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U. S. BOARD ON GEOGR APHIC NAMES TRAN SLITERATION SYSTEM

Block Italic Transliteration Bloc k Italic Transliterat ion
A a  A a A , a P p p p R , r

5 6  B, b C c  C c  S, s

B 8 B I V , v T T T m T , t
r r  r • G ,g Y y U , u

~ P 3 D, d 0 F, f’

E e E • Ye , ye; E, e* X x A’ x Kh , kh
)+t ~ Zh , zh ~ u LI ij Ts , ts

3 3 3 J Z, Z ~ ‘1 Ch , oh
H H H U I~ I W W ill w Sh, sh
Fl ~i R 17 Y , y LLj u.~ ill aq Shch , shch
H H K x K , k b ~ 

H

. f lji h A  L, l bi b’ ~~~~~~è( Y ,y

M M  M M  M , m b b  b ~
H H H ‘~ N , n 3 3 .9 1 E, e

0 0  0 a 0, 0 F0~~ ~ Yu ,yu
n 1~, P A A N I Ya , ya

~~~ initially, af ter vowels , and after b , ~; 
e elsewhere .

When written as ë In Russian , transliterate as y~ or e.
The use of diacritical marks is preferred , but such marks
may be omitted when expediency dictates.

GREEK ALPHABET
Alpha A ct a Nu N v
Beta B B Xi. E

Gamma I’ y Omicron 0 o

Del ta Pi It i~

Epsilon E c Rho P p e

Zeta Z ç Sigma E a

Eta H T) Tau T t

Theta 0 0 $ Upsilon T u

• Iota I t Phi ~‘ ~~

Kappa K )t K ~ Chi X x
Lambda A A Ps i
Mu M ii Omega ~ w
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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Rus sian English

sin sin

cos cos
tg tan

ctg cot

sec sec

cosec csc

sh sinh

ch cosh

th tanh

cth coth

sc h sec h
csch Csch

arc sin sin~~
arc co s C03

arc tg tan~~
arc ctg cot 4

arc sec sec~~
arc cosec csc~

l

arc sh sinh~~
arc oh cosh~~
arc th tanh~~
arc cth coth~~
arc sch sec h~~
arc csch csc h~~

rot curl
lg log

GRAPHICS DISCLAIMER
All figures , graphic s , ta b les , equations , etc.
merge d into this translation were extracted
from the best quality copy av ailable.
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~OVENENT OF A S0LL~ P~~)F1 LE ~~~ A :;OLIC ~r , U N t A B Y

Stu dj~ ..~ or ‘ro~ v~ flP~~~: £ ‘  2 . ’  io v i  :: r~~tr d solid or f l u i d

bound ar y h r ~ r~ v .~u i i .n~ ~~t~~ :. ’ a L t ~ : ‘~~e j .
~ v~~loIIent 3f iircraft

w h i c h usc ~r . :  ~c:’~. n  ~~~~~~~~~~~~~~~~ - 
~~~~ e i  l i O n  i~~~:tatt , wing ~nd ground

e t t ec t  v e h icL~s, .-
~~‘~~ :• ~h:.. i t t - i  i . i~~ t: :i i .  a l s o  ot i n ter e s t  for

cr eat ing v er t ~~c1~ ~~tv ..’- ~f a r - i t e u - i ~~~~; ( V ’ ~0L d 1 rc ra f ~ 3n4 l o w — w i n g

a i r c rat t , as w~~1i. .~~~~‘ ‘~~~i .~~~ 1 V A t ~ i~~~i~~’*~~ ~ c h a n i . ~s in s t a b i l i t y

• du n  ny nov ’m P n t  n -‘a ~ t .~~. ~~~~ i: ~.

Th~ d rodyn~ nic c hti t : t ~~~1 1 ’- i ( ~~. 0 all i~~oIat~~i w i n g  w i t h  an

jn fj~ it~ S ) a f l  W O V L f l - J  f l C d t  ~1 SO l i i  ~o u r i i a L y  ~~~ det ~~r~~in ~~i in t h i s

• re po r t .  s~~vc r~~1 (i n .1lo - ;)u ~. pr of  1. - ms  ~~ r~- consi  1.-red in r ep o r t s  by H .

