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Abstract

In this paper we apply a new methods called exponential and logarithmic
Crank-Nicolson methods for solving a coupled of Burgers equations. These
methods are shown that the stability and accuracy are better than of the exponential
and logarithmic finite difference methods for long time. Error norms L, and L,

show that the present methods are a successful numerical schemes for solving a
coupled Burgers’ equations.
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1. Introduction

Nonlinear evolution equations have been the subject of intense study in various
branches of sciences, mathematics, physics, biology, chemistry, engineering, etc.
Moreover these equations has many applications in real life such as fluid
mechanics, plasma physics, optical fibers, energy distribution, etc.

The understanding and the design of energy efficiency in buildings, (the
adjustment and optimization of ventilation, heating and air conditioning), has a
considerable attention in the scientific community. However, the coupling of a
temperature field and a velocity field is a major problem of understanding because
the complex dynamics of thermal flow in buildings. This coupling naturally
involves Burger’s equation and heat equation. Burger’s equation has a wide variety
of application in physics and engineering and is defined as,
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ue (t,x) + u(t, X u, (£ x) = puy,(t,x),

where u(t, x) is a function in time and space and represent a velocity field and
p 1s the viscosity coefficient. This equation is a model that captures the interaction

of convection and diffusion, so it’s used to study the fluid flow. As well as this
equation can be coupled with another convection diffusion equation (heat
equation) to study the interaction between the temperature field and the velocity
field. This couple of equations describes the incompressible fluid flow coupled to
the thermal dynamics, which used to model the thermal fluid dynamics of air in
building. Our system is defined by the coupled of partial differential equations,
(coupled Buergers’ equation),

u(t,x) +ult,)u,(t,x) =pu,,(t,x)— kTt x)+ fi(t,x) ...(1)
T.(t,x) +ult,x)T . (t,x) = pT..(t,x) + £ (t,x) ..(2)

The function T (t, xX) can be viewed as a temperature field where p the thermal
conductivity is and « is the coefficient of the thermal expansion, f ;and f, are the

forces on the system. Herein, the temperature drives the velocity field and the
velocity field provides the convective term.

Bhattacharya [ 6], was first presented exponential finite difference method for
solving 1-dimensional heat equation. This method is used to solve many partial
differential equation. It predicts results with a good accuracy comparable with that
obtainable by some other numerical methods. In section 2 we discretize our system
by Crank-Nicolson method. Exponential and logarithmic Crank-Nicolson methods
are used to solve our system in sections 3 and 4. A test problem and discuss the
results are given in section 5.

2. Crank-Nicolson method.
In this section Crank-Nicolson method used to discretize the couple. The
first equation, (1), can be discretize as

Ur+t —Ur _ p (URS — 207 + URs! + UR, — 2U7 + U )
At 2 Ax?
_yr I:[’Ff++11 - Ua'n—+11 + UF+1 o U:'n—lj
! 4Ax
which leads,

— KL+ A

51



Misan Journal for Academic studies 2018 £ ainsalsaUigibulyall juuyn dl=an

Ut plt 1 plt 1 up' ph 1
(B —L)upr + (1+ 5 uret + (o - L Yot =

Ahx 2hx2 Ax? 4hx  2Ax2
n n n n n
U_ﬂ 4+ £{U1'+1_2Uf +Ui'—1] _ U_n. {UHJ._UE—J. _ EﬂfT—n + ﬂtfn- )
! 2 Ax® t 4Ax t 1.1

For the equation (2), Crank-Nicolson method implies,

— 2"+ T5)

T TR p(Tg = 2T + TR 4+ T,
At 2 Ax?
(T -T2+ T, -T2
. -U-n+1 i+ i i+ i + fn
' 4Ax X
Hence,
—Urtt uAe At Uurtt At
L _ T_n+1 + (l + _) T_n+1 + [ _ T_n+1
( 4Ax Zﬂxﬂ) 1 Ax2/" ( 4Ax  24x2 )T
p (T, — 2T +T1)) TG~ T
—n 21 i i _pn+l L + Atfn
' 2 Ax? ' 4Ax 12

