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1. [bookmark: _Toc30971972]Introduction
This report will look into the use of MATLAB to write a script that will be able to calculate the temperature distribution through an aluminium plate over time. This will be done using the explicit method(D.R. Croft, 1977). Two scripts will be created, the first being a linear model(R.W.Lewis, K.Morgan, H.R.Thomas, 1996) which will be used to validate the maths. The second being a gaussian model which will be used to show how the temperature will actually dissipate throughout the plate.

2. [bookmark: _Toc30971973]Maths
Conduction in solids is described by the thermal diffusion equation.

Equation 1 - Thermal Diffusion Equation
Where t is time, T is temperature and α is the thermal diffusivity 

Equation 2 - Alpha
Where k is thermal conductivity,  is density and c is specific heat.

Taylor series approximates an arbitrary function f by a polynomial of p, and most can be approximated with the following formula


Equation 3 - Taylor Series
There are three common types of finite differences, the first being the backwards difference approximation. 

Equation 4 - Backwards Difference Approximation
The second is the forward difference approximation

Equation 5 - Forwards Difference Approximation
Finally, the third is the central difference approximation

Equation 6 - Central Difference Approximation
P is a selected node on the grid
Tp is the temperature at the selected node
Four points are used to locates nodes relative to the selected node
 is the temperature one node to the right of p
 is the temperature one node to the left of p
 is the temperature one node above p
 is the temperature one node below p






Equation 7 - Fourier Number
Fo should be < ¼  (Katopodes, 2018)



Equation 8 - Explicit Finite Difference Method

[bookmark: _Toc30971974]2.1 User Inputted Values
· X length of the plate (m)
· Y length of the plate (m)
· Grid spacing on the plate (m)
· Time Step (s)
[bookmark: _Toc30971975]2.2 Provided Values
· Conductivity of aluminium = 143 W/m.C
· Density of aluminium = 2.8x10^3 kg/m^3
· Specific heat of aluminium = 795 J/kg.C
· T1 = 50 °C
· T2 = 0 °C
[bookmark: _Toc30971976]2.3 Programmer Controlled Values
· Stop Criteria
[bookmark: _Toc30971977]
3.   Code
[bookmark: _Toc30971978]3.1. X and Y length 
[image: ]
[bookmark: _Toc30972010]Figure 1 - X and Y inputs Code
The first line allows the user to input a value for the x length of the plate. The next while loop makes sure the inputted value is greater than 1 as a plate can’t have a negative size or size of 0. The sixth line rounds the inputted value to the nearest whole integer if a decimal has been inputted. 
The remaining lines repeat the same process for the y length of the plate.
[bookmark: _Toc30971979]3.2 Grid Spacing
[image: ]
[bookmark: _Toc30972011]Figure 2 - Grid Spacing Input Code
The first line lets the user input a value for the grid spacing. The while loop says that while the grid spacing is greater than or equal to the x and y length, the entered value is cleared. The user is then requested to enter a value less than the x and y length.
[bookmark: _Toc30971980]3.3 Thermal Diffusivity 
[image: ]
[bookmark: _Toc30972012]Figure 3 - Thermal Diffusivity Code
This calculates the thermal diffusivity
[bookmark: _Toc30971981]3.4 Time Step
[image: ]
[bookmark: _Toc30972013]Figure 4 - Time Step Input Code
The first line asks the user to input a value for the time step after being show the maximum time step possible. The while loop says that if the time step entered is greater than the maximum time step possible clear the entered value, the user is then asked to enter a value for the time step again. This will continue until a value lower than the maximum is entered.
[bookmark: _Toc30971982]3.5 Fourier Number
[image: ]
[bookmark: _Toc30972014]Figure 5 - Fourier Number Code
This calculates the Fourier number.
[bookmark: _Toc30971983]3.6 Matrix Calculations
[image: ]
[bookmark: _Toc30972015]Figure 6 - Matrix Calculation Code
The first line calculates the columns to be entered into the matrix. The second line calculates the rows to be entered into the matrix. The third line creates a matrix using the rows and columns previously calculated all containing the value of ‘0’. The fourth line creates a vector starting at t1 and ending at t2 with a linear progression between the two values. The fifth and sixth line sets the bottom and top row of the matrix to the row previously calculated in line four. The final line sets the first column of the matrix to t1.
[bookmark: _Toc30971984]3.7 Stop Checker
[image: ]
[bookmark: _Toc30972016]Figure 7 - Stop Checker Code
The first line of the code creates a matrix which will be the same size as the grid matrix filled with the value of ‘1’. The second line fills the interior values of the matrix with a value of ‘0’. This leaves a border around the matrix of value ‘1’ as can be seen in table 1.
[bookmark: _Toc30972020]Table 1 - Stopcheck Matrix
[image: ]

