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SUMMARY 

A flight investigation of an NACA hingermoment roll research model 
consisting of a sharp-nosed cylindrical body e~uipped with a cruciform 
arrangement of 600 sweptback delta wings, two of which were e~uipped 
with half-delta tip controls, was conducted at the Langley Pilotless 
Aircraft Research station at Wallops Island, Va. Reduced data, obtained 
at zero angle of attack, are presented as the variation with Mach number 
of damping-in-roll coefficient, aileron rollin~oment coefficient, 
lateral-control effectiveness, and hing~oment coefficient at various 
deflections. 

Results indicated that the half-delta tip aileron (hinge line at 
63.5 percent aileron root chord) was very well balanced, especially at 
~ransonic and supersonic speeds. Hing~oment coefficients were found 
to reduce abruptly at a Mach number of 0.91) indicating a rapid rearward 
center-of-pressure shift. 

The measured damping-in-roll coefficients were approximately 34 per­
cent lower than the values predicted by linear theory at supersonic Mach 
numbers. Subsonic values of the damping-in-roll coefficient were found 
to be about 28 percent_ lower than predicted by lifting-line theory 
corrected for sweepback and compressibility effects. 

Aileron rollin~oment coefficients were found to be approximately 
78 percent of the values predicted by linear theory at supersonic Mach 
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numbers. There were no abrupt changes in aileron rolling-moment coef­
ficients at transonic speeds. 

Rolling effectiveness of a delta-wing configuration, calculated from 
reduced data of the investigation, agreed favorably with previous rocket­
test results. Only a small loss in rolling effectiveness was obtained at 
transonic speeds. The delta-wing configuration was found to retain more 
than half of its subsonic rolling effectiveness at a Mach number of 1.5. 

INTRODUCTION 

As part of an endeavor to provide aerodynamic design data for 
guided missiles and high--epeed aircraft, a free-flight program was ini­
tiated to determine the hing~oment and rolling characteristics of a 
series of promising wing-aileron configurations. It had been indicated 
from free-flight rocket tests (reference 1) that half-delta wing-tip 
ailerons provide satisfactory lateral-control effectiveness throughout 
the transonic and low-eupersonic speed ranges. It was further realized 
that half-delta tip ailerons provided ample opportunity for aerodynamic 
balance, both because of the mechanical ease of locating hinge axes and 
because of the small movement of center of pressure with moderate changes 
in deflection angle and Mach number. In addition, it was known that thin, 
highly swept wings of low aspect ratio offer the advantage of low drag. 
Therefore, a 600 sweptback delta wing with half-delta tip ailerons was 
chosen as the first of this series for the present investigation. 

Results obtained in this investigation included hinge moments, 
daIllI>ing-in-roll moments, aileron rolling moments, and rolling effective­
ness from Mach numbers of 0.69 to 1.52 for all aileron deflections 
between ±5° at zero angle of attack. 

SYMBOIS 

b wing span, 2.58 feet 

wing mean aerodynamic chord, 1.49 feet 

aileron mean aerodynamic chord, 0.385 foot 

s total wing area in one plane, 2.89 square feet 

area of one aileron, 0.095 square foot 

deflection of one aileron, degrees 

. 
cp, p rate of roll, radians per second 
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M Mach number 

P mass density of air, slugs per cubic foot 

v free-stream vel ocity , feet per second 

dynamic pressure , pounds per square foot ( PV22) 

coefficient of viscosity of air, s l ugs per cubic foot- second 

R 

g 

Reynolds number ( p~V) 

longitudinal accel eration of model , g units 

acceleration of gravity 

aileron hing~oment coefficient 

(

Hinge moment a~out hinge lin~\ 

qSaca ) 

damping-in- roll coefficient, per radian 

(
Damping-in-rOllp~oment on damping wingS) 

- qbS 
2V 

aileron rollin~oment coefficient, per degree 

(
Total aileron r olling moment ) 

oqbS 

All rolling moments are taken about the longitudinal axis . 

