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A GENERALIZED VORTEX LATTICE METHOD FOR SUBSONIC
AND SUPERSONIC FLOW APPLICATIONS

Luis R. Miranda, Robert D. Elliott, and William M. Baker
Lockheed-California Company

SUMMARY

A vortex lattice method applicable to both subsonic and supersonic flow
is described. It is shown that if the discrete vortex lattice is considered
as an approximation to the surface-distributed vorticity, then the concept of
the generalized principal part of an integral yields a residual term to the
vorticity-induced velocity field. The proper incorporation of this term to
the velocity field generated by the discrete vortex lines renders the present
vortex lattice method valid for supersonic flow. Special techniques for
simulating nonzero thickness 1lifting surfaces and fusiform bodies with vortex
lattice elements are included. Thickness effects of wing-like components are
simulated by a double (biplanar) vortex lattice layer, and fusiform bodies
are represented by a vortex grid arranged on a series of concentrical cylin-
drical surfaces. The analysis of sideslip effects by the subject method is
described. Numerical considerations peculiar to the application of these
techniques are also discussed. A summary comparison of the results obtained
by the method of this report with other theoretical and experimental results
is presented. This method has been implemented in a digital computer code
identified as VORLAX. A users manual for the VORLAX program is contained in
Appendix A. A complete Fortran compilation and executed case are contained in
Appendix B. Appendices C and D describe input conversion programs useful for
transforming input between the VORLAX and NASA Wave Drag programs.

INTRODUCTION

The several versions or variations of the vortex lattice method that are
presently available have proven to be very practical and versatile theoretical
tools for the aerodynamic analysis and design of planar and nonplanar config-
urations. The success of the method is due in great part to the relative
simplicity of the numerical techniques involved, and to the high accuracy,
within the limitations of the basic theory, of the results obtained. But
most of the work on vortex lattice methods appears to have concentrated on
subsonic flow application. The applicability of the basic techniques of
vortex lattice theory to supersonic flow has been largely ignored. The method
presented herein allows the direct extension of vortex lattice techniques to
supersonic Mach numbers. The equations allowing this extended application are
derived in the next section starting from the first order vector equations
governing inviscid compressible flow. They are then applied to the particular
case of a skewed-horseshoe vortex with special attention given to the super-
sonic horseshoe.



In the following theoretical discussion, the basic arguments involved in
the simulation of thickness and volume effects by vortex lattice elements are
presented. This particular modeling of the above effects represents an alter-
native, with somewhat reduced computational requirements, to the method of
quadrilateral vortex rings (refs. 1 and 2). The simulation of thickness and
volume effects mekes possible the computation of the surface pressure distri-
bution on wing-body configurations. The fact that this can be done without
having to resort to additionsal types of singularities, such as sources,
results in a simpler digital computer code.



THEORETICAL DISCUSSION

The Basic Equations

Ward has shown, (ref. 3), that the small-perturbation, linearized flow
of an inviscid compressible fluid is governed by the three first order vector
equations:

Vx¥=mwu V.%=q, wv=W. 7 (1)

on the assumption that the vorticity W and the source intensity Q are known
functions of the point whose position vector is R. The vector V is the
perturbation velocity with orthogonal Cartesian components u, v, and W, and
¥ ig a constant symmetrical tensor that for orthogonal Cartesian coordinates
with the x-axis aligned with the freestream direction has the form

2
1-M 0 0
[» )
¥ = 0 1 0 (2)
0 0

where M_ is the freestream Mach number. If 82 = l-sz, then the vector W

has the components W = g2 uT +v J +wk. This vector was first introduced
by Robinson (ref. 4), who called it the "peduced current velocity". If U
denotes the total velocity vector, i.e., u = (U +u) T+vT +wk, and p
the fluid density, then it can be shown that for irrotational and homentropic
flow

oUW = pyUe * p_ W + higher order terms (3)

where the subscript jndicates the value of the quantity at upstream infinity,
€.8.5 U = Ug 1. Therefore, to a linear approximation, the vector w is
directly related to the perturbation mass flux as follows:

T =(pT - P Ue) /Poo (%)

The second equation of (1), i.e., the continuity condition, shows that for
gource-free flows (Q = 0), w is a conserved quantity.

Ward has integrated the three first order vector equations directly
without having to resort to an auxiliary potential functign. He obtained
two different solutions for ¥ (R), depending on whether g2 is positive (sub-
sonic flow), or negative (supersonic flow). These two solutions can be com-
bined formally into a single expression if the following convention is used:

K =2 for 52 >0

2
K=1 for B <O 1/2
RB = Real part of {(x—xl)2 + 52[(y-yl)2 + (z-zl)z]}



= Finite part of integral as defined by Hadamard (refs. 5
and 6).

The resulting solution for the perturbation velocity ¥ at the point
whose position vector is Rl =X i+ Yy J + zy k, is given by

V(§1)=-%ﬁ 7[5.?,?(‘1?) V=2 as

.S B
2 R - R
+ 5Ee f— ;—ﬁxv@}\R L as
S
- 2 [ R-R.
1 [ - 1 B
+ 5 —/Q,(R)VdeVz:;LK~ 5 cuARD v (5)
Vv '

This formula determines the value of ¥V within the region V bounded by
the surface S. The vector T is the unit outward (from the region V) normal
to the surface S. Furthermore, it is understood that for supersonic flow
only those parts of V and S lying within the domain of dependence (Mach
forecone) of the point Rl are to be included in the integration.

For source-free (Q=0), irrotational (G=0) flow, equation (5) reduces

to
: 2 R-R
_ = 1 - — /= 1 8 - . =3 1
V(Rl) =-ﬁ f n.w(R)VR— ds +§T§f—{n(\ W(R)} ‘—3'—(13 (6)
s B S g

This is a relation between Vv inside S and the values of n.wand n < v
on S, but- these two quantities cannot be specified independently on S.

To determine the source-free, irrotational flow about an arbitrary body
B by means of equation (6), assume that the surface S coincides with the
wetted surface of the body, with any trailing wake that it may have, and with
a sphere of infinite radius enclosing the body and the whole flow field about
it, namely, S = SB + Sw + Sm.

This surface S divides the space into two regions, Ve external to the
body, and Vi internal to it. Applying equation (6) to both Ve and Vi, since
the integrals over S, converge to zero, the following expression is obtained:



B N 3 1 2 _ _ R-Ry
HE) g T TR BV i - g fEx s WD 5@ D)
s

d B
+ S SB + SW ’

where N = ni= -fi, is the unit normal to the body, or wake as the case may be,
positive from the interior to the exterior of the body, A W = We = Wi, and
AV = Ve - V4. Here the subscripts designate the values of the quantities on
the corresponding face of S. The first surface integral can be considered

as representing the contribution of a source distribution of surface density
N . AW, while the second surface integral gives the contribution of a vorti-
city distribution of surface density N X A 7.

If the boundary condition of zero mass flux through the surface SB + SW
1s applied to both external and internal flows

N.pﬁe=N.(pwﬁm+pm_v7e) 0

=
=

.puy =N . (p U_+ pwﬁi) =0 (8)

then the condition N . AW =0 exists over S, + SW’ and the flow field is
. B
uniquely determined by

. s
WE) = - 5% -[— v (%) x%ﬁ‘l as (9)
S, *+8S a
B W

where ¥ (R) = N x A ¥V is the surface vorticity density.

Fxtension to Supersonic Flow

In order to extend the application of the vortex lattice method to
supersonic flow, it is essential to consider the fundamental element of the
method, the vortex filament, as a numerical approximation scheme to the
integral expression (9) instead of a real physical entity. The velocity field
generated by a vortex filament can be obtained by a straightforward limiting
process, the result being

2 ) R-R
¥(Rq) =_§§§ fl'“x L ay (10)




where ['= 1im Y. 58
¥ - o0
8§ = ©

8 is a dimension normal to vy, and d{ is the distance element along y. In the
clagsical vortex lattice method, applicable only to subsonic flow, the vorti-
city distribution over the body and the wake, i.e., over the surface Sg + Sws
is replaced by a suitable arrangement of vortex filaments whoge velocity
fields are everywhere determined by equation (10). This procedure is no
longer appropriate for supersonic flow. For this latter case, it is necessary
to go back to equation (9§ and to derive an approximation to it. This is

done in the following.

If the surface Sg + Sy, which defines the body and its wake, is considered
as being composed of s large number of discrete flat ares elements r over
vwhich the surface vorticlty density ¥ can be assumed approximately constant,
then equation (9) can be approximated by the following equation:

N
2 R-R

WR,) = - % E 7[VJ X 3—1 ds (11)
S

where N is the total number of discrete area elements T . When the point

whose position vector is 1 is not part of Tg, the integral over this dis-
crete area can be approximated by the mean value theorem as follows:

_ ﬁ-ﬁl N ﬁ—ﬁl
]( Yy X R3 as = Yy GJ X f RT' af (12)
c B
s B J

where Cg is a line in TJ parallel to the average direction of Y in Tgs &7

is a distance normal to Cy, and df is the arc length element along Cy. Thig
means that the velocity field induced by a discrete vorticity patch 7j can
be approximated for points outside of TJ by some mean disc;ete vortex line
whose strength per unit length is vy 85. But if the point Ry is part of the
discrete area , the integral in equation (11) has an inherent singularity
of the Cauchy type due to the fact that R = R1 at some point within #. 1In
order to evaluate the integral expression for this case, congider a point
close to R} but located Just above 7 by a distance e. As indicated in figure
1, the area of Integration in T is divided into two regions, A T-¢cand A,
Obviously, the integral over A,,._€ has no Cauchy-type singularity, Hadamard's
finite part concept being sufficient to perform the indicated integration,
Thus,
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The last integral in equation (13) represents the conventional discrete
yortex line contribution whose evaluation presents no difficulty. In order
to determine the integration denoted by I(e) assume that, for simplicity,

the coordinate system is centered at the point Ry, and that the x-y plane is
determined by the discrete area 7. Then, if Y denotes the modulus of Y,

3x2_32(y2+€2

(e) = v f_ \y gin A - x cosA )‘3/2 dx dy (1)
A

€

vwhere A is the ansle between the y-axis and the direction of the vorticity
in 7, and Be = -g= > 0 ( supersonic flow). The components of the vector

cross product ¥ x(R-Rp) = ¥ X ® which are not normal to the plane of 7T have
been left out of equation (14) because, when the limit operation €--0 is
carried out, they will venish. The area A¢ is bounded by & line parallel to
the vorticity direction going through x -(1+B) € and by the intersection of the
Me.ch forecone from the point (o, o, e) with the 7-plane, consequently, if
the integration with respect to x is performed first,

-B\]yz + 5:2

2 )
1( €)=y cosA:[— f ty - x ax ; dy (15)
{xz-B2 (y2 + c-:2)}3/2 ’
M ty -(1+B)e

where t = tan A , and A1, Ap are the values of y correspondi to the inter-
section of the line x=ty -(1+B)e with the hyperbola y - _B:'iye ; B2 Let

2
¢ = ¢ (1+28)-2( 1+B) ety -(B2-t2) y2, then the finite part of the x-
integration yields

I(e) = v cosAf % ty (ty-(1+B)¢) 1 }

2 (2 + I8 JF

Ay



A2
- gosA ]L B e-(14B) ety-KBz-tz)yz dy (16)
B

y2+62 \/—5_

M

Since ¢ is a very small quantity, the variation of ¥ in the interval (Al, >\2)
is going to be equally small, and, therefore, the quantity within brackets in
the last integrand of equation (16) can be replaced by a mean value and taken
outside of the integral sign. The same is not true of the term l/ since
it will vary from oo for y = Al> go through finite wvalues in the integration
interval, and then again increase to @ for y = A2. With this in mind, and if
¥ denotes a mean value of y, I(€) can be written as

2 ~ 2 2, 2
_ Y cosA B e-(1+B) ety - (B°-t5) ¥ f_ dy
I(e) 2 2,2 ra (17)

M

But 11, )2 are the roots of ty-¢ = -B\Jyz + 62 s 1.e., they are the roots of
the polynomial denoted by @#. Thus

Vg = 2wemem)ay - (248 2 Vi | (M9)(r-15) (28

Introducing this expression for ,/ @ into (17), and taking the limit
€0, the following value for I( ) is obtained:

Ao
I(o) = lim I(€) = - 3’—"'-"—;’\— J B%-¢2 f G dy (19)
B M
M

€ =0 -y )(y-1,)

The integral appearing in equation (19) can be easily evaluated by com-
Plex variable methods; its value is found to be

A
7[_ A (20)
o)
A




The contribution of the inherent singularity to the velocity field,
within T, induced by the vorticity patch 7, and dented herein by w¥, is
therefore given by

2
* g lim I(€) Ycos A 2 2
I s = o S22 - 21
W 5 . o > B - t (21)

This contribution is perpendicular to the plane of T, and it has only
physical meaning when B2 > t2, i.e., when the vortex lines are swept in front
of the Mach lines. It is expression (21), taken in conjunction with equations
(11) and (12), that makes the vortex lattice method applicable to supersonic flow.

The Skewed-Horseshoe Vortex

Velocity fields due to complex vortex curves can be generated by the linear
superposition of fields induced by simple vortex geometries. For instance, the
velocity field due to a norseshoe line vortex can be obtained by the addition of
the corresponding fields induced by three rectilinear segments: a transverse
skewed segment, and two trailing legs, figure 2. Therefore, the determination of
the velocity field due to a line vortex segment of constant, but arbitrary, sweep
is the fundamental building block in the formulation of aerodynamic influence
coefficients of complex three-dimensional vortex lattices. Choosing a coordinate
system such that the vortex line lies in the plane z = 0, the conventional discrete
vortex contribution to the velocity at a point whose coordinates are (x , Y. 2.)
. . . . . . o? Yo’ "o
is given, in Cartesian components, by the following expressions

(32 7[ ay
u = + 5=
2rK Je { (x_xo)2 + ﬁ2( (y_yo)g + Z02) } 3/2
(22)

'Y = = [fil 32 jf; o
. {<x-xo>2 + 820 (7-v,)° + 2,0) | 3/2

(x-x_) dy - (y=y,) &

w o= 4+ 82 %
2nk o [T g )" ) 3%




where ['represents the circulation per unit length of discrete vortex line
length, and the integrations are to be carried out along that part of C which
satisfies the conditions

(=2 )% 482 (7 -y )% +2.2)
and

x—xo<0 if M_>1.

For the transverse leg of the horseshoe vortex, the coordinate x appearing
in equations (22) can be expressed as a function of y, i.e., x = ty, and the
indicated integrations carried out between the limits y = -s and y = +s,
figure 2. By defining the following auxiliary variables

X x + ts X = x - ts

1 o 2 o

y, = ¥y, +s Y = ¥ -8

* = -
X Xo tyo

The resulting formulas giving the velocity components induced by the skewed
trensverse rectilinear vortex filament can be written as follows:

_
2 2
S v 1 _ e LA Yo * By,
. -
a3 *2 4 (424 5 2 2.2 2 3 2 5. 2 3
o X, + B8 (y, *z ") X, + B (v, *z )
2 2 7
[z t [ b *BY tx, + By,
VF "ok T 2 2. 2 - (23)
x o+ (£%46°) z 2 2. 2 2 2 2. 2 &
o S +z ") x, +8° (y, +z )J
_ , , -
*
. x b Y By B * By,
. -
ek ey (t244%) 2 2 2 2, 2 2 2. 2, 22
o xl + p (yl +ZO ) x2 + B (y2 +ZO )J
-

In the above expressions, the coordinates (%55 Yos zy) of the receiving
field point are measured with respect to the midpoint of the rectilinear vertex
segment, the x-y plane of the coordinate system coinciding with the plane de-
fined by the x-axis and the vortex itself.

10



The case of & rectilinear vortex segment parallel to the x-axis (t =«) is
of special importance since the trailing legs of a horseshoe vortex are gen-
erally assumed to be parallel to the x-axis. Since dy = 0, equations (22)
hecome

u = 0
o = Lo g2 dx (24)
2nK 7£ > 5 5 1 3/2
Jo e P + 82 (lymr)? + 2,00
_ r(y_yo) 2 : ax
v T T T f ' ' 372

c {(x—xo)2 + 52.((y-y0)2 + 202}

If the vortex segment extends from x = X4 to x = Xp, the sbove integra-
tion yields

u = 0
1| - ot | — (25)
nK >
[V g+ 8% () 2.) Joox? ¢ 87 (g + 2,5 | 1, 0)% ¢ 2
w=+—£—- o TN o T *r ] Yo ¥
2nk 2 2 i 2 2 2 2
o2 + 82 (P o 22 Jorgxg)® + 67 (g + 20 | )™+ g,

For & conventional horseshoe vortex whose trailing legs stretch to down=~
stream infinity, equations (25) would give the contribution of the port leg with
the following substitutions

X, = = if M <1

X, = X - \Fﬁz ((y°+ss)2 + zog) if M, >1

X = -ts

11



Likewise, the contribution from the starboard trailing leg can be computed
by introducing the following values into equations (25)

X, = +ts
i
Xo = = if  M_<1
_ 2 2 2 .
Xe = X - \/—6 ((yo—s) +z ) ir M_ >1
Yy = +s

Combining these results with equations (23), the formulas defining the
flow field induced by a discrete vortex consisting of a skewed segment and two
trailing legs parallel to the x-axis (the skewed-horseshoe vortex) are obtained.
Keeping in mind Hadamard's finite part concept, and after introducing the fol-
lowing notation

tx. + ﬁ2y
_ 1 1 ;
F, =
2 2 2 2
\/Xl BTy ez T)
2
tx2 + 8 y2
F, = 3
\/x 2 + 32 ( 2 + 2)
2 Yo %
(26)
*y
G, .= +C ; (Mo <'1: € =15 M, >1: C = 0)
\/ 2, 2( +z2)
xl B yl o
X
_ )
G, = — - = = + C ; (Me <1: C=1; M, >1: C = 0)
Vx2 + B (y2 +zo)

then, the horseshoe vortex induced field formulas can be expressed as follows:

12



I’ 2y (F, - F,)

ulx,y,2z) = + m 1 2
o} o o} 21K x 2 + (t2 + 32) z02
r j (F, - F,) ¢ G G, 1
- t—— - + -
v (xgs Yoo 20) +2nKzol 2, (2152 2l 5, 2 z, 2’(27
o y1 o] y2 zo
*

r x (F) - Fp) Yy Yo

wixgs ¥os 2) = - Fx 2, (¢ +62)z2+ 2+22G1' 2+Z2G2
X o yl o y2 o

The finite part concept determines the value of the constant C appearing in
the definition of G and G2.

