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1. Introduction to the Problem Under Consideration
Heat diffusion is a key engineering concept that which illustrates the movement of thermal energy through different materials. An analysis of a 2D heat distribution simulation with the Explicit Finite Difference Method illustrates the method's approach to approximating thermal transfer equations through discrete temporal and spatial components.
The report aims to:
Production of a two-dimensional heat diffusion simulation requires the use of EFDM technique.
Compare numerical solutions with analytical results.
This research investigates how chosen grid spacing affects measurement accuracy alongside time step choices in relation to defined tolerance levels.
Identify limitations and propose improvements.
The sections are organized as follows:
Section 2: This research investigates which mathematical description defines the heat equation while explaining why it represents physical phenomena.
Section 3: EFDM formulation and implementation.
Section 4: Initial/boundary conditions and analytical solution.
Sections 5-6: Students analyse MATLAB code while validating the model approach through experimental data.
Section 7: Sensitivity evaluation.
Sections 8-9: Limitations and improvement proposals.
At the end of the report, I plan to draw together the main findings and outcomes.












2. The Constitutive Equation of the Problem
Within the fields of engineering and physics the fundamental partial differential heat equation enables prediction of temperature variations across both spatial dimensions and time. According to Fourier’s law heat flow through material becomes equivalent to thermal conductivity multiplied by the negative temperature difference across a distance (Bergman et al., 2017).
Wide-ranging engineering problems find solutions via the heat equation which engineers use for thermal analysis of building materials plus electronic cooling system evaluations as well as heat exchanger design creation (Jaluria, 2007). Engineers use this model for both transient and steady-state thermal systems because it supports system performance forecasting and design enhancement. 
In electronics systems thermal engineering prevents component failures whereas it helps annealing and welding in manufacturing applications. The model evaluates the heat transfer capabilities within environmental materials leading to better thermal control systems while boosting energy efficiency alongside system reliability components (Bergman et al., 2017; Patankar, 1980).

2.1 Mathematical Definition for 2D Geometry
When the material is two-dimensionally isotropic and homogeneous, the heat equation becomes:
	[image: A math equation with a smiley face  Description automatically generated with medium confidence]
Where:
· T(x,y,t): Represent temperature at points (x,y) and time (t).
· α (thermal diffusivity, m^2/s) : shows the rate of thermal energy propagation. 
The provided heat equation assumes material properties that stay uniform across the domain with no internal generation of heat sources (Bergman et al., 2017).
2.2 Definition of Terms
Temperature (T): The dependent variable expresses the thermal status of the system measured in either degrees Celsius or Kelvin.
· Thermal Diffusivity(α): We establish α = kρcp by determining 
· Thermal conductivity W/m°C (k)
· Density kg/m³(ρ):  which represents mass per volume.
· Specific heat capacity J/kg°C (cp) is defined by how much energy affects material temperature.
Spatial Derivatives: Represent temperature variation with respect to x and y.

Time Derivative: Thermal changes through time are indicated by the time derivative.
The research is applied to the heat equation for analysis of thermal distribution patterns over a rectangular plate. Within this system heat transfer occurs solely through conduction which along with constant properties and the absence of internal thermal sources sets up an appropriate environment for the Explicit Finite Difference Method (EFDM) application.
3. Explicit Finite Difference Form of the Constitutive Equation
The Explicit Finite Difference Method (EFDM) transforms the heat equation into a discretized algebraic equation series which computes temperature distribution across specific time-space intervals.
3.1 Starting Point: Taylor Series Approximation
​ In the use of the Taylor series in a solution of the heat equation derivatives of functions can be found as expansion of f(x) around a point (x0). Is: 
[image: ]

By this method, the temperature field (T) is approximated for its first and second derivatives.
3.2 Derivation of Finite Difference Approximations
From the Taylor series:
· [image: A black and white text  Description automatically generated]Forward Difference (First Derivative):

· [image: ]Backward Difference (First Derivative):

· [image: ]Central Difference (Second Derivative):
Central differences are found to be more accurate than forward and backward approximation methods.