MODEL 

The hing~oment roll research model used in this investigation con­
sisted of a sharp-nosed cylindrical body equipped with a cruciform 
arrangement of 600 sweptback delta wings . A drawing of the model and 
booster showing the over-all dimensions is presented in figure 1, and a 
photograph of the model is shown as figure 2. 
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Two of the diametrically opposite wings were equipped with tip 
ailerons and two of the wings were affixed to a rolli~ment balance 
beam as shown diagrammatically in figure 3. The wing panels had a 
modified hexagonal airfoil section, the maximum thickness ratio of which 
varied linearly from 2.32 percent at the root chord (at fuselage center 
line) to 9 percent at the parting line of the wing and aileron. The 
half-delta tip ailerons, fastened to the outboard ends of torque rods, 
had modified double-wedge airfoil sections with a constant thickness­
to-chord ratio of 3 percent. The gap between the aileron and a fence 
mounted on the tip chord of the wing panel was .0.01 inch. Figure 4 is 
a sketch showing the detail dimensions of the wing and aileron, and 
figure 5 is a photograph of the wing-aileron assembly. The latter 
figure also illustrates the gap existing between the fuselage skin and 
the dampin~ing surface. 

It was found from preflight wing torsion tests that estimated flight 
loads would produce negligible wing twist. 

INSTRUMENTATION 

The model was equipped with an NACA telemeter which transmitted the 
following flight data: normal and longitudinal acceleration, static and 
total-head pressure, aileron deflection and hinge mament~ angular rolling 
velocity, and rolling moment. 

A balance to measure aileron hinge moments and a control-position 
indicator to measure aileron deflections were constructed as integral 
parts of a control power unit, the unit being mounted in the after part 
of the wing section. 

Rolling moment was obtained by rigidly mounting the two damping-in­
roll wings to the free end of a steel cantilever balance beam. No arti­
ficial damping was employed in this assembly. 

In addition to this model instrumentation, a radiosonde recorded 
atmospheric data at all altitudes shortly after firing. Flight-path 
data were obtained with a radar tracking unit and GW Doppler radar was 
used to determine initial flight velocities. Photographic tracking was 
also employed to obtain a visual record of any flight peculiarities or 
structural failures during the flight. 
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TECHNIQUE 

The technique utilized in this investigation consisted of mechani­
cally pulsing the ailerons throughout the entire flight such that their 
deflection varied sinusoidally with time. The pulsing frequency was 
4 cycles per second and the amplitude ±5°. This technique enabled hinge­
moment data to be obtained for all aileron deflections over the complete 
Mach number range tested. All hinge-moment data were corrected for the 
inertia effects of the aileron and control linkage caused by the pulsing 
motion as well as the load-deflection effects of the control linkage. 

The response of the model to the sinusoidal control input involved 
motion about the roll axis only (as was substantiated by a normal 
accelerometer reading of zero obtained throughout the flight). Thus, 
angle-of-attack effects were considered negligible upon the results. 
By considering the model to be restricted to one degree of freedom (roll)~ 
the aileron rolling moments were determined by an application of the 
method of least squares, as is shown in the appendix. 

Wing rolling moments were measured directly by telemetered deflec­
tions of the rolling~oment balance beam from which the wing damping-in­
roll was determined as shown in the appendix. 

ACCURACY 

Although hinge moments were measured directly from telemetered 
deflections of a calibrated hing~oment beam~ errors were introduced 
into these measurements largely by inaccuracies in instrumentation. 

Instrument phase-lag errors resulted in a substantial loss in 
accuracy of the damping-in-roll results at subsonic velocities. The 
large number of calculations necessary in the reduction of the damping­
in-roll data and the aileron rollin~oment data resulted in a small 
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decrease in accuracy of these results. The following table has been 
prepared to indicate the estimated probable percentage error of the 
rolling parameters through the velocity range: 

Quantity Subsonic Transonic Supersonic 
(M = 0.69 to 0.85) (M = 0.85 to 1.15) (M = 1.15 to 1.52) 

C1 
±~ flO ±7 

P 
C1 ±3 ±5 ±8 

0 

All hinge moments were measured with a possible error of ±It inch-pounds. 

