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CALCULATION OF THE LONGITUDINAL AERODYNAMIC

v - .

CHARACTERISTICS OF STOL AIRCRAFT WITH
EXTERNALLY-BLOWN JET-AUGMENTED FLAPS

By Marnix F. E. Dillenius, Michael R.
Mendenhall, and S. B. Spangler
Nielsen Engineering & Researchg>lnc.

SUMMARY

A theoretical investigation was made to develop methods for predicting
the 1ift and pitching moment characteristics of externally-blown, jet-
augmented wing—fiap combinations. A potential flow analysis was used to
develop two models: a wing-flap lifting surface model and a high-~bypass-
ratio £urbofan engine wake model. The wing-flap model uses a vortex-
lattice approach to represent a wing of arbitrary planform, camber, and
twist, and a multiply-slotted flap which can be large and highly deflected.
In order to handle the lafge angles that appear in the flow-tangency
condition applied to the surfaces, trigonometric functions are used
instead of the usual linearizations. The horseshoe vortices on the flap
are laid out on a surface inclined to the wiﬁg ét the average flap angle,
with the trailing vortex legs 1ying on an extension of thisiflap surface.
The engine wake model consists of a series of closely spaced vortex rings
normal to a wake ceriterline which is permitted to have vertical and
lateral curvature to accommodate the local perturbed‘flow under the wing.
The ring diameters ana strengths are determined from the engine thrust
such that the resulﬁing potential flow "wake" has essentially the same
mass, momentum and spreading rate as the appropriate turbulent, coflowing
wake, " Use of these two models in sequence provides for calculation of
the wing-flap load distribution including the influence of the engine
wake. The method can accommodate multiple engines per wing panel and
part-span flaps but is limited to the case where the flow and geometry of
the configuration are symmetric about a vertical plane containing the
wing root chord. ' ’

Comparisons of predicted and measured lift and pitching moment on
unswept and swept wings with one and two engines per panel and with flaps

having a combined chord as large as the basic wing chord indicate



satisfactory predictioh_of 1ift and moment for flap deflections up to
30 to 40 degrees. At higher flap angles with and without power, the
method begins to overpredict lift, due probably to the appearance of
flow separation on the flaps. The agreement on moments is least' satis-
faetory for swept wings, probably as a result of the particular vortex-

lattice layout used in the calculations.
INTRODUCTION

. The development of hlgh bypass-ratio turbofan engines with thelr
relatively cool exhaust has generated great 1nterest in the use of
external- flow jet-augmented flaps as a means of achieving high lift
coefficients‘gor STOL operation. In this concept, the jet efflux from
pod-mounted ehgines is made to impinge on a large, highly deflected,
multiply slotted flap system which indﬁces a large amount of additional
lift through engine wake deflection. A number of experimental investi-
gatioﬁs have. confirmed the capability of the externally-blown jet-augmented

flap to produce high lift coefficients (refs. 1-4).

Most of the work that has been published on externally-blown Jjet-
augmented: flaps has been experimental in nature. In addition to the
work on complete configurations such as that of,referehces 1-4, experi-
mental work has also béen done on a semispan wing-flep—engine model
(ref. 5). A wide range of configuration variables have been tested,
including swept and unswept wings, partial and full span flaps, various
numbers of flap segments, and variations in engine position and incidence
relative to the wing. The results of this work are available in the
form of overall lift and pitching moment over a range of flap angles and

thrust coefficients. .

Early analysis of the behavior of a wing with externally-blown jet-
augmented flaps considered the lift to be made up of the 1ift of the
wing-flap alone, the lift due to the vertical component of jet momentum,
and a circulation lift induced by the jet-flep interaction (ref. 1). While
theoretical values of the first two could be obtained, no method was
developed to estimate the last. Recently, jet flap theory developed for
the jet flap and augmentor wings was applied to a jet-augmented flap
(ref. 6). Although good agreement was indicated, empirically determined
momentum coefficients, jet turning angles, and jet spreading factors were
5 :




used. Thus, no rational, analytical method existed for predicting the

performance of an arbitrary jet-augmented flap and wing combination.

The objective of the present work is to develop an engineering
method for predicting the characteristics of such a cenfiguratibn. A
potential flow approach was adopted involving the combination of two flow
‘models: a wing-flap lifting surface model and a Jet wake model. Because
of the size and large deflection angles of flaps required for STOL perfor-
mance, a nonplanar, nonlinear lifting surface method is required for the

wing~flap model. A vortex-lattice approach was selected. The jet
wake model required a potenrial flow approximation to a turbulent,

coflowing jet. The jet charaeperistics used were those of Abramovich
(ref. 7). The pofential flew'épproximation was derived from the basic
ring vortex model of reference 8. These models must be combinéd in

such a fashion that all the boundary conditions are satisfied. An
iterative approach was selected. The development of the models, com-
parisons of predicted results with data, and a user's description of the
resulting computer programs are presented in this report. The computer

source programs are available from COSMIC.

SYMBOLS A
Ag fan exit flow area
A. jet-wake cross sectional area at beginning of the
J - wake
b - wing span
c chord of area -element on the wing; or basic wing root chord
c average wing chord, S /b, used as reference length
ave 7 REF )
by wing-flap program :
Cy section lift ‘coefficient, based on local chord
c, design section lift coefficient
i
. . 1- ' i
CD .. induced drag.coeff1c1ent, -F /qSREF
CL : lift coefflc t L/qSREF
Cu thrust coefficieént, T/qSREF
Cm pitching moment coefficient, M/qSREFCave 3
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n_fadial distance givenqby ;-n‘.+\c

radius of jet-wake

complete elliptic integraL of second kind

backwash, sidewash, and downwash influence coefficient
for a horseshoe vortex on the wing

backwash sidewash, and downwash influence coeff1c1ent
for horseshoe vortex on the flap

streamwia?;force
Ty

argument of elliptic integral

complete elliptic integral of first kind

+

“1ift force

length of initial region in jet-wake

pitching moment; or momentum in jet; or number of
vortices or control points on-wing

number of-vortices or coﬁtrolcpoints‘on flap
mass flow in jet

free' stream dynamic pressure, % P V2

‘radius of jet-wake at beginoing of jet wake

2 2

for the jet

horseshoe vortex semi-width.measured in chordal plane;

oxr distance along jet wake centerline
w1ng planform area used as reference area by wing-flap
program

engine thrust .. axda.. a

perturbation velocities inu'x, y and z directions,
respectively, induced by horseshoe vortices on the
wing i BRIV I .

perturbatlon veloc1t1es in x Y. and z directions,
.respectively, induced. bylhorseshoe vortices on the
flap . W TS :

_perturbatlon veloc1t1es imixx,.y and 'z directions,

respectively, . 1nduced onww1ng flap by other airframe
components

gel 3

’ ax1al velocity’ 1nduced byi-a -single vortex rlng



X,¥,2

Xfryfrzf

XZ

radial velocity induced by a singie vortex ring

jet velocity directed along the geometric engine
centerline at beglnnlng of wake (includes free
stream velocity)’

average jet velocity at a station along the jet v
(includes free stream velocity) :

fan exit velocity . NI

perturbation velocity along 'y ~direction at the
bound leg midpoint of a horseshoe vortex on the wing

perturbation velocity along y direction at the
3/4 chord of the left side of an area element on the
wing

free stream velocity

coordinates.with origin located at the midspan of a
horseshce vortex on the wing and with same directions
as X, Y, Z coordinate system; figure 2; or jet wake
coordinate system fixed at beginning of jet, figure 9(a)

coordinates with origin located at the midspan of a
horseshoe vortex on the flap, y direction same as
y and Y directions. Directiong of x¢ and z rotated’
from x and z through angle 6XZ (positive dgwn),
figure 2

coordinates with origin located at the wing root chord
nose, figure 2. X axis coincident with wing root
chord, Z axis positive in downward direction

angle of attack of wing root chord with respect to
free stream, degrees

angle between tangent to mean camber surface of the
wing and X directicn, degrees

vortex strength of a horseshoe vortex

vortex strength of vortex rings used to model expanding
jet wake

vortex strength of vortex cyllnder used to model
straight jet wake

flap deflection angle measured perpendicular to the
hingelinefiipositive downward, degrees

streamwise‘flap deflection angle measured in a plane
parallel to the X-72 plane, ' positive downwards, degrees

5
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TE

nt

initial

angle between tangent to mean camber surface of the
flap and the x¢ direction, degrees

angle whose tangent equals the slope of the jet-wake
centerline in the X-Y plane, degrees

éngle'whose tangent equals the slope of the jet-wake
centerline in the X-Z plane, degrees

" non-dimensional spanwise coordinate, Y/(b/2)

angle of inclination of jet wake centerline, relative
to X-direction, degrees -

vortex ring rectangular coordinate system with
origin located at the center of the vortex ring,
figure 9(b)

free stream density

dihedral of wing, degrees

dihedral of flap calculated by wing flap program,
degrees

sweep angle of the bound leg of a wing horseshoe vortex
(positive for swept back vortices), degrees

sweep angle of the bound leg of a horseshoe vortex on
the deflected flap calculated by wing flap program
from undeflected flap sweep, degrees

sweep angles measured in the plane of the wing planform,
degrees : -

Subscripts

flap

left; or local

field point

center of engine inlet

right ‘ ;
center of vortex ring

wing ‘

leading edge . s

trailing edge



'THEORETICAL ANALYSIS

Wing-Flap Model’

In order to appraise aerodynamic interaction effects between a jet-
wake and a wing-flap configuration, a method is required to determine
aerodynamic loadings on the wing flap surfaces., Furthermore, the method
must be able to predict wing-flap induced pertufb&tion velocities at field
points in the vicinity of the configuration. For these purposes, a three-
dimensional horseshoe vortex lattice is used as the distribution of
singularities representing the lifting surfaces. The flow tangency boundary
condition, including all wing-flap interference effects, is applied at a
finite number of control peints on the wing-flap surféces, which results
in a set of simultaneous equations from which the vortex strengths are
determined. Wing angle of attack and flap deflection angles are accounted
for in terms of trigonometric fuﬁctions instead of linear terms because
the magnitudes of the angles can be large. The jet-wake is considered
an external source of perfurbation velocities which are included in the
wing-flap flow tangency condition as part of the jet wing-flap aerodynamic

interference calculation.

The method is developed for flow in the pitéh blané; yaw'effects
are not included. Since large»flap deflections are used only at low
speeds, compressibility effects 'are not included.” Finally, since potential
flow theory is used, 'the methods cannot account for flow separation or

other viscous effects.

Configuration characteristics.- The configuration of interest is a

winé with large, deflected flaps attached to the trailing edges of .the
wing ‘panel. The various configuration parameters included in the method

are listed below.

Wing Panels:
Mean camker surface: May have both twist -and camber
Leading-edge shape: 'Straight line which may be swept
Trailing-edge shape: "Same as for leading edge
Taper: Linear
Tips: Parallel to wing root chord
Dihedral: Arbitrary but constant over the semispan

Thickness: Assumed small (thickness effects neglected)



Flaps:

Type: Single surface. Multiple flaps are idealized as a single
flap with camber to account for the effects of individual flap components.

Location: At or near wing trailing edge with the flap leading edge .
situated in or off the plane of the wing. (In actuality, the flap can
be located anywhere provided certain precautions.are followed in the lay-
out of the.wing vortex-lattice and the flap control points.) d
» Mean cambef surface: May have camber.  Also see remarks regarding
flap type. .

Span: Full or pattial span. )

Leadingﬁgdgé shape: Straight line which may be swept.

Trailing-edge shape: Same as for leading edge.

Taper: \}inear

Thickness: Assumed small (thickness effects neglected).

Description of the method.- The three-dimensional horseshoe vortex

lattice that is used to represent the wing-flap lifting surfaces is an
extension of the vortex-lattice methods and programs developed in
references 8, 9, and 10. Specifically, the approach described in ref-
efence 8 has been extensively modified to treat a wing-flap system with

mutual interference between the wing and flap.

The vortex-lattice arrangement and the coordinate system for a swept
‘wing with trailing edge flaps deflected are shown in figures 1 and 2.
The wing panel and flap are divided into trapezoidal area elements.
A horseshoe vorfex is placed in each area element such that the span-
wise bound leg lies along the element quarter chord and its trailing
legs along the chordwise sides of the element. The trailing legs are
assumed to lie in the plane of the area element. The wing vortex trailing
legs consequently extend back- to infinity in the plane of the wing. The
flap vortex trailing legs extend downwards to infinity in the piane of
the flap. Both wing and flap vortex trailing legs lie in planes parallel
to the X-2Z plane. .The angle subtended by the two trailing leg directions
equals .the streamwise flap angle, §y,, Whereas the actual flap 6,

is understood to be measured perpendicular to the hingeline.

On the wing, the area elements have a uniform chordwise length at any
spanwise station; in the spanwise direction the area element widths need not

‘be equal to allow for closer spacing where large spanwise loading gradients -

8



exist. The flap area elements are arranged likewise althouéh the chord-
wise and spanwise dimensions need not be the same as those used for the

wing area elements.

The flow tangency boundary condition is applied at a finite set of
control points given by the midpoint of the 3/4 chord of each area element
located in the chordal planes of the wing and éﬁé flap.- The wing
chordal plane is the plane containing the wing root chord and making angle
¢ with the 2 = 0 plane, see figure 2. The flap chordal pléne is the
plane containing the flap leading- and trailing-edges and the flap root
and tip chords. The boundary condition states that there is no flow
through the wing and flap surfaces at each control point. " THe condition
is illustrated in figure 3 for the wing. The velocities normal to the
-wing consist of a component of the free stream, perturbatioﬁ Velocities
u, v and w induced by the wing-flap horseshoe system, and externally
induced perturbation velocities u;, v, and W "The latter velocities may
be generated by a turbofan wake as described in a later section.. The

velocities normal to the flap are categorized in the same manner.

With M control points on the wing and MF on the flap, the boundary

condition for the left wing panel is formulated as follows.

M+MF
M T ‘ : T
L - i cos
E: v va . cos ¢v Fvv . sin ¢v + v5iid Ff'wv . cos ¢v Syz
n=1 ! ! n=M+1 !
- Ff,u cos ¢v sin 5XZ - Ff,v sin ¢€>.
v,n v,n
v, u, W,
= si i,V o S Ay iy
sin G. + a2v> cos' ¢v + v— Sin ¢v 7 ul,\) + V>cos ¢\)

v=1,...M (1)

With the flap deflected downwards, the flap boundary condition is written

for MF points as



v,
= ai v
= gin (o + 6XZ + 62v> cos ¢f,v + 57— sin ¢f,v cos <§XZ + 62v>

v=M+1l,...M+ MF (2)

The wing angle of.attack . o, the streamwise flap angle GXZ (pogitive
downwards) and the local flap angle 62 due to flap camber are accounted
for in a nconlinear manner; for example, sin a instead of a. This

allows the metpod to be used with large magnitudes for these angles.

The validity of the wing-flap loading results at high angles will, however,
" be limited by viscous effects such as flow separation on the flap not
accounted for in the present fheory. Local w;hg angles oy due to wing

camber and twist are assumed'to have small magnitudes.

VThe right—hand.sides of equations (1) and (2) represent the free-
stream component and the externally induced perturbation velocities normal
to the wing and flap chordal planes. The first summation on the left-
hand sides of the equations represents the perturbation velocities induced
Ly the left and right wing surfaces. The second summation represents the
perturbation velocities induced by the left and right flap surfaces. The

functions inside the summations will be discussed next.

The functions Fu’vaFw and Ff,u’Ff,v’Ff,w are influence
functions relating the perturbation velocity components induced at some
point by a wing and flap horseshoe vortex, respectively, to the circu-
lation strength and the coordinates of the point relative to the origin

of the vortex coordinate system (x,y,2). This relationship is obtained

10



from the Biot-Savart law, (ref. 11). The origin of the vortex coordinate
system is located at the bound. leg midpoint and its directions are aligned
with the wing root chord coordinate system (X,Y,2), (fig. 2). The effect
of vortices laid out on the left and the right wing and flap panels must
be included in the influence functions shown in equations (1) ;nd (2).

The functions Fu’ FV and Fw for the left wing panel are described com-
pletely in Appendix A of reference 8 and are repeated below together with
other necessary relations. The same functions arérused'in connection
with the flap vortices as described later. The bound leg sweep angle
¢ measured in the wing chordal plane is related to the sweep angle

‘ p
in the wing planform by the dihedral angle ¢: -

tan ¢y = tan wp cos ¢ (3)
The backwash influence coefficient is
F.o(x.yr2,8,9,9)

(z cos ¢ ~"y sin ¢) cos ¥
[x cos Y - (y cos ¢ + z sin ¢) sin w]z + (z cos ¢ - y sin $)?

o {}x-+s tan ¢) sin ¢+ (y+s cos ¢) cos ¢ cos ¢+ (z+s sin ¢) cos Y sin ¢
Bx + s tan w)? +(y +scos ¢)2 + (z + s sin ¢)2]1/2

(x - s £an Y)sin v+ (y-s cbé $)cos Y cos ¢+ (2-s sin ¢)cos Y sin ¢
Bx - s tan Y)2 + (y' - s cos ¢)2 + (z - s sin ¢)2]1/2

Lo P 4)

.
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The sidewash influence coefficient is

FV(XIyIzISle¢)

- 2 51n Y + x cos Y sin ¢

[x cos y - (y cos ¢ + z 'sin ¢) sin w] + (z cos ¢ - y sin ¢)?2

{(x +s tan Y)sin w-r(y-+s Ccos ¢)cos w cos "¢+ (z +s sin ¢)cos ¥ sin ¢
[(x + s tan w) ﬂ+ (y + s cos $)2 ¥ (2 + s sin ¢) ]1/2

_ (x-s tanﬂb)s:.n Y+ (y~-s cos ¢)cos § cos, ¢+(z—s sin ¢)cos Y sin ¢}

]1/2

[(x -.s tan Y)2 + (y - s cos ¢)% + (z - s sin ¢)

+ "(z - s sin ¢)

(y - s cos ¢)2 + (z - s sin ¢)?

_ (x - s tan ) .
® 2 - 5 - 211/2
[(x - s tan Y)° + (y - s cos ¢)° + (z - s sin ¢) ] :

(z + s sin ¢)

(y + s cos,-¢)2 + (z + s sin ¢)?

. - V(X + s tan V) )
[(x + s tan Y)2 + (y + s cos ¢)% + (z + s sin ¢)2]1/2
(5)
The .downwash ipfluence coefficient is

F(x,¥,2,8,¥,9)

-X cos ¥ cos ¢ + y sin ¢y .

[x cos y - (y cos ¢ + 2z sin ¢) sin w]z + (éucos ¢ - y sin ¢)?

(x +s tan w)51n w-f(y-ks cos ¢)cos Y cos.p + (2 +s sin ¢)cos w sin ¢
[(x + s tan ¥)2 + (y + s cos ¢)?“+ (z + s sin ¢) ]1/2

_ (x=-s tan ¥)sin Y+ (y-s cos $)cos ¥ cos ¢+ (z-s sin ¢)cos Y sin ¢
o BX - s tan Y)2 + (y - s cos ¢)?° ‘4 ¢z - s sin ¢)2]1/2
(Continued on next page)
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(y - s cos ¢)
(y -~ s cos )2 + (z -'s sin ¢)?

0{1-. ‘ . (x - s tan V) T

7 [(x -'s tan ¥)® + (y - s cos $)2 + (z - s sin'¢)2]l/2
(y + s cos ¢) 1 '

(y + s cos $)2 + (z + s sin ¢)?

+

.{1_ : (x + s tan ¢) ) :
2- e 2 e et 2 |1/2
. [(x + s tan )+ (y + s cos $)c + (z.+'s sin o) ]
(6)

The contribution from a vortex situated in the right panel is obtained by
changing the signs on the vortex bound leg sweep angle ¢ and the di-
hedral ¢. In addition, the term Yy stands for the coordinate in the

y direction of the point relative to a vortex on the right.wing panel.
Summing up the contributions from left and right wing pénels results in: .

- ~
Fu = Fu(xlyllz'lslwr?) + Fu(X'IYr:Z:S,'U),'(P) - (7)
The same expressions hold for Fv and Fo.e These functions are substituted -
in the wing induced effects indicated by the first summations on the left-

hand side of equations (1) and (2).

Flap induced effects are obtained in the following manner. First,
the wing vortex coordinate system (x,y,z) is rotated about the y-axis
through angle 6XZ‘ which is the streamwise flap apgle (positive downwards).
This transformation relocates the vortex coordinate system such that the
transformed x-axis lies in the plane of the flap. The transformed y-
axis is_parallel to the wing vortex y-axis and the transformed 2z-axis
is perpendicular to the transformed x and y- axis. Thus the flap
vortices bear the same relationship to the transformed or flap vortex
coordinate system (xf,yf,zf) as the wing vortices to the wing vortex
coordinates (x,y,z). Flap vortex bound leg sweeps, wf, are calculated
by the program in the chordal plane of the deflected flap. The dihedral
angle, Py associated with the deflected flap is the angle the flap

chordal plane makes with the transformed or flap Xf,yf plane and is

13



also computed by the program. It is to be observed that the flap vortex
yf-axis is parallel ‘to the wing vortex y-axis as well as the Y-axis of

the wing root chord coordinate system.

The coordinates of a point relative to a horseshoe vortex on the
flap are specified in the same way as the coordinates (x,y,2z) ofﬁa point
relative to a wing horseshoe vortex. Then, to compute perturbation
velocities induced by the flap horseshoe vortex, the following transfor-

mations are performed.

%, = x. -z si 2

Xe .x.cqs Syy -z sin Sxy .
Yy =Y

fp 70 |

_ . (8)
Ye = Y, - a .
r . S
z_ = ‘

x sin GXZ + z cos GXZ J

Substituting XerYerZg and angles. wf énd’¢f in equations (4) through
(7) allows for the determination of influence functioqs Ef,u’Ff,v'Ff,w‘
The flap-vortex-induced perturbation velocity components associated with
these functions are consequently aligned with the flap vortex coordinate
system (xf,yf,zf). These velocities must therefore be transformed back
in the wing coordinate system for inclusion in the boundary conditions
expressed by equations (1) and (2). The result is a set of M + MF
simultaneous equations in which the unknowns are the M + MF values of
circulation strengths, T'. The values can therefore be cbtained from a
métrix solution for a given wing angle of éttack, o, flap anglé éf and
a specified set of perturbation velocities U Vg Wy ‘induced by an

external source such as the turbofan wake.

Once the circulation values have been calculated, the load distri-
bution on the wing and flap can be obtained by means of the Kutta-Joukowski
law for aerodynamic force on a vortex filament. The force éer unit length
on the vortex filament is obtained as the'prdduct of density, velocity':
and circulation strength. The line of action is perpendicular to the
velocity vectbr and the 'vortex line. 'For a given area élemené on the

left Wing'panel, the 1ift and stréamwise forde,Combonénts are calculated
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as the -sum-of two contributions: 1lift and streamwise force acting on the
bound leg,plﬁs lift and streamwise force acting on that part of the trailing
legs within the area element. The forces on the bound leg are obtained by
first computlng the perturbation velocxty and free-stream components in the
wing coordlnate system (X,Y,Z) at the bound- -leg midpoint and applylng the
Kutta- Joukowskl law to each veloc1ty component The force qomponents are
then resolved 1nto the lift direction, and the streamwise'direetion.. The
forces on the vortex tralllng legs are computed at the 3/4 chord of the left
side of an area element. According to the Kutta-Joukowsk1 law, the product
of the net circulation AT of the coincident legs along the chordwise sides
of the area elements, the sidewash at the element 3/4 chord and the density
equals the aerodynamic force per unit length on the vortex trailing legs.
The line of action of this force is perpendicular to the plane formed by

the sidewash vector (parallel to Y-axis) and the vortex trailing legs
(parallel to X-axis). This force is then resolved into the lift and
streamwise directions. The expression for 1lift, made non-dimensional by the
dynamic head and reference area, acting on an area element of the left wing
panel is specified as

SL =AS 2rv 2s [ 1 - % cos o) cos ¢
95ReF REF' : /.

v
1 : . . W P
+ < (ten Y cos al+ stn ¢ sin a} -7 ces.¢ 51n‘e]

24Ty,
+ 4————; c cos 4 : : . : . (9)
~ SperY ‘

The non-dimensional streamwise force acting on a left wing area.element
is given by

Fs 2T u
qSREF = SREFV 25[.v cos ¢ sin a

V. ‘ . r
- — (tan ¢y sin'a - sin ¢ cos a) - % cos ¢ cos aJ
v . 3 ’

- £¥H:%% ¢ sin a- (positive forwards) - (10)
REF

15



.Backwash u, sidewash vy, and downwash w are calculated at the mid-
point of the vortex bound leg swept at angle Y. Sidewash v, is
computed at the 3/4 point of the left side of the element with chord, c.
The perturbation velocities u,v,;,v,,w include flap and wing vorticity
effects. Engine jet-wake induced perturbation velocities are also. inclu-

ded when determining wake-wing-flap interference.

Aerodynamic forces on the flap are determined in a manner similar
to the procedure described above. However, forces due to sidewash have
not been included in accordance with the following considerations. The
trailing legs of the wing vortices aft of the hinge line should lie in
or close to the flap plane rather than the wing plane. Were they to
lie in the flap plane, they would induce no sidewash in the flap plane.
An an approximation to this condition, the sidewash induced forces have
not been includéd. With this assumption, the expression for lift made
nondimensional by the dynamic head and reference area and acting on an

area element of the left flap is written as:

L _ 2r 2s 1 - EE éos (o +8,,)| cos oo - YE cos ¢. sin (a+6,,)
aSgpr SmerY 7 X7 £ 1% f XZ

(11)

The specification of the non-dimensional streamwise force acting on a

left flap area element is

s _ 2T Ug . _ Vg
= 7 2s [—— cos ¢f sin (o + GXZ) = cos ¢f cos (o + SXZ)]

' (positive forwards)
(12)

The perturbation velocities Ug,we are computed in the flap or
(xf,yf,zf) coordinate system and include contributions from~the wing
vorticity as well as the flap vorticity. If a jet wake-wing-flap inter-
ference calculation is performed, wake induced velocities are also

included.
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For purposes:of computing span loadings on the wing and flap,
equations (9) and (11) are summed over the chordwise rows on the wing
.and flap vortices respectively. The vortex trailing leg contribution,
represented by the second term in equation (9) is averaged over the left
and right sides of the wing area element. The total lift is then calcu-
lated by summing over the semispan and the result is multiplied by two
to include the right wing and flap panels.

The pitching moment is calculated by summing the products of the
appropriate moment arms with the lift and streamwise forces acting on the
area elements on the wing and flap.

Perturbation velocities at points in the vicinity of the wing—flép
surfaces are determined by adding the effects of all horseshoe vortices
distributed on the wing and the flap as follows. The coordinaﬁes'(x,y,z)
of the point relative to the bound leg midpoinf of each horseshoe vortex
are first computed. Then the appropriate influénce functions are calcu-~
lated according to equations (4) through (7). The ihfluence functions
are then combined with the circulation strengths to'calculate the pertur-
bation velocities. For example, the wash velocities at a point (x,y,z)
induced by a horseshoe vortex on the left wing panel are

ulx,y,z) = % Fu(XIerrS(Wch)
Vix,y,2) = 7= F_(x,¥,2,8,0,0) | (13)

wix,y,z) = 1%.‘ FW(XIYIzIstI¢)

Transformations indicated by equation (8) are necessary to compute the
effects of a horseshoe vortex on the flap. The location of the point
relative to the midpoint of the bound leg in the flap vortex coordinate
system (xf,yf,zf) is determined first. The perturbation wash velocities

induced by a horseshoe vortex on the left flap are then given by



W0KY2) = g By (g YeZeiseibe b) cos byp0) .
+~Fw(xfIYf’zflsflwfl¢f) sin 6XZ-
Vx,¥e2) = L E (ke Yerzp¥e0,) DA (14)
AL am T XgrYgr2peVeeQg) R > REPUTE
N | e .
v WX,y sz) = I Fw(xf:Yfrzfrsf"rwfi¢f'-) C€os GXIZ

L - Fu(XerYeizeiSpibgidg) sin Sy, S
. RN I - L h .. . L i ; N . o o

-The transformations indicated in equation (14) align ‘the directions of

the ﬁerturbation yelocities with the wing vortex coordinate system

(x,y,2). ~The influence-functions in .equations (13)..and (14) are ‘constructed
such that ‘they also ‘include the effects .of :the right wing panel and flap
horseshoe vortex as per equation (7). Finally,; the process . is repeated
fpr all hqrsesboe_vprtices'distributed on the left wing panel and flap.

. Jef Wake Model
A potential. flow model of a high-bypass-ratio turbofan engine and its
wake is needed.which will yield the velocity: field both inside and outside
the jet wake. - The:jet shape should behave according to -known spreading
rates for jets in a coflowing stream and the model-.should simulate the
entrainment effecdt exhibited. by jet wakes. . Attention was directed toward
the region of the wake within 10 or 12 - radii downstream of the -engine
since: thisr:is: the . region of greatestvinteracﬁion'between the wake and
the wing-flap. : For: the same reason, no attempt was made to model the fan
and engine ducts, since .their contributions to the engine wake induced

flow field are very-small compared to those of the wake.

A wake model developed for a turbofan engine in a cruise condition
is described in reference 8.  In this model, the wake is represented by
a constant diameter, constantvstrength, semi-infinite vortex cylinder.
The wake velocity profile inherent'with a vortex cylinder is a uniform
axial velocity across the wake whose magnitude becomes essentially
,invariant with axial distance along the wake three radii or so downstream
of the Qrigiﬁ bf theihake. .This model has consfént momentum inside the
jet, but'it élso has constant mass flow'ih the jet.which indicates that
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entrainment of the free ‘stream is not included in the model. The _
approach used for the cruise fan wake is retained, but -the analytical
model is modified according to some empirical observations to better

approximate the actual turbulent jet in a coflowing stream.

Model description.- The description of an axisymmetric turbulent jet

in a cofldwing stream as giveﬁ in reference 7 is used as basis for the
needed‘potential flow model. 1In this reference, experimental data is
used to develop an analytical.representation'of a coflowing jet. The
jet is divided into two separate regions for analysis: "the initial region
in which the jet veloc1ty does .not decay within the conflnes of a central
core, and the main region in which the velocity decays with distance along
the ]st centerline: (fig:r 4). With assumptions--on: the form~of ‘the’ velocity
profile and constant: momentum within the wake, the spreaaing.rate-of an. .
incompressible turbulent ‘jet can be -defined. - .Spreading .rates  are shown -
in figure: 4 for. various’ jet velocity ratios. - The characteristiCS'of the
initial;region as a function of: -jet velocity ratio are shown: in figure 5.
‘The ‘development of the pbtertial flow model ‘proceeds in the fdlloWing
manner. Instead of maintaining a constant radius along the jet as in o
reference 8, a vorticity distribution is placed on the specified expanding
jet boundary.. This'is-carried out- by replacing the continuous vorticity.
distribution of the cylinder with a series of vortex rings coaxial with.
the jet centerlina. Each ring'represents a finite increment of .length of
the jet wake boundary .and ‘the vortex strength of each ring is equal to
the net vorticity on the- incremental- length of the boundary. This model
is shown schematically.in. figure 6. for a particular jet velocity ratio. .
The semi~infinite length: of the jet wake is replaced with a finite length:
model of vortex rings. The length is specified such' that the difference
between induced velocities calculated with a finite length cylinder and
those calculated with the. semi-infinite cylinder is acceptably small
{less than 1 percent) in the near viake.

The strength of the vortex ring -at any point along the jet is

VEVAR/YE {33)

where y/V 1s the strength of the constant radlus vortex cyllnder>

correspondlng to the spec1f1ed englne thrust coeff1c1ent. “This vortex

cylinder strength is.
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vy -
=5 -1 - L (16)

<=

where V. 1is a uniform velocity across the initial jet érea, Aj, and can
be calculated in terms of the thrust coefficient Cu as follows. Assuming
an incompfeséible jet, the velocity ratio at the fan exit based on

momentum considerations is approximately

\' S C ‘ .
£ 1 REF u

which when expanded over the entire wake area results in the needed jet

V. V. /A N
3-2(3) 19)

]

velocity ratio:

Equations. (17) and (18) have been applied to a cold-gas turbine-driven ‘
rmodel of a high-bypass-ratio turbofan engine on which the thrust coefficient
and the fan exit velocity are known from measurements. This simple method
predicted the fan exit velocity within 5 percent of the experimental

~average value.
4

From equation (15), the strength of the initial vortex ring is
Fjo = yAs. As the radius of the successive rings ;ncreases, their,
circulation strength is decreased proportionally such that the product of
ry and the ring circumference remains constant. The induced velocity
at any point inthe field is calculated by summing the effects of all the
vortex rings making up the jet model. The induced velocity equations are

described in the next section.

Predicted jet Velocity profiles at several stétions along a jet
centerline are shown in figure 6 for a jet velocity ratio Vj/V = 6.
The average velocity inside the wake boundary decreases with axial
distance along the centerline.in almost inverse proportion with the jet
radius. The vortex ring model theorétically.should give a constant
velocity profile across the jet radius; however, the finite-step

summation procedure results in a rounded profile near the wake boundary.
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The expanding vortex ring model in the absence of a free-stream
velocity satisfies the requirement of constant momentum inside the jet
which is in agreement with the Abramovich model. When an external flow.
is stperimposed onAthe vortex ring model, the moméntum is no longer
constant in the jet. The change in momentum in the initial region of a
jet is shown in figure 7 for a range of typical jet velocity ratios.. ‘
The vortex ring model of the jet shows a small increase in momentum in
the initial region of the jet in contrast with the Abramovich model.

An estimate of the effect of this momentum change on the externally
induced flow field can be made by comparing the mass flows of the two
models.. This is done in figure 8, where it is shown that the vortex

ring model has a larger increase in mass in the initial region of the

jet than does the Abramovich model. The implication of this result is
that the vortex ring model will predict more inflow to the jet and thus
show a larger entrainment effect than the Abramovich model. 1In the

region of interest within 10 radii of the engine exit, the differences

are small and should not lead to any appreciable error in the interference
calculation. ’

It is desirable in subsequent interference calculations to permit
the jet wake to deflect under the influence of the wing-induced sidewash
and downwésh and the cross flow component of the free stream. Accordingly,
provision has been made in developing the equation for the velocity
induced by the wake to place ﬁhe vortex rings normal to the local wake
. centerline. A limitation is thereby placed on the centerline curvature,

in that numerical problems may'arise if two adjacent rings intersect.

Velocities induced by jet wake model.- The wake model is made up of

a series of vortex rings lying along the prescribed centerline of the jet
as shown in figure 9(a). The details of a single ring and its relative
position with respect to an arbitrary field point, P, are shown in

figure 9(b), The'velocity induced at point P by a single vortex ring

is calculated as follows.
i N

The coordinates of point P in the wing coordinate system are
transformed to the jet coordinate system according to

1
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Yp = ¥p - ¥ . (19)
ZP = -ZP + ZQ

where point Q denotes the center of the origin of the jet (fig. 9(a)).
Coordinates of P transformed to a ring-centered coordinate system

become
EP = (xP - xs) cos 6 + (zP - zS) sin 6

(20)

- (YP _ ‘YS)
(xP - xs) sin 6 - (zP - zS) cos 9

where the point S denotes the location of the center of the vortex ring.

From reference 12, the induced axial velocity is

R, , TP R
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(21)

where the radial distance to.point P is

- wvﬂnp)2‘+ (zg)? o (22)

and the argﬁmént of the elliptic integrals is

T (23)
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The induced radial velocity is

N b 2 &
vr' = -I'/V 1/2 K(k) - 1+ o] o] E(k
g 2 r 2
2 P P _ R
R =) +[ = - =
@l e 2] (&) ~(&-2)
R R, o o o
(24)
These velocity components, when resolved into compohénts in the wing
coordinate system, become
u u! Vi G
i 1 _ T P ; 7
~ =~ v cos 8 - 5 () sin @
: b
V. v! n :
. l\— _ _P- )
T e ) (25)
: wgoo mh -J'r E_E
‘= - v sin 9 + < (rp) cos GA%

» The total veloéitf inducea at the point P"by the entire ﬁet‘wake
'model 1s obtained by summlng the veloc1t1es induced by all the rlngs
formlng the wake.

Interference Calculation

In order to calculate the aerodynamic 1oading of a wing-flap con-
figuration under the influerce of the jet wake of a turbofan‘engihe, it
is necessary to combine the two pofential'fléw models just described. A
The wing-flap loading is not considered to affect the engine thrust or
the bgsié velocity distribu@@on_in the engine waké, ‘However, the
componént of the free“stréaﬁ velocity ﬁorﬁal toythe engine centerline
(if any) andAthe velocity field induced by the wing-flap are considered
to deflect thé gnginé Qake_ahead'bf the point where it impinges on the
wing and flap:. Because of this interactibn, either a simultaneous solu-
tion using both flow models or an iterative solution is required. The
latter choice was selected. The general approach evolved is as follows.
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. The aerodynamlc loading on the wing-flap at an angle of attack in.
a unlform flow (without .engine wake) 1s ‘calculated first. As a part of
this solution, the flow field beneath the wing in the region where the
englne and its wake would .be introduced is calculated. _"The specific
region selected 1s the engine centerline and its extension aft to a
point approx1mate1y one chord length aft of the wing. Sufficient points
are selected along this line to obtain the induced downwash and sidewash
dlstrlbutlon.. At thls point, the w and v: velocities are combined
vectorlly with V (neglecting the u)-to obtain the.flow directions
along the.qulhe centerline extension. . Finally, the streamline passing
through the center..of the exhaust of the as yet unintroduced engine is
defined‘approxlmately by laying off a series of straight line segments
aft from the engine exhaust, where each segment has the local flow

direction as calculated. above.!

An iteration procedure appropriate to the information noted aboGe
would consist of laying the jet wake centerline along the approximate
streamline, computing the veloc1ty components induced through the w1ng-
flap at the control. points by the wake, recomputlng the w1ng flap vort1c1ty,
and recomputlng the streamline by now comblnlng the new-wash vélocities
with V and Vj' Since the coordinates of this streamllne ‘'would be
somewhat different'from those of the initial streamline, further A
iterations would, be performed unt11 the streamline coordinates no
longer changed by more than some acceptable .amount. It should be noted
that 1n the first 1teratlon, the initial streamline would not intersect
the w1ng or flap surfaces, but when the jet model is laid on the stream-
- line, theljet wake generally will pass through portions of the wing and
flap surfaces; At the ehd of,the-first iteration, however, sufficient.
additional bound and trailing vorticity has been placed on the wing and
flap to cause the combined  free stream and jet wake flow fincluding the
effects of 1nduced .v and w, V and V ) to be tangent to the wing and’
flap surfaces at all. control. p01nts. The additional vorticity is a

measure of the wake-induced- interference. .

' The actual procedure adopted was somewhat different than that just

described in order to increase the convergence rate of the iteration

! The streamline is approximate in that as the streamline departs from

the engine:centerline extension, the wash velocities induced at points

along this streamline are slightly different from those computed on the
extension.-
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procedure. The down- and sidewash velocities are generally small compared
to V, but VJ is perhaps three to six times the value of V. If one
examines the changes in the flow field between the wing-flap alone at

the beginning of the first iteration and the wing-flap-jet at the end of
the first iteration, the largest effect on flow angles is. caused by the
inclusion of .Vj rather than the changes in induced v and w velocities
due to wake interaction with the wing-flap. Therefore, the addition of ‘
Vj to the flow field underneath the wing-flap alone in order to get the
initial wake centerline will decrease the differences between the 1n1t1al
wake centerline and the "engine wake" streamline computed at the end of
the first iteration, which should cause more rapid convergehce.‘ The
procedure is as follows. The induced down-~ and sidewash velocities due

to the wing-flap in a uniform flow are computed as before, to start the
first iteration. These are then combined with V' and Vj to construct
the straight line segments.leaving the engine exhaust. This line at this
point is no longer'a streamline, but will be closer to the streamline
calculated dp the end of the. first iteration than was the case previously.
Note again fhat thg total flow at the end of the first ;teration will be

‘tangent to the wing and flap\surfaceé at all control points.

The results presented in this report were obtained after the first’
iteration. It is felt that with the modified procedure just described,
there should be little change in wing-flap lcadings between the first
and second iterations. Although downwash and sidewash velocity results
are shown in the resuits'forfthe-beginning and end of the first iteratioﬁ,
no second iteration calculations were carried out to verify this point.

As an additional comment on the convergence issue, it should be noted

that the degree of convergence will be deépendent on the lattice arrange-
ment used. If a coarse lattice is used, small changes in wake displacement,
principally vertically, will affect relatively'large areas on the flap

and wing, and the solution will oscillate with perhaps undesirably large
amplitudes. Thus, the above comments on the improvement in convergence

would apply to relatively fine lattice arrangements.
COMPARISON OF THEORY WITH EXPERIMENT

In order to evaluate the methods previously described, calculatlons

were made for a number of conflguratlons for which data exist. For
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comparison purposes, the number of investigations providing useful data’
are quite limited for several reasons. The models in many cases are
complete configurations which have tail and fuselage effects in addition
to the flap and engine effects. In most cases, the engine thrust is not
measured directly and, in particular,'the engine wake velocities are not
measured. Finally, in many cases it is difficult to obtain sufficient
detail on the éonfiguration to accurately model the wing camber and.twist

and the flap size and location.

Five sets of data were identified and used for comparison purposes.
The data 'consist of overall 1ift and pitching moment and in two cases
chordwise pressure distributions on the wing and flap. The discussion
is divided into wing-flap comparisons and jet-wing-flap comparisons
and finally discussion of the theoretical methods in light of the

comparisons.

Wing-Flap

Lift and pitching moment and chordwise pressure-distributions are
available on an aspect ratio 6 rectangular wing with a slottéd,'Fowlef—type
flap having a chord 24 percent of the wing-flap chord with flaps up
(ref. 13). The wing was supported by a small cylindrical "fuselage"
which should have a negligible‘influence on the wing 1lift. The comparison
of predicted and measured 1ift and moment is shown in fiqure 10(a) for
flaps off and flaps deflected 40°. The vortex-lattice arrangement.used
was 6 chordwise by 20 spanwise on the wing semispap and 2 by 20 on the

flap.

For flaps off, the lift and moment agree very well with the data.
With flaps deflected, thevlift curve slope is well predicted but the
1ift magnitude is high by about 5 percent. ' The moment is also overpre-
dicted (i.e., too negative). Since both the predicted 1ift and moment are
high, the indication is that the flap lift is being overpredicted. This is
verified in the results for chordwise variation of presSure difference,
shown in figure 10(b). The predicted values were obtained by calculating the
circulation on each chordwise area element,computing the pressure difference
associated with the circulation strength,and considering that pressﬁre
difference to exist at the panel quarter chord. The results indicate that

the loading on the flap is overpredicted for both angles of attack shown,
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whereas the loading on the wing is reasonably well predicted. The chord-
wise distribution of area elements for this calculation was chosen so that
the elements on both the wing and flap have about the same chordwise length.
According to the results of Appendix A; this arrangement for this size flap
should give good results. It is possible that a larger chordwise number on
the flap (gréater than 2) would change the predicted loadings, although
this was not investigated.

The second set of results was obtained on a semispan model of a
rectangg&ar cambered wing of aspect ratio 5.3 with a double slotted flap
system (fer=-14). The flap chord length (sum of both segments) is about
39 percent of the choxd of the wing-flap combination with flaps up. The
comparison is shown in figure 11 for three flap angles. The predicted
results were obtained using a 6 by 20 lattice on the wing semispan and a
3 by 20 lattice on the flaps. The agreement on lift and pitching moment
is good for the zero and 20/40 degrees deflection, angles. With the 30/60
deflectidn angle, the 1lift curve slope agreement is still good but the
magnitude is overpredicted by approximately 10 percent. The predicted
pitching moment is too negative for this angle. It is probable that some
separation existed on the flap at the largést deflection angle, which
could cause the measured 1lift and pitching moment to be lower than the
predicted results.

