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of the wing and wake.    This lifting surface theory program Is based 
on the kernel  function formulation. In that the vortlclty distribution 
Is described by continuous functions with unknown coefficients.    The 
vortex 'location is similarly described by functions with unknown co- 
efficients.    These unknowns are found by satisfying the downwash con- 
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tation.    Due to the nonlinear nautre of the boundary conditions with 
respect to the vortex position, the solution Is obtained from an 
Iterative scheme based on Newton's method.    Results for the delta winq 
?nd arrow wing are presented and compared with experiment and other 
theories.^These results indicate that reasonable predictions can be 
obtained although the computational effort is considerable.    Finally, 
areas of future investigations suggested by the present work are given. 
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SUMMARY 

This report describes a nonlinear lifting surface theory for a 

wing with leading-edge vortices  In a steady,  incompressible flow.    A 

numerical  scheme has been developed from this theory and initial runs 

have been made for the delta wing and arrow wing planforms.    A general 

procedure for other planforms is also described.    The present  formula- 

tion  is the result of an extensive modification of the work of Nangia 

and Hancock, in which a model of the leading-edge vortex is added to 

a vorticity representation of the wing and wake.    This lifting surface 

theory program is based on the kernel  function formulation,  in that 

the  vorticity distribution is described by continuous functions with 

unknown coefficients.    The vortex location is similarly described by 

functions with unknown coefficients.    These unknowns are found by 

satisfying the downwash condition and the no-force condition on the 

leading-edge vortex representation.    Due to the nonlinear nature of 

the  boundary conditions with respect to the vortex position,  the solu- 

tion  is oDtained  from an  iterative scheme based on Newton's method. 

Results for the delta wing and arrow wing are presented and compared 

with experiment and other theories.    These results indicate that 

reasonable predictions can be obtained although the computational 

effort is considerable.    Finally, areas of future investigations 

suggested by the present work are given. 
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1.     Introduction 

Supersonic aircraft generally employ highly swept wings with thin 

leading edges  in an effort to reduce drag  in their operational environment. 

This wing design results in leading-edge separation at even low angles of 

attack, typically about 5°. 

Although theoretical  predictions are generally excellent for unsepar- 

ated flow outside the transonic range, the vortex-wing interaction problem 

has been successfully attacked only recently for general  planforms.    The 

difficulty  introduced by the separation is two-fold.    First, the location 

of the separated vorticity in a theoretical model  is not known a priori. 

Secondly, due to the large spanwise velocities  induced by the presence of 

the vortex on the wing, the pressure calculations must include non-linear 

terms as well  as  the classical  linear contribution.    Due to the non-linear 

nature of the boundary condition which Is needed to determine the location 

of the separated vorticity, an Iterative procedure must be used to determine 

tne flow field.     Details of early efforts to describe, measure, and 

predict the effects of flow separation are chronicled in Matoi  (1975)   , 

2 
Smith  (1975)   ,  and elsewhere. 

The leading-edge separation phenomena has been documented for many 

planforms,  but the delta wing has received the greatest share of attention, 

due to its  inherent simplicity.    A description of the flow about a delta 

wing was given by Örnberg  (1954)  ,    and one of his Illustrations is presented 

in Figure 1, where the separated vortex sheet  is seen to feed a primary 

vortex core, which then induces a secondary separation from the upper surface 

of the wing. 



Flow   SurfocM 
corretponding to 
porticle pothj 

Figure 1. Schematic sketches showing flow on suction side of 

70° flat plate delta wing at u=150 [after Ornberg(1954)] . 
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This secondary vortex results from the separation of the viscous boundary 

layer on the wing, when it encounters the adverse pressure gradient present 

en the upper surface. Since this line of separation can only be located by 

a viscous analysis, this additional complexity has been ignored in the 

fol lowing models. 

An early effort to theoretically predict this flow field was made by 
4 

Brown and Michael (1955) . They considered a conical, flat-plate delta wing 

at moderate angles of attack under the additional restriction of slender- 

body theory. They modeled the vortex core by a line vortex whose strength 

increased linearly along its axis. The vortex was fed by a cut, i.e., a 

feeding sheet from the leading edge which was restricted to the cross-flow 

plane. This model of the vortex sheet will be referred to as a vortex-cut 

model . 
5 

Smith  (1966)    refined the Brown and Michael model  to include a repre- 

sentation of the actual force-free vortex sheet as well as the vortex core. 

In Figure 2  (top)  the vortex-sheet and vortex-core location are presented in 

the cross-flow plane for various extents of the vortex sheet,    a   designates 

the angel of attack and    >    is the leading-edge sweep angle.    The extent of 

t.ie sheet obviously increases as one increases the fraction  (F) of the total 

shed vorticity which  is included in the sheet.    These results were obtained 

by running an amended version of the program provided by Pull in (1973)  . 

Pull in used a representation of the leading-edge vortex sheet similar to the 

one erployed by Smith, but developed a more systematic  iteration procedure 

for finding the stable configuration of the shed vorticity.    The case of no 

sheet (F ■ 0) corresponds to the Brown and Michael model.    Increasing the 

extent of the sheet beyond F = .19 results in little change for the parameters 

■ 
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and convergence of nonlinear part of normal force 
(bottom) on the traction of total shed vorticity 
contained in the sheet for a delta wing (sina/cotX = I) 
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considered.    As can be seen, the effect of introducing the vortex sheet is 

to move the vortex core inward.    It must be noted, that the center of shed 

vorticity no longer corresponds to the location of the core, and for the 

case plotted  (F =  .19),  the center of vorticity is located at y/s =  .76, 

z/s = .24.     In the lower part of figure 2, the convergence of the non-linear 

normal force contribution  is presented.    This  indicates that global quanti- 

ties may be obtained by considering only a small  segment of the vortex 

sheet. 

Recently, the restriction of slender-body theory has been removed, 

and the general   three-dimensional  separated problem has now been considered. 

Lifting-surface theories have been developed along two distinct lines. 

First, there are the finite-element methods where the wing is replaced by 

a number of discrete  vortex elements and their strengths are determined 

by satisfying the appropriate boundary conditions.    The leading-edge vortex 

problem has been attacked by finite-element methods by Kandil, Mook, and 

Nayfeh (1974)    and Brune, Weber, Johnson, Lu, and Rubbert  (1975)  . 

The alternate method  is to represent the vorticity distribution on 

the planform by a set of loading functions whose coefficients are chosen 

to satisfy the boundary conditions.    This method is called the kernel- 
g 

function method.    In Matoi , Covert, and Widnall  (1975)   , a lifting-surface 

theory for separated flow based on the kernel-function method was developed 

for a delta wing.    The purpose of this report is to improve and extend the 

development of that kernel-function procedure. 

11 



2.    Problem Formulation 

The reasons for choosing the kernel-function method over the finite- 

element method have been detailed in the earlier report by Matoi, et al. 
g 

(1975)  .     It was believed that such a procedure could be more easily 

generalized to include unsteady effects, vortex-breakdown models,  and 

other extensions, and would alleviate some of the difficulties encountered 

when using discontinuous finite-element procedures.    These difficulties, 

which include "lost" vortices in the line-vortex models and convergence 

problems as the number of elements is Increased, result from the infinite 

discontinuity in the velocity between discrete panels or at the vortex 

element. Artifices (such as the introduction of viscosity, finite core 

radius, or other smoothing procedures)are needed to alleviate this feature 

of the discrete vortex models.    The only other work employing continuous 

loading functions found in an extensive literature search was by Nangia 

and Hancock (1968)    .    Many of the symbols and much of the present formula- 

tion have their origin in that report. 

The coordinate system used in this report is presented in Figure 3. 

The planform is presently considered to be in the x-y plane.    The non-planar 

problem can also be considered if a spanwise coordinate is used instead of 

y.    The planform can be completely general.    The configuration is considered 

to be symmetric, and the flow field can be described by satisfying the 

boundary conditions on the rk|ht side alone.    The boundary conditions on 

the other side are automatically satisfied by symmetry.    However, the 

asymmetric problem (e.g., the wing at a sideslip angle) can be considered 

with minor modifications.    See Figure 4 for the representation of the wing, 

leading-edge vortices and wake.    It Is to be noted that the vortex-cut model 



Figure   3.   Coordinate  system. 
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of Brown and Michael is presently being used for the reason of simplicity. 

Later, the more correct representation with some part of the sheet may be 

included in this type of analysis. 

The governing equation in three-dimensional, inviscid, irrotational , 

steady flow about a wing-body combination is Laplace's equation. The 

solution can be formulated as an integral equation over the boundary of 

the aircraft configuration and the regions of shed vorticity. There are 

several equivalent formulations for the solution, but vortex sheets are 

used to represent the wing and wake in this report. The velocity distri- 

bution can then be given in the following vector form 

v(r) = 
4T, 
L f   Yx(r' - r) dS' 

S' If' - rf 

where 
(1) 

r' - r « (x1 - x)i + (y' - y)j + (z' - z)k 

Y = ^i + Yy J + Yzk 

v = ui + vj + wk 

S' is the surface of integration, y is the vorticity vector, v is the 

perturbation velocity vector, i.e., the velocity minus the uniform free stream 

and f    is the radius vector from the origin. The velocities are nondimen- 

sionalized with respect to the free stream, and the distances are nondimen- 

sionalized with respect to the maximum chordwise length. 

Since the vorticity lies in the plane of the wing and wake, the vorti- 

city representing the wing consists of only two non-zero components Y and 

Y . Conservation of vorticity can then be written as 

- 15 - 



äY ty 
..1    = X 
3y 8x 

(2) 

In the present formulation, the vorticity In the wing and wake is divided 

into two parts.    First, there is a portion -- represented by subscript 1  -- 

which behaves like the traditional bound vorticity and only leaves the wing 

at the trailing edge.    Secondly, there is a portion -- represented by 

subscript 2 -- which feeds the leading-edge vortices. 

Yx - 6 = 61  + 62 (3) 

The contributions are chosen so that   y-,    and    6,    fall to zero at the 

leading edge, while   y^   an^ *? are re^atec' so that the vorticity is per- 

pendicular to the leading edge.    This Is necessitated by the Brown and 

Michael model employing a vortex-cut combination to Insure finite velocities 

at the leading edge.    A more complete model employing a leading-edge vortex 

sheet representation would utilize a general  separation angle which would be 

fixed by the no-load (Kutta) condition at the leading edge. 

The functional  forms of the wing vorticity are 

v.,y,.__^= ij,v2<-" «• [^-/ff?] 
(4) 

16 - 



where 

x = 1/2 [xTP (y) + X1F (y) ] - 1/2 c(y) cosO nE \l 

sn (5) 

The distribution for y, was obtained from linearized lifting surface 

theory and vanishes at the leading and trailing edges. For additional 

details, see Ashley and Landahl (1965) . U are Chebyshev polynomials 

of  the second kind, x,r and Xjr are the location of the leading and 

trailing edges of the planform, respectively, c is the local chord, and 

s is the semispan. The form of Y- insures that the vorticity feeding the 

leading-edge vortex will be perpendicular to leading edges, which are 

formed by rays from the apex. Modes similar to these were developed by 

Nangia and Hancock (1%8)' for the three-dimensional delta wing. The 

coefficients a   and g  are the unknown coefficients of the vorticity n,m    3q J 

functions. The leading-edge vortex strength is defined by 

r(x) 
(i I  gn sin [ (2q-l)iTx/2] (6) 

q=l 

dl - 0 at the trailing edge. where ''he modes have been chosen such that 

i.e., there is no additional feeding of wing vorticity into the leading-edge 

vortex at the trailing edge. See Figure 5 for a representation of the bound 

vorticity component Yp. Using Equation 2, one can obtain 

ö^e.n) = 
Ar. M  N 

I 
4 a n.m 

/j i     m=l n=l 2 
i-n 

2n /2 (.[(„.„„ 111^1 ^U2iM)t 

17 



(2m+1)U2m_3(n))M!M^Ui . sMn+üi] 

2n(1-r)2)     .. f,dxLE    .  1/? de v sin nO 
'        ein) U2(m-1)   ^"dT    + 1/2 d^P "IT- 

. V4 dc_.r sin (n-1)e   +   sin (n^1)9 1 
dn   L       n-l n+l J 

(7) 

where 

U.i(n) 

The wake 1s assumed to be flat and to possess the trailing vortlcity 

distribution Imparted at the trailing edge, as in linear lifting surface 

theory.    Consequently, the trailing wake adds no new parameters. 

Finally, the location of the leading-edge vortex is defined by the 

polynomials 

L 
yv{x)' JT 9yv Wx) 

ZV(X) ■ JT \ W10 (8) 

where T. are Chebyshev polynomials of the first kind.    This introduces the 

final  set of unknowns, g       and g    . 
yv zv 

After the mode shapes have been defined, it is necessary to satisfy 

the appropriate boundary conditions to determine the unknown coefficients. 

The applicable boundary conditions are the no-flow condition through the 

wing and the no-load condition on the free vortex sheet and on the leading- 

edge vortex-cut combination. 

18 



x    dl' (x ) 
Y (x,y) = TT-,—--      e' 

1 Vx+v* dx 
2  2 

6 V 1 4ST 

6 (x,y) = ps^T £       V x +y 

dr (x^) 
e 

Figure 5. Representation of bound vorticity 

feeding leading-edge vortex. 
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The downwash condition becomes 

w = -sina (9) 

on the wing (z = 0), where a is the angle of attack and w is the upwash 

induced by the vorticity distribution. This requires the evaluation of 

the w component of the integral in Equation 1 at a set of collocation 

12 
points. The cosine distribution of Hsu (1957)  , modified for separated 

flow, is given in Figure 6 for five chordwise station (NCORD » 5) by five 

spanwise stations (NSPAN =5). A large percentage of the computation time 

is presently consunied by the calculation of the contribution from the wing 

surface, since the denominator contains a singularity at the collocation 

points. 

A further distinction must now be madp between the contributions in 

Equation 9. Its various components are distinguished by the nature of 

their contribution to the vertical velocity. 

First, since the bound vorticity related to y,   , described in 

Equation 4, only leaves at the trailing edge, horseshoe vortices are used 

to represent this contribution, which corresponds to an integration in the 

x direction of Equation 1. Thus, for that contribution, the relevant 

vorticity component becomes 

w, (x.y.z) =4-     | TE Y, Kw dx'dy' (10) 
J-s \E 

20 - 



Figure 6.   Collocation points for downwash on right 
half of wing (NSPAN = 5, NCORD = 5). 
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where 
x - x 

Kw = 

(y-y')' + z (y-y')V 

■J!  (x-x'I 

[(x-x')2+(y-y')2
+Z

2]3/2 

(11) 

Thus the singularity for the contribution, y,,  is limited to the 

spanwise direction, when z = 0, and the contribution from this terr to 

Equation 8 may be readily evaluated.    The four integration regions 

employed for this surface integration are presented  in Figure 7  (top). 

The actual evaluation was performed using a simplified version of a routine 
1 o 

available at M.I.T., which was developed by Widnall   (1964)      for the more 

general problem of the unsteady,  incompressible, non-planar wing.    This 

program was based on an extension of the work by Watkins, Runyan, and 

Woolston (1959)    .    Alternate forms, such as the procedure developed by 
IP 

Hsu (1957)      could be used instead. 

For the contribution from Yo and a-, the evaluation of the integral 

in Equation 1  is handled in two parts.    The integral over the wing surface 

Sw can be rewritten as 

(x'-x) Y2(x'.y') - (y'-y) *2(x',y'; 

Sw    Hxrx1)2 + (y-y')Z + z2]17^ 
Wj^y-2) r ^f dx dy 

(12) 

- 22 
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On the wing surface, z = 0,  the  integral may be rewritten to  isolate the 

singularity. 

w2(x.y.o) =„ j JJS ___r___¥72  

+ 1_       (x.y) f (       L^lfl^L 
471     2 ^ Jw   [(x-x')2 + (y-y')2]372 

+ ^    62(x.y)  [ f        (y-y')    dx-dX' 
41,2 J i w   [(x-x1)2 + (y-y')2]3^ (13) 

The first term can now be evaluated numerically, while the remaining two 

terms are evaluated in Appendix A. Figure 7 (bottom) gives the five inte- 

gration regions employed for this surface integration for the delta wing. 

Each region is covered by a 24 x 24-point Gaussian quadrature. Fortunately, 

this computation does not require any iteration and is performed once for 

a given set of collocation points and wing planform. Since this calculation 

and a related integral in the no-force condition consume much of the 

computational effort, significant reductions in this integration would be 

advantageous. 

Additional contributions to the downwash on the wing are obtained from 

the wake aft of the wing and from the leading-edge vortices. 

As described previously 1n Figure 4, the spanwise component of the 

vortlcity, y-. Is assumed to be zero aft of the trailing edge, while the 

streamwlse component, 6«, Is only a function of the spanwise variable in the 

wake. Thus, one obtains the following contribution from the wake according 

to Equation 1. 

24 



«T(*.y,z) - -h \ \ (y'-y) 62(y,) dy'dx' 

ST    [(x'-x)2+ (y'-y)2 ♦ Z
2]3/2 

(14) 

*nere S- represents the wake surface.    The streamwise integral may be 

performed explicitly for a given planform to yield 

WT(x,y,zl 1 
471 

(y'-y)  6 (y1) Ky1; x.y.z) dy1 (15) 

where 

1 (y'^.y.z) -        -\ ?[1 
(y'-y)   +z ^(y^-x^My'-y)2^2 

(16) 

The function xTE(y) describes the location of the trailing edge of the 

specified planform.    On the wing surface, z = 0, this reduces to 

1      rs     <5?{y') xTF(y') " x 

WT(x.y.o) ■   -^   !       ^-   -[1 - !! 

S     y,"V /(xTE(y
l) - x)2 + (y'-y)7 

.] dy' 

(17) 

Finally, the contribution from the leading-edge vortices is 

Wr(x.y,z) ■ jo  TU')  [fw(x';x,y,z) + fw(x' ;x,-y,z)] dx' 

where (x'-x) 4 
dyJx1) 

(18) 

(yv(x')-y) 

fw(x'i x.y.z) 4"n 
[   (x'-x)2 + (yv(x')-y)2 +  (z^x'J-z)2!3/2 

(19) 
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This is the upwash velocity induced by two semi-infinite  line vortices 

according to the Biot-Savart law.    The contribution on the wing is obtained 

by calculating this velocity component at the appropriate control point. 

Thus, Equation 9 becomes 

w = w, + w» + w- + w    =  -  sina 

(20) 

The no-load condition on the trailing vortex sheet and the Kutta 

condition at the trailing edge of the wing are essential  in distinguishing 

this fully three-dimensional  problem from earlier slender-body and conical 

models.    First, the Kutta condition at the trailing edge requires that the 

vorticity vector be parallel  to the velocity vector 

y  (xTE(y),y) 

<5 {xTE(y),y)      cosa + u (21) 

Q 

However, the results of Brune, et al. (1975) indicate that the spanwise 

vorticity component, y • Is approximately zero at the trailing edge for 

the delta wing case. This corresponds to the Kutta condition applied in 

linear lifting surface theory. Thus, the method employed here was to set 

the spanwise vorticity component, y ,  equal to zero aft of the trailing 

edge as was previously illustrated in Figure 4., i.e., the linear boundary 

condition has been applied on the trailing vortex sheet rather than the 

nonlinear one. The form of y,  (Equation 4) insures that this component 

vanishes smoothly at the trailing edge to satisfy the linear Kutta condi- 

tion there. However, the contribution from y« (Equation 4) does not 
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(lutorndlH illy Vtini'.h lit   the  trdilin«) edge, tind consequently,   there   is a 

discontinuous transition 1n this contribution.    The use of the linear 

boundary condition on the wake seems justified, since the major cause of 

the nonlinearity in the present problem is the presence of the leading- 

edge vortices which induce high spanwise velocities on the planform. 

Kandil, et al.  (1974, p.  13)    noted that "Numerical experiments indicate 

that  the wake adjoining the trailing edge does not exert a strong influence 

on  the results." 

Finally, the condition of no-load on the vortex-cut combination is 

fomulated on the right-hand vortex as an extension of the Brown and 

Michael  model.    The force components per unit length in the y and z 

directions are given by F    and F  , respectively. 

Fy/2r s - ar   - f S zv + wi+ sin(l 

Fz/2r' tr * f % tyv - yLE Wl - v1 

(22) 

where w. and v. are the velocities induced by the vorticity distribution, 

excluding the contributions of the right-hand vortex on itself due to 

cjrvature. The calculations of the velocity compont w. at collocation 

joints along the 1eading-edge vortex requires the evaluation of terms 

similar to those developed for Equation 20. 

Specifically, 

w. = w, + w0 + wT + w., 
1   '   2   '   'L (23) 
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where 

wr    (x.y.z) « r (x') fw(x';x,y,z) dx' 
(24) 

The Integrands no longer possess a singularity, and the Integral  In 

Equation 12, for example, Is performed by two 24 x 24-polnt Gaussian 

quadratures. 

Meanwhile, the contributions  for v, can be developed  In a  parallel 

manner 

vi = vi + v2 + VT + vr, 

;25; 

where 

v,   (x,y.z) = L   I TE     Yi Kv dx'dy 
s    xLE (26) 

with 

Kv E ■z y- ^r Ir^-rt" 
X   -   X 

(y-y1)' - z'     " (y-y')^ '      Vx')2*(y-y')z+z
2 

] + 

r     x - x1 -,3/2 . 
L  9  o       ? J        I 

(x-x1)2 + (y-y')Z + zZ (27; 

and 
v2(x.y,z) = - j^ 

62(x'.y') dx'dy' 

Sw   [(x'-x)Z + (y'-y)Z + Z
Z]3/2 

(28) 

rs 
vT(x,y,z) = - |^ 62(y')  I  (y^x.y.z) dy' (29) 

rL   '   -J,   r(x,)fv (x';x,-y,z) dx' 
(30) 
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where z^x') - z      - (x'-x) ^v^'^ 

fv(x';x,y.2) = ^ 
dxn 

[(x'-x)2 + (yv(x')-y)
2+ (z^x^-z)2]372 

(31) 

The vortkity distribution has again been assumed to depend only on the 

spanwise variable in the wake. The function I(y) has been defined in 

tquation 16. 

Thus,  the original  problem of Laplace's equation with its companion 

boundary conditions has been formulated as a system of nonlinear equations 

in  terms of the unknown vorticity coefficients, a       and g  , and the n,ni ^q 

unknown vortex location coefficients, g      and g    .    This has the advantage 

of transforming a set of integro-differential  equations  (Equations 1,  9 

and 22) into a system of algebraic equations which can be solved on a 

digital computer. 

The primary output parameters of vortex location and vorticity distri- 

Dution on the wing can then be used to obtain the pressure distribution on 

the wing.    One can obtain the lift and the pitching moment by a simple 

integration of the pressure loading. 

The nonlinear pressure difference on the wing is 

^n      cn      - Cn    = -  2AU - A(v2 + u2) 
P       Pu ^ 

(32) 

wnere the pressure coefficient,  C  . represents the pressure nondimensional- 

ized by the dynamic pressure, the difference symbol. A, refers to the 

difference in the quantity between the upper and lower surfaces, which are 

represented by the subscripts u and I, respectively.    Since the quadratic 
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term from the chord-wise component of velocity, u  ,  i? small  compared to 
2 

the spanwlse contribution, v , that term is  ignored and the pressure 

difference can be rewritten in the following form 

AC, 2Y +    (vu + v£) 6 

(33) 

This form has been selected as the vorticity components, y and 6, 

can be readily evaluated once the vorticity coefficients have been found. 

The second term on the right-hand side  includes a factor which is twice 

the  local mean spanwise velocity.    On the wing the only non-zero contri- 

bution comes from the leading-edge vortices.    Thus, 

(vu + Vz-0   =2. r(x') [fjx';x,y,0) - f (x';x,-y,0)] dx' 
0 V V 

(34) 

This concludes the section on problem formulation. The next section 

will discuss the actual numerical procedure; and areas of difficulty will 

be detailed. 
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3.    Numerical  Procedure 

The procedure to calculate the unknowns  is now described.    The initial 

program was written for the delta wing, but  it was later generalized to 

include arrow wings.    An  iterative scheme to satisfy the system of equations 

provided  by the downwash condition and  the no-force condition on  the vortex- 

cut combination must be chosen first.     The downwash condition is  linear in 

terms of the vorticity coefficients, while the no-force condition is non- 

linear in all  parameters.    Therefore,  following the earlier procedure 

developed by Nangia and Hancock  (1968)     , an attempt was made to satisfy 

the boundary conditions sequentially. 

An  Initial  position for the leading-edge vortex is chosen,    ^or example, 

''or the delta wing, the initial  location was obtained from the Brown and 

Michael  model.    The number of vorticity modes  (M,N, and Q)  in Equation 4 

must be specified.    A set of downwash points greater than or equal  to the 

number of vorticity coefficients must then be chosen.    The solution of a set 

of simultaneous linear equations from Equation 20 then provides a  first 

approximation for the unknown vorticity coefficients.    Figure 6 illustrates 

the choice of collocation points determined to provide adequate resolution 

for four chordwise vorticity modes (N = Q = 4) by five spanwise vorticity 

nodes  (M =  5)  in Equation 4.    Adequate resolution was determined by increasing 

the number of modes and collocation points until the resulting pressure 

distribution converged to a semblance of the Brown and Michael  results (valid 

for slender wings)  for the delta wing  (AR=1).    Some details of this procedure 
Q 

are presented in Matoi, et al.(1975)    for a different set of mode shapes. 

An attempt was then made to satisfy the no-force condition In a manner 

similar to that employed by Nangia and Hancock (1968)    .    The forces were 
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calculated  using Equation 13, at a set of collocation ooints, typically 

five, and the vortex was  then moved to reduce these forces, according to 

the following rule. 

d     AW A Fz 
37   Ayv   =    - d .2 2TT/2 

y z 

(35) 

h ^ - d jr^-^n 
K y z  ' 

where d is chosen  small  enough to prevent divergence of the procedure,  e."., 

d ■  .01.    Since the forces have been normalized, the vortex movement  is 

restricted  to d.    Unfortunately, this method  seemed to require considerable 

discretion in the choice of d.    Furthermore,  it is necessary to select the 

number of times to apply the no-force condition, before reapplyirg the down- 

wash condition.    The downwash condition must be satisfied again, since the 

previous set of vorticity coefficients  induces a residual downwash on the 

wing once the vortex is moved. 

One could limit the number of modes in Equation 8 to reduce difficulties 

with oscillation  in the vortex position.    However, convergence was not 

obtained using this procedure, and alternatives had to be considered.    The 

form of Equation 22 suggests that Equation 35 is not the optinium manner for 
i 

moving the vortex as the velocity components, v^ and w., also depend on the 

vortex location.    In the slender-body problem of Brown and Michael, one 

encounters a similar nonlinear problem for finding the vortex location, y 

and z , in the cross-flow plane.    Brown and Michael   (1955)   origir.al ly 
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solved the problem indirectly by assuming values of the vortex location and 

then satisfying the no-force condition by trial and error.    Their problem 

was greatly simplified in that the downwash condition was automatically 

satisfied by a conformal  transformation, which aligned the two-dimensional 
o 

flat plate with the flow direction.    Later, Pullin (1973)    developed a 

Newton Raphson  iteration scheme for the Smith-type model, which included the 

Brown and Michael  problem as a degenerate case.    Trial  runs of Pullin's 

program indicated that the Newton-Raphson procedure "converged" in approxi- 

mately four iterations for the Brown and Michael model. 

The Newton-Raphson procedure has several  advantages over the procedure 

developed by Nangia and Hancock which ignores the effect of the change in the 

vortex position on the velocity components, v. and w..    First, the scheme is 

amenable to automatic iteration without operator interference.    Secondly, the 

iteration procedure converges whenever the derivatives are locally monotonic. 

Consequently,  although the Nangia and Hancock method appeared to work for the 

simple case they considered, a Newton's method was developed to locate the new 

vortex position in an iteration procedure.    As a preliminary step, a numerical 

experiment on the applicability of Newton's method was conducted for the 

slender bod>  model  of Brown and Michael,  since it was felt that useful   infor- 

mation could  be obtained on the force Jacobian more economically in two 

dimensions than in three dimensions.    The numerical experiments were conducted 

on a slender delta wing of unit aspect ratio (AR = 1) at an angle of attack, 

I = 14.3°, which corresponded to the three-dimensional  problem being studied. 

The residual  force on the vortex-cut combination was calculated for different 

vortex locations, which are the unknowns. 
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In Figure 8 the spanwise force (.ümpunetit,  F    is presenteü; ariu in 

Figure 9 the vertical force component,  F ,  is given. 

The forces are plotted versus the vortex  location, y   and z  , at x =  1.    The 

triangle symbol  represents  the point where the lines,  F    - 0 and F    = 0, 

intersect to define the stable location  for this flow conditiop.    The two- 

dimensional  results indicate that F    is a monotonic function of both y 

and z .    F  , on the other hand, is monotonic  in much of the neighborhood of 

the stable point, but is poorly behaved near the leading edge.    This 

behavior did not preclude the use of Newton's method  in the Brown and Michael 

model, but should be remembered in the event of difficulties in three 

dimensions. 

Therefore, a Newton s procedure was developed for the three-dimensional 

case to calculate the new vortex location, based on the forces and the force 

Jacobian calculated In the preceding iteration.    This modification improved 

the rate of convergence in reducing the forces for a given vortlcity cisv- 

oution.    However, when the given vorticity distribution was updated to 

satisfy the downwash condition, the large changes In the vorticity coefficients 

resulted in large forces.    Various attempts to limit the changes in the 

vorticity coefficients and the vortex location coefficients were made by 

only partially reducing the forces and then partially reducing the residual 

downwash in a sequential procedure.    This procedure did not appear to be 

converging; so a more detailed look was taken of the slender-body problem. 

Since the downwash condition can not be automatically satisfied in the 

three-dimensional case as in the slender-body case, this difference may hide 

the cause of the convergence difficulties.    Therefore, the two-dimensional 

problem was investigated in  a manner parallel  to the three-dimensional  problem. 
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Figure   8.     Spanwise  force  component  on  leading-edge  vortex 
versus  vortex  location.     Downwash condition  satisfied 
on delta wing   (sina/cct>   ■   1)   for  Brown and Michael 
model.     Symbol   (A)   represents   stable point,   F = F = 0- 
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Figure  9.     Vertical   force component  on   leading-edge vertex 
versus  vortax  location.     Downwash  condition 
satisfied  on  delta wing   (sina/cotA   =   1)   for Brown 
and  Michael  model.     Symbol   (A)   represents  stable 
point. ^y=^2= ®' 
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The Brown and Michael problem was thus reformulated as a vorticity 

distribution on the wing with unknown loading coefficients. The leading- 

edge vortex strength and location were also unknown originally. The 

downwash and no-force condition were then written in terms of these 

unknowns in the physical y-z plane. 

The known location of the vortex was first used to calculate the 

vorticity coefficients from the downwash condition. Then the vortex was 

moved to different points, and the resulting forces are plotted in Figure 10 

and Figure 11. Although the vertical force component appears similar to 

the one obtained previously (cf., Figure 9), the spanwise force component 

has changed considerably (cf., Figure 8). Especially significant is the 

fact that the lines, F - 0 and F = 0, are nearly coincident, which suggests 

difficulties in finding their point of intersection. In fact, when an 

attempt was made to iterate between reducing the downwash residue and the 

forces on the vortex, the procedure failed to converge. The procedure 

oscillated between the true solution and a false solution, where the forces 

were zero, but the downwash condition was not satisfied. Some of the 

details of these calculations are included in Appendix B. 

Therefore, an alternative strategy was developed, whereby the forces 

and downwash residues were reduced simultaneously, instead of sequentially, 

by changing the vorticity coefficients as well as the vortex location 

according to Newton's method. This procedure, although requiring more effort 

to calculate the derivatives of the downwash terms as well as the derivatives 

of the force terms with respect to the vorticity coefficients, resulted in 

smooth convergence to the proper solution. As a typical example, five 

vorticity modes and six control points were employed for the slender delta 
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Figure 10.  Spanwise force component on leading-edge vortex 
versus vortex location for modified Brown and 
Michael model.  Vorticity coefficients chosen to 
satisfy downwash condition at stable point for 
delta wing (sina/cotX = 1).  Symbol (A) represents 
stable point, F = F a 0. 
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Figure 11.  Vertical force component on leading-edge vortex 
versus vortex location for modified Brown and 
Michael model.  Vorticity coefficients chosen to 
satisfy downwash condition at stable point for 
delta wing (sina/cotX = 1).  Symbol (A) represents 
stable point, F = F =0. 

y  z 
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wing (AR = 1, a = 14.3°) being considered. The vortex was initially 

assumed to have a spanwise location of 80 per cent of the semi span and a 

height of 30 per cent of the semispan (y /s -  .8, z /s = .3). The 

iteration procedure converged to a stable point (y /s = .86, z = .24) 

in eight iterations. See Figure 12 for a graphic description of the 

convergence rate. Thus, the procedure was adapted to the fully three- 

dimensional case. 

The full procedure presently being employed to satisfy the downwash 

and no-force condition is described next. First, an initial location for 

the vortex is found. This initial location is used in conjunction with 

Equation 20 to find an initial distribution of vorticity coefficients. 

Now, the residual forces and the remaining derivatives for the Jacobian 

are calculated. The residues and the Jacobian are used to calculate a new 

set of vorticity coefficients and vortex location coefficients. This last 

step is Iterated until the procedure converges. If the same number of 

equations and unknowns are employed, then convergence is attained when the 

residue becomes small compared to the angle of attack. If the number o*7 

equations is greater than the number of unknowns, it is generally impossible 

to satisfy all of the conditions Imposed, and convergence is attained when 

the residue is minimized and further Iterations produce no additional change. 

Although the Jacobian is presently being updated for the force contributions 

at every iteration, it appeafs that some savings in computational effort may 

be obtained by only a partial updating as most of the derivatives change 

slowly. This modification can be implemented after greater knowledge of the 

procedure has been acquired. 
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Figure 12.  Convergence of vortex location to stable point 
in cross-flow plane for slender delta wing 
(AR = 1, a = 14.3°). 
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4.    Program Description 

The actual FORTRAN programs to perform the operations described in 

the previous section are included in Appendix C and are documented primarily 

by connent cards.    Additionally, the coded symbols are generally similar to 

their English counterparts to facilitate comprehension.    The complete proce- 

dure is presently divided into five computer programs:    Program I, Program 

WOW, Program IIIA, Program III  Prime,  and Program V. 

Program I calculates the  influence coefficients due to the contributions 

from   Yp 3nd    6? for the downwash condition at a set of collocation points 

for the specified number of chordwise modes.    The number of chordwise modes, 

Q and N,  in Equation 4 is represented by the FORTRAN variable NOCM.    The 

number of spanwise modes, M,  in Equation 4 is represented by the variable 

NOSM.    The number of chordwise collocation stations on the wing surface Is 

given by NCORD and the number of spanwise collocation stations is given by 

NSPAN, where the product of these numbers (NCORD times NSPAN) must be 

greater than or equal  to the total  number of modes  (NOCM times  (NOSM + 1) 

for the system to be completely determined. 

Program WOW is the program which evaluates the contribution of   y,  to 

the downwash condition according to Equation 10, at the chosen set of collo- 

cation points.    As mentioned previously, this Is a simplified version of 

13 the program developed by Widnall   (1964)      to calculate the  Influence 

coefficients from a distribution of horseshoe vortices. 

Program IIIA uses the results of Program I and Program WOW as Inputs 

and, furthermore, calculates the contributions from the leading-edge vortices 

and wake due to a.-    ™en it solves a set of simultaneous equations based on 

the downwash condition (Equation 20), to find the initial values for the 
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Figure 13.    Convergence of leading-edge vortex strength for delta wing 
(AR =1,     a ■ 14.3°). 
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near the apex. This is in agreement with experiments which generally 

show that the flow approximately satisfies the Brown and Michael con

ditions, away from the trailing edge. Three-dimensional effects are 

apparent in the slope of the leading-edge vortex strength. The modes 

have been chosen to insure that the slope is zero at the trailing edge, 

after which no addit ional vorticity i · shed from the leading edge. 

Figure 14 i l lustrates the change in the stable position of the 

leading-edge vorte on the right half of the wing. The spanwise 

position from the Bro .... · and Michael model is not included since it is 

almost coincident with th OFP = 1, LMAX = 1 result. The parameter 

choice LMAX = 1 (se Equation 8 for details of the expansion), 

corresponds to a linear approximation for the vortex position, while 

the choice, LMAX = 2, represents a cubic fit for the vortex location. 

As can be seen from Figure 14, the spanwise position changes slightly, 

although the three-di nsional effect seems to be manifested in an 

effort to align the vortex with the free stream direction. The same 

tendency is indicated by the vertical position of the vortex .• although 

convergence is only partly indicated by the bracketing of the final 

vortex location by the lo er order models. 

A comparison with t he experimental results of Peckham (1958) 15 

and with some slender-body models is presented in Figure 15 for the 

vortex position over the delta wing. The agreement for the vertical 

position is excellen , while the spanw1se position indicates the 

general limitat ons of a Srown and Michael model 1n predicting the 

vortex location too far outboard. It must be noted that this 1s not 

a completely fair test, since the vortex location represents the center 

of vorticity in the Brown and Michael model. For the Sm1th-type model, 
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Figure 14.    Convergence of vortex position over delta wing (AR=1 ,a =14.3°). 
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Figure 15.    Leading-edge vortex position over right half of deU- «inq 
(AR=1). 
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on the other hand, the spanwise location of the center of vorticity is 

five per cent of the semispan outboard of the core position. This shift 

is due to the presence of vorticity in the leading-edge vortex sheet. 

Thus, it would be reasonable to assume that the spanwise location of the 

center of vorticity for the experimental data is also outboard of its 

vortex core location. 

Some pressure distributions are presented next. In Figure 16, 

the pressure distribution calculated by the present procedure is com- 

pared with the results of the slender-body models. Again excellent 

agreement is obtained with the Brown and Michael model for the stations 

near the apex while the aft stations show the attenuation due to the 

presence of the trailing edge. 

Figure 17 shows a comparison with the experiments of Nangia 

and Hancock (1969)  on a flat plate delta wing. The experimental 

results are presented as a smooth curve as provided in the referenced 

report. The general shape and magnitude of the loading have been 

predicted, but the limitations of a Brown and Michael model are again 

apparent. The predicted peak is too far outboard and too high. 

