THERMAL POWER PLANT

General Layout of Thermal Power Plant:
The general layout of thermal power plant consists of mainly four circuits as shown in [1]. The four circuits are 

1. Coal and Ash circuit

2. Air and Gas circuit

3. Feed Water and Steam circuit

4. Cooling Water circuit

Coal and Ash Circuit:


In this circuit, the coal from the storage is fed to the boiler through coal handling equipment for the generation of steam. Ash produced due to combustion of coal is removed to ash storage through ash-handling system.

Air and Gas Circuit:


Air is supplied to the combustion chamber of the boiler either through forced draught or induced draught fan or by using both. The dust from the air is removed before supplying to the combustion chamber. The exhaust gases carrying sufficient quantity of heat and ash are passed through the air-heater where the exhaust heat of the gases is given to the air and then it is passed through the dust collectors where most of the dust is removed before exhausting the gases to the atmosphere. 

Feed Water and Steam Circuit: 

The steam generated in the boiler is fed to the steam prime mover to develop the power. The steam coming out of the prime mover is condensed in the condenser and then fed to the boiler with the help of pump. The condensate is heated in the feed-heaters using the steam tapped from different points of the turbine. The feed heaters may be of mixed type or indirect heating type. Some of the steam and water are lost passing through different components of the system, therefore, feed water is supplied from external source to compensate this loss. The feed water supplied from external source to compensate the loss. The feed water supplied from external source is passed through the purifying plant to reduce to reduce dissolve salts to an acceptable level. This purification is necessary to avoid the scaling of the boiler tubes.

Cooling Water Circuit:


The quantity of cooling water required to condense the steam is considerably high and it is taken from a lake, river or sea. At the Columbia thermal power plant it is taken from an artificial lake created near the plant. The water is pumped in by means of pumps and the hot water after condensing the steam is cooled before sending back into the pond by means of cooling towers. This is done when there is not adequate natural water available close to the power plant. This is a closed system where the water goes to the pond and is re circulated back into the power plant. Generally open systems like rivers are more economical than closed systems. 

Working of the Thermal Power Plant:


Steam is generated in the boiler of the thermal power plant using heat of the fuel burnt in the combustion chamber. The steam generated is passed through steam turbine where part of its thermal energy is converted into mechanical energy which is further used for generating electric power. The steam coming out of the steam turbine is condensed in the condenser and the condensate is supplied back to the boiler with the help of the feed pump and the cycle is repeated. The function of the Boiler is to generate steam. The function of the condenser is to condense the steam coming out of the low pressure turbine. The function of the steam turbine is to convert heat energy into mechanical energy. The function of the condenser is to increase the pressure of the condensate from the condenser pressure to the boiler pressure. The other components like economizer, super heater, air heater and feed water heaters are used in the primary circuit to increase the overall efficiency of the plant. 

Site Selection of a Thermal Power Plant:


The important aspect to be borne in mind during site selection for a thermal power plant are availability of coal, ash disposal facility, space requirement, nature of land, availability of water, transport facility, availability of labor, public problems, size of the plant. 

Power Plant Engineering Relevant to Columbia Thermal Power Plant

Coal:


At the Columbia power plant the coal is shipped in by means of rail. The coal is obtained primarily from Wyoming. This is done in most cases, but coal may also be shipped by trucks or by pipelines. Inside the power plant there is an unloading dock where the carts of the rail are heated to melt the snow on the rail carts before unloading them. The coal is stored in huge heaps or piles of a half a mile in diameter. The reason for stocking this much of coal is because the loss due to loss of generation due to lack of coal is very high. The upper layer of the coal heap has to be compacted to make it into a airtight surface to prevent loss of coal due to oxidation. Other methods of preventing oxidation are by keeping it under water or by spraying chemicals on it. 

Coal handling:

In plant coal handling is a very important aspect of power plant safety. In variably the coal is not exposed as it can pollute the air and release poisonous gases like carbon monoxide. The coal from the heaps is moved into the plant by means of long conveyors that are electrically operated. There are many different types of conveyors and coal-handling devices like screwing conveyors, bucket elevators, grabbing bucket conveyors etc. 

Coal Crusher:

Before the coal is sent to the plant it has to be ensured that the coal is of uniform size, and so it is passed through coal crushers. Also power plants using pulverized coal specify a maximum coal size that can be fed into the pulverizer and so the coal has to be crushed to the specified size using the coal crusher. Rotary crushers are very commonly used for this purpose as they can provide a continuous flow of coal to the pulverizer. 

Pulverizer:

Most commonly used pulverizer is the Boul Mill. The arrangement consists of 2 stationary rollers and a power driven baul in which pulverization takes place as the coal passes through the sides of the rollers and the baul. A primary air induced draught fan draws a stream of heated air through the mill carrying the pulverized coal into a stationary classifier at the top of the pulverizer. The classifier separates the pulverized coal from the unpulverized coal.