The third set of results consists of chordwise pressure distributions
on a swept wing with a partial span flap. The confiquration, illustrated
in the sketch in figure 12, has a 35° leading—eage sweep angle and a flap
occupying approximately half of the semispan. Loading calculations were
made at zero angle of attack with a 10° flap deflection at a Mach number
of 0.6. A Prandtl-Glauert correction was used to account for compressi-
bility effects, as described in reference '8. The lattice arrangement was
8§ chordwise by 15 spanwise (so that there are 2 chordwise on the flap).
The results .shown in figure 12 are the chordwise variation of. pressure
difference near the midspan of the flap. The pressure difference was
‘computed in the same manner as was described above in connection with

figure 10.

The agreement of AC, is quite good over the entire chord. 1In
this model there was essentially no gap between the flap and wing, unlike
figure 10, and there is a loading peak at the wing-flap junction, which
is also well predicted.
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Jet-Wing-Flap

Data are.available in reference 4 on a STOL model with a rectangular,
cambered wing with a leading-edge slat, double-slotted flaps, and two
engines on the semispan. The model engines are cold-gas~-turbine~driven
fans which model quite well the wake of a high-bypass-ratio turbofan
engine. The engines were mounted at 3° incidence to the wing in order
to direct their exhaust upwards towards the flap. Their static thrust.
was measured over a range of engine speeds and these data were used to
obtain thrust coefficients at the flight condition of interest. The
model had no tail surfaces and the influence of the fuselage was neglected,
which is felt to be a reasonable assumption because of'its small size with
respect to the wing. The slat has a chord equal to 19 percent of the
wing flap and the two flaps have a combined chord equal to 33 percent of
the wing-flap with flaps up. The slat was treated as a highly cambered
leading edge.

The wing and flap system were modeled with a 10 chordwise by 15
spanwise lattice on the wihg and a 2 by 24 lattice on the flaps. The
area element layout for the left wing panel and flap is illustrated in
figure 13. Several features are notewbrthy‘ First, the area elements
locally are symmetric with respect to each engine centerline. Since
the wing has no sweep, the sidewash under the wing is small and the
engine wakes tend to move straight aft. Maintaining local symmetry
provides that panels both inboard and outboard of the wake are affected
equally as the wake spreads. The shaded areas represent the area elements
within the undeflected jet wake boundary. Secondly, the area elements
have smaller spanwise dimensions in the region of the jet wake. By usihg
smaller elements in this region, the area of the wing and flap impinged upon
by the jet wake changes more smoothly as the wake spreéding changes or as the
wake moves vertically due to the effects of the flow field under the wing-
flap surfaces. By the same reasoning, it is desirable to have small * -
chordwise spacings on the area elements of the wing in the region of the

.

wake.

Results for 1ift and moment on this wing are given in figure 14.
The lower two curves represent an engine-off condition for zero flap
deflection and 17.5/35 degrees flap deflection.. Tﬁe zero deflection
data and theory agree very well whereas the 17.5/35 degree results do not.
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In view of the agreement obtained at moderate flap angles in figure 10 and
the irregularity of the data points, the lack of agreement is not considered
significant. The apper three curves represent two different power settings
with flaps deflected 17.5/35 degrees. For the full power case (C‘J = 5.5),
calculations were made assuming the wake remained coaxial with the engine
(dashed curve) and assuming the engine wake was deflected in accordance
with the downwash field under the wing (solid curve). In the latter case,
at small' o, the induced downwash deflects the wake‘downward and thus
reduces thé effect of ‘the wake on the wing and flap loading over the unde-
flected wake case. At high a, the a-induced upwash drives the wake into
the wing and flap and increases the wake-induced effects. The net result
is to improve the agreement for the case where downwash-induced wake
deflection is included.. For the ihtermediate power case (C = 2,75), the
slope (which includes downwash effects) is good but the predlcted magnitude
is low. The reason for the dlscrepancy is not known but may be due to the
use of an incorrect engine wake velocity, since the slope agrees well,

The moments are in reasonable agreement in all cases."

The flnal set of results are for a semispan model with one engine
per panel (ref 5). The tests were quite‘systematic in that the same
wing- englne comblnatlon was tested unswept and swept 30° with three .
different flap conflguratlons. The wing is Aan untapered, cambered w1ng
with aspect ratio of about 3.5 in the unswept configuration and 3 in the
swept conflguratlon, based on the span and the wing without flap. The
engine is a 1.027bressure—ratio ducted fan mounted on a long, large
centerbody, as illustrated in the sketch on figare 15(a). Fan wake
measurements were made to determine the engine wake veloc1ty profile
(the only such measurements made in all the data examined). Since the
theoretlcal turbofan englne model does not allow for a centerbody aft of
the engine, ‘the assumptlon was made that the fan ex1t flow expands to

fill the entire area within the duct tralllng edge. The wing-flap was
modeled with a 4 by 20 lattice on the wing and the flap lattice arrangement
was dependent on the flap size. The spanwise lattice spacing was uniform
on both wing and flap. A

Figure 15(a) shows results for an ﬁnswept wing with a thrust coef-
ficient of 2.3 and a double-slotted flap with 10/30 degrees flap
deflection. The flap chord (both flaps)vis 47 percent of the wing-flap
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chord with flaps up. The lattice arrangement used on the flaps was a

4 chordwise by 20 spanwise layout. The agreement on lift and moment is-
excellent in this case. The engine wake was assumed to remain coaxial with
the fan in this calculation, since it was felt that the centerbody would
tend to "qguide" the wake flow under thevwing, In addition, the predieted
downwash distribution for the wing-flap in uniform flow, shown in \

figure 15(b), was relatively small in the region where it could influence
the wake vertical deflection (the V sin a component, which is negative,

tends to offset the w . to get the net angle of the jet flow).

3 - _ - ¢ - : =T o
 Figures 16(a)’ and (b) show similar comparisons for the same..configu-

ration and thrust coefficient but a considerably larger flap deflection-

angle:. Two theoretical curves are shown. The dashed one is for.the

case' ofi-the engine wake coaxial with the-engine centerbedy. .The. solid™ . ;

curve is baeed on vertical deflectioﬁ“of the wake ‘in accordance with the-

wing-flap-induced :downwash distribution ‘of figure 16(b).  Both curves

are higher. than the data by 25 and 10 percent, respectively.

The comparison of the undeflected'wake'curVe given by the dashed
line in flgure 16(a), with the upper curve of flgure 15(a) indicates the
predicted llft to vary approx1mately 11nearly with flap deflection angle
for the same thrust coeff1c1ent However, the w1ng loading 1ncreases
due to 1ncreas1ng flap deflectlon and therefore the induced downwash
below the wing 1ncreases, as shown by comparing figureg 15(b) and 16(b)
The result is a sllghtly higher’ upwash below the 1ead1ng edge and a -
higher downwash below .the aft part of the wing and the flap. The effect
of deflecting the wake according to this downwash .(ignoring any "guiding”
effect the centerbody -might have), is:to lower the 1lift coefficient
considerab1y=near.zero o because of the.flap-induced downwash and .
lower it less at high o because the V_ sin o component tends to drive
the wake up into the flap and wing. The net effect-is to.increase the
lift-curve slope so it agrees with the data and to reduce the
magnitude of the lift coefficient towards-that of the experimental values.
The 30/60 degrees experimental data do not show the ‘linear range
indicated by the 10/30 degrees data. Some powered statlc “"test results
for this wing-flap configuration presented in reference 5 ‘indicate little
loss in flap effectiveness at 10/30 degrees but a considerable loss at
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30/60 degrees. Consequently, it is probable that some separation is
occurring for the 30/60 degrees case, which would account for the over-

prediction.

‘The moment predictions in figure 16(a) are consistent with the 1lift °
results. The moment 'is overpredicted -(i.e., more negative) without
inclusion of the downwash, and its inclusion 1mproves the agreement on

magnltude and provides-a moment curve slope that agrees w1th the data for

low angles of attack. - ”. ' PR - : B S ;:

Figure l7(a) shows 11ft and moment results for the 30° swept w1ng
with a triple slotted flap.  The combined flap chord is'about 58 :percent
of the chord of the wing-flap combination with .the .flap undeflected:s. A
5 chordwise by 20 spanwise.vortex element arrangement was used.to represent
the flap system. .The lift and moment curves for the engine-off, flaps-up
case agree-reasonably ‘well .with-the data. The 1lift curve slope‘for
10/20/30 -degrees flap deflection with“engine off agrees well and the over-
prediction on lift.is mostly due to the camber problem.. The moment,
however, is.considerably underpredicted. The data 1ndlcate a Sllght
shift forward in center of pressure with angle of attack whereas the
theory predlcts a large forward Shlft.- The calculatlon of moments on a
swept w1ng is much more sen51t1ve to the spanw1se and chordwise load
distribution than ys\the_case.on an unswept‘w1ng. It is possible that
a different vortex layout would mote adequately represent the loading
distfibution on the wing andlflap,’bpt such calculationshwere not made.

Two sets of curves are shown for the case of 10/20/30 degrees flap
and wing loading with power. . The dashed one represents the predicted
results with an engine wake coaxial with the centerbody and considerably
overpredicts the measured lift although the slope is reasonably good.

In order to assess the influence of wake deflection -on the calculated
results, the downwash and sidewash velocities induced by the wing and.
flap in uniform flow were computed along the (absent) engine centerline
and are shown in figure\17(b). In addition.to the downwash distribution,
there is some sidewash due to wing sweep which tends to move the )
wake outboard. Using these results, a calculation was made with a

wake deflected both vertically and laterally and the upper solid
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curve was obtained. The magnitude of the 1ift is considerably improved,
although it is still about 12 percent high. The predicted moment results
are not affected greatly by the wake deflection and still show too low a

nose down moment.

Discussion of Results

Insofar as the results described above are concerned, there are three
aspects of the method that should be discussed. These are the subjects of

iteration, lattice layout, and jet wake deflection. !

The description of the interference calculation indicated that an
iterative scheme involving sequential use of the wing-flap and jet
wake modéls“was employed. Since the only "interference" of the wing-flap
oﬁ the jet wake is the deflection 6f the wake centerline, the iteration
4ds on the centerline location. All of the data comparisons just des-
cribed are based on results obtained at the end of the first iteration.
At this point, the wake position has been based on a line determined by
the free-stream velocity, the induced flow from the wing-flap in uniform
flow, and the jet velocity. Also at this point, a streamline leaving the
engine exit can be calculated using the free stream, the induced flow
from the wing-flap as interfered upon by the jet wake, and the jet
velocity. The changes to be expected between iterations are determined

by the differences between these two line locations.

Although no cdmﬁlete second iteration has been calculated, wing-
induced downwash comparisons have been made before and after jet-induced.
loadings have been included in the wing circulation distribution. As an
example, figure 18 illustrates these two downwash and sidewash distri-
buticns for the swept wing-flap configuration described in connection
with figure 17 at zero angle of attack. The curves are very similar from
the engine exit aft to approximately the midchord of the three segment
flap. Thereafter, the velocities calculated with jet-wake interferénce
differ from the wing-flap alone values, particularly for downwash. Thus
wake centerlines with and without jet-wake interferehce placed on a
streamline under the wing would not differ significantly until the wake
has reached the midchord of the flap, and the wake woul@ strike the same
area elements on the wing and the forward half of the flap. On the
basis of these results, it is anticipated that the second iteration would

not producé a significant change in the lift and moment on the wing.

T
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It is known that the number of area elements used on the wing and flap
affects the calculated 1lift and moment for a vortex-lattice method (ref. 10).
The general guides of reference 10 with respect to the ratio of spanwise to
chordwise area elements and the spanwise number of elements were used
initially to minimize the errors from this source. However, with jet im-
pingement on a portion of the wing and flap, an additional difficulty arises
with régard to the element arrangement. Initially, a uniform spanwise
spacing was used in calculating wake-induced loadings. It was found that
the results were sensitive to those factors determining the wing-flap area
on which the jet impinged, such as wake spreading angle, wake deflection,
and engine incidence. Finer lattice arrangements improved this éituation.
The scope of the contract was subsequently increased to permit the syste-
matic lattice investigation described in Appendix A. On the basis of
these results, it is felt that many of the calculated results presented
here are essentially converged in terms of changes with increasingly fine
lattice arrangements. However, it is desirable that some additibnal work
on lattice arrangement be done with wake‘augmentation, particularly in

conjunction with consideration of wake deflection.

Finally, it should be noted that very little data are available for
use as a guide in estimating the accuracy with which the wake centerline
is modeled. A relatively simple streamline model consisting of 3 or 4
points axially to define the slope and deflection of the wake center stream-
line was used in the comparisons presented herein. On the basis of results
obtained with this model, the general approach of fitting.a wake profile
to a centerline which is permitted to change with the wing-flap;induced
flow field appears to yield the proper behavior for the wake-flap inter-
action. It was felt however that a more detailed calculation of the
streamline was not justified until additional flow field data were avail-

able for comparison with predictions.
WING-FLAP VORTEX-LATTICE PROGRAM

The purpose of this section is to describe the vortex-iattice éomputef
program in sufficient detail to permit understanding and use of the
program. This program computes span loadings, overall l1ift and pitching
moment coefficients for a wing-flap configuration. Perturbation velocities
induced by the wing-flap lifting surfaces at prescribed field points can
also be computed. The wing is considered the main surface and the flap
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is an optional item. The influence of an engine jet-wake or other source
of externally induced perturbation velocities can be included in the

loading calculation.

Configuration parameters taken into consideration by the program
are listed in the section concerned with the theoretical analysis of the
vortex-lattice lifting-surface model.

Fundamentally, the program is based on representing the wing and
flap surfaces by horseshoe vortices. The circulation strengths are
determined from a set of simultaneous equations provided by the flow
tangency boundary conditionvapplied at a finite set of control points
distributed over the wing and flap surfaces. The boundary conditions,
expressed by equations (1) and (2), feature the optional inclusion of
interference velocities induced by an external component such as the

jet-wake of a turbofan engine.

Sample cases described at the end of this section illustrate how
the program handles a wing-flap combination with and without engine jet-

wake interference.

Program Description

Calculation procedure.- The computer program proceeds through

various stages as follows. After run identification and input of
certain control variables, the wing-flap geometry is read in. This
includes information such as wing leading- and trailing-edge sweep :
angles measured in the wing planform plane, root chord, semispan, and
dihedral. The same parameters are specified for the undeflected flap
except dihedral but with the addition of the flap root chord leéding-

edge location in the wing root chord coordinate system.

The vortex lattice to be laid out on the wing and flap is speci-
fied next in terms of the chordwise and spanwise numbers of vortices on
the left wing panel and flap. Associated with the spanwise specifications
are the spanwise coordinates of the leftvtrailing legs of the horseshoe
vortices. The distances along the semispan from the plane of symmetry
.(X-2Z plane) to the left legs are predetermined by the user and read in
separately for the wing and the:flap.
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After reading in the local wing and flap angles due to wing camber
and ,twist and flap camber, respectively, the program proceeds to calculate
the tangents of the wing and undeflected flap leading- and trailing-edge
sweep angles in the wing chordal plane. The next optional input consists
of coordinates of field points at which wing-flap vortex-lattice induced
perturbation velocities are to be calculated. This is followed by the
specification of wing angle of attack, flap deflection angle measured
perpendicular to the hingelige, and some more control variables. ‘

The program then computes angles necessary for the layout of
vortices on the deflected flap. The set of exteinally induced pertur-

bation velocities is optionally read in as the last item of input.

After displaying most of the geometry and vortex-lattice specifications
in output, the program proceeds to lay out the wing and deflected flap
with one horseshoe vortex assigned to an area element. The wing vortex
trailing legs extend downstream to infinity while the flap vortex

trailing legs extend downward at the streamwise flap angle, § relative

) : Xz’
to the wing vortex trailing legs. This section of the program also
calculates the coordinates of the control points:-at which the flow

tangency boundary conditions are to be satisfied.

Upon bompletion of the wing and flap vortex layout computations,
Subroutine INFWW determines the influence functioﬁs required by the main
program and given by equations (4) through (7) for the construction of the
influence coefficient matrix defined by the left~hand side of equations
(1) and (2). The next step is to build up the array defined by the right-
hand'side of the equations. Subroutine INVERS then solves the set of simul-
taneous equations by a Gaussian elimination method to obtain the unknown

circulation strengths, T/V.

After the circﬁlation strengths are known, wing-flap vorticity-
induced perturbation velocities at field points specified by the user
are computed as -an cption. Next, the program calls on Subroutine LOAD1
to calculate overall 1lift and pitching moments as well as spanwise loadings
on the wing and the flap. This calculation is based on equations (9)
through (12) for the aerodynamic forces acting on wing and flap area
elements. These loadings are due to vorticity on the wing and flap with

or without the interference effects of externally induced velocities,
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such as produced by an engine jet wake. 1If an engine is present, the
direct contribution to 1lift and pitching moment must be separately deter-
mined by the user and added to the program calculated 1lift and pitching
moment . which. include the effects of jet wake-wing-flap interference.

The remainder of the program arranges for the output of control
point.coordihates, vortex-lattice arrangement and .circulation strengths.
Overall 1lift and pitching moment and spanwise loadings are printéa. Lastly,
the optionally. determined wing-flap induced velocities at user prescribed

o

field :points .are listed.

For.a given wing-flap configuration, the computer program can treat
a maximum of 10 flow condition cases. The flow conditions are given by
the wing anglé -of attack and the set of externally induced velocities (if
applicable).both -of which appear on the right hand side of equations (1)
and' (2). Iﬁ addition, the program is arranged to read in consecutively as

many sets of wing-flap confiquration data as the user desires.

Program operatioh.-_The wing-flap vortex-lattice computer program is

written in Fortran IV language and has been run on the IBM 360/67 TSS
batch system at the Ames Reésearch Laboratory. With this machine 220
control points can be used, although this number is not necessarily a
maximum. This program also makes use of the ability of the TSS system

to .generate,. store, and read from data sets. This feature is used as an
option and the items treated this way are the control point coordinates
and the externally.induced velocities, As an alternative, the latter are
read in via cards. If the program is to be run on a different computer
with smaller storage, dimension statements need to be changed to permit

operation on- that machine.

No tapes are required other than the standard input and output. For
a configuration employing 160 control pbints, the running time on”the TSS
batch system to calculate loadings and wing-flap induced perturbation
velocities at about 10 field points requires approximately 4 minutes for

one angle of attack.

Program limitations and precautions.- There are problems that could

arise in the use of the program. The first has to do with the layout of

the vortices. The velocity induced at a point by a vortex filament becomes

singular as the point approacheé the filament. For each influence function,
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Subroutine INFWW avoids the singularity by examining a function which
contains the distance between the point and the filament. If the value
of this function is less than'225><10-1'0 '
semispan (also used in ref. 10); that 1nf1uence coeff1c1ent is set equal

-~

t1mes the square of the wing

to zero.

Some care must’ be taken in selectlng the spanw1se widths of adjacent
area elements and selectlng field point. locations for calculatlng wing- Flap
induced velocities. As a general rule, ‘the spanw1se ‘'widths of two i
adjacent area elements should not dlffer by more than half of the smaller
width. Use of the program has 1nd1cated that w1ng flap induced velocities
can be computed at locations as close to the wing and/or flap as one -half
of the width of. the nearest horseshoe: vortex. At smaller distances, the
1nfluence of the nearest bound vortex:filament is unduly large and causes
unrealistic velocities. The same reasons preclude the p051t10h1ng of
a flap such that the wing trailing vortex legs cut through the flap surfaces
close to the flap control points. The input specification of the chord-
wise number of flap vortices fixes the number of area elements on the flap
in the chordwise direction. 1In a cross section of the wing with the flap
defleetéd, the user should compute the 3/4 chord of the area-elements
on the flap. He should then make sure that the wing trailing vortices
are at least one-half of the wing vortex-width removed from the nearest
flap control points.

Description of Input

This section describes thke input for the wing—flap compUter.brogram.
In the following discussion, the content of all input cards is described
and, where appropriate, instructions on generating the input quantities
are given. All input variables are listed at the end of this section
in the order of appearance in the input deck, except that the first four
variables listed do not appear’ in the input deck but are needed for pro-
gram’ input preparation. The input férmat for all cards is shown in

figure 19[ and’“the item numbers refer to figure 19. S
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Item 1

The flrst card serves as 1dent1f1cat10n and may contaln any alpha— L
numeric 1nformatlon de51red. ,Th;s.lnformatlon is prlnted'on the first-

page of the output.

_.__Item 2 | - ‘ . R s s . LUV TR ST AT

~The second card contains several. control variables which- govern -  :*-
certain geometric parameter‘input options-as. indicated 'in-the -tablé-at - -
the .end of :this section. _.The option‘concerning -the specification of the:

flap root.chord is discussed in connection with Item 4- ‘below. -~

Item 3 - y B B

i The thlrd card contalns w1ng geometry data spec1f1ed in the wing = .-~
planform plane.‘ ‘The necessary parameters are the lead1ng— and trailing- -
edge sweep angles, root chord, semispan and dihedral. The‘slgn,conven-
tions for the sweep and dihedral angles are shown in figure 2 and follow
the usual convention where p051t1ve sweep is aft, p051t1ve dlhedral
corresponds to wing tlps above the wing root chord The wing root chord
semispan,  and’ all other lengths shown in f-gure 2, are dlmen51onal and

should have’ tonsistent units’ of length

Item 4 .
—_— Lo oL e G

The fourth card contains the following geometry data for the flap:n
leading- and trailing-edge sweep angles, flap root. chord, semispan, andA
the coordinates of the flap root chord leading edge. -The'flap'root‘chord
is defined-for the undeflected or deflected flap as folldws. The leading’
and trailing edges of. the-flap are extended inboard until ‘they intersect
the symmetry plane. The line~connecting the two intersection points .lies
in the plane of symmetry and 1s deflned as the flap root chord measured in

that plane._

The. flap geometry parameters are specified for the undeflected flap-
except for the flap root chord which may be Specified for either ‘the-. -
deflected or undeflected flap ‘in accordance with the value of .the control’
variable MFSPEC in Item 2. This choice depends on the manner in which
the flap details are specified to the user: cross section with the flap
deflected or undeflected. This distinction is not applicable to unswept
wing-flap combinations. The undeflected flap lles in or is parallel to

the wing chordal plane and has its planform and dimensibnsldetermined
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by rotating the deflected flap into the w1ng chordal plane or a plane
paradllel to 'it. - In this way,’ flap sweep angles are spec1f1ed in the
wing“planfofm plane as-are the wing- sweep angles.”’

At this point it should be noted that the vortex—lattice program

performs certain geometrical transformations while in the process of - ~

laying -out . the vortex lattice in the .chordal plane of, the deflected flap

In doing-so, jthe.innermost-and the outermost:horseshoe vortex'trailing - °

legs on, the s£lap,-which lie.in planes parallel to the. X-Z plane, are':-

made to originate.from the leading edge of . the deflected-flap'inboardraﬁd

outboard chords. The effective span of the deflected flap is therefore
determined by the innermost and outermost locations of the flap vortex

tralllng legs.' This in effect changes the aerodynamlcally loaded area o

£

the ' flap by a ‘small amount which should be of little consequence 1n the"%

lift and pltchlng moment calculatlon.

‘ Multlple slotted flaps are 1dea112ed as a 51ng1e flap w1th its L

chordal plane deflned by the leadlng edge of the most forward flap
component and the tralllng edge of the aft flap component. The camber
of the 1deallzed flap is determlned from the 1nd1v1dual flap component
angles,

If no flap is present, a blank card is inserted for this item.

S T T - ' o SR
Item 5'

The flfth card specifies the number of chordwise and spanwise-
vortlces on the left wing panel .and flap. The accuracy of the predicted
1ift.and moment depends on.the number of. layout of vortices used.

‘A number of calculations were madé to investigate the sensitivity
of tHé predicted 1loading distribution to the vortex-lattice layout.
These calculations are described in Appendix A. From these calculations
recommendations: have been determined for the optimum vortex-lattice
layout for a variety of.wing-flap configurations. The user should-

consult the-appendix- for guidance on the. layout.

. . . . . to . . L - +
St . B

s B IR : Lo Coe

L
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- While the wvortex layout associated with this computer program is
very flexibile, it.is limited by the maximum allowable number of vortices
(or. control p01nts) spec1f1ed in- the DIMENSION statements. The:sum of the
products of: chordw1se and ‘spanwise vortices on the wing and-:flap. should

notiiexceed 220. 7. - el CT Ly T
Item 6

The 51xth and follow1ng cards comprlslng Item 6 llSt the épanWLSe
locatlon Y(I) of the outboard tralllng legs of each chord row of T
vortlces on the w1ng. The lnput quantltles are dlmen51onal spanw1se'
dlstances *which should have  the’ same units as the w1ng andyflap seml-
'span and chord’ 1nput values. All distanceés are input as p051t1ve'
quantltleSwu.TheIanut starts at the root chord and proceeds -outward .
towards the tip, according to the index I. An index value I =1 |is.
assigned to the trailing legs on thHe root chord with spanwise location
Y(I = l) = O 0. ThlS is the flrst guantity on the first card for thls
item, The’ second quantlty 1s the distance from the root chord to the

- outboard tralllng legs of the innermost chordwise row of horseshoe

vortlces.;

‘ Slnce there are MSW vortices, spanwise, on the w1ng, the maxlmum o
value, of - I (which is IMAX) is MSW + 1. IMAX is limited to 50 in the.
program, so the maximum number of vortices, spanwise, on the wing is
limited to 49. The last value of Y - to be entered, Y(IMAX), must be
.equal: to the value of the semispan; -that is, Y(IMAX) = SSPAN

Item 7

This is the first optional set of input necessary only if a flap _

is presented (MFLAP =1). The quantities required are the:dietanceswfrom:
the plane of. symmetry to the outboard tralllng legs of each'chordwise

row of vortices qn the flap. The trailing legs lie in planes parallel

to the plane of éymmetry (X— . plane).. These positive input. quantites
are dlmens1onal spanwise dlstances which should have the ‘same units as

the wing and flap semlspan and chord input values. All distances are,
input ae_pqsltlve qnantltles.x The 1nput starts at the plane of symmetry
for a flap with its inboard chord 1y1ng in that plane. For a partlal span
flap w1th LtS 1nboard_chord not 1n the plane of symmetry, the input starts
.W1th the spanw1se distance  from the _symmetry plane to the 1nboard ,
chord of the flap. An 1ndex value of IF =1 1is assigned to the'
A0
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flap VQrtexqtrailing legs :either. in the plane of.symmetryvmith'spanwise
location:~<¥YF(IF =1) = 0.0 orlin,a,plane parallel to that plane with:
spanvwise=location YF(IF = 1) # 0.0. One of these is the first gquantity- .
cn the:first: card:-for. this item.: Ihe\second.quantity is the distance;fremj
the symmetry plane to the outboard trailing legs of the innermost: row .of -~
horseshoe vortices on the flap.

g

iIJ

gigfedthere are. MSF vortlces, spanw1se, on the flap, the maxlmum
value of IF (whlch 1s IFMAX) 1s MSF + l IFMAX is 11m1ted to 50 1n the
program, so the marlmum number of vortlces, spanw1se, on the flap 1s ) _“t
11m1ted to 49..JThe 1ast value of YF to be entered YF(IFMAX), must equal:

the value of the flap semlspan, that is, YF(IMAX) FSSPAN.

If.no flap is. present (MFLAP = 0), no cards are required for .’ »r:..-u-
Item 7. = - 1 - L el rE e e

R : . L

Item 8

The card of thls 1nput contalns the coordlnates of the center of
moments.A.These are dlmen51onal quantities, whose unlts should be
con51steht with those of the wing~flap dimensions and whose 51gns must
be consistent with the w1ng coordinate system. The Y coordlnate,

YM, must be 1nput as zero.

I
1§

Item 9

This optlonal set of input is necessary only if the wing has camber- -
and twist (ALPHLC = 1.0). The specification of the vortexflattlce.through
Item 5 fixes the layout of the area elements on both wing and flap in
their respective chordal planes. In particular, the chordwise specifi-
cation aflows the 4 priori determination of the chordwise location of

ontrol“pOlntS since ‘they are given by the mldp01nt of the 3/4 chord
of each area element. This is done in a wing-flap cross section '
(parallel to the X-2 plane). The quantities specified in this set
of cards are the fangents of the local angles of attack, ALPHAL, of the
cambered and twisted wing mean ‘surface measured in the streamwise directioh
at each control point relative to the wing coordinate system. The first
card in this “itém contains these values for the chordwise row of ‘elemehtal
panels nearest the root chord, starting with the element nearest the
leading edge. "In the event that there are more than eight;chordwise'

elements on the wing, the second card wduld have the values for the ninth;
: . S - : . ’ - C
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tenth, etc., elements in that first row. Otherwise, the second card has
the values for the chordwise row next outbbard of the first row, and so
on. The ALPHAL value for the leading edge wing area element in each
chordwise row must.start on a new card. Thus, there are MSW (or possibly
2 MSW) cards in this item. - T ‘ '

. The values of ALPHAL are obtained as follows. Con51der the sketch
in flgure 20(a) which shows the cambered and twisted sectlon of the
lifting surface at some spanwise station n, for a w1ng.angle of attack.
At a pbiﬁt P, corresponding to a control point in the wing chordal .
plane, a tangent to the wing mean surface is constructed, which makes
an angle a, with the wing root chord (the X-axis). The positive sense

of is shown. The input value required is ALPHAL = tan o .

ap .
ITtem 10

This optional set of input is required only if a flap is present,
MFLAP = 1, and has cémber, DELLC = 1.0, Item 2. The quantities specified
in this set of cards are the local angles in radians, DELL,'of the cambered
flap at the control points measured in the streamwise direction. The
first card in this item contains these values for the chordwise row of
area elements on the flap nearest the plane of symmetry, starting with
the area element nearest the flap leading edge. If there are more than
eight chordwise elements on the flap, the second card has the values for
the ninth, tenth, etc., elements in the first row. Otherwise the second
card has the values for the chordwise row next outboard of the first row,
‘and so on. The DELL value for the leading edge flap area element in
each chordwise row must start on a new:card. Therefbre, theEe are MSF

(or possibly 2 MSF) cards in this'ifem,

The values of DELL are obtained as follows. 'First the case of a
single flap with camber will be discussed; then the case of multiple
flaps idealized as a single flap with camber will be treated. The top
half of figure 20(b) shows the former ahd the bottom half the latter.
Both are in combination with an unswept;“untwisted, untépered wing with
dihedral which-has its trailing edge cut off to accommodate the trailing
edée flaps. The dashed lines represent the thickness envelopes of the
wing and flap. Consider the single flap case. At a point P, corres-
ponding to°a control point in the flap chordal plane, a tangent to the

flap mean surface is constructed, which makes a positive angle 6, with
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the flap root chord as shown,  The input value requlred 1s ..DELL = 62,

radians. .Consider the multiple. flap case next. Connect the leadlng edge e

of the flap. component. nearest the w1ng tralllng edge. to the tralllng edge
of the aft flap component ) ThlS line 1s ,the local chord of the 1dea11zed
flap representing the multiple flaps system. This local chord also lles L
in the chordal plane of the 1deallzed flap. The chordal plane also

"j"”

contains the root chord of thé’ 1deallzed flap. At a p01nt P, correspondlng

to a control p01nt 1n the 1deallzed flap chordal plane, a tangent to" the
I T N e -

mean surface of the flap component is drawn, whlch makes p051t1ve angle

62 with the'flapﬂroot chord as shown. The 1nput value requlred is’

DELL = 62, radlans..*’

T

Do i o ) : . . IR . R

If no flap is presented (MFLAP = 0) or the flap does not have camber
(DELLC = 0.0), no cards are requlred for Item 10.

Item 11

R . . : e
T : PR N

Thls optlonal set of data 1s requlred only if 1nduced veloc1t1es are ..
to. be computed,at fleld p01nts adjacent to the wlng flap (MMM # 0. in j
Item 2)., The number of cards 1n this item is. MMM. Each card has X, Y,_'
and 2 coordlnates of a point where the 1nduced velocities are deSLred
The p01nts need not be in any partlcular order, although an order mlght.
be dlctated by the subsequent use of the output 1n, for 1nstance, an
eng1ne-w1ng flap, 1nterference calculatlon. If no lnduced veloc1t1es are
to be computed (MMM = .0, Item 2), no cards are requlred for Item ll

Item 12

- The 51ngle card "of this item contains several quantltles. " The'’
first is the flap deflectlon angle, DELD , which must be measured perpen-
dicular to the flap hinge line. If only the streamwise flap angle DLXD
is known, angle DELD -may be estimated through the average sweep angle of
the flap S ' ‘
_.tan DELD.=, (tan DLXD)/cos . L es

ave :

Control integer variables KEI and KCP.govern options: regarding the method: ,
of input of the externally indu¢ed velocities and the output:of control

points associated with the'vortexllattice, respectively. Control variable
NRHS equals ‘the number of casesito be run successively for a given wing .«
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flap combination without recalculating the influence coefficient matrix.
For each case, an angle of attack and a set of induced velocities (if
applicable) will be specified in Items 13 and 14. 'A maximum of 10 cases

can be treated in thlS manner,

ThlS item: spec1f1es the w1ng,angle of attack, ALPHAD, for each of
the NRHS cases spec1f1ed in Item=12 above.

ey e

Item 147~ 1 ) i

The 1nput quantltles 1n thls optlonal item are externally induced
perturbatlon veloc1t1es at.. the control p01nts on the left wing panel and
flap. | Cards with this 1nput are requlred only if KEI of Item 12 is _
dlfferentrfrom zero. For each of the cases specified in Item 12, these
velocities are read in via cards if KEI = 5; if XEI = 8 a data set
‘generated by the jet-wake program is called aﬁd velocities are réad in
‘from it The 51gns of the perturbatlon velocity components must be
'consistent w1th the w1ng root chord coordlnate system.

N

The externally 1nduced perturbatlon velocities must be input in the
same order as the control point layout: the first is nearest the wing
leading edge -and root chord the succeeding points proceed aft chordw1se
to the wing tralllng edge, then from the leadlng edge of the next out-
board chordw1se row" aft towards the tra111ng edge of this row and so
forth The 1ast p01nt on.the w1ng 1s the control point nearest the tip
and wing tralllng edge. There are- M cards for the wing, where
M = MSW x NCW.;_bn the flap,if present, the first point is nearest the
flap leading edge'and inboard.chord;'the succeeding points proceed aft'’
chordwise to the flap trailing'edge‘and then from the leading edge of the’
next outboard chordwise row aft towards the flap trailing edge and so on.
2s on the wing, the last point is the control p01nt nearest the flap

N

outboard chord and flap tralllng edge.

Agaln, lf no. external veloc1t1es are considered (KEI = 0) no cards

are requlred for this item.

This completes the description of the input and its .preparation.
The program variables with algebraic symbol and comments are listed

below in the order in WhiCh_they appear in the inpﬁt deck.
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Program
Variable

x.

Item l.

Item 2 - S

ALPHLC

DELLC _
[

MFSPEC

o

Item 3 °

PSIWLE

Algebraic’'Symbol

(if applicable) -

M.

MF

st

LE

Comment

number of control points on wing .
M = NCW x MSW '
number of control p01nts on flap
MF = NCF x MSF

running 1ndex of control points on
wing: ‘1 < J < M, also used as over-__
all running index 1 < J < M + MF
in’ Itef* 13 of the input - and also
;in- the output. .. .

DASTIEES A ST

running index of control p01nts onl‘
flap 1 < JF < MF S

1
runnlng 1ndex of succe551ve cases
“i .1 <'N° <'NRHS ST S S

t

_:any alphanumerlc 1nformat10n may be

.+ put-.on this card for 1dent1f1cat10n‘

i

-of the calculation

L e
CULiLnN

“ g

. P . S
e o Foos s

0.0:

ALPHLC = wing w1thout camber
and twist. . .

"ALPHLC = 1.0: w1ng w1th camber and
twist ‘

DELLC = 0.0: flap without camber

DELLC = 1.0: flap with camber -

"number .6f locations in vicinity of
wing-flap at which wing-flap -induced
velocities are determined (MMM <, 50).
If MMM = 0, induced veloc1t1es are
not..calculated” .

MFLAP = 0: .flap not present, i.e.,
wing only : ‘ :

MFLAP = 1l:  flap included

MFSPEC = 0: flap root chord CRF

spec1f1ed for undeflected flap
in Item 4
MFSPEC = 1l: - flap root ghord CRF -
specified for deflected flap in
Item 4. This differentiation is
applicable to swept wing-flap com-
binations only

wing leadihg—edge sweep angle measured
in the wing planform, positive for
sweep back, deg.
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Program Algebraic Symbol

Variable (if applicable)
PSIWTE = oo
YrE

CRW e

SSPAN b/c
PHiﬁx;‘&}"* L b e
PSIFLE Ve
LE
A
PSIFTE o g
TE
(CRF - 1. Cg
S ,
FSSPAN
XF
ZF .-
Item 5 - - 3
_ !
NCW
. MSW

46

Comment

: wing trailing-edge sweep angle

measured in -the wing planform,
positive for sweep back, degrees

wing root chord, dimensional

wing semispan, dimensional

R XY

'.ﬁ-wing dihedral) positive for wing tips

above root chord, degrees

flap leading-edge sweep angle measured
in the wing planform for the un-

- deflected flap,' positive for sweep
back, degrees (this angle normally
equals b, ) )

TE.

:flap tralllng—edge sweep angle

measured in the wing planform for
the undeflected flap, positive for
sweep back, degrees ‘

flap root chord measured in the plane
of symmetry, dimensional. According
to Item 2: if MFSPEC = 0, CRF )
specified for undeflected flap, iff
MFSPEC = 1, CRF specified for de-_
:flected flap. Sée the. earlier o
discussion under Item 4

" flap semispan defined as the distance

from the plane of symmetry to the
.flap outboard span, dimensional

A~coordinate in wing coordinate system

of the ‘leading edge of the flap root
chord, dimensional ° e

..Z~coordinate in wing coordinate system

of the leading edge of the flap root
chord, dimensional

number of chordwise vortices on w1ng,
1< NCW < 10 5y

number of spanw1se vortices on 1eft
w1ng panel, 1 < MSW < 49,



Program
Variable

NCF
MSF

Item 6

Y(I)

Item 7

YF (IF)

Item 8.

XM
™M
M

Item 9 .

ALPHAL (J)

Item 10

DELL (JF)

Ttem 11

_PMX (MM) ),
PMY (MM)

. PMZ (MM)

Algebraic Symbol
(if applicable) - Comment

number 6f chordwise vortices on flap,
1 < NCF <°10

number of spanwise vortices on left
flap 1 < MSF < 49

4
1

”fki),Y(Z),.};,vl distance parallel to Y-axis from
¥ (IMAX) - -.. © . - plane of symmetry to outboard

R trailing leg of I'th wing horseshoe

vortex, dimensional
(1 < I < IMAX, IMAX = MSW + 1)

YF (1) ,YF(2),..., o dxstance parallel to Y-axis from
YF (IFMAX) - s plane of symmetry to outboard
. - trailing leg of IF'th flap horseshoe
vortex, dimensional (1 < IF < IFMAX,
. IFMAX = MSF + 1). 1If MFLAP = O, .
R - "' no input cards necessary

T .coordinates of pitching-moment center
: - in wing coordinate system, dimensional

tan'azil), tan al(Z), tangent of local angle of wing mean
: . tan o (M) surface at' J'th control point due to
Tt L wing twist and camber. See figure

-20 for sign convention.
1 <J3<M M<150. (If ALPHLC = 0.0,
no input cards are necessary)

62(1),.62(2), y local angle in radians of flap mean
8. (MF) surface at JF'th control point due
RS 4 .. to flap camber. See figure 20 for
' S - sign convention. 1 < JF < MF,
: MF < 100. (If DELLC = 0.0,no input,

cards necessary) .
'

¢ . L . .7 :coordinates of locations at which wing-
) . flap induced velocities are computed.
1 < MM < MMM, MMM < 50. If MMM = O,
no input cards are required.
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Program

Variable

Item 12

DELD

KCP

NRHS"

Ttem 13

o

el

ALPHAD (N) -

Item 14“
. 1 °

UEI(J,N)
VEI(J,N)
WEI(J,N)

48

)

.

Algebraic Symbol
(if applicable)

!a(l)la(z)l"‘l

o (NRHS)

v*

u, .
CL L ey,

Wy
V(1,N),

ui vy
TT(M’NX'TT(M’N)'

Vi
7(MIN)

.Comment LR LY

flap deflection angle measured perpen-
-dicular to hingeline, positive down-
.wards, degrees, see figure 1

/. (KEI = 0: no externally induced
- jvelccities ‘
KEI = 5: externally induced velocities

( read in via cards
KEI > 6: externally induced velocities
read in from-a-ddta set.

(7 < KEI < 98)

KCP = 0: control point coordinates in
pProgram output - )
KCp > 6: . control point coordinates
'in program output and data set.
(7 < RCP < 98)
NOTE: . KEI # KCP . . = =~.. -
number of- successive casés to be
. ‘treated forithe same wingsflap:
configuration. 1 < NRHS < 10

i oo eyt

b

W

wing root chord anglé of attack
.relative to free. stream, degrees,...-
see figure 1. _(;,i4N.i NRHS)’

\ .
i =

this input is read in only, if KEI # 0.
The first card contains afiy alphanu-
$ meric information for identification
of these data. These are externally
induced velocity-components at wing
control points J, 1<J<M, M<150.

1




Program Algebraic Symbol L . B e
Variable : (if applicable) - © +i- . Comment 7 e

ui W LN
v (L, f e

i

’ . .| this input required'only'if MFLAP = 1
S L ' . 1+ and KEI #'0. These are. externally
—i(M+1”N)‘<T -1 7 induced velocity components at flap
N rere {

control points- J. oo
ST - M+l <J < M+MF (NOTE: M < 150, °
AR ul < MF <150 but M+MF < 220.) For
o it -ﬁr(M+MF;N),' R B thesSe 'data, if - KEI'= 5, input via
’ - 1 cards; if XEI = 8, input via data
set. - There will be N sets of
these data for the N successive

V. ‘ '
1
‘v“MfMF'N)’ cases. 1 < N < NRHS.

SR 'T_l(MJrMF;_N) o o : e ;‘
Samples of two’ 1nput decks are shown in flgure 21 111ustrat1ng the

options concerning externally induced perturbatlon veloc1t1es andrflow—lf
fleld determlnatlon. The first _input deck shown is for a swept wing - w1th
full span, trlple slotted flaps -and without externally induced- veloc1t1es.
The configuration is shown in flgure 22.. The .vortex lattice on the w1ng
is made up of 20-spanwise rows with 4 vortices’ on the chord. On‘the~fl§p
there are 20 spanw1se rows . w1th 5 vortlces on the chord. The 30°'sweptéc
back w1ng is untapered and has zero dihedral. The full span,. trlple - e
slotted flap system is 1deallzed to a single. flap with. camber, as shown
in flgnre”22(c). One of . the de31red results of the calculation ' 1s the

perturbetion flow field determined at eight 'specified field p01nts‘for ge

" angle of attack. The p01nts lle along a line colinear: w1th a typlcal cens

terline locatlon of a turbofan englne that could be hung under the w1ng

The second 1nput deck shown in flgure 21 concerns the same conflgu—
ration, but 1ncludes perturbatlon veloc1t1es 1nduced by a.high-bypass-ratio
turbofan engine. The determlnatlon of these veloc1t1es 1s descrlbed in - :

the jet wake sectlon.
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Description of Output

‘This section  describes the output from the wing-flap program. In’the
following, all items of output are enumerated and the contents briefly " -

+described. . Two sample outputs are shown in figure 23. ~. .

