ADAO48439

”~

AD No—
UDB FILE COPY

:;;0

ot

7
/

REPORT ONR-CR215-230-3F

A LIFTING SURFACE THEORY FOR WINGS
EXPERIENCING LEADING-EDGE SEPARATION

THOMAS K. MATO! AND SHEILA E. WIDNALL

LFLUID DYNAMICS RESEARCH LAB o
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
CAMBRIDGE, MASSACHUSETTS 02139

CONTRACT N00014-75-C-0257

ONR TASK 215230 P

30 JUNE 1977

FINAL REPORT 1 JANUARY 1975 - 30 JUNE 1977

Approved for public release; distribution unlimited.

PREPARED FOR THE
q OFFICE OF NAVAL RESEARCH ¢ 800 N. QUINCY ST. » ARLINGTON » VA « 22217




Best
Available
Copy



Change of address

Organizations receiving reports on the initial distribution list should
confirm correct address. This 1ist is located at the end of the report.
Any change of address or distribution should be conveyed to the Office
of Naval Research, Code 211, Arlington, VA 22217.

Disposition

When this report is no longer needed, it may be transmitted to other
organizations. Do not return it to the originator or the monitoring
office.

Disclaimer

The findings and conclusions contained in this report are not to be
construed as an official Department of Defense or Military Department
position unless so designated by other official documents.

Reproduction

Reproduction in whole or in part is permitted for any purpose of the
United States Government.



SE(uale L ASSIFICATION OF THIS PAGE (When Dete Entered)

| /) REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

2. GOVTY ACCESSION NO. M!C(PIENY S CATALOG NUMBER

~ ONRJ(CR215-230-3F |,

4 TITLE (and Sublnle)_ O COVERED
A Lifting Surface Theory for Wings Experlenc1ﬁﬂw F1na1 Répolt.
Leading-Edge Separation, ‘ll Jang 1975 — 3E June D77; i
o ¢ PERFORMING ORG. RLFPORT NUMB
7 AUTHOR(e) / —— l CONTRACT OR GRANT Nuul[n{n
/)b Thomas K./Matoi (and
f 7
s Sheila E. /N\dnaf-'T _;HAH NBp14-75- el V/
=T ¥ PERFORMING ORGAN[IAYION NAME AND ADDRESS 10 PROGRAM ELEMENT PROJECT, TASK
Department- of Aeronautics-and-Astronautics SREA[S WOBKIUNLY NUMBERS
61153N-14
Massachusetts Institute of Technology RRO14-11-84
Cambridge Massachusetts 02139 f””"N

igbls NR215-230
" s NT"(\LLIN OFFICE NAME AND ADDRESS
Department of the Navy, Office of Naval Researcﬂ;¢ June F977{
Vehicle and Weapons Technology Division, T WUMBER OF PAGES

Vehicle Technology Program Code 211,Arlington,VA 145
T& MONITORING AGENCY NAME 8 ADDRESS/If different from Controliing @idde] /] V3 SECURITY CL ASS. (of thie reporr)
Office of Naval Research Resident Representative Py
E19-628, Massachusetts Institute of Technology L Inclassified
Cambridge, Massachusetts 02139 Se DECLASSIF
HED
' - S 1 pam
e YR B Ti%u STATEMENT fof thie Report)

SIFICATION DOWNGRADING |

— 4

f
o P
PRGNt

Approvsf fQL,publlc release; Distrlbutlon unlimited ‘:) K:).‘ g

Tp. teliriis GEF e
I F FT' 1 .l..r,: i frf ‘II\, AP‘“ J' 'u‘

oc 1T diMTabent trom Roponr Coo vy
\_b\.)
)
e

=

b -
k] S"“B gl S'ATEMENV 3 the abatr

18 SUPPLEMENTARY NOTES

S
19 v EY wOROS (Contlnue on teverse eide Il necessary and identity by block number)

Leading-edge vortex
Lifting surface theory
Vortex flow phenomena

T

ABSTRACTY © Lntinue on Taverse side If necsesary and {dentity by block number)

-;>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
I other planforms is also described. The present formulation 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 represantation N

DD ,"2%%, 1473 eoiTion oF 1 nOv 6815 OBSOLETE ;
Lo S/N 0102-014- 6601 Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entered)

/40 250 {5




N o

Unclassified

_LLURITY CLASSIFICATION OF THIS PAGE(When Dete Entered)

of the wing and wake. This 1ifting 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 co-
efficients. These unknowns are found by satisfying the downwash con-
dition and the no-force condition on the leading-edge vortex represen-
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 wing
2nd 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.

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




SUMMARY

This report describes a nonlinear lifting surface theory for a
wing with lTeading-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 winn 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-
<ior is obtained 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 ccmputational
effort 1s 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 anales 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)],

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 Ornberg (1954)3, 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 surfoces
corresponding to
particle paths

(el
{b)

(@)

{el
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Figure 1. Schematic sketches showing flow on suction side of
70° flat plate delta wing at «=15° [after Ornberg(1954)].




This secondary vortex results from the separation of the viscous boundary
layer on the wing, when it encounters the adverse pressure gradient present
cn tne upper surface. Since this line of separation can only be located by
a viscous analysis, this additional complexity has been ignored in the
*oliowing models.

An early effort to theoretically predict this flow field was made by
Brown and Michael (1955)4. They considered a conical, flat-plate delta wing
at moderate angles of attack under the additional restriction of slender-
body theory. They modeled the vcortex 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 .

Smith (1966)5 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. o designates
the angel of attack and A is the leading-edge sweep angle. The extent of
tie sheet obviously increases as one increases the fraction (F) of the total
shed vorticity which is included in the sheet. These resuits were obtained
by running an amended version of the program provided by Pullin (1973)6.
Pullin 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




4~ Pullin (1973)

Core Sheet Fraction(F)
O 0
z/s O oo0 .05 AQD O
3 N — .19
® center of vorticity (F=.19) ]
1 1 1 Il )
.2 .4 .6 .8 1.
[= y/s
o~ 7.;—
]
~_ A Pullin (1973)
FS)
(o]
(&)
=z 6. L
(&)
JA)
JA)
5. A
YA A N & A A A A
4. |-
<:;? L 1 1 I J
0 .1 .2 .3 .4 .5
Sheet Vortaicity Fraction (F)
Figure 2, Dependence of vortex-sheet shape and core location (top)

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/coth = 1)
from slender-body theory.
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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 Iigure 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)7 and Brune, Weber, Johnson, Lu, and Rubbert (1975)8.

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-
function method. In Matoi, Covert, and Widnall (1975)9, 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.
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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.
(1975)9. 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)]0. 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 right 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




Ao

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 or 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

y=. L J Cyx(r' - ) ds'
s P - 73
(1}

where ) . " R
Fher s (x e x)E (- y)i ot (2t - 2)k

=<+
"

A '.‘+ ~
Yx1+Yy‘] sz

~ ~

ui + vj + wk

v
¢ s tne surface of integration, ? is the vorticity vector, v is the
perturbation velocity vector, i.e., the velocity minus the uniform free stream;
and ¥ 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 comporents vy  and

X
Yy . Conservation of vorticity can then be written as

- 15 -




(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.

<

m

~<
[

AT

Y, 6 =6, 46

X 1 2 (3)

The contributions are chosen so that Y and 6] fall to zero at the

E leading edge, while Yo and 62 are related 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 velncities
at the leading edge. A more complete model.employ1ng 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

M

N 4a
. 8ns — n,m (n) sin ne
Yl(e’n) c(n) /T-n mZ] ngl 22n U2(m-1)
. -y 7 ? 2g-1 _ W + y2
Yz(xv.Y) = S s q=1 gq (29 - 1) cos [ 3 S 52 ]
x“ +y
(4)
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where
x = 12 [xqp (y) + x ¢ (¥) 1-1/2 cly) coso

y = sn (5)

The distribution for Y, was obtained from linearized 1ifting surface
theory and vanishes at the leading and trailing edges. For additional
details, see Ashley and Landah) (1965)]]. Um are Chebyshev polynomials
of the second kind, X g and X7g 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 A 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 (1968)]0 for the three-dimensional delta wing. The
coefficients an‘m and gq are the unknown coefficients of the vorticity

functions. The leadirg-edge vortex strength is defined by
r{x) = g gq sin [ (29-1)mx/2] (6)

where *he modes nhave been chosen such that %5— = 0 at the trailing edge,
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 y,. Using Equation 2, one can obtain
2

; 4 MON A, , 1-n?)  dc (n)
p(6.n) = - —ﬁ::E:;'mZ1 Ly oI 1/2 {-[ (2m-1)n + LET%TL Eﬁ'] U2(m?l)+
-Nn
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<

(n)} @ [Singﬁil)g’ ) sin(nfllg]

(2m+1) U =%

2m-3

2 dx
2n(1-n7) _LE dc y sin nb
cln Y2(m-1) [( o Vg ) =

|
y g%f'[ sinng?-l)p . sinn$?+l)8 ] ] )

where

U_](n) =0

The wake is assumed to be flat and to possess the trailing vorticity
distribution imparted at the trailing edge, as in linear 1ifting surface
theory. Consequently, the trailing wake adds no new parameters.

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

polynomials
L
y,(x) = zzl gyv LPYRICY
L
2,(x) = QZ] gzv Top-1(x) (8)

where T2 are Chebyshev polynomials of the first kind. This introduces the

final set of unknowns, g and 9, -

‘yV v

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

edge vortex-cut combination.

- 18 -




v, Y) = ar (=) v‘z" 7
2 \] 2, 2 g A/ X+
X +y dx Xo "“:Xj

L, ey = i) ]

25 2
X +y dx xe;\/uy?

Figure 5. Representation of bound vorticity
feeding lieading-edge vortex.
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The downwash condition becomes

w = -sina (9)

on the wing (z = 0), where o 1is 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 nodified for separated

points. The cosine distribution of Hsu (1957)
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 consuned 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 made 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 Yo gescribed 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

1 R s 1 -
W) (x,y,z) = o I Yy Kw dx'dy (10)
-5 dx
LE
- 20 -




A5 -

B% T

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

where ,

wr —1 | il 22

) 2° (x-x')

[(x-x")2+(y-y")%+2%13/2

()

Thus the singularity for the contribution, Yy is 1imited to the
spanwise direction, when z = 0, and the contribution from this term 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 3 routine
available at M.1.T., which was developed by Widnall (1964)]3 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, ﬁnd
Woolston 095994. Alternate forms, such as the procedure developed by

)]2 could be used instead.

Hsu (1957
For the contribution from Y, and 62. 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) vplx'y') = (y'-y) 8,00 0y )

—._[(Xt)(')ﬁZ + ()’-y‘)7 + 22]372 dx dy

Wo(x,y,2z) = %; J [

Sw

(12)

- 22 -
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Fiqgure 7.

Regrons of integration for calculoting upwash
cocfticients at the point (x,y) for the X!
contribution (top) and for the 1) hz
contribution (bottom).
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n the wing surface, z = 0, the integral may be rewritten to isolate the

singularity.

S ([ gs
wz(x.y.o =0 JS;

(" =x)Dvy (xay ") = v (6y)] - (vt =y)l8,(x"yy ") - ) (xay) ]

L (x - x )+ (y -y 272
1 (x'-x) dx'dy'
+ Y, (x,y)
i G Hw x-x)Z + (y-y1)21¥/?

s L 5,(x.y) § f (y-y') dx'dy’

i W Lxexh? ¢ (yy) ¥

(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 in Figure 4, the spanwise component of the
vorticity, Yoo is assumed to be zero aft of the trailing edge, while the
streamwise component, 62. 1s only a function of the spanwise variable in the
wake. Thus, one obtains the following contribution from the wake according

to Equation 1.

- 24 -




(y'-y) 6,(y") dy'dx’
T [x'-x)% + (y'-y)? + 21%2

(14)

wnere :T represents the wake surface. The streamwise integral may be

performed explicitly for a given planform to yield

S
Welx,y,z) = - %;— J_S (y'-y) 6,(y") Hy's x,y,2) dy' (15)
where
xre(y') - x
1 (y"ix,y,2z) = ——7—~—%——-—g e | S ——
(_y -y) + 2 /(XTE(y.)_ X)2 + (y._y)Z n ZT

(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

] dy'

s S,(y") xre(y') - x
Wel(Xx,y,0) = - 1 2 0 - et
[ I -5 y'-y Y ] 2 y 2
' (xqply') = x)% + (y'-y)
(17)
Finally, the contribution from the leading-edge vortices is

o

Wolx,y,z) = Jo F(x') [f (x"ix.y,2) + € (x"5x,-y,2)] dx'

(18)
dy, (x")
where (x'-x) —g— -y, (x")-y)
1

f (x5 x.y,2) =
[ x)? 4 (y, ()% + (g, (x)-2)20%/2

(19)

- 25 -




This 1s 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 contro! point.

Thus, Equation 9 becomes

W=W, +tw, +w, +w = - sipna
1 2 T [

(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) v

1) (xTE(y),y) cosa + u (21)

However, the results of Brune, et al. (1975)8 indicate that the spanwise
vorticity component, Yy , is approximately zero at the trailing edge for
the delta wing case. This corresponds to the Kutta condition applied in
linear 1ifting 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 g (Equation 4) insures that this component
vanishes smoothly at the trailing edge to satisfy the linear Kutta condi-

tion there. However, the contribution from Yy (Equation 4) does not
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automatically vanish at the trailing edge, and consequently, there is 4
discontinuous transition in 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.
¥andil, et al. (1974, p. 13)7 noted that "Numerical experiments indicate
that the wake adjoining the trailing edge does not exert a strong intluence
on the results.”

Finally, the condition of no-load on the vortex-cut combination is
‘ormulated on the right-hand vortex as an extension of the Brown and
Michael model. The force components per unit length in the y and 2

directions are given by Fy and Fz’ respectively.

dz
L% L -
Fy/ZF = T T dx z, + W, + sina
dy
- v 1 dr . .
FZ/ZF dx * ' dx [yv yLE (x)] ]

(22)

where w, and vy are the velocities induced by the vorticity distribution,
excluding the contributions of the right-hand vortex on itself due to
curvature. The calculations of the velocity compont W at collocation
voints along the leading-edge vortex requires the evaluation of terms

similar to those developed for Equation 20.

Specifically,
W, = W, + W, + W, + w
i i 2 T FL (23)
- 27 -
—o— e S




where

wp o (x,y,2) = L I (x") fw(x'ix,y,z) dx'

L (24)

The integrands no Tonger possess a singularity, and the integral in
Equation 12, for example, is performed by two 24 x 24-point Gaussian
quadratures.

Meanwhile, the contributions for v; can be developed in a parallel

manner
Vi =i V«I + V2 + VT + VI.L
(25)
where
R R B 1 3 o
vy (x,y,z s J-s JxLE Yy Kv dx'dy )
with
—“‘f“u’r { 2 2 S 1+
(y-y*) (y-y')"+ Mlxox )24 (y-y' 124 22
[ 25— 4 132y
(x')E + (y-y')2 + 22 @l
and 6,(x",y') dx'dy"
vo(x,y,z) = - 2 -
2 i ”s ()2 + (y'y)l + 2273/
(28)
i z . ' ' 1
VT(xova) T H J-s 62(y ) I ()’ .X..Y.Z) d.y (29)
v = - - T{x')f (x';x,-y,z) dx'
I Js N (30)
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(x*-x) dz, (x*)
ST

where zv(x') -2

0 g 1
fv(x PXaYaZ) T

Lixt=x)2 + (y, (x)-9) + (2, (x)-2)21%72

(31)

The vorticity distribution has again been assumed to depend only on the
spanwise variable in the wake. The function I{y) has been defined in
Equation 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,
’

g and gq, and the

unknown vortex location coefficients, gyv and 9,y 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-
o.tion on the wing can then be used to obtain the pressure distribution on
the wing. One can obtain the 1ift and the pitching moment by a simple
integration of the pressure loading.

The nonlinear pressure difference on the wing is

4C C -C =-2Au-A(v2+u2)
Py

(32)
wnere the pressure coefficient, Cp, represents the pressure nondimensicnal-
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 £, respectively. Since the quadratic
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term from the chord-wise component of velocity, u2, is small compared to
the spanwise contribution, vz. that term is ignored and the pressure

difference can be rewritten in the following form

ACp = -2y + (vu + VR) §
(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 iocal mean spanwise velocity. On the wing the only non-zero contri-

bution comes from the leading-edge vortices. Thus,

(g * Vy)y wo =2 [, PO LR (0503,0) = £ (' ix0m5,0)] o

(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)]0, an attempt was made to satisfy
+he boundary conditions sequentially.

An initial position for the leading-edge vortex is chosen. For example,
.:ur tre delta wing, the initial location was obtained from the Brown and
“ichael 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
“odes (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
are presented in Matoi, et a].(]975)9 for a different set of mode shapes.

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

10

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

the following rule.

d Fa
y F4
(35)
. F
ax v T d‘TL(F LT
¥y z

where d is chosen small enough to prevent divergence of the procadure, e.5.,
d = .01. Since the forces have heen 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 Timit 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 tc be considered. The
form of Equation 22 suggests that Equation 35 is not the optimum manner for
moving the vortex as the velocyty components, vy and Wi 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, Yy
)4

and Z, in the cross-flow plane. Brown and Michael (1955)° originaily
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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
flat plate with the flow direction. Later, Pullin (1973)8 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 LR First, the scheme is
amenable to automatic iteration without operator interference. Secondly, the
iteration procedure converges whenever the derivatives are locally monotonic.
Corsequently, 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 body 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,
1+ = 164,3°, 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 compunent, Fy is presentey, anu in
Figure 9 the vertical force component, Fz’ is given.

The forces are plotted versus the vortex location, Yy and Z, at x = 1. The
triangle symbol represents the point where the lines, Fy = 0 and FZ =0,
intersect to define the stable location for this flow condition. The two-
dimensional results indicate that FZ is a monotonic function of totn /,

and z,- Fy, 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
Jacobfan calculated in the preceding iteration. This modification improved
the rate of convergence in reducing the forces for a given vorticity ciszr’-
bution. 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 Michae)
model. Symbol (A) represents stable point, Fz= Fy= 0.




Figure 9.

Vertical force component on leading-edge vurtex
versus vortex location. Downwash condition
satisfied on delta wing (sina/cotX = 1) for Brown
and Michael model. Symbol (A) represents stable

point, Fy=FZ= 0
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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, Fy = 0 and FZ = 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,
ty 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




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/cot) = 1). Symbol (A) represents
stable point, FZ= Fy=
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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/cotiA = 1). Symbol (A) represents

stable point, Fy= Fz= 0.
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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 semispan and a
height of 30 per cent of the semispan (yv/s = .8, zv/s = .3). The
iteration procedure converged to a stable point (yv/s = .86, z, = .24)
in eight iterations. See Figure 12 for a graphic descripticn of <re
convergence rate. Thus, the procedure was adapted to the fully trree-
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 of
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 appears 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, o = 14.3°).

-4 -




-

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 comment 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 [, Program
WOW, Program II1IA, Program II1 Prime, and Program V.

Program | calculates the influence coefficients due to the contributions
from P and 62 for the downwash condition at é 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 s 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
the program developed by N1dna]1 (1964)]3 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 62. Then 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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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 additional vorticity is shed from the leading edge.

Figure 14 illustrates the change in the stable position of the
leading-edge vortex on the right half of the wing. The spanwise
position from the Brown and Michael model is not included since it is
almost coincident with the NOFP = 1, LMAX = 1 result. The parameter
choice, LMAX = 1 (see 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-dimensional 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 lower order models.

A comparison with the experimental results of Peckham (1958)]5
and with some slender-body models is presented in Figure 15 for the
vortex position over the deltd wing. The agreement for the vertical
position is excellent, while the spanwise position indicates the
general limitations of a Orown and Michael model in predicting the
vortex location too far outboard. It must be noted that this is not
a completely fair test, since the vortex location represents the center

of vorticity in the Brown and Michael model. For the Smith-type model,
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Figure 15. %eadigg-edge vortex position over right half of delt. wing
AR=1).




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)]6 on a flat plate delta wing. The experimenta)
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
comparison of 1ift curves from Peckham (]958)]5 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 (]971)]7. 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 = 14,30),
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Figure 17. Comperison of experimental and theoretical loading
values on delta wing (AR=1).
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Finally, a comparison is made with some other 1ifting surface
theories. As mentioned in the Introduction, Brune, et al.(1975)8 and
Kandil, et al. (1974)7 have developed finite-element lifting surface
theories with leading-edge separation. A comparison of these theories
with the present theory and the experimental results of Peckham(1958)]5
is presented in Figure 19. Both of the other theoretical curves were
taken from Kandil, Mook, and Nayfeh (1976)]8. who referenced Weber,

Brune, Johnson, Lu, and Rubbert (1975).]9

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 1ifting 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 Figqure 20, the results for the sectional normal force coeffi-
16

ierts are compared with those obtained by Nangia and Hancock (1969).

The sectional normal force coefficient is defined as

s{x)
Cy (x) = J 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 1ifting surface models for the
calculation of loading on delta wing (AR=1,

X=.7).
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Figure 20. Chordwise distribution of sectional normal force
coefficionts 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 priblem with this planform and others is that there is
little experimental evidence readily available for these planforms.

Figure 21 illustrates the results for t"e 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 ( A = 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 (NCORD= 5,
NSPAN = 5, NOCM = 4, NOSM = §). 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 tharn' 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 addftional 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 ed@eﬁt

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 22. Leading-edge vortex position over right half of
arrow wing (AR=1.25, A = 76°, o = 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 robt 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, ) =76°, a = 14.30).
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6. Revised Vorticity 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, v,
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, Y,, 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., Yoand 62
The desired conditions to be satisfied by these vorticity components on

the right half of the wing are
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Yo (Xqe(y)wy) = 0 (37)

8,(X g (y)s )
—————— = -5 (38)

Yo X g 9)y)

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 Y, is even and 62 is odd in the spanwise variable.

An attempt was first made to determine vorticity functions which
satisfied these conditions in the physical (x,y) ptane. However, that
approach failed to provide a solution, and the problem was then con-
sidered in the transformed (6,n) plane. (See Equation 5 for the co-
ordinate transformation.) Basically, in the transformed plane, the

leading edge of the planform corresponds to the chordwise origin,

0, and the trailing edge corresponds to the chordwise maximum,
g =,

The two vorticity components, Yy and 62. can be written in the
following form.

NOCM
Yy © qgl 9q 9y (n,9)

NOCM
67 1,99 (n.,a) (39)

q=1

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

can be related by

39
95 = - ?%— Eﬁl c(n) sineds (40)
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Assuming a form which satisfies the boundary condition at the

trailing edge and is nonzero at the leading edge, let

9, = cos 0/2 f(n.q) (a1)

For the arrow wing planform being considered presently, the local

chord on the right-hand side is

c(n) = cp (1-n)

where R is the root chord nondimensionalized by the maximum length.

Then Equation 40 becomes

R, of
95 = g5 { 5y (1-n) [3cos0/2 + cos 30/2]
) 3(4-3CR)
n E.f(n,q) [ ——EE—~—— cos6/2 + cos 30/2] } -g(n,q) (42)

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

Using the identity

cosig = 4c0530/?-3c050/2
this can be rewritten as

c (l-c )
9 * §§ 2%% (1-n)cos Jo/2 *‘f(n.q){3 c R) coses2 +cos’or2 -g(n,q) (43)
R

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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3-2c
2% (Y-n) + Ci f(n.q)} -g9(n,q)

- = Tra) —— (44)

This provides the following differential equation

f , 1

2 .3 )
w * mTe [3(5 +1) —2cR] f(n.q) = 35 e (45)

The solution of this differential equation is

_353:_11

f(n,q) = C(1-n) +
2 n
[ 2oL -q { - 3(s4)
—3;%”1 - ) T alua) e (as)

where C is a constant of integration. In order to obtain a general
modal description, one must allow g(n,q) to e a complete set of
functions. The constant, C, is chosen to be zero, while the following

form is chosen for g(n,q) to simplify the integration

9(n,q) = i%:ﬂlg

: (a7)

Then, integration of Equation 46 ylelds

-(1-n)9

f(n,q) =
2q(a+1) -3(s2 + 1) (48)
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Therefore, the vorticity functions become

—(1-r)9
g = - _(.] n)_ e cOoS 0/2
Y 2
2cp(gtl) -3(s%+1)

(2q-1) Cpeos 30/3 + 3(cR-l)c050/2

(1-n)9 -1
2cR(q+1) -3(52+1)

l

96 -

[#8]

S

These new representations are used to replace the Y2’ 62 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 Yo
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
“OSM = 4) have been selected.
The planform considered was that of the arrow wing employed by

8

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

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

angel, X = 71.2°

, an aspect ratio, AR = 2.02, and an angle of attack,
1= 15.8°. Convergence for the leading-edge vortex strength for var-
jous 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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Present Theory
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Figure 24. Convergence of leading-edge vortex strength for arrow

wing (AR=2.02, A = 71.2°, a = 15.8°)
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Figure 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 1eadin§-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
noints 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
are compared in Figure 26 with the results of Brune, et < . (1975)8 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 2 total of 126 unknowns. One station has been chosen forward of the
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Present Theory
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Figure 25. Leading-edge vortex position over right half ot
arrow wing (AR=2.02, x = 71.2°, o = 15.8°).
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2.4 Present Theory
NCORD=5, NSPAN=5, NOCM=3 , NOSM=4
LMAX=2, NOFP=3
— x=.33
2.00 83
Finite-Element Method
Brune, et al. (1975)8 (126 unknowns)
i Y x=.33
1.6 - x=.83
-6Cp
1.2
8- Tl
N—O—O—>
0 2 .4 .6 .8 1.

y/s(x)

Figure 26. Comparison of theoretical loading models on

arrow wing (AR=2.02, X=71.29, a = 15.80).
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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
predicted by the lifting surface theory program of Brune, et al. (]975)8
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 1ifting surface program based on the kernel
function procedure has been developed to include leading-edge vortices.
The presant 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 smal}l
fraction of the vortex strength (less than 20 per cent) must be
incorporated inco 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

Sl o



runs were made with this revised model, but better convergence has
been obtained for the arrow wing case ct least. Furthermore, in
deriving these new vorticity modes, a general procedure was develcped
which should provide bound vorticity modes for arbitrary planforms.

In general, the feasibility of the procedure has been demonstrated.
Furthermore, an indication of the cause of previous convergence dif-
ficulties with programs which 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.

Much work remains to be done to imprrve tne usefulness of the
present lifting surface program. First, it would be advantageous to
further reduce the computational effort required to calculate the
velocity contributions from the bound vorticit, “hich feeds the
leading-edge vortex. Secondly, it seems that a more accurate predic-
tion 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 limitation that
although the vertical position will be accurate, the spanwise position
will, in reality, be further inboard.

-0 .




Another field of interest would be the application of the lifting
surface program to wings of higher aspect ratios. Recently, Nathman,
Norton, and Rao(1976)20 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
rigner angles of attack, the vortex core is not well defined and
is replaced by & 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)% and Kandil, et al. (1974)7, which indicate
tnat this is a fair representation of the wake. Finally, additional
worr still needs to be done to develop the new set of vorticity modes
cresented 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-dime.:iun2l 1ifting surface program which

includes leading-edge vortice;.
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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-
figqurations, 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

2] (x'-x) dx'dy'
B i _ -
4 Hs [(x-x ) (y-y P12

e y'/s(1-c) +
4n f- 1 (x'-x) dx' dy' (A.1)

° 'E [(x=-x")¢ + (y-y")?2 ] 32

where s is the semispan and <, is the root chord, nondimensionalized
by the chordwise length. Carrying out the integration and retaining
only the finite part of the integral yieids
f
el L s r Tl (]'cr) (cpx) +ys
== j——__~——_—_- sin
24 (1 )2 L | y(1-c,) = s{e-x) |

{
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- sinn”] (I:Fr) jl:x)ﬁj_s}jix) —sinh”) El:ctz_}l-x) + s(s-{l_
}y(l-cr) - s(cr-x) | y(l-cr) + s(cr-x)
[
+ sinn”! (]'Cr) (cr-x) YS ey S isinh'] x5y

_— —— y¥sx
y(l-cr) + s(cr-x) s24] L

-

¢ sion! s{sty) 2(0-x)y giapt s{soy) H(1X) ygq0n7d xtys

y +sx SX-y Sx-y
(A.2)

The remaining integral can be evaluated similarly.
] Dok 1 (y-y') dx' dy'
{ 4n 1y2 e 3/2 (A3)
[(x=x")e + (y-y')¢]
I isw

-

1-¢
© 1 E% (,;::::___.:7:: sinh™! Y * (llFfszI:fz_.-.
' (l-cr)2 YA |-y(1-cr) + s(cr-x)l
- sinp] s(sty) + (1-c) (1-x) |, iop! s(s-y) + (1-c.) (1-x)

l-y(1-c,) + s(c=x) | y(l-c.) + sc.-x)

g sinh'] (]'cr) (Cr'x) TR ] sinh'] ?i%%
/1 z L

y(1-c )+ s(cp-x) s

+sinh'] (1-x) + s(sty) sinh'1 1-x) + s(s- _ s1nh'] sy + x| :
y + sx SX - ¥ SX-y J !
(A.4)
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These results reduce to those for the delta wing case when
. = 1, and are then equivalent with results obtained by Nangia and
)10

Hancock (1968 , within a few sign 2rrors 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
s'ender-body theory and conical flow was solved by Brown and Michael
(1955)4, This problem can be formulated in the complex plane,

w =y + iz (see Figure B.1) as the complex potential W, due to a

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

T o r Vw?-T - /Jl"f‘l“ . '/T
" 7 e a'w (B.1)
w1+ Yy 2

1
wrere all quantities have been nondimensionalized. w, represents the
complex vortex location, o = Yy + 1zv, and Bl represents the complex
1
conjugate of .. . T is the vortex strength and a is the angle of
H

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

be written as

= +

I Y 2 V= 2 St

2na 1 ]

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

Figure B.1. Coordinate system for Brown and Michael
slender-body delta wing problem.
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L. dW r o1
VA R B i = e
w > W 1

1

Fo=ify } + zal -1=0 (B.3)

The details of thesc derivations can be found in the original paper
by Brown and Michael (1955)%.

