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' ‘ NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

TECHNICAL NOTE NO. 325,

WIND TUNNEL 'PRESSUﬁE DISTRIBUTION TESTS ON
A SERIES OF BIPLANE WING MODELS,
PART II. EFFECTS OF CHANGES IN DECALAGE, DIHEDRAL,
SWEEPBACK AND OVERHANG.
By Montgomery Knight and Richard W. Noyes.

Summarey

This preliminary report furnishes information on the changes
in the forces on each wing of a biplane cellule when the deca-—
. lage, dihedral, sweepback and overhang are separately varied.
The data were obtained from pressure distribution tests made in
the Atmospheric Wind Tunnel of the Langley Memorial Aeronautical
Laboratory. 8ince each test was carried up to 90° angle of at-
tack, the results may be used in the study of stalled flight and

of spinning and in the structural design of biplane wings

This preliminary report presents the results of wind tunnel
pressure distribution tests which were made in order to deter-
mine the magnitude and disposition of- the normal or "beam! air

~ loads on two wing models arranged in different biplane combina-
tions. The effects of changes in decalage, dihedral, sweepbaok,
) ‘ and overhang were investigated separately. A previous report,

Part I (see Reference), has covered the results of gimilar tests



K.A.C.A. Technical Note No. 3325 3

in which the stagger and gap were varied. A subsequent report,
Part III, will cover the results of additioﬁal tests in which
the zbove factors were varied in pairs, such ass various amounts
of stagger for various amounts of gap, etc. A more complete
pfésentakion of the results of the entire investigation and an
analysis frow the standpoints of epinning, stalled flight, and
the structural design of biplane wings will be published at a
later date. .

The tests were made in the Five-Faot Atmospheric Wind Tun-
nel of the Langley Memorial Aeronautical Laboratory. A complete
description of the models, apparatus, method of testing, and the
procedure in working up the test data is given in Part I (See
Reference) and will not be repeated here. The Clark ¥ profile

was used on each wing. Figure 1 shows the wing plan form and

location of the pressure orifice,
Tests

The biplane arrangements tested were divided into four
groups as follows:
1. Variation in decalage (stagger = 0, gap/chord

ciacdrgl = 0, sweepback
overhang = 0).

o

See Figure 3.

(a) -8°
(p) -3°
(¢) ©°
(@) +8°

(e) +8°
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2., Variation in dihedral (stagger = 0, gap/chord
decalage = O, sweepback
overhang = 0).

W
o

See Figure 11.
(a) 3° upper wing, O0° lower wing.
(p) 0° both wings.
(c) 0° upper wing, 3° lower wing.
3. Variation in sweepbhck (stagger = gap/chord = 1,

0
decalage = 0, dihedral = O,
overhang = 0).

. See Figure 30.

(o}

(a) 10° upper wing, O0° lower wing.

o
o

(p) 5° upper wing, loweTr wing.
(c) 0° both wings.
() 0° upper wing, 5° lower wing.

(e) 0° upper wing, 10° lower wing.

4., Variation in overhang (stagger = 0, gap/chord
decalage = 0, dihedral
sweepback = 0);

o
o

See Figure 29.

Lower wing span -~ 17, 25.
(a) Upper wing span

(b) Lower wing span _ 1.00.
.Upper wing span .

(c) Lower wing span - (,80.
Upper wing span

(a) Lower wing span

: 0.60.
Upper wing span

Each test was made at angles of attack of —80, ~49, OO,
+40, 89, 129, 14°, 18°, 18°, 230°, 23°, 235°, 30°, 35°,

40°, 50°, 80°, 70°, 80°, and 90°. The dynamic pressure d,
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indicated by the "gervice" Pitoé—static tube as explained in
Part I, was maintalned at 4.09 1b. per sq.ft., corresponding to
an average velocity of very nearly 40 m.p.h., and to a Reynolds
Number of about 150,000.

