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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 ALL-MOVABLE HORIZONTAL TAIL - LONGITUDINAL
AND LATERAL CHARACTERISTICS

By David G. Koenig
SUMMARY

An investigation has been made 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, unswept, all-movable tail (aspect
ratio of approximately 4). The wing had an NACA 0005 (modified) sec-
tion and was equipped with partial-span, slotted, trailing-edge flaps
of constant chord. Tests of the model at zero sideslip were made with
the horizontal tail at each of three vertical positions (0, 0.21, and
0.41 wing semispan above the extended wing-chord plane) at one fixed
longitudinal distance behind the wing. The characteristics of the
model in sideslip were investigated with the tail in the extended wing-
chord plane. In addition, a limited investigation was made on the use
of flaps or the horizontal tail as a lateral-control device. The aver-
age Reynolds number, based on the wing mean aerodynamic chord, was
12.8 million and the Mach number was 0.13.

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 plan form to
that of large scale, an investigation has been conducted in the Ames
40~ by 80-foot wind tunnel.
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TFor purposes of paralleling previous investigations of airplane -

configurations with aspect ratios 2 and I triangular wings in the

40- by 80-foot wind tunnel (refs. 1, 2, and 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 previous investi-

gations.

In addition to symmetrical control deflections, the flaps and

horizontal tail were deflected asymmetrically and a limited investi=

gation of their use as lateral-control devices was made.

expedite publication.

data.

NOTATION

The results are presented herein without analysis in order to

Figure 1 shows the sign convention used for presentation of the

A1l control-surface deflections are measured in a plane perpen=-
dicular to the hinge or pivot line of the control surface.

wing span, ft
wing-flap span (movable), ft

horizontal-tail span, ft

wing chord, measured parallel to wing center line, ft

mean aerodynamic chord of wing, measured parallel to wing

b/2
JP/® c2ay
center line, ——;;Z;—-——-, et
fo c dy

drag coefficient, drag/qS

rolling-moment coefficient, rolling moment/qu
1ift coefficient, lift/qS

pitching-moment coefficient, pitching moment/qSE
yawing-moment coefficient, yawing moment/qu

side-force coefficient, side force/qS
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1y

It

total drag, 1b
horizontal-tail incidence relative to the wing-chord plane, deg

distance from moment center to pivot line of the horizontal
tail, ft

total 1ift, 1b

lift-drag ratio

rate of rolling, radians/sec

wing-tip helix angle, radians

free-stream dynamic pressure, lb/sq it

wing area, sq ft

trailing-edge-flap area (total movable), sq ft
horizontal-tail area, sq ft

free-stream velocity, ft/sec

longitudinal coordinate parallel to model center line, ft
lateral coordinate perpendicular to plane of symmetry, ft
vertical coordinate perpendicular to wing-chord plane, ft

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

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

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

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

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: f, flaps; t, hori-
zontal tail.)
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Oy rudder deflection, deg
€av average effective downwash, deg
e 301

P 3(pb/2v)

¢
‘g 38/ goo

acn>
(@ =
o < 9B/ g=0

Xy

CYB —6—3) 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 sections consisted of a straight line fairing from the
67-percent-chord station to the trailing edge. The ordinates of the
NACA 0005 (modified) section are presented in table II.

Because of the construction techniques used for the model, the
ordinates of the actual wing section 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 local wing chord. The area
on the wing plan form for which this deviation existed is shown in
figure L.

The wing was equipped with partial-span constant-chord slotted
flaps which extended from 14.8 to 76.9 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
jdentical to that described in reference 1. The fuselage coordinates
are listed in table ITII. A constant-chord rudder was installed on the
vertical tail and had a plain radius nose and a small, unsealed gap.

RESTRICTED




NACA RM A52115 RESTRICTED 5

The horizontal tail was installed at each of three vertical positions

(z/(v/2), of 0, 0.21, and 0.41 from the wing~chord plane). Hereafter,
these tail positions w1ll be referred to as low, middle, and high
positions, respectively.

TESTS

Longitudinal characteristics were obtained with the model at zero
sideslip. Tests were made with the horizontal tail off and with the
tail installed in the low, middle, and high positions for various tail
incidences. Tests were also made with the tail in the low position for
a flap deflection of 40°. 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 (dCp/dCr), g = 0 06 would be obtained with the flaps

and the horizontal tail undeflected. These moment centers were located
at 43.6, L4L4.1, and 48.5 percent of the mean aerodynamic chord for the
low, middle, and high positions, respectively.

The characteristics of the model in 51desllp were 1nvest1gated by
making tests with varying angle of attack at 6° and 12 81desllp, and
with varying angles of sideslip for 0°, 6°, 12°, 189, and 24° angle of
attack (nominal values). Sideslip data 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 tail 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 tail, 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 Reynolds number of the tests was 12.8 million. The dynamic
pressure was approximately 25 pounds per square foot and the Mach
number was 0.13.
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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 pitching-moment characteristics of
the wing-fuselage vertical-tail combination with those predicted by the
theory of reference 4 for the wing alone is presented in figure 21.

The variation of AC7, due to 40° flap deflection with o is
given in figure 22. In addition, the variation of AC;, as predicted
by reference 5 is presented. Values of ag used in the computations
were obtained from the curve of figure 3, reference 5, for the case of
the gap sealed and a flap deflection range of() to 20°. Computations
of AC], were based on the span of the flap actually deflected.

