I8G05

NACA RM No.

B LE: CQP ' 19p
|_N9 ¥ [YRESTRICTED I

RESEARCH MEMORANDUM

FULL-SCALE INVESTIGATION OF AN EQUILATERAL TRIANGULAR WING
HAVING 10-PERCENT-THICK BICONVEX AIRFOIL SECTIONS
By Edward F. Whittle, Jr., and ]. Calvin Lovell

Langley Aeronautical Laboratory
Langley Field, Va.

: S OF
UMENT ON LOAN FROM THE FILE

“Hr:’ DOC
CLASSIFICATLION CHANGED LU TN AERONAL’“Q
UNCLASSIFIED naTioNAL ADVISORY g‘f”‘"‘ ke
A L LABORAT
NASA FILE COPY AUTHOKITY CROYLEY CHANGE: '#wé‘tg H“A,ZP1ON O

TR L DATE 12-14-53 TREF.

date stamped op; bar
noed o back cover,
aOvE ADDRESS.

PLEASE RE[URN TO CLASSIFIED DOCUMENT _.rif_'.'.:—‘—:--v— THE AB ;
-7 PUBLICATIONS SHOULD BE AD

REPORT DISTRIBUTION SECTION acsmesums s

States within the meaning of the Espionage Act,

USC 50:31 and 32. Its transmission or the AS FOLLOWS:
LANGLEY RESEARCH CENTER o o coume By e gl i
v COMMITTEE FOR

Information so classified may be Imparted

NATIONAL AERONAUTICS AND SRS T NATIONAL ADVISOR

civilian officers and employees of the Federal ET, N. W.
e A Government h' have a legitimate interest 1512 H STRE
SPACE ADMINISTRATION S s oot el ABNTON 388 O

informed thereof.

Langley Field, Virginia

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
September 30, 1948

RESTRICTED



ERRATA

NACA RM No. 18G05

FULL-SCALE INVESTIGATION OF AN EQUILATERAL TRIANGULAR WING
HAVING 10-PERCENT-THICK BICONVEX AIRFOIL SECTIONS
By Edward F. Whittle, Jr., and J. Calvin Lovell

September 30, 1948
Page 2: Insert the following symbol and definition between the
symbols Y and N:

Z normal force (—L)

Figure 1 should be replaced with the new figure 1, a copy of which
1s attached.
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Figure 1.— The stability system of axes and sign convention for the
gtandard NACA coefficients. All forces, force coefficlents, moment
coefficients, angles, and control—surface deflections are shown as

positive.
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FULL-SCALE INVESTIGATION OF AN EQUILATERAL TRTANGULAR WING
HAVING 10-PERCENT-THICK BICONVEX ATRFOIL SECTIONS

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

An investigation has been made in the Langley full-scale tunnel
of" the low-speed characteristics of a wing having triangular plan
iorm, 60° of sweepback at the leading edge, and 10-percent-thick
biconvex airfoil sections. The investigation consisted of the determi-
nation of the effects of semispan and full-span leading-edge and
trailing-edge flaps on the longitudinal aerodynamic characteristics of
the wing and the effects of a vertical fin on the lateral stability
characteristics.

The maximum 1ift coefficient of the basic triangular wing was 1.08
at a lift-drag ratio of 1.6, and both leading-edge and trailing-edge
flaps were relatively lneffective in increasing the maximum 1lift coeffi-
cient or the lift-drag ratio. The optimum flap configuration tested
had a maximum 1ift coefficient of 1.20 at a lift-drag ratio of 2.2.
These low values of lift-drag ratio at the relatively low values of
maximum 1ift coefficient indicate that high power-off sinking speeds
will prohibit safe power-off landing of wings of this type.

The effective dihedral of the triangular wing was low, and a
sizeable vertical fin did not appreciably change the effective dihedral
of the wing. The basic triangular wing had a small degree of directional
stability at low 1lift coefficients and became directionally unstable at
\ift coefficients above 0.90. The vertical fin contributed a stable

crement of approximately -0.0012 to the directional stability through-
the lift-coefficient range.

INTRODUCTION

A wing having triangular plan form, €0° of sweepback at the leading
edge, and 10-percent-thick biconvex airfoil sections has been tested in
the Langley full-scale tunnel as part of a general investigation of the
low-speed characteristics of probable high-speed-airplane configurations.
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The investigation included tests to determine the effects of
semispan and full-span leading-edge and trailing-edge flaps on the
longitudinal aerodynamic characteristics of the triangular wing. Tests
were made of several leading-edge and trailing-edge flap combinetions
to determine the optimum low-speed flap configuration. The lateral
characteristics of the unflapped triangular wing, with and without a
vertical fin installed, were also determined.

