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Influence of Elasticity on the Lifting Force of a Wing
B. S. Berkovs'kiy

A deformsble 1ifting surfece presents interest fron the
point of view of consideration of rigidity of construction /1/
end of the obteining of controlled eserndynemic cherecterictics,

In the peper theve i irvestigsted the problem of stetiec
eerohydroelesticity. The generesl equetinn of e 1lifting surfece
in an idesl incompressible unrectricted flow is exsmined. The
elestic-deformeble surface is studied under the essumptione of
the h@h-espect-ratio wing theory. There is obteined &n integro-
differentiel equetion of the elestic wing. The solution »of tuis
equetion yields the reletinoneship for the 1ift conefficiernt of
the undeformed wing snd for the function of the effect of eless-
ticity.

1. Let us exemine the steady-stete motion of o deformeble
lifting surfece S with the velocity VO in en ideel incompressible

unrestricted fluid ot the emell locel engles o {(y). We shell in-
troduce the richt-hended system of conrdinetes XYZ, The X-exis i
ie dirvected to the right in the directior of montion, the Z-exis
is directed verticelly upwevd. |

In the generesl cese in terms of the accelerstinn poten-
tial the boundery velue vroblem for the lifting surfece is for-
mulsted ee follows /2/:

AO=0 Q€Q ©,=F(@) q.q€S. ©6_-—8,=0 qeL O )
where Q, g, q; #re pointe of the svece R.QER'\S, P(q ) is the
funection of the shepe of the surfece, L is the &a?hhﬁ edge,
a=a,n, ¢), a; = oy(x,y,2).

In the cece of & thin surfece the sacceleretion pnten-
tiel 1is defired p= the potentiel of e double lsyer:

YT 3 1
e 3 j“‘”‘a‘?“‘
; |

whete r=VGE—8+G—n TG0
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loving on to the velocity potentiel in a linesr formuletion,
we shell define the letter on the besis nf the coupling equation

' a1,
o= 4,‘”‘?(4)5 7 dr

and with the eid of the boundery enndition (1) we shell obtain
the integrel equetion of the problem

! @ [L@_ _ VGG |4y,
4n dy ) y—n x—§ ]| =

= — VP,

(2

@)-

Here fx(ql) is the derivetive of the function of the shepe of the
surface,

In the cese of ¢ deformed lifting surfece, sssuming the
displecements ere smell, we set
@) = fo(q) + F (gD,
where fo(ql) ie the functiom of the shepe of the undeformed
1ifting surfece; fl(q1) is the ssg due to losd,

Vie she1l define deformatione &t the %oint with the ecoordi-~-
netes x, y, 2 from the 1oed ot the noint;eé e result of linesrity

5 /3/ I,(x.y): SSC(xvy- Enﬂ)'p(gv "])d§d'lo

where C(x,y,E,n) is o biveriete function of the effect thet is
the =g 2t the ponint with the coordinestes x,y ee 2 result of the
ection of the unit force spplied et the voint t n p(g) = Av(g), 4,=0oV2

Then tne ccaeral cqu-otion of the deformed surfece will heve

S v(q)[ _Ve=+w Eﬁi)i']ds -
“4n dy x—3 d

= Vol o, (@) + Ao ” Czlx,y. 8 M)-YE M) dEdn] : ©)

the form




The anelytie end numericel snlutinn of the obteined bivariste
integrel equetion (3) present certsin difficulties. It is there-
fore reesoneble, limiting the shevpes in the plsne, to cerry out
the preliminary investigetions under essumptions of the theory

of hwgh-; bbw-, end erbitrery-ssvect-retio wings.

2. Let us examine the cecse of e hq}r-aspect-retio wing.
Toward this end we shell cerry out 2 number nf trensformations;
we introduce the well-known 9pﬂroximetionl/ﬂ-§'+(y—‘m’=ﬂy-jnl
end we set Y(E ) :=yE&)yh) for the cese of @ r?dunfdar wing with
the system of crordinetes situsted in the center of the plene
Sp of the projection of S on the plene XO0Y, As 2 result of thie

4 we obtein the integrodifferentiel equetion of the elestic wing
) with resvect to circulstion T =) v (&) Y W) dE, aseuming thet

Y@ = B|/"H
! SFn(n)d1+ :

r (y) = Qﬂavo[ao——aﬁﬂ y—n

—b |
b § /."T"S 1/3j§€,(x t) didx ' i

a-+ x
N I St = e iy )
na =

—h

Hevre 22 = k is the chord, 2b = 1 is the spen, Cx(x,i) ere toe
derivetives of the functinn of flexibility with properties anelon-
gous to the properties of the function of influence in the plene
problem /4/.

