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(~!oscow)

D~~v *~1 t : J 4 ’ !  ~n t h i ~; - i r t j c l k  is an ~~rox inIi t~ n onli n r h ’ ’_~. , [2]

f o i  i ~~~~ ~t rvJ u l ar  u i n j  of s ia l  1 aspec t r at  ic z cv i  n~ in a~I u n i  I t r i p

•~~1 iu i  n~~~r i t l u i d  ~~ r e en  al  1 a rg .~ F r cu t h i  n u m t - € r s .

If tra. the “xp~ rimen t a11 y 1o’t~-rm in e d mo I~E n t  v aIII4 ’ w~ i~~t !~~c’

the mom en t of jnprt jal nature , ~~~~~~~~~~ th~ ~cae n t corrr’s~~th.1 i n q  t )  t l-

citcu la t ion—f r e e flow past the body and d i vi d€ th~ ~itf ”r ’~~~~ by

_ _ _ _ _ _  _ _ _ _  - 
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rc itr a l ~o r r e , ‘ h • ~n t h .~ c o o r d in a t e  f o r  ~ h~-’ ~- n t f t  o f  fl r ’ - ~. ; u t ’~ ‘ ‘ 1 5 .

o~~t a i n ~~1 w i l l  c o rr o s p o n d  t c  d ~ure1y ci~. cu 1t ~~i cr- (vi~~:~~i.~.) 
L I  ~~~.

us c3 11 ,~ point w i t h  ~;uch a coordina t~-’ t h ~ ce n t ~~r o ’ ~~ i • ’ t .: f~ ’

v or t e x .  W~ w i l l  si~~na ’n  t h e  c o c t 1 i n a t ~’ 01 t -
~~~

- .j? t~~ c~~~ v ): x

~~~~ 

— 

M11.(1 )  X,, — —

Th~ d im e n s i o nh ~ss coe f fj cj e r ~ of t h e  c e n t e r  of ~~~~~~~ 
• t c ’i ’ v r t

x
“ b

In tIo’..( ~nrmu 1~~s Yi iS rIot Iral t o r r ~’; ~ r~~’)t cl o’ I r~~ ~~~~~ •1 I . .

wi- . ( nC W , ii, ~he s-~~loc te-] Cc crdir.a t~ .;y~-te m

M _ QV’
lv” ~~

(r ,~~~
r 1) ..r sin 2a,

whore r 2 i s  ~ z~.-- vo 1u m~-’ of h’ ~~t a c h e d  E d s S  o f t l ’ 3 i !  t~~~ h. ,~~~ I:

moves in ~ t r a n s v~.r s  I i r ~~r t i o n ;  k 1 — a n a l c -~ouY v o l n r ’ i~~ ~~~~~~~~~~ n ’ov :

in  longi t udinal ~I~~L~?ct ion. For t hin winqs k 1 = 0.
.
~~

The (‘xperim cnt al values of th~ center of the attachc~.I vo rt. x ~~
t -

~

m uch •or” stabl~ i i  c om r ~~r i s on  t o  the cen t~~r of pr .’ssur~— , w h i c ~ - t c ~

w i n g s  of  a S t a l l  aspec t r a t i o  m oves  r a r i d l y  t o w a r l  t h ~.t ~r a i l i n - l  “ 1 q ’

as th e angle of sttack incr€as~~~. The d€ductio r of :t~ibi1 i~~y ~r. h~’

cen ter of the attached vortex is also ccnti rmed when we st u f v  - h c

tlcw b*~yond the wing. T h i s  g i v e s  us  r e a s o n  as c u r  f i r s t  m a i ’ ,
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h y 0 ~ !i. :c~ S t 
~ .i ~- s  1 m ,‘ t ha ti os i t j o t :  0 ~ h.-~ ( € r - )  ~ ~ 