The first page identifies the run and prlnts the wihg= flap geometry
data, vortex-lattice layout and the pltchlng moment center ‘as” spec1f1ed in
the 1nput. The flap deflectlon ‘angle, DELD, is the spec1f1ed angle perpen-
dlcular to ‘the- hlngellne whereas the streamwise flap deflectlon angle,
‘DLXD,"’ is cdlculated by the program. All length dlmen51ons ‘in-{He " output

o I e

PO ,.._ X

are the same as in input:

‘Theé 'second ' page shows the wing angle of attack and'the 1dent1f1cat10n
“of the set of exXternally 1nduced veloc1t1es (when appllcable) for the:flow
"‘condition dase under consideration. Both’ are’ spec1f1ed in the 1nput. In
“the first sample case, figure 23(a), the flow condltlons only include the
w1ng angle ‘6f attack. In the second case, the wing angle of attack ‘and
identification of a set of 1nduced veloc1t1es are prlnted under the flow‘

s P

condltlon headlng.
On the next pages of the output, program—computed contro£-p01nt
coordlnates are listed for the wing and the flap together, w1th ,mean .
surface streamw1se slopes specified in 1nput as tangents at the control
p01nts. The coordlnate system associated with the control p01nt locations
1s the wlng coordinate system shown 1n flgure 2 This part of ‘the output
also prlnts the externally induced perturbatlon velocities. In the flrst
sample case, figure 23(a), these veloc1t1es appear as ZzZeros. In the
second case, figure 23(b), non—zero values were read in. The order of the

" output. in this item and the next is as follows. J = 1 corresponds to
"“the area element on the left w1ng panel clésest to the w1ng root chord

and nearest the wing’ leadlng edge. Thls starts the first chordw1se row.
The sequence proceeds towards the’ w1ng tra111ng edge (T = NCW) and ‘then
back up to the wing leadlng edge (J = NCW + 1) for the' next chordw1se< :
row. This process continues along the semispan for each‘chordw1se row of
area elements on the wing untll the w1ng tip is reached. There, the aft
element of the last chordwise row on the wing is located closest to the
wing tip and nearest the wing trailing edge. On the flap, the sequénce
starts in a manner analogous to the wing with the first element’ (J = M + 1)
closest to the inboard span of the flap and nearest the flap leading edge.
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The process.then continuesrtowards the.outboard tip of the flap.- The aft
area.element {(J =M+ MF) of.the.last;chordwise row on the flap is located

closest to the_flap outboard.span and nearest the flap trailing edge.. -

The next item starts on-a.new page and~provides information coéoncerning
the computed horseshoe vortex characterlstlcs.f -This, .output includes bound
leg mldelnt coordlnates, bound leg sweep angles and horseshoe vortex, half—
_rwldthslAtogetherryith the calculated~vorteg_strengths._;Wlng;angle.of attack,
AhPHAD .and flapideflection angle,,DELD are again listed .in the heading of
this output The output sequence 1s descrlbed above and ‘the coordlnates

are expressed in the. w1ng root chord coordlnate system of flgure 2.

The follow1nganew page contains. aerodynamlc performance parameters
computed by the, ~program. The w1ng»and;flap¢llft coefficients, and the sum
of the two, CL;_are referenced with_respect:to the.wing planform;area;;SREF.
The pitching moment coefficient, C_, is referenced with respect to.SREF :and
the w;ng'average chord _CAVE. Both reference quantities are listed in. thls
output alsoz; The spanload coeff1c1ent, C. c/c Cave! is referenced w1th
respect to the wing lift coeff1c1ent and CAVE for spanloads on the wing.
Spanloads on the flap are’ referenced w1th respect to the flap llft coeffl-
. cient and CAVE.. These values of spanloads are llsted for each’ chordw1se ‘
row of area’ elements on the w1ng and flap startlng nearest the w1ng root'
chord and’ flap 1nboard span respectlvely The last llne prov1des a break-
“down of the pltchlng moment and 1nduced drag in terms of the wing and flap

contrlbutlons.' The total 1nduced drag,; ilS also llsted by 1tself and

’
in comblnatlon w1th “the total llft CL goth parameters are calculated on
the ba51s of equatlons (9) and (10) - _

- The last and optlonal output 1tem 1s called for by MMM # 0 Aln Item 2
of the 1nput and starts-on a new page. Thls output 1ncludes coordlnates of
‘the locatlons at whlch the componentswof w1ng-flap 1nduced veloc1t1es are
computed and the 1nduced veloc1ty components. The sequence of thls output
is dictated by the sequence of. the spec1f1ed fleld p01nt coordlnates 1n

Ttem, 11, of the 1nput. o

" X Y . T . L
o ‘ ) . Program Listing e ,
The wing-flap vortex-lattice program is wrltten in- Fortran. IV -
> language for .the: IBM 360/67 computer.Y 'The computer consists of. the main

program and three subroutines. . . . e ot
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WFO1

THIS PROGRAM CALLS FOR SUBROUTINES LOADl»s INFWW, INVERS WFO1

. WFO1

WING-FLAP VORTEX LATTICE PROGRAM WFO1
WFO1

. e . WFO01
DIMENSION SLDCO(50) $SECLTF(50)»FSLDCO(50) sFECLIF(50)» WFO01
C1TITLR(10920) TALK(20) s ALPHAL{150) sDELL(150) WFO1
WFO1-

. L DIMENSION CIR(??OolO)'UFI(ZZOoIO)0VEI(7?0,10)'WE1(220o10)’ WFO1
"1 ALPHAD(10) s ALPHAL10) U0 _ WFO1
WFO1

DIMENSION o, 0 ULUS50)sVI(50YsWI(50)9FVNI220sWFOL
1?%0)'FUW(Z)'FVW(Z)oFWW(Z)’FUF(Z)’FVF(Z)'FWF(Z) WFO1l"
L WFO1
* DIMENSTION PTLX(150),DTLY(lso)-PTLZ(ISO).PVX(lso),pCX(150).pVY(1so)wF0r'
15PVZ (1501 sPVFX(150) sPCFX(150)sPVFY{150)sPVFZ(150) sPCFZ(150) sPTLFX(WFO1
21501 sPTLFY (1501 sPTLFZ(150) +PMX(50) +PMY(50) sPMZ(50) WFO1
WFO1

NIMENSINN SWPVVP{150) + SWPVVF(150) s SWPC(10) sSWPCF(10) s SWPVI(150)s WFO1
15F(150)9SW(]50),Y(SO)vYF(SO);YFC(SO),YLOC(SO)yYLOCF(SO)oSUMY(SO)o WFO01
2SUMYFI50) sCHLOCR{S0) » FCHLOR (50} WFO01
WFO1

DIMFNSION YNW(7),YWF(2).YWFP(Z):YFW(z).YFF(z),YFFp(z)waM(za»YFM(szOI
112 YFMPL2) WFO1
. WFO1

. ' . WFO1

COMMON CIRsSUMLIFsFUMLIFsCLTOTsTOTMOMsSLDCOsSECLIFsFSLDCOSFECLIF WFO1

’ WFO1

COMMON WMOM s FMOM » SUMDRG ¢+ FUMDRG # DRGTOT » CDOCLS WFO1
WFO1

COMMAN PTLXsPTLYsPTLZsPVXePVYsPVZsPVFXePVFYsPVFZsPTLFXsPTLFY sPTLFZWFO1

. WFO1

COMMON SWPWLF s SWPWTE s SWPFLF » SWPFTE s SWPVVP s SWPVVF sSF 9 SWeY s YF WFO1
WFOo1

COMMON CRW3sSSPANYICRFsFSSPANSPHIsPHIFsCSPHIFsCSPHI»ALPHA»DLX 9 COS+LXWFO1
1sSINDLXsSREFsCAVEsXM»ZM 9 SPHIF » SPHT WFO1
WFO01

COMMON NCWsMaMP1 sMF sMPMF s IFMAX s IMAX s NCF s MFLAP "WFO1

‘ : WFO1

COMMON AEs»YFC»TANTHBs TANTH? : WFO01

. : WFO1

COMMON UEIsVEIsWEI WFO1

. WFO1

COMMON/ INF/BOT ’ WFO1
WwFO1

WFO1

WFO1

WwFo1

1 FORMAT {1H19+27Xs32HHORSESHOE VORTEX CHARACTERISTICS//10Xs17HBOUNDLWFOL
1EG MIDPOINT#35X»245HVORTEX STRENGTHSsGAMMA/V/13Xs11HCOORDINATES/3XsWFO1

21HJI 95X 1HX 99X 9 1HY 99X 9 1HZ 95X s LOHSWEEP sDEG« s 1 X9 OHSEMIWIDTH»7X s THALPHWFO1
3AD=sF8e4s1Hr sSHDELD=9FBe4/2X»13HWING VORTICES/) WFO1
6 FDORMAT (715%) WFO1
7 FORMAT (8F10,45) : WFO1
B8 FORMAT (4Xs?23HTE SWEEPsDEG, sF8etsTXIFBes) WEO1
13 FORMAT (1491X9F944972X9F94432XsFBo492XsF8, 492XsFBebs12XsFBets) WFOo1
14 FORMAT {1H1s 20A4/) WFO1l
15 FORMAT(20A4) WFO1
17 FORMAT (1H1s 25H . DETERMINANT IS ZFRO) WFQ1
18 FORMAT(/9Xs25RHTOTAL LIFT COEFFICIENTsCL910Xs30HPITCHING MOMENT COEWFO1
1FFICIFNTsCM/) . . WFO1
19 FORMAT ( 10XsF8e4930XsF8eb) WFO1
21 FORMAT {4Xs23HDIHEDRAL sDEG. sFBebsTXsFBals) WFO1

0ol
002
003
004
005
006

007 -

008
009
010
011
012

.013.

o014
015
016
017
018
019
020
021
022
023

024 .

025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040

‘041

042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059,
060
061
062
063
064
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© 22 FORMAT (4X923HCHORD AT WING ROOT sFBs4sTXsFBets) - ' - - WFO1

. 2% FORMAT (3Xs13»7XsF8, 436X2FBe4r10XsFBebr15XsFB L) s WFO1

54

24 FORMAT { 3Xs4HWING/) WFOo1
28 FORMAT (4X»23HSEMISPAN - 'F8.4sTXsFBe4/) - ° WFO01
28 FORMAT (/24Xs20HREFERENCE OUANTITIES/ISXoIIHNING SPAN-B»AXoZBHNINGNFOl
© 1 PLANFORM AREAsSREF+4Xs19HWING AVECHORD s CAVE) WFO01
29 FORMAT (T7XsFBe498XsF1244914XsFBets) . - R WFO1
30 -FORMAT (4Xs23HLE SWEEPSDEG, 'F8443TXsFBab) WFO1
31 FORMAT (/4Xs29HUNDEFLECTED FLAP INBOARD SPANs8XsFB8e4): = -*; ° WFO1
32 FORMAT (2F5.1 #315) WFO1
33 FORMAT (3F10.3) L WF01
34 FORMAT (1H1+4X»36HCONTROL POINT COORDINATES AND SLOPES.llxo WFO1
- Y?9HEXTERNALLY INDUCED VELOCITIES) LhETET T WO

35 FORMAT (1491X9F9e492XsFeb12X9FBelts2X9sF844 ’6XoF905|1X1F9o5’1X0F905WF01

L91XoFOel32X0F94492X9FBe&t) Wit 2WFO1
36 FORMAT (1HY1+9X+66HVELOCITIES INDUCED AT SPECIFIED POINTS INJTHE’YIWFOI
C1CINITY 0F THE WING//3Xe1HN»6Xs THX 99X 1HY »9X91HZ 913X 3HU/ Ve 7Xs3HV/VWFO1

29 7X93HW/V/) AL CWFOL

37 £ORMAT (4Xs30HUNDEFLECTED FLAP OUTBOARD SPANsTXsFBet/ /) WFO1

28 ‘FORMAT (4Xs30HPITCHING MOMENT CENTER. : .2X.F8.402X-F8o4v2X'FBNF01

- 1let) DO TROWFOL

< 29 FORMAT (ZX’12:3X9F8.a’2x’FS-Q’ZX’F804’7X)FBn5’2X’F8o5OZXlF805) WFQ1l
" 43 -FORMAT (3E13,6) Ve o0 WFOL
47 FORMAT (/2Xs19HWING CONTROL POINTS/) WFO1

61 FORMAT (34X+12HMEAN SURFACE/3X’lHJ‘SX'leI9X’1HY’9X’1HZO7X'SHSLOPEWFOI
1910X93HU/VeTXs3HV/VTXs3HW/ V) A "WFO1

58 FORMAT (4X»23HCHORDWISE VORTICES 22X I3l12X’13) WFO1

“i. 89 FORMAT (//734X913HGEOMETRY DATA//28Xs4HWINGs11X e 4HFLAP/Y. ~° it WFO1
L. 60 FORMAT (4X»23HSPANWISE VORTICFS 92X913512X913) T - WFO1
64 -FORMAT (/3Xe4HFLAP) : WFO1

65 FNRMAT(/24X+26HSPANWISFE LOAD nxSTRIBUTION//2X97HSTATION»sxo7HY/(B/WF01

© 7 12)95Xs13HLOCAL CHORD»C 26X 9 12HCLR¥C/CL#CAVE» 14X s JOHCL*C/ (2%B)//) © "WFOL
66 FORMAY (4Xs27HANGLE OF ATTACKoALPHA 'DEGas15XsFB8e&//) ’ . WFO1
67 FORMAT (//4Xs27HFLAP ANGLEsDELDDEG, '15XsF844) o WFO1

68 FORMAT (4Xs37HCALC. STREAMWISE FLAP ANGLESsDLXDIDEGes5XsF8e4) WFO1

72 FORMAT (1H1915X»39HAERODYNAMIC LOADING RESULTS FOR ALPHA =3F10e¢5s WFO1
“11X+4HDEG. ) ///9X¢21HNING LIFT CWFO1
10EF¢YCIFNT:20X;21HFLAP LIFT COEFFICIENT/) Lo WFO1

73 FORMAT (//39X921HX ‘ . WFO01

74 FORMAT (/2X919HFLAP CONTROL POINTS) . . e .WFOI

76 FORMAT (/2Xs13HFLAP VORTICES/) ,ﬁ; . “WFO1

78 FORMAT(1H1s20X926HFLOW CONDITIONS FOR, CASE: 1377y . T "WFO1l-

79 FORMAT (/4Xs63HCOORDS. OF ROOTCHORD NOSE OF FLAP EXTENDED TO PLANEWFOlz

1. OF SYMMETRY/ 139X, . WFO1

2 21HX - . Lo Z/36XsFB8,.4912X9FBes&) . - . = ‘WFO1

81 FORMAT (1F10.553110) ) ‘ WFO1

B3 FORMAT (///2X97HCM’NING’8X97HCM’FLAPv8X97HCD-WING¢8X97HCDnFLAP’9XowF01

: 12HCD 211X s8HCD/CL*CL/) WFO1
84 FORMAT (F1045¢5X9sF10, SoSX’FIO.S’SX-FIO.S’SXoFIO.S’SX,FIO.S) ’ . WFO1l

35 FORMAT (///7/20A4/7) o WFO1

d o - ., WFOl
c IMITIALIZE : N .t - WFO1
C . Lo WFOL
DO 3008 J=15,150 WFO1

3008 ALPHAL(J)=0,0 WFO1
-+ _ DO 3080 JF=1,100 - S WFO1
3080 DELLIJF)=0,0 ee o . WFOl
c . » WFO1
: 1010 READ (5515) TALK ' S ..~ WFO1
L ©. o wWFOl
C. CONTROL VARIABLES READ IN . R WFO1
C: L e . WFOL
READ (5932} ALPHLCs»DELLC sMMMsMFLAP sMFSPEC S . "WFO1l

C o : B L o WFO1
C 'WING GEOMETRY SPECIFIED IN WING PLATFORM PLANE. - T WFO1l
C WFO1

065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
08l
082
083
084
085
086
087
088
089
090
091
092
093

‘094

095
096
097
098
099
loo
101
102
103
104
105
106
lo07
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
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9912

NnnNnnN

N Ya Yo

9910
1001

Ann

T 9911
‘1002

“REAR {596) NCWIMSWeNCF sMSF

READ (5+7) PSIWLE9PSIWTE'CRWQSSPAN’PHID
BOT= SSPAN

FLAP GEOMETRY SPECIFIED iN UNDEFLECTED FLAP PLANFORM:PLANE -
'UNDEFLECTEO FLapP PLANFORM PLANE IS THE WING PLANFORM PLANE

RcAD (Se7) PSXFLE’PSIFTE»CRFoFSSPANvXFoZFx

L SPEC!FY VORTEX LATTICE ON WING AND FLAP

TIMAX=MSW+1 : E ' e

. ;TIFMAXsMSF¥1 B P
i ~M=MSWH*NCW s
"ME=MSFRNCE ; - ST A

-

Mpl M#IJ‘J/

i”MPMF M+MF

LAY OUT.WING - VORTEX TAILS ALONG WING SEMISPAN

‘POSITIVE VALUES FOR LEFT PANEL

READ (5;7) (Y(I):I‘I-IMAX)

'LAY ouT. FLAP 'VORTEX TAILS ALONG. UNDEFLECTED FLAP SEMI SPAN

POSITIVE VALUES FOR LEFT PANEL

IF(MFLAP.EO 0) GO TO 9912 .
REAN (597) (YF(IE)sIFs= l'IFMAX)
CONTINUE ]

SPECIFY MOMENT CENTER

"READ (557) XMQYM’ZM,

INPUT :LOCAL WING ANGLES DUE TO.WING CAMBER AND TWIST
IF (ALPHLC.EQ.040) GO TO 1001 ..~ . & . .
MN=O | )

DO 9910 JUNW=1sMsNCW ’ . :

- MN=MN+NCW T

‘READ (53+7) (ALPHAL (J)»J=JNWsMN)
“CONT I'NUE : I

INPUT LOCAL FLAP ANGLES 'DUE 'TO FLAP CAMBER

"IF(MFLAPJEQLO) GO TO 1002 « - ° . o v
IF (PELLC4EQ.0.0) GO TO 1002 AP
MFN=0

DO 9911 JNF-I,MF;NCF

" MFN=MFN4+NCF

READ (5s7) {(DELL{JF) s JF=UNFIMFN)
CONTINUE

DTR=p1/180
DTR=0,01745329

SPAN=2,0#55PAN

- "PHI= PHID*DTR

SPHI=SIN(PHI)

‘CSPHI=COS (PHI)

TANPHI=TAN(PHI) e S
‘SWPWLE=TAN (PSIWLE#DTR)

[

. 'SWPWTE=TAN (PSIWTE#DTR) PR

WFO1
WFO1l
WFO01
WFO1
WFO1l
WFO1l
WFO1
WFO1

- WFO1

WFOo1
WFO1

' WFO1

WFO1
WFO1
WFO1l
WFol
WFol
~“WFO01
WFO1l
WFOo1l

‘WFO1

WFO1
WFO1

- WFO1

WFO1
WFO1

‘WFOLl

WFO1
WFO1

WFO1l

WFO1l
WFOo1
WFO1

WFOL
WFO1

WFO1
WFEO1
WFO1
WFO1
"WFO1
WFO1l
WFO1
WFO1
WFO1
WFO1
WFO1l
WFO1
WFO1
WFQl
wFo1
WFO1l
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1l
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1

131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
l46
147
148

150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195

55
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'Y WFO1

FLAP SWEEPS ARE SPECIFIED FOR THE UNDEFLECTED: FLAP AND MEASURED ‘WFOl

IN THE WING .PLANFORM PLANE =~ . . o _ _ WEQ}
A e :‘;f.’:m . iug 1
SWPFLE=TAN (PSIFLE#DTR) A (]
SWPFTE=TAN (PSIFTE#DTR) e Nt e s .. WFO1
PR - ¢ e ro]
COMPUTE WING L.Ee AND WING T.E. SWEEPS N THE wle CHORDAL "PLANE "~ WEO1
ARHT OWEQL
© SWPWLV=SWPWLE#CSPHI ) '
SWPWTVeSWPWTE#CSPH] :
WTV=ATAN (SWPWTV) e
CSTNWTV=SIN(WTY)

NaXaXa i

joondﬁ‘

hOOO

nnnnnnnhndnm

e

308;

aXal

1F KE1=0 NO EXTERNALLY" INDUCED VELOCITIES “-» = v & LT WFOL
IF KE1£5 INPUT. EXTERNALLY INDUCED VELOCITIES: VIA' CARDS et WFOL
IF KEI GT.6 INPUT EXTERNALLY INDUCED VELOCITIES VIA' DATASET -7 WFO1
"IF KCP=0 CONTROL POINT COORDINATES IN QUTPUT® " C L -WFOL
IF KCP GT.6 CONTROL POINT COORDINATES [N OUTPUT AND IN DATASET -° WFO1
NRHS= NUMBER OF SUCCESSIVE CASES TO BE TREATED Cmego L. o WFOL
- S WFOL

.o . ) ELIN R - .o L r ,' cen e WFOI
READ (5.81) DELD.KEIoKCPoNRHS ' R © ¢ .7 wWFOl

‘ o - R R T - AR [ 3!
IF (KFI.LT 0) KEI=0 © L WFO1
" IF [KCP.LT,.7) KCP=0 - - WFO1
Ce . . ! . ‘. - - WFO1
- . AL S WFO1

‘DO 3081 JC=1»220 .o . , Si el .. i WFOQL
PO 3081 JV=1+230 - . = . _ Ko <. WFO1
FVN(JCvJV)= 0.0 i : . B TET T LLWFOL
a4 Cea S et e L WFOL

50 3082 N= loNRHS N "WFO01
DO 3082 JC=15220 ’ L . WFO1
CIR(JCINI=040 o e TUWFQL
S e . S LB WFO1

. wFo1

NEL= DELD*DTR _ - WFO1

) : E © WFol
{ SINDEL=SINI(DEL] - I . T la A T WFOL
COSNEL=COS(DEL) : R R | 13
TANDEL=TAN(DEL) c e - e g WFO1

A . oo S ' S ;- ‘WFO1

gz . WFol

[a¥aNaXaKalli

56

’COMPUTE UNDEFLECTED FLAP T.E. SWEEP IN WING CHORDAL PLANE

“"READ IN CERTAIN FIXED QUANTITIES 2
. DELD= FLAP ANGLE MEASURED PERPENDICULAR To HINGE LINE’POSITIVE

3082

COSWTV=COSI(WTV) T 'wL-A“”‘{"

RA

Lt o WUATAHT 204
TLSWPFTV=SWPFTE§CSPHI - ’ fffEJE¢¢O1q =DIE“WF01
‘fFTE ATAN(SWPFTV) LT : . . WFO1
: ' : KR! 4T LWFOL
e ‘ ‘ ' ‘ 1341 245010 WFOL
- READ 1IN COORDINATES OF POINTS AT WHICH PERTURBATION VELOOITWES 7 WFOL
INDUCED BY ‘WING FLAP ARE CALCULATED . . o WFO1
CoRTer naTieis Ly T ot ny W TTiWEQL
LF (MMM, £Q.0) GO TO 4000 . : - " WEOl

PEAD (5233) . (PMX(MM)oPMY(MM):PMZ(MM)-MM:]oMMM) , o WEOL
CONTINUE = .- - e el T e
S -+ WEOL

WFOL
7 WOl

DOWN+DEGs - o . wEoi

CALCULATE. ANGLES THETAP NECESSARY”FdR THE FLAP DEFLECTION MEASUREDNFOI

IN THE X=Z PLANE DLXs FLAP, DIHEDRAL PHIF- AND FLAP VORTEX LAYOUTWFO1

‘ BRI . . : N . - - L. «WFOl1
-1

196
197

498

199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
236
227
228
229
230
231

232

233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258

259



Al1=COSDEL*COSWTV WFO1

St C1=—CCOSDEL#SINWTVASPHI+SINDEL*#CSPHI) WFO1
. ° A3=—{SINDEL*COSWTV) WFO1
s - B3=SINDEL*SINWTV®CSPHI+COSDEL#SPHI WFO01
o - C3=SINDEL®SINWTV#SPH]I-COSDEL#CSPHL .- WF01
(4% . WFO1
e JTHETAP ARCOS((A3%C1- A1*C3)/((C3*C3+A3&A3)*lo 5)) WFO1
LT SINTMR=: SIN{THETAP). . o . . - WFO1
A~cosmp. COS(THETAP) WFO1

5 "WFO1
.:-9102=91/2 - WFO1
iC'PI02= 1457079633 “WFOI

€L 0T ' 'WFO1
2335 L THETA2= PI02~-THETAP WFO1
Ui i THETAT7=THETA2- P102+NTV-FTE WFO01
1i5 LLTHETA8= PLO2=THETA2 ° R | s R - S ~WFO01
1% INTHETA9=THETA2-( PIOZ-NTV) WEO1
£1% [2THET10= P102-THETA9 “UWFO1
KA ST . WFO1
+e. ~w:THETA= PlO2+THETAP "WFO1
vt (o SINTH=SIN(THETA) . © WFO1
CL% T COSTH=COSCTHETAY. (- = 17 v . WFO01
CLon ot ‘ A ¢ -WFO1
‘C.~ - NOTEs COSTHP=SINTH AND -SINTHP=COSTH WFO1
L < WFO1
N "DLX- 0.0 - : : . WFO1
. . {DEL.NEL,0,0} DLX= ARCOS(COSTHP*COSDEL*COSWTV+SINTHP*SINWTV)’“vVWFov
‘QSINDLX=SIN(DLX) : WFO1
COSNLX=COSIDLX) - i "WFO1
.YDLXD‘ DLX*1,0/DTR . o - . WFO1

C - WFO1
. PHIF= ARCoS((A3*A3+C3*C3)/(0(A3*83)**2+(A3*A3+c3*C3)**2+(c3*83)**2)WF01
BRI 1**0.5)) " WFO1
T4, - SPHIF=SIN(PHIF ) WFO1
© T CSPHIF=COS(PHIF)Y WFOo1
c: o . T 5 WFOo1
C . : i WFO1
C.. . WFOo1
G . GFOMETRY AND VORTEX NUMBERS LAY-OUT oUTPUT WwFOo1
¢ ) . - WFOo1
0 WRITE (6914) TALK WEQ1

. “WRITE l6459) WFO1
‘WRITE (6930) PSIWLEsPSIFLE WEO1

WRITE (698) PSIWTESPSIFTE WFO1

‘WRITE (6921) PHID WFO01

" WRITE (8322) CRWCRF .WFO1
WRITE (6925) SSPANsFSSPAN WFO1

WRITE (6+58) NCWsNCF - WFOl

WRITE (£960) MSWsMSF WFO01

IF (MFLAPLEQ.0) GO TO 9971 WFOo1

WRITE (6979) XFsZF ‘ WFO1
‘WRITE (6531) YFI1) WFO01

. WRITE (6937) YF(IFMAX) WFO1
9971 CONTINUE WFO1

©  WRITE (6973) WFO1
T WRITE (6938) XMsYMseZM WFO1
: WRITE (&16T7IDELD WFO1
©. © WRITE (6+68) DLXD. WFOo1
C ! . WFOo1
C + LAY-OUT VORTEX BOUND LEG MIDPOINTS AND CONTROL POINTS ON ‘THE WING WFO1
¢ WFO1
Lo D=NCW o ey u:fJa'as»* o WFO1
- PO 701 I=2sIMAX - s WFO1
SUMY (1= (Y(114Y (11117240 WrFol
YLOC(1)=SUMY (1) /SSPAN WFO01

260
261
262
263
264
265
266
267
268
269
270
271
272

273
274
275
276
277
278
279

280

281
282
283
284
285

‘286

287
288
289
290
291
292
293
294
295
296
297
298
299
300
361
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
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720
701

DO 720 JCW=1sNCW
A=JCW

SWPC(JCW ) =SWPWLE=((A=0425)/D)#( SWPWLE=SWPWTE)
Jal1=2)#NCW+JCW ) _ _
SWPVIJ)s SWPWLE={(A=0,75)/D)#{ SWPWLE=SWPWTE)

DISTINCTION BETWEEN SWEEP IN CHORDAL(SWPVVP) AND PLANFORM(SWPV)

‘PLANES

SWPVVP ([ J)aSWPV{ J) #CSPHI o \
SWPVVP(J)s ATAN (SWPVVP(J))

WING VORTEX HALFWIDTH=SW . . = . | N

sw(J)-tY(x)-Y(1-1))/(2.04cspuxa C ' S
pvx(J)=-((A-o.75a~(caw/o))-(sunv(x)»swpv«J)»

PVY(J)==SUMY (1} _ RN
PVZ(J)e=SUMY(I)#TANPHI
PCX(J)=a({A~0e25) #(CRW/D) )= (SUMY (1) #SWPC(JICW))

COORDINATES OF 3/4 CHORD ELEMENTAL ‘PANEL LEFT 'SIDE PO!NT.PTL
PTLX(J)o=((A=0428) % (CRW/D))=(Y (1) #SWPC (ICW)) !
PTLY(J)==Y(T)

BTLZ(J)a=Y(1)#TANPHI

CONT INUE

CONTINUE

IFIMFLAP.EQs0) GO TO 9913 N

LAY-OUT VORTEX ROUNDLEG MID POINTS AND CONTROL POINTS ON fHE FLAP

TANTH?7=TAN(THETA7)
COSTH8=COS(THETAB)
TANTH8=TAN(THETAS8)
COSTH9=COS(THETA9)

© COST10=COS(THET10)

6970
6971

a¥aXa¥e ®

AE IS INTERSECTION OF DEFLECTED FLAP PLANE AND X2 ﬁyANE]

IF (MFSPEC.EQel) GO TO 6970
AE=CRF*(COSTH9+COST10#TANTHT)

"GO TO 6971

AE=CRF
CONT INVE

YFCeoeoDISTANCE FROM FLAP X-2 PLANE TO LEFT TRAILING LEG OF
HORSE SHOE VORTEX ON DEFLECTED FLAP

E=NCF _
YFC(1 1=(YF(1 )#COSTHB)/(CSPHI#COSWTV) ,

- DO 702 1F=2s1FMAX X

YFC(IF)=(YF(IF)#COSTHB) /{CSPHI*COSWTV) ) T
SUMYF(IF)=(YFCIIF)+YFC(IF=1)1/240 " :
YLOCF(IF)=SUMYF(IF)/ SSPAN .

DO 721 JCF=1sNCF T ot
8=JCF

JF=(IF=2)#NCF+JCF

SWPVYVF{JF)= TANTHB- ((B-0.75)/E)*(TANTH8+TANTH7)
SWPCFIJCF)= TANTH8~((B=0425)/E)* (TANTHB+TANTHT)

e g

SF IS FLAP VORTEX HALFWIDTH

SF(JF)=(YFC(IF)-YFC(IF-l))/Z.d‘

WFO1l
WFO1l
WFO1l
WFO1l
WFOl
WFol
WFO1l
WFO1l
WFO1l
WFO1
WFO1
WFOo1
WFO1
WFOl
WFO1l
WFO1
WFO1
WFO1
WFO1

"WFO1

WFOol

 WFO1

WFO1
WFO1
WFO1
WFO1
WFO1
WFo1l
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1l
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1l
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1l
WFO1
WFO1
WFO1
WFO1
WFO1

WFOl

325
326
327
328
329
330
33)
332
333
334
335
336
337
338
339
349
341
342
343
344
345
346
347
348
349
350
351

353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389



- c L o o o o - . \T' . ‘NTV:!V WFO1

PVFX(JF) =XF o .. < WFO1

1 -(SUMYF(IF)*SINWTV/COSTHB)-(((8'0.75)/E$‘AE+SUMYF(IF)* WFO1

} ISHPVVF(JF)-SUMYF(IF)’TANTHB)*COSDLX e _— S, WFOL
: ', N PVFY(JF)-—SUMYF(!F)*(COSWTV*CSPHI/COSTHG) S E T WFOL
v PVFEZJF)=2F - WFOl~

1 —SUMYF(IF)l(coSWTV*SPHI/coSTH8)+(((8 -0, 75)/5)*AE+SUMYF(IFNF01

. 1) #SWPVVE (JF)~SUMYFIIF)#TANTH8 )} #SINDLX T WFOY

,;«, PCFX{JF}=XF . . _ WFOl
il ~(SUMYF(IF)#SINWTV/COSTHB) ={ ( {520 25)/E)1AE+SUMYF(IF)* WFO1
-~__ISWPCF(JCF)-SUMYF(IF)*TANTHB)*COSDLX R T WFOl

PCFZ(JF) ZF ..., WFOL.

: ~—5UMYF(!F)*(COSWTV*SPHI/COSTH8)4(((B 0.25)/5)*AE+SUMYF(IFWF01
1)*SWPCF(JCF)“SUMYF(IF)*TANTHB)*SINDL : R , S WFol’

5 WFOl

- WFO1

SIDE ., 3ve WFOL

e S : s{L 3 s, WFOL
SRt PTLFX{JF)= XF WFO1
. 1 V2, THA .-(YFC(xF)*SINNTV/coSTHa)m,(((B-o 25)/E)*AE+YFC(IF)*‘ WFO1
ISWPCF(JCF)—YFC(IF)*TANTHa)*COSDLX WFO1
PTLFY(JF)==YFCUIF)# (COSWTV#CSPHI/COSTHB) .o -, ¢ . i WFO1

. sz PTLFZUJFY=ZF SEmI : wFol
SO | —YFC(IF)*(COSNTV*SPHI/COSTHB)+(((B-O-ZS)/E)*AE+YFC(IF)*$WF01

IWPCF(JCFI-YFC(IF)*TANTH8) *SINDLX ..y WFO1

Y o .1,‘Jj::) WFO1
: .. SWPVVF{JF)= ATAN (SWPVVFLJF)) T wWROY .
721 CONTINUE e WY e e . .. WFOLT
702 CONTINUE : : e T e WFO1.
9913 CONTINUE . .. . . . . . e ) :  WFOL.
c Coen R e : ! ’ : ’ WFO1
e : WFO1
R L. WEOL
T .C . GENERATE DATA SET FOR CONTROL POINT COORDINATES . - 770 °; WFO1l
C S BN WFO1
CIF | KCP.EQ.0) GO TO a75 WFO1
7 D0 876 J=1%M : o . WFO1l
/876 WRITE (KCP»T) PCXLS) »PYY () sPVZLIY S b e RO
U IF (MFLAPLEQ.O) GO TO 875 L MAiE f b e . imoame ., WFOL
DO 877 J=MPLsMPMF~ " et T B 2!
DU JF=J-M L e .-, wWFO1
. 877 WRITF (KCP 7). PCFX(JF)oPVFY(JF)oPCFZ(JF)‘:'_ AT e, WFOL
.7 7875 CONTINUE . o o o WFOL
T, . : s T WFol
".C' © BUILD UP LeHeSe OF BOUNDARY CONDITION» THE COEFFICIENT MATRIX. . WFO1
¢ T WFoL
€ CONTROL POINTS .ON WINGs VORTICES.ON WING. . K . . . . .. . . WFO1l
C . T TR e T i T Aw a .. WFOl
. DO 212 JC=1sM . - B A A 1 DY
DO 212 JV=1sM .. WFO1
XWW=PCX( JC)=PVX(JV) et .. . wFol
C YWW(1)=PVYLJC)=PVY(UV) TR e s WFOl
YWW(2)=PVY (JCY+PVY L JV) PP L wFol
ZWW=PVZ( JC)=PVZ(JV) L "‘“ L e WFO1
DO 261 I=132 B ) o : -~ WFO1
caLL INFWH(SWPVVP(JV)9PHI’XNWcYWN(I)onw,SN(JV)gFUW(I)yFVW(]). WFO1
) 1FWWLE)) _ L. WFOl
- SWPVVPIYV)==SWPVVP(JV) : T >
on PHI==-PHI ey it e e T .. WFOl
s 261 CONTINUE ’ ST e ‘ ; ' WFO1
FVN(JC-JV)n(FHW(xl+FWW(2!)*CSPHI fFvw(1;+FVWt2))*SPH1 T ' WFO1
.. 212 CONTINUE U . WFOl
R ' et ' WFO01
.C’, ., CONTROL POINTS ON WINGs .VORTICES ON.FLAP . A . . WrFOl

c ‘ R . o S T e T co WFO1
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IF (MFLAP.EQ.0) GO TO 9914 Tract e WFOL
DO 312 JCelsM oA : Tt WFoL
DO 312 JV=MP1sMPMF - "WFO1
JVF=J V=M ‘ o WFo1
XWF=PCX{JC)=PVFX(JVF) " WFOl
YWF(1)=PVY(JC)=PVFY{JVF) . S WFO1
YWF{2)=PVY(JC)+PVFY (JVF) =~ SR T -1 WFO1
ZWF=PVZ(JC)=PVFZ (JVF) : Y
~ 7 T WFOL

TRANSFORM COORDINATESs ROTATION THROUGH «~DLX DEGREES L CWROLE
- WFOo1
XWFP=XWEF#COSDLX~-ZWF %S INDLX WFO1
YWFP(1)=YWF(1) WFO1

- YWFP(2)=YWF(2) - ToeIANTOE LT Lo L uA B e
ZWFpawa*SlNDLX+ZWF!COSDLX . WFO1

i Lot fme Ll “; "WFOI
DO 262 1=1»2 | aA T ewEgl
- CALL INFNN(SWPVVF(JVF)oPHIFowaP.YwFP(I)-ZWFPoSF(JVF)’FUFUF)-FVF(INFOL
1)9FWF (1)) _ . WFOl
SWPVVF [JVF)s=SWPVVFIYVF) 77 % oo T T i i WEQL
PHIF=-PHIF . e **“.<V T TUWFOL
262 CONTINUE WFO1
FVN(JC»JV):(FWF(1)+FNF(2))*CSPHI*COSDLX—(FUF(l’+FUF(2))'CSPHI*SINDWFOI
1LX=(FVF(1I+FVF(2) ) #SPHI . _ o R [}

: 312 CONTINUE <.t : - Y wEoL
AT ' ST WEod
CONTROL POINTS ON FLAPs VORTICES ON ‘WING SRR I R 1 1) |

: S R )

" DO 412 JC=MP1sMPMF ) oo UWFOL
UCF=JC=M ' . L WFOo1
DO 412 JV=1sM  WFO1
XFW=PCFX(JCF)=PVX(JV) : -~ WFO1
YFW(1)=PVFY(JCF)=PVY(JV) ' ' © . WFol
“YFWI(2)=pVFY(JCF)+PVYLJIV) ’ : WFO1
"ZFW=PCFZ (JCF1=-PVZ(JV) T WFol
DO 263 1=192 " WFO1
CcALL INFWW(SWDVVP(JV)'PHI-XFW-YFN(I)oZFW;SW(JV)pFUW(!)oFVW(I)o WFO1
TFWW(T)) WFO1
SWPVVP( JV)==SWPVVP( V) ‘ : WFO1
PHIz=PHI : WFO1
263 CONTINUE ‘ .7 WFOl
FVN(JC9JV)'(FWW(1)+FWW(2))*COS(DLX+DELL(JCF))*CSPHIF+(FUW(1)+FUW WFO1
'102) ) #SIN(DLX+DELL (JCF) ) *CSPHIF~(FVW(1)+FVW(2) ) *SPHIF* =~ ° . WFO1
2COS(DLX+DELL(JCF)) R WFO1
412 CONTINUE - . B - - © WFO1l
. ST S " WFOl

CONTROL POINTS ‘ON FLAP- VORTICES ON FLAP : oo WFO1

‘ ' WFO1
‘DO 512 JC= MPl-MPMF : S © "WFO1
©JGFRICEM - . WEOl.
00 812 V= MPlePMF ' o whol
© JVF=UV=M ‘ T WFol
XFF=PCFX{JCF)=PVFXIJVF) C ' . .., ., WwFol
YFF(1)=PVFY(JCF)=-PVFY(JVF) C T T wRol
YFF{2)=PVFY(JCF)+PVFY{JVF) o S, .. WFOl
ZFF= PCFZ(JCF)—PVFZ(JVF) : R . B R

: . . e e ol
: TPANSFORM COORDINATES- ROTATION THROUGH -DLX DEGREES - 7 WFol
© wFol

" XFFP=XFF#COSDLX=ZFF*STNDLX ) . o WFO1
T YFFP(1)=YFF(1) - I ‘WFO1
YFFP(2)=YFF(2) ' ' WFO1

© ZFFP=XFF#SINDLX+ZFF#COSDLX : WFO1
o X " WFO1
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. DO 264:131»2 . .
. CALL !NFWW(SWPVVF(JVF)'PHIF’XFFP,YFFP(I’oZFFP’SF(JVF)’FUF(l)’FVF(IWFOI

l)oFWF(l))
SWPVVF (JVF ) ==SWPVVF LUVF)

© PHIF=<PHIF

264

5512 .

1006

n:wryn

" IF (KEL).100491004+1005 - - . . - -

1005
7001

7011
c

A 2.y
t

CONTINUVE

- FVN(JC’JV)B(FWF(1)+FWF(2))*CSPHIFlCOS(DELL(JCF)S-(FVF(I)#FVF(Z))*

1SPHIF#COS(DELL (JCF) )
CONTINUE

S

% READ IN ANGLE OF ATTACK-DEG.vFOR SUCCESSIVE CASES

nn 1006 N=1sNRHS

. READ (557} ALPHADI(N)
ALPHAﬂNL,ALPHAD(N)*DTR R

- READ IN ENGINE INDUCED PERTURBATION VELOCITIES FOR SUCCESSIVE

'1CASES FROM-MULTIPLE DATASETS

DO 7011 N=1sNRHS

READ (KE1915) (TITLE(NsJI)»JI=1920)

‘DO 7001 J=1sMPMF

READ (KEIs43) UEI(J»N)-VEI(J;NIoWEI(JoN)'

IF (KE1,EQ.5) GO TO 7011
READ (KET»43+END=7011)
CONT INUE

60 TO 1003

1004

DO 7003 N=1sNRHS
DO 7003 J=1+MPMF

" UEI(JsN} =040

7003
1ooa

[a¥aNaXal

7612 FVN(JCsMPMFPNI=12, 566371*(SIN(ALPHA(N)+ALPHAL(JC))*CSPHI+
IVET(JCoN) *SPHI=(UET (JCoN) ¥ALPHAL(JC)$WET (JCoN) ) #CSPHI)

[a¥aNal

2613 FVN(JCIMPMFPN) 212, 566371*(51N(ALPHA(N)+DLX+DELL(JCF))*CSPHIF+
lVFI‘JC'N)*SPHIF*COS(DLX+DELL‘JCF))-(UEI(JC'N)*SXN'DLX+DELL1JCF1)+
2WET{JCoN) %#COSTDLX+DELL ((JCF) ) ) #CSPHIF)

9915

s XaXaXata)

(@]

VEI(JsN)=0,0
WEI(JsN)=0,0
CONTINUE

CONTROL POINTS ON THE WING
DO 2612 N loNRHS

MPMF PN=M+MF+N
DO 2612 JC=1eM .

