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Abstract: Problem statement: Literatures have shown that thermal processesadnirterior of the
earth and the classical thermal explosion are goaband that combustion processes are charadterize
by ignition and explosion. The heat released duttregthermal explosion that occurs in the inteoiothe
earth requires more attentiohpproach: The study investigated the role of activation giger ratio in

the thermal explosion that occurs in the earthrimteduring gravitational differentiation. The stud
examined the effects of activation energies onuhgteady, steady and homogenous reactions of the
resulting energy equation and provided the numiesicd exact solutions of the equatioResults: The
results showed that activation energies ratio hfisreht implication in terms of heat release and
established the criteria for the blow up to oceutwo different homogenous reactions. It was oleséry
that an increase in activation energies ratio amed the maximum temperature of the reactions but
reduced the ignition time of the homogenous st&esclusion: The results imply that for any non-zero
second activation energy, ignition time lowers amate heat are released.

Key words: Homogenous reaction, thermal explosion, activaéoergy, Gravitational Differentiation
(GD), Blow up, dimensionless temperature, activagoergy ratio, decay of radioactive,
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INTRODUCTION constitute the exothermic regimes; the Gravitationa
Differentiation (GD) and the decay of radioactive
Earthquake is a recent natural disastrouslements.
occurrence in some parts of the world and thisiregu Explosion generally results from two exothermic
more scientific attention and knowledge. One of thereactions; one step follows the other in very rapid
causes of earth quake is the ignition of undergilounsuccession depending on the activation energigheof
hydrocarbons (methane gas (McDonald, 2005)) in theeactions has equally shown that although multiple
interior of the earth. The ignition source is aated steps are involved in chemical reaction but twoanaj
during gravitational differentiation and when the steps are basically involved and these include awm
gaseous heated materials come in contact with magmedecomposition and combustion process. The first
it may lead to explosion. Thus, the energy whichactivation energy is for decomposition while thaest
triggers the process is the activation energy wisiche is meant for combustion. This implies that durihg t
energy which the colliding molecules must possesgarth movement chemical decomposition and
before the ignition could result into a reaction. combustion takes place in the presence of activatio
Some scientific literatures have shown that mosenergies.
combustion problems are characterized by two Having been motivated by (Ayemt al., 2006;
processes; Ignition and Explosion; and some of th&/ityazev, 2004) in their work on thermal explosiin
useful results on classical thermal explosion arehe evolution of the earth and for which they cdasgd
recently obtained in (Kannan and Udayakumar, 2009)only one activation energy for the entire procddss
Meanwhile, thermal processes occur in the earttstudy therefore extends their work by breaking the
interior, although differ from characteristic theaim activation energy into two; one for decompositiom a
explosion but according to (Vityazev, 2004; Baretih)l the other for combustion. And the study examines th
1985) they are analogous. There are many sources ale of these activation energies in unsteady dstead
heat in the interior of the earth but two majorrs@s  homogenous states during gravitational differeiatiat
222



J. Math. & Stat., 7 (3): 222-226, 2011

Following (Buckmasteet al., 2008), the criteria for the Together with the initial and boundary conditions:
blow up to occur in the homogenous reaction even
when no heat is generated from the decaying of6(,0)=0, ©6(C11)=6 (I1)=¢C (6)

radioactive substance, are established.

Where:
Problem Statement: Following (Ayeni et al., 2006;
Vityazev, 2004), a model of sinking of heavy inétuns r= € h’E, r= e,°E _Apgey, HE
in a viscous matrixn is considered. The thermal ' 4ART?' ¢ ART? A RT?
conductivity equation governing the generation eéth
during GD and the decay of radioactive elements isyhere:

Thickness of a flat layer
Order of thermal conductivity

given by (Ayeniet al., 2006; Vityazev, 2004): ) = Dimensionless temperature of the system
Pe = Peclet number
pépa—T=div()\+>\d)AT+ e+ g, 1) g andey = Ratgs of sinking of inclusipn
ot A = Ordinary thermal conductivity
R = Universal gas constant
Satisfying the initial and boundary conditions: p = Density
g = gravity
T(x,0)=T TELY= TLH=T @) To = Initial temperature
' ' ' ' Vo = Initial velocity

h
where,gq ande, are the rate of generation of heat by GD,
and radioactive decay respectively. According to
(Vityazev, 2004), the Stoke’s mode of sinking of Remark 2: When o« = 0, the unsteady equation

inclusions Re<<lgq is proportional to the flow of formulated by (Vityazev, 2004) is obtained.
excess densitye, =c (1-c)pgV,, Where c is the

fraction of the volume occupied by inclusions MATERIALSAND METHODS
2
V, =(1—2.50)2Ap£ is their velocity andn is the The unsteady problem (5) satisfying initial and
) ) ] on _ boundary condition (6) is solved by finite diffecen
viscosity defined by: method with the scheme:
n=n,exp((§ @)+ E 60))/RT) ) k Gy
e|,1+1: el,]"‘? 1+ F(:oe " (e|+1,]_ E|,J+e|—].,1)
where, & and E (g, =qg,) respectively account for the b G, (7)
two activation energies involved during decompositi +hz[;°e " ]( 0,.1;=0,;)° + K e™ ™+ i,

and combustion processes aadis the ratio of the
activation energies. . - "
g Subject to the initial and boundary conditions:

Remark 1. g,(p)=owas considered by (Ayerst al., 8,,=0, 8, =0, =0 (8)
il E'J

2006; Vityazev, 2004). n
The following dimensionless parameters are

introduced to Eq 1: The numerical result as obtained through a

computer programme written in Pascal language is
presented in the Fig. 1.

