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Page 2:' Insert the following symbol and definitlon between the
synbols Y and N:
Z normal force (~L)

Flgure 1 should be replaced with the new figure 1, a copy of which
is attached.
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Figure 1.~ The stablllty system of axes and slgn convenbion for the
etandard NACA coefficients. A4ll forces, force coefficilents, moment
coefficients, angles, ani conbtrol—surface deflections are shown as
posltive,
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RESEARCH MEMORANDUM

FULL-SCALE INVESTIGATION OF AN EQUITATERAT, TRTANGULAR WING
HAVING 10-PERCENT-THICK BICONVEX ATRFOIL, SECTIONS

By Edward F. Whittle, Jr., and J. Calvin Iovell
SUMMARY

An investigation has been made in the Iengley full-scale tunnel
of the low-speed characteristlics of & wing having triangular plen
form, 60° of sweepback at the leading edge, and 10-percent-thick
blconvex alrfoll sectlons. The linvestigation conslsted of tlise determi-
nation of the effects of semispan and full-span leading-edge and
trailing-edge flaps on the longltudinal aerodynamlc characteristics of
the wing and the effects of & vertical £fin on the lateral stability
characteristics.

The maximum 1ift coefficlient of the baslc triangular wlng wes 1.08
at a 1lift-drag ratioc of 1.6, and both leading-edge and trailing-edge
flaps were relatively ineffective In increaesing the maximum 1ift coeffi-
clent or the lift-drag ratio. The optimum £lap configuration tested
had a maximmm 1ift coefficlent of 1.20 at a lift-drag ratio of 2.2.
These low values of lift-drag ratlio et the relatively low values of
maximumm 118t coefficlent indicate that high power-off sinking speeds
will prohibit safe power-off landing of wings of this type.

The effective dihedral of the trlangnlar wing wes low, and a
sizeable verticel f£in dld not appreciably change the effectlve dihedral
of the wing. The basic triangulsr wing had a small degree of directional
stability at low 11ft coefficlents and became dlrectlonally unstable at
11ft coefficients above 0.90. The vertlcal fin contrlbuted a stable
increment of approximetely -0.0012 to the dlrectional stablility through-
out the lift-coefficient rangs.

INTRODUCTION

A wing having triengutar plan form, 6_0° of sweepback at the leading
edge, and 10-percent-thick biconvex airfoil sections has been tested 1n .
the TLangley full-scale tunnel as part of a general investigatlon of the
low-speed characteristics of probable high-speed-airplane configurations.

UNCLASSIFIED
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The investigation included tests to determline the effects of
semiapan and full-span leading-edge and tralling-edge flaps on the
longitudinal aerocdynemic characteristics of the triangular wing. Tests
woere made of several leading-edge and tralling-edge flap combinetions
to determine the optimum low-speed flap configuration. The lateral
characterlstics of the unflapped triangular wing, with and without a
vertical fin Iinstalled, were also determined.

SIMBOIS

The data were referred to the stabllity axes, which are defined in
figure 1. The origin of the system of axes 18 located at the quarter
chord of the mean sercdynamlic chord. ' '

Cy, 1ift coefficient (L/gS)

] maximum 11ft coefficlent
Tmax

Cx longltudinal-force coefficient ~ (X/gS)
Cp drag coefficient (D/gS)

Cm pitching-moment coefficient (M/gSc')
Cy lateral-force coefficient (Y/gS)

Cn yawing-moment coefficient (N/gSb)

Cy rolling-moment coefficient (IL'/qShb)

L 1ift

X longitudinal force

D drag (-X at zero yaw)

M . pltching moment about Y-axis

Y lateral force - . L
N yawing moment about Z-axis

L rolling moment ebout X-axis
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o mass density of free-stream air
v ‘ free-stream vélocity
forics
q free-stream dynamic pressure >
S wing area
b/2
c! mean aerodynemic chord -g- 2 dy
0
b span of wing
(<) angle of attack, degrees (measured in the plene of symmetry)
CLa. glops of 1lift curve, per degree
¥ angle of yaw, degrees (positive when right wing is back)
CY‘:[: rate of change of lateral-force coefficient with angle of
_ yYaw, per degree )
Ch. rate of change of yawing-moment coefflcient with angle of
L4 yaw, per degree
CZ* rate of change of rolling-moment coefficient with angle of
yaw, per degree
Bp flap deflection, degrees (positive down)
L/D lift-drag ratio
R Reynolds number
Vg gliding speed, miles per hour
Vg " sinking speed, feet per second

