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SYSTEMATIC INVESTIGATIONS OF THE EFFECTS OF PLAN FORM AND
GAP BETWEEN THE FIXED SURFACE AND CONTROL.SURFACE
ON SIMPLE FLAPPED WINGS*

By GOthert and RSber
- SUMMARY

Four-component measurements of 12 wings of symmetric profile having
flaps with chord ratios tR/tL = 0.3 and tR/tL = 0.2 are treated

in this report. .As a result of the lnvestigations, the effects of
plan form and gap between fixed surface and control surface have been

clarified. ILift, drag, pitching maoment, and hinge moment were measured in

the control-surface deflection range: -23° 5 B 5 23° and the range of
angle of attack: -20° < a S 20°. Six wings with flaps of small chord
(tR/tL < 0.1) were investigated at large flap settings.

SYMBOLS

A 1lift, kilograms

W drag, kilograms

M pitching moment, meter-kilograms

MR control-surface hinge moment, meter-kilograms

=i

1, total tail-plane area, meters2

2

tU'TJ

control-surface area, meters

b span of the total tail-plane surface, meters

*"Systematische Untersuchungen uber den Einfluss von Umrissform
und Spaltgrosse zwischen Flosse und Ruder an einfachen Kla.ppenfliigeln."
Zentrale flr wissenschaftliches Berichtswesen uUber Luftfahrtforschung
(zwB) , Berlin-Adlershof, Forschungsbericht Nr. 552/4, February 10, 1940.
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t;, total tail-plane chord, meters

tp control-surface chord, meters

s slot between fixed surface and control surface, meters
a angle of attack, degrees

B control-surface angle, degrees

v velocity in the undisturbed flow, meters per second

o air density (kg sec® m~4)

q dynamic pressure, kilograms per meter® (—21-0V2>

d maximum thickness of the profile, meters

A aspect ratio < >
Ca 1lift coefficient ==
QF

cy drag coefficient ( >

Cm Ppitching-moment coefficient (—Mt—>
A

c hinge-moment coefficient
d - <1FL'°>

The pitching moment and control-surface moment are computed as positive
when the air load tends to move the trailing edge down.

I. INTRODUCTION

The present report is the concluding chapter in a very elaborate
program of research on wings with hinged flaps and auxiliary flaps.
In FB 552/3 the effect of the chord ratio tR/tL on the parameter of
a control surface was investigated in a series of measurements with
constant aspect ratio (A = 3.46). In a second series of measurements,
the aspect ratio A varied from 3.46 to 0.6 with constant chord ratio
tR/tL = 0.4. The actual experimental results for flapped wings with

auxiliary flaps are compiled in ¥B 553. In the present report the following

are investigated:
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(1) Effect of the slot width between fixed surface and control surface
for two chord ratios

(2) Effect of the plan form for two chord ratios

(2) Rectangular wing with flaps of small chord at high flap angles

II. TEST RESULTS AND ANALYSIS

The designations and dimensions of the models tested, as well
as the measured ranges of angle of attack and control-surface angle, are
evident from table 1 and the sketches on page 10.

TABLE 1
o Experimental range
Model | tgr/ty, |Fr/FL| s/t; | b°/Fp, | Plan form < -
a B
0.00k
S 0.3 6.3 AL | 2.5 a
.023
. 004
T 2 2 <011 | 2:5 a
'023 (@] o)
U 3 <3 .004 [ 1.5 a o ie
\4 .3 .289 .00k | 2.99 b Vit v
W o3 .288 .00% | 1.99 b 8 =
X -3 .280 .00k | 3.59 c Ve W
b .3 .276 .00k | 2.67 c S &
Z - .00k | 1.5 a ; .
r .2 .192 .00k | 2.99 b
> .2 .191 .00k | 1.99 b
® .2 .184 .004k | 3.59 c
Q 22 179 .00k | 2.67 c

Type and construction of the models are described in FB 552/3. The models
had zero twist; the wing section (Go 409) is symmetrical. The various
plan forms were obtained by adding wing tips, which were connected to

the rectangular wings with pins and straps. The plan forms of the tips
can be seen in the sketches on page 10. They are obtained from two
quarter ellipses. The rectangular wing is designated ”plan form a";

as a result of adding the small tips "plan form b" originated; as a
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consequence of adding the large tips 'plan form c¢' resulted. With two
rectangular wings of chord ratio tR/tL = 0.3 and tR/tL = 0.2 (A = 2.5),

the slot width s was varied between s/tf = 0.004 and 0.023. In FB 552/3

measurements with flapped wings of smell flep chord had already been
made at large control-surface settings; this series of experiments was
still being completed. The modele described in FB 553 (wings with flaps
end auxiliary flaps) were used for this investigation. The principal
control surface was fixed at zero setting, the slot between fixed surface
and control surface sealed, and the auxiliary control surface set; as a
result of all this, in effect, agalin there was & simple flapped wing.

The important dimensions of the models investigated are to be seen

in table 2, likewise the experimental range of angle of attack and of
control-surface angle-

TABLE 2
Experimental range
Model | tg/ty 0 i,

: a'o B o

A 0.1 -20 + 20 | 0 + 60
B <075 =20 + 20 |0 + 70O
C 105 =20 + 20 |0 + T0
H .06 -20 + 20 | 0 + TO
I -3 -20 + 20 |0 + €0
K .03 -20 + 20 | 0 + 50

Like the earlier flapped-wing tests, the experiments were carried out in

the old wind tunnel of the Technischen Hochschule, Braunschweig. (Data

on the tunnel: open-Jjet tunnel, Gottingen type of construction, Jjet-

diameter 1.3 meters). The airspeediwas 40 meters per second; that corre-
NV,

&
sponds to a Reynolds number Re = s of 6 X 10° referred to the total

chord ty = 220 millimeters. Lift, drag, pitching moment, and hinge moment
were measured in the anguler regicns mentioned before. (See table 1.)

