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RUSSIAN AND ENGLIS H TRIGONOMETRIC FUNCTIONS

Russian English

sin sin

cos cos

tg tan
ctg  co t
sec sec

cosec csc

sh sinh

ch cash

th tanh

cth coth

sch sech

c s ch  co ch

arc s in sin~~
arc cos cos

—1
arc tg tan

—l
arc ctg co t

— l
arc sec ccc
arc cosec  cSc ±

—1ar c sh
arc  ch c o o n
arc th t a~~~~
arc oth coth

arc sob secn

arc cscn csch

r o t  cu r l
log
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~u~~~r i c a 1  C a l c u l a t i c r i  M~~t h c d  of V e l o c i t y  F i c i d

~~e in v ~~o t i g t t e  t h e  u n i f o i  ~r m o v e m e n t  o f  a w i n - j  cf r m i  t~~’ ~~~ i i

~ i t h  a fu s ~-~1dy e a b o v ~- a soi iJ s c r k - ~cn .  1i-e s t e e t  of so lid  v c r ~~i c

w h i c h  is f o r m e l  t w i ~~r , acc cL ~1 i m : y  t o  [ 1 :~ i r t o  t b o  V O [t ~’
-• X  t ~

f i l a m e n t s , w h i c h  lj ~~ Uj ;S t L t a m  t t c m  t h e  ~~~~~ T h e  i nt ’~n o i r y  in ’ :

arranqcmen ~ of t h e  v or t i c e s  a L f  J e t e L ~~i r P c j  in  t i - c main v i c c i t  y

b e h i n d  t h e  w i n g .  T l . ~r e :cr t- , ~r. o u r  stud s W €  ~ i 1l  i J n o r :  t h ~ ~~~~: - ~~~~

c a u s e d  by ~he a t t a c h e d  w i n g  v o i t~~x .  C c c t I i r a t e  E y s t ~~n1 (Jx ’ v ’ z ’ ,

a t r a c h ~~i to  t h e  w in ’ ;  ( r i g .  1 ) ,  is sc1ecte~ s u c h  t h a t t n  at t i

v c r t e x  or ~~~ supp o:tin J w i r j  l iz ’ s w i t h i n  ~ 1 i n €  y ’oz ’ ; t h e  cx ’ ~~~~:.

li~~’ d c w r ~~4~r — a m  L L o m  t~ i + ~ r u s .l a ; e ;  t h e  cy ’ , ix i s  v~~r t i~~~l 1v  l t ( ) V L

Ih e  fu n t ’l a ~~f ’ is ds ii~~~ .1 t o  ~~u V u  t h i fl s h a r e  c t  a c ir c ~j 1a: ‘.

c y l i n d e r  W I t h  ct Z P F O  an~~le C~ d t iC k .  C L r ~~ m t c l s  ~ r~~: u 0 — v~~1j c ’~’

cf  u n d i s t u r b e d  o n c 3 m i n ;  f l c ~ ~ a L a l 1 e l 4 c cx ’ a x i s  a~Iu ~ l t r t ’  th

sc ree n ;  1’, — i f l t ’ f l s L t y  ~) f  v o t t ~~mc t i~. r i i l a m t n t s ;  f — t h e i r  ~~~~

L r c m  d i a m n e t : i c a l p1 i r e ;  € — el~~v i t  i o n  c i  t r t e  v c r t i c e s  a L o v ~T ‘ i : ~~.

i x i s ;  h — a i s t a m ~~ ’- o f  : i~~. 1~ i ;*- d x j o  f r c a  s c L ’~E r ;  — i ~ u i u . ~ c~

c y l i n d r i c a l  f u : i i : e .  v~o i c  3 ]  ~ n o u 1 1  1 E  u s f i  as -J g u i r ~~’ ~ r ~~~~~~~~~

t h e  a r r d n y c m ~~nt  of t h e  t r ~~ - v ( L t ~- x  r i l a ~~-~n t s .

F T D — I D (  k~ ) I — o 5  -; — 7 7
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In  o r det  to  sa~~i s t y  tb - coi iit i ci~ ct rcn le akd gc ox. ~:h L 1 : -” i aJ .

f r c n ’  v o r t i c e s  1 a n c  ~ ( F i q _  1) i n  t h e  case cf a w i n g  i r ~~ ~ ‘i~;’- 1 i

aovi ng in am. in cini t t l u i l  , a c c o rJ i n~ to { ~ ] w e  place vor i c :  3 i i

