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RESEARCH MEMORANDUM

LONGITUDINAEL STABILITY CHARACTERISTICS OF THE CONVAIR
YF-102 ATRPLANE DETERMINED FROM FLIGHT TESTS

By Willdem H. Andrews, Thomas R. Sisk,
and Robert W. Darville

SUMMARY

An anslysls was made of the longitudinsl stability characteristics
of the cambered-wing version of the Convalr YF-102 airplasne from flight
data obtained up to a Mach number of 1.18 at altitudes of 25,000, 40,000,
and 50,000 feet. In addition, trim data are anslysed for the symmetricel-
wing configuration at the two lower altitudes.

The longitudinal control for trim appears conventlonal, with the
unstable reglon occurring generally in the Mach number range from 0.87
to 0.95. The cambered~wing modlification reduced the elevator required
for 1 g trim below that required with the original-wing configurstion
by approximately 0.6° to 1.90 at 25,000 feet.

The longitudinal damping characteristics met the Military Specifi-
cation to damp to one-half emplitude in 1 cycle, but did not indicate
that damping to one-tenth amplitude in 1 cycle could be attained. The
pllots commented that the damping was insufficient.

Generally there was a gradual decrease in stebility with increasing
1ift. However, no severe pltch-up tendencles were exhibited, except
when accelerating or decelerating through the trim-change reglon. The
stability more than doubles between Mach mumbers of 0.60 and 1.16; how-
ever, the control effectiveness shows an increasse up to & Mach nuber
of 0.89 with & repld decrease of approximately 50 percent occurring
between Ma.ch numbers of 0.90 and 1.0.

An sbrupt decrease in the stick-free stability exhibited between
1.5g and 2.0g 1s felt to result from the locatlion of the total head
and static-sensing probes for the Mach compensating instrument of the
artificial-feel system.
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INTRODUCTION

To evaluate the longltudinsl stablility and control characteristics
and thus extend the present information on delta-wing airplanes, the
National Advisory Committee for Aeronautics is conducting an extensive
flight investigation with the Convair YF-102 airplane at the High-Speed
Flight Station at Edwards, Calif.

The first portion of the flight progrem was performed with the
original symmetrical-wing configuration. However, to improve the drag
characteristics of the sirplane, as reported in reference 1, the major
and more recent part of the flight program was performed with the wing
leading edge cambered and the wing tralling edge outboard of the elevons
reflexed 10° up. ' C '

The tests were performed during steady and maneuvering flight over
the entire gpeed range capablliities of the airplane up to a Mach number
of 1.18 at altitudes of 25,000, 40,000, and 50,000 feet.

SYMBOLS
an normal acceleration at center of gravity, g units
b wing span, ft
C1/p cycles to damp to one-half amplitude
Cy /10 cycles to damp to one-tenth emplitude
Cn pitching-moment coefficient, Pit°:ing moment
SpVEsE
Cmm static stability parameter, %f:m’ per deg
Cm‘é elevator effectiveness parameter, :—6&, per deg
e e
Wen
Cy airplane normal-force coefficient, ———
A Loves
5PV’

CON——

-



NACA RM H56ILT SSOMEEREREE. 3

CN rate of change of alrplene normal-force coefficlent with
Aq, with angle of attack, per deg
c wing chord, ft

[2)]

