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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

AN INVESTIGATION OF A SUPERSONIC AIRCRAFT CONFIGURATION 

HAVING A TAPERED WING WITH CIRCULAR -ARC 

SECTIONS AND 400 SWEEP BACK 

STATIC LATERAL CONTROL CHARACTERISTICS AT 

MACH NUMBERS OF 1.40 AND 1.59 

By Ross B. Robinson 

SUMMARY 

An investigation has been conducted in the Langley 4- by 4-foot 
supersonic tunnel to determine the static lateral control characteristics 
of a supersonic aircraft configuration at Mach numbers of 1.40 and 1.59. 
The results indicated the aileron effectiveness to be approximately half 
that predicted by linear theory principally as a result of flow separa­
tion in the region of the aileron. The rudder effectiveness was con­
sidered low since a rudder deflection of approximately 200 produced a 
sideslip angle of only 2.50 at the test Mach numbers. The effective 
dihedral was positive with controls fixed. However, the variation of 
rolling-moment coefficient with angle of yaw for zero yawing moment 
indicated a dihedral effect that was slightly negative at a Mach number 
of 1.40 and slightly positive at a Mach number of 1.59. 

A discussion of the accuracy of the strain-gage balance system used 
is included in an appendix. 

INTRODUCTION 

A comprehensive wind-tunnel investigation has been conducted in 
the Langley 4- by 4-foot supersonic tunnel to determine the general 
aerodynamic characteristics as well as the stability a.nd control charac­
teristic s of a supersonic aircraft configuration. The geometric charac­
teristics and a three-view drawing of the model are presented in table I 
and figure 2, respectively. 

CONFIDENTIAL 



2 CONFIDENTIAL NACA RM L50Ill 

The longitudinal stability and control characteristics of the 
model are presented in references 1 and 2 for Mach numbers of 1.40 
and 1.59, respectively. Lateral stability characteristics are presented 
in reference 3. Pressure measurements over the fuselage of the model 
are presented in reference 4 for a Mach number of 1.40 and in refer­
ence 5 for a Mach number of 1 .59. Wing pressure measurements for a Mach 
number of 1.59 are given in reference 6. 

The present paper contains the results of the lateral-control 
investigation conducted at Mach numbers of 1.40 and 1.59. The model 
incorporated a six-component internal strain-gage balance and hinge­
moment gages on the stabilizer, aileron, and rudder. Lateral control 
characteristics are presented for the complete model through a range of 
angles of attack and yaw for various aileron and rudder deflections. 

COEFFICIENTS AND SYMBOLS 

The results of the tests are presented as standard NACA coeffi­
cients of forces and moments. The data are referred to the stability 
axes system (fig. 1) with the reference center of gravity at 25 percent 
of the mean aerodynamic chord. 

Cy 

Cr 

Cn 

Cha 

x 

Y 

Z 

The coefficients and symbols are defined as follows: 

lift coefficient (Lift/qS where Lift = - Z) 

longitudinal-force coefficient (X/qS) 

lateral-force coefficient (Y/qS) 

rolling-moment coefficient (L/qSb) 

pitching-moment coefficient (M'/qSc) 

yawing-moment coefficient (N/qSb) 

aileron hinge-moment coefficient (Ha/2Maq) 

rudder hinge-moment coefficient (Hr/2Mrq) 

force along X-axis, pounds 

force along Y-axis, pounds 

force along Z-axis , pounds 
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L 

M' 

N 

Ha 

Hr 

s 

Ma 

Mr 

b 

c 

y 

q 

M 

v 

moment about X-axis, pound-feet 

moment about Y-axis, pound-feet 

moment about Z-axis, pound-feet 

aileron hinge moment, pound-feet 

rudder hinge moment, pound-feet 

wing area, square feet 

moment area of aileron about hinge line, feet 3 

moment area of rudder about hinge line, feet 3 

wing span, feet 

wing mean aerodynamic chord, feet 

airfoil section chord, feet 

distance along wing span, feet 

free-stream dynamic pressure, pounds per square foot 

Mach number 

airspeed, feet per second 

angle of attack of fuselage center line, degrees 

angle of yaw, degrees 

right-aileron deflection with respect to wing chord measured 
in stream direction, degrees 

rudder deflection with respect to vertical tail chord 
measured in stream direction, degrees 