The angle of attack and control-surface angle were changed at intervals

of 2%or 3° so that the polar was measured at constant control-surfeace
angle. The dimensionless coefficients are computed from the experimental
results in the familiar manner:

Srome |l b i
=7 = 5 = ) =
& qFg aFp” " aFpty’ T afpty

(cp referred to the total tail-plene chord, see FB 552/3) a« and cy
are corrected for Jet-boundary effects.
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N

The experimental results are assembled graphically, and for each
model «, cp, and c, are plotted as functions of the 1lift coef-
ficient cg with the control-surface angle B as a parameﬁer. (see
the families of curves at end of text designated Rew Data. ) The
experimental material was interpreted by the interpolation method
described in FB 552/3. The essence of this interpretation method
consists of ascertaining the six paremeters of the following linear

equations:
O
a® = @T:';)ca +<%‘;> B° (1)
c
op = @—;ﬁ)ca + @—?g B° (2)
C C
Cp = (:-:i)ca + @-EE B° (3)

If ¢, =0, the two most important characteristics of a tail surface
with control surface free may be computed.

d_.B_o < aCr/aCa
de D dc,./OpO
cp=0

®-E),.-GE

Since the measurements described in the present report have only
been carried out up to control-surface engle |B| = 23°, accurate
statements about the region with detached flow at the control surface
may not be made. From the diagrams the new flow condition is already
evident; however, the region is too small to permit quantitative
statements about it to be made. Therefore, only the peremeters for
the unstalled-flow region are discussed in this report.

The drags are evident from the polars at the conclusion of the
report. For the rest of the drag data, reference is made to the
empirical formulas presented in FB 553 b for the increase of profile
drag by flap setting.
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III. DISCUSSION OF THE RESULTS

(a) Slot Effect (Compare page 12)

Since there is almost always in practice a slot between fixed
surface and control surface of a tail surface, it is necessary to
regulate the effect of this slot on the tail-surface characteristics.
The experimental results discussed in this section afford information
on the effect of the size of the slot.

The experimentel results are compared with the theory of the
hinged flat plate with slot. The theoretical results were obtained
by the method of Kleinwdchter (Lufo March 1938). By means of &n
iteration method, the mutuel induction of fixed surface and control
surface are ascertained.

(a) The well-known fact that the parameter (3@0/808) exhibits
considerable scatter, as shown in all previous published literature dealing
with investigations on simple flapped wings, is partially explained by
the various slots used between fixed surface and control surface. (An
additional part of this scattering is interpreted as the effect of the
tail surface contour; compare pege 13.) The experimental results for
(0a®/dcy) differ in the range of slot width investigated

(0.00k % s/ty, £ 0.023) by ~6 percent; the lift gradient becomes worse
with increesing slot size. The theory likewise shows this tendency;
however, the worsening of the lift gradient only amounts to ~2 percent
here.

The peresmeter (0a/dB) becomes considerably smaller with increasing
slot size; relative to a slot width s/t = 0.00% (Oa/OB) declines

by 23 percent for s/tL = 0.023. Therefore, the control-surface
effectiveness for large slot between fixed surface and contrcl surface
is considerably smaller than for small slot. To obtain good control-
surface effectiveness, the slot between fixed surface and controcl
surface must be held as small as possible. Comparison of experimental
and theoretical results shows that the theory also gives a reduction
in control -surface effectiveness with increasing slot. The decrease
according to theory in (Ja/dB) corresponding to the slot increment
investigated amounts to about 9 percent, not as large, therefore, as
the experimental results.

(cp) The effect of the slot on the parameter (Jdcp/dcg) 1s very
small, for (Ocy/dcg) 1is practically constant for all slot widths;
at most a very small backwerd travel of the center of pressure is
observed with increasing slot. The theory likewise indicates Just a
small effect on the position of the center of pressure, a small back-
ward travel to be exact.
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Theory and experiment exhibit considerable differences over the
slot effect on the pareameter (dcp/OB°). The experimental results
indicate a large decrease of up to 15 percent in the change in pitching
moment with control-surface angle for increasing slot width in the
range of slot width Investigated; theory, on the other hand, indicated
a partial increese in the paremeter (Ocp/OB°®). 1In this case, there-
fore, theory and experiment do not agree, even in trend.

(cp) The slot exercises only a small influence on the control-surface
moment. The pareameter (Ocy/dcg) remains almost perfectly constant in
the slot interval investigated,; with the chord ratio tR/tL = 0.3,
(3cr/dca) increases slightly with increasing slot. The theory likewise
indicates a slight tendency to increase.

The change in hinge moment with control-surface setting is hardly
affected by different slot widths. On the contrary, the theory
indicates a considerable increase of as much as 8 percent in the
parameter (Oc,./OB) with increasing slot width in the slot range
investigated.

Control surface free.- (See page 11.) The experimental results with
control surface free hardly allow a relationship between slot width and the
parameter of the hinge moment to be recognized. Only for the model with
the larger control-surface chord tR/tL = 0.3 1is a minor effect observed
on the self-setting end the unstabilizing action of the free control
surface. Comparison with the theory indicates an opposite effect of the
glot on the parameters of the free control surface.

Summerizing, the experimental results on the slot effect reveal
that the slot should be kept as small as possible in the interests
of good stabilizing action, as well as good control-surface effectiveness
of the tail surfaces.

(b) Effect of Plan Form (See page 13)

In the following, the dependence of the parameter on the plan
form will be discussed. The plan forms a, b, and ¢ were defined in the
introduction.

It was shown in FB 552/3 that the test points for (Ja®/dcg) may

be faired out satisfactorily by means of a curve% The caomparison
with the theoreticel curve shows that the test values can be satis-
factorily interpolated for all aspect ratios by affine distortion

1The effect of aspect ratio on rectangular wings with three different
chord ratios (control surfaces) is illustrated in a separate diagram
(page 14) by the use of the results of ¥FB 552/3.
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of the theoretical curve; the distortion factor amounted to 1.23.

This applies to rectangular wings, plan form a on the chart, and is
confirmed by existing measurements. The same relationship is not
observed for the wing plan forms b and c. However, the diagram
clearly shows that the greater the departure from the rectangular plan
form, the more 0a°/dcy increases; that means that the stabilizing
portion of the tail surface becomes essentially smaller as plan forms
are employed that depart further fraom the rectangular plan form.

