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RESEARCH MEMORANDUM

WIND-TUNNEL INVESTIGATION AT SUBSONIC AND SUPERSONIC SPEEDS
OF A MODEL OF A TATLLESS FIGHTER AIRPLANE EMPLOYING
A LOW-ASPECT-RATIO SWEPT-BACK WING —
STABILITY AND CONTROL

By Willard G. Smith
SUMMARY

This report presents the results of a wind—tunnel investigation of
the static stability and control characteristics of a model of a fighter
alrplane employing a low—aspect—ratio swept—back wing with trailing-—
edge elevons, a swept-back vertical tail, but no horizontal tail. The
investigation was conducted over a Mach number range of 0.60 to 0,90
and 1.20 to 1.70, at constant Reynolds numbers of 2.0 million for the
stability tests and 3.2 million for the control effectiveness tests,

All results are presented in tabular form and typical data are pre—
sented in graphic form as well,

The results indicate that, for the test conditions at which the
investigation was conducted, the model, with elevons undeflected, was
longitudinally and directionally stable, Sufficient control effective—
ness was provided by the trailing-edge elevons to permit longitudinal
balance of the model to a 1lift coefficient of 0.4l at a Mach number of
0.90, and to lift coefficients of 0.25 and 0.11 at Mach numbers of 1.20
and 1,70, respectively. With the rudder deflected 8° and the model at
an angle of attack of -0.5°, the results indicate that the model will
have sufficient directional control to maintain sideslip angles of 3,60
at 0.90 Mach number and 2.3° at 1.40 Mach number.

INTRODUCTION

The stability and control effectiveness characteristics of aircraft
flying at high subsonic and supersonic speeds are of paramount impor-
tance in the design of present-day fighter aircraft. A wind—tunnel
investigation has recently been conducted in the Ames 6—~ by 6-foot

supersonic wind tunnel to study the stability and control characteristics
of a particular high-speed fighter model.
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The model had a low--aspect-ratio swept-back wing and a swept-dback
vertical tail. Two wing plan forms (the basic wing with rounded tips
and a modified wing with triangular tips) were tested in the static
longitudinal stability investigation. The model had no horizontal tail,
longitudinal control being obtained with trailing-edge elevons. The
control effectiveness for full-span constant—chord elevons on the basic—
wing model was investigated through a Mach number range of 0.60 to 1.70.
A limited study was also made of the effectiveness of elevons extending
over approximately the outboard half of the wing panels. Rudder effec—
tiveness was determined for the basic model at 0.90 and 1,40 Mach
numbers.

NOTATION

Force coefficients are referred to the wind axes. Moment coef-
ficients are referred to the stability axes, with the origin on the
fuselage longitudinal axis at the lateral projection of the quarter-
chord point of the mean aerodynamic chord. In those tests where
yawing-moment coefficients were not measured, rolling-moment coef-
ficients are referred to the fuselage longitudinal axis.

b wing span, feet
c local wing chord measured parallel to wing plane of symmetry,
feet
b/2 2d.
c wing mean aerodynamic chord ;:), feet
q free—stream dynamic pressure, pounds per square foot

Cp drag coefficient (d;;g

C1, 11ft coefficient (lisﬁ>
q

cross—wind—force coefficient (cross—wigd force)
. q

hinge moment)

Ch hinge-moment coefficient
2qMg
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rolling moment )

Cy rolling-moment coefficient <j <5
a

pitching moment‘>

Cm pitching—moment coefficient ( T

yawing moment
gSb

Cn yawing-moment coefficient <

CnB rate of change of yawing—moment coefficient with angles of
sideslip, per degree

8 rate of change of rolling-moment coefficient with angle of
sideslip, per degree

Crg rate of change of lift coefficient with elevon deflection,
e measured at zero elevon deflection, per degree

rate of change of rolling-moment coefficient with elevon
deflection, measured at zero elevon deflection, per degree

Cm6 rate of change of pitching—moment coefficient with elevon
e deflection, measured at zero elevon deflection, per degree

rate of change of cross—wind—force coefficient with rudder
deflection, measured at zero rudder deflection, per degree

