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Summary

The nonplanar quasi-vortex-lattice method is applied to the cal-
culation of lateral-directional stability derivatives of wings with
and without vortex-lift effect. Results for conventional configura-
tions and those with winglets, V-tail, etc. are compared with avail-
able data. All rolling moment derivatives are found to be accurately
predicted. The prediction of side force and yawing moment derivatives
for some configurations is not as accurate. Causes of the discrepancy
are discussed. A user's manual for the program and the program listing

are also included.



1. List of Symbols
A aspect ratio
b wing span
c reference chord
C leading-edge suction parameter defined in Eqmn. (21)
CD induced drag coefficient
i
C2 rolling moment coefficient
c, 1ift coefficient
Cm pitching moment coefficient about y-axis
Cn yawing moment coefficient
AC lifting pressure coefficient
Cp tip chord
c )
28 9B
BCn
n, Ty
3Cy
C =
Y 9
B B
= Db
) aC, /a3y
p ©
= Pb
c, 3¢ /35y
P
= pb
Cy acY/a(2V )
P ©
_ rb -
€y = 3C, /3Gy
r oo
_ rb
c, = 3C_/3(5
r oo
- rb
r o0
G(x) tip suction parameter defined in Eqn. (24)
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unit vectors in the positive x, y and z directions
freestream Mach number

unit normal vector to the wing surface

roll rate

pitch rate

freestream dynamic pressure

yaw rate

position vector

sectional leading-edge suction coefficient

induced velocity vector

induced velocity normal to the wing plane

freestream velocity components in the x, y, z directions
freestream velocity

rectangular coordinate system with positive x-axis pointing
downstream, positive y-axis pointing to the right and
positive z-axis pointing upward. See Figure 1.
x-coordinate of leading edge

camber surface ordinate

angle of attack

sideslip :angle

streamwise vortex density

spanwise vortex density

sectional circulation

leading-edge sweep angle

dihedral angle

wing taper ratio



Subscripts

a antisymmetrical
s symmetrical

t tip



2. Introduction

Most existing methods for calculating lateral-directional stability
derivatives are based on lifting-line type theory with or without empir-
ical corrections (Refs. 1-5). These methods form the basis for some
handbook calculations, such as in the USAF Stability and Control Datcom.
Although these methods provide a reasonable estimation of lateral—dif-
ectional stability derivatives for conventional configurationé, they are
not applicable to complex planforms of variable sweep angles, with wing-
lets or with vertical fins, and to planforms exhibiting edge vortex sep-
aration. For these non-conventional configurations, application of a
lifting-surface theory would be more appropriate.

In this report, the application of the quasi-vortex-lattice method
(QVLM) of Reference 6 to calculating lateral-directional stability deriv-
atives of arbitrary wing configurations will be described. Potential *
flow theory will be assumed. ‘The effect of vortex separation along wing
edges will be accounted for through Polhamus' method of suction analogy
(Ref. 7). Earlier application of the present method to simple wing-body

configurations at low angles of attack was reported in Reference 8.



3. Theoretical Development

It is assumed that the flow field is governed by the Prandtl-Glauert
equation. Thickness effect will not be included in the formulation.

In Section 3.1, the general boundary condition to be satisfied on
the wing surface will be derived. The present method is very much de-
pendent on the accurate calculation of streamwise vortex density distri-
bution (yx) and edge suction forces. These will be the subject of dis—
cussion in Section 3.2. From Sections 3.3 to 3.5, various contributions
to forces and moments in lateral-directional motion will be indicated.
All calculationé will be done in body axes. The conversion to stability
axes can be made through the use of a set of formulas to be given in
Section 3.6.

3.1 Boundary Condition
Itris assumed that the sideslip angle (B) is small. The freestream

velocity vector (6;) is then given by

V_o=ul+ ]+ WK (1)
where

U = V_cosacosg =V _cosa (2)

V=-vg 3

W = V_sinacosp =V_sino (4)

Let w be the angular velocity of the wing based on the primed axes system
(see Figure 1) and R be the position vector of some point on the wing.
Using the conventional notation for roll rate (p), pitch rate (q) and

yaw rate (r), it follows that the linear velocity (3') associated with

the wing angular motion is given by



—(pI + q} + rﬁ) X (X'I + y'g + z'K)

<y

—I(qz' -y'r) + g(pz' - x'r) - i(py' -qx') (5)

To find the induced air velocity on the wing (based on xyz axes) due to
g—motion, the sign of 1 and ﬁ—components in Eqn. (5) must be reversed
and x', y', z' are to be replaced by -x, y, ~z. It follows that

v = I(—qz - yr) + 3(—pz + xr) + k(py + qx) (6)
The sum of vw and v represents the total "freestream velocity.'" The
latter will produce normal velocity component (Vn) to the wing plane.
Before v can be calculated, the unit normal vector to the wing plane
must be determined. Let zc(x,y) be the camber surface. Then, according
to Figure 1,

z =z + zc(x,y) + (y - yo)tan¢ N

Introduce a function f(x,y,z) defined by:
f(x,vy,2) = z - z = gc(x,y) - (y - yo)tan¢ (8)

Then the unit normal vector to the wing surface is given by:

azc N 3z
> _ vE T 3x * (- e tang) j + k ‘ :
N = |Vf] - (9
// Bzc 2 azc 2
1+ (ax )y + (a + tan¢)
9z 9z

If §§§'and §§E can be assumed to be negligible in comparison with unity
and tan¢, respectively, Eqn. (9) can be simplified to be:

KW = —sin¢3 + cos¢ﬁ (10)

Using Eqns. (1), (6) and (9), the normal velocity component (Vn) can

now be calculated as:

¥ .2 > >
= 'n_+ v'n
© "W W

<1l:‘<

(cont'd next page)



Figure 1. Definition of Axes System

dF=§Acpdsdx

Side force

Y
s

Figure 2. Decomposition of Lifting Force on a Nonplanar Wing



Bzc
~cosa — + sina

= ox + Bsing + %—-(zsin¢ + ycos¢) -
V/ 8z 2 azc 2 w
1+ (—ax—) + (E— + tand))
%;—xsin¢ + %; XcoSs¢ (1)

In Eqn. (11), K& from Eqn. (10) is used to simplify the expression
associated with angular motion. The first term in Eqn. (11) can be
recognized as the boundary condition for symmetrical loading at a

given angle of attack. Eqn. (11) can be Written in nondimensional form:

9z

C .
-coso — + sina
X

<l:’<

+ Bsing + E(B%i‘sin¢ +

o / 3z 2 3z 2
1+ ('3—};—) + (5;“ + ;amp)

3}5 cos$) - T sing (E%) +q cosqs(g}‘?) (12)

where

= _ Ppb_
P 2v_
- rb

2v_

(13)

3= 4
17 2v

The normal velocity given by Eqn. (12) must be cancelled on the wing
surface by using vortex distribution. This condition represents the
boundary condition to be satisfied to find the loading.

3.2 Edge Suction and Streamwise Vortex Density Distribution (yx)

While the calculation of the spanwise vortex density distribution

(yy) is the first step in determining the symmetrical loading, it is



the streamwise vortex density distribution which is the basis for
predicting the tip suction and the lateral-directional aerodynamic
characteristics of a wing. The calculation of Yy is made with the QVLM
(Ref. 6) by satisfying the symmetrical boundary condition (the first term
is Eqn. (12)) and will not be discussed here. The leading-edge suction
has also been accurately predicted by the QVLM.

To determine Yy distribution and the tip suction, the following‘

expression for the conservation of vorticity will be used:

oY Yy
XL Y.
= T 3y 0 (14)

By integration, Eqn. (14) can be solved for Yy (Ref. 8):

_ AT (x,y) '
Yx N oy (15)
X
I (x,y) = —j v G ) d! (16)
xg(y)

In Reference 8, a trigonometric interpolation formula was derived to
calculate the derivative in Eqn. (15). The tip suction can also be
determined accurately. For more detail, Reference 8 should be consulted.
3.3 Forces and Moments in Sideslipping Flight
The incremental ACp due to sideslipping arises from the following
sources:
(1) Incremental pressure force due to geometric dihedral. This
contribution comes from the second term in Eqn. (12). For
a flat wing, this contribution will be zero.
'The predicted spanwise vortex density (Yy) will interact

with U-component of the freestream to produce a lifting pressure:

10



AC_ = 2y coso a7
pl y

(2) Interaction of sideslipping velocity (-V _B) with T In
nondimensional form, this will contribute to a AC amounting
2
to

AC =2 (18)
>, BYX

on the right wing in positive 1ift. On the left wing, Asz
is negative, thus creating a rolling moment.
(3) Effect of wake nonalignment with freestream. In the usual
way of calculating the loading, the flat wake has been assumed
to be in the positive x direction. According to Eqn. (18), the
wake trailing vortices (Yx) will then interact with the side-
slipping velocity to produce positive 1lifting pressure on the
right wake. This must be cancelled by introducing a Yy dis-
tribution in the waké equal to Byx, where Yy in the wake is
equal to its wvalue at the trailing edge. This is similar to
the results derived by Rubbert by perturbation expansion
(Ref. 9) of the governing equation.
This effect will produce downwash on the right wing, thus producing
negative Yy distribution. It will create a ACp similar to that given
by Eqn. (17). This refinement was not made in Reference 8.
Note that ACp produced by the aforementioned sources are anti-
symmetrical. The resulting rolling moment, and hence the dihedral effect

(C, ), can be calculated in a straightforward manner. The lifting pres-

8 ,
sure (ACP) is taken to be acting normal to the planform, as illustrated

L

in Figure 2. It follows that a side force will be produced, which will

11



also generate a yawing moment. The rolling moment due to the element

can be seen to be:

al = -}c_lAdesdx(zlsinq) + ylcosq)) (19)

where q is the freestream dynamic pressure. Integration of Eqn. (19)
in the chordwise and spanwise directions will yield the total rolling
moment, and hence the dihedral effect.

