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SUMMARY

F-15 rotary balance data have been analyzed, and the
influence of control deflections, Reynolds number and air-
plane components, i.e., body, wing, horizontal and vertical
tails, as well as conformal tanks, on the aerodynamics up to
90° angle of attack are discussed. Steady-state spin mode
predictions using these data are presented, which show excel-
lent correlation with spin tunnel and flight-test results.

Generally, the data show damped yawing-moment slopes
with rotation at all angles of attack, and good control effec-
tiveness. Differences in the rotary aerodynamics due to the
addition of conformal tanks are minimal. The small differ-
ences in the region of the flat spin do, however, indicate
that the resulting spin mode would be slightly flatter and
faster for a conformal tank equipped airplane. The addition
of conformal tanks also may make the airplane more departure

susceptible.

INTRODUCTION

The NASA Langley Research Center is conducting an inves-
tigation to determine the influence of the addition of
conformal fuel tanks on the spin and recovery characteristics
of the Air Force/McDonnell Douglas F-15 airplane. As part of
this effort, rotary balance data were measured for a 1/12-
scale F-15 model, both with and without conformal fuel tanks,
to provide a data base for the analysis of free-spinning
model tests conducted at the Langley Spin Tunnel. Photo-
graphs of the 1/12-scale model installed on the rotary bal-
ance located in the Langley Spin Tunnel are shown in figure 1,
and a three-view drawing of the basic model is presented in
figure 2. The conformal fuel tanks are installed on the out-
board side of each engine nacelle, as shown in figure 3.

A rotary balance is used to measure the forces and

moments acting on an airplane model while it is subjected



to steady rotational flow conditions. The model is mounted
on an internal strain gauge balance, which is attached to

the rotary balance apparatus. During testing, the forces and
moments are measured while the model is rotated about a ver-
tical axis at the center of the tunnel.

Reference 1 contains the six-component rotary balance
data measured for the basic airplane, presented without anal-
ysis, as well as a detailed description of the test equipment,
the model, and the test procedures. The same information is
presented . in reference 2 for the conformal tank configuration.
An analysis of these data is presented herein, including the
effect of control deflections, airplane components, and the
influence of conformal fuel tanks. Additionally, comparison
of the static aerodynamics measured during the rotary balance
tests (at Qb/2v=0) with other static F-15 data, and a discus-
sion of the Reynolds number effects are included. Steady-
state spin modes are also predicted from the rotary balance
data for the airplane, both with and without conformal tanks,
and the results are compared to preliminary spin tunnel and

flight-test results.

SYMBOLS
The units for physical quantities used herein are pre-
sented in the International System of Units and U.S. Custom-
ary Units. The measurements were made in the U.S. Customary
Units; equivalent dimensions were determined by using the

conversion factors given in reference 3.

b wing span, m (ft)

c mean aerodynamic chord, m (ft)

CZ rolling-moment coefficient, Rolllggbmoment
Cm pitching-moment coefficient, Pltcgégg moment
Cc yawing-moment coefficient, Yawing moment

n gSb

free-stream dynamic pressure, N/m? (lb/ft?)

o Q

Reynolds number




S wing area, m? (ft?)
v free~-stream velocity, m/sec (ft/sec)
o angle of attack, deg
B angle of sideslip, deg
Q angular velocity about spin axis, rad/sec
%% spin coefficient, positive for clockwise spin
Ga aileron deflection, positive when right aileron is
down, (6 -3 )/2, deg
aright 2eft
Gd differential horizontal tail deflection, positive when
right panel is down, (Gd _ —Gd Y/2, deg
right left
Ge symmetrical horizontal tail deflection, positive when
trailing edge is down, deg
dr rudder deflection, positive when trailing edge is
to left, deg
Abbreviations:
CFT conformal fuel tanks
cg center of gravity
SR spin radius

PRESENTATION OF RESULTS

Selected rotary balance data are presented herein for
analysis purposes. These data are presented as plots of body
axis aerodynamic coefficients as functions of the nondimen-
sionalized rotation rate, 9b/2V, at constant angles of attack.
The spin axis for the presented data passed through the air-
plane cg for angles of attack above 300, and at a full-scale
distance of 1.8m (72 in.) forward of the c¢g location for
angles of attack of 30° or less. The data were measured at
a Reynolds number of approximately 211,000 based on wing chord,
and about a cg location of 0.26C.



The rolling and yawing-moment coefficients are damped
for data lying in the second and fourth quadrants and pro-
pelling for data in the first and third quadrants, when
plotted as functions of *0b/2V.

DISCUSSION

Effect of Body, Wing, and Tails
The model was constructed such that the various compo-

nents were removable for component build-up testing. In this
manner, the influence of each component on the aerodynamic
data could be determined by first testing the body alone and
then adding each of the other components one by one. For
these tests, data were measured for the body alone, body-wing,
body-wing-vertical tail, and body~-wing~horizontal tail combi-
nations, as well as for the complete airplane. This was done
for the basic F-15 body (which included the engine nacelles),
and for the body with conformal fuel tanks.

