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RESEARCH MEMORANDUM

TESTS IN THE AMES.hO- BY 80-FOOT WIND TUNNEL OF AN ATRPLANE
CONFIGURATION WITH A VARTABIR-INCIDENCE TRIANGULAR
WING AND AN ALL-MOVABLE HORIZONTAL TATL

By David G. Koenlg
SUMMARY

An investigation was made to determine the low-speed, large-scale
characteristics of an ailrplane configuration with an aspect ratio 2 tri-
angular wing of varisble incidence. The complete model consisted of the
varigble-incidence wing in combination with-a fuselsge of fineness ratio
13 (in plan view), a triangular vertical teil, and a thin, unswept, all-
moveble horizontel tail. The wing had an NACA 0005 (modified) section
and was equipped with partial-span, slotted, trail -edge fleps. Tests
of the model at zero sideslip for 0°, 6%, 10°, and 14° wing incidences
were made with the horizontal tail off and with the horizontal taill at
each of three vertical positions sbove the fuselage reference plane.
Characteristics of the model in sideslip were obtalned for a wing inci-
dence of 10° with two combinations of flep and horizontal-tail settings.
The average Reynolds mumber based on the mesn eserodynamic chord was 1k.T
million and the Mach number was 0.13.

The results of tests of the model with the horizontal tail off
showed that wing incidence was approximately 87 percent as effective in
producing 1lift on the model ss was angle of asttack. The effect of wing .
incidence on flap 1ift effectiveness was sbout the same as that due to
model angle of attack.

Results of tests of the model with the tail installed showed that,
in general, ilncreasing wing incidences were accompanied by increases in
the extent of instsbility throughout the lift-coefficient range. This
is releted to the adverse effects on stabllibty of increases in tail
height sbove the wing-chord plane due to wing incidence. "

Use of the wing as a trimming device with the tail fixed produced
stability but showed no advantage in 1ift over that possible for the
model with the fleps defiected and with the wing undeflected. Slight
increases in drag accompanied use of the wing ss e trimming device.
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occur at approximstely the same 1li1ft coeffilicient as was the case for a
gimilar model with the wing at zero lnecildence.

ataht
i~ e nda

INTRODUCTION

Problems have arisen from the undesirsebly high attitudes used to
attain landing 1lift coefficients for low-aspect-ratio triangular-wing
airplene configurations, Two methods which have been lnvestigated for
reducing the attitudes required are the use of trailing-edge flaps and
the use of a varigble-incidence wing. High-lift, tralling-edge flaps
have been Investigated at high Reynolds numbers on an airplene model
having & triasngular wing of aspect ratio 2 and an all-movsble horizontal
tail (refs. 1 and 2). Wing-fuselage models with varisble-incidence
wings of aspect ratioc 2 bave been tested at low Reynolds number (ref. 3).

In order to extend the scope of published data on triangular-wing
models with variable-incidence wings to higher Reynolds number, and for
the purpose of investlgating the static stability of a variable-incidence
triangulsr-wing model equipped with a horizontal and vertical tall, tests
were made in the 40- by 80-foot wind tunnel on a model with an aspect
ratio 2 triangular wing, a horizontal tail and vertical tail identical
to the model reported in references 1 and 2, but with the fuselage
modified to accommodate the varying of the wing incldence.

NOTATION

Figure 1 shows the gign convention used for presentation of the
data. All control-~surface deflections are measured in a plsne perpen~
dicular to the hinge or plvot line of the control surface.

