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. * Block 1Italic Transliteration Block Xtalic Tramsliteration
A a A 4« A, & P » P 2], r
‘ . B 6 E S 3, b C ¢ C ¢ S, s
B s B s ¥, ¥ T = 7T = T, ¢
! rr Ir s G, g Yy »y Yy 3 U, u
. a =z g 2 D, @ o ¢ e @ ?, £
R E e E ¢ Ye, ye; =, e* X x X x h, kh
. b G ¢ x x 2R, zh U c g 5 s, ts
* 3 s 3 3 Z, z Y « Y w Ch, ch
3. H x H = I, 13 U s O = Sh, sh
2 2 R = Y, ¥ I = & Shch, sheh
K x K x £, X D * B 3 =
h =2 i a L, 1 23w M u Y, ¥
N M x M = H o= B 3 5 » !
H = H = 5, n 3 » 3 %, e
0O o 0O o 0, o X ©» D » Yu, yu
R na o = 2, D 75 = A 2 Y2, 52
g
/
L )
) ® ¥e initially, after vowels, &nd after 3, 3; e elseuhere,
x¥nen wriiten as 2 in Russian, transliiterats as yE or .
The use of diacritical z=zrks is preferred, bui such zar¥s
s =2y be c=itted when expediency dictates.
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THE INFLUEZNCE OF HEATING OF LOX
PRESSURE GAS IN A SHOCKX TUBE O
THE IHCREASE OF THE ATTAINABLE
STAGHATION TEXPERATURE

*a

The prodlen of *-crease of the attalinable
stagnation te—perature of the gas fiow in 2
shock tube is investigated. It is showxn that
for this purpcse the heating of lox pressuse
£2s 13 2dvisable. Tunere Is analyzed tne effact
of heazting cof low pressure gas <n the increase
’ ~< the attainable stagnation te—merature in
fiox behind the shock wave {or the caise2 cf a2
single-dlaphrag= cyiindrica: shocs tude.

4 To the gas-dynaxics of ficw¥s in shock tubes there ir dedicated
*
2 large nucher of investigations (see, for exassie, [13-[3]1). The
av ; o]

%
attaining the m2xizusm ratio of the shock wave velceity T to the
s

geed of sound in stationary gas in front of the wxave a

1
U
xz”’-;;-
y
?l - static terperature of icw-pressure gas bafore the
xave,
i . X. :@md R, - adiadatic index and gas ccnstant of this g2s.

Fcr the sizplest cyiindricel single-diaphragn shock tube

e
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(Fig. 1) the caxirum value of nusber 72,5 2s is kno¥n, is attained
with infinite pressure drop or the diaphragn:

s o s

i
]

-

- -tDe 3i13/5R T,
Mo t)e, =i VLR, " (1)

1

wnere subscript § notes the p eters of nigh pressure gas.

L - ooy o

In accordance with relationship (1) the nusder Ml groxs with

L AT Y
~

g increase cf the tecperature of high-pressure gas Th and with in-
) crease of its gas constant Hy. Tnerefore ruch zttentiocn in [1],
d

[3]1 is given to the prooless of heating high-pressure gas with the

TR

use of high-terperature gases with lox m=olecular weight. Froxz

T

these positions the low-pressure gas (?1) ®as considered cold.

¥e investigated the problerm of increaze of the attainadle
E stagnation temperature T, of gas flow in the shock tube. It is

-t

o

shown that for this purpocse the heating of ilow-pressure gas is
advisadble. This effect was independent found eariier by ¥. I.
fhvostov by calculaticn for finite pressure dross on tae diaphragn.
Below or. the basis of analytical solution there is obtained the
universal dapendence of the attainable stagnation tecperzture of

S i S YT

N

gas flow in the shock tube on the degree of heating of jow-pressure
g2=.

P (i e+

L]

-

Let us conduct znalysis for the sicplest scheme of shock tube
for ideal gases (see Fig. 1). The odbtzined results caa be spread
to the cases of —ore ccoplex schemes znd for gases.

£
(AN

't

Pig. 1. 1 - pigh-pressure chamher;
) g ® ] 2 - low-pressure chazber; 3 -

3 = i = diaphragm; & - shock wave; 5 -
contact surface; 6§ - centered rare-
faction wave.
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the shock wave), naturally, depends on the fiow wva2locity u, =u

3

and pararseters of low-pressure gas. The iimiting valus of gas 1

-

velocity ¥V is zachieved with infinitely large prassure dred on the

stagnation terperatura ?0 of gas fiox in reglon 2 (behind
=¥

dizpkragn, the valus cf V. depends only on the pare-eters of high-

pressure gas:

2 2 —— -
Vm=,._!i.=,‘_!]t¢g&7'.. (2)

For fixed value of ¥V w2 coze to the problex= of ==2ximu= attain-
ablie stzgnaticn te—derature Tb in the flow behind the shock wase in
gas, corrressad by 2 piston moving a2t sp22d V {the contact surface

lays the role of piston, see Fig. 1).
» S

Froz= eguations of propagation of thes shock wave it is possibie

to cbtain the follewing expressicn for the relxzive flow velocity
behind the shock wave:

¥ L

& VIR,

29 o

The sradient of stutie tezgperatures Té/?l on the shock wave
is deterxinsd By known reistionship

., T — Lt
_i" N ')ip’z i ’)

= 3T
2

= (M) (k)

k4

st

Accordingiy tue satio of the sought stagnaticn texperature

Tb in the fisw bekhlsnd Yhe shock wave to the static texpsrature of

jc¥-pressure gas Tl zan be written in the form

=108) + 25 1 eph) (5)

wheace folicws the expression for the dirensicnless valye of stagna-

tion texperature in the ficw beshind the shock wave
;- Te !(‘:) ’1“" .
Vi gky " €M) T 3 (67
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- temperaturs Tb. So, for exa=mpie, if parazeter M, was in the range ")

One shouls consider that according to eguatlion (3) to each
value of paramster ¥, there corresponds 2 certain value of ra2lative
flox wvelocity behind the shock wave (speed of piston) V/a,.

=

7,
;M‘r
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Fig. 2. %

Pigure 2 shows the change ol the dizensicnless value cf
stagnation tesperature %B depending on the relative velocity V/a,.
It is evident that with assigned value of fiaw velocity V behind the P

< g e

shock wave (speed of piston), increase of the tem=perature of low- &
pressure g2s 7., leads to increase of the attainzble st ztion "y
- 1’

10 < ¥, < 20, then %ith heating of low-pressure gas in the shock
tube it is possible to raise the stagnation tesperature Tb in the
£iow benlnd the shock wave by =ore than twice.
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