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ABSTRACT 

 

 In the present paper both energy and exergy formulations are developed for Thermodynamic analysis of a power plant. The 
impact of excess air to boiler pollution (NO, CO, CO2) is studied. The exergy loss distribution indicates that boiler irreversibilities yield 

the highest exergy losses in the power plant. It shows that the key thermodynamic parameters have significant effects on the 

performance of the supercritical power cycle and exergy destruction in each component. 
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INTRODUCTION 

 

 Rankine cycle is used in thermal power plants. 

Steam power plants are one of the most important 

thermal power plants which are responsible for a 

significant share of electrical energy production in 

most countries, includingIran. Paying attention to the 

efficiency of power generation units in power plants 

is very important because of fuel consumption 

optimization, air pollution reduction, maintenance 

costs reduction, and production increase. 

Unfortunately, the efficiency of power plants has not 

been paid enough attention in our country and there 

have not been any special efforts to increase their 

efficiency. However, due to increasing demand for 

electrical energy and also saving fossil fuels, the 

efficiency of power plants has been taken into 

consideration in recent years. See more in [1-9]. 

 

2- Methods for increasing the efficiency of the 

Rankine cycle:  

 

 Steam power plants produce most of the world's 

electricity and even the smallest increase in their 

thermal efficiency can save a lot of fuel. Therefore, it 

is attempted to increase the efficiency of steam 

power plant cycle. The main idea of all changes for 

increasing thermal efficiency of the power cycle is 

one thing: the increase in average temperature under 

which the heat in the boiler is given to the working 

fluid, or the decrease in average temperature under 

which the heat in the condenser is excreted from the 

working fluid. It means that the average temperature 

of the fluid should be as high as possible in heat 

absorption process and it should be as low as 

possible in heat rejection process. Now, three ways 

will be investigated to do this on a simple ideal 

Rankine cycle. 

 

2-1  Lowering the condenser pressure:  

 

 Water vapor in condenser is in the form of a 

saturated mixture and its temperature is equal to the 

saturation temperature corresponding to the 

condenser pressure. Therefore, lowering the 

condenser pressure causes a decrease in water vapor 

temperature and the temperature under which the 

heat is excreted. The effect of the condenser pressure 

on the Rankine cycle efficiency is shown in T-S 

Chart. Turbine inlet state is kept constant in order to 

do the comparison. The shaded area in the chart 

shows an increase in output net work based on 

lowering condenser pressure from 4p
 to 4P .The 

required heat input, the area under the curve (

22  ), increases, but this increase is very small. 

Therefore, the overall effect of lowering the 

condenser pressure is the increase in thermal 

efficiency of the cycle. 
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Fig. 1: Increasing Rankine cycle efficiency by lowering the condenser pressure. 

 

2-2  Super-heating the water vapor to high 

temperatures:  

 

 Super-heating the water vapor to high 

temperatures can increase the average temperature 

under which the water vapor is heated without 

increasing the pressure in the boiler. The effect of 

super-heating on the performance of steam power 

cycles is shown in T-S Chart. The shaded area shows 

increase in the net work and the total area under the 

curve shows increase in input heat. Therefore, due to 

super-heating the water vapor, the net work and input 

heat increases. The overall effect of these increases is 

the increase in thermal efficiency, because of the 

increase in the average temperature under which the 

heat is generated. 

 

 

 
 

Fig. 2: Increasing Rankin cycle efficiency by super heating the water vapor to high temperatures. 

 

 

 Super-heating the water vapor has another 

desirable effect: As it can be seen from TS Chart, it 

reduces the moisture content of water vapor in 

turbine exhaust (the quality in mode 4  is greater 

than the quality in mode 4). 

 

2-3 Increasing the boiler pressure:  

 

 Another way to increase the average temperature 

in the process of heat absorption is to increase the 

function pressure of the boiler. This causes an 

increase in boiling temperature. Therefore, it 

increases the efficiency of the cycle and the average 

temperature under which the water vapor is heated. 

The effect of increasing the boiler pressure on the 

performance of steam power cycles is shown T-S 

chart. Note that for a given temperature entering the 

turbine, the cycle shifts to the left and the moisture 

content of the water vapor increases in the turbine 

output. However, as we will explain in the next 

section, this undesirable side effect can be eliminated 

by reheating the water vapor. 
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Fig. 3: Increasing Rankin cycle efficiency by increasing the boiler pressure. 

 

 

In the previous section we saw that increasing the 

boiler pressure increases the thermal efficiency of the 

Rankine cycle. However, it increases the moisture 

content of water vapor to an unacceptable extent. 

Obviously, we will ask: How can we use the 

increased efficiency in high pressure of the boiler 

without encountering the problem of excess moisture 

in the final stages of the turbine? 