The control-surface effectiveness exhibits a definite decrease in
the case of plan forms b and c¢ compared to the rectangular wing
(plan form a). The pareameter (da/dB) declines in this case with
control-surface chord tR/tL = 0.3 by ~ 17 percent. With the small

chord ratio tg/ty = 0.2, the difference amounts to ~ 30 percent. It

would have been better for comparison to investigate the individual
plan forms with the same area ratios FR/FL instead of constant chord

ratio tR/tL. However, this was not feasible for experimental reasons;
on the average, the differences between tg/t;, and FR/F; are only small

(on the average ~ 6 percent). The large deviations among plan forms
through this only account for an wmimportant part.

(cm) The parameter (dcp/dca) 1s very closely related to the plan
form, and, in fact, the center of pressure moves forward (up to

20 percent) with increasing deviation from the rectangular design.
Still larger deviations are exhibited by (Jcy/dB) especially with

small chord ratio. For tR/tL = 0.2, the difference between plan form C
and the rectangular wing amounts to as much as 35 percent.

(cyp) In FB 552/3 it had been shown that the parameter (Oc,./dc,)

reverses sign from negative to positive for small aspect ratio
(A~ 1.5, tr/tr, = 0.4). This phenomenon is confirmed by the present

data. Plan forms b and c¢ do not show any excessively large differences.

For both chord ratios and plan forms investigated, (OJcn./dc,) 1s

nearly zero; however, the following is to be mentioned especially:

All previous parameters have revealed a systematic order with regard

to plan forms; that is, all parameters vary in the order: plan forms &,
b, and c. The only exception is (Ocp/dcg); the test data for

plan form c¢ - the model with large tips - lie between the rectangular
wing (a) eand plan form b. This peculiarity does not appear for
(3cy/3B®); for plan form c¢ (9c,./OB°) is ~ 30 percent emaller than for
the rectangular wing.

Control surface free.- (See page 11.) The same phencmena occur in
the case of the free control surface, as was shown already in FB 552/3
with smaller aspect ratio. The parameter (dBO/dca)cr=0 reverses sign

) ie
or lies wholly on the positive range. The expression | —™ ) - | —

likewise reverses sign; that is, the free control surface in this case has a

o
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stabilizing action, not an unstabilizing one. The test data for the
plan form c¢ 1lie between the values for a and b. The reason for this

3a® e
is that the expression (—~— ) - | — depends principally on the
ac dCa crzo

parameter (Oc,/dca), whichy as already mentioned, exhibits the same
characteristics. '

(c) Measurements of Wings with Small Flap Chord

In the investigations of wings with small flap chord, the paremeter
(3a®/dcy) alone was evaluated. Although the flow at the control
surface is detached, the most important result observed is the fact
that the lift gradient (0a®/dc,) improves up to control-surface angles
of T70°, and this improvement in the 1ift gradient emounts to a maximum
of ~25 percent at B = T0° with respect to B = 0°. (See page 15.)

IV. SUMMARY

In the present report four-component measurements of flapped
wings with various slot widths between fixed surface and control surface,
and various plan forms have been discussed. In addition, flapped wings
with very small flap chords at large angular settings were investigated.

The slot between fixed surfece and control surface affects (da/dB)
and (Ocy/OB®) first of all; that is, with increasing slot width the
control-surface effectiveness and also the change in pitching moment
with control-surface angle become considerably lower.

With change of plan form, it is observed that the control-surface
effectiveness (Ja/dB) and also (dcy/dB°) and (Jc,/IB°) decrease
considerably the more the plan form departs from the rectangular; the
1ift gradient (0a®/dcg) is likewlse worsened.

As & result of large settings of flaps of small chord, there
is an improvement in (da®/dcy) in the sense of a larger aspect
ratio; the increase can amount to 25 percent.

Translated by Dave Feingold
National Advisory Committee
for Aeronautics
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Flepped wings with various plan forms
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Braunschweig flapped wings
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Braunschweig flapped wings
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1l
an Ry 102 |
] 30 : et 403— M
I : ; 3
S
2I‘II Plan form = | [
do _‘ al e o "'61’5
e
10 _( bl aa —
_—j Clmo
1 ? 5
A o
‘00
|
A
F 3 A
- 1 2 k
-6 =
Cm <m
T~
Ca A +-0,605 & o N e
1 2 S i‘*}-m.
2 C|
) a ,
0’11 UACr
M Fp8 A
1 2 3 1 F ]
- u e ——— 4= it
cr acr
g --0,0005| 4T |
i MV A
YOk 4400
5 A 5 A
1 : 1 2
o] [aTT o’ 1%
Cr’O ? ui P o A 1.'1-[ e N Y,
a v a‘II 4 T~
--f: ] - fI”d1 \\ 7%&
1 PR A S R e
A -