‘ ,
~ C ~~~

vor t . ‘x t r t h~ ;i v’—~ r: ~h ,a ~- c t t ~ ~ i. r ‘~ ill 1 - i n • - - I ‘ I

h~ dr~~1— or j f  
~~~~

C C m p d r l S O n  ~ th .-’ iis’ t ibu io?~ c t  loi’h i l c r : ; w i n ~ ~~~: ‘~~: ‘- ‘

as~~ ec t ~~~it  1 )  ca icu ~ ~ I a c c c rd  i r ;  t o t h .~ ii r• i I h : T  I ~ I O I  1

e x t ’~r i r ’~~n - ’~a l l y s~. o~~s t h at i l l  d et ~- : m i n i n - ;  t I ’  ~C_ ~i~~i ’n  ‘)~ ~~~ • :: ‘‘ - ;

or a n  a~~~ach ~~ 1 vor tex w’~ can us ~
-‘ V .’I l u~-~ ~)f t h t ’ ro~~f ’  ~~~~~~ • - . $

pressure center and th~ I r r i v a t i v e  of t I~ cc.?~~f 1 c L ’ - n -~~~~ 1 : t H . : .

force in  the root sectic’n cLtained t r o r  tLe li r ~~ir ~I:”o~~v .

Then , fcr a wing with a syit me tric a l i .r cfi 1~
- , ~v ~i n I i ~~

;

ir:~-~t ’~rmi n acy in t h e  secono term of exrre~~-ion (1) , i.-’ + f u - ‘ - : 1

afl (JlP C! attack

(d?nzNN
da

= C~~, + TdC~\
da $

wher *-’ 2r is the span of an equivalent attach ed vort ’x a t  c or: - i r~

intensity.

As our second hypotheses for wings which are r”~~t 3 n j u  leI I ~I T I  I

Q lli~ tical in the layo ut we assume that the srar of ~he ~~~

vort ex is equal to the mean georetric ~~an ct the wi no , j • r’ •,  
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~x p . t i m e r t s  r o r , I u c t e~ to d c~t~~r m j . r r  th ’~ :or~ ‘ V 0 C I ’ ,’ II

th~’ t i 1 s  of the win~ s and s [~~ctra cbtairc ’ ! ifl a h~~- 1: I V I . 1 ’ ~ r

c c r t i r t  h i ~ h y p o t ~ :~~-o-~s.

‘~ow , l~~t u s  t S~ - U I~~’~ fc ’ r w i n j s  of a 5m aI l -1~~~L - C ~ L~~~~~i :

€ l lj ~~t i o - i1 - I i : t r i b u t i c n  of c i r c u l a t i c n  w i t h  
~~~~~~~~~~~~~~~~~~ ~~~) . - r ~i r , ‘ .‘~~~~~

‘ 
~~~

w i l l  a s su m e  t t ~at

fdC M k \  4 (dC ~\
~ ~~d a) ~~

Then , we Jet the w or k in g f o i m u l ~it for iete r tr x r , irc ~ 1o’ I L  -~~: i c ~~- l~~~~~~ ’-::

th~- center of th e it t ach € d vcrt ex i n -I the I ’ j i i r ~ ‘ - i J • :

2
~ •

