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1. [bookmark: _Toc30640211]Introduction
The simulation of heat transfer through a homogenous material has many cross industry applications such as heat exchangers or radiators. As part of the assessment for this module the author was tasked with simulating heat transfer in a rectangular 2D Aluminium plate using Matlab. This was to be completed to allow an end user to simulate the heat distribution in the plate where they are able to specify the dimensions of the plate, the grid spacing value and the timestep with a view to minimise limitations on the user while remaining relatively idiot proof. In order to further minimise the limitations on the user the script has been supplemented with dialog boxes to allow the user the choice of either, using the provided values of Aluminium as outlined in the brief, or to input their own values for another material etc. The second part of the coursework contained within this report is the analysis of both the results provided by the simulation and also of the script and the mathematical model it is based on.



2. [bookmark: _Toc30640212]The constitutive equation
2.1. [bookmark: _Toc30640213] The heat equation
Also known as the Fourier-Biot equation is used to calculate the heat transfer through a plate with respect to both space and time 

(Lewis, 1996)
3. [bookmark: _Toc30640214]Numerical method chosen to discretise the constitutive equation 
The method chosen to discretise the heat equation is the finite difference method. This method uses small changes in space or time to approximate the change in temperature, therefore, much like the way an FEA or CFD study becomes more accurate the finer the mesh, this method becomes more accurate the smaller the grid spacing or timestep.
The finite difference method was one of the early methods for closely approximating differential equations that are not possible to solve. The method was created by Euler in the late 1760’s and applies the Taylor series to discretise the partial differentials into polynomials that can be more easily solved analytically. (Blazek, 2015)
3.1. [bookmark: _Toc30640215] Finite difference method

This equation cannot be used by Matlab, therefore, a Finite difference model solution was derived to closely approximate the heat transfer.

Then because



Where;

However, the assessment involves a 2D plate, therefore, the last term can be removed to give 

Substituting these values into the equation gives 

However, using the Explicit method Cartesian coordinate temperature values can be used to approximate the temperature at a point at the following timestep. 


These values can then be substituted into the equation below







[bookmark: _GoBack] (Croft & Stone, 1977)
3.2. [bookmark: _Toc30640216] Taylor series expansion
The Taylor series expansion developed by English mathematician Brook Taylor as a method to convert partial differentials into polynomials that can be more easily calculated. This is done by taking an infinite number of small approximations (the more used the more accurate the conversion will be) and substituting them in for the partial differential. (KHAN academy, 2011)
[bookmark: _Hlk30535869] 
[image: ]This can be written more concisely as;
Using the forward and central difference approximations shown below
3.2.1. [bookmark: _Toc30640217]Forward difference

[bookmark: _Hlk30536890]

The forward difference method is used to approximate the first order partial differential

This can be approximated to 

Where h = ∆t = n+1 and 

3.2.2. [bookmark: _Toc30640218]Central difference
The Central difference method for second order derivatives is derived by adding the forward and backward difference methods together

Remove the truncation error and cancel down to get




The central difference method is used to approximate the second order partial differentials

They can be approximated to 


Where h = GS (grid spacing) and 


The +/- GS used in these equations are converted to a NESW coordinates for ease of understanding 


(Lewis, 1996)





4. [bookmark: _Toc30640219]Boundary conditions
4.1. [bookmark: _Toc30640220] Initial conditions 
The plate in both of the simulations had an initial temperature of zero degrees, and all boundary conditions are assumed to be applied the instant that the simulation begins. It is also assumed that both front and rear faces are perfectly insulated, meaning that there is no heat transfer in or out of the plate via conduction or convection.  
4.2. [bookmark: _Toc30640221] Validation code 
[image: ]
Validation code boundary conditions
In order to validate the method that was to be used in the assessment another script was created using a set of simple boundary conditions where the outcomes could be predicted relatively accurately. This could then be used to collect data and compare with the expected results. Provided the results from the validation code matches the expected values then it validates the assessment code as they are both using the same principles to calculate the results.
As the boundary conditions were known, Dirichlet boundary conditions were applied at fifty degrees on the eastern boundary and zero degrees on the western boundary with both the northern and southern boundaries being set to range from fifty to zero with an equal step per grid space.  
4.3. [bookmark: _Toc30640222][image: ]Assessment code

