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OF VARTOUS WING MODIFICATIONS ON THE LONGITUDINAL
CHARACTERISTICS OF TWO TRIANGULAR-WING
ATRPIANE MODELS WITH AND WITHOUT
HORIZONTAL TAIIS

By David G. Koenig
SUMMARY

An investigation was made with the objective of eliminating desta-
billizing changes of pitching moment through the use of wilng modifications
for two airpliane models having triangular wings of aspect ratios 2 and 3.
The models were tested with horizontal talls located sbove the extended
wlng chord plane as well as wlth the tails off. Chord extensions and
fences, alone and in comblnation, were the principal wing modifications
considered. The unfavorable stability changes through the 1ift ranges
of the basic models were not entlrely eliminated by the modifications
tested. However, conslderable improvement was obtained for both models
with the use of a chord extension in combination with a fence.

INTRODUCTION

For high-gpeed airplanes having horizontal talls, it has been found
desirable for serodynamlc and structural reasons to place the tail above
the extended wing-chord plane. However, for airplanes with low-aspect~
ratio winge and with the tail above the wing chord plane, for certain
tail lengths, desteblilizing changes of pltching moment occur for portions
of the 1ift range. This effect occurred for the two models reported in
references 1 and 2, which were equlpped with aspect ratio 2 and 3 tri-
angular wings. An investigation was undertaken in the Ames 40- by 80-
foot wind tunnel to study the poasiblility of reducing the destebilizing
changes of pitching moment of these models through the use of wing modi-
flcations which included chord extenalons, fences, and combinations of
chord extensions end fences.
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A secondary obJective of the investigation was that of improving the
longitudinal stability characteristics of the models with the horizontal
tall removed. ’ :

The complete range of wing modiflcations tested 1s shown in figure 1;
however, only the results which indicate the general effectiveness of each
type of wing modification are presented herein. A limited number of these
modifications were used for the investigation with the horizontal teil
off.

NOTATION

b wing span, ft
be flap span (movable), ft
by horizontal-tail span, ft
c wing chord, measured parallel to wing center line, Tt
c mean serodynamic c?ord of wing, measured parallel to wing

b

j; c2dy

center line;, -———— , ft
2 b /2 2
S, edy
dra
Cp drag coefficilent, & _
1ift
Ct, 1ift coefficient, —ag—
t
Cm pitching-moment coefficient, 2= °h12§EP°ment
1y distance from moment center to pivot line of the horizontal
tell, ft

q free-gtream dynamic pressure, 1b/sq £t
S total wing area, sq ft
S¢ trailing-edge flep area (total moveble), sq ft
S¢ total horizontal-tall area, sq ft

e
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longitudinal coordinate paralliel to the model plane of
symmetry, £t

lateral coordinate perpendicular to the model plane of
symmetry, ft

vertical ccordinate perpendicular to the wing chord
plane, ft

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

flap deflection with reference to the wing chord plane, deg
2y

Configuretion Designation

midchord portion of fence

chord extension with chord extended 0.15c and with inboard
end at 1 =1 =and with outboard end at n =m

skewed chord extension
(see fig. 1i(a).)

fences at 1 = 1 and § = m on the wing placed parallel
to model plane of symmetry

modified leading-edge radius
Krueger type leading-edge flap with outboard end at 14

spoller on wing leading edge in wing chord plane with
inboard and ocutboard ends at 1 = I and m, respectively

nose portion of fence
wing with rounded-rocot plan form

rear portion of fence
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MODELS

The baslc models used in this investigatlon are 1dentical to the
models used in the tests reported in references 1 and 2. The models
with aspect ratio 2 and 3 wingse will be referred to hereinafter as
models A2 and A3, respectively. Drawings of the models are shown in
figure 2 and pertinent geometric data are presented in table I.

Airfoll sections of the wings parallel to the model plane of sym-
metry were NACA 0005 sections modified with a straight line falring
from the 67-percent station to the wing treiling edge. The wings were
equipped with partial-span single-slotted flaps.

The horizontal tails were installed at 0O° incidence (with respect
to the wing chord plane) on the vertical tail at 0.25 and 0.21 semispan
above the wing chord plane for models A2 and A3, respectively.

