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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteration

A a A a A , a P p p p R, r
6 6 5 6 B, b C c C c S , s
B a  B .  V, v I T  T m  T, t
r r r a G, g Y y y 

~ 
U,

D, d 0 #  F, f

E e B a Ye , ye; E, e~ X x A x Kh, kh
}H s Zh, zh U Ts, ts

3~~ 3 ,  Z, z Ch , ch
I.l ii M u  I, i W w  W w  Sh, sh

R a y , y Li~ U4 ill iv Shch, shch

X x  K, k 1Db
•‘l fl ~ A L, 1 Y, Y

M M  M , m b b

H a  N, n 3 3  9 ,  E , e
D o  0 a O , o Yu ,yu

n ‘~ P, P A R H a Ya, ya

*~~~ initially , after vowe ls , and after b, ~; 
e elsewhere .

When written as ë In Russian , transliterate as y~ 
or ë.

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russ ian English Russian English Russian English

sin sin sh sInh arc sh sinh~~cos cos ch cosh arc ch cosh 1
tg tan th tanh arc th tanh_1
ctg cot cth coth arc cth coth_1
see sec sc h sec h arc sch sech_1
co sec csc csc h csc h arc csc h csc h

Russian English

rot curl
ig log
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Lage 1~5~

UNS TEADY DOW N V A SH B E HI N D A ~EL !A WINt 4ITU 5U PI PSO N IC NOT I ON.

Jo Sh. SoLoaoayan

The guestion of deteraining the aerodynasic characteristics of

the tail asseubly of flight vehicle aas great practical value both

fran the point of view cf ccnticl Cf fli.jht ~ehic1es and ~roi the

Ecint of view of aeroelasticity.

During the deteraiuaticn of t~e aerodynanic forces and tail

ap.ents, arises the guetticr of the deterainat.icn of wing downvash.

This task in special cases is eza nine d in w crk s [5 , 7) ,  etc. , but

couon,’genera l/total sett inç is given by N.  N. Kislyagin [3].

In this article are giien the for nula s for calculat ieg the

dowavash upon the conao r/general/tctal  toraulation of the problen for

th. delta wings which has supersonic leadiaç edges.

1.t the fine/thin aligbtly—curvea delta wi~ g nove in ideal
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coiEressible liquid with low angle of attack and wit h certain angle

of slip p~. Let us consider that t~ie basic notion of wing is

rectilinear forvard/proçressive with tlLw ccnstant supersonic velocity

U. Let us assume also that, besides bas~.c actio~, the wing completes

small additio4al oscillation/vibrations.

Downw ash is represented through the cceff,icients of the rotary

derivatives [2, 3] and ~e will use the for au.la~ of the calculation of

the... coef f icients ( 23 ,  which for th. case of small Stroub al numbers

take the for .:

~~~~~~~~~~~~~~~~~~ +

+ L S V(~ — IX, —i,)~~~~~
1
~~~’ 

‘a” (1)

1, 3, 4)

1or .ula (1) is written in the dt.ensicrless characteristic

çoordinat a .wg, v~ ich a ie ccnn€cte d wit h the Cartesian coordinates

*a~~& (r ig. 1) as f pllo.a:

~~~~~~~~~~~~~~~~~~ ,_*x ~I++,~
.

~hqr. k .~,1I~t I—i/a — lack nu mbe r1 a — t1~. IF..d of monad ii the

undisturbed flow, 1 — characterist ic linear dimension (spread /scope)

cf wiqg.

E age 46.
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In formula (1) sign V!P.~ indicates t~. principal value of

integral according to Iada•ard [ * 3 ,  1’~i~~ there I. an equation of
trailing wing .dg•, z~~as2(p) — the •qe.tion çf the same wing edge ,

spl,sd r.la tiv.ly by the variable z. ?uncticns

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ expresse d by the fcr.ula*

(3~

f(2)(x, y ) -  
~~~

-(  k+ +) $j
B(

~
1) (

~ ~~~~~~~~~~~~~~~~~~~~~~ 
:..

c
‘

~ (4)

~~~~~ 5~~(x~~~) thep are assigned by the cG*diti.a ~f ~~ead~ flow

around of the wing and have following va lues [2 ) :

4’)(x, g) = — 1, B~’~(x, ,)= —4
~
- (

~
4
~* ~~M1~*~.jiA~ ~~~~~~~

~~~jZ/5 — a spect ratio , S — ving area.

-1



V ~~~~~~

_ --- -

~~~~

. - - . - — . 

