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Abstract. Propagation of converging detonation waves in solid explosive is dis- 
cussed. Whitham's method modified for solid explosives is used. Using 
folding coordinates, it is found that the strength of detonation waves increases as 
it moves towards the centre of implosion. 

1. Introduction 

Study of overdriven detonation waves has gained momentum in recent years due to 
their applications in the production of high pressure and temperature. Conventional 
explosives give pressure of the order of few hundreds of kilobars but when in the 
same explosive the detonation wave is made to converge at a point, pressure of the 
order of mega bars is generated1-6. Singh', found that as detonation wave moves 
towards its centre or axis of convergence, its velocity and pressure increase and 
become infinite at the point or axis of convergence. Conger6 has shown that as 
imploding detonation wave moves towards its centre or axis of symmetry, it becomes 
folded and its surface does not remain same in shape. A conformal transformation 
was suggested, which changes a circular front to a star shaped front as it reaches near 
its centre. Using characteristics method, he also found detonation velocity as the 
wave converges. It was assumed by Conger that Chapman-Jouguet condition is 
obeyed during the convergence and detonation front moves along the negative 
characteristic axis. These assumptions however seem unrealistic as it is known that 
converging detonations are overdriven and move along the positive characteristic 

In the present paper, the conformal transformations suggested by Conger6 have 
been used and the convergence of spherical detonation waves found by using 
Whitham's method of  characteristic^"^. Results are compared with those obtained 
earlier by the author. 
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It is found that variation of pressure does not deviate too much in this case, but it 
also does not become infinity at the centre In Fig. 1, the shape of the detonation 
front is shown and in Fig. 2, variation of dimensionless pressure z is shown versus 
dimensionless radius of the detonation front. 

2.   or mu la ti on of the Problem 

We assume that detonation wave starts from a surface of a spherical charge of radius 
ro and moves towards its centre, where the distance r of the detonation front is 
measured from its centre of convergence. Using the notations of the earlier paper', 
detonation velocity, particle velocity, densitv and the pressure across the detonation 
front are given by 

Equations (1) - (3) give the variation of detonation velocity U, particle velocity u, 
density p as a function of pressure ratio z. Here D is the C-J detonation velocity. It - 
can be shown from (1) - (4) that 

This relation shows that u + c = D only when z = 1, i.e. detonation front is non- 
overdriven (Gruschka & Weckens). 

As detonation front approaches the centre, variation of z versus distance r is 
given as1 

AIAo = g(Ma), (5a) 
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where 

1 ( r -  1 
M 2 =  r ( 2 z  - 1) 1 .  

AIAo = (r/rO)j , j = 1, 2 for cylindrical and spherical case respectively. 

Equation (5) is an analytical relation between A/Ao and z found by Whitham's 
method of characteristics. Eqns. (5) and (6 )  s h o ~  that as A + 0, z -t and 

r - 1  ' I "  
it4 + ( ) . But in actual practice, pressure doer not become infinite at the 

centre and it has some finite value, though large. 

3. Discussion of the Problem 

For a spherical detonation wave, reaching near the centre, Conger6 suggested a con- 
formal transformation which transforms a circle to a star shape, as the radius of the 
circle decreases. We take into consideration only the cross section of the detonation 
front which is a circle. Our aim is to find such a curve, which is a circle for large 
radius but star shaped for small radius, i.e. a circular shock becomes folded as it 
approaches near the centre. We consider % conformal transformation, 

where 

- 
C = t + i ?  and w = q + i s  

This transformation converts the curves = constant and 9 = constant in <-plane 
LI 

into ellipses and hyperbolas in w-plane respectively. We consider only the curves 

E = constant. Thus a plane 

is converted into an area of an ellipse given by 

.I 

in the w - plane. 

Now we consider the transformation 
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where 
II  

z - x + iy. 

C 

This conformal transformation converts an ellipse in w-plane into a curve 

C 

in the z-plane. Here r = J x 2  + y2 and f3 is the angle made with the x-axis. When 
f is large, relation (12) is an equation of a circle of radius &. But for small values of 
5 this become a star shaped contour. The front of detonation converges as 5 decreases 
from its initial value Ec to = 1. The shape of detonation front for different values 
of 5 is shown in Fig. 1. 

Now surface area of the curve (1 2) is given by 

f A = - j  2 (1 + k2 de sin2 20)112 9 

0 

where 

We express this area in the form of standard elliptic integral as 

This equation is integrated as 

whae 
k2 < 1 and cp = 20. 

We assume that the detonation front starts at point when 6 - EO: Relation (14) 
gives value of Ao, i.e. the initial area of the surface. Thus knowing AJAo as a function 
of f, with the help of relations (4)-(6), (12) and (14), we can find the variation of 
detonation pressure p as a function of distance ratio rlx,. 
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4. Conclusion 

From Fig. 2 (variation of pressure ratio p/po = z versus the dimensionless radius 
r/ro of the detonation front), it is found that, in the case of folding detonation wave, 
for the same value of rlro, pressure is slightly less for 8 = n/4 as compared to 0 = 0 
and 0 = n/2. The curves have been plotted upto the value of r/ro = 0.3. These have 
not been extended to the centre as the elliptic integral (1 3) is integrable only when 

6 2 dz = 1.41. Initial value of E. is taken to be 10 in the Figs. 1 & 2. In the folding 
coordinate system r never approaches zero, because the shock front becomes star 
shaped near the centre of convergence. Results when compared with those obtained by 
Singhl for the case of spherical detonation waves (Fig. 2) show that pressure curves 
obtained in this paper are initially same as those obtained earlier, but deviate slightly ' 
when the detonation front reaches the centre. 

We have not compared our results with those obtained by Conger6 because we 
have taken different assumptions in.our problem. Conger assumed that during the 
convergence 

but we have not taken this assumption into account. We have taken the detonation 
moving along the positive characteristic axis whereas Conger has taken the negative 
characteristic axis, which is not correct. His results show that front velocity does not 
increase during convergence, which is again against the experimental facts. 
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