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INT F PF F~~~ NCE OF A g i’~ ; A N D  A J1T I N  A CARRYING PL OW .

~. 
‘~~. A r n o l ’ d o v , M .  0. Gordon , A. A. Savinov.

Are gi~~~n the rk’sults of the e x p e r i m e n t a l  s t u d y  of j e t  e f te c t ,

wh ich esca p0/ensue at an angif- of 900 to p r € s s u r e  ~ide of w i n g ,  on

the aerody~~~mic characteristics of the isolated /insulatel wings far

f rom scree n and n e a i  t r o ~ i t .  On the basis of c a l c u l a t i o n s  a n d

result :~ of the e x p e r i m e n t a l study  of the in te rac t ion  of the jets of

the variou s forms of the i~.itia1 cross section with the wings cf

ditfer ent relative size/dimensions and E .lantorw is given the anal ysi s

cf t he reasons , which cause a change in the eft€ctive thrust /rod of

- e t r ~ with an increase in the velocity of incident flow and a decrease

in ‘-he distance of wing of screen. It is shcwn , that fat f rom screen

the ext~’rnal flow about the jet pla ys the dom inant role in a change

i n the aerodynamic wing characteristics with an increase in the

ve loc it y of inc i d en t f l ow , and near from screen essential favorable

~ f t ~ ct exerts the vortex /eddy shaft , w hic h a p p ears on the s u r f a ce of

screen.
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The  i r .t or f~ ’r enc o  of  w i n y  a n d  j et , ih ich  eI~cd r ’/ en s u~~s d t  c’-’rtarri

~r . j l . -  o i ’-~; lowe r sur  r a c e , lt- a :L, , as iC k n c w n , ‘- a f o r m a t i on O h  t h e

w i n g  of t h e  n e g a t i v e  l i f t , w h i c h  decreases  t h ~ v a l u e  of th ’-~ -~ f f ~-ct i ve

t h r u s t / i ~~-~ o: 
~~~~~~~~~ S i m u l t a n e o u s l y  u n d e r g o  c o n s i d er a b l e  cha nge  c t h e r

a e r o I y r . a - r i c  w i r . j ch ~r a c te ri st i c s.  T I I C S F  c h a n j e ~ i n  th ~ ae r u i y n a r i c

c~ a r a c r ~~:i~~t i c ;  t r~~ o b t a i n e d  c sp e c i a l ly  e s s € n t i a l l y  in  i u r r e ~~~ in

4 h s ~ list  an c ~ of  w i n g  of screen a n i  an  i n c r e u ~;e iii t h - ’ v -~ioci t y ot

m c i l e n t  f l o w .  The t h r u s t  iosse-s of  j e* , w h i ~:n appear in t he— a L~c- n c~

ot in ccmin q n o w , arc caused by the viscous toices. The jets in thi~
,

case, involving into motion surroundin y air , cre at tr ; listurbe d flow

about wing . Because of this on pressure ..~ ide  of wing a p p e a r the

rarefactions , which decredse t h e  effective thrust/rol of jet. Far

from screen ‘-hese losses are sm all . A ccnsidera~ le increase in the

losses during a decrease in th t distance of wing with jet of screen

i~ connected with the fcrmation of the tan jet , which possesses

considerably larger ejecting aLility , and  t h o  a p p r o a c h  of w ing  to

thi s perturbation source [ 1~ 
— [3).

An increase  i n  t h e losses of l i f t  and  a c h a n g e  in oth e r

aerodyn amic wing characteri stics w ith jet with an increase in the

velocity of incident flow is connected , in t h e  f i r st place , w i t h  t h e
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l i s t u r b a n c e/ p er t u rh a i o n s , w h i c h  ap p e a r  d u n n ;  the flow about th~

jet , and , in the second place, ~ossi h l y ,  with certain chanj ” of its

sucking :roperties in the carryin g flow.

In Fig. 1 shown e xp~ rimer. ‘-al d i~~t r lout ion ct t h e  pressure , wh i c h

appears on flat surtace during the tlo~ about t ie r i ; i d  c~y l i n d e r  a n d

real ~e ’- , normal to this surrace , m d  the calcul ated d istributio n Ct

pr~~ssure , ohtain~.d d u r  iri g the replacement ot jet b y  the system of t h~

arrangkd/lo c~Ited on its axle/axi.3 ilows on the assumption that the

in t en t  ~rence of wing and jet is caused only by suc~~inc J  action ot jet

[4

Page 37.

Com~ irison shows that pressure distribution in the vicinit y of real

jet according to th€ character of the arran gem ent ot the zones of the

increase d a n d  reduced pressure qualitatively analogous with pre ssur.-~

distribution around rigid cylinder is opposite to the calculated

distribution ot pressure.

However , th e amounts of the supplementary lift , which appear

from real jet and rigid cy lind er , substantially differ from each

cther. These differences are obtained especially considerabl y in  t he

rang e Ct co.paratively low values of the given relation of the
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velocity of incident flow to jet velocity ~~~~~ 
~~~~~~~~~~ 

