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SUMMARY

An investigation has been made of the low—speed characteristics
of a 25-foot span triangular wing having an aspect ratio of two, The
airfoil section of the wing wac a symmetrical double wodge with
5-percent meximum thickness at 20—-percent chord. Force cnd moment
data were obtained at severcl angles of sldeslip for various configu—
rations of 18.5-nercent arcve, constant—chord split flaps, lO-percent—
chord nose fleps, cnd semispun split—flup-type ailerons. Lift and
drag data were obtained from the plain wing throvgh a limited angle—
of-attack range for Reynolds number varying between 13 cnd 3% million,
as based on the mean aerod;ynamic chord.

The results of this investigation show that there are two
regimes of force and moment cheracteristice exhibited by the wing,
the transition from one to the other being indiceted by breaks in
the force and mcment curves., These breaks, which occurred at
different velues of 1lift coefficient depending upon the wing
configuraticn, cre believed to indicate an intense separcted flow
at the sharp leading edge of the wing,

Below the breaks it was concluded that:

1. S»plit fleps had modercte lift—producing and trimming
effectiveness. '

2. There was o l2—percent static margin in longitudinal |
stability about the one—quurter mean cerodynamic chord.

3. Dihedral effect and directional atability increased with
increasing lift.
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L. TLateral control remained constent, except in sideslip,
vhen the effectiveness of the downstream aileron
dropped off.

5. The values of rolling and yawing mcments varied quite
uniformly with-increasing amounts of either sideslip
or oilcron deoflcction.

6. Nose flaps were of no benefit as 1ift devices.

Above the breaks the following charscteristics were obtained:
1. Split flaps had low lift-producing effectiveness.

2. There was a reduction. in the amount of static margin in
longitudinal stability. S

3. Dircctional stebility, dihedral effect, and lateral contfol
dropped off rapidly with increasing 1lift coefficient.

k., The values of rolling and yawing moments changed rapidly
with increasing amounts of eilther sideslip or aileron
deflection. ‘

5. Any beneficlal effects of nose flaps were obtained at the
sacrifice of other favorable characteristics.

Introduction

Wings of triangular plan form have become of interest recently,
particularly in the search for wings suitable for high-speed flight.
Until now, however, vractically all avellable aerodynamic informatim
on wings of triangular plan form has been confined to studies of
small-scale models. In order to cbtaln data for a large—scale wing
of triangular plan form, having an aspect ratio and maximum thickness
suitable for supersonic flight, an Investigation has been conducted
in the Ames 40— by 80-foot wind tunnel. The results of this investi-
gation, which are for a wing of aspect ratio two and a maximm thick—
ness equal to S5~percent of the chord, are reported herein. Although
only a brief analysis of the data has been made at this time, infor—
mation has been provided which will allow an insight into the low—
speed problems of a wing sultable for supersonic flight.
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SYMBOLS AND COCFFICILNTS

The standard NACA coefiiciente and symbols used within this
report are defined below and in fijure 1:

7 - o
A ©  aspect ratio e )
S
a free-stream angle of attack, dezrees
oS rate of change of angle of attack with flap deflection for

congtent lift coefficlent

increment of angle of attack due to wind-tunnel-wall

Qam
interference, degreos
b Jlng span, feet
B argle of sldeslip, degrees
¢ wing chord, mcasured parzllel to alr stroam, feet
) meen asrodynamic chord, measured parallel to air stream, feet
C wind—turrol-test—section area, normal to air stream, square
feet
Cy, 1ift coefficient ! =222}
S qS 4 £
aey W gl iraa)
Cp drag cosfficicnt { === )
- qo /
CDT ircrement of drag coefficient due to wind—tunnel-wall
interference
i*“hin moment
G pitching—-moment coefficient ! / piiching )
' Gof' ¥
O ) y
Cq rolling-moment cocfiicient /relling m ment
\ ’JtJb //
/side force \
Cy side~force COufflCi ent \~———~—5——~-/3_
Cig rate of chango of rolling-moment coefficlent with sideslip,

por degree
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Cnﬁ rate of change of yawing-moment coefficient with sideslip,
per degrce
Clgn rate of change of rolling-mcment coefficient with aileron
8 angle, per degree
Cns rate of change of yawing-moment coefficicnt with aileron
a angle, per degree
D, split-flap--type aileron deflecticn, measured perpendicular
to hinge line, degrees
dn split-flap deflection, measured perpondicular to hirge line,
degreecs
By wind-—-tunnel-wall—intcrierence correction factor
L/D ratio of 1lift to dreg
v kinematic visccsity, square feet per second
q dynamic pressurc, pounds por sguere foot
/
R Roynclde numoor \nii) d
v
S wing area, square foet
>
v frece-stream volocity, feet por second

EQUIRMENT

The plan form of the wing was that of an isosceles triangle

with an apox angie of 33.13°, which made the anglec of sweepback of
the leading edge 63.L:3° and the aspect ratic two, The wing had a

symuetricel double—wedge airfoil section with a maximum thickness

of 5 percent at 20 percent chord. The principal dimensions of the
wing arc given in figure 2.

