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Introduction 

To introduce this project it is first appropriate to give a brief history into what has made it relevant in the current times. During the beginning of 2020 Covid-19 was discovered and quickly spread across the world, shutting down economy and making people lose their lives to this highly contagious virus (Ghosh, 2021). As this is a new  virus, there were no know treatments for this illness, governments and pharmaceutical companies  around the world began developing vaccine that would be effective at treating this virus. Theses were developed and tested at an unprecedented rate  and they started to become available to the public December 2020 (Wang, 2021).

Given that for vaccinations to completely eradicate a virus the majority of the public need to create herd immunity. This means that a lot of vaccines need to be created and transported safely all around the country. During this age of internet delivery options and customer focused production you may be led to believe that transporting these vaccines around the country is as simple as packing them in some foam peanuts and sending them on their way.  (Fu, 2021)The problem with this is vaccines are incredibly temperature sensitive, meaning if they are not in a sub-zero temperate they  will deteriorate and become useless or possibly harmful to the person receiving them.
This is where this project brief comes from. It is to design and simulate the container that can keep the vaccine at the correct temperature and know how long it will take for the box to reach too warm of a temperature. According to the specification the box containing the vaccinations is 0.14x0.14x0.12m. This inner container is then surrounded by a layer of eps as insulation, then ice surrounding the eps, then another layer of eps with a shell around it to protect the eps from damage. 
For the design of the outer shell there are many different considerations to take into consideration which will be discussed in detail later. However for reference QFD, FMEA, Tolerancing Calculations will be considered along with design for production, material selection, processing methods along with how reusable the containers will be as being only 1 or 2 uses would make it incredibly ineffective. There are also costs and speed that the containers can be produced that will be considered. 

For the simulation this code will be created on MATLAB and will consist of three parts. Task one will show the box in a 3d model and in a 2d model as well. Task two will be a simulation of the plate in two given conditions, that the boundary condition of the air round the box is 12c and add the rest of the container is at -20 and instead of ice the box replaced with air. The final task is the same as task two however the ice is in the box this time and there is a change in the states of matter from ice to water 
Research 

Finite difference method 
Finite difference method is the name for a group of equations and techniques used for solving differential equations. The finite difference method works on the principle of approximating the difference within a finite difference (Mirzaee, 2021). The finite difference method has a few different types, depending on the applications, one will tend to be more effective than the others. The different methods are commonly referred to as forward, backwards and central finite differential equations (Argyris, 1991). The vaccines are temperature dependent and the temperature of an open system temperature change is directly related to the amount of time that has past. This is combined with the fact that the finite difference approximation will be simulating temperature and time. The finite difference method fundamentally gives an equation that has the right conditions for the selected method which will allow it to be changed from a different method to a polynormal equation (Helal, 2002). Using this method the accuracy of the equations has a direct correlation to the number of iterations used; for example, if the time was method over a minute and you used the time step of 20 seconds that would give you 3 iterations. This could be highly inaccurate especially if you compared it to 1000 iterations (M. Dehghan, M. Shirzadi, 2015). It is also important at this stage to briefly mention that these kind of irritative equations have stability criteria and if this is exceeded the result will be completely incorrect and may end up giving incorrect results. 
The finite difference method can be applied in 3 ways to an equation that being; central ,backwards and forward. The forward being the simplest to implement being the equation f’(x) =f(xo+h)-f(xo). The most effective of the 3 is normally the backwards method by not having such a low stability criteria like the forwards and central method as the backwards method allows for a criteria over ¼ meaning it is faster when being done and to that end is more effective in this application (Cao, 2007). However the backwards method is incredibly hard to implement so to that end the method that will be used for this report will be a form of central finite difference approximation. 
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For the simulation this code will be created on MATLAB and will consist of three parts. Task one will
show the box in a 3d model and in a 2d model as well. Task two will be a simulations of the plate in
two given that the boundary condition of the air sound the box is 12c and add the rest of the
contrainer is at -20 and instead of ice the box replaced with air. The final task is the same as task two
however the ice in in the box this time and the object of this is to work out given the change in the
state in of ice to water.

Research
Finite difference methord

Finite difference method is the name for a group of equations and techniques used for solving
differential equations. The finite difference method works of the principle of a approximating the
difference within a finite difference. The finite difference method has a few difference types
depending of the applications one will tend to be more effective than the others. The difference
methods are commonly referred to as forward, backwards and central finite differential equations.
Given the vaccines are temperature depended and that temperature of a open system temperature
change is directly related to there amount of time that has pasted. This combined with the fact that
the finite difference approximation will be simulating tempercher and time the best fit would be the
tylers methord.
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&T  &PT 1 dT

d$2+d2y_a>< dt
(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

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) =cO+c1(x-a)+c2(x-a)2+c3(x~a)3+c4(x-a)4+... or =e2yn=0cn(x-a)n

f(a)=cO0 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)
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The equation presented above is referred to as the Thermal Diffusion Equation. This equation uses the time temperate and the thermal conductivity of the material to calculate the temperature change through the material. It is inherently a simplistic equation to understand when compared to some of the other thermal dynamic equations that you may be presented with only have 4 variables and 1 constant involved in the equation (Xing, 2021). The equation takes the temperature from the surroundings denoted as x2 and y2 and works out the temperature that the central point reaches given the change in time denoted as dt. This equation is an expanded form of the energy transfer through a medium equation (QT=-dT/dx). Due to chosen simulations method that being MATLAB, there is some limitations to the uses of this equation within its program and MATLAB has trouble using differential equations and either will not run or will not do them correctly. So this means these equations in their current forms cannot be used effectively within MATLAB. However MATLAB is incredibly effective at running polynomial equations. This means that if there is a way to change a deferral into a polynomial equation MATLAB will have very little issue running the equations effectively. There are a plethora of equations and mathematic tools that could be used to change this differential into a polynomial or liner equations but for the sake of clarity it is important to note that the method selected for this is the Taylor series. This series of equations changes a differential into a set of polynormal equations. This is considered a form of finite element analyses (Frahm, 2020). Below is an example of the Tyler’s series.
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 
The Tyler series is the same as any other polynomial approximation meaning that the number of iteration increases the accuracy of the approximation. An example of the constraints at the stability criteria has on these equations is the central difference method. If the max frequency of the data is close to half the sampling frequency the error of this method is over the stability criteria and will lead to larger errors in the approximation even coming close to being an error rate of 100%. 

Below will be a derivation for the application for Tyler’s series on the equation [image: image4.png]#T T 1 T
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polynomial equation MATLAB will have very little issue running the equations effectively. There are a
plethora of equations and mathematic tools that could be used to change this differal in to a
polynotal or liner equations but for the sake of clarity it is important to note that the methord
selected for this is the Taylor series. This series of equations changes a differential in to a set of
polynormal equations this is considered a form of finite element analyses . below is a example of the
Tyler’s series .

f(x) =cO+c1(x-a)+c2(x-a)2+c3(x-a)3+cd(x-a)4+... or ==y n=0cn(x-a)n
fla)=co f(a)=cl f’(a)=2c2

the tyler series is the same as any other polynomial approximation meaning that number of jttration
increases the accuracy of the approximation. A example of the consitraionts at the subility criter has
on these equations is the central difference methord. If the max frequency of the data is close to half
the sampling frequency the error of this methord is over the stability criteria and will lead to lager
errors in the approximation even coming close to being a error rate of 100%.

