
RM L50H16 

RESEARCH MEMORANDUM 

FLIGHT MEASUREMENTS WITH THE DOUGLAS D-558-II 

(BUAERO NO. 37974) RESEARCH AIRPLANE 

:MEASURE:MENTS OF WING LOADS AT MACH NUMBERS UP TO 0.87 

By John P. Mayer, George M. Valentine, 
and Beverly J. Swanson 

Langley Aeronautical Laboratory 
Langley Field, Va. 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 

December 26, 1950 
ified June 24 1 8 



1 NACA RM L50Hl6 

NATI ONAL ADV I SORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

FLIGHT MEASUREMENTS WI TH THE DOUGLAS D- 558- I 1 

(BUAERO NO . 37974 ) RESEARCH AIRPLANE 

MEASUREMENTS OF WING LOADS AT MACH NUMBERS UP TO 0 . 87 

By J ohn P. Mayer~ Geor ge M. Valentine ~ 

and Beverly J. Swanson 

SUMMARY 

Flight measurements have been made of the aerodynamic wing normal 
force, bending moment , and pitching moment by means of str ain gages on 
the D-558- II airplane at Mach numbers up to 0 . 87 and at angles of attack 
up to 380 for low Mach number s . These measurements indicate that the 
wing nor mal - for ce - curve slope is approximately 8 percent less than the 
airplane normal - force - curve sl ope at Mach numbers up to 0 . 87 principal ly 
because of the normal force contr ibuted by the fuselage . The spanwise 
center of pressure of additional air load on the wing was found to be 
unaffected by Mach number for Mach numbers up to 0.87. The aerodynamic 
center of the wing moved forward slightly as the Mach number increased 
up to 0 . 80 . From a Mach number of 0 . 80 to 0 . 87 the wing aerodynamic 
center moved rearward . The aerodynamic center of the fuselage moved 
rearward throughout the Mach number range covered in these tests; this 
movement indicates that a large part of the increase in airplane sta
bility at Mach number s up to 0 .80 is caused by the increase in fuselage 
stability with Mach number . For low Mach numbers the center of pressure 
on the wing moved inboard and rearward at high angle s of attack for the 
slats - locked configuration . For the slats -unlocked configur ation the 
center of pressure moved rearward and gradually outboard at angles of 
attack up to 230

. At an angle of attack near 23° the center of pressure 
shifted rapidly inboard and forwa.r d somewhat and then remained approxi 
mately constant at angles of attack up to 38° . The investigation showed 
that the wing did not cause the longitudinal instability of the airplane 
at high normal - force coefficients since the wing became increasingly 
stable in the angle - of -attack range for which the airplane is unstable . 
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INTRODUCTION 

As part of the cooperative NACA-Navy transonic flight re search 
program, the National Advi sory Committee for Aeronauti cs is utilizing 
the Douglas D-558- II re search air plane for flight investigations at the 
NACA High-Speed Flight Research Station at Edwards Air Force Base, 
Calif. This paper pre sent s re sult s from the measurement s of wing loads 
by means of strain gage s in the Mach number range from 0.37 to 0 . 87 . 
From these measurements were determined the variations with Mach number 
of the additional air load spanwise center of pre ssure , the aerodynamic 
center of the wing , and the normal-force-curve slope of the wing . In 
addition, the variation of spanwi se and chordwise center of pressure 
with airplane angle of attack and normal-force coefficient were 
determined . 

Re sults on othe r aerodynamic characteristics of the D-558-II air
plane have been presented in references 1 to 6. 

a 

a.c . 

CMwc/ 4 

SYMBOLS 

veloc ity of sound, feet per second 

aerodynamic center 

wing-panel bending moment about wing station 33 inches, 
foot pounds 

span of wing panel , 9.75 feet 

spanwise center of pre ssure of the additional air load in 
percent of the span of the wing panel 

chordwise center of pre s sure in per cent of mean aerodynamic 
chor d of wing panel 

spanwi se center of pre ssure in per cent of span of wing panel 

pitching-moment coefficient 

wing-panel 

chord of 

pitching -moment coefficient about the quarter ) 

the compl ete wing mean aerodynamic chord f. :WP \q W/2 c 

------ --- -- --- - ----
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wing-panel pitching-moment coefficient about the qu(ar~M~ ~ 

chord of the wing- panel mean aerodynamic chord S = 
q wpcWE 

wing-panel bending-moment coefficient ( BMwp _ ~ 
qSwp~/2) 

normal-force coefficient 

airplane norma.l-force coefficient (nw) 
qSw 

CNWF wing - fuselage normal -force coefficient 

CNwp wing-panel normal -force coefficient (~) 
c,M .A.C . 

