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By Richard Scherrer and William R. Wimbrow

SUMMARY

An experimental investigation was conducted to determine the aero-
dynamic characteristics of modele of a tailless, pursuit-type, supersonic
airplane employing & wing of triangular plan forme Several modifications

| of the basic airplane were tested and data were obtained at two Reymolds

1 pumbers at & Mach mumber of 1,53 Measurements of 1lift, drag, and

| pitching moment were made through an angle-of-attack range of -5° to

l +15°, and measurements of side force, drag, and yawing moment were made

| through en angle-of-yaw range of =1° to +9°. The wings were equipped

| with constant-chord, trailing-edge elevators; and the vertical fins
with constant-chord, trailing-edge rudders. The elevator deflection
angle was varied from 0° to =17.8%°. Each of two vertical-tail con-

‘ figurations were tested with rudder angles of 0° and -9°.

The elevator effectiveness was found to be independent of angle of
attack through the range investigated and was found to vary linearly
with elevator deflection up to a oritical deflection angle which could
be predicted. It was also found that the effectiveness of the elevators
improved with increabing Reynolds rumber. The models exhibited a vari-
ation of drag with 1ift which was only slightly greater than that pre-
dicted by “theorye.

of gravity loceted at 25 percent of the mean aerodynamic chord. How=-
ever, with the center of gravity in this position, all the configurations
were either directionally unstable or exhibited a degree of stability

All of the models tested were longitudinally stable with the center
|
| that appears to be marginal.

INTRODUCTION

\

ik A wing of triangular plan form with its apex forward appears to be

| suitable for certain types of supersonic aircraft because theory indi-

} cates that such a wing should have satisfactory subsonioc and supergonic
stability characteristics and low supersonic wave drag. (See references
1 and 2.) Recently the NACA has completed an experimental investigation
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of wings of this typee. (See reference 3.,) Although theory and experi-
ment indicate satisfactory characteristics for wings of triangular plan
form, the effect of adding a fuselage and controls to this type of
wing requires further investigation. Several types of trailing-edge
flaps on triangular wings have been tested in the transonic range and
the results of this investigation are reported in reference 4. How-
ever, the lknowledge of control characteristics of such wings at super-
sonic speeds is still very limited.

The present investigation was undertaken to determine the aero-
dynamic characteristics at a Mach number of 153 of several configura-
tions for a tailless, pursuit-type, supersonic airplane employing a
wing of triangular plan form, and also to determine the control charac-

teristics of constant chord elevators at the trailing edge of such a winge.

SYMBOLS

The following symbols and aerodynamic coefficients (referred to
the wind axis) have been used herein:

c dr efficient (dra )

D ag co n "@35

c 1ift coefficient <1ift>
o <= |

(&C1)e change in C1, due to elevator deflection

c itching-moment coefficient (pitchin moment)

n pitching ° Eéi

Cmé- pitching-moment coefficient referred to the 50-percent
= M.A.Ge station

(Acmc change in Cmc due to elevator deflection

z/e 2

Cmc pitching=-moment coefficient referred to the 25-percent
T 1H.A.C. station

Ch- yawing-momenﬁ coefficient ref-ired to the 50-percent
- M.A.C. station

Cnc yawing-mement coefficient referred to the 25-percent

7T M.A.Co station
side force)
qs
H.A.C. mean aerodynamic chord, &, inches

Cy side=-force coefficient (

q dynamic pressure, pounds per square foot
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M Mach number

S total wing area, square inches

Se exposed plan a.re# of elevators, square inches

a angle of attack, degrees

ag rate of change of angle of attack with elevator deflection
at a constant lift coefficient

Se elevator deflection angle, degrees

sr rudder deflection angle, degrees

Vv angle of yaw, degrees

Configuration Symbols

Bg body with sharp-nose duct entrance

B, 2 body with open duct entrance and 12° exterior nose angle

K pilot's canopy

v, single vertical fin and rudder

Vs twin vertical fin and rudders at the wing tips

, basic tria:ngulo.r wing with 60° leading-edge sweepback

Wg of modified triangular wing with leading-edge fillets
APPARATUS

Wind Tunnel and Balance Equipment

The investigation was conducted in the Ames l- by 3-foot supersonic
wind tummel No. l. This wind tunnel is temporarily equipped with a
fixed nozzle designed for a Mach mumber of 1.5 with a 1= by 22-foot test
section. The tumnel, balance, and other instrumentation are desoribed

in detail in reference 5. However, in the present investigation, pitch- ‘

ing moments were determined by measuring the bending moments in the
sting support with a strain gage instead of measuring the reactions on
the main balance springs as described in reference 5. This change
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introduced a considerable improvement in the accuracy of the moment
measurementse.

