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ABSTRACT

This article deals with the computational study of the nonlinear Galerkin method, which is the extension of commonly
known Faedo-Galerkin method. The weak formulation of the method is derived and applied to the particular Scott-
Wang-Showalter reaction-diffusion model concerning the problem of combustion of hydrocarbon gases. The proof of
convergence of the method based on the method of compactness is introduced. Presented results of numerical simula-
tions are composed of the computational study, where the nonlinear Galerkin method and Faedo-Galerkin method are
compared for the problem with analytical solution and the numerical results of the Scott-Wang-Showalter model in

1D.
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1. Introduction

It is well known that many problems often occur when
one tries to approximate the complex dynamics of reac-
tion-diffusion equations. Especially the error estimate of
common methods grows exponentially in time. One pos-
sible approach to overcome this problem, known as the
Nonlinear Galerkin method is suggested by Marion and
Temam in [1]. It is also discussed in [2] and [3]. In this
paper we discuss this method and its properties, and ap-
ply it to the solution of particular reaction-diffusion model
and perform a computational study when the method is
compared with the commonly known Faedo-Galerkin
method.
Consider a system of reaction-diffusion equations

2
a_,su
ot ox’

where DeR™ denotes a positive definite diagonal
matrix, F:R® >R’ is a Lipschitz continuous map
and Z/l(t,x) is a d-dimensional function of time t>0
and space Xxe(a,b). We consider the homogeneous

Dirichlet boundary conditions Z/{|X:a =U |X:b =0 and the
initial conditions

+F(U), o)

u|t:0 = Uy @)
We introduce the space H :LQ((a,b);Rd) as the
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Hilbert space with the scalar product

’V)H = Z(Z/[i’lji)Lz(a)b) =

i=1

(Uv)=(u uy ()

Mo

D ey T

and the space V = Hé((a,b);Rd) as a Hilbert space
endowed with the scalar product
d /b
AT JOB WIS LR R ST
a

Let U, € H . Then the weak solution of the problem
(1)-(2) on time interval (0,T) is a mapping
U:(0,T)—>V such that it satisfies the following equa-

tions foreach VeV :

d .
a(u,v)+(1)u,v)v=(F(u),v)m(0,T), )
u't:o :Mini'

2. Nonlinear Galerkin Method

The nonlinear Galerkin method proposed by Marion and
Temam in [1] is an extension of the classical Faedo-
Galerkin method, which is extensively discussed in [4],
[2] or [3]. Generally there are two main goals we would
like to achieve by using the nonlinear Galerkin method:

e To increase the accuracy of the approximation re-
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138 M. KOLAR

garding the computational time of the Faedo-Galerkin
method;

e To decrease computational time regarding to the pre-
cision of the approximation of the Faedo-Galerkin
method.

Analogically to the Faedo-Galerkin method, we search
the approximate solution on some finite-dimensional
subspace of V. Consider a differential equation for the
unknown function U e L (O,T;H ) in the following
form:

d
LU=FW) (6)

with the initial condition

U(0) =ty
where the mapping F is written as
F (U )=AU+F(U) for some linear operator A. The
H is a separable Hilbert space with the orthonormal
basis {a)l,a)z,-u} composed of eigenvectors of the op-
erator -0, satisfying the homogeneous Dirichlet
boundary conditition in [a,b].

Then we denote symbols P, and Q, as projectors
to the subspaces P, H =span{®,,®,, -, @, } and
(P,H )l, respectively. Thus P, H 1is a finite-dimen-
sional subspace of H generated by first m basis func-
tions and (PmH )i is its orthogonal complement.

Then, the solution U(t) of Equation (6) can be writ-

ten as
U(t)=py (t)+dn (1), ™
where
P () = Pl (1), 0y (1) = QuA (1).