Below will be a derivation for the application for dyers series on the equation
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equal % of the f(x) value. However, this form of flnlte 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
d*Tp _ Te—-2Tp+Tw I
dz? h2
d’Tp _ Tn-—-2Tp+Ts
dy? h?
dTp _ T t+-dt Tp
at dt
Subbing this back to the original equation.
Te —2Tp+ Tw Tn—2Tp+Ts 1 Tp”dt — Tpt . . o
——— + —————— | = — ——— — rearranging this and simplify gives
h2 h? «a dt
At
Tpttdt — QT (Te + Ts + Tn + Tw — ATp)+Tp'
At
QT = Fo gives

Tpt+dt = Fo(Te + Ts + Tn + Tw — 4Tp) FTp!

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

t

F Tw — 4T'p)+ &Tp

Tp"*¥ = Fo(Te + Ts + Tn To

Simplifying this you get the equation used in the code to model the distribution of heat though the
1
plate being Tp!t%# = Fo(Te +Ts+Tn+Tw [4 F—} Tp)
0
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Then substituting this back in the original equation and rearranging it for simplicity’s sake gives. 
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polynomial equation MATLAB will have very little issue running the equations effectively. There are a
plethora of equations and mathematic tools that could be used to change this differal in to a
polynotal or liner equations but for the sake of clarity it is important to note that the methord
selected for this is the Taylor series. This series of equations changes a differential in to a set of
polynormal equations this is considered a form of finite element analyses . below is a example of the
Tyler’s series .

f(x) =cO+c1(x-a)+c2(x-a)2+c3(x-a)3+cd(x-a)4+... or ==y n=0cn(x-a)n
fla)=co f(a)=cl f’(a)=2c2

the tyler series is the same as any other polynomial approximation meaning that number of jttration
increases the accuracy of the approximation. A example of the consitraionts at the subility criter has
on these equations is the central difference methord. If the max frequency of the data is close to half
the sampling frequency the error of this methord is over the stability criteria and will lead to lager
errors in the approximation even coming close to being a error rate of 100%.

Below will be a derivation for the application for dyers series on the equation
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equal % of the f(x) value. However, this form of flnlte 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
d*Tp _ Te—-2Tp+Tw I
dz? h2
d’Tp _ Tn-—-2Tp+Ts
dy? h?
dTp _ T t+-dt Tp
at dt
Subbing this back to the original equation.
Te —2Tp+ Tw Tn—2Tp+Ts 1 Tp”dt — Tpt . . o
——— + —————— | = — ——— — rearranging this and simplify gives
h2 h? «a dt
At
Tpttdt — QT (Te + Ts + Tn + Tw — ATp)+Tp'
At
QT = Fo gives

Tpt+dt = Fo(Te + Ts + Tn + Tw — 4Tp) FTp!

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

t

F Tw — 4T'p)+ &Tp

Tp"*¥ = Fo(Te + Ts + Tn To

Simplifying this you get the equation used in the code to model the distribution of heat though the
1
plate being Tp!t%# = Fo(Te +Ts+Tn+Tw [4 F—} Tp)
0
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polynomial equation MATLAB will have very little issue running the equations effectively. There are a
plethora of equations and mathematic tools that could be used to change this differal in to a
polynotal or liner equations but for the sake of clarity it is important to note that the methord
selected for this is the Taylor series. This series of equations changes a differential in to a set of
polynormal equations this is considered a form of finite element analyses . below is a example of the
Tyler’s series .

f(x) =cO+c1(x-a)+c2(x-a)2+c3(x-a)3+cd(x-a)4+... or ==y n=0cn(x-a)n
fla)=co f(a)=cl f’(a)=2c2

the tyler series is the same as any other polynomial approximation meaning that number of jttration
increases the accuracy of the approximation. A example of the consitraionts at the subility criter has
on these equations is the central difference methord. If the max frequency of the data is close to half
the sampling frequency the error of this methord is over the stability criteria and will lead to lager
errors in the approximation even coming close to being a error rate of 100%.

Below will be a derivation for the application for dyers series on the equation
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equal % of the f(x) value. However, this form of flnlte 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
d*Tp _ Te—-2Tp+Tw I
dz? h2
d’Tp _ Tn-—-2Tp+Ts
dy? h?
dTp _ T t+-dt Tp
at dt
Subbing this back to the original equation.
Te —2Tp+ Tw Tn—2Tp+Ts 1 Tp”dt — Tpt . . o
——— + —————— | = — ——— — rearranging this and simplify gives
h2 h? «a dt
At
Tpttdt — QT (Te + Ts + Tn + Tw — ATp)+Tp'
At
QT = Fo gives

Tpt+dt = Fo(Te + Ts + Tn + Tw — 4Tp) FTp!

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

t

F Tw — 4T'p)+ &Tp

Tp"*¥ = Fo(Te + Ts + Tn To

Simplifying this you get the equation used in the code to model the distribution of heat though the
1
plate being Tp!t%# = Fo(Te +Ts+Tn+Tw [4 F—} Tp)
0
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MATLAB script analysis  

MATLAB task 1 

Task 1 is a simple task it was to create a script that displays a 2d and 3d view of the box given that the ice thickness changes. The data we were give is that the vaccines container ( the smallest box) has the dimension of 0.14m x 0.14m x 0.12m theses are coated in a layer of eps of a thickness of 0.02m.  after this comes this ice thickness which is the variable for these graphs and then there is another wall thickness of eps surrounding the outside to insure as little temperature gets in as possible.  Below are the graphs produced by this code. [image: image8.png]Zlength(M)
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Figure 1





Figure 2
Figure 1 is the 3D view of the box it and figure 2 is the 2D variant. Both of these boxes have used a ice thickness of 0.6 being the largest sections of the 2 boxes. The center of box boxes are green denoting the air present in them and the eps layers are shown by the clear blue on the left and the dark blue on the write, the colors where all selected on purely aesthetic principles. 

Task 2 

Task 2 is where broken down in to multiple sections this is due to the large quantity of line of code need to successfully executed this code in the chosen method, that being utilizing multiple matrix in tandem to give the requested result. The first section is very close to the way to plot task one it is simple just imputing the data that is given to work out the size of the matrix’s sizes. After this is the calculations for the alpha value used in the finite difference method to work out the temperature change. This code contains the alpha values for air ,eps and ice however ice in to utilized in this task and was used to insure that the final time would change in the air present in the box was converted in to ice. The next part is very important to the code that is working out the max time step of finite difference method could handle without becoming unstable, functioning as its stability criteria. This is work out by taking ¼ of the of the value for the alpha value for the least conductive material squared divided by the gap size ( in this case air^2/0.02).  The sections fallowing this are the allocation of data to 2 equal sized matrixes one (boxM) contains the temperature values of the box and AlphaM which contains the alpha values of the materials in the box. boxM will be edited by the presiding for loop however AlphaM does not ever change as this denotes the position of the materials within the box.  After this is the for loop this is where the code begins predicting thermal propagation thought the materials. This code is capable depending on the overall size of the matrix’s to ether run the code normally or mirror half the matrix to increase the solve time. The for loop looks at every cell excluding the promotor cells and uses the cells above below, the left and right to calculate how much the change in temperature will be based on the surrounding cells. This repeats until the end condition is met which is when one of the conners reaches a temperature over 0c. during these loops a graph will be produced every time the value w reaches its preselected value (set at 100) this value can be increased to reduce solve time however it can make the graphs very jumpy so on smaller plates like this one it is best to leave it between 10 to 100. One run a graph will be procedure showing the final form the plate takes along with displaying the time it would take to complete this in real time ( in mins ). The time take for this code to stop is 49.17mins with a max time step and 451 iterations of the loop.   Below is the final state of the graph. 
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Figure 3
Task 3 