The structure of the wing consigsted of a plywood skin attached
to a gtecl frame vhich was built around a boxcd-in H-beam, the latder
serving as the tail boom. It was nccessary to use a tail boom for
mounting purposes with the strut arrangemont omployed.

The hinge line of the split flaps was located parallel to the
trailing edce of the wing, The span was tcrminated at tho line of
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maximum airfoil-section thickness (86 percent of the wing span),
thus establishing a flap area equal to 18,5 porcontiof the wing
area. (See fig. 2(b).) These flaps could be attached to either
the upper or lower surface of the wing, were adjustable through a
flap deflection range of 60°, and were divided at the center linc
of the wing so that split—flap-type allerons could be simulated.

The 10-percent~chord ncse flaps extended over the same percent
span as the split flaps, and werc doflected forward and down to &
fixed angle of 14.5° (m@asurod parallel to the wind stream and with
refercnce to the projectod chord planc of the wing. (Sec fig. 2(b).)
The leeding edge of the nose flap was rsinforccd with tubing of
varying diamcter which formed = nose radius averaging approximately
0.002c at any pcint.

Figure 3 presents general visws of the wing for various
configurations.

e
TESTS

Torce and moment date were cobtained through the anglo--of-—
atteck range at various engles of sideslip for thoe piain wing,
cnd for the split flap and the split—flap-type-eileron confizu--
rations of the wing. In ths cese of the nose flaps, howcver, datc
were obtainsd only at zero angle of sideslip. The mejority of the
investigation was conducted at dynamic pressures between 15 and 25
pounds psr squarc foot which correspornds to a Leynollis number range
of approximetely 11.8 x 1C® to 15.4 x 10° as based on the mecn
aerodynamic chord. Lift and drag data were oblained for the plain
wing through a limited sngle—cf—attack range at Reynolds numbers
between 13 % 108 and 3k x 108. Teblc I contains a summery of the
variocus configurations tested.

ESULTS

The deta are presented about the stability axes with their
origin located at 50 percent of the root chord, whi
to the intersection of the rcot chord and a line
chord staticn of the mean aerodynamic chcrds.

All the data have been ccrrocted for air-stream inclinstion cnd
for wind—tunnel-wall effect, the. latter correction being thut for =
wing of the same spen but with rectangular plan form, The fellcwing

corrections, bascd on the theory of rcference 1 for a wind tunncl
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with oval cross section, were appliéd:

ap = By % Cp, X 57.3 = 0.732 C

0.01277 CLZ

H

- S
= 5 2
Cop=w t &
wherc
[ Z .. nAxL €
3y = 0.1187 and C = 2356 square foet
Considoration of thc forcos scting on the tail boom Indicaied
that its tare effect would be negligible. Drag and pitching-moment
tares resulting from strut intcrforonce, bascl on tares obtained with
a rectenzular wing, were applied to tho data.
Tebie I, the summary of the configuraiions testsd, should also
serve as en index for Pl—ulcs L to 13 in which the besic data arc

presented.

The acrodyneamic effect of tho gap between the two halves of tha

eplit flap (fig. 3(b)) was investigated by ssallng tho gap. The
efi'ect, as shown in figure 5 for a flap ceflection of 29.5C,
congidercé to be ncgiigible; h;nce, the gap wzs left unscaled for the
cther flap deflections.

DISCUSSION
Longitudinal Characteristics

The lift—curve slope through zero 1ift for the plain wing was
G.040 per dograe comparcd to 0.045 as predicted by lifting surfece
thoory (refsrence 2) for a wing of aspect ratio two. The

reference 3 cives a value of 0.055 per degree; however, th

is applicable only to wings of very low aspoct ratioc.

theory of
is

thoory

The mavimm 1ift cocfficient of 1.35 obteined with the plain
wing comparcs favorably with that cbtaincd on wings of conventional
plan form and aspect ratio. However, CLmax is obtained at 33° angle

of sttack, which rcsults in an ¢xcessive landing attitudoc.
The discontinuities which appoar in the 1ift curves shown In

figuie 4 are belicved to be the result of boundary-laycr sceparation
around tne sharp leading cdge of the vwing. This type of flow has boon
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previously discussed in reference 4., The severity of these breaks
and the value of at which they occur increased with increasingly

positive flap deflection; whereas incrcasingly negative flap deflsctions

had the opposite effect.

