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HIGH-SPEED WIND-TUNNEL TESTS OF A MODEL OF THE LOCKHEED
YP-80A AIRPLANE INCLUDING CCRRELATION WITH FLIGHT
TESTS AND TESTS OF DIVE-RECOVERY FLAFS

By Joseph W. Cleary and Lyle J. Gray
SUMMARY

This report contains the results of tests of a l/3—scale model
of the Lockheed YP-80A "Shooting Star" airplane and a comparison
of drag, maximum 1ift coefficient, and elevator angle required for
level flight as measured in the wind tunnel and in flight. Included
in the report are the general aerodynamic characteristics of the
model and of two types of dive-recovery flaps, one at several posi—
tions along the chord on the lower surface of the wing and the other
on the lower surface of the fuselage.

The results show good agreement between the flight and wind-
tunnel measurements at all Mach numbers. The results indicate that
the YP-80A is controllable in pitch by the elevators to a Mach number
of at least 0.85. The fuselage dive—recovery flaps are effective
for producing a climbing moment and increasing the drag at Mach
numbers up to at least 0.8. The wing dive—recovery flaps are most
effective for producing a climbing moment at 0.75 Mach number. At
0.85 Mach number, their effectiveness is approximately 50 percent
of the maximum. The optimum position for the wing dive—recovery
flaps to produce a climbing moment is at approximately 35 percent
of the chord.

INTRODUCTION

At the request of the Air Materiel Commend, U. S. Army Air Forces,
high—-speed wind—tunnel tests have been conducted of a l/3—scale model
of the Lockheed YP-80A "Shooting Star" airplane. The purpose of these
tests was to furnish longitudinal-control data at high subsonic Mach
numbers for correlation with flight—test results.
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The YP-80A, as illustrated in figure 1, is a slightly modified
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*
version of the XP-80 airplane; the modifications include changes in
the duct inlets, enlarging the center fuselage section, rounding the
tips of the wing and the tail surfaces, extending the leading-edge
fillets, dynamically mass-—balancing the elevator, and increasing the
elevator area. To these changes, togetlher with an improved method |
of tunnel calibration and model support used in the present invosti-— }
gation, can be attributed the discrepancies that exist between the ‘
results of this test and those of previous model tests. ‘

|

This investigation has been conducted over a Mach number range
between 0.3 and 0.85 and a Reynolds number range between 4,180,000
and 7,610,000. The Reynolds number range, as illustrated by figure |
2, is approximately equivalent to that of the airplane in flight at
40,000 feet altitude.

The tests were condicted in the Ames 16—foot high—speed wind |
tunnel, Moffett Field, Calif., and were witnessed by Mr. Frank !
Duschik of the Lockheed Aircraft Corporation.

- |
|
SYMBOLE 4
The symbols used in this report are defined as follows:
v free—stream velocity, feet per second
o} free—stream mass density, slugs per cubic foot
free—stream dynamic pressure (%— sz), pounds per square foot \
M Mach number |
M., critical Ma~h number (the free-stream Mach number at which
the flow over the model firs’: reaches the local speed of
sound.) i
?
R Reynolds number
|
S wing area, square fceet
M.A.C. mean aerodynemic chord, feet
by elevator span, feet
o |
ceg elevator mean—square chord aft of hinge line, square feet B
\ ﬂ
s U drag )
Ch drag coefficient SR ﬂ
Cy 1ift coefficient |Zii
gs