mesn aerodynsmic chord, £t

Fg alleron stick force, 1b

Fo elevator stick force, 1b

F. rudder pedal force, 1lb

g acceleration due to gravity, f£t/sec®

hy pressure altltude, £t

Iy moment of inertis about the longitudinal body axis,
slug-ft2

Iy moment of inertia about the leteral body exis, slug-£t2

I, moment of inertie about the normal body axis, slug-£t°

Iy,  product of inertia, slug-ft2

M Msch mmber

P period of longitudinel oscillation, sec

Py total-head pressure, 1b/sq ft

Py static pressure, 1b/sq ft

P3 pneumatic pressure supplled to elevator feel force
cylinder, 1b/sq ft

D rolling angular velocity, radians/sec

q pitching engular velocity, radians/sec

a pitching angular acceleration, radians/sec2

r yawing angulsr veloclty, radians/sec
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S wing area, sq £t
T time to damp to one-half amplitude of longltudinal oscil-
Iation, sec
t tinme, sec
v true velocity, f£t/sec
Vi indicated veloclty, knots
W airplane weight, 1b
o angle of attack, deg
B angle of sideslip, deg
8e alleron control angle, B&e. - B¢, right roll positive,
I deg °L R
GeL + SeR
Bq elevator control angle, ————=, positive when
trailing edge down, deg 2
5, rudder control angle, poslitive when tralling edge left,
deg
55& transverse stick position, in.
Sse longitudinal stick position, in.
ap rudder pedel posltion, in.
p mass density of air, slug/cu ft
ac,,
—_— static margin
chA
dar
—= rate of change of elevator stick force with normal accel-
dan eration, 1b/g. _ .
as . :
—€ rate of change of elevator deflectlon with normal accel-
dap erstion, deg/g
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;;: rete of change of elevator deflection with normal-force
y coefficient, deg

Subscripts;

L left

R right

ATRPFLANE

The Convalr YP-102 airplane, illustrated by the three-view drawing
and photogrephs of figures 1 and 2, respectively, was designed as =
high-performance, all-weather interceptor. It is & semitailless, delta-
wing airplane having a 60° leading-edge sweepback of the wing and ver--
tical tall. Durlng the flight investigation, two wing configurations
were tested. The original wing designed for the airplane employed a
symmetrical airfoll with a lh-percent thickness ratio and outboard wing
fences on the upper surface of the wing (fig. 1(b)). However, in the
early stages of the flight program, the wing was modified by incorporat-
ing a 6.3-percent conical cambered leading edge and a 10° upward reflex
of the wing treliling edge outboard of the elevons. In conJunction with
this modification, additional wing fences were instalied at the 37~
percent wing-span station, and the outboard fences were extended around
the leading edge of the wing as shown in figure 3.

The f£light control surfaces are conventional flap-type controls
actuated by an irreversible hydraulic power control system integrated
with the pllot's stick and rudder pedals through a "g-sensitive" type
artificial-feel system. The longitudinal-feel system was designed to
present the pllot with a relatively constant stick-force gradient over
the operational speed and altitude range of the airplsane.

During the flight investigation no pltch or yaw dampers were
instgalled in the airplane.

The mass and geometric characterlstics of the airplane as cobtained
from the manufacturer are presented in table I.

INSTRUMENTATION

The airplane was equlpped with standard NACA instrumentetion to
record the following quantitlies pertinent to the stability and control
investigation:
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Airspeed and altitude

Angles of attack and sideslip

Normal and transverse accelerstions

Pitch, roll, and yewing velocities and accelerations
Control stick and rudder pedal positions .

Elevator, aileron, and rudder positions

Elevator, alleron, and rudder forces

A 1/10-second timer was used to correlate all instruments.

The alrspeed head, angle-of-attack and angle-of-sideslip venes
were mounted on a boom extending forward of the airplene nose. The
static pressure and total pressure orifices on the airspeed head are
located at points 79 inches and 87 inches, respectively, ahead of the
fuselage zero statlion. The alrspeed installation was caelibrated by
the radar phototheodolite method, and the Mach mumber is believed
accurate to +0.01.

The angle of attack, measured by a vane approximately 64 inches
forward of the fuselage zero station, 1s corrected for errors intro-
duced by boom bending and pitching veloclty. No attempt was made to
correct errors resulting from vane floating or upwash.

The alrplane welght was determined from the fuel-quantity-gage
readings recorded by the pilot at the beginning of each meneuver and
is considered accurate to 100 pounds.

TESTS

Initially the test progrem was conducted with the symmetricel-
wing configuration; however, after several flights were completed, the
wing was modifled to the present cambered version. As & result, only
trim date are presented for the symmetrical-ing configuration and the
remaining portion of the data is for the cambered wing.

