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LiIST OF SYMBOLS

In certain instances a specific symbol has more than one meaning in order
to maintain familiar notation. In addition, certain parameters such as force
and momentum coefficients, chords, dynamic pressure, and angles of attack,
deflection, and injection can be taken in both streamwise and normal planes.
For all such cases the particular meanings are clear in context.

ENGLISH

a parameter used in elliptic to circular transformation

a, width of elliptic body cross section

A matrix of error differentials

AI spacing parameter for rolled up vortex system, distance
between vortices = n/l bA;

AR aspact ratio of wing in clear configuration

b wing span

b, depth of elliptic body cross section

8 (1) error matrix
(2) ratio of vortex drag to that for elliptic loading at

same circulation parameter Iy/2bV

¢ chord of wing, mechanical flaps extended

c! chord of wing plus Equivalent Mechanical Flap, mechanical flaps
extended

Cf chord of trailing edge mechanical flap in extended position

tn chord of nose flap in extended position

Cavyg avergge wing chord, mechanical flaps extended

<y section momentum coefficient based on extended mechanicsl chord

'cf. lift component of injected thrust based on extended mechanical

J chord
¢y circulation 1ift for 2-0 section plus equi.alent mechanical
Y flap, based on extended mechanical chord

vii




Sref

u,v,w

‘section total 1i7t coefficient based on extended mechanical

chord B

wing total lift coefficient based on clean wing reference area
and freestream g, L/qS;ef

slope of 1ift curve dC;/du a¢
axial force coefficient based on clean wing reference area and
freestream ¢, positive for fcrward acceleration,

acc. force/qSpef

wing momentum coefficient hased on total injected momentum,clean
wing reference area and freestream q, J/qSpef

roliing moment coefficient, (moment)/qsb
profile drag coefficient for vehicle, Dppofile/qSret

total ram drag coefficient for all inlets, including that fur AW
flap inler, Dgan/aSpef

body diameter

span-cfficiency of total vortex system (wing plus vortex sheet)
circulation parameter T/bV

EMF sizing function

flux of momentum injected per unit of span
total flux of injected mowentum

wake factor, & = Ka;

total wing 1ift force

number of control points across wing semispan
mass flux for 2-D jet |

dynasmic pressure

function denoting inverse relationship butween o, and current
iteration error, a, = Q(c)

radius of curvature for 2-D jet sheet
wing reference area

velocities in x,y,z directions, respestively



ref
aj
Ge

os

integration variables

jet velocity, fully expanded flow
velocities inn, £ directions, respectively
freestream velocity

vehicle coordinates, positive downstream, to pilot's right,
and vertically, respectively

complex variable y + iz

angle of attack, usually implies local section geometric angle
of attack

reference angle of attack, angle between freestiream and
reference longitudinal axis

induced angle of attack at lifting line
effective section angle of attack, a, = a = oj
flap effectiveness narameter %%& .%E& (unpowered section)
o
(1) sideslip angle, position for crosswind from pilots right
hand side

(2) inclinaticn of trailing vortex system to freestream,
positive downward

local intensity of transverse vorticity on airfoll and jet sheet

(1) 1lifting line bound voitex strength, for airfoll and EMF
T = centerline value, T' = spanwise average

(2)  wing dihedral angle, positive for tips above wing
centerline

main flap deflection
nose flap deflection, positive for leading edge down

jet injection angle, measured positive downward from main flap
reference line '

Ix




SUBSCRIPTS

v, N

aileron deflection

IBF auxiliary contro! flap deflection

(1) error in G, €= calculated o, minus guessed o,
(2) downwash angle

(1) normalized span station, 2y/b

(2) turning/spreading efficiency for jet, fraction of injected
thrust projected into pitch plane

injection anyle of jet relative to stream direction
wing taper ratio

body coordinates in r plane

wing sweep angle, usually at quarter-chord

span station, n = cos¢

airfoil coordinate, see text and figures for subscripted and
superscripted meanings

+:Jewash angle

control point indices

indicates conditions far downstream
indicates streamwise plane

indicates normal or simple sweep plane
indicates pltch plane

indicates perpendicular to simple sweep plane




ABBREVIATIONS

AW

BLC
EBF
EMF
HL

IBF
RMS

uss

Augmentator Wing

Boundary Layer Control
Externally Blown Flap
Equivalent Mechanical Flap
Hinge Line

internally Blown Flap
Root Mean Square

Upper Surface Blowing
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SECTION |

INTRODUCTION

1. OVERVIEW

The analysis of powered lifting systems of the jet flap type requires an
accounting of the mutual aerodynamic interference between the airframe (hard
b.undary) and the jet efflux (s0ft boundary). This differs from the classical
inrerference problem in that boundary conditions of tangential flow must
additionally be satisfied over a surface whose unknown geometry is self-
ydaptive in terms of both jet properties and hard surface loading conditions,
where such loading is partially defined by the jet interference.

The development of a very generaiized analysis technique is hardly
feasible. However, the Externally Blown Flap (EBF), Upper Surface Blowing
(LUSB), internally Blown Flap (IBF), and the Augmentor Wing (AW) constitute a
famtly of powered lifting systems which are reducible to a common overall
aerodynamic concept, but which differ primarily in their meclanical implemen=-
tation and secondarily In aerodynamic detail. This family is best thought of
as.analogous jet flapped wings differing primarily in the spanwise distribu~
tion of the ¢ffl: . momenta at the trailing edge.

This report presents a relatively simple technique based on careful
- application of lineari_ed theory. The method applies to the analogous systems
mentloned ab~ve. The comparison of theoretica'! results with experimental data
shows that the method !s sut“iciently accurate vto be very useful in practice.

2, JET FLAP BACKGROUMD

The basic concept of our treatment Is the same as that of a number of
other theoratical approaches. (Some of rheir feawures wiil be described sub-
sequently.) The Jet is considered a3 a thin sheet of fluld emerging from the
trailing edge of the wing. The flows, hoth internal and external te this jet
sheet, are ccnsidered as Invisclid so the . no mixing or diffucion takes place.
Due to the pressure diffarcnces exerted by the outer flow on the jet sheet it
is bant back. So far this shape is unknowr. According to this model the
effect of the jer shuer on the externai fleid i3 solely given by its geometry;
one covld think of it as rigid. The prassure distritution, which determines
its shape, is determined by the condl.ions of dynamic equlllorium with the

. outer flald, Because of ths pressure .''fferance whirh exlists between the two
sides of the sheet, ir tan be rapresented by a vortex layer, All tratlirg
vortices, those frum the wing as weil ~s those from the vortex distribut:un
In tha sheet, ile on this sheet,

One should ramember that the forces exerted on this sheet from the
outside are exact!y sslanced by the momentum change of the jet within. The
forces exerted by the sheet on the outar fluw do not act directly on the wing.
A direct effect on the wing is giver by the reaction of the jeu as it exits
feom the wing, usually at its trailing edge. It i3 dete.mined by the momentun




coefficient of the jet and its direction. The pressure forces (in other words
the vortex distribution over the jet sheet) exerted by the jet sheet on the
outer flow cause a change of the pressure distribution over the wing. The
assessment of this effect is the crucial step in the treatment of jet flaps.
it Is obvious that the vortex distribution in the sheet at statlions close to
the wing is of primary importance. In practical computations, one frequently
prefers to determine the combined 1ift of the wing and of a suitabie part of
the jet rather than the 1ift on the wing alone. In this case the redirected
jet momentum as it emerges from the "truncated'' sheet is taken into account.
This merely amounts to a different kind of bookkeeping, which is made possible
by the fact that the outer forces on the sheet are balanced by the momentum
changes of the jet. Sometimes it may be desirable to go back to primary
quantities, namely, the 1ift on the wing by itself and the momentum of the jet
as it 2xits from the wing.

If one uses this model, then, for an infinite swept wing, the jet sheet
will have the shape of a (general) cylinder generated by straight lines
parallel to the line along which the jet emerges. Of course, for a wing of
finite dimension this configuration will appear only locally, But this is the
region in which the vortex distributior on the jet sheet is of most importance.
Therefore, one can hope that by this idea the effect of the sheet vorticity on
the wing is rather well approximated.

The classical mathematical treatment ?f the two dimensioral jet flap
problem is best typified by that of Spence '), which was corroborated by
Malvard's rheoelectric anaioay 2), The physical model consists of a wing with a
simple-hinged mechanical flap from which a thin jet of fluid issues parallel

to the flap at the trailing edge. Flows both external to and internal to the
jet are inviscid, so that no mixing or diffusion takes place. The jet bends
rearward cue to a pressure differential across it which results from its
interference with the external field. The loading over the jet is replaced by
a distribution of vorticity. The jet then becomes a vortex layer over which
the normal boundary conditions :pply when the jet and external field are in
dynamic equilibrium,

The condition for dynamic equilibrium is that pressure forces across the
jet are batanced by centrifugal forces on each element of efflux, which
relates Jocal vorticity distribution to jet radius of curvature and thus to
2", where z Is the distance from the jet to the wing reference plane {small
slopes assumed). This condition, together with the normal thin airfoll formu-
lation, leads to a pair of integro-differential equations having as unknowns
(a) the vertex distridution of the alrfoil and (b) the et parameter 2 (and
hence the jet vortex distribution). The calculated jet boundary is required
to conform to the injection angle at the trailing edge, and to be aligned with
the freestream Infinity, and the usuul boundary conditions of tangential flcw
apply over the airfoil and sheet.

Spence solved the problem for the specific case of a flat plate airfoil
and simple hinged flap, with the jet injected parallel to tha flap., These
rasults have always been of great interest since they serve as a comparative
baseline for assessing the utility of more approximate methods. Spence's
results are fairly accurate for many cases, and in fact qive good results well
outside the nyrmal bounds of linearized theory. At the same time, tiey are




difficult to extend to include real wing characteristics such as a camber,
large leading edge devices, multi-hinged flap segments, and momentum
injection which is nonplanar with the flap.

The extension of such concepts to three dimensional wings immediately
leads to far greater compiications. As in the two dimensional case the jet
sheet vortex loading, with its interaction with the wing, is the critical
driving function, so that the impact of three dimensionality on its shape
requires careful assessment. The let sheet loading, being three dimensional,
also sheds its spanwise gradient of lateral vorticity, so that the accumulated
trailing vorticity increaces to its asymptotic value at downstream infinity.

This problem has been attacked in numerous ways. Maske!l and Spence(3)
developed first order trends by collapsing the chordwise dimension of both
wing and jet sheet to an elliptically loaded lifting line, and by assuming a
flat wake with the usual doubling of downwash from the loaded line tyg the far
field. in epplying Spence's previously developed section properties ') an
additional factor must be taken into account, namely, that at the lifting line
the downwash is aj, but that the jet sheet far downstream is subjected to a
downwash angle 8, = 2a;. The total jet turning angle is therefore (e - aj) -
(Bm'-ai), where 8; is the injection angle measured from the freestream direc-
tion. The jet sheet loading, and therefore section properties, are adjusted to
reflect a curve freastream. The section prooerties, in local flow coordinates,
are therefcre in part determined hy three dimensional downwash. The basic
elliptic loading results by Maskell and Spence can give gond 1ift results for
nonelliptic cases, provided that appropriate part span factors are used, but
they are not suitable for calculating span load distribution and induced drag.

Other researchers have p,oduced wcrkable techniques while addressing
fairly ganeralized planforms and distributions of flap chord, flap deflection,
local momentum coeff}ﬁients and Injecti angle. o?g of the more notable
works are due gg Das‘\®/, Lopez and Shen . Lissaman!®), Hackett and Lyman( )
and Davenport The approach reported in .his document is in many ways a
lifting line counterpart of the Hackett-Lyman approach, but with some modifi-
cations in the assumptions. Davenport's method, which became available to
these authors fairly late in the study, is of considerable interest since it
is also a lifting line technique, but which difters somewhat in approach,
assumpticns, and method of solution.

It is pointed out that the sheet vortex loading is highest in the
vicinity of the wing, followed by a rapid decay. Cenerally, at some nominally
“short' distance downstrea., the substantially one-to-one conversion of jet
momentum 11ft to sheet vortex lift is essentially complete, particularly
insofar as its 1ift interference with the wing is concerned. Accordingly, the
system may be suitably truncated for calculation of interference between the
jet sheet and wing. Moreover, for most cases of present interest the sheet
rol i-up otcurring between the wing and truncation point is ignored, although
this can be significant when spanw!se gradients are sufficiently large.
Additionally, questions arise concerning the nonplanar character of the wake,
since it is outside the wing reference plane and it may have considerable warp
due to spanwise varlations in both injection angle and downwashk field. Even
so, the analysis has shown that a completely planar, linearized approach is
capable of giving good results although several factors neglected in the
linearization are known to be individually significant.




3.  APPROACH

The approach taken here is based on a completely planar system using
linearized theory and linearized boundary conditions. Moreover, it is based
on the assumption thai, as far as its influencze on the total lift of the wing
is concerned, the jet sheet can be approximated by a flat plate which
possesses, at the spanwise station considered, the inclination of the injected
jet momentum and a (unknown) length in the streamwise direction which is
determined by properties of the jet sheet. Details will be discussed later.
The solution involves iteration of the spanwise-varying length of a flat sheet
whose Inclination is that of the injected momenta, in contrast to the
classical problem of shape calculation.

The primary objective of this program was the calculation of rolling
moments and sidewash in sideslip. However, such calculations necessarily
require accuracy in span loadings and a clear distinction between vortex
forces and ‘'residual’t efflux momentum forces, thereby providing the informa-
tion essential to an accurate assessment of C| - a and C - Cx relationships.




SECTION |1
THEORY

The analysis procedure given in this report consists of a swept lifting
line approach to the analysis of jet flap type systems in sideslip. The
method makes use of the Equivalent Mechanical Flap Concept (EMF) for calcula-
tion of powered section properties. First order fuselage interference is
taken into account. There are certain elements and special considerations
which require explanation. The following text is confined primarily to these
areas and to the manner in which they fit into the total picture.

This section considers the two dimensional EMF in both uniform and curved
streams, the particular boundary conditions ..ed, fuselage interference, the
nonlinear system of equations and method of ii.ration, the circulation and
residual jet 1ifts, the assessment of axial force {partly as a point of vali-
dation for span load distributions), and sidewash and downwash. These areas

“are summarized in Figure 1.

1. THE TWO DIMENSIONAL EQUIVALENT MECHANICAL FLAP IN A UNIFORM FREESTREAM
a. Physical Considerations.
A typical 2-D0 jet flap arrangement Is [llustrated in Figure 2. The
condition for dynamic equilibrium of the sheet is that the pressure differen-

tial across the jet locally balances the centrifugal force of the jet effiux.
For small perturbations this leads directly to

Y -m:wz“
J PV oV

so that the jet sheet 1ift exerted over the region between the trailing edge
and soma arbitrary location downstream, say x = x', Is

x! x!
i2j = / oVyjdx = mjvjz' 2 - j(ej - B(x‘))- - jeJ (1 - g—%l)
. X = XTE X'XTE

where 0 is the total injection angle relative to ‘he freestream direction.
Thus, the accumulated vortex 1ift equals the differance in the tift component
of the jet between the two stationa. Typically the curvature 2'' is large near
the trailing cdge, followed by a rapid downstream decay, so that E/8 typically
becomes very small a short distance downstream. This (s especially true for
nominal momentum coefficients. The distance in chords required for 3/4 to




degenerate to a specified level increases with increasing momentum,

Cu. It also increases with increasing levels of the power-off 1ift of the
mechanical system, since a pre-existing local flow inclination of the trailing
edge reduces the effective jet disturbance for a specified injection angle.
Thus the sheet geometry is sensitive to C,, angle of attack, flap chord, flap
deflection, airfoil camber, and injection angle.

in 1958 Jacobs and Paterson(9) proposed that the two dimensional analysis
be simplified by replacing the sheet by a finite-length curved hard surface
flap characterized by semi-empirical logarithmic-type shape functions, and
establishing by iteration a chordwise extent of flap sufficient to carry the
total vortex lift on the sheet. The results of their study compared very weli
with experimental data.

Parallel studies considered a simpler case in which the sheet was
replaced b a straight mechanical flap which was deflected parallel to the jet
injection angle. The procedure is basically simple, since it is only required
to establish with thin airfoil theory an extended length Ac which carries a
1ift c, 512 6 in the presence of the actual airfoil. The calculated lift
results viere also quite good. This is the approach used in this report.

b. Derivation.

For completeness, the discussion which follows reiterates the
origina’ derivation of Jacobs ?n? Patarson'9) and the closed form solution
given ito-e recently by Hackett 1),

Iz is presumed that a flat mechanical flap extension, henceforth referred
to as the Equivalent Mechanical Flap (EMF), can be used to represent the lift
aspects of the jet sheet. The direct jet 1ift and accordingly the sheet
vortex lift, is ¢, sin 8, and an EMF length will be established so that
Cu Sin = ACQEHF»

in order to do this, raference is made S0 Munk's integra! theorems for
thin airfoils (see Ref. 10, Section E,11, Equations 9.14, 9.20). These are

written
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where the notation is adapted to that shown in Figure 3. These equations
combine to glve

27
') = .4z 'y d
v(y') eing) [(dx) (cot 5 siny + I{ +:cosw) )
0 .