g 

n 

q 

M 

v 

w 

x 

mean aerodynamic chord of complete wing, 87.301 inche s 

mean aerodynamic chord of wing panel, 81.334 inches 

slat position, inches open 

acceleration due to gravity, feet per second2 

aerodynamic wing-panel load, pounds 

airplane normal-load factor 

left-wing-panel pitching moment, foot pounds 

dynamic pres sure , pounds per square foot ( PV22 ) 

free - stream Mach number (Via) 

wing area , 175 square feet 

wing -panel area outboard of wing station at 33 inches, 
63 .8 square feet 

free - stream velocity, feet per second 

airplane gro ss weight, pounds 

distance mea sured from leading edge of the mean aerodynamic 
chord parallel to airplane center line 

3 

__ 1 
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Subscript s : 

A 

F 

w 

WP 

WF 
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distance measured from t he strain-ga.ge station pe r pendi cul ar 
to airplane center line 

airplane angle of attack (measu red with r e spect to air plane 
center line) ) degrees 

mas s density of air) slugs per cubic foot 

elevator angle ) degrees 

a irplane 

fuselage 

complete wing 

wing panel outboard of strain-gage station 

wing- fu selage combi nation 

AIRPLANE 

The Douglas D-558-I1 airplanes have sweptback wing and tail sur 
faces and were designed for combination turbojet and rocket power plant. 
The airplane being used in the pre sent inve stigation (BuAero No. 37974) 
does not have the rocket engine installed. This a irplane is powered 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 i ncorporated on the wing of the airplane. The wing slats can 
be locked in the closed position or they can be unlocked. When the 
slat s are unlocked ) the slat po s it i on 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 position is 
given in figure 4. Pertinent airplane dimensions and characteristics 
are li sted in table 1 . 

----- -
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INSTRUMENTATION AND ACCURACY 

Standard NACA 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 accelerations 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 both sides of the wing and horizontal 
tail to measure wing loads at the wing station at 33 inches from the 
airplane center line and horizontal tail loads at the station 6 inches 
from the airplane center line. A schematic drawing showing the strain
gage locations is presented in figure 5. The strain-gage circuits 
operate on direct current and the outputs of the strain gages were 
recorded on an IS- channel recording oscillograph. The strain gages 
were calibrated in terms of loads by applying known loads at many 
points on the structure. The measured outputs of the gage s were uti
lized to obtain equations from which the load 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 
loads. 

A free-swiveling airspeed head was used to measure both static and 
total pressure s . This a irspeed 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 

4! feet forward of the nose of the airplane . 
2 

The airspeed system was calibrated for position error by making 
tower passes at Mach numbers from 0.30 to 0.70 and at the normal-force 
coefficients for level flight . The free - swiveling airspeed head used 
on the airplane was cal i brated in a wind tunnel for instrument error at 
Mach number s up to 0.S5 . Te sts of s imilar nose-boom installations 
indicate that the po s iti on error does not vary with Mach number at Mach 
numbers up to 0. 90. By combining the constant pos ition error of the 
fuselage with the error due to the air speed head the calibration was 
extended to a Mach number of 0 . S5 . For the data presented in this paper 

'----------- -- - - - - - ---
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at Mach numbers above 0 .85 and at Mach numbers below 0 . 30, the calibra
tion was extrapolated. This calibration was used throughout the 
normal -foree -coefficient range covered. 

The angle -of-attack vane was not calibrated for position error in 
flight ; however, the estimated errors in angle of attack due to posi
tion error , boom bending, and pitching veloc ity were small . The angles 
of attack presented in this paper have been corrected only for boom 
bending . 

