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LOW-ASPECT-RATIO WINGS OF TRIANGULAR AND
MODIFIED TRIANGULAR PLAN FORMS

By Byron M. Jaquet and Jack D. Brewer

SUMMARY

A low-speed investigation was made in the Langley stability tunnel
to determine expsrimentally the effects of changes in profile and aspect
ratio on the low-speed static-stability and rolling characteristics of
triangular wings. The investigation was extended to determine the effects
of adding fins to the upper surface and of cutting portions from the tips
of a triangular wing to form low-aspect-ratio tapered wings.

In general, profile had little effect on the static-stability and
rolling characteristics of triangular wings at low lift coefficients.
The greatest effect of profile was in the high-lift-coefficient range .
The linear range of the static-stability parameters was decreased (in
much the same manner as for untapered swept wings) as the leading-edge
sharpness was increased.

Several of the characteristics of triangular wings may be estimated
with fair accuracy by available swept-wing theory. Available low~-aspect-
ratio triangular-wing theory was found to be reliable for certain charac-
teristics, but for others, particularly the lift-curve slope, aerodynamic
center position, and the damping in roll, the agreement was poor except at
the lowest test aspect ratio (A = 1.07).

The vertical fins tested provided good directional stability through-
out the entire lift-coefficient range. The fins increased the damping
in roll and decreased the variation of the effective dihedral parameter
with 1ift coefficient.

The series of modified triangular wings obtained by cutting various
portions from the tips of a basic triangular wing generally had good
longitudinal and directional stability but very high effective dihedral.
Most of the characteristics of these wings, at low 1ift coefficients,
could be predicted with fair accuracy by available swept-wing theory.
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INTRODUCTION

The advantages of low-aspect-ratio pointed wings for high-speed flight
have been outlined by Jones in reference 1. Extensive theoretical investi-
gations of the stability characteristics of triangular wings have been
made in the supersonic speed range. Theoretical investigations in the
subsonic speed range, however, are very limited. The theory of reference 2
is considered to be applicable only to thin triangulaer wings of aspect
ratios less than 0.5 and the theory of references 3 and L presents only
a few of the stability characteristics. The approximate theory of swept
wings presented in reference 5 might be expected to be unreliable as the
taper ratio decreases from unity.

The present investigation was conducted to determine experimentally
the effects of changes in profile and aspect ratio on the low-speed static-
stability and rolling characteristics of triangular wings. The investi-
gation was extended to determine the effects of adding fins to the
upper surface and of cutting portions from the tips of a triangular wing
to form low-aspect-ratio tapered wings. Rolling characteristics were
determined by means of the rolling-flow equipment of the Langley stabllity
tunnel. (See reference 6.) The experimental data are compared with
available theory.

SYMBOLS

The data presented herein are in the form of standard NACA coefficients
of forces and moments which are referred to the stability system of axes
with the origin at the projection of the quarter-chord point of the mean
aerodynamic chord on the plene of symmetry. The positive directions of
the forces, moments, and angular displacements are shown in figure 1.
The symbols and coefficients used herein are defined as follows:

Ct, 1ift coefficient (L/qS)

C maximm 11ift coefficient
Lnax

Cx longitudinal-force coefficient (X/qS)
Cy lateral-force coefficient (Y/aS)

CZ rolling-moment coefficient (L?qu)
Con pitching-moment coefficient (M/qSE)
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C, yawing-moment coefficient (N/gBSb)

L 1ift, pounds

X longitudinal force, pounds

b4 lateral force, pounds

L' rolling moment about X-axis, foot-pounds

M pitching moment about Y-axis, foot-pounds

N yawing moment about Z-axis, foot-pounds

A aspect ratio <?§;>

b span, feet

S area, square feet

c local chord measured parallel to plane of symmetry, feet

" 2/"0/2 ,

[ mean aerodynamic chord, feet 3 . cc dy

Cyp root chord, feet

A taper ratio

X longitudinal distance from apex of triangle to quarter-chord
point of any chordwise section, feet