Models

The airplane model tested is an example of a pursuit-type aircraft
intended for flight at supersonic speeds. Three-view drawings of the
various configurations tested are shown in figure 1 and photographs of
the models are shown in figures 2 through 5. The airplane has no hori=-
zontal tail and has a fuselage which is large relative to the wing.
This size relationship is dictated by the large volume-weight ratio of
the ram=-jet engine that is to be installed.

The basic wing is an equilateral triangle in plan form and has no
dihedrale An NACA 657-006.5 airfoil section is used at all spanwise
stationse A modified triangular wing with leading-edge root fillets
(fige 5) was also testeds Control surfaces of conmstent chord (fig. 1)
that extend across the entire trailing edge of the wing are to provide
longitudinal and lateral controle The elevator deflections were
obtained by meking a series of similar wings and bending the appro-
priate portion of the trailing edge of each to the desired angle.

Two vertical fin-rudder configurations are proposed to provide
directional stability and controle One configuration (fige 2) has a
large triangular fin with a constant chord rudder and a small ventral
fine Like the wings, the angle of sweepback of the fin leading edge
is 60° The other configuration has twin wing-tip fins, also with
constent chord rudders as shown in figure 3. They too are modified
equilateral trianglesy the lower corner having been cut off to provide
ground clearances ;

Two body configurations were testede One incorporated a shock dif=-
fuser having a 50° cone at the duct entrance, as shown in figures 2 and
3. The angle of the duct lip was also 50° and the minimum cross-
sectional area of the duct occurred at the entrances The second body
had an open-duct divergent entry, the exterior of which was formed by
fairing a trunceted 12° cone into the cylinderical fuselage as shown in
figures 4 and 5. The minimm duct area of this configuration also

occurred at the entrance, but unlike the previous configuration no super-

gonic compression was employede The latter body was tested both with
and without a pilot's canopy. (See fige 4e)

The models were assembled from interchangeable components that
attached to an inner body which was drilled to fit over the end of the
sting support and thereby provided a means of attaching the model to the
balance beam. The sting was shielded from aerodynamic forces by a
shroud that extended to within one-sixteenth inch of the base of the




NACA RM No. A7J05 )

inner body. This gap allowed the necessary longitudinal motion result-
ing from the deflection of the drag gages. An orifice was provided in \

the sting adjacent to the base of the immer body to measure the pressure
acting on the base.

METHODS

Test Methods

In the first phase of the tests, aerodynamic forces and moments
in pitoh were determined through en angle-of-attack range of -5° to
4+5°, the normal deflection range of the balance beam. In the next
phase, the angle-of-attack range was extended from 5° to 15° by
replacing the straight sting support with a sting having a 10° initial
angle.' Photographs of models installed for both of these phases
appear in figure 6, In each test lift, drag, and pitching moments
were measured in i angle-of-attack increments. As a result of the
deflection of the balance beam and the sting, the low angle-of-attack
range of the model was slightly greater than the range of the beam.
At the high positive angles of attack, the forces acting on the model
were great enough to deflect the sting until it fouled against the
surrounding shroude This prevented angles beyond 10° or 12° from
being attained at the high dynemic pressure corresponding to the
larger Reynolds numbers.

In the third phase of the test program the various configurations
were tested through an angle-of-yaw range of -1° to +9%. This was
accomplished by mounting the models in the tumnel with the span of the
wings in a vertical plane as shown in figure 6(¢) and by using a
sting with a 4° initial angle., Side-force, drag, and yawing moment
were measured at 1° increments of angle of yawe

In all three phases, the angle of attack (or angle of yaw) of
the model under load was measured with a vertical cathetometer and,
as a check, was also calculated from the measured 1ift (or side
force) and a predetermined spring constant for the balance beam and
sting. Both of these methods are described in reference 3e

A1l models were tested at two Reynolds numbers, 0.71 X 10® and
1,13 X 10%, based on the mean aerodynamic chord of the wing. The
Reynolds mumber variation was obtained by varying the total pressure
in the wind tunnel.

Method of Analysis

A1l measured forces were reduced to standard dimensionless
coefficients and, to facilitate comparisons, coefficients for all
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configurations were based on the dimensions of configuration By W, ¥ .
These dimensions are given in table I,

All drag data have been corrected for the effect of the pressure
acting on the base of the immer body.

