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2) Introduction

Modern world engineering requires modern solutions. Programmes such as MATLAB is used to solve
complex equations which is what is required to solve this current problem. MATLAB, an acronym for
MATrix LABoratory, is an interactive environment and high-level programming language that is mostly
used for data analysis, visualisation, and numerical computing (mathworks, 2024). It was created by
MathWorks and is widely used in several disciplines, including signal processing, engineering,

and physics (mathworks, 2024).

The key benefit of MATLAB is its speedy matrix operations capability, which makes it an excellent
choice for applications requiring numerical computations and linear algebra (mathworks, 2024). It
offers an extensive collection of pre-installed features and toolboxes covering a broad spectrum of
uses (mathworks, 2024).

This report will go into the solving of heat distribution within an aluminium plate through time. There
will be a small section on the background information, explanation of heat equation and some other
general explanations of the problem in hand. Then report will the look at the finite difference form of
the constitutive equation along with descriptive details. Moving onto chapters which will specify the
initial conditions of the temperatures distribution as well as boundary conditions that may be under
considerations.

The report will the go on to giving a brief overview of the created code that was used to calculate
and work out the issue. There will be some images of parts of the code which will include a brief
description of what is going on. Then using an analytical solution, there will be a comparison to the
resulting temperature map at thermal equilibrium - a small conclusion will be made. Once a
validation of the code has been investigated, the code will undergo different parameters to see how
sensitive the code is to small adjustments. By doing this it will allow the reader to achieve a better
understanding of modified parameters can affect the code in altered ways.

Lastly the code will go into the limitations of the code, any suggested improvements that can be
made and what can be done differently if needed in the future.



3) The constitutive equation of the problem.

The heat equation is a fundamental concept in both physics and mathematics, widely used to
describe the evolution of heat distribution over time in various spaces. It is pivotal in fields like
thermodynamics, fluid dynamics, and engineering (Crank & Nicolson, 1947). In a 2D geometry
without a heat source term, the heat equation can be mathematically expressed as (Coffin & Maute,
2016):

oT 62T+62T
ot~ “\ox2z " ay?

Here, T denotes temperature, t signifies time, x and y are the spatial coordinates on the 2D plane,
and a represents the thermal diffusivity of the material, which is a measure of the rate at which heat
diffuses through the material (Coffin & Maute, 2016).

oT

o indicates the time rate of change in temperature.

a (thermal diffusivity) reflects the material's ability to conduct heat relative to its ability to store
heat. This parameter is crucial for understanding how quickly heat spreads through varied materials
(Carboni & Lacarbonara, 2012).

3%T N 3%T
ox? = dy?

The above equation is the Laplacian operator in two dimensions. It represents the sum of the second
partial derivatives of the temperature with respect to spatial coordinates, illustrating the spread of
heat in a 2D space (Kovacs & Gilicz, 2019).

The importance of the heat equation lies in its ability to model the process of heat flow and
diffusion. It is essential for the design and analysis of systems where heat transfer is a key factor, such
as in the insulation of buildings, cooling of electronic devices, and even in understanding geophysical
phenomena like Earth's climate dynamics (Liu & Luo, 2003).

4) Explicit finite difference form of the constitutive equation.

4.1 Taylor series
The journey of discretizing the Heat equation begins with the Taylor series - a powerful tool that
expresses a function as an infinite sum of terms calculated from the values of its derivatives at a
single point (Gismalla, 2015). For numerical approximations, the Taylor series is truncated to
generate difference approximations for the derivatives. Specifically, the first and second derivatives
of a function can be approximated by finite differences - a cornerstone for the finite difference
method (Karimov et al., 2021).

4.1 Derivation of Forward, Backward, and Central Differences
The forward difference is derived by expanding the Taylor series of a function at a point x; to the
next point x; + 1, then solving for the first derivative. The backward difference uses a similar
approach but expands from point x; to the preceding point x; — 1(Zwillinger, 2021). For the second
derivative, a central difference is most accurate; it is derived by expanding the Taylor series to both
x; + 1 and x; — 1, then combining these two expansions to solve for the second derivative
(Pantaleon & Ghosh, 2015).



4.1 Explicit Finite Difference Scheme
In the explicit finite difference scheme, the Heat equation's temporal first derivative is approximated
by a forward difference, reflecting the change in temperature over time. Concurrently, the spatial
second derivative, representing the diffusion of heat, is approximated by a central difference (Rani &
Rajendran, 2020). This substitution transforms the partial differential equation into a solvable
algebraic equation at discrete points in space and time.