3. Exponential Crank-Nicolson method

In this section we discretize our system by the exponential finite difference
method (Crank-Nicolson type). Firstly, multiplying equation (1) by %" where

H
au’

H(w) is continuous function, hence

% = H'"(W)[p e (£, ) — ult, O, (6,x) — k T(t,x) + f, (£,x)]

Now discretize aﬂ—f; by a forward finite difference and the other terms of the last
equation by the Crank-Nicolson finite difference, we have
H(u) = H Q)
(urft — 202 +uMt) + (U, — 2ul +ul )
+ dtHF n i+1 i i—1 i+1 i i—1

1 1
_ un (u?:l - u?—-l_l ) + Eu?+1 - u?—lj — ¥ rir-_n 4 fn_+1
: 4Ax P

]

If take H(u) = Inu, hence
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+1 _

u;y =
n At (u!n_'-_l-lJ. n+1+un+¢]+(u!+l —2uy +uj. J-]
upexp{z [(1 s )-

n+1_ n+l no_ .0
u;-i; ( Wity u!—14£;[u!+i “!—1]) — K ?}“ + ﬁﬁ"'l]
}
........ (5)

For the equation (2), suppose that G(T) is continuous function. Multiplying
. dc
equation (2) by S, e get

aG

3¢ = 0 (DIp T (6,20 — u(t, 0T (8, ) + £ (£, %)]

Now discretize Z—i by a forward finite difference and the other term by the
Crank-Nicolson finite difference, we have

G (Tiﬂ+1) — G(Tlﬂ':}

2( 1'.1-;1 zTn+1+ Tn+1)+ (

it — 2T+ T
+AtG'(TM)[ p s — =
1 n n 1 n
2T ST @ ST
i 2Ax 2.1
If take G(T) =1InT, then
T'ﬂ.+1 _
. : !:rt-ll-J. ET'!n+1+Tn+J']+—I:TI X ETI-HH"!-n_l]
Trexpl[(p 10 L ) -
n Ty Tt "’( Tt1—Tis,) nal
Ti ( 2Ax f
Vo (6)

4. Logarithmic finite difference method (Crank-Nicolson type).

Multiplying equation (1) by Z—J: , Where H(w) is continuous function.
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dH

P H'(w)[pu,,(t,x) —ult,Ou,.(t,x) — x T(t,x)+ f, (t,x)]

Now discretize Z—f: by a forward finite difference and the other term by
the Crank-Nicolson finite difference, we have

H(up**) = HQ)

%(u}‘,fll —2uMtt Ut + % (up,, —2u? +ul )

i+1
+ At H' (u)[ p AxZ
1 +1 +1 1
_m 3 (u?+1 — U ) + ) (Ui, —uwiy) kTP et
i 2Ax i 1.
Take H(u) = e“, then
1 _
urtt =
1y n+1 n+L, n4Ly,Lion (L
Sl —2uy Ty )""[“iﬂ—zui +“i—1)
u + InfAc[(p 2 s )~
Ly dn on
?(2 i+1 i J.zﬂ; i+1 -1 —KTin +ﬂ1:1i+1]

For the second equation, multiplying equation (2) by Z—: where G(T) is
continuous function, we get

aG

P G'(T[p T..(t,x) — ult, )T, (¢, x) + £ (¢,x)]

By the same way, we obtain
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r1'1_:f1+1 —
i

lr_n+1 n41, 4Ly Lion 1 1

S -2y e T ) (L 2 L)
T" + In{At[( v 2 - ) —

o (- ) (1) el
ui 24x +E’i
Vo, (8)

The nonlinear systems (5) - (8) can be solved by Newton’s method, so
we consider every system of 5-8 as
H(U) =0,
where H = [hy, hs,..., hy_y]7and U = [U*, U3*, .., UREL]T, (here T is the
transpose matrix). Firstly, we set U? as initial approximation. Then solve
JU™E™ = —HY™),
and set U™*! = U™ + §™, for m = 1,2, ... until convergent, where J(U™) is

the Jacobian matrix which can be computed analytically.
The consistency and accuracy of the schemes are measured in terms of error
norms L, and L, defined as:

Ly =l —uy ll,= (er:ui - r:uNJiF)

i=1
Le.=llu—uyll,=max|u; — (uy);|
1

1/2

where u and u,, are exact and computed solutions respectively.