Component build-up plots of each of the three aerodynamic
moments are presented in figures 4 through 6 for the conformal
fuel tank configuration. These figures show the data for the

body alone and for the successive addition of each component.

Pitch Characteristics:

Component build-up plots of the pitching-moment coeffi-
cient vs %% are shown in figure 4 for selected angles of
attack. Examination of these plots shows that the body alone
generates a nose-up pitching moment at all angles of attack.
The wing introduces a nose-~down increment. The addition of
the horizontal tail adds a further nose-down increment suffi-
cient to make the airplane have a nose-down Cm. Further,
the static Cm vs angle-of-attack curve is stable, i.e., the
pitching moment becomes more nose-down with increasing angle
of attack. The effect of rotation rate is to further increase

the magnitude of the nose-down moment.




The Cm curves are generally fairly symmetrical for clock-
wise and counter clockwise rotations, except at angles of attack
near 600, as seen in figure 4d. At these angles of attack, the
curves show an unsymmetrical characteristic starting with the
body alone that is similar to Cm curves at nonzero sideslip
angle. This is evidently due to unsymmetrical vortex shedding
from the nose at these angles of attack; evidence of which
also appears in the other aerodynamic moment coefficients.

Roll Characteristics:

Figure 5 presents component build-up plots of the rolling-
moment coefficient vs %% for selected angles of attack. It
is seen that the body is slightly propelling up to approxi-
mately 40O angle of attack, and is then fairly neutral for
higher angles of attack. As would be expected, the wing
contributes, by far, the bulk of the rolling-moment coeffi-
cient of the total airplane for angles of attack less than 400,
with the horizontal and vertical tails supplying only relatively
small variations from the body-wing curves.

at 20° angle of attack, figure 5a, the wing provides
damping at all Qb/2V's. However, the wing is propelling for
fib/2vV magnitudes less than approximately 0.35 at 30° angle of
attack (figure 5b). Propelling rolling moments caused by the
wing in the stall and post-stall angle-of-attack region are
not unusual.

In figure 5¢c, it is seen that at 40° angle of attack the
horizontal tail is providing a significant propelling moment
increment, such that the total airplane exhibits a propelling
Cl moment. For angles of attack greater than 400, figures
5d and 5e, the horizontal tail supplies a substantial pro-
pelling C, increment only at the higher 0b/2V's. This may
be characteristic of airplanes with wide afterbodies; however,
for most other configurations, the horizontal tail does not
contribute any significant rolling moment at any angle of

attack when compared to the wing contribution.



It is normal for the airplane to lose all damping of the
body axis rolling moment at 80° to 90° angle of attack. This
is not significant, however, because the yawing moment is the
dominant driving moment about the velocity vector at these
angles of attack and thus determines whether a flat spin shall
occur. If a flat spin does exist, the airplane will assume a
small sideslip angle sufficient to balance out any rolling

moment due to rotation.

Yaw Characteristics:

The component build-up plots for the yawing-moment coeffi-
cient vs Qb/2V are presented in figure 6. Up to 20° angle of
attack, the body and body-wing combinations provide very little
Cn; virtually all the yawing moment is supplied by the vertical
tails (figure 6a). At 30° angle of attack, however, even
though the bulk of the damping is being provided by the ver-
tical tails, the body and the wing are providing a small amount
of damping (figure 6b). By 40° angle of attack, figure 6c,
the body-wing combination is supplying most of the damping for
2b/2V values between #0.2, with the vertical tails supplying
a large percentage of the damping only for higher rotation
rates. As is the case for most airplanes, through this angle-
of-attack range the addition of the wing produces a beneficial
interference effect on the body, resulting in increased damp-
ing.

In the angle-of-attack range from approximately 50° to
700, the body exhibits a yawing-moment offset, the magnitude
of which is greatest near 60° (figure 6d4d). This moment is
evidently due to unsymmetric vortex shedding at the aircraft
nose, mentioned previously. This phenomenon is a character-
istic of high fineness-ratio noses. Although the magnitude
of the offset at zero rotation rate at full-scale Reynolds
number may be less than that measured at low Reynolds number,
the trend of the data will be the same, i.e., if the low Re




data show a damped (negative) or propelling slope through
zero rotation, the full-scale data would also exhibit the
same characteristic.

The Cn characteristics of the body predominate over most.
of the Qb/2V range at 60° angle of attack. Here, also, it is
seen that the addition of the vertical tails provides a damping
increment which is, however, more than cancelled by the further
addition of the horizontal tails. This is characteristic of
most airplanes at high angles of attack.

at 80° angle of attack, figure 6e, the Cn offset is gone
and the body alone curve is damped. The addition of the wing
results in less damping at the lower 0Qb/2V's and more at the
higher values. Without the presence of the horizontal tail,
the vertical tails provide damping; however, with the hori-
zontal tail the vertical tail effect is negated for rotation

rates less than approximately 0.3.

