SN AR, P s

T
04 frad At v,

.
e b b g :
o2 -t g SRS B L Cha % 3o

R L ¥

“:—3—--.... ot ase y W reosbiel
B CE P 4 R SRR AL T PO Phy-ro iy maper-wr: A I SR TEIe YL i TR, i
hd
L 4
~
s
s ¢ . D OM A s S 9
. “epartmons of rhe Mavy
o

Translations

CLEARINGHOUSE
FOR FEDERAL SCIENTIFIC AND
TECHNICAL INFORMATION

" Rardoopy
| 3 Jio0

Unclassified

Microfiche

] 050

e

[ ARG

AIVE COPY:

V4

A Convergent Shock Wave in a Heat Conduetiny Goo,

o~ )
Sxhodyashchayasya udarnaya volna v teploprovodronm gaze -

s) Vel 29, 19¢s5

Ao - ® b3 D .
Aauthes: \!‘Z.I.Zaascaknin rnd VeaeSicenenlko
Ld
agaisit 1w €,
Source: Irikladnays Matematika 4 1% idinaila.
. (applied inticratics and Mechunic
Pre 334 - 33c.
Original Languasge:  Ruseien

209

Apnrovad




R B e -

- ——

& CCXVERZENT SHOCK WaVe I A HEAT CONDUCTING GAS
& eloZabasukhin, V.ai.Sironerko

(Moscow)

A converzznt spherical wove ds dintunsificd to infinity 23 it ap-
proaches ths center, 25 doternired by Gudcrlcy'[l] and L.D.ilzsndeu and
by E.P.St:ﬁ?kovich [2} vwho propos:d an sutouatic m=oagecl solution of 2
pure gasz-Jynamics problem relating to the focusing of a wave. KHowevar,
in th: courcee of p similar physicnl occurencs W ¢an expecet a ctrens

cffeet of heat conductivity, sinece the resulting high tomp.reture zives

rise to a radiant hect exchanys.

It is worthwhilc to examinc the zocugcins of » wave, tzking into re-
count th: abowv: factor, ané in particuler to determine whsther a cutula-

tion of unliiaited enorzy can also take plee: under this preniszc.

For sirplicity we will snalyze tic cas. of n w=ve of o powzr only
sufficicnat to produce u dalunce of raciztion and matter at cll points,
in which the width of th: heat zone is large compared to the rang: of
rondietion, and only during the wave's carly.steme, wien fts widtl 13 2till

sunller tiinn its radius.

H-et conductivity crodes the wave frontt a mone of Leat and of gas
goverrent is formed ali.ad of the advancing conzolidation. Thy zorneral
features of this cffect are doscribed in a book by Y=.B.lcl'éovich and
U.T.Roynr [3]
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. We will first cnleculete the width of the heut zone for a flat sta-

- tionary wave and for this purpocc will write the conservetion equations

for a wave moving throuzh s cold zz33

ou = p,D, g+ put=p, 0%

a . o505
ou {4 L pu o Q=

L4

KHere § - the flow of hent, %h: rewnining spsbols arx cancntional

ones (the wave lies within the adopted systexm of coordinit.oz).

Lot us cxoemdne tiw care wien the radiant enerzy perdleizsivs oaly
in tle hent cxchnnm , but itz density. (&/e) d"" i3 3till low, ns cour
pared to p/(T - 1), that is, w~ :1ll be using the idzal gas state cgua-

tion p = (R/P.)PT ,» nezlecting the prassure of raciation.

For radiant conductivity o e
em—flEe)

where ¢ = velocity of light, .?,'- distance coverad by radiation.

