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Investigation of detonation waves in gases is usually ca r r i ed  out by means of shock tubes in which 
detonation is initiated ei ther  by a shock wave or  an accelerat ing flame with the initial temperature  of the 
combustible mixture close to ambient.  The actual generation of a detonation wave in such tests is readily 
ascer ta ined  by the rapid change of p re s su re  or  tempera ture ,  since detonation increases  the chemical  
reaction rate severalfold.  

Conditions in an internal combustion engine in the presence  of "knock" are  different~ Owing to 
p re l iminary  compress ion  of combustible gas mixed with products  of combustion remaining in the cylinder 
after  the exhaust stroke, the gas tempera ture  can be sufficiently high to create  favorable conditions for 
an explosion-like chemical  react ion throughout the cyl inder  volume~ If the temperature  and the mixture 
are  uniform throughout the cylinder volume, the chemical  reaction will resul t  in a uniform pressure  r ise  
there~ If, on the other hand, the temperature  of the combustible mixture varies  f rom point to point, the 
chemical  react ion at these proceeds  differently, and this leads to an uneven expansion of gas and a possible 
initiation of shock and detonation waves~ Unlike conventional detonation experiments  in shock tubes, the 
exact  determination of the point of transit ion of the chemical  reaction f rom a uniform explosion-like mode 
to that of a spreading detonation wave is a difficult experimental  task necessitat ing precis ion measurements .  

A theoret ical  study of this problem is presented here.  The problem of detonation onset in a non- 
uniformly heated gas susceptible to chemical  reaction is solved. Three react ion modes are shown to be 
possible .  If the temperature  distribution at the initial instant of time is such that the gas is nearly uni- 
formly  heated, the reaction mode is that of a thermal  explosion. With a steep temperature  distribution, a 
detonation wave detached f rom the reaction wave is generated.  Finally, there is a temperature  distribution 
such that the generated detonation wave becomes capable of initiating a reaction,  and a s tat ionary detonation 
mode sets in. 

1. Statement of Problem.  Let at the initial instant of time the tempera ture  profile of a reactive gas 
in the half-space X > 0 be given in the form of the l inear function 

r (0, X)  = To - -  •  ( 1 . 1 )  

It is also assumed that the gas p res su re  P and the relative concentration a of the combustible con-  
sti tuent [fuel] are constant and that the gas is at rest ,  i .e.,  

P(0,  X) = P0, U(0, X) = 0, a(0, X) = t (1.2) 

where U(t, X) is the velocity of gas.  

To satisfy the condition T ( t , X ) - > 0  (for 0 -<t < ~) ,we  assume that T(0, X ) = 0  for X >  T0/~~ If we 
confine ourselves  to the initial stage of perturbation onset (that this is sufficient will be shown in the fol- 
lowing), the later  condition will not be res t r ic t ive  owing to the finiteness of the propagation velocity of 
these.  

The gas is assumed to be perfect ,  i .e. ,  its equation of state is of the form 

PV = RT (1.3) 
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H e r e  R i s  the gas  c o n s t a n t  and  V is  t he  s p e c i f i c  vo lume of g a s .  

The s t a t e m e n t  of the p r o b l e m  i m p l i e s  a s t a t i o n a r y  i n i t i a l  s t a t e  of the p e r f e c t  i n e r t  gas ,  i . e . ,  tha t  the 
i n i t i a l  s t a t e  of the l a t t e r  i s  changed  on ly  by  the i n c i p i e n t  c h e m i c a l  r e a c t i o n  which  m u s t  se t  the gas  in the 
v e s s e l  in to  mot ion .  Since a t  the hot wal l  the r e a c t i o n  d e v e l o p s  with g r e a t e r  i n t e n s i t y ,  a r a p i d  e x p a n s i o n  of 
g a s  t a k e s  p l a c e  t h e r e ,  and the o n s e t  of a shock  wave b e c o m e s  p o s s i b l e .  Under  c e r t a i n  c o n d i t i o n s ,  th is  
wave m a y  deve lop  into a de tona t ion  wave .  