A notable simplification of equations (27) occurs for supersonic flow
when the receiving point (xo, Yor 2 ) is in the plane of the horseshoe, namely,
zo = 0. First, the values of the axialwash and sidewash, u and v, vanish
identically; secondly, the upwash expression becomes

W(X y O) = _ F Fl-F2+G_l__G_2_) (28
o’ Yo’ 2K ¥

Equation (28) is applicable to both subsonic and supersonic flow in its present
format. But for the supersonic flow case, the fact that the constant C of the
G functions becomes null due to the finite part concept allows further simpli-
fication of the upwash equation. Introducing the corresponding values of the
F and G functions, the expanded version of equation (28) is

2 2
- +
w(x,y,0 = -2=<{& b v gy, Wt B,

» s = - *
e ° 2mk \/2+ 2 2 J2+2 2

ST X t B Y,

(29
%1 /¥, _ x5/¥5

5 2 5 2 o
V4 tE \/;2+B Yo
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*
Since x = x5 - ty, = X7 - ty1 = xp - typ, the rearrangement of equation (28)

/S 5 —>51- -
in factors of | (x1 - ty1) 4'x12 + g2 y12J 1 ana [(XQ ~ typ) /xp° + e y22] 1
finally reduces the upwash formula to
) 2 2 2 2 2 2
r 1 ‘/xl MRS \/x2 RS
wo(x_, vy, 0) = -5 | F (30)

X Y1 Y2

When the field point (xo, Yo» 0) is within the distributed vorticity patch
which is approximated by the discrete horseshoe vortex, €.8., the control point
associated with the horseshoe, the upwash given by equation (30) has to be
complemented by the distribution due to the generalized principal part of the
upwash integral, as given by equation (21). If &x is the distance, measured
in the x-direction, occupied by the distributed vorticity Y which has been
lumped into the discrete transverse vortex leg of circulation [, the relation-
ship between the Y of equation (21) and the [of equations (27) and (30) is

I' = ycos A &x (31)

Modeling of Lifting Surfaces with Thickness

The method of quadrilateral vortex rings placed on the actual body sur-
face (ref. 1) provides a way of computing the surface pressure distribution
of arbitrary bodies using discrete vortex lines only. Numerical difficulties
may occur when the above method ig applied to the analysis of airfoils with
sharp trailing edges due to the close proximity of two vortex surfaces of
nearly parallel direction. An alternative approach, requiring somewhat less
computer storage and easier to handle numerically, consists in using a double,
or biplanar, sheet of swept horseshoe vortices to model a lifting surface
with thickness, as shown schematically in figure 3. This constitutes an
approximation to the true location of the singularities, similar in nature to
the classical lifting surface theory approximation of a cambered sheet,

All the swept horseshoe vortices, and their boundary condition control
points, corresponding to a given surface, upper or lower, are located in a
same plane. The upper and lower surface lattice planes are separated by a
gap which represents the chordwise average of the airfoil thickness distri-
bution. The results are not too sensitive to the magnitude of this gap; any
value between one half to the full maximum chordwise thickness of the airfoil
has been found to be adequate, the preferred value being two thirds of the
maximum thickness. Furthermore, the gap can vary in the direction normal to
the x-axis to allow for spanwise thickness taper. On the other hand, the
chordwise distribution, or spacing, of the transverse elements of the horse-
shoe vortices have g significant influence on the accuracy of the computed



surface pressure distribution. For greater accuracy, for a given chordwise
number of horseshoe vortices, the transverse legs have to be longitudinally
spaced according to the cosine distribution law

v _c 2J-1
X; - X, =3 [l - cos (n —Eﬁ—)] (32)

where x} - x, represents the distance from the leading edge to the midpoint
of the swept leg of the Jth horseshoe vortex, c is the length of the local
chord running through the midpoints of a given chordwise strip, and N is the
number of horseshoe vortices per strip. The chordwise control point location
corresponding to this distribution of vortex elements is given by

[l-cos(n%)] (33)

The control points are located along the centerline, or midpoint line, of the
chordwise strip (fig. 4). ILan has shown (ref. 7) that the chordwise 'cosine’
collocation of the lattice elements, defined by equations (32) and (33),
greatly improve the accuracy of the computation of the effects due to 1lift.
His results are directly extendable to the computation of surface pressure
distributions of wings with thickness by the biplanar lattice scheme pre-
sented herein,.

&y
o}
njo

The small perturbation boundary condition

v.n's=s —ﬁw . 1 (34)

1g applied at the control points. In equation (34), n =4I + mJ + nk, and
' = mJ + nk, where £, m, and n are the direction cosines of the normal to
the actual airfoil surface. Equation (34) implies that |ful <<|mv + nw| .
The use of the small perturbation boundary condition is consistent with the

present biplanar approach to the simulation of thick wings.
Modeling of Fusiform Bodies

The modeling of fusiform bodies with horseshoe vortices requires a
gspecial concentrical vortex lattice if the simulation of the volume displace-
ment effects, and the computation of the surface pressure distribution, are
to be carried out. To define this lattice, it is necessary to consider first
an auxiliary body, identical in cross-sectional shape and longitudinal ares
distribution to the actual body, with a straight baricentric line, i.e.,
without camber. The cross-sectional shape of this auxiliary body is then
approximated by a polygon whose sides determine the transverse legs of the
horseshoe vortices. The vertices of the polygon and the axis of the auxiliary
body (which by definition is rectilinear (zero camber) and internal to all
possible cross sections of the body) define a set of radial planes in which
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the bound trailing legs of the horseshoe vortices lie parallel to the axis
(fig. 5). As the body cross section changes shape along its length, the
corresponding polygon is allowed to change accordingly, but with the constraint
that the polygonal vertices must always lie in the same set of radial planes.,
The axial spacing of the cross-sectional blanes that determine the transverse
vortex elements, or polygonal rings, follows the cosine law of equaticn (32).
The boundary condition control points are located on the auxiliary body sur-
face, and in the bisector radial planes, with their longitudinal spacing given
by equation (33).

The boundary condition to be satisfied at these control points is the
zero mass flux equation.

W.H=-Hm.ﬁ" (35)

where all the components of the scalar product w . @ = Bzf u + mv + nw

are to be retained. Thus, equation (35) is a higher order condition than
equation (34). The use of this higher order boundary condition, within the
framework of a linearized theory, is not mathematically consistent. There-
fore, it can only be justified by its results rather than by a strict mathe-
matical derivation. In the present treatment of fusiform bodies, it has been
found that the use of higher order, or exact boundary conditions is a re-
quisite for the accurate determination of the surface pressure distribution.

The fact that the vector W, instead of Vv, appears in the left hand member
of equation (35) requires some elaboration. First, it should be pointed out
that for small perturbations w . n> vV . n'. Furthermore, for incompressible
flow (B = 1), the vector W is identical to the perturbation velocity ¥. Con-
sequently, the boundary condition equation (3L) is consistent with the con-
tinuity equation, V. w = 0, to a first order for compressible flow, and to any
higher order for incompressible flow. But when a higher order boundary con-
dition is applied in compressible flow to a linearized solution, it should be
remembered that this solution satisfies the conservation of W, not of ¥, i.e,,

V. ¥ = 0. Thus, the higher order boundary condition should involve the
reduced current velocity, or perturbation mass flux, vector w, as in equation
(35), rather than the perturbation veloclty vector V.

The body camber, which was eliminated in the definition of the auxiliary
body, is taken into account in the computation of the direction cosines L,m,
and n, which are implicit in equation (35). Therefore, the effect of camber
is represented in the boundary condition but ignored in the spatial placement
of the horseshoe elements. This scheme will give a fair approximstion to
cambered fusiform bodies provided that the amount of body camber is not too
large.
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Computation of Sideslip Effects

The aerodynamics of an isolated wing in sideslip can be analyzed by two
different approaches depending on the coordinate system chosen. In one approach,
the coordinate system consists of wind axes, the longitudinal axis being aligned
with the free-stream velocity vector, figure 6. This formulation of the problem
is known as the skewed-wing approach, and a first order solution obtained within
this framework will give the dominant effects of sideslip, even for the case of
zerc dihedral. The other approach, also shown schematically in figure 6 and
known as the skewed free-stream approach, is based on a body-axis formulation
of the problem and the corresponding first order solution, though it may be
adequate for large dihedral, will fail to produce the significant effects of
sideslip for low or zero dihedral. To compute the sideslip effects correctly
within the framework of a skewed free-stream formulation, it is necessary to
solve partial differential equations containing second order terms of the per-
turbation velocities. This implies a much more involved computational procedure
than that required for the solution of the first order perturbation equations (1)
On the other hand, the application of the skewed-wing approach to anything more
complex than an isolated wing in sideslip, such as might be the case with a
configuration with wing, fuselage, and nacelles, becomes geometrically very
complicated.

The approach adopted herein is a combination of the two approaches men-
tioned above, formulated with the objective of obtaining reasonably accurate
sideslip effects using only a first order perturbation solution but without all
of the geometrical complications inherent in the skewed-wing approach. Basically
it is assumed that the vortex lattice representing the configuration and its
vortex weke consists of both bound and free elements or legs, the vortex fila-
ments that model rigid surfaces are considered bound, and those that constitute
the wake are the so-called free elements, figure 7. The bound portion of the
lattice, containing both transverse and trailing, or chordwise, segments, is
invariant in a body axis system, the chordwise legs being parallel to the x-axis.
The free legs of the lattice are not actually force free, rather they are as-
sumed to extend to downstream infinity parallel to a predetermined direction
which is proportional to the angles of attack and sideslip. If the propor-
tionality factors are unity, then the free portion of the lattice would be
invariant in wind axes.

After the circulation strengths of the above lattice geometry are solved
for under the appropriate boundary conditions, the pressure coefficient dis-
tribution is computed in accordance with the higher order expression

e = - —% (Uou+ Ve v) (36)

where Uy and Vo are the components along the x and y body axes of the free-
stream velocity vector of modulus q _ ; the corresponding perturbation velocity
components are denoted by u and v, as usual. The use of equation (36) instead
of the linear approximation
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C, = -—%5 Usu (37)

is required for the correct computation, within the present framework, of the
rolling moment due to sideslip of a planar wing. This is due to the fact that
the bound trailing legs, being defined in body axes, are not lined up with the
free-stream flow and therefore, according to the theorem of Kutta, they con-
tribute to the normal force. This contribution is represented by the second
order term in equation (36), namely, V, v. Even though this contribution is
of second order, it must be included in the computation of the differential
rolling moment due to sideslip, since this quantity itself is of the second
order for a planar, or nearly planar, wing.

THE GENERALIZED VORTEX LATTICE METHOD
Description of Computational Method

The four items discussed in the preceding section, i.e., the inclusion of
the vorticity-induced residual term w¥* for supersonic flow, the biplanar scheme
for representing thickness effects, the use of a vortex grid of concentrical
polygonal cylinders for the simulation of fusiform bodies, and the special
lattice geometry consisting of both bound and free elements for the analysis
of sideslip effects, have been implemented in a computational procedure herein
known as the generalized vortex lattice (GVL) method. This method, outlined
in what follows, has been codified in a Fortran IV computer program (VORLAX).

The basic element of the method is the swept horseshoe vortex whose trail-
ing legs has both bound and free segments. The latter segments may trail to
downstream infinity in any arbitrary, but predetermined, direction whereas the
bound trailing legs are laid out on the proper cylindrical control surfaces in
a direction which is parallel to the x body axis. Figure 8 illustrates sche-
matically the representation of a wing-body configuration within the context
of the present method. In this illustration, the streamwise arrangement of
the lattice follows the cosine distribution law, equation (32), but both chord-
wise and spanwise distributions of vortex lines can be independently specified
to be either of the cosine or of the equal spacing. To each horseshoe vortex
there corresponds a control point which is placed midway between the bound
trailing legs of the horseshoe; the longitudinal location of the control point
is determined by equation (33) if the cosine chordwise distribution has been
chosen, otherwise it is located halfway between the transverse legs, as
required by quarter-chord/three-quarter-chord rule.

The direction of floatation of the wake vortex filaments is defined by
the two angles a, and B, shown in figure 8, the former being proportionel to
the angle of attack, and the latter being proportional tc the sideslip angle.
The proporticnality constants are part of the program input, the recommended
values being 0 for the sideslip constant, and 0 or 0.5 for the angle of attack
constant.
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The velocity field induced by the elementary horseshoe vortex is given by
equations (27) when above constants are both zero, and by somewhat more compli-
cated expressions which take into account the kinks in the trailing legs when
either one or both of the wake floatation parameters are nonzero. Though not
presented here, these expressions can be easily derived through the application
of equations (23).

When the influence induced by a horseshoe vortex upon its own control
point is being evaluated, the contribution from the generalized principal part,
as given by equation (21), is included in the normaelwash if the free-stream is
supersonic. Furthermore, for the supersonic case, the simplified downwash
formula, equation (30), is used whenever the receiving point is in the same
plane of the inducing horseshoe.

The horseshoe vortex velocity field is used to generate the coefficients
of a system of linear equations relating the unknown vortex strengths to the
eppropriate boundary condition at the control points. This linear system is
solved by either a Gauss-Seidel iterative procedure, known as controlled
successive over-relaxation (ref. 8), or by a vector orthogonalization tech-
nique, i.e., Purcell's vector method (ref. 9). 1If the inverse process is
desired, i.e., synthesis or design instead of snalysis, the linear system of
equations is used to compute the slope distribution (surface warp) required
to achieve a specified surface loading; this involves & straeightforward matrix
multiplication process. Mixed cases, i.e., design and analysis, are easily
handled by proper grouping of the boundary condition equations.

The pressure coefficients are computed in terms of the perturbation
velocity components, the computation being carried out according to either
one of three possible ways, &s follows:

1. If the surface under consideration is assumed wetted by the flow
on both sides (zero thickness panel) and the configuration side-
slip angle is zero, then & net loading coefficient is computed
based on the local value of the spanwise vorticity, namely,

ACp = 2y cosh;

2. When the configuration sideslip an;le is not zero, the net loading
coefficient of a zero-thickness surface is calculated through the
use of the higher order expression (36); and

3, When surface pressure coefficients are computed, i.e., the panel
under consideration is assumed wetted by the flow on one side
only, the isentropic flow relationship giving the pressure
coefficient in terms of free-stream Mach number and local-to-free-
stream velocity ratio is resorted to.

The force and moment coefficients are calculated by numerical integration
of the pressure coefficient distribution with due account being given to the
edge forces. If cosine chordwise lattice spacing is specified by the VORLAX
progream user, the computation of the leading edge suction of zero thickness
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panels is carried out according to Lan's procedure (ref. 7), whose application
to supersonic flow is made possible by the generalized vortex-induced velocity
field formulas presented in this report. If equal chordwise lattice spacing
is specified, the contribution of the leading edge suction singularity to the
forces and moments is calculated by the technique indicated by Hancock in
reference 10; this approach is not nearly as accurate as Lan's, the magnitude
of the leading edge suction being significantly underestimated.

The VORLAX computer program has the capability of analyzing symmetrical
and asymmetrical cases as well as configurations in steady state angular rota-
tion about any or all of three axes, parallel to the coordinate axes, going
through the input moment reference center. Steady state angular rotation cases
are treated by the subterfuge of assuming a nonuniform onset flow, this onset
flow being defined by the values of the angular rates and distance of the field
point to the rotation center.

Ground proximity effects are analyzed by the method of images, i.e., the
configuration is mirrored about the ground plane; the flow around the airplane
and its image then contains a stream surface which cocincides with the ground
plane due to the symmetry of the arrangement. In this modeling of a configu-
ration in ground proximity, it is assumed that the trailing vorticity wake
floats to downstream infinity parellel to the plane c¢f the ground.

Numerical Considerations

At supersonic Mach numbers, the velocity induced by a discrete horseshoe
vortex becomes very large in the very close proximity of the envelope of Mach
cones generated by the transverse leg of the horseshoe. At the characteristic
envelope surface itself, the induced velocity correctly vanishes, due to the
finite part concept. This singular behavior of the velocity field occurs only
for field points off the plane of the horseshoe. For the planar case, the
velocity field is well behaved in the vicinity of the characteristic surface. .
A simple procedure to treat this numerical singularity consists of defining
the characteristic surfaces by the equation

(x-x,)% = ¢ ° {<y-yl)2 + (z-zl>2} (38)

where C is a numerical constant whose value is greater than, but close to, 1.
It has been found that this procedure yields satisfactory results, and that
these results are quite insensitive to reasonable variations of the param-
eter C.

Another numerical problem, peculiar to the supersonic horseshoe vortex,
exists in the planar case (field point in the plane of the horseshoe) when the
field peoint is close to a transverse vortex leg swept exactly parallel to the
Mach lines (sonic vortex), while the vortex lines immediately in front of and
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behind this sonic vortex are subsonic and supersonic, respectively. Thirc
problem can be handled by replacing the voundary condition ecnation for such
sonic vortex with the averaging eguation

S I - = 0 (39)

- *
I -1 I Y141

where yr¥* is the circulation strength of the critical horseshue vortex, and
YI*—l and YI*+1 are the respective circulation values for the fore-and-aft
adjacent subsonic and supersonic vortices.

The axialwash induced velocity component (u) is needed for the computation
of the surface pressure distribution, and for the formulation of the bcundary
condition for fusiform bodies. When the field point is not too close tc the
generating vorticity element, the axialwash is adequately described by the
conventional discrete horseshoe vortex representation. But if this point is
in the close vicinity of the genereting element, as may occur in the biplanar
and in the concentrical cylindrical lattices of the present method, the error
in the computation of the axialwash due to the discretization of the vorticity
becomes unacceptable. This problem is solved by resorting to a vortex-splitting
technique, similar to the one presented in reference 11. Briefly, this tech-
nique consists of computing the axialwash induced by the transverse leg of a
horseshoe as the summation of several transverse legs longitudinally redis-
tributed, according to an interdigitation scheme, over the region that contains
the vorticity represented by the singie discrete vortex. This is done only if
the point at which the axialwash value is required lies within a given near
field region surrounding the original discrete vortex.

COMPARISON WITH OTHER THEORIES AND EXPERIMENTAL RESULTS

Conical flow theory provides a body of exact results, within the context
of linearized supersonic flow, for some simple three-dimensional configurations.
These exact results can be used as bench mark cases to evaluate the accuracy of
numerical techniques. This has been done rather extensively for the GVI, method,
and very good agreement between it and conical flow theory has been observed in
the computed aerodynamic load distribution end all force and moment coefficients.
Only scme typical comparisons are presented in this report, figures 9 through 12.

Finally, the capability of computing surface pressure distributions by the
method of this paper is illustrated in figures 13 and 1h,
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CONCLUDING REMARKS

The present vortex lattice method, in the form of a computer program,
has the capability to calculate the aerodynamic load distribution at subsonic
and supersonic Mach numbers for arbitrary nonplanar configurations. It has
been found to be a very useful preliminary design tool, particularly when
aircraft configurations whose mission requirements involve both subsonic and
supersonic flight are considered. It is also capable of the inverse process,
namely, the computation of the surface warp required to achieve a given load
distribution. Correlation with experimental data and with results from other
theories shows a good agreement not only in the overall force and moment
coefficients due to 1ift, but alsc in the distribution of the load coefficients.

