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WINGS WITH VARIABLE CAMBER AND SLOTS* 

By J. Lacaine 

Investigations with a viCw to increasing the C 	 of
Zmax 
a wing, without greatly increasing the 9Xmin' are chiefly 

related to the important question of the maximum speed 
range. 

Mr. Lacaine, Mr. Toussaint'.s assistant at the Saint 
Cyr aerodynamic laboratory, has tackled the problem by add-
ing a slot effect to the simultaneous variationof the cam-
her and area of a wing. The solutions studied are in two 
parts, no description of. the actual devices being given be-
low.

One part is given up to the study of rotations and 
trarislati.ons by which slots and a simultaneous increase of 
the camber and wing area are produced. The other part 
deals with rotations of elements with resDect to each other 
only. These rotations form two slots of adjustable width 
in the wing section. 

Wind-tunnel tests of two models are described below. 
The test results are compared with the estimated results 
based on the theory of wings p ith multiple ailerons. Low-
er-surface flaps of a special form, resembling split flaps, 
are' also described. 

WING WITH A SINGLE VARIABLE SLOT 

The rear wing portion (fig. 1) is displaced with re-
spect to the front section in such a manner that, with two 
of its points, A and B, describing eccentric circles, a 
variable slot is formed. The tested wingsection, with a 
relative thickness of 24 percent, has a high maximum lift 
of 100 0zmax = 23O. However, as was to be expected, its 

C X .	 is rather high and the L/D ratio not very good (fig. 

2L.

Tests, based on the same Drincple, made by Mr. Fowler 
in and. Atherican wind tunnel (reference 1), seem to show the 

* It Ailes a courbure et fentes variables. 	 L'Aeronautique, 
May 1933.
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great superiority of semi-thick wing section3. These ore-
'limi, nary results may be inproved by another sexies of teSts 
of ,the'se wing sections. 

WING WITH VARIABLE CAMR A1'TD 'SLOTS ' ' 

The wing section is in five parts 1 foi of wnich are 
hinged(fi.g..3).	 The.rotations of :arts A' and B 'pro-
duce two Blots and help to increase the camber o''the'sec-
tion. :Two small flaps, C	 nd D, on the upper wind sur 

face, control the width of the slots and retard the sea-
ration of the boundary layer at large angles of attack. 
The eflec'ions. of parts A .B, C, and D are expressed by 
the angie	 a,.	 and 8. , ,	 , ' 

TESTS RESULTS 

Determination of CXi.- Aft.cr eliminating the drag 

of the control units and making allowancc for the discon-
tinuities''aboüt the slot edges on the lower wing.. surface', 
a value of 1.4 was found for 100 C r. 	 which ma b	 - mlii	 '	 ' 
duced to about one by masking the slot edges : ith elastic 
flaps. It would then approach the minimum drag of the o-
riginal wing section l3'A, which has a relative thickness 
of 17 percent according td the catalog of te French Tech-
nical Service. 

Classification of the results.-'Three series of tests 
were mde'i'n'order to determine the influence of the posi-
tion of th slots and Of the increaseun carijber on , the char--
acter'istics of théâirfoil: 	 ' 

Forward' slt 'only (rotation o± sections A and C) 

Rear slot only (rotation of sections ' arid D) * 

Front and rear slots (iotation of A, C, B, D). 

The increase of ' C

	

	 , ' due. to the, slots, can be
ZmaX 
calculated by comparing hC unit curves 100 C 	 f(i)

fig. 4) (reduced to the inciIence of the forward portion), 
which correspond t'o various settings with and wi'thout slots. 
The gain over the C

	

	 of the airfoil cambered without 

max 

slot increases with the camber.



Misc. Paper No. 37 	 3 

The representative points of the envelope polar are 
found by taking two or three points on ecch side of the 
intersection of 01 with the 100 C = f(i) curves, for 
uccessive deflect ions of the movable parts. 01 is the 
straiht' line connecting the rint 0 of zero lift with the 
p oint of	 maximorum 10 

COMPARISON WITH THEORY OF WI1'TGS 


HAVING MULTIPLE AILERONS 

We have compared these test results with those of the 
theory of wings having multiple ailerons, as developed by 
Mr. Pc-rring (reference 2) and already applied by Mr. Tous-
saint. Without going into details, the nondimensional co-
efficients C	 and Cm are given by 

0z	 a1	 T =

1	
3)] 

C 2	 p 
Cm = ---- +	 > m5 Ts' 

4	 '1 

a 1 ,	 Cz e /i 0 , being the angular coefficient of the straight 
portion of the 100 C	 f(i) curves; p, the number of aile-
rons;	 and m 5 , coefficients easily calculable from the 
chord of the various ailerons; T, the angle representing 
the various deflections. 

