NACA RM H54K03

Copy
RM H54K03

RESEARCH MEMORANDUM

THE EFFECT OF BLUNT-TRAILING-EDGE ELEVONS ON THE
LONGITUDINAL AND LATERAL HANDLING QUALITIES
OF THE X-4 SEMITAILLESS AIRPLANE
By Edwin J. Saltzman.

High-Speed Flight Station
Edwards, Calif.

CLASSIF OCU’MENT

This material contains information affecting thé National Defense of the e United States within the meaning
of the espionage laws Title 18 U.S.C., Secs. 798 and 794, the transmission or revelation of which in any
manner to anunathoizedpe ipmm’bitdbylaw

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
i _Ianuary 13,1985







NACA RM H54KO03 CONFIDENTIAL

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

THE EFFECT OF BLUNT-TRAILING-EDGE ELEVONS ON THE
LONGITUDINAL AND LATERAL HANDLING QUALITIES

OF THE X-4 SEMITAILIESS ATIRPLANE

By Edwin J. Saltzman

SUMMARY

A flight program has been in progress with the Northrop X-4 semi-
tailless airplane to investigate the effect on the longitudinal and
lateral stability and control of thickened elevons having trailing-edge
thickness one-half the control-hinge-station thickness. The investi-
gation consisted of speed runs, wind-up turns, abrupt rudder-fixed rolls,
and longitudinal pulses between Mach numbers of 0.63 and 0.94% at pressure
altitudes near 30,000 feet.

By comparing the results with similar data for the original X-k4
with conventional elevon trailing edges, it was found that the longi-
tudinal control deflection necessary to maintain level flight was
reduced 20 percent at a Mach number of 0.64 and 60 percent at a Mach
number of 0.84 by the thickened elevon configuration. The modified
configuration experienced only small and relatively minor trim changes
until a nose-down change was encountered at an approximate Mach number
of 0.91; whereas the original configuration experienced several large
trim changes at Mach numbers between O.74 and about 0.90. The normal-
force coefficient—Mach number boundary for the decrease of static
longitudinal stability was affected little by thickening the elevons.
The longitudinal control effectiveness of the modified airplane increased
above a Mach number of 0.85 and decreased rapidly beyond a Mach number of
about 0.90; however, at approximately 0.92 the effectiveness is as great
as at the lowest test speeds. For the original airplane the control
effectiveness decreased rapidly beyond a Mach number of approximately
0.87. Although the Mach number range of the X-4 airplane was extended
because of this improvement in control effectiveness at high Mach num-
bers, the safe Mach number range was limited to about 0.92 by initiation
of a high-frequency longitudinal oscillation, which increased to danger-
ous amplitudes (¥1.5g) as Mach number was increased to approximately 0.94%
(as permitted by the modification). The initial low-amplitude oscilla-
tion occurred at the same Mach number for both original and modified
configurations.
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The lateral control was significantly improved by the thickened
elevons. The attainable helix angle per degree aileron was increased
by LO to 85 percent throughout the Mach number range, and the time to
roll to 90° was reduced between 15 and 25 percent.

INTRODUCTION

The swept-wing Northrop X-4 airplane was constructed to obtain
stability and control information at transonic Mach numbers on an air-
plane having no horizontal tail. Flight tests indicated that, among
other difficulties, the airplane suffered severe reductions in longi-
tudinal and lateral control near M =~ 0.88 (ref. 1). A control
effectiveness investigation (ref. 2) revealed that lateral control for
a comparable wing was significantly improved through reduction of the
trailing-edge angle by blunting the trailing edge. It was decided,
therefore, to fit the X-4 with similarly modified control surfaces to
determine whether flight results would reflect improvements consistent
with reference 2 and whether the modification would influence the longi-
tudinal stability characteristics of the airplane.

The investigation which followed covered the transonic Mach number
range to M ~ 0.94 and consisted of speed runs, wind-up turns, abrupt
rudder-fixed rolls, and longitudinal pulses at pressure altitudes near
30,000 feet. The results of the investigation are presented in this
paper and are compared with the results for the original configuration.

