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Abstract of thesis

The present thesis. applied and analyzed the weak Galerkin (WG) finite element method for non-steady two
dimensional convection-diffusion problems on conforming polygon. Here two cases are discussed; semi- discrete
and full- discrete weak Galerkin (WG) finite element method. The main idea of WG finite element method is the
use of weak functions and their corresponding discrete weak derivatives in standard weak form of the model
problem. The theoretical evidence proved that;

A- semi- discrete weak Galerkin finite element method;

1. Properties of the bilinear form a(u,,,v) :
e Lemma 4.5.1(continuity): A bilinear form defined on V space equipped with norm HHV is continuous

if there is a positive constant C > 0, such that

a(up,V) < Clu,

1*,D||V"1,D ’
e Lemma 4.5.2 (V-elliptic): Let u,, be the solution of equation (4.4.1) , then there exists a positive
constant & > 0, such that

a(up,uy) = afju, ;D-

e Theorem(4.5.1) (stability) : There exists a constant C >0,
such that:

2 2 2 2
||u0(x't)"|_2(D) + CHUO(X't)||L2(o,t;|_2(D)) s ||u0(x’0)"L2(D) +|| f (X’t)||L2(o,t;L2(D)) '

2. The energy conservation law:

Theorem (4.6.1): The numerical approximation from the weak Galerkin finite element method satisfied

the energy conservation property with a numerical flux (.

t+At t+At t+At
Ijutdxdt+ J’ th-ndsdt: jjfdxdt-
t-AtT t—-AtoT t-AtT

3. Theerror estimate in L?-norm;
Theorem (4.7.1): Let ue HY"(Q) the solution of problem (4.3.1) and u, be the weak Galerkin

approximation of equation (4.4.1) .Then, there exists a constant C such that.

"uh _u”LZ(D) <Ch™ ("u"m +”u"H1”(0,t;1+r)) '




B- full- discrete weak Galerkin (WG) finite element method;

1. Properties of the bilinear forma(U}),v) :
e Lemma(4.9.1)(continuity): A bilinear form defined on V space equipped with norm ||, is
continuous if there is a positive constant C > 0, such that

a(Up,v) < C”Uﬁ

o

e Lemma(4.9.2)(V-elliptic): Let U be the solution of equation (4.8.1) then, there exist a positive

constanta >0,

a(Up,un) = ajup

2
1",D '
e Theorem(4.9.1)(stability): There exist a constant M independent of h such that,

2 N 2 N 2
L2(D) kM nZZ;“US L2(D) = knzzl‘"f(t”)"Lz(D) '

2. The energy conservation law;

jur

Theorem(4.10.1): The numerical solution of equation (4.8.1)  satisfies the energy conservation law.

E[c’_iJQszif(tn)dQ-

3. Theerror estimate in L?-norm;
Theorem (4.11.1): Let UGHl”(Q) be the solution of (4.3.1) and U{ be the weak Galerkin

approximation of equation (4.8.1). Then, there exists a constant C such that.

‘ SC(th‘ un

Uy —u"

L%(D) 1+r

tn
+k I||utt||L2(D)ds)'
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