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INVESTIGATION OF TRANSITICN OF LAMINAR EOUNIAERY LAYER INTC TURBILFNT

IN EYPERSONIC IMPULSE TUNNEL IT-301 AT M = €-11.5

B. V. Eoshenyatov, V. V. Zatolc ka, M. I. Yaroslavtsev.

In an impulse tunnel there is conductec a study of the
phencmrenon of transiticn cf laminar boundary layer into turbhulent on
sharp cones at Mach numters 8-1.5; Re = 2-Ff«¢1C? I/m. An optical
methcd cf determination of the transiticn is prcposed, based or the
property of the turbulent kcundary layer tc withstand without
separation more intense pressure jumps than the laminar boundary
layer [1, 2]). Fig. 122 shcows the relaticnships cf the separation
angle B to the time in three different starts of the tunnel,
distinguished from each otter by tte level cf Re numbers at M = 8.3,
On the graphs of Pee-§££; are placed pcints, ccrresponding to sharp
decrease of the separation angle 3. It is clear that sharp decre=ase

cf B cccurs approximately at the sanme Peeﬂﬂ = (5-6) 106 (spread +-

8 o/0).




CaoC 1228 PAGE 2

The Reynolds numbers cf the trarsiticr, determined in IT-301 by
this method, agree (see Fig. 2) with data (Fig. 123) obtainred in
steady-state conditions. LCata crn tle transiticn are compared takino
intc account the effect of single Feynclds numker. For IT-301

Re,~ 0.3-0.4.

By investigaticns c¢n thte transiticn in IT-301 it is
experimentally prover that in IT-301 there ére echieved Re numhars,
sufficient in order to chtain turbulent hyperscric boundary layer on

models of medium dimensicrs (150-300 mm).

Furthermore, it is shcwn that the duraticn of the opsratingy mode
in IT-301 is sufficient for the study of flcw with separation of
boundary layer. In this case flow arcund tle mocels also carrys a

quasi-steady character.
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CALCULATION OF FRICTION AND HEAT EXCHANGE IN NOZZLES WITH TURBULENT

ECUNCARY LAYER DURING NCNECUILIERIUM OUIFLCH CF PARTIALLY DISSOCIATED

AIR

Ye. G« Zaulichnyy.

During calculation of *he eoxpansion of dissociated air in
nozzles at high parameters cf stagraticn ard large Mach numbers the
ccrrect calculation of flcw parameters acquires much significanco in
ccnnection with the noneguilibrium character of the chemical
reacticns and oscillatcry relaxaticn and distortion of th2 nozzla

frcfile due to growth of +he boundary layer at its walls [1-31.

Fcr air in the region cf temperatures up tc 6000 °K ard 10
I0€ B, < 1000 atm(abs.) it is sufficient to appoximately consider tthe
nonequilibrium character of invisccus flow in thte nozzle by +he

sethod of "instant freezing", having taken the dissociation of »xyaen

in this case as the hbasic prccess [3, 47.
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Using the Lighthill mcdel for ideally disscciated gas and the
assumption about isentrcpicity of flow takirg irto account equations
cf ccntinuity, moticn, enerqy for cne-dimensicnel flovw in nozzles, i+
is possible to easily cktain the condition cf search of the "freezing
section" and to determire tle flow parameters along the length of the

rczzle

-2/13
(o.231-C3)8 ¢ <¢F >__bi,__ 8y
c,(1+C 3T F \e x, 3 P
3 37 3
Here 4):91.‘3.-:-'-(6&.1-“- is the parameter characterizing the ratio of
speeds of recombination tc the speed of tne stay of particles in the
nozzle, K, =~ speed of reccmbinaticn cf cxyger atoms, for several
reactions K, 1is written as total, Wy - mclecular weight of air,
X, - characteristic length of nozzle, C, ¢, U = concentration of
dissociated atoms, their density and speed; F - area of cross section
cf nozzle; T - temperature, é - "freezing", ~ - dissociationg

C.231 - mass portion of oxygen in air.
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