MODEL

The triangnl=r wing tested had a span of 23.1 feet, equilateral
plan form, which corresponds to 60° of sweepback at the leading edge,
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and - an aspect ratio of 2.31. 1Tha:alrfoll.gectiops: pargllel to the plane
of symmetry were NACA 25-(50)(05)-(50)(05) which are symmetrical
biconvex circuler-arc sections having a maximup thiokness.of 10 percemt
of the chord at the 50-percent-chord locaticm. The wing had no gecmetric
twist or dihedral and wag’ 3)59.'? eniig‘aeelq of met " ey dEeneT

General dimensions of the trianguler wing are presented in
figure 2(a). The wing was provided with 12.5-percept, Hghord
trailing-edge plain flaps, which had the hinge line pagﬁlel to the
trailing edge, and with 20-pergent “local-chord drooped leading-edge
flaps. Sectional vie’ws ot these f_lqp 838, 8hown in, figure 2(b). The_
gap In the upper swrface of the, n)g resulting from deflection of the
leading-edge flaps wes falred over ‘as shown in figure 2(b). The flaps
could be deflected downward as semispan inboard,_ sgmi,s outboard. or
full-spen leading-edge or tralling-edge flaps from 0°*to 863 in inere-
ments of 10° Upward deflection of the flaps was not possible.

L &t vt bevnARem) Beermeb JA0BFTS To elnnn K.}

The vertical fin, which was Iinstalled for yaw tests, was constructed
of -E-inch plywood and strsngthensé’.E by“% -inch stesl _'pfla.tes attached. 40" the

surface.of. the, fin., It had, ap. ayea.of 29,3, 59uare faot,and en aspect,
ratio of 1. )+3 The tall boom necessary for mounting the wing in the

tunnel had a.5-inch dlametor s d. to & er surface of
the wing just ashead of the tra'i%ﬂﬁa la,R ?F"‘It BI%RP '3.63 approz:unatsly
5.5 feet behind the trailing edge of the w‘iﬁg: o

‘36 test Contd gt gurations P IHe YR TEE L %?fripng Ef;'_éﬁ:: in the -,:,-rr'
La.ngley full-scale tumnel are shown in figur b

Sy osiuan ouaw Jneis{Tieos dnamel-moil oy fo epoRdd IC 30 6Y R
—— TG S ¥ &y u-r-.'_
RESULTS AND DISCUSSION 2% °
e & oaw FAFAOG ) geainsh L norddel lsk JRLT ')

To facllitate discussion of the results, the pressntation of dsta
is outlined below. The effect of scale is shoWwh'irEF Figure 4 and the.
stalling characteristlics of the trlanguler wing in figure 5. The effect
of the verious flap configurations on the longiindinal. charscteristics
of the wing is compared with the longltudinal characteristics of the
basic wigg in figures 6 to 11 al. 8. gnog,g.siﬁ. ggﬂ Pgroximstsly
6.0 x 10 For convenience, a summary of the imz:i_rmm 11%% toefficiente
agalnst flap deflections ie presented in figure 12. In figure 13, the
polar curvee of three flap configurations have'beeh siuperimposed on &’
gliding-spesd and sinking-speed grid which was based. on a wing loading
of 40 pounds per square foot. The lateral characteristice of the yawed
wing without and with a vertical fir'installed are given in figures 14
and 15, respectively, and a summary of the lateral stability parameters
is, presentsd. in figure 16.

Cliorpe toeed L0 J0 g R bed .bsdam nriw "Ir\_Li"-.a'L.'—i", 3T
- No~ tare-cortrectiona? wore apphlied ' to” thy data,” minée’ the. Lares of.
the support-strut conflguration were found to be negliglble. )
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Jet-boundary correctlions were made by an unpublished method which takes
into account both the chordwise and spanwlse load .distribution and
determines the boundary-induced downwash over the entlre wing aresa.
The conventional corrections for stream sngle, buoyancy, and blocking
were applled.