g longitudinal distance from apex of triangle to quarter-chord point

o b/2

of mean aerodynamic chord, feet 5(/; cx dy

R Reynolds number

o) density of air, slugs per cubic foot

v free-stream velocity, feet per second
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pve
q dynamic pressure, pounds per square foot (—2—->
(oA angle of attack in plane of symmetry, degrees

angle of yaw, degrees

ALE angle of sweepback of leading edge, degrees

Ac/h angle of sweepback of quarter-chord line, degrees

“ -1 A \
(cot 3 for triangular wings
/

|
EE helix angle generated by wing tip in roll, radians
2V
D angular velocity in roll, radians per second
\ oCy,
T
X1
C =l e——
T
Cn
C = aw—
Dy
Ly
T Sy
c, =
D 557
oC
Cp, =—
pol D
2V
oc
L
2v

APPARATUS, MODELS, AND TEST

The present investigation was conducted in the 6-foot-diameter rolling-
flow test ~sction ~T the Langley stability tunnel which is described in
detail in reference 6.




NACA RM No. L8L29 5)

The relevant dimensions of the models and the test conditions are
presented in table I; hereinafter, each model will be referred to by the
numbsr designated in the table. All profiles referred to are parallel
to the plane of  symmetry.

All the tests were made on a six-component strain-gage balance
strut with the models mounted at a point two-thirds of the root chord
from the apex of the triangles.

Figure 2 presents the profiles of the series of models having 60°
sweepback of the leading edge (models 1, 2, and 3). The models were
constructed of laminated mahogany and were given highly polished surfaces.
Flat-plate fins of aspect ratio 0.77 and 1.15 were constructed of laminated
mahogeny and were tested on model 2. Various portions of the tips of the
triangular wing of aspect ratio 4 (model 7) were cut off (parallel to the
plane of symmetry) to give aspect ratios 3 (model 8), 2 (model 9),
and 1 (model 10), including tips of revolution.

All the models were tested with a small canopy covering the strut
head and the cut-out to prevent leakage of air through the wing.

Photographs of some of the models are presented in figures 3 to 7.

Three series of tests were made. In the first series the 1lift,
longitudinal force, and pitching momsnt were measured at ¥ = 0° through
an angle-of-attack range from about o = -4° to an angle of attack beyond
the stall. In the second series of tests the static derivatives were
determined by measuring the lateral force, rolling moment, and yawing
moment at ¥ =15° through the same angle-of-attack range. In the third
series the models were tested through the angle-of-attack range at the
values of pb/2V listed in table I to obtain the rolling derivatives Cy
Ch, » and Cy_. 14

) P

All the tests were made at a dynamic pressure of 24.9 pounds per
square foot which, when based on the mean aerodynamic chords of the
models, corresponds to the Reynolds numbers in table I. The test Mach
number was 0.13.

CORRECTIONS AND ACCURACY

The test data were transferred from the model-mounting position
(2 point at two-thirds of the root chord from the apex of the triangles)
to the quarter-chord point of the mean aerodynamic chord.
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The angle of attack, longitudinal-force coefficient, and rolling-
moment coefficient were corrected for Jet boundary effects, but corrections
were not applied to account for model blocking, which amounts to an
error of about 1.5 percent in dynamic pressure -

In the rolling-flow tests, tares appeared to be negligible up to
approximately « = 16°. However, at high angles of attack, there appeared
to be large support interference, and since these effects could not be
accurately evaluated, the rolling derivatives are not presented for angles
of attack greater than approximately 16°.

The measuremsnts taken are belleved to be accurate within the
following amounts which are based on the maximum values of the forces
and moments for model 6:

d,,deg............................-7io-l
Vo dea R A R R +0.2
CL...............................io.0029
CX...............................io.ool@
CE R R +0 .0045
cl...............................io.ooou
cn...............................io.ooo3
Gy =l oo e e e . £0.0046

RESULTS AND DISCUSSION
Presentation of Results
The static and rolling characteristics of the models of the present
investigation are presented in the four groups of basic data and the two
summary groups shown in the following table :
Figure
Effect of profile of trisngular wings . « « « « « « « « o - 8, 9, 10