In the assesment code the heat was applied only to the northern boundary following a Gaussian distribution between ten and sixty degrees celsius. The three remaining boundaries were perfectly insulated meaning that there was no heat transfer in or out of those boundaries. This caused complications in applying the boundary conditions resulting in the need to alter the equations.
As the boundary conditions for this simulation were that three of the boundaries were perfectly insulated, therefore, have no temperature gradient the Neumann derivative boundary condition could be applied to the boundaries replacing the missing node with the value for node p


5. [bookmark: _Toc30640223]Detail script
5.1. [bookmark: _Toc30640224]Gaussian distribution
[image: ]The first section of the code is used to collect the user inputs for the X and Y dimensions of the plate. While loops are used to request a different input from the user if they leave the answer blank, or if the answer is negative as this will create errors in the running of the code.
 The following section is used to collect the user input grid spacing value for the plate, once again there is a while loop to ensure that the user cannot leave the input blank or input a negative value, however, it also has a second while loop function of  checking the calculated remainder values are zero and if it fails on any one of these checks then the code will ask the user to input a new value.
[image: ]

The next section is used to define the size of the matrix and to fill the matrix with zeros using zeros function. Once this is completed the Gaussian distribution is calculated and allocated into the northern boundary condition. Finally, a new matrix is created that is equal to the already created matrix. 
[image: ]The next step is a dialogue question box, this asks the user whether they want to use the provided values as stated in the assignment brief or do they wish to input their own values to allow for a wider range of materials. This is done by using a switch function to start each of the options and a case function to determine which input it answers. While loops are also used here to ensure that the values cannot be left blank or have a value of less than zero. If this is the case the user is required to enter a different value.
[image: ]
This is followed by the calculation of both the thermal diffusivity (Alpha) and the max timestep, before requesting the user input a value for the timestep which must be less than the calculated maximum time step due to the Fourier stability criterion. Once again a while loop is used to ensure the user inputs a valid answer.
[image: ]

The next section calculates the Fourier value before using a string function to convert the array into numerical values that can be displayed in a list dialogue box to allow the user to choose their accepted tolerance. This reduces the time taken to solve the simulation when higher accuracy is not required. Two loop counters are also set to start at zero in this section. 
[image: ]
The following section begins with a question dialogue box asking the user whether they would like to see a live plot of the values or whether they would prefer to see just the end result even if the live plot will decrease performance.
[image: ]
The penultimate section consists of a while loop containing both loop counters and equations, these apply the boundary conditions and calculate the temperature variants within the plate. This section also plots every ten loops into colour plots. After this, the end condition is defined as being the difference between the new matrix and the old matrix if this is less than the user inputted tolerance then the code will end.
[image: ]
The final section is much the same as the penultimate section with the only difference being that the colour plot is plotted outside of the while loop after the end condition meaning that it will only plot the end result.
[image: ]

Finally, the iteration count is displayed and the time taken to reach convergence is calculated and displayed. 
[image: ]


6. [bookmark: _Toc30640225]Analysis of the results
6.1. [bookmark: _Toc30640226] Change in grid spacing  
[bookmark: _Toc30640227][image: ]









Although theoretically all of the results should be the same the results show that the larger the grid spacing the longer the plate took to reach convergence. It also shows that larger grid spacing values did not reach convergence, this is likely due to the heat having to travel a further distance to make a change in the value at a point. This is one of the flaws in this model and is discussed later on in the report. 
This is largely due to the calculation of the Fourier number equation shown below 
 

Where h = grid spacing, therefore the larger the grid spacing the smaller the Fourier number will be. This will then be a smaller multiplier in the equation for  meaning that there will be a smaller change in the temperature per timestep which will then cause the requirement of more iterations and more time taken to reach convergence
6.2. [bookmark: _Toc30640228][image: ][image: ] Change in timestep









The results show that the time taken to reach convergence also increases as the timestep increases. This contrasts with how the change would affect the results in theory, because the larger timestep would increase the Fourier number and therefore create larger increases in temperature at each node per iteration. This would mean that there would be fewer iterations required to reach convergence, however, this is not enough to counteract the larger timestep per iteration hence the longer convergence times.