In order to reproduce as closely as possible the flow conditions
that would exist over the exterior of the full-scale airplane, it was
necessary to provide for air flow through the internal duct of the model.
It was considered impractical, however, to design the interior of the
model to correspond exactly to the interior of the actual airplane.
Therefore, to apply the results obtained from the model tests to actual
flight conditions it is necessary to subtract the increment of drag
caused by the internal flow in the model from the total measured drag
and replace it with a value corresponding to the intermal drag of the
ectual airplane. An approximate valus for the internal drag of the
models utilizing the Bg duct entrance was obtained in the following man-
ner: First the drag of the By fuselage without wings or vertical fins
wag determined experimentally. Then the 50° entrance cone of the B,
entrance was replaced by another cone that completely plugged the duct
entrance. This eliminated the internal flow and consequently the in-
ternal drag. To reproduce the original drag or pressure distribution
over the exterior of the fuselage aft of the cowling lip, two conditions
had to be met: first, the stream angle at the 1lip had to be the same as
with the normal entrance, and second, the pressure at the lip had to be
the same., According to calculations the first condition required a 39°
cone to block the passage and the second a 48° cone. Since both condi-
tions could not be fulfilled simultaneously, the fuselage was tested with
both cones. The pressyre drags for the 39°, 48°, and 50° nose cones
were caloulated by the method of Taylor and Maccoll. (See reference 6.)
The internal drag was then assumed to be given by the following equation:

Dinternal - DBB _ (Dsae'n'“'D”b) M (DB““Dca' «ab) _ Do

2
where
Dg, measured drag of Bg fuselage with normal 50° cone
D, measured drag of fuselage with 39° cone
DBca measured drag of fuselage with 48° cone
Dag caloulated drag of 39° cone
Des calculated drag of 48° cone

Dgo caloulated drag of 50° cone
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Daoy, measured base drag of fuselage with 30° cone

Desy, measured base drag of fuselage with 48° cone

Precision of Results

The accuracy of the experimental data can be determined by esti-
mating the uncertainty of the individual measurements which enter
into the determination of the final results. The over-all uncertainty
of any given parameter can then be obtained by geometric summation of
the uncertainty of each of the factors entering the final value of
that parameters This method of accuracy analysis, desoribed in detail
in reference 3, has been applied to the determination of the aero-
dynamic coefficients for this investigation. Since the accuracy of
the results varies nomuniformly with the magnitude of the forces
involved (as described in reference 3), an analysis was made for the
arbitrary values of 0.2 1lift coefficient, 0.06 drag coefficients, and
0.0l moment coefficients These coefficients are intermediate values
obtained for the Bg Wgo V; configuration with no elevator deflection.
The following values for the uncertainty of the 1lift, drag, and
moment coefficients were obtained:

Cp and Cy + 0.003
Cp # 0,001

Gmc and c“B + 0,004
z T

The major factor ‘contributing to the uncertainty in the moment
coefficient was the difficulty in acourately determining the distance
between the effective center of the sting moment gage and the centroid
of the wing. An error in the measurement of this distance introduces
an error in the measured moment coefficient that is constant for that
particular model installation. Consequently the slopes of the moment
ocurves can be determined much more accurately than can the actual
numerical values of the coefficients This is demonstrated by the
abrupt discontinuities that ocour in the moment curves at the point
where the change is made from the data obtained with the low angle of
attack, straight sting, to that obtained with the high angle, bent
stingo 6 '

As in reference 3, the uncertainty of the angle-of=-attack measure-
ment is +0,15° and the Mach number may vary by 0,01,

The average Reynolds numbers for the investigation are 1,130,000
and 710,000, but due to variations in tunnel pressure and temperature
the actual value may vary from one test run to another by 420,000,
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The determination of the actual deflection angles of the control
surfaces was made extremely difficult by the small size of the models
and the fact that these surfaces were bent rather than machined to
the desired angle. As a result there was a bend radius rather than a
definite hinge line. However, the elevator deflections were measured
carefully at six uniformily spaced stations across the span of each
wing and the average of these six measurements is used in presenting

the date. It is believed that the individual measurements were accurate

to +0.05° but the values for the various stations across the span of a
given wing varied by as much as +2° from the everage values.

The rudder=-deflection angles were subject to variations similar
to those of the elevators and, in addition, the chords of the rudders
were not constant throughout their lengthe. Consequently no attempt
we.s made to measure the rudder-deflection engles with a high degree
of accuracy and the nominal value of -9° for the effective deflection
angle of both rudder configurations is subject to an uncertainty of
at least +1°,

RESULTS AND DISCUSSION
Tests in Pitch, Controls Neutral

The variations of 1ift, drag, and pitching moment with angle of
attack were determined for all configurations (table II) through en
angle-of-attack range of =5° to +16% In this portion of the investi-

gation all the configuretions were tested with neutral elevators and
rudderse.

The internmal drédg coefficient for the Bg configurations was
determined at zero angle of attack by the previously discussed method
and is plotted in the appropriate figures. The internal drag correc-
tion is assumed to be constant for angles of attack up to 5%

Configurations Bg and Bg Wgp o~ The data presented in figure 7
indicate that the body represents the major portion of the drag of

the particular configuration. The lift-curve alope(dcla 2 0.045)

of the By Wz, configuration is in general agreement with that obtained

for a similar plan-form wing in the investigation reported in reference

3. The pitching-moment coefficient exhibits a definite nonlinear
variation with changing angle of attacke As a result the neutral
point varied with angle of attack. Because of this effect, the moment
date are shown for two center-of-gravity positions (25 percent and

50 percent M.A.C.) rather than moment curve slope as a function of
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center-of-gravity position.- The wing-body combination is slightly
unstable at zero lift with the center of gravity at the 50-percent
M.A.C. position.