Consider the special case shown in Figure 3 ‘/here dz/dx is constant cover
an element of airfoil defined by 0 < ¢ < §. The y distribution due to that
element is, based on the preceding expression,

1 h! - o

) - (cot T=—L ginyp + 1 + cosy) dy - (1)
dzy  2siny? 2 .
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The identity
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allows Eg (1) to be written
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which is directiy integrable to

o *y!

- , sin “'—f?—

2V (-‘("3‘ sin ébmi-
dx 2

Now consider the region 0 ¢ ¢ ¢ ¢;., which will subsecquently become the equi-
valent machanical flap. The lift induced on this region is
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which, with Eq (2), gives
w -
2(’%3' y o sin-u; -
AC, = Tran 7+ Yn|==—"Tlisiny' dy' {(3)
sin ‘;
0
By rearranging Eq (3) one writes
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Ly incorporating the identities
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The integral 1, becomes
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The final exprussion for Acy, from Egs (4), (5) and (6), is
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which is tha total tift in the _range 0 ¢ ¥ <9y, due to a constant deflzction
~dz/dx over the range 0 ¢ ¢ < §. The correspoﬂdmg totail airfoll lift is

obtained from £q (7) wlth %, » = (10ad integrated over the entire chord).
That is, with ~dz/dx :
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cp = 2(p + sing)é
For a section 1ift curve slope 3cy/3a = 27, this reduces to the familiar oy
relationship

where

o () = 20 (9)

The preceding result may be generalized to a Acy consisting of the total
contritutions of N airfoil components (see Hackett and Lyman (7)). However,
the present case is restricted to a plane airfoil with nose flap, a single
main flap, and the EMF as show: in Figure 4.

The elements are as follows:

Flap Size
Element Parameter, J Jeflection (-dz/dx)
0 <ys = n a'én
0sve v, Vn s
0 <vs v, ¥ S
0 svs ¥ vy éj

The elements -« superimposed to give the alrfoil geometry shown. The
following geometric relations apply

%r»- % (V + cou 9y) (10)
Vo c¢ vy
€os o2 = 4/ 1 « el COS wm
3 c 2 ()
[c v
cos %-'-’- - -é-'-'- cos -,‘,-1 ‘ (12)
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The length of the equivalent flap (or equivalent ¢;) is now determined by the
requirement that the vortex 1ift exerted on it equals the total vortex lift of
the jet sheet. The total vortex 1ift on the EMF is obtained by applying

Eq {(7) to all wing elements listed above and adding the results. The total
vortex lift of the jet sheet (referred to chord length ¢') is given by the
change of the vertical momentum in the jet sheet, that is, by

cy Sin{a + 8¢ + 83) %r

where ¢, is referred to the geometric chord c. One thus obtains the final
equivalence relation '

g
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In @ similar manner the total airfoll lift is obtained by superimposing
the contributions of the four elements (sec Eqs (8), (9)). The resulting tife
coefficient based un physical chord ¢, is then

Cp, @ m‘ [(u = 84) ¢ ay (Vn) 8 + 0, lvg) S¢ ¢ ag(4y) ﬁj] (15)
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Since the jet is ultimately turned back to the direction of the free-
stream, and the aerodynamic drag of the combined wing and jet sheet is zero,
the axial force is given by

Cx= CU (]6)

as stated by the classical thrust recovery arguments.

Calculation of ¥; in (14) to match the value of H specified in Eq (13)
required use of the relations (11) and (12). The quantity H is single valued
in Uy over the range 0 <y < n(dH/dy; > 0), so that the initial guess y; =n/2
establishes, by comparing left and right sides, which quadrant y; falls within.
The second guess is the mid-range of the appropriate quadrant (y; = /4 or
¥ =3n/l), so that the second sector containing y; is reduced in size to =/20
in n steps.

The iterated value of y;, with the corresponding w and Y, are used in
(158) for calculation of the lift.

It is reiterated that y;, while sensitive to the direct jet 1ift ¢y sin
(0 + 6§ + 63), is also sensitive to the size and deflection of each airfoil
element. Aus is of course reflected as a sensitivity of jet induced super-
circulation 1ift to the geometry cf the mechanical system.

2.  EFFECT OF LONGITUDINAL VARIATION IN THE INP.CED ANGLE

A longitudinal variation of the downwash angle, relative to its value aj
at the wing, will change the total sheet vortex load and its longitudinal
distribution., This will be taken into account only to the extent that it
changes the loading induced by the jet on the physical wing. Only the forward
portion of the jet sheet need be taken into account for determination of the
lift. The portion of the sheet taken inio account is subjected to the induced
angle aj at its upstream edge and to the induced angle B at its downstream
edge (see Figure ‘5). The change of jet momentum in the direction normal to
the local flow at the wing is

cy [sin(a - af + 85 + aj) - sin (B - a;)]

which is th: revised vertex lift to be carried by the EMF,

The appropriaie 1ift equations are

% cy [sin(u = aj + 8¢ + 85) = sin(B - aj)] = H (¢ = aj, ¥)) (17)

where H(a = aj, ¥1) is obtained from Eq (15) with o replaced by o - aj.
Correspondingly, section circulation 1ift Is obtained from Eq (15).
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coy = 27 mT [(OL - o - 5n) + aa(‘l’n)‘sn + Ol(s(lPo)CSf + ad(wl)aJ] (18)

c cg., coso; + ¢, sin B
2 Y { u (19)

144

coy + ¢y sin B

It is emphasized that B - aj is the variation in downwash angle across
that portion of the jet sheet which is presumed to determine the super=-
circulation or jet interference 1ift on the wing.

It is pointed out that B = a; at the wing. |If the entire sheet is taken
into account, then 8 = B_, where, for an elliptically loaded system, 8 = 20
(flat wake) and B = (4/7%)a; (rolled wake). Thus, B - aj is at most of order
aj (flat wake) or =(1 - 4/n2) a; (rolled wake).

Since the variation 8 - a is proportional to aj it is significant only
when a; itself is large. This condition is best typified by large C, and
concentrated part span blowing (high 1ift, low effective aspect ratio). For
such extreme cases consistently good 1ift results have been obtained simply
by assuming that 8 = o and neglecting the downwash variation entirely. In
the computer programs included in this report B is set equal! to aj.

3. THE LIFTING LINE METHCD FOR SPAN LOAD CALCULATION
a. The Boundary Condition

The method reported here uses the strip approach and simple sweep
theory. Most methods based on this approach impose the boundary condition of
tangential flow at the three-quarter chord location. A strict interpretation
required the section [ift curve slopes to be 2m; otherwise, & chordwise
adjustment In control point location is required. {In the present case the
1ift curve slope of the airfoll plus EMF Is taken to be 2n, based on the
effective chord c'. However, the effective chord length c' is itself
initially unknown in the 3-D field since It is dependent on the inducecd angle,
af. Thus, enforcement of boundary conditions at the 3/4 chord point requires
that the physical locations of all contro! points be simultaneously lterated
along with aj. This would further require that influence coefficients be
recalculated In each iteration step. (See Figure 6a.)

in order to minimize both computer time and potential convergence
problems the following approach is used. it is assumed that section proper-
ties are merely the response to an effective anjle of attack ag = a - ay,
where aj is evaluated at the lifting line itself, normally taken as the 1/4
chord line. The boundary condition to be met at specified control points is
then a, = a = aj. The vortex or circulation 1ift due to the combined
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mechanical alrfoil and EMF (CQY for the equivalent airfoil) is represented as
a bound vortex on the quarter chord. The gradient of the distribution of
bound vorticity establishes the strength of the trailing vortices in the usual
manner., The induced angle consists of that induced by the trailing vortices,
and, when the wing is swept, by the contribution of the bound vortex repre-
senting the opposite wing panel. (See Figure 6b.) This is in contrast to the
3/4 chord boundary condition which requires the downwash contribution from all
vortex elements.

The computational procedure developed in this study is based on a straight
lifting line from wing root to tip, onto which all section properties are
lumped. In practice the location of a constant percent chord line is shifted
due to either mechanical flap extension or the EMF extension. This shift
depends upon the spanwise location. For a congtant longitudinal shift of the
lifting line, all equations remain the same since all properties are lumped
onto the line itself. n this sense the procedure has a limited self-adaptive
capability. The user may elect to use any constant sweep line which is
believed to most effectively represent the wing and EMF by a straight bound
vortex. Good results have been obtained by using the quarter chord of the
basic wing planform, which indicates that this selection is not critical. o

b. Influence Coefficients of Lifting System

The loaded line and its associated trailing vortex system is
identical to the Weissinger approach given in Ref. 11 with the exception that
influence coefficients for downwash are calculated at the lifting line itself
rather than at the 3/4 chord location. '

The calculation of downwash influence coefficients is a straightforward
modification of those in Ref. (11), and only summary comments foliow. The
method considers a distribution of bound vortex strength, [ which ls continu-
ous along the lifting line and which vanishes at each wing tip. The T
distribution is allowed to be unsymmetrical. The downwash integrals include
both T (bound vortex) and dI'/dy (trailling sheet) in the integrand. Integration
by parts allows the complete downwash integral to be written as a function of
geometry and dT/dy only, By writing I' in terms of ¢ (y = b/2 cos ¢) and using
Hulthopp's quadrature formula, the final influence ccefficients ay, are
obtained, giving

m

aj, = Z %n Gpy vel,2-m (20)

n={

where aj, is the angle induced in the streamwise plane at span station ¢, and
Gn = I'(¢,)/bV represents the bound vortex strength at :pan station éq.
Stations ¢, and ¢, are standard for each specified m number of control points,
that is, ¢, = vu/(m+1),
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For a given geometry the influence coefficients ay, can be computed once
and for all. They do not depend upon the sizing of the EMF, which changes in
each iteration step. The iteration is described later.

¢. Fuselage Interference on the Wing

The first order effect of the fuselage on the wing is generation of
a local flow inclination due to both pitch and sideslip, which is treated here
by superimposing onto the wing an eguivalent change in local geometric angle
of attack. The method used is extremely simple, in that the wing is assumed
to be submerged in the field generated by the isolated body. Additionally,
the body is represented by a cylinder which extends to infinity In both
directions, and whose constant cross section is chosen as that of the body in
the vicinity of the inboard wing, where the effects are significant. For
simplicity, the body cross section is approximated by an ellipse, of arbitrary
axis ratio, whose center is arbitrarily located in the vertical direction. The
calculation of the fuselage cross flow is nonlifting about the fuselage itself,
so that its impact is confined to wing interference. Therefore, in the calcu-
lation program the interference angle of attack on the wing is treated as an
equivalent geometric wash-in or wash-out which is constant during the span
load iteration. In all subsequent discussion the geometric angle of attack of
each airfoil section is understood to consist of

Aa dar
a = o + a + a =2 + =~ g + (21)
Geom Body Incidence Twist %Body Body g ;;‘ 8

where the last term is the result of geometric dihedral in sideslip. The
calculation of sa/ugogy and Aa/8 is given in Appendix A.
d. The Nonlinear System and Method of lteration
(1} Simple Sweep Considerations, {n keeping with simple sweep
theory the boundary condition (ag=a=nj) is imposed in the simple swecp plane.
However, the equation is unchanged in streamwise coordinates since the trans-

formation Is the same for all a's. The system of equations In streamwise
coordinates is therefore

m

(Iev "a, - E avn Gn vel, 2, *==m (22)

nwi

whera

T (23)




Equation (22) represents a system of m equations for m uinknown values of aey,
since a, and ay, are specified by the geometry and since Gp is ultimately
expressible in terms of ag.. The circulation function Gn(aen) Is expressible
in terms of the section circulation 1ift coefficient given by Eq (18), with
o - aj replaced by ae (note that sweep must be taken into account). The
quantity ¥, which occurs In Eq (18) is expressed by Eq (17) in terms of
geometric quantities, momentum coefficient, and oe. Thus, one can write

Gp = Gn(aen) (24)

where this reiation encompasses a rather lengthy algorithm involving Eqs (18)
and (17), and the simple sweep conversions given in Figures 7 and 8.

(2) Iteration. For the special case of zero momentum coefficient
the quantity y; is zero so that Eq (22) is linear in the unknowns ae,. In
the general case the system is nonlinear and iteration Is required.

Equation (22) may be written

m
aey - Gy * 22 ay, Gn(aen) =g, v=1,2 ... m (25)
n=1

ey, =0
or, in vector form
elal) = 0 (26)

where the star superscript indlcates the actual solution.

in the vicinity of the solution ag, = “eg s €, " 0, one nay make the
linear approximation

m

- €
v
& °© :Z; 33;: (sen - ﬁeg) ve 1,2 ...m (27)
ne
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or alternatively

; — aCLev
ag, = aev‘ + :i e €n ve=1,2 ...m (28)

[ n=1

Now make a guess for the m values of ae,. These are used in (25) to calculate
the error ey. The root mean square errdr is calculated for future reference.
The guessed ag and the calculated error ¢ are substituted into Eq (28). The
result is m number of equations which are linear in the m values of agk and
linear in the m? number of partial derivatives dag /den. The m equations
involve a total of m (m+ 1) unknowns. By making a total of m+1 linearly
independent guesses one has m (m+ 1) equations and m (m+1) unknowns.

The equations are solved for ae* which are then used in (25) to obtain
corresponding errors and the RMS error. The guess whose RMS error is grestest
is replaced by the "improved guess'' ae*. The approximately linear relation-
ship(23) is thus updoted and a new value of ag* Is calculated. The iteration
is terminated when the RMS value of ag* is within a prescribed tolerance.

e. Three Dimensional Residual and Total Lift

With the iterated effective angle of attack known at m points across
the span, the corresponding section circulation lift is calculated and numeri-
cally integrated to give total circulation 1ift for the wing and EMF combined.
There is, in addition, a residual momentum tift, which must be taken into
account, Within the framework of simple sweep theory (infinite yawed wing),
there are no pressure or area gradients in the spanwise direction, so0 that
loads and momentum changes are duz only to the velocities and geometry which
project onto the simple sweep plane. Although particles of fiuid move along a
nonplanar path, the pressure distribution is defined by the propagation of
that motion onto the simple sweep plane. The classical arguments are readily
extendad to include the momentum injection when the momentum vector lies in
the simple sweep plane.

In the general case the jet has a4 component of momentum normal to the
simple sweep plane, and the skew angle between the jet and the simple sweep
plane Is denoted by ¢ as shown In Figure 8. The component of momentum
Jn® J cose which lie< in the simple sweep plane, is turned back parallel to
the projection of the Incident stream onto the sinple sweep plane. The compo-
nent which is Injected perpendicular to the simple sweep plane, jy = ] sineg,
is unaffected and it must be transported intact during the turning process.
Thus, the simple sweep theory still applies to this case without modiflcation.
Therefore, the projections of all relevant quantities, including the injected
momentun vector, onto the simple sweep plane have been used as the basis for
calculation of section circulation properties.
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Consider now the corresponding residual lift. This 1ift term consists of
the projection of two vectors onto the airplane 1ift axis. The two vectors
are (a) the component which is injected normal to the simple sweep plane and
transported intact during the turning in the simple sweep plane and (b) the
airplane component which has been turned parallel to the incident stream In
the simple sweep plane. The geometry is shown in Figure 9  The components
perpendicular to, and contained by the simple sweep plane are denoted by jz
and j,, respectively. The residual lift is then

2 = [j, cos(n = 8) + ] sin(A ¢t g8)] sin g (29)

residual

where the upper and lower signs correspond to the left and right hand panel:,
respectively. In terms of the injection skew angle, ¢, one has

jn = ] cose
ja = J sine
from which the residual 1ift, Eq (29), becomes
Lresidual = J cos (A2 B8 - ) sinaj (30)

This expression is integrated across the span to give the total residual lift.

It is noted that the residual 1ift in Eq (30) is not defined exclusively
by conditions In the simple sweep plane. At ¢¢ + §j = O the preceding term
corresponds exactly to the momentum componunt which is injected onto the plane
containing the freestream velocity vector and the airplane 1ift axis (pitch
plane when 8 = Q). In general, for &5 + 6] # 0, the component injected within
the aforementioned plane is

Jp ™ Jleos?(A £ 8 -e) + sin?(8¢ + &) (cos?c sin®(A18)) .

i}

=2 [(1 - cos(s¢ + 6j)) sinc cose sin(Aty) cos(Azxa))?

If 6¢ + 6J is not too large, this may be approximated by

. n 8¢ + 4] cose sin(A2g) tan(Asd-¢)
jp = Jeosld + 8 - “’[‘ * 3 Cos(h £ B-¢) (31

In the ranges of A ¢ £ and 8¢ + 6{ for which linearized theory is expected to
apply, this expression is not seriocusly different from the term | cos(r 2 ~¢)
used -in the calculation of the residual 1ife,
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f. Rolliag Mcments in Sideslip

Rolline moments in sideslip are obtained by integrating the moment
of the total 1ift distribution, regardless of how direct jet thrust lift is
split between residual and vortex lift. This Is given by

1

1
c = - c c/c ) ndn
Y(Ro11) & ( feotal  ave-

-1

The present computer program is restricted to symmetrical geometry and
momentum injection at arbitrary sideslip. The extension to cover the more
general case of engine-failed rolling moments and aileron/flap lateral trim
and control is straightforward since only a c; and aileron/flap input
generalization is required.

g. Axial Force

This portion of the study was originally conducted as a check on the
total span load distribution, its split between residual and vortex lift, and
the entire concept. The program modifications to do this are negligible. The
Cx calculations to date give additional confirmation of both concept and com=
putational accuracy and are of course extremely useful in themselves.

