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ABSTRACT

The main objective of this project is to increase the overall efficiency of thermal power plant by 

introducing low pressure economizer (LPE) in between the air preheater and the electrostatic precipitator (ESP) 

unit.Presently the feed water of boiler is heated by Low Pressure heaters, High Pressure heaters and economizer 

before entering into the furnace. LP heaters utilize the temperature of LP steam extracted from the LP turbine and 

HP heaters utilize the temperature of steam from Intermediate Pressure turbine and partly utilize the temperature of 

outlet from HP turbine and finally fed into the economizer.Now the LP economizer is placed in between air 

preheater and ESP unit. The LP economizer will extract the temperature of exit flue gas from the air-preheater. 

Thereby the quantity of steam extracted from LP turbine is reduced and the rating of the turbine will be enhanced 

by 2MW approximately. 

Keywords: Low Pressure Economizer (LPE), Electrostatic Precipitator (ESP), Log Mean Temperature Difference 
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INTRODUCTION 

Coal fired thermal power plant generates major portion of India’s electricity. In a typical thermal power 

plant the raw coal is crushed and pulverized in a mill to a size finer than face powder. The primary air supplies 

dries and transport the coal into the boiler furnace. The coal burns in the furnace to generate superheated steam 

which drives a turbine connected to an alternator to generate electricity.Tuticorin thermal power station, located 

near new port of Tuticorin, is owned and operated by Tamilnadu electricity board. It has a total capacity of 

1050MW comprising 5 units of 210MW each. The station has been erected in III stages; first stage consists of unit 

I&II of 210MW each. The second stage consists of unit 210MW and the third stage consists of unit IV & V of 

210MW each. All the units are coal based; coal is transported by sea through ships from Hadia, Paradeep, vizag 

ports to TTPS. LP economizer is heat recovery system in which heat is gained from the exit flue gas. It is similar to 

the economizer in boiler. Economizer can be provided to utilize the flue gas heat for pre-heating the boiler feed 

water. On the other hand, in an air pre-heater, the waste heat is used to heat combustion air. In both the cases, there 

is a corresponding reduction in the fuel requirements of the boiler. A simple sketch of an economizer is shown in 

Fig-1  

 
Figure.1.Simple sketch of economizer 

For every 22˚C reduction in flue gas temperature by passing through an economizer or a pre-heater, there is 

1% saving of fuel in the boiler. In other words, for every 60˚ C rises in feed water temperature through an 

economizer, or 200˚C rise in combustion air temperature through an air pre-heater, there is 1% saving of fuel in the 

boiler. The exit temperature of flue gas is around 1500˚C, after air pre heater. Therefore ESP unit operating 

temperature of around 1500˚C is typically near the maximum resistivity of fly ash. It affects the ESP unit 

performance. Efficiency of the ESP unit depends on the resistivity of fly ash. If the temperature of flue gases 

reduced around 1000˚C or less significantly improves the performance of ESP unit and also reduction in size of the 

ESP unit. And also duct size will be reduced, less smoke at the chimney outlet as well as auxiliary unit power 

consumption will be reduced. Finally, the overall efficiency of the thermal power plant will be increased.  
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DESIGN OF LP ECONOMIZER 

Heat Exchanger Theory: The heat gained or lost by a fluid in a heat exchanger is given by the following formula: 

Q = m x Cp x ∆T 

Where 

Q = heat transferred (kW) 

M = mass flow of the fluid (kg/s) 

Cp = specific heat of the fluid (kj/kg/⁰C) 

∆T = Temperature difference between inlet and outlet of the fluid 

The basic concept of a heat exchanger is based on the principle that the loss of heat on the high temperature side is 

exactly the same as the heat gained by the low temperature side.  This is expressed by the following formula, 

Qg = mg x Cpg x ∆Tg 

Qw = mw x Cpw x ∆Tw 

Where subscript “g” = flue gas, subscript “w” = feed water 

In theory, the heat given up by the hot fluid is never exactly equal to the heat gained by the cold fluid due 

to environmental heat losses. However, in practice they are generally assumed to be equal to simplify the 

calculations involved. Any environmental losses that occur are generally minimized with insulation of equipment 

and piping. 

