RM No. L9CH4

NACA

NACA RM No. L9CHM

1

RESEARCH MEMORANDUM

HIGH-SPEED WIND-TUNNEL INVESTIGATION OF THE LONGITUDINAL

STABILITY AND CONTROL CHARACTERISTICS OF A T%-SCALE

1

MODEL OF THE D-558-2 RESEARCH AIRPLANE AT
HIGH SUBSONIC MACH NUMBERS AND
AT A MACH NUMBER OF 1.2
By
Robert S. Osborne

Langley Aeronautical Laboratory
Langley Air Force Base, Va.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
April 5, 1949
Declassified May 8, 1957

Q1



<Y

ERRATA NO. 1

NACA RM LoCO4

HIGH-SPEED WIND-TUNNEL INVESTIGATION OF THE LONGITUDINAL
STABILITY AND CONTROL CHARACTERISTICS OF A i%--SCALE
MODEL OF THE D-558-2 RESEARCH AIRPLANE AT
HIGH SUBSONIC MACH NUMBERS AND
AT A MACH NUMBER OF 1.2
By Robert S. Osborne

April 5, 1949

Page 4, paragraph 2: The fifth sentence should be changed to read as
follows:

The model differs from a true-scale model in that no inlet flow or
jet was simulated, no pitot-head extension exists, the thickness
of the wing-tip airfoil section is 10 percent instead of 12 per-
cent and the aft end of the fuselage, or model base, is enlarged
0.31 inches in diameter (25 percent of original diameter) to
provide clearance about the available sting support.

Page 16, second line of table I: Change "NACA 63;-012" to "NACA 63;-010."
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RESEARCH MEMORANDUM

HIGH-SPEED WIND-TUNNEL INVESTIGATION OF THE LONGITUDINAL

STABILITY. AND CONTROL CHARACTERISTICS OF A ;é-SCALE
J

MODEL OF THE D—558-2 RESEARCH ATRFLANE AT
HTIGH SUBSONIC MACH NUMBERS AND
AT A MACH NUMBER OF 1.2

By Robert S. Osborme
SUMMARY

Presented in this report are the results of 1lift, drag, and pitching-—

moment measurements made on a fg—scale model of the Douglas D-558-p high—
speed research airplane. The model was tested at various angles of attack
through a subsonic Mach number range from 0.6 to 0.95 and at the supersonic
Mach number of 1.2. The data have been corrected for the interference
effect of the sting support on the model and, therefore, represent the
model in the power—off condition.

A small 1ift force break occurs at a Mach number of approximately 0.9.
The drag rise at an angle of attack of 0° occurs at a Mach number of
approximately 0.86, with the drag coefficient at a Mach numbsr of 1.2
being slightly higher than at 0.95.

The addition of chordwise fences to the upper wing surfaces hag
little effect on the force and momsnt characteristics of the model at the
Mach numbers and angles of attack tested.

Static longitudinal stability i1s indicated for the model at all 1ift
coefficients and Mach numbers tested. The rate of change of pitching-—
moment coefficient with 1ift coefficient at constant Mach number for the
complete model is —0.2 at subcritical speeds, and between the Mach numbers
of 0.85 and 0.95 the value increases in magnitude to —0.4. It is indicated
that this is due to wing—fuselage characteristics and a decrease in the
rate of change of effective downwash angle with 1ift coefficient. The
degree of stability at a Mach number of 1.2 1s approximately equal to
that at a Mach number of 0.95.
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Horlzontal stabilizer and elevator effectiveness 1s satisfactory at
all Mach numbers tested, although a rapid decrease evident in the Mach
number range from 0.9 to 0.95 indicates that substantial losses in
horizontal stabilizer effectiveness and serious losses or reversal of
elevator effectiveness occur in the untested Mach number range between 0.95
and 1.2. With increasing speed, rapid changes in elevator setting required
for trimmed level flight appear necessary in the Mach number range
from 0.9 to 1.2, while variations in horizontal stabilizer setting
required are small and gradual through the Mach number range tested.