SYMBOLS
A, normal acceleration, g units
b wing span, ft
T wing mean aerodynamic chord, M.A.C., ft
G pitching-moment coefficient, Eitching moment
qS¢
CNA airplane normal-force coefficient WAZ/QS
de/da rate of change of pitching-moment chfficient with angle
of attack, per deg, static stability parameter
dCy, [ da normal -force-curve slope, per deg
dae/dCNA apperent static stability parameter, deg
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M
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Subscripts:

max

L
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acceleration due to gravity, ft/sec®

pressure altitude, ft

thickness of elevon at hinge-line station, percent chord
Mach number

rolling velocity, radians/sec

ambient pressure, lb/sq ft

wing-tip helix angle, radians

dynamic pressure, O0.7M2P, 1b/sq ft

wing area, sq ft

time, sec

time to roll to 90° bank angle, sec

true velocity, ft/sec
airplane weight, 1b
angle of attack, deg

angle of sideslip, deg

effective lateral control angle, BeL - BeR, deg
68 + de
effective longitudinal control angle, -—ILE;——Ig deg

pitching velocity, radians/sec

angle of bank, deg

maximum
left

right
CONFIDENTIAL




L CONFIDENTTAL NACA RM H54K03
ATRPLANE AND INSTRUMENTATTON

The general physical characteristics of the X-4 airplane are given
in table I. A three-view drawing is shown in figure 1 and photographs
of the airplane and the modification appear in figures 2 and 3, respec-
tively. Figure 4 shows a profile sketch of the modified elevon.

The elevons were modified by cementing balsa wood fillers to the
upper and lower surfaces so as to provide straight sided profiles having
a trailing-edge thickness of one-half the hinge-station thickness. The
surfaces were sanded and lacquered to a smooth finish. This modifica-
tion reduced the trailing-edge angle from approximately 19° to 8°.

The quantities pertinent to this study were recorded by standard
NACA instrumentation synchronized by a common timer.

TESTS AND METHODS

The longitudinal data presented in this paper were obtained from
speed runs, longitudinal pulses, and wind-up turns, that 1s, turns in
which g is gradually increased while speed is held as nearly constant
as possible. The lateral data were obtained from abrupt rudder fixed
rolls. All maneuvers were performed between Mach numbers of 0.6% and
0.94 at pressure altitudes of approximately 30,000 feet. Reynolds num-
ber varied between 12 X 106 and 2HE X 106, based on the mean aerodynamic
chord. The airplane center of gravity varied between 17 and 18 percent
M.A.C.

The airspeed calibration used for the present investigation was
determined by the method of reference 3. The values of dCp/fda were
obtained, as in reference 4, by using the period and damping of the
airplane following longitudinal pulses.

RESULTS AND DISCUSSION
Longitudinal Stability and Control

The variation of trim &g with M for level flight is shown in
figure 5. For the thickened elevon configuration the variation of
e with M is stable and nearly linear to M =~ 0.91 except for a
neutrally stable region between M = 0.84 and M = 0.87. As Mach num-
ber is increased above 0.91, a nose-down trim change is experienced,
which continues to M ~ 0.94, the limit of the investigation. For the
original configuration the longitudinal control deflection necessary
for level flight is from 1° to more than 2° greater than for the modi-
fied configuration for essentially the same center-of-gravity location.
For the original configuration several trim changes occurred. The most
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pronounced of these were nose-down trim changes occurring at M =~ 0.7k,
0.85, and 0.90 and a nose-up trim change at M ~ 0.88. Modification of
the elevons eliminated the trim change at M =~ 0.74 and caused the trim
changes at the other Mach numbers to be much less severe.

In reference 1 it is reported that the original configuration encoun-
tered a region of stability decrease (pitch-up) as moderately high normal-
force coefficients were reached. Time histories of three representative
turns for the modified configuration appear in figure 6. Figure 7, cross-
plotted data from figure 6, shows that at moderate 1ift values the varia-
tion of &, with o is linear; however, as 11ft is increased, this
curve breaks (d&e/da becomes less positive) and reference to the corres-
ponding time history indicates accompanying relatively high pitching
velocities. The occurrence of the break in the curve of % agalnst o
with the relatively high values of 6 establishes the point of decreasing
stability. The points chosen from the three representative plots are
indicated by flagged symbols in figure 7 where it can be seen that the
stability decrease occurs near stall. The relationship of &, and «

following the point of stability decrease does not represent the true
airplane stability when excessive pitching acceleration is encountered.
Pilot comments state that flight beyond the chosen stability decrease

points is objectionable.