~~~~~~~~~~
—-. .

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

—.

~~

-

~~~

-—

~

-

~~~~

DOC ~ 781814200 PI GA *

P.g *7.

•~‘-•~. • . ~4 : ~~~~~~~~~~

- :- . 

~~~~~ 
- ~~~~~

tAg. 1. Pig. L.

The equations of wing edges will be (Pig. 1):

— by rightist front/leading of edge,

•=—a~x— by left fiont,leading of e&ge.

— a trailinç e dge,

where angular coefficients and num ber e are ezç~ressed as ~ he

geometric parameters of wing and the Sach numbe r

~~~~~~~~~~~~~~~~~~~ 4 .’_ 1—kt ~ft .~-~J

1 ketg~,

-
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By the interference waves, which p roce E d fr om poi nt 0, wing is

- I divided into three regicus (I, II a~d 1’), but tratling edge — to

three cuts BC, CC’ and C’A with differ en t analytical expre ssions for

~p*entials.

In formulas (3) and (14 ) f unct ions At”(x, p) ar, the vaAues of the

~~tentials of the distuibed velocities on the cats indicated. For

calculatin g these funct ic ns with small Str quh a l nu mbers , we use the

formulas, available in work (2].

- .— . --——- .~~ - - .~~~~ - .

- - —~~~~ _ _ _ _ _ _ _ _  ~~~~~~~~~ 
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F-age 48.

Pot a delta wing  wk e n &cint  N is arraqçe/ lccated in region u~

(rig. 2) • f mnct ioi~s f ~ (xi p) have the toiiowi;g erp ressions :

~‘~~ •‘~~ _t +
~~*1~aiz, 

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

_9
~1~~+( _ 1

~ /P
~ 9x, ~ ) _ _

~~~~~~~ 

Z~(x, g)— y)J +

- + E ~~ ~~~~~~~~~ 

~~~~~~ 
Ii- + (— 1)J4~ J 

—

j_( ~ II ~~~O

_ 0 ) ; 1 .
~
-4-(_1)’

~J]}
+ 

-

+ (b(~1 x~~ 
Tyi~~+ p~l) (g — x)” R (x, y)] (6)

fr’ (x, ~) = ‘
~~ I :~ 

14(x y)+ e + ( 1 -  
~

)x
(X g)]±

+~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
j—Ois.O

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

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ g)] 
- 
(7)

i:~ fi x i 
_
~~M ! ~~,i*,.+ 

.
~ 

,

,

-

L ~~~~~~~~~~~~~~~~~~~~~~~ — --
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+ ~~ [a~,
2
i ,,x~~ 

T~ T 
~~~ r~’ (y — x)~ R(x, y)J -

. 

(1)

J V’(x, y) 
12
r(  k + j~){.*(e — vx)4(x , y) + -~~-Z~(x, s)} +

± ± ± ~~~~~~~ {z~- 
~~ 

t (— 1)1 
~‘ 1—1—0 n~ 0

— 
Qis (0)Q~~ f j - + (— 1)J ~j II +

+ ~~~~~~~ x ~~T~~T 
~~~ 

— x)~ R(x, y)] (9)

fj’~(x, y)= ~~~~ k++).F~~
((

~
!_

~
I)x_e )z

~
(x, y)+

+ ~~~~~~~~~ (9+ 4l~’ 
— 9~’)Z ~(x, ±

± ~ ~~ -
~~
- +(~~1)/ 4,J  —

j=On...0

_ —9r)’~~°) -~- + (_ 1) 1~ ij } +- . 2

~ ~~F ~~~~~~~~~~~~~ q~) (~~~x) R (x, p))  (10)
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In formulas ( 5 ) — ( 1 C )  and for fur th er  calculations, for purpose
of a redaction in the recording, are introduce d the following

dsaigaatio.s •f the funct io ns

Z~am g + s~x, Z,(x, g) =y + ~’x —., Z1 — y - -~’x + e

Qo.j ~~ Q0 (y, ~1)~~~~y -F - 22.e,

Q~,j = Q1 (x, y, a~) = 
~~~, 

(y — x) + (1 + ~~ ~
Q1 (0) = Q1 (x , y, 0) = 

~
‘ (g — x) + e

Q,. Q2 (x , 
~ ) = — x + e

Q3. j = Q 3 ( x, aJ) =_ .~fx + (z3 +~~ e
= 1 ~~~~~~~ aj )=2~(3l~’x+14e)