Task 3 fundamentally is very similar to task 2 as the basics for the code run exacting the same the main difference for this code lies within the lies with the condition that there is ice presence and how the melting of the ice effects the conductivity this is broken down in to 3 directions ice, mush zone and water. As the density is required to find out the conductivity of the material there had be to if statement in code to compensate. This is wear having 2 matrix for conductively comes in handy as its possible to use the temperature from BoxM to work out the conductivity that needs to be applied given what the state of matter the ice is in and how warm it currently is.  Due to the change in conductivity that is provided by the change in states of matter this mean that the conductivity of the material could ether increase dramatically or become slow ( in the case for ice to water is slower). According to the code the final time is 29.3 hours with 258942 iterations of the for loop. Below is the graph of the final state of the plate after the end condition is met. [image: image11.png]hight of box (M)
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Figure 4
Solid works components 

Before the design process begins it is important to have a clear goal in for this report, that is a box that can be used to protect vaccine and the cooling components while they are in transport  (Rosso, 2018). This could be a virus size of box but for sake of argument, this report is using the example of the ice wall thickness being 60mm and all the designs will use this number in the designs. It has to be acknowledged however that the ice thickness would give you about 50 minutes before the ice melts and the internal temperature of the box would become too warm for the vaccines to work rending them ineffective or unusable.  This gives us our first problem which is efficiency of space. According to the lean principles one of the mudas(waste) that should be eliminated is waste of space (Zadeh, 2017). Obviously as this is a heath related product you want to operate with a high level of safety to ensure that the vaccines do not spoil and can be kept cold enough to ensure that they will work. But if you ensure that every box is one size that means that there is a limited space in the transport vehicle and  that even if the vaccines are only travelling a mile to reach their destination and there is 200 needed  that means over 22 boxes are needed. If they had a wall thickness of 0.5 m this would mean at minimum you would need a transport vehicle that would need a capacity of at over 22M3 . which would cost a significant amount or you would need a fleet of vehicles (Smalley, 2008). This means that the product would benefit from a flexible design so that you can ensure the greatest efficiency from transporting. The product has also been specified to need to be stacked at least 3 times which is an important consideration to make when it comes to saving space (Sunder, 2021). If this product cannot be stacked that means that all of the the displacement of the boxes is concentrated on the floor and all the space above would be wasted. This would lead to far more vehicles being needed and to make the vaccines transport waste not just time (for the drives)  but fuel and cost to the company and ( assuming that the company is in charge of transportation) a significant amount of money in transport costs. 
Weight 
There is a large consideration with weight when it comes to this component as the product will be storing ice and water. Water and ice are quite dense meaning that for every 1m3 of ice ( at -20) that is present in the container that’s 950kg which must be taken into consideration when designing the container.  If the material that is used cannot bear that weight of the water and ice and will fail then it is useless for this product (Z.Mistarihi, 2020). There are 2 things to keep in mind, that being the size of the box increases the mass acting of the container by gravity and that there may be multiple containers stacked on top of each other. This means the box (assuming they are stacked 3 high) at the bottom will experience 3 times the force acting through it and the more the boxes are stacked the greater the force acting through the bottom box (Yuan Y., Guan T., 2014). 
Shape of the container 

This may seem simple and to some extent it is however, the shape of the box must compile with both the previous problems as it needs to be as effective with the space taken up and with the mass of the object. There is also the consideration of the water that needs to be taken into consideration as theoretically there is a way to remove material and keep the same strength of the component by shaving away material (Chen, 2020). However with this container possibly containing water that is not practical here.  The most effective use of space for this container is a simple box. This is because the ice that it contains is in cubes around the vaccines meaning that the material of the container could just have a wall thickness to comply with the mass of the ice and a lid (Ren, 2018). There are some considerations here for the ergonomics of the container as in handles to make lifting the container easier to lift and possibly some mechanism that allows boxes to clip together to make stacking secure and ensure there would be less movement so they are less likely to break in transport. 
Material  

When it comes down to it, material selection can be seen as possibly the most important design choice that can be made. If the wrong material is selected it could be disastrous, the part could fail and also lead to any number of problems happening. Material selection also has possibly the biggest impact on the cost of the component and the processes used for the creation of the component. Using the container, for example to resolve the problem with the weight, it could be created out of steel. This would mean that the container would have more than enough strength to deal with the load that it would have to undergo. However steel is prone to rust which would quickly degrade the product leading to it becoming useless quite quickly. Also steel is expensive when considered next to stuff like plastics and the process for shaping that metal can be very expensive depending on the process used (AlubelAbtew, 2021). Talking about plastic this is probably the best pick for a material for this container as it is water resistant and cheap. There are methods to mass produce plastic components at incredible speeds, however the one downside is the strength that is held by plastic. Some plastic are very weak and will break under a moderate load (S.Soni, 2021). So once the process is selected there will be a limited selection of plastics that can be used and then the metal will be chosen 
After these issues are considered, it is important to consider the design for manufacture. Design for manufacture is considered a basic engineering design principle where the product is designed with attention paid to how exactly that product could be made. An example of a product that does not follow this concept are cars (Marjan Bahraminasab, 2013). There are cars that are designed to look amazing however most of these cars will never be made due to the fact that the production of them would be too costly or impossible with current manufacturing methods. An example of a product that is designed for manufacture would be the cap of a bottle of water. These are designed to be quickly and efficiently made with injection moulds as injection moulds can produce a significant number of these parts fast and in large batch sizes (Edward, 2011). Design for manufacture also takes into consideration the material properties of the designer product, as the product could be made in a certain way but it would buckle under its own weight and that would make the product practically useless and not fit for purpose. 
Production methods

When it comes to the production of a component there are hundreds of ways to make components but the chosen method normally comes down to a few factors that make a company choose a current method. These factors are; cost of set up; cost per component; time to produce the part; quality of the component; defect rate and the materials that the process can use. Starting with material selection, as discussed in a previous section, the preferred material for this kind of product would be plastics as they are cheap, the production methods tend to be cheaper than with metals and there are more options of production of plastics as the sheer amount of different properties plastics have mean they can be incredibly malleable (Stoffels, 2018). Cost of set up is something critical to this report because the most effective methods for setting up production of plastic components are some of the most expensive as well. For example with injection moulding just the dies can cost upwards of £50,000 to create and if there are multiple sized containers then for every individual size a new die needs to be created which can quickly become expensive. This also doesn’t even consider the actual injection moulding machine. Cost per component is something that also needs to be considered (Farag, 2014). This calculation takes into consideration; the overhead cost; wage, total hourly rate; how long it takes to create one part and the cost of material to calculate the cost of creating one part. As in every industry the quality of the finished product is something that needs to be considered and along with that goes the defect rate of the process that you are looking at. If the quality is low or you are producing suboptimal parts consistently you are likely to lose the customer or money which is something that needs to be addressed as the process used has a large impact on the quality of product that you are producing. Taking into consideration these factors along with the problems that this design could run into there are two process that could be suggested for this production Injection Moulding and 3D printing.
Injection moulding 