Effect of Conformal Tanks:

Component Data:

The effect of conformal tanks on the body alone pitching
and rolling characteristics is minimal. Figures 7a and b
present plots of Cn Vs %% for 40° and 80O angle of attack,
respectively. It is seen that the addition of conformal tanks
to the body alone results in decreased damping moment through
this angle-of-attack range.

The addition of the CFT's to the body-wing combination
had negligible effect on the rolling-moment coefficient, as
it did on the body alone, except near 40° angle of attack.
At this angle of attack, the addition of the CFT's generally
contributes a propelling increment to the basic body-wing con-
figuration (figure 8). This is the largest difference that
was seen in any aerodynamic coefficient as the result of adding
conformal tanks. The yawing-moment coefficients for the body-
wing combination show little difference due to addition of the



CFT's, other than what was observed for the body alone, and
the pitching moment was negligibly affected.

The addition of the vertical or the horizontal tails
does not significantly alter the influence of the conformal
tanks on the aerodynamic data beyond that obsefved for the body
alone and body-wing combination except to slightly ameliorate

the differences noted.

Total Airplane Data:

The conformal fuel tanks have no significant influence
on the pitching-moment characteristics of the total airplane.
For the rolling-moment coefficient, the data with and with-
out conformal fuel tanks are virtually identical throughout
the angle-of-attack range, except at 40° angle of attack
(figure 9) where it is seen that the CFT configuration is sig-
nificantly more propelling in roll than the basic configuration.
This is the same characteristic that was first seen for the
body-wing combination. Consequently, it would be anticipated
that the airplane with conformal tanks would possibly be more
departure susceptible due to the propelling rolling moment in
the 40° angle-of-attack range.

The effect of the conformal tanks on the yawing-moment
coefficient is minimal for angles of attack through 70°.
At 80° angle of attack (figure 10), it is seen that the con-
ggrmal fuel tank equipped model exhibits less damping Cn for

== values near zero.
2V

Pro-Spin Control Data:

Figure 11 presents plots of yawing-moment coefficient vs
%% at constant angles of attack for both the basic F-15 and
the CFT equipped airplane with pro-spin controls for clockwise
(+Qb
2V
significant difference between the two airplanes. At 50° and

) spins. For angles of attack through 600, there is no

60° angle of attack, the airplanes exhibit propelling Cn's



with pro-spin controls for a large range of clockwise %%'s.
This is due to both the pro-spin controls and the large
positive yawing-moment offset resulting from the asymmetric
vortex shedding at the nose. At the higher angles of attack
(figure 1llc), it is seen that the conformal tank configura-
tion crosses the zero Cn axis at a greater %% value than

the basic airplane. This would indicate the possibility that
the CFT airplane could have a faster and, thus, possibly

flatter spin with pro-spin controls than the basic airplane.

Recovery Control Data:

at 80° angle of attack, figure 12a, substantial recovery
yawing moment is observed for both the basic and CFT equipped
airplanes with controls set for recovery from a clockwise
(+%§) spin. There is slightly more recovery moment for the

basic configuration in the range of 0.2 to 0.3, which is

2b
2V o
the probable flat spin rotation rate. By 70 angle of attack,
figure 12b, there is no significant difference between the two
configurations. Figure 12c shows the yawing-moment coefficient
at 60° angle of attack. Here it is seen that there is little

recovery moment for either configuration at this angle of

attack; there is actually some pro-spin moment for low %%
values. It could be anticipated that either airplane config-

uration would be slowed in its recovery through this angle-of-
attack range. As mentioned previously, the magnitude of the
Cn offset could be Reynolds number dependent, such that less
propelling moments may exist at full-scale Reynolds number.

At the lower angles of attack, figure 12d, there is negligible

difference between the two airplanes.

Effect of Controls
Figure 13 presents yawing-moment coefficient plots at

selected angles of attack for all neutral controls and for
a pro-spin and a recovery control setting when referenced to
a clockwise spin. The pro-spin control setting consisted of



6° of differential tail and 20° aileron, each set against

the spin, and a 15° rudder deflection set with the spin.

The recovery control setting was 11° dgifferential tail, and
20° aileron set with the spin, and 30° rudder set against
the spin. All of the plots are for the F-15 model with con-
formal fuel tanks. Data for the same control settings for
the airplane without conformal tanks are presented in refer-
ence 1. The effect of control settings is similar for both
configurations.

The yawing-moment coefficient data for 30° angle of attack
are generally characteristic of the low angle-of-attack Cn
data (figure 13a). The effect of controls appears to be fairly
constant over the %% range, and the incremental yawing-moment
coefficient between the neutral and pro-spin and between the
neutral and recovery control settings is roughly proportioned
to the differential tail deflection. In the angle-of-attack
range of 50° to 70O (figures 13b and c¢), much of the linear-
ity has disappeared, most probably due to the interaction of
the asymmetric vortex shedding. At 600, some propelling
moment is still present even with recovery controls, due to
the large C_ offset. By 80° angle of attack, figure 13d, the
incremental effect of control deflection on yawing-moment
coefficient is more nearly linear than it was in the 50° to
70° angle-of-attack range, and a large recovery moment is

observed for recovery controls.

