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Solving parabolic equations by Olayiwola’s
generalized polynomial approximation method

R.O. Olayiwola®

Abstract

Polynomial approximation methods are in wide use today for approximately solving partial
differential equations of mathematical physics. An evolution of the polynomial
approximation methods has led to the development of Olayiwola’s generalized polynomial
approximation method (OGPAM) presented in this paper, which can be applied to solve
parabolic equations with constant or variable coefficients in the cases of considering slab,
cylindrical or spherical geometries. Different examples have been solved using the OGPAM.
The result of the present analysis has been compared with earlier analytical results. A good
agreement has been obtained between the present prediction and the available results.

Keywords: cylindrical geometry; OGPAM; parabolic equations; polynomial solution; slab;
spherical geometry.

1 Introduction

Partial differential equations are the chief means of providing mathematical models in science,
engineering, and other fields. Generally, these models must be solved numerically and in some
special cases, analytically [2]. In many practical problems that involved Cartesian, Cylindrical, and
Spherical coordinates the polynomial approximation method is used.

The polynomial approximation method is one of the simplest, and in some cases, accurate
methods used to solve transient conduction problems. The method involves two steps: first,
selection of the proper guess temperature profile, and second, converting a partial differential
equation into an equation. This can then be converted into an ordinary differential equation, where
the dependent variable is the average temperature and the independent variable is time. The steps
are applied to the dimensionless governing equation [1].

The present work deals with the analytical solution of parabolic equations in different
geometries using Olayiwola’s generalized polynomial approximation method (OGPAM).
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2 Olayiwola’s generalized polynomial approximation method

In this section, Olayiwola’s generalized polynomial approximation method (OGPAM) for the
solution of parabolic partial differential equations with constant or variable coefficients in different
geometries is presented.

The parabolic equations are defined by

op k 0 ,0¢ 1 b2nr o3

L =— I r" = |+F(rt¢), t>0, Q (Qc=R,RrR°), 1
e ar(r arj+ (r.t,¢) >0, re ( - or ) 1)
with the initial condition

#(r,0)= f(r), @)

and the boundary conditions

0
@

+ﬂ1¢|r:a = gl(t)’ QZ%

o Bl = 9,(t), 3)

r=b

r=a

where F(I’,t, ¢) are the other terms in equation (1), N =0 for a slab, N =1 for cylinder, N =2 for

sphere, f(l’), gl(t), gz(t) are three known functions, n,K,a,,a,, f,, f, ate constants, and
a<r <b is the boundary of Q.

To obtain an approximate solution of the partial differential equation (1) satisfying (2) and (3), the
following steps are involved:

Case 1: When o, #0 and a, #0
Step 1: Compare the equation to be solved with equations (1) — (3) and obtain A, B, C and
F(I’,t, ¢), where

L. DB {(Z(b—a)az—(Zab—(szraz)) z)alJ_b(Za—b) 2}

(20— ake, (" +a")- 2a0)3 b, ) 22l
)( ap, b, ((2(b ~a)a, —(2ab—(b? +a%))B, Jo, D N
" (b-a), (b-a)y|(2b-a) -(b?+a®)-2ab)s J,
)
|

B ((Z(b—a)az —(2ab - (b? +a2)),82)a1j_ B, J
(2(b-a)e, —((b? +a?)-2ab)s, J, ) 2(

b-a)a,
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(2ab—(b? +a?)) j_ ( b? ]+

2(b—a)a1( 2(b-a)e, —((b? +a?)-2ab)s,)) 2(b-a)e,

|

. En+1 b2 — a”*z)[ bal bbﬂl [(( (2ab- (b2 +a?)) ))]}
(
(

n+2)b" —a"™ a)e, | (2(b—a)a, —((b? +a2)-2

) (b
n+1)b" - a”*3)( B, ( (2ab—(b? +a?)) 1 J
a™ )| 2( (2(b-a)r, —((b? +a?)-2ab)s,)) 2(b-a),

n+l

b-a)a,

(2(b - a)ar, —((b? +a%)-2ab)B, Jr, | 2(b-a)e,

[ b2, ( (2ab—(b? +a% ), J+ b(2a—b)J_
(
(

n+l

3 (b—a)a, ( (2(b—a)a, —((b? +a?)-2ab)B, Ja,
3;[ B ( (2ab - (b? + a2 e, ]+( 1 J

2(b-a)a, ( (2(b-a)a, —((b? +a?)-2ab)B, r, | 2(b-a)e,

Step 2: Assume Olayiwola’s generalized polynomial solution:

