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IMDUCED DRAG CF WJ'”IPLAU S.

By L. Irandtl.
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ANra Ty .

The most importent vort of the resistencz cor drcg of a
ving eyster, the inducel drag, can e caliculated theoretically,
vhen the distributioﬂ of 1if% on the individuel winge is kmown.
The calculstion is besed'upon the acsumptiovn *het the 1ift oa
the wings is dictrivbuted along the wing in prororticon to tkhe
ordinates of a semi-ellinse (Fig. 1). Toimulas aad pumerical

} tables are given for calculatirng the drag. In this conaection,
the most favoratle arrangemeats of Dbiplanes and triplanes are
discussad and *the results are furtrer e ucidated Ly reans of

nunerical examples.
Notation.

V = velocity of fiight in meters per sccornd;

v = horizontal velocity of disturbanc

produced by
w = vertical velocity of disturbance the wings;
L, =1if%{ of wing 1,

D,, = self-incuced drag of wing 1;

D,, = additional dreg inducsd by wing 1 on wing 3;

g = coefficient cf D,,;

* Technische Berichte, Volume III, @o.7, pp. 309-315.

e a0 e il o AL AT~ Mo+ e B 7 T ¥ e i+ A ek s DR e b 803 b -

Py N



-2 -

k = ccefiicient of toval drag D;

r = Y,/b, = retio of sgans.

During experiments with extra Jarge wing models in the
thtingen wind tunnel, it was found that, wifth 2an ircreace in
ihe characteristic number,* the wing-scction drag** became an
ever smaller nart of the tnit2l drag. In the case of very large
chavacteristic numbers, it concisted ouly of frictional drag,
provided 2 gnod wing section mas erperivented with and that the
angle of attack came wlthin the range *o wiiich the particular
wing section was adapted.

Frori the resnits thus establiched, a theorztical calculation
of the inducad drog of rultiplanes attains o bhigh practical

value, for, since the rricticnal drag can be approximately esti-
I

mated, it is also possidle to colculate the toi2l drag by com-

puting the induced drag. It follows that the total drag, con-

c"

formably with the properties of induced drag, devends only uron

he ouier contour dimensions of *he wing system ard uocn the
distribution of the 1lift on its verious parss. It.alco follows
that the wing-gection is of imoortance only in co far as it must

be suitebly selected for the purpoege In vidow.

* Characteristic number = product of wing chord and velncity
(Compare Technische Berichte, Vol. I, lLc.4, ¢.35;.

** Uing-section Cdrag in nopocTareq = di f‘erenﬁe beiween measurad
drav anG "induced dracs”. T = “b'~~ (Cempare Tactrisecne 3Bericaite,
Vol.I, No.3, r-‘ﬁo) Tre "irnduced drag! is there called "Rendwid-
GISu?nd” (”’nﬂ—aage Arag).

*** 3ygtematic experiments on frictional drag are in course of
nreparation.
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A method for calculating the induced drag of biplanes and
rmultiplanes has already been proposed:. It is contained in two
comewhat Tecondite artisles by A. Betz (Technische Berichte, Vol.
I, ilo.4, pp;98 and 103). The method consists in first calculat-
ing the drag of the monoplane, from which the nmultiplane is made
up, from A tznp (Technische Berichte, Vol. I, No.4, p.101).

To this is then added the additional drag due to the mutual
influence of the wings. This is given by the equation
W,, = Ay ) = Aya'y (Technische Berichte, Vol. I, No.4, pp-105-
107). The total induced drag of a system of n wings is, there-
fore, the sum of n® such individual drags.

This rethod, however, shows an inconsistency, of the nature
that the rmonovlane drag is calculated on the assuzption that
the 1ift ie distributed along the wing span in oronortion to the
ordinztes of a semi-ellipse {Fig. 1), while, as regards the in-
terference, thc same 1ift is assumed to te uniformly distributed
over the whole epan. Sinee the actual distribution of the 1ift
comes nearer the elliptical than the rectangular distribution,
it might te expected that the assumption of ellioticai distribu-
tion in both cases would furnich *he basis for a theory which
would not only be more consistent, but mould also accord more
closely with the actual conditions.