The schemes shown for the simulation of thickness and volume effects,
which allow the computation of surface pressure distribution by using only
vortex lattice singularities, appear adequate for most Practical purposes,
though experience in this respect is somewhat limited.

The treatment of sideslip cases by the present method does not require
higher order solutions, as is necessary for the skewed free-stream approach,
and it is not as geometrically complicated as the skewed-wing formulation.
Yet the analysis of complex configurations in sideslip still requires care
and caution due to the numerical anomalies that may result from the inter-
action among aircraft components, such as a horizontal tail or a body, and
the "free" trailing legs of the horseshoe vortices.

Additional capabilities that can be added to the present computer code,
and that would enhance the value of the method as a preliminary design tool
include the following:

° Incorporation of an optimization algorithm based either on Lagrange
multipliers or on a gradient method, to design the surface warp
for minimum drag under specified constraints.

® Application of the technique of reference 11, or of some other
adequate technique, for the simulation of jet exhaust effects,
with particular attention to its extension to supersonic flow.

° Introduction of a design procedure for the calculation of the
geometry required to achieve a given surface pressure distribution,
i.e., synthesis of both camber and thickness. The biplanar vortex
lattice simulation of a thick lifting surface is well suited for
the development of such a design procedure when combined with an
iterative scheme.
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Figure 1.- Definition of integration regions for the
computation of principal part.
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Figure 8.- Generalized vortex lattice mecdel of wing-body configuration.
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Figure 13.- Comparison with experimental pressure distribution
on wing-body model at Mach = 0.5.
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APPENDIX A

USER'S MANUAL
FOR
A GENERALIZED VORTEX LATTICE METHOD
FOR SUBSONIC AND SUPERSONIC FLOW APPLICATIONS
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THE VORLAX COMPUTER PROGRAM

A computer program has been developed for the aerodynamic analysis and
design of arbitrary aireraft configurations in subsonic and supersonic flow.
This computer program, herein identified as VORLAX, has been codified in
FORTRAN IV for use on the CDC 6600, the IBM 360, and the 1BM 370 digital
computer systems. A complete compilation and executed case in CDC FORTRAN IV
is contained in Appendix B. Two auxiliary interface programs, treated in
Appendices C and D, provide for input data transformation from NASA Wave Drag
format (Reference 12) to VORLAX format (Appendix C) and for transformation
from VORLAX to NASA Wave Drag format (Appendix D).

The VORLAX program is based on & generalized vortex lattice (GVL) method
which extends the applicability of vortex lattice techniques to a broader
range of problems than has heretofore been considered. In this program, the
configuration is represented by a three-dimensional, generally nonplanar,
vortex lattice; the basic element of the lattice is the skewed horseshoe
vortex whose induced velocity formulas have been generalized for subsonic
and supersonic flow. Thickness effects can be simulated by & double (viplanar
or sandwich) lattice arrangement. Fusiform bodies can be modelled by a con-
centric cylindrical lattice of polygonal cross sections. The computational
capabilities of the program include the following:

@ Surface pressure or net load coefficient distribution.

@ Aerodynamic force and moment coefficients.

Surface warp (camber and twist) design in order to achieve
input pressure distribution.

Longitudinal/lateral stability derivatives.
Ground and wall (wind tunnel interference) effects.

Flow field survey.

Symmetrical/asymmetrical configurations and/or flight conditions.

The limitations of the VORLAX program are characteristic of methods
based on inviscid linearized potential flow theory, as follows:
Attached flow.
Small perturbation flow.
Flow entirely subsonic or supersonic (no mixed transonic flow).

Straight Mach lines.

Rigid vortex wake.
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PRACTICAL INPUT INSTRUCTIONS

In defining a configuration for the program input, a master frame of
reference X- Y- Z- is assumed. The X-Z plane is the centerline plane, the
Z axis directed upward, and the X-axis pointing in the downstream direction;
the Y axis points to starboard. The origin of the system can be any con-
venient point in the X-Z plane. In general, the configuration can be made
up of symmetrical and asymmetrical components, and in defining the sym-
metrical components only the starbcard elements need be specified.

The configuration to be input is divided into a set of major panels;
up to 20 of these panels can be input, symmetrical components being counted
only once. For instance, a wing with straight leading and trailing edges,
and with linear lofting between the root and tip, constitutes a major panel.
Complex planforms, and nonlinear changes in twist and airfoil sections are
described by defining more than one panel for a given wing. The computer
program will then subdivide each major panel into a number of smaller
elementary panels spaced chordwise and spanwise, i.e., a finer mesh lattice
is generated internally. The chordwise and spanwise spacing is specified
by the user, two options being available: (1) the semicircle or cosine
distribution so well known in airfoil and wing theory, and (2) the equally
spaced distribution.

Up to 2000 elementary panels can be used in the definition of a given
configuration. Any consistent system of length and area dimensions can be
used in the specification of the configuration length, but it is recommended
that the system of units used be such that the largest length dimension does
not require more than three digits to the left of the decimal point. Other-
wise, significant digits may be lost in the output printout.

Wing thickness effects can be taken into account within the context of
control surface theory. By control surface theory one means that the exact
linearized theory is used to evaluate induced velocities along a given mean
surface, known as the control surface, and these values enter into the com-
putation of the boundary conditions which are satisfied at this control surfac:
rather than at the actual boundary surface. The control surface equivalent
of a typical two-dimensional airfoil is illustrated in figure A-1. The
assumption inherent in contrcl surface theory is that the induced velocities
vary very little in the vicinity of the surface. Experience has shown that
for the majority of practical configurations the loss in accuracy is neg-
ligible, and is more than compensated for by the increase in computational
efficiency. Any wing-like component with thickness is then represented by
a double set of panels, one for the upper surface and one for the lower
surface as showr schematically in figure A-2.

All the swept horseshoe vortices, and their boundary condition control
points, corresponding to a given surface, upper or lower, are located in a
same plane. The upper and lower surface lattice planes are separated by
& gap which represents the chordwise average of the airfoil thickness
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distribution. The results are not too gsensitive to the magnitude of this
gap; any value between one half to the full maximum chordwise thickness of
the airfoil has been found to be adequate, the preferred value being two
thirds of the maximum thickness. Furthermore, the gap can vary in the
direction normal to the x-axis to allow for spanwise thickness taper. On
the other hand, the chordwise distribution, or spacing, of the transverse
elements of the horseshoe vortices have a significant influence on the ac-
curacy of the computed surface pressure distribution. For greater accuracy,
for a given chordwise number of horseshoe vortices, the transverse legs

have to be longitudinally spaced according to the cosine distribution law

x - x =< |1 - cos Ger_l)
J o) 2 2N

where xg - Xq represents the distance from the leading edge to the midpoint
of the swept leg of the Jth horseshoe vortex, c is the length of the local
chord running through the midpoints of a given chordwise strip, and I is the
number of horseshoe vortices per strip. The chordwise control point location
corresponding to this distribution of vortex elements is given by

The control points are located along the centerline, or midpoint line, of
the chordwise strip (figure A-3).

The modeling of fusiform bodies with horseshoe vortices reguires a
special concentric vortex lattice if the simulation of the volume displace-
ment effects, and the computation of the surface pressure distribution, are
to be carried out. To define this lattice, it is necessary to consider
first an auxiliary body, identical in cross-sectional shape and longitudinal
ares distribution to the actual body, with a straight baricentric line, i.e.,
without camber. The cross-sectional shape of this auxiliary body is then
approximated by a polygon whose sides determine the transverse legs of the
horseshoe vortices. The vertices of the polygon and the axis of the aux-
iliary body, which by definition is rectilinear (zero camber) and internal
to all possible cross sections of the body, define a set of radial planes
in which the bound trailing legs of the horseshoe vortices lie parallel to
the axis (figure A-L). As the body cross section changes shape along its
length, the corresponding polygon is allowed to change accordingly, but with
the constraint that the polygonal'vertices must always lie in the same set
of radial planes. As in the case of the biplanar representation of thickness
effects, cosine axial spacing should be used for the analysis of fusiform
bodies. The effect of body camber is taken into account by independently
specifying the camber of the baricentric axis of the body.
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INPUT CARD IMAGE DESCRIPTION

The cards that constitute the input data deck are described in the
following paragraphs. All format specifications are given in FORTRAN IV.

While some 19 cards are described, this does not mean that input for a
case consists of 19 cards. Rather, these should be thought of as card types.
Furthermore, not all card types will be included in a given case, those to
be included or deleted being a function of some of the input values as shown
in figure A-5.

CARD (1): TITLE In columns 1 through 80 write any alpha-
numeric identification heading.

CARD (2): Is@gLv Method to be used for solving the system
of linear equations relating the boundary
conditions to the vorticity strength, in
integer format, in column 2. IS@LV = 0O:
Gauss-Seidel relaxation with accelerated
convergence (under- or over—relaxation);
ISPLV = 1: Purcell's vector orthogonali-
zation method.

LAX Chordwise, or streamwise, spacing of vor-
tices, integer quantity punched in column 12,
LAX = 0: wvortices are collocated at the
percent chord (X/C) values determined by
the cosine law X/C - 0.5 (l-cos((2K-1)
T/2N)), where K varies between 1 and N, N
being the number of chordwise vortices;

LAX = 1: vortices are collocated according
to the equally-spaced quarter-chord law

X/C = (4K-3)/(L4N). The cosine law is
recommended for greater accuracy for a given
number of vortices.

LAY Spanwise, or lateral, spacing of vortices,
integer quantity punched in column 22.
LAY = 0: vortices are spaced at intervals
(elementary vortex span) given by the cosine
distribution law Ab = b (cos((J-1)7/M)=-cos
(Ju/M))/2, where Ab is the vortex element
span, bp is the panel span, and J varies
between 1 and M, M being the spanwise number
of vortices in a given panel; LAY = 1:
vortices are equally spaced along the panel
span, i.e., Ab = b /M- The cosine spacing
is recommended for enhanced accuracy, but

hé
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REXPAR

HAG

FL@ATY

FLOATY

for most cases the difference in the results
between cosine spanwise spacing and even
spanwise spacing is negligible.

Over-relaxation parameter, in F10.0 format
starting in column 31. This parameter is
intended to accelerate the Gauss-Seidel
relaxation process, and/or make it convergen
when it might otherwise diverge. Blank,

or zero, input, implies that the program
will compute internally the optimum over-
relaxation value. If a positive quantity
between 0.01 and 0.99 is input, this becomes
the value of the over-relaxation parameter
that the program will use, the optimum value
being overridden. If IS@LV = 1, this
parameter is not used, and therefore, not a
required input quantity.

Height above ground of the moment reference
center, in F10.0 format starting in column
41. If it is punched equal to zero, or
left blank, the height above the ground is
infinity, i.e., no ground effect. If a
quantity different than zero is input, then
the ground effect will be computed by the
method of images, the height being given by
the input value, in consistent units.

Longitudinal vortex wake flotation factor,
in F10.0 format, starting in column 51. If
zero, or blank, then the trailing vortex
legs being shed from the corresponding
trailing edges, extend to infinity parallel
to the X-Y plane. If a value different fror
zero is input, then the trailing vortex legs
shed from the trailing edges form an angle
@ =FLPATX-ALPHA with the X-Y plane, where
ALPHA is the freestream angle of attack.
(See figure A-6)

Lateral vortex wake flotation factor, in
F10.0 format, starting in column 61. If
zero or blank, then the trailing vortex
legs being shed from the corresponding
trailing edges extend to infinity parallel
to the X-Z plane. If a value different
from zero is input, then the vortex legs
shed from the trailing edges form an angle
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CARD (3):

CARD (k):

CARD(5):

50

ITRMAX

NMACH

NALPHA

ALPHA

LATRAL

PSI

PITCHQ

RPLLQ

B, = FLPATY'BETA with the X-Z plan, where
BETA is the freestream angle of slideslip
(see figure A-6).

Maximum number of iterations allowed for
the Gauss-Seidel relaxation method, in I3
format right-adjusted to column 80. If no
value is input, the code will make ITRMAX
= 99 by default. If ISPLV = 1, i.e., the
vector orthogonalization solution is re-
sorted to, then ITRMAX is not a required
input.

Number of Mach numbers to be analyzed, in
I2 format; i.e., integer value of NMACH in
column 2. NMACH =T.

Mach numbers in F10.0 format starting in
column 11.

Number of angles of attack in I2 format;
i.e., integer value of NALPHA in column 2.
NALPHA < T.

Angles of attack in degrees in F10.0 format,
starting in column 11.

Asymmetric flight or configuration flag.

0 in column 2 = symmetric flight and sym-
metric configuration about the X-Z plane.
1 in column 2 = asymmetric flight and/or

asymmetric configuration.

Sideslip angle in degrees in F10.0 format
starting in column 11. + = wind coming from
left side of nose. Input O. or blank when
LATRAL is 0. Used to obtain static stability
derivatives such as Cn@s Cyﬁ’ ete.

Pitch rate in degrees/second in F10.0 format
starting in column 21. + = nose up pitch.
Used to obtain dynamic stability derivatives
such as Cm,, CLq, etc. LATRAL may be O

when PITCHQ is nonzero.

Roll rate in degrees/second in F10.0 format
starting in column 31. + = left roll.

Input O. or blank when LATRAL is 0. Used
to obtain dynamic stability derivatives
such as Cfp’ Cnp, etc.



YAWQ

VINF

CARD (6): NPAN

SREF

CBAR

XBAR

ZBAR

Yaw rate in degrees/second in F10.0 format
starting in column h1. + = left yaw or air-
stream component washing from left to right
across nose of airplane. Input O. or blank
when LATRAL is 0. Used to obtain dynamic
stability derivatives such as Cn . Cy , etec.
r r
Reference free stream velocity in F10.0
format starting in column 51. If no value
is input, VINF is automatically set equal
to 1.0 by the program. This parameter is
only used when any of the angular rates is
different from zero. It enters in the
computation of the equivalent flow angle.
For instance, if VINF = WSPAN/2 (wing semi-
span) and ROLLQ = 5.73, then pb/2V = 0.1,
and the rolling moment coefficient printed
out by the program will be exactly one-tenth
the value of the stability derivative Cp.
Likewise, if VINF = CBAR/2 (half the mea
aerodynamic chord) aad PITCHQ = 5.73, then
the difference between the output pitching
moment coefficient and the pitching moment
coefficient for the case PITCHQ = O. will
be equal to one-tenth of the Cm derivative.
q
Number of major panels that will define the
configuration, in I2 format; i.e., integer
value of NPAN in columns 1-2 right adjusted
to 2. NPAN <£20.

Reference area for force and moment coeffi-
cients, in F10.0 format starting in column
11.

Pitching moment coefficient reference length,
in F10.0 format starting in column 21.
Usually mean aerodynamic chord length.

Abscissa of moment reference point, in
F10.0 format starting in column 31.
X-coordinate in master frame of reference.

Ordinate of moment reference point, in

F10.0 format starting in column Ll.
7-coordinate in master frame of reference.
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WSPAN

CARD (7): el

Y1

Z1

C@RD1

CARD (8): X2

Y2

zZ2

C@RD2

Total wing span in units consistent with
SREF and CBAR, in F10.0 format starting in
column 51. If left blank, a value of 2.0
will be assumed by the program.

X or leongitudinal coordinate of the leading
edge of one side of a major panel. Usually
taken as the most inboard side in the case
of wings. Input in F10.0 format starting
in column 1.

Y or lateral coordinate of leading edge of
first side of a major panel. Input in
F16.0 format starting in column 11.

Z or vertical coordinate of leading edge of
first side of a major panel. Input in F10.0
format starting in column 21.

Chord length of first side of major panel
measured from X1, Y1, Z1 above in the
positive direction of, and parallel to, the
X axis,

X or longitudinal coordinate of the leading
edge of the second side of the major panel
described on card (7). Usually taken as the
most outboard side in the case of wings. In
the case of a closed curved panel, €.8., 2
cylindrical segment representative of a
nacelle, X2 would be identical to X1. Input
in F10.0 format starting in column 1.

Y or lateral coordinate of leading edge of
second side of the major panel described cn
Card (7). Input in F10.0 format starting
ir column 11.

Z or vertical coordinate of leading edge of
second side of the major panel described on
Card (7). Input in F10.0 format starting
in column 21.

Chord length of second side of major panel
measured from X2, Y2, Z2 above in the posi-
tive direction of, and parallel to, the

X axis.

Note: Columns 41-80 of cards (7) and (8) are not read. Thus, any informatior
useful for identification purposes may be written there.
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Note that the side edges 1 and 2 of a major panel, which have Jjusi been
described by the input in cards (7) and (8), define the direction of the posi-
tive normal for that panel. This is determined by the feet-to-head direction
for an observer standing on the panel loocking upstream (dcwvn the negative
¥-axis) and with panel edge 1 to his left, and panel edge 2 to his right. In
this analogy it is assumed that gravity is not a factor in that an cbserver
could be standing on the bottom of a wing, for example, equally as easi’y s
he might stand on top. In the case of curved panels, such as a nacelle com-
ponent, the direction of the positive normal loses its meaning for the panel
as a whole, but it is still applicable to each one of the longitudinal, or
chordwise, strips that meke up the major panel.

CARD (9) NV@R Number of spanwise elements or vortices that
will be used to represent the psnel, in F10.0
format starting in column 1. NV@R =100.0.

RNCV Number of chordwise vortices that will be

used to represent the panel, in F10.0 format
starting in column 11. RINCV =50. The
program, using NV@R and RICV, will subdivide
the panel under consideration into a grid of
NV@R x RNCV swept horseshoe vortices collo-
cated in accordance with the values of the
LAX and LAY parameters. llocte that chordwise
and lateral distributions are independent,
e.g., & cosine chordwise spacing (LAY=0) is
compatible with equal spanwise distribution
(LAY = 1), and vice versa. The corresponding
control points at which the boundary condi-
tions are satisfied are collocated according
to the law (X/Cloontrol = 0-° (1-cos (Kn/N)),
K varying between 1 and N, where N is the
number of chordwise vortices, if LAX = 0. If
LAX = 1, then the control points are placed
at (X/Cleontrol = (LK-1)/(hLN), namely, accor-
ding to the equally spaced three—quarter
chord distribution. The spanvise location
of the control points is always at the center-
line of the elementary swept horseshoe

) vortices.

To determine the surface slope at each ele-
ment control point, the program uses straight
line element lofting between the two longi-
tudinal, or butt line, edges of the major
panel.
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CARD (10):

sl

SPC

PDL

PHI

In addition to the above limitations to the
values of NVPR and RNCV, if more than one
major panel is used in the description of
the configuration, the following should be
observed:

NPAN
If LATRAL=0, = NV@R x RNCV <2000
1

NPAN
If LATRAL=1, T NV@R x RNCV x IQUANT <2000
1

IQUANT being defined further down.