5. Numerical Experiment

For a particular case, we consider the following coupled of equation

u(t,x) +ult,)u,(t,x) =pu,,(t,x) — kT(t,x)+ f, (t,x)
T.(t,x) +u(t,O)T.(t,x) = p T..(t, x) + f, (£, x)

subject to the initial condition

u(0,x) = sinx,
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1
T(0,x)= 5 sin2x

the exact solution is given by

u(0,x) = e 'sinx,
1 .
T(0,x) = 5 e ?tsin2x

where p = p =x = 1 and
fi = e *tsin2x, f, = e *'sinx cos2x + e *'sin2x

In this example we compare between the exact solution (u, T) with exponential
Finite difference(u,, T.), logarithmic finite difference (u;, T;), exponential
Crank-Nicolson (u,., T..) and logarithmic Crank-Nicolson method (u;., T;.), at
different times.

Table 1. comparison between the exact solution u and the numerical solutions

u,,up, U, and u;, at £t =0.1

x u i, L Uy Uy,
0 0 0.0000011457 | 0.0000008691 | 0.0000000378 | 0.0000000634
0.2618| 0.1298751901 | 0.1298799693 | 0.1298715796 | 0.1298756685 | 0.1298755471
0.5236| 0.2575281797 | 0.2575210394 | 0.2575295875 | 0.2575288954 | 0.2575284318
0.7854 | 0.3807747907 | 0.3807798495 | 0.3807275901 | 0.3807742875 | 0.3807742194
1.0472| 0.4975062395 | 0.4975068305 | 0.4975065465 | 0.4975069256 | 0.4975062148
1.3090| 0.6057252187 | 0.6057237858 | 0.6057558768 | 0.6057259685 | 0.6057259475
1.5708 | 0.7035800714 | 0.7035808379 | 0.7035881980 | 0.7035801869 | 0.7035801885
1.8326| 0.7893964739 | 0.7893999650 | 0.7893926187 | 0.7893969472 | 0.7893969246
2.0944| 0.8617060840 | 0.8617074048 | 0.8617021896 | 0.8617063918 | 0.8617069452
2.3562 | 0.9192716641 | 0.9192720496 | 0.9192715548 | 0.9192765287 | 0.9192713108
2.6180| 0.9611082511 | 0.9611065681 | 0.9611007317 | 0.9611088286 | 0.9611059195
2.8798| 0.9865000094 | 0.9865051956 | 0.9865003439 | 0.9865002146 | 0.9865001985
3.1416| 0.9950124791 | 0.9950120568 | 0.9950193749 | 0.9950122166 | 0.9950125186
3.4034 | 0.9865000094 | 0.9865001085 | 0.9865024516 | 0.9865009284 | 0.9865003299
3.6652| 0.9611082511 | 0.9611024597 | 0.9611009605 | 0.9611088346 | 0.9611068257
3.9270| 0.9192716641 | 0.9192798036 | 0.9192765479 | 0.9192713098 | 0.9192711615
4.1888| 0.8617060840 | 0.8617084759 | 0.8617018653 | 0.8617069247 | 0.8617061854
4.4506 | 0.7893964739 | 0.7893969588 | 0.7893970361 | 0.7893961829 | 0.7893963846
47124 | 0.7035800714 | 0.7035429830 | 0.7035807610 | 0.7035802180 | 0.7035819579
49742 | 0.6057252187 | 0.6057969902 | 0.6057278395 | 0.6057258526 | 0.6057253581
5.2360| 0.4975062395 | 0.4975004681 | 0.4975053108 | 0.4975061568 | 0.4975061680
5.4978| 0.3807747907 | 0.3807798106 | 0.3807707643 | 0.3807749824 | 0.3807765489
5.7596 | 0.2575281797 | 0.2575197409 | 0.2575087768 | 0.2575281685 | 0.2575287154
6.0214| 0.1298751901 | 0.1298740986 | 0.1298709715 | 0.1298759345 | 0.1298758496
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6.2832| 0 0.0000006139 | 0.0000084620 | 0.0000000247 | 0.0000004853
L, 8.313288e-05 | 6.247992e-05 | 5.439926e-06 | 4.172784e-06
L. 7.17715E-05 | 4.72006E-05 | 4.8646E-06 2.3316E-06

