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NATIONAL ADVISORY COMM1TI'EE FOR AERONAurICS 

RESEARCH MEMORANDUM 

LONGITUDINAL STABILrrY AND CONTROL CHARACTERISTICS OF A 

SEMISPAN MODEL OF A SUPERSONIC AIRPLANE CONFIGURATION 

Kr TRANSONIC SPEEDS FROM TESTS BY THE NACA 

WING-FLOW METHOD 

~ Norman S. Silsby and James M. McKay 

SUMMARY 

An investigation has been made by the NACA wing-flow method to 
determine the longitudinal stability and control characteristics at 
transonic speeds of a semispan airplane model having a long slender 
fuselage and a straight wing and tail of low aspect ratio with faired 
symmetrical double-wedge airfoil sections 4.6 percent of the chord in 
thickness. Measurements were made of the normal force and pitching 
moment at various angles of attack of the model with five different 
angles of incidence of the stabilizer. The tests were made at effective 
Mach numbers at the wing of the model from 0.56 to 1.13. 

Over the entire range of Mach numbers tested, the results indicatea 
fairly gradual changes in aerodynamic characteristics up to a normal
force coefficient of 0.4. The neutral point moved back from 38 percent 
mean aerodynamic chord to 56 percent mean aerodynamic chord as the Mach 
number increased from 0. 8 to 1.10. The stabilizer was effective in 
changing the pitching moment throughout the Mach number range for all 
stabilizer angles tested. 

INTRODUCTION 

The numerous current designs of airplanes intended to fly at transonic 
and supersonic speeds include a variety of wing-fuselage-tail configu
rations. There is, as yet, little or no information on the aerodynamic 
characteristics of most of these configurations at transonic speeds. In 
the investigation of what is cons idered the more basic of such configu
rations, tests were made at transonic speeds by the NACA wing-flow method 
to determine the longitudinal stability and control characteristics of a 
semispan model of a supersonic configuration. The model tested incorporated 
a v~ry slender fuselage, low-6spect-ratio unswept wing and tail with thin 
s~leading~dge airfoil sections. The horizontal tail of the model 1s 
of the all-movable type. Measurements were made of the normal force and 
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pitching moment at various angles of attack of the semispan model with 
the stabilizer set at fiv e different angles of incidence . The tests 
cover ed a range of effective Mach numbers at the wing of the model 
from 0. 56 to 1 .13. 

SYMBOIS 

a angle of attack of fuselage , degrees 

it inc idence of stabilizer, degrees 

~ local Mach number at wing surface of P-5lD airplane 

Mw effective Mach number at wing 

Mt effective Mach number at t ail 

q effective dynamic pressure , pounds per square foot ( ~pv~ 
S wing area, semispan, square feet 

c mean aerodynamic chord of wingj based on the r elationship 

N 

M 

(
dCN\ 

d a ) m 

~ where b is wing span and c l
b / 2 2 

o S 
i s chord, inches 

normal force , pounds 

pitching moment , inch- pounds 

normal- force coeffic i ent (N/qS) 

pitchlng-moment coefficient referred to 0. 50c (M/qSc ) 

l~eynolds number of wing based on mean aerodynamic chord c 

ReynOlds number of tail based on mean aerodynamic chord of tail 

mean slope of normal- force curve per degree for CN from 0 to 0. 2 

slope of pitching-moment curve , referred to O. 20c enter-of
gravity locat i on at normal force for t rim 

CONFIDENTIAL 
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APPARATUS AND TESTS 

The tests were made, as described in references 1 and 2, by the 
NACA wing- flow method in whi ch the model is mounted in the high-speed 
flow over the wing of a P-5lD airplane. 

3 

Photographs of the semispan model equipped with an end plate at the 
fuselage center line are given as figures 1 and 2 . The geometric charac
teristics of the model are gi ven in table I j other details of the model 
are shown in figure 3. Both wing and tail have a taper ratio of 2 . 0 and 
airfoil sections 4 . 6-percent-chord thick which were obtained by fairing 
a 5-percent-chord- thick symmetrical double-wedge section with a circular 
arc at midchord. The aspect ratio of the wing, when the airplane wing 
surface vTaS considered as a reflection plane , was 4.0. The model was 
mounted close to the airplane wing; and the shank of the model , which 
passed through a slot in the airplane wing, was mounted on a strain-gage 
balance . Because the model and balance were arranged to oscillate as 
a unit, the balance measured the force normal to the chord of the model 
at all angles of attack. With the model equipped successively with five 
interchangeable stabilizers having fixed incidences of 00 , 20 , 40 , - 20 , 

and -40 , continuous measurements were made of angle of attack, normal 
force , and pitching moment about the 50-percent-chord line of the wing 
as the model was oscillated through an angle-of-attack range of - 30 to 11° . 
The model oscillated at an angular velocity of about 200 per second. 
A free- floating vane , shown in figure 2, was used to determine the 
direction of air flow at the model location, as described in reference 3. 