V. Ke ld ysh , Y~~. K t r a f o l ’ , N. F. S a k h a i n y y ,  A. N.  P a n ch en k 3 v , etc .

We w i l l  con3id .3r steady flow about an arbitrary contour l oca t ed

• near a solid rectilinear boundary.

Far ~n front of the contour , th~ flow rate is parallel to the

solid wall , constant, and equa l to v~.

• FTD-ID(RS)I—l3)4—77
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The p r o b l e m  is solved with the assumptions that the fluid is

perfect and incompressible.

The ia otion is potential and s t e a d y :

—

The c on t i n u i t y  e q u a t i o n

d lvu = O

results in the Lap lace e qu i t i on  t o r  p o t e n t i a l  0

0

With  the b o u n d a r y  cond it  ions  of t h e  c o n t i n u o u s  f l o w  abou t  con tour  C

c,— v,cos (n.x) (162)

and t he abs.~nce of o v e r f l o w  t o  the solid wa l l

(1.63)

F i g u re  2 shows a d i a g r a m  of t h e  p rob l e .  a n d  the  coord i nate

systea.
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T h e r e  a r e  no p e rt ur b a t i o ns  i nf in i t e l y ta r  in f ron t of the  solid :

vc —
~~ 0,

x -+ + ~~~~.

In th~ linear app rox im ~ition , condition (1.62) is sa t i sfied  on

p r o j e c t i o n  L of c o n t o u r  C on t he  X.— a z i s .  Then L is the g i v e n  l ine  of

the veloci~ y discontinuity.

We will introduce the con~ lex t~low potential

wher e
w (z)~~ q~(x,y ) +i ~4, (x ,y) .

Then  the  b c u n d a r y  c o nd i t i o n  on the solid bound ary will be

Im w, (z) — 0. (1.64)

We will introduce tuuction 0(z) W i th expression (1.614):

O(z)— i w,(z). (1.66)

- -- ---- ~~~~~~~~~~~~~~~~~ - -~~~~~~~~~~~ • 
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0~(x) and 0_(x) are the l i m i t i n g  v a lu e s  of t he  f u n c t i on  in

question 0(z) when approachin g projection L of the c o n t o ur  on t h e

X-èZis tro ni above and b-Jow , rc-~~pectivel y. Then the boundary

conditions on projection L

ReP_ (x) —v 0f (x) =
Re0~ (x) = — v J (x) F2 (x) .

U s i n g  t he  t r a n 3 f o r m a t i o n s

R e - P_ (x) -1- Re(I)÷ (x).

Re(b (x) — ReD~~(x),

we W i l l  have  We~I~~(x) + Re .D~~(x) 
— F2 Cr. (1 66)

Re (1) (x) — Re (I’~ (x)=F 1(x)—F , (x) .

We w i l l  f i n d  f u n c t i o n  0(z) as fcllows

L

________________________________________ :~~~~- ;- • - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~
—— ~—



DOC = 134 P A G i ~ 6

‘~‘~—~S ~~(s)
[

__ !~3 + K,(z.s) + iq (s) (.
1 
+ K,(z,s) Ij ds.

(1.67)

where K 1 (z, s) arid K 2 (z, s) ai- e th~ anal ytical functions on

p r o j e c t i o n  L.

PL-oc.-’r~ 1 ir.~j t3 u n  ris ion1E- ’~,s valur~ a n i  o m i t t i n g  t he

n o n d in e n s i o t i a l i t y  in t h ’x , ~-‘ w i l l  w r i t e  the  l i m i t i n g  v a l u e s  of

i n t e g r a l  ( 1 .67) w h *~n ap ~~r oach~~r ly  s e g me n t  L t r c m  above  ~ nd be low ,

respec 1~i ve l y ,  as  r o l l o w s

———— -

~

—

~
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ti~~(x) +h’ (x) +iq (x) I +

