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NATTIONAL: ADVISORY COMMITTER FOR AERONAUTICS

LOW-SPEED INVESTIGATION OF A SMALL TRTANGULAR
WIKNG OF ASFECT RATIO 2.0. I — THE EFFECT OF
COMBINATION WITE A BODY OF REVOLUTION
AND HETGHT ABOVE A GROUND PLANE

By Leonard M. Rose

SUMMARY

Low—speed wlnd—tunnel tests were conducted of a triangular wing
of aspect ratio 2,0 with a symmetrical double—wedge sectlion having
a maximum thickness of 5 percent of the chord at 20 percent of the
chord. The wing was also tested 1n the presence of & ground plane.
Additlonal datba were obtained with constant—chord split flaps and in
combination with & body having & finemsss ratlio of 12.5.

At low 1ift coefficlents, relatively linear characteristics were
obtained; whereas, at high 1ift coefficlents the lateral—stebllity
characteristics became increasingly nonlinear. This transitlion range
of 1ift coefflcients was marked by an abrupt change in longltudimal
gtablility. The effect of the body wes to reduce the severlty of the
longitudinal-staebllity change with relatively 1llttle effect on the
lateral characteriletice. Decreasing the height sbove the growmd
resulted in a consldersble increase in the lift—curve slope and the
maximm 1ift, a reduction in induced drag, as well as & sllight lncrease
in longitudinal stabllity,

The split flaps were relatlvely ineffectlve for increasing the
maximum 1lift or for reducing the angle of attack for maximum 11ft,

INTRODUCTION

The possible advantages of thin, low-aespect—ratlo, trlangulsr
wings at supersonlc speeds have been shown theoretlcelly by several
investigators (references 1, 2, and 3). The characteristice of these
wings at subsonlec and transonlc speeds are not so amensble to theo—
retlcal treatment, nor have they been extensively lnvestigated

experimentally at any speed.

JNCLASSIFIED »
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An experimental investlgation has been undertaken at the Ames
Aeronautical Laboratory of the characteristics of thin, low—aspect—
ratio, triangular wings over a wide range of Mach and Reynolds numbers.
For this iInvestigation a triangular wing with an aspect ratioc of 2.0,
the leading edge swept back 63.4°, and a symmetrical double—wedge
sectlion having & maximum thickness of 5 percent of the chord at 20
porcent of the chord was selected. The experimental results cobtained
with thils wing from tests at low speed and large scale, have bheen
presented in reference 4.

This report presents the resulte of tests in the Ames T— by 1l0-foot
wind tunnel to determine the characteristics of the wing alone and in
combinatlion with a body of fineneas ratio 12.5.' Results are also
presented for the wing at several helghts above a ground plane.

SYMBOLS AND COEFFICIENIS

The results are presented in the form of standard RACA coeffi-—
clents. All moments are referred to a polnt on the wing cenbter line
at the quarter meen serodynamic chord of the wing. (See fig, 1.)
The symbols and coefficients are defined as follows:

Cp drag coefficient (drag/qS)

CL 1ift coefficlent (Llift/qS)

Cm pitching-moment coefficlent (pitching mament/qST)
Cn yewing-moment coefficient (yawing moment/qSb)

Cy lateral-force coefficient (lateral force/qS)

S wing ares, square feet

b wing span, feet

c wing chord, feet

T wing mean aerodynamic chord, feet

q dynsmic pressure (%pva), pounds per square foot
maess density of air, slugs per cubiec foot
v airgpeed, feet per second

h wing height above ground plane (measured to trunnion)_, feet
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o angle of sttack of wilng, degrees

¥ angle of yaw, degrees

&p flap deflection, degrees

Clq rate of change of 1ift coefficlent wlth angle of attack
(3C1./da), per degree

Cny rate of change of yawing-moment coefficient with angle

of yaw (Cn/d¥), per degree

CY\{f rate of change of lateral-—force coefficient with angle
of yaw (3Cy/d¥), per degree

MOIEIS AND TEST METHOIS

The wing tested was of aspect ratio 2.0 (leading edge swept
back 63.4°) having a symmetrical double—wedge airfoil sectlon with
8 maxlmum thickness of 5 percent of the chord at 20 percent of the
chord, A fineness ratio of 12.5 was selected for the body, since
1t appeered to be a reascnsble cholce for a supersonic alrplane.
The body was proportioned relative to the wing to represent a volume
approximately that required for either a rocket or turbo—jet installe—
tion in a fighbter alrplane. The two wing locations relative to the
body were chosen to cover a rangs of possible applications. The wing
was constructed of wood over a laminated steel spar; whereas the body
was of all—wood construction. Skeiches of the wlng and body are
shown in figures 1 and 2.

