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Abstract — The performance of bieubic B-spline collocation
method is tested in this paper. The Ikcubic B-spline
collocation method is formulated by employing recursive
form of bi-cubic B-spline basis functionas basis functions ir
collocation method. The viability and convergence of the
proposed bi-cubic Bspline collocation method toPoisson’s
equations with Dirchlet’'s boundary condition problems are
examined. Absolute RelativeError analysis is also done by
comparing with the exact solution for theconvergence of the
present method.
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. INTRODUCTION

In this paperconsidering the Poisson’s equation of

temperature distribution T(x,y) over the regio
as<xs<b,csy<d
2 2
o gyT = fx,y) o
with the boundary conditions
U( x,0)= g,(x). as<x<b
U(x,d) = g,(x), as<x<b
U(a,y) =h ), csysd (1a)
and
U(b,y)=h,(y), csysd

where a,b,c,d are constants ,g (X).g (&)&nctions

inxandh (y),h (y) are functions iny.

There are some other numerical techniques whict
developed to solve twalimensional Poisson equations
the literature .Wu and Zhang][have obtained numeric
solution of Dirchlet's problem for two Poisson equati
using the Galerkin quartic Bpline finite elerent method
schaerer et al. [2have presented Multilev Schwarz
Shooting method for the numeaicsolution of the Poissc
equation using five point finite differencemolecule, and
subject to Dirchlet'sooundary conditions, which arises
two dimensional incompressible flosimulations Ahmed
and Monaque [Bhave developed multi grid method w
compact finite difference method off@int sixth order fo
two—dimensional Poisson equation and showed
efficiency of the method with numerical solutic

Il. B1-cuBiC B-SPLINE COLLOCATION

METHOD
LetT" (4 Y)= 3, 3. B, My, 00 Ny, (9) @

where
Bi;'s are contron poinf¥li, is the pth degree-spline basis
function in the X-aixs, and\;, (u) qth degree B-spline
basis function in the ‘directior be the approximate
solution of heat distribution functic U(x, y) for which
the governing partial diérential equation is equation .
The functionU (X, y)is the temperature distribution ov
the considered computational dom

Particularly, the approximate solution is assumaseb
on the third degree Bpline basis functic which is
employed in the cafication method. In order to maint
the Bspline property which is partition of unity, thr
additional knots should be taken both sides of kmator
space.

Let the computational domain a<x<b,c<y<d,
the nodes inX —dredion are{a=x, X, X, ... ,%,.,,%, =b}and
the nodes ilY —direction are{c =Y, ¥, Yz, Y1 ¥, =0}

Assuming that the knot vectors in each directioa
nodes in each direction respectively and contrahtgcare
treated as constants or unknownequation (2.1).

The first and second order partial derivatives
approximate function with respect X are derived by

differentiating the component functi M; ;(x) with
respect to x. i.e.
OT X, m- oo (X)
TN Sy Ml ) @
i=-3 j=-3
azTh(X, y)  odod aZMi p(x)
axz ot 1] axz J,q(y) ( )

Similarly, the first and second order partial datives of
approximate solution with respect y is given as

h ON
_ 0T (%) _ B M, () ¥ (5)
ay i==sj==s ' ay
2Th m-1 n-1 92N .
*T"(x,y) _ B, M., () 1a(Y) (6)
ay? i=—aj=-3 ' ay’
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Similarly,
T (x,y) . oM, (x) ON , (y) 7
dyox i:z—: Z—l (104 ay ( )
2.1B-Splines

In this section, definition and properties o-spline
basis functions are given in detéilzero degree and oth
than zero degree Bpline basis functions are definec x

recursively over the knot vectdr ={x, X, X,.....X,_;, X} as
) if p=0, N (¥)=1
if x00,%,) N,,()=0

it x0(x,.,)
i) it P2l N, (=N,
—
N+ p+: _X
)+ Z N )
i +p+l i +1

where p is the degree of thesBline basis function a x
is the parameter belongs %, wher evaluating these
functions, ratios of the form 0/0 are defined a®.
2.2Bi-cubic B-spline Basis Function