Since the potential specified in Equation B.1 automatically
satisfies the downwash condition on the wing, the no-force condition
{Equation B.3) provides the two real equations needed to determine
the complex vortex position, w = Yy + izv. Unfortunately, Equation B.3
is nonlinear in the vortex position variables; so a Newton's procedure
was developed by Pullin (1973)6 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.

oy oy ¥
o ay 9z y
Ay, v v .
= | (B.4)
Az
Byv aZv )

This equation gives an automatic procedure for obtaining an improved
solution for the vortex location, if the residues, Fy and FZ, and the
Jacobian matrix from the previous iteration are provided. The new

vortex location is obtained from

y, (new) y,(o1d) + ay,

2z (new)

v zv(old) ¥ sz (B.5)

The derivatives for fquation B.4 can be obtained from
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5—1- = Imag {%E ]
Yy LYy ]
aF
a—z' = Real .r%E'
Yy ] yv_
oF
v v
oF - 3
z aF
—= = Real =—
aZv Lcin (8.6)
where
oF - 8F , oF
a‘yv 3&)1 B’(El
oF [ aF )
aZV Bwl ah_)l

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 1ifting 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 cownwash con-

dition was no longer automatically satisfied and could be written as

= if2e




i
) BT V720 O YO | I N (B.7)
Zn y -y 2 y-w, —

1 ytu,

This equation can be rearranged to yield
1
Sl My . Ty - Ll = of(y) (8.8)
m y - _y‘ n Ly‘wl _y+u)|

This was inverted analytically to provide a check for the numerical
procedure being developed. The inversion of Equation B.8 yields

1

sly) = 27y ¢ O 1 g (8.9)

y-y' V]_ylz

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,

N
sy) = [ a N-y? 2l (B.10)

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

iF +F, = o ¢ %% %%3.’- —]-_— + 2w (8.1)
! witw)

-1

Originally, an attempt was made to satisfy the downwash condition
(Equation B.7) and the no-force condition (Equation B.11) sequentially
in the manner of Nangia and Hancock (1968)10. An initial vortex posi-
tion was assumed and the downwash condition was applied at enough
points tuo find an initial vorticity distribution provided by the an's
and T . This distribution was then introduced into Equation B.11
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 movin- 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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where
a
A= |
.an
"
Wo= |-
¥
L. .
F
F o= y
F
.z_a

This scheme resulted in convergence for the sample case being considered
of the unit ﬁspect 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 commen£ cards. For additional
details, see the section titled "Program Description” in this report.

A11 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.1.

Program [

The following listing for Program I includes Program I
and the subprograms ASINH, A2, A4, B, Bl, B2, B6, IGWW, and
XINTGR.

Program [ calculates the downwash coefficients due to
the bound vorticity which feeds the leading-edge vortices.

The output from Program 2 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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NEED FUNCTINNS Al yA2,A6,4AS5, BlyP2,85,B6,CVORT,ASINH,8 XLE
NEED SUBROUTINES BLOCK DATA,COLPT,IGWW +XINTIGR

C PROGHRAM

4

C CALCULATCS DOWNWASH COEFFICIENTS DUE TO BOUND VORTICITY WAICH FEEDS
C LEADING-FDGE VORITICFS

[

c INPUT  NCORD,NSPAN,S,(R 2110 2F10.¢
c INPUT  NOCM,J1 2110

4

4 PRIMARY QUTPUT GwWW SF14.5

4

(4

c

c

OIMENSTON XPT(S),YPT(S),COEFFI25,5),
CSSWLIS5),SGW21S5) e SoWIIS),S0WelS) SCHSIS) +SGHEI(S)

COMMON XPIL,YPJ,5,M,MP/PLAN/(R /GAUS/GCL24),W(24)/MODES/NOCH

EXTERNAL Al,A2,A4,A5,B1,82,85,A6,86

[

C INITIALIZT VARTARLES
DATA COEFF/125¢0./
00 150 JDUMMY = 13,24
W{JDUMMY )} =W{25 = JDUMMY)

150 G{JDUMMY) = -C{25-JDUMMY)

Pl=3.161593
WRITE(6,910}

(o]

READIS,920) NCORD,NSPAN,S,CR

NCORD = MNO. OF CHORDWISE COLLOCATION POINTS
NSPAN = NO. GF SPANWISE COLLUCATIGN POINTS
S = SEMISPAN; NON-D BY HMAXIMUM LENGIH

CR = ROOT CHORD: NON-D BY MAXIMUM LENGTH

[aNaNaNaXaNal

READ(S,9201) NOCM,J1

[aNal

NOCM = NO. OF CHORDWISE MODES

C J1 IS CONTROL PARAMETER: IF Jl=1, NCORD2=NCORD; ELSC NCORD2aNCORD+1

WRITE(6,970) NCORD¢NSPAN,S,NOCM,CR

C
€ CALCULATE LOCATION OF COLLOCATION POINTS
CALL COLPYINCORD SPAN,XPT,YPT)
1FLJ1.EQ. L) GO T(r 300
NCORD2*NCORDe]
XPTINCORD2}Is(XPTINCOPD)eXPTINCORD-1))72.
300 CONTINUE
1F(J1.E0Q.1) NCORDZ=NCORD
WRITE{8,930)

OEFINE LIMITS OF INTECRATION IN SCANWISE UIRECTION
C*S REFFR TO LEFT-HAND SIDE OF RESPFLCTIVE RCGION
0°S REFFR TO RICHT-HAND SIDF OF RESPECTIVE REGIDN
Ct =0.
DS=S
6 = -5
06 = 0.

[aXzNalal

C

C CP CULATE COFFFICIENTS AT EACH COLLOCATION POINY
00 400 I=1,NCULRD2
DO 400 Js] ,NSPAN
Ni=Jell-1)ens5PAN
XPP=XLELYRT(J) )eBLYPTLI))IOXPT(])
YPJ=YPTLJ)eS

C
C OUTPUT LOCATICN OF COLLOCATION POINTS
WRITELG,940) NELXPTLI)YPELIJ) o RP]
ET1A=,02
IFCE.-XPT) oL T..02) [TAsl. -KP]
D1=S*{XP!-.02)
€2 = n,
TFEEXPT=-.02).GT.C%) C2 o So{{xXP|-,02)-CR}/{1.-CR}
02 s YPJ-.02
CyrvyPy-.02
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PGNIDTD]
PG10712
PoLMLOUNS
PGY1004
PGMLOONS
PGM1I0006
PGrLONOT
PGMENONE
PCVINN09
PGMLIOVIC

GHinott
PGM100L2
PGMLO013
PGM10014
PGMILOOL5
PGHMI00% G
PGULODL T
PGHLODL 8
PGM1LO019
PGH1D020
PGMI10021
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PGM10023
PGM10024
PGM10025
PGMLOT26
pGMicnz?
PGM1C329
PGM10029
PG 10030
PGMI0031
PGM10032
PGM10033
PGMION IS
PGM10035
PGM1I0N3G

PCM10037
PGM10038
PGM1INTI9
PGM L0040
PGMLGO4]
PGM10042
PGM10143
PGMLIOL4S
PGM100D6S
PGHI10O0GE
PG%10n47
PGM10948
PGM10049
PGM100S0
POGMLI00S]
PLM10052
PGMIONS ]
PGML0054
PGMI0059
PGY10N96
PGM10057
PLMLON5A
PGCMI00%9
PGHLIONLO
PGMLONAL
PGY10762
PCM10063
PGMLOCHS
PCMI00AS
PLMIDNLG
PGMIJULT
PGYI1006A
PCMIOCHD
PGMI0GTO
PGM10071
PGML0072
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[aXaNal

FUNCTION ASINIIEL)
ASINH(Z) CALCULATES [NVERSE HYPERBOLIC SINE
IFILZ.LT.~10.) GO YO 20

ASINH = ALOGUZeSORT{1,4l02)})
RCTURN

C USE EXPANSION FORM FDR ASINH FOR LARGE NEGATIVE VALUES OF 2

[aNaNaNalaNaNal

20 ASINK = ALOGUIL1./7(6.0002)-1.0/1) ~.89)147
RE TURN
END

FUNCTION A2(Y)

A21Y) PROVIDFS INITJAL INTEGRATION POINT IN X DIRECTION IN REGION 2
AHROW WING CONFIGURATION

ARGUMENT LIST
v: SPANWISE COORDINATE; NON-D BY MAXIMUM LENGTH

COMMOR XPT ,YPT S, M,N
A2 = XPT-.02

RETURN

ENU

[+
CO0000000000 0000000040000 800000800000008000R0000YS0CIPOSRNOESICIRINININEOEBIPSIOIOITS

(AN aNaNaNalal [a)

FUNCTION AstY)

A&(Y) PROVIDCS INITIAL INTEGRATION POINT IN X DIRECTION IN REGION 4
ARRCW wWING CONFIGURATION

ARGUMENT LIST
Y SPANKISE COORDINATE: NON-O BY MAXIMUM LENGTMH

COPYT L XPT  YPT  SeM N

Ir {Y-Se(xPT-,02)) 10,10,20
10 A6 » xPT-.02

RETURY
20 A4 = ¥/S

RETURN

END
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ASINODOL
ASINOON2
aAStHONN}
ASINOOOS
ASTADDOS
ASINOOOS
ASINOOO?
ASINOOOS
AST1000
ASINOOL1O
ASINOOL]

oocol
0002
0003
0004
0005
oons
ocor
0008
0009
0oto
0011
0012
0013
00t 4
001s
0016
o017
oota
0019
0020
021
v
0023
0024
0025
0026
0027
0028
0029
0030




[aNaNaNaRaRa¥al

FUNCTION B(S)

B(%5: CALCULATES LOCAL CHORD; NON-D BY MAXIMUM LENGTH
ARRGW WING CUNFIGURATION

ARGUMENT LIST
S: SPANWISF COORDINATE: NON-D BY SEMISPAN

COMMON /PLAN/ CR
8 = CR#(1.-$)

RE TURN

END

c
CO00¢00000¢060000000400¢00 FE0OERCECEIN RO ULE0O000SN00CRSOSAEPLNNNENNEEIRRSSOOSETS

(s aXaRaNaRa Nyl (o)

[aNaRaRoNaNalal

FUNCTION XLEI(S)

XLE(S) CALCULATES LGCATIGN OF LEADING EDGE: NON-O BY MAXIMUM LENGTH
APROW WING CONFIGURATICHK

ARGUMENT LISTY
S: SPANWISE COORDINATE; NCN-D BY SEMISPAN

XLE = S
RETURN
END

FUNCTICN B1(Y)

BiIlY) FROVIDFS FINAL [NTEGRATION POINT IN X OIRECTION IM REGION 1
ARRC'/ WING CONFIGURATION

ARGUMENT LIST
v: SPANWISE COORDINATE; NON-O By MAXIMUM LENGYH

COMMON XPT,YPT,S,M¢N /PLAN/CR
8 » Yo().-CRI/S ¢ (R

IF (B.GT.(XPT-.02)) B=XPT-,02
8l = B

RETURN
END

Co00000020000000 8000000000008 03000000000060000008080000008000000000000000000080

C

[aXa¥akakakakal

FUNCTION B21Y?

B2(Y} PROVIOTS FINAL INTEGRATICHN POINT IN X DIRECTION IN REGION 2
ARRCW WING CUNFIGURATLIGN

ARGUMENT LIST
Y: SPANWISE COORDINATE; NON-D 8Y MAXIMUM LENGTH

COMMON XPT,YPT,SeM,N /PLAN/CR,ETA
8 = vYo{]1.-CRI/S ¢+ CR
IFIB.CT.1xPTe.02)) B = XPTe.02

IF (8.CT.1.) e=1.

#2 = n

RETURN

END
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FUNCTION B6lY)

BoIY) PROVIDES FINAL INTFGRATICN PGINT IN X DIRECTIUN IN REGION &
ARRCW WING CONFIGURATION

ARGUMENT LIST
v: SPANWISE COORDINATE; NCN-D BY MAXIMUM LENGTH

[aXaXaNaRaNalal

COMMON XPT,YPT,S,M,N /PLAN/CR
86 = -Y®(1.-CRI/S ¢ CR
RE TURN

END

BROUTINE IGWW(CsDoAB,SGNN)
1CWW CALUCLATES DOWNWASH INTEGRAL

ARGUMEYT LIST
C: LOWER LIvIT OF INTEGRAL
D: UPPER LIMIT OF INTESRAL
Az FUNCTIGH DESCRIPING LOWER LIMIT OF INTEGRAL
8: FUNCTIOV DESCRIBENG UPPER LIMIT OF INTFGRAL
SCWW: INTEGRALS

[aNaNaNaNaNaRaNalalal

COMMON XPT,YPT S ,FDUM, MPDUM
COMMON/GAUS/GL26),WI24)/MIDES/NOCH
DIMENSION SGWWIS),ENTGDt S},SUM{ 5),GVORS(S)

ENTGO(X,Y1=(XDIFFe(X*GVOR2-XPTOGVORL Je
CYDIFFO(-YOGVOR2e YPTOGVORE } ) /ATHIRD

Pi=3.14157)
I=1.E-9

C
C INITIALIZE SUMMATIONS
00 10 MQs1,NOCH
M=mQ-1
ENTGD(MQI=0.0
SUMIFQ)=0.0
GVORSIMQI=GVORT (M, XPT,YPT,§}
10 CONTINUE

[+

C DO SPANWISE INTEGRAL
D0 200 J=l,24
Ye(lD-CIeGLII*DeCI /2,
BY=BILY)
AYsAlY}
APefBY-AY
BPeBYeAY

G034
0035
0036
00137
ovag
onl9
0040
0041
0042
0043
0044
0045
0048
0047

1GWH000]
1GWW0002
1540003
IGWWO004
IGWW007)
1GWw00N6
1GWW0007
1GWW0oOoNns8
1GWK0N09
IGW®0010
IGWW0O11
[GWW0012
HALLIES])
IGNWOO01 4
IGHWOC1S
1GWWONt6
1GWWoOot 7
1GWWOD1 8
1GWN0019
1GWW0020
1GWW0021
16GWW0022
IGWWD02)
IGWW0N24
IGWWO02S
1GHWON24
1GwwWon2?
1GWWON28
1CWHO029
1GWWO0 30
[GWwON 3t
1GWwW0032
1GWW003)
HATLOIRTY
[GWWOO0 VS
IGWWO0 36




4
C DO CHORDWISF INTFGRAL

D0 100 I=t.,24
X={APGI1)eBPY /2.
XOIFFsx-xPf
YNIFFayPT-Y
ATHIRD:=XDIFFOXDIFreYDIFFOYDIFFal0g
ATHIRD=ATHIRUSSORT {ATHIRD)
DO 400 MQs 1 ,NUCH
MaMQ-1
GVORY=GVOKRS{MO}
GVOR2:=CVORT (Mo XY, S)
ENTGDH MOI=ENTGDL MO)¢ENTGSHI X, YIOW(T)

400 CONTINUE

100 CONTINUE
DO 300 MO=1,NCCM
SuMi MO) =SUM{ MQ ) ¢ENTGDL MQYewW(J) sAP
ENTGDU MQ1=0.0

300 CONTINUE

200 CONTINUF
CONST=(D-CH/(16.9P]}
DO SO0 MQ=1,NOCM
SGWW(MO)=sCONSTeSUM( ne)

500 CONTINUE
RE TURN
END

SUBROUTINE XINTGR{ENTG2,ENTGI)

XINTGR CALCULATIS THT SSINGULAR®' CONTRIBUTIDON TO THE
DOWNWASH INTEGRAL
ARRGW WINS CONFIGURATION

ARGUMENT LIST
ENTG2: SPANWISE VORTICITY COMPONENT
EXNTGI: CHOROWISE VORTICITY COMPONENT

[aEaNalaRaRalaNal el

COMMON XPT,YPT,S.M,N /PLAN/CR

FACTL = ABS(SOICR-XPT) ~yPie(l.-CR})

FACT2 = Se(CR-XPT) +vPTeo(].-CR)

ISING = |

IF (ADSLYPTO(].~CF) ~ SO*{CR=-XPT)).LE..0001) ISING = O
1F (ISING.EC.O) TFRML = ALOGIIS+YPT}/YPT)

1f {ISING.EQ.O) GO TO 200
TERML = ASINH ((S®[SeYPT) o (1.,-CRIOUL.-XPT)I/FACTL)
C -ASINMU{SOYPT o {(R-XPY)®{] . -CR)}/FACTL)
200 CONTEMUF

TERM2 = ASINNIISO(S-YPT) ¢ (1.-CHIO(1.-XPT)I/FACT2)
C -ASINHII-SOYPT ¢ {1.-CR) SICR-XPTII/TACT2)

TERM3 = ASINHIISOUYPToS)o (1. -XPTI)/{SexPToYPT]))
C ¢ASINHILXDT-YPTOS)/(S*XPTs YPI))

TERM4 = ASIRHEIS®{S-YP()} ¢ (1.-XPT)) /USOXPI-YPT})
C *ASINH{[XPTs SeYPT} /{SexPT-YPT))

FACT)] = SQORT(S®Se{1.~CR)®¢2)

FACT2 = SCRT{1.95°S)

ENTGZ » -S/FACTLS{TERMLOTERM2) +S/FACT2¢(TLAMIOTERMS)
ENTGY ® =(ICR=1.I/FACTIS{TERMI-TIAM2 e 1 ./FACT2O0(TERMI-TERMA))
RETURN

END
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c.2.

Program WOW

The tollowing listing for Program WOW includes Program WOW
and the subprograms CHDWS, KERNL, MNGLR, and PLOT.

Program WOW calculates 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.




PRIMARY OUTPUT DOWR SEL4.3

NEED SUDPROZRAMS B, XLE,CHOWS,FUNCTN,KERNL «MNGLRPLOT,BLOCK DATA

C PROGRAM wWOW

C

C CALCULATES COTFFICIENTS OF CHOSEN MODES OF THE VIRTICITY DISTRIBUTION
c AS A NUMFRICAL SOLUTION OF THE INTFGRAL EQUAT 10! RELATING
C THE STRENGTH Of HORSFSHOE VORTICES AND DOWNWASH

C

c INPUT  NOST.NIU3),SPAN 215 FlO.4

4 INPUT  NOCPNOLTNCP MP, J1,J2,05R 415,215,F146.5

4 INPUT  XOC:SOS,LTANI1214NI(4)} JFl10.6 312

C

C

c

4

c

DIMENSTON NI(&),XVECT(25),YVECT(25),S(&),Wi%),OWR(25,25)F(S)
COMMON ART&445,5) ¢8LSU5,10)¢CRISITKRITOI4XOC,S0SsYelo

C YMN,2M2,RSCRL,ETA,GAUSX{10)4PO2,NOLT , NCPoMP NyX oGl

C J1eJ24GSy YMN2,ZMZ2,C5R  /PLAR/CXMAX

COMMON /GAUN/CNI10,101,WNE10,70) /MOOES/NOSTNINC

C

C INITIALIZE VARIABLES
DATA S{3),S5(4),Wi3)/~1.0,0.41.0/
PD2=1.5707963

NiINC=-1
[
READ 100, NOST.NIU31,SPAN
C
C NOST =NO. OF SPANWISE LOADING MODES
C NI{J) =NO. OF LEGENDRE-GAUSS POINTS I[N SPANWISE INTEGRATION
C IN REGION J
€ SPAN =SPAN
JSeb
c
C JS=NO, OF INTEGRATION REGIONS IN SPANWISE DIRECTION
C
5 READ 501, NOCP,NOLT NCPyMP,J1,J2, CSR
[
C NOCP sNO. OF COLLOCAYION POINTS [N HALF WING
C NOLT =NO. OF CHORDWISE LOADING mODES
C MP eNO. GF CHORDWISE LEGENDRE~GAUSS QUADRATURE POINYS IN MNGLR
C KCP =ND. OF CHORUWISF LEGENDRE~GAUSS QUADRATURE POINTS IN CHDNWS
C J14J2 CONTRUL OUTPUI; NORMALLY O
C CSR =CHORD TO SPAN RATIOD
CXMAR = CSKSSPAN
WRITFI6,230)
NMODE«NOSTONOLT
WRITE(S,91) SPAN, NOLT,NOST  NOCP,CSH
WAITEL6,900) NI{d),NCP, 4P
[
C CALCULATS COEFFICTENTS AT THE COLLOCATION POINTS
00 90 Lt=1,NOCP
C
READ B4 XCC,SOS,ETA N.NIT2]1,NI(4)
4
C  XOC =FRACTION OF CHOND; O AT LE, 1.7 AT TE
C 505 sFRALTYICN OF SCMISPANG O AT ROOT, 1.0 AT Tip
C ETA sZETA=SMALL INTEGRATION REGION ABOUT SINGULARTTY
C N «SECTION NU. INDICATOR
l-lLfIN.SOS)OZ.‘ﬂ(N.SOSDJiSC
[4
C XLE «LOCATION OF LEADING EDGE; REF: ROOY SEMICHORD
C B =UINGTH OF LOCAL SEMICHORD: REFIROOT SCMICHORD
AR {0
AVESTIL) = X
YVECTIL) = ¥
TFISNUeETA LT .1.) GO O 30
ETA=],.-508
C NO RECION 2
Ni(21=0

30 CONTINUE
IFISUS~ETA.GT.0.0) GO TO 40
ETAsSOS
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C NO RECION &
LINE R LT
40 S{2)-30%sETA

(4
C OUTPUT COLLOCATION POINT ANG RELATED DATA
MRITI{6,9t0) L X0C.SOSC(TA,NII2) NIL&),X
ME21=1.0-5(2)
Wta)=SO0S-ETA
[
€ S =LEFT-HAND LIMIT OF INTERVAL
C W sLENGIH OF INTERVAL
C
C INITIALIZATION OF INTTGRALS FOR €ACH [MTEGCRATION REGION

00 41 [=1,J5

00 &1 Nl=1,NOLT

00 &1 N2=1.NOST

ARUT N1 ,N2}V=0.0
41 CONTIHUE

[+

C DO INTEGHALS IN RFGIONS WITH NO SINGULARITY BY GAUSSIAN QUADRATURE
00 500 1=2,J%

411 NSIP=NTIT:

C

C NSIPeND. OF INTFGRAL POINTS
TF(NSIP.EC.O) GO 1O SGLO
DO 50 J=l.NSIP
CSaSUI)-{GNLJ,NSIPYI-1.001/72.0%L 10

C
C GNIJ,NSIP) =JTH ABSCISSA OF LEGENORE-GAUSS QUADRATURE OF ORDER NSIP

Gy=GS
YAN=Y-CY
YPN2=YFNeYMN
RSQR=YMNZ
MTeMN{JNSEPIe ¥i1)/12.0R5QR)
C
C WN(J,NSIP) =JTH WTGC. FUNCTION OF LEGENDRE-GAUSS QUADRATURE

C
C CALCULATE VORTICHTIY STRENGIH
CALL FUNCTNINUST,GS.F)

c
C D0 CHURDWISE INTEGRATION
CALL CHOWS
D0 45 M=1,NOLTY
DO 45 NSF=1,408T
ARCI(MoNSFI=AR(ToMyNSFISCRIMIOFINSFIOWT
[
C AR{J,M,NSF) = SURFACC INTEGRAL IN REGION !
4% COUNTINUE
S0 CONTINUT
s00 ConT INUt
C
C 00 INTEGHAL OF MANGLER-TYPE SINGULARITY
CALL MNGLRINDST)
00 60 1=1,NMDDE
OwWR(L.1}=0.0
60 CONT INUE
C
C SUM INTEGRALS OVE® ALL REGIONS OF INTEGRATION
DO 70 I=1,NOLT
DG 70 J=1,N0ST
KeloNOLT®(J-1)
00 10 MS=1,J$
DWRILL X)eDWRIL,KISARINS 1))

4
C DWR =REAL PARY OF GENERALI2ED AFRODYNAMIC INFLUENCE COEFFJCIENTS
10 COUNTINUE
90 CONTINUE
NOCO=[NMODE*4) /Y

c
C OUYPUT AFROOYNAMIC INFLUENCE COEFFICIENYS

DO 150 L=1,KNDCP
DO 310 K=l NGCD
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PWINOL24
PWOWOL25
PHINO126
PWOROL2T
PwWOw0128
PROWDL29
PWOWOL V0
PWUNKDI V]
PWOwOl V2
PWONOL Y)Y
PWOWO! V&
PUONOL IS
PHOWOL IO
PRUNOL VI
PWOWOL YE
PWHOWOL39
PHOWO0L40
PWOWOlAY
PHONNL42
PWOWOL4)
PHOWO144




JMAReSON

JUINe AR -4

MRATTECA, ALY (DWRIL,JC), JCRIMIN, JNART, LK

WRITEL7,920) IDMRIL(JC) o JCoININGIMAX ), L K
110 CCNTINUC

4
C PLOT PLANFOAM AND COLLOCATION POINTS

1
H

CALL PLOTEXVICT, YVICT,NOCP)

[ FORMAT (VM 1D.4, 12}

Bl FURMAT(SLIS.T 20, UMWY 12,100,102}

Q1  FURMATILIMD,*SPAN® ,FA_ 3, IX, *ND. OF CHOWS L
COADINTG MODE=®, 13, X, *NO. OF SPWS LOADING “DODF=*,16,/,1X,*'N). OF
CCOLLGCATION PISa®, 14,3%,2CHOAD TO SPAN AATIOe’F10.64/)

00 FOMMAT{2(5,F10.4)

ot FORMAT L 415,210, Fle.%)

900 FORMATLLIH ,*INTFGATION PTS, IN REGION It (15,34, IN CMOWS=*, 1%,
CSA, ' IN PNOGLR=,15,//7)

QL0 FORMAT(IH L *COLLOCATION PT 0,14, 3K, *X0Cs" FT.4,3X,°305°,FT7,4,3x,
COETA® €7 .4, 3R *NIL2)e* T, 30, NI(&)e’, 13, 3R, °Xe’,FTob)

920 FORMAT(SE14.6,2Xs"UNR",1241X,12)

930 FORMATL® WOWr CALCULATES INFLUENCE COEFFICIFNTS FOR DOWNWASH ON W
CING: APRIL 27,1977%,//)

sToe
EnND

SUBROUTINE CHMDWS
CHOWS: EVALUATION OF CHROWESE INTEGRAL USING GAUSSIAN JUADRATURE

DIMENSION RETALT0),THETA(10),6X1101,AL(5)

COMMON ART4,5+5) ¢ALSIS, 101 oCRIS)IoTKRILO0),X0C,S0Ss Y02y
C YRy IM2 ZSCRyETAGCAUSXILO) 4PO2 NOLTSNCP PN X1 G e JLs J2,GS,YVN2,
C IMI2,CSR /GAUN/GNI10,10) 4uNLIO,10) /MODES/NOST,NINC

SEMICO=B1M,GS)
ELEsXLE(N,GS)

[
C INTTIALIIE SUMMATIONS

1
4

00t f=1,NOLT
CRil)=0.0
CONT INUE

C IFIRSQR-.11>0, THF INTCGRAL TS EVALUATED AS & SINGLE INTVEGRAL

[4

IF {RSQR-0.1) 21,3.3

€ NINC INSURFS THAT ALS IS GNLY BALCULATED ONCF

C
4
3

3 IF (HINC) &,4,7

4 NINCe2

¢

DO % 1=1,NCP

BFTALTINa{].-CNEI,NCPIYOPOZ

Cxil1e-COSIBETALIY)

N0 S Je=t,NOLT

ALSIJo T)eSINIBETALL)IOFLOAT (I I/FLOATI200(20)) 04,

ALS(Jel) = LOADING FUNCTIONS. REF1 ASHLEY AND LANDAHL
ConTINUE
4 00 &6 I=gyNCP
CAUSK(T)an-(ELE«SEPICDOLI *Cx(1)) )
CALL KERNL
WCHT=PO2
DO 20 1=l ,NCP
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PHNRN]L &S
LU REDIEY )
PHiWNL&T
PWInDl 48
PUIWOL %9
PHMNwWNL SO
Pwiw01%]
PuONN152
P IWO1S)
Pwlaul] 4
PulimaiS5
Pa a’."4
L
Puwla" 158
PHIal1%9
Pwon0160
PHOWOLA1
PHONG 62
PHMwWOL63
PWIWO164
PHOWOL6S
PHONC 166
PWOWO167
PWOW0168

