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[bookmark: _Toc30169710]Introduction 
Simulations of mathematical process have become increasingly important in result year. This can be as simple as the time taken for a vehicle to travel to a location, all the way up to a 3d simulation of a factory showing all possible outcome from changing even one small variable. In the case of this report the simulation will be the thermal diffusion of a “flat” plate. This specific value of this type of simulation is very well documented as heat exchangers are now used everywhere and some of the biggest advancements in engineering have come from these simulations, an example of this is the Sabre rocket system (pan, 2017). 
Description of mathematic methods 

  
 (M.bourne, 2020)
The above equation is called the thermal diffusion equation is uses the temperature, thermal conductivity and the time.  It is fundamentally a simple equation to understand in comparison to some other thermodynamic equation. It fundamentally takes the temperature of the surrounding and shows what the temperature will be after a set time. This equation comes from the formulas for the energy transfer though a medium. QT=-dT/dx (M.sheikholeslami, 2018) . The only problem with this equation is that for MATLAB it is incredibly difficult to prosses differential equations, so this means that this equation in the state that it cannot be used. A way to change this equation from a differential is to make it in to a polynormal equation meaning it consists of multiple unknowns and constants but in a sense, it becomes a linear equation. There are multiple methods to do this but this report will focus on the Taylors series, or more specifically the finite difference application. 
The finite difference method is a series of numerical method where if some conditions are meet a differential equation can be converted in to a polynormal equations. (dawkins, 2020) the accuracy of the polynormal equation is related to number of iteration  used to create the values that are inputed in to said equation. For example, the real function f(x) about point x=a is given by the following equation (saad, 2008)
f(x) =c0+c1(x−a)+c2(x−a)2+c3(x−a)3+c4(x−a)4+… or =∞∑n=0cn(x−a)n
f(a)= c0      f’(a)=c1   f’’(a)=2c2
being a polynomial approximation the amount of iteration add drastically increases the accuracy of the approximation and the closer that these approximations are together the more accurate it becomes again. For example, let's take the central difference method if the max frequency of the data is close to that of the half the sampling frequency the error of this method is significantly increased, in some causes approaching 100%.  (Khan, 2003)
 there is 3 ways of implementing the finite difference method, the forward method, backwards method and central method. The forward method being f’(x) =f(xo+h)-f(xo) is possibly the simplest to implement. However, the most accurate method of the 3 in this case would be the backwards taking away some of the limitations of code in respect to the time step. Not having to be less or equal ¼ of the f(x) value. However, this form of finite difference method is far more difficulty implement that the other two kinds and is more likely because of that to create an error. (L.rook, 2015)

applying Tayers series to the thermally diffusion you get 
 
 
 
Subbing this back to the original equation. 
 rearranging this and simplify gives
 
 gives 
   
Then using the rule that you can multiply any equation by 1 or -1 and the fact that any number or equation divided by itself is 1  you get  
 
Simplifying this you get the equation used in the code to model the distribution of heat though the plate being     


Gaussian distribution or normal distribution is a way of distributing data is even found in human populations for example if you look at the spread of IQ approximately 60% of people fall between 90point to 110point and approximately 90% of people call between 60 to 140 points. The distribution itself is defined by two key promotors being the mean and the stranded distribution. The equation know this is as follows.  (Thomas.J.W, 1995)
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And the equation for stranded deviation is as fallows. 
 	(Anon., 2016)
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The boundary conditions for the know variable are as follows, the left side is set to constantly produce 50C and the right side is set to stay at set at 0C both the top and bottom both descend in equal increments from 50 to 0 these conditions (LeVeque, 2007). It is assumed that this simulation is only two-dimensional meaning no heat is emitted above or below the plate, making it perfectly insulated in these directions. every value in the matrix bar the premotor will start at 0c. This code is there to prove that the bulk of the code works are these conditions have a predictable result in like the later code.  
The second code is the one with the complicated boundary conditions though it is still only a 2-dimensional plate so only the x and y positions need be considered as the z value would be conceded insulated.  For the boundary conditions themselves they are insulated this sounds a lot simpler to code than it actually is. This is due to how you mathematically determine insulation being that no heat passes thought though this cannot be coded so you. And because this is a matrix does not have a point past the wall to calculate the temperature another point must be taken twice to make up for the missing value. For example, the left wall equation instead of taking the temperature from the right it would take 2 from the right. The top for this plate however is where the heat enters the heat unlike the first plate the heat is not spread in a liner manner. It starts at 10 and fallows a stranded devotion up to 60 then falls back down to 10. Being that this is where the heat is produced there is no need to apply the same concept of insulation to it.  
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[image: ] (figure 2)
This is the beginning of the code, with working out alpha being the thermal conductivity of the plate (aluminium) after this you have the while loops for both x and y. these are while loops so that if date that makes no sense is entered it will repeat the step. For example, if x =-1 is input then it will as you to enter x again and the same for y. after this h is input, if h does not fit in to both x and y the matrix will not be made later on so the code works out if it can use remainder functions. This remainder function does what you think it would do, calculated the reminder once these are worked out for both x and y is add them together and if the result is not zero it will ask you to renter h. finagling this the time step is worked out this is done by using 0.25*(h^2)/Alpha= timestep this comes from the equation for the fo value In the finite difference method. And the 0.25 comes from the limited accuracy when using this method and any value greater than this will produce errors and become unreliable the input for the time step after has 2 limits hence the || in the code. One is that it can’t be less than 0 and the other it can’t be greater than the max timestep. 