Theoretical investigation is more complicated throughout,
with the assumption of elliptical distribution oif the 1ift, than

mith the method of Betz. The problems which Betz worked out for
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the cacse of bivlanes, have not all been solved for elliptical
distribution. Asg yet, only the provlem of ascertaining the total
inducad drog of the wing system has veen sclvzad, but this bas
been accomplished in a very satisgizctcriy manner.

Tre corputations are only cummarized here, ia so far as they
ronduce to a full understanding of *he results. The princionzal
resulis are renvoduced, moreover, in practical form. In addition
tc tables ard curves, apprcximate formulas are given waich will

te found useful in computations.*

2. Drag Formlas.

We will first s*ate two general lavec discovered by lunk,
wvhich will ve of great assistance in what follews.

1. Any systen, as regards its total induced drag, is equiv-
2lent to a simnler system having the same front vicwr, in which
the centers of preszure of all the conestituent wing surfaces,
mhile maintaining the eame 1if+% dis*ribution, are shifted into
one ard the same plane, at right angles to the direction of
flight (unstaggered wing system).

2. In an unstaggered wing system, *he drsg D;2, induced
by 7ing 1 on wing é, equals the dreg D:;, incuced by -7ing 2
on wing 1.

The drag D,, is due to the ract that wing i produces 2

* Mr. Pohlhausen gave me valuable assistance in tue calculations
an] diazrams and idesers. Munk and Grammel contributed some irmper-
tan%t details.



Gownmard air current toward wing 2, the effect being that the re-
etl%ant air prascsure on ving 2 is inclined rearvard at an anzle

£ , thus producing a ner comporent, L, sin ¢, of the drag-
ere, ‘tane = w,,/V in which V 1is the velocity of flight and
Taa ic the dovnward velocity produced by wing 1. Since conly
small angles are congidered here, ein ¢, and tane wmey he
interchanged. The welocity w,, is not actually uriform through-

out the span and we must, therefore, write

w

D2 = [ 'i’r_e’ L. (1)

In order to evaluate w,,, we make use of the condition
prooosed by Munk, that the flow delow nd above a monoplene with
flow around a plate moved at right engles to 2ts ovlane.* From
this flow we eveluste (Fig. 3) the versicel velocities ToT a
series of suitable distances from the pnlate. The result, for
which I have to thank ir. K. Pohlhausea, is shom in Fig. 3.

The span of the wings is here taken as 2 units and the velocity
7, at the wing itself, s 1 unit. Tae actual velocities are,

therefore,

2L,
W= = 2
f1em ey (2)

vhere 2z 1is taken from Fig. 2 for the ratio G/b; coming under

‘consideration (G = the vertical distance betreen the two un-

stagrered winge, b, = the soen of the first wing).

* Compare Lamb's Textbook of Eydrodynamics, np. 100 and 1C1 of
the German ufaﬂSlatiGn ("Lehrruch der nvarodvna 1% von Lemb") by
Friedel.
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The integral must now be formed according *o equation (1),
on the essumption that the 1ift L, ig distrihuted €lliptically
along the span b,. This integral has becn evaluated by pleni-
metry of the curves obtained for =1 = b,/b, = 1.0, 0.8 and C.8,
for different values of G/bi. The results arc chown in Figs. 4
and 5, wherein is plotted the unnamed quantity o which is ex—

pressed by the equation*

g L L
D =D = — =2 == (2)

In Fig. 4, the ratio between the gap G of the biplane and the

arithmetical mean of the spans, b, and b,, 1is taken as the

abscissa, but in Fig. 5, the ratio By l-oF is emploved.