Substituting the decomposition (7) to (6) and applying
the operators P, and Q,, we get

d

- P (0 =R (o (6)+0, (1)), ®)
%qm (1) = QuF (P (1) + Uy (1))- ©)

Discretization in the nonlinear Galerkin method is
based on the two following steps:

1) Replacing the right hand side F by the first order
Taylor expansion:

F(pn () (1))
= (o (1)) + (P (1)) i (1) + O Jan (1))

where F' is the Jacobian matrix of F . One suggested
approach is that the remainder in the Taylor expansion
satisfies these following properties (see [1,2,5]):

Copyright © 2013 SciRes.

d
O(”qm (t)||2) ~ O,Eqm (t)~0.

This simplification is implied by a particular nonlinear
Galerkin method we are using. Then, the second equation
of the system (8) can be written as

Qu (P (1)) = =Qu F' (P (1)) (1)

2) Replacing the (P, H )L by some finite-dimensional
subspace, since we can only operate on some finite-
dimensional subspace B, H for M >m instead of the
whole H during the numerical computation. Then the
Q.H is replaced by (P, —P,)H and instead of func-
tion q, =Q,U(t), we consider the function

2y (1) = (R =P )U(1).

The equations for the nonlinear Galerkin method can
be finally written as the following:

B (6)= P (P (1) 2, (1):
(PM _Pm)]:(pm (t)):_(PM _Pm)]:'(pm(t))zm (t)

The degree of approximation is determined by the pa-
rameters m and M. We interpret the function p, as an
approximation of solution of (6) in the space H and
z, as a correction term which modifies p,, for large
values of time t.

The weak formulation of (10) is obtained easily by
multiplicating (10) by basis function @; for
j=1,2,---,M . Utilizing the orthogonal projection and
orthonormality of basis functions ;, we obtain the weak
formulation of the nonlinear Galerkin method

[% P (t),a)jjz(]-"( P (t)+2,, (t)),a)j)
( (P (1)) = ~(F(Py (1) 20 (1). )

for the indices j=1L---,m and J=m+1,---,M . We
endow these equations with the initial conditions

(pm (0)’wj):<Pmumi,0)j)f0r j=1,2,---,m.

(10)

(11)

3. Application to the Scott-Wang-Showalter
Model

We show the application of the nonlinear Galerkin
method on the particular reaction-diffusion system. It
was experimentally discovered, that there arise patterns
created by flames during the combustion of mixed com-
pounds of hydrocarbon gases.

This phenomenon is described by the Sal’nikov model
(see [4,6,7]), which generates the thermokinetic oscilla-
tions. The Sal’nikov’s work deals with the problem of
the cool flames during the oxidation of hydrocarbon
gases.
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The scheme of the Sal’nikov’s thermokinetic oscilla-
tion is the following:

P —> A A— B+heat.

In the first reaction, the compound P generates the re-
active compound A. In the second reaction, the com-
pound A decomposes to the inert product B during the
emergence of heat. The detailed physical point of view is
discussed in [6]. The system of reaction-diffusion equa-
tions for dimensionless concentration « of reaction
intermediate A and dimensionless temperature ® of
reaction compounds is:

2
5_0!=#_af(®)+8_02[’
or OX (12)
00 1 9’0
e (af(©)-0)+LeZ—,
ot K'(a (©) ) x>
where the function f is defined as
®
f(O)= . 13
(0)=ex( -2 | (13

The Le,u,x and the ¢ are the parameters of the
model, 7 is the dimensionless time. We complement
these equation with the initial conditions

a| Ui > ®|t:0 =0, (14)

=0 ~
and with the Dirichlet boundary conditions
_ H

—a :aX: _—7
: | b exp = (15)
1+¢&u

®|x:a = ®|x:b =4

a|

which are the stationary solutions of the (12). We convert
the problem (12)-(14) into the homogeneous boundary
conditions problem. By subtracting the boundary condi-
tions (15) from « and ® we obtain the system

oa O'a
—=—tu- a+—A f(O+u),
or oOX ox 7
p
1+eu
00 1
E o a+—A—— [t (@+u)-[0+4]] (16)
or « ox 7,
p
1+e&u
oRC)
+le—
OX

endowed with the homogeneous boundary conditions and
with the following initial conditions

Copyright © 2013 SciRes.