L~ at t h e  p o i n t s  of  ~ n V O t 5 1 C i 1 r~~ide th E f u c e l a g e .  In or i x  t i  ~~~~

t h e  b c u n d a L y  c o n l i t i o n  c f  n C n j e r i c - t r a t i c r  in  t h e  C i s C  of ~

f f C V i ng T~~ dL a so li~ sc r e e n , we u i ~~. cn i t  ir  m i r r o r  i m a ~~’~ i~~ 1a~ i v  •

t h e  p la ne of t h e  s c u - e r  t h e  p recc~~i m g  v c r t ;  ~ s ~st~~m , th uo oI~ ii x~~j

h y ~~o t h t i ca] .  v o r t e x  ~ y s t o n i  (v o i t i c .- ’ s 5 — b ) . in c i d e r  o ~~~~~~~~~ ~~i.-

v i cl ~t t e d  con~~i t i o n  cf no  p e r  t L i t ~~or .  on t h ~ f u 5 c l a ~~c w i i j l  ~ i - ~~. . r v i ; ~

it on t h e  s c r e en , w e  u s €  t k ~’ i r e  tho cf su c c e ss i ~~ - i n v ’ L s i o r  ~) :

v c r t i c€ s , in which e~~ch v c r t ~~x c: t h e  h~~p o t k e t i c a l  s y s r e n  ( v c L  ~~~~~~ A 0,

Fig. 
~

) is : m a p : e 1  in r- :lati cr t c  t h e  SU L f a C C  ct t n c  t u ~~r 1a~~.~, ~~z l C ~~ i

a t  t h €  Icirt 01 inv~~rsici vc~~~ x ~~, w h i ch i~~ irapc ed rc~1.itiv~ to  r h .

sc r e e n  — v o r t e x  A 1. T h e n , w e  ;~~ 
r t o r n i  a s e c cn : I  a : L o x i r n u t o o~. — V C L ~~~C A

A~ is fl idj~~~
_
~~ ~~~~ .

~~~~ ~~~ — on A 2 ,  et c .  As a r e s u l t  ci t~~i~ a : . 1 : :~~-’

v o t t i c e s  at ’  t o r : n e i:~~ i l e  the ml i i i :  mz ,d h y p c t h € t i c a l  fust- l i~ .-o-. , ~~~~

in th e t r-s•-rc - - of vor t ex A~~0, Which jS sy m~~t Li c i l  rela iv c t h .

d iame tr ic p1 h r . ~ of  v~~r~~cx A 0, t i c  saa~e chains at- fcrm cu , 11’ c x ; ’

thi s tau~ ~;ymm ~~t r i c i i  ~n r iat ion to ~l w ith circu lat iofl o~

C~~~o s I t ’  s ij i : .  I,: t e~ th .: ~—c rc~~r o f  ap~~r o x i ~~a t i cn  t h e  “ r e s i d u~~l

1eaka~j~~” o~ ~~ u .~~ I a  ~c is t~~~r rc~;ult cf vcrtices ~1 and ~
j, w h i ch ,

as th€ pr o x i r~~t ic rm cr ’~~r inc ’as s, ucv e clos€r toj~ th~~r , 
r ~~~~~ n~~

t h e  v e l o c i t ie s  ~ I .~~~ 1 C 4 ’ I ~~y c~~ a n d  t h u s  a~~~u r i r q  nece~~ ;~~u y  u c c u r i c ~

i n  ~~~t : . w  y i n j  ‘ h -  r ici ~n h a y  c c n u i ~~i on  a m  th€ r u s e l a y c .  T h e  c d t :  i~~~~

FTf~— I D (  h’:: ) 1— 0 5 3 1— 7 7
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v o r t e x  sy s t -~m c o r r t . . p o r , d i n g  to t l i t  s t u d i e d ~r c t  1cm is show: :  in  F~ ~
‘ •

1, W h e r e  dashed lines rcire ~ ent the chains ci vcrtices .

Lot  us m i c - t e t m i r o  v e r t i c a l  d o w n w a s h  uY = at p o i nt  M (x ’ , v ’ ,

z ’) , a f t e r  i n t r o d u c i ng  t h e  d i m e n s i o n l e s s  q u a n t i t y

r~ -~~- ; 
~~~

=- -; 
~~~

=-
~~
-; h4; x~~-~~ ~=3- etc. (1)

After d~~p l y i n g  t h e  ~ i c t — S a v a r t  i c i m i u l a  t c  t o e  el~~m e n t s  ) : 
~~~~~ - ‘

vcrt ex system of Fig . 1 , we get:

~~~~~~
_!_ [~ d’~’. ~~ ~~~~~~~~~~~~ 

(2)

w h e r

~ 3’~— ~~~~
+ (~. — ~J; .i’ jk~ — — ~~~

)
2

; ()

7 a n d  
~~ 

a re  t h e  coordi nates c t  V O r t i C C S  1 3 , whe re mm ~~i l C  ‘

of t h e  v o r t -x  a c c o r l i nj  t c  F i g .  1.

ih e  v a l u e s  o~ t h e  coot 1 i n a t € ~- h a v e  t h e  i C r  ft ci

