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[bookmark: _Toc60775200]Introduction

[bookmark: _Toc60775201]Aims

This report has been split into three sections, split as Part A, B and C. Part A will look at 5 different problems presented, these questions will look at otto cycles, the dual combustion cycle, efficiency, steam plants and turbines. At the start of each question in Part A the problem will be presented as a figure, with the pure results following. These will show how the results were found but for further details all the workings out for all of Part A will be presented in the appendices.

When looking at Part B Consideration will be given towards a Gas Turbine Plant and a Steam Turbine Plant. Here, different to Part A, real processes will be considered for both. These systems will be discussed, and practical methods will be presented by a means in which to improve efficiency on both plants. With the aid of power cycle diagrams and schematics for both processes, the aim will be to show where improvements can be made to increase efficiency.

[bookmark: _Toc60775203]Finally, for Part C a refrigerator and a heat pump will be looked at. With these two-process manipulating the second law of thermodynamics, research and discussion will be carried out as to explain how vapour compression cycle work.  Following this will be suitable cycle diagrams that will show how they differ from an ideal cycle. Then following on from this the coefficient of performance for these cycles will be looked at and discussed. 












Part A
[bookmark: _Toc60775204][image: ]Question (a)

[bookmark: _Toc60775205]Results (i)
[bookmark: _Hlk60750216]Process 1-2 Is isentropic so we can use:  = 
[bookmark: _Hlk60750300]Therefore:  = 689.22K to 2d.p

[bookmark: _Hlk60750444]To find  the Ideal gas equation should be used:   
[bookmark: _Hlk60750615]So:  1837.92kPa to 2d.p

Where: cv.
[bookmark: _Hlk60750732] 2778.36kPa to 2d.p

[bookmark: _Hlk60750264]For Process 3 – 4 (Isentropic):  = 
= 1209.35K to 2d.p

Now the Ideal Gas equation can be used for : 
[bookmark: _Hlk60750846]So:  7408.95kPa to 2d.p

And the same for : 
So:  403.12kPa to 2d.p


[bookmark: _Toc60775206]Results (ii)
For thermal efficiency we can use : 
[bookmark: _Hlk60752479]Therefor:  56.47%


[bookmark: _Toc60775207][image: ]Question (b)

[bookmark: _Toc60775208]Results
[bookmark: _Hlk60753026]For this (()+1) should be used, first rc must be found
So: 
 2.24 to 2d.p
Therefor:
 60.22%














[bookmark: _Toc60775209][image: ]Question (c)

[image: ]

[bookmark: _Toc60775210]Results 
Assumption: Mass of air = 1Kg, cv of air = 718 J/kg, cp of air = 1005 J/Kg
[bookmark: _Hlk60767070]Thermal efficiency = 
So, heat energy supplied = Hs
[bookmark: _Hlk60753790]
 736402 J/Kg
And for Heat Energy Rejected = Hr
[bookmark: _Hlk60753821]
 277866 J/Kg
Therefor: 62.27%
[bookmark: _Toc60775211][image: ]Question (d)

[bookmark: _Toc60775212]Results
Where Turbine Power =  
Then  732550 W or 732.55 kW
So, for 800 kW we can sub in for Turbine Power and make T1 the Subject to find the required inlet steam temperature:
T1 = 746°C or 1019 K














[bookmark: _Toc60775213][image: ]Question (e)

[bookmark: _Toc60775214]Temperature-entropy diagram
[image: ]


[bookmark: _Toc60775215]Results

[bookmark: _Hlk60770137]For the Rankine efficiency use:   but first the Enthalpy values must be found. Through taking data from steam table A-5 we can first find values for the lower pressure of 4kPa.
 where .
 121.39 kJ/kg
 2432.3 kJ/kg
[bookmark: _Hlk60769814]Then using:  
 121.39 kJ/kg

For h3 at 4400 kPa and Saturated vapour, linear interpolation must be used to find value between 4000 kPa and 500kPa. 
Where:

Table 1- Steam Table A-5 for Sat vapour Enthalpy
	[bookmark: _Hlk60768579]kPa
	Sat Vapour - Enthalpy kJ/kg

	4000 
	2800.8

	4400
	h3

	5000
	2794.2



Then using:


 h3 = 2798.16 kJ/kg

For h4 – Process 3-4 is isentropic so the quality  must be found. Where  the same linear interpolation can be used again. From table A – 5:


Table 2 - Steam Table A-5 for Sat vapour Entropy
	kPa
	Sat Vapour- Entropy kJ/kg.K

	4000 
	6.0696

	4400
	

	5000
	5.9737



Therefor: 6.03124 kJ/kg.K

From Table A-5 for 4 kPa:
 0.4224 kJ/kg.K
[bookmark: _Hlk60769386] 8.0510 kJ/kg.K

Now the dryness fraction can be arranged to make  the subject




Now use for h4: 

Where: 
 121.39 kJ/kg
 2432.3 kJ/kg
And: 

Therefor: 
 1815.93 kJ/kg
So for the Rankine efficiency:

 36.69%









[bookmark: _Toc60775216]Part B
[bookmark: _Toc60775217]Gas Turbine Power Plant
A gas turbine can have many applications but its production of electricity in a powerplant can be considered one of its main features (Noroozian & Bidi, 2016). Many countries have re-examined their energy policies in recent years due to increased awareness of the planets energy resources, within the scientific communities the attention was drawn towards energy conversion to better utilise existing resources (Ibrahim, et al., 2017). Due to the research and development carried out performance of industrial gas turbines has been improved considerably in the conversion efficiency of fuel to electricity  (Dev, Dev, Attri, & Attri, 2017).

