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Abstract:
In this paper, a 2D heat conduction equation was solved numerically using the point iterative techniques
such as Jacobi, Gauss Seidel & Successive over-relaxation for both implicit and explicit schemes. To
analyse the heat transfer from the surrounding, a 2D rectangular slab of any material was taken and was
divided into a grid. The 2D heat equation was solved for both steady and unsteady state and after
comparing the results was found that Successive over-relaxation method is the most effective iteration
method when compared to Jacobi and Gauss-Seidel.
Keywords —Heat conduction, 2D slab, MATLAB, Jacobi, Gauss-Seidel, SOR
----------------------------------------************************---------------------------------equation was solved to visualize the estimate the
I. INTRODUCTION
temperature variations and transfer of heat at
Heat transfer illustrates the flow of heat due to different points of the grid on the slab in order to
differences in the temperature. The study of this find the stabilized temperature at the different
transport phenomenon concerns the exchange of points on the grid.
momentum, energy, and mass in the form of
convection, conduction and radiation. All these II. PROBLEM STATEMENT
processes can be described with the help of
1. Computational area is to be taken as square
mathematical formulae. Heat transfer processes are shape
important for all energy systems including
2. It is assumed nx=ny; [ no of points on xelectronic products, aerospace, automobiles and direction is equivalent to no of points on y-direction]
heat exchangers. In automobile industry heat
3.
Boundary conditions are
transfer plays a vital role because the automobile is
Left = 400 K
exposed to various temperature conditions.
Right=600 k
Regardless of more information in composite
Top=800 K
materials for the chassis of the automobile,
Bottom=900 k
temperature for the comfort of the passenger is
4. The initial assumed temperature is 300 K
considered the top priority.
There are various schemes for solving implicit
In this paper a MATLAB program is written to equations
study the 2D heat conduction problem of a slab
i) Jacobi
using various iterative methods. The 2D heat
ii) Gauss-Seidel
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iii) Successive over relaxation
III.

METHOD

The heat equation is a partial differential equation
that describes the distribution of heat evolves over
time in a solid medium.
For a function u(x,y,z,t) of three spatial variables
(x,y,z) and the time variable t, the heat equation is
=

+

+

where,

∆x- the distance between point T and P
∆y- the distance between point L and P

is called the

IV.
MATHEMATICAL FORMULATION
In order to solve the 2D Heat conduction problem,
the governing equations should be discretised to
This type of heat transfer may occur under two write the code in MATLAB.
conditions
Steady State Equation Discretization
In steady state conduction, the amount of heat
• Steady state condition
entering any region of an object is equal to the
• Unsteady/Transient state condition
amount of heat coming out of it.
thermal diffusivity of the medium.

∂
∂
+
=0
∂
∂
By discretizing the equation, it becomes
+
+
1
=
+
Δ
Δ
Here the value of k is,
Δ +Δ
=2
Δ Δ
On further simplifying the equation for MATLAB
code it becomes

Time Logic Loop

!,#

∆x- the distance between point T and P
∆y- the distance between point L and P
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Implicit scheme unsteady/ Transient -state
condition
Unsteady -state Equation discretization:
Non-steady-state situations appear after an imposed
change in temperature at a boundary as well as
inside of an object, as a result of new source or sink
of heat suddenly introduced within an object,
causing temperatures near the source or sink to
change in time.
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∂
∂
∂
=
+
∂,
∂
∂
On discretizing the equation, it gives,

V. NUMERICAL CALCULATION

To study the temperature distribution on the slab,
the domain was divided into grids. The boundary
.*)
.
conditions are taken with the discretized equations
− −2 -+
−2 -+
=
+
and including the boundary temperature given in
Δ,
∂
∂
the problem. To solve the equation MATLAB
On further simplifying it,
programming language was used. These equations
1
0 -.*) 1 =
0 -. + 10 + 1.*)
are solved by using point iterative methods like
1+ 1+ 2
Gauss Seidel, Jacobi and Successive Over
+ 20 + 1.*) 1
Relaxation to identify which methods give the
2
2
Where, 1 = 2
2 = 2 and α is the thermal higher convergence rate.
diffusivity.
1
Steady State
!,# =
!,# + 1' !(),# + !*),# +
1+ 1+ 2
+ 2' !,#() + !,#*) +
Explicit Scheme-Unsteady / Transient state
Condition
Unsteady-state Equation discretization (EXPLICIT):
∂
∂
∂
=
+
∂
∂
∂,
If we discretize the equation it becomes,
.*)
− -.
−2 -+
−2 -+
=
+
Δ,
∂
∂
On further simplifying it further,
0

.*) 1
-

Where, 1 =

=

2

2

.
-

+ 10 − 2 - + 1.
+ 20 − 2 - + 1.
2
2 = 2 and α is the thermal

Fig-1: Jacobi Method

diffusivity.
For better utilization in the MATLAB code
!,#

=

!,#

+ 1' !()),# − 2 !,# + !*),# +
+ 2' !,#() − 2 !,# + !,#*) +
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Fig-2: Gauss- Seidel Method

Fig-4: Jacobi Method

Fig-3: SOR(ω=1.1)Method

Fig-5: Gauss- Seidel Method

Unsteady State/ Transient State
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use of a relaxation factor. If, the alpha >1, then it is
called over relaxation and the solution get converge
faster. If the correction factor is higher than
required, then the solution can blow instead of
converging and the solution diverges.
Table -2: Unsteady state/ Transient state

Fig-6: SOR(ω=1.1)Method

VI.

CONCLUSIONS
Table -1:Steady State

The transient analysis gives better performance
compared to the steady-state as it depicts the realworld scenario. The transient analysis takes into
consideration the varying rate of heat transfer with
respect to time.
Similar to steady-state analysis, the no of iterations
required to converge the solution was falling from
the Jacobi method to the SOR Method as depicted
by the bar graph.
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and 3, it was found that the computational time required to
converge the solution was highest in the Jacobi Method as it
doesn’t update its values and continues with the guess value.
Whereas the Gauss-Seidel Method, it uses the updated value
of the previous iteration the no of iterations required to
converge the solution is less in the SOR Method due to the
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