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1 Introduction

This paper will discuss various areas of the thermofluid mechanics module, which covers a wide variety of topics. Such topics are spread throughout the report in different segments, exploring different areas of the module.
-Part A will be more mathematically based, mainly including questions on how to find values of combustion engines and more.
-Part B will discuss the efficiency of gas and steam turbine plants, and where to improve the quality of said plants where possible.
-Part C will explore the second law of thermodynamics, and how to go about utilising it to create a vapour-compression cycle.



















2 Part A

The following photos are all workings out for the question Part A, all of which were worked out and taken by the author of this report (Kielder Francis).
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Figure 1 shows the workings out for question ai
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Figure 2 shows the workings out for question aii
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Figure 3 shows the workings out for question b
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Figure 4 shows the workings out for question c
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Figure 5 shows the workings out for question d
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Figure 6 shows the graph for question e

The numbers below show the final answers for each of the questions in Part A
ai: T2=689.22K, T3=2778.356K, T4=1209.349K, P2=1837920Pa, P3=7409164.335Pa, P4=4023743.641Pa
aii : n=56.5%
b: n=65.5%
c: n=62.27%
d: P=732.55kW, T1=746018°C








3 Part B

There are numerous ways to reduce energy loss, and in most questions about energy, the amount lost is usually ignored. But what happens to the rest of the energy that is lost, and how can we reduce it for larger scale systems like a gas or steam turbine plant?
The basics of a steam turbine plant are quite simple. Water is heated in a boiler so it becomes steam, the steam is transported through pipes where is will be heated up again by a reheater. It will then pass through the turbines then are connected to the generator, which is where the all the kinetic energy is converted to electrical energy. The turbines have 2 types of blades, fixed and rotary. The fixed blades are designed to keep the flow of steam going and to push it back upwards on the rotary blades, to maximise efficiency. Both moving blades and the nozzles (fixed blades) are curved allow the flow of the steam or gas to move freely, (Engineering, 2017).
[image: Impulse and Reaction Turbine Blades and Nozzles Showing Steam Pressure and Velocity Diagrams]
Figure 7 shows the effect of having curved blades as opposed to the less efficient straight nozzles, (Electropaedia)


A gas turbine plant is similar how it has turbines to generate electricity but differs as it uses gas rather than steam. Air is taken in and compressed by a compressor which is then taken to a combustion chamber. It is here that the gas is mixed with the air, which releases a lot of energy, causing the gasses to expand. This rapid expansion increases the pressure again, and it is now that the gasses are passes through the turbines to generate the electricity, (School, 2019).
Another advantage of the gas turbine plant is it can also keep the heat from the expanded gas and use it for chamber to boil the steam, called a Heat Recovery Steam Generator (HRSG). The HRSG can boil the steam and use it for a steam turbine generator, which makes it more efficient when both are combined to create a Combined Cycle Plant, (School, 2019).

The simplest form of energy loss is through friction. Almost everyone is aware of this and knows that it is the conversion of kinetic energy to thermal energy. The resisting force can be calculated as Fr=µN, where Fr is the frictional force, N is the normal force (typically weight acting perpendicular to the plane), and µ is the coefficient of friction, (Britannica, n.d.).
To improve efficiency, limit the number of parts that are moving. The more parts that move, the more energy is lost. This is because friction occurs nearly everywhere where there is movement. It is mainly when there are many energy transfers that this occurs, as changing from one type of energy to the next almost always results in some loss of energy along the way, (BBC, n.d.).
If no other parts can be removed from the system, then limiting the amount of friction would be a prime example of how to reduce energy loss. To do this, minimise the number of surfaces that are touching, or to place something between surfaces such as a lubricant like WD-40. The lubricant makes object more slippery, so when 2 surfaces rub together, they move more smoothly as the liquid can get in between all the crevasses and allows the objects to flow freely, (Woodford, Lubricants, 2020).
Other energy is not only lost to friction, but also as heat if there are changes in temperature. This is due to the environment around the system that can cool down or heat up the certain components, which will affect the outcome of the system. Heat can be lost by either convection, conduction, or radiation. Convection and conduction losses can be reduced by adding some layers of insulation to stop the flow of heat. Such insulation varies depending on the use, and most of them have different R-values, which are values for measuring thermal conductivity. The higher the value, the better the material is as an insulator. An example would be fiberglass, which has a thermal resistance of 3 per inch, (Woodford, Explain that Stuff, 2020). 
For radiation however, other materials may be needed for the type of radiation to be given off. For example, gamma radiation can be stopped by a large amount of concrete or a small amount of lead, (United States Nuclear Regulatory Commision, 2020). This type of ionizing radiation is highly unlikely to happen in a steam or gas plant, but thermal radiation will be given off. This can be in the form of electromagnetic waves on the visible light spectrum, such as infrared or ultraviolet waves. Although thermal radiation may not be the largest of worries for a steam or gas turbine plant, it can still be lessened if the “surface is silvered”, (The Editors of Encyclopaedia Britannica, n.d.).