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

Mach number, M ..... . 
Normal load factor, n ..... . 
Aerodynamic wing-panel load, Lwp, pounds 
Wing-panel bending moment, BMwP, foot-pounds 
Wing-panel pitching moment, PMwp , foot-pounds 

Airplane angle of attack, aA, degrees 

TESTS, RESULTS, AND DISCUSSION 

± 0.01 
± 0 .02 

± 100 
± 400 
±200 

±0 .5 

The data pre sented in this paper were obtained in left and right 
turns and in 19 stall approaches at altitudes from 10,000 feet to 
24,000 feet. All of the data pre sented were obtained with power on and 
with the landing gear and wing flaps retracted. Data are presented for 
both slats - locked and slats -unlocked configurations. 

The aerodynamic characteristics of the D-558-II wing in the pres
ence of the fuselage are presented in figures 6 , 7, and 8. These data 
are presented a s plots of Mach number, slat po sition, airplane normal
force coefficient, left- and right -wing normal-force coefficient, left
and right - wing bending-moment coefficient, and left-wing pitching
moment coefficient against airplane angle of attack . The data are 
presented at several Mach numbers for the slats-locked configuration 
in figure 6 and for the slats -unlocked configuration in figure 7. Data 
obtained at high normal-force coefficient in stall approache s are pre
sented in figure 8 for the slats -locked and slats-unlocked conditions. 
For some of the data presented in figures 6 to 8 airplane buffeting was 
present . In these regions the data repre sent the mean value of the 
fluctuating quantity. The normal-force coefficient at whi ch buffeting 
starts is presented as a function of Mach number in reference 3 . 

--- ----
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Mach Number Effects 

Normal-force-curves slopes.- The variations with Mach number of 
the slopes of the normal-force-coefficient curves dCN/daA for the wing 
panels and the airplane are pre sented in figure 9. The value of 
dCNWp/daA for the wing panel in the presence of the fuselage increases 

from a value of 0.061 at a Mach number of 0 .40 to 0.090 at a Mach num
ber of 0.87. The total airplane normal-force-coefficient-curve slope 
i s approximately 8 percent higher than the wing normal-force-curve 
slope throughout the Mach number range. This difference is due princi
pally to the fuselage lift. Calculations of the normal-foree-curve 
slope by means of the Weissinger method (reference 8) for the wing 
panel outboard of the fuselage and for the complete wing assuming that 
the wing extends to the airplane center line also show that the normal
force - curve slope of the complete wing is about 8 percent higher than 
that for the wing panel. 

Wing bending moments and spanwise centers of pressure.- From the 
measurements of the wing bending moments and shears the center of pres
sure of the aerodynamic load on the wing panel can be found. The 
variation of the wing-bending-moment coefficient CBwp with the wing-

panel normal-force coefficient CNwp for several Mach numbers is pre

sented in figure 10. The wing-bending-moment coeffi cient varies 
linearly with wing-panel normal - force coefficient and there is little 
change with Mach number. 

If the effects of aileron deflection, rolling velocity, and wing 
twist are small, the spanwise center of pressure of the additional air 
load over the wing panel is 

Ywp dC~ 
= -----

bWP /2 

The variation vith Mach number of the additional air-load center of 
pressure for the wing panels outboard of the 33-inch spanwise station 
is shown in figure 11. Also shown in figure 11 is the theoretical 
additional air-load cent er of pressure calculated by the Weissinger 
method for the wing panel (reference 7). In calculating the theoretical 
center of pressure, the aspect ratio and taper ratio of the portion of 
the wing outboard of the 33 - inch spanwise station was used. The 
experimental center of pressure of the additional air load is approxi 
mately 48 percent of the wing- panel semi span and does not change appre 
ciably with Mach number. The theoret i cal spanwi se center of pressure 
is located at 44.3 percent of the wing-panel semispan. 
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Wing pitching moments and aer odynamic centers .- From plots of the 
wing-panel pitching-moment coef fic i ent against wing-panel normal -force 
coefficient the aerodynamic center of the aerodynamic load on the wing 
panel may be found . The aerodynamic center of the aerodynamic load on 
the wing panel is 

a . c. 

