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By Jack D. Stephenson, Angelo Bandettini, 
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SUMMARY 

Wind - tunnel tests were conducted at Mach numbers from 0.25 to 0.92 
to measure the static longitudinal stability characteristics of a semispan 
wing- fuselage - tail model having a wing with 450 of sweepback . The \ving 
had an aspect ratio of 5 . 5 and had NACA 64A010 sect i ons normal to the 
quarter - chord line . A plane, unswept, horizontal tail of aspect ratio 4 
was mounted in four different vertical positions varying from 12.7- percent 
semispan below the wing chord plane extended to 25.5 -percent semispan 
above the chord plane extended . 

The center of pressure of the wing- fuselage combination moved forward 
as the wing began to stall, and a tail in the higher positions produced 
additional stalling moments due to high effective downwash. The loss of 
tail contribution due to the downwash was delayed to higher angles of 
attack when the tail was lowered to the wing chord plane extended . 

The addition of leading-edge fences or of leading-edge chord exten
sions reduced the forward center - of-pressure movement of the wi ng- fu se lage 
combination and the losses in tai l contribution that occurred when the 
wing stalled . 

INTRODUCTION 

Existing results of aerodynamic studies of wings similar in plan form 
to the one employed on the model which is the subject of this report indi 
cate that the combination of plan form and section selected for this mode l 
would have high aerodynamic efficiency at high subsonic Mach numbers 
(refs. 1 and 2). The tests reported herein were undertaken to obtain fur 
ther information applicable to a complete airplane configuration suitable 
for sup~rior long-range performance at high subsonic speeds. Previous 
tests of wings of this general plan form indicate that at high lift coef
ficients they are subject to severe longitudinal instability as a result 
of an extreme forward movement of the center of pressure which results 
from separation of the flow at the wing tips. 
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2 CONFIDENTIAL NACA RM A5 4K09 

Tests such as those reported in references 3 and 4 of wing-body
tail combinations have shown that the contribution of the tail to the 
stabili ty is of a regular nature and can generally be predicted when the 
wing is unstalled. However, when separation occurs on the wing, it has 
been observed that high downwash may occur at certain possib le tail loca 
tions, causing more severe longitudi nal instability than that due to the 
wing and fuselage . Other tail locations have been observed ,{here the 
reductions in stability of the wing- fuselage combinations are partiall y 
or completely compensated for by s i multaneous increases in the contribu
tion of the tai l to stability (see refs . 5 and 6) . 

Re ference 2, which presents data from tests of a model having the 
wing used i n the tests described in the present report and having a simi 
lar fuselage , indicates that the model was not subject to large adverse 
effects of compressibi l ity on minimum drag or on maximum lift - drag ratio 
up to high subsonic Mach numbers . The tests reported herein were intended 
to ascertain to what degree the severe static longitudinal instability of 
the wing- fuselage combination mi ght be avoided in the case of a model with 
a horizontal tai l. The means of avoiding or reducing this instability 
included varying the vertical position of the horizontal tail and adding 
fences and chord extensions to the wing . 

A continuing part of this program is aimed at obtaining more detailed 
information indicating l ocal flow characteristics in the region of the 
tail of this model , which i t is hoped will afford a basis for improved 
methods of estimating downwash behind swept wings. 

b 

c 

c 

NOTATION 

lift - curve slope of the isolated tail 

l i ft - curve slope of the wing- fuselage combination 

lift - curve slope of the wing-fuselage - tail combination 

wing span 

local wi ng chord parallel to the plane of symmetry 

wing mean aerodynamic chord, 

drag coefficient, drag 
qSw 

lift 
lift coeff icient, 

qSw 
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M 

q 

r 

x 

y 

€ 

pitching-moment coefficient about the quarter-chord point 
pitching moment 

of the wing mean aerodynamic chord, qSwc 

incidence of the horizontal tail measured from the body 
center line, deg 

length of the body 

tail length, distance from the quarter-chord point of the 
wing mean aerodynamic chord to the quarter-chord point of 
the horizontal-tail mean aerodynamic chord 

free-stream Mach number 

free-stream dynamic pressure 

effective dynamic pressure at the tail 

Reynolds number based on wing mean aerodynamic chord 

local radius of body 

maximum radius of body 

area of basic semispan wing 

area of semispan tail 

Stlt 
horizontal-tail volume, Swc 

longitudinal distance 

l ateral distance from plane of symmetry 

angle of attack, deg 

tail angle of attack, deg 

downwash angle, deg 

tail efficiency 

MODEL AND APPARATUS 

3 

Figure 1 is a sketch of the model . The model consisted of a semispan 
Wing, fuselage, and horizontal tail . The wing was constructed of solid 
aluminum alloy and had 450 of sweepback at the quarter-chord line, an 
aspect ratio of 5.50, a taper ratio of 0.53 and was without twist . The 
airfoil section normal to the quarter-chord line was the NACA 64A010 . 
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The fuselage , a half-body of revolution of fineness ratio 12 . 5 , was of 
cast aluminum mounted on a steel spar. The center line of the fuselage 
coincided with the wing- root chord line, and the quarter- chord position of 
the wing mean aerodynamic chord was alined with the mi dpoint of the body 
length . 