CHCW000)
CHDAQUC 2
CHUW0N03
CHNWNON&
CHDWOOOS
CHDWO006
CHDwWONN T
CHDWOONS
CHOWOONS
CHNADNLO
CHDWOOL L
CHDwOD1 2
CHOWOO13
CHOWOOL &
CHOWOOL S
CHDOWOD1 6
CHDWOOL?
CHNWON1 8
CHOWOO 19
CHNWOr20
CHOWO021
CHNWO022
CHDWON2 )3
CHDYOOD24
CHINGYS
CHDWOC 26
CHPWON??
CHOwOO28
CHIWD029
CHDWON VY
CHUWOO V]
CHNW0O0Y2
CHDWON VY
CHLWON 14
CHDWONIS
CHDOWDNYS




CwowWNII,NCPIOSINIAFTALT)IOWCHT CHOWOO V7

DN 20 J=1,NOLT CHDWOO VS
CREJI=ALSUS I IoCHOTRR{I)OCRIYY CHN WO Y9
20 CONTINUT CHOWDDA0O
GO 10 S0 CHUWOO4 T
[4 CHDWON&2
C FOR RSOR-.1¢0D, THT CHORDWISE INTFGRAL 1S COMPUTED BY TwO GAUSSITAN CHOWO04 )
C CUANRATURES T0O MALDLFE THE FINITC JURP [N KERNEL AT X-X1l=Y-Y1=0 CHUWO004 4
21 TFEX-ELE) 3,1,220 CHOWCNGS
220 IFUX-(ELFe2.0SEMILD}) 22,3,) CHDWONs S
22 THRAD=ARCOSTIFLESSEMICD-XI/SEMICD) CHOWO0A T
K==t CHDW004 8
WGHT=THAD/2. CHOWOOS 9
DO 2% l=1,NCP CHOW0D050
THETACT)=(1.~-GNIT,NCP)I®THBD/2. CHOWO00S1
23 GAUSK[ I )eN-(ELEeSFMICDOLL.~COSITHETALT)))) CHOWNDS2
GO 10 3% CHDWO00%)
24 WGCHT=PO2 -WCHT CHO®O00S4
K= CHOWO055
DU 25 [I=1.NCP CHDY0OS6
THETA(I)=THANS{ 1. -GHIT ,NCPIVO[PO2-THRD/2.) CHDOWO0OST
2% GAUSKUIT)=X-[ELECSEMICOO(L.0-COASIIHETATT))) ) CHOwW0O0S5 8
3s CALL FFRNL CHOWONS59
DO 40 [=1,NCP CHOW0060
CH2WNIT4NCPIOSINITHETALD D)) OWGHT CHDWDOS L
DO 40 J=},NOL! CHOWOO62
AL{J)=SINITHETALIICFLOATIJII/FLOAT(200(200)) o4, CHOWOO0SL)
CRIJI=ALIJICCUSTRRITISCREID CHOWO0 b4
(4 CHOWOCHS
C CR = CHOROWISE INTEGRAL CHDNONS 6
40 CONTINUE CHOWOOG 7
1FIK) 24,50,%0 CHDOWO0068
50 CONTINUE CHDWO069
60 RETURN CHOWO070
END CHOWOO071
SUBROUTINE XERNL KERNIOOL
C KERNQOOO2
C KERNL: FEVALUATION OF KERNEL FUNCTION FROM STEADY,NON-PLANAR, KERNOOO)
[ INCOMPRESSTPLE LIFTING SURFACE THEORY. REF: ASHLEY AND KERIO004
[4 LANDAHL, CH. 5 KERNOOOS
¢ KERNOOO6
COMMON ART4,5,5) 4ALSU5,30),CRISI,TKRILO0),X0C,50S,Y,2, KERND0OOT
C YHN,IMI,RSQR,ETA,GAUSKIL0) P02 ,NOLTNCP,MP NoXoCl, KERNODDB
€ J1,J2,C5,YMN2,IMI2,L5R KERNOOCY
[4 KERNOGLIO
C GausSxil) = x-x} KERNOOLL
C YMN = Y-YL KERNOOI 2
S DU 10 1=1,NCP KERNOOL )
XMESCAUSX[TIOLSR KERNOO]L &
XMF2oar[ oK ME KERNOOLS
R=SORT(RSUReXMER) KERNON1 S
Gel.0¢XNML/R KERNDOL T
TKR{1)=-C KERNOOLS
[4 KERNOO19
C TKR = REAL PART OF KERNEL KERNOO20O
10 CONTIHUE KERNOC2 L
15 RETURN KERNOO22
END KERNOO2Y
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SUARDUTINE MNGLRINOST)

MNGLR: COMPUTES PRINCIPAL VALUF OF A MANGLER (NTEGRAL WHICH
TNVOLVES A SINGULARTITY AT vevl, REF: wATKINS, NASA TN R-48

ARGUMENT LIST
NOST: NO. OF SPANWIST MOOES

DIMINSION DUoY,SWibY ,CATEL ShaALIS),FI5)

COMMON AR(4,5¢5) JALSIS, 100 ,CRISI,TRATL10),KOC,S0S,Y420
C YMN,IMI,ASCR,ETA,CAUSXILIO) ,PI2,NOLTNCP,MP,NyX, Gy
C J1vJisGSoYMN2,2MI2,CSR  /CAUN/GNIL10410),WNIE0,10)

00 1 t=1,NOLY
CRTE(1)=0.0
1 CONTINUE
SKRe-2.0
DATA SW/L13.,72.0495.,495.,72.,13.7

SW SWEISHTING COEFFICIEMTS AT THE RESPECTIVE INTEGRATION POINTS
Dt1)=ETA
D(2)=ETA®2 /3,
D(3)=ETA/)Y.
Di4)=-D(3)
0{S1=-D12)
Otot=-DIL)

O(1) = LOCATION OF INTEGRATION STATIONS W.R.T. Y WITHIN INTERVAL
00 LODP 50 COMPUTES F1 THROUGH FT, EXCEPT Fo

00 30 Jet,6

GS=S3S+0( )

GYsGS

CALL FUNCTNINOST,GS.F)

YMNsY-GY

YMN2=YMNeYMN

RSQReYMN2

CaLL CHOWS
DO 40 L=1.,NOLT
D0 40 X=1,NOST
weSWiJ)
AR{LI L K)aCRILYSFIK)OWOIAR (Lol oK)
AR = REAL PART OF SURFACF INTEGRAL
40 CONT ) UE
S0  CoNvINUC
CALL FUNCTININNST,SOS,F)
THMAX=ARCLS(1.0-XNCO2,.C)

DO LNOP 100 COMPUTES F& AT Y= VY]
00 100 t=],mP
THETA= (] .~CNLT,MP)1/2,OTHMAX
CWoWH( L, MP ) oSINITHETA)®THMARZZ .0

CW o WEIGHTING TERM

ALIL) = THE TwO-D CHORDWISE LOADING FUNCTIONS
00 70 L=1,NCLT
ALIL)ISSINITLOATILIOTHETAY/ZFLOAY (20020 )] 0e,
CRYE(L I=AL IL)SCWOSKRCATE(L)

70 CONTINUE

CRTE « CHOROWISE INTEGRAL

100 CONTINUE

4
[

103 FCIR o LON.*ETA
DO 105 L=1,NOLT
00 105 K=1,NOST
AR{L L oK)= {=1360.00CRTECLICFIKIOANIL,L,KII/FCTR

AR: FINAL VALUE OF THE SURFACE INVEGRAL
109 CONTINUF

RETURN

END
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MNGLNNNY
MNGLNND2
MNSLNIY
MNGLONNG
MaoLONDS
MNLO00S
MYG1 0007
MNGLONNA
MHCLONTT
MNS1L0010
MNGLONLY
MNALOOL2
MNSLO0013
MNGLONY &
MNSLONLS
MNGLO0LG
MNGLOOL T
MNSLOUL 8
MNGLO0019
MNGLON20
MMOLO02E
MNSLON2 2
MNGLON? 3
MNGLDN 4
MNGLO0?S
MN5L0026
MNGLOD27
MNGLOO28
MNGLO0Z29
PNGLOMIO
MNGLOOTL
MNSLO0032
MNGLOO3)
MNGLOD 34
MNGLOOAS
MNGLOO3 S

MNGLOOYY
MNZL0018
MH510019
MNGLANGO
MNGLOOA L
MN%L0062
MNGLO04Y
MNGLOO& &
MNGLOOAS
MNGLON4 G
MN%LON&?
MNGLOLSS
MNTLOD&9
MLLONS0
ANGLLONS L
MNGL0052
MNGLOMS )
MNGLOUSS
MY3L0NSS
MNGL0096
MNGLONS T
MNSL0058
MNGL 0059
MNGLOOGLO
MN5L0041
MNGLODH 2
MNSLOOH D
MNGLDNG 4
MNGLOOAS
MNSLO%44
MNSLONK T
MNSL0068
MNGLOYS Y
MNGL0070
MNGLOOT)
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SURRDUTI.E PLOTEYVECT,YVECT,NOCP)

PLOT PLOTS PLANFORM AND CONTROL POINTS

30

20

50

60

40

170
900
910

ARGUMENT LIST
AVECT: CHIADWISE COORNINATE: "ICN-D BY ROUT CHORD
YVECT: SPANMWISE COORDINATE; NON-D AY SEMISPAN
NCP: NO. OF COLLOCAYION POTNTS

DIMENSTON XVECTI29),YVECTI29), NX{253,NY (25}
INVEGER®? A D,C.LINEILIOY)

DATA A,D.C7° LSRR ¢ A4

WRITELS,9101)

SCALE = 1. ¢ mLELL,L.)

DO 33 Lel.NOCP

X e« XVECT{L) o],

NREIL) = INTE100.0x/SCALES.LY o |
NY{L)=S1-INTISO.oVVECTILIe 1)
CONTINUF
S*1.

DO 100 1=1,51

b0 10 J 1,10}

LINFLJYeA

ELE » XLELL1,S) o 1.

CHD = RAI1.5) *2,

XTE-LLESCIHD

NLT = INT(IOO0.OELT/SCALE » 1) o |

NTE = INTCLIOO_ exT§/7SCALE ¢ 1) ¢ 1
IFIT.NELL.ANDL TN .51) GO TO 50
DN 20 ISTEP=ALELNTE
LINELISTEPI =D
CONT INUT
GO 10 60
CONT INUF
LINE(NLE)=D
LINEINTF =0

CONTINUF

DO 40 L=l.NOCP
TFENY(LI.EQ.0) LINEANXLLY )=
CONTINUE

WRITEL6,900) L INF

$*5-.02

CONTINUE

FORMAT{IN L10LALY

FORMAT{*1 PLOT OF PLANFORM AND CONTROL PDINTS: NOT TO SCALE®,///)
RE TURN

END
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rLotTONCY
PLOTONNY
PLOTOVO S
PLOTOONS
PLOTOVVS
pPLOTOOOG
PLOTOOOT
pLatoro8
PLOTALOQ
PLOINOLO
PLOTOOLIL
PLOTOOLZ
PLOT001Y
PLOTOO1 &
PLOTOOGS
PLOTOO1G
PLOTOO1 7
pLOTOO1®
PLOTOOLS
PLOT0020
PLOTON21L
PLOTON22
PLOTO02)
PLOTOOC S
PLOTGO2S
PLLTO0D26
PLOTOO27
PLOTO028
PLOTO029
PLOTO030
PLOTOO}]
PLUTOO 32
PLOTODY)
PLOTODYS
PLOTCO3S
PLOTOO NS

PLOT00Y 7
PLOTOOB
PLOTOO39
PLOT004O
PLOTOOSY
PLOTOO%2
PLOTOOS)
PLOTOD4 S
PLOTOO&S
PLOTO046
PLOTOOAT
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c.3.

Program IIIA

The following 1isting for Program IIIA includes Program IIIA
and subprograms XGWGMW, AXA, DETERM, and PRESS.

Program II1A 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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PADGAAM T11A

TUTA CALCULATES VORTICITY COCFFICIENTS FROM VORTEX LOCATION AND
QUTPUTS DF PANCRAMS WOW AND |
NOTE: ODOwWNWASM POSITIVE FOR WIDNALL UPWASH POSITIVE MERE
INPUT  H1,J2,J0%, 04 YL}
[RPUT  ACGAD, NSV AN, S NOCK,NTSH,CR 2110,F10.4,2110,F10.4
INPUT AWM, Gih SEL14.5
INPUT  LMAX,ALFA 15 Fl0.6
INPUT  GYVUR,GZVOR SE14.S

PRIMARY QUTPUT VOUTICITY COLFFICIENTSS
FIRST NOCMON(LSM MOUES AHF HGRSYSHOE VORTEX MODES:
HEPAINING 4ARF LEADING-EDGE vOWTEX MOOES SEL4.S

By FW  XGWT  XT o XCWGMW, XLE

NEED FUNCTIONS
AXA,COLPT,DETERM,DFNCT ,FNCTN,GAUSID,PRESS

NEED SUBROU! INES

EXTERNAL XCWGMW, XOWT
DIMENSION XPTLS)YPTLS) WVRI29) ,ATYR(25),PRI25,25 ,AWW({2%,20},
€ Gwwi25,5) COEFFLI25,251)
COMMDON XPI.VPJ-S.H.NOICVURIGVVDﬂiﬁl.ClVOR(ilIPLAN/CR /SEC/IPT
COMMUN/MOUES/NOCHoNGSM/CONTRLZJ2,33/VLOC/LMAX /GAUS/GL 24) WI24)

00 100 JDUMMY =13,24
WJOUMRY) = WE{25-JOUMMY)
100 GIJDUMMY) = ~GI25-JOUMMY)
DATA COEFF/625%0.0/
PI=3.16159)
ON WING 2 = O
IPT=0.
WRITE(G,860)

READI(S:9%0) J1.,J2,J3,2¢4

J1 = CCRTROL PARAMEYER, [F J1el,NCCRD2-NCORD; ELSE, NCORD2eNCDRD e}

J2.J% ARE CO%TROLS; J2=1 CLLLS DETERM; 33 > 1 CALLS !TERATVION PROCEDURE

J& CONTROLS CUTPUTS 1F J&.FQ.1, OUTPUTS INTERMEDIATE RESULTS
MRITEL8,950) J14J2,0V,04

READIS,880) NCORD,NSPAN,S,NOCM,NOSK,CR

NCORT = NOJ OF CHODRDwWISE COLLOCATICN PGINIS
NSPAY NO. OF SPANmISF COLLDCATION POINTS
S = SEM]IPAN
NOCM = NG. OF CHUROWISE ™0DES
NOSM M. OF SPANWIST MODES
CR = RNOOT (MURD DIVIDED DY MAXIMUM LENGYH
WRITEL6BI0) NCORDGNSPAN,S ¢NOCH,NOSM,CR
NCORU2»NCCRD ]
TFLJL.FQ. 1) NCORD2=NCORD
NGCPs NCDOPD2  ONSPAN
NMOD=hOSMeNCLE
NHODT=N™OD s NOCK

NGCe = NO, OF COLLOCATIGN POINTS
hYaD = M0, OF FUASESHCE VOKTEX MODES
W¥Q0T = TOTAL NUMBER UF MOOULES

DO 200 aj AGLP

READ 15,900) [AWWE ] 4 J),Je] ohM0OD)
Aww » DUnnWASH INFLUDCKCE COEFFICIENTS FROM PROGRAM WOW
DO 2C0 J+1ehM00
COEFT(ToJle-AWuWlil,J)
200 COUNTINUE
DO 2%0 =1 ,NOCP

READI5+920) (Cuw 3,00 0Jdm1,NCCM)
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PG IAOOOY
PCIADNDR
PGIACCO)
PGANOOOS
PG IADONS
PGIAODNS
PG 3AOUOY
PGYADONS
PGCYIAOYDY
PGYAOOLID
PGYAOULL
PGYAOOL2
PGIANDLS
PG3IAN0LS
PGIANNLS
PGYANDLA
PGYADOLT
PGIAONLE
PGIANDLY
PGYAON20
PGIADD21
PGIAONZ2
PGIAQ02)
PGIAQO26
PGIAD0O2S
PGY0026
PGIAOO2T
PGIN0OD2Z8
PGI40029
PG3A00YO
PGYAQOY)
PGIAONI2
PGIAD03]
PLIAQD Y4
PG3A0D03S
PG3IA003S

PG3IAOCYT
PGYADOOYVE
PGIAGD 3D
PGIADO4O
PGYAOD |
PG3ACT42
PG3a004)
PGINCO4S
PGIADNLS
PG3A0DGS
PGIADOAY?
PGIADOGE
PG3IAO0GY
PG3IAD0OSD
PGIAQOST
PG3IA0DS2
PGIAQDSY
PGIAOCYHA
PGIADOSS
PGIAQOSS
PGIAOOST
PGIANISH
PCIAONSY
PGCIANODGO
PG YANNG|
PGIADAQ
PCIL00L)
PCIAOOAG
PGAANNSS
fGINGOGS
PCIAODGT
PGIANOOAS
PGIADILY
PGYAOOIO
PGIACOT
PGIAOOT2




C  GuW = DOWNWASH INFLUTNCE COEFFICIENTS FROM PROGHAM |
250 CONTINUE

C
4
C AL
C
c
300
C
[
4
4
c
c

RFADI5,917! LMAX,ALFA

LMAX = (R0EW CF VORTEXR APPROX JMATION

FA = ANGLT CF ATTALK (IN RADIANS)
SINALF = SINLALFA)
WMRITE(B,760) LMAX,ALFA

CALCULATY COLLOCATION PNINTS

CALL COLPTINCHRD ,NSPAN, XPT,YPT)
1FLJ1.€Q.1) GO TC YOO

XPTUINCORD2 1 (XPTINCORD) o XPT (NCORD-11}) /2.
CONTINUE

READ (5,920) GYVOR,GIVOR

GYVOR AnE COFFFICNETS OF VORTEX SPANMISE LOCATION
GIVOR ARF COfFFICIENTS OF VORTEX VERTICAL LOCATION

WRITE{6,877) GYVCR,GIVOR

CALCULATFES LOCATION CF VORTER AT X o],

CALL FNCTNIGYVOR ,LMAX,l.,YVOR}
CALL FNCTNIGIVOR,LMAX,1,,2VLR]}

C
C CALCULATE CONTRIBUTION FROM LEADING-EDGE VORTEN YO DOWNWASH

[aXal

[aNal

00 400 f=1,ACORD2

00 400 J=l,ASPAN
NlmJe(1=-1)9NSPAN

AP1=aXLELYPTLI) beBLYPTL{I)IOXPT( L}
YPJaYPT(J)e§

QUTPUT LOCATION OF CCLLOCATION POINTS

WRITE(6,940) N1, XPTLI)oYPT(J},XPI
YOIFFeavYvVOR =Pl

YSUM=YVOR eypy
XOIFF=1.-XP(
YOIFSOQ=YDIFFOYDIFF
YSURMSQeYSUMOYSUM
150=1VOR *IVOR
TERMLI=YDIFSCeLSQ
TERM2=YSUMSCe2S0Q

CALCULATE CONIRIBUTICN OF wORTEX AFT OF X =].

CWoMW2a-{YDIFF/TERMIO () ~XDIFF/SORT(TFRMLOXDIFFOXDIFF))
LeYSUM/TERM20(L.~XDIFF/SQRTITERM2eXDIFFOXDIFFI}I/ZIG.0P1)
DO 450 MQa1,NCCM

MemMQ-1

(4
C OBTAIN CONTRINUTION FPOM WAKE AND VORTEX SEGMENT BEFORE X =1.

430
400

4
c out

CALL GAuSIODI 0N SeGNT XCRT }
CALL GAUSIDY 0.0,.03,GHeAGNGMNY
GWGMW ] =Cw

CALL GAusSILd e13,429,GW, RCHGHN)
GHOMW L e GHI MWL ¢CW

CALL GAuSIDI e25¢.5T7,GM XCHGHN)
GuGMM s GuLF i oGH -

CAtL GAUSIO¢ 5T 1.0sCWo RGUGHM)
GWCMWLeGwiPul oG

COEFFUINL NFODOMQIoCHWINL o MQI G TOGEGMU] 2 CWGHU2
GHGPW2e-1, 0CHOMN2

CONTINUE

CONTINUE

1F{J&.NELL) GO TO 910
NOCDa{NMULTOAD /S

PUT YOTAL DChNWASH INFLUENCE COEFFICIENTS IF DESIRED
D0 500 1e1,HOCP

DG %00 Ke1,NOCD

JHAXsGOK

JHIN=JIMAR-6
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[(JAFLURE]
PGIADD Ta
PGYAONTS
PGLYIN2OTS
PGYAOOTT
PGAACATE
PCYIVINTY
PGIACIeY
PGYAT R
-3/ 2

P51.07%0)
PoILD IR
PGIADNRS
PGIADOAG
PGYIANIAT
Fy . a2138
PGIACOHT
PG1A0O90
PG3A00T1
PG3IAQON2
PGIAO0O9S
PG3IA0094
PGIAQNIS
PGIAQODSIA
PGYAQOY?
PGIAONGS
PGYL0099
PGIAOLOO
PG3IAOLINY
PGIACLOR
PG3A0L0)
PGIADLIOS
PGIA0OLNS
PGIACIOS
pClanLNT
PG340108

PGILOLDY
PGIADLIN
2GIA0LTI
PGlA01L2
PG3IAOLLY
PGIAQLLS
PGILOLLS
PGIAOLLS
PGHYADILT
PGIAOILE
PGIAOLLS
PGIADL20
PGIADL21
PGlAOL22
PGIADL23
PGADL2 S
PGIAQL2S
PGIAOLZG
PGYACI2 Y
PGIN0L2B
PGYAOL29
PGANCL30
PGIAOL I
PGIACLY2
PGIAOILYY
PGIADL YA
PGINDINS
PGIADL VS
PGIADLYY
PGINOL B
PGIAOL Y
PGYLOL&0
PGIAOLAL
PGIAOLG2
PG3AQLSD
PGIADL44
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MATIE16,990) (COFFT 11, I)d JRIK, JMAX), I,0
M ETE A 7,900) (COEFF T 0, JnJRIN,JNAXD, |,K
500 CONTINUC
510 CONTINUE

CALCULATES vORTICITY COELFFICIENTS A,GQ FROM ROUNDARY CONDITION

SQUARF MATAR|X BY FORMING A TRANSPOSE®A
CALL AXA{CCEFF ,PR,NOCP,NNODT)
(P8 .NELL) GO 10 160

QUTPUT A TRANSPOSE®A , IF DESIRED
00 150 L=l .N80DT
NRITE(6,920) (PRIL,K),K=],NNODT)
150 CONTINUE
160 CONTINUE

FIx DOWNWASH, VRIT1, ON WING
D0 530 1=1,KCCP
VRIT) » -SINALF

530 CONTINUE

FORM A TRANSPOSECDOMNWASIt VECTOR
00 140 x=1 (NM)ODT
ATVRIX)=0.C
DO 140 L+l .,NOCP
ATVR(K)=ATVA(K) ¢COEFF (L, K)OVRIL)
140 CONMTINUF
IF{JANELL) GO TO 145

OUTPUT & TRANSPCSE®DCWNWASH, IF DESIRED
WRITFI6,920) (ATVR{I),1=1,NMQDT)
145 CONTINUE
1FENKODT.NE.NOCP) GO TO 130

SOLVE SIMULTANEQUS LINEAR EQUATIONS, A X = B, FOR X

CALL PRESS (COEFF,VR,NMDDT,J4)

SCLVE [GQUATIO ATA X = AT B FOR X
130 CALL PHESU (PR ATVR (JNMODT,J4 )}
860 FORMATI' FPROCRAM  JI1 A CALCULATES A,GQ;: GIVEN AWMW,GWW:®,5X,
COUPDRYED APRIL 27,1971%,7)
AT0 FORMATL' CHOW COLL PTSw',13,3X,*SPNWS COLL PIS=*,13,3X,
COSEMIGPAN *F 1044, 3%, *CHOWS MODES=*,173,3X,*SPNNS MODES=*,13,
€ X, 'CRe', F P _6,/)
BB0 FLHMATI211C,F10.4,2110,F10.4)
890 FORMAT({' THt VALUES OF GYVOR,GIVOR ARL*/(SE14.5))
200 FORMATISF]4,0)
Q10 FORMAT(1S,F1C.6)
020 FORMAT (5F14,5)
940 FORMAT{® CCLLOCATION POINT',13,2F12.4,3X, L0OCAL X=*, F12.4)
950 FORMAT{4LY)
960 FORMAT{IHO,13,* DEGREES OF FREEDOM [N VORTEX LOCATION®,SX,
C 'ANGLE OF ATTACK =',77,4,/7}
980 FURMAT (5E14.%.:2X,°'COF*412,1X,12)
STGP
END
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PLIANLGS
PCIANLHe
PLANOLST
PLIAOI4A
PGIADLAY
$G 330150
PLYAOLSY
PGYADL%2
PCYAOLS )
PGIAOLSS
PCIAOLSS
PCIADLSE
PCIAOLS T
PGIADLSE
PGI40159
PG1A0160
PGIAOLLL
PGIAOLA2
PCIADLG)Y
PGIAOLGS
PGIADLBS
PGIAOIG6
PGIAOLGT
PGIAOLGS
PGIADLGY
PGIAOLTO
PGIACLTL
PGIAOLT2
PGIAOL Y)Y
PGIAOL T4
PGIAOLTS
PGIAOL 76
PGIAOLT?
PG3a0L 8
PCIAOLTY
PG3AOLBO

PGIAOLAL
PGIADLE2
PGIADLA)
PG3AOLIAG
PGIACLBS
PGIAOLAG
PGIADLIAT
PGIADLBE
PGIAQLR9
PGIAQLO0O
PGIAOLOL
PG3ADL92
PGIAOLD)
PGIAOL4
PGIAOL9S
PGIADLIYG
PGIAOLNT
PGIACI9B
PG 3AC199
PG3IA0200
PG3IAD201
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FUNCTION XGWOMMITY)

XGWGMW CALCULATES DOWNWASH CONTRIBUTION FROM BOTH VORTICES

ARGUMENT LIST
X2 INTECRATION POINT

COMMON XPT,YPT,S,M,N

Pled. 141573
GOGAMsSINIFLOAT(20Me1}/2.0P 0K}
XCWCHWaGCAMOLFWIX, YPT)eFN(X,-VPI))
RETURN

END

SUBROUT INE AKA(IA,B,NROW,NCOL)

AXA CALCULATIS 8 = A TRANSPDSESA

10

ARGUMENT LIST
Al INPUT MATRIX
LY OUTPUT MATRIX
NROW: ND. OF ROWS IN A TO BF PROCESSLD
NCOL: NO. OF COLUMNS IN A TO BE PROCESSED

OIMENSTON AL2%,25),0(29,2%)
00 10 l=),NCOL

D0 10 J=1.NCOL

Bll,sJ)=0.0

DO 10 N=1,NROW

Bl J)ieAIN,T)OAIN,JIeR(],d)
CONTINVE

RE TURN

END
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AG45090)
XGw(0Nn2
A5W .00}
XGW. 0006
XGWL0"1S
AGRS00NE
XCwl0a01!
XSwi0708
XGa53299
L1 3ot Iog e}
XNGuZA™ 1
XGe33012

XGwG001)

AKA 0001
AXa 0092
AxA 0°7)
AxA 0004
AXA Q009
AXA 00C6
AXA 0OO?
AXA 0008
AXA 0009
AXA 0010
AXA 0O0LL
AXA 0012
AXA 0013
AXA 0014
AXA 0015
AXA 0016
AXa Q017
AXA 0018
AXA 0019
AXA 0020




[aNal [alaNaNaNalalal

[aNal

[aEaXalaNal

[aNaNaRaNaNalal

SURRNUTINE OF TERMIA,N)

DETERM CALCULATES DETERMINANT OF COFACTONS AS MATRIX INOICATOR

USFE

100

940

NOW

o0

ARGUMENT LIST
At PATRIX TO BE TESTFD
N: OvDEX OF MATRIX OF INTEREST

DIMEISION Af25,25),DUMNY(25,25),1PERT25) ,0ET(29,29%)
ITR:0

DUMMY TO PRESERVE ORIGINAL MATARIX AS SOLUTION PROCEDURE IS DESTRUCTIVE

00 100 1=1,N
DO 100 J=1,N
DUMMY [ [ 400 =AL0,1)
MRITE(6,940) ({DUMMY(T, 3, =0 ,N},I=l,N)
FURMATL * THE VALULS OF THE MATRIX ELTMENTS ARE®/{SEL4.3))
NlaN-1

OtvEL OP PROCTFSS FOR COFACTORS
00 800 I=1.N
00 80a J-).N
00 300 [t=1.N

12=11

TFLTL.GT. 1) 12=11-1

DO 300 Ji=l.N

12=J1

IFEJ1.GT.0) J2=31-1
OUMMY(12,J2):AL11,J011}
CONTINUE
CALL MFGIDUMMY ,25,N1, IPER, 15, 1ER)