Figure 18 presents a comparison with some data available for 

a thick delta wing. Here the thickness to chord ratio is .12, and a 

15 conparison of lift curves from Peckham (1958)  indicates that the 

pressure peaks are ten to twenty per cent lower for the thick wing 

than for the flat plate wing. Also the vortex position is further in- 

board and higher for the thick wing. These effects have been verified 

theoretically in the slender-body range by Smith (1971) . Thus, 

detailed comparison between the experimental data of Peckham for thick 

wings and the theoretical predictions for flat plate delta wings is 

limited. 
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Figure 16. Comparison of theoretical models for calculation of loading 
on delta wing (AR"1, a • 14.3°). 
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Figi;re 17. Comparison of experimental and theoretical loading 
values on delta wing (AR=1). 
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findlly, a tomparison is made with some other lifting surface 
o 

theories. As mentioned in the Introduction, Brune, et al.(1975) and 

Kandil, et al, (1974) have developed finite-element lifting surface 

theories with leading-edge separation. A comparison of these theories 

15 with the present theory and the experimental results of Peckham(1958) 

is presented in Figure 19. Both of the other theoretical curves were 

18 taken from Kandil, Mook, and Nayfeh (1976)  , who referenced Weber, 

19 
Brune, Johnson, Lu, and Rubbert (1975).   As expected, the present 

theory, which is based on a Brown and Michael vortex-cut representation 

predicts a higher peak loading which is further outboard than the one 

predicted by the other lifting surface theories for the flat plate 

delta wing. However, since the experimental curve is for a 12 per cent 

thick wing, one would expect the experimental pressure peak to be 

higher and further outboard if the wing were thin, for the reasons pre- 

sented during the discussion of Figure 18. Thus, although the present 

theory does not provide solutions identical with those provided by the 

other theories, the present procedure appears to be competitive in pre- 

dicting the experimental results compared with the other programs. 

In Figure 20, the results for the sectional normal force coeffi- 

cients are compared with those obtained by Nangla and Hancock (1969). 

The sectional normal force coefficient is defined as 

CN (x) - 
s(x) 

A Cp dy (36) 

•s(x) 

Again, the tendency of the Brown and Michael model  to overpredict the 

magnitude of the loading is apparent.    Although the sectional force co- 

efficient calculated by the present method decreases near the trailing 
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Figure 19.    Comparison of lifting surface models for the 

calculation of loading on delta wing (AR=1, 
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Figure 20. Chordwise distribution of sectional normal force 
coefficients for delta wing (AR=1). 
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edge, it does not vanish since a modified Kutta condition has been 

applied which does not require zero loading at the trailing edge. 

To demonstrate that this program could be used for planforms 

other than the delta wing, some runs were made for the arrow wing. 

However, the problem with this planform and others is that there is 

little experimental evidence readily available for these planforms. 

Figure 21 illustrates the results for Oe leading-edge vortex 

strength for an arrow wing whose planform is similar to that of the 

unit aspect ratio delta wing with the addition of trailing edge 

sweep ( \ =  76°, AR = 1.25 ) at an angle of attack a = 14.3°. The 

same number of collocation points for the downwash and the same 

number of vorticity modes were used as for the delta wing (NC0RD= 5, 

NSPAN = 5, NOCM = 4, NOSM = 5). The initial approximation for the 

vortex location was obtained from the delta wing being considered 

previously. It appears that convergence is more difficult to ob- 

tain for the arrow wing thart for the delta wing as an extraneous 

"bump" appears in the curve for the case NOFP • 2, LMAX =1. This 

is smoothed over as an additional constraint is applied. Near the 

apex, the vortex strength Is similar to that for a delta wing of unit 

aspect ratio, as would be expected away from the trailing edge.', 
i 

The vortex position for this arrow wing is plotted in Figure 22. 

The results for the cubic fit, (LMAX = 2)  with three no-force points 

(NOFP ■ 3), are similar to those obtained for the delta wing, indicat- 

ing the dominance of the leading-edge sweep In locating the vortex. 
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Figure 21. Convergence of leading·edae vortex strength for 
arrow wing (AR•1.25, A•76 , CJ •14.JO). 
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Figure 22. Leading-edge vortex position over right half of 

arrow wing (AR-1.25, X  ■ 76°, a ■ 14.3°). 
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Finally, the pressure distributions at two chordwise stations are 

plotted in Figure 23.    It is to be noted that the station, x =  .833, is 

aft of the root chord ( x =  .8) and consequently, the loading should 

strictly be zero at both the trailing edge  ( y/s(x) =  .2) and at the 

leading edge  ( y/s(x) = 1). 
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Figure 23. Loading on arrow wing (AR» 1.25, X =76°, a = 14.3°), 
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6.      Revised Vortlclty Modes 

The results obtained for the arrow wing in the previous section 

demonstrated the    need    for a better representation of the vorticity 

distribution at the trailing edge for such reentrant surfaces. 

Problems with convergence in the iteration procedure were encountered 

as the trailing edge sweep angle was increased.    The reason for this 

difficulty can probably be traced to the form of bound vorticity chosen. 

The present model  used bound vorticity modes to feed the leading- 

edge vortices which are circular arcs with their center at the apex of 

the wing  (see Figure 5).    However, at the trailing edge, this vorticity 

was suddenly turned downstream as described in Figure 4.    Consequently, 

there was a discontinuous turning of the vortex lines at the trailing 

edge.     This was not a serious problem for the slender delta wing, where 

the choice of vorticity modes insured that the spanwise component, y, 

was small  compared to the chordwise component,    6, at the trailing 

edge.    However, as the sweep angle of the trailing edge was increased, 

a sharp kink developed in the bound vorticity at the trailing edge due 

to the nonzero component,   ^ which fed the leading-edge vortices. 

No control  points were located at the trailing edge, so no singularities 

were encountered in the numerical calculations, but such a discontinuity 

was a potential  source of trouble. 

An effort was made to develop a better modal description of the 

bound vorticity which feeds the leading-edge vortices, i.e., Y2anc' ^5 

The desired conditions to be satisfied by these vorticity components on 

the right half of the wing are 

- 61 

1 

V 



Y2(XTE(y),y) = 0 (37) 

62(XLE(y), y) 

Y2(XLE(y),y) 
-s (38) 

where Equation 37 guarantees that there is no kink at the trailing 

edge and Equation 38 insures that the vorticity leaves perpendicular 

to a straight leading edge.    It is to be noted that symmetry conditions 

dictate that >,> is even and 6? is odd in the spanwlse variable. 

An attempt was first made to determine vorticity functions which 

satisfied these conditions in the physical   (x,y) plane.    However, that 

approach failed to provide a solution, and the problem was then con- 

sidered in the transformed (e,ri) plane.     (See Equation 5 for the co- 

ordinate transformation.)    Basically, In the transformed plane, the 

leading edge of the planform corresponds to the chordwlse origin, 

:. ■ 0, and the trailing edge corresponds to the chordwlse maximurr1, 

e = n. 

The two vorticity components, Yo an<1 ^ can be wr''tten ^n the 

following  form. 

NOCH 

Yo "   I     9Q 9Y (n,q) 
qsl     M    ' 

NOCM 
62=    I  ,• V«    (n'q) (39) 

q-1 

Then, from the continuity of vorticity. Equation 2, the two functions 

can be related by 

1 f6   39 
■r-^   c(n) slnede (40) 
ori 
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Assuming a form which satisfies the boundary condition at the 

trailinq edge and is nonzero at the leading edge, let 

g^ = cos 0/2 f(n.q) (41) 

For the arrow wing planform being considered presently, the local 

chord on the right-hand side is 

c(n)    •    cR (l-n ) 

where c    is the root chord nondimensional ized by the maximum length. 
K 

Then Equation 40 becomes 

g6 =    e? { |^ d-n)  [3cos6/2 + cos 36/2] 

3(4-3cR) 
+    % f(n.q)  [ —-^     cosO/2 + cos 30/2]  } -g(n.q) (42) 

where the function, g( n,q), is a function of integration. 

Using the identity 

cos^   « 4cos0e/2-3cosO/2 

this can be rewritten as 

g6   =   ^1 2|^ (l-n)cos 36/2 +f(n.q) 
3(1'CR) 

R 
cose/2 +cos 6/2 -g(n.q) (43) 

To determine the function, f(n,q). it is necessary to apply the 

boundary condition at the leading edge. Equation 38. 
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R L 3f 
3-20, 

■s    « il!i^LlIZ^!i J!(n ,q! (44) 

This provides the following differential  equation 

an       2(l-n)cR 
2(s' + 1) -2ct '^ - Ä (45) 

The solution of this differential equation is 

Z 

f(n.q)    ■    C(l-n) R 
mi ■ i 

3s(l-n) 
:R Tcc -1 

-  3(s2t1) 
(1 -n )       2 cR g(n.q)   dn   (46) 

where C is a constant of integration.    In order to obtain a general 

modal description, one must allow g(n,q) to lie a complete set of 

functions.    The constant, C, is chosen to be zero, while the following 

form is chosen for gh^q) to simplify the Integration 

g(n.q)    -   4^ 

Then, integration of Equation 46 yields 

(47) 

f(n.q) 
-(1-n)q 

2cR(q+l) -3(s
2 ♦ 1) (48) 

G4 



Therefore,  the vorticity functions become 

-n-n)q 

2cR(q+l)   -3(sSl) 
cos ü/2 

J6 3s (l-n)q 

(2q-l) cRcos  30/: + 3(cR-l)cos6/2 

2cR(q+l)  ^(S^+I) 

l)    (49) 

These new representations are used to replace the Y?.    &7 contributions 

in the previous calculations.    They have the advantage over the previous 

functions in that there  is no longer a kink in  the vortex lines, as   Y? 

now vanishes smoothly at the trailing edge. 

The programs previously described in Section 4 have been modified 

to include these new vorticity modes, but time  limitations have re- 

stricted the investigation with these new modes.    After several  prelim- 

inary runs were made for the unit aspect ratio delta wing to determine 

convergence and resolution factors, the following parameters were 

adopted as adequate to describe the bound vorticity modes.    Five span- 

wise and five chordwise stations  (NSPAN = 5, NCORD = 5) have been em- 

ployed, and three chordwise modes (NOCM = 3) and four spanwise modes 

(NOSM = 4) have been selected. 

The planform considered was that of the arrow wing employed by 

Brune, et al.   (1975)    to test their lifting surface theory program, 

based on finite element panels.    The wing has a leading-edge sweep 

angel, A ■ 71.2°, an aspect ratio, AR = 2.02, and an angle of attack, 

a ■ 15.8 .    Convergence for the leading-edge vortex strength for var- 

ious numbers of no-force points (NOFP) and degrees of freedom in the 

vortex location  (LMAX) are presented in Figure 24.    In comparison with 
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r(x) 

Figure 24.    Convergence of leading-edge vortex strength for arrow 

wing (AR«2.02. X = 71.2°,    a = 15.8°) 
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Mgure 21, which provided results for an arrow wing using the earlier 

vorticity modes,  it is apparent that the new vorticity modes result in 

much smoother convergence.    This is true even though a larger traiing- 

edge sweep angle is being considered now than before.    Again the modes 

have been chosen to provide no additional  feeding of vorticity from the 

leading edge, aft of the trailing edge.    Thus, the slope of the circu- 

lation strength of the leading-edge vortex vanishes at the trailing 

edge. 

The variation of the vortex position over the right half of the 

wing is presented in Figure 25 as a function of the number of force 

points and degrees of freedom in the vortex  location.    The original 

forms for the vortex position modes (see Equation 8) have been used 

and the choice, LMAX = 1, corresponds to a linear fit, while the 

selection, LMAX=2, corresponds to a cubic approximation for the vortex 

position.    The vortex position obtained by this numerical  procedure 

appears quite stable even with these few no-force points.    For the 

cubic approximation, the apparent tendency of the leading-edge vortex 

to align  itself with the free stream direction near the trailing edge 

is noted. 

Finally, the pressure distributions predicted by the present program 
Q 

are compared in Figure 26 with the results of Brune, et ■/. (1975) at 

two chordwise stations. Brune, et al. employed 30 wing panels, and 48 

free-vortex-sheet panels - each vortex-sheet panel contributed two 

unknowns since both its strength and orientation were originally unknown - 

for a total of 126 unknowns. One station has been chosen forward of the 
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Figure 25.    Leading-edge vortex position over right half ot 

arrow wing (AR=2.02, A = 71.2°, a =  15.8°). 
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Figure 26.    Comparison of theoretical  loading models on 
arrow wing  (AR=2.02,    X=71.20, a = 15.8°). 
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root chord and the other has  been selected aft of the trailing edge 

intrusion to indicate the effect of the Kutta condition at the trailing 

edge.    Again, the different  theories predict similar pressure distri- 

butions at these two stations.    However,  the present theory appears to 

retain the limitations of the Brown and Michael  vortex-cut approximation 

in that the pressure peaks are higher and further outboard than those 
o 

predicted by the lifting surface theory program of Brune, et al. (1975) 

which utilizes a vortex-sheet representation. Also, the present loading 

predictions satisfy a modified Kutta condition at both the trailing and 

leading edges, and the pressure is not required to vanish at these points. 

This does not appear to be a serious problem, since the differences in 

the pressure distributions from zero contribute only slightly to the 

total loading on the wing due to the relatively large slopes in the 

pressure distributions near the wing edges. 

This concludes the section on the revised vorticity modes. 

Preliminary results are promising, but limitations in the present 

procedure remain. 
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7.  Conclusions and Recommendations 

In conclusion, a lifting surface program based on the kernel 

function procedure has been developed to include leading-edge vortices. 

The pres2nt scheme can be generalized to arbitrary planforms and to 

include arbitrary sources of free vortices, but its use will probably 

be restricted by the computational effort. 

With the present computer programs, results were first obtained 

for the delta wing of unit aspect ratio. Comparison with experiments 

indicate reasonable predictions of the loading with the inherent 

limitations that a Brown and Michael vortex-cut model imposes.  It 

has been illustrated in the Introduction that a relatively small 

fraction of the vortex strength (less than 20 per cent) must be 

incorporated in'co the sheet to obtain the benefits of the Smith-type 

models for the slender-body problem. 

Results were also obtained for the arrow wing to demonstrate 

the use of the program for more general planforms. These results 

emphasized the importance of a better representation of the Kutta 

condition at the trailing edge for such reentrant surfaces, than was 

originally employed. A simple bound vorticity model was first used 

to represent the vorticity feeding the leading-edge vortices, 

and this vorticity was discontinuously turned parallel to the free 

stream direction at the trailing edge. Convergence difficulties were 

encountered as one increased the sweep angle of the trailing edge, 

and consequently, an alternative bound vorticity distribution was 

developed to provide a smooth satisfaction of the linear Kutta con- 

dition at the trailing edge. Due to time limitations, only a few 
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runs were made with this revised model, but better convergence has 

been obtained for the arrow wing case ~t least. Furthermore, in 

deriving these new vorticity modes, a general procedure was develcped 

which should provide bound vor icity modes for arbitrary planforms. 

In general, the feasibil i ty of the procedure has been demonstrated. 

Furthermore, an indication of the cause of previous convergence dif

ficulties with programs whi ch had attempted to satisfy the downwash 

and no-force conditions sequentially was presented, using the simpler 

slender-body representations. These results suggest that it is nec

essary to satisfy the boundary conditions simultaneously to obtain 

convergence. 

ftlch work remains to be done to imprrjve t.te usefulness of the 

present lifting surface program. First, it. would be advantageous to 

further reduce the computational effort requi r~J to calculate the 

velocity contributions f rCIII the bound vorticit, ~1hich feeds the 

leading-edge vortex. Secondly, it seems that a more accurate predic

t ion of the loading and the vortex position can be obtained by a more 

complete representation of the leading-edge vortex sheet. This would 

entail additional degrees of freedom in the orientation of the vor

ticity leaving at the leading edge. An additional no-force boundary 

condition on these elements would have to be imposed to determine their 

orientation. For some purposes, the present vortex-cut model may be 

adequate, if the results are used in conjunction with slender-body 

theory corrections. For example, one can use the present procedure 

to calculate the leading-edge vortex location with the lhn1tation that 

although the vertical position will be accurate, the spanwise position 

will, in reality, be further inboard. 
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Another field of interest would be the application of the lifting 

surface program to wings of higher aspect ratios. Recently, Nathman, 

20 
Norton, and Rao(1976)  have published pressure distributions for less 

slender delta wings with aspect ratios of three and four and for 

some related double-delta planforms. One difficulty with such wings 

is that vortex bursting occurs over the wing at lower angles of 

attack as the apex angle of the delta wing is increased. Also, at 

mgher angles of attack, the vortex core is not well defined and 

is replaced by a turbulent core of vorticity. 

Additional effort may still be required to model the no-load 

condition on the trailing vortex sheet. Presently, only the linear, 

but not the nonlinear, no-load condition is being satisfied on the 

wake. This does not appear to be too serious in light of the results 

of Brune, et al. (1975)8 and Kandil, et al. (1974)7, which indicate 

that this is a fair representation of the wake. Finally, additional 

v.ork still needs to be done to develop the new set of vorticity modes 

presented in this report for other planforms. Questions of resolution 

and convergence for this modal method remain to be answered, although 

significant progress has been made for the delta and arrow wing plan- 

forms. 

The above extensions have been suggested by the present investi- 

gation, and their successful implementation would greatly enhance the 

versatility of this three-dim^.r;ijnal lifting surface program which 

includes leading-edge vorticei. 
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APPENDIX  A 

Evaluation of Upwash Integrals 

The second and third integrals  in Equation  13 will be evaluated 

explicitly here for the arrow wing configuration.    For arbitrary con- 

figurations, one Integration will  be easy to perform, but the second 

integration may then have to be performed numerically.    This should 

not present any difficulty, as the singularity will  appear as a Cauchy 

Principal  Value, which can be handled by a variety of techniques. 

The second integral   in Equation  13 becomes 

(x'-x) dx'dy' 

t    Is^V-x'^fy-y'T?71 

=
 4^   \ 

■   r y7s(l-cr) + cr 

(x'-x) dx' dy' 
y 
s [(x-x')^    +  (y-y1)2 ]  3/2 

(A.l) 

where s is the semispan and c is the root chord, nondimensionalized 

by the chordwlsc length. Carrying out the integration and retaining 

only the finite part of the integral yields 

r 

B = 1 
4- ' sinf 

■1 

^ + (i-c )2 L 

(l-cr) {cr-x) + ys 

y(l-cr) - s(cr-x) 
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- s .  ,-1     (1-c  )  (1-x) + s(s+y)        .  ,-1    (1-c  ) (1-x) + s(s-y) 

|y(1-cr) - s(cr-x) y(l-cr) + s(cr-x) 

y(l-cr) + s(cr-x) ^2fl        L 

+ 5inh-l    S(s4y) .(1-x)      +sinh-l    5(S-y) .(l-x) ,sinh-1 x^ 

y +sx sx-y sx-y 

The remaining  integral  can be evaluated similarly. 

(A.2) 

4- 

Sw 

(y-y1) dx' dy1 

[(x-x')2 ♦  (y-y1)2] 3/2 (A.3) 

1-c 
C =        1   .  -1        sinh"1    V +  i^r^r^ 4- 

''(l-c^2 + s2    L |-y(l-cr) ♦ s(cr-x)| 

.1nh-l        s(s+y) +  (l-cr)  (1-x)    + s.nh-l    s(s-y) + (l-cr)   (1-x) 

-y(i-cr) + s(cr-x)| y(l-cr) + s(cr-x) 

-  si nh"1 (1-cr)  (cr-x) ' ^ 

y(l-cr) + s(cr-x) 

+sinh-l    (1-x) * s(s^)   . s1nh.1  d-x) * s(s-y) 

y + sx sx-y 
- sinh 1    sy + x 

sx-y 

(A.4) 
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These results reduce to those for the delta wing case when 

c = 1, and are then equivalent with results obtained by Nangia and 

Hancock (1968) , within a few sign 'errors which appear in their 

report. 
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APPENDIX  B 

Newton's Method for the Slender-Body Problem 

This appendix expands the description of the use of Newton's 

method for the slender-body problem provided in the section on the 

Numerical  Procedure.    Originally, Newton's method was used solely 

to determine the vortex location.    Later,  it was employed to deter- 

mine the vorticity distribution on the wing as well. 

The flat plate delta wing problem under the restrictions of 

slender-body theory and conical  flow was solved by Brown and Michael 

(1955)  ,    This problem can be formulated in the complex plane, 

L.;   = y +  iz  (see Figure B.l) as the complex potential  W, due to a 

flat plate perpendicular to the flow and a pair of vortices. 

/^T- /^T 
W{Cü)    =    ^p   In        ^^        - iaV-1 (B.l) 

V-l + ^ 2-l 

w^ere all  quantities have been nondimensionalized.    10   represents the 
i 

complex vortex location, u    = y    + iz  , and ü   represents the complex 
! v v i 

conjugate of u, .      r is the vortex strength and a is the angle of 
i 

attack. The Kutta condition of finite velocity at the leading edge can 

be written as 

ZHH -        1   4.   1 

"r "<^T     ^T (B-2) 
1        1 

This equation can be used to calculate the circulation strength, r, 

in terms of the vortex location. The forces on the vortex-cut combi- 

nation in the complex plane are 
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w = y+iz 

z 

-r ( 

-1 .''1 1 

Figure B.l. Coordinate system for Brown and Michael 
slender-body delta wing problem. 
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F    = iFv + F    = -lim       l^-ö^r—   } + 2u)-l=0 (B.3) 
ÜJ   -►   UJ 1 

1 

The details of these derivations can be found in the original paper 

by Brown and Michael  (1955)4. 

Since the potential specified in Equation B.l automatically 

satisfies the downwash condition on the wing, the no-force condition 

(Equation 8.3) provides the two real equations needed to determine 

the complex vortex position, w   = yv 
+ iz •    Unfortunately, Equation B.3 

is nonlinear in the vortex position variables; so a Newton's procedure 

was developed by Pull in (1973)    to solve this problem.    A Newton's 

method is based on a linear extrapolation from some initial approximate 

solution and can be written in the following manner for this problem. 

V 
M vj 5 

3yv 

3F 
9z 

3F      ! 
z 

-1 

3z. 

-F. 

(B.4) 

z    i 

This equation gives an automatic procedure for obtaining an improved 

solution for the vortex location, if the residues, F and F , and the 

Jacobian matrix from the previous iteration are provided. The new 

vortex location is obtained from 

yv (new) ■ yv(old) + Ayv 

zv (new) = zv(old) «■ Azv 

The derivatives for Fquation B.4 can be obtained from 

(B.5) 
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*1 

ay., 

Imag 3Fl 
ay VJ 

Real   i f  1 
[3yv 

Imag  1 f 3F 
3z. 

where 

9F 
 2 
32. 

3F 

3yv 

IE 
3Z.. 

3F 
9zv j (B.6) 

3F      +    3F 

3a) i 9(1)! 

i/3F    _    SF \ 

This procedure provides convergence to the stable configuration 

in approximately three iterations if the initial approximation is 

within 10 per cent of the semispan of the final  position.    Unfortunately, 

the three-dimensional  problem is more complicated than this, and some 

unexplained difficulties were encountered when a Newton's procedure was 

developed to find the vortex location in the lifting surface problem. 

In an effort tc determine the cause of the difficulties, the slender- 

body problem was developed in a manner analogous to the three dimensional 

one. 

The problem was formulated in the physical y,z plane and the wing 

was replaced by its bound vorticity representation. The ojwnwash con- 

dition was no longer automatically satisfied and could be written as 
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I 1 

Zn 
1     ,.     5(y') dy' ,      r 

y - v 2Tr Real 
y-wi 

This equation can be rearranged to yield 

y+wi 
=    0 (B.7) 

f 1 

L ,;    My')dy'    =  _r   Real  _L 
^n y - y ?.v 

•i 

y-wj       y+ui, 
+ a    =    f(y)      (B.8) 

This was inverted analytically to provide a check for the numerical 

procedure being developed.    The inversion of Equation B.8 yields 

I 1 

My)   =  f^  r. 
-i 

y-y   ^77 
dy' (B.9) 

where    &    (y)  is the vorticity distribution on the wing and is equi- 

valent to the difference in the spanwise velocity   on the upper and 

lower surfaces. 

For the choice of loading modes. 

ö(y) 
N 

n=l 
W  y2-1 

(B.10) 

the integral in Equation B.7 can be done analytically and the unknown 

a 's can be obtained from a simple matrix inversion by chosing more 

collocation points at which the downwash condition is satisfied on the 

wing than the number of unknown modal coefficients, once a vortex 

position has been assumed. 
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Now the Kutta condition at the leading edge is automatically 

satisfied by the loading functions. The forces on the vortex become 

1 

iFy + Fz 
la + n— 

£7T 

6/rdy1 

wi-y' 
1 

u l+U) i 
-1 

2Cü1-1 (B.n) 

Originally, an attempt was made to satisfy the downwash condition 

(Equation B.7) and the no-force condition (Equation B.ll) sequentially 

in the manner of Nangia and Hancock (1968) . An initial vortex posi- 

tion was assumed and the downwash condition was applied at enough 

points to find an initial vorticity distribution provided by the a 's 

and F . This distribution was then introduced into Equation B.ll 

which could be used in conjunction with Equation B.4 to obtain a better 

approximation for the vortex position. After the no-force condition 

was satisfied by movinr the vortices, the downwash condition was no 

longer satisfied. Thus, the procedure sequentially updated the 

vorticity coefficients and the vortex position in an effort to satisfy 

both the downwash and the no-force conditions. However, as mentioned 

in the section on the Numberical Procedure, this scheme failed to 

converge as the procedure oscillated between the true solution and a 

false solution where the forces vanished, but where the downwash con- 

dition was not satisfied. As a result, convergence was not obtained. 

Therefore, the decision was made to attempt to satisfy the 

downwash condition and the no-force condition simultaneously by a 

Newton's procedure. One obtains the following iteration scheme to 

update the initial approximation. 
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AA 

Al' 

Az.. 

3W 
3A 

3F 
37\ 

8F 

3M 

3y 

3F 
ay 

V 

3w 
3zv 

-i 

-W     1 

3F -F 

w 8zv 

.           J 

(B.12) 

where 

A   = 

'n J 

W    = 

Vi 

This scheme resulted in convergence for the sample case being considered 

of the unit aspect ratio delta wing in approximately eight iterations 

for an initial location of the vortex within 10 per cent of the semispan 

of the final  solution.    Details of the rate of convergence for this 

problem were presented in  Figure 12. 

Due to the success of this procedure in the slender-body problem, 

a Newton's method has been developed for the lifting surface problem. 

However, success is not guaranteed as the three-dimensional problem 

involves a great many more variables than the slender-body problem. 

This additional complexity will result in slower convergence rates and 

may cause additional difficulties as well. 
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APPENDIX C 

Listing of FORTRAN Programs 

This Appendix consists of the primary programs described in the 

report. The listings are documented by comment cards. For additional 

details, see the section titled "Program Description" in this report. 

All coding is in FORTRAN IV and the programs were run on the 

IBM 370/168 at M.I.T. Approximately 20 iterations of Program V can 

be performed in one minute of CPU time for the following choice of 

parameters: three no-force points (NOFP =3), two degrees of freedom 

in the vortex position (LMAX = 2), five chordwise and five spanwise 

collocation stations (NCORD = 5 , NSPAN = 5), four chordwise modes 

(NOCM = 4), and five spanwise modes (NOSM = 5). The choice of these 

parameters should be dictated by adequate resolution in the final 

answer. 

Duplicate subroutines have not been listed. Duplicate sub- 

routines are generally listed with Program V. The exceptions are the 

function subprograms B and XLE for Program IIIA which are listed with 

Program I. 
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C.l.      Program I 

The following listing for Program I includes Program I 

and the subprograms ASINH, A2, A4, B, Bl, B2, B6, IGWW, and 

XINTGR. 

Program I calculates the downwash coefficients due to 

the bound vorticity which feeds the leading-edge vortices. 

The output from Program 1 is used by Program IIIA to calculate 

the initial approximation for the vorticity distribution and 

is used by Program V to calculate the downwash residue on the 

wing. 
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PROGRAM    I 

CUCULMrS   00W<HA5H   CtltFflCIENIS   HUE   TO  »QUNU   VD^IICITY   bIHICH  fEfOS 
LEAOINO-rO&C   VORITICFS 

rNPUI      NCO'<D.MSP«N,5,Cft 
INPUT     NOCM.Jl 2110 

2110 2fl0.i. 

PRlHiHV QUIPUI  CWW 5Fl<..5 

NEED   FUNCTIHNS      »I , \2 , A«.,»1;,        H 1 tP? t Bl, Bi.GVORT , AS I NH.B , «LE 
NEED   SUBROUIINfS      BLOCK   OAU .COL PT , I GWkl   .XINIGR 

DIMENSION   «PTISI.yPTISI.CDEfflZSO). 
CSGWII5I,SGW2(S1.SJ|*)(C;|,SGW<.(S1,1GM5ISI    ISGH6I5I 

COMMON   XP| ,YPJ,S,MtHP/PLAv|/CR / GAUS/&( 2<. I , W ( 2* )/MOOES/NOCH 
EXTERNAL   Al,A2,A'i,AS,Bl,B2iB5,A6,B6 

INITIALIZr   VARIABLES 
DATA   COEFF/Wi'O./ 

00   ISO   JDUMMV   "    11.24 
H{JDU"MT)'H(2S    -JOUK-Yl 

1?0   GIJDUMMYI   •   -GI2VJDUMMYI 
PI«J.1*1513 
HRITE(6.910) 

READIS.9201   NCORO,NSPAN,S.CR 

NCORD   ■   NO.   OF   CHORDWISf   COLLOCAtlON   POINTS 
NSPAN   .   NO.   C.F   SPAMwISE   COLLÜCAMON   POINTS 
S   ■   SEMISPAN;    NON-0   BY   MAXIMUM   LFNCTH 
CR   ■   ROOT   CHORD;   NON-D   BY   MAXIMUM   LENGTH 

IIEAOIS.920I N0CM.J1 

NOCM   •   NO.   OF   CHOROHISE   MOOES 

PGM loi.n 
PG'M0112 
PCMIOOOi 
PCIQiO* 
PGMIOO^^ 
PGM10Ü06 
PGflOTOI 
PG-niOB 
PG^IOOU"» 
PGH10J10 
PCMlOOlI 
PCH10012 
PGM100Ii 
PCHlOOl« 
PCM1001S 
PGM10016 
PG^loni7 
PCM10D18 
PGM1001«) 
PGH10020 
PCMI0021 
PGM10022 
PGM10Ü23 
PGH10024 
P0M100^5 
PGM10j26 
PGM10n27 
PCMIG:29 
PCMIOO;« 
PGM 103)0 
PGM100TI 
PGM100J2 
PGM100H 
PGHIO"?* 
PGM1001S 
PGM1C136 

Jl   IS   CONTROL    PARAMETER:    IF   JIM,   Nr.ORO?"NCOHD i   ELSE   NCOROi-NCORDM 
WRITE I 6.970)   NCHRD,NSPAN,S.NQCM.CR 

CALCULATE   LOCUTION   OF   COLLOCATION   POINTS 
CALL   COLPT INCORD."ISP«N,XPT,YPT) 
IFIJl.EO.l)   GO   Tu   1U0 

NC0RU2-NC0RD»! 
XPT!NCaRU?).|XPT lNC0PD)«XPTINtaRI)-l))/2. 

100   CONTINUE 
IFIJl.EO.l)   NCORD2'NCOB0 
WRITT16,910) 

DEFINE   LIMITS   OF    INTEGRATION   IN   S"ANWISE   UIRECTION 
C'S   REFr«   TO   LEF1-MAN0  SIDT   OF   RESPECTIVE   RECION 
O'S   RCFFR   TO   RICHI-MANU   SIDF   OF   RESPECTIVE   REGION 

Cl   -0. 
05-S 
C6   -   -S 
D6   •   0. 

C/ICULATE   COEFFICIENTS   AT   EACH  COLLOCATION   POINT 
00   400   l«l,NCliRD2 
DD   «,00   J>1 .NSPAN 
Nl-JM l-l )»rr.PAN 

XPI'«LE(Yl'TIJ))«01YPTIJ))»XPT(II 
YPJ-YPIIJ)«5 

OUTPUT LOCUTION OF COLLOCATION POINIS 
WRJTEU.'I'-O) Nl.XPTI D.YPIIJI.XPI 
ETA-.02 

irn : .-xPi ).LT..O?) TTA.I.-»PI 
D|.S«I«PI-.02I 
C?  •   P. 
IFlIXPI-.02I.GT.C«)   C2   •   S»IIXPI-.02)-CRI/ll.-C»l 
02   •   YPJ-.02 
Cl«YPJ-.02 

PCMI0Cn7 
PGM1001H 
PGM10119 
PCHion<.o 
PGHIUU«.! 
PGM 100'.2 
PCM10041 
PGM10Ü'.'. 
POMIOO^S 
PCf'inc'.6 
PG,'lon'.7 
PGMIOO'.B 
PGH100<.9 
PGMIOO^O 
PGM100S1 
PGM100S2 
PGM10T.) 
PGMlOO'i'i 
PGMIOO'JS 

PGM10l,.6 
PGM10')S7 
PGM100'>8 
PGHIOO*^ 
PGM10060 
PGM10n61 
PG"I01'.2 
PGMI0063 
PGM1006<. 
PGMIOO^ 
PCMI0066 
PCMioutr 
PGMlOOtB 
PCM I DCM 
PGM10070 
PGMlOOn 
P&M100/2 
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ruNCt KIN   «',1-4111/1 

C 
C      «SINHWI   L»1(.UL«I1S   INVUSC   HVPERBOLIC   SINE 

c 
IFIZ.II.-IO.I   00   TO  ?0 

«SIMM >  M lu.i/'som 11 .•/•m 

C   USE   ElPA'iSinN   FQHH   F 04   tSINH  FOR   LARGE   NEGATIVE   VALUES   OF   I 
20   ASINH   ■   ALOCII l./l<>.»l*n-l.l/{l      .tlyi'.I 

RETURN 
END 

ASi'ionoi 
ASI.sno-'; 
ASINOnpi 
ASIN0I10«. 
ASINOnoS 
ASIN0006 
ASINOno; 
ASINOOGS 
ASINOOOt 
ASIN0010 
ASIN0011 

FUNCtlQN   «21»! 

A7IVI   PPdvlliI ■,   INITIKL   1MI(,««I1IIN   POINT    IN   X   DIRECTION   IN  REGION   2 
AKKOM   WING   CONFIGURATION 

ARGUHENI   LIST 
y: SPANWISE   COORDINATE:   NON-0   BY   MAXIMUM   LENGTH 

COMMON   XPI .YPI.S.M.N 
A2   •   XPT-.02 
RET1MN 
ENU 

FUNCTION   A4IYI 

A<.IY)   PROVIDES   INITIAL   INUGBATION   POINT    IN   X   DIRECTION   IN   REGION   A 
«»KCM    UIK';   CÜNf IGUHAI ION 

ARr.UHEM   LI SI 
Y: SPANHI'.f   COOXOINATE;   NON-D   BY   MAXIMUM   LENGTH 

CO^T'.    XPI . YPI .S.^t'l 
If    lY-S»HPI-.02 II   10,10.20 

10   AA   •   XPI-,02 
RETURN 

20   AA   •   Y/S 
Rt TURN 
END 

0001 
0002 
000 3 
OOOA 
0005 
0006 
0007 
000 8 
0001 
0010 
001 I 
0012 
001 J 
0014 
00 IS 
0016 
001 7 
ooia 
oois 
0020 
002 1 
lM'2 
002 ) 
00 2 A 
002 S 
0026 
002 7 
0028 
002<> 
00)0 
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FUNCTION   DISI 

BIS!    C»ICU1.»TES   inC»l   CHOBO;   NON-0   BY   M4XIHUM   LENCTH 
««SOW   MING   CCNriGURtT ION 

»RGU^tNI   LIST 
S: SPANWISF   C00H0IN4TE:   NON-0   B»   SEHISPiN 

COMKON   /PUN/   CR 
B   -   CMI I.-SI 
RETURN 
END 

FUNCTION   XLEISI 

XLEISI   CiLCUL/lTES   LOCATION OF   LEHOING   EDGE:   NON-0   8T   MAXIMUM  LENGTH 
APROW   WING   CONFIGUSATIQN 

ARGUMENT   LIST 
S: SPANWISE   COORDINATE;   NCN-O   BY   SEMISPAN 

XLE  •  S 
RETURN 
END 

Ami 
QrK'2 
000} 
Opn<, 
00^5 
om6 
0001 
omo 
0009 
0010 
001 1 
OC 12 
OCl 3 
001* 
0015 
0D16 
001 t 
0018 
0019 
0020 
0021 
0022 
002 3 
002". 
0025 
0026 

FUNCTION   BUYI 

BIIYI   THQVIOFS   FINAL   INTEGRATION   POINT   IN   X   DIRECTION   IN   REGION   I 
ARRC'i   NING   CONFIGURATION 

ARGUMENT   LIST 
Y: SPANWISE   COORDINATE;   NON-0   BY   MAXIMUM   LENCTH 

COMMON   XPT.YPT.S.HtN   /PLAN/CR 
B   •   Y»(l.-CR)/S   «   CR 

IF    IB.GI.I«PT-.02I 1   B-XPT-.02 
Bl   •   B 

RETURN 
END 

FUNCTION   B2IYI 

B2IYI   PRDVIDT";   FINAL    1NIEC«AT!CN   POINT   IN   X   DIRECTION   IN   REGION   2 
ARRCU   WIKG   C0NFICU4ATICN 

ARGUMENT   LIST 
Y: SPANWISE   COORDINATE;   NON-0   BY   MAXIMUM   LENCTH 

COMMON   XPI.YPT.S.M.N   /PLAN/CR,ETA 
B   •   Y«H.-CRl/5   •   C» 

IFIB.GT.IXPI<.02II   B   •   XPT«.0? 
IF    IB.CI.I.I   B-l. 
■2   •   R 
RETURN 
END 

0OC1 
00U2 
0003 
0004 
0005 
0006 
0007 
oooe 
0009 
0010 
001 1 
0012 
0013 
001«. 
0015 
0016 
0017 
ncia 
0019 
0020 
0021 
0022 
002 3 
002« 
00?5 
0026 
0027 
0O28 
00."I 
00 10 
OOll 
00 12 
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FUNCIION   n6IY) 

C B6(YI   PROVIOrS   MNM    INTrCRATICN   PCINT   IN   I   OIRCCIIUN   IN  REGION  6 
C tXHCh   WING   CONFIGUKtTION 

C 
C        »BCUNfNT LIST 
C »I   SPkNWISE COOROINATE: NCN-B BY MAXIMUM LENGTH 

c 
COMMON   «PT,YPT,S,M,N   /PLAN/C» 

B6   »   -Y»U.-CP)/S   •   CR 
RETURN 
END 

OOU 
00)5 
0016 
0017 
OIMB 
0019 
0040 
004 1 
00^1 
004 3 
004«. 
ao4S 
0046 
004 7 

JCROUTINE      IGUUICD.A.B.SCNU) 

IOWW     COID.l     .i  .   DOHNWASH   INTEGRAL 

MGUHENT   LIST 
C:        LOWER   Llllt   OF   INTEGRAL 
0: UPPER   11H1I   OF    IIITE'MAL 
»:        FUNCIIt,^   OtSCRlniNG   LOWER   LIMIT   OF   INTEGRAL 
B: FUNCTIDI   DESCRIBING   UPPER   LIHIT   OF   INTEGRAL 
SCMW:      INIfGR4LS 

COMMON   XPItYPI.S.KDUM.MPDUH 
C0MM0N/GAu5/Gi?4 1,WU4l/MaDES/N0r,M 
UIMFNSION S&UUISI.ENTCOI 9I.SUMI      «l,GV0RSI9t 

ENTG4I«,YIM«ÜIFF»(X»GVOR?-«PT»GVORI 
CY0IFF«I-»«CVUH2«YPT»GV0R1 tl/ATHIRD 

Pl>1.141511 
Z-l.E-9 

INITIALI/F   SUHHATIONS 
DO   10   MQM .NDCM 
M'MQ-| 

ENTCoiHQua.a 
SUMCUI-O.O 

GVORS1MOI-CVOHTIM,XPT,YPT,SI 
10 CONIISUF 

00 SPANWISE INTEGRAL 
DO 200 J'l.ZA 
Y-(IO-CI»GIJ1«U«C1/J. 
tr«BiYi 
AY-AIYI 
AP.BY-AY 
BP-BY>AY 

IGWWOOOl 
IGWH0002 
IGWVJ0001 
IGWW0034 
IGWHOOT. 
IGMW0006 
IGUW0007 
IGwwoone 
ICWW0009 
IGUb>(10IO 
IGUWOOI 1 
IGWwOOli 
IGWMODU 
IGMW0014 
IGWWOPIS 
IGUW00I6 
IGWU00I7 
lOWH'l'M « 
lcwwnoi9 
IGMUOOJO 
IGWU0071 
ICWHOO?J 
IGWMOO?) 