b wing span, ft
bp . flgp span (moveble), £t
by horizontal-tail span, £t
c wing chord, measured parallel to wing center line, ft
T mean aerodynamiec chord of wing, measured parallel to wing
b/2
center line -(;. c®dy £t
i3 L 1555;-—-—:
¢ dy
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drag coefficient, §§§§

increment of drag coefficlent due to wind-tunnel-wall
interference

rolling moment
asSb

rolling-moment coefficlent,

1ift coefficient, lﬁgﬁ

pitching moment
gsec

horizontel-tail contribution to the pitching-moment coeffi-
cient of the model at & given angle of attack

pliching-moment coefficient,

increment of horizontal-tail contribution to the pitching
moment due to wind-tunnel-wmll interference

yawing moment

yawing-moment coeffleclent,
gsSb

side-force coefficient, E§Q£E§2£ES
total drag, 1b

horizontal-tail incidence relative to the fuselage reference
plane, deg

wing incldence relative to the fuselage reference plane
(positive direction same as for a), deg

. distance from moment center to pivot line of the horizontal

tail, £t
total 1ift, 1b
1ift-drag ratio
total wing area, sq £t
trailing-edge-flep srea (total movable), sq ft

horizontal-tail area, sg £t

fuselage width, ft

R
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b's longitudinal coordinste parallel to the model plane of
symmetry and the fuselage reference plane, ft

Na lateral coordinate perpendicular to the model plane of
symmetry, ft

Z vertical coordinate perpendlcular to the fuselage reference
plane, £t

Zy vertical coordinste perpendicular to the wing-chord plane, ft

a angle of attack of the fuselage reference plane with
reference to free stream, deg

Qm increment of angle of attack due to wind~-tunnel-wall
interference, deg

B angle of sideslip of the model plane of symmetry with
reference to free stream, deg

-(

&r flap deflection with reference to the wing-chord plane, deg

A symbol denoting increment

. 3¢

Liy Siw/a=0

o, v

3a /1,=0
MODEL

A drawing of the model is shown in figure 2 and pertinent geometric
data are presented in table I. A photograph of the model as mounted in
the Ames 40- by 80-foot wind tunnel is presented in figure 3.

The wing sectiomns parallel to the model center line were modified
NACA 0005 sections. The modification consisted of a straight fairing
from the 67-percent-chord station back to the tralling edge. The ordi-
nates of the modified NACA 0005 sectlon are presented in table II. The
wing-fuselage installatlon was such as to allow chenging the wing inci-
dence through a range of 0° to 14°, The wing was plvoted about g line
located at the 0.25~-chord point of the mean serodynamic chord and lying
in the fuselgge reference plane and was equipped with partial-span,
constant-percent-chord, slotted flaps. Dimenslions of the flaps are

presented in figure 4.
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Geometric data on the fuselage are presented in figure 5. In the
fuselsge reference plane, the fineness ratlo is 13.00. The depth of the
fuselage was such as to maintein a wing-fuselage gep (at the Juncture of
the wing and fuselage) of 0.0008 b/E or less for wing incidences of o°
to 10°. At 14° wing incidence, the wing-fuselage gap was 0.0008 b/2 or
less from the wing leading edge back to spproximately the TO-percent-
chord station, from which the gsp increased toc a value of 0.00kT b/2
at the trailing edge of the wing.

The horizontal and vertical tails were identlcal to thase of the
model reported in references 1 and 2. Characteristics of the model were
obtalined with the horizontal teil at each of three vertical positions,
hereinafter to be referred to as low, middle, and high position, with
values of z/(b/2) of 0, 0.25, and 0.50, respectively.

In the low position, the horizontal tail had & larger span
(bt/b = 0.738) than in the middle and high positions (bt/b = 0.632).

All wing and horizontal-tall deflections were within +0.1°. Flap
settings were made within +0.29,

TESTS

Longitudingl characteristics of the model with the horizontal tail
off were obtsalned with the wlng at several angles of incidence and the
flaps undeflected and deflected L0°. Longitudinal characteristics of the
model with the horizontal teil installed (i, 0°) at each of the three
positions (for velues of z/(b/2) of 0, 0.25, and 0.50) were obtained
for several wing incidences with the flaps undeflected. With the tail
in the low position and for &g, 0°, tests were made with the tail set
at incidences other than 0°. With the flaps deflected 40° and with the
tail in the low position, tests were made for several wing incidences at
iy 09 and for tail incidences other than 0° at i, 0° and 10°.