The values of o and CNA at which the decrease in stability

occurred were taken from figures 6 and 7 and are plotted as functions

of M in figure 8 along with similar data for the original configura-
tion from reference 1. As can be seen, the modified elevon configura-
tion increases the stability decrease boundary only slightly over that
of the original configuration (fig. 8, CNA and M relationship); how-

ever, because this boundary is near Cy (ref. 5) where a large change

in « results in a relatively small change in CNA’ the modified elevon

provides an advantage in angle of attack of 2°_to 50 in the stability
decrease boundary relating o and M. The Cn, = boundary and the

objectionable buffet boundary of the original configuration are shown in
figure 8. Insufficient data were availsble to determine CNAma for the
0'C

modified configuration.

The variations of de/da and ad§ dCNA with Mach number are shown

in figures 9 and 10, respectively. Since the values and the variation of
dC fda with M are similar for both configurations, indicating the mod-
ification had no effect on the low-1lift stability of the airplane, the

curves of d5e/dCNA plotted against M are representative of the elevon
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effectiveness for the two configurations up to M = 0.92, which is the
highest M value for which dCj/da is known. Beyond M ~ 0.92 a
portion of the apparent control loss may be a result of an InecreasciEdn
stability. The modified elevon data-indicate an increase of control
effectiveness between M =~ 0.84 and 0.89 and a sudden decrease beyond
M ~ 0.90; however, at M values immediately below 0.92 the control
effectiveness appears to be as great as at the lowest test speeds. The
original configuration suffers rapid longitudinal-control loss as M

is increased beyond 0.87. As a consequence of this loss of control for
the original configuration, the unmodified airplane was limited to

M =~ 0.92, whereas M = 0.94 has been reached by the modified airplane.

The variation of the normal-force-coefficient slope w}th Mach num-
ber is shown in figure 11. The value of dCNA doo for the modified ele-

von configuration increases gradually from about 0.0 tor GLOT as R MINEIs
increased from 0.65 to 0.85. Beyond M =~ 0.85 there are insufficient
data to establish an accurate faired variation of dCNA/da with M; how-

ever it appears that dCNA/da increases rapidly with increasing M. In
comparison dCNA/da for the original configuration is at least 0.0l

greater over the Mach number range where the configurations can be compared.

The X-4 airplane, original or modified, has on four occasions
encountered longitudinal oscillations of about 2 cps at high Mach num-
bers. One of these oscillations of low amplitude, obtained with the
original airplane, is discussed in reference 1. Three oscillations of
this frequency have been encountered with the modified airplane and two
of these have reached dangerous amplitudes, approximately tl.5g,

(figs. 12(a) and 12 (b)). These oscillations are shown because they
illustrate the dangerous characteristics of the airplane for these con-
ditions (CNA ~ 0.2, M=~ 0.9%). The airplane-induced oscillation shown

in figure 12(a) increased steadily in amplitude from about 10.3g to
approximately +1.6g. The amplitude continued to increase for 3 cycles
beyond the reduction in the longitudinal control deflection and the
rapid reduction in Mach number was the factor which finally induced
damping. The pilot-induced oscillation of figure 12(b), of the same
frequency, was initiated by an elevon motion of t2° at a frequency of

about l% cycles per second. The oscillation continued with little

damping for 10 cycles, finally reaching +1.5¢. The relationship between
pitching velocity and rate of roll suggests lateral coupling in this
case. The two oscillations of this same frequency, but of much lower
amplitude, about *0.3g, were encountered at M = 0.92 and CNA =020

Although the modified X-4 has reached M = 0.94, the safe limit for this
configuration is considered to be M = 0.92, where the +0.3g oscillations
are encountered. While the high amplitude oscillations are not the

direct result of thickening the elevons, the delay in loss of longitudinal
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control furnished by the modification extended the Mach number range to
a point where dangerous amplitudes were reached.