CONTROL POINTS ON THE FLAP

IF (MFLAP.EQ.0) GO TO 9915
DO 2613 N= 1|MRHS \
MPMFPN=M+MF+N

PO 2613 JC= MPI'MPMF
JCF=JC~-M

.CONTINUE

. SOLVE FOR UNKNOWN VORTEX STRENGTHS

 CALL INVERS (FVNsNRHS s MPMF 42204+ 230)

9914 . CONTINUE Ce e

WF01

WFOol
WFO1
WFO1
WFO01
WFO1
WFO1
WFO1l
WFO1

WFOL1

WFO1
WFO1

- WFO1

WFO1
WFOo1

4. WFO1

WFO1
WFD1

WFO1

WFO1

© L WFO1
. WFO1

WFO1
WFO1
WFO1

‘WFOol
WFO1l:

WFO1
WFOo1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO01
WFO1
WFO1
WFO1
WFO1

WFO1

WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1l
WFO1
wWFo1
WFO1

. WFO1

WFO1
WFO1
WFO1l
WFO1l

. WfFo1
:-WFO1

WFO1
WFO1
WFO1
WFO1

519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
S44
545
546.
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DO 9812 N=1sNRHS . WFO1l

e MPMEPN2MEMESN - o o L e e e L e re A " 11} ]

S DO 9812 JCal sMPMF . P Co L WFO1
9812 CIR(JC'N)eFVN(JCoMPMFPN) L w‘WFOI
C . WFO1
-G ALL OF THE FOLLOWING OPERATIONS PERFORMED FOR EACH SUCCESSIVE CASEWFOI
C o . WFO1
”'DO 1000° N=1+NRHS : . R N S T e "] 1o} |
TWRITE (6978) N . . WFO1
’WRITE (6966) ALPHAD(N) . cLT S WFO1

; IF (KEI.GTe 6) WRITE (6-85) (TITLE(N»J)sJ=1+20) C.RRMIZAGY JGLWFOL
LG . e . . . WFO1
o IF (MMM.E0.0) GO To 6001 ’ : ’ WFO1
$C JRENTINS A g MR B8 M« BT L S el \‘J: ‘NFOl
L Q2 COMPUT= INDUCFD VELOC!TIFS ‘AT POINTS (PMX-PMYsPMZ) DUE JO“WINGﬂ TWFO01
RS WORTICES : . WFO1
KN ot T {(BEe 3 2YIDWFOL
T 17:v'DO 5000 JC=1vMMM e : T {I@=3) 3TIMWF01
W1lJCy=040 ‘ K . Co : B {T8edd 3TIIWFOL

L N1(JC)=040 : . WFO1

T WI(IC) =040 . o 1002 OMFOL
ooz DO 5000 YVEL M s i Wt dn TR b L e gaEeg BT aWEQL
o '~~xwm-pmchcs—bvxtJvi ' tae ) 1TWFOL
o Y WME L) =PMY (JC) =PVY{JV) k R : o . _ WFO1
TYWM{2)=PMY L JCY4PVY LGV - o SR A RS RPN R S 'WFOI

ZWM=PMZ (JC)=-PVZ(JV) “WFO1

PO 1261 1=1s2 "WFO1

. . TCALL INFWW (SNPVVP(JV)’PHI9XWM’YWM(I)oZWMvSN(JV)nFUW(I)oFVW(I)’FWWWFOI
nrte 1(!)) Lo AEIPEE LA S PR DR BT ) - WFO1

. SNPVVP(JV)=-SWPVVP(JV) ’ . . , uuh: Lo A~H~WF01
" .->PHI=-PHI : : i .. WFOL
o 1261 CONTINUE : WFO1
. UI(JC)*UI(JC)+((Fuw(1)+FUW(2))*CIR(JV’N))/12-566371 : WFO1
C VI(IC)=VI(JCI+((FVWI1)+FVWI(2)I1%CIR(JIVIN))/12,566371 WFO1

o vAWI(JC)-WI(JC)+((FWW(l)+FWW(2))*CIR(JV'N))/12.566371 o ‘WFO1
. 5000. CONTINUE WFO1
. ¢, Woen it o - WO

TN cOMPUTE INDUCED VELOCITIES AT POINTS (PMX;PMY-PMZ, DUE ‘TO-FLAP . WFO1

C ‘VORTICES B L o T WFOL
. C . ST w Lot [ S e T T | 1+ )

. .'IF(MFLAP.E0.0) GO TO 9916 . : : WFO1

~- DO 5010 JC=1sMMM ) WFO1

. DO 5010 JV=MP1sMPMF . N I “WFO1
JVF=J V=M . . L T UWFOlL

* XFM=PMX(JC)=PVFX (JVF) . ‘WFO1

C YFM({1)=PMY (JC)-PVFY(JVF) weos e WFOL

oo, ~YFM(2)=PMY(JC)+PVFY(JVF) .- WFO01

) ZFM= PMZ(JC)—PVFZ(JVF) L Ve r.ﬂ‘:'uﬁ; -7 WFO1

C. R T Y3, -, . f R © . WFO1

C TRANSFORM COORDINATES, ROTATION THROUGH -DLX DEGREES - . WFO1L
- C- WFO1
o XFMP XFM®COSDLX=2FM#S INDLX C WFO1

YFMP(1)=YFM(1) e WFO1
S YFMP(2)=YFM(2) , : WFO1
-ZFMP= XFM*SINDLX+ZFM*COSDLX WFO1
DO 127L I=)w2n e ’ NS S i ey WY i WFO1
CALL INFWW (SWPVVF(JVF)’PHIF’XFMP,YFMP(I)’ZFMP'SF(JVF)’FUP(I)’ T WFO1
S 1FVF{I)sFWF (1)) . WFO1
- SWPVVF{ JVF )==SWPVVF (JVF) ) WFO1
“PHIF=-PHIF . _ . “f”;:f‘ R H”WFOI
1271 .CONTINUE ' e apss Ui WFOL
“UTlycy= UI(JC)+(((FUF(1)+FUF(2))*COSDLX+(FWF(1)+FWF(2))*SINDLX)*C!RWFOI
CLUIVINY /124566371 .© WFO1
'v‘VI(JC) VI(JC)+((FVF(l)+FVF(2))*CIR(JV'N))/12.566371 : -~.; . WFO1
e A . . B o L PR .
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.C.

C

5010
9916
4001

6001

6002

9917

nnnNnAN

[aNa}

NAYNNNN

- 550

561

9918

IVET(JsNYsWET ({JeN)

WIloc) WI(JC)+(((FWF(1)+FWF(2))'COSDLX-(FUF(I)+FUF(2))*SINDLX)*CIRWFOI

1(JVeN}I /12566371

CONTINUE
CONT INUE
CONT.INUE o i’ . : .

LOADING CALCULATIONS FOLLOW
CALL LOAD1{N)

CONTROL POINTS COORDINATES» MEAN SURFACE SLOPES AND EXTERNALLY
INDUCED VELOCITIES QUTPUT - -

WRITE (6934)
WRITE (6951)

WRITE (6947) ' . ' g

DO 6001 J=1sM

WRITE (6935) J-PCX(J)oPVV(J).PVZ(J)'ALPHAL(J)uUEI(JoNaoVEI(J-N)o»
IWET(JsN) .

IF IMFLAP.EQ.0) GO TO 9917

WRITE (6+74)

DO 6002 J=MP1sMPMF

JF=g=M o '

WRITE (635) JoPCFX(JF)’PVFY(JF)oPCFZ(JF)-DELL(JF),UEI(J,N)o

CONTINUE

HORSESHOE VORTEX CHARACTERISTICS QUTPUT

WRITE (691) ALPHAD(N)9DELD

DO 550 J=1lsM

SWPVVD= SWPVVP(J) #57,29578 ..

WRITE (£913) JsPVXUJ)sPVY(J)sPVZ(J)sSWPVVD - sSWIJ)sCIR(JIN)

IF(MFLAP.EQ.0) GO TO 9918
WRITE (6976)

DO 551 J=MP1sMPMF

JF=g-m ' '
SWPVVD= SWPVVF (JF) #57.29578

WRITF (6913) JoPVFX(JF)'PVFY(JF)’PVFZ(JF)’SWPVVD sSFULUF)»
1CIR(JsN)

CONTINUE

OVFRALL LIFT AND MOMENT COFFFICIENT’ REFERENCE QUANTITIES’ SPAN~
'"WISFE LOADINGS OoUTPUT ’

WRITE (6972) ALPHADIN)
WRITE (6919) SUMLIFsFUMLIF
WRITE (6718} : Co
WRITE (6+19) CLTOT»TOTMOM
WRITE (6928)

WRITE (6929) SPANsSREFsCAVE

WEO1
WFO1
WFO1
WFO1
WFO1l
wFo1l
WFOl
WFO1
WFO1
WEO1
WFO1
WFO1
WFO1

"WFO1

WFO1
WFO1
WFOo1
WFO1
WFO1l
WFO1
WFO1
WFO1
WFO1
WFO1

"WFOl1

WFO1
WFO1l

" WFOl

WFO1l
WFO1
WFO1
WFO1
WFO1

WFO1'

WFO1
WFO1
WFO01
WFO1
WFO1
WFO1
WFO1
WFO1

"WFO1l

WFOl1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1
WFO1l
WFO1

WFOl-

WFO1
WFO1
WFO1
WFO1
WFO1

" WFOL.

WFO1
WFO1

WFO1
_ WFO1
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64

éooo

WRITE (6165) ' L wFol

WRITE (6+24) _ uEl
DO 3000 [=2+IMAX o wFol
IMl=1~-1 . o wWFol
CHLOCB(I)-'-'CRW-SUMY(I)NSWPWLE-SWPNTE) . . - o WRoL
WRITF (6’23) IM};YLOC‘I)oCHLO(B(I’nSLDco(z),sEcLIF(I, o %;. u " WFO1

R © WFOl
lF(MFLAP.EQ.O) GO To 9919 S . A'; SR HL,Jn.‘ WFO1
NRITE ‘6’6‘0) ) . - PR s L P 5.',.. WFOI

DO 3100 IFs29IFMAX - - oot . R et W
CIFMIsiF-l ‘_WF°1
FCHLOBI{IF)= AE=SUMYF(IF)*{TANTHB¥TANTHY) - = IRV ATy 2 gE Q]
WRITE (6123) 1FM1'YLOCF(1F)oFCHLOB(IF)uFSLDCO(lF):FECLIF(UFQ~z;\”.WFOI
CONT INUE wFol
: - .- L L AL st T NGRS MCItW#“HwFOI
WRITE (6+83) (22405215 L WFO1
-HRITF (69810) WMOM'FMOM’SUMDRG:FUMDRGiDRGTOToCDOCLS WFO1
. S AT WGIZWTT T EQl
‘IF(MMMQEQ-O, GO TO 9100 R PR _-,.4 Cheue f0DEL X 40 WROL
WRITE (6936) .  wrol
.DO 4002 J=1sMMM S ‘ SR Vel TN WFDL
"WRITE (6+39) JtPMX(J);PMY(J)oPMZ(J)!UI(J)'V](J),WI(J) LT wEOL
CONT!NUE A WEG1
s T - S _ . STIes o WROL
. e o S s wEel
CONTINUE , ' o WFO1
. +GO TO 1010 o . o . wFol
BN ' P e 7 WFol
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. . - SUBROUTINE LOADLIN) - .- - e . . WFO02

SC : R ’ .o S e .. WF02
e : : ' T : WF02
= DIMENSION . sLDcotso).SECLthso;,FSLDcotso).FECLIF(503.CHLIWF02

i :‘1FT(50)’TLLIFT(lSO)oBLLIFT(150)’SLDC01(50)9FCHLIF(50)’TFLIFT(150)0 WF02
v -‘ZBFLIFT(ISO)-SLDCFI(SO)-BFLIF1(150}’BFLIFZ(ISO),BFLIFB(ISO)’ - WFO02
3BFLIF4(150) +BFLIFS5(150)BLLIF1(150)sBLLIF2(150)sBLLIF3(150)» WFO02
hLL]FA(150)oBFDRGZ(lSO)’BFDRG3(150)oBFDRGb(lSO)oBFDRGS(lSO)- ’ WF02

llSO)- RLDRGS‘ISO)-BLDRAG(ISO)oTLDRAGllso).CHDRAGISO),BLLIFstlso) WF02
g e WF02
DYMFNSION V(150),U(150)oVn(lso)vat4150)uUF(150)vaF(150).Fuw(z),proz
JVW(7)QFWW42)VFUF(2)’FVF(Z)oFWF(Z);NF(ISO\’WB(ISO) . ) o WF02
HU T WF02
N U51l920-10),VE1(220'1O),WEll220-10)oALPHAllO),' ... WF02

T ]

N Y

P . ELINCE N

. : SRONE s “WF 02
01BIMENS TON PTLX(150)vPTLY(150),PTLZ(ISO)’PVX(ISO)9PVY(150)vPVZ(150)NF02

;oPVFX(lso)oPVFY(lSO)vPVFZ(lSO)oPTLFX(lso)sPTLFY(ISO)’PTLFZ(ISO) T WFO02

. WFO02

,V‘,D!MFNSION SWPVVPIISO),SWPVVF(ISO),SF(150):SW(150)oY(SO)-YF(SO)’CHLWFOZ
o u10C(50)rFCHLOC(50)oYFC(SO) JEREIEIES . -2 OTTWF02
C - .. Toov . WEO02
N 5IMENSION YTW(Z)oYTwp(Z),YBWP(Z)’YTFw(Z).YTFP(Z).YTFF(Z).YBFW(Z)-YWFOZ
]BFF(z)yYBFP(Z)oYBW(Z),T(ISO)sTF(lSO)’ELPANL(ISO)vFLPANL(lso) - WFO2

N . TWFO02

' : . JWF02

. COMMON CIRvSUMLIF:FUMLIFoCLTOT’TOTMOM’SLDCO-SECLIF,FSLDCO FECLIF WFO02
¢ - : - WFO2
. COMMON wMOMoFMOM,SUMDRGoFUMDRcsDRGTOToCDOCLS ) WFO02

C WF02
: (OMMON DTLXQPTLY’PTLZ’PVX,DVY.PVZQPVFX!PVFY‘PVFZ‘PTLFXoPTLFY'PTLFZWFOZ
C - WFO2
. COMMON SWPWLE,SWPWTE,swPFLE,sprTE,swpvvp,svavF’SF.sw,Y,YF wF02
c’ WFO02
' COMMON CRW;SSPANoCRFvFSSPANoPHI9PHIF CSPHIFsCSPHIsALPHASDLX»COSDLXWF02
 13SINDLXsSREF»CAVE»XM»ZMs SPHIF » SPHI WFO02

Cs . WFO2
: - CQMMON NCWsMsMP 1 sMF sMPMF s IFMAX s IMAX s NCF sMFLAP ’ WF02
e S : . . . - WFO02
. COMMON AEsYFCs TANTHS » TANTH? . S e " WFO02
¢ i o : i o . WF02
: . COMMON UET'sVEIsWEI : . S I WFO2
. ‘ ' . - . ' : WFO02
: " COMMON/ INF /BOT o o WF02
C. T . WF02
< WF02
C o WF02
C COMPUTE REFERENCE WING AREA = PLANFORM AREA = SREFs WING AVERAGE WF02
C: CHORD = CAVE . N ) - WFO02
¢ o . . : S .  WFo2
‘ SINALP= SIN(ALPHA(N)) o : WFO02

© COSALP= COS(ALPHA(N)) : : WFO02
D=NCW - ' e ‘ e o WFO02
CTW=CRW~ SSPAN*(SWPWLE SWPWTE) - WFO02
SREF=(CRW+CTW)*SSPAN o : ' WFO2

. CAVE=SRFF /(2. 0¢SSPAN) e : " - . WF02
=1 T IR s g . WFO02

- - SUMLTF=0,0 . St : o - WFO02

.. _LSUMDRG 0.0 . . . o ) . WFO02
© 702 L=1+1 o ‘ ' R . WFO02
' CHLIFT(]) =o 0 o . - , L WFO02
s gHoRAG(x)=0 0 i WFO02

001
002
003
004
005
006
007
008
009
010
011
012
013
014
015

016

017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053"
054
055
056
057
058
059
060
061
062

063
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C ) ) WFQ2 064
o COMPUTE VELOCITIES NEEDED FOR LOADING CALCULATIONS : WF02 065
d WF02 066
I SINEWASH V  INPUCED BY WING VORTICES AT THE 3/4 CHORD OF THE LEFTWF02 067
.~ TRAILING WING VORTEX LEGS WF02 068
. PR " WF02 069

DO 823 NV=1sNCW ’ : - 'WF02 070
JT=(1=2) #NCW+NV ) . ‘ WF02 071

C IR . - B WF02 072
C ADD EXTERNALLY INDUCED VELOCITY VEI . S WF02 073
C . S Tk " WF02 074
VIJT)=VET(JTsN) A WF02 075

DO 823 NN=1sM ) C - WFO2 076
XTW=PTLX(JT)=PVX(NN) C T e T yFe2 077
YTW{1)=PTLY(JTI=PVY (NN} e s Tl UNF02 078
YTW(2)=PTLY(JT)+PVY(NN) - o . : T L., 4 WF02 079
ZTW=PTLZ(JT)=PVZINN) - T T'wFo2' 080

PO 271 L=ls2 WF02 08l

CALL INFNW(SNPVVP(NN)bPHI,XTWoYTWIL)oZTw,SWlNN)oFUN(L)’FVW(L)s,,.,WFOZ 082
AFWWIL)) WF02 083
SWPVVP (NN)=~SWPVVPINN} o WF02 084

. PHI=~PHI : R " WFO02 085
271 CONTINUE E . WF02 086
VIJT)=VIUT)+ LOFVWIL)+FVW(2) ) #CTRINNINY 1/124566371 R WF02 087

823 CONTINUE S _WF02 088

C . WF02 089
c . SIDEWASH V INDUCED BY FLAP VORTICES AT THE 3/4 CHORD OF THE LEFTWFO2 090
c TRAILING WING VORTEX LEGS WF02 091
C : ' ' WF02 092
IF(MFLAP.EQ.0) GO TO 8901 R : WF02 093

DO 824 NV=1sNCW : ) WF02 094
JISLI~2 ) RNCWENY. . . | : ) L S - WEQ2 095

‘DO 824 NN=MP1}MPMF : . WF02 096

© NNF=NN-M : - : WF02 097
XTW=PTLX(JT)=PVFX(NNF) : T WF02 098
YTW(1)=PTLY{JT)=PVFY(NNF} o WF02 099
YTW(2)=PTLY(JT)+PVFY(NNF} . B ~' 7 WF02 100
ZTW=PTLZ(JT)=PVFZ'(NNF) WFO02 101

c . ) -WF02 102
c " TRANSFORM COORDINATESs ROTATION THROUGH ~DLX DEGREES o WF02 103
C . ) " WFO02 104
XTWP=XTW*COSDLX-ZTW*SINDLX : . - . WF02 105
YTWP({1)=YTW(]} . 3 © WFO02 106
YTWP(2)=YTW(2) : T WF02 107

. ZTwo:xTW*S]NDLX+ZTW*c0$DLx S .- ) WF02 108
c o WF02 109
DO 272 L=1»2 i WF02 110

CALL INFWW (SNPVVF(NNF)’PHIF,XTWP:YTWP(L)’ZTWPoSF(NNF)’FUF(L)oFVF(WFOZ 111
IL)sFWFIL)) WF02 112

* SWPVVF (NNF ) =—SWPVVF (NNF ) . - TWF02 113
PHIF==PHIF S WF02 114

272 CONTINUE ) A WF02 115
VIJT)aVIJT)4+((FVF(1)+FVF(2))%*CIR(NNsN)) /12566371 - - - WF02 116

824 CONTINUE .. WFO02 117
8901 CONTINUE S - o ’ o WF02 118
c . K WF02 119
c VELOCITIES U AND V INDUCED AT WING VORTEX BOUND LEG MIDPOINT WF02 120
¢ INDUCED BY WING VORTICES wF02 121
C ' ' WF02 122
DO 826 NV=1sNCW : ' o WF02 123
JB=(1-2) ¥NCW+NV ) Co o e WF02 124

c T WF02 125
c- ADD EXTERNALLY INDUCED VELOCITIES UETsVEL : WF02 126
C ‘WF02 127
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C
C
C

" 268  CONTINUE

NN "'

ULIRY=UET (BN
VBUUB)=VEI(JBsN)
wa(ug)y= WEI(JBsN)
DO 826 NN=1sM
XBW=PVX{JB)=PVXINN) -~
YBW(1)=pVY(JB)-PVY{NN)
YBW{2)=pVY(JB)+PVY(NN)
ZBW=pVZ(JB)-PVZ NN}
.~ DO 268 L=1s2
. CALL INFWN(SWPVVP(NN)9PHI.X8W'YBW(L)’ZBWoSW(NN)oFUN(L)9FVW(L)’

- 1FWWEL)Y) .
~<:SNPVVP(NN):-SWPVVP(NN)
L PHI=z=PHI

n_U(JR)~U(JB)+((FUW(1)+FUW(2))*CIR(NN:N))/12 566371 ' -
VBB =VBUJB)+ LIFVWIL)+FVWI(2) ) *CIR(NNIN) 1 /12.566371 -
L WBUUB)=WBIJB)+( {FWW(1)+FWW(2))*CIRINNsSN) /124566371 -~
BZQQCONTINUF . , _
_VELOCITIES U - AND V INDUCED AT WING VORTEX BOUND LEG MIDPOINT
" INDUCED BY FLAP VORTICES
" 1F (MFLAPJ.EQ.0) GO TO 8902
- DO 827 NV=1sNCW
S IR 1=2) #NCWANY
DO B27 NN=MP1yMPMF
NNF=NN~M
XBW=PVX(JB)=PVFXINNF) :  : oo - . .
_YBW(1)=PVYJB)~PVFY INNF) o -
YBW(2)=PVY(JB)+PVFY (NNF)
ZBW=PVZ(JB)=-PVFZ(NNF)

TRANSFORM COORDINATESs ROTATION THROUGH =DLX DEGREES

© _XBWP=XBW¥COSDLX-2BW*SINDLX
YBWPI(1)=YBWI(1)
YBWP(2)=YBW(2) S
ZRWD=XBWHSINNDLX+ZBW*COSDLX . .

DO 269 L=1s2

WFO02
WFO02
WFO02
WFO02

'WFO02

WFO02
WFO2
WFO02
WFO02
WFQ2

"WF02

WFO02
WFO2

"‘WFO02
T WF02

WF02

WFoz

WFO02
WF02
WF02
WFO02

- WF02

WFOo2

WFO2'

WFO02

‘WF02-

WFO02
WF02
WFO02
WFO02
WFO02

WFO02

WFO02
WFO02
WF02
WFO02

- WFO2

WF02

- WF02

WF02

CALL INFWW (SWPVVFUNNF)sPHIF s XBWRoYBWP (L) »ZBWP»SFINNF) sFUF {L) sFVF (WFO2

1LY sFWF (L))
SWPVVF (NNF ) ==SWPVVF (NNF)
PHIF=-PHIF
269 CONTINUE

INsN) /124566371
VBUUBY=VBIJUB)I+((FVF(1)4+FVF(2))%#CIR(NNsN))/12.566371
WRIUB)=WBI1UB)+ { {-(FUF{1)+FUF{2) ) *SINDLX+(FWF (1) +FWF(2))*COSDLX)*

o ACIR(NNINGY /124566371
827 CONTINUE
8907 -CONTINUE

_ CALCULATE LIFT ON CHORDWISE ROW OF ELEMENTAL PANELS ON THE WING

CHLOC( Ty =CRW~Y( 1) # ( SWPWLE-SWPWTE)
CIRNET=0,0 } .
DO 829 KCW=1sNCW ... : oo - : g
JT=(1=2) *NCW+KCW
JS={1=1)#NCW+KCW
TUJUT)=SSPAN/ISWE Ty CSPHI)
- -1F {1.EQ.IMAX) GO TO 2010 -
CIRNET=CIRNET+CIREIT»N)=CIR( JSsN)
G0 TO 2011

WFO02
WF02
WFO2

o " WF02
UtUR)= U(JB)+(((FUF(1)+FUF(2))%COSDLX+(FWF(1)+FWF(2))*SINDLX)*CIR(NWFOZ

WFQ2
WFO2
WF02
WFO2
WFO02
WFO02

" WFO02

WF02
WFQ2

WEQ2'

WFO02
WFO02
WFQ2
WFO02
WFO2
WFQ2
WFO02
WFO02

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142

143

144
145
la6
147
148
149
150
151
152

153

154
155
156
157
158
159
160
161
162
163
lew
165
166
le67
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
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C

&

C
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2010 CIRNET=CIRNET+CIR{JTN)
2011 FAC=140
IF (KCW,EQeNCW} FAC=0,.75
ELPANL (3T )=CHLOC(T) /D

TLLIFTSLIFT ACTING ON LEFT LEG OF WING VORTEX TAIL AT THE 3/4
ELEMENTAL PANEL CHORD .

TLORAG=FORCE ACTING ON LEFT LEG OF WING VORTEX TAIL AT THE 34 .
‘FLEMENTAL PANEL CHORD»IT ACTS ALONG VINF LINE AND POINTS FORWARD:

TLLIFT(UTIaELPANL(UT I #FACHVIJTI*(2,0/SREFI*CIRNET#COSALP
TLDRAG(JT)-ELPANL(JT)“FAC*V(JT)*(-ZoO/SREF)*CIRNET*SINALP

HLLIFT s LIFT ACT'NG ON BOUND LEG OF THE WING VORTEX AT THE
~ *MIDPOINT % .. seler B Rt
BLDRAG -DRAG FORCE ACTING AT SAME PO!NT ,

swpvvr= TAN(SWPVVP(JT)) ) CL e
“ FACLDW= (2, O/SREF)*Z.O*SW(JT)’CIR(JT.N) CoTee

BLLIF1(JT )= FACLDW*CSPHI L arwmen

RLLIF2{JT)= FACLDW*(-U(JT)*COSALP)*CSPHI

BLLIF3(JT)= FACLDWRVBI(JT)#*SWPVVT ~  »*COSALP : A

"RLLIFA(JT)= FACLDWEVB(JT)*SPHI*SINALP . '

TBLLTFS(JT)= FACLDWH (=WB(JT)) #CSPHI#SINALP

BLLIFT(JT)HBLLIFI(JT)+BLLIF2(JT)+BLLIF3(JT)+BLLIF4(JT)+BLLIFS(JT)

BLDRG2{JT)= FACLDW*U{JUT)*SINALP*CSPHI . .
BLDRG3(JT)= FACLDWH (=VB(JT))#SWPYVT £SINALP
‘BLORG4( JT)= FACLOW*VB{JUT)#SPHI*COSALP ~
.. BLDRGS(JT)= FACLDW=(-WB(JT))*#CSPHI*CQSALP
. BLDRAG(JUT)= BLDRGZ(JT)+BLDRGB(JT)+BLDRGQ(JT)+BLDRGS(JT)

IF (1eGT42) 60 To 2007 :
CHUIFT(I)=CHLIFT(T)+(TLLIFT(JT) )+BLLIFT(JT)
CHORAG(1)= CHNRAGIT I+ (TLDRAG(JITY = 4B DRAGIJIT)
GO TO 1832 .

2007 JU=(1-3)%NCW+KCW } o e
CHUIFT(IY2CHLIFTUI )+ (TLLIFT(JT) y+BLLIFT(UTY
CHDRAG{T)= CHDRAG(I)+ (TLDRAG(JT) ) . )+BLDRAG(JTY)

1832 SLDCOI(1)=T(JT)=#CHLIFT(1)

SECLIF=(WING SECTION LIFT*WING LOCAL CHORD)/2#SPAN

SECLIF(1)= CHLIFT(I)*(SREF/(Z O*SW(JT)*CSPHI*4.0*SSPAN))

" 829 CONTINUE

[aXaNa¥e)

NNO N

68

SPANWISE SUMMXNG Up OF LIFTS ACTING ON CHORDWISE ROW OF ELEMENTAL
PANELSsSUMLIF=CL

SUMLIF=SUMLIF+2.0#CHLIFT(1)
SUMDRG= SUMDRG=2+0%CHDRAG (1)
IF{1+LT<IMAX) GO To 702

SLOCO=SPANLOAD COEFFICIENT CLC/CLCAVE FOR .THE WING

DO 3010 1=2yIMAX
IF(ABS(SUMLIF) LT, I.OE =07) GO TO 3811
SLDCO(1y=5SLDCOI{ 1) /SUMLIF
GO To 3010
3811 SLDCO(I)=0.0
3010 CONTINUE

WF02
WF02
WF02
WFO02
WFQ2

WFO2

WEdo
WFo2
WFO02
WF02
WFO02
WFQ2

-WF02

WF02

"WF02
_WFOZ
"WFQ2
. WF02
CWF02~

WF02
WF02
WF02
WFQ2
WF02
WF02
WF02
WFo02
WF02
WF02
WFQ2
WF02
WF02
WF02
WF02
WFQ2
WF02
WFQ2
WF02
WFO02
WFO02

~ WF02

WF02
WF02
WFO02
WF02
WF02
WF02
WF02
WF02
WF02
WF02
WF02
wWFQ2
WFQ2
WF02
WF02
WF02
WFO02
WEOD2
WFO02
WF02
WFO02

192
193
194
195
196

197

198
199
200
201
202

‘203
.204

205

206
207

208
209
210
211
212
213
216
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253



aRaXNal

- 7020

[a¥aXaXaXaXs)

IF (MFLAP.EQ.0) GO TO 8903
SINAPD=SIN(ALPHA{NY+DLX)
COSAPD=COS(ALPHA{(N) +DLX)

COMPUTE FLeP LOADINGS

E=NCF

AF=1 ’
FUMLIF=040 e il
FUMDRG=0.,0 S
1F=T1F+1; : .

FCHLIF(IF)=0
FCORAG(1F)1=04

-COMPUTE VELOCITIES NEEDED.FOR FLAP LOAD NG CALTCULATICNS

" SIDEWASH' VAT 3/4 CHORD OF LEFT TRAILING VORTEX- LEGS ON FLAP

[aNaXal

[a¥aNaRal

[aRaNa!

INDUCED" BY  WING. VORTICES
50 8230 NV=13NCF S : '
P JFT={TF=2)%NCF4NV. oo

ADD EXTERNALLY INDUCED VELOCITY vsx

JF=JFT+M’ -
VETUJET)=VEL(JF N}

DO 8230 NN=1sM

2715

82130

XTFW=PTLFX(JET)=PVX (NN) o H
YTFW(1)=PTLFY(JFT)=PVY(NN) :
YTFW(2)=PTLFY(UFTI+PVY(NNY .

ZTFW=PTLFZIJFT)=PVZ(NN)

NO 2715 L=1»2

’

WF02
WF02
WF02
wWFO02
WF02
WF02
WF02
WFo2
WF02
WFO02
WF02
WFO02
WFQ2
WF02
WFO02

uwEn2

Wi ve

WF02
WF02
WF02
WFO02
WFO02
WF02
WF02
WFO02
WF02
WFO02
WFO2
WF02
WF02
WFO02
WFO2
WFOo2
WFO2

CALLY FINFWW. (SWPVVP(NN)'PHI'XTFW!YTFW(L)yZTFWySW(NN)vFUW(L)’FVW(L),WFOZ

IFWW(LY )

SWPVVP (NN)==SWPVVP (NN}

PHI==PHI:

CONTINUE '
VFT(JFT)‘VFT(JFT)+(lFVW(1)+FVN(2))*CIR(NN,N))/IZ 566371
"CONTINUE

CALCULATF SIDEWASH V.. AT 3/4 CHORD OF LEFT TRAILING VORTEX LEGS

ON FLAP. INDUCED BY FLAP VORTICES

PO 8240 NV=1sNCF , . .
JET=CIE-2),%NCE+NY - | Coome ) cen
nO 8248 NN=MP1;MPMF

NNF=NN-M -

XTFF= PTLFX(JFT)-PVFX(NNF)

YTFE(1)=PTLFY{JFT)=PVFY(NNF)

YTFF(2)=PTLFY (JFT)+PVFY(NNF)

ZTFF= PTLFZ(JFT)-PVFZ(NNF)

TQANSFORH COORPINATES s ROTATION THROUGH -DLX DEGREES
XTFD XTFF*COSDLX ZTFF*S!NDLX
YTFP(19=YTFF (1)
YTFP(2)=YTFF(2)
ZTFP=XTFF*SINDLX+ZTFF*COSDLX

DC 2660 L=12

WF02
WFO02
WFO02
WFO2
WFO02
WEQ2
WF02
WFO2
WF02
WFQ2
WFO02

WEO2.

WF02
WFO02
WFO02
WF02
WFO02
WFO02
WFQ2
WFO02
WFO02
WFO02
WFO2
WF02
WF02
WFO02
WFQ2

caLL INFWW (SVPVVF(NNF)’PHIFQXTFP.YTFP(L).ZTFPoSF(NNF),FUF(L)oFVF(WFOZ

IL)’FWF(L)) .
SNPVVF(NNF):—SWPVVF(NNF) Lo LA

. WF02
WFo02

254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281..
282
283
284

"285

286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
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2660

8240

NON N

[a¥a¥a!

2680

8260

MEaXaNa¥a'

Af\ﬂ

2690

70

PHIF==PHIF WF02

CONTINUE ' ‘ WF02
VFT(JFT):VFT(JFT)+((FVF(1)+FVF(2))*C!R(NN.N))/12.566371 WFO2
CONTINUF ‘ WF02
WF02

VFLOCIT!FS UsVsW INDUCFD AT FLAP VORTEX BOUNDLEG MIDPOINT INDUCED WFQ2
RY WING VORTICES. WFD2
WF02

[ble] 8260 NV=1'NCF ’ ’ - 0 - WF02
JFB= (IF=2)%#NCF+NV o _ A R " WFO02
) : ) ’ WFO2

ADD EXTERNALLY INDUCED VELOCITIES UEIsVEIsWED - - - : WF02
S : o S WFo2

JF=JFB+M g < WFO02
UF(JFB) = UEI(JF;N)*COSDLX-WEI(JFON)*SINDLX : ‘ P T WF02
-VBF{JFB)= VEI(JFsN) ' WF02
WF(JFB) = UEI(JFoN)*S!NDLX+WEI(JF N)*COSDLX B T OTWF02
DO 8260 NN=1sM . LT
XBFW= PVFX(JFB)-PVX(NN) . e © . WFO2
YBFW(1)=PVFY(JFB)=PVY(NN) ’ ' : T o i T WFo2
YBFW(2)=PVFY(JFB)+PVY(NN) o ; ) . . WF02
ZBFW=PVFZ(JFB)=PVZINN) " o o e ' AT WFO02
DO 2680 L=1s2 : : I WF02.
CALL INFWW (SWPVVP(NN)rPHI’XBFW’YBFW(L)9ZBFW’SW(NN)vFUW(L)’FVW(L)9WF02
1FWW(LY) - - T 2 - WFQ2
SWPVVP(NN)=-SWPVVP(NN) , WF02
PHI==PHI ' : : : . WF02
CONTINUE " " WFO2
UF{JFR) = UF(JFR)+(((FUW(l)+FUW(2))*COSDLX-(FNW(1)+FNN(2))*SINDLX)*WFOZ
1CIRINNINYY /12456637 - - ' ~ WFO02
VRF(JFB)=VBF{JFR)+((FVWI1)+FVW{2))*CIR(NNsN})) /124566371 : WF02
WF‘JFB)—WF(JFB)+(((FUW(1)+FUW(2))*SINDLX+(FWW(1)+FWW(2))*COSDLX)* WFO02
1CIRINNSN)1/124566371 ) .- A . WF02
CONT INVE : . L WFO02
' WF02

VELOCITIES U AND V INDUCED ‘AT FLAP VORTEX BOUND LEG MIDPOINT  WFO2
INDUCED BY FLAP VORTICES . . A WFO02
o ‘ ) WF02

DO 8270 NV=1sNCF , . WF02
JFB=( 1F=2)*NCF+NV : T o : | WFO2
DO 8270 NN=MP1>MPMF o ' WF02
NNF=NN=-M S T . ~ WFO2
XBFF=PVFX(JFB)-PVFXINNF) _ . : o T WFO2
YBFF{1)=PVFY(JFB)-PVFY(NNF) ~ ' ! . WFO02
YBFF(2)=PVFY (JFB)+PVFY (NNF} , Tt WF02
ZBFF=PVFZ(JFB) ~PVFZINNF) : o - T "WFO02
‘ S WF02

TRANSFORM COORD!NATES, ROTATION THROUGH -DLX DEGREES " IWF02
7 WFO02

XBFP=XBFF#COSDLX- ZBFF*SINDLX . ‘WFO2
YRFP(1)=YBFF (1) _ WFO2
YBFP(2)=YBFF(2) o e ' ' WF02
2RFP= XBFF*SINDLX+ZBFF*COSDLX Co o WFO02
' - ‘ “WF02-

DO 2690 L=1s2 WF02
CALL INFWW (SWPVVF(NNF)sPHIF+XBFPsYBFP (L) »ZBFP s SFINNF) sFUF (L) sFVF (WFO2
1L)sFWFILY) . ) A WF02
SWPVVF(NNF)==SWPVVF(NNF) - = - Jen ‘ WFO2
PHIF==PHIF _ T wFo2
CONTINUE WFO2.
UF(JFB) = UF(JFB)+((FUF(1)+FUF(2))*CIR(NN’N))/IZ 566371 WF02
VRF{ JFBY=VBF (JFRY+{ (FVF (1) +FVF(2) ) *CIR(NNIN}}/12+566371 WFO02

WF(JFB) = WECJIFBI+((FWF(1)+FWF(2))*CIRINNIN))/124566371 WFO02

318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
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362
363"
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370
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376
377
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. ..8270 CONTINUE

, C

[aNa XA

AN AN

* WFO2:

Tav - R RS R - R . - - "WFO02
2 . CALCULATE LIFT ON CHORDWISE ROW OF ELEMENTAL PANELS ON THE FLAP ' WFO2
o i . WF02
RO . : . WF02
. FCHLOC(IF) AE- YFC(IF)*(TANTH8+TANTH7) WF02
<n C!RNET=0. WF02
- ..DO 8290 KCF=1sNCF ~WFO02
;1~ JFT=(1F=2) #NCF+KCF+M WF02
sJF=JFT=M ) WF02
o JFS={TF=1 1 *NCF+KCF+M . S ; . WF02
. yTF(JF Y=FSSPAN/ISF{JF )*CSPHIF) . WFO02
IFLIF.EQ.1FMAX) GO TO 2110 . . WFO2
o CIRNET=CIRNET+CIR{JFTsNI=CIR(JFSsN) L s Uy T WFO2
GO TO 2111 : : - "WEQ2
2110 -CIRNET=CIRNET+CIRIJFTON) . © . I " WFO02
. leIQ{.FAC'—'lco . ) S ) . -~ wFOZ
1 IFIKCFoFQeNCF) FAC=0,75 . R : oW WFO2
.. FLPANL(JF )=FCHLOC(IF)/E T v - - WF02
7.: SR £ . WFO2
* JELIFT = .LIFT ACTING ON LEFT LEG OF FLAP VORTEX»TAIL AT THE 3/a “TWEQ2
CELEMENTAL PANEL CHORD , WF02
. TFDRAG= :FORCE -ACTING.ONLEFT. LEG-OF FLLAP VORTEX TAIL AT THE 3/4  WFO02
0" FLEMFNTAL PANEL CHORD»IT ACTS ALONG VINF LINE_AND POINTS FORWARD WFO02
. : P T S "WF02
S TFLIFTUOUF =040 : . ksl " WFO2
LTFDRAGUJF)= 0,0 i . " WFO02-
[ 4~‘/‘s' i1id Cel “.'.‘_'4',«.:‘ R A T S s N o .t WFO02
BFLIFT = LIFT ACTING ON BOUND LEG OF THE FLAP VORTEX AT THE.. . - WF02
MIDPOINT L - e - 'WF02
.BFDRAG= —DRAG FORCE ACTING AT SAME PLACE . WFO02
. CWF02
L FACLOD= (2,0/SREF)#2,0%SF(JF)RCIR(IFTaN) - WFO02:
CRFLIF1(JF)= FACLOD*CSPHIF WFO02
RFLIF2(JF)= FACLOD* (=UF (JF)*COSAPD)*CSPHIF, . . o WF02
~RELIF3(JF)= 0.0 . o : C WFO02
“RFLIF4(JF)2 FACLOD* (~WF(JF)*CSPHIF)*SINAPD WFO02
AFLIFS5(JF)= 0.0 ‘ WF02
,,9FL1FT(JF\-‘aFLlrx(JF)+BFL1F2(JF)+aFLIF3(JF;+3FL1FA(JF\+RFL1F5(JF)WF02
. ST © ' WFO02
".BFDRG2(JF)= FACLOD*UF { JF)*SINAPD*CSPHIF “-.. WF02
~ BFDRG3(JF)= 0.0 - L e s WFO2
- RFDRG4 (JF )= FACLOD* (~WF (JF ) *CSPHIF*COSAPD)  'WF02
RFDRG5(JF)= 0,0 : . .. WFO02
BFORAGIJF)= BFDRGZ(JF)+BFDRG3(JF)+BFDRGA(JF)+BFDRGS(JF) . . N <WFO2
CJFUIFeGTe2) GO TO 2107 WFO02
FCHLIF(IF) FCHLIF(IFY+ (TFLIFT(JF ) J+BFLIFT(JF ) WFO2
FCDRAG( IF)=FCDRAGITF)+ (TFDRAG(JF) Y+BFDRAG ( JF) WF02
. -GO TO 8320 . WFO02
5107 JFU=(IF=3)%NCF+KCF . . "WFO02
T OFCHLIFUIF)=FCHLIFLIF)+ (TFLIFT(JF Y4BFLIFT(JF ) WFO2
. FCDPRAG(T1F)=FCDRAGIIF)+ (TFRRAGUJF) . - . )+BFDRAG(UF) WFO2
R320. SLDCFIUIF)=TF(JF 1 #FCHLIF(IF), WFO02
o : WF02"
FECLIF. = (FLAP. SECTION LIFT*FLAP LOCAL. CHORD)/2%WING SPAN: : .. WFO02
- N "WFO02
. FECLIFUIF)=FCHLIF(IF)*{SREF/(2.0%#SF(JF )#CSPHIF#4,0%SSPAN)) WFO02
8290 CONTINUF : "WFQ2
. . WFO2.
SPANWISF SUMMING UP' OF LIFTS ACTING ON CHORDWISE ROW OF FLAP WFO02
( FLEMENTAL PANELSs FUMLIF=CL FOR FLAP»FUMDRG= (D FOR'FLAP -zggg
P : * .'.". . < * ' N i) . . s . ! '

381
382

-383

384
385
386
387
388
389
390
391
392
393
394
395

396
397

398
399
400
401
402
403
404
405
406
407
408

409

410
411
412
413
414
415
416
517
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
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FUMLIF=FUMLIF+2O®FCHLIF{IF) ' ' WFO2

FUMDRG= FUMDRG=2.0%FCDRAG!( IF} o WFO2
TFUIF.LT4IFMAX) GO TO 7020 : T T wE02

c . WFO02
c "FSLDCO = SPANLOAD coerrcteur CLC/CLCAVE FOR - THE FLAP o T wRo2
c NS ) AT L yE 02
DO 3110 I1F=2s 1FMAX _ T T s T WFO2
1F(ABSIFUMLIF)¢LTo1.0E~07) GO TO 3821 N | Y

. FSLDCOCIF)=SLDCFLIULF) /FUMLIF L " o 7

_ 60 TO 3110 _ - wro2
3821 FSLNCO(IF)=0.0 TN WR02
3110 CONTINUE ST WFO2
. ‘G0 TO 8906 A _WFO2
8903 FUMLIF=0,0 - Lo "t WFD2
' FUMDRG=040 ! ‘TWF02
8906 CONT INUE T WF02

' LCLTOT=SUMLIF+FUMLIF *[ WFO02
"DRGTOT=SUMDRG+FUMDRG " WFO02
CDOCLS=DRGTOT/LCLTOT#CLTOT) CWEO2

c. . : i WF02
c PITCHING MOMENT CALCULATIONs MOMENTS TAKEN ABOUT POINT XM:YM,ZM WFo2
C . AND DIVIDED BY Q#SREF*CAVE : o T WFO2
C S . : fj“_j WF02
WMOM= 0,0 . o WFO2
FMOM=0,0 TR WF02