A comparison of the curves of figure 8 indicates that the meas-
ured drag is only slightly greater than would be predioted by the
linear theory, considering leading-edge suoction. This result is not
in agreement with the data presented in reference 3 for a wing of
similar plan form but with an isosceles triangle for the airfoil
sectione Part of the apparent leading-edge suction effect shown in
figure 8 is undoubtedly due to the use of subsonic airfoil sectionm.
However, it is possible that there is a favorable interaction between
the wing and body pressure fields because of the size of the body in
relation to the wing. This latter possibility is indicated by the
small drag increment at zero lift between the drag of the Bg and Bg W
configurationse (See figs 7.) The results of the present investiga-
tion indicate either leading-edge suoction or wing=body interaction
effects but do not indicate which effect predominates or whye Further
research is necessary to provide an answer to this question.

Configurations By Wo o V; and B 2 Wgo V3 e~ A comparison of the
data in figures 9 and 10 reveals that the configuration utilizing the
Bz body has approximately 20 percent less measured minimum drag than
the otherwise similar configuration with the Bg body. Although the
internal drag of the Byz body may be lower than that of the Bg body,
this could not be expected to account for the emtire difference in
total drag because the internal drag of the Bg body is about 25
percent of the total drag of the complete configuration. The duct-
entrance areas for the B, and B,, configurations were almost identical
but the entrance conditions were sufficiently different so that the
internal air-flow rate for the By body was of the order of 26 percent
greater than that of the By body. Although this might indicate a
greater internal drag for the By configuration, the unknown differences
in internal pressure due to the duot shapes and internal friotion make
any general conclusions impossible.

The schlieren photographs of the two configurations (figs. 11
and 12) offer a possible explanation for the higher drag of the Bg
configurations. Figure 11 shows that the bow shock wave of the
Byg Wgo Vy configuration is attached to the entrance lip and is
completely swallowed by the ducte Figure 12 shows that & normal shock
wave stands off the 1lip of the B, entrance. An entrance of this type
is most efficient when the shock wave originating at the nose of the
entrance cone intersects the lip of the entrance, when the lip angle
of the entrance is identical with the local stream angle, and when
the lip tapers to zero thickness. None of these conditions were met
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in the model tested and consequently, as is shown, the normal shock
wave was slightly detached from the duct lip.

The lift-curve slope of the wing-body combination (Bg Wgo) was
unchanged by the addition of the V; vertical tail, and the minimum
drag coefficient was increased by only 2 percente. The pitching-
moment-coefficient curves are nonlinear and indicate a small degree
of instability at zero 1lift about the 50-percent M.A.C. center-of-
gravity position and a definite degree of stability about the 25-
percent M.A.C. center-of-gravity position. The shape of the moment
curves is such that the longitudinal stability would increase and
then decrease with increasing lift.

The lift-curve slope for the B, ; Wy, V; configuration is the same
as that for the Bg Wy, V; configuration, but the longitudinal stability
is slightly less. \

Configuration Bg W, V3 .= Comparison of the data in figures 9
and 13 shows that the drag of the single-fin and twin-fin configura-
tions are almost identical, however, the lift-curve slope of the twin-
fin configuration is 0,002 less than that of the single-fin configura-
tion (0.045), based on the same wing area. This change can be
accounted for by consideration of the change in wing area (table I).
The change in vertical-fin configuration had a negligible effect on
the longitudinal stabilitye.

Configuration Bjy W, FV; «w The Wgo F wing incorporates leading-
edge Tillets which were designed to decrease the wave drag of the root
of the basic Vgo wing'e Comparison of figures 10 and 14 shows that the
addition of these fillets had no measurable effect on the drag or
lift-curve slope and that the complete model with the WgoF wing was
less stable longitudinally due to the forward movement of the center
of pressure. Either the wave drag was not decvreased as expected or
the effect was counteracted by the increase in frioction drag of the
edditional surface area and by minor differences in the intermal drage

Configuration %a:KWEQ V,e= A comparison of the drag curves of
figures 10 end 15, neglecting the drag increment due to the change in
tail configuration, shows that the drag increment due to the pilot's
canopy is approximately 6 percent.of the measured drag of the

B, ; KWgo Vo configuration. The lift-curve slope and longitudinal
stability were unaffected by the addition of the pilot's canopye.