The horizontal tail surface was mounted i n positions representative 
of possible locations of the tail on a long- range airplane . The tail 
volume is also believed to have been typical of such an airplane . The 
geometry of the tail surface was selected because its aerodynamic charac 
teristics indicated that it would be favorable for measuring effective 
downwash at the tail location . A similar surface was shown in reference 7 
to be free from large or erratic compressibility effects throughout the 
Mach number range of the mode l tests and to have a lift curve that was 
linear within a wide angle - of - attack range . The tail surface represented 
an all -movable stabilizer having zero sweep of the midchord line , an, 
aspect ratio of 4 . 0, a taper ratio of 0. 5, and NACA 63A004 sections . The 
tail area was 24 . 8 percent of the wing area and the quarter- chord point of 
the tail mean aerodynamic chord was 2 . 0c behind the quarter- chord point of 
the wing mean aerodynamic chord . Provision was made to mount the horizon
tal tail at four vertical positions, as follows : (a) a low position 12 . 7 
percent of the wing semispan below the wing chord plane extended; (b) a 
center position in the wing chord plane extended;' (c) a medium high posi 
tion 12 . 7-percent semispan above the wing chord plane extended; and (d) a 
high position 25 . 5 -percent semispan above the wing chord plane extended . 
The tail surface was supported in the three positions away from the fuse 
lage center line by means of steel pylons . The junctures between the sta
bilizer and pylon were covered with a wood fairing as shown in figure 2(a) . 
When the tail was mounted below the fu selage, an additional fairing was 
installed over the pylon surface between the juncture fairing and the 
fuselage ( fig. 2(b)) in an effort to reduce interference at high angles 
of attack . 

The fences shown in figure l(b) were mounted on the wing during 
portions of the test at one or more of the following spanwise stations : 
0 . 44b/2, 0. 57b/2, 0 . 69b/2, and 0. 82b/2 . Figure 2(c) is a photograph of 
one combination of the fences. Provision was made for testing the fence s 
with the rearward 50 percent or 75 percent removed . Leading- edge chord 
extensions were also installed on the outer portion of the wing during part 
of the test . These extensions (shown in figs . l(b) and 2 (d)) increased the 
local chord normal to the quarter- chord line by 15 percent and increased 
the streamwise chord by 17 percent . The inner ends of the chord exten
sions, which were located as indicated in figure l(b), were plane surfaces 
parallel to the model plane of symmetry . The chord-extension section was 
similar to the forward part of the original section, except for a reduced 
thickness ratio and nose radius, and was faired into the basic wing section 
at its maximum thickness . Coordinates of the chord extensions in sections 
normal to the quarter - chord line of the original wing are given in table I . 
The wing area of the model was increased by 8 percent when the largest 
chord extension was installed . 
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Additional geometric data are listed in table II for the various 
model components . 

TESTS 

5 

Experimental studies were conducted to determine the static longi
tudinal stability characteristics of the model without the tai l and with 
the tai l mounted at each of the four positions indicated in figure 1. 
With the tail at the fuselage center line and 12 . 7- percent semispan above 
the center line , its incidence was varied from 00 to -50 . 

Effects of various fence installations upon the characteristics of 
the wing- fuselage combination were measured in a limited series of tests 
and one fence configuration was selected for more detailed stability 
studies . The effects of leading- edge chord extensions upon the longitu
dinal stability of the model were also investigated . 

Measurements were made of lift, drag , and pitching moments at Mach 
numbers f rom 0 . 25 to 0 . 92 at a Reynol ds number of 2,000,000. At a Mach 
number of 0.25 , data were also obtained at a Reynolds number of 10,000,000. 

CORRECTIONS TO DATA 

The data have been corrected for constriction effects due to the 
presence of the tunnel walls, for tunnel-wall interference effects origi
nating from lift on the model, and for the drag tares caused by aerodynamic 
forces on the exposed portion of the turntable on which the model was 
mounted . 

The dynamic pressure and the Mach number we re corrected for constric 
tion effects due to the presence of the tunnel wall s by the methods of 
reference 8. The corrected and uncorrected Mach numbers and the ratio of 
corrected to uncorrected dynamic pressure are presented in table III(a). 
The correction to the drag coefficient for the effect of the pressure 
gradient due to the wake was estimated and found to be negligible. 

Corrections for the effects of tunnel-wall interference due to mode l 
lift were calculated by the method of reference 9. The corrections (which 
were added to the data) were as follows : 

Model without tail 

Model with tail 

The values of KlJ K2 ,and K3 are shown in table III(b) as functions of 
Mach number . 
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Since the turntable upon which the model was mounted was directly 
connected to the balance system, a tare correction to the drag was neces 
sary . The magnitude of this correction Ivas calculated by multiplying the 
forces on the turntable with the model removed by the fraction of the area 
of the turntable still exposed to the air stream after install ation of the 
model . The tare corrections , converted to tare drag coefficients based on 
wing area , were substracted from the measured drag coefficients and are 
presented in table I II( c) . No attempt has been made to evaluate tares due 
to interference between the model and the turntable or to compensate for 
the tunnel- floor boundary layer , which at the turntable had a displacement 
thick~ess of one -half inch . 

RESULTS AND DI SCUSSION 

Basic Model 

The lift , drag , and moment characteristics of the wing - fuselage 
combination are presented in figures 3 and 4 . These data are practically 
identical to those measured on a similar wing-body combination and reported 
in reference 2 . Throughout the test range of Reynolds numbers and Mach 
numbers and at lift coefficients greater than about 0 .6, the center of 
pressure of the wi ng-body combination moved forward rapidly with increasing 
angle of attack . As is well knmm, this behavior is a result of flml sep
aration beginning at the wing tip and progressing inward with increasing 
angle of attack and is characteristic of Ivings of this general plan form . 
I n addition to the data for the wing- fuselage combination , data are pre 
sented for the model with the three tail - mounting pylons and fairings , 
which , except for increasing slightly the level of the drag data , had onl y 
minor effects . Small differences in pitching moments for various tail 
mounting pylons can be attributed to the fact that the characteristics at 
the stall were somewhat erratic and not repeatable . 

Figures 5 and 6 show the effects of adding the horizontal- tail surface 
in various vertical positions. The pitching-moment data referred to the 
wing quarter- chord point indicate a considerable static margin for the 
angle - of- attack range where the lift curve remained linear . At the higher 
angles of attack , large and abrupt movements of the center of pressure 
occurred . These movements were greatest when the tai l was in the highest 
position and decreased progressively as the tail was lowered . A detailed 
comparison of the pitching moments of the model with and without the tail 
( figs . 3 through 6) indicates that when the tail was 12. 7- percent semispan 
below the fuselage , it contributed to the stability throughout the angle 
of- attack range, whereas for higher tail locations, when wing stalling 
occurred , the tail contributed a pmverful positive pitching moment . 
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The decreased static longitudinal stability near zero lift for the 
. model with the tail at the fuselage center line is an indication of the 
effect of the wing wake. The data show that the pitching moment at zero 
lift varied with tail height , indicating a local flow at the tail directed 
inward tOvlard the fuselage axis . 

