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Abstract In this paper, non-polynomial spline method for solving Coupled Burgers’ Equations
are presented. We take a new spline function. The stability analysis using Von-
Neumann technique shows the scheme is unconditionally stable. To test accuracy the
error norms Lg, Lo are computed and give two examples to illustrate the sufficiency
of the method for solving such nonlinear partial differential equations. These results
show that the technique introduced here is accurate and easy to apply.
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1. INTRODUCTION

The purpose of this paper is to apply the non-polynomial spline method to the
coupled Burgers’ equation. The coupled Burgers’ equation in the form

Ut — Ugy + KUty + ko(uv), =0, (1.1)
Uy — Vg + k100, + k3(uv), = 0. (1.2)
Where k1, ko and k3 are real constants and subscripts x and ¢ denote differentiation,
T
distance, and ¢ time is considered. Boundary conditions

u(a,t) = fl(avt)’ U’(b’ t) = f2<b’ t)) (1 3)
U(a7t):gl(avt)7 U(bvt):g2(b7t)a OStST ’
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and initial conditions

u(x70) = f(x)a
v(z,0) =g(x), a <z <b. (1.4)

Various methods are used solve the nonlinear coupled Burgers’ equations numer-
ically; which is suggested by [1] firstly. A solution based on fourth order accurate
compact ADI scheme by Radwan [2], Khater et al [3] studied Burgers’ equations by
using A Chebyshev spectral collocation method, Ali et al proposed the algorithm for
the numerical solution of two-dimension coupled Burgers’ equations using A meshfree
technique [4], Rashid and MD studied Viscous coupled Burgers’ equations by using
the Fourier pseudo-spectral method [5], Liu and Hou used the generalized differential
transform method for solving the space and time fractional coupled Burgers’ equa-
tions [6], cubic B-spline collocation method used by Mittal and Arora for solving
the nonlinear coupled viscous Burgers’ equations [7], Mokhtari et al used generalized
differential quadrature method for solving coupled Burgers’ equations [8], Sadek and
Kucuk [9] studied Burgers’ equations by using a robust technique for solving optimal
control of Burgers’ type equations, a differential quadrature method [10], Kutluay
and Ucar used Galerkin quadratic B-spline finite element method for solving coupled
Burgers’ equations [11], Srivastava et al studied one-dimensional coupled nonlinear
Burgers’ equations by using a fully implicit finite-difference method [12], a composite
numerical scheme based on finite difference [13], Kumar and Pandit used an implicit
logarithmic finite difference method for solving coupled Burgers’ equations [14], Mit-
tal and Tripathi studied coupled Burgers’ equations by using modified cubic B-spline
collocation method [15]. There are not many articles about non-polynomial spline
method for the solving nonlinear differential equation system. In this paper, we take
a new spline function as form: T3 = span{1, x, tanh(wx), sech(wx)}, where w is the
frequency of the trigonometric part of the spline functions which will be used to raise
the accuracy of the method [16]. This spline function gives the same results if we
used the spline function based on other trigonometric functions sin and cos but in
this paper, we take spline function with different form. Also, we take linearization of
the nonlinear term and we used finite difference approximation and applying Crank-
Nicolson scheme. The paper is organized as follows. In Section 2, some details about
non-polynomial spline method are provided. In Section 3, the stability is documented.
In section 4, numerical results for two different problems and some related figures are
given in order to show the efficiency as well as the accuracy of the proposed method.
Finally, conclusions are followed in Section 5.

2. DERIVATION OF THE NUMERICAL METHOD

In this section, we gave theoretically discussed for the numerical method using new
spline function.

We take spline function in this form T5 = span{1, x, tanh(wx), sech(wx)}. To set
up the non-polynomial spline method, we select an integer N> 0 and a time step
size k> 0 with h = 11\)f_+a1> the mesh points (x;,t,) are ; = a + jh and t, = nk, for
n=0,1,..,and j =0,1,.., N + 1. Let U} and V" be an approximation to u(z;,t,)

a0
BE




220 KHALID K. ALI, K. R. RASLAN, AND TALAAT S. EL-DANAF

and v(z;, t,,) respectively, obtained by the segment p;(x,t,) of the mixed spline func-

tion passing through the points (z;, Ul'),(zj41, U} 4),(z5, V]") and (zj41,V]4) re-

spectively. Each segment has the form

pj(x,tn) = a;(ty) tanhw(z—x;)+b;(t,) sec hw(x—x;)+c¢;(tn) (x—x;)+d;(tn),
(2.1)

for each j = 0,1,..., N. To obtain expressions for the coefficients of Eq. (2.1) in terms
of UM ULy, ST and 57y which are as follows:

Ul =pj(zj,tn), Ul = pj(zj41,t0), S} 7pj !(xj,t,) and ST e fpj "(Tj41,tn).

