 1.86 101
3 Convergence : -02 1.86 114
39 Convergence : -03 1.85 167
Effect of Number of Attraction Lines (Basic)
1 One Line 1.84 74
40 Two Lines 1.83 76
41 Three Lines 1.83 79
Effect of Convergence Criterion (Basic)
1 Convergence : -03 1.84 49
1 Convergence : -04 1.84 74
1 Convergence : -05 1.84 117
1 Convergence : -06 1.89 175
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TABLE 11

Input Parameters for Coordinate System Control Demonstration of Figure 27

IMAX = 31, JMAX = 30, YINFIN = 10, AINFIN = 0.0

(a.) No Attraction

(b.) ETA Attraction: JLN 20, ALN = 10.0, DLN = 1.0

(c.) ETA Attraction: IPT = 1, JPT = 20, APT = 10.0, DPT = 1.0

IPT = 16, JPT = 20, APT = 10.0, DPT = 1.0
(d.) ETA Attraction: IPT = 5, JPT = 2, APT = 1000.0, DPT = 1.0

IPT = 6, JPT = 2, APT = 1000.0, DPT = 100.0
(e.) XI Attraction: JLN = 2, ALN = 100.0, DLN = 1.0

(f.) XI Attraction: IPT =

|
w
o
av}
H

I

=1, APT = 1000.0, DPT = 1.0
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Single-Body Configuration

Figure 4a.



174

uotleIndyyuo) Lpog-of3urs SIBUISITY °qy 2indTg

UOT3IORIIIY
93IBUTPIOO) YITM

UOoTIOBAIIV
93BUTPIOO]) ON

................................................
.........................




1 2 16 26 1 S6 £6 2

175

Figure 5.

Double-Body Segment Configuration #1
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Figure 11. Double-Body Segment Configuration #7



182

Double-Body Segment Configuration #8

Figure 12.
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Figure 13.
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Initial Guess Types - Single Body

Figure 14.
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Figure 17. Initial Guess Types - Double-Body Segment Configuration #3
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Initial Guess Types — Double-Body Segment Configuration #7
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Initial Guess Types - Double-Body Segment Configuration #8

Figure 22.
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Initial Guess Types - Double-Body Segment Configuration #9

Figure 23.
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Figure 27.

(See Table 11 for control parameters.)
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Figure 34. Contracted Coordinate System — NACA 0018 Airfoil (See Table 12.)
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Figure 35. Contracted Coordinate System - Multiple Airfoil

Coordinate line attraction to the first 10 lines around the airfoils
with amplitude 10,000 on the body. Decay factor of 1.0 for all except
last line, where 0.5 was used. 37 points on airfoils, 40 lines around
airfoil. Circular boundary of radius 10 fore body chords.
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Coordinate System - Key-seat Shaft, Simply-Connected Region
(See Table 12.)
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Figure 39. Comparison of Numerical and Analytic Potential Flow Solutions for
Flapped Karman-Trefftz Airfoil. No coordinate attraction.
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~ Double Airfoil

211



212

Figure 42.

73

Coordinate System - Double Cylinders, Coordinate Attraction to Cut
Intersections

Attraction to intersections of body contours with cut between at
amplitude 1000 and decay factor 0.5. 31 points on each obdy. 40
lines around the bodies. OQuter boundary at 20 diameters.
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Figure 44. Potential Flow Pressure Distribution for Double Cylinder without

Coordinate Attraction
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Figure 45. Alternate Segment Arrangement - Double Cylinders

No coordinate attraction.
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Figure 46. Potential Flow Pressure Distribution for Double Cylinders - Alternate
Segment Arrangement
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t=3.33

Figure 47. Streamlines - GYttingen 625 Airfoil, R = 2000, a = 5°
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Velocity Profiles, Gottingen 625 Airfoil, R = 2000, a = 5°, t = 1.83.

Figure 48,
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Figure 51. Velocity Profiles - Rock, R = 500, t = 1.2
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APPENDIX A
DERIVATIVES AND VECTORS IN THE TRANSFORMED PLANE

This appendix contains a comprehensive set of relations in the trans-
formed [£,n] plane. A few relations involving x and y derivatives of the
coordinate functions £(x,y) and n(x,y) are also included. Since the intent
here is to provide a quick reference only, most of the algebraic development
is omitted. The following function definitions are applicable throughout this
appendix:

f(x,y,t) - a twice continuously differentiable scalar function of x, vy,

and t,

F(x,y) = % Fl(x,y) + 2 Fz(x,y) - a continuously differentiable vector-

valued function of x and y. 1 and j are the conventional cartesian

coordinate unit vectors.