6.3. [bookmark: _Toc30640229][image: ][image: ] Change in convergence accuracy









The convergence accuracy is one of the most important aspects of the simulation as it controls when the simulation reaches an accepted equilibrium. As shown in the results a higher convergence value is not only less accurate but will likely not represent anything close to true equilibrium. The lower convergence values take longer to reach because of the way the script assesses convergence. To accomplish this the code will check whether any of the nodes have changed by more than the convergence value, if they have then the simulation continues, however, if they have not then the simulation stops as convergence has been reached. It is for this reason that extremely low convergence values are not recommended unless absolutely necessary. 
The accuracy required for the application and the amount of simulation time available must be considered when selecting a convergence accuracy, as the convergence value gets lower the simulation time gets exponentially higher.

7. [bookmark: _Toc30640230]Limitations of the model
The model used is very limited, firstly because the simulation will never reach true thermal equilibrium within a reasonable timescale, therefore a convergence value was created and an input used to allow the user to define their own tolerance, in order to shorten the solve time or increase the accuracy.
This simulation also assumes that the plate is made from a homogenous material that contains no defects or voids that could alter the results. Another limitation of using this model is that the model only considers heat transfer from the other Cartesian coordinates which is far more applicable to the validation code as the temperatures form a grid, however, in the assessment code there is far more thermal diffusion happening from other angles, this may affect the resultant time taken for the simulation to reach convergence.
This simulation has a further limitation which is that it is being run on a 2D plate. Two-dimensional objects do not exist as all objects have at least a very small thickness. The simulations also do not take into account any heat transfer into or out of either of the two faces via convection.
Truncation error applies to the Taylor series,which is caused by the cut-off of the Taylor series expansion as the expansion goes on the terms become smaller and smaller. As it is not possible to solve an infinite number of polynomials an accepted level of inaccuracy must be selected, the more expansion terms used the more accurate an approximation will be calculated. (KHAN academy, 2011) (Lewis, 1996)
The method is also flawed in that the simulation will reach convergence long before reaching equilibrium, when either or a combination of high convergence values, large grid spacing or small timesteps because small timesteps and or large grid spacing of these will reduce the temperature difference between iterations. The small-time step and large grid spacing will both contribute to a smaller Fourier number meaning that the temperature difference between the same point per timestep will be smaller and will cause an earlier confirmation of the convergence criteria.
There is also a flaw in Matlab known as roundoff error caused by Matlab rounding numeric values to a maximum of 15 decimal places, this will not create a large error in the first instance as most of the values used do not exceed the limit. However, as the code used is iterative the error is multiplied in each iteration which can cause larger errors in the final results 

8. [bookmark: _Toc30640231]Suggested improvements 
· The use of the full finite difference method would allow for both the use of 3d plates and the application of boundary conditions to the front and rear face.
· The script could also be further optimised not only to save computing time but to limit the user to timestep and grid spacing inputs that will not affect the accuracy of the results.
· Solve limitation issues 
· Further, optimise the script to run faster 