~

Tests in Yaw

The data obtained from the yaw tests are shown in figures 16 to
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19 inclusives The variation of drag, side force, and yawing-moment
coefficients with angle of yaw for the Bg Wgo configuration is shown
in figure 16. The wing-body combination is definitely directionally
unstable, but the addition of the V; wertical tail causes the air-
plane to be directionally stable at least about the 25-percent M.A.C.
position. (See fige 17.) The V3 vertical-fin configuration was not
as effective as the V; configuration and did not cause the airplane
to be directionally stable. (See fig. 18.)

The By2 Weo V) configuration was directionally unstable about the
25-percent M.A.C. point and the addition of the pilot's canopy caused
the airplane to be even more directionally unstablee (See fige 19.)

Elevator and Rudder Effectiveness

The Bg W, V, configuration was tested in pitoh with rudder
neutral and elevator deflections of 09, -6.5%, <9.9° and -17.8°; and
in yaw with elevators neutral and rudder deflections of 0° and =9°.
The Bg Wgo V3 configuration was tested in pitch with rudders neutral
and elevator deflections of 0° and -10.9%; and in yaw with elevators
neutral and rudder deflections of 0° and -9°,

The effect of a detached bow wave, which would occur in flight
at ocertain power settings, on the stability and control of the
By Wgo Vy configuration with -9,9° elevator deflection is shown in
figure 20. A 0.875-inch diameter wesher was installed between the
entrance cone and the inner body of the model with the result that
the shock wave originating at the duct lip detached and moved forward
onto the entrance cone about half way to the cone tipe. The three-
component data from this test are shown in figure 20(a). The lift,
drag, and pitching-moment data for the configuration with the normal
internal flow are shown for comparison in figure 20(b). A comparison
of the two figures indicates that there would be no stability or trim
chanze due to the forward movement of the shock wave, but that the
minimum drag would increase by 28 percent for the particular condition
of internal blockage which was tested.

Figures 21 and 22 show the variation of 1lift with angle of attack
for various elevator deflections for the Bg Wy, V; and Bg Vg, Va
configurations, respectively. The data are presented for the
Bg Vigo V3 configuration at two Reymolds numbers. These data are
cross-plotted in figures 23 and 24 to show the variation of 1ift with
elevator deflection.

Figures 25, 26, 27, and 28 show the variation of pitching moment
with angle of attack for the various elevator deflections for the
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Bs Wigo V3 and Bg Vigo V3 configurations. In figures 25 and 26 the
moments are taken about a pcint at 50 percent of the M.A.C., in
figures 27 and 28 at 25 percent of the M.A.C. As before the data

for the Bg Wy, V, configuration are presented for two Reymolds . .

numbers. The data from these curves are cross-plotted in figures 29,
30, 31, and 32 to show the variation of pitching moment with elevator
deflection for the various angles of attacke _

The effect of approximately -9° rudder deflection on drag, side
force, and yawing moment for the Bg Wgo V, configuration is shown in
fizure 17 Similar data for the Bs Wgo V2 configuration are shown in
fizure 18, Comparison of the two figures shows that the Bg Weo v,
configuration has the greater rudder effectiveness; the change in 25
percent MeA.Ce yawing-moment coefficient per degree of rudder defleo-
tion beins approximately =00003 for the Bg Wgo V) configuration and
=0.0002 for the Bg Wgo Vo configuratione

The wing=-elevator combination and the vertical fin-rudder combi-
nation of the airplane tested in this investigation are very similar
in that they are both triangular plan-form airfoils with constant-
chord flapse Therefore, the aerodynemic characteristics should be
similar and any theoretical treatment that can be applied to one
should be equally applicable to the othere

Considering the elevators, inspection of the curves reveals that
both 1ift and pitching moments exhibit a variation with angle of
attack that is essentially linear. The rate of variation appears to
be independent of elevator deflection. Lift and moment also vary
linearly with elevator deflection up to a deflection angle of approxi-
mately 13°. Above this angle of deflection the effectiveness of the
elevator decreases. This critical angle can be predicted from the
characteristics of two-dimensional obligjue shock waves.

It can be shown that an oblique shock wave cannot exist beyond a
certain limiting flow deflection angle, which is a function of the
stream lach number. Therefore it would be expected that when the
elevator is deflected sufficiently to produce the critical flow deflec-
tion anrle, the oblique shock at the leading edge of the elevator would
detach and become a normal shock wave ahead of the elevator. Calcula-
tions indicated that the shock weve detachment would occur at 12.5°
elevator deflection at a NMach number of 1¢53.