) 2 - g =~ b, + b, 1+ '

In Fig. 4, the curves are plotted for r = constant and in Fig. 5
b, + b,

for G/—73 = constant. GSince D,, = D,,,

obtain the

we

1
=. Ta2ble 1 con-
T

b -
same values of o for r = :5—3->1, eg for ' =
1

tains the values of ¢ +taken from a dizgram similar to Fig. 4.

Table I. Values of O

o/2 0 0 0.05 0.1 0.15 | 0.2

r=1.0 1.000 0.780 C.655 0.581 0.485
0.8 0.800 0.890 0.600 0.523 0.459
0.8 0.600 0.540 0.485 0.4327 0.394

* This formula is constructed inea similar manner to the formula

. : L s . .
for self-induced drag Dy, = rqb‘g- into which it passes when
1404

Ly =L, b, =b and G = 0, vhereby 0 equals 1.




e Table I. Valuec of 0 [(Cont.)
L, +o ! ! ‘
3/95_.3 0.25 0.3 | 0.35 | 0.4 | 0.45 0.5
4 + -‘
r=1.0 | 0.420 | 0.370 | C.227 | 9.280 | 0.°55 | 0.230
0.8 | 0.4C1 | 0.355 | C.315 | 0.782 | 0.283 | 0.32%
c.6 | 0.251 0.315 ; 0.235 | 0.255 | 0.271 0.210

The values of ¢ in the rost imvortent case, vhere T = 1
aad, therefore, by = by, = b, arc reoresented (7ith goed approz-

imation betrwzen G/b = 1/15 and /b = 1/4) oy
~ 1
o, T T a AT (4)
More exact is the avproximation formulza

% =71.95 + 3.7 /v :

which ob%ains between G/ = 1/15 and G/o = 1/2. The approxi-

mate fornula for r Z1 is less simply constructed. Te first
. b1 + b?
calculate the value of 9,, correcsponding to by = =—— and,
-

further, thc auxili=ry quantities C.8 x I, (1 - J4) - C.1 = s

Q.5€ . .

and - t and, if (fcr the szke of trevity) we

61 + s - 0.22 2

hy - b 1 -7

. b} 2 = i -~r Mhponm FRarras

ascure s = T ¢ then hove
T , 2
g=0, +¢e~-. s + {7/t) (&)

Mumericzl Example.- Let 2 biplane have ~n uopper-7ing span

b, = 12 m (39.37 ft.) and 2 lower-wing span b, = 10 m (32.8 ft.)

G2
H

and let the gap (6.56 £t.) to calculete the coefficient

of mutual influence ¢ for the drag D, ,-




T

Je firs%t calculatz 37, for the mezn snzn
o = /2 = 11.0 mw (36.09 £5.). Then 5/3, = 3/11 = 0.131¢
Dm \b~‘ + b?l 8 - l-o m '\l5J-O9 -to . Theﬂ. x bm _.)/.-. e a0 Ll »

Acecrding to equation (4), we now obtoin

= l = =00
% = T E3 xo.i8ic |~ 2o

I7, for the seke of compariscn, we make the calculation fron

equation (5), we get

Lastly, by intermolation fror Fig. 3, ve zet 0= 0.511.

The agreement is, therefore, guite saticfacicry.

Taking ¢ = 0.511, we obtein the auxiliary values:

s = 0.3 X 0.511 x 0.482 - 0.1 = 2.10°2

= 0.5¢ = 1.432
g C.511 + 0.109 - 0.22 o

r = by/b, = 10/12 = 2.832
+=1-T - 0. 0000 .
- T

ThereSore T/t = %:99—9 0.0635.

Thencc J = 0.511 + 0.1 - / 0.1° + 0.0835° =
= 0.811 - 0.11385 = 0.49235

Interpolation in Figvre 3 gives 0 = 0.470.
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2., The Biplane.

