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Power Plant Engineering Unit: 1



Syllabus UNIT-I (8) Introduction: Rankine cycle with reheat & regeneration; Binary vapour cycle and flow through nozzles; Energy resources & development of power in India; Hydro, thermal and nuclear energy; present power position & Future planning of policies in India. UNIT-II (8) Thermal Power Plants: Introduction, Fossil fuel & its resources; Fuel properties and storage, Classification of coal; Use of high ash coal, Lignite coal, Drying, Storage and handling of liquid fuels, Types of petroleum fuels; Producer gas; Fuel firing; Furnaces construction; Grates; Pulverizes; Oil & gas burners and fluidized bed combustion system, Ash handling and flue gas analysis; High pressure boilers; Super critical boilers; Steam plant accessories; Effect of component characteristics on the plant performance and variable load problem. UNIT-III (8) Diesel Electric Power Plants: Field of use, Outline of diesel power plant, different systems, Super charging, Diesel plant efficiency & heat balance, Research in diesel power plant. Gas Turbine Plants: Introduction, Classification; Types of gas turbine plants; Analysis of closed and open cycle, Constant pressure gas turbine plants; Methods to improve the thermal efficiency of a simple open cycle constant pressure gas turbine plant; Auxiliaries & controls. Environmental impact of gas turbine power plants.



Syllabus UNIT-IV (8) Hydro Electric Power Plants: Hydrology-rainfall, Runoff & its measurement, Hydrograph & storage of water; Classification of Hydro units; Design, construction & operation of different components of hydroelectric power stations. Nuclear Power Plants: Principles of nuclear energy; Classification, Main parts of nuclear reactors; Types of reactors; PWR, BWR, Heavy water reactors, gas cooled reactor, Liquid metal cooled reactors; Organic moderated cooled reactors, Breeder reactors plant operation, safety features & Radioactive waste disposal. UNIT-V (8) Non-Conventional Power Generation: Introduction; Geo thermal power; Tidal; solar & Wind power plants and direct energy conversion systems. Economic analysis of Power Plants and its Tariffs: Instrumentation & control in thermal power plants, energy conservation & management. Environmental aspects of Power Generation: Pollutants from fossils fuels and health hazards Control of emissions and particulate matter, desulfeorization, Coal gasification & Introduction to greenhouse effect.



Books



• Power Plant Engineering By A. K. Raja, Amit Prakash Srivastava, New Age International. • Large-Scale Solar Thermal Power: Technologies, costs and development By Werner Vogel, Henry Kal. • Power Plant Engineering by Nag P K, Tata Mcgraw Hill Education Private Limited.



Introduction



A power plant may be defined as a assembly of equipment that generates and delivers a flow of mechanical or electrical energy.



Classification of Power plant



Introduction • The major power plants are: 1. Steam power plant 2. Diesel power plant 3. Gas turbine power plant 4. Nuclear power plant 5. Hydro electric power plant • The Steam Power Plant, Diesel Power Plant, Gas Turbine Power Plant and Nuclear Power Plants are called THERMAL POWER PLANT, because these convert heat into electric energy. • Thermal power plants generates more than 80% of the total electricity produced in word.



Location of power plants/ site selection • • • • • • • •



Availability of fuel Availability of cooling water Cost/ area of land Soil Conditions Environment conditions Rail road connections Security against external threads Facility of accommodation of staff if plant is away from town • Distance from the centre of gravity of load demand. • Disposal of ash (in case of coal fired stations)



Rankin Cycle The Rankine cycle, which is the ideal cycle for vapor power plants. The ideal Rankine cycle consists of the following four processes: 1-2 Isentropic compression in a pump 2-3 Constant pressure heat addition in a boiler 3-4 Isentropic expansion in a turbine 4-1 Constant temperature heat rejection in a condenser



P-v and h-s diagram of Rankin Cycle
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Reasons for Considering Rankine Cycle as an Ideal Cycle For Steam Power Plants • It is very difficult to build a pump that will handle a mixture of liquid and vapor at state 1’ (refer T-s diagram) and deliver saturated liquid at state 2’. It is much easier to completely condense the vapor and handle only liquid in the pump. •In Carnot cycle there will be expansion process starts from 3’, during expansion Process( 3’-4’) water particles may damage the turbine Blades. But in Rankine cycle 2’ expansion Starts from 3 and at the start of 2’ 3’ expansion Process (3-4 ) vapour is at superheated state and expansion process 1’ ends near the vapor line so there will be 4’ very less percentage of moisture content as I’ compared to Carnot cycle.



