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By S. A. SJjoberg
SUMMARY

Flight measurements were made 1n sideslips of the static lateral
and directional stability characteristics of the Douglas D558-TT
(Buhero No. 37974) research alrplane. The directional stability of the
airplane was positive in both the clean and landing conditions at all
test speeds. About 2% of rudder deflection were requlired to produce =
of sideslip in both the clean and landing conditions. There was no
decrease in the effectiveness of the rudder in producing sideslip up to
the highest Mach number reached (0.87). There was a conslderable in—
creagse 1n dihedral effect with increase in normal—force coefficlent;
dd,/dB increased from 1.0 at a normal—force coefficient of 0.10 to 3.1

at a normal—force coefficient of 0.90. At a constant value of normal—
force coefficient the dihedral effect was the same in the landing
condition as in the clean condition.

INTRODUCTION

The National Advisory Committee for Aeronautics 1s conducting a
flight research program utilizing the Douglas D~558-IT (Bulero No. 37974)
research airplane. The D-558-IT airplanes were designed for flight
regearch in the transonic speed range and were procured for the NACA by
the Bureau of Aeronautics, Department of the Navy. The flight research
program currently being conducted with the BuAero No. 37974 ailrplane
congistg of determining the stabllity and control characteristics and
the aerodynamic loads acting on the wing and horizontal tall of the
airplane from the stalling speed up to a maximum Mach number of




2 NACA RM L50C1k

about 0.90. This paper presents results obtained on the static lateral
and directional stability characteristics as measured in sideslips.
Sideslip data are presented for the airplane in both the landing
condition and clean condition for a Mach number range from 0.27 to 0.87.
References 1 and 2 present results which have been obtained during the
present flight program on other aerodynamic characteristics of the
D—558-I1 airplane.

ATRPLANE

The Douglas D-558-IT airplanes have sweptback wing and tail
gurfaces and were designed for combination turbojet and rocket power.
The airplane being used in the present investigation (BuAero No. 3797h)
does not yet have the rocket englne installed. This airplane 1s powered
solely by a J—3L-WE-LO turbojet engine which exhausts out of the bottom
of the fuselage between the wing and the tail. Photographs of the
airplane are shown as figures 1 and 2 and a three—view drawing 1s shown
in figure 3. Pertinent alrplane dimensions and characterlstics are
listed in table 1.

Both slats and fences are incorporated on the wing of the airplane.
The wing slats can be locked in the closed position or they can be
unlocked. When the slats are unlocked the slat position is a function
of the angle of attack of the airplane, Also, the slats on the left
and right wings are interconnected and therefore, at any time, have the
same position. A section of the slat and the forward portion of the
wing showing the motion of the slat with respect to the wing is shown
in figure L.

The airplane is equipped with an adjustable stabilizer but no means
are provided for trimming out alleron or rudder control forces. No
aerodynamic—balance or control—force booster system is used on any of
the controls. Hydraulic dampers are installed on all control surfaces
to aid in preventing any control-surface flutter. Dive brakes are
located on the rear portion of the fuselage.

The variations of aileron and elevator position with control—wheel
position are shown in figures 5 and 6, respectively, and the variation
of rudder position with right—rudder—pedal position 1s shown in figure 7.
The frictlon in the aileron, elevator, and rudder control systems as
meagured on the ground under no load are presented 1n figures 8, 9,
and 10. These friction measurements were obtained by measuring the
control position and the control force as the control was deflected
gslowly. The rates of control-surface deflection during the friction
measurements were sufficlently low so that the control forces resulting
from the hydraulic dampers in the control system were negligible.
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TNSTRUMENTATTION

Standard NACA recording instruments were installed in the airplane
to measure the followlng quantities:

Alrspeed

Altitude

Elevator— and aileron—wheel forces

Rudder pedal force

Normal, longitudinal, and transverse accelerations

Rolling, pltching, and yawlng velocities

Sideslip angle

Stabilizer, elevator, rudder, left— and right—aileron, and
glat positions

Strain gages were installed in the airplane to measure wing and
tall loads. The strain—gage deflections were recorded on an oscillograph.
All instruments were synchronized by means of a common timer.