The lift—-producing effectivensss of split flaps is usually
represented by the parameter age ; however, for this wing the use of
as,. leads to an erronecus interpreotation of flap effectivoness.

‘_:f )
It appears from the c¢g, curve (fig. 14%) that the lift-producing

sfToctiveness is the same (=C.23) above and below the break in the
1ift curves. (Thc irregularity shown on the curve is a rssult of the
progressive change in the magnitude of the break and the angle of
attack at which it occurs.) Since ag,. reproscnts, through zero
flap deflection, tho rate of change of angle of attack of the wing
with flap deflection at a givon lift coefficient, consideration

mist be given to tho increment of 1ift dus to e given flap deflectimm
et various angles of attack (fig. 15). In the rangc of angles of
attack below the break in the 1ift curve (rcpresented by a = 0° and

13° in fig. 15) the lift-producing offectivencss holds quite well

with increasing flap deflection; whoresas boyond the brecak the rapid
redustion in lift-curve slope causcs the ci'fectiveness to drop off
rapidly (shown by tho curves for o = 19° ani 247). For the negative
flap~deflection range tosted there was little or no change in tho
elmost lincar veriation of flap offectiveonoss.

The curvs for maximum 1ift in figure 16 indica‘tes that the
largest increment in Cf, % which could be obteincd from the split
flaps was 0.04 et an 18° f1ap defloction. Correspendingly thore
was a reduction of 2° in the anglc of attack for Crp. 4. Further
increase in flap deflection resuited in a ross in lift, until at
59° flep deflectlion the value of CLmax dropped below that for the-
plain wing by an incremont of 0.06. It is thus apparent that split
flaps are of little or no valuc in increasing C;

The use of nose flaps resulted in en increase in 1lift over the
plain wing configuration at angles of attack zreater then 180; up

to this point there was only a sligh roduction in 1ift.(Sec fig.6(a).)

At maximum 1ift there was an increasc in CLmax of 0.25; however, this
goin wes ronlized only by going to 5% higher anglc of attack (38°).

The use of nose flaps in conjunction with split flaps failed tof
altér the split-flap effectivencss approciably as rogards to maximum
Aift; that is the 1ift curve for &4.50 Fflap deflection still dropped
below the 1lift curve for 22.0° flap deflcction at high angles of
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attack. . By the use of nose flaps in conjunction with split flaps
deflected 22.0°, a gein of 0.27 in.CLma—X over the plain wing was
realized by increasing the angle of attack from 332 4o 3L°.

It should be noted that the drag curves of fizures 4(b) end
k(c) exhibit breaks correspending to bresks in the 1ift curves and
increase in severity with increasingly positive flap-deflectiocn
angles. The minimun drag of the plain wing decreased from 0.0091
at a Reynolds number of 1% x 106 to 0.0080 at 3% x 106, as shown in
figure 7. The lift—drag curves of this figure do not cover a guffi—
cient 1lift range to determine if there is a change in the drag due
to 1ift over the Reynolds number range considered.

The maximum lift—drag ratio of 1C.1 (fig. 17) was obtained at a
Cy, of 0.17, which is well below the Cp range for low-speed flight.
Beyoné. this point the value of L/D 4Aropped off rapidly to the very
low value of 1.6 at Clpax. It is noteworthy that the L/D curve for
a 200 flap deflection is coincident with that for the plain wing at
large values of lift coefficient. On the other hand with the flaps
deflocted —22.00 as for trim at CL = 0.81 (a = 22°), the value of L/D
was 2.2 as comparsd to a value cf 3.4 for the plain wing at the same
C1,. If landings are to be made at conventiocnal values of wing load—
ing and L/D (6 to 7) the curve for the wing with zero flap deflection
indicates the necessity of landing lift coefficlents.as low as 0. k.
Since, as previously noted, any attempt to trim the airplane will
cause the L/D tc drop, it becomes apparent that power will be needed
to maintain a sizesble L/D in lending.

