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(BUAERO NO. 37974) RESEARCH AIRPLANE
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COMBINATION BY MEANS OF TAIL-LOAD MEASUREMENTS
IN THE MACH NUMBER RANGE FROM 0.37 TO 0.87

By John P. Mayer, George M. Valentine,
and Geraldine C. Mayer

SUMMARY

Flight measurements of aerodynamic tail loads have been made on the
Douglas D-558-I1 airplane from which the variation with Mach number of
the wing-fuselage aerodynamic center, the static-longitudinal-stability
parameter (BCM/BCL)WF, the tail load per g, and the zero-lift wing-

fuselage pitching-moment coefficient have been determined up to a Mach
number of 0.87. These measurements indicate that for the normal-force-
coefficient range covered in these tests the wing-fuselage aerodynamic
center moves rearward with Mach number up to a Mach number of 0.87. The
wing-fuselage aerodynamic center is about 10 percent of the mean aerody-
namic chord at a Mach number of 0.37 and moves gradually rearward to

15 percent of the mean aerodynamic chord at a Mach number of 0.80. From
a Mach number of 0.80 to 0.87 the aerodynamic center moves more rapidly
rearward to about 20 percent of the mean aerodynamic chord.

The wing-fuselage pitching-moment coefficient at zero 1ift (CMO)

is approximately -0.04 and does not vary with Mach number up to a Mach
number of 0.87.

The aerodynamic horizontal-tail load per g found from these measure-
ments for the Douglas D-558-II airplane for a weight of 9600 pounds and
a center-of-gravity location of 26 percent mean aerodynamic chord is
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about 520 pounds per g at a Mach number of 0.37 and decreases to about
400 pounds per g at a Mach number of 0.80. As the Mach number increases
from 0.80 to 0.87 the tail load per g decreases to about 200 pounds per g.

INTRODUCTION

As a portion of the cooperative NACA-Navy Transonic Flight Research
Program, the NACA is utilizing the Douglas D-558-I1 research airplane.
These tests are being made at the NACA High-Speed Flight Research Station
at Edwards Air Force Base, Calif. This paper presents results from the
measurements of the horizontal-tail loads by means of strain gages in
the Mach number range from 0.37 to 0.87. From these measurements the
variation with Mach number of the wing-fuselage aerodynamic center, the
static-longitudinal-stability parameter (BCM/BCL)WF, the zero-lift wing-

fuselage pitching-moment coefficient @ , and the tail load per g
Mg WF

were found and are presented in this paper.

The Douglas D-558-I1 airplane is longitudinally unstable at high
normal-force coefficients. The values of the aerodynamic center
(BCM/BCL)WF and the tail load per g presented in this paper were deter-

mined in the normal-force-coefficient range for which the airplane is
longitudinally stable.

Results on other aerodynamic characteristics of the Douglas D-558-II
airplane have been presented in references 1 and 2.

SYMBOLS

(a.c.)WF aerodynamic center of wing-fuselage combination, percent
mean aerodynamic chord

c mean aerodynamic chord (M.A.C.), feet

CuE. airplane center of gravity, percent mean aerodynamic chord
CNA airplane normal-force coefficient (Normal force/qSy)

CNT tail normal-force coefficient (LT/qST)

CNT tail normal-force coefficient, corrected for pitching

c acceleration (LTC/qST)
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o)