rate of change of lateral-force coefficient with angle of 
yaw, per degree (dCy/d~) 

rate of change of aileron hinge-moment coefficient with 
aileron deflection, per degree (dCha/d5a~ 
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rate of change of rudder hinge-moment coefficient with 
rudder deflection, per degree (dChr/d00 

rate of change of ail eron hinge-moment coefficient with 
angle of attack, per degree \dCha/~) 

rate of change of rudder hinge-moment coefficient with angle 
of yaw, per degree \dChr/dV) 

rate of change of rolling-moment coefficient with aileron 
deflection, per degree (dCl/d5~ 

rate of change of yawing-moment coefficient with rudder 
deflection, per degree (dCn/dOr ) 

rate of change of rolling-moment coefficient with rolling 

velocity, per radian (dCl/~) 
wing-tip helix angle, radians (Cl/Clp ) 

rolling velocity, radians per second 

The following symbols appear only in the appendix: 

chord-force coeff i cient (C/qS) 

normal-force coefficient (N'/qS) 

stabilizer hinge-moment coefficient (Ht/Stctq) 

chord force, pounds 

normal force, pounds 

stabilizer hinge moment, pound-feet 

area of stabilizer, square feet 

mean aerodynamic chord of stabilizer, feet 

span of stabilizer, feet 

stabilizer section chord, feet 
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Yt 

it 

distance along stabilizer span, feet 

stabilizer incidence angle with respect to fuselage center 
line, degrees 

MODEL AND APPARATUS 
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A three - view drawing of the model is shown in figure 2 and the 
geometric characteristics of the model are given in table I. The model 
had a wing with 400 of sweepback of the quarter - chord line, aspect 
ratio 4, taper ratio 0 .5, and 10 -percent-thick circular-arc sections 
normal to the quarter - chord line. The wing was at a 30 incidence angle 
with respect to the fuselage center line. Twenty-percent-chord flat ­
sided ailerons haVing a trailing- edge thickness 0.5 of the hinge-line 
thickness were installed on the outboard halves of the wing semispans 
(fig. 3) . Measurements indicated the right wing tip to be twisted +0.20 

with respect to the left wing tip . 

Details of the vertical tail and rudder are shown in figure 4 . 
Deflections of the right aileron and the rudder were set manually before 
each run . 

The model was mounted on a sting support and its angle in the 
horizontal plane was remotely controlled in such a manner that the model 
remained essentially in the center of the test section. With the model 
mounted so that the wings were vertical, tests could be made through an 
angle - of -attack range. (See fig . 5(a) . ) With the model rotated 900 

(wings horizontal), the angle -of -attack mechanism was used to provide 
angles of yaw (fig . 5(b)) . At M = 1.40, a 60 bent sting was used for 
all pitch tests except OaR = 00 in which case the straight sting was 

used. The yaw te sts at M = 1. 40 and both pitch and yaw tests at 
M = 1 . 59 were made using the straight (0 0 ) sting . Comparison of the 
results of runs made using various bent stings indicated that any sting 
effects are not affected by the shape of the stings used in these tests. 

Forces and moments on the model were measured by means of an 
internal six- component strain- gage balance . Aileron and rudder hinge 
moments were measured by individual strain- gage beams in each control 
surfa ce . A discussion of the balance system and the accuracy of the 
data are given in the appendix . 

The tests were conducted in the Langley 4- by 4- foot supersonic 
tunnel which is described in reference 5. 
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TEST CONDITIONS 

The test conditions are summarized in the following table: 

Mach 
Stagnation Stagnation Dew Dynamic Reynolds number 

number pressure temperature point pressure 
(based on c) 

(atm) (OF) (OF) (lb/sq ft) 

1.40 0.25 110 -30 229 600,000 

1.59 .25 110 -35 223 575,000 

Calibration data for the Mach number 1.40 and Mach number 1.59 
nozzles are presented in references 4 and 5, respectively. 

CORRECTIONS AND ACCURACY 

Although it is believed that the sting effects were small, their 
exact magnitudes are not known. Base pressure measurements at a Mach 
number of 1.59 indicated that, if free-stream static pressure is assumed 
to exist at the base of the model, then the drag data presented would be 
reduced by approximately 1 percent in the angle-of-attack range from 40 

o to 10 , with no correction necessary in the lower angle range. No cor-
rections for tbese effects have been made to the data. The maximum 
sting deflection under load was within the accuracy of the angle measure­
ments, and no angle of attack or yaw correction was required. Optical 
measurements of the wing twist under load indicated twists of less 
than 0.050 and hence no corrections for aeroelastic effects were neces­
sary. No wing-twist measurements were made with the aileron deflected. 

