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-

0 
_ E(T- T0 ) s: _ RT0 • _ !:___ • 
- , , u - , I - . /. 

RT
0

- E a 

we have 

-1 ~(r" dB)+A.(l+80)'"e' 1 ·~)(J) =0 
r" dr dr 

dO 
- (0) = 0,.0(1) = 0(), 
dr 

( 1.3) 

( 1.4) 

(1.5) . 

where ;_ is the Frank-Kamenetski i parameter. 0 is the dimensionless temperature variable, (5 is the dimensionless 
combustible variable and r is the dimensionless radial distance variable. 
For different values of nand m, we have the following cases subject to the boundary conditions 
For Slab: 

Case 1; n = 0, m = -2 (Sensitised) 

d z o 
fJ . (I ~o)-~ cl+clOl 0 --~ + It +u e = 

dr -
Case 2; n = 0, m = 0 (Arrhenius) 

' 0 
J -f) ' ) oP~tiO) - 0 

, -r .e - . 
dr -

Case 3; n = 0, m = _!._ (Bimolecular)' 
2 

' I 0 

d -~ + .?..(I + oO): e(1 ~'w 1 = 0 
dr -

ForCylinder: 

Case 4; n = 1, m = -2 (Sensitised) 

!~(r c/O )+ J. ( l + tSor: ~~ ~-~:.,1 , = o. 
r dr dr 

Case 5; n = 1, m = 0 (Arrhenius) 

.!_~(r dO) + ;,e r'·t:w, = 0. 
r dr dr 

Case 6; n = 1, m = _!._ (Bimolecular) 
. 2 

( ) 

' 0 

I d . dO . , ( I , :<::fJ)~ _.11 • .,0 1 O - -1- ..,- / . ..,- u · ··e = . 
r dr dr 

For Sphere: 
Case 7; n = 2, m = -2 (Sensitised) 

I d ( .2 de ). ' (I s.:e)-2 u::i(J) _ 0 · - ,- l - 7 /• + u e - . 
r dr dr 

Case 8; n = 2, m = 0 (Arrhenius) 

I d ( 2 dO) • (I~~~~~) O -,- r - + .ti.e = . 
,.- dr dr 

'Case 9 ; il = 2, m = 1/z (Bimolecular) 

J,_:{_(,.} dO ) + .?..( l + oO) i e(l~;;ii) = 0. 
r dr dr , -

( 1.6) 

( I. 7) 

( 1.8) 

( 1.9) 

(1.10) 

( 1.1 I ) 

( 1.12) 

( 1.1 3) 

(1. 14) 
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Method ~l Weighted Residual (MWR) JIIJI)III•'-' lo ; {wcft·lfl: . C: 
The idea ofMWR is to approximate the solution with a polynorn.ial involving a ~f} ~r ~~~l."fH''rfCtt\·11 \1 ,.1,1rr/\ 
A oolynomial of the form 

tf tJlt'flf,fj/'J r::JI'J:Jr • • J!, lfj 1, 'J,.J:! , t • 1 1 • , • • • ''' J i1 . j ; , !; · . · l I 1 I J r f(l; l ll.llfJ'J 'J rfl.- '•I 

;\'- 1 :\'- 1 ' 
., . j '··: ... 

v " k ,. "\:"' ' R(r)=(r-a)· ~Bk (r -b)' +(r-b)· L·'lk(r - a)" (2.11) 
k~o ~c~v , · 1 ' - . '\ \ 

where Akand Bk are constants to be determi11ed which satisfies the given boundh~f~' conditions is assumed to· 
be the solution of ( 1.6)-£.1.14 ). The. function O(r) is then used as an approximation to th:c exact solution i ., th

1
c ·~ 

" (i '~(! i'•"' t·A!;) !c;w~~ R"(·; )1 · Ji 11', .• •.• • • 1 l '"" 1· .. ••; • 11;1 r .-Ill oi!I,IJp:; • IJfJIJ 11 ... c llr. equations .l} J-\ 1. '"i 1 ro g1ve r . , -
The function R(r), is the residual error. The idea is to make R(r) as small as possible. R(r) is setlJf~ zarb at 
some points in the interval [a, b]. The system ofthesc equat!ons i ~ then solved t? d~tcnJ1inc. tl\c_paran,ctcrs 
Ak and Bk .. O(r) is then considered as thc(· ~pprdx i~l]ate sbiutior,J For detail of tHis .methbtt sc~J~regbe'Sola. 
1996; Are~besola,,2_0,o3.; A[~gbesol~ ~nd Qdej i~e. zdQS; Makir,1dc an9 Os!llusi._ 2qos':, Oclcj ide a.n9 i\rcgbesola, 
2006; @dejldc aJd 1\regbes\fJ·a, 2001). - f • '· ' ' li . • ., .) 1 '• d I f 
For example, for N = 4, the trial function is of the f~:)rm 

