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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

TESTS IN THE AMES 40- BY 80-FOOT WIND TUNNEL OF AN ATRPLANE
CONFIGURATION WITH AN ASPECT RATIO 3 TRIANGULAR WING
AND AN ATL-MOVABLE HORIZONTAT TAIL, - LONGITUDINAL
AND IATERAT, CHARACTERISTICS

By David G. Koenig
SUMMARY

An investigation has been mede to determine the low=speed large-
scale characteristics of an aspect ratio 3 triangular-wing airplane
model., The complete model consisted of the wing in combination with a -
fuselage of fineness ratio 12.5; a thin, triangular vertical tail with
a constant-chord rudder; and a thin, uneswept, all-moveble tail (aspect
ratio of approximately 4). The wing had an RACA 0005 (modified) sec~
tion and was equipped with partial-span, slotted, trailing-edge flaps
of constant chord. Tests of the model st zerc sideslip were made with
the horizontal tail at each of three vertical positioms (0, 0.21, and
0.41 wing semispan above the extended wing-chord plane) at one fixed
longitudinal distence behind the wing. The characteristics of the
model in sideslip were investigeted with the tail in the extended wing-
chord plane. In sddition, a limited investigation was msde on the use
of flaps or the horizontal tall as a lateral-control device. The aver-
age Reynolds nunmber, based on the wing mean serodynamic chord, was
12.8 million and the Mach number was 0.13.

AP

INTRODUCTION

Wind-tunnel tests at subsonic and supersonic speeds have been made
for small-scale, aspect ratio 3 triangular wings. In order to extend
the scope of data on the aspect ratio 3 triangular-wing plen form to
that of large scale, an investigation has been conducted in the Ames
4o~ by 80-foot wind tunnel.
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For purposes of paralleling previous investigations of airplane
configurations with aspect ratios 2 and 4 triangular wings in the
40- by 80-foot wind tunnel (refs. 1, 2, ard 3), an aspect ratio 3 tri-
angular wing with an NACA 0005 (modified) section equipped with
trailing-edge partial-span slotted flaps of constant chord was tested
in combination with a fuselage, vertical tail, and horizontal tail.
This combination was identical to that used in the previocus investi=~
gations. In addition to symmetrical control deflectione, the flaps and
horizontal tall were deflected asymmetrically and a limited investi«
gation of thelr use as lateral-control devices was made.

The results are presented herein without analysis in order to
expedite publication.

NOTATION

Figure 1 shows the sign convention used for presentation of the
data. All control-surface deflections are measured in = plasne perpen=
dicular to the hinge or pivot line of the control surface.

b wing span, ft

be wing-flap span (movable), ft

by horizontal-tall span, ft

c wing chord, measured parallel to wing center line, ft

(e] ]

mean aercodynamic chord of wing, measured parallel to wing

fob/2 Cedy'
center line, ———, ft
f b/2 a
o ¢ &y

Cp drag coefficient, drag/qS
Cy rolling-moment coefficient, rolling moment/qSb
Cy, 1ift coefficient, 1ift/qgS
Cm pitching-moment coefficient, pitching moment/qSc
Cn yawing-moment coefficient, yawing moment/qSb

Cy side-force coefficient, side force/qS
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D total drag, 1b

ig horizontal-tail incidence relative to the wing-chord plane, deg

1t distance from moment center to pivot line of the horizontal
tail, £t

L total 1ift, 1b

1/D 1ift-drag ratio
P rate of rolling, radians/sec

pb/2V wing-tip helix angle, radiens

q free-stream dynemic pressure, 1b/sq Tt

S wing area, sq ft

Sp trailing-edge-flap area (total movable), sq £t

St horizontal-tail area, sq ft

v free-stream velocity, fi/sec

b 4 longitudinal coordinate parallel to model center line, ft

¥y lateral coordinate perpendicular to plane of symmetry, ft

z vertical coordinate perpendicular to wing-chord plane, ft

o angle of sttack of the wing-chord plane with reference to free
stream, deg

ag rate of change of wing-section angle of attack with control-
surface angle for constant section 1ift

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

Sp average flap deflection with reference to the wing-chord plane,
deg

<7} difference in deflection between a pair of control surfaces used

as lateral controls, positive when left-hand control has more
positive deflection, deg
(Sub=-subscripts denote the control used: £, flaps; t, hori-

zontal tail,)
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By rudder deflection, deg
€av average effective downwash, deg
¢, —Xi_

P 3(gb/2v)

ac

w (%)

B 98/ g0
c < Ln

g 38/ a0

BCY'-
C
i <_‘5§) B=0

DESCRIPTION OF MODEL

Pertinent geometric data are presented in table I and figure 2,
and a photograph of the model is shown in figure 3.