- w
j  = j~ (x, y~ s,) = arc sin 

+ ~~ 
‘ 

~~~~• ~ = .“ ‘

— — . . (r+ a 3x,—x) + (1—.~) e
- 

2
~j ( y — x~+(1 +a 1) e

(~~.+~~‘)u —5 2 e
JC(y, aj)= arc sin 2

~
.,y + a.e

R(x, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

/ g ( y +~~x — e )
y, 

~,) 
= arc tg j/ (.— tKv + ~ T

R,(x, 1)= ~ Tct5
J
/ ~~~~~~~E~ 

-

_ _ _ _ _ _ _ _ _  
_ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

- .
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-Are qivez below th€ values of coeft icient~~, whi ch partic ipa te in
the calculations vkich depend only on tie geometric wing
characteristics (E s, •~~. p , A) and Cf lack rusher.

T1 *~~i 1a * S ~~~4~ i. ~~~~~~~+4 £i=~~~~~a’, v 1+P’
1. 1) ...... 1 2. 2).... AM’ I + ~ 1 1 )  i.( 1 +~ )

~~•i •~,. ’ 
~~~~~~~~~~ k~=—

~ 3+a~) ~~~~~~~~~~~~~~~~~~ 2.3) _ 
_ _ _I 32a~ 

63 / 256k 2.~ I — — 

5l2k ”~

F ~1~~~~_ i.k( 1—a ~) , ~~~~~~~~~~~~~ ~
—:;‘~ ~4 2 2 ~...)L2M’ z~~- 1

__ — — —
~~ 

(1 = ~~, 1)

a 2 ~~~~~~~~~~~ 6(’) — ..!i ~_ .,  b~’~ — — 
A1,° 16k °~ 16 T1k ~ — 

16 ° 
— 

16~,.

b~Z1 = _~~_M’~, (1— 1k)

6
~
2)2 =_

25
2 (.

~,+21

— (1 + Ii)

- 

.

. 
- . - = 

x;M ’~, (4 — 3i) (I) AT, 
~ 

— 

~
) e

_ _  -

~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
._ 1~~
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~~~~~~ 

[6~~(2 + i~) + 2(~’— 1)(l — li) 1i + 6~’(2r, + ~ )Je

A’M’ -

768k~~
3 (3~~(2 + 1,)+2~~~~(1 — 1~)—3(2 1~+T,)~i

(1 + i~) e, = -
j~~

-
~~

- (~ 
—

q~~= —

.qf’ ~~~~~~~~ (4 3i~) — 21~ (I + ~,)(l —- ~2) 2~’(4i, —

~~~~
= —~~ 4~[i~(4 —3i~)±2~i~(I +~~ 

+P4(4~~—3~,)j

= 1, — Ta

Page 50.

Substituting in formula (2) of tue value of fun~~ions j~i?(x,,~
tram (5)—(.10) and performing integration, we wil l  ob ta in e xpr essions
for ~~x,p) in the follosing form:

= —1 + ~E ~~~? ,“ f FJ~~)(x. t) + (— 1)(F’~S., (at, g) —

— -
~

— fL~°~ ) (x, y) + ( —.- 1)1L~0.,l) ( x, ~)JJ (11)

9
~
1)(x,M)

1~
l :r

~
3
~
I
Z$(X Y) +(. VX) + 

- -

+ ~ ~ g~. 2— ie ) 
{~~~

J
~~2 . ( x  y) + (— 1)/F(~,’—a)(x, g)

.2.... [L~~~~~ (x, y) + (— 1) I4a.~2_ s (x, y)J +

+ ~~ ~J16~LHI. i _ ( x, pp + N~(x , p)j (12)
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• 1~~~. 1
+ ~~ ~~

s-’).IF~
’-a)(x. p)+(_ I~ F~~

2 i(~ , p)--
I-.. ...

_ I (j4~i.1
2 iu)(~~, y) + (— 1)/ 4~a

,
ht -2) (x, y)J 

}

~~~~~~~~~~~~~~~~~~ 
y ) + q~~N.(x, y)J

~~ (x, ~~ 
~ M ’(i — 

~~ 4 ’(x, jj) +
,.• 

~~~~~~~~~~~~~~~~ y) + (— l)1F~(°121(x, y ) —

— 

~~ 
IL~ f’(x1 ,)i (— 1)JLI° ,2)(x, 

~)1J +

