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SOMMA.RY 

An investigation has been made to determine the low-epeed longi­
tudinal characteristics of an aspect ratio 4 triangular wing, alone and 
in combination with a fuselage, vertical tail, an~horizontal tail. The 
complete model consisted of the wing (NACA 0005 modified airfoil section) 
in combination with a fuselage of fineness ratio 12.5; a thin, triangular, 
vertical tail; and each of two thin, unswept, all-movable horizontal 
tails (aspect ratios of approximately 2 and 4). Tests were made with the 
horizontal tails at each of three vertical distances above the wing-chord 
plane (0, 0.18, and 0.36 wing semispan) at one longitudinal distance 
behind the wing. The average Reynolds number, based on the wing mean 
aerodynamic chord, was 10.9 x 10e and the Mach number was 0.13. 

The results of the investigation showed that the model with either 
tail located in the extended wing-chord plane had a stabilizing variation 
of the aerodynamic center position with 11ft coefficient throughout the 
lift range; whereas there were large destabilizing variations of the aero­
dynamic oenter position for the model with either tail located in the 
positions above the wing-chord plane. This effect of vertical position 
of the horizontal tail on the longitudinal stability is similar to that 
obtained for a configuration with an aspect ratio 2 triangular wing 
(NACA RM A5lB2l, 1951). 

INTRODUCTION 

The results of teats of an aspect ratio 4 triangular wing (refer­
ence 1) have shown the wing to be suitable for use at supersonic speeds. 

'-----~~--- ---~--- --- - -- - - - - --- - -- -- ---- _J 
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In order to determine the aerodynamic characteristics o~ a similar wing 
at large sc~le and low speed, an investigation has been conducted in the 
Ames 40- by 8~oot wind tunnel. 

The results o~ re~erence 1 with regard to aerodynamic-center shi~t 
and of re~erence 2 with regard to damping in pitch indicate that prime 
consideration should be placed on the use o~ the wing in an airplane con­
~iguration with a horizontal tail. There~ore tests were conducted to 
determine the low-speed longitudinal characteristics of an airplane con­
~iguration with the aspect ratio 4 triangular wing and a horizontal tail. 
The results o~ tests reported in re~erence 3 showed that the vertical 
position o~ a horizontal tail had a marked e~~8ct on the longitudinal 
stability o~ a model with an aspect ratio 2 wing; hence the vertical 
position o~ the tail was varied in the present case. In addition, the 
e~~ect o~ a variation o~ tail span on the longitudinal stability was 
investigated. 

A 

a. 

b 

c 

-

NOTATION 

wing aspect ratio(b;) 

horizontal tail aspect ratio (bt 2.) 
St 

angle of attack of the wing-chord plane with reference to 
~ree stream, degrees 

wing span, ~eet 

horizontal-tail span, feet 

wing chord, measured parallel to wing center line, feet 

c mean aerodynamic chord o~ wing measured parallel to wing 

center line (Ii;2 c2dy _\ , reet 
fo 2 c d$) 

CD drag coef~iclent ( :S ) 

CL l1~t ooe~~icient ( q~ ) 
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D 

€ av 

L 

1 
D 

M 

q 

S 

y 

z 

pitching~ent coefficient ( M_) 
qSc 

total drag, pounds 

average effective downwash angle, degrees 

angle of incidence of the horizontal tail relative to the 
wing-chord plane, degrees 

"distance from center of gravity to pivot line of horizontal 
tail, feet 

total lift, pounds 

l1ft-drag ratio 

total pitching moment about the center of gravity, foot-pounds 

free-atream dynamic pressure, pounds per square foot 

wing area, square feet 

horizontal-tail area, ~quare feet 

airplane weight, pounds 

coordinate perpendicular to plane of symmetry, feet 

coordinate perpendicular to wing-chord plane, feet 

APPARATUS AND TESTS 

A drawing of the complete airplane model is shown in figure 1 and 
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a photograph of the model in the Ames 40- by 80-foot wind tunnel is shown 
in figure 2. The pertinent dimensional data are presented in table I. 
The fuselage, horizontal tail, and vertical tail previously used with an 
aspect ratio 2 triangular wing (reference 3) were also used for the sub­
ject tests. 