Details of the wing modificatlons investigated are presented in
figure 3. The spanwise locations of the varioue wing modificatlons were
set within an accuracy of 0.00Sb/é. Hereinafter each wing modification
will be referred to by the notation indicated in figure 3 and defined
in the section Notation. As indicated by Ffigure 3(b), all fence lengths
included in wing modifications for model A3 are those of R, C, T when
Bf = O° and N, C when &¢ = Lo, For model A2, the fence lengths used
on each wing modification for which results of tests are presented
herein are listed in table II.

TESTS

The major part of the lnvestigation consisted of tests of the
various wing modificatione on the models with the horizontael tail
installed and with the flaps undeflected. A few of the modificationsa
were tested on the models with the horlzontal tail off and flaps unde-
flected, and with the horizontal tall on and flaps deflected.

For 11 model configurations, force and moment date were cobiained
at O° sideslip through an angle-of-attack range of from -2° to 240,
The Reynolds numbers of the tests were 14.6 and 12.8 million for models
A2 and A3, respectively. The dynamic pregsure was approximately 25
pounds per square foot and the Mach number was 0.13 for hoth models.
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RESULTS AND DISCUSSION

Although all the wing modifications shown in figure 1 were inves-
tigated, the results presented herein are limited to those which indi-
cate the general effectiveness of each type of wing modification testeéd.
Table III is an index to the basic aerodynamic date presented in figures
b through 9. All pitching-moment data presented in figures &4, 5, 6,
and 9 are referred to & moment center located at the quarter-chord sta-
tion of the mean serodynamic chord. The data were corrected Ffor wind-
tunnel effects and support-strut interference.

Typical variations of aCp/dCy, with C; for various types of wing
modifications are presented in figure 10, for models with tail off and
on. Since the stability changes due to wing modification were slight
with the tail off as compared to those with the tail on, the effects of
wing modification for the models with the tail on may be attributed to
changes in the pitching-moment contribution of the horizontal tail.

From figures 4 and 10 it may be seen that with the tall on, the
most effective of the wing modifications tested did not completely elim-
inate the reduced stability shown by the basic models at high 1ift coef-
ficients. However, for the 1ift range from approximately Cr, = O to
Cr, = 0.9, the destabilizing changes in dCR/dC;, of 0.23 and 0.20 for
the basic models A2 and A3, respectively, were decreased to approximately
0.10 for both models by the most effective chord-extension fence combi-
nations. These improvements in stability are also demonstrated in fig-
ure 11 in which are presented tsil-~on pitching-moment characteristlcs
besed on moment centers which produce a static margin of 0.06c (at
Ci, = 0).

Ames Aeronautical Lsboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Feb. 9, 195k
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TABLE I.- GECMETRIC DATA
Wing Model A2 Model A3
Area, 8Q ft o« o o ¢ o o o o o o o o &« s o o s 312.50 313.76
Span, £t « « o+ ¢ o 2 6 5 6 e e o 4 o 4 o o o 25.00 30.64
Mean aerodynsmic chord, £t . . . . +« « . . . 16.67 13.65
Agpect ratio . ¢ ¢ ¢ ¢ & 6 c e s s e e o s s 2.00 2.99
Teper ratio . . . . . . . e e e 5 o s o o @ 0 0
Airfoll section parallel to model center
1ine . . . ¢ ¢ ¢ « ¢ o « o o s o+ o « « « « NACA GOO5 NACA 0005
(modified) (modified)
Fuselage
Tength, ft « ¢« ¢ o ¢ « o o« ¢ s o o« ¢ o = & & 56.16 56.16
Maximum diemeter, £ .« « o« = « o « o o « o o k. kg L. ho
Fineness ratlo ¢« &« ¢ ¢ ¢ o ¢ 5+ o o s o & o & 12.50 12.50
Vertical tail
Exposed area, 8g ft « . « « « ¢ . . e o 52.53 52.53
Aspect ratlo of plan form, extended to
model center line . . ¢ & & ¢ ¢ ¢ o o o o 1 1
Teper ratio « ¢ o ¢ o ¢ o o 6 o o o 4.0 o o« o _ o 0
Alrfoil section parallel to model center
1Ine . ¢ o « o o« « o o = s o« ¢« « o « « o « NACA 0005 NACA 0005
(modified) (modified)
Slotted, trailing-edge flaps
Chord . . « . e e e e s e e e e e e . . 0,2084 1.96 ft
Sr/S (total movable) e e e e e e e e e e 0.200 0.119
br/b (total movable) . + +¢ ¢ ¢ 4 ¢ ¢ o « o 0.528 0.622
Horizontal tail
s-t/S . e o ¢ s e & & . e o e e - o o . . _.-o L] 0.200 0.199
L 0.632 0.516
1t/c (for moment center at 0.25¢) . . . . . 1.337 1.735
Aspect Y8EI0 .« 4 ee 4 s 6 e 0 e e e e . . 4.0 k.0
Taper ratio ¢ ¢ ¢ ¢ o ¢ ¢ o = o« o o « o o . 0.50 0.50
2/(B/2) v ¢ v i i e e e i e e e e e e e . 0.25 0.21
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TABLE II.- MODEL A2 -~ FENCE LENGTHS USED