If this is dctermined by com.,tovxit. dif“uriovx. them

- e iglon, thea .
T B Ly me

—————— . . < -

Thus, we have four sguatlons, using which ws can express u, pr»y

and ¢T / dx in terms of T,

Omitting the computations, we prc ssnt the final re aul‘t for wagal-

tudes ? and dT / dxs
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Hure Tk - t}ze ultimate tei:.pe roature belind the wave;
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In the heated zonz T varies {rom O to 1, ¥
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at the same tir:w\a /?0 fnersages frow 1 to a value l

3 (T't'l) (a3 seen from cquation (1) and proceeds o

t,

b

to surpe to an ultimate value (P+1)/¢P« 1) Co
whore (]"43). Inte 2 1tdng equation (2) with ree Flg. 1.

speet 40T from O to iy We fincd the full width 8 of tLy heatecd zone bee

n

fore the surge of cousolidation
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Schemes of spatial distribution of P ané T in the heated zone axe ;
s 3
shown in Fig. 1. 3
- i
) et us return $5 thc converging wave, ;
\ As sevn from equation (3), the width of il 5 3
t . = :
7 3
T hroated zone Inereascs :-pidly witi. un increce 3
- 3
SON i
‘ \\\ ge iv. Uy tiat 2, with thy progress of the 3
i \\ J
t \ . k3
. « wave tounrd the ecunter. Arrival of the heat 3
5' - ; 4 wave {ront nt tle cendter will be tie drecise = ;
. womsnt wlen tomperaiure evases Lo ineriace -
Fiz. 2, 5
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sradually and the temprrature attair. . by that time will be in the

order of & waximum for the entire proce et

In the convarging wave D=A / r&(o¢=0.395 forY =1.4), vhere
A characterizes the power of the wave (its velocity on = unit radiusj.
Let us determine the charsctariestic divension of the wave rj » es=

iunin;: that S 45 approximately r, . Substituting the expression for D

into equation (3) wunc teking S~r° y we obtein t}?.: rz1l-tion for r, »
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Now let us determine 4¢he maxivum tempersture of the procecss. In
the shock wave T ~ D3 / R, which menns that in & converzing wuve
1‘~’u.2 / R ré%

Substituting r, for r, w. obtaln on expression for the maxinun

Nt i - ottt -

s s et AG - o -

tenperature
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fm.\x = SO |y 14’\."1 ‘aa .:‘ * L =3 C“‘.Z-;' L

Specifienlly, for Y as 1.4 (n =(,%95)

)Tm.“. = Const '_.,‘_‘-..:c.‘. ‘,-.m..’n.o :'.'-.1..'...0 .,-.n..;:'.- (LG)-f,,g,;:,

.
——mies. g e

In which conct = o dimensionicso coafficient, approximately uanity;
it ¢an bc found only throuzh o complet. solution of the prodlem rslating
to the focusinz of a heateconducting wanve, which, in principle, can be

secomplicheé numerically.

And 30, in tht prescnce of heat conductivity, the toupersture at-
tained is linited, but bacaua: of the intensification of the wave
(increrment A), it can bu made as eraeat 22 desired. In that senss, li-

nmitation of t:rp. ratury by heat conductivity 1s not nandatory.
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Th: schierc of focusing of o :zave in the casc under considcration

is 1llustrated by sketch.

The haat wave and shock wave reach tle center in that order. isz2ch
on: of them is descrided near the conter by thelr self-mecdeling solution
(whick we will not dissuss), bui 4lure is no combined self-moceling so-

lution for tte entire process.

let us nanalyze qualitatively the behavior of th: chock wave nser

the center.

During its foeusing stage the tempersture rimains conatant, nzar
tle center it does not cepend on r, nor on t, in other worde, ths wava
is isotherral., Its amplituds could move toward zero, sn ultizete limit,
or towaré infinity (¢isrezarcing oscillations). We will cemonstrat: thad

a third possibility is actually ruanlized.

Tendancy toward zero ¢an be excludvd, sincs we know thut any wsak
shock wave coes not becorne weaker nuar its centor, but becomes initensi-

fied according to the law

w{'.‘.p—-vr"

If the amplitude strove toward on ultimats limit, the wave near ita

canter would be described by a celf-riodeling solution of constant axpli-
tude. An attempt to nubstitﬁtﬁ such s nolution into the equations of
motion reveals tlie fact that it dous not satisfy tiems Cnly thy third
possibility remnins, namsly, that of unlimited incrcass (th: law zover-

ning thin incrsase haa not been determined). And co, heat conductivity

hag only modified th: unliwitod cumulation, dut has not slimincted 1t3
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in place of a lirmited censity and nn unlimited tewmperzture we now have

on Vitimate. tomperature and on infinite density.

The authors thank U.P.Rayzer for his helpful comments.
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