~~~~ ~ 
\, da 

~~~~~~ + - 
sb

It = A~~~~ + 4 ~~~~~ \ ~~~~
-‘ 4 [dC~ .,

fl~~~ d G )  da

C a l c u l a t i on  m e t h o d s  d e ve l o p ed  in  t he t c o k  l y S . ‘
~~.

Felot setkovski y [ 1 ) en-~ble us •o d’--tertr in e -ill ‘~d l I 1  ‘S C 0 I~~~~~- I 1 I l ’  I

t h i s  f ormul a for ~ he ca se of m ovemen t nea r a f r c ”~ i n t . r  r t c ~ I ’ l.~L ;.~- 
*

Fr cud ’-~ n u m b e r s , i .e . ,  under the conditicn tha t cn th~ ~r ’~

d i :turbt-~d ve locities which ar~ par~i ll el to the ~urtac+- ’ will I 1 *  - I I I - ]

to zer o. ?i-~ure 1 s~hows the de~ endences of coeffi ci~~nts X,, far -~~

r e c t an g u l . a r  w i n g  with X * 0.25 as a f u r i c t  i cn  of  t h ’  r~’V~~rse  Va I i.- - ~

im m er s i o n  h ..s_31 (b.r. P1 is t h ~ i m m e r s i o n  Cf the lei l i n - i  ‘1 ~~~‘ ~~

t 
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~ i ng, I — wit . j :~~~
— t r : )  -

It. ~~~~~~~~~~ 1 w’ s~ e ~hi is i m r r ’ r s i r ~r of HI ’- -. L~~H - i ’ • c : -- i - •-

e r of ~ he at t o C :I$ ’i vor ‘ x f irs sh i t ~ ~o ~~~
- L i  ~~~~ I - ~- I -~ • I ‘; r~t

t ~: $ W i  no , ~ rl~ ’:. i j  I I t : ;  t C r- cv’~ toward ~ ~ r a i l  i r: ; -
~~~

-
~~ 1 ’- . 1.

c~~ - l a i : ’~ i b y t h e  f a c r  t h a t  t h . -  c o e t f i o i ~~n t  ct t h - ~ r O ; : - : J L- ’ ~~- -t:~-

i c c a i  I~~n j  o t~~ e l i n e i r  t h + o L v  is o n l y ~ l i ~~~t l y I t  - I o n ~ Cr  l o - ’~~ i

1: r :  1 i i v i ’ j v ~’ of ~~~ :i~~~’ c o e t f i ri ~- n t  of  t h E  a c i r r~n t  o~ it a r t i~~ j r r : ~-

(Cxi r + s  s e f  as t h t~ ccefficiert ct the attach t~1 nash k 2~ ) d~- o t - -  I -
~~ ~-

loi I i r : y  . i - t C L’~-~ :e ; . Her~ “ h is Ic~c r€ i s e  is first v&— ry i r . ’~- - ; , s~’ , I ’ :  ‘H - -

!ro !t e rl t 0 0 0t f l c l e l : t :i h i l i z k s .  I h e  c O e f f i c i ~: n t  c ’ ‘ ! t c ’  I - - : i v ~~~i v  ‘:;-f

l I t t . . t t O L c +  uPC~~~ is’~s is l o a d i ng l’~c t1io:- , ~i 1 h o u j Ii ‘~~~~j f l

i t-; ~s{~ ’cia 1 ly  1 nt+ ’rs” on ~ L€ i r. t~~t ~d c1 ’ itselt . liu~ - - v - ’ r , i * i s

~ r i m i r i l y  t h e -  I e : ; ~; r  nd I n ;  h r a n c h ’ s of c u r v e s  x~(-~--) wh iCH Ii

p ra ct ica l Vitlu p , Siflc’- at t~xt i+ -r e l y small value s of h (JT , t i T I ~~~l I ~ - +
~~~~~ - ‘~~

is no lon~~er reali zel .

in order to satisfy the bound ary ccn d it i cn ot  t h e  1 u - t l i t y  t o

z~’r o cf in’i iio~~1 vel’)cities which are parai lC i tc t I ~~ u n I i s ~~u :h  I

su r  f a c a , a k  1T1~~ i n t  C acccun t here t h~ d c w n w a sh ~~ of  f i r’ - ’ V t F t i  C - - .; ,

•u~ t p lace aver th’~ in te rface a ticti t iou L- vort ex , w n i c ; I  i s  m i ’  ~~:l : J

of the lnw+~r vort .~x to lat iv e tc the undistu rbed surfa ce , a:; s h c w t  i t

Fig. ~s.
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- ~~~~~~~~~~~~~~~



/

).
~~~~32~~~~~~