FOR VARIOUS WING MODIFICATIONS

Fence Wing Horizontal
lengths modification tail 8¢
N, C Fao; Fs03 Fso; Fao,so| On and off | O°
Fao,s0 on 40o°
Eso-»100; Fao off Og
Eso-aa00; Fzo On Lo
N, C, T Esoi100s Fao On
J/ Eso>100; Fso On
Es01005 Fazo On
C, T Esos100; Fao On
C, T Eso=1007 Fao On




TABLE IIT.- INDEX TO BASTC AERODYNAMIC DATA
Flap
Figure| Model|deflection,|TOTEontel Wing modification
deg
Piteching-mement characteristics

ba,p)| A2 0 On Baslce; Eso-»100; Bso-»100; Ess Faoi Faos Fsos Fao,sos

Eso->100; Fao; Eso>100; Feo0i Bso100s ¥soi Baoiocos

Fao3 Eiopi100s Faai BR; BR, LSso390
4(c) A3 0 On Basic; Bypo>ea; Eqo>s0i F24i Fazi Fos,325 Bao-vss Faus

Eqo>qer Fazi Baodew Faai Ego>sor Fazi Fags LE
5(a) Az 0 0rf  |Basie; Bg; Eso 53005 F405 Fao,s0i Eso-proor Faoi BR; ER,

13

8
5(b) A3 0 Off  |Basic; Eyoa0s Fou,325 Paopsor Fazi LFegs IE
6 A2 and ho O Basic; Fao 505 Beo->1000 Faol BRs 8s0 5800 Fou,32 Fao,ao0r
A3 Fagi WFeg
Lift charescterlstics
T(a) A2 0 Off and on|Basic; Ego-»1o0; Fso,s0; Eso—>100, Feo; BR; ER, ISgo-»s0
(1) A3 c Off and on|Basic; E o a0 Foq,s0 Byosor Fazi LFeg LB
Drag characterlatice

8(a) A2 0 Off and on|Basic; Eso->100; Fso,s0; Eso=100, Fa0; RR, RR, I3go->s0
8(b) A3 0 Off and on|Beslc; Eqo>s0; Fae,s25 Eso>eos Fazi LFegs IE
9 A 0 On E40-»100, Fao; Eso—100, F40; Fa0,50

60gHGY WY VOVN
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|

All chord extensions, /5-percent extended chord.

chord—extension —fence combinations
(2) Model with aspect ratloc 2 wing.

Figure 1l.- The wing modifications investigated.
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-
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(b) Model with aspect ratio 3 wing.

Figure 1l.- Concluded.

. %40 ! percent
"F LER,

Modified L.E

9,24,32,40

\

W

combinations



NACA RM A5LBO9

b 3

"I 15.32

(c=16.67)

Model! A2

Oimensions shown
unless otherwise nofed

in feef

[Pivar line ,‘Z 9/
i
1178 —
I01.'24
10.24
) 5320° L
F4 IR
(E=/3.65)
Model A3

/Pivaf line

50.16
46.2/
2343 L] | I
8.96
/)/ 3.17 __L
— : ———]
56.16

Figure 2.~ Geometric details of the basic models.
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/5¢ forward

ol wing L. .E. B\
Wing L .E-

Wing L.E>

0.16/2 _' R 0.08b/2 "I "0'2‘5/2
Typical !__ \ Typical — N A
Wing T£ l X Wng TE\ N
T osaz T fe0.68/2-
Model! A2, Esguiop Model! A3, E p. gp

Wing L.E~_{\ = =328#

Note: Except for E, chord exiensions are
designated as &,,,, wih the inboard

end at =1 and the outboard end
at P=m.