B=b0r
4 +b/'~~::l)t,f?tr4 (rl;r~i ;tbl·t (r.- Ii + CJtJV:-1}

1
, t ar(r -;--1}

1 +1~,.~(,· "\)l~:~+.q/.J (r.'ll}1 

•,fl I -

(~: 12) 

(' :._ J 0 . Applytl'i~boundary conditions (5) to equation (2.12), we have b .. = 0. a
1 
= 4a ... 

Therefore, 0 becomes 
·1. HI;-') 10 i 

() = b,r~(r -!)+b,r' (r -If+ b.r~ (r- 1)3 + a~(r - I )~-:- 4a~r(r - 1 )~ ~ a.J.: (r - 1 )'' ... a.1·: t r - I)" ~ (2. 13) 
- .., .. v - l ' \ " 

We now use equation (2.13) to solve equations ( 1.6 )-( 1.1 4~ 'subjb~; to cq),~; i on (1)5) .. wd I~ ave iAo..:_ l(l llO\~~ing: 
ForS~J?£. ) ,·;..).J- {XXJ r1,J-: •,.r , ; ,·,. , .• ,~ ,,.\, .. 1)(! ·1} :-
Case 1; n = O,m = - 2 (Sensitised), ). = 1.313926 di--f-1 

G0 = 2.219833393, G2 = 19.49293379. a, = 33.57215434, 1- ·w:'l·p: I 

b1 =-3.678793963,b2 =14.061411q4.b:: =J-33'.50Q6(i$5Q l4nd ·d( · 1) ' (I ··d \ '' 
. . I ' ~ ; __ . . I · \ l.· 

0 =:;; - 3.678793963r- {l' - I)(+ 14.061_4 1164r~ (r - It - 33.509668.56,. .. (r - I)' + 2.2 1983_33.93(r - lr + 
~ ~ .: ) ( .... )I! . II: c: l ~ J ' •. • ... • ,] .. ' I. • 'I) 

8.879.,33572r(r - 1)~ + 19.492933 79r-(r - 1)4 + 33 .57215434r · (r - Ji (2.14) 

Case 2; n = O,m = 0 (Arrhenius), } .. = 0.988326 

G0 = 23.05206~o. a;·;,~B.Jg346'80'6, a~ ~ 23:o52b65901 .. • •l 

b1 =~2.541042968, h2 = 9.673775656,b, = -23.00883296 and ' rl l · 

() = -2.541 042968r~ (r - 1)-:- 9.673775656r.: (r - I)~ - 23.00883296r .: (r - I) ' ·i- l.52.3487 172(r 4.r/~~~ 'J', 1 

6.093948688r(r - l/ + 13.3834680?r2 (r l l)~+ 23J~5206590r-' (,j 1-1)'1 ) • .)·'· (215) 

Case 3~ '7-= O,m = _!_ (Birno)cc.ul~r.1). ). ,;: 0.9J2;4o . _ . , . 
1

) 
{ \ •. l . - 2 I ,, • • i . t •• . • ·• \ l \I ' - I ( '. ( ~ ., 

a0 = 21.48556480,a 2 = 12~.47394706.a.~ = 21.48556480. -;- mO "<rl 

b1 =-2.370300085,b1 = 9.01872~~74. _~.; = -2 1.4,4537~~2\ _and ; I' , I ... I 
1
). \\ 

() = -2.370300085r~(r - 1)+9.01872S37r~ (,! ....; J~·~ ':.. 2 J .445375 2r ' (r - r)' ·,- I A 19>8'7QI94(r'- l)" .t) 

5.67951 ~iJ76r(r -1}1 + l.2A 739411r()6r2 (/' '---" I/+ 2lJ.48556480J·-' (J· ~ l}i \ t.' · 1 
r <, · ·II~) (2. 16) 

For Cylinder: f , , , 
· I· •·X · · ;)(I ; 1_ • • l), 

Case 4; n = 1, n1 = - 2 (Sensitised). ). = 3.0 16464 
1) • , , ' I 

G0 = 2\652911007,a2 = 22.70788908,a3 = 37.6828228() , ( . ·() 

b1 = -3.69_Q739530,b2 = 15.13481833,b; = -37.45372383and 

0 = -3.690739530r~ (r - I) + 15.1 3481 ~33r~(v· - l f - 3 7.4537~1 8~r :(r \1 JX + 2.~.5i2911 001~r - ll) ·' 1' 
1 1 • c \ 1 