°
~~~~~LHHL
II~i~I~~~~ 

Fig. 1.

~ Bud nep~Ju

D ~ — - r -~ I
_ ( ~~ .f ~~~~~~ I 

-
P 11

~
- / 

— ,  ~~~~~~~~~~~~ fl054’PJA’DCfflD

p (~) ‘8u3 cth’p,y 
— 

~ )

~

cn

~

enpucse

-

~‘U#VeI,WWMU ! ( / ,pR~tU— — -~~ CKopocmu, la,,lc~-— — — I1~’e CIDIDSM&1aVI

lr(e) -

Fig. 2.

Key: (1) Side view , (2) Front V iew , (3) Ft’-~e S UI t  1C~-’, ( 4 )  ~
‘ )~~~) v i ~— w ,

(5) V~~1oc it ies  i n d u c e d  ~ y attached vortices , ( ( - ) Ve l a c it i r ’ i -  i n ’ :m ~ - c- ’

l~y tree vortices. 
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:t ~~ 1 r: t ~~ r : - . 1 + v Of ‘ h I - — s I  I : - ~ ’d v i r L ex  is  - i t I : m i n . - -: : o~ ‘

c o r - i i ’ ~~ o m .  ot ~; I t : . ; f y ~~ r ;  h .  h d ; 1 y ; 1 n - ~7h ukc v - ; i*- i v  ‘:5 • - 1
~~~~a~~~~~~

- r’~~

cc r - v ’ - t~ +- nc’- ot i-~~rei rn:, I t  i + t a i I i n l  1 c j i t t cmi ~ h -  r a n ’ ~~~~~

~i
nq_ TI .- Vt— 1 - S C l t i ’ : - i n c ~:c~~- l - i t  this ~ c 1r t  r h o u l ~ I e ’ o ~~] :

cn i v r r o r r ~ ‘h .: lo w.-~r —sha r~~1 vct~ x , bu t also I t o : ’  ‘ h — ~ ~~ - -~~~ c : .  - :1

t in t I

In k.-~-~~i n j  .i4 :~ ~h~- -ibcvt- , II— ’ i~~ F l d C t -  ~ ;~~~~~~~~ t i i ; i I : r  a- i :

s m i l l  a~ -p e c t  L i t ] a  u n  1r’~ t I . - t r ~ - •~ r u r f a c ?  L u c h t f :~~’ i~~ h - r ’ r ’~~~ - i - -

c’ at tock. it ;1. 1 h + -  l c i I i n g  c- 1 j +  ot t h e  ~ i :. ~i 1i 1 I V ’ - :  im mn -~: .~~~U :

( F] q. 3 ) .  T h r  l c w ~ - r - i t t a c h~~ 1 v o t ~~r’ x i:: i l a c ’  I ~~~ ~is’ - I nc -e Xn ~~~~~~~~

~~~~c lt’a i i f l~~ t- t 1 ~ - . T h ’~r , th ’- c o o t d i n - i t e  C t  poin t ~ for ‘
~~~~~

- . v ; ‘ ~~iy r~

C O - I  l i n a t o :  r . 1 a t ~~ I t o  t h e  u~~ - r a t t i c l - ~- ’ I v c r t ~ w i l l  1 ’ -

= 
~~~~~

- = Q_—~~~~-~- — (sin a + 211 + x~ sin u +

(2) + ( l —x ~) Cos a tg~ I sin~ ;

y, — 1  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

In form ulas (2) th E lin ’ s ab oV e x a n d  i n d j - i t ~ ~~~~

l in e ar  dimen sions r e t e r  to w i no span I. Th ~: cc~~ in .~ et  - i n ; l ) ‘.~~

x’L~ + y,~ + (1 — x
’)’ — 4 (,

~ + x~ sin a) ’
(3) cosô 

2

The velocity induced at point A alcny the rorm .i l to t I . -  c ’ l ’ r ’ r I V

— -~ 
- - — - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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P I T = O0-~1 PAGF

.it t a C h I  - :  V C L  t 4 - X  D ’  0” ,

W 11) C110 N,cosÔ 
- - - -

( 4 )  
(w 1)0~~— 

~~ -

~~
‘

wh ere ~~~~~~~ is tl - -t dinens ion1~-’ss coe ftiCi~~fl t cf • I t ~ ~~~‘ ‘- n . ; i - :

th~ —t ha ~ + - :I V o r t - ’ x .

The velocity inducEd at p cint A alcnq thc r ormal t o  “ h ”  C h C ) : I

a pai r cf f r~-~- vortices eme ryi t4 from tH~ a t a ched V o l ’ -x ,

w 1, C~, N,
I’ 

— 

~~ + 
(~~
j ’

