Analysis of power generation cycles & application of compression-vapour cycle
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1. [bookmark: _Toc61206513]Introduction
This report investigates different aspects of thermofluidic mechanics, with the focus of power generation cycles and how they are utilised within the compression-vapour cycle. This report will be segmented into three distinct areas-
· Part A will interpret several mathematical problems associated with-
· Otto cycles 
· Diesel cycles 
· Dual combustion cycle 
· Gas within a turbine 
· Steam within a turbine 
· Part B will investigate the previously discussed elements and will critically analyse the most appropriate approach with a gas turbine plant and a steam turbine plant which will be illustrated with accompanying schematics, including recommendations for improvement 
· Part C will explore how the elements a refrigerator operates in opposition to the physics involved with the second law of thermodynamics. This will be supported by schematic diagram and process diagram as well as mathematical models. This section will particularly focus the practical vapour-compression cycle with reference to the following key points-
· Refrigeration cycle
· The heat pump cycle 
· Coefficient of performance regarding both types of pumps 
· 
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As discussed in the main introduction to this document this section will investigate 
· Otto cycles 
· Diesel cycles 
· Dual combustion cycle 
· Gas within a turbine 
· Steam within a turbine 
Owing to the mathematical nature of the questions involved, the author has selected to complete these calculations via pen and paper and including the scans below  
Answers to the questions (Appendices)[image: A picture containing shape
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[bookmark: _Toc61206517]Answers to part A of the assignment 

A)
i) 403.116’
ii)56.47
B) 1.35
C)62.26
D)746.18
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Figure 1 steam turbine (kraftwerkforschung, 2015)
A steam turbine is an example of a rotary heat engine and is often utilised in conjunction with an electrical generator they were invented by Sir Charles parsons in 1884 when he generated 7.5KW by attaching a dynamo to his prototype model. It is estimated that approximately 90 percent of all the worlds electricity is generated using steam turbines as they are common features in all contemporary and intended thermal power plants. Even the power produced in fusion power plant is based on the same principle and usage of steam turbines.
In a steam turbine rotation is facilitated by currents created by vapours that originate from the boiling water, the water that is turned into vapour follows a closed water cycle whereby all water that is evaporated is condensed and then reused. Steam turbines do not come into direct contact with the fuel that is used to heat them and several turbines often in a linear arrangement dealing with different pressures (low, medium, and high). Steam turbines covert steam pressure into rotational movement and generally operate at temperatures ranging 500 degrees Celsius to 650 degrees Celsius.
[image: ]
Figure 2 breakdown of steam turbine (Nuclear power , 2021)
Steams thermal energy when expanded through the turbine is converted into mechanical energy this expansion the facilitated by an array of fixed blades which are also known as nozzles which direct the steam in high-speed jets which have a large amount of kinetic energy which is used to generate shaft rotation with use of rotor blades as the jets alter in direction. This rotation follows the law conversation of momentum which in turn is a consequence of newtons third law (for every action there is an equal and opposite reaction). Pressure is exerted on the blade as the steam jets manoeuvre over the curved surfaces (this is cause by centrifugal force). Every arrangement of fixed and moving waves is called a sage these are arranged concentrically inside the circular casing of the turbine.
(Nuclear power , 2021)
There are several methods to increase efficiency within a turbine power station:
· The first way to increase efficiency is to raise the temperature of the heat supply through combination of natural gases. This is achieved by ensuring steam temperature during expansion remains at a near constant level to its original temperature 
[image: ] 
Figure 3 scheme of a modified steam turbine (Shutenko, 2017)
Scheme of modified steam turbine 
· Plant 1
· Boiler 2
· 3 and 5 over-heaters. 
· combustion chambers; 4, 6 and 8 high, medium, and low-pressure turbines. 
· 7 – surface regenerative heater of feeding water. 
· 9 – condenser. 
· 10 – compressor for removal of carbon dioxide from condenser. 
· 11 – feed water pump. 
· 12 – air separation plant. 
· 13 and 14 – oxygen and natural gas compressors.