—a
n+ ( n+l an+l
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LY [(Z(b—a)az—(Zab—(b2+a2)) 2)alj_
2(b-a)a, ( (2(b-a)e, —((b? +a?)-2ab)s, o, y

b(2a—b)a,

2(b-a)a,

A (2ab- (b2 +a?) b’
2(b-a)a, ((Z(D—a)al —((b2 +a2)—2ab) 1)} Z(b—a)angl + |+
b2, [( ( (2ab— b +a° ), ] b(2a—b) )gz

2(b—a), | 20— a), — (b2 +a2)-2ab)s, Jr, ) 2(b—a)e,

ag,  bp [(Z(b—a)az—(Zab—(szraz)) Z)QID¢| X
-k, (o-a | (2o-ale, (672} a0, |

ol bp (2ab—b* +2*) -
A= | oak, <b_a>al((2<b—a>a1—((b2 +a?)-2ab) JJ]gl

a____bp [ (2ab— (b2 + a? ), Dg
b-a)e, (b-a)e | (2(b—a)e, —((b>+a?)-2ab)B, ), ))°*

ﬂl (Z(b_a)az_(zab_(b2+a2)) 2)“1]_ ( ﬂz) ]¢|rb+

2(b-a)er, | (2(b-a)er, —((b? +a?)-2ab)g, J, | 2(b-a)a,

—

+

—_

B (2ab—(b2+a ) J_ 1 Jg N
2(b-a)a, | (2(b-a)a, —((b? +a?)-2ab)s,)) 2(b-a)a, )™
B, (2ab- (b2 + a? ), ] 1 }92

2(b-a)r, | 20— a), (b2 +a2)-2ab) o, ) 2(b—a)er,

)

where

(( e 233 b e e )P
( 2(b - ajlab bEZ:aa 2ab) e, ng
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Step 3: By using (4), evaluate

n+1

(b”*l_”*l)j r"F(r,t,gpr

and express the result in the form:

p1¢|r:b + ql(t)
Step 4: Obtain p, and q,(t)

Step 5: Obtain

fa =" falcp!™

where

P ax + f(r)e_j ple)e

p(t)=1A[( ﬁnfl) {bnﬂz

n+l) a

2
k(n+1) (a ,Bl (2a b2+a
( n+l n+1 bz +a’ 2ab :Bl
(t)—l k(n+1) (a ,Bl 2ab b2+a ))al
A b e b2+a J-2ab)p e, ), )2
@91 592
t)-p3L _c%Ze
Ch() ot ot

Case 2: When o; =0 and a, #0

Step 1: Compare the equation to be solved with equations (1) —

F(I’,t,¢),where

2
+a,82 +
20,b

+(bz—az)ﬂzj_

2a,b

( n+2 n+2

A Egil)( —Z ; 2b 2 (1
( )
( )

a ,Bl((Zb a)a, - (2ab- (b2 +a?))3,

(2(b-a)er, - ((b2+a) 2ab)p

1)
o

®)

©)

)

(3) and obtain A, B, C and

n +1)( n+3 _an+3 1 (b2 _az)ﬂz ﬂz
1+ +
n+3)b™* —a")| (a(a-2b)+b?) 2a,b 2a,b
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1 ( ala-2b) (n+1)o™? —a"?) 2b
5 B [( (a-2b)+b?)s ) (n+2) ”*l—a"”)[(a(a—Zb)+b2),81]+
BRI
(n+3)b™ —a" )| (a(a—2b)+b?)s,
.. (( (a(ng i)b2)£(b;;;2)j_ 2Zib}g:112))(&”;:2:?;(a(a—§2)+ b2)£(b;;222)j
(n+1)( n+3 an+3) 1 L ( 2 _az)
(n+3)p™ a””)(Zazb[ (a(a—2b)+b2)B

