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It has been shown [1, 2] that  the p i tch  Ax of a pulsa t ing  de tonat ion  
a long the tube wal l  has a d iscre te  dependence  on the  i n i t i a l  pressure 

P0, as do other  pa ramete r s  such as the frequency co. 

We have  e x a m i n e d  de tonat ion  in 2H a + O 2 in  a brass tube 4 m 
long wi th  ins ide  d i a m e t e r  d = 16 m m .  In the  first 1.5 m was a wire  e 

spiral ,  which a c c e l e r a t e s  [8] the convers ion of burning to detonat ion.  

The  rest of the smooth tube was of constant  cross sect ion.  The other 

end of the tube was a t t ached  by means of a vacuum joint  to a 1 - m  

glass tube  h a v i n g  an ins ide  d i a m e t e r  of 16 :t 0.2 m m .  The  record-  
ings were m a d e  pho tograph ica i ly  with a ZhFR-1 apparatus  [4] and by 

the t race  method  [1]. 

Specia l  a t ten t ion  was g iven  to providing cons tancy of the other 

condi t ions  when Pn was var ied .  The mix tu re  was fired by fusing a wire, 
which ign i ted  the mix ture ,  which then went on to detonate .  

We var ied  P0 from 100 to 300 m m  Hg by steps of 10 m m  Hg and 

from 300 to 900 m m  Hg by steps o f l 0 0  or 200 m m  Hg; 1 0 - 2 0  runs 

were m a d e  at  each  Po, and the runs at the various P0 were numbered 
n =  1, 2 , 3 , . . .  ( the order) [ 1 , 5 , 6 ] .  The first order h a d s p i n a n d  

pulsa t ing  detonat ions  with n = 1, so the spin de tonat ion  was denoted 

by n '  = 1. The means  <n> and < Az> and de tonat ion  rate  <D> were 

used to find 

<o> = <D>/<A~>, <tga) =~d /<n> <An>, ( t )  

in  which a is the i nc l i na t ion  of the fracture  t r ace  to the genera t r ix  of 

the tube. 
T a b l e  1 gives  the pa ramete r s  for 130-300  m m  Hg, which revea l  

c l e a r l y  the d iscre te  change  in  the  detonat ion structure. At P0 = 100 

mm Hg, ten  tests gave  no ins tance  of de tonat ion (only burning was 

observed). At 110 and 120 m m  Hg, 20 tests gave  four cases of spin 

detonat ion with n'  = 1, but burning in the others. The m i n i m u m  

pressure Po for a s e l f - m a i n t a i n i n g  pulsa t ing  de tonat ion  with n = 1 

was 130 m m  Hg, and this was used to no rma l i ze  the axis of P0, whi le  

on the pulsa t ion  axis we p lo t ted  vd/< ha~>, s ince < Ax> ~ vd for n = 1. 

The data  were processed by smoothing [7] to g ive  the formula  

(2 )  
<Ax> - -  Lk po* / J  

Figure 1 shows the results, in  which points 1 are our results, points 

2 are from [8, 9], and points 3 are from [10]. The observed points 

correspond approx ima te ly  to def in i te  n for the m e a n  <P0> and < Ax>, 

Table i 

Po, D, m/sec AX, mm ~, kHz 
n mm Hg 

i 
2 
3 

4 
5 
6 
7 
8 
9 

t0  
t i  
t2  
t3 
t4  
t5  

t372:5 
i362:6 
t37-+6 
1502:9 
t85--+7 
1744-8 
194-+6 
203_+8 
22iJ• 
227+10 
242~9  
254-+t0 
27t •  
288+_8 
300 

2333 _+ 74 
232O 2: t 74 
2375 -+ 89 
2438_+50 
2484 • 59 
25;)7_+86 
254O+52 
2563_+90 
2572 _-4- 60 
2649_+51 
26802:36 
26742:33 
2678-+52 
2730-+40 
2736___46 

50_+t.7 
3 2 •  
2 t •  
16_+t 

t3.6_+0.8 
1 1 . 8 + 0 . 4  
t 0 . 1 •  

9 . t__0.5  
8 . t_+0.3  
7.4_+0.2 
6.8_+0.2 
6 .24-0.2  
5 .6-+0 . t  
5 .2-+0 . t  