J= _
XV T X

n n
g *£%n * Yevn
y = xgz + ygz
Dx = uxgg —-stgn + yxnn
Dy = g = 28y YV
c = (yng - xEDy)/J
T = (any - yan)/J



Derivative Transformations

o af, L _
fx = (Bx)y,t (ynfE ygfn)/J (A.1)
£ o= -kt - x £/ (A.2)
y dy ' x,t E'n nég
T N N _ ax
fe 2 Gox,y = G6,n 7 Onfe ~ ¥l GPen
Lk f - x93y (A.3)
J E'n ne& it E,n
= _3_2.£ = 2 - 2 2
fax = Cy,e = O feg = 2fen * v o)/
2 - 2 - f
FLO Y = e F YY) (B Ee T xED)
2 - 2 - 3
O R = ey R F YR ) Ogf -y £ 1T (L8
f = Gazg) = (x %f,_ - 2x.x £, + x,%f )/32
yy ay2 X,t n &g £nén £ "nn

+

2 - 2 -
[(xn y€€ zxﬁxnyﬁn + xE ynn)(xnfi x€fn)

2 - 2 _ 3
+ (xn XEE 2x€xnxEn + XE xnn)(yﬁfn ynfg)]/J (A.5)

= - _ 2
fy = 1Oy ¥ Xy =Xy £ =Xy £ 1/

+ _ - 3
[Xnynx€€ (xﬁyn + xny€)x€n + Xiyﬁxnn](ynf€ yEfn)/J

+ - - 3
[XnynyEE (Xiyn + XnyE)yEn + XEYEYHn](XEfn ani)/J (4.6)



Derivatives of £(x,y) and n(x,y)

£ = Yn/Y (A.7)

€y = -xn/J (A.8)

n, = -yE/J (A.9)

ny = XE/J (A.10)

Sxx = gn F )T - € 2T+ € n IO/ (A.11)

by = 7 ngx o+ Eox, )/ - (EgnyJ + EyZJE)/J (A.12)
Exy = (nyyrm + Eyygn)/J - (ExiyJE + En I /I (A.13)
Mo = 7 ¥ ¥y )3 - (€0 I + 0, 23 )/3 (A.14)
oy = (nyxgn + nygg)/J - (gynng + nszn)/J (A.15)
My =~ ("yye;n + Eyygg)/J - (nxnyJn + EynxJE)/J (A.16)



Vector Derivative Transformations

* Laplacian:

2 = - 2 - -
vef (afg 2Bf N + yfnn)/J + [(axEg 2Bx, + Yxnn)(ygfn ynfg)

£ 1 gn
- - 3
+ (aygg ?-Bygn + Yynn)(xnfE ngn)]/J (A.17)
or,
V2f = - 2 A.18
f (afgg ZBfEn + ann + ofn + ng)/J ( )
Gradient:
= - - i A.lg
VE =[5, - Y £+ G f - X £)51/9 (A.19)
Divergence:
V-.F-= [yn(Fl)g,- yE(Fl)n + XC(FZ)n - xﬂ(Fz)E]/J (A.20)
Curl:
Vx F=kly (F)). =y (Fp) = x (F) +x (F) 1/ (a.21)



Unit Tangent and Unit Normal Vectors in the E,n Plane

In many applications components of vector valued functions
either normal or tangent to a line of constant £ or n are required.
Similarly, directional derivatives in these directions are often
needed to evaluate boundary conditions. These quantities may be
obtained by trivial calculations if unit vectors tangent and normal
to the £ and n-lines are available. These vectors are developed
below.

It is well known ghat the unit normal to the graph of f(x,y).

= constant is given by

Associating the coordinate function n(x,y) with f(x,y), we have

(n) _ n

|vn|

s

Utilizing equation (A.19) this reduces to

g(") = -y i+ xgg)/v’? (A.22)

-~

which is the unit vector normal to a line of constant n. In a
similar manner the unit vector normal to a line of constant £ is

given by

ve
n® = = oy 1-x IV (A.23)
IYEI n. n-~

These vectors are illustrated as they appear in the physical plane



A-6

in Figure A.1l below.

