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HEHÄSKS OR A« S* SOKOLIK'S ABTICLB 
«SJE HBCHAKISH OF PSEn2TOKA3fIOH ACCEQSMTIOH. 0? FLAMES» 

^DI*,«« 

!?* 

[FdUoviiw is a traaalaiion of tbe article "Zaaechaniya 
k stat»ye"A. 3. Sokolika 80 aekhaniaane predetoaatsianttogo 
uaknr«niya plasenl18 (English version abatre) by la* B. 
Zel'dovicli la ^m^^PMBSS^^M.lim^L^SS^^^^ 
fij&iM (Journal of Experiaental and Theoretical Physics), 
Ybi"21, KG 10, Moscow, 1951* pages 1172-1175.3 

In the subject article of Prof A.'s. Sokolik is considered 
the problem of transition of slon burning (depending on the transfe: 
of reaction fromons layer to the aast fey thermal conductivity and 
diffusion).into a detonation? that is, iato a pattern of propagation 
of a reaction, acceasoanied by the formation of a shock wave with & 
presstire teas of tiaas greater than -that at the beginning. 

The teraoeratares whieh ar© d©ir©l©ped dxiriag the cönpression 
of the gas of a strong shock ta?s are sufficiently high to cause a 
fast chejaical reaction in the gaseous explosive mixture; it is well 
ka<ron that eheadoal energy of explosive mixtures at a sufficiently 
high reaction rate is able to giir© rise to propagation of such a 
sticiw shock wave. Thus, the problem of the spreading of the already 
foxned detonation wave and the problem of the origin of detonation 
under the inflaence of a streag shock WäTO BJ&J he considered clear» 
if not in all qaaafcitatlve details» then in any case, from the qual- 
itative petat of view? general elarity 1B these problems is about 
30'» ^0 vft&rs did a •' 

' The H»st difficult is the problem of initial phases of traas- 
S^jcm of bnroiBg into & detonation, I.e., by what «»chaatsa does 
tho slow burning ore ace a strong shoek wave, and by what meshftaism 
does the slow barnlög accelerate in the initial stage when the strong 
shook rave does not yet exist« 

A* S. Sokolik ttais »plies to this prahl«; 
i     1) The flans is called the source of shftek •smTesi 
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2) If the burning vere instantaneous, then the reaction 

would proceed in a stationary volume, and the pressure would increase 
n times: if the reaction proceeded slowly, then, it would ba accom- 
panied by an expansion and there would be no increase in pressure, 
so that one stay express -the wive amplitude* 'by the emerging fX-ime» 

Ap ~ P2 (» '" 1) ~^" ^ 

~ (tU ™ flame velocity; C « Sound velocity); """" 
r  3) These elementary waves form, on the burning of every layer 

in sesuence in the reaction aone; the flame at all tlses emits elem- 
entary waves, v?|!ieh cateh up with, one another ami merge into one 
strong shock wave« 

Pros these three premises Sokolik draws farther differences« 
For proof of his first premise h© refers to his hook (.19» * There 
we have the description of experiments showing the origifi of shock 
waves on flame propagation. Thus, the main point here is the ack- 
nowledgement of a fact, and ait its explanation; the difference between 
th© acknowledgement of the fact and its explanation, between the 
description of the phenomenon and the theory of the phenomenon, are 
at once apparent when sokolik comes to the following premises and 
glres a formula for the pressure increase« 

In reality» the propagation of pressrare in the reaction, zone, 
spreading with the given velocity %i>   in the explosive mixture of 
knowi properties, is wöll knosm owijäg to theworks of our compatriot 
¥, A« Mikhel's&n and others* 

From the quite indisputable equations of conservation■of 
natter, the quantities of raomentua and energy (taking into account 
the chemical Wergy of the explosive raixture), one obtains a depen- 
dence of pressure"of the cosfeustion products Gn°flame velocity, 
schematically (not to scale) shown in Fig» 1. 

Let us remark that all the equations, auf frtm them the fol- 
lowing resltions 'between pressure arid density s from which fellows 
the curve shown in Fig* 1. are in the previously mentioned book of 
A. S. Sokolik (page 51, Fig* 30)» As we see it^this connection 
does not have anything in coramon with formula 00 in this article. 
In slerer burning»'" at a" velocity (with yealtion to the explosive 
Hüxfcare) less than. 50-60 meter/sec (Ujaax). the pressure does not 
increase,, but decreases» 

This lowering of pressure of the combustion products on 
cossarison with the' exploisve Mixture pressure in front of the 
IL-ma, has been observed experimentally in a bvimiag (of gas©s) in 
& Bansen ham8i?a Mby then, in practice, in bunning in tabes  one 
observes the formation of shock waves; in what sense is the flame - 
called the source of shock waves? 