The Heat exchanger Design Equation: Heat exchanger theory leads to the basic heat exchanger design equation 

as follows: 

Q = U x A x ∆TLMTD 

Where 

Q is the rate of heat transfer between the two fluids in the heat exchanger in kCal/hr or kJ/hr. 

U is the overall heat transfer coefficient in kCal/hr m2⁰C or W/M2K. 

A is the heat transfer surface area in m2, and 

∆T is the log mean temperature difference in ⁰C, calculated from the inlet and outlet temperatures of both fluids as 

follows. 

 
For design of heat exchangers, the basic heat exchanger design equation can be used to calculate the 

required heat exchanger area for known or estimated values of the other three parameters, Q, U and ∆T. The 

assumptions that are made in its derivation are that the overall heat transfer coefficient and the specific heat of the 

fluids remain constant through the heat exchanger. 

Log Mean Temperature difference: The driving force for any heat transfer process is the temperature difference 

between two fluids.  In the heat transfer process, the temperature of the two fluids keep changing as they pass 

through the heat exchanger, for which some type of average temperature difference is needed.  This average 

temperature difference through the heat exchanger is described by the log mean temperature difference (LMTD).   

The larger the temperature difference, the smaller the required heat exchanger area and vice versa. 

Heat Balance Diagram: Heat Balance Diagram for Thermal Power Station is the basically schematic 

representation of the whole steam cycle from Boiler to High Pressure (HP) Turbines Intermediate Pressure (IP) 

Turbines and Low Pressure (LP) Turbines to condenser to pumps to re-heaters and again to boiler. This diagram 

also contains some information of steam properties like Pressure, Temperature, enthalpy and mass of the steam at 

every junction of the line. 

What Information the HBD has? As mentioned above, Heat Balance Diagram has the heat equation at points 

before and after every component. Considering the first point after the boiler, knowing the steam properties, 

pressure and temperatures, other properties like enthalpy of the steam can also be determined. Knowing the 

efficiencies and considerations like pressure drop across the control valves, these properties along the cycle can be 

determined, thus the heat rate of the system. With help of heat rate, the mass of steam required can be determined. 

Why it is Important?: Heat Balance Diagram is generally one of the first produced diagrams and part of Process 

Control Diagrams (PCDs), by an engineering wing or consultancy while working on the specifications of the 

project (power plant). HBD helps to engineer the plant by way of providing the steam properties at different point 
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across the steam cycle, thus providing vital information, helpful to design the whole system and supporting 

systems. In a way this diagram is critical to finalize the specifications of different components before initiating the 

bidding procedures by the consultants, especially working on EPC assignments. BD, in fact also helps in estimating 

the cost of the plant as well as it provides the heat rate, operational cost can also be estimated. Knowing the both 

costs, it is easier to decide on refining the specifications of components (comparing initial investments as well as 

the operational costs), before bidding process, as mentioned above. Usually there has been no ways for the project 

owner to comment on the consultant’s decision about the specifications. Mostly it has to be dependent on 

individual discretion and experience and expertise. However, recently some software solutions have come to 

provide support to engineers, which can simulate the Heat Balance Diagram for engineers to understand the process 

in a better way and not only to comment over the design provided by consultants, but also provide an opportunity 

to increase the operating efficiencies, resulting into significant saving in operational cost 

 
Fig.2.Heat Balance Diagram of without LP Economizer 

 
Fig.3.Heat Balance Diagram of with LP Economizer 

 The TTPS Unit#3 Heat Balance diagram is explained in Figure 5.The extraction steam of HR Heater 4 is 

condensed and heat is taken by feed water. The condensed water goes to next HR Heater 3. The extraction steam of 
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HR Heater 3 at different temperature and Pressure is mixed with previous condensed water and then condensed and 

this heat is also taken by feed water. The condensed water goes to next HR Heater 2.The extraction steam of HR 

Heater 2 at different temperature and Pressure is mixed with previous condensed water and then condensed and this 

heat is also taken by feed water. The condensed water goes to Main Feed Water Line and condensed water pressure 

is maintained by Drip Pump. The feed water is getting from Gland cooler 2 and passed through HR Economizer 

and then connected to before the Deaerator line, These waste heat is reduced the amount of steam extraction from 

IP turbine. This steam is continuously allowed to IP & LP Turbine and extracted the energy. 

