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'NACA RM No. L8A0Sa ‘ S
NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

RESULTS OBTAINED DURING ACCELERATED TRANSONIC TESTS
OF THEE BELL XS—1 AIRPLANE IN FLIGHTS
TO A MACH NUMBER OF Q.92

By Hubert M. Drake, Milton D, McLaughlin,
and Harold R. Goodman

SUMMARY

An accelerated flight program using the Bell XS-—1 airplane has been
undertaken to exploré the transonic—speed range. The flylng was dons by
an Alr Force pllot, and the data reduction and analysis were made from
NACA instrumentatlon by NACA personnel. This paper presents the results
of tests obtained up to a Mach number of 0.92 at altitudes around
30,000 feet.

The data obtained show that the airplane has experlenced most of the
difficultles expected in the transonic range, but that it can be flown
satlsfactorily to a Mach number of at least 0,92 at altitudesabove
30,000 feet, Longitudinal trim changes have been experienced but the
forces involved have been small. The elevator effectivenesa decreased
about one-half with increase of Mach number fram 0,70 to 0.87. Buffeting
has been experienced in level flight but it has been mild and the asso—
cjated tail loads have been small. No aileron buzz or other flutter
phencomena have been noted,

INTRODUCTION

After the campletion of the acceptance tests on the thick-wing
Bell XS—1 airplane (see references 1 and 2) and in order to explore the
transonic—speed range as rapidly as possible, an accelerated progrem has
been undertaken for the XS—l having the 8-percent-~thick wing and the
6-percent-thick tail. Because of the purpose of the program only a
limited amount of instrumentation has been included, and no attempt has
been made to obtain detailed investigations of .any variables other than
those Immediately necessary to permit safe penetration as rapidly as
possible into the transonic—speed range.

The present program 1s a cooperative one between Wright Field Flight
Test Division and the NACA. The airplane is flown by an Air Force pilot,



2 O NACA RM No. L8AOSa

and the data reductlion and analysis are made fram NACA instrumentation
by NACA personnel.

The present paper gives some of the experimental results obtained in
this program up to a Mach number of 0.92. The data consist, for the
most part, of time histories of mild meneuvers which illustrate the
behavior of the airplane at transonic speeds., Same analysis figures,
however, are included to indicate trends shown by the data,

SYMBOLS
w airplane gross welght, pounds
n normal acceleratlon in g units
Vi' indicated ailrspeed uncorrected for position error, miles per hour
H pressure altitude uncorrected for position error, feet
q dynamic pressure, pounds per square foot
s wing area (130 sg ft)
S tall area (26 aq ft)
M? free—stream Mach number uncorrected for position error
M free—stream Mach number corrected for position error
Cn airplane normal-force coefficient <zw—s>
Cny tail normal-force coefficient (Aer odynamlc shear lwd)
Sga

CI.A airplene 1lift coefficient (Measured normal-force coefficient is

assumed to equal the 1ift component,)
OBy change in elevator position, degress
Loy change in angle of attack of stabilizer, degrees
1 stabllizer setting, degrees



NACA RM No. L8AOSa T 3

TEST AIRPLANE AND TNSTRUMENTATTON

The XS-1 1s a rocket—propelled research airplane having en 8S8-percent—
thick wing and 6-percent—thick horizontal tail, A three—view layout of
the airplane 1s shown in figure 1, and the physical characteristics are
gilven In table I. The welght conditions of the alrplane during flight
are:

Launching welight, pounds + « « . . . e o o o o e o e e . 12,365
Launching .center~of—gravity position (percent M.A.C. ) e s e o e 22.1
Landing weight, pounds . . + « + . . e s e s s s o TLIS
Landing cenjer—of—gravity position (percent M.A C. ) e e s e s s e 253

Alrspeed, altitude, elevator position, normal, transverse, and
longitudinal acceleration, shear and bending moment on the right hori-—
zontal tail and bending moment on the right wing are recorded internally
on standard NACA instruments. In addition, alrspeed, altltude, normal
acceleration, elevator force, elevator, stabllizer, and right aileron
angles are telemstered to a ground station and recorded.

The elevator angles are measured relative to the stabllizer, and
the stabillzer angle 1is measured relative to the alrplane center line.
The alleron angle is measured relative to the neutral position.

‘A calibration of the airspeed head has been made up to a Mach number
of 0.92 by the radar tracking method. The results of the calibration
are glven in figure 2 as & plot of the ratio of error in Mach numbder to
corrected Mach number against corrscted Mach number.

