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RESEARCH MEMORANDUM

HIGH-SPEED WIND-TUNNEL TESTS OF A E-lé-SCAI.E MODEL

OF THE D—558 RESEARCH ATRPLANE

LONGITUDINAL STABILITY AND CONTROL OF THE D-558-1

By John B. Wright
SUMMARY

This paper contains the results of pltching-moment and 1ift
msasuremsnts with & Il6——sca.le model of the D-558-1 airplane with no
noge—inlet flow at several tall and elevator settings. Tests were con—
ducted through a Mach number range up to 0.96 in the Langley 8—focot
high—speed tunmnel, TIn order to facllltate forwarding of thls informa—
tion, only a limited sanalysis 1s presented.

Tests wlth various control deflections show serlous changes 1in
stability ebove & Mach number of 0.86 with a tendency for the alrxrplane
to become unstable around a Mach number of 0.9 at varying low 1lift
cosfficlents, dependent on the control setting. Downwash changes do
not appear to be responsible for the adverse stabllity.

Control effectivensss by variable stabllizer I1ncldence 1s Indicated
to be feasible throughout the Mach number range tested. For the
elevator—angle range investigated, it is indicated that elevator control
becomes unsatisfactory because a reverssl in effectiveness occurs for
small deflections at a Mach number of aspproximately 0.85. At higher
Mach numbers, the trend obtailned indicates an increasing range of
deflectiona where reversal occurs. Increases In downwash and decreases
in stabilizer and control effectiveness with increasses in Mach number
are indicated to be the cause for large changes in control settings
for trim above an epproximate Mach number of 0.9.

INTRODUCTION

The D-558—1 18 a research airplsne designed to investigate aero—
dynamic phencmena in the transonic speed range. It 1s desligned to fly
at a level—flight Mach number of 0.85 and 1t powered by a turbojet unit.
It has an unswept wing of aspect _ratlo 4,17 in a low position on the

fuselage. UNCLASSIF'ED
VDI
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Wind—tunnel tests of a f%wscale model were conducted to high subsonic

Mach numbers in the Langley 8—Foot high—speed tunnel in order to provide
preflight informatlon for the pillot to Insure against any catastrophic
events due to compressiblllity effects during flight.

This paper presents 1lift apd. pltchling-moment results obtained from

an internal-balance system with a :-ng-scale model of the D—558—1 with

geveral steblllizer and elevator setitlings without nose—inlet flow.
Reference 1 containg results for the model with one tail setting and
with the tall off. In order to expedite this informstion to the

NACA flight—test group at Muroc, Calif., to the manufacturer, Douglas
Aircraft Company, and to the Navy Bureau of Aeronautics, thle report
contains only the results avallable at the present time with a limited

enalysis.

APPARATUS AND TECHNIQUE

The D558 investigation wag conducted in the Langley 8—foot high—
speed tumnel, which 1s & single—return closed—throat type. The maximum
corrected test Mach number was approximately 0,96 for this énvestigation.
The Reynolds number varied from about 1.0 X 106 to 1,6 X 10° based on a
meen asrodynemic chord of 4.656 inches..

Model.— An all-metal f%—scale model of the D-558-1 airplane was

congtructed by the NACA. The general layout 1s shown by the three—
view drawlng in figure 1. The goometry and dimensions of the wing and
tall are given In table I. Since no inlet flow was slmulated, the nose
inlet was falred forward to form a solid nose and to maintain smouoth
flow conditions. The fuselege was hollow to allow for the internal
belence. ’

Model support and balance.— The sting-strut support system used in
these teats 18 shown in figure 2. The sting, contalning the balance
within the fuselage, was attached to the fuselage inside and well forward.
The sting dismeter 1s smeller than the inside dlsmeter of the fuselage so
that all aerodynamic forces are transmitted through the balance. The
8ting enlarges smoothly aft of the model to the angle—of-ettack coupling,
thence to the support strut. In an attempt to avold choking the tunnel
at the strut location at a low test—sectlon Mach number, a liner to
congtrict the flow was installed In the thrcat of the tumnel and designed
to obtain the highest possible test Mach numbers at the model location.