Iongitudinal Charscteristics

Basic wing.- The maximum 11ft coefficient of the basic tria_ngular
wing was 1.08 at an angle of attack of 32.5° as shown %n figure I,
a variation in Reynolds number from 2.91 X 10 o 9.61 x 10° had no
appreciable effect on clmax' The 1lift-drag ratio for the basic wing

reached a maximum value of 10 at Cq, = 0.19 and then decreased with’ iy
increasing Cy, to 1.6 at Clyny”

Tuft studies for ‘the basic triangular wing are glven in figure 5(a) .
At zero 1ift the flow over the wing was smooth and dlrected rearward.
As the 1ift coefficlent increased, the vortex-type flow descrlbed in
reference 1 developed over the upper surface of the wing directing the
tufts toward the wing tips. This vortex actlon is favoraeble 1in main- .
taining orderly flow over the wing at the high angles of attack for
maximm 1ift. In the region affected by the vortex actlon, the tufts
on the left wing panel exhlbited a tendency to rotate in a clockwlse :
direction and those on the right wing panel exhiblted a tendency to gk
rotate 1n a counterclockwlise direction. This phencmenon was previouslya .
noted for the-flow over the L42° sweptback wing of reference 2. At a =
1lift coefflcient of approximetely 0.50, unsteady flow developed at the
wing tips, and the slope of the 1ift curve decreased. This region of
unsteady flow, followed by an area of complete stall, moved progres-
sively inboard wlth Increasing 1ift coefficient. At the meximum 1ift
coefficient the eoutboard third of the semispan appeared to be completely
stalled.

The slope of the pitching-moment curve was negative and constant
up to the Cp, .(approximately 0.50) of initial unsteady flow at the

wing tips. At this C;, the slope of the pitching-moment curve
decreased somewhat but then began to increase as Cy 1Increased. The

shape of the pltching-moment curve through the stall 1s consldered
stable.

Trailing-edge flaps.- Figure 6 gives the effects of semispan
inboard trailing-edge flaps on the longitudinal aerodynamlc charac-
teristics of the wing. At low lift coefficients the usual effects of
trailing-edge flaps were shown, and the slope of the 1lift curves
remained constant up to the angle of attack at which the initial
unsteady flow developed at the wing tlps. The pitching moment became
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rrogressively more negative wlth lncreasing semispan flap deflection,
and. the breaks 1n the pltching-moment curves rémslned stable, except
at a flap deflection of 60°. As shown in figure 12, the best Chynx

of 1.15 obtalned by semlspan inboard trailing-edge flaps was at &
flap deflection of 20°. _

Except for-flap deflections greater than 30°, the longltudinal
data for full-span tralling-edge flaps are presented in figure 7. Sharp
discontinuities in the 1ift and pliching-moment curves appeared between
angles of attack of 12° and 14° fat a flap deflection of 209, Cp,

decreased from 0.93 to 0.88 and C, increased positively from -0.23

to —0.159 after which the curves proceeded at decreased slope.

Discontinulties of this type were also noted in reference 3 for a
triangular wing having double-wedge alrfoll sections and split tralling-
edge flaps. Tuft studles at a full-span tralling-edge-flap deflection
of 20° (see fig. 5(b)) indicate a rapid progression of unsteady flow and
gtall over the wing tips between angles of attack of 12°_and 14°. The
largest Cy of 1.19 for full-span tralling-edge flaps (fig. 12)

was obtained at & flap deflection of 20°. The small gains in Cr

and the unstable pitching-moment breaks together with the need for
outboard control surfaces render full-span trailing-edge flaps
Jmpractical for use on wings of this type.

