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ABSTRACT The report is about my internship tenure which made me learn the basics of a combined cycle power plant. The Power Plant comprises of 10 multi fuel fired gas turbines and 5 steam turbines. These turbines are divided into 3 energy Blocks with each Block having a combination of gas and steam turbines. The Power Plant's combined cycle technology enables KAPCO to use the waste heat from the gas turbine exhaust to produce steam in the Heat Recovery Steam Generator, which in turn is used to run the steam turbines thereby resulting in fuel cost efficiency and minimum wastage.
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Introduction: KAPCO is Pakistan's largest Independent Power Producer (IPP) with a name plate capacity of 1600 MW. Kot Addu Power Plant (the "Power Plant") was built by the Pakistan Water and Power Development Authority ("WAPDA") in five phases between 1985 and 1996 at its present location in Kot Addu, District Muzaffargarh, Punjab. In April 1996, Kot Addu Power Company Limited ("KAPCO") was incorporated as a public limited company under the Companies Ordinance, 1984 with the objective of acquiring the Power Plant from WAPDA. The principal activities of KAPCO include the ownership, operation and maintenance of the Power Plant. The Power Plant is a multi-fuel gas-turbine power plant with the capability of using 3 different fuels to generate electricity, namely: Natural Gas, Low Sulphur Furnace Oil and High Speed Diesel to generate electricity. The Power Plant is also the only major plant in Pakistan with the ability to self-start in case of a country wide blackout On June 27, 1996, following international competitive bidding by the Privatization Commission Government of Pakistan (the "Privatization Commission"), the management of KAPCO was transferred to National Power (now International Power) of the United Kingdom, which acting through its subsidiary National Power Kot Addu Limited (NPKAL), bought shares representing a 26% stake in KAPCO. Later, NPKAL bought a further 10% shareholding in KAPCO increasing its total shareholding to 36%.The other majority shareholder in KAPCO is WAPDA with a present shareholding of 46%. Following the successful completion of the offer for sale by the Privatization Commission (on behalf of WAPDA) in February 2005, 20% of KAPCO’s shareholding is now held by the General Public. On April 18, 2005 KAPCO was formally listed on all three Stock Exchanges of Pakistan. The Power Plant is situated in District Muzaffargarh, Punjab, 90 K.M. north west of Multan on the left bank of the River Indus at a distance of 16 K.M. from Taunsa Barrage. The area is surrounded by agricultural land on the north and west side of Kot Addu.
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Plant General Characteristics



Gas Turbines
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HRSGs
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Steam Turbines



5



Installed Capacity



1600MW



Max. Load Generation



1541MW



Load According to IDC Test (1996)



1345MW



Load According to ADC Test (2010)



1355MW



No. of Feeders



6 x132KV; 6 x220KV



Max. Generation in one day



35,667Mwh



KAPCO GAS TURBINE POWER STATION
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KAPCO GAS TURBINE POWER STATION (Overview of Combine Cycle)
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Fuel KAPCO utilizes basically two types of fuels i.e. Liquid & Gaseous. 9



The liquid fuels are:  Low Sulphur Furnace Oil  High Speed Diesel Oil (HSD) While Gaseous Fuel is purely the Natural Gas.



Obtaining of the fuel: Pakistan State Oil (PSO) Pakistan State Oil is the major contractor for providing Low Sulphur Furnace Oil (LSFO) to KPACO. This FO has impurities. The oil reaches the plant through two ways:  



Pipe Line from Mehmood Kot which is 35km from Kot Addu has diameter of 10 inches. Oil Tankers.



