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Abstract e Project Details Il B

The table below shows the phase change materials to be simulated and their properties.

The industry-focused graduation project with Vestel Beyaz Esya is the design and Parameter BioPCM Q4 sayE OM5 ATP 6 PureTemp 8
implementation of a cooler box that utilizes state of art phase change material Lowiten 3 & 2¢ 2% 8 L
technology, integrated into the fridge and has the characteristics of an environmentally #m 53%kJ/kq 37(():kJ/kq §7SCkJ/kq ;7%kJ/kq
. . . . . . . - : - 3 .

friendly energy efficient cooling system. Phase change materials are used in a variety TEeem 24°C 24°C 24°C 24°C

. . . . . . . | Rsplid 1250 kg/m? 935 kg/m? 777 kg/m? 950 kg/m?
of fields in heating and cooling operations, due to their unique thermal energy storage = 1300 ka/m? 835 ka/m? 740 ka/m? 360 ka/m?
properties. In literature there are many places where phase change materials are used Kliaus 2.5 Wim.K 0.146 Wim.K 0.2 Wim.K 0.22 Winm.K
L , Kssid 0.7 Wim K 0.224 Wim K 0.2 Wim K 0.14 Wi K
in industry ranging from energy storage from renewable resources to household Cp 4.5 kJikg K 3 kdlkg'K 2 kllka K 215 k/kg K
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heating. There are also some examples of patents and solutions that utilize phase

change materials however they are not in the same time fully integrated into the fridge THDIG,S.:Fnase chiange Iaterats piopeies

as a cooling compartment, the project aims to design a cooling box that can function Fig 7: Parameter table for the PCMs used

within the fridge and outside the fridge on its own. There are several important - -
motivations for this project, the main is to create an environmentally friendly and | | | | :I:'EIZ?];":;,:"T::;?;W'- 1 T 1 T 1 1 | ]|
energy efficient design by using phase change materials, another one is to implement it | il |

phase change materials on a more daily life basis such as using them in a cooler box.
There are several objectives of this project such as 10000 life cycles, around 5 hours of
stable temperature that is the same as a refrigerators operating temperature (4-8
degrees Celsius), another objective and requirement of the project is to have it under
10 Euros to make the product competitive. The project has 6 main parts, the parts are
as follows; literature and patent review, design, modelling, manufacturing, assembly
and test, results and analysis.
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Ob je ctives Fig 8: Varying PCM layer thicknesses Fig 9: Different 1nitial temperatures

10 Chiban Avirage 1 16egt o
8 1] % e /A o]

Given project requirements are: il [¥ |

I. The average temperature inside the box will be 5 C for at least 5 hours after leaving - Z /:’

the refrigerator. % g %

I[I. The expected service life is 1000 cycles. = 4- /

III. The box should carry a total weight of 10 kilograms. 3 /:’

IV. The box must be designed for a refrigerator that dimensions of 183*70*72 cm o V4

(Vestel SN653) R il

V. This design/mechanism could work within the refrigerator temperature 4-8 C and 0 1 2 3 4 5 6 1 8 9

. Temperature(°C) ot . g 5 ‘ ; . X ‘

ambient temperature of 25 C. N R B o T o R .

V1. Ease of assembly and accessibility for repair purposes are required. Fig 10: Results from the compared paper Fig 11: Simulation results of our design

VII. Safety precautions must be taken for users and for the designed assembly

mechanism. After creating the 3 different designs for simulation purposes, we’ve used COMSOL to

VIII. The design should be competitive. Therefore, we will support prototypes and cost simulate the performance of the PCM materials that we have chosen with each design at

mechanism for mass production should not exceed 10 € in order to be competitive. different atmosphere and 1nitial temperatures and varying PCM layer thickness. One of
the objectives of the project was to create a cost effective design, thus 1t was one of the

Pro jECt Details more 1mportant factors when i1t came to choosing the most efficient design method for

the cooler box. Without the cost aspect, the dual box PCM layer design was the most
effective however it used almost double the PCM material of the grid design, grid
design also met the requirements for the project. It also had several advantages

s compared to the other 2 designs; by dividing into smaller compartments and filling
PCMs, the amount of precipitation in phases transitions would affect the internal

temperatures less. PCMs would also be less effected by temperature changes as they’re
more 1n contact with the insulation.

The analysis process needed a validation, comparing it to another scientific analysis and
paper, and to replicate their results to see i1f our process and method was correct. As
seen 1n the figures the validation was completed.

Fig 1: Grid Design Fig 2: Basic Design Fig 3: Dual box design
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Conclusions

Ultimately, the grid design method was chosen from the analysis of the designs, from
the PCMs, the most accessible one was the Axiotherm ATP 6, and this product was
chosen to be used for the physical implementation and testing.
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