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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

TECHENICAL NOTE NO. 294.

WIND TUNNEL FORCE TESTS IN WING SYSTEMS
THROUGH LARGE ANGLES OF ATTACK.

By Carl J. Wenzinger and Thomas A. Harris.

Summary

Force tests on a systematic series of wing systems over &
range of angle of attack from minus forty-five degrees to plus
ninety degrees are covered in this report. The investigation,
conducted in the atmospheric wind tunnel of the Langley Memorial
Aeronautical Laboratory, was made on monoplane and biplane wing
models to determine the effects of variations of tip shape,
agpect ratio, flap setting, stagger, gap, decalage, sweep back,
and airfoil profile. Effects produced by the variables are giv-
en in a preliminary form by a series of comparative curves, to

be followed at a later'date by a complete report on the tests.
Introduction

Incidental to securing data on the esutorotational charac-
 teristics of a series of wing systems, force tests were con-
ducted over a large range of angle of attack. Since little in-
formation has been made available with respect to the behavior

of wing systems at large angles of attack, the results of these
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force tests are presented herewith in pfeliminary form, in order
that the data may become immediately available.

The results provide valuable data because the large range
of angle of attack govers practically all attitudes attainable
- by an airplane in flight, and the models tested are representa-

tive of several types of wing systems in common use to-day.
Models and Tests

The wing models were of five-inch chord and aspect ratio
six, except as noted below. They had the Clark Y profile in all
but a few tests in which the N.A.C.A. Ml profile was used. Ex-
cept to show tip effects, circular tipped models were used
throughout the tests. All tests were conducted at the Langley
Memorial Aeronautical Laboratory in the five-foot atmospheric
wind tunnel which has a circular closed throat test section.

The models were mountéd in the wind tunnel on the usual wire bal-
ance as shown in Figure 1.

The tests were érranged to enable . determination of the
effects produced by the following variations in the geometry of
the wing systems: .

Monoplane Wings

A. Tip. (Figures 2, 3)

(1) Rectangular
(2) Negative rake

(3) Circular
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Monoplane Wings (Cont.)
B. Aspect Ratio. (Figures 4, 5)

(1) rFour
(2) six
(3) Eight

Cs Flap Setting. (Figures 6, 7. Trailing edge flap
30 per cent of chord.)
(1) 15 degrees up

(2) 0 degrees
(3) 15 degrees dowm
(4¢) 25 degrees dowm
(5) 30 degrees down
D. profile. (Figures 8, 9i Monoplane wing comparison.)
(1) Clark Y
(2) NeAeGCuheoMl

Biplane Wing Systems

E. Stagger. (Figures 10, 11)

(1) -25 per cent

(2) o

(3) +35 per cent

(4) +50 per cent
F. Gap. (Figures 12, 13)

(1) Gap/chord = 1,5

(2) Gap/chord = 1.0

(3) Gap/chord = 0.5
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Biplane Wing Systems (Conts )

G. Decalage. (Figures 14, 15)
(1) +3 degrees

(8) 0O degrees

(3) -3 degrees

H. Sweep back. (Figures 18, 17. 10 degrees swegt-back

(1) vUpper
per

(2) Lower
per

(3) Upper
. per
(4) wLower
per

wing used with straight wing.

wing swept back, midspan stagger O
cent '

wing swept back, midspan stagger O
cent

wing swept back, midspan stagger +50
cent -

wing swept back, midspan stagger -50
cent

I. Profile. (Figures 18, 19. Biplane wing comparison.)

(1) Upper
" Lower
(2) Upper
Lower

(3) Upper
Lower

wing - Clark Y

wing - Clark Y

wing - Olark Y

Wing NedAoColdo =1

wing - N.A.C.4,-ML
wing ~ Clark Y

*  Lift and drag forces were measured for angles of attack

ranging from -45 degrees

at a dynamic pressure of

to +90 degrees. Tests were conducted

30.05 kg per m®, corresponding to an av-

erage air speed of 17.9 meters per second (40.0 M.P.H.), and an

average Reynolds Number of, 153,000
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A1l readings were corrected for the drag of the supporting
system. The biplane strut drag was found to be negligible, aﬂd
was therefore disregarded. Data were not corrected for tunnel
wall and blocking effects, as the determination of these correc-
tions for large angles of attack is a problem which requires
extensive research.