a :a..—L ®

=0 ini ’
el 22
1+e&u

We consider the unknown functions ¢ and ® as
mappings from the interval [0,T] tothe ¥ .Denoting

7

(a)=a+——F"——,
g p(lfeﬂ)

we introduce the following operator notation for un-

known vector U(r)= (ggg] :

0
- o2
AL{:[ e J,cu: Nt

=0 O, —H (17)

Led>,© -0
- (& 0 °e
:(0 Leaij’cz 0 _%,
g@ @) [
T(U)= %g(a)f(®+,u) R —% ,
~-f(@+u) -g(a)f'(0+u)
Q(u)= %f(gw) %g(a)f'(®+/1) ’
where
, + — 1 €X +ﬂ :
F(®+4) (1+£(®+ﬂ))2 p(l+g(®+'u)J

Then we define the operator F as

F(U)= A~L{+CL{+T (U)+R with the Jacobian matrix
F'(U)=A+C+Q(U). Utilizing this notation, we can
rewrite the problem (16)-(17) as

%L{(T):F(u(r)), (18)

Z/{ini: aini_ £ 9®ini_/u . (19)
exp[ ﬂ )
1+¢&u

In this case, we consider n=1,d =2, the domain
(a,b)=(0,1) and the spaces H:Lz((O,I);Rz) and
V:Hé((O,I);Rz).LetuS denote

O, (x)= \E sin (% Xj. For the application of the non-

linear Galerkin method, we use the orthonormal basis of
H composed of eigenvectors of the operator —02, :
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1 q) 2 O )
{a)y :[ Oj}a)(j ) :[%J}H, 20)

We search the Galerkin approximation of I/ as the
decomposition U(7)~ p,(7)+2,(z), where the ap-
proximation term p,(z) and the correction term
z,(7) are written as

pale) =S 0 [ Soe) o |

i=1

The unknown combination coefficients «, and O,
for the J=1,2,---,M are given by the following
system of differential-algebraic equations:

d n’j? D,
Eaj:_ |2 aj+(T(pm+Zm)’( Ojjj+(#’¢)j)’

d anZ 0
d—G)J.:_Le B ®j+(T(pm+zm),(®j 21

£e (W(G?.M&J}

for J=m+1---,M.

Multiplicating the second equation of (22) by -«
using simple algebraic manipulations and subtracting it
from the first equation of (22), we obtain a linear relation
between «; and O,:

(22)

(23)

Copyright © 2013 SciRes.

for J=m+1L,m+2,---,M . The system (22) for correc-
tion (with dimension 2(M —m)) can be reduced to a
system with the dimension equal to (M —m) for the
unknown coefficients ¢ :

ol e
(28 e £ a7 (2]
_I_“”%la.c(l)[me)[q?.)’m}

The coefficients ©, are then computed via the rela-
tion (23).

4. Convergence

We prove the convergence of the nonlinear Galerkin
method applied to the Scott-Wang-Showalter model.

The most important note is the existence of the invari-
ant region for the Scott-Wang-Showalter model. Its exis-
tence was proved in [7].

We introduce the following operator notation

D =[1 0 ],A:—Z\+ 1d,G(U)=AU+F(U),
0 Le
where Id is the identical operator. The Jacobian matrix of
the operator G is computed as
G'(U)=A+F'(U)=1d+C+Q(U) . Considering the
invariant region for the model, the operator G satisfies
the Lipschitz condition with the constant £>0 for
each 7>0 and each solution with the initial condition
inside te invariant region is bounded, i.e. |a(x,r)| <K,
|®(x,z')|< K for some K >0 and for each xe[0,l]
and each 7>0. Then we have the following estimates
for the right hand sides of the model

lu-g(a) f(0+u)|<K,

(9(@) T (@+n)-[0+ ]| <K..

