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U. S. BOARD ON G EOGRAPHIC NAMES TRANSLITERATION SYST EM

Block Italic Transliteration Block Italic Transliteration

A ~ A a A , a P p p p H, r
B ô 5 6 B, b C c C c S, s

B B  B .  V , v T T  T m  T, t

r r r G, g Y y Y y U, U

D, d ~~~ F, f

H E e E a Ye, ye; E, e* X x X x Kh, kh

~ Zh , zh L~ i~ Li sj Ts , ts
3~~ 3 ’  Z, z L i t i Ch , ch

~1 H  M v  1, 1 W w  W a y  Sh, sh

- 

- 

~l i~i I? ii Y , y U~ w, ill aq Shch, shch

K, k

R i  L, l bI~~ M~~~ Y,y

:1 ii M M N , m b b

H H H N N, n 3 3 9 1 E, e

H D o  0 o 0, 0 FO~ a ~ Yu ,yu
f l n  17 a P,p A R  2 a Ya,ya

*~~~~ initially, after vowels , and after ~~~, ~; e elsewhere .
When written as ë in Russian, transliterate as y~ or ë.
The use of diacritical marks is preferred , but such marks
may be omitted when expediency dictates.

GR E EK ALPHABET 
—

Alpha A a . Nu N v

Beta B ~ Xi E

G a m m a  1’ y Omicron 0 o 4
Delta 6 P1 II IT

Epsilon E c Rho P p ~
Zeta Z ~ Sigma Z a c

Eta H n Tau T T

Theta 0 e 1 UpsIlon T o

H Iota I i Phi •
Kappa K fl K z Chi X x
Lambda A X Ps i ~

‘ 4
Mu N Omega w
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Russian English

sin sin
cos cos
tg tan
ctg cot
sec sec
cosec csc

sh sinh

ch cash
th tanh
cth coth

— seh sech - 
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csch csch

arc sin sin 1 
—
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arc tg tan~~
arc ctg cot~~
arc sec sec~~ 

—

arc cosec csc
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arc ch cosh~~
arc th tanh~~
arc ath coth~~

H - arc sch sech~~
arc csch csch~~

rot curl
ig log
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A N OSCILLATING WING IN A ELANE— FA RA LLE I FLC~ CY ç~QMPREssIBLE FLUID

Tu. A. A bramov

(Institute of Hydroirechanics of the Academ y of Sciences UkrSSR)

This work examines the çrcblem cf the cscil].ations of a wing in

a plane—paralle l coimpres sible subscnic fleb which was posed and

solved by various authors (Eirnbaum , Pcssic , b€isner, She r m an 1 Bio,

Timia c, Schwartz1 Kyussnet [as translit eratEd ), ~baskin d [as

transliterated ) (2, 3, 6—5 ) and others). This ptoble. could not be

solved in the closed fcrm ; therefore, varic is a~~ rozi.ate methods for

its solution have been pro~ csed. In this regaid , in the ma jori ty of

aethod~ which have been brought to numerical calculations the

PTD—ID(RS)I— 183i4—76
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solution is given in the form of series in acccrdance with the powers

of the presented frequency.

Used below is the Bergman method whic h permits converting the

~elu ticn of the Laplace equaticn tc soluticrs Cf linear equaticns of

the eliiptica l type. It was shcwn that the integra l equation of the

ptcblem can be reduced to the same type as for a noncompressible

flow. In this connection , we can eirplcy an algcrithm for the solution

which was developed by A. N. Parch€nkov in work [4] for a plane

problem on an oscillating wing in a noncoim~ ressible fluid.

The final formulas which were obtained for the forces on an

cscillating wing in a ccmpressible flcw dc tct ciffer in type from

the ccrrespon ding fcrmulas tcr a noncca [ressiblE flow with the only

difference that for the compressible flcw the fcra of the

oscillation s prof i l e  shou ld  be obtaine d f r c m  the form of oscillations

Cf an analogous pLofile ii a noncompressiUe flcw but with a

correction for com E ressitility.