Injection Moulding is a very solid method for this kind of product as it is a quick effective process and leads to very little defects. Injection Moulding works by feeding plastic pellets in to a heated barrel via a corkscrew barrel whereby the plastic pellets melt. The pellets are thereby pushed into a die to create the desired shape (M.Jauregui-Becker, 2013). The problem with Injection Moulding is the mould must be very carefully designed to work correctly in the moulding process. This is part of the reasons that the mould itself is so expensive as it takes a large level of skill to create these moulds so they will work as intended. (One of the bigger considerations for injection moulding of this part , is the marks formed during the  moulding process and the placement of these marks ). These blemishes are made from where the mould injects the plastic into the die to create the part as there is an entry point on the mould (Li, 2008). These points are left after the part is remove from the die. For this part injection moulding biggest weakness is probably its inability to adapt the size of the boxes as stated in the size portion of this report, as to adjust the size of the boxes could become an issue. If you need 4 box sizes for different dies this could easily cost £200,000 and then after this product is no longer needed the dies are just a waste of money at that point as they cannot be used for another product. As after Covid-19 vaccines are not in as high demand it is likely this product will not be needed.  Therefore this production line will need to change what it produces and that then means that new dies must be created for the line to keep creating money. 
3D printing 
3D printing is a general term to refer to a group of methods that use additive manufacturing to create products. 3D printing has many benefits for example it can create complex geometry with ease and the printers themselves are cheap when compared to other machines used commonly in industry.  All 3D printing methods are slow when compared to other methods for producing parts however some process are significantly slower than other 3D printing methods (PengwenWang, 2021). Depending on the method the components can be incredibly weak or incredibly strong. They are able to adjust to the sizes of the component to fit any size up to the limit of the size of the printer being used  (Murr, 2016). The reason this method has been suggested as an alternative to injection moulding is not for its adaptability. As long as the printers are big enough to deal with the largest boxes that is needed they can do any smaller task with very little needing to be changed. This doubles up for what will happen to the production line after Covid-19 vaccination  is finished  as they could be changed over to whatever the company wants to create with very little problem. All it would take is a new cad mould and the printers could make it. 
Solid works design outer box 

Taking into consideration all the previously discussed problems and necessities for the outer box, it is appropriate to discuss ergonomics of the component. It is highly likely at some stage that this product will be cared for by a human/ humans and the necessity that some conisations of the design should address this. Below is an image of the model of the box without its lid. 
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Figure 5
This is the design that this report would suggest for use for the outer shell of the vaccine transport device. As you can see the sides are rounded to stop the production of sharp corners than can injure a person if they were to bump into it. Also present in this image are the handles that are rounded to make holding the containers easier and safer as it is far less likely to damage a person’s hands while carrying the box around. 
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Figure 6
This is the size of the shell given that the ice all thickness is 60mm and the eps is 20mm wide. The container is designed to accommodate this volume of material exactly given that the walls of the container do not contract to fair due to being placed at -20c. This includes the top of the box as it has been increased by 25mm to accommodate for the lid which partly drops inside of the box to create a seal to ensure that there is little spilling during transport and that heat does not escape the container as easily. 
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Figure 7




Figure 8
These images show the underside of the box and the shape that allows them to be stacked more easily than conventional boxes. The bottom has an indentation that is designed to slot over the lid of another box to ensure they do not slide off each other. 
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Figure 9






Figure 10
The lid has the same shape and the indentation at the bottom of the container as discussed above this is to ensure that the boxes are unlikely to slip apart during transport. There is also a small slit on the side of the lid to allow it to be removed easier if force is applied directly up. There is also the material  that underneath meant to create a seal of sorts for the container and also make it impossible for the lid to simply slide off by applying horizontal force. 
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Figure 11
As you can clearly see the lid and the box shell sit flush together which creates a seal. 
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Figure 12



Figure 13
This is how the boxes can be stacked up and how they interact with the stacking mechanism. 
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Figure 14
This is the engineering drawing of the design in full allowing you to see through the component and see the void within where the ice can be packed. 
QFD 

Figure 15[image: image24.png]



Above is a Quality Function Deployment (QFD) it shows the demand characteristics of the icebox and the quality characteristics of the icebox and the relationship between the two. It also shows the relationship between the quality characteristics and the demand characteristics and uses this information to work out the appropriate relevance of each of the components. It also shows if there is a positive strongly positive or negative relation between the quality of the characteristics of the icebox (Ye-JiaPing, 2020). For example there is a strong positive relationship between the thermal conductivity of the component and the effect of thermal shrinkage. If you look on the left hand side of the table to the max relevance value in row you can see that the majority of the demands (66%) of the customer have a max relationship value  of 9 ( 9 being the highest it can be on this scale). This shows how carefully the design must consider the demands of the customer as there will have a large change in the perception of the quality of the part from the perspective of the customer. The next section on this side of the table is the relative weight of the design. As you can see 4 of the values are the same and are the highest, meaning these are the most important demands to be met. These demands are stackable, waterproof, inexpensive and reusable. These seem to line up with what the demands were in the brief as stackable, cheap and reusable where all specified in said brief. The waterproof is a clear addition to what the customer would demand as if this product was not waterproof it would be useless, fundamentally it would become a bucket with holes in it.  The next most important is the ability to be damage resistant. This is important as if simply knocking it would break the box it would not be reusable and more importantly some of the vaccines contained in the ice could become damaged becoming useless. On the top of the table is the quality characteristics and below that are the fields as the left hand side though they are for the quality characteristics.  According to the data provided by this table strength is the most important. This makes a lot of sense as it is critical that the material of the box is strong and less prone to damage so it can be reusable and can be stacked without the fear of the bottom most box collapsing under the weight of the other boxes. According to this, weight has the second highest relevance.  Weight  may be important however it is most likely not the most pressing matter to be considered with this design. The next in order is the air tight seal. This is important for the design process as when the ice melts if liquid escapes the box it will making the ice box less effective and could lead to anyone handling the product to slip and become injured which is very important to consider. Size of the box could be a critical factor to consider as if the box is far too big it will become harder to handle and will take up more room when being transported around leading to greater transportation cost. Lastly for this section is the graph which shows the effectiveness of 3D printing vs injection moulding. The graph on the far right shows how each of the process react to the customers’ demands. It is clear in this field that generic 3D printing is less desirable than injection moulding as the average result for the 3D printing is a value of 3 and the average value for injection moulding is 4. 
QFD are a great tool for showing the order that problems in design should be addressed (Yenradee, 2018). The only problem with this kind of data is that it is subjective to the person using it so even though this report shows that the QFD shows that for example stacking the boxes is more important than damage resistance this may not be true for you (Huang, 2019). So to this end this QFD will be used as a guide to loosely follow as the data it provides may not be a relation of the reality of the product. 