Resultese-

The results are presented in the form of comparison curves
and are divided into four groups. In the first group is shown
the way in which the loadings on the wings are affected by chang-
ing the decalage, in the second the dihedral, in the third the
sweepback, and in the fourth the 6Yerhang. From these gurves
may be determined the magnitude and point of action of the semi-
span normal force on each wing for any reasonable decalage, di-
hedral, sweepback, and overhéng and for most of the angles of
attack apt to be encountered in flight. Following is a 1list of
comparison curves, all of which are plotted against angle of
attack: (The first, second, third, and fourth figure numbers

refer to decalage, dihedral, sweepback, and overhang, respective-
[ ]

ly.)
. Figures 3, 13, 231, 30. Normal force coefficient for
cellule.

Figures 4, 13, 23, 3l. Normal force coefficient for up-
per winge.

Figures 5, 14, 33, 33. Normal force coefficient for
lower wing.

Figures 6, 15, 24, 33. Ratio of load on each Wing %o
load on cellule.
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Figures 7, 16, 235, 34. Longitudinal center of pressure
. _ for upper wing.

Figures 8, 17, 36, 35. Longitudinal center of pressure
for lower winge.

Figures 9, 18, 37, 36. Lateral center of pressure for
- upper winge

Figures 10, 19, 238, 37. DLateral center of pressure for
) lower wing.

A e B r— . et AV e

In order to show the genersl nature of the interference effects on two biplane
wings, each figure, with the obvieus exception of Figures 6, 15, 24 and 332, hes
superimposed upon it the corresponding monoplane curve for tke maximum span wing

without dibhedral or sweepback.

The accuracy of the results may be inferred from the fact

that the average deviation of the curve points on the figures
from a mean value Was withim plus or minus two per cent. This
was determined from check tests, fairings, and integrations.

In interpreting the results of this wind tunnel investiga~
tion, the low Reynolds Number of the tests (150,000) and the
fact that the results have not been corrected for tunnel wall
effects should be kept in mind. While scale effect will doubt-
less change the absolute value of the coefficients, the relative

changes produced by decalage, dihedral, sweepback, and overhang
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variations will .robably hold for Reynolds Nﬁmbers greater than

that of the tests.

Langley HMemorial Aeronausical Laboratory,
Natlional Advisory Committee for Aeronautics,
Langley Field, Va., August 8, 1929.

Refexrence

Knight, Montgomery Wind Tunnel Pressure Distribution Tests
and ! on a Series of Biplane Wing Models.
Noyes, Richard W, Part I. Effects of Changes in Stagger

and Gap. N.A.CiA. Technical Note ¥o.
310, 1929.



Section E

Section A Section B Section C
8ection D

2!
o

A

X
W

Orificesn

-

W
AN 3

ERETETTRR mmi\\\

J
&
-
1
=

-
!
i‘
<
:ﬁhn_*

.V'_D leH

GE2"ON 930N TTOoTUIUO9[

4.01"
= 14,45"
Fig.l Wine showine arifica lacstdinna
ar Q o FEERARY W ok vk kool W W e W LU W e W ALLD




‘ N.A.C.A, Technical Note ¥o0.325 Fig.3

Upper wing
o)
+350
489 Lower wing -3°
\ -&°

Fig.2 Wing model arrangements used in tests on the
effect of variation in Jecalage "



1.4

- =
o) V)

(o0

>

Coefficient of normal 1:‘01'ce,GNF
o o

Angle of attack,d
Flg.3 Effect of decalage on cellule coefficient of normal force.