V a r i o u s  c h e m i c a l  r e a c t i o n  m o d e s  a r e  p o s s i b l e ,  depending  on the s p e c i f i e d  i n i t i a l  t e m p e r a t u r e  g r a d i e n t .  

F o r  c o n s i d e r a b l e  n ,  the r e a c t i o n  induc t ion  t ime  a l s o  d e c r e a s e s ,  and  l a y e r s  of gas  f u r t h e r  r e m o v e d  
f r o m  the hot wa l l  beg in  to p l a y  an i n c r e a s i n g l y  i m p o r t a n t  r o l e  in the f o r m a t i o n  of the shock  wave~ The l a t -  
t e r  b e c o m e s  su f f i c i en t  fo r  i n i t i a t i ng  a r e a c t i o n  in the gas ,  which wi l l  then p r o c e e d  in a de tona t ion  mode .  

F o r  s m a l l  n ( n e a r l y  u n i f o r m l y  hea t ed  gas ) ,  the r e a c t i o n  d e v e l o p s  th roughou t  the whole v e s s e l  wi th -  
out  s h o c k s .  

2. Equa t ions  and  B o u n d a r y  Cond i t i ons .  We use  o n e - d i m e n s i o n a l  equa t i ons  of g a s d y n a m i e s  fo r  a n a l y -  
z ing  the mot ion  of gas  and take  into c o n s i d e r a t i o n  the e n e r g y  r e l e a s e d  by the c h e m i c a l  r e a c t i o n  (for  s i m -  
p l i c i t y ,  the l a t t e r  i s  c o n s i d e r e d  to be of the f i r s t  o r d e r  with r e s p e c t  to a) :  

( + )  o~] U o ~  l o p  
o~ op~ = 0  O =  o x  v o x  0-5- + o x  ' at + - -  = 

(2.1) 
OP aP ~ 0U Oa Oa 
Ot + U ~ -}- y~" ~ - (T - -  1) Qapke - s  / RT - + U = _ kae -E  / nT 

' " O t  ~ Y -  

Here Q is the heat energy release, E is the activation energy, k is the preexponentiai factor, and y 
is the adiabatic exponent. 

It is convenient to pass in the subsequent analysis to the Lagrangian coordinate x and dimensionless 
variables defined by the following equations: 

P = PoP, T - -  ToO , 

"r E 
t = - ~ e x p  RTo ' 

u = V - ~ ,  v - RTo 
Po 

•  V-~-gTo exp - -  

X 
vo V~-~o E 

kRTo exp ~ = ~ dX , V(t, X) 
o 

V~-~o E 
X = ~ k exp RTo 

The equa t i ons  of mot ion  (2.1) then b e c o m e  

l 
d~ - ? P ~ Z = a a e x p  ~ t - - - - 6 -  , 7-b~- T~-z = 0  

0'~ - ? a e x p  ~ i - -  = 0 ,  0"~ - - u '  Ox -- v 

(2.2) 

(2.3) 
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Initial conditions (1.1) and (1.2) and the equation of state (1.3) after transformation take the form 

o(o, x)=e-~(0(Q, ~ ) = l - Z ~ ) ,  v(0, x)=0(0 ,  x) 

(0, x) ----)c ~ (i --e-Z~), p (0, x) ---- i ,  a (0 ,  x) = l ,  u (0 ,  x) = 0, (2.4) 

p v =  0 

Note tha t  a s y m m e t r i c  e x t e n s i o n  of funct ion T(0, X) i~to r e g i o n  X < 0, r e d u c e s  th i s  p r o b l e m  to tha t  

of Cauchy .  

3. P r o g a m m i n g  C a l c u l a t i o n s  fo r  the C o m p u t e r .  N u m e r i c a l  i n t e g r a t i o n  of s y s t e m  (2.3) with i n i t i a l  
cond i t i ons  (2.4) m a k e s  i t  n e c e s s a r y  to c o n s i d e r  the  p r o b l e m  on a f in i te  s e g m e n t  of the x a x i s .  To c o m p l y  
with th i s  we i n t r o d u c e  a wal l  a t  x = L.  The b o u n d a r y  cond i t i ons  (cond i t ions  of i m p e r m e a b i l i t y  of wa l l s )  a r e  

then w r i t t e n  

u('~,O)= u(%z (~ 0 

x ( ~ 1 7 6  ~(0)__ ~ exp --  

The boundary condition at the cold wall, introduced for bounding the region of integration, does not 
affect the course of the reaction, since we are interested in times shorter than that required for the shock 
wave to reach the right-hand boundary. 