4.1 Discretization of the Spatial Domain
The spatial domain is discretized by dividing it into a grid of discrete points, known as nodes, with a
uniform spacing Ax. This grid spacing must be sufficiently small to capture the temperature
distribution with high fidelity, yet large enough to be computationally efficient (Biilbiil & Sezer,
2015).

4.1 Discretization of the Temporal Domain
Similarly, the temporal domain is discretized into discrete time steps, At, creating a march through
time for the simulation. The size of At is crucial; it must be small enough to maintain the stability of
the numerical method—often guided by the proportionality to the spatial grid spacing (Schmidt &
Brocker, 2015).

4.1 Deriving the Explicit Finite Difference Form with Fourier’s Number

. . ., At . e . . L
By introducing Fourier’s number, Fo = (ZT)Z’ where a is the thermal diffusivity, using dimensions it

allows a relationship with the time step size to the spatial grid spacing squared (Wei et al., 2019).
Incorporating Fo into the discretized Heat equation provides a non-dimensional form that simplifies
the analysis of the solution's behaviour over time.

4.1 Stability Criterion
The stability of the explicit finite difference scheme is governed by the stability criterion, often linked
to the Fourier’s number. For the scheme to be stable, Fo must satisfy a specific inequality, typically

Fo < ~» ensuring that the numerical solution remains physically realistic and converges to the true

solution over time (Shirinkam et al., 2016). This criterion is essential to the success of the numerical
simulation, as it prevents the propagation of numerical errors through the computation.

5) Initial and boundary conditions.
In this section it will cover the boundary conditions that have been set within the assignment brief.

5.1 The initial boundary condition. T(x,y,0) =0 0<x<6 0<y<6

T(x, y, 0) = 0 for a specified range of x and y values. Here's a breakdown of its components:

T{x, y, 0): This represents a temperature function T as a function of three variables: x, y, and time (t).
The "0" indicates that this condition applies at the initial time, which is often t=0.

0 < x < 6: This specifies the range of the x-coordinate within which the boundary condition applies.
The condition is not applied at x=0 and x=6.This tells us that these are be the boundaries of the
domain in the x-direction.

0 <y < 6: Similarly, this specifies the range of the y-coordinate within which the boundary condition
applies. The condition is not applied at y=0 and y=6, as these are the boundaries of the domain in
the y-direction.



- T(0,y,£) =0 ) T
5.1The constant boundary conditions. T(6,%.8) = 0] o7 0SY=6 and 0 ¢ thermal equilibrium

T(x,0,t) = f(x)
T(x,6,t) =0

T(0, y, t) = 0: This boundary condition states that along the line where x = 0 (which could be the left
boundary of a 2D domain), the temperature is always zero for all y in the range from 0 to 6 and for all
time t until the system reaches thermal equilibrium. This implies that this boundary is kept at a
constant temperature of zero throughout the observation time.

} for 0 =x=6 and 0 <t < thermal equilibrium

T(6, y, t) = 0: Similarly, along the line where x = 6 (which could be the right boundary of the 2D
domain), the temperature is also kept at a constant zero for all y in the range from 0 to 6 and for all
time t until thermal equilibrium is reached. This also implies that this boundary is kept at a constant
temperature of zero.

T(x, O, t) = f(x): At the bottom boundary where y = 0, the temperature varies as a function of x and is
given by f(x), for all x in the range from 0 to 6 and for all time t until thermal equilibrium. This
indicates that the bottom boundary has a temperature distribution that varies along its length but is
constant in time until equilibrium.

T(x, 6, t) = 0: At the top boundary where y = 6, the temperature is held constant at zero for all x from
0 to 6 and for all time t until thermal equilibrium. This boundary is also kept at a constant
temperature of zero.

5.1 Linear distribution equation.
The provided graph describes a linear temperature increase and then decrease along the length of a
plate, is consistent with Dirichlet boundary conditions in differential equations, particularly for heat
distribution. These conditions, where the solution is fixed to certain values on the boundary, are
crucial in such thermal analyses.

Jeffrey (1968) discusses a method for elliptic differential equations with Dirichlet conditions along
arbitrary curves, illustrating how these conditions are applied in scenarios like temperature
distribution in varied geometries (Jeffrey, 1968).