The probable errors in the aerodynamic coefficients (see appendix) 
are less than 

Random balance- All balance-system and 
system errors tunnel errors combined 

CL · · · · · · · · · · · · ±0.0010 ±0.0043 
Cx · · · · · · · · · · ±.00025 ±.0023 
Cy · · · · · · · · · · · · ±.0010 ±.0019 
Cm · · · · · · · · · · · · ±.00045 ±.0014 
Cn · · · · · · · · · · · · · · ±.00011 ±.00015 
CI · · · · · · · · · · · · ±.00006 ±.000099 
Cha · · · · · · · · · · · · · ±.0028 ±.0031 
Chr · · · · · · · · · · · · ±.OO27 ±.oo28 

where random balance-system errors include zero shift and sensitivity only. 
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The accuracy of the angle of attack and angle of yaw was about 
±0.05°, the rudder and aileron deflection angles about ±0.05°, and the 
dynamic pressure about 0.25 percent. 
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Because of the small magnitudes of the flow gradient in the V1Cln­
ity of the model (references 4 and 5), no corrections for these effects 
have been applied. Tests made with the model in a horizontal and ver­
tical position showed excellent agreement. 

TEST PROCEDURE 

Aileron tests were made through an angle-of-attack range of _40 

to 100 at zero angle of yaw with a right-aileron-deflection range of 
about ±l5°. The left aileron remained at zero deflection throughout 
the tests. The aileron tests were mad~ using various stabilizer deflec­
tions so that the model remained trimmed in 'pitch. Rudder tests were 
made through a yaw-angle range of ±100 at zero angle of attack. The 
rudder-deflection ranges were _30 to 200 for M = 1.40' and _30 to 25.50 

for M = 1.59. 

RESULTS AND DISCUSSION 

Aileron Characteristics 

The aerodynamic characteristics of the complete model for various 
aileron deflections through the angle-of-attack range at Mach numbers 
of 1.40 and 1.59 are presented in figures 6 and 7, respectively. These 
data show the effects of deflecting the right aileron only. The nega­
tive rolling-moment coefficient indicated for zero aileron deflection 
at M = 1.40 (see fig. 6) can be attributed to the slight twist of the 
wing. At M = 1.59 (see fig. 7) the effects of the wing twist appear 
to be counteracted by flow angularities in the region of the aileron or 
by incorrect aileron setting. 

The adverse yawing moment accompanying total aileron deflection is 
about the same at both Mach numbers ' and is approximately equal to that 
which occurs at low speeds for a similar configuration (reference 7). 

The experimental and theoretical "variations of the rolling-moment 
coefficient and aileron hinge-mofuent ,coefficient with aileron deflec­
tion for both Mach numbers are presented in figure 8. The experimental 
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results were obtained by cross plotting from figures 6 and 7 at zero 
angle of attack. The theoretical value s of Cloa and Choa were cal-

culated by the methods presented in reference 8. An examination of fig ­
ures 6 and 7 indicates that Cl ba and Choa are about constant for 

small aileron deflections throughout the angle-of-attack range. 

At both Mach numbers, Cl and Cha vary linearly with baR 
through most of the deflection range and there is no indication of 
reversal in the aileron effectiveness. The values of Cl oa and Chba 

obtained experimentally are approximately half those predicted by linear 
theory, principally as a result of spanwise flow and boundary-layer 
separation in the region of the aileron. (See reference 6 .) 

A summary of the aileron characteristics Cho
a

, Ch~, and Cl ba 
obtained from figures 6 , 7, and 8 is presented in table II. All of 
the se parameter s are le s sat M = 1. 59 than at M = 1. 40 . The aileron­
effectiveness parameter Cl ba is about half the subsonic value of -0.001 
indicated at M = 0.16 for a model of the same configuration equipped 
with a circular-arc profile aileron (reference 7). 