Longitudinal stability about the one—quarter mean aerodynamic
chord point was maintzined up to and through the stall except for
the unsteble breaks in the moment curves (fig. 4(d)) corresponding
to the bresks in the 1ift curves. The average value of dCp/dCL
between a 1lift coefficient of O and 0.5 was —=0.12 which indicates
an aerodynanic center (neslecting dreg) location at 37 percent of
the mean asrodynemic chord. The corresponding location on the root
chord is 9 percent ahecad of the centrold of area, that is, 58 percent
of the root chord.

Lerge flap deflections produced a destabilizing effect at 1ift
coefficients above the break in the curve. For example, de/dCL
varied frem —0.14 at Cr, = 0.4 to -C.09 at Cr, = 1.0 with flaps
deflected 22.0°; and from --0.15 to —-0.02 over the same. Cy, range for
flaps deflected 59.00. The severity of the breaks increased with
increasingly positive flep deflections and reduced with increasingly
negetive deflections.
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The effectiveness of split flaps as a trim device; that 1s, when
deflected negatively, was relatively unaffected by the breaks in the
pltching-moment curves (fig. 18). However, at positive deflections
the increment of pitching moment held up quite well for angles of
attack below the break in the curve and dropped off rapidly at angles
of attack above the break.

Nose flaps (fig. 6(c)) not only caused a reduction in the pitch=-
ing moment, but produced a greater stability change in going from
Cr's below the break in the curve to Cp's aboves Note the reduction
in the amount of longitudinal stability at low values of C1, and the
neutral stability at high Cy's for the plain wing (instability when
deflected in conjunction with split fleps,.,) Also there was little or
no reduction of the breaks in the pitching-moment curves when the
nose flaps were deflected..

J
Lateral Characteristics

The lateral characteristics of the triangulsr wing, as deter-
mined from the basic data in figures 8 and 9, are sumarized in
figure 19. The plain wing had a positive dihedral effect which
increased steadlly to a maximum value (Clﬁ = =0,0020) at a 1lift
coefficient (Cp, = 0.55) which corresponds approximately to the
point at which a change takes place in the type of flow over the
wing. 3Beyond this point there is a gradual reduction in CZB
until at CLmax it was approximately one~third the meximum velue.

Part (b) of the same figure, contains the curve for the wing with
split flaps at 44,59, The general pattern of the curve is the same
asg for the plain wing. The abrupt reduction near the peak 1s the
result of the break in the C; against C; curve for -3.7° side-
slip (fig. 9(¢c)). It is quite poseible that this break was due to
some asymmetry of the fleps, for there was no corresponding brezl:
in the basic curves for the plain wing. Unfortunately no data were
obtained at +3.7° sideslip with flaps deflected U4k .5° which would
permit a verification of the model asymmetry theory.

The CzB curves are drawn as dashed lines at large velues of Cr,

to indicate that in this reglon the wing exhibited a nonlinear
variation of rolling moment with sideslip. Typical examples are
ghown in parts (c) and (d) of figure 19 as curves of C; against B
for various values of Cr. In the case of the plain wing the curve
for Cr, = 0.10 is approximately linear up to 16° of sideslip, while
the curves representing Cp = 1.02 exhibits a sudden reversal in slove
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beyond 8 of sideslip. Somewhat similar conditions existed for the
wing with flaps deflected 44.5”. Hence, the Clg curves should be

considered as 1nd,10at1vp of the cendition exiating at £U4° of side—
slip,

Split—flap—type aileron eifectiveness is summarized in figure 20
from the data in figures 10, 12, and 13. (Fote that only one aileron
was deflected at a time.) Aﬁl@no“ effertivenegs at zero gidesliy
(Czaa = 0,00080) remained constant up to approximately the 1ift coeffi-
cient (Cp, = O, 50) at which there was a change in the type of flow
over the wing, and then drepped to only one-half the origin'l value
8% CLpay. AT 11.9° sideslip thne left or traeiling aileron indicated
more effectiveness than the right one at low values of Cy, but its
effectiveness dropped off rapidly untll at s C1, of 0.8 it wes less
effective than the righkt cne. The ‘5a curves have been terminated

at a Cp of 0.8, since beyond this velue the curves of rolling-moment
coefficient against ailercn deflection show extreme variations from
linearity. In part (b) of figure 20, it is shown tha%t reyrardless of
the value of (7 there is a reasonebly linear variation of (71 with
0q at zero sideslip, while in parts (c) and (&) or 11.9° sideslip,
there is pronounced nonlinearity at large valucs of Cr. It is cbvious
that teking the slope of these curves through 08y = 0 weould only lead
to an errcneous interpretation of aileron effectiveness