3.3 Explicit Finite Difference Scheme
The heat equation:
[image: A math equation with numbers  Description automatically generated with medium confidence]
Is discretized as follows:
· Temporal derivative: Forward difference.
· Spatial derivatives: Central differences.
Through substitution of stated values, we derive the EFDM formula:
The Fourier number Fo= aΔt/Δx^2 compares thermal diffusion magnitude with heat storage capacity[image: ]
3.4 Spatial Discretization
The spatial domain transforms into a layout of regular square sections where each section represents a geographic position in both directions.
The accuracy of solution capture requires grid spacing Δx, Δy to remain sufficiently small.
∆x= h, ∆y=h 
A plate measuring width (X) by height (Y) the required total number of grid point is:
[image: A black and white text  Description automatically generated with medium confidence]
Nc = columns, Nr= rows 

3.5 Temporal Discretization
Advanced solutions move through time increments labelled Δt.
· The system requires a Δt value which meets the stability criterion to avoid uncontrolled growth.
· For Δt selection most models consider proportions with grid spacing intervals.






3.6 Explicit Finite Difference Form with Fourier Number
Because of its equation the EFDM methodology works with the Fourier number F0= aΔt/Δx^2. The calculation for grid points temperature is:
[image: A group of math symbols  Description automatically generated]
3.7 Stability Criterion
         To ensure stability, the Fourier number must satisfy: F0≤0.25.
[image: A group of symbols with numbers  Description automatically generated with medium confidence]The criterion was established through Von Neumann stability analysis to confirm that the step size factor Δt maintains a small enough relationship with Δx. The stability formula is:
 Stability breakdown occurs when this requirement is not met leading to numerical instability with divergent solution results (Iserles, 2009; Patankar, 1980).

4. The Initial, Boundary Conditions, and Analytical Solution
Initial conditions and boundary constraints are set up, and the analytical solution is presented as numerical model verification. A combination of these aspects serves as the guiding structure of this model for the two-dimensional heat equation problem.
4.1 Initial Conditions
The starting condition shows how temperature varies throughout the plate at the initial moment t=0. In this study, the plate is assumed to have a uniform initial temperature: T (x, y,0) =T (initial)
​The modelling process becomes straightforward because temperature differences only develop through boundary conditions and heat diffusion.
4.2 Boundary Conditions
Boundary conditions define the temperature behaviour at the plate's edges:
North Boundary (Top, y=Y): T (x, Y, t) =T0
  (Fixed temperature T0).
South Boundary (Bottom, y=0): T (x,0, t) =−T0
The temperature at −T0 establishes a vertical gradient and is held as the southern boundary.
West and East Boundaries (x=0, x=X):
This insulates to ∂T/∂x=0 boundaries, at x=0,1 and no wall heat flux.
The system generates a temperature difference along the vertical axis while maintaining heat separation across horizontal axes to ease evaluation and emphasize vertical thermal movement.
4.3 Analytical Solution
The analytical solution reveals precise temperature profiles throughout the plate for predetermined conditions and establishes a comparison reference for testing the EFDM. It is given by:
[image: ]
Where,
(T0) Fixed boundary temperature (°C),
(𝑋, 𝑌) Plate dimensions (m),
(𝑘) Integer index for the summation (harmonics),
(𝛼) Thermal diffusivity (m²/s).

4.3 Rationale for Analytical Solution
The analytical solution is essential for:
Validation: The analysis solution is set up as a known reference with which numerical results are compared.
Accuracy Testing: Computes largest extension between the numerical prediction and calibrated data.
Stability Analysis: The study verifies how a numerical method departs from a stable form.
Together with a combination of starting conditions, boundary constraints, and analytical solutions, the latter establish a strong validity framework for numerical models
5. Code Explanation
Material Properties
[image: A black text on a white background  Description automatically generated]The code uses aluminium, with thermal properties defined as:




User Inputs for Plate Dimensions, Boundary Conditions, and Grid
[image: ]
Dimensions (𝑋, 𝑌): Define the size of the plate.
Boundary Temperature (𝑇0): Sets the temperature at the north and south boundaries.
Grid Spacing (ℎ): Resolves grid resolution for dividing plate dimensions in a uniform manner.
[image: A black and white math equation  Description automatically generated]
[image: A white rectangular object with black text  Description automatically generated] The programmed code handles grid spacing by dividing plate dimensions equally: 
Stability Criterion Calculation 
The thermal diffusivity (𝛼) is calculated as:
alpha = k / (rho * cp). 
The time step (Δt) must satisfy the stability criterion for the explicit finite difference method:
[image: A math equations with numbers  Description automatically generated with medium confidence]
The code enforces this condition:
[image: A white background with black text  Description automatically generated]