+ ~~~~~~~~~~~ i.-,,(x, y) + r~,
2) N.(x, y) J

~ ~~~~~~~~~~ 9) + !~L~i~ x ~)j ±
+ . .  

~~~ 
~~~ g(~2.1

S_n) 
{ 

~~~nJ
3. n) fr, ii) + (— 1)’F?~1 ~~~~ (x , y)  —

j—Oi. —O

— 
~~~

- ~L~’~~ ’) ( x1 y)  + (— I) 1L4 *,3~~) (x, y) 1 
} 
+

~ ~~~ E E6
~~
’
~~~n 11.. 2-n (x, y) + p~2) N~ (x , y ) J  (13)

6~’)(x , Y)=~~~{~ I ( ~
2
~~~1 ) x — e J Z, (x , y)±

+-~~~(9+4~’--- 9~’)Z~(x, ii))

+ ~~ ~~ g~~,3 ” )  
{ 
F~~~~”(x, y) + (— 1) iF (” . 3—~) (x, y )  —

I—O ii—O

— ~ [L4~’~~)(x, y)+ (—  1)1L4’~ ’~ ) (x, ~)I -f

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,..-.(x, y ) +:~f ~N.(x. s)I (I6)~

L~ . ~~~~~~~~~~~~~
. 

-.---—-~- -~~~~~~~~~~~~~~~--- ..~~~~~~~~ . _
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Page 52.

In formulas (11)—(36) for dovnwaahes I (x.p) enter the functions

Fp) ’~(x, ,) = 

~;~
- 
i

’ 

V :~-~ ~~~~~~ 
~~~~~~~~~~~~~~~ s~t~ ~;4 Z(~)

(n = 0, 1; m=1, 2 3; 1=0, 1)

L~ ,“) ( x, y)  -

~~

- 41= ..~L ><op Vy—i ~ ox
1(x)

~ 
Q (,~ ‘j, 0) Qr’ (E, i,~ s)~~X 

~~~ 
~~~~~ ~~ 

5j )d~

H.. .~(x, 
~,) = -~~-. 

$ 

~~~~~~~ ~~~ 
$ 

~~I ’ € d~ ‘ ~n, m =0, 1, 2)09 J’ y—~ Ox j ’x — E
(II)

N~ (x, ~) L ~L .
~~~

_ ( ‘ ( ~ 
—

Op Vg—,~ dx j  Yx —E  -

1(i)

wèick, after the ezecut ica cf acticus is tight sides, take the form

‘17)Pj0.1 “(x , ~“ ~i) = 
~ ~~~

y, z~) = .j
~~ 
((4(2~’+ ~~~~~~~~~~~~ 

3~~)y +

(18)

g, aj) = (— ii~ (41+4) — 4I~A~ • (2g +
+ 2 )  + 8a~s1~ e’ + 6~ c2~ 1 + 4 2 ~t Qo. .sQi. ; + (19)

-+6a Q ~,+24a~tZ,(x, y)(~’QL/+3Qo. ,)+16a~P’~~(x, g))
F’j~,1)(x, y, a

~
) = ~~~~~~~~~~~~~~~~~~~~~~~~

+ 12y+Z,(x, y)J (20)

P~~~~(x, p, ai)~~a — 

3
(4?+ A ’) + ~~~~ Z~(x p)X

X I(s —4A , ) ’ x + ( 5~’+a ,),+(P’ + 2s).J +

I 

- - - --------~~~~-- . —.--—- - - --—-- ---- , ---—-
~~~-
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Page 53.

+~~~-I4P’(A,x--.)x+3e~.9 (
~~)

~~~‘) (x, y, ag) = + + P’x — a) (
~~

)

L&0~
i) (x ,,, a,) = — ‘~~~~ (

~, (3v’ + l2v — 8)p — ~~ (v’ — 4v+

+8)~’x+  [v’(P’ —5a~~+ 4P’(1—~’) +4a~(1 +3~’)Ie1

L~ J
3) (X, 

~~~~
=_  

3i~

— 8a~ a’) ~ {
~~

‘Q2 (~, ~,
) + 2~’ (3 + 2~’) ~~ Q,(y , a) X

X 2, (x, y) + b.~ (3~’ + 4~’ +3) Z~J (at, ii) + 8~ Q.(g, a~) Q, (at, a
~) +

+8~’vQ~(x, a,)+2P’(2v—l)(v +3)i1Q,(x, a1)Z,(x, y)) (24)

14’)’ (x , g) = — -  ..[
~j (2p +Z à— 2a3a[_ ±Z,(x, y )X

x R3v —2) £~y — tl1v13’x + (P~ + a~~’ + A1)eJ 25)