Cn6 rate of change of yawing-moment coefficient with rudder deflec—
T tion, measured at zero rudder deflection, per degree

dcC

E:E slope of the 1lift curve measured at zero 1ift, per degree

d

E%g slope of the pitching-moment curve measured at zero 1lift
L

% 1ift—drag ratio

(L) maximum lift-drag ratio
D

M free—stream Mach number

Mg first moment of area of control surface aft of hinge line,
feet cubed
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R Reynolds number based on wing mean aerodynamic chord

S total projected wing area, including area formed by extending
leading and trailing edges to model plane of symmetry,
square feet

Y spanwise distance from plane of symmetry, feet

a angle of attack of fuselage longitudinal axis, degrees

B angle of sideslip of fuselage longitudinal axis, degrees

o) angle of deflection of control surface (angle between wing

chord or vertical-tail chord and control chord), measured
in a plane perpendicular to the control-surface hinge line,

degrees

Subscripts

e combined inboard and outboard elevons

= inboard elevon

€o outboard elevon

r rudder

a total differential elevon deflection, degrees
APPARATUS

Wind Tunnel and Equipment

This investigation was conducted in the Ames 6— by 6—foot super—
sonic wind tunnel. This wind tunnel is a closed—throat, variable—
pressure wind tunnel in which the stagnation pressure and the Mach num—
ber can be continuously varied., The stagnation pressure can be varied
from 2 to 17 pounds per square inch absolute and the Mach number can be
varied from 0.60 to 0.90 and from 1.15 to 2.00. Further information
regarding this wind tunnel is presented in reference 1.

The model was mounted on a sting having a diameter which was

64 percent of the diameter of the base of the model. The sting support
system allowed the model angle of attack to be varied continuocusly

from -12.5° to 22,59,
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The aerodynamic forces and moments were measured by a four—
component electrical strain-—gage balance mounted in the body of the
model. The balance is similar to that used in reference 2, The
forces and moments were reglstered by recording—type galvanometers
calibrated by applying known loads to the balance.

Model

A model of a high-speed fighter airplane (fig. 1) having a low—
aspect—ratio, swept-back wing, swept-dback vertical tail, and no hori-
zontal tail was used in this investigation. Provisions were made for
altering the plan form of the basic wing of the model by the addition
of triangular wing tips. These extended tips had a constant section
thickness of 4,5 percent. A three—view drawing of the basic-wing model
and the model with the modified wing is shown in figure 2.

The basic wing had a modified trapezoidal plan form with a 52.5°
leading—edge sweep angle and a taper ratio of 0.332., The modification
consisted of rounding the wing tips to fair into the leading and trail—
ing edges (see fig. 3). The wing was composed of symmetrical sections
having a thickness of 7.0 percent of the chord (streamwise) at the wing
root and tapering to 4.5 percent of the chord (streamwise) at the theo—
retical tip. (See table I for wing-section coordinates.) These sec—
tions were modified somewhat to fair into the trailing—edge elevons
which were flat sided.

The movable control surfaces on the model consisted of constant—
chord trailing-edge elevons, each divided into two spanwise segments,
and a constant—percent—chord rudder (figs. 3 and 4). The control sur—
faces on one wing panel and the rudder were restrained by beams fitted
with electrical strain gages for measuring the control hinge moments.

The model was fitted with inlets housed in wing-body fairings with
internal ducts allowing the air to flow through and exhaust at the rear
of the fuselage. In this investigation, the mass flow of air through
the ducts was not adjustable; however, the ducts were constructed so
that at supersonic speed the exit was choked, limiting the inlet Mach
number to 0.4,

In order to accommodate the annular duct exit and the mounting
sting, the boattailing on the model was somewhat less than would be
expected on a full-scale airplane,

A conventlonal canopy was used on the model with a dorsal fin
extending from the canopy to the leading edge of the vertical tail.
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Provisions were made for testing the model without the vertical tail
but with the dorsal fin faired into the body., Table II presents the
coordinates for the vertical—tail sections.

TESTS AND PROCEDURE

The aerodynamic characteristics of both the basic-wing and modified—
wing models were determined with control surfaces undeflected. Lift,
drag, pitching-moment, and rolling-moment data were obtained through an
angle—of—attack range of approximately —3° to +12° at Mach numbers of
0.60, 0.80, 0.90, 1.20, 1.35, and 1.70. Tests of both models were con—
ducted at a constant Reynolds number of 2.0 million based on the mean
aerodynamic chord of the basic wing (1.8 million based on the mean aero—
dynamic chord of the modified wing).' In the longitudinal stability
phase of the investigation, the model was mounted with the wings verti-—
cal in the wind tunnel to utilize the most favorable stream conditions
(reference 1).