The side force and yawing moment due to sidgslip for a wing alone
are contributed from the following sources:

(a) Contribution from the incremental pressure force due to geometric
dihedral, as given by Egqn. (17).

(b) Contribution from the change in the leading-edge suction. This is
produced by the loading change discussed under Items (1) and (3) in
this Section.

According to Reference 6, the sectional leading-edge suction coef-
ficient for combined symmetrical and antisymmetrical loadings can be

calculated as:

2
(C +C)
_ T _ M2 2 s — "a
SLE =3 /[i M cos”A T (20)
cos /\‘Q

where CS is the leading-edge singularity parameter for symmetrical load-

ing defined as (Ref. 6):

X - X,
C = lim vy
s XX, Y, c

(21)

and Ca is the corresponding parameter for antisymmetrical loading. The
positive sign in Eqn. (20) is for the right wing and the negative sign
is for the left wing. It follows that the effective change in leading-

edge suction due to sideslip is given by:

12



, (+2€_C.)
AS =12'—‘[1—Micos1\ - 52

LE (22)

L
cos AZ

This suction force is normal to the leading edge, as shown in Figure 3,

thus contributing to side force and yawing moment.

(c) Contribution from the change in tip suction. According to Refer-
ence 8, the local tip suction coefficient for the combined symmetr-
ical and antisymmetrical loadings is given by

2
2n(G_ + G )
S = s 4 (23)

t
€t

where G(x) is defined by

ol
/b a1 3y Lt
G(x) = 5 iiﬁ 1 - ) (24)
2

b/27 2 3y

and Ft is the total sectional circulation. . in Egn. (23) is the tip

chord length. It follows that

) Zﬂ(-Zngg)

AS, = — (25)
t (:t

ASt is also illustrated in Figure 3.
(d) Contribution from the induced drag (Page 14-3, Ref. 10)
The induced drag under symmetrical loading is assumed to act in the

direction of freestream with sideslip. Hence, if C is the induced drag

D,
i
coefficient, the side force coefficient from this contribution will be

ACy = ~C B (26)

The yawing moment can be computed from the induced drag distribution.
3.4 Forces and Moments in Steady Rolling
The roll damping derivative (Cl ) can be computed by integrating
the antisymmetrical lifting pressurepinduced by the roll rate (see E-term

in Eqn. (12)) multiplied by the spanwiée moment arm. The moment arm used

in Eqn. (19) is still applicable here. 13



AS

Figure 3.

ASLE

Change in Leading-Edge and Tip Suctions due to Lateral-
Directional Motion
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The side force and yawing moment due to roll rate for a wing alomne
are contributed from the incremental pressure force, change in the leading-
edge suction and change in the tip suction, similar to those discussed
in Section 3.3 for the sideslip effects.
3.5 Forces and Moments in Steady Yawing

The incremental lifting pressure due to yaw rate consists of three
components:
(1) Due to yawing, a backwash ry is produced. This will interact with

the symmetrical Yy to produce a lifting pressure equal to:

- o XY o _oXby. 2y
ACPr 2 V. Yy 2(2viYy b 27

(2) Due to yawing, a sidewash rxcos$ is produced on the wing plane.

This will interact with the symmetrical Y, o produce a lifting

pressure equal to:

- .o X = —oXb . 2x
ACPr = =2 v cos¢yx = 2(2Vw)YX b cosd ‘28)

(3) Incremental lifting pressure due to geometrical dihedral. This
effect can be seen from the boundary condition in Eqn. (12).
Once the incremental antisymmetrical lifting pressure is obtained,
the wing rolling moment due to yawing can be calculated immediately.
The calculation of side force and yawing moment due to yaw rate
follows the same procedures of computing the effects due to sideslip.
This is because a wing in yawing can be regarded as being subjected
to "variable sideslip" effect, since the sidewash on the wing plane

(rx cos¢9) varies on the wing.

15



3.6 Conversion to Stability Axes System

Once the stability derivatives are calculated on some body axes,
it is desirable to transform them to values based on stability axes.
The transformation formula have been derived elsewhere (page 192, Ref.
11) and are listed below for convenience. The primed quantities in the

following are based on body axes ( & in Ref. 11 is replaced with -a).

C =Cc ! 29
A 7 (29)
Cy = Cy ' cosa + Cy ' sino (30)
p p r
C = " cosa -C_ " sina (31)
v, Y, >
C =0C ' cosg +C ' sina (32)
2 2
8 B g
c =¢ ° cosza + (C "+ C ")sinocosa + C 'sinza (33)
A 2 2 n n
p p r p r
cC =¢ 'cosza 4+ (C ' - C._ ")sinacoso - C 'Sinza (34)
2 2 n 2 n
T T T P )
C =C "'"cosa~-C, ' sina (35)
2
g g 8
2
C =¢C fcos’'a+(C " -C_ ")sinocosa - C sinza(36)
n n n £ 2
P P r P r
C =2¢ 'coszu - (. "+ C ")sinacosa + C 'sinza (37)
n n 2 n 2
T T T P P
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4. Numerical Results and Discussions

Some preliminary results without the refinement for high angles of
attack have been reported in Reference 8. Good agreement in roll deriv-
atives with Garner's theoretical calculation (Ref. 12) for two wings at
different Mach numbers has been demonstrated. In the following, additional
results by the present refined program will be presented for conventional
configurations and configurations with significant vortex—liftkeffect.
4.1 Conventional Configurations without Significant Vortex-Lift Effect

The experimental results for lateral-directional stability deriva-
tives for four wings with NACA 0012 airfoil section were presented in
Reference 1. The results for two wings are chosen for comparison here.
Figure 4 presents the results for a rectangular wing of A = 5.16. It
is seen that the present method predicts all rolling moment derivatives
with good accuracy. However, C and Cn are not accurately predicted.
To see whether this is true fof gther unzwept configurations with diff-
erent aspect ratio, the test data in Reference 5 for A = 2.61 are com-
pared in Figure 5. Again, both C and Cn are overpredicted. This
discrepancy indicates that both lezding—edge and tip suction forces are
not fully realized in the experiment, as has been assumed in the theory.
This phenomenon has also been discussed by Garner in Reference 12. One
possible way to solve this problem is to apply an edge suction correction
factor. For the leading-edge suction, an empirical correction factor has
been determined in Reference 13 as a function of airfoil geometry and
Mach number. Experimental data showing the degree of leading-edge suction

development can also be found in References 14 and 15. However, a syste-

matic work on tip suction phenomena does not seem to exist.

17
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Figure %4 Comparison of Predicted Lateral-Directional Stability Derivatives with Experimental

Data for an Unswept Wing at M=0, A=5.16, A0, and A=1.0
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Figure 5 Comparison of Predicted Rolling Stability Derivatives
with Experimental Data for a Rectangular Wing of

A=2,61 at M=0
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in Figure 5 implies that

Slighf increase in lCQ Iwith increasing CL
P

partial vortex-lift effect may exist at the tip.

The results for a 45-degree swept wing of A = 2.61 are presented in
Figure 6. In this case, the vortex lift effect is assumed to exist along
the leading edge, but not along the tip chord. This is evidenced from
Cg variation and experimental 1ift curve. Again, all rolling moment
degivatives are reasonably predicted, except at high 1ift coefficients.
The prediction of side force and yawing moment due to sideslip and yaw
rate is not accurate, probably because the effect of skin friction has
not been included in the program. At zero CL’ the skin friction will
produce negative C_ . For the other derivatives, the effect of skin
friction may or maanot be important, depending on the location of
moment center.

Figure 7 presents the sideslip derivatives for a KC-135A wing-body
model with and without winglets at different subsonic Mach numbers. The
experimental results are given in Reference 16. It is seen that the di-
hedral effect can be accurately predicted for this nonplanar wing-body
configuration below the drag-divergence Mach number. The absolute level
of CnB and CyB is not correctly predicted, because the body effect has

not been included. Of course, a body will contribute negative Cn and

B

Cy, to the total derivatives. However, the trend with Mach number var-

iaiion and the incremental effect produced by winglets are all correctly

predicted. |
Finally, another nonplanar configuration - a V-tail is analyzed

in Figure 8. The experimental data can be found in Reference 17. The

lateral stability derivatives are presented as a function of geometric

20
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dihedral angles. All predicted B-derivatives are seen to agree quite
well with experimental data.
4,2 Configurations with Significant Vortex-Lift Effect

When edge vortex separation is present, its effect can be predicted
by Polhamus' suction analogy (Ref. 7). In this method, the predicted
leading-edge and tip suctions are assumed to be acting normal to the
wing at the edges.

A delta wing of A = 1.147 with sharp edges was tested and reported
in Reference 18. The longitudinal aerodynamic characteristics are pre-
sented in Figure 9 together with the predicted results. As can be seen,
the method of suction analogy works quite well for this wing. The side-

slip derivatives are compared in Figure 10. Again, C is reasonably

L

B
well predicted. As for Cy » the effect of skin friction may explain
B
the discrepancy. At high angles of attack, Cy reverses in sign. This

: 8
may be due to the fact that at high angles of attack in sideslip, the

windward leading-edge vortex is large and is pushed more inboard to
affect a larger wing area on the right side as compared with the left
vortex effect. Since the right side leading-edge vortex generates
positive sidewash on the wing surface, the resulting positive side force
will make Cy more positive as angle of attack is increased. This
effect is noE included in the present method.