Since the appearance of shocks is to be expected, we introduce into the solution of the problem an 
artificial viscosity, as was done by Neuman and Riehtmayer [1]. This permits the substitution of a thin 
transition layer for the shock in which the parameters, although rapidly changing, are free of discontinuities. 
The introduction of artificial viscosity makes it possible to avoid involved calculation of shock by the 
Hugoniot equation~ The artificial viscosity is defined by the following equation: 

(~Ax)~ / a,.,., p a~ o~ (3.2) 
q = ~ ; ~ \ O x ]  for - -~<0;  q=O for ~ - ; > 0  

w h e r e  Ax  i s  the i n c r e m e n t  a long  the s p a c e  c o o r d i n a t e  and v i s  
the c o e f f i c i e n t  of a r t i f i c i a l  v i s c o s i t y .  

The f i r s t  two e q u a t i o n s  of (2.3) a r e  now r e p l a c e d  by  

? l oO Ou 
g.g~ ~ --  i 0T -}- (p ~- q) - ~  =aaexp ~ t - -  (3.3) 

f,l f t T.-~- + - ~  (p + q) = 0 
/' t,o ~ g.o 

F i g .  2d 
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Using the d i f f e r e n c e  method of the "tripod" type 
the fo l lowing  e x p l i c i t  a l g o r i t h m :  

n+l ( AT)n n n n n 
u 7 = u ~  - -  ~ (P.~=V, § qJ+~l~ - -  PJ--'I ,--  q.~-'A) 

n n+l n*l  -i n+l n+l 
�9 _ = ( A x )  ( ~ J + v , - -  ~J-,/-~) 

a ~ + l = a ? [ l §  (Of) ]  -1, / ( 0 f ) = e x p [ ~ ( l - - # ) ]  

P~+: (~( i ) - : O ?  § (1/2pjn § q f )  n n+I n+l - -  (vj - - v j  ) + a ( a ? - - a j  ) 
�9 ~ -1 n+l n ~/~[(~+~)(~--~) ~,~ --y~] 

o7+: = ~ + : q + :  
"q.n 27 v~ u n n z u n u n " /d n = O  u n u n 

0 ~ / < . 1  ( Y h x = x ( ~  O ~ < . n < o r  

[2], we readily obtain for the solution of our problem 

(3.4) 

Here  (Pin deno t e s  the value  of funct ion  q~ at  the i n s t a n t  of t i m e  (A~-)I + (AT)2 + ... + (~T)n a t  po in t  j~x ;  
the t i m e - i n c r e m e n t  (A~')n i s  c h o s e n  on the b a s i s  of C o u r a n t ' s  s t a b i l i t y  cond i t ion  

Ax V'~ / 2v 

(A-.)~ = m ~ , : / ~  y? (3.5) 

which  controls the a c c u m u l a t i o n  of s m a l l  e r r o r s  in the c a l c u l a t i o n .  

The b o u n d a r y  and  i n i t i a l  v a l u e s  of p a r a m e t e r s  a r e  c a l c u l a t e d  by  the fo l lowing equa t ions :  

a) b o u n d a r y  cond i t i ons  

J 
/0 20 Y0 

f 

n+l __ ~n+l __ u~+1 n+1 __ n+l __ 0 n __ ~(o) 
uO --~o -- ~ go --qJ -- ' ~J -- 

~j~ = a~ -1 [i + (AT),~_I/( s , 
n n - 1  a 0 - -  a 0 [1 -~- (~T)n_l / (0~-1~)] -1 