The longitudinal stablility and trim characteristics of the alrplane
were determined over the Mach number range of 0.60 to 1.18 during wind-
up turns, level-flight speed runs, shallow dives, and elevator pulses.
The low-speed characterlstice of the alrplane were determined from stall
epproach maneuvers where the speed reduced to M = 0.32. The original
program was planned to investigate the drag and stabllity at test alti-
tudes of 25,000 and 40,000 feet; however, the airplane was restricted
structurally to a normal load factor of 3.7Tg. Consequently, to extend
the lift-coefflcilent range of the Investigatlon without exceeding this
g restriction, additionsl maneuvers were performed at 50,000 feet.
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At Mach nmumbers sbove M = 0.90 at altitudes of 40,000 and
50,000 feet, while attempting to hold constant airspeed, a consider-
able loss 1n altlitude was encountered during a partlcular maneuver.
Therefore, the specified altitude is the initial altitude at which
the meneuver was performed.

The center-of-gravity location varied from 28.75 to 29.40 percent
of the mean aerodynsmic chord for the symmetrical-wing configuration.
The modification of the wing to the cambered-wing configuration shifted
the center of gravity forward, and the consequent veriation ranged from
28.25 to 29 percent of the mean aerodynamic chord.

RESULTS AND DISCUSSIOR

Longitudinal Trim

The longltudinal stick-fixed trim variastion with Mach number at
1l g, 2¢, and 3g is presented in figures L4t and 5 for the cambered- and
symmetrical-wing configuraetions, respectively. These data cover the
speed range from M = 0.32 to M = 1.18 and are corrected to altitudes
of 25,000, 40,000, and 50,000 feet. It was determined that the small
movement of the center of gravity had a negligible effect during these
tests.

The dats between M = 0.60 and M = 1.18, used to establish the
1 g trim curves, were obtalned from speed runs, while the low-gpeed
portion of the 1 g curve from M = 0.32 to M = 0.60 was cbtained
from the gear-up stall approach maneuver of figure 7(a). The 2g and
5g data were obtained during wind-up turns performed at essentially
constant Mach number. The faired curves shown for these advanced g
levels were computed by assuming a constent control effectiveness through
the 1ift range and using the corresponding 1 g trim curve in conjunction
with a variation of d8¢/de, with Mach mmber obteined from wind-up

turns st the specified altitude. It is realized that nonlinearities
exist in the variation of % with CNA; however, in the region where

these calculatlions were made these nonlinearities were not appreciable.
Figure 4 shows good agreement between the computed curves and the data
points for the 2g and 3g levels, with the exception of the 3g data of
figure 4(b).

The varistion with Mach number of the elevator required for 1 g
trim for both the cambered and symmetricsl wing sppesars conventionsl
in the transonic region. From the 1 g condition presented for the cam-
bered wing in figure 4, the trim~change region generally occurs sbove.
M = 0.87. In this regilon, the data at 25,000 and 40,000 feet show that
the unstable condition exists generally between M = 0.87 and M = 0.95.
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However, the extended supersonic data of figure 4(b) indicate that an
additional instability occurs above M = 1.04. At the test altitude .
of 50,000 feet, the unstable portion occurs above M = 0.87 =and does -
not indicate a tendency to become stable within the region tested (up

to M = 0.98). A comparison of this unstable region for the three test

altitudes indicates that the instability becomes more pronounced with

increasing altitude.

An observed devistlion from the normel trim varistion was experienced
with the symmetrical wing at an altitude of 40,000 feet, as shown in
figure 5(b). With this conflguration at the specified altitude there -
was & reglon of scatter in the data of 1.0° to 1.6°, indicating that
there was no unlique variatlon of elevator for trim throughout the Mach
number range. Figure 6(a) shows that the symmetrical-wing trim dats
are simllar to the cambered-wing dats, with only & change in level con- o
stituting the difference. At 25,000 feet the cambered-wing modification
appears to have reduced the trim elevator by approximately O. 6° to 1. 9°
over the Mach number .range from the trim setting reguired with the sym-
metrical wing.

The variation of 1 g stick-free static stability with Mach number
is presented in figure 6(b) and generally follows the trend defined
by the stick-fixed presentation. The main difference is_that the stick _ _
force at 50,000 feet appears to be less than at Lo, 000 feet between -
M=0.90 and M = 0.97. This difference 1s probably the result of .
the initial trim setting in conJunction with the ertificlal-feel system
operation.