13



NACA ™ No. 1206

Braunschweig flapped wings
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Braunschweig flapped wings A-2,5 thL=0o3 S =fl_=0,011
Plan form: a f t
RaW data Mode, S Me::ng-lnr wing ?.u. (L Yaliaity !n:::::::“.
Position of the c, 8xis for =1 R T
2 20 -9 - M 4 -5 - 4 16 M 20 Z
_% T oAl
T—T - e
- 10
ﬁ/ k. & .
10 S i 7"’"//’. o 2 N;},
7 1/ i i 04—
il 7 / / y / ,/ / 4 41 12
IEPRREvAss vy viiaaaau|y ]
Y ///// / "////// ; r
1717 / o-‘o{ 7172 s 2 2 —ng{.; o] —|-
A SSEVIViIAS 8 VY s T
/ 717"
/ /// /].//' \,// oo L0
SATATAA8 @/ T D (5 |
/ / / /1 T it
- VW, 10 = 4 10
[ Position of the c¢, axis for I 1 1
823 20 18 -16 14 -1 8 - T 5 “ 6 120 2 =
m.
G -+ - G 02—t
] 16124 - ™~ I3
SRR il K3 i Eas=i
LA NRNA W A T
N AN AL 71 =1 -
% \ \ \:‘V* A 1 A E4RY %— ! [P
KN A LN S AVAN N WA VE AN N N A
A Y U NVNAN TN VAN Y \ 4 L
;A BN LAV BRI B e
TR LN N [T "
NN NN SN R Al ™ ;
N\ \\[% f i ocg ||20 %0 | % 20
NN NSNS . " 3=
-t 10 4 i 04—
J |
e | I
— Position of the ¢ axis for -
2 20 18 -16 M -1 % 25 3 | 14 'Ij 1’,,l I‘ L_ —“_—I | l
[ T en |1
| ] _ips wl 1| e B
EEENEAT A v il Kl s awe
ERR EMITIEN A b
1% . . ,3 X ! ‘ T ,".// \ 00:
. Bt e | i ‘1 ! ‘\ 17‘ if )
I A £
T RIS I | i e
IRy AT ot 0T
RIEIER \ HEXER LR N ¥
80 M e . S ] e A | oo |[-20 w0 0 2‘_0_
| LSRR 1 ,‘r" = =3 =
\ »Y 11 L ‘r Ve aca o= ==1=
t
kl i & 10 '.'/L ¥ 004 ——
|
| |




NACA ™ No. 1206

Braunschweig flapped wings A=25 tR -'l}_=0,3 s =0,02 3

Plan form: a ' : Int a1
Raw data MOdeI S Rectanguler wing lh". % '.nuj nr:::;tl“'
[ Position of the e, axis for | TRNIE [ (i)
5 P e 914 1§ 1
oL
m_._
Ca Ca
B | ~~ ”‘_‘;
e &% Wil & Nz L2
ALY } A o
A | /' /‘ A/ /1] Al // " 2:
2] 3 77 7 717
- 3 7‘///‘/ '//// /Y Y / - \\ i
/////// /1/ A AL W T
/A A Ly L ol
N AEDEVIN:INED i i g e J—BE 30

VI ] i
7 7 717 FamE {0 i h 04—+
L AALRLIV L) d ranles 4
A 88 pa il g |l
7 ' 1
| 10 yM 52 =
|
[~ Position of the e axis for=[ [ [ [ | [T e
& - 20 18 46 14 - ~ > 25 ,,57_5,,!,." * 16 8 20 2 ‘l7
Cm'
= Ga G
b
7 K 6 \ n
10 s A B, 20 10 10 20
. 3 i : ﬁ’“ -
BFNNAYRNNNNNNEEE A 02—
) I E -\ ‘ \\ \\ \ \ \A. 1 |
INERAINN YN .
\ \ ; \ |
\ L X 20 10 10| 20
TN R R T s [T =B
\ \ \ \ o
‘ \ : A
N A \\ \\\‘,V \ ’ 1 y// om i
NRYAWL A “ocg ||20 0 0 20
A A i\ h 40 / w BE ¥
J 10 04
[ Position of the e, eaxis for | | SR
B2 20 4 16 14 AF;QT 9 25 ¢ : cr.
G “
i [
2 L | dil % |l <tz
‘ g
T ANF ANl
. |2 1 BERE I -(‘/‘ il
e 3]' 313 | 7 { it T \ \
HEh A
1 L e |
IRl T | (R ~
T | HI A il N
1| *‘ ! 1 | - e o
1 : * * » 'll
\ A ‘A 114 NS /‘/ o ||l-p-0 | w0 2
NER N dmmi| i [EE==:
; i | k i [ 10. i}
‘ 0 P o .




NACA T No. 1206

Braunschweig flapped wings

A=25

thit=02

s:4=0004

Raw data  MODEl T scevenguiar ving  |Penee of vemsarer | FIIRE
- L J
[~ Position of the c, axis for T T
g ﬁp 48 - -1 __4 o8 9 2
‘e G =
. ; Al / o B P p
i H/A/I/ VT 20 0 20
+ Y i W
. A ; //
L!_ 7‘{ ‘/ 4 i At / / / y 4'1 i |/ vi &
ERRNASN JAVAIA .
A7 7 71717 / A717 11 -
: 5 1 20 1 Ba'la
AAAEEE J VIV AIAA: g A
i / y
IS BRI S RN, | -
/ / / 7 7ol / / 4/ [/ ]/ | \ L‘. 2
‘ ! VAV Ty ‘ Ocg |20 90 | 10 20
) O W 7 0 E
/‘/ 7 10
r Position of the cy axis for I | Tt
rae 1 =8 .29 %2 20
| ' .
Q s 02—
\ 16 /f: E 3
; .{,\V \\v . / Cm, 20 70 »1:‘”
< v AN Y NN Lo LA
el It k3 AW BV AN \ ] X
T s -02
L S (AN “‘ \ \\ \ b \ “}
By NEVAY \ L= ,
ATAVANAY \ SRR [ a
e e 20 10 20 1l
\ \# TN WAS 07 ff’ ; L—;:n
JRVANANE LR E .
\ AR SRRV M ocm -
\ NN B 4 dcg [[20 40 | 0 20
) \ ‘\ \ L 10
N 16 L os
Position of the ¢ axis for e 5
£-20 -1 6 4 - = 25 1 L 16 8 L l
]4 v cr. i
G =4 Ca = 002 —1—
o v i 10 / a !
"Ll i W 20 10 20
HEE ) LI T 40
= IIREEEL U | % | ‘ ‘ W § [
1RYEN 1IN Mg M SRR l
RN IR 0T e —%
- - \ -l
EANEBIE I | A )
i iRy ] iy
CC O PR | stles Les
! i U % 1{ ‘& ﬂx 1] ¥ 1 L]l 9 T
\ 16-
) T 10 . 7 M ”f"‘“