(Shutenko, 2017)
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Figure 4 Gas turbine (kraftwerkforschung, 2015)

Gas turbines rotate due to the combustion (Transferring kinetic energy into rotational energy) of gases temperatures in these turbines can reach heats of up to 1500 degrees Celsius which is far more than a steam solution as examined previously owing to these higher temperatures the blades within the gas turbine must be cooled with fresh air flows to prevent them from wearing out. Within a gas turbine has a multistage pressure approach is utilised comprised of a high, intermediate, and low-pressure stage. Some key components of a gas turbine are as follows:
· Compressor- it compresses the air and directs it towards the combustion chamber efficiency is improved here through use of the pressure stages previously mentioned.
· Combustion chamber- air from the compressor is mixed with fuel at this stage and is then ignited under pressure, nitrogen and oxygen in the air combine during this process but the aim is that all oxygen should be consumed by the combustion process [image: Operation of a gas turbine power plant]
Figure 5 energy cycle (Sarwar, 2020)
Its estimated that a quarter of the world’s power is generated using gas turbines due to the worlds strive for more clean renewable energy with less reliance on fossilized fuels, open cycles within a gas turbine can be made up to thirty eight percent more efficient and even a small-scale turbine can produce up to forty-five megawatts of energy. The principles behind a gas turbine have their basis in a Brayton cycle which was patented in 1791 by John barber and was first used in a piston engine by George Brayton in 1872. 
There are several considerations for which fuel is recommended for a gas turbine this is normally decied when building the combustion chamber as this will determine the efficiency of the system and how resilient it is to the temperatures and pressures 
In the case of the gas turbine being an open cycle, the venting of an exhaust can leads up to fifty-five percent of energy being wasted. Efficiency can be increased by:
· Regeneration of the heat of the air around the gas following the expansion within the high-pressure area and prior to expansion in the low area this results in the average temperature of the air is increased while reducing the average temperature of the removal of heat 
[image: Combined Cycle gas power plant]
Figure 6 Hybrid system (Sarwar, 2020)
A further way we could increase the efficiency is making a hybrid system based on the steam and gas turbine systems, this will allow the operator to take advantage of the benefits of each system. Efficiency within these hybrid systems can be further increased by avoidance of heat transfer between steam and gas and vice versa, multiple stages should be employed when throttling the water when achieving the optimum pressure and this can be done without overly complicated devices.
In these systems the exhaust wate from the gas turbine is recycled to heat the water in the steam turbine in general these systems will deploy one of each turbine this can increase the overall efficiency by as much as sixty percent 
[image: Integrated gasification gas power plant]
Figure 7 Integrated Gasification Cycle (Sarwar, 2020)
The schematic above illustrates a solution for when conventional fuel isn’t available the gasifier indicated allow the conversion of biofuels, fossil fuels or general waste in usable gases such as CO, H2, CO2
(Sarwar, 2020)
(kraftwerkforschung, 2015)

[bookmark: _Toc61206520]Conclusion and Recommendations Part B
A great deal of the world energy is produced by turbine systems, this section of the report recommends that a hybrid system might be the best way to increase efficiency as it makes use of the waste heat from the gas system 
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This section of the report will investigate the vapour compression cycle and how it relates to heat pumps and refrigeration then will investigate coefficient of performance for both.
A refrigerator is just one of the examples of an open system and its key purpose is to absorb and remove heat thus lowing the temperature from an area while refrigerators seem to null and void the second law of thermodynamics this is not the case owing to the work that needs to be put into the system. At the most basic level a refrigerator is a heat pump that cools an area down rather than heat an area up.
In simple terms the second law of thermodynamics sates that heat will always travel from hot to cold and not the other way round however in a refrigerator this appears to be the case 
(Donev, 2018)
[image: ]
Figure 8 (Donev, 2018)


(Donev, 2018) States that
· “Work is inputted (WinWin) which compresses a coolant, increasing its temperature above the room's temperature.
· Heat flows from this coolant to the air in the room (QHQH), reducing the temperature of the coolant.
· The coolant expands, and it cools down below the temperature inside the refrigerator.
· Heat flows from the refrigerator to the coolant (QCQC), decreasing the temperature inside.”