In the generel cecre the longitudinel end 1l1ateral elestic

sxesa - of the 1ifting surfece cen occupy en srbitrery posi-
tion in S. The position of the projectione of the 1laterel elre-
tie sxis  in the midile of the region Sp donees not intreduce com-

plicetione end the investigetion cen be ennducted by exemiring
the cloced system of lifting surfeces enelogously t» the biveriste




case /4/. The introduction »f the longitudinel elestic axis,
which corvesponds, for exemple, to the settirg of the wing on
the fuselege, requires g#dditional congructions of the functions
of influence #nd in the cese of 2 high-eeopect-retio wing imposes
certain limitetione commected with the hypothese of plene sec-
tiong,

Let us exemine the ceee of the locetion of the letersl eles-
tic exie on the leeding (&) or on the treiling (-s) edzes of the
wing. In this cesse /4/:

>t c;(x,g)=signR—Ell—y[(xg—i;)—(ag—%z—jl.

<t Cil(x,}) = signR~E—}l—(%__a§+i;)'
v

+]1 -- the rfetting on the lesding edge,

where sign R = 3 __ {he setting on the trriling edge,
EIy is the bending stiffness, in the generel cree it is verisble

ecrovrding to the spen.

If we set EI_ = constent, after adcitionel trensformetions
snd the introduction of the dimensionless coordinstes x = Xao,
¥ = jb end the dimensionless circulstion [ =27 bV, , we obtain
(4) in the form nf Prendtel's equetinn

Wl o o
5o e 1 ((Tn(m)dn
@) = VRERR ) 5 AL (5)
2A [ 2n J y—n
aC b A -H-C
where 8, = —o(—:—. A=—, a=a,+a, e =signR- - 1;47”‘_-. ie the veriesble

engle nf etteck; H = @ng31/8EIy ie the s%mi]erity peremeter of
the steticelly eserohydroelestic lifting surfecee, Al ~ 0.75, end
Tl e
Cy, = Ay T(ndn ©)
=1
ie the 1ift coefficient of the defonrmed wing. Thus,

0,75HC,,

a, = signR———— ™

3. We seek the snlutinn of equetion (5) in the form
4




F@zﬂ&@. ®)

where T, =V1—4.

Introdueing (8) into (5), we obtein en equetion for the econstsnt
A2, integrsting which with respect to the sven we heve

jw]w

A= 9)

0o |
+
> -

Tpking sdventege of (7)-(9), we obtein the equetion for Cy 2

&
'S
Cy, = 3%— Aya, (10)
]
whose solutinn yields
Crun an '
Copp=———_075H
] —sign R -—l—-——i‘
5

where Cy = 2ﬂao/(1 + 2/\) ie the 1lift coefficient of the nm-

. a_a
deformed“%igh—rspect-rpti0 wing. Actuelly, Gy = “2 :
vjl T+
\ ~——d /l:a[ Qeco
AN F5ns
\';\\\_
H=05
g —
051! S — ]
7=7
o
3ign R=-{
Setting TrL 2 - L L2 p,
Ciy=Cipp'¥ (12)

we obtein the function of the influence of elesticity in the
form




e (13)

0,75H '
B

ity

1 —signR

whizh gives in the boundery ceeses

]
;\, = . e e e i
e = T (14

A0 Pl (15)

Result (14) wes obteined in work /4/, #nd result (15) shows
th=t for the examined type of wing formelly when X—=0 in tte
cese sign R = -1 there exists 2 tendency to the sbsence of the
influence of elsesticity; when sign R = +1, the 1ift will be de-
termined by the locel sngles of stteck, the magnitudes of which,
beceut e of the ascumptions of linesarity, restrict the spvlicebi-
lity of & result of type (13). To illustrste the obteined re-
sulte there were cerried out celeuletinnes acenrding to formule
(13) (figuvre), enelysis of which shows thet elssticity eand sspect
ratio together zen significently chenge the 1ift of the wing.
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