The chordwise velocity gradients in the test region on the airplane , 
as determined from static- pressure measurements at the wing surface with 
the model removed, are indicated in figure 4 . The effective dynami c 
pressure q, the effective Mach number at the model wing Mw, and the 
eff ective Mach number at the model tail Mt, were determined from an 

integration of the veloc i ty distribution over the area covered by the 
wing aYJ.Q tail of the model , respectively. The variation of Mach number 
at the t a il Mt with Mach number at the wing Mw, due to the chordwise 
veloc i ty gradient, is shown in figure 5 . A more complete discussion 
of the method of determining the Mach number and dynamic pressure a t t he 
model can be found in ref erence 3. 

The tests were made in two high-speed dives of the P-5lD airplane, 
one from 28, 000 to 21,000 feet, the ot her from 18, 000 to 12,000 feet , 
and in a low-altitude ( 5000 feet ) high-speed level- flight run, to obt ain 
different ranges of Reynolds number . The average relation between 
Reynolds number at the wi ng Rw and the ReynOlds number at the t ail Rt 

with the Mach number a t t he wing Mw for the three altitude conditions 
is shown in figure 6. 

CONFIDENI'IAL 
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RESULTS AND DISCUSSION 

The variation of angle of attack with Mach number at constant normal
force coefficients is shown in figure 7 for several stabilizer incidences. 
These curves were obtained by fairing data similar to that which is shown 
as a sample in figure 8. The scatter of the data in figure 8 resulted 
principally from the differences in time lag in the recording of the 
angle of attack and the normal force as the model was oscillated through 
the range of angles of attack ; the differences in time lag occur as a 
result of differences in damping in the electrical recording circuits . 
The data of figure 8 show t hat over the range of Reynolds number covered 
in the tests there appeared to be no effect of Reynolds number (within 
experimental error ) on angle of attack at a constant normal-force 
coefficient .. Rence the faired data presented in figure 7 were taken 
from the tests at the lowest Reynolds numbers since these tests covered 
the highest Mach numbers. The variation of angle of attack with Mach 
number at a constant normal-force coefficient was somewhat irregular 
but showed no abrupt changes . 

The variation of normal-force coefficient with angle of attack for 
each stabilizer incidence, shown in figure 9 for several Mach numbers, 
is essentially linear up to a normal-force coefficient of 0.65. At a 
normal- force coefficient of 0. 65 and higher, and this was evaluated only 
for the 20 stabilizer incidence, there is a large decrease in the slope 
of the normal- force curve for a Mach number of 0.75, which disappeared 

at higher Mach numbers. The slope of the normal-force curve ( dCN\ 
\ do,/ m 

taken over a range of normal- force coefficients f rom 0 to 0.2 and 
presented in figure 10, increases fairly gradually but somewhat irregularly 
with Mach number up to a Mach number of 0. 95 for all stabilizer incidences. 

Above a Mach number of 0. 95, (
dCN) 
do, m 

decreases fairly gradually for all 

stabilizer incidences up to the highest Mach number attained. 

The variation of pitching-moment coefficient with Mach number is 
shown in figure 11 for stabilizer incidences from -40 to 40 and for 
normal- force coefficients from -0. 2 t o 0. 6. Typical data points are 
shown for the three ranges of Reynolds number only for zero-normal- force 
coefficient ( fig . ll (a )). Faired data for the three ranges of Reynolds 
numbers are presented in figure 12 as a plot of pitching-moment coeffi
cient against stabilizer incidence for various Mach numbers and zero
normal- force coefficient and in figure 13 as a plot of pitching-mo~nt 
coefficient against normal-force coefficient for 20 stabilizer incidence 
and various Mach numbers . 

There appears to be only a slight effect of Reynolds number on 
Gtabilizer effectiveness (fig . 12) and an appreciable effect on 
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longitudinal stability (f ig. 13) at Mach numbers near 0.87, particularly 
for negative normal-force coefficients. Since the lower Roynolds number 
tests extended to higher Mach numbers , the faired data for these tests 
are presented in figure 11 and subse~uent figures . The pitching-moment 
coeff i cients (figs . 11 and 12) for a constant stabilizer angle chow a 
large but fairly gradual and irregular variation with Mach number over 
the entire speed range for normal- force coeffic ients up to 0.4. At a 
normal- for ce coefficient of 0.6, the variation in pitching moment with 
Mach number is more abrupt . 

The variation of pitching-moment coefficient with normal- force 
coefficient is presented in figure 14 for various stabilizer incidences 
at several Mach numbers . A cross plot of these data is presented in 
figure 15 to show the variation of pitching-mqment coefficient with 
stabilizer incidence at various Mach numbers and normal- force coefficients . 
These results indicate that , for the entire range of stabilizar incidences 
and for normal-force coefficients up to 0.6, the stabilizer is effective 
in changing the pitching moment and the stabilizer effectiveness is 
essentially constant throughout the Mach number range . 