INTRODUCTION

The D-558-2 1is a research airplane designed to investigate aerodynamic
phenomsna at low supersonic Mach numbers. It has a sweptback wing located
vertically in a midposition on the fuselage and a sweptback horizontal
and vertical tall. It is powered by a turbojet engine and a rocket engine
which produce approximately 7500 pounds of thrust.

A Qé—scale model of the D-558-2 was tested in the Langley 8-foot high—
1

speed tunnel at high subsonic Mach numbers and at a Mach number of 1.2.
Force and moment characteristics for several configurations at various
angles of attack were measured by an internal strain—gage balance system.
The results, corrected for the interference effect of the sting support
on the model (representing the model in a power—off condition), are
presented herein, The effects of two different sets of chordwise fences
on the force and moment characteristics of the model at high speeds were
also investigated.

SYMBOLS
\'A free—stream velocity, feet per second
o free—stream density, slugs per cubic foot
q dynamic pressure, pounds per square foot (}% dV%>
a. velocity of sound, feet per second

M free—stream Mach number (%)
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1ift, pounds
drag, pounds

pitching moment about center of gravity, inch—pounds
(20.2 percent c)

wing area, square feet
wing mean aerodynamic chord, inches

1lift coefficient —L—
; qSW

drag coefficient (QE—)

as,,

pitching-moment coefficient M
qSWE

angle of attack of fuselage center line, degrees

angle of incidence of the horizontal stabilizer with respect to
fuselage center line, degrees

elevator angle with respect to horizontal stabilizer chord line
measured in plane perpendicular to hinge line, degrees

effective downwash angle, degrees

area of sting support at model base, square inches
area of model base, square inches
static pressure at the model base, pounds per square foot

free—stream static pressure, pounds per square foot
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APPARATUS AND METHODS

Tunnel

The tests were conducted in the Langley 8—foot high—speed tunnel,
which 1s of the closed—throat single—return type. A plaster liner was
installed in the tunnel at the minimum section, extending upstream to
form the subsonic test section and downstream to form the supersonic test
section. The Mach number was uniform in the subsonic test section and
varied only by a maximum of 0.02 from the design Mach number of 1.2 in
the supersonic test section.

Model

The all-metal ;%msoale model of the D-558-2 was constructed by the
14

NACA. It has a hollow fuselage to accommodate the Internal strain—gage
balance system. Figure 1 provlides a gensral view of the model mounted in
the supersonic test section. Figure 2 is a three—view drawing of the
model, and table T lists 1ts dimensions. The model differs from a true—
scale model in that no inlet flow or Jjet was simulated, no pitot—head
extension exists, and the aft end of the fuselage, or model base, is
enlarged 0.31 inches in diameter (25 percent of original diameter) to
provide clearance about the available sting support.

Two different sets of chordwise fences were tested. They are
designated in this report by the ratio of thelr lengths to the length of

the wing chord in the plane of the fences. The 0.68c fences were designed

by the Douglas Aircraft Company as a component part of the complete air—

plane, although they have been treated as a separate configuration in these

tests. The 0.95c fences were constructed from a design in reference 1.
Both sets of fences were located in the spanwlise positions specified for
the 0.68c fences. The over—all dimensions and location of the fences on
the wing are shown in figure 3, and table II lists the ordinates of the
fences and the airfoil section in the plane of the fences.

Model Support System

The model was attached to a strain—gage balance which was enclosed
within the hollow fuselage. The downstream end of the balance formed a
tapered sting that was attached to a telescoping support tube through
couplings used to vary the angle of attack. The support tube was fixed
axially in the center of the tunnel by two sets of support struts
projecting from the tunnel walls.