The effect of tail height on the longitudinal-stability 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, 7, and 8. The values

were determined by the relation, €, = a + 1;, where a is the angle
of attack at which the tail-on and tail-off pitching-moment curves
intersected. In order to obtain points of intersection for tail
incidences other than those tested, a linear variation of dcp/diy was

assumed. This assumption is substantiated by the data of figure 9.

The trim 1ift and drag characteristics for the model with the
horizontal tail 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 sinking speed based on a 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 horizontal 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 condition of zero sideslip.

The increments of Cj7, Cp, and Cy per degree of total lateral-
control deflection of the flaps and of the horizontal tail are pre-
sented in figures 27 and 28, respectively. The rolling effectiveness
of poth 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 &, = 10° are given in
figure 29. Values of Clp were obtained from the experimental data

' in reference 7 for an aspect ratio 3 triangular-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 Clp as obtained from reference 10.

The increments of C3;, Cp, and 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 Laboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif.
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TABLE I.-~ GEOMETRIC DATA
Wing

Area, 89 ft . ¢« & 4 ¢ i 0 4 i e e e e e e e e e e e e B1R'e6
Span, ft . . .. .. .. . ... . L ... ... 30.64
Mean aerodynamic chord, f£t « & v ¢ v 4 v & o o o o o o . . 13.65
Repeel YAatio « ¢ o s 5 5 5 s 5 e e e ..o e ou SR 2000

o b0 5o oo on o 0

flapertrat ol a . SR e e
Airfoil section parallel to model
cenperiliimne i e e

Fuselage

Length, L. ¢« & o = ¢ o o + o« o = o o o
Maximum diameter, ft . . . . . . . . .
Fineness ratio « o « ¢ v v o o o o . .

Vertical tail

Exposed area, sq ft . . . . . . . . . .
Aspect ratio of plan form, extended
to model center line . . . . . . .
TEper Tatiol o o v c 5 .« 5 o o o e - .
Airfoil section parallel to model
center line . . . s 5o 5 a6 o
Rudder area (exposed), sq ft

Slotted, trailing-edge flaps

Chord (percent wing chord at fuselage
center line) . . . . . . . . . ...

S¢/S (total movable) . . . .. . . ..

br/b (total movable) . . . . . .. ..

Horizontal tail
Low position

- 3 o o
bt/b . . .. a0 o o o .
1t/¢ (moment center at O 436c) s & .
Aspect ratio . . . . . . . . .. <
Taper ratio « « . . . . . . . . . 5 &
2/(B/2) s o o e e e

« - « NACA 0005 (modified)

- « . NACA 0005 (modified)

56.1
L4
o I

\J1\O Or

Je.53

. i
. 0]

12587

- 9.57

0.119
0.622
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TABLE I.- GEOMETRIC DATA - Concluded

Middle position

SHIS s s e e s s e e e e e e s s e e G190
R Ao e s e
1+/C (moment center at O.441E) . . . . . . . . . . . . . 1.54
Aspect Yati0o « o o « o o o o e o 2 e e e s o s o e e« o« ko0
Taper  ratdo N siie e il e e e O e T e e 05 H0

z/(b/Q).........--.-.............0.21

High position

S S e e e G109
it e O
1t/C (moment center at 0.U85¢). « « « ¢ ¢ ¢ ¢ ¢« - & . « . . 1.500
ASPECt Tatiol el o o = el e e o = e o e e el e e el e e e e e ko
Taper ratio s e sl ST g cs s S s e 050

- =) R P

“NACA -
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TABLE II.- COORDINATES OF THE NACA 0005
(MODIFIED) SECTION

| Station Ordinate
(Percent chord) (Percent chord)
0 0
1.25 .789
2.50 1.089
500 1.481
ie50 1750
10.00 1.95H1
15.00 2.228
20.00 2.391
25.00 2.476
30.00 2.501
40.00 2.419
50.00 2.206
60.00 1.902
67.00 1.650
70.00 1.500
80.00 1.000
90.00 .500
100.00 0
L.E. radius: 0.275=-percent chord

. “Iﬂﬁ;"’
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TABLE IITI.- BODY COORDINATES

[Stations and radii in percent
of the total length]

Station Radius

0 100.00 0
625 99.38 .26
1.25 98.75 L2
2,50 97.50 270
5.00 95.00 1215
T.50 92.50 154
10.00 90.00 1.86
15.00 85.00 2.41
20.00 80.00 2.86
25.00 75.00 3.22
30.00 70.00 3.51
35.00 65.00 313
40.00 60.00 3.88
45.00 55.00 3.97
50.00 - - - k.00
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TABLE IV.- SUMMARY OF CONFIGURATIONS INVESTIGATED

[w, wing; F, fuselage; V, vertical tail; HL, HM, HH, horizontal

tail at low, middle, and high positions, respectively]