K

where K,,K, >0. Hence we can write the following
important estimates for the operator G :

”G q)u"R2 <k ||u||R2 24)

"R2 -

Then the equations for the nonlinear Galerkin method
(11) are as follows

diT b (r)=—Ap, (7)+

- Az, (7)+
=—(Py -

P, (G(pn (1) + 24 (7)),

+(Py =Py)G(py (7))

25
P)G( (7)) 20 (). @
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Problem (25) is the system of differential-algebraic
equations solvable on [0,T, ] due to the theory of ODEs
as the algebraic system for z,, is uniquely solvable and
smoothly depends on p,, . The value of T, depends on
the quality of approximation.

1) Operator A

The operator A has the same eigenfunctions as the

operator A:
0] 0
o =[P ) <[ 0.
0 D,

2
The eigenvalues are' A(Jl) =1 J{%j ,

2
AY =1+ Le[?) . The operator A is (see [8]) posi-

tive and self-adjoint. Hence we can define its square root
JA as (Auv), = («/Ku«/ﬂv) =(u,Av),, for each
u,ve Dom ( A) . .

Now we introduce some useful relations between the
operator norms which we use in the next part. For more
detailed derivation see [4]

H

JAal, = [Dad, +[al}, +2[VOva] . 6

[V, =[Vovel, +[al},. @7)
[V}, = min 1. Le}a, 28)
|Dalf, > min {1.Le?}{af; (29)

To prove the convergence of the nonlinear Galerkin
method we process the particular sequences in Equation
(29).

2) Sequence {Zm }:=1

We multiply the second equation of (25) scalarly by
Az

m

(A2, AZ,), —((Py = Pn)G(Pn). AZ, ),
:((PM _Pm)G,(pm)zm’AZm)H ’

Using the Young inequality, we obtain
1 :
Az, <J6 (P, + 51420l +[6 (pa) 2,
1
Aaal.

According to [1], the expression ||Azm|||24 has its
lower bound

JAz,

m+1

A2}, > A%

2
H

'Denoting the A" the largest one and the A7" the smallest one.

Copyright © 2013 SciRes.

and then we can write
Az, <2(Je(pl, +[e (pu)aalr, )
Using estimates (24), we obtain

. 2(ky ki [zl )

M 1+min{l,Le}(m+1)'n?

min
Am+1

[VAz,

We use relations (27) and (28) on the left hand side of
this inequality. Then we obtain the estimate for ||Zm||
via the Poincaré inequality:

2(|<2 +K2z, | )
(2min {1, Le} +1)|z, [}, < ot Pl —
l+min{l,Le}(m+1) =’

2 . .
Hence ||Zm |H —0 for m—>c uniformly on the in-

terval [0,+o0

3) Sequence {p, |

m=1

A,JK a Id are linear operators. We suppose that ini-
tial condition 4, e Dom(A)NDom(v/A) . Using the
Bessel inequality, we obtain following auxiliary esti-
mates

[P O)., =[Pt <[t
VAR, (0], =[VAR2,
|Ap, (0)],, =[IAR.2

ini

H b
\/KZ/{ini
H S"AMini H

<

. (30

H

We multiply the first equation of (25) scalarly by

Ap
d
- ’A n
(dt P 5P )

=—(Ap,, Ap,),, +(PmG(pm+zm),Apm)H.

Using the definition of the square root of operator A,
we obtain

%Hﬂpm

We use the Young inequality and (24) to estimate the
left hand side and then we obtain the auxiliary estimate

%H«/Kpm

4) Boundedness of {4p,}” in L'(0,T;H)
We integrate the Equation (31) over [0,T]:

m

2
J Aeall = (PG (P +20). ARy ),

" ap [} <k (31)

e
5 T T 2
[NApa ) |+ [lapa o), ar =i
0
Dropping the H«/K P (T )Hi| and using(30) we obtain

e (), dr <kGT +|VAL,
0

2
H
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0 . .
oy 1s bounded in

Hence the sequence {Ap,,}
L*(0,T;H) foreach T>0.