The investigation was extended to obteln pilot opinion on the
handling qualities of the .airplene while flying for periocds of L4 minutes
in the stable region (M = 0.75), neutrally stable region (M = 0.88 and
1.04), and unstable region (M = 0.93) of the 1 g trim curve. This was
accomplished by making steady constant-speed, level runs at 40,000 feet.
The data did not indieate any adverse handling difficulties and the
pilot commented that the eirplemne handled satisfactorily. He did state,
however, that considersbly more attention and control manipuvlation was
required to handle the airplane at M = 0.95 than was necessary at the
other speeds. This would be expected since M = 0.95 is in the unsteble
trim region. The pillot also stated that, although he was aware of the
trim change, he experlenced no eppreciable hapdling difficulties while
accelerating or decelerating through the trim-change region. )

Stall Maneuvers
Pigure 7 presents representative time higtories of geasr-up and -

gear-down stall approach maneuvers performed at an altitude of
25,000 feet. From & comparison of these data, it is evident there

S,
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is no apprecisble difference in the handling guaiities exhibited
between the gear-up and gear-down configuration. With the gear up,
the airplene attained sn approximate angle of attack and alrspeed
of 26.5° and 105 knots, respectively; with the gear down, an angle
of attack of 17.0° and an airspeed of 130 knots were attained. Thke
latter stall was terminated at the conditions indicated as a result
of the decreased lift-to-drag retio and increased rate of sink with
the gear extended.

Dynamic Longitudinal Stability

The longitudinal period and damping characteristics (fig. 8) were
determined by performing elevator pulses at altitudes of 25,000 and
40,000 feet. To investigate the more extreme damping characteristics
of the airplane, additional pulses were performed at 10,000 feet and
50,000 feet. From the measured .quantities of P and Tl/2’ the cycles

to damp to one-half amplitude have been computed for comparison with
the Militaery Specification of reference 2. A comparison 1s also made
on the basis of damping to one-tenth amplitude in 1 cycle. The Cl/a

and 01/10 variations with period (fig. 8) indicete that, although

the airplane will not damp to one-tenth amplitude in 1 cycle, it does
meet the Military Specification. Generally, the pllots commented that
the longitudinal demping was Insufficient, which indicates that the
Specification 1s Inadequate for this alrplane.

Maneuvering Stebility

The maneuvering stability over the attainable Mach number and 1ift-
coefficient range of the YF-102 airplane wag lnvestlgated by performing
wind-up turns at altitudes of 25,000, 40,000, and 50,000 feet. Fig-
ures 9(a) to 9(c) are typical time histories of turns initiated at
M=~0.70, M=~0.82, and M= 1.13 st 40,000 feet. At M = 0.T0
maximm values of CKA = 0.62 and o = 17.5° were reached. To extend

the CNA and o range, turns were performed at an altitude of

50,000 feet. Figure 9(d) 1s a typical time history of a turn ini-
tiated at M = 0.95 at 50,000 feet where the CNA and o reached

approximately 0.78 and 21.5°, respectively.

Upon anslyzing the data and reviewing the pilot's comments, it
was apparent that there was no well-defined pitch-up exhiblted through-
out the speed and altitude range tested. However, the data, typified
by the plots of the mesneuvering stability characteristics of flgure 10
for the time histories of figure 9, indicated a slight decrease in the
longitudinal stability at the higher values of g and angles of attack.



10 7] NACA RM H56I17

The varistion of stick forces presented in figure 10 shows an inste-
bility not indicated by the variation of elevator position with angle
of attack., This indicatlion of instebility is felt to be a function
of the artificlal-feel system operation. The nonlinearities in the
pltching-moment curves (fig. 10) computed by using the expression

Cn = - LBe
-pvesc "5

are felt to result partially from the nonlinear derivative Cm5 and

from the control input during the maneuver.

An inspection of figure 9(4) might, at first, indicate a slight
pitch-up between + = 8.2 and 10 seconds. During this time, CNA

increased from 0.48 to 0.72, while the longitudinel stick force and
the elevator control surface remained essentially fixed at approxl-
mately 22 pounds and 10°, respectively. By observing figure 4(c), 1t
1s apparent the meneuver weas performed in the trim change reglon where
8 loss in speed without a corresponding reduction of &, results in

an untrimmed condition. Consequently, in this case, with the controls
remeining fixed and & decrease in speed from M = 0.92 to M = 0.89,
the rapid increase in CNA can be attributed to the induced pitching

moment resulting from the out-~of-txrim elevator deflection. The Investi-
gation of the longituvdinal handling gualitles was extended to determine
the pilot's ability to control the alirplane in the trim-change reglon
at the 2g and 3g levels while the speed rapldly decreased. Figure 11

is a time history of one of these maneuvers in which the pilot attempted
to maintain approximately 2g and & constant altitude of 40,000 feet.