The longitudinal control effectiveness of the elevons was investi-—
gated for the basic—wing configuration only. Tests of the model were
conducted with the elevons on the right wing panel deflected. Incre—
ments of 1ift, drag, and pitching moment due to control deflection on
the one wing panel were doubled and added to the corresponding values
for the model with undeflected controls. In this manner pitching—

"~ moment and rolling-moment data were obtained simultaneously, thus reduc-—
ing the number of tests required. The validity of this procedure was
checked by testing the model through the speed range of the investiga—
tion with the elevons on both wing panels deflected. Results of these
two methods were in excellent agreement. With the combined inboard and
outboard elevons deflected through a range of 3° to —20°, 1lift, drag,
pitching-moment, rolling-moment, and hinge-moment data were obtained for
an angle—of—attack range of approximately —3° to 129 at Mach numbers

of 0.60, 0.80, 0.90, 1.20, 1.35, and 1.70 and a constant Reynolds num—
ber of 3.2 million, Similar data were obtained at Mach numbers of 0.90
and 1,20 with the outboard control surface alone deflected through a
range of 0° to 15°,

lTh.e results of preliminary tests of the basic—wing model at Reynolds
numbers of 1.0 to 4,0 million at supersonic speeds and 2.0 and 3.2
million at subsonic speeds indicate that, within this range, Reynolds
number variation had no significant effect on the aerodynamic charac—
teristics of the model with controls undeflected. The effects of
Reynolds number variation on elevon and rudder effectiveness, however,
were not investigated.
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The lateral stability characteristics and rudder effectiveness of
the basic—wing model were investigated with the elevons undeflected.
The model was mounted with the wings horizontal in the tunnel, and the
angle of sideslip was varied at preset angles of attack, With the rud—
der deflected through a range of 0° to 80, cross-wind—force, yawing—
moment, rolling-moment,and rudder hinge-moment data were cobtained through
an angle—of—sideslip range of 5° to -5° at —0.5°, 5.1°, and 10.5° angles
of attack. Corresponding data were obtained under similar test condi—
tions for the model with the vertical tail removed. The lateral stgbil—
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er effectivensess phase of the investigation was conducted
at Mach numbers of 0,90 and 1.40 and at a constant Reynolds number of
3.2 million.

A tabulation of the test conditions is presented in table III.
Reduction of Data

The test data have been reduced to the standard NACA coefficient
form based on the total projected wing area of the appropriate model
configuration, including the area in the region formed by extending the
leading and trailing edges to the plane of symmetry. Factors which
could affect the accuracy of these results and the corrections applied
are discussed in the following paragraphs.

Angles of attack and sideslip.— The determination of the actual
angles of attack or sideslip of the model under load required that
several corrections (determined from static calibrations) be applied to
the nominal angle, Corrections of from 5 to 10 percent of the nominal
angle were applied for the angular deflection of the sting and balance
under aerodynamic load and for the angular movement due to structural
clearances in the model support and balance.

Control-surface deflections,— A correction was applied to the
nominal control-surface deflection angle for the deflection under load
as determined from the static calibrations. The maximum correction
amounted to about 3 percent of the nominal deflection angle. The
results presented herein are for the corrected control deflection angles
except in the figure showing variation of lateral stability characteris—
tics with sideslip angle at various nominal rudder deflection angles.

Tunnel—wall interference.— Corrections to the data for the effects
of the tunnel walls at subsonic speeds were made by the method of refer—
ence 3. The reflected bow wave did not intersect the model and so no
corrections were made at supersonic Mach numbers. These corrections,
which were added to the data, were as follows:
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0.377 Cy,

LCp 0.0066 C1?

At subsonic speeds the effects of constriction of the flow due to
the presence of the model were taken into account by the method of
reference 4, This correction was calculated for conditions at zero
angle of attack and was applied through the angle—of—attack range. At
a Mach number of 0,90, this correction amounted to a l—percent increase
in Mach number and dynamic pressure over that determined from a calibra-
tion of the wind tunnel without a model in place.