(BCM/aCL)WF

wing-fuselage zero-1ift pitching-moment coefficient
(Mo/aSw<)

static-longitudinal-stability parameter (x/T)

acceleration of gravity, feet per second per second

airplane moment of inertia in pitch, slug-feet square
W, 2
(")
radius of gyration in pitch (approx. 9.6 ft), feet
tail length (measured between the airplane center of
gravity and the intersection of the 0.30 chord line
and the midsemispan of the horizontal tail;
lp = 19.9 ft for c.g. = 26 percent M.A.C.), feet

total aerodynamic horizontal-tail load (up tail load
positive), pounds

total aerodynamic horizontal-tail load corrected for
pitching acceleration, pounds

free-gstream Mach number
zero-1lift wing-fuselage pitching moment, foot-pounds
airplane normal-load factor, g units

dynamic pressure, pounds per square foot (}pV2>
2

dynamic pressure at start of any maneuver, pounds per
square foot

wing area, square feet

horizontal -tail area, square feet

airplane gross weight, pounds

standard airplane gross weight (9600 1b), pounds
distance from aerodynamic center of wing-fuselage

combination to airplane center of gravity (positive
if (a.c.)yp 1s forward of c.g.), feet
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p mass density of air, slugs per cubic foot
) pitching acceleration, radians per second per second
ATRPLANE

The Douglas D-558-II airplane has sweptback wing and tail surfaces
and was designed for combination turbojet and rocket power plant. The
airplane being used in the present investigation (BuAero No. 37974) does
not yet have the rocket engine installed. This airplane is powered only
by a J-34-WE-40 turbojet engine which exhausts out of the bottom of the
fuselage between the wing and the tail. Both slats and stall-control
vanes 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. The airplane is equipped with an adjustable stabilizer.
Photographs of the airplane are shown in figures 1 and 2 and a three-
view drawing is shown in figure 3. A drawing of the wing section showing
the wing slat in the closed and extended positions is given in figure L.
Pertinent airplane dimensions and characteristics are listed in table I.

INSTRUMENTATION AND ACCURACY

Standard NACA recording instruments are installed in the airplane
to measure the following quantities:

Airspeed

Altitude

Elevator and aileron wheel force

Rudder-pedal force

Normal, longitudinal, and transverse acceleration at
the center of gravity of the airplane

Normal, longitudinal, and transverse accelerations at
the tail

Pitching, rolling, and yawing velocities

Airplane angle of attack

Stabilizer, elevator, rudder, aileron, and slat positions

Strain gages are installed on the airplane structure to measure wing
and tail loads. A schematic drawing showing the horizontal-tail gage
locations is given in figure 5. The strain-gage circuits operate on
direct current. The outputs of the strain gages were recorded on an
18-channel recording oscillograph. The strain gages were calibrated in
terms of tail load by applying known loads at many points on the tail
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structure. The measured outputs of the gages were utilized to obtain
equations from which the load on the tail could be found from the gage
responses during flight. In flight, the strain gages respond to a
combination of aerodynamic and inertia loads. The loads given in this
paper have been corrected for inertia effects and represent aerodynamic
loadings.

A free-swiveling-airspeed head was used to measure both static and
total pressures. This airspeed head was mounted on a boom approximately
7 feet forward of the nose of the airplane. The vane which was used
to measure angle of attack was mounted below the same boom approximately

h% feet forward of the nose of the airplane.

The airspeed system was calibrated for position error up to a Mach
number of 0.70 by making tower passes. The swiveling airspeed head used
on the airplane was calibrated in a wind tunnel for instrument error up
to a Mach number of 0.85. Tests of similar nose-boom installations
indicate that the position error due to the flow field of the fuselage
does not vary with Mach number up to a Mach number of 0.90.

The estimated accuracies of the measured quantities pertinent to
this paper are as follows:

R I I e R R e O SO
Lp, pounds . .« « o o v 0 v 0 e s e v e e e e e e e e e e e e ow . 50
Mps & o o o o o v e e e e e e e e e e e e e e e e e e e 002

RESULTS AND DISCUSSION

All the data presented were obtained with power on and the airplane
in the clean condition, gear and flaps up. Data are presented for both

slats-locked-closed and slats-unlocked configurations. The data presented

herein were obtained in the left and right turns at altitudes from about
10,000 feet to 25,000 feet and in the normal-force coefficient and Mach
number ranges shown in figure 6.

Typical data are presented in time-history form and as plots of tail
loads against load factor and tail normal-force coefficient against
airplane normal-force coefficient.