~~~(5) 
-

r i
X + r —

~~~~ 
-

~~~~ ~ ~~~ (a + ~).L V
Th+’ veloci~~y induced at point A along the n o r m a l  ‘i ~ . i: :i C I  I

ft- :~ att ached v o r t n x  E ’ E ”  and  t r c m  t h e  p ai i of f r- -~ v- )L’ 1~ ‘- ~~~~~~~~~~~:i~~~ - : ; j t

f i m  thi s; attached vortex , will be

(ii),: ~ (w~) 

~~ 
— xfl) L/ ( I

_  x~) ’± 
~~ +

+ ______ 

~ - cos (a— I~) 
- + 

( I  —x~)cos(a—f1)
(‘ - I  ( l_ x~)’sIn ’(a_ P ) + ( ~~ )’ [ v~

:
~~~~~~d

________ _________________

- -—4- - ~~~~~~~~~~~~~~~ 
- 
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T L -  - h as n : ; i i n l ’~ss cci c ’ffi c- i~ - nt of t h ~ - j f l t , ~~~1~~ i ’ -
~ o “ s- H -  i - - i ’ - I

V o I t ’ - X i~ -I ~’” .’t r r i n ’ ’- I  r c m  th~- ( : ( - n ( l l t l o r -  o t  ~~ i t i i i t~~~H ,

C h - i ~ i y ~~i : I — Z h - I 1 ~ t v ; k I y  p o st  I l i l t o  at : : oj r t  A C~~ f I r  :~~~ - ‘ “  -o~c’ t~~~~~’ 
) .

w i  r - ~~:

(7) (w I)D + (w,)D + (w 1) 1 + (fm,)5 + sin a

Hc rtce

C, _ 4n sin a
~J2 

~ 72R~~( —~~+ 
fl~~~~~~~~~(?~)’ X

x i + +
(
~~) - V (I— ~~)’+ (

~
)‘

)J24- _ _ — - _
~~~~~~~~ -~-,cos ô +V 

~~~ ± 
•
~~~~

, + ~b - - 

(
~~ )

+ 
y

2
±( X )

It 
[1 

+
~~ +

~~~~~~~~~
)1]

c0~~0÷ ~~

Th e -Iown wa sh at points F’ and F” are determined D r  on- t r . ’

relationship of th• ver t ica l velocity ccmpon ent C’, to th ,. h n i  ‘oo~~- t 1

veloc ity component U~ at p c in t s  F ’ and p” .

________________________ __________ -a- ----— -- - - - - - -



C I : C  = i)-~~ I- ~~ ;F

‘t he v ’~ l i t i t y i t - i~ s c t - I  ~y ~- i ~ - a t-i (:IF I vcr 4
~ 0’:” ~i I 1

h c t i a c ’ -~ t~~~

C,4 
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II - . • wo t r ~ - . - v o r t i ce s  hhlcl ‘‘in c ’r q (  f l o T  t l t  I . -~~- -t~~ . I v ’ : ’

4 1  V P  U S  ~ H ’  h o t  i Z O T I t -ii

— C~ X sin~(w2 ~ ) o ’  -
~~~ — — x