TESTS, RESULTS, AND DISCUSSION

In ths present program the tests are made in such a manner as to
penetrate the transonic region as rapldly as possible. Only mild
accelerated mansuvers have, therefore, been performsd and the data
obtained have consisted of various time histories to illustrate various
polnts of 1lnterest which havse occurred during the tests. The data have
not been completely analyzed although a few analysis figures ere included
to show ths trends that have occurred.

Figure 3 shows the time history of a portion of a run in which one,
two, and three rockets were turned on. Ths flgurs also compares the
values recorded in the airplane with those telemetered to the zround
station. The comparisons show good agreement and it may be stated that
the differences recorded are less than 1 percent of the full-scale range
of the Instrument lnvolved. Since the telemeter accelerometer was undamped,
reading was difficult whsn buffeting occurred; therefore, the telemetered
record of normal acceleration does not exteni to the end of the run (fig. 3).
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In figure I several quantities related to the stability changes
that have occurred sre plotted against Mach number. Since in a given
run the Mach number and the weight W change rapidly, the results are
given for a sslected airplans normal-~force coefflclent of about 0.2.
The data have been obtained from two flights and include only those
points around 1 g where the angular acceleration 1s known to be 2 minimum.
The pilot felt that with the 1Y stabilizer setting, the large trim forces,
and the forward positlion of the stick precluded going to Mach numbers
greater than 0.88. With the stabilizer at 2.2° the pilot continued flight
to a Mach number of 0.92. In going from a Mach number of 0.70 to 0.92,
three trim changes were noted: an airplane pitch-down tendency near 0.80,
a pitching up above 0.87, and at 0.92 the airplane is again showing a
pltch-down tendency.

Previous tests on conventional fighters have usually stopped at the
first trim change because of the large control forces involved, However,
with the 2.2° stabilizer setting, 1t may be seen that the range of forces
is small (about 10 1b) although the change of elevator position is
about 40, In the case of the 2.2° stabilizer setting the pilot did not
obJject to the trim changes. The forces were light because the elevators
ars very small (mean chord, O.46 fi), and the flights were made at about
30,000 feet., At lower altitudes or cn & larger similiar airplane these
characteristics would probably be obJectionable, These flight data are
in general agrsement with data from the Langley 8-foot high-speed tunnel
and from wing flow tests of XS-1 models.

A measure of the apparent elevator effectiveness ls obtained fraom ,
the deflections required for trim at the two stabilizer settings. Thse
change in the apparent elevator effectiveness with Msch number is also:
shown in figure 4 where it is indicated that the effectiveness is reduced
about 50 percent when the Mach number is increased fram 0.70 té 0.87.

In spite of this large reduction in elevator effectiveness, the greater
portion of the trim cheange is caused by the variation of the pitching
meoment of the wing and fuselage with Mach number. This change is indi-—
cated by the measured horizohtal tail loads of figure &.

Figure 5 glves the available data on longitudlnael stability in
accelerated flight. The figure presente the variatlon of elevator posi-—
tion end force with 1ift coefficlent as measured in turns at Mach numbers
of 0.75, 0.80, and 0.85, The data at a Mach number of 0.75 ere fram
reference 1. The data in this figure show that as the Mach number is
increased from 0.75 to 0.85 the apparent stability at' low 1lift coeffi—
cients is increased, wheress the stabllity at high 1ift cosfficienté is
unchanged. Some of the difference shown may be a result of the thicker
wing of the airplane of reference 1 and the change of elevator effec—
tiveness with Mach number.

A time history of a turn to the stall is shown in figure 6, and a
time history of an unaccelerated stall is shown in figure 7. Both of
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these stalls were in the cledn condition. Figure 8 shows the varilation
of elevator angle with 1ift coefficient recorded during the 1 g stall.

The stabilizer actuator was originally set at 1° per second, but
the pilot felt that this rate was too slow for good control; therefore,
the rate was increased to 2° per second. A time history of a stabilizer
deflection at this new rate is shown in figure 9. The more rapid rate
of stabllizer setting caused & raplid change of acceleration and caused
the pilot to overshoot the desired setting by 0.5°. After he became
accustamed to the new rate, the pilot felt that it was satisfactory.