To decelerate rapidly, the afterburner was turned off upon attaining
the desired test conditlions at 2g. At t = 20 seconds, the airplane
experienced & nose-up rotatlion from the out-of-trim elevator. However,
the degree of instabllity was somewhat obscured from the pillot by the
lateral oscillation encountered simultaneously. The pilot felt that
the nose-up Instabllity was controllsble, but would make tracking another
alrplane in thils speed range difficult. The osclllatory condition
encountered 1s evident over the major opersting range of the alrplane
and considerably hinders the pilot in carrying out the intended mission.

Stabllity and Control Effectlveness Parameters

Figures 12 and 13 present the variation of the stability and

a5 ac.
control effectlveness paremeters Cp, Cmae, CNAG, Eaif, and aaﬁ—
A A
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over the Mach number range from M = 0.60 to M = 1.16 for altitudes
of 25,000, 40,000, and 50,000 feet. The static stability parameter
Cm, Wwas computed ‘using the period and damping date of figure 8 and

the expression
Iy (én)e , [0:693 2
e, Lovise|\p T /o

The epparent stability parameter dse/chA shown in figure 12(b)

was obtalned from data in the low-1lft region similar to the data pre-

sented in figure 10 and the values of the control effectiveness param-

eter Cm_5 for constant a (fig. 12(c)) were determined from elevator
e

pulses.

A comperison of the variation of Cmm end dﬁe/dCNA wilth Mach

number indicates that there is an increase in control effectiveness
below M = 0.90, as the airplane stablility shows a continual increase
while the apparent stability remains essentially constant. Above

M = 0.90, the percentage of increase in airplane stability 1s consid-
ergbly less than the increase in apparent stability, indicating a loss
of control effectiveness in this region. This trend is substantiated
by the Cpg, variation of figure 12(c). In the speed range from

M = 0.92 to 0.95, there is an sbrupt décrease in Gmm from -0.008
to -0.006, which is paralleled by a decrease in Cms of approximately
e

34 percent. This loss in control effectiveness in the transonic range
is usually anticlpsted with flap-type controls.

The CNAu varlation of figure 135 was obtained from wind-up turn
and elevetor-pulse date (elevator fixed) and generally shows the same

trend. However, the results from the pulse dsta show an average increase
of approximately 35 percent in CHAG over the turn data.

The statle margin de/dCNA, as determined by combining the static
st&bility parameter Gmm and CNAa from elevator pulses, shows a rear-

ward movement of the neutral point of approximately 12-perceunt mesn
aerodynamic chord between M = 0.40 and M = 1.16.
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Artificial-Feel System

The inconslstency of the stick-fixed and stick-free stability
charscteristics typified by figures 10(a) to 10(d) led to a prelimi-
nary Investigation of the artificial-feel system.

Primarily, the system provides an artificial-feel force to the
pliot's stick through a pneumatically operated cylinder. The pneumatic
pressure ls obtasined from total head probes on the vertical fin and
from the engine bleed alr duct aft of the compressor. The alr from
these sources passes through a Mach compensating regulator to the feel
force cylinder. The Mach compensating regulator functions according
to the varistion of the combined verticsl fin and engine bleed air
total head with compartment static pressure. The compartment static
pressure 1s the pressure measured in an aft compartment of the alr-
plane where the compensator unit 1s located. Through the regulation
of the pneumatic pregsure by the Mach compensating unit, the feel cyl-
inder is designed to provide the pilot with & relatively constant stick-
force gradient over the operational Mach number and altitude range.

At the onset of the investigetion, & ground celibration of the

feel system was made to check the system performance with that specified
by the manufacturer. Figure 14 presents the results of the calibration
in conjunction with comparable flight data obtained for the Mach number
renge from M = 0.75 %0 M =1.18 at 40,000 feet. The calibration
results indicate that the. compensating unit is functioning on the ground
according to speciflication. However, an inspection of the flight date
shows that at altitude, between M = 0.85 and M = 1.18, the operating
pressure ratio P5/Pl * for the Mach compensating unit is increased appre-

clgbly above that specified by design.