A limited investigation of the sideslip cheracteristics of the model
was made with the horizontal tail in the low position and with the wing
at 10° incidence. Flsp and tail setting combinations used were &g, 09,
ig, 09, and Bp, 40°, 1., 10° which were chosen to provide longitudinal
trim at a landing 1ift coefficient. Tests were made with varying angle
of gttack at several angles of sideslip, and with varying angie of side-
slip for several angles of attack.

The average Reynolds number of the tests was 14.7 million based on

the mean aerodyremic chord. The dynamic pressure was approximately
25 pounds per square foot and the Mach number was 0.13.
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CORRECTIONS TO DATA

All the data were corrected for alr-stream inclination and for
wind-tunnel-wall effects, the latter correction being that for a wing
of the same span having elliptic loading but with an unswept plan form.
These corrections were made as follows:

qp = 0.73 GL
Cpy, = 0-0128 Cp.2
For dats with the horizontal tail installed, a correctlion for additional

downwash at the pivot line of the tail (at the plane of symmetry, B, 0°)
was mede as follows:

CmT = 0.00G3 GL for the model with the tail in the middle and high
positions

0.0100 Cy, for the model with the tail in the low position

Drag and pltching-moment tares due to strut interference, based on
date obtained with a rectangular wing, were applied to the data.

RESULTS AND DISCUSSION

The bagic results of the investigation are presented in figures
6 through 14, and tsble III may be used as an index to these figures.
The data were corrected for wind-tunnel-wall effects and support-strut
interference. ' '

For purposes of alding in the comparison of the longltudinel char-
acteristics of the model with the horizontal tall at each of the tail
positions, moment center locations were chosen such that a valiue of
(8Cp/dC; ) g, —0s -0+06 would be obtained with the wing at 0° incidence and

the flaps and horizontal taill undeflected. These moment centers were
located at 41.8, %6.2, and 53.0 percent of the mean serodynamilc chord
for the low, middle, and high positions, respectively. For the pilitching-
moment data with the horlzontal tail off, & moment center location of
25-percent mesn serodynsmic chord wes used.
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Lift Characteristic of the Model With Tail 0fFf

The effectiveness of wing incidence in producing 1ift of the model
as compared to that produced by model angle of attack is presented in
Pigure 15. Wing incidence was less effective in producing 1ift than
was angle of attack; cLiw/CIq was gpproximately 0.87 for both })O and

4O© £lep deflections. - “42

The effects of wing incidence on flap 1lift effectiveness are shown
in Plgure 16. GQualitatively, the main effect of wing incidence is shown
to be equivalent to that of actusl wing angle of attack (o + iy); the
flap 1lift increment decreased rspidly when o + iy exceeded approx-
imstely 16°.

Longitudingl Stebillity With the Horizontal Teil On

Figure 17 shows the effect of wing incidence on the longitudinal
gtability of the model wlth the horizontal taell at each of three taill
heights with respect to the fuselage reference plane. A comparison of
the pitching-moment curves of figure 17 indicates that the chenges in
stablility brought about by wing-incidence chenges with the horizontal-
tail height fixed are, in general, similser to the changes resulting from
an increase in tail height with the wing incidence fixed.

The loss in stebility when the wing incidence is increased from
0° to 10© is attributable directly to the height of the horizontal tail
above the wing-chord plane. This 1s indicated by the data of figure 18
which presents the pltching-moment contribution of the horizontel tail,
Cm'b’ as a function of o + 1y, for the tall at a given tail height asbove
the wing-chord plane with the wing st 0° and 8° incidence. Although a
difference in tail span and tall incidence with respect to the wing
contribute to a quantitative disagreement of the two curves, the shspes
of the two curves are approximstely the. same. Figure 18 thus demon-~
strates that the effect of wing incidence on the stebility characteristics
of the model is the result of the accompanying chaenge in tail height
gbove the chord plane.