Support interference.,— The effects of support interference were
believed to consist primarily of a change of pressure at the base of
the model, A base—pressure correction was applied to adjust the pres—
sure at the base of the model to free-stream static pressure. The base
area used in this correction was the entire base area less the duct
exit area. Drag values are, therefore, forebody drag coefficients. It
was assumed, on the basis of information contained in reference 5, that
the effect of sting-body interference on the forebody drag was negligible.

Stream variations.— Tests of the model were made at subsonic and
supersonic speeds, in upright and inverted attitudes. Results of these
tests showed no measurable effects of stream angle or stream curvature
in the horizontal plane of the wind tunnel, Stream surveys conducted
in the Ames 6— by 6—foot supersonic wind tunnel (reference 1) show some
curvature in the vertical plane of the wind tunnel, but the results of
a previous investigation (reference 6) indicate that this curvature had
little effect on the longitudinal stability characteristics of the model
when pitched in the horizontal plane. For the lateral stability tests,
the model was mounted with its wings horizontal so that it yawed in the
plane of least stream curvature. No attempt was made to determine the
effects of the stream—angle variation in the vertical plane of the wind
tunnel on the lateral directional data. The data obtained showed a small
effect of stream angle on the rolling moment due to sideslip and no
effect on the yawing moment due to sideslip.

Internal duct drag.— The model was equipped with twin ducts through
which air could flow. However, provisions were not made to vary the
mass flow, so a study of the duct drag characteristics was not feasible
in this investigation. The drag data presented herein are for the com-—
plete model; that is, the drag due to flow through the ducts has not
been subtracted from the final coefficients.
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Precision of Data

The accuracy of the test results, excluding stream effects, is
shown by the repeatability of. the data in those cases where test condi-
tions were duplicated in several tests, An interim of three months
elapsed between tests during which the model ard balance were disas—
sembled., The effects of changes in clearance or alinement in the model
and balance determine to a large extent the precision of these data.
Examination of the results showed the data to be repeatable within the
accuracy shown in the following table:

Accuracy

Quantity CL =0 Cp, = 0.k

Cp +0,001 +0,002
CL +,003 +,005
Cm +,001 +,001
Cy *,0007 £,0017
Cn * 001 +,001
Ce +,003 +,.005
Ch *,008 +,013
M .03 +.03
R £,03 X 10® +.03 x 108
a +£,10 +.15
) +.25 +.35

RESULTS AND DISCUSSION

All the results of the investigation are contained in table IV.
Brief discussions are presented of the longitudinal stability charac—
teristics, the longitudinal control effectiveness, and the lateral
stability characteristics and rudder effectiveness in the following
paragraphs. Typical data, pertinent to the discussion, are presented
in the figures.

Longitudinal stability characteristics.— Lift coefficient as a

function of angle of attack, and the variation of drag and pitching—
moment coefficients with 1ift coefficient are presented in figure 5
for the basic—wing and modified—wing configurations with elevons unde—
flected at Mach numbers of 0,90, 1.20, and 1.70. Both configurations
were longitudinally stable up to a 1lift coefficient of 0.5 throughout

Ty o
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the Mach number range of the investigation. The variation of pitching—
moment coefficient with 1lift coefficient for the basic—wing model

(fig. 5), although linear at 1.70 Mach number, exhibited a slight non—
linearity at 1.20 Mach number, and was markedly nonlinear at a Mach num—
ber of 0.90. The stability of the basic-wing model (de/dCL) increased
from 0.04 at zero lift coefficient to 0.16 at a 1ift coefficient of 0.30
at a Mach number of 0,90, With the addition of triangular wing tips
(modified wing), the stability remained nearly constant with increasing
1ift coefficient up to a 1lift coefficient of 0.30 at a Mach number of
0.90., Thus this increase in stability with increasing 1lift coefficient
for the basic—wing model appears to be a plan form effect, This obser—
vation is substantiated by comparison of the results of an investiga—
tion of the pitching-moment characteristics of a plane triangular wing
of aspect ratio 4 (reference 7) with the results of a later investiga—
tion (as yet unpublished) of the same wing with the tips cut off.

A summary of the aerodynamic characteristics of the two configura—
tions, as a function of Mach number, is shown in figure 6. The differ—
ence in static margin at zero 1ift shown by the two plan forms of this
investigation (fig. 6) decreased with increasing supersonic Mach numbers,
It is evident from examination of figures 5 and 6 that the basic—wing
model exhibited a greater change of stability with increasing 1lift
coefficient at subsonic speeds and a greater change of stability (at
zero 1ift) with Mach number than did the modified-wing model.