NACA RM No. ATA29

Al

P

Pg

Ccr

/ . . >
pitching—moment coefficient &pltgglnﬁ iO?ent)

elevator hinge-moment coefficient <elevato§ hingo moment )
g Per Cg” |

increase in drag coefficient

increase in pitching-moment coefficient

increase in clevator hinge-moment coefficient

angle of attack of the fuselage reference line, degrees

angle of attack of the fuselage reference line for zero
1ift, degrees

uncorrected angle of attack of the fuselage reference line,
degrees

increase in angle of attack, degrees

elevator angle with respect to the stabilizer chord,
degrees

dive-recovery flap angle with respect to the surface
(wing or fuselage) at point of flap attachment, degrees

clevator tab angle with respect to the elevator chord,
degrees

stabilizer angle with respect to the fusclage reference
line, degrees

increcase in stabilizer angle, deogreecs

indicated acceleration of gravity, 32.2 feet per second
per second

local static pressure on the model, pounds per square
foot

frece—stream static pressure, pounds per square foot
pressure coefficieont <£2%;2§)

critical prcssurc coefficient (the prossurc cocfficient
which corresponds to the local velocity of sound)
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MODEL AND APPARATUS

A 1/3-scale model of the YP-80A airplanc furnished by the
Lockheed Aircraft Corporation was used to conduct this investi—
gation., The fuselage was constructed of wood and sheet steel with
a steel spar and framework. The wing had a maple leading edge and
an aluminum trailing edge and contained a steel box spar covered
with mahogany. The horizontal and vertical stabilizers and the con—
trol surfaces were machined from aluminum alloy.

The model was mounted on four 5—percent—thick front struts and
a T-percent—thick rear strut as illustrated by figure 3. The angle
of attack of the model was varied remotely by vertical motion of the
rear strut. In order to minimize variations in the tare drag,
transition was fixed on the support struts at 15 percent of their
chord.

The choking Mach number of the wind tunnel with the model
mounted on the struts was estimated to be 0.87.

Forces and moments acting on the model were recorded by mechani-—
cal balances. Elevator hinge moments were computed from measurements
of the strain of a steel cantilever with an électric strain gage.
Elevator angles were remotely varied and the elevator positions were
measured with an autosyn indicator.

Air was brought into the fuselage through inlets on each side
of the fuselage forward of the wing-fuselage Jjuncture and discharged
at the tail of the model. The rate of air flow into the ducts was
regulated to simulate high—speed level-flight conditions by varying
the area of openings in grids within the fusclage. Measurements of
total and static pressures at the duct entrance and exit were used
to evaluate the rate of air flow.

Dive-recovery flaps were tested on the lower surface of the
wing and fuselage as illustrated in figure 4, The wing dive—
recovery flaps had a chord of 1.80 inches (model dimension) and
extended along the span from 21,00 inches to 33.00 inches from
the model center line.

Two fuselage flaps, each having a chord of 8.75 inches and a
span of 5.4% inches (model dimensions), were located symmetrically
with respect to the fuselage reference line. The flaps conformed
with the fuselage contour when fully retracted. As the flaps were
lowered 80°, the hinge line moved from 5.45 percent of the wing-
root chord ahead of the leading edge to 6.26 percent aft of the
leading edge.

The complete model consisted of a wing and fuselage with
fillets and ducts, pilot enclosure, and a horizontal and vertical
tail with a dorsal fin. Accessories were added, for drag
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comparison purposes, to mske the model identical with the airplane
used in the flight tests. hese accessories included an airspeed
boom, a pitch, yaw, and temperature boom, a droppable fuel-tank
mooring, a standard pitot, and a radio antenna.

The elevator had a constant-radius leading edge about the
hinge line with flat surfaces extending from the hinge line to the
trailing edge. The elevator hinge line was perpendicular to the
fuselage reference line and at 75 percent of the chord of the hori-
zontal tall. The gap between the elevator and stabilizer was
unsealed.

i
The principal dimensions of the model were as follows:

SPATHE S % o e i g e g AR e e N s ek e e T 13.00 ft
Bom e v et et e e oy e O e e e s 26,33 SgUEE
B, % s v ¥ 55 s % A e ¥ W s w s MR EE