IGMUDCi;4 
IGWWOPJS 
IGMW0n?6 
iGMwaivr 
IGwwn"?« 
ICWW0(I?9 
ICMUOOTO 
iGwMonu 
ICWW003? 
IGWWOO n 
ICMunou 
ICWWOOIS 
IGMW00I6 
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C   DO   CHOBUWISF    INTrr.RAl 
00   100    l»l,2* 
«.(JP«GIi)«BPI/;. 
xuiFr-«-xnr 
TOtfF.TPr-r 
»TMi«o><oiFF««niFr»yoirF«voiFF»z»j 
AIHIRtl-AIHIRJ'SOHTHTMIROl 
DO   *00   MJ.liNUCH 
M-MO-1 
GVORl'GVOKSIHÜ) 
0V0«?'GVO«I(M,X,»,SI 
ENIOOI MOl-ENTCDI 

*00   CONTINUE 
100   CONIINUE 

00   100   HOM.NDCM 
SUMI MOI»SUH( MQI'ENTCOI 
ENTGOI MQI«0.0 

500   COnriNUC 
?00   CONTINUE 

CDNSI'ID-C1/116.«PI 1 
DO   500   «0=1,NQCM 
Sr,WMI«OI"CONST«SUH( HOI 

500   CONTINUE 
RETURN 
END 

KUUfNU.M x.yi»w( I I 

HO)»MI Jl»ilP 

IGHI>00 I 7 
IGWhOOIfl 
IGMWO') VI 
IGw^nO'.o 
IGwv.n-:'.! 

IOWMO0<.2 
IGHWOO'. i 
ICWMOO«!* 
IGWMO'J'.^ 
IGWU00'.6 
lowkocr 
IGMUOÜ'.S 
IGKW00<.9 
IGwwonso 
IGWhOO'il 
IGWWOO1.? 
IGWwOO'iJ 
IGWHOO".« 

IGWWOOI^ 
IGHWOO^ft 

IGWHOC"'? 
tGwl,00J8 
IGN«0:r-9 
IGUk0060 
I&WW0061 
lGHkoof>; 

SUBROUIINE   XINTGRIENTGJtFNTGll 

XINTCH   CALCUHTFS   TH^    •SINGiaAR1   CONTRIBUTION   10   THE 
DOWNWAStl   UlTEGRM 

ARRGH   WIN'   CnriFIGURAT ION 

ARGUMENT   LIST 
ENTG2:   SP«NHISE   VORTICIT»   COMPONENT 
ENTG3:   CHC1RDWISE   V0RTIC1IT   CDHCONENI 

COMMON   XPT.YPI.StM.N   /PLAN/CR 
FACT1    -   ARSIS'ICR-XPTI   -yPMIl.-CRIl 
FACT?   ■   S«ICR-XPTI   ♦YPI«I1.-CRI 
ISIN&   -   I 
IF    (AnSlYPI»! 1 .-CP I   -   S'lCR-XPIIIACOOOl )    ISING   •   0 
IF    (ISING.EC.01    TfRMl    .   AL OCI IS«»PT1/VPTI 

IF   { ISING.EO.01   GO   TO   200 
TERM1   "   ASINH   l(S»IS«»PT)   •   I 1.-CRl»l I .-XPT I I/FACT I I 

C    -ÄSINMI IS«YPT    ♦    ICR-KPT!• I l.-CRI l/FACTI) 
200   CONUNUF 

TFRM? . AsiNjii IS»I s-ypTi  •  II.-C"1»(1.-XPT i I/FACTJI 

C   -ASINHI l-S«yPT   ♦   ll.-CRl   •ICR-XPTIl/'^ACTZI 
TfRHl   ■   ASINHI IS»|yPI«SI»'' U.-XPT I 1/1 S»XPT »yPT I I 

C   »ASINHII«Pl-ypi'sl/iS'xPT» ypin 
TERM".   .   ASINHI IS«IS-yi> f I   ♦   ll.-XPTII   / I S»XPT-yPT I I 

C   »ASINHIIXPT«   S'yPTI   /IS'XPT-YPTI I 
FACH    •   SURII S«S»( l.-CRI»«?» 

FACt2    ■   SCRTI I .«S'SI 
ENTC2   •   -S/FACT1»ITERMI«TERM2I      »S/FACT2«I It-MJ»TERM4I 
ENTGi   -   -I ICR-l. l/FACIl«IT(RMl-TrRM2l »    1 ./I Al I ?• I 11 CM 1 - !l R««, u 
RF TURN 
ENO 

XINTOOOl 
XINT0002 
X INT0.!03 
XI-iTOOO» 
XI\TOOOS 
XINTOOOi 
XINT0007 
XINTOOOB 
XlNTOn"» 
XINTOOIO 
XI NT 00 I 1 
XINTQ112 
XIMTOOIJ 
XINTOOl* 
X1NI00IS 
XINT00I6 
X INTO 11 .' 
XINI0018 
XIST001') 
XINIOO^O 
xlNion?i 
XINr0022 
XINT0023 
XINTOn^i 
XINT0C2S 
xiNroa76 
XI'IT002 / 
XINI0028 
XINT00J9 
XINI0010 

XINT0011 
XINT0012 
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C.2.  Program WOW 

The tollowlnq listing for Program WOW includes Program WOW 

and the subprograms CHDWS, KERNL. MNGLR. and PLOT. 

Program WOW calculate. the downwash coefficients due to 

the horseshoe vortices on the wing. The output from Program WOW 

is used by Program IIIA to calculate the initial approximation 

for the vorticity distribution and is used by Program V to cal- 

culate the downwash residue on the wing. 



PROCRAM   MOM 

CUCUHUS   COrFFIClENTS   Of   CHtlSfN   MOOES  Of   IMF   WDHTICIT»   OISTRIBUTION 
<S   »   NUHFRICAL    SnilJTION  Of   THE   INIFCHAL   EQUATIO'I   RCl«riNG 
THE   STRENOfH   Of   MORSESHOE   XORIICfS  »Mil   DOWNWASH 

INPUT      NOST.Ninl.SRAN ?H     F10.4 
INPUT      NOCP.NOLT,NCP.HP,JI,JJ,C5R ♦M«2H.Fl*.1 
INPUT      XOCcSOS.CTA.NIIIUNI 1*1 3F10.<>      312 

PRIMARY   OUTPUT     OMR      Ml«.) 

NEED   SUDPR03RAHS     B, «LE .CHOWStFUNCTN.KERNL ••INOLR f PLOT.SLOCK  DATA 

DIMENSION   Nil* I. «VECI I ?i I .YVECTI J"! 1.5 I *1, Ml *1 . DMR I 25,Z»I ,F I 5 1 
CHMMDN   ARI*,S,SI,ALSI^,IOItCR(SI.TKRI 101. HOC, SOS. Y .Z» 

C   YMN.ZMZ.RSOR.ETA.&AUSXdOI.POJ.NOLI.NCP.MP.N.K.CZ. 
C   Jl.J?.CS.YMN?.ZMZ2.CSR      /PLAK/CXMA» 

COMMON /CAUN/&NIIO,10I,HNIIO,10I   /MOOES/NOST . NIIIC 

INITULIZE   V«" IABLES 
DATA   SHI .SI*) .Hm/-!.0.0..1.0/ 
PDJ-1.570796a 
N1NC--1 

READ   100, NOST.NII 11,SPAN 

NOST   -NO.   OF   SPANHISF   LOAOINC   MODES 
NIIJ)   'NO.   OF   LEOENDRE-CAUSS   POINTS   IN  SPANKISE    IMIEORATION 

IN   REGION   J 
SPAN  «SPAN 

JS'* 

JS-NO.   OF    INTECRATION  REGIONS   IN   SPANUISE   DIRECTION 

S       READ   SOI, NOCP.NOLT.NCP.HP.J1,J2, C1R 

pwnwooni 
PW'jwnocii 

Pvinwaoo t 
Pw;:.ono<, 
PHJhOO^S 
PH'JWOOOfe 
Punwnm 7 
PWUH0T19 
pwiwoons 
PHOwonio 
pwawooi i 
PMQWOOl2 
PMOW001) 
PWOwOOl* 
PWQWOOI5 
Pk'Gk0016 
PWO^OTl7 
PWQWOOI8 
PHUKOOl«» 
PW0W0020 
PWOMOO?! 
PWDH0022 
PMOM0021 
PMOHOT?* 
PW0WOO?5 
PW0n002«> 
PMOHOO? 7 
PW'JWOO^S 
PW0W0029 
PWQKOOIO 

PHÜH01 11 
pwawoo»i 
PMQM0031 
PHOHOOI* 
PWOW00J5 
PW0M00 36 

NOCP   -NO.   OF   COLLOCATION   POINTS   IN  HALF   MING 
NOLT   »NO.   OF   CH0R0WI5E   LOAOINC  MQOES 
MP   .NO.   FiF   CMOROKISE   LESCNURE-6AUSS  QUADRATURE   POINTS    IN   NNCLR 
NCP   'HO.   Of   CHORilNISF   LEr.ENORE'GAUSS   OUAORAIURE   POINTS   IN   CHUWS 
J1,J?     CONTROL   OUTPUT;   NORMALLY   0 
CSR   'CHOSO   TO   SPAN   RATIO 

CXMA»   .   CSH'SPAN 
WRIIE (6,ot01 

NMODE.NOST'NOLT 
HRIIEI&.91I   SPAN,        NOLT.NOST.NOCP.CSR 
MRItE(6.<>00l   Nil II .NCP.^P 

CALCULATE   COEFFICIENTS   AT   IM€   COLLOCATION  POINTS 
DO  »O     L"I.NOCP 

READ   6.XCC.S0S.ETA.N.NIIZI.NI 1*1 

«OC   »FRACTION   OF   CHO'lD;   0   AT   It.   1.9   AT   Tt 
SOS   ■EPACTION   OF   SEHISPANI   0   AT   ROOT,   1.0   AT   TIP 
ETA   ■/EIA.SMALL    INTE&RAIION  REGION  ABOUT   SINGULARITY 
N   -SECIIO'l   NU.    INDICMOR 

«•«LEIN,SOS!♦?.♦«IN.SOS I«»OC 

«LE   "LOCAIION   OF   LEAUING   EDOEi   REF:   ROOT   SEMICKORO 
»   -1EN0TH   OF    LOCAL   SEMICHORO:   REFsROOT   SfMlCHORO 

»•sr.s 
«vtr.ULi •  x 
YVICTIll   -   Y 
IfISnvtETA.LT.l.t   GO   TO   )0 
f IAM.   SOS 

C   NO  REGIO'I   2 
Nim-o 

10  CDNIINUE 
IMSUS-ETA.CT.O.OI   CO  TO  «0 
EIA-SOS 

PwOhon? 7 
PM0H0r 18 
punwoc n 
PHnwoo<.o 
pwahoc«, i 
PWO'.OO«.? 
PWOHOO*) 
PWQwOr><.<. 
PWOWOO'. 5 
PW0H00'.6 
pwnwoo* 7 
PM0a00*8 
PWOyOQ*") 
PWO^OOSO 

PWOwODSl 
PWOWOO1i 
PMOwOTS ) 
PHOhT"'.* 
pwnwooss 
PMIJW03'>>> 

PWO»OOS I 
PWUW00S8 
Pwr.woo''9 
PWOHO'T.O 

Pwai>or>M 
PH0fc0O62 
PWCiuOlM 
PMOhO'ih* 
PMOWOiltS 
PHdhO 1^6 
PWOHO 1». 7 
PW(U.) >'. ^ 

PMll^.OO».,) 

PMO.OJ 70 

PWOxOO rI 
PMnw0O72 
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C   NO KtCION   * 
Nl IO>0 

♦0     SW l^l)S«( I» 
C 
C   OUTPUT    LOUOCMION   POINT    «NO   «(Mill)   Ott* 

UR ITT ir,,9101   I . «01  .■,11-. .1 I».N1 1/l.NI K.I ,« 

-K.I    Mr-.    1   I« 
c 
C      S   -LIFT   »UNO   LIMIT   OF    INIfHV«! 
C      H   «11 NOTM   OF    INTI «v«l 

C 
C   INITMl IMIinN   OF    INTfCRUS  FOR OCM   IMTF r.RH IHN  «ICION 

00   41      !■!•JS 
00   «I   Nl•I.NULT 
00   *1   N?-l,N05T 
1RI I .Nl .-i.1 1   ».» 

*l        CONIINUt 

C 
C   DO   INTECHUS   IN   DTCIONS   WITH NO  SINCOLMITY   0«   C4USSIAN 0U40HATURE 

00   SOO   l-?.JS 
«II        NSIP-N'I I : 

C 
C        NSIP-ND.   OF    INTF&Ril   POINTS 

If INSIP.EO.OI   CO   TO   ^C,0 
00   SO     J<1.NSIP 

CS"M I l-IGNIJ.NSICI-l.OI/Z.««! II 

CNIJ.NMi'l      JTH   «HstIV,«   OF   lECCNDRF-CAUSS   OU«llR»TUHr   Of   OKDCIt  NSIP 

Cr.os 
YHN-'V-G* 

TKNZ'TKN'YMN 
RSQMYMIM 
MT-WNIJ.NSIPI« HIII/I2.*KSQ«I 

UNIJ.NSIPI   »JTH   WTC.   FUNCTION  OF   II t.l NORI - C.ÄUSS   QU»1)K*TU"I 

PwDWOO11 
Pwuwnc/» 
PWIlWOn r, 

pwOMonib 
pwauom i 

Pununurs 
Pwnwoo'9 
PWOWOO'O 
PWOMfOII 
PWOWOHK; 

Pwowonni 
Pwouon"* 
PWOWOO"^ 
PUOWOOHA 
PUOWOnRT 
PwnwonHs 
Pwokooii 
PMTW0090 
Puowon9i 
PUOW009? 
pgiikO'i'i i 
PWOWQ09'> 
PWOWOOIS 
PWCU009& 
Pwawoo9f 
PW0W009B 
pwriwoo99 
Pwowoino 
puowomi 
puowaio; 
PWD-Ol'l 1 
Pwowomt 
PWOW0105 
PWOwOlOfc 
PWOW010T 
pwowoioa 

C   CUCUIAII    »DKMCIly   STKfS&IH 
C»IL   FUNCININUST.CS.FI 

C 
C   UO  CHIiRDMISr    IMfGRXTIDN 

i «ll   CHOwS 
DO   ••'>   N-l iNDl T 
DO  M NSF.1,:«SI 
«HI lfN,N&FI>ARI I.M,NSFI»CltlNI*FINtFI*H1 

C 
c    ««i i .-.%M i  .  suitrtcr   INTTGRAL IN RCCION  I 

!>•)        CCNIINUE 
?o      cnMiNui 

»oo       conriNui 
c 
C   DO   INUOKH   OF    H«NGlF«-TYPf   SINGULARITY 

C«H   KNCLRINOSTI 
oo 60    I•i.NMont 
DWRIl,I I-0.0 

60        CONIINUT 
c 
C   SUM   1NII   ,.,M'.   .  vi -   ALL   REGIONS  OF   INTEGRATION 

DO   70      1-1, NOLI 
00   70      JMiNOSI 
».|»N01T«IJ-l) 
00   70     MS-I.JS 
DWRIL.KI'UWRIL.XItARIMS.I.JI 

C 
C     DWR   -REtL   PART   OF   GENERAL IIEO   AERODYNAMIC   l*FLUFNC[   COEFFICIENTS 

70     CONIINUf 
90   CONTISUE 

NOCD-INMODT "•)/•> 
C 
C   OUTPUT   AFKUOYNAMIC   INTLUfNCE  COEFFICIENTS 

DO   110   L-l »NOCP 
DO   UO   n-1 .M.I li 

PWOW0109 
Punwono 
PWOU01I I 
punwono 
PWOW0I1\ 
PWUkOll'. 
Pwowniu 
Pwnwoi16 
PWQ1.0117 

PMOWOl 18 
PWfjWOl 19 
pwnwowo 
pwnwowi 
pwnwoi?? 
PWONOWS 
PWQWOWI 

pwnwows 
Pwnwoi?6 
pwnwoi?? 
PWUaOl '8 
pwnwoi?9 
pwnwoi to 
PWllUDI u 
pwnv.oi IJ 
pwriMOl I) 
PWONOII« 

pwnwoiis 
PWOHOl16 
PWIIU01 17 
PWUWOMB 
pwnwoi i'i 
PWOWOMO 
PUOWOIM 
l'wi,«'U'./ 
PUilWOl- 1 
PU0W01A« 
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J'IIN.J"!»»-* 
WJ I !! I •  .   I i   I       InMXd.JCI. JC^JM'N.JHAII.l.K 
MO I IF I 7.1/01   IOMHII.JCI. JC'JXIN.JMAO.l.K 

MO   CONIINUf 

PIOT   PUSFOHM    »NO   COUOCAMON   POINTS 
C*U   PI 01 ( «»K T, TVttliNOCPI 

fc        FQHH»! I IT 10.*.'I?l 
i|   FUlHUIIII.H.r,?«, •DW»' , I?. I>, 121 

91       FUH.'AI I 1110, ,S'>A^.• ,f H. I, I«, 'NO.    Of    CMOWS   L 
C0«01Nr.   HnnE"'. M .'«.'NO.   OF   SPMi  lO«niNC   "«IJOF ■ • , I«.,/, 1 «,-NT.   OF 
CCOllW, »T ION   PIS-" . !♦. I«,,CM0«D   TO   SP»N  »AT 10* ' »F 10 ■&•/I 

100 FO"P«TI 2 n.F |0.* I 
501 FO«"«!! »H.JI.'.   Fl*.»l 
900   Fn«H«tllH   .MNTrs-MinN   PTi.   I*  »FCItN   l«,.H««t,IM  CHOMS-'.H. 

C?«,,IN   KS&L«»'.!».//! 
910   FtlRHUniM    ."CniLOCATinN   PT.'.U.H.'IOC-'.FT.^.JX.'SOS-'.FT.*, JX. 

c'tTA.-,'?. ».n.-Ni wi'*, n,j». 'Nil *!•• .u. »«.•«■•. Fr.*i 

920   Fiiu-M i ■,. i ,.(,. ,■« .•1W- , 12, U. 12 I 
910   PO«««! I'    WOW!      CA1CUIATES   INflUtNCE   COtFF ICIFNTS  FOR   OOMNUASH   ON   W 

CINC!      APHIL   n,l1TT,/t1 
STOP 

END 

pun 1.11*5 
PU:)WOI*6 

PWOHOI*; 
I'W 1- i '• K 
PWTWOl '.9 
Pwnxoiso 
PW'lwOl', l 
PMOwOl-ii 
PK-1K015 ! 
PlCJiOl''.* 
PliD»"l5! 
Pa.«-..'4 

PlO^ClS» 
PO^NOI'^ 

Pwli.OK.O 
PMD-01M 
PWO'.JC; «.2 
Pwr.woib J 
PM3M016* 
PW0WG165 
PMOMClAb 
PWOW0167 
PMOWOlhS 

SURROUTINE CMDMS 
C 
C  CMOHSt I VAInr.'p.N OF CHPOWISf INUGMAL USING GAUSSIAN 'JUAÜPAIU«! 
c 

niKINSIOM   PFTAI lOl.THEril tdl.GXlOI.ALISI 
CCMHON   AH I i, ■.,•,! .ALSI^.lOI.CItlll.rKRIlOI.JIOC.SOS.T.j, 

C   IHNWl .KSCIi.ETA.CAlJSKI 10 I ,P02,NOLI,NCP,1F»,N.«.G7 . Jl. J2.CS. f^ . 
C   fl.-.i-.'t   /CAuN/GNIlO.IOIrHNIlO.lOl   /MODtS/NOST.NINC 

C 
SFPICD'BIK.GSl 
EIEXIEIN.GSI 

C 
C   INITIAII7F    SU1MAII0NS 

00   I    IM.NOIT 
c«in-o.o 

I CONTINUE 
c 
C   iriRSQD-.l l>0,   THF    INTCCRU    IS   FVA11AIC0AS   *   SINCLE   INTEGRAL 

IF    mSUR-O.II    21 ,1.1 
c 
C     NINC   INSURES   IHAI    ALS   IS   OAKY   (AlCUIAIFO  ONCF 

1      IF   UIINCI   *.*.? 
* NINC'2 

DO   1    l-l.NCP 
«FTAII l-l l.-GNI I.NCPIl»P02 

C>lll<-COSIBETAI 111 
DO  S   J'l.NOlt 
ALSIJ. I l-SINIDETAI I l»i LOAT 1 JM/H n»II/««l?«JI !•*. 

c 
C     ALSIJ.II   •   LOIOINC   FUNCIIONS.   RFFl   ASHLEV   AND   IANOAHL 

» cnttiiNi/c 
r      oo 6 I-LNCP 

4 CAUS«! M*l-IELF«S(PICO*ll.*C>ll (I   I 
CALL  MUNI 

WGHT-PQ; 

00  20    I • I,NCR 

CHDWOQOl 
CHtlJOu' ? 
CHUK0001 
CHnunin* 
CHnMooos 
CHDHOOOi 
CHOtaOn"7 
CHnwoone 
CHnH0On9 
CHn.omo 
CMOHOOI 1 
CH0W0012 
CHOU001J 
CHDHOOl* 
CMDK001S 
CMr)H0316 
CMDwOOl7 
CHnwoiie 
CMUW0.',19 
CMnworpo 
CMr)H0021 
CHnwOC]22 
rHDWOI?) 
CMOWOO?* 
iMnwoo2S 
CHnMcr?6 
CHPKOO;7 

CHO 1.0029 
CHI)U0029 
Ciinv.or'i j 
CHIlhOO U 
CMnwooi2 
CUD ».00 ( ) 
CHuaoo i«. 
CHrii.ao]S 
CHO110016 
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t M-Wil I.NCPI>SINinrTtin l*HCHI 
DO   ^0   J-I.N01T 
c«( JI-»ISIJ,I itn'iK«! lutmji 

20 CONTINur 
co rn -.n 

c 
c fo« «soR-.Kn,  Tor cMnxouisi iNir&R«i is co«Pimo «Y TNO CAUSSIAN 
c ou»tn«n)i<rs tn MM;oif  it« riNiic JUHP  IN «tR^n *i «-XI-Y-YI-O 

Ji      ifi« tifi   t.^,2}o 
tio     if («-ifir .j-'si Hico) i ^^,^,^ 

22     iMiu.   »H( ir. i II i I •■,! Mil n  «i/S(Mi(.:il 

K--I 
MGMl-IMBD/?. 
DO    2i    I     l.Ml' 
lMtI»lll-ll.-&NII,NCPIl»IM»D/2. 

25 C*US<m«l-ICI t»Sf CICO'll.-COJIIMf T»l I III I 

CO   10   1^ 
2«. MCHI-onj-WCHl 

»•I 
DU   2^   l-l.NtP 
IHEI»! I l>TMin*(l.-CNI l,NC»ll»|P02-IH«n/2. I 

25     &«!)•.< I I I   >    n i l ..I uli 'l«l 1.0   Ll.'. 1IHI I«l I I III 
« C,«IL   KfRNl 

DO   <.n      IM .NCP 
i w ■ vM I .N' i' l ••. IM I HI 1 »i | I I »w;.Ill 

DO   *0   JM.NQLI 
«i ( ii   M'n iMi i n i i.i i null ji I/II n«i I2«»I/*JI I  •♦. 

cm ji»«L(ji*cw*Tm(ii*ciiiJi 
c 
C     C«   •   CMOROMlSf   INTfC«»L 

*0 CdNIIHUF 
1II>.1   2«,50,50 

50  CONIINUE 
60 RETURN 

END 

CimuflO II 
CHDuOniS 
CHnKO"!") 
CMDwno*o 
CHÜW004I 
CHnwon<>2 
CHDWOIK I 
CHUaOO«* 
CHOHPr".5 
CHDaOlHfc 
CMiiuniH 1 
CHDWOO^B 
CHOWOOt'» 
CMOwno^o 
CHOU0051 
C HO 110352 
CH0W005 J 
CHDW005* 
CMDWOOSS 
CM0V.0056 
CMDKOOM 
CHDUOOSa 
CHOMOns1» 
CMDU0060 
CHOUOObl 
CHO" i    '■•> 

CMDwoo^^ 
CHUW0Q6«. 
CHDU0C65 
CHDW0066 
CHUMOOdI 
CHDua068 
CHOW0069 
CHOUOOIO 
CHouoon 

SURROUIINE   KERNL 

KfRXl:      fV«li)»Iir.N   OF   KIRNEL   EUNCIION  fROM   SIE*I)*, NON-PIRN»», 
INCOMP»!SSI"H   IIFIIN&   SURFACE   IMEOP».   REF:   »SHIEY   »ND 
L»Nn«HL,   CM.   5 

CO^HON   •RI<i,5l5ll>LSI5.IOI,CR|5I.IKRI10l,<OC.SOS,Y,2> 

C   »«N,;>i;,«SOR,EI«,CAUS«IIOI,PQ2,NOLI,NCP,1P,N.«,C2, 
C   Jl , J^,CS,YMN?,iH/2,CSR 

&»US«III    ■    «-«I 
»HN   •    Y-n 
5     DO   10   I'l.NCP 

IHE«G»USX| II'tSR 
«»r2'i"'i •<«! 
R.iO" I ll'S(j««««E2 I 
C-l.O«KMr/R 
TKRII l.-C 

IKR   «   RIAL   PARI   OF   KIHNIL 
10  CONI ir.ul 
15   RE TURN 

I NO 

KFRNlnol 
RERN0002 
KERNOOO) 
KER.IOOO* 
KERN0005 
KERN0006 
KERNOOn/ 
RERN0008 
KERN00P<> 
RERNGO 10 
MRUOOI1 
RERN0012 
RERN0011 
RERNOOl«, 
KERM0015 
KERNOnii 
KERNnOlI 
KF «:iooia 
KERN0014 
KERN0020 
KFRMOO?I 
KERN0022 
KERN002) 
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SUIHOUTINt   «N6LK(N0MI 

«NCI«;      Cdl'llTES   MINCfM   V»ll»   Of   »   «ANGLf«    l'lTtC»«L   HHICH 
INVfilWFS   •   SINSOlMITt   »I   T'tl.   «tr:   H*TR|N$<   MAS»   1H  «-*9 

««CUNrNT   LIST 
NOST:      NO.   OF   SP*NWlSr   MOOES 

niBfNSio1» oi6i,swi6i .C«TEI it.um.risi 
CnMHON   »RI<.,l,Sl.«l.S(S.lOt,C«IS),TI(«ll0l,«UC>S0S,»1t. 

C   T><N,/«J,RSC«.fT».0»US«llOl ,Pn?.NOLt,,(CB."l,,N,K,Ci, 
C   JllJ{>Gt«VMM2(IM22lCS(l      /C«UN/r,NI 10,101.UNI 10,101 

00 I   l-l.NCH I 
C«ttlIl-O.O 

I CONtlNUf 
SK«>-2.0 
D«T«   SH/l«.,T2..*'»S.,*9S.,7».,lJ./ 

1W  •KflSHlING   COFFriCtrulS   «T   THr   «rSCKTIVE    INTFr,o«T ION  POINTS 
01 lilt« 
OIJI-ET»«?, fi. 
Di ii-ei«/). 

OI*l'-OIII 
0HI--0I7I 
0(«l*-OII I 

DU)   •   10OTI0N   OF   INIfG«»riON   STATIONS  M.R.T.   Y   MITHIN   INTERVAL 
00   LOO»   ?0   CONPUIES   Fl   TMKUUCH  fl,   E«Ct»T   I«. 

00  SO   J«l,6 
CS"S0S»OIJl 
&Y.OS 

CAll   FUNCTNINOST,CS,F) 

YHN'Y-CT 
YHN2«Y»N»YMN 
«SOR-YNN? 

NN&in^Ti 
*vzi nnn2 
NN3L0111 
NNOLO'1'!'. 
MNOLnnOS 
NNJIDOO"! 
NN&I anoi 
MNr.l ooni) 
HHG100T1 
MNilOOlQ 
HNr,Lnni i 
MNr.l 001? 
NNiLOOl » 
MMCimiS 
NNCionis 
HNSIOOK, 
NNOLOOI I 
MN:.iouie 
NNaLOOl"» 
MNOLOIPO 
MNCLOOn 
NNMOr-?? 
UNOLOn?) 

MNGIO"?!. 
«Nr.ioo^s 
MN2L0n26 
NNOLOO? 7 
XNCIOO?» 
MNC1.00?9 
»•NOLO^IO 
"NCIOOH 
KNGL001J 
MNGLOOn 
HNOLOOt* 
HNOLOOiS 
NN(;iOOJ6 

t« 
*0 

■.0 

C»ll   CMOWS 
DO   «0   L-l.NOLT 
00  «0  K'l.NOST 
U'SulJI 
OMl.l.K|.r,RlLl,Ml'l«W««im.l.m 

•   RUL   PAKT   OF   SU«F«CF    INIfC«»L 
CONTINUE 
CONTINUE 

C»Ll   ruNCTNINIST.SOS.FI 
THMAn.HRCIiSI i.o-«nc»?.ci 

00   LOOP   100   COMPUTES   F*   AT   Y«   Yl 
00   100   (»I,MP 

IMfT«>l I.-SNI l,MP|l/?.«THMA« 

CH-WNI I ,MP|«SINI IHEIAl'TIIMAH/J.O 

CN   •   HEIGHT IMC   TERM 

ALU I   •   THE   TWO-O  CHr.RDMISE   LOftOINC  FUNCIinilS 
00   7C   L-l .NCI I 
AllLI'SINiriOATILt»TMIT«l/riO»TI7«»l7»in»*. 
CBItll l-Al  I 1   !•■ W»',Kt,,f RH IL) 

TO   CONTINUE 

C«TE   •   CHOKOWISF    INTFCRAl 
100     CONTINUE 

10J   FCI«   •    100.»ETA 
Oil   I OS   I ■ I , Nl u T 

00   IOS   KM,NOST 
A«I1,L,KI-I-I460.0«C«TFILI*MKI*A«M.L,KII/FCT* 

A«l   FINItl   VALUE   OF   THE   SURFACE   INTEOAL 
IDS   CONTINUE 

RETURN 
END 

MNGLOOU 
MN'AOOIR 
MNGLOOll 

NNCLOOAO 
MNGlOf)'. I 
MN"100<.J 
MNGLOCl 
NNCLOO*« 
MNGLOO'.S 
MNC100A6 
MN'tO'"-' 
MNGlOHfl 
MN'.LO'Hq 

»•IGLOTJO 

HNGLOISI 
MNGLOOS? 
MriGLOi-S 1 
MNC1 OUS«, 

MNOlOO'.fc 
MNGIOOS t 
MNGLOOSa 
MNGlOOr)9 
MNGIO06O 
MNJLOOM 

MNC100'.? 
MNSLnnM 
MNGIOO«,* 
MNG100ÄS 
KN5L0144 
MNGlfln^ i 

MNSL006a 
•N&L01S9 
MN010070 
HNGLOOM 



sun«um .r  n OIKVCCT.YVILI.MOCP) 

HOT HOIS PiiNrosM «NO cnNiKoi »oi'dS 

«R&U"( -T   I I SI 
«VICI:   CHiMOJI'.f   COOKniNUf;    lON-n   8V   «01)1   CHOKO 
»»fCIl   SPANlMSf   ' i.l.HIMNHll ;   NHN-O  «T   SEHISPAN 
N"; P:    NO. HI   coiiocAiim PCIIMS 

DIHfNSION   lvrCTI7'i)>«VCCTI21l, 
ran.i««,'  «.u.cu INI 1101) 
OH«   «.O.C/1      •, ••••,•«»•/ 
imittit.9101 
sou   •   i.   •   >l I 11,1.) 
DO   10   L'l.NOC* 

» • «vfcm i  ♦!. 
NHIll   -   INIHOO.««/SCAll».lt   ♦   1 

NT|ll'^l-INri<<0.*YVfCTtLI*.ll 
JO   CONTINur 

SM. 
00  ion   i-i ,M 
DO   10   J   1 . 101 

10   I  IM  I   I I    A 
fit    •   »LI 1 LSI    •    I . 
CHO   ■   AI I.SI    »2. 
«If-UE'tllO 
Nir ■  iNi i ioo.»f ir/sr.«i t ♦ .ii  • i 

NU   •    INI I I0n.««l(/SC»lf   •   .11   ♦   1 
ir i I.NI .I.«NI). I.N:-Mi co TO ^o 
00  20   rSIl P'NLf •MM 
UNf 1 ISICPI-J 

tO   CONIINlir 
on in 60 

SO CUNIINUF 
LINE INIF1-0 
IINEINIFI.D 

*«l2SI.Nrl2SI 

PI 01 our| 
Plllono? 
PKiIOÜUl 
Piniooo«, 
Pimooiis 
pioioon» 
PIOIOOOT 
Piororoa 
PIO'IUO'» 
pimooio 
PLOionii 
Pinioow 
PLOIOOli 
PlOIOCl* 
PLOIOOIS 
Piniooib 
P10I00II 
PIOIOOIS 
P10I0O19 
PIOIOO^O 
Ploion?i 
P10I00?J 
PIOIOO?J 
PIQIOO.'* 
PLOIOO/S 
PLr.roo^6 
PLOIOOi»! 
PLDI0O?S 
PL0I00J9 
PIQIOOIO 
PLQIOOU 
PLÜtOOli 
PlOIOOtJ 
PLOIOOl* 
PLQIOOJS 
PIQI00<6 

60 criNiiNur 
00   *fl   L-l.NOCP 
II INML 1.10.I I   L iNCINtlLII-C 

*0  CONIINUF 
UK I II I (..'inil i    l   INI 
s-s-.n? 

100   CONIINUI 
900 rnoMtiiin  ,101«! i 
910   FORM«t(M   PIOI   Of   Pl«NfORM   AND   CONIHOl    POINIS: 

«i TUHN 
ENO 

NUI   10   SCALF't/Z/l 

P10I00I7 
PIOIOO IB 
PLOI0Ü19 
PLOIOO'.O 
PL0I0041 
Pimoo«.? 
PIOIOO". J 
PIOIOO««. 
PLOIOCS 
PLOI0O<.6 
PLQI00«7 
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C.3.      Program IIIA 

The following listing for Program IIIA includes Program IIIA 

and subprograms XGWGMW, AXA, DETERM, and PRESS. 

Program IIIA calculates the Initial  approximation for the 

vorticity distributed from the leading-edge vortex location and 

the outputs of Program I and Program WOW.    The output of 

Program IIIA is used to provide the Initial  vorticity distribution 

for Program V. 

\ 
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p«r(,J\''   lilt 

Uli tkicuium vdmitlir  COtFMCtCNTS mon yo«ir« i(ic«IION »NO 

OUIPUIS nt i,i>nc«»>,s wow »NO i 

UfNtSH  POSITIVE   HERE 

2110,FIG.«,2110,FIO.« 

HOIt:      DOMNwaSH   POSITIV!    FO«   W10N«U 

INPUT JlaJ2iJt,J« *IS 
1M>UI NCt.-lll>KSl,»N,S,NrjCt«,MC.SMtCI< 
IHPUl »WW.CWli 4El*.% 
IKPUl l»«I.«l'» IS       FlO.6 
INPUT &»VUI«,&/vn« Sfl».5 

poidior OUTPUT     vtmiciTY cniFFicUNTS; 
FIRST   NOCX'NOS"   »OUtS   «HF   HOBSTSHOF   VDPTF«   MOOES: 
«IP4ININC    *BF    If»DIN&-EO&E    VOHItX   MQUtS ^El*.S 

NffD    FUHCIIIJNS      B,FW.«&Wl,«l .«CWGPW.UE 
NEED   SUB«OUIlNfS     «« » .CIU PI ,0E TEPtl.Df NCT .ENC IN.CAUS 10.P« ESS 

EXTe«t«L    iGhOMW, «r.wT 
01 HENS ION   «PKSI ,TPTI S1,VK12SI.»TV»I7M,PRI2S.25   ,tWUI2«.2al, 

C   CwwUS.SI ,CUf FF I?-.,?-;! 
CONMON   «01 ,tPJ,S,M,N'>/GVOR/CTVO«ISl,G2VOm5l/PE»N/CI<   /SEC/ZPT 
CCHM(.N/M0ueS/N0CH.NCS"/C0Nim/J2,Jl/»LOC/lH««   /(;AUS/6I2*I,MI2*I 

c 
00   100   JOUI'KY   •H>2* 
WIJBUM"*)    ■    WWS-JDUMM») 

100   &IJUUMPYI    ■   -012S-JOuKHYl 
D»I»  C0tFF/62b»0.O/ 
PI«3.I41S«3 

C   ON   WING   1    •   0 
IPT'O. 

