
Ft’S 20/S 
-

A067 063 FOREZIN TtCI*40L0*Y DIV WRIGHT—P ATTERS CtI AFB
ION OF TRUSt
V BOSIENYATOV

6—79
DOC

I
I

a I



I . ~ ~I~
8 l~IH~

5
______ 

L ~ 3 2  2.2

I.’ 
:t~

IIIll~
flu1.25 F•4 

~flfl~
MICROCOPY R~ SOLU1ION II ~ I (‘lIA R I



FTD—ID(RS)T—1228—78

FOREIGN TECHN OLOGY DIVISION

U
INVESTIGATION OF TRANSITION OF LAMINAR BOUNDARY

LAYER INTO TURBULENT IN HYPERSONIC IMPULSE
TUNNEL IT— 301 AT M = 8—11.5

by

B. V. Boshenyatov , V. V. Zatoloka
M. I. Yaroslavtsev

D D C

~~~~~~~~~~~~~~~~~~~~~~~~~~ R4919

Approved for public release;
di s t r ib u t i o n  unlimited .

~ 

T~~~~~~~~ T _



—

-

III R b  ~~ t. )~~~
~~~~ a FTD— ID( RS)T—1 228— 78

‘~I~AISII~~ 0
41b~~ ? . -

•~ ~~~~~~~~~~~~~~~~~~~~ 

.tS~1UITlS/~~lILM~LM U..

m*. ~~~~~~~~ EDITED TRANSLATION

- 

FTD—ID(RS)T— 1228.-78 11 August 1978

MICROFICHE NR: ~~Lf) ‘7~(- (‘
CC) / 1/ I

• INVESTIGATION OF TRANSITION OF LAMINAR BOUNDARY
LAYER INTO TURBULENT IN HYPERSONIC IMPULSE
TUNNEL IT-301 AT M = 8-11.5

By: B. V. Boshenyatov , V. V. Zatoloka
M. I. Yaroslavtsev

English pages: 5

Source : Aerofizicheskiye Issledovanlya Institut
Teoreticheskoy I Prikladnoy Mekhanlki
SO AN USSR , Novosibirsk , Nr 2, 1973 ,
Page 89.

Country of origin: USSR
Translated by: Robert A. Potts
Requester: FTD/TQTA
Approved for public release;distribution unlimited

THIS TRANSLA ’~~~ • 
C W 1 ORIC.

NA t . FOREIGN T E X T  ~~~~~~i’ . A .“ •~~. 
.
~~ ‘- T V ~AL OR

EDITORt AL COMMENT , $ T E ~~T~ ~~ T~ . IOQILS  P R I P A R E D  BY
AO v OCA TED OR IMP E D A R E T H ’ Y ~~O r T ~lE S O A d E
AN0 00 NOT NECESSARI L r R E F L C . 1 T~~E POSIT ION T R A N S L A T I O N  DIVI SI ON
OR OPINION OF THE r C RE~GN TECHNO LOG’ r DI. FOREICN T ECHNOLO G~’ D IV IS IO N
V I SION . W P . A F ~~ . OHIfl

FID —ID(RS)T—1228—78 Date ’1 Aug 1978

_____________________________________________________________ —. R~~~~~ • t ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• • — • • ___________



• ~~~~~~~~~ - 0 • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ 

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

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

5 4  B, b C c  C c  S, s
B B B I V , V I T 7 m T, t.
r r  r a G ,g Y y  y y U , u

~ D, d 0 F, f
E e E a Ye , ye; E, e* X x X x Kh , kh
h~ H 5W ~ Zh , ~h Li, .~ LI sj Ts, ts
3~~ 3 ,  Z, z Ch , ch
k l H  H u  1, 1 W w  ill ~ Sh, sh
v ~ R a Y , y Li, u~ JJ~ iq Shch , shch

X x  K , k b b

.d .11 /7 A L, 1 Y , 31
I ?~ , m b~~~ B e I

H H H N N, fl 3 3 .9 a E, e

O o  0, o ki lo k~ Yu ,yu

f l n  f i n  P , p  N i  Ya ,ya

*~~~ Initially , after vowels , and after b, b , e elsewhere .
When written as ~ In Russian , transliterate as y~ or § .

RUSSIAN AND i~iJ3LISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English

sin sin sh slnh arc sh sinh~~
cos cos ch cosh arc ch cosh 1t~ tan th tanh arc th tanh 1ctg cot cth coth arc cth coth _1
sec sec sch sech arc sch sech 1cosec csc csch csch arc csch csch

Russian English

rot curl
lg log
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INVESIIc,ATION OF TRANS I’IICN OF LAMI N A R  EO~J N E A ~~Y L&YER INTO TTP’F~
’JLF”~’

IN E Y P~~P SO NI C I MPU L SE TU N N~~1 .IT—1O1 AT ~1 = ~— 11 .5

~~. V. ~oshenyatov , V. V. Zatoic ca , M. I. Yaroslavtsev .

In an impulse tunn el there is conductEc a study of the

phencirenon of tran ;iticr cf lan~in~ r hounlarj layer into turNilc .n~ rm

• 

• 

0 sharp cones at Mach num ~ ers B— 1 .5; Re = 2—F .1C~ I/rn. An optical

methcd cf determination of the trinsiticn is prcposed , based or, th~

property of the turbule tt I’cund .9ry layer tc ~ithstand wi thout

separation more intense pressure jurn rs than the laTina r b3undarv

layer [1, 2]. Fig. 122 ~hcw r the relat icaships of the separatio~

an gle ~ to the tirn~ in three Jif ferent stirts of the tunnel ,

distin~ uished from each otter by tto level cf RE numbers ~~ = B. ~~.