PHHGITERE v v 6 5 & %o o ¥ 5. % 's v ik aiw B e e e e 39000

Bookt Bockion » o w* sr st e s s glg p 4 & % 4 NACA.651~213,a=O.5

T4p 86CtION + & « « « o ¢ o « » ¢ » o« « « NACA 65-213,8=0.5

Root incidence R T T R R e - N oty R e
1
Tip incidence R T S S R ~3°
. tip chord 0.280
Taper ratio <:§oot Hord) * . S 5t ol o3
Horizontal Tail
SOOL.. 4 v v % 5 % 3 % & Sk w she b WHE s v o e, ou Fd2F TE

Ares, (total) .« v v & 4 v 4 o ¢ o o o o o o o o o . 4.8k sq Tt
Bificaml s B % Fordd ) AT T, el L oL ) g
GBEEION & & o & 5 & 5 v % b e v s e # s e & NCRERAGLO

ABCIHBHDE s e o % & % 9 % o ¥ 3T 6 5 & e e I%o
. tip chord
Taper ratio \ }6'6_-&— ‘C‘E_O-I'a_-’ R S GRS O G O 308

Tail length (25 percent of the M.A.C. to the elevator
BIAGONIING) o 4 o  « 5 5 A w ke e ah o e ow B s SO £
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Elevator mean—-square chord aft of hinge line . . . . 0.0577 sq ft

Blevator area aft of hinge 1ine . « « . « ¢« o« . « 5 0.970 g £t
Verticel Tail

BABN 2 ol x b w % s wiy e ela et 978w S48 wils g Wb 2N

Area’ ftotal) « o ¢ ¢ o @ Wiedela, @

Incidence . . . 4 R Yy

tip choxrd )
d

L
A R R 12 114 o

Taper ratio <

Rudder mean-square chord aft of hinge line . . . . 0.106 sq ft

Rudder arca aft of hinge 1ine . . « « « « o « +» o . 0.503 8q ft
Ducts

Entrance arca (both ducts) . . . . . . . . . . . « 0.319 sq ft

Bl SR8 G s s s m S by St B Gy o S e g i e AT

REDUCTION OF DATA

The following corrcctions have beon apprlicd to the data bSo
compensate for tunncl-wall effccts according te the method of
reference 1:

A = 1.040 Cp,, dogrees
ACp = 0.0181 C1*

| OCyy =_0L,9,CL<--__

; M

A corrcection for flow inclination calculated from the shift in
the angle of zero 1ift obtained from data with the modecl eroct and
invertod has been applicd to the angle—of-attack and dreg-coeffici ont
data as follows:

AN = 0.2°
£Cp = 0.0035 Cp

In order to calibratec the wind tunncl 6 the dynamic prossure and
Mach numbsr were evaluatcd by measurcments ‘n the test section with
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the struts in place. The measurements were made by the method
described in reference 2 through the use of long booms incorporating
static-—-pressure orifices and extending well forward of a transverse
alrfoil which supported them. Local Mach numbers were computed
from the static-pressure readings. The wind—tunnel calibration was
taken as the average of the local Mach numbers corrected for con-
striction due to the model according to the method of reference 2.

Corrections for tare forces and moments of the struts have
been applied to the force and moment data. These tares were
evaluated by combining the separate effects from tests made with
and without the upper and lower front struts and the rear strut.
Because of strength limitations of the front struts when in com—
pression, complete tare data were not obtained at high Mach
numbexrs. Extrapolations of the tare data were made when necessary.
Consequently, the precision of the high—speed data is not known
with certainty for the entire 1ift range. Complete tare data were
obtained in the region of zero 1ift at all Mach numbers.

Unless otherwise noted, all pitching-moment data have been
computed about a point on the fuselage reference line above a point
at 25 percent of the mean aerodynamic chord.