Why LSFO is used at KAPCO? Low sulphur Furnace Oil is used at KAPCO Gas Turbines because these Gas Turbines have been designed for LSFO.LSFO contains less amount of sulphur than HSFO(High Sulphur Furnace Oil).Higher the amount of Sulphur in the fuel the more it contaminates the environment and high amount of sulphur cause various dangerous diseases. That is why KAPCO besides its designed considerations is IMS certified company which emphasizes on safety, environment protection along with quality production. So it uses LSFO to render minimum danger to the environment. The Stakes of Gas turbines are at lower heights because of very less sulphur exhaust as compared to the plants that use HSFO and their stakes are very high so that higher sulphur quantity coming out of them spread over large area and may not endanger seriously one concentrated region. Such plants are installed in Muzaffargarh and Lalpir.



Gaseous Fuel is obtained from two locations: 



SUI ( A natural Gas rich Region in Baluchistan Province)







Dhodhak (A natural gas deposit in Punjab province)



The natural gas obtained from Dhodhak has high calorific value than the natural gas obtained from Sui. The calorific value of Dhodhak Natural Gas is round about 1000 kJ and that of SUI natural Gas is round about 900 KJ. That is why it’s more expensive than SUI
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natural gas. The high calorific value gas burns more efficiently as its energy content is pretty higher.



STORAGE TANKS: There are total no. of 27 storage tanks to store untreated FO, treated FO, HSD and affluent water. One storage tank has the capacity to store 8000 cm³ oil. Steam Heating is carried out in the tanks to keep the oil at 60° C temp. So that it can flow easily through pipes. The distribution of the oil tanks is as follows;  For untreated Oil , 11 Tanks  For treated Oil , 11 Tanks  For HSD ,5 Tanks



TREATMENT OF FURNACE OIL Treatment of LSFO is quite necessary before it can be used in the combustion chambers because it may contain a no. of impurities in the form of water soluble salts, oil soluble salts and compounds, and suspended particles. These impurities can cause a considerable damage to combustion chambers, Turbine blades and other necessary equipment that are very expensive and these impurities thus lower the overall efficiency and increase the maintenance costs. Generally these impurities are classified in three types:  Water Soluble ( Na, K and other 2nd group elements)  Oil Soluble



(Pb, Ni, Co, V etc.)



 Suspended particles and dust particles Now there are different methods to remove these impurities. We first discuss the method to remove water soluble impurities as follows:



There are two methods to remove water soluble impurities from raw FO:  Electrostatic Method 11



 Centrifugal Method There are five FUEL OIL TREATMENT PLANTS (FOTPs) at KAPCO for the treatment of Furnace Oil. FOTPs nos. 1, 2, 3 and 4 are for Electrostatic Method and FOTP no. 5 is for Centrifugal Method. KAPCO is the only company that has the facility of removing water soluble impurities through Centrifugal method. Centrifugal Method is so far the most efficient method for the purpose. 1) Electrostatic Method : In an electrostatic method basically the salts are ionized and made to collect at their respective electrodes. A large drum is used for this purpose in which there are Cathode and Anode. Untreated FO is mixed with water in the drum at a specific temperature. The water soluble salts get mixed with water and +ve and –ve ions are formed. For example in case of NaCl two ions are formed i.e. Na+ & Cl−. When electrodes are connected to power supply of high voltage, these ions move to their respective electrode. Thus these salts are thus removed from the electrodes later on. Now a chemical called DEMULSIFIER is added into the oil water mixture. The function of Demulsifier is to make the oil droplets separate from water droplets. It makes water droplets larger in terms of its diameter due to which its surface area increases and due to gravity water droplets settle down and drained to effluent water tanks. This water is called EFFULANT WATER. Thus this treated Oil is obtained and pumped to treated oil tanks.



An FOTP for electrostatic method generally comprises 7 sections: Storage and supply of treated and untreated Oil Pump and Heating System 3-stage Electrostatic Treater Effluent Water & Treating system Chemical Forwarding & Dosing System Ratio of mixing FO and fresh water is 10:1  Heat Transfer Oil plant with sludge combustion and Handling      



2) Centrifugal Method:
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In centrifugal Method, water is first added in Oil in the same way as before. Water soluble salts get dissolved in water and are separated from Untreated Oil. This water containing salts is removed from oil by centrifugal action. The water Oil mixture is rotated at a very large speed in a large drum. The centrifugal force pushes the heavier fluid i.e. water containing salts in it towards outer radial direction and oil gets deposited in the center and drained to Treated oil tanks.