19



NACA ™ No. 1206

Braunschweig flapped wings A=25 ) :1;_=02 S :fl_=0,011

Plan form a Range of Internediate
Raw data Mode/ T l'elt.ngvllr ving _| validity result
LPoaition of the c, axis for Li T I | J
£-20 -1 15 W -n 4§ 5 5 4 ® % 9§ 2 «
f 1 G 0
Ca 10
-t 10 — 1 yfj o f_
LA/ 4 b el B 5
o b M /My 1 U B 2 /. /./ A / 3 20
VAVAVAVAVAVA .. WIWiVAVAY.
/ AL 71/ /// ik
N/l/ / J | Lt B :
7117 17+ % 712/ /w// 71/ f# RO | —-—lﬁ‘a 3
, A7 T A
s ; / / / / / Y / 1 I 4 10 a
r IR i T X / ol g
7 7 y / VAT VI R T T | \ / o |l _’Lo_zo_
AR Y L 0
70 7 2
EEEE
r Position of the e, axis for TRET T T 1
. 18 46 44 11 - -5 28 2 4 2
| 1 G
i ] = g
cﬂ
1614 - y
PR ) W m |2 TN
- - \
11 ] A N f NN i [ 92
B 4“‘\\\\\ \\‘
NN
L E : A\ . Em—| !
. - = EAmEd]
ANENS S RAM AWV -‘ =
T \ ; 04
PR AR R W
— & N A B % g T - de
NAVANAR S \K,\% i i ocq || o
\ WA H =59 y —— —
e S 10 W 10 04
— Position of the ¢, axis for ] T
£-20 -18 16 -14 -11 - - 2'5 5 S WEET s 20 o %
A 1l (=
10 | I3
o : 2 % = 7o
< 3 ’{ ) L k
a oo Lo 1% 0 I8 1] | l i ]l { 1‘ ‘ ! (
2 =1 T = 1 YR Q02—
| MRS EE A‘ & { ol 0 L AN § |
o T O T I ) i Ik | < !
o \ ! | | i I 14 2l S | _.;‘_ |
IFNRR HBNERIN L T
= P TP e MR
= IR AR T L = o
! ol o [ ‘E[JL*J‘ ,_Wﬁ_,‘% T B! e L
| IRIRTRESRANIN W L ¥ : oc\ ||| 2
| {1 1 _.LL‘ l '1 " 2 -4—. i o ) — & — 4 aCa i -::’
1 5 VLA R O AP 2
| 158




NACA ™ No. 1206

Braunschweig flapped wings

A=25

fo 4202

s:4=0023

Plan fora a

r

—
Raw data MOdeI T i T :nn;. of uuauj, ln::::;::?c.
[ Position of the e, axis for R =
# p: 7 . . 2 1 <
Ga b EE~
i N
—1* P /; 7 v djd . 72g~49 2£o'
21 £ / / / T X
. 4 W v /v 17/ / y /1 / \‘
AA0/1 | WiVAVAVAV. 1
AT l
iAW AN HEELE ;
VAR A B AV AV wo T om |l
B EEVAAS S 88T, . 0 B
/ / ,/ / J‘( / y //. ;’/ F \ Z oo’ lr
/ (L L AN I/ F ocg ||20 90 | 10 20
!/ / / / I l 0 v 104+—+
[Position of the ¢ axis for T 1 =0
ST & 0 16 -TA_ -t
m.
= Ca 92
it 10280 I3
IR on |z K]
AN N \\\\\V‘» 7T |\ %
AN, N\ N i A\ ) T
\\\\\\\\\\\ Y - |
: \ Bk L
T N N O e
\ \ \ \ \ \ § \ 04 =
O I\ \ \‘. \ .
N A N\ N AR ag )3
AN R Ll i ac:,n 200 0 20
NN w0l =
\ \ \ AN A 4 o e, ._,q‘._. U
e I
Posi n of e ¢ axis f
iy §
1 a2
a4, Ca 002 ——
0 Pl A L&
BV INIE 1 [T
R R ERIRNINI
1AW A v [
| ¥ 1 1 | 1 { ol N 2
N IR AR L AT
sl ] )| i%“w L1 i AN Il
- i I 1 1] 20 Y 0\ 20 ©
U i | f"'r‘ K\9 @ .
11 ‘x l 1 1 o] |11 N A 2 »
IR RIARININII) A v o\ || 2211
I R o
R R AL D ol 1 el
R © 7 O )

20



22

NACA ™ No. 1206

Braunschweig flapped wings thL=0'3 A=15
a - !
Row asta_ Model Uit o, | wer e [ m
I~ Position of the c, axis for T e el T
& = ? 16 -4 - -8 - -l'i = - 55 : A Al% <
I - =
10 ; w o i 4_!_‘_
AL AL ot
: Al /,/ / /7/‘ / //\ 20
T A 77777 p
NAA ANV Y IAN YV T A AA e
ATATA'A B 0ViVA'A 8 OV IVAVAVAA" T
YV AG S A E BB b
L VYV ) u 1 / . // / / / 1/
’A /‘ /If / ’l// // /// dol”
3 /[ dcg 2 »
o4 / // /|7 10 20 0 20
Position of the co axis for ™ R 0
£23 20 18 46 14 11 8 5 1 4 16 18 20 2
' ' km,
G G 02 /_J
104+—+ 5
7.0. S AT 74'7 m, TS ¥
TR NSNS R al =T
M NN R N T 7T 1L 02
= ek TN Y i i +A | N
NEVEVANA -\‘\ \B\ NS SRR i i
; 1 20 40 10 |20 b
A ENNSN LA N NN it |
N NN NN R \ N\ S BB ) M 04
— < . Y -
| B W A > ] ¢ s
J & A dc,: 20 40 | 10 20
o 10 ST sl
r Position of the c, axis for T [l
£ 23 20 - -"‘ A4 1 2 - jﬁ 5 il 14 1 1 2 2 c
.
Ca c? o9
s 3
10 T "OJ lER EEE 2
180 ‘ ;
Y \ i 4
IMTEUREA | - - ) < 204 —-
L 4 1 \ \ { H " ®
. T — g
'H}'i ;@;\” L |3 L2
| { f \ | VRIS
i X i T
= e e B | s
IR RV R ] AT A L) m4
{1 \ \ \ \ Lk ! A oc | |22 v
T T VT T ) i (B i g
\ It : e 0
T 10
! =3