SYMBOLS

The data were referred to the stability axes, which are defined in
figure 1. The origin of the system of axes 1s located at the quarter
chord of the mean aerodynamic chord.

Cy, 1ift coefficient (L/qS)

CLmax maximum 1ift coefficient

Cx longitudinal-force coefficient (X/qS)
Cp drag coefficient (D/gS)

G pitching-moment coefficient (M/gSc')
Cy lateral-force coefficient (Y/qS)

CN yawing-moment coefficient (N/qSb)

Cy rolling-moment coefficient (L'/qSb)
L 11t

X longitudinal force

D drag (-X at zero yaw)

M pitching moment about Y-axis

Y lateral force

N yawing moment about Z-axis

Tait rolling moment about X-axis
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o] mass density of free-stream air
v free~stream velocity
Ve
q free-stream dynamic pressure EE—
S wing area
b/2
c' mean aerodynamic chord % 02 dy
0
b span of wing
a angle of attack, degrees (measured in the plane of symmetry)
CLa slope of 1lift curve, per degree
v angle of yaw, degrees (positive when right wing is back)
CYW rate of change of lateral-force coefficient with angle of
yaw, per degree
Cn rate of change of yawing-moment coefficient with angle of
v yaw, per degree
Clllr rate of change of rolling-moment coefficient with angle of
yaw, per degree
5; flap deflection, degrees (positive down)
L/D lift-drag ratio
R Reynolds number
Vg gliding speed, miles per hour
Vg ginking speed, feet per second
MODEL

The triangular 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. The airfoil sections parallel to the plane
of symmetry were NACA 25-(50)(05)-(50)(05) which are symmetrical
biconvex circular-arc sections having a maximum thickness of 10 percent
of the chord at the 50-percent-chord location. The wing had no geometric
twist or dihedral and was made entirely of metal.

General dimensions of the triangular wing are presented in
figure 2(a). The wing was provided with 12.5-percent root-chord
trailing-edge plain flaps, which had the hinge line parallel to the
trailing edge, and with 20-percent local-chord drooped leading-edge
flaps. Sectional views of these flaps are shown in figure 2(b). The
gap in the upper surface of the wing resulting from deflection of the
leading-edge flaps was faired over as shown in figure 2(b). - The flape
could be deflected downward as semispan inboard, semispan outboard, or
full-span leading-edge or trailing-edge flaps from 0° to 60° in incre-
ments of 10°. TUpward deflection of the flaps was not possible.

The vertical fin, which was installed for yaw tests, was constructed
of %-inch plywood and strengthened by %-inch steel plates attached to the
surface of the fin. It had an area of 29.5 square feet and an aspect
ratio of 1.43. The tail boom necessary for mounting the wing in the
tunnel had a 5-inch diameter and was attached to the upper surface of
the wing Just ahead of the trailing-edge flap. It extended approximately
5.5 feet behind the trailing edge of the wing.

Two test configurations of the triangular wing mounted in the
Langley full-scale tunnel are shown in figure 3.

RESULTS AND DISCUSSION

To facilitate discussion of the results, the presentation of data
is outlined below. The effect of scale is shown in figure 4 and the
stalling characteristics of the triangular wing in figure 5. The effect
of the various flap configurations on the longitudinal characteristics
of the wing is compared with the longitudinal characteristics of the
basic wing in figures 6 to 11 at a Reynolds number of approximately
6.0 x 10°. TFor convenience, a summary of the maximum 1ift coefficients
against flap deflections is presented in figure 12. 1In figure 13, the
polar curves of three flap configurations have been superimposed on a
gliding-speed and sinking-speed grid which was based on a wing loading
of 4O pounds per square foot. The lateral characteristics of the yawed
wing without and with a vertical fin installed are given in figures 14
and 15, respectively, and a summary of the lateral stability parameters
is presented in figure 16.

No tare corrections were applied to the data, since the tares of
the support-strut configuration were found to be negligible.
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Jet-boundary correctlions were made by an unpublished method which takes
into account both the chordwise and spanwise load distribution and
determines the boundary-induced downwash over the entire wing area.

The conventional corrections for stream angle, buoyancy, and blocking
were applied.