= Real
4 et , b e i n g  b . ?n t  an d  b e i n g  e x p a n d e d , a c q u i r e s  in t h e  c a r r y i ng  f l o w  t he

complex three—diwon sional /~
-
~ ace to rm , ver y distant from cylinder {

~~1.
It is characteristic that t h e  mos t  c o n s i d e r d b l e  c h a n g e  of th . -~

~ize/dim .nsion s of jet~ in the carry ing tiow (unlike jet in the

t l o nl e l spacc’) occurs no t  its in it ial Lection a n d  can cause- essential

disturbance /perturba tions on w i n g  s u r f a c e . .

Fig. 2 jives some results of ~he approxima t e computations , which

were made for the cas~ of ideal fluid tcr the purpose on ~ uaii t it - iv .-

ev aluation of lift incremert (in the portions of the thrust /rol of

jet) • in duced on flat surface by cylinder and being expand ed solid

body, imitatin g size/dimensions and the form of ~e - t .  Th e c a l c u l a t ions

sho w that the being expanded bouy, w h i c h  ha s t h~ ellipt ic torm of

cross section wit- h the relation of semi—axe s 1: 14 an d t h e  transverse

~izf /diaension b, taken according to the experi me nt al data [5),

ca uses in comparison with cylinder many times large in value force,

espec ia l ly  in the r a n g e  of com~ aratively lcw values ot the given

relation of ve locity ot incident flow to jet velocity. This bears out

the tact that the form of jet and its change with an increase in the

velocity ot incident flow play important role in the presence ot the

in terfercnce of wi ng and jet.

—
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(mp~#, (.j ) Jamt e~o mp~~, - (3)

(3X (/7CphJ~~ftWfl7) CIJC~T7CMDU cmc,ai~’t . i c r — —  • — ‘ • ‘,

p i g .  1.

Key:  (1). Rigid cylinder (experiment). (2) . Je t  ( e x p e r i m e n t )  . ( 3 ) .

Replacement of jet by the system of flows [I I ) (calculation).

Page 38.
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~or e o v~ r , t h . - - a n a l  y : ;i s  ox t he s~- ~a t a  s h o w s  t h a t  a t  t h e  s m a l l  v a l u e s

of t h e  g i v en  v e l o c i t y  r~~t i c  t h 4  b a s i c  d i s t . u tb a r ; c e / p~~r t u r b a t i o n s  on

w i n y  a re  c r e a t e d  b y he  ~,ect io n of  t h e  jet cf l a i g e  e x te n t , w h i c h

possesses l i f t  e t t e c t  iv e n ess  Si m u it t c  c e r ta in  l o w — a s p e c t — i  a t  iO