5) Boundedness of {4p,}  in L*(0,T;H)
We integrate the Equation (31) over [0,T]:

-
[VAe, (o T < Jl/Apy (), dr <k
0

Dropping the integral of nonnegative function and
using (30) we obtain

VAR, (T <kaT +[vAus, |

©

is bounded in

m=1

Hence the sequence {\/K pm}
L”(0,T;H) foreach T>0.
6) Boundedness of {\/ZP,,, }w_l L* (0,+00; H )
Using the relations (26) and (27) we get the inequality
) 2
|l 2 |VAal,
The auxiliary relation (31) then leads to
d 2
az VAR, + VA,
Using the Gronwall lemma for y(7)= Hﬁ P, (z’)”2 ,
k=1 and A=k, we obtain ;
“\/Kpm (T)HZH < e”[ VAU, 2H +k; (eT —1)]
is bounded in

Hence the sequence {\/K Pm }w
g (0,+oo;H) . i

7) Sequence {i pm}
dr

We multiply the first equation of (25) scalarly by

dp.
dr ™
pmj
u
d d
=—| Ap,,— P, | +|G(P,+2,)—P, | -
(pdep]H ((p )dTp]H

(45,8
dr "dr
We use the Young inequality for £=1 on the last
term and estimate the middle term.
d . 1d
LI A N
dz H 2dz’” P
Using the boundedness of the operator G (24) we
obtain

2
<Kk;.
H

o

m=1

1

2

=1 ICRES

2
<k?.
H 0

d
e

*d
2Pl ar VAR,

Copyright © 2013 SciRes.

We integrate this inequality over [O,T] and use the
relations (30):
T
d
— P, (7
{“m Pal7)

v |An [, <kt < VR,

0

Hence the sequence {di pm} is bounded in
T

m=1
L*(0,T;H).

9) Passage to the limit

Considering the previous estimates (boundedness of
JA P, and (27) particularly), we obtain the following
properties

{ pm}::1 is bounded in L” (0,+00;H),
{0, pm}::l is bounded in L (0,+00; H ),

whereas
L (O,+oo;H)c L (O,T;H),
L” (O,+oo;H)C L2 (0,+oo;H).

Hence the sequence { pm}::] is bounded in L*(0,T;V)
for each T >0. This means that we can choose a subse-
quence {p,}" . which converges weakly in L*(0,T;V).

Using the Aubin Lemma (see [9]) for following
function spaces:

X, =V, X=H,X =H,
we obtain that the Banach space

W, 2{2/{6 L (O,T;V) diZ/Ie L’ (O,T;H)}
T

with norm

d
"Z/[|L/vT :"Z/{”LZ(O,T‘V) + Eu

L2(0,T,H)

is compactly embedded in L (O,T;H ) .

Since the sequence {p,}  is bounded in

LZ(O,T;V) and sequence {di pm} is bounded in
T

m=1

L*(0,T;H) for each T >0, there exists a subsequence
{pmk }OC . which converges strongly to the limit point p
my =

in ?(0,T;H). Knowing that the sequence {p,}
converges weakly in L’(0,T;V), we obtain from
uniqueness of the limit that p e L*(0,T;V).

10) Sequence {G (P + 2. )}:=1

Since the operator G satisfies the Lipschitz condition,
we can perform the following estimate
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2
L2(0,T;H)

||G(pm+2m)—G(p)

||G(p +2,

(@) ¢

£pa(2)+2,(t)-p(2)], d

=L |py+12,

IA

SCt— H o—

- p”Lz(O‘T;H)

2 2 2 ’
<L (" P = p"Lz(O,T;H) +||Zm||L2(0,T;H))
—0.

Hence G(p, +2,)—>G(p) stronglyin L*(0,T;H).

11) Existence and uniqueness of weak solution

In this part we prove the existence and uniqueness of
the weak solution of the Scott-Wang-Showalter model.
The existence is proven via the strong convergence of the

sequence {G(p, +2, )}
We multlply the first equatlon of (25) by w; for

j=1,--
de ™) "

:—(Apm,wj)H +(G(prﬁ +zm),a)j)H .

Multiplying the previous relation by the test function
weC'(0,T), w(T)=0 and integrating it over [0,T]
we obtain

:[(%pm(r),a)jow(t)dr
:.T([[(G(pm(z')+zm(z')),a)j)HJW(r)dr
_I[(fpm )VAo)) [y (7)dz.