~~~
= ;= ;=~~~~5= 1 .  ;~.;..._; _;t_ !~r; z= ’z~-e

~‘ ~~~~~ ~~~~.‘—(21+~); 7,” ?~~ —(2~ +~~~~~~ i) 
( h 4 ) 

—-- —~~~~~•— -- --~~~~~~~ • -~~~~-— - • -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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and are the coorlinate s of the vot tii€~ in the chain , ~~~~~~~

is t h e  nu3 ber  of t b :  chain ( accord  i n -j  t c  Fi g. 1 ) :  ~ — t h~ r~ui1~~r ci

th ’~ v c r t t - x th ~- c h a i n (ci crdc r of apçr cx ima t ion)

Ii, -- coordir~~~cas u t  r h t -  v o r t i ce s  ii. t lie chains in sni ft irm i f:cr

ap ~~r o x 1 s I t i o m :  ~ t o di~[ : L C X i w a t i c i :  ~ + 1 whe t .  X = 6 a n i  >.. )

c a l c u l a te d  a c c o r l i n ; to  t h e -  f o r m u l a s :

~ (~~~ + (2~ + 7~ 
— 

(~
( 
)
t~~ (21x+ 7~)~~ 

(

‘11:en , the coot m ates of t n~~ vo lt ices in t l~. c h a i n s  f or  t h z ’

given cider of approximaticr (
~ 

ccnst ) are relite d to 
~~ ; ~~

and 7’~ by rela tionships:

z’= ~~..—(27 + 2~) ; Z~~~’~ ~~~~~~~~~~~~~~ i, (h)

?~~=? ‘
~=-— (2 k + ?~

) ;  ?‘~=~4; =

~~~~~~~

—

~~~~

=—

~~~~ 
j

Th o ccord in~iteo or the fi r -st vort ice s in tFe chains (-y 1) w h ~~n

~ and X 7 Ir e  let  c a m n i n e d  ~ y t o r m u l a s  15) t h r o u ~~h (:oo r l i i i~~ ~

w i ~~h c o r r e s p o n d i n g  i n d i c t - s xi 6 and n = 7 , wh ich are c il c i l i t  i

a c c o r d i n ’ i  t~~ f o r m u l i  ( t i ) .

~~~~~~~~~~~~~~~~~~~ ~~~~~~ —-~~ -
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By u s i n i  t h e  Iit L nou ll i equ acion arc a~4 ly i r ’ ;  t I - ’ 2 i i t —~ .~~~v x : :

f o r m u l a  t o  t h e  e l e m e n t s  of  t h e  v o r t e x  sy s t e a  c f  F ig .  1 , w e  ;‘ a

f o r m u l a  t a r  c a l c u l a t i n g  t h e  d i st t i ~~u t i c n  ci t h e  pressur-~ 
( - ) c f : i : 1  :~~

CVe r the surrace or a cy li rur ic a l fuselage:

~~~ 

‘R- ;~~O- ~~~~~~~~~~~~~~~~~~~~~~ ~~$-~~~tnO~ ~~ ( 7 )

w h e r e