Effect of Differential Tail Deflection

The effect of differential tail deflection alone is shown
in figures 14 and 15 for the rolling and yawing-moment coeffi-
cients, respectively. For angles of attack up to 30° (figures

l4a and b), the incremental rolling-moment coefficient due

to differential tail deflection is reasonably linear and
constant with rotation. For angles of attack greater than 300,

however, the control effectiveness is generally no longer

10




linear with deflection nor constant with rotation (figures
l4c and d). At the higher angles of attack, there is
generally a small incremental rolling moment due to a 6°
differential tail deflection, but no additional increment
is realized by increasing the deflection (figure 1l4e).

The yawing-moment coefficient plots show that at 20° angle
of attack there is only a small proverse increment due to dif-
ferential tail deflection (figure 15a). By 30° angle of attack
and above, the effect of differential tail deflection is always
to produce adverse yaw. At the higher angles of attack, the
incremental yawing moments due to differential tail deflection
are significant, but are not generally linear with control
deflection nor constant with rotation rate. The above results
indicate that in the high angle-of-attack flight regime the
differential tail is an effective vaw producer rather than a

roll controller.

Predicted Spin Modes

Prediction of equilibrium steady-state spin modes can be
quickly made using rotary balance aerodynamic data. A computer
search is used to determine what, if any, conditions (i.e.,
angle of attack, rotation rate, etc.) result in a balance of
the three aerodynamic and inertial moments. An outline of the
method and a historical background are contained in reference 4.

The predictions of clockwise spins for the F-15 airplane
with and without conformal fuel tanks are contained in Table I.
For pro-spin controls, consisting of ailerons and differential
tails set against the spin, and rudder deflected with the spin,
the results show that the CFT configured airplane exhibits a
very slightly flatter and faster flat spin mode compared to the
basic airplane.

Table I also shows the predicted spin modes for each con-—
figuration with lateral-directional controls neutralized and
stick full aft. For this control setting, moderately flat spin

11



modes at 65° and 66O are predicted for the basic and the CFT
configuration, respectively.

With recovery controls, the flat spin mode is eliminated
and both configurations show a weak equilibrium at 58° angle
of attack. This equilibrium is due to the large positive
yvawing-moment offset in this angle-of-attack region, and for
this model, therefore, would only occur for clockwise rota-
tions.

Free-spinning tests performed in the Langley Spin Tunnel
showed excellent correlation with the predicted spin modes for
pro~spin controls, as demonstrated in Table II. The prelim-
inary spin tunnel results showed that the CFT configured model
did spin slightly flatter and faster than the basic model,
as predicted.

Flight-test results also agreed closely with predictions.
A typical flight-test spin time history, from reference 6,
showed that the full-scale airplane exhibited a 75° right spin
at approximately 3 seconds per turn. The correlation between
the predicted steady spin mode and that observed during flight
test is considered excellent, especially when it is appreci-
ated that flight test cannot often achieve the idealized situ-
ation available to the analyst. The spin time history in
reference 6, for example, showed that the pro-spin controls
were removed at approximately the time the quoted peak rota-
tion rate was obtained so that it is uncertain whether the air-
plane had achieved its final steady-state spin at that time.

The static pitching-moment coefficient for this airplane
shows a noticeable shift due to Reynolds number, as discussed
in the next section. The influence of this Re effect on the
predicted spin modes was investigated by adding a nose-down
incremental pitching-moment coefficient sufficient to make the
static rotary balance Cm agree with those measured during Ames
high Reynolds number tests. This resulted in only a slight
change in the predicted flat spin mode, with the angle of

12



attack going from 80° to 77° while the rate of rotation was
unchanged.

With the lateral controls undeflected and the stick full
aft, the free-spinning basic F-~15 model showed an oscillatory
spin at 4.8 seconds per turn with the angle of attack varying
between 55° and 67° (reference 5). The rotary balance predicts
a spin mode at 65° and 5.1 seconds per turn for the stick aft
(Table I). Predicted spin equilibrium points may not result
in steady spins; the spin prediction technique assumes that
the angular accelerations are zero. If the accelerations are,
in fact, near zero, a steady spin will occur. If, however,
the stability of the spin mode is weak, such that the accelera-
tions do not approach zero, an oscillatory spin may result in
the angle-of-attack region of the predicted equilibrium, as is
apparently true in this case.

With recovery controls, the spin-tunnel results showed
recoveries occurring for the basic airplane in approximately
four turns (reference 5), and in approximately six turns for
the conformal tank equipped model. Flight-test results for the
basic F-15 also showed that the basic airplane recovered in
approximately four turns.