The constant—chord split flaps Investigated 1n these tests were
bent to the proper deflection from 1/16—inch~thick aluminum sheet.
The flap chord was equal to 20 percent of the average wlng chord, and
the £laps extended along the span to the Intsrsectlon of the flap
leading edge and a line along the wing maximum thickmess, This
resulted in a flap area equal to 17.k percent of the wing area. .

The model was supported In the wind tumnel by a single strut
atbached to the wing spar. Flgure 3 shows the model-mounting arrange—
ment, For the tests in the presence of the ground plane, the height
of the wing was varied by sulteble spacers under the support strut.

A sketch of the ground-—plane arrgngement showing the relative loca—
tion of the wing and ground plene for the varlous strut heights is
shown in figure 4. Photographs of the model and ground plsne are
presented in figure 5.

The data were corrected for wind—tunnel-wall effects by the
mothods outlined in reference 5. These correctlions are strictly
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applicable only to wings of larger aspect ratio. Since the model
wing area reletlve tc the croesg—sectlional area of the wind tummel
was small, 1t 1s belleved the error in using these corrections is
negligible. The corrections added were:

Nx = 0.53 CL
ACp = 0.0093 C1.2

Ko timnel-wall corrections were applied to the ground—plane test
results, since the correctione were small. The test results were
also corrected for alr—streaminclination and strut tares. The strut
tares were evaluated by using an image strut as shown in figure 6.

The major portion of the data was cobtained at a Reynolds number
of approximately 1.8 X 10° based on the mean serodynamic chord.

RESULTS AND DISCUSSION

A summary of the more pertinent test resulis is presented In
figurea 7 through 15. The remainder of the test results are glven in
tables I through VII,

Isolated Wing and Wing-Body Combinations

The basic wing characteristics, as well as the results obbtalned
with the wing in two fore—and—aft locations on the body, are presented
in figure 7 and tables I, II, and III. These results Indicate that
the wing, alone or in combinstion wlth the body, attained a maximum
1ift coefficlent comparable to that of wings of greater aspeot ratlos.
This meaximum 1ift, however, was attalned at an angle of attack In
excess of 30° and the attendant high drag ylelded lift—drag ratios
of less than 2.0, (See fig. 8.) Consequently, it would be necessary
to resort to elther very low wing loadings or conslderable power for
this triangular wing to achleve rates of descent in the landing
approach of as low an order of magnitude as those occurring with
present—day alrplanes.

The variation of pitohing-moment coefficlent with 1ift coeffi—
clent for the wing alone indicates satisfactory static longitudinal
stability except for an abrupt change at approximately 0.7 1ift
coefficient. (See fig. 7.) It 1s probable that this discontinuity
resulted from a rapld change in the conditions of alr flow about the
wing. This change in air flow has previously been observed and
discussed by Winter (reference 6). A similar break in the variation
of Cm with C1, was found in the large-acale tests reported in
reference k.
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The effect of the body was to suppress to a great extent the
abrupt change in stability evident for the wing alone. (See fig. 7.)
This beneficial effect gquite poesibly resulted from favorable Inter—
ference of the body on the transition from the even flow at the lower
angles of attack to the pertislly separated flow at large angles.

The effect of angle of attack on the variation of yawing moment
and side force with angle of yaw is shown in figures 9(a), 9(b), and
9(c) Por the isclated wing and the two wing—body combinations.
Although the experimental data Indicate consideraeble scatter, the
fairing of the curves 1s believed to represent the trend of the
experimental data. The variastion of the parameters Cn* and CY\F

with angle of attack is summarized in figure 10. These parameters
represent the slopes of the curves through zero yaw and are useful
primrily at angles of attack below 20° because of the erratic variation
of yawing moment and side force with yaw at larger angles of attack.

The results for the wing alone indicate increasing directionsl stability
Cn ¥ with increasing engle of attack to a maximum at approximetely 20°,

followed by a reduction in Cn* to zero at the stall. The side—force
variation Cy, was such, however, that & vertical teil would be

necessary to achieve the proper varlation of angle of bank with angie
of yaw. The asddition of the body in either position resulted in
unstable values of Cp, for all conditions, as well as undesirable
side—force variations a4t angles of attack above 10°.

