
64 Z H U R N A L  P R I K L A D N O I  M E K H A N I K I  I T E K H N I C H E S K O I  F I Z I K I  

WALL C O L L I S I O N  OF WAVES FROM O N E - D I M E N S i O N A L  GAs  D E T O N A T I O N S  
WITH LARGE AND NEGLIGIBLY SMALL I G N I T I O N  I N D U C T I O N  PERIODS 

Yu. N. Denisov 

Prikladnaya Mekhanika i Teoreticheskaya Fizika, No. 2, pp. 96-99, 1966 

The present problem is of interest in relation to the recently ob- 
served interaction of transverse discontinuities in a gas detonation 
front [1-4] and also other phenomena in wave gas dynamics, a new 
area of science concerned with wave interaction in supersonic flows [5]. 
A difference from earlier studies [6-8], and also those of Shchelkin 
[9] and Stanykovich [7, 1O] is that I assume that the reflected wave is 
not a shock wave but a detonation one, which propagates in a shock- 
compressed but as yet unreaeted explosive gas mixture, which is 
considered as an ideal gas. This is possible, for example, if the in- 
duction period for ignition in the incident wave greatly exceeds the 
induction period in the reflected detonation wave. For gas detona- 
tions the ratio of the initial pressure ~o the pressure behind the wave 
is not [11] negligibly smell (Po/Pi of l /6  to 1/20), and so the incident 
wave is taken as of arbitrary form. 
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Figure 1 illustrates tim most characteristic stages of this collision 
and reflection for times t t - t  ~ in (p, x)coordinates. Subscripts 0, 1, 2 
on this indicate the initial state and the parameters in the incident and 
reflected waves, 

Considering the flow in coordinates lir~ked to the wave front, and 
assmning that the gas at the wall is at rest, i . e . ,  u0 = Uz = O, we get 

as follows: 
for the incident wave 

poD1 ~= Pl (I)I -- ul), Pl 2T --  (T --  l) P* . 
p*--po= poDlul, p,'~ = "2"r--('r + i) P, ' (1) 

for the reflected wave 

funD, -:pt(D. , .+u,  ), p..,--pxa-pI(D...- u t ) . , ,  

�9 2..t = 2T , (~ + 1 ) P.., 
p, 2(3"-?-q) : ($--I)P7 ' 

P l : : l - - - - ~  , P ~ =  P--/~ --1,  (2) 
p, Pl 

Q (~" --  1) ~ cp 
q = Pdp~ - Y ( ' ~ - : l )  , ~ = ~-S �9 ( a )  

Herd Pt and P2 are the relative pressure differences in the incident 
and reflected waves respectively; DI and D z are the velocities of 
propagation of those waves; q is the dimensionless energy release 
(ratio of the heat of combustion of unit mass of the mixture to the 
initial internal energy of that mass); Cp and Cv are the specific heats: 
and c t is the velocity of sound in the shock-compressed gas behind 
the incident wave. The last is given by c o and the Mach nmnber Mt 
of the incident wave 

(2"fM1 ~ ~ 7 + t) 12 + (7 - -  1) MI"*] 
Cl ~ ~ CO g ~ (7 + t)a'+ll ~ , (4) 

From (1), with the momentum equation (2), we have 

p, : pa I~--('f--l) P~ D~ + Q-i].  
Also, from (1)and (2)we have, respectively, for the square of the 

relative velocity of the gas 

ut,:(/~_po)(_~ ~ _ t '  

From (6) we have from equations (1) and (2) that 

"r -t- % t'~ ('; +I) ---- X -- V * P t ('r + 1) �9 (7) 

F~g. 2 

We denote the right side of this by F to get that 

P.3-- (T+ t ) F  + 2 q  
- 2 -P.,.--TF=O. 

Then 

(8) 

(r + l) ~ + 2q :L VI(Y + i)  F + ZqV + io~F 
P2 = 4 " ('J) 

The positive sign is taken for the root in this formula, since detona- 
tion must correspond to a pressure change such that P2 > O. For Q = 0 
formula (9) reduces to the standard formula [6, 7] for the pressure in a 
shock wave reflected from an ab~lutely rigid wall 

"~P' ( 1 0 )  
1'2 " "r - -  1 / f l q  ( 7  1 )  " 
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We equate  tile right sides of (5) and (9) to get  

D., (7--;~,)/" t-'2q I -] /[ (T  +-I) F ~ 2q]" q i6TF 
1), 4(F" ! PI) (11) 

One of the basic assumptions here  is that  igni t ion is comple t e ly  

absent in the gas in state 1 for cer ta in  t ime,  so this t r ea tment  must 
be considered as a l i rni t  to real  processes of pulsat ing detonation,  

s ince the gas iD s ta te  ? may consist not only of the shock-compressed 
in i t iaI  mixture  but also of detonat ion products, due (for example )  to 

the periodic structure of the wave or to tile presence of a fine structure 

of in te rac t ing  discont inui t ies  [1, 12, 13]. The iso-ent ropic  re la t ion of 

pressure to density [10, 14] applies  to the detonat ion products 

pp-'G= c o n s t  (12) 