U, U, U, and u;, at £ =0.5

Table 2. comparison between the exact solution u and the numerical solutions

X u Uy L Ugp U,

0 0 0.000008419 0.000093126 0.0000008354 0.0000083618
0.2618| 0.127303489 0.1273145790 0.1273482561 | 0.1273031545 0.1273095854
0.5236 | 0.25242878(] 0.252481618¢ 0.2524868115| 0.2524257898 0.2524252548
0.7854 | 0.373234944 0.3732331847 0.3732336942 | 0.3732385429 0.3732363584
1.0472 | 0.48765495¢ 0.4876584515 0.4876953697 | 0.4876543182 0.4876528455
1.3090| 0.593731055 0.593738454(] 0.5937165864 | 0.5937361520 0.5937335840
1.5708 | 0.6896482527 0.689602575¢ 0.6895225475| 0.6896452147 0.6896433921
1.8326 | 0.77376537¢ 0.7737484739 0.7737973198 | 0.7737653658 0.7737698610
2.0944 | 0.84464316(0 0.8443124587 0.8449741856 | 0.8446495576 0.8446465842
2.3562| 0.901068865 0.9012548605 0.9019483142 | 0.9010683581 0.9010669541
2.6180| 0.9420770327 0.9427495258 0.9423932941 | 0.9420796584 0.9420776975
2.8798 | 0.966966000 0.9669251763 0.9669118594 | 0.9669661547 0.9669662547
3.1416| 0.975309914 0.975786039¢ 0.9756832978 | 0.9753099685 0.9753084576
3.4034 | 0.96696600(] 0.9668689252 0.9669182876 | 0.9669663989 0.9669636954
3.6652 | 0.942077034 0.942767584 0.9427084650| 0.9420739745 0.9420764780
3.9270| 0.901068864 0.9010275864 0.9010163651| 0.9010696584 0.9010692475
4.1888| 0.84464316( 0.8446864857  0.8446958486 | 0.8446436685 0.8446491041
4.4506| 0.77376537¢ 0.773608734¢ 0.7737036584 | 0.7737284675 0.7737696711
47124 0.689648257 0.6896357061 0.6896185428 | 0.6896469847 0.6896497845
49742 | 0.593731055 0.5938328643 0.5930317930| 0.5937336975 0.5937305566
5.2360| 0.48765495¢ 0.4871359687 0.4876128480| 0.4876569531 0.4876515796
5.4978| 0.373234944 0.3733854287 0.3732284652 | 0.3732364128 0.3732361745
5.7596 | 0.25242878( 0.2523057584 0.2528986284 | 0.2524221764 0.2524236175
6.0214| 0.127303489 0.1273653801 0.1273031864 | 0.1273039687 0.1273096574
6.2832 0 0.0000057384 0.0000082650 | 0.0000062861 0.000007258