Effect of aspect ratio of triangular wings . « .« « « - « - - Ul 253
Effect of vertical FINE « « o « o = o = o o o s o « o « o o 1, 15, 16

Effect of aspect ratio of modified triangulaer wings . . . - i, 18,019
Summary effects of aspect ratio of triangular wings . « . . 205, 21, 22
Surmary effects of aspect ratio of modified

triangular Wings . o o o+ e e e e e e e e e e e e e e e 23 2l 25

All theoretical values obtained from reference 5 have been calculated by
use of the equations and have been extrapolated to the appropriate taper
ratios.
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Effect of Profile of Triangular Wings

Changes in wing profile appear to have rather large effects on the
1ift, longitudinal-force, and pitching-moment characteristics at moderate
and high 1ift coefficients as is indicated in figure 8. The highest
maximum 1ift coefficlent was obtained with the flat-plate wing (model 1)
and the lowest with the biconvex (12-percent-thick) wing (model 3). The
NACA 0012 wing (model 2) gave gradually increasing longlitudinal stability
throughout the lift-coefficient range. Reductions in longitudinal
stability were obtained at Cp = 0.4 for both the flat-plate wing and the

biconvex wing. (See fig. 8.) For all three models the directional stability
increased with 1i1ft coefficient up to Cp = 0.9, after which the directional

stability decreased to &bout zero at maximm 1ift coefficient. (See fig. 9.)

Certain characteristics appear to have a consistent relation to the
shape of the airfoil leading edge. The effective dilhedral parameter Chw’

for example, varies almost linearly up to CL = 0.4 for the blunt-nose

NACA 0012 airfoil. TFor the sharper nose flat-plate and biconvex airfoils
Cl¢ is linear only to a 1lift coefficient of 0.25. The decrease in the

initial linear range of the effective dihedral parameter as the leading
edge was effectively sharpened was noted in tests of untapered swept wing
in reference 7. Similar trends are noted, but to a lesser degree, for the
1lift-curve slope (fig. 8) and for the variations on the rolling derivatives
cYP and cnp with 1ift coefficient (fig. 10). Negative values of Cay,

(as predicted by the theories of references 2 and 5) were obtained only
for the NACA 0012 profile model and then only to a 1ift coefficient of 0.5.
No consistent effects of airfoil section are noted for the damping in roll
over the range of 1ift coefficients for which the data are presented.

Effect of Aspect Ratio of Triangular Plan Forms

It should be remembered that in the following discussion of the
effect of aspect ratio of triangular plan forms there are also effects
of sweep present, since the sweep angle is automatically increased as
the aspect ratio i1s decreased.

As the aspect ratio is reduced, Clu is decreased (at low 1lift
coefficients) and CLmax occurs at higher angles of attack. This trend

was noted in reference 8 in tests of similar triangular-wing models.
At Cq, = 0.3 a sharp increase in Clu occurs for model 4; increased

longitudinal stability is noted at the same 1ift coefficient. An opposite
trend is noted for model 7 at Cy, = 0.6 where a decrease occurs in the
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longitudinal stability and in the lift-curve slope. Increased longitudinal
stability is noted throughout the lift-coefficient range as the aspect ratio
is decreased. (See fig. 11.) As the aspect ratio is reduced the aerodynamic
center moves rearward toward the 50-percent-chord point (fig. 20) as is
indicated for very low aspect ratios by the theory of reference 2. The theory
of reference 2 indicates a more gradual movement of the asrodynamic center
starting from a more forward position. It should be noted that reference 3
neglects any possible changes in the chordwise pressure distributions of

the wing. The empirical curve taken from reference 8 indicates the same
trend as the experimental; however, the aerodynamic center is in a more
forward position than the results of the present investigation indicate.

It should be noted that all the triangular wings tested in reference 8

had flat-plate airfoil sections, whereas those tested herein had an

NACA 0012 profile with a larger trailing-edge angle and a blunt leading
edge. Large-scale tests of a triangular wing with a double-wedge

airfoll (5 percent thick at 20 percent chord) indicate a&bout the same
position of the aerodynamic center as does the present investigation for

an aspect ratio of 2.0. (See reference 9.)