T Y MDA RS Rty
Y A
BRI P
\\\.1. | l
[ ¥ ]
N | f
1 e !. ! J_
A
N
Y * F—A
= oo
i ’/
4 ] ¥onoplane
] ”/A DEJca,laga = _,0 ] O '
) 1 [ I
?/Lﬂ?ﬁ n = _qo - _lL -
71 0 3 -
1A e
ut H ” - 50_4 — 1 i
T/ /f ’ “G'J*'“ — 1
T f/ f 5 EO 4+ __
o } / 4
0 .
ol
-0 0 10°  20°  30°  40° 50°  s0° 70° 80° 9G°

.F.D-V-H

Gggod 940N TBOTUWOe]

¢ 314




Coefficient of normal foroe,C!HF

1.4 =
e 3
-~ i~
1.3 — ’
— 3
7 2
1 Monoplpane E
Deqalajge + -4° - Q
'—J
f J; =EO ~A - )
.8 o : =
.[J W b0 " £ 0% - --tod- - @
o \"'{;}'—"—:ﬁ:‘é\ = r o 3
’ - R T - : &
8 /l/f A G \‘F\;\Qt 40 P
A =~ - -. = <4 - N jAV]
[’F TRAR &
i B\
4 /’}//' \\\\‘\:Q,\&‘D
3 b s
¥ }\f-;é\i\ J
I[ ~
L T
7 1|-,
/ //:’ \\E‘\\
i *
!/ \Y
O Y
/7 h\
L H ! i |
I ! } ! N
-.3 /J : { L l

by

09 o° 10°  20° 30° 40° 50°  80®  70°
Angle of attack,a
Fig.4 Effect of decalage on upper wing coefficient of normal force.




. N,A.C.A. Technlcal Note Ho.335 Fiz.5

]
o
- O O %
] _ t _
1 I N
T ] # "
i
1 v 0
~‘ e \w nw @ 4 o
1
, | - A_ _mu.
__h I ' Q
|, ! ! ! 3 o
{— : T ol
] | ||—| ' 944
. L I#. ﬁ.
Ty 1
0
“ ; / c (o o o lo o S
F. - 0 al o [ a W AT
M \ / Pt ) ©
1]\ I A O SO O A A
H |M,, M / 819 i 3
N —t 5 ~
AT TR
8 /. i o _ " =1 .m
T ol ®
A\ N | ol 5 %4
\ N
" Y O 4
o INNLN B |3
.,/. N d i 1]
1L IL a//.y naum - OO nmlu_u
Y
N " R
N AN -~ L
T sTE
JJ 0
.huﬁo / ] plm O
. T H R % m w
,\4 Mﬁ s o™ o ] w8
CN R ~ .
P~ St g — "~ BN
/ﬁ./.ﬁr; //J...FL I~ /n - 1 o_m
N T - rO/.. ‘0
~ T F/u.f I Al
IR AR A T2T L
l.llvﬂ IIrJIQ/. lTndl Faa o
7:1 — /Aflr. lll).,lflu 1!..[1.-. //
St ol ol I/A.r.l. ~o.
S~ L ~d f“”/ N o \
| - o Bl A
il ) < 3] 5ol d tQ o 1__
~—+ — “ 1

0¢e0I0F TEWJIOU JO 4USTOTFI9CD



N A.C.A. Technical Note No.325

peol weaq 3[niap

80°

70°

20

10°

90°

50° 60°

40°
Angle of attack, o

00

peOf wraq Sum JIamo] - . .
$ § 8 8 8% 8 ° 8/ 9
~ — - ) . |
|
: __m _ -
_ _
n“ .
g
v
e |1 |
RO Q40+ X -
AN LhEhd
N IR
Mr TRERR
W Y
A
WY gL
LAY M_.
./m;
.
]
iRAN
n,._ N
1S MN
_ o JI...J
W\u\... \\\\. .-\-.\ N _ -w
i i i e 3 oo .
- : > — L—|.l|
¢ & ° § % 8 B8 8 8§ 9
1 i preo] wreaq atnren lp..m —~ ~ —

PeO[ Weaq Sum Jaddn
Fig.6 _um.m.mmn.n of decalage on wing Ioad ratio.