J4~~
) (at, i ) — — -  {3~~3 

(9’ + z~ ± (2y +Z3) —

— 8a~a’) — 
~~ -~3v (4— v) Z?(x, y) — {~~ j  (2~i — 1) X

X [~~’Qi .j — a3v eJ Z,(x, y) + 3~4 (4 ( y, a1) —~~,Z,(x, ~)1Qo(y, a) .4-
+WIQz j +  ~‘Q, (x, a~)J Q,(x, aj) — ~3ev (Qi. j +  vQ, (x, a) I)  (

~~
)

g, a~) = — Vp  
j ~ ~~Q a i a ~4di~ 

~, +
1(x)

a3 (
II C(~j, aj)d~j —

~ J y — i j V Z ,(x, i~)‘fri

—2a~ 
( 

~~~ ~ aj) dii_  + a, ~~~~~ )~~ 
d~

j  Vv—’t V’~+a~x
1(z) liz)

J?1/)(x,y , a ) =_~~~
_ V . p  
~~~~~~~- 

. I.) -
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Page 5*.

+~~~ ftQ.( i)+~~~4(x~ i~)J ~: ,~~~
-
~-i+ ~1(z) )‘

~rj L  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

R;-
~ , i~)th~- 

.

- 

-2(z)

• 
~~~

‘
, 1~ 

R1 (at, 
~

y, a~) = — V.p. 
_ _ _ _

2(z)

~2 R - . •
- . -

+~f ~~~~~~~~~~~~~~~~~~~~~
2(z)  -

+ 8a5P’ 42 (x, ,~)J — 
C(,~ aj) d + 

- 
- 

. -

Vy—i ~ VZTx, ‘0

- 
+ -

~~~ 
ç [880~’ + 96Oa~ x~ + -I65u~ x’J _ _ _ _  —

2 (z)

— 16a~ j ~j /~i~~~~ ! Ri(x, li)d i -+
X(z)

+ 13a~e — (3~’+ 523) X (x) I I, — a~X(x) (4~’x —e) j ,4+
a3

+ {— 5w ,J ~ + f4wj (2e — ~‘x)  — 3Q~(x)1 I, —
— 22j(x)(2e — ~‘x)J ii — e Qj(x) X(x)J,~ +

+ ~~ [I76J~ + 3204~cJ, + I65~z~ z J,J — 1/3+

+ 2a~xJ, 4- a~ ’J,J — - f(a~ + ~‘)J, + Iqx —

— (
~‘ + 2a~) X (4J/, — a5~2~9’x — e) X (x)J ,J 

~29)

y, aj ) 4~-V.p. ~~~~~~~~~~~~~ ~~ ÷Lfr ) 
- -

~~~~~~~~~~~
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j~ (Sii+2a~x)R,(x, ~~~~~
• 

— 

Z(~) Vt~ - ‘0(’+ 
(
~~

)

p, aj )  — V. 

~ 7 3 v~z~,4rda1 + •

X x )

+ ?~Lj ( Q 0 ( 7 I ,  a,) ~
- 2~’4(x, ~)J +

+ (50~ + 27a~ x) R, (at, ‘0 J 7_IL.. d~ —
l x )

—p- ~~~~~~~~~~~~~~~~~~~~ R,(x, ~ , aJ)dl)+
1(z)

-4- j ~ [4(11)~ ij) 4(x, ‘)) + -

~~~ 

a3Zj 
J ~/ 

~~~ ,~ C (~‘ •i) d~ —

— 

f 
{(a~ + P’)/ , — a3 (a + X(x)JJ, + 2a~dX (x)  hi (31)

y, a~) = — ..~!... v. ,. ç ~~ aj) C(,~ aJ)jl~ —

- 
2~ J/(r... i

~)’ 2, (at, ,~
)

1(z)

- .
~~~~~~~~~~ 

(
~ 

C(~, a1) th7

~ z?)
V9

~~
7 V2

~
(X, ’fi)

+~~~Q,(x,sj)/....1—-~/- ç c ~n (x~~
.
~~ aJ) 

~÷
Z(a)

+ .‘-~~~ 
~ ~~~ (at, ~,aj)d~ (

~~
)

I~ ~-~) ~~ ~ )&(.,. r’ ‘ (

L __ - - -
~~~~~~~~~~~~~~~~~

- . .

~~~~~~~
----— “- -
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Page 56.

_!4I çI ~~Ql.,+2,6I2,(X.~~ J Cj~~ui)~~-~ -n-
- f .

