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I3MflS OF THE PRA CTICAL APPUCATICI C? THE ZINf A B THEO RY OF L IFTIN G

SLIFACE S TO THE CAIC ULA1I C I~ CF RING AEI OD I J ARJ C CHARACTERISTICS

S. t. Yersolenko and A. V. R c v n y k b

As we know , the we ll—develope d li,near thecry of lifting surfaces

is based on the assuaFtion that the an9le of attack is s.all, and the

vorte ; u i .  is infinite]y tUn and lies in the plane of the wing

cbotd. And althoug h the li~ its of t~ e a~ plicahility of the l in e a r

theory would  see. to be clear fi b s the si~a~lifying assu.ptions upo n

bb ich it is kased, this question lust ke cor sidered in sor e de t3il .

si~ ce u~ to now , unfortu nately, th ere are still rather var ied

o[ilior s on the unconditio nal reliability of results obtained f c r

iiaq gs uii th linear depe ridences ci the lift ard a xia l sosent

coeffjcients on the angle of attack.. !~ is oFinion is based on the

fact tha t in spite cf the a ssu .pticn of th e sialiness of angle s a,
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thq total aerod ynasic forces , and cften •vel the axial sosent

detersined by .ethcds Cf the linea r the~~j coipletely satisfactorily

agree aith the experiaental data in vixt.a]ly the entire range of

sukcrjtical values ci tke arg les of attack cf wing s wi th bot h siaple

and ccsrle x ~]anforas [1, fl.

However , as experience shows, whew there is a linea r dep erdence

ci coef f ic ien ts  c~ and m~ ci the a -gle çt attack for the wing  as a

ah.le~ the analogous de~endencas icr its cr css section are not

necessarily linear.

Is an exasple, Figure s 1 and 2 give the results of wind tunne l

tests of models of swep t an~ sc—cal led coupceite wings with rather

large aspect ratios (X = ~ and 3, i).. -They alsc show cal cul atic ns Cf

the a€rc dy ranic characteristic s ci t hese wings accordinj to the

linear theory of the liftin g surface. It is evident ira. the analysis

ci the aer odynaaic characteristics that the dependence s of the lift

an d axial moment coefficients on the a~ gle of attack are vir tually

lineas in both wings, wtecea s the corrsspo~Cing coefficien ts of the

cicss secticns, at least over par t of U~ w ing sp an, are essentially

no~li.ear. The nonlinear effects are cst clea rly •an i fested in the

• characteristics of the end cross secticus in t h e swe pt wing ,  a n d  also

near the joint of the wing center uctioq aith the cantil~ vers in the

ccl}ozite wing.
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Fig. 1. KEY: (1) cross section. (2) Experiment. (3) Linear thecry

(1 ).. (4) Ncnlinear theoty (3).
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Fig. 2. KEY: (1) cross section. (2) Ixper isen t .  (3) L inear t h e c r y

(2). . ( )  Wcnlinear theory (3).
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thus, even for wings with rather large aspect ratios and small

angles of attack (a = 10—15°), the linear theory can result in

co;sidecable errors during the calculation ci the local aerodyna mic

icada.

th e ]cwer the aspect ratic of the wiog, the lover the
effectiveness of the linear theory cf lifting surfaces. The linear

deEendence of the lift and axial •caent coefficients on the angle cf

attack and large inductance cci~ared bc viugs with norsal aspect

ratios are characteristic of wings vitk sash , in particular, very

small aspect ratios. The center Cf pr essure of the aerod ynamic forces

cf these wings moves intensively tcsard the trailing edg e with the

increase in the angle of attack. Tke him •az theory does not re -Yea].

these Eecuhianities , and it gives the iacczz ct results

when calculating the characteristics Dot .o~ly cf the cross section,

but , also of the wing as a whole, in a large çottion of the range of

angles Cf attack of practical interest (Fig. 3). This occurs because

th. vortex syste. at its base does act corr s[c;d to actua l flcw

about a wing at large angles of attack. In th is  case , the vort ex wake

kebind the wing and on its t E F E E  surface is very thick, varyin g over

the cbcr d and the span.

~ 
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Fig. 3. KEY: (1) Experiment (plate). 4~2) Linear theory (1]. (3)

~c;linear theory (3).
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Fig. 4. K E Y :  (1) Exper iment (plate). (2) Li n ear  theory ( 1 ) .  (3 )

~cnliaear theory (4).
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Tbe possibility of applying the linear theory to the calculaticn

of the characteristics cf wings •cving near the ground or a tree

~unface is even more limited. sear the interface of the medium s, t he

de pendences c~ f(a) and a~ = f (s) are essentially nonlinear , even

fcr wings with large asEect ratios. it siall relative distance s frcm

the wing to the interface (b = h/L), the linear theory only gives a

celiatle result at small eEcles ci attack (Fi g .  4). Large subcritical

(landing) angles a are also ci practical iiaterest.

the calculaticn of the characteristics Cf wings with a

deflecting leading edge or with flaEs (notched vanes) by the linea r

tt€ory is also lim ited to z.all angles of attack and small a n g lE s  cf

deflecticn of the flaps (Piç. 5).

_ _
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Fig.  5. K E Y :  (1) E x p e r i m e n t  (p l a t e ) .  (2 )  N c r l i n e a r  t h e o r y  [5] .  (3)

L ii~ear thecry [1).
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Thus, the linear theory of the lifting surface only gives us

unconditionally reliable results wI~en calculating both overall and

distributed characteristics at very small angles  of attack (a — 0)

Cat should be extremely careful in ezt.~diog these results tc angles

ci attack which differ significantly iron 2ero.

In conclusion, we will Icint cut that the nonlinear thecry cf

the  lifting surface (3] tame d cn acre general ~zereguisites has many

more possibilities for Eractical a~ plicaticr.
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