~ x r j ,  a r r a nj e / l o c a t e f i  a~ h i g h  a n g l e  of a t t a c k  w i t h  r e spec t  t o  t L €

s u r f  ~ice -  o~ t h e  r~a i n  w i n y .  w i t h  an  i l i c r e a s e  in  t h e  b e n d i n g  of j~~t t h e

l i f t  e t f i c t i v e t ess o~ i t s  e l i m i n a t . o  sec t  i o ns  dec rease  as a r e s u l t  ot

a decrease  i~ t h e i r  i n g l e  of a t t a c k , a n d  i n c r e as i ng  v a l u e  b e g i n  t o

~ Idy  L [ e  U i~~c ~~~~~~~~~~~~~~~~~~~~~~~~~ i O c ~~~~ , ~~ Q U~~~~~ ’J ~ y L c . &  d~~~~~~ci~~

i n i t i a l  sect ion of jet  as L I u f t  b o d y ,  c lose  i n  t o r m  to c y l i nd e r

d i r e c t l y  o~ w i n y  s u rr a c e .  T h e r e f o r e , t o n  e x a m p l e , a d e cr e a s e  in  t h e

i n i t i a l  a n g le  of  j e t  inclination to win g plane leads to an essential

(1ecrea~ e in the thrust losses of all range of a c h a n g e  in t h e  g i v e n

v e l o c i t y  r a t i o , a n d  at its very large values , bhe n , i t  w o u l d  seem ,

je t  is most distant on its form f r o m  c y l i n de r , pr es s u r e  t i e l l ,

induced by circular jet, as sh o w n  i n  w o r k  [~~J, a i r e a l y  it J i tt e r s

l i t t l e  not o n l y  q u a l i t a t i v e l y ,  b u t  a l s c  i t  is q u a n t i t a t i v e  f r o m

p r e s s u r e  f ie l d  i n  t h e  v i c i n i t y  of r i g i d  c y l i n d e r .

E x p e r i m e n t a l  s t u d i e s  were  c a r r i e d  cut  on t h e  m o d e l s  of

r e c t a n g u l a r  w i n g s  w i t h  e l o n g a t i o n  X 2 a t  a n g l e  of a t ta c k  a = 0. Is

i n ve s t i g a te d  t h e  i nt e r f e r e n c e  of w i n g s  w i t h  t h e  j e t s , w h i c h  had  in
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t h e  m i t  i~~ I cross ~~~~~ i c r .  t h e  t o r n  of c i r c l e  (c i r c u  I ir j e t )  m d  of

t h e  e l l i p s e ( e l l i p t i c a l  l e t ) ,  m aj o r  a x i s  o t  w h i c h  can he

t r r a n ; . -/ l o c a t e d  p er . 1i e - n I i c u l a r l y  a n - I  in  p a r a l l e l  t o  t h e  v e l o c i t y

v ec t o r of t h e  m c i  I~~n f  f l o w .  S u b s e q u e n t l y f o r  a c o n v e n  ence le t  us

c a l l  e l l ip ~~u a l  let d ep e n l i r i  on t h e  pCSi~ ion  cf  it s  r n a j o r  a x i s

~- l l~~p t i c a l  j e t  ac ross  f l o w  and  xJ y e l l ip t i c a l  j e t  a l o n g  f l o w .

Far  f t o r n  scr e en  on t h e  ~~i n g ,  w h i c h  h a s  s u f f i c i e n t  1 y I ar ~~e

si7 f /d m m c ’n s i o n s  in c o m p a r i s on  w i t h  t h e  ~i z e / d i n e ns i o n s  of t h e  i n i t i ~~l