The variation wlth Mach number of the aerodynamic center of the wing 
panel is shown in figure 12(a) . Also shown in figure 12(a) is the 
location of the aerodynamic center (23 percent of the wing-panel mean 
aerodynamic chord) obtained by the Weissinger method . (See reference 7 . ) 
The aerodynamic center of the wing panel does not change appreciably a t 
Mach numbers up to 0 .80 . At Mach numbers between 0 . 80 and 0 . 87 the data 
indicate that the aerodynamic center moves rearward . The aerodynamic 
center of the wing is located at approx imately 24 percent of the wing
panel mean aerodynamic chord at a Mach number of 0 . 4 and moves forward 
slightly to about 22 percent at a Mach number of 0 .8 . From a Mach num
ber of 0 .80 to 0 . 87 the data indicate that the aerodynamic center moves 
rearward to approximately 30 percent of the wing-panel ~ean aerodynamic 
chord. 

The values of aerodynamic center shown in figure 12(a) were 
obtained, in general , at airplane normal - force coefficients less 
t han 0.5 . At a constant Mach number there appeared to be some varia
tion of dCM /dCN with normal -force coefficient; however, the data 

were not consistent enough to obtain the variation of the aerodynamic 
center with normal - force coefficient throughout the Mach number range . 
In general , the data indicate tha.t for the slats - locked configura.tion 
t he wing aerodynamic center does not vary with normal-force coefficient 
at low normal - force coefficients . At some higher normal -force coeffi 
cient the aerodynamic center moves forward somewhat and then at high 
normal -force coefficient s the aerodynamic center moves rapidly rearward. 
The normal - force coefficient at which the aerodynamic center moves for 
ward appear s to decrease with Mach number; for instance, at a Mach num
ber of about 0 . 4 the aerodynamic center appears to move slightly forward 
a t a wing -panel normal -force coefficient of about 0.7, whereas at a Mach 
number of 0 . 7 the aerodynamic center starts to move forward at a wing
panel normal -force coefficient of about 0 .3 . For the slats -unlocked 
configuration, the result s are similar except that the normal -force 
coefficient for which the initial forward movement of the aerodynamic 
center occurs appears to be higher than for the slats - locked 
configuration . 
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The variation with Mach number of the aerodynamic center of the 
wing -fuselage combination was found from the tail loads mea surements 
presented in reference 2 . The aerodynamic center of the air load on 
the fuselage is 

where 

The values of and were f ound from the data presented in 

reference 6 . 

9 

The variation of the aerodynamic center of the wing, fuselage, and 
wing- fuselage combination with Mach number is shown in figure 12(c). 
The aerodynamic centers are presented in percent of the mean aerodynamic 
chord of the complete wing. It can be seen in figure 12(c) that the 
rearward movement of the wing- fuselage aerodynamic center a t Mach num
bers up to 0 .80 is caused by the rearward movement of the fuselage 
aerodynamic center with Mach number. The data indicate that the more 
abrupt rearward movement of the wing - fuselage aerodynamic center above 
a Mach number of 0.8 is caused by rearward aerodynamic-center movement 
on the sweptback wing . The variation with Mach number of the aero
dynamic center of the fuselage in percent of fuselage length is pre
sent.ed in figure 12(b). 

Normal-Farce - Coefficient Effects 

Bending moments. - The variation of the wing-panel bending-moment 
coefficient with wing-pa.nel normal - force coefficient at high normal
force coefficient s is shown in figure 13. The variation of wing-panel 
bending-moment coefficient with angle of attack is presented in figure 8. 

For the slats-locked configuration the bending-moment coefficient 
increases almost linearly with angle of attack and win§-panel normal
force coefficient up to an angle of attack of about 10 and a wing
panel norma.l-force coefficient of about 0.85. At angles of attack and 
normal - force coefficients above these value s the wing bending-moment 
coefficient remains approximately constant; this constant bending-moment 
coefficient indicates an inboard movement of the spanwise center of 
pressure . 