FORWARDING SKID  Booster pumps carry FO from treated tanks or from FOTP to Forwarding skid at pressure of 3 bars.  Filters for FO of 200 microns.  Filters for FO of 80 microns.  Pumps to maintain pressure of 6.5 to 7 bar.  Nitrogen Accumulator to bear the pressure jerks while changing the pump.  Pumps to carry FO from Forwarding Skid to Filtration Skid.



FILTERATION SKID    



Dosing of KI200 (with 25% Mg.) to FO to eliminate vanadium effect. Filters for FO of 50 microns. Filters for HSD of 5 microns. Plate type Heat Exchanger to recover heat of fuel coming back from GT (Excess fuel).



13



COMBINE CYCLE A combined cycle is characteristic of a power producing engine or plant that employs more than one thermodynamic cycle. Heat engines are only able to use a portion of the energy their fuel generates (usually less than 50%). The remaining heat (e.g., hot exhaust fumes) from combustion is generally wasted. Combining two or more thermodynamic cycles, such as the Brayton cycle and Rankine cycle, results in improved overall efficiency. It can also work with the Otto, Diesel, and Crower cycles which may allow it to be suited to automotive use. Aside from the Rankine cycle, the Stirling cycle could also be used to re-use waste heat in automotive or aeronautical applications, for the simple reason that there is less weight (water) to carry and that Stirling engines or turbines can be made to operate with low temperature differences. In a combined cycle power plant (CCPP), or combined cycle gas turbine (CCGT) plant, a gas turbine generator generates electricity and the waste heat is used to make steam to generate additional electricity via a steam turbine; this last step enhances the efficiency of electricity generation. Most new gas power plants in North America and Europe are of this type. In a thermal power plant, high-temperature heat as input to the power plant, usually from burning of fuel, is converted to electricity as one of the outputs and low-temperature heat as another output. As a rule, in order to achieve high efficiency, the temperature difference between the input and output heat levels should be as high as possible. This is achieved by combining the Rankine (steam) and Brayton (gas) thermodynamic cycles. Such an arrangement used for marine propulsion is called combined gas (turbine) and steam (turbine) (COGAS).
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Combine Cycle Power Plant
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GAS TURBINE A gas turbine, also called a combustion turbine, is a rotary engine that extracts energy from a flow of combustion gas. It has an upstream compressor coupled to a downstream turbine, and a combustion chamber in-between. Gas turbine may also refer to just the turbine component. Energy is added to the gas stream in the combustor, where fuel is mixed with air and ignited. In the high pressure environment of the combustor, combustion of the fuel increases the temperature. The products of the combustion are forced into the turbine section. There, the high velocity and volume of the gas flow is directed through a nozzle over the turbine's blades, spinning the turbine which powers the compressor and, for some turbines, drives their mechanical output. The energy given up to the turbine comes from the reduction in the temperature of the exhaust gas. Energy is extracted in the form of shaft power, compressed air and thrust, in any combination, and used to power aircraft, trains, ships, generators, and even tanks.
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Theory of operation Gas turbines are described thermodynamically by the Brayton cycle, in which air is compressed isentropically (1-2), combustion occurs at constant pressure (2-3), and expansion over the turbine occurs isentropically (3-4) back to the starting pressure.



Brayton cycle The Brayton cycle is a thermodynamic cycle that describes the working of gas turbine engines. It is named after George Brayton (1830-1892), the American Engineer who developed it, although it was originally proposed and presented by Englishman John Barber in 1971. It is sometimes known as Joule cycle. The Ericsson cycle is also similar but uses external heat and incorporates the use of a regenerator.



