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ABSTRACT
We examine strong detonations in a converging vessel. It is shown that

when Frank-Kamenetskii parameters differ even only by 1/30 there is an appreciable
difference in the temperature along the converging vessel.

1. - INTRODUCTION

“When a quiescent combustible gas mixture contained in an open tube is
ignited by a spark at one end of the tube, a combustion wave spreads through the gas.
If the open tube containing the combustible gas mixture is sufficiently long then after
traveling a distance on the order of ten tube diameters, the deflagration wave begin to
accelerate markedly. This high speed wave is a detonation” (see William 1985).

The above experiment shows that velocity is important in strong detonations.
Equally important in combustion theory is the so-called Frank- Kamenetskii
parameter.  Frank-Kamenetskii considered auto-ignition in large volumes of
combustible materials where the temperature satisfies the equation.
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The parameter 8 is called the Franks Kameneiskll parameter, Netiea that average
velocity of the gas mixture [§ éfbedded IRie B as 630 we abtain
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where 6,, = 6(0) and C is a constant.
Thus 8 has profound effect on B(x) (See figure 1). What is not very clear is its
influence on a strong detonation. This is precisely the motivation for the present
investigation.

2. MATHEMATICAL FORMULATION
We consider a converging vessel and the momentum equation becomes

puAd=const=c 2.1)
The energy equation is
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And the species equation is
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density of reactants

velocity of reactants
cross-sectional area of the vessel
temperature of the reaction

= thermal conductivity of the medium
= __heat release per unit per mass
pre-mixed reactants

order of reaction

pre-exponential factor

universal gas constant

= dynamic viscosity of the reactant
=z diffusion coefficient

heat capacity

= actiVfition enérgy
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3 METHOD OF SOLUTION
For a converging vessel we take A =Aqe™, A, is a constant.

E
Let 8= (T -T
an( 0)
Pl o ®
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2.2 becomes
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Squaring (3.2) and substitute it into (3.1) and non dimensionalisi}?g we obtain
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We solve (3.3) using

8(0)=0,8(1) =a(0.3)
Where
o is a constant and

4o e,
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9B 4L o,
ceTly

PA,

where B = Frank-Kamenetskii parameter

By using shooting method
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Let | X, |=| ©
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(2.1) and (3.2) becomes

X 1 1

x; |=le|= X (3.6)
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satisfying
X,(0) 0 0
X,(0) = 6(0) [=|0 (3.7
X;00)) (&(0)) (r

where
0'r0)=T (Guess value for shooting method)

We see that when Frank- Kamenetskii parameter differ even only by 1/30 there is an
appreciable difference in the temperature along the converging vessel (see figure 2).
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