Longitudinal control effectiveness.— The longitudinal control
effectiveness investigation was conducted for the basic—wing configura—
tion with the control surfaces shown in figure 3. As noted previously,
the control surfaces on only one wing panel were deflected and the
increments of 1ift, drag, and pitching moment due to the control deflec—
tion were doubled.

The relationships of 1ift coefficients to angle of attack, control-
surface deflection, and drag coefficient for the airplane balanced with
the combined control surfaces and with the outboard elevons alone are
shown in figure 7. These data indicate that, for the elevon deflection
range of this investigation, the combined elevons would be capable of
balancing the airplene (center of gravity at 0.25 ¢) to a 1ift coeffi-—
cient of O.4l4 at a Mach number of 0.90, and to 1lift coefficients of 0.25
and 0,11 at Mach numbers of 1.20 and 1.70, respectively.

A limited study of the control characteristics with only the out—
board elevons deflected shows that these elevons will balance the model
to 1lift coefficients of 0,31 and 0.14 at Mach numbers of 0.90 and 1.20,
respectively, but at the cost of considerably greater control deflec—
tions and consequently higher drag than with the combined control
surfaces,
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Examination of flgure T reveals a decrease in the rate of change
of balance 1lift coefficient with control deflection at 0,90 Mach number
for both the combined elevons and the outboard elevons beginning at a
1ift coefficient of about 0.10. This apparent decrease in effective—
ness coincides with the increase in stability with increasing lift coef-
ficient discussed previously, and so appears to be the result of the
inherent stability characteristics of the wing. Similar gradual
decreases in control effectiveness at 1.20 and 1,70 Mach numbers are
also presumed to be due to the increases in stability with 1lift coeffi-—
cient. The variations with Mach number of elevon 1lift, pitching-—moment,
and roiiing-moment effectiveness for the combined elevons deflected are
presented in figure 8, It should be noted that the values of rolling—
moment effectiveness shown are those for the elevon deflected on one
wing only, while the 1lift and pitching-moment effectiveness values are
for deflection of the elevon on both wings.

The stick—free stability of the airplane at 0.90 and 1.20 Mach
numbers is illustrated in figure 9 for the combined elevons free and for
only the outboard elevons free. The stick—fixed stability curves, for
the model with elevons fixed at zero deflection, are also shown for com—
parison. It is of interest to note that for a Mach number of 0,90, the
model exhibited a greater stability stick free than stick fixed, below
a 1ift coefficient of 0.10. An explanation for this greater stability
at low 1lift coefficients with the elevons free can be found in the tabu—
lated hinge—-moment data (table IV) which show that the elevons float
downward with increasing angle of attack for angles of attack up to 8°,
The stick—free neutral points for the molel with the combined elevons
free are located at 32 and 41 percent of the mean aerodynamic chord at
Mach numbers of 0.90 and 1.20, respectively. With the inboard elevons
fizxed and outboard elevons free, the neutral points are at 33 and 42 per—
cent of the mean aerodynamic chord at Mach numbers of 0.90 and 1.20,
respectively. '

Lateral stability characteristics and rudder effectiveness.— The
variations of rolling-moment, yawing-—moment, and cross—wind—force coef-—
ficients with sideslip angle for the basic—wing model with zero elevon
deflection at 0.90 and 1.40 Mach number are shown in figure 10 for
angles of attack of —0.5° and 5.1°, Also shown in figure 10 are data
for an angle of attack of 10.5% obtained at Mach numbers of 0.80
and 1.40, Since the data in figure 10 revealed nonlinearities in the
variations of yawing-—moment and rolling-moment coefficients with side—
slip angle, the variations of lateral stability characteristics with
angle of attack (fig. 11) are presented for both zero sideslip and a
sideslip angle of 2°, Examination of figures 10 and 11 indicates that
the model was directionally stable through the angle—of—attack and
angle—of-sideslip ranges of the investigation and exhibited a positive
dihedral effect at the positive angles of attack.
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The effectiveness of the rudder in directionally controlling the
model was investigated for the same range of test conditions as were
the lateral stability characteristics of the model with controls unde—
flected. Cross—wind—force, yawing-moment, rolling-moment, and rudder—
hinge-moment data were obtained at rudder deflections of 0° to 8° and
with the vertical tail removed. Results of these tests, with the excep—
tion of rudder—hinge-moment data, are shown in figure 10 only for the
model with 0° and 8° of rudder deflection since the variations of lat—
eral stability characteristics with rudder deflection angle were found
to be linear for the range of rudder deflections tested. The model was
capsble of maintaining sideslip angles of 3.6° and 2,3° at 0.90 and 1.40
Mach numbers, respectively, with the rudder deflected 8° at an angle of
attack of —0,5°, The variation of rudder effectiveness with eangle of
attack is shown in figure 12,

