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AN OSCILLATING WING IN A ELANE-FARALLEL FICW CF COMPRESSIBLE FLUID

Yu. A. Abramov

(Institute of Hydromechanics of the Academy of Sciences UKISSR)

This work examines the prcblem cf the cscillations of a wing in
a plane-parallel compressible subscnic flcs which was posed and
solved by various authors (Eirnbaum, Pcssic, Feisner, Sherwan, Bio,
Timmar, Schwartz, Kyussner [as transliterated], Khaskind [ as
transliterated] [2, 3, 6-9) and others). This fproblem could not be
solved in the closed fcrm; therefore, varicus aggroximate methods for
its scluticn have been propcsed, In this regard, in the majority of

methods which have been brought to numerical calculations the

FTD-ID(RS)I~1834-76
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solution is given in the ferm of series in acccrdance with the fpovers

cf the presented freguencye.

Used below is the Bergman method which permits converting the
soluticn of the Laplace equaticn tc soluticrs cf linear equaticns cof
the elliptical type. It was shcwn that the integral equation of the
Frcblem can ke reduced tc the same type as for a noncompressible
flow. In this connection, we can emrplcy an algcrithm for the solution
which was developed by A. N. Parchenkov in work [4] for a plane

prokblem on an oscillating wing in a ncncompressible fluid.

The final formulas which were obtained for the forces on an
cscillating wing in a ccmpressible flcw dc rct ciffer in type from
the ccrresponding fecrmulas fcr a nonccmpressible flow with the only
difference that for the compressible flcw the fcrm of the
oscillations profile should be obtained frcm the form of oscillations
cf an analogous profile ir a noncompressitle flcw but with a

correction for comgressitilitye.

Let us examine the unsteady mcticn of a wing in a flowv of
cempressible fluid. Let us assume that the wing is accomplishing
rectilinear translational moticn with average velocity v and that a
sinple harmonic oscillaticn of infinitely ssall amplitude is

superimposed on this mean mction. Since the wing is considered plane,

FTD-ID(RS)I-1834-76
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se will limit ourselves tc linearized ttecry in our investigations.

Let us place tle cccrdinate origin in the coordinate systenm
ccnnected with the wing in the middle cf the ckcrd and let us direct
the x~axis opposite to the cnccrming flcw. We select the scale in such
a way that the length of the wing half-chcrd ¢ is equal to one; then
the projection of the leading edge of thke wing will be at point x=+41,

and the projection of the trailing edge - at gcint x = - 1. In
these ccordinates, the differential equaticn which the acceleraticn

fFotential satisfies has the form

L *(1“-'_4;‘,‘.’-.’,3*3-_"2'?'3%—%'3?'“-

where M - the Mach number; 6 - acceleraticn pctential; c - speed of

scund in the medium.

It we now consider the periodic mcticn ccrsidering that all
values are dirmensicnless in relaticn tc the half-chord ¢, then for
feriodic motions we have Q=0 Then we write equation (1) ir the

following manner:

A—M0T2 4 20 oipms® 4 M3ph =0

'J"‘".w,'t‘:é‘
where p - is the Strouhal number, pem—%

.
ELL ot i
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3 o R :
I1f we now write é;?r,m' vhere Q-Té—:ﬂi the differential

equation takes the form

] b Ve CRER .
R AL AR

Desigrating

we write the equation as fcllows:

where

sv b

r 'ﬁ"'—' MQ.

If we drop the primes and asterisks and Flace them where it is

necessary, the differential equaticn will te
B DN,
@ttt e~
Let us formulate the bcundary prcblem. We solve the equaticn
(2) Ali»ﬂ‘a;lk Z€R

with the bcundary conditicns

%ﬂf’& gESs;

"’oa ;-r.“

otk Bl > St 2 bt AW kv
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when passing across the segment of axes cX (-1-+1) the function

will have the disccrtinuity

As we see, equation (2) pertains tc the equations of an

elliptical type; therefcre, follcwing Bergman's method the solution

cf the differential equaticn will te

0=643 L@6,E )
i

Taking the necessary derivatives and stbstituting them in
equaticn (2), we obtain

VN,

PO T LA ALY B WLy,
cr finally »

W 4218+ T (FL 4 L 42L000,= 0.
e LY IR o=l - : :

when satisfying the condition :fiy-oo for the function of [  we

obtair

Lo
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For the function -6, in accordance with the Bergman method we

have

) i."f,ff;‘.\""-.*“;‘ |

Equations (3) and (4) permit calculating the ccefficients L, and o,.