2 (z) VY ’ ~ V 4(x, ~) . ~~~ -

+~~~ Q~(x, aJ) /_~
}_ VSJe

+ -i-. V~~’~ e 
j

( 

{ I !? (Pa) — 
Qi (
;

~~
;

~ 
a j ) C?) ~x, -‘i, a~) —

2 (z)

— _
ki Cl2) (at, ‘

~ 
a
’

,) 
____ — fL!f. {2~aj J, — 4 (at, 

~~, ‘j)Xj Vy—~ 2~ 2 (z)

X G~°) (x, y, aj) — A,C~
1) (at, ‘~, aj )) - 

- 
(33)VP—,,)

Lj° ~J
3) (x, y, aj ) = — V. p. 

j ~ d17 —
2(z)

— 

~~~~~

_ $ [3~ Q~ (at, ,, s,) + 6~’i~j (2i~ — 1) 4 (at, i~, aj )  2, (at, ‘7) +
2(1) . 

-

+A ~(4V 1)4’(x, 1))J J’~~~1/z,(~~j ) ~~~~~{15D4 + -

+ 10~’ + 3)[à3/, + 2a~el~,J1 + z~e’J0J —

— 10~’— 1) Q,(x, aj)[ f ~j J 1  + a~eJ ~J + 4P’(l —5~’) Q(x , a,) h -f

aj ) J_ i } __ j
~
_ 
~~~~~~~~~~~~~~~~~~~ O~ a~~ —

— VA1X (at)) J ~+ (~‘Q, (x, 0, UJ) (04 (at, 0, - a~) — 2A,X(at).J ± A~X(x)) J~ +
+ ~~~ j~(60va~eQi(x~~’ ~i)1~_’j(p ) +20VGI~

A,e1~1(p,) —
2(z)

— 15Q~ (x, ‘~, aj ) G~’~ (at, i~, aj) — 10k , Q, (x, ‘~, zj ) C?) (x, - ‘~, a~) — :- 
-

— 3k3Gj3)(x, ~ , sj)j ±~
_  — 1?.~L! - ( 1 4 ~jQ ~(x, ;  a,)4 +-  

-

- 
1/p 

~ 
:~ 3D -1ev - - . - -

+4A~I,—~~ (x , ;s,)C (at, ~~~~~~~~~~~~~~~

-

~ 

- - - - - - - -- -~~~~~~~~-- -~~~~~~~~~~ ---- - - - - -  --~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ----
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X G ~’~(x, ~~ s,) — &~G~’)(x , I), .j)} (34)

L~,f l (z, g ,  a~) — -i- V.p. 
ç~~~~~~~~~ 3

4~~ 2~~~ ~~~~ —

Z(z)

—f ~~U~~’4 (x ,~~, a, ) — a ~~ej +2~2~~
_ I)6 ,Z,(x,

~~z)

C(
~
i
~ 

aj) d~ — 
2P’a,e 

f2(3v —4) 
~~ + (4— 3v)[2~ 4(x, s~) —Vp—’7 J~ 4(x, ~) 3a,~

— a~ eJ J .} — -—. 4 (at, a,)[4D’Q, (at, aj ) — 3a3veJ f - i  +

+ 
f ~a~e 

~ 
— 2vea~ 

(2D’Q, (x, ~, a,)—
2(z)

— a3v.J Cl’) (at, 
~~
, a,)! y~~..17 — 

~~~~ ~ ~~~~~~~~~ 
d~ —

2(z)

— a,v.J, — .9~!!_ j
’ 

{ ~~ I, — Q, (at, 
~~
, 0) (40) (x, ~~, a~) —

2 (z)

— -f - G?) (x~ ‘7, ~~~~~~~~ (35)

fi ‘iQ: (‘7, 2j) C( ’7, 21)d’7Ll’ j ) (x ,g ,  1i) u.i — j ~~V. p. 
J Vy— ~ ’V~~ (x ~ 17)

2(z)

— -b- ,ç f2(2v — 1)~,(2~’ 4 (at, ~, 
a.) + ~,4(x, ~, 0)J Z,(x, ‘0 +

1(z)

+r ( ~~Q ?(x, ~
, si,) + 2I~JQ,(x, ~

, aj ) Q,(x, i~, 0)J + (4v — 1) X
x i34’(at, 101 

~~~~~~~~~ ‘7) 
— 1~;z- {3

i5~
4 + io~I +

• + 3)[~t~J,+2.&,a~.J, +a~.’J,J + (3~’(10P’—

• 
. - IW÷1~~~ X, sI)_1oVs~(3v_2).1{a , j*+z~iJ.

_