' 1 r"- \ ) 
+ 1 0.61164403,-(r - 1 )4 + 22. 70788908r2 (r' - 1)'4 + 3 7 .68282286r3 (r - 1 ) 1 

• - • . • { (2. 1'7) 
ro I '.I ( •. )CJ . ( (Jl)l '•f-~ ( ,, .... I r, '\' i . ' .• ) I ' • ·lj. '( )' '\) 
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CaseS; n=l,m=O (Arrhenius), ...1.=2.261551 ..,, .... ,"Inc, urtR noizuo "' .. 

a; =1.801712403,~ = 15.43044163,G3 = 25.'57190134' r ,~ lrl (J ,,, I'OG ··l _, (ffl:)m (hn U!;)<U:IVr.rhVI 
, :..lrlr.f nr t lu :J :1111 (}IWM) l&wfw~ 

b1 = -2.541695072,b2 = 10.334008236.b3 = -25.45714065 and ·-lfn rnm!if,,b 

a :£~.541695072r4(r-t)+W.33400823r~(r- T)~ -l25.457t4065t•4(r-I)J + 1.801712~03(r-lJ' + w I I n n 

7.2Q6849612r(r -1)
4 

+ 15.43044163r2(r -IY +,25.57190,134r
3
(r -1)

4 

1 
orll wor!~ 1 :)Ids! n (2. 18) 

C ' 6 1 1 (B. • l uJ ) • ' 2 132465 , •' C.JI •· • • ·- .. u Ilifl bnG ~).)Jfi~flTU'• ,b_ ••• . -~ • ase ; n = , m = - tmo ec ar . A. = . ·, _ 2 . t 'JV1 ( NJO ) ievlt.r.O Lrrc ~bm:X.1.0M 1o >how , il 

G
0 
=1.67767J547,a.''=14~3688204gl,a3' =23.80695424, rsm.il b!J~it,.-rr~l 111 b~.,..;·.,:>~do:.n!IWJ:!~•dnid5ttl 

· "> !£rm:Jrlr , :.d;Jiii !HlJ ~vn,bw 02fA '! 1 111 

b1 = -2.370915438,b2 = 9.628456746,b3 = -23.70602557 and ,. · 1 --• .. ~:,!orma bnn 

a= -12.3709{5438r4(r -dl)+'9.62845674or4 (r-l)~- 23.70602557r4(r -1)3 + 1.677673547(r -1)-f :r ~~ '! '" tnt' 1 
1 

' • • 4 : ' 
2

, 4 • l 1' • . 3 1 4 ,r I } 1 , , , •; 

6.710691188r(r-l) +14.36882048r (r-1) +23.80695424r (r-1) •sJ·Jo 01 ?Im5 l N"!)}, (2.19) 

For Sphere: 

., . 
Case 7; n = 2, m = -2 (Sensitised), A.= 5.051249 

G0 =3.15317909l,G2 =26.23418906,G3 =41.44177323, 

b1 = -3.696878549,b2 = 16.09380410,b3 = -41.06464S92and 

.. 1Jo0., .:milmm '(ttl> ,..) 

W!i <~<n ! ·:mfr.v (Jr.bnutid Lrte lsifm• 
llf.<I 

un~m'>:lb:JI'.tO!I.r'bA 

rb ;tl\ 0.2 1'I nl !ubJ~ ~1L 21orlHH> :)ciT 

a =-3.696878549r4(r-1)+16.09380410r4(r-1)1 -41.06464592r\r -1)3 + 3.15317909l(r-l/ + 

12.612ii636r(~ -1)4 + 26.2.341890~r2 (r -1)4 +A 1.44177323r~(r ~ 1)4 
1 111 ~ ~.~.,.,. .. .,~ .. ~..,·1 ·(2.20) 

Case 8; n = 2, m = 0 (Arrhenius), A. = 3. 769999 ~ hl'>,'inm'l mos. .. 2 J 
'>' •!l ... s..-.:.u~ l·,~llflm"JclluM m;:):11Ar ~rl!Uu~ 

G0 =1.988388311,~ =16.62506308,£l.3 =26.38190729, 1o:.-A\. WOS:.' ( '.liJiL~bObrc.2A f IQt'.l:!g:; I 

b
1 
~ -1.446476685,b

2 
~ 10.41498600,b_

3 
= _:26.31428343 and ) ('{>QI '}.l),~ic'J/hnc A .ilrwl , .. ! n rlm.:c.~:fl 

\ •1'11) 

a=-2.446476685r4(r-1)+1 O:it-1498600r4(r-Jf~26.31428343t\r-Ff +1.98838331J(r:_ 1)4 +' " i ,. . ....-..MJ 