The rolling effectiveness pb/2V (fig. 9) was calculated using the 
experimental values of rolling-moment coefficient and the damping-in­
roll factor Cl p obtained from the charts presented in reference 9. 

Values of pb/2V indicated by free-flight tests (reference 10) were 
about 0 . 8 of the calculated values, which probably results from the fact 
that the calculated results do not include the effects of adverse yaw. 
It is interesting to note that low-speed tests have indicated that an 
empirical correction factor of 0 . 8 is necessary to provide correlation 
between calculated and measured values of pb /2V (reference 11). The 
rolling velocities based on the model span (see fig. 9) indicate that 
at these Mach numbers reasonable rates of roll might be obtained for a 
full-scale airplane similar to the model. 

Characteristics in Sideslip 

Directional control.- The effects of rudder deflection on the aero­
dynamic characteristics in yaw are presented in figures 10 and 11 for 
Mach numbers of 1.40 and 1.59, respectively. 

As indicated in reference 3, the directional stability (Cnw) at 
both Mach numbers is high relative to the low-speed value for this con­
figuration. The rudder-free stability (dashed lines for Chr = 0 in 
figs. 10 and 11) indicates that, if the rudder is released at any yaw 
angle, the model would tend to return to zero yaw. 
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Although low-speed tests (M = 0 .16) reference 7) of a similar con­
figuration indicate that reversal in ChrW occurs for small values 

of or and W) no reversal was found at either Mach number for the 
present tests. 

The variation of rudder deflection with angle of yaw (fig. 12) 
obtained by cross plotting figures 10 and 11 at Cn = 0 indicates that 
left-rudder deflection ' (positive or) is required for right sideslip 
(negative W) and vice versa. The maximum rudder deflections (25.50 

at M = 1.59 and 200 at M = 1 . 40) can hold a sideslip of about 2 .50 

at both Mach numbers. A considerably larger sideslip can be maintained 
at subsonic speeds ) about 100 being attained for or = 200 at M = 0.16 
(reference 7). Rudder deflections of about 160 would be required to 
overcome the adverse yaw of about 1.50 (figs. 10 and 11) resulting from 
full aileron deflection ( oa = ±150

) at zero angle of attack. 

Variations of yawing-moment and rudder hinge -moment coefficients 
with rudder deflection at zero angle of yaw) obtained by cross plotting 
figures 10 and 11) are presented in figure 13 for both Mach numbers. 
The rudder characteristics Cho ) Chr'ir) and Cno obtained from fig-

r 'f r 
ures 10) 11) and 13 are presented in table II. The rudder -effectiveness 
parameter Cnor is somewhat less at M = 1.59 than at M = 1.40 and 

is rather low compared to the subsonic value of -0.0010 at M = 0 .16 
(reference 7). The hinge-moment parameters Char and Chr1jr are also 

less at M = 1.59 than at M = 1.40 . 

Effective dihedral. - The var iation of rolling-moment coefficient 
with angle of yaw with controls fixed ( figs . 10 and 11) indicates posi­
tive eff ective dihedral at both Mach numbers. However) the variation 
of Cl with 1jr for Cn = 0 (dashed lines in figs . 10 and 11) indi­
cates slightly negative effective dihedral at M = 1.40 and positive 
effective dihedral a t M = 1 . 59) although these effects appear to be 
small at both Mach numbers . These results might be expected inasmuch 
as the tail - off tests (reference 3) have shown that all of the positive 
effective dihedral is contributed by the vertical tail. Hence) the 
effective dihedral probably would vary with rudder deflection. 

Lateral characteristic s in side slip .- The positive 
lateral-force parameter CY1jr indicates right bank will 

steady right sideslip (figs . 10 and 11). The value of 
at M = 1.59 than at M 1 . 40 because of the reduced 
of the vertical tail at M = 1 . 59 (reference 3) . 

va.lue of the 
be required in 

Cy 1jr is smaller 
lift-curve slope 

Longitudinal characteristics in sideslip .- There is little varia­
tion of lift coefficient and longitudinal -force coefficient with angle 
of ya.w (figs. 10 and 11). The small variations of pitching-moment 
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coefficient with V and Or can easily be counteracted with only 
slight changes in stabilizer setting (references 1 and 2). 