_ _  vn-l__ ( A ~ ) n - I  n-1 o j n  
y j n  J A z  u J - l '  p j n  y j n  

n n-1 (A~')n-1 un-1 O~ 
Vo ~VO -~ AX 1 ' PO n -  yO n 

(A'Qn-1 n 1 ,  n - l - - q n  1~ 
0s ~ = 07-: § (A~)~_ 1 (~ --  I) ~=j~ / (0~ -~) + (~ --  l) ~ ~J:l ~PJ • J J 

Oo ~ = o~ -1 + (A~)~_~ (~ t) ~ o ~ / ( o ~ - b  - ( ~ -  ~) ~ %-:  ~-~ ' - -  (Po U_qon ~) 

(3.6) 
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b) i n i t i a l  c ond i t i ons  

0j ~ : exp (-- ~.]Ax). ~j0 = ~-1 [l --  exp (--)~/Ax)] 
p10=aj 0 : i ,  ~ o = 0 ,  vjD=00 (3.7) 

4 .  D i s c u s s i o n s .  The fo l lowing  va lue s  of d i m e n -  
s i o n l e s s  p a r a m e t e r s  we re  u s e d  in c a l c u l a t i o n s :  v = 1.7, 
J = 3 5 0 ,  ~ = 5 ,  fi = 10,~/ = 1.2,~(~ = 5 5 .  

In the fo l lowing ,  the r e s u l t s  a r e  g iven in p h y s i c a l  

v a r i a b l e s  fo r  k - 10 l~ s e c  -1, T o = 2000~K, and L = 10 era~ 

We a l s o  choose  k l  = 0.66 (~1 = 7360 deg / cm) ,  )~2 = 

0.02 (~r = 220), h 3 = 0.017 (~t 3 = 118), ~4 = 0.01 (n 4 = 110), 
and  X5 = 0.001 (~5 = 11). 

The i n i t i a l  t e m p e r a t u r e  d i s t r i b u t i o n  fo r  t he se  va lue s  
of >~ a r e  shown in p h y s i c a l  v a r i a b l e s  in F i g .  1. 

F i r s t ,  l e t  us  c o n s i d e r  the c a s e  of  c o n s i d e r a b l e  t e m -  
p e r a t u r e  g r a d i e n t s  (~1 = 0.66).  The d i s t r i b u t i o n  of p a r a -  
m e t e r s  a ,  p, 0, and  u a long  the c o o r d i n a t e  is  shown in 
F ig .  2 a - d  w h e r e  c u r v e s  1, 2, 3, 4, and 5 r e l a t e  to i n -  
s tun t s  of t i m e  ~- = 0.41, 0.82,  1.22,  2.44,  and 3093. 

At ~- = 0.41 the r e a c t i o n  and the shock  waves  c o i n -  
c ide  (F ig .  2a,  b) .  The d i s t a n c e  be tw e e n  th~ two w a v e s  
i n c r e a s e s  a t  an i n c r e a s i n g  r a t e  with t i m e ,  and the s h o c k  
wave b e c o m e s  d e t a c h e d  f r o m  tha t  of the r e a c t i o n .  

A p u l s a t i n g  p r e s s u r e  beh ind  the shock  wave can be s een  in F i g .  2b. Sma l l  a m p l i t u d e  p u l s a t i o n s  
( r i p p l e s )  and  l a r g e  s c a l e  o s c i l l a t i o n s ,  r e p r e s e n t i n g  a c o u s t i c  p e r t u r b a t i o n s  p r o p a g a t i n g  beh ind  the s h o e k -  
wave f ron t ,  can  be  d i s t i n g u i s h e d  t h e r e .  

The s m a l l  p r e s s u r e  o s c i l l a t i o n s  a t  the wave p r o f i l e  a r e  due to the f i n i t e - d i f f e r e n c e  c o n s t r u c t i o n  of 
the a l g o r i t h m  (3.4). The magn i tude  of t h e s e  p u l s a t i o n s  d e t e r m i n e s  the a c c u r a c y  which can  be r e a s o n a b l y  
e x p e c t e d  f r o m  t h e s e  c a l c u l a t i o n s .  The m a x i m u m  i n t e n s i t y  of the s h o c k  wave i s  P/P0 ~ 2.1. Af t e r  the 
s e p a r a t i o n  of the shock  wave f r o m  tha t  of the r e a c t i o n ,  the f o r m e r  b e c o m e s  a t t e n u a t e d  owing to the r a r e -  
f ac t ion  w a v e s  ( t roughs  in the wave p r o f i l e )  o v e r t a k i n g  the shock  wave .  

