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Theme

HE flowfield over an aircraft in high angle-of-attack
flight is highly nonlinear, due to such phenomena as
asymmetric flow separation and hysteresis. For this reason, a
nonlinear model for the forces and moments must be used to
simulate mathematically the dynamics of the aircraft in the
vicinity of stalled flight. Wind-tunnel data are helpful in
postulating the state dependence of the force model, but they
are limited because of such inherent constraints as wall and

Reynolds number effects.

_ In this research, a maximum likelihood algorithm is utilized
with the objective of estimating longitudinal and lateral
stability and control derivatives of a high-speed variable-
geometry jet aircraft with twin vertical tails in stalled flight.
The results of the estimation are compared to wind-tunnel
data when possible.

Contents

Several studies have been made recently on the nonlinear
problem in aircraft identification.!? The particular approach
used in the present effort is that of Ref. 1. The method is a
maximum likelihood formulation in which process noise is
assumed absent and measurement noise is white Gaussian.
The aerodynamic force and moment coefficients are ex-
pressed as a Taylor’s series expansion about a nominal state
and certain second-order terms retained in addition to the
standard first-order linear terms. In particular, the terms

Copla—ap)? Cp,(a—ap)?
C1,, (PD/2V) (a=ap)  Cpy (a—ag) (B—Bo)

were included in the expressions for the normal force,
pitching moment, rolling moment, and yawing moment coef-
ficients, respectively.

Two flights of the aircraft were made; one at a wing sweep
of 68°, an initial Mach number of 0.5, and an altitude of
24,000 ft; the other at a wing sweep of 50°, an initial Mach
number of 0.46, and an altitude of 27,000 ft. In the first
flight, the aircraft was put into a steep pullup by elevator in-
put increasing from 5° to 32° in 1 sec. The aircraft stalled at
45° angle of attack. The altitude remained constant, while the
Mach number had dropped to about 0.2 by the end of the test.
This was the test from which the longitudinal derivatives listed
in Table 1 were extracted. In the second flight, the aircraft
was slowly pulled up to an angle of attack of 35° to stall, with
the elevator deflection held at 30° after stall. Rudder was ac-

Presented as Paper 74-790 at the AIAA Mechanics and Control of
Flight Conference, Anaheim, Calif., August 5-9, 1974; submitted
April 29, 1975; synoptic received September 4, 1975. Full paper
available from AIAA Library, 750 Third Avenue, New York, N.Y.
10017. Price: Microfiche, $1.50; hard copy, $5.00. Order must be ac-
companied by remittance. This research was supported by the NASA
Langley Research Center under Contract NGR-36-004-061. .

Index categories: Aircraft Aerodynamics (including Component
Aerydynamics); Aircraft Handling, Stability, and Control; Aircraft
Testing (including Wind-Tunnel Testing).

*Graduate Research Associate. Student Member ATAA.

tAssociate Professor of Aerospace Engineering, Associate Fellow
ATAA.

tivated to excite the lateral mode, with the angle of attack at
25°. The altitude dropped to 22,000 ft and the final Mach
number was 0.27. This was the test from which the lateral
derivatives listed in Table 1 were extracted.

Longitudinal stability and control derivatives were
estimated using a nonlinear model for the angle of attack
range 8° =«=<42°. Figures 1-3 give a comparison of some of
these derivatives to wind tunnel values.* Figure 1 indicates
very good agreement between wind-tunnel and flight test
results for both C, and C, . Figure 2 indicates less perfect
agreement between wind-tunnel and flight test results for C,,
and C, , but it is still reasonable. Such results are not
unusual Tor studies of this type. Figure 3 gives the normal
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Fig. 1 Variation of C, and Czu with angle of attack. Open sym-
bols—wind-tunnel values; solid symbols—extracted values.
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Fig. 2 Variation of C,, +C,, ~with angle of attack. Open sym-
bols—wind-tunnel values; solid symbols—extracted values.
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Fig. 3 Variation of C,,,q +C,,, and Czq with angle of attack. Open
symbols—wind-tunnel values; solid symbols—extracted values.
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Table 1 Estimated parameters (longitudinal o;=8.26°, A=68°; lateral
ay;=36.5,A=50°)

Estimated Wind Estimated Wind
Parameter value tunnel  Parameter value tunnel
Cy, 0.11£00 0.02 Cyo -0.013+£0.005
Cy, 0.18+0.01 -0.19 CJ’B -0.845+0.082 -0.97
Cz0 -0.76+0.01 -0.75 C}’r 1.039+0.699 -2.0
&% -3.65+0.08 -3.7 Cfo -0.004 = 0.001
Czaz 1.36+0.14 C"B -0.775+0.002 -0.6
Czq -62.0+1.9 18.0 Cpsr -.0331:0.001
Czée -1.21 0.087 C‘io -0.203+0.007 -0.2
C"’o -0.09x 00 -0.1 C(r 0.400
Com, -0.57+£0.05 -0.85 Cry -0.007 2 0.001
Cmaz -1.89+£0.07 Cn@ -0.113+0.005 -0.11
Cry+Cry  7:00£0.24  -17.0 C,, -0.099+0.034 0.2
C’”ée -1.34+0.02 ns, 0.036+0.002

\ 3.438+0.284 0.5

1.577+0.195 0.4

force and pitching moment damping coefficients variations
with angle of attack. In the case of C,, +C,,., C,,. was fixed
at an assumed value and C,, was estuqnated aPoor agreement
between estimated and w1ndqtunnel results are noted for both
coefficients.

For the lateral analysis, the nominal angle of attack was
chosen as the stall angle for zero tail incidence, which was
36.5°. The estimated values are given with wind-tunnel values
in Table 1.

The values of C,. and C;, could not be estimated ac-
curately, due to 1nsuf'f1c1ent ai ieron input. Also C 1, and C,
could not be estimated independently, due to high correlatior.
The same was true for C, and C, . Convergence was ex-
tremely sensitive to the starptmg values of force and moment
coefficients and the sign of C,,., which was negative at stall.

In summary, it was found that the nonlinear model
provided estimates of the first-order stability and control
derivatives that were often in reasonable agreement with
wind-tunnel values. However, it does not provide reliable

values for such parameters as C,, +C,, , and C, , which are
highly nonlinear with angle of “attack. In adémon high
correlations were found to exist between certain first and
second-order derivatives.

References

Twells, W. R., “A Maximum Likelihood Method for the Ex-
traction of Stability Derivatives from High Angle of Attack Flight
Data,’”” AFFDL-FGC-TM-72-16, 1972, Flight Dynamics Lab.,
Wright-Patterson Air Force Base, Ohio.

2Mehra, R. K., Stepner, D. E., and Tyler, J. S., “Maximum
Likelihood Identification of Aircraft Stability and Control
Derivatives,”” Journal of Aircraft, Vol. 11, Feb. 1974, pp. 81-89.

3Eulrich, B. J. and Weingarten, N. C., ““Identification and
Correlation of the F-4E Stall/Poststall Aerodynamic Stability and
Control Characteristics from Existing Test Data,”” AFFDL-TR-73-
125, Flight Dynamics Lab., Wright-Patterson Air Force Base, Ohio.

4Grafton, S. B. and Anglin, E. L., “Dynamic Stability Derivatives
at Angle of Attack From —50° to 90° for a Variable-Sweep Fighter
Configuration with Twin Vertical Tails,”” NASA, TND-6909, 1972.