T =T, +M,€ = RTOyrzifet ,zzl‘g,Ezza E (4) The homogeneous case of problem (5) satisfying
E, E, h 2 (6) is:
And for highly exothermic reaction, the Eq. 1 99 _ reb® 4+ Q)
together with conditions (2) in a dimensionlessifas: dt '
20 2 606 5 Subject to the initial condition:
Z=lleRen [T T EP T (5)
ot ot 13 8(0)=0 (10)
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th the blow up criterion:
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The steady state of problem (5) satisfying (6) is

(1+a) (14)

l+L
r

d

}, r,ry#0020

r

given by:
d (1+a) @
— |1+ NS AT T = C 15
-0 dE ( pee ]df. d r ( )
-0.1
(1+a)6 2 (1+a )8
Fig. 1: Plot of the unsteady state temperabgéet) for :[1+ P,e" ](“2+[M en J(Cﬁ]z
some valuesy > 0 dg n & (16)
+M e+ 1 =0
18 4
L6 | Subject to the boundary condition:
—_—=0.50
wy{ e 100 9(—1) = 0(1) =0 a7
a=1.50

i)

cr

N

Theorem

Existence and uniqueness: Following (Olajuwon and
Popoola, 2006), the following theorems establisk th

iteria for the existence of unique steady sohutio

1
> (0, problem

For 0sa<N,-1<x <1,

L Fyn R (16) which satisfies

dr" " Teo

conditions (17) and for which@'(-1)is fixed, has a
unique solution:

0 ol_s 1 1|_5 Xy 3
T Let| x, [=| © (18)
Fig. 2: The ignition temperature Profile for fixedlues X3 v
I, =0,l3=0.878 and various values of
Assume thaf, = 0, by the method of separation of
variables, the exact solution of temperature togeth
with blow up criterion is respectively presented as
-1 In[1- @+o) 1] a>0 (11) X 1
1+a) X, |= X,
L r,>0,a>0 (12) h raep e )T ¢ (19)
= > >
° (@a)r, “ (1+(:])pe° eXp((l+g)X2](>%)2
The graphical interpretation of (11) is preserited ) (1+ D EXF((1+G)XZJJ
€
n

Fig. 2.
If I, # 0, then an analytical solution of ignition
temperature is presented as:

ol

-t

e(1+c( ) —

o
T 1+0a)

148

r

r

r

F? (13)
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g, (Xl’ X X3)
v, (X1v Xy X3)
Y, (Xl’ X2 X3)

Together with the initial conditions:
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Xl(_l) -1
X,(-1) =10 (20)
x;(-2) A,

Remark 3: Ay is guessed such that the boundary
condition %(1) = 0 is satisfied.

Theorem 2: For 0sa<N,-1<x, <1,
0sx, <M, A\ ;sx;<-A; ,MN, T ,[,,nR>C the
functions (i =1,2,3) are Lipschitz continuous.

Proof:
%:0% Olle %:O%: aizz aizo -15 5
x| |ox, 6x3 ox, X, [ox, ax ,
( )r e(ha X2 4 i
(1+ Peo€ J ( ) (+a)x, , Fig. 3: Steady state temperature profile for fixatues
o " (%) of h=0.1;R=1.0;F4=0.9;[,=0.4; n = 1 and
Lrq)p (M)X various values of a
— _[rde(l“’)xz + rr +4( G) eo n ( X3)2]
n Proof of theorem 1: The existence of Lipschitz
(1+a)P (1+a)x, constant in the proof of theorem 2 implies the texise
[ne" " ] of unique solution of problem (19) which satisf{@9).
And this implies the existence of unique solution o
0y, < problem (16) satisfying the conditions (17).
0x, (tra), \? The numerical result by shooting method through a
1+FR.e " computer programme written in Pascal language of
problem (16) subject to (17) is presented in thge Bi
For p,, ex;{wJ << (21)
n
the steady state problem (15) becomes:
2
L g: + [ "%+ 1 =0 (22)
+
oy 2(1+a) p, exp[(:))(zj( %)
67: =" (1+0)x, Together with the boundary conditions (17).
1+ p,exp——= The system of Eq. 19 becomes:
9. i j=1,2,3 are bounded th tsal. :
ox i, j=1, are bounded since there exists a % =y, (23)
Lipschitz constant K>0 such that: X3) (=TT,

%(K i j=12.3 The problem (23) subject to condition (20) is
ox,| T solved by shooting method in which the value\gin
is guessed such that the boundary conditigth)x= 0.
Hence Yi(Xy, X, X3), i = 1, 2, 3 are Lipschitz The numerical result as obtained through a computer
continuous and so (19) satisfying (20) is Lipschitzprogramme written in Pascal language, is preseinted
continuous. the Fig. 4.
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___________ =05 is much longer than the system size. Figure 4titdss
the solution of the resulting problem (22) subjéwmt
condition (20). The result also follows the presou
steady state solution as shown in Fig. 3.

w=10

e=15

CONCLUSION

In conclusion, results have shown that activation
energies ratio has appreciable effect on thermal
explosion in the interior of the earth since it has
different implications in terms of heat release.eTh
criteria for which blow up occurs in the homogenous
reactions, have equally been established. Thisltresu
clearly indicates that activation energy ratioplays

, catalytic role in the thermal explosion that occurshe
15 interior of the earth.
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