Effect of Fences 

The effect of the location of full-chord fences was investigated 
at two Mach numbers by installing the fences in several combinations at 
one or more of the following stations : 0.44b/2, 0.5Tb/2, 0 . 69b/2 , and 
0.82b/2. The lift and moment characteristics of the model without the 
tail (fig. 7(a)) indicate that at a Mach number of 0.25 a single fence at 
44-~ercent semispan increased the lift coefficients at which large fOTIrard 
center -of-pressure movements occurred and reduced the magnitude of the se 
movements prior to the attainment of maximum lift . The least variation of 
center of pressure with lift coefficient resulted when two fences were 
used, one at 44-percent and one at 69-percent semispan . None of the fence 
combinations provided any sUbstantial improvements at a Mach number of 
0. 9 . It was expected that some insight into the origin of the improved 
stability due to the fences might be afforded if the chordwise extent 
of the fences were varied. Results of tests with two fences (at 44-per 
cent and 69 -percent semispan) having the after 75 percent and the after 
50 percent of the fences removed are presented in figure 7(b) . The data 
show that fences extending over only the forward 25 percent of the chord 
were almost as effective as any of the longer chord fences, indicating 
that the effects of separation on this wing were most strongly influenced 
by the flow near the leading edge . The full - chord fences resulted in 
slightly higher values for the lift coeff icient at which the center of 
pressure moved forward . On the basis of these limited tests of the model 
without the tail, the full - chord fences at 0.44 and 0.69 semispan were 
selected to be tested in more detail . 

The lift, drag , and moment characteristics of the model without the 
tail and vri th full - chord f ences at 0 . 44 and 0 .69 semispan are shown in 
figure 8 at Mach numbers from 0.25 to 0 . 92 and a Reynolds number of 
2,000,000 . At all these Mach numbers the fe nces reduced the forward 
center-of-pressure movement accompanying stalling of the wing (prior to 
maximum lif t) and at Mach numbers up to 0 .85 substantially increased the 
lift coeff icient at which instability occurred. The addition of the fe nces 
had very slight effect on the minimum drag and reduced the drag at moder
ate and high lif t coefficients . At a Mach number of 0.92 there was some 
drag penalty due to the addition of fences . 

Figure 9 shows the longitudinal characteristics of the model with 
fences and the various tail pylons at a Reynolds number of 10,000,000 and 
a Mach number of 0 . 25. Similar data for the Mach number range 0.25 to 0.92 
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at a Reynolds number of 2,000,000 are presented in figure 10 . Comparison 
with the same type of data for the model without fences ( figs . 3 and 4) . 
indicates that the inconsistencies in the pitching-moment characteristics 
at the stall were somewhat reduced by the addition of fences . 

Data for the model with fences and with the tail in various vertical 
positions are presented in figures 11 and 12 for Reynolds numbers of 
10,000,000 and 2,000,000, respectively . With the tail in the high posi
tion, longitudinal instability occurred at angles of attack vhere the 
wing was partially stalled (as indicated by decreased lift-curve slopes) . 
Lowering the tail decreased the magnitude of the instability and increased 
the angle of attack where it first occurred . With the tail in the chord 
plane extended, there we re relatively small variations with lift coeffi 
cient of the center - of- pressure location , and the pitching- moment curves 
were considerably more linear than those for the model without fences . 
The improved stability for the higher tail positions was partly due to the 
effect ment ioned previously of the fences on the stability of the wing
body combination . A detailed examination of the pitching moments of the 
model with fences both with and without the tail ( figs . 9 through 12) has 
indicated that the tail did not contribute the large positive pitching 
moments which were observed for the model without fences, when the wing 
was partiall y stalled. Al~hough the model was generally stable at maximum 
lift ( in those cases when it was attained), with the tail in the two lower 
positions there was an abrupt change in pitching moment at high angles of 
attack prior to maximum lift . This is believed to have been due to stall
ing of the tail . Such stalling probably does not represent a flight prob 
lem for an airplane with a center - of- gravity location that would normally 
be employed because of the decrease in tail incidence that would be 
necessary for longitudinal balance in flight at these lift coefficients . 

Effects of Chord Extensions 

The lift and moment data measured at a Mach number of 0 . 25 and a 
Reynolds number of 2,000,000 are presented in figure 13 for the wing
fuselage model with chord extensions of various spans . The greatest 
improvement in linearity of the pitching-moment data resulted when the 
leading- edge discontinuity was at the innermost location . The addition 
of a fence at this discontinuity produced no improvement. The effects of 
increased Mach number on the characteristics of the wing-fuselage combina
tion with the two longest span chord extensions are shown in figure 14 . 
The pitching-moment characteristics of the wing- fuselage model with chord 
extensions were similar to the characteristics of the model with fences . 
At Mach numbers up to 0.85, there were substantial increases in the lift 
coefficients where large center-of-pressure movements occurred , but at 
Mach numbers of 0. 90 and 0. 92, only slight increases in the lift coef
ficients are evident. Although the increased wing area due to adding 
the chord extensions increased the lift proportionately, this effect 
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accounts for less than a sixth of the measured increase in the lift coef
ficient at which longitudinal instability occurred at the lower speeds. 