A B-spline surface is defined as

T =3 Y B, M, 00 N, () ®

where B ; are the vertices of the polygon net cal
control points, M, ,(x) is the p" degree Ispline basis
function which is defined at the knox' over the knot
vector space KVx in X-direction anil; ,(y) is the q"

degree Bspline basis function which is defined at the k
'y’ over the knot vector space KVy iY-direction.
Definition and explanation of basis function for e
dimension and kinds of knot vectors are explaine:
Chapter 3Here each individual basis function is same
basis function defined for 1Biven in section 2. The B-
spline surface is ais defined by rectangular array
control points. Thisform permits local control of cury
shape. The degrees of its basis functions are &b
independent of the control points.
2.3B-Spline Collocation Method for 2D

Tensor product of B-spline basfanction is used a
basis function in collocation method to find themerical
solution for second order partial differential etjoas.
Recursive form of Bspline function is employed as ba
in normal collocation method. This method is depeld
based o the assumptions that the knot vectors
associated with the computational nodal points
constants in approximate soluti@are treated as contr
points. The Bspline collocation method is formulated
considering well known partiaifferential eqation eq (1)
2.4 Collocation Method

Collocation method is a numerical technique. lused
to establish the relations among control pointsciviare
used to express the linear combination of the
functions in assumed approximate solution in thenfaf
system of linear equations and become a poweréllitc
developing various approximate methods as its jaasec
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and discrete nature. Residue is the difference destvthe
exact solution and the approximate solution. Tisédree is
made to zero at sontiscrete nodal values in order to
the constraints among the control poi General working
procedure of collocation metht

If B-spline functions are used as basises in approxi
solution and the collocation procedure is followts
obtain the systm of linear equations in control points
approximation solution then this method is knownB-
spline collocation method.

Substituting the eqtians (2.1-(2.6) in governing
differential equation (1)1 Then we hav

m-1 n-1 0°M
S8, 2y )
388, w0071 ©

Let (x. y,) be the any nodal point in the computatio
domainand expanding the equatior) then we have

m-192M.
Z ¢[3,73N73,q(y5) + B| ,72N _Zq (ys)

i'=-3 ox
+B|,— N—lq(ys)+ n 1q (ys)]
aa(Ys) N4 (¥:)
+> M, Noa¥e) g SALA
|23 i, p(xr) ayz 1,-2 ayz
9°N_4(¥,) 9*Nyy 4 (¥s)
|,fla;;/qz+ |,nfla—)l/qz :f(xr,ys)

Expressing the above expansion formmatrix form,
we get

[AJ]CB] = f(x ¥) (10)
[Atd] = A'—s A'—z Al—l . .AI m-1)
1x (m+2)0(n+ 2)
_ T
[B] _[BfS Bmfl ] (m+2)0(n+2)x1
aZM—3 -3, s T
ax';(’*) a0 M 00T “(y)
A=
PM_,, () Noosq ()
| ox Np1q (¥5) +M_ 3p(Xr)T Lo
(M, (%) A T
e MNaa) * ZP(XT)%
A, =
0*M_, ,(x) 1 (Ys)
e n1q<ys>+lvtzp<>s)$
L J1x(n+2)
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2N—3q(ys)
oy*

fv f3q(ys)+M1p( )

A =
M., (x) 0N, 14 (V)
T AL e v
M. (x) 0*N_;4(¥,) T
(m-1), v :
TN L 0 M )
A =
My (%) o)
My (5) M "N, (%:)
o _1q(ys) m_1)p(xr) ay Jix(n+2)
B—3,—3 B—z -3
Bs-. B
B a1 B,
B, =|. B,=
B. B, -
ey 1)_(n+2)x1 | 20 1)_(n+2)x1
B_1 -3 B(mil)ﬁ3
B,1,—2 B(mil)ﬁz
B 1,-1 B(mil)ﬁl
B, =|. Binsy =
B. B 1) -
| P 1)_(n+2)x1 | (m-1),(n 1)_(n+2)><1

Equation (10) is ite matrix form of equation ) at
single computational domain node pi (X, Ys). It is the
equation in(m+2)x(n+2) control points which is th
result of assumption #t the approximate solution )
satisfies the governing pal differential equation () at

the computational domain point (ys). The computational

domain consists (m)*(nhode points . The equation 1)
should be evaluated at each these computationadidi
node and assumed that these node points are dalo
points also. Then the equation J1Becomes system
(m)*(n) linear equations in (M+3)A¢3) control point:
which are unknowns.