The wing had an actual aspect ratio of 2.99 and NACA 0005 (modified)
sections parallel to the model center line. The modification to the
NACA 0005 sectlons consisted of a stralght line fairing from the
6T-percent~chord station to the trailing edge. The ordinates of the
NACA 0005 (modified) section are presented in table II.

Becauge of the construction techniques used for the model, the
ordinates of the actusl wing sectlion on a portion of the wing plan
form were less than the ordinates of the NACA 0005 (modified) section by
an amount not exceeding 0.l percent of the locel wing chord. The area
on the Xing plan form for which this deviation exlsted is shown in
figure L,

The wing was equipped with partial-span constant-chord slotted
flaps which extended from 1%.8 to T6.9 percent of the wing semispan.
Dimensional data concerning the flap and slot profile are presented
in figure 5.

The fuselage, vertical-tail, and horizontal-tail configuration was
identical to that described in reference 1. The fuselage coordlinates
are listed in table IIT. A constant-chord rudder was installed on the
vertical tall and bad a plain radius nose and a small, unsealed gep.

e ESTRICRD
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The horizontal tail was installed &t each of three vertical positions
(z/(v/2), of 0, 0.21, and O.41 from the wing-chord plane). Hereafter,
these tall positions will be referred to as low, middle, and high
positions, respectively.

TESTS

Longitudinal characteristics were cbtained with the model at zero
gideslip. Tests were made with the horizontal tail off and with the
tail installed in the low, middle, and high positione for various tail
incidences. Tests were also made with the tail in the low position for
& Tlap deflection of 43°. For purposes of aiding in the comparison of
the longitudinal characteristics of the model with the horizontal tail
at each of the tail positions, moment center locations were chosen such
that a value of (acm/ch)CL=o = -0,06 would be obtained with the flaps

and the horizontal tail undeflected. These moment centers were located
at 43.6, Lh,1, and 48.5 percent of the mean serodynamic chord for the
low, middle, and high positions, respectively.

The characteristics of the model in sideslip were investigated by
making tests with varyling angle of sttack at 6° and 120 sideslip, and
with varying angles of sideslip for 0°, 6°, 12°, 18°, and 24° angle of
attack (nominal velues). Sideslip date were obtained with the tail off
and with the tail installed in the low position for flap deflections of
0° and 40°. For all sideslip data, a moment center location of
43.6 percent ¢ was used.

Two means of lateral control were given a limited investigation,
namely, asymmetrically deflected trailing-edge flaps and horizontal
tail. The investigation was primarily concerned with lateral-control
effectiveness at high trim 1ift coefficients. Tests were made with the
complete model and with the horizontal tail off in order to determine
the effect of the tall on the lateral-control effectiveness of the flaps.

In order to evaluate the effectiveness of the rudder and to deter-
mine the magnitude of the lateral~directional control interference,
between the rudder and the horizontal teil, tests were made with the
rudder deflected in combination with either a symmetrical or an asym-
metrical deflection of the horizontal tail.

The data were corrected for wind-tunnel-wall effects and support-
strut interference.

The Reynolde number of the tests was 12.8 million. The dynamic
pressure was approximately 25 pounds per square foot and the Mach

nunber was 0,13,
s aia
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RESULTS

A summary of the configurations investigated is presented in
table IV which also serves as an index to the basic aerodynamic data
presented in figures 6 through 20.

A comparison of 1lift, drag, and pltching-moment characteristics of
the wing~-fuselage vertical-tall combination with those predicted by the
theory of reference 4 for the wing slone is presented in figure 21.

The variation of ACT, due to 40 flap deflection with o 1s
given in figure 22. In addition, the variation of ACy as predicted
by reference 5 is presented. Values of ag used in the computations
were obtained from the curve of figure 3, refea;nce 56 for the case of
the gap sealed and a flap deflectlon range of 0 to 20Y. Computations

of ACr, were based on the span of the flap actuslly deflected.