Model A Brayton type Engine consists of following components. 1. A gas compressor 2. A combustion chamber 3. An Expander
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Ideal Brayton cycle 1. Isentropic process: Ambient air is drawn into the compressor, where it is pressurized. 2. Isobaric process: The compressed air then runs through a combustion chamber, where fuel is burned, heating that air—a constant-pressure process, since the chamber is open to flow in and out. 3. Isentropic process: The heated, pressurized air then gives up its energy, expanding through a turbine (or series of turbines). Some of the work extracted by the turbine is used to drive the compressor. 4.



Isobaric process - Heat Rejection (in the atmosphere).



Actual Brayton cycle 1. 2. 3. 4.



Adiabatic process - Compression. Isobaric process - Heat Addition. Adiabatic process - Expansion. Isobaric process - Heat Rejection.



Since neither the compression nor the expansion can be truly isentropic, losses through the compressor and the expander represent sources of inescapable working inefficiencies. In general, increasing the compression ratio is the most direct way to increase the overall power output of a Brayton system.



Types of combustion chamber  Can-Type Combustor  Annular Combustor  Can-Annular Combustor  Silo Combustor
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Turbine Washing Why is it necessary? After every 250 hours, when the GAS turbine is being operated at Furnace Oil (FO) or any other fuel it is recommended to carry out water wash of turbine blades. Actually there accumulates Sulphur on blades surfaces which is present in the furnace oil. This accumulation of Sulphur on blades surface causes a decrease in their efficiency. Therefore it is required to carry out washing after every 250 hours when machine being operated at FO.



PRE-Washing Procedure: While the turbine is in full operation the temperature of the burning gases inside turbine is about 1000°C to 1050°C and cooling of the turbine blades is always required to have a proper function and for the safety of blades. To keep them cool blowers are available and a discharge line is also taken out from compressor to the rotor for the cooling purpose. 



Before washing turbine unit is shut down and transferred to turning gear motor.







The speed of Turning Gear Motor is 110 rpm.







The speed of the rotating rotor gradually slows down from 2900 /3000 rpm and when it reaches 110 rpm its automatically transferred on Turning Gear Motor.







After 6 to 7 hours the wheel space temperature reaches 150 C.







This time limit is usually for summers and for winters this time is comparatively less.



WASHING: 



Hot water at a temperature of 80°C is used to wash turbine blades.







Washing is carried out for 25 minutes.







Then 45 min are given without any operation while rotor remains at 475 rpm.







Then after 45 mints washing is again carried out for 25 mints.







From now onwards machines are started normally.
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STEAM TURBINE A steam turbine is a prime mover which continuously converts energy of high pressure, high temperature steam supplied by the steam generator in to the shaft work with the low temperature steam exhausted to a condenser. The energy conversion essentially occurs into steps: 1. The high pressure high temperature steam first expands in nozzles and comes out at high velocity 2. The high velocity jets of steam coming out of the nozzles, impinge on the blades mounted on a wheel, get deflected an angle and suffer a loss of momentum which is absorbed by the rotating wheel in producing torques. Steam turbine power plants operate on a Rankine cycle. The steam is created by a boiler, where pure water passes through a series of tubes to capture heat from the firebox and then boils under high pressure to become superheated steam. The heat in the firebox is normally provided by burning fossil fuel (e.g. coal, fuel oil or natural gas). However, the heat can also be provided by biomass, solar energy or nuclear fuel. The superheated steam leaving the boiler then enters the steam turbine throttle, where it powers the turbine and connected generator to make electricity. After the steam expands through the turbine, it exits the back end of the turbine, where it is cooled and condensed back to water in the surface condenser. This condensate is then returned to the boiler through high-pressure feed pumps for reuse. Heat from the condensing steam is normally rejected from the condenser to a body of water, such as a river or cooling tower. Steam turbine plants generally have a history of achieving up to 95% availability and can operate for more than a year between shutdowns for maintenance and inspections. Their unplanned or forced outage rates are typically less than 2% or less than one week per year. Modern large steam turbine plants (over 500 MW) have efficiencies approaching 40-45%. These plants have installed costs between $800 and$2000/kW, depending on environmental permitting requirement
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WORKING CYCLE OF STEAM POWER PLANT