-10°

'3-00




N.A.C.A. Technical Note No. 325 Fig. 7

Trail- HE T
ing i
dge .
el .SCI)D Monoplane
: Decalage = ~-6° O
» = ~3° F—-—or
. e O \
. 90 " = 4 6. X —— ———— (
” :
& a0 T\
'g il \
5 .70 - \\
3 LERIN
4 .80 : & | \
L N
L S e
8. .50 \ES SR
.,-: 1Y //
&~ 40 S-S
© NAPZ NG
g AR R N N
E -30 : NN v
'g ~ :‘i\\\ j
"-;::0 20 \ ~Q‘\\\
o - BRAN \
M)
"3 R ‘ 1Y
.10 A\‘ o
L \‘.:\
Lead-0 \ \T“\\ \
. edge at
y
-.10 : \ \\‘\‘\
\ ! %
AL
-20 - ‘\\"‘\M
~35 o 16 =20° 30° 40° 50° *70° 80° 80°

Angle of attack, o

Fig.7 Eifect of decalage on upper wing longitudinal center of
pressure.




N.A.C.A. Technical Note No. 325 Fig. 8

|
1.20 i
5
Trail I I
il- T
ing Nonoplane
edge Decalage = —6° O
Giioold . 2-38 X I
i L [=+8e ST 1T
" = 4+ §° 4+ — |{
.90 ‘ '
& ol
P |t
E: il
v .70 :
i |
S \ E{ !
.60 1
s A
9
s PR RN ,
- Y
g -40 K ‘l\\\\\\\\ I f"'/'ﬁ/ — ]
- A A F (Y /
- NN
g Raa=
A
’;!5 PR N\ '
§ \
. L \
.10 \\
Lead- T \
ing !
edge !
-.10 +—
-.20)
t
-10° ag° 10 2Q0° 30° 40° 50° 60° 7G° 80° a0
Angle of attack, «
Fig.8 Eifect of decalage on lower wing longitudinal center of

pressure.




N.A.C.A. Technical Note No.3E&5 Figs. 9&10

.70
N / fl
f 1.1
' .80 vivs,
g \ A

v _AZA

a‘ 50 \L ¥ 'é‘/
J 3 —~—
-E \ ] - ——
.Y |
- .40
o]
W

.30 .
& i\
Ay .’
) Monoplane
© .20 Decall)a.ge =-6° O ! N
’E; " = -3 A—m-——
L u = ° Q_ __________ —_— N
3 .10 . =+3° $————
=t 4 ® = +8° X——————
-
Root 0O

-1Q° 0° 10 20° 30° 40° BO° 60° 170° 8g0° SQ°
Angle of attack, o

Fig. 9 Effect of decalage on upper wing lateral center of

pressure.
& .60
g i
3, N !
n .50 P e I
'é 7 s "'/ J’?QQ‘ —ilf-
o 40l
- Ml
e
= -30 \[ono?lane
- Decalage = —-6° O—
A . =-37 A
o .20 T L A
— " +6° X—m-———--
<
s..
Y .10
o
-
Root QO

-10° o° 10° 20° 3a0° 40° £Q° 60* 70° 80 90°
Angle of attack, o

Fig.10 Effect of decalage on lower wing lateral center of pressure.




N.A.C.A. Technical Note No.325 Fig,1ll

[t T M -
———— T 7
O
| /
]
SR - —— D]

2° Dihedral urper wing

(oo T—TTTo oo o) >
!
e \
T D5
A

3° Dihedral lower wing

Fig,11 -Wing model arrangerents used in tests on ths
effeot of variation in dihedral,



1 force,cNF

=]
by

Goéfficient of norm

1.4
T
/1) L
1.2 L1z
/ é‘g - //’"
/E \ Z |J‘ ___‘——___;__"_-_L
1-0 / y w\&{’/ 0 %—. - "‘b
A oy i I ~a
i
8 .
* \
'/ \Q\ -
/y Q- _‘_HFE%}
8 /2 |
4
Mofioplane| wilfeut ksl
4 Difeddal F 3jUpger ping —lod—
.2
ft = 3{Lover Fing —I—odf—
L = O] - + =t + -
0
oL/ ]
Tl500 09 10°  20° 30°  20° s0° 80° 70°  80°

i

Angle of attack,d _
ffect of dinedral on cellule coefficient of normal force.