Split—Flap Effectiveness

Figures 11, 12, and 13 show, respectively, the wvariation of
maximm-1ift coefficient, change in 1ift coefficient, and change in
pitching—moment coefficient with flap deflection. Obviously, the
flap tested was of little wvalue in Increasing the maxlwum 1ift attain—
able. In fact, for large flap deflections the maximum 1ift was less
than that attainable with the flap undeflected. The Increment in 1ift
resulting from downward flap deflectlon decreased markedly with In—
creasing angle of attack; whereas the effect of angle of attack was
negligible for upward f£flep deflections. Similsrly, the increment of
angle of attack at a constant 1iPt coefficient, produced by the flaps,
wes small at high angles of attack.

Some insight into the usefulness of these flaps as bhalancing
devices may be obtained from figure 13 which indicates little effect
of 1ift coefficlent on the increment in pitching moment sttainable
with upward flap deflection. However, the results also indicate that
this flap produced relatively smwall pitching moments, which would
necessitate static margins of less than 10 percent for operation at
1ift coefficients in excess of 0.8.
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Ground Effect

The effects of proximity to the ground on static longlitudinal
gtabllity, lift—curve slope, and maximum 1ift coefficient of the
wing are swmmarized in figure 1i from the data presented in tables IV
through VII for the wing alone and the wing wlthout flap In the aft
location on the body.: The effect of the ground plane on the static
longltudinal stability of the wing was relatively small and decreased
rapldly as the height of the wing was Increased. The presence of the
ground Incressed the lift—curve slope more than 25 percent for the
closest position (h/b = 0.19); and even with a height—to-span ratioc
of 1.0, Cr, was almost 15 percent greater than the free-air value.
Similarly, the proximity of the ground resnlted in an increase ih
the maximum 1ift coefficient attalnable which ranged from 16 percent
for h/b = 0.31 to 8.5 percent for h/b = 1,0, The drag was, as
expected, considerably reduced by the presence of the ground, This
reduction resulted in an increase of the lift—drag ratio from 2.1
(at b/p =w) %0 3.0 (at h/b = 0.19) at a 1ift coefficient of 1.2,
Similar, though smsller, Increases In 1lift—drag ratlo were evident
for other heights above the ground plane and higher 1ift coefficlents,
(See fig. 15, The data presented in tables IV through VII indicate
only & slight increase in flap effectiveness in the presence of the
ground plane,

CONCLUDING REMARKS

Toats of a triangular wing of espect ratio 2.0 with a symmetriloal
double-wedge airfoil sectlon having a maximum thickness of 5 percent
of the chord at 20 percent of the chord, indicated that two regimes
of air flow existed over the wing. It was surmised that at low angles
of attack smooth flow exilsted, which resulted in relatively linear
varistions of forces and moments with changes in angle of attack. At
higher angles of attack partially separated flow prevalled, resulting
in increasingly nonlinear variation of the lateral-force and moment
characteristices as the angle of attack was increased. The transi-—
tion between the two flow conditions was masrked by an sbrupt change
in longitudinal stability.

lWith the wing in the forward location on the body, data could be
obtained only at low angles of attack before the tall of the body
came in contact with the ground plarne. The wing in the aft location
on the body gave results 1ldentical with those from the wing alone
for all ground-effect tests. Therefore the results in tables IV
through VII for O = 0 are appliocsble to the body and wing aft
configuration.
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A maximum 1ift coefficlent of 1.40 was obtained at an angle of
attack of 35°. Split flaps were relatively ineffective for lncreas—

Ing the maximum 1ift or reducing the engle of attack for maximum
1ift,

Lift-drag ratios of less than 2.0 were obtained at high-1ift
coefficients, indlcating that very low wing loadings or consldsrable
power would be necessary to achieve safe rates of descent in the

. landing approach,

The characteristics of the wing in combination wlth a body
having a finensgs ratioc of 12.5 were simllar to those of the wing
alone except that the abrupt change in longltudinal stabllity
evident with the wing alone was to a large extent suppressed.

Decreasing height above a ground plane resulted in a consider—
gble increasse In lift—curve slope and meximm 1ift, & slight increaas
in longlitudinal stability, and a reduction in induced drag.