(1 ~~ 4 (1-1 -4- xu + sin a)cos’I~ ± )~‘

2(~+~~ sina)sin~X I 
~~~~~~~~~~~~~~~~~~~~~~V 4 (

~ 
-~- x,, sin a)’ ±X’

an - I vr ’t t ic a l components of v e l o c i t y

C~ c s ~_ _ _ _ _

• b 14 ( f l 4xu si fl a)2 CosV +  ~‘

(11 ) r
1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~

L i/ 4 (~ +X ~ s i r m a)2 ±?,‘~

T ’ P t t . o -  V o  t - x  w h i c h  em e r ges  f ro n t  t h r ’  t t f , i . - : - , - I  V~~~~t t~~ ’ Y  -i~~ ;su r :

i i v .--~ us ~~* hot i ion t a 1 ye lo(- it y cci  ~ on~ r t

( 1 2 )  (~~~)1,•• _ C~$.slfl~

an -I t h ~ v e r t i c a l v e l o c i t y  cca~- c n e r t  

- - -_— - -—-—~~ -—‘- - — —— — —
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Cu. COS
(14) ( w,,) 5 = 8t X •

Fy a dd i r - ~ th’-’ v.’rf i c al (11) and (13 ) i t  I Ic tj / “ Ii V ’ - 1 -) ’ i~~~~’s

of t h ~’ i m p i n - j i r m  f l o w  v w i t h  t h e  h o r i - z c r t a l  v r , 1 c : i t  
~~~~~~ ( ‘) , (1()) , i t :

( 12 ) , ~~~~ - ~~- t , b e a r i ng  i n  m i n d  the ~ n t a ll r;t~os of a’, i i ’-- - 4 ( t - j  -~ =

F and cos ~‘ = 1 ) ,

cv.! :1.

8~ 4 (ii+~~~sina)’ + X’ 
X

,~ r 1 _ j ~~-~ ,sina~ ~~~~~ V, L V 4 ( i 1 + x ~ si n u)’ +x’J ~v~ 1_ c~ _ _ _ _ _ _ _ _ _ _ _(114 ) 871 2(~ +~,sin a)Y4(~ +i ,sjn a)’+.’

4 ( ~~+i~~sina)’ +~~’ 
,(

~I~— 2 (,j -f- x~ smn a)~
L V4 ( ~+~0 sj n a) ’+~’J ~

The coefficient of int e n $ ity of the —5haf cl vortex is

determ ined accoiling to torm ulas ( 8 )  and (114 ) 
~
y suh:;r’q 1I . n

~t a t e n t e n t s .  I n  o r d e r  to calculat e c oe f f ic i ’-~nt C,,, in  ~~~~ t

app roxima tion we use the angle of Iownwa sh cf the fr’~
.
~ V O L  ~~~~~ b

th~ zero approximation.

A f t e r  dete rmining C, in t h e  f i r s t  a p p r o x i  ia’ ion . -I ~ -p ~ r I- ~~ ..

(114 ) is used to tin d the angle of downwa sh ~ in th~ first

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

“~~~~~~ L~~~~ i~~ 
- 
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a~ ~ r o x i m i t i , ) m :. F r o m  “ h i I  i~- q I t  , a c c o r h i n J  ~ c t c r r - ~ h i  ( I I ) , ~—~- -~, o

-it  f~ .1 - :;r ’ ( ’o n - l  ~ p ; t o x i m d t 1 o r  i s  c a l c o l o t t I •

F i - ~ u : -~s ~ ar .~ S s h o w  ‘-he t t - : ; u l t s  c f  ~ ho i m : - h i c - i ” ’ I 11 ci :  t t

from the I to V -~ p~~ro x i m r ~~t A C T I S , u ” s p o c t i V F ’  I y ,  L c r  d w i r ~~ v i ”  i i .

aspec t ratio of A = 0.~~ . and r t-l at iv e inm o-r sicr of ~~ —~— I •7 (‘i~~

~= - ~--“. h X — O ,425 ) .  From t - h c  f i~~ur~-~ it is a p p - i r e n t  t h a t  i n

calculating C~ at a t t a c k  a n g l e s  of u p  to 1~~° t h ~ t h i ~ d p t  ‘~~‘~-i ’ ~~~

is suffici ’-n ”. At -i ’-tack any1~-s ot 25 0  f i v o  a p j r o x i m a t  i - O  S - I L  -

r~- qui red.