The effect of tail height on the longitudinal-stebility character-
istics of the model is presented in figure 23. The variation of the
average effective downwash with angle of attack is presented in
figure 24 to show the source of the effect of tail height on the longi-
tudinal stability of the model. The downwash data were derived by
using the pitching-moment curves of figures 6, T, and 8. The values
were determined by the relation, e, = & + 1, where a 1is the angle
of attack at which the tail-on and tail-off pitching-moment curves
intersected. In order to obtaeln polnts of intersection for tail
incidences other than those tested, a linear variation of dCp/diy was
agssumed., This asgsumption is substantiated by the data of figure 9.

The trim 1ift and drag characteristics for the model with the
horizontal teil at the low position are presented in figure 25. These
trim data were derived from the data of figure 9., Curves of constant
gliding and einking speed based on & wing loading of 30 pounds per
square foot are superimposed on the drag curves of figure 25.

The derivatives CZB, Cnﬁ: and CYB are presented in figure 26 for

the model with the horlzontal tail off and on, for flap deflections of
0° and 40°. The values were obtained from the data of figures 11, 13,
and 15 for the condltion of zero sideslip.

The increments of Cj;, Cp, and Cy per degree of total lateral-
control deflection of the flaps and of the horizontal taill are pre-
sented in figures 27 and 28, respectively. The rolling effectiveness
of both lateral-control devices as predicted by the theory of refer-
ence 6 is also presented in figures 27 and 28. Values of pb/2V for
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each type of lateral control deflected to 87’ = 10° are given in
figure 29. Values of CZP were obtalned from the experimental data

in reference 7 for an aspect ratio 3 trianguler-wing-alone model.

Values of pb/EV were obtained by dividing the experimental increments
of rolling moment for a total aileron deflection of 10° by corresponding
values of Czp as obtained from reference 10.

The increments of C3, Cph, 2nd Cy per degree of rudder deflection
for the complete model at zero sideslip are presented in figure 30.
The increments shown are for differential deflections of 0° and 20° of
the horizontal tail.

Ames Aeronautical Lsaboratory,
National Advisory Commititee for Aeronautics,
Moffett Field, Calif.
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TABLE I.- GEOMETRIC DATA

Wing

Area, 8@ £t . o« ¢ ¢ ¢ o ¢ 8 0 0o e 0 e 8 . W
Span, ft .« « « ¢ &« . . - s & o s e s s s
Mean aerodynamic chord, ft c s s e 2 & o a
Aspect 72T10 .« o ¢ ¢ o o o e o e o o s s .
Taper ratio « ¢« « « & . . c e & o
Airfoil section parallel to model

center 1ine . . o o o o o = o o o o o o

Fuselage

Length, ft . « « - « &
Maximum dismeter, ft .
Fineness ratio . . . .

Vertical teil

Exposed area, s8¢ f£L « ¢« ¢ ¢« ¢ ¢ + ¢ 4 4 . .
Aspect ratio of plan form, extended

to model center 1ine . « ¢ « « o « « « &
Taper ratio ¢ ¢ ¢ ¢ ¢ ¢ o 2 o o o o o o = &«
Airfoil section parallel to model

center line . . . . o o o s o o o s
Rudder area (exposed), sq ft

Slotted, trailing-edge flaps

Chord (percent wing chord at fuselage
center 1ine) . ¢« 4 « ¢ ¢ ¢ 4 & 0 4 o - W

S¢/S (total movable) . « ¢ o ¢ « « ¢ o o &

be/b (totel movable) « « o « o o = o o .« .

Horizontal tail

Low position

BEIS e

1t/ (moment center at 0.4363) . . . . .
Agspect ratio ¢ ¢ ¢ ¢ ¢ 4 ¢ e 6 8 4 e = @
Taper ratio « o ¢ ¢ o o ¢ o ¢ o o « & o «

2/(B/2) v v i e e e e e e e e e e e e ..

