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Abstract

We revisit the combustion problemlndg(r"%’)+/lexpﬁ9):0, for the
r' dr r

plane (O = 1), cylinder (h = 2) and sphere if = 3) vessels. Using polynomial
approximations. We show that the problem has two (2solutions.

1.0 Introduction.

In the theory of laminar flames [2], the energy &ipn before appreciable consumption of the redstan
of the form 09 + o€ =0 (1.1

where 8 = (T —TO), T is the temperaturél, is the initial temperaturek: is the activation energy arid is

T

the Universal gas constant andlis the scaled Damkohler number.

2.0 Previous solution

For the infinite slab the problem reduces to stitije 8(— 1) = 8(1) =0 (2.2)
Problem (2.1) has closed form solution 8= 2In[ex;(9%) sedch cx}, (2.3)

with ¢? =gexd9m), whered, =§g,. Using equation (2.2) in equation (2.3), we obt#% =

ex;(—eé jcosh‘l(ex;(e%)j . So there exist 2 solution fémwhen0< <49, .Hered, =0. 878

ld(de
rdr\ dr

In the case of the cylindrical vessel — r—j +0€°=0 (2.4)
2
A substitution,r = expx and @= 6 + 2x reduces the problem t%—§0+5e‘” =0, (2.5)
X
and as before we obtain two solutions. On therdthad, in the case of spherical vessel
2
00,249 | g (2.6)
dr r dr
and the problem has no closed form solution

3.0 New Method

In view of equation (2.5) it suffices to considedyequations (2.1) and (2.6)
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Planar case d:g +dexp =0, H(— 1) = 0(1) =0. (3.1)

By symmetry —10) =0 (3.2)

We seek an approximate polynomial solutimﬁx)= C, (x+1)2 (x—l) +C2(x+1)(x—1)2 (3.3)
which satisfies the boundary conditions, wh&r@ndC, are constants to be determined by the conditicdheof

problem. Thus ?_;V ( ) (3.4)
. . 1 1),
using (3.2), we obtai@, =—C, and takex = "3 or (x = 5]
16
R(-1/3)=+4C,+J exp—(g clj (3.5)

For R(-1/3) > 0(as expected) (3.5) has two solutions, confirmhegexistence of two solutions for the planar

case. FronC,=C,, and (3.5) the polynomiaf (x)=C, (x+1)(x—-1)+C,(x+1)(x~1) , becomes/(x)=2C, (x* - 1),

V.. =V(0)=-2C, for the upper solution ant(x)= -2C, (x* - 1) , V. =V(0)=2C,. for the lower solution.
Tablel: The coefficients Gand C,

<) Cy C,
0.1 -2.61589911988 2.61589911984
0.3 -1.78200287232 1.7820028723%
0.5 -1.33017158736 1.33017158734
0.7 -0.953832340092]  0.953832340092
0.82 -0.643106126611 0.643106126611
0.827 -0.586440374325 0.586440374325
0.827728742 -0.562502095784  0.562502095784
0.82772874263574  -0.5625000047 0.5625000047
Spherical case
2
40,299, g (3.6)
dr r dr
6(0) = finite, 6(1) = 0 (3.7)
v(r)=c,(r +1) (r-1+C,(r+1)(r-1f (3.8)
v(0)=c, - (3.9)
v()=0 (3.10)
vi{0)=0=C=-C, (3.11)
2
Now as before R(r) =%+ f d(gr )+5exp(v) (3.12)
12C, + 0 exp R(}/ (3.13)
v(x)=C, (x+1) (x—1)+C2(x+1)(x—1)2 (3.14)

The problem has two solutians

4.0 Conclusion

Polynomial approximation confirms existence of &tidict solutions for planar, cylindrical and spbativessels.
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