Step 2: Assume Olayiwola’s generalized polynomial solution:
a2ﬂ2+ a(a—2b) 1+(2—a2)ﬁz g+
2a,b | a(a—2b)+b? 2a,b r=b
n
1 a(a-2b) o+ a(a-2b) Ya’-b’) a’ o,
B, a(a—2b)+b? a(a-2b)+b? \ 2a,b ] 2a,b
(O G| e
4 t)= ala—2b)+ a, B \ala-2b)+ - @
2b a’-b’
(a(a—Zb)erzJ( 20,0 ]gz
- ; (bz_az)ﬂz
&a(a—zb)mzj(“ 2a,b j 2a b]¢|'b
1 1 N 1 a’ —b?
B, a(a—2b)+b? o 2a,b |a(a-2b)+b* | 2a,b J:

Step 3: By using (8), evaluate
n+1 b .
(—)bngl _a)m L r"F(rt,¢)r, )

and express the result in the form:

P4, +a,(t) (10)

r2

Step 4: Obtain p; and Q, (t)
Step 5: Obtain

4, = e_j pley J:q(x)ej P g+ f(r)e_j pley (11)
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where

oft) = 1( k(n+1) ((bnﬂ -a")g, a'(b-a)2ab+(p? ~a’) 2))_ pl]

Al (o™ —a™) a,b a,b(a(a—2b)+b?)

e ((b"“—an+1)+ a"(b-a)b® —a*J2a,b + (b2 —a?) z)jg

1 briam)l b wblala. 20)+07) :
A n k(n+12) ( a"(b—a)

(bn+l_an+l) azb(a(a—Zb)+b

q(t)

9] 9]
o val)-a -

Case 3: When a; #0 and a, =0

Step 1: Compare the equation to be solved with equations (1) — (3) and obtain A, B, C and
F(I’,t, ¢), where

oo )
(%beia)f_i‘b(b—izwaz [1_(%—2‘))/3}]

o b B )

TL 3)b" —2“” (b(b—2a)+a? o, [H (b —a2a)J (b- :ZLa)al J
1)b™? _ZM; 2a (1_ a’ J+

(b(b-2a)+a?)

(h+1)b™ -a™) 1 ~ a’
a "

(n+3)b"™* —a"")b(b - 2a),
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Step 2: Assume Olayiwola’s generalized polynomial solution:

ab

b(b - 2a)jﬁlj¢lr=a - a%[“

( b(b-2a)

| [“0%[“

o

b-2a)p,
ab

b(b—zaﬂﬂlj‘ y

2a

b(b— 2a) ( b(l:? (—bz_ajj)az j[l ’ ail(“

_l_

r=a

2a0,

A

(b - 2a)e,

1 2a 2a’

a,

b(b-2a)

ab

a, (b-2a)y, bb—2a),
2a

£

b-2a)+a’ ](“ b(b

2

a

2a

—m)Dgl

+[b(b - Za)[b( oo~ 22)

b, b(b-2a)

b-2a)+ aZJ[b(

a,

1 blb-2a) )a
b(b - 2a) {b(b —2a)+a’ Ja_l
b(b - 2a)

_(b(b—Za)+ a’

b- Za)ﬂz

Jos
15

m]‘a—

a

a,

ab

1
ﬁ’_z_(b(b—Za)+ a’

Step 3: By using (12), evaluate
(n+1)

J.br”F(r,t,¢)jr,

and express the result in the form:

p.g., +a,(t)

Step 4: Obtain p, and 0, (t)

31

|

b(b—2a)p,

o

b

1

P

bh-2a

)

]gl +

5. Dg
o

—_

(12)

(13)

(14)
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Step 5: Obtain

g, =e P oo a1 (e T (15
where
(b" -a")s, L2"(a=b)  2b°(b-a)
1 a, (b-2a)a, (b(b-2a)+a?)
0=l o a"+l b™ —a™)| 2ab" (b - a)b(b - 2a)+ a)3, R
b(b ~2a)+a’ p(b-2a),
k(n+1) —a”)+2b“(a—b)+ 2ab"(b—a)(b(b—2a)+a)J
1 b“+1 “*1 a,  (b—2a)e, (b(b—2a)+a’p(b-2a), )