|     In slow burning in the reaction acne, at first with small .   { 



^„^^   +****> follows an appreciable JJICA fc«.*«-- 0,4-^^- 
pressare ^e-,^.-— cofflPakson with the specie vol- 
V0J-U;^ f C ^«oW Urtare before burning.    On ou^-U*.,  —  lCt~t7 

of ^otion or matter v*^ -^^Vl)%   directed to the # 

proouCTsJ -;i,5^Ictr'tMti of position of fiarnes,    The capior^e 
airec-w-on cnn^i.e  ,  -^ V~^    -   ^      ä combustion t>rocrcc&s 

^^i^^o^iv con* to rest«    The shock wave, appear** uu 
casno, ^^p^r^^l     o^ the system «md on the mechanism t» 

"~ burning* aspsnoo V<A »'■'J-jl_- w-   • 
rtSi0v%C; :^;,+^rof assure of the shock wave necesb^eo Trie oaluuAat,.oi. ox , -t-      ^ irt   aecffant the bewnary 

-.f. -,.„.,™.tr^ v-i+v^ g wlonity ox u      -• l!£ ^.K-,-.S pia - ->— ÖJ- 

and tae cu«^«^  .<-- - . , ?      *    the produces-01 

T" the tubs is open sxicx 
the r^r^ssfure at its open enci is • :- .)-..; ;p-;;  ,-. '• '■■:'.'■"   '. 
^r then through the explosiv .;.   .-v -       ..   .• 
roücbjre shall travel a shock ,■--,-;■'   rv,,;/ ^ .;:■ 
,»^,frt VTyivjc, a smal3  arapültudö, •■>'■':■'.■'." 
i/iiih pressure (Fig* 2« b; ..:;:..,   :,',;•/. .■.■ 

./.,    ,-,  ^i — r..-i- fi -.Tinfn«-"!) ■   ;:'.'■■-.■■'    ,■'•■ 

Mih UJ= 3 meter/see; n_~ 10; .:•.?.,-■;;;■■:;■•■. 
prPl ="0,001 atajo^phere). -:.-'::'v .' ' ■■"'■ 

Tf the tute is closed at ' /.  , "...   ,<..■ .>•;;'...■•■■ 
tho iEaition' end; then the henmdry ■;.:.   ^,;^;;.;_ i2.;___. 
conditions aro such that the comb-o.s-       -—-'^ -'--- — 
+4or -rr^d-acts are at restj  coKseq»- /       f±&re 1 
nentlV, the esplosive sixtare mst ^s    (A s 0mÄX) 
-nove -with a velocity t^Cn-D» for . "    _,... ... fh„ .^i,,^ wnb 
^fhieh it is inevitable that a stock wo -^^- x.. 
a pressure (Fig* 2, D 

V.'-    s:   "O-     +   PlX)r-i{Xl'~Xj{ja 

With n * 10, U2 - 3 neter/sco, prPi;-^- "tl ^re^plo- 
iaewase ar. tcB^er^u.« ^» I^^^uVsmpHer than w,.. about 0,001 
g5.on products, prcsaura y5 x& 6-e*-^ ^    ,w of shook waves 
3+jpöcr.v,«^e (bn.it higher WRti pi>.    *^fr. l0*'-x"     ■ +w« •^--.-vMon ^n 
^'a'flai sUy not be feägineä to bo the sa»e as teexr .u^a.x.n _n^ 
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^ the frort in the reaction son©, and it obviously depends on the 
motion of'combustion products* Especially should it be emphasised 
that if the burning rat* is constant, then oaly one sheek wave is_ 
obtained of constant amplitude «bleb does not radiate forced shook 

wares. 
If the combustion rate depends on the initial temperature ana 

the pressure of the explosive mixture, then instantaneously is estab- 
lished a motion pattern corresponding somewhat tö the raised teopera- __ 

—tare in advance of the vave front» 
In its case of our nuraerical «sample, if one should assume that 

it« rats of combustion propagation is equal to 3 rcster/ssc for the 
init^T temperature T = 300°! (Kelvin) and is proportional to T*. 
on solving the equation we shall find that in adrajiee_of the wave 
front the" velocity of burning propagation is 3»IS aieter/sec and the 
toKpsrs-tur© is 3^9" K» 

The aecoB^lishmeht of the above verification represents the' 
pres-ant»daT investigations of theoretical research on gas motion in 
flame propagation* Naturally, these investigations do not negate 
flame acesleratisai and the transformation of combustion, into a deton- 
ation, and do not contradict the experiaentally established fact of 
flame acceleration and pressure increase iß front of the flame* 

Froa the synthesis of these current investigations on gas 
dynamics with ©xperiaental facts», it follows that the cause for 
flame acceleration arid pressure increase say ast be irradiation of 
shock waves br a flats© in the .manner described by Sokolik, and the 
reason may not be the Influence of. teasperature and pressure on the 
flase velocity. 