(2.2)
Using Egs. (2.1) and (2.2), we get
a]‘ + dj = an,
ajtanhe—i—b sechf + cjh +d; = Uy, 93
—bjw?® = 57, (2.3)
—2a;w? sec h29 tanh @ — b;w? sec h30 + bjw? sec hf tanh? § = STqs

where a; = a;(tn),b; = b;(tn),¢; = ¢(tn),d; = d;(tn) and 8 = wh. By solving last
four equations in (2.3) we obtain expressions for the coefficients as:

_ —h2 n
b; = S
h2(s" sec h®0—S7 sec hf tanh® 6—S7", )
2602 sec h20 tanh 0 ’ (24)

rrra; =

d; = sn+ur,
= Ul —ul T h(S} sech0—S7) i h(Sj sech30+S" sec h tanh? 0+S;L+l)
J h 02 292 sec h20

using the continuity condition of the first derivative at = z;, that is p)(x;,t,) =
Pi_1(xj,tn), we get the flowing equations:

a;w + Cj = aj_1Wwsec h20 — bj_1wsec h6 tanh 6 + Cj—lyj = 1, 7]\/v (25)

Using Eq. (2.4), after slight rearrangements, then Eq. (2.5) becomes

Uy —2U7 + UMy = Sty + BSP +9S0y, j=1,..,N. (2.6)

Now to obtain expressions for the coefficients of Eq. (2.1) in terms of ViV, 6F
and 67, ; which are as follows:

‘/jn :pj(mjatn)a‘/jﬁ-l :pj($j+1,tn)75 _p] (33]7 ) and 67 j+1 _p] (1’]+1,t )

(2.7)
Using Egs. (2.1) and (2.7) and applying the same way we can get
Vi, =2V + Vi = bty + B0} + 07,5 =1,... N, (2.8)

(&)
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where
a = h3w _ h? B _ —h3wsec h®0
. 202 sec h?20 tanh 0 202 sec h260°F — 392 seg h20 tanh 0
+h3wsech9tanh % 4 h%?  h*sechf + h”sech”0
202 sec h26 tanh 0 02 202 202
h?sec h@ tanh® @ _ h2w + h? _ h3w(sec h3@—sec hd tanh? 6)
202 sec h20 262 tanh 0 202 sec 5129 7Y }_39 1o 20i%aenh [
(— sec h®6+sec hf tan )’ and 0 = wh.

h3w sec hf tanh @ h*(sec h—1) h
+ 02 + 02 + 262 sec h20

Remark As w — 0, that is § — 0, then (¢, 3,7v) — (%2, %, %)
Then we consider Egs. (2.6) and (2.8) at two-time level n and n + 1, addition
them to obtain the following relations:
(U;‘Tll +U) — Q(U;H_l +U7") + (Ufjf +UL,) = O‘(S;‘lel + 5741)
+B(SF+1 + 57+ a(SPH + S ),
(VI + Vi) =20V e Vi) + (VIR 4+ V) = a0 + 674 y)
+B(ET 0" + (08 + 67 y), j=1,..,N.

(2.9)

On the other hand, we rewrite (1.1) and (1.2) as

Qulzt) _ 0ulet) 4 ki, ) 2420 4 by [u(a, t)o(a, 1)), |
2

Oolat) — 0vlt) 4 k(1) 228D 4 kg [ua, ho(a, 1)),
8%u(x,t) Ou(x,t) Ou(z,t)

oz = + ku(x, t) =5~ + ko [u(x, t)v(z,t)], ,
2

elet) _ (e t) | gy, ) 228D 4 kg [u(z, t)o(x, 1)), -

2
Take the approximation u(z,t) = UJ' and v(z,t) = V' then 2 gg’t) = S} and
2
% = 67, and from famous Cranck-Nicolson scheme and forward finite difference

approximation for the derivative ¢ [17], we get.