Control deflection, de

a

Figure Configuration 5 S 1 3 S B deg Data
T le t Ly e deg (nominal)
W+F+V and tail off
6 WAF+V+HL 0, ho | o 0, 6 0 0 0 -2 to 25 o D el s
W+F+V and tail off
7 W+F+V+HM 0 0 0, -6 0 0 0 ~2 to 25 Cp, vs a, Cp, Cpy
W+F+V and tail off
5 WAFAVAHE ool . -2 to25 | Cpvea, Cp, Cy
9(a), (b) W+F+V+HL 0, 40 2 to -I0] 0 -2 to 25 CL V8 a, Cp, Cp
Cy, vs a, Cp, Cp»
10(a), ()| W+F+v 0, 40| o tailoff | o 0,6,12 ~2 to 25 Cy, Cpy Cy
11(a), 0,6,12,18; | €5, Cry Co0 €
i & m» “~12
®), (o) WAF+V 0, ko 0 tail off 0 2 to 12 ol Cpy Cy va B
¢
12(a), (b)| W4+F+V+HL 0 0 0 0 0 0,6,12 -2 to 25 L V8 &, Cp, Cp,
s C1s Cns» Cy
13(a), (b) 0,6,12,18 Crs Ony Coy Gog ©
5 WAF+V-HHL o | o ol o |o s2lohiolN B e I R e
Cy, vs a, Cp, Cp,
1h(a), (b)| W+F+V+HL o | o -6 | o 0 0,6,12 -2 to 25 s, Bof Oy
: Cih i CD, ConiC
15(a) : L> “Ds “ms L1,
(6), (c) | WHF+V+HL bo| o 6| o |o -2 to 12 0’6’5’18’ Cny Cy vs B
W+F+V and [0) 20 tail off Cr vs a, C @ (6]
16(a), ()| ipivam 0|20 6 o |O° ¢ RO e
()] W+F+V and tail off 0,6,12,18, Cry Bpy Cms Cqisl C
- Ly YDs Ymy 19 “n»
(v), (e) W+F-+V-+HL 3¢ | 40 6 o |© 2 to 12 2l Cy vs B
0 -6 ] 0 c ¢
18(a), (b)| W+F+V+HL | © 50 50 (@ 0 -2 to 25 L Vs aé DéYCm, C,
n?
-6 0 0,10 CTRVEN Gy AL, Gl
19(a b WAP+V+HL ki 0 ’ - L 2 ~D> “my Vs
(), (») 2 6| 20 | 0,10 O eiteics Gy
20 =
(bg?)EC) WAF+V+HL ko 0 2 go 10 -2 to 12 0,6:%§,18, Crs CDé Cg; EZ: Cn»
5 Y

GTIeSY Wd VOVN

THLOTHLSHY
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Moment center /location

5320°

L——/0.24——

225/

2048=—= ,L Prvot line

Tail position X
Low 2.54
M{dd/e 2.6/ ]
High Skl
\ —
Dimensions shown Iin feet

unless otherwise noted

56./6 /
/n

tersection of pivot line
and plane of symmeltry
for the three horizontal

fail positions

Figure 2.— Geomelric details of the model.
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Figure 3.- The model with trailing-edge flaps deflected mounted in the
Ames 40- by 80-foot wind tunnel.
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N —— Model center line

Area of plan form with
section arbitrarily Ffaired
with a maximum of O./-

percent- chord deviation.

Note: All dimensions
are in feef.

I

x Contour of fuselage at S 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

19

Flap station

Section of flap nose shown
paralle! to model center line

Flap coordinates for
all spanwise station
Station | s P8% | surfece
o -0.872 -0.872
0./113 - 554 = 1030

226 - 408 - 1086
452 - .18/ - 1119
1 679 | - 02 | - 113/
1357 g5 - 1119
2036 589 - 1086
2714 747 - 104/
E 3393 860 | - 1006
4.07/ .905 -0973
4.750 9/6 - 0938
5654 905 - 0905
11.309 610 -06/0
16.963 328 -0328
23.560 o o
Center of [.E. arc
017 | -0.87
L.E radius: 0.17

4.86 ‘i —End of siot Ip
|
K ‘
, ] —
Ordinate // V3
/ == AL 1t 40° | Wing chord line
= = N S NG - -
5 N
'// ad (‘/ \X 1
oz ok o
N +eo] W N
———t— ~ ; .
-10° S SN \—— Intersection of flap hinge
+ ik line ond section plane when
i _—" flap is deflected to angles
shown.
Station O 2 4

Dimensions shown
mn  inches

Figure 5.— Geometric data of the flap and slot profile used on the
R trailing - eage, constant - chord, slotted flaps.
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Figure 6- Longitudinal characteristics of the model with the horizontal tail in the low

position. f/—z" O; moment center, 0.436¢C.
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Lift coefficient, ¢

16 T
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o J 2 3 4 5 6
Drag coefficient, Cp

Figure 7- Longitudinal ~characteristics of the model with the horizontal tail in the middle

position. ;72,0.2/; moment center, 0.441¢; 5, 0°
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Figure 9.— The effect of the horizontal tail in the low position on the longitudinal characteristics of the

Pitching-moment coefficient, Cm

model for two Flap deflections. b722 , O; moment center, O.436¢.