DISCUSSION OF RESULTS
Aerodynamic Characteristics

The 1lift, drag, and pitching-moment relationships for the model
are illustrated in figures 5 to 12. The minimum drag coefficient as
shown by figure 5, which excludes the internal duct drag, is 0.0115
at 0.30 Mach number. t low 1lift coefficients between Mach numbers
of 0.30 and 0.76, the drag characteristics remain essentially un—
changed. As the Mach number increases above 0.76 there is a rapid
rise in drag coefficient as shown in figure 8. A comparison of the
drag coefficient for the airplane as measured in flight and for the
complete model with accessories as measured in the wind tunnel is
presented in figure 9 for the flight—test 1lift coefficients. The
agreement of the flight and the wind—tunnel data is excellent at all
Mach numbers of the test. The close agreement between the low—speed
data may be partly fortuitous considering that the flight-test drag
was computed from the thrust (the predominate force at low specd)
teken from an engine calibration chart. The drag data at high Mach
numbers are on a better basis for comparison because the flight—test
drag was computed principally from gravitational components, Jjet
thrust being of secondary importance. The flight results are taken
from data previously issuecd in preliminary form. Refinements In
calibration of the flight—test instruments have beon made since the
data were first issued.
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The offect of Mach number on lift cocfficient, as prescnted in
figure 10, shows an increasc in lift cocfficicent for a given angle
of attack with increasing Mach numbeci until the Mach number of 1lift
divergence is reached, followed by a rapid decrease in 1ift
cocfficient. Also shown is a curve of maximum lift coefficient for
the model trimmed for zero nitching moment and for the airplane as
moasured in flight. (Sec rcference 3.) Bocause of the large 1ift
loads acting on the model at high Mach numbors at the maximum 1ift
coeificient (approximately 1L,000 1b), thc modecl was mounted on
two vertical 5—percent—thick stirute having greater strength than
the four struts uvsed during the remainder of the test. The agree—
mont between the flight and wind—-tunnel data is good for Mach
numbers above 0.50 where the effect of Reynolds numbeor is small.

At low spced where scale effecte predom nate; larger maximum 1ift
coofficients are expected for the full-scale airplane than for thc
model.

The 1ift curves for the model incrcase in slope with increas—

ing Mach number at a lowsr ratc than the /i==iﬁ§: incroasc
predicted by Glaucrt's theory, as shown in figure 11. The Mach
number of 1lift divergence is approximatcly 0.77, at zero 1lift
coefficient and it is followed by a sudden decrease in lift—curve
slope. The angle of attack for zero 1lift for thec model remains
unchangecd at -1.5° until the Mach number of 1lift divergence is
rcachecd, above which it rapidly increases to a positive value.

Those changes in the 1ift charactoristics at high Mach numbers
produce changes in the static longitudinal-stability and —control
characteristics. Figurc 12 presents the pitching-moment character—
igtics for the modcl with and without the tail for secveral 1ift
cocfficicnts. When no change in cleovator angle was assumed, a
diving tendency would be reached at approximately 0.77 Mach number,
and this tendency would become more scverc as thc Mach number is
incroascd. Associatcd with this diving tendency is an increase in
static longitudinal stability. At 0.85 Mach number and 0.1 lift
coeificient the static longitudinal stability is approximately 50
percent greater than the low-speed value. A region of static
instability occurring at lift ccefficients greater than 0.60

between Mach numbers of 0.70 and 0.775 may cause control difficulties

which wculd be disconcerting to a pilot when maneuvering at high
speeds. With the tail removed, there is a gradual decrease in the
static longitudinal instability unt‘l a Mach number of 0.825 is
reached. At 0.85 Mach number a reversal in the static longitudinal
instability occurs between 1ift coefficients of --0.2 and 0.1. In
general  the aerodynamic characteristics of the model at high speeds
present longitudinal—control problems similar to those discussed n
reference k.
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Longitudinal Control
AACy,
The effectiveness of the elGVators-—<:ag—j> to produce changes
e

in trim at low speed is 0.0133 as shown in figure 13 and this value
decreases only slightly at the higher Mach numbers. The elevator

N ;

effectiveness — %%Em) is not appreciably affected by deflecting
s,

the wing or fuselage dive-recovery flaps. The stabilizer effective-—

ness — %%%Q which is approximately 0.027 at 0.30 Mach number, as

t
shown by figure 14, is still increasing at 0.85 Mach number. Figure
15 presents the elevator hinge-moment coefficients. No large
changes in dChe/dBO occur with increasing Mach number. The rate
of change of hinge-moment coefficient with increasing lift coeffi-—
cient or angle of attack is small in absolute magnitude and
changes from a negative to a positive value at Mach numbers above
0.75. Figure 16 shows that Mach number has only a slight effect
in decreasing the elevator tab effectiveness — (d&Che/dﬁt).