A more complicated configuration is illustrated in Figure 11. Test
results of this configuration were reported in Reference 19. The longi-
tudinal and lateral aerodynamic characteristics are presented in Figures

12 and 13, respectively. In the present calculation, the outboard por-

tion of wing which has a lower sweep angle and has dihedral is assumed

24
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not to deveiop vortex lift and has zero leading-edge suction. This
assumption is plausible judged from the surface oil flow data in Ref-
erence 19, Figure 12 shows that the present method predicts the
longitudinal characteristics quite well, in particular, the trend
with tip dihedral being correctly predicted. The theoretical method

used in Reference 19 is the conventional vortex-lattice method (Ref. 20).
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5. Concluding Remarks

The present nonplanar quasi-vortex-lattice method predicts quite

well all rolling moment derivatives, which are, of course, contributed

mainly by the wing in a complete configuration. To improve the predic-

tion of other lateral-directional stability derivatives, the following

refinements are needed:

(1)
(2)

(3)

to include the fuselage effect.
to include the effect of skin friction so that the prediction
of C_, C‘.n , C and Cn can be improved.
g 8 Jr r
to incorporate empirical correction factors for the degree of

development of edge suction forces.
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Appendix A

Instruction on the Usage of the Nonplanar QVLM

Program and Sample Input Data
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A.1 PROGRAM CAPABILITIES

This program has the following main features:

(1) It is applicable to nonplanar wing configurations, such as wing-
winglet, wing-~vertical fin combinations, etc. It can also analyze
wing~tail or wing-canard configurations. However, the wake is
assumed flat.

(2) Up to five flap spans with different flap angles, includingkail—
erons, can be analyzed.

(3) Arbitrary camber shapes defined at three spanwise stations or
less are used in the program through cubic spline interpolation.

(4) The program can calculate the symmetrical loading, the rolling
moment coefficient due to aileron deflections (for attached po-
tential flow only) and lateral-directional stability derivatives.
For the first two conditions, the bending moment distribution is
also calculated.

(5) The vortex-1ift effect is calculated through the use of Polhamus'
suCtioﬁ analogy.

(6) Ground effect analysis is made by the image vortex method. However,
the ground effect on lateral-directional stability derivatives has
not been correlated with the experimental data.

A.2 INPUT DATA FORMAT

Group 1 Format (6X, I4), 1 card
ICASE Number of cases to be run
Group 2 Format 2(6X, I4), 1 card
NCASE ﬁser;s case number
NGRD = 1 if the wing is in ground efféct; = 0 otherwise.
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Group 3 Format (13A6), 1 card

TITLE (I) Any words describing the case to be rum.
(r =1, 13)
Group 4 Format 8(6X, I4), 1 card
NC Number of spanwise sections on the right wing (to be

divided according to points of discontinuities in

geometry, such as edges of flap spans). Limited to 7;

(Avoid dividing planforms into too many sections).
M1(I),I=1, NC Numbers of vortex strips in each section plus one.

There are NC numbers. Minimum value is 3. Maximum total

number of vortex strips is 48.

IWING = Last wing vortex strip number if a tail is present,

0, otherwise.

NWING = The numerical order of the last wing spanwise section,
numbered from inboard‘sections.

IWGLT = 1 if a winglet to be represented by a tail is present.
= 2 if the winglet (vertical fin) is placed iﬁboard of
wing tip.
= 0 otherwise.

Group 5 Format 8(6X, I4), 1 card
NFP Number of flap spans. Liﬁited to 5.

NJW(I),I=1,NFP Numerical orders of flap spans among the spanwise sections.
For clean or full-span flap configurations, set NFP =ﬂl,
NJW(I) = 1.
NVRTX The vortex strip number at and outboard of which the
leading—-edge vortex-1ift effect is nét included. 1If it is

zero, total vortex-1ift is assumed.
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Group 6
NW(1)

NW(2)

ICAM

M

IST

ICAMT

Format 8(6X, I4), 1 card

Numbers of vortex elements in chordwise sections,
divided along flap hinge line or winglet leading edge,

as illustrated in sample input.

1 if camber ordinates are to be read in,

1]

0 if camber slopes are defined manually in subprograms ZCR(X),

ZCI(X), ZCT(X). The default is for a noncambered wing.
Number of camber ordinates to be read in (limited to 12);
arbitrary if ICAM = 0.

Number of stations at which camber ordinates are read in.
Limited to 3. Station 2 must be consistent with the
intermediate station defining twist (see Group 13).

= 1 if the tail, winglet or vertical fin has camber.

In this case, camber ordinates at wing root, wing tip
and tail should be all read in.

= (0, otherwise.

*Omit group 7 if ICAM = Q0 #*

Group 7

XT(1,J)

ZC(1,J)

Format 8F10.6

X-coordinates at which camber ordinates are read in.
Nondimensionalized with chord length. All X-coordinates
are read in first.

Camber ordinates at the corresponding X-locations. Non-

dimensionalized with chord length.

The above are to be repeated IST times. Input root chord first.
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Group 8

LAT

NAL

Group 9

Note.

XXL(1)
XXT(1)
YL(1)
XXL(2)
XXT(2)
YL(2)
VA

DIHED

Group 9 is to be repeated NC times.

Format 2(6X, I4), 1 card

0 for symmetrical loading only

-1 for computing C2 with aileron deflection.

1 for computing lateral-directional stability

derivatives. (Symmetriéal loading is always calculated).

Numerical order of aileron span among the flap spans.

( = 0 if LAT # -1)

Format 8F10.6

Corner-point coordinates of a spanwise section.
L.E. X~coordinate of the inboard chord.
T.E. X-coordinate of the inboard chord.
Y~coordinate of the imboard chord.
L.E. X-coordinate of the outboard chord.
T.E. X-coordinate of the outboard chord.
Y-coordinate of the outboard chord.
elevation of the spanwise sectiom.

dihedral angle in degrees for the sectiomn.

With flaps or winglet,

another NC cards are needed to describe the flap and the associated

regions., The order of input is illustrated below. Panels with

dihedral must be rotated to X~Y plane for geometric descriptionm.

tifXXL(l),YL(l))

. (XXT(1),YL(1))
DIHED —“\w

>Y ===
>

/—(RXL(2) ,YL(2))

@xr(2), v~ Lo

NC=3
NW(2)%0

Numbers inside panels denote

input order.
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(Section 1 should have
uniform dihedral angle)

NC=2

Vertical Fin

. NC=2

NW(2)=0
IWGLT=0
IWING%O

Vertical —
—— Tail
1

Group 10

HALFSW
CREF

ALPCON

DF(1),
I=1,NFP

Group 11

ALNM

ALPI

I
i
|
' -~ [} i
/2,\ f_ p1HED=90.

Format 8F10.6, 1 card
Freestream Mach number. AM < 1.
Reference half wing area.
Reference chord.
An indicator ( = 1l.if CL and Cm are to be computed.
o

In this case, put flap angles to zero. = 0.otherwise).

flap angles in degrees, inboard flap span firét.

Format 3F10.6, 1 card

NW(2)#¥0

Winglet

Number of angles of attack to be processed for the same

configuration at the same Mach number.

Initial angle of attack in degrees.
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ALPINC Incremental angle of attack in degrees.
Note. The above variables in Group 11 should be all zero if ALPCON = 1.0
‘Group 12 Format 2F10.6, 1 card
HEIGHT Ground height of 3/4 chord point of M.A.C., or other
reference point,= 0, if NGRD = O.

ATT pitch attitude angle in degrees, = 0, if NGRD = O.

*Group 13 must be omitted if ALPCON = 1, *

Group 13 Format 7F10.6, 1 card

TWIST1 twist in degrees from root chord to an intermediate
station, negative for washout. If TWIST1 >99, the twist
distribution and camber slope defined in Functions TWST
& zCDX will be used.

TWIST2 twist in degrees from an intermediate station to tip
chord, referenced to the intermediate station. = 0, if
the intermediate station is the tip.

YTW Y~coordinate of the intermediate station.

RINC root chord incidence angle in degrees.

CAMLEL L.E. camber slope at the root chord.

arbitrary

CAMLE2 L.E. camber slope at the intermediate station if ICAM = 1

CAMLE3 L.E. camber slope at the tip chord.

%Group 14 must be omitted if IWING = O

Group 14 Format 3F10.6, 1 card
TINC Tail incidence angle in degrees.
HALFSH Tail half area. If the tail is to represent the winglet
at the tip, put HALFSH = HALFSW. If the tail is a vertical

fin inboard of wing tip, put HALFSH = fin area.
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POS Winglet position indicator. Its numerical:value is based
on whether the winglet is attached to the wing first or
second chordwise section, respectively. It is indicated

below. If there is no winglet, it should be O.

POS = 11.

POS = 22.

If ICASE > 1, repeat Groups 2-14.

Remarks:

(1) With the existing dimension for the array DQ(I,J) in the
main program, a total of 140 vortex elements can be used.

The minimum memory for execution is 55K (decimal).
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(2)

Three working disk files are needed in execution. They are

designated as (01), (02) and (03).

First, the input data will be printed.

half wing area

reference chord

Vortex Element Endpoint Coordinates:

Zl) coordinates of the inboard endpoint of a bound vortex

(X,,Y,,Z,)coordinates of the corresponding outboard endpoint of a
2°272°72

bound vortex element

One set of (XCP, YCP, ZCP) defines a control point location.

Sectional Pressure and Force Data

percent chordwise‘location

percent spanwise location (referred to half span)

ACp (with aileron deflections, ACp on both left and
right wihgs will be printed).

the nondimensional y-coordinate of the spanwise station
(referred to half span)

Sectional 1ift coefficient

sectional pitching moment coefficient about the y-axis
sectional leading-edge thrust coefficient

sectional induced drag coefficient

A.3 OUTPUT DATA FORMAT
(1)

HALFSW

CREF
(2)

(Xl,Y

element

(3) Control Point Coordinates:
(4)

XV

YV

cp

Y/s

oL

CM

CT

CDI
(5)

The next group of output variables is for the attached potential

flow. If ALPCON = 1, the lift and pitching moment coefficients

will be C and C_ .
L m

o [+
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(6)

(7

(8)

(9)

The results to be used in the method of suction analogy are
printed next. If ALPCON = 1, the variables printed are used for
a noncambered wing in the following formulas:

C. = K sinacosza + (K + K )sinzacosa
P v se

L s e V,
CD. = CLtana
1 — — —
X X X
2 ;
C = K sinacosa P + K sin o Le + K sinza €
m P C v,ie C V,Se C
ref ref ref

If lateral-directional stability derivatives are calculéted,
results for both attached potential flow and vortex-separated
flow will be printed, based on body and stability axes. The
sideslip derivatives are in per radian.