As t h r -  z t -r o  a p p r o x i m a t i on  f o r  t h ~ - l o w n w . i s l  i n m 1 -~ n~ ~~~~~~rs

vort ic .~s for the first calcul at ion it is con V er i’~ f l t  ~~) “ 1’ . ’

( 1,14) ~~~, wf.jl” f o r  s u b s o - l u o r t  c a l c ul a t i c n s  — 
~ v a l m - s ib. ‘: r.~ - I

d n c t h e r  (clos .~r )  i m m e r s i o n .

For det~ rm ir inj the ncmw al force which ac~ r on i t n ~~ : W I ~~-

Rus t determine thi-’ longitud i na l coapcnents of the veloci t i ,.o

ty f t c:” vortic .- s F’ an t i E” and also by t he — s I a r ~~- -l vot t . - ’ X f l ’ ) ”  i n

the cent ral Secti n of the attached vortex.

The velocity induc€ d ~-y tre e vortices ~~~‘ a nd  F”  in  ‘ h . -  - -~ i~~~~~~

secttcn of the attached vortex

- ______
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CM( i r )

‘t h . - n  w~ ci lcu lati ’ th~ lon gitud in a l ccir[ cnent ot t I m .  V - ~~~~~- ) t  i ! ’ i I - : -  I

b y att a che -i vor tex 0:

— C cosa)~ _ _ _ _ _(1’) (w,zjo — 
- -  ~

‘ 

- — ~~~~~~~ 
—

~~~ 
-

16g (,1+x~sina) %
f4(11+x~sinu)’+ (T)

Finall y, the longitudinal componen t of the v- -’l cci’ y i n j ice d ~y I: - .-

vortices 0’ and 0”

( rm’z,J c~•x sin (a + ~
)

4 (
~ +x ,, sina)’cos’P+ (

~
)

( 1 7 )  
I -___ 

_ _ _ _ _ _ _1 t/
T4 (

~~
+x .sffl

~
)1

± (~~)

pt’aring in mind that on the line of attach’-’ - I vc r ’- -’x F W e  f i ” - h  t h .

lon gitudinal component of the dim ens iorle ss v i l r c i ” y  of t h r ’  ~~‘ h i r l : i ’ i

f l o w , equal to cos m , an d u r i n y  th e- ’ N. Ye. Zhukcvc,c i y theo i - n ,

fin d an expression for the coefficient cf normal force of i ‘ - h i m

win1 :

(18) 
C,, — C,,lcosa+(.,1J.+ (~~, ,)m ÷r.~a0~

- - 
- - —- -
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20 a.~pci ‘0 20 a
Pi g.. 

~~ P i g .  7.Key :  ( 1 )  C a l c u l a t i o n ,  
K ey :  ( 1 )  C a l c u l a t i o n ,( 2 )  E x p e r  1IP Il t~ (2) ~xperi.ent, (3 ~~~, d€g.

(3) a , dcc .

C~fl
__  

_
S.Zf -

~~~~ _~~~~~~~,.,,,

• •
— — — Pocvem
• S 3’~c~ne,om,~~~
— - —  

f t 4 )~~4

• £

P i g. 8.