CTTI2GY WY VOVN

AELOTHLSHY

£e



QELOIHLSHE

Lift coefficient, C;

L8
i, deg AL J.,L,
16 s 2 /;fﬁ v T | ,,/ﬁr’/ﬂ/
' = g / /’A/Mm pe f/ﬂ Dret ///'/’; — 3/
s o1/ .4% Y7 o A
14 -6 :
i -10 _// /j:// é < - /W/ all - /L,g,/

e Y 72 A1 A A

) : ,//E/ o / X/ 5/ {/ /ﬁ fo

- e AP / ]

Y W ) /
o L /] - g
& 7. . ][ /[ f o
qi— \\ j I
g/ f N

2

o

2 T
4 0 4 8 12 6 20 24 20 6 12 08 04 0O -04 -08 -2 -16 -20 -24 -28 -32

Angle of atfack, a, deg Pitching-moment coefficient, Cp,
o (I 2 3 4 5 6 7 8 9

Drag coefﬁc}bnf, Cp

) &, 40°
Figure 9.— Concluded.

e

EILOTIHLSHE

CTI2SY WY VOVN




ELOTHLSTY

: " w 3 1
6 I
14 <t O ot D=1 ’
4 o 72 O A RS
T IR
L2 : , \ A
- K OO ﬁ,ﬁm Q \\\Q\ 2
= A A
S g L A b ol
us
% i ;
] 6 B, deg &, deg
oS | o 0 0 R
~ a 6 0
g 4 a /2 o
Q 0 40
2 0o 6 40
04 a /2 40
0 o
C [
-2
‘FNA: CA 71
-'?4 O 4 8 2 16 20 24 28

Angle of attack, a, deg Pifching - moment

o /1 2 3 4 5 6 7 8
Drag coefficient, Cp

(a) G vs a, Cp,Cn

Qmem—CMmMM“MMemMuMM%%mmmMﬂMWMWamm
Moment center, 0436¢

12 08 04 0O -04 -08 -12 -I6

coefficient, Cp,

of sideshp:

GTTIeSY WY VOVN

THLOTHLSHY

Ge



THELOTHLSHY

Lift coefficient, C

16

14

/2

10

o

-2

-4

. . |
N ~ ({—ﬁb\ = 3 ==
! Ny et :
e O hS At e s
5= g % T T AT
21 TN TR 7
i i[ N N L/
Wbk 8, deg 8, deg T ) [/ [
‘(. l] o o o ¢ f
a 6 0 1 7 g
s 12 0 ]
| a0 40 | [ / L
e % ISRy AR |
1L | ] |

04 -02 0 .02

-04 -03 -02 -0/ 0 .0 .02 03 .04 05
Rolling - moment coefficient, Cy

Yawing - moment coefficient, C,

®) G vs C;,GC,, Cy

Frgure 10.— Concluded.

-2 -08 -04 0O .04 08 ./2
Side-force coefficient, Cy

92

ELOTHISHYE

CTTeSY WM VOVN



NACA RM A52L15 RESTRICTED
. 16
! a,deg &, deg
14 B — o 7 0o
—— R o 63 0
- s /25 0
1z o 187 0
Q' = =1 v 248 0O
A Q04 40
s a 67 40
S & A /28 40
& 8 a 190 40
) N 250 40
8 6 -
K & A
g
S 4
1 J
2
\ o
-2
8
7 ‘= < Se—
6
8
ok 5 o
- §
S 4
)
S
S
J -—0———4!;1
| A ; =
y A
= o () 2 4 6 g 0 2 14 16 I8

Angle of sideslip, £, deg

(a) G, Cpvs &5

Figure /- Characteristics of the model in
sideslip without the horizontal tail.
Moment center, 0.436¢.

RESTRICTED

af




RESTRICTED NACA RM A52L15

3

a, deg &, deg

2\

o o
6.3 o

S

2.5 o

18.7 o

24.8 o

)

04 40
6.7 40

2.8 40

N

19.0 40

ey 2N s S AR M= (e

o
X

25.0 40

Q
N

Pifching - moment coefficient, Cm
/W

4
R o

K
N
)

1
N

\
~
)

1] ,
f A

N

S

Q

N

N

Q
N

Q
()

0
3

—

Rolling -moment coefficient, C;

1
N

o 2 4 6 8 o 2 14 16 /8
Angle of sideslip, £, deg

(b) Cpm, Crvs B
Figure //- Continued.

RESTRICTED




NACA RM A52L15

RESTRICTED

16
S
() N
12
T (/(
Q\) / =
S o8 T
E’ KA
S .04 L
@ s
2 0 =
8 ] > R — a, deg &, deg
$ 04 Sl ="' , o
& s ey c 63 o
' N s /25 0
-.08 ‘—l oM /87 o
=12 QR 04 40
Q. 67 40
8 128 40
X /190 40
N 250 40
05 Zﬁ
pravil
.04
YA
0z V- 4%
: V94
. 2 ZeZm)
S ZZ4
- 0!
3
S
% 0
S (o) \\\\
IS =
g-.oz X \\
NAY
W03
S -04 A —
N
\\\
-05
. [
A L) ) 2 4 6 8 o 2 114 16 I8

Angle of sideslip, £, deg

€ Cy,Cyvs B
Figure /I- Concluded.

RESTRICTED

29




TALOTHLSHAE

16

4

L2

L0

Lift coefficient, C;
N QN N

1
A

Figure [2.— Characteristics of the complete model at three angles of siaesip . b% ,0; moment center O436¢;

A, deg
o o
a 6 3 a || ;
A 12 ) // ’/1; -
V4l e
i Pl %
y: WA
4 ¥ U
y/4 N
i / Yy
7/ ), 4
2 / V/C/
7 7
o/ &1
v
B i A

o 4 8 2 6 20 24
Angle of aftack, a, deg

o [ 2 3 4 5
Drag coefficient, Cp

(@) G vsa, Cp, Cp

iy, 0% &, 0°.