Rankine cycle: The Rankine cycle is a thermodynamic cycle which converts heat into work. The heat is supplied externally to a closed loop, which usually uses water as the working fluid. This cycle generates about 80% of all electric power used throughout the world including virtually all solar thermal, biomass, coal and nuclear power plants. It is named after William John Macquorn Rankine, a Scottish polymath. There are four processes in the Rankine cycle, each changing the state of the working fluid. These states are identified by number in the diagram to the right. 1. Process 1-2: The working fluid is pumped from low to high pressure, as the fluid is a



liquid at this stage the pump requires little input energy. 2. Process 2-3: The high pressure liquid enters a boiler where it is heated at constant pressure by an external heat source to become a dry saturated vapor. 3. Process 3-4: The dry saturated vapor expands through a turbine, generating power. This decreases the temperature and pressure of the vapor, and some condensation may occur. 4. Process 4-1: The wet vapor then enters a condenser where it is condensed at a constant pressure and temperature to become a saturated liquid. The pressure and temperature of the condenser is fixed by the temperature of the cooling coils as the fluid is undergoing a phase-change.
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MAIN COMPONENTS OF STEAM TURBINE Main components of a steam Turbine are discussed as below: 1. 2. 3. 4.



Boiler(HRSG) Turbine Condenser Pump



BOILER (HRSG) The exhaust gases of a gas turbine are at a high temperature and such hot gases are utilized in Heat Recovery Steam Generator (HRSG). The efficiency of HRSG is relatively higher than conventional boilers i.e. 40% to 45 % whereas the efficiency of conventional boilers is about 35 % and that of Burners Boiler is 32% to 40 %. The HRSG has the capacity of about 200 tons of steam production in it. There are different stages of a HRSG. There are generally four stages: 1. 2. 3. 4.



LP Evaporator HP Economizer HP Evaporator Super Heater



LP EVAPORATOR The LP Evaporator is basically a Heat Exchanger (parallel flow) consisting of a bundle of tubes confined in a large shell or cylinder. The hot water coming from hot well passes through these tubes. The hot water at a temperature of about 125°C to 130°C from feed water tank at low pressure than atmospheric pressure flow through these tubes. The water flows through these tubes with the help of Low Pressure Pumps at Feed Water Pumps Building where these pumps pick hot water from feed water tank and make it flow through LP Evaporator tubes by first bringing it in LP DRUM that is connected with LP Evaporator. LP Drum maintains low pressure saturated steam in it. The LP Evaporator is the top most stage of a vertically designed HRSG. The exhaust gases of a gas turbine reach LP Evaporator at the last when the temperature of these gases has been utilized in first three stages. The temperature of these gases at this stage is about 180°C. When these gases passes across the water containing tubes it goes through a phase change where 22



water is converted into steam with a little increase in temperature. The Latent heat is added in water due to which it is converted in steam by maintaining its temperature. About 1/5th volume of water in LP Drum is converted into saturated steam and rest of the water keep flowing in cycle through tubes or LP Evaporator until it is also converted into saturated steam. The level of LP Drum is maintained at certain level which is controlled through automatic level detectors. These send electrical signals to Central Control Room where the readings are viewed on computer screen. Now the low pressure saturated steam produced in LP Evaporator going through LP Drum that is used for the purpose of Deration in DEARATOR.