-

Figure A.1. Unit Tangent and Normal Vectors

The unit tangent vectors are then given by

t(n) _ ()

(3

= (gl +y DN (A.24)

-~

OO

(32
[}

- (xn% + yng)//E (A.25)

Vector Components Tangent and Normal to Lines of Constant £ and n

(n)

n .

F, ()

-

(3]

= ('ygFl + xEFZ)//? (A.26)

F, (n) (n)

-~

L}
it

-
¢

= (XEFl + yEFZ)//? (A.27)



F o(¢) = g(g) - F (ynFl - Xan)//g

Ft(E) = E(E) + F=- (anl + yan)//;

Directional Derivatives

af ~ ()
amny ~ 2 7

(vE, - Bfg)/J/:r-

-a_f—- = (n) (] =
e~ &t VS

AN (3 B

0 (af, - efn)/J/cT

~ g

(%4
=

NG
R L AL

(-5
4

Integral Transform

Scalar Function:

| £(x,y)dxdy = [ £(x(g,n) , y(&,n))|J|dEdn
D D*

Vector Function:

(A.28)

(A.29)

(A.30)

(A.31)

(A.32)

(A.33)

(A.34)

Consider a vector integral in the physical plane of the form

I = [ f(x,y) n(x,y) ds
-7 n

where S is the closed cylindrical surface of unit depth whose

(A.35)

perimeter is specified by the contour Fl in the physical plane

(see Figure A.2) and whose outward unit normal at any point is

given by n(x,y).



n(x,y)

Figure A.2. Integration Around Contour Iy

If r = r(x,y) is the position vector describing Iys then
ds = (1.0) ]d5|
which implies that (A.33) becomes
I= ¢‘f(x,y) n(x,y) |df| (A.36)

Ty

We now wish to transform (A.36) to the (£,n) plane. Consider ]dr| :

ldr| = /)2 + (dy)? = 4 (d8)? + Bdedn + a(dn)?

since Fl transforms to Fl*, a constant n~line (n = nl). Noting that

(ny)
n(x,y) = n 1. (—ygi + xEj)//; (Equation (A.22)), Equation (A.37)

-~

becomes



ICmax
I= f(x(E,n ) ’ Y(Epn )) (Xj -y 1)dg
Emin 1 1 8= §-
£max
=] £ Gl -y e (a.38)
Emin ~ ~

where tmin and £max are the minimum and maximum values respectively of
£ on Fl*. Note that all quantities in (A.38) are evaluated along
no=n. If the vector ?(x,y) is incorporated into the function f(x,y),
we can define the vector function f(x,y) as
£(x,y) = £(x,y) n(x,y)
Equation (A.36) now becomes
Emax
I=]  £(gn) fydt (A.39)
f£min

which 18 merely an alternate form of (A.38).






APPENDIX B
PRESERVATION OF EQUATION TYPE

When coordinate transformations are utilized as an aid in
solving a given partial differential equation, it is imperativé
that the equation not change type under the transformation. Such
an invariance will now be demonstrated for the transformation
discussed in Section IT. Consider the general, second order,

quasi-linear partial differential equation

A(st)f)fxx + B(x9Y:f)fxy + C(X)Y:f)fyy + E(Xpy,f)fx
+ F(x,y,f)fy + G(x,y,f) =0 (B.1)

where f = f(x,y) is a twice continuously differentiable scalar
function and A, B, C, E, F, and G are continuous functions. Recall

that the equation type is determined by the coefficient functions

A, B, and C as follows:
Elliptic 1f B2 - 4AC < 0
Parabolic if BZ - 4AC = 0
Hyperbolic if B2 - 4AC > 0

Utilizing equations (A.1l), (A.2), (A.4) - (A.6), and (A.7) =~

(A.18) of Appendix A, equation (B.l) transforms to

A*f _+ B*f_ + C*Xf + E*f_+ F*f + G* = .
£g én nn £ n 0 (3.2)