Al k(n+1) 2b"(b-a) a’ g g
1 t)-B=L-C=2
b“+l “*1 blb—2a)3, | (blb—2a)+a?))? +a() a ot

Case 4: When o =0 and o, =0

In this case, no polynomial approximation solution to equation (1) exists. This assertion is proved
by the following theorem:

Theorem 1: Let &, =0 and &, =0. Then no polynomial approximation solution of (1) that
satisfies (2) and (3) exists.

Proof: Substitute ¢, =0 and &, =0 into (4), (8), and (12), gives #(r,t) = 0
Hence, ¢(r,t) does not exists. This completes the proof.

3 Application of OGPAM

This section provides the results obtained when solving partial derivatives equations in time-
dependent (parabolic), using the OGPAM as proposed in this paper. Three sets of examples (the
first one corresponding to slab, the second one corresponding to cylindrical geometry, and the
third one corresponding to spherical geometry) are given.

3.1 Set 1: Slab

Here, two examples are considered.
3.1.1 Problem 1 (Kewat and Verma [3]):

Let us consider (in dimensionless form) the equation

or  ox\ ox
with the initial condition

0(x,0)=1 a7
and the boundary conditions

% =V, % - —B* 0 4 (1 8)
OX |y—o OX |yq X=
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Compare (16) — (18) with (1) — (3), we have
k=1,n=0,F(rt¢)=0¢=06, f(r)=1, o, =1 B, =0,0,()=0, o, =1, B, =B, g,(t)=0,
a=0 b=1r=x, t=r

Then

A=3+B | B=_1, C=_1,
3 6 3

Assume a polynomial solution of the form (4) as

B B
9(X,T)=[1+7]9|X_l —79|X:1x2. (19)

Then p, =0 and ql(t)z 0 since F(r,t,¢)=0. So,

B 3B”
= — = , = O .
p(7) N 3.8 a(z)

*

Then
38"
9| —p 38

x=1 4

(20)
as obtained by the authors in [3].

Thus,

* 38" x  3B"
H(X’T):(l-i_%je 3+B” _B7e 34+B” XZ, (21)

3.1.2 Problem 2:

Let us consider (in dimensionless form) the equation

oh o0 (oh

— = = |- A4@0+x)e ™ 22
o [ axj AL+ x)e @2
with the initial condition

h(x,0)=1 23)
and the boundary conditions

oh

h(0,t)=1, = =0 24

x=1
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Compare (22) — (24) with (1) — (3), we have
k=1,n=0, F(rt¢)=-4@0+xe ™, g=h, f(r)=1, &, =0, B, =1 9,(t)=1, o, =1,
B,=0,0,(t)=0,a=0,b=1 r=x

Then

A:E, B =

1 c22
3 3 6

Assume a polynomial solution of the form (8) as

h(x,t)=1+2(h _ ~1)—(h _, ~1}*. (25)
3 R

Then p, =0 and q,(t)= —Eﬂ,le . So,

9,
p=0,  alt)= 2z

Then
MM=G+%%@@M—%. 26)
Thus,

h(x,t)=1+ 2((1+ Z—iﬂi(e‘ﬂ“‘ —1)}—1}x—[(1+ j—iﬂl(e—%t —1)]—1]%. @7)

3.2 Set 2: Cylindrical Shape
Here, two examples are considered.
3.2.1 Problem 1.

Let us consider (in dimensionless form) the equation

% = %g(r %) +oy ¢’ (1+(e—2)0)-ow(l+(e-2)0)" (28)
with the initial condition

0(r,0)=0 (29)
and the boundary conditions

%9 _ : 00 =-Nud| | (30)
orl o ol f

Compare (28) — (30) with (1) — (3), we have
k=Le,n=1 F(r,t,¢)= Sy ¢’ (1+(—-2)9)-syl+(e-2)9)", ¢=0, f(r)=0, a, =1,
ﬂ1 =0, gl(t):()’ a, =1, 182 = Nu, gz(t)ZO, a=0,b=1
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Assume a polynomial solution of the form (4) as

