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PRELIMINARY RESULTS OF NACA TRANSONIC FLIGHLS OF THE
X5-1 ATRPLANE WITH 10-PERCENT-THICK WING AND
8 -PERCENT -THICK HORTZONTAL TATL

By Bubert M. Drake, Harold R. Goodman,
and Herbert H. Hoover

SUMMARY

The NACA 1s conducting a detalled flight-research program in the
transonic speed range, utlilizing the rocket-powered Bell XS-1 airplane
with the 10-percent-thick wing and 8-percent-thick horizontal taill.
Before this detalled program was started, the NACA made a series of
exploratory flights to determine the operating limits of the alrplamns.
This report presents results of thie serlies of flights to a Mach
number of 1.06 at altitudes of about 40,000 feet.

The data show that there is a gradual change of trim in the nose-
down direction as the Mach number is increased from 0.78 to 0.99 while
above this Mach number there is & change in trim in the nose-up
direction. The elevator effectlivensss in producing accelsration
decreases to a minimm at a Mach number of 0.99. The elevator forces
required to fly from eubsonic speeds up to a Mach number of 1.06 at
about 40,000 feet are 1light, never exceeding 30 pounds. The rudder
effectiveness is very low abt Mach numbers near 1.0, and the rudder
forces are light. An intermittent lateral oscillatlon is present at
both high and low Mach numbsers.

INIRODUCTION

Since the acceptance tests of the XS-1 asirplane (references 1
and 2) were completed, the two alrplanes have been put into operation
for research purposes. One of these alrplanes, which has an 8-percent -
thick wing and 6-percent-thick horizontal tail, has been used by the
U. S. Alr Force, Alr Materiel Command Flight Test Dlivision, in an
accelerated transonic-flight-research program with the cooperation of
the NACA. The results of this program were reported in references 3
to 5, which presented data that showsd flight beyond a Mach unumber
of 1.0 to be feasible with this alrplane. The NACA is conducting a




detalled flight-research program in the transonic speed range using the
other X5-1 airplane which has a 1l0-percent-thick wing and an 8-percent-
thick horlzontal tall. Before this detailed flight-research program
was started, however, the NACA mede & serlies of exploratory flights to
determine the operational limits of the XS-1 alrplane with the thicker
surfaces. These tests showed that flight at speeds In excess of Mach
number 1.0.is possible with thls alrplane alsc. The results of these
preliminary NACA flights pertaining to the stabllity and control charac-
teristics are presented in this report. Results of the wing and tail
loads measured durlng these flights will be presented in a separate
report .

SYMBOLS

M Mech number corrected for error in measurement of static
pressure

AM error in Mach mumber due to error in measurement of static
pressure (AM = Corrected Mach number - Uncorrected Mach
number)

1 stabilizer setting, degrees

W alrplane weight, pounds

8¢ elevator positicn, degrees

Bg, right alleron positlion, degrees

Sy rudder positién, degrees

Fo . elevator wheel force, pounds

Fg aileron wheel force, pounds

Fn rudder pedal force, pounds

B gldeslip angle, degrees

Lay change 1n angle of attack of stabilizer, degrees

ANdg change in elevator position, degrees

CNp airplane normal-force coefficient (uW/qS)
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H pressure altltude, corrected for position error, fect
g acceleration of gravity, feet per second per second
q dynamic pressure, pounds per square foot
n normal acceleration, gravitatlional units

ATRPT.AKE

Both the pertlnent dimensions and a description of the XS-1 air-
Plane ubilized in the NACA transonic-resesrch program are given in the
three-vliew drawing and photographs presented ag figures 1 and 2.
Detailed physical characteristics are tabulated in reference 1.