A time history of measured gquantities obtained during a turn into
the buffet region with 2.2° stabilizer setting is shown in figure 10. A
similar time history of a& turn below the buffet boundary and during an
approximately level-flight run within the buffet region with 1.0° stabi-
lizer incidence is shown in figure 1ll1. The 2erodynamic wing and tail
loads presented are measured values corrected for inertia loads. Figure 12
shows the envelope of lift and Mach number combinatlons obtained within
the buffet region for a stablilizer setting 2.2°. Limit 1ift has been
determined from measurements in which 1ift ceased to increase although,
as shown In figure 7, increasing up elevator is being applled. These
deta were obtained in level flight or gradusl turns and are for a stabi-
lizer setting of 2.29 only. Although buffeting has been encountered in
level flight, it has not been severe enough to prove hotherscme to the
pilot. The maximum buffeting tail loads were obtained at limit lift
from a Mach number of Q.76 to 0.80 and were of the order of £L400 pounds.
At Mach numbers greater than 0.80 the buffeting loads decreased and up
to & Mach number of 0.92 were less than X250 pounds. Here again, the
low value of these loads i1s due in part to the altitude (30,000 ft) at
which the tests were made,

There has been no evidence of one—dimensicnal flutter or "buzz"™ up
to a Mach number of 0.92. In addition to the thin wing sectlon, one
reason for the absence of buzz 1s the large amount of friction, about
20 foot—pounds, in the aileron-—control system. The aerodynamic hinge
moment corresponding to a Mach number of 0.85 at 30,000 feet, neglecting
Mach number effects on the hinge moment coefficlent, is about T fool—
pounds per degree. Although hydraulic dempers have been Installed, they
have not been used.

No signs of buzz or changes in the aileron flceting tendencles have
been reported, but the pilot has noted a right wing heaviness which was
first noted at about M = 0.85 and which increased up to & Mach number
of 0.92. Figure 13 shows the right aileron angle plotted as a function
of Mach number, and the gradual increase in downward deflection appears
to confirm the pllot's observation. It was thought that one of the
spoilers located on the upper surface of the wing might be deflecting
and thus changing the airplane trim, but bolting down the spoilers had
no effect on the wing heaviness,
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CONCLUSIONS -

The data obtained to date on the Bell XS—1 airplane show that most
of the difficultles expected in the transonic-speed range have been
experienced snd the alrplane can be flown satisfactorily to a Mach
number of at least 0.92 at altitude. Detalled concluslons are:

1. Although longltudlnal trim changes have been experienced
between M = 0.80 and M = 0.92, the control forces associated with
the trim changes have been small and the pllot has been able to
control the alrplane without difficulty.

2. The effectiveness of the elevator as compared with that of the
stabilizer 1n changing trim decreased about 50 percent with an Iincrease
of Mach number from O.70 to 0.88.

3. Buffeting has been experienced in level flight, but up toc & Mach
number of 0.92 it has been very mild and the tall loads associated with
the buffeting have been small. .

4. No aileron buzz or other flutter phenomena have been experienced
up to a Mach number of 0.92. The girplane became right-wing heavy bhut
could be trimmed with alleron.

Langley Memorial Aeronsutical Laboratory
Natlonal Advisory Commlittee for Aeroneutics
Langley Fileld, Va.
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TABLE T

PHYSICAL, CHARACTERISTICS OF BELL XS—l. ATRPLANE

Englne ¢ o« ¢ ¢« ¢ ¢« o o ¢ o o o s «

« o o

Rating, staetlc thrust at sea lesvel for
each of the four rocket cylinders, 1b

Propellant
F'Ile l L] - L] L2 - . * L] - L] L ] .
Oxldizer . . .

Propellent flow (approx ), Ib/sec/cylinder

Fuel feed- e o & e & & & @ o o o

Welght for acceptance tests
Maximum

With full load and incorporating

8 percent wing, 1b . . .
Minimum
Ianding condition, 8 percent

Wing loading
Maximum (8 percent wing with
fuel loed), 1lb/sq £t . . . .

Center—of—gravity travel, percent
mean aerodynamic chord . . . .

Over—all height, ft . . . . . . .

Over—all length, ft . . . ¢« « .

Wing
Area (including section through
fuselage) 8¢ £t .« « « « o &
Span, ft .+ ¢ ¢ ¢ « o o o ¢ o o

Alrfoil section . & ¢ ¢« ¢ ¢ o o &

Mean aerodynamic chord, in. . . .