In order to determine whether the downwash at the tail would be 
significantly influenced by the span of the chord extension, tests were 
conducted with two of the more promising chord extensions, one extending 
from 44- percent semispan to the wing tip and the other from 57-percent 
semisp~n to the tip . As shown in figures 15 and 16 , with the tail in the 
wing chord plane extended, large forward movements of the center of pres 
sure were avoided almost up to the wi ng maxi mum lift when either of these 
chord extensions was employed. Raising the tail to the medium position 
(0.127b/2) had adverse effects upon the stability, particularly with the 
shorter span chord extension . The addition of the longer span chord exten
sion resulted in stability characteristics of the complete model quite 
similar to those of the model with fences . Because there was no clear 
superiority in the characteristics of the model with chord extensions over 
those of the model with fences , this modification was not studied in more 
detail. The possibility exists that one wing leading- edge modification 
may have some advantage in drag over the other modifications, but it is 
believed that the tests reported herein are inconclusive in this respect 
because the ~ethod of attaching the fences ( fig. 2(c)) is certainly not 
optimum from the drag standpoint and because the basic -wing drag may have 
varied when the surface conditions were not sufficiently well duplicated 
each time the chord extensions were installed or removed . 

Effectiveness of the Tail as an All-Movable Control 

Figures 17 and 18 present data showing the effects of varying the 
tail incidence on the model without fences or chord extensions . At a 
Reynolds number of 10,000, 000 (and Mach number of 0 .25) figure 17 shows 
that varying the tail incidence from 00 to -50 was effective in varying 
the pitching moment at all angles of attack below maximum lift . Through 
out the Mach number range at a Reynolds number of 2,000,000 (fig. 18), the 
stabilizer provided effective control until the effects of wing stalling 
upon the stability became large. 

With two full -chord fences on the model , the data presented in 
figures 19 and 20 indicate that the stabilizer was effective until the 
wing stalled, but the effectiveness at the stall was erratic in some 
instances. Abrupt forward movements of the center of pressure occurred 
near maximum lift at some Mach numbers , but the magnitude of such move 
ments was small when the tail incidence was -50 . 
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Characteristics at Low Lift Coefficients 

The slope of the lift and pitching-moment curves and the variation 
of pitching- moment coefficient with stabilizer angle derived from data i n 
the preceding figures are shown in figure 21. This figure shows dCm/dCL 
of the mode l without the tail at a lift coefficient of 0.1. This l i ft 
coefficient was selected to indicate the slope of the moment curve at low 
angles of attack and still avoid a discontinuity in the slope that charac 
terized the data near zero lift at the higher Mach numbers with the tail 
off . Adding the fences caused the rearward movement of the aerodynamic 
center of the wing- fuse lage combination at low angles of attack to occur 
at a lower Mach number . Data showing dCm/dCL of the complete model 
indicate that raising the tai l from the fuselage center l ine to the medium 
(0.12Tb/2) position increased the static stability at zero lift. Adding 
fences produced no consistent effect on the stability of the complete model 
at zero lift . The stabilizer effectiveness dCm/dit at zero angle of 
attack shown in figure 21 as a function of Mach number indicates that 
increasing Mach number produced generall y higher effectiveness , particu
larly when the tail was in the medium high location. 

Tail Contribution to Stability 

The force and pitching-moment data for the mode l with the medium and 
center- line tail locations (figs. 17 through 20) have been used to esti 
mate the effective downwash angles shown in figures 22 and 23 as functions 
of angle of attack . (In order to estimate the downwash at high angles of 
attack, it was necessary to assume that the stabilizer effectiveness data 
could be extrapolated to include negative angles of incidence of the tail 
that were beyond the range of the experimental data . ) 

I n figure 22 and at the top of figure 23 the effective downwash data 
at a Mach number of 0.25 are shown at two Reynolds numbers , 10,000,000 and 
2,000,000, respectively. At both Reynolds numbers, the slopes of the down
Hash curves for the model without fences increased sharpl y at angles of 
attack slightly exceeding those where wi ng-body instability occurred . At 
all of the Mach numbers of the test (at a Reynolds number of 2,000,000) 
the slope of the downwash curve s i ncreased .. ri th angle of attack, but, when 
the tail was l m-rered to the center line, this increase was delayed to 
higher angles of attack (see fig. 23). The effects of adding fences are 
also shown in figures 22 and 23. The most significant effect was to 
decrease the downwash at the higher angles of attack, particularly in the 
region of the medium tail . 
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Force and pitching-moment data for the model with and without the 
tail, and force data f or the isolated tail have been used to calculate 
the contribution of the horizontal tail to the longitudinal stability, 
as expressed in the following formula . 

(dC~\ 
\dCi)t 

This expression f or the tail stability parameter ( dCm/dCL)t, which is 

11 

the variation of pitching-moment coefficient due to the tail with lift 
coeff icient of the wing- fuselage combination, affords a useful indication 
of the way the separate factors affect the tail contribution to the pitch
ing moment of the model . This parameter is related to the increment due 
to the tail i n the stability of the complete model by the expression 

The terms in the expression for the tail stability parame'ter were evalu
ated as follows : The lift - curve slope of the isolated tail ~ estimated 
from references 7 and 10 was measured at the average effective tail angle 
of attack as i ndicated by the effective downwash data . It was assumed 
that the Mach number at the tail was the same as the free-stream Mach 
number . The lift-curve s lope of the wing- fuselage combination aw+b was 
measured from data presented in figures 3, 4, 9, and 10 . The product of 
the tail efficiency and the dynamic pressure at the tail ~(qt/q) was 

qt dCm!dit 
computed from the relation ~ -- = - where dCm/dit is the sta-

g Vtat 
bilizer effectiveness measured at constant mode l angle of attack. In 

calculating the tail contribution, the term 
d(~ qi) 

a~ --~--- was negl ected. 
-l, do, 

The variations of the tail contribution to the stability and the 
factors making up this contribution are shown in figure 24 for a Reynolds 
number of 10,000,000 and a Mach number of 0.25, and in figure 25 for a 
Reynolds number of 2,000,000 and Mach numbers of 0. 6, 0. 8 , and 0.9. 
Although the factor at/aw+b and the tail- efficiency and dynamic-pressure 
factors indicated sizable variations with angle of attack for all the 
conditions shown, they did not appear to be of major importance in deter
mining the effect of the vertical location of the tail. A comparison of 
the variations with angle of attack of the downwash factor (1 - d€ / da) 
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and the tail stability parameter (dCm/dC L)t indicates that practically 
a l l of the significant characteristics of the l atte r can be traced to 
variations in downwa sh . At Mach numbers at least up to 0 . 9 , rapid increase 
of effective downwash at the tail with increasing angl e of attack resulted 
in decreased contribution of the tail to stabil ity . When the tail was 
lowered from the medium to the center position , this decrease was delayed 
to higher angles . 

