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[bookmark: _Toc93453848]Introduction

Energy efficiency is an important aspect of modern society.  With Increasing energy demand over the last decades, it is now more important than ever for energy cycle efficiency to be as high as possible. This can help to reduce overall energy consumption.  
In this report multiple power generation cycles will be analysed. solving the problems given for each. Assumptions must be made for some of the questions to ensure correct answers are attained.
In the problems below, ideal processes are assumed, but in the real world these environments are not possible.  This would result in a much less efficient system. Suggestions will then be made on improving the efficiency of both gas and steam turbine plants.  
Lastly, the vapour-compression cycle is then explained. 
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a) [bookmark: _Toc93453850]i)
Looking at the data given,
T1 can be taken as the air temperature and converting to kelvin: 
P1 can be obtained given that atmospheric pressure is equal to 1 atmosphere, which is equal to 101325Pa. 
So, Pa
Taking the compression ratio from part (ii), the volumes can be obtained, as .
V1= 8.5
V2= 1
T2 can be calculated by 



Now P2 can be found by using the combined gas law  
.  


Using the heat added at constant volume, the change in temperature can be calculated using the equation 



Now, T3 can be found by adding the heat added to T2, so: 

Knowing that V3=V2, P3 can now be determined using the combined gas law 



T4 can be calculated using 




Finally, knowing that V4=V1, P4 can be calculated using the combined gas law equation:		 





[bookmark: _Toc93453851]ii)  
Knowing all the temperatures calculated from the previous question, the thermal efficiency of the cycle ( can be calculated, using  , Where,  will cancel.



Now, using   where: 



These two values are very similar, the value worked out by using the temperatures likely contains some rounding errors, which explains the slight difference in the values.

[bookmark: _Toc93453852]b)
From that data given:
P1= 
T1= 
V1 = 17.5
V2 = 1
For air:
Cp= Kj/kgK
γ = 1.4
T2 can be found using the equation 
This can be rearranged as 


T2= 1014.887k
Now, using the combined gas law  , P2 can be found. .  
Now, 


Using the equation  the change in temperature between can be found.
 Therefore,  
Now T3 can be calculated by adding the change in temperature to T2


P3=P2

The cut off ratio can be determined from , where  is the compression ratio.
So, =2.37
So, this can be transposed to give V3 


T4 can be found by the equation  transposing for T4, giving 
= 1082.25K

P4 can be found using the combined gas law  
 
  

Finally, standard air efficiency is given by η =  =  
The mass’s cancel, giving: 

[bookmark: _Toc93453853]c)  

To calculate the thermal efficiency of the dual combustion cycle, it is assumed that the properties of air are:
mass = 1kg

= 718j/kgK
The thermal efficiency of the cycle can be determined using the formula η = 
Heat supplied can be calculated by 




Referring to the data given:


 


So

Heat rejected can be calculated by  
Therefore 
Now, 

[bookmark: _Toc93453854]d)

The initial temperature T1 is given as 725°C. Therefore, T2 is equal to 0.65 of T1

The mass flow rate of the gas through the turbine is given as , and the  value is given as 980J/KgK.  Therefore, using the equation , the power developed is calculated as 808193.75W(808.19kW)

Now for a power output of 800kW, the above equation can be transposed to calculate the required inlet temperature(T1).   so, . 
T1= 722.427395°C
[bookmark: _Toc93453855]e) 

Knowing that the steam is supplied at 44 bar(4.4MPa), and at looking at the steam tables, it will be necessary to interpolate between 4.0MPa and 4.5MPa.

Therefore,  
And KJ/kgK
Now it is possible to find dryness fraction using entropy data , for 0.04 bar.

Looking at the steam tables,

  and 
So,  
transpose for x: 
Now, 

To find  we can use dryness fraction and enthalpy for 0.04 bar;



So, 

Finally, to find the Rankine efficiency, . The equation  can be used.
[image: ]Therefore, Figure 1 Temperature - entropy graph for question c



Figure 1 shows the temperature- entropy graph for the calculated cycle.
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Gas turbines

Since turbines use air and operate on a constant-volume cycle, anything that changes the mass flow or density of air affects the turbine performance (ARANER, 2021).  Thus, the power output depends on air mass flow rate.  The inlet air temperature is a key factor of turbine efficiency and the power output of the turbine. Warm air is less dense than cold air, as it requires more energy to compress it, which removes work from the compressor and increases internal losses. Thus, the power output is reduced when warm air is used. Therefore, the location of the turbine plays an important role with respect to its performance (Hunt, 2007).  It is therefore not surprising that gas turbines produce 25-35% less power in summer months than in winter, due to increased air temperatures (El-Awad, M & Onsa).
There are multiple methods that can be used to increase efficiency of a gas turbine.  These include but are not limited to regeneration, intercooling, reheating, water injection, and air filtration, each of which are discussed below.
Regeneration:  The principle of a regenerative cycle is to recover some exhaust heat and transfer it to the combustion air.  However, this can only be achieved if the turbine exhaust temperature is higher than that of the exit temperature of the compressor.  This therefore implies that the optimum cycle pressure ratios are lower than those in a simple gas turbine (Aihara et al., 2021).
[image: ][bookmark: _Toc93471309]Figure 2 Diagram of a gas turbine using a regeneration system (Aihara et al., 2021)


[image: ]Intercooling: Adding intercoolers to a gas turbine cycle reduces the compression work, which is achieved by dividing the compression processes into two or more stages.  The exit gas from each stage is then cooled by the intercooler to the lowest temperature of the cycle, increasing the specific work output and efficiency of the turbine (Jansohn, 2013).[bookmark: _Toc93471310]Figure 3 Temperature-entropy graph for gas turbine system with intercooler (Jansohn, 2013)


[image: ][bookmark: _Toc93471311]Figure 4 Schematic diagram of a gas turbine with an intercooler (Jansohn, 2013)


Reheating and Reheat Cycle:  Reheating uses a variation of the Brayton cycle, using two turbines rather than one. One turbine is used to drive the compressor, whilst the other produces the net power output (Mugdha, 2020). 