Initialize the Grid and Temperature Matrices
The spatial grid is discretized, and the temperature matrix. 
𝑇1 is initialized:
[image: ]
 Iterative Time Loop for EFDM
The EFDM executes repeating temperature matrix updates before achieving thermal equilibrium[image: ]
6. Validation of the Code
By matching EFDM results at equilibrium to analytical solutions with equivalent boundary and initial conditions the validation process demonstrates the model's correctness and effectiveness.
6.1 Comparison of Numerical and Analytical Results
Using MATLAB data code to solve temperature distributions through numerical methods and analytical analysis. The EFDM reaches thermal equilibrium by sequential adjustments to the temperature matrix according to the stability criterion together with specified tolerance levels. The numerical results coincide with the steady-state analytical solution for the heat equation while at equilibrium.
Analytical Solution:
The analytical solution calculated by a series expansion formula gives precise temperature distributions which act as a standard for benchmarking validation efforts.
[image: ]
Absolute Difference:
We perform element-wise computation of difference between numerical (T2) and analytical (TA) solutions.
[image: ]
The displayed output of the MATLAB code features the absolute difference matrix which shows disparities.
Observed Results
Numerical (T2): This simulation presents test distribution results computed with the EFDM method.
Analytical (TA): Displays the exact analytical distribution.
Maximum Error: The software calculates and shows the greatest absolute discrepancy between values.
6.2 Conclusion
The EFDM shows accuracy and reliability because the numerical solution matches the analytical solution with less than 0.1°C maximum error for the two-dimensional heat diffusion equation.
Key conclusions:
Accuracy: When stability conditions and tolerance parameters are satisfied the numerical model shows perfect alignment with the analytical solution.
Convergence: The solution achieves thermal equilibrium in the anticipated period demonstrating successful implementation of EFDM.
Numerical Limitations: The numerical model displays negligible error amounts from truncation and round-off processes remaining inside permissible boundaries.
Research evidence supports this model as a reliable tool for precise temperature distribution predictions over a 2D plate operating within specified conditions. Subsequent research should enhance the current model to handle complicated boundary conditions along with complex geometric configurations (according to Jaluria 2007 and Iserles 2009).
7. Sensitivity Analysis of the Code
Then a sensitivity analysis is presented to investigate the dependence of the performance of the numerical model on the important parameters, including grid spacing (h), time step (Δt), and tolerance.


7.1 Influence of Grid Spacing (ℎ)
[image: ]
[image: ]
When (h) becomes smaller the resolution of the system improves though computational requirements become greater (Bergman et al., 2017; Jaluria, 2007).
Observations: The spatial resolution drops when grid size (h) increases which results in varied equilibrium durations.
Example: The grid with h=1 reaches equilibrium at 254,700 seconds whereas the grid with h=4 reaches equilibrium after 282,600 seconds.
Finer Grids (h≤1): Resolution becomes better when the parameter h decreases as equilibrium approaches approximately 251,700 seconds with minimal h of 0.5.
Conclusion: Trade-off: When computational parameters become smaller (h reduces) precision improves but computational errors become greater





7.2 Influence of Time Step (Δt)
[image: A table with numbers and lines  Description automatically generated]
[image: ]
[bookmark: _Hlk188643502]The size of each time step establishes how the temporal resolution behaves. The computation time decreases when Δt expands but this larger Δt creates a higher probability of stability breaches which result in less accurate outcomes.
Observations: 
Larger Time Steps: The duration to reach equilibrium extends with decreased temporal resolution.
Example: The system reached equilibrium at 528,000 seconds with Δt=2000 and at 282,775 seconds when Δt was 25.
Smaller Time Steps: A decrease in time step (Δt) both decreases equilibrium time and improves result stability.
Example: Below Δt=100, results converge.
Conclusion:
Trade-off: However, this setup requires more computational resources and the accuracy, and the stability improve when Δt gets smaller.
Recommendation: The choice for Δt must fulfil the condition (Fo≤0.25).
7.3 Influence of Tolerance
[image: A table with numbers and a few black text  Description automatically generated with medium confidence]
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[bookmark: _Hlk188643630]Tolerance defines the convergence criterion. However, smaller tolerance leads to a better accuracy but at the cost of longer computational time.
Observations: Larger Tolerances (≥0.1): Faster convergence but reduced accuracy.
Example: At tolerance=0.1, equilibrium occurs in 57,500 seconds.
Smaller Tolerances: Improves accuracy but delays convergence.
Example: At tolerance=0.000001, equilibrium occurs in 723,500 seconds.
Conclusion:
Trade-off: However, higher computational resource trade-off exists compared to smaller tolerances which provide more accurate calculation.
Recommendation: Select desired application tolerance levels that directly correspond with achieving this accuracy.