NACA TM No. 1206

Braunschweig flapped wings ,2-? 5 /-i= 0289 ta:t= Q3 ¥ :fl'_=29 9
Raw data  Model V Plan fors b | Range of vnlldlt; st
L J
r Position of the c, axis for [ | | | T ]
._%_'1 =20 -1 1§ - el -5 28 bl 16 1 Co -
‘L il 20
10
10 /U 7 o [
r 1/ .- // 20 40 3 %2
2| 7 N/ - [
epl ol 4 '-'1'/,/ ANV Y 5 15 2
/ LA LYY ivaras ’ / /1 e 0 | 1072
o 2 / AANY i T a0 |
// / ,/ £ / //29 ” L ....."‘030 -
VT T AT yAVAViVAVA A : 1
/ A EQE g P 10
IR ER.LIAAES, T || 2 ;
VAVAVA VA EDS Ao ey |[ B2
i = 10
717 10 £
[ Position of the e,  axis for ot A T
£ -0 10 8 A4 -n -8 -5 -
S EEEEEREEEI "
Gy Ca 02
¢ T
10 #
1,‘01 3 \\ \\ ¢ 3 /r 3 om ||z ‘z‘i
- § 9 '\ \ \ \ \‘ \ A -l [‘///\ __;
2 " z \‘\ \ 4 4\ "». NV ‘i“
YAVAN \ W N ! /
| ) AN AN N ARAR A iy
zamnNTsws e n s s ascd) BN R
i N\ SNEVNR Y N YT sl 04
T \ \ \‘ E—F /@a y 4
L A HA 7 e ocm "
L L IVAYANAY 13 A g |00 [ 0 2
T VBYR ] ) .
t 10 10
\ \ " / 04
- Position of the ¢, axis for T ] T T
E A4 16 - = | = 4]1 1 14 - ]
Go ! Ca 004
ity ! ’-0?‘1: == 4
& L b /] % ||z 0 =y
RN g
alpladods B T AN s % ¥ I
il A (FHAH
} ! el i— 5
oz (BGE i‘f’k “ ; ] o 1| |27 _AT—*T z e
BT iRNENIN] At || 2
| R Ll g 3 A acr| 2 0 20
] ! l r k | /f dC; e ‘_‘.ﬂ‘:
l A = Ao
] o ¥ of if 404~ —|




oL

NACA ™ No. 1206

Braunschweig flapped wings /-;? : f-i= Q288 fRfL=Q3 b: [i= 199
L 1
Raw data MOdeI W Plan form: b Range of validity l':::::::‘"
L |
Position of the ¢, axis for T = T
£ -1 -1f -18 - 28 B__1 @
C,a G 20
s 10
~ I3
10 =TI w‘ % w0 %
2 / . o o
LA A2 1/ p il
VA4S € Y ViVAATATAN | A4 1
T A L

i 5 i B / —

" I /14/9 /20/ // Ay ¥ 4 ‘-1) 10Jr27 :\r;gﬂ_

et 71 - 7 i 1

11 // J/ //3 4 \ 0

TVVI ANV 1 1A e i
|V ¥ /l 7} wr dey ||20 0 10 20
AT 1 3
10 A 10
Position of the c, axis for T T T
E- 7 1 k- 24
| Z
i Ca 92—
L : :
" s N\ ! i f Cm, 20 -0 <.5
oY N\ ‘\' AN \ \’T— ] 1/
ERCINSE R \ »/ﬁ//.w f
T‘k\ {\ N ~:,\ \ \ \ \ \ -\4_‘ N EUE 2{./ ‘
Q AW AVAE 0 w%
T S RSN T | [ |
NN \ \ WY \ R \ A LA ” 04
A X v 4 'm /
NN NI : /] ocg |20 0 0 20
\\ \ ¥\ \ s i —’—{
A I . 04
" |
 Position of the ¢ axis for
|42 16 .14 -a : r' ]1 1'3_ }o vi! 2la<§'v J
Y i T
il . = 1 0 I T : G 004 —
e — ! A = ||tk
EEERRNITES !
T | -t T jza . op4l-__
{ 1 4
=ty e caneranl ik |
it e T e
CAEHIE @ T ‘ s e,

Y ~.. v‘ : Y v" ‘ i L i \ j 5 : Q04 =
T T 7 a: 200 | 0 20
IRIBIRRNINE | b ocq s

u. | ”) 10




NACA TM No. 1206

i i 2
Braunschweig flapped wings 55’0280 tRfL=013 b ILZ=359
r 1
Raw data MOde[ X Plan form: o Il-u:- of nud:, "‘:::::::"'
Position of the c, axis for T [ ‘ | |
- ! M R A “'IIS Nt 16 1 % =
G Ca 20 +—
10
= S
A ||| < (s
yavs / / A Pl
21/ B /] |
R P PRV . ViVAVA A = «
HISTAAa VT A B . [
/"/
//7 Y/ /40/ -2f /[ 297 7] 77 10720 L Eﬁ”
VYV AN/ 177 Ui -+ -
1177 i EALATAYH AL | ot
//////(,/4/'/"/’ ] “0cq |[20 0 KE:
rs / ',0 1/....” 0
Position of the ca- axi.s f:i 1 ’l = R }
! . .
Ca -
S A\ |\ S ’ 7ﬁ_ m, | |20 =% ‘5
.-\\,\\\‘\\\‘,\ ran ! K,
T S ool |
EEEENN AN \ A || I
NIV QTVE WA I
10 \ \ \-05 \ \ \ \\q \ 70 -zo 10 10 20 b
NEN ‘\\ \\ X b ./l,/‘ mEL oAl
ENRRAINRRANY S el e ‘
ANV N LN NN B A Ocg ||Z0 0 [0 2%
\ \ \ S j/ N L) i
\ : 0 /N ¥ 04
| all
Position of the c_  axis for I T T
e A = -2 1416 1
cld 4_Ca 4 004 ——
11 10+ o Sl 'S
MR 17T = o=
1 NI / i
= 1 i i I i G e ik SiE 004 —
STRTREE e b : . H ]
I RIRUE! ‘ { W 1] I \ < l
IRININ IRNLHIN | | =%
T I ro | P || 2] Rl
o LT ru ; T
‘ ‘ l HEINBE /| 20 -10 02
% e 4 der\ 7
Seiia S8 T hnni
V- 0-
It 10+ P od i ' w"_ ]