Leading edge suction multiplier, in F10.0
format starting in column 21. 0. = no
suction. 1. = 100 percent leading edge
suction. Nonzero values are recommended for
all panels whose leading edges are wetted by
the airstream. The program has the capability
of computing the effects of free leading edge
vorticity (leading edge vortex flows) by a
localized application of the Polhamus analogy.
This computation is triggered by inputting
the SPC parameter as a negative quantity.

When this is done, the sectional leading edge
suction vector will be rotated normal to the
camber surface at the leading edge, instead
of the corresponding attached-flow tangential
crientation, and the forces and moments will
be computed using the rotated suction vector.

Planar/curved panel flag, in F10.0 format

starting in column 31. O. = planar major

panel is to be described (including warped
planar.) PDL = 999. (or >360.) = a curved
major panel is to be described.

Polar coordinate angle of radius vector when
defining the subpaneling of a curved major
panel. Omit this card when PDL = 0. PHI is
the angle measured from the horizontal in a
plane parallel to the Y-Z plane., PHI = 0
coincides with a line parallel to and in the
positive direction of the Y-axis. Positive
values of PHI are measured counterclockwise
when viewed from the rear of the aircraft.




R@

CARD (11): AINC1

ATNC2

ITS

PHI is input in F10,0 format starting in
column 1. This and the subtsequent input RO
constitute a polar coordinate pair. The
number of pairs to be input = NV@R + 1. Four
pairs per card may be input in F10.0 format
starting in column 1. As many cards as
necessary are used. While the location of
the origin from which the polar angle, PHI,
is arbitrary the first PHI, R§ polar coordi-
nate pair must coincide with the Y1, Z1 rec-
tangular coordinates input on Card (7).
Likewise, the last input polar pair must
coincide with the Y2, Z2 of Card (8).

Radius vector from arbitrary origin when
defining the subpaneling of a curved major
panel. Input in F10.0 format. Fach RP is
part of a PHI, R@ polar cocrdinate pair.

Tangent of the angle subtended by major panel
root chordline, or first edge (described in
Card (7)), and the positive X-axis, in F10.0
format starting in column 1. Sign convention
is determined by observing the edge 1 chord-
line and the X-axis from edge 2. The edge 1
chord is then rotated counterclockwise until
it is parallel to the X-axis. If the angle
rotated through is less than 90 degrees then
the angle, and consequently its tangent, are
considered positive., If it is greater than
90 degrees, then AINC1 is negative.

Tangent of the angle subtended by major panel
tip chordline, or second edge {described in
Card (8)), in F10.0 format starting in column
11. Sign convention is determined by
observing edge 2 and the X-axis, looking in
the direction from edge 2 towsrd edge 1. The
edge 2 chord is then rotated counterclockwise
until it is parallel to the X-axis. If the
angle rotated through is less than 90 degrees,
then the sign is positive; otherwise it is
negative.

Surface flag input as a two place integer in
columns 21 and 22, right-adjusted to column
22, ITS = 0 or blank indicates that the
panel is considered as a lifting surface of
zero thickness, i.e., both its upper and
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NAP

IQUANT

ISYNT

56

lower surface are wetted by the external flow.
ITS = 01 means that only the panel upper
surface is wetted by the real external flow.
ITS = -1 indicates that only the panel lower
surface 1s wetted by the real external flow.

A double panel setup can then be used to
represent a wing-like component with non-zero
thickness, as previously illustrated in
Figure 2. ©Notice that the X1, Y1, Z1, X2,

Y2, and Z2 values to be input correspond to
the control surface plane, and not to the
actual chordal plane. The results are not
critically sensitive to the separation between
the upper surface panel (ITS = 01) and the
lower surface panel (ITS = -1), a separation
of two thirds the thickness ratio of the air-
foil being a good average value to use.

Number of percent chords or stations along
the chord (CYRD1 and CPRD2) at which the
camber, or surface, ordinates are to be
input. Input as a two-place integer in
columns 31 and 32, right-adjusted to

column 32. Maximum value of NAP is 50, A
NAP = 0, 1, or 2 will be interpreted as a
flat wing and no subsequent camber cards will
be expected. If ISYNT, on this same card, is
to be input as 1, i.e., a design case, then
NAP should be O or blank.

Symmetry flag with respect to X-Z plane input
as an integer in column k2. IQUANT = 0 or 2
indicates there is a mirror image of the
panel on the opposite side of the X-~-7 plane.
IQUANT = 1 indicates the panel is unique to
the side for which it is being input.

Design/analysis flag input as an integer in
column 52, ISYNT = C or blank indicates that
the panel has been defined geometrically and
only analysis is to take place. ISYNT =1
indicates that the panel camber is to be
designed by the program to support a speci-
fied pressure distribution. If NAP on this
same card was input >2, then ISYNT should

be zero or blank.



CARD (12):

CARD (13):

CARD (1k):

NPP

C1

c2

XAF

Nonplanar parameter, input as on integer in
column 62, NPP = 0 indicates that all the
vortex filaments representing a given surface
lie in the cylindrical surface whose directrix
is the leading edge of the panel, and whose
generatrices are all parallel to the X-axis.
NPP = 1 denotes that the transverse vortex.
filaments are located on the actusl body
surface, but the bound trailing legs are par-
allel to the x-axis. This parameter affects
the definition of ZC; and ZC, on cards 16

and 18.

Pressure coefficients along the first, or
root, edge of major panel defined on Card (7).
If ISYNT = O, then this card is omitted.

Units are dimensionless, Ap/q. TFormat is
8F10.0 starting in column 1 with as many
cards as necessary to input RNCV values of Cl.

The desired values of the aerodynamic loading
are defined at the chordwise location of the
vortex lines. Thus, if LAX = 0, the cor-
responding X/C points follow the cosine
distribution (l-cos ((2K-1)w/2N))/2; if

LAX = 1, then the definition points are
located by the law (LK-3)/kN. 1In the above
expressions K ranges between 1 and N, N
being equal to RNCV, the chordwise number of
vortices.

Pressure coefficients along the second, or
tip edge of major panel defined on card (8).
If ISYNT = 0, then this card is omitted.
Format is 8 F10.0 starting in column 1 with
as many cards as required to input RNCV
values of Cl. Linear interpolation between
corresponding values of Cl and C2 is used to
obtain AC. at intermediate spanwise values
for the sugpanels.

Chord percent values at which camber, or sur-
face ordinates will be supplied for the major
panel, in 8F10.0 format starting in column 1
using as many cards as necessary to define
NAP values of XAF. If NAP is 0, 1, or 2,
then a flat uncambered surface is implied and
this card is omitted. These chord percents
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CARD (15):

CARD (16):

58

RLE1

ZC1

need not be equally spaced, but the same set
arplies to both the root and tip chords, or
edges of the panel. Second order Lagrange or
sliding parabola interpolation is used to
interpolate between input XAF points to
obtain the surface slope value at the control
point of each subpanel.

For a panel representing the surface of a
non-zero thickness airfoil or body, ITS # O,
the Lagrange interpolation is modified to a
fractional power (1/2) Lagrange method in the
neighborhood of the leading edge. This allows
the precise definition of the surface slopes
at the control points for a blunt leading
edge.

leading edge radius, in percent chord, of
airfoil section at the first, or root, edge

of panel, in F10,0 format between columns 1
and 10. This card exists only if ITS # 0,

PDL <360.0 and NAP >2, i.e., an airfoll with
non-zero thickness is being simulated. Other-
wise, it must be omitted. .

Camber ordinates or surface ordinates of root
chord of the major panel described on Card (7)
in units of percent chord, in 8F10.0 format,
using as many cards as necessary to input NAP
values, each corresponding to an XAF of the
Card (14) series. Omit this card if NAP is
0, 1, or 2, If a lifting surface, such as a
wing, is being simulated by a zero thickness
panel then the ordinates of the wing camber
line should be input here. If the wing thick-
ness is being simulated by the sandwich or
biplanar, method, i.e., a separate panel for
upper and lower surfaces, then the surface
ordinates for upper or lower should be input
here. If a curved panel is being simulated
(i.e., PDL >360.) and NPP = O then ordinates
of the panel streamwise edge should be input.
These might represent the mean line of a
shaped cowl for a flow through nacelle, for
example. In this simulation all shed vor-
tices will lie in the same cylindrical sur-
face determined by the leading edge of the
curved panel and the X direction. If NPP = 1




CARD (17): RLE2

CARD (18): 702

and PDL > 360.0, the 7Cl array represents the
camber of the body axis.

Leading edge radius, in percent chord, of
airfoil section at the second, or tip, edge
of panel, in F10.0 format between columns 1
and 10. This card exists only if ITS # O,
PDL < 360.0 and NAP > 2, otherwise it must be
omitted.

Camber ordinates, or surface ordinates of the
second, or tip chord of the major panel, or
ares ratios of the major panel in 8F10.0
format, using as many cards as necessary to
input NAP values, each corresponding to ar

XAF of the Card (14) series. Omit this card
if NAP is O, 1, or 2. Linear spanwise inter-
polation is used to obtain intermediate values.

If a curved panel is being simulated

(PDL > 360.) and NPP = 1 then area ratios in
percent are expected here. These should
represent the ratio of the cross sectional
area of the closed polygonal surface being
simulated at the XAF station under considera-
tion divided by the area of the reference
polygon times 100. Note that ZC2 is entered
in percent where a value of 100 represents a
section exactly the size of the reference
polygon. Values greater or less than 100
are permitted down to and including O. The
reference polygon is that input via the PHI-RO
pairs on Card 10. In this simulation it is
presumed that all stations along the panel
have the same shape as the reference polygon,
and the transverse vortices are located on
the actual body surface of the curved panel.

This concludes the input for the first major panel of the configuration.
If there is more than one panel, then start over with Card (7) and work down
to this point. Panels may be input in any sequence.

After the last panel is described, continue with Card (19).

CARD (19): NXS

Number of X-stations that will define the
spatial flow field survey grid. NXS = 00
means no survey desired. Maximum value of
NXS is 20. Input as a two-digit integer in
columns 1 and 2, right-adjusted to column 2.
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NYS Number of Y-stations that will define the
butt line values of the survey grid. NYS = 00
for no survey. NYS and NZS (following) may
be any positive integer subject to NXS x NYS x
NZS =2000.

Input as a two digit integer in columns 11
and 12.

NZS Number of Z-stations that will define the
water line values of the survey grid.
NZS = 00 for no survey. Input as a two digit
integer in columns 21 and 22.

CARD (20): XS X station values for the spatial flow field
grid. Omit this card if NXS=0. Inrut in
8F10.0 format starting in column 1, using as
many cards as necessary to define NXS values.

CARD (21): YN@T Beginning of grid in the butt line direction.
Input in F10.0 format starting in column 1.
Omit this card if NXS = 0,

DELTAY Y-spacing of the grid. There will be NYS
butt line planes equally spaced a distance
DELTAY apart. Input in F10.0 format starting
in column 11.

ZNPT Beginning of grid in the water line direction.
Input in F10,0 format starting in column 21.

DELTAZ Z-spacing of the grid. There will be NZS
water line planes equally spaced a distance
DELTAZ apart. Input in F10.0 format starting
in column 31.

This ends the input description for a single case.
Consecutive data sets or cases can be submitted at the same time. The

program will always identify the presence of a new set by the corresponding
title card (Card (1)).
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PROGRAM OUTPUT

The program output is processed by a standard 132 characters-per-line
printer. The output from each configuration is preceded by a printout of the
input data cards. This printout is not an exact image of the input deck;
rather, it is the version of the deck as the code sees it, namely, the default
value of an input parameter is printed if there is a corresponding blank in
the input card. Also, data within a format field are lined up for clarity in
jdentification, even though in the input deck such data may be arbitrarily
located within its field. The input deck data is followed by a list of the
major geometric parameters used by the program and generated from the input
data deck. Next, the component and total force and moment coefficients are
printed out for a given flow condition (Mach number, angle of attack, angle
of sideslip, and rotational velocities). These are followed by a tabulation
of the location of all the vortex elements, the pressure coefficients, the
circulation strengths, and other ancillary information. If a flow field
survey about the configuration has been requested, then the flow paranmeters
(velocity components, flow angles, Mach number, and pressure ratios) at a
series of field grid points will be listed. If other flow conditions have
been analyzed, the same type of output will follow for each one of them,
starting with the listing of the component and total force and moment coeffi-
cients. If other configurations have been input, then the output will continue
with the listing of the corresponding input data deck, and so on. Rather than
describing the output format in detail, a glossary of the output terms,
arranged in sequential order of appearance, and a sample computer output,
Table A-1, are presented.

I Numbering index for major panel identification. For cases where
LATRAL = 1, the I-number preceded by a double asterisk in the
PANEL GEOMETRY list denotes that the panel is the mirror image
(about the X-Z axis) of the panel with the same I-number but
without asterisks.

XAPEX =XI (see input terminology).

YAPEX =Yl (see input terminology).

ZAPEX =71 (see input terminology).

PDC =PDC (see input terminology).

LESWP Sweep of the panel leading edge, in degrees. Positive for

sweepback, negative for sweep forward.
CSTART =CPRD1 (see input terminology).
TAPER Panel taper ratio, C@RD2/C@RD1.
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PSPAN Panel span.

NV@R =NV@R (see input terminology).

RNCV =RNCV (see input terminology).

SPC =SPC (see input terminology).

SURF Panel surface area.

CN Panel normal force coefficient, referenced to its own surface
area.

CL Panel 1ift coefficient, wind axes, referenced to its own

surface area.

CY Panel lateral force coefficient, wind axes, referenced to its
own surface area.

CD Panel drag coefficient, wind axes, referenced to its own
surface areasa.

CT Panel leading edge thrust coefficient, referenced to its own
surface area.

Ccs Panel leading edge suction coefficient referenced to its own
surface area.

CM Panel pitching moment about moment reference center divided
by (freestream dynamic pressure X SURF), wind axes.

CRM Panel rolling moment about moment reference center divided by
(freestream dynamic pressure X SURF), wind axes.

CYM Panel yawing moment about moment reference center divided by
(freestream dynamic pressure X SURF), wind axes.

SREF =SREF (see input terminology).

WSPAN =WSPAN (see input terminology).

CBAR =CBAR (see input terminology).

CLT@T Total (summation over all panels) lift coefficient referenced
to SREF.

CDT@T Total pressure drag coefficient, referenced to SREF.

CYT@T Total lateral force coefficient, wind axes, referenced to SREF.
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CMT@T

CRT@T

CNT@T

CH@RD
SL@PE

ITS

DCP

CNC
CN

DL
CMT
GAMMA

Zc/c

CTC

Total pitching moment coefficient about moment reference center,
wind axes, referenced to SREF and CBAR.

Total rolling moment coefficient about moment reference center,
wind axes, referenced to SREF and WSPAN.

Total yawing moment coefficient about moment reference center,
wind axes, referenced to SREF and WSPAN.

Oswald's efficiency factor.
Perimetral, or spanwise, index of vortex element.

Chordwise, or streamwise, index of vortex element, 1 denotes
leading edge element, and C value equal to RNCV corresponds to
the last, or trailing edge element.

Percent chord location of bound. vortex line.

Coordinates of horseshoe vortex element centroid (center point
of bound vortex line).

Local chord length.
Surface slope at boundary control point.

Flag which indicates type of panel surface (see input terminol-
ogy). A zero value means that the panel is considered as a zero
thickness lifting surface. A positive unit value (1) denotes
that the panel is the upper surface of an airfoil-like element.
A negative unit value (-1) corresponds to the lower surface.

In the case of body-like components, 1 denotes the external, or
wetted, surface. For a flow-through nacelle arrangement, 1
stands for the external surface, and -1 for the internal surface.

Local loading coefficient CACP = Cpﬂ -C u) if panel ITS = 0.
If ITS # O, then DCP is the local pressure coefficient (Cp).

Sectional normal force coefficient times local chord.

Sectional normal force coefficient.

Local dihedral, in degrees.

Sectional pitching moment coefficient about local gquarter chord.
Vortex element circulation strength, divided by freestream velocity.

If the design option is being invoked, the resulting surface warp is
printed out instead of GAMMA. This surface warp is expressed in
fraction of the local chord, and it includes both camber and twist.

Sectional thrust coefficient times local chord.
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CDC Sectional pressure drag coefficient times local chorg.

ITRMAX Maximum allowable number of relaxation cycles if Gauss-Seidel
solution is used (see input terminology).

EPS Tolerance, or minimum, iteration change for relaxation process.
ITER Actual number of relaxation cycles.
BIG Actual iteration change for relaxation process. Relaxation will

stop when BIG < EPS, or when ITER = ITRMAX.

If a flow field survey about the configuration has been requested
(NXS > 0 in the input deck, see input description), then the following param-
eters will also be output as part of this survey:

X, ¥, 2 Coordinates of the survey grid points (not to be confused with
the X, Y, Z coordinates of the vortex centroids previocusly
described), referenced to the configuration master coordinate
“frame. The X, Y, Z coordinates are determined by the XS, YNOT,
DELTAY, ZNOT, DELTAZ input values (see input terminology).

U Dimensionless velocity {freestream velocity at infinity assumed
to be unity) along the X-direction (body axes).

v Dimensionless velocity along the Y-direction (body axes).
W Dimensionless velocity along the Z-direction (body axes).
EPSL@N Upwash angle in degrees. this angle is measured with respect

to the X-axis in a plane parallel to the X-% plane.

SIGMA Sidewash angle in degrees. This angle is measured with respect
to the X-axis in a plane parallel to the X-Y plane.

CP Local field pressure coefficient (CP = (Pstatic_Pinf)/qinf)'
MLOC Local Mach number.

P/PT@T Local static~to-total pressure ratio for isentropic flow.
P/PINF Local to-freestream static pressure ratio for isentropic flow.
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RECOMMENDATIONS FOR THE EFFICIENT USE OF THE VORLAX PROGRAM

The definitions of the input and output data presented above should
suffice for the running of any arbitrary configuration through the VORLAX
program. But in order to achieve an efficient and accurate use of the capa-
bilities provided by the generalized nonplanaer vortex lattice method, the
following recommendations should be adhered to:

e When running a new configuration for the first time, run only one
flow condition point, i.e., NMACH=1 and NALPHA=1, to check out the
input deck. This should be repeated for both subsonic and super-
sonic Mach numbers if the analysis of the given configuration will
extend through both flow regimes.