Suggested method for production 

In the QFD there was 2 generic suggested methods for creating the design presented in the previous section. There are many 3D printing methods and some of these remove some of the problems that the QFD identified, as well as this injection moulding has different methods that fall underneath it (BeateScheibel, 2021). After careful consideration this report would suggest 3D printing as the method of creating this component. The reason that injection moulding wasn’t selected outright and 3D printing was even considered is 2 fold. Firstly investment of injection moulding is very high and for every shape and size of box that is to be created a new die must be created, these can cost upwards of £50,000 and even thought this process creates components incredibly fast these expenses add up fast on top of the already hight start up price. Secondly there is a limit to what shape can be formed with injection moulding this is not limited in 3D printing. There are quite a few benefits to using 3D printing over injection moulding firstly it is possible to design cavity in the walls of the material to limit the thermal propagation thought the wall of the box without losing the strength of the material (AamerNazir, 2020). Also 3D printers ( depending on the method of 3D printing) can be very cheep depending on the size of workspace required. This means it is possible to have a large amount of 3D printers instead of just one injection moulding machine. This means breakdowns of one or 2 machines will not slow down production drastically (A. Nazir, 2020). But the most important benefit is there varsity as the production of these cooler boxes will not be required or will slow down dramatically meaning in the case of injection moulding ether production will have to stop or a new die will need to be create for a new component. For 3D printers if demand is low for this product its possible to just upload a new model and it can start creating that instead. The biggest down side 3D printing the speed and cost of the components speed can be made up for by having many 3D printers running in tandem however the cost per component will be significantly higher than other methods and this is unavoidable (Obydenkova, 2018). The only 3D method that should not be considered is SLS this is even thought the material properties for this form of 3D printing is significantly better than other methods it is far more expensive and this would massively limited production and profitability for the company as it is still a slow method but for 20 good SLS printers you would be looking of a investment over the £1 million mark. 

Conclusion 

In conclusion there are many methods that could be selected for the creation of the ice box however 3D printing is possibly the most viable as it allows the greatest flexibility to the production of parts and done not require any further investment in the production once its up and running to capacity. The design of the box is indeed basically but it did not seem appropriate to create a overly complex design as normally the best solutions to a problem is the simplest. With the MATLAB it is more than likely that there is some error with task 3 as trough out testing there was a variation in the solve time some times it could be a low as 29 hours and some times it could be just over 30 hour with the same time steep this means there is probably a error with the end condition or with the for loop itself as these are the only things that very the end time to such a degree. There was a intention to run a FMEA on design however this on closer became a bit inconsistent as depending on the size of the box the results could have vary widely so it was decide to not include this section as if it was done on the size of box used in the example it would not relate very highly to a box of a much larger size. 

References

A. Nazir, J. J., 2020. Buckling behavior of additively manufactured cellular columns: Experimental and simulation validation. Mater Des.
AamerNazir, 2020. The rise of 3D Printing entangled with smart computer aided design during COVID-19 era. Journal of Manufacturing Systems.
AlubelAbtew, M., 2021. Dynamic impact protective body armour: A comprehensive appraisal on panel engineering design and its prospective materials. Defence Technology.
Argyris, J., 1991. Finite element approximation to two-dimensional Sine–Gordon solitons. Comput Methods Appl Mech Eng.
BeateScheibel, 2021. Extraction of dimension requirements from engineering drawings for supporting quality control in production processes. Computers in Industry.
Cao, Y., 2007. Finite element methods for semilinear elliptic stochastic partial differential equations. Numer Math.
Chen, A., 2020. Study of liquid spurt caused by hydrodynamic ram in liquid-filled container. International Journal of Impact Engineering.
Edward, K., 2011. Materials influence on design: a decade of development. Mater Des.
Farag, M., 2014. Materials and process selection for engineering design. 

Frahm, G., 2020. M-estimation with incomplete and dependent multivariate data. Journal of Multivariate Analysis.
Fu, Y., 2021. Optimal lockdown policy for vaccination during COVID-19 pandemic. Finance Research Letters.
Ghosh, B., 2021. Applied Soft Computing. Applied Soft Computing.
Helal, M., 2002. Soliton solution of some nonlinear partial differential equations and its application in fluid mechanics. Chaos Soliton Fract.
Huang, J., 2019. New approach for quality function deployment based on proportional hesitant fuzzy linguistic term sets and prospect theory. Int. J. Prod. Res.
Li, C., 2008. Plastic injection mould cooling system design by the configuration space method. Computer-Aided Design.
M. Dehghan, M. Shirzadi, 2015. Numerical solution of stochastic elliptic partial differential equations using the meshless method of radial basis functions. Eng Anal Bound Elem.
M.Jauregui-Becker, J., 2013. Performance Evaluation of a Software Engineering Tool for Automated Design of Cooling Systems in Injection Moulding. Procedia CIRP.
MarjanBahraminasab, 2013. Aseptic loosening of femoral components – Materials engineering and design considerations. Materials & Design.
Mirzaee, F., 2021. Numerical solution of two-dimensional stochastic time-fractional Sine–Gordon equation on non-rectangular domains using finite difference and meshfree methods. Engineering Analysis with Boundary Elements.
Murr, L., 2016. Frontiers of 3D Printing/Additive Manufacturing: from Human Organs to Aircraft Fabrication†. J. Mater. Sci. Technol.
Obydenkova, S., 2018. Prospects of applying 3-D printing to economics of remote communities: Reindeer herder case. J Enterprising Communities.
PengwenWang, 2021. Innovative design of a helmet based on reverse engineering and 3D printing. Alexandria Engineering Journal.
Ren, P., 2018. Experimental investigation on dynamic failure of water-filled vessel subjected to projectile impact. Int J Impact Eng.
Rosso, C. B., 2018. The joint use of resilience engineering and lean production for work system design: A study in healthcare. Applied Ergonomics.
S.Soni, S., 2021. Polymeric materials for immune engineering: Molecular interaction to biomaterial design. Acta Biomaterialia.
Smalley, S. a., 2008. Understanding A3 Thinking: a Critical Component of Toyota's PDCA Management System. Productivity Press.
Stoffels, P., 2018. Integrated Product and Production Engineering Approach – A Tool-Based Method for a Holistic Sustainable Design, Process and Material Selection. Procedia Manufacturing.
Sunder, V., 2021. Lean additives in a service factory: A design science approach. Technovation.
Wang, J., 2021. Impact of COVID-19 pandemic on energy consumption and carbon dioxide emissions in China's transportation sector. Case Studies in Thermal Engineering.
Xing, Y., 2021. A generalized finite difference method for solving elasticity interface problems. Engineering Analysis with Boundary Elements.
Ye-JiaPing, 2020. A new integrated approach for engineering characteristic prioritization in quality function deployment. Advanced Engineering Informatics.
Yenradee, P., 2018. Fuzzy QFD approach for managing SCOR performance indicators. Comput. Ind. Eng..
Yuan Y., Guan T., 2014. Design of individualized wheelchairs using AHP and Kano model. Adv. Mech. Eng..
Z.Mistarihi, M., 2020. An integration of a QFD model with Fuzzy-ANP approach for determining the importance weights for engineering characteristics of the proposed wheelchair design. Applied Soft Computing.
Zadeh, 2017. Performance optimization of integrated resilience engineering and lean production principles. Expert System.
Appendix MATLAB