The third line creates a matrix identical to the one created in the first line. This will be used later on to compare against the ‘stopcheck’ matrix to see if the calculation for the plate has been completed. The fourth line is the stop criterion, this sets what degree of accuracy the calculation will be calculated to. This value is controlled by the programmer. The next line defines a value for ‘stop’ which will be used later to stop an if loop when a certain condition is met. As with the ‘stop’ value, a value is set for the ‘timer’ which will be used later on to calculate the number of times the while loop is repeated while calculating the result. It will also be used to calculate the time taken for the calculation to converge.
[bookmark: _Toc30971985]3.8 Calculations
[image: ]
[bookmark: _Toc30972017]Figure 8 - Calculation Code
The first line starts the while loop for the calculation and states that while the stop check matrix which has the border with a value of 1 and interior values of 0 as seen in figure x, is less than a matrix of the same size filled with values of 1.
The second line calculates how many times the while loop is run which can be used later on to calculate the time taken for the plate to reach equilibrium. The third line creates a matrix identical to the original matrix of the plate will be used later on to compare against the new matrix. The fourth and fifth line set the starting column at 2 and the while loop states that while the column being calculated is less than the number of columns in the grid continue the while loop. When the number of columns reaches the number of columns in the grid terminate the while loop. The sixth and seventh lines has the same process as the fourth and fifth line but for the rows.
The eighth line sets the starting node. The ninth and tenth line is the taylor series calculation used to calculate the heat dissipation in the plate. The eleventh line sets a value by dividing the old plate by the new plate. This value will end up being ‘1’. The if statement on the twelfth line states that if the divided grid value is greater than the stop criteria the stop check matrix is filled with the value of ‘1’. This will then make the ‘stopcheck’ matrix the same size and total value as the ‘exit’ matrix. This will then break the original while loop at the end of this loop. The final two lines add a value of ‘1’ to the row and column. These values are used to see if the values of ‘col’ and ‘row’ match the number or columns and rows to break the two earlier used while loops. 
[bookmark: _Toc30971986]3.9 Plot
[image: ]
[bookmark: _Toc30972018]Figure 9 - Plot Code
The first line sets the colour scheme for the plotted graph. The second line plots a graph using the values calculated and placed into the grid matrix. The third line adds a colour bar, this is a legend bar placed at the side of the graph to indicate what colours correlate to which values. The fourth line sets the axis to ‘equal’ and ‘tight’. By setting the axis to equal this uses the same length for the data units along each axis.(Mathworks, 2018). By setting the axis to tight this fits the axis box tightly around the data by setting the axis limits equal to the range of the data.
[bookmark: _Toc30971987]3.10 Time Calculator
[image: ]
[bookmark: _Toc30972019]Figure 10 - Time Calculator Code
This line of code uses the timer and time step to calculate the time taken for the plate to reach equilibrium.

4. [bookmark: _Toc30971988]Analysis
4.1 [bookmark: _Toc30971989]Exit Criterion 
The following tests will be conducted with the following values. 
[bookmark: _Toc30972021]Table 2 - Exit Criterion Settings
	X Length (m)
	Y Length (m)
	Grid Spacing (m)
	Time Step (s)

	5
	5
	0.5
	300



The exit criteria govern how many decimals of accuracy the code will run to before stopping.  The more decimals on the exit criteria the more accurate the end results will be, however the longer the results will take to converge.
Seven tests will be conducted with an exit criterion ranging from 0.9 to 0.9999999. 
[bookmark: _Toc30972022]Table 3 - Time Taken with Different Edge Criterion
	Exit Criteria 
	Time Taken to Reach Equilibrium 

	0.9
	2.25

	0.99
	8.1667

	0.999
	17.25

	0.9999
	27.3333

	0.99999
	37.5

	0.999999
	47.75

	0.9999999
	58










From table 3 the time taken to reach equilibrium when the exit criterion is altered can be seen. The more decimal points of accuracy the criterion is set to the longer the solution takes to converge. 
When the edge criterion is set to 0.9 the following graph is produced.
[image: ][bookmark: _Toc30971999]Graph 1 - Edge Criterion 0.9