The irduced drag of the uprer wing, for the unstaggered vi-

plane, is

and that of the lower wing is
D, =D,y + = =
2 21 D€2 m

Where there is a vositive stagger, 2s ic generally the case,
the drag of the upper wing is diminished by the upward air cur-

rents produced by the lower wingz; but, on the other hand, the

drag of the lower wing ic increased, to exactly the same extent,

by the dovmward air current produced by the upper wing, so that

the total drag is the szme as in the case of 2n unsteggered bi-

viane and .
1,17 L, Lo . Lz° N\

D=Dy + Do = —( 2+ 2¢C 1 2 4 == . "

P nq(b,‘ by, bz b2 / (7)

Tith the given values cf the totzl 1ift, L, and of Db,, be,
and 3, the question naturally arises as %o how the 1ift muist be
distributed on *he t70 winge so that the total drzz will be the
same as that of an unctaggered biplane.

For this purpose, let L, = Lx, or L, =L (1 - x) and

* The approximate formula (given in Technische Berichte, Vclume II,
No. 2, ».275) for the induced drsg, based on T ther uncertain an-
alogies, does not saticfactecrily ctand the test by the more exact
forrula (7). Its agreement with the rmeasuremaente 27 Munk seems

to voint to inaccuracies in these measurements, vhich were made 1in

the 01d wind tunnel.
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let us seek a value of =x for vhich the exprescion in brackets
in egquation (7) is a minirum. Taking ‘oz/b1 =TI, a very siample
caleulation gives

o]
-2c

(8)

R

If <his value of x 1is put in equation (7), we have, for the

minirum value of the induced drag,

In the special case when b, = b, and, therefore, r = 1,
the forrmlas become simpler. As is easily seen, x = %, or,
in other words, the 1ift is equally divided between the two wings*.

We also have

I° 1+0
Di o = 9a)
L2
g is the induced drag, Dy, of a monoplane rith 2
1

span b, which gives the same 1ift as the biplane under consid-

eration. The factor following this expression in equations (9)

ok
K . In Figure 8 the

and {92) thus gives the ratio D/Dp

course of K is plotied ageinst G/b, and 1 = ©v,/b,.

* THese relations are not quite exact, since the influence of the
commonent of the disturbed flow, v, parallel to V, has been
neglected for s*mp11c1ty Wlth more rrecise computation, it =2p-
pears that it is not the 1ift, but the circula*ions of the two
vings which must te ecual, in order to ootain the minimum drag.
The lifts are then in tne Tatio T+ v 40 TV - v. %he effect of
this correction on “he magnitude of the drag, hcTever, vanishes
for all practical wpurposer.

**The quantity %k, introduced by Murnk (;e‘Hj eche Bericate, Vol-
ume II, No. 2, p. 187) is equivalent to 1//K
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It ie se2en that all biplenes have less drag than the equivalent
monoplane and that their mininum dreg is obtained when r = 1,
that is, when the uprer ond lower wings Leve the sare span. It
is also seen that, vith the same span, *he drag dccreases as the
gap increazses.

The result must not, however, be misunderstood. It does
not mean that the biplane is cnces end for all sunerior to the
monoplane. The analysis merely states (apart from the fact thas
it enables the drag to be calculated in each particular case).
that, among monoplancs and birlanes hoving the same maximam span
and the same tot2l load, the biniene, Toth of wncse wings have
the given maximum span, is supericr to othsr arrangements. It
is only necessary to compafe a mcnoplane with the same load as
a given biplane and with a syran lA/E—'times greater than that
of the biplare, in order to be convinced that both nave the same
total drag. In the zame way, it is seen that a biplane with wing
spans of 12 m (39.37 £t.) znd 10 = (32.8 £t.) is a littls super-

sran. Figure 6

P

~

ior to one with two wirgs of 11 m (36.02 f%.
and the corresponding Table II, give irformetion on &ll these
relations with a very little calculaticn.