In i t i a l  t e m p e r a t u r e  d i s t r i b u t i o n  i s  shown in F i g .  2e by a d a s h e d  l ine .  It i s  s een  tha t  the i n c r e a s e  of 
t e m p e r a t u r e  i s  e s s e n t i a l l y  due to the r e a c t i o n  wave ,  while  the hea t ing  of gas  by the shock  wave i s  i n s i g -  
n i f i can t ,  hence the  s lowing  down of the r e a c t i o n  (F ig .  2a) .  Had the e q u a t i o n s  c o n t a i n e d  t e r m s  r e l a t e d  to 
d i f fus ion  and t h e r m a l  c o n d u c t i v i t y ,  a n o r m a l  f l a m e  p r o p a g a t i o n  would have r e s u l t e d .  Note tha t  the shock  
wave v e l o c i t y  i s  s o m e w h a t  h i g h e r  than the n o r m a l  r a t e  of f l a m e  p r o p a g a t i o n ;  hence ,  the a b s e n c e  of t h e s e  
t e r m s  does  not  a f f ec t  the f o r m a t i o n  and p r o p a g a t i o n  of the shock  wave .  

V a r i a t i o n  of the g a s  v e l o c i t y  r e l a t i v e  to the w a l l s  with t i m e  i s  shown in F ig .  2do 

The s a m e  r e a c t i o n  mode i s  o b t a i n e d  for  ~2 = 0 . 0 2 .  The b e h a v i o r  of p a r a m e t e r s  a and p a r e  shown in 
F i g .  3, w h e r e  c u r v e s  1, 2, 3, a n d 4  r e l a t e  to  t i m e s  T = 7.44,  11.49, 16.65, and 22.15.  

The d i f f e r e n c e  be tween  th i s  and the p r e v i o u s  c a s e  i s  tha t  [here]  the shock  wave b e c o m e s  d e t a c h e d  
f r o m  the r e a c t i o n  wave much l a t e r  and  a t  c o n s i d e r a b l y  g r e a t e r  d i s t a n c e s  f r o m  the hot wal l  (even a t  T = 7.44 
and  ~ = 23.0 the two a r e  s t i l l  t o g e t h e r ) ,  owing to the g r e a t e r  m a s s  of c o m b u s t i o n  p r o d u c t s  t ak ing  p a r t  in 
g e n e r a t i n g  the s h o c k  wave .  Th i s  a l s o  e x p l a i n s  the c o n s i d e r a b l y  h i g h e r  i n t e n s i t y  of the shock  wave - in th i s  
c a s e  equa l  to 6.6 - than in the p r e v i o u s l y  c o n s i d e r e d  c a s e .  

The c o u r s e  of the r e a c t i o n  in a de tona t ion  mode i s  shown in Fig~ 4a ,  b .  In th is  c a s e  X3 = 0.0107 i s  tha t  
c r i t i c a l  g r a d i e n t  ~ a t  which  de tona t ion  o c c u r s .  The r e s u l t s  of so lu t i on  a r e  p r e s e n t e d  in the f o r m  of c u r v e s  
1, 2, 3, 4, 5,  and  6 which  r e l a t e ,  r e s p e c t i v e l y ,  to t i m e s  T = 5 .73,  7.84,  9.53, 11.23, 12.96, and  14.76.  The 
wave v e l o c i t y  can  be c a l c u l a t e d  f r o m  the da t a  of F i g .  4; fo r  the  above  t ime  i n t e r v a l s ,  i t  i s  15.07, 5.57,  5.80,  
5 .29,  4 .88,  and  4 .53 ,  r e s p e c t i v e l y  ( these  v e l o c i t i e s  a r e  n o r m a l i z e d  with r e s p e c t  to the s p e e d  of sound  a t  

300 ~ K)o 
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On the o t h e r  hand, f r o m  the e q u a t i o n f o r  a s t r o n g  de tona t ion  wave [3]; 

= V2 (~'~ - -  ~) Q (4.1) 

w h e r e  D is  the de tona t ion  wave v e l o c i t y ,  we f ind tha t  D = 4 .95 .  