CONCLUS IONS 

The results of the static - lateral-control investigation conducted 
at Mach number s of 1.40 and 1.59 on a model of a supersonic a.ircraft 
configuration indicate the following conclusions: 

1. The aileron effectiveness was approximately half that predicted 
by linear theory principally as a result of flow separa.tion in the 
region of the ailerons. However, an analysis of the results indicated 
that at these super sonic speeds the ailerons would produce reasonable 
rolling velocities for an airplane configuration simi lar to t he model. 

2. The rudder effectiveness at the test Mach numbers was considered 
low since a rudder deflection of approximately 200 produced a sideslip 
angle of only 2.50

. 

3. With controls fixed the model had positive effective dihedral. 
However, the variation of rolling-moment coefficient with angle of yaw 
for zero yawing moment indicated a dihedral effect that was slightly 
negative at a Mach number of 1.40 and slightly positive at a Mach 
number of 1.59. 

4. The adver se yawing moment that accompanied total aileron deflec­
tion was about the same at both Mach numbers and was about the same as 
that which occurred at low speeds for a similar configuration. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force Base, Va. 
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APPENDIX 

ESTIMATE OF BALANCE-SYSTEM ACCURACY 

In an attempt to evaluate the performance of the six-component 
internal strain-gage balance and the three single-beam hinge -moment 
balances employed during the investigations of this model in the 
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Langley 4- by 4-foot supersonic tunnel, a simplified analysis to deter­
mine the probable errors in the data and to indicate the sources of 
these errors is presented. This analysis includes uncertainties in 
flow parameters, angle settings, and model dimensions, as well as inac­
curacies in the balance systems. The data used in this analysis have 
been determined from repeated calibrations and the results are presented 
as probable errors in the aerodynamic coefficients. In all cases, the 
error s cons idered are random errors except those errors introduced in 
t he reduct i on of the data by neglecting interactions and slight calibra­
t i on shifts. In the entire analysis, the balance system is considered 
t o i nclude the strain gages, Wiring, control boxes, and the modified 
self -balancing potentiometers used as indicators. 

Definition of Terms 

(a) Accuracy - a measure of the ability. of the balance system to 
i ndicate t he correct r eadi ng for repeated applications of a given load 

(b) Sensitivity - the smallest increment of load the system can 
detect and indicate 

(c) Zero shift - the increment by which the indicator fails to 
return to the initia.l zero position after the load has been removed 

(d) Probable ~rror - the estimated magnitude of the net error to 
be expe cted in any single observation 

(e) Systematic error - an error in which the sign and magnitude 
bear a fixed relation to the condition of observation 

(f) Random error - an erro~ in which the sign is as likely to be 
po s itive a s negative 

(g) Interaction - an increment in the reading of any given component 
caused by the application of one or more other components . 
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Sources of Error 

In the following analysis, the balance-system errors were first 
considered separately and later in combination with tunnel and model 
parameters to give an indication of the over-all reliability of the 
data. The balance-system errors considered were zero shift, recording 
sensitivity, calibration changes, and interactions. In evaluating the 
errors introduced by the tunnel and model parameters, such items as 
inaccuracies in angle of attack, angle of yaw, control-surface deflec­
tions , and free-stream dynamic pressure have been included. All the 
errors treated were of a random nature with the exception of the cali­
bration shifts and interactions. These latter errors were systematic . 

In general, all data used in analyzing the balance-system inaccu­
racies were obtained with the balances in place in the model during the 
period of the basic aerodynamic tests . The only exceptions involved 
were the interaction data which were obtained during final bench cali­
brations prior to installation in the tunnel. 

ANALYSIS 

In combining the various errors, the methods discussed in chap­
ter III of reference 12 were followed and are briefly reviewed. If, 
for example, the chord force is considered, then 

C = CC<lS 

or 

and 
• 

dSC = dCC + Cc ~ + Cc dS 
q q S (1) 

If the symbol r is used to designate the probable error in any item 
( for example, rq = dq), then squaring both sides of (1) and neglecting 
all cross-product terms since, on the average, the cross product of two 
random errors is zero, the probable error i n Cc is 

(P.E. ( 2 ) 
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The probable error in the area determination rs in equation ( 2 ) 
was estimated on the basis of construction tolerances to be negligible. 