If the span of +the lower wing is taken as smaller than that
of the upver wing, then the portion of tne 1ift that rust be
assigzned to the lower wing, in order to produce the minimmm drag,
ig swmaller than in prorortion to the spans. If we acdort eoual

loading on both wings (which would seem to te roret decirable),
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then the lover wing will have a smaller-diord than the avper wing,
The ratio x, which gives the fraction of the total 1ift ascsigred
to the smaller wing, is shcwn in Figure & by the dotted lines and

may zlso e takxen from Table II.

rarical Lxammle.- A binlane, of the dimencions given in the

'P;i
15

previous numerical examole, is expecied to flv with a load of
1500 kg (32C7 it.) and a velocity 7 = 40 n/szc. (131.23 ft./sec.)

Y
at an altitude cf 3 km (15685 ft.). Le* the density ks P = =

e N , - - g?\
0.085 and the head pressure o = —5— = 53 kg/w?® (1C.63 ib./f52).

What are the fractions of the total 1ift on the upper and lover
vings for the best distritution of 1ift vetwzen ther and what is
the induced dreg for thigs particular distritution of 1ift?

From the former calculation, r = 0.833 and o = 0.430.

Hence, from equation (8),

352 = 9499 _ 0.326

Tae 1ift of the lower wing (L x) becomes 150C x 0.338 =
490 kg (1080.3 1b.) and that or the upner wing, 1500 - 480 =
1010 kg (2237 1b.). If we then assume a load of 37.5 kg/m?
(7.68 1b./f%.2), the total area of the wings will be 40 m® (430C.6
££.2), of which 27 m?® {250.6 ft.2) falls to the upper wing and

13 m® (140 £t.2) to the lower wing. Hence, for ihe given spans,
L ]

the ﬁing chords are 2.25 m (7.38 ft.) ard 1.20 = (4.37 ft.),

- resveciively.”® L
* If we consider the horizontal ccrmponcnt v of the disturbed flow
in the same way as Betz (Technische Berichte, Vol. I, Vo.4, p.107),
then the chord of the upper wing is somewhat less ard that of the
lower wing corresrondingly greater. This correction is, novever,
reduced again by the influence mentioned in the footante on p.10.
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The coefficient of eguation (9) now becomes

_ 1 - 0.490° _
* = 5,833 (0.833 + 1.20 - 0.980) _ 0-865
and nence
L 0.865 X 15002 . 1)
= X = = 2- k 1 2- lD
D mqef 514 x 52 X 14% 82.7 kg (182.3 10.)
Table II.
Values of & = D/Dp for thz Biplane.
G/, 0 c.cs ! 0.1 C.15 0.2
r = 0.6 1.000 ., 0.890 | C.974 c.954 . | 0,932
7 1.00C 0.882 C.956 0.926 | 0.897
8 1.000 0.974 0.932 0.892 |  0.855
o 1.000 0.950 0.393 0.847 | 0.807
0 | 1.CC0 0.890 0.3237 c.779 |  0.742
G/o, | 0.238 | 0.3 0.35 | 0.45 0.5
r=0.6 ) 0.911 | 0.892 | 0.375 | 0.381 | 0.848 | 0.839
7 | 0.371 | 0.849 0.330 0.312 0.797 0.783
8 | C.225 | 0.800 0.778 0.758 | C.740 5.728
9 | 0.773 | 0.744 c.719 | C.699 | 0.883 0.€71
0 | 0.710 0.684 0.662 | 0.645 | 0.629 0.615
- L? 3
Jalues of x= ;77— for the Bivlane
T, + L,
s) ¢ . 0.05 0.1 . 0.as 0 c.2
i } j L
' 1 !
r= 0.6 0 . 0.080 | 0.104 | 0.13& | 0.1%7
C.7 0 . 0.175 | 0.164 | 0.202 i ©.228
0.8 C . 0.172 . 0.248  : 02.285 . 0.310
0.9 0 | 0.303 | 0.359 0.387 1 0.402
1.0 /0 | ©.s0C | 0.E20 0.500 | 2.500
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Tabvle II {Cont.)
T

2

Values of x = ¢ for the Bivlane.

