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THE INFLUENCE OF HEATING6 OF LOW
PRESSURE GAS INl A SHOCK TUBE Oil
THE INCREASE OF THE ATTAINABLE
STAGNATIONI TEMPERATURE

,G-!.. Grodzovsk

The problem of i- crease of the at:ainable
stagnation te•-_--e-ture of the gas fiow, in a
shock tube is investlgated. -:t is shown that,
for this purpose the heating of low pr-essu-e
ga.s iz advisable. .. e-e is analyzed tne elfect
of heating of low pressure gas cn the increase

t the attainable stagnation tezerature i-n
fiow behind the shock wave for the case of a
single-diaphragn- cy;llndri ca- shock tube.

4To the gas-dynamics of -fl-cws in shock tubes theree ir dedicated

a large nuzber of investigations (see, for exaz e2 L.lý-f31) The

main attentin in these investigaticns is g-4en ,to the .-pbie= of

attaining the raxl- ratio of the shock wave vel-cIty to the

sceed of sound in stationary% gas in front of the wave a,:

UC

)where c _. R, Ts.

T -tatic temi.erature of iaw-pressu-e gas before the
wcave,

x. ,nd R - adiabatic index and gas constant of this &as.[I

?Frr the silest cylindrical single-dlaphra- shock tube
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(Fig. 1) the r-axi'r-ur value of nu_-er rI" as is known, is attained

with infinite pressure drop on the diaphragi•:

N,_(1--,)aj -- v+ •-- 4T,4, (1)NJ r !,R 1

w here subscript 4 notes the paraneters of high pressure gas.

i1
Tn accordance w•-h relationship (1) the ntmber M, grows with

increase cf the 4terrat•e• " of hi&g-pr•ssure gas T4 an•d with In-
crease of its gas constant R T. n-erefore ruch attention .n [1],

S[31 is given to the proole=s of heating bhigh-pressure gas with the
use of high- teeerature gases with low molecular weight. Fron
these positions the low-pressure gas (T 1 ) was considered cold.

We investtgated the problem of increase of the attainable
stagnation te~erature of gas flow in the shock tube. Tt is
shown that for this purpose the heating of low-pressure gas Is

advisable. This effet was independen'tly found earlier by H. I.
Khvostov by calculation for finite pressure drops on the diaphragm.
Below or the basis of analytical solution there is obtained the
universal dependence of the attainable stagnation temerature of

_ gas flow i 'he shock tube on the degree of heating of low-pressure

gas-

Let us conduct analysis for the sirplest scheme of shock tube
for Ideal gases (see Fig. 1). The obtained results can be spread
to the cases of more ccplex schemes aind fcr gases.

Fig. 1. 1 - high-pressure chamber;
0) 2 - low-pressure cha=.ber; 3-

- diaphragm;. - shock wave; 5-
S.'contact surface; 6 - centered rare-

Ire*# faction wave.SIXIN"
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t The stagnation terperature `O of gas flow in region 2 (behind

the shock wave), naturally, depends on the flow velocity u2 = u V

and para-eters of low-pressure gas. The limiting value of gas flow

velocity V is achieved with infinitely large pressure droo on the

diaph.ragm, the value of V depends only on the parareter• of high-
Sopressure gas:

V 2 (2)

For fixed value of V we co=-e to the oroblem, of aximm attain- 4
able stagnat•cn temerature To in the f"low behind the shock wa-4e in

gas, co=•ressed by a piston moving at speed V (the contact surface

plays the role of piston, see Fi-g- 1).

'Fro= equations of propagatLon of the- zhock wave !It is possible
to obtai- the following expression for the m-azve flow velocilty
behind the shock wave:

{ . riJ (u+IJI =4(3 )

7. "en.t" of stitic te=_eratures T. •.J on the shock wave f
Is dmet _mned by !nown -eIntlonshipj

Acco-•-. r* atio of -he sought stagnation tempeerature
in O the flo-f b-'z;- the shock wave to the static tepezrature of

low-pressure gaz T1 can be written in the form-

w " hence follows the expression for the dl inslonless valge of stagna-

tion te =--erature in the flow behind the shock wave

• TT- 16)
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One shouzd consider that according to equation (3) to each

vlue of param~eer 391 th~ere corresponds a certain value oft relative

-low veoiybhn h hc ae(speed of piston) V/a.

tll it 0. -If"
i. ~~ ~ Fg 2- q,

| i |Figure_ 2 shows the charge of .... dimL,•.sonless valu of-

stagnati••,on, te. iurT.• dep°-endin or, the relati.ve velocity V/a!.,

_"--" |•shock wave (sveed of pis*4'on):, Increase of" 'the temer-atur~e of" low-

S; _-" •pressur-e gas T, leads to increa~se of t-he att ainable. stagnation
temperatur So, -"oe aue .Sooif_ _ paraete_ _ M_ was _n the range

"- ---:•'10 < < 20, then with heating of low-pr'essure ga :in 11he shock'

4%0 ii ub; e• V s oossible to raise the stagnation tte~eratu-re To0 In the

S... l•2- ClryrmeqenzO E B.J•lacs C_ A- Ocuses A. IL Pus

S..... V - " U o.,. yam m-m !A 4syc.. ,r,-' m &w
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