Refrigerators operate on the refrigeration cycle which is made up of several key elements and utilises refrigerant to enable the refrigerator to reach desired temperatures the components used within the refrigeration cycle are as follows:
· The compressor – controls the refrigerants flow and operates much the same as a pump or motor to alter the pressure and volume of the refrigerant
· Condenser – as the name suggests this condenses the refrigerant before entering the condenser the refrigerant is both pressurised and hot but is cooled by the condenser through transformation into a liquid state there are several types of condenser 
· Air-cooled – these are common in smaller refrigerators like those in a standard home kitchen air cooled condenser are sometime referred to as coil condensers 
· Water-cooled condensers are generally used in large scale operation where a large amount of refrigeration is required, they use water to produce the cooling on the refrigerant 
· Evaporative condensers are a hybrid of water and air cooled condensers and are often used in ice plants 
[image: refrigeration cycle flow diagram] 
Figure 9 The refrigeration cycle (FFD, 2019)
· Expansion valve – this aid in temperature and pressure reduction this is what causes cooling to affect this valve is also the element that establishes the amount of refrigerant used 
· Evaporator – this is the coldest part of the refrigerator and is responsible for absorbing heat inside the refrigerator at this point moves slowly as it is very cold as it absorbs heat from the refrigerator it transforms back into a gaseous form which is then fed back into the compressor 
(FFD, 2019)
A heat pump converts energy in the air with the intention of heating or cooling much is seen with refrigerators heat pumps would appear to contravene the second law of thermodynamics but again this is not the case owing to the required energy inputs, the operations within the heat pump cycle are like that of the refrigeration cycle.
· The evaporator blends liquid refrigerant with air to turn it into gas 
· The compressor increases the pressure of the refrigerant which in turn increases the pressure 
[image: ]
Figure 10 Heating cycle (Bethel Afework, 2018)
· The condenser coils now allow the temperature of the hot gas to be transfer into the room as the gas cools it returns into a liquid state 
· A valve is now used to lower the pressure and cool down the liquid prior to the cycle starting again 
(Bethel Afework, 2018)
Thermal efficiency for heat engine is a ratio of the work it does and the heat input 
[image: thermal efficiency formula - 1]
Figure 11 Formula for thermal efficiency (connor, 2019)
When dealing with heat pumps or refrigerators we don’t count work as an output in these cases thermal efficiency isolates indicates added energy the aim being to have a system which needs to do the least work this ratio is called the coefficient of performance and is written as COP 
[image: Heat Pump - Heating and Air Conditioning]
Figure 12 Heat Pump, Refrigerator, Air Conditioner – basic principle of operation (connor, 2019)
The Coefficient of performance for a refrigerator is gained by the amount of heat removed from inside the refrigerator divided by the amount of work required to complete this 
[image: COP - coefficient of performance - equation]
Figure 13 How to get COF (connor, 2019)
We can rewrite the equation utilising the first law of thermodynamics in the two following ways 
[image: COP - coefficient of performance - equation2]
Figure 14 Variant of COP formula (connor, 2019) 
[image: COP - coefficient of performance - equation3]
Figure 15 Second variant of COP Formula (connor, 2019)
The coefficient of performance for heat pumps is sightly different to that of the refrigerator since this device is heating rather than cooling 
[image: coefficient of performance - heat pump - equation]
Figure 16 COP for heating pumps (connor, 2019)
When dealing with an ideal heat pump, we can derive that 
[image: coefficient of performance - heat pump - equation2]
Figure 17 Derivative for heat pump COP (connor, 2019)
The COP of a heat pump can be said to improve when reducing the temperature difference between T(hot) and T(cold) in the real world this would require very efficient heat transfer between the pump and the area that is intended for heating 
(connor, 2019)
 The flaws of the compression vapour cycle are as follows:
· Failure or leakage in the compressor – this can prove expensive and could include lubrication problems, overheating and contamination 
· Fouling – this is where an evaporator or condenser contains an element which stop the water intermingling with the refrigerant, could be liked to algae growth or sedimentation 
· Motor cooling – the motor consumes the most energy during the cycle when efficiency drops in the motor it is most likely due to a cooling problem 
· Liquid line reduction – when low evaporative pressure encountered one key check would be to inspect the liquid line some areas that could indicate that this is the problem which can degrade the efficiency of the system by 50 percent:
· Abnormally high discharge temperature 
· Low current draw 
· High superheats 
· Low condensing pressures 
· Local frost close to restriction 
· Bubbles I sight glass
[bookmark: _Toc61206523]Conclusion and Recommendations Part C
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Figure 6.7. Schematic diagram of 1GCC.
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