The Matrix form of above system of (m)*(n) line
equations is given below as

[A"d ]mEhX(m+2)*(n+2) E[ B](m+2)D(n+2)><1 = I: f (Xr'ys):|mEh><1 (11)

The Matrix A, is not square matrix and yet Bound.
conditions are not applied to approximate solut
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Applying Boundary conditior to approximate solution
(eq.2.2)

The total number of nodal points on boundary
(2m+ 2n— 4) and the assumption is ththe approximate
solution satisfies the boundary citions then applying
equation (2¥or given boundary conditions (‘a),we have
Along the boundary points, we hs

S5 B M, 0N, ()

U(xy)=U"(xy)= ZZ

e
Applying all the boundary conditions to approxim

solution, we get

i) Taking the boundary along-c ,we hav

y=cU"(x,y)=g,(x)

f nz_j B, M ()N, (c)=0,(%)
& —3 -3 C +B N P C +B C)+..
2 Mo +B Ng( )(c) 0B =609

Expressing the above equation into the matrix forme
have

A, 0B =g, (x) (12)

M5, (XN _4(C)
M5, (ON_,4(C)
M_5, (ON_14(C)

M -3,p (X) N (n-1)g (C)
M., (N5, (0
M —2,p(x) N—2,q (C)
M _2,p(x) N—l,q (C)
M_; s (N -4 (C)
M _1,p(x) N—3q (C)
M.y, (N (0
M.y, (N, (©)
M -1,p (X) N (n-1)g (C)
M (1), () N_g4(C)
M )0 (O N_,, (C)
| M (g0 ()N -1y () Jxme2yne2)

The matrix form (12 is extended to all nodal poir
along the line y = c thethe system of Klinear equations
are obtained in (M+3)*(n+3) control points andniatrix
form is given as

(Ab)mX(m+2)E(n+2) DB = [gl(x)] mx1
where ‘X’ takes the nmodes along the line y=

Where A =

(13)
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Similarly along the remaining boundalines, we have
along the above line i.e y=d

(Aa)mX(m+2)E(n+2) DB = [gz(x)] mx1 (14)
where x takes above boundary line no
Along the left boundary nodal point
(A)nx(m+2)[(n+2) 0B = [hl( y)] nx1 (15)

Along the right boundary nodal points, we have
linear system of nequations, so we ha

(A )nx(m+2)EKn+2) 0B = [hz( y)] nx1 (16)

Assembling all the systems of linear equations v
are generated over the computational domain bowyr
points i.e. ombining all the equations (13) (14), (15) ¢
(16), then we have

A 9,(x)

A, _|9:(%) (17)
O =

A [ ](m+3)[(n+3)><1 h1(y)

A si hZ(y) (2m+2n-4)x1

wheresi = (2m+ 2n- 4)x (m+ 2)d( + 2)
Assembling all the matrices in order tom the global
matrix, they are (11) and (17)

[Atd] mOnx(m+2)*(n+2) l:[ B] (m+3) EKn+3)><1= |: f (Xr ,ys ):|me><1 and

A, 9,(x)
A, g, (x)
g B =
A| [ ](m+3)E(n+3)x1 hl(y)
A, si hZ(y) (2m+2n-4)x1

Wheresi = (2m+ 2n- 4)x m+ 2)0( + 2)

i.e. The number of equations generated in
computational domainare m*n and the number
equations obtained by using boundary conditions
2m+2n but corner nodes are used two times ther
deducting these repetitions then we have 2r-4
boundary conditionsre only included in constructing t
global matrix. The repeated evaluations at corrmiter
are neglected

Ay RICHA

A 0, (%)

A E[B](m+z)un+z>x1 =1 6.(%)

A h(y)
_A J(mh+2m+2n- 4y (m+ 200+ 2) _hz(y)

This can be written in the simplified matrix formge
have

[A]o[e]=[c]

where

(18)

’.T
>>> >

L Jd(mh+2m+2n-4) (m+ 31N+ 3)

Jd(mCh+2m+2n-
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0y,
,(X)
C=10,(¥
h.(y)
_h2 ) J(mth+2m+2n-4p1
_B—S,—S -3-2 B— 31 - - 1_
B—z,—s sz,—z B 21 B n-1
B,s Bio By Bss
[B] =
_Bm—l,—3 Bm—l,—2 Bm— 1-1" " Bm— n- 1_(m+3)><(n+3)

Solve the system afquations 1 for unknown constants
(control points). Replacing these valwith unknowns in
equation 2.1then the approximation solution becon
known approximatsolution to the equatior.