L
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The model was located in either the subsonlc or supersonic test
gectiong by extending or retracting the sliding portion of the telescoping
support tube. Guy wires located 21 inches downstream of the model base and
swept back to the tunnel walls were used to steady the support system in
the subsonic test section. Figure 4 shows the model support system and
model locations in the subsonic and supersonic test sections.

Test Conditions

The tests were run at angles of attack of —2°, 09, 2°, and 4° through
a Mach number range from 0.6 to 0.95 with the model in the subsonic test
gsection, and at a Mach number of 1.2 in the supersonic test section. The
Reynolds number based on a model mean aerodynamic chord of 5.46 inches
ranged from 155X lO6 at a Mach number of 0.6 to 1.80 X 106 at a Mach
number of 0.95. The Reynolds number was 1l.73 X 106 at a Mach number
(ehi AL 428

During the subsonic runs tunnel—wall pressures were observed to insure
that data were not obtalned with the tunnel choked. Observations of static
pressures along the upper and lower surfaces of the sting support, tunnel—
wall pressures, and shadowgraph images showed that in all supersonic runs
the normal shock was at least 6 inches downstream of the trailing edges
of the horizontal tail. The local Mach numbers along the upper and lower
surfaces of the sting support at various distances downstream of the
model base are presented for representative configurations in figures 5
and 6. Tunnel-wall pressures indicated that in the supersonic runs the
shock disturbance from the nose of the model was transmitted to the wall
at a distance of approximately 26 inches downstream of the nose. This
precluded the possibility of the reflected disturbance acting on the
model.

Measuremsnts

Lift, drag, and pitching-moment measurements were made by means
of an internal strain—gage balance system. The pitching moment was
measured about the center of gravity of the alrplane with wheels retracted
(20.2 percent of the wing mean aerodynamic chord). The following
configurations were tested:
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(a) Fuselage and fin
(b) Fuselage, fin, and wing

(c) Complete model with:

: B PRt
e

17219008 08

1, = 02,5 "&gP

t e

1, = 1.9 06 =6°
1y =1.9%  ar= il
1, 5, 1 jo sl ic .08
1y = 308518 2 -
1g = 1.9% 8, = =4°

o
1y = 1.9°, 8, = —6°

(d) Complete model, it = 1.9%, 8 = 0° with:

0.68c fences

0.95c fences

Corrections

Due to the flexibility of the sting support system and the large
aerodynamic loads on the model, the angle of attack varied with Mach
number during a run. The change in angle at each test point was calculated
from the movement on a ground glass of the reflection of a fixed point
source of light from a small mirror attached to the fuselage of the model.
With these data the results presented herein have been corrected to
constant angles of attack,

L)
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No accurate expressions are available for evaluating the effects of
model and wake constriction on Mach number and dynamic pressure for
sweptback wings at high subsonic Mach numbers, and therefore no such
corrections have been applied to these data. However, the use of
expressions availlable for straight—wing configurations indicates that
the corrections are only between 1 and 2 percent at a Mach number of 0.95
and are much less than 1 percent at a Mach number of 0.9. The corrections
should be less for the sweptback configuration. The correction to angle
of attack due to boundary—induced upwash was found from reference 2 to
be negligible and, therefore, has not been applied to these data.