Mean Temperature of Heat Addition •



•



•



• •



In Rankine cycle during heat addition process temperature is different at every point but the pressure is constant through out the heat addition process. So in Rankine cycle heat is added at the some mean temperature. We can chose mean temperature in such a way that the area under 4-1 is equal to the area under 5-6. Efficiency of Rankine Cycle is increases by increasing the mean temperature of heat addition Mean temperature of heat addition can be increased by two ways: By superheating, By increasing cycle pressure.



Heat addition is



Effect of Superheat on Rankine Cycle • When the initial stage changes from 1-1’, Tm between 1 and 1’ is higher than Tm between 4 and 1. so increase in superheat at constant pressure increases the mean temperature of heat addition. So that cycle efficiency also increases. • but superheating can be done upto a certain limit due to metallurgical condition of components.



Effect of Inlet Pressure on Rankine Cycle • When the maximum temperature is fixed by metallurgical condition then by increasing the pressure ( p1 to p2) at which heat is added to boiler , the mean temperature of heat addition increases because Tm between states 4 and 1 is lower than the Tm between state 7 and 5. hence efficiency of cycle also increases. • But when turbine inlet pressure increases from P1 to P2 expansion line of steam shifts to left and moisture content at the turbine exhaust increases. So pressure of heat addition can be increase only up to certain limit.



Internally Reversible Rankine Cycle • Internal reversibility of Rankine Cycle is caused by fluid friction, throttling and mixing. • The liquid leaving the pump must be at a higher pressure than at the turbine inlet pressure because of the pressure drops due to friction etc.



Externally Reversible Rankine Cycle



Reheating of Steam in Rankine Cycle • Rankine cycle with reheat – to reduce the formation of water droplets in turbine, and to increase the efficiency of the cycle. • In this cycle steam is extracted from a suitable point in the turbine and reheated generally to the original temperature by flue gases. 5
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Cont.. • Without reheating the cycle is 1-2-3-4’ has a lot of moisture content at the turbine exhaust. • Advantages of Reheat: i. With reheat the cycle is 1-2-3-4-5-6 has a less amount of moisture content at the turbine exhaust(increases dryness fraction of steam at exhaust) . So improves the quality of turbine exhaust (blade erosion due to impact of water particles is reduced). ii. the net work output of the plant increases with reheat because h5h6 is greater than h4-h4’ . iii. It increases thermal efficiency. • Disadvantages of Reheat: i. Cost of plant is increased due to the reheater and its long connections. ii. It increases condenser capacity due to increased dryness fraction. • Usually two reheats are used because the use of more than two reheats in cycle complication and increases capital cost. • The optimum reheat pressure for most of the modern power plant is 0.2 to 0.25 of the initial steam pressure.



Reheating of Steam in Rankine Cycle



Regenerative Rankine Cycle •



The regenerative Rankine cycle is so named because after emerging from the condenser the working fluid is heated by steam trapped from the hot portion of the cycle and fed into feed water heater. This increases the average temperature of heat addition which in turn increases the efficiency of cycle. this is also known as Bleeding of steam.



Figure: 1



Regenerative Rankine Cycle • A practical regeneration process in steam power plants is accomplished by extracting, or “bleeding,” steam from the turbine at various points. This steam, which could have produced more work by expanding further in the turbine, is used to heat the feedwater instead. The device where the feedwater is heated by regeneration is called a regenerator, or a feedwater heater (FWH). • Regeneration not only improves cycle efficiency, but also provides a convenient means of deaerating the feedwater (removing the air that leaks in at the condenser) to prevent corrosion in the boiler. It also helps control the large volume flow rate of the steam at the final stages of the turbine (due to the large specific volumes at low pressures). Therefore, regeneration has been used in all modern steam power plants. • There are two types of feed water heater: (a) open feedwater heaters (mixing the two fluid streams ) (b) closed feedwater heaters (without mixing them )



Open Feed Water Heater •
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•



An open (or direct-contact) feedwater heater is basically a mixing chamber, where the steam extracted from the turbine mixes with the feedwater exiting the pump. Ideally, the mixture leaves the heater as a saturated liquid at the heater pressure. The schematic of a steam power plant with one open feedwater heater (also called single-stage regenerative cycle) and the T-s diagram of the cycle are shown in (above)Fig 1. In an ideal regenerative Rankine cycle, steam enters the turbine at the boiler pressure (state 5) and expands isentropically to an intermediate pressure (state 6). Some steam is extracted at this state and routed to the feedwater heater, while the remaining steam continues to expand isentropically to the condenser pressure (state 7). This steam leaves the condenser as a saturated liquid at the condenser pressure (state 1). The condensed water, which is also called the feedwater, then enters an isentropic pump, where it is compressed to the feedwater heater pressure (state 2) and is routed to the feedwater heater, where it mixes with the steam extracted from the turbine. The fraction of the steam extracted is such that the mixture leaves the heater as a saturated liquid at the heater pressure (state 3). A second pump raises the pressure of the water to the boiler pressure (state 4). The cycle is completed by heating the water in the boiler to the turbine inlet state (state 5).