n+1 n n+1 n n+1 n n+1 n
Sj + Sj _ Uj — Uj Ty (UUx)j + (UUx)j . (UV)wj + (UV),;j
2 k 2 2
(2.10)
n n n 1
o] Vit - o (VV)i 4 (VVL)T i (UV)T T+ (UV),)
2 k 2 2
(2.11)
we take linearization of the nonlinear term as follows
n+l _ 7t n+1 n+1 n n n
OU.);" = UiUsi™ " + U™ Usj = Uj'Usj, (2.12)

n+l _ y/nys n+l n+ly, n nys n
(VVo)j™ = ViVay ™ + Vi Vo = Vi'Vaj

(e
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From (2.10), (2.11) and (2.12), the following difference equations can be extracted:

S’;“ + S;” = (U"+1 Up) - s Uty o 1) + U"(Uﬁf Urth)

U (Vi = Vi) + UV, JE -V )+V"+ (Ui = Uj)
+Vn(UJTL++11 U]n+11)) j=1.,N.

(2.13)
O 0 = BV V) BV (VG Vi) VRV )
Lot v 1)+U"(V]Tf V"“)+V"“( 1= Ua)
+V"(U;;_+11 U"_+1)), j=1,..,N.

(2.14)

Substituting (2.13) and (2.14) in (2.9) and doing some calculations, we get

AUIE + AU + AU + AV + A5Vt (2.15)
7A6U]+1+A7U +A8Un71+A9V+1+A10V 15 '

BV + BV 4 BsVI !+ ByUTE + B5U"+1f (2.16)
= BGV+1 + B7V" + BsV/ | + BoU}' y + B1oUj™ '

Where
« « kirrn k n
A= _%_%( i UL 1) — kz( fis 1)~ BQTUJ' B2V
Ay =-2-22,
As = —2—0‘+a’“( j+1+U2§" “’“2(]+1+V” )+ Zrur + By,
[0 n k
A4:_2122( 1 U U
A5:ak2(U+1+U” ) 2U”
AG — _1_ 2?01 + akl (U;L+1 + Un+1) ak2 (Vn + Vn-{—l) + Bk:1 Un+1 ﬂ’;g ‘/jn—i-l,
A7 = 4= %a
AS — 1 _ 2?04 _ L’“(U;lel U’I’LJrI) _ Lkz(‘/;f:il + Vn_J,il) _ %U’{’L‘Fl _ %‘/j’ﬂri’l,
Ag — ak2 (Unjll Uﬂ+1) ,BkQ U’I’L+1
J j—1

Aro = _akz (U + Un+1) % UJMI’ Bk Bk

204 k1 n k n n
Bi=1-7% - (Vi + Vi )—%( e T U) = Vit = 5 Uy
Bo=—2 _2 R k k Bk Bk
B3 = k,§‘+“1(]+1+vé’; + SR (UR + U y) + S5V + 50T,
B4= OéhQ( ]+1_|_Vn ) 2vn
B5=ak2(Vn1+V" ) 52‘/77,

_ 2a ak: n+1 n+1 n+1 n+1 Bk n+1 Bk n+1
Be =~ _2ﬁ7+ S (Vi +VJ— )+ GRUS + U + Gyt GrU
B7 =47 L
Bg = — _%_Lkl(vn +Vn+1)_LM(Un _|_Un—&-1)_,6271;11‘/5@—}-1_527122[]]@+17

Bg _ akg (Vn + Vn—i—l) %an—i-l7

k 1 k 1
Buo = 4 (Vi 4 Vi) — vy

2D
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Now to solving this system, we using initial conditions Eq. (1.4) to find the value
of UJQ and V9, where UJQ = f(z;) and V}O = g(z;), for each j = 0,1,...,. N + 1. If

J Y
the procedure is reapplied all the approximation U ]-1 and le are known, the values of

Uj27 U;’, U;*, ...and Vj27 Vj?’, Vj47 ... can be obtained in a similar manner .

3. STABILITY ANALYSIS OF THE METHOD

In this section, the standard Von-Neumann concept is applied to investigate the
stability analysis of the schemes. At first, we must linearize the nonlinear term of the
coupled Burgers’ equation by making (U) and (V') as local constants Aj, Ao respec-
tively. According to the Von- Neumann concept, we get

U = AC" exp(ijo),
Vi" = B(" exp(ij¢),

<n+1
9= )
Cn
where A and B are the harmonics amplitude, ¢ = kh, k is the mode number, i = /—1

and ¢ is the amplification factor of the schemes. Substituting (3.1) into the difference
(2.15), we get

(3.1)