Task1
clc 

clear all 

close all

ice=input('ice plate lenth ');

while ice<0

    disp('enter positve ice value')

    ice=input('ice lenght ');

end

epa=0.02;

boxin1=0.14;

boxin2=0.12;

boxin3=0.14;

box1in=[boxin1,boxin2,boxin3];

%%

box1xout=boxin1+(2*epa);

box1yout=boxin2+(2*epa);

box1zout=boxin3+(2*epa);

box1out=[box1xout,box1yout,box1zout];

%%

box2in=[box1xout+2*ice,box1yout+2*ice,box1zout+2*ice];

box2out=box2in+(2*epa);

volumebox2out=prod(box2out);

volumebox2in=prod(box2in);

volumebox1in=prod(box1in);

volumebox1out=prod(box1out);

massepa=(((volumebox2out-volumebox2in)+(volumebox1out-volumebox1in))*23);%23=epa density

massice=(volumebox2in-volumebox1out)*913; %913 being the densicty of ice 

figure;

xlabel('X length (M)')

ylabel('Y length(M)')

zlabel('Z length(M)')

plotcube([box2out],[0,0,0], 0.1, [0 1 1]);

plotcube([box2in],[epa,epa,epa],0.1,[0 1 0]);

plotcube([box1out],([epa,epa,epa]+ice), 0.1, [1 0 1]);

plotcube([box1in],([epa,epa,epa]+ice+epa), 0.1, [1 1 0]);

figure;

xlabel('X length(M)')

ylabel('Y length(M)')

rectangle('Position',[0 0 (0.22+2*ice) (0.2+2*ice)],'FaceColor',[0 0 1],'EdgeColor','b');

rectangle('Position',[0.02 0.02 0.18+2*ice 0.16+2*ice],'FaceColor',[1 1 0], 'EdgeColor','y');

rectangle('Position',[0.02+ice 00.02+ice 0.18 0.16],'FaceColor',[0 0 1], 'EdgeColor','b');

rectangle('Position',[0.04+ice 0.04+ice 0.14 0.12],'FaceColor',[0 1 0], 'EdgeColor','g');

task 2 

clc 

clear all 

boxin1=0.14;

boxin2=0.14;

boxin3=0.12;

eps=0.02;

boxin1eps=boxin1+2*eps; 

boxin2eps=boxin2+2*eps;

boxin3eps=boxin3+2*eps;

icethickness=0.06;% imput 

boxout1eps=boxin1eps+2*eps;

boxout2eps=boxin2eps+2*eps;

boxout3eps=boxin3eps+2*eps;

boxout1=boxout1eps+2*icethickness;

boxout2=boxout2eps+2*icethickness;

boxout3=boxout3eps+2*icethickness;

gapsize=0.02;

%epsprime=eps/gapsize

icethicknessM=icethickness/gapsize;

%% conditions 

coneps=0.0345/((23)*(1.28*10^3));

conice=2.3/((917)*(2*10^3));

conair=0.02/((1.3)*(1006));

%% Timestep

Timemax=0.25*(gapsize^2)/conair;

display(Timemax,'below is the max time step ' );

dt=(0.01*Timemax);

input( 'time step ');

dt=Timemax;

while dt<0 || dt> Timemax

    disp('enter positve dt value')

    dt=input('dt lenght ');

end

%%

Y_size=(boxout1/gapsize)+1;

X_size=(boxout2/gapsize)+1;

Y_size=round(Y_size);

X_size=round(X_size);

Y_sizeinnerbox=boxin1/gapsize;

X_sizeinnerbox=boxin2/gapsize;

X_sizeinnerboxeps=boxin2eps/gapsize;

Y_sizeinnerboxeps=boxin1eps/gapsize;

X_sizeinnerbox=round(X_sizeinnerbox);

Y_sizeinnerbox=round(Y_sizeinnerbox);

epsthickness=(eps/gapsize);

boxM=zeros(Y_size,X_size); 

wallgap=epsthickness+icethicknessM;

%%

  alphaM=boxM;

alphaM(:,:)=conair;

alphaM(1:1:2,1:(X_size-1))=coneps;

alphaM(1:(Y_size-1),1:1:2)=coneps;%done

alphaM((Y_size-1):1:(Y_size),1:(X_size-1))=coneps;%Y

alphaM(1:(Y_size),(X_size-1):1:(X_size))=coneps;%X

alphaM((wallgap+1):1:Y_size-wallgap,wallgap+1:1:wallgap+2)=coneps;

alphaM(wallgap+1:1:wallgap+2,(wallgap+1):1:Y_size-wallgap)=coneps;

alphaM((wallgap+1):1:Y_size-wallgap,X_size-(wallgap+1):1:X_size-(wallgap))=coneps;

alphaM(13:15,5:14)=coneps

%% hard coded 

alphaM(3:1:16,3:1:4)=conair;

alphaM(3:4,3:16)=conair;

alphaM(3:1:16,15:1:16)=conair;

alphaM(15:16,3:16)=conair;

%% for if statemnts 

icethicknessF=icethicknessM+1;

Ytoplenth=[3:1:14];

iceP=[icethicknessM,icethicknessF];

Ybottom=[15:16,3:16];

Xleft=[3:4,3:14];

Xright=[3:1:14,15:1:16];

%% box matix 

boxM(:,:)=-20;

boxM(1,:)=12;

boxM(:,1)=12;

boxM(:,X_size)=12;

boxM(Y_size,:)=12;

%% loop preamitors 

future_boxM=boxM;

loop_key=0;

Y=size(boxM,1);

X=size(boxM,2);

n=1;

w=0;

if Y_size>=100

A=2:1:(Y/2);

else

 A=2:1:Y-1;

end

            while loop_key==0    

                if     Y_size>=100

                future_boxM((Y/2+1):1:end,:)=0;% in test

                future_boxM= future_boxM+(flip(future_boxM));% in testing 

                end

        boxM=future_boxM;

        for yTp=(A)%Y-1

            for xTp1=2:1:X-1

               Fo=((alphaM(yTp,xTp1)*dt)/gapsize^2);

                future_boxM(yTp,xTp1)= Fo*(boxM(yTp-1,xTp1)+boxM(yTp,xTp1+1)+boxM(yTp+1,xTp1)+boxM(yTp,xTp1-1)+((1/Fo)-4)*boxM(yTp,xTp1));

            end

        end

        n=n+1;

        %%

        w=w+1;

        while w==10

            graph=contourf(future_boxM);

            colorbar;

            title('heat transfer (air)')

            xlabel('lenth of box (M)')

            ylabel('hight of box (M)')

            drawnow;

            w=0;

        end

        if boxM(2+2*epsthickness+icethicknessM,2+2*epsthickness+icethicknessM)>=0%(1+epsthickness+icethicknessM,1+epsthickness+icethicknessM)>=0%(Y/2,X/2)>=0%%

            loop_key=loop_key+1;

        end

            end

           finaltime=dt*n/60;