The whole assembly of matrices and its solutiol
obtained by coding in Matlab as based on
implementation procedure given bel

I1l. N UMERICAL SOLUTION TO POISSON'S
EQUATION

Numerical Example 3.1
The distribution of temperatuU (x,y)in the problem

domain is governed by the following equa

U | U .
—+ =5(x-1)(2cosy — sin
o+ ayr SO D(2cosy - § sing )
with the given boundary conditions

ULy)=0U K,0=0J Oy F (ty)singU X .5 O;

The exact solution for this problem
U(xy) =@-x)1-y)siny

Initially, a square domain is considered with the e(
number of partitions of the interval (0, 1) bottes which
are shown in below figure (B. Temperature is evaluat
at various nodes in the computational domain bggughe
present method and compared with exact solution at
these corresponding nodes.
i) (8) Square domain

e <. - - o
0.7% @ ’ & b
[92]
8 0.9 o =S e P
>
0.2% 4 & & o]
< & & 2]
% 0.25 0.t 0.75 1
X-axis
Fig. 3.1Computational domain with the nodes in e
directior
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X={0, .25, .5, .75,1} and Y={0, .25, .5, .75, .

Considering the [0,1]x[0,1] square domain
partitioning each side withthe length of .25.The
coordinates for each side are {0,.25,5,.75,1}.Theal
number of generated computational domain cont
25nodes.Among 25 nodes, 9 nodes are inside
computational domain and the remng nodes 16 are
boundary points. Assumintat these coordinates in ez
side are knot vectors in each side i.e KVx={0,2F
.75,1} and KVy={0,.25,.5,.75,1}.The uniform knot &®r
is considered. The degree of thesfline basis functio
for both direction is taken as 3(i.e. p=3&&qg= The
apprximate solution is assumed as equation 4.4.T
additional knot vectors should be included botte sidth
the same length between the two consecutive kriatsec
knot vector to maintain the partition of unity pesfy of
B-splines if third degree B-spkn basis function i
employed in collocation method.

Substituting the approximate solution eque 2.1 in the
given partial differential equation. The remaindisr
obtained at one random point (eg2.%he total nodes i
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the computational domain are 25.Athese nodes,
collocation technique are applied to get the retehip
among the constants which are unknowns and the'
linear combination with Bspline basis functions .16noc
lie on the boundary of the computational domain3x5
partition of the canputational domail On the assumption
that the approximate solution satisfies the boupn
conditions, the approximate solution should be wat#id
at these 16 nodes (2(12) (2.13), (2.14) an
(2.15)).Finally, assembling all the equations give the
equdions in unknowns (eq.4.20). Solving this systen
equations for unknowns and replace theseues in
approximate solution (eq2.1)

Approximate the temperature at these internal nddge
using the present methoHstimated values by using t
present metbd at these particular nodes and exact ve
at these nodes are listed in the first isixth columns of
tablel and also evaluated absolute relative ¢
corresponding to these nodes in third column. Aye
absolute relative error is also calculateorder to test the
convergence of the present method andhown as the
last row in table 2.

Tablel: Comparison of present method and exact methedridus node

B-spline collocation solution ) )
Nodes (Number of nodes) Analytical solution
5x5 9x5 9x9 9x11

(.25,.25) 0.4885 0.4923 0.5228 0.5286 0.5338
(.25,.5) 0.2360 0.2359 0.2273 0.2254 0.2244
(.25,.75) -0.0679 -0.0695 -0.0973 -0.1024 -0.1072
(.5, .25) 0.3196 0.3223 0.3457 0.3503 0.3559
(.5, .5) 0.1556 0.1578 0.1508 0.1492 0.1496
(.5,.75) -0.0407 -0.0404 -0.0635 -0.0683 -0.0714
(.75, .25) 0.1487 0.1565 0.1680 0.1702 0.1779
(.75,.5) 0.0707 0.0759 0.0723 0.0759 0.0748
(.75,.75) -0.0203 -0.0200 -0.0317 -0.0342 -0.0357

Table2 Presents absolute relative error at various nodes

Nodes (.25,.25) (.25 ,.5) (.25,.763, .25 (.5, .5) (.5,.75) (.75, .25) (.75,.5) (.75,.75)

Absolute | 5x5
9x5
9x9

9x11

relative

error

0.08490.0517 0.3668 0.1020 0.0399 0.4298 0.1646 0.0547 0.4314
0.07770.051(0.3519 0.0943 0.0548 0.4352 0.1205 0.0151 0.4406
0.02060.012¢ 0.0919 0.0284 0.0082 0.1115 0.0559 0.0339 0.1119
0.00980.004:0.0449 0.0157 0.0031 0.0438 0.0433 0.0458 0.0424