The variation of elevon—-rolling—moment effectiveness with sideslip
angle was not investigated. However, a comparison of the maximum
recorded rolling moment due to combined angles of attack and sideslip
with the elevon—rolling—moment effectiveness obtained at zero sideslip
provides some indication of the ability of the elevons to balance the
model in roll at angles of sideslip. It will be noted, from the data
presented in figure 10, that the maximum rolling moments obtained for
the model with control surfaces undeflected occurred at an angle of
sideslip of 5° and a nominal angle of attack of 5° for both 0.90 and 1.40
Mach numbers. By comparison of these values of rolling-moment coeffi-—
cient with the data presented in table IV, for the elevon—rolling—moment
effectiveness at zero sideslip angle, it is apparent that these rolling-
moment coefficients are of approximately the same magnitude as those
-produced by a 9° total differential deflection of the combined elevons
at 5° angle of attack at a Mach number of 0,90, and a 14° total differ—
ential elevon deflection at 5° angle of attack at a Mach number of 1.L40.

CONCLUSIONS

A brief analysis of the results of this investigation indicated
that the following observations are worthy of note:

1. Both the basic-—wing (rounded wing tips) and the modified-wing
(triangular wing tips) models with elevons undeflected were longitudi-—
nally stable, through the Mach number range for which data were obtained,
to lift coefficients beyond those to which the elevons were capable of
balancing the basic—wing model at the maximum elevon deflections
considered.
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2. The modified-wing model (triangular wing tips) exhibited a
smaller change of stability with increasing 1ift coefficient and with
increasing Mach number than did the basic—wing model.

3. At the maximum elevon deflection angles for which data were
obtained, the combined elevons provided sufficient longitudinal control
to balance the airplane to a 1lift coefficient of O.44 at a Mach number
of 0,90, and to lift coefficients of 0.25 and 0.11 at Mach numbers of

1.20 and 1.70, respectively. With only the outboard elevons deflected,
the longitudinal control was somewhat less, but would te sufficient to

SES

balance the model to 1lift coefficients of 0.31 and O.1l4% at Mach numbers
of 0.90 and 1.20, respectively,

4., The basic-wing model was laterally and directionally stable
through a nominal angle—of-attack range of 0° to 10° at Mach numbers
of 0,90 and 1.40,

5. The model was capable of maintaining sideslip angles of 3.6°
and 2,3° at Mach numbers of 0.90 and 1,40, respectively, with the rudder
deflected 8° and at a -0.5° angle of attack.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif.

REFERENCES

1. PFrick, Charles W,, and Olson, Robert N.: Flow Studies in the
Asymmetric AdJjustable Nozzle of the Ames 6~ by 6-Foot Supersonic
Wind Tunnel. NACA RM A9E2L, 19kg,

2. Olson, Robert N,, and Mead, Merrill H.: Aerodynamic Study of a
Wing-Fuselage Combination Employing a Wing Swept Back 63°, —
Effectiveness of an Elevon as a Longitudinal Control and the
Effects of Camber and Twist on the Maximum Lift-Drag Ratio at
Supersonic Speeds. NACA RM A50A31a, 1950.