9. [bookmark: _Toc30640232]Conclusion 
The aim of the assessment was to develop a Matlab script to simulate heat transfer through a 2D plate, although the method used is flawed the results collected display the expected results. The settings of the validation code were then used to create the assessment code. The code was also adapted to allow for other; material properties to be input, convergence accuracies and live or end results to be chosen not only reducing limitations on the user but reducing computing time as well.
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11. [bookmark: _Toc30640234]Appendices 
11.1. [bookmark: _Toc30640235]Validation script
12. clc
13. clear all
14.  
15. prompt = 'input Y dimension in m and press enter ';
16. Y = input (prompt);
17. while (Y<0)
18.     prompt = 'input Y dimension in m and press enter ';
19.     Y = input (prompt);
20. end
21. %Y dimension input while loop to define it as larger than 0
22.  
23. prompt3 = 'input X dimension in m and press enter ';
24. X = input (prompt3);
25. while (X<0)
26.     prompt3 = 'input X dimension in m and press enter ';
27.     X = input (prompt3);
28. end
29. %X dimension input while loop to define it as larger than 0
30.  
31. prompt2 = 'input grid spacing value (must be a factor of both dimensions)';
32. h = input(prompt2);
33. r1 = rem(Y,h);
34. r2 = rem(X,h);
35. while (r1>0 | r2>0)
36.     prompt2 = 'input grid spacing value remember both dimensions must be divisible by the grid spacing'
37.     h = input(prompt2)
38.     r1 = rem(Y,h)
39.     r2 = rem(X,h)
40. end
41. %grid space input. Divide dimenssions by GS while loop to ensure no
42. %remainders or input again
43. nYnodes = (Y/h)+2;
44. nXnodes = (X/h)+2;
45. %adding boundary layers
46.  
47. A = zeros (nYnodes,nXnodes);
48.  
49.  
50. b1 = linspace(50,0,nXnodes);
51. %defining top and bottom layer values
52.  
53. A(1,:)= b1;
54. A(nYnodes,:)= b1;
55. A(:,1)=50;
56. A(:,nXnodes)= 0;
57. %applying boundary comditions
58.  B=A;
59.  
60.  
61.  
62.  
63. question = questdlg({'Would you like to simulate using provided values for Aluminium or input your own values for other materials?','inputing own values may decrease performance'},'Provided values',...
64.     'Provided values','Own values','Own values');
65. switch question
66.     case 'Provided values'
67.         k = 143;
68.         D =2.8e3;
69.         c = 795;
70. end
71. switch question
72.     case 'Own values'
73.         k = input ('input conductivity value in W/m.C ')
74.         while  isempty(k) || k<=0
75.             k = input('input conductivity value in W/m.C ')
76.         end
77.         D = input ('input Density value in kg/m^3 ')
78.         while isempty(D) || D<=0
79.             D = input ('input Density value in kg/m^3 ');
80.         end
81.         c = input ('input specific heat capacity in J/kg.C ')
82.         while isempty(c) || c<=0
83.             c = input ('input specific heat capacity in J/kg.C ');
84.         end
85. end
86.  
87. alpha = k/(D*c);
88. stop = 0;
89.  
90. maxtimestep = (0.25*h^2)/alpha
91. s = input ('input timestep s in seconds (must be less than maxtimestep) ');
92. while isempty(s) || s<0 || s>=maxtimestep
93.     s = input ('input timestep s in seconds (value must be positive) ');
94. end
95.  
96. F0 = (alpha*s)/h^2;
97. %calculate fourier number
98.  
99.  
100.  
101. errorrange=[0.0001 0.001 0.01 0.1 1];
102. errorrange = string(errorrange);
103. [selection] = listdlg('ListString',errorrange,'PromptString','What is your accepted tolerance (accurate to the nearest _____ degrees Celcius)?','SelectionMode','Single');
104. err=errorrange (selection);
105. err= str2double(err);
106.  
107. itteration = 0;
108. question = questdlg({'Would you like live or end results?','Live results will decrease performance'},'End Results',...
109.     'End Results','Live Results','Live Results');
110. switch question
111.     case 'Live Results'
112.         while true
113.             stop = stop+1;
114.             A=B ;
115.             itteration = itteration+1;
116.             %iteration counter
117.             while stop==10
118.                 contourf(B,'ShowText','on');
119.                 set(gca,'ydir','reverse','Xtick',[],'Ytick',[]);