Water Injection: water or steam can be injected into the turbine at the entrance to the compressor. This way the compressed air is cooled by absorbing the latent heat of vaporisation of water.  Water injection increases the total mass flow of the working medium, and hence the power output of the cycle is increased. Water injection downstream of the compressor will have the same effect as intercooling.  As the air temperature rises due to compression, water is injected into the air.  The 
heat of vaporisation of the water then reduces the air temperature, and as a result, less compressor work is done (Soares, 2014). This method is sometimes used in aircraft turbines during take-off or during emergencies to increase power, however marine and land-based gas turbines could use this method for a longer duration (Mugdha, 2020).

Filtering inlet air: The conditions under which turbines operate mean that any debris that enters the intake can damage the turbine blades.  Damage occurs from particles adhering to the blade surface which reduces the aerodynamics of the blade, which in turn reduces efficiency.  Filtration of the inlet air is therefore essential to maximising the efficiency of the turbine, however this can result in pressure drop, which also causes efficiency loss.  Therefore, a well-designed filter can increase the efficiency of gas turbines (Hunt, 2007).
Steam turbines

Water preheater: The water heater uses expanded steam, which is extracted from the turbine under specific parameters, and is then used to heat the water before it is pumped back into the turbine.  In a system such as this, energy from the extracted steam is transferred back into the system, where the cold source loss would be much less than a traditional Rankine cycle. The expansion process is made up of multiple stages, and the longer the extraction from the turbine takes, the lower the water temperature is for heating (Zhang, 2020).
[image: ]Figure 5 shows a diagram of the stages of the steam extraction process.[bookmark: _Toc93471312]Figure 5 Steam turbine using a water preheater (Zhang, 2020)
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[bookmark: _Toc93453858]Vapour-compression cycle

This system is essentially a heat engine that operates in reverse (also known as the reverse Carnot engine).  It involves the transfer of heat from a cold reservoir to a hot reservoir.  This goes against the 2nd law of thermodynamics, which states that it is not possible to construct a device that operates in a cycle and produces no effect other than the transfer of heat from a lower temperature body to a higher temperature body (Araner, 2020).  Therefore, since the cycle is against this law, a certain amount of work must take place in order for the transfer to happen (Araner, 2020).
The vapor-compression refrigeration cycle has four components: an evaporator, compressor, condenser, and expansion valve, all four of which are discussed below.
Evaporator: This is a heat exchanger which take low temperature heat from the source and transfers it to the circulating refrigerant, which is then forced by an expansion valve and the suction effect of the compressor, changing from a liquid to a gas within the evaporator.  This requires a large amount of heat, and thus the evaporator becomes cold drawing in the required heat from the surrounding environment (Badran, 2019).
Condenser: This is designed so that high pressure hot gas gives up its heat and turns to liquid as it condenses.  This is the opposite of the evaporation process; therefore, latent heat must be rejected, and the condenser heats up. The heat is then transferred to the substance which is circulating through the heating system (Badran, 2019).
Compressor: This compresses the low temperature and pressure gas into a high-pressure gas, which causes it to increase in temperature to a high temperature gas.  It creates the low and high pressures which is required for phase change to occur at different temperatures (Badran, 2019).
Expansion valve: This acts as a pressure differential valve, where the pressure is high on one side and low on the other. The high-pressure refrigerant liquid from the condenser travels through the expansion valve, which turns it into a low pressure, and therefore a low temperature that is close to its boiling point (similar to how water’s boiling point changes with altitude changes) (Badran, 2019).

The working principle of the vapour compression cycle is that: during the suction stroke of the compressor, wet vapor is drawn from the evaporator and compressed adiabatically to a high temperature and pressure.  The high-pressure vapour is then cooled in the condenser at constant pressure, whilst the high-pressure liquid is expanded through an expansion or throttle valve, lowering the pressure and temperature. The low temperature vapor absorbs heat from the evaporator at constant pressure and cools the space.  The vapor finally enters the compressor during the suction stroke, and the cycle is repeated (Baksi, 2020).
[image: ][bookmark: _Toc93471313]Figure 6 Vapour-compression refrigeration cycle











Figure 6 shows a diagram of the vapour- compression refrigeration cycle.

[bookmark: _Toc93453859]Conclusion 
This report covered various analytical problems for power generation cycles, using some assumptions to achieve the most accurate result.
Various ways of improving gas and steam turbines were investigated. The research showed that small changes in the environment can have significant effect on how efficient the cycles are.
The workings of the Vapor compression cycle were studied, showing that even though the cycle contravenes the 2nd law of thermodynamics, such a system is possible. 
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