The following considerations are pertinent. Fivst, 1ift is of first
order in angle of attack, whereas axial force is of second order. Second,
jift is obtained as the sum of circulation 1ift and jet efflux momentum 1ift,
whereas axial force is obtained as a difference between jet efflux momentum
(thrust) and a clirculation (induced) drag.

Inasmuch as a redirection of the jet produces changes in the total level
of circulation, it follows that axial force involves diffsrences In terms
which can individually involve terms of second order ir angle of attack, where
such second order thrust and drag terms become increasingly interactive for
increasing levels of aaropropulsive integration.

Specifically, it has been assumed in earlier discussion that the
character of the remote wake has negliigible influence on the overall lift
characteristics. 1t is also assumed that the loca! jet is bent back parallel
to the local downwash angle and that additional jet bending further downstream
is sufficiently remote that its effects on 1ift can be ignored. Such
additional turning results in an additional conversion of thrust 1ift into
sheet circulation 1ift. This conversion is on a one-to-one basis since it is
assumed to produce no significant effect on the wing. The corresponding
changes in residual thrust and in circulation or vortex drag do not compensate
because of their second order nature.

The axial force coefficient is calculated from Trefftz plane cunsidera-
tions, for which a more precise breakdown of total circulation and thrust
forces Is required. The bookkeeping difference Is illustrated in Figures 10(a)
and 10(b). The wing circulation 1ift, labeled "A," is identical in both the
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near and remote fields. The total jet efflux 1ift, consisting of a circula~
tion 1ift "B" and a residual 1ift ""C", is also identical. The particular .
breakdown of "'B" and ''C" corresponding to the near field calculation (Figure
10(a) Is not proper for axial force calculation. The more correct far field
breakdown is shown in Figure 10(b).

The method outlined in Appendix B takes into account this finer break-
down while making use of shape factors based on the spanwise distribution of
circulation forces obtained from the near field lift calculation already
described.

h. Sidewash and Downwash

In sideslip the planview of the trailing vortex system is skewed
from the airplane center.ine by the sideslip angle B8 (approximately). This
lateral displacement is of course taken into account in sidewash and downwash
calculation. However, the effects of the wake skew on the influence
coefficients ay, is small and therefore neglected in the 1ift calculation. The
1ift calculation establishes the vortex strengths from which sidewash and
downwash are calculated according to the Biot-Savart law.

4.  SUMMARY OF METHOD

The preceding discussion has dealt with the individual program elements,
special considerations, and how they are used in the overall analysis.

in order to give a clearer overall view, the program with its more
essential features is summarized in the functional flow diagram shown in
Figure 11. The Input-output details, with an example problem and print-outs,
are given in Appendix D. Computational details are not shown, but can be
obtained If required from the computer program listing given in Appendix E.
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SECTION (1§
CCMPARISON OF THEORY AND EXPERIMENT

The comparisons shown in this section illustrate the capabilities of the
method. They are typical, are in no way selective, and are generally quite
good where the theory is expected to apply. Poor 1ift comparison is generally
confined to normal upper surface stall, to lower surface separation on leading
edge devices at negative angles of attack, and to cases where C; is too small
to maintain flow attachment over the flaps. Rolling moment comparisons are
good except for cases involving large pylons and nacelles, which are not con-
sidered in this analysis

1. BASIC LIFT COMPARISONS

Most comparisons shown here were made early in the program development
when unsymmetrical cases and axial forces were not yet treated, and are shown
mainiy to illustrate the overall accuracy of the method.

Figure 12 shows a basic 1ift comparison for a rectangular, AR = 2.75 wing
without a mechanical flap. The data are from Reference 12 (Willlams &
Alexander). It is noted that Das tested a substantially identical mode!
(Reference 13) for which the comparison is much better, as shown in Figure 13.

The 1ift curve slope at a = 0 is shown as a function of C, in Figure 14
for an AR = § rectangular wtng(‘“). The three sets of data shown correspond
to different freestream velocities, for which the differences are minor. The
theoretical curve does not consider this since it Is a function of C, only.
The lift at a = 0 is shown in Figure 15, as & function of C,, for both in-
board and outboard half span blowing. The thaory correctly shows the
increased effectiveness of Inboard blowing.

Figure 16 shows a comparison for a more realistic IBF system tested by
Boeing(15). The blown flap extends outboard to n = 0.75 and has a 40 degree
deflection. An additional Jet deflection angle of about 10° occurs because of
the upper surface trailing edge angle, The comparison is extremaly good.

Figure 17 illustrates the major features of a large scale |BF model
tested in the NASA-Ames 40 x B0 foot wind tunne! as a Joint AFFOL/NASA-Ames/
Lockheed program(16). The major features are segmented ailercn-flap blowing,
the Jacobs-Hurkamp expanding duct arrangement, and the trailing edge control
flap. The control flap has the capability of moduloting the jet injection
angle at a fixed flap setting. Some lift comparisons ace shown in Figures 18
thruugh 23 as various flap deflections and blowing arrangements. Lift perform~
ance with full span 30° flaps and full <pan blowing (constant suction €, is
shown in Figure 18. The effect of increa.ing inboard flaps to 60 degrees is
seen by comparing with Figure 19, The 60/30 flap arrangement of Figure 19 is
shown in Figura 20, for which Jet flap biowing is restricied to the 60 degree
inboard flap with BLC teveld only on the aileron. For these cases the
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comparison is generally good. Figures 21 and 22 show C__ and CL at « = 0 as
functions of €y, for full span blowing with inboard/outboard deflections of
60/30 degrees and 60/60 degrees, respectively. It is clearly seen that
excellent comparison is reached at high blowing levels typical of the design
condition. |t is noted that the blowing split between flap knee and
trailing edge is 13 vs. 87 percent of the total flap C,.

Figure 23 compares theory and experiment for inboard/outboard flaps at
60/30 degrees, with inboard jet flap blowing, and with the control jet de-
flected 40 degrees. The jet is thus injected at 100 degrees relative to the
wing plane, so that the optimistic theoretical resuit is to be expected.

2. LIFT AND AXIAL FURCE FOR ANALOGOUS JET FLAP SYSTEMS

This section compares calculated lift and axial force with experiment for
four large scale models tested in the NASA-Ames 40 x 80 foot tumnel. The
systems are the Internally Blown Flap discussed previously, the Augmentor Wing,
Externally Biown Flap and Upper Surface Blowing (References 16, 17, 18, 19},
The basic clean planforms and overall arrangements are similar for the four
cises. System detalls are not shown; schemdatics are illustrated in Figures 17, 24
25 and 26. The EBF and USB calculations are based on estimated jet spreading.
Augmentor wing calculations use ¢Cy,, rather than Cy, where ¢ is the augmenta-
tion ratio under static conditions and C,, Is based or primary (ejector?
thrust. The calculated augmentor wing Cy values shown have not been corrected
for flap augmentor ram drag.

The compared results are sumnarlized In Figures 27 through 30 for each of
the four high lift concepts at typical takeoff and landing configurations. it
is ciearly seen that the present method accurately predicts the first order
perfo-mance differences among these concepts. These calculations shown in
Figures 27 through 30 are the first obtained by this method by persons other
than the authors. They were obtalned by Meisrs. Y. T. Chin and Lee Brandt, of
the Locki.ced-Georgia Company, without prior experience in either program usage
or "optimiiud' geometric Interpretation of certain input parameters (e.g.
opt imum rep-esentation of USB Coanda flans by a single flap element).

A typical s;an lopding Is shown in Figure 31 although no experimental
data are available for comparison. This sorresponds to the USB configuration
cited in the precedina section at €, » 1.2, a = 5%, and with flaps in landing
position (see Figure 3:). The wing circulation tift, EMF circulation 1ify
and residual nomentum Life are inglcated in the figure. The load gradients
between successive Flup paaels are apparent. It 14 especially interesting
that the fraction of direct i:ft converted to tMF vortex 1ift is about 25
percent. This is the direct result of the severe Ibad gradients at the edges
of the blown section, which in this case cause local downwash angles of 30 to
35 degrees. The effective injectior angle (retative to the local flow) is
thus reduced by aboutl haif.
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3. ROLLING MOMENT DUE TO S!DESLIP

The majority of comparisons shown here are for the large scale !BF mode!
shown earlier in Figure 26120), These tests were made tail-on. Calcu-
lated wing-body results have therefore been corrected for rolling moments due
to the rather large vertical tai!. Sidewash calculations were unavailable
vhen the comparisons wer» made, so that the vertical tall correction was based
on standard DATCOM techniques(21). This in ro way invalidates the comparisons
since the expected differences in vertical tail rolling moment are small com-
pared to the configuration tctal. Table 1 summarizes the range of variables
covered in the sideslip runs. The variables covered are angle of attack,
momentum coefficient, main flap deflection, and control flap deflection. All
runs were at 30 degrees aileron deflection, with jet flap levels of blowing
over the main flap and BLC blowing on the aileron.

Rolling moments fc.- uniform 30 degree flap/aileron deflection are shown
in Figures 32(a) through (c), for ¢« = 4 and 12 degrees and for C; = 0.51, 1,01
and 1.52. The sensitivity of wing~body rolling moment to angle of attack is
compensated by the shift in vertical tail contributton. It is surprising that
the calculations are rather insensitive to variaticas in Cy; nevertheless, this
fact is supported by experimental data.

The effect of increasing the main flap deflection to 60 degrees is seen by
comparing Figures 32(b) and 32(d). At both a = 4 and 12 degrees this effect
increases the rolling moment by about 35 percent.

Figures 32(e) through (g) cover the same a and €, range as Figures 32(a)
through (c¢). The main flap/aileron/control jet defle;ttons are 60/30/20/degrees,
resnectively. A gencral increase in rolling moment is apparent relative to the
corresponding 30/30/0 degrees arrangement.

Figure 32(h) shows results at €, = 1.05 only for the 60/30/40 arrangement.
Comparisons of Figures 32(d), (f) and (h) show a sizeable increase in rolling
moment due to Increasing control flap deflection.

Rolling moment is shown in Figure 33 for the large scale USE model noted
earlier(19). The wing-body calculation corrected for vertical tail compares
less favorab!y thaa did comparable I18F results, which is most likely due to
the large over-the-wing nacelles. A coarse assessment of the nacelle contri-
bution is made as follows. The effect of fuselage size scales approximately
as {diameter)? provides that the wing and body retain the same relative
position; in this case the fuselage and nacelles are both approximateiy
snugged to the wing. Thus,

st 12 "\ C - / oﬁic
Wwe, -2 \
fus fus
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for which it has been assumed that the fuselage effect and nacelle effects are
pure couples. For Dpac/Dfys = 0.7, the nacelles are expected to cancel the
fuselage effect. The correction, ACgB = +0.001 per degree, gives considerable
improvement, as seen in Figure 33.

The last comparison is given in Figure 34 for the Boeing IBF model noted
previously (see Figure 16, Reference 15). The poor comparison is probably due
primarily to p;/lon-nacelle crossflow blockage in sidewash. The assumption that
fuselage crossflow Is effectively blocked allows removal of about ACy, = - 0.001
per degree. The cascade of flow straightening effect of the nacelles and
pylons also reduces the effective wing sideslip. Moreover, the pylon sideloads
due to sideslip shed vortices at each wing pylon juncture. The resulting four
couples give an additional positive increment in Cy. No attempt is made here
to quantify the nacelle-pylon interference, which is an area requiring further
work.
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SECTIOH IV
EFFECTS STUDIES

This section presents a limited number of effects studies. The dependent
variables are rolling moment and sidewash derivatives; independent variables
are fuselage shape, size, and vertical location relative to the wing, wing
sweep, goemetric dihedral, some planform effects, and distributicn of trailing
edge blowing and injection angle.

It is not intended to provide a wide range of working curves, but rather
to illustrate the utitity of the method and some first order trends. For this
reason the effects are generated, in general, as perturbations to a baseline
configuration, which is chosen as the large scale IBF model discussed
sartier(20), The total blowing coefficient (based on wing reference area) is
Cy = 1.01, consisting of loca! blowing levels (based on extended chord) of
1.0294 for sections out to 70% span and 0.2628 for sections from 70% span to
the wing tip. The wing has a full span leading edge device which contributes
to a 14% chord extension. The leading edge device is 12.3% of the extended
chord and is deflected 60 degrees. The main aft flap is 30.7% of the extended
chord and is deflected 30 degrees. The control flap was at 2ero deflection;
that is, the jet exited parallel to the main aft flap. All the effects shown
are for a wing~body combination only. A common point of reference Is in
general given in all the parametric effects studies. This common baseline
point is denoted by a circular symbol. Some effects studies are shown for off-
basaline cases, for which the corresponding secondary variations are ncted.

1. ROLLING MOMENT DUE YO SIDESLIP

Figure 3% presents the effect of body size and shape on the incremental
rolling moment derivative, C;. , duc to the body. The effect of body size is
shown for both a constant bode height, b, and body width, a. The effect of
bodv shape for a constant body {ro tal area, S, is also given. The prediction
by Equation 5.2.2.1=c of DATCOM\21) 15 shown as the dashed line.

The effect of body shape ana vertical wing location for bodies witk
frontal areas equal to the baseline body is presented In Figure 35b. As
expected, the magnitude of C;, increases with the high wing location. The in-
cremental effect of the body ?ncrcases as the wing becomer increasingly
displaced from the center of the body.

The effects of sweep and vertical wing location are presented in Fiqures
35¢c and 3%d for the extremes of bcdy shapes considered. Note that the Luse-
line configuration having & circular body appears slightly off the parsmetric
line of Figure 35¢c. As expected, wing sweep angle is a very tignificant
parareter.

25




Geometric dihedral angle is another significant parameter in the evalua-
tion of wing-body rolling moment due to sideslip. The effect of geometric
dihedral and vertical wing location is shown in Figures 35e and 35f for
circular and vertical elliptic bodies, respectively. As can be seen, a few
degreés of geometric dihedral can offset the effect of vertical location of
the wing. Thus, for swept wing aircraft high wing configuration have negative
dihedral or anhedral and low wing configurations have dihedral to maintain
similar levels of Cgg.

The effect of momentum distribution is also a very significant parameter
in predicting the wing-body CgB. Previous difficulty in the analysis of this
parameter is, of course, the primery reason for the development of the present
method. In illustrating the effects of momentum distribution the fraction of
hlown span and momentum injection angle were considered. 1In all cases the
total wing momentum coefficient was held constant at C, = 1.01. Figure 35g
illustrates these effects about the baseline configuration. Recall that the
baseline had a low level (section ¢, = 0.263) of blowing outboard of the 70%
span station. In Figure 35g, the 50% inboard span blowing, as well as the
baseline 70%, has an outboard seciion blowing level of ¢, = 0.263. The jet
angle, 8jer, is positive when the jet is injected downward relative to the
flap reference plane. In this figure note that the injection angle is a
strong parameter whereas the effect of the percent span of the main jet flap
is small, and in general the magnitude of Cyp decreases as the jet flap span
decreases. The cases illustrated in Figure 35h differ only in that there is
no blowing on the outboard section (outboard potential flow assumed). Note
that the effect of jet flap span is much greater and the trends are opposite
of those shown in the previous figure. The magnitude of Cgp in this case
shows significant increases as jet flap span is reduced. These two cases
presented in Figures 359 and 35h graphically illustrate the sensitive nature
of the rolling moment derivative to small changes in the distribution of
blowing across the span. Contrasted to the high wilg location data of Figure

" 35h, data for a low wing configuration are presented in Figure 35i. Note the
vertical wing location effect is nearly a constant (ACg, = + 0.0023) for all
combinations shown. This increment .ilue is also appro&imately the same as
shown in Figure 35b, which indicates that body effects can be superimposed
and maintain a good degree of accuracy.

The final effects shown are for wing aspect ratio and taper ratio varia-
tions about the baseline planform. These effects are presented in Figure 35j.
The momentum distribution for these cases differ from the baseline In that
there is no blowing outboard of the 70% span station. The baseline point is
denoted by the circular symbol for a point of reference. Note that the taper
ratio has little effect on rolling moment derivative for this distribution of
momentum. Aspect ratio has a relatively small effect as conpared to other
parameters examined.
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2.  SIDEWASH DUE TO SIDESLIP

The parametric effects of these variables on sidewash derivative at a
typical field location are presented in Figure 36. The field point selected
corresponded to the quarter chord of the vertical tail, mean aerodynamic
chord on the Ames IBF model described in Reference 16. This point was main~
tained constant with respect to the wing apex. Effect studies where wing
vertical location is a parameter may therefore require special interpretation.
The sidewash, as predicted by the computer program, is based on a flat wake
trailing back streamwise from the one-quarter chord of the wing. This assump-
tion is a first order approximation to the physical wake location and in
general is sufficient for accurate downwash prediction in the vicinity uf the
horizontal tail. In the case of sidewash, however, the vertical location of
the field point in question relative to the wake is a very strong parameter.
Therefore, some judgment in the use of the sidewash prediction methods may he
required.