120.                 
121.                 xlabel('X-Dimension')
122.                 ylabel('Y-Dimension')
123.                 ax = gca;
124.                 ax.Title.String = 'Heat distribution map';
125.                 colorbar;
126.                 drawnow;
127.                 stop = 0;
128.                 
129.             end
130.             %heatmap display
131.             
132.             B(2:nYnodes-1,2:nXnodes-1) = F0*(A(2:nYnodes-1,(2:nXnodes-1)+1)+A(2:nYnodes-1,(2:nXnodes-1)-1)+A((2:nYnodes-1)-1,2:nXnodes-1)+A((2:nYnodes-1)+1,2:nXnodes-1)-(4-(1/F0))*A(2:nYnodes-1,2:nXnodes-1));
133.             
134.             %applying equation
135.             
136.             
137.             difference = B-A;
138.             if err>max(max(abs(difference)))
139.                 break
140.             end
141.             
142.         end
143. end
144. switch question
145.     case 'End Results'
146.         while true
147.             stop = stop+1;
148.             A = B;
149.             itteration = itteration+1;
150.             %iteration counter
151.             
152.             %heatmap display
153.             
154.             B(2:nYnodes-1,2:nXnodes-1) = F0*(A(2:nYnodes-1,(2:nXnodes-1)+1)+A(2:nYnodes-1,(2:nXnodes-1)-1)+A((2:nYnodes-1)-1,2:nXnodes-1)+A((2:nYnodes-1)+1,2:nXnodes-1)-(4-(1/F0))*A(2:nYnodes-1,2:nXnodes-1));
155.             
156.             %applying equation
157.             
158.             
159.             difference = B-A;
160.             if err>difference
161.                 break
162.             end
163.             
164.         end
165.         contourf(B,'ShowText','on');
166.         set(gca,'ydir','reverse','Xtick',[],'Ytick',[]);
167.         
168.         xlabel('X-Dimension')
169.         ylabel('Y-Dimension')
170.         ax = gca;
171.         ax.Title.String = 'Heat distribution map';
172.         colorbar;
173.         drawnow;
174. end
175. display(itteration)
176. display(err)
177. timetakentoreachconvergence = itteration*s
178. 
11.2. [bookmark: _Toc30640236] Assessment script
12. clc
13. clear all
14.  
15. Y = input('input Y dimension in m and press enter ');
16. while (isempty(Y) || Y<=0)
17.     Y = input ('input Y dimension in m and press enter (the value must be positive) ');
18. end
19.  
20. X = input ('input X dimension in m and press enter ');
21. while isempty(X) || X<=0
22.     X = input ('input X dimension in m and press enter (the value must be positive) ');
23. end
24.  
25. h = input('input grid spacing value (must be a factor of both dimensions) ');
26. while  isempty(h) || h<=0
27.     h = input('input grid spacing value (must be a factor of both dimensions) ');
28. end
29. r1 = rem(Y,h);
30. r2 = rem(X,h);
31. while (r1>0 || r2>0)
32.     prompt2 = 'input grid spacing value (must be a factor of both dimensions)'
33.     h = input(prompt2)
34.     r1 = rem(Y,h)
35.     r2 = rem(X,h)
36. end
37.  
38. nYnodes = (Y/h)+1;
39. nXnodes = (X/h)+1;
40. A = zeros (nYnodes,nXnodes)
41.  
42. mu =(((nXnodes+1))/2)
43. sigma = sqrt((-(nXnodes-mu)^2)/(2*(log(10/60))))
44. A(1,1:nXnodes) = 60*exp(-(((1:nXnodes)-mu).^2)/(2*(sigma^2)))
45.  
46. B=A;
47.  
48. question = questdlg({'Would you like to simulate using provided values for Aluminium or input your own values for other materials?','inputing own values may decrease performance'},'Provided values',...
49.     'Provided values','Own values','Own values');
50. switch question
51.     case 'Provided values'
52.         k = 143;
53.         D =2.8e3;
54.         c = 795;
55. end
56. switch question
57.     case 'Own values'
58.         k = input ('input conductivity value in W/m.C ')
59.         while  isempty(k) || k<=0
60.             k = input('input conductivity value in W/m.C ')
61.         end
62.         D = input ('input Density value in kg/m^3 ')
63.         while isempty(D) || D<=0
64.             D = input ('input Density value in kg/m^3 ');
65.         end
66.         c = input ('input specific heat capacity in J/kg.C ')
67.         while isempty(c) || c<=0
68.             c = input ('input specific heat capacity in J/kg.C ');
69.         end
70. end
71. alpha = k/(D*c);
72. maxtimestep = (0.25*h^2)/alpha
73. s = input ('input timestep s in seconds (must be less than maxtimestep) ');