Calculated stick forces required during the pull-ups are
shown in figure 17 for three altitudes. The stick—force calcu—
lations were made on the assumption that no tabs, springs, or boost
are connected in the control linkage and that the control system is
mass-ba anced. The cffect of the tail damping moment due to curvi-
linear flight is considered. Unless otherwise noted, a wing loading
of 50 pounds per square foot is assumed for all calculations, and
the center of gravity is assumed to be on the fuselage reforence
line above the 25-percent point of the mean aerodynamic chord. The
airplane is assumed to be trimmed at 450 miles per hour at 20,000
feet altitude. Figure 18 indicates that the airplane will be stable
with the stick free at sea level for Mach numbers below 0.7l and at
40,000 feet for Mach numbers below 0.68. The airplane appears to
have stick—fixed stability at sea level for Mach numbers below 0.53
and at 40,000 feet for Mach numbers below 0.72. The rapid increase
in stick force at 0.8 Mach number is primarily caused by the increase
in static longitudinal stability and the decrease in the pitching
monent as shown by the curves of figure 6. A comparison of the
elevator angle required for level flight is made in figure 19
between flight—test measurcments (preliminary flight—test data with
subsequent refinements in analysis) and wind—tunnel calculations.
The flight—test measurements and the wind—tunnel calculations are
nade for a wing loading of 45 pounds per square foot with the center
of gravity at 28 percent of the mean aerodynamic chord at an
altitude of approximately 20,000 feet. The variation with Mach
number is similar for the two cases. A smaller up—elevator angle
is indicated by the wind—tunnel data at all Mach numbers. A break
in the flight~test curve at 0.74 Mach number also is indicated in
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the wind-tunnel curve at approximately the same Mach number. This
irregularity s caused by a small increase in static longitudinal
stability at this Mach number, as shown by the pitching-moment
curves of figure 6. The agreement between the flight and wind-
tunnel data is reasonable inasmuch as the elevator angles required
are sensitive to irregularities in the manufacture and alinement
of either the model or airplane.

The effect of changes ‘n center-cf-gravity location on the stick
forces required during pull-ups at 20,000 feet is shown in figure 20
and the effect of these changes on the stick—force gradient is shown
in figure 21. Changing the center of zravity from 25 to 30 percent
of the mecan aerodynamic chord reduces the stick-force gradient from
9 to 4 pounds per g at 0.75 Mach number and 20,000 feet altitude.

An increase in stick—force gradient occurs at 0.75 Mach number for
all center—of—gravity positions presented. The center--of-gravity
position at which the static longitudinal stability is predicted to
Xy
\CL
is also presented in figure 21, Increasing the Mach number changes
the neutral point with the stick fixed from approximately 231 per—
cent of the mean aerodynemic chord at Mach numbers below 0.55 to 36
percent of the mean acrodynamic chord at a Mach number of 0.85.

be neutral —

= 0 the neutral point with the stick fixed,

5

From the longitudinal control data presented,; it appears that
the YP-80A airplane should have no difficulty with longitudinal
control when recovering from a high-speed dive up to at least 0:85
Mach number, the limit of the test.

Wing Pressure Distribution

Measurocments of pressure distribution, as presented in figure 22,
were obtained at a wing station 26.00 inches from the center line
of the model along the wing span. The effect of changing the atti-
tude of the model for several Mach numbers is shown in figure 22,
while the effect of changing the Mach number for two 1lift cosffi-
cients is shown in Sigure 23. For a constant 1ift coefficient,
there is only a slight shift in the location of the peak pressure
on tho upper surface with increasing Mach number, but the psak
pressurc moves aft on the lower surface. Seperation of the flow
becomes more sovere on both surfaces as the Mach number Iincreases
above 0.c.