If rolling moment coefficient due to aileron deflection is cal-
culated, it will be printed here.

The last group of results is the bending moment distribution

and the bending moment coefficient at the root chord.
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A,4 Sample Test Case No. 1

1 0
NASA TP«1163 KC-%BSA WITH ZINGLFT

8'8

0,

0:01022

0.8

0.01022

8‘8

0,
0.0199

11.582

'3.4365

13,161

0.3

3

o

Input Data :

2 ) 1
1 1 0
3 3 i 11 3
80% 002 0.3 Ooé 095
[ ]
00145 01878 0.01947 0.01946 0,01855
000582 )
8.% Oe 0.3 Qo4 0e5
[
0.0145 0001878 0401947 0401946 0,01855
0,00582 0.
0.1 0o 03 0ot 0.5
*® ®
0.01505 5.019 0,02145 0,023 00237
0401215 ~0,00435
1 0
~3.4365 0 10,133 «505 7.3
13 128 2t.3 14,257 }é.?gz %1.22
0,557 O, 11505 144053 27.3
144053 27.3 150102 1523902 31.22
209425 86275 Oe 0.
{51 Oe
Oe
O. 27.3 2. O. 0.
209.25 .

(-10.853,0.)

-(10.133,27.3)
(11.505,27.3)

(14.053,27.35

1
006

0.,01744
0.6
0.01744
Deb
0.0241
R

L]
Oe

0.

(14.567,31,22)
15.3902,31.22)

bl

0,7
0.01458
0.7
0,01458
0.7
0,0233

~N~i~-d
Ve Us
L]

-
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1

AR A S SR NES SRR EE SRR EEEEREREREEREREEERERRRS

CASE NUMBER

=10

LA B SR SR RASEERER R R EEREEREREEER ZRI I DI I IR I

ddokhk ok ok Ak Ad ko Ak kA h bk dAdhhdhrhhhhkbhk kbbb whkbhkn

NASA TP-1163,

KC-135A WITH WINGLFY

LA RS A RS SRR ESERE SRR EREREEE R EEEEEEE TR TR

INPUT DATA

2 14 6 13 1 1
1 1 0
? 8 1 11 3 1
-10.853000 -3.436500 0. 10.133000 11.505000 27.300000
11,505000 13.161000 27.300000 14.567000 15.102000 31.220000
-3.436500 0.557000 0. 11.505000 14.053000 27.300000
13,.141000 14.053000 27.300000 15.102000 15.390200 31.220000
0.500000209.250000 2.275000 0. 0.
éaooonoo 5,510000 0.
0. 0. 27.300000 2.000000 0. 0.
-4.000000209.250000 20.000000 ,
HALF SW= 0.20925F 03 CREF= 0.82750F 01
xx% CAMBER ORDINATES FOR THE ROOT SECTION %%
X/C Qe 0.10000  0.20000 0.30000 0.40000
z/¢ 0. 0.01450  0.01878  0.01947  73.01946
0.70000 uv.s0000 0.90000  1.00000
0.01458 w.ul022 0.00582 Q.
kkx CAMBER ORCINATES FOR THE INTERMEDIATE SECTION #*%x
X/C O 0.10000  0.20000  0.30000  N.40000
z/¢ 0. 0.01450  0.01878 0.01947  0.01946
0.700uU  U.s0000  0.90000 1.00000
0.01456 ~ w.u1022 0.00582 0.
*%% CAMBER ORDINATES FOR THE TIP SECTION #*#x
Xx/C O, 0.10000 0.20000 0,20000  0.40000
z/¢C 0. 0.01505  0.01900 0.02145  0.02300
0.7000L  U.60000 0.90000 ~ 1.00000
0.0233¢  (.u1990  0.01215 -0.00435

2.500080
0.01855

0.50000
0.01855

0.50000
0.3237C

~N ~

Vi~
& 6 & 8

[ Jon Jan J o)
(]l e]
o000
o000
[ ]en Jan L e ]
OO0

0.600060
0.01744

0.60000
0.0174¢4

0.60000
0.02410



VORTEX ELEMENT ENDPOINT COORDINATES

eenq.oaes-a-tcooog-o-ocnaetoa-acaa.oaaeoaa-ae-e-c-eeoeaa-ao-¢a..¢c-
2000000090DOQOOOGDODOODOOOOOOODODDq090ODOOOOODOQOQODDOOQOOODDDODOOOOOD
~

—
ZBCOIOBGIGGBOCOQO.QCICQG"IGC...GDOCCQBBQIQGu&oa.uaﬂ'ﬂ.ﬂ.a.ﬁ...'ba'uoa

DODODOODOOOOODOO0OOOOOOOOOODOOOOOODnOOODOOOOOODOOODODOOODOOOOOOOOOOOD

999111999666999888111111444111888111000777111999333111999111999666999

99922299977766666633333322200077?000000000?77222999222999?229997?7666

555222777?7?1111118888882222227?74440006442227775553335552227?777?111
666999999888444222?7?555111000000333000777555666444555666999999888444
27?700099933311111111111199933322255533388877?77?66611177?000999333111
Ysaso.osnecca-ca--ca-ac-ecoeon.naoaaaaoa..oa:e-esuacaan.e-acaecnunc
900222333666999222555888000333555666777777888999000111000222333666999
111111111222222222222222222222222333333

99911199966699988311111144&1118881110007??111999333 [eNe Mo XoR ok SR o R e No Lok ok o}
999222Q997??6666663;333322200077?000000000777222999 OO NN OO OV I
55522277777?111111888888222222777444000444222??7555 VoY TaXVaYaVlaVtlaVl o8 o N Lo o A
6669999998884442227??555111000n00333000777555666444 OOV OO O X 0000
?770009993331111111111119993332225553338887?7?77666 M OCCOO OV

aaane-ecc-c.aao..-aa.n-a-o.a.eaa-oe-oweeo..gsaa.oaoua-o.a-a-ooe-o-e-
000000222333666999222555888000333555666777777888990On0000000222333666
111111111222222222222222222222222333

1
>

222050628:209092763821596?8?76108&?01095425312?22615817082513413191S9
?779021085553458475?01612?2826639495900333802940419988488302051429951
802887245012‘95?106293349520857267424933952075?95801112001015204?9111
740?654164646201388493070}218644341821159426990166?5935473539480860?4
27657??35659341228808538246821164263928406372?493147570706033962384838
XCG.QGCCOC'.J.C.l'd'C'O..C'-“Q’OO““‘.“O.G.'G‘Qs“a..cosnot.nac"..
963852?415203111021243465677898909000012232333344444&521020100201313&
[ T T T T O O A R N I O B ] - e e e ereee— | vt ]

9512220506284209092763821596787761084?O307SA2531272261959708251341319
7737779021DR555345847570161272826639495900333802940419974488302051429
O~ M0 CONI00 0O 245012495710629334952085726742530395207579580899200101520479
543740765418444620138849307”1218644341813559426990166763854?353948086

131976577735659341228808538246821164263963006372?49314?142706033962384

XO."..OOQ...l..-'..-.C..‘..l....‘...'...liwtotil.COOCIQOC.IOII.Q....-
073963852761520311102124346567?89890900123223?33334444310210201002013
[N T TN T T T T N D N A N A B B A ! - ettt | [} [ 1

46



# 9% 5 ® @ 6 ¥ 8 o © 8§ 6 ® R O O 9 O ® @ ¢ @ 9O QR O PSS PP PO E PO P

® 50 06 ® o 8 ® » % ¢ ® 0 8 6 o © € C O @ O § @ O © ¢ ®» O O O O & OO O B O O
COCOOOCOoOOOCOOOOOCOOOCCOOOOOOOOCOOoCoOoOOOC

OO e e~ = F T FT N = COOMN NN e e OO OO MMM~ —
e CCOCO0OC QU CCOUNINICININI N M3 3 2 QOO T NN PN nunnrmnen
NN AN NN e = COOCOCTMMMOOON NP NNINNO OO T T Ty
T e e v O COCMIMIMI OO OUIN NN MIMOGOOOC M NN I N OO O o o
e B0 o 6 e o 0 ® ¥ O 6 € O B & 0 O ® o F G © ® U O K PO K B QO S O 5 O B
AN RO C O OMMMINNINNO VOSSN OGOV C OO e v
el el kel e e VT QY AN ToNT (N o VY AN T A NY o NT ANT ANT NI oV Y o TN TN E o N T o WY o VT oNT  NT SN o NT o VY o ¥ YoV T ¥ Po¥ V¥ It

OO Q0T F T T e 00—~ OC O = O OO N
O OO O OMMMN N MAININCOCOCMANMNNCCCOQOOOOONNN NN OO
= e 00 O O SCCO R NINININUANININAN I T TOOOT T TONINININMA N NNLY,
NI TN NN - C OO0 OOMMMOCON AN NN O OO N T3
T e e e e o= O VO MMM N A NI MM MM G0 0000 I N I RS I NS NONO
® ¥ 9 ¢ B O ® @ @ O 0 © ® O @ 9 @ O O & § O O @ & O © O Q & 6 € P & O O B O O
O ANINANININ N DGO OMMMNNINOOONMM’NM NN OO0