~~~~~~~~~~~~~~~~ ~i)+~u)’,(4—3vfl4(a~ s,)~~+
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lage 58. 
-

~~~~~ ç 14I~~sQ (x,~~. aj )+A,Qfr, i~
-~~~~ Z~~) 

-

- 

+ ø’a,/fI(p~~~~L..~.._!_ ,~(PQi(x, i~ ,)+
1(z)

+ 2v,Q, (at, i~, sj ) Q,(x, ii., 0)J Gf ’) (at, i~, aj) - —

— 
~~~~~~~

. 

j

1 
(2~’Q1 (at, 

~
,aJ) + £~~4 (at, i~ Ofl (41) (at, ~ a,) X

2(z)

_ _ _ _  — 
3P’aj  ( (4 1)(x, ‘7, aj) 

—
/ ) y_

9_ ’7 -2 ~z)

— ~‘;~~ j ’{i rQ1~, 
~ , ‘j )+

2 (z)

+A i4(at, 
~ 

O)JI.+2P’~i41J— -}.4(at. ~, aj) 4(x, ‘~, 0)X

)( ~ ‘~(x, i~, aj)—+ (~ Q,(x, 17,  aj )  + A1Q,(x, ‘7, 0~JG~
1)(x, 

~
, sj)—

17, ai)J_ ~i..~ — - aj e2 
-

+ x’J,) + ftI + a~) ~‘ + A1WJ1—xJo) + (1+ a~.’J, +

+ ~j  (/. — xJ,) + -
~~~

- (ti + ~‘ (1 + a3~Je/, — 2~,X (x)(/ , —

—x J) — -(I,+ ’(1+~~).X(at)J,~ 
*

tJa
~~

2X(x)Ji+ x’(x)JJ} ~~
H,..(x, y)— —

~~~~(3J ,+(3l+X(x)JJ i_ .X (x)J,I++.
~J ’~’ ~~~~~~ 

V.P.1p
/

~~~
3V

~~~~~~~~ ~
,)

?~~.(x, ,).i. 4~ (1IJ.+P 21IJ,~~~~’(a~~
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-
~~~~~~~~~~~V.p. V,_ ~z~ T d ’7+ * /

~~~y-1~~l x ) . Z r )

— .-L V~~ ~~~~~~~~ -_ _ _ _ _ _

I) V ~~~ i/ 4(at,~~)2(z)

- 

+ 2 
J 

- 
R, (x, ‘0di - (39)

did-
2(z) /

-. 

+ -f / R, (at, ‘0d~ 
-

~ 

- 

(40)
1 1)

H.,(x, ,)=~ !.... j ,_ 
+ 

V.p. j
~ 
V ~~!~~~~~~~~~~d~+

- - 2 (z) -

+ ÷ / R, (x, ‘7) dl7 
- 

(41)
2

N,(at, y) = — / , + 2J~ — ~~~~ v. 
~~
. j ~ 

_~J !T3’7)’7 °“7 —- +2
X(z)

÷~ (10 xi_ ) dl!_j.....

2(z)

- 

+ 2~’ q” (x, ‘0 ~ (42) 

-
~~

. - .
- . . - - - -
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—R~~J4+ey4) -
31

_ .L 
f ‘~ L1p.... - .r

2(z)

— 3 (v —2) e (,~— at) — 2e’] (40) (at , ‘0+ [8~’ (~~ 
—x) —

— 3(v — 2)eJ (4’)(x, ~)+4~’G~)(x, (43)

N,(x, y)~~ 
— 

~~~le’Jo 2(3V +1)e’Ji+~~(5V+8)eJs
_

—6 ‘‘I_ ~ V ~ _______V i a r  
2~~ ~ J i7 Vzi~, 17r’ d’7 —

2 (z)

— f ç([2e+5(v 2) e’7 9~~l4÷ [l8,-ai7_

— 5 (v — 2) e] 4 — 9[I’ I,) ~L. — ~L ([6~’ (‘~ 
— at)’ —

yy— ’7 4~2 (z)

_ 5 (V _ 2) eh_x)’~~ 4eI (’7~~x)) G~0 ( x , 7
~~+ (44)~

+2[ 9~’( ’7—x) ’—- 5( v — 2).( ~ — x) — 2 .’Jc41 (x, ~) +

+fIW(’7— x)— 5(v—2)eJG~1)(at, vJ + 6~’a?1(x. 10JUVI
~~
I.III

Page 61.

La formulas ( 1 7 ) — ( 4 * )  ar e intioduced tk e ,fcllovin g designat ions:

J& =2L ~~~~~~~~

-
_ 

~ )i(. —~~~(i~ + ~~~~~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _1 a~e
Z~)(~~t, ’7)1’ (j— ’0~ (.—~ )(~ +r x — i )

ar) (x , 17,

+s (p,)+Pft~~(,.) (us ’ur l,-2, 3)