o(r,t)= (1+ %)ﬂrﬂ —%9 T (31)
Then p, =(e— 2)(1+Tj(5'/’ #* —mSy) and q,(t)= Sy 4" —Sw) . So
Nu
2LeNu—(e—-2) 1+ — (Sy“¢” —m&
_ enNu (e { + 4 j( 4 ¢ m lW) B 5l//a¢ﬂ_5ll//
plt)- 4 )=
1+ — 1+ —
4 4
Then
a(t) [ o-sten
0 —=\l-e 32
| = p(t)( ) (32)
Thus,
q(t) Nuqt) o per).2
o(r,t (1+—jL1 g P ) = () Ptk )2, (33)
=1+ 290 er) N A0
3.2.2 Problem 2
Let us consider (in dimensionless form) the equation
2826 L 2f), L 2 "
ot ror Pemror\ or) Pemr or
with the initial condition
p(r,0)=1 (33)
and the boundary conditions
Pl _y =-Shp(Lt) (36)
or r=0 r=1
Compare (34) — (36) with (1) — (3), we have
1 1 dp uo
k=——,n=1 F(r,t,¢)= ———I(rp),¢o=p, 1lr)=1 o, =1 B, =0, g,(t)=
S N=L ()= o2 == —(tp) ¢ = p, f(r)=1 @ =1 =0, g,()
a, =1 3,=5h, g,(t)=0,a=0, b=1
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Then
Sh 1 1

A=[1+2| B=-—, C=--.
4 12 4

Assume a polynomial solution of the form (4) as

Sh Sh
plr0)=(1+ 5ol .- 5ol e o7
Then p, = —(ZU +%j and ql(t): 0 . So,
[2u + iSh j
em
p(t) = . at)=0
Sh
1+ —
4
Then
A= 38)
Thus,
p(rt)= (1+ S—hj iox _ SN o-pion 2 (39)
2 2
3.3 Set 3: Spherical Shape
Here, four examples are considered.
3.3.1 Problem 1 (Mohanty and Dalai [4]):
Let us consider (in dimensionless form) the equation
1
% = _22 NG % (40)
or X° OX OX
with the initial condition
0(x,0)= (x) (41)
and the boundary conditions
00 00 .
I =_Q, bl IR 42
OX |y, ° OX |\ = 2
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Compare (40) — (42) with (1) — (3), we have
k=Ln=2 F(rt¢)=0,¢=0, f(r)=f(x), o, =1 B, =0,0,)=-Q, a, =1 B, =B,
9,(t)=0,a=¢, b=1 r=x, t=7

Then

A £1+ B*[%e(l— 84)_i3211: j)()f_ 2503(}_ 20 )j]

5 (30(1—54)—12(1—55)— 20(1—53)} c_ [12(1—55)—305(1—84)— 20(1— 25)(1—53)J

40(1-¢)1-&°) 40— ¢)1-&°)

Assume a polynomial solution of the form (4) as

)= [ 2 oo g (e

8" o (43)
Then p, =0 and ql(t)zo since F(r,t,¢):0. So,
p(r)= 1_353 o Q(r)ji%gﬁ-
Then
= M+ X —M g P
o)
Thus,
X,7)= +(1_28)B q(r)+ X _dlr) S P
oter)={ 1+ 22 1003 e
G2l M+ X _al) e P |- Q |-
a6 )
B’ M+ X—Me‘p _Q X2
ol a1 ai)
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3.3.2 Problem 2 (Prakash and Mahmood [7]):

Let us consider (in dimensionless form) the equation

o0 1 o( _,00

or x> 8x(x 8xj+Q 40
with the initial condition

0(x,0)=1 47)
and the boundary conditions

9 _o, 99 __gg (48)
OX [, o X |y =

Compare (46) — (48) with (1) — (3), we have
k=1,n=2 F(rt,¢)=Q, =0, f(r)=1 o, =1, ,=0, 9,(t)=0, a, =1, B, =B", g,(t)=0,
a=0, b=1 r=x, t=71