3. BSilverstein, Abe, and White, James A.: Wind-Tunnel Interference
with Particular Reference to Off—Center Positions of the Wing
and to the Downwash at the Tail. NACA Rep. 547, 1935,

L, Herriot, John G.: Blockage Corrections for Three-Dimensional-Flow
Closed—Throat Wind Tunnels, with Consideration of the Effect of
Compressibility. NACA Rep. 995, 1950. (Formerly NACA RM A7B28)



14 ®0s ceee soe o so0e o e e see’ s o .Oﬂ.ACA RM A52J30

5. Phelps, E. Ray, and Lazzeroni, Frank A.: Wind-Tunnel Investigation
of the Aerodynamic Characteristics of a 1/15-Scale Model of the
Northrop MX—T75A Missile. NACA RM A51E28, 1951,

6. Hall, Charles F,, and Heitmeyer, Jomm C.: Aerodynamic Study of a

Wing-Fuselage Combination Employing a Wing Swept Back 630, —
Characteristics at Supersonic Speeds of a Model with the Wing
Twisted and Cambered for Uniform Load. NACA RM A9J2k, 1950,

7. Heitmeyer, John C.: Lift, Drag, and Pitching Moment of Low-—Aspect-—
Ratio Wings at Subsonic and Supersonic Speeds — Plane Triangular
Wing of Aspect Ratio 4 with 3-Percent-Thick, Biconvex Section.

NACA RM A51D30, 1951,




*e

L] L ]

[ ] L ]

[ X N L
LS .

LA A

.
® (XX [ 3 ess .
.'. ... . [} [ *

*

se® 8G9 sess aee wose Oss
L] [ ] .

tsese e%es eee

NACA RM 452330 15
TABLE I.- WING SECTION COORDINATES
[Coordinates given in percent of local chord, measured parallel
to plane of symmetry]
Wing-root section Wing-tip section
NACA 0007-63/30-9.5° mod. NACA ooou.5-63/3o-6.6° mod .
Station{ Ordinate}} Station}| Ordinate Station Ordinate]rétation Ordinate
0 0 42.5 3,452 0 0 42,5 2.250
.1 .325 ys, 3.421 o1 .209 45
.2 .458 47.5 3.378 .2 .29k k7.5
L 643 50 3.32k A 413 50
.6 . 784 52.5 3.258 .6 .50k 52.5
-8 .901 55 3.178 .8 .579 55
1.0 1,003 57.5 3,084 1 .645 57.5
1.2 1,095 60 2.978 1.2 . TO4 60 ¢
1.6 1.255 62.5 2,857 1.6 .807 62.5 2.234
2 1.39% 65 2.723 2 .896 65 2,189
2.5 1.547 67.5 2.576 2.5 .99k 67.5 2,122
3 1.681 70 2.7 3 1.081 70 2,034
b 1.91k 72.5 2,247 L 1.230 72.5 1.930
5 2.110 75 2,067 5 1,356 5. 1.811
7.5 2.hol 7745 1.877 7.5 1. 604 T7.5 1.679
10 2.779 80 1.681 10 1.786 80 1.53€
12.5 2.994 82.5 1.478 12.5 1.925 82.5 1.383
15. 3.158 85 1,272 15 2,030 85 1.220
17.5 3.281 87.5 1.065 17.5 2.109 87.5 1.048
20. 3.3711 90 .858 20. 2.167 H4 90 .869
22.5 3.433 92.5 .650 22.5 2.207 92.5 .683
23. 3.472 95 b3 25 2.232 95 Lol
ef.5 3.khok 97.5 .236 27.5 2,246 97.5 292
30 3.500 100 0 30. 2.250 100 0
32.5 3. 499 32.
35 3.496 35
37.5 3.489 37.5
ko 3.475 ko
il

L.E. radius:
T.E. radius:

0.539 percent chord
0.022 percent chord

L.E. radius: 0.223 percent chord
T.E. radius: 0.095 percent chord

“Iﬂ:’,”
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TABLE IT.- VERTICAL TAIL SECTION COORDINATES

[Coordinates given in percent of local chord, measured
parallel to the fuselage longitudinal axis]

Root section Tip section
NACA 0008-63/30-9° NACA 0006-63/30-6°45"
Station Ordinate Station Ordinate
0.1 Q.371 0.1 0.279
.2 .523 .2 .392
A .T35 A .551
.6 .895 .6 L672
.8 1.029 .8 LT72
1.0 1,146 1.0 .860
2 1.593 2 1.195
3 1.922 3 1.441
b 2.187 L 1.641
5 2,411 5 1.808
10 3.176 10 2.382
15 3.609 15 2.707
20 3.852 20 2.889
25 3.969 25 2.976
30 k. 000 30 3.000
35 3.981 3D 2.992
ko 3.916 Lo 2.960
50 3.800 L5 2.893
55 3.627 20 2,784
60 3.399 55 2.630
65 3.118 60 2.431
70 2.790 65 2.192
H.L. 75 2,426 0 1.921
99.923 2.039 H.L. 75 1.631
100 077 99.833 .167
0 100 0
L.E. radius: 0.704 percent L.E. radius: 0.396 percent
chord; rudder has flat sides chord
T.E. radius: 0.077 percent T.E. radius: 0.167 percent
chord chord