Close Feed Water Heater • •



• •



Another type of feedwater heater frequently used in steam power plants is the closed feedwater heater, in which heat is transferred from the extracted steam to the feedwater without any mixing taking place. The two streams now can be at different pressures, since they do not mix. The schematic of a steam power plant with one closed feedwater heater and the T-s diagram of the cycle are shown in Fig. In an ideal closed feedwater heater, the feedwater is heated to the exit temperature of the extracted steam, which ideally leaves the heater as a saturated liquid at the extraction pressure. In actual power plants, the feedwater leaves the heater below the exit temperature of the extracted steam because a temperature difference of at least a few degrees is required for any effective heat transfer to take place. The condensed steam is then either pumped to the feedwater line or routed to another heater or to the condenser through a device called a trap. A trap allows the liquid to be throttled to a lower pressure region but traps the vapor. The enthalpy of steam remains constant during this throttling process.



 The open and closed feedwater heaters can be compared as follows: • Open feedwater heaters are simple and inexpensive and have good heat transfer characteristics. They also bring the feedwater to the saturation state. For each heater, however, a pump is required to handle the feedwater. • The closed feedwater heaters are more complex because of the internal tubing network, and thus they are more expensive. Heat transfer in closed feedwater heaters is also less effective since the two streams are not allowed to be in direct contact. • However, closed feedwater heaters do not require a separate pump for each heater since the extracted steam and the feedwater can be at different pressures.



Deatreator



Deatreator



Law of Diminishing Return



Law of Diminishing Return



Binary Vapour Cycle •
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Generally water is a working fluid in vapour power cycle as it is found to be better than any other fluid, but it is far from being the ideal one. The binary cycle is an attempt to overcome some of the short comings of water and to approach the idea working fluids by using two fluids. In binary vapour cycle two vapour cycles operating on two different working fluids are put together, one in high temperature region and the other in low temperature region and the arrangement is called binary vapour cycle. In binary vapor cycles, the condenser of the high-temperature cycle (also called the topping cycle) serves as the boiler of the low-temperature cycle (also called the bottoming cycle). Some working fluids found suitable for the high-temperature cycle are mercury, sodium, potassium, and sodium–potassium mixtures. The critical temperature of mercury is 898°C (well above the current metallurgical limit), and its critical pressure is only about 18 MPa. This makes mercury a very suitable working fluid for the topping cycle. Mercury is not suitable as the sole working fluid for the entire cycle, however, since at a condenser temperature of 32°C its saturation pressure is 0.07 Pa. A power plant cannot operate at this vacuum because of air-leakage problems.



Binary Vapour Cycle •



•



For this reason, to take advantage of the beneficial features of mercury in the high temperature range and to get rid of its deleterious -effects in the low temperature range, mercury vapour leaving the mercury turbine is condensed at a higher temperature and pressure, and the heat released during the condensation of mercury is utilized in evaporating water to form steam to operate on a conventional turbine. Thus, in the binary (or two fluid) cycle, two cycles with different working fluids are coupled in series, the heat rejected by one being utilized in the other. The flow diagram of mercury-steam binary cycle and the corresponding T-s diagram are given in Figs 3.2 and 3.3 respectively. The mercury cycle a-b-c-d is a simple Rankine cycle using saturated vapour. The heat rejected by mercury during condensation (process b-c) is transferred to boil water and form saturated vapour (process 5-6). The saturated vapour is heated from the external source (furnace) in the superheater (process 6-1). Superheated steam expands in the turbine and is then condensed. The condensate is then pumped to the economiser where it is heated till it becomes saturated liquid by the outgoing flue gases (process 4-5). The saturated liquid then goes to the mercury condenser-steam boiler, where the latent heat is absorbed. In an actual plant, the steam cycle is always a regenerative cycle with feedwater heating, but for the sake of simplicity, this complication has been omitted.



Binary Vapour Cycle



• Refer Book & Class Note for: Carnotization of rankine cycle Flow through nozzle
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