 [image: ] figure 3
at the beginning of this figure you have the calculation for the fo value being fo=(Alpha*dt)/h^2 due to the above equation then answer will either be equal to or less than 0.25 which means the finite difference method will work. after these zero functions is used to create the matrix using the size of x/y and h to give rows and column sizes. After this the code will ask what code to run as both are in this one script below that is the know variable. The block underneath the if statement sets out the boundary conditions for the plate. The conditions for this are explained in the introduction. Finally, for this figure the x and y sizes or the plate excluding the boundaries is need for the proceeding for loop. The next section is repeated in both codes but with slightly different variations in the w2, w2 is a variable that changes depending on the size of the plate and the percentage of the max timestep used. It is used to reduce the amount of time the draw now function is used leading to a smother and faster animation of the results. after this the code clears unused variables as not to take up memory. 

    [image: ] figure 4
this part of the code is the most important part, this is where the matrix that represents the plate is changed due to date that has been entered above. This is a while loop that run till there is a change of a predetermined amount in the plate over 1 time step. In this case the resolution is 0.00001 as this seems like a sensible change to then end the while loop. The actual method of implementation is  a form of the finite difference method changed to suits this kind of simulation the it takes a matrix that was determined before( if it’s the first iteration it’s the base plate) it takes dater from the surrounding positions in the matrix and enters them in to the next plate this is completed for the entire plate once this is done the loop will repeat, once repeated the future plate become the current plate and the process is then repeated.  Finally, this is where the value for w2 comes in as the matrix increase in size and the number of iterations increase the draw now iteration counter increase making the code faster than it would be with a set time. 

  [image: ]  figure 5 
The top block of code in this figure is for the second part of the code being the unknown result this practical part is the distribution curve equation this is then input into the zeros matrix to five the none insulated side. 

  [image: ] figure 6
This part of the second code is almost identical to the known result code, except for one key difference the insulation that is modelled into it. Due to how matrixes function there is no way to simply state insulation and it is not possible to take values from parts of the matrix that don’t exist, so the sides and corners need a different equation. The difference for the sides is the opposite directions calculations replaces what would be that value ( for example on the left side you would take double the right value instead of one right one left.) and the convers would be 2 times the above value and two from the opposite side. After this everything is the same of first part of the code. 