The variation of F./6, with Mach mumber obtuimed during the

ground calibration was extrapolated to the test altitude and converted
to Feg/8n by using the flight-determined 8o/a,. As shown in figure 15,

the feel system meets the requirements of the Military Specification.
For these condltions & constant Fe/an of approximately 6 pounds per g

would be supplied over the speed range. However, the flight-measured
Fo/a, exceeds the gpecification by as much as 100 percent, indicating

that the system 1s not functioning in the air as 1t does on the ground.
From figure 14 1t appears that the improper regulation of the pneumatic
pressure to the feel cylinder may be the cause of the objectionably

high force gradient experienced between M = 0.90 and 1.10. The lmproper
pressure regulation by the compensating unit is Influenced by several
features inberent in the feel system installstion. Primarily, the total
head probe on the vertlical fin is located in & position where 1t will be
greatly influenced by the variation of the flow field with changing
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angle of attack. Secondly, use of the compartment stetic pressure as

a reference pressure for the unlt may be improper since the compartment
is vented through a cooling duct, which results in the compartment pres-
sure being subject to changing boundery-lsyer conditions. Also, the
engine compressor ailr being fed into the Msch compensating instrument
hes a tendency to leask into the static pressure side of the instrument
end thus Influences the static reference. It is felt these Teatures
contribute directly to the poor stick-free stability characteristlcs
exhibited in figure 10.

As a result of this preliminery analysis, e minor modification
was made to supply the Mach compensating unit with a static reference
from the nose boom. Figure 16 presents a comparison of the data obtained
with and without the new stabtlc source at M = 0.95 at 50,000 feet.
It is apparent from the data that the modification had no apprecisble
effect on the feel characteristics. However, it was reallzed after the
tests were made that the effect of the leakage of engine bleed alr into
the statlc pressure slde of the compenssting lnstrument was sufficlent
to nullify any improvements which might be expected with the modification.

Generslly, the pilots commented that the force gradient at the lower
Mach numbers was low and they serlously objected to the high forces
experienced in the transonic region.

CONCLUSIONS

The following conclusions may be made in conjunction with the
anglysis of the longltudinal stebility data obtained during the flight
investigation of the cambered-wing configuration of the YF-102 airplane:

1. The varigtion of elevon trim reguired over the Mach number
range appears to be conventional, with the unstable reglon occurring
generally between Mach nunbers of 0.87 and 0.95. The degree of insta-
bility in this region becomes more pronounced with increasing altitude.
At 40,000 feet the conventional trim change was followed by a marked
nose-up trim chenge which occurred sbove a Mach mumber of 1.0k, There
were no adverse handling difficulties experienced while accelersting
or decelerating through the trim-change region; however, sustained
flight in the unstable trim region required above average effort.

2. A comparison of the cambered and symmetrical wing 1 g trim
date showed the cambered-wing modification reduced the elevator reguired
for trim by approximately 0.6° to 1.90 at 25,000 feet.

3. The longitudinal damping cheracteristics meet the Militery
Specification of damping to one-half amplitude in 1 cycle and indicate
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that damping to one-tenth amplitude in 1 cycle could not be attained.
Generally, the pilots commented that the damping was insufficient.

k. Although s gradual decrease in stability with increase in 1lift
was noted during accelerated maneuvers at constant Mech number, no
severe piltch~up tendencies were exhiblited by the alrplane except pos-
sibly during maneuvers involving rapld speed loss in the transonic trim-

change region.

5. Generally, the stability more than doubles between a Mach pumber
of 0.60 end a Mach number of 1.16. The control effectiveness, however,
shows an increase up t0 & Mach number of approximately 0.89 with a
raepld decrease of approximately 50 percent cccurring between Mach numbers
of 0.90 and 1.0.

6. An sbrupt decrease in the force gradient generally occurring
between 1.5g and 2.0g is felt to be caused primarily by the locatlon
of the total head probe for the Mach compensatling instrument of the
artificlal-feel system.