From graph 1 the contour produced when the exit criterion is 0.9 can be seen. From this graph it can be seen that the plate hasn’t reached equilibrium as the different temperatures are curved along the plate and not all equal and linearly aligned. This shows that the solution has not fully converged and has not reached equilibrium. A more accurate exit criterion will be required to let the solution reach equilibrium.
[bookmark: _Toc30972023]Table 4 - Completed Matrix for Exit Criterion of 0.9
[image: ]
From table 4 the matrix produced while the exit criterion is 0.9. It can be seen that the results in the columns are different, for a completely accurate result it would be expected to see the same number in every row for one column, as can be seen in column ‘1’ and ‘10’.
[image: ][bookmark: _Toc30972000]Graph 2 - Edge Criterion 0.999













From graph 2 the graph produced when the exit criterion is set to 0.999, this has an accuracy two decimal points greater than graph 1. It can be seen that this has come much closer to reaching equilibrium as each column has its own temperature. Although, there is still some non-linearity in this graph as the columns still have some slight curvature. Therefore, the edge criterions accuracy will still need increased to see fully converged results.

[image: ][bookmark: _Toc30972001]Graph 3 - - Edge Criterion 0.9999












Graph 3 shows the contours produced when the exit criterion is set to 0.9999. This is the first time the graph looks as expected with each temperature lining up in individual columns containing similar temperatures. To produce this graph takes 12.15 times longer when compared with the 0.9 criterion. However, graph 3 produces results with greater accuracy therefore the extra time spent to produce the graph is beneficial for gathering accurate data.
[bookmark: _Toc30972024]Table 5 - Completed Matrix for Exit Criterion of 0.9999
[image: ]
When looking at the matrix produced, each temperature is within 0.1 of each other for each individual column. Dependant on the degree of accuracy required this can produces results accurate enough to satisfy the end users requirements.


[image: ][bookmark: _Toc30972002]Graph 4 - Edge Criterion 0.9999999













Graph 4 shows the contours produced when an exit criterion of 0.999999 is used. When compared with graph 3, the contours are nearly identical. It takes looking at the matrix produced to see the differences between the two.
[bookmark: _Toc30972025]Table 6 - Completed Matrix for Edge Criterion 0.999999
[image: ]
These results produce results with a variation of 0.001, improving the accuracy of the results. However, this run took 2.12 times longer to reach equilibrium. 
As with most simulations there is always a trade-off between time taken to solve the solution and the accuracy of the results. For the next two investigations an exit criterion of 0.9999 will be used as it is able to produce results with a 0.1% accuracy without require a large amount of computing time.







4.2 [bookmark: _Toc30971990]Grid Spacing
For this investigation the following settings were used.
[bookmark: _Toc30972026]Table 7 - Grid Spacing Settings
	X Length (m)
	Y Length (m)
	Exit Criteria
	Time Step (s)

	5
	5
	0.9999
	30



By altering the grid spacing this alters the number of nodes to be calculated. A smaller grid space the more nodes there are to be calculated. This will improve the precision of the results as there are more points for the temperature to be calculated. 
When a grid spacing of 0.1m is used the following graph is produced.
[image: ][bookmark: _Toc30972003]Graph 5 - Grid Spacing 0.1m















This produces a 50x50 matrix of results.






When a grid spacing of 1m is used the following graph is produced.
[image: ][bookmark: _Toc30972004]Graph 6 - Grid Spacing 1m














This produces a 5x5 matrix of results. When comparing the two graphs they look identical. This is because the accuracy of the two results has not been changed. By altering the grid spacing the number of nodes calculated is increased, this will therefore increase the precision of the results as there are more points being analysed.
[bookmark: _Toc30972027]Table 8 - Time Taken to Reach Equilibrium for Different Grid Spacing
	Grid Spacing 
	Time Taken to Reach Equilibrium

	0.1
	31.5833

	1
	22.6833



From table x it can be seen that by increasing the grid spacing the time taken to reach equilibrium is reduced as there are less nodes to calculate for. There is a choice for the user between the precision of the results and the time taken for the calculation.