The commonly used parameters of elevator effectiveness that can
be evaluated from the data obtained in this investigation are the

slope of the lift-elevator deflection curve Cy, and the slope

e
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C
of the pitching-moment elevator-deflection curve ggﬁs A third
e

perameter Og may be obtained by dividing %%L. by the lift-curve
OCL e
slope oy

the linear nature of the curves of the basic data, the values tabu-
lated below may be assumed to apply over the entire angle-of-attack

These slopes were measured at 55=0° but, because of

range investigated and for elevator deflections up to 12°,

The effectiveness of the constant-chord elevator for the complete
triangular wing can be predicted very closely by an application of
Ackeret's theory. (See reference 7.) The application of this theory
depends on two assumptions: (a) that the elevator is essentially a
rectangular flat plate with no end effects, and (b) that no interaction
occurs between the elevators and the winge With these assumptions,
the change in 1lift due to the elevator deflection is given by the
following equation:

S

_ 45
G oy~ s

The change in the 50-percent M.A.C. pitching moment is given by:

(4%m5) = S

K3

Values of the effectiveness parameters obtained are given in the
following table:

Configursation Bg Wgo Vs Bg Wgo V1 Bs Wgo Vy
(Experlment) (Theory)
Reynolds Number | 1.13 X 10% | 0.71x 10%|1.13 X 10°
c
g 6L 0.0069 0.0075 0.0087 ' 0.0095 -
ag .157 .167 .191 2211 *
3C, :
6—45 /2 -.0033 -.0037 -.0040 -.0040
. .
8¢,
5 S -.0051 -.0058 -.0060 -+0064
e

* E xperimental

Clalga
QL"

used in determining

this valuee
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Figure 33 shows that the experimental data agree with the theory
up to the critical deflection angle discussed previously. The good
agreement between theory and experiment is partially due to the com=-
pensating effect of neglecting both the loss of lift at the elevator
tips and the carry-over of the additional lif't onto the fuselagee.

The theoretical equations do not include viscosity effects and
comparison of the various effectiveness parameters shows that the

moment-producing effectiveness %gyw which was predicted most closely
e

by theory, varied very little between the two Reynolds numbers at
which tests were made. On the other hand there is considerable

variation in the lift-producing effectiveness g%li with Reynolds
e

number, but the trend is such that the theory should more closely
predict the measured value as the test Reynolds number increases
toward full-scale values.

A comparison of the effectiveness parameters in the foregoing
table, based on the area of the full triangular wing, indicates that
the installation of wing-tip fins had an adverse effect. When the
changes in wing and elevator areas are considered, however, the
elevator effectiveness is unchanged.

CONCLUDING REMARKS
L]

The effectiveness of constant-chord trailing-edge elevators on
a triangular plan-form wing was found to be independent of angle of
attack through the range investigated and the effectiveness was
found to vary linearly with elevator deflection up to a critical
angle which could be predicteds It was also found that the elevator
effectiveness increased somewhat with increasing Reymolds number
with corresponding improvement in the agreement between experimental
and theoretical elevator effectiveness,

All the models tested were longitudinally stable with the center
of gravity located at 25 percent of the mean aerodynemic chord. How-
ever, with center of gravity in this position, all of the configura-
tions were either directionally unstable or exhibited a degree of
stability that appears to be marginale

The models tested exhibited a variation of drag with lift which
was only slightly greater than that predicted by theory. Additional
research is necessary to determine whether the indicated forward
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rotation of the resultant force vector is due to the airfoil section
characteristice or to favorable wing-body interactiom.

Ames Aeronsutical lLaboratory, ‘
National Advisory Committee for Aeronautios, >
Moffett Field, Calif,
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TABLE I.- MODEL DIMENSIONS

NACA RM Noe A7J0OB

Configuration Be%eoV: | BgWeo's
Total wing ares, sq in. 13.19 12.72
Total elevator area, sq in. 2.08 1.68
Total vertical fin area, sq in. 2,00* 2,06
Total rudder ares, sq in. 0,343 0,362
M.A.C. length, in. 3e16 3.28
Spen, in. " 54652 4.48
Over-all length, in. 7.36 736
Fuselage diameter, ‘in.- 1.31 1.31

]

%Inoluding ventral fin.

SNAGA




Reynolds Configurations
Data Mo!"
X 10 Bg|BaWeo [BsWso"1 [BsT 03 |By Mg oVa| BiaWoFVy | By JKW, oV, | B, oKW oV,

Variation of 1ift, drag, and pitohing

manent with angle of attack with B

neutral controls. 1.13 717&8 9 13 10 14 156
Variation of side force, drag, and

yawing moment with angle of yaw. o13 16 17 18 19 19
Variation of 1ift with angle of attack 71 2la

for various elevator deflections. 1.13 21b 22
Variation of 1ift with elevator «71 23a

deflection angle. 1.13 23b 24
Variation of 50-percent M.A.C. pitching

moment with angle of attack for 71 25e

various elevator deflections. 1.13 25b 28
Variation of 26-percent M.A.C. pitching 71 27a

moment with angle of attack for =

various elevator deflections. 1.13 2T 28
Variation of 50-percent M.A.C. pitohing 71 2%

moment with elevator deflectiom. 1.13 2% 30
Variation of 25-percent M.A.C. pitching l[ 71 3la