Examinegtion of the deta of figure 7 indicates the possgibility of -
aevoiding the adverse effect of wing inclidence on the longlitudinal
stability of the model with the tail in the low position. This could
be done by varying the wing incidence to provide longltudinsl trim.

It is seen from figure 7 that the model would be stable at the trim
condition.

—
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Trim Lift and Drag Characteristics

Trim characteristica are presented in figure 19 for the model with
the wing used as a trimming device with the tail fixed (i;, 0°) and for
the model with the tail used to maintain trim but with the wing unde-
Tlected. The figure shows that with the flaps deflected, an insignif-
icant smount of trim 1ift is gained by using wing incldence. With the
flaps retracted, the trim 1ift coefficients st angles of attack below
that for maximum 1ift of the model with varisble-incidence wing were
less than those obtained with the wing fixed and the flaps deflected.

The model with varisble-incidence wing showed approximately the
same trim drag characterilstics as did the fixed-wing model for values
of (Cr below 0.9 and 1.1 for B8p, 0° and 40°, respectively. For lift
coefficients above these values, the varisble-incldence model had
slightly higher drag then that of the fixed-wing model.

Directional Instability

The data for the model of reference 2 (similar to the present model
except for fuselage shape) showed that directional instsbility occurred
at 1ift coefficients of the order of 1.2. It is believed that this
directional Instability was due to sidewash 1nduced by separation vortices
originating from the wing (see ref. 4). Based on the reasoning expressed
in reference L, it would be expected that with an increase in wing inci-
dence, the vertical tail would be in a region of less adverse sidewash.
Restlts of the present investigation show, however, that with the wing
at 10° incidence, directional instability still occurs at approximately
the same 1ift coefficient as for the model (iy, 0°) of reference 2.

CONCLUDING REMARKS

Results of the investigation of the model with the horizontal tail
off showed that wing incidence was approximately 87 percent as effective
in producing 1ift as was model angle of atteck. The effect of wing -
incidence on flap 1lift effectiveness was approximately the same as that
due to model angle of attack.

Results of the tests of the model with the tail installed showed
that setting the wing at incidence had an adverse effect on longitudinal
stability. The adverse effect was the result of increases in tall height
above the wing-chord plane produced by increases in wing incidence. The
tall-height change due to wing incidence was shown to have approximately
the same effect as changing the tall height with the wing incldence held

constant.

-
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Trimming the model by varying the wing incidence rather than using
the tall as a trimming device produced no significent adventages in 1ift
over that possible for the model with the wing undeflected but equipped
with high 1ift flgps. Trimmed by varying the wing incidence, the model
was longitudinally stgble for the entire trim 1ift range for the moment
center locetions and tail incldences consldered. The trim drag
characteristics were not affected greatly by using the wing as a trim
device.

With the wing deflected 10°, directional instebility was fournd to
occur at approximstely the same 1ift coefflcient as was the case for
a similar model wilth the wing at zerc incidence.

d .

Ames Aeronauticel Laborstory
National Advisory Committee for Aeronautics
Moffett Fleld, Cealif.
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TABIE I.- GEOMETRIC DATA OF MODEL

Wing
312.5

Area, total, 8Q Fb ¢ v v v o o o 4 o 4 o 0 v 0 0 e e e

Area, movable (expused), SQ L « ¢ « ¢ « « o o s « s« s o & 215.96
Spa.n., ft . . « e @ . e s e e« s . e « s+ e @ ¢ & ¢ @ e e e 25-00
Mean aerodynamic chord, f£ « ¢ ¢ « « « ¢« o s o o o » « o o 16.67
Aspect ratlo o« ¢ ¢ o ¢ 4 0 6 & e o s 8 6 o s e o & o 8 & ’ 2
Taper ratio « ¢ o o ¢ o o o o o s o o ¢ a s s o o o o & 0
Alrfoll section parallel to model center line. . NACA 0005 (modified)