a0°

G2 ON °40N TBOTUYOSL 'V 'O V'K

o1 314




1
Ny ‘eoz03 TBWIOU Fo jusTIOTIIOON

1.4
1.2

. N.A.C.A. Technical Nots No.335 Fig.13
- [ Q
1 { &
| g
I
. = 4
51 o | + , o
' o)
1 v w
= | ! ..
, [2 _ | b}
. . &0 &0 1 W 1Q
=t e T &
. + ’
w u m m _ - L=
= H| & =
/ qielgl! s 2
L+ BB of 3
m an I S | I A A
T TS % 2 \“‘ <
i jwm | O 1
gy nl_n .__ﬁnﬂ\. o =
ST T \ -
N | /] \ B
3 \\\v (o] +nm
m_u 3= = ’ [
. - \+ <5
VEL 1] :
\ 1% =
. o &
< iu 3 4
ip
e
F— = 2
Tk, —
S
N
MWL ———t—e] muh_
Sfes. -
H”uud,lrll m,.ﬁrl/.ﬂ.rn.l o
..JIIJ..: (@]
S .
jﬁw@r‘!
T —
- Om
C @0 [5s) =T o2 o Q1



1.6
T ____;e“l’__q- =
= :;u-
1.4- - N ] -
/1) AT // Q
A p— >
-, el
&' ) \ II.F LP-'- T ’ ?
Oz e I%@n T)\_.E-Y.-} [/ Q
o r fg‘zﬂn\%ﬁ / 5
21 / x / o}
o A ' / o,
[ / NV . g
i / 0
_ g . /'gﬁ o
Q l =2
= 4 a
y/ 5 .
A [ J Mohoplane| withedr fded e 0
.6 &
'ﬁ /jP | Dipedtal E 33Up?er wing ——o-
-
a4 // " = SDLOYLBI' ving — {—e-4——
Uy T
f{: I?L? i = 03 - -!- - — - ..!- —_ -
s /
° )/
. e
O
o
®
~10° 0° 10° 30° 20° 40° 550° 80° 70° 80° 90° &

Angle of attack,d
Fig.14 Effect of dihedral on lower wing coefficient of normal force,




N.A.C.A. Technical Note No,335 Fig.1l5

.ﬁm o1 _ueaq aTaITed _.H.m

ca T TPWOT WBe( SUTA IBMNOT
2 < ® < < o oo
l » 1 - [y - - O
| s
| H l_
] ! B
. | )
«'f 1 _ 8
/ 1719
. f
4
. I 1o
f i o
I I I S
" Ujeod o
TE TS
3 + o
N I F 1B 10
R o
N 2| e S
Y H_ .p Mq o
\ -+
\'N A (o] OTU (@) nmu 3 ©
L L cn s T T P
,_V npn ot S
N | 8 .m
,. AlEL %%
2 RS 3 w0
\ o|la {|= G4 =1
=i c ]
v % o =
B P ©
_ g
! o
AY H
foro o ©
, X O 1ﬂ
] e -
Wﬂ. 3
% S
O o
) O
, 1 o
> o
; [1p]
H [
[
; o Rl
I3 O 5
\&
\_ﬁ& ~ | —
N ' —TEE g
T % g
O o o o o o 01_,_
R o & <H @ ® e
* » L]
4 i

peOT Weeq oTATIY _ a,
PROT weeq ZFuis xaddp




N.A.C
1.10

1.00H

.90

. px
Q
o

[

Lo

~

(o]

S
.70

G

o

L)

S .60

(@]

~

(3]

B 50

[

o=

A 40

(@]

-

(1] .