WEG IS 18M SLMATH SUBRDUTINE TO PERFORM LU DECOMPOSITION OF MATRIX

400
800

600
930

ARGUMENT LISTY MFGIA,HgN, IPER, S, 1ER)

A: INPUT MATRIX TO BE FACTGRED

N CROER OF MATRIX IN DIRENSIOM STAVEMENY
N: NUMRI R OF STMULYANFOUS ECUATIONS

IPER: PERMUTATION VECTOR GENLRATED FOR MSG
15: SICN OF DETERMINANT

ICR: FRROR INDICATOR

DETII4J) = FLOAT{LS)

DO 400 K=1,N]

OfTUI,Jte DUMMYIK,KISDETIT,J)
CONTINUE

CONTINUE

DO 800 -1 4N

WRITEL 649101 [4IDETIT,J)4J=1,N)
FORMAT(® ROW'y 15/7(5(14.5))

RE TURN

END

DETT 0001
DETFOON2
DETT 000}
DETCONOA
DETE0Q0NS
JETI 0006
oETrooors
DETTONNS
DETTCNI9
DETIOOI0
DETEOOLL
pfreont2
DETFOOL]
DETEOO1 4
DETEOOS
DETEQOLS
DETFOO1?
DETEOOLS®
DETFOO19
DETLODC0
DETEQD?)
DETFO022
DETF 002}
DETC0024
DETEON25
DETEOO26
DETEODO27
DETFOO28
DETEDO29
DETLO0Y0
DETEDOYL
DETE0032
DETFOO33
DETEOO34
0ETELO03S
DETEQO)}S

DETEQOYT
DETrQoO)YSs
DETED0 39
DETENO4O
DETEOO4I
DETEQ042
DETEOOS)
DETE0044
DETE004S
DETLO046
DETEONGT
DETEOO48
DETEO0049
DETFOO050
DEYEO00S)
DETEQOS2
DETEOO0S)

-
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SUNRAUTINE PATSSICOFFF SOLN,V0DT,J4)

PRESS CALCULATES VORPICIIY COEFFRICTENTS NY SOLUTION OF SIMULTANEQUS
EQUATIONS AND COMLCULATES LEADING-EDGE vORTIX STRE .TH

ARGLMENT L IST
COEFF: A MATRIX [N A X = B
SULNT R VICTOW (N A X =« B
NYUDT: SLMAER OF STMULTANEOUS TQUATIONS
Je: LONTROLS PRINYING OF INTERMEDIATC RESULTS

REALSA  OQUEFF125,2%),050LM125%)

DIMLNSTON XOUM(25) ,8PRIMI2S),R0UMI25) (COEFF(25,25),
C SOULNI2S) . IPFR(25),GAVA(10)
COMMONZMONE S/NOCM, MOLM/CONTRL/J2,J3

TER=OD

Plel, 141593

INIETTALTZC VORTICITY COFFFICTIENTS XOUM(I)
00 N t=1,NMIDT
XDUM(11=0.0
DO 1C J=l.,NMUUT
10 DOEFFLI,J) =« NBLEICOEFFIT,J)Y
1FUJ2.NF 1) GO TO 40

DETERM (AN BE CALLED TOD T¢ST FOR FLL-CONDITIONED MATRICES
CALL DETERM{COEFFM ,NMODT)

40 CONTINUF
CALL DMFGUUOFFF,25,NMODT, IPER, IS, IER)

c
OMFG 1S 18M SLMATH SURRQUTINE TO PERFORM LU DECOMPOSITION OF MATRIX

ARGUMENT LIST OMFG{AsMsNe IPER, IS, 1ER)

At ENPUT MATRIX TO BE FACTORED
LH ORDER OF MATREX IN DIMENSION STATEMENTY

N NUMBER OF STMULTANEOUS FOUATIONS

IPER: PEAMUTATION VECTOR GENERATED FOR DMSG
1St SIGN OF DETERMINANT

ICR: ERROR {NDICATOR

DET = FLDAT(IS)
00 20C =1 ,N4NDY
OFT = DETOSNGLIDOEFF{i, (1}
200 CONTINUE

OUTPUT DETERMINANT OF MATRIX
WRITE(6,950) N¥IDT,DET
1C=0

IC = CONTROL; COUNTS NUMBER OF JTERATIDNS ALLOWED TOD ELIMINATE
AESIDUS FROM AX = B SOLUTIGN
TF{IER.EQ.0) GO TO 1S

1ER 1S CONDITION PARAMETCR PRGDUCED BY DMFG. [ER=Q 1S BAD
RETUAN
15 COMTINUT N
1Ceife]
DO 20 Tel,N¥ODT
0SOLNtE) = SOLNLTY
20 ODUMLE}SULNEL)
CALL UMSGIDOCFF, 259, IPFR,NMOOT ,0,0SOLN, 1T}

DMSG 1S IPM SIMATH SULROUTINE TO SOLVE SIMULTANENUS L INEAA EQUATIONS
GIvVIN LU DICOMPCSLITILN

ARGUMENT LIST  OMSGIA M, IPTR Ny J,N, IFRY
A NUIPLT TROM Mre
M: (RO UF wATREE 09 DIMINSICE STATEMINT

IPERY  OUTPUT FRO DvIL,
Nt NUMB' R OF SEPUL TAZEDUS EO0UATIONS
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par snnnt
pPRT AN
PRI 509Ny
PRAF N4
PRI S0DNS
PRESONDNAK
PRI SOUNT?
PRF S00NK
PaF S0NT9
PRESINLO
PRESOOLL
PRESNNI2
PRESDO1L
PRESOOL &
PRESOOIS
PRESON1E
PRF 50017
PRELOD18
PRESQOL9
PRESOD20
PAF S0021
PRE S0072
PRESNNZY
PRES0N24
PRES0025
PRESNT26
PRFS0N27
PRE 0078
PRE 500729
PRESNOIO0
PRE 50011
PRES0032
PRESO0S
PRE SO0 V4
PRE S0035
PRESO0YS

PRE SO0
PRF S0uLYA
PRFS021D
PRCS0060
PRE <0041
PRESOCGZ
PR[ SO04}
PRE $0044
PRESD0&S
PRI 0046
PRESOOCG?
PRESDD48
PRFS0049
PRES00%0
PRESQO%!
PRES0052
PRE 50053
PRFSOD%4
PR{ 50055
PRf 4 0N5¢6
PRFS0QOST
PRES0DSB
PRESO"5 9
PRF 50060
PRESOILY
PR .ACH2
PRI SNuK)
PRE S0Nt&
PRI _NCAs
PRI Gnes
LALI YT §
PRF LOOLH
PRI 1 71
PRE < 110
PREC 3O 1Y
PRI ;0010
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100

LER

10

Jz NOMAALLY O, TO OUTPUT X
8: INPUT B: OUTPUTS X [N A X = B
IfR: ERRJR [MDICATOA

00 100 I=1,8430D7

SOLNUIY = SNGLEDSOLMIT))

TF{IER.EQ.0) CO TG TO

1S MATRIX CUNDITION PARARETCR PRQDUCED AY DMSG
R Tum
CONTINUE
IF {J4.NE. L) GO TC 120

GUTPUT I4NTERMEDIATE RESULTS IF DESIRED

120

WRAJTEL8,940) { SDINIK),K=1,N®0QDT)
coNTInuE
NMOD sROCHPNOSH

CALCULATE VORTICITY COCFFICTIENT VICTOR XDUMIL)

85

00 65 [=1.N%0DT
EQUMLI)=XDUME T Do SOLNITY

CALCULATE LFADINC-EDGE VORTEX STRENGIH, GCAMMALX)

RO
90

DO 90 It =},10
GAmMA{[l) = O.
X = .1eFLOATIIN®

DN A0 1-1,NGCH

J=le¥0D

CAMMAIIL) « XDUM(J)IOSINIFLOAT(20[-1)/2.0ePoX) ¢ CAMMALIL)
CCNTINUE

CCNTIRUE

DUTPUT LEADING-EDGE VNRTFX STRENGTH

MRITE(6,940) GAMMA

OUTPUT VORTICITY COEFF ICITNTS

WRITE(6,920) | XOUMIJ},J=),NMGOT}

CHECK NUMTRICAL PROCEDURSE BY CALCULATING B, FRON Aex

50

CHECK DIfFERESNCE METWIFN INITIAL 8 VFCTOR AND CALCULATC(D B VECTOR

b33

DO S0 1=1,NHLUT

APNI?. ;10,0

DD 59 Jrl,AMODT

BPRIM{IE =« BPRIMIL) ¢ COEFFCl,J) SSOLNLJ}

D0 %% 1=1,NMuD?
SULNIU=BERIMITI-RDUMIL)
THE26.%.1) CO 10 250

CUTPUT CALCULATED & vICTOh, 1F OESIRED

250

WRITEL649AR0) (BPRIMIT), 1=1,NPODT)
CONTINUT

OuTPUT DILTA B

WRITF(6,970) (SOLN{1],1=]1,NM0DT}
Irerc.Lt.03 co 1o s

PUNCH VORTICITY COFFFICIINTS

920
930
940
950
9460
90
980

FIRST NOCMONGSHM MOUES ARL HURSESHOF MODES; REMAINING MODES ARE

LEARTNG-(OGE VORTEX ~0DES

WRITTUT, 9508 (XDU“IK) Kol NNOUT)

FLHMATLCOIOADING COTFFICTENTS ARES,/,(10C123.91)
FOPMATISTI&.5,4r 501 N")

FORMAT(YOSANML AT 7 7 o lpe2seVpaansla00,/,10010.6)
FURMAT(® DETCAMINAST UF FATRIX OF OWDIR®,19,2X,'15,€E12.5)
FORYATL® LEL X 1S*/15714.5))

FORMAT (* DEL B IS*/(5%T14,5))

FORMATE® THE CALCULATCD A VICIOR 1S°/715€14.501

RF TURN

END
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PRESNNTY
PRI SONTS
PRESONTS
PRI SN0
PRE 50077
PRESODIS
PRESDOTY
PaF 0000
PR 00A]
PRF S00H2
PRI SOUAS
PRLS00NHSG
PRE S00AS
PRE 50096
PRf S0087
PRE SO0AS
PRI 50089
PRI 50090
PRESUNGE
PRESNDN2
PRF S0U9)
PRES009¢
PRES0095
PRE S0096
PRESO097!
PRESOD9S
PRES0079
PRES0100
PRESOLO]
PRESOLN2
PRESOLO)Y
PRESOIDS
PRESOLNS
PRESOL006
PRESOLOT
PRESOICH

PRCSCLNG
PRELOLLO
PRY SO11Y
PRI SOLL2
PRLSOL1)
PRESOLI1S
PRESOLLS
PRESOLLE
PRESOLLY
PRESO118
PRISOLLY
PRLS0L20
PRESOL21
PRF 50122
PRESOL23
PRESOL26
PRISO12S
PRISO126
PRENOL2T
PRESOLZ28
PRESO129
PRESO1IO
PRCSOL V]
PRCSOL32
PRESOL Y)Y
PRTSO114
PRTSOL S
PRLSOL IS
PRLSOLNVT
PRESTIIB
PRESOL39
PRESOL40
PRESOLAY
PRI 0142
PRESOLAD




¢.4. Program III Prime

The following 1isting for Program 11l 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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PROCHAN 111 PRINE PG ARNONY

E PG IKNONN?
C 111 PRIME CALCULATES LOADING ON WING; CIVEN VORTICITY PCYPO00)
c 5110004
€ NEED FUNCTILNS P RV GVORT, XCVGA PG 1r00NS
C  NEED SURRDUTINES ADCL cAGAMJDFNCT FNC TN, GAUSID PGIPON06
c PG 3P00O0OT7
C INPUT  LMAT,J4 219 PG Iroons
4 IKPUT  GYVOR,GIVDR SE14.9 PCIPTNI9
4 INPUT  NCOD, $,RCCH . NOSH,CR 110,F10.4,2150,F10.4 PLIV0010
C INPUT  XPY SF10.6 PLIPOOLL
4 INPUT  GVGAM SE14.9 1F J4=]) PG 110012
4 INPUT  A,C0 SE14.5 PG3P001)
c PCIPOOILS
EXTERNAL XCVOM PGIPONLS
DIMENSION XPTLSI, YIESTEL1L), ADELTES,5) AGANN{S,S5], PG IPOOLG

[4 A15,5),5005) ,CVGAMT66,5) pPGircol?
COPMON XPT,YPJ,S5, M, MP/HING/CSR/ZVLOC/LMAX/PLAN/CR PCIPOOLD
COMMON/GVUR/GYVORIS),CZVORIS)/SECZIVORT /GAUS/GI24),M(24) pcIPOCEY

c PG3IP0J20
DATA YTEST/0.0003:.50.60eT0o750.8,.0850290.95,1.0/,GVGAN/3I30%0,./ PC3IPOD2)
Pl=3.1415") PCIPCN22
IVORT=0.0 PGIPDO2Y

00 150 JDUKMY 513,24 PG3P0024
WUJDUNMY) o wi25- JUUMMY) PGIPON2S

150 GlJDUMMYY = -CU25-IJDUMMY) PGIPOO26

4 PG3IPOOZT
WR1TE(16,890) PGIPOO2E

4 PGIPOO2Y
RCADIS, 910} LMAX, J% PC3IP00N0

C PGIPOOIL
C UMAX 1S DEGREES OF FREEQOM IN VORTEX POSTTION PG3P0032
C J& 1S A CONTRGL PARAMETIR. IF(J&.EC . 1) INPUT GVGAM; ELSE CALCULATE PGIPO0YY
4 PG3IP0034
READ!S,920) GYVOR,GIVOR PG3PO03S

c PG3IP00)S
C GYVOR: (NEFFICIFNTS FGR VORTEX SPANWISE POSITION PGIPOONT
C GIVOR: COEFFYCIINTS FUR VORTEX VERTICAL POSITION PCIPONIA
WRITEL6,990) CYVCR,GZVOR PG IPOUIY

4 PGIPCO4O
C CALCULATE VOGRTIEX POSTITION AT X=1 PGIPO0O&|
CALL FNCTINIGYVOR,LVAX,1.,YVOR) PG3IP0042

CALL FNCTHIGIVOR \LMAX, 1., IVOR) PGIVDOGY

4 PGIPO04S
READIS,AB80) NCOXD, S+NOCM,NOSM,CR PG3IPONGS

4 PGIPOO4S
C NCLORD: NU. OF CHGROWISE POINTS PGYIPOO4T
€ S: SEMISPAN; KCN-O RY MAXTMUM LENGTH PGIP0I4E
€ NOCM: AO. OF CHOMDWIST MODES PGIP0049
C NUSM: %O, 0OF SPAKWISE MODES PG YP0O0SO
C CR: ROOT CHOA03 NOU-L BY MAXIMUM LENGTH PG3IPOOST
WALTF{6,870) NCORD, Sy NOCM, OS5V, CR PG IP00S2

4 PG 3P0D0ST
C CALCULATE CHOHU TO SPAN RATID, C(SH PGIFPO0SS
CSR o CR/7G2.05) PGIFPODSS

c PCINPCUYS
C INPUT CHGROWISE POINTS OF INTERELSTY PGYIOIT
C PGIPONSA
READIS,967) xPT PG APNOY%9

NC = L116NCORD PGV OOAD
TFLJ4.NELLL GO TC 110 PCAFPO0SY

DO 100 1= ,NC PGCIPNOG2

[4 PLIMONAY
READIS, 9200 (GVLAMITI,HQ)MO=1,45) PGIPOIGA

100 CONTINUF PG YPONGS
110 CONTINUT PGIPONGS

4 PGIPOOGT
READIES 9201 L{ALSyJby [} NCCHD o Jal yHOSM) L 1GQIXK) K= ,NOCM) PGIPONGLE

4 PGIPONLY
€ A3 HORSHOF VORTLX COTFFICTIENTS PGIN0010
€ GQ1 LEADING-TOGE VORTFX COLFFICICNTS PGIPOATL
WRITE LS990 1AL J) 1ol ¢NOCMD Jnl NOSMI L IGOIK ) KoL, NOCH) PGIPDOI2
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WRITEL6,940)

C
C CALCULATE PAESSUAFS ALONG LINES X » XPT(1)

[aNal [aNal

[a¥ ol

4

120

130

ASS

INI

CAL

150

D0 4«CO Q=1 ,NCORD
XPI«XPTH()

DO 400 Jri,tl
NlsJeli-10011

1F txp1,.0r.CRY GC Y0 120
YPJsYTESTIQ)OXPOS

GO 10 130

CONTINUF

YTE » Se(xPI=-CR)/(1.-CR)
YLE = SexPl

YOy « YTESYTESTUJISIYLE-YTE)
ETA = YPJ/S

UMID ARROW WING FOR THETA

THT = ARCOS(((2.~CRIPETA =2.0XPTeCRI/(CRO(1.~-ETA¢.0000:)))

TIALIZF SUYMATION VARTARLES
GaM¥A=0,0

DELT4:0.0

vGMe0.0

CULATF LEADING-EDGE VORTEX CCNTRIAUTIONS TO WING VORTICITY
00 350 MQ=1.NOCH
M=MQ-1
SCAMMASGQIMC)OXPIOGVORTIM, XPI,¥YPJI,S)
GAMMASSCAVPACGAMMA
SOFLTA=-GOIVMQIeYPJOGVORTIM,XP],¥PJI,S)
DELTA = OELTA o SOELTA
TFIJ.EQ.11) GO TC 260

C CALCULATE HORSESHOE VORTEX CONTAIBUTIONS TO WING VORTICITY

[aXaNaNal

LaRal

[aXal

300
260

CALL ADEL (ADELY  THT,ETA,NOCM.NCSM)

CALL  AGA't (AGAMP,THT,ETA,NOCM,NOSH}
DD 300 M7 =1,%0CK

DO 100 ™PPa]l NOSH

SCAMVACA|VC MPP)OACANM[MQ, MPP)
GAMMA=SCANMA®TAHNA
SNELTASAIMQ,MPPYOADELT(MQ,MPP]

DELTA = DLULTA ¢ SDELTA

CONTINUF

IF1J6.F0.1) GO TG 388

CALCULATE CONTRIRUTION 10 SPANWISE VELCOTTY FROM LEADING-EDGE

VORTEX AFT DF X =],
CALCULATE GVGM2
XO1$Fe |, ~-xP]
YOIfF=YVOR -yrJ
YSUMeYVCR *YPJ
TERMI=YDIFFOY[FFelVOR SIVOR
TERMZ2 = yYSUMOYSUMe IVOR ¢2VOR
GVGM2Z=2Vna S(il.-XDIFF/SQRT{TERMLOXDIFFOXDIFFY)/TERM]-
1L~ XOLFF/SCRT{TERMP+XODIFFOXDIFFII/TERM2)/ (4 0P 1)

CALCULATE v ’

360

D0 360 MQ=1,NOCH
MaMO-1

CALCULATF CCNTRJIAUTICN FROM VORTEX FORWARN OFf Xxe|

CALL GAUSIDH 0eNyol 1GVOMS,  XCYOM )
GVGHIsGVGOMS

CALL GausSICH o1 Ve.2%iGVGMS , XCVEM )}
GVGMLsGVoHSeGVEM|

CALL GAUSIDI 2% 31,GVGMS, XCVEM )
GYOMI=GVLMSeCVLH]

CALL GAUSIUL e el eNeGVCMG 4 XCYLM )
(AL I AR I AU ALY

CVGAMINL  MQYI=GVGHEeGVON2
GVGM2s-1.,9GVCM2
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PGYPONTY
PLAPON T
PG IPAN IS
pPGYPOO T
pcIrnAIr?
PCYPONIA
PGIPOOTY
eGY20N"10
PGYPONAL
PG IPCNA2
pGIPONT Y
PGIPQ0B&
PGIPNI9S
PGIPONAG
PGIPOORT
PG3IPO0OAR
PG3PO0O8Y
PGIPO0I0
PGIPONAL
PGIPONA2
PGIPOOII
PGIP00%4
PGIrONNTS
PGIVCDT6
PGIPOOIT
pGIPOCAS
PG3IPO0OTI9
PGIPOL00
PGIPOLOL
PGIPNLN2
PGIPOLO3
PGIPOLOS
PGIPOLIOS
PGIPOI0SG
PGIPOLOT?
PGIPOLODS

PSLYPO109
PGIPOID
PGAPOLY L
pG3IPOLI2
PG3POL1Y
PCYPOLLS
PG3IPOLLS
PGIPOILLSG
pcIPOLYT
P53I27118
PGIFILLY
PGYPCL2C
L3R R2eN
PGIPNL22
P33°5123
L20% Lol Ihg Y
PGIPOL2YS
P3Y00128
PCAPIL27
pGIPNL128
PG3ITOL29
P53IP0LY0
PGIPNL I
PGIPOL Y2
PGIPOLYY
PGIPOL V4
PGIITOL IS
PGINOL VS
PGYPDINT
PGYPOL YA
PGINFOL Y9
P5IPNL40
PGIPOIG]
FGIPOLG2
PGIPOL&Y
PGIPO & A




369 CONTINUE
00 370 MQ=1,NMCH
VOMaCQOIMQIOGVLAMINL oMQY eV N
370 CONTINUF

CALCULATE PRESSUAE DIFFERENCE COMPONEMTS DUE TO SPANWISE AND
CHUHOWESE COMPONENTS
PV=2. .8V MeDELTA
PU=-2.05arNA
DELTP=PLIPY

laXalal

[aN ol

CUTPUT PRESSUKE OIFFERENCE
WRETE(O,9%0) XPI YIESTIJN,ETA,GAMMAL,DFLTA,PU,PV,DELTP

400 CONTINUE

[nNal

QUTPUT VELOCITY CONTRERUTICNS
MRITIELH,200) (IGVIAMIT,J)eds1,NOCH),I=1,.KC)

B70 FORMAT(*OCHONS PT7 =*,13,1X, CSEMISPAN =°,
C FO.3, 30, "CHDNS MODES 2o 13,3, *SPNWS PODCS=*o13,3X,*CR=",FT7.4,/)
B8B0 FOOMATL [10,F10.4,2110,F10.4)
890 FURMATL® 1] PRIM[; UPDATED APRIL 2A8,1977%,/)
900 FORMAT(*OTME VALUFS OF GVGAP ARE*/(10E13.4))
910 FORMAT(215)
920 FORMAT {5¢14.5)
930 FORMAT(3FT.6,5%E14.5%)
Q40 FORMAT(LHO, T4, "XPL* , T11,°YP)*, T18,*FYA®,T28, CAMMA® ,T42,°0ELTA",
C TS7,'PU*, T1L,'PV',TB4L,"DELIP'/)
950 FURMAT{®0 THWf VALUES OF GYVCR, GIVOR ARE*/[SE14.5))
960 FORMAY (SF 10.6)
Qr0 FORMATI®OCHCWS MCDES =%, 15,3X, ' SPNNS MODES =°*,13)
990 FORMAT{®OTHE VALUES OF A,GQ ARE*/(5E14.5))
sTaP
END

FUNCTION XGVGMIX)
XGVGM CALCULATES CONTRIBUTION TO TG SPANWISE VELOCITY FROM VNRTEX
ARGUMENT LIST

X CHORDWISE COOKRDINATE: NON-D BY MAXIMUM LENGTH

[N e N NaNal ol

COMMON XPT,¥PT,S, M, N
Pl=3.14159)3

[4
C CALCULATC LEANING-EDGE VORTEX STRENGTH
GGAM=SINIFLOAT(20Me1)/2.0P ] 0))

C
C CALCULATE SPENW)LE VELOCITY CONTRIBUTION FAROM LEADING-EDGF VORTICES

XGVOM aGGAM CUFVIN YPT, XPT)-FV(X,-YPT, XPT))
RETURN
€END
— PP Sy,

PCIrNL4S
PCIVNLAL
PGIPNISGT
PGICDLAR
PCYPOL 49
PG3IPOLSO
PGIPOISIL
PGIPOLN2
PGYPOLS 3
PGIPOLS4
PG3IPOLSS
PGIPOLSS
PGIPOLST
PCIPOLSE
PG3IPOLSY
PGIPOLAD
PGIPOLG]
PGIPOLA2
PGIPOLS)
PGIPOLGS
PLIPOLGS
PGIPOLGS
PGIPOLSTY
PG3IPO1AB
PGIPOLLY
PG3PO170
PGIPOLTL
PG3IPOLT2
PG3IPNL Y
PGIPOL T4
PGIPOLYS
PGIPOLTS
PG3POLTIT
PGIPOLTS

XGVGC00a1
X6GVCL0002
1GvL0703
XGVGOnT4
XGVL000s
IGVS0006
xoveoant
XGVL0OO08
AGVLON09
XGVGonto
XGvCcooll
XGVGLOO12
XGV3S001}Y
XGVGOOl4
XGVGO0LS
AGY 50016
xXGvGoootr 7
xGvGoolLs
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SUSRDUTINE ADEL (ADELT THT,ETA,NOCH,NOSH)

GAUSY CALCULATES ADELT: CONTRIBUTICN TC CHRODWISE VORTICITY
FROM MORSESHMOE VORTICCS

ARGUMENT LIST

ADELT: CHORDWISE VORTICITY CONTRIBUTION
THT: ANGULAR CHORDMISF LOCATION

ETAT SPANWISE COORDINATE: NCN-D BY SEMISPAN
NOCM:  NC. OF CHORDWISE mODES

NOSR: NO. OF SPANNISE MOOES

COMMON /PLAN/CR
DIMENSION CHDMOD(6),CHEBY2LL0)ADELTLS,S)

Pled.16159)
CF = 2.0(2,~CRI/CR
I1FLETA.GY..000001) GO TO 1%0

00 140 ICM=]1,NOCP
DO 140 JSM-1,NOSH

FOR POINTS NEAR CENTERLINE, IERC STRENGTN
ADELT(ICM,JSM)=0.0

160 CONTINUE
GO 10 800

190 CONTINUE
THETA=THT

USE CHEBYSHEV PCLYNORIALS FOR SPANNISE LOADING FUNCTIONS
CALCULATE CHEBYSHEV POLYNOMIALS
CHEBY2(1)=1.0 .
CHEBY2(21=2.9ETA
NOSM2=2eNOSH-1
IFINOSM2.LT.3) GO TO &0

CSO=CHEBY21(2)
DO 30 [=3,NOSM2
CHEBY2(1)=CSQOCHEBY2(1-1)= CHEBVRII-2)
30 CONTINUE
40 CONTINUE
IFLETA.GE.1.) ETA=,.999

CALCULATE PREL IMINARY FACTORS
FCTOR=~A,.oP] /SQRT(1.~ETA®ETA)
NOCM2=KOCHe L
CHOMODI 1Y =THETA

DO S00 ICm=1,M0CH2
CHOMGULICHe L ) =SIN(FLOATCICHICTHETA) ZFLOATI ICH)
$00 CONTINUE

DO 600 ICM=],NOCH
ADELT(ICM, 1 )= FCTOR® (CHDMODI ICHI-CHDMODI ICHe2)

C-FLOATLICHIOLI L oETAIS(CFOCHDMOD( ICHSL ) oCHUMDD( 1CM) *CHDNODI ICH+2) )

C/FLOAT (200 (201CH))
D0 600 JSm=2,%N050

ADELTIICM, JS®)FCTORSI((1.=ETA® (201 JSM-1) ) IOCHERY (20 5M~1)
COoFLOAT(20)SM-1 JOCHEBY212048M~2) )0 (CHOMOOI ICR)I-CHOMOD(ICMe2) )
C~FLOATIICH)IO(1.+ETAIOCHEBYZIZOISN-1 1O (CFOCHONGDL ICMe]) ¢CHONOD( ICH)

CoCHOPODIICHe2) ) ) /FLOAT (20020 4CN) )
600 CONTINUE

PRIMARY CUTPUT ADELT PASSED TO CALLING PROGRAM THAOUGH

ARGURCNT LISY
800 RETURN
ENOD

-Nn2 -

ADELOCH)
ADFLOON2
ADELONON Y
ADFLONNG
ADELONOS
ADELOONS
ADELO"NT
ADELOUNY
ADELC S
AREL%CL 2
RT3Vt
adtisot2
ADELCTL)
ADELD" 1 &
ADELOOLS
ADELOO1LS
ADELDOLT?
ADFLOOLS
ADELOOLY
ADFLOD20
ADELOO21
ADELO022
ADELOO?2)Y
ADELON24
ADFLOD2S
ADELOO26
ADELOO27
ADELOO28
ADELO029
ADELOO)O
ADELOO3)
ADELOCY2
ADEL203)
AQELCZ 34
ADELGCCYS
ADELCCYS

ADELONYTY
ADFLONYA
ADELOO39
ADELON4O
ADILOO4L
ADELDO42
ADELOO4)
ADELOO44
ADELOOSGS
ADELOO4S
ADELOOST
ADELONGY
ADELOO4Y9
ADELO9S0
ADELOVS)
ADELODS2
ADELONS)
ADILOOS4
ADFLONSS
ADLLCOSS
ADELOOSTY
ADELO2%8
ADCLOO%9
ADELONSD
ADELOOA]L
ADELDOA2
ADELONA)
ADFLOOGS
ADELOOAS
ADELO0SLA
ADELOCAT
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SUNRGUTINE  AGAM (AGAPM, THT FTA,NOCM,NOSH)

GAUSLO CALCULATES SPARWISE VORTICITY CONTRIBUTION FROM
HORSEHSLE VOLRTICES

ARGUMFNT LIST

ACAPM: SPANWISE VORTICTY CONTHIAUTION

THT: ANSULAR CHORDWISE LOCATICN

ETA: SPANWISE CODADINATE; NON-D BY SFMISPAN
NOCM: NC, OF CHOMCu!SE MODES

NNSM:  NC. OF SPANWISE MODES

COMMOYN /WG /CSR
DEMENS IO AGAPMES5,9) ,CHEBY2(5) ,CHOROD(S)

PIs).1415%)

CALCULATE [HERYSHTY POLYNDMIALS
CHERY2(L1) 1.0
CHEBY2 (216, 0F TAOITA-]1.
IFINOSY.LT.3) GO 10 40
CSN=CHr8Y2(21-1.
00 30 J=3,NC5%
CHEBYZ(J)-CSUCCHEAY2(J-1)-CHEBY2(J-2}
30 CONTINUT
40 CONTINUF

PREVENT RLOWING UP
TFLETAGE. L) ETA 2 999
THETA=THT

CALCULATE INTCRPEDIATE FACTORS
FACTOR = 16.9P1/(CSROBIL,ETAN)OSQRT{L.-ETACETA}

D0 70 ICH=1.,NOCM

CHDMONEICP Y =SINIFLOATEICMICTHETAI/FLOAT(200(201CH))
T0 COHTINUE

OU 860 JCM=|,NOCH

D0 £0 J5%:1,KOSF

AGAMMTCM, JSHM)sF ACTOROCHO®ODL TCRISCHERY2LISM)
60 CONTINHUL

PRI¥ARY CUTPUT A AMM PASSTO THRGUGH AHGUMENT LIST
TO CALLING PROGRAR

RETURN
END

- 13 -

AGAT 0NN
AGRDYY L
AGAMOOD Y
ASATO0DS
AGAIO0SS
AGAMDONG
AGARODOT
AGA»)IN8
AGA¥OUOS
AGAMOODIC
AGArOOLL
AGAv0O12
AGANOUL )
AGAMOO ) &
AGAMDOLS
AGIFOOLG
AGAarnOL T
AGAvDOLB
AGAKOOI19
AGAMDN20
AGAFOD ]
AGAMOO22
AGAMOO)
AGAMOD24
AGAMOO’S
AG . MOD2 6
AGArGO27
AGANMONZ 8
AGAMB029
AGAY 1IN0
AGAMOO 31
AGAHONI2Z
AGAMOOY]
AGAMOC 14
AGAMOO3S
AGAMOU3S

AGAPOO YT
AGAMOD AR
AGA%0) Y9
AGAMOD4D
AGAMOO-,
AGAMO042
AGAMDO4 Y
AGAMODG &
AGAMOD&YS
AGAMOO46
AGAMONG 7
AGAM0048




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
distributior. for a given initial solution given the outputs of

Program I, Program WOW, and Progrem I1IA.

