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EFFECTS OF SIMULATED DAMAGE ON STABILITY AND CONTROL
CHARACTERISTICS QF A FIXED-WING TWIN-VERTICAL-TAIL
FIGHTER MODEL AT MACH NUMBERS FROM 2.50 TO 4.63*

By Milton Lamb
Langley Research Center

SUMMARY

An experimental investigation has been conducted in the high Mach number test sec-
tion of the Langley Unitary Plan wind tunnel over the Mach number range from 2.50 to
4.63 to determine the effect of simulated damage on the longitudinal and lateral aerody-
namic characteristics of a fixed-wing twin-inlet fighter model having an aft horizontal
tail and twin vertical tails. Damage was simulated on the wing, horizontal tail, and one
of the vertical tails.

The results showed that for the reference moment center used, the model remained
longitudinally stable for all the damaged configurations tested. The horizontal tail
remained an effective trim device and generally was capable of providing some degree
of trim in pitch and roll. The rudder was effective in providing some degree of trim in
yaw and roll for cases of damage to the wing or horizontal tail. The loss of the right
vertical tail generally caused the model to become directionally unstable.

INTRODUCTION

As an aid in assessing the aerodynamic effects of battle damage that might be sus-
tained by military airplanes, several wind-tunnel investigations (refs. 1 to 4) have been
performed at the Langley Research Center in which damage was simulated with models
by the removal of all or parts of the wing, the horizontal fail, and the vertical tail. In
addition to the static aerodynamic coefficients in the supersonic speed range, some lim-
ited control effectiveness data have also been obtained. These investigations are limited
to the effects of damage on static aerodynamic characteristics over a limited angle-of-
attack and angle-of-sideslip range with no attempt made to trim the models about all
three axes simultaneously. The investigations have a twofold purpose: (1) to serve as
an aid in determining the "kill" probability for enemy airplanes and (2) to serve as an aid

*Title, Unclassified.
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in determining the extent of damage that might be sustained and still allow an airplane
and/or pilot to return to friendly territory or to complete a mission.

As part of these continuing investigations, tests have been made to determine the
effects of simulated damage on the stability and control characteristics of a fixed-wing
twin-inlet fighter model with twin vertical fails and a conventional aft horizontal tail, and
the results are presented herein. Damage was simulated on the wing, horizontal tail, and
one of the vertical tails. Control effectiveness data were obtained for the horizontal tail
and rudder. The aerodynamic characteristics of the undamaged configuration can be
found in references 5 to 7.

The tests were conducted in the high Mach number test section of the Langley
Unitary Plan wind tunnel. The Mach number range was from 2.50 to 4.63. The angle-
of-attack range was from about -5° to 229, and the angle-of-sideslip range was from
about -4° to 8°.

SYMBOLS

The moment reference center is located on the body axis 58.70 cm rearward of the
nose of the model (21 percent T). Measurements were taken in U.S. Customary Units
and are given in the International System of Units. All data were reduced to coefficient
form by using the reference wing area, reference wing span, and reference wing chord.
(See table I.) Longitudinal characteristics are presented about the stability-axis system,
and lateral-directional characteristics are presented about the body-axis system. The
sjﬁibols are defined as follows:

A aspect ratio
b reference wing span
c d e Drag

D rag coefficient,
C lift coeffici Lift

L coefficient, oS
C; rolling-moment coefficient, Rollinig Mament

asSb
o ffective dihedral t (Acl> d
effective dihedral parameter, {—= per de

lﬁ ] AB ﬂ=00,30’ g

Co pitching-moment coefficient, PIFGRIBE Fopvent
qsc
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Yawing moment

ing- ent coefficient
vawing-mom oefficient, 4Sb

AC
directional stability parameter, (—E) o ber deg

A8 Jp=0°,3

Side force

side-force coefficient,
qS

. ACy
side-force parameter, |[|—s—

, per deg
AB )!3=00,30

reference wing chord

root chord

tip chord

lift-drag ratio

free-stream Mach number

free-stream dynamic pressure

free-stream Reynolds number

reference area of wing including fuselage intercept

angle of attack, deg

angle of sideslip, deg

deflection of horizontal tail (positive when trailing edge is down), deg
rudder deflection (positive when trailing edge is left), deg
dihedral angle, deg

leading-edge sweep angle, deg

s Ty
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Model components:
v vertical tail
W wing
APPARATUS AND METHODS