WP lU 16.8601 

C 
REiDIS.ISOl   Jl,J2,Jl.J<i 

PGI«Ol)Ql 
PGUOOO? 
PG»«oon) 
PGlAODOk 
PGl«oons 
PG1AP016 
PGMOUO/ 
PG ISOnn« 
PGIAOIOI 
PGT^OOIO 
PG1IV0UI I 
PG1A001? 
PGIA001> 
PGXOOli. 
PG)«nois 
PGTiOO^ 
PGIAOOW 
PG1«oni» 

PGiaooii 
PGUOO/O 
PC>«00?1 
PG>»0n?2 
PCJ«007J 
PGTAOO?«. 
PG»«002S 
P&3.'.0026 
P&1A002' 
PG1A0028 
PGJ40021 
PCH0010 
PGKOOU 
PGl«Of)W 
PGJ400i3 
PG1<OOI<> 
PC3400TS 
H03«00!6 

Jl   •   CCMRU   P«R«HFTFR,    IF    J 1 . 1, NCGR02'NCORO;   ELSE,   NC0RO2"NC0Hn . 1 
J2,J3   *RF   CONTROLS;    J2«l   CULS   OfTERN;    13   >   I   C»US   ITERATION   PROCEDURE 
J«.   CONTROLS   IUTPUT;    IF    J^.TO.!,   OUTPUTS   INTERNEOIATE   RESULTS 

«•' MM f-, •■ull    JI,J2,JI.J<> 

RF »015,8SO I   NCOSO.NSP»N>S,NOCH,NOSK,CR 

NCORI     •   NO.   OF   CHOROwlSF    C0UOC«I10N   POINTS 
NSP»N   ■   NU.   (II    SP«NHISE   COLLOC»TIQN   POINTS 
S   ■   Sf"l'.P»N 
NGCK = NG. OF CMGRUHISE "OOtS 
NQSM " NO. OF SPANWlSt MODES 
CR ■ ROQI CMUKO DIVIDED "Y M4XIMUM LENGTH 

WR 1 11(6,8/01 NCORLJ,NSP«N,S,NOCM,NQSM.CR 
NC0«1)2«NC0»0»1 
iriJl.FO.ll   NCQüDJ-NCORO 
NF.CP«   NCüol)2     »NSPSN 
N^'.üO■^ü'",^'•^U'• 
N"OUI'N"'JI'>SUCM 

N&C"   •   NO.   OF   COLLOCATION   POINTS 
•."30   ■   '.0.   OF   htHSfSMCE    VOtiTF»   MODES 
M-UOI  ' Tom Mj'-aiii UF  MODES 

DO   200   l>l,HG(.P 

R(»0   l»,9O0l   l»wul 1 ^UJ'l.NHODI 

»HW  •  D(,i.t1w»SM  INFLUENCE  COEFFICIENTS   FROM PROG««M WON 

DO   2C0   J' I.N'IOD 
CUEf; I 1,4l«-AWMI I , J I 

200   COM INUf 
00   2,.0   I«t,l)OCF 

RE»D1S,<)20I   IGUMI I , Jl , J-I,NCCMI 

PG5»o;;ii 
PGTAOOU 
PG3AÜ011) 
PGliOO'iO 
PG3400' i 
PC3»0'M2 
PG3A00»] 
PG 34004'. 
PG3A01'.S 
PG3»00<.6 
PG3»00«f 
PG3*00*B 
PC>A0()<.9 
PC3»00'.0 
PG3A00S1 
PG3AOOS2 
PG1A0O'.3 
PGlAOCi« 
PC3A0OSS 
PC3A0'r.6 
PGIAOOM 
PGIAOOSB 
PCiAnn')<) 

PGIAOOLO 
PGtannfci 
PG3AO-62 

PGI-.OOt.! 
PGiAO'lftt 
PG1AT1<,S 

i'G3/.nn(,6 
PClAQ36r 
PG3A006a 
PCJA0'J69 
PGIAOO'O 
PG3A0071 
PC3A0072 
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CM*   .   Dnw'<w«<,n   INflUfNCf   f.UHf ICIfNTS   MO*   »«OG*»«   I 
J10  CONtlNUt 

«r»OI^.11"!   IM»X,MIA 

I MA>    •    Il'ÜCH    OF    VnOtCa    Al'PHOW |M*I ION 
*LF*    •    fW. '     CF    ATltCK    I IN   PAOItN'.! 

'.IN'.ll    •   WNIALFAI 
WR r TC I6,')60l    1 "A«. «1 I A 

c»icui«rr cniiocAiitiN PHINTS 

C»LL    COLfllNClfKU.NSPAN,        «PI.TPII 
IF IJl .E0.1I   GO   TC   100 
XPIINCORD.'l.UPTlNCDODl'IPIlNCOHO-lll/?. 

JOO cr.NTiNuf 

READ   IS,1,1(:I   CYVOR.CtVOK 

CVVOP   A"l    COFFFICNFTS   OF   VOBFt«   SPAFawlSE   LOCATION 
CJVOH   AUF   COfFFIdfMi   OF   VOKIt«   VFKIICAt    LOCATION 

MR|IF(6.«ni   GywCH.CZVO« 

CALCULATrS LOCATION OF VORTt« »T « 
CALL FNCTN(0YVO«iLNAIt l.,»VOI<l 
CALL   FNCTNIC/VOKfLn*«. l.WVCKI 

•I. 

CALCULATE   COMOIBIJTION   FRON   LeA0IN6-f06f   VO«Tf»   TO   0ON.NKASH 
DO   «00   IM.hCORUj 
00   <.00   J-l .N'.PAN 
Nl«J«l l-ll»NSPAN 
«PI-«LEI»PTIJI l>BI»PIIJ]|»»PT( | | 
»PJ-YPIIJI»S 

OUTPUT LOCATION OF COLLOCATION MINTS 
WRITE 16,91,01 NI.IPTI I l.VPIIJl.KPI 
»DIFF.YVOIl ->PJ 

p&lam; i 
POUOO N 
PCMOi n 
POVVOO'6 
POUOO n 
P0UC1 it 
PCMO W) 

P&)3C:"0 
PCIA'^Hl 

POiiQ-;»! 
PiltOO«'. 
PClAOOfl^ 
P&UOOHi 
PGIAOORJ 
Ft, ..mis 
PGJAOO'iT 
PGlAOiio 
PGiAOOTl 
POJAOOi^ 
POIAOOH 
PGIAOOI«. 
PGJAoms 
PG3A0n'^ 
PCIAOO") 1 

PGliOO')<) 
PG1A0100 
PGJAOlll 
PG)»oio; 
PG)A0103 
PGJA010» 
PCJA0105 
PGH0106 
PGUOlflT 
PG3AÜ108 

YSUN-TVO« »TPJ 
XfilFF.I.-XPI 
YOIFSO'YOIff'VDIFf 

YiUNSO-Y5UB»Y5UH 
J5O-/V0R »/VOR 
TERKl-YOIF SC'ISO 
Tf «M^-YSUHSO'/SO 

C 
C   CALCULATE   CONIHIIlUTIC'i   OF   VORTI«   AFT   Of   I   -1. 

GWGMW^-IYDIFE/TEXMl«! I .-«D1FF/SORT (TERN l»X0IFF»«O|Ff I I 
l«YSUM/TE»M7«ll.-«UIFF/S0»TITf RNi»«D|FF«x01FHn/l*.«PI > 

00   *"iO   POMiNCCN 
M-HO-l 

c 
C   OBTAIN   CONTRIfUTinN   FPOM   WAKE   AND   VORTE«   SEGMENT   »EfORt   X   "l. 

CALL   CAU^IOI        O.n.S^GHI.XCliT    I 
CALL   GAUMOl        0.0, . I JiGH«AGWGHHl 
GUGHW1-GU 
CALL   CAUMUI . l1,.2t.CH,RGUGHHl 
&WCMWI'GW',F"K1«GW 
CALL   CAUSIDI .;S,.ST,CM,IGWGMM) 
Gl<GHHl>GH(JF'l<l>GH 
CALL   GAUSIOI        .ST.I.dCN.RMGMWI 
CHC*Hl*CltCPIII«CU 
COEFFIN|,li*'0U*NQI>GMMlNI.HSI*C> T*GWCNMI<GWCMU2 
r,HCPW?>-l.«CMGNU{ 

«SO  CONTINUE 
400  CONTINUE 

IF IJ4.NE.I I   CO   TO   S10 
NOCD'INHUI)T>AI/S 

C 
C   OUTPUT   TOTAL   UChlUASM   INFLUCNCE   COEFf ICIENTS   IE   DESIRED 

00   500   IM.NOCP 
Ob   SOO   K-l.NOCO 
JN*X-S«K 
JH|N>JNA>-« 

PGieoiO1? 
PGJAOl10 
PG3"01l 1 
P&1A011? 
P&TA01I 1 
PG1A01I* 
PGJAOlli 
POAOUt 
pciAoiir 
PG1A011B 
PGIAOUS 

PGJAOI;O 

PG)A01?1 
PG1A0U2 
PGJA01?} 
PGJAOl?", 
PGTAOl?^ 
PGlAOWk 
PGIA01 <• ' 
PG3AOl?6 
PGTAOU") 
PG1A01TO 
PG1A0111 
PG3A011? 
PCJAOIl) 
PGlAOlU 
PG1A01IS 
PG3A0I16 
PC3A013' 
PG3A0116 
PGlAOln 
PCIAOl'iO 
PG3A0l*l 
PC3A0I42 
PO3«01',3 
P&3A01'.'. 
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HO IT1 16.«"Ol    ItdC I I I ■ JI.J-JCIK.JH»«!, I.» p&i«ni<.s 
HXI ii I r.ooi   ic.ui f 11. Ji.J-jHiN. jHtx. I.K pcuni'.r. 

^00  CONIINIII »GMOI»! 
^io u.NiiNur roi«oi*a 

C   CUCUIAtIS   VOOIICITY   CIlirF ICIiNIS   «.r.Q   I »UM   nillINU»«»   CONDITION Pl.lMllMi 
C POIAOl'.l 
C   '.uiuui    HtlOM   er   llwi'INt.   *   IIONSPOSC** PGI«}|r>? 

c»ii »«»iccrf r .PR.NOCP.HHOOII pci«ni'>) 
KIJ^.NI.II r.n  to  160 PGIAOI"!* 

C PCIAO^^ 

C   OUTPUT    «   IKANSPOSI •«    .    IT    DfSmtO PCTAOlSi 
Ul)   ISO   l-l.NMOOT PC1»015f 
iniUi6.4lol   ipmi .HI.K-IIIWODT) PGiAnisa 

ISO   CdNTINUf PCTAOISI 
160   CONIINUI PC1Aai60 

C PGTOIM 
CFK   DOWNWASM.   VDII I,   ON  UINC PG)A0162 

00   SIO   l'l.NCCP PG1A0I61 
VBI I I   ■   -^IflAt f PG1A016* 

5J0  CONIINUf PCIA016S 
C PGTA0lfc6 
C   FORM   A   IKB>4-..'|:',1 •rjiiuNMA'.M   VECTOR PCIAOI6r 

00   l*n   »    l.NHnol PGIA016I 
»TVHUI'n.O PClAOli") 
00   1*0   l-I.NUCP PCIAOITO 

»IVHIKl.AtvMI ü 1 •!  I.M I  H .« I'VBILI PCUOI H 
1*0  COMMNUf PC3«Olf2 

IFIJ^.NE.I)   CO   ID   l*% PC3\01M 
C PG1A017* 

C  OUTPUT   1  TRANSPCSt^OCuNMASH,   IF  DESIRED PGJADIT5 
URI I'I6,1?al    ItTVRII I,l-I.NMOOTI PG1A01r6 

1*5   CnmiNUI PG1A0177 
IFINHODI.M .NQCPI   GO   TO   1)0 PC3A01 78 

C PC1A0119 
C   SOLVE   SIHUIIANEOUS   LINEAR   EQUATIONS,   Jk   «   ■   «.   FOR   > PCIAOIBO 

CALL   PRESS   ICUEFI .VB.NHUDI.JO PG1A01B1 
C PC1A01B2 
C   SCIVC   tOUAIIOtl   AIA   «    .   AT   8   FOR   « PC?tOlB) 

130   CAll   PRESS IPR.RTVR.NMODTiJAI PG3A01H'. 
860   I ■-"■;(■      PROCHAK      III   A     CALCULATES     A,GO:     GIVEN   AHM.CUM:'.SI. PG3AD1BS 

C'UPCAIFO   AP»|I     ?T,l'(f7,,/l PC)A01R6 
(«TO   FORXAIl-   CHOW   COLL    PTS-'.n.SK.'SPNWS   CDLL   PIS-'.U.J«. PG3A01H7 

C'SEflSPAS   ',( 10.4. )X,'CHDHS   MODES-'.Mi »«.'SPNUS   MIIDI S • • . 1 I. PG3A01S8 
C    )», ,f.B■• ,1 '.'■,/I PC3A01»9 

880   fOBCHIJUC.F 10.*. Jl 10,F 10.*l PG3A01'10 
810   FORHATI'   tl'l    VALUES   OF   G»VDB,GZVOR   ARE VISE l«.S I ) PGBAOIH 
100   FORP't IST U.t I POIAOll? 
910   FI.BMJI I IS.F 10.61 PG)A01')3 
920   FQRPAI    ISfn.SI PGlAnn* 
9*0   FOBMAH-   CCLLOCATIDM   P01 NT • , 11,2ri i.*, 3«, < LOCAL   «.•,   F12.*I PG3»0l'IS 
9S0   PORHATI«ISI PGIA0116 
960   FORHAIIlHO.f].1      OEGHffS   OF   FBEEUOH   IN   VORTE«   LOC AT ION' .5X, PGIAOITT 

C   'ANCLE   07   ATTACK   ••.FT.*,/) PGTAOlie 
980   FOBMAI   ISl 1*.S,2X.'CüF'.IJ.lK.m PG)A0l<i9 

SI&P PG3A0200 
END PG3A0201 
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FUNCTION   «CHCNHK I 

ICMSMti   C<I.CUliTFS   OOUNMt&H  CONIRIBuriON  rROH   BOTH   VORflCES 

»«dl-IM   LIST 
x:       iNnr.mrni« POINT 

COXHON   «PT.»fT.S.H.N 
PI- 1.14110] 
&&AM.siNirin»i(?«n.ii/;.»PI»i( 
«&HG"W«i;&«H«IFHI «.YPTI»rMII,-Vfll) 
«t Tu«N 
(NO 

<CMCO0Ol 

XGW:O'VI j 

x&hconii 

XlwiOIOS 
XGrfSOJO^ 

XG-i'S'l i 
x(;.;o:u 

SUOKOUTI-lC   ««AH.B.KKUW.m.Ol I 

*Xt   (.»1 LUim ">   B   ■   *   IIU^SPOSE*A 

»R&UMENT   11 ST 
«I INPUT   MtTRU 
B:        OUTPUT   «»I«!« 
NRDN!     NO.   DT   ROWS   IN   *   TO  B(   PBOCESMO 
NCOLl     NO.   0»  COtUMMS   IN  *  TO  Bt   PROCESSEO 

DIHCNSION   *l?^.25I.BIttiZtl 
00   10   l-I.NCOl 
00   10   J-l,NCOl 
BlI.JI-O.O 
00   10   tl'I.NROM 
Bl I , J1-«IN,I1>»IN, JWId.JI 

10   CONTINUE 
RETURN 
(NO 

0001 
ooi; 
o-;'') 
OOT. 
0005 
00C6 
000 7 
0008 
000') 
0010 
00 1 1 
0012 
00 U 
OOl* 
00 n 
0016 
001 7 
001 9 
OOl") 
0020 
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SUDKIUIIINE   niI(««l».Nl 

HI UK«   C*lCM.*TtS  OilfRHINANr   OF   ttlUCIilKS   «S   mml«   INOICAIOK 

«RCUNFNT   l IST 
• ;        F.mi«   TO   r,l    tISTIO 
N:        OKOEII   OF   HklRIl   Ol    INTfmST 

DIMflilON   «WI.^I.OUHMYW^.ZM.IPF»!^)   ,OET(25,;M 
IFR-O 

■■IM    ii,i-"r    m   PDFSfKVE   MHIMNAl    MAIKI«   «S   MHUIIUN   PKOCEOURE   IS   OFSTRkXTIVE 
on too t• i,N 
oo ino J-I.N 

100 OUHHVIttj|■»(r.JI 
UK I If I6,9<,0I   IID;IHHVI I,JI,J<I.NI.I-I,N) 

<H0   FUKMMI    •    III!    VtlUFS   OF    THE   MMRIX   EIFMENIS   »Kl • / ( M U . ^ 1 I 
Nl-N-I 

NOW   niVflOl»   PHOCISS   FOI"   COF»CIQRS 
00   SOO   !• I .N 
00   BOO   J-l .N 
DO   ton   ll-l.N 

12*11 
Ulli.i,r.ii   I7-II-I 

DO   100   JI-I.N 
J?-Jl 

II 1 II . ,1 . 11   J?<Jl-l 
OUPIVI I?, J?I'MI1, Jll 

300   CONIINUF 
Oil   HF 01 DUMMY, 2S,N1 , I PER. IS. I CD I 

HFC   IS   ll'M   SlHtTH  SUItnOUIINE   TO  PFRFOMM LU  01 COMPOSII IUM OF  NtTRIX 

ARGUMENT   EIST        MFC Il.H.N.I PER,IS. IER > 

OF tr 01)01 
DEIFOO.V 
OE II 000 I 
OEirono* 
OEIIOOOS 
3E11 0006 
DEIFOOOF 
DEFroma 
DEiicm 
ni iiooio 
DEIIOOI l 
OF IF on I? 
OEIFOOI) 
0EFF001* 
0EII00I5 
0EIF0016 
OF uooir 
DEIF0018 
OEIFOOI«! 
DEitooro 
0ETE00?1 
0EIF0n72 
DEIFOO?» 
OCIFOO?* 
OEiro'i^s 
0EIFOO?(> 
0EIF00?7 
0EIf00?8 
DEIfOn/9 
DEUOOtO 
OFIEOOH 
OEM 00 12 
OEIFOOU 
OEIFOOI« 
OEKOOIS 
0EIEOOI6 

«: INPUI   MAIRI«   TO   BE   F«CIfi«EO 
M:        0RUI4   OF   MAIHU    IN   UIMENSIOl   SKIEHENI 
N:        NUMR; R   111    SIMULTANEOUS   IOUAIIOMS 
IPER:      PIHMUI»! 10.N   WECIO«   OENIRAIEO   FOR     NSC 
IS:      SIGN  CF   OEIFRMINANT 
MR:   lu.iiiu   INDICATOR 

Of II I,JI   ■   F10AII1SI 
ou «or ic-1 .Ni 
i"  III,  11      UUHHrlK.KMDEI 11, JI 

«oo CIJMINUI 
800 CONIINUt 

00   600   IM iN 
600   HKIII16.9101    I.IOrlll,JI.J-l.NI 
910   FORMATI*   HOW,   1 1/IM 1 s . •. 1 1 

RE TURN 
END 

OE IF On I 7 
OEUOOtS 
0EIE00I9 
01 II 'in/.o 
OEIEOOM 
0EIFO0«J 
DEIFOO«! 
OEIFOn«« 
OEnou«s 
0EIFO0«6 
ociron«? 
DEiEoa<.a 
0ETt00<.9 
OEIEOO^O 
DEUOOM 
OEIEOO*^ 
OEIE005J 
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l>»tS5   C«LCUtAIIS   V0HIICI1Y   CtUFMCItNTS   "V   SIUUIIQ^  Or   SIHUlt«NfOUS 
fOU'TIO'JS   »NO   C^lCul«ttS   Ll»DI%Q-fOt.f;   VOKttX   SHE    ,IM 

«R5i;"fNr i is? 
COfM:    A   MAtRII    IN      »    «   .   H 
il.'lN!      H   vrcill»   l>(      «   (   -   It 
N"CJOT:   MUXflt«   Of   SIMULTANEOUS   tOUAIlllNS 
J".:      CONTKOIS   l>l>rNTIN6   OF   1NTCHHEOI »rC   RESULTS 

RE«L«I1     UUEFf l?S,?SI,0S0L'l(2»l 
DI^ENSIOt «BU"I?S) ,»P«IM(?51,BOU«l25).tQEFF(??,2SI, 

C   SOLNI ?SI , IPFR(?^1 .«"•'»HOI 
CllfMnN/MnnfS/MOCH.tlOjX/CONIBL/JJ.JJ 
If R.O 
PI-1.l*|S01 

INITIti!/{   VOMTICITY   COFfUCIENTS   »OUMdl 
OD 10  I'I.NWUDI 

<nuHiii-n.o 
DO   IC   J'UNHOUI 

10   OOEfFII.JI    .   OBLEICOEFFI I.JI) 
If I J^.Nf.l I   GO   TO   -.O 

UfTER«   C»1*   PE   t«LLfü   10   I' ST   f OH   I LL-CONO I T IOMEO  HRTRICES 
C»!.l   OEI!RH(COEfr,N«nOTI 

*0   CONTINUf 
C»Ll   Dlf&lUOf f F.J^iNWODT, IPt«. IS.IER1 

DfFC   IS   IBM   SLM4TM   SURROUIINF   TO   PFRFORM  lu  OFCONPOSIT ION   OF   «»TRIX 

«UCUfl-d   LIST     OMFtlt.H.N, IPER, IS.IERI 

• : INPUT   MtTRK   TO   RE   FRCTORED 
HI        ORDER   OF   «»TRI»   IN  DIMENSION   STATEMENT 

PUT '.nlin 
PRr rp.il] 
PRf SO"!" 1 
PRr'.n-vj'. 

PRisooo^ 
PRESOPn* 
PRT soon; 
PRESOon» 

PRE SOOO«! 
PJE STllO 
PRESOO1 I 
PRES0012 
PRES00I3 
PRESOOl« 
PRES001S 
PRES00I6 
PRfSOOl ; 
PRES0019 
PRE SOni1) 
PRESOO?0 
PRFSOO.'l 
PRESOO;? 
PRE 500?J 
PRF'.00?<i 
PRESOOi^ 
PRES0'-?6 
PRfSonj; 
PRE SOO^B 
PRE S0n/9 
PREsnoio 
PRE S00J1 
PRE SCO 1J 
PRtSOOU 
PRESQ01* 
PRESOO)S 
PRES0016 

Nl NUMSfR  OF   SIMULTRNfOU*   EOURTtONS 
IPERI      PF«MUI»T|ON   vrC-IU"   CENERRTSO   FOR   OMSC 
ISI      SIGN   OF   OCTtRHINANT 
IFR:   ERROR   INOICRTOR 

DEI   •   FIOATI IS) 
00  ?0C   I"I.N«ODT 
OFT   •   OEt'SNGllDOFFfl |,||) 

JOO   CONTINUE 

OUTPUT   DtTtRMINUNT   OF   HRTRIX 
HRIIE(6.')S0I   NHJOr.OFT 

IC«0 

IC   -   COriTROL;   COUNTS   NUHUf«   Of    ITERATIONS   ALIOUEO   TO   ELIMINATE 
«ESlriUf   FROM   AX   •   B   SOLUTION 

IFI lEK.EO.O)   CO   TO   IS 

IER   IS  rrjunlTION   PARAMETER   PROOUCEO  BY   OHFO.    IFR-O   IS   BAJ 
RETURN 

15   CONTINUF , 
IC"ir> i 
00   20   l-l.N^nOT 
osoimn  •   sni.Ni n 

?0   DOUMI1l-SULNII I 
CALL    i-'.    I u: l l I ,."., IPTR.NHOOT.O.USOIN.IFMI 

OMSC   IS   fn   SI MATH   SU.HOUTINF   TO   SOLVE   SIMULTANEOUS  UNFA»   CUUMInns 
C1UIN   IU   OECI.MPCSITII.N 

AHCUMTNT   LIST      IIHSGtA.M.IPrR.N.J.B, IFR) 

A:      OUTI'I.I r IIOM iiwro 

M:        llRUf I   UT   PAIUI«   IN  MMfNStC.l   STUEMINI 
IPERI    nuii'i/T t»w<wfr, 

Nl NUMO'H   UT    SII'UL I A'.FDUS   tüuATHINS 

PRE SO<l W 
PRFSOulT 
PRFS03)') 
PRE 500*0 
PRES0041 
PRESO'^'.J 
PRE 5004 1 
PRESOO*« 
PRtS00<.5 
PRf son-.» 
PRtsoo<.r 
PRES0048 
PRE SOO".«« 
PRCSOOOO 
PRE SOJSI 
PRIS0OS2 

PRf SOCc>J 
PRrSOOS« 
PRE sonss 
PRT S0OS6 
PRf SIJ0S7 
PRESOO-ia 
PRE SO' ^') 
PRrsoooo 
PRESOUl 
PRE So;62 

PRT SO(Jh I 
PRT S0I1M 
PRf .or'.^ 
PRT SOO",,, 

PR' SO lb? 
PRf iO,'.|) 
PR I SO 'O 
PR1 • ' ITU 
PRT ' 10f I 
PRI inn72 
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J:        NOHR^llV   0.   TO OUTfUt   I 
»•■        INPU<   B:   OUI»UT%   >   IN   «   >   -  rt 
ir«: IIRDH  iNiiiCAioa 

00   100   IM.NIQDT 
100   SOLNin   •   SMCl lOSCIlNI I II 

u urn.(o.oi i.o in ro 

if»    is »«iBi» cuNDinoN P»H»HITI« PBomifio HI onsc 
iFTUKSI 

TO   CONIIIUT 
IT    IJ*.NC.II   GO   TC   170 

OUTPUT    rinu-dliMM    Rf SUITS   If   OTSIMO 
uu i H i f..'i',ni   I     '.n Ni« i,».-I .N"tiDi I 

120   CUNTINUi 
NHQU-NOCM'NOS" 

(ii cm Mt   yomiciTT ( HM i(ic«i  vfCTOR (Ounin 
DO   »S   I-l.N"(inl 

6".    «Illjf 1 I I    «I.IKX I 1 . ■,11 Nl I I 

L »It (II «I-    lElDIMC-EOCt   VQRTEI   STRFNCTM.   CINNAKI 
00   90   II   •1,10 
0«N<t«l III   '0. 

x  •  .i«rio»iI II < 
on no  i  I.S(.LH 

j-l«-iKno 
GAHMMIM   •   >DUMIJI*SINIFI Q*TI2*I-1)/2.*PI*>I   •   (.»»«»(III 

RO   CCNTINUf 
40   CCNIINUf 

OUTPUT   lf»DIMC,-tO0E   VriMTF«   STRENGTH 
UR I It lb.'KOI   GRHH« 

OUTPUT   VORTICITY   COtFriCITNIS 
UR|TEU,97QI   I      «OUHUI, J-I.NHOOTI 

PRT S0OT1 
PRI soim 
PRI ".on is 
PRI S00I6 
PRISOOIT 
PRE sonn 
PRESOO'1 
PRFSOCRO 
PRI ',')"" 1 
PRT SOO«? 
PEISOORJ 
PRISOOK* 
PRI SOOPS 
PRISOO^d 
PRISOOBT 
PRT '.ri'iHH 
PRT S00I19 
PHI ',011'«) 
PRE sonii 
PRE SOOT? 
PRES0U9J 
PRESOOt« 
PRES009S 
PRES00<>6 
PRESOOIT 
PREsooe 
PRE SOOT» 
PRESOIOO 
PRES0101 
PRESOll? 
PRESOIOT 
PRESOin« 
PRESOIOS 
PRES0106 
PRESOIOT 
PRESOIOS 

CHECK   NUPERIC*!   PIOCFOURr   Bt   CRICULRTINC  B,   EROh  »»X 
Ü0   SO    I■!.NHUÜt 
BP^C I"» ■ i >  0 .n 

oo la j-i.^xuni 
SO   BPRIHMI   >   BP1IMIII   •   COEFEII.JI   »SOINUI 

CHICK   DlffCRflCt   nFIMEEN   INITIXl   B   »fCTOR   »NO   CXICULXIEO   B   veCIOR 
on is  I-i.NHuni 

SS   SOINI II'BPHIKI ll-BUUf111 

II I J"..*!! .11   CO   IQ   7S0 

OUlPUI   C»lCUl«IFO   B   VICIC',    IE   DESIREO 
WRIII U^OAOI    IBPJ |N| I I > I- l.NKOOI I 

?S0   CONTll.Uf 

0UTPU1   DEII»   P 
uaiirIb.iroi   isoiNi11,I>|.NHODTI 

If I IC.LI.Jll   00   T(1   IS 

PUNCH   VORTICITY   COffflCIINIS 

FIRST   NOCH'NGSH   MlJUtS   »BE   HÜRSESMOF   WOOES;   REKAI'IINS   MOOES   »RE 
LERIHNC-EOCE   VORTt«   "OOES 

WRITFI7,9101   I «DU-IK|,K.I.NMOUTl 
■»jo ELUHAK'oi fi»urir, ccmiciENis »RE • ,/• uoci >.M i 
<>J0   f QPHM ISFf-.S,*» .•SQI.N'I 
9*0   f (»MM I'O'.HMni   »T   «   '   . 1, .?,. 1, . . . , l.O" ,/, lor 10.61 
950   FURHATC   UtltRHINAM   Of   l»im«   OF   0«()l K ', I S.iX , ' 1 S ' ,E 1 2.5 > 
9(.0   FOR-AIC   l£L   »   I S'/ISf l*.5l 1 
910   fCKKAt    (•   OtL   B    IS'/l'.rn.SII 
980   rCiRMAK1   IMt   CRLClJl»!'0   B   VECIOR   IS'/ISEU.SM 

RlTURN 
END 

PRrsCln9 
PR( '..01 10 
PRI SOU 1 
PRI SOU? 
PRCS0U1 
PRESOll« 
PRE SOI IS 
PRES0U6 
PRE SOU I 
PRES0U9 
PRE S0U9 
PRtSOWO 
PRESOWl 
PRFS0W2 
PRESOl?) 
PRf SOW. 
PRtSOWS 
PR(S0I?6 
PRt',01?; 
PR! S0W8 
PRE SOU") 
PRt SOI 10 
PRESOl11 
PRCSOl 12 
PRESOl11 
PRESOU« 
PR;SOI 15 
PRESOl IS 
PRESOl 17 
PRf S11IB 
PRI SOI 19 
PRESOUO 
PRE'.,01". I 
PRf '.OUZ 
PRESOl*} 
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C.4.      Program III Prime 

The following listing for Program III Prime Includes 

Program III Prime and subprograms XGVGM, ADEL, and AGAM. 

Proqram III Prime calculates the loading on the wing 

for a given vorticity distribution and vortex location. 
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PB()(,««H     Ml     PI« IM! 

Ill   Ml«   i «iiuimis  idMHNr.  OH  MINSt   MviN  viiRIICIIY 

►nil) ruNCiiChS f.(».r.ynm.ic»!;« 
Nit I)    ■.IIHMCil |M ■.    «Ill I  .»(.«••..DIM. I,I fit. IN,(.»II'.IU 

INPUT       llitl.j« 7^ 
lifur     crvnu.c/vO» itl*.^ 
ISPIJI        N( M Ml.'..M I ".Nll'.x.c  l< 110.' 10.4,2110,F 10.* 
INPUT     »P! ;: in.!. 
INPUT        CVGtN 1114.f IF    J*«l 
INPUT      k.GU K14.9 

|«If»N«l    «CVCH 
DINTNSinN   «PIIM. »Tf STI l|l,»OtLTI^,M .»CANNI^.^I, 

C aiv.M .-.'M'. i ,I.VI.»»W.(.,-.I 
COPNON   IPI .TPJ,S,P.NP/HINt,/CSII/VlOC/l>"»«/Pl»N/CR 
tOKNON/GVOH/C»VO»|■.l,C^WOI^I*l/StC/^VO'^T   /(,»U'./t.l/*I.WI7*l 

0*T*   VI(ST/0.0,.3..^..A..T>.r%.S..t)..4a.
<l«,l.O/«GVMN/lIO*O./ 

PI-J.I*IS'>1 
tvokT'O.o 
00   1^0   JDl.'HNY   .U,?* 

MIJDUMMrl    •   MlZi-JUUXX»! 
1^0   CIJOUMMVI    •   -CI2Ü-JDUMMYI 

UP ITI lA.niOl 

HI «111 ■. .-I] f) ]    IMX.Jl! 

IP.»«    li   OlCOflS   Of   IHIIUDM   IN   »OKTEX   POSITION 
J*   IS   *  CONTROL   l'«HA-iIlli.    1IIJ<..U.II   INPUT   CVCAN:   EISE   CUCULkTE 

Rl «!)(•,,'i.'n I   CTVOR.CZVO« 

PC<i-onni 
p&ii'nn"»? 
PCipnop» 
POIPOOO* 
PtTPOOS 
PCIPOOO« 
PC ipoonj 
PCiPOong 
PCiP^oni 
PGCOOIO 
Pi i POO 11 
»tlt'0012 
PGIPOOl) 
PC1P00I* 
P&TPOOI^ 
PCtPnnid 
PCII'COU 
PCIPOOIB 
PG lP0ei9 
PGJPOO'O 
PGTPOO^l 
PGlPCn?2 
PCTPOOZT 
PGJP002* 
P&JPOD/i 
PG1P00Z6 
P&1P00?? 
P&3POO?9 
POPOO/t 
PGIPOOIO 
PCI POO»I 
PGTP0O)2 
PC3P00U 
PGIPOOl* 
PGIPOOIS 
PC II'UO 16 

CTVOH:  CnKFICIfnU IM   VORIF« SPANUISI  POSITION 
CZWOR:   COIfFIClrNIS   FÜR   VORU«   VfRTICAL   POSITIO'I 

URI II I6,")'.0I   CYVCI.G/VO« 

OLCUltll    VIBRIO   "OSIIICN   IT   <-l 
C»ll   FNCINayvnR.L,,A«1 1. ,YV0R1 

CALL   F NCTIIIG/vn4,lH*x,l.l2V0R I 

«r»DI^,ll9PI   NtflKO, S.NOLM.NDSH.CR 

NCORü:   N(..   Of    CtlLROKliF   POINTS 
$:   SCHISPiN;   NCN-I) fiv   »««IKUP  UNGTH 
NOCM:   KU.   Of   CHOROpiliF   f.QDIS 
NÜSM-    -,0.   OF   SPJUHISt   MOOES 
CR:   RCÜI   CHQHOI   NC'I-U   BY   HJUIKUM   LENGTH 

»   i .1 i',.:..'! I   NCOR», S.NOCN.NOSP.CIi 

OLCUltll    CHOHÜ   TO   SP«N   KAIIU.   CSR 
CSR   ■   C*/II.*SI 

INPUT   CMOROHISt   POINTS   GF    INTEREST 

RHOI S,')(,-I   XPI 
NC   •    ll'NCORO 

IF I J*.Nf . I I   GO   IC   110 
00   101    l.l.NC 

Rf tnis.qzoi  ir.yr.tMi I,NQI,HO>I,SI 
100   COMINiUf 
110   CONTINUf 

Ui AM ■,.■-_•'  I   lltll.JI, ■•l,NCCHI,J>l,NOSMI,IG0(KllK-l,NOCM) 

il   HORSHUF   VORTI«  COTFF If. IINIS 
GQl   LE«UIN&-fOCC   VORtf«   COCFFICUNTS 

WHIII I6.9N0III»! I. J I, I-1,NOCK I, J* |, NOSH I, I GDI K I .KM.NOCH I 

PGTPOOW 
POPOOia 
PClPOll 19 
PGIPOQ^O 
PGIP0041 
PG»P0a*2 
poipno*i 
PG»F'004"i 
PCSP004S 
pr.iPoo<.6 
PGII'OOAT 
pcipoote 
PC)P00<i9 
PGTPOOSO 
PGIPOO1.! 
PGJPOOSZ 
POPOO1-! 
POPOO1.* 
PGJPO^'.S 
PGl^Ou'^ 
PC T COO'. I 
PGIPOT.« 
PC ^pno^9 
PCT»'0O*0 
PGTr0061 
PCIP0062 
PGIPOOM 
PC IPO it* 
PG1P016S 
PC)pno()6 
POJPOOI./ 
PCIl'Ot« 
PGTPnnt9 
PCIi'OOfO 
P&1P00M 
PCTPO0I2 

109 - 



c 
MHl IH(.,'>'.0) 

C 
C   C»UUl»If   P1(SSU»rS   «lONC   UNFS   «   •   «PTIII 

oo *cn i<i.Ncnin 
«PI .«PT I I I 
DO   <iCO   JM i 11 
N1«J<I 1 -1 I'll 
If    UPI .CI .C«l   CC   TO   120 
VPJ'Tt(5TI J)»XPr«5 
CO   TO   110 

l?0   CONIINUf 
VTf   ■   S»l<P|-tBl/ll.-CRl 
YLE      •   ioPI 
YPJ    •    YTf »TTf STI Jl»l Yl.F-»T€l 

110   El»   ■   »PJ/S 
C 
c «ssuwro «NROW msr, TOP TUST» 

TMI   .   »BC0SI(12.-CI>)»H»  -?.♦»* MCm/tC«»tl.-IT»».0000'.))l P^IPOT»! 
PC I"00"2 

C   INIII«U»    5U-"«I10N   V«m«n€5 '?'on2o' 
CAM^AtO.O 
D£lU"0.0 
VCM-O.O 

C   C»LCUl«TF   LE»niNG-FDGt   V0«Tt«   CGNTHIBUIIONS   TO   HING   VORTICITY 
00   1!.0   CO" l.NOC« 

P&IOO'W 1 
POIPm '<• 
p& \pn (i 
PGlPOOJt 
PGIPOO" 
PClPf) '8 
PGiPOnTT 
PGCOf'O 
PGlPOn^i 
PGIPGT? 
PGJPOn0) 
PGlfOOS«. 
PGIPIO« 
PGIPOT* 
PGlPOOflT 
PG1P00«B 
PGJP0099 
PGIPOmO 

PGIPOO""! 
PGIi'OTIS 
PGli'OO'Jb 
PG>P0T<7 

PC1PO0T? 
PG1P0130 

SGA^HS.GOIKCl'XPI'GVORTm.JPl.Yrj.J) JrJpSlnj 
o»p"«>Sf,(i''p»«r,»MP» .„„ ,. 
SDruTA.-r,0(«OI«YPJ«GVO«TI»l,«PI.YPJ,Sl .S,o2;„I 

150 OUT« • OEIT! . SOCLT» irlPO 05 
IFU.fO.UI GO TC 260 IIVPIHI 

C C»LCUl.»Tt HOPSESHOE VOPTE« CONTKtBUTIONS TO MING VORTICITY 1!0'!!°!°I 
0«l.L »OCL (»OELT.THT.ETA.NOCM.NCSMI PGl^OlO» 

C«l.L  «G«' t»r.(l»p,IHT,ET«iNOCM,NOS«l PGlPOtOI 
DO IOC <")   »I.'IOCP PGlPOl'.a 
DO 100 «PK.l.NCSH PGlPOlll 
sc«''u«-»r,Ct"pp)«»c,«""iMo,KPP) PGiPnii? 
GAMH«> SC«"»,»«'AMHA PG3O01 1 1 
SnElI».A("OtHPPI«.lÜElTtHO.HPPI PGIPOU* 

100   Dfl!»   ■   OUT*   •   intlTA PG1P0115 
IbO  CONtlNUf P01P0116 

IMJ<..f0.1l   GO   TO   365 PGIPOIW 
C POISOIIH 
C   CAICULATI   CONTftlRUTtON   TO   SPtNMlSE   VfLCOITY   fRO«   lEAOINC-EDCE PGlfQl:'. 
c           voKTi« Ari of  « -i. poipo;;: 
C               CAlCUlAtt   GYGf? PG1P0W1 

«OUf-l.-<PI P&1P0W2 
YDIfF.YVOk           -YPJ POl^DUi 
YSUH^YVC«             «YPJ PiloOlr«. 
Tt«Ml.Y01FF«YUIfF'JVOR          »IVOR PG1P01?5 
If BM;.»SIJM»YSUKWV()R         »«VOR Piiroi:* 
GV&H^>«VOU           »I I l.-»0lfF/S0RT! TfRMl«llOrFF««nlFFI )/TtRMl- PG1P017T 

lH.-«UIFF/'JC»T(IFBH?»«niFF««ÜIFF) l/TtR«2l/(*.«PI I POJl'OWS 
C PG1"0W<J 
C   CALCUL41C      V                                              ' PGCOllO 

DO   160   «0-l,NOCM PGlPOlll 
H.»()-l PG1P0112 

C PGlPOlll 
C   CALCULATf   CrNlRIRUTICN   FROH  VORTE»   FORWRRO   OF   X«l PGl^Oll* 

CALL   GAUM'  I         O.n^.lltOVGMS.IC'GM I                                                                                                      PGIIOIIS 
GVG«l"Gvr,M5 PGll'0116 
CALL   GAUSIG1         .I1,,?'MGVCMSI>GVGM )                                                                                                       PG1P0117 
GVGWl>r,vr,>i«GYC»l P&lPOl M 
CAIL   GAUMDI         .2r.i.»»,&VGMS,«CVr,M I                                                                                                      PGH'Oll«) 
CVGM|>CV3MS«CVCM| PGll'0140 
CALL   GAUilUI         .5M.n,GVGKi,«CVGM I                                                                                                      PC1P0HI 
GVGMi.r.v.n j«r,vGMi PGl',oi<.? 
CVC*MINtlMOI>'iVCI>l*OVettl PG IPO 14 1 

160   CVGMJ.-I.'GVGP? PGlPOm 
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161 CUNTiNUf POinni'.s 
no  no "O'I.NCCM p&iMOi'.i 

VOX-GQIXOI «cvr^fiNi ,MO)«V;H PCJ^OI«. J 

»JO   CONTINUI P&ll-ni«.« 
(; PGII-Ol'-q 

c CHCUIMI   p«r^>,uai  DirrtHtNCt conpoNtms out 10 SPHNMISE »NU P&JPOI'.O 

C               CMOUDMISf   CONPONINIS P&|noi'.l 
PV«2.*VCM*OflT> PG1P01r'2 
PU'-^-'O»"1« P&lPOtM 
OfltP = Pb»PV POiPOI'j'i 

C POVOISS 
c turpu'  p«tssuHF üifrE"(N(.r Ptipoi"^ 

MR i it ( h.-'io) »PI .»itsn ji,Ei».G»HH»,orim,pu,Pv>ntLiP PGIPOI^' 

*00  CHNIINUI PGJP01'-« 
C P&»P01'i,> 
C   OU1PUI   vtlOCII»   CRNTHIMJt ICNS POlPOlf.O 

u.Mlllf.l'.l    I IGVCAMI I .Jl , J<1 .NOCMI ,1 • 1 ,NC I PG1P0I61 
C P&1POU2 

BTO rnBM«! l •OCMÜM'j PI' ••,11,1»,                    'StMISPiN •', P&1P016) 
C f fc. ». 1«, •CHUNS PODti-',! 1, «,'SPNMS PODCS-'.ll.JX.'CH-'.FT.*,/) PGIPO^". 