Location (aft of leading-edge
root chord), in. « o « o« o« o«

Aspect ratlo v ¢ ¢ ¢ ¢« . o 0 e o .

Root chord, In. . ¢ ¢ ¢ ¢« o« ¢ « &

wing,

L 3

1b

« o« « Reactlon Motors, Inc.
Model 6000Ch

e o o & o o s o o o » 1500

Diluted ethyl alcohol
e « « o Liguid oxygen

L] L - . L] . L] L . 709
e« «» « o« High pressure
nitrogen gas

.a.too-000012365

ooo-.oooo-~71.15

c 6 e s e e e e e e . O

Maximum 22,1 percent full
load to 25.3 percent empty

-..oo-o.ou-10.85

® & @ @ o e © o & o o 30-%

L . L] L ] L] L] L] * L) L L L 130
e & & & o 5 ° ®» © s & =« 28

« . .. NACA 65,-110 (a=1)
and NACA 65,-108 (a=1)

B Y O A
e e s e e e e .. 6.58

. L 4 L] L] . . - L] L . . L] L[] 6

--cn~'-¢c007h'-2
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PHYSICAL CHARACTERISTICS OF BELL XS—1 AIRPLANE ~ Continued

T ip chord-, 1n . . L[] L] L] . . . * -
Taper ratlo .« o ¢« &+ o ¢ o o« o «
Incidence, deg
ROOt [ ] L] . e L] * . L ] [ 2 L] L] L[]
Tip * _® L] L] L ] . * L] L] L] - L] .
Sweepback (leading edge), deg .
Dihedral (chord plane), deg . .

Wing flaps (plene)
Area, Bg ft . . .

Smn’ rt - . L] * . ® L] ® . L]
Chord (root), in. ¢ .. o « o -
Chord (tip), In. . + « « «
Travel, G868 . « ¢« o o o o o o«

Alleron (internal pressure balasnce)

Area (each aileron behind hing
Span, ft . & ¢ ¢ ¢ ¢ o o o o
Travel, deg « « « o ¢ o o o &
Chord, percent wing chord . .
Root-mean-aquare chord, £t .

Horizontal tail
Area, Bq ft . . . . . o ¢« . .
Span, f£t . ¢« ¢ ¢ ¢« ¢ 0 6 ¢ o
Aspect ratio . . . ¢« ¢ &« . &
Distance fraom airplane design

(-]

center of
to 25 percent mean aerodynamic chord
Stabilizer travel, deg, (power actuated)

line),

Elevator (no serodynamic balance)

Area,sq_f'b e o o @ 5 o o
Travel from stabillizer, deg

Root~mean—square chord, £t . « . .

Chord, percent horizontal tail chord

L] L] * * L] a L] L d . L] L) L] ll'6
L ] L ] L ] * L] L) L] [ . . L] . 5.83
e o o 8 8 & % e 8 e s e ll‘-.gll'
L) [ ] L] * * L] . . . L] L] L 2 10.58
L3 L] L L ] L ] L] - - Ll - * * g &
Bq_ ft e & & o o & o & 3.15
- L] L 3 * L L] L] (] L) . L2 L] L] 5.8
¢ 6 ¢ ¢ 8 o 8 e s @& e+ o @ iz
® & 6 & 6 o » e o o & s @ l5
c s e e s e e e e . 0565
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- TABLE I
" PHYSICAL CHARACTERISTICS OF BELL XS-—-1 ATRPLANE — Concluded

Vertical tail :
Area (excluding dorsel £in), 8 It « « ¢ ¢ o o « o o « o+ o o
Total height above horizoental stabilizer, In. . « + ¢ ¢« « o« &
Fin ’

Area (excluding dorsal fin), sq ft . .
Offset from thrust axis, deg . . .
Rudder (no aerodynamic balance)
Area,sq_ft.........
Span, £ .+ 4 ¢ s ¢ o ¢ o o
Travel, 302 ¢« « ¢ o ¢ « o o =
Root-mean—square chord, ft .
Chord, percent vertical tail chord

»

.
L)
.
.
e o
.
L]
.
.
.

s o o o @
o & = & o
L L] [ ) e e
® o o & o
o o o o @
5 e s 0
¢« e o o o
* ® & u

. 2506
61.25

. 20.5
L ] [ ] o

5.2
. 6.58
. X5
0.798
. . 20
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Figure 1.~ Three~view drswing, X8-1 airplane.
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