The effects of adding fences to the mode l were to reduce or eliminate 
large erratic variations of ( dCm/dC L)t at high angles of attack and under 
some of the test condi tions to eliminate a loss of tail contribution that 
occurred as the wing first began to stall. This loss in tail contribution 
for the model wi thout fences is the most noticeable in the data for the 
medium tai l height and was still present to a lesser degree when fences 
were installed . At each of the test condi tions shown , when such a loss 
occurred , it was dimi nished or avoided by lowering the tai l to the model 
center line . 

The l arge variati"ons that are apparent in the factor ( 1 - dE/do.) may 
give rise to speculation as to the accuracy of such data , in view of the 
di fficulty in calcul ating effective downwash from -data in whi ch the 
pitchi ng moments are err atic . Although large and ab r upt changes i n the 
pitching-moment coeffi cient were measured when stalling of the wing 
occurred , it i s be l ieved that by careful examination of the moment data 
it has been poss i ble to determine effective downwash angl es that are at 
least qualitatively re l iable and do not inc l ude important effects of 
dispersion or other inaccurac i es . 

Figure 25 includes some values of ~ (qt/q ) which appear to be too 
high , exceeding unity at Mach numbers of 0. 6 and 0 . 8 at high angles of 
attack . These values were calculated at conditions where the tail was at 
high angles of attack and may be in error as a result of factors that 
could not be properly accounted for in the method of calcul ation used . 
The pitching-moment data indi cate that the tai l was more effective at high 
angl es of attack than would be predicted from estimates based on the l i ft 
curve of the isolated tail . The differences appear to result from differ 
ences in the shape of the lift curves of the t -ail when it was on the model 
as compared to the isolated tai l , and are probably associated with l ocal 
characteristics of the flow in the vicinity of t he t ail , such as the span
wise distribution of the downwash and the turbulence l eve l of the f l ow 
near the tail. I t is believed that the data presented for these angles of 
attack still provide a valid i ndication, at least qual itati ve l y , of vari 
ations in tail contri bution to pitch ing moment and the factors that most 
affect it . 

CONFIDENTIAL 



• 

NACA RM A54K09 CONFIDENTIAL 13 

Tail Incidence for Balance 

Figure 26 shows the tail incidence required for longitudinal balance 
as a function of lift coefficient for the model with the tail in the 
chord plane extended (center position) and in the medium high position. 
The center of gravity was in all cases assumed to be at 44 percent of the 
mean aerodynamic chord. This location was selected as the most rearward 
point at which a static margin of 5-percent mean aerodynamic chord could 
be maintained throughout the range of Mach numbers at low to moderate 
angles of attack and was governed by the stability characteristics of the 
model with the tail in the center location. 

The severe instability of the model without fences and with the tail 
0.12Tb/2 above the wing chord plane is evidenced by the large positive 
incidence angles required for balance at lift coefficients near 0.9. 
These positive angles of incidence were estimated by extrapolating the 
data, since the tests included only negative and neutral settings of the 
tail. The data show that adding the fences had considerable effect in 
decreasing the magnitude of the instability and in reducing the range of 
CL for which the instability occurred. When the tail was in the center 
position and with the center of gravity at 0.44c, the model with fences 
was stable at all the Mach numbers of the tests and at all lift coeffi
cients, except just prior to the attainment of maximum lift. It would be 
expected that other tail locations above the center line but lower than 
the medium tail would also result in longitudinal stability under all 
these conditions. 

In selecting the vertical location of the horizontal-tail surface on 
an airplane, considerations of ground clearance in the landing attitude, 
distance from the jet exhaust, and the vertical location and incidence of 
the wing relative to the fuselage often require that the tail be above the 
wing chord plane. Further tests would be desirable to determine the high
est position where a tail might be mounted behind a wing similar to the 
one that is the subject of this report, so as to provide adequate stability 
throughout the range of speeds and altitudes that would be encountered in 
flight. 

CONCIDSIONS 

Wind-tunnel tests of a wing-fuselage-tail combination having a wing 
swept back 450 and an aspect ratio of 5 . 5 indicated the following conclu
sions. 

1. A large and abrupt forward movement of the center of pressure of 
the wing-fuselage combination at high angles of attack was a source of 
static longitudinal instability of the complete model. When a tail was 
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added to the model in a position below the wing chord plane, the signifi 
cant variations in stability at high angles of attack were still attri 
butable to the wing- fuselage characteristics, but as the tail height was 
progressively increased to 0.255 semispan above the wing chord plane, the 
tail produced increasingly powerful positive pitching moments . 

2 . For the model both with and without the tail, leading- edge fences 
at 44- percent and 69-percent semispan reduced the forward center- of
pressure movement accompanying stalling of the wing (prior to maximum 
lift) and, at Mach numbers up to 0 .85 , substantially increased the lift 
coefficient at which instability occurred . 

3. A leading- edge chord extension between the wing tip and the 44 -
percent semispan station resulted in an improvement in stability that was 
similar to that provided by the leading- edge fences . 

4 . At Mach numbers up to 0 . 9 , rapid increase of effective downwash 
at the tail with increasing angle of attack resulted in decreased contri 
bution of the tail to stability, but when the tail was lowered to the 
wing chord plane this decrease was delayed to higher angles of attack . 

5 . The effects of adding fences were to reduce or eliminate the 
decrease in the contribution of the tail to stability . 