A free—swiveling airspeed head was used to measure both statlc and
total pressure. This airspeed head was mounted on a boom 7 feet forward
of the nose of the airplane. A vane which was used to measure sideslip

angle was mounted below the same boom.h%-feet forward of the nose of

the airplane. (See fig. 1.)

The left— and right—eileron positions were measured on bell cranks
about 1 foot forward of the ailerons and the slat position was measured
on the slat control cable in the fuselage. The stabilizer, rudder, and
elevator positions were measured on the control surfaces. The elevator
position presented in this paper 1s the average of two measured positions.
One measuring point was 6 inches outboard of the vertical stabilizer and
the other 11 inches inboard of the tip of the horizontal tall measured
perpendicular to the airplane center line., In no case was the difference
between the two measurements greater than 0.3°, Thus, for the airplane
flight conditions covered in this paper, the twist of the elevator with
regpect to the horizontal stabilizer was small. The elevator positions
presented were measured with respect to the stabilizer and the stabilizer
position was measured with respect to the fuselage center line. The slat
position as used in this paper is defined in figure 4 by the distance dg.

All control positions were measured perpendicular to the control hinge
line.
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ATRSPEED CALIBRATTION .

The calibration of the alrspeed installation was accomplighed in '
the Mach number range from 0.30 to 0.70 by making tower passes. The
details of the tower—pass method of obtaining alrspeed calibrations
are given in reference 3. In order to extend the calibration up to a
Mach number of 0.90 the following procedure was used: The blocking
error due to the fuselage was assumed to be congtant. For the combi—
nation of fuselage shape and ailrspeed—boom length used this assumption
ig Justified on the basis of results reported in reference 4., The
blocking error due to the airspeed head itself was established up to a
Mach number of 0.85 from wind—tunnel tests. By combining the constant
blocking error of the fuselage with the blocking error due to the
airspeed head, the airspeed calibration was extended up to a Mach
number of 0.85. For Mach numbers between 0.85 and 0.90 the calibration
was extrapolated. The Mach numbers given in this paper are believed
accurate to 0,01,

TESTS, RESULTS, AND DISCUSSION

The static lateral and directional stability characteristics were
measured in sideslips at various speeds with the airplane in both the
clean and the landing configurations. With the airplane in the clean
condition (flaps up, gear up, slats locked, duct flaps closed), side—
slips were made at five different Mach numbers in the range from 0.3k4
to 0.87. In the landing condition (flaps down, gear down, slats
unlocked, duct flaps open), sideslips were made at indicated ailrspeeds
of 158 and 182 miles per hour. All of the data presented, except that
at a Mach number of 0.34 with the alrplane in the clean condition, were
obtained as the gideslip angle was slowly increased. The data at a
Mach number of 0,34 were obtained at substantially constant sidesglip
angles. For the runs in which the sideslip angle was increasing, the
rate of change of the sideslip angle was between 0.1° per second and
0.4° per second. The data were obtained in the altitude range from
13,000 to 21,000 feet.

Figure 11 shows the variations of rudder, total aileron, and
elevator control positions and control forces and angle of bank with
gideslip angle for the alrplane in the clean condition. Similar data
for the alrplane in the landing condition are shown in figure 12. Also
included in figure 12 1s the slat position.

The directional stability of the airplane was positive 1in both the
clean and landing conditions at all test speeds. About 20 of rudder -
deflection were required to produce 1° of sideslip in both the clean
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and landing conditions, thus indicating no change in the directional
stability occurred in going from the clean to the landing condition.
In figure 13 the slopes of the curves of rudder position against side—
slip angle d8,/dB from figure 1l are plotted as a function of Mach
number. The values of d&,./dB were measured for a sideslip-engle
range of #2°, Up to the highest Mach number reached (0.87), there has

been no decrease in the effectiveness of the rudder in producing side—
glip since dar/dﬁ 1s substantially constant up to this Mach number.

The rudder—free dlirectional stability, as measured by the variation of
rudder pedal force with the sideslip angle, was positive for all
conditions investigated.

The curves of alleron position against sideslip angle in figures 11
and 12 show a considerable increase in dihedral effect with increase in
normal—force coefficient. This increase 1s also shown in figure 1k,
where the variations of aileron angle with sideslip angle dSa/dB, as

obtalined from figures 11 and 12, are plotted against normal—force coef—
ficient. Data are included for both the clean and landing conditions.
The values of d8,/dB were measured for a sideslip-angle range of +2°.

