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SUMMARY

The locally linearized longitudinal and lateral-directional aerodynamic sta-
bility and control derivatives for the X-29A aircraft were calculated for alti-
tudes. ranging from sea level to 50,000 ft, Mach. numbers from 0.2 to 1.5, and
angles of attack from -5° to 25°. Several other parameters were also calcula-
ted, including aerodynamic force and moment coefficients, control surface posi-
tion, normal acceleration, static margin, and reference angle of attack.

INTRODUCTION

The unusual aerodynamic configuration and high degree of longitudinal insta-
bility of the X-29A aircraft make it desirable to have linear aerodynamic stabi-
lity and control data for analysis purposes. Typically, aerodynamic simulation
data packages are.formatted with higher-order terms and nonlinear increment
corrections. o

A local, total-force-and-moment coefficient perturbétion technique was used
to linearize the aerodynamic stability and control derivatives. This technique
was implemented on the batch simulation computer system at the NASA Dryden
Flight Research Facility.

The nonlinear aerodynamic data were taken from reference 1 and subsequent
updates. This data base has been active on Dryden's batch simulation since
February 1983. Reference 1 was based on references 2 to 9. Reference 2 was the
‘primary transonic wind tunnel data set. The wind tunnel tests are described in
references 10 and 11.

This linearized plot package is interim because of anticipated revisions to
the simulation data package.

NOMENCLATURE
an . normal acceleration, g
b (wing) span, ft
c " mean aerodynamic (geometric) chord, ft
Ca axial force coefficient, deg~!
ac o : '
(o} = é variation of axial force coefficient with pitch rate, rad-1
A 5 <
20
aC o
CAa = 535 variation of axial force coefficient with angle of attack, deg‘1
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variation of axial force coefficient with rate of change of

angle of attack, rag~1

variation of axial force cbefficient with flap angle, deg‘1 

variation of axial force coefficient with strake angle, deg‘1

drag coefficient (airplane)

variation of drag coefficient with pitch rate, rad-!

variation of drag coefficient with angle of attack, deg~!

variation of drag coefficient with rate of change of angle

of attack, rad-1

 variation of axial force coefficient with canard angle, deg‘J'

variation of drag coefficient with canard angle, deg‘1

variation of drag coefficient with flap angle, deg~!

variation of drag coefficient with strake angle, deg”

lift coefficient (airplane)

" variation of lift coefficient with pitch rate, rad~!
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airplane lift curve sldpe, deg"1

‘variation of lift coefficient with rate of change of

angle of attack, rad~1

variation of lift coefficient wiﬁh-cénard'angle;‘deg‘1

I

variation of lift;éoeffiqienﬁxwith_flap anglé,‘deg‘1'

" variation of lift coefficient with strake angle, deg~]1

rolling moment coefficient

variation of rolling moment coefficient with roll rate

- variation of rolling moment coefficient with yaw rate

variation of rolling moment coefficient with sideslip

angle (i.e., dihedral angle), deg"l

variation of rolling moment coefficient with aileron
angle (i.e., lateral control power), deg‘L

variation of rolling moment coefficient with rudder
angle, deg" ‘

pitching moment coefficient (airplane, planform)

variation of pitching moment coefficient with pitch
rate, rad~1?



- varlatlon of pltchlng moment coeff1c1ent w1th rate ‘of changev'“

varlatlon of pitching moment coeff1c1ent w1th angle of--
attack (i.e., stat1c longltudlnal stablllty), deg‘;

of angle of attack,~rad'1

variation of pitching momént'cbefficient-with canard
angle (i.e., longitudinal control power), dég‘l_

variation of pitching moment coefficient with flap -
‘angle {i.e, longitudinal control power) '

variation of pitching moment coefficient with strake
angle (i.e., longitudinal control -power), deg~

normal force coefficient

yawing moment coefficient

variation of normal force coefficient with pitch roll, rad-1
variation of yawing moment coefficient with roll rate. _
variation of yawing moment coefficient with yaw rate

variation of normal force coefficient with angle of attack, deg~1

variation of normal force coefficient with rate of change of
angle of attack, raa~!

wvariation of normal force coefficient with canard angle, deg‘1
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variation of normal - force coefficient with flap angle, deg’1

variation of normal for

ce coefficient with strake angle, deg"1

variation of yawing moment coefficient with sideslip
angle,'deg"1 ’
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variation of yawing
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"side force coefficient

force

force

force

force

force
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Q —Zz (dutch roll stability parameter)

XX

moment coefficient with aileron

moment coefficient with rudder

coefficient with roll rate

coefficient with yaw rate

coefficients with sideslip angle, deg™]
coefficient with aileron angle, deg=~1

coefficient with rudder angle, deg~!

side force along Y-axis, 1b

acceleration of gravity, ft/sec2

moments of inertia about X, Y, Z axes, respectively, slug-ft2




L lift, 1b

L . - rolling moment, ft-1b’
M » pitchiné moment, ft-1b
vM#.. - Mach number
MAC >' : mean aerodynamic (geomefric) chord, ft
N . * normal force, lBi |
P - roll rate, rad/sec
q pitch rate, rad/sec
a dynamic pressure, lb/ft2
r yaw rate, rad/sec
S ) reference (wing) area, ft:2
U forward velocity (along X-axis), ft/sec
WT ' weight, 1b
XCG. . -center of gravity location'along.kfaXis, in
L 1 - angle of attack, deg |
B - .> ' sideslip angle, deg
8, aileron defleétion, deg
o . canard deflection, deg
8¢ | flap deflection, deg
S, rudder deflection, deg
6 strake deflection, deg