~NACA

** NACA RM A52J30
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TABLE III.- TEST CONDITIONS
[B, basic model; A, triangular wing tip; e, inboard elevons;
eo, outboard elevon; V, vertical tail; r, rudder]

830 s
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Test No.| Mach No. R?i?ii?in§o' Coggiiggziion Sei Beo Op
1 0.6 2.0 B 0 ot o
2 .8
3 .9
N 1.2
5 1.35
6 1.7 v \L
T .6 1.8 B+A
8 .8
9 .9
10 1.2
11 1.35
12 1.7 w v
13 .6 3.2 B
14 .8
15 .9
16 1.2
17 1.35
18 1.7 L |y
19 .6 -20 ] -20
20 .8
21 .9
22 1.2
23 1.35
ol 1.7 \ v
25 .6 -15 | -15
26 .8
27 .9
28 1.2
29 1.35
30 1.7 \ 2RI’
31 .6 -8 -8
32 .8
33 .9
3k 1.2
35 1.35
36 1.7 v v
37 .6 -3 -3
38 .8
39 .9
Lo 1.2
41 1.35
Lo 1.7 v ]| ¥
)'l'3 .6 v 0 ot v
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TABLE III.- CONCLUDED

Reynolds No. | Confi ation

Test No. | Mach No. (filllion) ofome e | Bes | Beo | Br
I 0.5 3.2 B 0 o] ©
45 .9
té 1.2
L f}:? \L v
k9 .6 3 3
50 .8
51 .9
52 1.2
53 1.35
Sk 1.7 viv
55 -9 o |-15
56 1.2 -15
57 .9 -8
56 1.2 -8
59 5 -3
60 1.2 -3
61 .9 0
62 1.4 !
63 .9 2
64 1.4 o
65 -9 n
66 1.4 4
67 .9 6
g 1.k 6
9 .9 8
70 1.k ¥ 8
71 <9 B-V -
72 1.4 B-V -
73 .9 B 0
Th 1.4 0
5 9 4
76 1.4 N
77 .9 8
78 1.4 8
79 .9 B-V -
80 1.4 B-V -
81 .8 B 0
82 1.4 0
83 .8 b
8L 1.4 4
85 .8 8
86 1.4 8
87 .8 B-V -
88 1.4 ¥ B-V V14 |-

NACA
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Figure 1l.— The model mounted in the Ames 6— by 6—Foot wind tunnel.
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Geomelric Inboard Outboard
! characteristics elevon elevon
segment segment
Area,
' square .0263 .04/18
feet
AN
| N First moment
F\ of area, .00147 .00222
N\ feet cubed
\
! For wing section coordinates see Table I
|
16.56 )
Theoretical wing tip

|

| Elevon hinge [ine

|

T T~ /\ 43
]
-~ /./7|‘-
r 3.69 2.67 —
1105

Figure 3.— Details of control surfaces on the right wing
panel of the model.
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Figure 6.— Summary of aerodynamic characleristics of the basic-wing
and modified-wing models as functions of Mach number.
Reynolds number, 2.0 million. ({nominal).
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Figure 6.— Continued.
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Figure 8.— Summary of elevon effectiveness characteristics at
zero liff coefficient as functions of Mach number. Reynolds
number, 3.2 million.
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Figure 9.—The variation of bifch/hg—momen/ coefficient with
lift coefficient for the model with controls free and

confrols fixed at zero deflection. Reynolds number,
3.2 million.
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Figure 10. — Continued.
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Figure /l.—-The variation of the lateral stabiliy characteristics
with angle of attack for the basic-wing model with

rudder and elevons undeflected Reynolds number,
32 million.
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Figure 12.-Variation of Ihe rudder effectiveness characteristics
with angle of attack for the basic-wing model with elevons
undeflected. Reynolds number , 3.2 million.
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