In none of the experimental tests did the airplanes seek
the predicted weak equilibrium at 58° angle of attack. However,
it was noted from the flight-test time histories that the angle
of attack remained near 60° for some time before continuing to
decrease, while the rotation rate decreased more slowly. The
flight-test results further indicate that "the aerodynamic
recovery capability in the right spin was significantly
decreased at 62° to 65° AOA. 1In the left spin, decreased
capability was not exhibited at these AOA's." These results
indicate that a yawing-moment offset, observed during the rotary
balance tests at these angles of attack, was also present on
the full-scale airplane. In this case, the yawing moments were
offset positively for both the rotary balance model and the air-
plane, though this need not necessarily be true.

13



Effect of Reynolds Number

The ability to predict airplane spin characteristics has
been greatly amplified by the existence of viable rotary
balance data. The data measured by the rotary balance in the

Langley Spin Tunnel are measured at low Reynolds number.
Since there is, currently, no operational facility which can
provide comparable data at the high Re approaching that of
the full-scale airplane, it is not possible to measure the
Reynolds number effects on the rotary data. To provide some
measure of the effect of Re’ however, the static rotary data
(measured at Qb/2V=0) can be compared to static force test
results gathered at higher Re' Approximate values of C2 and

Cn were calculated as ACZ/AB and ACn/AB using +10° sideslip

B
data at zero Qb/2V. These data are shown in figures 16 and

17 for both the basic F-15 and the airplane with conformal

tanks.

The static rotary balance data exhibit stable CQ 's at
8

all angles of attack except for a small region near stall at
30°. Also shown in figure 16 is comparable data measured for
the F-15 in the Ames 12-foot pressure tunnel at a Reynolds
number of 4.8 x 106, based on wing chord (from reference 7).
Comparison of these data to the static rotary balance data
shows that the lower Re rotary balance data agrees well with
that measured at a much higher Re, except near 30° angle of
attack. At this angle of attack, the Ames data do not show the
loss of dihedral effect seen in the rotary balance data.

The Cn values are stable for angles of attack less than approx-

imately 200, and unstable for higher angles. The Ames higher
Reynolds number data agree reasonably well with the rotary bal-
ance data up to approximately 45°. For angles of attack greater
than 450, the Ames data show essentially neutral Cn values

whereas the rotary balance data remain slightly unstable.

14
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The static pitching-moment coefficient (measured at
2b/2V=0) is plotted as a function of angle of attack in figure
18. Also shown are currently unpublished high-angle~-of-attack
Cm data measured for an F-15 model at the Ames 1l2-foot pressure
tunnel for two Reynolds numbers during 1981. Both the Ames
data sets show generally more negative pitching-moment coeffi-
cients at a given angle of attack than was measured on the
rotary balance.

The difference in static pitching-moment coefficient is
due to Reynolds number effects. This is demonstrated in figure
19, which is based on data taken from reference 7, showing the
variation of Cm with Re for this airplane at three angles of
attack. These results indicate that predicted spin modes
based on low Reynolds number rotary balance data may differ
slightly from those observed at full-scale Reynolds number,
since the pitching moment is instrumental in determining the
spin modes., It was seen, however, as mentioned in the previous
section, that the correlation between the predicted flat spin
using low Reynolds number rotary data and the flight-test
result was excellent. For this airplane, at least, the low

Re rotary balance data are adequate for spin prediction.

CONCLUDING REMARKS

The rotary balance data indicate that the F-15 is basically
a good aerodynamic design for spin resistance; the airplane has
a yawing-moment coefficient vs 0b/2V curve that has a damped
slope at all angles of attack; it has a stable pitching moment,
and the control effectiveness remains good throughout the
angle-of-attack range, providing aerodynamic recovery moments
at the flat spin attitude. There is, however, a nonzero yaw-
ing-moment coefficient at zero rotation and sideslip angle in
the region near 60° angle of attack, which evidently slows
recoveries. There is some propelling rolling-moment coefficient
in the post-stall region which could indicate a departure tend-
ency, which would be greater for the conformal tank equipped

15



airplane.
Generally, differences in the rotary aerodynamic data due

to the addition of conformal fuel tanks are minimal. However,
the small differences at the flat spin attitudes and rota-
tion rate are sufficient to cause the CFT equipped airplane
to spin slightly flatter and faster. This result was pre-
dicted from the aerodynamic data and observed during prelim-
inary free-spinning tests. Free-spinning tests showed a sig-
nificant decrease in spin recovery capability for the CFT
equipped model, which is not readily apparent from the rotary
data. However, this could result from the fact that the CFT
airplane spins flatter and faster and thus requires more time
for recovery. Also, there is a small reduction in the recovery
moment available for the CFT airplane with recovery controls,
although the difference appears slight.

Predicted spin modes using the rotary balance data show
good agreement with flight-test and spin-tunnel results. A
shift in the static pitching-moment curve due to a Reynolds
number effect was demonstrated to have a minimal effect on the
predicted flat spin mode. This study indicates that it is
possible to adequately predict full-scale spin modes employing

iow Re rotary balance data.

16



REFERENCES

Barnhart, B.: F-1l5 Rotary Balance Data for an Angle-of-
Attack Range of 8° to 90°. NASA CR-3478, 1982.