Ll ol ool e ol ol e e A CE AN T VY AN Y A NT o NT o VE o VT o N o NEpNT AN o NT ANTaNT aNTANT o NTaN] o N7 o NT o XE A NY N7 0 | 0¥, 0]

= MIONOCO O eI M ONNCOMUNNCONCC T G OOMON 0O NN CC O~ NN
MNOO MO ONOT AN O OMNe- OO COMOOCCEINOOMO O DO 3
NMNT TV ONICIe— = O~ 000 CO O OO IO NN T M0 00 O N OO0 O 00
N0 OO~ M OO MO0 ONMNOOONT O N~ O MO~ OO0 = ~F
~F 0OM O~ 0OMN TN T PN OOOHIN D NI MRNAON 00T 00« O NN T V00O« O

® F§ 008 B 8 0 0 ¢ P B R LB T O P U E PO NP OO PR QB E RS PR O
M OO0 00 VOO0 O O 0L CIMe— NIMMMT M ST T ST ST ST ST DnNnnin

- T e T g O T ™ ™ T T T O O T e O g

N EMIO NSO Ce AT Me OO0 N NN OC ST O MO O N 00O~
N MO MO ONOXNMN MO OCMINeE CONONOQCOOCSIMN O OMO O
e AMIT I NI IO~ O CO O OCOMMO NN MO0 ON OO
CNITAINANO WO Ce—MONO OO OMOINOONOOOC IO N Ce—MP-T OO0
0O MOG T COM O T OC A COMAII N N O OCUN O OCOAIMINAIOON 3 00— O AN I 00000 O e
e © 9 & 8 & & 0 & P ® @ © 0 5 & B OO P S G T W P P R C O B W T 0B P E P OO
= MIMICNONCCOCOCO G Co N e NIMNMI MMM MISE NINT ST ST <3 I T3 NN

-— T T T T T T e T T T T e T T e -

CONTROL POINT COORDINATES

$ » 8 8 0 P B O O B O 6 9 O & 8 8

MNAOOVCC OO0
NN OMMIST NN TSN OVOony
Ne e~ CONONNNOCANNNGCON G
[eWER ST Tt S AT A TANE ol o VaYo o1+ o1) BRVe VT aANEN 4
LIMMMION T =N OO OO ON MO
> e 2 g 2 2 8 & 6 2 ¢ 9 & ° B & O @
e e~ AN OOCMNO OO NN T N
Lokt ol kel AV A VTN I o ¥}

NN O OMON OC NN OMINUWN O OO O
MW O OO OMO O = 0N
3 O OUM MO0 — NN O ST O AU P o
QMO OMEIMNIN OO T OO0
QT OO MO O~ MO O 0N OO MW
X © 5 @ § ° 8 8 § 0 8 @& » & B € 0 O
NS NIMIIN O O eI\ 00~ O
[ I 2 I N I O |

7CP

@ 9 8 8 0% 2 0 80 5 P 5 0 8 6 O

MOV COOCOr-—e— 00
NN OOM TSN OITNoC O
NN e~ QOO NN OO NN
[«WRK EX Tt 8 AR LA AN o TaTTAY. o TA S e TN A Y]
MM PMONON e N DO OO ON N~ NV
> 9 g 0 e PO R B G PHFF PO RC
OO SN NOMMINOON 0NN T
= T OIS

OO NN OOV O = O
PO T UMM e~ NN ST O N O
T OMNST OMINONAIN G OMIN T — N
QNI O0N OO OMMOON TN
OMNAT OO I N = OO NNOM OO

> e B P 8 T €@ & 2 P O O G W & 8 0 &

COMIT O AINICOle= (O T~ N 0CO O
[ 2 N I I I N |

47



OBBQB@QQQGEOGQOQwcsnuoa@aaeaﬂeaﬂﬂﬁQOGG

NN OO OO~ e=MMANOOVVO OO e g CNARNC O OCC O e
AN NNOO OO OMMITNINOT TNV OONNINMNNOOOON T
ONANCOICOONMNNNT OO NAUINIONAANAIOONOOMNNINCOCONN
PR VARV RV Y. s Vo RVa RX SVATVARR JVANT QY N Sat A YoV Lok R VaY: of . o ) SEVe RVoTaNEL X JVARVo RN o I o2V oRVo RN ST oY Va)
NN MMM O =N O C OOV CN e MO oo
$ ¢ » ® 6 % ¢ @ S @ © & & © & 8 T & ¥ T 9 T & D ® & S e ® 9 O & 6 © ® @ ©
NONNMNOONO COOCT™ s NINNMAOOMNONVONINIST MDD CONONC OO
[qVIaNE VAT NTaNE oV o}, ot o L sl ol ok ok ol aNT NI ANE o NI oNT oNF A N] o PR ANTANT o N] LY Tt

OGN OT OO OO MO N~ 0O T W~ 0T N T~ N
AN OMOWNO TO OOV ON TMe— N UMVMIONNONOO0 e~ —C
ONCOCOM e M O NNCO SN OO GO —ONIC T OTOMNNITNO
2 85 o 5 2 5 % & 3 08 © @ $ O & & @ T &€ O B & 0 ¢ & ¥ O L § 6 G € @ T S O
CONMMMI I I T IO OMMM N OO e o= e MMIMST T T 2 N

e g e~ e | | = T T g O T g g T

$ ® 8 2 5 ¢ ® & o © 3 O & 6 & § B O G QWP E S S B OO 5P S P e I

NN OO OO~ MMNCOWOCC OO0y ——3OONNMNNCOOCOoO O
NN rOO0COCINNINOOM ST INOOCSTNNYOCNNNNNOOCO O
O AOCC OO NN OO NN NCOMNNNONADONNNNOCOOOCOoN
TN O OCCC O ST ST AT TN N NI e NN OO TN SO NI DVNND 00 0C O T 3 N
OO O NN NN MMM C O e NI OO0 O NIN e N0 O N NI NI A O
s 9 » ¢ & % 2 § 8 & 8§ &£ ¢ O & ° 2 % € 6 9 @ 5 P OO G & 2 O & P SR P O
WO CKROCOOCCECCNANNARAOMMOO O NI TN O 0o OOoC
OO MM Y Lo ot okl all aVToNEaNE VT o V] o WTANEARTANT N ol oY p)

SOOI MmN OONC UM OO ONE T OUOITN — e Ch T O
M OGO OIS OMIP ITM e OONM O — N OC O AN R N OO I N0 T
M ANNT O OO NOINONN NN NI NN OO MO P2 OO0
SNV = O NC e = NN T AN O TN O N e MO 0 AN SO MO I N e~
AN OO OO NAINNIOC— OMOC LM ONONNMO SO OMUIK O
® 2 g & 2 & H € £ ¥ @& & ¢ € B &L O % & O @ 2 $ & B/ ¢ T S 4 & & O & ¢ & 9 @
CCe ONAIM M T T ITNOC TN T T I COCCOOON A o= MMM T F N

— T e e— T T T T T ) ] T T T O = - e T -

XXXKEXXXXXAX XXX XXX XX AKX XA YL AXAXXX

DEG.

1.510

XXXXXXXXXKXXHXXXHUEXKXY XXX UXXRXXAXXX XX

PRESSURE DISTRIBUTION AT ALPHA

MDD CNCOOMNOD = NN T
OIS OM e~ NFT O NN CNO NN
NN T O =T ~T OO O
~FOIOIT Mo O ~F ORI e v ~F
O~ MMM A~ NI N e O ~F MY
) @ & ® & ® & @ © & 8 T 8 & & @

OOCCOOOOCOOOQOOOOT

EX K X B SN B d 4 VIaVIa VT QN Lo NToNTe afv o] < o]
[Vl TalVatValValial ToRValValVat Tall ol ] anlun]
[aNTaNT o NI NToNTa¥To Yo N o Yo N o N0 Yo g o 00 )
e e e e NPT NP OO0
CCoCOoOCOoOOoULOCOCr e+
= 90 & ® & ® 2 8 ¢ % B2 9 € & B 9

NN SF MNP O ST N0 OM ST O
MO ST = I MNOUN ON e
MINT N OU ST NOMIAS e~ 00 NINO N OO D
SOOI TNNO OIS O
> OO C OO O OO0 T MN
X % 8 2 9 8 €8 5 6 8 8 % 9 B

POST o 7 PN N D OO0 <3 NN = Oe— 0\
M T MO e~ D == N O MN O N
CC AN YT F 00 NUIOS I < O O O\
[aNTANE R LR S aTaNTaNE g e o RN o Yo N Ta¥ R oo
B 6 8 & P68 9 P & & B 8 8 2 8§ ©

CO 0000 DDV OO0 OUOOT
CQOCANNNINININCOOOCON
O GO 0C 000G 6D 00 0C MM MV MY V100
CCO e G0 00 6C 000G ¢ 00 60 e 00
Lokl il o and ol ol g aNT AN R o ¥T o W1 o N FaNT Ly |
® 2 5 ¢ 5 ¢ 9 & B ® 5 B @ 8 O @
cCcoococCcccoccoccoo

NI ~F OM OO M ~TOOM e~ O T
O QOO O~ C OO0
NICCWN OGO MW = P M SR T O
D= T = O e AT O ONM
NDECON OMINAND 0O N OMIN o0 G O
e e ® & 8 & © 5 9 OO O OO & §

OOCOOCOOQUOCOOOC CCOOCOOTOOOOOOO0

NKe=NIMTFN OO e NIM TN ONC OO~ OIM ST N0 000 O

VORTE

Lanl at o el aak o gl 5 it A TANTAVE QNN o NTaNT QNI o VEQNIQNT T, o1

o]
<



7891.06314\91082222390550853111905744225632220
2300595605377297710066398609969730?39?583787
77)70.Q,alt)_/“.oCIq./wo,nuoof30780??505479973657\479994303L4
5337;1053321053321164321264331264331263331052
5 5 ® » 58 % 5 % 3 9% ® B D ® B G S e 6 e C 6 S 9 TS @ E S SO S OB S R

aﬂuDOO‘lOOODO4|OOOOnU.lOO0001000001000001000001 jlen]