1.13 S1b 32

mament with elevator defleotion. ﬂ
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Figure I. - Three-view drawings of the models investigated.
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| (b) Configuration &, W V,

Figure /.- Continued.
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Figure 2.- The 1/64-scale model of configuration
B, Weo Vy Dg = 17.8%
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(d) Three-quarter viewe
Figure 2.~ Concluded.
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(b) Side View. E
' Figure 3.- The 1/64-soale model of configuration ByWgoVo=0e=0"
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(b) Side view.
Figure 4.~ The 1/64-scale model of configuration BjzKWgoV;=5¢=00
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(b) Side views
Figure 5e= The 1/64-scale model of configuration Bi2WecFV1-8e=0.
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(d) Three-=quarter view,
Figure 5= Concluded.
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(b) High angle=of-attack installation.
Figure 6.= Configuration BgllgoVy installed in the Ames 1= by 3=foot
supersonic wind tunnel No.l.
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(¢) Angle-of-yaw installation.
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NACA RM No. A7J05 Fig. 11, 12

Figure 1le= Profile schlieren photograph of configuration BidleoVy
at 1413 X 10° Reynolds numbers.
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Figure 12.,- Profile schlieren photograph of configuration BsWgoV:
at 1,13 x 10° Revnolds number.
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Figure 22. - Effect of elevator deflection on the variation of

lift coefficient with angle of attack for configuration Bg WsoV,
at 113 X 10° Reynolds number. |




NACA RM No. A7]05 Fig.123 a

) =
\
\
\\ '\Wg .
I — a=/0°__|
\
\ \\
e m 2
2 e~
*\“¥ \\\ L
T~ a=\5 €
. ! \ \\
‘é. \ \\
2 B ' a=4°
S [
§ '\\-4 -8 %\-/k
BN a=2°—
S 1 |
\x Ca = 0 e
'2 L\\
4 Sy
\\\ as- 2] o
[ NATIONAL+ ADVISORY
e COMMITTEE FOR AERONAUTICS
7 | -
Elevator deflection, &, , deg. Ia-‘-'4l"

. (a) 0.7/ X /106 Reynolds number.
Figure 23. - Variation of lift coefficient with elevator deflection
at several angles of attack for configuration Bs W, Y -




Fig. 23 b

NACA RM No.

\
4 \‘\
\
T T
) =~ _a=/0°___|
\
\\ \
== | |
T a=8°
2 o
\ \\\
\ az=6°
:e: \ r\‘\‘_\? ]
) -
S ==
S 0
L)
3 -4 -8 —1 /6
v a=2°___|
3 B
- / e~ N~ —
: —_ —
\\ a = 0 o
r\
_2 \\
. \ \\
T a=2°
= =l e
'\ COM:IATT'II%'E‘AFLO: DAvElls!ONVAUTICS
=3 |
Elevator deflection, & deg. Tv ='4l ¢
: |

(b) 1.13 X (0% Reynolds number

Figure 23.- Concluded.




NACA RM No. A7]J05 Fig. 24

4 N}\
' T~ _a=/0°
el
"3 w 8 o
\\
2 az=6"°
7\\
\\ ‘ ) g
az4
& ! Ea
§ -\Q 2 IO
°© 0
o
< — 4 -8 -2
~ —a=0
-'/ \
'\
\ %
\(--2 I
o
-2 s Sy
\\ ‘i_4 o
=3 Elevator deflection, 8,, deg.
com':.'.‘r’r"z":"r‘qf ‘i":'u’n%'ullmcs

Figure 24.-Variation of lift coefficient with elevator deflection
at several angles of attack for configuration BsWgqol, af
113 X 106 Reynolds number.




Fig. 25a, b

NACA RM No. A7]05
3
% ::: el
S53° o
Q& A ,
° . sl il P s . B
g L O] - &/O [0 5 ¢
4% 1 4 8 /2
1 Angle of attack,a,deg |
(a) 0.71 X /106 Reynolds number.
! - I
g
S§%
TED .08
=T O P
-4 4 Oro-g | 2
Angle of attack,a,deg 5,
o 0°
: 0-6.5°
ot A g | ©=9.9°
i | A-I7.8°
(b) 1.13 X /106 Reynolds number.
| | | | 1 |

Figure 25.- Effect of elevator deflection on the variation of

50 percent m.a.c. pitching-moment coéfficient with angle

of attack for configuration B, WsoV,.