Lift and drag forces were measured to within an accuracy of
+1;5 per cent. Airfoil ordinates of the wooden wing models were

finigshed to the limits of £.003 in.
Resul¢ts

For purposes of direct comparison, the test results are
presented in groups of curves, each group showing the effects of

one of the variables previously listed. The curve groups, given

in Pigures 2 to 19, are arranged for each variable in two sections,

the group of absolute 1ift and drag coefficients (GL and CD)
versus angle of attack, and the polar curve group (Op versus Cp).

The absolute coefficients Cy and Op, were computed from

L
CL q S

i

_D_

°c = g s
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where L = 1lift
D = drag
q = dynamic pregsure = % p v

P = mass density of air =
0.12497 (kg - m™* sec®) at
15°C and 760 mm = 0,003378
(1be-Tt7* sec?).

v

S

velocity of air

total area of wing system,

all in consistent units.
Discussion

4 general survey of the curves illustrates the considerable
effects which changes in the arrangement of the wing systems
have on the 1lift and drag characteristics, particularly at large
angles of attack.

For the monoplanes, the most striking differences are due
to changes in profile and in trailing edge flap angle, which
produce large differences in maximum 1ift.

For the biplgnes, large differences in drag for changes in
stagger are notable. These drag variations are due to the shield-
ing of the upper wing by the lower at large angles of attacks

More detailed discussion and conclusions will be included

in a complete report to be presented at a later date.
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Conclusions

The major changes in monoplane characteristics are produced
by variations in profile and in trailing edge flap angle, and
for the biplanes the effects of changes in stagger are noteworthy.
Langley Memorial Aeronavtical Laboratory, .

National Advigory Committee for. Aeronautics,
Langley Field, June 25, 1938,
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Fig.3 Monoplane wings,tip shape effect.

° <
. o »
2 : ; . - -
; 'e) e T s
al n s = “ ]
ot . [76) §
4 () (o7} . 1] e 2 |
A o) u! . 27 ! 1 ca
i 8t 1t T \ .
« H 43 . 1 ' ~
[ 0 <6 1
3 () o ~ ! A
(& = o B |
g =] "
«© 4 3 o 'C ) O
4o (1] () & Py 4 ' 1 3
O ol 5] o i 1 1
15} ()] o — |
(Ao = O o )
H _ .- m.
t s, O .
m i .\\ 0 t9)
o] + [c] \\ .
: b_ K
1)
S RS . “ _ GD
~ [y} [np)
9 . ” “ ©
' g .
ko)) H qw
qﬁﬁwm\
PR
Y
<
- A
D_u \\\ I
) \ y
0 L,
T J 5
o | sl D
d o ...r#
- a o L ° 1
.Iowue,mwuﬂr. (i 2] O | { -
r.ﬂgﬂu-&n.-vr,.lﬁe+ll ~ b+ l-unn.nawn»nnloﬂ...ﬂrsbw‘ o
] © <jt 4] o 8y} < 3 0
| | ﬂ_u {



N.A.C.A. Technical Note No.294 Fig.4

1
!
1:-1-C-~-Adpect rafio ?: /*'/—
1.4 ' )
R O Agpect rati } / .
pect raflo . .
707 T
3+t + 41— Adpect ratlio 8 / /‘f’/ o7

1.2 —
clark ¥, 5[in. | | ¢ ){
chopd. Cir.jtipgd. L 3\ / .




N.A.C.A. Technical Note No. 294 Fig.5

14----40----- Aspect|ratio,4

11151, 2'1 o—+ Aspect|ratio,B
1.2 ,+ Ty A !
/> g, 18 3.|—-H-—1 Aspect|ratio,s

1.0 ‘ B i Ciark|Y, bi
-, ™~ .Lira in.
M’ N - 2l % 14Penotd . clr. fips

O,

BT — 3
$° 8 VL
' \ |
3 |
0 I o E B O 1
f—G 9 O
-.3 .
\\\"'9 Fig.5 Monoplang wihgs,| aspect|ratio effec
\\\ r__l‘gu\
-4 : >

1
Q
Y
OR;
L
sy
/o
II
.
(3.
i
]
/N
=
]:.J
;\W
|
-l
1

N ~~lL_ .- :'\
L {\ T e I '
-.B +°\L\ N\
=30\ T—" >
<\ N
'-\3’5"‘l ~\_.\.‘+— o
-45

~8s .2 4 8 . .8 1.0 1.2 1.4



Fi

80

80Q°

40°

20" d.