Since the weight of fuel and oxldizer rsgquired for rocket
operation is large in comparison to the airplans welght, it would be
expected that the gross weight and center-of-gravity position might
change considerably during a flight. In order to determine the welght
and center-of -gravity posltion of the airplane in flight, the alrplane
was welghed on the ground In a series of configuratlons corresponding
to flight condltions. The results of these weighlngs are as follows:

Launching:
Welght, pounds . . . . . . . « . e s s e e s e e s 12,200
Center-of ~gravity position, percent M A C e f e st s e e . 22,5
Completion of power flight when Jettisoning :i.s Initlated:
Welght, POURNGE « « = « ¢ 4 o o ¢ o & o ¢ o o o = s s o o o « « TEOO
Center-of -gravity position, percent M.A. C e s s e s e e e e« . 20.3
Landing:
Weight, pounds . . « « « « « « & « o . I (0122
Center-of-gravity position, percent M.A. C T = 1 3 ~) 1R
INSTRUMENTATION

The instrumentation of the alrplane consists of:

(1) Standard NACA internal recording instruments which record:
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(a) Indicated airspeed

(b) Pressure altitude

(¢) Accelsration (nmormal, longltudinal, and transverse)

(d) Rolling or pitching velocity

(e) Sideslip angle _

(f) Control positions (elevator, aileron, rudder, and
stabilizer)

(g) Control operating forces (elevator, aileron, and rudder)

(2) A 12-channel Consolidated oscillograph which records:

(a) Right wing aerodynamic shear and bending load
(b) Right and left horizontal tail aerodynamic shear and
bending loads

(3) A sixteen millimeter GSAP camera to photograph the pllot's
Instrument panel

(%) A six-chennel NACA radio telemster and & Consolidated
osclllograph at ths ground telemoter station which record:

(a) Indicated alrspeed

(b) Pressure altitude

(c) Normel acceleration

(&) Elevator angle

(e) Stabilizer angle

(f) Right ailleron angle

(g) Times at which radar data box camera records tracking data

(5) A modified SCR 58k radar unit and a sixteen millimeter radar
datae box camera to photograph tracking data from the SCR 58L.

The data from the intermal recording instruments and the osclllo-
greph are synchronized by a common timer. These data In turn are
synchronized with the telemetered data and the redar data box camera
frames by recording the internal timer signals, the data box camsra
frams counter signals, and the telemster timer simmitaneocusly on the
continuoug telemetered record made on the Consolldated recorder in
the telemeter ground station. The data obtalined from the camera
photographing the pllot's instrument panel are related to the remalinder
of the recorded date by noting the framss where the pilot actuated the
data switch and noting the times when data were recorded.

A comparlson between infernal and telemetered recording of data
was presented In reference 3. In the present report, all data presented
were obtained from the internal Instruments.
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The SCR 584 radar set was modified for longer range and incorpo-
rated an M-2 optlical tracking unit to permit remote control of the
unit and thus eliminste the hunt inherent with the rader when tracking
is done automatically. The radar data box camera recorded values of
radar slant range, elevation, snd ezimuth which are used to obtain the
alrplane geometric altitude throughout the £light.

The elevator angles presented in this report were mesasured at the
center line of the elevator torgue tube at the fuselage center lime
with respect to the stabilizer. The stabllizer angles were measured
wlth respect to the fuselage center line, and the rudder end right
alleron angles were measured with respect to thelr neutral positions.
The airspeed head used was a Kollsman "High Speed" type and was
mounted on a boom one chord length ahead of the left wing tip.

TESTS, RESULTS, AND DISCUSSION

Flight testing with the X5-1 alrplane is complicated by a number
of factors not present 1ln normal flight-test work. This is caused
primarily by the charascteristics of the rocket power plant. Since the
thrust can be varied only in Increments of about 1500 pounds, it is
difficult to obtain stabllized condltions. As stated before, the high
rate of propellant consumption, inherent in rocket engines, causes
large changes In weight and center-of-gravity locatlion during flight.
This makes the obtaining of data for comparsble normal-force coefficients
and center-of-gravity positions very difficult. Since the duratlion of
powered fiight is only a few minutes, 1t is difficult to obtain steady
flight or any serles of mansuvers at high Mach numbers.