«aotnoMsii   11 o,r 10.4,; i lo.f io.»i 9'iiP0lti 
BIO   fORKtTI«    ill   P"|Pt;      UPUilfD   «POIL   ?B,1,»7J,./I PGlPOUfc 
900 fOHHAti-OTft v»itfs nr GWG*P »HI •/I mil I.* I I PCIPOIS' 

910   FOBM/Simsl PGlPOl«»» 
920   FORM»!    IMl*.M PG1P0169 
9J0   FUKHAinF 7,<.,',f H.r.l PCIPOWO 
9<.0   FORHMIlMO.I^t'IPI '.in.'VPJ'iTll. •rTA•,I^8,•G»HH^•>^*^t•DELIA•, PG1P01 71 

C   TS7,'PU', T71,'PV ■ TBt.'OCLTP'/l PG1P0172 
910   FUBMiTI'O   IMF   V41UES   OF   GYVC»,   G/VOR   «RE*/ISE14.)tI PGIPIl'J 
9«,0   FORM«!    (SFiC.6) PGJPOW. 
970   FORMMI •OOCWS   NCOES   • •, 15 • 3« . • SPNMS   »ODfS   •••til P&1P01 75 
990   FORf«!!'OthE   VALUES   OF   *,G0  »RE•/1 St 1 *.11» PGJP0176 

STOP PGJP0177 
END PG1P017B 

FUNCTION   «GVCMUI «GVCOOni 
c «r.vcooo? 
C     «GVGM   CAECUlATtS   CUMRlBuTlUN   IG   IG   SPANUISE   VELOCliy   FROM   VDRIEK <Cvr.0T0J 
C «CVCOI''«. 
c                «RGuftm  EIST «cvr.onos 
c »GV.onnt 
C                                   «;        CHORDMISE   COOROINAIE;   NON-t>  BV   ««KlMUM  LENGTH )(GVÜ0007 
C XGVC0!)08 

COMKON    «PI,YPt,S,H,N «GV^0n09 
PI' I.IMVM «CVGOTIO 

C «GVCOOll 
C   C/UCmMC   Et«fllN&-FnGf   VOHIE«   SIRENGIH XCVGOOU 

&G«M-S1N1FE0»II2«M.11/2.«PM«I «GVGOOM 
C «GV&O'll'. 
C   CALCULATE    S06NWI .E   VfLOCITT   CONIRIBUIION   FRO«   L t .'.01NG-EOGF V0RT1CFS                               «GVGOOIS 

«GVCH   -GGAM          »If VU,TPI,«PII-fVU,-YPI.«PI 1 1 XGVOOOll, 
"EIURN XCVG0CI7 
END XGVG0018 
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c 
C """ CAL( Ul iiTU AOtl. fa Cl'lfi"UIUfiC" TO Ct .. OOWIU ~1'1CITY 
C F•OI'! fiOA\UHOE WOUICCS 
c 
C .. ~Nf LIST 
t 
t AOf&.fz tMO•D~ISf .olfltiTY en t•IBUTICt.l 
C THfl A~ULA• CHO.O.ISF L~Ati Ct.l 
t ( TAl SPA~~IS( C~DIIIATI; ~-DIY Sf"ISPAN 
t Not•u NO. Of" C,...._l Sl IIOOIS 
t IWS•z 110. Of- SPAIIIIIISI NOIS 
t 

t 

t 

c 

COI'!"Olll t•L All It• 
OI"INSI~ t~l.leCHf8YIIlOie&DILfiSe,l 

•1•) ••• .,., 
c• • z.•cz.-c•ltt• 
IFifTA.GT •• OOOOOll 10 TO , .. 

oo a•o t t••t.NOC~ 
oo a•o JS" a.-as• 

C FQa • o tNTS t.lf \• CfllflaLIIIIo llaG Sf8 ... YR 
AOfl.TIIC~oJ'"I•O.O 

l~ t~TI IIUE 

' 0 TO 100 
ItO CO"'TI 'IIUf 

TMffA• THT 
c 
C USf CHliYSHf V 'CLYIIO .. IAlS FOI ..... lSI LOADING ~fi._S 
C C&lCUlAI ( CH I TSHt W IIIOUJIIO'I-1 

(MfiTllll•l.O 
CME IYZIZI • Z.•( TA 
IWS•Z•Z•IIIOS• - a 

IFI NOS•Z.Ll.)l CO TO ~ 

CSO•CHUY ZUI 
00 )0 l•loiiOPI 
CMIITZIII • CSQe(MfeYICI•It- CMia.lll•ll 

JO COfUI ,_Uf 
~ COIII li iiiU 

IFi f tA. Gf .l.l Ita-.••• 
c 
C CAL CULATE ••tl i"IM._Y FACTOIS 

t 

c 

FC TO• •-I·••t /IOafllo•fiA .. fAI 
N l'l • ,:OCH•l 
(HO 00 11 I • TMfU 
oo 500 1c•·•·~oc•z 
CHO"~O II CM•li •SI~IFLOAfCICRt•tMITAtiPLOATIItRI 

,00 CON I I llU[ 

00 00 IC"•IoMOC • 
AO(L TI ICM , I I• FCIO.•ItND"GGIIC•I-tMI"'OIICR•II 

C - FLOAT I IC • t • c a.• f fAI•CCfetMI"'DCICR•li•~CICMieC~IIC"•ZIII 
tlfL OAttl •• cZ •I c• •• 

oo •oo J ~• ·z. ~~· 
AO[l lCI(",JS•I•fCfO••ccta.-t rae IZ•CJS..-1111-tMI•YZizeJS"-11 

Ctfl.OA TCZ•JS•- a t•CHfiYIIl•~ III•CC~ODIICRI -CMD"'OCICM•IIt 
C- F&.CATIIC•I•CJ.tiTAI•CMiaYlii•JS,._li•C CFe(t.RODIICMtli•CMDRODIICMI 
C•CMCPOD II C~•ZIJI/FLOAIII••t .. l(all 

•oo COIITI NUf 

C ....... , CIUfflUf IMU •11111 II CALL t• ...... , ....... 
C aa~.r LISf 
c 

- 112 -

Al'l l0C'" l 
A or l 0 0 112 

AO U 'lo ' 
aort n, , 
II DEl 0"05 
AO EL OO•I6 
AO LO'" r 
1 0 ! LOI '' 
li D l . ~ 
&J C!.. ~ : . : 
&)!.: .. : 
• ~ . .. 2 
ADH CCi l) 
A Of l • l ~ 
AOELOOl5 
AOH OOlf> 
AOHOO l 7 
AOflOOlll 
AOfl00l9 
AOH 001 0 
AO£L00 2 l 
A0fl 002 2 
AOfl 007 l 
AO LOOH 
AOFL OO 5 
AOflOO 6 
AOH0027 
AOHOO lll 
AOH0029 
lOlL COlO 
ADHOO l 
AOH00)2 
AOfL OO)) 
AOH O:l l4 
aon c· 5 
AOEL CO lf> 

AOHO H 
ADh O 18 
ADU OOl q 
ADH OI'l <,O 
AO£l0041 
ADH 0042 
AD LOOH 
ADEL0044 
ADEl 004S 
AOU004f> 
AO£Lo 47 
ADfL00 41 
AOC L0049 
AOElO? 0 
AO[LOOH 
AOH00'12 
AOELO? l 
AOfl O'J5 4 
AQFL 0?'. 5 
AO[l CO 6 
AOf:L OOH 
AOHO? o; l 
aou ooo; • 
AO[L?I' '>O 
ADH00'•l 
ADH OOU 
AOHO .,, 
ADfl OOC.• 
ADHOO~>, 

AOfLOOt. 
IOfL O ,_ 7 



V1-    .TIM        tC<M    I «.,«>->l, I Ml .1  I«.N1.( I.SUSM I 

c»usio c»icui»ii\ siMNwisr »oKticnr CONICIBUIION »«OH 

MOSfHil.l    WMMICfS 

««CUTNI   usr 

«'.»P'«:    SP%\wlSf    VOKIICIV   CDNUIBUI ION 
(HI:   »N',' ,  ■.■■   CxCRUWlSr   LGtMHN 
[It:    SP1NUISE   i njjlM-i.MI .   NCn-O  B»   SfHIiPtN 
HtCf-       NC.   Of   CH0MCM1SI   MOOIS 
NOSKI      NC.   Of    SONHISE   KODES 

coMNnK/ut'io/cs« 
OIKI NMOU   »CAfHU.M.CMtBYIHl »CHOHOOUt 

Pt«l.l«tf4] 

C   C«LCUl»H    CME'YSH'V   PIU*NOMl»LS 
CHinr?! I) M.O 

CHEit»?i ? 1   "..»r I«»t l»-l. 
iriNOS'».! I . 11   CO   10   *0 

CS0'C"rB»J(?l-l . 
00   10   J«1.NCSM 
CMEB»^IJ)=tSU«CMfBY?IJ-ll-CMEBYJIJ-JI 

io com IMUF 

*C   tDNItNbf 
c 
C   PREVENT   BLOMlNC   UP 

IF IEI».^r.1.1   ET«   ■   .919 
THEI».)Mt 

C 
C   C»lCUl»TE    INIIRPEU1AIE   F4CIÜRS 

FACTOR   ■   16.»PI/lCiR»Bll,EI»l)«50«Ill.-ET»»€I»l 

C 
00   70   ICN-I.NOCH 

«C«t 0-)"| 

>G«MO()ill 

«CM'.OO^ 
»CA«non6 

»CAt'OOOS 
acAKOiioi 
A0AX0010 
AGAP00I1 
ACA-onw 
ACAnooi) 
»(.«"■!'. 

ACA"r)01S 
AC)Paui6 
ACA>'001 I 
AGAXQOIB 
A&AM0ni9 
»C,»." i ,' , 

ACAI-OO.'1 
ACAMOO?? 
AOAMOO: i 
ACAf'OO?«. 
A&AMOO.'S 
AC ,MO(V» 
A0Af.0U2 / 
ACAHOO/8 
ACAMOO.") 
»OA^OOlO 
ACAVOOU 
A&AH0012 
AOAMOOII 
ACAMOC U 
ACAHOC15 
ACAH0016 

CMDHOm ICKI«SINIFlO*t (ICHI*THtTtl/riOAT(Z**i2*tCHII 
70  CONTINUE 

DU   &0   ICM.I.NOCH 
Oü   to   Ji". l.Nn'jf 
AIA-MI KM, JSMl-f ACTQR*CHDKOOI ICMI'CMf BY? I JSMI 

60   CONTINUE 

PRIMARY    OUTPUT       AjAMM   PASSTO    THROUGH   ARGUMENT    llil 
TU   CAH.il>>   PROGRAM 

« [ T UR fl 
END 

ACAfOOIT 
AOAMOOIB 
AGAMOJiq 
AOAHOO'iO 
AOAKOfl'. t 
AOAMOü'.; 
ACAMOO^l 
AGAMOCK'. 
AGAMOOH 
AGAMO0<.6 
AOAMOO«. 7 

ACAMOO^B 
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C.5.      Program V 

The following listing of Program V includes Program V 

and subprograms BLOCK DATA, Al, A5, B. XLE,  B5, B7, DIDY, DIDZ, 

FV, FW, GVORT, XGVL, XGVT, XGWL, XGWT, CHDWS, COLPT,  DFNCT, 

DGWGM,  DGWV,  FNCTN,FUNCTN, GAUS1D, GVCTR, GWVD,  KERNL, TUCHEB, 

VORINT, WOV, and WPDW. 

Program V calculates the new vortex position and vorticity 

distributioi, for a given initial  solution given the outputs of 

Program I, Program WOW, and Program IIIA. 
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pBnc»»n v 

CROCK»«   V      C«lCl)l»HS   HI H   VOM I f»   POSIIln<   »NO   VIIHIK  IIY   DISI«|- 
»UIION,  usi'ir, C(.JNli^sH «NU ruRCf CONUIIION1; 

INPUT JI.J". 7110 
INPUT NC0.n,NSP»N.S,NOCH.NOSH,C« 
1\PUI NCtn.lPJ«,F»CTO«,»lF»,S? 
INPUT CTVCH.C/VO» Sfl*.5 
INPUT ».CO 5fl*.S 
INPUT »kUiOHU SEl«.^ 
INPUT NIIII>NII7l,Nllll,NII'>I.NCP,JI.J2,rT* 

2110.F10.«.2110.FIQ. 
2110      1110.h 

»IS,212.MO.* 

NEED   FUNCT ICNS:    »I . »r>. R, »■> ,B ' .1) lOr .0 10/ , I u. I u , l.vl:H 1 . K.Vl ,XCVT . 
«CHI.«Cxi.«I.«I r 

NEED   SURRCUMNF':   CHOWS ,r fl"! .OFNC I, Or,W',H,nCWV, FNCTN,fUNCrNt 

C»US10,CVC l»,CUVU,K( PNl .TULHEn.VriR INT.UOV.HPDU BLOCK   0»l» 

DIPrNSION    »VECTCv.Sl.AT»US.»Sl.P»R»>"im.FHIXSIlS).|PtRUSI 
COHHOI    «»I ■ »vnm .S.H.HP    /Pl«N/C»H««    /»CiWl/JS.NI C I 

C /CfcPDW/   NCI)<0.-I,JP»N,CÜEEFI2S,2S I. JKHI.-'-.S» ,VR(2S1 
C    /W',.'    /»-■ 1 <. ,'. . M . '.'   ', I   . . M , •. I '.1   .( -I ', ) . IK. ,U 1 III ,XI,    . '.  IS.Y . /. fM-l. /M7 . 

C   «SOR.f TA.O»u'. «I 10 1 .PC12.-lCP.HP.N.«.Cf . Jl. J2.r.S,»HN2.21/2.CSR 
C /SfCZ/vn« !/»tl.C/lH««/HI)D[i/NCC".MJSH   / ( UN I H.'/ J 1 . )<. 
C /VDRI/YVO» ,/vnH/r,v(!«/CY«nRisi .C/WIMISI 

C  /c»u'S/ci ?<.) ,wi2*i/Y»i.nn/«»ccMl 3r>, J^l .SAHMIS.SI , '.«vyiN ,M , 
C   DtMUY IS.-i I ,0«WU2 I S.'. I .D»VU»I S,'S1.0»VÜ/li.il 
C   /Cvrc/   »H.Sl.COIM.Nl.rsuRYISI.FSUR/l'.l.Pl.SINALF.NQFP 

KUl».'. CAUANI ]M,D»COBI 3S. i'il 

INITIALIZE   C»USS1»N   CIJ»OR>TUttE   HCICHTS   »NO   »BSCIS$»S 
DO   liO   JDUPHY   -    11,?* 

Wl J0UHHYI'UI2^    -JU0HHY1 
ISO   CIJDUHHYI--CI25   -JÜUHHYI 

INITUIIK   NO-FORCt   POINTS 

rci">n.)ri\ 

pr,'< •■01-12 
PCH'.OIO i 
PC^Ol"'«. 
pCH'.on"S 
pCH'.nonb 
9r,H',ooni 

PCfilO"» 
PCHScooq 
POH'iOOlO 
p&HSonii 
PCH^OOIZ 

PCHSOOH 
PCHSOOH 
PGH-iOOIS 
PCWiOUlft 
PCHSOni7 

PC«11018 
PCHS0019 
PCH'<00?0 
PCHIOO?! 

PCH'.0022 
PCH',002 1 
PCMOO/* 

PCH'jOO^S 
PCHS0Ü7S 
Pinion?/ 
PCH5002e 
PCHS0029 
PGH100 10 
PCHSOnu 
PCHS00)2 
poH^oon 
PCH1D0'«. 
PCH^OOIS 
PCH100 16 

DiT«   mci/.(i,<.«0., . 1,',.«<.. 1«0. .„,•,',.f...''. I?»"./ 
PI    •    5. HI SIS 

h- I i ' I ■.,'  101 

■-i «■;■-, i1«: i   JJ,J4 

J5:   CONtRDl   P«R»HEIEO.    IF   J 1» 1 .NCCRUJ-NCfiRD;   ELSE.   NCa«D2»NC0RD» I 
J«.   CONIKCLS   OUTPUT;    IF    JA.EO.lt   OUTPUTS   INIERHEDI4IE   RESULTS 

w    llll'.n    M    JJ.J* 

RE »0 IS. 810 I      NCnKU.N'iPiN.S.NÜCM.NOSK.CKH»« 

NCURO   ■   NO.   OF   CHOKCWISI    CniLOCAIlON   POINTS 
NiP»N   •   NO.   CF   SP»l.«ISE   CM IOC»! ION   POINTS 
S    •    SEHIiPA'i;    NON-I)   "Y    "»«IMUH    LINCIH 
NOCH   'NU.   OF   CMOROWI-.F   lüiniNC   HOHES 
NOSH •NO. OF  sp«NHisr  L&ADIN; HOD!S 

C«H«»    •    HTOl    CHOKO;    NUN-D    BY    H»<IHUH   LEN'.IH 
WHI TT I6.I17CI   NUIKP. NS P»N.S, NOCH, NOSH, C «HA« 

a[»D   IS.BIOI   NCEP.LHAi.EtCTCR.ALEA.S? 

NOFP-NO.   Of   FORCE    POINTS 
IHi«   >   bum«   CF   WiMr<   APPRn» IHAI 1CN 
FACinn:   LIHIU   (.n»'.(,f S   I'4   VORIEK   POSITION 
ALF«    .    \'{'Al    Of    ATTACK     UN   MAUIANSI 
S2i   IIHITS   CHAKiil 5    IN   V'.JIICIIY   CCirEICIINT; 

WRlIEIfc.lCCI   l.H»<.FACT OR. ALFA, NUFP 

CALCULATf    OOKMlASH 
SINtl-F.SINIAlFAl 

Rf»Ol'i.'J'.fll   CYVOHjCZVOR 

CYVOR-   COEFFICIl'lTS   CT   Mjal/ONTAl   VORTEX   LOCMIUN 
OiVQU-   CUFf F |C lE'lTS   Or    WTkTICAL   VURIE«   I [IC.VT I III! 

PGHSOOW 
P&HS00 18 
PCHS00T') 
PGHSOO'.O 
POHSOOil 
PGH50042 
PGH'iOO^I 
PGHSOP«.'. 
PGHSOO'.S 
PGHSnci'.6 
PCSOO". 7 
PGHSClCfl 
PGH'.OiH<) 
PGHsonso 
PGH^OO'. I 
PGHSOO'.i 
PGHSO;!', S 
PCMSOO'.'. 
PGHSOOSS 
PGHS0O,.6 
PGH'IOOS 7 
PGHSOOSR 

PGHSOO'.1) 
PGHSOO',0 
PGH'^QOtl 

PGH'.OJk? 
PGH'.O Ih 1 
PG^SOKJ*. 

P&H'.OIl'.S 
PGH'.Qrw.d 
PGll■.nn^7 
PGH',0l)(,8 
PG'4'.0"'.T 

PCHMTTO 
PGM',0171 
PGH'UJ72 
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«Kilt i&.TiOi Gvvcn.c/von 

«[«D   (»,*»OI      i I «I I . JJ.I'l.NDCHl. J»l.NOS"l , (&OIKI .K-LNCCKI 

»!    Hl!RSrSHOr    VORTICItY    CQfFriClfNTS 
CO:   UHOIMC-rOCE   »OKttCItr   COEFMC1FNTS 

MII|TF(».<»20I      I Ml I .JI.I-l.NOCNI.J-^NOSKl .ICfll«) »««UNOCMI 

NnCP   •   N-COT 
NOPI^ ■ j'norp ♦ NOCP 
NH002'   NMnOT«   ?«L"»» 

NHOD   •   NO.   W   Hn»SF?MOE   VOUTf«   HODfS 
NNDOT'   TCT«L   NC.   OF   »OUTTCITY   «DOES 
NOC»   •   NC.   UF   COlinCMIC'l   PQINIS   ON  WING 
NOPTS   •   TOT«L   NU.   OF   CONIHOL   »OINIS 
MKO07   •   Tom   NO.   OF   «JOES 

00   iOO   1-1 .NOCP 

»i »:.r..'!'.    I      ICOtFFI I, J).J>l.NHOOI 

(COEFFII,Jl.J-l,N«O0)l      OUTPUT   FMO«   P«OG«»N   WOK 
00   ?00   J'liNfOD 

JOO  COEFFI I,J1   •   -COfFFII.J) 
00   2S0   1-1.NOCP 

.".0   «I A1,I'.,'1<.0 I        (CWÜI 1, Jl . J-l.NICM) 

CMW;     OUTPUT   r»o-  P«0GR»N   I 

NINC--1 

NINC   IS   A   CONTROl   P»R*NtTf«   TO  UNIT   »EPETITIONS   IN   CMDHS 

PC'"'!!'' 1 1 
p-..',nri II, 
PC^'.O I fS 
POMr-nn lb 
PCM'On ; 1 
POM^OiWS 
PGNr>00 ti 
POVIC'D 
P&M'jO)")! 
PCMVJOHJ 
PC-so'-nj 
PCOOO'ii. 
PGM'.OOt'i 
POHSOTift 
POM^O'J'U 
PCN'.OT'S 
PCH'yDT Jl 
PCH' :"-, 
p 5 • ?": 11 
p;"i:;|>2 

PC"53r-<<. 
PCH5CD15 
PJ'<';"-T6 
PC^OT w 

PCSO^«' 
PC1):!': 
PC'.OIOI 
P&H501"^ 
PCM^OI':) 
PCM^CIT. 
PO«?OIOS 
POM-JOl^ 
P0N5010» 
PCM^oioe 

JS-* 

JS   «NO.   OF    tNIEG»»T|ni4   RECIONS   IN   SPANNISE   DIRECTION 

•>     ""f.l    501.   Nil I I.Kim ,NI I ll,Nmi,NCP,Jl. J2,FI« 

NIIJI'NO.   OF   Lrr.FNDR[-C*USS   POINTS   IN  SPANVISE   INTEGRATION 
IN  REGION   J 
NCP'NÜ.   01    CMORDWISC   lECFNOKE-OAUJS   CUAOHATUW   POINTS   IN   CMOKS 
Jl.a?   CONIHOl   Ol'TPuTj   NORMMl»   0 
ETA-ZEIA-S-'AtL    INTEGRATION   RECION   ABOUT   SINGULARITY 

W'l II  I . ,  . /;!]    Nl I II .NCP.NI I II 
SPAN   •   ?.«S 
CSR   •   C««4X/SPAN 

SPAN   .   WING   SPAN;   KON-O   BY   NAUINUM  ItNCTH 
CSR   -CHCRÜ   TO   SPAN   RATIO 

N-l 

N'SECIION   NO.   INDICAIOR 

FORM   SCALES   TO   KURHALUt   E0U»T|CNS 
Fl   •   2.»ALEA/IP|»P| I 
fi   ■   AIFA»P|«S 
Fl   •   S 
Ft   •   ALFA/<., 

ITRH««   .   »<A«|KUM   NO.   OF    ITERATIONS   ALLOWEt)   10   CBNVERCt 
IIRMAX   •    IS 

10OP   TO   SATISFY   ODWNliA'.H   ANO   NO-TORCE   CONDITIONS 
00   HOO   I IR-I. I IxI'A« 

LALCUIAK   VOHKI incAimN AT « • 1. 
CALL   ENCIMICYvnR ,1 '4A> . I . , y VCK I 
CALL   FNClNIC/vnu.lHA*.1..<VCRI 

PC^Ol'"! 
PCW'.OI 10 
PCVOlt 1 
PG''"'OI W 
PCMc,nil J 
P0HS01 1". 
PGM^DlIS 
POH'.Om 
PGHSOl17 
PCIOllS 
POM^CIn 
PCSOU'O 
pcsoin 
PG»r.OI .'? 
PCS^WI 
PGM".01.1<. 
PC^OI.-S 
PC'jOWt 
PG-OOl'T 
pc^sowa 
P0"ini2<i 
PG^SOl10 
P0HS01u 
PC'.ai w 
PGV',01 )J 
PGN'.Ol >« 
pr.r'-oi is 
PC'^Ol JG 
PC^^OlIT 
PC'.Ol 18 
PC'll 1<> 
PGM .THO 
PV'.II* I 
p-,-'.M',2 
PGH','11«. I 
PGHVUl«.« 
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IÜKWUSM    nOMSHt&ll   r r'iOl I IDS'.    UN    WIN1". 
(»U    ki'UHlA.l.O.NULl'. U r M 

»no cnmiHlnutioi»i fc DOMNWJSH CONDIION ID msiouf vctro« 
DO   60   I •I .NOC » 

60   PA»»MI1I     ■    -V"(I1 
Nl>   NCCP 

fCHHUlAH   NQ-rCKCr   CCNOIIU.N   ON   RI&Mr-HAM)   VUBIf» 
00 ".oo i • i t\cr p 

flNO   CONMDl    POINT   DS   VOK 11 « 
«PI   ■  «vif. i ii .'ir.fPt 

C»LL f '.c iNiorvo«.! »'AK.XPI .yvnnn 
C»LL rsctNi Givnn ,1 "AX.KPI ./vriKi i 

IPI CHOlinKISE   COnSDINAK ;   NON-D   B»   HA« I rUM   LfH&TH 
YVOKI:    SP\SK1SI    CCOHnlNilf!    NON-D    BY    «AXfUM   IfNOIM 
/VOBI    ■    VI»!|CAL    LOCHUINAIf;    NCN-D   BY    »AflHUM   LtN&IH 

IOC    ■    «P|/C»fAX 
SOS  ■   YV;l°I/i 
1 •   /VOR 1/5 

«OC   ■   CHOBOKISf   PO'.IIIONI   NDN-D   BY   ROOI   CHQKD 
SOS   "   SPA14WISC   PISIIIIIN:   NON-D   BY   SfMISPAN 
l   •   VEHriCAl   PCSIIICN;   NON-0   BY   SEHISPAN 

CALCUIAU   CCNIHIOIITICNS   I!J   FORCES   AND  BtLATtO  OtHIVAIlWEi   FROM 

HCKSfSHOf    VOKI ICES 
CALL   MOVILI 

CALCULATE   ECRCES   AND   REMAINING   DtRIVAIIVES   FOR   JACOBUN 

CALL   CVCTRINOCPI 
*00   CONIIMUf 

PCKsntAI 

Pr,M'.()| <,6 
PCMrl)l '. f 
Pf.f.ni',» 
PCHMM'.'J 

pcn-.oro 
PGK'.ni'. i 
p&Hr.ni',? 
PGH'.oisi 
PCM'.OIS« 

P&MSOlOfc 
poH'ioi'.; 
P0'".01'.8 
PCMS01S9 
PCM'.Ol^O 
PCM^OIM 
PC1S0162 
PGMIOlf. J 
PZK'tnif.', 
PCM SO Id5 
PGMS0166 
PGM 101 A 1 
PGM50I6» 
POMSOlb1» 
PGM50110 
PGMS01M 
PGM101 12 
PGMIOln 
PGMIOlTH 
PGMS01J5 
PCMSOlffc 
PGM501n 
PGM50178 
PGM5017S 
PCMS0180 

ADD  C^NIulduIICKS   E«CM   FORCE   CONDITION   TO   RESIDUE   VECTOR 
DO   iOO   J-1 ,NDf P 
PARA»IJ<NLCH    •   - FSUBYIJ) 
PAkA-l Ji'JLFP'NOCPl    ■   -FSUB/IJ1 

500  COM I'llJl 

CALCULATE   PAcMIUOE   CE   RCSIOUC 
DMAC   -0. 

SCALES   DEPENDFM   VABIABlfS   TO   CRDER   1 
DO   5(,r   IA   >   I.NuPIS 
DHAG    •    DMAG    •    PARAMI I MX'ARAMI IA) 
00   A?0   K?    '    LNfCU 

«?0    «ACO»l I A,l,? I    •    XACOBIIA.N?)    «Fl 
oo * to H?  •  i .rnCM 

*)0    XACOPIIA,N;»NKOD)    ■    XACOBIIA,N?«NM001«F? 
DO   450   N?   •1.1 MA« 

ASO   «ACOPIIA.N^.Nfnnll    .    XAC0BIIA,N?«NMOOTI   «F3 
A50   XACUI'I IA,«,?«LMA««NMÜOI I    =■    X ACDB I I A , N2 • L MA « «NMODT I »F A 
560   CCNIIKUE 

FORM   MATRIX   A    IRAt(SPOSE«* 
OeiAIH   A    IRA1SPCSE    •   A   MATRIX   FOR   SIAnlllTY   REASONS 

SAVE   CACI.I   |f|   ATA   lli.r.E   SüLUTION   PROCEDURE   IS  OtSTRUr.tlVt 
00    ih'l    1« 1 ,F.MI,Ü? 
DO S'.n  J.I,N";:O? 

OAcnnil.j|  •  o.no 
DC   HO   K«    I.NCPIS 
OACDt'll.JI    •      •.        !l.  .1    •   DOLE IXACOBIl', I KXAC0HIK, Jll 

)A0   CCNIINUf 
360   ATAll.Jl   •   SN'.LIC'.COfK I. J) I 

PERFORM   LU   DI CCROSI T IUN   OF   MATRIX   DACOB 
5so CALL rmiGiOACon, 8'>,NMnr.i,iPER, is, If^i 

PGM501R1 
PGMSOIBJ 
PGM501S3 
PGM50184 
PGMS01"5 
PGM501 H(, 
PGHSOIH) 
PGMSOIRB 
PGMSOIH1) 
PGMSOIIO 
PGNSOl^l 
PGH501')? 
PGMSOIIS 
PCM50l<)<i 
PGM50195 
POMSOl^ft 
PGM ■.0117 
PGMSOloe 
POMSOIT) 
PCM'iO?50 
PGM5n.'ni 
PGH5l).'''l2 
PGM'.O.'OS 
PGM'.O.'OA 

PGMSO.'iiS 
PGI,r.IVn6 
PCMSn^n; 
PGMr.0/fi8 
PGM'.O?"« 
PGM'.0?IO 
PGMr,0?I I 
Pr,M',0.' 1 ! 
PC»'-')?\ 3 
PGM'JO^I^ 

PGM',0,M5 
PCM'.0?I6 
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C      O-fG   IS   H""   SL>"»'H   lUOROUTIMf PC-IOM I 
c PGM'-n.'ifl 

c CiiCuL«Tr o€Irl<^'lN^NT of *r* HATKII P&-^O.M') 

Dfl   •   FLOAIIISI P:-r>0??0 
c PG^'.O??! 

C c»icuL«if  »!•« vrcin» PGWIOP.'J 

DO   J?CI   l-;,NM002 PO'02?! 
DfT   .   OfI'^^'.KO'COBI 1.1 I PGN-iO.V« 

OtKtHIII   •   O.UO PCKiOJJ? 
oo i^o jM,KC"ts pr,»■«o■'.,«, 

320   0«"«Mm    •   OAlUMItl   «   D«l.t U4C0BIJ. H»P»R»MtJl) P0M50;.M 
c PGM^or?« 

C   OUTPUT   DrTC»"lN«Nt   OF   «T»   P«TRI» PCICJZ") 
WRIT! IÄ,6(,0I   OtI PG"50? (0 

[ POH^O.Ml 

C   »S   CMfCK   FO«   SCIUIION   PUnCfDU«.   CO^P»«!   0»BA"   WITH  fMlNJ PO"S0?T2 
t p&x'jn?!) 

C   OUTPUT   »   tlUNSPQSe   •   B   VTCTOR PC"r.O;H 
WKITF Id.'X.OI    lOARoHIIDill   -l.NKODZI PGMS021^ 

c P&M^OJTö 

C   SOI.»E   SH'ULTA'TQUS   LINE4R   EQUATIONS P0MS0J17 
CALL   n'SCICACGB, 3S,|PCR.NM00J.0,O»R»«, lfl>l P0MS02"' 

t PGH'JO; n 

C  SURROUTINF OMSC IS IB" SLMAIM SUBROUTINE PGM502'.0 
c paM'-o?«.! 
C C»LCUl«Tl A TRANSPOSE A • « VECTOR PGMIO.'W 

DO S7I) 111 ■1,NN002 PCMS02H 
EMINSIIHI ■ 0. PQH',0?'.'. 

an s/o JB -UNHCUJ i'r.v-.o?'.^ 
570   FMIN1IIB1    •   F"INSIIBI   ♦   AT»      I IB, JBI*SNOL IOARAHUBI I PG-^O^'.t 

t PGHr.o;<.7 

C   OUTPUT   CAlCULiTCO   A   TRANSPOSE   A   •   «   VICTOR PGKS0248 
WRIT! 16,•HOI    IfHINSI IO),IO"liNMCD?> PG-',024') 

t PGl<c,02,iO 

C   OUTPUT   PREOICIFO   CHANGES    IN   «    IN   AT   A   A   •   AT   B PGMSO??! 
WRI1E 16.<)<101    IDARAMl IE l,|E-l,NN0D21 PC;",'32S2 

c PGM^O^il 
C   CALCmAIf   RflATIVf   MAGNITUDE   OF   PREBICTFO   CHANGE IN   WORTE»   POSITION                                PG«"^?-.*. 

