AD=AD66 465 FOREIGN TECHNOLOGY DIV WRIGHT=PATTERSON AFB OHIO F/6 20/4
LIMITS OF THE PRACTICAL APPLICATION OF THE LINEAR THEORY OF LIF==ETC(U)
JUL 78 S D YERMOLENKO, A V ROVNYKH
UNCLASSIFIED FTD=ID(RS)T=1105=~78

END
DATE
FILMED

— T ——




g £ &
=ik
||||| A
e e
IL28 Jis s

é

MICROCOPY RESOLUTION TEST CHP@T
NATIONAL BUREAU OF svmmnos-l%a-,i




d B > B s i

AD-AO&e &S

FTD-ID(RS)T~1105-78

FOREIGN TECHNOLOGY DIVISION

LIMITS OF THE PRACTICAL APPLICATION OF THE LINEAR
THEORY OF LIFTING SURFACES. TO THE CALCULATION
OF WING AERODYNAMIC CHARACTERISTICS

by
S. D. Yermolenko and A. V. Rovnykh

Approved for public release;
distribution unlimited.

78 12 22 174

S o ARSI .




- ~— — " e e s o ’
3 e T T e O T Ny ST L O St T s N s e e ——— SN ———
. »

FTD -ID(RS)T-1105-78

EDITED TRANSLATION

FTD-ID(RS)T-1105-78 6 July 1978

MICROFICHE NR: 47@ - 7{’6 000911

LIMITS OF THE PRACTICAL APPLICATION OF THE LINEAR
THEORY OF LIFTING SURFACES TO THE CALCULATION OF
WING AERODYNAMIC CHARACTERISTICS

By: S. D. Yermolenko and A. V. Rovnykh
English pages: 11

Source: Samoletostroyeniye i Tekhnika Vozdushnogo
Flota, Issue 20, Khar'kov, 1970, pp. 29-34,

Country of origin: USSR

Translated by: Carol S. Nack

Requester: FTD/TQTA

Approved for public release; distribution unlimited

=== |

L1 Bett Soction
UNARRCURCES
JUSTIFICATION ..o mcectantimcmmionitioees

..
BlSTllﬁd!lOl/ "l!!.lk!l R ma

TTTREL . AVAIL mm mt

: THIS TRANSLATION 15 & 9F -7 Y o1 OF THE QORIGH. & |
3 NAL FOREIGN TEXT %!Thr T A<y Axal YTICAL DR |
‘ EDITORIAL COMMENT. STATEMENTS 3R THEORIES PREPARED BY
ADVOCATEDOR IMPL {ED ARE THOSE OF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION
OR OPINION OF THE FGREIGM TECHNOLOGY DI FOREIGN TECHNOLOGY DIVISION
ﬁ VISION, WP.AFB, OHIO.

FTD-ID(RS)T-1105-78 Dates Juiy 19 78 a




e % b N 17y Y - - S S ————— S———

U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteration

A a A a A, a P p P p R, pr

B 5 B, b € c C ¢ S, 8

B s B ¢ Ve ¥ T.w T m HESE
rr r G, & Yy iy Y vy 3, 1
4 a o d D, d D ¢ ® ¢ F,
Ee E ¢ Ye, ye; E, e¥ X x X x Kh, kh
Hom X x Zh, zh Uu u y Ta, ts
3 3 3 » %y 2 Yy Yy y Ch, ch
U wu H u A W w U w Sh, sh
2 A a ¥ ¥ W ow W w Shch, shch
H K K x K, k b D % it

i n N a Ly 3 H s b u -
o M ~ M, m b b b » ¥

H H H x N, n 3 3 9 E, e

0 0 o 0, o K o O » Yu, yu
nn n n Py P A A A a Ya, ya

*vye initially, after vowels, and after », b; € elsewhere.
When written as € in Russian, transliterate as yé& or €.

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English
sin sin sh sinh arc sh sinh:i
! cos cos . ch cosh arc ch cosh_1
Gl tg tan th tanh arc th tanh_l
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LIEITS OF THE PRACTICAL APPLICATICEKE OF THE 1INEAR THEORY OF LIFTING

SURFACES TO THE CAICULATICN CF WING MEBODYR2MIC CHARACTERISTICS

S. L. Yermolenko and A. V. Bcvbnykh

As we know, the well-developed limear thecry of 1lifting surfaces
is based on the assumption that the angle of attack is small, and the
vortey film is infinitely tkin and lies im the flane of the wing
chord. And although the limits cf the applicability of the lirnear
theory would seem to be clear fros the simplifying assumptions upon
shich it is kased, this question must ke corsidered in more detail,
sigce up tc now, unforturately, there are still rather varied
oriniorns on the unconditional reliability cf results obtained fcr
wiggs with linear dependences cf the 1ift .ard azxial moment
cceffijcients on the angle cof attack. This ofinmion is based on the

fact that in spite cf the assumpticn of the ssallness of angles a,
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the total aerodynamic fcrces, and cftem eved the axial moment
determined by methcds cf thke linear theory completely satisfactorily
agree sith the experimental data in virtwally the entire range of
sukcrjtical values cf tte argles of attack cf wings with both siample

and ccmplex planforas [1, Z].