Ameg Aeronautical Ieborstory,
National Advisory Committee for Aeronamtics,
Moffett Fleld, Calif.
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TABLE III. - EFFECT OF FLAP DEFLECTION ON THE
CHARACTERISTICS OF THE WING IN THE FORWARD

LOCATION ON THE BODY

—

8 ¢ = =100 j 8 p =-20° ;
a C1, Cm g a C1, Cn
~“9.84} «0.592 0.1270 ;; -9.881 =0.668 01606
~T7e79] =.488) - L1098 }i -7.84{ =-.578 « 1450
-5.73] =.385 1063 |i -5.78 - o473 «1396
-3.69) =a302 0907 } =3.73§ =-.381 «1200
-1l.64 -+208 «0T40 -1.68 - 276 «1091
«4l -.120 +05693 " «36 "0204 «0876
2446 -.021 «0576 2e41} ~.117 «0778
4.50] <061{ .0410Y 4.45} -.031} .0686
6.55 «156 +0268 6450 061 «0551
g.61| 259! .ole4i e.s6} .1esl .o416
10.66| +353] .001ai 10.61F .256] .0218
12.70| 435¢ -.010l{ 12.66{ .350{ ,0178
14.751 +534} -.0202 || 14.71% .461| .0169
16.82 «652 i ~+0244 16.76 «548 =+.0046
18.88 728 =—.0483 § 18.82 .662} -,0142
20.92 | 848! -.0590 | 20.88} .768] =-.0287
22.98 | <967 -.0638 | 22.92f .856{ -.0474
25.02 | 1.045: -.0819 ; 24.98{ .956} =-.0664
27,071 le1l24: -_.0935 { 27.033: 1l.060f -.0643
28.08 | 1.158! ~.0945 | 28.04] 1.075} -,0820
30.15 | 1.237% -,1008 h 30,09 | 1.186} -.1015
31.14 | 1.266% ~-.1012 ! 31.10} 1.184} -.0942
35,15 | 1.243 | ~.1813 [ 33.10 | 1,190} -.1071 |
34.14 1,287 . - ,1363 )} 34,10 1.195 ~«1167 i
35.14 | 1.263 - -,1540 | 35.11 | 1.210] -.1127
€15 1.291 - o 1440 ! 36.12 1.225 ~e 1330 J[.
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PABIE VI.— EFFECT OF FLAP DEFLECTION ON THE CHARACTERISTICS OF
TEE WIKG IN THE PRESENCE OF THE GRCUND (h/b = 0.43)

“5p = O° B¢ = -5° I B = -15°
[+2 ’ Cr, c EL_ @ ch l Cm
0 0.025 0 —-0.065| 0.037h o] —0.160| 0.1087
1 070 1 —.030 1 -.151{ .0848
2 L117 2 Roap ! 2 ~.106| .OThHL
3 172 3 .065 3 ~.063 0753
4 .226 L .113 4 022 .0763
5 273 6 .239 | — 6 .1031 .
6 .34 8 351 | - 8 2341 .0k23
7 .392 10 72 | = 10 .338| .0312
j 8 448 1l 531 |- .391y .013%
{ 1o 572 12 STT |~ L2t L01ko
- 12 .685 13 62T | = 508} .0155
14 195 1L 685 | ~ 5531 .0107
15 .850 i5 ¢ To .608| .0016
16 .885 16 805 |- 691 .0129
- 17 .oll 17 853 | - +T35 | —.0071
8 - 1.002 18 502 | — T84} — 0152
19 1.071 19 .958 |~ .872) ~.01ko
20 1.103 20 1.020 |- 892} -.0109
23 1,159 21 1.075 | — .67 —.0362
22 1,223 22 1.146 | — 1,016} —.0339
23 1.283 23 1,18k |-~ 1.051 ) —.0454
ol 1.337 2k 1.236 | — 1.082} —-.0528
25 1.371 25 1.293 | = 1.150{ —.065T7
26 1.413 26 1.310 | — 1.196] —.0713
27 1,467 27 1.386 j— 1.,225] —.0773
28 1.%79 28 1.386 |- 1.245) —,0872
29 1.53% 29 1.k5¢9 |- 1.304§ —.0830
30 1.568 30 1.360 |- 1,313} —.0903
3 1.578 31 1.520 | — .141k 31 1.375{ —.1037
32 1.567 32 1.506 | — .1545 32" 1.ho2] —.1160
33 1,607 33 1,532 |~ 1669 33 1.koo| —.13856
34 1.607 34 1.557 |— 1716 ki 1.438} —.1325
[ 3° | 1.6h2 35 1.588 |- 1720 35 1.473f —.1213

lThese values also apply for the body plus wing aft to an angle of attack of 31°.
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Figure /.~ The triongular wing with constant-chord,
tralling-edge, split flap.
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{(b) Side view.
Filgure 5.— Model installation for ground—plane tests.

29







NACA RM No. ATEO3

Figure 6.— The image—strut system used to evaluate
strut tares.
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Figure (0.— The variation of the parameters

G‘n’ and Gy’b with angle of attack.
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Figure /14— The effect of height above_ the groand
plane on the longitudinal characteristics of the model,
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Figure /5.— The effect of height above the ground
plane on the lift-drag ratio of the wing.
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