The dihedral effect dd,/dB increases from 1.0 at a normal-force coef—

ficient of 0.10 to 3.1 at a normal-force coefficient of 0.90. TFigure 1k
also shows that at a glven normal—force coefficient the dihedral effect
i1s the same in the landing condition as in the clean condition.

Figures 11 and 12 show that the pitching moment due to sideslip, as
measured by the variation of elevator deflection required for trim with
sldeslip angle, is small for all conditions investigated.

Inspection of the control—force curves of figures 11 and 12 shows
that the curves are sometimes discontinuous near zero sideslip. The
discontinuities are probably caused by the friction in the control
system. When the control forces due to the aerodynamic hinge moments
are large, this frictlon effect is masked. The slat—position measure—
ments presented in figure 12 show that the slat position during the left
and right sideslips was not the same, The reason for the difference in
glat positions is not known.

CONCLUDING REMARKS

Flight measurements were made in sideslips of the static lateral
and directional stability characteristics of the Douglas D-558-IT
(BuAero No. 379Thk) research airplane., The directional stability of the
alrplane was positive in both the clean and landing conditions at all
test speeds. About 2° of rudder deflection were required to produce 1°
of sideslip in both the clean and landing conditions. There was no
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decrease in the effectiveness of the rudder in producing sildeslip up to
the highest Mach number reached (0.87). There was & conslderable
increase in dihedral effect with increase in normal—force coefficient;
dd,/dp 1increased from 1.0 at a normal—~force coefficlent of 0.10 to 3.1

at a normal—force coefficlent of 0.90. At a constant value of normal—
force coefficient the dihedral effect 1s the same in the landing
condition as in the clean condition.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Ailr Force Base, Va.
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TABIE 1

DIMENSIONS AND CHARACTERISTICS OF THE

DOUGIAS D-558-IT1 ATRPLANE

Wing:
Root airfoil section (normal to 0.30 chord) . « « « . . . NACA 63-010
Tip airfoil section (normal to 0.30 chord) . . . . . . .NACA 637-012

Notaliamreg; 80 Tl faf eive o o Lol o oh o harial el vor oty SRR L5e0
Spa’n’ ft . . . Ll Ll Ll . . . . . . . Ll . . . . . . L . . . . 25 Ll O

Mean aerodynamic chord, in. W : 258 Jealel Bl et o bk
Root chord (parallel to plane of symmetry), 1n. o e el MO AR
Tip chord (parallel to plane of symmetry), R e e e sy IR
BaO YHELO o w b e kT e IR ST PR e L

Agpoct Xatlo o o o s I N e e S s ol o 3510
Sweep at 0.30 chord, deg oh el e e e e e iet i eran et s el h e IECRE IR 35.0

Ineildence ‘at fuselsge center ldme, deg ool il il ol TG 30
Dilltedmerl. ; SlOZ delseins To ks o Lol el b "ol eliis tiolice et o it G R R —3.0
Geometric LWl gt shdeg it S, e . o L6 el ol el yul el "ol NSNS ®)
Total aileron area (aft of hinge), sq PORE L A S el 9.8
Adleron tiavel fedeh), BOE. & W o v o Bld oo s & o FEET =15
Pokal Flap arew, B Fh o e th o 0w mlule ol g % 4w bl e e it LG
TR o)t Loy e SR P L e B St i & s g o oo 50

Horizontal tail:
Root airfoil section (normal to 0.30 chord) . . . . . . . NACA 63-010
Tip airfoil section (normal t0 0.30 chord) . «'s & s .o » HAGH BGI=0L0
Arpa (including fuselage), 80 Fb' ¢ o 3 & &l il etee ol dol IR 39.9
SERE, TH, co o n 2008 e il e e e eriiei e el BT Nl N SR A
Mean aerodynamic chord, in, . . . SRR G S R
Root chord (parallel to plane of symmetry) & 4 el e TR 53.6
Tip chord (parallel to plane of SyMMEtTY) o o o o o o o o o & 26.8
PEADSEITALI0 (o' ofe: ol tie Maliier | wreosis ol ta b 15 ts TR CHE IR IRTRI s o QR IR 050
NENOCT  RATIO okl ie Heinists s Fo e ns mvihal Lo sihe volies oRol s ORESTNCRN ERTE S e
Sweep 860,300 chord: 1dne, [AoZ Je o o o o fon ol s s ep e et SR 40.0