DEARATOR DEARATOR is drum mounted just below Feed Water tank (As shown in the fig). The purpose of Dearator is to de-air the hot water at a temperature of 125 C to 139 C coming from the Hot Well. A Dearator has two inlets. One from hot well and the other from LP Drum. The hot water coming from the Hot Well is showed in the Dearator and low pressure saturated steam is blown through this showered water. As air becomes lighter by heating therefore by mixing steam with this showered water the temperature of air available in hot water increases and it rises and finally it is drained out from Dearator top. The hot water collected at the bottom of Dearator drum is air-free and is then used to convert into steam in HRSG.



HP ECONOMIZER High Pressure (HP) Economizer is also a heat exchanger (counter flow) consisting of a bundle of tubes. High Pressure Feed water Pumps placed in the Feed Water Pumps Building take water from Feed Water Tank placed below Dearator and make it flow through HP Economizer. High pressure is developed with the help of High Pressure Feed Pumps. Here at steam turbines 11 & 12 impeller type Centrifugal pumps are being used for this purpose (Pump has been viewed in detail). High pressure is developed so that maximum heat can be absorbed in the economizer by water at higher pressure (The boiling point of a liquid increase with an increase in pressure). The flue gases exchange heat to hot water in the tubes of HP Economizer and raise its temperature to about 140°C. At this heat exchanger there is a sensible heat addition where there is an increase in temperature of water in the tubes instead of phase change (steam). This high temperature water flows down to HP Drum. 23



HP EVAPORATOR High Pressure Evaporator is also another heat exchanger (Parallel Flow) Consisting of a bundle of tubes through which hot water coming from second Stage of the HRSG flows at high pressure. As discussed before that water comes in HP Drum from Economizer. Then this high temperature water from HP Drum is taken from suction pump and made flown through HP Evaporator where there is Latent Heat Addition into the water. The water is converted into high pressure saturated steam. This steam then goes again in HP Drum where it maintains high pressure in which high pressure steam is present over a certain level of water. This HP steam whose temperature is about 270 C flows through the last stage of HRSG called super heater whereas water that has not been converted into steam in the HP Evaporator is brought again into HP Drum by Reciprocating Pump as shown in the fig. The cycle has also been shown. About 1/3rd of the volume of HP Drum is converted into saturated high pressure steam.



SUPERHEATOR Super-heater is another type of heat exchanger (counter flow) consisting of a bundle of thin walled tubes for the maximum rate of heat exchange. This part of the HRSG is located directly in front of the exhaust section where flue gases at a temperature ranging from 480 C to 500 C are coming out. Super heater utilizes the maximum temperature of hot flue gases and there is a sensible heat addition in the saturated steam coming from HP Drum; thus increasing temperature of steam in the tubes and making saturated steam superheated and moisture free. The temperature of this superheated steam is about 480 C to 500 C. This superheated steam at pressure of about 35 Bars then runs the steam turbine.
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STEAM Turbine A Steam turbine is a turbine that works with the help of superheated steam that has no moisture. We need moisture free steam because of certain reasons. For example the moisture may cause rust and the surface of blades corrodes. The blades of a turbine are very expensive and there replacement causes wastage of huge sum of money and time which increase cost of energy production and this renders a huge loss to the company.



COOLING TOWER The cooling towers are designed for cooling circulating water coming from condenser. Each cooling tower cell can be separated with hand operated isolation valves in the up streams lines. Downstream of the cooling tower basins the stop logs for the isolation procedures are foreseen. Cooling towers remove heat from the water discharged from the condenser so that the water can be discharged to the river or recirculate and reused. Cooling towers are also known as heat removal devices used to transfer process waste heat to the atmosphere. Cooling towers may either use the evaporation of water to remove process heat and cool the working fluid to near the wet-bulb air temperature or rely solely on air to cool the working fluid to near the dry-bulb air temperature. Common applications include cooling the circulating water used in oil refineries, chemical plants, power plants and building cooling. The towers vary in size from small roof-top units to very large hyperboloid structures that can be up to 200 meters tall and 100 meters in 25