At the i n s t a n t  of t ime  T = 14.76 the de tona t ion  wave mode a p p a r e n t l y  
c h a n g e s  to tha t  of the C h a p m a n - J o u g u e t o  This  i s  c o n f i r m e d  by  the c a l -  
cu l a t i on  of the de tona t ion  wave v e l o c i t y  wi th  r e s p e c t  to the p r o d u c t s  of c o m -  
bus t ion ,  which i s  equa l  to the l o c a l  s p e e d  of sound.  These  c a l c u l a t i o n s  w e r e  
made  for  p o i n t s  deno ted  in Fig~ 4b by a s t e r i s k s .  The p a r a m e t e r  (D - w ) / c ,  
w h e r e  w i s  the v e l o c i t y  of p r o d u c t s  of c o m b u s t i o n  a t  a g iven po in t  and  c i s  
the s p e e d  of sound at  the s a m e  poin t ,  i s  equa l  to 0.97, 1.06, 0.98,  and 0.53 

(in order of increasing ~). The last of these relates to the point at which the reaction has not yet begun. 

Deviations of these values from unity are within the limits of accuracy of determination of the shock wave 

ve loc ity. 

The discrepancy between the values of wave velocity obtained by numerical calculation and derived 

from Eq. (4oi) can be explained by the instability of the detonation wave. This was noted in [4-6] in which 

the instability of one-dimensional propagation of detonation waves was investigated~ Pressure pulsations 

observed in [5, 6] were also noted by us (results of these investigations are not presented here). We 

would only note that, unlike in the case considered here, the detonation wave velocity and the supercom- 

pression ratio in [5, 6] were determined by external conditions - the motion of a piston. 

It should be recalled that the propagation of the wave itself is to a certain extent arbitrary, owing to 

its instability with respect to spatial perturbations. The experimentally obse~rveddetonation waves have a 

complex three-dimensional nonstationary structure. Hence, only the first stage of detonation wave forma- 

tion can be illustrated prior to its acquiring a spatial structure. 

Let us compare these results with the propagation of a reaction in an incompressible gas. Setting in 

Eqs. (2.3) au/0x = 0, we readily obtain 

( ~ = a ( ' r - - t ) ,  A=I~-~- -~ .~ ,  E i [ x  l =  z ' x > O  

def in ing  the t i m e - d e p e n d e n c e  of c o n c e n t r a t i o n  a~ 

The r e s u l t s  of c a l c u l a t i o n  by  Eq. (4.2) a r e  shown in F ig .  5, w h e r e  c u r v e s  1, 2, 3, and 4 r e l a t e  to in- 
s t an t s  of t i m e  ~- = 0.27, 0.42, 1 .34,  and 6.75 (X3 = 0.0107).  

The p a t t e r n  of de tona t ion  wave f o r m a t i o n  can  be o b s e r v e d  in F i g s .  6a - c  (X 4 = 0.01),  w h e r e  c u r v e s  1, 
2, 3, and  4 r e l a t e  to i n s t a n t s  of t ime  ~- = 1.55, 3.10,  7.75, and  10.75 o At the beg inn ing  the v a r i a t i o n  of a l l  
p a r a m e t e r s  i s  f a i r l y  s m o o t h ,  then with the  p r o g r e s s  of wave f o r m a t i o n  the g r a d i e n t s  b e c o m e  m o r e  and 
m o r e  s t e e p .  Here  the wave i s  f o r m e d  l a t e r  than in the  p r e v i o u s  e a s e .  