74. while isempty(s) || s<=0
75.     s = input ('input timestep s in seconds (value must be positive ');
76. end
77.  
78. stop = 0
79. F0 = (alpha*s)/h^2
80. errorrange=[0.0001 0.001 0.01 0.1 1]
81. errorrange = string(errorrange)
82. [selection] = listdlg('ListString',errorrange,'PromptString','What is your accepted tolerance (accurate to the nearest _____ degrees Celcius)?','SelectionMode','Single')
83. err=errorrange (selection)
84. err= str2double(err)
85. %list = listdlg();
86. %{'How accurate would you like your results?','More accurate results will time taken for results please choose an accuracy '
87. itteration=0
88. %calculate fourier number
89.  
90. question = questdlg({'Would you like live or end results?','Live results will decrease performance'},'End Results',...
91.     'End Results','Live Results','Live Results');
92. switch question
93.     case 'Live Results'
94.         while true
95.             stop = stop+1;
96.             itteration=itteration+1;
97.             %iteration counter
98.             A = B;
99.             
100.             %left and right
101.             B(2:nYnodes-1,1) = F0*(2*A(2:nYnodes-1,2)+A((2:nYnodes-1)-1,1)+A((2:nYnodes-1)+1,1)+((1/F0)-4)*A(2:nYnodes-1,1));
102.             B(2:nYnodes-1,end)= B(2:nYnodes-1,1);
103.             
104.             %bottom
105.             B(end,2:nXnodes-1) = F0*(A(end,(2:nXnodes-1)+1)+A(end,(2:nXnodes-1)-1)+2*A(end-1,2:nXnodes-1)+((1/F0)-4)*A(end,2:nXnodes-1));
106.             
107.             %bottom left
108.             B(end,1) = F0*(2*A(end,2)+2*A(end-1,1)+((1/F0)-4)*A(end,1));
109.             
110.             %bottom right
111.             B(end,end) = B(end,1);
112.             
113.             %centre
114.             B(2:nYnodes-1,2:nXnodes-1) = F0*(A(2:nYnodes-1,(2:nXnodes-1)+1)+A(2:nYnodes-1,(2:nXnodes-1)-1)+A((2:nYnodes-1)-1,2:nXnodes-1)+A((2:nYnodes-1)+1,2:nXnodes-1)+((1/F0)-4)*A(2:nYnodes-1,2:nXnodes-1));
115.             
116.             while stop==10
117.                 contourf(B,'ShowText','on');
118.                 set(gca,'ydir','reverse','Xtick',[],'Ytick',[]);
119.                 xlabel('X-Dimension')
120.                 ylabel('Y-Dimension')
121.                 ax = gca;
122.                 ax.Title.String = 'Heat distribution map';
123.                 colorbar;
124.                 drawnow;
125.                 stop=0;
126.             end
127.             difference = B-A;
128.             if err>difference
129.                 break
130.             end
131.             
132.         end
133. end
134.  
135. switch question
136.     case 'End Results'
137.         while true
138.             stop = stop+1;
139.             itteration=itteration+1;
140.             %iteration counter
141.             A = B;
142.             
143.             %left and right
144.             B(2:nYnodes-1,1) = F0*(2*A(2:nYnodes-1,2)+A((2:nYnodes-1)-1,1)+A((2:nYnodes-1)+1,1)+((1/F0)-4)*A(2:nYnodes-1,1));
145.             B(2:nYnodes-1,end)= B(2:nYnodes-1,1);
146.             
147.             %bottom
148.             B(end,2:nXnodes-1) = F0*(A(end,(2:nXnodes-1)+1)+A(end,(2:nXnodes-1)-1)+2*A(end-1,2:nXnodes-1)+((1/F0)-4)*A(end,2:nXnodes-1));
149.             
150.             %bottom left
151.             B(end,1) = F0*(2*A(end,2)+2*A(end-1,1)+((1/F0)-4)*A(end,1));
152.             
153.             %bottom right
154.             B(end,end) = B(end,1);
155.             
156.             %centre
157.             B(2:nYnodes-1,2:nXnodes-1) = F0*(A(2:nYnodes-1,(2:nXnodes-1)+1)+A(2:nYnodes-1,(2:nXnodes-1)-1)+A((2:nYnodes-1)-1,2:nXnodes-1)+A((2:nYnodes-1)+1,2:nXnodes-1)+((1/F0)-4)*A(2:nYnodes-1,2:nXnodes-1));
158.             
159.             
160.             difference = B-A;
161.             if err>difference
162.                 break
163.             end
164.         end
165.         
166.         contourf(B,'ShowText','on');
167.         set(gca,'ydir','reverse','Xtick',[],'Ytick',[]);
168.         
169.         xlabel('X-Dimension')
170.         ylabel('Y-Dimension')
171.         ax = gca;
172.         ax.Title.String = 'Heat distribution map';
173.         colorbar;
174.         drawnow;
175. end
176. display(itteration)
177. timetakentoreachconvergence = itteration*s
178. 