· Advantages of pulverized coal:          

· Pulverized coal is used for large capacity plants. 

· It is easier to adapt to fluctuating load as there are no limitations on the combustion capacity. 

· Coal with higher ash percentage cannot be used with out pulverizing because of the problem of large amount ash deposition after combustion. 

· Increased thermal efficiency is obtained through pulverization. 

· The use of secondary air in the combustion chamber along with the powered coal helps in creating turbulence and therefore uniform mixing of the coal and the air during combustion. 

· Greater surface area of coal per unit mass of coal allows faster combustion as more coal is exposed to heat and combustion. 

· The combustion process is almost free from clinker and slag formation. 

· The boiler can be easily started from cold condition incase of emergency. 

· Practically no ash handling problem. 

· The furnace volume required is less as the turbulence caused aids in complete combustion of the coal with minimum travel of the particles. 

The pulverized coal is passed from the pulverizer to the boiler by means of the primary air that is used not only to dry the coal but also to heat is as it goes into the boiler. The secondary air is used to provide the necessary air required for complete combustion. The primary air may vary anywhere from 10% to the entire air depending on the design of the boiler. The coal is sent into the boiler through burners. A very important and widely used type of burner arrangement is the Tangential Firing arrangement.

Tangential Burners:  


The tangential burners are arranged such that they discharge the fuel air mixture tangentially to an imaginary circle in the center of the furnace. The swirling action produces sufficient turbulence in the furnace to complete the combustion in a short period of time and avoid the necessity of producing high turbulence at the burner itself. High heat release rates are possible with this method of firing. 


The burners are placed at the four corners of the furnace. At the Columbia Power Plant six sets of such burners are placed one above the other to form six firing zones. These burners are constructed with tips that can be angled through a small vertical arc. By adjusting the angle of the burners the position of the fire ball can be adjusted so as to raise or lower the position of the turbulent combustion region. When the burners are tilted downward the furnace gets filled completely with the flame and the furnace exit gas temperature gets reduced. When the burners are tiled upward the furnace exit gas temperature increases. A difference of 100 degrees can be achieved by tilting the burners. 

Ash Handling:

1. 
The ever increasing capacities of boiler units together with their ability to use low grade high ash content coal have been responsible for the development of modern day ash handling systems. The widely used ash handling systems are 

2. Mechanical Handling System  

3. Hydraulic System

4. Pneumatic System

5. Steam Jet System

The Hydraulic Ash handling system is used at the Columbia Power Plant. 

Hydraulic Ash Handling System:


The hydraulic system carried the ash with the flow of water with high velocity through a channel and finally dumps into a sump. The hydraulic system is divided into a low velocity and high velocity system. In the low velocity system the ash from the boilers fall into a stream of water flowing into the sump. The ash is carried along with the water and they are separated at the sump. In the high velocity system a jet of water is sprayed to quench the hot ash. Two other jets force the ash into a trough in which they are washed away by the water into the sump, where they are separated. The molten slag formed in the pulverized fuel system can also be quenched and washed by using the high velocity system. The advantages of this system are that its clean, large ash handling capacity, considerable distance can be traversed, absence of working parts in contact with ash. 

High Pressure Boiler:


It is a common practice to use high pressure and temperature boilers to increase the efficiency of the plant and to decrease the cost of electricity production. The boiler at the power plant is a water tube boiler, which means that water that is converted to steam is passed through the tubes inside the boiler. The tubes are bent back and forth many times to ensure that all the water is converted to steam. Wet steam is not desirable when it goes to the turbine as it may cause corrosion on the turbine blades. A high pressure boiler is not a simple assemble of certain components like burners, super heaters, air heaters and others. The function of the components is interrelated. The location of the heat transfer surfaces is very important and it depends on the required duty of the boiler and the quality of the coal used. The most commonly used furnace layout or pulverized is shown in the figure.  In zone 1, heat transfer is primarily by radiation. As the gases move upward and secondary air is added, the effect of radiation is reduced and convection becomes predominant. The heat transfer in Zone 2 and Zone 3 takes place mainly by convection. Zones 2 being a high temperature zone and Zone 3 being the low temperature zone. The evaporators are placed in the Zone 1 as it is desirable to have lowest possible tube metal surface temperature because of AFT (ash fusion temperature) issues. Since the Zone 2 has high temperatures, slagging is an important concern in this zone. The excess heat is removed by using panels or platens, which may either be super heaters or evaporators. The Zone 3 because of comparatively low temperatures is ideally suited for heat recovery equipment like economizers and air pre heaters. 

