ATIONAL ABVISORY COMMITTEE

FOR AERONAUTICS TECHNICAL NOTES

FE‘M%EES% NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

0. 22 Doz a7t .

No. 181

INTERFERENCE OF MULTIPLANE WINGS HAVING
ELLIPTICAL LI¥T DISTRIBUTION.

Bv H. von Sanden.

From Technische Berichte, Volume III, No. 7.

February, 1924.



NATIONAL ADVISORY COMMITTEE FOR AEROKAUTTIGS.
TECHNICAL XOTE KO. 181.

IATERFERENCE OF MULTIPLANE WINGS HAVING
ELLIPTICAL LIFT DISTRIBUTION.*
By H. von Sanden.

In calculating the self-irduction of a wing surface, ellip- _
tical'lift distribution is aseumed; while in calculating the
mitual induction or interference of two wing surfaces, a ﬁniformﬂ‘_
distribution of 1ift along the wing has hitherto been assumed.
Waether thg results of these calculations are substantially
altered by assuming an elliptical 1lift distribution (which is
just as probarle as unifora distritution) is examined in the
vresent comminication.

Let the span of twe rectangular, unstaggered wingé, normal
to the plane of gymmetry be taken as b = 21 and their gap as .
G. Let the 1ift on the lower wing be elliptically distributed.**
The eddies vassing off from the trailing edge of the upper wing
produce a vertically downward positive acceleration, which, at

]

& distance of € from the center of the wing, amounts %o

L f+i (x - €)3§X C ol
2mcp V12 7 ‘{Ga + (e - x)*y/ 1”7 - x® S

D (e) =

* From Technische Berichte, Volume III, No. 7, pp. 291-2. (1918).
(Comrmnication from the Bavarian Airplane Works.) _

** Grermel "Die aerodynamischen Grunglagen des Fluges,”
(The Aerodynamical Basis of Flight," p.119.
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LEftsr introducing a new variable integration w1, defined ty

% = 3in u, we oktain
+'2

I 1 sin u ( inu - € BN
D (e) = — 4 — ;Sl Z‘B _._2_.)_ du. ~
2P VI® e & + (1 sinu - € - -

The integral has been graphically determined for

% = 0, 0.2, 0.4, 0.6, 0.8, 1.0 and
g%-= z = 4.8, 13.5. For the average value N
:
4 . L
_ 1 TF d = ————
Dy = 7'45 (e) de 2712p V212

we obtained the values of £ given below, together with the

corresponding average values of Dy = f (for compar- _ .

L
2mp V212
igon) and the proportionate differences for a uniform distribu-

tion of 1ift.

7 £ F Difference
4 1.138 1.11 4.5%

8 1.71 1.64 s.2% _
12.5 1.98 1.98 0.0%

Within the limits of the values of 2 occurring in prac-

tice, the difference, therefore, is insignificant. For eater
3 2 >

e

values, it increases without 1limit, since for 2z = « and T

L

, while Dp = 57;%;5525

Dp = o x 3.15.

It is worth noting in coneidering the acceleration D (¢),

which is plotted in the accompanying figure for =z = 8, that



p €

-

bt
€20 M .8

with elliptical distribution of 1ift on the lower wing, D(e€) is
negative at the ends of the upper wirng, that is, the accelera-
tion is here directed uoward, so that the actual angle of attack
of the upper wing becomes larger at the ends. The turning‘up_“ _
of the wing tips, therefore, appears justifiable. '

Translated by
National Advisory Committee
for Aeronsutics.