The effects of body shape, holding body frontal area equal to the baseline
value, and vertical location of the wing are presented in Figure 36a. Note
that the high wing location shows a destabilizing effect of approximately 35
percent. The base case is agaln denoted by the circular symbol. The effects
of wing sweep and vertical location are illustrated in Figure 36b. These.
cases differ from the baseline in that the body shape is that of a flat
(b/a = 0.5) ellipse. The baseline point is, therefore, off the line of data
presented but is given for reference. As before the high wing destabilizing
effect is approximately the same, indicating that the effect of vertical wing
location could be superimposed. As expected, increased wing sweep has a de-
stabilizing effect.

The effect of wing dihedral and vertical location is presented in Figure
36c. Again, superposition of vertical location of the wing appears to be
possible. Positive dihedral increments would tend to causc sligiht decreases
in vertical tail stability contribution to restoring yawing moment.

The effect of momentum distribution via jet injection angle and percent
span of the jet flap are shown in Figures 36d, 36c and 36f. Perturbations
about the base case are given In Figure 36d. For this type of distribution
the half span Jet flap case shows a decrease in stability as injection angle
Is increased. When the small amount of outboard blowing present on the base-
line is removed, the trend reverses, as seen in Figure 36c. The superposition
of effect o vertical wing location is again verified between the high wing
cases of Figure 36e and the low wing cases of Figure 36f.

The effect of planform on sidewash derivative fs illustrated in Figure
36g. These cases differ from the baseline in that there is no blowing out~
board of the 70% span station. The base case |s denoted on the figure by the
circular symbol for reference purposes. The figurs indicates that Increases
in aspect ratio as well as taper ratio would reduce the vertical tail
stabilizing effect.

27




SECTION V

CONCLUSIONS AND RECOMMENDATIGNS

A simpiified method has been devised for calculation of 1ift, axial force,
rolling moment, sidewash, and downwash for jet flapped wing-body combinations
in pitch and sideslip. A number of comparisons have been made with experi-
mental data. From these comparisons the following general conclusions have
been drawn.

(1) Lift coefficient, as a function of angle of attack, is predicted
reasonably well over the range where linearized potential theory may be
expected to apply. In many cases this is true well beyond the normal bounds
of applicability. The exceptions are normal, such as upper surface stall,
undersurface separation from large leading edge flaps, extremely high control
flap deflections, and low Cy Insufficient to estabiish flow attachment. The
preceding statements are true over a8 wide range of planform shape, leading
and trailing edge mechanicai flap geometry, deflection, and spanwise arrange-
ment, and level and trailing edge distribution of the injected momentum vector.

(2) Conctusion (1) generally applies to axial force calculation, although
it 1s noted that the planform variations in the data comparisons are more
restrictive. The correct assessment of axial force requires congideration of
the ultimate wake turning as well as the spanwise distribution of vortex
loading. Far the cases cited, good results are obtained without direct con-
sideration of nonplanar effects in the near field.

(3) Rolling rioments due to sidesllip are adequately predicted for wing-
body-vertical tail combinations when wing-body computer calculations are
corrected for the vertical tail contribution. The rolling moment calculation
does not include the effacts of pylons and nacelles, which may have a
significant contribution on some configurations.

(4) The sntire EMF concept appears to provide a good preliminary design
working tool. In view of the general levels of correspondence for 1ift, axial
force, and rolling moment, It is believed that span load distributions are
necessarily correct to about the same level.

Based on the precedfng conclusions the following areas are recommendad
for foilow-on studles.

(1) The !nput-output routines should be modified to include nonsymmetric
momentum Injection and flap-alleron deflection. This should provide insight
into engine or duct fallure and laters! trim against such fallures. For such
cases the yawing moments due to induced drag asymmetry can become important,

- and can perhaps be reasonably estimated by this method. Similarly, the im-
position of an antisymmetric twist angle should give insight into the roll
damping for jet flap type high 1ift systems.
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(2) Pitching moment, not considered in the present study, is also a
logical exiension. The expected accuracy Is not clear because of the simpli~
fying assumptions; however, it is expected that at least first order effects
can be calculated.
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EMF LOAD = j sin (o + &5 + &)

Figure 4. Schematic of 2-0 Alrfoil with Nose and Hain Flap
and Equivalent Mechanical Flap

33




wes43s paadn) uy dely Ior |euofsudig oMy S aunbig

T~—
e~

3
XA1443 137 VIIIM
I.m||1,11
{

0 S
gurs o o TVPQISIY, iWI

. A33M
[(!o - 9) uis - (o . ® 4 fo + dgyuys] "5 e




(3) c¢' is sensitive io effective a; location of 3/4 c' control point is
variable during span luad iteration.

CONTROL. POINT

~ 1/4 CHORD LINE

. (UNEXTENDED CLEAN WING)
{b} Simplified Boundary Condition

a, = a = (W
¢ V)c/&

Figure 6. 1llustration of Boundary Conditions
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A = WING CIRCULATION LIFT
B = EMF CIRCULATION LIF7
e— BLOWN .
SPAN C = Cup Z— aj = RESIDUAL LIFT
avg
. B+C = DIRECT THRUST LIFT ¢y SINg
C L
Cg
£ Tave B ‘
A
0 SPAN STATION n
(a) Near Field Calculation, 8 = oj
A = WING CIRCULATION LIFT
B = TOTAL JET SHEET CIRCULATION LIFT
C= c, == * B =RESIDUAL LIFT
" pravg
‘ B+C = DIRECT THRUST LIFT ¢y sin®
¢ —’ B %]
2’ y
avg

SPAN STATION n
(b) Far Field, 8 = B,

Figure 10, Continued Conversion of Jet Momentum to Vortex Forces
Beyond Near Field Lift Calculation

(a) and (b) have equal Vift,urequal drag
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Figure 12. LIft Curve Comparison for Pure Jet Flap -
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Figure 18. Lift Comparison, Large Scale 18F, Full Span Jet Flap Blowing,
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SPAN LOAD ING
8 A - WING CIRCULATION LIFT
B - EMF CIRCULATION LIFT
C - RESIDUAL MOMENTUM LIFT
B4C = DIRECT JET LIFT
6
4
-
-
L Y
A
2 - \
\\
-
-
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. N T \‘
0 | 1 [ o .

0 0.2 o4 06 - 08 10

SPAN STATION « n .

- Figure 1. Calculated Span Loading, Large Scale USB Node!,
: Landing Flaps, €, = 1.2, a « 5° ' ‘




Fiap Deflections - Degrees ' Angle Wing
Auxiliary of Momentum
Main Aileron (Control) Attack Coefficient
8¢ 8ai ¢4 a4, Degrees Cy
36 30 0 4 0.51
12 0.51
4 1.01
Same 12 1.02
b 1.52
12 1.53
60 30 0 L 1.05
Same 12 1.05
60 30 20 b 0.52
12 0.52
Same 4 1.05
12 1.05
4 1.58
12 1.58
60 30 Lo 1.03
Same 12 1.03

All runs tail on, 5% aileron blowing, 95% on inboard flap.

TABLE 1 SUMMARY OF SIDESLIP TEST RUNS,
LARGE SCALE NASA-AMES 18F MODEL
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WING/BODY & ESTIMATED
VERTICAL TAIL
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Figure 32. Rolling Moment Comparisons, Large Scale I1BF, AR = 8, A _/ua 27,5
3w 0.3, Part Span Jet Flap Blowing, 5% Aileron 8lowing

(a) €, = 0.51, &¢ u 38°, &5y = 30°, 8¢, = 0°
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Figure 32. Continued
(b) €, = 1.01, 8¢ = 30, &¢: * 3¢, 8¢, %0
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ROLLING MOMENT
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—— — — CALCULATED
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Figure 32. Continued

(c) Cy = 1.52, 8¢ = 30°, Sait = 30°, Gfa = Q°
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~ ROLLING MOMENT
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20
\\‘éi\ 10
N
A Y

=~ = — CALCULATED

WING/BODY & ESTIMATED
VERTICAL TAIL

O EXPERIMENT, REF. 20

A 1

Figure 32.

Continued

10 20
SIDESLIP ANGLE, B - DEG.

(d) €, = 1.05, 8¢ = 60°, 857} = 30°, 8¢, = 0°
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-0.1 r—
— == — CALCULATED

WING/BODY & ESTIMATED
VERTICAL TAIL
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a = 12°

i |

Cont inued

Figure 32.

10 20
SIDESLIP ANGLEz, B ~ DEG

(e) Cy = 0.52, é¢ = 60°, a11 = 30°, 5fu = 20°
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Figure 32. Continued
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{ 1.
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wmm o= = CALCULATED
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VERTICAL TAIL
0 EXPERIMENT, REF. 20
a = 12°
L 1
10 20

SIDESLIP ANGLE, 8 ~ DEG.

(f) cu = 1.05, Gf = 600’ 63” = 300’ Gfu = 20°
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Figure 32, . Continued

(g) Cy = 1.58, 8¢ = 60°, 8511 = 30°, Sfq = 20°
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VERTICAL TAIL

EXPERIMENT, REF. 20

|
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0.1 }=

Figure 32. Concluded

20

SIDESLIP ANGLE, B ~ DEG.

(h) C, = 1.03, 8¢ = 60°, afl = 30°, 8f = 40°
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AR = 7.28, A =25, A = 0.4, C;J = 2.02

s = 759, & = bhoh 5, = 20°, o = 8°
feoanon ~ 72 * SfrouLer ' CAIL '
0.3 ko ——— CALCULATED
ROLLING MOMENT ———  WING/BODY & ESTIMATED

VERTICAL TAIL

G A ]
}B\ ..... WING/BODY, ESTIMATED

0.1 }_ VERTICAL TAIL & NACELLES

O EXPERIMENT, REF. 19

o
| | N 10 i |
- “
~-20 10 \C;) 10 20

SIDESLIP ANGLE, 8 ~ DEG.

Figure 33. Rolling Moment Comparison, Large Scale USB
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EXPERIMENTAL 8¢ = 40° (75% SPAN), 84, = 0°
MODEL
AR =8, A, =15 n=0.4

/b

ROLLING MOMENT
DERIVAT IVE

Cy

B
1/DEG.  -0.004|=

CALCULATED, WIiNG-BODY

«0.002 |-
~
~ - —— EXPERIMENT, REF. 8
0 L | | | | {
0 0.4 0.8 1.2 1.6 2.0 2.4

THRUST COEFFICIENT, CT

Figure 34. Rolling Moment Comparison, Small Scale IBF Model
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COMPUTER PROGRAM RESULTS
= — — DATCOM EQUATION 5.2.2.1-c

-1.2 AR ,ZWING, ,2 ab
ACy = ( ) ( PER DEGREE
, 8 73 8 ' g )
~0.004 = QO  BASELINE
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-0.003 | b
o BASELINE a/span -1
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3%, ~le -
Q b
& < &L
>0
Iz
Buw -0.002 |-
[T¥] w
SE® \
£8 o o BASELINE Sq
200
-F <
"0.00‘ .
BASELINE b/span
7
0 ! L ]
0 1.0 2.0 3.0

b/a

Figure 35. Effects Studies - Rolling Moment Derivative

(a) Effect of Body Shape and Size
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Flgure 35. Continued

(b) Effect of Body Shape and Location
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Figure 35. Continued

(c) Effect of Wing Sweep; Baseline with Elliptic Body, b/a = 0.5
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Figure 35. Continued
(d) Effect of Wing Sween; Baseline with Elliptic Body, b/a = 2
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Figure 35. Continued

(e) Effect of Geometric Dihedral
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Figure 35. Continued

(f)  gffect of feomstvic Uihedral; Baseline with Elliptic 8ody, b/a = 2
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Figure 35. Continyed

(g) Effect of Homentum Distribution
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Figure 35. Concluded

(1) Effect of Planform Variations
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Flgure 36. Effect Studies - Sidewash Derivatives

(a) Effect of Body Shape and Location
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Figure 36. Continued

(b) Effect of Wing Sweep; Baseline with Elliptic Body, b/a = 0.5
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(¢c) Effect of Geometric Dihedral
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~ {d) Effect of Momentum Distribution
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(e) Effect of Momentum Distribution; Baseline with No
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APPENDIX A

CALCULATION OF BODY-INDUCED ANGLE OF
ATTACK ON THE WING

The geometries of the elliptic cross section and its circular transforma-
tion are shown in Figure A-1. The sideslip crossflow velocity Vsin8 a .. the (v,w)
and (v',w') velocities are also noted. The case shown i5 for the long dimen-
sion vertical (b/a > 1), for which

2 Al
a .
I=5 =~ —
4
transforms the ellipse to a circle. The complex potential in “destip is
R
F = - + =]
(z) = -V sinB(z z A2

The complex velocity in the real plane is {note that Vsing is in negative y
direction)

QE.
gi.v*iwa%f--zzw dct—m
dZ g 4 7 a? '
* 1 + T A3
From Eq5 A.2 and .A.3. one obtata;
b w (RZ + a?) f2¢n)
Lo - o S
8 VB (g2 - g2 e a?)? + 4e2nt A4
where
2
.b_l..§] 2 *bﬂl) “‘ _
B. &L fa) _\& A5
3 2 ' 3, 4




and where

2 a?-
y=g-.a.,.§_-..’z=n+222 A.6
g2 +n2 v

The induced angle Aa/B in the real plane is written in transformed coordinates
(n,£) since a quartic solution is required to express it in real coordinates.
However, the transformed coordinates (n,f) are quickly obtained by writing

Eq A.6 as
aq2 g
g SO
(_a_. = (L) +
e En2 4 ()?
a1) a, .
i-1 i-1
A.7
2
(@2 (2
(n) iy a) al  j-1
L S L S
al .1 2y

and iterating simultaneously in each step,starting with
.E_. = (L= .'l...) = ‘_Z__)
G =@, & =&
o )

The iterated results, with Eg A.4 , give the induced angle Aa/B as a function
of (y,z) coordinates.

In pitch, the crossfiow velocity is rotated 90 degrees from the sideslip
case, for which the complex potential is

R2
F(g) = 1 V sinapogy 187"

a9l




e 1

With Eq A.3:, but with dF/dZ = v - iw, tnis gives

b (824 n2) %+ (22 -02) (R2+ a?) + R2a2
*body (€2 = n2 + a2) + 4 242

where Eqs A.5 , A.6, and A.7 apply.

For byj/a; < 1, the appropriate transformation is

2
ZSC-Q-E.
g

However, sincz a% is replaced by -a2,it also follows that

2.1_)2 -3
T
3 5

so that algebraic signs compencate when the preceding results are used intact.
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Figure A-1. Traasformation of Body Cross Section for Calculation
of Body Interference on Wing in Sideslip '
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APPENDIX B

CALCULATION OF AXIAL FORCE COEFFICIENT

The far field wake is assumed to consist of a rolled up vortex sysiem
which Is coaxial with the redirected jet, deflected downward by an angle Be.
The vortex strength on each side is denoted by T, where Tq is the centerline
circulation around both wing and sheet, and Is therefore the wake vorticity
accumulated by shedding. The total jet momentum in the far field is assumed
to be nC,, where n is the usual "turning efficiency."

The geometry is illustrated in Figure B-1. The jet and vortex are
approximated by a line vortex and jet as shown, and the two sides are separated
by a distance (1/4)bAy, where Ay is to be determined. The vortices are in
equiiibrium at an angle B, when the freestream crossflow velocity balances the
mutually induced velocity, giving

To

2bVA)

sin6w= K B.1

where K = 4/72 for the rolled wake shown, and where K = 2 for a flat wake.

The vortex o~ circulation 1ift 1s the transverse momentum per unit length
of vortex, and is glven by

I_r + VI i‘. A,‘b

8.2
from which
c
LP I
- 8.
wRa?  20VA, 3
Integration of lifting vortex loads airectly glves
‘Lr bod 0v— 0 8.“

where T Is the average ' across the span. From Eqs 8,2 and 8.4 It is seen
that Al = 4/n T/Py. 1t is noted thut Ay = 1 for an elliptic vortex distribu~
tion.