RESULTS AND DISCUSSION 

Flight conditions existing at the time the data were obtained 
resulted in a Reynolds number variation with Mach number, as presented 
for reference in figure 6. 

Hinge moments.- All hinge~oment data presented in this report were 
obtained during decelerated flight (-3.5 ~ aI ~ 0) and at zero angle of 
attack. 

The variation of hing~oment coefficient with aileron deflection is 
presented in figure 7 over a Mach number range of 0.69 to 1.52. These 
coefficients were obtained for the aileron moving in both positive and 
negative directions, as is indicated by the curve symbols. The presented 
curves were faired through the average of the values obtained under the 
above two conditions since the reason for disagreement is not apparent 
at this time. At Mach numbers from 0.69 to 0.84 the variations are seen 
to be approximately linear, which indicates the center-of-pressure loca­
tion of the lift load on the aileron to be invariant with deflection. 
The positive slopes of the curves indicate (for a trimmed condition) 
that the center of pressure was forward of the hinge line which was 
at 63.5 percent of the aileron root chord. At a Mach number of 0.91 the 
curve retains most of the positive slope, but, as Mach number is increased 
to 0.92, a large decrease in slope is observed. This decrease in slope 
is an indication of a rapid rearward shift in the center-of-pressure 
location, most probably the result of a loss in lift over the nose section 
of the aileron, and will be seen later in a different form. The varia­
tion of ~ with 0 is also less linear at M = 0.92, indicating 
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a small rearward shift in center-of-pressure location with increasing 
deflections. The shapes of the hing~oment-coefficient curves from 

7 

M = 0.95 to M = 1.52 change only slightly, the curves decreasing in 
slope as Mach number is increased. At low aileron deflections the slopes 
of the curves remain positive, but at higher deflections the slope 
approaches zero and finally becomes negative at the highest deflec­
tions (±4° to ±50 ), indicating the center of pressure has moved rearward 
with increasing deflection. Wind-tunnel-test results at M = 1.9 of a 
model similar to that used in the present investigation (reference 2) 
indicate that the center-of-pressure location at zero angle of attack 
was slightly behind the hinge line for the test deflection range of ±lOo. 
Differences in Mach number between the tunnel results and the present 
test results do not allow a valid comparison to be made. 

It should be pointed out that the aileron was out of trim throughout 
the Mach range. This can be seen in figure 7 by the negative values of 
aileron hing~oment coefficient at zero deflection. The variation of 
this out-of-trim moment with Mach number can be seen more easily in 
figure 8, which is a cross plot of figure 7 and presents the variation 
of hinge-moment coefficient with Mach number for various aileron deflec­
tions. The out-of-trim moment, indicated by the vertical displacement 
of the zero-deflection curve, was found to increase suddenly from a 
value of -0.005 at M = 0.84 to a maximum value of -0.011 at M = 0.91. 
The out-of-trim moment then decreased with increasing Mach number and 
approached a negligible value at M = 1.52. Out of trim has been pre­
viously experienced in "synn:netrical" delta wings and is believed to be 
the result of small construction e:rTors. Figure 8 again shows the large 
decrease in hinge-moment coefficients at M = 0.91. It should be pointed 
out, however, that the subsonic values, although large in comparison with 
the transonic and supersonic values, are actually small as compared with 
values obtained for other present-type ailerons. 