Because the balance system was an internal one, no forces on the
sting support were measured, and the only tare was the interference effect
of the sting support on the model. This tare was evaluated by testing the
same configuration on each of four sting supports, each with a successively
smaller diameter at the model base, and extrapolating the data to a gting—
support diamster of zero, which is assumed to represent the model without
sting—support interference. The sting supports are shown in figure T.
The diameters of the four sting supports at the model-base location
were 1.4L, 1.16, 0.84, and 0.67 inches. The 1.4kh—inch sting support was
used for testing all the configurations through the Mach number and angle—
of—attack ranges in order to obtain the uncorrected data. The fuselage
and fin, the fuselage, fin, and wing, and the complete model with two
horizontal stabilizer and two elevator settings were tested through the
Mach number range on ths smaller supports. Because of strength limitations,
the latter tests, with the ‘exception of the fuselage and fin configuration,
were made at an angle of attack of —2° only and because of dangerous
oscillatory tendencies, tests using the 0.67—-inch sting support could not
be continued above a Mach number of 0.8. However, sufficient data were
obtained to result in good approximations of the tare velues. The force
and moment coefficients obtained with the various sized sting supports
were plotted against the ratio of the sting—support area at the model
base to the area of the model base. Curves faired through the data
points were extrapolated to the ratio representing a sting—support diameter
of zero. An example of this procedure for one configuration at several
representative Mach numbers is presented in figure 8(a). The difference
between the value of the coefficient for the 1.44—inch sting support and
a sting—support diameter of zero is the tare. Tare values for the
different tail settings tested were interpolated and extrapolated to
obtain values for all tail settings. The tares were assumed to be constant
through the small angle—of—attack range of these tests. All configurations
had drag tares, while only those with the horizontal tail had pitching—
moment tares. None of the configurations had 1ift tares. All data usec
for analysis in this paper have been corrected for tares and, therefore,
represent the model in a power—off condition with no Jet or sting support
present.
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Model base pressures were obtained for all configurations by means
of a static—pressure orifice in the lower surface of the 1. Yh—inch sting
support located 3/& inch upstream of the model base inside the fuselage.
Base pressures were obtalned for the configurations tested on the smaller
sting supports in a similar manner. With the smaller sting supports, the
base pressures have been corrected for the interference effect of the
sting ,support in the manner previously described for the force and moment
data. An example for one configuration at several representative Mach
numbers is shown in figure 8(b). The variations of the ratio of model
base pressure to free—stream static pressure with Mach number are presented
in figure 9. These values represent the model with power off and no sting
support present and may be used to reduce the corrected drag data of
figure 10 to free—stream static—pressure conditions at the model base.
This correction has not been applied in this paper.

RESULTS AND DISCUSSION

An index of the figures presenting the results is given as follows:

Flgure
Force and moment characteristics:
C1,5 Cp> and Cp plotted against M for —

Filtelopt mnd ' BaTN G « « @ o i e e be e a6y mpte <o Sollm R RS 10(a)
Puselage, fin, and wing . &8s oo v o e em e el feiiel leile 10(Db)
Wing alone ie:e R Y O - Mt o7y e
Complete model with yarylng! e v vais e e 10(d) to 10(f)

Complete model with varylng Bg . « « « « « « « . 10(g) to 10(1)

Complete model with fences . . « « « o o« « o » . 10(m) to 10(n)
C;, required for level flight plotted against M . . . . . . . 141

Lift—curve slope plotted against M for —
BT G LETOMERY ., o b v 7% ol Jod e o weie B anitei b o A )
Ming, a1lone i, o s . ot S T (T S L G PR T T )
Cy, plotted against CD for —

CenplicEeimModply o7 s ey s HILE G oIS e N et o Slrei ciilie R itlal Hefite JL2}

Wing ‘Alomd sy H i o R T e IS . o SR TR CE S SR VR 14
Lift—drag ratio plotted agalnst CL for —

Gomplielbermedel « & Tl o S GRIE e ST e e el e e e R o o Rl e S S 15

Wing ‘alone . . . s i . i I e -+ K 10 A 16
Effect of fences on CL, CD, and Cm plotted against M for —

R R ot R R CCER SR G TSR R RS R 147

DIODCHTETICOR o te: ot 1o o paliiienl eiilsn ol o¥ie el Uolitor ot ol le

i el L 18

L

s
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Jdat e
Longitudinal stability: eur

Cm plotted against Op for =

Varying it R R T B R e R il o i3 o o 19
VA e e o s MGG TR R I SSREE A W S RIS e 20
acm
—— plotted against M for —
o,