- N4 -
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PROCRAN V

PROGRAM V  CALCULATES NIM VORTEX POSITIO'd AND VORTICITY DISTRI-
BUTION, USING Cr4NwmASH AND FORCE CONUITIONS

INPUT 33,34 2110

INPUT  NCDUD,RSPAN, S NOCM.NOSH,CR 2110,F10.4,2110,F10.4
INPUT  NCFP LPAX,FACTOR ,ALFA,S2 2110 3F10.6

IPUY  GYVUR,GZVOR SC14.5

INPUT  A,GOQ 5C14.5

INPUT  ARW,GHW SEL14.9

INPUT  NILLE NET2),NIC3),NIE4),NCP,21,92,7TA 515.212,F10.4

NEFD FUNCTIUNS: AL, AS,A,R5,B87,D10Y,D107.FV,FW,GVORT (XGCVL ,XGVT,
AGWL JACWT X1, XIF

NEED SURRCUTINCS: CHDWS,COLPT,OFRCT,DGCWLM,DCNV, FNCTN,FUNCTN,
CAUSID,GVCIR, GWVDXKERNL , TUCHER, VIR INT, WOV, WPDW BLOCK DATA

DIFMENSION XVFCTES 91, ATAI3S5,35),PARAMIISIFMINSIIS),IPERLIS)
COMMON XO L YVORT M, MP /PLAN/CXMAX /mOUWE/ZDSeNLLS)
7CwPOM/ NCORD IS PAN,COFFFI25,25).0xWIZ5.5),VRI25)

RSOR,FTA,GAULKILO) P12, (P P N K yGludled?elSeYMN2,2422,CSR
JSEC/INVORTIVLEC/UMAX/MDDES/NCCY o NISH /CONTR2/7J3, .04
JVORT/YVOR , I VOR/GVOR/CYVORIS) ,GZVERLS)
JGAUS/GI24) ,WI24 1/ YACOR/XACCAT 35,351, 5AnWI5,5),SAVHIS 5},
DAMDY 15,51 y0AWDZ (5491 DAVOYIS %) 4DAVDILS,5)
JOVEC/Z ATS,5),6005) N1,FSURY{S),FSURZ (%) ,P1,SINALF,NOFP
REAL®A CARAMIIS),DACOB(IS, 35)

[a N NN NN o Nalal

INITIALI2E GAUSSTAN CUADRATURE wEIGMTS AND ABSCISSAS
D3 150 JUUPMY = 13,26
WEJDUMHMY ) =W 25 - JDUMMY)

150 GUJDUMMY)==GI29 —JOUMMY)

INITIALIIC NO-FORCE POINTS

DATA XVECT/.6,400.,.324.84,300,4.22+.6,.9,1200./
Pl = 3,16159)
WRITF(6,830)

READIS,B8C) 13, U4

J3: CONTRNL PARAMETER, TF J3=],NCCGRD2=NCORD; ELSE, NCORD2=NCORD¢1
J& CONTRCLS QUIPUT; IF J4,.€Q.1, OUTPUTS INTERMEDIATE RESULTS
WRITE(6,88C) J3,J4

READIS,8A0) MENDHODNGPAN, S o KOCH NOSK, CXMAX

NCORD = KO, NDF CHORCWISE COLLOCATICN POINTS

NSPAN = NU. GF SPANLKISE COLLGCAYION POINTS

S = SEMISPANL NON-0O Y “AXIMUM LUNGTH

NOCM =AO. Of CHOROWESF 1 0ADING MNDES

NGSH =NG. OF SPANWIST LGADINS MUDLS

CxMax = RCQT CHORD; NUN-D AY MAXIMUM LINTTH
WRITIELO BIC) NMOCORDGKRSPAN, S yNOCH NOSH, CXMAX

READ (5,890) NCFP,LMAX,FACTCR,ALFA,S2

NOFP+NOD. OF FORCE POINTS

LMAX = GKDTR (F VOERTCL APPROXIPATICN

FACTOR: LIMITS CHAMCES 1% VORTEX POSITION

ALFA = ANSLE CF ATTIACK (IN RADIANS)

S2t LIMITS CHANGLS 1 VORTICITY CCEFFICIENTS
WRITEL6,7CC) LMAX ,FACTOR,ALFA,NUFP

CALCULATE Dfn*.wASH

SINLLF=SINTALFA)
READIN,940) GYVNK,LZVNA

GYVOR® COEFFICILMNTS CF WIRLIONTAL VORTEX LOCATIUN
GlVOAe COFFFICIENTS (OF VIKTICAL VURTEX LOCATION

- 15 -

JWOV2/ARTAS,9) o ALST S5 NINCCRISIGTRKRITO) X0 .oSUSsYels TMNINL,

PCPSNONY
PLMNDIN2
PGHTL0OT0 Y
PLUS0ING
PCM500NS
pPLMLNNNG
PGMS00N T
sHn00ne
PGMSLONY
PGMS0010
PGM5001 L
PG450012
PGMS0013
PGMS00 L4
PGMS001LS
PCM50016
PGHSONL T
PGrSON18
PGMS0019
PGH50020
PGMSNNY |
PGM50022
PGMA002 3
PCHS5002 4
PCM50025
PGMS0026

GH50027
PGM50028
PGMS0029
PGMS00 30
PGMS00 3L
PGM50032
PGMS00 1Y
PCMS00 G
PGM50035
PGMS00 36

PCMS00137
PGMSO0 38
PCHS0019
PGMS0040
PGMS0041
PGMS0042
PCU50043
PGMS0CLS
PGM5004S
PGM50066
PGMSO04 T
PGM50048
PCMS0049
PGLMS00OS0
PCM50051
PGML0D52
PGMS00%3
PCM50054
PGHS00SS
PSMS00% 6
PGS0 T
PGM5005A
PGMS0059
PGHS00%0
PGML0061
PCMLODA2
POGPLOIMY
PCUHNNLG
POLMHONLS
PGMAONYE
pGnnLanAl
PLHSNNGE
PGM.ONLTY
PGPLNY IO
PCHLONTL
PGMLOD 12
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WwHITC18,750) GYVCR,CIVOR

NEAD 19,9400 ((AT1,J3)el=l o NOCMI,Je] o NOSUI,ICOIK) Kl NGCH)

At WURSFSHOT VOARTICITY COEFFICIENTS
€03 LEADING-TCCE VORTICITY COEFFICIENTS

WRITFI6,920) QAL J) ol =1 oNOCM)oJdm1 o NOSM) o 1GOIN) 4KelyNGCH)

NMOCeNOSMONDCH

NMOD [ =NM) sAOCM

NOCP = NYCODT

NOPTS o 2eNCFP o NOCP
NMDO2 = NMGOTe 20LMAX

NMOD & N{I. 0OF WORSESHOE VORTEX MODES
NMODT= TCTAL NC. CF VORTICITY WODES

NOCP = NC. UF COLLOCATION POINTS ON WING
NOPTS = TOYAL NO. OF CONTROL POINTS
NROD2 ¢ TOTAL NO. OF MJDES

00 200 fsl.NOCP

READIS,960) (COEFF{l,J)sJelNNMOD)

ICOEFFIL,d),J=1,NMODYs OQUTPUT FROM PROGRANM WOW

00 200 Je=14NMOO

200 COEFFLL,J) = -COEFFLL,J)

00 250 [=1.NOCP

250 READIS,940) (GWWileJ)oJn),NOCH)

GwWW: OUTPUT FROM PROGRAM 1

NINC=-1

NINC 1S A CONTROL PARAMETER TO LIMIT REPETITIONS IN CHOWS

JSas

JS =NO., OF INTEGRATION REGIONS [N SPANMISE DIRECTION

READ SOts NICLD ATL21 NIE3) NIC&),NCP,JL,J2,ET

N1TJ)eND. OF LECENDRI-GCAUSS POINTS IN SPANVISE INTEGRATION
IN REGIUN J
NCPsNC. OF CHORDWISC LEGFNDRE-GAUSS CUADRATURE POINTS IN CHOWS
J1,J2 CONIROL QUTPUT; NORMALLY O
ETA=JETA=SHALL [NTEGRATION REGION ABOUT SINGULARITY
WRITOU6,970) NI(3),NCP,NILL)
SPAN = 2,09
CSR = (XMAX/SPAN

SPAN = WING SPAN: KON-0 BY MAXIMUM LENGTH
CSR sCHURD TO SPAN RATIO

N=]

NeSECTION HO. IHDICATOR

FORM SCALFS TO MNURMALIZE EQUATICNS

Fl = 2.8ALFA/IPLOPY)
F2 = ALFAeP]eS

F3 =« §

F& = ALFA/S,

TTRMAX = PAXIMUM NO. OF FTERATIONS ALLOWID TO CONVERGE

1TRMAX = |5

LOGP TO SATESTY DOLWHEASH AND NO-FORCE CONDJITIONS

00 800 lTH=l,1TuPAX

CALCULATL vORIIX LOCATION AT X = ),

CALL FHCTHIGYVOR .1 4AR, 1, o YVCH)
CALL PNCINLCIVOR (U MAK, Loy dVOK S

- 116 -

PO Ty
pLunnnila
PO 15
PO TE
POY 1R}
PGMSN1 TR
PLMTID T
pSv9NC D
PLM50991
PLRS0TY2
pPGusNrAl
PCYS00US
PLMA00ES
PGMS07AL
PGUS0537
PCMHCI A
PGvENT A
oM 2
PGuST Il
poe57 32
PLYRIINy
PG5 7 Ve
PGMS 2298
pLusL g
PGYSCIIY
PL¥9527033
pSMS20e9
PGUSTLTD
PGULOLIL
PGMSTLINY
PGMSOLIC)
PGMSOLE04
PGMSOL0S
PGMSOLNG
pPGMSOLOT
PGMS0108

PLMSOLNY
PGMOGIT0
pPGMuOLTL
PLMSDLLZ
PCMSDL1)
PGMSO1 L4
POMSOLLS
PGNNN1TS
PGMSOLLT
PGM50118
PGuSCLL9
PGMS50120
PG»50101
PGIaOL22
PGuSN121Y
PGMSOL 24
PGMSO1CS
PGuSOL2L
PGY50121
PGr50128
PGYINL29
PGYSOL 10
PGuS01 YL
PGMSDL 32
PGMS0L)]
PGMSOL 4
P 50L3S
PGM.UNL 30
PG¥ONLIT
PC*50118
PCYOOL19
PLMLTL40
LA AL Y |
Ly Y4
PLMUNLG Y
PLMSUL &4
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FORMULATE DUOWNMASIE (CNDEITTUNS UN WING
CALL RPN IA, LY NI, ALY

ADD CONTUIPUTIONS FRCY DOWNWASH CONDTION TO RCLSIDUF VICTOR
DO 60 I=1,N0CP

60 PARAM(TY = -vR{T])
Nls NOCP

FOCRMULATE NO-FCRCF CCNOTTIOGN ON RIGHT-HAKD VORTEX
DO 400 L=l NCEP

FIND CONTADL POINT ON VORTEX
XPL o« XVECTIL UCEP)
CALL FHCTINISYVOR,LPAK, KPP, YVORT)
CALL FNCINIGIVOR L ¥AX,XP1,ZVORT)

xPl CHORDWTISE CONADINATE; NON-0 BY MAXTFUM LENGTH
YVORT: SPANKISE CCOUNINATE NON-D BY MAXIMUM LINGTH
ZVORT s vi@T1JCAL CUCRDINATE; NCN-D BY MAY[MUM LENGTH

x0C = xPI/CAMAYX

$0S = YVOOU/S

I = IVOLRY/S

XQC = CHORDWISE POSITION; NON-D BY ROOT CHORD
SDS = SPANWISE PUSITIONG NON-D BY STMISPAN
I = VERTICAL PCSIVECHT NUN-O BY SEMISPAN

CALCULATE CCHIRIBUTICNS TO FORCES AND RELATED DERIVATIVES FROM
HORSESHOT VONTICES
Catl woviL)

CALCULATE FCRCES AND REMAINING DERIVATIVES FOR JACOBIAN
CALL GVCTRINCCPY
400 CONTINUE

ADD CONTRIBUTICAS #RCM FORCE CONDITION TO RESIOUE VECTOR
00 500 J=1,NOFP
PARAMIJeNLLF) = - Fsugvi )
PLRAMEJeNLFPONCLP) = -FSUBZLS)

500 CONTInUL

CALCULATE PAGNTTUDE CF RESIDUE
OMAG =0,

SCALES DUPENDSAT VARIABLES 10 CROER 1

DO S&0 A < 1,KUPTS

DMAG = [OMAG ¢ PARAM(TAIOPARAM{TA)

DO 420 K2 = 1, NMCD
420 KACORCIA,N2) « XACOB{LA,N2) oF1

00 430 N2 = 1 HOCH
430 XACGBUIA N2eRMOD) = XACGUBIIA,N2¢NMOD)OF2

00 450 N2 s]1,lMAK
440 YACOPITALN2¢NFODTY s XACORLTA,N2ONMODT ) oF])
450 KACOLITA N2eLMAXORMOLTY = XACOBIIA,N2¢LMAXINMODT)OFG
560 CCHTINUE

FORM PATHLL A TRANSPQST oA
GETAIN A TRAYSPCSE © A MATRIX FOK STADBILITY REASONS

SAVE QACLY It ATA SI%CE SULUTION PRCCEDUMF 1S OESTRUCTIVE
OU 360 1e) \NKLD2
00 Y0 Jel,NvID2
DACODIT,3) = G.0N
DG 6D wa et PT]
OACOMT T4 J) = LACCOUN,J) o DBLE(KACOBLY,110XACORIK,J))
340 CONTIAUT
360 ATALI,J) = SNALICRCORIT. I}

PERFORM LU GLCCYPOSTTILN GF MATRIY DACON
$30 CALL DMFGIODACON, 3% NMODZ G IPER IS, 1FR)

- 17 -

PLMANIGS
PaMLOL GG
PLMTOL AT
LM OGN
PLMHIL A9
PGMYOL O
PGMOD1 %]
PGHT0I1%2
PLUINLISY
PGMSTLSG
PGM5015%
PGMS0LSG
PGMsOLa?
PGIA01%8
PCM50I159
PGMA01AK0
PGMSOLAI
PGU50162
PGMS0LED
PCMGDL 64
PGMSCLGS
PGMSOLLS
PGM5OLAT
PCMSDL 68
PGMSOL69
PGMS501 170
PGMSOLTL
PGMSOL T2
PGMSOL 1Y
PGMS501 74
PGMS017S
PGMSOLT6
PGMS0L T
PGMS50178
PGMSOLT9
PGH50180

PGMS01R1
PGMSOLR2
PGMS01H)
PCMSOL A
PCM501LPS
PGMSOL KRG
PGMSOL BT
PGHS01RE
PGMSOLR9
PCHS0190
PGM50191
PCHM50L92
PGM5019)
PCM501 94
PGMS0L9S
PGNSOL96
PGMOO1NT
PGM50198
PGMS0L99
PGM" 02700
PGMYH0201
PGCMS0I02
PGMS020)
PCrIN2NG
PGM50208
PCHEAIOING
PCMS02NT
PCHA0/08
PGV N2N9
PGHLO210
PGMA0211
PoMT0212
PCMLN21T )
PCMY021 4
PCMS02 1S
PCM.0216
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DMFG 1S MM SLmMATH SUBROUTINE

CALCULATL DETTRMINANT OF ATA MAIRIKX
DET = FLOATLIS)

CALCULATE ATer yrCTOR
00 320 [=1,AMOD2
DET = DETOSNILIDACODIL 1)
DARAM{ 1) = 0.U0
DO 320 J=1,ACOTS
320 DARAM([) = DARAMLIT} ¢ DALE(KACOB(J, 1VSPARANMII))

QUTPUT DETCAMINANT OF ATA PATRIX
WRITE(6,84C) DEV

AS CHECK FDR SCLUTION PROCEDURE, COMPARE DARAM WITH FMINS

QUTPUT A TRANSPOSE o B VICTOR
WRITE 16,9400 (DARaMIIL)IL =1,NMGD2)

SOLVE SIMULTAVEQUS LINEAR EQUATIONS
CALL DMSGICACGR, IS5, IPER,NMODZ40Q,DARAM, [ER}

SUBRNUTINE DMSC S DM SLMATH SUARQUTINE

CALCULATE A TRANSPDSE A © X VECTOR
00 570 ID =1,NMO02
FRINS(IBY = O.
DO 570 JB =1.NMCU2
ST0 FMINSIIB) o FMINSIIB) o ATA  (18,3B)OSNGLIDARAMIIND))

CUTPUT CALCULATED A TRANSPOSE A © X VECTIOR
WRITEL6,960) (FMINSUID),1D=1,NMCD2)

CUTPUT PREDICTFD CHANGES IN X [N AT A X = AT B
WRITE(6,940) (DARAM{IE),TEaL,NROD2?

CALCULATE RELATIVE MAGNITUDE OF PREOICTED CHANGE IN VORTEX POSITION
DELT-FACTOR/SNGLIUSCRT (IUARAMIT ¢NMODT 1 #02¢DARAM{ 1+ LMAXSKMODT ) %82) )

TFCOELT.CT . ) CELIeL,

CALCULATE RELATIVE MAGNITUDE OF PRECICTED CHANGES IN HORSE SHOE
VORTICIIY COEFFICTIENTS
ANUMaO,
DHur=0.,
00 620 Ixke1,NOCH
00 620 Jxe) NOSM
ANUMa ANUF AT IK, JX)OA( IK,JIK)
ONUM = DNUMe SNGLIDARAMILIKe(JK=1)8NOCM) 082
620 CONTINUE
DELZ = S20SCRT{ANUM/UNUMIZFL

USE SMALLER OF THI TwO SCALES
If (DELI.CT.OCL2) DELIe DEL2

OUTPUT SCALFS
wWRITEL6,9301 S2,00L1

CALCULATE HEW VORTICITY COEFFICTIENTS

00 600 I=1,NOLM

GOII) » GOLI) o DULI®SNGLUIDARAMINMODS L) )OF2

DO 600 Je«1,AOSM

Al1yJ) » AlL,J) ¢ DELI®SNGLIDARAM( (ol -1)oNDCM)) oF]
600 CONTIHUE

CALCULATE NIW VCRTEX LOCATION COFFFJCLIENTS
00 %50 is1,imAK
GYVORELY o CYVOR(TICUELIOSNGL ICARAMIT oARODTY ) OFY
590 GIVUR(LI) o GIEVURITIVDELIOSNGL (DARAMIFoLHAXONMODT ) )OF 4

GUTPUT NEW VORTICTITY COUEFFICIENTS
WRITE{L,4720) (TACT D) oladgNOCM), ot g KOSMY o {GQIK) 4Ke L, NOCN)
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PLMS021 T
PGHS0 1R
PCS0219
PS¥50220
PGUN0221
PGMS0222
PGur022)
PGUSN224
PLrPS0225%
PGUS0226
PSMSO20T
PGM50228
Po"EL229
PLMS0230
POMSO2 YL
PGMS0O2Y2
PGM50213)
PCMN02 Y4
PCMS0215
PG¥S02136
PGMSQ2 VT
PGMS02 18
PGYS02 39
PGM50240
PoMS0241
PGMG0242
PGMS02¢6)
PGMS0 44
POMBR0O245
PGuS0240
PCMS5024T7
PGKG02460
PGMIN26%
POMS0ZSN
PIMS50291]
PGsN2%2

PGNEI25)
PCMS 254
P
PIv502%4
Pim502°7
PLMIO2S8
PGML 0259
PGMS025Q
PGM90261
PGM50202
PGMS026)
PGMS02646
PGP 50265
POMS02 46
PGMS02617
PCM02%8
PLML0249
PLMSD2T0
pPsvana
PGMS0212
PG45021)
POFG02 T4
PGM502T7Y
PCMS02 18
poMno21?
PCIH02 T8
PG¥ N2 19
PGMS02R0
PGHEN2 AL
PGHLN2R2
[ AVARD]
PO 50704
PGMTA2 RS
PGHMYD. 16
POMANO T
PLMYMO2AN
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OUTPUT NEW VORTEX LOCATION COEFFICIENTS
WRITELS,950) LyviR,GIvOm
DYAG = SORTIDNAG)

GUTPUT ITERATICN NO. AND RESIDUE
WRITE(6,7A0) 1TA,DNAC

CHECX FUR CONVERGFNCE

1f (DMAG.LT..001) GO TO 810
800 CONTI%UF
810 CONTINUE

QUTPUT JACOBIAN
MRETOU6,710) ({RACOBUIG,JG)oJU=1,MP002),1G=1,NOPTS)

PUNCH NFW VOATEX LOCATION COFFFICIENTS
WR1TE(2,840) CYVCR
WRITELZ,890) GZVCR

PUNCH NEW VORT,CTITY COFFFICIENTS
MRITECT,940) (CALT o3 1=] NOCM), 3= 1, NOSM) ,{CQIK) K=1,NOCH)

SO1 FORMATISIS,212,F10.4)

830 FORMAT(® PROGRA% Vv CALCULATES VORTICHETY CNDEFFICIENTYS AND VORTEX LD
CCAVIU, FROM TNITIAL GUESS APRIL 29,1971%,/7}

B40 FORMAT(SFL4,.S,1X,°0Y( 1- S5)1°}

850 FORMATIS014.5,1X,°G2( 1- 5)°)

860 FORMAT{® DCTERMINANT OF THE JACOBIAN IS5=°,E14.5)

8710 FORMAT('OCHEWMS PTS =° , 13, 3X,*SPNKS PTS =%, [3,3X,*SEMISPAN =°,
CFH.Y, I, 'CHONS MODES ¢, 13,30, SPNMS PODES =*,13,3X,°CR=%,F7.4)

880 FORMAT(2110,F10.4,2110,F10.4}

890 FORMAT(215,3F10.6)

900 FORMAT (*0 CRLFR OF VORTEX APPROXIMATION IS°,13,3k,°FACTOR=",
CF10.6,3X,"ANGLE CF ATTACK=*4F10.6¢3X, *NOFP=*,13)

910 FRawaT(10 E13.4)

S22 FL2UrTIOTrE VELLES COF A,GC ARE'/,({SE14.5))

IIT NETUATLY LCRLT BAMM CHANGE IN LCADING COEFFICIENTS=*,F10.4,5X,
C *Let =0, 10.59,7)

960 FORMET(SF14.9])

990 FOURMATUI'OTHE YALUFS OF CYVOR,GIVOR ARE'/ (SE14.5))

970 FORMAT(IH , ' INTEGAATION PIS. IN REGION 3=*,15,5%,%IN CHOWS=',15,
CSX, "IN RESICN 1et,15)

980 FORMA (*0 AFTER*,13,* JTERATIONS, RESIQUL IS =*,Fl0.6,/)
stop
ENC
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PGMN501300
PGMSOINT
PGMS0102
PGR5030)
PGMS0S04
PCRH0INS
PGMS0ING
PGMNOMOT
PCM50308
PGMS0309
PGFS0YI0
PGN503LIL
PGMSOYL2
PGMSOILY
PGMS0 L4
PCMSDILS
PGM503L6
PCMSO3LT
PGM50118
PGHS50119
PCrSOY20
PGM50321
PGM50322
PGM5032)
PGHS0324

PCMS0I2S
PGM9NI2E
PGM50327
PGMS0Y2E
PGMROI29
PGMS0310
PGM 033
PGM50132
PGM5033)
PGM503I34
PGMS033S
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BLOCK DATA
GAUSSTAN OQUACRATURE ADSCISSA AND WEIGHTS
COMMON/SAUN/CNELIC, 101y WhT10410) /GAUS/ GI24)4MWI24)

DATA (N/&T60.,
1-.9041798,-.5'864093,0.0 s «5IBLKEVDY, 041 T78,4500.,
2= QY0005 = ALSN6 V6~ 6TV 096,-.6 333776, -, 16YRTLY,

3 L16A874Y, 4333954, 6796096, “A50A14, 9TII065/ 5N/ 40®0.,
& J2V9269, JATRH2HT, LSCABABY, JLTREPAT, .2))9261,4%5¢0.,

S L06EAT1Y, 1496513, 2190866, 2692607, 2055262,

6 2955262, J28928KT1, 2190884, 16094513, 0654713/

DATA G/-.99518124-.976178b4s-.9382746,-.8B64155,-.8200020,~.1401242
Le-ab6B0936,-.56%6215,-.4337935,-.3150627,-.1711147,-.0640569,1290.
2/ W7 .0123612,.0285314,.0642774,.0592986,.0731445,.00861902,
3.0976186,.1074663, .119%057,,1216705,.1298174,.1279382,12%0.0/

END

FUNCTION AlLY)

AL(Y) PROVIDLS LOWER LIKIT FOR SURFACE INYEGRAL
ARRCYW WING CONFIGURATION

ARGUMENT LISY
Y3 SPANWISE CODROINATE: NON-D BY MAXIMUM LENGTH

COMMON XPT,YPT,S,M,N
Al = ABSIY)/S

RETURN

END

(0000000000000 000008000000008008000000800088000000000800000000000008C000800000000800¢

FUNCTION AS(Y!)