® Use this relaxation solution (IS@LV=0) whenever possible. This is
due to the fact that the relaxation procedure computational time
varies somewhat proportionately to the second power of the total
number of vortices making up the configuration, whereas the vector
solution time varies as the third power. In addition, the vector
solution involves an order of magnitude increase in the data trans-
fer operations between the computer storage and core regions.

e When major panels are in tandem, and lying approximately in the same
plane, the spanwise distribution of vortex elements should be iden-
tical to prevent the trailing vortex legs shed by the fore panel
from running through the control points of the aft panel, in which
case, pressure distributions may show spurious oscillations with
possible consequent effects on aerodynamic coefficients.

e In specifying the vortex lattice density of a given configuration
as a whole, or of a particular major panel, by the quantities NV@R
and RNCV, three different degrees may be considered: sparse, medium,
and dense. To illustrate the case, the starboard panel of an aspect
ratio 3 straight-tapered wing is sparsely latticed if NV@PR=10 and
RNCV=5, say; if NV@R=16 and RNCV=10, then the panel may be said to
have a medium density grid. A finely latticed, or dense, grid would
be obtained for the values NV@R=30 and RNCV=20. In the above
examples, the grid density was considered to be uniform in both the
chordwise and spanwise directions. It is obvious that mixed-type
lattices like dense-spanwise-sparse-chordwise are also possible.
The type of lattice, when correctly specified, is a powerful tool
for the program user. It allows him to achieve the lowest computa-
tional cost for a given type of required data, as follows:

(1) Stability and control type data (accuracy is essential only in
the force and moment coefficients, good definition of the
aerodynamic load distribution is not required, drag coefficient
accuracy not too critical): sparse lattice.
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(2) Load distribution and drag type data (good definition of the
aerodynamic load distribution, both spanwise and chordwice,

is required, accurate drag coefficient values are needed):
medium density lattice.

(3) Surface pressure distribution type data (good definition of ihe
surface pressure distribution -- control surface theory -- ig
essential, such as for wing design): lattice with maximunm
chordwise density and with medium spanwise density.

e In addition to the lattice, or vortex grid, density, the type of
vortex distribution (cosine and equal spacing) is highly significant
in determining the accuracy of the results. It has been found that
chordwise cosine spacing (LAX=0) is superior in accuracy to the
chordwise equal spacing (LAX=1). In terms of spanwise spacing, no
significant differences have been observed between cosine (LAY=0)
and equal spacing (LAY=1), the cosine spacing appearing to lLe
slightly more accurate. TFor the same number of vortices, there
is no difference in the computational cost between cosine and equnl
spacing lattices.

® When the fusiform body representation is being used (PDL=360 and
NPP=1), the number of sides of the polygon defining the body crous
section should be kept as low as possible, e.g., the crosc scetion
of a body of resolution can be adequately represented by a hexagon.
Also, when a very slender body with pointed nose is being consideread,
the nose (and afterbody if it is also pointed) should be arbitrarily
blunted in the input definition in order to minimize the numerical
difficulties caused by the crowding of the vortical singularities in
the body nose region.

Figure A-7 illustrates a typical vortex lattice model of an advanced twin-
engine tactical fighter. This particular lattice model, with even chordwice
and spanwise spacing (LAX=1, LAY=1), is considered sparse, and quite adequate
for stability and control work, both longitudinal and lateral. In this model,
both the fuselage and nacelles are represented, or simulated, by flat plate
elements, i.e., NPP=0. Obviously, this body simulation does not allow the
computation of surface pressures, but it is adequate, and the most computa-
tionally efficient, for stability and control work as well as for load dis-
tribution and drag data.
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APPENDIX B

COMPLETE PROGRAM COMPILATION AND EXECUTION
FOR
A GENERALIZED VORTEX LATTICE METHOD
FOR SUBSONIC AND SUPERSONIC FLOW APPLICATIONS
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HARDWARE AND SYSTEMS

The VORLAX program has been run on several different IBM computer
systems at Lockheed. All classified work conducted by the Advanced Develop-
ment Projects Division, "Skunk Works'", has been run on a 360/65 and no
information can be presented about operation on this system. All non-
"Skunk Works" areas such as commercial and military engineering perform
aerodynamic and loads analysis using VORLAX on the IBM 360/91. Furthermore,
a 370/168 has been used to assure that VORLAX can be efficiently run on this
system if scientific applications are removed from the 360/91 system.

The program has been used for a wide range of aircraft configurations
and a good idea of the best operational procedures has been established.
The program has been run at sizes ranging from 65K words (260K bytes) to
85K words (3LOK bytes). An initial attempt was made to use a central memory
region of 65K. This proved extremely inefficient because the number of
accesses for I/O to peripheral storage soared with the imposed limitation
of small buffers for each logical unit used. The program became I/O bound
and larger buffers were called for. By going to large buffers, approximately
3000 words are accessed with a single read or write. With the smaller
buffers, the number of words per access might be 600 - a factor of five
smaller. When large cases are run on VORLAX, 5 to 10 million words may have
to be accessed; it is readily apparent that the number of reads and writes
can become overwhelming if the buffering is not adequate.

Almost all cases run on VORLAX use less than 20 minutes of central pro-
cessor time on the 360/91. Lockheed has demonstrated that a 25 minute case
will run in about 15 minutes on a Control Data Cyber 175. It is, however,
incumbent on the user to ensure that the system control language is properly
adjusted to optimize operation of the program and the computer on which it
is running.

Since small central core size is usually an objective, it is worth noting
that due consideration has been given to various methods of reducing VORLAX
central memory requirements. All the obvious methods of core reduction have
been found to have disadvantages. 1In particular, by studying the tree struc-
ture of the program, it was determined that overlay would not significantly
reduce size and it would introduce inefficiences. Consequently, in order to
reduce core size requirements, the actual array sizes in the program have
been minimized to allow reasonable configuration complexity without un-
necessary waste. But more importantly, mathematical techniques were used
in the problem solution that reduce the need to have large matrices in
central memory. One, two, or three elements are brought into central memory,
processed, and shipped back to peripheral storage to minimize memory require-
ments. This results in enormous savings in central memory.

Since the Spring of 1975, the source coding has almost doubled in size
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with a comparable increase in program flexibility and capability and yet
central memory requirements have only increased about 20 percent. This was
made possible only through continued attention to the optimization of the
operation of the program on Lockheed's computer complex. It is of on-going
concern to continue to study possible means of improving program operational
efficiency, and to this end several novel ideas are being actively examined
for their possible future incorporation to the computer code.
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CONTROL #VRLX L AAMAINCD 9/16/7 VORLAX
cn»ouauo«wnouauaoaaewoqmrmwomwuaoauuuanoaﬁnuog»nuanouuaaounuaponouuun VORLAX

C VORL AX
C VORLAX
G L 000 cCCe K K H H EEEFE EEEEE  DLLD VORLAX
C L o o C K K H H E 3 0 0 VORLAX
C L 0 0o cC K K H H E £ D b} VORLAX
C L o] 0o C KK HHHHH EEEFFE  EEEEE 0 n VORLAX
C L 0 0o C K K H H E € b} M) VORLAX
C L 0 0o C K K H H € 3 D D VORLAX
C LLLLL 000 cCcCc K K H H ELEFE EEEFE  0DDOY VORLAX
C VORLAX
G VORLAX
C VORLAX
C PPPPP RRHRR 000 PPPPP RRRRR 11711 FEEEE TTTTT AAA  RRRRR Y Y VORLAX
C P P R R O 0P P R R 1 £ A A R R Y Y VORLAX
C PPPPP RRRRR O 0 PPPPP RRRRR 1 EEEEE ) AAAAA RRRRR Y VORLAX
C P R R O (O R R I F T A AR R \] VORLAX
C [ R R D 0P R R 1 3 T A AR [ Y VORLAX
C P R R V00 P R R 11111 FEEEE T A AR [ Y VORLAX
C VORL AX

o

;cnnoauauuuuonnuoh#ouounuﬂ»qqnunu»«naunoniaounaqunﬁﬂoﬂGG«¢¢¢HQ°G°DGQG#” VORLAX

LOCKHEED PROPRIETARY DATA

THIS DATA CONTAINS INFORMATION AND/OR DESIGNS WHICH ARE THE PROPERTY OF
LOCKHEED AIRCRAFT CORPORATION.

RECIPIENT, BY ACCEPTING THE SAME, AGREES THAT THE DATA WILL NOT BE REPRO-

DUCED, TRANSFERRED TO OTHER DOCUMENTS, DISCLOSED OUTSIDE OF THE RECIPIENT

ORGANIZATION, OR USED FOR MANUFACTURING OR PROCUREMENT WITHOUT THE

EXPRESS WRITTEN PERMISSION OF LOCKHEED AIRCRAFT CORPORATION. THIS

LIMITATION MAY BE REMOVED OCTOBER 1977.

LOCKHEED PROPRIETARY DATA

Cﬂuaaummmwuc.aouo‘wn;waonouwumwonoaannmwennu¢aooo¢ouu¢uo:bn¢¢«oaﬂﬂ¢ﬁ VORLAX

C VORLAX
C GENFRALIZED VORTEX | ATTICE PROGRAM {SURBSON1C/SUPERSONIC NONPY ANAR) VORLAX
¢ LUIS Re MIRANDA (DEeT. 75-41) /BLNG. 636 #(213) B47-6812/ VORLAX
¢ WILLIAM M, BAKER (DFPT. B0=34) /BLDG. 67 7t213) 847-3537/ VORLAX
¢ wesn® LOCKHEED=CAL TFORNIA COMPANY BUIBANK s CALIFORNIA enean VORL AX
¢ COMPUTER SERVICES JnB NUMBER 4565 VORLAX
C VORLAX
cpnouua»nunanounnnaocnonn“«aonnanouoaﬂonanuauebounaooaoqononea#oouoooun VORLAX
C VORLAX
C VORLAX
C-o_o-a»n_u-n_a-o-o_a_u_n-é_u-n-u-n-o-o-o_u-u-o_p-o-o-o-a-u-u_a_»_¢-«_n- VORLAX
C YORLAX
C v v 000 RRRRR L [ X X VORLAX
C A v n 0 R R L A A X X VORLAX
C v v 0 0 RRRRR L AAAAA X VORLAX
C vV 0 0 R R L A A X X VORLAX
C v 000 R RoLLLLL A A X X VORLAX
C VORLAX
c-n_n_u-o,o-o-n-a-ﬂ-n_o-o-h-.-h-b_u-o-.-o-n-l-i-a-n-o-o-’-n_u-o_o-o_o-o- VORLAX
[o VORLAX
C VORLAX

PROGRAM VOPLAX(INPUTtOUTPUT-TAPE5=|NPU1'TAPE6=0UIPUT0TAPt|oTﬁPth VORLAX

°TAPE3-YAPE4;TAPE7'TAPE907APEII'TAPFIZ) VORLAX
Coaes VORLAX
CesoDEFINITION OF VARIARLES STORED IN COMMON BLOCKS . VORLAX
Ceoe VORLAX
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CesoB2
CeesCNe CLy CMy Cu
Cees
CoealXy CY
CeeaDL

Cooe
CeosFNs FY
CesoIHs 10
C...N‘
CeesRM
CaeoSX
CoesXS
Casrol¥M
CosaYY
CesslC
Cavell
CeseBIG
CeesCNCy CNC
CeesCRMe CYM
C.soDCP
Cees
CeesEPS

Ces sHAG
Cese
CeseITSs JTS
CoeoLAXILAY
Coes
C..sNPP
Co.oNXS® NYSe NZS
Cose
CeesPDL
Coeo

Cave
CeesPSI
Cons
CessRCS
CeesRLM
Cosn
CessSLE
CeesSPC
C....'NL
CoooTNT
CessVSP
CeooVSS
CessV¥ST
Ce s XAF
Cooe
CoveXTE
CoesALFA
CesoALOC
Cose

Ccn-
CeseBETA
CessCBAR
CessCMTC
Caes
CesaCSUC

COMPRESSIBILITY FACTOR (M ##2 = 1.)

PANEL DRAGs LIFT, PITCHING MOMENTe AND NORMAL
FORCE COEFFICIENTS.

PANEL X- AND Y-FORCE COFFFICIENTS.

NIHEDRAL OF CHORNWISE ROW OF HORSESHUE vORTI
CES.

PANEL NORMAL AND Y-FORCF PER UNIT Q.

ANGLE OF ATTACK AND MACH NUMBER INDICES.
TOTAL NUMBER OF CHORCWISE RUWS OF VORTICES.
PANEL ROLLING MOMENT PEP UNIT Q.

SPANWISE LOCATION INCEX,

ABSCISSAE OF FLOW FIELD SURVEY CROSS-PLANES.
PANEL YAWING MOMENT PER UNIT Q.

Y-COORDINATE OF HORSESHOE VORTEX CENTROTOS.
NORMAL CAMBER CONRDINATF IN FRACTION OF CHORD.
7-COORDINATE OF HORSESHOE VORTEX CENTROIDS.
MAXIMUM CHANGE PER RELAXATION CYCLE.
CHORDWISE CD AND CN TIMES LOCAL CHORD.

PANEL ROLLING AND YAWING MOMENT COEFFICIENTS.
PRESSURE COEFFICTENTS (FITHER LOAD OR
SURFACE) .

ACCEPTABLE FINAL RELAXATION CYCLE CHANGF .
HEIGHT AROVE GROUND OF MOMENT REFERENCE
CENTER.

PANEL AND STRIP FLOW EXPOSURE FLAGS.

LATTICE CHORDWISE ANC SPANWISE DISTRIBUTION
FLAGS.

PANEL CHOROWISE NONPLANARITY FLAG.

NUMBER OF FLOW FITELD SURVEY PLANES (ORTHOGO
NAL TO THE COORDINATE AXES).

PANEL SPANWISE NONPLANARITY FLAG. ALSO PANEL
PANEL DIHEDRAL IF PANEL IS FLAT N THE SPAN
wISE DIRECTION.

YAW ANGLE (PNSITIVE WHEN FLOW COMES FRUM
PORTSIDE) »

CRUSS-SECTION RADIUS VECTOR.

APPROXIMATE VALUF OF EIGENVALUE RADIUS OF
NORMALWASH MATRIX.

SLOPE AT LEANING EDGE.

PANEL LEADING EDGE SUCTION FACTOR.

TANGENT OF LEADING EDGE SWEEP.

TANGENT OF TRAILING EDGE SWEEP.

TANGENT OF SKEWED VORTEX LINE.

SEMISPAN OF CHORNWISE VORTEX ROw.

ACTUAL HORSESHOE VORTEX SEMISPAN.

CHORDWISE PERCENT COORDINATES AT WHICH rAMBER
IS INPUT.

TRAILING EDGF ABSCISSA OF VORTEX ROMW .,

ANGLE OF ATTACK (IN RaDTANS).

COMPONENT OF FREE=-STREAM AND ONSET FLOWS NUR
MAL TO THE SURFACE AT THME CONTROL POINTS, ALSO
AUXILIARY ARRAY.

PRANDTL~GLAUERT FACTOR.

REFERENCE CHORD.

CHORDW1SE TORSIONAL MOMENT ABOUT UUARTER CHORD
TIMES LOCAL CHORN,

PANEL LEADING EDGE TRRUST PER UNTT Q.

VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
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c.'.DR‘G
CeeoHEAD
Cees IDES
CeseIPAN
CevoITER
Ceool IFT
c..."‘c”
c...NPAN
CeooNVOR
COQORNCV
Co..
CeseSLELs SLEZ2
Ceeas
CoasSMAX
Ce e «SREF
Ceo+sSURF
CosoVINF
Cs e XBAR
CeoeXSUC
C-QOYA'Q
Ceos YNOT
CaeoZBAR
c.'.zE'A
c..'
CeeoZLELy ZLE2
Cose
CeseZNOT
CeoaAINCls AINC2
CeesALPHA
CeesCDTOT
Ce e« CHORD
Cane
CesasCLTOT
CessCMTOT
Ce««CNTOY
CesoCRTOT
CeaeCYTOT
CeesDNDX1e ONOX2
C..l

c...

Coes
CeeeGAMMA
Cees
CeeoISOLY
Ceose
CesolLESHP
CeooeNMACH
Ces«ONSET
C.O-

c...
CessPSPAN
Ce e oRFLAG
c...

Ceo e s RNMAX
CeeoROLLQ
CeeoSLOPE
CeeoSYNTH

PANEL. INDUCED DRAG PER uNIT @,

PANEL DESCRIPTION INFORMATION,

DESIGN (SYNTHESIS) FLAG,

HORSESHOE STRIP PANEL INDEX.

ACTUAL NUMBER OF RELAXATION CYCLES.

PANEL LIFT PER UNIT Q.

FREE=-STREAM MACH NUMBER,

NUMBER OF PANELS DEFINED IN THE DATA INPUT.
NUMBER OF PANEL CHOROWISE STRIPS OF VORTICES,
CHORDWISE NUMBER OF MORSESHOE VORTICES FOR A
GIVEN PANEL,

SURFACE SLOPES AT LEADING EDGE OF PANEL SIDE
EDGES.

NT.

CONFIGURATION REFERENCE AREA,

PANEL SURFACE AREA (PLANFORM AREA).
REFERENCE FREE STREAM VFLOCITY,

ABSCISSA OF MOMENT REFERENCE CENTER.

PANEL LEADING EDGE ThRUST PER UNIT 4,

YAW RATE (DEGS/SEC).

BUTTLINE ORIGIN OF FLOW FIELD SURVEY GRID.
ORDINATE OF MOMENT REFERENCE CENTER,
INCIDENCE OF STREAMWISE VORTEX ROW (STRP)
CHORDL INE »

LEADING EDGE OFFSEV OF CAMBERLINE AT THF
PANEL SIDE EDGES.

WATERLINE ORIGIN OF FLOW FIELD SURVEY GRIN.
CHORDL INE INCIDENCE AT SIDE EDGES OF PANEL .
ANGLE OF ATTACK (DEGS),

TOTAL INDUCED DRAG COEFFICIENT.

CHORD LENGTH MEASURED ALONG CENTRLINE OF
STREAMWISE ROW OF HORSESHOE VORTICES.

TOTAL LIFT COEFFICIENT.

TOTAL PITCHING MOMENT COEFFICIENT.

TOTAL YAWING MOMENT COEFFICIENT.

TOTAL ROLLING MOMENT COEFFICIENT.

TOTAL SIDE FORCE COEFFICIENT,

SURFACE SLOPES AT THE CONTROL POINTS MEASURED
ALONG THE PANEL SIDE EDGES. IF DESIGN Is IN
VOKEDs THEY ARE THE LOAD COEFFICIENTS AT THE
LOAD POINTS ALONG THE PANEL SIDE EDGES.
HORSESHOE VORTEX CIRCULATION . ALSO USED

AS TEMPORARY DATA STORAGE.

FLAG DETERMINING SYSTEM OF SOLUTION FOR THE
BOUNDARY CONDITION EQUATIONS.

PANEL LEADING EDGE SWEEP (DEGS).

NUMBER OF MACH NUMBERS PER CASE.

ONSET FLOW VELOCITIES GENERATED BY THE
ROTATION OF THE CONFIGURATION ABOUT THE
MOMENT REFERENCE CENTER,

PANEL SPAN,

COEFFICIENT MULTTPLIER IN SYSTEM OF BOUNDARY
CONDITION EQUATIONS.