Integrating the left hand side per parts and passing to
the limit we obtain

(P().,), v (e)d

- J[(6(p(2).3), ~(VAo(e)- R ), Ju ()

(32)

|
—_
NS
5
S
S~
I
<
—_
S
~
|
& —_—

Additionally, we consider y €C; (0,T). Then
d
- (pay), =—(VApAw)) +(G(p).0;), (33)
in sense of distributions.
Now, we multiply the Equation (33) by w eC'(0,T),

w(T)=0 and integrate it over [0,T]. Using integration
per parts we obtain

Copyright © 2013 SciRes.

_( p(o)’a)j)H W(O)_}( p(T)’a)j)H d;dz-‘//(T)dT
' (34)

:H(G(p(r))’a)j)H —(\/Zp(z'),\/xa)j)H Jl//(r)dr.

Subtracting (32) and (34) we get
( P(0)-Uy, @, )H =0 for each o,

which means that p(0)=1,. Hence p is the weak
solution.

To show the uniqueness, we suppose there are two
different weak solutions & and V', which satisfy

(o), = (VAU R0, +(6(U).0), .
L (v.0), (VAR ) +(6(V).0,),.
U(0)=v(0)=uU,.

We denote W=U—-V . Then we subtract the previ-
ous equations, multiply it by (W, o )H and sum it over
j = 1 ) 27 .

Y g, (wa),
w3 (VAW (W, ) VA, )

i

- ¥(6(u)-

j

H

G(V),(W,a)j)H a)j) )

H

Hence
sar VA -

Finally, using the Young inequality for the last term
and Lipschitz condition of operator G, we obtain

)-G(V).W),, .

d
PV (£ )

Choosing y(7)= "W )"iI k= —(Lz +1) and A=0,
we use the Gronwall lemma:

||W||i‘ < exp((,C2 +1)‘[)"V\/(0)"i| =0.
—

Hence W(t)=0 for each 7 >0, which is the con-
tradiction.

5. Quantitative Analysis

In this paper we deal with the error measurement and
computational time of the nonlinear Galerkin method
aplied to a particular reaction-diffusion model. We are
interested in the long-term behaviour in particular. It is
clear that the accuracy and computational time of the
nonlinear Galerkin method depends on the dimension of
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the function subspace, where the approximation of the
solutions is searched. Before the application on the Scott-
Wang-Showalter model, we use the single one-dimen-
sional reaction-diffusion equation with the known ana-
Iytical solution u=u(t,x) as a benchmark for the
method. Consider the equation

ou_ du

—=—+f(u)+g(t,x 35
for xe(0,1) and t>t, satisfying the homogeneous
Dirichlet boundary condition and initial condition

=u(ty,X), (36)

where f is a nonlinear function of u and g is a chosen
function of time t>t,; and space Xxe&(0,1), such thatu
is the analytical solution of the problem (35)-(36). In all
simulations we use either m=10, M =0 (which is the
case of the commonly known Faedo-Galerkin method-
see [4]) or m=5, M =5 in the Galerkin approxima-
tion.

The explicit form of function g(t,x) for all dis-
cussed cases, equations for the nonlinear Galerkin ap-
proximation and enumerated scalar products can be eas-
ily derived or found in [4].

The systems of ordinary differential equations for ap-
proximation from the nonlinear Galerkin method are
solved by means of time-adaptive Runge-Kutta-Merson

u|t:tv

ini

method. The linear systems for correction are solved via
Gauss elimination method since they are generally a sys-
tems with dense matrices.

We plot the L norm of the difference between ana-
lytical solution and numerical approximation, i.e.
|flljmalyﬁcal ~Unimerical [ 2 in specific time intervals. Time is
measured in seconds. Additionally, Table 1 of computa-
tional complexity is included.

5.1. Simulation 1

Consider equation

ou o
—=—+u’+g(t,x)
ot ox
with initial condition u|t:t_ =sinzX-sin| 4/t . | and with

the analytical solution U in form u(t,x)=sin axX-sint .
The time evolution of error is on the Figures 1 and 2.