Rolling parameters.- Figure 9 presents the damping-in-roll results 
of the investigation in coefficient form (Clp) from M = 0.69 

to M = 1.52. Included for comparison are theoretical Cr values 
p 

(reference 3) for 1 ~M ~ 1.6 which are based on a 600 sweptback delta 
wing of identical plan form with no body. Also includ~d for comparison 
is one wind-tunnel test point at M = 1.62 (reference 4) for a uniplanar­
wing model with a ratio of wing span to body diameter approximately equal 
to that of this investigation. The shape of the damping curve obtained in 
this invest~gation is seen to compare favorably with linear theory within 
the comparable Mach range; the actual difference in magnitudes between the 
curves, however, cannot be explained by eXperimental inaccuracy. The 
ratio of wing damping with a body to wing damping without a body as 
obtained theoretically (reference 5) for an identical bOdy-diameter -
wing-span ratio as that tested indicates a 4-percent increase in Cz p 
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for the body-on condition. It is therefore unlikely that disagreement 
in the comparison of test results with linear theory and the tunnel test 
point resulted primarily from body effects. It is believed that this 
disagreement is the result of mutual wing-interference effects of the 
cruciform configuration which were not considered in the uniplanar-wing 
theory. Subsonic values of Cr were found to be about 28 percent p 
lower than predicted by lifting-line theory corrected for sweepback and 
compressibility effects (reference 6). At transonic velocities small 
abrupt changes occurred in Cr - its magnitude first increasing, then 

p 
decreasing, and finally slightly increasing again with the total varia­
tion approximately 22 percent of the mean value. 

The variation of aileron rollin~oment coefficient C with Mach 
~a 

number is presented in figure 10 over a Mach range of 0.69 to 1.52. Calcu­
lations of Cr based on linear theory (reference 7) are presented for a 
comparison at supersonic Mach numbers. The test results were found to 
be from 15 percent to 30 percent lower than theory at supersonic Mach 
numbers. This difference is the result of the nonapplicable assumption 
of an infinitely thin airfoil utilized in the linear theory. Tunnel tests 
of a similar model (reference 8) have indicated no appreciable variation 
in Cra with moderate changes in parting-line gap. It is interesting 

to note that there are no sharp breaks or ro11in~ment losses at tran­
sonic Mach numbers. There was, however, a 45-percent decrease in Cr a 
between the Mach numbers of 1.0 and 1.5. 

Figure 11 presents the variation of wing-tip helix angle per unit 
~~ aileron deflection ----- as calculated for a steady-state rolling con-

dition from the Crp and Cra data obtained in the present investiga­

tion. Introduced for comparison are rolling-effectiveness data obtained 
from free-flight rocket-test models (reference 1). The characteristic 
decrease in effectiveness at Mach numbers slightly less than M = I 
resulted primarily from the increased damping-in-roll values at these 
velocities, but this loss in effectiveness was small (10 percent) com­
pared with other wing-aileron configurations, some of which have 
reversed effectiveness. The 600 wing-aileron combination tested also 
was found to retain 65 percent of the subsonic rolling-effectiveness 
value at M = 1.5. 
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CONCLUSIONS 

The following conclusions may be drawn from the results of the inves­
tigation: 

1. The half-delta tip aileron with a hinge-line location at 63.5 per­
cent root chord~ although slightly overbalanced throughout the flight~ 
exhibited very small hinge-moment coefficients~ especially at transonic 
and supersonic velocities. An abrupt reduction of hing~oment coeffi­
cient occurred at a Mach number of 0. 91, indicating a rapid rearward 
center-of-pressure shift. 

2. The hing~oment data indicate the aileron center of pressure to 
be constant with deflection at subsonic Mach numbers. At transonic and 
supersonic Mach numbers, however, a small rearward center-of- pressure 
shift was indicated for increasing positive and negative deflections. 

3. It is believed that minor differences in the fabrication of 
IIsymmetrical ll airfoil sections result in appreciable out-of- trim effects 
for airfoils which employ a large amount of aerodynamic balance. 

4. At supersonic speeds 

found to be approximately 34 
, theory within the comparable 

Cl p was 

percent lower than predicted by linear 
Mach range. At subsonic speeds C1 was 

p 

the damping-in-roll coefficient 

found to be about 28 percent lower than corrected lifting-line theory. 
At transonic velocities small abrupt changes occurred in Cz - its 

p 
magnitude first increasing, then decreasing , and finally slightly 
increasing again with the total variation approximately 22 percent of the 
mean value. 