The components within the system consist of, an air compressor, combustion chamber and gas turbine (figure 1). Each of these components can affect the efficiency of the gas turbine power Plant (Ibrahim, et al., 2017)
[image: ]
[bookmark: _Toc60831826]Figure 1 - Flow diagram single shaft Gas Turbine Power Plant (Ibrahim, et al., 2017)

To optimise the energy of a Gas Turbine Plant not only will the thermal efficiency of turbine itself need to be looked at, but also the power balance between power and heat produced. Power output depends on air mass flow, as Gas Turbines work on a constant-volume cycle (Hunt, 2007). Warm air is less dense than cold air meaning that power output would be reduced. This warm air also requires more power to compress meaning that internal losses in the compressor will increase. The work required by the compressor alone can be 66% of the total turbine power (Hunt, 2007). Electrical efficiency or the turbine depends primarily upon the pressure ratio in the air compressor and the temperature of the combustor outlet. Yet it is the average turbine inlet temperature that is considered the most important (Kotowicz, Brzęczek, & Job, 2018). For these reasons compressor inlet air cooling is one of the most recognised methods to increase efficiency (Noroozian & Bidi, 2016). Three examples of these methods are as follows:

I. Mechanical chiller or absorption chiller: This is where a mechanical chiller will cool inlet air that is passed across electrically operated cooling coils that have intermediate refrigerant fluid circulated. In turn Absorption Chillers require steam or hot water as their source of energy, as a result they will require less electrical energy than that of the mechanical chiller (Noroozian & Bidi, 2016).
[image: Evaporative Coolers: Engineering Reference — EnergyPlus 8.7][bookmark: _Toc60831827]Figure 2 - Media evaporative cooling example (Peltier, 2010)

II. Chilled water storage or ice harvesting: better used for small storage capacity

III. Media evaporative cooling and Fogging: With the media cooling, water gets distributed from the top as hot air passes through the media, in turn causing evaporation (figure 2). Fogging in turn is where high pressure nozzles add fine droplets or water to the inlet air before entering the compressor. (Noroozian & Bidi, 2016).



Deterioration will happen over time regardless, (Dev, Dev, Attri, & Attri, 2017) advises that preventative measures can be as effective as practical changes. Through carrying out systematic maintenance on these components it will also aid in the efficiency over time (Dev, Dev, Attri, & Attri, 2017).


[bookmark: _Toc60775218]Steam Turbine Power Plant

Operating differently to Gas Turbines, Steam Turbines are rotated by the currents caused by hot water vapour. This in form creates a closed water cycle that is condensed and then heated until it evaporates (figure 3). Steam Turbines do not meet with the fuel deployed and can operate between 500°C and 650°C (kraftwerkforschung, 2011).

[image: Plant Efficiency: Begin with the Right Definitions]
[bookmark: _Toc60831828]Figure 3 - Steam Turbine Process (Peltier, 2010)

When looking at a Steam Turbine it typically has a longer life service than that of the Gas Turbine (Kler, Stepanova, & Maksimov, 2018). Meaning that the issue of ware on the components is less than previously mentioned in (3.1) This in part is because less scarce materials are required to produce a steam boiler and steam turbine (Kler, Stepanova, & Maksimov, 2018). However, deterioration is still a prominent factor as will be discussed.

Much like the Gas Turbine Plants however, Steam Plants are facing the need to cut on CO2 emissions. Since they now provide a crucial energy source, the focus on the efficiency also needs to be considered (Engineering, 2011). There are four prime causes of losses in steam turbine efficiency:

i. Surface erosion of nozzle and bucket surface
ii. Damage to mechanical components from foreign objects
iii. Leakage through inlet stem pipes, shaft packing, and tip seals.

The packing and tip seal losses along can account for 50% of the efficiency loss and as the steam turbine ages extreme operating temperatures can cause the components to deteriorate (MacDonald, 2017). Therefor it can be stated that, as a turbine deteriorates its efficiency will degenerate proportionally. Through identifying any improvements that can be made in Combustion, heat transfer, aerodynamics (for turbine blades) and materials for components efficiency can be improved (MacDonald, 2017).

Advances in Computer Aided Design means that more adequate components can be designed. Improved nozzle profiles have proven to help stationary blade losses, whereas redesign in turbine sidewalls have been shown to increase turbine efficiency up to 10% (MacDonald, 2017). Design itself is not the main element though, as the correct materials need to be used also. Advanced material science has enabled the creation of components that have a higher resistance to corrosion, as well as turbine manufactures suppling sealing systems for the turbine to aid in any leaks that may occur (MacDonald, 2017).





