8. Main Model’s Limitations
The numerical model for solving the 2D heat diffusion equation has limitations in two areas: The numerical model's accuracy faces limitations originating from the numerical method itself as well as from code implementation constraints and underlying assumptions. The models accuracy, stability, and generalizability are impacted by these parameters.
8.1 Limitations Due to the Numerical Method
Round-off Error:   When fine grids are used or when long simulations are run, small inaccuracies in floating point arithmetic accumulate through each calculation step (Chapra & Canale, 2015).
Truncation Error: Errors rise with bigger grid spacing (h) and time increments (Δt) when higher-order Taylor series terms are ignored during finite difference derivations (Iserles, 2009).
Complex Geometry: The model applies only to rectangular plates with uniform grids which confines its use to irregular shapes or curved boundaries unless substantial modifications occur (Jaluria, 2007).
Stability: EFDM is conditionally stable, requiring F=αΔt/h^2≤0.25. Adopting this stability condition restricts time step length as well as grid spacing yet failure to implement it leads to system instability (Patankar, 1980).
8.2 Limitations Due to the Coding Implementation
Thermal Equilibrium Definition: Equilibrium is defined numerically as when the maximum absolute difference between successive temperature maps falls below a specified tolerance (default: 0.01°C). A purely numerical standard fails to represent actual physical equilibrium conditions, and this can cause either the early stopping of calculations or unnecessary extended computation time (Jaluria, 2007).
Discretization Assumptions: Assumptions of uniform grid spacing alongside constant material properties prevent this code from simulating heterogenous materials effectively as well as systems exhibiting non-uniform heat conduction (Chapra & Canale, 2015).
Computational Efficiency: Stability criteria necessitate tiny time steps which in turn require many solution iterations. Extended simulations as well as large domains and fine grids make the model computationally expensive (Iserles, 2009).
9. Suggested Improvements and Future Developments
This section we examine advanced numerical methods and refined approaches to overcome the model's existing impediments and boost its accuracy and efficiency alongside usability.
9.1 Adoption of ADI or Implicit Finite Difference Methods
Problem with Current Approach: EFDM needs limited time steps defined by the equation Δ𝑡≤h^2/4α which leads to longer processing times whenever simulations involve detailed grids or expanded domains.
Proposed Solution: The Alternating Direction Implicit (ADI) Method together with Implicit Finite Difference Methods (IFDM) should be implemented.
ADI Method: The method swaps solution directions between x- and y-axes at each time step to permit bigger time steps and maintain manageable computational costs because of tridiagonal matrices.
IFDM: This method achieves unconditional stability across time steps while reducing computational iterations by solving necessary linear equations.

Expected Benefits:
· Usage of greater time intervals permits quicker computer simulations that maintain precise outcomes.
· Improved stability in numerical calculations produces reliable outcomes on detailed fine grids.
9.2 Numerical Alternatives to FDM for Complex Geometries
Problem with Current Approach: The model's basis as a rectangular grid with uniform spacing creates barriers against processing non-uniform shapes or boundary discrepancies.
Proposed Solution: The adoption of advanced methods will improve system flexibility.
Finite Element Method (FEM): The approach discretizes complex shapes along with material diversity using non-uniform elements throughout the domain.
Finite Volume Method (FVM): Maintains accuracy of heat flux by applying integration across control volume sections which also suits mixed boundary conditions.
Boundary Element Method (BEM): This method minimizes computational elements because it converts only boundary sections for domains that either extend to infinity or possess large spatial measurements.
Expected Benefits: The capability to achieve better accuracy and adaptability extends to modelling systems with nonstandard shapes and variable material compositions alongside real-world domains with curved boundaries along with complex edges.
9.3 Investigating More Robust Ways to Model Thermal Equilibrium
Problem with Current Approach: Successive temperature map differences measured as maximum absolute values define thermal equilibrium though this method might miss actual physical system behaviours.
Proposed Solution: Determine equilibrium through physics-based measurements which include energy conservation principles together with steady-state heat flux interpretation.
Equilibrium needs confirmation through analysis and experimental results comparison.
Dynamic tolerance adjustment requires stricter tolerances on detailed grids but permits greater tolerances on larger grids.
Expected Benefits: Improved physical representation of thermal equilibrium, greater accuracy in convergence detection, and reduced unnecessary computations.