Leading-edge flaps.- Except for flap deflectlons greater than 30°,
figure 8 shows the effect of full-span leading-edge flaps on the longl-
tudinal characteristics of the wing. Tuft studies of-the flow over the
wing with full-span leading-edge flaps deflscted 209 are given 1in
figure 5(c). The progression of spanwise flow and stall follow the
same pattern as for the basic wing, although the develomment of the
vortex-type flow was delayed somewhat by deflectlon of the leading-edge
flaps. Thls delay ln the vortex action is believed to be due to the
decreased pressure differential between the upper and lower surfaces
of the deflected flap 1n the lmmediate vicinlty of the flap leading
edge. The general shape of the pltchling-momsnt curves was unaffected
by leadlng-edge-flap deflecticn. However, a progressively negative
shift of the curves appeared wlth increasing leading-edge-flap _
deflection, due to the alleviatlon of presaures and loading at the
leading edge. It 1s shown in figure 12 that a full-spen leading-edge-
flap deflection of 30° produced the largest Cr of 1.22.

The effect of deflectling the leading-edge flaps separately as
semispan inboard and outboard leading-edge flaps is shown in figures 9
end 10 and thelr separate effect on CIma is shown in figure 12.

X

Deflection of the outboard leading-edge flaps improved the flow at the
wing tips, thereby providing more limear pltching-moment curves as
compared to the pltching-moment curves for the basic wing. However,
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the maximum 1ift coefflclent was incrsased only to 1.16 at the
excessively large flap angle of 50°. Separate deflectlion of the
semispan inboard leading-edge fleps had an adverse effect on Cp .

The general shape of the pltching-moment curves was vnaffected by
flap deflectlon, but they were shifted progressively in the negative
direction due to loss in 1ift at the wing apex.

. Flap combinstions.- The effect of three leading-edge and trailing-
edge flap combinations on the longltudingl characteristlics of the wing
is given in figure 11. Flap deflections of 20° were used throughout.
The deflection of full-span leading-edge flaps and semlspan inboard
trailing-edge flaps had no apprecliable effect on cImax or L/D

at CLmai’ but the pltching-moment curve was shifted In a negative

direction. The addlitlon to this flap combination of outboard trailing-
edge flaps shifted the lift curve upward to a Cp of 1.20, at which

I./D wvas 1.5, and the pitching-moment curve was shifted still more 1in a
negative direction.

The deflection of semispan outboard leading-edge flaps in conjunc-
tion wilth semispan inboard trailing-edge flaps extended the linearlty of
the 1ift curve, thereby resulting in the maximmm 1ift coefficlent at an
angle of attack of 25.5° as compared with 32.5° for the basic wing. The
value of chax was increased to 1.20, end the lift-drag ratio at OCg

was Increased to 2.2. This combination produced the most linear
pltching-moment charecteristics with a less negative shift of the curve
though the break at the stall was marginal. The comblnation of outboard
leading-edge fleps and inboard trailing-edge flaps 1s considered the
optimum landing configuratlon tested.

Figure 13 glves the polar curves for several flap configurations
superimposed on a gliding-speed and sinking-speed grid based on an
assumed. wing loading of 40 pounds per square foot. The curve for the
optimum flap combination tested shows that the power-off sinking speed
at thé estimated 11ft coefficient (0.77) for the landing approach is
ho Peet per second at a flight speed of 143 mliles per hour. It is
belleved that this high power-off sinking speed will prohlibit safe
power-off landings. :

Lateral Characteristics

The variastions of the lateral stability peremeters Cj v Cop
and 'CYxlr with Cp, in figure 16 were obtained from the variations of Cq,

Cp, and Cy with ¥ (figs. 14 and 15) at small angles of yaw (¥ = #29),
Since the stabillity boundaries for a triangular wing have not.been
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established, there is some question as to the significance of the
magnitude of the stabllity parameters. In general, however, it 1s
belleved that positive values of CZ* and negative values of Cn\F are

neceasary for satisfactory flying qualities.

The value of CZ¢ for the basic triangular wing increased firam

zero at zero 1ift to a maximumm value of 0.0012 at Cp = 0.40; and
a8 @y, increased above o.yo,_qz* decreased, reaching zero at

Cr, = 0.64 and -0.00k at a Cp of 1.00. The vertical fin had no

appreclable effect on the effectlve dihedrel. It is belleved that
deflectlion of the outboard leading-edge flaps would extend the 1ift-
coefficlent range for positive effective dihedral, since these flaps
improve the flow at the wing tips.