B-1



where: A* = A£x2 + BE_

+ cg 2
€Y EY

% =
B* = 2A€xnx + B(Exny + Eynx) + 2C€yny

* = 2
C* = Anx + an

EX = Af _ + BE

F* = An__ + Bn

F* = F

Now, consider (B*)2 - 4A*Ck:

(B*)2 — 4A%C*

(82 -

(B2 -

+ Cn_2
Ny T "My

+ C¢§ + EEX + FEy

xy Yy

2
[?-Aixnx + B(Exny + any) + 2C€yny]

2 2 2 2
4(AEx + B€x£y + CEy )(Anx + Bnn_ + Cny )

y
- 2
4AC) (€ ny = Eon,)

4AC) /32

Since J2 > o, B2 —~ 4AC and (B*)2 - 4A*C* are either both positive,

both negative, or both zero.

have the same type.

This implies that (B.1) and (B.2)



APPENDIX C

PRESERVATION OF INTEGRAL CONSERVATION RELATIONS
IN THE TRANSFORMED PLANE

It is now shown that the divergence property is not lost in
the transformed plane. Let g(x,y) be a vector valued function
defined on the physical plane (Region D in Figure 1) whose component
functions, Fl(x,y) and Fz(x,y), are continuously differentiable
on D. Let S(x,y) be a continuously differentiable function on D
and suppose ?(x,y) and S(x,y) are related by the partial differential

equation
VeF =5 (c.1)
Integrating (C.1) over an area RCD, we obtain

£ [(F), + (F)) Jdxdy = £ Sdxdy

Application of Green's Theorem to the integral on the left yields the

conservation relation

f (Fldy - dex) = f Sdxdy (c.2)
C R

where C is the boundary curve of Region R taken in the proper
direction. In a physical sense the line integral represents a
flux through the boundary of R, and the integral over R a source
within R.

Now, in the transformed plane (C.l) becomes



c-2
T D = v B 1+ I (R = x, (7)) D) =5 (C.3)
But also note
O Fp = X Flp + O Fy =y, F)p = [y, (B =y (Fp) )
+ [xs(FZ)n = x (F)pd + Iy Fy - xgnFaol
+ [xgFy = Vg Fy!
which, since the last two terms cancel, implies that (C.3) becomes:
(7 Fp = X Fpdp + (xFy -y, F)) =83

Integrating over the area R* in the transformed plane and applying
Green's Theorem as before yields the relation
$ [(y Fy - x Fpdn - (x,F, - y F))de] = [ sJdedn (C.4)
C* R*
where C* is the boundary curve of R* (R* and C* are the images
of R and C respectively). To see that (C.4) expresses the
conservation relation in the transformed plane parallel to that
expressed by (C.2) in the physical plane, consider calculating

the components of F normal to lines of constant £ and n. Utilizing

equations (A.26) and (A.28) we have
Fen = (ng2 - ygFl)//7

= (v F, - anz)//Z



Let r be the position vector describing the points along the curve

C*, Then, utilizing conventional techniques,

ldr| = /y(dg)2 + gdedn + o(dn)2

Along a line of constant n we have

il
)
Q.

™

|ax|

and along a line of constant £

]
2
[= ¥
3

x|,
Thus, the flux across a line of constant n is
F . n(n) |dr| = (x,F, - y,F,)d¢
~ = ~'n £ 2 €1
and across a line of constant £ becomes

. (&) - _
F-+n IdEIg (ynF1 anZ)dn

These are the relations appearing in the flux terms of (C.4).

The flux terms thus have an exact analog to those appearing in
(C.2). Hence, the conservative relation (C.4) in the transformed
plane expresses conservation in the physical plane over the non-
square area formed by intersection of the curvilinear £ and n
coordinate lines in a manner which is precisely equivalent to

the conservation expressed by (C.2) over the square area formed

by the intersection of the x and y coordinate lines.