Method of increasing the efficiency of the Rankine cycle: There are three ways to increase the efficiency of the 

simple ideal Rankine cycle. 

Decreasing the condenser pressure: The effect of lowering the condenser pressure on the Rankine cycle 

efficiency is illustrated on a T-s diagram on the left. Steam exits as a saturated mixture in the condenser at the 

saturation temperature corresponding to the pressure in the condenser. So lower the pressure in the Condenser, 

lower the temperature of the steam, which is the heat rejection temperature. The blue area is the net work increases 

due to the decreasing of the condenser pressure. 

  

Fig.4.The Effect of Lowering the Condenser 

Pressure 

Fig.5.The Effect of Superheating the Steam to a Higher 

Temperature 

Superheating the steam to a high temperature: The effect of superheating the steam to a high temperature on the 

Rankine cycle efficiency is illustrated on a T-s diagram on the left. By superheating the stream to a high 

temperature (from state 3 to state 3'), the average steam temperature during heat addition can be increased. The blue 

area is the net work increased due to superheating the steam to a high temperature. 

Increasing the boiler pressure: The effect of increasing the boiler pressure on the Rankine cycle efficiency is 

illustrated on a T-s diagram on the left. If the operating pressure of the boiler is increased, (process 2-3 to process 

2'-3'), then the boiling temperature of the steam rises automatically. For a fixed inlet turbine temperature, the blue 

area is the net work increased and the gray area is the net work decreased. Also, the moisture content of the steam 

increases from state 4 to state 4', which is an undesirable side effect. This side effect can be corrected by reheating 

the steam, and results in the reheat Rankine cycle. 

 
Fig.6.The Effect of Increase the Boiler Pressure 

 

Regeneration Rankine cycle: The regenerative Rankine cycle is so named because after emerging from the 

condenser (possibly as a sub cooled liquid) the working fluid is heated by steam tapped from the hot portion of the 

cycle. On the diagram shown, the fluid at 4 is mixed with the fluid at 5 (both at the same pressure) to end up with 

the saturated liquid at 7. This is called "direct contact heating". The Regenerative Rankine cycle is commonly used 

in real power stations. 
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 Another variation is where bleed steam from between turbine stages is sent to feed water heaters to preheat 

the water on its way from the condenser to the boiler. These heaters do not mix the input steam and condensate, 

function as an ordinary tubular heat exchanger, and are named "closed feed water heaters". The regenerative 

features here effectively raise the nominal cycle heat input temperature, by reducing the addition of heat from the 

boiler/fuel source at the relatively low feed water temperatures that would exist without regenerative feed water 

heating. This improves the efficiency of the cycle, as more of the heat flow into the cycle occurs at higher 

temperature.  

 
 

Fig.7. Modern Reheat and Regenerative Rankine 

cycle without LP Economizer of TTPS Unit #3 

Fig.8.Modern Reheat and Regenerative Rankine 

cycle with LP Economizer of TTPS Unit #3 

NUMERICAL SIMULATION STUDY OF HEAT RECOVERY ECONOMIZER 

CFD Theory: The CFD modelling involves with the numerical solution of the conservation equations. In the most 

of research, the simulations solution of continuity and the Reynolds-Averaged Navier–Stokes equations were 

carried out by CFD codes. In the case of turbulent flow, the random nature of flow precludes computations based 

on a complete description of the motion of all the fluid particles. In general it is most attractive to characterize 

turbulent flow by the mean values of flow properties and the statistical properties of their fluctuations. A turbulence 

model is a computational procedure to close the system of mean flow and solve them, so that a more or less wide 

variety of flow problems can be calculated. There are some well-known classical turbulence models such as the 

mixing length, k– ɛ family models, Reynolds stress and algebraic stress models. In the most of the CFD research 

the k– ɛ family models including; the standard, RNG and realizable model were used in the simulation. In the 

present work due to complicated mathematical work and need to employ a model which it uses lower CPU time, 

the standard k–e turbulence model was preferred.  