K e y :  ( 1 )  C a l c u l a t i o n , ( 2 )  E x p e r i m e n t ,  (3) a, deg.

i_
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For t hi m w i i i  js, o a i :t u it ot s~ ~ 

a ri ion C • he  1 SW - ‘

lea ii n~ I - a . - , ‘- he r ’-  r 0 n o  ~ uct ion f orc~ , in  1 , 1 v ~o 0 ‘ i - i  • -

C o e f t i c i - n ’- cit t h e  n o r m a l  t c r c t -  o n t o  t h c  v~ lo city i x - o , ~~
. -

l i t ti r ~; f o r c r

(1Y) 
C’,=C,,coia

in- i  t o m  ‘ - h e  c oe f f i c i en t  of increa sed i * - s j t - t a n c ~ • cj oj - ; .- - I v • h-~

~ re~ ence o ~ lie angles Cf attack ,

( 2 C )  C,—C ,,~~~C, sin~~

Th e  coefficient of the lo r gitud in al moir .-’rt rc’1a iv .-~ I 0 ‘

le al in c ed ge equals the sum cf coetfici cn t s of th ci ~~n ii’ - : m t  ~ ‘/ (0 • ‘~~~V

nature an d  the moment of inert ial nature , ar:d ir 1.4  0 0 ) 1

system used in Fig. 3 is w r i t t e r  i n  t h ’- f o r i r  c t

(2 1) flZs ?f l + nz,.~ C,, v, — sin 2a.

Finally, ‘-he dirn ensioni essi coordinate ot th C P f l ’- ’~’r  0 ’ 
~~L e ~~ s ’f l

I, ~~~~ flu — k,sin 2a(22)  — b ~~~~~sb

Figures  6 — 8  show th e results of calcu latiry t b ,  - o . ’ f f i c i . -~~.s

~~~~~~cJJ~~ij.~~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _  a
—-- - , — - - - - — -—.-—- -- --~~~~~~~~——--
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~i t t i n . ~ f u r r~’ , coe t f i c ~~ - n t s  of i n c ~ t e~~S t 1  t ’ E i s ’ a n - ~ ’- , i ’ h  c~~f~~ I

of th e < e r i t e t  of  I ress u r , -  of a thin w i~~ w i t h  a r  isp ’ ’ - I ’ l  ~~ =

C..5 L o u  t o - v e i t i  rel~~t ive immersi ons.

l b  t •
~~ 1 u r  V ’ ~; f o r  ‘- I ci s~ t - i  I l~ s t I ~

- I ~~~ 1 V~~ i r~ ~~~~ 
I )  ,

1,~ ~i h V .-’ t h~ c X P . [  u n  n t i l  p O u t S , w h i c h  c i ; ~ b~~- o x ~ 1-un ’  I l i  +

r t  :-
~~~ - n -  • - ~ r - h i  ~; Sm S l O U ot  t he ir  — t i l l  od y r  t t eX  1 i ~ 

+ 5 ’ 1

-1 5

Th .- t m t :  ~ ir: ti al n c n l i m i e a n i t y  ct tI, ~ ir c r r ’ - n t  u - i  t t i c : . - n  r-

in i t -~ a t  i or w~ ,e t he cent ~ L of ~ r e s su r  e m ov~~ t ~ ~~ r 1 1 V

‘- u ~ t~~ . - ~ r i i  u n  ; t - 1  ~c of  ‘ - I c  w i n g  as  t h c  - m n ;  1— a o f  i ’-

i n c - i c  as ’ :- .

i~ ~s jn ’-~.i+ ’stjnj t o  n o te  t h a t t h ~ t w o — f c l d  1eci -~~~- - -  i r I r~~- i~~ i v .

i i n~ r ~ i o n , i r. a ca ~e wh c — r e ‘ hc— coe t tic j m- n t  s o f  I i  t in 1 o~ ~~
- -

v i rtu a lly unchan ged , has i m -ctice able effect Cr the posi ’i ) 1  o L  h i - -

cent *u of p ressu r e . Ps relative iwm ersicn dccrea~s :’s t h e  c’- m - - i  -
~~

pressure moves toward the leading edge, a l s o  c cnt i r me I  b y  ‘ - h i

z ~e r i rent .

~ -ir~~-__ ~~~~ FIIJi ~Y ‘
ii

flt1~ -J’ vce~r- ô i3 -~, T

______________________________ -a 
- -  ——- - -— _ --.—_~~~~~~~~
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