Model

A three-view drawing of the basic model is shown in figure 1, and some geometric
characteristics are given in table I. The wing planform incorporated a slight break in
the leading-edge sweep angle, with A =42° on the inner panel and A =38° on the outer
panel. The wing had 4.167° of negative dihedral. The wing sections, horizontal-tail sec-
tions, and vertical-tail sections were 4-percent-thick circular arcs symmetrical about
their respective chord plane. The ventral fins were made from a 0.478-cm-thick flat
plate with a 20° bevel-edge angle. Provisions were made for airflow through the model,
and a canopy was simulated.

Damage was simulated by removing approximately 50 percent of the exposed right-
hand wing panel, the right-hand horizontal-tail panel, and the right-hand vertical tail.
The damaged areas are indicated by the hatched portions in figure 1.

Tests

The tests were conducted in the high Mach number test section of the Langley
Unitary Plan wind tunnel, described in reference 8. This variable-pressure, continuous-
flow tunnel has an asymmetrical sliding-block nozzle that permits a continuous variation
in test-section Mach number from 2.30 to 4.65.

The present tests were made over the Mach number range from 2.50 to 4.63. The
Reynolds number was 9.84 X 108 per meter except for the higher angles of attack and
sideslip data for Mach numbers of 2.50 and 2.86, where the Reynolds number was reduced
to 6.56 x 106 per meter in order to reduce balance loads. Test conditions are given in
the following table:

Stagnation Stagnation pressure, kN/m2, for —
Mach t
it ouel emperature, : p 5
K R=9.84x10 R=6.56 10
2.50 339 122 81
2.86 339 148 98
3.95 353 277 ———
4.63 353 379 ..

4 iy )
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The dewpoint was maintained sufficiently low to prevent measurable condensation
effects in the test section. For these tests, the angle-of-attack range was approximately
-5° to 229, and the angle-of-sideslip range was approximately -4° to 8°. In order to
insure boundary-layer transition to turbulent conditions, a transition strip composed of
No. 40 grit was placed on the body 3.05 cm aft of the nose. The transition trips for the
wings and tails were composed of No. 45 grit in 0.16-cm-wide strips placed 1.02 cm
rearward of the leading edges (measured streamwise).

Measurements and Corrections

Aerodynamic forces and moments on the model were measured by means of a six-
component strain-gage balance that was housed within the model. The balance was
attached to a sting which was rigidly fastened to the tunnel support system. The balance-
chamber pressures were measured with pressure tubes located in the vicinity of the
balance.

The angles of attack were corrected for deflection of the balance and sting under
load. The drag data were adjusted to correspond to free-stream static pressures at the
model base by applying corrections for the balance-chamber pressure and for base-
pressure values from previous tests. In addition, corrections were made for the
internal-flow momentum loss. The internal-flow measurements shown in reference 5
were applied, with the measurements at a Mach number of 3.75 being used for Mach num-
bers of 3.95 and 4.63.