Relative error is calculated using

Absolute Relative error HExact solutio-Approximate solution)/Exact solutipn
Average absolute Relative erroAbsolute Relative error)/number of no
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0.6

0.4

0.2

0.6
) 04

0.2

1 15 2 2.5 3 3.5 4 4.5 5
X-axis

Fig. 3.2 Temperature distribution kiye approximat:
solution and exact solutions for 5”Rbde of square
domain

i) (b) Effect of reduction in mesh size by increasing
number of collocation points in square computatic
domain

Taken the collocation points as 9x9 with the umifc
mesh size instead of 5 x 5 (takéaqi))). Out of the 81
nodes, 48 are internal nodes amanaining 32 node a
boundary nodes where the temperature distribut®
known.

Figure 5.3 presents the approximate solution fix9
nodes and Figure5ghows the graphical representatior
the exact solution for all the nodes of computatl
domain 9x9 nodes

06
& 04
<
®
> /| — 0.2
2 7 0
>
1 2 3 4 5 6 7 8 9

03
0.2

Y-axis

S [o)} 0
S o o
2G8

2 : 0
T 2 3 4 5 6 7 8 9
X-axis
Fig. 3.3Temperature distribution by Approximate solut
and

Exact solution for the 9xBodes of square domi

i) (a) Unequal no.of nodes in X and Y direct
(Rectangular mesh)

Computational domain is divided as unequal no
divisions in two dimensions9 nodes are taken in-
direction and 5 nodes along thed¥fection for the sam
computational domain considered as in case (a)hwisi
shown in the below figure
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Figure5.6 Discretization of the rectangular domain v
the 9x5 nodes.

Present method is used to approximate the temper
at nodal points of the rectangular computationahaio.
The results are presented in table 5.4 with exalcition
values and also calculated absolute relative domthose
particular nodes.

i) (b) more number of partitions are dorn Y-direction
than X-direction.

Figure 5.9 presents the relationship between avera¢
the absolute relative error and for various nundderodes
taken for different type computational dom.

0.%

0.15
0.1

0.0

Average Absolute Relative Er

20 30 40 50 60 70 80 90 100
Number of Node
Fig. 3.4Comparison of average absolute relative error

number of node

3.2 Results and Discussion for Numerical Example 1

Recursive form of Bspline collocation method is test
for Poisson equation with Dirchlet’'s boundary caiuatis
with uniform partitionin both directions. In general, tl
temperature at the mighoint (.5, .5) is used to discuss |
efficiency of the numerical method .The temperatat
node (.5, .5) is .1556 when partitioning the corafiohal
domain 5x5 node. The analytical solutiorthis mid-point
is .1496. Absolute relative error at this point@899 .1t is
clearly seen that the obtained numerical solut®wéry
good agreement with the exact solution at this tpaive
observe from Table 5.1 that the absolute relatiker:
occurred more at (.25, .75),5, .75) and (.75, .7t To
decrease the absolute relative error we have tease the
degree of the base function or reduce the meshlsi
increasing the number of nodes. Decreased the sies
in order to improve the numerl solution.9x9 partitions
are made for computational domain and listed
numerical solutionn Table 5.2.The absolute relative er
at mid -point (.5,.5)from Table 5.2 is 0.00¢ which is
almost less thanne percentage a at other points where
the abslute relative error is more in case (ia) is ¢
drasticallydecreased .The average absolute relative
is also fall down from .1917 t0.0528.This showst ttee
present numerical method is performing very well
increasing the number of collocatiooints. To show how
good and accurate the numerical solutions of tieblpm,
a comparison of the obtained numerical solutiond
exact solutions at some different points are disglain
table 5.1 and Table 5.2 for different discretiza

Addition to that,partition of different sides taken as
differently for verifying the applicability and efficiency
the present method for the same problem.’9’ nodes
taken in Xdirection and 5 nodes are taken i-direction
i.e 0.125 and 0.25 are the differes between the nodes in
X and Y -directions respectively. Table 5.3 lists -
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numerical, exact solutions and absolute relativersrat
various nodes for this 9x5 nodes. 45 nodes. The
absolute relative error at mjgbint (.5, .5) from Table 5.
is.0548and the maximum absolute relative error is me
the same points as in case (ia). To observe thealy
performance of the present method for such typ
partition, Table 5.3 gives the numerical solutiond
absolute relative error at various nodes the
computational domain. Next, number of divisionsgalken
inY —direction than in Xdirection toward to both directic
i.e.9x11 nodes and the table (iib) lists numerical tohs
and absolute relative error of different nodes fbis
discretization dmain. This shows that the -cubic B-
spline collocation method effectively working foom—
uniform partition for different direction:
3.3 Convergence of the Present Method