Ababhri, Belarbi, and Trabelsi (2011) explore the analytical and numerical study of heat and moisture
transfers in porous materials using Dirichlet boundary conditions, relevant to temperature
distribution in materials (Abahri, Belarbi & Trabelsi, 2011).

Majchrzak and Turchan (2013) demonstrate the use of the boundary element method considering
Dirichlet and Neumann boundary conditions for temperature field distribution in heated domains
(Majchrzak & Turchan, 2013).

= North Boundary condition

Ullah and Chandio (2018) and Aiello et al. (2008) reinforce the -
application of Dirichlet boundary conditions in finite element 40
methods, particularly in analysing temperature distributions (Ullah & 35
Chandio, 2018) (Aiello et al., 2008).

W
S

Temperature

Jalaal, Ganji, and Mohammadi (2010) provide insight into analytical
solutions for two-dimensional heat conduction equations with 15
complex Dirichlet boundary conditions, highlighting the versatility of
these conditions in different heat transfer scenarios (Jalaal, Ganji &

Mohammadi, 2010). 0 1 2 3 s 5

Plate length



6) Explanation of the created code.

In this section of the report, it will contain images of the created code along with a brief description
of the part of the code is doing.

B Editor - C\Users\Admin\OneDrive\Documen ors ymputational Methoc ignmentlpdated.m
AssignmentUpdated.m +
| 1 %% Clear Command Window

2 % Clear the Command Window of any Prior work

3 cle; % Clear Command Window

4

5 % 2D Heat Transfer Simulation

6

7 % Constants (Aluminium)

8 thermalConductivity = 143; % W/({m*C)

9 density = 28@8; % kg/m™3

1@ specificHeat = 795; % 1/ (kg*C)

11 alpha = thermalConductivity / (density * specificHeat); % Thermal diffusivity
12

13 % Plate dimensions

14 length = 6; % meters

15 width = B; % meters

1le

17 % User input for grid spacing
18 gridSpacing = input('Enter grid spacing (h) in meters: ');
19
28 % Check if grid spacing is wvalid
21 while mod(length, gridSpacing) ~= 8 || mod{width, gridSpacing) ~= @
22 error('Invalid grid spacing. Should evenly divide plate dimensions.');
23 gridspacing = input('Enter a different grid spacing (h) in meters: ');
24 end

Figure 1- First part of created code.

Lines 1 to 3: This part of the code removes all previous commands and output from the MATLAB
Command Window, making it ready for the next code execution.

Lines 7-11: The code moves onto defining the constants related to the material properties of
aluminium. Thermal Conductivity is the material's thermal conductivity, density is its density, specific
Heat is its specific heat capacity, and alpha is the thermal diffusivity calculated using these constants.

Lines 13-15: These lines define the dimensions of a 2D plate (assumed to be a rectangle) in meters.
The plate is six meters long and six meters wide.

Lines 17-18: This line prompts the user to enter a value for the grid spacing (h) in meters. The grid
spacing will be used to discretize the plate into smaller elements for numerical simulation.

Lines 20-24: This part ensures that the chosen grid spacing evenly divides both the length and width
of the plate. If not, an error is displayed, and the user is prompted to enter a different grid spacing
until a valid one is provided. The “mod” function is used to check for divisibility.



26 % Grid points

27 Mc = length / gridSpacing + 1;

28 Mr = width / gridSpacing + 1;

29

30 % User input for time step

31 timeStep = input('Enter time step (At) in seconds: ");
32

33 % Stability criterion

34 stabilityLimit = 1 / (4 * alpha) * (gridspacing~2);

35 [ while timeStep > stabilityLimit

36 error('Time step violates stability criterion.');

37 timeStep = input('Enter a different time step (At) in seconds; ');
38 end

38

Figure 2- Second Part of created code.

Lines 26-28: These lines calculate the number of grid points in the horizontal (Nc) and vertical (Nr)
directions for discretizing the plate. The formula used here is based on dividing the length and width
of the plate by the grid spacing and adding one to include the boundary points.

Lines 30-31: This line prompts the user to enter a value for the time step (At) in seconds. The time
step is a parameter used in numerical simulations to advance the solution in time.

Lines 33-34: This line calculates a stability limit based on the chosen grid spacing and the thermal
diffusivity. This limit is a condition to ensure numerical stability in the simulation. The specific
formula used here depends on the numerical method employed for solving the heat equation.