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

= — 
~
- iq (x)~ ±

+ y (s) 
~~~~~~~~~~ + K1 (x , s) ]  + iq (s) + K, (z , s) ds.

th;ing th l im i t inj ~alue~ of fun~~-ion 0(z). o b t a i n e d  in

e x p r e s s i o ns  ( 1 .6( a)  , w.’ will oLtair~ the intejral e q u a t i o n  of the

prob l em b r  fj f l  d i r t y t i n t e ns it y  of t h e  v o E t e x  l aye r  y (s) and  t h e

expre ssion for tin 1~~ny  tt ’. -~ n o r m a l v e l oc i t y  d i s c c n t in u i ty  w h i c h

s im u l a t E - .~ t h e  .~o l i d it y  of t h e  ~ rof i le :

-
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~~~ { v s  ~~~~~~~~~~ + ReK 1 (x,~c)~ ~~q (s) liii K,(x , ds F~ (x) ,
I 

(1 68)
where q (x) _— F 1 (x) -_ F 2 (x) ,  tI.69)

F — 
1; (x) + f; (x)

2
F 1 (x)  — F 2 ( x) i; (x) — i; (x).

~~ w i l l  r~~ ;i- e~ ~~~I. t th e  i r t  c y r a  1 Cu u~~t ic~ o l t a i n e d  in a form more

c o f lv @ f l i cr i t f o r  s o l u t i o n :

~~‘ 

{vs ~~~ + ReK1 (x. s)JJ = F~ (x) + F~(x),

where 
+1

F~(x) = q(s) 1m K2 (x . c) ds .

ik~ - • • •- • — — - - --~~~—-- -~~~~~~~~~~~ -_______ ______ - —-~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
---- - 

.
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F u r ~ct 1 ) r ~~ K 1  . in i  
~~ 

sr.— a c t  ~r m i n e d  w i t n  condition (1. 64) and are

r e p r o s c n~~~d as f o l  l ow . ;

(x —. s) -.-- 14h
K, = —. K1. (1.70)

~ ~~~] 1 t i r ~d t h e  ~o~~j f - i c n  f - c  t h e ’  in t ira l equation for T(s) as

fo l l o w -

y (s) = y1 (s) + y2 (~

~~~~ 
c r r ~~sp on i~ ~ th e solution to the equation at F~(x) = 0 ,

a n ;  y~ c o rr sp o n i s  ~ t u E  so l u t i on  of t h e  e q u a t i o n  at F~(x) = O. I n

t h i s  - i . -~~, ~~~ c~~U i ~~j o n t - L -  ~~~ p r ob l o~ is b r o K e n  dow n i n t o  t w o
* i nu ~~~~r~i e n t in 1~~ ~ra 1 c l u n  f-ion s:

L ‘ ,

~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
•
~~~~~~~~

- 
~~~~~~~~~~~~~~~~~~~~~ 
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y,(s) + Re K1 (x , s) = N, (j = l~ z. (1.71)

w h e r e
N~ =N, = Fu (x).

4 w i ] j  find t h r  so ljt icn to in the torn of series by

a cer~~nn ~ m a l 1  ~~~~~~~~~~ l i r n i l-ed ly r

v~ 
(s) = ;1 + ~ lI

T 
~ Y,iT

1 + y,,T’ ± . . .

= ~ 12 T -f - y~~~’1 -u \~2T5 + y42
t’ -

~
- . . . . (i.72)

In thi5 case, ~~.� use  the T — p a r a m e t e r

r =J ’ 41r -f- I—2L

_______ — — —— - —--—•——-———~~~~~ .——- ••.--.—.- ———— — — - -—. 
~ .— - —
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obtain ed sy A . N .  Pr~flCh eflko~ 25, 27) from Ezpression

4 & .~~~_ _ T .  
~~~

Fi r s t  W~ will ;
~ i ~~ t h e  ~~ ua t  ion  t c r  

~~ (s )  . Using  ex p r e s si o n
(1 .73) , we w i l l  h~~v~

K 2 = I ~(t 4- r~ -~~ r 5 
~ r7 4- ...) (x—s )2 (t 3 -

~ 3i’ + 6r’ -~~ . . . )  +
r ( x—  ~(r ’ -

- 5t 
~~

- . . .) — (X — sr (T 7 + . . .)) 4- I ( x — s) (t’ +
± 2T 1 dT~ 4- . .  .)~~ ( x—s) ’ (t 4 + 4t’ ± . . .) +

+ (x s) ’ (t~ + . .  .)j. (1.74) -

U s i n g  e j u a tj o n  ( 1 .7g) , t h i ;  m a k o ~; it possi b le tc express

Re K , (x . s)
w h er e

K,1 = —(x -—- s) ,
— (2 (x— s)— (x~~s)1I.

K,, -~ — j3(x —-
~~) — 4 (x — s) ’ + (x — s) ’) .