Let us examine the unstead y mo tion of a wing in a flow of

compressi b le f l u i d. Let us assume that the sing is accompl ishing

rectilinear translational moticn with average velocity v and that a

simpl e harmonic oscillation of infinitely small amplitude is

superim posed on this mean irction. Since the wing is considered plane,

FTD_ ID(RS)I_ 183 14_ 76
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we wil l  l imi t ours elv es tc l i nea r i z ed t~eor~ in our investigations.

Let us place t~e ccotdinate origin in the coordinate system

ccnnected with the wing in thc middle cf t h E  cbcrd and let us direct

the x—axis opposite to the cncciring flcw . ~ € select the scale in such

a way that the l e n g t h  of the  w i n g  h a l f — c h c r d  c is equa l. to one ; then

the projection of the leading edge of the wing will be at point z~ + 1

and th e  p ro j ec t ion  of t h e  t r a i l ii ig  edge — at pcint x = — 1. In

these coordinates, the differential equaticn which the acceleration

p o t e n t i a l  s a t i s f i e s  has t h e  f o r m

(1) 
- - 

- a’s o’s -2M a’s I a’S
~~~~~~~~~~~~~~~~~~~~~~~~~~~~

where N — the Mach number; 9 — acceleraticn pct€ntial; c — speed of

~cun d  in the m e d i u m .

It we n o w  consider  the  pe r iod ic  m c t i c n  ccrs i dering tha t a l l

values are diwe nsicnless in relaticn tc the half—chord c, then for

p e r iod ic  motion s we ha ve e— I.~”. Then we wr i te equa t ion (1) in the

f o l l o w i n g  m a n n e r :

(1_M~~~~+~~~— 2iPM’~~ + M’P0. O.

.
I - ~ ~~~~ -

wher e  p — is the  St r o u h a l  n u m b e r , p~~~5..

FTD— ID( R S)I— 183 1— 76
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If we now w r i t e  ~ _~~~ awa, where 
~~~~I M ’  the dif ferent ia l

equa t i on  takes  the form

Desig ra tin g

- - - - -

~~~~~~ V =y V 1~-M ’.. -

we write the equation as fcllows :

where

k MQ.

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

necessary, the differential equaticn will te

-

~~~

Let us for mulate the bcundary prcblem . We solve the equation

(2) 
~~~~~~~~~ g~Q

wi th the bcundary conditicn~

8,—P. g~S
9-p.o. i.~o.b
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when passing across the segment of axes cx (—1— 41) the function

will  ha ve  the d iscc rti n u i ty

As we see, e q u a t i o n  (2)  per ta ins  tc t h e  equa t ions  of an

e l l ip t ica l  t y p e ; t h er e f c r e , follcwin g Bergiran ’s method the solution

cf t h e  d i f f e re n t i a l  e q uat i cn  w i l l  be

Taking the neccssary derivatives and si~bstituting them in

equaticn (2) , we o btain

h~ + L + O,L1 + 20,14 + 2O~L~1.1) 0,

cr finally

wh e n  s a t i s f y i ng  the condit ion L8~-4O for  the funct io n of L~ we

obtair

(3)

1 

—~— -.~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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For the function ~~~~, in accordance with the Bergman method we

hav e

(LI )

!quat ions (3) and (4) perm it calculating the ccefficients L~ and O~,.

— Being limited by three terms, we determine

~ -.-4~~~— !kI~ 
-

;~ s -~ - -2 - -

We write 9~ in the fcrm of a logarithmic pctential of a double

layer  +1
1(1 - ö  1
~jjT(3)~~~In~~ds~

where

R 
~~~~~~~~~~~~~~~~~~~~~~~~~~~

The n , h a v i n g  the  connecticn (L I ) , w e calculate the coeffic ien ts

6 , a n d  
~~2. Taking  the  cor resp ond ing  d e r i v a t i v e s  and subs t i t u t ing  the m

in to the bcundary ccnditicr , we obtain the integral equation of the

problem: - +1 — 
- 

— - +1

(5)  
_ _ _ _ _ _ _ _

~

_

~

i_ _ 
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W€ designate

then e q u a t i o n  (5) can be w t i t te n  in t he  f o r m

(6)

h i th  cons ide ra t ion  cf t h e  i r i t i a l  c o o r d i na t e s , equat ion (6) wi l l  be