T,+L,
|
G/b. ‘ 0.25 0.3 0.35 0.4 ; 0.45 0.5
r=0.6 | C.176 c.191 C.202 0.211 | 0.218 0.224
0.7 | ©C.3242 0.282 0.372 0.281 | 0.288 0.294
0.8 | 0.337 0.338 0.347 0.355 | 0.361 0.364
0.9 | C.H2 0.419 0.425 0.429 | 0.431 0.433
1.0 | 0.3 C.500 | 0.520 0.500 | 0.800 C.5C0

t
In 1live manner, in the case of the biplane with two wings

of 11 = (36.03 f%.) span (7 = 0.511;, « = 0.755 and

+

5 x 1800 = 86.0 g (139.6 1b.)

lote: The frictional drag may be talken as 0,008 gS. In the
above example, for $ = 40 m2 (430.6 ft.5) this gives 18.6€ kg
(36.€ 1b.) rvhich, togethcr with the induced drag, represents the

total drag on the wing.

4, The Triolzne.

The triplane may be treated in the same way as the biplane.
In order to avoid complicating the problem unnececsarily, iet it
be assumed that all three wings have the same cpan and that the
gap between the upper and middle wings is the same as betveen
the riddle and lower wings. Under these conditions, from the
results obtained with the bivlane it may be assumed at once that
the upper and lower wings have the same 1ift for the minimum drag
(See footnote on p.10). The 1ift of the middle wing, however,

is different.




Patiing L, = L x,

surt of the lifts rust equal

For the coefficient of rutual influence

tinguish betwveen the adjacent

©

tor and ttom Tings whose di

sponding coefficients be deno

L.

, 0 ve need to dis-

wings, which are 3

apart, and the

stance apert iz 5. Let the corre-

ted by 0,and OJ,. The induced drags

of the individual winge are accordingly:
D, = TS (Ly® + oL,y + 2.L,L3)
D. = .__1_.__[<L < G. (1 T
- ﬁqco,_)_ 2 + ]\.JjLQ " L?La)]
- 1 2 , -
3 - ﬁag? (LB + ;: LaLy + 95 L?LB)'
If, in the 2bove maaner, L, L, and Ls =are eéxpressad in
terms of L 2and x, we have
L° 1+ o,- 2% (1+ 23,) 4
_ - z - eX 2 = 2 Uy
D = Zrgo3 { + x2 (3 + 0y = 4¢Cy) (10)
This ill be 2 minimam, when
+ G5 o '
x = L+ 72 = 20y (11)
3 + S, - 43T,
\
The values of x  for different ratios G/b can be ceen
from the broken linec in Fig. 7. The value of ¥ 1is always lecs
than 1/3% and *the middle wing should, therefore, 2lways have a

smaller load than either the
tain the minimum drag.

distribution of the 1lift tet

ween the thrce wings

+5p or tottom wing, in order to ob-

The error due to the assumption of equal

(x = 1/3) is,
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nowever, simall, as shown by Figure 7 and Table [II.

Table IIT.
Best Suvdivision of Lift for a Triplane -
L
v . v = H2
alues of x (T, + 1o + I3 )
G/b, | c0o | oo0s | o1 | o015 | 0.2
- | I !
x = o 0.161 | 0.177 E 0.120 | 0.2C3
, ! ! !
| Values of x = D/D; | |
! | |
a) Bionlane 1.€20 0.€30 0.827 | 0.779 | 0.742
b) Triplane i !
with x = 1/3 1.000 0.889 n.824 ' 0.774 1 0.732
c) Best triplane 1.000 0.885 n.e13 | 0.787 | 0.724
d) Best wing system| 1.000 0.865 0.787 | 0.728 | 0.878
i
| I
t | i !
\ T
&/b, 0.25 | 0.3 | 0£.35 h.4 | 0.45 | 0.5
x = i 0.212 } 0.222 E 0.231 | 0.238 | 0.244 } 0.251
| { i
| Values of x = D/Dp i
a} Bivnlane % 0.710 i D.E84 1 C.6E2 0.645 | 0.828 l 0.5615
h, Triplane L ,
mith x = 1/3 | 0.895 | 0.663 | 0.637 | 0.612 | 0.591 | 0.571
c) Best triplane © 0.887 0.656 0.630 | 0-607 0.585 1 C.565
d) Best wing system 0.837 0.801 0.572 0.545 | 0.521 C.500