N.A.CA, Technical Note No.294

! |_ -} - ; o, =D
lA/ V. .\\4 \\\\\4\.%«. =1
/ \\ \.\\\\\\\ o
X, : xl\l.—:\\vn\\\\ Ml.u,
A \\\\nx . @
/ \\\\ - [(s] . o
o ~ &\.@XA\ 2y n PP o
,9,// N il 2B B 5 m m 3
AN e IS X o) 5 g | Do &
TS / w| | Wl o | |9 a
//// ™~ \\4 | ol ~ I I
s . M\ e T W=
NN NP clefl dl 1 @ dd B
NN ~Q — — ~ ™~
~ . = I I
H L] E
+ ﬂ n ! _ .
: @
= { .w.,z ow| _ m_w |8 | e
[ &} uf:. - _ | S s,
w-w\ : f i N O B
“‘\|R% L] - - . .
&Dl\lh\lﬂ /d 1 2 [np] 4 5 6
L d,o 5
T —B 3
R o e ) on N
X s - -
= A.mMMM e R
Q8
\*\4\ \vmﬂ\v B e e
Py
\
7
+
/
-]
.n
o)
[ (o) o) I )
— P ~ ] I




N.A.C.A. Technical Note No.294 - . Fig.”7

:_ ¢J° "
@N\ 1—~-;-é— —- |Flap 15 |up.

3 O Flap O

. 3—-+-+— [Flap 15 |down.
/ [ ' .E

\
\
lo \:!-\/\\\ 2%’2 04----—0------ Fla_FL a5 idown.
‘ o
X

:3,9«1_/“\ |~ - [Flag 30 |dows.

Ccl

M
H
W
ot

r flap 20%c.

5 4n. ¢hord,cit. tips. N

A
=)
Aspect |ratio=6 \ \é‘ -

"1f ] ngéoc
pid
WIRR ™
@
-15" -18° "\ 44
L iy :gygra\‘&x
(,, t-:::\26" A N
7 L \_ﬂ_zz’
-3 N -45° 1\__:__-
/ﬂ} \ /G' 2— ade]
- /-17\\\ -39° o 5"/:;’, ¢
a/o S N _c'_.bz_. £ M
-1F -2;‘9\\ a5 [/
—l8 /




.C.A. Technical Note No. 294 Fl
4 Olhrk . |
2.-t-of---1 W.h.0.h. ML )
Va
| |5 in.ckord{cir{tips. A.R.=6 | 2
Y\
IRE
O T
[ A
8 \‘0./,5’ X
2 / o 5
\ /
SN 4 sé X
N } // \
\ I \
1 r 'L - gll’
\ 1 [
\ / A
T T W
N2 :' / A
\—T:__— [ n ‘P:) ’
e v | / | : f o VA
o | . D Gl
3 TR S1% - i
NG i 8g P
LI; .
0 \ﬁi@%ggﬁ:'
" i ‘,5 1 |
i !
! I ’I
;/ ,
-.2 9
¥
— !
I[ ; | Fig.8 MYonoplane wings,profile
-4 Dorp-
| / ', effept. t
1, > ! i
!
-.8 / : L
e ' N.A.C.A. M 1.
TG N ————— —=3

—40" ~20° 0° 20" 4 40 60° 80°



Fig.9

N.A.C.A. Technical Note No.294

: ]
° Q i i : i
mu [N _ _ { an °
o T Zanteen _ "ﬂ .
" . \\\\..\9._.. i _ -||¢_ \D/ ]
i Q, \\\\ -
o 1o e 551 o
. ..T..“ . P
* (" < i
— 1, ol co . k
e (s} pres N O M;l
9 ©
M d O A.“ MI_U
. . & g ® o)
| o . e i+ -
T ) 4
alel 1ol gy : :
M N 19 ]
v} i =] _.n {1 R
Tt - Ll
(&) = . m ol .
. . 0§ < o _
| ! 5 | ®
\\ r
. A A 5 12
QS (AY] Y
a A.m nm. H <Ht s
Y»o a0 ﬂ 1| ¢
b o S| el
13 = » e 11
/ B % 3\
/ [0 _Aﬁnv | R
h o s pllets e -~ d / o
[, « Y /]
onw.,% e | .o o <
b ¢ pax ,
o r‘—‘ ﬂ { . B
» \n%& Y | 2 %%m 2
A —_—m e - 7 \
t S [o0] LT
\ b0 : ), i «
A Qi g e .\_._....,ﬂ .
) el Onﬂ. °
[10] ! Fry o ,
1..“ a..nm_b, o 2 \_Iu_~._ u"u 1
- %) 0 1 ~ £
o..//cr@/ 9 lon wO_ [ o . -
2 (0] o o © — 0 Iiﬂ?ﬂrhl”& — (@]
— | © 5] ° o)
K < Q4 < « ° 2 R R ;
— — (@] | |