Complatanmaied & s e %y Wl o SRS L o T B sl 9 iR (0
Fugelage, £in ot g o oo il s e o0 o R wing o ite b ) nr @ e nis ot G ERELR

Control:
Control effectiveness plotted against M for —
RUHDELIZO  ite o W e ¢ B el e s s 1l A Raa S
PLOTREOT oV e e e IR IS ra e S s Sl S o e e s SR AR (I
Control deflections plotted against M for —
SURHLELICOP. o 1 W s SR ok i Tl ostie o Va L S e S o el ARG
o5 R T i (L) A Rl S R R L - & a0

Downwash :
€ Dplotted against CL i SR e TR I R O X B T 24
evvplotlod - momlngt ' MG, (gRsl VN . Rt BT, L 25
oe Plotted sgatnel oM e (A" 4 T s - el TR R S L S 26
L

Because of the lack of sufficient data no attempt is made in this
report to interpolate data between the Mach numbers of 0.95 and 1.2
although trends may be indicated.

Force and Moment Characteristics

Force and moment data corrected and uncorrected for tares are presented
in figure 10. Uncorrected values are included to indicate the magnitude of
the tares for the various configurations and tail settings. The wing—elone
data are the difference between fuselage, fin, and wing, and fuselage and
fin corrected data, and, therefore, include wing—fuselage interference.

At an angle of attack of OO, a small 1ift force break occurs for all
complete model configurations at a Mach number of approximately 0.9. The
angle of attack for zero 1lift is essentially constant through the subsonic
Mach number range but increases slightly at a Mach number of 1.2. The
variation of pitching-moment coefficient with Mach number is small up to
a Mach number of 0.85, after which large changes occur with small increases
in Mach number up to a Mach number of 1.2.
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A drag force break occurs for the fuselage and fin configuration
between the Mach numberg of 0.925 and 0.95. For the complete—model
configurations at an angle of attack of 0° a drag force break is
indicated at a Mach number of approximately 0.86, with the drag coef—
ficient at a Mach number of 1.2 being slightly larger than at 0.95.

In figure 11 is presented the variation of 1lift coefficient required
for level flight with Mach number for sea—level and 35,000—foot altitudes
for the D-558-2 airplane with a wing loading of 65 pounds per square foot.
Thig loading represents the alrplane with approximately 60 percent of
{ts fuel expended. Based on a drag coefficient of 0.08, the total drag
of the airplane in level flight at 35,000 feet and at a Mach number of 1.2
would be approximately 7000 pounds. The thrust available is 7500 pounds,
which indicates that flight at a Mach number of 1.2 at high altitudes is
possible. However, it may be that the drag coefficient between the Mach
numbers of 0.95 and 1.2 1s higher than the value at 1.2 and that the
critical condition 1s in this region.

The slope of the 1ift curve at a given Mach number was essentially
constant through the small angle—of-attack range of these tests. For the

complete model (fig. 12(a)) the value of %?L increases from 0.07 at a

a
Mach number of 0.6 to its maximum value of 0.09 at a Mach number of 0.9.
At a Mach number of 0.95 it has decreased slightly to 0.085 with a further
small reduction to 0.075 being indicated at a Mach number of 1.2. The
wing—alone configuration (fig. 12(b)) shows a similar small variation of
slope of the 1lift curve with Mach number. From the variations of 1lift
coefficient with drag coefficient for the complete model and wing-alone
configurations (figs. 13 and 14), the variations of 1lift—drag ratio with
1ift coefficient were obtained (figs. 15 and 16). The maximum complete
model lift—drag ratio occurs at a 1ift coefficient of 0.35, at a Mach
number of 0.85, and 1s approximately 12. At the 1ift coefficient required
for level flight at 35,000 feet at a Mach number of 1.2, the complete
model lift—drag ratio is 1.6. The values of the lift—drag ratio for the
wing-alone configuration are higher due to the exclusion of the drag of
the fuselage and fin.