6 . Significant variations of static longitudinal stability with lift 
coefficient are indicated in data for all the model configurations investi
gated, but the model with fences and with the tail near the wing chord 
plane "\wuld be stable at all of the Mach numbers of the test and at all 
lift coefficients (except those at or just prior to maximum lift) if the 
center of gravity were located so as to provide a minimum static margin at 
low angles of attack of 5 percent of the mean aerodynamic chord. 

Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Moffett Field, Calif., Nov. 9 , 1954 
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TABLE I. - COORDINATES OF CHORD-EXTENSION SECTION NORMAL TO 
QUARTER-CHORD LINE 

[All dimensions i n percent of chord of ori ginal section] 

Station Ordi nate 
- 15 ·0 0 
- 14 . 3 .80 
- 13 ·9 1: 00 
-13 .0 1. 30 
- 11 .9 1. 60 
-10 . 0 2.00 
- 7. 0 2. 50 
- 3·0 3· 00 
2.2 3·50 
8 .5 4.00 

17 . 0 4.50 
25 · 3 4.80 
35 · 1 4. 97 
40.0 5 .00 

,. 
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TABLE II. - GEOMETRY OF THE MODEL 

Wing (without leading- edge extension) 
Aspect ratio . . . . . . . . . . 
Taper ratio ......... . 
Sweep of quarter-chord line , deg 
Section normal to quarter-chord line 
Area (semispan), sq ft 
Mean aerodynamic chord, ft 
Dihedral . . . . 
Incidence 
Position on body 

Wing leading-edge chord extension 
Streamwise distance to extended leading edge 
Locations of inboard ends of extensions 

Wing fences 
Distance ahead of wing leading edge 
Spanwise locations . . . . . . . . 

Chordwise extent ( from leading edge) 
Fuselage 

Fineness ratio 
Length, ft . 
Frontal area/wing area 

Horizontal tail 
Aspect ratio 
Taper ratio . . . 
Sweep, deg (50 percent chord) 
Section .... 
Area (semispan sq ft ) 
Tail length (2t) 
Vertical distance above wing chord plane extended 

Low tail 
Center tail 
Medium tail 
High tail 

CONFIDENTIAL 

5.50 
0.532 

45 
NACA 64A010 

3.812 
1.215 

o 
o 

on axis 

. . . . . 0.17c 
0.44b/2, 0.57b/2, 
0.69b/2, 0.82b/2 

. . . . . . 0.05c 
0.44b/2, 0.57b/2, 
0.69b/2, 0.82b/2 

0.25c, 0.50c, 1 .00c 

12.5 
7.292 
0.035 

4.0 
0.5 

o 
NACA 63Ao04 

0.945 
2.0c 

-0. 127b/2 
o 

0.12'(b/2 
0.255b/ 2 
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TABLE III. - CORRECTIONS TO DATA 

(a) Constriction due to tunnel walls 

Corrected Uncorrected qcorrected 
Mach number Mach number quncorrected 

0.25 0.250 1.001 
. 6 . 599 1.002 
.8 .797 1 . 004 
.S5 .S46 1.005 
. 9 .S93 1.00S 
. 92 . 911 1.010 

(b) Jet-boundar; effects 
6Cm K _ 6Cm 

= 6,0., K2 = - 3 - -
M K~ CL CL CL (wing body) (wing body tail) 

0.25 0·349 -0.0011 0.0038 
. 6 . 349 -. 0010 .0052 
.8 .349 -. oooS .00So 
.85 .349 -. 0006 .0095 

• . 9 .349 -. 0001 .0114 
. 92 .360 .0001 . 0123 

(c) Tare corrections 
Reynolds Mach C 

number number 
Dtare 

10,000,000 0.25 0 .0049 
2,000,000 .25 .0050 
2,000,000 . 60 .0051 
2,000,000 .80 .0057 
2,000,000 .85 .0060 
2,000,000 . 90 .0064 
2,000,000 . 92 .0067 
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NACA 64AOIO Section 

.25 chord of 64AOI0 Section 

Note I Dimensions given in inches 
unless otherwise specified. 

Pitching- moment 

Ct 8.56 

Equation of body ordinates 

3/4 

~o = [1- (1- 2d] 

38.90 

!2! 
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~ 

~ 
01 
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o X roc3.~ U 0 

~ / I / ~ 

~ 2162 I· 18456 -----..j 1 ~ I 110 --' I ~ ~ 43.75. • t =29.16 ~' 1 " 8 
~ =87.5 t. ~ 

( a) Complete model and tail heights. 

Figure 1 .- Drawi ngs of the model . 
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A-I9237.1 

(a) High tail position. 

I 

(b) Low tail position. 
A-19238.1 

Figure 2. - Photographs of the model . 
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A-I978Z 

( c) Full- chord fences at O. 44b/ 2 and O. 69b/2 . 

Figure 2 .- Continued . 
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A-18987 

(d) Model with a leading-edge chord extension between O. 44b/2 and the tip . 

Figure 2.- Concluded. 
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Figur e 7 .- Conc l uded . 

w 
o 

o 
o 
~ 
H 

~ 
~ 

2: 
fl 
;t> 

~ 
0i 
~ 
\0 

\ 



NAC A RM A54K09 CONFIDENTIAL 

1.0 

~ .8 

~ .6 -c 
.~ 4 
;;: 
't .2 
8 _ .0 

..... 
::i -,2 

-4 

-6 

, ~ '~ r--P\oi 
l£IY L",J-' 

~, 
~;>-:- !.p ' ;' f""';«, 

". 19i' 
UC ~ t 

lr) l' 0 ~ 0 :f f0 
o'Y t11 o'<?JJ o~.l-' ot?;> r' 

~ ~ d, ~yj .$ L~ 
'! 