N




The vortex ''drag" force, inclined by B, to the freestream, can be shown
to be

c
D t 2
vortex = B (-I_"L) B, 5
i 3} 2bV

where B is the ratio of vortex drag to that for an elliptic vortex distribution
at the same TI'q/2bV. Substitution from Fq. C.3 allows the preceding to be
written

c ¢, .2
Dvortex _ B (<) . 1_(CL1~ )2 B.6
where e is the span efficiency of the total vortex system.
With this in mind, the total vorticity in the wake is given by
C
Tororal . Lr
ZbW\1 TR Ay 2
C
LTotal - ncu sing
TRAIE  aRAC 0w
- cLTctql - “Cp K I‘OTotal
3 Alz R Alz 2bVA,y
from which
r CLTota_l
“Total _ "“‘Al2
ZbVAl 1 + Kn(lIl 8.7
uRA‘Z
9L




The pitch plane projection of the injected jet is denoted by nC, in
keeping with the usual efficiency-turning polar notation. The Trefftz plane
efflux of pitch plane momentum is assumed to be nC and the lateral compon-
ents are ignored. This can be done since the effektive "span'' of the lateral
components i, in the present context, the vertical dimension or thickness of
the jet. This corresponds to an extremely high value of jla /lq (thickness)?2}
(analogous to very high C /R ), so that substantially no bena-back and assoc-
iated thrust recovery and"vortex drag are expected. The axial force
coefficient is written (see Figure 10)

¢ c
. < n L. chortex cosB
TR A2 TRA 2 TRA2 w

which, for small 8., becomes

c 2
tRA 2 TRAZ wmf 2 R Af 2 8.8

From previous relationships (see Eqs B.1, B.5, and 8.6), it ls seen that

2 . k2 (Jo 2
B” = K (szA,)

COyoreex o Cr 2 i fli ro \2
R A2 Aj2ep\nm e \2bVA

Substitution of these relationships, with €q. 8.7, Into €q. 8.8 gives,
after some manipulation,

er B, 2 c

(1 - L 2= o Keep Ny,
CL, .2 Az 7T 2A] ,,Anlz)

(1 + —d)

tl&Alé
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Terms of order B and C /7R are usually small compared to unity. By neg-
lecting their squares End products and accounting for profile and ram drag
the axial force expression B.9 becomes

CL, .2 1
Tot :
C,=nC, =-C -Cp = - B.1G
X u RAM P R ep (s 2KnC LK er”
TR Ay b Az’

in two dimensional flow (Re_ ), the axial force expression B.10
corresponds to a 100 percent recovery of the effective gross thrust nlu,
which Is reduced by ram and profile drags. Accordingly, the last term is a
total drag due to the three dimensionality of the flow, and is therefore
properly considered as induced drag. The induced drag consists of the
induced drag in the normal sense (extended to include the effects of jet
sheet vortex system) plus a loss of thrust recovery resulting from failure
of the jet efflux momentum to ultimately align itself with the fruestream
direction. ’ '

It will be observed that the induced drag at Cu = 0 corresponds to the
usual expression

=C 2 '
CD. CL /ﬁmer B.11

4

The span efticiency, er, is of course associated with the spanwise distri-
bution of circulation gift over the combined wing and vortex shret. How~
ever, an additional distribution factor Ay Is assoclated with tie C term,
The presence of two parameters e, and A; in the induced drag expresSion
(in contrast to the usual single parameter er) is explained as follows.

The classic expression for Induced drag, Equation B.11, is based on a
small wake Inclination B. When rigorously developed from Trefftz plane
considerations, this result is in fact independent of the wake angle, 8,
parameter. This is true for the Induced drag of vortex systems associated
with either a wing or a wing plus jet sheet. The additional induced drag,
which is the three dimensional loss of thrust recovery, ls

AC, = nl 9?
D£ p2

It is directly dependent upon 8, where 8 is partially defined by the term
Ay (Eq. 8.1). It is noted that A} is the spanwise distance between '‘cen-
troids' of the left and right hand trailing vortex systems, normalized on
the corresponding distance for an elliptic bound vortex distribution. In
the literature it is generally referred to as the ''centrold of impulse.
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Equation B.10 was developed on the assumption of a fully rolled wake
for which K = 4/12. However, if the wake is take: to be flat, K = 2, in
which case Eq., B.10 is still valid. For a flat wake and elliptic loading
(Ay =1, e = 1), Eq. B.10 reduces to the Maskell-Spence equation. As long
as

¢

R Alz <<

the axial force is relatively insensitive to K. For large C , with the
blowing concentrated over a portion of the span, this is notutrue, SO a
realistic value of K must be used. It is believed that K = 4/72, for the
rolled up wake, Is most repr::antative and !s the basis for all axial force
calculations presented in the main text.

Utilization of Eq. B.10 requires that A; and e, be calculated. It is
emphasized that these are distributional quantitieg associated with the
total vortex system. Some approximation is therefore necessary.

The span load distributions calculated by the method presented in the
main body of the report consist of a vortex loading on the wing and EMF
plus a residual 1ift term, corresponding to K = 1, for which the conversion
of jet inomentum to sheet vortex loading is incomplete. The appropriate
vortex distribution for calculation of A; and e, s therefore somewhere
between the vortex lifts and total lift distributions a: presently calcu~
lated, and illustrated in Figures (10a) and (10b) in the maln text.

The differences in Ay and e¢ evaluated for these extremes are typically
small; both quantities are thergfore based on the vortex lift distribution
with K= 1,

n i am - A:1-n-Illl-l!lllIlllIll-lIlllllIllllIlllllllll.ll"
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Figure C-1. Far Fleld Concept for Axial Force Calculation
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APPENDIX C

COMPUTER PROGRAM INPUT, OUTPUT, AND EXAMPLE PROBLEM

1. INPUT FORMAT AND SPECIAL INSTRUCTIONS
a. Basic Input

The total number of input cards varies according to beth the number
of points used tc describe the plavform and the number of field points at
which flow angularity is to be calculated. Card 1 is a title card containing
70 columns of free-form alphameric data whi-h is printed out as the output
heading.

The remaining card input is numerical data. The majority of these inputs
are in a floating point format of seven, 10-column fields per card (7F10.0)
and are indicated by "Field 1", "“Field 2", etc., in the following instructions.
The remaining input is in integer form (212) and is indicated in the following
instructions by ""Columns 1 and 2", etc. Ail integer input is "right justified",
and must be located as far as possible to the right-hand side of the allocated
columns.

The input for each card foliows. In certain places reference is made to
Note 1, Note2, etc., which follow the card description.

Card 1: Title (70 column alphameric input).

Card 2:

Columns 1 & 2; NY, number of span stations at which section
properiies will be input (right justified). This is for
one wing panel conly, and will include the thecretical
wing root and tip. 2 < NY < 20.

The following block of cards contains section characteristics for the NY
number of points specified in Card 2. Twe cards are required for each point.
Cards 3 and 4 are for the wing centerline. Subsequent cards are input in
order of spanwise location, ending with the wing tip, The locations of the
input points, while arbitrary, shouid be chosen to include those span stations
at which section characteristizs change rapidiy or are discontinuous. At such
locations, properties should be input both just inboard and just outboard of
discontinuities in geometry and/or at blowing ievels. Sectlion properties at

_ non-input locations are obtained by linear interpolation. All inputs used are
for_mechonical ¥Flaps extended but rotated back into the wing plane and are In
a streamwise reference system.
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Card 3: Input the following for wing centerline:
Field 1 dimensional value of y coordinate
2 dimensional cnord, all flaps extended

3 section incidence with respect to the fuselage reference
(in degrees)

4 section zero 1ift angle of attack, in degrees (see Note 1)
5 main flap chord: wing chord ratio {ali flaps extended)
6 section momentum coefficient (see Note 2)
7 main flap deflection, degrees, positive trailing edge down
Card 4: Field 1 6), jet momentum injection angle, degrees, positive down-
ward from flap
2 ¢, jet skew angle (see Note 2)
3 clo’ section 1ift coefficient, unflaped, at zero
angle of attack
4 leading edge flap chord: wing chord ratio

5 leading edge flap deflection, dearees, positive nose down

gg:g 2:} Same as for Cards 3 and 4 but for second point of definition,
g::g g,) Repeat preceding Input for third point of definition.

Card 2(NY)+1

Card 2(n¢)e2 | Repeat preceding input for wing tip.

Card 2(NY)+3:
Field 1 body width or diameter, dimensiona!l
2 wing height abovs body center, dimensional

3 body height for elliptic bodies, dimensional, input blank
or zero for circular body
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Card 2(NY)+4
Field 1 drag coefficient; total of configuration profile drag plus
ram drag. {Used in final axial force calculation) Based
on reference area.

2 turning efficiency, n, p-olection of resultant efflux
momentum into pitch plars and normalized on input total.

3 increment of semispan at which loading will be output,
i.e., 0.05, 0.10, etc.

4 EOKPCT, permissible percent RMS error in calculated
effective angle of attack for all control points (see
Note 1), suguested value is 2.0 percent.
Card 2(NY)+5:

Columns 1 § 2; NC, number of control points per semispan used in
calculation procedure. (Right justified). This number
will inciude a centerline control point and a tip control
point. 4 < NC < i6. Total used in sideslip calculation
is 2(NC)-1. (see Note 3)

Lolumns 3 & 4; NPTS, Number of field points where sidewash and

downwash is desired (Right justified). 0 < NPTS < 20,
blank or zero if none required.

Card 2(NY)+6: Lccation of first sidewash/dqxdwash field points, dimensional,
optional if blank or zeros input in Columns 3-4 of previous
card. All locations relative to wing apex.

Field 1 » (positive towards a‘t fuselage)
2 y (pesitive out K.H, wing)

3 2z (positive up)
Card 2(RY)+7: x,y,z location of second field point.

Card 2(NY)+5+NPTS Location of last field point.
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Card 2(NY)+6+NPTS

Field 1 wing span, dimensional

2 aspect ratio (based on span and desired reference area)
3 wing sweep (degrees)
4 dihedral (degrees)

5 flap hinge line sweep (degrees)

Card 2(NY)+7+NPTS

Field 1 ALPHAB, angle of attack of the fuselage reference line,
degrees

2 sideslip angle, degrees, positive far incident wind from
pilot's right

3 FACTOR, convergence factor. Normally leave blank, otherwise
see Note 1'.

b. Special Notes.

(1) Note 1: Input Parameters to Aid in Program Convergence. For
most normal caseruns, the three input parameters which deal with convergence
are input as zero or blank.

Cards 3, 4, ...2(NY)+2, Field 4

Section angle of attack for zero lift (flapped and powered). This
Input parameter is used only for setting up an initial point for

the convergunce procedure. Ncrmally, zero values for this parameter
are sufficiently close for convergence. For cases where convergence
s not obtained (output ESTAR>>EOK), a more accurate estimate of
this parameter may be required. Variations of this parameter is the
most effective means of solving convergence problems.

Card 2(NY)+4, Fieid 4: permissitle error, EOXPCT

tf left blank or input 35 zero, the program internally sets the
value at 12 of the input angle of attack of the fuseclage reference
line, EOK = (1.)(.01) (ALPHAR). For many cases a larger permissible
error may yield equally valid results thus requiring less iterations
and computer time,
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Card 2(NY)+7+NPTS, Field 3: FACTOR, convergence factor.

Normally left blank or zero, whereby the computer internally sets
FACTOR to 0.4, If the first attempt at convergence fails, the
computer changes FACTOR to 0.8 and starts over. |f convergence is
not obtained on the second time (final output of ESTAR>EOK), the
case may be rerun with another input value for FACTOR. Recommended
range is greater than 0.2 but less than 2.0. Note: Do not set
FACTOR equal to 1.0.

The nth term of the nth guess is multiplied by FACTOR. Do not set FACTOR
equal to 1.0 since a singular matrix results.

(2) Note 2: Momentum Coefficient. It is important that the
trailing edge momentum vector be properly defined, since (a) its projection
into the simple sweep plane is required for iterative determination of EMF
size and total circulation and (b) its projection into the pitch plane is
required for calculation of residual 1ift and for calculation of axial force
coefficient. The momentum coefficient given in Card 3, Field b, is the
magn’ tude of the local momentum efflux vector c,, per unit of physical span (y
direction) which leaves the trailing edge, normalized on freestream dynamic
pressure and freestream chord. This is the total per unit of span regardless
of the direction of the efflux. The iet skew angle € of 3rd 4, Field 2 is
the angle between the iocal efflux w¢ .or and the simpl> sweep plane.

The Input angles ¢, &§¢, §j, AHL and Acyzy are sufficient for the required
resolution, For IBF systems tﬂe eftlux from slot blowing Is substantially in
the normal plane; for such cases one should input £ as zero. {n this case the
pitch plane projection or "turning efficiency'' n is a fallout quantity
(scrubbing losses are assumed to be accounted for in the input cy).

For cases other than the IBF the skew angle € is a spanwise variable which
is generally not well known. The required assumptions concerning efflux
spreading are left to the user's experience, his available flow visualization
and static force data, and his knowledge of wind-on interactions with static
spreading and turning. In general, the Input ¢ and ¢, slould, when integrated
over the spsn, be concistent with the inpui “‘turning efficiency' n.

(3) Note 3: Spanwise Control Points; Number and Location. Tha
spanwise location of the control points are specified for each number of
contro! points chosen. These arc tabulated for quick reference in Table C-
for four through sixteen control points.

Kost powered high 1ift systems are characterized by sharp breaks in flap
chory, flap deflection and momentum Jistribution. Control point locations
should be chosen, wherever possible, to give a more or less balanced recogni~
tion to the various segments between these breaks. Best results have been
obtained when major segments of the span have approximately the sawe nunber
of control points. It is also desirable to avoid having control points
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distribution.
2, OUTPUT FORMAT

Line 1

TITLE as input

Lines 2 & 3
ALPHA -
BETA -
. Sweep -
AR -

Span -

Lines h & 5
cL -
CL(CIRC) -
cop -
CX -

ETA -

CMU -

CR(ROLL) -

Table 1
ETA -

GAMA/V -

located too sear sharp breaks. In certain cases it may be desirable to run
more than one nurber of control points and examine the resulting span load

Reference angle of attack, degrees.

Sideslip angle, degrees.

Sweep angle of the wing one-quarter chord - degrees.
Wing aspect ratio.

Wing span, dimensional as input.

Wing lift coefficient in the presence of the body.
Wing circulation 1ift coefficient.

Wing./body profile drag coefficient, as input.

Wing axial force coefficient.

Turning efficiency, n, projection of resultant efflux
Tg?:?Fum into pitch plane and normalized on input

Blowing coefficient, Cy.

Wing rolling moment coefficient.

Wing station as fraction of semispan.

Wing section circulation non-dimensionalized on
freestrean velocity
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CL*C/CAVG - Wing load distribution parameter (section 1ift per
unit span non-dimensionalized on average wing chord)
ALPHA E - Section effective angle of attack, degrees.
Table 2
X POINT, - X, Y, z coordinates of downwash, sidewash points,
Y POINT, as input.
Z POINT
EFSILON -  Downwash angle, degrees.
SIGMA - Sidewash angle, degrees.

3.  SAMPLE CASE INPUT & OUTPUT

An initial set of control cards are required by the CDC 6600 computer at
Wright-Patterson Air Force Base, Dayton, Ohio. The card deck as supplied by
the contractor will compile the source program and save the object deck under
the catalog name "HOLMES,CY=4'. Once this is completed one must estimate the
computer run time in seconds by the following approximate formula:

TIME ~ 7 + 10% Number of cases,

a case being each u,B8 combination. For the sample case (one o,B combination),
TIME = 17sec.

The required control cards and input data are shown in Figure C-1. The

"SETCORE.'' card must be used to initialize the core storage to zero. The
resulting output is shown in Figure C-2.
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NUMBER OF CONTROL POINTS PER SEMISPAN

4 5 6 7 8 9 10

0 0 0 0 0 0 0
0.3827 0.3090 0.2588 0.2225 0.1951 0.1736 0.1564
0.7071 0.5878 0.5000 0.4339 0.3827 0.3420 0.3090
0.9239 0.8090 0.707 0.6235 0.5556 0.5000 0.4540
0.9511 0.8660 0.7818 0.7071 0.6428 0.5878

7.9659 0.9010 0.8315 0.7660 0.7071
0.9749 0.9239 0.8660 0.8090

0.9808 0.9397 0.8910

0.9848 0.9511

0.9877

TABLE C-1 LOCATICNS OF CONTROL POINTS IN
FRACTIONS OF SEMISPAN

(a) Four through Ten Control Points per
Semispan
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NUMBER OF CONTROL POINTS PER SEMISPAN

11 12 13 14 15 16

0.1423 0.1305 0.1205 0.1120 0.1045 0.0980
0.2817 0.2588 0.2395 0.2225 0.2079 0.1951
0.4154 0.3827 0.3546 0.3303 0.3080 0.2903
0.5406 0.5000 0.4647 0.4339 0.4067 0.3827
0.6549 0.6088 0.5681 0.5320 0.5000 0.4714

o

0.7557 0.7071 0.6631 0.6235 .5878 0.5556
0.8413 0.7934 0.7485 0.7071 0.6691 0.6344

0.9096 0.8660 0.8230 0.7818

(=

743 0.707M
0.9595 0.3239 0.8855 0.8467 0.8030 0.7730
0.9898 0.9659 0.9350 0.9010 0.8660 0.8315
0.9914 0.9709 0.9439 0.9135 0.8819

0.9927 0.9749 6.9511 0.9239

0.9937 0.9781 0.9569

0.9945 0.9808

0.9952

TABLE C-'  (Concluded)

(b) Eleven through Sixteen Control Points per Semispan
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UNTVAC(T17,CM60000) ACCOUNT » ENGINEER» PHONE
ATTACH(LGO»HOLMES, CYZH4)

SETCORE.
LGO.
7/8/79 {OVERPUNCH)
FDL/ARL. CHECK CASE » AMES J/H IBF BASELINE» OEL F=30.
4
0.9 9,405 0 0o 307 1.,0294 2845
0.0 0.) « 338 «1228 57.0
15.0 4,796 0.0 0.0 «307 1.0294 28.5
0000 Ooi) 0338 01228 570
15,01 L.796 0.0 0.0 « 307 0.26 '8 2845
0.0 0.0 3-8 1228 57.0
21,4475 2.82 0.0 YY) «307 0.2628 2845
0.00 0,0 «338 1228 57.
5.833 2.91 5.833
«25 96 0.2 2.0
09 &
2A.791 3.769 9,042
24,06 0.0 9,042
24.06 O 4.296
24,06 0.0 O.
42,895 8,0 27.5 0.0 2340
4,0 1,0
99,
6/7/8/9/ (OVERPUNCH)