N.A.C.A. Technical Note No.294 Fig.10

1} —1 +-}—~—23b6Zstiaggalr

1.2 .
2 O~ 3% ¢ 1
i
3| ood-m 25% | v Y
1.0 -
| ——f-K--|—5D % "ﬁ \"
11 '
.8 !
op i
16 ‘l ,'X':I
[N g

S
.
|..h
07
i_.l
o
o W

plang wings,stagger R
N

i ate
j,‘ A A A
-.2 .

\,:r /ﬁ@”/ 14 I /
-4 15:-\:*63447‘_,!-/ \\ ‘\ II ’/ ,/ /// —]
oA Y ‘\ Lon //
r—--‘b — < - \‘ ‘\ ! I/ ! 17
At \ S
- gl_lUpper &|lower wing R -
Clatk Y}Cir.tipp P B )
A.Ri{=6 G/C= 0 v Y
—_1-D =0 b /! / ]
ecglage =0 SRS
-.8 ””/,,,«,LALJL-——~\ e
L | | ; s | l
-40° -20° 0° 20° 40° 80° 80°



3

N.A.C.A. Technical Note No.294 Fig.1ll

1 H— -—--3 A
1a 45% gtagger
s 0% T
3 of-—-t----- 5% n
4 Wi e . ___50% "
1.0 50
240
i ‘,;gv g .
e P rer wing
.8 /FC\P ] r. tips
heda . =6
=1.0
alage= 0°
.6 0
GL )
A
09 70°
&
|
o8
—.2 %
T 3 T

/
Fig.1l| Biplane wings, A
8 stageet effectl. ’/////,,JLJiJL__-t>
' 1 l I I l | |
0 3 4 .6 C~ .8 1.0 1.2 1.4



N.A.C.A. Technical Note No.2394 Fig.l2

1L----{-0-}- G/le=1/5 Upper & lo'.‘}er wing,|Claxk Y|

e Ciz|tipg. 4.R.96
A | Sta geI=O%I:eca1a,ge.—. o°

B—- +-|—" =0ls I/ Wor

3l O " =140

o

r
L
|
Eis

s .
-4 \~+—)'/,/
LA
R -l _
L L S
gl e TTNB, -
= 6 E v af_’ _______ o — -
Fig|{l3 Biplane wings,ggp
L L Vs

~-.8 . /,——j




N.A.C.A. Technical Note No, 294

1.2

1.0

-.8

Fig.13
1 P--q-—- —- G/c =] 1.5
150 5 o G/ = 1.0 -
) 3 b-—.—L_afc =0.5
()rl-l-U N
13 ,: 20\180
l'*‘f\ \‘ . z
o,/ 1'?\"\,_/\§ \200 Upper wing,| Clark Y.
974/ o0 \, 3 Lower wing,|Clark Y.
A ) ; A |
. 250 ) 4D Ciyr., tips., AJR. =F 6.
A \E\‘Lt T_ 300 35 L Sthegser = |C
89qig0 24 3 \ Depalage = 0°
! 357
&P \
: i
=9
+
b o°
Tl
L 4o
T 1 —
| t
| i
| i a——— A
1 )
[
. - Lo ]
) - U
N 1 >a
onnl 74 _
Te-300
Soi==9° —
\\\o\ B e il -
L 390~ ~0~ PP S 3
—45pP pniriideidiie il R
Fig.1$ Biplane wings)
R
' ! I -t l | ’
Q .2 4 .6 Cp .8 1.0 1.3 1.4




N.A.C.A. Technical Note No.294 Fig.l4

Upper & lower wing,Clark{y. |l.-t--o|----3 Dgcalgge.

ir.dipsy A.R.=
tagger=0%G/¢=1.0

1.2

Fig.l4 |Biplane

wings, decalage X! .
sriect] ; e ° _}2_-.
—Tee e SRCE e w4
-.8
-40°  -30° 0° 30" o 40 60° 80°



N.A.C.A. Technical Note No. 394 . Fig,15

1.2 lo-t---- --—-1+30| dechlage.,
180 2 o 0%l dechlage.
1400 . 3+ - 4—-—1=30decplage.
g l&\
l o ]-l2 - Q@x —-L I
. X uu' \5\ o Upper wing] Clark ¥,
//- <Jﬂk§§3 ) Lower wing| Clark V.
of '\ 240 Oir. tips.| ALR. & 8.