The trend of Cg in figure 20 agrees with the trends of
reference 8 in that the peak value of CLmax was reached at about the

same aspect ratio. As the aspect ratio is decreased, the lift-curve

slope is decreased as can be seen in figure 20. The swept-wing theory

of references 3 and 5 shows fair agreement with the experimental data

for the aspect-ratio range considered. The theory of reference 2 approaches
the experimental values only as the aspect ratio approaches zero as would
be expected.

It should be remembered that all the profiles for the models for
which the data are presented in figure 12 are of NACA 0012 sections
parallel to the plane of symmstry. With a highly swept model (as model k)
there is a very large area in the plane of symmetry forward of the
quarter chord of the msan aerodynamic chord which, when the model is
yawed or rolled, acts in the manner of a fin. Model 4, because of this
area, has positive values of the directional-stability parameter an

below CL = 0.73. The model does have increasing directional stability

at the stall while models 2 and 7 do not. If model 4 was equipped with
a high-aspect-ratio fin, the objectionable characteristics below Cg = 0.73

might be overcome, resulting in a model having better over-all character-
istics than models 2 or 7. The values of Ban/BCLQ presented in figure 21

<§btained by plotting Cn against CL2 and taking slopes at Cy = O)

indicate increasing directional stability as the aspect ratio is decreased .
The values are not presented for model 4 because of the erratic nature
of the curve of C :) The theory of reference 5 is in qualitative

agreement with the experimental results. Very high maximum values of the
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effective dihedral parameter Cl are obtained as the aspect ratio is

r

decreased. (See fig. 12.) The rate of change of C with C increases
ZW L

as the aspect ratio decreases. (See fig. 21.) Although the values obtained
from the theories of references 2 and 5 predict the trends, they are low
in magnitude.

The slopes of the curves of CYP in figure 13 were taken at Crn=0

and are presented in figure 22. The curve from the theory of reference 2
shows good agreement with experiment down to an aspect ratio of 2.31 after
which the experimental curve falls to zero at A = 1.07. The curve from
the theory of reference 5 (derived for untapered swept wings) gives
conslistently high values of BCYP/GCL. The theories of references 2 and 5

predict negative values of Cnp at positive 1lift coefficients; however,

the experimental values of Cnp are negative only at moderate 1lift

coefficients. (See fig. 13.) The available theory is, therefore,
extremely limited in the range of applicability to triangular plen forms.
As the aspect ratio is decreased, BCnp BCL at Cp, = 0 increases

negatively and the theory of reference 5 predicts the results with fair
accuracy. (See fig. 22.) The curve from the theory of reference 2
indicates the proper trend, but the correlation with experiment is good
only at the lowest test aspect ratio A = 1.07.

The results of reference 8 for flat-plate triangles indicate positive
values of CZ at moderate 1ift coefficients for aspect ratios below the
p
range considered herein. The opposite trend is noted herein for model L4
(A = 1.07) which shows an increase in CZP starting at a 1ift coefficient

of about 0.1. (See fig. 13.) This increase is believed to be caused
by the sudden increase in Cr, (fig. 11) and the vertical-fin effect at

the wing nose resulting from the use of a blunt-nose airfoil section in
combination with a large sweep angle. At high angles of attack the
vertical displacement of the nose from the axis of rotation causes an
increase in damping in roll. The values of Clp (taken at Cp, = 0 from

fig. 13) presented in figure 22 show an almost linear decrease in deamping
as the aspect ratio is reduced. The theory of reference 4 is in good
agreement with the experimental curve. The theory of reference 5 predicts
the trend of the experimental curve but the magnitude is about 15 percent
too high. The theory of reference 2 shows fair agreement with experiment
only at the lowest test aspect ratio (A = 1.07).
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Effect of Vertical Fins

The effects of the fins on Cp, Cp, and Cy (fig. 14) are emall as

m)
would be expected.