~~~~~~ ~~~~~~~ . j .
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Th u s , e q uat i o n  ( 1 .7 1 )  a s sum es  t h e  f o r m :

~~~ 

(s)~~~~~
__L -

~~ “~=I 

iç 1 T2mj ds = _ 2iIFq,(x)

or

~“ ~~~~ 
ds — 27F~~(x) — y

~ (s) ~~~KrniT~”dS• (I.75~

U s i n g  e xp r e s s i o n  ~~ (s) f r o m  ( 1 .7 2 )  a n d  e q u a t i n g  t h e  t e rm s  at
iden t i ca l e x p o n en t s  of ~ on t h e  r i g ht  and  l € f t  sides of equa t ion

( 1.75) , w ’-’ w i l l  h a v E  t h e  se~ ies of s ing u l a r  e q ua t i o n s  

—~~ -----~~~~ -- ~~~-~---~~~~~~ ~~~~
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whose solutions, l i m i l - e l  -it  p o i n t  x = -1 , are determined b y  t h e

C a u c h y  j n t c r v a l  t r a n s f o r m :

q~(x) .4. 
J
/r I±X ~

.
/
f _~~~~l~,(~S) ds , (I 76)

— 2aF~~(x),

ds = ~~K 1, (s) y0, (s) ds.

ds ~~IKI I  (s) v,, (s) + K 21 (s) y0, ( s)g ds,

ds _
~~~LK II (s) y 21 (s) 

~~ 
I(~ ( c )  V 11 (s) F K31 

(s) y0, ( s) l~~ .

L ~~~~~~~~—— - - _________ - 
- 
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The  las t  th re . -  ~ -~ u a t i o i *s  a r e  r ep re~ien ted  k y  th e  r e c u r ren t

f o r m u l a

-1
•

1 + 1 3

ds =

R c p r e s *~n t i n g  t~~~ n~~dd l~ l i ne  of t h e  p r o f i le  in th~ f o r m  of s m a l l

arcs  ~i t i  a c e n t ra l  a nj i e  of  2~~, ~~ w i l l  n a v e

Then t h e  c o m p u t a t i o n  of 
~~ r e s u l t s  in

;, 2I/
” _±_

~[(a )-~
)—

~,I.

y~ 2 J /~~ ±X [ (a
4

~~
) (~~~~~x)4~~I .

= 2 ~/~~ 1(~~± .
~

) +

~~~~~~~~~~ 
~
-
~~).~‘+ (~+ ,

~
-
~

)
~

‘; •

- ~~~~~~~~~~~~~~~ - L ~~~~~~~~~~~~ --- - - -~~~ 
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We w i l l  pr ocee l t o  f i n d i n g  t h e  s o l u t i o n  f o r  
~~~~ 

At j 2 ,

equation (1.71) is written is f o l l ow s

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

U s i n ;  e x p r ess i o n  ( 1 . 74 ) , w& w i l l  reoresent *s f o l l o w s

F,~ (x) V F , (x) Ta.

In this C 1~~~- , funct L - ,n j ( ~~) , wr ic r . i s  r t  ~ p hi— expr ?ssion for

F~(x) — t h ~ in t -~ ris~~t y of n’ So s si~~ il  it ir ~-~ t he  nor •al

velocit y i i s c o n t ir . u i * y  — i 1 n~~i~~ . t ,  ~~
4i~ c o ndit i cri

(1.77)

i. e., tne tionpenetrabi l~t y ci ‘-he pr~~t i l e  m ak e s  i t  necessa ry  t o

return the sum of the a b u n d a r c c . .~ of th *-~ souEces to zero. This places

a l imi t  on th ~ form of func tion q (s).

t 

_________________ 

____________

V .

- -  —-.--- --- —- 
-- _ T-
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C o n d i t i o n  (1 .77 )  sa t i s f i e s  t h e  f u n c t i on

- 

q~s)~~~V1 —.-3’(a .~+a +a ,# + . . . ) .  (1.78)

In t h is  Ca Se , E u n c t i . ~~n F~ will be

F &3 =1x (k a.+ ± a , + L
~J i) ~

F h7 = {x  (_ ~~~~~~~ 0 f - aI + . ... a
i)

.._ x3 )~

> 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Thus , we w i l l  h a v e
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= 