/H/u./ﬂ/4/9000060666666/4/44444444444222222888888666
777770000002222229999997777?79990‘99A-/H/Q/A.A/.w/dL.A.
8888800000011111!.1!666666111111000000000000?7?
8888<8ODOOOO1|1«'111;14’4’111111111999999555555888
3332-.35555556666667????78888%8888888.999999999
» 2% 5 o @ 8 % v B 5 P S PO S S 6B 8 G €96 e e @O R 2 8 DT R eI D

coooocccocccococacocccoccoccoadc cocococococccccoccocoouoccca

07605048742998791912110456456310914951050653
12219668864/432235122222543345741047074471135
86382864161,C?_eoSZQ,45635715965484074164304Q,L.O,O
95297383087370776357456333036210616296395283
2567902567902557902457902457.9024479013&60,0.13
.o-ooaaaeoeatua.a.ecaae.eoat..-e-'aongaancca
0000000000000000DDOOOOOOOOOO0000000000000000

AUMIT N O C O Clem N ST N0 C OO M N0 SO O MO CO- T Mg
33333333444444444455555555556666666666777777

8?_206534037735071387133911.0160641
7586647163360770125583824 — NN ON 0
0,1059830,,092604174083889280361 OMNO TN
7653432757325759303646371/.74757/»82

w%osﬂaeetweaaeeeﬂGISQSCGeﬂaiﬂﬂﬁﬂs

666222222000@00999999999999777777
444666666999999?77«7?7}066666999999
7?7990,999555555111114‘?7777?3333313
888000“00031.,_3333?77777000000333333
Q,O,Q,000000_00000000000011‘1111'..!.l«lal.lal

onssaaoa.nocaaenoaa-csunda-oceeno
00.04!11111.11(414111111111111111’111‘1111

25?/4108?654687651@68765468665457655
NN M P O N O MO 559339r1593395593395
3”7..5./.»63/.»,03/463/46341073/..«63/%63/463461446
085420727420727/420727/41._07.274207?7
/469036689036680’03668903668901,6689
aaaoea.aq.ca'neaeu¢oa-aseuoauq-oo
000000DOOOOODOOOOOOOODOOODOGOOOOO

OO0 O O NI STINO P 89012144567890123456?8
7:77788888888889999999999000OOOOOO

—— T -

49



New0O D DO O OMrI—N
=N QNN QNN O
M e OO ST M N e o= O
D000 0CO0O000
LCOOOOOO0OOCOOoO0O
® o % s 00 0 50 0 0 e

OOoOOOOCOOOoO00

A0 N e~ — OOt <
OO OOMONO NN
OQCCeMJONONDO0WN
—OCOOOOCOOO~—CO
L A A A A L I I I I A )
OOCOOCOCOOOCO

NN OISO =00
O OO MO NN
EQOMOMMON 3 00000
WS AIOIN O e~ NINOO NN —CC
DI AN e O O NN TN O
P &% 3 2 & 8 & v P e *

{2 I N I R A |

~~

B OUNC A CN = O T G
Le- oM INMCNnNIM e O
WINAN CC e~ OCIN/-O
AN OO OO NN
AL ALLAES N R S S SUATVATVARR SN o
Y I B R I I R O I R A
LCoccooocooOooo

~

—

nafls oXaNTaNTo ol A ] QN2 Y anEX g o1
D~ COOMNNMNONAINM O
HNAMAOO TN O
XFTNINCONIINNONC e
~RMIMIMSE ST ST T NN S S
-~ s * 8 0 g 2 v e s 08 a0
vCcoococoaooooaan

T OOONONO ST OO I KO
WNNONCNONO O N
NO- OOV IO O Ve OM
N -3 QNCCC OO N
D> 8 0 P 8 5 28R 3 0 8 s
COCQOOOCoOCUOO

NN O
NMON D
OO O
O ITMONe
ooooo
s & 0 9
OOQoc
{2 I I |

VoMoemn
[Sol> Yo YoVEs o]
[col oJmnlie ]
NN e -
QOO0 C
* 0o 0 0 0
(e levlow]on ] o]

* * ok

*4k THE FOLLOWING ARE ATTACHED POTENTIAL FLOW RESULTS

TOTAL LIFT COEFFICIENT

0.446493

0.0067¢

0.02394

TOTAL INDUCED DRAG COEFFICIENT

INDUCED DRAG PARAMETER

THE

-0.08550

0.44115

THE WING INDUCED DRAG COEFFICIENT

MOMENT COEFFICIENT
THE WING LIFT COEFFICIENT

TOTAL PITCHING

-

0.0059¢

-0.07904

0.00378(BASED ON WING AREA).,

MOMENT COEFFICIENT

THE-TAIL LIFT COEFFICIENT

THE WING PITCHING

0.00378(BASED ON TAIL ARLA)

-
-

THE TAIL PITCHING MOMENT COEFFICIENT BASED ON REFERENCE WING AREA

-0.00646

SYMMETRICAL LOADING ONLY)

AND REFERRED TO THE Y-AXIS

AND MEAN WING CHORD.

COMPUTATION IS FOR

INDUCED DRAG

THE

(NOTE.
AR A Ik h kR kAR Ak hkk Ak k ok kk dkded ok kb ko s deo ok ke b

THE FOLLOWING PARAMETERS ARE USED IN THE METHOD OF SUCTION ANALOGY

0.00109
0.0N034%7

-0.00149

CLVSE
CDVSE
CMVSE

0.00620
-0.00100
-0.00173

CLVLE
CDVLE
CMVLE

C.44591
0.01027

-0.08550
KKK A KR A A KRR R I IR A AR R A AR R T hhkk ok ok k ko kk k&

cLp
cop
cmp



LAA RS SRR RARES RSS2 NE R RS RR Y

*STABILITY DERIVATIVES BY POTENTIAL FLOW THEORY*

LA A SRR AR R R 22 R R RERE R T REEEREY

***STABILITY DERIVATIVES EVALUATED AT ALPHA = 1,510 DEGREES
AND AT MACH NO.= 0.50.,BASED ON BODY AXES(IN PER RADIAN) *#»

€YB = =-0,1691180 (CLB = =-0.1986322 C(NB = 0.0151494
CYP = ~0,1860291 CLP = -0.4867214 CNP = =0.0144590
CYR = 0, 1008180 C(CLR = 0.1168240 CNR = <~0.0159456

**xSTABILITY DERIVATIVES BASED ON STABILITY AXES#wx
CYB = <-0,1691180 ¢CLB = -0,1981640 CNB 0.0203784
CYP = ~0,1833078 (LP = ~0,.4836980 CNP -0,0021287
CYR = 0,1056851 CLR = 0,1291542 CNR = -0.0189690

LA AASSEREL RS R R RERETR SRR T RE TR EERE I

*STABILITY DERIVATIVES WITH EDGE VORTEX SEPARATION®
R T T P I T TR T P TR Y

*+*STABILITY DERIVATIVES EVALUATED AT ALPHA = 1,510 DEGREES
AND AT MACH NO.= 0.50,BASED ON BODY AXES(IN PER RADIAN) #x#

**INCLUDING THE EFFECT OF LE AND SE VORTEX LIFT»

CYB = =-0,2169768 (LB = =-0,2115922 <CNB = 0.0364829¢4
CYP = -0,3323266 (CLP = =0,5473992 CNP = 0.04666965
CYR = 0. 1118237 CLR = 0.1198273 CNR -0.0225003

***STABILITY DERIVATIVES BASED ON STABILITY AXES#*xx%

CYB = =-0.2169768 (LB = =-0.,2106009 CNB = 0,0403930
CYP = -0.3292644 CLP = =-0,5426481 CNP =  0.0604079
CYR = 0.1205421 CLR = 0.1335387 CNR = =0,0272514

*k&*STABILITY DERIVATIVES EVALUATED AT ALPHA = 1.510 DEGREES
AND AT MACH NO.= 0.50,BASED ON BODY AXESCIN PER RADIAN)*&x
*INCLUDING THE EFFECT OF LE VORTEX LIFT=»

CYB = =-0,2106318 (LB = =-0,2102347 CNB =  0.0333645
CYP = ~0.3059744 (LP = =0,5369804 CNP = 0,0411909
CYR = 0,1091325 CLR = 0.1193995 CNR = =0.0218611

***STABILITY DERIVATIVES BASED ON STABILITY AXESta#

CYys = -0,2106318 (LB = =-0.2092825 CNB = 0,0388929
CYP = -0.3029924 CLP = =-0,5323923 CNP =  0.0546438
CYR = 0.1171575 CLR = 0,1328574 CNR = =~0.0264491
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*Sx(3/2),
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A.5 Sample Test Case No,2

Input Data:

3
0

0
0

ITH ANTISYMMETRICAL ATLERON DEFLECTIONS
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(2.3176,1.5)

Aileron
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CASE NUMBRER

A CONFIGURATION WITH ANTISYMMETRICAL AILERON DEFLECTIONS

I ZZ2EREERES SRS SRS Rl R RS R R RAREEEEE

*i**t****************w***k**************
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kw+x THE FOLLOWINC ARE ATTACHED POTENTIAL FLOW RESULTS =*»*=x

TOTAL LIFT COEFFICIENT =  (0.26716
TOTAL INDUCED DRAG COEFFICIENT =  0.0N624
THE INDUCED DRAG PARAMETER =  0.08738
TOTAL PITCHING MOMENT COEFFICIENT = =-0.32562
FAR-FIELD INDUCED DRAG=  0.00636
FAR-FIELD INDUCED DRAG PARAMETER=  0,08905

(NOTE, THE INDUCED DRAG COMPUTATION IS FOR SYMMETRICAL LOADING ONLY)