On the .jra phs of ‘
~ee—~~~ are pliced ~cints , ccrresponding to sh a r p

decrease of the separation angle ~~. It is clear that sharp dec r~ as~’

cf ~1 cccurs a~ proxim a~~ely at th~ s ame  ‘Ree~
t) = (5~~ )*1O6 (spr~ id +—

8 0/0) .
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COc = 1228 PPGF 2

Th-~ Reynolds numbers cf the ttai:siticr , determin ed in 1T—1 ’~1 by

t h i s  i f e t h o d , agree (see Fig. 2) with data (Eig. 123) obtained in

stead y—sta t e  c o n d i t i o n s .  E a t a  cn t1- e tran siticn are compared t~~kir r~

into account the effoct of single Reynci ds number . For I T — l O l

‘Re m —’ O . 30 . 4 .

Py investigaticns cn the transit ic n in IT—301 it is

e x p e r i m e n t a l l y  p rov en  t h a t  In 11—3 01 ther e are achieved Re nu~~’~~rs,

sufficient in order to cbtain turbul ent hyp€ rscnic boun dary l ay ~~r on

models of medium dimens .icrs (150—300 n~ni) .

F u r t h e r m o r e , it is shc~~n t h a t  the duraticn of the operatin i m~ ’~o

in IT—301 is s u f f i c i e n t  f o r  t h e  s t u d y  of f l c w  w i t h  se p a rat i on  of

bou~ c1ary layer. In t h i s  cas€  f l o w  a~~c u n d  t h E  mo de l s  also c ir r ys  a

quasi—steady character.

R E F E R E N C E S

1. J. P. Batham. An ‘-~xp€ rim en t il study of turbu lent separating m l

reattaching flows at a hi~]h t~ach n u n f t er .  J. Fluid Nech., (1q72) , v.
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52, p a r t  3 , pp. 42 5—~4 3 E .  P r i n t e d  in  Grea t  P r i t a i n .

2. G. N. Atramovic h , Aç~ lied gas dynamics . ~~., “Nau ka ” (Science) ,

1S69.
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C A L C U L A T I O N  O F FRI CTI ON A~~D IIFAT FXCH A NGE TN NO7ZLES WITH TUR!~U!Y~~T

E C U N C A P Y  L A Y E R  D U R I ~~; NcNEcUILIP’n’M Ot’IFLC~ CF P A R T I A L L Y  DI SS T T~” f’

A I R

Ye. 3. Zaulichliyy.

Durin&i calcula’jon of ~~ e •~xua n~;j ~~n of dissociat ed air in

nozzles at high ~)ara me ters cf s~ a~~ra ticr. ir d lar’;~m ~~ch nui~hc’rs 4h’~

ccrrect  c a l c u l a t i o n  of f l c w  ar~~a~’ters acquires much significa nr~ jr

c cnn e c t i o n  w i t h  t h e  ir~n~~ ; u i l i b r i u t ”  ci-iructer of the chem ical

reacticns and oscilldtcry L 4 l a x a t icr an ~ 1i~~t o r t i o n  of t h e  n ozz ’.~~

FLcfil e lue to growth of ~ h r  b o u n d a r y  l a y e r  at i ts  w al l s  [ 1 — 3 1 .

Fcr  a i r  in t h e  :~~; io r  cr t.~mp F ra~ ures up tc 60 )0 °K and

IO~ P~~~ioOo atm (ahs.) it is suffici er. t t~~ ajpoxima ~ ely consi der tl~~

nonequilibrium character of invi srcus flow in ti-c nozzle by 4~ - rs

tethod of “instant fr~-’e?ini ”, ~v i r . g  tiken the dissociat ion of oxy 1 ’n

in this case as the- tasic pr ccc.,s [ ~. 4’.
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Using the Lighthil l ~cdel for ideall y ~iisscciated jas and ~hc~

assumption about isentrcp icity of flow taki ng into account °quation~

Cf ccntinuity , nioticn , energy for cne—d irn ens ion al n o w  in ncr~7 l ~~s, ~~~~
‘

is possible to easily ci-tain the condition cf search of the “f~~~~7~~~~

section ” and to det~ rm i rt -’ ~Le flow paraneters along the length of t~~~

rczz le

( 0 . 2 ~1 - C e — _?_ (~~~~.!_
‘
\ 

U~ (1)
ca ( lt c a )Ta F

Here is the par~ m~ ter characterizing the ratio • f

speed s of recombin a tion t c the speed of tne stay of particles i~ ~hc~

nozz le, i~~ — speed of reccm hina ticn cf c~~yger atoms, for sev’~ra 1

reactions ~~ is writt en as tot~ 1, ~u0 
— mclecular weight. o~ sit ,

~~~~~ 
— characteristic lfngtb of nozzle, C, ~., U — con c e n t r a 4io’~ of

dissociate d atoms, their density and s~~ ei ; F — area of cross ~~~~~

cf nozzle ; T — temperature , ~ — “fre-ezirq”, .- — dissocii ti~ n;

C.231 — mass portion of oxygen in air.

end 122M
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