ASLY) PROVIDES LOWER LIMIT FOR SURFACE TNTEGRAL
AKRCW WING CONFIGURATION

ARGUMENT LIST
Y SPANMISE COORDINATE; NCN-0 BY MAXIMUM LENGTM

COMMON XPT,YPT,5,M,N
Yl o= ARS{Y)/S
IF (Y1.GY.{XPTe .02)) GO 10 20

10 AS = XP1+,02

RETURN
20 AS = ¥V}

RETURN

END
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aLr "
aLr 2
BLK ]
BLY LN
LIS "5
8L¥N0VJG
BLrLOIOIO?
ALx 078
BLx D009
aLx Lo
BLFODOCOIL
BLxCOULZ
aLvnnoly
BLK00%1 %
ALXO0O1S
BLKUOOLG
BLKDOOY !
BLKDOOLS

onol
0Nz
QUi
0204
0025

oRIar
0els
0009
0010
0ot
0012
0n13
0014
0o1ts
0016
o017
eole
0711
0020
0021
0022
0023
0024
0025
0n2e
0027
0028
0027
0019
0031




FUNCTION NIN,S)

onot

4 0nn2
(4 Kt TEMICHCARD NONOTMINSTONALIZcD BY ROGY SEMICHGRD 000y
[4 AMWOW WIN, CONFIGURATION 0004
[4 000%
4 ARGUMENT LIST 0006
C N: SECTION NO. INDICATOR coo?
C S SPANWI SF COORDINATE: NON-D AY SEMISPAN 0608
C 00v9
8-1.-483153) onio
RETURN 1] B}
END 0012
C 001}
(0000000000000 000000000000100000000000000000000000000080008000000000000000000090¢ 0014
(4 0015
FUNCTION XLEUIN,S) 001s
(4 0017
C XLE: OFSCRIBES LEADIG EDGE OF WING: NON-D 8Y WING ROOT SEMICHORD ooln
C ARROW Wits CONFIGURATION aot9
[+ 0020
C ARGUMENT L 1ST 0021
C N: SECTION NO. INDICATOR 0022
C S SPANWISE CODRDINATE; NGM-D BY SEM]SPAN 0023
C 0024
COMMON/PLAN/CR 0025
XLE = -1.¢2.0AB515)/CR 0026
RE TURN 0027
END 0028
FUNCTION BSTY) 0001
C 0002
C 8% PROVIOES PLANFORM LIMITS TO INTEGRATION ROUTINE 000}
C ARRLN WING CUNFIGURATION 0004
C 0005
C ARGUMENT LIST 0006
C v: SPANW|SE COORDINATE; NON-D BY MAXIMUM LENGTH 0007
c ones
COMMON XPT ,¥YPT,Se¥ N /PLAN/Ca 0009
BS = ABS{Y)}®(1.-CR)I/S ¢(R 0010
RE TURN 0011
END 0012
[ 0013
(0000000000 00000000080000000040008000000¢00000000030000000000000000000000000%00000 0014
C onls
FUNCTION BTIY Y} 0016
C 0017
C BT PROVIDES PLANFORM L IMITS FOP INTEGRAYICN ROUTINE o018
C APRCw WIN, CONFIGURAT[ON 0019
C 0020
C ARCUMCNT 18T 0021
C Y SPANWISE COORDINATE: NON-O BY MAXIMUM LENGTH 0022
[ 0023
COMPON XPT,¥PT,5,¥,N /PLAN/CR 0024
IF (Y.CT.S®{XPTe.02-CR)/11.-CR)) GO 10 20 onzs
BT = ABS(YIe[1.-CR)/SeCR 0nze
RETUAN Qo027
20 87 = XPTe .02 0028
RETURN 0029
END 0010
- 121 -
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TUNCIION DIDYIY,YVORT)
v1DY PROVILFS DIRIVATIVE TOR JACOPIAN

ARCUMENT L IST
v SPANWISE COGRUINATE; NCN-D Cv MAXIMUM LENGTH
YVORT: VCHTEX SPANWIST PNSITICN: NON-D BY MAXK, LENGTH

FACIOR OF TiJeL-1) OUISIDE OF FUNCTION
COMMON XPI,YOUM,S M #P /SEC/ IVORT /PLAN/CR
YOIFFaY-YVORT
XEDGE = CRevY®(1l.-LRI/S
X01FF = XECGE-XP]
TERM|=YDIFFoYDIFFelVOATeIVORT
TERM3I=TERMLOXOIFFOXDIFF

0(0y = YOIFF/TERMLO®(2./TERM1® (1. ~XOTFF/SQRT{TERMY))
€ -XDIFF/{TEQMIOCLAT{TERMY) )

RETURN

END

FUNCYION OIDZ{Y,YVORT)

DIOL PROVIDES DERIVATIVE FOR JACOBIAR
ARROW WING CONFIGURATION

ARGUMENT LIST
Y SPANWISF COORDINATE; NCN-D BY MAXIMUM LENGTH
YVORT: VORTER SPANWISE PNSITION: NON-D BY MAX, LENGTH

FACTOR OF Ti2eL-1}) DUTSIDE OF FUNCTION

USE MULTIPLE UEFIMITIUN TO REDUCE TRUNCATICN EARRORS
REAL®B YOIFF XODTHF TERML,TERM2, A
COMMON XP[,YPT,S,M,MP /PLAN/CR /SEC/LVORY
YDIFF » OBLE(Y-YVORT)
XEDGE = CRevo({l.~CRI/S
XDIFF = ORLE(XFDCI-XPI}
TER®L = YUIFFOYDIFF¢DBLE(ZVORTOZVORTY
ASTERMI/Z(XOIFFOXCIFF)
1ria.Le,.20500) GO 10 100
TERM2aTERMIeXDITFOXDIFF
0102 = IVORTOSNGLI{-2.DO/TERMIS (L . DO-XDIFF/DSORTITERM2))e
C XDIFF/ITERM2ODSCRYITERHZII/ZTERPLY
RETURN
100 DIDZ » IVORY/4.OSNGLEE=3.D0435.000A)/XDIFFee4)
RETURN
€ND
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FTUNCTION FVIX,YPT , XPT) Fv onot

FV 00N

FV GIVES CONTRIBUTICN FROM LOADING-C(OGE VCRTEX TO v FV 0nry
FVY 00us

ARGURENT L IS8T FV 0005

| &1 CHOROMISE [NTEGRATION POINT; NON-D DY MAXIMUM LENGTH FV 0O0PODS

YPT: SPAAWISH LOCATION CF CCNIROL POINT Fv 0007

X0T: CHORUWISE CONTROL POEINT; NON-D BY MAXIMUM LENGTH Fv 0008

LEY XPT 0. T USH OGN WING FVv 0Nn9
COQFMON/GYCRYZ GYVCHES) ,CIVORIS) ZSEC/ZIPT /VLOL/LMAX Fv 0010
Pled.161%9) Fy 0011

FVv 0012

CALCULATE LOCATIO OF VURTFX fFv 0013}
CALL FNCTH{CYVOR,LI'AX, X, YVORT) FV 0014
CALL FNCTINIGZVOR,AMAX, X, JVORT) FV 0219
Cati CFuIY 10/WDR,L¥AX,2,DIv00Y) Fv oote
XOJFEsn-upl FVY 007
YDLFPoYVINT-YPT FVv 0018
TO1FF=2VORT-2PT fV 0019
Fv «(JDIFF-XDIFFODIVORTI/ (4. ®P1® (XDIFFOXDIFFoYDIFFOYDIFFe Fv 0020
LIDIFFeIDIbF)O0] 5} Fv 0021
RETURN Fv 0022
END Fv 0023
FUNCTION FWlX,YPT) FW 0001

FwW 0002

Fw GIVES CONTRIBUTICN OF LEADING-EQGE vORTEX TO W Fw 0003
FW 0004

ARGUMENT L ST Fw 0005

K: CHORDWISE INTEGRATION POINT; NON-D OV MAXIMUM LENGTH fuw 0006

Y2T: SPALRISE CONTRGL POINT; NON-D BY MAXIMUM LENGTH FW  0ON07

FW 00C8

TO USE LN wiNG, LT 2P1:0,0 FW 0009
CovM L XPT YUY, SoMt JSELZLPT /VLOC/LMAK Fw 0010
CumROIOVOR FGYV005), GIVORES) Fw 0011
Pl=3.141%9) FW 0012
Fw 0713

CALCULATT LOCATICH OF LTADING-E0G. VORTEX FW 0014
CALL FANCIN{CYVOR,LMAX, X,YYGRT) . FW 0015
CALL FRCTNIGIVORLMAK X, JVORT Y FW 0016
CALE CFHCTUCYVOR,LMAX,X,DYVORT) FW Q0?7
XDIFFax-xpP1 FW 0018
YOIFF=YVORT-YPT Fw 0019
LUIFF=2VORT-Z2PT FWw 0020
Fu = {(XOIFFONYVORT-YDIFF )/ ((XDIFFOXDIFFeYOIFFOYDIFFeZDIFFOIDIFF) FWw 0021
l1ee] .50 4 0P} Fw 0022
RETURN FW 0023
END FW 0024
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FUNCTION GVORTIM,X,Y,$) GVOHNINY

4 LvoInne?
C CVORT CALCULATES VORT(CITY STRENCTM ON WINC OUE YO LEAOING-EDGE CVaD. )
¢ VORTICES LRREC
¢ Gvuerons
C ARGUMENT L'ST CVoH0Ite
4 M: MOOAL SPFCIFICATION PARAMETIR GVGROOOT
C x:  CHORDWISE POINT OF INTEMFST: NON-D BY MAX, LENGTH Gv0anIng
c v: SPANN]SE POINT OF INTERFST; NCN-D BY MAX, LENGTH gvie k]
c St SEMISPAN; NON-D BY MAXIMUM LENGTH GVGANID
< GVOroLL
Pls3.14159) Gv0R0 112

CONST « PleFLOAT(20Me1)/2, cvoxII13
X7Y2eSQRT(XOXeYOY] GVOoRNot&
XEDGE=X2Y2/SORT(1.0S08} GVOR0D1S
GVCAT=CONSTSLOSICONSTOXENCE) /N2Y2 CVOROD16
RETURN GVGHODLT
END GVOR0018
FUNCTION XGVLIX) 0001

4 ocn?
C  XGVYL CALCULATES CONTRIUBTION TO vV FROM LEFTSHAND VORTEX 0003
C 0004
4 ARGUMENT L1ST 0005
C X: CHOROWISE INTEGRATION POINT; NON-D BY MAX. LENGTH 001¢
(4 co07
COMMON XPT ,YPT S My MP 0008
P1=3,1415913 [LLY)
CONST=FLOAT(20Me1)/2,0P] 0010

XCVL  =-SINICONSTOX}OFV(X,~YPT,XPT) 0011

RE TURN 0012

END 0013

C 0214
(0000000000000 00 000000000000 000000000000000¢0000000000800000000000280¢00000004000 0915
4 0016
FUNCTION XGVTIY) 0017

0018

C  XGVI GIVES CUNTRIBUTION OF WAKE VORTICITY YO SPANWISE VELOCITY 0019
4 ARRUW WING CONFIGURATION 0020
< . onz1
4 ARGUMENT L1ST 0022
c Y:  SPANWISE COORDINATE; NON-D BY MAXIMUM LENGTH 0023
[ 0024
COMMON XPT,YPT S M, MP/SEC/IPT /PLAN/CR 0025
Pl=3.14157) 0026
CONST=PLOrLCATI20%e1)/2, 0027

XEOGE » CROYO(].-CRI/S 00z8

R2Y¥2 = SQUTIRTDSEPS2evev) 0020
XFOCE=X2Y2/SQRTI}.0508) 0012
CHELTw~CONSTSCOSICONSTOXFDCE) 00Vt

XGVT  s~ZPISGOILT®IXI(Y,YPT)-XL(Y,~YPY} I/ (4, oPY) 0012
RETURN 001)

END 0014
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FUNCTION XGwWLIX) onag

[ oun
C  SCMU CALCULATES CONTRIBUTION YO W FROM LOFT-HAND VORTEX 000y
4 00ng
C ARGUMENT LIST anns
[4 x: CHOROMISE INTEGCRATION POINT; NON-D DY MAX. LENGTH 0nne
[4 oon?
COMMON XPT ,YPT ,$,M,N anng
PI=13.141%7) onng
CONST=FLOATI20Ms 1) /2, 0P 0010

CGML =SIS{CONSTOX ) ofuwiX,-YPT} 0011
AFTURN 0012

END 001}

C 0014
c........0.0000-.‘0.00.0.0.0.t....‘...l.‘l...‘00.0‘..00......0‘.0..0'0...00..0.0 00Ls
C [le] ¥.Y
FUNCTICN XGWTILY) 0017

C 0018
C xGWY GIVES CONTRIRUTIDN OF WAKE VORTICITIY TO OUWNWASH 0019
C €020
C ARGUMENT LIST 0021
C v SPANWISE COORDINATE; NON-D BY MAXIMUM LENGTH 0022
[ 4 0023
C 10 USE ON WING, LEY IPT=0.0 0024
COMMON XPT,YPT,S,M,MUU» /PLAN/CR 0025
Pl=3.141573 0026
CONST=PIOFLOATI20M0 1) /2, 0027
REDCE « CRevo(] . -CR)I/S 0028

X2Y2 = SQRTI(XENCE®®2ev0Y) 0029
REOGE=X2Y2/SOMT(1.e50S} 0030
COELT--CONSTOCOSICONST®XFDGED 00131

XGWT e~GDELTO{(Y-YPTIOXI[Y,VYPT)e(YeYPT)IOXI(Y,~YPT})/14,. 0PI} 0032
RETURN 0033

END 001314
FUNCTION XILY,YPT} xt oonl

c xX§ 0002
C X1 GIVES CONIRIBUTION FRCM WAKE VORTICITY xI 0003
4 ARROW WING CONFIGURATION x1 0004
C Xl 0005
C ARGUMENT LIST X1. 0006
[4 A& SPANWISE CDDRDINATE; NCN-D BY MAXIMUM LENGTH xt onor
4 YPT: VORICX SPANWISE LOCATION X1 0008
[ X{ 0009
COMMON XPT ,YDUM,S,N,» /PLAN/CR /SEC/IPT Xt 0010
As[Y-YPI)O[Y-YPT)e2PTO2PT x1 0011
XEDLE = CRov®{].-CRI/S X1 0012

8 = XEOGE ~XPT xt o013
XI=(1,.-8/SCRT[AeBeR))/A Xt 0014
RUTURN X! 0015

END xXf 0016
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C
C

4

C
ct

1

SURNGIUT INT CHOWS

CHDWS T EVALUATION JF (HNROWISE INTFIRAL USEH 4% LIGINORE-GAUSS
QUANRATONT €04 CONTUIBUTICN TC VELOCTTY OGN VGRTEX

OIMEXNSION NETATLC)  IHTTALLO},SXITO0)ALLSY

COMMON ZJACDN/ D¥DYLL0) DRUZIL0)DKVNY (L0} XNWOY{S),XDWO2IS),
C WOVUYLSE /CAUN/GNLIO,10),WH10410) Z7PQ0TS/4UCHM(NCOM
C /MOV2/AR[I&,5,5) JALST S¢S oNINCCHESI, TRREINILRGCS0S0Y 020 YMN,INL,
C RSCR,ETA,GAUSXILO0) 4PO2 NCPIMPaN X oClsdlod24G50 YMN2ZINTL2,CSR
COMMON ZSOWSH/ TRKVATLO) ¢AVR(4,5,5),LvR(3)

NITIAL 12T "HUMMATION VARIABLES
DO 1 1=l NCCH
CRitI=0.0
CVRIT}=0.0
XCWOY([}s0.Q
KGwulili=0.0C
XDVOY(L1)=0.0
CONT INUE

[«
C CALCULATE LOCATION OF LEADING EDGE AND LOCAL SEMICHORD

[«

.

NON-D 0y WCOT SEMICHOARD
ELE=XLEIN,GS)
SEMICD=BIN,CS)

TFIRSOR-, 1150, THE INTEGRAL S EVALUATED AS A SINGLE INTEGRAL
TF (RSCR-0.1) 2143,
3 OIF (ININC) 6o&,7
NINC=2
00 % [=1,NCP

C
C CALCULATE ANGULAR SPACING FOR INTEGRAL

C
C
b ]
1]
[}
C
[+
C

BETAL[)=t1l.-ON(]1,NCP))OPO2
CXU1)e-COSIBETALLY}
D0 S J=1.NOCM

ALSEDeTI=SINIBETA(TIOFLOATIJII/FLOATI200(20)) )04,

ALStJ, 1) = LOADING FUNCTIONS. REF: ASHLEY AND LANDAML

CONTINUE
00 & I=1,NCP
GAUSKIL)mX-(ELTeSIMICDO(L.¢GXIL)) )

CAUSX = ¥y-x1: KON-D OY ROOT SEMICHORD

C CALCULATE FIRYIELS FOR SUNFACF [NTEGRALS

20

[a X aNalal

CALL 7ER*L

WGHT=PO2

DO 20 [=1,NCP
CWemNET NCPIOSINIBETALTT)OWCHT
D0 27 Js] ,NOCH
CRIJIZALSIJ I IOCWHSTRRITIOCRII)
CVRIJI=ALS I 1 IOCHOTRVRIT}eCVR(J)
XDWOY L Jh=xOwDY (J2e OKDY([)@ALS{J,000CH
ANRDZEII=XOROZ i) DKD2II)OALS{I,100CW
KNVOY LI =4CVOYLJ)eURVOYITIOALST S 1) W

CCnTINUr

GG 10 S0

FOR RSQR-,1<0, THE CHORDWISE INTEGRAL IS COMPUTED B8Y 2 LEGENDRE-
GAUSS CUADRATURES TO HANOLE FINITE JUMP IN KERNEL AT X-X1eY-YlsQ

C IF X 1S UFF WING AT Y, USE SINGLE INTEGRAL

21

TFix-CLr) 3,3,220

220 TFIx-(FLEe2,eSIMICDY) 22,3,)
22 TNBDeARCOL{(ELEsSEMICD-X)/SENICD)

23

Ke-}
wGHTsTHED /2.
DN 2Y fsl NCP
THETALI )« 1 =GNIINCPYIOTHRD/2,

GAUSKE ) X-(ELLOSEMICOO (). ~COSITHITALLYD))
¢o 10 35
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CiHnwhnng
Cubwiind
CHunOING
Crhiwm NS
CHNWENNNG
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CHOWOO L &
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CHOWODD24
CHD=DD2S
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CHOW2028
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CHOROI Y]
CHOW00 Y2
CHOWODY
CHOWGI 14
CHOW2)YS
CHOWOO IS

CHORD AT
CHDO® OO
CHOWD 9
CHOwO02%0
CHOWD el
CHORDOG2
CHOWOCGY
CHOWN( &%
CHOWD045
CHOWDI46
CHOwNY4 T
CHDAN%6 8
CHD #2047
CHIwR 8N
CHORT"S1
CHOmSOY?
CHDWRNS)
CHDO®W2254
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CHOWOUSS
CHDWOY40
CHEWOOLL
CHDADN2
CHad248)
CHNRT 44
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CHLwddey
Cran™ &7
CHONNDSGS
CHDWONALS
CHLA%0 10
CHDUANT]
CHNWUO 2




24 WOHT = P{,2-WGHT

K=

DO 25 1=1,NCP

THETACT Y = THBDo L L. -CNET,NCP)IOIPO2-THAD/2,)
2% GAUSX{T)sx-{ELESEMICOOL]1.0-COSITHETALL) D))

GAUSX » X-X]}

[a¥alal

C CALCULATF KEFR&NELS FOR SURFACFE INTEGRALS
35 CALL KERNI

C

C 00 CHORDwWISE INTILRALS
D0 &0 1=1,n(P
Cw=WNTE HCPIOSTHNITHETAL LY Y OuGHT
D0 40 J=1,NCC™
ALLJ)=SINTTHETALLIOFLDATIONY/FLOATI200(20))) o4,
Cx{JY-BL T JIOLWOTRR I OCRIII
CVRIJI=ALLJI®CWO T VAT )eCVRLY)
XOWDY(I) =XCWDY (J)e DROYI[ISAL{I)OCH
XDWDIEJ)=XUWDZUI)e DKDZ(TI®ALLY)IOCW
XOVDY( Dy =xOVOY{JieURVOY(L)oALLI)OCW

C
C CR(CVR,JDWDY XCWDZ, XDVOY ARE THE CHORDWISE INTEGRALS
40 CONTINUE
C
C LCOP FOR SECOYNO INTEGRAL
TFIKY 24,450,450
50 CONTINUE

C
PRIMARY (UTPUY (R,CVR,XOWDY,XDWOZ,XDVDY ARE RETURNEOD THROUGH
C COVMFON BLOCK TO CALLING PROGRAM
C
60 RE TURN
END
SUBAQUTIMNE COLPT{NCORD.NSPAN, XPT,YPT)
C
C COLPT CALCULATES COLLOCATION PCINTS ON PLANFORM
C
C ARCUMENT L ISTY
4 NCCHO: NC. OF CHODWISE POINTS
C NGPAN: NC. OF SPANWISE POINTS
4 Xpt: CHOROUWISE POINT: NCAMALTZED 8Y 1
4 YPT: SPANWISE POINT; NCRMALIZED BY 1
C

DIMINSTON XPT IS, YPT(S)
Pl V.16159)
DO 1O [+1NCCRO

LO XPTIT) = CCSUPIOFLOAT(2¢[-1)/FLOATI4*NCOGROD)
00 20 J=l NSPAN

20 YPT(J} = COSUNLOATUJ)I®PI/FLOATI2ONSPANSL))
RETURMN
€Ho
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SUBROUTINE OFNCT(GF, M X, NFNI
DFNCTN CALCULATES DERIVATIVES OF CHEDYSHEY PCLYNOMIALS

ARGUMFENT LLST
GF: CNEFFICITNTS CF POLYNOMIAL APPROXIMATION
LB ORDFT CF POLYNCMIAL APPROKIMATICH
x: CHORDWISC ARGUMFNT
DFN: VALUF OF DERIVATIVE OF FUNCTION REING APPROXIMATED

DIMENSION GFIS)CHEBY2(5),DCHEBYLS)

CHERY2 (1) =1,

CHENY2(2) b . *X®X-1,

IFiM.L T 3} CO TO 80

CSQaCHrRY212)-1.

00 60 L=,V

CHFRY2 LL 1w CSQOCHENY2IL~1)-CHEBYZIL~2
80 CGNTINUE
80 CONTINUE

D0 100 le),»™

OCHENY{ 1)1 =CHEBY2 1 )OFLOAT(201-1)
100 CONTINUE

DFN=0.0

0N 500 [=l,™
$00 DFN=DFN+GF {T1)¢DCHEBYL L)

RETURN

END

SUBRQUTINF DGWGM(DGWGMZ, DCH5M4GuGMWL )
OGWGM CALCULATES CONTRIMUTION TO W FROM tEADING-CODGE VORTICES

ARGUMENT L1IST
D5wGM2:  CONTRIBUTICN TQ Y DERIVATIVE
DCWGM4:  CONTAIBUTION TO I OFRIVATIVE
GWGMWl: CONTRIBUTION TG W VELOCLTY

DIMERSTICN TCHUMY(S),UCHENY(5) ,SUM21%5,5),SUML(5,5),A14),0(4),
C DCWGM215,51,D0CWG4(5,5) o HMGMALIS), SUMIS),DFWDYI5),0FWD2(S)
COMMON XP L YRT,S,MDUMMPDUM /GAUS/GI24) WL 24)

COMMUN/ GVCR/GYVOR(5) ,GIVORIS) /VLOC/LMAX/MODES/NOCM,NOSM

Pl= 31.14159)
COXST2= L./7(8.0P])

CONST2 = 1/(4.0P1) @ 1/2 VO SCALE INTEGRAL

INITIALLZF SUMMATION VARIABLES
DO 100 t=1,5
SUMIT1°0.
00 LtO0D J=1,5
SUM2{1.J} = 0.
SUMalT,J) = O.
100 CONTINUE

WANT FGUR CALLS TO [NTEGRATION ROUTINE
OATA AgR/0.,cl2%5.2%0.590025002%:.9%017
D0 300 IC=1,4
EMA s BCICY-ALIC)
BPA=B(ICHIe ALIC)

DO CHOROWISE INTFGRALS BY 24-POINT GAUSS. QUAD.
DO 200 Je1.,24
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DFHCO20L
Drueoong
DF*L 000
OFHCOOG
ofFNLOINS
DFYCONTG
DFNCOUNT?
DFNLOONA
DFNLN3N9
o] 21 Bvial §¢)
CFoloil

OFNllll2
LA R |
DFXNCCT I«
DFNLITLS
DFNCOT1 A
DFNCONL Y
OFNLOTLB
OFNCONT Y
DFNCON20
DFNCOD21
OFNCOT22
OFNC0OO23
DFNCO0?4
DFNCOD2S
DFNCO026
OFNCOO27

DGWC0aN1
OGHLNONY2
DGHA00NY

SWC0004
DGWT000S
DGwCO0VS
DGwWG00D7
DCWGCONNB
DGWGNI0T
DGWGLOO10
DI esbR B
DGWCDO1 2
OGwGCCO1 3
DGWIN0L 4
OGWCONTS
DGWCNOL G
0GwL001 7
oGWLND1L B
DGWLN01 9
DGW.0020
0Gnui0021
DGwNN22
DGHT(023
NGws0Jl24e
OGHCIN2S
DGW"OO26
0GHL00217
OGWI.0OG? 8
DGWRN029
DOWGO0NVO
DGWGONL
[JAI LR P
[T TALES
0GR VS
DGWCON S
DGwGOO Ve




CALCULATT INTEEMINIATE FACTARS
X s (RNACC(I}eniPA) /2.