- ~- -~-'--~~-' ---
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For the slats -unlocked configuration the wing bending-moment coef 
fi cient increases almost l i nearly with angle of attack and wing-panel 
normal -force coeff icient at angles of attack up to about 200 and at 
wing-panel normal-force coefficients up to approximately 1.15. The 
wing -bending -moment coefficient decreases from an angle of attack of 220 

to ~4° and then remains almost constant up to an angle of attack of 380
• 

Pitchi ng mom~nts .- The variation with wi ng-panel normal-force 
coefficient of the wing-panel pitching-moment coefficient based on 
wing -panel area and wing-panel mean aerodynamic chord is shown in 
figure 14. The variation of wing-panel pitching-moment coefficient 
with angle of attack is presented in f igure 8. Data are shown in 
figure 14(a) for the slats-locked configuration and in figure 14(b) 
f or the slats -unlocked configuration. 

Figures 8(a) and 14(a) show that} for the slats-locked condition} 
the wing-panel pitching-moment coefficient decreases abruptly at an 
angle of attack of about 90 and a wing-panel normal-force coefficient 
of about 0.85 . 

In the data for the slats-unlocked configuration (figs. 8(b) and 
14(b)) a s imilar increase in wing-panel stability is indicated at an 
angle of attack of about 110 and a wing-panel normal-force coefficient 
of about 0.86. 

The variation with airplane normal-force coefficient of the wing
panel pitchi ng -moment coefficient based on one-half of the total wing 
area and the mean aerodynamic chord of the complete wing is shown in 
f igures 15(a) and 15(b) for the slats-locked and slats-unlocked con
figurations} re spectively. The data have been presented as a function 
of angle of attack in figures 8(a) and 8(b). The data} when presented 
in this manner} represent the portion of the complete airplane pitching
moment coefficient contributed by the wing panels outboard of the fuse
l age. For the slats - locked configuration the contribution of the wing 
t o the airplane pitching moment is stable at airplane nOYmRl-force 
coefficients up to 1.1. An increase in the stability of the wing is 
indi cated at an airplane normal - force coefficient of about 0.88. This 
increase does not appear to be as abrupt as in figure 14 because the 
airplane normal-force coeff icient increases above the angle of attack 
at which the wing normal-force coefficient reaches a maximum. The data 
for the slats-unlocked configuration show that the contribution of the 
wing to the airplane pitching-moment coefficient is stable at airplane 
normal -force coeffici ents up to 1 . 3 . An increase in the stability of 
the wing is indicated at an airplane normal-force coefficient of 
about 0 . 90 . At an angle of attack of about 230 and an airplane normal
force coefficient of 1. 3 it is indicated that the wing-panel pitchi ng 
moment increases abruptl y and then remains relatively constant at 
higher angles of attack or airplane normal-force coefficients. 
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Centers of pressure.- The variations of the chordwise and spanwise 
centers of pressure with airplane angle of attack, wing-panel normal
force coefficient and airplane normal-force coefficient are presented in 
figure 16. The data are shown in figure 16(a) for the slats-locked con
dition and in figure l6(b) for the slats-unlocked condition and are pre
sented as percentages of the wing-panel semispan and the wing-panel mean 
aerodynamic chord. The centers of pressure shown were obtained from the 
data of figure 8. 

For the slats -locked configuration the spanwise and chordwise 
centers of pressure are approximately constant at angles of attack up 
to 8°. At angles of attack from 8° to 27° the spanwise center of pres
sure moves inboard from approximately 47 percent of the wing-panel 
semispan to about 41 percent of the semispan. The chordwise center of 
pressure moves rearward from about 24 percent of the wing-panel mean 
aerodynamic chord to about 34 percent of the mean aerodynamic chord in 
the angle-of-attack range. 

For the slats-unlocked configuration, the spanwise center of pres
sure moves gradually outboard and the chordwise center of pressure is 
about constant at angles of a.ttack up to 10°. At angles of attack from 

o 0 10 to 22 the spanwise center of pressure moves outboard from 48 per-
cent to 53 percent of the wing-panel semispan and the chordwise center 
of pressure move s rearward from 25 percent to 37 percent of the wing
panel mean aerodynamic chord. At an angle of attack of about 230 the 
spanwise center of pressure shifts inboard to about 45 percent of the 
semispan and the chordwise center of pressure moves forward to about 
32 percent of the mean aerodynamic chord and then does not change appre
ciablyat angles of attack up to 380

• 

Effect of the wing and fuselage on the longitudinal stability of 
the airplane at high normal-force coefficients.- The effect of the wing 
and fuselage on the stability of the airplane is shown in figures 17(a) 
and 17(b) as plots of elevator angle) wing pitching-moment coefficient, 
fuselage pitching-moment coefficient, and wing-fuselage pitching-moment 
coefficient against airplane angle of attack and normal-force coeffi
cient for the slats-closed configuration. The wing-fuselage pitching 
moments were determined from the tail-load measurements presented in 
references 2 and 6. The fuselage pitching moments were determined by 
subtracting the wing pitching moments from the wing-fuselage pitching 
moments. 