[bookmark: _Toc30972005]Graph 7 - Grid Spacing Comparison During Calculation

Graph 7 shows the difference between a large grid spacing (left) and a small grid spacing (right). When there is a small grid spacing the results appear a lot smoother as there are more nodes to get data from. Therefore, in a non-linear solution the smaller grid spacing with produces graphs that appear less angled. This could make the resulting graph easier to interpret.
















[bookmark: _Toc30971991]4.3 Time Step
By altering the time step, this effects how often the data is recorded. By increasing the number for the time step this will reduce the computing time as data is recorded at larger intervals. However, the time to reach equilibrium is increased. 
[bookmark: _Toc30972028]Table 9 - Time Taken to Reach Equilibrium for Different Time Steps
	Time Step
	Time Taken to Reach Equilibrium

	30
	22.6833

	300
	31

	3000
	36.6667


[bookmark: _Toc30972006]Graph 8 - Time Step Graph Comparison

 










The three graphs show the three time steps tested. (30 top, 300 bottom left and 3000 bottom right). When looking at the graphs it can be seen that there is no difference in the graphs produced. Therefore, as with the grid spacing, the resulting graph produced are identical. The differences are the time taken for the results to be produced and the accuracy of the numbers in the calculations.




[bookmark: _Toc30971992]5. Limitations and Future Improvements
One limitation of the code is that the exit criterion is set by the programmer and doesn’t get altered no matter what values are entered by the user. Therefore, one possible improvement that could be made is to have some code that modifies the exit criterion depending on the accuracy required by the user. This would allow the user to modify the results produced by deciding if they would rather have quick results with less accuracy or more accurate results that will take longer to compute. This gives the user more control over the final result.
Another limitation is with the user inputted values. For all the inputted values if the user enters a character that isn’t a number, the program crashes. Some code could be implemented that would produce an error telling the user the issue that has occurred and asking them to re-enter the data, showing the proper format required.
Another limitation is with the grid spacing. If it is not divisible by the x and y values entered it will produce an error. A future improvement would be to alert the user that the entered grid spacing is not valid and telling them to re-enter the data with an appropriate value.
The whole script could be made more user friendly with pop up boxes and examples of data to input. 
[bookmark: _Toc30971993]
6. Gaussian 
For the gaussian solution different boundary conditions are required. The edge temperatures are set 10°C and the middle temperature is set to 60°C. As this is a transient solution each edge needs to be separately defined as do the corners. This means the code knows where each node is located.
[image: ]
[bookmark: _Toc30972007]Graph 9 - Gaussian Example
Graph 9 shows an example of heat dissipation through a plate using the gaussian method. 


[bookmark: _Toc30971994]7. Conclusion
From the report it can be seen the way the heat dissipates through an aluminium plate over time. The effects of the exit criterion, time step and grid spacing were invested and their impact on the accuracy, precision of the results were found and discussed along with the time taken to reach equilibrium. 
The code used for this problem was analysed and discussed. The limitations of the code were analysed along with any possible future additions for the code. 
The impact of the code was briefly investigated; however, this should have been investigated further which will be done in the future. 
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[bookmark: _Toc30971996]9. Appendix 
[bookmark: _Toc30971997]9.1 Linear Code
clc
clear all
%% Constants
k = 143; %Conductivity
p = 2.8*10^3; %Density
c = 795; %Specific Heat
t1 = 50; %Temperature at the edge of the grid
t2 = 0; %Temperature at the centre of the grid
 
%% User Inputs and Calculations
x = input('Please enter the x value : '); %X Length  
while x < 1
    clear x
    x = input('Please enter the x value which is greater than or equal to 1 : '); 
end
x = floor(x); %Rounds the x value to the nearest integer
y = input('Please enter the y value : '); %Y Length
while y < 1 
    clear x
    y = input('Please enter the y value which is greater than or equal to 1 : '); 
end
y = floor(y); % Rounds the y value to the nearest integer
 
gs = input('Please enter the grid spacing : '); %Grid spacing 
while gs >= x || gs >= y || gs <= 0 %Check the grid spacing is compatable with the 
    clear gs
    gs = input('Please enter a grid space less than x and y dimensions : ');
end
 
alpha = k/(p*c); %Thermal diffusivity
 
maxtimestep = ((gs^2)/(alpha * 4)) %Calculate the maximum number of time steps available
 
ts = input('Please enter the time step : '); %Time Step
while ts > maxtimestep
    clear ts
    ts = input('Please re-enter the time step : '); %Time Step
end
 