The bpalance consisted of strain-gasge elements located on the stlng
and on component parts of the sting sc as to measure pitching moment,
normal force, and axial force. A transferral of forces to the alrplane

!!!!!!!lliij
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center of gravity was required becausse the pltching moment was found at

the center of the plitching-moment-gage location which is a small distance
from the center of gravity. Fwrther, the normal force had to be reoriented
to the 1lift directlon by simple trigonometry. Thus, the data presented
are referred to the wind axes.

Two types of tare runs were mads for several configurations to
evaluate the interference of the sting on the model. The tare-measuring
arrangement is shown. in figures 2 and 3. The tars setup lncorporated
auxiliary tare arms which had 6-percent-thick airfoils swept back 30°
in forward portlions to minimize high-speed interference effects. The
arms were attached in the model to an intermnal balance similar to that
used with the sting for the normal rums. In this tare arrangement 1t
le assumed that there is no interference of the arms on the sting.

Corrections.- All date were referred to a center-of-gravity location
of 25 percent mean aerodynamic chord shown Iin figure 1. The data were
corrected for angle-of-attack chenges due to bending of the sting and
strain-gage balance heams by determining the angle at each test point
and Interpolating to obtaln congstent angle of atback. The angle of
attack used herein is that of the fuselage center line. The effect of
temperature on the straln gages was dstermined in static-load and tempera-
ture tests. The temperature of the gages was measured during sach run
and the corresponding smell corrections found 1n static tests were applied.

The data have all been corrected for the interxrference of the sting
by measuring this effect by the two types of tare runs shown in figure 3.
It was found that the sting produced an interference on piltching-moment
coefficient which averaged 0.020 over the Mach number and angle-of -attack
ranges. The interference of the sting on 1ift coefficient was negligible.

The date are presented to a corrected Mach number of about 0.96.
Choking due to wake effects occurred at the strut. However, there was
less than 0.01 Mach number difference in the theoretical choking Mach
number at the model location and that attained in these tests. The
date are umnaffected by choke phenomens beceause the strut is well aft
of the model and tummnel calibration mesasurements indicated no irregu-
laritles in the model test section.

While Reynolds number effects may modify the absolute values of
date. with respect to the full-scale alrplane, 1t 1s belleved that
goneral effects shown are chiefly the result of compressibllity phencmena.
Reynolds numbers here appear to be larger than the critical wvaluss showm
in other investigations. '

Corrections for wind-tumnel effects have been appllied to these
date in the manner indicaited in references 1 and 2.
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RESULTS AND DISCUSSION

Stabllity

Figure 4 presents the varilation of. pitching-moment and lift—coef-
ficient with Mach number for constant angles of attack for the model
with tail incidence, 14 = 0.3°, 2.2°, 4.00, and 6.2° with elevator
angle, B8y = 0°. In figure 5 the data from figure 4 and referemnce 1

(model less tail) have been used to show the varlation of pitching-moment
coefficient with 1ift coefficient for various Mach numbers. Figure 6
presents the variastion of 1ift and pitching-moment coefficients with

Mach nimber for constant angles of attack for the model with 8, = -49,
2%, 29, 4O, and 6° with 3y = 2.2°. The data in Figures 6 and L4(b)

(8¢ = 0°) are cross plotted in figure 7 to show the varlation of pitching-
moment coefficlent with 1i1ft coefficilent for varilous Mach numbers. From
the results shown In the preceding flgures, it 1s evident that the unstable
tendency, first shown In reference 1, around a Mach number of 0.9 and at
Jdow 1if£t coefficlents occurs at all tall incldences or elevator angles
nmeasured .

Figure 8 shows the 1ift coefficients required for level flight at
two altitudes with a wing loading of 66.7 pounds per square foot corre-
gponding to an airplane welight of 10,000 pounds. The slope BCm/BCL of
the ptabllity curves of figure 5 1s shown in figure 9 for the four tail
incidences at two altitude level-flight (untrimmed) conditions (fig. 8).
Figure 10 shows the statlc longitudinel stabillity parameter ch/BCL

obtained at trim conditlons by interpolation of the data in figure 9 for
the required trim tail lncidences. Because of emall ghifts in the 1if%h
coefficlent where the instabllity occurs at different taill incidences
(figs. 5 and 9), 1t 1s indicated that increased stabilizer settings will
tend to reduce the unfavoreble stebility changes in level flight even at
gea level. Becsuse of this fact, the stability indicated at trim condi-
tions (fig. 10) appears to be satisfactory. Furthermore, since the
unstable tendency occurs over & small lift-coefficient range, the
behavior of the alrplane may be merely uncomfortaeble rather than unsafe
1f these reglons are entered. Further analysis concerning the dynamic
reaponse to these imposed aerodynamic loadings must be made to determine
this characteristic. '