Fuselage '
Length, £t « « + & e s s s e s e s e s e e e e e 56.16

Meaximum width (on wing -chord plane), ft e e s e e s e e e 4.32
Fineness ratioc (in chord plane). « + « « ¢ o« o s = o o « & 13.00

Vertical tall

Exposed area, 89 £t o ¢« o o o o o s o o s s
Aspect r¥atio ¢« ¢ ¢ ¢ ¢ 4 e 6 & e e s e e o s .
Taper Tatlo o« ¢ ¢« v ¢ e « s o o ¢ a o o & &
Airfoll section parallel to model center line.

e e v e e 52.53
« e 4 e e 1
e ¢ o s 0
NACA 0005 (modified)

Trailing-edge flaps

R £ 0.123
Chord o o o o 4 o ¢ s 4 o o « o o o o 4 s 4 s 4 s 0 a . 0.208ke

Horizontal tail
Low position

Sg/S « o . . SRR 0.246

bt/b e ) e 5 e e v e e e e e e e e e 0.738
Ce at Q. 1 C ¢ ¢ e_ e ® ¢ o ®© 4 o o e o e e o 1-170
z/(b/2) ?1 O0) 4 ¢ ¢ e o o o o o & = o« ¢« o o o u o o 0
Aspect TEELO o+ o o v v e e e e e e e e e e Loy
Tapel TAEIO « o« o o o « o o o o o o o s s « = o o o o o o.46
Middle position .- )
st/s o e e e e 8 s 8 o 8 o e e s s e s e e e e e 0.200
. L] L] L] - - 1 2 L . Ll . L] L] . * L] L] L] L ] L] L L] L] 01632
/c (c.g' at 0 lI‘62c) . L L L] - L] ._ a L L L . L] L] L] L 3 - - 1.125
}(b/Q) (Iirs OP) & ¢ ¢ ¢ v 6 o o o o o ¢ o o o s a ¢ o o 0.25
Aspect ratio L ] -« L] - - L] - L ] - - - - L . .. - - L] L] L L] . .0
Taper ratio « o o« o ¢ o ¢ o o o « ¢ o ¢ o o« s s s s ¢ & 0.50
High position
StE/S o ¢ o o v e b e e e s e e e e e e e e e e e e e e 0.200
bt/b « e & a ¢ @ e ¢ & e & & e & & © & € 5 ¢ & ¢ & » 0.632
lt/c (clg. at O 530c) . - L] - L L] L ] . L L] - L] L] L) L] L L ] . 10057
Z/ b/E) (iw, O ) ® ¢ & & @ & ¢ e s s @ -” e & e & & s o 0050
Aspect I‘atio e & o ¢ ® o @ ® o ¢ ¢ ® 8 8 8 & & 9 e € ¢ @ l“lo
Taper ratlo o o o o o ¢ o o5 R abie, F e e e e e 0.50
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TABLE II.- COORDINATES OF THE RACA 0005 (MODIFIED) SECTION

Station Ordinste
(percent chord) {percent chord)
0 0
1.25 .T89
2.50 1.089
5.00 1.481
T«50 1.750
10.00 1.951
15.00 2.228
20.00 2.391
25.00 2.476
30.00 2.501
4o.00 2.419
50.00 2.206
60.00 1.902
67.00 1.650
T0.00 1.500
80.00 1.000
90.:00 500
100.00 0
L.E. radius:’ 0.275-percent chord

W



TABIE IIT.~- JNDEX OF CONFIGURATIONS TESTED

NACA RM A53D21

[W, wing; F, fuselaze; V, vertical tall; HL, HM, HH, horizontal
tail at low, middle, high positlon, respectively]