—=l 2171t =

Mo del A2 » E. s
Faired paralle! to
Echard plane
X | X ——-‘

Wing \chard plane

A\

l 0.30¢

Profile of wing /770.1/5*(/A 0.30¢c —
forward a disfance, x

Typical section, paralle! to
model plane of symmeltry

W

(a) Chord extensions.

Figure 3.- Details of wing modifications investigated.
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Slot Ilip of TE. flap

0.75 ft constant
normal fo
surface

L.E. portion, N

Note:

Middle portion, C

7. £ parf/on r

For model A2, Nor T were removed
for some configurations.

For model! A3, all fence configurations
with o= 0° included N,C,ondT.

For both madels 8 =40%_T was removed.

For both made/s F1 or Fi,mindicates
fences at ?=I or p=l1 and m.

(b) Fences.

Figure 3.- Continued.
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X Fuselage -
Mode/ ——\ A

symmeltrical

center line
R —~— ‘ -
|
]

S
I

16.25 ft fo )( )<B
8

Wing L.E,

0.6 T T
d,
25 1 -
- /67 T~
4 ‘L'ﬁ\ﬁ\ <
1,00 ~ -
. 6 - \
Ordinafe, ~ NN L.ER.,00/
AN 4 2 S A N X\ of basic
Q\ \ wing chord
] NMEAREY
s 2 4 .6 -3 0
r{- rr
Section A-A
»‘ ‘-a/ﬂf
Wing \\ 1]

chord plane \\\" 0_0‘/#

L.E. spoiler. Section perpendicular to
basic wing L.E.

Section B8-8

(¢) Root rounding and spoiler detsils for model A2.

Figure 3.~ Continued.
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L.E Flap

— .821‘—
/5' Fairs info basic
!_ 4 B wing

15

center of L.E. arc of.
free-stream section

!
Upper |Lower

X

I 8.00

|
L-/. ooR

This section is lypical for wing
sections parallel to model plane of
symmelry from fuselage fo 7=40.

From 7=40 lo % =50, L.E. radius reduces

to that of basic wing section.

Modified L.E

~0./8 |-0.49 |-0.49
o .11 |-1.06
0.75 | .60 |-1.48
/.00 | Basic | -1 .48
2.00| Y9 |45

4.00 -[.49
6.00 -/.64
&.00 -[.80

Dimensions shown
in percent chord

(d) Details of leading-edge flap and modified wing leading edge for

model A3.

Figure 3.- Concluded.
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(a) Model A2; wing modifications, E and F.

Figure 4.- Pitching-moment characteristics of the models with the flaps undeflected;
horizontal tall on.

9T

GOERGY WY VOVN




14

12
po-—1%
- s N | o] |F
0 7T
[5 (-/)
P 74

NN B

O Esp w0, F30 | —]

A Egp po; Fap

< Esp »ioos Foo

f ;ﬂ ; d,— I':‘5415’-0-.@(7: Fap
4 / 4 hEﬂ’O-ﬂ-IOOI F4a |
HlA A A N | | o |
2 ,}{ !/@ ’/C /J! )l(s E(ﬂ//z Q RR, LSGO--@D _—
A 1A A7)
orTIm 5 P
o oo S AT
-2 ||
08 04 0 0 04 -08 -I2 -I6 -20 -24 -28
Cm

(b) Model A2; wing modifications, E, F, and RR.

Figure k4.- Continued.
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(a) Model A2.

Figure 5.- Pitching-moment characteriatics of the models with the fleps undeflected;
horizcntal tail off.
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Figure 6.~ Pitching-moment characteristica of the models with flape deflected 40°;
horizontal tall on.
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Figure 7.~ Lift characteristics of the models with the flaps undeflected.
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(a) Model A2.
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(b) Model A3.

Flgure 1l.-~ Effect on the pitching-moment charascteristica of the models of a chord extension
in combination with a fence; de/dCL(C )" ~0,06¢; horizontsel tail on.
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