7.953533244r(r -1)4 + 16.62506308r2 (r -1)4 + 26.3&1~9o729r3 (r -1)4 ' 1",

1 

"., ·~ 1

.: • ... , '~ •n (i'j2,1) " ~ 
J. I 1 \ 

Case 9; n = 2, m =- (Bimolecular), A.= 3.557901 
" • ll\\1 '• \ hottt"T"'~ '\: 000!: , 

n .. 1 '''' (1.>n8 l..J :r:,!ll) 'r.ll<utH1 I :r~H 
2 - '). I ,, \\111'),'1'~. :1\1"' .,\\ot::\ lllTI\'l cOO~. a.o ,:thnJlir.M 

Go = 1.967631544,G2 =16.36997045,G3 =25.68335025, c<> I I (ll ,S:I f1Urtl'110) n.H 
~ ·:u~'\ s\lt.t' cfil)~ J ,v• m:O itnn .0 0 .'lbnnlr.ll 

b
1 
= -2.368043439, b2 = 1 0.13050248,bJ = -25.69872997 and ' mo.sl 

a= -2.368043439r4 (r - I)+ I 0.13050248r4 (r -1)2
- 25.'69872997r4(r -1)3 + t.967631544(r - 1)4 + " 1-. 

2 .:ib•t:~!JO 
7.870526'176r'(r -1}4 + 16.36997045r2(r -lt + 25.6833'5025r1(r-1Y ·1 1(2.22) 

•· •• J 

L ,- I ·~\ \( \~ .J ' -..J~ ..J t!. l \'J.Al) 

Tablc.l; Computation showing the maximum temperaqire and thermal criti€ality for differe11t metho~ 
with o = 0.0: 

Critical).< Critical Be 
Shape Analytical PM MWR Analytical PM MWR 
Slab 0.88 0.8784576797 0.878700 1.19 1.186842168 1.186544994 
Cvlinder 2.0 2.0 2.0 1.39 1.386294361 1.361294468 
Sphere 3.32 3.3219921183 3.3223 11 1.60 1.607456775 1.605400926 

Table 2: Computation h tl s owmg 1e max1mum temperature an d h 1 · · r ·ng MWR with o = 0.0: t erma cnt1ca 1ty us1 
Shape m Critical), Critical Be 

-2 1.313926 2.219833393 
Slab 0 0.988326 1.523487172 

0.5 0.932340 1.419879194 
-2 3.016464 2.652911007 

Cylinder . 0 2.261551 1.801712403 
0.5 2. 132465 1.677673547 
-2 5.051249 3.153 179091 

Sphere 0 3.769999 1.988383311 
0.5 r3.557901 1.967631544 
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3. Discussion and Conclusion 
We have used two methods to solv~ this problem: the perturbation method (PM) and the method of weighted 
residual (MWR). The results in Table 1 show the maximum temperature ec and thermal criticality iic for 
different methods with ii = 0.0 corresponding to Sensitised, Arrhenius and Bimolecular kinetics {m = -2.0, 
0.0, 11

2
}. We observed that the results were in close agreement in all the methods. We also observed that 

with MWR the critical values of e c were smaller than that obtained using PM. 
The results in Table 2 show the maximum temperature e c and thermal criticality iic using MWR withii = 0.0 
for Sensitised, Arrhenius and Bimolecular kinetics {m = -2.0, 0.0, 112} respectively. This is an extension of 
the work of Makinde and Osalusi (2005). We opserved that the critical value of iic varies with geometries. 
The highest were observed for Sensitised kinetics m = -2.0 and the least for the case ofBimolecular kinetics 
m = 11

2
• Also we have the highest thermal criticality for Slab and least for Sphere under Sensitised, Arrhenius 

and Bimolecular kinetics {m = -2.0, 0.0, 112} respectively. 
From out analysis, we observed that with the new numerical scheme-MWR thermal criticality are quickly 
attained than using PM. Also, more terms are required for convergence of the results using PM [ 1 0] whereas 
we need just few terms to obtain the desired results using MWR. This shows that the new scheme can be 
used to solve any nonlinear boundary value problems. We believe that the PM is excellent tools for solving 
initial and boundary value problems BVP's. However, for this type ofBVP's the MWR works better than 
PM. 
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