4.75-+0.05 

46-4-2 
7 2 •  

112•  
t 5 4 •  
186•  
213•  
252_+10 
282:t:16 
320:t:13 
353-t-t5 
3904-16 
4172:t5 
46t --4-_ t2 
512_+14 
556_+t2 

though with some over lap a long the axis of [ = lg  ((P0>/P$ -- c), 

s ince different  n occurred with equa l  p robabi l i ty  for a g iven  P0 in 

c e r t a i n  tests. On the other hand,  there  was c l e a r  bunching of the 

results up to fa i r ly  h igh  u a long  the axis of r~ = lg  Urd/<Ax>). Least- 
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Fig. 1. Dependence  of &x on P0 for 2H z + O 2 in a 
tube  with an ins ide  d i a m e t e r  of 16 m m .  

squares f i t t ing g a v e  the constants  of (2) as r = 0.663, a = 25.7, and 

c = 0.978, and so we have  the fo l lowing for (2): 

po = , . ]  

in which d and AX are in mm,  whi le  P0 is in m m  Hg. 
Formula (3) resembles  ea r l i e r  formulas  [6, t 0 ]  in  not showing the 

discre te  var ia t ion  of AX with n; but the data  of Tab le  1 may  be worked 

up in terms of the di f ferences  of the Ax for ad jacen t  n to g ive  

Ax ,~ F~ i +  ( n - - t )  , (4) 

in which g is a constant  to be de te rmined  from normal  equat ions of 

a type s imi l a r  to (4) via  the data  of Tab le  1, which g ive  g = 0.% 

For large  n, (4) becomes  

d/ A x  --~ ~n . (5) 

Formula (3) is conven ien t  for c a l c u l a t i n g  Ax and may  be used to 

ex t rapo la te  to l a rge  P0, where Ax and n cannot  be de te rmined  by 

expe r imen t .  For ins tance ,  Tab le  2 gives  pa ramete r s  c a l c u l a t e d  from 
(1), (3), (5), and (6) for the de tonat ion  waves produced by Troshin 

and Shchelk in  [8,  9] and by Schmidt  [11] in 2H z + O z at  Pa of 3 , 4 2 0 ,  
500, q60, and 800 a tm.  The Ax g iven  by (3) for these P0 were used 

in (5) to find the corresponding n, and then v ia  the formula  [9] 

A z ( T +  t ) ( 1 - -  ( g - ~ t ) / 2 " r ) t g a  
= 2D (T - -  t)  (6) 

and the measured  D [11],  we can  readi ly  deduce  the ign i t ion  induct ion 

t i m e  r at  t empera tures  T l g iven  by 

[ 2 T ( T - - t )  11f~2] ' 4~ - -  ('r - -  l)  2 2 (3" - -  1) .!_ 
T1 = To ( 7 ~ 1 )  ~ ( T @ I )  ~M1 ~ ('r : - t )  2 
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[8,9] 
Pq 

Table 2 

a~ D, mJsec Ax, (5) n 
I M H z  I ~  #see  m m  

42o 
500 
760 
800 

2859 
3500 
3600 
4250 
4440 

m m  M I ~  

0.6 5.55 
- -  6.8 

7.0 
8.27 
8.65 

0.9 
O. 034 
O. 030 
O. 023 
0.022 

I 
120 } .75 0.275 

2120 10~ 0.0t3 
2400 l t20 [ 0.01t 
3t30 185 0,007 
3270 200 0.0065 

2010 
2880 
3030 
4115 
4280 

in which M 1 is the Mach number, T o is the init ial  temperature, and 
~, is the polytropy constant. This gives r as less than 10 "8 see, which 

6oo -w-- -  ~ T I 

4~00 -- 

Fig. 2. Spectrum w(po) of detonation frequencies. 

approaches the l imit ing t ime for chemical  reactions, which is gov- 
erned by the excitation t ime  for the vibrational degrees of freedom 
in molecules~ 

Comparison of the second formula in (1) with (5) shows that ~ has 
the simple physical meaning of (tan C0min; in fact, the tan c~ cal- 
culated from (1) by means of measured< Ax > and <n> becomes 

(tan C0min ~ 0.7 for n -> 6. 
The dependence of ~ on P0 also is markedly discrete; Fig. 2 shows 

the results for n of 1 -15 ,  with w in kHz and P0 in mm Hg. It is clear 
that ~(<p0>) is a linear relation, with deviations only for n of 1 and 
2, where there is a tendency to produce spin detonations with n '  = 1 
and where we are close to the l imit for the propagation of detonation 
waves. 

The results show that there is discrete variation in the structure of 
a detonation wave as the initial conditions vary, which is further proof 
of the pulsation mechanism for propagation of detonation waves in 

gases. The 
t imates for 
peramres. 

empirical  relations allow one to obtain extrapolation es- 
the effective induction period for ignition at high tern- 
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