The region of occurrence for these four oscillations (2 cps) is
shown in figure 13. Figure 13 also shows the complete usable CNA,M

envelope of the X-4; and in addition this figure illustrates that
although the loss in longitudinal control has been delayed by the
thickened elevons, the initial Mach number for occurrence of the 2-cps
low-amplitude oscillation, M =~ 0.92, remains as the limiting factor
in the usable CNA,M envelope. The divergent oscillation about all

three axes shown in this figure occurred twice for the original config-
uration and was considered to be a factor limiting the M range, ref-
erence 1. Because of its infrequent occurrence and because of the
limited experience with the thickened elevon configuration, it is not
known whether this oscillation remains as a limiting factor for the
modified airplane.

Lateral Control

Lateral control characteristics have been determined for one-half
deflection, rudder-fixed aileron rolls at pressure altitudes near
50,000 feet. The effect of thickened elevons on lateral controel is
shown in figure 14. At a Mach number of 0.64, the time to roll to 90°
is reduced from 1.1 to 0.9 seconds by thickening the elevons and at
M~ 0.86, T¢—9Oo is reduced from 0.9 to 0.7 second so that a 15- to
25-percent reduction in T¢=9Oo
range -covered. ‘The ‘value of T

is realized throughout the Mach number

$-90° increased sharply beyond M = 0.89
for the modified configuration, but the data were not available to
determine the Mach number at which T¢—9O° increased for the original

configuration.
! . ’ pb/2V <
Shown in figure 14(b) is the variation of *—-°=— with Mach number.
a
The values of pb62V for the modified configuration are about 4O per-

a
cent greater than for the normal configuration at M =~ 0.64 and approx-

imately 85 percent greater at M =~ 0.88. The lateral control decreases
rapidly beyond M =~ 0.89 for the modified configuration. In general,
the flight data confirm the findings of reference 2 regarding the effect
of thickened trailing edges on lateral control.
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CONCLUSIONS

The effects of thickening the elevon trailing edges on the X-4 air-

plane to one-half the hinge-station thickness were found to be as follows:

1. Longitudinal control deflection required for level flight was
reduced 20 percent at a Mach number of 0.64 and 60 percent at a Mach
number of 0.84 by the thickened elevon configuration. The modified
configuration experienced no abrupt trim changes until a gradual nose-
down change occurred at Mach number of approximately 0.91. The original
configuration experienced nose-down changes at Mach numbers of 0.7k,
0.85, and 0.90 with a nose-up change occurring at a Mach number of
approximately 0.88.

2. The normal-force coefficient—Mach number boundary defining the
region of decreasing static longitudinal stability was little affected
by thickening the elevons.

3. The longitudinal control effectiveness of the modified airplane
increased above a Mach number of 0.85 and decreased rapidly beyond a
Mach number of about 0.90, however at approximately 0.92 the effective-
ness is still as great as at the lowest test Mach numbers. For the
original airplane the control effectiveness decreases rapidly beyond a
Mach number of about 0.87.

4. The safe Mach number range of the X-4 was considered limited to
a Mach number of 0.92, normal-force coefficient approximately 0.2, by
the initiation of a longitudinal oscillation which increased to a dan-
gerous amplitude if Mach number was increased (as permitted by the mod-
ification). The initial low-amplitude oscillation occurred at the same
Mach number for both the original and modified configurations.

5. The attainable helix angle per degree aileron was increased by
4O to 85 percent throughout the Mach number range by the thickened con-
trol surfaces and the time to roll to 90O was reduced 15 to 25 percent.