NO 9109 JT=1smM ) Voo WF02

9109 WMOM=WMOM+(2, 0*((BLLlFT(JT)*SINALP+BLDRAG(JT)*COSALP)*(PVZ_(JT)-ZM)WFOZ

14 (BLDRAG{JST) #SINALP=BLLIFT (ST )} *COSALP) # (XM= PVX(JF>)+(TLL1FT(JT)* WF02
ZSINALP+TLDRAG(JT)*COSALP)*(PTLZ(JT)-ZM)+(TLDRAG(JT)*SINALP ~ WFD2
CB3-TLLIFTUJUT)#COSALPY# {XM=PTLXtJT)) ) /CAVE) _ o WF02
IF(MFLAP.EQeQ}) GO TO 8904 s © -t WFp2

DO 9110 JFT=1sMF E N WF02
9110 FMOM=FMOM+ (2, O*((BFLIFT(JFT)*SlNALP+BFDRAG(JFT)*COSALP)*(PVFZ(JFT)WFOZ
1-2M)+(BFDRAG(JFT)*SINALP=RFLIFTUJFT) xCOSALP) ¥ { XM~ PVFX(JFT))+ N WF02
2(TFLIFT(JFT)*SINALP+TFDRAG(JFL)*COSAprntpTLFZ(JFT)—ZMs+ ) WF02
3(TFDRAG(JFT) ¥SINALP-TFLIFT (JFT)*COSALP )# (XM=PTLFX{JUFT) ) /CAVE} WF02

GO TO 8905 WFO02

© 8904 FMOM=0,0 . o I : WFO02.
8905 TOTMOM=WMOM+FMOM : WF02
‘ RETURN : ' . WFO2
END . . , . WFo2

W
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SUBROUTINE INFWW (PSITsAPHITsXXX»YYYs22ZZsSNNsFUTSFVIsFWI) WF03 001

W ow ) ” WF03 002
N _— WF03 003
e COMMON/ INF/ROT : : WFO03 004
, - WF03 005

. TOLRNC=(BOT#15.0E-05)#%2 WF03 006
. DATA PSTIDIAPHIID/Ouy 0o/ s FSsFCsFPSsFPC/0a3les0esla/ WFO03 007
“.L IF (PSI1 +EQ. PSIID) GO TO 10 WF03 008
T.. FS = SIN(PSII). - : WF03 009
. .FC = COS(PSII) ) ’ WF03 010
= FT = FS/FC : T ‘ ' WF03 011
. 'PSIID=PSII WF03 012
10 'CONT INUE ‘WF03 013
\IF (APHI1.EQ.APHIID) GO TO 20 WF03 014
_FPS=SINLAPHIT)Y .~ WF03 015
.FPC=COS(APHII) ) WF03 016

T LAPHIID=APHIT . ., : N WFO03 017
20 .CONTINUE , ’ ) ) WFO03 018
" DUMY=SNN#*FT . - WF03 019
F1=XXX+DUMY ‘ : WF03 020

- F4=XXX=DUMY .. WFO03 021
DUMY=SNN%*FPC "1 e o : WFO03 022
.E2=YYY+DUMY . .l WF03 023
LF5=YYY-DUMY i ' : . WF03 024
T-DUMY=SNN*FPS ' o . ..WF03 025

C F3=22Z+DUMY . B . - ) WF03 026
F6=222-DUMY. : . T .- WF03 027
NUMY 2= YYY*FPS-ZZZ*FPC B . . " WF03 028

FEA -(XXX*Fc-(YYY*ch+ZZZ*FpS)*Fs)**2+DUMY2*DUMY7 ) WFO03 029
FFE=F2*F2+F3*F3 - : WF03 030
FFB=SQRT(F1#F1+FFE) 3 o ; WF03 031
FFD=F5*F5+F6%*F6 Co . . WF03 032
FFC=SQRT(F4*F4+FFD) : WF03 033
DUMY;3=FC#FPC v S WF03 034
DUMY4=FC*FPS ' WF03 035
FFF-(Fl*FS+F2*DUMY3+F3*DUMY#)/FFB-(FA*FS+F5*DUMY3+F6%DUMY4)/FFC WF03 036
WF03 037

_ X . WF03 038
IF(ABS(FFA)4LT«TOLRNC} GO TO 262 . _ WF03 039
DUMY=FFF/FFA S . WF03 040
FUONE=(ZZZ%#FPC~YYY#FPS ) *#FC ¥DUMY . WF03 041
FVONF={XXX¥DUMY4~ZZZ%FS) #DUMY WF03 042
FWONF—(YYY*FS—XXX*DUMY3)*DUMY WF03 043

GO TO 265 - WFO03 044

262 FUONE=0, - WF03 045
FVONE£O, ’ WF03 046

. FWONE=0, WF03 047
265 TF(ABS(FFD)LT.TOLRNC)Y GO TO 263 WF03 048
_ v WFO03 049
PUMY=(1,-F4/FFC)/FFD / WF03 050
FVYTWO=Fa%#DUMY . WF03 051
FWTWO=~F5*DUMY : WF03 052

GN TO 266 : . WF03 053

263 FVTWN=0, . WF03 054
FWTWO=0, . _ WF03 055

266 1FUABSIFFE),LT4TOLRNC) GO 'TO 264 WF03 056
: : ' - . WF03 057
DUMY=(1,-F1/FFB)/FFE : WF03 058
FVYTHRE==F 3%DUMY WF03 059
FWTHRE=F 2 #DUMY WFO03 060

Co ’ WF03 061
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264

267

GO TO 267

FVTHRE=0

FWTHRE=0,

FUI=FUONE
FVI=FVONE+FVTWO+FVTHRE
FWI=FWONE+FWTWO+FWTHRE
RETURN

END

WFO03
WFO3
WF03
WFO3
WF03
WFO03
WFO03
WFO3
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10

{1
ie
30
13
14
19

16
10¢

18

19

20

21

SUBROUTINE INVERS{A,NSYZ,N,NMAX,MMAX)

- SUBKROUTINE TO SOLVE SIMULTANEQUS EQUATIONS

DIMENSION A(NMAX.HHQ?).X(JOO)‘

S -SIGN=Y,0

NPleNe

NMIaNe|

NPLSYBNeNSYS -

DO t4 Imy,NM]

IPlzley

MAXxs] o
AMAXsABS(A(],1))

DU 10 XSIPI,N
AKMAXBABS(A(K, 1))
IFCARMAX ,LE AMAX) GO 10 10
MAXBK '
AMAX3AKMAX

CUNTINUE
IFCAMAX,LT,1,0E*12) GD TO 16
IF{MAX,EQ,]1) GO TO 12

DO {1 L=l ,NPLSY
TemPsa(l,L)
A(lsL)aA(MAX,L)
A(MAX,L)aTEMP

SIGNsmSIGN

PO 14 J31PI,N

IF (A(Js1)) 30,14,30
CONSTmeA(J,]1)/A(1,1)

DO 13 Lel,NPLSY

ACJ LIBACI,L)eA(T,LYSCUNSY
CONTINUE :

DO 1S I&y,N

IF (A(T,1)) 15,1615
CONTINUE

"GO YO 18

WRITE(6,100)
FORMATISX, 1BHMATRIX 1S SINGULAR)
8STOP

DU 21 I=NPI,NPLSY

DD 20 XKsi,N
KENPleKK

X(K)sa(k,1)
1F(KL,EQ,N) GO 10 20
RE-1.¢

JeJe}
X(R)aX(R)=A(K,J)wX(J)
IF LI NELN) GO TO 19
X(K)BX{R)/A(K,K)

DU 21 Jst,M
A(J,s1)mXx(J)

RETURN

END

wP 04
wFo4

Wk 0u

wEQ4
wPOou
WFO4
WFOU
WF 04
wFOu
wFO4
wFO4
wFo4
wFou
wF 04

wEO4

wFoud
WFO4
wPOy
wF o4
wFou4
wFO4
wFo4
wfFO0d
wFo4
wF o4
wFo4
Wk 0y

wFod4

wF Od
wF 00U
wFO4
WF 04
wk 04
wF Q4
wF0d
wFOUY
wFQou
wEO4
wE 00
%t 04
LI ]
wF 04
k04
wkOu
wF N4
wFOU
wk0d
wkng
whkb OU
wk 04
wkQd

001
002
003
004
005
006
007
008
009
010
011
012
013
014
016

047
018

09

020
021
022
ges
024
025
026
027
028
029
030
03¢
032
033
034
035
036
037
038
049
040
041
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063
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v4e
047
0ubd
0us
050
051
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JET WAKE PROGRAM ~ . =~ °
. S T

The purpose of this section is to descrlbe the jet. wake computer
program in sufficient detail to permit. understanding ‘and” use “of the pro-
gram. The program calculates the velocity field’ 1nduced by the jet wake
of a turbofan englne, both 1n51de and outside the boundary‘of the jet.
Since the purpose for which the program was developed “i'g thé- calculatlon
of interference between the jet wake and the wing- flap, thewcomputer
program is oriented principally toward use with the wing= flapwprogram
described previously. T N O Y R L

The program represents the wake by a series of ciosely spaced rlng T
vortices on the boundary of the jet. The strength of the vortices ‘is
determined froém the initial jet velocity in accordance ‘with equations .
(15) and (16).. The ring vortices and ‘jet boundary are centered on a-
waké centerline that is permitted to have curvature in accordance with
the flow field induced in the region of the wake by. the wing=flap.and the
free stream velocity. Once the ring vortex system is defined, induced
velocities are computed at .points in the vicinity of the jethake
corresponding  to the control points on the wing.

‘Sample cases descrlbed in this section lllustrate the preparatlon
of the .input and the detalls of the output.

Program Description

Calculation procedure.- The purpose of this program is to calculate

the jet-wake induced velocity componeénts at field points corresponding

to the control points on the wing and flap. Upon input, thelpZOgram
transforms the coordinates of the field points from the Wiﬁg”coordinate
system to the coordinate system of the jet wake.’ All calculations are
carried out in a jet coordinate system and the.results trahsformed*back .
to the wing coordinate system for output. ’ - )

The program first determines the location of the vortex rings using
the specified centerline coordinates and wake boundary shape. Then the
position of each field point relative to the nearest vortex ring is
examined. 'If the radial distance from the field point to the ring is
As or less, where As is the axial spacing of the rings, then the
field point is moved axially upstream or downstream until it lies in a
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plane mldway between two adjacent rlngs. ThlS ‘adjustment was found

necessary because if the field point is very close to a ring, unrealistically
high veloc1t1es are, 1nduced at that field p01nt. By mov1ng the field

point to the mldplane, the induced veloc1t1es .computed at the p01nt agree
with those computed on the ba51s of a contlnuous vorticity dlstrlbutlon.

In subsequent w1ng calculatlons, the induced velocities are considered to

act at the or1g1nal control point locatlon in the wing coordlnate system.

The VGlOCltleS 1nduced by ‘the jet at all the control p01nts are ;-
computed. .Ifi'more than one-jet is present, the above procedure .is repeated
for each jet in turn, and the final result is a sum of aLl the induced
veloc1t1es at each control p01nt. These, velocities are output and the.

program returns to the beglnnlng for a new case.

Program operation.- The program is written  in ‘Fortran IV .for: the.
IBM 360/67 computer:at the Ames Research Center, NASA. The input- is . :

either by cards. only .or. by a combination of cards and 1nternally stored

data- sets.contalnlng-the fleld point coordinates. The output is prlnted
and the -option .is available to store the induced velocities in.a .data.
set. Typical:execution time is approximately 6 minutes for a case-with
200 field pointsvand one jet with a maximum length of lSO'R and .a ring
spacing of 0.1 R The running time is doubled when a second jet is
added. A complete descrlptlon of the 1nput and output is presented 1n
the following sections.

Description of  Input
.o . c T,

ThlS sectlon descrlbes the 1nput for the jet—wake program. In the
follow1ng dlscu351on, the content  of all input cards is descrlbed and,
where approprlate, 1nstruct10ns on generatlng input quantities are glven.
The following: sectlon then presents a more detailed diScussion of how the
‘ot wake.parameters_are computed. The relationship between the jet wakeii
ani the wing-flap is shown in figures 9 and 22(a) for purposes of

illustrating the geometry of the configuration.

Card content.- The input quantites on each card are described.

are 1lsted ‘at the end of this section in order of

appearance in theﬂlnputzdeck The 1nput form is presented 1n flgure 24

All input varlables
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Item 1 ¥

e NP ER T e

The first card contains. 1dent1f1cation 1nformatlon whlch is prlnted
at the top of the first page of: output.- Any alphanumeric¢ information can’
be used on this card. If a data set is created for the induced velocities,
the information on thls card is also prlnted at the beglnnlng of the data
set for-identification: purposes.

. L. g ih o ez . Tre f T [
M v . . RARNRS PR P e .
* N A 2 ‘

Item 2 .’v . L e _ VDB B

The second: card contains six indices and the vortex rifg spacing
DS. The indices and their use are defined in-the table ‘at’thé'end of
this section. . The limit on-the number of field points NP ’ié the ‘sime’
as the limit on the number of wing-flap control points.“"&ﬁehjet“cénter:
line table entries NCYL are discussed further in the follow1ng sectlon‘
describing: the input for the wake ‘centerline. - The prlnt indéx NPRNT is’
used to. obtain additional printed output if desired. The- notmal output
(NPRNT: = 0) contains.details: of the jet wake  boundary Specif&Catlon’
and the Jet wake induced veloc1t1es in the wing coordinate system.’ As
optional output (NPRNT = l), the  waké=indiiced veloc1t1es for each Jet in
its own coordinate system can be printed. S SRR

The values of KIN and KOUT deflne the manner in whlch the fleld
points-are 1nput ané' the veloc1t1es output. ThlS optlon 1s presented
in order to make use ‘of data blocks in the Ames Research Center TSS
system. A value of KIN = 5 corresponds to input of fleld p01nts by
cards. A value of KIN of seven or more (up through 98) 1nd1cates input.
of field points by a data set which, for instance, has,been-generated
by the w1ng flap program ‘The value of KIN must correspond. tozthe :number
on the approprlate control card which defines the data set containing the
fleld p01nt coordinates. A value of KOUT = 6 _ 1nd1cates prlnted output
only. Values of KOUT of seven or hlgher (up through .98) 1nd1cate ‘both
prlnted output and 1nduced velocities stored in a data set. . With- the
data set, the value of KOUT must correspond to; the number. on .the appropriate
control card whlch deflnes the data set 1n whlch the 1nduced velocities
are to be stored. KOUT and KIN should never ‘be equal to each other. More .
lnformatlon on the appropriate values of KIN and KOUT is presented at the
end of this section.

Finally, DS is the dimensional axial spacing between vortex rings.
It is recommended that DS be chosen such that As/Ro ~ 0.1.- As the
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spacing increases from this value, the accuracy in calculating velocities
begins to.decrease. Smaller spacings do not ‘provide any appreciable

increases in. accuracy but -increase the.running time.

Item 3 - ‘
: Th{sAitem‘consists‘of one or'ﬁore éroups:oficards: one group for
each jet wake in the calculation (NJET). For each group, the following
information is required. The first card contains the initial vortex
strength from equation..(16), the ihitial radius of the jet, and the
coordinates.iq:the‘wipg coordinate system of the origin of the wake
centerline. ,The radius. and origin coordinates are dimensional and all
dimensioﬁs_shoulgybe consistent. .Note .that since the wing-flap calculation
is carried outjon the left wing .panel, the- Y-coordinate’of'theAjet'origin'
is negstiye. The»following-cards, of which there are NCYL in number,
specifyxthe location of the,jet centerline and the growth of  thejet
boundary. .On. each, card,. the variables. are, the' three coordinates of the
jet centerllne in the jet coordlnate system, (xcﬂ/Ro' yCL/R CL/R )}, the
ratio of. the local jet boundary radius.to the initial radius (R/R )y, and
the 1nc11nat10n of the centerline in -degrees (6). These varlables are
described further in a subsequent section .concerning input for the wake
centerlihe. The last of these cards deflnes the downstream end of .the:
wake. This group of cards is repeated for each Jet wake. .Thus there .
are NJET groups of cards. '

Item 4 e e . : .

This' item-consists of the field point coordinates, in the w1ng
coordinate rsystem, at which the 1nduced velocities are to be computed
These coordinates are input according’ to the value of KIN. If ‘KIN = 5;
this item is made!.up ‘of NP cards, on each of which are the coordlnates of
one field point. . If KIN > 6, no cards are required. Since all w1ng-
flap calculations are cartied out on-the left wing penel, the field

point coordlnates will generally have negatlve Y céordinates.
e !

This completes ‘the 1nput for one case. The program. input varlables
are defined as follows. )



Program Algebraic Symbol

Variable . (if applicable) S ] i Comments
Item 1 any alphanumeric information may be
‘ ' - put on this card for identification
Item 2 . -
NJET ’ o number of jet wakes under the left
: wing panel to be included in the
induced velocity calculation
1 < NJET < 4
NP ‘ _ number of vield points .at which
B . induced velccities are to be -
’ : calculated 1 < NP < 200
NCYL . number of entries in-table specifying
’ jet centegline 2.< NCYL £ -100
NPRNT index controlling.optional output
NPRNT = 0 for normal output
NPRNT = 1 for expanded .output
KIN : : ‘ index controlling input of field
points
KIN = 5 input via cards
KIN > 6 input via“ data set(7 < KIN < 98)
‘KOUT index controlllng output of 1nduced
: velocities
KOUT = 6 output printed only
. : . KOUT > 6 induced velocities stored
' . : - in data set (7 < KOUT < 98) '
Note: KOUT # KIN.
- DS . : . As . sﬁacing between vortex rings in
’ ' - .appropriate units
Item 3 - )
GAMVJ(J) ’ Y/V vortex cylinder stiength of
: ’ J'th jet
, _ - o
RJET(J) Ro initial radius .of J'th jet
XQ(J),YQ(J), XQ,YQ,ZQ . coordinates of centef of origin of
zQ(3) . J'th jet wake in w1ng coordinate
K system :
XCLR(J,N)., Voo Z S
YCLR(J,N), ISL’ I({:L, RCL N'th set of coordinates specifying
ZCLR(J,N) =~ o) o o ‘¢enterline of J'th jet. in jet
. coordinate:system. N = 1,2,...,NCYL

1<J<4
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Program Algebraic Symbol . e S o .

G B 391

variable . (if applicable) DR Comments
RGR(J,N) = . R/Ro ratio of local radius of jet wake
W R T . boundary to initial jet radius at
~hae R N'th point specified by XCLR(J,N)
THETA (J, N) 8 " inclination in the jet coordinite
B . system of the J'th jet centerline
EE R . at N'th point, positive upwards,
CE o ;: - ' degrees. See figure 9(a)
Item 4 "
XW (N) YW(N), iiq,}i?ng,z 7;_ T coordinates of field points in wing
ZW(N) I o T coordinate system 1 < N < 200

The last card in the data deck should be a $END card preceedlng the
LOGOFF command . to termiinate executlon. :

Samplee'ofiinput decks are shown in figure 25 illustrating-all of the
optione discnesed previously. In figure 25(a), two complete sets of input
are shown fgr.a‘configuration/with one jet per semispan and for two angles
of attack The field point coordinates for both cases are input via the
_same data’ set (KIN = 7) and the final induced velocity results are stored
in one data set (KOUT = 8 for o = 0° and 10°). The control cards for a

run of this type are listed as follows:

col. . ... s 10 15 20 25
elofelofn] ] ;
p|p|e|F| [F|T|[o|7]F[o]o[a],[Vv]s], [c]r][x]|¥
“Ipin|e|F|.|r|r|o]s|F]olo]1],|Vv]s], |a|E| T}V )
p|p|e[r| |Fl|T|o]s|F|olo|2],]v]s], [a]E[T|v]2
clalu ] Jolelr]a]s]s

Notice that the unit number .in columns 8 and 9 of the first DDEF' card
correséends to the value of KIN on the second card of both input decks.
The data set contalnlng the table of field point coordinates”is‘stored
under the name CPXYZ and is defined by this DDEF control card. Similarly,
the output, which is a table of u/v, v/v, and w/V induced veloc1ty com-
ponents at the specified field points, is stored under the name JETV1 for
‘a = 0°~ and JETV2 ‘for d”= 10°' in the data sét defined by FT08 . (KOUT ‘= 8).
Note that the sequence numbers in columns 11, 12, and 13 of ‘the DDEF card
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defining the data set in which the velocities are stored must be different
"as must the names of each data group (e.g., JETV1 and JETV2). This data- .
set is now available for use as input to the vortex-lattice program. -
Separate data sets can be generated by changing, the DDEE numbers :in columns
8 and 9 for each case. The value of KOUT in each case ,should agree with

[P LR

the approprlate number of the data set. _ o

A second set of input shown in figure 25(b) 1llustrates Aa typlcal
case of a wing with two englnes on the semlspan., The 1nput deck is
complete as shown (RKIN = 5) and the output is to be prlnted (KOUT =.6).
For purposes of 111ustratlon, the control points shown correspond to one . .
inboard chordw1se row on the wing and the five outboard rows.on the flap. .
Since no data sets are requlred no DDEF control cards are, needed..i

Calculatlon of input wake characteristics.- The results.obtained-

from interference calculaticns on an externally-blown' jet-augmented flap:
have shown that the predicted load distribution is sensitive“to the .
position of the wake relatlve to the wing-flap. In the method .both the
vertical and lateral dlsplacements and the slope of the centerllne must
‘be specified. Of these, the most lmportant effect 1s the vertlcal dis~-
placement, in that by moving the jet vertically, the wake boundary is
caused to intersect more or less area element ‘control points on the
wing-flap. ‘The objective in defining the jetgcenterline was to develop a
simple rational approach that could be applied equally well to any

. wing~flap-engine conflguratlon.' The approach descrlbed below appears

to fulfill thls objectlve, although more experlence w1th the, method, .
comparlsons with more 11ft and moment data,{or partlcularly comparlsons,
with wake survey data that may become avallable may 1nd1cate areassx of

1mprovement. : _ ) ‘ . o, .

' The coordinates spec1fy1na the jet centerline (x L/Ro' yCL/R zCL/RO)'
are input in the jet coordinate system, figure 9. - The xct -values are -
always positive. The axes of this coordinate system are -ralways taken to -
be parallel to their respective wing axes, whether or not the engine has
incidence relative to the wing root chord. 'The -local .inclination of the’
centerline,,®, is input in degrees, positive when the jet is: angled up
toward the wing. Experience has shown that the best jet model is obtained -
when the jet origin is placed at the engine inlet. 1In the region of

the engine nacelle, the jet is not allowed to deflect or expand. At the

s
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fan nacelle 'exit, the wake then is considered to begin expansion. The
reason for this practice is that in a vortex ring (or continuous vortex
cylinder) medel, the calculated axial jet velocity at‘the_origin is
1/2”V5" and within two diameters or so’increaées'to nearly VJ' Thus,
by permitting this adjustment to occur over the nacelle length), ‘the jet
has essentially become fully developed at the fan ex1t station.

After the initial jet velocity ratlo, V. /V is calculated accofding
to equation” (18), the jet boundary is chosen from flgure 4. CThe initiai
region is fixed by the veloc1ty ratio, and when the total length of the
main reglon 1s choser, he variation of radius along the entlre length
of the' jet is specified. Agaln on the basis of calculatlons comparlng
the ring vortex model w1th a semi-infinite vortex cyllnder, it has been
found that.the rings must be used.over a total length of about lSO'Ro" to
have sufficient wake to accurately model the velocities within the first’
15 radii of length. ’ ’

The,qhahgeifh the average jet veiécityA:Vj eleng the'jei een‘he

determined approximately from the relation

SR VL o :
SRy VS e |
"R oD+ oo en

< : -

This value is needed in calculating the displécemeht of'ﬁhe:ﬁet eehter-
line due to' induced downwash and sidewash 'The dietribﬁtieﬁ‘of wing- v
flap induced downwash and sidewash (w1th no’ power effects) along a llne
colinear with the engine ‘Centerline‘is shown in flgure l7(b) for a

typical configuration with zero englne 1n01dence. Although a stream—'
line 1eev1ng the center of the engine exhaust would deviate from‘'this
line, the -deviations are small and should not change the computed downwash
signifieantly except near the flap trailing edge, where the’resulfant
changes in wake'position would have little effect on the wing-flap area
within the wake boundary. Consequently, all' the results presented in’

this report were based on down- :and sidewash velocities -computed along the jet
x-axis. For zero engine incidence, this-line is colinear with the engine

‘centerline.

"
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A dlstrlbutlon of p01nts along the- wake centerllne must be selected
in order to define the wake centerline coordlnates, the slcpe of thlS
centerline, and the radius of the wake for Item 3 of the input. The
number of points chosen is arbitrary. In accordance with the above
discussion, the first point should be the engine inlet and the second
the engine exit.  The slopes of the wake in the jet- coordlnate system
are given by the englne ‘incidence angles for these first two p01nts,
and the wake radius is Ro., The last point should be approxlmately 150 Ro

downstream of the engine. Linear 1nterpolatlon is used between points
defining the wake. The computation procedure is the samé for any number
of points and will be illustrated for the N'th. p01nt along the wake
centerline. )

At the N'th point, the direction. of the flow is first computed
relative to the engine coordinate system. An estimate of the average
jet velocity Vj is obtained from equatlon (27) . "1f the-engine has an
incidence eez in the vertical plane measured with fespect”to the =X-axis
{(positive if the wake is directed upward toward the w1ng), and a toe-in
angle Eey in the horizontal plane measured w1th respect to the X-axis
(p051t1ve if the wake is directed outboard undér the right w1ng panel),
then the angles made by the velocity vector with respect to the x-axis
in the vertical and horizontal planes are, respectively

Y
. w .
_ -1 sin a - 7 + —Vl sin Ee W
EZ = tan
? St ’ (28)
v,
j v 3
o = sin e_: +
e, = tan v - v o E
Vj/V ) -

In the above equations, positiVe values indicate the veloeity vector to be
directed upward toward the wing in the p051t1ve z direction and outboard
under the right wing in the positive vy dlrectlon, and the cosines of the
engine incidence angles are assumed equal to 1. Note that under the left
wing panel, which 1s where the calculatlons are: made, will have a nega-

i eY
tive value 1f the englne is. toed- 1n _so that 1ts wake is dlrected outboard.
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_ The vertical and lateral displacements are then computed separately
to get the CL/R .and yCL/R coordinates at the .N'th xCL/R as follows.
Wlth all the slopes at the  NCYL. points known, the displacement in each
plane (Vertical and horizontal) can be. determined by assuming the wake
centerllne to be lelded 1nto straight.line segments between each
CL/R The slope of an 1ndiv1dual segment is considered the average
between the slopes at the two ends 0of the segment. The line segments are

Tlaid out starting:at the engine exhaust station. and working aft., The

wake characteristics aft of the flap trailing edge have a decreasing
effect on the 1nduced veloc1t1es on the w1ng and flap with 1ncrea51ng
distances, thus the wake centerline can be made a straight line for most
of the 150 R of length

The slope of. the wake centerline at each pOint is required in order
to tilt the plane of  the vortex rings to make them normal. locally to the
wake centerline. The tilting of the rings has only a very small effect

s

on the 1nduced veloc1ties, and for all practical purposes, the rings

ACould be oriented normal to the x-ax1s.~ Prov151on 1s made in the program

for vertical tilting by speCifying values of e(N), where 8 is equal
to €, at each pOint,_as given by equation (28) One caution should be
indicated in calculating ) values.nulf 6 changes suff1c1ently between
adjacent vortex rings, the two rings'can 1ntersect and cause numerical
problems. Since the slopes are small in practical cases and the program
linearly 1nterpolates between 1nput values, it is unlikely that this
condition will occur. ’

The wake radius is obtained at each XCL/RO from the appropriate
curve in figure 4.

For most cohfigurations of interest, the major interference of the d
wake on the wing}flap occurs in the initial region of the wake, thus it
is necessary to describe the initial region more precisely than the main

region. Because of the'desire to retain simplicity and ease of appli—

cation of the method and the fact that no appropriate wake survey data
exists to use as a guide, ‘the calculations presented in this report were'
made using only a few p01nts. The main region of the jet was defined by

two points: the'end of the initial region, which is usually aft of the

flap trailing edge, and’ the 150 R pOint. The initial region was
'spec1f1ed by the first two pOlntS on the’ englne, the end of the initial
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region, and possibly one or two intermediate points.- The'procedures are

illustrated in the sample cases in a later section.

Description of Output

A  sample set of ocutput, shown in figure 26, was-génerated from the
input ‘deck illustrated in figure 25. -The entire set of opt10na1 output

Sera IR e

has. been obtdined for this case.

The 1dent1f1catlon 1nformat10n from the flrst card of the 1nput deck
is' printed at the top of the first page." This is followed lmmedlately
by the jet vortex ring spacing and the input and output indices KIN, KOUT.
The next block of output describes the geometry of the jet wake(s).. Under-
the major heading JET PARAMETERS are glven the nondimensional vortex rlng
spacing, As/Ro; the initial jet radius, RO; the coordinates of the orlgln
of the jet in the wing coordinate system, XQ, YQ, 2Q; the initial vortex
strength, GAMMA/V; and a table defining the jet centerline. The center-
line coordinates in the jet coordinate system XCL/Ro’ YCL/Rof ZCL/RO?
vertical inclination, 6, and jet radius, R/Ro are all input quantities.
The distance along the centerline, s/Ro, is calculated in the program.
If more than one jet is present, the same block of information for the

other jets follows.

The next itemslof output are optional (NPRNT = 1). The induced
velocity components at the specified field points are output in the jet
coordinate system. The field point coerdinates, xP/Ro, yp/Ro, ZP/RO are
expressed also'in the jet coordinate system. The induced axial velocity,
u/V, is positive aft, and the other components .v/V .and w/V are positive
in the direction of increasing jet coordinates Yp. and zZp respectively
Note that these velocities are jet wake induced and do not have any free-
stream velocity components included. If more than one jet is con31dered,

the same output is given for the second and succeeding jets.

- The last block of output is the induced velocity field due to the
entire system of jets. The field points in the wing coordinate system
XW,YW,Zw are printed as are the total jet induced velocity components
u/v, v/vV, and w/V. The velocities are positive in the positive wing
coordinate direction as shown in figure 2. If the data set option
(KOUT > 6) is requested, this last set of velocity components is also

s¢



stored in the specified data set for.use as -input to the vortex-lattice

program.

Program Listing

. The .jet. flow model program is .written in Fortran IV for the NASA,
Ames Research Center IBM 360/67 computer... The program consists of the.
main program and three subroutines. The table below will act as a table

of contents for the program listing given on the following pages.

PR AT SO HY " . . - . L. A
Program .. .. . .- . . Identification Page No.
MAIN T e aRntEo e -t CUgEPLT e e . gg
"GORECT 'R o "~ ggr2 . 91
VRING JET3 o _ S92
-".'s N ’ N
* Lt
' JE.
1 .a .2
R
Y
10 '
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700
701
702
710
711

712
713
714
71s
716
717
718

719

10

11
16

12

COMPUTE VELOCITY INDUCED BY A SERIES OF CONSTANT srééﬁGTH " JET1

VORTEX RINGS WITH VARIABLE RADII LYING ALONG A PRESCRIBED PATHJET1
JET1

ALL FIELD POINT COORDINATES ARE INPUT IN THE.WING SYSTFM AND  ’ JET1
TRANSFORMED TO THE ENGINE SYSTEM .FOR' CALCULATIONS - ++ .l JET1
JET CENTERLINF COORDINATES ARE INPUT IN ENGINE SYSTEM- - . f, _ JET1
ALL OUTOUT IS5 IN THE WING SYSTEMsOPTIONAL OUTPUT N ENGINE SYSTEMJETL.
JETL,

OPTIONS oes INPUT OF FIELD POINTS MAY BE VIA CARDS OR DATA SET JETY.
eee INDUCED VELOCITY QUTPUT 1S BOTH PRINTED: AND aror o JETR

STORED IN A DATA SET TS e 3

) . 8 o srjan JET1

) T,outu) oYy JET1
DIMENSION XCLRI(4» 100)tZCLR(aoloo)’RGR(AtIOO)oSCLR(4’100)’m Zp o JET1

1 THFTA(A,100),Ych(ayloo),GAMVJ(4).RJET(A)oXo(A).YQ(A).ZQ(AQ:~Q JET)
DIMENSION TITLE(20)sXPR{220)»YPRI220)+ZPR(220)sU(220) V12200 sc JETY
1 W(zzo)yXD(ZZO)yYP(ZZO)vZP(?ZO)’UP(ZZO)’VP(ZZO)’WP(22O’ JET1
COMMON M22Z cos w2, sy pi-pd e JETL
FORMAT (8F1045) . C - ) jw u;‘ vrg.st 3iioa JET
FORMAT (61595F10e4) | co L P +JET1
FORMAT (20A4) ° . : Tatoneoap  JETL
FORMAT (1H1/10X920A4) s ocTead 3iinw JETL
FORMAT (/2H (I11916H) JET PARAMETERSSXBHD(S/R) -,F7.4/ FJET1
110X3HX/RTIXIHY /RTXIH2Z/RTIXIHS/R ATt JETL
2 S5XSHTHETA»4X6HRGAM/R s 5x1HR,ax2on,6x2HYo.6X2H20.4X7HGAMMA/V) S0 JET1
FORMAT . {3X6F10429 F104434F8,43) Ja0=t 0 JET]
FORMAT (/5X4HD{S) 2»4X3HKIN» 2X4HKOUT) Lyt 0 JET1
FORMAT (F10.4915%16) e s JETL
FORMAT | 4X]HNvsszxw9aX;HYw,GXZHZWQX3HU/V¢9X3HVIV.9X3HW/V0 o T JET1
FARMAT (1593F104393(1PE1244)) . - o SN fu«\ Tr JET1
FORMAT (/2Xs22HWING COORDINATE SYSTEM) ‘ et Sy JET1
FORMAT (/2X925HVELOCITIES INDUCED BY JET»I12924H - JET COORDINATE SJET1
1YSTFM/AX1HNv6X4HXD/R’6XaHYP/R96X4HZP/R’7X3HU/V9X3HV/V9X3HN/V)( JET1
FORMAT (3E13.6) . T JET1
A S . JET1
MZZZ=1 . BRI TR R JET1
RAD=180,/341415926 . JET1
. B T T O A A A JET1
IMPUT . - NOTF .o IF KIN=5 s INPUT FIELD POINTS VIA CARDS JET1
. IF KIN.GTe6s INPUT FIELD POINTS VIA DATA SETJE;I
. JET1
1F KOUT=¢ » PRINTED OUTPUT ONLY : -+ = . JET1
1F KOUT.GTa6s VELOCITIES. OUTPUT lN DATA'SET JET1
KIN MUST, NOT EQUAL KOUT - it . L JET1
) ) AR . JET1
READ (55702) TITLE e e JETL
‘READ(5»701) NJET;NP-NCYLyNPRNT,KINvKOUT»DS oo JET1
IF (KIN «LT, 5) KIN=S oenEr JETL
1IF (KOUT LT, 6) KOUT=6 . JET1
.o . co R JET1
.INPUT INDIVIDUAL JET PARAMETERS JET1
. e . JETI
DO 16 J=1sNJET N JET1
RFAD (59700) GAMVJULJ)YsRIET(J)9XQUY)»YQ () 22Q( ) . .uﬁ»~; . JETL
DO 11 N=1sNCYL - Co JET)
READ (5+700) XCLR(JsN)oYCLR(J’N)’ZCLR(JoN)9RGR(J'N)-THETA(U'N) JET1
CONTINUE B JET1
AR JET1
INPUT FIELD POINT COORDINATES . R . JET1
' S LD JET)
DO 12 N=1sNP JET1
READ (KIN»700} XPUN)»YPIN)ZPIN) - . RS E JEI%
W JE
SET UP TABLE OF JET CENTERLINE PARAMETERS . L JET1
LN A T . JET1

001
002
003
004
005
006
007
008
009
010
01l
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027

028

029
030
031
032
033
034
035
036

.037

038
039
040
g4l
042
043

044 .

045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
063
064
065
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DO 14 J=1NJET
SCLRI(J»11=0,0

‘PO 13 N=2sNCYL

1

SR = (XCLRUJsN)<XCLRUJsIN=-11)#%2 + (YCLROJINI=YCLR(EJsIN=1))%#%2 +

(ZCLRUJINY=ZCLR(JoN=1) ) %52

13 SCLR(J’N)=SQRT($R) + SCLR(JsN=1)

14 CONTINUE

150 WRITE (69712) XCLRIN#»J)9YCLRIN»J)sZCLRIN»J}sSCLRIN»JI»THETA(NsJ)»
RGR(N,J)tRJET(N)’XQ(N),YQ(N)ozo(N)9GAMVJ(N)

181 WRITE (62712)

15 CONTINUF

192
19

190

191

.20

25

1

1

PRFLIMINARY OUTPUT

WRITE (6+710) TITLE

WRITE (65713)

WRITE (69714) DSsKINsKOUT
IF (KIN +EQ. KOUT) GO TO 10
DO 15 N=1sNJET
DSR=DS/RIET(N)

WRITE (62711) NsDSR

DO 157 Y=1sNCYL

IF (J-1) 1505150,151

GO T0 18
RGR(NsJ)

DO 192 J=1sNP

uptJ)=0,0

vp(Jy=0,0

WP(J)=000

DO 40 M=1sNJET

IF (NPRNT . oNEs« O) WRITE (69718) M
b0 '19 J=1iNP

"U(J1=060

1

.21

VIJY=0.0

W(J)=0.,0

SREND= S(LR(W’NCYL)
DSR= DS/RJET(M)

TRANSFORM . FIFLD POINT COORDINATES TO ENGINE SYSTEM

DO 191 J=1sNP
XPR(J)—(-XP(J)+XQ(M))/RJET(M)
YPRIN=(YP{J)=YQIM) I /RIET(M)
ZPRUS)=(=ZP(J)Y+ZQ(M)) /RIET (M)

CALL CORECT (NP XDRyYPR’ZPRoDSR,M.NcYL.XcLR,YCLR,ZCLR,SCLR RGR-

THETA)
SR=-NSR/2,0
JSR=1
SR=SR+DSR -

"LOCATE INDIVIDUAL VORTEX RINGS

1F (SR=SCLR(M»JSR)) 23925522
JSR=JSR+1 ,
IF(JSR«GT«NCYL) GO TO 51

GO T0 21

-XG=XCLR{MsJSR)

YG=YCLR{MsJSR).

Z6=2CLR(MsJSR)

RG=RGRIMsJSR) .

THG= THETA(MoJSR)/RAD

GO TO 30

PDELTA=(SR- SCLR(W;JSR—I))/(SCLR(MaJSR)-SCLR(MoJSR 1))
XG=XCLR(MsJSR-1})+(XCLR(M»ISR)~XCLR(MsJSR=~1))*DELTA
YG=YCLR(MsJ5R=1)+(YCLR(M»JSR)=YCLR(MsJSR=1) }*DELTA
2G=ZCLR{MsJSR=1)+{ZCLR{MsJSR)=ZCLR(MsJSR-1))*DELTA

XCLRUINJI9YCLRINS J) sZCLR(N>J) sSCLR(NsJ) s THETA(N»J) »

JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1

CJET1

JET1
JET1

- JET1

JET1
JET1
JET1
JET1
JET1

CJETL
JET1

JET1

TJETL

JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1

- JET1

JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1
JET1

066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
081
082
083
084
085
086
087
088
089
090
091
092
093
094
095
096
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
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90

NN

a0

33

.34

35

38

51

52

50
40

41

42

60

RG = RGR(MsJSR=~1}+(RGR(MsJSR)=RGR(MsJSR-11}1#DELTA JET1
THG:THETA(M-JSR-I)+(THETA(M-JSR)-THETA(M’JSR—I)’*DELTA . JET1
- THG=THG/RAD. . JET1
CONTINVE _ JET1
" SNTH=SIN{THG) : e , o S JET1
CSTH=COS{THG) ) JETY
RGAMR=RG , S foi o JETL
DO 38 Ne=lsNP R JET1
XIPR=(XPRI(N)=XG)#CSTH + (ZPR(N)-ZG)*SNTH *JET1
ETAR=-({YPRIN)=YG) . T JET]
2ETAR= (XPR{N)=XG)*SNTH - (ZPR(N)-ZG)*CSTH T JET2
RPR=SQRT(ETAR##2 + ZETAR#%2) . S JETR
CALL VRING(RGAMRsXIPRsRPRyUGAMsVGAM) Tres TJETL
IF (RPR .= 140E-05) 33,33+34 < JET1
DUMU=UGAM*CSTH ' LEECLTTE TYETY
DUMV 0. . . . . nt.\';,{,:.' JETI
DUMW=UGAM*SNTH : o ARsa e JETY
GO TQ 135 ceeTh JETR
DUMU=UGAM®CSTH + VGAM®ZETAR/RPR*SNTH . “ T, et JET1
DUMV=z=VGAMXETAR/RPR L0 JET
‘DUMW=UGAM#*SNTH = VGAM®*ZETAR/RPR*CSTH S e T JETE
UGAM=DUMU STt JET)
VGAM=DUMV Corin T W nJETY
WGAM=DUMW _ - . ©o T JETY
~ . . . : »,A"JE"’Jl
CORRECT VORTEX RING STRENGTH FOR RADIUS EFFECT . - JET1

: R - JET1
U(N)-UlN)+UGAM*GAMVJ(M)*DSR/RGAMR S Sor 1T YETY
WENY =W IN Y +WOAMRGAMY J(f) *DSR/RGAMR Coen Ly o T gETY
VIN) =V (N)+VGAMRGAMVJ (M) *DSR/RGAMR - . S R T4 |
CoTL T JETL

NOTEes UINISVIN)SWIN) ARE VELOCITIES INDUCED IN ENGINE SYSTEM JET1

: : JET1

IF (SR.LT«SREND) GO TO 20 T JETL
"CONT INUE C = ©JETY
DO.52 N=1sNP : . : T JETL
UP{N}=UP(N)+U(N) c o TJET
VPIN)}=VPIN)+VIN) : O L WET2
WP (N)=WP (N)+WIN) e i S ‘JET1
IF (NPRNT.EQ.0) GO TO 40 ’ : - . JET1
. : : . . S N | 3 5 §
© NPTINNAL OUTPUT : .- } o ' JETY

‘ : : e : JET1
DO 50 N=1sNP - JET1
WRITE (69716) N’XPR(N)vYPR(N):ZPR(N)sU(N)'V(N)-W(N) JET1
CONTINUE L JETY
WRITE (69717} ‘ HJET)
WRITE (63715) . ST JETY
: g s TJETY

OUTPUT . INDUCED VELOCITIES IN WING SYSTEM v A JET1

) : TVOJETL
NO 41 N=1sNP : ' - JET)
UB (N)=~UP (N} } S R TJET)
‘WP I(N)=~WP(N) e JET1
WRITF (6¢716)N0XP(N)9YP(N);ZP(N)9UP(N)9VP(N)-WP(N) . , JET1
IF (KOUT oLE. 6} %0 TO 60 S JET1
. . o : s JET1

GENERATE INDUCED VELOCITIES DATA SET - I JE¥1

: JET1
_CWRITE (KOUT»702) TITLE . : e Lt . JET1
DO 42 N=1sNP TJET1
WRITE (KOUT»719) UP(N)sVP(N)sWPI(N) . . JET1
END FILE KOUT ) JET1
IF (KIN oLEs 6} GO 'TO 10 JET1
REWIND KIN. o . . . : . JET1
GO T0 10 : JET1

FND . : . JET1

132
133
134
135
136
137
138
139
140
141
142
163
144
145
146
147
148
149
150
151
152
153
154
155
156
157

‘158

159
160
161
l62
163
l64
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
i97
198



‘ s ZSUBROUTINE CORECT (NPH(PR:Y?R»ZPR’DSR-MvNCYLo)(CLR’YCLR’ZCLRoSCLRv JETZ

BRI ¢ RGRyTHETA) - JET2
:hc_“' ‘»':. JET2
-p;',,.x CORRECT FIELD POINT LOCATIONS TO AVOID VORTEX RING SlNGULARlTIESJETZ
€ 3 5 JET2
DIMENSTON XPR(220)sYPR(220)sZPR(220) sXCLR(4+100) sYCLR{4>100} s JET2

A ZCLR(A.loO).RGR(A‘1001,SCLR(A»100)-THETA(A-looq.NFP(zzo)JETz
Lo S JET2
Y. 1 JSR=1 ' e Y y,‘» S ,_; JET2
“. 1 +.5R=-DSR/2.0 . R P T LR IRt |4 &
i 2100 11 J=1sNP S R N | 3 ¥

S 11-.NFP(J) =1 A S . - JET2
+NCT=0 o Lt JET2

. ;.RAD 5742957795 . UET2
;201 SR=5R+DSR L. . - tJET2
21 1F (SR=-SCLR(MsJSR)) 23,25,22 - © JET2
.‘vZZ‘JSR JSR+1 el AR o oo JET2
.- “1F (JSR «GT. NCYL) RETURN o sl ot et JET2
. 1.GO TO 21 ety L Samat .o T JET2
7s :XG=XCLR{M2JSR) o o SV CJET2

L YG=YCLRIM»JISR) ) , s JET2
~!ZG=ZCLR(M’JSR) : B Ce o JET2

"RG= RGR(M»JISR) JET2
THG=THETA(M»JSR) /RAD S ST R L T JET2

‘60 TO 30 e JET2

.23 DELTA=(SR- SCLR(M’JSR—I))/(SCLR(M.JSR) ~SCLRMsJSR=1J), . ..v 0 . ¢ JET2
XG=XCLR(M»JSR=1}+(XCLR(MsJISR)~XCLR (M»'JSR=1)) *DELTA. Srt. e JET2
¥G=YCLR(MsJSR=1)4+(YCLR(MsJSR) =YCLR (M3 ISR=T)I#DELTA. . ;- .. . .-': LUET2,

. ZG=ZCLR(MsJSR=1)4(ZCLR(M»JSR)=ZCLR(M5JISR=1})#DELTA JET2

_« RG= RGR{M»sJSR=114( RGR(MsJSR)= RGR(MsJISR-1))*DELTA.. S . JET2

’ THH=THETA (M) JSR=1)+ CTHETA (M»JSR ) =THETA (M JSR- 1>>*DELTA JET2

. THG=THG/RAD o e e JET2

20 CONTINUF S h o JET2

L  SNTH=SIN(THG) : : L D JET2
"CSTH=COS (THG) . S C © . LJET2

‘DO 38 N=1sNP - . S < JET2
IF..{NFP(N) +EQe. 0) GO TO 38 ) e JET2
XIPR=(XPRIN)=XG)}*CSTH + (ZPR(N)=-2G)%SNTH e e e JET2
ETAR=—(YPRIN)=YG ) A » . JET2
ZETAR= (XPR(N)=XG)#SNTH = (ZPR(N)=2G)*#CSTH ... L JET2
.,RPR=SQRT(ETAR*#2 + ZETAR%*2) . JET2

-~ 1F (XIPR+DSR) 35935536 o JET2
-35. NFP(N}=C . ] e e JET2
NCT=NCT+1 T s eienTs o S JET2.