Ly 0.001290690 0.001510243 3.921290e-05 1.8271313e-05

L. 6.905520e-04| 8.794487e-04 3.6909E-05 8.3618000e-06

Table 3. comparison between the exact solution u and the numerical solutions

U, U, U and uy, at£=5

u Up L Ugp e

0 0 0.000834752 0.0000258471  0.000015948; 0.000045810
0.26] 0.1016539007 0.1048679035 0.1027135184  0.101653013 0.1016535694
0.521 0.201568474¢  0.204765855 0.2036175249  0.201521685 0.2015945561
0.78f 0.2980341567  0.200821859 0.2911310254  0.298015389 0.2980367458
1.04] 0.3894003915 0.353568948 0.3819648721  0.389491843 0.3894153601
1.30¢ 0.474103877¢6 0.474254826 0.4737658743 0.474154871 0.4741256539
1.57( 0.550695314¢  0.550125657, 0.5532478516  0.550695489 0.5506475821
1.83] 0.617864202€¢  0.657482785 0.6116584932  0.617836578 0.6178847566
2.094 0.674461262€¢ 0.675868104 0.6794545486  0.6744687524 0.6744865341
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2.35(  0.719518103 0.711848584  0.7172145879  0.719547152] _ 0.7195161658
261  0.752263789¢ 0.758547849  0.7505487963  0.752221862!  0.7522656856
2.87  0.7721380344 0.730689475  0.7782569874  0.772131619]  0.7721258746
3.14] 0.778800783C  0.778039584  0.7743677415  0.778837589!  0.7788065848
3.40] 0.7721380344 0.778285485  0.7716984210 0.772101985]  0.7721975854
3.66]  0.752263789¢ 0.757845254  0.7722345679  0.752263089(  0.7522915748
3.92] 0.7195181033 0.712054206  0.7096127845  0.719554165]  0.7195214782
4.18{  0.6744612626  0.678917846  0.6754871592  0.674464587{  0.6744565895
4.45(  0.6178642026  0.610371485  0.6171854265  0.617863987]  0.6178681582
471] 05506953149 0.551617519  0.5512133584  0.550627569{  0.5506919525
497/  0.4741038776 0.474558743  0.4786054582  0.474105486]  0.4741095816
523(  0.389400391F 0.383392848  0.3890224869  0.389465849]  0.3894196565
549]  0.2980341567 0.291284658  0.2984256987  0.298032547{ _ 0.2980495876
575  0.201568474¢ 0.205392854  0.2012365897  0.201586478{ _ 0.2015842658
6.02]  0.1016539007 0.108011458  0.1059587492  0.101635269{ _ 0.1016552689
6.28; 0 0.000017465  0.0002372843 _ 0.000004857{ _ 0.0000002574
L, 0.120343710 | 0.027960701 | 1.753269e-04 | 1.1083223¢-04
L. 0.097212297 | 0.019970778 | 5.09937E-05 5.9551E-05

Table 4. comparison between the exact solution and the numerical solutions
T., T),Tgeand T, att=10.1

T Te TI Tec TI::

X

0 0 0.0000038501 | 0.0000008150 | 0.0000009154 0.0000007548
0.261 0.1281218762 | 0.1281237930 | 0.1281285667 | 0.1281217532 0.1281218316
0.523 0.2475124584 | 0.2475149875 | 0.2475157842 | 0.2475122789 0.2475124817
0.785 0.3500354755 | 0.3500358769 | 0.3500351795 | 0.3500357578 0.3500355240
1.0471 0.4287041535 | 0.4287093757 | 0.4287096536 | 0.4287043960 0.4287042135
1.309 0.4781573518 | 0.4781586970 | 0.4781528653 | 0.4781573467 0.4781570897
1.57( 0.4950249168 | 0.4950241686 | 0.4950249875 | 0.4950249245 0.4950248509
1.834 0.4781573518 | 0.4781575154 | 0.4781576734 | 0.4781575678 0.4781574689
2.094 0.4287041535 | 0.4287048542 | 0.4287037694 | 0.4287042867 0.4287048954
2.356 0.3500354755 | 0.3500385566 | 0.3500364586 | 0.3500354697 0.3500354315
2.61§ 0.2475124584 | 0.2475128086 | 0.2475198667 | 0.2475128965 0.2475124718
2.879 0.1281218762 | 0.1281217552 | 0.1281216459 | 0.1281215750 0.1281218798
3.141 0 0.0000395749 | 0.0000001387 | 0.0000043904 0.0000092130
3.403 -0.1281218762 | -0.1281267009 | -0.1281214367 | -0.1281218354 | -0.1281218528
3.665 -0.2475124584 | -0.2475168750 | -0.2475187987 | -0.2475124793 | -0.2475122584
3.927 -0.3500354755 | -0.3500354439 | -0.3500359865 | -0.3500353487 | -0.3500354625
4,184 -0.4287041535 | -0.4287041768 | -0.4287687422 | -0.4287044513 | -0.4287041254
4.45( -0.4781573518 | -0.4781571657 | -0.4781518643 | -0.4781573638 | -0.4781573820
4.714 -0.4950249168 | -0.4950247632 | -0.4950249875 | -0.4950242874 | -0.4950249942
4974 -0.4781573518 | -0.4781529641 | -0.4781573867 | -0.4781573584 | -0.4781573808
5.236 -0.4287041535 | -0.4287342345 | -0.4287055633 | -0.4287041478 | -0.4287045284
5.497 -0.3500354755 | -0.3500344698 | -0.3500350274 | -0.3500359856 | -0.3500358641
5.759 -0.1281218762 | -0.1281198589 | -0.1281245345 | -0.1281212787 | -0.1281218824
6.021 -0.1281218762 | -0.1281210754 | -0.1281223457 | -0.1281219854 | -0.1281218575
6.283 0 0.0000062879 | 0.00000193670 | 0.0000007391 0.0000009584
L, 3.221068e-05 | 6.644593e-05 | 1.5821940e-06 1.2484795e-06
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[ L= |