Then
A=(1+B—j=(8 +5], B,  c=-1
5 5) 20 5
Assume a polynomial solution of the form (4) as
0(x,7)= LA 0| Bl ke (49)
! 2 x=1 2 x=1 :
Then p, =0 and q,(t)=Q . So,
_£: 15B” :9: 5Q
p(e)="4 (B*+5]’ a@)="% (B*+5j'
Then
_ C](Z') ( q(z—)j p(r)rJ
0  =|—=+1-——= 50
s (p(r)+ o(z) € (30)
Thus,
8"\ alr) ( q(r)] pme B*[Q(r) ( q(r)J wj :
Ox7)=1+— | —=<+|1-—=< e -——|—=%+|1-—=< e X 51
g CEu o A e e o

3.3.3 Problem 3 (Pradhan et al. [6]):

Let us consider (in dimensionless form) the equation

@:%E(XZ@) (52)
ot X~ OX 154

with the initial condition

0(x,0)= f (x) 3

and the boundary conditions
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00 00
— =B,6 , — =-B,0 .. 54
x),, ~Ble 5 20 64

x=1

Compare (52) — (54) with (1) — (3), we have
k=1n=2 F(r,t,¢)=0,¢=0, f(r)=f(x), o, =1 B, =-B,, 9,(t)=0, @, =1, B, =B,,
9,(t)=0,a=¢, b=1 r=x, t=7

Then

30e(l—&*)-12(1—&° )+ 201 - 2s )1 - &°
=

81(30(1_ £*)-121- £°)-20f1— 53)]((2((1_ o)-(e—fis 522)52 )j ,

40(1—5)(1—83)

30(1—*)-12(1-£°)-20(1- £°)
8- [ 40(1—8)(1—83)) j+
30(1—&*)-12(1-£°)- 201 £°) (25— (1+£2)) |
B{ 40— ¢)1-&°) j[(Z(l—S)-F((1+82)—28)81)J
121 - £°)-30&(1- £*)- 2001 25 1 - £°)
8 e j+< <
30(1—&*)-12(1-£°)- 20(1- £*) 26 —(1+£2))
Bl( 40(L-£)i-°) j((2(1—8)+((1+82)—28)Bl)j

Assume a polynomial solution of the form (4) as

B, ((21-¢)-(2c-[+s%)B,)) (1-2:)B,

(1_2(1—5)[(2(1—g)+((1+g 2)-2¢)B,) o=y J9|X_1+

0(x,7)= ((16?25 )+(1Blg (EZ(l £)- Eflig(l;g )))BZ;J]9|X_IX— (55)

[2(18—3)*2(8—1 >£E (é 3+(((1+e - s)Bl)D‘g'“XZ
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Then p, =0 and ql(r)zo since F(r,t,¢)=0. So,

3 (2(1—8)—(28—(1+82))B )
= B ’B 271, =0
Ple) L-¢° iA( 2 e 1((2(1—g)+((1+ £%)-2¢)B,) ()
Then
g _, = f(xpePr (56)
Thus,
B (2(1—,9)—(25—(§+ &’ )B,)), L-2)8, (e 4
20-e) (20-¢)+(1+6%)-2¢)B,)) 20-¢)
B, B ((20-&)-(26-{1+£%)B,) )
0 ’ — 2 1 2 f p(r)r _
(x7) [(1—g)+ (1—5)[(2(1—g)+((1+ ¢’)-2¢)B,) (e G
B, n B, (2(1_5)_(2‘9_(3-"82 )BZ) f(x)efp(r)fXZ
20-¢) 20-¢) 20-2)+(1+¢%)-25)B,)
3.3.4 Problem 4 (Olayiwola et al. [5]):
Let us consider (in dimensionless form) the equation
ou__1 ., 4 E(QJ_LE(G_U_EJ
ot DaRe 3Reor\or) 3Rerlor r
%:Lizﬁﬁrz%j (58)
ot Pemr*or or
%ziii(rz%)+i%%+@ (a_u_gf
ot Per®or\ or) Pemor or 3Re \or r
with the initial condition
u(r,0)=1, #(r,0)= % (r,0)= % (59)
and the boundary conditions
al al
or|,_, or|,
o¢ o¢
— =0, —| =-Sh
orl . o, I (60)
2 _ 2 _ ~Nu | _
ar r=0 ar r=1 i
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Compare (58) — (60) with (1) — (3), we have