— —  - . _ _ Z _ _ ~~ _ _ _
~~~~~~~ —

~~ L ~~~~~ ~-‘ 
— c cJfi a a. a~ a u — -= ~~~~ ~ 4 • 

tJ~~~ I 4. L 4. C Q 1£ (~ L I L  4. 1

lossos give s elliptical across f l o w , 1st. and t h e  j et s  of r o u n d  a n — i

e l l i p t i c a l  a l o n g  f l o w  f o r m  t h e y  g i v e  clcse in  m a g n i t u d e  of losses

( F i g .  1) . F i g .  3 s h ow s  a l s o  t h e  e f fe c t  ct t h e  t c r m  of t h e  m i t  i al  j e t

cross—sect i o n a l  a r e a  on an  i n c r e a s e  in t h e  p i t c h i ng  in om ~’nt  of w i n g .

The  e l l i p t i c a l a c r o s s  f l o w  j e t  ( r e l a t i c n  o f  s e m i — a x e s  ‘ j u - i l l y  t o

1: 10) is b l i f f  in  t h e  i n i t i a l  cross s e c t i on s , b u t  most  ben t , i. ., it

is b l u f f  o b st r u c t  ion , a r r a n g e/ l o c a t e d  on w i n g  s u r f a ce .
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F i g .  2.

V e c y :  ( 1 )  . Cy l i n 1 ’~r .  ( 2 ) .  P0m g e x p a n d e d  bod y. (3)  . J . ’t (~~x p e - ~r i m ~:n t

Page 1).

Fven -
~~~~ com I )anat ively :;mall velocities of i n c i d e n t  flow the basic

disturbance /perturbation s on wi n 4 are creat~~1 ~y its in i t i a l  s e c t io n

in the torm f the vast zones cf the elcv at€d itessure before the jet

an d ot evacuation /rarefaction behind ~~t. Ihe spectra of silk threads
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on w in  s u r f  ice  ~h ow  t ii a t  P f o r  e t h e  i ~ t cccx rs Pr -i k i n g  f l o w  a r id

char I e t  -~~r 1st  Ic t )~~ r. l i t  y — l a y .  s e p a r a t i o n , L u t  a f t e r  j et  is f o r m e d

vas t b r e a k a w a y  zn’ e ( F r .

i- l i i  ~ t ica 1 ii c~ . ; t l o w  j~ t is w e ll ot ream lire I on t he i n  1t ia 1

sect i c r .  ( n a r r o w  t r a c e , t h~- n s~ -n c e  ot  t h e  v i s il  le zone  of t h e

b a c k w a t e r l e e f ( ) L e  t h e  l e t ) .  H i t  t h i s  j et  i n r € n s € l y  ex p a n d e d  in

t r ~~n sv er s e  ‘1 ir ect  i o n  a n d  is leas t  l e n t .  E x p €  r i m e n t s  in t h e  t l o o ie d

s pace s h o w  t h a t  ~h e c h a ra c t e r is t i c  f e a t u r e  cf  t h e  p r o p a g a t i o n  of

c i i  i ; t  ica l  j .~t is i t s  v e r y  n o n u n i  f c r m  ‘- x p a r s i o r  ~ i o n j  ~ t i C  l a r ge  I f l ( I

m i n o r  a xe s  of  e l l ip s e . A l o n g  m i n o r  ax i s  is c b t a i n e l  a p p r o x i m a t e l y  s ix

t i m e s  more  i n t e n s e  ex p a n s i o n , t h a n  on  l a r g e .  D u r i n g  t h e  t ]ow of

c a r r y i n g  f l o w  a b o u t  t h e  Jet  occurs  t h e  s u pp i e m e r t a r y  d e f o r m a t i o n  of

t h e  f o r m  o f  i t s  c ross  s e c t i o n s .  On t h e  f r o n t a l  s u r fa c e  of j et  ap p e a r s

t h e  o ve r p r e s s u re , w h i l e  on t h e  l a te r a l  s u r f a c e s  a n d  f r o m  b e h i n d  —

ev a c ua t  i o n/ r a r e fa c t  i on .
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Therefore most significant expansion occurs in the direction ,

p e r p e n d i c u l a r  to  t h e  d i rec t ion of ve loc i t y of i n c i d e n t  f l o w , a n d

e l l i p t ical a l o n g  f l o w  je t  a t  cer t a i n  r em o v a l/ d i st a n c e  f r o m  w i n g

s u r fa c e  a c q u i r e s  t h e  f o r m , w h i c h  i n tr o d u c e s  c o n s i d e r a b l e

dis t  u r b a nc e/ p e r tu r ha t i o rs  i n t o  f lou .  T h e  basic

dL st u r b a nc~ / p e r t u rb a t i on s  on w i n g  s u r f a c e  a r e  created prec isely by

these sections of j e t .  T h e y  ar e  e x h i b i te d  p r e d o m i n a n t l y  in t h e

formation of rarefaction zones about jet and bear considerably more
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unif orm charact er, than disturL ~inc c/p er tu r la t i cr. from elli F t i c il

across  f l o w  j et .