\ 3.008099¢-05

6.458869e-05

9.1540000e-07 \7.5480000e-o7 \

Table 5. comparison between the exact solution and the numerical solutions
I, T,;T,,and T,; att=0.5

X r Te TI Tec T!c

0 0 0.0000925610 | 0.0000044831 | 0.0000005821 0.0000038549
0.2618 | 0.123098145¢ 0.1230856838 | 0.1236941471 | 0.1230926387 0.1230982764
0.5236 | 0.2378073567 0.2378284068 | 0.2378503851 | 0.2378076373 0.2378072938
0.7854 | 0.3363103887 0.3363217058 | 0.3369525847 | 0.3363196380 0.3363109403
1.0472 | 0.411894423% 0.4118038679 | 0.4118065584 | 0.4118946849 0.4118947384
1.3090 | 0.4594085339 0.4594018566 | 0.4594847853 | 0.4594037495 0.4594063484
1.5708 | 0.4756147123 0.4756174058 | 0.4756285445 | 0.4756147389 0.4756146093
1.8326 | 0.4594085339 0.4594029374 | 0.4594375466 | 0.4594015908 0.4594087369
2.0944 | 0.4118944237 0.4118934947 | 0.4119541840 | 0.4118943804 0.4118942837
2.3562 | 0.3363103887 0.3363245975 | 0.3363475568 | 0.3363107649 0.3363118474
2.6180 | 0.2378073567 0.2378358657 | 0.2378296755 | 0.2378059084 0.2378074859
2.8798 | 0.123098145¢ 0.1230958076 | 0.1230179652 | 0.1230982587 0.1230986384
3.1416 | 0 0.0000046801 | 0.0000035467 | 0.0000009741 0.00000846254
3.4034 | -0.123098145 -0.1230369564 | -0.1231476586| -0.1230912706 -0.1230983608
3.6652 | -0.237807356 -0.2378052861 | -0.2372179575| -0.2378014750 -0.2378073449
3.9270 | -0.336310388 -0.3363265582 | -0.3363103882| -0.3363109576 -0.3363118474
4.1888 | -0.411894423 -0.4118047912 | -0.4118942356| -0.4118934924 -0.4118943657
4.4506 | -0.459408533 -0.4594686085 | -0.4594565831| -0.4594084863 -0.4594125738
47124 | -0.475614712 -0.4753025755 | -0.4756296760| -0.4756193758 -0.4756144590
4.9742 | -0.459408533 -0.4594082879 | -0.4594060834| -0.4594053758 -0.4594036480
5.2360 | -0.411894423 -0.4190925842 | -0.4188903875| -0.4118937586 -0.4118797438
5.4978 | -0.336310388 -0.3369649865 | -0.3365708430| -0.3363187384 -0.3363100389
5.7596 | -0.237807356 -0.2378244860 | -0.2378548159| -0.2378019405 -0.2378072847
6.0214 | -0.123098145 -0.1232765679 | -0.1234189341| -0.1230981386 -0.1230957495
6.2832 | 0 0.0000093640 | 0.0000068654 | 0.0000008643 0.0000066521
Ly 0.0072391946 | 0.007089774 | 2.0141552e-05 2.0054330e-05
L. 0.007198161 0.006995964 | 9.2497999%¢-06 1.4679400e-05