The wing of the model had an aspect ratio of 4. The airfoil sections 
parallel to the model center line were modified NACA 0005 sections. The 
modification consisted of a straight-line fairing from the 67-percent­
chord station to the trailing edge. Coordinates of the airfoil are listed 
in table II. 
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The fuselage was of circular cross section and had a fineness ratio 
of 12.5. Coordinates for the fuselage are presented in table III. 

Two all-movable horizontal tails were used. Each tail had an unswept 
plan form and modified diamond sections. The original diamond section of 
5.6-percent thickness was modified by rounding the maximum-thickness ridge 
using a radius of curvature of 4.48 chordj the resulting section had a 
maximum thickness of 4.2-percent chord. Each horizontal tail was tested 
at three positions, namely, at the low, middle, and high positions shown 
in figure 1. Each tail was pivoted about a line connecting the leading 
edges of its tip sections. In the low position, each horizontal tail was 
mounted on the fuselage with its pivot line in the extended chord plane 
of the wing. In the middle and high positions, the horizontal tails were 
mounted on the vertical tail with the pivot lines located vertically at 
approximately 18- and 36-percent wing semispan above the wing-chord plane, 
respectively. (See table I and fig. 1.) The longitudinal location was 
the same for all three tail positions. The same horizontal-tail surface 
panels were used at each of the three positions. Tail 1, which was used 
in the investigation reported in reference 3, had an aspect ratio of 4 
when mounted on the vertical tail. The aspect ratios of the tails were 
larger when at the low position than at the other two positions. (See 
table 1.) 

Force and moment data were obtained for the wing alone, wing-fuselage, 
wing-fuselage-vertical-tail configuration, and the complete model with 
each horizontal tail at each of the three positions. The tails were set 
at 0°, -20, and -60 angle of incidence at each of the three tail positions. 
With the tails in the low position, additional tests were made at an 
angle of incidence of -100 • Accuracy of horizontal-tail settings was 
within±0.2°. All tests were made at zero sideslip through an angle-of-
attack range of approximately _10 to 24°. . 

The average Reynolds number of the tests was 10.9 million based on 
the mean aerodynamic chord of the wing. The dynamic pressure was approxi­
mately 25 pounds per square foot and the Mach number was 0.13. 

RESULTS 

Lift, drag, and pitching-moment data for the wing alone, wing­
fuselage, and wing-fuselage-vertical-tail configurations are presented 
in figure 3. The pitching-moment data in this figure are referred to the 
quarter-chord station of the mean aerodynamic chord. The lift, drag, and 
pitching-mnment data for the complete model with each of the two horizontal 
tails are shown in figures 4, 5, and 6. The pitching-moment data in these 
figures are referred to center-of-gravitylocations for which a value 
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of (dCm/dCL)CL ~ 0 = -0.06 was obtained with the horizontal tail 

at it = 00
• The center-of-gravity locations used are listed in table IV. 

The data were corrected for wind-tunnel-wall effects and support-strut 
interference. 

The variations of the average effective downwash angle with angle of 
attack at the position of the horizontal tail were determined from the 
pitching-moment data of figures 4, 5, and 6 and are presented in fig­
ure 7. The values were determined by the relation 

where the value of ~ is that at which the tail-on and tail-off pitching­
moment curves intersect. In order to obtain points of intersection for 
tail incidences other than those tested, a linear variation of dCm/dit 
was assumed. 

DISCUSSION 

Model Configurations Without Horizontal Tail 

Theoretical lift, drag, and pitching-moment curves for the wing 
alone are compared in figure 3 with the corresponding experimental curves; 
the simplified lifting-eurface theory of reference 4 was used. The curves 
are noted to be in agreement only in the low lift-coefficient range. In 
this range the lift-curve-slope prediction is excellent; the predicted 
slope is 0.058 per degree, and the measured slope is 0.057. The drag 
curve is also predicted with good accuracy. Prediction of the aerodynamic­
center location is fair (33 percent instead of 36 percent c). 