Plotted against Mach number in figure 16 are the stabilizer angles 
re~uired to trim a full-scale airplane in level flight and the slope of 

dCM the pitching-moment curve --- where the pitching moment was computed 
dCN 

about a center-of-gravity location of 20 pe~cent mean aerodynamic chord . 

dCM 
The slope was taken for stabilizer angles for trim and over a range 

dCN 

of normal-force coefficients corresponding to ±~g from the normal- forcA 

coefficients (also shown in fig . 16) required for level flight at 
• 35,000 feet altitude with an airplane having a wing loading of 90 . The 

scale for the neutral point is also shown in figure 16 . The variation 

dCM 
of --- with Mach number indicates that the static margin ( the di~ference 

dCN 

between the neutral point and the center of gravity at 20 percent mean 
aerodynamic chord ) decreases from about 31 percent at a Mach number of 0.7 
to about 18 percent between the Mach numbers of 0. 8 and 0. 9, and then 
increases to a maximum value of about 36 percent mean aerodynamic chord 
at the highest Mach number attained, 1.10 . The large static margin at 
the lower Mach numbers is probably associated with the beginning of wing 
stall. The full-scale airplane apparently could be trimmed in level 
flight at a Mach number from 0.7 to 1.10 with a gradual change in 
stabilizer angle covering a range of about 2 . 5° . The variation of 
stabilizer angle required for trim with Mach number was stable up to a 
Mach number of 1. 03 and was slightly unstable at higher Mach numbers . 
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In addition to the effects of the low Reynolds numbers of the tests, 
the results in terms of full-scale flight conditiolW are subject to some 
uncertainty because of the difference in the Mach number of the flow at 
the wing and at the tail, particularly above a Mach number of 1.08. 
(Refer to fig . 5 .) 

CONCLUDING REMARKS 

The results of NACA wing- flow tests of the longitudinal stability 
and control characteristics of a semis pan model of a supersonic airplane 
configuration indicated fairly gradual changes in aero~amic character 
istics up to a normal- force coefficient of 0.4 and over the entire range 
of Mach numbers tested, 0. 56 to 1 .13. The neutral point moved back 
from 38 percent mean aerodynamic chord to 56 percent mean aerodynamic 
chord as the Mach number increased from 0.8 to 1 .10. The stabilizer was 
effective in changing the pitching moment throughout the Mach number 
range for all stabilizer angles tested . On the basis of the results, 
the full-scale airplane apparently could be trimmed in level flight at 
Mach numbers from 0 . 7 to 1 .10 with a gradual change in stabilizer angle 
covering a range of about 2 . 50

• The variation of stabilizer angle re~uired 
for trim with Mach number was stable up to a Mach number of 1 . 03 and was 
slightly unstable at higher Mach numbers . . For the range of Reynolds 
number covered, there appeared to be only a slight effect of Reynolds 
number on stabilizer effectiveness but an appreciable effect on 
longitudinal stability at Mach numbers near 0.87, particularly for 
negative normal- force coefficients. 

Langley Aeronautical Laboratory 
National Advisbry Committee for Aeronautics 

Langley Field, Va . 
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TABLE I 

GEOME.TRIC CHARACTERISTICS OF SEMISPAN MODEL OF 

SUPERSONIC AIRPLANE CONFIGURATION 

·Wing : 
Section . . . . . . . . . . • . 
Thickness-chord ratio~ percent 
Semispan~ inches . . . . 
Mean aerodynamic chord~ inches 
Chord a t tip ~ inches . . . . . 
ChorQ at plane of symmetry~ inches 
Area ( semispan)~ square inches 
Aspect ratio 
Taper ratio 
Dihedral ~ degrees 
Incidence ~ degrees 

Horizontal Tail : 
Section .... 
Tnickness-c~ord ratio ~ percent 
Semispan~ inches . . . . 
Mean aerodynamic chord ~ inches 
Chord at tip ~ inches .. . . . 
Chord at plane of symmetry~ inches 
Area (semispan)~ square inches 
Aspect ratio 
Taper ratio 
Dihedral} degrees 

Fuselage length~ inches 

Faired double wedge 
4.6 

3.44 
1.79 
1.15 
2 · 30 
5.94 
4.0 
2 : 1 

o 
o 

Faired double wedge 
4.6 

1.75 
.89 
· 57 

1.15 
1.50 
4.0 
2:1 
10 

14.15 

Tail length (center line of wing to center line of tail), inches .. 5.74 

~ 
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F igur e 1. - Semispan model of super s onic airplane configuration. 
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Figure 2. - Semispan supersonic airplane model mounted on wi ng of P-51D airplane . Free-floating 
vane also shown. 
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(a) Typical data obtained at thr ee altitud es. eN = O. 

Figure 11. - Variation with Mach number of pitching-moment coeffici ent at s everal s tabilizer incidences 
for various normal-force coeffi ci ents . 
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Figure 11. - Continued. 
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coefficient at various Mach numbers for diffe r ent ranges of Reynol s 
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Figure 15. - Variation of pitching-moment coefficient with stabilizer 
incidence for various normal-force coefficients at several Mach 
numbers. 
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