If the s lope  of the t e m p e r a t u r e  p r o f i l e  i s  f u r t h e r  d e c r e a s e d ,  then ,  f r o m  h2* = 0.003 o n w a r d s ,  the 
r e a c t i o n  t a k e s  p l a c e  th roughou t  the whole v e s s e l ,  i . e . ,  in the mode of a t h e r m a l  exp los ion~  

We would  po in t  out  tha t  the c r i t i c a l  g r a d i e n t s  hi*  and ~2" a r e  func t ions  of the length  of the v e s s e l .  
When th i s  l ength  i s  s h o r t e r  than the d i s t a n c e  a t  which t r a n s i t i o n  to the C h a p m a n - J o u g u e t  mode o c c u r s ,  
the mode of the c h e m i c a l  r e a c t i o n  can  be c l a s s i f i e d  a s  a t h e r m a l  e x p l o s i o n .  

So lu t ions  f o r  ~5 = 0.001 a r e  shown in F i g .  7, w h e r e  c u r v e s  1 and 2 r e l a t e  to i n s t a n t s  of t ime  "r = 0.18 
and 0.34~ The c o m p l e t e  bu rnup  of the c o m b u s t i b l e  c o n s t i t u e n t  i s  a c h i e v e d  at  the i n s t a n t  of t ime  7 = 0.47.  
P r e s s u r e  in the v e s s e l  r i s e s  n e a r l y  u n i f o r m l y  to 2P 0. Th i s  is  r e a d i l y  d e r i v e d  f r o m  the s y s t e m  of Eqs .  
(2.1) by  equa t ing  to z e r o  the d e r i v a t i v e s  with r e s p e c t  to x. 

5. Knock in Internal Combustion Engines. The explosion-like combustion occuring in internal com- 
bustion engines is referred to as knock~ It is usual at present to explain this phenomenon in terms of 
kinetic concepts. Conclusions reached by various authors are to a great extent contradictory and do not 
adequately explain the accumulated experimental data. A detailed survey of current views on this subject 
was made in the monographs [7, 8]. The recent paper [9] should also be noted. 
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The explanation of this phenomenon on purely  thermal  grounds, as proposed in this paper,  is based 
on the assumption that a detonation wave can be generated by the uneven heat distribution in the react ive 
gas mixture.  The reason for the considerable thermal  and mechanical overloading of an engine working 
under knocking conditions is explained by the presence of detonation waves. For  example, in the case of 
k 3 = 0.0107, the detonation wave intensity is ~ 6. According to the formula for detonation wave reflection 
f rom a solid wall [10], the p res su re  behind such a wave is ~ 15 P0. 

Occurrence  of detonation waves under knock conditions had been experimental ly  observed,  and is 
descr ibed in [8]. 

The authors wish to express  their  deep gratitude to L. A. Chudov for  his considerable help in 
solving this problem. 

L I T E R A T U R E  C I T E D  

1. I. Neuman and R. Richtmayer ,  "A method for the numerical  calculation of hydrodynamic shocks," J.  
Appl. Phys. ,  21, No. 3, 1950. 

2. R . D .  Richtmayer ,  The Difference Method for Solving Boundary Problems [Russian translation],  Izd. 
Inostro Lit.,  Moscow, 1960. 

3o Yao B. Zel 'dovich and A. S. Kompaneets,  Theory of Detonation [in Russian], Gostekhizdat, Moscow, 
1955 ~ 

4. P. Mo Zaidel and Ya. B. Zel 'dovich,  "One-dimensional instability and attenuation of detonation, " 
PMTF, No. 6, 1963. 

5. Wo Fickett  and W. W. Wood, "Flow calculat ions for pulsating one-dimensional  detonations," Phys.  
Fluids, 9, No. 5, 1966. 

6. J.J. Eerpenbeck, "Nonlinear theory of unstable one-dimensional detonations," Phys. Fluids, i_0_0, 

No. 2, 1967. 
7. Vo Jost, Explosion and Combustion in Gases [Russian translation], Izdo Inostr. Lit., Moscow, 1952. 
8~ Ao S. Sokolik, Spontaneous Ignition, Flame, and Detonation in Gases [in Russian], Izd. AN SSSR, 1960~ 
9. Wo S. Affleck and A. Fish, "Knock: flame acceleration or spontaneous ignition?" Combust. and Flame, 

12, No. 3, 1968o 
i0~ L~ D. Landau and E. M. Lifshits, Mechanics of Continuous Media [in Russian], Gostekhizdat, 1954. 

270 