Lines 35-38: This part checks whether the chosen time step violates the stability criterion. If the
user-input time step is greater than the calculated stability limit, an error is displayed, and the user is
prompted to enter a different time step until a valid one is provided.

enperature grid
41 temperature = zeros(Nc, Nr);

43 % Set boundary conditions

44 temperature(:, 1) = ©; ¥ Right Boundary

a5 temperature(:, end) = @; X Left Boundary

46 temperature(l, :) = 50; % Top Boundary (modify for specific conditions)
a7 temperature(end, :) = @; % Bottom Boundary

43 X Time loop

50 currentTime = @;

51 -] while true

5 oldTemperaturs = temperature;

] for i = 2:Mc-2

54 [] for j = 2:Hr-2

55 temperature(i, j) = oldTemperature(i, j) + alpha * timeStep / gridSpacing"2 * ..

56 (cldTemperature(i+l, j) + cldTemperature(i-1, j) + oldTemperature(i, j+1) + oldTemperature(i, j-1) - 4 * oldTemperature(i, j));
end

58 end

68 % Implement specific boundary condition for temperature(:, end) if needed

62 % Check for thermal equilibrium (simple convergence check)

63 if max(max(abs(temperature - oldTemperature))) < 1e-5

64 break;
end

66

Figure 3- Third part of created code.

Lines 40-41: This line initializes a grid temperature with dimensions Nc (humber of columns) by Nr
(number of rows). The grid is initially set to zero, representing the initial temperature distribution.

Lines 43-47: These lines set the boundary conditions for the 2D temperature grid. The left and right
boundaries are set to zero, the top boundary is set to a constant temperature of 50 degrees (you can
modify this for specific conditions), and the bottom boundary is set to zero.

Lines 49-51: The code enters a while loop that will continue until the break statement is
encountered. This loop represents the time evolution of the temperature distribution.



Line 52: This line creates a copy of the current temperature grid, which will be used to update the
temperature values in the main loop.

Lines 53-58: These nested loops iterate over the interior points of the grid and update the
temperature at each point based on a discretized version of the heat equation. The update is
performed using a finite difference method, taking neighbouring points into account.

Lines 60: This comment suggests that if there's a specific boundary condition for the right boundary
(temperature (: end)), it should be implemented at this point in the code.

Lines 62-65: This conditional statement checks for thermal equilibrium by comparing the maximum
absolute difference between the current and previous temperature grids. If the difference falls below
a certain threshold (1e-5 in this case), the loop is closed using the break statement.

B cditor -

CAalsershAdmin\OneDrivet\Documentsi PersonahlUWTSDVCoemputational Methods\AssignmentUpdated.m
AssignmentUpdated.m +
oo
67 currentTime = currentTime + timeStep; % Update time
68 figure(l)
69 contourf(flip(temperature))
79 colormap(jet)
71 colorbar
72 pause(8.81)
73 E end

Line 67: This line increments the current time (currentTime) by the time step (timeStep). It
represents the progression of time in the simulation.

Lines 68-69:_figure (1) This creates a new figure or activates an existing figure with the handle 1. A
figure in MATLAB is a window or graphical container for displaying plots. Contourf(flip(temperature)):
This function generates a filled contour plot of the temperature distribution. The flip function is used
to flip the temperature matrix vertically, which can be necessary depending on how the grid is set up.
The contours represent different temperature levels.

Lines 70-71: colormap(jet): This sets the colormap of the contour plot. In this case, the 'jet'
colormap is used, which is a popular choice for visualizing scalar fields with distinct colors. colorbar:
This adds a colorbar to the plot, providing a reference for the temperature values corresponding to
the colors in the plot.

Lines 72: This line introduces a short pause (in seconds) to allow for visualization. In this case, it
pauses for 0.01 seconds. This small delay allows time for the figure to be displayed before the next
iteration of the loop. It can be useful for visually observing the evolving temperature plot.

M Editor - C\Users\Admin\OneDrive\Documents\Personal\UWTSD\Computational Methods\AssignmentUpdated.m

AssignmentUpdated.m o

75 % Display results

76 disp(['Time to reach thermal equilibrium: ', num2str(currentTime), ' seconds']);
77 disp('Temperature distribution at thermal equilibrium:');

78 disp(temperature);



Lines 76: disp: This MATLAB function is used to display text in the Command Window. ['Time to
reach thermal equilibrium: ', num2str(currentTime), ' seconds']: This constructs a string by
concatenating the text and the value of currentTime converted to a string using num2str. It displays
the message indicating the time it took for the simulation to reach thermal equilibrium.