AR AA XA AL AR A AR A A A A A A A A AL A I A A A AR

THE FOLLOWING PARAMETERS ARE USED IN THE METHOD OF SUCTION ANALOGY

cLep = 0.26567 CLVLE = 0.02597 CLVSE = 0.00729
CDP = 0.02324 CDVLE = 0.00227 CDVSE = 0.0N064
CMP = -0.32568 CMVLE = -~0.02963 C(MVSE = =-0,01871

IR RS S RAE SRR R R SR EEEENEEIE R EEEREEEEREXE S X

THE ROLLING MOMENT COEFFICIENT = 0.,0220 DUE TO AILERON DEFLECTION OF -15,002

THE FOLLOWING BENDING MOMENT COEFFICIENT IS BASED ON Q*Sx(3/2),
WHERE = 2.37900 AND B/2 = 1.50000
(FOR ATTACHED POTENTIAL FLOW ONLY)

Y/S BM(RIGHT) BM(LEFT)
0.01519 0.03796 0.11287
0.05953 0.03340 D.10402
0.12943 0.02682 0.09067
0.21922 0.01945 0.074661
0.32163 0.01254 0.05782
0.42837 0.00703 0.04207
0.53078 0.00334 0.02864
0.62057 0.00131 0.01821
D.69047 N. 00044 0.01097
N.73481 D.00017 D.00680
0.76340 7.000009 0.00483
0.800G0 0. 00006 0.00330
0.85000 0.00086 0.00171
0.900C0 0.00005 0.00065
0.93660 0.€0002 0.00019
0.96250 0.00001 0.000C04
0.98750 0.00000 0.00000

THE BENDING MOMENT COFFFICIENT BASED ON WING HALF SPAN AND WING AREA
: AT THE WING ROOT = 0.039589 (RIGHTY, = 0,115973 (LEFT)

DEGD
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M

0.400



A.6 Sample Test Case No.3
Input Data:

13,5545 179545 0, 15,0811 17,9911 Te725 24708
14,0615 20,2015 Oe 16,0733 19,1133 4,96 2,708
Q. 16343 Te5 (V) Ce

3. "2. 6. .

0. 0.

Do 0 T:725 Os Os 0. Os

0s 11.385 0.

NOTE. The calculated derivatives in this case will be based on the span of

the horizontal tail (bH). To convert them to those based on wing geometry,

CQB, CnB, CYP and CYr should be multiplied by bH/bw’ and all others
except C, should be multiplied by (b../b )2.
YB H w
(13.5545,0.)
e——(15,0811,7.725)
Aff (17.9911,7.725)
(17.9545,0.) '
(14,0615,0.)

Vertical ~— (16.0733,4.96)

Tail

/<—-(19.1133,4.96)

£ (20.2015,0.)
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THRUSH-HORIZONTAL AND VERTICAL TAIL COMBINATION AT 7800 LBS
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Y/S CL(RIGHT) CL(LEFT) cM
0.02025 -0.13605 -0.13605 N.26648
0.07937 -0.13854 -0.13854 D.27224
D.17257 -0.14175 ~-0.14175 0.28021
0.29229 -N.14444 ~0,14441 N.28797
0.42884 ~0.14514 -0.14514 0.29223
0.57116 -0.14206 -0.16206 7.28891
0.70771 ~-0.13295 -N0,13295 1.2728)
0.82743 -0.11511 -0,11511 N.23777
0.920¢63 -0.08629 -0.08629 N.17885
0.97975S ~0.04662 -0.04662 0.09669

HE FOLLOWING ARE THE TAIL CHARACTERISTICS :
D.06699 -0.C0000 -0, 00000 0.00000
0.25000 -0, 080000 -0, 02000 0.00000
0.50000 . - 0. 00000 ~0.00000 0. 00000
0.75000 -0.00000 -0,00000 0. 00000
0.93301 -0,00000 -0,0C0000 0.00009
*%% THE FOLLOWING ARE ATTACHED POTENTIAL FLOW RESULTS #xx
TOTAL LIFT COEFFICIFENT = -0.02265
TOTAL INDUCED DRAG COFFFICIENT = 0.00023
THE INDUCED DRAG PARAMETER = D.63964
TOTAL PITCHING MOMENT COEFFICIENT = 0,04559
THE WING LIFT COEFFICIENT = =D,02265
THE WING INDUCED DRAG COEFFICIENT = 0.00023
THE WING PITCHING MOMENT COEFFICIENT = 0.064559
THE TAIL LIFT COEFFICIENT = 0. (BASED ON WING AREA),
THE TAIL PITCHING MOMENT COEFFICIENT BASED ON REFERENCE WING AREA
AND MEAN WING CHORDs, AND REFERRED TO THE Y=-AXIS =
(NOTE, THE INDUCED DRAG COMPUTATION IS FOR SYMMETRICAL LOADING ONLY)

I ZEEE R AR R RS E SRR EA SRR L RS RS SRR RS RE R R

THE FOLLOWING PARAMETERS ARE USED IN THE METHOD OF SUCTION ANALOGY

cLP
coP
cmp

-0.,02263
0.00079
0.04559

CLVLE
CDVLE
CMVLE

it

-0.00058
0.00002
0.001009
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CMVSE
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*STABILITY DERIVATIVES BY POTENTIAL FLOW THEORY=®

22 2R RS RS REEREREs R Rl R R RERRERENENEEREES

*x¥STAB

ILITY DERIVATIVES €V
AND AT

EVALUATED AT ALPHA = =-2,000 DEGREES
MACH NOs8 06 lBASED

ON BODY AXESCIN PER RADJAN) xx=

cYyB = =-0.1692203 c¢LB = ~-0,0379778 (NB = 0.1747360
CYP = =0,0769056 CLP = ~=0,0760935 CNP = 0.0825351
CYR = 0.4059052 CLR = 0.0921547 (CNR = =-0,4236924

***STABILITY DERIVATIVES BASED ON STABILITY AXES*#=*

cYys = -0.1692203 ¢tB = =-0,0440529 (NB = 0.1733041
CYP = -0,0910246 CLP = ~0.0826097 (NP = 0.094646D
CYR = 0.4029740 CLR = 0.1040656 CNR = ~0,6171761

AR AN AA AR AA AR LT AR R R A A AN A AL A A A A Ak h

*STABILITY DERIVATIVES WITH EDGE VORTEX SEPARATION*

HA AR TR AN AR AR R AR AR AL AT A A AR A Ao d

*%*STABILITY DERIVATIVES EVALUATED AT ALPHA = =-2,000 DEGREES
AND AT MACH NOo= 0. »BASED ON BODY AXESCIN PER RADIAN) ##%x
**INCLUDING THE EFFECT OF LE AND SE VORTEX LIFT® i
cYB = =-0,1704073 (CLB = -0.,0384587 CNB = 0.1762162
CYyP = -0.0685944 <(LP = -0,06956868 CNP = 0.0707230
CYR = 0.4066442 (LR = 0.0931148 CNR = ~=0,4250563

***STABILITY DERIVATIVES BASED ON STABILITY AXES#w=x

CYB = =0.1704073 (LB = =-0.0445851 CNB = 0.1747666
CYP = ~-0.0827443 CLP = -0,0758340 CNP =  0.0829181
CYR =  0.4040026 CLR = 0.1053099 CNR = -0.4189091

NG AT MACA NG e B ERSED O 00y RRES(IN PERCRADINNS ECS
*INCLUDING THE EFFECT OF LE VORTEX LIFTx
CYB = =0.170146% CLB = -0.0383281 CNB =  0.1759301
CYP = =0.0749457 CLP = -0.0728624 CNP = 0.0776267
CYR =  0.4061316 CLR = 0.0928586 CNR = =0.4244940

***STABILITY DERIVATIVES BASED ON STABILITY AXESkux
CYB = =0.17014617 CLB = =0,0444446 CNB = 0.1744853
CYP = -0.0890738 CLP = =-0.0792370 CNP =  0.0896834
CYR = 0.4032687 CLR = 0.1049152 CNR = =0.4181195
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T

Y/S CL{RIGHT) CLCLEFT) tm cT
D.02025 N.27151 0.27151 ~0.53167 0.N1085
0.07937 D.27655 0.27655 ~7.54315 0.01251
Na.17257 N.28300 Ne.22300 -7.55905 0.01373
0.29229 N,28842 0.28842 -0.57453 0.01461
D.42884 0.28982 N.28983 ~0.58304 D.01504
0.57116 N.2836% 0.28368 -1.57640 0.01488
0.70771 0.26549 0.26549 -De54427 0.01387
0.82743 0.22986 N.22986 -0.47437 0.01180
0.92063 N.17229 N.17229 -0.35682 0.,00851
0.97975 0. 09307 0.09207 -0,19291 0.00427

HE FOLLOWING ARE THE TAIL CHARACTERISTICS
0.06699 0.00000 1.00000 -0.000Q0 0.00000
0.25000 0.00000 0.00000 -0.00000 0.00000
0.50000 0.,00000 0.00000 -03.,00000 0.00000
0.75000 0.00000 0.00000 -0.,00000 0.000060C
0.93301 0. 00000 6. 00000 -0.00000 0.00000
«#% THE FOLLOWING ARE ATTACHED POTENTIAL FiOW RESULTS #*»
TOTAL LIFT COEFFICIENT = 0.04522
TOTAL INDUCED DRAG COEFFICIENT = 0.00090
THE INDUCED DRAG PARAMETER = 0.43975
TOTAL PITCHING MOMENT COEFFICIENT = -0.09096
THE WING LIFT COEFFICIENT = 0.04522
THE WING INDUCED DORAG COEFFICIENT = 0.0009N
THE WING PITCHING MOMENT COEFFICIENT = -0,09096
THE-TAIL LIFT COEFFICIENT = 0. (BASED ON WING AREA), = 0.
THE TAIL PITCHING MOMENT COEFFICIENT BASED ON REFERENCE WING AREA

AND MEAN WING CHORD, AND REFERRED TO THE Y~AXIS = 0.