                        graph=contourf(future_boxM);

            colorbar;

            title('heat transfer (air)')

            xlabel('lenth of box (M)')

            ylabel('hight of box (M)')

            drawnow;

            display(finaltime, ('mins'))
task 3 
clc 

clear all 

boxin1=0.14;

boxin2=0.14;

boxin3=0.12;

eps=0.02;

boxin1eps=boxin1+2*eps; 

boxin2eps=boxin2+2*eps;

boxin3eps=boxin3+2*eps;

icethickness=0.06;% imput 

boxout1eps=boxin1eps+2*eps;

boxout2eps=boxin2eps+2*eps;

boxout3eps=boxin3eps+2*eps;

boxout1=boxout1eps+2*icethickness;

boxout2=boxout2eps+2*icethickness;

boxout3=boxout3eps+2*icethickness;

gapsize=0.005;

%epsprime=eps/gapsize

icethicknessM=icethickness/gapsize;

%% conditions 

AlphaEps=0.0345/((23)*(1.28*10^3));

AlphaIce=2.3/((917)*(2*10^3));

Alphawater=0.56;

AlphaAir=0.02/((1.3)*(1006));

%% mush conition (set) 

ks=2.3; %no need to change

kl=0.56; % no need to change 

ps=916.5721; % ice desity 

pl=999.84; %(density of water at temp) 

cs=2*10^3;

cl=4.2*10^3;

km=((2*ks*kl)/(ks+kl));

pm=(ps+pl)/2; %density of mush

cm=6.58*10^5; %condetiveity of mush

%% Timestep

Timemax=0.25*(gapsize^2)/AlphaAir;

display(Timemax,'below is the max time step ' );

dt=(Timemax);%input( 'time step ');

%dt=Timemax;

% while dt<0 || dt> tim

%     disp('enter positve dt value')

%     dt=input('dt lenght ');

% end

%%

Y_size=(boxout1/gapsize)+1;

X_size=(boxout2/gapsize)+1;

Y_size=round(Y_size);

X_size=round(X_size);

Y_sizeinnerbox=boxin1/gapsize;

X_sizeinnerbox=boxin2/gapsize;

X_sizeinnerboxeps=boxin2eps/gapsize;

Y_sizeinnerboxeps=boxin1eps/gapsize;

X_sizeinnerbox=round(X_sizeinnerbox);

Y_sizeinnerbox=round(Y_sizeinnerbox);

epsthickness=(eps/gapsize);

boxM=zeros(Y_size,X_size); 

wallgap=epsthickness+icethicknessM-1;

%% eps out

  alphaM=boxM;

alphaM(:,:)=AlphaAir;

alphaM(1:1:(epsthickness),1:(X_size))=AlphaEps;

alphaM(1:(Y_size),1:1:(epsthickness))=AlphaEps;%done

alphaM((Y_size-(epsthickness-1)):1:(Y_size),1:(X_size))=AlphaEps;%Y

alphaM(1:(Y_size),(X_size-(epsthickness-1)):1:(X_size))=AlphaEps;%X

%% hard coded ice

alphaM(5:1:65,5:15)=AlphaIce;

alphaM(5:15,5:1:65)=AlphaIce;

alphaM(54:65,5:1:65)=AlphaIce;

alphaM(5:1:65,54:65)=AlphaIce;

%% eps in 

alphaM(16:53,16:20)=AlphaEps;

alphaM(16:20,16:53)=AlphaEps;

alphaM(21:53,49:53)=AlphaEps;

alphaM(49:53,21:53)=AlphaEps;

%% for if statemnts 

icethicknessF=icethicknessM+1;

Ytoplenth=[3:1:14];

iceP=[icethicknessM,icethicknessF];

Ybottom=[15:16,3:16];

Xleft=[3:4,3:14];

Xright=[3:1:14,15:1:16];

%% box matix 

boxM(:,:)=-20;

boxM(1,:)=12;

boxM(:,1)=12;

boxM(:,X_size)=12;

boxM(Y_size,:)=12;

      %X_size/2-X_sizeinnerbox/2

%% loop preamitors 

future_boxM=boxM;

loop_key=0;

Y=size(boxM,1);

X=size(boxM,2);

n=1;

w=0;

if Y_size>=100

A=2:1:(Y/2);

else

 A=2:1:Y-1;

end

            while loop_key==0    

                if     Y_size>=100

                future_boxM((Y/2+1):1:end,:)=0;% in test

                future_boxM= future_boxM+(flip(future_boxM));% in testing 

                end

        boxM=future_boxM;

        for yTp=(A)%Y-1

            for xTp1=2:1:X-1

                %%

                if (yTp>=5<=65) && (xTp1>=5<=15)

                    if boxM(yTp,xTp1)>=-20 && boxM(yTp,xTp1)<-0.1 %(5:1:65,5:15)

                        ice_temp=boxM(yTp,xTp1);

                        ice_density = 916.50*(1-10^-6*ice_temp*(157.556+0.2779*ice_temp+0.008854*ice_temp^2+0.0001778*ice_temp^3));

                        AlphaIce=2.3/((ice_density)*(2*10^3));

                        alpha_value=AlphaIce;

                    elseif boxM(yTp,xTp1)>=-0.1 &&boxM(yTp,xTp1)<0.5

                       ice_temp=boxM(yTp,xTp1);

                        ps= 916.50*(1-10^-6*ice_temp*(157.556+0.2779*ice_temp+0.008854*ice_temp^2+0.0001778*ice_temp^3));

                         water_temp=boxM(yTp,xTp1);

                         pl=(999.83952+(16.945176*water_temp)+(-7.9870401*10^-3*water_temp^2)+(-46.170461*10^-6*water_temp^3)+(105.56302*10^-9*water_temp^4)+(-280.54253*10^-12*water_temp^5))/(1+16.897850*10^-3*water_temp);

                           pm=(ps+pl)/2; 

                        Alphamush=km/(pm*cm);

                        alpha_value=Alphamush;

                    elseif boxM(yTp,xTp1)>=0.5 

                        water_temp=boxM(yTp,xTp1);

                    density_water=(999.83952+(16.945176*water_temp)+(-7.9870401*10^-3*water_temp^2)+(-46.170461*10^-6*water_temp^3)+(105.56302*10^-9*water_temp^4)+(-280.54253*10^-12*water_temp^5))/(1+16.897850*10^-3*water_temp);

                    Alphawater=0.56/((density_water)*(4.2*10^3));

                    alpha_value=Alphawater;

%                    

                    end

                   Fo=((alpha_value*dt)/gapsize^2);

                future_boxM(yTp,xTp1)= Fo*(boxM(yTp-1,xTp1)+boxM(yTp,xTp1+1)+boxM(yTp+1,xTp1)+boxM(yTp,xTp1-1)+((1/Fo)-4)*boxM(yTp,xTp1));

                elseif (yTp>=5<=15) && (xTp1>=5<=65)  %5:15,5:1:65

                     if boxM(yTp,xTp1)>=-20 && boxM(yTp,xTp1)<-0.1 

                        ice_temp=boxM(yTp,xTp1);

                        ice_density = 916.50*(1-10^-6*ice_temp*(157.556+0.2779*ice_temp+0.008854*ice_temp^2+0.0001778*ice_temp^3));

                        AlphaIce=2.3/((ice_density)*(2*10^3));

