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. Abstract ~
We investigate the effect of Frank-Kamenetskii parameter d on the thermal explosion in a flammable gas with fuel
droplets. It is shown that the induction period decreases as d increases. The droplets increase the volume of the
gas as they evaporate. The combustion medium is quasi-steady after explosion and the medium could no longer
be regarded as homogeneous.

1. Introduction

The procedure for thermal explosion in gases, which contain fuel droplets, has been of much interest. After
Semenov [5] developed the basic theory of phenomenon of thermal explosion, models that-are more
complicated have'been suggested in [3] and [6]. The analysis of these models was carried out mainly using

- computers [4]. Because there is the need to understand the relative contributions of relative processes,
some scientists developed asymptotic techniques to complement CFD packages. In particular, asymptotic
technique was used in [4] and [1]. Usually an asymptotic technique is based on the assumption that a
parameter or a ratio of some parameters is large or small. In combustion problems, the ratio of the product
of the universal gas constant and the initial temperature and the activation energy is usually small. This

~ assumption was made in the analysis of 1] and [2]. The asymptotic analysis in [4] is based on the assumption
that the ratio specified above is small and further that the ratio between volumetric heat capacities of the
gaseous and liquid phases is small or large. The assumption in [1], [2] and [4] is that the ratio of the product

- - of the universal gas constant and the initial temperature and the activation energy is so small that only term -

of orderunity.is retained: Because thisratio.£ = R, T /E is usually between 0-and 0:25, we consider in this~ = -

paper higher orders-in ¢ . The objective of the paper is to investigate physical systems where higher orders* -
‘in & are important. AR :
2. Mathematical formulation

As in [4], we assume that the combustion gas mixture contains evaporating spherical droplets of fuel and - '
that the medium is spatially homogeneous. We also ignore the variations in pressure in the enclosure and
their influence on the combustion process. The appropriate equations [4] are
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where T is the temperature (K}, ¥ is‘the’mblar concehtration’ of the gas and fuel droplets (kmol Im*)s -
Risthe radius of the droplets(m ), 4 is pre-expon‘éntlal factor ('), E is the activation energy (J/kmol ),
R is the umversal gas: constant( J /kmol / K5 ¢, is the:speeific heat capacity: (J/kg/K), p is the
density (kg / m®), q isthe radnatxve heat flux:( W/ m?); M.is the molarmass (kg,/kmol ), Q is the specific
(per unit mass) combustion energy (J / kg )% L-is-the latent heatof evaporation (J/kg), n is the number of
droplets per unit volume (1/m?), is the Stefan-Boltzman constant (Wm2K') and is the time (s). The initial -
conditions are: . :

FR 5 T

SR T(())WTO, Y(O) )’(;, RO)=Ry i ivs
3. Non—dlmenswnallsatlon Analysis - oo 1o

Let

L LT-TE R ¢’ T R,

RT? 7 "R 1, 8“7'
0 0 Ty

US'“g the dlmensnonleSS variables in equatnon (6) the system of equatxons (1) (5) become
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Figure £: Graph of 0 against t when a=0, b=1, c=1, £=!, €=0:001, d=2.20059
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Figure 2: Graph of 0 against t when a=0, b=1, c=1, =1, £=0.001, d=2.7398
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Figure 3: braph of 6 against t when ¢=0.5, b=1, c=1, f=1, €=0.001, d=2,38503 =
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Figure 4: Graph of 8.against twhen a=1, b=/, c=1;f=1,2=0,001; 872.5 612915/ 1
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4. Numerics and Discussion | '
Problem (7)-(10) is solved numerically for various values of a, b, ¢, d and fusing finite dlfference method.
Figure 1-2 show that induction time decreases as the Frank-Kamenetskii parameter d increases when there
is no radiation. The figures also show that the droplets increase the volume of the gas as they evaporate.
Figure 3 is quite interesting because it shows that problem has a quasi-steady solution after explosion, in this
case, the medium is no longer homogeneous and the diffusion term has to be taken into consideration. The
medium could not be regarded as well stirred.

Figure 4 shows even the radiation iis high (higher than in figure 3) a higher F rank-Kamenetsku parameter
* ensures that explosion occurs and t;he medium may:still be considered as a homogeneous.

In all these figures, not all the drop]ets evaporate before ignition.
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