Although the increment in an (f1g. 15) caused by the small (A = 0.77)
and large (A = 1.15) fins decreases from Cp =0 to Cp = 1.0, an for

the wing-fin combinations increases throughout the entire 1ift range. The
addition of either fin causes a positive increment of C; at Cp, =0

which decreases as the 1ift coefficient increases. Consequently, the
rate of change of CZ with Cy for the wing=fin combinations 1s smaller

than for the wing alone. (See fig. 15.)

Addition of the large fin caused negative displacements of CYP at

Cy, = 05 the addition of eilther fin caused an increase in the rate of change
of CYP with Cp. (See fig. 16.) An almost constant positive increment

in cnp is the result of adding the large fin to model 2. (See fig. 16.)

Both the large and smell fins increased the damping in roll throughout the
lift-coefficient range; the increase for the large fin amounts to about
30 percent of the damping in roll of the wing alone.

Effect of Aspect Ratio of Modified Trianguler Plan Forms

The models of the present group were formed by cutting various portions
from the tips of a basic triangular wing (model 7) parallel to the plane
of symmetry to obtain aspect ratio 3 (model 8), aspect ratio 2 (model 9),
and aspect ratio 1 (model 10), including tips of revolution.

For the lowest test aspect ratio (A = 1.0) a definite nonlinear
variation of Cp, with a is noted in figure 17 which agrees with the

results of similar models tested in reference 8. Except for a short range
(CL =0.15 to Cg = 0.3) the variation of Cp with Cj 1s nonlinear for

model 10 (A = 1.0). Reducing the aspect ratio of modified triangular
wings results in a forward movement of the aerodynamic center which can be
estimated with failr accuracy for aspect ratios of 2.3 or less by the theory
of reference 3. (See fig. 23.) An increase in Cr is noted as the

aspect ratio is decreased. A similer trend was noted for the same range
of aspect ratios reported in reference 8. The theories of references 3
and 5 predict a decrease in lift-curve slope with a decrease in aspect
ratio but are only in fair agreement with the experimental results. (See
fig. 23.) The theory of reference 2 -shows poor agreement with experiment
even for en aspect ratio of 1.0.
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High directional stability is indicated at high 1ift coefficients for |
low aspect ratios in figure 18. Also indicated in figure 18 are very high |
values of the effective dihedral parameter C;  for low aspect ratios.

Reducing the aspect ratio by cutting portions ¥rom the tips parallel to the
plane of symmetry results in an increase in directional stability which is
in fair agreement with the theory of reference 5 down to an aspect ratio

of 2. (See fig. 24k.) At an aspect ratio of 1.0 the directional stability
is considerably larger than that predicted by reference 5. The increase

in the variation of Clw with Cp, with decreasing aspect ratio is

considerably larger than is indicated by either reference 2 or reference 5.
As the aspect ratio is decreased, CZP at high 1ift coefficients, has a

tendency to increase. (See fig. 19.) The experimental variation of CY

P
with CL (fig. 25) shows little change with aspect ratio; whereas the theory
of reference 5 indicates a small reduction in this parameter with decreasing
aspect ratio and the triangular wing theory of reference 2 indicates a large
increase in GCYP/BCL with decreasing aspect ratio. In general, better

agreement was obtained with reference 5. The experimental curve of figure 25
indicates a decrease in the variation of Cnp with C; with decreasing

aspect ratio which is in fair agreement with the theory of reference 5.
Reducing the aspect ratio results in a decrease in damping in roll Clp'

(See fig. 25.) Good agreement i1s indicated with experiment by the theory
of reference 5 while the theory of reference 2 is in falir agreement

with experiment only at the lowest test aspect ratio (A = 1.0). The
theory of reference 4 is in fair agreement at low aspect ratios and
sxcellent agreement at A =3 and A = L.

CONCLUSIONS

Tests conducted in the 6-foot-diameter rolling-flow test section of
the Langley stability tunnel to determine the effects of a number of
geometric variasbles on the low-speed static-stability and rolling
characteristics of triangular wings indicate the following conclusions :

1. In general, variations in profile had small effects on the static
and rolling characteristics of triangular wings at low lift coefficients.
The greatest effect of profile was in the high-lift-coefficient range.
The linear range of the static-stability parameters was decreased (in
much the same manner as for untapered swept wings) as the leading-edge
sharpness was increased.