~~~ 
j /~~~~9 — ~‘j+(~tne —‘zi ; 

~~~~ 
j / (~wi6—c ) +(~~in6 — 

(A)

6 — is t he  p o U r  anjie of the studied p cint on the fus-elay. SI l L ~~~lC~

r e c k o ne d  f r o m  t h e  licr i zcntal p lane.

In  c a lc u l a t i ni  ;u a n t i t i e s  i~~ and  ~ a c c ct d i n g  to  form ul is ( 2 )  9 r f

( 7 )  we s h o u l d  l i m i t  ourselves to  a p p r o x i m a t i o n  ~ k , w h e r e  t :-

i n c r e m e n t  in t h e  s ui  w i t h  r e sp e c t  to  ~ becc~ es l o wer  t h i n  t i e

r e q u i r e d  a c c u r a c y  of  c a l c u l a t i ng  q u a n t i ti e s  II~~Ct ~~.

A c c o r d i n g  to t id s me th cd a c a l c ul a t i o r  w a s  p o u t o a n . ’ i f c r

secticxi of infinite d i s t a n c e  d c w r s t r e a a  f o r  t h ~ d i s t ri l u t i o x :  o : h ’—

r e d u c e d  c oe tf i c ie n~ of r i e s s u r e  -
~~~~~ ove r  ti~€ surface ot ~- h.-~ t n .  I i ;
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(Fig. 3) and ti- ~~ r e m  u c C u v~~rt ici1 uownw ash _
~~~~ a long  the  w i x . ’~ s ;  m x

(Fig . 4) for th~ followi ny calculat ed ~araueters :

R = = 0,20; ii = -
~~
- = 0,25; ë = 0.

Investi gation or V elocity Field C t ;  FGPA D e v i c e

For  a S ec t i : ) r x  nf infinit e distance ~lcn’j tbc stream th~

invest i ii t io n of t b - i  v e l o c it y  f i e l d  beh ind a lc w—f l yinj w in g ~~~~ m

c y l i n dr i c a l r u s e l aj e  c-i n n€- d o r e  on a r U n e  e l e c t r o k m y d L o i y : i i i s

a n a l o g y  d ev i c e  [t h c  ~d D A ], as m h c w n  i n  F i g .  5.

The  sy m n o l s  in  F i g .  5: 1 — sh c e t  c f  c l ec t i c c o n d u c t  LV C  pd ;Or , —

b u s , 3 — e l ’c t r o( i e w o i c h  s i nu l a t e s  vortex , ‘4 — s h eet  or

cit- ct iccon iuctive i d l e r  whic h . i m u l i t e s  p U r e  u r d i s t u n l - e d  i l o w , 5 —

direct curre nt source , Ei — g~~lv anc ffc t cr , 7 — 
~rcse .

Sim ulatio n of t h e  n e c  v o r t e x  f l o w  in I c f f  cf t im ~- win g ii: t~

dcne Ly an .-lectroh’ (scuict- or ~-le ct r ical tiel d ) . Ocs ’  :v a n c : C :

toun dary conditions :eguir~~s th at the ccntc~~r ( C t  : usel~i 1 r d t t ~~

s c r e e r )  in t h i s  -in~~l n j y  ne  r u d e  f r o m  a c o n d u c t c r .  T h e  sym :n .: t L v  C~ n . !

fl ow in relation: to th- ~ dia rutri c jian c i~ assured by inst i l l i r ;  a

~ us it thi s p lane . In this CdSt  t i c -  f cr c e  l i n es  ot  t ~~e t i  - t  n c  m l

field will cori tspo rn l tc th~ e ;u i pctent ial l i r € s  in t n e  s t m r a ~i C i
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f l u i d , t h e  e~~u i r o t e n ~~i i l  l i r .~ ; or  the €l ect ii cal ti e l l — n~~ ‘ m~~ r 1 c ~

l i n e s  i n  t h e  n l u i d .

The p o s e d  i . r o r i e m  for d sect ~~cn  c f  i t i i~~ f l i t €  lkj fl J t I L  W d~ ~
)
~~~i~~I

cn the E~ DA . The f o l l o w i n g  Wds colained : th e field of v€-r ~ ical

d o w n w a s h t - s  over  the s p u r  of t e e  w i n g  ( c c a x p a r e d  with c il cu la t - l C m e  cr

Fig . 14) ,  field of v er tical d o w x w u s ~ os at lccaticn of tiil as:; -ub~~,-

( F ig .  b) , m d  [ a t te r  n o f  n lcw 1ine~i ( F  I c. 7) i cr  fcll ow i: j

r a r a m e t e r s :  ~ 
= 0,20; K 0,25 and ~ 0.

C C N C L L S I O N S  1 . T h e  e x p € r i m e i ~t~ p e r f o r m e d  cn t h ~

c l e c t r c h y d r o d y n a n i c  a n a l o g y  U i - v i c e  v~~r i f i c c  t~~c proposed :p th ol ro r

c a l c u l o t i n I  t h e  v e l o c i t y  f e b . ~ehir .d a l c w — t i y i n j  win J wI~~m :

cylin d rical fuselag .-’ bo th c~u ali t ati v cl y and xua n t itativelv.

2. The ~yli n d n t c i l  fus elage su b5 ta xt ia ll y eftects ~m e  ve ic ci~~y

f i e l d  n e a r  t i m e tu s~~1i ; c , w i t h i n  a t e ; i c n  of 2 — ~~.5 t i m e s  it~ t~~~m i ; I ~ : ,

d ecrea sing or i n cr e  m: ~in q  t~~~ v e n t  i c a l  d c w n w a s h  de~ :e n d i n ~ o x .

l o ca t i c n  of t h - ’  s t i l i e l  cu t.

3. ~hcn t i e  s y s t em  o f  win ~j i n.: fu~-el a ge ap~ rcach t~me sc~ :n, i~.

rar efa c~ ion c u r v e  or .  t h e  s u n l a c t -  or  t h e  f u s e l a g e , whi ch i :; c~~:i~~ c v
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