-~

CALCULATE CHENVYSHI Y PULYNCRIALS
CatL TuCnt RIg=ac, v, TenEny,LCHIBY)

[a NN oW o)

CALCULATL VORTEX PLSITINY AND DERIVATIVES
CALL FACTAIGYVOR,LMAT, X, YV(RT)
CALL "NCTHIGIVER L PAX, X, IVCRTY
CALL DFNCTIGYVOR,IMA2,2,0YVORTY

C CALCULATL INTfRQMEDTATE FACTORS

XOiFf> X-XP{

YOIFY¥ YvoaRt-ver

YSUm YVORTevPT

TERML= XDIFFOXDIFFeYDIFFOYDITF o IVORTOIVORT
TEAmZ - XDTFFEXDIFT e YSUMOYSUNS JVORTOZVORT
TERFI-TinBlESCRITTIRD)

TERMG: TERM2OSORIITER2)

[4
C CONTRIBUTION TG DOENWASH FROM LEADING-EUCE VORTEX
Fw = (XDIFFODYVORT-YOIFFI/TERMY o (XDIFFOOYVORT-YSUM)/TERNS
00 140 L=1,LNX
C
C CHANGE 4 DOWNWASH CCNIRIBUTION DUE TO CHANGE IN VORTEX POSITION
DFWOY L) = (XDTFFOFLOATI20L -1} ¢UCHEBYIL )-TCHEAYIL)
C -3.0(XDIFFODYVLRT-YDIFFICYDIFFOTCHFBY IL)/TERML)/TERNS
C *{XDIFFOFLOAT(?01-1) ¢ UCHEBYILI-TCHIAYIL)
C -3.¢(XDI}FODYVORT-YSUM)ISYSUMSTCHEEYIL I/ TERM2 ) /TTRMG
DFWOZ (L )= IVGRT®  TCHEBY(L)O{{XDIFFeDYVLURT-YDIFF)/
C (TERMIOTFRMI) o (XDIFFODYVORT-YSUMI/ITERPZOTERNSG) )
140 CONTINUE
N0 150 MO=1,NOCH
M:MQ-1
CONST = FLCAT(2¢Ms])/2.90P]
CGAM= SINICONSTeX)

C
C GCAM = LFADING-TOGE VORYFX STRENGTH
SUMIRG) = CGAMEEROWI ) ¢SUMIMO)
DO 150 L=1,t HAY
SUM2IFQ.L) = GCAMCDFWOY(LIOW{J) oSUMP{MOL )
SUMGIMN,L) = GLAMCDFWDZ(LIOWII) oSUMALIND,L )
150 CONTINOF
200 CONTITUT
C DETERMINE wEIGHTING FACTOR
CONSTH1.
THEIC.GTL1) CONST- .S
NO 400 ™MQ=«1,%0CH
SUMINMO) « CONSTOSUMIMQ)
00 400 tsl.lMAX
SUM2{¥Q, L} = CONSTOSUM2IMQ,L)
SUMGIMO, L) = CONSTOSUMGIMO,")
400 CONTINUL
300 CONTINUT
DO SO0 »3 §GNICH
IHGUHMLERG) = CONST2OSUMIMG)
00 %00 Lri,LMAX
DOWO™20MC, 1) » CONST20SU*2(M0,L)
DCWGC¥& MO, L) = -3, @ CONST20S5UMGIMO,L )

%00 CONTINUF
C
d PHIMARY CUTPUTS CrGMWL,DCHGM2,(IGWLHME PASSED THROUGH
C ARGUKEIHT LIST 10 CALLING PRCGHAM
RE TURN
END
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DGWNONT4
OCWG001?2S
DGNCO0T¢
OGwhoo 77
DGW500178
DGW50079
DGWCOO0RO
DGNCOO0R1L
DGwS00H2
DGWGOOAH Y
DGWL0084
DGWCOoORS
DGWCNORG
DCwWo00R?
oGwS00478
DGWGCOR9
OCwWG3N"N0
DGwWioDaY
DGw3 0032
DCwWn007)
DGW 0094
OGw,009s
OGWLANT G
oCwGcoonT?
OGWLO0?8
bDGwionn9
OCWGLOI 0O
DGWCO101




SURROUTIHE DCWVIDCNTY,O6VIY,D54T2,06VY2)
DGWY PROVIDFS CONTRIAUTIIN TO JACOBIAN FROM wARE

ARGUMFNTY LISt

OGWIY: CHANGE [N CWT FRCM CHANGE IN YV
DAVIY: CHEINAE [ GVY FROCM CHANGE IN YV
OGNTZ: CHANGE IN GWYT FRCM _HANGF IN 2V
DCVT2: CHANGE TN GVY FRCM CHA'NGE IN 2V

FACTOR OF f(2eL~-1) OQUTSIDF OF SUBRCUTINE

[aNaNaNaNaNaRaNaNaNalal

COMMON KPT,YVTIRT S, MDUM, MPDUM/SEC/IVORT/GAUS/GI24) 4 WI24)
C /MODES/NTOM, NOSP /PLAN/CR
DIMENSTON SUMES, &) (COWTYIS),DGVTYIS),DCNT2(S),0GVTE(S5)

Pled 141%59)

inXal

INITIALIZF SUMMATION VAQTARLES
DATA SUM/20e0,.0/

(AN al

D0 SPANWISE INIEGRAL FROM 0. TO S
DO 200 Jot,24

CALCULATE ARSCISSAS FGR GAUSSIAN QUADRATURE
YeSetj,eGlINN/2.

an on,

CALCULATF INTFRWENIATE FACTORS
DIPYOY=DIDYLY,YVORT)
OIPYDYe-DIDY 1Y ,~YVORT)
OIPDZ=DIDZIY,YYORT}
DIMOZ=DIDI{Y,-¢VCRT)
YOlFFsY-YVCRY
YSUMsY+YVORTY
XEDGE = CReve{1.,-CR)/S

X2Y2 = SQRTIXEDGE®®2ev0y)

XEDCEeX2Y2/SORT(1.050S)
XIPex[{Y,Yv(RT)
KIMaxXLlY,~YVORT)

C
C DO FOR ALL MODES
00 100 MQ=]1,NOCH
MevQ-|
CONST«P[O®FLOAT(208Me]) /2,
GDELY - ~CONST®COSICONSTeXSNCE)
YOOWIYGDILTO(XIP-XIM-YDIFFODIPYNY-YSUMODINYDY)
YOGVIY:=CNELT®{OIPYDY-0TIMYDY)
YUGRTLGOLLTSLYDIFFODIPDIeYSUMODIMDZY
YOCVIZeCOELYO L 2VOATOIDIPOZ=-0IMDZIOXIP-XIN)
SUMIFO, L= SUMIMQ 1) +YDGHTY W )
SUMIMO,21=SUMIMQ.2)eYDGVTYER(Y)
SUMIMO, V)= SLMIMQ, ) eYOGHT2oWE J)
SUMIMQ,a}sSUMIMQ,&4 ) eYDGVTZON( Y]
100 COHTINUE
200 CONTINUE
4
C CONSTY FROM S/2. ¢ 1/714,0P1)
COKSY«S/7(8.0P) )
NO 300 %Q=],NCCH
DORTY (MOICONSTOSUMIMO, 1)
DGVIYIMO)«-2VNRTOCGNSTOSUMING,2)
DOWTZ(MQ)=-CONSTOSUMIND, 3)
DOVIZLMO) »=CONSTSUNIMO,4)
0N 300 Xsl,4
SUMI¥Q,K}1s0,0
300 CUNRTINUYL

c
C RESULTS PASSED TO CVCTR THROUGH ARGUMENT LIST

AMTURN
END
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SUNROUTINE FNCTNICF ,M,X,FN}

C
C FNCTN EVALUATES CHEBYSHEY POLYNCMIALS
C
C RAGUPENT LIST
€ Cf: COTFFICIENTS OF POLYNCMTAL APPRUXIMATION
[4 " DRDFR OF POUYNGMIAL APPRNXIMATION
C x: CHCRDWISTE POINT OF INTERSST
C FN: VALUF 0OF FUNCTION
C
DIMENSTION GFLS),CHERY (5]
€ USE CHEDYSHFYV PCLYNOMTALS OF THE FIRST KIND

CHEBY( )X
£S0-6.0x0x-2.
CHEBYL2)=1CS0~L.0®X
1Ir(mU.LT.3) GO 1O 80
D0 60 LM .
CHERY [ J=CSCOCHEBYIL-1)-LHLBYIL=2])
60 CONTINUT
C CA_CULATE FUNLTION FRO- POLYNUMIAL CONTRIBUTIONS
80 FN20.0
DO S00 I=. .M
800 FNaFNeGFITISCHEBYIT}
RETURN
END

SUBRUUTINE FUNCIN(NOSM,S,.F)

C
4 FUNCTN: SPANMISE LDADING FUNCTIONS
C
[4 ARGUMENT LIST
[4 NOSM:  NO, OF SPANKISF HORSESHOE VORTEX MODES
C S SPANWISE COORUINATE; NOCN-D BY SEMISPAN
C (3] VALUE OF FUNCTION
C
DIMENSION FUS)
[4
C USE CHEBYLHEV PCLYNOMIALS AS LOADING FUNCTIONS
$0a5es
ReSQKT(1.0-50)
FrLeR
Fl2tere(s, 050-1,)
Cab,05G-2,

00 20 J=3,NCSM

20 FUJr-COFlg=-1)-F{J-2)
RETURN
tNO

- 131 -

FHNCTONOYL

FNCTONOZ

FNCTOO0Y
FNCTINNC&
FNCTO00S
FNCTONNG
FNCTODOCMT
FNCI000A
FNCICH0Q
fFNCTONLD
FNCTOOI
FNCTOO12
FNCTOOL}
FNCIONI1A
FNCTO015
FNCTOOLG
FNCTONL?
FNCTODIRA
FNCTIOOL9
FNCTO020
FNCTOO021
FNCT0022
FNCT0023
FNCTO0Z24
FNCT002%

Funcoanl
FuNCO002
FUNCO00)Y
FunCoocs
FUNCOOPS
FUNCO006
FUNCOOO?
Funconna
FUNCO009
FUNCOOL0
FUNCOM11
FUNCOOI2
FUNCOOL1)
FUKCOO01 4
fUNCOOLS
FUNCOO16
FUNCCOLT
FUNCOO18
fuiCooly
FUNCO0020
FUNCNO21




T

[aNaRaNaNalal

[aXaNal [aRal

SURRQUTINE GAUSIDIC,D,ENTGL,F)

GAUSID PERFOKMS 1= TNYTCLRATION BY 24=POINT GAUSSTAN QUADRATURE

ARGUMFNT LIST
C: LOWEY LIMIT OF INTEGRAL
0: UPPER LIMIT OF INTECKAL
ENTGL: VALUE OF INTEGRAL
(£ FUNCTION TO BE INTEGRATED

COMMON /GALS/GI24) 4wl 261}

INITIALTIF SUY™ATION VARTABLES
SUM=0.0
pCe=0-C
OaCeDeC
DO 200 Jr1,24
XnEwe{DCOG{J)eDACYH/2
SUM = SUMeF{XNEWI®PWIJ}
200 CONTINUF
ENTGL = DCeSUM/2.
RETURN
END

SUBROUTINE GVCTRINCCP)

GVCTR CALCULATES FORCE UN VORTEX AND CORRESPONDING DERIVATIVES

ARGUMENT LIST
NCCP:  NC. OF COLLOCATICN PCINTS

COMMON/MOUE S/RTICY, NDSM/VLNC/LMAXZGVOP /CYVGRIS ) 4GIVORTS )
C /CVEC/ A5 %1,0LC1S) NI FSURY (S FSULTIS),PI,SINALF ,NOFP
C/VORT/YVORLIVOR/ /XPL,YVORT, S, 4, 4P/ SYC/IVORY

C JYACGRIXACORIIN, 351 o SAANIS S, SAVWIS ¢S ),

C DAWDY LS 51, 0AND2 5,5 ,DAVOYI1I5,%5)40AVDI(5,5)
DIMINSION SGVVID Y. SCWVIS),DCHDY IS ,DGWD2IS),

COGVDY (S}, DOVDILS ) LGWTYLIS) (OGVTIYIS) D WTZLS)DGVTZIS), TCHEBY(S),

CUCHERY 151, 0GVCM21945%) sDGHGM2I5,5) ,DGVLP4{%,5),0CWGMATS,45)
EXTERNAL XGuT, XCVTXGRWL,XGVL

Nl=hle]
NMOOT= NOCMONOSMeNOCM

NHMOOT = TOTAL AG. OF VORTICITY MGDES

CALCULATE vOR1fX LOCATION AND DERIVATIVES
CALL FNCTNIGYVOR L MAK, XP1,YVORT)
CALL FHCTINIGIVEOR JLMAX ,XPI,IVORT)
CALL DFNCT(GYVOR (L 4AX , XP1,DYVORT)
CALL DFNCIICIVOR L MAX,¥P|,DIVORY}

QUTPUT CONTROL POINT LOCATION
WRAITLIG,910) XP),YVUAT, 2vORT

CALCULATL LEADING-FDGF VORTEX STRENGTH AND CGfRIVATIYV
CALCULATT CAMMA AND DGAMMA/ZOX
DGary s Q.
GAMMAL OO
DU 600 MQ=1,NICH
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GvCtnoni
gvernnny
GvCr1ocol
Cvel0074
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GVCT0""S
overacny
Cvetrot3
[72°49 Holeae ]
GVLIGHLO0
GvC1001}
LveInol2
Gvotronts
(AR DI
CYCT 1S
GVCTCNLY
ocvernoe
CveI0ote
CveInns
GvCTICHr0
GvCT0021
Gve10n22
GvCT0023
GVC10024
Gve1on2s
GVCTINT26
GveTcnzt
GvC10r28
GV 1002
(A" IR RN ]
GveIc s
Gvernny?
GVrronty
CVL 1NN,
GVeL 9y
GYL 10018




[aXal

[alaRaNaNal

[aXal

[aNal

LR VI |
CONTE-FLNAT ML/ 0P8
CAMPACAMNASLOINCIOSTINICONSTOXP )

600 OCARM-UGAKRMILOINCIOCUNSTOCOSICONSTORPT)

INITIALIZE SUYMATION VARLABLES
wi=0.0
v1=0.0

CALCULATE VI, Wl AT XPI,YVORTIVORT

CONTRIAMUTION OF LIFT HAND VORTEX AND WAKF

CALCULATE INTERMLDIATE FACTORS
XDLFE=1.-XP}
YSuUMeYVIR eyvCHy
I01FF=1VOR -Iv0ay
TERM2eYSUMOYSUMSIDIFFSIOIFF
TERMG=TERM2exDIFFOXDIFF
ROOTS=3CRTITERRS)

CALCULATE COLNTRIDUTICN AFT GF X = 1.
GRCML2=-YSUM/TIRMPZO (] . -XOIFF/ ROOTS Y/ la.0P1)
GVCML2*GWOML24IDLFF Z7YSUN

CONIRIBUTION FRCH WING
CALL CWVDISCVV,5GWV,DCVDY,0GVDZ,0GWDY,DGCWODL)

CONTRIBUITION FRCM WAKE AND LEADING-EDGE VORTEX FORWARD OF X = 1.
D0 450 MQ-1.,NOCM
LELI*ES
N2= NGCMOMCSMeMQ
CALL CAUSIDH 0.0s5:CHT,XGRT)
CALL GAuSIDI 0.0,5.0VIXCVT)
CALL CAaustDt 0.041.0,GW,XCWL)
CALL GAUSID! 0.0,1.0,GV,XGVL)
CONSIG = FLOAT(20Me1)/2.0P1

SUM CCHTRIUBTICNS 10 VELOCITY COEFFICIENTS
Gwvy = SOWVIMO) ¢ CWeGWGML2eGMWT
GVV » SGVVINMO) ¢ GVeGVLML? oGVT
GWGML2=e-CWOML?
CVGML2=-GVYGPL2
TFRMG s (DCAMMOSINICONSTG®XPL)/CAMMA ~CONSTGOCOSICONSTGOXPI ) )
C /7GAMMA

CALCULATE DFRIVATIVES W.R.T. VORYICITY COEFFICIENTS GQ
XACORIN] (H2) = GwV ¢ 2VORTOICRMG
XACORINE e NCFPGNZ) = -GVV - (YVORT-S®XP1)®[fRNG

CALCULATE VILLCITY CCHMPONENTS
WlesGUIMOloCuVew]
V1=GOLMQIeOYVeY)

N 490 MpPa],HNGSM
AvVaSAnW(PQ,MPP)

AVV SAVWIMCMPP)

N2 = MQe{rPP-1) SNGLM

CALCUI ATE DCRIVATIVES WoR.T. HORSESHOE VORTICITY COEFFICIENTS, A
KACOUINL N2) = AwV
XACOBINLeNCFP,N2) = —AVY

CALCULATE VILOCETY AT VORTEX
WlsW{e¢A MG MPPIOAWY
VIsVISA[{M ,MPPIsAYY

450 CONTINUF

CALCULATE FORCE COMPCNENTS 1% ¥ AND I DIRFCTIONS
FYe- ( (DIVORT  -wWLl-STINALF)SDGAVPYOZVORT/CANMA)
Fle (DYVORT  =-V1)eOCAMMO(YVLRT-SOXP|)/GAMMA

QUTPUT FORCLS
WRITEL6,930) GAMMA, V] W]l ,FY,l?
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(A% FES |
GVC 10044
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GvCTNoS7
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GVC10G60
GvC 10041
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GvC 1006
GVC 10064
GVCT00695
GVCTOGHs
GVCT100AT
GVCTI006L8
GVC10049
GVvC10070
GvClIoorl
GvCYOoO72
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GVCTOn7S
GvC10017s
GvCT100177
GvCT100178
GvCICoT9
GVCi0NBO
Gveroosl
GYCTO0H2
GvC1008)Y
GVCT00HS
Gve100°5
GvC100Rs
GvCinony
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GvC 10099
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GveIongl
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[aNaNalal

[aNal o0

[aKal

o0

[alal [aXal

[a X2l

221 FSUAYINL-NCCP ) = FY
FSUBZINL-NCCP ) = FI

CALCULATE DERIVATIVES W.R,T. VORTEX POSITION COEFFICIENTS

CALCULATF CHITYSHTY POLYNCMIALS

CALL TUCHER (LMAR,XPI,TCHFAY,UCHEDY)

CONTRIBUTION TRC» LEMDING-EOGE VORTEX
CALL VORINTIDOWGN?,DCVGMZ L DGWGM4, DCVENG)

CONTRIRUTION FRCY wAKE

CALL DCWVICCRTY,COVTY,00MT2,00VT2)

TERMSe TERMGORLDTS
TEAMEe 1 . -xDIFF/RCUTS

CONTRIRUTICN FR{m VORTEX AFT OF
DOWGl=t . /TERV S T1ERMS
C-YSUPeYSUVeXDIFF/ TERMS
OOVGL=2DIFFOYSUN/TERM2®L 2,/

C-4D1FF/ TERMS Vs 0P
OCWG Y= DGVA
DOVC sl /TERM2 O TEAMS

C~IDIFFOXDIFFS/DIFF/TERMS

CONTRIBUT[ON FOR ALL MODES
D0 220 LDUM=],LMAX
L=LOUM

INITIALIZE SUMMATICN VARIABLES
DW10GY=0.0
OvV1DGCY=0.0
OWiDG! 0.0
OV10GL=0.0

X =1,

C[-1.42.0YSUNOYSUM/TERNZ)

INAE T LA B
TeuMze TtRmo
)

®l-1,42.0ID1FFSIDIFF/TERN2Y

1/t6.0P1)

CALCULATE CONTRIBUTION FROM LEADING VORTICES AFT OF WING

NGWGML=DCNGL el o TCHIBYLL )
DCVGMLeDOVGEell o TCHFAY (L)
OWGMIsOGWGEA I 1. -TCHERY (L)
DGVGM3eDGVG3Iot |, =TCHIBY (L }
DO 310 MQO=1.n0CK

CALCULATE CONTRIBUTIC't FROM WAKE

OCWTDY=TCHERYILI®OGHTY INOY
DGVIDY=TCHEBYILIODCVIYIMO)
DOWTOZ=DGWTIZ{MQIOTCHERY (L)
OCVTIDL=DGYTZ(PQIOTCHEBY (L)

CALCULATE CONTRIRUTICN FROM LEADING-FDGE VORTEX

OCWGP r=DGWEMLeDGHCMZEMO, L)
DOGYCHY=D,¥GMLeDOVIMZINMG, L)
DGWOMZ aDCWGN3eDCUTIMGIMQ,L )
DGVOHI=DCVGEMISDOVINAINMQ,L )

CALCULATE CONTRIBUTION FRON WING

DSCHDY=UGHDY IFQI#7 " MEBY (L)
DSCVYOY = DGVDY(~)) EBYLL)
DSGRDLsDGWOZ MG Laviw)
DSOVDIsDGVEZIMQ)Y TBY (L)

SUM CONTHIBUTIONS FOR .~ LVATIVE COEFFICIFNTS
OWIO05Y " DVIDCYILOING, S (OCWTOYeDCWIMY ¢NSGWUY)
OVIOCY=DVIDGY+CLIMQIS(DGCVTILY+DSOVLY ¢J0LVGMY )
OWIDG7 v OWIDGLeCOIMAIO{DGWTIDZeDGWIM24NSORDL )
OVILGZ-UVINGIeGQINOISLDCYTIDZeDSGVDLOGVINY Y

DGWCME=-0GwWER]
DGYLML»-0C VoML
OCWEMYs-LNwWGMY
OCVYGMI»-DOYGHY

CONTRIBUYION FRCH HORSESHOE VORTICITY
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cverotlir
[ATRLIR]
GveTo1ta
GVvC10120
GVITNL2L
Gvr 10122
GVLI012)
GvCTCl24
LeL 128
AR S Y
Ve to 2l
Zwrtat2g
CveroLsa
cveTory)
GVC I L
CveTICL 2
GvCrariy
GVCTOl 3a
CICTIOLS
GvCTNlde
(A GIRE
cvcrolve
Gve 10139
GVCTOL40
GVCT10141}
GVCT0142
CvCTOoL4)
GVCTOLl44

GVCTOL&S
GVLT N “t
overar 7
GyCT e
(A7 SRR
GViTOLS
GvLT21%Y
GvCrI0LS2
Gverotsy
GVCT0LS4
[A'1/8 K3 Y
GVCI0!Se
GverTorst
(AT ALIRE ]
cvcrors

GvCTY01£0
GvCTolel
GVCT10162
GVCTOLs)
GVLTOlL4
GVLTC165
GVLT0L%s
GVCInLa?
GvCT0lo8
GvCT0lag
GvC 10170
cvetolri
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GvC10t 7)Y
GVl TNt s
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NO YD MPesy NOSM

CWIDLY o DRiD%Y o ALMg PPy ep iy {®Q, o)t rnviL}
DVILLY = DVIDSY o A(SUMPP)SNSVIYIFC,VPPICTCHEAYILY
DWINCZ = DwlDGE o ALVO,»PP)eDAMDZIPQ,PPIOTCNIDYIL)
OVIDGI « DVINGE ¢ A(MO,MPPIONAYDZIMQ,#PPISTCHIBYIL)

310 CONTINUE

<
C CALCULATC CONTRIPUTICY TO JACOSIAN
C CALCULATY CEY/DGYv OF170GYV  OFY/DG/V  DFL/DGIV
oFYDGY - cwlbCY
CFYOL2e-(FLCAT(20L -1 eUrHIBYIL)~DWIDGL I -NCAMMOTCHEDYIL ) /GAMMA
DF205,Y=(FLUATE20L- L1 oUCHEBY(LI-CVIODGY ) ¢DGANMSTCHEBY (L) /CAMMA
DF2O5T =~ oviD52
N2 = LNVERT
XACOS UL, 2) = UFYDGY
XACLPINLeNCEP 12 OF TLGY
N2e LMAre( eA¥(OLT
XACCDINIGN2) = DFYDCY
XACUSINLONLFP N ) = OF QDG
220 CONTINU
2 QUIPUTS PASSFD TO MAIN PROGRAM THRCUGH CCMMUN STATEMENTS
¢ QLO FrRUMATITI0," X =%, Fl0.6¢5X, *YVIXIZ? FL1N-4,5K,*IVINIu®,FL10.4)
G30 FORMAT(?Y GAPMASY (£ 12,6, 5K VIot F12.4,5K, ' Wi= E12.4,5X, FYs’,
LEL2.6,50,'T2e*,E12.4)
RE TUAN
END
c SUBRTGUTINE GWVDISGYV,SCWV . DLVDY,UGVDL , DGWODY ,DGWIZ )
C CALCULATES Svw, 508w A%ND THETR DERIVATIVES FOR PROGRAM V
¢
[4 ARGUMET L IST
C Shvv:  CCUTRI®UTION 10 v FRCM WINS VORTICITY
4 STav: COTRIAUTION T W VREM wWIWNG VOGRTICITY
C DoeCy: Crt' 58 1% GYV DUF TO CHANGF OnY
4 SdL2: CrONGE BN Cvy BUE TO CHANCE DG
[4 DLWEYE CHANGE 1M GaV NUE TO CHANGT DGY
C 05w 2t CrASGE IN Gwy UUE 10 CHANGFE DGZ
4
COMMON 20T, YT, S, MDUF MPDUM JGAUS/GL24),WI24) /PLAN/CR
COMMOGNZSECIIPT JVLDES/NOCH  NOSH
DIPESNSTIO G SGUVILIS ), D0mDYESE,06VOYLS I DCVDLZIS)DGNQZ(S),
C SOWVISIENTGDIS 460 4 SUMES, )
C

Pl=3.1415%)

C
C INITLIALIZT JumMMATION VARTADLES
DG 10 1=1,9
00 10 J=l+8
FHNIGULL, Y =0,
SUMLIT, I} =0,
10 CONTINUE

C

C DIVIOE wi™G 1570 YTWO SFCTION ABGUT XPLUS
APLUS = xP'Te.02
IT txPLYUS,CT..9%) XPLUS « ,98
1P tanpusaatoth) o0 1o %0

C

C CSTABLISH LIAITS (OR SPALWISE INIFCRATICN
CPutrl = S0}, e0PLUSILY,
OpKIris Se(-].exPLUS)/2.
CPRIM2 o SOLL.~XPLUSH/{{1.-CR)®2,}
DPRIME = S005,-2,0CHeXPLUSH/ (LY .-CRYO®2,)
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GveTolIAal
GVLTOIN2
cvetorag
Cverol18as
GvCT10145
GVCIO0IRS
(AR LIN:R]
GvLr1ota8
GVCiOoLHS
GvClo110
GvCYo19)
GvCi10192
cveiolny
GVLTOoL9%4
GVLTO19%
GvetiolLne
GvCntnar
GVCTolL7d
Gvero19
GVvC 10200
GvC 10201
Gveroz2nz
GvCra2nl
GYCT0204
GvC1020%
GVCT10276
GVC1020i0
GvC10208

GWYDONOY
GWVIONN2
GWvDOoON}
GWVL0004
CwWVDO00S
GWVDO000b
GwWvLooe?
Gwvnonns
GWVDOC08
GwWvuoulo
GwWvpOd1L |
GHvDO1 2
GWVUOU1)
CWVD0O0 14
CWYDOOo1S
GWVDO0016
GWVDOO01 7
GwWVLO0D18
GWVDOo019
GWYUN020
Gwvio02]
GWyDou22
GWVN0o02)
GHWViI002 4
GwvDongss
GWVNou2ée
CWVDNu27
GWVUL0I?28
GNVIION29
GWvi00Y0
GWwvLno Y|
GWVNOO 2
Guvi00Yy
GWYLOO 34
CwWvu0on s
GwV000Y0




C
4

C
c

[

50 CONTINUF

D0 SUXFACF I4TECRAYL IN TwW0 24X24 GAUSS. QUADRATURES
00 600 1CHLLAT = [,2

DO SPANWISE [NTEGRAL
DO 200 Jel.2¢
fF LICOUNT.EQ.2) GO TO 30
1F (xPLUS.GE.CR) GU TD 25
20 Y= SexpLUSSL(IY)
B = xPLUS
GO 10 27
25 Y+ (PRIMIOGIJ) ¢ DPRIM]
8 = BTLY)
27 A = ALlY)
GO 10 &0
30 (F(XPLUS.GELCR) GO TO IS5
Y = SeGiJ)
GO0 10 37
35 Y » CPRIMIOGII) oOPRIMZ
37 A = AStY)
B = 0StY)
40 CONTINUF
AP = B-A
BP=BeA

C DO CHORCWISF INTEGRAL

00 100 I=1,24
A= (APOGILIsRPY/2,

C
C CALCULATE INTFRMEDIATF QUANTITIES

c

XDIFFox-xPT

YDIFFsYy-YPY
TERMIaYOIFFOYDIFFeIPTOIPTeXOIFFOXDIFF
ROOT1=SQRT[TERM]}

TERM2+TERML®ROQT]

TERMY a (XDIFFOXeYOIFFOY) JTERM]

C DO FOR ALL MODES

D0 400 MQ={,MCH
MamMQ-~]
GVORS=GVORT(M,X,Y,5)
GOELTs-YOSVLARS
XGVW=GDELT /T RM2

XGCwwaGYCRSOITRMY
ENTCOIMO, &) aFNTLOIMQ, 61 eXCWi *Wi{lI/RCOTY
ENTGNIMO, 1 1=ENTCIMC, L JeXGVN Wit}

XDCwOY = (GLELT 3. ¢ XCwweYDIFF) /TERM2
ERTGOIMQ,% 1elNTCDIMN, 5)eXOCHOYOMIT }
XOGVOYaX,VWOYDIFF/TERM]
ENTGUIMQ,21sIRICOIMQ,2)exDGVDYORLT)

XOGVOI = XCVWe{l.~3. e2PTerPT 71€R/RM))
ENTGUI{MQ, YIaFNTCOI®Q, 3) eXDGVDZOW(I )
ENIGOINMO,6) o ENTGOIMO,6) ¢ WIT)OXGWH/IROOTLIOTERM])
400 CONTINUE
100 CONT|NUE
DO 3IN0 MYa ) HOCM a
DO 300 MCel,6
SUMIMQ, ML 1sSUMING, MCIGENTGDIMQMC oW J)®AP
EXRTCOIMO,MC 100,.0
300 Continur
200 CONTINUE

SELECT PROPFR MULTIPLYING FACTOR
1F [ICOUNT.EQ.2) CO TO 130
IF (xPLUS.GE.CR} GO TO 1295
CONST = XPLUS
CO Y0 140
125 CONST = (1.eXPLUSIOLL.~CRI/ICRO (], -XPLUS))
G0 10 140
130 CONST o S/(B.°P1}
IF (XPLUS.LT.CR) GO YO 140
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GWVD023?
GWVro0oYe
CWVIGU3Y
GWVLC040
GWy0NIel
CWvDOD42
GHYIINNG ]
GWVLOTh4
GHVNOU®LS
GWVUO0J6s
GWVDO0N-T
CHYDo0s8
GCWVD0069
GwWvD00S0
GWVEeonl
GMVO0252
GwWv.1"5)
GWY! C25%
GWiT05%
(AR I
Gwv. 2257
GWYDD159
GWVUC0S9
GWVDIZA0
Guvi0a241
GWVNOD2
GWY o063
GWYL27h4&
GWVD0065
GWVDO0N6s
GwWvDCr A7
GWVD0068
GWVYLUO0A9
GWvDOOo 70
GWVDOOT1
GwvDOO72

GCWVDOn?3
GHVCULD 74
GWVR0O TS
GWvD0d7e
GWvDoo 1?7
cwvonnia
Gwvu0279
CWVDTTR)
GwYp098y
OWVLO2E2
Cwyrnne3
CAVITIG
CwWyi.2.2%
Cwvyd 28
Cwvl OZP?
Gwvr.c2°8
CWYLITRY
Gwvnnrao
GWYNON9L
GHYu0072
GwVLEONNY
GWVD0OU94
GwWVyNINaes
GWvD00"S
[ AR e B
GWvL0078
GWYHNNIT
GwvLOLIND
GWVL0LNY
GWYLOL %2
CWviOLn3
CHYDDL T4
CHvLNLOS
CHVLOLNG
CWVH0101T
GCWwvnol Y
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C

CONSYT o CONSTOCmO{).-XPLUSI/LL1.-CR)I/2.