[image: ]  figure 7
when the code end it will display the number of iterations time taken and the run time of the while loop. 
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 To analysis the Gaussian distribution graph on its own could not be does as there would be no know result to compare it to therefore the know outcome was also created alongside it. By using the know result it is possible to see if the code should work, however as there are obviously changes in the boundary conditions this is where discrepancies between the 2 code would occur. This is the reason the analysis is broken down into the following sections; tables, errors in the code and then limitations and improvement. 
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This table shows the effect of changing variables has on the outcome on the time to ‘equilibrium’ there is three variables that are changed four time in even scales to show the variation. However, one   result in each is the same to show consistence between the result and this also helps show how drastically each variation effect the result. The variables that are changed are; meh size, time step and resolution, the latter being the end condition of the code. 
h being the mesh size started at 5 being a course mesh and ends in a 0.1 which is a comparatively fine mesh, all other variable stays the same the table shows that the iteration counter changes but excluding the initial jump it changes a very small amount. This effect the time, which is simply the time step multiplied by the number of iterations. The final output for this table is if it runs to completions this will be discussed in more detail in the errors section but is simply if equilibrium was reached. 
Changing the time step is completely different the effect changing the time step seems to have a drastic effect on how the time taken to completions, which doesn’t make sense mathematically as changing the time should the total time taken and in most extreme case the code wouldn’t not reach thermal equilibrium. 
The fine variable is the resolution the smaller this value the more accurate the result will be as it will be closer to the ‘true value’. Though if this value is to small the code will run for a ridiculous amount of time before concluding as shown by my results are the deference between the stranded being 0.00001 and the smallest is 180000s difference. (talk about close) 
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[image: ] figure 9
This table is for the Gaussian distribution it fallows the same layout as the table above.  It very much highlights the same issues from the table with one noticeable exception the first completion of h not actually finishing this is down to the mesh being so course that it impossible to tell if it actual does.  
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Figure 10                                                                             	figure11 
The above figures deminstrate the same inputs for everything bar the time step. The left is a small time step in comparison to the maximuim possible time step and the right is a large protion of the time step. This error seems to occuer at and time step that is less than apromimetly 0.1% of the maxium time step tho this has been reduce as the code has been created. It started being about 1% but as the resilution changed so did the error. This means that the error is preopnical to the accurey or the code. 
Another limitations is the upper max that the code can deal with, if the matrix created is large the computer itself may slow down to the point where it will not complet, this also is partly deturmaned by the time step as if this is to small it will add a consitreable amount of ittarations to the prosses ether creating errors or stopping to early. Both of these outcomes are undesirable.   
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A few improvements could be made to improve the efficiency of the code. One would be implanting a different method of changing the difference equation to a liner equation this may reduce or remove. The is course if the fo value exceeds 25% of its maximum value. 
It is more than possible to remove the time step error relatively easily by scaling the restitution of the code to the difference in the time step value in relation to the maximum time step. This however bring about its own set of errors as this means that the values for the completion time would change drastically if the smaller the time step is. This could possibly be resolve by only comparing plates with similar difference in time step though this reduces the versatility of the code quite drastically.  

[bookmark: _Toc30169719]Conclusion 

In conclusion, this model accurately depicts how heat would dissipate though an isolated plate with the selected boundary conditions boundary conditions (Duffy, 2006). However, the results that are given by this model very drastically in accuracy depending on certain conditions. It is the belief of this report that the code is fundamentally flawed and ether some drastic correction needs to be made to stabilise these results or better, yet a new mathematical method should be chosen to change the differential to a polynormal equation. 
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clc
clear all
%%
Alpha=143/(2800*795);
x=input('x plate lenth ');
while x<0
    disp('enter positve x value')
    x=input('x lenght ');
end
y=input('y plate high ');
while y<0
    disp('enter positve y value')
    y=input('y lenght ');
end
 
h=input('gap size ');
while h<0
    disp('enter positve h value')
    h=input('h lenght ');
end
r1=rem(x,h);
r2=rem(y,h);
while r1+r2~=0
    disp('enter posible h value')
    h=input('h lenght ');
end
timemax=0.25*(h^2)/Alpha;
display(timemax,'below is the max time step ' );
dt=input( 'time step ');
while dt<0 || dt> timemax
    disp('enter positve dt value')
    dt=input('dt lenght ');
end
%%
fo=(Alpha*dt)/h^2;
plate=zeros((y/h+1),(x/h+1));
resilution=0.00001;
Loop_change=1;
counter=0;
%%
yes=1;
no=0;
codes=input('would you like to run the Gaussian distribution  ? (yes/no)');
if codes==0
    %% 
    v=repmat(50,(y/h+1),1);
    plate(:,1)=v(:,1);
    b=(50:-(50/(x/h)):0);
    plate(1,:)=b(1,:);
    plate(end,:)=b(1,:);
    future_plate=plate;
    