A calibration of the alrspeed head has been made up to a cor-
rected Mach number of 1.06 by means of the radasr tracklng method
described in reference 6. The results of the calibration are given
In figure 3 as a plot of the ratlio of error 1n Mach number AM to
the corrected Mach number M against corrected Mach numbsr. The
curve is sppliceble to the date presented in this report within
11 percent of corrected Mach number. The repld rise in error In
recorded Mach number and the gbrupt drop at a Mach number of 1.03
are 1n general agreement with previous data presented in references L
and 5.

The varlation of control-surface positions and forces and sideslip
angle with Mach mumber 1s shown in figure 4. These data were selscted
from runs made In stralght Flight with two stabllizer setiings for an
essentlally constant normal-force coefficlent of sbout 0.31. XNo
record was obtained of sldeslip angle for the dats taken with
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0.7° stabilizer incidence. Although during each of these runs the
center-of -gravity ranges are not the same, they are bellieved to be
close enough for comparison of data.

Figure 4 shows that with 2.20 stabilizer incidence, the elevator
moved up as the Mach number increased and reached full-up at M = 0.93
with a pull force of about 30 pounds. At the highest Mach mumber, 0.935,
the airplans was not completely trimmed and more elevator would have
been used hed it been available. Therefore, for the next flight a
staebilizer incidence of 0.7° was used. The variation of elevator
position and force with Mach number wes essentlelly the sams as wlth
2.2° stabilizer incidence. Above a Mach number of 0.93, however, the
pilot reported that the elevator effectlveness was very low and he
could not be sure of the trim position of the elevator. Thus, the
large chenges in elevator position near M = 1.0 should not be
construed to indicate completely a trlm changs.

To 11llustrate further the decrease in elevator effectivensss, a
time history of the portion of the flight at M = 0.99 18 shown in
figure 5 where the pilot slowly moved the elevator from full-up to
almost full-down. The sirplane responded slightly as shown by the
decrease Iin normal acceleration and normal-force coefficient. The
Mach number increased slightly during this run. The change In 1lift
for thls large elevator motion was, however, largely withln the range
of normal-force coefficients of figure 4. The small change in 1lift
resulting from the large change In elevator deflectlon can be attrib-
uted to low elevator effectivensss and high stebllity. The relative
elevator effeciiveness was determined from the data of figure 4 and
is shown in figure 6 as a fumction of Mach number. Because the tail
1ift may vary nonlinearly with elevator deflectlion, the data of
figure 6 show only the average effectiveness over the deflection

renges used. TFigure 6 shows that A_S_b 1s decreasing continually

e
with increase in Mach number and decreases 50 percent between M = 0.78
and M = 0.93.

A time history of a turn made at a Mach number above 1 is pre-
sented in figure 7. Elsvator posltlion and force data for this and
other turns as well as the push-down shown in figure 5 are presented
in figure 8. The data for the push-down were teken at M = 0.99
and the data for the turn sbove Mach number 1.0 were teken at
M = 1.04 £ 0.01. The stability parameters 2.0_81‘?_ and F;e from these
data are plotted against Mach number in figure 9. Although these
data are not strictly comparsble bsecause of the differences in altitude,
stebilizer incidence, and center-of-gravity position, some conclusions
can be drawn since 1t 1s probable that the changes in Mach number are




v

NACA RM No. L8I29

as
the predominating influence. The value of ac_; increases from a low

speed value of 2° to a value of 113° at M = 0.99, indicating almost
complete loss of elevator effectiveness 1n producing acceleration.

The value of o then decreases to sbout 85° at M = 1.0L. The

F.
valus of —: increases similarly from a value of 6 pounds per g at

M =0.68 to a value of @bout 72 pounds per g at M = 0.99. For a Mach
number of 1.0k the stick force per g decreases to a value of 52 pounds.