Longitudinal Characteristics

Basic wing.- The maximum 1ift coefficient of the basic triangular
wing was 1.08 at an angle of attack of 32.5° gnd, as shown én figure Uk,
a variation in Reynolds number from 2.91 X 10° to 9.61 x 10° had no
appreciable effect on CLmax' The lift-drag ratio for the basic wing

reached a maximum value of 10 at CL = 0.19 and then decreased with

increasing C1 to 1.6 at Cp___-

Tuft studies for the basic triangular wing are given in figure 5(a) -

At zero 1lift the flow over the wing was smooth and directed rearward.
As the 1lift coefficient increased, the vortex-type flow described in
reference 1 developed over the upper surface of the wing directing the
tufts toward the wing tips. This vortex action is favorable in main-
taining orderly flow over the wing at the high angles of attack for
maximum lift. In the region affected by the vortex action, the tufts
on the left wing panel exhibited a tendency to rotate in a clockwise
direction and those on the right wing panel exhibited a tendency to
rotate in a counterclockwise direction. This phenomenon was previously
noted for the flow over the 42° sweptback wing of reference 2. At a
1lift coefficient of approximately 0.50, unsteady flow developed at the
wing tips, and the slope of the 1lift curve decreased. This region of
unsteady flow, followed by an area of complete stall, moved progres-
gively inboard with increasing 1lift coefficient. At the maximum 1ift
coefficient the eutboard 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 CL, the slope of the pitching-moment curve
decreased somewhat but then begen to increase as C; increased. The

shape of the pitching-moment curve through the stall is considered
stable.

Trailing-edge flaps.- Figure 6 gives the effects of semispan
inboard trailing-edge flaps on the longitudinal aerodynamic 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 tips. The pitching moment became
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progressively more negative with increasing semispan flap deflection,
and the breaks in the pitching-moment curves remained stable, except
at a flap deflection of 60°. As shown in figure 12, the best Cr

of 1.15 obtained by semispan inboard trailing-edge flaps was at a
flap deflection of 20°.

Except for-flap deflections greater than 300, the longitudinal
data for full-span trailing-edge flaps are presented in figure 7. Sharp
discontinuities in the 1ift and pitching-moment curves appeared between
angles of attack of 12° and 14© fat a flap deflection of 20°, Cg

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

to —O-l&) after which the curves proceeded at decreased slope.

Discontinuities of this type were also noted in reference 3 for a
triangular wing having double-wedge airfoil sections and split trailing-
edge flaps. Tuft studies at a full-span trailing-edge-flap deflection
of 20° (see fig. 5(b)) indicate a rapid progression of unsteady flow and
stall over the wing tips between angles of attack of 12° and 14°. The
largest CLmax of 1.19 for full-span trailing-edge flaps (£1g. 12)

was obtained at a flap deflection of 20°. The small gains in C1

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

Leading-edge flaps.- Except for flap deflections greater than 300,
figure 8 shows the effect of full-span leading-edge flaps on the longi-
tudinal characteristics of the wing. Tuft studies of the flow over the
wing with full-span leading-edge flaps deflected 20° are given in
figure 5(c). The progression of spanwise flow and stall follow the
same pattern as for the basic wing, although the development of the
vortex-type flow was delayed somewhat by deflection of the leading-edge
flaps. This delay in the vortex action is believed to be due to the
decreased pressure differential between the upper and lower surfaces
of the deflected flap in the immediate vicinity of the flap leading
edge. The general shape of the pitching-moment curves was unaffected
by leading-edge-flap deflection. However, a progressively negative
shift of the curves appeared with increasing leading-edge-flap
deflection, due to the alleviation of pressures and loading at the
leading edge. It is shown in figure 12 that a full-span leading-edge-
flap deflection of 30° produced the largest Ct efile22%

The effect of deflecting the leading-edge flaps separately as
semispan inboard and outboard leading-edge flaps is shown in figures 9
and 10 and their separate effect on CLma is shown in figure 12.

&%

Deflection of the outboard leading-edge flaps improved the flow at the
wing tips, thereby providing more linear pitching-moment curves as
compared to the pitching-moment curves for the basic wing. However,
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the maximum 1ift coefficient was increased only to 1.16 at the

excessively large flap angle of 500- Separate deflection of the

semispan inboard leading-edge flaps had an adverse effect on CLma :
X

The general shape of the pitching-moment curves was unaffected by
flap deflection, but they were shifted progressively in the negative
direction due to loss in 1lift at the wing apex.

Flap combinationsg.- The effect of three leading-edge and trailing-
edge flap combinations on the longitudinal characteristics of the wing
is given in figure 11. Flap deflections of 20° were used throughout.
The deflection of full-span leading-edge flaps and semispan inboard
trailing-edge flaps had no appreciable effect on CLmax o L/D

at CLmax’ but the pitching-moment curve was shifted in a negative

direction. The addition to this flap combination of outboard trailing-
edge flaps shifted the 1ift curve upward to a CLma of 1.20, at which
S¢

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

The deflection of semispan outboard leading-edge flaps in conJunc-
tion with semispan inboard trailing-edge flaps extended the linearity of
the lift curve, thereby resulting in the maximum 1ift coefficient at an
angle of attack of 25.5° as compared with 32.5° for the basic wing. The
value of CLmax was increased to 1.20, and the lift-drag ratio at CLmax

was increased to 2.2. This combination produced the most linear
pitching-moment characteristics with a less negative shift of the curve
though the break at the stall was marginal. The combination of outboard
leading-edge flaps and inboard trailing-edge flaps 1s considered the
optimum landing configuration tested.