T urni  r. j  a g a i n  ‘s~ the rtsul ts of t P e t~~st s  CL l ect ir g u l a r  w i n - i

w i t h  t h e  j e ts  of v a r i o u s  forms , which esca~~E/errue at  a r ~ a n j i e  it  ~)0°

~~O i t s  l o wer  s u r f a c e  (.; ee  F i~~. 3), i t  s r x o u l d  b n o t ed  t h a t  t h e y

corr ’-~spon .I to t h e  r e t r e s en t  at ion of t h t  r o l e  of tLC! lii tor l it

sections of  j e t  in t h e  f o r m a t i o n  ot  1oi-~~es w i t h  a n  i n c i L - i s ”  in t h e

v e l o c i t y  of inci lent flow. The i mp a r t i n g  to the initial section of

t h t  ~e+ of st r e a mi  i no i  sh ap ~ does  not  lead  to  a dec rease  i n  t h e

t h r u s t  los se s i n  t h ~ i n s p e c t e d  c o m p a r a t i v e l y  n a r r o w  r an g e  of a c h a n q e

in t h e  g i v e n  v e l o c i t y  r a t i o .  The  j et s  cf r c u n d  a n i  e l l i p t i ca l  a l o n g

flcw torn ca use close in th~- ma gni tude cf lcss€s of thrust/rod .

Consequently, under these mode/conditicns is im port ant not so much

the form of the initia l jet cross—se cticnal area , as com pl~~te

three—dimensional/ space form of tht jet , which is f o r m e d  n t h e

carrying flow. But it is obtained close of both jets, judging from

the tact , that at a distdnce of five calibers from win g surface they

give already approximat ely identical trace cn the g r i d  of s i l k

thr eads ( P i g .  ~~

The effect of the form of the initia l jet cross—sectional area

(or t h e  •u t u a l  a r r a n g e m e n t  of s eve ral  j e t s )  on a e r o d y n a m i  w i n g

characteri stics depends substant ially cn the ratio of the area of the

init ial jet cross- sect ional area to wing are a~
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~ h t  ‘1st los.~. - ; t u• r ’ c t a n i  il a r w i n  ~ t low size/diiensjor~ - W 1 4 h

;.‘t~s e l l i p t i - a l  ~cr e ~~s t i o w  . i n i  ~- i r c u 1 a r  s h a p e ( J - <~~..(JOI) tirst ir (reas -’

. l ’ i  a r  i n c r e a s e  ~n th .~ j iv .~n velo c :ity r a t i ’~, and then , after

i(~ ’i e v i n i  tn.~ ; re a t . - st  v a l u e , t h e y d ’~c r € a 5 ~ a n d  fina lly it

t . vi r ses ~ h~- s~~gn ( .‘ i j.  ‘) ) .  I n  t h i s  c a r e  t n t  increase of pitchir .g

7o me~~t r - ~ach es  t h e  s x ; n i ~~i( in t  m a g i i t u d e s .  E l l i p t i c a l  let  a l o n i f l o w

‘~n l ow w i n  aS  Ofl l ar ; e , cau s e s  t h r u s t  losses , w h i c h  i n c r ea se  d u r i n g

an incr eas ’:  in t ri P ‘ J 1 v 4 ~n velocity ratio.