DANodTal s dO @ o TH o "o fier % ts Leniat S iie o o 16 worr s ehivel SRS I 0
Elepabol arel, B0 T ¢ « o v swidin. s wl = ol siar e By 'uiar el 9.4
Elevator travel
WD O G e g o loi fo s ekl tier et TOIERORCE £ Ol I e e R L B S SR 29
BOWTL s s QIO e o) 1o o ol ool me Lol Ta GRS o I N P 115

i SLNACA
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TABIE 1 — Concluded

DIMENSIONS AND CHARACTERISTICS OF THE

DOUGLAS D-558-IT AIRPLANE — Concluded

Vertical tail:
Airfoil section (parallel to fuselage center line). . . . NACA 63-010
Bresis 80 FH o ol sl o) s le sl w5 el s ol s el s s e eliel e ielieiie ol 36.6
Height from fuselage center line, in. 5 o o d oo 000000 98.0
Root chord (parallel to fuselage center line), in. . . . . . 146.0
Tip chord (parallel to fuselage center line), in, . . . . . . 4h,0
Sweep angle at 0.30 chord, deg =« o o « o o o o o o o o o o & 49.0
Rudder area (aft of hinge line), BA b e e e e s e e e 6.15

Rudder travel, de€ .« « o o o o o o o o o o o o o o o o o o o 25

Fuselage: .
Tiengbh, 6 o e la s o sl s = 55 s s e s e s e e e ool 42,0
Maximum diameter, IMe o « o o o o o o o o o o o o o o o o o o 60.0
FINENESE TAGIO 4 o o s & o 5 s s o = e o e s el s e o sl e e 8.40 -
Speed—retarder area, Sq f£ .« ¢ ¢ ¢ ¢ ¢ 4 o 0 0 0 e o e o e e 562D

POWEY DLANL o o o o o o o o o o o o o o o o o o o . e o o J=3LWE-LO

2 Jatos for take—off
Adrplane weight (full fuel), 1D o v o o o o o o « s o o o o « o 10,645
Adrplane weight (N0 Fuel), 1D « « o o o o o o o o o o o o o o & 9,085
Adrplane weight (full fuel and 2 Jatos), lb o m s s e W s e s A1;060

Center—of—gravity locations:
Full fuel (gear down), percent mean aerodyneamic chord . . . . 2
Full fuel (gear up), percent mean aerodynamic chord . . . . . 2)
No fuel (gear down), percent mean aerodynamic chord . . . . . 2
No fuel (gear up), percent mean aerodynamic chord . . . . . . 2
Full fuel and 2 Jatos (gear down), percent
mean aerodynamic chord . ¢« ¢ o o o o o o o ¢ o o o o o o @ 2
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Figure 1.- Front view of Douglas D-558-II (Budero No. 37974) research
airplane.
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Figure 2.- Three-quarter rear view of Douglas D-558-II (Buhero No. 3797h)
research airplane.
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Figure 3.- Three-view drawing of the Douglas D-558-II (BuAero No. 3797L)
research airplane.
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Figure 4.- Section of wing slat of Douglas D-558-II (Bufero No. 3T79T7h)
research airplane perpendicular to leading edge of wing.
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slats unlocked; duct flaps open.
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(b) V. = 182 miles per hour; M = 0.34; Cy = 0.71; stabilizer setting,
1.9° leading edge up; engine power, 11,400 rpm.

Figure 12.- Concluded.
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Figure 13.- Variation of d®r/d8 with Mach number M as measured
in sideslips with the Douglas D-558-II (BuAero No. 379TL) research
airplane. Flaps up; gear up; slats locked; duct flaps closed.
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Figure 14.- Variation of ddg;/dB with normal-force coefficient Cy

as measured in sideslips with the Douglas D-558-II (Buhero No. 3797k)
research airplane.
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