In flgure T at approximately 22 seconds the rocket power was
turned off. The airplane decelerated through the transonic speed
range in sbout 8 seconds while the elevator position was held falrly
congstant. The deceleratlion was accompanied by rapid changes in normal
acceleration caused by the elevafor being In the wrong position as the
alrplane left the Mach number range where the elevator was Imneffective.
This disturbance cccurs every time the airplane decelerates in this
renge of Mach number. The changes in normal acceleration were
relatively small in magnitude.

The pilot reported a left-wing heaviness at high speed. The
alleron-angle and alleron-force curves for the two flights shown in
figure 4 are inconsistent, and except at Mach mumbers above 1.0 the
forces are usually less than the control system friction of t10 pounds.
At Mach numbers gbove 1.0 right alleron angle and force are used to
balance the left-wing heaviness. Turnmster data are missing for these
flights and, although the data were obtalned when the transverse
acceleration was zero, it 1s probable that some of the data were
obtalned while rolling, which would account for the differences in
alleron angle between the two runs.

The pllot reported the rudder was very ineffective In producing
sldeslip at Mach numbers near 1.0. Figure 5 shows that at a Mach
nunber of 0.99 deflecting the rudder approximately 4° produced no
transverse accelsratlon. The rudder forces were light throughout
the speed rangs.

An Intermittent lateral osclliation of small amplitude and a
period of between one and two seconds has been notlceable in all
flights wilth this alrplane. The pilot stated the oscillation was very
amnoying and made preclsion flying difficult. Intermittent traces of
this oscillatlion sre evident on the transverse acceleration record
of figure 5. If a large amplitude oscillation 1s Inltliated in the
alrplane, 1t will damp to smell smplitude rapidly, but the smell
amplitude osclllation will persist. The osclllation does not appear
to be solely a transonic phenomensa because 1t occurs at hoth low
and high Mach numbers. )
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CONCLUSIONS

From flights at transonic speeds of the X5-1 alrplane having a
10-percent-thick wing and an 8-percent -thick horizomtal tail, the
Tfollowling preliminary conclusions may be drawn:

1. There 1s a gradual nose-down change in trim as the Mach nunber
is increased from 0.78 to 0.99 and a change in the nose-up direction
tO M = 1005.

2. The elevator effectlveness decreases about 50 percent as the
Mach number increases from 0.78 to 0.93 and is so low at Mach mmbers
gbove 0.93 that 1t has been difficult to establish the elevator angles
actually regqulred for trim.

3. The elevator forces required to fly from subsonic speeds up to
a Mach mumber of 1.06 at about 40,000 feet are light, never exceeding
sbout 30 pounds.

L. The elevator effectivensss in producing acceleration decreases
to a minimm at M = 0.99.

5. The rudder effectlivensss was low at Mach numbers near 1.0
and the rudder forces were light.

6. There 1s an intermittent lateral oscillation of smell amplitude
present at both high and low Mach numbers.
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(b) Front view.
Flgure 2.~ Photograph of X5-1 alrplans.
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Flgure 5.- Time histories of measured quantities during a push-down
at M =0.99, X5-1 airplane. Center of gravity = 2l.1 percent
mesn serodynamic chord to 20.9 percent mean aerodynsmic chord,

i = 00701
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. Figure 7.- Time ‘history of measured quantities during a turm
gbove M = 1.00. X8-1 airplane. Center of gravity = 20.9 percent
mean aerodynemic chord to 20.6 percent mean aerodynemic chord,

1y = 0.70.
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SubJject Number

Mach Number Effects - Complete Wings * 1.2
Alrplanes -~ Specific Types 1.7.
Stability, Longitudinal -~ Static 1.8.1
Flying Qualities 1

ABSTRACT

Contains results of exploratory flights at altitudes of about
40,000 feet to a meximum Mach mumber of 1.06. Data are presented
showing the longitudinal trim changes, elevator effectiveness In
producing acceleration, and rudder effectiveness as & function of
Mach number. Data on lateral oscillations are also presented.