The horizontal-tail load may be given as

X
=

Lm = npW + (C -
0= I (MO)WF ATty g
e =

o[ X
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and the tail normal-force coefficient based on the free-stream dynamic
pressure is

§E>
3 =t
T Iye

(x + 17)aSD

Ty

(%)

Off %

(2)

S
CNA S—; e

ofl =
+
ml@'
o1 X
+
Sy

Then, in order to account for changes in weight and changes in dynamic
pressure during any maneuver, the tail load may be given as

X
Wo —
Ly su_Tah 5T +(CM) B0 Y (3)
chw g 4 x I wr x lp W
- 4 —— — —_—
£ € E e
where L is defined as
c NS
Iy6
Lip = Ly + il (&)
3 X + Ip

and where Wg 1is an arbitrary standard weight taken as 9600 pounds
and a; is the dynamic pressure at the beginning of any one maneuver.

From these equations the static-longitudinal-stability parameter
(BCM/BCL)WF, the wing-fuselage aerodynamic center, the tail load per g

GiLT/dnA), and the zero-lift wing-fuselage pitching-moment coefficient
@ can be determined.
Cro) e

BCM B X
(), "5 Z
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a Ws a1
L —— —
ir Ty g
= T
dn, —
X 5 q
- = 6
c wsql ()
dLT S
Ws_ chae g
a1
dny, —
A
X
(a.c.)WF =c.g. - = (T
€
L, WE
= - (8)
% Z
8 (63
From the values obtained for x/G, (CMO) may be determined from
WF

equation (3).

A time history of the measured quantities during a turn is shown
Wg a1 4

in figure 7. The variation of Lp — —~ with np — and the horizontal-
q

C W qg

tail normal-force coefficient with airplane normal-force coefficient for
this maneuver are shown in figures 8 and 9, respectively. The values of
aerodynamic center, (BCM/BCL)WF,
in this paper were obtained from data such as those shown in figures 7
to 9. The wind-tunnel tests of reference 3 indicate that the wing-
fuselage aerodynamic center varies somewhat with 1ift coefficient. The
data obtained from the present flight tests indicate that the movement
of the aerodynamic center with normal-force coefficient is small for the
Mach number and normal-force-coefficient range presented in this paper.

The variation of the wing-fuselage aerodynamic center with Mach
number is shown in figure 10. At a Mach number of 0.37 the aerodynamic
center is located at 10 percent of the mean aerodynamic chord and moves
gradually rearward to 15 percent of the mean aerodynamic chord at a Mach

tail load per g, and (CMO) presented
WF



8 NACA RM L50D10

number of 0.80. From a Mach number of 0.80 to 0.87 the aerodynamic center
moves rearward fairly abruptly to about 20 percent of the mean aerodynamic

chord.

Also shown in figure 10 is the variation of the aerodynamic center
with Mach number for the Douglas D-558-I1 airplane obtained in the wind-
tunnel tests of reference 3. The flight tests indicate that the aero-
dynamic center is approximately 4 percent of the mean aerodynamic chord
farther forward than indicated in the wind-tunnel tests. A part of this
difference may be attributed to the difference in configurations. The
wind-tunnel model did not have intake ducts and had a flush-type canopy.

The abrupt movement of the wing-fuselage aerodynamic center to the
rear, shown beyond a Mach number of 0.80, was indicated in the flight
tests for airplane normal-force coefficients below 0.4. The wind-tunnel
data indicate a similar trend at comparable lift coefficients.

The variation of the static-longitudinal-stability parameter
(BCM/BCL)WF with Mach number is shown in figure 11. The data are

presented for a center-of-gravity position of 26 percent of the mean
aerodynamic chord. Also shown are the wind-tunnel data of reference 3
corrected to the same center-of-gravity location. These data indicate

a gradual increase in stability of the wing-fuselage combination between
a Mach number of 0.37 and 0.80, and a more abrupt increase in stability
at Mach numbers between 0.80 and 0.87.