As 13 known, the way out of this difficulty was shmn  oy 
Prof I, I. Shehelkin, who explained flame acceleration by the influ- 
ence of gas Hiotion on combustion propagation Telocity» It would be 
out of place here to go again into the details of Shchelkin's 
theory and some complsmentaty deliberation by the author of this 
article on the auesiion of the origin sfdetonation. 

The above stated elemantary considerations.show that JIB reality 
Sokolil; failed to construct a ae¥s valid physical picture of flame 
acceleration and increase in amplitude of a stock wave different, fro« 
tbat of Shcbelkin, Therefore, the problems raised on the influence 
of ~man,T factors on "the origin of detonations smst be solved on the 
basis of Bhchelklia's representation* accepting thesa in a broad con- 
6o;ot as ibe influence of gas motion m  its ccaabustion, and develop» 
i?:g them quantitativsiy, ^arbictslarly, »bile investigating a differ- 
ent problem on the origin of detonation in an ope» tube, it is neces- 
sary to observe at great length the condition of gas outflow through 
the ooen end, 

In the reeond part of his vork, Sokolik notes that the velo- 
; vity of flasies la the predetonation period is equal to thebulk velo-J 
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city of the mass in the shock wave and there argues that ''propagation 
of flames in the predetonstlon period is dorse by the flaute transfer 
by bulk flow.* 

The velocity of bulk flow* Sokelik calculates not for that 
shock' KfavA which sot/aallr exists daring the predetonation period and 
whiüh i.ic'till now has not teen measured nor coajputed, aai not for that 
stock wave which according to detonation theory ignites the ga? in 
the formed detonation region, tei for thai conditional, ficticioi'.s   ~— 
"wave, which would spread"in the explosive Mixture if the pressure in 
the shock wave wers equal to the pressure of the detonation products» 

Tn itselfs the approximate equality of teo quantities, the 
flame velocity in the* predetonation period and the bulk velocity in 
such conditional v&m,  according to the saraiituae orders, naturally 
recresents itself as a:n interesting and useful correlation, 

But the «yunierrtE of Sokolik about the BiechamsiK of the phenom- 
enon sre quite' unacceptable * it one agrees with his viewpoint- that, 
for exajBiil.e, the photographically observed Telocity of the flarces 
ife equal* to the balk flow'velocity t t^en 4t follows logically that 
relative to the flo^, the flame remains stationary! hence* during 
the predeiorirtion period new parts of the gas do not imriergo COATIS-» 
lion so chemical energy is not Ixfaerateä and there is no eoAnstion 
as long as flarse is carried passively by the gas. It is obvious that 
such a"picture does not at all correspond to reality, mcmxse  no tm&n- 
titative evidence (considering* rin addition, the HieritioB made of 
which -W3.T?e the calculations of'Sokolik are applicable) supports his 

In connection with the problem- of amplitaete of a shock wai?e 
on detonation» I action that th.e presentation about a wa^e of equal 
pressure i$ss used by Sokolik as early as 193?, ^ ferlsg that tisse 
when the present thsory of the author was not yet constructed.» such 
a representation usas naturals 

It. the author's theoretical work published in 19^0, it «as 
show* that, in reality, on detonation a shock vzm  is formed of equal 
pressure, corresponding approximately to twice the pressure of the 
products of the explosion« If Sokolik does not agree with, these 
assertions ahd st the present time stands on his previous -viewpoint, 
then an any case he should think in detail of that problemt  to take 
nitice of the presence of the other point of view (the author's), 
and to show its falsity* 

Sokolik uses quantities calculated on the basis of previous 
V'ei:.:csoe;nta.tions 5 giving good quantitative evidence , but he does not 
^efttioii the existence of other representations leading to  a greater 
L-pproxiwaiely lA~l*ej  times) bulk flw velocity, that is, to_a flame 
v/locity sot equal i'y hut spialler than, the'hoik flew velocity* 
Stseh ar> account say disorient the reader, who is not captions enough  j 
and not sufficiently acquainted with the literature* 1 take this   — 



r "i opportunity to thank Prof Sekolik for kindly affording me ine 
opr-ortanity of detailed acquaintanceship with his work prior to 
its publication« 

Received by the editor» 
1 June 1953-* 
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