Figure C~1. Sample Problem input
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foi $AN,
Celdi VA

-TL coMy
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APPENDIX D

COMPUTER PROGRAM LISTING

The original computer program was written in Forcran V for the Univac 1106
DEMAND System. The program listing which follows hes been adapted to the CDC
6600 computer at Wright-Patcerson Air Force Base.
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PROGRAM UNIVAC(INPUT» QUTPIT» TAPESZINPUT FAPESZOUTRUT)
COMIMON NS PANsB:ALPHAALI )2 A(3 05 s C(35) s
1 GG e X35 3IERFOR(I v 3YeE(S Y+ALPHAE(S )
2 +ALSATL(3) pYTAB(20) 9ALPZL(20)
3 s NYsCLAM
5 +CMUTABIZ0) » CFOCIN(20) o DELFTB(20) s DELUTB(20) s KWAKE
6 PEPSTAB(20) »SWE P LAMHL»BETA»SGAMA, CLOTAB(20)
7 »CNOCIN(20) »DELNTB(21)
RUAL IwVAB(20)» TwelLB(35955) 0 LAMHL
T TEIR BMyIMPL r BMP2
CIMENSION CTAB(20) ALFAEL (3 Y2ETATI(S5)
ETA(U0Y»PHITI(3 ) ALPHAT(3.5) 9 GAMAQV (S )
CLCO A{35)1+CDICOLLS )
ALFATI(3 Y HSTAR(35e5 )
PPHIIZ (3 Yo PHI(LOY9FBARIS o Y ¢ GBAR(S »3 ) s SUMYB (3 )
vCROLL (3 Yo TITLE(1O)
s XPB(20) o YPB3(20) 0 2PB(20)
READ(Sp1: 2) (TITLE{(KK )X ~Z=198 )
READ (5e4) NY
RAD:570296
L FORMAT (312)
PRINT=0.1
10 DO 15 IzZleNYs2
READ(5e26) YTAB(D)Y +CTAB(IY » IWTAB(IY »ALPZL(TI)
+ 2CFOCINII)»CMUTAB(I) » DELFTB(I) » DELUTY( I
+ HEPSTAB( D) » CLOTAB( 1) o CNOUIN( 1)+ DELNTB( )
READ(S5920) YTAB(I+1)CTAB(I+1 Y2 INTAB(I+1) e ALPZL(I+1)
+ +CFOCINCI+1) +CMUTAB(I+1) »DELFTBLI+1) s DELJUTB(I+L)
+ 2EPSTABII+1) s CLOTAB(I+1) o CNOCINCI+1) »DELNTB(I+1)
1% CONTINUE
20 FORMAY (oFl1041)
29 FORMAT (6F1Uit)
2o FORMAT(7F10. 1)
KWAKE=]
READ (5H120) OIAB 2V INGy BMAJOR
READ{D920) COOT+ETACMUPDELYEOKRCT
IFLEOKPCT L LELQ 1) EOKRCTSL WY
READ (504 Mite HPTS
IFINPTG.LE,U) GO TO & 4
DO 3 K21 o HPTS
READ(9e2U) XPUIKPI o YPUIKEF) 2 2PH (K
CONT I1IVE
S8 READ (90200 Hr AR SHE Pe GAMA  LAMKHL
TAPERSCTAB(NY)/ZCTABIL)
SOANM =5 GAMAZRAD)
CAVGIH/Z AR
30 READ 159,200 ALPHAB ETARFACTOR
IECALPHIABLGE .9 "0) 60 TO THS
IF {RFACTOR) o ¥ N S 4
FACTORZ(O 4
T COMTYIHUE
GO FORWMAY 1} )

O T E N e
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50  FORMAT(/ 14Xy 1 ALPHA BETA r
+ VSWEEP',
1 7Xs'AR SPAN')

60 FORMAT(9X96F10.29/F843+7Xr1I1)
PI=3.,14159265
PGCORR=1,0
M=2 NI =1
NGSSPANZ2
BM=M
MP2=M+.2
MP3=M+3
BMP1zZBM+1
BMP2=BM+2
MUZERO=BMP2
M1=M+1
Nt IMU=SNI =1
CLAMZCOS (SWERP/RAD)
SLAMZSIN{(SWEr P/RAD)
TLAMZSLAM/CULAM
&> DO 80 NU=Z1sM
PHI(NUYS(PI®NU)/ (M+1,)
ETA{NUIZCOS(PHI(NU))
YZETA(NU) *B%0,5
ABSYZANISLY)
CALL!. BODY(ALPHAB»BETA)DINE 2ZWINGYBMAJCR s B Yy ALFCOHY)
CINUIZGIRC(ABSYrYTABCTAUYNY 1)
IHZGIRC{ABSY» YTABY IWTAHINY 1
ALPHA (NU) = ( TW+ALPHAB+ALFCOB)Y /RAD
80 CONTIMUE
ETA(MUZERO) =1 ,u
ETA(BMP1)YZ=] .0
PHI(MIZERO) =0
PHI{BMPLYZP]
DO 40 M1l M
84 DO Ju - NUZlM
8o  SUMZU4
Do 24 MULO P21 b2
MUZMOLO B
IF (HU=1) 77’9845 U%
8 FHAR(Ns MUY ZU
94 DO 1y MUL=! oM
FHAR (M MUY SFHAR (MU ¢ (UL S THIMUL PMT (1) - #COS (MU k] (MU)
A *(2./(%‘%*‘10) !
19 CCHTINUE
10%  IF (t=13) 77%efu7y 30
147 THGAMIY o + {HeRGCOR ¢ TLAME {ABSIETA(NUY <ETA(MY) ZC(HLND
TwQAPZL o + (USPGUOR S TLAMe (ABSIETA (U - 2ETA (MUY 1 2C N -
THQBS 1ePGLOR A TETA MUY =ETA(Y) /7 C 1)
TuQLzHePGLOR ¢ (ETA(HUITSETA(MY 1 27C LHD
DENOMPZ] (W TAUSTETAIHUY  SETALIR) +POLOHR- s TLAMY /0 (11
CDEHOMWZ] o ¢ (B (AUSIETA(HUY =ETA(HU)  ¢POCOR «TLANMY Z7C (MU}
FQURAZL o # (SEADSIETA{IRY #PGLOR -+ TLAMY ZC (1)
FOURBZ o BGCORT2ETAIII)I 70 (10N
FIVEPZ(SORT TwOAPs 21 (Ta0B2 ) ZDEND¥PI=1,0
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FIVEMZ (SQRT ( ( TWOAMX *2) +(TWOB%+2) /DENOMM) =140
SIXZ24 0% TLAMKSQRT ( (FOURA* 2) +{FOURBx* ¥2) )/ ( DENOM:«DENOMP)
IF(ETA(MU)Y 1 0,120,129

110 IF(MU-NUY 1 501 891 5

115 THRE-Z1+/ (B (ETA(NU)~ETA(MU) }+PGCORi /C(NU) :
HSTAR(NU»MU) ZTHRE #FIVEP+SIX
GO TO 130

118 HSTAR(NUYNUYz=TLAM+SIX
GO0 TO 130

120 IF(MU=NU) 125,128,'2bH

125 THRE' Z1./(B*(ETA(NU)=~ETA (MU} ) *PGCORZ/C (NU)
HSTAR(NUsMU) ZTHRE - *FIVEM
GO TO 1450

128 HSTAR(NU»NUYZTLAM

C
C ETA BAR= ETA .GE. ZERO
C

130 CONTINUE
IF(MU~BM)180s13)920
180 SUMZ(=1,/(2.%(BM+1)) 2 (FBAR(Ns MU} *HSTAR (NU»MU) Y +S1IM
20 CONTINUE
: GHBAR(NU# ) Z(=1e/{2e % {(BM+1)) ) % ( (FBAR (NsMUZERO) *HSTAR (NU» MUZERO)
: +  +FBAR(NsBMPL) xHSTAR (NUBMPL) /240) +SUM
30 CONTIMUE
40 CONTINUE
DO 60 MUZ1oM
DO 405 NzlsM
LBINUsHIZN o)
DO 4Uy2 MUlzleM
LE MUy D SLBIMNUn MY +MUL S THMUL #PHT (MUY )Y *STNI(MUL®PHT(NY Y/ ( M+l )
1 STIN(PHT (N (24}
Lu2  COMTINUE
L1h TONTINULE
20 "y N ZleM
430 AU ZLEIHU D) +GHBAR INU s M) #13+ PELOR: ZC (N
i) - CONTINUE
ACH Y SA (R e ) =8/ (C(NUY R LAM: ]
nd CONT I UE
IF (FPRINTY 79 0 " ile ' 7
7079 wRITELGr Ba) { HUst AU D > HIZL o MY s RIS L o M)
6Y - FOEMATIL ¢ Atvs Il 11032 Flu B
WRITE(Ge 973) ( the MU FHARGHa MU o HZ o M) o MUZ) o M2
SRITE (009740 ( MU M HSTAR MU M o M L e MY s HUZ L o M2
aO73 FORMATIQ{Y FHAR( s ILr et st )Tkl UHY
OT4 FORNMAT(G (Y HSTAR( Y IL vt Jla 120 eF e )
WRITE (oo Q7)) ( Mol LB N 2 1t)S oM N L)
Q70 FORMAT (Wi LB{Sello? vy lleviztsFH )
WHITE Qe 6QT2) (LRI s GHAR {HUSH) »TIDEL a3V g 2] o V)
A9T] FORMAT(GIY Bivallet st 1is F1ZFAHY
HAT2 FORMATIW(Y GUAR{ Y T1et o]l 2013 ebkad %)
g0 CONY D RIE
EQKZABS(EQRPCT/ZLIL ¢ ALPHAN)
IF(EOPCLTC A ") [Oi‘::o()”‘b
LinEs]
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7982

910

A2y
925

1180
120

1250

i

1

=

WRITE(6¢7982) ALPHARB

FORMAT(*1 ALPHAZ'»F10,.,2)

CAL  GUES (N »FACTORs L. INE)

CALL SULVE(NDEOK» ITIER,ESTARPFACTOR)

WRITE(69910) ITTERs “OKrESTAR

FORMAT(1IX»?IT ER='» I3+ EOKZ'6F10,50t ESTARZ'WF1ULH)

DO 920 I=1M

DPALFE=ZALPHAE ( 1) *RAD

CL1I=2.%B+G(11/CL )

DALFAZALPHA (1) %RAD

IF(PRINTZGT.0,J} WRITE(®e925) ETA(I)DALFESCLL»DALFA

FORMAT(1X»4F1045)

WRITE(Or40)

WRITE(6el 1) (TITLE{K-¥)eK =1y 8)

FORMAT (/:1X» 8A10)

FORMAT (8A10)

WRITE(A»H0)

WHITE(6r-0) ALPHAB, ‘ETA'SWELPAR,B

CONTINUE

SUM4EBT=0, !

D0 1201 NUZ1 M

SUMSB (NUY =0,

DO 1180 N=1oM

SUMBH (MUY SSQUMBE (NUY+ LB INU» I G (N) /& W 0

COMTINUE

SUMLGBTZGUMBSTHGINU) *SUMES ENU) *STHIEPHT (W)

CONT INUE

COIG21=(PI#2/CAVGY/Z (M+] )% SUMKSBT

D0 130 I=lem

NRZ2MIZP 2=

IP1Z1+1]

PHL I OTRPIIZPHI( T

PHLIZ2¢1YsPHI (D)

ETATICIRPLIC=ETA(])

YIETAL])slren

ABSYZABS(Y)

CHMUSGIRCEAHSY s YTABSCMUTABINY + 1)

AEZALZCL AN

GAMAQV (IP1 1G] el

oz

ALEHAT LTI SSUMEB LT

CLoteleid eIy 2CL1)

EPSS2IRU(Yr YTAB P ERSTAMINY# L)

RLAMZUOL . Sl Pe L AMRLY ZRALD 7009 {LAMEL/RAD)

OELFSZOLCIY Y TABYOELF Tiie b)Y 1Y

ODELFZATAN TARIDELFSZRAD) e B AMY aAD

DELISZGIRC Iy YTAR QELJT e MY 0 )y

DELJSATATI TAN " OELESeDELIG )Y Z7HAD oL AMY aRRAU=IE LK

CUPQLUZL 4 0= ST ERG- LAMNL ) ZRAUYSC0SLEPS/ZRAD ) oS THILLAMKHL Z#AL)
(1 U=LOS T DELF« DELUI/8240) & 2

CMUPZCUPOL U ()

CLIO ALIPYIISICLACMUPISTH (rwAKE s (ALPHA [ TY=ALRNAE(D) LI
/CAVG

CHOL (TPLIZ{=-CLsLITVI/CAVGIOVY/Y
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. ree wa ¢ B T ——————

CDICOT IPL)ZCLCOCA(IRPL)*SIN(ALPHAA{T)=ALPHAE(I)
CMzU )
ALFAEL (IY=ALPHAE(I)
ALFAT(I)YZALFAIL(DY
130 CONTINUE
CLCOLA(MP2)=041)
CROLLIMP2)=0,.Y
COLTO (MP2)=0.,
SAMAQ /(MP2)=0 40
FUIT(4P2) =PI
EVAT (MP23z1.0
CLCC LA{L1)=0,0
CRLb(1)2043
ClICOoC(1)=0.U
GAMAQV(1l)=u
ETAI[{1)=~1.0
PHIT{1)=U. "

C WRITE(O2777¢7) (K »PHIL(K' . YeK kZ12BMP2)
C WRITE(e7 38) (KEKPETAIITt(KF )Y ek Z19BMPZ)
C WRITE(6077'9) (KrvpCLLO A'K » )oK - Z1eBMP2)

77 FORMAT (W4 (Y PHIi("sI2,")='»Fl0H)
T778 FORMAT(H (Y ETATI(Y2I240)=9,F1U045)
759 FORMAT (4( CLCOCA(*2I2+)=13F10,b) .
CMUT=() e}
DO 1305 KUz=2!NY
KUM1ZKU=1
CMUTZCMUT+ (CMUTAB (KUML) «CTAB (KUML)Y +CMUTAGIKU) #CTAB (KU}
1 (YTAB(KI) =YTAB(KUML )}/ (B¥xCAVG)
1305 COMTINUE
CLT=QTABIETAT ' »CL O Asl MP2)/ 0
CROL TZQTAB(ETAT o CROL ¢l -MP2)/s 2,0
COITZ=QTAB{ETAT i oCDI.0Ce1eMP2)Y/ LU
SUMBezU WU
DO 1310 HNz=leM
SUMBOZGIMN)STHIPHT (N +SUMup
130 CONTINE
CLY21S((PIe) /7 (CAVOP (ML) & (SUMUG)

el g

CX ALCULATION PER Le BARNLT!
EGAMAZCL U2 #0 2/ (PTSAKICDIN2))

ALzt xCLO21/(PTSCLLO AtH D

XKHARZU 2 (P1s 2)

G 12 JU=IEGAMA®RXKUAR/ (G, eAls - ¢) _
G 2Z1eN+ (o oETACMULCMITEXKEARIG 1/ZIPI2AK AL )
G 3ZCLTe 27iP1eAREGAR ¥4 2
CXTZETAUMUYS UM T DOT~0 .3

#RITE (e 710
710 FORMAT (/elXe? L CLICIRD) COPry
1 ' Cx EFTA Cwy LR{GQLLY Y
720 wrldlTE{oeT36G)Y CLTe L2010 CUOT o CHToETACMU COT e Lis0L - T
T30 FORYATIIX GFL 0D eFB I 2K F104Y)
7460 aKITEtoe7HM
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750 FORMAT (/9HXs? ETA GAMA/V CL*C/LAVGt
2 ! ALPHA E')
QUT=0U.. !
ABSUSET=AIS(BETA)
DO 7 2 1I=1,20
YH==1e0+DELY*(I~1)
IF(ABS ‘ET«LE. 04l) YWSJWaJ+DELY*(I=1)
CHECK =1 oe=YW
IF (CHECK) T775¢7%06079
756 0UT=1.0
Yw=1l.0
YWPHI=ZO4)
GO TO 1759
757 IF (YwW) 79927989759
758 YWPHI=ZPI/2.0
GO TO 1759
759 IF{Yw+l) 7759175691728
1756 YwPHIZPI
GO TO 1799
1758 YWPHIZACOS(Yw)
1759 GAMAWZGIRC(YWPHI»PHI i» GAMAQV s MP2y ')

C SRITE(O+92D ) e YU YuPHI
CLWZ=GIRC(YHPHI»PHIT»CLCOCAMPZ2y2)
COIW=GIRCIYWPHI»PHITICOICO.»MP242)
ALPWZGIRC{YWPHI» PHI 120 ALPHAT # M, 2) *RAD
CMUZGIRCUYAPHIaPHI Lo CMCO ™ 2 MP2y 2y
ALPEZGIRC({YWPHI,PHIIZ2s ALFAEL oMy 2) ¥ RAD
TEMPHZGIRC(YIPHsPHT I2s ALFATsM 2)#RAD

7o) ARITE(oe7 0) YweGAMwieCL» ALPE

T70 FORMATY (OXelFlUaDe3X01F 003X lF 11U eIX21F Ui
1 FlueD)
IF (QUTY 772077207 5

772 CONTINUE

7T 5 IF(NPTSY 78207520781

781 CAL FIELDUIr ot iPTS s ALPHALY ETALSHE PrGAM .
1 o PHI L GAMAQV I XPH Yiotds 2P0 s M2

T2 IFLIr=16) 3ued a8l

7R3 STOR
£40
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SUBROUTINE GUES (NS, o FACTORy LINE)
COMSON ISSLPANS By ALPHAA(S YrA(S5e 5 Y2 C(D )
1 SKIP(S YeX (3593 9EROUBIr L) eE(S Yo XSET(S )
2 1SKIPZ2(34%Y2YTAB(20) »ALPZL(2U)
35 o NY»CLAM
DIMENSION TEMP(3 » 5)eG(3 YeER-SET(S Y» TEMALF{3))
RAD=57.296
PI=3.1415926%
NCP=IHS
MZ2%MS =1
IF (NS PANGEG.2) NCP=M
MCP.1=rICP+1
IF (LINE=2) 4U»2.59 U

THIS PORTION COMPUTES A LINEAR SOLUTION FOR A FIRST GUES ..