NUMBER OF VORTICES FOR A GIVEN CHORDWISF ROW,
ROLL RATE (DEGS/SEC).

SURFACE SLOPE AT THE LATTICE CONTROL POINTS.
PANEL SYNTHESIS (DESIGN) FLAG.,

VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
YORL AKX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAKX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX



Ces s TAPER
CoaoTITLE
CeesWSPAN

Coeo XAPEXs YAPEXs ZAPEX
Cone

Ce s« CSTART
CessDELTAY, DELTAZ
Coes

CaesFLOATXs FLOATY
Ces o INTRAC

Ce oo INVERS
Cas o IQUANT

Co oo ITRMAX
CeooLATRAL

Case

Co s « MOMENT

Co e o« NALPHA

Ce e s NPANAS

[

[

Co s« PHIMED

Cone

CeosPITCHY

Coee

~ANEL TAPER RATIO.

CASE TITLE.

CONF IGURATION REFERENCE WING SPAN.
COORDINATES OF PANEL FIRST SIOE EDGE LEADING
EUGE (PANEL APEX) .

CHORD LENGTH OF PANEL FIRST SIDE EOGF.
BUTTLINE AND WATERLINE SPACING OF FLOW FIELD
SURVEY GRID.

VORTEX WAKE FLOATATION PARAMETERS.

PANEL LATERAL NONPLANARITY PARAMFTER.

DESIGN (SYNTHESIS) FLAG,

PANEL SYMMETRY FLAG.

MAXIMUM ALLOWABLF NUMMER OF RELAXATION CYCLES,
CONF IGURATION OR FLIGHT CONDITION SYMME TRY
FLAG.

PANEL PITCHING MOMENT PFR UNIT Q.

NUMBER OF ANGLES OF ATTACK PER CASE.

TOVAL NUMBER OF PANELS THAT HAVE T0O HE TAKEN
INTO ACCOUNT IN THE ACTUAL COMPUTATION
PROCESS.

ANGULAR COORDINATE OF CROSS-SECTION RADIUS
VECTOR.

PITCH RATE (DEGS/SEC).

CevsenasnscsasassescsasefPER UNIT QI MEANS [PER UNIT FREE-STREAM

Ceeavsoevevnanascrensosoce

Ceee
C
C

DYNAMIC PRESSUREL.

VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
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Tas74 oP1=1} FIN 4.5+410n

CONTROL #VRLX,AERO
Cone

SUBROUTINE AERO (EwWs TTOTAL)
Cesve
Ce s « PURPOSE TO COMPHTE FORCE AND MOMENT DATA AY INTEGRATION of
Coes PRESSURF OISTRIBUTION DATA ANC Hy TAKING INTO ACCOUNT
Coee EDGE SUCTEON FORCFS,
C...
Cess INPUT CALLING SEQUENCES
Cooo EW = NORMALWASH AT LEADING EDGE [NFLUENCE COEFFIFIENT
Cees MATREIX (RETRIEVEN ROW BY wOw FROM UNIT 9),
Coase COMMON<
Coeoe Xe Yo 7a H29 DLe SXe YYs 72y CCPy JTSe LAXS PSIs
Cooe SPCy VSGe VSTe XTEs ALFAs MACHe NPANe NVORs SREF.
Ceols VINFos XHARs YAWQs ZBARs ZFTAs CHORDs GAMMA, LESWOD.
Cese PSPANs s RNMAXs HOLLUWs SLOPEs TaPFRs CSTARTe IQUANT »
Ceee LATHAL « NPANASs PITCHN,
[ oI
CeesQUTPUT CALLING SEQUENCE<
Caee NONE o
Coee COMMON<
Coee CDs CLe CMy CNs CXe CYs Frye FYs RMs YMy CDCs CNCa
Coes CRMs CYMs CMTCo CSUCs DRAGs LIFT, SURFs XSUC»
Cone COTOTs CLTOTs CMTOTe CNTOTs CRIOTs CYTOT, MOMENT
C'l.
Ce s « SUBROUTINES
CeeCALLED NONE .
Coas
C+«-DISCUSSION SUBROUTINE AERO COMPUTES THE AERNDYNAMIC FORCE AND
Ceos MOMENT COEFFICIENTS BY INTEGRAIING THE PRESSURE
Coes DISTRIRUTION AND COMPUTING THE (LFADING EOGE SUCTION
Cone FORCES IN ACCORDANCE WITH LAN#S PROCEDURE. THERE ARE
Coee THREE Ci1 ASSES OF COEFFICIFNTSs Ag FULLOWS € (1) TOTAL
Caee CONF1GUPATION COEFFICIENTS. (2) PANEL COEFFICIENTS.
Ceoo AND (3) STRIPWISEs OR CHORNDWISEs COEFFICIENTS. ApL
Cene TOTAL COEFFICIENTS ARF REFERENCED TO WIND AXES, CLASS
Ceoe (2) AND (3) COEFFICIENTS ARE REFERENCED EITHER Tn RUDY
Cene OR TO WIND AXES AS RESUIRED BY THE CORRESPONDING COEFF .
Coes DEFINITION. AERO SUHROUTINE 1S CALLED BY MAIN FOp FVERY
Cone ANGLE OF ATTACK AND MACH NUMBEN COMHINATION,
C
C

10/04/76

VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AKX
VORL AKX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX

10.15.13

307
308
ng
30
311
Ji2
313
34
315
J1e
317
318
319
320
321
322
323
374
32s
326
327
3?8
379
330
3131
332
i3
334
335
336
337
338
31319
340
341
342
343
344
345
346
347
348



T4/

CONTROL*VRLX .80
Cese
SUBROUTIN

Case

Ce s« PURPOSE
Ceve

Cose

C.l.

Coes INPUT
Co-o

c...

CO..

c...

c".

c.l.

Ce oo QUTPUT
c."

Coee
Coe e SUBROUTINES
CoesCALLED

Caee
Ces«DISCUSSION
c...
Cesse
c."
Cooe
Cese
Cese
Ceone
Coes
c...
Ceee
c...

Th oPT=1 FIN 4.5+410¢

UNDY
E BOUNDY (ITOTAL)

70 CALCULATE THE ONSET FLOw COMPONENT NURMAL T0O
THE BOUNDARY SURFACE AT THE VORTFX LATTICE COnN
TROL POINTS.

CALLING SEQUENCE <

I1TOTAL = TOTAL NUMBER OF HORSESHNE VORTICES.
COMMON <

ALFAs PSIs VINFs PITCHQs ROLLCS YAWQs LAXs RNMAX,
SXs CXs Xe YYs ZZs DL+ CHORDe XRARs ZBARs SLOPE
RFLAG.

COMMON <
ALOCs ONSET.

NONE

THE ONSET FLOW COMPONENT NORMAL T0O THE BOUNDARY

AT THE VORTEX LATTICE CONTROL POINTS IS CALCULATFD
BY PROJECTING THE FREE-STQEAM VELOCITY VECTOR
ALONG THE SURFACE NORMAL AND TakING INTO ACCOUNT

A RIGID RODY ROTATION AROUT Tkt POINT (XBARe 0O«
ZBAR), THE ONSET FLOW NORWAL CUMPMONENT IS AL 0Ce.
ONSET DENOTES THE RIGID BODY RuUTATION INDUCED
VELOCITY COMPONENT ALONG THE X-AXxTS. BOTH ARRAY
ALOC AND ONSETs ARE DIMENSTONLESSs T.Eas THEY ARF
REFERENCED TO THE FREF-STREAM VELOCITY.

9717716

10704776

VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAKX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX

10.15.173

Ta?
748
7649
750
751
152
753
754
755
756
757
758
759
760
761
162
763
Th4
165
766
767
768
169
770
171
112
773
774
175
776
777
778
719
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14774 oPT=1 FIN 4.5+46104
CONTROL®VRLX.GAUSS 913776
Coee

SUBROUTINE GAUSS (ITOTALs REXAPARs FWs ART)
Ceoe
Ce o« PURPOSE TO SQLVFE THE BOUNDARY CONNLITION FQUATIONS BY THE
Ceeo METH! OF (CONTOLLED SUCCESSIVE NVER-RELAXATION(,
Cesn
Cous INPUT CALLING SEWUENCE<
Coeo ITOTAL = TOTAL NUMBER 0OF HORSESHOE VORITICES.
REXPAR = RELAXATINN PARAMETER.
EW = ROw OF NORMALWASH MATRIX.
COMMON<
CXs SXe¢ LAXs ALUCy IDESs CHORDe RNMAXe INVERS,
1TRMAX,
Cees
Cos s OUTPUT CALLING SEQUENCES<
Cooe XRT = AUXLILIARY VECTOR USFO Ih C,.S.0.8, SOLUTION,
Ceas COMMON<
Cooe BIGs DCPs EPSs RLMs SIEs ITERs GAMMAS SLOPE,
Coes GAMMA IS THE SOLUTION VECTOR GOF ROUDARY CONDITION
Cene EQUATIONSe T, E.e HORSESHOE VOWTFX CIKCULATION
Caoe STRENGTHS.
Coee NQTES JF INVERS = 1 (NESIGN PROCFSS) THEN GAMMA 15
Ceoo PART INPUT AND PART OUTPUT.
Cene
Ce e« SURROUTINES
CeesCALLED NONE «
Coees
CaesDISCUSSION THIS SURROUTINE SOLVES FOR THE CIRCULATION STRENGTH
Coens OF THE HORSESHOE VORTICES THAT SaATISHY THE B.C. 0F
Cone NO MASS~FLUX ALONG THF NORMAL 10 THE SURFACE AT [THF
Cens CONTROL POINTS. THIS SOLUTION IS PERFURMED ITERA
Ceos TIVELY ROW BY ROw BY USINA THE C.SeeR. METHOD. TF
Cons A GIVEN ROW IS PAPT OF A PANEL [0 BE DESIGNEDs 1,E,»
Coos IDES = 1o THEN INSTEAD OF SOLVING FUR GAMMA(= XP2).
Caea THE COMPUTATION OF THF SLNPE CISTRIBUTION ALONG
Cone THAT ROw [S PERFORMED RY wMaTRIr wULTIVCICATION,
Ceos SLOPE = EW ®GAMMA,
Cone
Carne
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10704776

VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
YORLAX
VORLAX

10415.13

856
857
858
859
860
861
B62
8613
864
865
B66
867
868
869
B0
871
872
873
B74
875
876
A77
878
879
BRO
8al
882
833
8R4
845
846
887
8RA
BAY
B30
891
892
893
854
A95



T4/74 oPI=1 FIN 4¢5+410a

CONTROL*VRLX .GEOM
Cese

SUBROUTINE GEOM (1ITOTAL)
Ceos
Ce s «PURPOSE TO COMPUTE THE VORTEX LATTICE GENMETRY AND SURFACE
Cess SLOPES AT THE CONTROL POINTS. ALSO TO COMPUTE THE
Coee LOAD DISTRIBUTION AT THE CORRESPANDING LOAD POINTS
Cesne IF DESIGN PROCESS IS INVOKED (IDFS = 1).
c...
Coes INPUT CALLING SEQUENCE<
c‘.' NONE.
Ceas COMMON<
Coeo DLs I1TSs LAXs LAYs NPPs PnLs RCSs VS5Se NPANe NVORe
Coeo RNCVe SLELls SLEZ2s ZLE)s ZLE2e AINCle AINCZ2s DNDXY»
Caee DNDAZ2s GAMMAs LESWPs PSPANG SYNTHs TAPERs XAPEXs
Coee YAPEXs ZAPEXs CSTARTs INTRACs [QUANTs LATRALS
Cone PHIMED.
C...
Ce s s OUTPUT CALL ING SEQUENCE<
Cone ITOTAL = VOTAL NUMBER OF HORSESHNE VORTICES.
Ceos COMMON<
Cesoe Xe Y9 Zo CXs DLs NV SXo YVs ZZe DCPys JTSs SLE
Ceoe TNLs TNTs VSPs VSSse VSTe XTEe ALNCs IPANs SMAXs
Coens ZETAs CHORDs RNMAXs SILOPE« NPANAS,
Coee NOTES DI AND VSS MAY RE EI1THEK INPUT OR OUTPUT
Caee DEPENDING ON CONFIGURATION CONDITIONS.
C...

Co 0+« SUBROUTINES

CeooCALLED

Cose
Ceo«DISCUSSICN
Ceens
Cene
[
Cone
Ceovne
c.‘.
Coes
c...
Ceasse
Ceee
Ceosse
Cone
Coes
Coes
Coenr
C.‘.
C.I.
Cooe
c...
Cose
(o
C...
(o
[o
Cesne
Ceose

NONE

THE VORTEX LATTICE GENMETRY IS LAID OUT PANEL HY
PANEL BASED ON THE GEOMETRIC AnD VORTEX OISTRIAU
TION CHARACTERISTICS SPECIFIEC FOR THE GIVEN PANFL
IN THE [NPUT DATA (INPUT SUBROUTINE). EACH PANEL

1S SUBDIVIUDED INTO A NUMBEK UF X~-AXIALWI[SE STRIPS
{NYOR)+ EACH STRIP CONTAINING A GIVEN NUMBER (RNuAX =
RNCV) OF HORSESHOE VORTICFS WHUSF BOUND TRAILING LFGS
COINCIDE WITH THE X-AXIALWISE EDGES OF THE STRIP IF
THE PARAMETER NPP = 0, WHEN NPP = 1 THERE IS NO
LONGER A CONTINUOUS STRIP OF VORTTCES SINCE THEY ARE
NOT LOCATED IN THE SAME PLANE+ In THIS CASE (NPP =
1) THE STRIP BECOMES AN ARRAY OR ROW OF VORTICES
LOCATED IN TANDEM BUT WHOSE SPANS ARE NOT NECES
SARILY FQUAL. EACH STRIP OR VOKTEX ROW IS IDENTI
FIED BY AN INDEX (SX). EACH HORSFSHOE VORTEX IN A
GIVEN STRIP OR ROW 1S IDENTIFIED BY A SECOND INDfX
(CX)s THE VALUE CX = ] DENOTING THE LEADING EDGE
ELEMENTs AND CX = RNMAX = RNCV DFNOTING THE LAST.

OR TRAILING EDGEs HORSESHIE OF THE ROW. THEREFORE
EACH AND EVERY HORSESHOE VORTEX 1S UNJQUELY IDEN
TIFIED RY EITHER AN OVERALL INDEX (WHICH RUNS FROM

1 TO ITOTAL) OR BY THE PAIR OF VALUES (CXe SX),

THE SPATIAL LAY-0UT OF THF VORIEX LATTICE CORRES
PONDING TO A GIVEN PANEL DEPENUS ON THE VALUES OF
TWO PARAMETERSS POL AND NpH, 1f PDL «LE. 360.0 TWEN
THE TRANSVERSE VORTEX SEGMENTS UF THE SAME VALUE OF
CX FORM A CONTINUOUS STRATOHT LINEs BUT IF PLL ..

9/16/76

10/04/76

VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
YORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VOKRLAX

10.15.13

1077
1078
1079
1010
1081
1082
1033
1084
10RS
1086
1047
10848
1089
1090
1091

1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
i3
1114
1115
1116
1117
1118
1119
1120
1121

1122
1123
1174
1125
1176
1127
1178
1129
1130
113N

1132

1133

111



Cese
Cess
Ceoeo
Cove
Ceue
Cesa
Cees
Cesns
Coeo
Cove
Cons
Cooe

112

T4/174 UPT=] FIN 4.5+44]108

360.0 THEN THE TRANSVFRSE VOHTEX SEGMENTS OF SAMF X
THOUGH STILL CONTINUOISs FURM A DOLYGUNAL LINE

WHEN PROJECTED UN A PLANE NORMAL TO THE x-AX1S., 1F
NPP = 0 THEN ALL THE TRANSVERSE VORTEX SEGMENTS

OF A GIVEN ROW (SAME SX) | 1€ IN THE SAME PLANE +

BUT 1F nNPP = | THEN THE TRANSVERSE SEGMENTS OF A

ROW ARE LAID ON THE ACTUAI. BUCY SURFACE. THE BOUND
TRAILING LEGS OR SEGMENTS ARE aLwAYS PARALLEL TO

THE X-Ax[S (P TO THE TRAILING ENGE OF THE GIVEN
STRIP 0OR RUWY .,

10/04/76

VORLAX
VORLAX
VORLAA
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX

10.15.,13

1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
liua
1145



Tu/74 oPT=1 FTN 4.5+4104
CONTROL *VRLX «MAP 9/14/176
Ceoe

SUBROUTINE MAP (FWs EWXs EWYs 1T70TAL)

Coee
Ce e « PURPOSE 10 COMPUTE THE FLOW FIELD ABOUT THE CUNFIGURATION.
Cees
Coee INPUT CALLING SEQUENCEZ
Casne EW = UPWASH INFLUENCE COEFFICIENT MATRIX (RETRIEVED
Cesns ROW RY ROW FROM UNIT 3).
Ceeo EWX = AXTALWASH INFLUENCE COEFFTQTENT MATRIX (RETRIEVERD
Coee ROW BY ROW FROM UNIT 4},
Ceos EWY = SINEWASH INFLUENCE COEFFICIENT MATRIX (RETWIEVED
Coen ROW BY ROW FROM UNIT 7).
Coee ITOTAL = TOTAL NUMBER OF HORSESHNE VORTICES.
Cose COMMON<
Cesne IHs IQs NT® XSs NXS» NYSe NZSs PSTs ALFAs MACH. YNNT e
Cooe ZNOTs ALPHAs GAMMAs RNMAX, DELTAYs DELTAZ,
Coos
CessOUTPUT CALL ING SEQUENCE<
Cese NONE,
Case COMMON<
Coen NONE o
Cone DIRECT PRINTS
Ceoe XSs YK1s ZK1 = FIFLD GRID POINT COORDINATES (RODv AXIS
Ceve SYSTEMY ,
(o VX» VFs WF = TOTAL DIMENSTONLESS (REFERENCEUL TO VELO
Coee CITY AT UPSTIEAM INFINITY) VELOCITY COMPO-
Coes NENTS ALONG THE X=Y<Z AXES RESPECTIVELY
(o (BUDY AXIS SYSTEM).
Coese EPSLON = UPWASH FLOW ANGLE IN DEGRELES.
Coos SIGMA = SIDEWASH FLOW ANGLE IN DFGREES.
Cone CP = LOCAL PRESSURE CNEFFICIENIT,
Cooe RM = LOCAL MACH NUMBER.
Cesne PPTUT = (LOCAL STATIC PRESSURE}/(TOTAL PRESSURE),
Cene PIF = (LOCAL STATIC PRESSVURE)/ (FREE STREAM STATIC PRES
Coos SURE)
Coen
CeesSURROUTINES
CesoCALLED NONE .
Coee
Cos«DISCUSSION FLOW FIFLD QUANTITIES ARE COMPUTFD AT THE NODAL POINTS
Cose OF A 3=0)-GRID OEFINED AROUND THE CONFIGURATION Hy A SET
Cesose OF ORTHOGONAL PLANES ( X = CONST,s Y = CONST.s AND
Caose 2 = CONST. PLANES). THE VFLOCITIFS ARE CALCULATED RY
Cone THE USE OF INFLUENCE COEFFICIENT MATRICES BASED nn THE
Cene VORTEX LATTICE REPRESFNIATION UF THE CONFIGURATINN,
Cosns THESE MATRICES ARE COMPUTED IN SUBROUTINE SURVEY AND
Coson STORED IN UNITS 3« &4 AND 7 (ONE MATRIX ANO ONE nINTT
Cese PER VELOCITY COMPONET). THE PRLSSURE RATIOS AND RELATED
Cesne FLOW QUANTITIES ARE COMPUTED THROUGH THE USE OF 1SFN
Cooe TROPIC FLOW RELATIONSHIPS.
[of
c