F = alpha*ts/gs^2; %Fourier Number
%% Matrix Calculation
gridx = (x/gs); %Calculate Columns 
gridy = (y/gs); %Calculate Rows
grid = zeros([gridy,gridx]); %Form a maxtrix of value 0
linear = linspace (t1,t2,gridx); %Linear progression from t1 to t2
grid(1, :) = linear; %Set the top row to the linear progression2
grid(end, :) = linear; %Set the bottom row to the linear progression
grid(:, 1) = t1; %Set the first column to t1
%% Stop Criteria
stopcheck = ones([gridy gridx]);
stopcheck(2:end-1,2:end-1) = 0;
exit = ones([gridy gridx]);
stopcrit = 0.99999; %change for report
stop = 0;
timer = 1;
%% Calculations
while sum(stopcheck, 'all') < sum(exit, 'all')
    timer = (timer + 1); %Times how many times the while loop is run
    old = grid;
    col = 2;
while col < gridx
    row = 2;
    while row < gridy
        Tp = grid(row,col);
        grid(row,col) = F * (old(row + 1,col) + old(row, col + 1)...
            + old(row - 1, col) + old(row, col - 1) - (4 - (1/F)) * Tp);  %Calculate the new grid       
        stop = old(row,col) / grid(row,col);
       if stop > stopcrit
           stopcheck(row,col) = 1;
       end
        row = row + 1;
    end
         col = col + 1 ;       
end
%% Plot
colormap(jet)
contourf(grid, 'LineStyle', 'none') %Plots the graph
title('Heat Dissipation Through a Plate')
xlabel('X length')
ylabel('Y Length')
colorbar
axis equal tight
drawnow % Creates a live plot
end
%%Time Calculator
Time = ((timer * ts)/3600)




[bookmark: _Toc30971998]9.2 Gaussian Code
clc
clear all
%% Constants
k = 143; %Conductivity
p = 2.8*10^3; %Density
c = 795; %Specific Heat
t1 = 60; %Temperature at the edge of the grid
t2 = 10; %Temperature at the centre of the grid
alpha = k/(p*c); %Thermal diffusivity
%% User Inputs
x = input('Please enter the x value : '); %X Length
while x < 1
    clear x
    x = input('Please enter the x value which is greater than or equal to 1 : '); 
end
x = floor(x); %Rounds the x value to the nearest integer
y = input('Please enter the y value : '); %Y Length
while y < 1
    clear y
    y = input('Please enter the y value which is greater than or equal to 1 : '); 
end
y = floor(y); % Rounds the y value to the nearest integer
gs = input('Please enter the grid spacing for x direction : '); %Grid spacing 
while gs >= x || gs >= y || gs <= 0
    clear gs
    gs = input('Please enter a grid space less than x and y dimensions : ');
end
 
maxtimestep = ((gs^2)/(alpha * 4))
ts = input('Please enter the time step : '); %Time Step
while ts > maxtimestep
    clear ts
    ts = input('Please re-enter the time step : '); %Time Step
end
%% Calculations
F = alpha*ts/gs^2; %Fourier Number
%% Matrix Formation
gridx = (x/gs); %Calculate Columns 
gridy = (y/gs); %Calculate Rows
grid = zeros([gridy,gridx]); %Form a maxtrix of value 0
mid = ((gridx+1)/2);
sdiv = sqrt((-(gridx - mid)^2)/(2*(log(t2/t1))));
 
tstart = 1;
while tstart <= gridx
    grid(1,tstart) = (t1*exp(-((tstart-mid)^2)/(2*(sdiv^2))));
    tstart = tstart + 1;
end
 
%% Stop Criteria
stopcheck = ones([gridy gridx]);
stopcheck(2:end-1,2:end-1) = 0;
exit = ones([gridy gridx]);
 
stopcrit = 0.999;
stop = 0;
timer = 1;
%% Calculation
while sum(stopcheck, 'all') < sum(exit, 'all')
    timer = timer +1;
    old = grid;
    col = 2;
while col < gridx
    row = 2;
    
    while row < gridy
        
        Tp = grid(row,col);
         
     grid(row,col) = F * (old(row + 1,col) + old(row, col + 1) + old(row - 1, col) + old(row, col - 1) - (4 - (1/F)) * Tp);
                
 stop = old(row,col) / grid(row,col);
                      
       if stop > stopcrit
           stopcheck(row,col) = 1;
       end
                   row = row + 1;
    end
         col = col + 1 ;
         
end
 
%% Left
col = 1;
row = 2;
while row < gridy
    grid(row,col) = F * (old(row - 1,col) + old(row, col + 1) + old(row + 1, col) + old(row, col + 1) - (4 - (1/F)) * Tp);
     stop = old(row,col) / grid(row,col);
     if stop > stopcrit
           stopcheck(row,col) = 1;
     end
       row = row + 1;
end
 