It is observed from the tablestizat the average absolt
relative error iscontinuously decreasing as the al
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Table 3: Comparison of Bpline collocation solution
with the analytical solutic

B-spline Absolute relative
collocation error
Nodes Solution
5x5 5x9 of 5x5 5x9
number node:
(.25,.25)| 0.0779 | 0.081¢ | 0.0637 | 0.0097
(.25,.5)| 0.0323 | 0.035: | 0.1131 | 0.0330
(.25,.75)| 0.0115| 0.013( | 0.1624 | 0.0511
(.5,.25)| 0.1094 | 0.1137 | 0.0563 | 0.0265
(.5,.5) | 0.0441 | 0.049( | 0.1409 | 0.0467
(.5,.75) | 0.0157 | 0.018: | 0.1907 | 0.0670
(.75, 0.0685 | 0.078. | 0.1767 | 0.0545
.25) 0.0276 | 0.032¢ | 0.2422 | 0.0962
(.75,.5) | 0.0098 | 0.012: | 0.2862 | 0.1168
(.75,.75)

The absolute relative error is les the node (.5,.25) and

number of nodes isincreased. Th guarantees the also along the Xaxis.The present solution gives the ve

convergence of the present numerical method. ’is
shown graphically in Figure 3.Moreover, in order t
demonstrate how good theimerical solutior obtained by
the present method exhibit the correct phys
characteristic of the problem, vaso give the graphs in
Figures 3.2-3.3
Numerical Example 3.2

Considering the Laplace R- partial differential
equation with different boundary conditions in arde
prove itsapplicability of the present method to all types
boundaries. The boundary condition along tk-axis is
varying i.e.it is the function in the variable ‘x’ and tl
remaining boundaries are maintained with zero dedsi-
cubic Bspline collocation method is employed ¢
obtains the results at some particular nodes in
computational field and its available exact iite series is
used to evaluate accurate values at these corrisgg
nodes. To find the effectiveness of the numerio&ton
on different regions of the computational domabsaute
relative error is calculated using the given foranuih
numerical eperimentl.Also average absolute rela
error is also shown in each case to establish
relationship between the number of nodes and acgwt
the numerical solution
U +62U
x> oy’
U(@0,y)=0U x,00=x1-x)U Ay F @& & .1F O;

The exact solution of this problem is given by
following infinite series [16]
U(x.y) :Z_4sm(nn)((l -1 Sslnh(lﬂ (xy))

po sinh( 1’77

Casei(a) Considering the computational domain v
the 5x5 element nodes

Table 5.5 lists the temperature at various noddshn
are evaluated by using bi-cubicdpline collocatior
method and also includeexact value at these nodes
Absolute relative error.
Numerical example 3.2

=0 with the boundary Conditions

.0441 verses the exact value .0t and relative error is
.1409 at midpoint (.5,.5).The average absolute rela

error is .1591 when total 25 collocation points taken

into cosideration.The average absolute relativereis

close to the absolute relative error at the-point in the

case ofuniform and equal number of partition in b

directions for square region.

1

0.7

0 0.25

(=]
m
o

.75 L

~
E,, h

(b)
Fig. 3.5 Bspline collocation solution with (aegular grid
and (b) grid ottontrol point

Graphical repesentation is given in Figure : to know
the physical behaviorfahe B-spline collocation on the
5x5 partitioned square region which is shown inuFé
2.1(a).The color bar given below the-axis gives the
temperature at various nodes in the re.

Case i(b)

The number of divisions in each direction is incesd
from 5-divisions to Sivisions then the computatior
domain consists 81 nodes including boundary noties
temperature values along the diagonal nodes dedsl lis
Table 5.6.The absolute relative error at -point is
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0.0467 and the average absolute rve error for this
region is .0577
e

0.87

0.7

0.62

O.