10/04/76

VORLAX
VORLAX
VORLAX
VORLAX
VORLAKX
VORLAX
VORLAX
VORLAX
VORL AX
VORL AX
VORLAX
VORL AX
VORLAX
VORLAX
VORL AX
VCRLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAKX
VORLAX
VORLAX
VORL AX
VORLAK
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORI.AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX

10.15.13

1971

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1943
1984
1985
1986
1947
1988
19439
1990
1991

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2ann
2009
20vu
2011

P02
2013
2014
2015
2016
2017
2014
2019
2020
2021

2022
2073

113
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Ta/74 oPT=] FIN 4,5+410a
CONTROL®*VRL X ,MATRX 9/16/76
Ceee

SUBROUT INE MATRX (EWs EUs TTOTAL)

Censas
Ce o s PURPOSE TO GENENATE THREE AERODYNAMIC INFLUENCE COEFF. MaTRI
Coos CESS (1) THE NORMALWASH AT THE CONTRUL POINTS
Ceoe (EW 7 UNMIT 1)¢ (2) THE AXTALWASH AT THE CONTROL ©0INTS
Cesne (EU 7 UNIT 2)¢ AND (3) THF NORMA} WASH AT THE LEAH. EDGE
Cesne (EW /7 UMIT 9). THESE MATRICES WEPRESENT THE INDUCED
Ceae VELOCITY FIELN DUE TO THE HORSESHOE VORTICES OF VHF
Coee LATTICE.
Cens
Ce oo INPUT CALL ING SFQUENCE<
Coae ITOTAL = TOTAL NUMHER OF HORSESHNE VORTICES.
Coee COMMON<
Cees Xe H2y CXs DLe NTs SXe YYs ZZe¢ HAGe LAXe NPPys PSTs TNT
Coee VSPs VSTs XTEs ALFAs [PANs XHBAKs ZBARs CHUORDs RF| AGs
Cooe FNMAXs SLOPEs FLOATXe FLOATYe [NVERSs (ATKAL,
C.‘O
Ce s« OUTPUT CALLING SEWUENCES
Ceoe EW = CONTROL POINT NORMALWASH MATRIX (STORED HOW BY
Cene ROW IN UNIT 1),
Cove EW = LEADING EDGE NORMALWASH MATRIX (STORED ROW aY
Casse ROW IN UNIT 9).
Ceasos EU = AXTALWASH MATRIX (STNKED ROW BY ROW IN UNIT 2).
Ceen COMMON<
C..! NONE.
Ceeose
C» s« SUBROUTINES
CeesCALLED WASHs UXVEL.
Cuu-
CoesDISCUSSION THE ELEMENTS OF THt INFLUFNCE COFFFICIENT MATRICES
Cons ARE GENERATED BY COMPUTING THE CNORRESPONDING VFLNCITY
Cese INDUCED AT THE (KlsJl) CONTROL PNINT BY THE (KsJ)y
Caes HORSESHUE VORTEX OF UNIT STRENGTH. IF K = K1 aND
Cooe J = J1 (SELF=-INFLUENCE) THEN THE PRINCIPAL PART nF
Ceos THE DOWNWASH INTEGRAL IS ADDEC Tn THE COMPUTATION NF
Ceeo THE CORRESPONDING Ew COEFFICIENT, ALSO IF THE CUMTRUL
Coas POINT IS WITHIN A GIVEN NEAR FIF1 D RADIUS OF THE
Coes INDUCING HORSESHOF VORTEXe THE AXTALWASH CONTRIWHITTION
Coen IS COMPUTED RY INTERDIGITATED vORTEX SPLITTING.
Coes
Coes

10704776

VORLAX
VORLAX
VORLAX
VORLAKX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAKX
VCRLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORtL. AX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VCRLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX

10.15.13

2147
2148
2149
2150
2151
2152
2153
2154
2155
2156
2157
21548
2159
2160
2161
2162
2163
2l64
2165
2166
2167
2168
2169
2170
2171
2172
2173
2174
2175
2176
2117
2174
2179
2140
2141
21R2
2183
2114
2145
21496
2187
218R
21R9



T4/

CONTROL*VRLX. IN
(o
SUBROUT IN

Ceoee

Ce s «PURPOSE
Ceoes

Cose

c...

Ce oo INPUT
Cees

Coco

c..l

Coos
Ceo s QUTPUT
(o

Ceos

Cose

Coon

Cose

Cene

Cess

C‘..

Ceons

Cene

Caes
Ce e+ SUBROUTINES
CeesCALLED

Ceas
CessOISCUSSION
Ceee
Cesoe
Cese
Caee
Cesa
Ceee
Coee
Cooos
Cene
Coee
Coeen
Coeor
Cees
Ceos
Co.o
Cense
Caoe
Covoe
Cens
Cesns
Caee
Cese
Ceee
Cesnso
Cave
Caves
Coee
Ceoso

T4 oPT=1 FIN 4.5+4102a
PUT
E INPUT

10 READ IN INPUT DATA AND PREFPARF SUCH DATA FOR
USE IN THE GENERATION OF VORTEX LATTICE GFOMETRY
TO BE OONE IN SUBROUTINE GEOM.

CALLING SEWQUENCES
NONE o

COMMON<

LAK,

CALLING SEQUENCESZ

NONE

COMMON<

DLs XS» ITSs NPPs NXSs NYSe N2Ss PDLe PSI. RCS»
SPC» VSSs CBARs HEADs MACHs NPAN, NVOR, RNCVe SLF1,
SLE2+ SREFs VINFs XBAR. YAWQs YNNT, ZdARs ZLE].
ZLE2s ZNOTs AINCLs AINC2+ ALPHAs DNDX1e DNDX2.
GAMMA, | ESWPy NMACHs PSPANe ROLLOs SYNTH» TAPERS
WSPANs XAPEXs YAPEXs ZAPEXs CSTARTe UELTAY. DELTAZ.
INTRACs INVERSs IQUANTs LATRALs NALPrHAs PHIMEDS
P1TCHG.

NONE «

A MASTER FRAME OF REFFRENCE IS ASSUMED IN DEFINING

A CONFIGURATION. THIS FRAME OF REFERENCE IS AN
OKTHOGONAL CARTESIAN CNORNINATE SYSTEM, THE X=Z
BEING THE CENTERLINE PLANE WITH THE X=-AXIS POINITING
DOWNSTRFAM» AND THE Z-AXIS DIRECTED UPWARDe THE
Y-AX1S HOINTS TO STARHOARN. THE NRIGIN OF THE SYs
TEM CAN BE ANY CONVEVIENT POINT IN THE x-7 PLANE,
THE CUNFIGURATION CAN BE 4ADE UP OF SYMMETRICAL
(ABOUT THE X=Z PLANE) AND/OR ASYMMETRICAL COMPO-
NENTS» AND IN DEFINING THE SYMMETRICAL COMPONFNTS
ONLY THE STARBOARD ELEMENTS ARt SPECIFIEDN. THE
CONFIGURATION TO BRE INPUT IS DIVINDED INTO A SET

OF MAJOR PANELSe UP TO 20 UF THESE PANELS CAN BE
INPUT. SYMMETRICAL COMPONENTS (LFFT ¢ RIGHT) HEING
COUNTED ONLY ONCE. FOR INSTANCHs A WING OF ZEROQ
THICKNESS AND WITH STRAIGHT LEADING AND TRAILING
EDGESs AND WITH LINEAR LOFTING RETWEEN RONT AND

TIPe CONSTITUTES A MAJOR PANEL . COMPLEX PLANFORMS.
ANO NON-L INEAR CHANGES IN TWIST aND AIRFOIL SFCTIOMS
ARE DESCRIBED BY DEFINING MORE THAN ONE PaNEL FUR A
GIVEN WINGe SUBROUTINE INPUT FREPARES THE DATA SvE
CIFIED FOR EACH MAJOR PANFL SO TwHAT THEY CAN LATER
BE USEP IN SUBROUTINE GEO4 TO GENERATE [HF PROPED
VORTEX 1.ATVICE FOR EACH PANEL.

AN AIRFOIL WITH THICKNESS CAN HE REPRESENTED RY A
DOUBLE VORTEX SHEETs 1. E.e BY DFFINING (wQ MAJO0 PA
NELS ARPANGED IN A #BIPLANE#s UR #SANDNICH#s FASHINNG
ONE PANEL REPRESENTING THE UPPLR SURFACE OF THE IR
FOIL+ AND THE OTHER PANEL REPRESENTING THE LUWFR

9/16/76

10704776

VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORL AX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORILAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VCRLAX
VORL AKX
VCRLAX
VORL AX
VORLAX
VORLAX
VCRLAX
VORL AX

10.15.13

1416
1417
1418
1419
1420
1421
t422
1423
1424
16425
1426
1427
1428
1429
1430
1431
1432
1433
1434
14135
1436
1437
1438
1439
1440
laal
1442
14473
lasy
1645
1446
1447
1446R
1449
1as0
1451

1457
1453
1454
1455
145n
1457
1498
1459
1460
lanl

1aK?
14k}
laks
lahY
146H
lan?
LaAR
l469
1a70

1471

1«77
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Cave
Ceove
Cene
Ceoon
Ceoo
Cees
Ceos
Cees
Coes
Coen
Cavs
Ceoee
Caes
Coes
Coeoe
Ceoe
Cave
Ceee

116

14774 uPT=1 FIN 4.5+4104

SURFACF OF THE SAME AIRFOIL,

FUSIFORM BODIES ARE MODELIED BY NEFINING AN AUXI| [ARY

BODYIDENTICAL IN CROSS=SECTIONAL SHAPE AND LONGITUN]
NAL AREA DISTRIBUTION TO THE ACTuAL BOOY BUT wllwoud
CAMHER. THE AUXILTARY B0DY CROSS-SECTION IS aPPRAXI
MATED AY A POLYGOW WHOSE SIDES DFTERMINE THE [RANS
VERSE LFGS OF THE HURSESHOE VOKTICES. THE VERTICFS
OF THE POULYGON AND THE AUXILIARY BODY AXIS DEFINf

A SET OF RADIAL PLANES IN WHICH THF BOUND IRATLIMG
LEGS OF THE HORSESHOE VORTICES LTE PARALLFL To Tue
AXISe AS THE CROSS=SECTION CHANGFS SHAPE ALONG THE
AXISs THE POLYGON CHAMGES ACCOKNDTNGLY HBUT WITH TwE
CONSTKRAINT THAT THE POLYGONAL VFRTICES MUST ALWAYS

LIE IN THE SAME SET OF WANTAL HLANES. THE BODY CAMRER

IS SPECIFILO INDEPENNDFNTLY,

10/04/76

VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX

10.15.13

1473
1474
1475
1476
1477
1478
1479
1480
1441
1412
1443
1484
1485
14A6
1487
1488
14K49
1490



74/74  OPT=] FTN 4.5+410a
CONTROL *VRLX.PRESS 9/15/76
c.‘.

SUBROUTINE PRESS (ITOTALs EU)
c
c
Co s « PURPOSE TO COMPUTE PRESSURE LOAD COEFFICIENTS (CPLOWER
Ceeo CPUPPER)s OR SURFACE PRESSURE COFFFICIENTS FROM THE
Coeon VALUES OF THE INDUCED VELOCITIES AND CIRCULATION
Coes STRENGTHS .
Cees
Ceeo INPUT CALLING SEQUENCE<
Ceaee lTOIAL = TOTAL NUMBER OF HORSESHOE VORTICES.
Ceoe €U = AXJALWASH INFLUENCE COEFF ICTENT MATRIX (RETRIFVED
Caesne ROW BY HOW FROM UNIT 2).
Cena COMMON<
Canse B2s CXo DL?® SXo JTSe PSIe TNLs TnTe ALFA+ YAWQe CHORD.
Cosoe GAMMA, ONSETs RNMAXs SLOPEs WSPAN,
Coee
CoosOUTPUT CALLING SEQUENCE ¢
[ NONE »
Coes COMMON<
Coeo DCcP.
Cl.‘
Ces s SUBROUTINES
CeesCALLED NONE .
c..!
CeeeDISCUSSION THIS SURROUTINE COMPUTES THE PRESSURE COEFFICTENT ARRAY
Ceoe DCP. EACH ELEMENT OF 0DCP CORRESPONDS TO A GIVEN
Case HORSESHOE VORTEX OF THE LATTICEs AND IT IS ASSUMFD TO
Cese ACT AT THE HORSESHOE CENTROIDs I.Es+ THE MI=
Ceve THE TRANSVERSEs OR SKEWED. LEG. AN ELEMENT OF THf DCP
Cese ARRAY IS EITHER A LOAD COFFFICIENT (IF THE SURFACE
Caes IS ASSUMED WETTED ON BOTH FACESs 1.Ees JTS = ITS = 1}y
Ceoe OR A SURFACE PRESSURE COEFFICIENT (IF THE SURFACE IS
Ceoee ASSUMMED WETTED ON ONE SINE ONLY, I.E.s JTS = ITs = O,
Case IN THE COMPUTATION OF LOAD COEFFICIENTS, THE CIRCULA
Ceovs TION STRENGTHSs THE FREE STREAM VELOCITY COMPONENTSS
Ceee AND THE ONSET FLOW DUE TO ANY ANGULAR ROTATION OF THE
Cesne CONF IGURATION ARE TAKEN INTO ACCOUNT+ THE EFFECT OF
Cone THE INDUCED AXTALWASH IS TIGNORED (SECOND ORDER ERROR),
Ceeo IN THE COMPUTATION OF SURFACE PRESSURE COEFFICIENTS.
Croe THE AXIALWASH IS ALSO TAKEN INTO ACCOUNT, IF NPP = 1l
Coee THE #AXIALWASHZ IS NO LONGER A TRUE AXIALWASH (X-AXIS
Coeo VELOCITY COMPONENT)s RATHER IT RFPRESENTS THE VE| OCITY
Coer COMPONENT TANGENTIAL TO THE SURFACE BUT WITH THE SIDE
Cess WASH LEFT OUT, SURFACE PRESSURE COEFFICIENTS ARE LIMI
Coos TED BY THE ISENTROPIC VALUES CORRESPONDING TO STAGNA
Cese TION AND 70 PERCENT OF VACUUM FOR THE GIVEN FREE-STREAM
Cese MACH NUMBER.
Cese
c..l

107047786

VORLAX
VORLAX
VORL AR
VORLAX
VORLAX
VORLAX
VCORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
YORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX

10.15,13

2524
2525
2526
2527
2528
2529
2530
2531
2532
2533
2534
2535
2516
2537
2538
2539
2540
25641
2542
2543
2564
2545
2546
2547
2548
2549
2550
2551
2552
2553
2554
2555
2556
2557
2558
2559
2560
2561
2562
25613
2564
2565
2566
2567
2568
2569
2570
2571
2572
2573
2574
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Tu/74 oPTsl FIN 4.5+4104
CONTROL®VRLX JPRINT 9/17/716
Ceeoo

SUBROUTINE PRINT (ITOTALs EWs EWXe EWY)
c..'
Ce e «PURPOSE TO PRINT PRUGRAM DATA,
C
Ce.e o INPUT CALLING SEQUENCES
Cene ITOTAL = TOTAL NUMBER OF HORSESHNE VORTICES.
Cose EWs EWX. EWY = STORAGE ARQAYS SET ASIDE FOR CALLING
Cosne SUBROUT INE MAP.
Cosoe COMMONZ
Coee CDs CLe CMs CMo CXo CYo DLe Ike Tue YYo ZCe ZZ»
Ceove BIGs CDCe CNCe CRMs CYMs NCPe EPSe HAGs JTSe AKX,
Cove NXSs PDLe PSIs RLMs SPCy CBARs CMTCs CSUCs HEADS
Cees IPANy T1TER» LIFTs MACHs NPANs NVORs RNCVs SREFs
Coee SURFs VINFs XBARs XSUCs YAWQs ZBARs AINCle AINC2.
Cooe ALPHAy CDTOT« CHORD» CLTOTs CMTOTe CRTOTy CYTOT»
Cone DNDX1s DNDX2y GAMMAs TSOLVe LE>WP, PSPANs RNMAXe
Coee ROLLQs SLOPEs SYNTHs TAPERe TITLFs WSPANs XAPEXs
Coee YAPEXy ZAPEXs CSTARTs FLOATXs FLOATYs INVERSH
Coes IQUANTs TTRMAXe LATRAL . MOMENTs PITCHQ.
Casne
Ce e s OUTPUT CALLING SEQUENCES
Casee NONE o
Cene COMMON<
Casos NONE,
c‘..
Cae e e SUBROUTINES
Ca e« CALLED INORMs MAP,
c...
CeesDISCUSSION THE DATA PRINTED OUT AY THIS SURBROUTINE ARE ARRANGFD
Coee IN THREFE GROUPSs AS FOLLOWSS
Ceson (1) INPUT DATA% THESE ARE DATA WHICH ARE TAKEN FROM
Coes THE INPUT DECK AND HAVE BEEN CONVERTED IN A FORMAT
Coae SUITAHBLE FOR USE 8BY THE PRUGRAM.
[ S (2) PANEL AND TOTAL CONFIGURATION FOKCE AND MUMENT
Caee COEFFICIENT DATA,
Coses (3) DATA WHICH ARE RELATEN EITHER TO CHORDWISE STRIPS
Cose OR TO INDIVIDUAL HORSESHOE VNRTICES.
Cone THESE THREE DATA GROUPS ARE PRINTED SEQUENTIALLY,
Cene IF A FLOW FIELD SURVEY HAS BEEN REQUESTEDs THE CnRRES
Cesve PONDING DATA ARE PRINTED OUT THROUGH SUBROUTINE waP.
c..-
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VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX

10.15.13

2768
2769
2770
2771
2712
27713
27174
2775
2776
2717
27718
2779
2780
2781
2782
2783
2784
2785
2786
2187
2788
2789
2790
2791
2792
2793
2794
2795
2796
2797
2798
2799
2800
2801
2802
2803
2804
2805
2806
2807
2808
2809
2810



14714 oPr=y FTN 44544108
CONYROL#VRLX . SURVEY 9/17/76
Coee

SUKKOUT INE SURVEY (EWe FuwAe Elite 1TUTAL)
Cova
Cu.«PURPOSE TO GENERATE THREE AERODYNAMIC [NFLUENCE COEFFICIFNT
Coss MATRICEGS (1) THE UPWASH AT ThE FLOW FIELD SURVEY
Cove POINTS (FW / UMIT 3)¢ (2) THE AXTALWASH AT THE FiOw
Cove FIELD SURVEY POINTS (F£WX 7 UNIL 4)¥ AND (3) THE
Cove SIDEWASH AT THE FLOW FIELD SURVEY POINTS (EWY / uNIT 7).
Cuan THESE MATRICES REPRESENT THE InDUCED VELOCITY FIFLN
Ceon DUE Tu THE HORSESHOE VORTICES OF THE LATTICE. THIS FLOW
Cous FIELD IS5 MEASURED AT THE NODAL PnINTS OF A SPECIFIFD
Coen 3= GRID.
Cuve
Co oo INPUT CALLING SEQUENCES
Cass ITOTAL = TOTAL NUMBER OF -ORSESHNE VORTICES.
Cooe COMMON<
Coss Xs B2s CAs DlUs NTs SXo KSe ¥Ys 27+ HAGe LAXs NXS,
Cove NYSs NZSs PSTe THTs VSPe ySTe XTFe ALFAs YNOTs XaARs
Cone ZBARs ZNOTs CHORDe RNMAXe DELTAY, DEL1AZs FLOATX.
Cewe FLOATY. LATRAL .
Coon
CoeaOUTPOT CALL ING SFQUENCES
Core EW = UPWASH MATRIX {(STORED ROW By KOW IN UNIT 3)
Ceew EWX = AXTALWASH MATKIX (STOREC ROW HY ROW IN UNIT 4)
[ EWY = SINEWASH MATKIX (STORED ROW BY ROW IN UNIT T
Cuoua COMMON<
Cone NONE ¢
Coar
Co e SHHROUTINES
CosoCALLED WASHy UXVEL.
Coes

CoesDISCUSSTION
Cove
Coos
Cans
Cave
Cooe
[
Cave
Cese
[
Ceon
Cenn
Caee
Cuoes

THE ELEMENTS OF THE [nNFLUENCE COFFFICIENT MATRICFS ARE
GENERATED BY COMPUTING THF VELOCTTY INDUCED AT A Ft.Ow
FIELD SURVEY POINT HY THE (Ks J) HORSESHOE VORTEx OF
UNIT STRENGTH, IF THE FLOW FIELD SURVEY POINT I=
WITHIN A GIVEN NEAR FIELD RADIUS OF THE INDUCING
HORSESHOE VORTEX THEN THE AXIALwWASH CONTRIBUTION IS
COMPUTED 8Y INTERDIGITATEN VORIEX SPLITTING. THE FiOW
FIELD SURVEY POINTS ARE [+t NODAL POINTS OF A 3-n 6RIOD
DEFINED BY A SET OF THREE ORTRUGONAL PLANES. THESE
PLANES ARE SPECIFIED RY THE INPUT VALUES OF XSs YNOTe
DELTAY. ZNOTs AND DEL TAZ.
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VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
JORL AX
JORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX

10.15.13

3065
3056
3057
3058
3069
3060
3061
3062
3063
3064
3065
1066
3067
3068
3069
3070
3071
3072
3073
3074
3075
3076
3077
3078
3079
30R0
3081
3082
30R3
30R4
30AS
3086
3087
3088
3089
3090
3091
3092
3093
3094
3095
3096
3097
3098
3099
3100
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T4/s74 oPT=1 FIN 4,5+4104
CONTROL®VRLXUXVEL 9/14/76
Ceous

SUBROUTINE UXVEL (Xe Yo Zs Se T A2y TOLZ, V)
Cosn
Co s o PURPOSE TO COMPUTE THE AXTALWASH INDUCED BY A SKEWED
Coese RECTILINEAR VORTEX SEGMENT OF UNTIT CIRCULATION.
Cese
Ceee INPUT CALLING SEQUENCES
Cove Xe Yo Z = ORTHUGUNAL CARTESIAN COORDINATES OF
Cese RECEIVING POINT MEASURED IN A REFFRENCF FRAME
Ceno CENTEREN AT. THE MIDPUINT OF VORTEX SEG4ENT+
Cese THE X=-AXIS [S PARALLEL TO THE X-AXIS UF THE
[ MASTER (CONFIGURATION) COORDINATE SYSTEMe THE
Cons Y=-AXIS IS NORMA| TO THE X=AXIS HUT LIES IN
Cose THE PLANE DETERMINEC BY THE X-AXIS AND THE
Coes VORTEX SEGMENTs AND THF Z=AXIS IS NORMAL TO
Coss SUCH PLANE.
Cooe S = SEMISPAN OF VORTEX SEGMENT.
Cess T = TANGENT OF SWEEP ANGLF OF .VORTEX SEGMENT,
Cese B2 = COMPRESSIBILITY FACTNR (= MACH ##2 - 1,0),
Coes TOLZ = MUMERICAL TOLERANCFE CONSTANT.
Cons COMMON<
Cone NONE «
Cosnse
CeesOUTPUT CALLING SEWQUENCES<
Cone U = X=AXIS VELOCITY COMPONENT (AXTALWASH) INDUCEN RY
Ceee SKFwED VORTEX SEHMENT OF UNIT INTENSITY,
Ceoe COMMON<
Cone NONE «
Conoe
Cee e SURBROUTINES
CesoCALLFD NONE «
Cove
CeseDTSCUSSION THIS SURRDUTINE 1S CALLED WHEN THE AXIALWASH IS
Ceoe COMPUTEN [N ACCORDANCE WITH VORTFX SPLITTING SCHEMF,
Caes ONLY THF AXIALWASH IS COMPUTECs AND ONLY THE TRANS
Cens VERSE SEGMENT OF THE HORSESHOE IS TAKEN INTO ACCHAUNT.
Cone THE SAMF COMMENTS PRESENTEUD IN SUBROUTINE wASH
Coese REGARDING THE NUMERICAL SINGULARITY IN THE VICINTTY
Cooe OF THE CHAKACTERISTIC SURFACES (MACH CONES)} ARE
Cone ALSU APPLICABLE HERE. SUHROUTINE UXVEL IS A OIREFT
Cooo COPY OF PARTS OF SUBROUTINE WASH,
Coes
Coos

10/04/76

VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAKX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX

10.15,13

3355
3356
3357
31358
3359
31360
33kl
3362
3363
1364
3365
3366
3367
3348
3369
3370
3371
3are
3373
3374
3375
3376
3377
3374
3379
3340
31341
1382
3383
3384
3385
3346
337
3383
31389
3390
33491
3392
3393
3394
3395
31396
31397
3398



T4/74 oPT=1 FTN 4.5+410A
CONTROL#VRLX .VECTOR 9/14/76
Cese

SUBRQUTINE VECTOR (ITOTALs NXle AVe EWs VNRIs VORKs VOKL)
C
C
Ce ¢ o+ PURPOSE TO SOLVE THE LINEAR SYSTEM OF HOUNDARY CONDITION
Cone EQUATIONS BY PURCELL %S VECTOR ORTHOGONALIZATION
Coas ME THOD,
Cone
Ceoo INPUT CALLING SEQUENCES<
(o ITOTAL = TOTAL NUMBER OF HORSESHOE VORTICES.
Coen NX1 = ITUTAL + 1
Ceee EW = ROW OF NORMALWASH INFLUENCE COEFFICIENT MATRIX.
Coos COMMON<
Cene ALOC.
Coee
Ce e s OUTPUT CALLING SEWUENCEZ
Coewo VOR]1 = AUXILIARY COMPUTATJIONAL RNW VECTOR,
Coee VORK = FXTENDED SOLUTION ROW VECTOR. .
Coes VORL = AUXILIARY COMPUTATTONAL Rnw VECTOR,.
Coes COMMON <
Ceoes GAMMA,
Coeo
Ce s s SURROUTINES
CeesCALLED NONE .
Cane
CoeeesDISCUSSION THE BOUNDAKRY CONDITION EQUATIONS ARE SOLVED DIRECTLY
Coee BY A VECTOR ORTHOGONAL IZATION PROCEDURE (PURCELL#2S
Coes VECTOR METHOD). SFTS OF LINEAKLY INDEPENDENT VECTORS
Coeos ARE CONSTRUCTED WHICH ARE SUCCESIVELY ORTHOGONAL TO
Coes EACH ROW. WHEN ALL ROWS HAVE BEEN CONSIODERED THERE 1S
Ceons ONE VECTOR WHICH 1S NORMAL (ORTHNGONAL) TO ALL RnWS
Ceses AND CONTAINS THE SOLUTION VECTOR, NO MATRIX INVERSION
Cone 1S INVOI VED AND ONLY ONE ROW OF THE COEFFICIENT MATRIX
Cevne IS REQUTRED AT A TIME. ANN ONCE NPERATED ON CAN RE
Cene OVERWRITTEN. IN ADDITIONs TWO AUXILIARY ROW VECTNRS
Cesne ARE NEENED FOR TEMPORARY STORAGE OF INTERMEOIATE VFCTOR
Cosne VECTOR NATA,
Cres
Ceooe

10/04/76

VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VCORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX

10,15.13

RUY 1
3485
3486
34R7
3488
3449
3490
3491
3492
3493
3494
1495
3496
3497
3498
3499
3500
3501
3502
3503
3504
3505
3506
3507
3508
3509
IS10
3511
3512
3513
3514
3515
516
3517
3518
3519
3520
3521
31522
3523
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14774 oPr=1 FIN 4.5+44104
CONTROL®VRLX WASH 9/14/76
Coes

SUBROUTINE WASH (Xs Ys Zs Se Te H2e Us Vs We AAe Adr TEe 1o MM)
Cone
Ce s o PURPOSE TO COMPUTE THE THREE VELOCITY COMPUNENTS INDUCED AT A
Ceasne GIVEN PNINT BY A GENERALIZED FOURSESHOE VORTEX OF UNTT
Cane STRENGTH.
C
Ceas INPUT CALLING SEQUENCES
Coas Xe Yo 7 = ORTHOGONAL CARTESTIAN CODRDINATES OF
Coes RECETVING (FIELD OR COMTROL) POINT MEAGURED
Ceen IN A REFERENCE FRAME CENTERED AT THF MIDPOINT
Cone OF THE FRANSVERSE VOKTEX SEGHMENT (HORSKFSHOE
Cene VORTEX CENTROID)+ Tkt x-AX1S [S PARALLFL TO

. THE X=AXIS OF THE MASTFR CCONF TGURAT [0

. COORDINATE SYSTEM, THE Y-AXIS IS NOLMA TO
Cens THE Xx-AaxIs BUT LLIES IN THE PLANE DETERMINED
Ceos BY THE Xx-AXIS IYSFLF AND THE TRANSVERSY | EG
(o OF THE HURSESHOEs AN THE Z-aXIS [S NORMAL
Case TO SUCH PLANE.

Cens S = HORSESHOE VURTEX SFMISPAN.

Casee T = TANGENT DF SWEEP ANGLF OF TRANSVERSE LEGs POSITIVE
Ceso FOR SWEEPBACK.,

Cese B2 = COMPRESSIBILITY FACTNK (= MaACH ®#2 - |.0).

Coos AAy AM = NDIRECTION ANGLES (ANCLES OF FLOATATION) OF
Coee FREE (WAKE) TRAILING LERS.

Coos TE = TANMGENT UF TRAILING FHGE SWEFP ANGLE .

Ceoe CT = AVERAGE LENGTH OF BOUND TKATLING LEGS OF HURSESHOE
Ceee (DISTANCE BETWEEN VOWQTEX CENMTRUID AND TRAILING
Coooe ENGE MEASURED ALONG x=-AXIS),

Cooe MM = FLOATING WAKE COMPUTATION Fi AG.

Case COMMONZ

Cosne NONE .

Coee

Cos o QUTPUT CALLING SEQUENCES

Coes Us Vo W = ORTHOGONAL VELOCITY COMPONENTS INDUCED RY
Cees GENERALTIZED HORSESHOE VORTEX OF UNIT

Ceos CIRCULATIUN INTFNSITY,

Coeo

CeeeSUBROUTINES

Coeo CALLED NONE «

Ceee

€esoDISCUSSION THE (GENERALIZEO( HORSESHNE VOWTFX ELEMENT CUNSIS TS OF
Coes FIVE LFRS OR SEGMENTSe OF wHICH THREE ARE (BOUNDf aND
Coes TWU ARFE [FREEL OR tFLOATINGI» THE HOUND LFGS ARE THE
Ceon SKEWEDs OR SWEPTs TRANSVEQSE SEGMENT AND THE Two

Coee TRAILIMNGs UR CHORDWISEs FILAMENTS EXTENDING FROM [ HE
Cens ENDS OF THE TRANSVERSE LEG TU THFE TRAILING EDGE. THE
Cooe FLOATING TRATLING LEGS ARE THE SFMI-INFINITE LINFS
Cens WHICH START AT THE TRAILING EDGE AND CONTINUE TO

Cooa DOWNSTRFAM INFINITY ACCORNDING 10 A PRESCRIBED DI<LCTION
Cesne DETERMIHED BY THE FLOATATION ANGIES AA AND AM. THESE
Cess FLOATING TRAILING LEGS CONSTITUTF THE CONTINUATIAN
Cens IN THE W“AKE OF THE BOUND TRAILING SEGMENTS,

Cons AT SUPFRSONIC MACH NUMBERS THE VFLOCITY INOUCED wY A
Ceos OISCRETE HURSESHOF VORTEX BECOMES VERY LARGE 1IN THFE
Cone VICINITY OF THE MACH AFTCONES GENERATED HY THE SxEWED

10704776

VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AKX
VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAKX
VORLAX
VOKLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VORLAX
VURLAX
VORLAX
VORLAX
VORLAX
VOHL AX
VORL AR
VORL AR
VORL & X
VORLAX
VORLAX
VORLAX
VORLAX
VORL AX
VORLAX
VIORLAKX
VORLAX
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3611
3612
16113
614
3615
3616
3617
6148
3619
3620
3621
3622
36723
3A24
1625
1626
1627
1628
3629
3630
36131
3632
31633
3614
1615
16136
3637
16138
3639
3640
3641
3647
3647
3644
3645
1646
3647
I6a6n
I649
3650
3651
3652
36513
3654
3A55
1686
3687
3654
3659
3660
3661
3662
3663
3664
316AS
366k
IhKT



Coes
Coos
Coes
Cene
Ceoe
Ceoe
Ceos
Ceoe
Ceoe
Case
Coos
Cene

T4/74 oPTx] FIN 445¢410a

LEG OF THE HORSESHOE. AT YHE CHARACTERISTIC ENVE) OPE
ITSELF+ THE INODUCED VELOCITY VANTSHES DUE TO THE FINITF
PART CONCEPT. THIS SINGULAR BEHAVIOR OCCURS ONLY FOR
FIELD POINTS OFF THE PLANE OF THF HORSESHOE. TO avoID
THIS NUMERICAL SINGULARITY THE CHARACTERISTIC SUWFACES
(MACH CONES) ARE TAKEN TO RE GIVFN 8Y

(X = X)) #42 = B2 #((Y - Y1) 92 & (L =7]1) ##2) /CUTOFF
WHERE CUTOFF IS A NUMFRICAL CONSTANT WHOSE VALUE IS
LESS THANe BUT CLOSE TOs 1.0

10704776

VORLAX
VORL AX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX

10,185,113

I6AH
36K9
1670
3671
372
3673
3674
3678
InTH
1677
3678
67y

12



124

Ta/T4 oPtT=] FTN 4.5+410a
CONTROL ®*VRL X . ZNORM 9/14/76
Coon

SUBROUTINE INORM (I» 1ISs RYOP)

Coeo
Ce s «PURPOSE TO INTEGRATE THE CHORDWISE SLOPE DISTRIBUTION IN ORDER
Coes TO OBTAIN THE SURFACE CAMBER (OR WARP) ORDINATES,
[
Ceee INPUT CALLING SEQUENCE<
Coes I = ELEMENT INDEX (TOTAL COUNT).
Cees IS = STRIP INDEX (SPANWISF COUNT).
Ceee RNMAX = NUMBER OF HORSESHOE VORTICES IN A GIVEN STRIP
Cese (CHORDWISE ROW) .
Cosns COMMON<
Coee LAXs SLFe SLOPE,
C
Cee o OUTPUT CALLING SEQUENCE<
Coee NONE »
Coee COMMON<
Coeo ZC.
C-co
Ce o« SUBROUTINES
CeesCALLED NONE .
c'..
CeeosDISCUSSION THIS SUBROUTINE COMPUTES THE CAMRER NORMAL URDINATES
Coese BY TRAPEZOIDAL INTEGRATION OF THF SURFACE SLOPE nlS
Covs TRIBUTION ALONG THE CHORD, THIS SUBROUTINE IS ONj Y
Coes CALLED (RY SUBRQUTINE PRINT) wHEN THE DESIGN PROCESS
Cess 1S INVOKED (INVERS = 1). IN SULCH A CASEs THE LOANn NIS
Cese TRIBUTION HAS BEEN INPUTs AND THF SURFACE WARP NFEDED
Cesne TO ACHIEVE KT IS THE DESIRED OUTPUT. THE CAMBERLINF [$
Cone DEFINED AS HEING ZERO AT THE LtANING EDGE AND IS
Cese EXPRESSED AS DECIMAL FRACTION OF THE LOCAL CHORD
Cone LENGTH, THE COMPUTEDN CAMAFKRLINFE REPRESENTS THE TuTal
Ceoe SURFACE WARPs 1.E.¢ IT INCLUDES CAMRER AND TWIST,
Cese SUBROUTINE ZNORM IS CALLEN ONCE PER EACH CHORDWIGE
Cese STRIP OR WROW OF HORSESHOE VORTICFS.
C
C
C

10704776

VORLAKX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORL AKX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAX
VORLAKX
VORLAKX
VORLAX
VORLAX
VORLAX
VORLAX
vORLAX
VORL AX
VORLAX
VORLAK
VORLAX
VORLAX
VORL AX
VCRLAX
VORLAX
VORLAX
VORLAX
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34894
3895
3896
3897
1898
3899
3900
3901
3902
3901
3904
3908
3906
3907
3904
3909
1910
3911
39l
31313
3914
1915
3916
3917
39114
1919
3920
vzt
3902
31921
3924
3925
3926
927
3929
34929
3330
3931
19372
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