The s h a r p  q u a l i t a t i v e  c h a n g e  i n  t i e  a e r o d y r a m i c  w i n ,;

c h a r a ct e r i s t i c :;  w i t h  t h e  j et s  of r o u n d  a n d  e l l ip t i c a l  a cr O s s  f l o w

f o r m , w h i c h  occurs  l ur i n g  in  t h e  r e l a t i ve  s ize  decr j s e~~ of wing , i.-

connec t ed  w i t h  t h ~ t a c t  4 h a t  on low r e c t a ngu l a r  w i n g  pa t ’ ot t~~ Z C S e

of the essenti al di 5turbanc e/perturb .aticns , caused by Jets , proves t 0

be outside ttie li m it , of wing. At certain valu e of the giv er relation

of t h e  vel ocities, when appear losit ive litt incr~ ments, t h e

p revailing value acguires the zone of the elevated pressur e before

the jet, and the rarefactjon zone , which a[~ eais after jet , it is

located partially outside wing. The mea sur€ments of the d stribution

cf pressures on win g surface (for examlle , (6]) show that with an
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l r r r , a : ; .~ i n  t h.~ V e  1 oc i t  y ot  incident t low ~r ad ua l ly is levelopel t he

zone ot  th ~ b a c k w a t e r  b e f o r . ’  t h e  j ot  d u ~i n -j  s i m u l t a n e o u s  dec redse  i f l

‘h . s i z e / l i m e n s i o n s  a n i  l i s p l a c e m e n t  d o w n s t r e a ~ of  i a r e t a c t i o n  z o n e .

It 1:, ~U 5 S i~~ 1t in - I fu r th . rrore m anifest s i t s e l f  t h e  j et  ‘ t f .  ct ‘ii: t h .

t l o w  i i ’ . u ’ t he s:j ~; t lot, side or win ;.

~)t ; r  in~ the Size d ecrease oX w i n ;  w it h €1 I i  ~t ical i n  flow ~— t

t h o s e p h.  n o m e n a  to  n o t  h a v e  v i t  ii imper tanc because of t h e  s p . c i a l

feature/~ eculjarjtjes of the d~ tur l’anc e /pcrturla tion s , w h i c h  a p F e a r

- I u r i n q  ~ he f i o w  a b o u t  t t ; i s  :et . which i t  w a ~ l i scu s s e d  a L o v ~~.

E l l i p t i c a l across  f l o w  j et  (o r  t h e  a r r a n g e m e n t  of j et s  in  a

set l e s  across t l o w )  h a s  on low r e c t an g u l a r w i n g  e s sen t i a l  a d v a n t a g e s

in compa ri son with olliptic al along flcw p t  ( o r  t h e  a r r a n g em e n t  of

j ets in a s~r ies i n  f l o w ) .  The c o n s i d e r a b l y  l a r g e r  i n c r e a s e  of

i i t c h in g  m o m e n t , o b t a i n ed  on w i n g  w i t h  t h i s  ~et , - t i l o w s  i t  c e r t a i n

i s s i gn e d  c e n t e r — o f — g r a v i t y  l o c a t i o n  t o  m i s a l i g r  e l l i p t i c a l  across

flow jet n~~aret ~o trailing w ing edge and tc O L t - t i f l  for this ccunt

sup~~Iementary advanta ges in comp arison with “ i l i ptica l along the flow

~e
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Circular jet also possesses essential advantages in comparison with
elliptical alon g f low jet at the sufficientl y large values of the
given Velocity rat io.
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A chanje in the form of jet or layou t of jets on wing allows on

the rectan gular win js , whi ch have the close to real rati o of the area

of n o z - l ”  t o  t h e  a re a  of t h e  wing (E~~~ 0,01), no t o n l y substantial to

I e c t c a s e  th e thru st losses , but also tc very consideratl y increase

th€ ~ffeo:t i v c thrust/rod of j p t  This wil l ajr ee w itn the results of

the invest i j at  ion of  t h e  l i ver s e  v a r i a n t s  ct the arr ang ement or nin~’

jets on rectanjular win y , given in work N].