The effects of adding the 0.68c and 0.95c fences to the complete
model are shown in figures 17 and 18. The incremental 1ift and drag
coefficients are negligible throughout the Mach number and angle—of—
attack ranges tested. The incremental pitching—moment coefficients are
also negligible except at angles of attack of 0P gnd —5%"at high
subsonic Mach numbers, where increments approach a value of 0.01. This
value 1s small, and it 1s, therefore, concluded that the addition of the
fences has little effect on the force and moment characteristics of the
model at the Mach numbers and angles of attack tested.

v X
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Comparison of the results of these tests at a Mach number of 0.6 has
been made with the results of tests on a ﬁ-scale model of the D-558-2 at

a Mach number of approximately 0.2 with a Reynolds number of approxi-—

mately 2 X 10~ (reference 3). Lift—curve slope agreement is excellent,
while variations of 1ift coefficient with drag coefficient indicate that

values of the drag coefficlent for the i»soale model are approxi-—

mately 0.008 higher at 1ift coefficients below O.lk.

Longitudinal Stability

The variations of pitching-moment coefficient with 1ift coefficient
for various horizontal stabilizer settings (fig. 19) indicate that the
complete—model configuration is longitudinally stable at all 1ift coef-—
ficients and Mach numbers for all horizontal stabllizer angles tested.
The fuselage, fin, and wing configuration shows a stabilizing tendency at
all 1ift coefficients at Mach numbers of 0.85 and above. The complete
model with various elevator angles (fig. 20) 1s also longitudinally
stable at all 1ift coefficients and Mach numbers tested. The variation

o

of the static—longitudinal-stability parameter —2  with Mach number
aCL

for level-flight trim conditions at two altitudes for the complete—model

configuration is presented in figure 21(a). The value of égg is approxi-—
L,

mately —0.2 at low Mach numbers and, above a Mach number of 0.85, increasss

in magnitude until it reaches a value of approximately —O.4 at a Mach number

of 0.95. The value is approximately -0.42 at a Mach number of 1.2. In

figure 21(b) 1s presented the variation of the static—longitudinal—

stability parameter 992 with Mach number for level flight at two altitudes
oLy,

for the fuselage, fin, and wing configuration. It is evident that the

aerodynamic center of the tailless configuration moves rearward of the

center—of—gravity position at a Mach number of approximately 0.85, with

the rearward movement continuing up to a Mach number of 0.95. This

indicates that the increase in stability above a Mach number of 0.85

evident with the complete-model configuration is due in part to wing

fuselage characteristics which i1n turn are due to a rearward center—of—

pressure movement on the sweptback wing. The degree of stability at a

Mach number of 0.6 agrees closely with the values obtained from low—

speed tests of a i-scale model. (See reference 3.)
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Control

Horizontal-stabillzer effectivensss (fig. 22(a)) increases steadily
up to a Mach number of 0.9, after which there is an abrupt 25—percent
decrease up to a Mach number of 0.95. The effectiveness at a Mach number
of 1.2 is equal to that at 0.95. It 1is indicated that a substantial loss
of effectiveness occurs between these Mach numbers., Elevator effectiveness
(fig. 22(b)), especially for the sea—level condition, also decreases
rapidly between the Mach numbers of 0.9 and 0.95, with a further decrease
being indicated at a Mach number of 1.2. It is indicated that serious
loss or reversal of effectiveness may occur between the Mach numbers
of 0.95 and 1.2,

In figures 23(a) and 23(b) are presented the variations of horizontal
stabilizer and elevator angles required with Mach number for level—flight
trim conditions at two altitudes for the complete model. The variation
in horizontal stabilizer angle required is only o® through the Mach number
range tested, and no rapid changes with Mach number are indicated. A
change in elevator angle of approximately 82 .18 required. For the sea—
level case, rapld changes with Mach number occur after a Mach number
of 0.9 is reached; whereas, at 35,000 feet, it is evident that rapid
changes with Mach number must occur between the Mach numbers of 0.95
and 1.2. The varlations of horizontal stabilizer and elevator angle
required with Mach number for trimmed level flight at sea level are stable,
whereas those at 35,000 feet are both stable and unstable, depending on the
Mach number range considered. The preceding data indicate that the critical
Mach number range with regard to control is between the Mach numbers of 0.9
and 1.2, the greater part of which is not covered by this investigation.