The variation of elevator angle with angle of attack and normal
force coefficient shown in figure 18 indicates that the airplane is 
stable at angles of attack up to 90 and airplane normal-force coeffi
cients up to 0.8. At angles of attack above 90 and normal -force 
coefficients above 0 .8 the airplane is unstable. The wing pitching
moment curve shows that the wing is stable throughout the angle-of
attack range covered in figure 17. At an angle of attack of about 9° 
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and an airplane normal-force coefficient of 0.80 where the airplane 
be comes unstable, the wing becomes slightly more stable. The fuselage 
contribute s a destabilizing moment except for a small angle-of-attack 
range between 110 and 130 where the variation of fuselage pitching 
moment coefficient with angle of attack and a i rplane normal-force coef
fi cient is stable. Above an angle of attack of 130 and an airplane 
normal-force coefficient of about 0 . 93 the fuselage becomes unstable 
again. 

The data of figure 17 show that the instability of the airplane is 
not caused by the wing or fuselage . In addition, the spanwise center 
of pressure starts to move inboard at the angle of attack at which the 
airplane becomes unstable for the slats-locked configuration. (See 
fig. 16(a).) This center - of -pressure movement is in the direction for 
an unstable change in downwash at the tail. 

SUMMARY OF RESULTS 

The results obtained from wing- load measurements on the 
D-558-I1 airplane in the Mach number r ange from 0.37 to 0.87 indicate 
that : 

1. The wing normal - force - curve slope increases from a value of 
0 .061 at a Mach number of 0 . 40 to 0 . 090 at a Mach number of 0.87 and 
is about 8 percent lower than the airplane normal-foree-curve slope 
t hroughout the Mach number range . 

2 . The spanwise center of pressure of the additional air load on 
the wing is located at approximately 48 percent of the wing-panel 
semispan and does not vary with Mach number for Mach numbers up to 0.87. 

3. The aerodynamic center of the wing is located at approximately 
24 percent of the wing-panel mean aerodynamic chord at a Mach number 
of 0 .4 and moves forward slightly to about 22 percent at a Mach num
ber 0 .8. From a Mach number of 0 . 80 to 0.87 the aerodynamic center 
moves rearward to about 30 percent of the wing-panel mean aerodynamic 
chord. 

4. The rearward movement of the aerodynamic center of the wing
fuselage combination with Mach number at Mach numbers up to 0.80 is 
caused by a rearward movement of the aerodynamic center of the fuselage 
with Mach number. The increase in the stability of the airplane with 
Mach number in this Mach number range, therefore, ma.y be partly 
attributed to the rearward movement of the fuselage aerodynamic center 
with Mach number . 
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5. For the slats-locked configuration the center of pressure on 
the wing moves inboard and rearward at high angles of attack. For the 
slats-unlocked configuration the center of pressure moves outboard and 
rearward at high angles of attack up to an angle of attack of 23°. At 
an angle of attack of 230 the center of pressure moves abruptly inboard 
and forward and then remains approximately at the same position at 
angles of attack up to 38°. 