(NOTE, THE INDUCED DRAG COMPUTATION IS FOR SYMMETRICAL LOADING ONLY)

Y R R AR R R R R R LR E R SRR R RS RS RREERSEEES SRS

THE FOLLOWING

cLe
cop
cCMP

"

0.04506
0.00315
-0.0°396

CLVLE
CDVLE
CMVLE

-
—

0.00230
0.00016
-0.004637

CLVSE
CDVSE
CMVSE

I R R R SRR R R A RS EEZEREEEEE R RN SRS SENER SRR RS

PARAMETERS ARE USED IN THE METHOD OF SUCTION ANALOGY
0.00064
0.00004

-0.00143
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LR R R R L L L R O,
*STABILITY DERIVATIVES BY POTENTIAL FLOW THEORY®
LEAR R R EEEE L R R L R L L R R R 2 R o G

***STABILITY DERIVATIVES EVALUATFD AT ALPHA = & OOR DEGREES
ND AT MACH NO.= O, ASED ON BODY AXESCIN PER RADIAN) x##

CYB = =-0,1652173 (LB = -0,0361644 C(NB = 0.1704872
CYP = <-0,0518568 CLP = =0,0799039 CNP = 0.0669839
CYR = 0.4002541 CLR = 0.0860504 CNR = ~=0,4173858

**x STABILITY DFRIVATIVES BASED ON STABILITY AXES*#x

cYB = =0,1652173 (LB = =0,0241837 (NB = 0.1725946
cyrp = -0.0238102 <CLP = =~-0,0722887 (NP = 0.0228523
CYR = 04028964 CLR = 0.0619189 CNR = -0.,4250011

IR AZ AR SSSER A S S SRR AR R R R EEERENEEE SRR

*STABILITY DERIVATIVES WITH EDGE VORTEX SEPARATION®

I 2 EA R E R EZ RS FE SRS EF R S R S R P LR

**xSTABILITY DERIVATIVES EVALUATED AT ALPHA = 4,000 DE
AND AT MACH NO.= 0., »BASED ON BODY AXESCIN PER RADIAN

** INCLUDING THE EFFECT OF LE AND SE VORTEX LIFT»

~ G
* 0
» i
* I

w

CYB = =0.1643711 CLB = ~0.0337119 CNB = 0.,1678057
CYP = -0.0684690 CLP = =0.0920946 CNP = 0.0705937
CYR =  0.3897360 CLR = 0.0793132 CNR = -0.4021556

**xSTABILITY DERIVATIVES BASED ON STABILITY AXESw*#«

CYB = =0,1643711 CLB = ~0.,0219242 CNB = 0.1697485
CYP = <=0,0411156 CLP = <0.,0831718 CNP = 0.04682882
CYR = 0.3935628 CLR = 0.0570077 CNR = =0,4110781

**+STABILITY DERIVATIVES EVALUATED AT ALPHA = 4
AND AT MACH NO.= 0, ~BASED ON BODY AXES(IN PE

*INCLUDING THE EFFECT OF LE VORTEX LIFT=

CYB = ~0,1659218 (B = -0,0344873 (NB = 0.1696948
CYP = ~0,0557742 CLP = <~0.0857472 CNP = 0.0567947
CYR = 0.39641712 (LR = 0.0815308 CNR = =0.,4069859

#x« STABILITY DERIVATIVES BASED ON STABILITY AXES*+*x%

(YB = =0.1659218 (€LB = -0,0225799 CNB = 0,1714876
CYP = =0.0281423 CLP = =-0.0776847 CNP =  0,0337677
CYR =  0.3971017 CLR = 0.0585039 CNR = =0.4150484
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Y/S CL(RIGHT) CL(LEFT) M T CDI
0.02025 Da.66854 0.66854 130658 D.06721 0.049065%
0.0C793%7 N.68228 0.68228 -1.33481 0.07750 0.04101
06.17257 0. 69905 0.69905 -1.37387 0.08508 D.C355b0
DN.29229 N.71299 0.71299 ~1,41192 0.09051 0.03351
0.42884 0.71680 0.71680 -1,43283 D.0932¢2 0.03175
D.57116 0.70172 0.70172 -1.41652 0.09218 0.03013
D.70771 N, 65668 0.65668 ~1.33755% 0.08597 0.0285u
0.82743 0.56837 0.56837 ~1.16578 2.07311 0.0259%
0.92063 N.462572 0.42572 -0.87689 0.05275 0.02151
0.97975 Da22967 022967 -0.47408 0.02645 0.013064 .

THE FOLLOWING ARE THE TAIL CHARACTERISTICS )
0.06699 0.00000 0.00000 -0.00000 0.00UGO 0.000uU
0.25000 0,00000 0.00000 -0.00000 0.00006C 0.0000U
0.50000 0. 00000 0.00000 -0.00000 0.00000 0.000UG
0.75000 0.00000 0.00000 -0.00030 0.00500 0.000Q00
0.93301 0.00000 0.00000 -0.00000 0.00000 -0.000uU
*x% THE FOLLOWING ARE ATTACHED POTENTIAL FLOW RESULTS #wxx
TOTAL LIFT COEFFICIENT = D.11174
TOTAL INDUCED DRAG COEFFICIENT = 0.00550
THE INDUCED DRAG PARAMETER = 064047
TOTAL PITCHING MOMENT COEFFICIENT = -0,22354
THE WING LIFT COEFFICIENT = 0.11174
THE WING INDUCED DRAG COEFFICIENT = 0.00550
THE WING PITCHING MOMENT COEFFICIENT = =-0.22354
THE TAIL LIFT COEFFICIENT = 0. (BASED ON WING AREA), = 0. (BASED ON TAIL AKEA)
THE TAIL PITCHING MOMENT COEFFICIENT BASED ON REFERENCE WING AREA
AND MEAN WING CHORD», AND REFERRED TO THE Y-AXIS = 0.

(NOTE, THE INDUCED DRAG COMPUTATION IS FOR SYMMETRICAL LOADING ONLY)

ook ok e ke e K ek ok ok ke e ok ok ok sk ok W b e R ke e & ok ok b ok e e

THE FOLLOWING PARAMETERS ARE USED IN THE METHOD OF SUCTION ANALOGY

CLP = 0.10932 CLVLE = 0.01404 CLVSE = 0.00389
CoP = 0.01928 CDVLE = 0.00248R CDVSE = 0.00069
(MP = -0,22354 CMVLE = -0.,02706 CMVSE = - -0,00886

A RS S S SRR EE S SEEEE SRR RS SRS SRR RS ERE



I ZE I FEEERTERZ R SRR S ERSRREESAR SRR SRR 0 R0 B

*STABILITY DERIVATIVES BY POTENTIAL FLOW THEORY®

222222 A RS AR Rl ER SRRl Rl RS

*x«STABILITY DERIVATIVES EVALUATED AT ALPHA = 10,000 DEGREES
AND AT MACH NO.= 0. +BASED ON BODY AXES(CIN PER RADIAN) *#=#
CYB = ~0,1736853 (LB = =~0.0309358 CNB = 0.1831156
cyrp = -0,0262398 (LP = =-0,0828390 CNP = 0.0109179
CYR = 0.4509616 CLR = 0.06181647 CNR = <=D,4841812

***STABILITY DERIVATIVES BASED ON STABILITY AXES*#»

€CyB = =-0.1736853 (L8 = 0.0013319 (CNB = 0.1857056
CYP = 0.0524675 (CLP = =-0,0825029 CNP = =0.0599088
CYR = 0.4486670 CLR = =0,0090120 CNR = =-0,4845172

(22222 RRS SRR SRRl Rl RE RN

*STABILITY DERIVATIVES WITH EDGE VORTEX SEPARATIONX*

Y 222222322 222 X222 2R3 X2 RS2 X

***STABILITY DERIVATIVES EVALUATED AT ALPHA = 10,000 DEGREES
AND AT MACH NO.= 0O, ~»BASED ON BODY AXES(IN PER RADIAN) *x#=x

**INCLUDING THE EFFECT OF LE AND SE VORTEX LIFT»* :

CYB = =0.,1727723 (LB ~0.0192611 (CNB = 0.,1733771
cyp = -0,0675935 (LP = ~-0,1116661 CNP 0.0696910
CYR = 0.3892940 CLR 0.0227515 CNR -0.3957882

*+**STABILITY DERIVATIVES BASED ON STABILITY AXESw**
€Ys = =0.,1727723 (LB = 0.0111382 CNB = 0.1740878

CYP = 0.0010336 CLP =, -0,1064646248 CNP = 0.0183158

CYR = 0.3951172 (LR = =-0.0286237 CNR = -0.4030295
#**STABILITY DERIVATIVES EVALUATED AT ALPHA = 10.000 DEGREES

AND AT MACH NO,= 0, ~BASED ON BODY AXES(IN PER RADIAN) ##=#

*INCLUDING THE EFFECT OF LE VORTEX LIFT*

CyB = -0,1806514 (LB = -0,0232006 CNB = 0.1819484

Cyp = -0.0359916 CLP = ~0.,0958652 CNP = 0.0353406

CYR = 0,4171407 CLR = 0.0366769 CNR = =0,4260917

*+«*STABILITY DERIVATIVES BASED ON STABILITY AXES#*#x

CYB = =-0,13806514 (LB = 0.0087469 CNB = 0.1832129
CYyp = 0.0369909 (CLP = -0,0935074 CNP = =0,0233032
CYR = 0.4170532 (LR = =0,0219687 (CNR = =~0,4284495
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Appendix B

Program Listing

This Program is operational on the Honeywell 66/60 computer

system at the University of Kansas.
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