,p ~ :f' ~ 
[pj IJl ~ ijl 

1<1 I III I ~ I ~ 
In! <~ j 

IF' Li" 
I.ei' I <if 

-8 -4 .0 4 8 12 16 2.0 24 28 for M=o.25 
Angle of attack, a ,deg 

P 

31 

k 

JJ ~ 

~ i¢ 
~ 

~ 
o' 

.$ )U .$ tI 
i r.< 'J. 

flJ ijl 
' n< 

I'" 12S' 

-4~~~+4~~~~~~~~~~~~~4-~~~~~~~-rr+~r+~rr~ 

-,6.16 .12.08.04 .0 -.04-.08 for M=.o.25 
Pitching-moment coefficient, Cm 

1..o18mmmmm~~~~mmmmmaE ~~ ~~~~ ~ _ b 
~B ~~~ ~~~I ~ ~ ' ~ ~~~ ~~ ~~ 

<..) 6 l,d ';:V_+--jH-+-~la"..:1Y L.&~ 1-:.-;1;.1' -+-l-l-+-Ij(~~::--I-I-I-+-H..,>.r-~=t-I-l--Hf-+-I-H i . 1-1( bl o<J.-~ I r. /9o~O O'?:P1--+--I-~;A~ o'O~ O-J :;-o~<I". 
.~ 4 1-~ ~ IV '.P~.. . ~!J ~ . ';)v. ~ , I -¥:'-j-' -I-l-+--k1,' >¥' r---+-L-l..-L-L-l..-L-Y 

~ .2h\1}-I-+--++-Hf@!-+-H--I-H~+--+-+-H~~H-I-H-HiH-++-H--H:H-t--H --'- d 
~ .o~~~~-H~+-H--I-~~~-L-H~~H--I-~-M~~+-~~r+~~ 

:s -.21--Q---+-+--I--+-H~+-f-+-I-H.QI-+--I-l--H--+1&-+--+-I-+-+---HH-l-+-f-+-f-"jH-+-t-1 0 Lf 
-4tjj:tt!j=t~~t1=tt!jJ~~,t!1j=t!l~w=tt!j=ctljJtt!jj~~!l~~~~~ 
~--+-H~+-~+-+-+--+-+--j-l--H~+-I-I--I-+--I-+-~~~)~~-l-~~~+--+~i~ 

-6~~~~LL~~~~~~~~~~~~~~~~~~~-L~-L~~~~ 
, .0 .04.08 .12 .16 .2.0 .24 .28 ,32 .36 4.0 4448 .52 .56 for M = .0.25 

Drag coefficient, Co 

Fi gure 8 .- The e ffect of fences at 0 . 44 and 0 . 69 semispan on the aero 
dynamic char acteri stics of the mode l with the tail off at var i ous 
Mach numbers; R = 2,000, 000 . 

CONFIDENTIAL 



r~ 

o 
o 
~ 
~ 
~ 
~ 

~I~~~~~~~-.-.-r'-'-II-.-'-r'-'-II-'-'-''-'-II-'-'-''-'-II-'-'I 

1.0 1111111LUlootHtFfl1tkHf1111 ~. 
l2l I ~ I 1,;:,!U I - lUL hu ~l-+ ¥ I I .\;' ., '1 .8r I I ~ COl :t',.. 

.d f'l' [d2: ~ .6[& -<#-l 
~ ~ ~ 

u. ;4 rlf Jt'-
~ ); 4" 
'(3 .2 n It.'f 
; ~ ~ 
~ ~ ~ 8 0 ·, ~ 

f) ~ :: .. R :J -2 .,' . . '. 

~ II -.4 

-.6 1 I I I I I I I I I I I I I 1 I I I I I I I 

-8 . 0 .04 .08 .12 .16 .20 .24 .28 .32 .36 ~O 

-S -4 0 4 S 12 

§ ~. 

Tail H-8 
pylon ~ 

0 -==- §.:::. ~ IIIIII o--===: 5 

o oe::::: :::::> none 
, 

8 oc:::::.-.~ e5 low 
I I I I ~-

~4 OS .04 o -.04 -.oS 
16 20 24 2S Pitching-moment Drag coefficient I Co 

Ang Ie of attack, a, deg coeff icient ,Cm 

Figure 9.- The aerodynamic characteristics of the model with fences at 0. 44 and 0. 69 semispan, 
tail off, and with various tail support pylons at a Reynolds number of 10,000,000; M = 0.25· 

l.AJ 
I\) 

o 
o 
~ 
H 

ti3 
~ 
~ 

~ 

f2i 
~ 

~ 
(J; 

~ 
\.0 

" I 



NACA RM A54K09 

1.0 

...J .8 
o 

..... j: , 
IdY 

'P 

CONFIDENTIAL 

~ .. . , 
Ld~ I ..... .;.o:J ~ V'1 ,.r- ""< 

N: ' ~ ~ 
1-' ",T ~ .: .6 

c: 
.~ 4 

~rllJ. 0 't-' o . cP r< 0~1f) o~ ~ o· 
'+= 
't 2 
o 
C,) .0 
+..... 
::J -.2 

-4 

I~ 
f.l 

J 

o· 
~' ,J 

.1{:) 
LC 

Id' 
A 

'l-' 

~ {l ~ ~ ~ >P 
~ ,,( 

'I-' ~ 
.1}) ~ 

I~ lri 
;l 

,/J I}-' 
<i 

-.6 -S -4 .0 4 S 12 16 2.0 24 2S for M=0.25 

1..0 

...J.8 

o~ 6 
+-

ai 
'13 4 
'+= 
~ .2 
C,) .0 
+..... 
::J -.2 

-4 

~ :r>. 

Angle of attack, a ,deg 

i"O'C>.. i.rr&< 
r\: . ~ r-:~ lo\.:l W h 
~ ~ - P 

.. 
'n 

I/') ~ 0 1( o I~ 
C\J , <0 . ~ '!! 0 e> . 
" " " :E :E :E 

-

- '~16 .I2.0S.o4 .o-.04-.0S for M=.o.25 
Pitching-moment coefficient, Cm 

b-~ ~ . 
~ ,-I\:: _n-< jlr' 

I 
I 

G~ ~ 

I/') IJ; 
~ b:' 

" :> 
:E 

I? 