    %%
    w2= round((((size(plate,1)+size(plate,2))/2)*(timemax/dt))/10);
    Y_space=size(plate,1)-1;
    x_space=size(plate,2)-1;
    w=0;
    %%
    clearvars -except Loop_change resilution future_plate plate Y_space x_space fo n w dt w2
    %%
    while Loop_change> resilution 
        plate=future_plate;
        for yTp=2:1:Y_space
            for xTp1=2:1:x_space
                future_plate(yTp,xTp1)= fo*(plate(yTp-1,xTp1)+plate(yTp,xTp1+1)+plate(yTp+1,xTp1)+plate(yTp,xTp1-1)+((1/fo)-4)*plate(yTp,xTp1));
            end
        end
        counter=counter+1;
        Loop_change= max(max(abs(plate-future_plate)));% compair matrix together and find the diffrence dont round
        %%
        w=w+1;
        while w==w2
            set(gca,'ydir','reverse')
            colorbar;
            colormap('jet') 
            
            title('equal propigation')
            xlabel('lenth of plate')
            ylabel('hight of the plate')
            drawnow;
            w=0;
        end
    end
elseif codes==1
    tic;
     clearvars -except Loop_change resilution future_plate plate Y_space x_space fo n w dt timemax
    max_temp=60;
    min_temp=10;
    Y_space=size(plate,1);
    x_space=size(plate,2);
    X_0=((x_space+1)/2);
    sigma=sqrt((-(x_space-X_0)^2)/(2*(log(min_temp/max_temp))));
    
    for current_point=1:1:x_space    
        plate(1,current_point)= max_temp*exp(-((current_point-X_0)^2)/(2*(sigma^2)));
    end
    %%
    future_plate=plate;
    counter=0;
    %%
    w2= round((((size(plate,1)+size(plate,2))/2)*(timemax/dt))/10); %% this is used to estamate the number of itarations 
    w=0;
    while Loop_change> resilution
        plate=future_plate;
        for yTp1=2:1:Y_space-1
            future_plate(yTp1,1)= fo*(plate(yTp1-1,1)+plate(yTp1+1,1)+2*plate(yTp1,2)+((1/fo)-4)*plate(yTp1,1));
            future_plate(yTp1,end) = future_plate(yTp1,1);
        end
        for xTp=2:1:x_space-1
            future_plate(end,xTp)= fo*((2*plate(end-1,xTp))+plate(end,xTp+1)+plate(end,xTp-1)+((1/fo)-4)*plate(end,xTp));
            
        end
        future_plate(end,1)= fo*((2*plate(end-1,1))+2*plate(end,2)+((1/fo)-4)*plate(end,1));
        future_plate(end,end)= future_plate(end,1);
        
        for yTp1=2:1:Y_space-1
            for xTp=2:1:x_space-1
                future_plate(yTp1,xTp)= fo*(plate(yTp1-1,xTp)+plate(yTp1,xTp+1)+plate(yTp1+1,xTp)+plate(yTp1,xTp-1)+((1/fo)-4)*plate(yTp1,xTp));
            end
        end
        counter=counter+1;
        Loop_change= max(max(abs(plate-future_plate))); %%compair matrix together and find the diffrence dont round
        %%
        w=w+1;
        while w==w2 
           graph=contourf(future_plate,'showtext','on');
            colorbar;
            colormap('jet');
            set(gca,'ydir','reverse')
            title(' disrabution of heat')
            xlabel('lenth of plate')
            ylabel('hight of the plate')
            drawnow;
            w=0;
        end
        
    end
    
else
    disp('invalide answer(yes/no)')
end
t_taken=counter*dt;
display(t_taken, 'time_taken in seconds')
toc
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84 elseif codes==1
85 tic;
86 clearvars -except Loop_change resilution future )
87 max_temp=60;
88 min_temp=10;
89 ¥_space=size (plate,1);
90 x_space=size (plate, 2);
o1 X_0=((x_space+1)/2) ;
92 sigma=sqrt ( (- (x_space-X_0)~2)/ (2* (log (min_temp/ma:
93 |
94 for current_point=1:1:x_space
95 T plate(1,current_point)= max_temp*exp (- ((curre
96 end
97 5%
98 future_plate=plate;
99 counter=0;
100 5%
101 w2= round ((((size(plate,1)+size (plate,2))/2)* (tim
102 w=0;
103 while Loop_change> resilution
104 plate=future_plate;
105 for yTpl=2:1:Y_space-1
106 future_plate(yTpl,1)= fo*(plate(yTpl-1,1)
107 future_plate(yTpl,end) = future_plate (yTp.
108 end
109 for xTp=2:1:x_space-1
I110 future plate(end, xTp)= fo* ((2*plate(end-1 Vv
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for yIpl=2i1:_space-1
future_plate (yIpi, 1)= fot (plate (yipl-1,1)
fature_plate (yTpl,end) = future_plate (yIp