It will be shown herein that downwash effects are probably not
responsible for the tendency towerds. the instabllity Just shown. It
remaine then that the wing-fuselage characteristics are chlefly responsible
for the phenocmemon. It 1s believed, as tests of airfolls at supercritical
speeds have shown (reference 3), that as the Mach number is increased there
is 8 forward movement of the center of pressure of the wing following
the usual rearward supercritical movement. This shlft In the center of

¢ e
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pressure probably causes the instability noted. A similar effect was
noted with a wing of symmetrical sections (reference 4) mounted on the
D-558-1 fuselage. '

Control

In figure 7 is shown the loss of elevator effectiveness as the
Mech number &pproaches approximately C.90. Further, reversal of
elevator control within the range tested appears to be estallished at
the highest test Mach number. Stabilizer effectiveness, however, (fig. 5)
ig not serlously reduced through the highest test Mach number.

The preceding phenomens are shown in more detail in the followling
figures. Figure 1l shows the 1ift coefficlent at Cp = 0 for various

tall Incidences and elevator angles as a functlion of Mach number. Two
trim points are indicated at a Mach mumber of 0.905 for the iy = 4°

case. The elevator-control reversal shown occurs at 1ift coefficlents
greater than those required 1n level flight at These high Mach numbers.
It will be necessary to obtain greater deflectlons of the elevator in
this investlgation to define completely the behavior of the elevator

in level flight. Figure 12 shows the variation of 1ift coefficient at
Cp =0 with tall Incidence and elevator angle for various Mach numbers.

It appears from the trends indicated in thils figure that the reversal
occurs for a range of small elevator deflections and that the range
Increases with Mach number.

Figure 13 presents the Mach number varistion of tall incidencs,
with the elevator angle at 0° , requlired for trim and the slevator angle,
wilth the tail incidence at 2.2° s required for trim obtained from fig-
ure 12 at 1ift coefficients required for level flight at two altitudes.
Large changes in these tall settings are required above a Mach number
of 0.85. The two trim points at a Mach number of 0.905 cause two
possible required tail incildences at this Mach number, but it i1s
bedieved that the larger incidence wlll be utilized in convenitlonasl
flight. ZExtreme changes in elevator angle precede the reversal effects
which, at 35,000 feet, become apparent near s Mach number of 0.93.

The variation of pitching-moment coefficlent wilth control deflectlons
for several Mach numbers ig shown in figure 1. The pitching-moment
coefficients at each Mach number were chosen at the 1ift coefficients
corresponding to the two level-flight altitude conditions. The slopes
3Cp/d1y and BCm/BBe representing stabllizer and elevator effectiveness,

respectively, at the trim condition, were obtained from figure 1k at

Cm = 0 &and are shown in figure 15 as a function of Mach number. The
principal characteristic indicated is the serious reduction and reversal
of elevator effectiveness beyond a Mach number of 0.93 for this tail
incidence.
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It is believed that earlier and more advérse elevator characteristics
would be felt than indicated in figure 15(b) 1Ff the tail incildence were
get for a higher speed trim setting. Small elevator deflections would
then be lneffective or cause reversed effects at high Mach numbers
(fig. 14(b)) . Conventional effectiveness could be attained only with
increasing deflections at increasing Mach numbers. Although a small loss
in stabilizer effectiveness above a Mach number of 0.85 is indicated, it
appears that this method of control will be advisable In this speed range
becanse of the loss in elevator effectivemess. At a Mach number of 0.95,
the stebilizer effectivenese has almost reattained its low-spsed value.