Configu-{Control deflection, deg B a
Figure ration |1y, ¢ 1t deg| deg Data
6(a),(b) | WwF+V 0,6L10, 0,40 { tail off 0 {-2 to 26{Cy Vs o, Cp, Cp
1
T(a),(b) | W+F+V+HL 0,63;0, 0,k o 0 [-2 to 26|Cy, vs a, Cp, Cy
1
8 W-AF+V+EM o,6a}o, 0 o] 0 |-2 to 26{Cy, vs a, Cp, Cp
1
9 WAF+V-+HH O’6ilo’ 0 0 0 -2 to 25{Cf, v8 a, Cp, Cp
1
10(a), (b} W+F+V+HL]0,10 0,40 | -2 to 10 0 {-2 to 26{Cy, vs a, Cp, Cp
(e),(a)
11(a), (b)) WF+v+EL| 10 0 o} 0,6,8| 0 to 26{Cy, ve o, Cp, Cm
Cz: Cn> CY
12(a), (b} W+F+V+HL{ 10 o] o] -4 to} 0,9,17 [C;,, Cps Cm» Cy:s
8 21 Cpns Cz5 vs B
13(a), (b)| W+F+V+HL] 10 ko 10 0,6,8} 0 to 25]Cr, vs «, Cp, Cp
CZ: Cns Cy
1hk(a), (b)] WiF+V+HL] 10 bo 10 -4 to{ 1,9,17 |Cr» Cps Cms Cy,
8 21 Cn, CZ, va B

'anggyr’



Figure l.- The sign convention used in presentation of the data. All force and moment
coefflclents, angles, and control-gurface deflections are shown as positive.
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———A2.50 ™

23.9/ -

Pivot [line for
horizontal tail

Wing pivot line

Fuselage
reference plane 7

—

56./6 / ' =
Intersection of pivot line
Dimensions shown in Feet and plone of symmefry
unless otherwise nofed

Figure 2.- Geometric details of the model, wing at 0° incidence.
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Flgure 3.- The model as mounted in the Ames LO- by 80-foot wind tunnel,
shown with the wing at 10° incidence.
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Flap

station O

/——20.84 from wing T.E.

4.30

~

30 57 ':}t"

A0 ~\,

~

? :\-Sf, 40:

NACA RM A53D21

/—Edge of slet lip

Section shown parallel to

model center line

S2R

< Point at which flap hinge
line intersects section plane.

Flap deflection, 8 , is measured
perpendicular to flap hinge line.

]
KNF uselage Wing T.E.'A

This point on hinge line
Mmoves parallel fo model
center line

Model cenfer line

Flap coordinates

Station| Upper | Lower
surface | surface
o -or77 | —0.77
JO | - 49 | - .9/
20| - 36| - .96
A0 - 16 | - .99
60| — .0l | -1.00
{.20 3| - .99
/.80 S22 | - .96
2.40 66| - .92
3.00 /6| — .89
3.60 80| — .86
420 .8t | — .83
5.00 80| — .80
10.00 Se¢ | - .54
15.00 L9 — .29
20.84| © (7]

Ceqzec of L& arc
f5 -.77

L.E. radius.: 0.15

Dimensions shown In
percent wing chord

Figure k4.- Geometrlc data of the tralling-edge constant-percent-chord

slotted flap.
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Vertical tall

v

Fusel
reference plane

TSAESQY WY ¥OVK

I [}
.94 (Typical for '
Xy , 1.29 1o 50.66)

All dimensions shown in feef

2.96 /11.29 1583 3643 4230

27.06
Distance from nose of fuselage, Xg

-5.50

\——Canfacl/r of fuselage used

in reference [ defined by
re2245 - (i~ g )

Ny

50.28

Fuselage
reference plane

/6

Figure 5.~ Geometric detalle of the fugelage,
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Litt coefficienf, Cp

8
by, dog
16 (@] @
o 6
A 0
L < 9
Fpad s
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Angle of affeck, a, deg Fitehing-moment cosfficient, Cm
o N 4 5 6 7 8

L 3 .
Drag coefficient, Cp
( a) Bf.v oo

Figure 6.- Longitudinal cheracteristice of the model wilth the wing at four incidences and the
tail off; moment center, 0,250c.
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