As a brief conclusion, many things can improve efficiency of a gas and steam turbine, but the main factors are using a lubricant to counteract the energy loss via friction, surrounding some of the plant in insulation to prevent a huge amount of heat exiting through conduction of the pipes and the containers, and finally combining the two sorts of power plants to make a more optimised system overall.

4 Part C

The second law of thermodynamics states that heat cannot be transferred from a cold surface to a hotter one. This means it can be a pain to keep food cold, unless you have some sort of technology to keep it all at a constant temperature, such as a refrigerator. 
A standard fridge requires a vapour compression cycle that has main components to keep the whole system under control. There are 2 heat exchangers, (the evaporator and the condenser,) a compressor and a throttling device. The evaporator is inside the fridge, which cools down the air inside, keeping the food at the correct temperature. The condenser is outside the fridge, whose main role is cooling the coolant back down after being compressed in the compressor. The throttling device changes the pressure of the coolant through a coil, which causes it to change its phase from a liquid to a vapour. The vapour travels back to the evaporator, where the refrigeration cycle repeats, (Engineering, 2017).
As this is a whole cycle, called the refrigeration cycle, there is no starting or finishing point, so we could assume it starts anywhere. It could be assumed that the throttling device (also known as the expansion valve) could be a place to ‘start’. The coil decreases in pressure, allowing the coolant to change phase and letting out energy whilst decreasing in temperature. Once the liquid coolant reaches the evaporator, the coolant absorbs some of the energy from the air inside the fridge. This changes the coolant from a liquid state to a vapour, hence why it is known as the evaporator, which is located inside of the fridge and freezer. So, the temperature of the air has cooled down, without changing the temperature of the coolant at all. To send the coolant around again, the pressure needs to be dropped again, which it cannot do as it already has a low pressure. This means that a compressor is needed to increase the pressure so it can be lowered again. As the vapour is squished it becomes hot due to the immense pressure. As it is hotter, it needs to be cooled down, so it is sent through a condenser, which obviously condenses the vapour by decreasing the temperature of the coolant. As a result, the air outside the fridge heats up as the coolant was hot when it entered the condenser. This is located outside on the back of the fridge, which then connects back up to the expansion valve, where the cycle repeats itself, (Woodford, Refregerators, 2020).





[image: Fridge Circuit Diagram]
Figure 8 above shows the 4 main components of a refrigerator, (Fantastic Fridges)
The COP or Coefficient Of Performance can be defined as “the ratio of how much useful heat (or cold) a heat pump will produce if we give it a certain energy input.” (LearnMetrics, 2021). LearnMetrics also stated that the COP=Q/W, where Q is the heat generated for a certain amount of work done (W) for a heat pump.
The coefficient of performance (COP) is the output divided by the input. The output is the heat absorbed, and the input is the power inputted, so the COP can also be written as 			heat absorbed/Power in	 (Engineering, 2017). 
As a short summary, the second law of thermodynamics can be manipulated and slightly changed around to create a cold area whilst making the outside area hotter by using some coolant and a pump in a specific order. This allows us to keep our food cool overnight, so we can have a nice cool glass of fruit juice in the morning, all thanks to thermodynamics.
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