In the present case we have, for i = 00, 


C = O.54(O.9a + O.7) 

and
Cze	 2 

Cm	 1- (0.165 a + 0.315 ) 

the angles about the two hinge points being a and	 . 

It is remarkable that the difference between the cai-
culated and the measured C	 values does not exceed l0pe-
cent for deflections of sections A and B reaching 200.
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COMPARISON OP SLOTTED WINDS 

In order to compare the relative merits of te varia-
ble-caber and slot solution wIth the resulte of other sys-
tems, we have plotted in fig. 5 the pblars i 14'D curves and 
moments of: 

A wing with forward slot cf the fixed-flap type; 

A wing with movable forward flap and Hand.ley-Page slot 

in the rear;	 - 

Awing with variábIecarnbei and slots. 

The three models wde tested in the same tunnel, at 
the same Reynolds Number and the respective curves -red?uced 
to the aspect r.atio of 6. 

The wing with variable camber and slots has the best 
L/D ratio and the.wing with front and rear slots has the 
highest 0Zmx' while th wing with fixed forward slot has 
a still better L/D curve than the other two, within the 
range of the mean angles. As r.egards the moments, the 

of the last-named wing does not approach the origin, al-
though having a less pronounced. slope than the other two. 

COMPARISOI OF SLOTTED FLAP


WITH REAR LOWER-SURFACE FLAP 

Among the recently investigated devices for increas-
ing the maximum lift, the rear upper-surface flap (split-
flap) seems to be particularly favored by certain American 
airplane designers. Its principle is to split the trail-
ing edge into two sections, one forming the lower-surface 
flap and the other, consisting of the upper surface of the 
trailing edge, being integral with the wing. Wind-tunnel 
tests of this system (reference 3) show that. the •li.ftval-
ues obtained by de-fléctions of a 'lower-surfce flap exceed 
those usually produced by. standard flaps of the same. chord. 
It seemed to be of interest to compare these lift values. 
with those prothcec. by	 s'ne wine" fited with a slotted 
flap.	 -
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A fixed metal sheet, representing the upper surface 
of the initial wing section (fig. s) was therefore se 
cured to the model, flaps A and B (fig. 3) being then 
subjected to various combined deflections. The slots pro-
duced by rotations of these flaps can be opened or closed 
by means of the small upper-surface flaps C and D. 

The following are the main results obtained: As shown 
b the American tests, the drag of the rear lower-surface 
flaD, for the same C, considerably exceeds that of the 
conventional split flap. A slot between the lower wing 
surface and the region of small velocity, which extends from 
the flap to the fixed trailing-ege portion, reduces the 
drag, but also the C (max). 

A comparison of the C (max) (fig. 7) shows that the 
lower-surface flap offers a certain advantage due to its 
small size (flap B - 0.3 c; c - wing chord), while the 
slots resulting from thesimultaneous deflection of. flaps 
A and. B (a = 20,	 = 20 0 ) produce much higher maxi-




mum lift values (220 instead of 195). 

Lastly, beyond C (max) the decrease in lift is much 
greater with the lower-surface flap than with the slotted 
flap. The latter seems thexefore to be better suited for 
flight at large angles of attack. 

.A judicious choice between these two systems calls for 
a measureLlent of the longitudinal moments and of the hinge 
moments, in addition to the above comparison, and for a 
structural investigation to determine the easier of the two 
solut ions.

COTCLUS ION 

The main results of th.is study may be summarized as 
follows:	 - 

1. values exceediug 260 (first model) are at-
tained by	 gs with a single, slot and -variable camber and. 

area.