0 -04 -08 -2 -6 -20 -24 -28
Pifching -moment coefficient, Cp,

o€

THLOTHISHY

CTTeCY WH VOVN



THLOTHISHY

CTT2GY WY VOVN

16
£, deg
19 g . g o0
: 4 e e e o A
s /2 -
12 === - Al
S 0 i NN o
S flp K K17
3 [ 7
S .8 /
S g \ .
S o | il g
5 i S 3
J 4 =
i x : : Q
2 ! ¢ &
\ 5 !
(mma o L\
— 1 i —
" | R
-04 -02 0 .02 04 -04 -03 -02 -0/ 0O .0 02 03 04 05 -2 -08 -04 0 .04 08 .2
Rolling-moment coefficient, G Yawing-moment coefficient, Cp Side-force coefficient, Cy
) G vs G, Cp, Cy
Figure 12.— Concluded.
(9%)
'_l




32

RESTRICTED NACA RM A52L15

18
a, deg
© o
L6 o 6.3
A 12:5
14 o 188
. = s 250
Q 12 =
¥
S /0
b
S & —
]
S 6 -
4 —
—C—
2
0 Sy
6
Pt
5
S 4 —
<
:g 3
S
S S
S, =
Q
—— = T 5
19
5]
"?4-202468/0/2/4/6/8

Angle of sideslip, A, deg

(a) C ,Cpvs &

Figure 13— Characteristics of the complete model

/n sideslip.
o, 0°

2N ; 5 0°
7 /2,0, moment center, 0.436¢; iy,0%

RESTRICTED




5N NACA RM A52L115 RESTRICTED

‘ /6
4 12
.08
.04
S
o o < >
! - o | a, deg
| 2 .04 T ° o9
S o 63
“g s J25
S -.08 ] o 188
g 8 250
)
§ /2 i
3
<
é‘aks =
£ =
S.20
& £
.24 ~%
.28
S
- =
S 02
S
% &
§ o
—
-
3 -02 —
S
§ o4
o |
S e AT
:% —— 2 0 2 < 6 8 /0o /2 14 6 /8
Angle of sideslp, £, deg
|

(b) Cn,Crvs B
Figure /13- Continued.

RESTRICTED




3 RESTRICTED

NACA BM A52L15

16
3
-2
=
) A
S .08
3 Eain
04 s
8 A
S (0]
1 | —— —,
3 1 =
3 e
-08 N g
.12
|
06
05 /‘
\ g
04
e W
Q /
w 03
.§ '/ /,/( a, deg
;’g 02 // ,/( ) 0
3 7 L 2
: o/ i o 188
S <A s 250
S o
§ 7 A
-0/ <
:
S N
g N
-02
\\
.03 AN
-04 \\
LT
= 2 0 2 4 6 8 /o 2 14 6 18

Angle of sideslip, B, deg

Figure /13— Concluded.

RESTRICTED




THLOTHISHY

Lift coefficient, C;

GTTeSY WY VOVN

20
A, deg
o 0
18 s 6
s /2
Z S =
14 ?g" = L
7 P P 1
L2 7Zd < ] ]
7 J ~
/0 ’g & Ln”’ﬂ / Tn‘
g 2 Wd YT A
8 y 4 ¥/
’ / :
/ ! :
.4 rJ T ._3
3 ! 4 A B
2 |
y | AT
-4 0 4 8 2 16 20 24 28 J6 12 08 04 0O -04 -08 -12 -6 -20 -24
Angle of attack, a, deg Pitching-moment coefficient, Cp,

o 1/ 2 3 4 5 6 7 8
Drag coefficient, Cp
(a) G vs a, Cp, Cp

Figure 14~ Characleristics of the complete model at three angles of sideslip. bL/Z' o;
moment center, 0.436; iy, -6% 8 , 40°

43




20
B, deg
0
18 [
s 12
e i i Tl X i : o ‘3/
- L . = _
S > _ \Ek \\\ y/g
5 7 N N A
S o414l i /
S | \ .
N 'S 1 | BT BT}
= 5,0 ' r I
E SIS r—ﬁ[ J i 0
(gp) L .
= 4 / 4 . |
= AT / |
2
T’\NMA?} 4
| f
97 02 0 02 04 -12 -08 -04 O .04 08 .2 .I6

Rolling - moment coefficient, Cy
-.05 -04 -03

-02 -0 0 .0 .02 03 04 05 06
Yawing - moment coefficient, Cp

(b) G vs G ,Cp,Cy
Figure /4~ Concluded.

Side-force coefficrent, Cy

9¢

THLOTHELSHT

CTTeSY WY VOVN




NACA RM A521.15

Lift coefficient, C;

Drag coefficient, C,

20

RESTRICTED

L8

6

4

L2

1O

a, deg

0.3

65

2.8

19.0
25./

7 O b o o

)

A

N

O—(]

_
!

L

=t

]

~

AT

2

-2

0

2 4 6 8 o 2 4 /6 8
Angle of sideslip, £, deg

@ G.Cvs B

Figure 15.— Characteristics of the complete model

in sideslp. 355 ,0; moment center O436¢; /,,-65
S, 40°.

o

RESTRICTED

37




38

Pifching - moment coefficient, Cm

Rolling - moment coefficient, Cy

RESTRICTED

NACA RM A52L15

.28

.24

.20

16

A2,

.08

04

vy © b oo

~04

-08

-12

-.16

-20

-24

04

0z

-02

S
z

R

S

-04

-06

RS

2 o0 2 4 6 8 o /2
Angle of sideslip, B, deg

®) Cn., C vs B
Frgure /5.- Continued.