. . s o 313.76
. « o o« 30.64
.« -« « « 13.65
e e - . . 2.9
e e e e . 0

0005 (modified)

« .. 56.1
. koL
B =

IO O\

“ e e 52.53

e s v e 1
o« o o 4 e 0

0005 (modified)
12.87

e s e e . 9.57
e+« o 0.119
e« « « 0.622
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TABLE I.- GEOMETRIC DATA - Concluded

Middle position
SE/S o 4 s e s s s s e e s s s e e w e e e ae e s e 0,99
DE/D o o o o o s o s s s s 4 s o s o s s e s e e e o e« 0.495
14/€ (moment center at O.LUIT) .« ¢ ¢+ ¢« o ¢ ¢ o o o o« L1.5Hk
ASPECt TBEIO o« o « o o o o o o 2 5 o o s o s s« o s . o« KO
Taper YAL10 o « o ¢ o o o o ¢ o 2 ¢ o s s o s s o o 2 o s o 050
z/(b/2) S oy =a

High position
T L o I K]
DE/D o o o o o o o o s o o o6 o o s s 4 o o a o s s o . . 0.495
1t/C (moment center at OC.U85C). « + « ¢« v ¢ ¢« « . o . . . . 1.501
ASDECt TBLIO « o o « o « o 8 o s s s e s s e e e s e s s b
Taper T8T10 o o o o o o « o o s « s a s « ¢ o s s ¢« ¢ o o« o 0.5
2/(B/2) « i it ot e e e s h e s e e s e e e s e e s OJn
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TABLE II.- COORDINATES OF THE NACA 0005
(MODIFIED) SECTION

Station Ordinate
(Percent chord) (Percent chord)
6] 0
1.25 . 789
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
L0.00 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
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TABLE IIT.~ BODY COORDINATES

[stations and redii in percent
of the total length]

Station Radius

0] 100.00 o]
625 99.38 26
1.25 98.75 L2
2.50 97.50 .70
5.00 95.00 1.15
T.50 92.50 1.54
10.00 90.00 1.86
15.00 85.00 2.h1
20.00 80.00 2.86
25.00 75.00 3.22
30.00 70.00 3.51
35.00 65.00 3.73
40.00 60.00 3.88
45.00 55.00 3.97
50.00 - = }-I-.OO



TABIE IV.- SUMMARY OF CONFIGURATIONS INVESTIGATED

[w, wing; ¥, fuselage; V, vertical taill; HL, HM, EH, horizontal
tail at Jow, middle, and high positions, respectivelyl

- c " Control deflection, de B d“*
gure onfiguration 8 ~ eg Data
B [Py e 1% | B deg | (nominal)
W+F+V and tail off
6 gy 0, %0 | of "¢ s 10 0 w2 to25 | Cp ¥8 0y Cpy G
V+F4+V and tall off
T WP+ VM 0 0 0, 6 0 0 0 -2 to 25 Cy, ve ay COpy Cp
W+F+¥ and tall off
8 VPAVAER 0 0 o, 4 0 0 0 -2 to 25 Cy, ve o, Cp, Cy
9(ay, (b) | wervaHL 0, 0| 0|2t -I0[ © 0 0 -2 t0 25 Cy, v8 6, Cpy Cm
T R . i o i . _ C1, v a, Cp, Cyo
i0(a), {(bj| WHF4V 0, 80 0 tail off 0 0,6,12 -2 to 25 c;, c;, Cy
11(9') 0.16:12:]-81 Cry Cp, Cras Cus
(6}, fe) | WPV 0, 0| o| tatloff |0 -2 to 12 Dl Cn, Gy ¥5 B
Cr ve oy Cp, C
12(a), (b)| WHF+VHEL o] o o| o 0,6,12 -2 to 2 LoD e
(),() Y 7= 2 C1s Cpy Cy
13(a), (b) 0,6,12,18, | ¢ c
1o Cps Cms Cyp» Cns
(e) W+F+V4+HL 0 o 0 o 0 -2 te 12 oY Cy ve B
Cr, v8 oy Cp, Cmy
U(a), (b)| WHP+V4EL | o 5} 0 0 0,6,12 -2 to 29 €y Cpy Cy
15(a), . ) 0.6,12,18, | CLz °»2 Gw €1
(b), (c) WAHT+V-HIL o 0 =& 0 o] -2 to 12 _'_léﬁ.f—_' Yoy VY YF P
S i O N R R
Cn, CY
17(a}, W+F+V and tall off 0,6,12,18 Cy, C Cy, C
(b), (o) | wemsvam. sof2o] T Ty fo [wteaa TR R 96;5; g’
0 T © O, v& a, Cp,y Cpy Cy,
18(a), (b)| WHF+V+EL w| © 5| 20 | © 0 -2 to 25 C.r ér
ST 0 0,10 ET R Cry G
N ) .. 1, s Cpsy Cmy Ciy»
19(a), (b)| WeR+vamL | o | 20 | o0 0 2 to 25 Cps Cy "
20(3'5! L. BT TIT i ~ -6 o " n - 1N 0 6—12 E cIJ c c
('b), (c) A+F ¥l u -6 20 U =~ WO Ic ? ’21‘_, ? CD(’:ICDVI; Bl, n?’
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GTI2GY W VIWN