The foregoing agreement between measured and predicted results as 
regards degree and CL range is very similar to that noted for thin tri­
angular wings of lower aspect ratio. The limited lift-coefficient range 
of applicability of the theory has been shown in the case of a thin tri­
angular wing of aspect ratio 2 to be due to a separation-vortex type of 
flow which first appears near the tip and spreads inboard with increasing 
angle of attack. (See reference 5 for a description of this type of flow.) 
Tuft studies of flow OVer the aspect ratio 4 wing indicate a similar flow 
condition to be the reason for the limited range of applicability of the 
theory. 

The effect on the force and moment oharacteristics of the addition 
of the fuselage, as in the case of an aspect ratio 2 wing (reference 6), 
was small. The lift-curve slope was increased from 0.057 per degree to 
0.059; C

Lmax 
was increased from 0.96 to 0.99; and the aerodynamic center 

J 
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was moved forward from 36 to 34 percent of the mean aerodynamic chord. 
The addition of the vertical tail caused no significant change in lift 
or moment. 

By superposition of wing-alone and fuselage-alone (unpublished data 
from Ames 40- by SO-foot wind tunnel) pitching-moment characteristics, 
an aerodynamic center shift of 5.4 percent of the mean aerodynamic chord 
is predicted~ whereas the experimental results show only a 2-percent 
shift. This indicates a sizabl~ wing~uselage interference effect on the 
aerodynamic-center location, an effect which was also found for the aspect 
ratio 2 wing~uselage combination (reference 6). 

The data for the wing~uselage~ertical-tail configuration are com­
pared in figure S with data for a similar configuration with an aspect 
ratio 2 wing (reference 3). Though a similar type of flow separation 
occurred on the two wings, the effect of this type of flow on the lift 
and pitching-moment characteristics was quite different. On the aspect 
ratio 4 wing, the start and progression of the flow separation resulted 
in a continuously decreasing lift-curve slope and a forward shift of the 
aerodynamic center followed by a large rearward shift near maximum lift. 
On the aspect ratio 2 wing, it resulted in only a small irregular 
aerodynamic-center variation and an increased lift-curve slope which 
remained fairly constant up to the maximum lift coefficient obtained. The 
maximum lift coefficients of low-aspect-ratio triangular wings are of 
minor practical significance, it is believed, because of the high angles . 
of attack involved. It is interesting to note, however, that the maximum 
lift coefficient of the aspect ratio 2 wing (fig. 8) would be consider­
ably higher than that of the aspect ratio 4 wing. 

Model Configurations With HOrizontal Tail 

Longitudinal stability.- Figures 4~ 5, and 6 show the effects of 
vertical location of the horizontal tail and of tail span on the longi­
tudinal stability charaoteristics of the model. In all cases it can be 
seen that the vertical location of the tail was the dominant factor. The 
following comments on the effect of vertical position apply, therefore, 
to either tail. 

With the tail in the low pOSition, the longitudinal stability 
increased gradually with increasing lift coefficient until at lift coef­
ficients above O.S there was a very rapid increase in stability. With the 
tail located in the positions above the extended wing-chord plane, the 
model stability varied widely through the lift r~lge. With the tail in 
either the middle or high positions, the stability decreased slightly up 
to 11ft coefficients of the order of 0.6; then between lift coefficients 
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of 0.6 and 0.9 there was a large decrease in stability (0.61c and 1.41C 
forward shift of the aerodynamic center for the middle and high positions, 
respectively) which was finally followed by a large increase in stability 
at higher lift coefficients. 