Table 1. Computational complexities for testing simula-
tions.

Faedo-Galerkin Nonlinear Galerkin

Simulation

method method
Simulation 1 1307.71 s 322.03s
Simulation 2 8345.08 s 1910.25 s
Simulation 3 6269.52 s 2161.48 s

2.5e-05

2e-05 -

1.5e-05

} 1e-05
|

~ AR

0.00025 : 1.4e-05
1.2e-05
0.0002 ’
1e-05 l
0.00015 005 |
‘ |
0.0001 6e-06 l
4e-06
56-05 |
20-06
0 0
9995 9995.5 9996 9995
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Figure 1. Time evolution of errors for the Faedo-Galerkin method. (a) Simulation 1; (b) Simulation 2; (¢) Simulation 3.
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Figure 2. Time evolution of errors for the nonlinear Galerkin method. (a) Simulation 1; (b) Simulation 2; (¢) Simulation 3.
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5.2. Simulation 2
Consider equation

ou ou
e 62+u u*+9g(tx)

with initial condition u| = (sin X + sin 27X ) - sin (\/E )
and with analytical solutlon equals to

u(t, x) = (sin 7x +sin 2mx) sin+/t . The time evolution of
error is on the Figures 1 and 2.

5.3. Simulation 3

Consider equation

u_ou
o o

with initial condition

—+u-u’+g(t,x)

u|t L = (sin 7 +sin 57 - sm(sm(Ztlm))

ini

and with analytical solution equals to
u(t, x) = (sin 7x +sin 57x)- sin (sin (Zt)) )

The time evolution of error is on the Figures 1 and 2.

6. Qualitative Studies

In this section we present the computational results for
the Scott-Wang-Showalter model. Considering the ho-
mogeneous boundary condition problem (16)-(17), we
investigate the behaviour of the model depending on
various initial conditions and various sets of parameters.
Additionally, deeper computational study can be found in
[4]. The following figures show the time evolution of
function ©.

6.1. Simulation 4

We solve the homogeneous boundary condition problem

(16)-(17) with the following initial conditions
ami = O’ ®ini = eiso()kzj)z (3 7)

for xe[0,5],7>0. The parameters of the model are
#=1.8,k=0.0005 Le=1,£=0.18 and the number of
modes in the Galerkin approximation is m+M =60 .
The time evolution of the problem is on the Figure 3.

6.2. Simulation 5

We solve the homogeneous boundary condition problem
(16)-(17) with the following initial conditions
efso(xfms)2 X<25,
a,,=0,0,. = , (38)
o 00x375) X225

for Xe[O,S],z’>O. The parameters of the model are

Copyright © 2013 SciRes.

60

@

60

©

Figure 3. Simulation 4—time evolution of the functions ©
(blue line) and « (red line). (a) 7= 0.00614; (b) 7 = 0.01814;
(c) 7=10.02214.

#=2,xk=0.0005Le=2.6,6=0.18 and the number of
modes in the Galerkin approximation is m+M =60 .

The time evolution of the problem is on the Figure 4.

7. Conclusion

In this paper we applied nonlinear Galerkin method to

AJCM
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40

60

25 T T T T

20 H 3

10

o

(©
Figure 4. Simulation 5—time evolution of the functions ®
(blue line) and a (red line). (a) 7 = 0.00511; (b) z = 0.01311;
(c) 7=10.02025.

the particular system of reaction-diffusion equations in
one spatial dimension. As the investigated reaction-dif-
fusion system was chosen the Scott-Wang-Showalter
model. We presented the system of differential-algebraic

Copyright © 2013 SciRes.

equations for the approximation of the weak solution,
proof of existence and uniqueness of the weak solution
and the proof of convergence of the nonlinear Galerkin
method. We performed quantitative analysis among ana-
Iytical solution and numerical approximations obtained
via the nonlinear Galerkin method and the commonly
known Faedo-Galerkin method. It indicates that the non-
linear Galerkin method is more efficient since it con-
serves the similar level of accuracy with respect to the
shorter computational time.
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