Barnhart, B.: Rotary Balance Data for a Conformal Fuel
Tank Equipped F-15 for an Angle-of-Attack Range of g°
to 90°. NASA CR-3516, 1982.

Standard for Metric Practice. E 380-79, American Society
for Testing and Materials, c.1980.

Bihrle, W., Jr.; and Barnhart, B.: Spin Prediction
Techniques. AIAA~80-1564-CP, Aug. 1980.

Bowman, James S., Jr.; White, William L.; and Lee, Henry A.:
Spin~-Tunnel Investigation of a 1/30-Scale Model of the
McDonnell Douglas F-15 Airplane - COORD NO. AF-AM-010,
NASA TM S5X-3570, U.S. Air Force, 1977.

Arent, Lauren E.; Wilson, Donald B.; and Taylor, John H.:
F-15A Approach-to-Stall/Stall/Post-Stall Evaluation,
Final Report. U.S. Air Force, AFFTC-TR-75-32,

Jan. 1976. (Available from DTIC as AD B045 115L.)

Massa, John D,: High Angle of Attack Tests on a 7.5 Percent
Scale Model F~15 in the Ames 12-Foot Pressure Wind
Tunnel. MDC A0647, Oct. 1970.

17



8T

TABLE

I.- PREDICTED SPIN MODES FOR CLOCKWISE SPINS

CONTROL DEFLECTIONS BASIC F-15 PREDICTED SPIN CFT F-15 PREDICTED SPIN COMMENTS
§ 6d ) § o sec b v o sec b v
dee de dea der deg turn 2V m/sec deg turn 2V m/sec
g & 8 g (ft/sec) (ft/sec)
0 +6 |[+20 | =15 80 2.7 0.21 74 81 2.3 0.23 76 Pro-spin controls
(244) (248)
=25 0 0 0 65 5.1 0.10 83 66 5.6 0.09 80 Lateral-directional
(272) (262) controls neutral-
ized, stick aft
0 -6 |-20 | +4+30 58 5.4 0.09 82 58 5.9 0.08 83 Recovery controls
(268) (273) |(weak equilibrium)




TABLE II.- COMPARISON OF PREDICTED SPIN MODES WITH PRELIMINARY SPIN TUNNEL RESULTS

CONFIGURATION CONTROLS PREDICTED SPINS SPIN TUNNEL RESULTS
Sq S4 S, S, a sec b m/ge @ | sec Qb m/\sfec !
C
deg deg deg deg deg turn 2V (Ft/sec) deg turn 2V (ft/sec}
Basic F-15 0 +6 +20 -15 80 2.7 0.21 74 81 2.4 0.24 71
l * l 4 (244) | (234)
F-15 w/CFT's 81 2.3 | 0.23} 76 84 2.1 0.28| 71
(248) (234)
Basic F-15 0 -11 | -20 +30 56 6.1 | 0.08| 85 ~4 turn recovery
J l (278)
F-15 w/CFT's 56 6.5 0.07 87 ~6 turn recovery
(287) ' [

6T
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a) Front quarter view
Figure 1.- Photograph of 1/12-scale model installed on the rotary balance

apparatus.




NASA
L-81-6247
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b) View from below model

T<

Figure l.- Concluded.
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Figure 2.- Three-view sketch of 1/12-scale model.
(Dimensions are given in meters (feet).)
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Figure 3.

- Sketch of 1/12-scale model with conformal fuel tanks
shown as shaded area.
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Figure 4.- Component build-up of the pitching-moment coefficient
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for the conformal fuel tank configured airplane.
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Figure 7.- Effect of adding conformal fuel tanks on the yawing-moment coefficient
for the body alone.
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40° angle of attack.
Figure 15.- Continued.

c)

s



2

I

N
N

—
7

&I SNSNEN L
D 4] 1. L L 1
- L] . ] . B X —
D . L1 L. PN N B . A
A )14 - ]
sda L. L S S N SN S R L. 1. =
L ENRREN T L ]
- A ]
ANENEICNN L 1Ly T
Jwb\rp DN N
[ Y[R 2R~ 11 [ L 1T LA [
[ |, led 4 1r [ 1A Dz
k) Mq M O R O R I U 4 o
ek L LI L RO N, . AA 1]
T I T T el A - (Y]
™ L TI4HEET T [.]. L
By car SR JiERs
il g i L L L N [ ]
3> = X T N 1. - i A O —
| 4 ﬂ\lr.r _ . . _
& 4.H h S R R A - 3
Jt_mV m e ] L 2l
B =

!
I

i

I |+ i 1
~ JI_. HEEEE N Y= _ 5
T i L AT Y’ N u
Wy g T
T O T
S IRR .
_ . . 3 T
L L. JL_ 1 .—).:T |
i _ N T EARITT T || -y ]
[ — " - Y N [ R( e Ly . *\\ - . 1 |
| I8 MY o ] . |
1 Vi |
"1 A

N

i
T

BENNRS ] )
- _ ]
[ L i 1
L 1) ]
- e ;
4+
” )
+
N
N
\ 1
. +
h)
s
L
D E o) Hv At h e N
- A b —d = ~ A =4 ! —g 4 L
h b p2 < & b 4
=4 =4 A=~ 4 3 p = A= ~4 A= =4 -4
e . LN =3
NN S % N OO b
L I 0 B S i 8 S0 R S O 0 o .