9.4 Other Suggested Improvements
Parallel Computing: MATLAB's parallel computing toolbox cuts computation time of refined grids or extended simulation times by speeding up matrix operations.
Adaptive Mesh Refinement: Areas with sharp thermal gradients require finer meshing, but the rest of the domain stands better to coarser meshing to ensure efficient computer resource use.
Material Property Variations: Simulations of heterogeneous materials become more precise when models accommodate spatial thermal property differences designated by k (x, y).
Incorporate Convective and Radiative Effects: Real life boundary conditions demand that the model includes both convection and radiation elements.
10. Conclusion
The analysis reported here demonstrates the numerical modeling of 2D heat diffusion using EFDM while achieving its stated aims and objectives. A condensed list of major findings and results follows.
10.1 Review of Aims and Objectives
This assignment confirmed EFDM's effectiveness in MATLAB to solve heat diffusion problems on rectangular plates. The numerical solutions aligned well with analytical results since the maximum errors remained under 0.1°C thereby validating model accuracy. The study's sensitivity analysis indicates that while finer grids together with smaller time steps produced more accurate results, they required greater computational resources. The report also found problems such as truncation error and conditional stability was easily solved through implicit methods and advanced numerical techniques.
10.2 Key Findings
The EFDM produced precise temperature distributions as long as the screening condition of Fo≤0.25 was satisfied. Higher precision in EFDM simulations and more detailed computational models require fewer time steps together with finer grid spacing produces precise thermal equilibrium. The numerical model delivered precise temperature analysis for rectangular plates while struggling to process complex shapes and mixed materials.
10.3 Reinforcement of the Main Message
Through this investigation the study confirms that EFDM presents promising solutions for heat diffusion challenges. EFDM provides accurate results and simple implementation yet reveals functional limitations that require advanced methods such as implicit techniques combined with FEM and FVM for modelling complex shapes and nonlinear behaviours. The report provides groundwork for investigation of complex numerical approaches to heat transfer analysis.
10.4 Future Outlook
Future work moving forward will need to increase implicit computational efficiency and broaden mathematical tools and exact physics of thermal stability simulations. By developing this physics, engineers will be able to generate accurate predictions for heat transfer and to simplify design progress for complicated engineering systems.

11. References 
Bergman, T.L., Lavine, A.S., Incropera, F.P. & DeWitt, D.P. (2017). Introduction to Heat Transfer. 7th ed. Wiley, Hoboken, New Jersey.
Chapra, S.C. & Canale, R.P. (2015). Applied Numerical Methods with MATLAB for Engineers and Scientists. 4th ed. McGraw-Hill, New York.
Chen, M., Deng, W., & Wu, Y. (2012). "Second order finite difference approximations for the two-dimensional time-space Caputo-Riesz fractional diffusion equation." Journal of Computational Physics, 231(21), 7677-769 
Djordjevich, A. (2017). "Explicit finite-difference solution of two-dimensional solute transport with periodic flow in homogeneous porous media." Journal of Hydrology and Hydromechanics, 65(4), 353-361
Iserles, A. (2009). A First Course in the Numerical Analysis of Differential Equations. 2nd ed. Cambridge University Press, Cambridge.
Jaluria, Y. (2007). Computational Heat Transfer. 2nd ed. CRC Press, Boca Raton, Florida.
Kovács, E. (2021). "A class of new stable, explicit methods to solve the non-stationary heat equation." arXiv preprint arXiv:2104.12530.
Patankar, S.V. (1980). Numerical Heat Transfer and Fluid Flow. CRC Press, Boca Raton, Florida.
Riane, N., & David, C. (2018). "The Finite Difference Method for the heat equation on Sierpiński simplices." arXiv preprint arXiv:1802.09925
Smith, G.D. (1985). Numerical Solution of Partial Differential Equations: Finite Difference Methods. 3rd ed. Oxford University Press, Oxford.
Stevens, M. (2023). "Introduction to the Explicit Finite Difference Method". Available at: https://example.com/explicit-fdm [Accessed 15 January 2025].
Zouraris, G. E. (2020). "A Relaxation/Finite Difference discretization of a 2D Semilinear Heat Equation over a rectangular domain." arXiv preprint arXiv:2006.14092