6. The wing does not cause the longitudinal instability of the 
airplane at high normal-force coefficients since the wing becomes more 
stable in the angle-of-attack range for which the airplane is unstable. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

.Langley Field, Va. 
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TABLE I 

DIMENSIONS AND CHARACTERISTICS OF THE 

DOUGLAS D-558-II AIRPLANE 

Wing : 
Root airfoil section (normal to 0 .30 chord) 
Tip airfoil section (normal to 0.30 chord) 
Total area, sq ft . . . . . 
Span, ft . . . . . . . . . .. . . .. . 
Mean aerodynamic chord, in . ...... . 
Root chord (parallel to plane of symmetry), in . 
Tip chord (parallel to plane of symmetry), in . 
Taper ratio . . . . 
Aspect ratio . . . . . . . . 
Sweep at 0 .30 chord, deg .. 
Incidence at fuselage center line, deg . 
Dihedral, deg . . . . . . 
Geometric twist, deg . . . 
Total aileron area (aft of hinge), sq ft 
Aileron travel (each), deg 
Total flap area, sq ft 
Flap travel, deg 

Horizontal tail: 
Root airfoil section (normal to 0 . 30 chord) 
Tip airfoil section (normal to 0 .30 chord) 
Area (including fuselage) , sq ft 
Span, in . ... . . . . .... . ... . 
Mean aerodynamic chord, in . . . . . . . 
Root chord (parallel to plane of symmetry), in. 
Tip chor d (parallel to plane of symmetry), in. 
Taper ratio . . . . . . . . . 
Aspect ratio . . . . . . . . . 
Sweep at 0 . 30 chord line, deg 
Dihedral , deg 
Elevator area, sq ft 
Elevator travel, deg 

Up .. . ... 
Dovm . 

Stabilizer travel, deg 
Leading edge up 
Leading edge down 

15 

NACA 63 -010 
NACA 631 -012 

115·0 
25 ·0 

87 . 301 
108.51 

61 .18 
0 .565 
3 .570 

35 .0 
3 ·0 

- 3 .0 
o 

9.8 
±15 

12 . 58 
50 

NACA 63 -010 
NACA 63-010 

39 ·9 
143 .6 
41.15 

53 . 6 
26.8 
0 . 50 
3.59 
40.0 

o 
9.4 

25 
15 

4 
5 
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TABLE I 

DIMENSIONS AND CHARACTERISTICS OF THE 

DOUGLAS D- 558- II AIRPLANE - Concluded 

Vertical tail : 
Airfoil section (parallel to fuselage center line). 
Area, sq ft . . . . . . . . . . . .. . .... . 
Height from fuselage center line, in. . .... . 
Root chord (parallel to fuselage center line), in . 
Tip chord (parallel to fuselage center line), in. 
Sweep angle at 0 . 30 chord, deg .... 
Rudder area (behind the hinge line), sq ft 
Rudder travel, deg . . . . . . . . . . 

Fuselage: 
Length, ft 
Maximum diameter, in. 
Finene s s ratio 
Spee d- ret arder area, sq ft 

NACA RM L50Hl6 

NACA 63 -010 
36 . 6 
98 .0 

146 .0 
44. 0 
49. 0 
6 .15 
±25 

42.0 
60.0 
8.40 
5.25 

Power plant . . . . . . . J- 34-WE-40 
2 jatos for take-off 

Ai rplane weight (full fuel), Ib 

Airplane weight (no fuel), Ib . 

Airplane we ight (full f uel and 2 jatos), I b . 

Center -of - gravity locations: 
Full f uel (gear dOwn), percent mean aerodynamic chord 
Full fuel (gear up), percent mean aerodynami c chord 
No fuel (gear dOwn), percent mean aerodynamic chord. 
No fue l ( gear up), percent mean aerodynamic chord .. 
Full fuel and 2 jatos (gear down), percent mean aerodynamic 

chord ....................... . 

10 , 645 

9 , 085 

11, 060 

25· 3 
25 .8 
26.8 
27.5 
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Figure 1.- Front view of Douglas D-558-I1 (BuAero No . 37974) research 
airplane . 
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Figure 2 .- Three-quarter rear view of Douglas D- 558-II (BuAero No. 37974) 
r esearch airplane. 
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Figure 3-- Three-view drawing of the Douglas D-55B-II (BuAero No. 37974) 
research airpl-ane. 
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Figure 4.- Section of wing slat of Douglas D- 558-I1 (BuAero No. 37974) 
research airplane perpendicula r to leading edge of wing . 
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Figure 5 .- Locations of strain gages on the Douglas D- 558- I1 (BuAer o 
No . 37974) r esearch airplane . 
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Figure 13.- Variation of wing-panel bending-moment coefficient with wing
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stability. 
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