5 .30

9

KL)

o=l

@ 20

o

1
llo
00

-.10

éA' Technical Note No0.3235 - Fig.16
i
T | Trpiling] edge-h
HOJ'J.OP;La,ne aifthoolt 4i k“iﬂ*‘
Dihedral| = BOUppelr wing o

h " = BLbwer witng o——
{7 It =004 -F—t+F 4-d +4-4--
i
[+

I

I AN

i LA

S~ By vy
W\ —] =
| S il 9
,,—~——*—ﬁ"‘L/’ N o
\Y (L
/+l s S,
%ﬁ% é{érig > = N
| o~

s

Al

\

\

A

Lig

ading (edge +,

\
\

!

OO

Fig.16 Effect of dihedral on upper wing longitudinal

10° 230° 30° 40°

50°

80°

Angle of attack,d

center of pressure.

70 ©

80°

g90°



N.A.COA. Technical Note No.33b

1.10{
Q
1 ooll_L Treiling edge Moriopllang »aihedhdhedaal
| ¥ Ditedzal |= 3°Upper wing o
t = 3°Lower wing ©
.80 !o
b " = 0%-Fk-d+d-d-J--la-}-~-
o,
(@]
< .80
~
[}
<
(&)
4w .70
(o]
KL
=
8 .60 'K
5 L
Z' éo \ 5 e
-.—|. \ B 9:)’7
2
O
—
P
=
;§
o
o~
&
o .a0
|
.10
0 Leading edge
0° 10°© 20° 30° 40° 509 80° 709 80°

Fig.1l7

Angle of attack,d

Fig.1l7 Effect of dihedral on 1ower wing 1ong1tud1na1
center of pressure.

90°



1.00
.90

®. 80

@]

=l

&

? .70

'S'

3
.60

L]

(e}

=

o B0

O

~

a

o .40

o

P30

(]

—

a

o .20

KE]

=

[ |
.10

¥.A.0.A. Technical Wote Xo0.335 Fig.18
Tip
_| ]
Monopflane sithe Wl a1k ed bl
Dihediral] = [3°Uppdr wing —— o
" = BLowdr wing ot
1 =0 |~d4 -4 |--f--1 + | -
i
—
4 B
l // D
I — I £ ¥ .:.s:.-,.‘—:-:é """:—‘-‘ =
f* li ’f; W\ ———
el O —
2 i
14
f/&/’ e Sy s
4
;
J—.
Ropt I
0 1
10° 0° 10° 20° 30° 40° 500 80° 7Q° 800 9Q0©

Angle of attack,a

Fig.1l8 Effect of dihedral on upper wing lat

pressure.

eral center of



1

Lateral C.P. in per cent of semi—span,cpy

Og.A.G.A. Tecimnical ¥otz ¥0.325 . Fig.19
* YA . N
Tip/ M>nop1a$e-ﬁdﬁgﬁ¥ﬂﬂ“dM‘
Dihedral =|3°Uppsr ¥ing o
.9
" =|3%Lowgr wing —— —-©-
i =10° L S IR RN PRV PR
80
70 !
80
]
L
.40 d
30 -
.30 —
‘ 4
10
0 Rooty
-10° 0° 10° 20° 30° 40° s50° 80° 70° 8F  90°

Angle of attack,a

Fig.19 Effect of dihedral on lower wing lateral center of

pressure.



N.A.C.Al_Teohnical Note No.325 Fig.20

s S e— : ///”'\\
{ e ———— e e e

/.r— ~~~~~
[ m———— ——— I T
lr
L
\ oy
\.
AN
\ ‘_"——-—-____.
~ ——————
e e — —— ——— — —— — —
Lower wing
/ — \\\\\
t, 7
N
\ ———
\\-__.____...._ __“::;?:>-

Lower wing sweepback 10°

¥ig.20 Wing wodel arrangerents used in teste on
effsct of variations in sweerback.