Very good agreement 1s indicated between the values of horizontal—
stabilizer effectiveness for these tests at a Mach number of 0.6 and the

values from the low—speed tests of the %—scale model (reference 3).

Downwash

The horizontal—tail alrfoil section being symmetrical, the effective
downwash angles may be found where the pltching—moment increment due to
the tall AC, 1s zero. Under these conditions it is assumed that the

flow 1s lined up with the chord line of the tail and it becomes necessary
only to find the angle between free—stream direction and the chord line

of the tail. The drag of the tall is neglected. The effective downwash
angle was determined by adding the angle of attack where ACm = O tolthe

horizontal tail angle. Additional values of effective downwash angles
were found by using data where AC, did not equal zero. In these cases

t
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the values of additional horizontal stabilizer angle needed to bring ACH
oC

to zero were calculated using the applicable values of —2., The results
oi
a7

of these calculations are presented in figure 24 as the variation of
effectlve downwash angle with 1ift coefficient.

The variation of effective downwash angle with Mach number for level
flight at two altitudes is presented in figure 25. The values decrease
with increase in Mach number up to a Mach number of 0.9, after which they
increase rapidly up to a Mach number of 0.95. At a Mach number of 1.2
the values are slightly higher than at 0.95. In figure 26 are presented
the variations with Mach number of the rate of change of effective down—
wash angle with 1ift coefficient for level flight at two altitudes. The
abrupt decrease in %g— at a Mach number of 0.85 is an additional

L
contributing factor to the increase in static longitudinal stability of

the model at that Mach number, The value of éf— increases between the
=

Mach numbers of 0.95 and 1.2, with the occurrence of rapid changes with

increasing Mach number being indicated. Although this is a destabilizing

effect, there is no indication that 1t has reduced the stability of the

model between these Mach numbers. Other effects apparently counteract the

effect of the increase in %g—. The tall has greater sweepback than the

L

wing and, therefore, would be expected to have suffered a smaller loss in
value of the lift—curve slope at Mach numbers above 0.95. This effect is
stabllizing and may be the reason that the high degree of stability is

maintained at a Mach number of 1.2, although the value of gg— has
L
increased.

Comparison at a Mach number of 0.6 with the low—speed data from the

%-scale model tests (reference 3) indicates excellent agreement between

the respective values of §E—.

L
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CONCLUSIONS

The following conclusions may be drawn from tests of a 2 _scale model

16
of the D-558-2 in a simulated power—off condition at Mach numbers from 0.6
to 0.95 and at a Mach number of 1.2:

1l. A small 1ift force break occurs at a Mach number of approxi—
mately 0.9. At an angle of attack of 0° the drag rise occurs at a Mach
number of approximately 0.86. The airplane appears to have enough thrust
available to fly at a Mach number of 1.2, at an altitude of 35,000 feet
although the range between the Mach numbers of 0.95 and 1.2 may be the
critical one in this respect.

2. It is indicated that the model is longitudinally stable at all

1ift coefficients and Mach numbers tested. The rate of change of pitching—
moment coefficient with 1ift coefficient at constant Mach number for the
complete model is —0.2 at subcritical Mach numbers, and between the Mach
number of 0.85 and 0.95, the value increases in magnitude to —0.4 because
of wing—fuselage characteristics and a decrease in the rate of change of
effective downwash angle with 1ift coefficient. The degree of stability

at a Mach number of 1.2 is approximately equal to that of 0.95.

