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LOCATION OF ~NTER OF PRESSURk OF AIRPLANE WINGS.

dy Mises.
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In the fidet volme of the ‘Ergebnisse aus der aerodpisohel.

Versucbanetalt m G8ttingenfl(Reoultsobtained in the G8tti%en

Aerodynsmio hboratory), data are given In considerabledelallOn

the resulting aIr force momant exerted on varsoue wing eeotiom ~~ .

different angles of attack. A hydrodymmio theory, which (on the

assumption of ~form motion and henm of irifinitelywide wingS)

renders It possible to wmp@e this m~ent as a funotion of the

qle of attack, was first published by me in lY.7 and supplement-

ed”in 1.920(“Zeitsobriftffi Flugteohnik Und Motorluftsohiff-ti,n

1917, pp. 157-163, 1920, pp. 68-?3 and pp. 87-83). The G#ttingen

data oan well serve to test the theory and it may be remarked.in

advanoe that experiment and oomputatlon oompare very favorably.

It seems espeo~ally noteworthy t~t a portaon of the demonstrable

agreement is entirely ~nddpendent of the diminution undergone by

the air foroes in the tr~ition to WIngS of finite width.

The theoretlal res~ts my be Smed Up ae follows: Let v

Yrepresent the air d&sity -, v the velooity of the air in the “
6

wind tunnel (fli@t speed), and a the ~effe~ive~ angle of at~ok2

I.e. the angle between the speed ve~or ~d a fixed dlreotion in

the wing-seotion, so seleoted that the lift vanishes for a = O.

(direotion of the fsrst axis of the w?.ngsection]. Then the lift

for the unit width of wing

A=4n~vaasina (1) ‘.

● From ‘Zeitsohrift fb angewandte Mathematik und Meo~ik, February
1922, pp. 71-73. #
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and the moment of the lift for a given pivot has the value “

M= 2np”v~*f3in2 (a-Y) (2)
.“.”-,. ....... .. ... .....~.,.-,...... . .-.--”

In whioh a, o and y are oertain fi~d values of the wix@ 6C$0t101),

whioh wI1l be disouesed later. If the pivot IS moved from the

particularpositiqnassumed in equation (2),a di~tan~e z in the

direotionforml.ngthe angle cp with the ‘first axieH of the wing

seotion (Fig. 1), the moment beoomee

M1sM- Atcos (cl-q)=

2n~va[casin2(a -’y) -2a2sitiaoos(a-~)1
} (3)

If we divide A by the ohord b and the so-oalled’d-ic

pressure, i.e. & we obtain the dimensionless ‘ooefficlent of

lift.n

2A
Ca=— =8n ~ sin a

v vab

aad If we reduoe Ml by the square of b and the dyna?niopreseur=

and ohange the sign, we obtain Prsndtl’s ‘coefficient of m~ent. “

%
.-2M —.— -

IL #ba =

}
(5)

~al4TT[ 1. sin aoos (a .cJ-fisin2(@-’Y)l “

By a very eimple transformation in the ri@t-hand member of

equation (5), we oan introduoe expression 4 and thus obtain the.

formula

cm ‘%LS ~ms(a - d. ‘+boos 00s (tk - y)] .

}
(6)

+81f$sln ’Yoosuoos (a-y)



-3-

which is adapted for comparisonwith the formula resulting from the

G&tlngen exper~en$~...,. ....Iq,all ~apt:oal oases, .u-,‘y=d q are

sudh smUl angles that it IS permissible to oonsider all ooeines

in equation (6) as equal to unity. Henoe, equation (6) beoomee

[1t3a
O~=Ca~-— +8’rf~sin Y

ab . b
(7)’

L % the 00efficient of moment q, represented ea a funotion of

the coefficient of lift ~, gives a straight .llne. If we ass=e

t~t, as a result of the finite width of the wing at every point of

the chord extension, only the h-fold of the forces calculated for

“uniform motion” Is effective (A c 1, about 2/3 for ordinary Oases:

and put ~’ = A%, oa~ = Aca, equation(7) becomes

(8)

The inclination of the line om/oa is therefore independent

of the diminution factor A. We amrdingly recognize in the prao-

tical agreement of the computed and experimentally determined in-

clination a touchstone for the theory.