Cc-3






APPENDIX D
FINITE DIFFERENCE APPROXIMATIONS IN THE TRANSFORMED PLANE

This appendix contalns a compilation of the second order finite
difference expressions used to approximate partial derivatives in the
transformed plane. Computational molecules for the derivative approximations
appear to the right of each expression given. Combined difference forms
for the transformation parameters a, B, Y, J, 0, and T are also included
here. Since the field step size is immaterial in the (£,n) plane, it
is taken as unity for all approximations and does not appear explicitly.
The following definitions are used throughout this appendix:

f=f(£,n) - a twice continuously differentiable function of & and

n.
x=x(E,n) - coordinate transformation function defined by Equation
(13).
y=y(£,n) - coordinate transformation function defined by Equation
(13).
«, 8, Y, J, 0, and T - transformation parameters defined
in Appendix A.
In addition the following notational convention 1s utilized to indicate
the position at which functions and derivatives are evaluated in the

discrete (£,n) plane:

D-1



(f,.)

fee

Derivative Approximations

First derivative, central differences:

(fE)i’j = (fé)i,j/z
vhere

(fé)i,j = 41,5 " fi1,3
s,y * €57
vhere

(04,5 % f1,30 7 f1,30

First derivative, forward differences:

(£,)

g1,5 - ¢f

4f

142,94y g~ 36y §)/2

4

(Eq,5 = CEy gap ¥ 48 gy = 38 )02

Second derivative, central differences:

(Feedy,y = Fan,y ~ 284,3 F o135 (gl
Godi,g = fa,9e1 = 260,5 F B 51 % Gagda,g
e,y = Eg)g, /%

where
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4)

5)
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7a)
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f1+1,j+1 -

Transformation Parameters

where

where

where

where

where

i,]

% 3 7

fih,51 7

a

By

£i41,5-1
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1,5 % %4,4/4
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io‘j

RN

2
7,3

+ (yé)f’j

/4

- )y, 108y 4

- (x E)i j(Dy )1 j]/Ji
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7b)
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9b)

10a)

.10b)

1la)

11b)

12a)

12b)



D-4

T =1y /2 (D.13a)

where
TN CHO NN CONIN O NN VA (D.13b)
and where
OxT) gy 2 og,ygedy g = 2By 3Oy g Hvg 3Oy g (D-140)

Oy 5 5 3Oeedy 3 = 283 50pds, 3+ ¥y, 30000y, (B-140)



APPENDIX E

CONTOUR PLOTS

This appendix presents a detailed discussion of the methods used
to determine contour plots of a function defined in the £,n plane.
The numerical procedures which are used to transform the contour to a

physical plane representation are also covered.

Determination of Contours in the £,n Plane

Let ¢ = ¢(E,n) be a function defined in the region D* (Figure 1)
possessing continuous second derivatives. Since D* is closed and
bounded, let m(¢) = min {¢(&,n) | [E,nle D*} and M(¢) = max {$(£,n) l
[E,n)le D*}. If ¢ is a number such that m(¢) < & < M(¢), then we define

the ¢-contour of ¢(&,n), CT(¢), as the set

Cx(®) = {[&,n] | [£,nle D* and ¢(&,n) = ¢}

Graphically, CT(¢) is the curve created by the intersection of the graph
of ¢(£,n) and the plane ¢(£,n) = ¢. For plotting convenience the curve
is usually projected onto the (£,n) plane. These 1deas are illustrated
in Figure E.1. The contour, CT(¢), is also often referred to as the
level set of ¢(£,n) through ¢ .

Now suppose that ¢(£,n) is known only in a discrete fashion. That

is, let the net function ¢i j ¢(Ei,n ) be known on the discrete set
’

3

B**-{[ei,nj] | & =1-1 for 1 <1 < TMAX and n, = J-1 for 1 < 3 < JMAX}

3



E-2

Figure E.1l. Contour - ¢ of ¢(&,n)

(The fact that ¢ may only be an approximation to ¢(§ ,n ) is im-

i,]
material to the current discussion). If similar defintions for m(¢)

and M(¢) are made for ¢i j on the set D**, then the ®¢-contour of ¢i 5
’

]

denoted CT(¢) again, can be defined as

Cp(®) = {[€,,n] | 0<& < DMAX-1; 0< £, < JMAX-1;

'E(Ek,ﬁk) = &; k=1,2,...,N; N > 2}

The bars over Ek’“k’ and ¢ are to indicate that [Ek,;?] may not be an
element of D** and that E is not necessarily one of the values of the

net function ¢ This is readily apparent from the discrete analog

1,3"
to Figure E.1 given in Figure E.2.