Downwash

The effective downwash at the tall could be determined by the
addition of the tail incldence to the angle of attack where the tail
1if4 is zero because the horlzontel teill is symmetrical. Zero ball
11ft was determined by finding the polnts where the pltching mocment of
the complete model and model without horizontal tail is the game. In
this determination, it has been assumed that the drag and pitching
moment of the tall have no effect on pitching moment. From figure 5,
the 11ft coefflicients where the piltching-moment coefficients of the
complete model and the model without horizontel tail are equal (AC, = O)
were obtained and are shown as a function of Mach number in figure 16 for
the four tall inclidences. The angles of attack corresponding to these
1ift coefficients were determined and are shown 1n flgure 17. The effec-
tive downwesh has been determined by addition of the ftall Incidence 1y

to the angle of attack where AC, =0 (fig. 17) for each incidence

tested. This effective downwash 1s shown in figure 18 as a function of
Mach number for the four tail incidences.

From figures 16 and 18, the variation of effective downwash with
1ift coefficlent was obtained as showm in flgure 19. The rate of changs
of downwash with 11ft coefflclent ae/BcL_ at level-flight 1ift coeffi-
ciente at two altitudes is shown in figure 20. These downwash curves
indicate that the unstable tendency noted at low 1lift coefflclents at
an approximate Mach number of 0.9 1s probably not caused by adversse
downwash characteristics. An increase in the rate of change of downwash
wilth 11ft coefficient is destabilizing, but, as indlcated in figure 20,
there is no increase in d€/dCy in this Mach number and lift-coefficient
range. On the contrary, there are large decreases (stabilizing) in de/dQL
shown occurring in the same ranges that are evidently counteracted by
large tail-off instability. It should be noted that the slopes were
obtained at level-flight 11ft coeffliclents as was the stabllity parameter
Cp/3Cy, in figure 10, and that for this condition little tendency towards
instability was found. Because of the nature of this downwash debermina-
tion and the fact that the unstable reglon varies with tail setting, 1t
is possible that some downwash characteristlcs may be obscured.
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Figure 21 shows the varlation of J¢/d¢ with Mach number. The
effective downwash for level-flight conditions at two altitudes 1s
shown in figure 22 as a function of Mach number. A point of notation
is the Increase In downwash for level-flight 1ift coefflcients, or even
constant 1lift coefficlents, above 0.875 Mach number. The increase in
downwash ccmblnes wlth decreased stabllizer and slevator effectiveness
to make necessary large Increases in tall settings.

CONCLUDING REMARKS

1
From tests of a ig-scale model of the D-558-1 airplasne with no nose-

inlet flow and with several tell and elevator settings, the following
remarks have been indicated:

1. The alrplane can experience large changes Iin stablility beyond a
Mach number of 0.86. An unstable tendency at approximstely a Mach number
of 0.9 occurs, the severity and locatlon of which wlth respect to 1ift
coefficient are dependent on tail setting.

2. Effective downwash characteristlics do not appear to contribute to
the instabllity noted. It remains then that large center-of-pressure
changes, as evidenced by the horizontal teall-off tests, wlth possible
changes in the lift-curve slope of the tail probably account for the
largs stablliity changes.

3. Stabllizer effectiveness decreeses slightly and incldence
required increases beyond a Mach number of 0-85, but 1t is indicated
that control by thie means is poseible and advisable through a Mach
number of 0.96.

. Elevator control, howsver, is shown to be unsatisfactory
beyond Mach numbers of approximstely 0-85, depending on tail-incidence
setting because of a reversal for small elevator deflections. The
range of deflectlions wherein reversed elevator control is indicated
increases wilth increases in Mach number.
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5. Increases of downwash and decreases in control effectiveness
with increases in Mach number are indicated to be the cause for the

large increases in tail settings required for trim in the Mach
number = 0.9 region. : : o U

Langley Memoriasl Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Fleld, Va.
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Type of run - ‘—_

- Infernal _balance measures

Model force
Interference of sfing or model

Norma! run

Model force
Interference of sting on mode/

Intrerference of grms on model

Tare run A

Model/ force

Interference of arms on model

Tare run B

N~

Jare run A— Tare run B = [nterference of S7/ng on mode/

Normal run — (A-B)= Mode/ force
S

Figure 3.—Model setups and tare evaluation fechnigue .
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