5. The aileron rollin~oment coefficient CZe decreased 45 percent 

at Mach numbers from 1.0 to 1.5. There were no abrupt changes in CZe 
in the transonic speed range. 

6. The results indicate the rolling effectiveness (at small angles 
of attack) of a delta wing with tip ailerons to be very satisfactory at 
both subsonic and supersonic speeds. The characteristic loss in rolling 
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effectiveness at transonic speeds (found to be the result of increased 
damping in roll for the present configuration) was only 10 percent for 
the configuration tested, whereas other type wing-aileron combinations 
suffer serious reductions and even reversals in rolling effectiveness 
at these speeds. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force Base, Va. 
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APPENDIX 

METHOD OF REDUCING ROLL DATA 

The following least-square application was utilized in determining 
the aileron rollin~oment-coefficient results from the telemeter data 
recorded in the investigation. 

L 

cp 

... 
cp~cp 

e 

, " 

e~ e 

Symbols 

total rolling moment measured at wing balance beam~ 
ft-lb 

out-of-trim rolling moment of damping wings~ ft- lb 

out-of-trim rolling moment of model~ ft-lb 

total wing area in both planes, 5.78 sq ft 

lSI == (2S) I 
damping-in- roll coefficient~ per radian 

damping-in-roll moment) 
pb 
2V qbSl 

angle of bank, radians 

time derivatives of cp 

moment of inertia of model about longitudinal axis, 
slug-ft2 

moment of inertia of damping wings about longitudinal 
axis of model~ slug-ft2 

angular deflection of damping wing under applied 
flight loads measured about model longitudinal 
axi s ~ radians 

time derivatives of e 

time references 
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Method 

The single-degree-of-freedom roll equation 

contains all the rolling moments applicable to the test model while in 
flight. The derivatives C1.~ and C1. are assumed to be constant at 

U Pl 
any particular Mach number. (This assumption was found to be valid 
within the accuracy of the present investigation.) For convenience, the 
following identities are substituted in the preceding equation: 

The resulting equation 

is multiplied by each of its variables to obtain: 

(3a) 
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By rAcording several simultaneous measurements of the three vari­
ables (~, ~,and 0) at constant Mach number from the telemeter record, 
the following constants can be evaluated: 

B = L(CP~) 

c 

E = [Up) 

F = [(Cp2) 

G = L(o~) 

H = ;]<r) 
J = L:(02) 

L = L(o) 

+ • • • 

+ • • • 

Evaluated as A, B, and C 

Replacing the variables in equations (3) with the above measured 
constants yields three simultaneous equations 

(4a) 

(4b) 

(4c) 

The three unknowns Kl'~' and K3 are obtained from the solution 
of these equations , and, from equation (2) , C7, is calculated. 

o 

Rather than use the model rolling response to determine wing damping 
in roll, a more accurate means was used in which the actual rolling 
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moment of the wings was measured through the use of a rolling-moment 
balance. This balance measured the total moment on the wings which 
included the moment due to wing inertia, wing damping moment, and out­
of-trim rolling moment. The following equation contains all the com­
ponent moments measured by the balance: 

The least-6quare application to this equation was used as befure to 
determine the damping-in-roll coefficient C2 • 

P 

The variables used in the least-6quare applications were obtained 
from the telemeter record, a sample of which is illustrated in figure 12. 
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Figure 2 .- Photograph of pulsed-control roll research vehicle. 
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Figure 5.- Photograph of wing and aileron. 
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Figure 7.- Continued. 
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Figure 7.- Concluded. 
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Figure 8.- Aileron hinge-moment coefficient against Mach number for various aileron deflections with 
zero angle of attack. 
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Figure 10.- Variation of aileron rolling-moment coefficient with Mach number as computed from 
experimental data. 
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Figure 11.- Comparison of previous free-flight rocket-test results with results calculated from data 
obtained in present investigation. 
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