Figure E.2. Contour of ¢(€i,nj)

Numerically, the import of the above discussion is that interpo-
lation between the points of the'discrete set D** is required to deter-
mine CT(¢). Consider a portion of gfid D** a5 shown in Figure E.3a
where 1 < I1 < I2 < IMAX and 1 < J1 < J2 < JMAX. Each grid block is
labeled by the (i,j) coordinates of the lower left hand corner of the
the block. Block (m,n) is shown on a larger scale in Figure E.3b.

In order to improve the plotted resolution consider subdividing
each block into four triangles, as shown. The value of ¢ at (m + L,

n + %) is taken as the four point average

+ ¢ )/4

bot o+l Cont Omint fontl T e,

A local (&,n) coordinate is affixed to each grid block as demonstrated



(m,n+1) (m+1,n+1)

j=J2 ¥
1 e 1
¥
m,n
j=J1 l
i=11 i=12
a) b)

_k*k
Figure E.3. Sample Grid in Set D
in Figure E.3b. In order to standardize the interpolation procedures,
a local (Z,u) coordinate system is also placed on each of the sub-
triangles as illustrated in the series of drawings given in Figure E.4.

o
T

®

a) b) c) d)

Figure E.4. Local Coordinate Systems for Triangles

Interpolation is carried out on each of the four triangles for each grid
block in the segment (Il < i < 12, J1 < J < J2) of the set D** gpecified.
In particular interpolation is performed along each of the three sides

of each of the triangles if the contour value, ¢, lies between the values

at the ends of the sides. Let d' be the directed distance from a given



triangle vertex to the point on the triangle side where the contour
intersects that side (denoted by@®). This distance is illustrated in
Figure E.3b for triangle(:)and is defined in an analagous manner for

the other triangles. If ¢1 is the value of ¢i,j at a particular triangle

vertex and ¢2 the value of ¢i i at the other end of the side, then d'
]

may be expressed as

{ - - -
d (side length) (¢ ¢1)/(¢2 ¢1)
For example, along side 1-2 of triangle(:), d' is given by

di_z = (1’0) (° - ¢m+,1,n)/(¢m’n - ¢m+1’n)

Noting that the sides of the triangle have lengths 1.0, 1.0/Y2, and
1.0/Y2, the contour intersections can be expressed in the localitriangle

coordinates as

Side Ly Mg
1-2 1-d 0
2-3 d/2 d/2
3-1 (14d)/2 (1-d)/2

where d = (¢ - 01)/(452 - ¢l) and where 2=1,2,3, or 4 denotes the triangle
number .

Once the contour intersections have been determined in the local
triangle coordinates, (cz,uz), they must be transformed to the grid
block coordinates (Em,n’nm,n)' This is done in the conventional fashion

using orthogonal rotation matrices. If [ ] are the coordinates

l,p.ul.p
of an intersection in triangle £, then



E-6

" - - -
(Em,n)z,p cz;P
" A
(nmsn L,p ug:p
i i ! ]
where
- -
A1 = 1 ’ A2 = 0 1
— 1l _— -1 0
i ]
- -1
A3 : -1 0 , A4 = 0 -1
- 0 -1.-1 _ 1 0

Note that up to three contour intersections can occur for each triangle

(i.e., one on each side). Finally, the point [(gm,n)l,p’ (nm,n)L,p

]

is transformed to (£,n) coordinates by a simple linear transformation

producing an element [E&, ;#] of the set CT(¢).

Transformation to the Physical Plane

Since contours in the (£,n) plane are of little interest, CT(¢)
must be transformed to the physical plane. This is made possible
through the use of the cooréinate transformation functions x(Ei,nj)
and y(Ei,nj). Again interpolation is required since almost all elements
of CT(¢) are not elements of D** on which the discrete functions x(gi,nj)
and y(Ei,nj) are defined. As illustrated in Figure E.5 this implies
a double linear interpolation must be performed. 1If [EL, ﬁk] denotes
an element of CT(¢), the first step is to locate the £ and n values

bracketing Ek and ﬁk. Denoting these by Ei’ Ei+1 and nj, nj+l as shown

in the figure, the values of ;# and ;k are calculated as follows



where
Xy = G = 80O g~ %y, 90/ Cyg = &) +xy
X

for all k=1,2,...,N. Similar expressions are used to calculate ;#.

Figure E.5. Interpolation for x and y

NASA-Lanaley, 1977