.GO:TO 38 L JET2

_ 36 .CONTINUE el CJET2
RTEST=zARS (RPR=RG) JET2
XTEST=ARS(XIPR) . ‘ . L e TJET2

IF {XTEST «GTe DSR/2.,0) GO TO 38 & * s JET2
NFPIN)=0 . . . JET2
NCT=NCT+1 . . JET2

IF (RTEST .GEe DSR) GO TO 38 . JET2
FSIGN=1,0 ; ... e . “UET2

IF (XIPR «LTs 0,0) FSIGN==1,0.0 %7 " - " =0 . .- JET2
XIPRP=FSIGN#{DSR/2,0-XTEST) . o JET2
XPR{N)=XPRIN)+XIPRP*CSTH . e : .. JET2
ZPR(N)=ZPR(N)+XIPRP*SNTH SR - c ‘ JET2

38 CONTINUE L , - CJET2

" TF (NCT L,L¥, NP) GO TO 20 ' - JET2
RETURN . o T S JET2

END et R i ¢ . . vj JETZ
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SUBROUTINE VRING (RGAMRXIPRIRPRsUGAMsVGAM)

. SUBROUTINE TO COMPUTE VELOCITY INDUCED BY A SINGLE VORTEX RING ‘¥

RGAMR = RING RADIUS/REFERENCE RADIUS - -

XIPR = AXIAL DISTANCE TO FIELD POINT/REFERENCE RADIUS
RPR = RADIAL DISTANCE TO FIELD POINT/REFERENCE’ RADIU§"
UGAM = AXIAL VELOCITY/GAMMA

VGAM = RADIAL VELOCITY/GAMMA ' cab A
: JET3

P1=3,1415926 ’ B
DENM=XIPR*%2 + (RPR=-RGAMR)##%2

. DENP=XIPR##2 + (RPR+RGAMR)#*#2 - LS

AK2=4 ,O%RPRX*RGAMR /DENP : . : .
CALL ELLIPS (AK29ZKsZE)

JET3
JET3

“JET3

JET3
JET3
JET3
T JET3
JET3
JET3

JET3

. JET3
JET3

JET3
JET3

UGAM:(ZK-(1.0+2.0§RGAMR*(RPR-RGAMR)/DENM)*ZE) /SQRT(DENP)/(Z.O*PI)JET3

VGAM=0,0

IF. {RPR oLEs 1 OE -05) RETURN |
VGAM--XIPR/RPR/(2.O*PI*SORT(DENP))*(ZK-(1.+2.*RpR*RGAMR/DENM)§ZE)
RETURN SEE

END .

JET3
JET3
JET3
JET3
JET3
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SUBROUTINE ELLIPS (AKSQ'TK-TE)

le

Iy

)
P

C

KK

{tguo

AN

C

K =

—-— TABLE LOOK=UP OF . ELLIPTIC INTEGRALS -

]-Q;MFNSION'é&K(lOO)-CK(100).CE(1oo)
COMMON MZ2Z

= ARGUMENT OF ELLIPTIC INTEGRALS . o

JET4
JETa
JET4
JET4
JETs
JET4
JETG
JET4
JET4
JET4

DATA CKK/0, 00'.01’.02'.03’.04’.05’.06'.079.08v.09’.10’.110.12!.13’JETA

o14’015’016’-17’018’019’020’.21’022'.23’02“"259026’-27’JET4
028’029’030'031’032’0339n3h’o35’o36!.37?038!-390.“0’041'JET4

P .‘&2’.“3’.‘&4'.45’.106’0471 .48'.‘09'.50’.51’052’.53"-54'055’JET‘0

e56'957’058'-59!-60’.61!o62’063’f649.65’066’067’.6800691JET“
0709471947226 T735e7690759eT6907T2eT8547924809.819.8204839JET4
ﬁm;Sh’.85!5869.87v.88’0809.90’.91r.92’-93'.94'-95’.969.97’JET4

989,99/

COMPLETE ELLIPTIC INTEGRALS OF FIRST KIND

DATA CK/145707969145747463157874051.58278051.58686811,591003

QAMMUND IO JOTN &wWwN -

CF

1459518851459942351.60371051,608049191.61264191.,616889s
166213931514625955510630576314635257+1,640000+1.644806+
1.649678514654617+1e65962691.66470151,66985051.675073 s
1.68037391.685750+1691208914696749+1.702374+1.708087+
1.71388951,71978551472577691.73186551.738055514744351,
1,75075491,757269+1.76389831.770647+1,77751991.784519
1.79165051,79891851480632851.813884+14821593+51,829460
1¢83769151.84569491485407531,86264191,87140051.880361s
1.889533+1,898925+1.90854791,91841091.928526+1.9389G8
1.94956891,960521+1.97178391,983371+1.995303+2,007598»
2.02027932,033269+2.046896492,060882+2407536392.090373»
2.10594852,12213222.13897052,156516+2,17482712.193971s
24214022+2423506852+257205924280549524305232+20331409
2:35926432,38901652.420933+2,455338,2.492635+2.533335,
2457809212.62777352.68355192.74707352,820752+2,908337»
3.016112934155875»3¢356141+3.695637/

COMPLETE ELLIPTIC INTEGRALS OF SECOND KIND

NATA CE/1357079691456686291456291391.558948+1,55496991.550973»

VB LD NSO W N~

DN

omm

165469631+1454293691¢53889391453483391,53075891+526665»
1052255551451842891.51428491,51012291450594291.501743»
1¢49752691449329091.48903591,48476191,480466914476152>
1447181851.46746291.46308691.458688+1,4542699146449827»
1¢44536391,460876914436366191,43183291.,427274916422691
1:41808351,41345051.408791914404105914399392514394652
1.38988351.38508691438025951.4375402514370515914365596»
1636064591435566191435064451,34559291,340505914335382
14330223+1432502451431978851,314511+1,30919291.303832»
1e29842851629297991+287486914281942414276350914270707>
1.26501391,25926391425345891,24759591,24167191.235684
14229632+1422351291421732191421105691,20471451.198290»
1.19178191,18518391.178490314171697+1.164798914157787>
1¢15065691414339691413599891,12845191,120742914112856>
1.10477551,09647851408793891e07912191406998691.060474>
14050502514039947+1.02859591.015994/
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21
700

701
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20
23

22

73
721

720
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END . . ',:,J“{’».’x, . A e .y | » wL Y ot vy
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JA=100.0#AKSG . - T T e ) )
JAz1+JA : e e R ST T I ¥ 4 727 ] 3 1

IF (MZZZ) 7343093 A . JET4
1F(AKSQ=499120920+21 o . T JET4
PARA=0,25%(1,0=-AKS0) ’ - ‘ : JET4
TEST = 1400E-07 . . : : ‘ T JET4
IF(PARA=TEST} 7017025702 e e . JET4
PARA=TEST . ot - T JETa
ZLP=ALOG(44/PARA) ' : . © JET4
TK=ZLP#0¢5%(1++PARA)~PARA . .. JET4
TE=140+(ZLP#PARAN=PARA .~ -~ = i fa 0oL m Dt SBRS e
GO-TO 30 i o L.

JET4

1F(CRK(JAY= AKSQ)22o23t22 T , ' JET4

TK=CK(JA) - - R T T R e o £ L S P
TE=CE(JA) . , . o gaol JETA,

s PRI PR LS SR

GO T0.30 - N R SRR T JETS
CON= (AKSQ~ CKK(JA))/(CKK(JA+1)-CKK(JA)) el g g eoRADIJETE

“TK=CKUJA)+CON# (CKIJA+1I=CKIJAY) JET4

TE=CE(JA)+CON#{CE( JA+1)~CE (JA)) SUakEnRE Rty
GO TO 30  JET4
TF(AKSQ-401972197219720 ... . .- - .. - . .. wv o cewienlll YETS

'PARA=425%AKSQ ‘ o ' L JETa
B0 TO TOO | o e e T e TGRS HBTRET

AKSQ=1,-AKSQ _ L sagman o JETH
GO TO 20~ "¢ A bs i e TRl T R PR Rh ’.JETA
CONTINUE = .- S e e
RETURN = ™7 °* JET4
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SAMPLE CASE ~ . . .0
" In ﬁhis section a sample case is described to illustrdte the use of
the computer programs presented in this report. The case invoIVes_an
engine wake-wing-flap interference determinatlon. The. configuration
comprlses a ‘swept-wing with flap and one engine mounted underneath the
wing panel. Both the wing-flap and jet ‘wake flow model programs are
used in accordance with the interference determination procedure described

in a prev1ous section.

For the illustrative sample case, the chosen airframe configuration .
is the semispan swept wing-flap wind tunnel. model of reference 5. A°l. 02i
pressure ratio ducted fan was pylon mounted under the semiw1ng at mid-
span. The wing was cambered with zero dihedral and had no taper.,'Fignre
22(a) shows the configuration in planform and elevation. Figure éZ(b) is
a section normal to the leading and trailing edges of the wing and flaps.
Figure 22(c) shows how the deflected triple slotted flaps, denoted type
I with & = 30° in reference 5, are idealized to a ‘single flap with -
camber. The flap component deflection angles in the plane normal to the
hingeline are 109, 20°, and 30° for the leading, middle, and. aft flap
components, respectively. The ‘idealized flap deflection angle required
in the input to the wing-flap.program must also be specified normal to
the hingeline and measures 21.5° in figure 22(c). The wing and idealized
flap root chords and other streamwise lengths are related to the lengths:
perpendicular to the wing and flap leading and trailing edges through
the cosine of the sweep angle. The basic wing chord is the chord of the
original wing before the trailing edge flaps were attached. 1In the normal
direction, this chord is 5.5 feet, so the (streamwise) basic wing chord for
this sample case with a wing sweep angle of 30° is 6.35 feet.

The parameters required by the wing-flap program will now be
described. On the wing, a 4 chordwise by 20 spanwise vortex lattice is
laid out with eqﬁal spanwise spacings. Since the idealized flap chord
is longer than the wing chord, 5 chordwise vortices aré specified for the
flap and the spanwise layout is taken the same as on the wing. Consequently,
mean surface angles due to camber and twist are required at four chord-
wise stations on the wing and 5 chordwise stations over the flap semispan.
On the wing, the anglesvare input as tangents; on the idealized flap the
angles are input in radians. These quantities are determined as follows.
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The chordwise locations of the control points are given by the midpoint

of the 3/4 chord of the area elements in the chordal planes of the wing

and idealized flap. The wing airfoil section was specified as NACA 63,-416.
(modified) normal to the wing leading and trailing edge. The mean surface
slopes in the streamwise direction are therefore obtained from the slopes .
associated with the a = 1.0 mean line by a scaling procedure:

tan a, = —C 2 c,.cos ¥ (29).

czi = 1.0

wing mean surface slope =

For this case, cg; = 0.4 and the cosine factor accounts for the sweep. -
The chord ¢ is the basic wing chord.: Slopes d(yc/c)/d(x/c)lcz ‘= 1.0

for the a = 1.0 1line are obtained from reference 15, at control point
stations x/c based on the basic wing chord (¢ = 6.35 feet).: On the
flap, the secment‘characteristics were not specified precisely. Conse-
quently, it is assumed that each segment has no camber. The surface
slopes are then given by the difference in slope between tﬁe segmeht

mean line and the idealized flap chord line in planes normal to the hinge-
line. To obtain the slopes in the streamwise direction, the normal slopes
are multiplied by cos Y. To complete the input specifications, the
coordinates of a series of points on the geometric engine centerline are
required. The necessary information is available in figure 22. -A sufficient
number of points on the extension to the engine centerline were chosen to
generate a good theoretical representation of the flow field from the

engine inlet to a point one wing chord length aft of the trailing edge.
, o
The user is now prepared to run the wing-flap' program for zero

angle of attack without -externally induced. perturbation velocities. The
_input deck for this reference (power-off) calculation is shown in '
figure 21. A data set containing the coordinates of the wing and flap
control points is generated (KCP = 7) for use by the jet wake program
(KIN'= 7). Downwash and sidewash perturbation velocities induced by wing
flap vorticity at Ehe specified points along'the engine centerline are
included in the output shown in figure 23(a) Curves of these induced

velocities are shown in figure 17 (b).
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- Details! of:-the 'jet wake to-be included in the sample calculation
will now-be-iSet up“and thé induced veélocity field determined. Based on
theireférenceé area lSRﬁﬁ=ﬁ 136.8 ft?)‘uséd in reference 5, the fan thrust
coefffcientﬂuﬁdef;consldetation'is Cﬁ = 0:91. From equatlon (17) the
correspénding fan-exit:veldcity ratio based on the fan exit flow area
is 4.7. For this‘'configuration which has a large centerbody, the flow
was assumed to fill the entire area within the duct exit outer diameter.
With'thié correction, the velocity ratio becomes 3.46. From figure 5,
the“length" ofCthtenltlal reglon, lc; is 13.6 R, and the radius, R, of
the wake boundary at the end: of the initial reglon is 1.97 Ry. If we
assume the total length of the jet to be 150 Ro’ the final rad1ds of the
boundary is approximately 9.5 R, as_obtained from figure 4. The engine
has no inciderice ‘with respect to the wing root chord. Thus, assSuming no
downwashoor.sideﬁashfeffeCt,Vthe shape of the jet iS'showh in' the following
sketch. - . 1ﬁ,j;f, <

(Not to scale):

1.72- Ry S L cLTe T )
F—l 36 R —_.l - -(Main Region) -

"(Initial Region)
Engine exit

T~ . . 0%
T\\\N—Engine inlet ~ 7 77 77

A ¥l : .
Deflection of the englne wake due to wing-flap induced downwash and

sidewash is calculated 1n the following manner. The wash veloc1t1es
computed by the wing- flap program w1th no power effects are shown in
Elgure l7(b). The results of figure 17(b) were obtained from the
computer output of_figure 23(a). The points along the wake selected for
computihg the wake deflection‘are the fan inlet (x/Ro iﬂpj’ the fan exit
(1.72), a point below the center of the second flap segment (8.5), the
end of the 1n1t1al reglon (15. 3), and a point 150 R ., downstream of the
fan exit. Note that the 1n1t1a1 reglon extends con51derably downstream

of the flap tralllng edge. ' N

$
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At the first two points, the wake is ef constant radius_equal to
Rb and is undeflected. At the third point, from figufe 17(b), the
induced downwash is about +0.2V ‘and the sidewash is about =0.15V
(outboard under this left wing panel). At this point, from equation (27),
v. /V is 2.64 and, from figure 5, R 'is about 1.5 Rj. When the wash
veloc1t1es are combined with VJ in accordance with equation (28)
(with o = 0), the Wake deflection angles are €, = ~-4.5° and ey = -3.3°.
The coordinates of the wake at this point are obtained by laying out a
straight line from the engine exit'(x/R° = 1.72) to the third point with
slopes in the vertical and horizontal planes equal to the average of the

slopes at the second and third points {or -2.25° and -1, 65°, respectively).

The fourth point (x/R = 15 3) 1s downstream of the region in which
wash velocities were’ calculated. Since the important part of the wake
between x/Ro = 8.5 and 15.3 is that part near the aft flap segment, the
slopes of the wake at x/R = 15.3 are taken as the values at x/R = 8.5,
which values also occur just downstream of the aft flap segment. Thus,
the average values of slopes for the wake centerline segment between 8.5
and 15.3 are the values at either end.

At the last point, the wake is assumed to reach the free stream
direction, so its'slopes are zero. The resulting wake characteristics

are shown in the following table.

Xc /R, . Yer/Ro _ Z‘CL/ Ro 4 ~ 'R/R,. | e(degv .)
o . 0 | S O TR
1.72 ' 0 o 1.0 ;ﬂf' 0
8.5- | =0.2 N -0.3 15 a5
15.3 . -0.6 0.8 - .. 1.97 . . - -a.5
150.0 ‘ -3.0 -5.0 9.5 B R

Note that the coordinates are all relative to a system flxed in the Jet‘
inlet (flg 9(a)) ' '

The input deck for thls wake calculatlon is shown in flgure 25(a)
The -wing and flap control points are input via a data set generated by

the w1ng—flap program and the induced velocity field is output in another.
data set (KOUT = 8) for subsequent use by the wing-flap program (KEI = 8).
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The wing-flap program is now rerun to ohtain the. wing-flap loading
including the effect of the wake-lnduced velocities. The input is -shown.
in figure 21(b) The aerodynamlc parameters 1n the output, figure 23.(b),
reflect the effects of the jet wake 1nterfer1ng on the wing-flap system.
The total llft and moment coeff1c1ents 1n the output must be incremented
by the approprlate contrlbutlon due to engine thrust

' 'Hf. ¢L o =G : + C . sin a
v AT T M eging-flap Wing-flap H '
23 i: ‘0""" + .‘ o : ’ . . : -
s Jthrust . S ? (30)
. e . . engine Cp s
;A -4.)";- - . - C . - = C e + C . . .
m Wing-flap '? Wing-flap _“ Cave o
O T . BEEE o . . ) . J
o thrust . - . S
where Z;nélné‘ 1s the vertlcal coordlnate of the engine centerllne.
‘For thls case, the angle of attack 1s zero. There 1s no increment
in 11ft but the pltchlng moment 1s 1ncreasec (Z = 2.07 ft from

engine
flgure 22(b))

' CONCLUDING REMARKS

Analytical methods have been developed to predict the loading
distribution on an externally-blown jet—augmented wing~flap configuration

i)

of representing a winguof arbitrary sweep, taper, dihedral, camber, and

with a"high- bypass—rati turbofan engine. Two potential flow models

were developed. The first is a nonplanar lifting surface method capable
twist with a large, multiply~slotted, partial or full span flap which

can have large deflection angles. The second is a model of the jet wake
of a turbofan engine which represents the mass flow, momentum, and
‘spreading. rate of a turbulent, coflowing jet and which has the capability
to follcow a curved centerline. These models are used in sequence to
first deflne the flow field beneath the w1ng flap in the absence of.

an engine to locate the jet wake centerline, then predict the flow
field induced by the jet on the wing-flap, and finally calculate the
loading on the wing-flap in the presence of the jet wake. The methods
yield 1ift and pitching moment coefficients for the case of symmetry
about the vertical plane through the root chord. More than one engine
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per semispan can be treated, with the provision that if the engine wakes
overlap, their mutual interference is neglected and their effects are
considered addltlve. ’

Some data are available on lift and pitching moment on w1ng-flap com-
binations with externally blown flaps. With few exceptions, these data do
not include any direct measurements of the flow at the englne ex1t or the
nature of the engine wake spreading. Such data would be useful in checking
computed values of engine exit velocities and 1n understandlng the sprea-
ding and deflection of the wake under the w1ng. Comparlsons between pre-
dicted and measured 1ift and pltchlng moment indicate that the method is
satisfactory for predicting 1lift on externally blown jet-augmented unswept
and swept wings with flap deflection angles up to 30 to 40 degrees. .In
this range, the pitching moment is well predlcted for unswept wings but
underpredicted somewhat (not sufficiently negative) for swept w1ngs. For
flap deflections in excess of 40. degrees, with or w1thout power, the method
begins to overpredict 1lift, due primarily to the onset of flow separatlon
on the flap segments, with overpredictions of 10 to 15 percent at a flap
angle of 60 degrees. The pitching moments are considerably underpredicted
at large flap angles. o

The lift that is obtained through wake-wing-flap.interaetion is sen-
sitive to the position of the wake relative to the wing chord. Calculations
made with and without wake deflection due to the wing-induced downwash and
V sin « upwash indicate significant improvements in the accuracy of pre-
diction with inclusion of the wash effects. Since the Jet augmentatlon
can be modified by changing the location and’ incidence of the englne
relative to the local wing chord, the prediction method offege a;means of
systematically investigating the influence of these two vafiabléé on jet

augmentation.

The single most important factor in increasing the reliability and
utility of the prediction method is the wake position determination. A
systematic investigatioh could be done using existing overall force and
moment data to evaluate the degree of detail required in the wake descrip-
tion, to examine the final velocity field beneath and aft of the wing, -and
to determine the sensitivity of the predicted load distributions to wake
position. Such an investigation would provide considerable insight into
the adequacy of the wake flow model. This work would benefit greatly,
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however, by direct flow field measurements made with an EBF model, where
care is taken to measure éngine'thrust and exit velocity profiles and
possibly load distributions on the flaps as well as the'flow field.

Nielsen Engineering & Research, Inc.
Mountain View, California
February 1972
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ARRANGEMENT OF VORTICES ON THE WING- FLAP S

Calculations were made for a variety of wing-flap ccenfigurations to
‘provide guldance to the user of the program on the arrangement of the
vortices on the w1ng-f¢ao. The spanw1se and chordwise number of Vortices
effect on the predicted aerodynamic¢- forces and moments. ~ As-a brief sumfiary
of the results to be presented the following conditions were 1nvest1gated

R R

i Nom1na1 aspect ratio 3, 5, and 7 untapered w1ngs w1th zero and
C 30—degree sweep and -a flap chord approx1mately half the totaj“

~-_wing-flap- chord. ‘ : oo e e el

_Aspect ratio 3 2 untapered w1ng with 30-degree sweep and ra flap
- chord approx1mately one quarter that of the wing-flap chord. j ‘

Asp ct ratio 3 untapered wing with 30-degree sweep. and a part v
span flap (64 percent) with a chord approxlmately half the total’

. w1ng-flap chord. - » L. ' i

» }Aspect ratio 3.2 untapered wing w1th 30~degree ‘sweep and‘a rlap
. chord approx1mately half the total wing-flap chord and englne i

wake rn*eractlon.

. . 5 . i
At the end of this appendlx some guldelnnes are glven for the: vortex layout,
based on the calculations made. = i - ; R §

! ¥

o . R - A . . - SO R TR .

51

Configurations - B TR

The major part of the work was conducted using the 30~degree-:swept: ;-
wing with triple slotted Flap (Flap:I) of reference 5. This wing . is .not.. -
tapered and.has .a combined flap chord of about: 58 percent of the qombinedw
wing~flap ‘with flap undeflected... The aspect.ratio is 3,2;~the.higher~

aspect ratio cases were.obtained by extending the span an appropriate.:-
-amount. The:unswept configurations have the same flap'anducamber;arrangea
ments. - The part span flap configuration was obtained from-the;:3.2 aspect :
‘ratio- swept -wing-flap by reducing the flap length to .the: inner..64 .percent -
of - the wing ‘span. The smaller flap chord -configuration was-.obtained ;from -
the 3.2 aspect ratio swept wing-flap by extending the wing -chord and T
shortenlng the flap chord so that sthe flap reduced. to a 51ngle flap,segment

wEo . FR T O
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having a chord one-fourth of the total root chord. This flap is uncambered.
All moments are taken about a center located at an X statlon corresponding
to the 62 percent root chord. ’ :

Wlngs w1th Large Flaps

-The flrst set of results, llsted 1n the table below, are those of the
ba51c, .aspect; ratio 3.2,, swept wing with flap deflection angles of 10/20/30
degrees at an angle of attack of 10 degrees.

R VO R . . o . . ..

VORTEX LATTICE, - - | - = =~ ' y N

—— .c... }|...C o |..C,/C c_/c
NCW MSW NCF MSF L s Dy L 1" L

Y I
4 x.8 - 5 x 8 ..3.915 | -1.056. .| 0.0400 | -0.269
4x8 '8 x 8 “2.037 | f1.018 | o0.0402 ‘|- Z0.252
4 x 8" 10x 8¢ |+ 4.053°. |.-1.004- |- .0.0402.. |. -0.248
7x8 |- .8x8 | 4.038 .| --1.028 .| :0.0402- .| -0.255
7x8 ~10-x 8 _ { 4.054 | 1.014 [ 0.0402 . -0.250
4 x 14 5 x 14 3.857 -1.022 0.0410 .| :-0.265
4 x 14 8 x 14 3.977 -0.984 0.0410 -0.248
4 x14 |° 10 x 14 +:|~3.993 . | -0.970 0.0414 | -0.243
7 x 14 | T8 x1a 3.979 -0.994 | ©0.0414 "7 <0.250
4x2 | 5x20 3.831 -1.004 0.0416 | -0.262
4 x 10 5% 12 3.903 -1.049 | 0.0403 | -0.268

Loading Results for an aspect ratio 3.2 swept wing-flap at o = 10°.

The chordwise numbers of vortices (wing/flap) of 4/5 and 7/8 represent
approximately ‘eqial chordwise lengths of the area elemeats over: both' wing
and flap. The 4/8 and -4/10 arrangements represent attempts to get a hi@her
density of €lements on the flap.  The spanwise numbers considered are 8,

14 and 20 elements, all.of: equal spanwise width. For 20 spanwise -elements,
the'largerlnumber’of=chordwise‘elements cannot be run because of size limi-
tations in the program: ‘The:final case'is one 'in which.an 8-spanwise . .
element a~rangement is modified by. dividing eachof the two elements around
the wing mid-semispan: into:halves and each ‘of  the ‘four elements around--the
flap mid-semispan into halves. - The objective is to-determine ‘the: effect

of "locally ‘increasing the spanwise: density of elements in the region on ;-

which an engine wake would impinge.
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The results for C;, Co? and the span load distribution are shown in
figure A-1 for o = 10°. The spanwise variations indicate that the calcu-
lation has .essentially converged with 14 élements. The chordwise varia- ' °
tions-indicate that 4 elements are sufficient‘on the wing; but that 7 or 8
elenients are required on the flap. Figure A-1(b) shows that the flap span-
load distribution has converged with 5 chordwise flap elements;, but the
wing load distribution has not. Thus the additional chordwise elements are
required on' the flap to cause the proper 1nterference to be felt on, the

w1ng. - : S . .. -

LA . LT

simila;,:esultsiare,obtained for the same parameters at. a =0. Theree
are considerably larger. changes as a result of increasing the flap chord-
wise eleménts from 5 to '8, because-the flap ‘is the primary source of lift
in this case, both directly and by its interference on the wing. The
calculated values are shown if the table below.-

NP

VORTEX LATTICE i i
C e c. /C c_/c

NCW MSW NCF MSF L m D" L m L
4 x 8 ‘5 x 8 2.699 -1.227  0.0389 -0.4544
4x8 . 10 x 8 2.852 - -1.170 0.0390 . -0.4103
7x8 8 x 8 2.836 -1.195 0.0390 -0.4212
L4 x 14 5 x 14 2.657 | -1.197 | 0.0400 | -0.4504
P4 0x 14 10 x 14 2.809 -1.140 0.0402 0:4060
.7 x 14 8 x 14 2.793 -1.165 | 0.0401 04171
"4 x 20 . 5 x 20 2.639 -1.182 0.0404 -0.4478
4 x 10 © 5 x 12 2.690 -1.220 0.0392 -0.4530

Loading results for an aspect ratio 3.2 swept wing- flap at o= 0°)

Finally, it can be seen with these results (comparing 4 x.8, 5 x 8
with 4 x 10, 5 x 12) that if one starts with a uniform spanwise arrangement
and divides ‘certain elements to-obtain a locally denser arrangement span- *
wise, the predicted loading is essentially unchanged from that of the
o;iginalipqiﬁorm arrangement., Thus; to improve convergence. by increasing
the spanwise number of vortices,,one must. distribute the increase over: the:
entire span. Conversely, one may judge the convergence of a spanwise
arrangement which is locally more dense from the closest uniform spanw1se

arrangement.
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If the éspect ratio of the basic wing just discussed is increased,

retaining the sweep, taper, and flap characteristics, a very similar

pattern occurs.

Results for aspect ratios of 5 and 7 at wing angles of

attack of 10° are presented in the tables below and in figures A-3 and A-4.

These results indicate that spanwise convergence is obtained with

VORTEX LATTICE . . )
c c_- c. /C c_/¢
NCW MSW NCF MSF L m D;" L m’ "L
4x8 5 x 8 4.556 ©-3.973 0.0259 -0.872
7 x 8 8 x 8 4.700 -4.037 0.0260 -0.857
4 x 14 5 x 14 4.499 -3.899 0.0268" -0.866
7 x 14 8 x 14 4.642 -3.962 0.0269 -0.854
4 x 20 5 x 20 4.473 -3.861 0.0272 -0.862

Loading results for an' aspect ratio

5 swept wing-flap at a = 10°.

VORTEX LATTICE i ) .
. : c c. c. /c c_/c

NCW MSW NCF MSF L m Dy L m" "L

4x 8 5% 8 4.963 -7.698 0.0188 -1.55
4 x 8 8 x 8 ' ’

7 %8 8 x 8 5.121 -7.882 0.0188 -1.54

4 x 14 5 x 14 4.906 -7.577 0.0196 -1.55

4 x 14 8 x 14 : N

7 x 14 8 x 14 5.062 -7.758 0.0197 -1.54

4.x 20 5 x 20 4.881 -7.520 0.0199 -1.54

Loading results for an aspect ratio 7 swept wing-flap at o = 10°.

14 elements and that the ¢h6rdwise density must be higher on the (large)

flap than on the wing to obtain the proper flap-wing interference effects.

The effect of increasing the flap deflection to 20/40/60 degrees with

the basic aépect ratio 3.2 swept wing is shown in the table below and in

figure A-5,

The calculaticns were
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[

Aﬁg}E VORTEX LATTICE I ]
c C C. /C c_/c

ATTACK | now MSW | NCF MSF L omo )} DL m L
0 4 x 14 5 x 14 4.702 | -1.639 | 0.039 -0.348
0 4x14 | 10 x 14 4.856 | -1.590 | 0.039 -0.327
0 7 x 14 8 x 14 4.849 | -1.617° | 0.039 | -0.334
10 - 4 x 14 5 x 14 5.601 | -1.336 | 0.041 | -0.238
10 4 x 14 | 10 x 14 5.730 | -1.293 | '0.041 | -0.226
10 7 x 14 8 x 14 5.726 | -1.319 | o0.041 -0.230

Loadlng results for an aspect ratio 3.2 swept w1ng—f1ap w1th
large flap deflection.

made with’14.s§anwise elemehts and various combinations of chord@ise ele-
ments, since the previous calculations indicated convergence with 14
elements. As was the case for the smaller flap deflection, four spanwise
elements oh the wing are sufficient, but a denser arrangement must be used
~on the flap. ' '

The characteristics of wings of zero sweep angle which are otherwise'
1dentlca1 to the 3.2 aspect ratio swept wing-flap conflguratlon are shown
1n figures A-6, A—7, and A-8 and the tables below for both p° and 10°
angle of attack. ‘

VORTEX LATTICE .
~ - c C : c. /C% c'/C
NCW MSW NCF MSF L mo ] by L m L
4x 8 5x 8 - 3.050 1.841 0.043 0.603
4 x 8 '8 x 8 3.184 2.028 0.043 0.636
7 x 8 8 x 8 3.188 2.021 0.043 0.633
4 x 14 5% 14 3.000 1.810 | 0.044 0.603
4 x 14 8 x 14 .3.133 1.994 0.044 . | 0.636
7 x 14 8 x 14 3.137 1.987 0.044 0.633
4 x 20 5 x 20 2.981 1.797 0.044 0.602

Loading results for an aspect ratio 2.8 unswept wing-flap at o 5‘09.

3
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.VORTEX LATTICE \
. : c, . c c. /¢ c_/c
NCW MSW . | ~NCF MSF L m by" L m "L
4 x.8 5 x 8 5.080 4.198 0.029 ' 0.825
4 x 14 . 5 x 14 5.018 4,145 0.029 0.825
4 x 20 5 x 20 4.990 4,122 0.029 0.825
Loading fesﬁlts for an aspect ratio 4.4 unswept wing-flap aﬁ a = 10°,
' VORTEX LATTICE . . . , -
— c " C ¢, /C c /C. .|
NCW MSW NCF MSF L m D" L w L
4 x 8 ‘5 x 8 5.650 4,766 0.021 0.343
4 x 14 5 x 14 5.593 4.712 0.021 0.843 .. |
4 x 20 5 x 20 5.566 4.689 0.021 0.842
Loading results for an aspect ratio 6.1 unswept wing-flap at a = 10°.

The results for zero sweep are similar to those for 30-degree sweepix1terms
of convergence. The gross force and moment parameters essentially converge
to Within 1 percent with 14 spanwise elements. The (large) flap requlres'
a denser chordw1se spacing than the wing to effect convergence, as is
indicated by the span load distributions.

Wings with Small Flaps

_ A series of calculatlons was made with an aspect ratio 3.2, 30 degrees
sWept, untapered wing having a smaller flap system than the one considered
in the previous section. The flap considered here is a single, full span
flap segment having'a chord equal to 25 pereent of the combined wing-flap
chord with flaps up The flap deflection is 21.5°, which is the mean )
deflectlon angle for the 10/20/30 degrees flap considered previously.
Calculatlons were made for angles of attack of 0 and 10 degrees. All cases
were. run w1th 14 spanw1se vortices. The results are shown in the table

below and in figure A-9.
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AI\BGFIE “VORTEX LATTICE .
?§£3?§ NCW MSW | NCF MSF ‘L Cm CDi/CL“ chm(CL
0 7 x 14 2 x 14 0.838 | -0.309 | 0.073 | -0.369

0 4 x 14 5 x 14 0.839 | -0.305 | 0.073 | -0.361

0 .4 x 14 8 x 14 0.840 | -0.305 | 0.073 -0.363
10 | 7x1a 2x 14 | 1.544 | -0.237 | 0.073 | -0.153
10 Cax14 | 5x 14 1.545 | -0.233 | 0:073 ;0;151

10 4 x 14 8 x 14 1.546 | -0.233 0.073 of~~0.151"

Loading results for an aspect ratio 3.2 swept wing with émali,flap.

; The tabular results and those presented in figure A-9 indicate no
essentlal differences in computed loads between the three cases for- each
angle of attack. The case with'7 chordw1se elements on the wing and 2 on
the flap represents essehtially the same element chordwise length on both
flap and wing, whereas the other two represent denser spacings on the
flap. For this size flap, the uniform spacing along the entire wing-flap

“chord is sufficient to obtain the proper wing-flap interference.
N !

'It should be noted that as the flap chord decreases relative to the
wing chord, the case of a wing alone is approached. In this case, one can
use ?he more extensive calculation presented in reference. 10 as a guide to
the selection of the vortex-lattice arrangement. S

Wings with Part Span Flaps

The method is capable of treating a partial span flap which profrudes
from the wing trailing edge. In order to investigate the effect on the
load distribution of the positions of the trailing legs of the horseshoe

ortices-relative'to the flap tip, some caiculations'Were run for the
basic 30 degree swept, aspect ratio 3.2 w1ng with the 58 percent chord
trlple slotted flap. The flap however was considered to extend only frOﬂ
"the root chord to the 64 percent semispan station. The spanw1se area

.element arrangements of the two vortex conflguratlons are the follow1ng.
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8 chordw15e

%iiﬁﬁtiﬁhcontalns~traillng'legS“of both wing and flap vortices:

A

Vortéx t¥ailing legs' lie- in ‘the ’ 2

trailihgilegs’ lie’ in’ theé' plane of the flap.

= constant plane

‘“The” flap has -
elemérits” and the same’ spanw1se ‘element &ize as the w1ng. Sincé

-at~the-?
The -wing

0': plane, ‘while the flap vortek:+ « = -

-In the case on .the right,*the™

two spanwise elements on the wing near the 64 percent semispan station have

been combined into one element so that no wing vortex legs lie ,in the same

Y plane}as the‘flap tip chord.

5 x 13 andﬁthe flap arrangement, as before,: is an 8 x 9.

The computed results for the span ‘load - dlstrlbutlon at
shown in flgure_
outboard of the flap.r

1%

_10 \.

rence is smallh however,.as shown 1n the follow1ng table

N
; &y
3 -

s

Y

Thus, the wing element arrangement is a

= (0 are

There is a slight dlfference in w1ng loadlng just
The lnfluence on the- overall loadlng of this diffe-

EN

VORTEX LATTICE o . L

: - €. c C, /C c_/c

NCW MSW NCF MSF - L m byt L L
5 x 14 8 x 9 1.757 -0.159 0.061 -0.0904
5 x 13 8 x 9 1.771 -0.162 0.059 -0.0913

Loading results for a low aspect ratio swept wing-flap with

110
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Thus,'the_coincidence’between any Y-plane containing the wing_vortex
trailing legs and the Y-plane containing the‘tip flap vortices is not
important and shbuld not have to be considered. in laying out the vortex
arrangement. v

. Wings with Large Flaps and Engine Wake Aﬁgmentatioh

-~Calculat1085‘we;é made for'the.basic 30. degree swept, ‘aspect ratio
3.2 untapered wing with the 58 percent chord flap deflected 10/20/30 degrees
with engine wake impingemenf. The purbose of thesé'ca;qnlationsiis to
investigate the sensitivity of the wake-induced loadings to. the size and
layout of the area elements on which the engine wake impinges.n:The basic
case is a lattice layout employing 8 spanwise elements on the wing and
flap, 4 chordwise elements on the wing and 5 éhordwise_elementsﬁon.the flap.
This arrangement -was perturbed by dividing sets of elements.spanwise into _
halves near the mid-semispan location, under which the engine wake center-
line is assumed to lie, in accordance with the following.sketches. The -
first case is the uniform spanwise arrangement, the second has 2 additional
elements on the wing and 4 on the flap, and.thé.third case has 5 additionél
on the flap. The engine:thrust coefficient (for one engine) was ﬁaken to.

¢
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be 0.9, a reiatively high thrust level. The force and moment results for
o = 10° are given in the following table.

LATTICE ARRANGEMENT

NCW MSW | NCF msF S ‘L “m cDi/Ci “n’CL
4 x 8 5 x 8 o | 3.015 | -1.056 0.040 | -0.269
4 x 10 5 x 12 0 ©3.903 -1.049 0.040 - | -0.268
4 % 10 8x12 | o0 4.025 -1.011 0.041 -0.251
4x10 | 8x 17 0 4.021 -1,007 0.041 -0.250
4 x8 5 x 8 0.9 5.853 -2.869 0.037 -0.490
4 x 10 5 x 12 0.9 | 5.567 -2.744 0.029 -0.493
4x10 | 8x12 0.9 5.675 ~2.640 | 0.040 -0.465
4 x 10 8 x 17 0.9 - | 5.726 -2.718 0.040 -0.473

Loading results for an aspect ratio 3.2 swept wing-flap at
o = 10° with engine wake inpingement.

The forces and moments for c, = 0.9 do n?t include the direct contributidn
of engine thrust. The tabulated results indicate a considerably larger
effect in going from 5 to 8 chordwise elements on the flap than .in iﬁcreasf
ing the spanwise number on the flap from 12 to 17 without wake augméntatioh,
as was the case in previous:calculations. With wake augmentation;. increases

in both spanwise and chordwise number on the flap cause comparable changes
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in 1ift and moment. With waké augmentation, it would not appear necessary
to employ any greater a numhef of elements chordwise and spanwise than is
necessary to achieve ccnvergence without wake augmentation, insofar as lift
is concerned. The moment is moré‘sensitive to spanwise number, at least
for swept wlngs, and might require a locally denser arrangement on the flap.

The span loading distributions for these cases are shown in figure A-11.
'Figure A-11(a) shows a comparison of the four 1att1ce arrangements for
Cu = 0. As was indicated previously, the lattlce varlatlon has essentially
no influence on the flap loading, but the larger;chordW1se number shows
‘slightly higher induced loadings on the wing. fcrmthe case of engine
thrust, figure A-11(b), the span loadlng results are aqaln very similar on
the flap.A The major effect on the w1ng 1s caused by 1ncreased chordw1se
number of vortices, with little effect due to addlng spanw1se Vortlces. "The
effect of engine wake augmentation for the largest number of vortices is
;shown in figure A-11(c). The flap loading'is greatly increased in. the ~
reglon of direct impingement and slightly increased both lnboard and out- .
board of.the impingement region. The wing loading is 1ncreased over the
'entire.span, with‘the greatest increments occurring somewhat cutbcard of {
-the 50 ?ercent’semispan station due.to wing sweep.

t
i

+t .- 7 Recommended Procedure for Vortex Arrangement

.« -

: . "The following'comments are offered with respect té selecting. a vortex
arrangement for a wing-flap configuration based on. the results of. the

‘calculatioﬁs described above and the results of reference 10.
. 1

Spanw1se number . - Convergence on the four gross aerodynamlc propertles

examlned (C ém’ CDi/CL’ Cm/CL) to within about one percent was obtained
:u51ng 14 equally spaced elements on the semispan for nominal aspect ratios
from 3 to 7 and sweep angles of 0 and 30 degrees and untapered planforms.