However, as experience shows, whep there is a linear derendence
cf coefficients ¢, and m, c1r the argle of attack for the wing as a
shole, the analogous dependences fcr its crcss section are nct

necessarily linear.

As an example, Figures 1 and 2 give thke results of wind tunnel
tests of models of swept an¢ soc—-called composite wings with rather
large aspect ratios (A = £ and 3, 2). They ezlsc show calculaticns cof
the aercdyramic characteristics cf thkese wirgs according to the
linear theory of the lifting surface. It is evident from the analysis
ct the aerodynamic characteristics that the dependences of the lift
and axial moment coefficients cn thke apgle of attack are virtually :
lineas in both wings, wieteas the ccrresposcing coefficients of the
ci1css secticns, at least cver part cf tike wing span, are essentially
ponlinear. The nonlinear effects are mcst clearly manifested in the
characteristics of the e€nd cross secticns ir tte swept ving, and also

near the joint of the wing center section wvith the cantilevers in the

ccajosite winge.
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Fig. 1. KEY: (1) cross section. (2) Experisment. (3) Linear thecry

(1)e (4) Ncnlinear theory [3].
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Fig. 2. KEY: (1) cross secticn. (2) Experiment. (3) Linear thecry

[2]. 489) Ncnlinear theory [3].
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Thus, even for wings with rather :large asfpeéct ratios and srall
angles cf attack (a = 10-159), the linear theory can result in

cocgsiderable errors during the calculation cf the local aerodyramic

lcads.

fte lcver the aspect ratic cf tke wing, the lower the

effectiveness of the linear theory cf 1iftipg surfaces. The linear
dependence of the 1lift and axial mcesent coetficients on the angle cf
attack and large ipductance ccapar€d tc wipgs sith norsmal aspect
ratios are characteristic cf wings with small, in particular, very
ssall aspect ratios. The certer cf pressure of the aerodynamic forces
cf these wings moves intensively tcward the treiling edge with the
increase in the angle cf attack. Thte linear theory does not reveal

these feculiarities, and it gives tte imcciiect resuits

when calculating the characteristics pot osly cf the cross section,
but also of the wing as a wicle, in a large gortion cf the range of
angles cf attack of practical interest (Pig. 3). This occurs because
the vortex system at its base does mnct corresgcgd to actual flcw
about a wing at large angles of attack. In this case, the vortex wake

tebind the wing and on its vfpfper suvrface is very thick, varying over

the chcrd and the span.
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Fige 3. KEY: (1) Experisent (plate). §2) Lirear theory [1]. (3)

§cglinear theory [ 3].
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Fig. 4. KEY: (1) Experiment (plate). (2) Lirear theory [ 1]. (3)

Bcnlinear theory [4].
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The possibility of applving the linear thbeory to the calculaticn
of the characteristics cf wings mcving pear the ground or a free
surface is even more limited. Near the interface of the mediums, the
dependences cy = f(a) ard my = f(a) are essentially nonlinear, even
fcr wings with large aspect ratios. At small relative distances frcm
the vwing to the interface (b = h/k), thke linear theory only gives a

reliakle result at small apcles cf attack (Fig. 4). Large subcritical

(larding) angles a are also cf practical interest.

The calculaticn of tte characteristics cf uings with a
deflecting leading edge cr with flags (notchked vanes) by the linear
tkeory is also limited to small angles cf attack and small angles cf

deflecticn cf the flaps (Fic. 5).
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(1) Experinment (plate). (2z) Ncrlipear theory [5].

Ligear thecry [1].
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Thus, the linear theory of the lifting surface only gives us
unconditionally reliable results when calculating bcth overall and
distrituted characteristics at very ssall argles of attack (a ~ 0).

Cne should be extremely careful in extending tiese results tc angles

cf attack which differ significantly frcm 2e¢ro.

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

the lifting surface [3] Ltased cn scre general frerequisites has many

more gossibilities for practical agplicaticr.
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