The basic triasngular wing had a small degree of directional sta-
bility at 1ift coefficients between 0.20 and 0.90. The minimum value
of an for the basic wing was -0.0007 at a Cj, of 0.80, and at 1lift

coefficients above this value an

values at 1lift coefficlents above 0.92. The vertical fin contributed
a stable increment of approximately -0.0012 to Cn# throughout the

lift-coefficient range but did not prevent CnW from becoming positive

increased with C; to positive

above Cp, = 1.0. These values of Cn* for the fin-on configuratlon
are belleved to be adequate for satisfactory flying qualities.

The baslc trilangular wing had & small degree of lateral-force
effect at low 11ft coefficients, due to asymmetry of the model and/or
air stream. At lift coefficients above 0.60, GY¢ increased with Cy,

to 0.004 at & Cy, of 1.00. The vertical fin contributed an increment
of approximstely 0.005 to CY*. throughout the Cj, range.

CONCLUSIONS

The results of tests at & high Reynolds number of a itriangular wing
having 10-percent-thick biconvex alrfoil sections indicate the followling
conclusions: .

1. Since the optimum flap configuration tested (inboard semispan
trailing-edge and outboard Semispan leading-edge flaps deflected 20°)
only increased CLma to 1.20, 1t is belleved that the maximum 1ift

x .

coefficient of an equilateral triangunlar wing having plain treiling-edge
flaps and drooped leading-edge flaps will be relatively low.
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2. Low values of lift-drag ratlo, at the relatively low values
of maximum 1lift coefflclent, indlcate that high power-off sinikdng
speeds will prohiblt safe power-off landing of wings of this type.

3. Semlispan oubtboard leading-edge flaps in combinatlon with the
semlispan inboard trailing-edge flap gave the most linear pltching-
moment variation of those combinations tested. Although the merginal
break at the stall is not a desirable one, it is believed that no
serious stallibhg characteristics due to this condition wlll be
sncountered 1n flight. The linearity of the pltching-moment curves
and generally stable tendencies through the stall indicate that
triengular wings of the type tested can be designed to have satisfactory
low-speed longltudinal stabllity characterlstics.

k. The effective dihedral of the triangular wing was low at low
1ift coefficients (maxl.mum G;, Was 0.0012 st a COp of o.ho) and

became negative at 11ft coefflclents above 0.63. A vertical fin having
13 percent of the wlng area and an aspect ratic of 1.43 did not appreci-
ably change the effective dihedral of the wing. It is belleved that
deflsction of the outboard leadling-edge flaps would extend the 1ift-
coefficient range for poslitive effectlve dlhedral.

5. The basic trlangular wing had a small degree of directional
stability et low 1ift coefficients and became dlrectlionally umstabls
at 1ift coefficlents above 0.90. The vertical fin contributed a stable
increment of approximstely -0.0012 to an throughout the 1ift-

coefficient range.
Langley Aeronautical ILaboratory

Natlonal Advisory Committee for Aeronautlcs
Langiey Field, Va.
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Figure 1.- The stability system of axes and sign convention for the standard
NACA coefficients. All force coefficients, moment coefficients, angles, and
control-surface deflections are shown as positive.



<+ acinimeee -~ -~ NACA RM No. I8GCS

8”"Radius

/// g’LJ n————-/zo"——}

240" >

R 78"——'
4

(a) Dimensions of the triangular wing.

Figure 2.- General arrangement of the low-aspect-ratio triangular wing.
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Section B-B

(b) SecHonal views of the triangular-wing flaps.

" Figure 2.- Concluded.
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(a) Baslc wing.

Figure 3.- The low-aspect-ratio triangular wing mounted in the Langley full-scale tunnel:
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(b) Vertical fin installed for yaw tests,

Figure 3.~ Concluded.
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Figure 4.~ Effect of Reynolds number on the aerodynamic characteristics of the triangular wing.
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Figure 5.- Stalling characteristics of the triangular wing.
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Figure 13,- Gliding speed and sinking speed of the triangular wing with the varlous flap combinations
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