~~~ (x,it, a,) l±?(p1J+1MpJ (a,.’,1,2~
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r’~) V
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(x _-
~ X e+E —i0 (-~~_ + ’7- -~ ) -

1’ - (x-I)~ dI
‘~~‘~~‘ t -

-
~~

In the last/latter integral p . are taken values Pt, P~ and p3.

A ll iat gr al s of types I., 
~~~~ 

and J_, ~ce cipressed as elliptical

integrals
- 

- 

6=~~~~~E(8, q ) .  •
- -

= j  4 (at, ~, 0) II (
~, q’, q) + Q1 (0, ~, 0) E (a, q)]

n(e—’04(x, ‘7) ,~~~~~[e( 1 —~~‘)+Px+

÷2P~Jfl(a, ~ ~~~~~~~~~~~~~~ ~ 0) + P’lx+ ‘7—

— e) 4(0, ii, 0) 4- ~“ (a —’0  at] E (~, 
- q)

i
~, 

0) / a’e’~7q’
~ a1 Vi?Q~ (at, i

~, 
rzjj~ k ’  1~ (at, 77, aj) ‘ 

q 
) +

+
2
~~1 -

q)

n(at , ’ 7 , a~) [~~.� ~ fl( a, q’, q) + .
a1~~iE (8 , q) +

+ ~~~ (at, 
- 
‘~, 0) 6(x, 17, (1,) f  a3Veq2

Z~J/ ~3Q2 (at, “i, a1) 
— 

‘ 1~’Q1 (at, ~
, ~, ‘ q —

— b(x, 17, aj )  E(6, 
~) + ~ V’l(e—~7)6(x ,

- 

- 

- Jo
- . - i~ ~.~~~{ u_ c n (f ~ ~, ~~~~~~~~~~~ q)}

Js~~~~q{z x*—~u(f . 
~~~~~ ‘ v) ÷ c-t-.x.-.-, x
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Page 62. 
-

• xn(f~; 9 )+ i rx ( ._~~~~~~.
,
~.E(~~~~1..~ )} -

I ey~ (x) i~ 3X (x)
f3j/~~ 

E(-j_~ ~1)_- 4~1
,...... ~ z1±e [(._y)x

- 

-

/_, 2~,(e—y) ~~~~ ~~~~~~~ \ 2- -i
~~~~I 4 ( y, zj)  ~. 2

v~ere they are designat d

arc sin )/~!i~+ ~~ —.) , 1f P ~x—~, + aTq 
V vs

~ y+~’x — e  , q1

a(x, ‘~, a,) _

~~~~

. ( ‘p~(i~, aj) — [4(0, ~, 0) + ~‘fr+
+~~— e)J p~(~, aj )+[Q1(0, 

~ 
OXX+17_e)_PI(e_’0xJpa(’7, ) +

‘7, O)x)
$x~ ~, aj ) (

~P’pI(~ .,) —~ (Q (O, ~
+‘I—aflp,(’7, ‘,)+Q,(O, ‘~, OXz+~~~.)._PP(.

_
~)x) .

Through K and P are designated the elliitical integrals

respectively of the first and thir d kinds.

Page 63.

For a region .~ (Fig. 1) tb e foriauL~ ci t b e  coeff icients rotary
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NON-STATIONARY DOWNWASH BEHIND A TRIANGULA R
WING IN SUPERSONIC MOTION

R. Sh. SOLOMONIAN

S ii m in a r y

Rated formulae for non-stationary downwash behind a thin sllghtl~
•curved wing which has a traingutar formula in the plan and supersonic
-edges whose apex is turned forward when It moves in the Ideal com-
pressible fluid with supersonic speed are given in this paper.

These formulae are obtained for area points situated on the plane
of the wing between the disturbance waves, their reflection from the
back edge and the back edge itself at small Strouhal numbers.

The above formulae make it possible to continue thc downstream
calculitions at infinitum according...to the formulae previously derived
-for this part of the wing plane. -
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