diameter, or rectangular structures (as in Image 2) that can be over 40 meters tall and 80 meters long. Smaller towers are normally factory-built, while larger ones are constructed on site. It is important to note that the heat transferred in a condenser may heat the circulating water as much as 40 degrees Fahrenheit (F). In some cases, power plants may have restrictions that prevent discharging water to the river at more than 90 degrees F. In other cases, they may have limits of no more than 5 degrees F difference between intake and discharge (averaged over a 24 hour period). When Cooling Towers are used, plant efficiency usually drops. One reason is that the Cooling Tower pumps (and fans, if used) consume a lot of power. The task of the induced draft cooling tower is too cool the water coming from the condenser and to transfer the heat absorbed in this steam condensation process, to the atmosphere.



Types: Cooling towers can generally be classified by use into either 1. HVAC (air-conditioning) 2. Industrial duty
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Major components: 1. Cooling Tower (Supply) Basin 2. Cooling Tower Pumps 3. Cooling Tower Structure 4. 5. 6. 7.



Distribution System Drift Eliminators Cooling Tower Fans Driving shaft



HEAT TRANSFER METHODS With respect to the heat transfer mechanism employed, the main types are: 1. Wet cooling towers or simply cooling towers operate on the principle of evaporation. 2. Dry coolers operate by heat transfer through a surface that separates the working fluid from ambient air, such as in a heat exchanger, utilizing convective heat transfer. The do not use evaporation. 3. Fluid coolers are hybrids that pass the working fluid through a tube bundle, upon which clean water is sprayed and a fan-induced draft applied. The resulting heat transfer performance is much closer to that of a wet cooling tower, with the advantage provided by a dry cooler of protecting the working fluid from environmental exposure.



AIR FLOW GENERATION METHOD With respect to drawing air through the tower, there are three types of cooling towers:



Natural draft This utilizes buoyancy via a tall chimney. Warm, moist air naturally rises due to the density differential to the dry, cooler outside air. Warm moist air is less dense than drier air at the same pressure. This moist air buoyancy produces a current of air through the tower.
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The green flow paths show how the warm water leaves the plant proper, is pumped to the natural draft cooling tower and is distributed. The cooled water, including makeup from the lake to account for evaporation losses to the atmosphere, is returned to the condenser



Mechanical draft This uses power driven fan motors to force or draw air through the tower. 1. Induced draft: A mechanical draft tower with a fan at the discharge which pulls air



through tower. The fan induces hot moist air out the discharge. This produces low entering and high exiting air velocities, reducing the possibility of recirculation in which discharged air flows back into the air intake. This fan/fill arrangement is also known as draw-through. 2. Forced draft: A mechanical draft tower with a blower type fan at the intake. The fan forces air into the tower, creating high entering and low exiting air velocities. The low 28



exiting velocity is much more susceptible to recirculation. With the fan on the air intake, the fan is more susceptible to complications due to freezing conditions. Another disadvantage is that a forced draft design typically requires more motor horsepower than an equivalent induced draft design. The forced draft benefit is its ability to work with high static pressure. They can be installed in more confined spaces and even in some indoor situations. This fan/fill geometry is also known as blow-through. The following figure is the Forced - or Natural Draft Cooling Tower



The green flow paths show how the water is taken from a river (yellow) to an intake supply basin (green) that the Circulating Water Pumps take suction from. The water is then pumped to the Condenser where the water is heated. The water is then sent to an exit distribution basin where the water then can be returned to the river and/or pumped by the Cooling Tower Pumps to the Cooling Towers then the water returned to the intake supply basin where the water can be reused.



DEMI PLANT These plants are used to demineralize the water obtained from the well and the canal. Firstly suspended impurities in water are removed by dosing ALUM. Then water passes through the sand filters and after that Cation and anion removers are used to remove them. Sulphuric Acid and Caustic soda is used in Cation and Anion Bed. Thus water obtained from DEMI PLANTS is called “Purified water”.
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THE END
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