N.A.C.A Technical Note No.325 Figs 21 & 22

1.4 /___1__1:
L — i i
; 1. 2 T T_
(&} ] - R ._{ -
; - ™~
'] ~ -
g 1.0 I SRR
B 'i [ ;“\ N ~
= -8 < > - 1.
- S BN -
g ' - = iea an o B
g 6 L —
* ! e PR 39 [ e . ——
o 1 L 1
w4 ) S (T T N A - S
_,oj Monoplane wraapbask N
3 Sweepback =10° Upper wing O
E .2 It b = 5° I- l——v-'-— * A.__-_.___.__.r-—-—
0] l w 4. = Q0° . ;... __!_ o e _‘
S 0 s by =57 I.:ow'eri__y_ +———— _
. 21000 o £ X e
£ IR iR R0 A Pt S J St e
l | L ' 1 1. [ l L] i

—1IO°. o° I 10° 20° 30° 40° 50° BO". 70° 80° 90°
Angle of attack, o .

Fig.21 Effect of sweepback on cellule coefficient of normal

force.
1.4— —
. . ! ' ' I | 1 [ T eo -
Y S Maonoplane i—‘b_‘_if;& 1
- P/ Sweepback=llf3;_t%;‘;' wing O———_
:_? ¥ 7 = "—fgo ' .."E l A—-—
. G A A
8 7 / L3 = soLow'er'____ [N +‘— _— 4
1N : » = ° T3 " —_—— —
5 / r10 i' ___X_T__.h_d_.__
b ! = .
e e :
g N IS D L i
S NS T D N fad '
o i e N R
o f N < < - ‘*( T
K NN TS
(3] I AN :
‘S i r N ! YT
e 4 B b e
o L NV AN
o i’ Y 57— N ‘l ]
Q N
AR —
\"\ > —
\ -

~10° 0° 10° 20° 30° 40° 50° 80° 70° 80° 90°
Angle of attack, o )

Fig.22 Effect of sweepback on upper wing coeificient of
normal force.




N.A.C.A. Technical Note No.325 Figs. 23 & 24

1.8
T C Jt_\
1.4 =t e e e

. /L\\ ").44: I

g /1 '

© 1.2 i = ~

¢ T e

g 097 . -

5 o AR

r-a ! /L I N A

S /

Q :

:- T I_‘L :

S R e s i -+

[o] .6 7 ] —‘1" !

g A/f L R [ I

oret 4 L + — -

2 / Monoplane \*\ma‘\' [vre s.[a‘okc—k P

e - G Sweep back =10° Upper wing O

Y bt ,.| — = §eT W T A —— - ——T ]

[ ) 3 - ‘__-_i, -.J!..‘-l. J-w. I i= 0: :__'_-_.,;,_- _O-———‘--————-———:__
0 S, ! ' 1t i 4L= 5 Lowe T|u + —————— |
£ ——:—r poeoto=100 0 ) e X T

| S A i R A

- 2[F G- 1o° 20° 30° 40° 50° 60° 70° B0° 90°

Angle of attack, ol

Fig.23 Effect of sweepback onlower wing coefficient of
normal force.
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Fig. 24 Effect of sweepback on wing lead ratio.
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Fig.25 Eifect of sweep back on upper wing longitudinal center of
pressure.
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Fig.28 Eiffect of sweepback on lower wing longitudinal center of
pressure.
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Fig.31 Effect of overhang on upper wing coefficient of normal force.
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Fig.35 Eifect of overhang on lower wing longitudinal center of

pressure.
&

.60
|
s -50 I = - —— =
§, / Pt E - = = =t
5 / J‘_’: i L
r .40 : -
$ Monoplane (rar e M‘I*Pl*!*) | | —
2 Lower wing span
); .30 i Upper wing span’l‘lzsl o l 1 |
:: Lower wing span 2100 @t
3}
"
4
o
@
-1

Upper wing span [ [
-20 Lower wing span | l
Upper wing span -80 +__—_l-
10 Lower wing span _ ‘60‘ x|—-—'—-|-— I I
Upper wing span
Root O

-10° 0° 10 20* 30° 40° 50° 80° 70* 80° 90°
Angle of attack, o

Fig.37 Effect of overhangon lower wing lateral center of pressure.
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