OEU'FACTOR/SNCLiOSQIIT IDA« AH 11 «NMODT I ««i'DARAMi 1«LHA««NMODT l««J) I ?;•<>;-/•? 
IfdiE'.l.ri.l.   I    DFU.i. Pi";:2Ss 

t P:"'^2C7 
C   CAICUIATT   RELAIIWI   HAGNIIUDt   OF   PREC1CTE0   CHANGES   IN  HORSESHOE PCfWSe 
C                 VORI Id IY   COFFF ICIENIS PGM'.O.-"^ 

ANim»0. PGM-iO.^O 
ONUH.O. PGH'>n2(.l 
00   620   IK-1.NOCH PGMS02t2 
DO   620   JK-l.NdSH P0M502(, ) 
ANUH.   ANUFtAl IK, jr.l«AI IK.JKI P6HS02(.', 
ONUH   •   DNUH«   SNGl 1DARAH1 IK»IJK-l l«NOC»'l l«*2 PGfjO.'ftS 

620   CONTINUE PGHS0?f.6 
DE12   .   S2«SCRI(ANUK/0NUMI/Fl PGM^026? 

t PC«'.02'.8 
C   USE   SHAUFR   Of   THf    ItiQ   SCALES PCH'JO!!.* 

If    IDEl I.GT.0tl2l   OEll-   OtLJ PGHSO270 

C   OUTPUT   SCAtrS PCH^0272 
WRITEI6.4S0I   S2,0ril PCHS02>) 

C PGf.02'4 
C   CALCUIAIE   NEW   VCHIICIIr  COEFF |C*ICNT S PCHS027S 

00   600   1"1,NHCM PGHOOr76 
com • com • DEII^SNCLIDARAHINHOO'I ■ i«F2 PCH'.OHI 

DO   600   JM.BOSH PCfr>".'78 
AII.JI    •   AII.JI    »   OEll*SNCllDARAH| |«|J-||«NOCM)l   »fl PCOo]"1) 

600   CONTINUE PG^CVO 

t PG'',n?K| 
C   CALCULATE   NEW   VCRIE«   LQCAIION   COIFFICIENTS PG'".n2"2 

DO   'Jr,0   1.1,IHA« PGH'.O.- II 

GYV0RII1   •   C»vn«l I HUtLIPSNGLIOARAHl I «KHODTI Mf 1                                                                     PGf",02IH 
S^O     G/VURIII   •   GlVURI I KUEL l*SNGLIDAHAHI l>LHA««NHODTI l«F« PCH'n.^s 

C PGH'.Ü,- 16 
C   OUTPUT   NEW   VORTIUTV   CUE Ff IC IE NIS PGH'>n.,''7 

WRITE I 6,120 I      II Al I, J I , 1 - I .NOCH I. J-I, NOSMI . IGOUI, *• 1, NOCMI PGM'.O^H 
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nuipui hi H vnmo icc«iinN im 11 n KNIS 

WKIT(I6.1S0I   STVCRaCIVCM 

M;ifi:i   iirntiiCN NO.  «Nil ittsiDuE 
URIll(«.lAOl    IIR.OMAC 

cute» ft« cnNvrn&rNCt 
IF   IL"« ..I I..00I>   CO   TO  «10 

«00   CONIINUF 
a 10 CONIINUE 

OUTPUT   J«C0I1I«»< 

URI If U,1101    II »»COB I u.. J(. 1. Ji .1 .HKlll)?l.li.- 1 .NilPISl 

PUNCH   NFW   vn^IF«   lnC»II0N   CUFFFICIfHTS 
wm IF I i, ii'.'u ovvcu 
WRI IF I '.H'.-)l   G/VCR 

PUNCH   NFU   VORIiCITY   ttiFF F IC IFNIS 
M»l M I /.»'.til      IKI I. J I ,l<>l,NOCMI,J>ltN0SNI,IC0IKI,K>l,NOCn) 

soi  Fnmitiisis.zu.f io.*l 
BJ0   FnR^AII'   PRCCRAX   V   C«LCUL»TES   VORTICIFr   cnCFFICUNTS   »NO   WORTIX   10 

CC«Tli;-.   FROH   IMItMl   CUFSS APRIL   ?<», I"»? M ,//1 
(1*0   FÜBHJT l-iFU.S, I« .'GYI    1-   SI'I 
«SO   FO*M*-| (fEl«.f tUt'CZI    1-   »»'I 
«60   FORNMI«   nriFRXIKANI    UF   THE   JACORIAN   IS-'.EM.SI 
«TO   FnRMAII'DCMUKi   PIJ   ■• i lit IXt' SMKS   PT S   • ■ , I Jt 1«.' SEHISPAM  •', 

CFe.T.JK.'CHOMS   MOUES   ■'tll.U.'SPNWS   fUDES   -• , 1 ), »A. •C»-'if J.*l 

B«0  FO«HAT(2I10)FIO.*.2IIO(HO.*I 
HfO   fO*HiUt\S,SI iO.I,) 
900   FORHAI   I'O   CRUFR   (IF   VORIt«   APPROX IHAT ION   I S'. I Tt J«i •FACTOR" " . 

CFlO.i.lX.'ANCLF   CF    A 11ACX-•«F10.6.JX,•NDFP.•,III 

PCH'-njio 
PCN'.O/II 
PCH'.O/I/ 
POPSO^'M 
PCPSP?1»* 
P&MSOJIS 
P&Mr.0?''6 
P&HSO.'II 
PCfSOP'JB 
PCHS0?11 
P&MSOFOO 
PCHioini 
PC"r.0102 
P&MSOIO) 
PCHSOIO* 
PC"'.nios 
PCHSoinf, 
p&M-.oin» 
Pcn'jOina 
P&M".01I)9 
PCKSOUO 
p&Msom 
PGHSOIU 

PGHsnii i 
PCM'.011". 
PCMSOMS 
PCHS0U6 
PC15011 7 
PCPSOM« 
PCHS0119 
PG>">0 WO 
PGHb01?l 
PCHSOIPJ 
PCNSOUT 
PCMiOl?* 

910   FIRtAI 110   f H.*l 

I?:   F;3-"AT ['Olct   VtlttS   CF   A,GO   ARE'/.(SEI«.'il I 
51-.   I.;--.!!'   iCtL'   FRHM   CHANGF    IN   ICADINC   COCF F IC IFNI S-•, F 10. *. SX , 

C   'CH l'',F IC.S,/I 
9<.o FriPHttm u.si 

9S0   FORNAII'OTHE   VALUFi   OF   CYVOH.CJVOR   ARF'/   ISEU.SII 
9/0   FORHATIIH   .MNIl CKATIflN   Pli.    IN   REGION   S'1 , IS, SX, • IN  CHOMS'-.IS, 

CS«,■IN   RfilCN   1-■,IS) 

9B0   FO«M»   I'O   AFTFR'.ll,'    IIFRATIONS,   RESIDUE    IS   «•.F10.6,/l 
STOP 
ENC 

PGNS01?S 
PGH,.01?6 
PGMbOV; 
PGNS012B 
PCM'.Ol^q 
PCKSOUO 
PGN'Otll 
PCNS011? 
PCM',01)3 
PCHSOll« 
P&HSOllb 
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BincK n»T» 

&»USSI»>(     OUtCHMUBF   »OSCISSA  »NO  ME ICHtS 

Cül'HON/OHJN/CNl 1C, 101 ,MM 10.10»   /C»U5/   CI2<.I.M12M 

D«T»   C,N/<.'1«0.. 
-.«OM !<>S,-.^ U*6< ).0, 
-.«TCini.^.-.fld^Ofcl*,-, 

0 •    .^SB'i».'". 
ft/ikoib.-.1- mi.«..- 

.2t6426«i  .»KtfcJHT,   .■.» (uneo,  .«.»ot?";, 

.066«iTl).   .I'.'x.^l).    .^nOit*.   .2b')2fc' ». 

.JflSS?«,?, .Ihlttht, .mOBS«.. .US'.Mt, 
D«T» C/-."»<» 1 «72.-.'»'*'?•<•.-•'1*2'**•" .'(»biliS.-.B^OOOaO,-, UOl?*? 
,-,6*80,m.-.'»*,'*715.-.OM«».-. JlM»2 7.-.l,'lUa'».-.06*O»6Q.U«0. 

/,M/.0UJ'.iJ..02e,>n<.1 .o«.*;?/«., .o^q^fnt, .orjub^, .o»6i<J02. 
.09'6196,. 107* ".-.J, .ll'iSO57,.i;i6705..12^l'17«,.12'"J3 82, 12» 0.0/ 

ENO 

.lOM fTl,<ii»0. ■ 

.97 )906'./.WN/*0»0. 

..,)'<92(i'l.,>^,0. i 

.29".')2'.2t 

.061.671 J/ 

DLKUODOi, 

nui. i?oi 
Binnooj» 
BiKLOior 

Bl«00009 
BLKf.OCIO 
BLKDOl 1 
BLKC0U12 
BLK'.OOI 1 
HLKDOTl'. 
(I1.«C001S 
BLKU0016 
BLKDOOl7 
BLK00018 

ru'JCtiGN »iiYi 

»IIYI   P^OVIDtS  lOMf«   LIMIT   fUR  SURFACE   IfJUSRU. 
AltnCU   WIN,   CONF|GUR*r ION 

»RCUMIM   LIST 
1:        SPANMISE   COORDINATE:   HOH-0  »V   MAXIMUM   LENGTH 

COMMON   xiM.TPT, S.M.N 
Al    -   ABSIrl/S 
RETURN 
END 

FUNCTION   ASITI 

A4IYI   PRCVIDIS   LOWER   LIMIT   FOR   SURFACE   INTEGRAL 
AURCW   MING   CONFIGURATION 

AHG1INIST   LIST 
»I        SPANUISE   COORPINAIE:   NCN-O   BY   MAXIMUM   LENGTH 

COMMON   XPI.YPT.S.M.N 
Yl   ■   ABSIYI/S 

IF    lYl.GI.IIPT«.0211   CO   TO   20 
10   AS   •   KPT*.02 

RETURN 
20   AS   ■   Y| 

RETURN 
END 

0001 
oov 
0001 
ooai, 
oors 
0016 
0007 
oc:9 
000<1 
0010 
oou 
001? 
ooi i 
001". 
OOIS 
0016 
0017 
0018 
O^n 
OO.'O 
00? 1 
00?2 
00?1 
00?". 
00?S 
0021, 
00? 7 
00?8 
00? 9 
0010 
OOU 
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F UNC 11 ON   n I N , ■, 1 

*I   rfMICHCnn   KONOIOI NSHINtU/cl)   ny   ROCT   SENICHCRO 
«HUOll   UIN',   l.:.-|( Ii.DU»! Ili.\ 

»R&UXrNT   ll'jT 
Hi      JCCliüN NO.  iNim »IHM 

S: SP»Nal',l    COORDINATE:   NON-0  *V   SFHISPtN 

••l.-*8SISI 
RfTURN 
(NO 

ruNCTIO*   III1N.M 

Mi   or.inim •,  IIMT.-.  I m.i   OF  WINC:  NON-O BY  MIMC ROOT SEMICHORO 
«RROu MirtS ( i;-.i ir.uHAr IUN 

N: SECTION   NO.   INOIC>TQR 
SI SPiNUISE   COORDINATE;   NCN-D  SV   SIMI'.PAN 

COHMON/RLAN/CR 
«IE   •   -l.»2.«A8SI5l/CR 
RETURN 
END 

onoi 
0"l>? 
OOO) 
000 <■ 
ooos 
0006 
con» 
OI.OR 

0OH9 
ooio 
001 i 
0012 
001 \ 
00 l* 
0015 
00 l ö 
001 7 
0018 
0019 
00?0 
00? I 
00?i 
oo^^ 
oo?* 
00? 5 
00?6 
00? 7 
00?8 

FUNCI ION BVr I 

»i   PH0V1UES   rtANTORR   LIMITS   TO   INTEGRATION   ROUTINE 
ARRCH UIKO  CL'lT ICURAT ION 

AHCUHENT   LIST 
r:        SPANWISE   COORDINATE;   NON-D  BY   MAXIMUM   LENGTH 

COMMON   «PI ,YPI,S.".N   /PlAN/C;. 
B5   ■   ABSI» l«l1.-CR1/S   «CR 

R[TURN 
»NO 

fUNCtION   B7IYI 

B7   PROVlOrS   PLANflR"   LIMITS   FOP    INItGRATKN  ROUTINE 
^PRCll   UINO   CONFICURAT ION 

ARGUMENT   LIST 
Y:        SPANwISt   COORUINAIE;   NON-0  BY   MAXIMUM   LENGTH 

COMMCVJ    «PT ,YPT,S,M,N   /PLAN/CR 
IF   IY.CT.S»I»PI».0?-CRI/l 1 .-CRII   GO   TO   ?0 
B7   •   A9S1Y1«II.-CRI/S»CR 

RETURN 
?0   B7   •   «PT«.0? 

RETURN 
END 

000 1 
ooo? 
000) 
000* 
0005 
OOOfc 
000 7 
0008 
0009 
00 10 
001 1 
001? 
001 ) 
0011. 
0015 
001b 
0017 
0018 
0019 
oo ;o 
oo? i 
00?? 
OO? ) 
00?* 
on?s 
00?6 
00?7 
00?8 
00?9 
OOIO 
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fUKCII UN   DlOtlV.»»0»TI 

C 
c OIDY      p«oviufi Dr»i»»n»f  ro«  J«COIM«N 

c 
C ikCU^INI   I 1ST 
C Ti       •.PJNMIU  cr,r,«ulN»Tf:  NCN-O n»  MAIIMUM LENGTH 

C YwOKTt   VCKIf«   Sl-tKNlSt   PnSlTinN;   NON-D   BY   «»X.   LfNCTM 

c 
C   fACTON   OF      Ti:«l.-1)      OUISIDE   Of   FUNCTION 

COfON   «PI ,YOUM,5,•'■,»'l,   /StC/   IV0«T   /PL4N/C« 
YOIFI.V-Y»0«T 

«tor,!!   •   CH'YMl.-CRI/S 
XOIFF   .   XfCGF-<PI 

trRHl.YOIFF«YU|FF >;wn«T«ivoRT 
Tfl«MJ«TCI<MM«U|FF«XDlFF 
DIDY   • YDIFf/TfR«l»(2./TfBNl»l l.-XDIFF/SOtTdEtttU I 

C   - XO ! F F/( T ( P—!ASC° T !!£?.¥!! ! 

Rf TUBN 
€NO 

DIDYTOOI 
ni.iYnn'ij 
DIFIYO m 
OinYnun* 
DIUYiino'; 
OIUYO.TO», 

OIDYOTT f 
nlfiYOiis 
DIOYOOOO 
OIDYTIIO 
DIDYOOl1 
ointoou 
ornYOii3 

DIDYOm* 
OIBYOOIS 
OIOYOOU 
nInvnnI / 

OIOY30H 
OIOY0019 

FUNCTION   OIDIIY.YVORTI 

OlOl   PPOVlDtS   DERIVATIVE   FOR   JRCOBIRN 
ARROW   MING  CONFIGURATION 

ARGUMENT   11ST 
Y! SPANWISF   CnORDINATF!   NCN-0   RT   HAxIKu«   IENCTM 
YVORTl   VO«TE«   SPANWISE   ROSIIlaN;   NON-0   BY   MAX.   LENGTH 

FACTOR   OF      Tl?n-I)      OUTSIDE   Of   FUNCTION 

USE   HULTIP 
REAL«« 
COfMPN 

YDIFF 

I EDGE 
IOIFF 
TERXl 
A-TERH 
IFIA.l 
TERMi- 
010/ • 

C XOIFF 
RETURN 

100   OlDl 
RETURN 
FNO 

IE   UEFPIITItN   IP   REDUCE   TRUNCATICN   ERRORS 
YUlfF.XOIfF.TEifl.IIRHJ.A 
XPI,YPI,S,",NM   /PIAN/CR   /SEC/1V0RT 
■ I1BLE (Y-YVÜRTI 
■ CR«Y»Il.-CRI'S 

• D'HFIXEDCr-XPI ) 

• Yülff•YO|fF«UBlttJVORT»tVO«Il 
l/IIOIFF*XOIffI 
E ..lOSOO I   C!)   TO   100 
ifKHl«xuirF««oirF 
tV0RMSNGLII-2.D0/TERM|«U.0O-I0IFF/DS0RTITERM2l I» 

/( It RI<?«DSCRIITCRM2l)/IERKi) 

• {VGRT/4.PSNGLII-).004S.00*«l/IDIFf**«l 

DID/0301 
OID/0312 
DIC/OC^J 
Olo/ocn* 
Dlo/om^ 
DID/0006 
010/0007 
Dio/oooa 
OIO/O'.'.T 
OIC/0- !0 
Di:/o:ii 
o i D ; o -1 j 
DIC/OOlJ 
DIO/:OI<. 
DIO/OOI'. 
oic/o:ü 
DID/OOl/ 
010/0018 
OIU/o-l'J 
OlO/On/O 
oin/oo/i 
oin/no^? 
0ID/00?S 
DID/OOC«. 
OID/00?^ 
OID/00/6 
oio/on?; 
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rim i i(i\ rvin.yPl .«••T I 

f» civfi cnNi« IPUTICN f»nH UiUlNG-cotc vuutt«  ro v 

«:        CMODtlMlM    INItG«»IirN   PniNI;   NON-0   OV   M»«|NUH   LfNCIM 
YPT:    ^OK^ISf    10C4I10N   OF   CCNI"Ül    POINT 
UM:   CMtl^i'NlSf   CONiani   KlINt;   NQ.^-O  BY   «»«IHU«  LENGTH 

L( T   »PI   >0.   in   USI    GN   WIHj 
Cllf'MllN/GVi:«/    GYVC« I M ,G/VO«(M 
PI- I. IMSIl 

/StC/ZPT   /WlOC/lM«X 

>i n w T I 

(   »[irilll     l PC »I I ON   OF    VUBIf« 
C»l.L    fNC INICYVn't'. I^«t «.YVOPI I 
C1LI   fNCTNlC/VC«<lH*«,«,?VORTI 

«OIT • «-«PI 
YDIM .YVIKI-YPI 
J0lfF"lWO»T-IPT 
rv       muoiff-to\ff*atvo*iut*,»Pt* i«DirF««DiFr«YoiFf»»oiFf• 

llOlf I 'lOlff»••I.«I 
• FTUH'4 
ENO 

FV oniu 
FV ono; 

f V oor 1 
» V nunii 
FV 0005 
F V onok 
F y ooo f 
1 V conn 
t w o^ns 
F V 0010 
F V 0011 
F V 0012 
F V 001 J 
FV 001 <. 
FV 0115 
F V 0016 
F V 001 1 
FV 001« 
F V 0019 
F V 00?0 
FV 00? 1 
FV 00/2 
FV 0021 

FUNCIIÜN   FHIX.YPI ) 

M   GIWFS   CONIRIBUIITN  Of   lt»DINO-EOGt   VOHIE«   TO  N 

«^GUXINI    I I^1 
«: CHOROxtSi    INHGUATION   POINT;   NON-D   OY   MM1MUM   LfNGTH 
Y;>T:    SP/UwIVf   CONIRQl   POINT;   NQN-D   BY   *»X|«UH   LENGTH 

u^r  GN  Ni'i.,  iii  ;IM .o.o 
CIIXM-JJ   IPI .VOU1«, J,M,t|   /Sft/iPI    /VLOC/LM«« 
CU»'>,.CJN/GVOH   /GYVÜ^ISI .OJVOHtSl 
PI- J. IM^l 

C 
C   C»L CUl«Ir 

t»LL 
C»l L 
CMl 
«D1FF 

YOIF f 
MIFF 
FW      . 

l«»l.5 
Rt TU" 
ESO 

LOCtTlCN  OF   LTiOlSO-fDG^   VORTf« 
FNCIN(GYVOll.LM(l«,«,YVG«T I 
FNCT-llG/VO'<,l"«X.».iVOKT I 

OFNCI IGYVOM.LKMl.x.DYYORT ) 
.«-IPI 
» YV:)H T-YPT 
■2V0RT-JPT 

IXI)|FF«liYVO«I-YÜIFF)/(|«D|FF»«OIFF»YDlFF«YDIFF»l!DIFF»ll)lFn 
•   *.»P| I 

FW 0001 
FW OOnj 

F W 030} 
F U 000". 
FW 0005 
F U 0006 
f W 0007 
F W OOCS 
F W 0009 
F u 0010 
f U 001 1 
F U 00 12 
F H Oil 1 
FW ooi<i 
F W 03 15 
F H 03 16 
F W 001 7 
F W 0018 
F w 0019 
I M 0020 
F U 002 1 
FW 0022 
FW 0021 
FW 002'. 
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FUNCTION cvnmiM.n.r.si 

CVOHt   t»l.CUI.«TIS   VO»I|CIT»   STMNCTH   OKWINC   OUf   TO   Lt*OINC-fOCE 
VOKTICES 

I'ST 
Mno«l SPfCITItJTION «»««flxfTrM 
CMOHOWISt POINT Or INTtW^ST: NO'J-0 6» »»« 
SPANwisi   POINT or   iNTfor'jT:  NCN-O BY ««». 
SfMISP»Ni    NON-0   »V    K4IIHUM   IFNCTH 

LfNGTM 
LtNCIH 

PI- l.l«11«] 
cnNr;i • Pi»fio»T(i«N»n/i. 
»."Ti'SOPT I I«X«V«YI 
X[OCE-X?Y?/SC»TIl.«S»$l 
GvÜKT-COfij"«COilC0MT««.EDG(l/«>Y2 
»rTuRN 
«NO 

CvOTf^r? 
cvnnO;i»i 

CVOMO0''(. 
cvnuooo' 
CVO'IT'B 

CVOMOCl1 
CVOP0012 
cvo-a-)!) 
ovnoDoi«. 
cvoaoms 
OVOP0O16 
CVGROui 7 
CVOH0018 

FUNCTION icvim 

XOVl   C«LCU1.ATES   CONTIIUPT ION   TO   V   fKO«  lfrT-'H«NO   VOUTf« 

»BOUMFNI   LI5I 
«: CHOPOMISF    INTECKATION   POINT;   NON-0   BY   MX.   IENCTH 

COMMON   XPT»YPT.S.H.KP 
PI«I.141191 
CONSI-FlOAII?»H«ll/?.«Pl 
XCVL      .-SINICONSI'Xl'r-VU.-VPT.XPTI 
DCIUHN 

END 

rUNCIION   XGVTIYI 

XGVI   GIVES   CONTRIBUIION  OF   HIKE   YOPTIGIIY   TO   SPANWISE   VELOCITY 
ARHUM   UlltG   CONrlGURATION 

ABGUMENT   LIST 
Tl SPANWISE   COORDINAre:   NON-0   BY   MAXIHUB   LENGTH 

CO«"ON   XPT.YPI.S.H.HP/SfC/fPT   /PLAN/C« 
PIM.IMSIT 
CONSI"PI«fLCATI?»"«!)/?. 

xEDGf   •   CB«Y«ll.-CR)/S 
I.^YJ   •   SO«II«rn'.t»»?«Y«Yl 
XFDGE«X2Y//SOHT(l.»S«SI 
CI)r..I--CUNSMCOSItONU»xrDCFI 
XGVI      •-IPI»6DELT»IX|IY,YPT)-XIIY,-YPT1I/I4.»PI I 
«ETUBN 
END 

0001 
Oto? 
000) 
ooo<. 
OOOi 
0006 
0007 
0309 
0009 
0010 
001 I 
00 W 
001 3 
OOl* 
0015 
0016 
001 I 
00 IB 
onn 
00?0 
0"71 
00?2 
0C?3 
00?«. 
00?» 
00?6 
oo;7 
00.'8 
0071 
00 ! j 
0011 
00 12 
00 u 
001* 
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FUNCIION   «OUlIII 

<GNI  i «M in «ri'. cnNimnui loi« TO W IHUK I ; I I   MINO VIIKII« 

»H&UKF>«I   IISI 
i:      CHonnuisr  IHTICRIIIOH POINT: Nm-o nv HAX. LENGTH 

cn^HQ-« «PT ,vr>T ,S,M,N 

PI • >. tn^ii 
CONSI-FIDATiz*n>ii/;.«Pl 
«GWL        ■SIIICONSt««l»rMlK.-YPII 
«r IU«N 
END 

FUNCtlCN   IGHIIrl 

«GMT  GIVES  CONTPlnuTlUN  (IF   urn  VORTICIIV   TO  OOUNHASM 

»RGUHENT    LIST 
»I SP4NKISC   UmmilNHH;   NQN-0   BY   NUIHUN  LENGTH 

10  USE   0*   WINr.,   It!   tPT.O.O 
COBKDN   «PI ,YPI .StltWUlJ»"  /PL»N/CI« 
PI- ».l^HTl 
CONST-PI«El0»T1J»«»I 1/2. 
«EDGE   ■   CH»V»ll.-C«l/S 
«2YZ   ■   SORT UEnCE ••?»YM I 
«ED&r.X?Y?/S0«TI l.«S«SI 
GDtll'-CONST«C0SICONST»«EDGE) 
«&WT   --GDCLT»! (Y-YPTI'XIIY.YPT^IY^YPTI'XIlr.-YPIII/I^.^PI I 
RETURN 
END 

onoi 
con? 
OOil I 
oon* 
onns 
onn6 
oonT 
ono« 
0009 
0010 
onu 
oow 
oon 
onu 
onis 
0016 
oo ir 
onu 
0019 
co?o 
002 1 
0022 
0021 
002* 
002S 
002b 
002 f 
0028 
0029 
00 JO 
00 11 
0012 
0011 
001* 

FUNCTION   «IIY.YPTI 

<l   GIVES   LIIM'MHiil HA    IXC*   N«Ff    VORTICITY 
«RRPM   Mlkr.    I '■■.! IUIUM 1 UK 

»RGUHINI    LIST 
Y: ^P^NW|S1   COOROtNITE;   NCN-O   BY   H»X|MUM   LENGTH 
YPT!   VORIE«   SP»NUISE   LOCJIION 

COI'iiUN   «PT.YDUK.S.N,»'   /Pl»N/CR   /SEC/2PT 
».|T-TPtl«IY-YPII'/PT«2H 
«EDGE    •   C«»Y»I l.-CRI/S 

B   •   «EOGf   -«PI 
XI" Il.-B/S0RTI««B»B1I/» 
RETURN 
END 

oon i 
0002 
oom 
ooo«. 
ooos 
0006 
oon; 
oon« 
onn9 
ooio 
oon 
0012 
oon 
ooi« 
oois 
0016 
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SUIIIIIIUl INt    CMDH". 

ou«i|''»'i)ir 'o* CUM.! IBUHCN ir »uiicnr un vcurt« 

OftN'. ION nr lArici, mt IAI ini,;«i loi .«i IM 

CO'-IIN  /J»CT/ n^nvi ini ,O»UM ioi ,nKvn»i 101 .«nwo»! ^I.XDMO/HI I 

C   «OVJtlft   /CMJ'J/C'dO, lOl.WfllO, 101   /KQ|;rS/"l()C"<NC'JM 
C   /wnv?/M»l *.S.M .«LSI "i.*   .NII.C.CHIil, mm lOI.IOC^tOSiVdtVMNWHI, 
C   «SO«,tI«,i;«ur.Xlini.POJ,NCP.HP,N,«,C2.Jl.JJ.-S.T"N2,ZMZ?,CS;t 

CCJMXON /SUWSM/ IKVI»! ioi,»vm»,i,si,c»Hi»t 

;   INITUllir   -|l»'>»TION   VARUBlfS 
t.O   1    I'tfNCCM 
Cfil i-o.n 

cvm i i-o.ii 
XCHDVI I I'O.O 
XliHU/ I   I 1=0,0 
XOVDVI I 1-0.0 

I CONTINUE 

!   CHLCULATf   LOCAHON   Of   LFint.SO   tOCE   »NO   LOCAL   SfmCHOKO 
; NON-0   Ir   «001   SfMCHORD 

ELE'XLtIS.CS1 
SEM1CC)"BIN,CSI 

IfIKSO«-. ll>0,    tHE    INTfOBiL   IS   EW»LU»IEn   »S   »   SINGLE   INTIGKAL 
IF    lUSC-O.ll   ?1,1,1 

1       IF     ININC1    <.,<., J 
* N1NC-? 

00   •>    IM.NCP 

[   C»ICUHIF   »N&UL»»   SP4CIN'.   fO«   INTEGRAL 
BETAI 1 !•! l.-',N( I.NCPl l»l>02 

CXI 1 l—CQSIBETtl I I I 
DO   5   J-l,NOC« 

CHUkOOII 
Cllli,<""T? 
CHUwl'in > 
CnuhO J^«. 
CHIlk )0T^ 
CMD «01106 
CMtH.00Ot 
CHowiooa 
CHI),HC009 

CMUW0010 
CMLI..0011 
CMDwOOl? 
CHDH0011 
CHOU00I4 
CHOk.O'-IS 
CHOW0016 
CHUwOOl7 
CHO MOT 18 
CMUMUUH 
CMDwoo^o 
CM01,00?1 
CMC'.00? 2 
tHUM00Z3 
CHDwOI?". 
CHO-OO.'S 
CHOKOTi 
CMal<03,■, 7 
CHOi.oo?e 

CHDHOO 10 
CMOk.0011 
CMO WOO 12 
CHUwo-m 
CHD-Ol«. 
CMawo j is 
CMDkOjK. 

«l5IJ,ll"SIMBEt»lll«FLO»TIJIl/fLn»TIJ««l2»Jll»*. 
c 
C     «LSIJ.Il   ■   LOADING   FUNCTIONS.   RfF:   tSMLEV   »NO   LANOAHl 

? CCNtlNllE 
F DO   &   1 = l.NCP 

6 GAUSXIIl.X-IELr»SFM|CO»ll.»G«l I II    I 
C 
C     CAUSX   -   »-«II   NON-D   l)V   ROOT   StHICMOKO 
c 
C   CALCUlAtf   KfR'ltLS   FO«   SUHFACF   INTEGRALS 

CALL    KiK'll 
WGM1.POJ 
DU   ?0   IM.NC 

i ►  »-. i i,-.  !■ i • , i-i i''f n i 11 MUCH I 

DO   ?0   J«1,N0C»* 
CRIJ1-ALSIJ,Il«CU«TKKI I UCRIJI 
CVRIJl.ALSIJ.IMCM'TKVRII 1»CV« I Jl 
XDWUVI JUDnOV I Jli   DKDVII I'ALSI J, I l»CM 
>../!   n    .!..,■ I n .   DKDfl I l*Al SIJ, I l>CW 
IDVÜTI JI.XDVOl'lJl'UKVUYIIl'ALSIJ. 1 l»CH 

20 CCNIINUF 
co in so 

c 
c 
c 
c 
C   IF 

21 
tin 
2! 

FOR   RSUB-,1<0.    tHE   CHOROHlSE   INTEGRAL   IS   CQKPUtfO   BY   2   LEGENORE- 
CAUSS   CUAOHAtURIS   tO   HANDLE   FINITt   JUW   IN  »fRNEl   AT   X-«l»V-Yl"0 

X   IS  Lff   MIKC  AT  V,   USE   SINGLE   IMCGRU 
IFIX-tLFI    ),>.??0 

IF lx-IFir.^.«Sf »ICDI I   lt,i,i 
TlinD«ARCn', I ItLf •SFH|CD-XI/SEMtCOI 
R.-l 
».GMi.TMr.n/?. 
on 2i l*l.NCP 
Tilt IA( I 1 ■ I l.-CNI I .NCPll'fliP.D/?. 

r.Ausxi I i   i   II i v .'.I ■Mi.i.M i .-to'.i ri'i TAI 11II1 
GO   ID   11 

CMOl-.l^ 17 
CMPKOO'S 
CHOkO     H 
CHOMO.II-O 

CMDkO"'.l 
CHDkfl042 
CHUwOCl 
CMOk.OP«.'. 

CMflKOO'.S 
CMOWOD'.6 
CHCviOT.7 
CHO.OO'. 1 
QHD*00'-i 
CMD-I'JSO 

CMD«0~SI 
C HO 1.00^2 
CHUKSI^I 

CHOWJOS* 
CHUkOO'S 
CHUhOO^i 
CM0H0O-; 7 

CMDHOOSB 
CMÜHOOS"! 
CHOk3','>0 
CMtwOOOl 
CHd.O"'^ 
CHOiSon 
CHnfc'-** 
CHn'-T.f s 
CHiinae'.i 
CHO.A "il 
CMin.oosa 
CMUkOO'.l» 
CMU'IO 70 
c MO .no 71 
CMn>.cio'2 
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H(.MI"P(/J-W&MI 
«■I 
DO  ?5    I-« ,NCP 

&NI UNCPII'IPIW-THUD/?. I 

!•>      C;«USXil |.»-IILf«SlMICD»ll.O-CnStIHEt»(I)lll 

C»LCUI «it  K( n-ins rnx 
JS C»ll     «fKNI 

■jUnr »CF   INItCMlS 

00  CHOnOullt    INlf'.BdLS 
00   ■. 0       I ■ 1 . I<t P 

CW.WH I .HCPI'MMI IHf I Al n l«MCHT 

on »o  JM.SCCN 

»Lij)»siNiihti»i ii»fLii«iijii/rioAii?»«i2«jn  •<.. 
CHIJI'll t JI*CM*TI1KI I MCRi Jl 
cvnui • AL I JI'CK» I • V« I 1 ) »CVHIJ! 
«OHD» IJI«XCWOVIJ)<   DKOVIIl<*LIJI*CM 
«mo/ 1 J('>i:WO/( Jl»   OKOM t I««L1 JI«CM 
«UVDYI jtxoVDYIJ i«uKvnr(ii»»l I JI«CM 

cn.cva,»nwD«.«ciioz, «ovnv 
*0 CCNTIXUE 

LOOP   FOR   ^FCONO   INltGKAl 

^0   CONI INUF 

»Rt   IHf   CHORDWISt   INTF&RAIS 

PRIMARY   MilPjl      CR.CVR.XOWOV,>DUD1.«DVOV   ARE   RETURNED   THROUGH 
COKFON   B1.0CH   TO   CALLING   PROCRA« 

CHuwnn M 
CHOWOOK 

CHnwoo»^ 
CHOkOOI* 
CHOkOO/T 
CMOMOO'S 
Ciuwnor» 
ciiofconRO 
CHDKOfll 
CHUwOOh? 
CHOWOOII 
CH0U00R* 
CHUMOOR'» 
CHDW00R6 
CHOWOORF 
CHDkOÜRS 
CHOKOOR« 
CHÜW001O 
CHUWOO1»! 

CHDuOOll 
CHOHOO'»* 
CHOHOO'»^ 

CHonom* 
CHOWOOtl 
CHOWOO«! 
CHOKOO'"» 
CHOwoiao 
CHOW010I 
CHOWOIO? 
CHnnoioj 
CHOUQIO« 
CHDWOlOi 
CHDMOIOA 

sueqnuii'it CDLPTINCORD.NSPAN.RPT.'TPI) 

COIPI   CALCULATES   COLLOCATION  POINTS  ON   PLANfORM 

ARCUKTM   LIST 
NCCRI):   NC.   OF    CHORBUSE   POINTS 
N'.PAN:    NO.   OF    Sf.VNHISf   POINTS 
«Pt:   CHORDwIsf   P0IN1;   NCRMALI/tO  «V   1 
YPt:   SPAKwISt   POINI;   NCRHALIZEO   BY   1 

DIHf NSION   «Pt IS), YPt HI 
PI   ■    LUIS')! 
DO 10 l-l.SCORD 

lOJPtlll    -   CCSIPIMIOAII ?»l-limOATI<,»NCORDl I 
00 20 J«l,NSPAN 

20   YRTIJI    •   C2SIILOAIIJI«PI/FlOATI2»NSPAN«lI 1 
RE T URN 
END 

COLPOOOI 

CaiPOT32 
COL POOO) 
COLP003* 
COL POOOS 

COLPOOOt 
COLPODOF 
COLPOOOI 
COl P0n09 
COIP0010 
C0LP00I1 
C01P0C12 
CULPOOU 
C0LP001* 
caipoois 
COLPOOlt 
COLPOOW 
COLPOOll 
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SUBUPUTINt   DrNCTIC^.MtlilfNI 

OFNCTN   C»lCUL»tfS   OOlVAriVES   Of   CMEDYSHtV   PCLYNO^IALS 

»ROUfFNI   LIST 
CF :      CHI FF ICITNTS   CF   (>OlYN0»<l«l   «PPRn« IMA I ION 
x: ORDfl   CF   PQITNCIAI   «PPHO« I lAT IGN 
«: CHtlBllHISt    AHOUHFNt 
OFNI   VALUF    OF   OFHIVATIve   OF   FUNCTION   BflNG   »»P»OK|M»T£D 

OlMtNilON   Cf HltCHttYZI5l,OCWr»T(11 
CMfnrjrIi.1. 
CHEflY?! ? I ■».•«•«-I. 

IFIM.LT.1I   CO   TO   «0 
Csa*CHCSY2l2l-l. 
00 *o ^•^,<' 
CHFBYJIl l-CS0«CMtnYJIL-l)-CMf»YI(l-2) 

»D CCNTIMUf 
ao CONIiMn 

00   100   l"I ." 
OCMtnYl I 1-CMEBYJI I l«FL0»TI2»l-n 

100  CONTINUE 
DFN-0.0 
on soo i-i.H 

%00   DFN.OFN»Of Ill^DCMEBYl I I 

RETURN 
CNO 

OFNCOar)! 

OFr:r.non2 
OF'ILOOO» 
OFNCOL". 
OFNCOJ"^ 
0FNC0116 
DFNC0U17 
OFNtOOOa 
OFNCOOTl 
CFNCC-IO 
CF',CC;I i 
Of.:::: 2 
DFNOCl ? 
OFNCOCl* 
OFNCO'. l^ 
OFNCO-li 
OFNCO"!' 
DFNCOIH 
OFwrooiq 
OFNCOr)?0 
0FNC03?I 
DFNCO':?? 
OFNCOO? i 
OFNCOO?* 
OFNC0O?5 
0FNC0O26 
0FNC002 7 

SUBROUTINF    DCMCMIDCWOHJ.OOH^HS.GWaMUl I 

OCW&H   CALCULATES   CONTRIRUTION   TO   M   <»C   LEADINO-COCF   vORIICfS 

ARGUMENT   LIST 

OSkC«?: CONTHIBUTICN TO Y   DERIVATIVE 
DOWC»".: CONTRIBUTION TO I   OfllVAtlVf 
GUSMul: CONTRIBUTIOM TG M   VELOCITY 

DIMI NSION   TCMl BYISI.UCHETYHI ,SUM2 IS, S I ,SUH*I S ,» I t«l4l|(l*li 
C   nCN0H?|S,SI,O(;wG'mS,lSI,0hGMU|ISI,SUH|SI.OFWOYISI,0FWO2ISI 

CUMMON    XPI ,Yt>I .S.KOUM.CPOUM    /GAUS/C I 2* I ,HI ?* I 
COHMUN/   GVCR/GYVORISI.C/VGRIS)    /VL0C/LMA«/MOOES/NQCH,NO$H 

PI-   I.UISIJ 
CONST?"    l./(8.«PII 

CONST?   ■   1/1*.«Pll   ♦   1/2   TO  SCM.E   INTEGRAL 

I'.lriM  I'l     SUMMATION   VARIABLES 
DO   100   l-l.S 
sum i i-o. 
00   100   J'ltl 
SUM2I I, Jl    •   0. 
SUM«, I I , Jl    •   0. 

100  CONIINUE 

KANT   PCUR   CALLS   10   IMECRATION   KOUIINt 

DATA   A,B/n.,.|;s,.2S..«,.l2S..2S>.«,l./ 
00   300   IC'I.* 
BHA   •   Bl ICI-AI Id 
BPA-BI li. !•   M Id 

DO CHOROWISE   INTEGRALS   BY   2«-PCINI   GAUSS. 
00   200    JM ,.". 

OUAO. 