2. Several of the characteristics of triangular wings may be
estimated with falr accuracy by available swept-wing theory. Available
low-aspect-ratio triangular-wing theory was found to be reliable for
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certain characteristics but for others, particularly the lift-curve slope,
demping in roll, and aerodynsmic-center position, the agreement was poor
except at the lowest test aspect ratio (A = 1.07)-

3. The vertical fins tested provided good directional stability for
the wing-fin combinations throughout the lift-coefficient range. The fins
increased the damping in roll and decreased the variation of effective
dihedral parameter with 1ift coefficient.

4. The series of wings obtained by cutting various portions from
the tips of a basic triangular wing generally had good longitudinal and
directional stability but very high effective dihedral. Most of the
characteristics of these wings, at low 1ift coefficients, could be
predicted with fair accuracy by means of available swept-wing theory.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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TABLE I.- PERTINENT MODEL DIMENSIONS AND TEST CONDITIONS

b
Plan A1 B, Ac/h| Aspect S Root ) = B Taper
Model| Profil: pec pan AL.| X Area
o o form (deg) (deg) ratio (in.) f};l?‘r% (1n.) |(4n.)|(sq 1n.) R 2‘;15) ratio
= o 6 5e.2 | 2.31 36.07 |31.23]20.8 [15.62| 564.0 [1.603 x 106 20025
plate °<; : . . 56k . .603 X 10 + 075 0
2 oo 60 s2.2| 2.31 36.50 |31.60{21.10 |15.80| 576.0  [1.624 +.025 0
0012 +.075
—
Biconvex : + .02
S A © 52.2| 2.31 36.50 |31.60[21.10 |15.80| 576.0 [ .624 t.og 0
NACA -
¥ 0012 A 75 70.4| 1.07 24.85 |146.37/30.90 [23.20| 576.0 2.38 t.o51 0
NACA
5 o Wing, &0 Wing, 2.31|Wing, 36.5 Wing, 576 +.025
and ng 2 2= » 36450 31.60|21. ; 8 4 .
flat-plate Fin; 68.9 | 7 Z| Fin, 0.77|Fin, 12.16 3160/ 21.015-% Fin, 1% |t e +.075 °
‘ fin
|
NACA
¢ o012 Wing, 60 Wing, 2.31[Wing, 36.5 Wing, 576 +.025
d 4 2.2 8= s 20+1 31 60|21 ¢ 8 . 3
fla:xiplate vin, 60 | 22| Fin, 1.15|Fin, 18.25| > 60]21.10 115.80) "FI8) JggiL-62l £.075 0
fin
NACA o
7 o A 45 36.9] 4.0 48.00 |24.00[16.00 [12.00] 576.0 [1.232 t_ogg 0
NACA
C 0012 & 45 36.9| 3.0 41.20 |24.00|16.30 |11.77] 563.6 |1.254 i:g%ff 0.15 |
| NACA
‘ 9 0012 Q 15 36.9| 2.0 31.8 |24.00[17.10 [10.95 507.8 [1.335 z:g%g 0.36
|
NACA
20 0012 O 45 36.9] 10 18.8 |2k.00[/19.60 | 9.13 355.8 |1.510 igg 0.58
| L
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Figure 4.— Model 4 mounted in tunnel. A
profile, NACA 00l2.
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Figure 5.— Model 5 mounted in tunnel. Awing =S BBl Afin = 0.77. Profile of wing, NACA 0012;
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NACA 0012 profile on cYp, cnp, and czp. Ao fy = 36.9°.
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Figure 23.— Variation of aerodynamic center, C , and Cp  with
Lnax o8

agspect ratio for modified triangular wings.

Ao fy = 36.0°%; Cp 0.
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Figure 24.— Variation of acnﬂ,/acL2 and BCZ\V/BCL with aspect

ratio for modified triangular wings. Profile, NACA 0012;
Ac/u = 36.99%; C; = 0.
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ratio for modified triangular wings.

Ao fy = 36.99; Cp, = 0.
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