(7 )

where

For t h e  solu t i cn  of e q u a t i o n  ( 7 )  we use the small parameter

i e thcd .  We i n t roduce  t h e  sm a l l  p a r a m e t e r  -, j n  accordance w i t h  the

f c r m u l a

J I  1
(8) 

~~V ~‘‘1 r

Then the solution of equation (7) takes the fciir

- ~~~~~~~~~ -~~~ - , ~~~~~~~~~~~~~ ~~~~~~~______
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(9) - P = P. + tP 1 + r’P 2 + m~P, + ~t’P4. 
-

Taking the correspcndinq derivatives and sttstituting the m in

equation (7) , after the accomplishment Cf t~e necessary

t r a n s f cr m a t i o n s  we o b t a i n

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

= 
- .1 ( F -  4~ F + 6r ~F -~~ 4r’F + t’F -

~
- IFM2ri +

Jfl_M1 . - -

+ tFM 6~~ — &FMv’~ + iFM2 r’i — FM22;~x~ ‘~~

.~-FM ~4v’? 1M22T X +

~~~~~ LF-±- r’M’? .~~ 
F~~ ~M ’x’).

~~~~~~ -~~~- - - -

Equating the equations with the sape pcwers of r , we have

f =
~~I_~ *T

=_2tF ol
~~

=F i:
P,=.2xPo~~Po_2FoM$x*=F,; - 

- - 
-

-
~ P ~i P - ~ P1j .  14~F,M~ ~~—tI~M~? =F ,; -

? ,r - - ~~~,- .~~~
.- - 3 -

P :2F, ± 2 P 2—~~~P, _P,iJ -~~F0M~? =F 4

Taking into consideration expres~ icn (10), we wr i te

:~~/ .,
-P; +-vP~ +v’P, +~’P 8 + I~P~ -~

(11) ~..~ F.+vF 1+ ’c’F , +r ’F .+~~F i =F .., 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~ 
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Ccnsidering that

(12)

— we obtain the integral equation of the problem in the form which was

cons ide red  ir work [L4]. The algorithm Cf t h e  s clu t i c n  was constructed

t h e r e  fo r  the  g i v e n  t y p e .

T h €  k e r n a l  in  e q u a t i c n  ( 12) — is d i v e r g e n t ;  t he re fo re , fo r  the

v a l u e  F” we should u n d e r s t a n d

~~~~ 2~ -
~~~ L~x—s ?+ (y _4~.) ’I’ -

Jus t  as in w o r k  ( 1) ,  wE p r e sen t  t h €  v a l u e  7 (s )  in the  f o r m

- Y1S~~~

where 7i (~~
) — the regular sc lu t i c n  c c n n € c t e d  w i t h  t u rbu len ce ; v 2 ( s)  —

t h e  r e gu l a r  so lu t i on  whi ch determines inertial motion ; )r3(s) — the

s i n g u l a r  sc l u t i cn  of t h e  p r cb l e t r ;

~ ~,(s)EC’ 
-

(here Ct dr~t er m i n e s  t h e  class of f u n c t i o n s  w h i c h  have  a l imi ted f i r s t

d e r i v at i v e ) . For class C~ e q u a t i o n  (12) is transformed to a singular

— 

FTD—ID(RS)I—18314—76 
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integral equation and the function 7 3 ( 5 )  determines the singular

soluticn with a precision up tc which the singular integra l equation

may be solved.

)

Next, usin g the algori thm fo r  the solu tica of formula (12) which

is pre sented in wor k ( L I ) f o r  t h e  l i f t  of an oscillatin g w i n g  in a

: 1 compre ssib le flow we ob t a i n  th e ex p ressicn

(13) 
~~
._2[c(P)S /I;~ ~~~~ ~~

w here C(p) is the Theodcrsen function

Hr(p) -
~~~~~~ ‘ Hr ~~÷ ~ 

-

We can also obtain the xpression fcr the ncaert in the known way.

- I
:1 Fquation (13) differs frcm the ccrrespcnding equation in work

[4) in that the shape of the oscillaticns o, cr a compressible flow

is cbtained from the form of the oscillaticns fcr a noncom pressible

flcw with a correction fcr ccinpressibility in accordance with

t € l a t i cn sh ip s  (10) .

FTD-ID(RS)I-183 11-76
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