50° angle of attack.

d)

63

Figure 15.- Continued.
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Figure 15.- Concluded.

e)



30

b N
Al T |
| A
\ h
[ u
AC ' L]
: 111
5 / I T
‘ B % o
) ‘ R r BENL
¢
nnn. 118 R ] =
. / TR
n| | ! ©
9] H ~ |- )
sHEERRR : = Gl
AR AR \|; | :
t, N 111 o
&l n -1 —
D |-
e e} {05 ’-— K=
1 ol (W - 111 by
g £ Y L
IR I e ‘. ’ - 5
4w.s. L] ia
1 EEERRE=e
’ | 1
% : e
N AN RN L
i TITTEl a B[ ~F
I O =
i)
it +
] TR ] e
N = T
JRERETR::
ﬂr b CF L I hmi T qy
J I T ||| e
il Hl= T D
A i B B
-\\A “ Pid _A‘“ - i
. ‘\\ \\\ - ” I Hl 3
‘\. st \r\_\ ||l M w\.!.\..b
fort - - H
N \n“\l\. J .tl\.l I 1 i=iEy
y\.unl L m 11 ru -H
(C thgd3n T T
% Sle L | = [=| ]
Y o 1.1 &
. 1T
'.I'l” . RN H
P | I TolfEia]
l ] | -H
. /ﬂ b T H ARG
. 441 9
n‘c 0 I I R A D
/u » = +
lo 1 -\ | {_.\\ ml
\ d 3 11T %
(]
TS
i J1TT i
7 h . S | 1O
Al HiEaEan
4 v | - T
A \\ Lol m
rd T aEERE
‘\ P r - mq
Pt t
L H . N oy \1\ 'TT1
1
Mw P P <D > 1T
> nw D [an] <D B
I 14 8aq v |99/ AV T TITT 5




1

'y
1
2
T a
L
—

b
L
T
+—+
L
4

o e

o
TTTT T T BEE m YT TTTTTIT1177T
1 4 o)
171 1 | AA"D\\ \\L\ | \ \\
deap ] | | _ L] || ] )
Eirh v > “
ERRERRRGARE Vi i
; T | ._.
e |

LT ULl LAl

I =

F
s
\
|
Ly
Dat

gl n

t
i
]
S
—
Il
EES LA Fl_‘u“""

Aroa ks

L%

710

60

£ =1 op
wire—r
f

1

0
D
H
{ X
uE TH D {4 7 P B
T : NTTTE VI AL Dia
AT T 97 /) NG T [ TIE
] N ULl
IRNERA L AN i Rl
RRA : T4 AN T ST BB
PR | T |
.. 1 T LT - 1- 3 .m
T TN N e Wil
N 1 \Vw‘\ A / M R m x%j-: D O
TH] - - T T TS
H AL T e
NENERERERN e IRPINRRY ANE SRR e T
117 ] 112 u B TS L Sl
u T J AT A T P e T L T T
= N g SEEL aLH ]
EEREN B A IRRSEF 4P gfinn A UTMIL T ARRY AREEN
- N Lol ] # 44t 1] .
- ‘.m\wwi A 41 19911 H 1 ”Mw
B L“ LW 11 I 110 EUL: BN
- B T I A [ S N ”’ I I S I I I T P -
aRAR; 111 Rg%4BR IAERRpREEN T | of o
L\\ i A,L m i +]
1T T NI 5

T
Ll
"
I
s VUL

A ]
Iy

i

—
A

v
!
T

RS T IHH T 1 L

sRnnRACE ARRANSRERES RS unnw RN A 5

TS L HAH T o

me ‘;“memw 1 T S - i

N.OD

P =)



Deg

~

of Atfack

ngle ¢

Al

10

30

TR
o 11 “\.L\\ nvAw ﬂ 'L
i an 2
/|
\ . ’ . ead
ALty H
<D “\u\\ B N\nl\ \‘ﬁ by
o~ V\ K
/ / :
gl :
' B =
% L k e NRNE 5
4
A A i
/] : - -
N AT 8
4 ") a1
ﬁw Hu4 o 4
< a1 | ) 1
s NN
| inif FiaREs
_ \\A__”» W \d T
- -] [en] FYET NI I S
{ J d| 8|1 i
8 .A o) In h N
Mw \..\ 3 I .“M S oy ) ) |
N T ALY b o
& ]k PR T
i _ﬂn | hl . !
i Rm ﬂ .Mu w 1T
- H_\., \m_ M m.m. -8 | {1 ]
) b= alxip |14 T
[e=f ()} 4 TT 1 o l .ﬁ‘.l
nc B 0 e
) RN RS B s
qm_ M nr ot 4
| \lw.A _na _ uH\ ¥ -
SN TN |
‘ gl Ll Ll 1
] Bl o
LN @
M. 24 m i I
X ™LA e oy
| W\ /| | N L]
)
3
e W
& N 3 ) ob
3 $ & & ]
u |
L A1 d