Model and the Boundary Conditions: The boundaries and the corresponding boundary conditions have been 

indicated in Fig-9 

1. INLET: on this surface, the mass flow inlet is provided, namely to the Air heater to ESP line. Moreover, the 

velocity vector is imposed as constant and normal to the boundary. 

2. OUTLET: on this surface, the pressure value is set to 0 bar to predict the pressure drop. 

3. SYMMETRY: (lateral surfaces): these are the symmetry faces and allow the use of the simplified geometry.  

The fluid density and the viscosity have been set to the conditions matching to that of the experimental setup 0.829 

kg/m3 and to 0.0000272 Kg/m-s, respectively. 

Computational details: The Geometry of the Heat recovery Economizer and their connecting duct is complex. 

The half symmetry of the geometry is utilized to reduce the computational expenditure.  A hybrid meshing system 

is used in the model.  A hexahedral mesh is used wherever it is possible and in the rest of the portion the 

unstructured tetrahedral meshing is used. The computational grid is about 11,00,000 grid hexahedral mesh 

elements.  The computation was carried out for higher number of meshing elements based on gradient adaption.  

And thus the grid dependency test was conducted the results of the analysis was similar and difference was less, 

with regard to the flow rate obtained by the increasing grids. The Model was generated for with and without heat 

recovery Economizer. A second order solution was obtained for each of the model corresponding to the geometry. 

The residuals were monitored and convergence criteria of 1e-3 were achieved for each case. 
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Fig.9.Fluid Model with Boundary Conditions Fig.10.Computation Grid of HR Economizer and 

their connecting duct 

RESULTS AND DISCUSSION 

Computational Results: The results of the simulation is given below, the LP Economizer where simulated for 

with and without stages. The LP Economizer pressure drop across the LP Economizer was deduced. The figures 

below give the typical pressure and velocity contours of one such simulation. 

  

Fig.11.Pressure Contours Fig.12.Velocity path line 

  
Fig.13.Design Layout of LP Economizer Fig.14.Plan view of LP Economizer 

CONCLUSION 

 This project has provided a numerical investigation of the fluid dynamic behavior and design of the LP 

economizer for TTPS Unit #3. The results of CFD simulation were discussed in this project and consolidate design 

details of the LP economizer are, 

Design details of LP Economizer:  
Dimension of Duct: Width = 8030 mm; Depth = 4970 mm;  

Dimension of Tube: Outer dia = 38.1 mm; Thickness = 3.2 mm; Height of the assembly = 6405 mm 

No .of  assemblies = 53 

Quantity of flue gas = 523.5 T/hr 

Maximum required quantity of water = 78.72 T/hr 

Flue gas flow velocity = 7.2895 m/s; Water flow velocity = 0.5227 m/s  

 The Pressure drop evaluation has been done by the computational method. The Pressure drop without LP 

Economizer is 30 mm wc and with LP Economizer is 100 mm wc. There by the quantity of steam extracted from 

LP turbine is reduced and the rating of the turbine will be enhanced by 2.76 MW (1% overall efficiency) 

approximately. 

REFERENCES 

Andreas Bäck, Enhancing ESP Efficiency for High Resistivity Fly Ash by Reducing the Flue Gas Temperature, 

11th International Conference on Electrostatic Precipitation, 406-412.  

Chaojun Wang, Boshu He, Linbo Van, Xiaohui Pei, Shinan Chen, Thermodynamic analysis of a low-pressure 

economizer based waste heat recovery system for a coal-fired power plant, Energy, 2014, 80-90 

Chaojun Wang, Boshu He, Shaoyang Sun, Ying Wu, Na Yan, Linbo Yan, Xiaohui Pei, Application of a low 

pressure economizer for waste heat recovery from the exhaust flue gas in a 600 MW power plant, Energy, 2012, 

196-202.  

Shi XJ, Che DF, Brian A, Gao JM, An investigation of the performance of compact heat exchanger for latent heat 

recovery from exhaust flue gases, International Journal of Heat and Mass Transfer, 2011, 606-615. 

http://www.jchps.com/