RESTRICTED

149

6




NACA RM A52L15

Side - force coefficient, Cy

Yawing - moment coetficient, Cp

RESTRICTED

16

N

S

S
A

Q

A
4
!
|

I,

-.04

K
S

1
Ny
N

a, deg

0.3
65
128
/9.0
25.1

7 o > 0o

06

.05

No
\‘\\\\\

.04

\
N
AN
N

03

02

.0/

/NN,

-0/

-02

-03

N

N

N

-04

A

-05

24

-2

o

2 4 6 8 I /2
Angle of sideslip, £, deg

Frgure /5.~ Concluded.

RESTRICTED

9 16

8

39




HLOTHLSHYE

L6 r
i, deg 8¢, d AR R L —
U .99 f, deg A = P
14 o tail off 0O T 7 o g =
o tail off 30 y » = = Cl
a -6 o :
L2 = 6 30 [ 7 //'{ =t = SR
= (a O. o o
s, A T XA A e 4}
< »ld | o7 Va7 %. K A
g ” 4 A i
g z 7 1Y K
Q.
by F ¥
P ¥ (R X
il | \
7S 3
0 i : N
) L
-2 } 4
W
"f4 o 4 &8 /2 6 20 24 28 6 /2 08 .04 O -04 -08 -2 -I6
Angle of attack, a, deg Pitching -moment coefficient, Cp,

o ./ 2 3 4 5 6 7
Drag coefficient, Cp

(a) G vs a, G, Cp

Figure /6- The effect of the horizontal tail on the characteristics of the model at zero sideslip

with flaps used as lateral-control devices. bL/z' O; moment center, 0.436¢; 81, . 20%

on

THLOTHLSHY

GTI2GY WH VOVN



Lift coefficient, C;

THLLOTHLSHY

16 3 :
RN iy, deg &, deg l;i oY
/4 A o tailoff 0O : ;h
a § o ftail off 33 % ] %E\L )
Q -6 y
12 WE = -6 90 Ry ) T
10 a) ‘ o E [
3 VR i
8 ! 5 ,”
e TAK il
P i TN it
p il R\WAY [y
il 3 T
P i R i
| NEN I
0
, A a
" c | I
‘[T, NACA 71 1
"-.404 02 0 .02 04 -02 -0 o0 o -04 O .04 08 .2 /6 20 .24 28
Rolling - moment coefficient, C; Yawing-moment coefficient, C, Side - force coefficient, Cy

(b) Q VSG‘I) Gﬂacy
Figure 16~ Concluded

CTI2GY WY VOVN

(HLOTYULSHY

Th



L2

RESTRICTED

NACA RM A52L15

20
1.8
1.6
DR (
G 14 i
-~ b —
5 1.2
;‘K:.\
§ 1.0 —— '
S _’ | a, deg 1, deg
X ST —r— =, © 0.2 tail off
J { [L o 65 ftail off
d A /27 tail off
6 T—?" o 189 ftail off
n 25/ tail off
4 a 03 -6
. o 66 -6
a /28 -6
Z « /189 -6
N 250 -6
o
7
6
Q
§)
~- ) %
S G
.Q
S 4
]
S 3
b, ==
g 2 _
Y s e
I v o NACA ]
-4 2 0 2 4 6 8 /o 2 14 6 I8

Angle of sideslip, £, deg

(@ G.,Cpvs B

Figure |7.— The effect of the horizontal fail on the
characteristics of the model in sideslip with the

flaps used as lateral - control devices.
moment center Q436¢; é},, 20°; &,30°

RESTRICTED

Z
b2’

0;




NACA RM A52L15

Pifching - moment coefficient, Gy,

moment coefficient, C

Rolling -

Angle of sideslip, £, deg

®) CGn, Cy vs 5
Figure 17.— Continued.

RESTRICTED

RESTRICTED
24
20
16
[~
s - NNL\\,I \\
.08 N~
.04 \\\
0 N N
T N L e deg i, deg
-04 = ~ ° 0.2 tail off
== | o 65 rai off
08 T < a /27 tal off
= — o 189 tail off
— = — N s 25,/ ftail off
-.12 = o a 03 -6
N 2 66 -6
/6 Y A /28 -6
- a /189 -6
N N 250 -6
.20 S
24 B
04
.02 = :ii;
0 — -
N L —4 <
-.02
- ‘ITNACA 7{
-, | r
'0? 2 0 2 4 €6 8 /o 2 14 16 /8




4h

RESTRICTED NACA RM A52L15
16 } T T
-
s O AL
3
§ .04: /tk 1/
§ . LA
@ = g = e a, deg Iy, deg
§ -04—— x§$ & 1 o 02 ri o
5 S o 65 rail off
© SN N a /27 tail off
X -.08 S T~ o 189 tail off
€ NS 2 ot
—:2 N2 a 03 -6
[ QQ o 66 -6
A /28 -6
a /189 -6
xn 250 -6
05
o7 /4!
04 %r
2 7/
| | | 1
.02
S ¢ _j:/ V| AT ]
S o W7 7 Sl
kS —
S T2
R -0/ AN
~ 1(
S _02 AN
§
e N
>
2 -04 X
$ N
X
-.05 3
-.06 !
‘:NACA; —
=07 | |

e 2 0 2 4 6 8 10 12 14 I6 I8
Angle of sideslip, A, deg

(c) Cy,Chvs B
Figure 17.— Concluded.

