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Abstract

In [6], the solution of a steady Arrhenious endothermic chemical
reaction where the exponential term was reduced to a power-law
approximation was studied. A numerical solution obtained using a shooting
technique with second order Runge-Kutta scheme showed that the minimum
temperature of the reactant increases as the power-law index increases. In
this paper, the scope of the work was extended to a solution of an unsteady
Arrhenious endothermic reaction using shooting technique [3]. The result
showed that the temperature of the reactant depends greatly on the power-law
exponent. The temperature of the reactant increases as the power-law
exponent « increase, whereas the temperature decreases as the Frank-
Kamenestkii parameter g increases.
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1.0 Introduction

Over the years, many research works had been carried out bjhéathemical engineers
and scientists on reacting problems in chemical reactions dtseewaer application in the area
of combustion [7].

Most existing works had discussed extensively chemicalio@adinvolving exothermic
and endothermic reactions. In [8], ignition was defined as theeps whereby a material capable
of reacting exothermically is brought to a state of rapid contdousthen the solid fuel which has
been oxidized reaches the ignition temperature, the reaction occutBeagds-solid interface
changes position in forward direction until the whole fuelosstimed or the gaseous oxidizer is
exhausted. As the burning continues, the temperature rises as tleatcation reduces. This
results in heat liberation by the reactants during chemical reactions

In [7], the effect of diffusion on the auto-ignition of combuilfluids in insulating
materials was investigated. In the paper, a three-component model gbthin & considered
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which includes exothermic oxidation and endothermic evaporation progesssBming a slow
rate of consumption of fuel and oxygen, the behavior of the full syséenibe approximated and
the safe and dangerous regions of parameter space can bgedientie effect of changes in
parameters such as the size and the endothermicity were discussed.

The delayed thermal explosion in inflammable gas, which wwnfael droplets was
examined in [2]. Also in [1], the effect of thermal radiationtba critical Frank-Kamenestkii
parameter of a thermal ignition in a combustible gas contafoielgdroplets was examined. In
[2], different initial temperature for gas and droplets wasiaed. The initial temperature for
droplets is 300k while the initial temperature of the gas is 600k. temperature and vapour
concentration at times close to 2ms indicate the explosion ioeinasf the system when the
droplets concentration is small. As expected, the liquid evaporates legfdosion occurs. In the
case of high droplets concentration, the thermal explosion of g@statoincides with the time
of droplet heating and evaporation.

In [4], the effect of power-law index on a steady Arrhenious hexatic chemical
reaction was discussed. In the paper, it was shown that the maxémparature attained by the
reacting system decreases as the power-law exponent gxrefde in [5], the temperature
increases as the power-law exponent increases in an unsteady @dusherothermic chemical
reaction.

The source of inspiration for the present study could be found in [1, BYIgn the
activation energy is not large we can approximate theteeatby + QT whereQ is the heat
released or heat absorb@ds the temperature ands the power-law exponent.

2.0 Mathematical formulation
We consider an Arrhenious chemical reaction of the form:

2
p%—f =D, ‘2;2( — AXYERT 2.1)
a_Y = azY - _%T
p D, PV AXYe (2.2)
2
; ‘Z—I =K ‘ZXI + QAXYE Rt 2.3)
With boundary and initial conditions
T(x, 0) =T ,(x), X(x, 0) =X, (X), Y(x, 0) =Y, (X) (2.4)
TCEL ) = Ty, X (L ) =X, 0, Y (L ) =Y, () (2.5)
TL, O =T,), XL, )= X, (1), YL, 1) =Y,() (2.6)

where
X = X(x, t) = fuel concentrationy = Y(x, f) = oxygen concentration,
T=T(x, ) = temperaturel); = diffusion coefficient for fuel,
D,= diffusion coefficient for oxygerK = thermal conductivity,
A = pre-exponential factor of oxidatio®,= heat released or heat absorbed per
unit mass,p = density,c, = specific heat capacitfg = activation energy,

R = ideal gas constarit= time.
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Dividing (2.1) and (2.2) by and (2 3) byp cpand themon-dimensionalizing the temperature

2

OT _ K 0T QA %R o RE o (2.9)

ot pc, oX° pCp

we get

%( _ Bla X AXYEA@H (2.10)
2

aa_r a_Y _ AiXYeAH]H (211)
2

(z_te a H +Q XYEAH]H (212)

with the boundary and initial cond|t|ons
8(x, 0) = 0,X(x, 0) = X, (), Y(X, 0) =Y, (X)
0(-L, ) =0, (1), X(-L, ) =X, (), YL, 9= Y, (0

(L, ) =0, (1), X(L, ) = X, (1), Y(L, ) = Y, (1) (2.13)
where
-E
=Rl T DTH+TO,B—&,BZ:D— K,=— Ai— Aeﬁ”o Q = = Q peTm
10 p mp mp DTO

In this paper, it was assumed that the final forneéfm could be written a8” [1] and
whenX andY are known, the problem below could be solved.

g_t‘_KZ_LZ‘+h(x)u”,o<a<1, -L<x<L,t>0 (2.14)

where
u(x, t) = temperature of the reaction
h(x) = heat released or heat absorbed
a = power-law exponent
K = thermal conductivity

such thah(x) is greater than or less than zero depending on whether the reaction isneixodner
endothermic.

3.0  Method of solution
Takingh(x) = -A and for unsteady case we have
ou d°u "
=K——-4Au",0<4<1,0<K<1 (3.1)
ot ox
with
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u(x,t)=0, t<0, u(x,t) >0, t>0, u(x,vt) =1,
u(x-vt=2)= 005, 0<a<l, 0<x<omw, 0<K<l
We apply a moving grid = x — vt thenu(X,t) =w(&),wherev is the flame velocity.
Using the chain rule with = x — vt we have

(3.2)

0 _ d oe d

—=——=-v— (3.3)

ot de ot de

ox deox de

02 _ d? (9e) _ d?

—~ = || = 3.5

x>  de? (axj de? (35)
Equation (2.2) becomes

d2w d?

= - - Bw’ 3.6

de? (V gz P j (3.6)

with w(0) =1,w(2)=0.050<<1, (3.7)

wheref = MK, vy = VK, 0 <P <o, 0 <y <o0. Solving equation (3.6) subject to (3.7)
numerically, Equation (3.6) is resolved into system of first order diffedeequations as follows:

We let
X, £
Z=| X, |=|wW (3.8)
X, w
S0,
X\ (1
X =W (3.9)
X, \w
X, 1
E(Z) =| X, |=] X, (3.10)
X3) (=K =BX
together with initial condition
X.0) (0
X,0)|=(1 (3.11)
X;0)) \ay

The constantr; is the initial guessed of the temperature gradient of the system.

4.0 Results and discussion
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4.1 Results

The numerical solution of equation (3.6) was computed for variougvalf power-law
exponenir and values of Frank-Kamenetskii paramgterd/K with y = v/K and used to plot the
graphs in figures 4.1 and 4.2.
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Figure 4.1: Graph of the temperatureu against Figure 4.2: Graph of the temperatureu against
position ¢ at various values ofx with § = 1.0 and position ¢ at various values of§ with a = 0.4 and
y=0.2 vy=0.2

5.0 Discussion

The unsteady profile af is shown in the figure 4.1. The temperature profile was studied
for various values ofi. It was shown that the temperature attained by the reacsigns
increases as the power-law exponent increases, while figurehds that the temperature
experienced by the reacting system also decreases as thieK@raenetskii parametef
increases.
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