The problem of determining the probable errors is therefore 
reduced to one of evaluating 

Equation ( 3) is the general expression for the probable error in Cc 
and includes both random and systematic errors. It may be rewritten as 

(4 ) 

where rl and r 2 are the random and systematic errors, respectively. 
The systematic errors included are 

(a) Interactions 

(b) Calibration shifts 

which may be combined algebraically as 

All other errors considered were random in nature. These items were 

(c) Zero shift 

(d) Sensitivity 

(e) Inaccuracies in !IDgle of attack or yaw 

(f) Inaccuracies in angle of incidence of the stabilizer, aileron, 
or rudder 

(g) Inac'curacies in the measurement of the fre~-stream dynamic 
pres sure 

and are combined a s follows 

(6) 

When the balance alone is considered, items (e), (f), and (g) are taken 
as zero. All of the errors are converted into coefficient form by 
means of the calibration curve slopes and aerodynamic parameters . The 
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results of equations (5) and (6) are combined by equation (4) to give 
the probable error in coefficient form to be expected in the component 
being considered . 

RESULTS AND DISCUSSION 

The results of the analysis are presented in tables III and IV . 
Table III presents the errors due to the balance alone , part A including 
zero shift and sensitivity only and part B containing the effects of 
these items plus calibration changes and maximum interactions encountered 
during the tests . In table IV the effects of tunnel - and model -parameter 
errors are combined with the balance - system errors f r om table III. Since 
the balance measured normal force and chord force, normal-force coeffi­
cient (CN) and chord- force coefficient (CC) are used instead of lift 
coefficient (CL) and drag coefficient (CD). 

A comparison of tables III and IV shows that the inaccuracies in 
angle settings and dynamic pressure had a considerable effect on the 
probable errors in all the quantities measured. The effects of inter ­
actions and calibration shift on Cc were significant when moderate 
amounts of positive lift and negative pitching moment were applied to 
the model. The errors in rolling-moment and yawing-moment coefficients 
were influenced about equally by calibration and interaction errors and 
by tunnel -parameter inaccuracies. 

In general, the errors are quite small and do not significantly 
affect the data obtained during this investigation. The pr obable 
errors due to the interactions are conservative .because the l oading con­
ditions chosen were those ca~sing the maximum ina ccuracies in those 
components most sensitive to interactions. 
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TABLE 1. - GEOMETRIC CHARACTERISTICS OF MODEL 

Wing : 
Area, s'q ft . 
Span, ft 
Aspect ratio 
Sweepback of quarter - chord line, de g 
Taper ratio . . . . . . . . . . . . . 
Mean aerodynamic chord, ft . . . . . 
Airfoil section normal to quarter - chord 

17 

1.158 
2 .155 

4 
· . 40 

0 . 5 
0 . 557 

line 
Twist, deg 
Dihedral, deg 

10-percent-thick, circular arc 
o 
3 

Horizontal tail: 
Area , sq'ft . 
Span, ft 
Aspect ratio 
Sweepback of quarter - chord line, deg 
Taper ratio . . 
Airfoil section . . . . . . . . . . . 

Vertical tail : 
Area (exposed) , s q ft ..... . 
Aspect ratio (based on exposed area and span) 
Sweepback of leading edge , deg 
Taper ratio . . . . . 
Airfoil section , root 
Airfoil section , tip 

Fuselage : 
Fineness ratio (neglec~ing canopies) 

Miscellaneous: 
Tail length from c/4 wing to c t/4 tail , ft 
Tail height, wing semispans above fuselage center line 

CONFIDENTIAL 

0 .196 
0 . 855 

3 .72 
· . 40 

0 . 5 
NACA 65- 008 

0 .172 
· 1.17 
· 40. 6 
0 . 337 

NACA 27- 010 
NACA 27 -008 

9 .4 

0 . 917 
0 .153 
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TABLE II. - VARIATION OF AILERON AND RUDDER 

CHARACTERISTICS WITH MACH NUMBER 

Mach number 
Parameter 

1.40 

Ai1eron1 

Cho -0 .020 
a 

Chaa, -. 020 

CIo -. 00056 
a 

Rudder2 

Chor -0 .0080 

Chyljr -. 0058 

Cno -.00023 
r 

1Measured at OaR = 0°, a = 0° . 