OO0

49 DO 150 I=1.nCP
YZASS( ka9 COS{PI*I/ (M+1)
ALFLUSHIRPCIY Y TAB P ALPZLsNY 1)
TEMALF ( TYSALPHA M (1) =ALFLO/RAD
0O 10w J=1eNCP
IF(I=Jd) 5Dt 125HY

S TEMP{I»J)ZA(LIv )

GO TO 10
54 TEMPLI»1IZA(Iy D)4/ (0 1)+ RPI&CLAM)
1.0 COMTIIUE

190  COMTItHpIE
CALY GURVITEMEHNCPIS s U1 1o JER Y
IFLIFER )y 1nuel7de L/
1o sHITE(nelnh IER
loh  FORMAT(IXe CIER =0, 12 1 IRVERSTIQN FOH LItcAdY SOLLTTICNY)
179 CAL  MATUPY(TEMRe TEMALF 2 OGPy 122103 0 ° 7))
00 20 I=istilr
X([el1ousO{INZtCtI) sPTeCLAM) FALFE U/KRAY
XSEYLI X tTel)
1 AHITE tas 180) Tex{]ls1)
Cl8l  FORMAT(ixe?IZ's [ {1 vl YTt aF1UWH)
24 B O(lel)=t U
P T ok St NIOR
Vi Ot letili tl 1zl WY
CALT CALCns oER HETe (1)
) GSSWILI-3)
U0 2. U 12268000}
1¥1z]-1
RO el oER SETIX
2 1 CQhTIrwiE

¢ ]G PORTION VAkES HCP MORE GUEY L . HASLD O FIRST GULYS

2 9 U0 30 Jz2snle 1
o0 2% Izleide
IF 2 =l 1) 20990280230
233 IF(I=11 23%9 239740
239 H{leJl=FALTOReX(1e1)

122




240
245
248

250

269
304

50

GO TO 248

IF(J=I) 2459235:255
X{IrdJd)=X(1Ir1)
XSET(I)=X(1rJ)

CONT INUE

CALL CALC(NS" P ERRSET»E(J))
DO 260 Iz2¢NCPPL

IMIZI-1
ERROR(Ir JYTER SET(IML)
CONTINUE

CONTINUE

RETURN

END
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SUBROUTINE BODY(ALPHAB»BETA»DIAB» ZWINGr BMAJOR»B+Y - ALFCOB)
IF(DIAB) 5095 25

25 IF(BMAJOR) 30,30+26

26 IF(BMAJOR=DIAB) 60+30,60

CIRCULAR BODY CALCULATIONS

OO0

30 TESTIY* #2420 INGk%2=(DIAB/2.0)% 2
IF(TEST)Y 50035955
35 ETABQD=2.0%Y/B

ANUMZ (ETABOD*B/DIAB)Y % 2=(2WINGk2./DIAB)Y %2
ADEN=( ETABOD*B3/DIAB) xt2=(Z2WING*2,/DIABY*2) & 2

+ +4 0% {ETABOD* (B/DIA3)Y*(ZWING*2,0/DIAB) 1 %2
BNUM=8,0%ZWINGXY/ (DIAB* 2)

BDENS (440%( (ZWING/DIAB %2+ (Y/DIAB) &r2) -+ 2
ALFCOB= ( ANUM/ ADEN) xALPHAB+ (BNUM/BDEN) *BETA

GO TO 10
C
C NO BODYrs RETURN WITH ZERO ALPHA EF ECT.
C
50 ALFCOB=0.9
GO TO 10
C
C EL IPTIC BODY CALCULATIONS
C BMAJOR (VERTICAL)» DIAB (HORIZONTAL)
C

6l Al=DIAB/2.0
B1=BMAJOR/2.0
A2 ((Bl/AL)Y%k2=1 40 /0.1
R2=( Bl/AL)Y+L,0)/2.0)%12
TETAZZwW ING/ AL
TPSIz=Y/ AL
TESTZ(Y/AL) %124 (29 ING/BL) % v2=1,U
IFITEST) o02imdrnd

ol ALFCOBR=U.)
GO TO 10

63 1T=u
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648

65
75
80

€69

DO 75 I=1.,80

ITZIT+1

ETA=TETA

PSI=TPSI

TPSIZY/ZAL+ ( (A2%PSIY/( PSI)*#2+(ETAY%+2))
TETAZZWIMG/AL={ {ACXETA)Y/ (PSIx+2+ETA%-2)

I (ABS{ETA=TETA)=,0 111) 65r )07
IF(ABS(PSI=TRSII~.00 1) 8)y30¢75

CONTINUE

CONT INUE

WRITE(H,99) ITe Y ETATETA»PSI»TPSI

ETASTETA

PSIZTPRSI

FORMAT(1X» I4snF19)

BNUMZ(R2 +A2 )%’ ¢ ¥PSTAETA

BOENZ(RPSI* 2=(ETA® 25 +A0) ¢ 4+ (U {PSI*x12) v (ETA¥+2))
ANUMLZ(PST*t24ETAx 21 %124 (PCT* 2=ETA® )+ (RI+AZ)HR2 AL
ADEHIIZ PSR 2=ETA%r24A ) k. 240 (3 (PST4 2V v (ETAE 2)
ALFCOBZ ( {AMUMLZADENL ) =1 ¢ U ®ALPHAB+ (BNUMZ/BUEN) % 3ETA

CORETHRN

END
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[SEANENe}

Lend (&)

p2 )

20

O & -

~y

LR S )

3 D

SUBRCUTTHE CJOVIANINLeTPIIL» IERR)

A IS INPUT ARPAY WHICH WILL CC CESTRCOYED
N IS5 DIMINZICM CF A

CPCIL IT TEST VALUL FCF rIVeT

IZRR I3 VALUE RITURNED IF PIVIT I35 TCC ZMALL
SIMENSICON A(2)93(125)9C(128)9IP(L28)eI0(123)

TZRR=0
20 140 K=1sN
?IVITZ0.0

CET OLARCILT LLfMENT 1M MATRIX FLACE IT
T 120 TZKeN

oC 2 Jz¥eN
ICEXT(J-1)eNLs T
IFLACSIALICEYY)=AZCSUFIVCTII D0l
CANTINU™
CIVOTZACICEY)
ittKY=T

IqtKY=J

ZONTINUE

CCKNTINUT
TFLACSUPIVUT)-ZPCSTLMINCs U0 2
CONTINUT
ITCIFIK)~KIUs "ol
ZOMTINUT

SWAPR 2CWD

20 E Jzlek
TeXIIP(K)
TOUXT(J-1)sM 1T X
KTEXT(J-1) sl &K
ZZA(ITEX)

AL TOCX)IZALKEEX)
AKITX)=Z
TONTINUT

TONTINUT
TFLTIAKI=2 )T 97
SANTINUT

SWAT COLUMNZ

iy Izl

e BRI L
ICTXSHITK-10e" o]
KZEXZUK=1)eM, o2
TzAfIITY)
A{TSOY)TAIKCEY)
AtKOEXY=Z
SANTTRUY

CONYINUT

2T 12 JdTlaeiw
ROTXztJ=-110%L o}
JOZXZUK = VaN_ oy
IELJ-KI11el00ll
TANTINUT

Mylzi 2RIV

I BV =0 A

1 O S Bt

126

T™:

rIveor

Yty w



11

N

[ 24

14
1t

e
tn

r* e
-3

-
<o

13
<C

it

“ONTINUZ
B(J):-AfKOEX)/PIVOT

COJYZACJIIEX)

SONTINUT

ALKDEX ) Z0L L

A(y2EX) 0.0

ceNTINUS

~“n 14 IT1eN

aro1y JoleN

TOEXZ(J-1)sN_¢I

A'ICEX):A(ICEX)oC(I)‘E(J)

TANTINUT

CONTINUT

N 2 KPTleN

KoNei=K"

TOLIP(KI-KIL1592T 025
~ONTINUT

np 12 ITleh

TEYzZIF (¥)
TOEXZ(IOX-1)sML ]

KDEXT(K=21)sNL+2

TzALIZEX)

AtICEX)IZA{KIEY)
A{KSEX YL
TONTINUT

SANTINUT

TELI2MPYI-KI28ellele
~AANTINUT

reo1c Jzlisk
TPXI31K)

IS A NP LANE DEP
nEXTtl-11eN K
TTALIDTX)
ALTIToAITALKCEX)
AtVoEXI=2
AOMTINUT

sOMTINUT

Lo Hol |

cemITRUT

T a3:z-1

SoONMTINUE

ATTUCN

Ld A
Ne
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TRy, A s A e s e =

FUNCTICN CIRCUARCsY pYoNX0IC)
ATTKIN INTEQPJILATTON
ARCZINCTRINDINT ARCUMEINT
STMCIPTNZENT TAZLZ
SCEFINZENRT TAELE
NXSNUMBTR VALVES X TASLEC
ICZ1 FITCT CPOLR TATERFCLATICN
I022 ZZZ2NC C222R INTZIRPCLATION
DIVERCSION XU1YoY U2 oXX (G) oYY L) o Z U2 )eFF(2)
TIMTINX-TC+1
TFEX(1)=-X(2Y)20s 200 2L
z ASCENDTING CRCTR
ic ZC 1% T=leIC0NT
IF(XLI)=-ANGIL%e 30020
1: CONTINUT
1< I7zNx=-1I72
Xzl
32 TC 4%
2C 20 28 IclelfMT
IFIXEIN-ARSIINGIGeZS

28 CONTINUT

DYDY Cr Y YO O

32 17 1€

TC IFAIC-1013503004C
T3 ITNI-113503%,77
I S E

32 TC 43
37 Im=I-IC

AN T2 453

4 TFLI-2)81e81 042

42 I°X=0¢
Ge TC It

42 TTY 23
cr Yz

4c 2730 TZleb
XXUIYX(I2)1=-2"2¢
YYeIyzvyueid

5t itzlre]
38 G0 Iz=led

Iy TELINXY(Zel) =YY UT)
0 T2

C FRAIYZOT (I el (202}
T2 30 Tziel
AR AP APNSEIN LR S A DAISE D A DR R VIS N O]
STLIT-1I10ULG 30

il TCNTINLY
R TEle

st MADSRAE I ADR TR LRSS RO S NG T S DA I B V4 N 2F B
TTLITNYLOUe 1033

cf TEQLIZUTILY T2,
00 TIelzIEMlY

TTTURN

HT
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CUSRCUTINC MATMPY(PREePCSTH PRI
DIMENSICN PRO(L1)» PCSY(1)e  PRCEC

Ty
{

-+

-

JrKs MDPReMPLCeMP2)
)

JCU3LI ~RICICISH TuMMmy
< ORF-wa "RC-MULTIFLIZRA
o A0S T=-= 2CIT-MULTIPLIER
¢ PRC0~- PRULUCT MATEIX
c T = MUMEE? UF RCWS IN Pnv  (MUMZIZR 27 ROWS IN PACTH
. J -= NUMEER CF CCLS IN FFE (NUMEER CF ROWS IN PCST)
c 2§ -=- MJMZER CF 72LS IN PCIT NUM2IZ? CF 7L 1IN °P0ST)
o MFR -= Z(CWk CIVYINCICN CF i (FIRZT CULICRIPT)
z MPC —-= QW DIMINSION CF %27 CTI73T SJPSIRIPT)
L VTP ~- OCW TDIVINGICN ZF PRCT O (FIRCT SUCTCCRICT)
22 10 L-leK
LPARTZMTD el =M
LPORTZNPCs{L-1)
CCMPUTET FROCUZCT LY 7TCLUMKG TPOM CUMMATION (F FPRCIUCTS
: 27 RCU="RT ANT TCLULMN-PPAD TUIMINTZ.
o0 10 Mz1e2
JPARTZL"CRTY
IFPARTZV
LPARTZLTART+L
TUMMYZCLUZTC
27 9 NZled
JEARTZUPART+1
JUMMY IPPILLPARTIST OGTLJUTARTY «DJUMMY
Q9 IPARTCZIARTSMER
1C PAAIILPART IO uvyY
RTTURN
e
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€Y LICY €3 ¢) (> LY O

&

TR arn 1 ————— gy - emirea - -

STAZ INTZCRATTCMN PCUTIME,
CALLINC SZIAUINCT
ANCZOTASHIXe P X Ze )
X IZ A TA2LT OF VALVUES CF THT A3TUMINTe FX I35 THYI TASBLD 07 VALUES
CF THD FUNCTIONG 7XH{IY = “(X(I)), THZ INTLIRATICON IS FRCM X{I)
T2 X(Jd)e
A PARABCLA I3 FITTLCZ 7C THE PCINTC (ZY THRICS ). THE AREAS RESULTING
ART SUMMIC.

TUMCTICNATAZ(Y s FXeIl9d)
SIMONCIONY(1) WP X (1)

SUMZ0.
vId-I-1

TFIMISese2
LzJd-2

PLRY G5 AT
TIZFY (K 41l)=FXLY)
T2=XIK+LY=-x(K)
TIZXtK+ZI=-X{K?

THIXIK+2)=%1K+1)

ALZTIV/ZT2

A2({F XK +2)=FV {L)-ALesTI)/(T2eTY)
C2ZCAL1-A2 (X (VI 4X(Vel)))/2

TN AKY-ALeXUK) e A28 X (K)o X (Ko )
XCZZY(K)sa2

"‘X(K#Z)""

02=X0CeX (K)
X Jz¥22eX1lK+2)
COVIOUM (8o (YD I=F0 21/ o4l (XZZ-XC2 14776 Y (K2 )-X(K)))
TFIM2Z M2 ) |Q|.
SUNZTUM XL JI=X(J-20 ) (TXLII+FX(L=-1))/20)
)' "-"UM

1 »
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SUBROUTINE SOLVEINS . pEOK» ITTERYESTARSFACTOR)
COMMON NS PANsB »SKIP(LI 85)eX(3 »33)Y0rEROI(S 13 YrE{ ) e XSTAR(S )
DIMENSION ERDSTR(I ) oB(3 093 JsUNITY (S /0% Y rDXSTAR(S.L) P DER-ST(S9)
ITTER=1
NTRY=1
NCP<NS .
M:Z*NS’I_I
IF{NS :PANJEQ.2) NCP=M
NCPPFIZNTP+1
RAD=57.296
o CONTINUE
DO 15U JU=1»HCPr]
DO 10 K=1l»NCP1
BI{JrKIZER-O (JrK)
1.0 CONTIIUE
150 CONTINUE
CALL GJURV(B#NCP 143 .0 o 12 lER)
IF{IER ) 160017Jr169
160 WRITE(Gr»lub) 1ER
169 FORMAT(LIX»*TER "= 14y 'FROM GJURV MATRIX IMVERSION?)
IF(IT ER=10 ) 95Urlb4r oL
164 DO ot IZ1eNCP
ot WRITE (O =1y (XCIed) e J=1r»tCP2 LY
ol FORMAT(IX» *X{IrJ) 9 10EL &)
ARITEbe 2) (E(I)eIZ1aNCP 1)
62 FORMAT(LXs *ECT) Y2 10E W&
DO 70 I=1stiCPil
7 ERITE(oe71) (ER O (Ie ) v =l o NCPVL)
71 FORMAT (I X e YER-Qic{TIod) ' 10E 44
CAL MATMPY(ER OReB3rUNITY s HNCP Lo NP Lo HCP Lol 0 25 )
DO L IzieNCP )L
10 YRITE(nelH7) (UNITY{Ted)eJ=t el 1)
17 FORMAT(IX» vt TY(TeJ) Y2 1UE. o4
DO lod =Lyt '}
18 sRITEtosl .91 (8 Iy ed=letiCP L)
109 FORMAT{LIXs tHINVIT»JY Y LUEL J4)
GO TO 990
170 DO 30 piRlaenCe
Sz o,
DO 21 Jdrelaetieel
SuMzZCUMeX{ el )80G0 1)
2U LonT InuE
XSTAM(] "y otpe
DESTAR{ T TY2xXSTAREY 1) eAD
S ConTIaw
320 FORVAT(L12e v STARYBI0E: 44}
CAL CAL. TS aFR 4Ty E5T A
D0 329 1zle0gp
DEw STOIY=ER QT eiday
$25 COHT e
343 FORWATIIReYER STV, L0l W81}
A iTE (62 391) ESTAR
390 FOIYATILY o YESTARSY I ELG LT/ )

i




(e R e

391

400
5 3

61)

Ak

715
725

754
75

760
765

81

H5H)

Qu

41}
Qi)
1oV

967

Beybd

ey

971

FORMA - (1X o 'ESTARZ'yE14,7)
IF(ESTAR=EOK) 4004 53051
6O TC 109

EMAXZE(L)

NEXCH=1

DO 70 - K=2»NCP:1

IF(EMAX=E(K)) 6037 079

MNEXCH=K

EMAX=ZE (K)

CONTIUE

EMINZE (1)

NMIti=1

DO 72H% K=2yNCP1

IF (EMIN=E(K) 7259725071

EMINZF({K)

MMIHNZK

CONTINUE

IF (EMAX~ESTAR) 790»760,80

WRITE (6275 ,) ESTAR)EMAX

FORMAT(1X» PESTARZ'»F8Bels* 1S GREATER THAM EMAXZ'9F8.4)
o0 TO 9%u

WRITE(Ge705) EMAX

FORMAT(1X» *ESTAR IS EQUAL TO EMAXZteFB.4)
GO 7O 95U

D0 #5H0 T1=1yMCP

X{TT o NEXCHYZXSTARIT )

COMT IHUE

DO YU Juz2eNCP:'1

JdMlay =1

ER O (J e MEXCHD) ZERISTR{ JiM] )

CONTIHUE

FAREXCHYSESTAR

IT £ T iErsy

GQ TH Hy

FRITE (et ELRMIT 2 EOK

FORMAT (S MIH MY ER D S0 ak1Uhe EOKZ Ve FlUeh)
Ke =2

lpfferYQﬁch) Ke vl

IF (% ) 962 al e84

FORMATILTL)

GO T U Q8Os 0y - Uel 0 2302 Y500 40 B0 ey ) s K

Ko 22 ab, Il LAl GUES . AGATH USTLL  THE - alt (ALE

DO 471 TIslelilP

f pl=] ¢}

X{D el¥m(liotliny

ERCO TP e YSER QT IRLaHsID
COouYTiamw

Ellystinsten

FACTORZO ..