Figure 24 shows thc variation of max’‘mum pressurc coefficient
for both the upper and lower wing surfaccs for three 1ift coeffi-
cients. At zero lift, the critical Mach number (M.) is approxi-
mately 0.70, which is approximately 0.06 less than the Mach number
of drag divergence as indicated by force—test data.
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Dive-Recovery Flaps

The wing dive—recovery flaps are effective for producing a
climbing moment, as indicated by figure 25. Their effectiveness
is maximum at a Mach number of approximately 0.75 and rapidly
decreases at Mach numbers above 0.80. The data indicate that the
effectiveness may become negligible at a Mach number slightly
greater than 0.85. Figure 26 shows that with the tail removed the
increment of pitching moment becomes negative at approximately 0. 74
Mach number with a 45° flap deflection. With the airplane in flight
at high Mach numbers, this negative pitching-moment increment is
balanced by a large download on the tail. TFigure 27 presents data
showing the effect of flap locetion along the chord on the effect—
iveness of dive-recovery flaps for producing a climbing moment. It
appears that for the YP-80A airplane the optimum location for
producing a climbing moment is at approximately 35 percent of the
chord. Towever, th's position also produces large diving moments
at high Mach numbers with the tail remcved, as shown in figure 28.

The drag increment from deflecting the wing dive-recovery
flaps is presented in figure 29. At the higher Mach numbers, this
increment increases at a faster rate with increasing Mach number
then at lower speeds because of the increased separation on the
upper surface of the wing, as indicated by figure 30.

The effect of wing dive—recovery flaps on the wing pressure
distribution is shown in figure 30. At low Mach numbers there is
little change in the upper-surface pressure distribution, but the
flaps alter the lower—surface pressure distribution to produce the
climbing moment shown in figure 26. At a Mach number of approxi-—
mately 0.75 a combination of rearward shock movement and increasing
gseparation on the upper surface produces a diving moment which
overbalances the climbing moment resulting from the lower-surface
pressure distribution.

The fuselage dive-recovery flaps produce climbing moments if
large flap deflections are used, as shown in figure 31. With flap
deflections of L0O° or less therc is relatively little effect. Their
effectivencss is maintained at a Mach number of €.80 with no indi-
cation of decreasing effectiveness. Figure 32 shows that, with the
tail removed, the flaps maintain their effectiveness for producing
climbing moments to a Mach number of 0.80. The flaps are also a
powerful device for increasing the drag, as shown by figure 33.

An 80° flap deflection at zero 1ift produces 100 percent or more
increase in drag coefficient at all Mach numbers.

Figure 34 shows 1ift coefficients Tor trim, stick free, when
the wing or fuselage dive-recovery flaps are deflected, and the 1ift
coefficient required for level flight at scveral altitudes. With a




12 NACA RM No. ATA29

30° deflection of the wing dive-recovery flaps and the trim tabs set
at OO, an indicated acceleration of 4g would be obtained at 0.80
Mach pumber and 10,000 fect altitude. For the same Mach number

and altitude, an 30° deflection of the fuselage dive—recover:; flaps
would produce an indicated acceleration of 5g.

CONCLUSIONS

The test results indicate the following:

1. The drag and maximum 1ift coefficient of the YP-80A model
as measured at high speed in the Ames 16-foot high—speed wind tunnel
arc in good agreement with flight—test data for the YP-80A airplane.

2. Although a diving tendency will be reached at approximately
0.77 Mach number, the YP-80A airplane is controllable in pitch by
the elevators to a Mach number of at least 0.85.