Table 6.comparison between the exact solution and the numerical solutions

I, T),Toeand Ty, atf=1>5

x T Te TI Tec T!c

0 0 0.000093478]  0.000008469 0.0000068261  0.000000847!
0.261] 0.078490843 0.011975950{ 0.071048398 0.0784830558  0.078491850]
0.523 0.151632664  0.128858948 0.151047488 0.1516694756  0.151638346]
0.785 0.214440971  0.257485848] 0.219984739 0.2144023654  0.214409287|
1.047) 0.262635479  0.205859484¢  0.286349972 0.2626303959 0.262691566!
1.309 0.292931814  0.2748594924  0.298500830 0.2929310473  0.292925478|
1.570 0.303265329  0.318439681] 0.3574968074 0.3032304876  0.303264826
1.8320 0.292931814  0.250648775( 0.297395730 0.2929330725  0.292932548]
2.094 0.262635479  0.207340885| 0.266394779 0.2626294672  0.262639647|
2.3560 0.214440971  0.210913787] 0.214649577 0.2144409247  0.214441185)]
2.618 0.151632664  0.194847399: 0.159774530 0.1516819633  0.151625848!
2.879 0.078490843 0.071600845] 0.0649584374 0.0784603857  0.078495248|

59



Misan Journal for Academic studies 2018 ainsalsaligibulyall juuyndl=an

3.141 0 0.000063848  0.000639460 0.0000183692  0.000007246]

3.403 -0.078490843 -0.037565998  -0.004987585  -0.078191564€ -0.078425486

3.665 -0.151632664 -0.185075990, -0.172749639  -0.151630543§ -0.151615867

3.927 -0.21444097] -0.298605867 -0.268408303]  -0.2144486307 -0.214442251

4188 -0.26263547¢ -0.207498579  -0.262485708  -0.2624735904 -0.262631548

4450 -0.292931814 -0.237357730  -0.229485079  -0.292929574(  -0.292932548

47120 -0.30326532§ -0.307385975  -0.365158744]  -0.3032698454 -0.303261547

4974 -0.292931814 -0.211875609  -0.292189495  -0.2929323905 -0.292932548

5.236 -0.26263547¢ -0.266739479  -0.228567499  -0.262635214€ -0.262647585

5497 -0.21444097] -0.215498346) -0.263857974  -0.2144451624 -0.214476384

5.759 -0.151632664 -0.137419504  -0.128945754  -0.1516856989 -0.151635879

6.021 -0.078490843 -0.093474309  -0.069843567|  -0.078495548¢ -0.078496530

6.283 0 0.000063246]  0.0000648574 0.0000061806/  0.000000197!
L, 0.200962834 | 0.1572099397 | 3.55923432e-04 | 1.0193112e-04
L. 0.084164896 | 0.0735032571 | 2.99278404e-04 | 6.5357000e-05

5.1 Discussion
Approximate solution of the coupled Burger’s equation have been preformed
by using the exponential and logarithmic Crank-Nicolson method in the domain
[0,2m], , where the initials are functions of the variable x, and the external forces

fi and f, are given. We compute the error norms L,andL. at times
t=0.1,t=05andt=5 with At = 0.001 as shown in tables 1-6. The results

show that, the stability of these methods are better than the stability of exponential
and logarithmic finite difference. Furthermore, error norms L, and L., show that,

the schemes of these methods are more consistence and accurate than the others.

6. Conclusion

This work is employing to show the powerful of the exponential and
logarithmic Crank-Nicolson methods for solving a nonlinear partial differential
equation, particularly, coupled of Burger’s equation. From the tables of solution at
different time, we see that these methods are stable for long time more than the
finite difference, exponential finite difference logarithmic finite difference.
Moreover, this method is quite efficient and suitable for finding the approximate
solution of this couple of PDE.
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