3. Control effectiveness 1s satisfactory at the Mach numbers tested,
although a rapld decrease 1s evident in the Mach number range from 0.9
to 0.95. This indicates the possibility of substantial losses of horizontal—
stabilizer effectiveness and serious losses or reversal of elevator
effectiveness occurring in the untested Mach number range between 0.95
and 1.2.

4, Changes in horizontal stabilizer setting required for trimmed
level flight through the Mach number range are small and occur gradually.
Changes in elevator deflection required are small and gradual up to a
Mach number of approximately 0.9, after which it is indicated that rapid
increases are necessary up to a Mach number of 1.2.

5. The addition of chordwise fences to the upper wing surfaces has
little effect on the force and moment characteristics of the model.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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TABLE T

DIMENSTONS OF THE f%’SCALE MODEL OF THE D—558-2

Wing root section (normal to 30—percent normal chord line) NACA 631—010
Wing tip section (normal to 30—percent normal chord line). .NACA 631—012
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Wing Lapor PEE10. « o o ;6 o o o ale o6 o b o eiwiie o LRt He Sa SN
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Wing sweep angle, deg (30—percent normal chord line) & i e 35
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Woin g deine dasa e o o e e e e e R o R o e -3
Wing geometric twist, deg . . « . « « « P RS SSRIERS F R 0

Tail root section (normal to 30—percent normal chord line) .NACA 631—010
Tail tip section (normal to 30—percent normal chord line). -NACA 631—010
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Tail root chord, in, (parallel to plane of symmetry) o A 335
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Tail taper ratio i ier ol ref e Tl Tet Me e Tl s et artdiior N 15 SNSRI LAO Q.5
Radil S aaine it IEa Gl e M R ol o I S ol o & S T CEl ool 305
Tail sweep angle, deg (30—percent normal chord line) . . . . . . 40
Tl ddhedeaill Sdeginl - il el e lee ISl il R S 0
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Bugeliageslien ol Elmei S i s e R S R s SHE )
Fudeliages mazdmimiiddamebor S ol S JECRIC SETEEoR IS et T B S Sk iis
Fuselafe “Finenega ratlion o ol ol L o AR ieaiie eiion o o TR 8.40
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Spead  tunne L oies ol b LB i £t O el AT Al 156
Tail height, wing root chords above the root chord extended,

measured at the elevator hinge line . . . . X Sy 0.54
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the wing and tall in horizontal and vertical planes parallel
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TABLE IT

ORDINATES MEASURED FROM THE LEADING EDGE OF THE ATIRFOIL

SECTION IN THE PLANE OF THE FENCES, OF THE ATRFOIL

SECTION, 0.68c FENCE, AND 0.95c FENCE FOR

THE fg-SCALE MODEL OF THE D—558-2

E\ll dimensions are in 1nche;_]

Airfoil section 0.68c fence 0.95c fence
X y X y X N
0 0 0.33k4 0.128 0.310 0.120
334 .128 955 .585 480 450
.955 .207 L.672 . 746 .955 3518
Lu6T7e .249 2.259 . 766 1.672 .560
2.259 .259 303 .687 2.259 ¥570
3.073 .219 k.155 R85 3.9 .530
li.155 25 k.58 436
5.590 0 5.410 .320
54590 0
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Figure 1.— The
i5 16

scale model of the D-558-2 mounted in the supersonic test section of the
Langley 8—foot high—speed tunnel.
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Figure 2.— Drawing of the Ilé—scale model of the D-558-2 as tested in the
Langley 8—foot high—speed tunnel. (All dimensions are in inches.)
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Top view
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Figure 3.— Location and dimensions in inches of fences tested on the

%—scale model of the D-558-2 in the Langley 8-foot high—speed

tunnel.
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stream Mach number of 1.2.
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