NACA ™ No. 1206

Braunschweig flapped wings 6[-’:-0276 [thsQ.B bzﬁ_‘267
Raw data Model y Plan form: o E.u- of uuu?t S e
Position of the c,  axis for | gl e
2 46 Al 25 "1 T
1 Ca *20
cﬂ
o 3 | N 3
i AVaviral < e
JANYVET T A A -
- 4 20—
O A | (Ll
VAV // /1/ //// /( i ./'.' / 1A . ’;
/1" 1" / / ‘_.7 0 20
: 7 %
LANNY T Va7 AT [ : ] =
SEREYLIIANE YTV e :
/| JITE R R R o* i
VY VAARS 1/// 'o_‘c’:,' % | 0 2
L A 10 ‘}'1 l .
1
Position of the c, axis for 1 I T 1
B .16 - -t 5 T__‘F 4 1 I -
. Ca Qr—r
10 N R Y 9‘ Cm, 0 _\\r
ANRLE N % a
o 7 | e
" i A\ A \ \ A s = ;
\ \\ \\\\\\ \\\ A N tm— ‘[ ’
& | =
10 X \ >§\ \ \ \ \05\ \ 10 Tiﬁ'w 10 {; pn Tl
JAVATANAY \‘\\\ P ! /..l '
\ 3 R 4 Jc 13
NN WAL 1 % |[F e
A 10 T 04 il =
Fbsi‘t:lon o_f t_he _"c‘- ;lxlfs f%rr ] i T 1] jT [ {
Ca ‘ L 3
0 1 v P 2
LA EL ) 20 X <20
T T P
| 1 7 00
i I RIEIRNRRENENI 1 3
" ! / o
[ I | A L=
i IHHA I At
AN RIMEG Al = MG R -
o IRIRIENRRIN 1§11‘ \[ 11 i
I ', { 1 =l | IEYRIRNEY ‘7/"“" a6\ |12 0 20
i IR N W oa || 1T
! i[7 .y ~ 0
: ]




e T T TETETETR T St R e T ee—

NACA TM No. 1206

Braunschweig flapped wings t,,t,_=(22 A=1,5

Raw data MOde[ Z o gl Range of validity l“::::::-’“'

Reetangular wing

[ Position of the o  axis for T n T T
&2 eﬂg -1 -n;;%o 4 8 - 4—T “ 16 9 ? oL
Ca | in 20—

! 0. ] /| e —~——1101-
T A A7 yail Kl SN

N
&
N
B
%
3
3
=1

£z

Y
=
A
B
/
3

L * [/

T AT VT
’ JAVAIA' ///J V WiWiVAVATAY )N 49
- AL 20 [ 2
7 / / 7 )7/ /// //é/ 4 I/ 1/ q _ng-cf
/ / | : < =
AVATAY 77 e alaraa AT | |
/4L [l ¢ / 4 4 oo’
z_z/Z/ il | 10 - 10 20 10 0 20
| | |
Position of the c, n‘.xls' f9r T Tl [remmtt
£o23 20 18 -16 -4 - = nd 610 %2
=2 Fm.
3 Ca o
| ol N »
A RAYAANE /“'/ m |2 NI
1L 4 \‘ N\ \\ .\ AD ‘\\ A . a":ﬁl’/ [ N ! = )
X \\\ O B Y \'\ \‘\ \ \\ AN \\\ : m i
\ VRVAN A N
AN AR RRE IFENE =
2 A ATAVAY N N AR ARV AN R A T
RATAEN R R A R AL 04
\ \ < N A% P B .
AN N AN AN 3 M > s
RREREMANNEYE ! /.// a_cf: 20 0 | 10 20
] 1k T !
Position of the c, axis for | TN A
2] -\%g -1 1614 -1,7 _.I - .T“ﬁé 1618 z!a z’: b
' & = Ca 003 =
A ® 3 T m//f e eo il B
i T, T3
SR e« [
i \ i
Ot I ?S‘ 1 % l'%‘i’ﬂx T[] | —‘”j—_
EREE 1 \ 1 \ \ LI fﬁj L 3
1] ‘ 'RIB IV IL R B R g i
| 1 I
o { x off 5 E o ?\n 10 20 3 E
TRIRTRNINIE { sl KL 2 o
w | ‘k tT. B \ IRV “. \ 4 /1’\#: dc,:\ ) 0 20
M —Y WA E P l( // oo | S vy e i
Lk iy o A Lol |
v o —-002——




28 NACA ™ No. 1206

B Braunséhweig flapped wings /i; /‘Z=Q192 thfQZ B :f=299

r WY
Raw data  Model [ S prah gons it 8
T Position of the e, ®xis for[— R i |
e W 5 -4 - 4 n ® 24
l dl

g , G i
N ol A I 10 4 M= 2
10 17 171V f % 727-10 -‘.2"7
- | 9 [ /" [ ‘ /'

Pa

/ 4l L1 oo
JIF T R EFFP M T 5e 1=

1 0 4+——
; 1, ’
: T )
i 4
[Position of the e  axis forT | | | 111 11
20 20 - = & R 25 11 2
| -
G = ¥
2 I
IS NN 9 =
% e ) [ m, |20 0 L2

b
-
-~
-
|~
> ==
s
P
|~
=
-
e

E T Q2
s / hen
- |
Em I3
\
|
\ \
X

=7 YREARA

2
A
% /’//
==
|1
-

\ SR { b ‘ dcq ||20 0 10 20
I 10- — boeed.
-10 o "
[~ Position of the ¢ exis for
I3 - 46 14 - - .z’g 1 18 14 1 2 2 I
1 T
75 G 002—1—
o4 = A
i T s % (|20 2
2 e e - 5 s 1 T w Tl =4
2 t i 0 o . /
= - +— T Y i qa1q_
it L,L l ; 4
¥ ]
1 L K HREE . |
1 } ' ! LL L ! _—2‘-0 7 ";7 |
2 [T P[] g | =
{1 HETil / &7 %%a1004—|-
il { Ty | \ g 4
L e - 4| || 9¢_||-20 20
1 1] l Y .~L oCa = -
1 3
O, ol