                        alpha_value=AlphaIce;

                    elseif boxM(yTp,xTp1)>=-0.1 &&boxM(yTp,xTp1)<0.5

                       ice_temp=boxM(yTp,xTp1);

                        ps= 916.50*(1-10^-6*ice_temp*(157.556+0.2779*ice_temp+0.008854*ice_temp^2+0.0001778*ice_temp^3));

                         water_temp=boxM(yTp,xTp1);

                         pl=(999.83952+(16.945176*water_temp)+(-7.9870401*10^-3*water_temp^2)+(-46.170461*10^-6*water_temp^3)+(105.56302*10^-9*water_temp^4)+(-280.54253*10^-12*water_temp^5))/(1+16.897850*10^-3*water_temp);

                           pm=(ps+pl)/2; 

                        Alphamush=km/(pm*cm);

                        alpha_value=Alphamush;

                    elseif boxM(yTp,xTp1)>=0.5 

                        water_temp=boxM(yTp,xTp1);

                    density_water=(999.83952+(16.945176*water_temp)+(-7.9870401*10^-3*water_temp^2)+(-46.170461*10^-6*water_temp^3)+(105.56302*10^-9*water_temp^4)+(-280.54253*10^-12*water_temp^5))/(1+16.897850*10^-3*water_temp);

                    Alphawater=0.56/((density_water)*(4.2*10^3));

                    alpha_value=Alphawater;

%                    

                    end

                   Fo=((alpha_value*dt)/gapsize^2);

                future_boxM(yTp,xTp1)= Fo*(boxM(yTp-1,xTp1)+boxM(yTp,xTp1+1)+boxM(yTp+1,xTp1)+boxM(yTp,xTp1-1)+((1/Fo)-4)*boxM(yTp,xTp1));

                elseif (yTp>=54<=65) && (xTp1>=5<=65) %54:65,5:1:65

                    if boxM(yTp,xTp1)>=-20 && boxM(yTp,xTp1)<-0.1 

                        ice_temp=boxM(yTp,xTp1);

                        ice_density = 916.50*(1-10^-6*ice_temp*(157.556+0.2779*ice_temp+0.008854*ice_temp^2+0.0001778*ice_temp^3));

                        AlphaIce=2.3/((ice_density)*(2*10^3));

                        alpha_value=AlphaIce;

                    elseif boxM(yTp,xTp1)>=-0.1 &&boxM(yTp,xTp1)<0.5

                       ice_temp=boxM(yTp,xTp1);

                        ps= 916.50*(1-10^-6*ice_temp*(157.556+0.2779*ice_temp+0.008854*ice_temp^2+0.0001778*ice_temp^3));

                         water_temp=boxM(yTp,xTp1);

                         pl=(999.83952+(16.945176*water_temp)+(-7.9870401*10^-3*water_temp^2)+(-46.170461*10^-6*water_temp^3)+(105.56302*10^-9*water_temp^4)+(-280.54253*10^-12*water_temp^5))/(1+16.897850*10^-3*water_temp);

                           pm=(ps+pl)/2; 

                        Alphamush=km/(pm*cm);

                        alpha_value=Alphamush;

                    elseif boxM(yTp,xTp1)>=0.5 

                        water_temp=boxM(yTp,xTp1);

                    density_water=(999.83952+(16.945176*water_temp)+(-7.9870401*10^-3*water_temp^2)+(-46.170461*10^-6*water_temp^3)+(105.56302*10^-9*water_temp^4)+(-280.54253*10^-12*water_temp^5))/(1+16.897850*10^-3*water_temp);

                    Alphawater=0.56/((density_water)*(4.2*10^3));

                    alpha_value=Alphawater;

                    end

                   Fo=((alpha_value*dt)/gapsize^2);

                future_boxM(yTp,xTp1)= Fo*(boxM(yTp-1,xTp1)+boxM(yTp,xTp1+1)+boxM(yTp+1,xTp1)+boxM(yTp,xTp1-1)+((1/Fo)-4)*boxM(yTp,xTp1));

                elseif (yTp>=5<=65) && (xTp1>=54<=65)   %5:1:65,54:65

                     if boxM(yTp,xTp1)>=-20 && boxM(yTp,xTp1)<-0.1 

                        ice_temp=boxM(yTp,xTp1);

                        ice_density = 916.50*(1-10^-6*ice_temp*(157.556+0.2779*ice_temp+0.008854*ice_temp^2+0.0001778*ice_temp^3));

                        AlphaIce=2.3/((ice_density)*(2*10^3));

                        alpha_value=AlphaIce;

                    elseif boxM(yTp,xTp1)>=-0.1 && boxM(yTp,xTp1)<0.5

                       ice_temp=boxM(yTp,xTp1);

                        ps= 916.50*(1-10^-6*ice_temp*(157.556+0.2779*ice_temp+0.008854*ice_temp^2+0.0001778*ice_temp^3));

                         water_temp=boxM(yTp,xTp1);

                         pl=(999.83952+(16.945176*water_temp)+(-7.9870401*10^-3*water_temp^2)+(-46.170461*10^-6*water_temp^3)+(105.56302*10^-9*water_temp^4)+(-280.54253*10^-12*water_temp^5))/(1+16.897850*10^-3*water_temp);

                           pm=(ps+pl)/2; 

                        Alphamush=km/(pm*cm);

                        alpha_value=Alphamush;

                    elseif boxM(yTp,xTp1)>=0.5 

                        water_temp=boxM(yTp,xTp1);

                    density_water=(999.83952+(16.945176*water_temp)+(-7.9870401*10^-3*water_temp^2)+(-46.170461*10^-6*water_temp^3)+(105.56302*10^-9*water_temp^4)+(-280.54253*10^-12*water_temp^5))/(1+16.897850*10^-3*water_temp);

                    Alphawater=0.56/((density_water)*(4.2*10^3));

                    alpha_value=Alphawater;

%                    

                    end

                   Fo=((alpha_value*dt)/gapsize^2);

                future_boxM(yTp,xTp1)= Fo*(boxM(yTp-1,xTp1)+boxM(yTp,xTp1+1)+boxM(yTp+1,xTp1)+boxM(yTp,xTp1-1)+((1/Fo)-4)*boxM(yTp,xTp1));

                else

               Fo=((alphaM(yTp,xTp1)*dt)/gapsize^2);

                future_boxM(yTp,xTp1)= Fo*(boxM(yTp-1,xTp1)+boxM(yTp,xTp1+1)+boxM(yTp+1,xTp1)+boxM(yTp,xTp1-1)+((1/Fo)-4)*boxM(yTp,xTp1));

                end

            end

        end

        n=n+1;

        %%

        w=w+1;

        while w==10000

            graph=contourf(future_boxM);

            colorbar;

            title('heat transfer (air)')

            xlabel('lenth of box (M)')

            ylabel('hight of box (M)')

            drawnow;

            w=0;

        end

        if boxM(19,19)>=0%(1+epsthickness+icethicknessM,1+epsthickness+icethicknessM)>=0%(Y/2,X/2)>=0%%

            loop_key=loop_key+1;

        end

            end

           finaltime=(dt*n)/60;

            graph=contourf(future_boxM);

            colorbar;

            title('heat transfer (air)')

            xlabel('lenth of box (M)')

            ylabel('hight of box (M)')

            drawnow; 
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