High-Speed Flight Station,
National Advisory Committee for Aeronautics,
Edwards, Calif., October 18, 195k.
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TABLE I.- PHYSICAL CHARACTERISTICS OF NORTHROP X-4 ATRPLANE

Airplane:
Weight, 1b
Maemumie e ok o v fios Lol e R e i S e e O RS (O 6
NIV 2 e b et Civay et o catie, e P g SUE L ool S R R i o T R (LR 5 WL )
Engines (two) . « « . . Westinghouse J-30-WE-T-9
Rating (each), static thrust at sea level T00 waf o 0s Lot et o AR PR G ()
Center-of-gravity travel, percent M.A.C.
Gear up, full load . . T SRR R e S e 0 o o g e 18.3
Gear: upy,, POstl Bltshts B el S L o e e o 16.3

Wing loading, lb/sq ft:
Maximum . . . o 5. by e o lite S cw el et ol kel e MeRie R e T R 391
| DEETVRTIVIN, i o boi o hel ™ of 7o e wie Te) en o el Wt e, Mo kit e T e S A RIS 522

Wing:
| TP o (RN Iy S SO o e AR S L 200
Span I EH SR S i R R PR e
Airfoil section (exclusive of elevon, see fig. WY o o aie e e NAGAROOLOEEL
Mean ‘aerodynsmic (chord, Bb o #iie e o 5. o of s e edlis deol oo tohr it SRS T
ASDECLUTELT Of e o cor 5. bo e hey o Tl o eX il o st ol ioblEetliiatil Rt S A LA 3.6
Bootichordymft 050 08 o s s et o o e e e S SR (6
P chord i Tt it P e e o o oo G
Sweepback (leading edge), deg T e S e s o LS
Dithedrai’; (chordipleneliidegit i Joe S0 i o 0

Wing boundary-layer fences:
Eengthssipereents local jchord ies e, ol To o TR ool o L e
Hedgh®, percent illocalichord s oi . S i o NI cI o ca e e
Location, percent semispan . . . . . .

\O W
o\ O
(o = i o

Elevons:
Area(Gotal)l, TEaIED. o rsivellitifar s iuiis e o & o Lot e ok ianiotayirs IS I RSN 4 (8520
Ghordispercent: Wing sChora o S, O ST, ol oL R R . . 20
2o BRSNS S S T B e T sl See figure 4
Movement, deg:
DS s e el el etival et A RTIIG L e el e e e et SIS R I 35
DOWIE o e sTlled e e s | U isiilis O SV S ISR ON NS 5o ie! (o IRomita il B o s 20
Operatloniafer o ch o e ARt o e ot Hydrsulde with electrical emergency

Vertical tail:
e o iaq RGN Tl S A A Tl L e R 16
Bedighb, Bh - 5508 o e el w e e ae elihie e e eE e i ISR SR

Rudder:
SRR (=Yoo e KRR bR JE 1L S S5 fvicacs o S SRR 0 e PR 6 b s a6 o I
SHEnNGIEET i el el SR 8 e s e e o = T =W R 4.3
iravell i dep Bl L S Fn ol o e e e e e e M s +30
OPETabIOn; T o o 6 s el lla®iar el el Melta ity s o o F e BRI R GRS e A R e
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Figure 1l.- Three-view drawing of the Northrop
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Figure 3.- Photograph of modified elevons of X-4 semitailless airplane.
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Percent wing chord

Figure L.- Profile of original and modified elevon. Trailing-edge angle
of original elevon = 19°; trailing-edge angle of modified elevon =~ 8°,
h = 5,5 percent chord.
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Figure 5.- Variation with Mach number of the longitudinal control deflec- |
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Figure 6.- Time histories of wind-up turns.
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Figure 6.- Continued.
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Figure 6.- Concluded.
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Figure 7.- The variation of normal-force coefficient and longitudinal

control angle with angle of attack obtained in wind-up turns.
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Figure 8.- Boundary describing decay of static longitudinal stability.
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Figure 9.- The variation of static longitudinal stability with Mach number
near level flight. hy =~ 30,000 feet.
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Figure 10.- The variation of the apparent static longitudinal stability
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Figure 12.- Time history of high amplitude, high frequency longitudinal
oscillation. h, = 30,000 feet, thickened elevons.
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(b) Pilot induced.

Figure 12.- Concluded.
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Figure 13.- Usable flight envelope for the X-4 airplane,
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(b) Wing-tip helix angle per degree control deflection.
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Figure 1k.- Variation with Mach number of time to bank 90° and wing-tip

helix angle per degree control deflection. hp =~ 30,000 feet.

NACA-Langley - 1-13-55 - 325

CONFIDENTIAL