¢t [af(2= %) cosg — (24 %) — [ A+ 5200 + A+ G2y 2ising |
+CL B 2+ G2 | 2isin o) =
¢ [A]- @4 cosg — (=24 22) + [HA + 22+ B d + B2 o] 2isin ]|
+¢ B[ 200 + G2 2ising]

we get

Xy +iY
_ 2
9= X~ (3.2)

where X; = A [(2 — %) cos¢ — (2+ %)} J Xo=A {(—2 —22) cos ¢ — (—2+ %)}and

aks Bk aky aks Bk Bk .
Y=|B|—M+—" A|l— —_— — — 2|2 .
{ |:h 1+2h)\1}+ {h/\1+ h>\2+2h)\1+2h 2 isin ¢
From (3.2) we get |g| < 1, hence the scheme is unconditionally stable. It means that
there is no restriction on the grid size, i.e. on h and At, but we should choose them
in such a way that the accuracy of the scheme is not degraded.
Similar results can be obtained from the difference (2.16), due to symmetric uandv.

4. NUMERICAL TESTS AND RESULTS OF COUPLED BURGERS’ EQUATION

In this section, we present two numerical examples to test the validity of our scheme
for solving coupled Burgers’ equations.
an
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The norms Lo-norm and L..-norm are used to compare the numerical solution with
the analytical solution [18].

[ =V, =\ S g — )2,
;‘v 7j:O71a"' 7N7

(4.1)

HuE — uNH = max |uE —u
oo .] J
where uF is the exact solution u and «/V is the approximation solution Uy.
Now we consider two test problems.
Test problem (1.1):
Consider the coupled Burgers’ equations (1.1) and (1.2) with the following initial
and boundary conditions:
u(z,0) =v(x,0) =sin(z), —r <z <
and
u(—mt)=u(mt)=0, 0<t
v(—mt)=v(mt)=0
The exact solution is
u(z,t) = v(z,t) =e 'sin(x), —-r<z<7m, 0<t<T.
We compute the numerical solutions using the selected values k1 = —2, ks = 1 and
ks = 1 with different values of the time step length A¢. In our first computation,
we compute Lo- norm and Lo.- norm at t = 0.1, & = 0.001 while the number of
partition N changes. The corresponding results are presented in table 1. In our
second computation, we compute Lo- norm and L.,- norm at time level ¢ = 1 for
the same parameters in first computation with different decreasing values of At. The
corresponding results are reported in table 2. In both computations, the results are
same for u(x,t) and v(z,t) because of symmetric initial and boundary conditions.
And also we make a comparison of our numerical results of the problem (1.1) with
the results obtained from [15] and [5] for N = 50, k = 0.01, k; = =2, ko = ks =1
with different timet. The corresponding results are presented in table 3.
Table 1: Ls- norm and L..- norm for w — 0, ¢t = 0.1, £ = 0.001 at different N

) f— —

N u(z,t) v(x,t) [7]
Lo- norm L oo- norm Ls- norm Loo- norm | Ly,- norm

50 | 6.28469 E-4 | 8.93728 E-4 | 6.28469 E-4 | 8.93728 E-4 -

100 | 1.33123 E-4 | 1.79992 E-4 | 1.33123 E-4 | 1.79992 E-4 -

128 | 8.61281E-5 | 9.40987E-5 | 8.61281E-5 | 9.40987E-5 | 1.8178E-5

200 | 6.90219 E-5 | 4.56693 E-5 | 6.90219 E-5 | 4.56693 E-5 -

Table 2: Ls- norm and Ly- norm forw — 0, t = 1, k = 0.01,0.001 at different N =

200
k u(z,t) v(x,t)
Lo- norm | Loo- norm | Ls- norm | Lo- norm
0.01 | 4.06918E-3 | 5.01558E-3 | 4.06918E-3 | 5.01558E-3
0.001 | 2.70771E-4 | 3.47104E-4 | 2.70771E-4 | 3.47104E-4

(&)
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Table 3: Comparison of numerical results of the problem (1.1) with the results
obtained from [15] and [5] for the variable v and v with, N =50, k¥ = 0.01. w — 0,

t u(z,t) v(x,t) [15] [5]
Lo- norm | Lyo- norm | Lo- norm | Lyo- norm | Lao- norm | Lo- norm

0.5 | 1.7887E-3 | 1.0301E-3 | 1.7887E-3 | 1.0301E-3 | 1.1031 E-4 -
1 | 1.9529E-3 | 1.1556E-3 | 1.9529E-3 | 1.1556E-3 | 1.3369 E-4 | 1.8471E-3