OGHGOOOl 
OGH'^OOJ 

DGur.ouoi 
OGWCOOO«. 
DGwooons 
0GWC0n(J6 
0GWG0O07 
OGKCO'lOB 
DGWGOTO-) 
OCKGOOIO 
DGWG00 1I 
DGHG0T12 
OGK&CUlJ 
OGHOOl«, 
OGHCO^IS 
OGHCOOlfc 
DGHG0017 
DGKOOOIB 
OGWC.OOI 9 
DGw;on:'o 
OGHCOO?! 
0Gn'.0iJ2 
DGHK'O/ 1 
OGw'jOJ^* 
OGHG^n^S 
DGWr,0O26 
OGH'^noj 7 
ocwroo?» 
0Gwr.0ü?9 
OCxGOniO 
UGWGOOU 
ocvr.mi2 
OGwGmn 
DOWGIOl* 
OCWf.O"!^ 

DGWG00 16 
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(.»ICUl»!'   IMlomilMII   r»f»o«s 

C»ICU1«I(    CMCITSMIV   ITlYNrNIHS 
c«ii  lutm "ii"«« ■>. n."l n».i;ct4f BYi 

c»itui«ii   vnxiri ITSI'ICN «NO nraivtTivti 
c«u   rsi_iM&»vii".i "»«.«.Yvcai 1 

C«u  ' NCfiic/vr« .1 r«».«,/wc«i I 
c»:i   of Nt ur.YVOJ.i «»«.«.DTVuat > 

C«ICUI»II   iNiriPimtii   f«c?o«s 
«DlFf'    l-«PI 
YDIM"    YVC^t-YPI 
VSUH   «    YVOHWYPT 

ir «»'i'   «nin ««oin •YDK i »YDirf »zvORT'^voRt 
It«"?'    «nlH««lll<'«    »SUH'YSUM«   /VORT*/VURT 
If Kr i. IiSPl«\C«II tr»f<l 1 

KB««,     imc^'som I tia-<?i 

LI'MHlr.iIHK   TC   OOtmWISH   I H(>H   ICXDINC-EUCE   VURIE« 
FH .  («nirr'DYwooi-Yiiiri i/iiRtti •  ixorfr«o»»URT-YSUN)/TEiiM* 

DO   l«0   L>l ilMM 

M»Nr,(   r"j niiKNu«iii CCNIRIIUIION nuf IO CHAMCE   IN VORTEX POSITION 

Of WHY d i. i «nifi »f io.M en   11 «utnf BYII i-iCHfnYii I 
C    -1.«l«nlrf«l)YV(jBI-YI)lff l»YDlfF»ICMfBYIll/IFRMl l/TERM} 
C   ♦OUII f •! lO*I(?»l - 1 I   •   IIOKBYII l-ItHCRYlL I 
C    -l.'IXOIl f •DYVl)RI-YSl)"l«YSUM«fCMtBYIl 1 / IIRM? |/IE RH* 
OFHOZILI' ZVCiHI«      TCMI BYILI«! («Ulff •UYVURl-YDIFFI/ 

C   ITERMt*trRN)l   •    I IOII F«OYV0RI-YSUHl/IItRP2«TERH*l I 

1*0 CCNTlNUf 
00 1^0 "O-l.NOCM 
H=M0-l 
CÜNil - f IC«T(?«»>«1 )/?.«>>l 
CGAM" SINICDNST««) 

DGWCOO < r 
DOMbO" IB 
ocwr.ui) «i 
o&wr.o-to 
ocur.oos i 
DCWCOO*/ 
DGWGOO^I 
o&wono** 
OGnr.oT.") 
yJM .i- ■-■■• 
O&wono'. i 
ocur.oo^s 
ocwcoosi 
ocu&onso 
IK.w.,n'i . i 
ocwr,on^2 
o&w'.oo■■ s 
UI.W    /r       ■.■■. 
OCMCons^ 
DCWGOn'.fc 
DCwoon-, i 
OCMf.OO'.B 
OG«C00'9 
DONGOO60 
OGH&COfcl 
OGWGOO».? 
OGMCOOM 
OGUGOOh'i 
DGKr.oOfcS 
OGHGOOhb 
0GWGOO61 
DGWG006B 
0GK&006■» 
0CWGO0 7O 
OCWr.OO 11 
OGWGOOf? 

c 
C     GC»H   ■   IFAOIMC-rnCI    VORIFX   SIRIN'.TH 

SUHIHOI    '    CC«M»fk»MlJ)    «SUfKMOl 
oo i'.n i ■ i .IM»« 

SUNZIROtLI    •   G&AM'Bf W0Y11 l»lll Jl   «SUWIMQ.l I 
SUH*IHn,ll    •   GGAH'UFHOMl 1»H1JI   •SUH*IMQ,L1 

iso C'iNi iNur 
?oo comIMJC 

C  DCTER'MNI    MFICHTIMC  fACIOR 
CONST.1. 
If I IC.r.I.l I   CONST   .5 
00   *00   NQ'U'JOCN 

SlPHIinl   ■   CONSI'SUtMMOl 
00  *Oo  i • i .IHAX 

iUM^Cro.LI   •   CONSI»SUM?(><ü,L I 
SU>,'.IH0,L1    .   C^NSI•5U>^'.I»<0., I 

«00   CUHT I-JUT 
loo coMinur 

00    500    "•)    I,NOCH 
fM'.-oWnt.S    .    CÜNM2»SUMIH(il 

DO   ^00    1 > I fIKA> 

OChr.^/l"<c ,L I   ■   C()NST?«SU"2l«0,t I 
DüliO"'.(MO,L I    ■   -).• CONSTi^lUH^IfU.l I 

iOO  COM lr4Ul 
C 
C PKIKAHi   OUTPUTS     CkGMWl.OGuGfJ.llOu:."'!   PASSED   THROUGH 
C AHGUHfNT   I 1ST    TQ  CALL INC   PRCGaAH 

RETURN 
END 

DGKCOO f) 
D&wroof* 
DCUGOOfS 

OGWCOOTt 
DCi.r.oo i r 
DGU000 7 8 
OGnr.oojs 
DCMC00R0 
OGWr.OOHl 
OGWjOOM? 
DGWf.OOH) 

OGuoooi)* 
OGWCOOP^ 
DGWC00R6 
DGWCUÜRI 
DGHGOO'IB 
O&H&OdH«» 

OCWCOT'O 
DGW",Oü"l 
DGW000(2 
OGW'.OOT ) 
OGHi.OO'l'. 
DGMuOO'JS 
OGur.nn')^ 

OGwcooir 
DGWCOO'*« 
DGHG00')9 
DCWGOIOO 
OGwGOlOl 
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simnnunkiF ncwyinctiTy.ocvrY.o'HM.DCvTM 

DGUV   PHOV10FS   CONtmpuIIlN   TO   J»COOI*N  TKO»   M«Kt 

««GuHrNT iisr 
UCWlr! CfffiZ' |s   CWT   F«CH CH^•lCf   IN   YV 
Or.ytY: CHf.W.f I«   GVT   rBC» CHB-lCf   IN   TV 
OOUTf: Ct^NCf IN   CWT   fRCH ^HJNCf   IN   JV 
OCVt/t CHtNCf IN   CVT   fRCM CM«'.5f   IN   /V 

r»CTO»   OF      f{7«l-ll   OUTSIOf   OF   SUDXCUTINf 

COKHnsi   «PI ,YVni>I,S,KDu»',>,P0Ut"/StC/IV0«T/0»US/CI2*).WI2*) 

C   /HOOf S/NrCM.NOSF"   /P11N/CP 
01 "INS I UN  SUNIS.M.D&wTYdltOeVTYISUOOWTlltUOCIfTZfSl 

l'l -  !. l^ttOl 

INITl«ll/f    "iliMfllTinN    V«HI»B1FS 
D»I»   SUf/?0«O.O/ 

DO   SP«N»ISt    IMfO»»l   FROH   0.   TO   S 
DO   JOO   J-l ,?•. 

C«LCIIL«IF   APSCI5S«S   FOR   JSUS^SUN   OU«DR«TU»e 
YiS'll.'Cl Jl1/2. 

c«icuL»Tr  INTI «uriMTf F«croRS 
OIPYUyOIOYIY.YVG»! I 
OIHYDY'-OtDVl >,-YYORTI 
DIRO/'DIU?lY.VVORTl 
D1H0/-UID/ lY.-rVCXTI 
YOIFf•Y-YVOBT 
Y5U"'Y»YV0«T 
KfDCE   •   CR«Y«Il.-CR l/S 

111}   •   SORTUEDCf ••2«Y»YI 

D&UVO'l U 

DCwv^nn ; 
OCuvuoi« 
OOHVOUIS 
DGHV^:';6 
DGwvinoi 
OGMVOOB 
OOMVO".'"! 
nGwvOQI0 
DGnvmi i 
DGUVOOW 
0GHV0011 
0GWV001 <. 
oowvnis 
OGJYT;!* 

DGWV0T17 
Douvon a 
DGyvo-iiq 
DGwvoora 
OGNVOO; I 
OGWvon?2 
DCklvOO?! 
OGWVO^J*. 
DGiivOOJS 

0CUV?'>?6 
OGWVO.l? 7 
OGwvm^s 
DGWVTO?') 
OGwvtmo 
DGWV0011 
DOKVOOZ 
OGHV00 3 3 
OGWYOOI* 
DGWV0015 
OGwV0Oi6 

l(E0Cr«X7V2/SORTIl.*S*SI 
» I I     ■ 1 I Y.YVCRI I 
«IH.XI I Y,-YVOKTI 

c 
C   DO   FOR   »U   KODfS 

OU   100   CO«l,NOCH 
M.-o-i 

CfmUP|»FlQAM?»«»ll/?. 
C0[LT«-CDNST»C0SICONST»XFnGEI 
YliCwTY-OUl ll«( XIP-KIM-YnlFF'DIPYOY-YSUM'OIHYDY) 

YDCVIY^Gr'tl MIOIPYDY-OIMYOYI 
YUGnl/'Gilf LT» I YDirF»D|PD7»Y',U>1»0IM0ZI 
YnCVI/'CJI LI« I /VO-IIMOIPR/-Dlt10ZI»XIP-<IIO 
SUHIPI), I !-• SU"(MU, 1 l«YOGWTY»WI J I 
VlH(H0,?l=5LMIH0.?l»YUGVTY»KIJI 
SLIP(MU, II-SUHIHQ.IKYOOMTI^MI Jl 
SUHl'O.^l-SuMIMO.tMYDGVTZ^WIJl 

100  CONTINUE 
200  CHNI |f;UE 

c 
C     CONil   FKOH   S/2.   •    1/I<..«P|I 

CONil-S/ld.'PII 
no loo «OM.NCCM 

Or,WIYI"OI'CONiT«5U"IM(},l I 
D&VIY(MOI--7VnRI»C(J')ST»SUHIHOt2| 
DOWlnHQI'-CO'lST'SUfMIJ, J| 

O^VT/I«01--CONST»SUM I MO,*I 
on JOO KM ,< 

SUHIHO.Kl'O.O 
JOO  CONTINUE 

C 
C      RESUIIS   PH'.SrO   TO   CVCTR   THRnuCH   Aln.uMTNI   LIST 

Rl TURN 
(NO 

DGWVOOTI 
DGWVCJIO 
DGK.m !9 
OGt»/aO'-3 
o;« /"' "-i 
0G-V.-.W 
OG'V   .i-i 
DSHV:'. *.* 
DGHVOC-? 
DCWV00«6 
DGWYOC. J 
OCHYorns 
OGtiVOoi-q 
DCWVOO'PO 

OGWVOO'; t 
OGHV00r.2 
OOWVOOS I 
OCHVOOS«, 
OGkYOTiS 
ncHvon',6 
DGHV0US7 

DGHVOnss 
OCHV0'JS9 
OGWVOO'.O 
0GWV0')6l 

DCUV00(.2 
DGwVfWl 
DGHVQnf,« 

DCMVI'-if.S 
DGUVODCft 
UGHVO'',.? 
DGUVO0<>8 
BGwont» 
OGuvonro 
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SunBdUtlNt   FNCTNICF.Nd.rNI 

(NCIN   l»«LU»T(S   CHfllYSHfV    POl»NC"l»I.S 

c ■■    cnrrFicitNTS OF POIVNCMIAI «PPRIKINATION 
H: IISUF«   01    PClUNCNrÄL   «PPRr«IH*IIOf* 
I:        CMOSDNISI    PnlNI   OF    INII.<i'.l 
fN:      V»l Ut    (If    FUNCTION 

OIMCNSION   f.FlM .CHt»VIM 
C   USl   CMFOVSMrv   PCI YNOWllli   Of   1HE   FI«ST   HIND 

CHFe»( i >■« 
cso-*.•<•«-?. 
CHEBTI?l*ICSO-l. ••« 
IFIR.lT.kl   00   TO   80 
Do in i ■ i.» 
CHfUTIl l"CS0»CHt8Tll-l |-tMl5T(l-Ji 

6 0 coNiiNur 
C   C»-Cl;l»It    rUNLIION   FUG-'   POIYNUHIHL   CONF» I BUI IONS 

80   FN'0.0 
DO soo i'.,n 

500 F«.f N.&H I )«CHf BY( 1 I 
RETURN 

INO 

FMt. I 01"! 
FMCTODOJ 
FNCiooni 
FNCIOnr«. 
FNCIOOPt 
FNCIOn.ib 
FNCtOOCT 
FMCinun» 
f NCIC'""! 
fNLin'MO 
FNCTOOI 1 
FNCTOOI? 
FNCTOOI i 
FNCIOnn 
FNCTOOI! 
FNC10016 
FNCIOIl7 
r wrion I« 

FNCTOO 19 
FNCT0O?0 
FNCTOO?! 
fNCIOO?? 
FNCT0023 
FNCTOOI 
FNCT0025 

SUBRCiUIINt   ruNCTNINOSM.S.F I 

FUNCTN:   5P«Mtllf    lO»OINr.   FUNCTIONS 

•RCUfENI   I I SI 
NDSM:      NO.   01 SPtNWISf    HORSFSHOF   VORIE«   MODES 
S: SP«NUIsr COOHUIN/lIE;   NCN-D  8T   SEMISPAN 
f:        V»l uf   OF FUNCTION 

DIPINSIQN   flM 

C   USE   CHEBYSHfV   POIYNOMULS   «S  LD«OIN(;   FUNCTIONS 
SO-S»S 
«•SO"I11.0-SOI 

F| n-n 
F IJI-K'H.^SO- I. 1 
C"«.«so-i. 
DO 20 J-J.NCSM 

20   I IJ1 c»l U-ll-M J-21 
RE TURN 
END 

FUNCOOnl 
FUNCOOn? 
FUNCOOOI 
FUNCOOC« 
FUNCOOPS 
FuMCOOOd 
FUNCOOO» 
FUNCOOna 
FU'IC0009 
FUNCOOIO 
FUNCOIl1 
FUNC0012 
fUNC001J 
FUNCOOl* 
FUNEOOIS 
FUNCOOU 
FUNCCOl 1 
FUNC0018 
FU'ICOCH 
FUNC0020 
FUNC0021 

- 131 



simiinijTnr o»usin(c,o,f«ifoi.f i 

&«usio cftiroKNs  i-,)  iNtr(,i««tinN ov J-.-POINI OAUSSUM <iu*0»»fim 

C:        mwE"   UMI   OF   INTEOBÄl 
D: UPPE«   LMII   OF   INItr,«»!. 
fNTGl"    V1LUE   OF   |NTfC"»L 
F: FUNCIIQ^   tO  BE   INI£&«AT€0 

INITHLIU   SU'l'ttlON   VAMABlfS 

SUH'O.O 
DC-O-C 

DO   200   J>1,?* 
lNtic(OC»GI J)»D«CI/? 
SUN   ■   SUHtUXNtw l»w( J J 

200   CONtlNue 
ENI&L   ■   OOSUM/2. 
RETUHN 
END 

CS'j'.orni 

CAUiOOOJ 

GtUSO •"fc 
GAU'j'n"^ 
C«US0i';6 
CiU'000 7 
&HUS0008 
G4UÜ0C") 
CJIJ'OOlO 
G«U',001 1 
G/VU50O12 
Gimooii 
G«Ui001« 

G4US0017 
MUSOOII 
CAuiOji1» 
C4USO020 
G»USD021 
GAU 500?2 
GAU'JOOJB 

SUB«nuTINC   GVCTiKNCCI 

GVCTR   CSICULAUS   Fn«C(    UN   VOBJE«   AND   COKSf SPONOING  DERIVAT IVFS 

ABGUHtNI   I ISt 
NrCP:      NC.   OF   COUOCMICN   »CINtS 

COMMON/Hl),ytS/NnCK,NDSM/vinC/lHA«/6vriP/GVV0m5l,G/VOII|5t 
C   /CVtC/     «(^."■l,C,t(M ,\l .FSl^Vlil.FSUIinil.PliSlNAl f.NOFP 
c/vn«i/Yvi)" ./vcR/  /«PI .»vnnt.s.-.-'P/ S'C//vnRT 
C /YACr.|l/«ACOni 1r.. J'.).SA^H(5.SI,!,AVH(i,!l, 
C   l)Awl)»H ,'. I,|)AWII/( ', ,r. l .DAVOVCi.^l lOAVOt lltfl 
oiPINSiON sr.wis i. s&wvm .ocunvis) IOCWDIIS)I 

CDCV0TI4lancv0/lf ItbGMTrilltOCVTTIf t.dHTItSttOCvri ISItTCMKYIll, 
CUCHtHVUI.DGVCH; I ■*,'. I IOCWGMIII,!! .OCVOPAIS.il.DGKCWiHtSI 
EIHRNM «CKt,    «CVttXGbl.KCVl 

Nl-NIM 
NPODt'   NilCH^NOSN'NnCM 

NMOOt    •   TOIAl    Mi.   OF    VOHMCHT   MOOES 

CALCULATI   VO<ir«   LDCAHON   AND   OFRUAtlVfS 
CALL   FNCtMC»V"" .1 PA«, «P| .TVORT I 
CALL   FNCtN(C/vni< ,1 PA« ,«PI,ZVORt 1 
CALl   nFflCIIGyvOR,l^«»,«P| .OYWOHIl 
CAU   DFNCI IG2/0H .IPAX.IPI.OZIFORTI 

OUtPUI   CdNIRDL   POINt   LOC'tlON 
w i Ml 1 (.,'(1 i, I «PI , VVU-<F,/VOHt 

CALCUlAtl   IFtnlNG-tDC    VORtE«   STRfNGtM   AND   DfRlyAIIV 
fAlCUtAir  CAMP* ANO nr.AnHA/n« 

ÜGAC)'   .   0. 
CAPP/W0.0 
00   61111   PU- I .NIICP 

GVCIOO"! 
CVCtO"-? 

GVCIOCO) 
GVCIOO^* 
GVCIOOrs 
CVCI0"',6 
GVCIOC:; 
cvci "::* 
GVCTO:*I 
GVCIOOJO 
CVC10011 
GVCT001? 
GvcrofIi 
GVC roou 
cvcrr:is 
GVC'C^Ii 
GVC 10'. 1 7 
CVCtOJIS 
GVC I or, iq 

GVC'OO.'O 
GVCIOO?l 
GVCI0o;2 

GVCT0n?3 
GVCIOO?«, 
GVCIO"?? 
GVCTO'-?^ 

GVCIOO?? 
OVCtO"?» 
cvr. I0"?'i 
GVC 10', 10 
GVCIt )11 
GVC1001? 
Gvr. toon 
Gvc loot'. 
GVC TOO IS 
GVC 100 16 
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»HO    I 
ION-. I-fin« i (.••>«• 11 /.'. »i"! 
CtNfiOMM^tttOlliCI*}! NH DIM«»»!) 

»00  Of.*""   lH.»np<«l,ül«CI«f l.NSI«rOSICOK\T«IPI I 

INIII/ltWI    SU-HIION   v>RI«Bt(S 

WI-O.O 
Vl'0.0 

c»icui»n   vi,wi «i xPi,YV(i«t,;vo«t 

CONTR IWIHION     I    LtH   »UNO   VOHIEX   «NO  H*KF 
OlCUI'll    INII RHIIUATt    IkCIORS 

«Ullt    I.   tfl 
y^UK'VWflH »»wcxt 
zoiff'/vu"       -/voa? 
Ti i<»ii.YSu"»»suH<;nii ( «ZDIFF 

imM<..irc(K?>«onr««Drrr 

"UUI *»■ SC«T i it s«^ J 

t»icui»it ctNimnimcN »ft OF « - 
CWCML?=-»',UI'/IIR»,?»( l.-totfft 
CVCHWCW(,Ml.ZVOir( /ySUH 

i. 
I/I«.«PII 

CONIR IBUI \os roc« wrsr. 
Oil   CWVO(SCVV,SCUV.OCVDV.DCVDZ,OCUDY.DCUO/I 

COKTRIBUIinN   l«if   MIKi    *N0   lEtOINC-EDGE   VORIE»   FORWARD   OF   X 
00   *50   HU   1.N0CH 
K-MOM 
S?.  NrpC"»K$HtM0 
C«Ll   C4USIDI        0.0>SiCWTl>ChTI 
t»ll   04USI0I        O.O.S.CVI.XCVTI 
CAIL   C« :',;;.(        CO, 1 .0 . OW, XCul I 
C*ll   GAUSIOI        0.0, l.O.GV.XCVll 
CONSIG   •   FlO«II2»N«ll/l.»PI 

G»i nun 
r,vi. i" ■ in 

GVC n i ii 
CVC TO )'.0 
CVC Il'V, I 
CVC! .' 
CVC I. .1 

CVCI03«« 
G»CTO'>'.S 
GVC 100'. A 
Gvcno«./ 
(,vi rn'i'.H 

GVCIOO«.') 
Gvcion-io 
GVCIOO'. 1 
CVC 100'. 2 
GVCI00S1 

GVCIOTi«! 
CVC100 .S 
GVCI00S6 
GVC tOO". 7 
GVCIOO1) 9 
GVCI0O".9 
CVCIOOf.O 
GVCIOO'l 
GVCIOO 
GVC1006 ' 
GVCIOO'.'. 
CVCIOO60 
CVC10066 
GVCIOO/.? 
CVCIOOf.S 
CVCTOO».? 
GVC100 10 
GVCIOO'l 
GVCIOO^ 

SUM   CCNTRIUariCNS   I0   VEIOCITY   COIFriCIENIS 
GWV    ■    SOXVIfOI    •    CW»r,hT,Ml?«GUI 
GVV   •   SGWIPOI   >   GV«&vr,Ml?<GVI 
&WGHL?'-CUCHL; 

CV0HL?"-CVGI'L2 

TFRMG •  IDG«»M«SIN(CONSIG»XPI L/CAMM« 

C   /G*HM» 
-CONSIC'COSICONSIC'XPI 1 I 

CUCULAIf    DFRIVtTIVCS   W.R.I.   VORIICIIY   COfFFICIfNIS     GO 
XACOMNI.N?)   ■   GkV   ♦   tVORT*TCRMG 
««CUniNl'JCFl'.N? I   .   -GVV   -(Y1(0RI-S»XPI l«I(RHG 

C»lCUl»ll    VllliCII»  CCMPOMNIS 
Wl «GCM «UI»O^V«wl 
Vl'GUIKOI'CVV'Vl 
nn '■'ic HCP.I.M.1,« 

»MV'jAWWIKOiHPPI 

»VV'.IVHIHC.HPPI 
N?    "    HOMKPP-l I    «SGCM 

c»icui »n  DCRivtrlvrs W.R.I. HORSESHOF VORIICIIY COEFFICIENTS,  » 

x«coeisi<,jcrp,N?)  •  -*vv 

CXLCIJLXH   VFIOCIU   II   VQBHX 
Wl-WllXIMCHPP)»»«^ 
VI-VI<»INJ,HPP|«AVV 

*S0  CONIINUf 

CAICULAIF   FORCF   COKPC'HNIS   IN   Y   AND   I   OUFCTIONS 
FY«-        I (D<VORI      -Wl-SIHAlI I •OGAP,'»/VOHI/GAMMAI 
ft' IDYVOKI      -VI I «DGA«»«»! YVIiPI-S»«P| l/GAfMA 

OUIPUI Foacrs 
WRIIMfci'MOl   CAHHA.VI ,WI,F Y,rt 

CVC100 M 
GVCIon/* 

GVCIOOIS 
GVCIOO 16 
CVC100/I 
cvciooig 
GVCIOOI"» 
GVC;OOBO 
GVCIOOfll 
CVCI00H2 
GVCI006I 
GVCIOO«'. 
GVCIOO"? 
GVC 10016 
GVCIOO"? 
GVC100HH 
GVC10019 
GVCIOOTO 
GVCIOO')! 
GVCIOOI? 
CVCIOOTl 
CVCIOO'C 
GVCIOO)? 
GVCIOOIA 
GVCIOOT 
GVCIOO'll 
GVC100 it 
CVC10100 
GVC10101 
GVCI0IO2 
GVCI0I01 
GVCI0IO4 
GVCIOIUS 
GVCIOlOfc 
CVCI01OI 

GVCI0108 
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}?1  f SuntlM-'vCCP   1   • fy 
FSUBZIM-NCC   I   ■   fl 

C»ltUL»TE   Df«IV«IIVtS   ».».T.   V0«TI«   POSITION  COCFflCItmS 

CtlCIUAIf  CMfrSKrv PUIVNCIAIS 
0»LI   lUCHte   (Idil.lPI .ICHf B»tUCME0»l 

CONTRIBuIION   mc"   lOOINC-fOCI    VOATt« 
C«U   W0H1M ID0"0";.O&V(;M2.DGwt"*.OGV0l,*l 

CONTRiPur ION mc h»Kf 
c»u DCMVI ecu»•ccviv.nowrj .ocviz i 
n«^' it"«'<.«><i.ori. 
TF«.»(.'1.-«0I'F/«CJI« 

CONtRlftTlCN   r»C"   VORTf«   «Ft   OF    «   -I. 
DCWGI■!./Itl"'?,l        t£«H4 •|-l.«J.»YSU«»ySUH/TeRf?l 

(.-i^ufyluftinrr/    IFRH^ I/(«.*>MI 
DOVCI 'lOlf r«yiUM/it'iN2«l?. /itHwi«    TtHho 

C-<DIFF/ TFBM5 l/l<..»PH 
OCWOl'OCV.. 
OSVC4M./TEIIM2*!        TERHi • ( - 1. «Z.'tOlf F»J01 Ff/TtRMJ ) 

C-JOIff •«OlFf'/OIFf/tEKN» 1/(*.»PII 

CONTRIBUIION   FOB   ill   KOOtS 
00   220   LOUH.l.LH«« 
L-IDU« 

|N(TIAl|{C   SUVCtTICN  VARIABLES 
DW1Ü&T-0.0 
OVIOCfO.O 
OWIOC/'O.O 
DV10&/«0.0 

CALCULAIF   CONIRIBUllO'l   FROH   IEADINO   VOHTICES   »FT   OP   MING 

ovum TI 
eve mi i o 
ovcroiti 
ovcioi a 
ovctnu 3 
ovcton* 
OVCIOIIS 
Cvcini it 
ovcmi i T 
CVCTOU« 
OVCIOI !•) 
0VCTÜ120 
ovcToiri 
CVCT01'2 
CVCT017) 
CVC'CW. 
eve nws 
OVCT;\2 4 
0VCT0W7 
^yrini? R 
övcioin 
cvcToii: 
OVCIOI>1 
r.vcici u 
OVCTOIn 
OVCTOl U 
evem '•. 
0VCTT1)» 
GVCI01 )t 
OVCTOI18 
cvcTom 
GVCTOHO 
CVCT0141 
CVCTOI*.? 
OVCTOI'? 
OVC lOl*«. 

ocwswi-nohici»! i.«iCMte»u 11 
DCVCMI>0CVCIPIU*TCHF1VU)I 
OOWCI-OOwOJ«! I.-TCHE«VILII 
ocvcNi-osvc3>ii.-icHCST<in 

DO   »10   NO-l.NOCP 

CAlCUlAIt   CONI^lBUTlC'i  FROM   WAKE 
OGWIDY-TCIIEPYILI'O&WIVIKOI 
DGVI0Y"ICMf8y|Ll»llGVIYII«0) 
DCMT02*ocuTi(Mai*rcticiyiLi 
DGvIOi-O&VTZlrOIMCHtBYlL 1 

CALCUIAIE   CCNIR1BUTICN  FRO«   LEAOINO-fOGE   VORTt« 
0&MGKyO51'GHl«l)GHC«?|PO,L I 
Or.VC'yü JVOHI'DGVGMZIMQ.L» 
OCWGH/"OGhC"HDClt'N*M0.l. I 
OGVGfU'ÜCV0»'l«DGV'N4IKQ,L» 

CAICUIATE   CONIRIBUTIO"*  FitCN   MING 
OSCNOY-OCWDVIF'Olt'fHCtYlL I 
OSGvDy.pr,vDy("OI        'EOYtU 
osGwiJ/«nGwonMor      I.OYII.) 
DSGVU/.D&VCZINQH ■BYIL1 

SUM cnNtKisutinNS EOR .    IVATIVE coErntiFNTS 
OWIOGY-OW lüCY'GQIHS. M0Oi<TOY«üG*CMY«n5GwUYI 
OviüGY-Ovlucy'Gi.lMgi«ioovTuy«oSGvuY        OOVGMYI 
OMiuG;'nwi[)CZ>M(Höi»(oowio/«D&i(;M/«n,.GHOZ i 
OVlOG/'ÜVinGJ'&UI»'OI»IOGVtOI«OSGVOJ»OGVGHJ I 

OCWCHt'-OCHCMI 
DGVOMl.-UGVGMI 
U&WGMJ.-ü'-.iiGMl 
OCVGMf-OCvGH I 

CONTRIBUTION   FRCM  HORSESHOE   VOHIKIIY 

CVCTnn^ 
GVCT"! '.6 
GVCTOl. I 
GVC I"!'« 
GVCTCli-l 
GVCTOl'.O 
CVCT31S1 
GVCIOl-jJ 
GVCTOl-.) 
GVCIOl'.« 
CVCIPl'S 
CVCI01S6 
GvcTCi». r 
GvCici"e 
GVCIOl'.1) 
GVCTOl'.O 
GVCTOIM 
GVCIOIt).1 

GVCTOIM 
GVCI0I6«. 
CVCI0I6S 
OVCIOl'.d 
r,vc tniM 
GVCOlöR 
GVC!Ol'><) 
Gvc toi ;o 
GVCIOI7l 
GVCIOI II 
GVCIOl 71 
GVCTIlN 
GVCT01 7S 
OVC 101 7(, 
GVC10171 
GVCIOl7R 
GVCIOIr» 
GVCIÜIHO 
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no   no >^P'••l.\n>,>• 

nvn<'.» ■ Dviuov • «i-ij,«i,p|«n.,»i vo'C'PPi'iCHf «»ii i 
ONU'C; ■ OIIIOCJ • »(■•u,»'',Pi«ii«>i[i7iro.''i"i't,tcm nvui 
ovine? • nvino; • »IOI.HPCI'IUVD/ico.MPPi'ii.nrBvii i 

jio CCNl i'iur 
r 
C   C»lCl)l«ri    cn'*I1t"lUICN   TO   JACOBUN 
c c»uui«i'   [;F»/nf.<v    orj/ocv    ofr/no/v    ofi/ootv 

DKÜC»' CulllG» 
OFTDC/'-irLrAt (?n   n •uCMtoYiii-nnior.; I-DCMM'TCHEOYU )/&4Mm 
Of/D',» = mü*II7«l.- I l«UCMt9»ILl-CVlDr,y)«DG«MH«ICMtBYlLl/C*<"<A 
OHÜZI-- DVlOOl 

«ACOÜIM,!?!   ■   UF'OS» 
«ACüPIM'-.CFP.'l? I   •   nf7uC» 
NJ«   11A««I ^"ÜDI 
AAcr.aisKN?!  ■ OFYno/ 
»•CbtlNliNCfP.N;i   •   DFJOOI 

2iO   CONtlNUI 

OUIPUIS   PASiFO   10   MAIN   PRQORAH   IHRCU&H  CtHMÜN   SMIEMtHTS 

910   f "«"AT ITJO.'   «   «'.F 10.A,S«.,yVlXI-,.riO.*,,)K,'ZV(l(l-'if 10.*l 
9 JO   »CRHAtc   ^APMA.'.t i2.i,, it,'*\'',f 12.<•,">*. •¥l-',112.'•.^ti'f-' 

lEU.<..^«.,rZ''.El?.*l 
lltTUBN 
END 

cvcmiii 
CVCIOl".' 
QWC 10111 
CVCIOM". 
CVCIOIX^ 
(;vcioi'i6 
cvcini«; 
CVCI0118 
OVC 101 H1) 
cvciono 
ovt i o i -n 
GVClOlli 
CVCI0111 
cvciori«. 
&VCI011'. 
CVt 101'lft 
CVCIOI'iF 
CvctODa 
cvciori) 
CVCIO^OO 
cvcto?oi 
Gvcro.'o? 
c»cro?nj 
CVCIO^OA 
GVCIOiO^ 
CVCI02^6 
GVCTO^O; 
GVCTOJO» 

SunB'iUI INF    (.WVUIi'jVV.SGWV.DWDT.UGWUi.DCWOY.DCMIX I 

CAUULATFS    «,'.V»,')r,KW    A-.O    IM11B   DEIllVtTIVtS    FOK    PKOCHAM   V 

WCUHENI   I ISI 
Sf'.vv:     CON I «I BUT lot   1(1   v  men   W1Nr.   vnaTICIIY 
S(.-v:      CCM'IHUTION   Kl   W   VALf   WING   VORIICItY 
ir.itY!  C^'.'.OF   IN r,vv uur  IO CIIAN:-.F  ur.Y 
V.;jll:   (.I'NOl    IN   Gvv   DUE   TO  CHANCE   DC/ 
or-uDY! CHANCE   IN GWV DUE TO CHANC; DGY 
Ur,ii. ,• :   CH\-,GI    IN  GHV   DUE   TO CHANiE   ÜG/ 

COK"';N «ii.Y'M.s.HDuc.MPnuM CGAUS/GI?'.i.wi?*.!    /PIAN/CR 
COMKON/Srt./JPT    /POLlI 'j/NÜCM.MjiM 
OIXENSIQN scvyifiiDGwoviM lüCvoYm.DGvnnii.DGwzisi, 

C   SGWVIil.l NTGOIS.M .^UMIS.tl 

p I ■ 1.1". 1 "jli 

1 •. 1 ' I    ■   : '^JHIAI ION   VAHIAUIES 
DO   10   I.I,» 
DO   10   J«l,6 
INTCOII.Jl   '0. 
SUHII.JI   -0. 

10   CONIINUE 

DIVIDI    DING   |Mr   TWO   JfCTION  ABGUT   «PLUS 
«PLUS   '   >PI*.02 
IT    UPLUS.CT. .T«)   «PIUS   ■    .9» 
IF   i«Piui.i i.c«i '.M in '-o 

CSIABlliM  LIMIU   FO»   SPAl.wlSI    IMFGRAT1CN 
CP« IM   .   -..I l.tlPlijM/?. 
DPR IPI •   S» l-l.««P| UM /?. 
tP"|P?   ■   S»U.-»PI USI/I (l.-CRI»2. I 
DPRIM.'   •   S«l ! .-?.»CR'«»IUMM I l.-CRI»2. 1 

Gwvuor'ni 
owvnof"? 
owvuooni 
cwvuoon* 
CwvDnnpi 
GMVn0006 
GWVUOOOI 
Gwvoc.ns 
CWV00CP9 
GHVU0010 
CW«UOJIi 
CWVDOOI? 
CWVUOOI ) 
Cwvunoi"! 
Gwvnnoi^ 
CWV000I6 
GWVUOOI7 
GWVUOOI8 
GHVI)0U19 
CWVIKWO 
GWVIJOO?! 
GWVIIOU?? 
CHVIIOO? ) 
GHVllOf)?«. 
Gwvuon.'s 
cwvnoo?^ 
CWVDOU?? 
GMVU0T?8 
Gwvijnii/9 
GWVi'OülO 
Gwvunuii 
CMvnoot} 
CWVI.O'I 1 1 
GWVIiOH l<i 
CWVüOOI^, 
GWVD00 1C 
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?0 crNriMjr 

00 SUIfiCF INltCKM. IN !v<0 ?*«»* GAUSS. OU»D««IU»€S 
OR 600 t. ■ ..>.! • 1,2 

DO SPANxnr INIfGKSl. 
00 ?00 J«l,I* 
if   i icnu'ii .tu.21 on TO IO 

IF  i «Pius.cf .cm r.u TO 2i 
JO   T-    S»«PIUS«CIJI 

B   •   «PIUS 
co TO n 

U *■   CPai«l»0IJl  • DPKlxi 
g   •    B7IY) 

,'7   «   ■   M I VI 
CO   TO   *0 

)0 if i «Pius.CE .cm co TO  n 
Y    ■    S'CIJI 

CO   TO   17 
ji r - CPPIM^'CIJI »OPKIMZ 
JT   1    •    «?lYl 

B . nsiYi 
»0 CONTINUF 

«P ■ B-» 
BP-6»« 

oo CMoaoMise  iNTtci««i 
00   100   1-1,2* 
«•1»P»CIIl'BPI/2. 

C»lCUl»n    ISUiO-tOUTf   OUANTITieS 
X0IFF"«-«PI 
YOIFF-Y-YPT 
TfR"l«YOIFF«»n|Ff •;pt»ZPT»IOIFF*«Olff 
»ÜOTl-SOnt(TFH«1 I 
TtUKZ-TEKMl'ROQTl 

CKVllOTl? 
Cwvroola 
cwYnoow 
cwvi ;;o<.o 
CHVOIT-l 
GWVDOD'. 2 
Owvnonn 
CWVüOT.« 
Cwvnou'.s 
Gwvuoa".» 
CWYÜO"".? 
Cwvnou'.s 
GWVOOO'.T 
GWVUOOSO 
GMVCOS 1 
CMvtio:r.2 
Cwv;,',"";! 
OMVI-ODS'. 

Cwvno1?! 
Gwv::::i 
t»Y^::s7 
GWVDO I'ti 
GMVUCO".') 
Gnvo3;*.o 
CXVCOTM 
Cwvnoo'.2 
GWVJOOM 
Owvr.o?** 
GwvnooiS 
0WVl;0T66 
GwvUC'.? 
CWVO0O(-8 
GWVJ00'>9 
GWVOOO 70 
GWVR0071 
GWVD007? 