Being limited by three terl we determine

e

Wy 3
M = — ._. 2
ﬁsf} kr

o A AR ) ﬁ

:l' 'l* ”"‘"T) ; 3

We write 8¢y in the form of a loqar1th|ic pctential of a double

layer

+1
b=z | 1O ngds
et

shere

R';vq;-ﬂﬂ+1;f-ﬂf-

Then, having the connecticn (4), we calculate the coefficients
6, and 6,. Taking the corresponding derivatives and substituting them

into the bcundary cenditicr, we cbtain the integral equation of the

froblem: (x-— 'l)' : :
S'mﬁ(x ’sr+(y—vw “'7”;5 EELNS)X, |
" gD sfetf

xfr" "'L"rd:-

— & + —F
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We designate

then equation (5) can ke written in the fcrrm

(6) ':P"——;-k’;P'.-ll- : (k’ +£‘_;_')p .

With consideration cof the irpitial cocrdinates, egquation (6) will be

Ax
kx’)P Fe—

where

A= MR

For the soluticn of equation (7) we use the small parameter

gethcd. We introduce the swall parameter v in accordance with the

fcrmula
(8) | t-V-F'Q-l-—%—.

Then the solution cf equaticn (7) takes the fcrm
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(9) P=Py4 P, + 7P, + VP, + TP

Taking the correspcnding derivatives and sybstituting them in
equation (7), after the acccmplishment cf tte rpecessary

transfcrmations we obtain

a -t’)‘P'-—(2’t'x—4t‘x—2t'x) P4Rr— 2t“(l —x) 4+ P=

=—

(F —4%F + wr - 4F -+ OF — IFM2E +
+ iFM6e% — &me 4 iFM2A — P20 4
CFEMaTE P * zFit’M’x‘ :

e ﬂ.-&

; "";'..'t'p AaM";' + F—t‘M‘x‘)

14& s 3 “

Fquating the equaticns with the sape pcwers of r, we have

1y

(10)

J'-"

Taking into consideration exgressicn (10), we write

; P Py 1P, + 7Py + Py + TP, =

(1) *-I-‘.+=F,+'¢'F,+c=p,+1¢r.-r...

o UERO. € el b Sl L Tl
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Ccnsidering that

e s f'tTQK: ARV

452) e . l(xk =5+ (y—'l)’l’

we obtain the integral equation of the frckles in the form which was

considered ir work [4]. The algorithm cf the scluticn was censtructed

there for the given type.

The kernal in equaticp (12) - is divergent; therefore, for the

value P" we should understand

Just as in work [ 1], we present the value y(s) in the form

YO = 10 + va () + vy ()

where vy, (s) - the regular scluticn ccnnected with turbulence; 7y (s) -

the regular solution which determines irertial motion; y3(s) -~ the
singular scluticn of the fprchbler;

() €CY
"WMGQ

(here C!' determines the class of functicns which have a limited first

derivative), For class (! equation (12) is transformed to a singular 1

FTD-ID(RS)I-1834-76
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integral equation and the functicn y3(s) determines the sinqular

soluticn with a precision up tc which the sinqular inteqgral equaticn

may be solved.

Next, using the algorithm for the scluticn of formula (12) which
is presented in work [ 4] for the 1ift cf an oscillating wing in a

compressible flow we obtain the expressicno

> + ) :
w!x-t-l S Vl—-x'v.dx]

""a

(13) : --2[(:@)5 ‘/

where C(p) is the Theodcrser function

i i ' "f
3 ks WI%FG)'

We can also oktain the expression fcr the mcmert in the known way.

Fquation (13) differs frcm the ccrresgcndirg equation in work
[4] in that the shape of the oscillaticns 9, ‘cr a compressible flow
is cbtained from the form of the oscillaticns fcr a noncomgressible

flcw with a correction fcr ccmpressibility in accordance with

relaticnships (10).

FTD-ID(RS)I—183U-76
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