HTieyz?

CAL: Gt Y  INS W FALTOR.2)

60 T8O L4

132




C
C Kki=1 WE WANT TO PRINT QUT MIN ER~OR SOLUTIOM.
1 C
) 980 DO 982 II1=1sMCP
XSTAR(ITY=X(IIsNMIN)
, 982 CONTINUE
- . CALL CALC (NSGIERISTRyESTAR)
. GO TO 10
C K«k=3 PRINTOUT MIN X AND ER<OR SOLUTIOM.

90 D0 9 4 1iz1sNCP
ITP1=T1+41
DASTAR(ITIiy=X{I1eNMItI) #RAD
DERFST(IT)ZER IR (T iPLyNMIH)*RAD
QU4 COMTINUE
WRITE(Bs320) (DXSTAR(I) Izl HCP)
#RITE(6rS U) (DER ST(I)s [Z1/NCP)
WRITE(50390) E(NMIM)
GO TO 92

C
C K 24 CHANGE OME OF THE MIM X VALUES,
~

1 U #RITE (orll!;0)
1 0] FORMAT(' TYPEL (I’(_)"'].UC } MO AND MNE % VAL,(_”.’ FOH Xet)
READ(HPI  H) INeXHESN
Ir (IM=CYy L 7l 7970
, 1 5 FORMAT(I2,F1U. )
: 17 XCIne oMYt SXNEN/RAD
DO 120 1.z1.0CP
XSTARITIISX(D ottd] )
1 20 COMTINUE
- CAL  LAL (NS ER ST ESTA)
‘ E(HMIt) 2B TAN
i DO 1 2% fizleniep
/ 1 #1271+l
d ER O (T IRLeMMINY 26 ST
DXSTARI T ) 2R STA ] JaHAD
QERCSTETIIZER-ST 4] ywHAD
. 1 249 LonTliuf
: HHITE (e 320) (UXSTARIT) e 121 1L
EHITE (8 ) (UFR ST(LVe Iol oG
SRITE (e 394y) E(HM])
GO 10 Yal
10 HE TUd
Kty
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SUBROUTINE CAL (NS ER. SETsRMSER )

COMMOIE NS PANIBrALPHAA(33)Y oA 6D Yo C{S35)
G(3 YoX (3 e i JeERCOR(S3y L) vE(50) 9 XSET(3 )
P ALPHAT(35) o YTAB(20)

ALPZL (20) » NY o CLAM

s CMUTAB(20)Y o CFOCIN(Z20) v DELFTB(2U7 pDELJTB{20) » KWAKE
P EPSTAB(20) o LAMe LAMHL » BETA» SGAMA\» CLOTAB(2U)

P CNOLTIH(20)Y 2 DELITBL{20)

DIMEMSION ERSET(3Y)

REAL LAMy LAMHL

PI=3,14 5926l

RAD=57 .290

SHBETAZSIN(BETA/RAD)

MCPZ=NS -

M=2 %NS =1

IF(NS PANGEG.2) NCP=M

THETAZ (LAM=BETA)/RAD

FLIPZ1.0

00 10 I=1l,MNCP

YIAHS (k5 COS(PIx I/ (M+1)

IF(1.G6THS Y THETAS(LAMEBETA) /RAD

IS 1eGTeriS) FLIPZ=14U

IF(ILEG. IS ) THETAZILAM/RAL

IF TeERVNS Y FLIPZU,. -

CTHETAZCOS({ THE TAY

ERPSIGIRCEY s (TAHPEPSTALUSHY» 1} /RAD

CMUZGIRC Y rTAG s LMUTAS Y L) 2COSTERSY/Z(CTHETAY 2)

PLAMZCOS (- LAY=LAMEHL)Y /<A 7 COSLAMHL/RAU)

CFOSGIICIY s YTAB CFOLTIeTIY L)

CHOUZGIRCIY» TAH, CHOL T ie 1Y 1 1)

DELFESTOIRCIY s fTAU» GELF THistiY, 1)

UDELFZATANITAIICUELFSZRADY LAY #RA])

DFLMZOIRCUY ot TAB» DELNT salive 1)

UELHSAT G TANRDEL /WAL ZCLAYM) sRAY

L JOTOIRC vy v TA D LuT tatlYs 1)

DELJZAY I TANL DRELRS LSS ZHAL) el A A= FLF

LLOZOHTRO LY FTABLCLOTAbeziY e 1)

AT XSETLI o 09 ELTIRELT TARSOAM 120 THETA)

ALBTZU AL TP+ FLIResi TAeS e 120N TAaYr=-1

CAL  HACKE TUW v &vE s LFCU o JELF o CHOL o SR Fe AL AL T e L DIE L
OF LALF2L D Y

CL IS ¢ I GLATIO LleT ony

LT e 2l 1o /€0 BYrab/Zeile ELALE)
GEIIZCLAETE Tae 2yt 1o 078

Cont oy

CAL AT WY A0 G LPHATIHCY G L0 S et

DO 20 1 zianw

Bl SET(] 1S (RSET{ T i=nlPrd (]I eALR AL Y #97,2909
Courlgg

RN g1l

Q0 30 lislenls




30 SUMSSUM+ER 'SET(ID)* 2
XNCP=NCP
RMSER /= (SQRT (SUM/ XNCP) ' ¥RAD
4wy RETURN
END
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SUBROUTINE HACKET (KWwAKE»CFOCY DELFsCHOC,DELN/ALPE s ALPL»CMU»DEL U
1 DELALF»COCP)
EQUIVALENT JET=-FLAP PROGRAM USIHG CLOSED FORM SOLUTION
OF JACOHS EQUATION,
INPUTH
CF IS PHYSICAL Te.Ee. FLAP CHORD (POSITIVE)
DELF IS ToE.FLAP ANGLEs WaR,T CHCRDe OEGRE: S NOSE DOwM
ALLPE 1S FFFECTIVE INCIDENCD RELATIVE TO CHORDLINE C
CMU IS FLAP BLOWING MOMENTUM COEF. ICIENTe SASED ON
PHYSICAL CHORD C
DELJ IS ANG'E 3Tult N FLAP CHORD AMU JET
DIMEMSTON A(4)pRPSIL(4) e F {4
ALFDELIX)=240/3,14159% (SORTIX* (1 40=X) +ASTIN(SQRT(X)
PIZ3.14:59
RADZP1/140.,
IF(CMU) 2bU»ed
CO P=140
CFPOCRz=CFQC
GO0 70 20
IF(CFOCY 2Z50rken
CFOL=0. 1
PIZ2ZPI*P]
PI3zR2%P]
1T=v
PSiL(T )20
XRPz=1»1/72.0
PSILES)YZPL
XOELFSRAD®DELF
XOELNZRAD® JELM
XDELJTHAD ¥ Y LY
XALWE SRAD®ALRE
ETA:I o =LFOL
ETAMNZCHOU
XALPISRADSALP]
FEIL{Z 1o
SIHxXET, Tt Xw)
sV loesy 3) ITeXPa 8Tl Yes Z1edd

O RORMAT e 12X0F10.D)

COSYPIUQNLAP)

1IT=i14)
ToETAs i +LQNEP =],
PZIACONSLT)
TIZETAR () o3 QUXP =]
PLZACOMLTL)
Fllio=txDELI=-%AL PEY
Aty sl

Flzyowuh

A2y =

FLIIoXOELF

At3yowy

Cei IV 1 #A L 2 { AP=S THIKD]
B0 110 HZ2e3
AP0, LA ) e
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ASMZSIN(OD% (A(N)=XP))
CHECKZTUHECK+F (NY* (A (N} *XP+XP*SIN(A(N) i =A{N)kSTNXP
$+2 o« kASMKASPRALOG(ASM/ASPY )
1 0 CONTINUE
CHECK=CHCCK+XDELU%XPxXP

ANSI=CHECK/ (1+0+COSXP)
ANSJU=0 ¢ 25%P 1 tCMU% (SIN({ XDELF+XDELJ+XALPE)
+ =SIN((KWAKE=1.)%XALPI))
RES=ABS (ANSI) =ABS(ANSU)
TOL=.0 1
IF(ABS(RES)=TOLY10 :»1 ¢t 419
15 IF(RES) 40,10 5930
30 XP=(PSI1( )+PSI1(2))/2.0
PSIT(3)=PSI1(2)
GO TO 50
490 XPZ(PST1L(2)+PSI1(3))/2.0
PSI1{1)=PSI1(2)
50 CONTINUE
IF({IT=50))12,12:98
98 WRITE(6e16 ) RES»TOL»ALPE:XP
16:5 FORMAT(' SOLUTION FOR EQUIV. JET FLAP HAS AN ERRZ*»F8.5
1 Y TOIZYF74¢50t XS5TARZ'F10.5¢ " PSI1IZ'1F1045)
104 CONTINUE
COCP=Z(140+COSXPY /240
CFPOCP=(1.,0=T)/2.C
CNPOCP=(1.0=TLYy/2:0
EMFOCP=(1,0~CO%%XP) /2.0
205 ADF=ALFDEL (CFPOCP)
ADEMF=ZALFDEL(EMFOCP)
ADN=ALFDEL (CNPOCP)
DELALFZ (L 0/COCPY*{ : ADN=1.,0) xXDELN+ADFkXDELF+ADEMFxXDEL )
250 RETURN
END
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SUBROUTINE FIELD(NIs NPTSrBr ALPHAB» BETASG» SWE-Pr GAMA,
1 PHII»GAMACVIXPBrYPBrzZPB»MP2)
PROGRAM FOR ESTIMATION OF THE VORTEX~=INDUCED SUBSONIC~FLLOW FIELD
BENEATH SWEPT AND UNSWEPT WINGS.
REFERENCE NACA REPORT 1327 BY WIL!.IAM Je. ALFORDr JR,
PROGRAM BY A. E. HOLMES OF DEPT 72-74%ikt -:-xFEBs 1967%fx
UPDATED ON JAN 15 1971
UPDATED FOR SUBROUTINE FOR JET FLLAP HIGH LIFT PROGRAM
23 OCTOBER 1973+ AEH
CHANGED TO HANDLE ASYMAETRICAL LOADINGS 25 OCT 73. AEH
VELOCITIES INSIDE CIRCLE OF RADIUS S ARE ZEROED 0QUT. 29 OCT 73
LAST UPDATE 27 NOV 73.
DIMENSION XP(20)» YP(20)e 7ZP(20)r X(50)r Y (50}
1 Z(50)»GAMOV2(50)
2 fPHIL(35)»GAMAQV{S ) XP3(20)2YPB(20)2PB(20)
PI=3.,14159
RAD=180,/P1
TGAM=SIN(GAMA/RAD)/COS(GAMA/RAD)
TLAM=SIN{SWEEP/RAD) /COS(SWE LP/RAD)
NVORTS=50
VORSPA=R/50.
S=VORSPA/2,.0
BETA=1.0
DO 40 J=1¢NVORTS
TADNZS=(B/240)+ (VORSPAX (J=1)
ABSYZABS(Y(J))
YAPHIZACOS(2.,0%xY(J)/B)
GAMOVZ {J)SGIRC(YWPHI»PHIT » GAMAQY I MP2,32)
X{J)=ABSY*TLAM
Z2(J)=04)
5913 FORMAT( )
40  COMTIHIUE
SALFZSINCALPHAR/RAD)
CALFZCOS (ALPHAB/RAD)
SBETAZSIN(BETAS /RAD)
CBETA=ZCOS{BETAS .Z/RAD)
DO HO I=1MPTS
YRP(TYSXPBIT)*SBETA+YPB (1) *CUETA
XP{IYZZ2PB (1) #SALF+ (XPB 1) *CBETA=YPU (1) *SBETA) «CALF
ZRCIY=Z2PB 1Y xCALF=XPB( 1) xSALK
50  CONTINUE
WRITE  (oell)
1 FORMAT (/7  ouXst X POINT Y POINT 2 POINT ¥,
1 v EPSILUN SIGMAY Y /)
DO 2u  I=Z12HPTS
SUMGF =0
QUMGFV =0
SUMGFU=(
0o 1o JTL o HIVORTS
DELXS(XP(I)=X{J)) /BLETA
DELYRZYR(IY~Y({J)
DELZ2=2P(IY=21{J)
SIVORSPA/Z2 .U

OOO0O0OCOO0O0O00
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%)

62
64

DNSISSQRT( (DELX/S) %2+ (DELZ/S) *%2)
DNLAMR=SQRT ((DMSQ%k2) + ( (DELYR/S)=1)% 2)
S L JELR=( IDELYR/S) 1) /DNSQMR

C *DELR=DNSQ/DNSQMR
DHNSOPR=SORT( (DNSQ* 21+ (1 DELYR/S)H+1 1% k2)
SNBETR=’/ (DELYR/S)+1 3 /DONSQPR
CSBETR=DNSQ/DNSQPR

SNGAMAZ (DEL.X/S)/DNSQ
CSGAMAZ(DELZ/S)/DNSQ

IF(DMSQeLT41.0) GO TO 62

FWRPLZ {SNGAMA/DNSQ) * ( SNBETR=SNDELR)

GO TC 64

FWwRPLZ=0."!

IF( {ONSGPRe«LTe140)«ORe (DNSOMR,LT«1.U) GO TO 78
FuRPL=F+4RP! =

1 'DELYR/S)=1)1/( DELZ/S)* 2+( DELYR/S)=1)% 2))%(1+SNGAMAX

78
80

110
21

3 CSDELRY+(: (DELYR/S)Y+1)/ ((DELZ/S)¥:2+
GL(DELYR/ZS)I+1) %+2) )k (1+SNGAMAXCSBETR)
FVRPLS((DELZ/S)/( DELZ/S)* 2+( DELYR/S)+13% 2) #(1+SHGAMA
2 *CSBETR)I=(1DELZ/S)/7( DELZ/%)% 2+
3 ((DOLYR/S)=1)#42) )% (L+SNGAMAXCSDELR)
GO TO 80
FVRPLZU.
IF(ONSQ.LT.1.9) GO TO 8
FURPLZ{CSGAMAZDNSG) ¥ ( STIHE TR=HDEL )
GO TO 90
FURPLZU
SUMGF AZQUMGF w+ { GAMOVZ { J) #FWRPL)
QUMGBFVZISUMGEV+H {GAMO Vv ( J) #FVRPL)
SUMGFUZSUMGF! 1+ (GAMOVZ L J) #FURPL)
CONTINIUE
GAQVISUMGE 4/ {4 rRPT+5)
VAQ/ZSUMGFV/Z (U %P4 5)
VAQVZQUMGFIN/ (e ]1t) )
FRSLONHSLATANL 4 AQVZ LL#UACYY #9975
SIGMAZ={ATANIVAQV/Z{1+UAQYV) 457,38
QLOOZ (1 +UAQVI#+2+IVAQ/ I & 2+ AQVSE ¢
ARITE (el VY XPULTYe YPUIIYe 2PUITYe EPSLONHe SIGHMA
FORMAT (hXeSK104%9)
CONTItIVE
RE TN
&ND
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