In table 3 we show that our results are related to the results in [15] and [5]. The
corresponding graphical illustrations are presented in figures 1 computed solutions of
u(z,t) and v(x,t) for ky = =2, ko = 1, k3 = 1, N = 200 and At = k = 0.001 at
t =0,0.5,1. In figure 2 computed solutions of u(x,t) and v(z,t) for ky = —2,ky =
1, k3 =1, N =200 and At = k = 0.001 at t = 0,0.05,0.1. In figure 3 computed
solutions (exact and approximation) of u(x,t)and v(z,t) for ky = =2, ko = 1, k3 =
1, N = 200 and At = k = 0.001 at t = 0.1. In figures 4-6, computed solutions of
u(z,t) and v(z,t) at t = 0.1, At = k = 0.001 and N = 200 for k1, ko, ,k1,k3 and
ko, k3 fixed respectively.

---------

o
"
=
w L
n
=]
l
e

Figure 1: Computed approximation solutions of v and v for ky = —2, ke =1, k3 =
1, N =200 and At =k =0.001 at t =0,0.5, 1.
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Figure 2: Computed approximation solutions of v and v for ky = —2, ke =1, k3 =
1, N =200 and At =k =0.001 at t = 0,0.05,0.1.
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Figure 3: Computed solutions (exact and approximation) of u and v for k; =
=2, ko =1, k3 =1, N =200 and At =k =0.001 at t =0.1.

Figure 4: Computed approximation solutions of v and v for ky = =2, ko =1, k3 =
8, N =200 and At = k = 0.001 at t = 0,0.05,0.1.
Figure 5: Computed approximation solutions of v and v for ky = —2, ko = 8, k3 =

1, N =200 and At = k = 0.001 at t = 0,0.05,0.1.
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Figure 6: Computed approximation solutions of u and v for ky =2, ko =1, k3 =
1, N =200 and At = k = 0.001 at ¢ = 0,0.05,0.1. Testproblem(1.2): Numerical
solutions of considered coupled Burgers’ equations are obtained for k1 = 2 with dif-
ferent values of ky and k3 at different time levels. In this situation the exact solution
is
u(z,t) = ag — 24 4126512;73__11 tanh(A(x — 2At)),

v(z,t) = ag Bzzj —2A 4?:2;_11] tanh(A(x — 2At)).

Thus, the initial and boundary conditions are taken from the exact solution is

u(z,0) =ag — 24 4?;%;11 tanh (A(x)),

v(z,0) = ag [gggj —24 4§’;;3—_11} tanh (A(z)) .

Thus, the initial and boundary conditions are extracted from the exact solution.

Where ap = 0.05 and A = % {%} The numerical solutions for u(x,t) and

v(x,t) have been computed for the domain x € [—10,10], ¥ = 0.01 and a number
of partitions N = 10, N = 100 and N = 200. Ls- norm and L..- norm have been
computed in table 4 for t = 1, k; = 2, ks = 0.1 and k3 = 0.3. In tables 5 and 6
we make comparison of our numerical results of the problem (1.2) with the results
[c]v)
BEE
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obtained from [3] and [5] for the variables u(z,t) and v(z,t) with ap = 0.05, N =
16, £ = 0.01 at different time ¢ and different values of ks, k3. In tables 7 and 8,
we make comparison of our numerical results of the problem (1.2) with the results
obtained from [10] and [7] for the variables u(x,t) and v(z,t) with ag = 0.05, N = 21,
k = 0.01 at different time ¢ and different values of ks, k3. Table 4: Lo- norm and L..-
norm for t =1, k = 0.01 at different values of N
k1 = 2, ko = 0.1 and kg =0.3, w— 0.
N u(z,t)

Lo- norm Loo- norm

v(z,t)
Lo- norm L oo- norm

10
100
200

3.34934 E-4
4.32057 E-4
4.30722 E-4

8.70937 E-5
1.19748 E -4
1.14653 E-4

1.3654 E-4
3.92223E-4
3.90891E-4

4.93669 E-5
1.112661E-4
1.12554 E-4

Table 5. Comparison of numerical results of the problem (1.2) with the results
obtained from [3] and [5] for the variable v with w — 0,/,a0 = 0.05, N = 16,

k =0.01.
t | ko | k3 u(x,t) [3] [5]
Lo- norm Loo- norm | Loo- norm | Lo.- norm
0.5]0.1]0.3]1.64456 E-4 | 4.32274 E-5 | 1.44 E-3 9.619E-4
0.3 ] 0.3 | 2.23953E-4 | 5.97431 E-5 - -
1.0 1 0.1 0.3 |3.29426 E-4 | 8.61447 E-5 | 1.27E-3 1.153E-3
0.3 0.3 |4.49034 E-4 | 1.19369 E-4 - -