2. Semi-thick wings, with an aspect ratio of 6, a 
single rotational slot and an uppe'-surface flap, have 
the following characteristics:
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l00C	 =1.4

-iIin 

100 .C,.	 = .190

'max 

100	 for	 0:0 

Cz/C	 176 

The 0Z	 may be increased tO ( 240 (second model) by add.-

ing another slot.' 

3. The slot effect is directly proportional to the 
camber.	 .	 .	 . .' 

4. The formulas obtained for wings with multiple aile-
rons agree well with practical results. 

5. Slotted flaps and. a rear lower-surface flap (split 
flap) .were tested on the same wing. With large, simul-
taneously deflected flaps, the slotted wing has a greater 
maximum lift than when it is fitted with a split flap.' 

Translation by W. L. Kbporind,' Paris Office, 
National Advisory Committe fO± Aeronautics. 
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Pigs. 1,2 

Figure 1.-ring with variable slot. 
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Figure 2.-Polar and L/D ratio of the three wing sections 
of fig. 1. The 100 0:. values are plotted. on 

half the conventional scale. The area of reference is 
that of the initial win&' section (I) 



------With slots. 
without slots. 
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Pigu.re 3.-Showing hinge points and. defornations 
of wing section witi variable camber 

and. slots. The upper wing section has no slot. 
The intervaic between C and A and. D and. B are 
merely intended to improve the representation 
of the contours. 
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Figure 4.-Comparative lifts of equally cambered. airfoils, with 
and without slots.



I	
\

I 

\\\\

\
 
-
 

'

\\c
i 

' 	
' 

_________ 

\
\
\
(

' 

___________
- 

\r
-
-
-

-
_

 
_
_
 

\
/	

"K
\\ 

\
_
_
/
v
±

0	
0 	

0
 
N

Q
	

0
 

L
I)	

0
	

L
U

 C
)
	

0
	

it) 
C

\)	
C

') 	
r4
	

0
	

'-1 
C) 

N
.A

.C
.A

. M
isc

. P
a
p
e
r IT

o
. 3

7
	

P
ie

. 5 

0
)

w
 

C
) -4

-' I 
O

j
l
 
J
	

U) 

.
.
0
0
 

-	
r
4
r
l


c
d
 

-ri 	
i

rC
\) 

: 

a) 

c,-4
4-' 

'd
o
 

4
r'4

 
C

U
) 

-4 

0 1x,

O
	

U
)	

4-' 
0 
r4

 r 

O
 
0
 

N
	

LU
o 'd

o
 

0) .,-4 
k
-i-' 

O
	

LU
	

.r-4
() 

to
U) 

4O
 

.1-I 

O
 
0

 
It)	

4l	
0

a
5

 
.1-4 
4
'
 4-4 

0
0

 
a) (0

 'd 
O

 
(
U

 
cj4

•
r
l 

U
) 

0 
4-4r4 
0(0 

O
	

0
	

o)S
-

() 

C
)	

O
-
i
 

O
 O

 
O

 O
u
'd

 
f —

I	
r4

k 
O
	

IC
) 	

C
) 

C
') 	

C
') —

.4
-' 

C
) 0

 

O
 
0
 

r4
	

C
') 	

(0
,r 

4
)0

3
 

0) 
E 
o 

O
	

(1) 
—

4	
-4

-) 
(0

. 

r4 0
0
 

0
 

I —
I	

H
0
 

0
0
) (0

(0
 

1	
+' 

o
 O

o
 

0)	
r4 

.r4
 'ri U

) 

O
,-i 

Q
O

4
 

I	
0) 

Ic 
0

0)	
C.) 

ci, 
f—I 

f
r
i
 

03 

-
1
 r4 

0
C

Ii 

4D
c 

r1
 G

) 
•0



LA.C.A. Misc. Paper iTo. 37
	

Pigs. 6,7 

= 200 
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Figure 6.-Transformation of original Lacaine nodel 
by an auxiliary plane flap forming an ex-

tension of the upper wing surface. 

With flaps. 
- -- - - - - Vith variable camber and. slots. 
-- - Uith split flap. 
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Figure 7.-Comparison of lift values of wing sections 
with flaps, with variable camber and. slots, 

arid with split flap, for equal flap settings.
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Figures 8,9,10.-Photographs of wing with variable camber and. sTiots 
mounted in the Saint-Cyr wind tunnel.
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