Lines 77-78: disp (‘Temperature distribution at thermal equilibrium:'): This displays a message
indicating that the following output corresponds to the temperature distribution at thermal
equilibrium. disp(temperature): This displays the actual temperature distribution matrix at thermal
equilibrium. The disp function can be used to show the contents of the variable temperature in the
Command Window.

7) Validation of the created code

7.1 Numerical temperature distribution t = 140400 seconds
This map shows temperature distribution across a grid, with the maximum
temperature in the centre (appearing as yellow and red) and the
temperature decreasing towards the edges (shown in blue). The contours
are mostly symmetrical, indicating a stable numerical solution under the
given boundary conditions.(Mihailescu et al. (2022)

7.1 Analytical Temperature Distribution
The analytical map shows a remarkably similar pattern to the numerical
one, with the highest temperatures at the centre and lower temperatures
towards the edges. The contour lines are smooth and symmetrical, which
is typical of an analytical solution that often assumes continuous and
differentiable functions (Kucheva (2021).
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7.1 Comparison Analysis:
Contour Shape: Both the numerical and analytical solutions show a high degree of symmetry, which
indicates that the numerical solution is capturing the essence of the heat distribution problem well.

Temperature Gradient: The gradients look similar in both solutions, with a gradual change from high
to low temperatures as we move from the centre towards the edges.




Maximum Temperature: Both solutions seem to agree on the location of the maximum temperature,
which is in the centre.

Boundary Conditions: The numerical solution appears to respect the boundary conditions well, as
evidenced by the similarities with the analytical solution. However, there are differences, as seen in
the third image, which might be due to numerical errors, discretization size, or the finite number of
terms used in the analytical series during comparison.

Differences: The third image shows that the differences are small and contained, suggesting that the
numerical method used is quite accurate. The discrepancies could be due to the inherent
approximation within the numerical method or the truncation of the series in the analytical solution
(if it was truncated for comparison purposes).

8) Sensitivity analysis of the codes results.

This section of the report will be looking at performing sensitivity analysis of the code. Such an
analysis entails observing how the code’s result is influenced by varying.

8.1 The grid spacing.

Thermal Equilibrium Time vs Grid Spacing
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As the spacing between grid points increases, the time to reach equilibrium also tends to increase,
although there are small fluctuations (Sohag, Mohanta & Cheung, 2017). At the widest grid spacing
shown, the equilibrium time is notably higher than for narrower spacings, suggesting less efficiency
in reaching equilibrium (Zhang et al., 2019). This could reflect the impact of spatial resolution on the
heat transfer processes being observed or modelled (Harimi & Saghafian, 2012; Yan, Gao & Li,
2009)."



8.1 The thermal equilibrium tolerance.

Thermal Equilibrium Time vs Tolerance
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The graph shows that as the tolerance for determining thermal equilibrium increases (meaning the
criteria are less strict), the time it takes for an aluminum plate to be considered at thermal
equilibrium decreases (Rethfeld, Kaiser, Vicanek & Simon, 2002). It's a straightforward inverse
relationship: stricter tolerance extends the time to equilibrium, while looser tolerance reduces it
(Karwe & Jaluria, 1992). This trend is consistent across several orders of magnitude for tolerance
(Geng, Wang, Liu & Li, 2015).

8.1 The time steps.

Thermal Equilibrium Time vs Time Step
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The graph shows that as you increase the time step size in a simulation or experimental setup
involving an aluminum plate, the time it takes to reach thermal equilibrium initially increases quickly,
then more slowly, and eventually levels off, as indicated by Phanikumar and Mahajan (2002). This
suggests there's a point beyond which increasing the time step size doesn't significantly affect the
equilibrium time (Geng, Wang, Liu & Li, 2015; Ali, Yilbas, Al-Sharafi & Ozsunar, 2017).

To conclude the above findings Grid spacing has a direct impact on the time to reach thermal
equilibrium. As the grid spacing increases, the time for the system to reach equilibrium also generally
increases, with some variations. The largest grid spacing results in the longest equilibrium time,
suggesting that finer spatial resolutions are more efficient for achieving equilibrium. Tolerance levels
inversely affect equilibrium time. More stringent tolerance requirements—where the system needs
to be closer to a true equilibrium state before it is considered in equilibrium—result in longer times
to reach equilibrium. Conversely, when the tolerance for equilibrium is relaxed, the equilibrium is
achieved more quickly. Time step size has a nuanced effect on equilibrium time. An increase in time
step size leads to a quick rise in equilibrium time at first. However, after a certain point, the effect of
increasing the time step diminishes, and equilibrium time starts to plateau, indicating a threshold
beyond which larger time steps do not significantly change the time it takes to reach equilibrium.