0.37

0.2

0.12

(o] 0.125 0.25 0.375 0.5 0.625 0.75 0.875

/

PN W N OO N 0 ©

; @ :
Fig. 3.6 Bspline collocation solution with (a) regular g
and (b) grid of control poin

L
o 0.05 0.1

Fig. 5.12 Temperature distributions &yact solution for
9x9 grid point

0.05 0.1 0.25

Smoothness of the curves is improvedincreasing the
number of collection pointsThis can be seen in tl
figures 5.10 and 5.11.The physical behavior +spline
collocation solution is very close to the exactusioh
which is represented in the figure 5.12 when
computational domain is péioned into 9x9 nodes the
the 5x5 nodes
Case ii (a)

The non uniform number of partitions are done fos
two dimensional computational domain 11x9.The T
number of collocation points are 99 including thé
boundary conditions. Rectangular mest generated
consequence of its unequal number of partitions
different directions of square computational dom&ome
values evaluated by the present method at somesraod
shown in Table 5.7

The absolute relative error at mid point (.5, $Pi037(C
and the average absolute relative error is .08
numerical solution is shown graphically in Figuré¥and
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exact solution for this region shown graphicallyHigure
5.14

0.87
0.7
0.62
0.
0.37
0.12

0 01 02 03 04 0EF
@

0.6 0.7 08 0.9

8 N

(b
Fig. 5.13 Bspline collocation solution with (a) rectangt
grid with
11x9 nodes and (b) grid of control po

0.05 0.1 0.15 0.2 0.25
Fig. 5.14 Temperature distributions by exact solutia
11x9 grid point computational dom:

Case i (b)

The non uniform number of partitions is done fois
two dimensional computational domain 9x11.TTotal
number of collocation points are 99 including thé
boundary conditions as in case ii(a).More divisiare
taken towards ‘lirection instead of -direction.
Rectangular mesh is generated consequence ofdtyuat
number of partitions in differendirections of square
computational domain. Some values evaluated by
present method at some nodes are shown in Talt

()

10 N

0 0.05 011 0.‘15 0.2 0.25
Fig. 5.15 Bspline collocation solution with (a) rectangt
grid with 9x11 nodes and (b) grid of control po
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0.05 0.1 0.‘15 04'2 0.25
Fig. 5.16 emperature distributions by exact solution
9x11 grid point computational dom:

IV. RESULTS AND DISCUSSION

Bi-cubic collocation numerical solutions for equal i
unequal partitions of two dimensions for the sambjem
with the same boundagonditions are shown graphica
in the above figuresThe Figure 5.10 is the physic
behavior of the numerical solution for the eque
divisions in each direction. The smoothness ofdheres
is less when compared with graph 5.12 of tt-spline
collocation solution which is generated for the 9
collocation points. We can say that increasinghia total
number of nodes improves the smoothness of thehgr
Also it is observed that the btubic E-spline collocation
solution graphs are more accuratéth exact solutior
graphs in all the cases. The temperature at —value
(.5,.5) is .0441 for 5x5partitions where as for 9tk@
temperature at the same point is .0490.The relatika al
this point reduced from.1409 to .0467 when reduttex
differencebetween the two consecutive collocation poi
The average absolute relative error is decreasenh
1591 to .0557.The present method works very w
overall the computational domain. This shows the
present solution has fast convergence rateconsistency.

Two different number of partitions are taken i
consideration in case ii(a) and in case ii(b). Td -value
temperature is taken for discussion in two ca
According to 9x11 divisions, the temperature at riia-
point (.5, .5) is 0.0492nd absolute relative error at tl
point is .0428 versus 11x9 divisions case the teatpee
at the same point is .0495 and the absolute relatixor is
.0370.Variation is taken in number of divisions w
respect to two directions keeping the same ber of
collocation points in both the directions of
computational. The present method has high conweg
rate when number of divisions are more than tl-axis
direction. It is observed from average absolutatie
error that unequal partition effe throughout th
computational field. This is happened because
particular side has variable boundary cond.

V. CONCLUSIONS

In this paper, the bi-cubic Bpline collocation which i
proposed in previous chapter is successfully agpbewo
dimensional Poisson problems to obtain its numk

International Journal of Applied Science and Mathenatics
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solution. The agreement between our numerical res
and the exact ones is satisfactorily goohe obtained
numerical results showed that the-cubic B-spline basis
collocation method is remarkably a powerful nurmer
tool. This method with a different choice of elem
numbers and Bpline basis functions can also be app
to more general nonrear partial differential equatiol
arising in engineering and scien
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