3. The YP-80A airplane will have a stable variation of stick
force with speed below a Mach number of 0.7l at sea level and below
0.68 Mach number at 40,000 feet altitude when trirmed at 450 nilcs
per hour and 20,000 feet altitude. The variation of elevator angle
for trim with speed indicates stability below a Mach number of 0.53
at sca level and below a Mach number of 0.72 at 40,000 feect.

k. The fuselage dive-recovery flaps are effective for recovery
from dives to a Mach number of at least 0.3. The speed of a dive
will be noticeably reduced by the large increment of drag from the
flaps.

5. The wing dive-recovery flaps are most effective for dive
recovery at a Mach number of 0.75, but the effectiveness decreases
at higher Mach numbers. The optimum location of these flaps for
producing climbing moments when mounted on the YP-80A is at 35
percent of the chord.

6. It appears from an extrapolation of the data that, for the
YP-80A airplane, the wing dive-rccovery flaps may lose their
effectiveness at a Mach number at which. the elevators are still
effective for controlling the airplane.

Ames Aeronautical Laboratory,
Natiornal Advisory Committee for Aeronauvtics,
Moffett Field, Calif. 7
Foseote I, éacw:} Wil % o)
4 /
Joseph W. Cleary, Lyle J. Gray,
Mechanical Engineer. Acronautical Engineer.

Approved:

Donald H. Wood,
Aeronautical Engineer.
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FIGURE LEGENDS

Figure l.— A three-view drawing of the YP-20A airplane.

Figure 2.— The Reynolds number for the YP-80A airplane in flight and
for the l/?—scale mcdel in the Ames 16—foot high-speed wind tunnel.

Figure 3.— The 1/3—scale model of the YP-80A airplane mounted on the

=

four—-strut support system. a Front view. b Rear view.
¥ &

Figurc 4.— The wing and fuselage dive-recover; flaps mounted on
the 1/3-scale model of the YP-3CA airplane. (a) Wing flaps.
(b) TFuselage flaps.

Figure 5.— Variation of 1ift coeflicient with drag coefficient
for the complete 1/3-scale model of the YP-80A airplane.

Figure 6.~ Variation of 1ift coefficiont with angle of attack and
pitching-moment coefficient with 1ift coefficient for the com—
plete l/}—scale model of the YP-80A airplane.

Fipure 7.— Variation of 1ift coefficient with angle of attack and
pitching-moment coefficient with 1ift coefficient for the 1/3—
scale model of the YP-COA airplanc less the tail.

Figure 8.— The variation of drag coefficient with Mach number for
the complete 1/3-scale model of the YP-OOA airplane.

Figure 9.— A comparison of the drag coef:'icient for the YP-8O0A
airplane and the complete l/j—scale model of the YP-80A with
accessories at the flight test 1lift coefficiocnt.

Figure 10.— Variation of 1ift cocfficient with Mach numbecr for the
complete l/3—scale model of tho YP-8CA airplane and a comparison

~

of flight and wind—tunnel maximum 1lift coefficient data.

Figure 11.— Variation of the lift-curve slope and the anglc of zero
1ift with Mach number for the compleie l/Suscalo model of the
YP-30A airplanc.

Figure 12.— Variation of pitching-moment cocfficicnt with Mach number
for the 1/3-scale model of the YP-80A airplane.

Figure 13.— Elevator effectiveness for the complcte l/3—scalu modcl
of the YP-80A airplane. Tab angle, 0°.
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Figurc 1lb4.— Stabilizoer offoctivences for the complete 1/3-scale
model of the YP-80A airplanc. Elevator angle, 0°.

Figure 15.— Variation of clevator hinge-momont coefficient with
clovator angle for the complete 1/3-scale model of the YP-GOA
airplanc. Tab angle, o°.

Figurc 16.— Elevator tab effectivences for the complcte 1/3-scale
model of the YP-80A airpianc, fa) Elevator angle, 0°.

FiguPe 16.— Concluded. (b) Elevator engle, —5°.

Figure 17.— Calculated stick forces during pull-ups for tho YP--20A
airplane at threc altitudes. Airplane trimmed at 450 miles per
hour at 20,000 feet altitude.