Directional Characteristics

The plain winz exhibited increasing directional stability
(anB/dCL = 0,0010) up to a Cp = 1.05 with and without flaps
deflected (fig. 21, a summary of figs. & end 9). Beyond this point
the directional staliility decrecascd rapidly to zero at the stull.,

It is of interest to note that the directional stability did not

drop off when the Tlow over the wing changed at a lower 1ift coeffi-
cierdt. However, above Cp = 0.8 there is a pronounccd nonlincar
variation of Cn with B, particularly for angles of sideslip
greater than 8° as shown in fisurce 21(c) and 21(d), The Cng

curve is shown as a dasghed linc in this region. The slight aLp in
the curve at a CL = 0.85, for the flaps—deflectcd.condlulon, corre-
sponds to the break in the ccrresponding CzB .curve of figure 19,

The deflection of a single alloron ;Voducod an adverse yewing
moment which varied almost lincarly (dvns /dCL —0,00033) with

increasing Cp, for the two angles of 31dusllp congidcred: < “nd ll 9°
(See fig. 22 for a summary of {igs. 10, 12, and 13.)




NACA RM No, ATFOS 13

Particularly noteworthy is the fact that when the Wing was at high
ngles of attack and 11,9° sideslip the ailerons exhibited different
yaw1n&—momen+ characteristics, depending upon which direction they
were deflected. (See examples in parts (c) and (d) of fig., 22.)
Under such circumstances the value of Cnsa becomes insignificant,

since Cnaa is the rate of change of Cn with 0 through &g = O,
For this reason the curves of Cpz  have been terminated at a
a.

Cy; of 0.8.

CORCLUDING REMARKS

It appears from thie results of this inveastigation that there are
two types of flow over the wing, typiiied by smooth flow at low lift
coefficients and by separation off the gharp leading edge at high
1ift coefficients. Tho trancition frcm one type of flow to the other
wes indicated Ly breaks in the force and moment curves. These breaks,
which occurred at different values of 1ift coefficients, depending
upon the wing configuration, indicate the division between two
generally different regimes of wing characteristics.

The maximuma 1ift coefficient of 1,36, obtained 2t an angle of
) (o) B 3 ~

attack of 33~, for the plaln wing was increased to only 1,40 by the
use of 18.5-perceni-arca split Tlaps deflected 18°, Flap deflections
greater than 18° regulted in a reduction in CLmax until a%t 59.0° the
Clmex was lese than that of the plain wing by 0.08, The use of 10—
percent~chord nose flaps deflected 14,5° produced & maximum Lift
increment of C.20 for the plzin'w?nc, but increased the angle of
attack for maximum 1ift to 3C°. The wing has longitudinal stability
about the one—quarter mecan acrodynamic cnord puwnt (avorago

%%m = - 0,12 for the plain winz) up to and tL%’uih the stall except

L

for the unstable brcaks in the moment curves near C.7 Lift coefficient
and except for very large flap deflections, which indicatcd a strong
destabilizing offéct at 1ift coefficients above the break., The wing

"oxhibited positive dihcdral effect and dirsctional stability in side—

/ a¢ ac A

alip | —=2 = - 0.0036 ——ELdaO 0010, for the plain wing } but the
/
\ d-CL o O.JL 2/

values of rolling and yawinz mouent changed ebruptly at large angles
f attack in sideslip. Aileron effcctiveness (Czaa = 0,00080) was



maintained up to a C, of 0.5 and decreased only slightly thereafter.
The rate of change of adverse yawing moment with aileron deflection

: - a0
increased almost linearly with lift coefficient K —a;§ﬁ N - o,ccoq3>;
C1, -

however this parameter was greatly influenced by the direction of
the aileron deflection at large values of 1lift in sideslip.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif.
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TABLE I.— SUMMARY OF CONFIGURATIONS INVESTIGATED
| ___Wing Configuration |
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ure Sideslip | Flap Flap | Number Presented
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{ ‘ 00 0.0 s e e iy l.,-,)) to CL V§ CD
;¥ 32.2x108 | Cp_ vs R
3 ~3.7° @ ol = B0
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(a) Basic wing.

Figure 31.;— 'm; low-aspect-ratio wing with triangular plan form mounted in the Ames 40— by 80-foot
wind tunnel,
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Figure 3.~ Continued,

Fig. 3b
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(¢) Nose flaps at 15° plus split flaps at 22°,

Figm 3 «— Concluded,
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Fig. 6 NACA RM No. A-7F06
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Fig. 10d NACA RM No. A-7F06
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NACA RM No. A-7F06
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