TFKIH • HOIFf •«.YOIFF'Y) /UKH1 

•KlIl/RGOTI 
•Will 

C 00 FOB ALL MODtS 
00 *00 «Q. l.NOC« 
N.KO-1 
CVORS'CVOHTIM.X.Y.SI 
GDfLr.-Y«avc«s 
«GVW-Gnft !/I'l<M2 
«CwwCVCPS»!!«»! 
f Nr&niNO,'.i-f,4ir,niwo.*it«cwi< 
fNTGI'IMO,!    l-f NICIMMC, I    l»«CVW 

«OCw!)Y.(CCFl.I«).»«C.WW»YÜIFFI/If«N2 

tNTGniMQ.', i.rvr,Di«o,^l«xocwi)Y»i<i 11 
«U0VOr'«JVW»»UlfF/I(RM| 

ENTCOIMO,! l«CWTCOIMQ<l •♦«DGVDY»hl I I 
«DGV07-«CVW»(l.-!.»7Pt»7PT /TtRMII 
fNTCU(»<0,l)-fNIOOI«IO. 3I»«U&VU/»WI 1 I 
!■.!   ,    |"_,M   •   fNICDII>0.6l   •   Wll |PKGWU/III00T1>I(RM|| 

♦oo cnuT i-iur 
100  CONTINUF 

00   500   MO'ltHOCH 
DO   )Ü0   MC<1>6 
SUMCO.MC    («IUMINOI 

ENTGIilHCMC   l-'i.n 
100   CONTINUF 
200   CONTINUF 

MCI*ENTGO|Mg,MC   l«HIJI*AP 

SELECT   PROPER   PDITIPLYING   fACIO« 
IF    IICOUHT .E0.2I   GO   TO   1 10 
If    l«PlUS.Gf.CRI   CO   TO   12S 

CONST   •   XPLUS 
GO   TU   IMl 

12S   CliNSI   -   I l.»«PLUSI»l 1.-CRI/ICR»U.-«PIUSI I 
GO   It)   140 

HO   CONST   "   S/H.»PI I 
If    UPIUS.H.CRI   GO   TO   1*0 

CHV0007J 
GWVC01 ". 
Owvnoof) 
GWVU00 76 
cwvooc n 
Gwvuifwa 
CWVUOO 79 
OWYDC"»0 
GW/DOJ?! 
CWVuOO"2 
cwvc;-«! 
cwvrT»3'. 
GWVi.O^'S 
GWV.j3'.a.6 
Gwvr o;» 7 
GWVr:0')»3 
GWVLO"«') 
CWVOT"IO 
cwvno^oi 
GWVU00T2 
GWVUCOOJ 

cwvuo'jq* 
GHVI10095 

GWVUOO'1* 
CWVi'0un7 
GwviiOoie 
GHViJtm') 

CWVUOIOO 
r.wYL.oioi 
GWrfljOl -2 
Gwvnoioj 
cwvoni T". 
CwviJiin'i 
CUVU0I16 
cwvrjoio; 
Gwvuüna 

- 136 



COMST  • tCNir»(.«»( I.-«PIUS)/I i.-tm/a. 
1*0 CiimiNuf 

on ^oo NO- liNOCN 

c»Ltui«ir ccNmmmcN »D H.V vriocity *T vo»Jf« FKOH MINC VOKIICIIY 

WHICH mos itMiiNC.-(Dcr VOHIILKS 

SC.W»lMQ|.(.t.l«SI«SL"l»J.»l 
SUM1PO,*!   •   SOVI'-Ol 
SUMINOdl   •   MICICO, 1 l   »COHSI 

SCVVIHOI •/PI'SDCI«U. I ) 

(»Mm Ki   nrni vMivf s 
Dr.wDYlMQI'CCN'jt'i'JHlxa.M 
suKiHu.si  -. ncuntiKO) 
SUH(fO.?l    •    iUHl »IQ, ?l «CONST 
DGVü»I«OI'-).»;P' •suHiMo.ai 

SUHCU.ll   •   SUKICU, II'CUN'JI 

'.um MO, u 
SUf(HQ,6l»C0NSt 
-l.«/Pt»SU«IN0.6' 

nGvo/(KQi. 
SUMlrQ.M 
OCUUlIMQI 

^oo coNTiNur 
600  CONI IHM 

PKIM»«»  niiPiii     scvv,%(;»<;,m.vov.ocvo/.DGWCY.OGHDZ 
PtSSCD   10   («11 INC   PRÜGittH   THROUGH   ARGUMENT   LIST 

RETURN 
(NU 

GMVl>OI"0 
Guvnniio 
OWVIIUI 11 
GMVDOll? 
t.uvi IM 11 

GMvuni14 
GUVi)011S 
Guvoaii& 
Gwvnon 7 
cuviini is 
GMvnoii9 
Guvonwa 
Gwvuom 
GHVIini?2 
CMVIIOW) 
GWVU0W4 
GWVU0WS 
GWVD0l?6 
CMvuoi^r 
CWVU01?9 
CMVfl01?9 
CUVIlOl )0 
GUVUOI11 
CWVDOl l.' 
GWVD0111 
GWVUOH« 

GUVDOID 
GUVDOMb 

SUBROUTlNl   KrRNl 

ttf RNl :   (VAlUtriON OF   KfRNfl   fUNCTICHS   FROM   M E »OV .NUN-Pl«N«R , 
INCUMPRI SildlF   LIFIINO   SURFACE    IHEC'RT.   REF:    »SMLEY   »ND   l »NOAHl. 

COMHCN   / JA: l,i:/hH;( l 1 0 I , DK02 | 10 | ,DKVDV I l n l . miwln I ■. I . xnwu/I'. I . 
C  XUVDYISI   /SüKSH/   TKVIX tOliAVRE^tf(SliCVRIII 
C   /M0V2/tlU,S,}l .AlSIS.il.NINCCRIM.IKRIlOI.KOC.SOS.V.Z.rMN.ZMZ, 
C   RSORtCTA.GAUSIUO) •PC?,NCP,NP,N.X,r;, Jl.JZIGS,yMN2>ZMI2,CSR 

5     110   10   IM .NCR 
NON-O   ««■.    Bf   itMI'.PAN 

»ME'GAUS«! 1 l'CSR 
xv.E?.«"r»<»E 
R^.PiOkt'lf2 
R-it'«l l»;i 
C" I .0» «PWR 
C"XMt/(«2»») 
D'i.. •ri/ l PSCRPWSOR 1 
E■2./MSC<<l./«J 
H-2./|''J':R,O»C 

F«0-|P/2«M 

CAICUIAIF   rrH'.Fl.S   FOR   SltyLWASt^OUWfHiHiH,   AND   DEKIVAIIVE   INTCGHALS 
TUV I I l«-JI<l»tMN»H 
IKRI D-   F 

DitDVI I I«Y"N«(-2.»F/»50»»IM22«0»C«I-I.»f •IMJIl I 
DKVOYlll-   I2.*VMN2/RSQR-1> l*IH{*ll •/«/»»«N?» I U»C»t I 

10   DKOM II«lRI«l-2.»F/BSOR-I.»M»JMJ2»0«C«(-l.»2N/I»£ll 

PHIMAKV   OUTPUT       TKVR,TK>t,OKDV>llKVUY.UKn.' 
PAS5EÜ   IHHOUGH   COMMCN   BLOCK   TG   CALLING   PROGRAM 

15 RETURN 
f NB 

RERNOOOl 
KERNOnoZ 
KERN00P1 
muNOOO«! 
KERNOOdS 
KERN00n6 
KERNOUO; 

«Eanoonn 
KEKNOOOS 
KERNOOIO 
RERNOOH 
RERMOOl? 
«ERNOTU 
KERN001A 
RERNOOII 
KERN0016 
KERN0Ü17 
KEHNOOIB 
RCKflOnii) 

KERMH)?0 
REHNOH.'l 
HER •«00.'2 
Rf RNO'J.i > 
KERNOo:* 
KtRNOOii 
KERIino?6 
REiCIOn.'T 
KERN0028 
REir.in;!«) 
KFUfjOdlO 
KER.MOOU 
KEMN00)2 
KERNOOU 
RERN00 1* 
KERN0015 
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C»lCUl«I[S   Uli'l-ll      tt^'l-ll   FCR   SUHRCUTINE   VU«1M 

• «CUMIN1   LIST 
l"««:      0«Uf«   OF   POIYNCIMUI   AnpRCI IHAI ION 
II CMURliuISC   PniNt   0^   INTtKrSI 
iCHf"»;    cuf'SHfv  PDLYNr."i»L   or  Fia'.r  KIND 

UCxtHt:      CHtll'SHf»   POIVNOMIAI.   Of   ilCOND   « 1 NO 

DIHtNMON    ICMrH»(%l,UCMtn»(M 
tCHtor(ii«« 
UCHinrl i IM. 
cso««..•«•«-?. 
UCHfRf I2I«CS0*1. 
TCHfa»!il•ICSO-l.)•« 
Ii  n ''.• > .i  T .]|   CO   10   BO 

DO   40   L' '.Lf»« 
tCMEBVll. l>CSO«TCHrO*ll-ll-TCMEBYIl-?) 

UCHCB»IL I -CSCUCHr B»IL-l l-UCMf «Y ( L-2 I 
60     CONTINUf 

10   RETURN 
END 

lUCHf"-! 
Tuci'oio; 
tuCHcmi 
TUCliOO'!«. 
TUCIlOlrH 
TUCMO.IOi 
tuCHnn-? 
TUC"0.ir8 

IUCHO'"-! 

TUC"D"10 
TUCt'OOl I 

TUCHOOIZ 
TuCMOon 
TUCHOOl«. 
TUCHOOH 
TUCH0016 
TUCHST17 
TUCM0018 
TUCH0019 
IUCH03?3 
TUCMOOJI 

TUCf'03?2 
IUCHOC?) 

sijB«ouiiNt »onlNt(0';nc>'2,osvt;Mj,oCM';N'.,ocvCM'.) 

VQKINT   l >.i',  'i «II ■,   '(fill   OF   VtiftTE«   CONTRIBUTIONS   OuE   TO CHINGF   IN 
VORTE«   LOCtTION 

»RCU^tM   LIST 
OCKOM?: CMA'ICE IN M CONTHIBUIION DUE TO CHRNCE IN   CYV 
Or.vC^^! CHA-i^i; IN V CON TRI fuller OUt TO CHtNOf IN   GYV 
DCkCX«.! CHRNOF IN W CONTRIBUTION OUF TO CHANGE IN   CJV 
OCVCH<i: CHRNGI IN V CONIRI BUT I O'l DUE TO i r«N'.f IN   i,;v 

CONHON   XP| .YPT .S.'aUH.HPDUM/StC/ZPT   /SAuS/Ol ?«. I ,V'I 2*1 
C /CVr.R/GYVORHI.O/VOHHI/l'CnES/M.CH.'IOSM/VLnC/LNRK 

OINfNSION   TCHrnYC. I.UCMtBYIil.CHFBYllSI , SU"< I "i, » ,* I , 
C 1 v-'.'VI % ,•. I ,i   .V',-.'! •. ,■. i .h:,v. .■". i ■■ ,■. I ,li1.v..'-'.ls,M 
C ,DFUClvl^l,DFVDVIM,UFWDt If I.UFVLI2lil 

INIIUll/F    SUf-RTION  VRRIRBLtS 
Ott«   SUK /ICO'O.O/ 
PI'l.HH'H 

Rll   INMCPAIS   FRIIH   0   TU   I   DON*   IN   t   »♦«2«   LOOP 
CRLI    TUCHEB   ILMA*,«P|.CHftYl,UCHEBYI 

00   CHORDWISf    INirCBAl   FRO«   0   TO   I 
DO   200   JM ,2« 
»•(G1JIM. 1/2. 

CAICUIATE   RRSUMFNTS 
CAIL    11/ Mh   II KAH.I.ir.HlBY.UCHFBYl 

CALCULATE   VORTE«   Lt.'CAIION 
CALL   FNCt'.IOYVO",! PAI,«,YVD«t I 
CALL   FNCf.lC/VD'.l 'in.Ai/VU'TI 
CALL   DFNCIIC»VII».l''A«,«,DYVLKI | 
CALL   DINUT IG/YO» ,lMA«,«,n»VC"Tl 

vaRiao"i 
VOR i on? 
von i o - ,■ T 
VOR IT'^'. 
vo« IOT-S 

VORI0^?6 
VORI03"7 
VOR 10^,^8 
VOR I0.;09 
VSRID110 
VO^lOJlI 
VOR 10012 
VOR lO,"1! 1 
VOR I Oll«. 
VOR I0J1"> 
VOR 10016 
VOR 10117 
VOR 1001« 
VOR I0'-!'» 
vonino?o 
VOR 10021 
VOR 10022 
vo«loorj 
V0RIOO2« 
VORI002i 
VO»10076 
V0RI0O27 
VOR 10028 
VOM 10029 
VORIOO',0 
VfJ« 10 ■ 11 
VOR 100 12 
VORIOni) 
von loo i* 
VOR 10015 
VQRIOOU 
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CucuiMt   iNranffiim   r»f,in«i 
»nif r ■i-<i' I 
YiU"'yvrRi«YPI 
lOIFf«/VOMt-Z»! 
Tr BHi-inir f ««jiff •Ysi,H»YSUM>;[)if r«zoifr 
It «»•?, HU     H'.CRI 1 II «><i I 
Tf RM- lr«*?MI RMl 
00   1*0   I" l .IM«« 
CllCBS-ICMt EYl( MCMfllYllLI 
CHEBD'TCHFBTIl )-CHCSf Uli 

C.UCUl*T(   INIIGIlJKns 
orhDYiLiMXDirF«rio»n?«i.-i i»uCMrnYai-CHrfis-J.«ixDlFF«OYvoRi- 

CY'JuHi«Ysu''«CMro,;/n«M| i/itB»2 
0( vDi iii'(;DlM-iinirf»o;voRi l«TSUM*CHtBWTEIIH) 
OF ND/ I L )• I «Olf F«DYVORI-YSUM)»?DirF»t;HrnO/irRMl 
OrvD2ll.l>ICHE!SO-«niFF«FLOATI2*L-ll*UCHEer(Lt-I.*tIOini-IDirF 

C'UIVGIir l*{0|FF*CI'r B0/TERM|)/TEI>II2 
1*0 cru'isut 

DO   FOR   AIL   «nilfS 
OP no MO- i.'tocx 
«•MO-I 
CCi»t5T«FlO«TI2«N»l 1/2.«PI 
CG»>,>SlNaON,JI»Jl ) 

OC«»'   •   LF»niNG-tOCif   «OHTE«   STRENGTH 
DO   I'JC   L-l ,LMt« 
iUHCo,L,ii'Siiwi"C,L,l i»CG«i<»nriiOYiii«wt j) 
SU"IHO,l,2l"SU>«lHU,L,2 l«CGAf»nl WOY(L l»HI Jl 
SUNIMCL i)l«SUM(MQ,l, n»CGAH»l)rwUZ IL1 «WIJI 
SUM1K0.L.* l»SUM(HO,L.*l«CGAK»DFvOZIL)*N(Jl 

1*0   CONTINUF 
200   CONTINUf 

CONST.1./I»-•PI I 

VCM ITM I 
vn« lODm 
VOR 111) <t 
vnRioQ'.o 
VORIOT. | 

VOR inO'.2 
VOR IOC 1 
vn«ion** 
VOR lOP'.^ 
V0RI0T.6 
VOR lOfi* I 
VOR 100*8 
VORIO0*T 
VORlOU^O 
VOR lOO''! 
VOR I0Q'.2 
VORlOUS) 
VORlOOS* 
VOHIOnv^ 
V0RI0rr.6 
VUR lOO'. t 
VGRIOOSB 
VOR loo".q 
VOI«IOOf>0 
VOR I OP', I 

VORIO^»^ 
VOR lOOf. 1 
VORI00^* 
VOR IOC»)* 
VOR I0P(.6 
VOR 100',? 
VOR 10068 
VORlOOf.'i 
VORlOOfO 
VOR 10071 
VOR10072 

f.   MULTIPLY   SUMMATIONS   pr   APPROPRIATE   CONSTANTS 

00   100   -g' l.NOC« 
00   100   L'l .LMf.» 
DCMCHJlflilI■SU"I MO11,11»CONST 
OCVCI'J|i"Q«LI*l.»SUH( HO.1.21 «CONST 
O".M'>'*IM0.LI--).«SUHI>>0.L.3l»CONST 
DCv:r4(Mg,Ll'-SU>'(MQ,L,*l«C0NST 

DO   )C0   «.«1 ,* 
SUMI'O.L t*l'O.O 

300   CONIli.uF 

c 
C P«|M»RY   CU1PUTS     [jrJMGM2,DC.VCM?,0GWf,M*,l)CV&M* 
C PASSED   THKOur.M   ARGUMENT   LIST   TO   CALLING   PROGRAM 

RETURN 
END 

VOR 10 ) M 
VOR 100 I* 
VORIOO 7S 
VOR 10076 
voRloan 
VORIOD79 
V0RI0Ü7S 
VORIOOMQ 
VOR loom 
VOR 10012 
VOR IO0H ) 
VOR 1001* 
VORIOOHS 
VOR IOO»fc 
VORI00R7 
V0RI00R8 
VORI0OR<) 
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<;u«i<oin INI MOVIL I 

wov c«uui»Tr5 VUCCII» inriutnti cntrficusis ON VOMM mo« 
MC;»Sf SMtlt    V(,»I IC I I» 

»KCUTNt   l IST 
L:      HO.  nr  feinet PCINI 

OlMtNSION   SHI .wl".! ,f m,TBlinYI»,»i»l iYDWP;i«,SfSI .YOVOrH.S.-il 
CDMHON   /SDliSH/   TKV« I 101 ■SVKI'..^,'.) .rv« 1^1 
COHKON /J«CCB/OKCri lOltOKOlllOI.DMOTf 101 .«DHOYIOI • 

t   lOWOIIf UlCVOYIf I ■   /G*UN/C.M 10,101 ,«•«( 10. 101   /" IDE S/NOC",NQSX 
C   /W0y»/»Rl«i».5) .»l.$l''i1»|NI«IC.C«HltTK«( lOl.IOCSCii.Y.J.YNN.iHZ, 
C  RSQKiCTA.CtUSX lSltPC2>NCr<HP,N.>llaZ>.ll<J2<C$iYMN2«2*U2,CSH 
C   /WO-l/   JS.MI'.l   /YUCOn/fACCM 15, J5I.SM.wl^,^l,SAV»l»,»l, 
t   D»W0Yli,5l,D»Wnll»,»|,0»»0T(»,JI,O*VOII5,ni   /PL4N/CJNA« 

CM'. sm.si«iiwi)i/ -i..o.tt./ 

J   »IfFt-MAND   UNIT   OF    INKBVil 
V •ItNGI"   Of     |STF«V»l 

P0?-1.^10. '61 

TI«»NSfOll,<   NON-0   BY   CHDRO   10  NON-0  »Y   SfHICHORD 
«■-l.W.'KCC 

Y«sns 

Y •   VOKIf«   SP»NHISf   POSITION-.   NON-0   BY   ««ISP»N 
IHl   •   WOBTrx   WfRTICH   POSITION!   NON-0   »Y   SCNISPtN 

CMfC«    IF   POINT   IS   CIDSf   TO   HING  TIP 
|FISnS«FT».lT.l. 1   CO  to  )0 
fT«.1.-S0S 

NO   «EGIO-*   7 
Nl I2)"0 

MOV Cf-1 
knv 0102 
MOtf 000) 
uov Onrt 
MOV coos 
HOy 0006 
V'JJ 0 m/ 
*']'J 00-8 
H IV 0009 
WOV 00 10 
HQV 00 1 1 
UOV 00 W 
MOV 001 J 
w'lv 0014 
HOV 0O1S 
H0V 0016 
w'lv 00 1 7 
HOV 0119 
HOV 001') 
MOV oo?o 
MOV 0021 
WQV 0122 
HOV 0J?3 
H )V 00?«. 
w :v 00?S 
MOV 00.'6 
MOV 00? 7 
HOV on?B 
WTV 0029 
HOV 0010 
HOV 0011 
MOV 00)2 
WOV 00 1 ) 
HOV oon 
WOV 00)S 
HOV 0016 

JO   CCIN1 INUE 

CHfCK   IF   POINT    IS   CLCSt   TO   tFNTf»   LlNt 
IF ISrs-EU.CT.O.OI   CO   TO  «0 
CT«-SOS 

NO   »tCICN   * 
NICI'O 

*0     S12l"S0S»rT« 

OUTPUT   lf)C«IlnN   OF   CONTRni   POINT   »NO  OTMfR   INFO 
W 1 1(   (( ,  II ■   1    1   . Ml. . Sl/S.l U.NM2 I.NI {<, I.T. ,7 
WI2I-1.0-SI2I 
MHl-SOS-FT» 

SI 1l>SOS-tI» 
HI I 1-2.»CT« 

IMI!M  IM    SUHKMION   V&RltBlES 
00   «1      |.l,JS 
no HI  Nl- i ,fiDCN 
00   M   N2.l.NDSM 
ARI1.N1.N2I'O.O 

»VBII.Nl,N2l-n.O 
YnWUYII,N|,N21-0.0 
Y(lUU7 I I ,N1 .N2I-0.0 
YOVDYl 1 ,N1,N2>-0.0 

<.!        tONIINur 

UO   INTEGRALS   OVER   FOUR   SPANUItE  REGIONS 
DO   500   l-l.JS 

«11        NSIP-NIIII 

NSIl'   -NO.   OF    INIFGRAl    POINTS 
iriNSiP.EO.O) oo lo sno 

DO   SPANUISE    INKGi'Al 
DO   IQ     J.1,NSIP 

wnv 001 7 
HOV 00« 
HOV 0\  )9 
HOV OQ^O 
HOV 00*1 
wov 00<.2 
wnv OOH 
HOV 00". <. 
wnv OO^S 
HQV 00".6 
wnv 0D<.7 

HOV O"".« 
w )V 02'-9 
HOV OTO 
MO« C-' I 
KOV 0 ■ 2 
H IV o;', i 
HOV 00'.". 
HOV 00 iS 
U 0 V OO'^ 
wnv oo'-r 
wnv 00S8 
wnv 0059 
MOV OO'.O 
MOV nc». i 
wnv 006 2 
MOV oo'.) 
wnv 006* 
HOV 0065 
wnv 0' ',6 
wov 0''67 
wov 006B 
wnv 0069 
wnv 00 70 
MOV 0071 
wnv 00 72 
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CWIII-I(.NIJ,«C, IPl-l.OI/?.«*!!) 

CHIJ.NSIP)    -JlH   «IISCISSA   Of   UGf IDm-CWjS   OU»D«»tUI«t   0*   OIIOtK   NSIP 

GY-GI 
VMN-T-CY 

VHN/'Vrh*YfN 

«'.OB-TUN^»/«?? 
HI-HNIJ.NSIPI« Ml I l/li.'RSCKl 

MNIJ.NSIPI   -JtH   «Hi.   FUNCTION   Of   I EOt NOKf-GAUSS   OUiOIUtUHt 

r»itui»ir  ".PAM-ISI   vcarir i ty HOOF 
C»H    M)NCIN(NnS»,&S,f 1 

DO  CMOKDWISt    INH r.l>«l 
C«ll    CMOMS 

on *■>  >•' i .NOCI1 

1)0   *S   NSF > l.NOS» 
«l«ll,>',Nbfl'f»ll.'<.NSri«C(llM)«F(NS»»,HI 

»VRd.H.NVFI^VJII.H.NSFUCVUIHl'flNSfl'Wt 
YDUUYi I ,«,NSf l-YDU.JYI I .«.NSF I •«CMOY(HI«f INSf l»WT 
invoi I I ,w,NSF l-YDwu; t\,i*,Hit fXOWH* t*f IHif )»HT 

YDVOYC T,M,N5f I-YDVDYIItM,NSFl•»OVOYIHI«fINSF1»UI 

»«,»VR.(IC.   »Fit   SUHFJCl    INIEGIULS 

«.^        COt.IINUf 
^o     cnstiNUF 

SOO CCNIINUl 

INITIALWI    SUMHiTIO»!  V»F«UBirs 
DO   to    !■1.KCC" 
00   60   J-l.NCS" 
StkMII.JI     »0. 

StVUII.JI -O. 
OtWOVII.JI »0. 

MOy oo 11 
wnv n i K 
wnv on jrj 
wov ou /', 
WCV OUT 7 
MOV 00 7 8 
WOV 00 71 
WOV CdfO 
WOV on«l 
wov omi? 
wov 00H I 
wov OOFK. 
WOV 00"^ 
WOV OOth 
WOV 00FI7 
wov onus 
wov 0019 
WOV 00'»0 
wov omi 
wov no"»? 
WOV OT'l 
WOV Ot)1<i 
WOV 00''^ 
WOV 0016 
WOV 001 ) 
WOV 0T18 
WOV OOI'J 
wov oino 
wov nini 
WOV OlOi 
WOV 010 ) 
WOV 013<i 
WOV 0105 
WOV 0106 
WOV 0107 
;;G» OIO» 

60 

DAWIJ7 I I ,JI 
OAVUYII.JI 

COM i nur 

SUM  OVI a   ALL   INUCMIION   ^fGHlMS 
Ü0   70      l-l.NC.Cn 
00   70      J>l.NOSM 
00   fcS     MS"1.JS 

SAMHII.JI    •   SAWWII,Jl 
SAVWI I , Jl    •    SAV>.I I.JI 
DAl~r/ I I , Jl 
Df.kyYi i, ji 
UAVIIYI I.JI 

64   CONIINUt 
OAVII; I I. JI 

70     CONTINUE 

»K1HS.I.JI 
Avmes, I, JI 

DAKC/II.JI   »   YDWI17 IMS. I, J l»?.«CSR/C»HA« 
DAWCYII.J|    «YUkD»IHS.I.JI'^.'CSR/CXMAK 
OAVUYU.JI   •   YDVDYIMS.I.Jl'^.'CSK/CXMAX 

UAwCY I I.Jl 

RESUltS AHF PASS! (I THROUGH COUPON SIAUPfNT 

.OIO FC!B»«I(ll10,"Cailtf. AIION PI.,.I*,lX.,«0C".r7.'.,lK. 'SOS»' .f 7.^.1«, 
C,lIA.',f7.A,J«l

,NI!?l'',IJ1JX.'NI('.l'
,,I),lX.,«-,.F7.*,}«,,7>', 

CF /.«.I 
«ElUhN 
END 

WOV 0109 
WOV 0110 
WOV Olli 
WOV Oil? 
WOV 01 I 3 
WOV "II'- 
WOV 0114 
WOV 0116 
WOV 0117 
WOV 0118 
WOV Ol\t 
WOV 01?0 
wov o\n 
WOV 0\>i 
WOV 01^J 
WOV '    [■; 
WOV OI?S 
WOV 0126 
WOV Ol?7 
WOV Cl?« 
WOV 0W4 
WOV 0110 
WOV Olli 
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iUIIHnutlNf   «COMt ^.OO.NOC.ÄLf n 

KPOW     C»l.CUl,»ieS   OOWKWASH   »NO   P«OVIOfS   CO'4t«inuIIQN   IQ   JACOBUN 

»RCU'-f NT   l I^T 
«:        tOtFf ICITNtS   fO*   MC^SESM'IF   i/SRtr«   H30ES 
COl      COFfFICIfNIS   FC«   If <01Nr.-f Or.F    VQ^It«   KOOtS 
NOC»:      NO.   Of   C0L10C»TI0N   POINTS 
tlMI      ANGLE   OF   tlTACK   UN   RAilttNSI 

EKTEBNil f.VI 
OIMINSION   «PTHI.YPTIM, «l'.,Sl,r,CI".l 

c .CH&WMIC. i,0SHCP2(f iM .ocwcmn.iitnhDCivni.owDCjm 
COMXtlN   «P| ,YPJ,5,",MP/&,'" 'G»V0«I5I ,CfVO-<l M/Src»tPt/PL*N/C« 

C   /»Out S/NnCtNOSf   /CCNTH2/J1, J«   /VICC/LMA«   /YACCB/KACOBtlitl^l, 
C   S «>..(•,■,>,■,.■,.• »I '... 1 . > »KMI l ■, .■, I .1 AMI,/ I J,51 , l;«v:)Y( •, ,s l . ii»vl)/ H,»l 

CO^^ON   /CuPOW/   NCO«0,NiP»N,COrFF(25,25 I.CWWIJi.i),VR12SI 

P|>1. K.1ST» 
SINMF    ■   SINiALF«) 

fO«   POINTS   ON   KINi,   Z   •   0. 
ZPT.O. 
NCOHDJ-NCflPD»» 
ifUi.EO.ii Nr.ri»D?-NCOR0 

NMOO-NOSM'NCC« 
NKODT"N,<Ot)«NOCN 

NMOD   ■   NO.   DF   ((ORSESHOE   VOPTt«  MODES 
N100T   ■   TOTAL   SO.   OF   VORTICITY   HOOES 

CALCULATE   LCCATICN   OF   COLLOCATION   POINTS 
CALL   COLPI UCORD.NSP'IN,     «PT.YPTI 
IFIJl.EO.ll   CO   TO   100 
«PT(NCO»D2l-l»PTINCOPDl»XPTINCOIlO-in/J. 

WPDnmnl 

WPtlK^'M 
WPDwmn«, 

MPO»0nTS 
WPliWOT'.^ 
wpriknoj; 
WP0V.00T9 
WPDhOTO'J 
WPOwOOlO 
HPUXOOIi 
WPCuQ 1\2 
WPOkQOI) 
HPOHQOl* 
WPOWOOIS 
WPO>.011ft 
WPDW0C17 
wPLi"Onie 
WPDWOOI"» 
WPU^on^O 
WPUt•^T., L 
«POxTVZ 
«PC»:'.') 

WPf►""    ' 
xPUk:::6 
xPawc::1) 
HPO-CCI: 

wpnwoon 
wpnwooi? 
WPOhO^1) 
WPDk'OO i<. 
WPUW0015 
WPOUOOU 

100  CONIINUF 

CALCULAU   LCCAIICN OF  VOPIE«  AT »  •   1. 
CALL  FNCTMCYVOU ,LI1A«, I..YVCHI 

CALL FNCTIIG;VOM,L«A«,I.,IVOHI 

CALCULATL  ODH'.HASH PFSIDUT AT CCLLOCATION POINTS 

DO   '.OO   l>l ,NCO"nj 
DO   «iCO   J" I .KSPAN 

CALCUIATF   fIRSI    INDl«   FOR   MATRICES.   Nl 
Nl«J«I I - 1I'SSPAN 
IF INI .GI .riDCH)   GO   TO   AOO 
«PI    ■ I Kit (1,YP! 1 Jl l«l. I/?.      ♦   8I1.VPII Jl (»«PK 11 l»CR 
YPJ-YPIIJI»S 

CtlORDMI'.F   POINT;   Nf.K-U  BY   MA«1MUM   LENGTH 
YPJ:   SPANHlSf    POINT 1   NON-D   BY   MAKIPUH   LfNGTH 

FORM   IMl »MtDIATf   FACTORS 
YOllf-YVOR -YPJ 
YSUM-YVOR «YPJ 
«B1FF.1.-KPI 
YDIFSU-YDIFf»YOIFF 
YSUMS0'YSU>'«YSU'1 
;SO-/VQR       »ivn* 
TTRMI.YOIF SC«;SQ 

TfRM^.YSll«SC«nO 
TERMl-TIHMI.   »OIFFPlinlFF 
URM«, -F RP2««() l(F««0|FF 

TERM'.   -   SORTITEMMI» 
TERM!,   .   SljRI ITTRM«.! 

CALtULAIt   CONTRIBUIICMS   FROM  LE AD IIIG-I nGF   VORTICES   AF I   Of   X 
CM&MM?«-( YOln /;rnM|«i I,-«UIH /Ti KMSI 

l«YSUM/T[RM?«( l.-inlFF/ URM». D/lt.PPII 
DCMCNli   -    l.»ll II .-?.»YUIFSO/TI »Mll«l l.-«riiri/tl KM'J! 

UPDworm 
WPOh'i<B 
WPOHOT\9 
WPDkOI'.O 
WPDhO&'.l 
WPOWOT.; 

WPDiiOO<.l 
WPDWOO«.". 
WPD^O0<,S 
wPOHOC^t 
WPOKOO^T 
wpoi.oo<.a 
WPOW0O<,9 
wponoo'io 
WP0k03>l 
HPÜV.O.T'2 
WPDWO"'.) 
wpnwoor-'i 
HPUWOC^iS 
WPOVIRT:^ 

WPDwon'j I 
WPUUO056 
WPOKl'l'.') 
WPO wnnf.o 
UPDkO.T. I 
WP^)wOl^^ 
WPOkOCM 
WPOLOJCi 
UPDhOT ^ 
WPP^* l(i6 
KPin.O'J'. T 
MP:IM0069 

wPOfcr'-s') 
WPn.niuo 
WPU>.no7i 
WPUxOTT? 
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f,   • I 1 .    «IIP I /II ii-(. 1       • »MiM',u»«ll|M /I Ifm'tl ^"M 1/ K «H/l/l«..«!"! I 
dow.H» .  -;»ijM»i»i)ii»/trmii»Ui)ii F/nrnni'tfiKM 

C    -?./II «-«l M 1 .    <rlll/l ICBKMIl    .    Y'.DH/II BM/M«DIFF/I TJXM«, 
t   •I(UM6I       J./im»/«! I .-miFF/l TfRHM) 1 1/1*.»P1 1 

c«itui«i[  cn-d»Kiuuris IMOM it»OINO-EOCF  VOHIICIS FOUHtHO OF  «■!. 
cm Dr.wr,«icr,HG»<?.of.MCN*.r,wGMwi i 

IMTIM   IM     SUXHAIICN    V««l«BllS 
DO   1?0  11-l.lM»« 

Owt)0»lLll   ■   0. 
OwOO/Ill)   ■   0. 

5^0   tONIINUf 

00   *S0   MO.I,MUCH 
H.MO-1 

c»icui«it  crNiaiButifNS m DnwNmsH COEFFICIENT FRCN uunf 
C»IL   G«US1DI O.I.S.GwI.ICWI    I 

C»lCUl4ir    DOMNMISH   IKFLUtNCt   COEFFICIENTS 
COEM IM .\f riKfC |. GUM INI ,HCI«GIIT»GWCHH?»&WGNW1 I MO) 

00MW---1. »cucy*! 

C«lCUl»Tr    Df»IV»IlvrS   FOB   J»CO»l»N 
DO   J)0   H-l.l»«« 
DwDGYH 11   ■  nwnr.Yi i 11 

D*~lZI 11 1 I    ■   U^OG/IL » ) 
JJO C;.NI r.ur 

DGWG'l-   - I .•DGW.»'! 
DGM&K1.   -U'OOWOMl 

«.50 CGNl r.uf 
00 '•m 11-1 ,IM»« 

««CÜBINl.f.lT.ÜIn 1 1   -   0WÜGYIL11 
«»CUBIN1 ,NfODI ♦ll'»«.l 1 1   ■   DWOG/IHI 

GDIMOI^IDGMCMJIMO.lll«   0GW&H1) 
COIMUI^in&MGM^IMOilll    ♦   OGWCMJI 

VPVVOnr 1 

WPUhOl. f, 
wpnwou /*. 
NPIIW30/ ' 
WPUUOO ' H 
MPriKOon 
HPOWOO'O 
MPUwOCiU 
MPDMOOHJ 

WPUWOUfM 
MPDW008« 
NPDWOO"') 
wPDwnon& 
WPOKOOUT 
wPDwocia 
WPOI>0089 
VPDUOOVO 
MPliuonii 
WPDMOIIJ 
UPOMOO'l 1 
WPUWOOI« 
WPOWOO'»') 
WOVQOtb 
WPUUOO'I I 

MPDHOO'I'I 
WPDWOIOO 
MPDWOlOl 
wPnwoio? 
MPnwoin) 
HPDWOIO«. 

MPDWOir^ 
uPDkOind 
NPDW010' 
HPOwoins 

".10  CUNII'IUT 
•■00   CI'NT IHUf 

IF I Jt.M .1 I   GU   TO   MO 
PU   SOO   I -I ,Nl)CP 

r.UIPUl   UrrWNMtVH   IHtlUINCI   COlfflCIENTS   ,   IF   DESIRED 
kHITtlft.lROI    ICOtFFIItJI?J'liNNCOT) 

SOG   C0N1INU( 
MO   CdNII-.uf 

c«icui«n   irsiDLt  F«CM tc-HNwasn CONDITIDN 

DO   HO   l-l.KUCP 
vul I )■   Sl\«i r 
on   i«.-:   J'l .KUCM 
v» i 11   ■  vxill« (.';M F , i ■NMon« JI»GQ( jt 
»•GUI I .N'TU.JI-   COtn I I.NMOU'JI 
oa  i".- «■ i .Kos« 
NJ-J^'lOCM* IK-J I 
»»III    ■   Vkllli   CCFFI tiN?l*t(JiKI 
(ACCHI I .'I? I   ■   COH I I I ,'l?l 

HÜ   CON I INUf 

OUIPUI   «ISIOU'    IHIH   DQWNWASH  CONDITION 
WKI II I6,'l)0l      I vu I I I ,I>I,NUCPI 

PU1HARY    CUIPUTS       VH.XACOH    PA'.SED    10   CAllING    PHUC«»M 
TUOCUGM   COMMON 

9 10   Fr.RHAII-    IK.kNUJ'.M    ON    WING'/IM 1«.M ) 
QiiO   FIIRKAII'   C0LIUCA1IUN   PI1INI ' , I 1. ?l W.<i. I«, 
<)H0   I ClRMil    I lof 11.SI 

Rf1URN 
END 

LOCAL   «.•,   Fli.*,) 

HPOWOIO 
MPut<ni to 
WPOWOlii 
WPUWOIi^ 
MPOKGIIi 
WPOhOIn 
WPDNOlIS 
WPUV.0114 
wPuwm i ; 
WPDnOI18 
wpnk.oi ii 
wPDuniro 
UPDbOl/\ 
MPOWOW^ 
WPUV.OW i 
KPDhOI ?<, 
«POWOWS 
HPUkOW6 
WPOWCI' i 
WPO'-OI a 
WPllwO W) 
WPUKOI10 
WPDhOIU 
UPUWOl1? 
wpuwni ii 
UPU^Ol I . 
WPOWOI is 
WPUWOI i* 
MPDwOl17 
MPDuOlIB 
HPOtaOl1/ 
WPOUOI<;O 
WPDHOIAI 
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SYMBOLS 

a vortlcity coefficient 

AR aspect ratio 

c chord 

CN normal  force coefficient 

C pressure coefficient 

F force on right-hand vortex 

i unit vector in x-direction 

j unit vector In y-direction 

K kernel  function for surface integral 

k unit vector in z-direction 

1 dummy  index 

m dummy index 

n dunny index 

q dummy index 

r radius vector from origin 

S surface of integration 

s semi span 

t thickness 

U free stream velocity 

u perturbation velocity In x-d1rect1on 

v perturbation in y-dlrection; vector v is total perturbation 
velocity 

w perturbation velocity In z-dlrection 

x chcrdwlse coordinate 

y spanwlse coordinate; with subscript v, represents leading-edge 
vortex spanwlse location 

z vertical coordinate; with subscript v. represents leading-edge 
vortex vertical location 
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SYMBOLS (cont'd.) 

a angle of attack 

r leading-edge vortex strength 

y spanwise vorticity component; vector y  is total vorticity 

6 chordwise vorticity component 

n spanwise coordinate nonditnensionalized by semispan 

9 chordwise azimuthal coordinate 

X leading-edge sweep angle 

u complex plane 
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