PRESENTATION OF RESULTS

The data are presented in the following figures:

Figure
Longitudinal aerodynamic characteristics:

Asymmetric wing condition and horizontal-tail control . . . . . . . . . .. . .. 2
Asymmetric wing condition and rudder control . . . . .. . ... .. .. .. .. 3
Asymmetric wing condition and differential horizontal-tail settings . . . . . . . 4
Asymmetric horizontal-tail condition . . . . . . . . . .. .. ... .. 0L, 5
Asymmetric vertical-tail condition . . . . . . . . . . ..o 0 o000 6

Variation of lateral aerodynamic characteristics with angle of attack:
Asymmetric wing condition and horizontal-tail control; g=0° . ... ... .. 7
Asymmetric wing condition and rudder control; g=0°. ... ... ... . ... 8
Asymmetric wing condition and differential horizontal-tail settings; g = 0° 9
Asymmetric horizontal-tail condition; g=0°, . . . .. .. ... .. .... e 10
Asymmetric vertical-tail condition; g=0° ., . .. .. .. .. ... ... ... 11
(e 5
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Figure
Sideslip characteristics at various angles of attack:
Complete configuration . . . . . . . o« « o« v v o s s s b b e F e e s e e 12
50 percent right wing off, &, =02, 6, =00. . ... ... ............ 13
50 percent right wing off, &, =02, 8,=15% ... ... ... .0 i 14
50 percent right wing off, &, =-200, 6,=00 . . ... ............. 15
50 percent right wing off, &y, je = 10°, Bh, right = 2I0F . s wemsd B bcle G BN 16
Right horizontal tail off, &y, eft = O % Do Seea ) vl € s B BE E E B 17
Right horizontal tail off, &y, jeft = SB30% | L e A . e 0 . PO BN B T 18
Right vertical tall off; 8, =0% . v w i2o s svwre wdon ® 555 & 5 a0s 515 4 % 5 5 19
Right vertical tall off, 6,=16% . . ... . ... . 0o v e v v o aay 20
Sideslip parameters:
Asymmetric wing condition and horizontal-tail control . . . . . . . . . .. . .. 21
Asymmetric wing condition and rudder control . . . .. . .. ... ... L 22
Asymmetric wing condition and differential horizontal-tail settings . . . . . . . 23
Asymmetric horizontal-tail condition . . . . . .. .. ... ... 0L L, 24
Asymmetrie vertical -tail condition . s:6 & dww e B4 s 6 wla w8 @3 s sr e 25

DISCUSSION

The longitudinal aerodynamic characteristics for the asymmetric wing condition
with various control deflections are shown in figures 2 to 4. These figures show that the
loss of 50 percent of the exposed right wing results in measurable reductions in static
stability level and lift-curve slope and slight reductions in zero-lift drag. However, for
the reference moment center used, the model remains longitudinally stable over the entire
test Mach number range, with the possible exception of Mach number 4.63 where a tend-
ency toward neutral stability is indicated. Deflection of the horizontal tail to -20° (fig. 2)
provides sufficient tail effectiveness to sustain level flight (i.e., Cr, =0.075 for
M = 2.86, a wing loading of 3352 N/m2, and an altitude of 19.8 km) with 50 percent
of the right wing removed. The deflection of the horizontal tail to -20° has a destabi-
lizing effect, as shown in figures 2(c) and (d). A comparison of figure 2 with the data
of reference 7 indicates that the longitudinal control effectiveness of the tail is essen-
tially the same for the damaged and undamaged wing configurations. As might be
expected, rudder deflection (fig. 3) has little effect on the longitudinal characteristics.
The differential horizontal-tail settings (fig. 4) used as roll control had little effect on
the longitudinal characteristics other than a slight trim change and a small increase in
drag.

Loss of the right horizontal tail (fig. 5) results in reductions in static stability level
and lift-curve slope with slight reductions in zero-lift drag. The reduction in stability

6 B T
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level is essentially the same as that for the loss of 50 percent of the exposed right wing.
The deflection of the left horizontal tail to -20° provides enough tail effectiveness to sus-
tain level flight with the right horizontal-tail panel completely removed. The longitudinal
aerodynamic characteristics for an asymmetric vertical-tail condition are shown in
figure 6.