RESTRICTED




THLOTYLSHTY

1.8
&, deg &,, deg
o o 0 o - 2
16 ° o o - - =Tar
Q40 0 : 22 :
/4 . 40 20 P A
7t T o T
12 4 e il A o ]
- ;{ /)J AT /] /(.j ]
S ‘ rid Vi :
-0 A f g
s ) j h y,
Q0
;g 8 ’: }{ 1= i ;
S 5 : J
- )34 JANERY
S 44 p _ A5
% A g’ I VA
p:
2 )74 . :
/ 1]
o
| 7] T
— _H _& r[ ; 1 1 1
-4 0 4 8 /2 6 20 16 12 08 04 0O -04 -08 -12 -16 -20 -24
Angle of attack, a, deg Pifching - moment coefficient, Cm

o q 23 4 5 6 7
Drag coefficient, Cp

(a) G vs a, Cp,Cn

Figure 18.— The effect of flap deflection on the effectiveness of the horizontal tal used as o loteral-
control device. g5, O; moment center 0436 c; f,-6°,

GTTI2GY WY VOVN

TELOTHLSHY

Sh



THLOTHISHY

Lift coefficient, Cy

18
%, deg 8y, deg
“© S . g zg E:’“i Ejuii
T it
o r\ o
gimEEL EiT: | i
&= 7 \ g#
8 o :
. r4
. gl 1L !
1[-%% + .
EEEN i f% ¥
2 5! é .
5 g c!b &
|4 | ! FERETE

%4 02 0 02 04
Rolling - moment coefficient, Gy

02 -0l 0 O 02
Yawing - moment coefficient, Cp

Figure 18.— Concluded.

04 0 04 08 .2
Side - force coefficient, Cy

oft

ELOTHISHEY

TIcSV WY YOVN

-
<}



TILOTYLSHY

1.8
Sy, deg &y, deg
/.6 o 1) 1) A P P
a 7 20 At >
1.4 & 0 0 W E
°o 10 20 | [

12 ] .
Q' ;}//’ J > |
310 il 5 A4
3 7 # (i
\ Yy
i 7 i
S s K
< 47 J XN
S e ‘ h

o A 3 K &
& (o]
e
o
e
".2 1 1
-4 o 4 8 2 16 20 24 20 6 /2 08 04 0 -04 -08 -/2 -/6 -20

Angle of attack, a, deg

o 4 £ 3 <4 5 6 7 8
Drag coefficient, C,

(a) G vs @, Cp ., Cp

Pitching-moment coefficient, Cp

Figure 19.— The effect of rudder deflection on the effectiveness of the horizontal tail used as a
lateral - control device. 7%, O; moment center 0.436¢; & ,40°; i, —6°.

GTT2GY WY YOVN

THLOTYLSHY

L



THLLOTELSHY

-

Lift coefficient, ¢

1.8 | I
L Al o Sl /nf ?Zi’
/4 LA} 8 r f 3
Am) A X a)
L 1 1 o Z
- (| Y ) 1 5
A \ ‘ .
ke 4 19 ) 7
} !
i } ;“ : #
i S 3
. e 8, deg 8y, deg \ jfg { ¥‘
7> Ips , !
< ‘ql 7 o 0 0 4 —— | i
o] a o 20 7.3 T 7.3
a 10 o
2 ] 10 20
0
-2 l :INACA ;l
S04 -02 0 02 04 06 .08 -03 -02 -0/ ©0 .0 .02 03 -08 -04 0 .04 08 .12

Rolling-moment coefficient, C,

Yawing-moment coefficient, C, Side-force coefficient, Cy

Frgure /9.— Concluded.

8h

TELIDTHISHY

CTTIeGY WM YOVN




Angle of sideslip, £, deg

(G/CL,CD V.S',g

7N NACA RM A521.15 RESTRICTED
i 20
a, deg &y,, deg
1.8 Q 04 o
: B
3 17
16 » ;3 190+ 0
) —— < ‘N 25/ O
14 o 04 20
< o 66 20
G s /28 20
- e o 190 20
% i s v 25/ 20
3
: 8 e —5 i 1
'\Q
N 6
- {
4 X —p——Cr—
2
o
.8 ]
— —
7 1
S 6
.
e o —— — = =
S
“o
S 4
8
> e
S T
[ S 2 - g
oA
2 T2 i— :;
. IS _—z(::%:g % :‘E
0 | I'EI L
-4 .2 o 2 4 6 8 o 2 14 6 I8

Figure 20— The effect of the horizontal fail used as
a laferal-confrol device on the characteristics of the

49

model in sideslp with the rudder deflected 10°.

s t722 , O; moment center 0436¢; & ,40°% /,,-6°.