AR TTICAG

€T




1k

NACA RM A52115



—_—_—
—_—
—_—
_—
—_—_—
—_—
—_—
_—
—_—

used
cont. ol - Lrrs,

Cp
\}N?
~ N

NS X

\\.
>~
Q X % ~
/p
Cy
/
) 4
Y17 convention
coelfficients, angles, ane

Figure 1 rhao -
- LR "'c b’



16 AR TR I TR NACA RM 452115

I
/\
N
’l\

|

22.5/

Moment center /location

Tail position X
Low 2.54
Middle 2.6/ N R S
High 3.2/

—|<

56./16
[ Intersection of pivot line
Dimensions shown In feet and plane of sy, n?mefry
unless otherwise noted for the three horizonfal

tail positions W

Figure 2.— Geomelric details of the model.
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BESTRICTED NACA RM A5RL15

~~——— Model center line

Area of plan form with
section arbitrarily Ffaired
with @ maximum of O.[-

percent-chord deviation.

Note: All dimensions
are in feef.

x Contour of fuselage at ~~NACA~

wing chord plane

Figure 4.— The area on each wing panel/ of the model where
the wing section deviates slightly from the NACA 0005
(modified) section.
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L/—23.56 from T.E. of wing

4.66 — —End of siot Iip
y
K —
/
e -
Ordinate /, 7
/ - | L 4l | 40° | Wing chord line
e - L= ~ R = - -
- N
,/’ ! { N
D o
q.oot .|./0\‘ +20° \\'!'30 s
—— ~ \ |
-10° it N — /Infersection of flap hinge
L |+ 1t line and section plans when
-2 ~ _—l’ flap is deflected fto angles
shown.
Station O 2 4
Flap station
Section of flap nose shown
parallel to model center line
Flap coordinates for
all spanwise station
; Upper Lower
Station .S‘ur%ce Surface
o -0.872 | -0.872 o
0.3 |- .554 | - 1030 Dimensions  shown
226 | - 408 | - L086 i inches
452 - .18/ - LIS
679 - .02 - L13f
1357 35/ - LHg
2036 589 - 1086
2.7/4 747 ~ 104/
3.393 860 - L0006
4.07/ 205 - 0973
4.750 9/6 - 0938
5.654 805 | -0905
11.309 610 - 0.6/0
16.963 328 - 0328
23.560 0 o
Center of L.E. arc . _
0./7 | -0.87 :
L.E radius: 0.17

Figure 5.— Geomelric dafa of the flap and slot profile used on fhe
trailing -edge, constant-chord, slotted Flaps.
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Figure 7- Longltudinal characteristics of the mode! with the horizontal tail in the middle
position. 7 /2,02/ moment cenler, 0.441¢; 5, 0°
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Figure 25.— The effect of flap deflection on the longftudinal frim choracteristics of lhe model with fhe
horizontal fail in the low position. Gliding and sinking speed curves were compuied using o wing

loading of 30 pounds per square fool.
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Figure 26.— Sidesljp derivatives of the model with and
without the horizontal tail, with flaps undeflected
i and with flaps deflected, 40°.
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Figure 27.— The Increment! in rolling moment!, yawing momen,
and side force per degree of total lateral-control deflection

of the flaps. &, 20% -/—"2—, 0.
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Figure 28.— The Incréement In rolling moment, yawing momen,
and side force per dsgree of ftotal lateral-control deflection

of the horizontal tail. &y, 20% i, -6% b_j? , O.
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Figure Z29.— A comparison of the variation of pb/2V
with [ift coefficient for the model with flaps or
horizontal tail used as a /lateral- control device.
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Figure 30.— The increment in rolling momenf, yawing moment,
and side force per degree of rudder deflection. Sf, 40°%;

) =6% 555 , 0.
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