NACA TM No. 1206

Braunschweig flapped wings

Rf0191 14702

b:f=199

Raw data Mode[ Z Plan form : b ll:u' of vuunyJ h::::;::'"
Position of the i axis for | ARy T | T
5 g 16 1o - - ] 2
di
G Ca 2
10 . T v |« |- o i
/ / A i
y 20 0 | 12
974 7 / 0.
= A A AR, / e .
1A/ / / ¥ AN/ ZEE] Y 204
7 17 7 / f “' |
/] Ik AVAV Lyl
7’ r! 4 L1/ / / / L / " ; E_
ORI & Vi VA Vi T s
7 (i T
IEENUAAAS SN VIV | o
iVATA NAN/ VY ¥ VY e S P Mt
7 / 7/ 3 \ / _d.
/ /] 4 / 7 I ac 10
7 7 / 7 7 /l < b
/ 10 20—t 20 10 10 20
Position of the e axis ror—r ] ] ]
__(m@ 2 -w -~.-,_-__-,_I-
F 4__?_ : o 5 LI T 2 r,
1 a i
Co [~
A 10 d Slse s
10 TN m, |20 PR
Tl IR RN NN NN L
Y Y A k\. NN T N 3 ~ A #\x M:A\ < a .
\ o \ \ \ Ba \[ b ¢ | ¥ |
T 3 'm - / |
ARATAVVY IR EIEE 5
Ny SRNAVANS N VAN A A N I T
NN S AAANY N S - #
\ 5 X A% b=
N LS T (| 2o [T
YA NN A ] l Z “0cq ||20 0 0 20
) D | £ gk
= \ 10 ! o i
£ |
|
Position of the A axis for | | ]—] ‘T| =3 I '|
£ -r_:g 14 l] 3 z]i 1“1 r_ zr 21— ol <,
i G Ca Q02
et i ? 10 = i) 22T p
v 1 il G 2 ;
e R Al ' s hd T
t & /\'" o Q02
N - |
NE NEUE! J {45 s
i raly \ r G| SRS = _-S._ |
[ Al TR E URE H . | ol |— 21
EARINEE 005 T o W:j Mo &
g b I 0 [ i [ Y 7
i 1 “ ' 1 T H- .. i I L :
NN SRR AR s ot | PN
| t S .' . ' '7/ 0cq
. - B ad i P &
|

ey



NACA ™ No. 1206

Braunschweig flapped wings /;_?FL=0,184 fpf‘_=02 bzfi:=359

I 1

Raw data Mode[ ¢ Plan form ¢ nl-u. o uuau,l l-::::;::no
Position ef the 0. axis for | | | | ' | ‘ | 1 |
& %F -8 -16 -1 =1 - =4 T # ” 14 1 “;
G Ca 20—
S 10—+
10 = T~ p
5 Ryarara il % ||z —%
g : T -~
= [ 71717 7 7 J ] 10
oE / /1 , ANAN,
{ 20
' Al 7 (WAVAVAVRTAVA i
/ YV 1L Il

7 L3
T L JAVc/ATATAA i A =
T TE 4 = =3
| AAVAVL I .
/ / [\/ S ot P
, 7 P, 7|2 /] ocg ||20 0 10 20
/ 1’5 P
[Position of the e, axis for | Ttk | ] | l TR
3 1 14 -1 -5 1 16 1]

S
-

m, |20 =0

o
>
N3

s
8
/
L

=
==
=

MR \ ) \ by :
RIS RS T
\ ) \ \ \ \\ X X = » 9m J. Ld
: . : ' dcq || 20 10 0 20
{ & ‘:. ‘ o TF_,... =
S L A 04
Position of the ¢ axis for T | T L ) |
£21 - 16__-14 - -T 2 1 +—3 er. ]
2 e il
7.0 Pl ol || L
T A 4 el i
AR T e ||
SR 11 | | ‘/’* f |
AEERED T / 3 I
RNl e ke —%
T H L 20 1 250‘ ¥
] QI I l l,T t flopﬂI I \1 o1 A_/(\ @ sg
18 | | | ! ] 3
IRIRIE) i A | e et
TR 4 | U8 g Efin
S RIEE g 2




NACA T™ No. 1206

Braunschweig flapped wings
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Plan form a (rectangular wing).
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Figure 2.- Polars c, [Cw] for various control surface angles g.

Plan form a (rectangular wing).
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Figure 3.- Polars c, [cw] for various control surface angles .

Figure 4.- Polars Cy [Cw] for various control surface angles

Plan form a (rectangular wing).
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Plan form a (rectangular wing).
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Figure 5.- Polars c, —cw] for various control surface angles .
Plan form a (rectangular wing).
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Figure 6.- Polars c, [C“Zl for various control surface angles B.
Plan form a (rectangular wing).
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Figure 7.- Polars c_ [cw] for various control surface angles 8.
Plan form a (rectangular wing).
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Figure 8.- Polars cg4 [cva for various control surface angles g.
Plan form b.
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Figure 9.-

Figure 10.-

NACA ™ No. 1206
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Polars c, [CW] for various control surface angles 8.

Plan form b.
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Polars c, [CW] for various control surface angles g.

Plan form c.
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Figure 11.- Polars c, [cw] for various control surface angles 8.

Plan form c.
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Figure 12.- Polars cg [CV;J for various control surface angles g .
Plan form a (rectangular wing).
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Plan form b.
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Figure 14.- Polars c, [Cw] for various control surface angles g.

Plan form b.
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Figure 15.- Polars cy ’cWJ for various control surface angles B.

Plan form c.
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Tigure 16.- Polars c, [cW] for various control surface angles 3.

Plantform: .
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