7. The poor regulstion of the pneumstic pressure to the feel
cylinder of the artificlal-~feel system constitutes an objectionable
increase in the stick-force gradient in the transonic region.

High-3peed Flight Station,
National Advisory Committee for Aeronautics,
Edwards, Calif., August 27, 1956.
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TABLE I.- PHYSICAL CHARACTERISTICS OF

Wing:
Airfoll sectlon « « ¢« ¢ ¢ ¢ ¢« «a o« o &

Total area, sg £t . . . .0 000 ..

Span, £t . . . . . . « e « & « @
Mean serodymesmic chord ft c e e e .
Root chord, ft . . . . . . .

Tip chord, £t . « o e
Taper xa&%io . . « « « ¢ o« .
Aspect ratio . . .

Sweep at leading edge, deg o e e e
Incidence, deg . . . . e 4 e a e .
Dihedrel, deg . . .

Conical camber (leading edge), percent

chord . . . . e e * e e s s s a
Geometric twist deg . e e .
Inboard fence, percent wing span .
Outboard fence, percent wing span .
Tip reflex, deg . . « « « + ¢« « o«
Meximm thickness:

Root, percent chord . . . . . .
Outboard edge of elevon, percent
chord . . . . . « o s s o « o
Elevons:
Ares (total, both rearward of hinge line),
sq ft . . . . . . . e e s e e .
Spen (one elevon), £t .. .. .

Root chord (rearward of hinge line)

parallel to fuselsge center line, ft
£t

Tip chord (rearward of hinge line),
Elevator travel; deg:

Up &« ¢ o @ 6 o o o o o

Dowvn . .
Aileron travel total deg
Operation . . . « « o« « . .

Vertical tail:
Airfoll section . . . . . .
Ares (above waterline 35), sq_ft .
Sweep 8t leasding edge, deg . . . . .
Height sbove fuselage center line, %
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THE YF-102 AIRPLANE

Cambered
NACA 0O00L-65
(modified)

. 695.05
. 38.19
. 23.75
. 35.63
. 0.81
. 0.023
. 2.08
. 60.6
. 0
. o)
. 6.3
. 0
. 3T
. 67
. 10
. 3.9
. 3.5
. 67.77
. 13.26
. 3.15
. 2.0%
. 35
. 20
. 20
. Hydraulic

Symmetrlical

NACA 000k-65
(modified)
661.50

3T7.03

67.77
13.26

5.15
2.03

35
20
20
Hydraulic

. NACA 0004-65 (modified)

8.33
60
1.1
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TABLE I.- PHYSICAL CHARACTERISTICS OF THE YF-102 AIRPLANE — Concluded

Rudder:
Ares (rearward of hinge line), 8@ £t « + « « = ¢ « o « « & 10.47
Span, £t . . e e e e e e e e . 5.63
Root chord (rearward of hinge line), e e e e e e e 2.10
Tip chord (rearward of hinge ne), £t « « ¢ ¢ v v . 0 . 1.61
Travel, deg . . . . e e e e e e e e e e e ee e e e +25
Operation e o o a4 e & + e s s s e s s s e s s s e s o o o Bydraulic
Fuselage:
Length, £t . . . . e 52,4
Maximm diameter, PE o o e e e e 6.5

Power plant: _ o
Pratt & Whitney . . . . . IJ5T-P1l turbojet engine with afterburner
Static thrust at sea level,

1 9,700
Static thrust at sea level,
afterburner, Ib . . ¢ ¢« . . 4 o s st et e e e e a 14,800
Welght:
Empty, 1b . . . S 21,235
Total (1,010 gal fuel at 6.5 1b
per gal), ID v 4 v v e e e e e e e e e e e e e e e e e 27,800
Center~of -gravity location, percent c:
Empty weight . . . . . e e e e e e e e e e e e 25.6
Total weight . . . . . ; e e s e e e e e e e e e e e e e 29.8
Moments of inertia (estimated for 2& ooo 1b gross welght):
Ex, slug-ft R T e B 13,200
Ty, slug-Ft2 . . . . . . .. .. ... ... ... 106,000
Tg, 8lug-£62 o o cvv v vl Lo e e e T e e 114,600
Tgzs SLUB-TEZ .« o v v v i i e e e e e e e e e 3,540

Inclinastion of principal axls (estimated) below
reference axis at nose, deg . . . . . . « « oo e 0 e 2
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(a) Cambered-wing configuration.