An application of the preceding results is shown in figure 12 as the
variation of the horizontal-tail load per g dLT/dn with Mach number.

Data are presented for a center-of-gravity location of 26 percent of the
mean aerodynamic chord and a weight of 9600 pounds. These data indicate
that the tail load per g decreases from 520 pounds per g at a Mach number
of 0.37 to 400 pounds per g at a Mach number of 0.80. From a Mach number
of 0.80 to 0.87 the tail load per g decreases to approximately 200 pounds

per g.

The variation of the pitching-moment coefficient of the wing-fuselage

combination at zero airplane 1lift (CMO) with Mach number is shown in
WF

figure 13. Also shown are the results from the wind-tunnel tests of

reference 3. There is no appreciable change in (CMO)WF for Mach numbers

up to 0.87 and the data are in general agreement with the wind-tunnel

data. The value of (CMo> obtained from the flight tests is about ~0.04,
WF
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SUMMARY OF RESULTS

Flight measurements of aerodynamic tail loads on the Douglas PESESETT
research airplane at Mach numbers up to 0.87 have indicated the following
results:

1. For the normal-force-coefficient range covered in these tests,
the wing-fuselage aerodynamic center moves gradually rearwsard with Mach
numbers from 10 percent of the mean aerodynamic chord at a Mach number
of 0.37 to 15 percent of the mean aerodynamic chord at a Mach number
of 0.80 indicating a gradual increase in the stability of the wing-
fuselage combination. From a Mach number of 0.80 to 0.87 the aerodynamic
center moves more abruptly rearward to about 20 percent of the mean
aerodynamic chord.

2. The wing-fuselage pitching-moment coefficient at zero 1lift
(CMO) is approximately -0.04 and does not vary with Mach number up to
WF

a Mach number of 0.87.

3. The aerodynamic horizontal-tail load per g is 520 pounds per g
at a Mach number of 0.37 and decreases to 400 pounds per g at a Mach
number of 0.80. As the Mach number increases from 0.80 to 0.87 the tail
load per g decreases to about 200 pounds per g.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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TABLE T
DIMENSIONS AND CHARACTERISTICS OF THE

DOUGLAS D-558-I1 AIRPLANE

Wing:

.
.

Root airfoil section (normal to 0.30 chord) . . .NACA 63-010
Tip airfoil section (normal to 0.30 chord) . . . . . . . NACA 63-012
Wame il Gty Sl s ETREEE PO SIS AR R e b e i RS0
Sipamis FF AT H. . . R TR B B R S S 29510
Mean aerodynamic chord in o & . Jo ot e A T SR By
Root chord (parallel to plane of symmetry), s & ¢ PO A ers POl SRR |7 (L
Tip chord (parallel to plane of symmetry), in. . . . . . . . . 61.180
R . . . . ..« . s v e oe s s s s ow e e e e ST OGS
Agpect.ratior -« o o ¢ IR S I R P CR R e B R B L (bl s aao ien s Bl BTG,
Sweep at 0.30 chord, deg SRS o She varhe soima (R SRaS Wi et SISO
Incidence at fuselage center line, deg SR R e AR 1 O)
REERAEET B8R . .. s v « o s o s s 56w s a0 s e os wleslaiaie =30

Geometric twigt, deg . . o Bat b s ol R S S )
Total aileron area (aft of hinge), Sq ft o o et o Lol SR T
Aileron travel (each), deg . . . . sl e 1ok, bt LR IS RTE NN

PR B . Bl FL . . o« . s e s s e e el e e wee | 12558
PR R ' v s s o s s s & 6 6 s 56 s @ sle s o6y o« s D0

Horizontal tail:

Root airfoil section (normal to 0.30 chord) . . . . . . . NACA 63-010
Tip airfoil section (normal to 0.30 chord) . . . . . . . NACA 63-010
Area (including fuselage), e I i - B o I R T |y ol ke S
Bpan, e s . . RO SMIPRE NI o f S . (S R
Mean aerodynamic chord, in. . . o e e e i e (Y S
Root chord (parallel to plane of symmetry), i, -, i SR
Tip chord (parallel to plane of symmetry), e SOREPRU I | RO i

Taper wabieo . . . . . Al 5 . R R S e LiTe)
Aspect ratior . . . ol e e e e B TR S S TR S O
Sweep at 0.30 chord 11ne, deg T A L TP Nl )T} Tl
Dihedwadl, ideg . . . . Sh el e el el e e R e ML R 0

PlevetOneien, 8o £t . . o « s o« 6 v 6w e s e s bt x i 9 L
Elevator travel, deg . . « « ¢« & « « &« & o o . o oINS 25 up, 15 down
Stabllizer tiavel, deg . « ¢« « ¢ « ¢« s o s & o h L.E. up, 5 1L.E. down

*‘Iﬂ:ﬁ,”
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DIMENSIONS AND CHARACTERISTICS OF THE

DOUGLAS D-558-II AIRPLANE - Concluded

Vertical tail:

Airfoil section (parallel to fuselage center line)

Mo g dafihan s [ i,

Height from fuselage center line, 23t .
Root chord (parallel to fuselage center llne), in.
Tip chord (parallel to fuselage center line),
Sweep angle at 0.30 chord, deg 5 5
Rudder area (rearward of hlnge line), sq ft ’

Rudder travel, deg . . . .
Fuselage:

Tengbh fti i o L . .

Maximum diameter, in. . . .

Himenegd ratia Bl 0 oo, o .

Speed-retarder area, sq ft .

POWEY PLENATI S s o o o o o o o

Airplane weight (full fuel), 1b

Airplane weight (no fuel), 1b .

Airplane weight (full fuel and two jatos),

Center-of-gravity locations:

Jjatos

Full fuel (gear down), percent mean aerodynamic chord . .
Full fuel (gear up), percent mean aerodynemic chord .
No fuel (gear down), percent mean aerodynamic chord .

No fuel (gear up), percent mean aerodynamic chord .
Full fuel and two jatos (gear down), percent

mean aerodynamic chord . .

-

NACA 63-010

. 36.6

. 98.0
. 1L6.0
.. ko
R ive e
Gl
.. 125

42.0
. 60.0
. 8.40
5.25

. J-34_WE-LO
for take-off

. 10,645
. 9,085

. 11,060
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Figure 2.- Three-quarter rear view of Douglas D-558-II (Budero No. 37974)

g

research airplane.
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Figure 3.- Three-view drawing of the Douglas D-558-II (Bufero No. 37974

research airplane.
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- Section of wing slat of Douglas D-558-II (BuAero No. 37974)

research airplane perpendicular to leading edge of wing.

Figure 4
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o BENDING-MOMENT GAGES

0 SHEAR GAGES

Figure 5.- Locations of strain gages on the horizontal tail of the
Douglas D-558-II (BuAero No. 37974) research airplane.
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Macth Momber, M

Figure 6.- Range of normal-force coefficients and Mach numbers for which

data are presented.
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NACA RM L50D1O

22

1000

800

600
200

Figure 8.- Variation of corrected aerodynamic horizontal tail load with

dp, 137.1 pounds per square

Wy, 9600 pounds;
foot; center of gravity, 27.1 percent mean aerodynamic chord;

corrected load factor.
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Figure 10.- Variation of the wing-fuselage aerodynamic center with Mach
number.
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Figure 11.- Variation of the static-longitudinal-stability parameter
(BCM/BCL>WF with Mach number. Center of gravity, 26 percent mean

aerodynamic chord.
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Figure 12.- Variation of the horizontal tail load per g with Mach number.
Wy, 9600 pounds; center of gravity, 26 percent mean aerodynamic

chord.
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