Figure 13 gives 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 1ift coefficient (0.77) for the landing approach is
49 feet per second at a flight speed of 143 miles per hour. It is
believed that this high power-off sinking speed will prohibit safe
power-off landings.

Lateral Characteristics

The variations of the lateral stability parameteré ClW’ an,
and CY¢- with Cp 1in figure 16 were obtained from the variations of Cq,

C,, and Cy with ¥ (figs. 1 and 15) at small angles of yaw (V¥ = +20),

Since the stability 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 stebility parameters. In general, however, it is
believed that positive values of CZW and negative values of an are

necesgsary for satisfactory flying qualities.

The value of Clw for the basic triangular wing increased from

zero at zero 1lift to a maximum value of 0.0012 at Cp = 0.40; and
as Cg, 1ncreased above 0.40, Cl¢ decreased, reaching zero at

CL = 0.64 and -0.00L4 at a CL of 1.00.  The vertical fin had no

appreciable effect on the effective dihedral. It is belleved that
deflection of the outboard leading-edge flaps would extend the 1lift-
coefficient range for positive effective dihedral, since these flaps
improve the flow at the wing tips.

The basic triangular 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 increased with C; to positive
values at 1lift coefficients above 0.92. The vertical fin contributed
a stable increment of approximately -0.0012 to an throughout the

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

above Cy = 1.0. These values of C for the fin-on configuration

Iy
are believed to be adequate for satisfactory flying qualities.

The basic triangular wing had a small degree of lateral-force
effect at low 1lift coefficients, due to asymmetry of the model and /or
air stream. At 1lift coefficients above 0.60, CYw increased with Crg,

to 0.004 at a CL of 1.00. The vertical fin contributed an increment
of approximately 0.005 to CYW throughout the Cj, range-.

CONCLUSIONS

The results of tests at a high Reynolds number of a triangular wing
having 10-percent-thick biconvex airfoil sections indicate the following
conclusions:

1. Since the optimm flap configuration tested (inboard semispan
trailing-edge and outboard semispan leading-edge flaps deflected 209)

only increased CLma to 1.20, it is believed that the maximum 1ift
X

coefficient of an equilateral triangular wing having plain trailing-edge
flaps and drooped leading-edge flaps will be relatively low.
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2. Low values of lift-drag ratio, at the relatively low values
of maximum 1ift coefficient, indicate that high power-off sinking
gpeeds will prohibit safe power-off landing of wings of this type.

3. Semispan outboard leading-edge flaps in combination with the
gsemigpan inboard trailing-edge flap gave the most linear pitching-
moment variation of those combinations tested. Although the marginal
break at the stall is not a desirable one, it is believed that no
serious stalling characteristics due to this condition will be
encountered in flight. The linearity of the pitching-moment curves
and generally stable tendencies through the stall indicate that
triangular wings of the type tested can be designed to have satisfactory
low-speed longitudinal stability characteristics.

4. The effective dihedral of the triangular wing was low at low
1ift coefficients (maximwn Gy, Wes 0.0012 8% a Cp of o.uo) and

became negative at 1lift coefficients above 0.63. A vertical fin having
13 percent of the wing area and an aspect ratio of 1.43 did not appreci-
ably change the effective dihedral of the wing. It is believed that
deflection of the outboard leading-edge flaps would extend the 1lift-
coefficient range for positive effective dihedral.

5. The basic triangular wing had a small degree of directional
stability at low lift coefficients and became directionally unstable
at 1lift coefficients above 0.90. The vertical fin contributed a stable

increment of approximately -0.0012 to an throughout the 1ift-

coefficient range.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley 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.
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Hinge axis

(b)

Section B-B

Sectional views of the triangular-wing flaps.

Figure 2.- Concluded.
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Figure 3.- The low-aspect-ratio triangular wing mounted in the Langley full -scale tunnel.
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Figure 5.- Stalling characteristics of the triangular wing.
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Figure 12.- Effect of flaps on the maximum lift coefficient.
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Figure 13.- Gliding speed and sinking speed of the triangular wing with the various flap combinations

and a wing loading of 40 pounds per square foot.
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Figure 16.- Effect on the lateral stability parameters of installing a vertical

fin on the triangular wing.