S e N TI-1- T - - =
q = : L ERE | SNENN
—[=1=|-" — - —
8 i S ol s Lo R . ;
7 v\ k| - - -1 1 i i i uly
6 S5 PSRN E ERNERSEN AERENAN o
ST T T T
5 . < —. —— Hu 3 ) Iaw
- - -1 e P
: v 1ﬂ - - \..A. il - &
=t | A Lr.A‘ | 'lﬁ Br: RIS
- - N T - : )
3 =N ™ R ™ ..e.
== T TN TN T - -1 1%
= SRR < . I.h DISENNEEREN AL
1k V TN N JEEsENEE 1
i o i o e O 0, Y O HREE RE R E - s
2 i u 11 _”U U i I3 Le
N - ] - [ |l _l o | o YH
1 o k] bl vl SERRERE R
N\ ] A ANAY M ol AENE -
TN TN 111 1
I \ TN (A RANERE N
] N AL A N d AT
1 L L L] i 1 ] U _ } 1 |~m
EEEREE ] - H IS = it
EEEEECES ; ‘A fog AR
e LTI ] 1\ g w s
EEE===auan K F LR TN ERARALARE
= _l- T Li | [ TM - el =
e H T & e 1] P8
==EsAERRR] NNARA) i : ERRARE:IEE
el LA : I S HENNE (]
= o e e BRI B e 1 -l- A g
o e R BRE . 5 |4
EREREENERREE . - TERRE
o o ot ot -1 - . - .
JE ] — ~l o
= e . I a0 |
- - A AT i
aunniEARRRERES RERER i il L
N R \( A - \.vu. . -
T 5 | : LU L
— o B - .-.I*ll‘
T B - [ 8]
= - -1 - - - Tt
nt — — — —— — L L1 L)
Sl S S b kS SN, =5 o o - w :
E WPW.’W\“H = - N.ww .Jw\f N 4m.. : ; ,_a.l‘ - i _ - ’
S EEEEERANRENARE NERERREE - T : &
o S ol Bl ol B S S . [ - ) i b - - -
e e g i e o e S } O
o e el B O e e B . al .,W I
T o Ity e e O ) O I 2
I aEEREN =N - | -6
HHI.IIMWM 0T . ) - ‘lHAJ -
L] o e
et 111z ARRE - EREEEERE RS
- AEERE EREENEE
o ] e o ‘ L I O O 0 O O 0 O A N
» S0 A O O Y 1 wla-
- -t} -|=}- - - |m|l
- AREENN _ L L N R
EEEEEN INRE RN
NEEEEE i e RN




. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.

NASA CR-3479

4. Title and Subtitie 5. Report Date
i 2
ANALYSTS OF ROTARY BALANCE DATA FOR THE F-15 ATIRPLANE Apn_l 198 __
INCLUDING THE EFFECT OF CONFORMAL FUEL TANKS 6. Performing Organization Code
7. Author(s) 8. Performing Organizatiorrf};;)rrt”Nc;.v

Billy Barnhart

10. Work Unit No.

. Performing Organization Name and Address

Bihrle Applied Research, Inc.
400 Jericho Turnpike

Jericho, New York 11753 NAS1-16205

13. Type of Report and Period Covered

11, Contract or Grant No.

. Sponsoring Agency Name and Address

Contractor Report
National Aeronautics and Space Administration 14. Sponsoring Agency Code
Washington, DC 20546 505-43-13-01

15.

Supplementary Notes
Langley Technical Monitor: James S. Bowman, Jr.

Topical report

. Abstract

F-15 rotary balance data have been analyzed, and the influence of control
deflections, Reynolds number and airplane components, i.e., body, wing, horizontal
and vertical tails, as well as conformal tanks, on the aerodynamics up to 90 degrees
éngle of attack are discussed. Steady-state spin mode predictions using these data
are presented, which show excellent correlation with spin tunnel and flight test
results.

Generally, the data shows damped yawing moment slopes with rotation at all
angles of attack, and good control effectiveness. Differences in the rotary aero-
dynamics due to the addition of conformal tanks are minimal. The small differences
in the region of the flat spin do, however, indicate that the resulting spin mode
would be slightly flatter and faster for a conformal tank equipped airplane. The

addition of conformal tanks also may make the airplane more departure susceptible.

17. Key Words (Suggested by Author(s)) - 15. bistrii)uf;on—Staterﬁen:t
Spinning
Rotary balance Unclassified-Unlimited
High angle-of-attack wind tunnel data
Subject Category 02
19. Security Classif. {of this report) 20. Security Classif. (of this page) 21. Né. of i;‘ages- ;2 Price*
Unclassified Unclassified 70 AN4

For sale by the National Technical Information Service, Springfield, Virginia 22161

NASA-Langley, 1982