In this connect ion it is of interest  to consider another l i m i t i n g  

case, in which we assume that  the ent i re  region of compressed gas 

in the detonat ion wave behind the lead ing  edge inc ident  on the wal l  

is f i l led by detonat ion products. ~ a n y u k o v i c h  [7, 10] discussed this 

case in 1'046 for a strong detonat ion wave, i . e . ,  on the assumption 

Pt >> P0. IIere this problem is solved afresh for an arbitrary wave 

(i. e . ,  not assuming P0 smal l  r e la t ive  to Pt). We put Q = 0 in (2), 
while  (1) is replaced by the result  der ived from (12) to give the ex-  
pression for the density rat io as 

PI / PII :z (y "- Pl)  / ~ .  (13)  

Then (1) is solved with (13) and (2) modif ied  by putt ing Q = 0 to 
get the following formulas for Pz and D2/DI: 

(T ! I)P~ I-  u  ~-- l)zp~'-'q- 16T ~ 
P._, PI 4T , (14) 

j?., = (~ - -a )  P, ! 1/(~ : U-'P?~ lap-' (15) 
l h  4 ('r - th) 

Calcu la t ion  of Pl from the known M l of the inc ident  wave for 

substitution in ('0)-( I 1) is performed as for a shock wave without  
energy release: 

P ~  1 ----P% =- t "r ~" 1 
PJs 2TMr-' - -  ('f - -  t )  " ( 1 6 )  

It is convenient  to deduce Pts from the following formula in de -  

t e rmin ing  Dz/D 1 as a function of in teger  values of  NI 1 >_ 2: 

Iv,~/.,, (v 2 '_, (',x -1)) [l ~ ( 1 ,  y, ~c,x-.1))1-i[17) 
N =2 N='a 

The Pl tbr substi tution into (14) and (15) is ca icu la ted  as for a 

detonat ion wave via the formula 

P ~ j - -  1 - -  p 0 _ : = l _  T i- 1 
&./ ;r.llP-q- 1 ' (18) 

Figure 2 shows Dz/D t as a function of M t for a hydrogen-oxygen 
mixture  with y = 1.4 for these two l i m i t i n g  cases (curves 1 and 2); for 

comparison,  I g ive  curve 3 ca l cu la t ed  from (11) subject to Q/ca0 = 0. 

The broken tines are tile asymptotes  D2/D 1 = 0.333 and Dz/D t = 0.47, 

which correspond to the solutions for strong shock and detonat ion 

waves. As regards the asymptot ic  solutions we may note that  the re-  

suits for M 1 of 4 - 7  (the range charac ter i s t ic  of wave propagation in 

gases) show that  neg lec t  of P0 re l a t ive  to Pt leads to errors of 12 and 

6% respec t ive ly  for the col l is ion of shock and detonat ion waves with a 

wal l .  
The two ver t ica l  broken l ines in Fig. 2 d e l i m i t  the region of 

l i m i t i n g  M t for inc ident  detonat ion waves; to the lef t  of this region 

t ie  the Dz/D 1 obta ined by ref lec t ion  of  shock waves formed ahead of 

the f lame under predetonat ion conditions,  in the so -ca l l ed  unstable 
detonat ions [15]. To the r ight  of this region as far as the point of 

intersect ion of curves 1 and 2 (at M 1 = 13) l ies the range of D2/D 1 
for pulsat ing detonat ion.  A ref lected detonat ion wave cannot  occur  to 

the r ight  of this point, since for a mix ture  with this Q/c~ there  cannot  
be inc ident  detonat ion waves with these la rge  M 1. For instance,  the 
ca lcu la ted  m a x i m u m  ve loc i ty  of an inc ident  detonat ion wave for a 
s to ich iomet r ic  hydrogen-oxygen mix ture  is 5100 m/see ,  which cor-  
responds to  M 1 = 10, while  the ac tua l ly  recorded detonat ion speeds do 
not exceed Schmidt 's  [16] value  Dt = 4440 m / s e e  (M 1 = 8.65)  for 
p, = 800 k g / c m  2. Hence all the expe r imen ta l  D2/D 1 must l i e  within 

the acu te -ang led  sector formed by curves I and 2 to the lef t  of  their  

point of intersect ion.  
Curve 1 tends to inf ini ty  near Mi = 1, which physica l ly  mere ly  

impl ies  s imul taneous spontaneous igni t ion  of the s l ight ly  perturbed 

gas at al l  points. Here (9) shows that  P2 tends to a constant equal  to 
q = y(?, - 1)Q/c20. 

I am indebted to Ya. K. Troshin, who proposed this study of the 

col l is ion of  detonat ion waves, 
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