~~~~~~~~~~~ 

(x) t ’ —
~~~

--
~~~~ 

y, (s) VK~s T2m.

Usin ;  t~ i ’- e x p r ~~ssi cn  fo r  ~ 2 (s) f r o m  (1.72) and equating the

coefficients at identi cal exponents , like before, we will obtain a

series of s i ngu l a r  o~~u a t i o n s  w ho s e  s o l u t i o n  is in t he  class of

fu n c t i o n s  l i m it c ’~ ~~t p o i n t  x — 1 :

1. 
-

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

.

~~~~~

- -  
_ _ _ _ _ _ _~~~~~~~~~ 

-- 
______________
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0,2~~, x—s

~~~
j

Y22(S)
ds = F~3 (x).

ds F~ (x) — 
~

—
~~

iI(,, (x . s) y~, (s) + K,1 (x . s) y,, (s) j  ds.

ds = F~7 (x) — 
~~

_ SIK1, (x, s) y,, (s) -.1- K,, (x, s) ye (s) +

+ K,,(x , s) y12 (s)J ds.
Using formula (1.76), we will have

Y12 =0 ,

= 2(1 —x) j/f~ (-~--~+ -~~a1+ _1~~.at ) .

IL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ -_--~-- — - --- ~~~~~~~~~~~~~ ~~~~~~~ — ~~~~~~~~~~~~~~ - -~~
_

~~~~~~~
-—

~~ - — - ,~~ - ~~. - ~~~~~ -- -  ~~~~~~~~~ _-~ — - —~~
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V,, 2(1 x)j,/.~ t~~J (~~ao+~~ ai+ .~~ _ a,) __

— (~-ao+ ~~a, +~~ as)x S j .

ff ~~ (23 17 35 -

~~~~~~~~~~ 
~ -1-~~ - a 0 ~ ~~~~~~~

— (~~
-a o +~~~~ai+~~~~aa)x ’ + 

(
~~~ ao f  1~~~

I

Havin g the s3lution to ~~, ( x )  an d  ~2 ( x) , we will obtain the total
solution

y(x) y
~, + V,,t’ + y,v’ + v,,t’ ÷ v12-t + Y~

t-l+y32t~ + ~.,,T2.

which m a k e s  it possible  to  c o m p u t e  th e  l i f t  of a w i n g  w i t h  an
infinite scan nea r a screen:

V 
______________ :~~~~

-- ~~

- - - - - -



DOC 13~ P A G E

P = Qav
~S v(x) dx.

r J s in~ ~~~~ fa c t 
~~~ 

-
~ = + ~~~~, ~ will represent the lift in

the  f o r a  o~ t h ~ t w  c m p o n ; n ’~~- ~f i ~ h i n  w i n g  a n i  t he  s o l i d i t y  of t h e

cr o f i  le:

= 3 +

The ca l cu  l a t i  un  ~ P~
. r e s u l ts  in



—

~~

-

~~~~~~~~~~

-
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‘ =2 Qav~~~(a +k~)+[(~ +k~
)_
~ IT1÷ ~~~~~u

- +t~~
a_

~~Jt 6
~. (1.79)

P2 =2Qav~i + 1~ a, +-~~ -a 2) t 3 + ( j
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In t h . ’ c o m m o n  ca ;c o f  a t h i n  ‘~ll i~~~e , the  r e s u l t s  of the

so l u t i on  ar c -  i i ve n or. t n - -  ~ra : h in th.’ forn of curves

X I Xi —
~~ ‘ w i t h  r e l i t i v € -  i e i t  ~l. (Fig. 3 ) .
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