The variation of lateral aerodynamic characteristics with angle of attack for an
asymmetric wing condition with various control deflections is shown in figures 7 to 9.
Removal of 50 percent of the exposed right wing causes substantial increases in positive
rolling moment with increasing angle of attack (fig. 7). The deflection of the horizontal
tail has little effect on the lateral characteristics of the damaged wing configuration. The
deflection of the rudder (fig. 8) provides essentially constant effectiveness in producing
yawing moment and rolling moment over the angle-of-attack range, with the effectiveness
decreasing with increasing Mach number. A comparison of figure 8 with the rudder data
of reference 7 shows that the effectiveness of the rudder is about the same for the dam-
aged and undamaged wing configurations. The differential horizontal-tail settings (fig. 9)
used for roll control produce positive increments in rolling moment which are relatively
constant over the angle-of-attack range for each test Mach number. The differential tail
produces small negative increments in yawing moment, which deteriorate with angle of
attack.

The lateral characteristics with angle of attack for the asymmetric horizontal-tail
condition are shown in figure 10. Deflection of the left horizontal tail to -209 provides
substantial negative increments in yawing moment and rolling moment that are essentially
constant over the angle-of-attack range at each Mach number.

The lateral characteristics with angle of attack for an asymmetric vertical-tail
condition are shown in figure 11. Loss of the right vertical tail causes a negative yaw-
ing moment and a positive rolling moment with increasing positive angle of attack. The
deflections of the remaining left rudder produce negative increments in yawing moment,
which are relatively constant over the angle-of-attack range but which decrease with
increasing Mach number. The deflection of the rudder produces a small effect in roll-
ing moment.

The sideslip characteristics at various angles of attack for the various configura-
tions are shown in figures 12 to 20. These results were obtained to show the degree of
linearity of the lateral characteristics with 3 since all subsequent sideslip derivatives
were obtained through the angle-of-attack range from incremental measurements obtained
at sideslip angles of 0° and 3°. Within this range, the variations are essentially linear;
therefore, the derivative values are considered valid up to g = 3°.

Results for the deflection of the rudder to 15° with 50-percent wing damage {fig. 14)
indicate that for the reference center used, the asymmetric yaw caused by wing damage

CORTIDE e 7
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could be trimmed at g =4°. The results of figure 16 indicate that the induced roll could
be trimmed at sideslip angles of about 5° to 6° through a +10° deflection of the horizontal
tail.

The results of figure 18 indicate that a -20° deflection of the left horizontal tail
should trim the roll caused by loss of the right horizontal tail for the angles of attack
shown.

The data of figure 19 indicate that the loss of the right vertical tail results in direc-
tional instability for all test conditions with the exception of a region of very low stability
at @ =02 and M =2.50.

The sideslip parameters for the various asymmetric configurations are shown in
figures 21 to 25. The effects are relatively insignificant with the exception of the vertical-
tail damage where, as previously noted, the loss of the right vertical tail causes the model
to become directionally unstable at all Mach numbers, with the possible exception of a
Mach number of 2.50 where the model exhibits essentially neutral stability at low angles
of attack and for the highest angles of attack for all test Mach numbers.

CONCLUDING REMARKS

An experimental investigation has been conducted in the high Mach number test sec-
tion of the Langley Unitary Plan wind tunnel over the Mach number range from 2.50 to
4.63 to determine the effect of simulated damage on the longitudinal and lateral aerody-
namic characteristics of a fixed-wing twin-inlet fighter model having an aft horizontal
tail and twin vertical tails. Damage was simulated on the wing, horizontal tail, and one
of the vertical tails.

The results showed that for the reference moment center used, the model remained
longitudinally stable for all the damaged configurations tested. The horizontal tail
remained an effective trim device and generally was capable of providing some degree
of trim in pitch and roll. The rudder was effective in providing some degree of trim in
yaw and roll for cases of damage to the wing or horizontal tail. The loss of the right
vertical tail generally caused the model to become directionally unstable.