9R

Fig. 26

NACA RM No. A7]J05
T T
\N
o
xS gnH
S I%0
$§8
CES L/El
| =t : L1
P o i <
T 4 o s
Angle of attack, a , deg
| e
o 0°
com.al‘r‘rrrlgg ‘F%n‘%izgﬁuﬂcs 0-/0.9 °

Figure 26.— Effect of elevator deflection on the variation of.
50 percent m.a.c. pifching -moment coefficient with angle
of attack for configuration B,W,V, at [13 X 106 Reynolds

number.




Fig. 27 a

NACA RM No.

K 16
N
: N A2
\ N .
N o o0
\\g,_ 08 0n-6.5°
N &-9.9°
Q\ A7 .8°

4 Q| 4% ' /2
SN i TR
})\ By :\\<\ \\

‘é‘ ~.04 \) >D\B N A
NI SHANER A
53 N | e T
CEQ _ K@\ ‘\\ M

| _
-/2 <
cou:ﬁ??::‘?lﬁa‘%':g::uncs \

N

Angle of attack, o , deg

Figure 27.- Effect of elevator deflection on the variation
of 25 percent m.ac. pitching - moment coefficient with

(@) 0.7/ X /06 Reynolds number .

angle of attack for configuration BsWpV, .

A7]J05




NACA RM No. A7]J05 Fig. 27 b

A .16
1\
X
258
.12
I 3 "
R R R 5,
= \\’>\ ~ o 0°

04 2

i
NN

<

U
|
.& =
-.'1//

= i
I N N \
i K T-04
S0
__& gt N Y —
T &3 S \L‘\
« =

=2

Angle of attack,a, deg
NATIONAL ADVISORY
l COUMI_TTEE FOR. AERONAEJTIGS

(b) 1.13 X /06 Reynolds number.
Figure 27 - Concluded .




Fig.

28 NACA RM No.
d
-~ 12
.08 e
0 0°
R E\ B-/0.9°
\O\ @& 04 \j\ 4
- o 4 8 12
'\. O R Angle of attack, o , deg
> P § -3 \O\ '
$E3C NEE
2 N R
Q
-08 A &A
e s
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 28. - Effect of elevator deflection on the variation of
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at 1.13 X 10% Reynolds

attack for configuration Bs Wgo V)
number .

A7]J05




Fig.29a, b

NACA RM No. A7]J05
08 T T
a=4.5°— -
a=0"° —\\ /»///_—
.04 — /;f 5
e Shas
S B
Q2
TS o /¢
§859T o=
XS ® = = = 9
N g S 4 g 2 /16
Elevator deflection, &, , deg.
. | | e

(a) 0.7/ X 10 Reynolds number.
Note: Data for all other angles of attack fall between

limits shown.,

.08 —
e
a-s —
04 ‘ é:2a= = I
/
N | e
o -§ / /
S38 ¥ o
SEX < -8 -12 -6
AR O ;
e Elevator deflection, §,, deg.
-04 I l I m:f’;'g::%{%':gayncs

(b) 1.13 X 10 Reynolds number.

Figure 29~ Variation of 50 percent m.a. c. pitching-moment
coefficient with elevator deflection at several angles of altack

for configuration Bs WgoV; .



Fig. 30

NACA RM No.

.08
a=45°
04 = Lo : a=0 : ]
|_—t+—a="3
3 //;///
o L ] Lo 1
S ‘E’ O o E=| 4 ‘
SSS g - -/2
Q E 8 | ? [
Elevator deflection, §,, deg.
NATIONAL ADVISORY
I COMMITTEE FOR AERONAUTICS
_.04 1 i 1

Note: Data for all other angles of attack fall between Imits

shown .

A7]J05

Figure 30. - Variation of 50 percent m. a. c. pitching-moment

coefficient with elevator deflection at several angles of
attack for configuration Bs Wgolp

Reynolds number.

at 1.13 X 10°




NACA RM No. A77T05 Fig. 31 a

12 L =4

.08

\

\
AVAYAN

B

\

\\
\\\ N \
L\
\
\\X\

Odi —
-

NN
R
\

coefficient,
6‘,,,!
4
Q
N\

Pitching
moment

e

8
]
ie

-04 = = -
e 7
Za
/
=08
L~
-/ _‘ Elevator def/ecfiqn, &,, deg.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(a) 0.7 X 10° Reynolds number.

Figure 3I. - Variation of 25 percent m. a. c. pitching—-moment
coefficient with elevator deflection at several angles of
attack for configuration B W Y .
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(b) 1.13 X 108 Reynolds number.
Figure 3/ - Concluded.
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‘ . Figure 32.- Variation of 25 percent m.a.c. pitching - moment
coefficient with elevator deflection at severol angles of
attack for configuration B,W,,V, af /.13 X /06 Reynolds
number . '
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Figure 33.- Experiméntal and theoretical effects of elevator
deflection on lift coefficient and 50 percent m.a.c. pitching-
moment coefficient.
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