RESTRICTED




50

RESTRICTED

.28
a,deg &y, deg
.24 Q04 o
q 66 o
A 28 O
.20 o 190 o
§ N 251/ o
6 = *‘_‘0{: o 04 20
w =2 K o 66 20
% - | s /28 20
mwes SumnaSuEEER RY- AL
R A :
[0
04 %>: =
§ & Bl [ ~ 1
1 0 \<>\ \L \\Q:
2 NANEEN
<
$-04 ™
RN A \\\
08 AVA
N \\\ N
-2 AN AN .
‘\\ \\\1
\\
-./16 N =N
NN
=20 =
\\] —
-24
<y
3
S
® .04
§ 02 Y B
IS == -
P~ o
Q
S - =
©-02 o = E{
= =200 2 4 6 8 0 2 14 6 I8

Angle of sideslip, £, deg

() Cpn,Cy vs B
Figure 20.— Conftinued.

RESTRICTED

NACA RM A52L15




NACA RM A52L15

Side - force  coefficient, Cy

Yawing - moment coefficient, C,

RESTRICTED
20
16 Z
Pz
12 7’&é
= .
.08 =
09—+ {_‘F—\“‘N
o &-ﬁ
~ T a,deg &y, deg
_04 A SNS R 04 o
X3 66 0
A /128 0
-08 aQ 190 0
N 25/ o
=12 o 04 20
o 66 20
a /28 20
o /190 20
N 25/ 20
05
04 e
Y
.03 f
/{/ <
02 7 oan
1/ %
.0/ -{// 'Z
/ 4
o . ]
VAW ; f(,—«x
-0/ 7 1A //
-02 , d // ] I A
? v B (/ - E
/ LA
-03 ! i
-04 ‘\‘ i
-05 ~ = N
N
-.06 NS 1|
g T‘—F NACA ,7‘
-4 2 0 2 4 6 8 0 2 14 6 I8

Angle of sideslp, £, deg

Figure 20.— Concluded.

RESTRICTED

Sk




CELOTHELSHY

152 T I I
Calculated for wing
/.0 alone (Theory of
reference 4)

L
g /

/| | Vg

Lift coefficient, C,

2 S
-4 o 4 g 2 6 20 24 04 0 -04 -08 -/12 -16 -20
Angle of attack, a, deg Pitching-moment coefficient, Cp

o ./ 2 3 4 S
Drag coefficient, Gp

Figure 2l.— A comparison of the experimental longitudinal characteristics of the model
(horizontal tail off) with those predicted by reference 7. Moment center, 0.250C ;
ér, 0°.

4

THLOTHLSHY

GTTeCV WY YOVN




THLLOTHISHY

&
Experiment
————— Theory of reference 5

.6 =

e — —— —e— — T e e — — — e — — — — — — —— —

ACL \
P \\\
\
2
NAGA
o
o 4 8 2 /6 20 24 28

Angle of attack, a

deg

?

Figure 22.— The lift increment of the model, ACG , obtained by deflecting

the flaps to 40°,

without the horizontal tail.

GT'I2SY WY VOVN

THLOTYISHY

€4



TCELOTHLSHY

CL

Lift coefficient,

1.9

T - -

-

4 H
Horizontal-
tail position
22 :

(o) Low
o Middle
A High
0
=2 _ it

028, 24 .20 16 12 .08 .04 o -04 -08 -2 -.16 -20 -24
Pitching - moment coefficient, Cpm

Figur. 23— The effect of tail position on the pifching - moment curves with
flaps undeflected and for O° tail Incidence.

(e

TELOTHLSHEY

CTT2GY WY VOVN




NACA RM A52L15 RESTRICTED
2 : T
ol High /
b/2 S, deg P g" .
o 0 g
N £ === 0 40 /
. ———o02r 0 /
N
- 20 / Sfl o’°
S
S / -
: ! A
-
- Low e //
) 8, 40° v+~ 1
X /2 o /
S ra )y
8 -1 /
7 /
: Py ol s //
> e iy
N y ¢/ 5. 0°
= v ‘
N 4 - z A
0

o 4 8 2 /6 20 24
Angle of attack, a, deg

Figure 24.— The average effective downwash at three
vertical positions of the horizontal ftail.

RESTRICTED

22




TELOTHLSHY

/.6 T T
Ly P Sinking speed, ft/sec e
/.4 0° = 20 30 4o 504~ s
/) 2 / o
=—==—a O /// // /// s ////, o \\

12 =T g e T \
S - b [V A A 00 \\
= 1.0 P 4 = .
S “ / [T 7 6Gliding \ \
2 pd § i speed, mph \\
S & % / A o \
- v / Ny 120 | \
N / 7
g 6 /// y. T//I /:_: \
Q 7 / WA /40 N
>~ ( / 1
K N
o4 / i

2
==
o
o 4 g8 2 16 20 24 0 2 4 6 g [0 /2
Angle of aftack, a, deg Lift—drag ratio, L/D
o J/ 2 3 4 S5 6 7 TNACA

Drag coefficient, Cp

Figure 25.— The effect of flap deflection on the longitudinal frim characteristics of the model with the
horizontal tail in the low position. Gliding and sinking speed curves were computed using a wing
loading of 30 pounds per square foof.
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and with flaps deflected, 40°.
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Figure 27.— The increment in rolling moment, yawing moment,
and side force per degree of fofal lateral-control deflection
of the flops. &, 20% ﬁ o)
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Figure 28.— The increment in rolling moment, yawing moment
and side force per degree of fotal lateral-control deflection
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Figure 29.— A comparison of the variation of pb/2Y
with lIft coefficient for the model with Fflaps or
horizontal tail used as a lateral- control device.
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