Two additional curves have been plotted in Fig. 7 for the pur-
pose of comparison, one for 2 biplane, the other for a wing system
like Figure 8, that is, for a biplaﬁe closed laterzlly by panels
and so arranged that the upper portion is subject to outward pres-
sure and *he lower portion to inward prescure. The induced drag

of this wing system has been evaluated accerding to a2 method wvhich

e ke i e i+ 8 ot e = Anea e bl e mmrm me o mel e e e R PRUUER IR RS |
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cernot bere te zone inito in detail.* This ving eystem has the leass
induced drag of 21l wing systems ¢f like span and the saze total

heiznt (sum of the individuel gups). If we proceed from a2 triplane
D bes)

to a multiplane, vhile mainteining the ovser-a2ll dimensions znd in-

scrting further curporting surfaces, the incduc:d drag continues to
decrense, the clocer the wings are pleced togather, rroviced the
required subdiviecion of the load is theoretically maintained, in
wkich the extreme top and botion wings carry more load then the
intcrrmediate 7ings. If ws conglder the limiting case of an infi-
nite numoer of wings vithin the outside dimensions of b and ‘G,

we obtain, in the cace of th2 rmultiplane, the same induced drag

as for the wiang systerm of Figure 8.
indebted to liessrs.

W
3

For the cclculation of this drag, I

Grammel and Pohlhausen. The results may te teken frem rigare 7

and Tavtle III. Approximately

Y

]

+ 0.458 =

° (12)

=4

D 2

(@)
m

1.2+ + 2.81

Tl

btzin the coefficient

o

Numerical Example.- It is desired to

% of induced drag for a triplane with a span of 10 m (32.81 ft)

and a total neight of 2.5 u (8.2 £t.) ~hen the middle wing is ex-

actly at the center of the total height. The mutral-influence

coefficients, for G/b = 0.125 and for G/b = 0.25, are found to

te o, = 0.806 and 0, = 0.421. Hence (from equation (11)°

. 1 . .
0.21 and {(from equation (10) ) «x = 5 (the ewprazszion in

* T have triefly indicated the lﬂne of "rguwrnu in oy lecture be-
fore the uamourz meeting of the Tissenschaftliche Gesellschaft fur
Luf+faart, and it vill be included in the printed report oI the

lzcture.
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brackete) = C.837. If, instead, we take .x = =, we get * = (0.3533

0=

The biplane which i3 derived frem the triplane by removing thc mid-
dle wing, vhile keeping the same distance between the two ouse:x
mings, gives Kk = 0.71C. The three values thus differ slightly.
The biplane, vhoce gap is ezual to the sum of the two gaps of the
triviene and has G = 1.25 m (4.1 f%.) will, on thc contrarv, have
e mech greater Crag. 1Ia this cese, x = 0.803. The wing system of
Figure 8 gives x = 0.637.

i

Translatcd by
National Advisory Comrittes
for Aeronzutics.
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Fig.l. Elliptical and rectangular
distribution of 1lift.

- Fig.2. Disturbance of flow
around a wing.
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Figs.3 & U,
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.3. Vertical component of the disturbance
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Figs.5 & 6.
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Fig.5. The coefficient of mutual influence
plotted against bl"’ b2
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Figs.7&8.
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Fig.7. Efficiency K of various wing systemns and
coefficient of distribution of wing loads
x, for the triplane. '

Fig.8. Best wing system.
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