The variations of downwash angle with angle of attack (fig. 7)J which 
cause the changes in stability, are believed to be a result of the 
separation-vortex type of flow. These variations are similar to those 
obtained on an airplane model with an aspect ratio 2 triangular wing 
(reference 3). The effect of the separation-vortex type of flow on d€av/da 
and thus the stability contribution of a tail is discussed in reference 3. 

As noted in reference 3, downwash surveys show that a horizontal tail 
at positions slightly above th~ extended wing-chord plane would be satis­
factory for the model with the aspect ratio 2 wing. Since the variations 
of the downwash angle with angle of attack behind the aspect ratio 4 and 
aspect ratio 2 wings are similar for corresponding tail positions, the 
assumption probably can be made that the use of a horizontal tail in posi­
tions slightly above the extended wing-chord plane would also be satis­
factory for the oonfiguration with the aspect ratio 4 wing. 

A comparison of the downwash curves obtained with tails 1 and 2 indi­
cate that, although there are changes in the effective downwash angle at 
a given angle of attack, the change of tail span does not alter the general 
variation of the effective downwash angle with angle of attack. Rence, as 
noted previously, the variation of tail span had only a minor effect on 
the longitudinal-etability characteristics. 

Trim characteristics.- Presented in figure 9 are the lift and drag 
charaoteristics for the trimmed airplane with either tail located in the 
extended wing-chord plane. These characteristics were derived from the 
data of figure 4. Curves of constant gliding and sinking speeds, computed 
for a wing loading of 30 pounds per square foot, are included in the fig­
ure. Also shown are the lift and drag characteristics of the trimmed air­
plane configuration with an aspect ratio 2 wing. A 6-percent static margin 
was assumed for all the airplane configurations. A comparison of the lift 
and drag characteristics of the two trimmed airplane models indicates, as 
might be expected, that the airplane with the aspect ratio 4 wing would 
have better lift and drag characteristics. This is a result of the higher 
lift-curve slope and lower induced drag of the aspect ratio 4 wing. Rence, 
the airplane model with this wing i6 able to attain both lower gliding 
and sinking speeds, at a given attitude up to an angle of attack of approxi­
mately 220 , than the airplane model with the aspect ratio 2 wing. This is 
shown more clearly in figure 10 where the gliding and sinking speeds of the 
models with the aspect ratio 2 and 4 wings and tail 1 are plotted as a 
function of angle of attack. The airplane with the aspect ratio 2 wing, 
however, is able to attain higher lift coefficients and would thus have 

J 
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lower minimum gliding speeds if no limitations were placed on maximum per­
missible attitude, or sinking speed. Before any final conclusions Can be 
drawn, however, the effect of flaps must be determined. 

CONCLUDING REMARKS 

The results of the investigation showed that the model with either 
tail located in the extended wing-chord plane had a stabilizing variation 
of the aerodynamio-center position with lift coefficient throughout the 
lift range; whereas for the model with either tail located in either of 
the positions above the wing-chord plane there were large destabilizing 
variations of the aerodynamic center positiQn. 

This effect of vertical position of the horizontal tail on the longi­
tudinal stability has also been found for a configuration with an aspect 
ratio 2 triangular wing (NACA RM A5LB21, 1951). It is believed that the 
same effect can, therefore, be expected for airplane models having thin 
triangular wings with aspect ratios between 2 and 4. 

Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Moffett Field, Calif. 
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TABLE I.- DIMENSIONAL DATA 

Wing 

Area, square feet • • • . . 
Span, feet . • • • • • • . . 
Mean aerodynamic ohord, feet • • 
Aspect ratio • . 
Taper ratio. . . . . . . 

Fuselage 

Length, feet • . •••• 
Maximum diameter, feet • 
Fineness ratio • • • • • 

Vertical tail 

Exposed area, square feet • . • . . • • • 
Aspect ratio of plan form, extended to 

model center line • • • . • • • • • • • 
Taper ra ti 0 • • • • • • • • • • • • • • • 

Airfoil section parallel to model center 
line . . . . . . . . . . . . . . . . . . . . . . 

