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ON EXOTHERMIC EXPLOSIONS IN SYMMETRIC GEOMETRIES{"
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Abstract (NI
In this paper we exammed the steady state solutions for the strongly exothermic decompomt‘}on ofa comb\qstxble
material uniformly distributed in heated symmetrical geometries under Sensitised, Arrthenius and Bimolecular
i /kinetios, heglectimg the consumption of the material The tesulting nonlinear boundary ¥alwe: prablems weré,
solved using perturbation method and method of Wexghted regidual. The results Welg: cempemed anditherinal. .
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1. Introduction

Thermal explosion theory can be described as a phenomenon of spontaneous exploswn due to intemnal
heating in combustible materials such as industrial waste fueL soal hay, wool waste eit. ;.5 "3

The main mathematical problem of evaluation of critical regimes thought of as regimes separating the
regions of explosive and non-explosive ways of chemical reactions as in (Balakrishnan et al’,:1996; Bebernes
and Eberly, 1989; Frank Kamernetskii, 1969; Jacobsen and Schmitt, 2002). The classical fopmulation of this
problem was first introduced by (Frank-Kamenetskii, 1969). Neglecting the reactant consumption, the equation
for heat balance together with the boundary conditions, under Sensitised, Arrhenius and Bimoletuilarkinetids,

can be written as SR b s 5 i g ourn
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where T is the absolute temperature, 7, the geometry wall temperature, k thc thermal conduct1v1ty of the
material, Q is the heat of reaction, 4 is the rate constant, E is the activation energy, R is-thie universal gas
constant, C is the initial ¢oncentration of the reactant species, # is the Planck’s numbet, X is the Bolt
Mann’s constant, § is the vibration frequency, a is the channel width, » is the radial distance measured in the
normal direction, m is the numerical exponent such that m = {-2,0, '/,} corresponding to Sensitised; Arhenius
and Bimolecular Kinetics respectively as in (Odejide ang, Aragbesola, 2007, Okoya and The Abdussalam
International Centre for Theoretical Physics, 2002), and n is the symmetry geometrles exponcnt such that »
={0,1,2} represent Slab, Cylindrical and Spherical geometries respectively as in (Balaknshnan etal., 1996;
Bebernes and Eberly, 1989; Frank Kamenetskii, 1969; Jacobsen and Schmitt, 2002; Makinde, 2006).
Makinde and Osalusi (2005) solve this problem for m =: ():cdrregponding: to. Arshefiingikinhematics. OQur
objectives are to solve this nonlinear problem for different geometnes for m = {-2,0,'(,} goresponding to
Sensitised, Arrhenius and Bimolecular kinetics respectively, using a new numerical schemc—method of wexghted
residual (MWR) and compare results with perturbation method (PM). Also to examine ‘the t‘nermal ignition
criticality conditions for the Sensitised, Arrhenius andBimolecularkinetics:»' -© -~ = :¥ wan 3

Following Frank Kamenetskii (1969), we introduce the following dimensionlesswariables in equations (1)-(2)
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2. Methods of Solution
Perturbation Method (PM)

To solve equations (1.6)-(1.14) subject to the boundary wndmons (1.5). we take a power series expansion
in terms of the Frank-Kamenetskii parameter 4 in the form

0= 5:0,/1' (2.1)
i=0

Substituting equation (2,1) into equations (1.6)-(1.14) and solving the resulting equations, we have

For Case [:

0--2(r _|)+.;:;;_(,-: ) -s) (20 - "fga( )

(11P387 =115 + 27" = 64r757 +64r75 - 13r-‘-+22152~—2215+47)+0(z4) - (2.2)

For Case 2:

0= -%(r -1)+ ﬁ(r -1){(r*-5)+ 3’;;) (=) (3r'6 = 20" =12°6 ~13r% 355 - 47)
+0(2") 2.3)

For Case 3:

0=-2(7 1)+ 2 (1) -5) (2 0) -
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]440(r —1)(ra 4o —8rt 1707 2475+ 527 — 1407 560 - 188)+ 0(A")  (2.4)

For Case 4:
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(7 - 1)(r -3)(-28) - ;04 (-1)

(16r°67 = 4r's +3r' = 74287 + 7476 = 1517 +14257 ~ 1425 +30)+ 0(4") (2.5)
For Case §:
= «i:(,-l - *)+§;; (;-2 —1)(;~‘ 3) »~-—2;0i(r2 z)(4;-"5 ~3r 14 15 2228 —30)
+0(2Y) (2.6)
For Case 6: .
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0:—2(1- ~1)+ 28( !)(r ~3)(2*o)+ ----- 1_8( -1)
( S At S 128t 287 = 48RS + 6087 —som-325—120)+0(;ﬁ) (2.7
For Case 7: '
0~~€(1 ,—l)--ﬁ(; ~1)(3° 4)(1»—2&)—-—70(: ~1)
(200767 = 21r'8 + 1" — 841707 + 84170 171 + 11987 — 1196 + 25) (2.8)
For Case 8:
0= -16'-(,-3 w1)+ 3/’()0('; -1)(3# -7)+ ’ 5’; % (r-‘ - 1)(10r"o‘ =3t =320 + 181" +385 ~31)
+0(AY) ' (2.9)
Foer Case 9: )

0= ~%(rl 1)+ 7’20 (2 -1)(3r7 - 7)(2+58)+ 30/;4()'("2 -1)

(r*52+4r‘5-|6;-4 4287 2 4175 + 6817 — 657 w74o-100)+0(/ ) (2.10)