The results of reference 10 indicate faster convergence as the. taper ratio
decreases. Thus, it is suggested that the spanwise number not exceed 14

equally spaced elements. It is noted that if an unequal spanw1se spac1ng
is employed to create a locally denser 'spacing, the degree. .0f convergence

mshqulq be assessed,by the nearest equally spaced arrangement. . .

sorzowChordwise number:-' The choice- of chordwise arrangement-depends prin-

wrecipally on- the flap size. For a flap whose chord is:-one-quarter’or less

than. that'of the combined wing-flap, the wing-flap mutual interference and
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the gross loading characteristics are adequately predicted by an equal
spacing on the wing and flap. ‘The convergence then depends on the totél
number of elements on the wing-flap. The results of reference 10 for a
wing alone indicate very small differences between 4 and 6 elements. There
éhouldL of course, always be at ‘least one row on the flap. 1If more chord-
wise definition of the flap loading is desired, .additional elements can be
placed on the flap without affecting the gross loadiﬁg, ‘

For a flap whose chord is greater than one-quarter that of the combined
wing-flap, it is necessary to have more chordwise elements on the flépAthan
on the wing to properly model the wing-flap mutual interference. It is
suggested that twice as many elements be used on the flaps as on the wing.

The wing-flap aépect ratio, sweep, taper, and flap deflection'angle
appear to have little influence on convergence and:generally need not be

considered.

Other considerations.- One coﬁsideration tha£ deserves comment is the

effect on calculated loadings of the element arrangement in the redion(s)
of engine wake impingement. Small vertical and/or lateral changes}in the

4 éngine wake centerline can cause the wake to "cover" or "uncover" area
elements which can produce unrealistic discrete changes in wake-induced
loading. Calculated results indicate, however, that if a sufficient number
of uniformly -spaced elements both chordwise ahd spanwise are used to achieve
éonvergence.on engine-off characteristics, the element sizes will be suffi-
ciently small that the results will not be unduly influenced by chénges in
Qake centerline location, at least for wings of low sweep. At 1a£§er.éﬁeép
éngles, the pitching moment appears sensitive to the spanwise number on the
flap, and it may be desirable to have a locally denser spanwise arrangement

in the region of wake impingement on the flap.

Finally, the end effects due tb‘part-span flaps do hoé-appeéf to be
sensitive to the precise arrangement of area elements in the spanwise

region of the flap tip.
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Flgure 5.~ Characterlstlcs of the 1n1t1al
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Figure 12.- Pressure distribution at n = 0.46 on a 35°

swept wing with deflected partial span flap.
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\
Item No.

1:
(1 card)

Item No.

L1=00
TALK
Data

Format (20R4), any alphabetic or numeric information
Column NO.
Program Variable

+

2: Format (2P5.1,315), decimal point required in first two variables
(1 card)
Column NO. 2 el D 20 25
Program Variable C MMM MFLAP MFS PEC
Data
Item No. 3: Format (8F10.5), decimal point required
(1 card)
Column No. 10] - 20 30 40 sol 3
Program Variable PSIWLE PSIWTE CRW SSPAN PHID
Data 1\
Item No. 4: Format (8F10.5), decimal point required
{1 catd)
Column No. 10 20 30 40 50 60 )
Program variable | PSIFLE PSIFTE CRF FSSPAN XF ZF P
Data
Note: 1If MFLAP = 0 (see item 2}, insert blank card for this
item.
Item No. 5: Format (715)
{1 card)
Column No. 5 10 15 20
Program Variable NCW MSW NCF MSF
pata
Item No, é: Format (8Fl0.5), decimal point required
(> 1 card) {1)
Column No. 10 20 30 40 50 60 70 80
Program Variable Y(1) Y (2) Y{3) Y{4) Y (5) Y (6) Y(7) Y(8) -
. Data 0.0
(2)
Column No. 10 20 30 40 50 60 70 80
Program Variable Y (9) Y (10) Y(11) . Y (IMAX)
Data A
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Figure 19,- Input format for wing-flap program.
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Item No. 12: Format (1F10.5, 2110, F10.5S), decimal point required in first
(1 card) variable.

Column No. 10, 20 30 401 ¢
Program Variable DELD KEI KCP NRHS B!
Data j K¢
Item No. 13: Format (F10.5)
/
Column No. 10 {
Program Variable ALPHAD j
Data t °
Item No. 14 (option): Format (3E13.6)
(> 1 card) (1)
Column No. 13 2 - 39| ¢
Program Variable UET (1) VEI (1) WEI (1) }
Data 3
Note:

These quantities are read in via cards as shown’
here when KEI = 5 (see item 12}; if KEI

=0
or KEI = 8, omit this item.
(2)
) Column No. 13 2 39] ¢
Program Variable UEXI{(2) VEI (2) WEY (2)
Data
(M)
Column No. 13 2] 39] ¢
Program Variable UEI (M) VEI (M) WEI (M)
Data .
Note: If MFLAP = O (see item 2) this is the last card ‘
) in this item; if MFLAP = 1, more cards follow.
> .
(M+1)
Column No. 13 26, 39l ¢
Program Variable | UET (M+1) VEI (M+1) WEL (M+1) )
Data .
- (M+2) N )
Column No. 13 26, 3ol } :
Program Variable | UEI(M+2) | VEI (M+2) WET (M+2) {
Data
(M+MF)
. Column No. 13 26 39l 7
Program Variable | UEI (M+MF) | VEL(M+MF) | WEI(M+MF) |3
Data i %

Figure 19.- Concluded.
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Mean surface at some spanwise station

/—-Mean surface tangent at P

Local chord projected in
—{— wing chordal plane

ontrol point in
wing chordal plane 9%

\L—-Wing root chord

(a) Mean surface detail for a wing with
camber, twist, and dihedral.

Wing mean surface .
e ———— Flap mean surface
- - ‘7'
~ ~7

e

S Sl ——  ——— —— —— — —

N\ SINGLE FLAP

\\— Wing root chord-

Flap root chord—~

Control point in
flap chordal plane

Wing mean surface
———‘——_—__**/

Flap component—\
43ean surfaces,

—

" ——]

Wing root chord

Idealized flap-——//
. root chord

Control point in
idealized flap chordal
plane

(b) Mean surface detail for wing-flap combinations shown
for a rectangular-untwisted wing with dihedral.

Figure 20.- Definitions of local angles ag and 69.
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SWEPT WING» FLAP I (NASA TMX

100 ,1.0
30,0 -
30,0
4 20
060
'5.800.
11,600
0,0
54800
11,600
=656 .
-0.0568
-0.0568
-0,0568
-0,0568
‘000568
~0,0568
-0,0568
-0.,0568
‘000568
. =0,0568
-0.,0568
‘0.0568
-0.0568
-0.,0568
~sN568
-es0564°
~o0568
-.Qﬁsg
~+NEKQ
-+ 0662
-0,1736
-0.1776
=N.1734
-0e,1736
=~N.1736
~-Ne17736
-Nya1736
-Nel 736
’001716
~-0.1736
-T.1736
=0.173¢
~Na1734
-Ce1736
-D.1716
-0.1715
~0.1736
-N,1736

'701716

={1,1735
- .70
3479
~5470
-T7.70
-9,70
-11.70
=12,70
=15.70
218
0,0

8 1
3040
30,0

5 20

04725
64525
124325
0,725
64525
124325
0.0
~0.0295
-040295
-N+0295
-040295
~0,4,0295
-0,0295%
-0,0295
-040295
-040295
-0.0295
-040295
-0.0295
~040295
‘000295
-¢0295
~¢0295
'10295
‘00295
-,02058
‘UOZQQ
-0.0226%
=0402265
-0.02265
-0.02265
-0e02265
~-0eN2265
~-Ne02265
=0402265
~N.02265
~002265%
~0402265
-0.02265
~-0e02265
-0602265

-0e02265 -

~0.072265
-0402255
~0,02265
-N,027265
-0,02265
-7425
-7425
~7425
-7e25
-7025
~7425
-7-25
~7425

1
3,75
54575

14450
74250
13,050
1,450
7250
13.050
0.0
-0.0104
~0.0104
~0,0104
-0,0104
~0.,0104
~0.,0104
-0,0104
-0,010¢4
'0.0104
-0,0104
-0,0104
~0.0104
~0.0104
-0.010&
‘00104
‘-0104
-eN104
fQOIOA
-.N104
-+0104
-0.02265
-0,02265
-0,02265
-0.02265

~0,02265"

~0,02265
-0,02265
-0,02265
=0,0226%
-0,02265
-0,02265
-0402265
-0,02265
~0.02265
f0j92265
-0,02255
-0,02265
~-0,02265
-0,02265
-0,02265
207

2407

2,07

2407

2407

~2407
2407

2.07

R 4

Figure 21(a).~ Input deck for wing-flap -
program, power off.

62079) FLAP ANGLE =

14,50
14,50

261757

70915'

13,775
24175 -
7.975
13,775

0.0065
0.0065
0,0065
0.0065

0,0065

0,0065
0,0065
0,0065
0.,0065
0.0065
0,0065
0.0065
0.0065
0.0065
«0n65
«0065
«0065
D065
« 0045
«N065
C.1285
041285
041285
0.1285
0,1285
041285
0,1285
041285
0,1285
041285

0.,1285"

0.1285
041285
0.1285
0.1285
0,1285

0.1285.

0.,1285
0,1285
0.,1285

0.0

‘=4,4,00

24900
8.700
14,500
24900
84700
144500

- 041285

061285
041285
01285
041285
041285
0.1285
0.1285
0,1285
0,1285
0,1285
041285
041285
0.1285
0.1285
041285
01285
0.1285
041285

0.1285

10/20/30sALPHA= O»

-0.0683

34625
94425

34625

44350
10.150

44350 °

10.150

NO JET

54,075
10.875

5075
10.875
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SWEPT WINGs FLAP' 1 (NASA TMX 62079) . FLAP ANGLE =
A )

1.0 1.0 8 1
30.0 30,0 -
0,0 3040
4 20 5 .20
0.0 0725
R RB0D £e52%
11600 174325
0,0 0,725
5.800 64525
114600 124325 -
~6456 " 0.0
-0,0868 ~-0,0295
-0,0568 -N4,0295
-N.0568 -NeN295
~NeN568 -0,0295
-0, 0868 ~N,0265
-N,0848 ~Ne0205
=0,084K8 -n,0295
=NyNEAB -N,0205
=0,0848 -0,0295%
~0,0864R 2040295
~04NR58 ~0,0295
-0,0868 -0.0295
~NeNBKB -Ne 0295
-0,0568 ~0.0295
~eN568 -eN295°
~e0N5568 -e0295
-.0568 -.0295
LYY -6 0255
-+ NBAR -,0295°
~.0668  -,0208%
=N 1724 =N4,027265
-N.1726A ~0,C02265
-0.1726  =N,5027265
-0e17264 -0,02265
-0.1736 ~0,32265
~0e1736  -N40D2265
-N,1736 -0 4,02265
~051736 -Ne02265
=Na1 734 -N.027265%
-0 1734 =0,02265
~Ng1736 ~-"4 02?265
—(‘0171A —0.0?7{’5‘
-Ce1724 —0,02755
-Ng1776 -0402265
L=Ne1TRA -0,02265%
-0.,1726 -N402265
-0e1736 -n.02265
=0.1726 -0,02265
-N.1736 =NeD2265°
-N,1736 -NeD27265
—].7(, —7.25
-2,70 -7425
~5,77 '=7.25
=T,70 ~7425 -
-9,70 -7425
-11.7C ~-7425
-13.7C =7.25
-15470 -7425
7145 . R

0.0

166

3,75 14450
54575 14450
14450 2.175°
7.750 Ta97%

13,050 13,775
1.450 2.175
76250 Te975

13,050 134775
0.0 ‘

-0,0104 00,0065
-0,0104 . C,0065

040
-4,00
24900
84700
14,500
2.900
84700
14-590:

=0.N0104  0,0065
-0,0104 0,0065
-0.0104 000065
-0.0104 0.0065 ..
~0,0104 0.0065
-0,0104 0.0065
-0.0104 0.0065
-0.01064. 0.0065
-0,0104 0.,0065
-0,0104 0,0065
-0,0104 0,0065
040104 0,0065
-.0104 - L0065
=eN104- «0065
<.0104* L0065
-inIns D065
~eN104’ «0065
-.N104 <0065

~N,02265 04,1285 .-

~0,02265 2.1285
-04N2265 041285
-0,02265 20,1285
-0.02265 U.1285
-0.02265 N.1285
-0.0N2265 Ni1285
-0.02265 " 0,1285

-0,02265  0.1285,
~0,02265 0,1285 .

~0.N2265 ' - 0,1285
-N,N2265 0,1285
~04027245 N,128%

-0.02265 C,1285 -7

-0.,02265 041285
-0,02265 0.1285
-0.02265 N0.1285
-0,02265 0.,1285
-0.02265 0.,1285
~0.02265 [£,1285
2.07 -
2407
207
2.07
2.07
2.07
2407
2.07 .
0

~

110/20/30ALPHA= 05 C(MU)=0.9

-0.0683

34625
Deb25

24625
94475

.,

041785

041285

041285
0.1285
0.1285
‘0e1285
061285
0.1285
0.1285
0,1285

“0.1285 .

0.1785
041785
0.1285
041285
041285
041285

0.1285.
0.1285

0.1285

1

~Figu}:e-21(b),- Input deck for wing-flap
- program, power on. '

44350
10.150

44350

10150

5.075

© 10875

5075
10875
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SWEPT WING, FLAP 1 (NASA TMX 620791 FLAP ANGLE = 10/20/304ALPHA=. (Q,

-

GEOMETRY UATA

W ING FLAP
LE SWEEP,ukGe 50,0000 30.0000 -
TE SWEEP,DEG. 30.0000 ' 30.0000
UIHEDRAL } GEG. 0.0000 :
CHGKD AT wWING RUGT 3.7500 5,5750
SEMISPAN 14,5000 14.5000
CHURDWISE. VCRTICES . A ' 5
SPANWISE VUKTILES <0 0
COUKDS. GF RGGTCHURD NUSE UF .FLAP EXTENDED TU PLANE GF svmmarnv
x .
-4.,0000
UNDEFLECTED FLAP INBLARL SPAN 0.6U00 :
UNDEFLECTci FLAP GUTBUARD SPAN 14,5000
« X v A
PITCHING WLMENT CERTER -6.5¢00  0.0000
FLAF ANGLE 3 LELUYUEG 21.5000. . .
CALC. STREAMAISE FLAP ANGLE »DLXO,UEG. . 16.8304
FLUn CUNDITIONS FUR CASE &
ENGLE OF ATTALR,ALFHA 4DEG. - . ” 0.000V

Figure 23(a),.,~ Output from wing- flap
program, power off,
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L

-0 OOBJ

L R Y

0. 0000

NO JET



TN

CONTRGL PblﬁT CUURDINATES AND SLGPES EXTERNALLY INDUCED VELOCITiES
) MEAN SURFACE

J X Y z SLOPE J/v v/v w/V
ING CUNTRUL PUINTS
1 -U,91z¢4 ~Ue2625 -0.06000  =-0.0568 0.00000 ©.00000 0.C0000
2 ~1 0659 -0e3025 -0.00U00 -0.0295 V00000 000000 0.C0000
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B HORSE SHOE VORTEX CHARACTERISTICS .
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36 - —6.6046 -6e1625 -0.0000 "30.0000 0.3625 V.4537. - 2
37 =4.2109 ~0.8875 .=0.0000  30.0000 0e 3625 S~ 0.7014. -
38 - =5.1484 -6.8875% ' ~0.0000 3040000 0.3625 . 0.4911
39 -6.0859 ~6.8875 =0.0000 30.0000 0e3645 o .. 0.4006 .~ .
40 =7.0e3% -~6.8875 -0.0000 30.0000  0.3625 . 0.4504
41 =4.6295 =7+6145 -+ =0.0000 30.0000 ' 0.3625 - .. 0.7079
4¢ : =5.5670 =7.6125 =0.0000 30.0000. 0.3625 : .. 0.4906 |
43 -6.5065 “T.6145 . .=0.0000 30.0000 ° Q.3645 © oL Ue4BT2 .
44 -7.4420 -Te6l¢5 .=0.0G00  30.0000 03625, Lt Ue4452
45  ~5.048u 843575 =0.0000 30.0000 - 043625 R 07090
4¢  =5.9855 -8.3375% . -0.0600 30.0000 .0.3625 T U481
47 | =6.9230 ~8.5375 ~0.0000 ° 30.0000 03625 ' 0.4512
46  =T.860%° -6.3575 ~0.0000 30.0000 - 0.3625 : . 0.4380
S49 T =5.4€66  —9.U0625 =0l 000U 30.00U0 . 0.3625 oo 0.7045
50 -6.4041 ~9.0625 - -0.0000 30.0000  0.3625 . 0.4802
51 =T.34l10 540625 ~ -040000 30.0000 0¢3625 04424
52 =8.27¢1 ~9.0625 ~040000 30.0000 043625 . . 0,4282
"S3° =9.885. -9.7875 ~=-0.0000 30.0000 U.3625 .. 0.6940
54 . ~6.8227 -9« 1875 ~0.0000 30.0000° 0.3625 . 00,4694,
55  =7.7602 -9.7675 -Q0.0000 30.0000 03625 0.4301,
56 -8.6977 ~9.7875 ~U.0000 30.0000 0.3625- . B 0.4152
57 ~6.3030 -—1045125 -0.0000 30.0000 0.3625 . L. 0.6765.
56 =Ta.c4ls =10.51c5 =0.0000 30.0000 ~ 0.3625 . 0.4540°
59  -B.1T788 -lU.5125 ~G.0000 30.0000 063625 « .+ 0e4133

60 . -9.1163 <-10.5125 =0.0000. - 30.0000 = 0.3625 L u.3982 -
‘ ' Figure 23(a).- Cohtinued B
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AZROUYNAMIC LUADING RESULTS FUR ALPHA =  0.00000 DEG.
: WING LIFT CLEFFICIENT FLAP LIFT COcFFICIENT
) 0.5808 ; ’ L.0580
TuTAL LIFT COEFFICIENT,CL PITCHING MUMcNT COEFFICIENT LM
Z.6388 -1e1817

1 .

5 . . REFEKENCE WGUANTIT1ES

- AING SPAusbL nWING PLANFURM AREA, SREF WINL AVE .CHORDyCAVE
29,0000 L08.7500 3.7500

SPANWISE LUAD DISTRIBUTION

STATION Y/(B/2) LUCAL CHURD,C cL*C/CL=Cavi . CL*C/(2%8)
L WING ) ‘
" CeUL3Y . 3.7500 v.b09L 9.u513
2 UeUT50 3.7500 : 08548 0.0561
5 Cedc5V 547500 0.9530 0.0604 -
R Cal?5u 3.7500 1.0037 U.u640
- Ueded0 3.7500 1.0556 U.ube9
.o Cec?50 3.7500 1.0918 | 0.0692
Ay Ue3cdu 347500 1.1193 0.u710
&, Us750 .. 3.7500 . lel390 o VeuT22
5 C.4c50 3.7500 L.1515 V.0T730
i0 Ue4T30 347500 Lel5Ti V.U734
1L Ce5:50 © 3.7500 Led357 ©0.0733
i Je3750 T 5.7%0v lel1470 . ¢ { 0.u727
VI Uetc50 : 3.7500 141305 : 0.0717
14 Ce6750 347500 1.1045 0.u700
L5 Ce7.50 347500 - . . Le0bT8 0.u677
15 CaT750 3.7500 10170 Ueut45
it UaBc50 3.7500 U.9476 0.0601
ig - Ge8750 3.7500 U.8513 0.0u540
N Ce9250 3.7500 K 0.7129 . 0.U452
<y Ue5750 3.750v Ue4951 0.0314
. FLAP .
" Uelch4 5.5750 1.U905 . 0.1169
- C.0T03 . 5.5£750 1.1073 ve1187
3 Ued2Te 55750 1.1186 0.1199
4 C.i700 5.575u leized . 0.i2C4
S5 Celet9 5.5750 loi2e3 : 0.1203
o Uec?57 5.5750 tel186 ‘Uel19¢
7 C.3506 545750 l.l126 041193
3 Ue3515 545759 1.1046 , UellB4
< Ged3es 5.5750 . 1.0947 Ueil73
[SU Gedb3z ’ 5.5750 10627 . Jerlbl -
11 05540 5.5750 1.0682 0. 1145
1l C.5849 . 5.5750 10507 0.1126
13 Ueb558 - 5.5750 1.0295 0.1104
14 C.6060 5.5750 1.0035 . U.1076
i3 C.7375 5.5750 0.9713 . 0.1041
lo C.7d83 5.5750 | U.9303 J.0957 .
L7 L8592 5.5750 ¢ U.8767 0.u940
18 UeB901 5.5750 0.8029 ' 0.0861
i3 C.9409 £.5750 0.6922 0.0742 - '
.20 L.5918 " 5.3750 J.5001 : 0.0536 *
CMyW ING LMyFLAP COynING | COsFLAP | co Co/CLxCL
Ue26375 ~L.44541 -0.07606 0.35821 U.26155 0.04043

Figure 23(a).- Continued
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X A A T 72 TN 7 2 R VA"
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=9.70006  =T..500 240700 0423905 =0.15162 0410427
-11.7000 -7.250u 240700 Ue23202 =Ual60GLl0  0.23445
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SWEPT WING, FLAP 1 (NASA TMX 62079) FLAP ANGLE = 10/20/30.ALRHA- 0y C{MUI=0.9

.

GEOMETRY DATA

_ MING FLAP
 LE SWEEP,DEGe 30.0000 - 30,0000
Tt SWLEP,DEG. - . 30.0000 30.0000
DIHEDRAL 4 DEG. 0.0000-
CHORD AT WING ROOT 3.7500 5.5750
StMISPAN 14,5000 14,5000
. CHNRDWISE VORTICES . O
SPANWISE VORTICES 20, : 20
COORDS. NF ROOTCHORD NOSE OF -FLAP EXTENDED TO PLANE OF SYMMETRY
» X o , z
LRI 't Lo : = e -_- -4.0000 R . "0.0683 i
UNCL LFCTED FLAP INBOARD SPAN: . 0.0000 , ‘ o
UNDLFL'CTPD FLAP OUTBOARD 'SPAN -+ 14.5000 * ~- A e -
o o Cow . Lt
‘u v 1.
. o : - . X SO SR T
PITCHING MOMENT CENTER . . =6.5600 " . 0.0000 . 0.0000
FLAP ANGLE,DELD,Di‘Ge. 21.5000" - -
CALC. STRLAMWISE FLAP ANGLE,DLXD,DEG. . 1848364 . - -

FLCW COMDITIONS FOR. CASE 1 -

ANGLE OF ATTACK,ALPHA  4DEG. L © . 0.0000° v

i S o : )
SOURCE OF EXTERNALLY INDUCZD VELOCITIES, - ALPHA=0 DEGREES , C{(MU)=0.9

N,

. : #:: 'g{
Figure 23(bi Output from w1ng-f1ap

. program, with power.
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T

CONTRUL POINT COORDINATES AND SLOPES EXTERNALLY INOUCED VELOCITIES
MEAN SURFACE ’
J X Y 2 . SLOPE u/sv 1Al W/v

WING CONTROL POINTS

1 -0.9124 -~0.3628 ~-0.0000 ~0.0568 -0.00204 =0.02287 0.006%0
-1.8499% ~0.3625 =0.0000 =0.0295 : -0.00016 =-0.02206 @ 0.00644
3 -2.7874 ~0.3625 =0.0000 ~0.0104 0.00121 -0.02087 0.00625
4 =3,7249% ~0.,3628 =-0.0000 0.0065 0.00209 =~0.01954 0.00581
5 -1.3310 -1.,0878 -0.0000 -0,0568 =0.0003« <~0.02617 - 0.00882
6 . =2.2688% ‘1.0875 =-0.0000 -0.0295 0.00165 ‘0.02457 0.00826
7 -3.2060 ~1.0875% -0.0000 =0.0104 * 000287 ~0.02272 0.00759
8 =441435 -1.0875 ~-0.0000 0.0065 0.00349 -0.02096 0.00692
9 ~1le7496 -1.812% =0.0000 =0.0568 0.00223 -~0.029%53 0.01128
100 =-2.5371 ~1.6125 =0.0000 =0.0295 - 0.00402 =0.02687 . 0.01023.
11 =3.6246 -1.812% -0. 0000 =0.0104 0.00480 -0.02432 000917
12 ~4.5621 -1.8125 =0.0000 0.0065 0.00497 -0.02219 0.00823
13  =-2.1681 ~2+5378 -0.0000 -0.0568 0.00574 =0.03245 0.01430
14 ~-3.1056 -2.,5375 -0.0000 ~0.0295 - 0.0068Q0 -0,02863 0.01253
15 -4.063] -2.5375 -0,0000 -0.0104 0.00680 -0,02553 0.01101
16 ~4.9806 -2.5375 ~ 040000 0.0063 0.00636 ~-0.02321 ° 0.00977
17 =2.5867 -3.2625 -0.0000 -0.0568 . 000998 =-0.0342% 0.01777
18 ~3.5242" -3.2625 -0.0000 -0.0295 0.009¢3 -0,02953 0.01513
19 -4 44617 ~3.2625 =-0.0000 ~0.0104% 0.0Q857 ~0.02626 0.0131¢
20 ~543992 = -3,2625 -0.0000 0.0065 0.00745 -0.02410 0.01164%
21 -3.0053 ~3.9875 -0.0000 -0.0568 0.01416 -0.03421 0.02147
22 =3.7428 ~3,987% -0.0000 -0.,0295 0.01191 =~0.02943 0.01804
23 ~4.5803 -3,9875 -0.0000 -0.0104 0.00972 -0.02661 0.01569
2% ~5.3178 -3.,9875 ~0.0000 0.0065 0.00803 =-0.02502" .  0.01402
25 =-3.%239 =4.7125 ~0.0000 -0.0568 0.01709 -0.03221 . 0.02521
26 ~-4.3514 -4.7125 ~-0.0000 -0.0295 0.01299 =~0,02853 0.02136 .
217 ~-5.2989 447125 -0.0000 ~-0.0104 0.00993 -0.02684% 0.01896
28 ~6.23064 ~4.7125 -0.0000 0.0065 0. 00790 =~0.02624 0.0173¢
29 -3,3425% -5.4375 -0.0000 -0.0568 0.01769 ~0.02886 .. 0.02905
30 ~4.7€00 ~5.4375  -0.0000 -0.0295 0.01243 -0.02729. 0.02552
31 ~5.7178% -5+4375 -0.0000 -0.0104 0.00899 =0.02721".i: 0.023¢9
32 ~646550 -£e4375 - 0.0000 0.0065 0.006%4 -~0.02788 °.0.02260
33 -4 42610 ~6.1625 -0.0000 =-0.0568 0.01568 =0.02522'. 0.03404
34 -5.1585 ~6e1625 ~0.0000 -0.,0295 0.01020 -0.02532 003204
35 -6.1360 ~6.1625 -0.0000 -0.010% - 0.00692 -0,02719 - 0.03146
36 -7.0735 -6,1625 =0.0000 0.0065 0.00517 -0.02895%" -'0.03155
37 - —%e6T796 ~6.8875 ~0.0000 ~0.0568 0.01195 ~-0.01994 .0.04232
38 =-5.0171 -6.8875 -0.0000 ~040295 0.00722 ~0.02139.::..0.04234
39 —6e 5546 -6.8875 -0.0000 -0.0104 0300428 -0.,02308 * 0.04347
40 ~T e2921 ~6.8875 ~ -0.0000 0.0065 © 000305 =-0,02501 - 0.0t513
41 ~-5.0982 ~-T«£125 -0.0000 -0.0568 0.00859 -0.00759° 0.0512%
£2 -6.0357 —T«6125 -0.0000 - 00295 0.00459 -0.00849:. 0,05234
43 -6.,9732 =7.6125 -0.0000 ~-0.0104 0.00246 -0.00938 0.05436
44 -7.9107 ~7.6125 -0.0000 . 0.0055 0.00148 -0.01052 0.05688
5 -5.5168 -843375 ~0.0000 -0.0568 0.00620 0.00972 0.05135
46 -6.4543 -843375 -0.0000 -0.0295 0.00326. 0.00941 0.05238
47 -7.3918 -8.3375 ~-0.0000 -0. 0104 0.00155 0.00925 - 0.054¢20
48 -8.3293 -8.3375 -0.0000 0.0065 0.00093 0.00885 0.05659
49 ~5493354 -9.0625 -0.0000 -0.0568 0.00459 0.0220% 0.04268
50 -6.8729 -9.0625 ~0.0000 -0.,0295 0. 00243 0,02189 0.04334%
51 -7.8104 ~9. 0625 -0.0000 -0.0104 0.00116 0.02195 0.04464
52 -B.7479 -9.0625 =0.0000 0.0065 ) 0.00080 0.02181 0.04652
£3 - =643539 -9.,7875 -0.0000 ~-0.0568 0.00336 - - 0.02699 0+03236
> -T.2914 -9.,7875 -0.0000 -0.0295 0.00187 ~ 0.02679 0.03276
55 -8.228% ~2.,7875 -0.0000 -0.0104 0.000%2 - 0.02679 0.03367
56 -9.1664 ~G5,7875 ~0.0000 0.0065 0.00065 0.02665 J.03508
57 -6.7725 ~-10.5125 -0.0000 -0.0569 0.00239 0. 02746 0.02399

Figure 23(b) .- Continued.
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-8.3861

$8 ~T7.7100 -10.5125
59 =8.6475 -10.512%
60 -9.5850 -10-5125
61 =7T.1911 -11.2375
62 ~8.1286 '1102375
63 ~=9.0661 -11.2378
64 =10.0036 -11.2375
65 -7.6097 -11.9625
66  =8.5472 ~11.9625
67T = =9.4847 =11.9625 -
68 =10.4222 ~-11.9625
69 ~8.0282 -12.6878
70 ~8.9657 -12.6875
71 -9.9032 -12.6875%
72 -10.8407 -12.6875
73 ~8.4468 -13.4125
74 -9.,3843 -13.4125
75 -10.3218 -13.4125
76 =-11.2593 ~13.4125
17 ~B8.8654 -14,1375
78 ~9.8029 . -14.1375
79 =10.7404 - -14,1375
80 ~11.6779 ~14.1375
FLAP CONTROL POINTS
81 -5.0008 ~043625
52 =6.0550 ~0.3625
83 ~7.1113 ~0.3625
B4 -B.1666 ~0.3625
45 -9.2219 ~ 0. 362%
B5 -35.2193  ~1.0875
87 6o~ T4b ~1.087¢
88 ~T <5295 ~1.08175
89 ~8.5852 -1.0875
90 ~9.6405 ~1.0875
91 -5.8379 ~1.812%
92 ~6.8932 - 1.8125
93 ~T7.7485 ~1.8125
2. . -9,0038 ~1.8125
0957 -10.0590  ~1.6125
1) =~6e2565. -245375
37 -7.3118 ~2.537%
98 ~843671 -2.5375
S9 “~9.4223 “205375
100 ~10.¢:7786 ~2.5375
101 —betaT51 -3.,2625
102 -T.730¢« ~3.262%
103 -B8.7856 ~3,2625
104 -2.39409 ~34262%
105 -10.%762 ~3.2625
106 740336 ~3,9871¢
107 -8 .1 269 ~3.9875
108 -3.2062 ~3.9875
110 -1l.3148 -3.9875
111 ~T.%122. ~497125
112 =8.5575 ~-4,7125
113 ~9.6228 © <~447125
114 =10.0781 ~4,712¢
115 -11.7334"%: ~4,712%
lie - -7.9308 ~544375
117 ~5.4375

-0.0000
=0.0000

"~0.0000

= €.0000
-0.0000
~ 0. 0000
=0.0000
-0.0000
=0.0000
-0.0000
- 0.0000
=0.0000

~0.0000 -

-0.0000
-0.0000
-0.0000
=0.0000
-0.0000
-0.0000
~0.0000
-0.0000
-0.0000
-0.0000

0.2017
0.5617
0.9217
1.2817
1.6417
0.2017
D.5617
0.9217
1.2817
le6417
0.2017
0.5617
0.9217
l1.2817
1.6417
0.2017
0.5617
0.9217
‘l.2817
l.56417
0.2017
0.5617
0.7217
1.2817
1.6417
0.2017
0.5617
0.9217
1.2817
1.6417
0.2017
0.5617
0.9217
1.2817

l.6417

0.2017
0.5617
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-0.0295
=0.0104

0.0065
-0.0568
=0.029%
-0.0106

0.0065
~0.0568
-0. 02%5
-0.0104

0.0065
-0.0568
~0.0295
-0.0104

0.0065
-0.0568
-0.0295
~0.0104

0.0065
~0.0568
=0.0295
-0.0104

0.0065

~0.173%
’000226
~0.022¢6
0.1285
0.1285
~-0.1736
"'0.0220
-0.0226
0.1285
J.1285

-0. 0226
0.1285
0.1285

-0el1736

-0.0228

~0.0226
0.1285
0.1285

-0.1736

-0.0224%

-0.0226
0.1285
0.1285

=0.1736

-0.0226
~0.0226
0.1285
0.1285
=-0e1736
-0.0226

-0.0226
© 01285 -

0.1285
-0.1736
-000226

0.00134
0.,00068
0.00046
0.00162
0.00092
0.00047
0., 00031
0.00103
0.00058
0.00031
0.00022
0. 00060
0.00034
0.00019
0.00016
0.00030
0.00016

.0.00011

0.00013
0.00008
0. 00004
0.00005
0.00012

0.00281

0.00315
0.00330
0.00336
0.00333
0.00388
0.00403
0.00407
0.00405
0.00397
0.00492
0.00488
0.00484
0.00481
0.00469
0.0058%
0.00567
0.00565
0.00570
0.00555
0.00653
0.00636
0.00657
0.00686
0.00661
0.00689
0.00698
0.00780
0.00859
0.00783
0.00685
0.00756

0.00991 -

0.01128
0.00866
0.00628
0.00816

0.02719
0.02712
0.02698
0.02602
0.02574
0.02563
0.02553
0.02398
0.02373
0.02361
0.02353
0.02187
0.02165
0.02154%
0.02147
0.01989
0.01971
0.01961
0.01954
0.01811
0.01796
0.01786
0.01778

-0.01811
-0.,01723
=0.01636
-0.01549
~0+01460
-0.0192¢6
-0.01832
-0.01742
~0.01649
~0.01548
- 0.02038
-0.,01951
-0.01865
~0.01765
-0.01645
-0.02155
-0.02093
- 0. 02018
=0.01904
~0.01749
~0.02293
-0.02279
~0.02222
-0.02076
-0.,01850
-0.02480
-0.02551
-0.02523
-0.02286
-0.01923

"~0.02983

-0.03006
-0. 02511
~0.01945
-0.03152
~0.03699

0.02428
0.02496
0.02599
0.01796
0.01819
0.01871
0.01945
0.01371
0.01392
0.01430
0.01481
0.01070
0.01086
0.01113
0.01147
0.00850
0.00863
0.00882
0400504
0.00687
0.00636
0.00708
0.00722

0.00480
000365
0.00259 .
0.00163
0.00078
0.005%64
0.00425
0.0029¢9
0.00184%
0.00084
0.00663
0.00498
0.0034¢6
0.00206
0.00085
0.00785
0.00588
0.00401
0.00226
0.00077
0.00942
0.00706
0.00466
0.00235
0.00045
0.01158
0.00872
0.00547
0.00209
-0.00043
0.01490
0.01143
0.00659
0.00069
-0.00274
0.02076
0.01699
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118

119

120
121

122

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
1o
145
146
147
148
149
150
151

152.

153
154
1585
1546
157
158
159
160
161
162
163
164
165
leé
167
168
169
170
171
172
173
174
175
176
177
178
179
180
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-10.0414
=-11.0967
-12.1519
-8 «3494
."9.‘0 047
-10.4600
-11.5152
-12.5705
-B.7680
~9.8232
-10.8785
~11.9338
~12.9891

-9.1865

~10.2418
-11.2971
~12.3524
=13.4077

~9.6051
-10.6604
=-11.7157
-12.7710
=-13.8263
-10.0237

~11.0790 -

~12.1343
-13.1896
~14.2448
-10.4423
~11.4976
~12.5528
~13.5081
~14.6634
=-10.8609
-11.9161
~12.9714
~14.0267
-15.0820
‘12.33"7
-13.3900
=-14.4453
~-15.50006
-11.6380
-12.7533
-13.8036
-15.9191
- 12.1166
-13.1719

-14.2272

-15.282%
-1643377
-12.5352
~13.590%
-14.6457
-15.7010
-16.7563
-12.9537
-14.0090
-15.,0643
-16.1196
-17.1749

"59 4375
~5.4375
-5.4375
-6e 1625
~601625
-6.1625
-6.1625
~6.1625
-6.8875
"6.8815
_6.8875
-6 8875
=T7.6125
-7.6125
-T7.6125
-7.6125
-7.6125
' ~8.3375
-8 3375
‘8.3375
~843375
-8.3375
-9.0625
-9.0625
-9.0625
~9.0625
-9.0625
-9.7875
-9.7875
-9.7875
‘9.7675
-9.,7875
-10.5125
~10.5125
-10.5125
~10.5125
-10.5125
~-11.2375
~11.2375
-11.2375
-11.2375
-11.2375
-11.9625
~11.9625

-11.962¢ -

-11.9625
-11.9625
-12.6875
~12.6875
-12.6875
-12.6875
~-12.6875
-13.4125
-13.4125
- l3_0412$
~13.4125
-13.4125
~-14.,1375
-1441375
~-14.1375
~1441375
- 140 1375

0.9217
1.2817
1.6417
0.2017
05617
0.9217
1.2817

1.6417
0.2017

0.5617
0.9217
1.2817
1l.6417
0.2017
0.5617
0.9217
1.2817
1.6417
0.2017
0.5617
0.9217
1.2817
1. 6417

0.2017

0.5617
0.9217
1.2817
1.6417

0.2017

0.5617
0.9217
1.2817
1.6417
0.2017
0.5617
0.9217
o le 2811
1.6417
0.2017
0.5617

0.9217 -

1.2817
1.6417
0.2017

0.5617:

0.9217
1.2817
1.6417

0.2017°

0.5617
0.9217
1.2817
1.56417
0.,2017
0.5617
0.9217
1.2817
1. 6417
0.2017
0.5617

0.9217°

1.2817

1.6417 .