Of the possib iii ~ ics of using a zone of elev at ~~I p r e s s u r e  f o r  a

decrease  in t h e  t h r u s t  losses cn t h e  w i n g s  cf t h e  u n i t e- i
ii-ze/dimensions i t  d ep e n d s  on w i n g  p l a n t o r m  a n d  t h e  p o s i t i o n  of j e t s

on wing. Thus, tor ins tance , as a result of the special

featur e/peculiarities of the geome try of delta wing the positive

action of the backwater , which appears before the Jet , is not

u t i l i z e d , . in i  t h e  e f f e c t  of i i f t l u e n c e s  p r e v a i l,,s, de e r m i n i n j  a

c h a n g e  in  t h e  t o t a l  a e r o d y n a m i c  c hdr ac t e r i~~t icE .  T her e f o r e  on d e l t a

w i n g  in  a c o m p a r a t i v e l y f r o n t/ l e a d i n g  p o s i t i o n  Cf je ts  e l l i p t i c a l

across flow jet causes the considerably l a r g e r  tnrust losses than ot

the  let of r o u n d  a n d  e l l i p t ica l a l o n g  f l o w  for,. On themes to  reasons

t h e  d i s p l a c e m e n t  of c i r c u l a r  j e t  t o  l e a d i n ; w i n g  edge pro  uces an

essen t ia l  increase  in t h e  t h r u s t  losses a t  t h e  l a rge  v a l u e s  of t h e

g ive n v e l o c i t y  r at i o .
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Th u s, far fz.o ri’ the Far t -h t he externa l flow about the jet is th.-

i m p o r t . in t  t a c t or , w h i c h  i.~t e r m i n e s  a c h a n g e  in  the aerodyn im ic .in i

charact erist ics with an increase- in th E v ei ccity oX i n c i i e n t  f l o w .  ~

charge ii the torn at jet cr arr a n u ~’m& r. t or ‘ets on w i n  m a ~~.’s i~

jossih’le to decrease t h e  h i r m i u l  it tert er er- ce of win ; a n t )et  i to  t n .

c a r r y i r~g f l ow .

F

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ (1)

?ig. 7.

Key : (1) . Position of the vortex shaft.
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T t ’~ p r o x i m i t y  ot t h e  E a r t h  c o n s i c i€ r d h l y c o m p l i c a t e s  t h e  p i c t u r .

of t~~e i n ter a c t i o n  ot t h e  je t  cf w i n g  a n d  i t  e x e r t s  a s u b s t a n t i a l

i n t  l u~~nce  on a er o d  y t o i n  IC w i n g  c h a r a c t e r  ist 1CS W i t h  j e t .  F r o m  t h e

d i ve r s i t y  of t h e  f a c t o r s , w h i c h  d e t e r m i n e  th.~ interference of win g

a n d  j e t  n e a r  t h €  E a r t h , i t  is expedient to ~.epara te th re~ r i asic

p h e n o m e n a , w h i c h  c o n se c u t i v e ly  can occu r  w i t h  au  i n c r e a se  in t h o

ve1oc- i~~y of i n c i d e n t  f l o w .

First , the form at ion cf  f he fan jet , w h i c h  possesses

c on s l de r d b l y  l a r g e r e~~e c t i n q  a b i l i t y ,  tha n f r ee  j et , an d  t h e

approach/approximation of winy t o  this perturbation sourc • t h e

c a u s i n g  increase  in  t h e  t h r u s t  losses. T h is  e f f e c t  is basic  at

v e l o c i t y  of i n c id e n t  f l o w , e q u a l  to  z er c , a n d  it  p l a y s  s i g n i f i c a n t

role at comparatively low v a l u e s  or  t h e  g i v en  v e l o c i t y  r - it i o .