Table 6: Comparison of numerical results of the problem (1.2) with the results
obtained from [3] and [5] for the variable v with w — 0, ag = 0.05, N =16, k= 0.01

t ko | k3 v(x,t) [3] [5]

Lo- norm Loo- norm | Loo- norm | Lo.- norm

0.5 0.1]0.30 | 6.60178 E-5 | 2.42852 E-5 | 5.42E-4 3.332E-4
0.3 | 0.30 | 2.23953 E-4 | 5.97431 E-5 - -

1.0 | 0.1 | 0.30 | 1.32006 E-4 | 4.78615 E-5 | 1.29E-3 1.162E-3
0.3 ] 0.30 | 4.49034 E-4 | 1.19369 E-4 - -

In tables 5 and 6 we show that our results are related to the results in [3] and [5].
Table 7. Comparison of numerical results of the problem (1.2) with the results
obtained from [10] and [7] for the variable w with w — 0, ap = 0.05, N = 21, k =

2, k=0.01
t | ko | K3 u(z,t) [10] [7]
Ls- norm Loo- norm | Ly~ norm | Ly,- norm
0.5 | 0.1 ]0.30 | 1.63355 E-4 | 4.30493 E-5 | 4.173 E-5 | 4.167E-5
0.3 | 0.30 | 2.22563 E-4 | 5.95221 E-5 - -
1.0 | 0.1 | 0.30 | 8.27221 E-4 | 8.58752 E-5 | 8.275E-5 8.258E-5
0.3 ] 0.30 | 4.46234 E-4 | 1.19032 E-4 - -

2D
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8: Comparison of numerical results of the problem (1.2) with the results obtained

from [10] and [7] for the variable v with ap = 0.05, N =21, k =0.01, w — 0.

t | ko | k3 v(z,t) [10] [7]

Ls- norm Loo- norm | Ly,- norm | Ly,- norm

0.5 [ 0.1 | 0.30 | 6.51922E-5 | 2.39969 E-5 | 5.418E-5 1.480E-4

0.3 | 0.30 | 2.22563 E-4 | 5.95221 E-5 - -

1.0 | 0.1 | 0.30 | 1.30437 E-4 | 4.74225 E-5 | 1.074E-4 4.770E-4

0.3 ] 0.30 | 4.46234 E-4 | 1.19032 E-4 - -

In tables 7 and 8, we show that our results are related to the results in [10] and [7].
Now we take the test problem (1.2) at the domain z € [0,1], £ = 0.001 and

k1 =2,ks =1, kg = 0.3. Lo-norm and L.,- norm have been computed see Table 10

for ¢ = 1 with different values of N.

Table 9: Ls- norm and L.- norm for t = 1, k = 0.001 at different values of N
k‘1:2, ko =1 and k3:0.3,w—>0.

N u(z,t) v(z,t)

Ls- norm Loo- norm Lo- norm | Ls,- norm
10 | 3.13532E-5 | 2.99042 E-5 | 1.08304E-5 | 1.0324E-5
100 | 3.00432E-5 | 2.99041E-5 | 1.07781E-5 | 1.03202E-5
200 | 3.00234E-6 | 2.98034E-5 | 1.06245E-5 | 1.03101E-5

The corresponding graphical illustrations are presented in figure 7 computed ap-

proximation solutions of u(x,t) and v(x,t) for ky = 2, ko = 1, ks = 0.3, N = 200

and At = k= 0.001 at t = 0,0.5,1,z € [0, 1].

00450
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Figure 7: Computed approximation solutions of v and v for ky = 2, ko = 0.1, k3 =
0.3, N =200 and At =k =0.01 at t =0,0.5, 1.

5. CONCLUSIONS:

In this paper, we applied non-polynomial spline method to develop a numerical
method for solving coupled Burgers’ equations and shown that the schemes are un-
conditionally stable. We take a new spline function and we make linearization for the
nonlinear term. We tested our schemes through two test problems. Accuracy was

shown by calculating error norms Lo andL .
[c]v)
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