9) Limitations of the model.

9.1 Round-off Error:
In MATLAB, as in any numerical computing environment, floating-point arithmetic can introduce
round-off errors. These errors stem from the finite precision with which computers represent real
numbers (Higham, 2002).

Small round-off errors can accumulate over many calculations, potentially leading to significant
inaccuracies, especially in iterative processes or long simulations (Goldberg, 1991).

9.1 Truncation Error:
Truncation errors arise from approximating a mathematically exact process (like an infinite series or a
differential equation) with a finite process (Atkinson, 1989).

In the context of thermal simulations, truncation errors might occur in discretizing time or space,
leading to a loss of detail or accuracy in representing the physical phenomena (Strikwerda, 2004).

9.1 Complex Geometry:
Numerical methods often struggle with complex geometries or boundary conditions. In MATLAB,
meshing or discretizing a complex geometry can be challenging and may lead to inaccuracies in the
simulation (Hughes, 2000).

This is particularly relevant in thermal simulations where the geometry can significantly influence
heat distribution and flow (Bejan, 2013).

9.1 Stability:
Certain numerical methods may be unstable under specific conditions, like considerable time steps in
time-dependent simulations (Suli and Mayers, 2003).

Stability issues can lead to non-physical results, such as oscillations or divergence in the simulated
temperature values (Mitchell and Griffiths, 1980).

Limitations Due to the Coding Approach

9.1 Modelling of Thermal Equilibrium:
Defining thermal equilibrium through a minimum difference value between successive temperature
maps might oversimplify the physics. Real-world thermal equilibrium are influenced by a multitude
of factors, including material properties, external conditions, and time (Incropera and DeWitt, 1990).

This approach assumes a uniform and constant progression towards equilibrium, which might not
accurately capture transient behaviours or non-linear effects in the thermal system (Kreith, 1993).

9.1 Representative Discretization:
The choice of discretization (grid size, time step, etc.) in MATLAB can significantly impact the
accuracy of the simulation. Too coarse a discretization might miss vital details, while too fine a
discretization can increase computation time and resource usage without proportional gains in
accuracy (Roache, 1998).



9.1 Algorithmic Limitations:
The specific algorithms used for solving the equations (e.g., finite difference, finite element) might
have inherent limitations in terms of accuracy, efficiency, or applicability to certain types of problems
(Morton and Mayers, 2005).

Algorithm choice also impacts how well the code handles non-linearities and boundary conditions,
crucial in thermal simulations (Bathe, 2006).

9.1 Resource Constraints:
Practical limitations like computational resources (memory, processing power) can limit the
complexity or scale of the simulations that can be realistically performed in MATLAB (Hager and
Wellein, 2010).

9.1 Verification and Validation:
There may be challenges in verifying (ensuring the code correctly implements the intended model)
and validating (ensuring the model accurately represents real-world phenomena) the simulation,
especially for complex systems (Oberkampf and Trucano, 2002).

10) What can be improved and future developments?

10.1 Advanced Implementation of ADI or Implicit FDM
Adaptive Time Stepping: Implement an adaptive time-stepping scheme to improve stability and
efficiency. This involves dynamically adjusting the time step based on the solution's local behaviour
(Luo, Tang, & Xie, 2016); (llie, Jackson, & Enright, 2015).

Higher-Order Schemes: Explore higher-order spatial discretization, like fourth-order schemes, to
increase accuracy, mindful of the increased computational complexity (Fu & Kutz, 2017).

Parallel Processing: Utilize MATLAB's parallel processing capabilities for handling large-scale problems
more efficiently.

10.1 Numerical Alternatives to FDM
Finite Element Method (FEM): FEM is more flexible than FDM for handling complex geometries and
irregular domains, potentially leading to more accurate results.

Finite Volume Method (FVM): FVM is particularly useful for conservation laws and is intuitive for
physical problems involving fluxes and volumes.

Boundary Element Method (BEM): Effective for problems with infinite or semi-infinite domains, BEM
can reduce problem dimensionality (e.g., 3D problems reduced to 2D).