Boiler Accessories:

A large amount of fuel is used in thermal power plant and very large amount of heat is generated and carried by waste gases. The loss would be very high if the waste gases carry all the heat away. The loss can he halved by installing an economizer and a pre- heater in the path of the waste gases. The economizer transfers the heat from the waste gases to the incoming feed water. This reduces the heat required to convert the feed water to steam. The air pre heater increases the heat of the air supplied into the boiler for combustion. This increases the efficiency of the boiler. 

Economizer:


The economizer is a feed water heater, deriving heat from the flue gases. The justifiable cost of the economizer depends on the total gain in efficiency. In turn this depends on the flue gas temperature leaving the boiler and the feed water inlet temperature. A typical return bend type economizer is shown in the figure.

Types of economizer:

Plain Tube Economizer:  


These are generally used in case of boilers with natural draught. The tubes are made of cast iron and their ends are pressed into top and bottom headers. The economizer is placed in the main flue gas path between the boiler and the chimney. The waste flue gases flow outside the tubes and heat is transferred to the water flowing inside. High efficiency can be achieved by maintaining the water walls soot free. 

Grilled Tube Economizer:


This is the type of economizer used in the power plant. This type of economizer reduced space considerably. Rectangular grills are cast on the bare tube walls. Economizer tubes may have finned tubes to increase the heat transfer rate. Thicker fins offer greater efficiency than thinner ones because of greater surface area. 

Air Pre-heater:


The flue gases coming out of the economizer is used to preheat the air before supplying it to the combustion chamber. An increase in air temperature of 20 degrees can be achieved by this method. The pre heated air is used for combustion and also to dry the crushed coal before pulverizing. 

Types of Air Heaters:

Tubular Air Heater: 


The flue gas flows outside the tubes in which the air flows heating it. To increase the time of contact horizontal baffles are provided. 

Plate Type Air Heater:


It consists of rectangular flat plates spaced 1.5 to 2 cm apart leaving alternate air and gas passages. This is not used extensively as it involves high maintenance. 

Regenerative Air Heater:


The transfer of heat from hot gas to cold air is done in 2 stages. In the first stage the heat from the hot gases is passed to the packing of the air heater and the temperature of the gas is sufficiently reduced before letting it out in the atmosphere. This is called the heating period. In the second stage the heat from the packing is passed to the cold air. This is called the cooling period. 

Soot Blowers:


The fuel used in thermal power plants cause soot and this is deposited on the boiler tubes, economizer tubes, air pre heaters etc. This drastically reduces the amount of heat transfer of the heat exchangers. Soot blowers control the formation of soot and reduce its corrosive effects. The types of soot blowers are fixed type, which may be further classified into lane type and mass type depending upon the type of spray and nozzle used. The other type of soot blower is the retractable soot blower. The advantages are that they are placed far away from the high temperature zone, they concentrate the cleaning through a single large nozzle rather than many small nozzles and there is no concern of nozzle arrangement with respect to the boiler tubes. 

Condenser:


The use of a condenser in a power plant is to improve the efficiency of the powre plant by decreasing the exhaust pressure of the steam below atmosphere. Another advantage of the condenser is that the steam condensed may be recovered to provide a source of good pure feed water to the boiler an reduce the water softening capacity to a considerable extent. A condenser is one of the essential components of a power plant. 

Types of Steam Condensers:

Mixing or Jet Type Condenser: These type of cndensers are mainly of two types. Parallel flow type and Conunter flow type. The parallel flow type the steam and the water flow in the same direction and in the counter flow type they flow in opposite directions. These type are rarely used in high capacity modern day power plants.

Non Mixing Type or Surface Condensers: In this type the cooling water and steam do not come in contact with each other. This is used where large quantity of inferior quality water is available. In this the cooling water flows in pipes and the steam flows in a perpendicular direction to the pipes. The velocity of water flowing is very high to absorb the heat from the steam. This condenser can be classified based on the number of passes of the tube and the direction of the condensate flow and tube arrangement, either down flow or central flow. 

Cooling Tower:


The importance of the cooling tower is felt when the cooling water from the condenser has to be cooled. The cooling water after condensing the steam becomes hot and it has to be cooled as it belongs to a closed system. The Cooling towers do the job of decreasing the temperature of the cooling water after condensing the steam in the condenser. 


The type of cooling tower used in the Columbia Power Plant was an Inline Induced Draft Cross Flow Tower. This tower provides a horizontal air flow as the water falls down the tower in the form of small droplets. The fan centered at the top of units draws air through two cells that are paired to a suction chamber partitioned beneath the fan. The outstanding feature of this tower is lower air static pressure loss as there is less resistance to air flow. The evaporation and effective cooling of air is greater when the air outside is warmer and dryer than when it is cold and already saturated. 