1)0 

~~ 

~ 

..l 

I 
I 

J 
~ 
>< I 

I 
I 

I 
I 
I 
I 
I 
I 

~ >{t"'C 
...J 

1..0 

.S Y r" 'n -LJ .r<~ ~ ~ :IT!"" 

o~ .6 
+c: 
.~ 4 
::: 2 
(1) ' 
o 
.!: .0 ..... 
::J -2 

-4 

r~ r . 

~ 

'" 

. ..n 
~. ~~ 
-¥'O 1 

p 

I ~. 
h 

r.1V ,..!):' :.y ::J' I'" 

n~ /OO ~ '~p r'l! f=!'. t> 
>:F O' I ~ ~(ji ~~O. In ~ y ~ V 

~ ~ I'... 
IV c,n ~ 

-.6.0 04.oS .12 .16 .2.0 .24 .2S .32 .36 4.0 44 for M=Q25 
Drag coefficient, Co 

JY ~O 
';~O 

33 

~p .tI 
Lf.'y ltj ' 

4::l 'P 
0 '" ar·;; oOj o· 

~ ~ ~ f' 
IX It< 

;! 
E P 

;I.. 

C 

"" ~ 'i': )' 
~ r'I< 
::r .~') 

~ p 

0 -8t 
C1l ~ lr{ e> e> 
" ) " ~ :E :E 

A 1\ 

< 
Ji 

ri f' 

1""""-' :,.... ~ 
,.,;:;. ~ ,# 

~ 
.J:Y; o~'?,. 
~~ . 

I.f ff Toil 
II pylon 
I ~ 

'Et 0 -=- high 
0 -= g med . 

~ 0 ..:: ::> none 
1'"1 

8 -= ~ low 

Figure 10.- The ae rodynami c char ac t eristics of the mode l with fe nce s at 
0. 44 and 0. 69 semi span , tail off , and ivith various tail support pylons 
at severa l Mach numbe r s; R = 2, 000,000 . 

CONFIDENTIAL 



0 
0 

~ 

§ 
~ 

1.4 

1.2 
')'-

~. 

1.0 

.8 

o-l .6 [lAg] II I I II I I TT1 I I Iffl I I TT I I I I I I I I I ~y 
al I I I I I I I I I I I I II.ZfI I I I~ 

~ 

+-

ffi 4 
:Q -- .2 (l) 
0 
<.J 

+- 0 -:.J 
-.2 

-.4 

tcWl I I I I I I I I I I I I I tar I I I I I I I I I I I I~ 
~ 111111111111 1 ~ IIIIIIIII I~ 
~ I l£;j ..r::tA v ~ ~ 
~ .lf1: ..I.1~r.0~ fl Tail 
~ ff N~~P ·t · y ~ ~~~. _ p~IOO 
~ I hi' rl~ ~ <> -= §. high 

r 1* ~ ¢O fJr 0 <::: ~ med. f-
-.6 

-B I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I: : .: c~:er E 
o .04 .oS .12 . .16 .20 .24 
Drag coefficient, CD 

-S -4 

.2S .32 .36 40 44 4S 
.16 .12 .oS .04 

o 4 S 12 16 20 
Angle of attack. a. deg 

o -.04 -.oS -.12 -.16 -.20 -.24 -.2S -.32 -.36 -40 
24 Pitching-moment coefficient. Cm 

~ 

Figure 11.- The effect of tail height on the aerodynamic characteristics of the model with fences 
at 0.44 and 0.69 semispan at a Reynolds number of 10,000 , 000j M = 0.25. 

l.V 
+=" 

o 
o 
~ 
H 

~ 
~ 
~ 

!,z: 

f) 
:>:> 

~ 
0i 
~ 
\() 



NACA RM A54K09 CONFIDENTIAL 35 

-6 I /'). """ ;§: low 

-.4 ~ I.J ~::r 16 · 

rt~~·~~-r~-r~-r~-r+t~~~~A· _·~I~~~'· _· ~1-~1-~1-~1-~4-~~~ 
_6~~~~~~~~~~~~~~~~~~LL~~~LL~~~~~ o .04 08 .12 .16 .20 .24 .28 .32 .36 40 44 48 .52 .56 

Drag coefficient, Co .2.0 .16 J2.o8.o4 .0 -.04-.08 -.12 -.16 -:2.0-:24-:28 -.32 -:36 -4.0 
-8 -4 .0 4 8 12 16 2.0 24 28 Pitching-moment 

Angle of attack, a,deg coefficient, em 

( a) M = 0.25, 0. 60, and 0. 80. 
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Figure 15 .- The effect of tail height on the model with a leading- edge 
extension between the tip and 0.44 semispan at various Mach numbersj 
R = 2,000,000. 
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Figure 19.- The aerodynamic characteristics of the model with fences and the tail in the medium 
and center positions at a Reynolds number of 10,000,000j M = 0.25. 
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Figur e 22.- The variat i on of effective downwash a t the tail with angle of attack for the model with 
and wi thout fences at a Reynolds number of 10,000,000; M = 0.25 . 
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Figure 23 .- The variation of effect i ve dowmrash at the tail with angle of 
a ttack for the model \{ith and \{ithout fences at various Mach numbers; 
R = 2,000,000. 
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Figure 24.- The variation with angle of attack of the tail stability 
parameter and the factors affecting the stability contribution of the 
horizontal tail at a Reynolds number of 10,000,000; M = 0.25. 
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Figure 25 . - The variation vIi th angle of attack of the tail stability 
parameter and the factors affecting the stabili ty contri but i on of t he 
hor izontal tail ; R = 2,000,000. 
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Figure 25.- Continued . 
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Figure 25.- Concluded. 
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Figure 26 .- The variation of tail incidence fer l ongitudinal balance with 
lift coefficient at various Mach numbers; c.g . at 0. 44c , R = 2 , 000 , 000. 
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