Figure 18.— Celculated stick force and ¢levator angle required for
level flight f£or the YP-80A nirplane trimmed at 450 miles per
hour at 20,000 feot altitude.

Figure 19.-- A comparison of the elevator angle required for level
flight for the YP-80A airplanc and the complete l/}-scale model
of the YP-COA.

Figurc 20.~— Calculated stick forcos during pull-ups for the YP-80a

airplane for three center=of-gravity positions. Alrplane trimmed

at 450 miles per hour at 20,000 feot altitudo.

Figure 21.— Variation of neutral point and stick force gradient for
the YP-80A airplanec.

Figure 22.— Pressure distribution over the wing of the comploto 1/3—

scale modcl of the YP-80A airplanc. Wing station, 25.00 inchos.
(a) Mach number 0.3

Figure 22.— Continued. (b) Mach number, 0.5.
Figure 22.— Continued. (c) Mach number, 0.5.
Figure 22.— Continued. (d) Mach number, C.7.
Figure 22.— Continued. (e) Mach number, 0.75
Figure 22.— Continued. (f) Mach number, 0.3.

Figure 22.— Continued. (g) Mach number, 0.325.
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Figure 22.— Concluded. (h) Mach number, 0.85.

Figure 23.— The effect of Mach number on the pressure distribution
over the wing of the complete 1/3~scale model of the YP-COA
airplanc. (a) Lift coefficient, O.

Figure 23.— Concluded. (b) Lift coefficient, 0.2.

Figurc 24k.— The variation of mex'mum pressurc coefficient with Mach
number for the complete 1/3-scalc model of the YP-80A airplane.
Wing station, 25.00 inches.

Figure 25.-— The increment of pitching--moment cocfficient from the
wing dive~recovery Tlaps for the complete l/}—scalo model of
the YP-80A airplanc. Flap position, 35 porcent of tho M.A.C.

Figure 26.— Tho incremcnt of pitching-momont coefficient from the
wing dive—recovery flaps for the l/3—scale model of the YTP-80A
airplane less the tail. Flap position. 35 percent of the M.A.C.

Figurc 27.— The effect of flap location on the increment of
pitching-moment zocfficient from thce wing dive—rccovery Tlaps
for the complete l/?—scalo model of the YP-80A airplanc. Flap
angle, 45°.

Figure 28.-- The effcct of flap location on the incremcnt of pitchin:—
moment coefficient from the wing dive—rccovery Tlaps Tor the

complc e l/3~sca1n model of the YP-8CA airplanc less the tail.
Flap angle, 459.

Figure 29.— The increment of drag coefficient from the wing dive—
recovery flaps for the complete l/ﬁuscalo model of the YP-30A
airplanc.

Figure 30.— The cffoct of wing dive-recovery flaps on the pressure
distribution over the wing of the complcte l/;—scalc mggol of
tho YP-80A airplane. Wing station, 26.00 inchos; oy, L .

Figure 31l.— The increment of pitching-moment cocfficient from the
fusclage dive-recovery flaps for the complcte l/}—scalo modcl
of the YP-8OA airplanc.

Figure 32.— The increment of pitching-memont coefficient from the
fusclage dive-rccovery flaps for the l/}»scalo modcl of the
YP-G0A airplanc less the tail.
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Figure 33.— The increment of drag coefficient from the fuselage
dive—recovery flaps for thc complicte l/3—ecale model of the
YP-80A airplanc.

Figure 3L4.— Calculated 1lift coefficient for trim, stick froe,
with the dive-recovery flaps and the 1lift ccefficient
required for level flight for the YP-30A4 airplanc.
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(a) Front View (b) Rear View

Figure 3.— The l/j—scale model of the YP-80A airplane mounted on the four—strut
support system.
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ES AERONAUTICAL LABORATORY =~ MOFFETT FIELD, CALIF.
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(b) Fuselage Flaps.
Figure L.~ The wing and fuselage dive—recovery flaps mounted on the
l/}-l- scale model of the YP-80A airplane.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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