Fil.15 Biplane wings - —=r== =

-8 decaldge affeet,




N.A.C.A. Technlical Mote,No, 294 Fig.l1l6
L1 —-x-- - ol o
(U.WgJS.BI\ o gh s aal L
LT-" t St )ub.uv s I/?‘.
e )
ul. *ls.3]10%
'z_ sme el Qe de s S
U.Wg.s.B )
.8£L. ™ gtz |1904Ste g
%L_I__.. + - — \_} \\
e lstr \ond N
c EO% ot on A
Oy, [T BB 7O -
s X R
D, ¢ L
5 LN
PIEAAY
\ T
\\\
A\
N
2 ‘\§\\\\ X
. \ti‘\\f\ \\\ .
0 \\\
)
-.2
R —-“‘\‘\
—.4 5 ] ‘€/7+ A /3. Svp. B,
X ~_or”’/,/ 2. Stralo'nt
e : /A
P
iy T/ |
-6 JpFer & ldwer |wing
I 3 ]
Slark Yé(}iiif"ps' 45 Stralght ../
Dekalage=0° (- Spralght,
-.8 i >/
=--= Seotion. a-b. | l

-40° -20° o 30° 4 40° 60°
Fig.18 Biplane winmgs, sweepback wing effect.




N.A.C.A. Technical Note No.Z294

2

1.

.17

— X+

o
ng

)

, $wp.Bk,
traight

Stagger.

o]

‘ng étraight

,x;Wp E

;s.‘ .
5 trai

k.
ght

i

,§tral
, $wp.

Bk.

gh

1"

Clax

Upper &
kY.

lowp
Ci

ing

A.R
Deca

=6.

G/c
lage=0°

!5?@;-‘

Q

KOOkt e i
OO

\\
ﬁ\\
\ 60
2
II

-

ack

sweepd

/
4

*3 Swp .Bk4]
, 2 Straight.

o

, _

|

1.4



N.A.C,A. Technical Note No, 294 Fig.18
1l e Upper wing,|Clayk Y
1.2 Lower wingiClaxk Y
! alo__1l__1__|Upper wing,Clank Y
: ower wing |[N.AJC.AIMI
3+___ﬁlpper wing, NJA.CJA. N1
) ower| wing, Qlark Y
1.0
’ cirl tijps. |A.RJ = §.
o Stapger = 0%
Pl C G/el = 1.0
g ﬁ,’,& EAY L Dechlage = {0°
c;L
B
D \?
B A\Y
'2
: o
-2 /
_ —
P
-4 4

-0y, AT
Pt St df /
I R , N,A.C.A. M1 Clark Y.
Fig.18 BHiplane Wwingg, 2___(?:1 ______ Ny 3
-.8 Brofile pffept, ‘-}--—-l ————— Jpn g --"3

-40° -30° oy 20° « 40° 80° . 80°



N.A.C.A., Technical Note No. 294 Fig,l19

16 Uppger wing, Clark Y
1.2 Lower wing,| Clark Y
) 160 N {Upper Wing,| 0ldrk Y
Lower wing, N.A.C.A., ML
PR N {Up er Wing, N.4.C.A. M1
Y Lower wing, Clark ¥
200 '
o Ciz. tips.| A.R. =|6.
\ 0\5\2 o [30° - Stageen = 0%
2t o | e/d = 1.0
E‘% :2_38'6-%0 :Q‘k: 40° | Dedalage =|0°
\\\\\
S50
\“\
|
hp1600
L
2482 °
¢ o)
~F 00
9-09- 3 _#;9[06
| -aP
D
--2 “-9
1
| .
._:9% w—=L =1500
-4 li .?2-\1* - {alY
\“ \ .
-— 'L ™) ~ ‘(’
-lé ‘}\‘:H\_-,.v_ :4/;“"6-45
""6 - ~%l_ :b’ o
Fig,19| Biplane wihgs, — 1,3
-.8 profile effectl —I -f—‘l-’-‘_'__'__-_____,,-".l.fﬁd