end

for ¥Tp=2:1:x_space-1
future_plate (end, xip)= fo* ((2*plate (end-1

end

future_plate(end,1)= fo* ((2*plate (end-1,1)) 42

fature plate (end, end)

future_plate end, 1)

x_space-1
future_plate (yIpl,xTp)= fo* (plate (yIp
end
end
counter=counter+1;
Loop_change= max (sax (abs (plate-future _plate))
0
et
wnile wemi2
raphacontourt (fucure_plate, ‘shovtext!, 'on
cotorbar:
colomap('ject);
set(gea, yaiz, reverse’)
title(" disrabution of heat')
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Analysis of script
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Script Live Script v Data Workspace E(kwmmv
ne v i
~ < EBIE | » ¢ Users » Student » Documents > =)
Current Folder
Name ~
=
E;Z‘e"r'L“mim(eTe'“p' 2117 E for xTp=2:1:x_space-1 _
118 future_plate (yTpl,xTp)= fo* (plate (yTp:
Downloads —
Electronic Arts ol | end
engineering work 120 end
envirochanical report | |121 counter=counter+l;
B 1 MATLAB 122 Loop_change= max (max (abs (plate-future_plate))
#) colourcode1.m 123 3%
#) final_code_att 4m 124 w=wtl;
#) little_bitch.m 125 while w==w2
) matrix 2m 126 graph=contourf (future_plate, 'showtext', 'on
Bimatric3m 127 colorbar;
Lmaxicrapm 128 colormap('jet');
Gmadicam 129 set(gca, 'ydir', 'reverse')
#) mexics_minip.m - ! ;
) practicm 130 title(' disrabution of heat')
BsHmm 131 xlabel('lenth of plate')
) SHMfinshm 132 ylabel('hight of the plate')
) shorttestcodem 133 drawnow;
#) stevens_bulishitm 134
#) task 2 SHM.fig 135 L end
%) task 3 SHMfig 136
%) task one SHMfig 137 L end
) testm )
Details M| FET else
140 disp('invalide answer(yes/no)')
141 end
142 t_taken=counter*dt;
Select a file to view details 143 display(t_taken, 'time taken in seconds')
144 toc v
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N + 100% |Ready script [tn 93 col 5
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know result table

x y h time step (s)resolution iterations time taken (s)run to completion 

10 10 5 15 0.00001 38619 579285yes

change in h 10 10 1 15 0.00001 35104 526560yes

10 10 0.5 15 0.00001 34986 524790yes

10 10 0.1 15 0.00001 34948 524220yes

10 10 0.5 150 0.00001 4709 706350yes

change in time step 10 10 0.5 15 0.00001 34986 524790yes

10 10 0.5 1.5 0.00001 228575 342862.5yes

10 10 0.5 0.15 0.00001 1075343 161301.45no

10 10 0.5 15 0.001 10754 161310no

change in end condition  10 10 0.5 15 0.0001 22857 342855close

10 10 0.5 15 0.00001 34986 524790yes

10 10 0.5 15 0.000001 47115 706725yes


image9.emf
gaussian distribution 

table x y h time step (s)resolution iterations time taken (s)run to completion 

10 10 5 15 0.00001 201870 3028050no

10 10 1 15 0.00001 199018 2985270yes

change in h 10 10 0.5 15 0.00001 198942 2984130yes

10 10 0.1 15 0.00001 198918 2983770yes

0

10 10 0.5 150 0.00001 29582 4437300yes

10 10 0.5 15 0.00001 198942 2984130yes

change in time step 10 10 0.5 1.5 0.00001 1020490 1530735no

10 10 0.5 0.15 0.00001 913314 136997.1no

10 10 0.5 15 0.001 9234 138510no

10 10 0.5 15 0.0001 102049 1530735no

change in end condition  10 10 0.5 15 0.00001 198942 2984130yes

10 10 0.5 15 0.000001 295835 4437525yes
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20— deminput( ‘time step )
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