Fig. 2 represents a wing seotion, for whioh all the oharatier-

istios of lift anclmoment have been accurately mmpute& If we

ohoose, aq was the case in the @ttingen experiments, the forward

end of the ohord for the oenter of moments for Ma, the dimensions

determining the inclination of the line have the values

a = 0.44, b = L62, 2= 0.79, 0s = 0.1789.
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.’” j. tjy these the ooeffioient of Oa in equation (7), ox ~c In

of the degree

tlon (6), the

(6) are gi,ven

They =e fox

is. fo.uqdtmO be 0.237. “In order to be able to jw@,. 4--..-,”. ,,. - -, =---... .
of approximationof equation (7) to the exaot” ihi-

preoise values.of the.ooeffioients of ~ fn eCiWtiu

for the values “y = 3.& &l q = 12° here .Involved.
..

a= “~o. 00” “ 5° “10° “ 15°

0.218 ~. 2a7 o.a33 o*238 0.242. .

The variations are therefbze in faot small. ..

A glfmoe at the G&ttn&& re&rt (fi. 83-101) shows hmediate-

ly: (1) that all, oJ/~f llnes are ‘-arly straight, exoepting fo?

a systemat%~deflectionat the”s~lest ~gles of attack; (2) t-t

all these lines.~e almost equally inolined, about 4 :.1, thue

oorreeponding to the ooeffiplent 0.25..”.

The theory also tea&eb t~t, within the range of the wing

sections in praoti~ we toay, the detemini~ ratios for the

Mnes of moment, o : a, b : a, &d i.:a vary “onlyvery sltghtly.

The limiting vakea, whioh ?~ly striotly only f oz an infinitely

thin straight wing seotton but fr~ whi~ in ao~ praotiue”there

1s but little de~iation, are “
.

from whloh follows the valuesO.25 of. the ooeffioi@mt In+equations ‘

(7) and (8), in agreement with the mean experimental value.

The relation of the position of the line of moments with re.-

speot to the origin of the coordinates is not so olear. The oon-



between the “first n and ‘seoondn axis of the wing seotiou This

quantitydependson the shape of the entirewing seotionand may be

aeterminedin eaoh individualease,as soon as the oonformablb-c”

on the unit oirolehas been founL As a staxtingpoint, to mhioh

refezenoehas a-y been made, y may be consideredequal to ab3ut

one-fourthof the angle of @mber of the mean seotionlin% The di-

agram in the xeport show in faot that the WS /oaf line moves to-

ward the ri@t, when the oanber is inoreaeeL In order to test the

amout of the displacementwith reepeotto the originof the Ordi-=.

nates, wing seotion %7 (Figa 3) of the rqxmt was ohosen,in whioh

the exper~mental points of the stzaight line, oomputed aooording t~

equation (8) with A= 2/3 (or realZy of the exaot line aooording

to equation (6), oonfom olosely (F’ig. 4), The oember of wing seo-

t ion 397 (Fig. 3) Is doubtless smaller than that of the theoreti-

GallY testedone in Fig, 2, so that lt must be assumed that the for-

mer has a considerablyramallerYU. From this it woulU follow that

the value of h obtained from the ratio of the lift values oa~ : ~
I

is too emal~ The systematio experiments for Msoovezing the influ-

enoe exertedby the aspeot ratio of a rectangular wing on the air
I

foroee,led to the result (seep.50 of the report)that ~t ,s con-

sidered a funtiion of oat, is praotioally Independent of the ae- .
~eot ratio. since, on the other hand, the ratio oat : Oa depends

greatlyon the aspeat ratie of the wing, we are led to oonoludefrou.

the result of these experiments,that h -t equal ~~ (h = 1) il,

equation(8). Comparisonwith the ting seotlonin FIG ~ and other~

.
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in the G8ttingenreport does

least.

We may sum up by saying
.

.(3A

not galneaythis cxkUusion in the

that the hydrodynamictheory,in O1OS1

agreWQ9ntwith obser~tton gor the relation between the ooeffioieni

of lift and moment, gives a straight line with the inclination of

1: 4, whose distance fr~ thg origin of the @ordinates inoreaees

with the oamber. The degree of dependence on

possible influence of the ~pect ratto of the

be olearedup.

Translatedby the Nation= Advisory Committee

the osmberand the

wing still need to

for Aeronauti-.
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