Flgure l.~ Three-view drawings of the YF-102 airplane.
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2i60"

e ———

60°

W 0'67%

444.4" (actual)

(v) Symmetrical-wing configuration.

Figure 1.~ Concluded.
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Figure 2.- Photographs of the YF-102 airplane with cambered wing.
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Maximum height, OOI5c
L 0.024¢

2273

(a) Inboerd fence, station O. 57%.

Maximum height, 0.035¢

L |

—

D.124¢

082lc
12.30°

(b) Outboard fence, station 0.67%.

Figure 3.~ Sketch of the wing fences for the cambered-wing configuration.
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(c) by = 50,000 feet.

Figure k.- Blevator required for trim at altitudes of 25,000, 40,000,

21

and 50,000 feet with the cambered-wing configuration of the Convair

YF-102 airplane.
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(b) hp = 40,000 feet.

Figure 5.- Flevator required for trim at altitudes of 25,000 and 40,000 feet
with the symmetrical-wing configuration of the Convair YF-102 airplane
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(a) Stick-fixed stebility.
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(b) Stick-free stability.

Figure 6.- Stick-fixed and stick-free static stebility for thée cambered-
wing YF-102 airplane at altitudes of 25,000, 40,000, and 50,000 feet.
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(a) Gear up; hp = 25,000 feet.

Figure 7.- Typical time histories of stall approach msneuvers with the
caembered-wing Convair YF-102 airplane.
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Figure T7.- Concluded.
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Figure 8.- Variation with Mach number of period and damping character- »

istics from the longitudinal short-period oscillation. (Cambered-
wing configuration.)
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Figure 9.- Representative time histories of wind-up turns performed with
the cambered-wing Convair YF-102 airplane.



28 ORI NACA RM H56T17
L0 P P et T 2 = :! R
M
8
8 = il el eI oSgET N e v ""e T TR
Ml
CNa ¢ P - __\_44 en g
o R et TR
o —— )
o] o B
20 - E Lo - T
Right
/\J
10 .=
a B, deg Lﬂ b
Q "-=-r'-—--r- -t p ~—— ]
o -
Nose i &
U
Right P q /p\,/\_,‘———N
1 r 0 v - ‘:\v m
Rdlngtec | 1 Lt -
4 -
mp s -y g TR Y T T W T T T T T IT T
mgh?°[ -
Ug 3 %
8as 8w O = I x
8r1 deg 3
20
20 = e e £ ! i ™ =
Pul) Fe
Right r,l\_q _—————\/‘\/"\/J\\
0 ey = = SR
T Fer Frs 10 - L
20 — ~
R e 1 I D= N e
40 .
10 a e £ | e
Aft ecord .
Right of fso L
Bsul?:'el o - 8 —
AL
195 2 4 3 8 i0 12 14 16 18 20 22
t, sec

(p) M=~ 0.89; hy, =~ 40,000 feet.

Figure 9.- Continued.
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Figure 9.- Concluded.
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Figure 10.- Representative stability plots of wind-up turns performed
with the cambered-wing Convair YF-102 airplane.
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Figure 11.- Typical time history of a constant 2g turnm performed by the
YF-102 airplane to investigate the stability in the trim-change region
with a rapid decrease in speed.
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(c) Control effectiveness.

Figure 12.- Variation of the stability and control effectiveness parameters
with Mach number for the cambered-wing Convair YF-102 alrplane.
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Figure 13.- Normal-force coefficient slope and static margin varistion

with Mach number for the cambered-wing Convalr YF-102 airplane.



38 G NACA RM HS56TILT

.8 — Design
1.6
a8 085
Pz ' 20
Pp & 0708 085" | a
1.0 T ——]
.2
,£4o
L0 5M=020
(a) Ground calibration.
|'8
(IBC? SO0
16 b-©9g
085001 J cj
/ \"@o |
P3 4 0807 8 o .10

: : 5
"2 M=Q.758 TP

\g'
L2
1.0
L0 1.2 4 1.6 1.8 20 2.2
B
Po

(b) Flight data.

Figure 14%.- Comparison of the design requirements and flight results for
the artificlal-feel system.
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