-0.0226
0.1285
0.1285

-0.1736

~0.0226

~0.0226

0.1285

0.1285
-0.1736
-0.0226
-0.0226
0.1285
0.1285

-0.0226
~0.0226
0.1285
0.1285
-0.1736

-~0.0226°

-0.0226
0.1285
0.1285

-0.1736

-0.0226

-0.0226

- 0.1285 .
0.1285

-0.1736

. =0.0226

=0.0226

0.1285

~0.1736

-0.0226
-0.0226
0.1285

" Q.1285
=0.1736
-0.0226

-0.0226
0.1285
0.1285

' =0.1736
. =0.0226

-0.0226
g.1285
0.1285

~C.1736

-0.0226

-0.0226
0.1285
0.1285

"=0.1735%

-0.0226

" 0.1285

0.1285
~0.1736
-0.0226

0.1285

0.1285

0.01445
0.01276
0.,00803
0. 00504
0.00806
0.02889
-1.50771
~-1.50105
0.00282
0,00713
-1.58238
~-1.53258
-1.47985
0.00196
~045 0867
~1.56507
-1.51100
-1.45871
0.00215
0401152
=1454339
~1.488%6
-1.43717
0.00208
0.00320
0.00349
-1.46025
-1la41626
0.00114
0.00134
0.00086
0.00004
0. 00040

- 0.00053

0.00049
0.00031
0. 00004

-0.00026
0.00029
0.00023
0.00020
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0.00117
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-0.03852
-0.02736
~0.02036
-0.03552
-0.04730
=0.04845
~0.00280
=0.00451
=-0.03301
-0.05166
-0.02323
"0‘02271
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~0.01503
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0404044
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0.02874
0.03288
0.03794
0.04417
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0.02691
0.02997
0.03345
0.03738
0.04165
0.02457
0.02675
0.02911
0.03160
0.03406
0.02223
0.02377
0.02536
0.02691
0.02822
0.02008
0.02115
0.02221
0.02313
0.02375
0.01815
0.01889
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0.02008
0.02031

0.00868
~0.00403
=0.00872

0.03206

0.03082

0.00865 --
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-0.02652
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0.01547
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0.01441
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0.00949
0.01141
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0.00883
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CONRDINATES . : . .
J X Y 7 SWEEP+DtG. SEMIWIDTH - ALPHAD= . 0.0000,0LLD= 21.5000
WING -VORTICES . , e . . . :
.-
1 ~0.4437 -0.3625. -0.0000 30.0000 0.3625 0.3972
2 =-1.3812 -0.3625 -0.0000 30.0000. - 0.3625 . 0.3797
3 -2.3187 -0.3625 +=0.0000 3C.000C- - 0.3625 0.4027
4 -3,2562 -0.3625, =0.0000. 30.0000 0.3625 0.4191
s  +0.8622 -1.0875 ~-0.0000  30.0000 0.3625 046717
& =1.7997 -1.0875 -0.0000 30.0000 0.3625 . 0.4068
T -2.7372 ~1.0875 -0.0000 30.0000 0.3625 0.4226
8 S3.6747 ~1.0875 =0.0000 30.0000. 0.3625 0.4417
9 =1.280& -1.8125 -0.9000 30.0000 0.3625 - 0.5320 :
10 ~2.2183 -1.8125 -0.0000 30.0000 0.3625 - 0.4351 !
11 -=3.1558 -1.8125 =-0.0000 30.0000° 0.3625 0.4446
12 =64,0933 -1.8125 ~0:.0000 30.0000 .0.3625 ‘04612
13 -1.699% -2.5375 =0.0000 3C.000C 0.3625 * 0.5818
14 =2.53%9 ~245375 =0.0000 30.0000 ~.0.3625 . 064604
13 -3,574¢ -2.5375 -0.0000 30.000C 0.3625 0.4635
16 =4,311% .=2.5375 -0.0000. ~'30.0000 . 0.3625 “:0e4T6C
17 -2.1180 ~3,2625 -~0.0000 30.0000- 0.3625 . 06230
15 =3.0553 =3,2625 ~G.0000 30.0000 0.3625 0.48193
15 -3.,2930 -3,2625 =0.0000 30.0000 0.3625 0.4791
20 -4.%305 ~3,2625 -0.0000 30.0000 0.3625 " 0.4873
21 ~2.536¢ ~3.987%  =0.0000 30.0000 " 0.3625"° 0.6565
22 -3,4741 ~-3,6875 ~0.0000 30.0000. 0.3625 © De4993
23 ‘Fe,ellé ~3.5875 -0.0000 30.0000 0.3525 044915
24 =5.135%4]1 ~3.987S ~-0.0000 30.0000 - 0.3625 V<4964
25  -2.9551 ~4,7125 =0.0000" 3C.000C  0.3625 . - 0.6831
25 -3.892% ‘~4aT125%  =~0.0000 30.0000 0.3625 - 045126
21 -¢.3301 ~4,7125 =0.0000 30.0000 0.3625 R "0.5010
29 =5.,76T¢ ~4o7125 =0.0000 30.0000 ~ 0.3625 . - . 5 0e 5040
29 ~3.,3737 ~%.4375 +0.0000 30.0000 0.3625 0.7028
"33 -6.3112 ~5.4375 -0.0000 30.0900 0.3625 .0.5216
31 ~5.2487 ~5.4375 =0.0000 30.0000 0.3625 0.5076
32 -6.1£62 ~3.4375 -0,0000 30.0000C 043625 . 0.5103
33 -3.7923 -6.1625 ~0.0000 . 30.0000 0.3625 07147
34 | ~4.7235 ~6.1625 <0.0000 30,0000 0.3625 " 045263
3L ~5,6673 ~6.1625 =~0.0000 30.0000 0.3625 ° ,~.0.5118
36  -6.6048 ~6.1625 ~0.0000 30.0000. . 0.3625 T 05153
37 -4.,2105 . ~6.B87% ~0.0000 30.0000 0.3625 , |, 0.7179
33 ~5,148¢ ~0e5875 ~0.0000 .30.0000  "0.3525 ‘ . 0.5282
33 —6.0859 ~5.887% ~0.0000 30.000¢C 1003625 - " 045146
40 =7.023¢ ~6.6875  -0.0000 30.0000 0.3625 ° “0.5209
“l -4.6295 ~7.6125 =0.0000 30.0000  0.3625 . 0.T172
42 =5,567) ~7.6125 ~0.,0000 30,0000 ~ 0.3625 % 0.5303
*3 —£.5045 +=Te€125' =0.0000 30.0000 0.3625. " . 0.5174 :
“h =7,5420 ~7.6125 ~0.,0000 30.0000 - 0.3625° 0.5256
45 -=5.0430 ~8.337%  -0,0000 30.0000 0.3625 0.7234
%86  =5,985% -8.3375 ~0.,00000 3C.0000 - 0.3625 0.5334%
«7  ~(.S230 ~8:3375  ~0.0000 30.0000 0.3625 0.5194
48  ~7.8605 ~B843375. ~0.0000 30.0000 0.3625 . 0.5277
43 ~5.4666 ~9.,0625 ° ~0.0000 30.0000  0.3625 . 0.7372
50 ~6.%0%1 ~9.0625 ~-0.0000 30.0000 0.3625 . '0.5355
51  =7.3416 ~9.0625 ~0.0000 3C.0000 . 0.3625 0.5176
52 =-8.2791 ~3.0625 -0.0000 30.0000 '0.362% 0.5230
53  -5,6852 ~9.7875 ~0.0000 30.0000 0.3625 0.7456
54  =6.8227 ~-9.7875 -0.0000 30.0000 . '0.3625 0.5330
5  =7.7602 ~9.7875 -0.0000 30,0000 - '0.3625 ' _ _ 0.5091
56  =8.4977 29,7875 =-0.0000 30,0000  -0.3625 - ‘ 0. 5095
S7 =6.3038 -10.5125 =-0.0000 30.0000 0.3625 - 0.7528
58 -7.2413 -10.5125 -0.,0000 30.0000 0.3625 . 0.5231
59  ~8.1788 ~-10.5125 -0.0000 30,0000 0.3625 0.4921
60  -3.¥163 -10.5125 -0.0000 30.0000 = 0.3625 . 0.4867
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61
62

63

64
[-3-]
- 66
67
68

FLAP VORTICES

81
82
83

34

85
A6
‘87
88
9%
30
91
o2

93 -

9%

95

96

S7

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
15
116
117
118
119
120

184

-6.,7223
-7.6598
~8.5973
-9.5348
~T7e. 1409
-8.0784
~9.0159
=9.3534
=T7.5595
-8.4970
-9.4345
~10.3720
~7.9731
-8.3156
-9.8531

- —10.7306

~8.43967
-9.3342
~10.2717
-11.2092

-4.41731

 =5.5284

-6.5837
-7.6390
~£.6943
-4.8917
-5.5470
-7.0023
~8.0575
-3.1128
~-5.3103
-6 43656
~7.4208
-4.4761
-9.5314
~5.,728R
-6.7841

~7.739¢

-8.8947
~G.9500
~5.147&
~7.2027
~86.2580
~9.3133
~10.3€8¢
~6.3660Q
~-T.5213
-8.676%
~3.7319
-10.7871
=6.984¢
-B.,0399
-$.,0951
-10.150%
~11.2057
~T.4032
~8.4584
~9.5137
~10.5630
-11.6243

-11.2375
~11.2375
~11.2375
-11.23175
-11.9625
~11.9625
~11.9625
-11.9625
~12.6875
-12.6815
~12.68175
’1206875
-13.4125
-13.4125
~-13.4125
~13.4125
-14.1375
-14,1375
-14.1375
-14.1375

-0.3025
-0.3625
-0.3625
-0.3625
-0.362%
-1.0875
"100875
~le 0875
-1-0875

-1.0875

-1.8125
~1.8125
-1l.812¢%
~-1.8125
-1.8125
-2.537%
-2.5375
-2 5375
-2.5375
-2.5375
-3.2625
-3.2€625
~-3.2625
~3.2625
-3.2625
-3.9875
~3.9875
~3.9875
-3.9875
~-3.9875
~4.T125
-4.,7125
~4%.7125
-G 7125
-4.7125
°5.h37‘5
~5e4375
~5.4375
~544375
~5.4375

-0.0000
-0.0000
-G.0000
-0.0000
-0.0000
-0.0000
-0.0000
-0.0000
-0.0000
-0.0000
-0.0000
~0.0000
-0.0000
-0.0000
~0.0000
~0.0000
-0.0000
~0.0000
-0.0000

0.0217
0.3817
0.7417
1.1017
1.4617
0.0217

03817
0.7417
1.1017
1.4617
0.0217
0.3817
0.7417

1.1017 -

1.4617
0.0217
0.3817
0.7417
1.1017
1.4617
0.0217
0.3817
0.7417
1.1017
1.4617
0.0217
0.3817
0.7417
1.1017
1.4617
0.0217
043817
0.7417
1.1017
1.4617
0.0217
 0.3817
0.7417
1.1017

1.4617

30.0000
30.0000
30.0000
30.0000
30.0000
30.0000

30.0000

30.0000
30,0000
30.0000
30.0000
30.0000
30.0000
30.0000
30.0000
30,0000
30.0000
30.0000
30.0000
30.0000

28.2437
28.2437
2842437
23.2437
28,2637
2842437
28.2437
28.2437
28.2437
2842437
28.2437
2%.2437
28.2437
28.2437
28.2437
28,2437
2842437

. 2842437

28.2437

282437
'28.2437

28.2437
28,2437
28.2437
28,2437
28,2437
28.2437
28,2437
23.2437
28.2437
28.2437
28,2437
28.2437
28,2437
2£.2437
28,2437
28,2437
28.2437

28,2437

28.2437

w

0.3625
0.3625
043625
0.3625
0. 3625
0.3625
0.3625
0.3625
043625
0.3625
0.3625
0.3625
0.3625
043625
0.3625
0.3625
0.3625
0.3625
0.3625

0.3625

0.3687
0.3687
0.3687
0.3687

0.3687 -

0.3687
0.3687

0.3687

0.3587
O L] 3b8 »7‘
0.3687
0.3687
0.3687
0.3687
0.3637
0.3687
0.3687
0.3687

‘0.3687
' 0.3687
0.3687

0.3687
0.3687

0.3687

0.3687
0.3687
0.3687
0.3687
0.3687

0..3687

G.3687
0.3687
0.3687
0.3687
0. 3687
0.3687
0.3687

0.3687 °

0.3687

T 043687

Figure 23(b).- Continued.

0.7422
0.5034
0.4654
0.4551
0.714%4
0.4715
0.4274
0.4140
0.664%
0.4230
0.3749
0.361%6
0.5827
0.3487
0.3023
0.2934
0e4340
0.2230
00,1992
0.1977

0.9979
0.9073
0.698S
0.7477
0.4152
1.0549
0. 446
0.7087
0.7315
0.3844
1.0843;
0.9663;
0.7181
0. 7296,
0.3777,
1.1027
0.9803,
0.7273
0.7370
0.3832
1. 1168
009933

0.7424

0.7542 -
J.3983

. 1e12935

1.00ﬁ7

0. 7606

0.78665
0.426%
1l.143¢
1.0334
0. 8093
0.8517
00‘?7‘.7:
1.1604
1.0692
0.6838
1.006%
0. 5436 .



121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
133
139
140
141
142
143
law
145
146
147
148
149
150
151
1»>2
153
154%
155
156
157
153°
159
160
161
152
163
104
165
165
167
148
169
170
171
172
173
175
17%
176
177
178
179
180

~7.8217
-9.9323
-10.9876
-12.0429
~9.2956
-10.3509
+11.4062
"12.6615
-8.6589
~9.7142
~10.7695
~-11.8248
-12.8800
-~3.0775
~-10.1328
“11-1880
-12.2433
~13.2936
-9.4961
-10.5513
~11.6C6¢
-12.6619
~13.7172
-9.91&6
-10.9695%
-12.0252
-13.080¢

-14.1358

-10.3332
-11.3885
~12.%438
~13.4991
-14.5544
-10.7518
~11.8071

1248624

—-13.917¢,

~14.9729
-11.1704
~12.2257
~13.2809
~14.33b62
-15.3915
~11.5838%
~ 128442
-13.5995
-14.7548
-15.9101
-12.0075
~13.0628
~-14.1191
~15.173%
-16.2287
=13.48 14
~14.£367
-15.5920
~16.6472

-6.1625%
-601625
-6.1625
-601625
-6.1625
=-5.8875
~6.8875
«~6.8875%
’6-8875
-6.8875
‘7.6125
-T.6125
~T.6125

+T.6125.

-T.6125
~84337%
-2.3375
'8.3375
-603375
'8.3375

;900625

-G 00625
~9.0625%
-900625
‘900625
‘9.7875
-2.7875
-9,7875%
-9.767¢
~0., 7875
~10.5125
~10.5125
-10.5125
~10.5125
-10.5125
~11.237%

~11.2375%

-11.2375

~11.2375 -

-11.2375
~11.9625
~11.962%
~11.9625
~11.962%
-11.9625

~12.687%

~12.6875
~12.6875
~12.6875
-12.6875

~13.4125%

=13.4125
~13.4125
-13.4125
~13.4125
~14.1375
-14.1375
~14.1375
-14.1375
~14.,1375

0.0217
0.3817

0.7217

1.1017
1.4617
0.0217
0.3817
0.7417
1.1017
1.4617
0.0217
0.3817
0.7417
1.1017
1.4617

0.0217"

0.3817
Ce 7417
1.1017
1.4617
0.0217
0.3817
0.7417
1.1017
1.4617
0.0217
0.3817
0.7417
1.1017
l.4617
0.0217
0.3817
0.7417
1.1017
1.4617
0.0217
0.3817
0.7417
1.1017
1.4617
0.0217
0.3817
0.7417
1.1017
1.4617
0.0217
0.3817
0.7417
1.1017

1.4617

0.0217
. 0.3817
0.7417
1.1017
1.4617
0.0217
0.3817

0.7417

1.1017

1.4617

2842437
28.2437
2842437
28.2437
28.2437
28.2437
28.2437
28.2437
2842637
28.2437
2842437

28.2437 .

28,2437
28,2437
20,2437
28.2437
2842437
28.2437
28,2437

28,2437

2842437
28.2437
28,2437
28.2437
28,2437
28,2437
2842437
28.2437
28.2437
2842637
2842437
2842437
28.2437
2842437
2842437
28,2437
28,2437
28,2437

i2842437

28,2637

' 26802437

28.2437
2842437
28.2437
29.2437
28.2437
2842437
28.2437
2842437
28.2437
2842437
28.2437
2842437
28.2437
28.2437
2842437

2902437;
28.2437

28.2437
28.2437

0.3687
0. 3687
0.3687
0.3687
0.3687
0.3687
0.3687
0.3687
0. 3687
0.3687
0.3687
0.3687
0.3687
0.3687
0.3687
0.3687
0. 3687
0.3687
0.3687
0.3687
0.3687
0.3687
0.3687
0.3687
0.3687
C. 3687
0.3687
0.36387
0. 3637
0.3687
0. 3637
0.3687

" 0.3687

0.3687
0.3687
0.3687
0.3687

© 0.3687

0.3687
0. 3687
Q. 3687
0.3687
0.3687
0.3687
0.3687

0.3687

0.3687

0.3687

0.3687
0.3687
0.3687
0.3687
0.3687
0.3687
0.3687
0.3687
0.3687
03687
0. 3687
0.3687
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1.18023
l.1222
1.0592
le6162
0. 5664
1.20306
1l.1985
1le 5425
1.3521
05397
1.2299
1.3553
1.4855
1.3001
0.5214
1.2387
1.2353
l.4950
1. 2767
0.5047
1.2186
le 16064
1.0220

‘1. 5150

0.4587

1.1748
1. 0844
0.8740
0.8951
3.6028
le1131
1.0065
0.7567
0.7470
0.3531
1. 0397
99309
0.6711
0.671¢
0:3136
0.952¢
0.8566
0. 6000
0.6126
0.2763
0.8520

" 0.778%

0.5285
0.5505
0.2352
0.7251
0.6658
0.4383
0.4671
0.1751
0.5375
0.5415
0.2892
0.3257
0. 0978
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AERODYNAMIC LOADING RESULTS FOR ALPHA = 0.00000 DEG.

WING LIFT COEFFICIENT FLAP LIFT COEFFICIENT
1.0918 2.7312

TOTAL LIFT COEFFICIENT,CL PITCHING MOMENT COEFFICIENT,CM
3.8230 =2.5953

REFERENCE QUANTITIES

WING SPAN,B WING PLANFORM AREA,SREF WING AVE.CHORD,CAVE
29.0000 108.7500 3.7500

SPANWISE LOAD DISTRIBUTION ‘

STATION Y/(B2) - LOCAL CHORD,C CL*C/CL*CAVE cL2C/( 258)
. WING
1 0.0250 3.7500 0.7816 o 0.0552
2 0.0750 3.7500 0.8508 0.0601
3 0.1250 3.7500 0.9122 0.06%4
s 0.1750 3,7500 0.9627 0.0680
5 0.2250 3.7500 1.0033 0.0708 A
6 0.2750 3.7500 1.0361 0.0731
7 0.3250 3.7500 1.0625 0.0750 . .
8 0.3750 3.7500 1..0832 040765
? 0.4250 3.7500 1.0984 ' " 0.0775 '
10 0.4750 3.7500 1. 1104 : 0.0784 !
11 0.52%50 3.7500 1.1253 : 0.0794
12 0.5750 3.7500 . lal439 0.0807
13 0.6250 © 3,7500 1. 1572 040817
14 0.6750 13,7500 1.1559 . - - 0.0816
15 0.7250 3.7500 1. 1351 0.0801
16 0.7750 3.7500 1.0922 0.0771
17 0.8250 3.7500 1.0239 - 0.0723
18 - 0.3750 3.7500 0.9240 0.0652
19 0.9250 . 3.7500 0.7793 0.0550
20 0.9750 3.7500 0.5621 0.0397
FLAP .
1 0.0254 5.5750 0.7107 0.1255
2 0.0763 5.5750 0+7245 N.1279
3 0.1272 5.5750 0.7374 . 0.1302
4 0.1780 5.5750 0.7494 0.1323
5 0.2289 5.5750 0.7639 0.1349
6 0.2797 5.5750 0.7453 0.1387
7 .0.3306 5.5750 0.8205 0.1449
8 0.3815%5 5.5750 0.8842 0.1561
9 0.4323 5.5750 1.6382 0.28%2
10 0.4832 5.5750 2.0706 0.3656
11 0.5340 5.5750 2.1649 0.3823
12 0.5849 5.5750 1.9969 0.3526
13 0.6358 5.5750 1.5580 0.2751
14 0.6866 5.5750 0.8656 0.1529
15 0.7375 5.5750 0.7772 0.1372
16 0.7883 5.5750 . " 0.7084 0.1251
17 0. 8392 5.5750 . 0.6437 . | 0.1137
18 0.8501 . 5.5750 0.5733 0.1012
19 C. 9409 5.5750 0.4838 0.0854
20 0.9918 5.5750 0.3437 0.0607
CM,HING CMyFLAP CD,WING CD,FLAP s} Co/CLxCL

0.25150 ~2.84678 ~0.08432 0.65771 0.57339 0.03923

Figure 23(b).- Continued.
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W N -

T ~NC Ve

VELOCITIES INCUCED AT SPECIFIED POINTS IN

X

-1.7000
-3.7000

-547000
-7.7000
~3.7000

~11.7000 -

-13.7000
-15.7000

Y

-7.2500
~7.2509

"~ Te2500
- =742%00

-7.2500
. =T762500
T =7.2500

7

2.0700

20700

29700

. 2.0700
1 2.0700°
1 2.0700.-

2.0700 .

2.0700

u/sv

0.06030
0.12594
0.1¢800
0.26257
0.37337
047324
0.25392
Del5644

i

Figure 23(b).- Concluded.

THZ VICINITY OF THF WING

V/v

~0.02753
-J.06215
-0.03%40
“0.12752
- 0616293
‘00 08860
-0.12061

W/V

~-0.09248
~-0.10663
- 0406224
~J.00573
0.11820
0447547
0.73498
0e61595
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Item 1: Format (20A4), any alphabetic or numeric information
(1 card)

Column No. |1-80

Program Variable |TITLE
pData 1 1 1 | i L L

Item 2: Format (6I5, Fl0.5), decimal point required for last variable
(1 card)

Column No. | 5 10} 15 N 20 25 30 40
Program Variable NJET NP NCYL NPRNT KIN . KOUT DS
Data X
Item 3: Format (5F10.5), decimal point required . . . !
(1 .+ NCYL ,cards) ’ . .
Column No. 10 20 30 . 40 . s0] % :
Program variable [GAMVJ(J) ]| RJET(J) %0 (J) YO (J) 20(J) o i
Data { 3
Column No. 10 20 .30 40 sol N\
Program Variable ({XCLR(J,1l)]|¥cLR(J,1) |ZCLR(J,1)]| RGR(J,1) [FTHETA(J,1) {
Data . r'd
e
\ A
Column No. 10 20 30 40] . 50 1 ’
Program Variable [XCLR(J,N)|YCLR(J,N) JZCLR(J,N) | RGR(J,N) J’HETA (J,N) (
Data . j
where N = 1,2,...,NCYL " .

Note: Item 3 is repeated for each jet; J = 1,2,...,NJET

If KIN D> 6, Item 4 is omitted; but, if KIN = 5, include the foli-owing cards;
Item 4: Format (3Fl0.5), decimal point required o »
(NP cards)

Column No. 10 20 30] %
Program Variable XP (N) YP (N) ZP (N) 1
Data ; V4

. where N = 1,2,...,NP

Figure 24.- Input format for jet-wake program.
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SOURCF OF EXTERNALLY INDUCED VFLOCITIFSs  ALPHASO DEGREES » C (MU)=0.9
1 180 5 1 7 8 04125 A i

2446 125 [ YY) =-T425 2407

0,0 0.0 0,0 1,0 0,0

172 0.0 0,0 1.0 . 0.0

8.5 -0e2 '0.3 105 =445

18,3 =046 =048 1.97 =445 -
150.0 -3¢0 =540 945 0+0

SOURCE OF EXTERNALLY INDUCED VELOCITIES: ALPHA=10 DEGREES » C(MU)=0,9

. - -1 180 S T -8 0.125
. .2tk 1425 Oet6 ~T7425 2407
s 0,0 - 0e0 0,0 1.0 0.0
e = =Y1eT? - 0,0 - 0,0 ° 1.0 040
R85 -0432 -0,10 1.8 -leb
153 ~0.88 ~0426 1,97 ~le&

150,0 =440 2.0 945 . 040

- o {a) Input for single jet case, ihcluding
: : use of data sets and optional output.

UNSWEPT WING (NASA TN D-6222) FLAP ANGLE = 17.5/35 » ALPHA = 0 » C(MU) = 5.5
2 20 4 0 8. . 6 0.17 :

4461 170 6496 -11.64 245 o

0,0 0,0~ 0.0 1.0 3.0

2.68 060 0el4 1.0 < 340

1344 0,0 0,70 2.0 3.0
150,0 0,0 440 12,0 0.0

4.61’ 1,70 6496 =27422 2e5

0,C 0,0 0,0 1,0 340

eb68 0.0 PR R 140 340

13.4 0,0 . 0,70 2.0 3.0
150,0 0.0 440 12.0 040

-0.760 =282 0.0

~1e773 ~2.82 040

-2+786 ~2482 0e¢0

=36799 -2482 0.0

~44812 =282 0.0

-5.825 =282 0.0

-64838 -2e82 0.0 . .
-7085] '_7_.82 0.0 . A
~8.844 -282 040 Co
-04R77 ~-2+82 0,0 ¢
-10e722 -2R84720 14565
-11.950 -28.720 26426
-10,722 =294720 1,565
~11.950 -26.720 24462
=10.722 -31.22 1e565
~11%50 ~31.422 264426
-10.722 -33002 1565
~11.950  ~33.02 24426
=10,722 =34,41 1.565

-11950 =-34441 .24026
- (b) Input for multiple jet case, including use

of conventional input and output.

Figure 25.- Sample input to jet-wake program.
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SOURCE NF LXTERNALLY INQUCGO VELOCITIES: .ALPHA=O ODEGREES 4 C(MU)=0.9
0(S1 KIN  KOUT
0.12%0 8
(1) JET PARAMETERS D(S/R) = 0,1000
X/R R UR S/R THETA RGAM/R R x0 Yo
0.00 0.00 0.00 0.00 0.00 1.00 1.2500 Q480 =7,2%5
le72 0.00 000 1.72 0.00° 1.00
8.50 -0.20 ~0.30 3,51 -%230 150
15430 «0,60 -0.80 1%:3¢ 4450 1497
150400 -3.00 ~5,00 150413 0.00 9.4%0
VELOCITIES INDUCKD 8Y JET 1 = JET COORDINATE SYSTEM
N XP/R. YP/R IP/IR u/v v/v W/V
1 1.098 5.510 14458 2.0391€~03 ~2.2873€~02 «6.8959E~03
2 1.848 5.510 ‘14656 1.6129E~06 =2,2063E~02 ~6.6390E-03
3 2.598 $.510 1e656 =1,20636~03 ~2.,0885€=02 ~6.2502E~03
4 3.3c8 8.510 Leb50 =2.0918E~03 ~1+95426~02 ~5.80606~03
S 1.433 4,930 10696 3,3011E=00 =2,61TaE~02 ~8.8246E~03
6 2.183 4.930 14688 ~1,85436=03 =~2,4547TE-02 ~8,2609E-03
7 24933 4,930 1e050 -2.87055903;-2-27205-02 ~7.5919E=03
[} 3.683 44930 1.656 =3.4909E=03 =2,0953E=-02 ~6.9228E~03
9 1.708 4,350 1e686 =242277TE+03 ~2.93308=-02 ~1.1288E-02
10 2.518 4,350 14656 =440109E~03 ~2.6806E-02 ~1.0226€-02
11 3.2¢8 44350 1,656 =6,7980E«03 =2.4324E~02 ~9,1722E~-03
12 4,018 4,350 1,636 ~4,9669E~03 ~2,2187E~02 =8.2301E-03
13 2.103 3,770 1.656 =5.7426E~03 =3,2453E-02 ~1.4298E=02
1 2.853 3.770 14656 =6.7992E~03 -2.8628F-02 ~1.2527E-02
15 3.603 3.770 14656 ~£4T7986E~03 ~2.55276~02 ~1.1007€E=-02
16 8,353 3,770 1656 =6,3368E~03 =2.3218E~02 ~9.7701€~-023
17 2.437 3.190 14656 =9,9T66E~03 =3,4238BE-02 ~1.T766E=-02
ib 34167 3.1°0 1.656 =0 ,6276E«03 ~2,9529E-02 ~1,5133E~02
1?2 3.937 3.1%90 1:656 =Bo5661E~03 =2,6259E~02 ~1.3138€6=02
20 we&BT 3.190 14656 ~7.4462E~03 ~2.4102E~02 =~1.163bE=-02
21 2.772 25610 16656 =1.%102E<02 =3,4213E~02 ~-2.1474E~02
22 3.522 2.¢10 14685 ~141909E~02 «2.9434E~02 ~1.8037E~02
23 we272 24010 1,656 ~9,7224E~03 ~2,6609E~02 ~1.5660E~02
2% £.022 - 2.n10 1s656 =84,0289E~03 =2.,5023E-02 ~1.4022E-02
25 3.107 2.030 1656 =1.7094E~02 ~3.2205E-02 -2.5207€-02
26 3.8°7 2.030 16655 =1.2992E~02 ~2.8529E-02 -2.1361E~-02
27 44607 2.030 1.656 -9,9278E~03 =-2.6835E~02 -1.8959E-02
28 54357 2.030 14056 =7.5992E~03 ~2.6241F=-02 =1.736]1E=-02
29 34t 2 le«50 Le656 =1.7670E~02 ~2.68845E-02 ~2.9049E-02
30 “el172 1.450 14656 ~1.24275~02 ~2,7294E~02 -2,5588E~02
31 LeFe2 1.450 1s650 ~8.588T7E~Q03 =2,7209¢=02 ~2.3691E-02
32 5692 l.450 14656 =6.%391E~03 ~2,7883E~-02 -2.2602E~02
33 3,717 0.870 1656 =1.5%6T6E~02 ~2.5218E=~02 =3.40428-02
3« +e527 0.870 le65%5 =1.0204E~02 ~2.5815€E=02 ~3.2043E~02
35 54277 0.870 1e656 =6e9242E~03 =247186E-02 ~3,1457E~02
36 56027 0.870 145656 =5.1580E=03 =2,08949E~02 -3.1548€6-02
37 1ell2 0.290 14656 =1.1953E~02 ~1,9936E~02 -4, 2320E-02
34 4 4B62 - 0.290 1le656 ~7.2162E~03 -2.1387E~02 ~4.2341E~-02
3¢ vekl2 0.290 1.656 ~4.2772E~03 ~2,3080E-02 -4.34T0E~02
40 54362 0.290 1656 =3,049BE~03 ~2,5006E~02 -4.5128€E-02
41 “iedsT -0.2%0 1e656 =8.5923E~03 ~7.5891E~03 -5.,1245E£-02
42 5.137 -0.290 1.656 ~4,5946E~03 -B.4B872E-03 ~5.2345E-02
43 S.247 | ~0.2%0 1656 ~2,4600E~03 ~9.3811E~03 =5.4356E~02
e LW5G7T ~0.250 14656 . ~1,4756E~03 =1,0521E=-02 ~-5.6877¢~02
&5 - o781 ~0.370 1.656 ~6.2014E~03 9.7228E-03 ~5.1351E-02
ot he531 ~0.870 1.656 =3,2631E~03 9.,4125E-03 ~5,2381E~02
7 “.281 -0.270 12650 =1.547T7TE~03 " 9,2532E-03 =5.4199E-02
48 7,07} ~Q0.R70 1656 «9.3422E-04 B.854TE-03 -5,6587E=-02
4Q Sellé =1.450 le€56 ~~.5941€~03 2.2050E-02 -4.26B1E~02
50 2.2t % -1l.450 1.656 =2.4343E~03 2.1894E-02 -A4.3339E-02
51 Leb16 -1.450 1,656 ~1.1601E~03 2,1951E-02 -4, 4643E-02
32 Te3n# ~1.450 Leb506 =T7.9592E~04 241814E=02 -4.6523E-02
53 Se31 -2.030 1e656 ~3.3636E~03 2,6992E~-02 ~3.2358E-02 i
56 ° be201 . =2.030 1.656 =1.8660E~03 2.6T87E-02 ~3.2760E-02 s
5% £.951 ~2.030 1.656 =2.2253E~04 2.,6788BE~02 -3.3075E-02
-7 T.701 ~2.030 1,656 ~6.55683E~04 2,6648E-02 ~3.5081E~02
27 5.7606 -2.610 1.656 ~2.3922E~03 2.7463€-02 -2.3991E~-02
58 5.5346 -2.¢10 1.656 ~1,3437E~03 2.7193E~02 ~2.4275E-02
59 T.286 -2.610 1.656 =€ .8351LE~04 2.7117€-02 -2.4957E-02
60 8.036 ~-2.610 1656 ~4,6196E~0& 2.69TTE~02 -2.5994E-02
Figure 26.- Output from jet-wake program (single jet}.
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117
118
112
120

6e121
6,871
Te621
8.371
6,456
T.206
T.956
8.706
5.791
7.5%41
8.291
9,061
7125
T.875
8.62%
9.375
74460
8.210
8.950
9.710
443569
5.213
6,057
6,901
Te 746
6,703
£e548
€e.302
"7.236
8.080
5.038
5.883
6727
T.571
8.41°
54373
o211
T.062
TG 08E
3.750
5« (0E
he552
7397
Ry 2%}
Te055%
6e0=3
5887

«731
Be576
Q,L.20
6378
Te222
B4 06¢

3.210

9755
6.713
7557
3.401
Fe245
10.090

-3.190
-3.190
-3.190
~3.190
-3.770
-3.770
-3.770
-%+350
~4350
~4.350
-64350
-%230
~44930
~4 230

~-44330, .

-5.510

-5.510 -

~-5.510
~5.510
5.510
5.510
5.510
5.510
5.510
4.930
44930
4,930
4.930
44930
%4350
4,350

*¢350 -

4350
44359
3.770

3.770

3.770
3.770
3.770
3.190
3.190
3.1%0
3.1¢0
3.190
24610
2.610
2.510
2.410
2.610
2.030
2.030
2.030
2.030
2.030
1350
1,450
1l.4%0
le250
1.450

N

1.656
1.656
1.656
1.656
1.656
1.656
1.656
1.656
1.656
1.656
1.656
1.656
1.é%06
1.656
1,656
1.¢56
1.65%
1.656
1.6%0
l.495
1.207
0.919
0.631
34343
1.495
1.207

0.91%¢

0.631
0.363

1,495

1.207
0.919
0.631
0.343
l.40%
1.207
0.915
0.631
0.343
1.495
1.207
0.919
0.631
0.343
1.495
1.207

0.919

0.0631
0.343
1.49%
1.207
0.919
0.631
0.3%3
| P
1.207
D.919
0.631
0.343

~1.6225E-03
“3.1544E-04

~4.6646T8-04.

~3.1326E~04
-1.0345E-03
~5+8300E-04
~3.0549E-04
~241843E-04
~640354E-04
~3.3750E~-04
~1.8943E-04
~1e.6152E-04
—-2.9580E-04
-1le06412E-04
~1.0761E-04
=-1e33175-04
=-842246E-05
-4 43353€E-05
-542318E-05
=141593€E~-04
-2.2080€-03
-3,1461E-03
-3.3042E-03
-3.,3582E~-03
-3,3298E-03
-3.8775E-03
-4.0286€£-03
-4, 0669E-03
-4,051%9%-03
~3.9665£-03
-%45215E-03
-5 +EE28E-03
~4e 8429E-03
-4.8107E-03
-4,63880€-03
-5.6376E-03

-5.6071E=-03

-5.6542E~03
~5.6389£-03
-5.546TE~03,
-6.5278E-03
-6.3529E-03
-£.5655E=03
-5.8583E~03
-6,6089£~03
~6.89136~03
-6.97T77€~03
-7.7992t~03
-8.5949E~03
-7.82856~03
-6.9482E~03
- 7.5598E~03
-9.90615~03
-1.1270E~02
-3.6615€=03
-6.2836E=03
-9.1902£~03
~1.4448E-02
-1.2757E=02
-£.0256£~03

Figure 26.- Continued.

2.6023E-02 -1.7957E-02

2.5745E-02
2.56358-02
2.5526E-02
2.3978E~02
2.3725E-02
2.36126-02
243529E-02
2.1869E-02
2.1653E-02
2.1545€-02
2.1471E-02
1.9894E-02
1.97126-02
1.9608E-02
1.9537E-02
1.8110E-02
1.7955€-02
1. 7856E-02
1.7781E-02
-1.8110E-02
~1.7225€=-02
~1.6356E-02
-1.548%9E-02
-1.46026-02
-1.9255€-02
~1.83228-02
~1.7424E-02

~1le6491E-02

~1.5682E-02
-2.0375€~02
~1.9513£-02
-1.8652E~02
-1.7648£-02
-1.6¢49E~02
~2.1546E~02
-2.0927€-02
-2.0176E~02
-1.90406~02
~1.7486£-02
-2.2930E~02
~2.2787E~02
-242224E~02
-2.0755E~02
-1.85006-02
-2.4803£-02
~2.5506E-02
-2.5225-02
~2.2858E-02
~1e9229E=02
~2.7563(-02
—2.9827€E~02
-3.0059€-02

.=2.5106E-02

-1.9451£-02
-3.1524€-02
-3.6987E-02
-3.8520€-02
-2.7359E-02
-2:.03586-02

~1.8194E-02
-1.BT711E-02
-1.9451€-02
-1.3715E-02
-1.3917E-02
~1.4299E-02
~1.4807E-02
~1.0699E~02
-1.0863E-02
~1.1135€-02
-1.1474E-02
-8.5041€-03
-8.6298E-03

~8.81725-03

~3.0374E~03
-6.,86928-03
=06.9604E-03
-7.0848E-03
-7.2225€E-03
-4.7958€-03
-3.6463E-03
-2.5892E=03
-1.6321E-03
~T7.8299E-04
-5.6355E-03
-4,2517€-03
~2.9886E-03
=~ lae B434E~03
-B843637E=04

~5.6343E~03.

~6.9812E-03
~3.4563t£~03
-2+.0620e~03
“Beu49THE~04
~7. 8549E~03
~5.8866E~03
~4,0064E~03
~2e2584E~03
~Teb624E~04

~9.4189E-03
~7.0580E-03

—4. 6648E-03
~2.3503E-03
=4.5091c-04
-1.1578E-02
~8+7166E-03
~5.4740E-03
~2.0925€-03
4e3320E-04
=1.4899E~-02
-1.1431E-02
~6.5894€-03
~6+.9186E~04

2.7377E-03

~2.0762E=-02
~1.6993E-02
~8.6843c-03
4.0333E-03
B.7195E-03
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121
122
123
124
125
128
127
123
122
130
131
132
133
134
135
135
137

143

147

153
154

192

0.870

0.870
0.870
0.870
0.870
0.290
0.290
0.260
0.290
0.290

.—0.290

-04290'
- 0. 290
~0.290

=0.290

=0.870
~-0.870
-0.870
~0.870
«0e870
-1e450
~1.450
-1e450
~1.450
-2.030

--24030

-2.030
-2.030
-2.030
-2.610
2610
~2510
~2.%10
-2.610
~3.190
~3.170
-3,.15%0
~=3.160
-3.120
-3.770
-3.770
-3.770
"3.770
~-3.770
~44350
-4£.350
~-44350
—4 4350
-4.350
-4:930
-4 ,230
4,330
-4 ,%30
~4.930
~-5.510
-£.510
-£.510
-5.510
~5.510

1.49%
1.207
0.919
0.632
0.343
1.495
1.208

"0.919

0,631
0.343
l.4%9¢
1.203
0.919
0.343
1,495
1.207
0.919
0.631
0.343
1.495
1.207
0.91¢
0.627
0.343
1.435
1.207
0.919%
0.631
0.343
l.495
1.207
0.919
De031
0.343
1.495
1.207

- 0.919

0.631
0.343
le95
1.207
0.917?
0.631
04343
1-’?95
1.207
0.519
0.531
0343
1.495
1.207 "
06919 -
0.631
0.343
1.495
1.207
0.91%
0.631
0e343

~5.0402E~03
~4,0614[~03
-2.8888€-02
1.5077E 00
1.5011F 00
=2.8240E-03
=7.1290£-03
1.5824E 00
l.5326E 00
1.4798E 00
= 1.9642E-03
5.0867E~01
1.5651€ 00
1.5110€ 00
1.4587€ 00
~2.1478E~03
~1.1516E-02
1.5434€ 00
1.48%0E 00
1.43728 00
-2.0813E-03.
~3.2005€£-03
-3.4855€~-03
1.4602E 00
1.41638 00
-1.1425¢-03
-1.338%E=03
-8.6345E-04
~3,5204€6-05
~%e0137E-04
-543472E=-04
~4e 8953E =04
~3.08090-04
~3.5176E=05
2.575%:=-0¢4
=2.9058E-0%
~242924E~04
~1.9707E-04%
-2.5732E-04
~6,0065F-04
~21072E-04
~2.1352E-04
~3.06216~04%
~5.7661E-04%
~1.1597E-03
~2.0687E=04
-2.TT38E-0¢
~44€391E~04

-3.3280E-04

-1 «&799 E-03
~2+2703E-04
=3.544%4E-04
-5+ 9540E=-04
=9.E5C03%-04
-1e5463E~03
-2.5058E-04%
—teluw15E-06
=5e5881E-04
-1.0230£-03
-1.4529E-03

Figure 26.~ Continued.

-3.5520€-02
-4,7297E=02
-448448E-02
-2.79868E-03
-4 .5142E-03
~3.3011€-02
-5.1663E-02
~2.3233E-02
-2.2715E-02
-2.1599€-02
-1.5031E~02
-3.0515£-02
~4.1419E-02
-4.0377E~02
-3.8089£-02
9.5024E-03
5.7506£-03
~64 06 16E-02
-5.7518E=02
-5.3784E~02
2.40408-02
2.7353E-02
3,3227€-02
~7.4860£-02
-6.8781E-02
2.87345-02
3.36515-02
4,0440E=02
- 5.0177£-02
642633£-02
2.8738E-02
3.2879c-02
3,7937£-02
4.61T4E-02
5,1593E=02
2.6913E-02
2.5968€-02
3.3443E-02
3.7377€-02
44 16556=-02
2.45T0E-02
2.674T€-02
2.5109-02
3.1600~02
3.4045E-02
2.2231£-02
2.37708-02

2+5361E-02

2.6913E<02
2.8223£-02
2.0077€-02
2.1154E-02
2.22062-02
2.3133t-02
2.3750E-02
1. 8152E-02
1.4835€-02
1. 9569E~02
2.0084E~02
2.0308€¢~02

~3.2064E-02
~3,0816E~02
-8.6527€-03
-7.7724E=02
~8.8344E-02
~5.0909€-02
-6.32536-02
~7.7019E~02
-8, 1433E-02
~8.6376E~02
-6.T699E=02
-9.5502E=-02
<7.4156E-02
-7.9623E-02
-8,4539E~02
~b,6667E-02
=7.9075€=02
~7.2407E=02
~7.8022E-02
~8.2672E~-02
-5,2569E~02
~6406TSE=02
-7.11036-02
-7.4821E=02
~8.0958E-02
~3.8241E-02
-4.1883E-02
~4.5477E-02
-445295E=02
-4.8540E-02
-2.75645=02
-2.8639E-02
-2.9148E-02
~2.8644E=02
-2.65215-02
-2.0132£-02
-2.0028£-02
-1.9400£-02
~1.7986E=02
~1.5466E-02

-1.5002&-02

-1.%411E-02
-1.34105-02
~1.1836c-02
-9.48T7E-03
-1.1407£-02
- 1.0644E=02
-9.5650E-03
-8.06556-03
~6.0230£-03
~8.8339£-03
-$.0350¢-03
~6.9952E~03
-5, 6485¢-03
-3.9366£~03
-6.9515£=03
~641800E-03
-5.2258€-03
-4+0535E-03
-2.6466E-03
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XwW
-0.912
‘1.550
'20767

-3.725

=1,4331
~2.268
=-3,206
fﬁnl“s
-1.750
~2.,687
-3.625
‘40562
-2.168
-3.106
-4 ,043
-4. 98‘
-2.587
~-3.524
-4,.%062
-54+396
-3.,008
-3,943
-%.880
-5.618
-3.426
-#.361

-=5,299

~64236
-30542
~447480
-5.717
~t 655
-%e261
-5.19¢

; =bel3s
- =Te074

-4 4680

~5.617

~64555
‘70“92
-5.098
-5.036
-5.973
-7.511
~54517
~6 o5&
~T7.392
"30329
-5.93¢
~6.873
-7.810
~Be7:8
-6 356
-7.291
-8.22¢
~3168
-0+773
~7.710

YW
-0.362
“0e362
-0.362
~0e362
~140807
~1.087
~1.087

-1.087 -

-10613
-1-313
~1.813
~1.813
-2.537
~2.537
~2.537
~24537
~3.262
~3.262
~-3,262
~3,262

~3.987
. “3.987

-3,987
-3.987
-4.T12
-4.712
-4-712
~4eT12
—54438
54434
-5.%30

#5.%38'

te 162

| -b6e162

-6e182
~6belb2
~6.887
~beRB7
-HeBRY
'7.512
=Te512
-7.612
"7-6 12
"8-337
-8 l337
~8.337
-8.337
‘9.002
~9.0£(2
=9 4,062
~3e062
~9.787
.-9. 787
-GeT07
-9 0787
~10.,512
~10.512

IW

- =0.000 =2,0391E-03,
«0.000 ~1,6129E~04-

=0.000
'0?000
~-0.000
-0.000
=0.000
-0,000
~0.000
-0.000
-0.,000
-0,000
-0.000
-3.000
-0.000
-0.000
-0.,000
-0.000
-0.000
- ~0.000
-0.000
-0.000
~0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0. 000
-0.000

-0.000"

~0.000
-0.000
~0.000
-0.000
-0.000
~0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
=-N.000
-0.000
~0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0 000
=0.000

usv

1. 20€3E~03
2+0918€£-03
=343611E-04
1.6543£-03
2487 05E-~03
3.4909€-03
222TTE~0Q3
%+ 0164E~03
4+7980E~03
4+5669E~03
SeT426E~03
6.T7992€~03
6. 7986E~03
643568E-03
9.5766E~03
9.6276E-03
8.5661E~03
* Tel462E~03
le4162E-02
1+1909E~02
9.7224E-03
8¢ 0289E-03
1.7094E-02
1.2992E~02
9.9278E-03
T7.8932E-03
L+ 76%0E-02
1.2427E-02
8.9887E-03
649391£-03
1.5676E-02
1.0204E-02
649242E2-03
5.1680F~-03
1.1953E-02
T421028-03.
4.2772E-03
3.0488E-03
8.5323¢-03
9059@6E—03
2+4600E-03
144756E-03
6.20148-03
3.2631E-03
1.5477E-03
e 3422E-04

445961E~03:

2.4343E-03
1.1601E-03
7.9592E~04
3.36365-03
1.8660£-03
9.2253E-04
6.4568E~04
2.3922E-03
1.3437€-03

Figure 26.- Continued.

VIV

-2.28738-02
-2.2063E-02
~2,0865€6-02
~1.95426=02
~2.6174E~02
~244567E=02
-2,2720E-02
~2.0955¢-02
=2,95306=02
-2, 6866E-02
~2,4324E-02
-2,2187€-02
-3,2453E-02
-2.8628E~02
-2.%527€-02
-2.3215€-02
-3,4238E-02
~2.95296-02
-2,6259€=-02
-2.4102€-02
~3,4213E-02
~2.9434E-02
~2.6609E-02
-2.50236~02
-3.22056-02
~2.8529E=02
-2.6835£-02
~2.6241E~02
-2, 8465£~02
-2.7294E-02

~2.7209€E-02

-2.7883k-02
-2.5218€-02
-2.58165-02
-2.7186E-02
-2, 8949E=02
-1.9936€-02
-2.1387€-02
~2.30806=-02
~2.5006E=~02
-7.5891E-03
-8.4872E-03
~9.3811£-03
-1.0521£-02
9.7228£-03
9.4125€-03
9.2532E-03
8.8547E-03
2.20506-02
2.1894E-02
2.1951E=02
2.1816E-02
2.6992E-02
2.6787E=02
2.6788E~02
2.66486-02
2.7463E-02
2.7193E-02

LIA)
6. 8959E-03
6.6390E~03
6.2502E-03
5$.8060E-03
8.8246E~-03
8.2609E-03
7.5919E~03
6.9228€E~03
1.1285€-02
1.0226E-02
9.1722E~-03
8.2301£-03
l.4298E~-02
1.2527€-02
1.1007€~02
9.7701E-03
1. T766E-02
1.5133€E-02
1.3138€-02

1. 1636€-02 -

2.14T4E-02
1.8037€E-02
1.5686E-02
1.4022€-02
2.5207€~-02
2.1361€-02
1.8959E~02
1.7361€-02
2+.9049E-02
2.5588E-02
2+43691E-02
2.2602E-02
3.4042E-02
3.2043E-02
3.1457E-02
3.1548€-02

4.2320E-02

4e2341E-02
4.3470E-02
4.5128E-02
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