For the first equatio

4

k=——,n=0, F(r,t¢)=

3Re

nin (58):

1 2 1(8u u

u-— “|l——-—=\|¢=u, f(r)=1 a, =1,
DaRe 3Rer\or rj¢ (r)=1 e,

ﬁl =0, gl(t)ZO’ a, =1 :Bz =0, gz(t):% a=0 b=1

For the second equation in (58):

kzi,nzz, F
Pem

9,(t)=0,a=0, b

(r.t.¢)=0 ¢=4¢, f(r)=§, a, =1, =0,9,(t)=0, @, =1, B, =Sh,

=1

For the third equation in (58):

1

Pemor or 3Re™\or r

k=2-n=2, F(rt,9)= L2090 4Ec g(a—“—ﬂj L $=0, f(r)=%, =1,

B =0, gl(t)zo, a, =1 B, =Nu, gz(t)zo, a=0,b=1

Then, for

First equation: A=1, B= %, C=-=

Second equation: A= (1+

Third equation: A

Assume polynomial

1

3
sh 1 1
?)’ - 20’ 5
R
5 20 5

solutions of the form (4) as

u(r 1) = u|r_l—%j+%r2 1)
#r=(105 - @
o(r,t)= 1+%J9|r_1‘%‘9r_1r2~ (63)
Then, for

First equation: =(§B§E§J and ql(t):_sDZ ~

Second equation: P, =0 and ¢,(t)=0

Third equation: P,

41

_ AShNu _2Ecg (. 7
~ Pem ..y and y(t)= 3Re 7(1 3)
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So, for
. . 1(2Da-3 1(4Da+y
F : t)=— , ===
irst equation:  plt) A(SDaRej 1) A(SDaRe)
Second equation: p(t) = %[%} q(t) =0
. : 1(3Nu SShNu 2Ecg y
Third : t)=—| —— t)= 1--1.
ird equation:  plt) A( Pe  Pem ¢|r=1j’ ) 3ReA7( 3)
Then
|r—1 — it) + (1_@jep(t)t (64)
< plt) p(t)
1
=5 (65)
l[e(cupc(ltep(t)tj _1] ~
c
(et & goton "
0, =e (i) g TR (66)
> e
¢ CI\/; erf _Clp(t) (e’t—l)
J-c.p(t) p(t)
where
_3Nu _ fShNu
"~ PeA’ ' 2PemA
Thus,
u(r,t)= @4— 1—@ e Pt _ L | 7 o (67)
el p(t) 2) 2
Sh\1 Sh1l
)= 1+ |= -ptr _ 2L —p(t) .2 68
#(rt)=| 1+ zj S > (68)
o(r.t)= 1+%j0|r_1—%9|r_1 2. (69)

4 Discussion

Readers should note that:

The P, as used in this paper could be a constant or a function. For cases 1 and 2, b # 2 and case

3, a#2. When b=2 in cases 1 and 2 or a=2 in case 3, a new space vatiable needs to be

introduced.
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¢|r:a as used in this paper, means ¢(a,t). It meant ¢(r,t) at r=a.
¢|r:b as used in this paper, is the same as ¢(b,t). It meant ¢(r,t) at r=b.

¢(r, t) * ¢(a, t) and ¢(r, t) # ¢(b, t) as being used by some authors in the literature. Most especially

those that worked on the lumped model for transient heat conduction using the polynomial
approximation method.

5 Conclusion

The use of Olayiwola’s generalized polynomial approximation method (OGPAM) is important
for solving partial differential equations. Also, the derivation of the generalized polynomial
approximation method for solving hyperbolic equations by the author is ongoing and it will be
made available to readers as soon as is ready.

Different examples have been solved using OGPAM in different geometries. The simplified
relations obtained in this study can be used for science and engineering calculations in many
conditions.
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