Change in grid spacing
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input(‘input Y dimension in m and press enter

Y
while (isempty(¥) || ¥<=0)
Y = input ('input Y dimension in m and press enter
end
X = input ('input X dimension in m and press enter ');

X = input ('input X dimension in m and press enter

Tunne isempty(X) || X<=0
end

(the value must be positive)

(the value must be positive)





image6.png
h = input (*input grid spacing value (must be a factor of both dimensions) ');
while isempty(h) || h<=0
h = input (*input grid spacing value (must be a factor of both dimensions) '

end
Tl = rem(Y,h);
T2 = rem(x,h);
while (r1>0 || r2>0)
prompt2 = 'input grid spacing value (must be a factor of both dimensions)'
h = input (prompt2)
rl = rem(Y,h)
r2 = rem(x,h)
end
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n¥nodes = (¥/n)+1;
nXnodes = (X/n)+1;
2 = zeros (n¥nodes,nXnodes)

=(((nXnodes+1)) /2)
sigma = sqre((- (nXnodes-ma) “2)/ (2% (105 (10/60))))
A(1,1:nXnodes) = 60%exp (- (((1:nXnodes)-ma)."2)/ (2* (sigma2)))

5=
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question = questdlg({'Would you like to simulate using provided values for Aluminium or input your own values for other materials?’,
'inputing own values may decrease performance’}
"Provided values','Oun values','Own values'
switch question
case 'Provided values'
k= 143;
D =2.%e3
o =79

Provided values'

ena
switen question
case 'Own values'
X 2 inpuc (*input conductivity value in W/m.C ')

while isempty(k) || ke=0
k £ input('input conductivity value in W/m.C ')

ena
D £ input ('inpuc Denmsity value in kg/m'3 ')
while isempty(D) |1 D<=0

D = input ('input Demsity value in ka/m'3

ena
¢ 2 input (*input specific heat capacity in J/kg.C ')
wnile isempey(c) |1 e<=0

G = input (*inpuc specific heat capacity in J/kg.C '

ena

ena

alpha = K/ (D*e) ;

maxtimestep = (0.25+n°2) /alpha

s = input ('input timestep s in seconds (must be less than maxtimestep)

[unile isempty(s) || s<=0

s = input ('input timestep s in seconds (value must be positive '

end
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alpha = k/(D*c);

maxtimestep = (0.25h"2)/alpha

s = input ('input timestep s in seconds (must be less than maxtimestep)
Tulule isempry(s) || s<=0

s = input ('input timestep s in seconds (value must be positive ');
end
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stop = 0
FO = (alpha*s)/n2

errorrange=[0.0001 0.001 0.01 0.1 1]

errorrange = string(errorrange)