12. Appendix (script)
clc
clear
% Define Material Properties of Aluminum
k = 143; % Thermal conductivity (W/m°C)
rho = 2800; % Density (kg/m³)
cp = 795; % Specific heat (J/kg°C)
% User Input for Plate Dimensions, Boundary Conditions, and Grid
X = input('Enter plate width (m): ');
Y = input('Enter plate height (m): ');
T0 = input('Enter boundary temperature T0 (°C): ');
h = input('Enter grid spacing h (m): ');
% Ensure the grid spacing is compatible with plate dimensions
while mod(X, h) ~= 0 || mod(Y, h) ~= 0
    disp('Grid spacing must divide plate dimensions evenly.');
    h = input('Enter grid spacing h (m) again: ');
end
 % Define the grid based on user inputs
 Nc = X / h + 1; 
 Nr = Y / h + 1; 
 % Stability Criterion Calculation
 alpha = k / (rho * cp); 
 dt = input('Enter time step Δt (s): ');
 while dt > h^2 / (4 * alpha)
    fprintf('Time step does not satisfy stability criterion. Reduce Δt.');
    dt = input('Enter time step Δt (s) again: ');
 end
 % Fourier Number F0
 F0=(alpha*dt)/h^2;
 % Step 3: Initialize Temperature matrix
 T1= zeros(Nr, Nc); 
 % Boundary Conditions
 T1(1,:) = T0; % North boundary
 T1(end,:) = -T0; % South boundary
 % Initialise a second matrix T2
 T2 = T1; 
% Step 4: Time Loop for EFDM Temperature Update
equilibrium = false; 
% Flag for thermal equilibrium
t = 0; % Initialize time
tolerance = 0.000001;
% Convergence tolerance for thermal equilibrium
while ~equilibrium
    T1 = T2; % To account for the evolution of temperature through time
    % Calulating the temperature at the next time step using EFDM
    for i = 2:Nr-1
        for j = 1:Nc
            if j>1 && j<Nc
            T2(i, j) = F0*(T1(i,j+1) + T1(i,j-1) + T1(i-1,j) + T1(i+1,j) - (4-1/F0)*T1(i,j));
            elseif j==1
               T2(i, j) = F0*(T1(i,j+1) + T1(i,j+1) + T1(i-1,j) + T1(i+1,j) - (4-1/F0)*T1(i,j));
            else
                T2(i, j) = F0*(T1(i,j-1) + T1(i,j-1) + T1(i-1,j) + T1(i+1,j) - (4-1/F0)*T1(i,j));
            end
        end
    end

    % Check for thermal equilibrium
    if max(max(abs(T2 - T1))) < tolerance
        equilibrium = true;
    end

    % Increment time
    t = t + dt;
end 
%ANALYTICAL SOLUTION
TA=zeros(Nr,Nc);
for i=1:Nr
    for j=1:Nc
        yc=h*(i-1);
        xc=h*(j-1);
        S=0;
        for k=1:100
            S=S+1/(100*k*pi)^2 * (-1-(-1)^k) * sin(k*pi*yc/Y)/sinh(k*pi*X/Y) * (cosh(k*pi*xc/Y)-cosh(k*pi*(xc-X)/Y));
        end 
        TA(i,j)= -T0 + 2*T0/Y * yc + S;
    end
end

% Step 5: Display Results
fprintf('Numerical Temperature Distribution T2 (in °C) at  thermal equilibrium:\n');
disp(T2);
fprintf('Analytical Temperature Distribution TA (in °C) at  thermal equilibrium:\n');
disp(flip(TA));
fprintf("Absolute difference between the Analytic and Numerical Temperature Distribution at thermal equilibrium:\n");
DT=abs(T2-flip(TA));
disp(DT)
fprintf('The maxium difference between the 2 solution is %0.4f degrees:\n',max(DT,[],'all'));
fprintf('The time taken to reach thermal equilibrium is %0.2f seconds\n',t)
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