140 CONTINUF

DO 300 ®Q«,NOCM

C CALCULATE CCNTRINUTICN T w.V VILOCITY AT VORTEX FROM WING VORTICITY

[

C

MHEICH FELOS LEADING-EDCT VORTICIES
SCHY(MQICINSTESLY MY, 4)

SUMIMO,4) = SCRVINQ)

SUMIMO,1) = SumMtP), 1) SCONSY
SGVYVIMQY=-7PTOSUM (MO, L)

C CALCULATF DFRIVATIVES

[aNaNalal

C
C

[aRaXalal

DOWDY{MQ)Y-CONSTOSUMINQ,S)
SUMINMG,5) = OGWDYIMO)

SUMIMQO,21 » SUMIMO,2)*CONST
DCVDY(MO)s-3.07pPT *SUMINMQ,2)
SUMIPO, 3} = SUPIMG,3)CCONST
nevoeztrQy = - SUMIMC, Y}
SUMIPQ,6) = SUMIMO,6)OCONST
DGWUZ(MQ) = =, ¢/PTOSUNING,6Y

%00 CONTINUT
600 CONTINUE

PRIMARY CUTPUT  SCVV,S5GWY,DGVDY,DGVDL,0GWEY,00n0L
PASSTD TO CALLING PROGRAM THROUGH ARGUMENT LIST

RETURN
END

SUBROUTINE KERNL

KERNL : EVALUATION OF KERNFL FUNCTICNS FROM STEADY,NUN-PLANAR,

5

INCUMPREOSSINLE LIFTING SURFACE THEORY, REF: ASHLEY AND LANDAHL

COUMMON /JACGB/DKOY (101, DKDZ(L0),0KVDY 110) . XONDY (5} XOWDZIS),

C XOVDYIS) /SOWSHZ TKVRUI0) AVRI4,5,5),LvALS)

C 7WOV2/7ARE4G,5,5) 4 ALSES, 3o NINCoCRISIe TKR{10)XOCsSO0S,YoZsYMN,IMZ,
C RSORLETA,GAUSXILO) qPU2 NCP MPoNeX oy Jled2,0SsYMN2,IMI2,C5R

00 10 t=1,nCP

NON-D X-x1 BY SIMISPAN

XME=CAUSKYE 1 )OCSR
XML 2= XU o uf
R2=PSORXUE2
ReSCRT[H2)
Gel.0vx¥i/R
CoXM{/[REAR}
De&,05 /10 k0050 R)
E22./n8Cav ), /P2
LEPRWEIAS L A1
Forfj-l¥i2en

CALCULATE rIRWFLS TOR SIL WASM,DOWNKWASH, AND DERIVATIVE INTCGRALS

RES AR R RAER LT EA AL L]

TXe{f1e F
DYDYl aYvNo[-2, 07 fROQROIMIZODICO( =] 0FO2M]2})
OXYOY(J)he [2.8YPR2/RSQR-,}OIMZ0t eIMIOYHN2S (UL OE )

10 DKDZUL)=IPI®I-2,0F /RICR-2, 01 IH220D0C (-], 4¥]2¢%0 1))

PRIMARY QUTPUT  TKVR,TKR,DKDY,DRV0OY,DKD?
PASSEL THROUGH COMMUN BLOCK TC CALLING PROGRAM

15 AT TURN

END
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KERNOOOL
KERNDOD2
KERNONCY
KERNO0OO4
KERNOONS
KERN0006
KERNQUODT
KERNOONS
KER*0009
XERNDOLO
KERNMOOILIL
KERNOOL2
XERNIDYY
KERNOO1 4
KERNOOLS
KERNO016
KERNOULTY
KERNOOLS
KCRMOOL9
KLRNOD20
KERNOOD L
KER"0DD2
KERNODDA
KERNOU&
KERKOOSS
KERKNT26
KERONDT
KERMOO2R
KERSNN2Y
KFRNONYO
KERNONL
KERNOOI2
KERNOO VY
KERNOO $4
KERNOOVS
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SURRCUTINE TUCKH NILVAR, Y, TCHORY,ULHINY) Tucnenny

C Tucenin?
C CALCULATES yi2eL=1) T12eL-1) FCR SUMRGUTINE VORINT rycnenay
¢ TUCHOD 4
[4 ARGUMINT L 1IST TuCronns
I LMAX: QRDER GF POLYSNOMIAL APPRCXIMATION TUCHoONS
4 x: CHORDWISE POINT DOF INTER[ST TucHan®?
[4 TCMERY:  CHECYSHEY POLYNCMUAL CF FIRST KIND TycHoara
[4 UCHIAY: (HEBYSHFY POLYNOMIAL CF SECUND X [ND TUCHO ")
c TuCHnT10
DIMENSTON TCHERY (%) ,UCHERY(S) TucHOoN L
TCHEBY (1 )=X TuCHOO12
UCHEDY L=, TUCHOOLY
€SOk, ®xor-2, TUCHDOL &
UCHERY(2)=CS0° 1. TUCHDO1S
TCHEBY(21=1CSQ-1.00X TUCHOO LS
IFILMAR.LT .3} GO YO 80 Tuckzo L ?

DO 60 Led,LMAX TucHoO1 A8
TCHEBY (L) wCSQOTCHIBY(L=1)-TCHEBY (L-2) TUCHOO0 19
UCHEBYIL )+ CSOOUCHIBY{L=1)-UCHIBY(L=-2) TUCHBO2)

60 CONTINUE TucC 21
80 RETURN TUCH 3522
END TUCHOC2)
SUBROUTINE VORINT(DNWGM2,0GYGM2, DCHLM4,DGVCM4) VORI0AM1

4 vOR 10992
C  VORINT CALCULATES EFFECT OF VORTEK CONTRIBUTTOUNS DUE TO CHANGE IN VORI
4 VOKTEX LOCATION VOR[9™ "4
4 VOR (3005
4 ARGUMENT LIEST var(0~"s
4 DGWCHM2:  CHANCE IN W CONTRIRUTION DUE TO CHANGE IN Cyv voR 19377
[+ DOVGFI:  CHANCE IN V CONTRIBUTICN OUt TO CHANSE IN GYV voa1oros
4 DCwCM4:  CHANGE IN W CONTRIBUTICH DUF 10 CHANGE IM GIV voR 102759
4 DGVGM4: CHANGE IN v CONTRIBUTIOY% DUE TO CHANGE IN GZV VI 10910
4 valoolt
COMMON XP1,YPT,S, DU MPDUM/SEC/ZIPT JOAUS/GL241,v(24) V010712

c JCVOR/GYVORIS) GIVOR(S)/PENES/NLCH,HOSM/VLNC/LMAX VOR 10713
DIMENSION TCHIRY (T, UCHEBY (S) ,CHEBYTIS ), SUM{5,5,4), VORION 6

4 DGWOM215,51,D0VOMZI5,5),00W0M415,5),DGVGHGE5,5) VOR1001%

C +DFWOY (S ), OFVOY{S),UFWUZ(S),UFVUZIS) vOR 10916

4 VORIOILT?
C INITIALLIT SUMWATION VARIARLES vOR 10018
DATA Sum /7100%0.07 VORINT19
Pl=3.1415%9) vorR 10720

4 VOR 10021
C ALL INTEGHRALS FROM 0 TU 1 DONE IN | 24X24 LGOP v0e10022
CALL TUCHED (LMAX,XP],CHEBY]L UCHEBY) voriInn2y

c VORL0N24
C 00 CHORDWISE INTCGRAL FROM O TO 1 VOR 10025
00 200 Jvl.,24 vOoRrR(ONZ26
X={GlJIel. 072, VOR(ON2?

4 vhR10528
C CALCULATE ARSUMINIS voR10029
CALL TUCHIA (LMAX K, TCHERY,UCHEBY Y voRtan o

4 L ALN LERY
C CALCULAYE VORTEX LLCATION VOR[00OY2
CALL FNCTLIGYYOU L MAX R, YVDRT ) vOrtionyy

CALL FNCT . (G/VIY L AR K, 2V0RT) VO100 44

CALL DFNCTIGYVOR,L4AK, X,0YVLET) VOR10013S

CALL DFNCLT{G2VOR,LMAY,K,P2VCHT) VORI0N Y
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C
c

cat

CULATE [NT'aminisTE FACTORS

YOJFFan-xp]

YSUVYaYvORTeYPT

INDIFF=NOuT-20Y
TIRSL-aDIFFOXOIFF ey SIIMOYSUMOZDLIFFOLDIFF
TERM2=TIR" |OSCRYITEAML)
TFRPMI=T[A> 2011 RY]

U0 140 Lel LMAY

CHEBSTCHIBYIL JeCHERYLIL)

CHEBD s TCHERAYIL)-CHERYLIL)

[
C CLCULATE INTTGRAADS

140

OF wOY L) = U XOITFOFLTAT(2¢L-1)oUCHTRAY (L )-CHFAS-). ¢ XDIFFOOYVORT~-

CYSUMIeYSUYeCHIBS/TIRM] ) /TERM2
OFVOYIL Y= I01FF-XDIFFeOIVORTIeYSUMECHTBS/TIRM)
OF wDZ2IL )= I XOIFFODYVORT-YSUM)®IDIFFOCHIRD/TERNY

CrVOZIL sl CHEDD-XD IFFOFLOAT(20L-2)QUCHEBY(L)-3.9(2DTIFF-XDIFF

COUIVCAT)IOIDIFFOCH P BO/TERMLI/TERMZ
CONTINUL

4
C 00 FOX AL HODES

C
C

C

99

150
200

DO 150 MQs 1,HOCH
ELIEE]
CONSTSFLOATIZOMM] /2. 0P1
GGAM-SINICONSTOX)

AN = (FADIGG-[OCE VORTEX STRENGTHM

DO 150 L=l,tMex

SUMIEYT,Le 1) 2SUMINC, L, 1) ¢COAFODFRDY LY OWIJY
SUMIMO L 42 baSUMIMQ,L,2)¢CCAPCDF VDY (LI O*NIJ)
SUMIMCL, 3 eSUMIMQ, L, 3)0CCANODFNOZ (L) *w( D)
SUMIMQ.Lo4)oSUMIMQ,L %) *GCAMSDFYDZLILIOWI(Y)
CONTINUE

CUNTINUE

CONSTe1.7(9.0P1)

€ MULTIPLY SUMMATIONS By APPROPRIATE CONSTANTS

[a N o Na el

3oo

OO0 300 ™Qri,NOCM

DO 3G0 L=1,1M"%

DOWEM2 ™2, L eSUMIUQ. Ly L}OCONST
DOVG¥2IMCo L) 3 ®SUMIKQ L2} eCONST
DowWOM& MY, L) =3, 8SUMIYO,L,3)®CONST
DOVLVAIMQ,LIe-SUPIMQ,Ls4)*CONST
DO ICO kel 4

SUM{¥O,L,.x}=0.0

CONTINUF

PRIMARY CUTPUTS DOWGM240GVOM2,DGHGM4A,DCYGH4
PASSED THROUGH ARGUMENT LIST TO CALLING PROGRAM

RETURN
[ 11]
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UARLERVIRY: )
vOR 10049
VOR100Q40
VOR{0G41L
voR 10042
vOR 1074}
VOR1ONG4
VOR[0ONs5
vorR10748
VOR[00& 7
VOR 10048
VOR10N49
VORI00SQ
VOR 10051
VOR (00492
vORIOUS S
VOR[0054
VORI00SS
VORI00%6
VOR 100N Y
VGR 10058
vORrionsg
VOR 10060
VOR (0041
voalore?
voR 10063
VOR 10046
VORI[COHS
voR {0066
VOR 10047
VOR 10068
VOR 10069
VOR 10070
VOR10071
VOR10072

VORI109TS
VOR 10074
VORIOOTS
VORID0T6
vOR1001?
VOR 10078
VORI10079
VvOR 10040
vOoR1toOOH1
vOR10082
VOR[0043
VOR [00R&
VOR[00HS
VORI0ORS
VORIOORY
VOR[00A8
VOR 10089
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SURROUTIENE WOVIL)

WOV CALCULATES vELOCITY INFLUENCE COEFFICIENTS ON VYOARTEX FROM
HORSESHOE VORTICTTY

ANGUMENT LIST
L NO. NF FORCE PCINT

DIMENSION ST61 wWl4) F {51, YDRNY(4,%,5),Y0WN214,5,5),YOVDY(4,5,%)
CNMMON /SOWSH/ THVRITO} ,AVRIG,5,5),CVRIS)
COMMON /JRCEN/DKTYL)0),D¥D2TLI0),OKVDY {10}, XDWNY LIS,
XDWDZ(S), XCVOY1S), /GAUN/GNILID,10),WNTEO,30) /MIDES/NOCR,NDSH
JHOV2/ARE 445 ¢%) g ALSE TS g NINC,CRIS) o TKR{1O)oX0C,SOSeY o 2o YMN, 1ML,
RSQR,ETA, GAUSRILOD) ,PU2NEPMP N X oG s Jled2¢CS TUN2,2M22,L5R
IWORL/ JSeNTL&Y JYACON/AACCNE35,35)¢SARNIS,S)SAVUIS, 5],
DAMOY (S5 1,0NRNT TS50, DAVOYIS,5),DAVDZI5,%) /PLAN/CXMAX

[aEaNaRalal

DATA SUV1,506) W13}/ ~1.,0u91a/

S SLFFT-HAND LIMIT GF INTERVAL
¥ sLENGTH 0OF (NTERVAL
PO221.570.16)

TRANSFORY NON-D BY CHDRD TO NON-D 8Y SEMICHORD
Xe-l.e2,9xCC
¥=$0S
=2

Y o VORTEX SPANWISE POSITION; KON-D BY SEMISPAN
IMI = VORTEX VERTICAL POSITION: NON-D BY SEMISPAN

CHECK [f PDINT 1S CLOSE TO WING TIP
IF(SOSeETALLT.1.) GO 10 30
ETA=].~50%

NO REGION 2
Nl(2)=0

30 CONTINUE

CHECK IF POINT IS CLCSE TO CENTER LINE
TF{SrS-CTA.GT.0.0) GO TO 40
€14=850%

KO RECICN &

Nil&baO
40 S12)=505¢0 1A

NDUTPUT LOCATINN OF COMTROL POINT AND OTHER [NFO
WMRITECG,910) LoXCC,SOS,ETANII2Y NTT&), X2
Wi2)=1.0-912)
W&} SOS-FTA
Si11=508-114
Wil)=2.0(TA

INITTALIZF SUMMATION VARTABLES
DO &1 11,35
DO &1 Hl=1,n0C™
DO &1 N2 1 ,NUSH
ARTT N1 H2I=0.0
AVRIT4N1,%2)=0,0
YOWOY L[ N H21=0.0
YOMUILL 4Nl .N2)s0.0
YOVDY L L N1 ,N2}=0.0
41 CONTINUE

DO INTEGRALS OVER FOUR SPANWISE RECIONS
00 500 l=1,48

411 RSIP>MTL1)

NSIP eNO. OF INTFGCRAL POINTS
IFINSIP.EN.Q) GO 1O 300

VO SPANWISE INTEGHAL
00 %0 J4rh,NSIP

- 140 -

Wiy
Wiy
Ll
WOV
WOV
WOV
wov
el
WOV
WOV
WOV
WOV
wOv
WOV
WOV
WOV
wov
WOV
wov
WOV
WOV
LAY
WOV
WOV
WOV
WOV
wov
WOV
wov
WOV
WOV
wov
WOV
WOV
wOv
WOV

wov
wov
wov
wov
Lisk}
wov
WOV
wWav
woy
wov
wov
wov
WOV
wov
WOV

WOV
wov
WOV
wWov
wOv
WOV
wov
wov
wov
Wov
el
wov
WOy
wov
wov
wov
Wiy
WUV
wov
wWov

croi

0003
0ncs
cons
0026
RLES
on-8
0009
anto
0311
o0y e
0013
0o14
0015
00ls
0Nt 7
0718
0n19
0120
0cel
0222
023
0r24
0025
Qu2s
Qo217
0028
0029
091V0
Q0131
[oJ¢R P4
0013}
0034
00135
00

00?7
(SR Y }
0L 9
0049
0n4l
0062
0043
00«4
0045
0048
a7
nneg
0369
oy
[

-

.
Ane
07094
0059
026
00s?
0058
0057
0060
ochl
K2
004}
0764
0065
07 ne
[l )
ovoLs
0nKe
0a10
0011
0012




o

GSoSIRI-tONEI, NSIPI-1.0072.0%010)

C
C CNCJLNSIP) s Tw ABSCISSA OF LEGINDRI-GAUSS QUADRATURE OF ORDER NSIP
Gy=GS
YMN-Y-GY
YRS YPNOYPN
IMg2=1v1e1M]
RASOQR=YMNZeIM?2
CRES 1 I FRZAN L3 R WiI)/12.9RSCR)
[4
C WNUJJNSIP) =3TH WIG. FUNCTION OF LEGENDRF-CAUSS QUADRATURE
[4
C CALCULATE SPANWISF VCRTICTTY mMOOE
CALL FUNCININDOSM,GS,F)
4

C DO CHORDWISE INTFGRAL

CALL CHDWS

DO A% M| NOCM

DO &9 NSF =1 4n05»

ARTT o™, NSFIoARI L, 4, NSFIeCRIMISFINSFIOWT

AVRED M S iSFE=AVR [T, M NSFIOCVRIM)OF (NSF)ONT

YOWOY ([ o4 NSFI=YDWIY (T M NSF)eXCWDY (M)OFINSF)ONT
YOMDZ LT M RSF I =YDWOZ [T oM NSFIOXORDZ(V)OF INSFIOMT
YOVOY (T oM NSEY=YDVDY (T M,NSF)oXDVDY[MISF(NSFIOWT

[aNal

AR, AVR,ETC. ARE SURFACE INTEGRALS
L3 COKRTINUF
50  CONTINUF
500 CONT INUF
C
€ INTYIALIZE SUMMATION VAR[ABLES
DO 60 I=1,A(C™
DO 60 J=1,NCS5M
SAwWII,J) =0,
SAVWIL,J) =0.
CAWODY(T.J1 =G,

DAWDZ(E4J) =0,
DAVOYI(T1,J) =0.
60 CoNT IR

C SUM OVER ALL INTECKATION REGIONS
DO 1O 1=1eRCLM
D3 70 Jr1,NCSH
00 65 M5:1,J%
SAWWEL .0} = SAmWET,u) o AR[MS,T,J)
SAYWIT,J) = SAVWIL ) ¢ AVRINMS,1,J)
OASC2E1,J) » DAWCZUT,JY » YDWDZUIMS,1,))02,0CSR/CKMAX
GEwOYELad) & DARCYEL ) oYURDYIMS, 1,00 @2, 0CSR/CXMAX
DAVOY L1 4J) = DAVOY (14} ¢ YOVOY(MS, 0,002, 6 SR/CXMAK
&9 CONTINUE
VAVOIET DY = DAWCY (], )
70 CONTIHUE
C
C RESULTS ARE PASSLO THIOUGH CNMMON STATEVENT
4

010 FORMETLIND *LOLLCCATION PTL" 14,30, *'ROC=*,F7.4,3X,*S0Se?,FT.4,3X,
COlTA  F T 3N NEI2 o I 3R NTL&)n® ) 3K, Xut  FT.4,3X,%2=",
CET.4)

RETUKN
€nD
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WOV
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wov
wov
wov
woyv
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WOV
wav
wov
wov
wov
WOV
wov
wov
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wWOovV
Wov
Wov
wov
WOV
WOV
wov
wov
WOV
wWov
wov
wov
wov
wov
wov
wov
wov
wav
wov
WOV
wov
wov
wov
wov

001}
L REXN
onry
0016
onry
0078
00719
00K0
0nAl
0nn2
LOLE)
(LYY
0085
0046
00A?
onng
0099
0090
0n91
0092
0049}
0094
0075
0096
0097
on9e8
0099
0100
0101
0102
0103
0104
0105
0106
o107
otos

0109
0110
ARRY
ol
o113
olls
olLts
otle
ou?
olts
olt9
(] pd]
o2t
o122
0123
0124
0125
0126
o7
c124a
0129
0110
01131
01132
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FOR

NM

SUBRNUTIHE WPOMIA,GO,NOCP,ALF &)
W CALCULATES 0OOWAWASIE AND PROVIOES CONTRIAUTION TO JACOBIAN

ARGUMENT LIST
A: COEFFICIFNTS FOR HCRISESHTE VORTCX MODES
GQ: COFFFICIENTS FCR LFADING-FOLE VORTEX MOOES
NOCP: NO. 0OFf CCLLOCATION PLINTS
ALFA: ANGLE OF AFTACK [IN RAINIANS)

EXTERNAL XGMT

DIMENSION XPTUS),YPT(9), Al3.51,GCtS)

C JOWOMWLIS }DGHOLM21S,5),DCWCMet5,5),0nDGY5),0WDCLIS5)

COMMON AP 4 ¥YP U, 5,™,#P/GU™ *CYVORIS) (CIVORIS)I/SEC, ZPT/PLANZCR

C /MODES/NNCM NOSM JCONTRZ/7JV6 46 /VLGC/LPAX ZYACCB/XACOB(35,135),
C SAWWES,5) ,SAVWIS, 51 ,DANNYI5,5},0AND2 (5,51 ,0AVDY{5,5),DAVDZ{5:5)
COMMON 7CWPDW/ NCORD NSPANGCOCFF{25,29),GHWI25,5),VR(25)

Pl=»3.141593
SINALF = SINIALFA)

POINTS ON WINGe Z = O,
lP1s0.

NCORD2sNCIRDeL
1F0J3.€C.1) NCORD2=NCORD

NMOD=HOSMORCCH
NMODT =N“QD*KOCM

00 = NO. Df KORSESHOE VORTEX MODES

NMOOT » TOTAL AD. OF VORTICITY MODES

CAL

300

cat

CULATE LOCATICHN OF COLLOCATION POINTS
CALL CCLPTINCORD,NSPAN, XPT,YPT)
IFLJ3.€0.1) GO TQ 300
XPT(NCORD2 )« [XPTINCORDISXPTINCORD-1)}/2.

CONTINUE

CULATL LOCATION OF VORTEX AT X = 1,
CALL FHCTA(CYVOY,LMAX,1.+YVCRY
CALL FNCTHUIGIVOR,LMAX,]1.,2VCRY

CALCULATE DCwW'.wASH RESTOUE AT CCLLOCATION POINTS

00 400 1=1,NCORD2
DO 4CO J21 ,ASPAN

CALCULATE FIRST INDLR FOR MATRICES, NI

CH
Yp

FOR

Nl=Jefl-1)enspPay

TFINL.GT.0OCP) GO TO 400

XPI =t0XCOUL YPTLINDe1072. ¢ BLLoYPT(J))IOXPT{I)IOCR
YPJavYPI{J) oS

ORDWLISF POINT NGN-D BY MAXIMUM LENGTH

J: SPANWISE POINT NON-D BY MAXTMUM LENGTH
M INYIRMEDTIATE FACTORS

YOUFFeyyCR -YP)

YSUM:YVOR eYPy

XOLFFs|.~xP}
YOIFSQUsYODIFFeYDIFF
YSUMSQevSUVeYSUM
1SQ=LVOR 02vna
TERMI=YDIFSCel 50

TERM2e ¥YSUNSCeZSQ
TERMI>TERMLe XDITFOXDIFF
TERMS CERM2eXDIFFSXDIFF
TERMS = SCRT{TEWMY)

TERMG = SQRTITIRMG)

C CALCULATC CONTRIBUTICHS FROM LEADTHG-INGT VORTICLS AFT OF X o |,

CWGMW2=-(YOIFF/7itRM) @1, =XDIIT/TIHNS)
JeYSUM/TERM20{ ] .- NDIFF/ 17 RN, V17t 0p0)
OGWGMEs - 1011 {1.=2.0YDIFSO/TEUMIIOLI ) oxlTT /YL KMS)
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WPHKIING
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WPIw357)
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wenwWoct?
WPUWON|B
WPDWOO19
WPOWINZD
WPUWIT 2|
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WPC Al )
w3 . .
LD
WOr """
WPOWZI R
WPOWEI )G
WPDWCO WD
wPNWOO 3]
wPNIwW0OD Y2
WPDWC213
WPDWOO V&
WPDWOO 39S
WPDW00 36

WopwWON3?
WPOw" 118
WPDWN 19
WPDW040
WPOROO41
WPOWONG2
WPDW00&)
WPDWOO4 4
WPOw0045
wWPOWOC4LS
WPDWOOG T
WPOWOO&3
WPDWONG T
wWPDONO05Q
WPDW3T51
WPDY 082
WPDWONS Y
NPOW00%4
WPURICSS
WPDKONIG6
NPOWONS T
WPOWDJS8
WPOWNGY
WPDANDHO
WPD®0IAL
WPOWO A2
wWPOROCH ]
WPDW0OL S
WPOROYS
WPDA" 166
WPDL04T
WPIW0068
NPNWOCHY
WPDANOTO
wWPDA00 T}
WL w012
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C evYDITSOONOIIE 211 U™ L@ TER“ ) /TERMLIOM T -2, eYSUN Y/ TFRAM2)

C 01, -XOLV LV U~n Y LUMLSOONN I E Z{TTAMGITI ML/ TERM2YZLG 0P}
DOWSMY s - JVGAOtYOIEF ZTTUNIO (RO F/IITRMIOTINPS)

C ~2./71(RMy®(1, tTHHIZL TIRMSYID) o YSLUMZTERMZOINDIFF/ZLTERMG

C oT(uns) -2.71tRv)e 11 . -IDIFF/L TIRMLIIIY/ L4 0P

CALCULAT[ CONTPIOUTICNS FHOM LEADING-EDGE VORTICES FORWARD OF Xeof.
CALL DOLWGHMICGHOM? ,DOWCMe, GHEMND )

INTTIALIZE SUMMATICN VARIABLES
00 320 L1=1,tMax
oWOGYLLY) » O.
OWDGZILY) = O.

320 CONTINUF

DO 450 MQr1,NOCM
MeMQ-1

CALCULATE CONTRIAUTIONS TO DOWNWASH COEFFICIENT FROGM WAKE
CALL GausiDf 0.7,S5,GHToXCuUl )

CALCULATE DOWNwmASH IAFLUENCE COEFFICIENTS
COEEFLIRL AMCD oM e CuWINL yMC)4CWTICUWEMW2 e GWGHW L {MQ)
CwGMe2-- 1. ¢CWC¥n?

CALCULAYr DERIVATIVES FCR JACOBLAN
DO 345 L1=1.Lvex
DWMDGY (L L) = NWDGYILLY ¢ GOIMQI®(DGWGM2 [MO,LL1)+ DGWGML)
CwIS20LE) » D&OGZILY) o GCQUMQIO(DGWGM4{MQ,L1) ¢ DGWGM])
330 CINTINUT
DOMGY L= ~1.%050501
DOWGM Y -1.000CwG5MY
450 CONTINUF
DO 430 L1=1],LMAX
XACCBINLJAPCUTOL1) = OWDGYLLY)
XACOBININFODToLMAXSL 1) = DWDGZILY)

30 COUNTIHUE

400 COUNTINUE
IFlJs.NELL) GO TO 510
D0 520 1«1,.KN0CP

OUTPUT DORNWASH FNFLUENCE COLFFICTENTS o IF DESIRED
WATTEL6,9A0F [COLFF (L, ),051,KMCOTY

500 CONTINUE

510 CONTI*UF

CALCULATE RESIDLL FRCM CUWNWASH CONDITION
DO 140 1s1,NOCP
vRl): SEsatf
00 162 J=1 . AUCM
VRUT) = vail)e COPFFLL,NAODeSIOCQESY
RACCELL ¥ CUJYe COTPF{T,NMODOJ)
00 14" ¥, ADSM
NZs Je LMo ik-1)
VRLT) VRLEYe COTFF{1 2108 {),K])
KACCHEL,"2) = COLYEtL,42)

140 CONTINUE

CQUTPUT RESIOUF Fr(OM DOWWASH CONDITEON
HRITLIG, 230} IVPEL), 1=} 4KUCP)

PRIMARY CUTPUTS VR, XACOH PASSED TD CALLING PHUCRAM
THRCUGH COMPON

930 FORMAT{® DOWNWALH OGN WING*Z(95€14.5))
940 FORMATL® COLLUCATIUNR PUIRTY ¢ 13,2F12.4,3X,'LOCAL X=*, F12.4)
9A0 FNRMAT (10F13.9%)

KF TURN

END
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WPDWRL02
WPOWOIDY
WPOW0104
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WPOWO1NG
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WPOWO109
wPLUW0O110
WPDWOLTL
wWPDWOL12
WPOWGLL)
WPDWOL14
KPOWOL1S
WPLKOT1A
WPDWOYY 7
WPOHOLL 8
WPOWOL LY
WPDWO120
WPDWOL 21
WPDWO122
WPURCL2}
WPDRO124
WPOWOL12S
WPUROLZ2G
WPOWCL T
WPDLUOL2Z3
WPOWO129
WPUNDL 0
wWPOWOL 81
WPDWOL 32
WPDWOL Y
WPUaNL J4
WPOWOL S
WPUNOL YS
WPDOWOL 17
WPUWO1 18
WPDWOL1 19
WPDWO140
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SYMBOLS

a vorticity coefficient
AR aspect ratio
c chord
CN normal force coefficient
Cp 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
] dummy index
m dummy index
n dummy index
q dummy index
r radius vector from origin
S surface of integration
3 semispan
t thickness
U free stream velocity
u perturbation velocity in x-direction
v perturbation in y-direction; vector v is total perturbation
velocity !
W perturbation velocity in z-direction
X chordwise coordinate
y spanwise coordinate; with subscript v, represents leading-edge
vortex spanwise location
b4 vertical coordinate; with subscript v, represents leading-edge
vortex vertical location
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ap—

SYMBOLS (cont'd.)
angle of attack
ieading-edge vortex strength
spanwise vorticity component; vector Yy is total vorticity
chordwise vorticity component
spanwise coordinate nondimensionalized by semispan
chordwise azimuthal coordinate
leading-edge sweep angle

complex plane
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