[bookmark: _Toc60775219]Part C

A vapour compression cycle can also be known as (VCC) can be better referred to as a refrigeration cycle (Baksi, 2019). A key element of the vapour compression cycle is to remove heat from a space so that it is at a lower temperature to its surroundings, such as a refrigerator. A similar device however can be used increase the area from the surroundings to a higher temperature, such a device can be referred to as a heat pump. The distinction between the two are more due to their purpose as opposed to their function (Heikal, 2011). Components of Vapour Compression Cycle can be seen in (figure 4).

[image: Main Components of Vapour Compression Cycle]
[bookmark: _Toc60831829]Figure 4 - Components of Vapour Compression cycle (Baksi, 2019)

The vapour compression cycle is an example of the mechanical refrigeration process, this belongs to a class of reversed heat engine cycles (Figure 5) (Heikal, 2011).

[bookmark: REFRIGERATION_FIG1][image: Reversed heat engine cycle.]
[bookmark: _Toc60831830]Figure 5 - Reversed heat engine cycle (Heikal, 2011)
Vapour compression cycle works by raising the pressure of fluid vapour (refrigerant) that is coming from an evaporator from a low pressure to a high pressure (figure 4) (Heikal, 2011). This then moves through a condenser with a higher pressure and then back to a lower pressure in the evaporator. The temperature -entropy diagrams bellow shows the difference between that of an ideal Carnot Cycle (figure 6) and that of a real vapor compression cycle (figure 7). (Heikal, 2011)
[image: T-S diagram for basic vapor compression cycle.]
[bookmark: REFRIGERATION_FIG3][bookmark: REFRIGERATION_FIG4][image: Temperature-entropy diagram for ideal reversed Carnot Cycle.]


[bookmark: VAPOR-ABSORPTION_CYCLES]


[bookmark: _Toc60831831]Figure 6 - TS diagram for ideal Carnot Cycle (Heikal, 2011)
[bookmark: _Toc60831832]Figure 7 - TS diagram for basic vapour compression cycle (Heikal, 2011)



Practical reversed heat engines can be compared to the Carnot Cycle such as in the following relationship (Heikal, 2011)
[image: ]
To measure the efficiency of such a process the following could be done (Heikal, 2011)
[image: ]
The lower of the value of the ratio of [image: ] means that the process is more efficient, however it is more common for vapour compression cycle to use the inverse of this which is known as coefficient of performance as stated below  (Heikal, 2011).
[image: ]
The formula above states that the Coefficient of Performance becomes greater as the temperature difference decreases. for this reason, Coefficient of Performance will be less in a refrigerator than that of the ideal Carnot Cycle (Heikal, 2011).
(figure 8) Shows a closer look at the vapour compression cycle.
[image: ]
[bookmark: _Toc60831833]Figure 8 - Vapour Compression Cycle Diagram (Baksi, 2019)

(Baksi, 2019) Describes the processes as follows:
1. Process a-b-c - Shows the flow of refrigerant at pressure and temperature T2
2. Process c-d - Here there is a drop in pressure due to valve resistance on the compressor 
3. Process d-e - Heat is added to the refrigerant here from the cylinder wall 
4. Process e-f - The actual compression within the compressor 
5. Process f-g - Here represents the cooling of refrigerant at the exit of the compressor 
6. Process g-h - There is a pressure drop here because of resistance due to the discharge valve
7. Process h-i-j-k - The superheating a vapour to a dry state and subcooling of refrigerant 
8. Process k-a - Here sub cold refrigerant gets throttled from condenser pressure to evaporator pressure 
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The minimum pressure and temperature in an Otto cycle are 100 kPa and 27°C. The
amount of heat energy added to the air per cycle is 1500 ki/kg.
() Determine the pressure and temperature at all points of the air standard

Otto cycle.
(i) Also, calculate the thermal efficiency of the cycle given that the compression
ratio is 8:1.
For air, y = 1.4 and ¢, = 718 J/kgK,
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In a diesel cycle the pressure and temperature of the air at the start of compression are 1
bar and 57°C respectively. The compression ratio for the cycle is 16, and the energy added
at constant pressure is 1250 ki/kg. Determine the theoretical cycle efficiency.

For air, y = 1.4 and ¢, = 1005 J/kgK
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For the marine engine dual combustion cycle given in the following diagram, show
that the thermal cycle efficiency is as given for the experimental data provided.
What assumptions have you made in your calculations?
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The temperature of a gas entering a turbine is 725°C. If the gas leaves the turbine at
a temperature of 495°C, and the mass flow rate of the gas is 3.25 kg/s, calculate the
power developed by the turbine for the ideal Joule cycle. Take ¢, = 980 J/kgK. If the
power output was required to be increased to 800 kW, what would be the

necessary inlet steam temperature (assuming that the exiting gas temperature does

not change)?
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In a steam turbine plant, the steam supply to the turbine is 44 bar dry saturated,
and the exhaust steam is at 0.04 bar after isentropic expansion. Sketch a suitable
temperature-entropy diagram for the cycle (including at known data) and calculate

the ideal Rankine efficiency of the cycle.
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