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., June 15, 1973.
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TABLE I.- GEOMETRIC CHARACTERISTICS

Wing:
b dreforencewing). I + « v 3 p BB SElF o 0% @ F B DB B ol P OOE & sea 8 61.36
b (EESEWIHE), O . . . & 57 - ¥ - & el B 26 © 850 S & BE S 0w s 8 65.56
A (nner panel), deg o 4 i 3 i & sva m 0o 5 e o give ow e ¥ A6 SIS 8 42
A {outer panel), d88 & 5 5os & snpu v SiE A SR 6 PRD AW 5% s BES 8 VFa s 38
C (referencewingchord),em . . . . . . . c v v o v v o s o o o s s s o5 0 o 22.448
cp at body intersection,em . . . . o 00 i s e e s e i e s 26.238
CppyCM & . v v bt w v s e v s e e e e e s e 8.41
TLHOE 5 2 v v 8 ¥ ed e ® 6.0 5 fod e DWls A% & 05 5 S v B9 w5 ¢ & & 8o -4.167
Airfoil Bection 7. ja Wale e ot o s wi o wE = e 5 25 4-percent-thick circular arc
§ referonee wing), B2 . .m o suens sieus & S5 % e E ¥ % 5 A S ow 8os o S 1256.1
A (reference Wing) . . . . . o i v v e e e e e e e e e e e e e e e e e 3.01
Body station for trailing-edge intersection,em . . . . . . ... oL L 75.527
Horizontal tail:
Total BPan, B« « - <o « = « = = Sy o 0 + 3% pooase o o a = ¥ BT 8 W el & a 40.64
c. at body: intersectiot; M oz d s @ em B Evve Wavs F W' m oS 5 ome W o 11.7
Cu €Ml Lottt e e e e e s e e e e e 0
AITfoll SECHON & ' % W ® e w Sk @ EEERe A & e 4-percent-thick circular arc
B ABE = - 56 @ drd & BAER » = o= o n @ Spmny mow® B d X Be s & WG B aLe B 48.5
Vertical tail:
Exposed/spafi; COI ova sale & 555 % G50 6 BIE 4 W06 5 €W 5 an 5 Ye a0 v B EnaiE m 11.7
Exposed €., CMl . . . .. .ottt i i s e e e 22.6
Cps CM « « v o v o v w w s v ¢ o 8 & 8 o & & s a s Aaa m aa e s e s e 0
N,HEBE o v i B @ A « e B o oo ST T B wiE T SRR mEE 61.7
Ajrfoll seetion 5 ¥ s 5 3 0 woew & ;i aN .+ . . 4-percent-thick circular arc
Miscellaneous:
Inlet area (one duct), em2 . . . . . . . . . e e e e e e e e e e 19.47
Exit nrea lone Quet); @2 . ; & soo w 1ov s wome 3 B & 5w % wEs BB S E e 8 20.99
Chamber ared, M2 . . . v v v v v m o o v o ve = v m s b s 5. 678 s 5 5% s /sin s 14.30
Base area (excluding chamber and exit areas), em?2 . ., ., . ... ... ... ... 21.32

10

UNRRESIPTE



A3141ISSY1ONN

11

Figure 1.- Details of model. All linear dimensions are shown in centimeters.
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Figure 2.- Longitudinal aerodynamic characteristics for asymmetric wing condition
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Figure 2.- Continued.
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(c) Concluded.
Figure 2.- Continued.
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Figure 3.- Longitudinal aerodynamic characteristics for asymmetric wing condition
and rudder control.
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Figure 3.- Continued.
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Figure 4.- Longitudinal aerodynamic characteristics for asymmetric wing condition
and differential horizontal-tail settings.
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Figure 9.- Variation of lateral aerodynamic characteristics with angle of attack for
asymmetric wing condition and differential horizontal-tail settings. g = 0°.
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Figure 22.- Sideslip parameters for asymmetric wing condition and rudder control.
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Figure 24.- Sideslip parameters for asymmetric horizontal-tail condition.
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Figure 25.- Sideslip parameters for asymmetric vertical-tail condition.
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