[selection] = listdlg('ListString',errorrange, 'PromptString’,
"What is your accepted tolerance (accurate to the nearest degrees Celcius)?','Selectiontode’, 'Single’)

errzerrorrange (selection)
stradouble (exz)
itteracion=0
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question = questdlg({'Would you like live or end results?',...
'Live results will decrease performance’},'End Results’,...
'End Results','Live Results','Live Results'):
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switch question
case 'Live Results'
while true
stop = stop+l;

itteration=itteration+l;
titeration counter
a=3:

tleft and right
B(2:n¥nodes-1,1) = FO* (2¢A(2:n¥nodes-1,2) +A((2:n¥nodes-1)-1,1) +A((2:n¥nodes-1) +1, 1) + ((1/F0) ~4) *A(2:n¥nodes-1,1)) ;
B(2:n¥nodes-1,end)= B(2:n¥nodes-1,1) ;

potzom
B(end, 2:nXnodes-1) = FO* (A(end, (

snXnodes-1)+1) +A (end, (2:nXnodes-1) -1) +24A (end-1, 2 :nXnodes-1) + ( (1/F0) -4) *A(end, 2 :nXnodes-1)) ;

pottom left
B(end,1) = FO* (2*A(end, 2)+2*A(end-1,1)+( (1/F0) ~4) *A(end, 1)) ;

tpottom right
B(end,end) = B(end,1):

scentre

B(2:n¥nodes-1, snXnodes-1) +A((2:n¥nodes-1) +1,2:nXnodes—1) + ((1/F0) -4) *A (2:n¥nodes-1, 2 :nXnodes-1) ) ;

snXnodes-1) = FO* (A(2:n¥nodes-1, (2:nXnodes-1) +1) +A(2:n¥nodes-1, (2:nXnodes-1) -

while stop==10
contourf (8, ' ShowText', 'on');
set(gea, 'ydir', 'reverse’, 'Xeick', [1,'Yeick’, [1);
xlabel (*X-Dimension’)
ylabel (*¥Y-Dimension’)
ax = gea:
ax.Title.String = 'Heat distribution map';
colorbar.
drawnow:
stop=0;
end
difference = B-A:
if err>difference
break
end

end




image13.png
Switch question
case 'End Results'
while true

stop = stop+l;

itteration=itteration+l;
titeration counter
a=3:

tleft and right
¥nodes-1,1) = FO* (2*A(2:n¥nodes-1,2)+A((2:n¥nodes-1)-1,1) +A((2:n¥nodes-1) +1,1) +( (1/F0) -4) *A(2:n¥nodes-1,1)) ;
sn¥nodes-1,end)= B(2:n¥nodes-1,1) ;

potzom
B(end, 2:nXnodes-1) = FO* (A(end, (2:nXnodes-1) +1) +A (end, (2:nXnodes-1)-1) +2*A(end-1,2:nXnodes-1) + ( (1/F0) ~4) *A(end, 2:nXnodes-1) ) ;

pottom left
B(end,1) = FO* (2*A(end, 2)+2*A(end-1,1)+( (1/F0) ~4) *A(end, 1)) ;

tpottom right
B(end,end) = B(end,1):

scentre
B(:

=x snXnodes-1)-1) +A((2:n¥nodes-1) -1, 2 :nXnodes-1) +A( (2:n¥nodes-1) +1, 2 :nXnodes-1) + ( (1/F0) -4) *A(2:n¥nodes-1, 2 :nXnodes-1) ) ;

difference = B-a:
if err>difference
break

end
end

contourf (B, 'ShowText', 'on’)
set(gea, 'ydir', 'reverse’, 'Xeick', [1,'Yeick’, [1);

xlabel (*X-Dimension’)
ylabel (*¥Y-Dimension’)
ax = gea;
ax.Title.String = 'Heat distribution map’
colorbar;
drawnow:

end
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display(itteration)
timetakentoreachconvergence = itterationts
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convergence accuracy
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Itterations
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time taken to 

reach convergence
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fully converged 

10 10 1 100 0.0001 5773 577300 06:16:21:40 yes

10 10 1 500 0.0001 1462 731000 08:11:03:20 yes

10 10 1 1000 0.0001 796 796000 09:05:06:40 yes

10 10 1 2000 0.0001 430 860000 09:22:53:20 yes

10 10 1 3000 0.0001 298 894000 10:08:20:00 yes
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