In t h e  second p l a c e , t h e  f o r m a t i o n  of the vortex/eddy shaft ,

w h i c h  a p p e a r s  d u r i n g  b r a k i n g  t a n  j e t  b y  t h e  i n c i d e n t f l o w  The

d i s p l a c e m e n t  of s h a f t  w i t h  an i n cr e a s e  in t he  v e l o c i t y  of i n c i d e n t

t l o w  b r i n g s , b e g i n n i n g  with certain value of t h e  g i ven  r e l a t i o n  of

veloci t ies , to a decrease  in  t h e  t h r u s t  losses, since b e f o r e

r u t y — c o l o r e d  d u r i n g  i t s  f l o w  i t  ap p e a r s  t h e  z o n e  of e l e v a t e d

p r es su re , and t h e  s u c k i n g  ac t ion  of f a n  j e t  it decreases as a r e s u l t
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of it ~~~~ size desreases. If we compare the pos ition ot vor ex/~- 1 d y

shaft ~ith a change in the thrust losses with ar i n c r e as e  in  t h ’~

give n velocity rdtio , then it is not difficult to establish tha t a

decrease in the thrust losses jeqins w h e n  t h e  m c r e  or les:~

s ig n i f i c a n t  p a r t  o f  t h e  w i n g  p r o v e s  to  be in  t h e  z o n e  of t h e

b a c k w a t e r  b e f o r e  t h e  sh a t t  (F ig.  7 ) .  I t  is n a t u r a l  t h a t  w i t h  a

dec rease  in  t h e  r e l a t i v e  s i z e/ d i m e n s i o n s  of w i n q  or an in c re as e  I

t h ’  ~o s i t iv e  e f f e c t of v o r t e x / e d d y  s h a f t  is exhibit ed lc~ss

co n s i d e r a b l y .  T h i s  e f tec t  d e p e n d s  a lso  cn w i n g  p l a n f o r a o , the position

cf j e t  on w i n g  and t h e  a n g l e  of  de f l e c t ion cf  j ’~t .

A r t  f i na l l y  t h i r d l y ,  the usual proximity effect o f t h e  E a r t h ,

w h i c h .  becomes t h e  bas ic  e f f e c t  a t  suffici ertly hijh velocity of

incident f l o w , w h en  je t  is ben t  so , t h a t  t r e  v cr t ex / e - 1 -- i y  s h af t  does

not  a p p e a r .  As an e x a m p l e  i t  is p o s s i b l e  tc  j i v e  t h e  r e su l t s  ot ~h e

t e s t s  of r e c t a n g ul a r  w i n g  w i t h  e l l i p t i c a l  ac ross  f l o w  je t  ( F i g . d ) .
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In  th e  r a n g e  of t h e  low va l u e s  of t h e  g i v e n  v e l o c i t y  r a t i o  ar e

observed  t h e  s a m e  specia l  f e a t u r e / p e cu l i a r i t i e s  of t he  course  of
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t epend ence  
~ — (V ~~ ~ that als o i n  the t’xri~~ine d ?revio ’ISlY n t a rp l e s

(1 csses f i r s t  i n c rea s e , t h e y  r e a c h  m a x i m u m a n d  t h e n  t h e y  d e r te a se)

At a t u r t h ~~r i nc r e a s e  in  t h e  g i v e n v.-~loc i  t y r a t i o  is r e - i ch ~~d t h ~

~i n i : n u~ of t h r u s t  losses, c o n n e c te d  w i t h  t h ~. l i q u i  t a t  i o n  o f

v o r ! e x / e i l y  sh a f t . on t h e  s u rf a c e  of  t h ~ E a r t h . .  ‘fl e va lu e ct the i i v ~-r ~
v e l o c i t y  r a t  io , by .h i c h  occurs  t h e  l i q u i d a t i o n  of v o r t ’~x / e 1 i y s h a f t ,

i n c t e a :e s  J u r i n - ~ a dec r e a se  ir .  t h e  t e l a t i v ~ l i s t an c e  of wj r i .~ o f t h e

• hi.

Tb ’ , . ;, the substantial change in th e at.rodynamic w i n ;

ch a r ac r i ~~t~ cs wi th jet near the bart h , w h ich  cccur s w i t h a n

increa3e in the velocity of incident flcw , is ccnnecte-i with

emerge nce, displacem ent and tinally by the liquiu it’ ion of vortex /eddy

shaft. The favorable effect of shaft car be used for a decrease in

th e harmful interfer”nce of wing and jet near the Earth.
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