P air density, slug/ft3
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FIGURES

Description
CL VS e CD

CM VS CL ™

‘A, vs. Alpha

Alpha vs. Mach number
Static margin vs. Mach number

Sfatic margin vs. Alpha

Délta canard Gs. Mach number

Delta canard vs. Alpha.
Delta flapvvs. Mach number
Delté flap-vs.»AlphaA

Delta stréké v;.zMach number
Déita straﬁe.vs. Alpha
Cr-1ift vs. Mach number
¢r-1ift vs. Alpha

Cp vs. Maéh-number

Cp vs. Alpha

‘ CM'vs.'Mach numberx

CM vs. Alpha

Cp vs. Mach number

Ca vs. Alpha |

Cy-normal vs. Mach number

Cy-normal vs. Alpha

Cp-canard vs. Mach number

CL-cahafd vs. Alpha

Cp~canard vs. Mach number.
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percent MAC
percént MAC
deg
deg
deg
deg
deg
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Descrigtion,

Cp-canard vs.

Cq-canard vs.

Cm-canard vs.

Cp-canard vs.

Cap-canard vs.

Cy-canard vs.

Cn-canard vs.

CL—f;ap
Cr-flap
CD-flap
Cp-flap

Cvy-flap

Cy-flap

Cp-flap

CA-fiap‘

CN;flap

CN—flép

Alpha
Mach number
Alpha'
Mach npmber
Alpha
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Alpha

vs. -Mach number

vs. Alpha

vs. Mach number

vs. Alpha

vs. Mach number

Vé% Alpha -

vs. Mach number

VS. Alpha

-vﬁ.'Mach.number

vs. Alpha -

Cp-strake vs: Mach number

Ci,-strake vs.

Cp-strake vs.

Cp-strake vs.

CMy-strake vs.

Cy-strake vs.

Cp-strake vs.

‘Cp-strake vs.

Cy-strake vs.

Cn-strake vs.

Alpha

Mach number

*Alpha

Mach number
Alpha
Mach number

Alpha

Mach number .

Alpha

Unit

per
per
per

per
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Description .

Cy-aileron vs. Mach number

Cy-aileron vs. Alpha

Ci~aileron vs.

Cyi-aileron vs. Alpha

Cph-aileron vs.

Cph-aileron.vs. Alpha

Cy~rudder ys¢

Cy-rudder'vs. Alpﬁa

Cy-rudder vs. Mach’
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Alpha
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Alpha
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Unit
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Descript

Cph-beta vs.‘Alpha

Ch-beta dynamic vs. Mach number

Ch-beta dynamic v
CL;alpha dot vs.
Cp,-alpha dot vs.
Cp-alpha dot vs.
Cp-alpha dot -vs.
Cm~alpha dot vs.
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Cp-q vs. Mach number

Cp~q vsv< Alpﬁi.

CM-q vs. Mach number

Cm—q vs. Alpha

Ca-q vs. Mach number

Ca-g vs. Alpha
Cy-q vs. Mach Num
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Cy-roll rate vs.
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C1-roll rate vs.

C1-roll rate vs.
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Descrigtion

Cp-roll rate vs. Mach number

Cph-roll rate vs. Alpha
Cy-yaw vs. Mach number
Cy-yaw vs. Alpha
Cl—y;w vs. Mach n@mser
Cy-yaw vsﬁ‘Alpha
Cn-yaw.vs; Mach nﬁhber

Cn-yaw vs. Alpha -
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DISCUSSION AND RESULTS

.
%

The X-29A longitudinal and lateral-directional aerodynamic stability and
control derivatives presented may be used for linear analysis purposes. It
must be emphasized that the derivatives have been locally linearized about the
trim p01nts. All the data points presented are at a trim condltion.

Two types of trimming procedures were used in the calculation of these
derivatives: (1) straight-and-level prim, which is steady-state 1g trim at a
specified altitude and Mach number; and (2) alpha trim which is steady;rstate
trim to a specified angle of attack at a given altitude and Mach number.

Care should be exercised when using this interim data set to avoid
confusion. Occasionally a trim data point was perturbated about a breakpoint in
the nonlinear simulation aerodynamic data base. -An example of this is

figure 48(b), Cm-delta strake as a function of alpha for Mach 0.6 and an alti-
tude of 10,000 ft. The perturbation caused the 14° alpha trim point to be

displaced downward an extreme amount.

In addition, the scaling of the dependent variables (Y-axis) was not always
consistent because of the automatic scaling procedure used. '

CONCLUDING REMARKS

"Locally linearized longitudinal and lateral-directional aerodynamic stabi-
lity and control derivatives were calculated for the X-29A aircraft, along with
several other parameters. Data were obtained for altitudes of sea level to
50,000 ft, Mach numbers from 0.2 to 1.5, and angles of attack ranging from -5°
to 25°.

The aerodynamlc characteristics of the aircraft appear to be consistent and
reasonable, indicating that the linearization technique used was acceptable.

National Aeronautics and Space Administration

Ames Research Center
Dryden Flight Research Facility
Edwards, Calif., August 24, 1983
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