2Measured at ' or = 0° , Ijr = 0°. 
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1.59 

-0 .0157 

-. 0163 

-. 00044 

-0 .0031 

-. 0043 

-. 00019 
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TABLE III. - ERRORS IN MEASUREMENTS DUE TO BALANCES ALONE 

~alues for errors are given only for those scale ranges actually used during the tes~ 

A. Errors resulting from zero shift a.nd sensitivity 

~ CN Cm Cc Cy . Cn CI Cht Cha Chr 
Scale 

2 ±0.0021 ±0.00046 -------- ------- -------- -------- ------- ±0.0028 -------

3 ±.0011 ±.00045 ±0 . 00025 ------- ±0.00011 ±0.00006 ±0.0013 ------- ±0.0027 

4 ± . 0010 ±.0002 ±.00025 ±0.0010 ±.00011 ±.00006 ±.0013 ------- ±.0027 

B. Errors resulting from zero shift, sensitivity, calibration shifts, and combined loads 
for maximum interaction 

~ CN em Cc Cy 
Scale 

Cn CI Cht Cha Chr 

2 ±0 . 0026 ±0 .00062 ------- ------- -------- -------- ------- ±0.0028 -------

3 ± . 0019 ± .00061 ±0.0019 -------- ±0.00019 ±0.00011 ±0.0013 ------- ±o.0028 

4 ±.0014 ±.00051 ±.0019 ±0.0011 ±.00012 ± .00009E ±.0013 ------- ± .0028 
I 

~ 

~ 
:t> 

~ 
t'-i 
\Jl 
o 
H 
f-' 
f-' 

o 

~ 
~ 
~ 
~ 

f-' 
\.0 
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TABLE IV. - ERRORS IN MEASUREMENTS DUE TO BALANCES AND TUNNEL 

A. Errors resulting from zero shift, sensitivity, tunnel , and model inaccuracie s 

~ CN Cm Cc Cy Cn Cr Cht Cha Chr 
Scale 

2 10.0046 10.0014 ------- ------- -------- --------- ------- ±0.0031 -------

3 ±.0042 ±.0014 ±0.0013 ------- ±0 .00015 ±0.000075 ±0.0017 ------- ±0 . 0028 

4 ±.0041 ±.0014 ±.0013 ±0.0018 ±.00014 ±.000075 ±.0017 ------- ±.0028 
-- - -- -- -----

B. Errors re sulting from zero shift , sensit i vity, calibration shifts, combined loads for 
maximum interact ion, and tunnel and model inaccuracies 

~ Scale 
CN Cm Cc Cy Cn Cr Cht Cha Chr 

2 1±o.0049 iO.0014 ------- ------- -------- --------- ------- ±0. 0031 -------

3 ±.0045 ±.0014 ±0.0023 ------- ±0.OO021 ±0.00013 to.0017 ------- to.0028 

4 ±.0043 ±.0014 ±.0023 ±0.0019. ±.00015 ± . 000099 t.0017 ------- ±.0028 

I\) 

o 

(") 

o 
~ 
~ 
~ 
~ 

~ 
~ 

~ ~ 
t"" 
VI o 
H 
f-' 
f-' 
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Rela t ive 

x .... J---'--

Relative 

z 

Figure 1 .- System of axes ani control - surface hinge moments and 
deflections . Positive values of forces, moments , and ~ngles 
are indicated by arrows . 
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Figure 2.- Details of model of supersonic aircraft configuration. 
Dimensions are in inches unless otherwise noted. 
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Figure 3.- Detail of wing semispan . All dimensions are in inches. 
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4.383 

A 7.332 

Jloo/!;zer 

2398 

Figure 4.- Detail of vertical tail. All dimensions are in inches . 
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(a) Mounted for pitch tests. a-10°; \jI = 0°. 

Figure 5 .- Complete model of aircraft mounted in the Langley 4- by 
4-foot supersonic tunnel . 
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Figure 6.- Effect of aileron deflection on the aerodynamic characteristics 
in pitch . M = 1 . 40 . 
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Figure 7.- Effect of aileron deflection on the aerodynamic characteristics . I 

in pitch. M = 1. 59. 
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Figure 10.- Effect of rudder deflection on the aerodynamic characteristics 
in yaw. a = 00 , M = 1. 40 . 
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Figure 11.- Effect of rudder deflection on the aerodynamic characteristics 
in yaw. a = 0°, M = 1 . 59 . 
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Figure 12. - Variation of rudder deflection with angle of yaw. e n 
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