Horizontal tail 

Low position 

St/S 

bt/b 

!t/C 
Aspect ratio • 
Taper ratio •••• 

Middle poel tion 

St/S •• •• 

bt/b •. 

It/C . 

. 

. 

· . 
. . · 

. . · 

Aspect ratio • 
Taper ratio 

. . . . . .. . . 

.~ ' 

. . 
Tail 1 

0.246 

0.521 

1.735 

4.4 
0.46 

0. 200 

0.448 

1.703 
4.0 

0.50 

NACA RM A5lH10a 

• 312 . 5 
. 35. 36 

11.78 
4.0 

o 

56 .16 
4.49 
12.5 

52.57 

1 
o 

Modifi ed NACA 0005 

Tail .2 

0.266 

0.391 

1.752 

2.3 
0.45 

0.200 

0. 316 

1 .750 
2 .0 

0.50 
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High position 

St/S 

bt/b 

"LtJc • • • • . 
Aspect ratio • .' • 
Taper ratio • • • • 

TABLE I. - CONCLUDED 

Tail 1 

· 0.200 

• 0.448 

• 1.679 
,. . . . . 4.0 

0.50 

11 

Tail 2 

0.200 

0.316 

1. 733 
2.0 

0.50 

~ 
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TABLE 11.- COORDINATES OF THE NACA 0005 
(MODIFIED) SNJTION 

Station 
(percent chord) 

o 
1.25 
2.50 
5.00 
7.50 

10.00 
15.00 
20.00 
25.00 
30.00 
40.00 
50.00 
60.00 
67.00 
70.00 
80.00 
90.00 

100.00 

Ordinate 
(percent chord) 

o 
.789 

1.089 
1.481 
1.750 
1.951 
2.228 
2.391 
2.476 
2.501 
2.419 
2.206 
1.902 
1.650 
1.500 
1.000 

.500 
o 

L.E. radius, 0.275-percent chord 

NACA RM A51HlOa 
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TABLE III. - BODY COORDINATES 

[Stations and radii in percent 
of the total length] 

Station Radius 

0 100.00 0 
.625 99.375 .26 

l.25 98.75 .42 
2.50 97.50 .70 
5.00 95.00 1.15 
7.50 92.50 1.54 

10.00 90.00 1.86 
15.00 85.00 2.41 
20.00 80.00 2.86 
25 .00 75.00 3.22 
30.00 70.00 3.51 
35.00 65.00 3.73 
40.00 60.00 3.88 
45.00 55.00 3.97 
50.00 --- 4.00 

-

13 
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TABLE IV.- CENTER-OF-GRAVITY LOCATIONS 
FOR THE VARIOUS CONFIGURATIONS 

Conf'lguration 

Wing alone 

Wlng-t'usela.ge 

Wing-fu8elage~ertical-taill 

Complete model with tail 1 

Low 

Middle 

High 

Complete model with tail 2 

Low 

Middle 

High 

Center-of-gravlty location 
(percent c) 

25.0 

25.0 

25.0 

40.8 

43.9 

46.3 

39.0 

39.3 

41.0 

lIn figures 4, 5, and 6, where the wing-fuselage-vertical­
tail-configuration data are compared with the data for the 
complete model, the center-of-gravity location for the com­
plete model is used. 
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Figure 1.- Geometric detoils of the model. 
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Figure 2.- The model as mounted in the Ames 40- by 8o-Foot Wind Tunnel. 
Horizontal tail 1 in low pos i tion. 
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A'gure 5.- Longitudinal c/Jaracteristics of the model with the horizontal toils in the 

middle position, b~2' 0.18. 
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figure 5.- Concluded. 
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Figure 6.- Longitudinal characteristics of the model with the horizontal tails in the 

high position. b~2 I 0 . 36. 
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Figur e 6.- Concluded. 
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Figure 7. - Variation of average effective downwash angle with angle of attack. 
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Agure 9.- Comparison of the lift and drag characteristics of trimmed , t riangular­
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