Spectral Methods: Extremely accurate for smooth problems and efficient in terms of computational
resources for certain types of problems.

10.1 Handling Complex Geometries
Mesh Generation and Refinement: Develop or integrate advanced mesh generation and refinement
algorithms for FEM/FVM/BEM to handle complex geometries more accurately.

Non-Uniform Grids: Implement non-uniform, adaptive grids in FDM to concentrate computational
effort in regions with high gradient solutions.



10.1 Robust Thermal Equilibrium Modelling
Multi-Physics Modelling: Incorporate elements like coupling thermal analysis with structural
mechanics for more comprehensive simulations.

Advanced Material Modelling: Integrate temperature-dependent material properties and phase
change phenomena for realistic thermal modelling.

Coupled Heat Transfer Modes: Simultaneously model conduction, convection, and radiation for
complete thermal analysis.

10.1 Algorithmic Improvements
Error Estimation and Control: Implement error estimation techniques to adaptively refine the
solution and control error within desired limits.

Nonlinear Solvers: Employ robust nonlinear solvers and techniques like Newton-Raphson or quasi-
Newton methods.

10.1 Software Engineering Practices
Modular Code Design: Design the codebase in a modular fashion for easy updates and integration of
new methods.

Validation and Verification: Regularly conduct validation against analytical solutions or experimental
data, and verification against benchmark problems.

10.1 User Interface and Visualization
Enhanced Visualization Tools: Develop or integrate advanced visualization tools for better analysis
and interpretation of results.

User-Friendly Interface: Create an intuitive interface for setting up simulations and adjusting
parameters.

10.1 Documentation and Community
Comprehensive Documentation: Ensure thorough documentation of the code for ease of use and
future development.

Community Engagement: Encourage community contributions and collaborations for continuous
improvement.

10.1 Exploring Machine Learning Integration
Data-Driven Models: Investigate integrating machine learning models for predicting complex
phenomena where traditional numerical methods are challenging (Yang et al., 2019)



11) Conclusion

In the field of modern engineering, computational tools like MATLAB have become indispensable for
solving complex problems. MATLAB, standing for MATrix LABoratory, is a programming environment
and high-level language primarily utilized for numerical computing, data analysis, and visualization
(Magni et al. (2019). Developed by MathWorks, MATLAB is a staple in various technical disciplines
such as engineering, physics, and signal processing due to its efficient matrix manipulation
capabilities and extensive suite of built-in functions and toolboxes (Mahardika and Haryani (2020).

This report delved into the numerical analysis of heat distribution across an aluminium plate over
time, exploring the heat equation, boundary conditions, and the finite difference method (Jakubek
(2021). We detailed the initial conditions, the Dirichlet boundary conditions implemented at the
plate's boundaries, and the linear temperature distribution that was assumed (Dey and Borah
(2020).

Furthermore, we presented MATLAB code snippets, providing a glimpse into the computational
approach adopted for the temperature distribution analysis. The code was meticulously crafted to
simulate the problem, incorporating material properties, discretization of spatial and temporal
domains, and stability criteria.

The numerical temperature maps obtained were compared to an analytical solution to validate the
MATLAB code. The comparison revealed a high degree of symmetry and similar temperature
gradients in both solutions, with minor discrepancies attributed to numerical errors, discretization
granularity, and the finite number of terms in the analytical series.

A sensitivity analysis underscored the influence of grid spacing, thermal equilibrium tolerance, and
time step size on the code's outputs. This analysis demonstrated the direct impact of these
parameters on the time required to reach thermal equilibrium.

Nonetheless, the model's limitations, such as round-off and truncation errors, complex geometry
handling, stability issues, and the inherent limitations of the chosen numerical methods, were
acknowledged (Kumar, Singh, and Singh (2018). These limitations present opportunities for future
improvements such as advanced algorithms, adaptive time stepping, higher-order schemes, and
parallel processing (Kumar, Singh, and Singh (2018).

In closing, the report suggests further advancements including adopting other numerical methods
like the Finite Element Method (FEM), Finite Volume Method (FVM), or Boundary Element Method
(BEM), improving mesh generation techniques, incorporating multi-physics modelling, and
integrating machine learning models for predicting complex phenomena. The use of MATLAB in this
context is not merely a matter of convenience but a necessity to tackle the intricate challenges
presented by modern engineering problems.
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