%% Right
col = gridx;
row = 2;
while row < gridy
    grid(row,col) = F * (old(row - 1,col) + old(row, col - 1) + old(row + 1, col) + old(row, col - 1) - (4 - (1/F)) * Tp);
     stop = old(row,col) / grid(row,col);
     if stop > stopcrit
           stopcheck(row,col) = 1;
     end
       row = row + 1;
end
 
%% Bottom
row = gridy;
col = 2;
while col < gridx
    grid(row,col) = F * (old(row - 1,col) + old(row, col + 1) + old(row - 1, col) + old(row, col - 1) - (4 - (1/F)) * Tp);
     stop = old(row,col) / grid(row,col);
     if stop > stopcrit
           stopcheck(row,col) = 1;
     end
       col = col + 1;
end
 
%% Bottom Left Node
Tp = grid(gridy,1);
grid(gridy,gridx) = F * (old(gridy - 1,row) + old(gridy, gridx - 1) + old(gridy - 1, gridx) + old(gridy, gridx - 1) - (4 - (1/F)) * Tp);
 stop = old(gridy,1) / grid(gridy,1);
    if stop > stopcrit
           stopcheck(gridy,1) = 1;
    end
%% Bottom Right Node
Tp = grid(gridy,gridx);
grid(gridy,gridx) = F * (old(gridy - 1,row) + old(gridy, gridx - 1) + old(gridy - 1, gridx) + old(gridy, gridx - 1) - (4 - (1/F)) * Tp);
 stop = old(gridy,gridx) / grid(gridy,gridx);
    if stop > stopcrit
           stopcheck(gridy,gridx) = 1;
    end
%% Plot
colormap(jet)
contourf(grid', 'LineStyle', 'none')
title('Heat Dissipation Through a Plate')
xlabel('X length')
ylabel('Y Length')
view([90 90])
colorbar
axis equal tight
drawnow
end
Time = ((timer * ts)/3600)
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while gs >= x || gs >= y Check the grid spacing is compatable with the
clear gs
gs = input('Please enter a grid space less than x and y dimensions

end
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alpha = K/ (p*c)

Thermal diffusivity
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ts = input('Please enter the time step
Junile ts > maxtimestep

clear ts

ts = input('Please re-enter the time step
~end

+Time Step

; 3Time Step




image6.png
alpha*ts/gs*2; $Fourier Number
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%% Matrix Calculation
gridx = (x/gs); tCalculate Columns

gridy = (v/gs); iCalculate Rows

grid = zeros([gridy,gridx]); tForm a maxtrix of value 0

linear = linspace (t1,t2,gridx); tlinear progression from tl to t2
grid(l, :) = linear; $Set the top row to the linear progression2
Set the bottom row to the linear progression

linea
$Set the first column to tl

grid(end,
grid(:, 1)

=
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stopeheck = ones ([gridy gridx]);
stopeheck (2:end-1,2:end-1) = 0;
exit = ones([gridy gridx]):
stoperit = 0.999995;

stop = o,

timer = 1,
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%% Calculations
while sum(stopcheck, 'all') < sum(exit, 'all’)

Timer = (vimer + 1); $Times how many times cthe while loop is run
old = grid;

ool = 2;
wnile col < gridx
row = 2;

while row < gridy
Tp = grid(row,col) ;
grid(row,col) = F * (old(row + 1,col) + old(row, col + 1).
+ old(zow - 1, col) + old(zow, col - 1) - (4 - (1/F)) * Tp):
stop = old(row,col) / grid(row,col]
if stop > stoperit
stopcheck (row, col)

end

end

end

Calculate the new grid
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% Plot
colormap (3et)
contourf (grid,
colorbar
axis equal tight
drawnow % Creates a live plot

'LineStyle', 'none’) tPlots the graph
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#3Time Calculator
Time = ((timer * ts)/3600)
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