There are two solutions: 

1 - Super-heating the water vapor to high 

temperatures before it enters the turbine. This is a 

desirable solution, because the average temperature 

under which the heat is given increases and hence the 

cycle efficiency also increases. However, this is not 

the final solution, because it requires an increase in 

water vapor temperature to the extent that is 

metallurgically unreliable.  

2- Expanding the water vapor of turbine in two 

stages and its reheating between these stages. In 

other words, the simple ideal Rankine cycle should 

be modified with reheating process. Reheating is a 

practical approach for the problem of excess 

moisture in turbines and often is used in modern 

steam power plants. 

T-S chart shows an ideal Rankine cycle with 

reheating. The scheme of a power plant working on 

the basis of this cycle is shown in the figure.

 

 

 
 

Fig. 4: Rankin cycle with a reheat. 

 

 

The expansion process in the simple ideal Rankine 

cycle with reheat occurs in two stages; in this regard, 

it is different from the simple ideal Rankine cycle.In 

the first stage (high pressure turbine), water vapor is 

expanded to a medium-pressure in a single-entropy 

process and returns to the boiler. Then, it is reheated 

in a constant pressure usually to the inlet temperature 

of the first floor of the turbine. In the second stage 

(low pressure turbine), water vapor is expanded to 

the condenser pressure in a single-entropy process. 

Therefore, the total heat input and total work output 

of the turbine for a cycle with reheat are as follows: 
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Fig. 5: Schematic of a power plant using Rankine cycle with a reheat. 

Energy Analyse: 
 

 The fraction of steam extracted is determined 

from the steady- flow energy balance equation 

applied to the feed water heaters. Noting that
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Where z is the fraction of steam extracted from the 

turbine ( )/ 59 mm   at the second stage. Solving for z: 
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Result And Discuation 

  

 Under perfect or stoichiometric combustion, the 

correct amounts of fuel and oxygen are chemically 

combined so that both constituents are totally 

consumed, with no combustibles or uncombined 

oxygen remaining in the flue gases. When there is 

not sufficient air available to complete the 

combustion process, some of the fuel is left 

unburned, resulting in inefficiency and undesirable 

emissions, (i.e., such as carbon monoxide and 

„smoke). „If left unchecked, the buildup of 

combustibles can lead to a safety hazard and could 

cause an incident. In actual practice, some amount of 

excess air „above and beyond stoichiometric 

requirements is needed for the complete combustion 

of the fuel. The problem is most people do not know 

how much excess air is actually being used in their 

boilers „Since excess air is one of the major factors 

affecting the stack loss (and therefore boiler 

efficiency), some information about its magnitude is 

needed if the stack loss is to be quantified. The 

reason that excess air is so important is because 

excess oxygen not consumed during combustion 

passes through the boiler, absorbs otherwise usable 

heat, and is carried away in the form of a stack loss. 

In practical terms, clean efficient combustion is a 

“balance” between operating as close to 

stoichiometric as the burner will permit, and 

providing sufficient excess air to ensure that 

combustibles are kept at minimum levels under all 

firing conditions. The theoretical air curves show that 

oxygen (O2) or carbon dioxide (CO2) can be used to 

determine the excess air. It is important to note that 

the measurement of CO2 alone does not define on 

which side of stoichiometric the burner is operating 

Indeed; the burner could be in the fuel rich mode 

without the operator's knowledge. This ambiguity 

does not exist in the O2 - excess air relationship, and 

is one of the reasons why the measurement of O; is 

preferred. Figure 2 shows the combustion products 

temperature with the amount of excess air. It is 

illustrate that with increase the execs air the 

combustion products temperature has decreased. 

Figure 3 shows Boiler efficiency with excess air. It is 

shows Boiler efficiency decreased with increasing in 

excess air because of rising in boiler irreversibility. 

However excess air reduces boiler efficiency but 

needed to have better combustion process to reduce 

boiler pollution. 

 

 



 40                         Amir Vosough et al, 2014 /Journal Of Applied Sciences Research 10(7), June, Pages:36-42 

 

 
 

Fig. 2: combustion gas product temperature vs excess air. 

 

 
 

Fig. 3: boiler efficiency vs excess air. 

  

 
 

Fig. 4: Mole fraction of NO vs excess air 

 

 Figure 4 shows that there is an optimum excess 

air for reduction mole fraction of NO. Figures 5, 6 

illustrate that increasing in excess air reduce the mole 

fraction of CO and CO2. There are two important 

factors to find optimum excess air to combustion 

process: Pollution of environment and boiler 

efficiency. However increasing in excess air reduces 

the pollution (NO, CO, CO2) but reduce the boiler 

efficiency. Finding the optimum excess air to have 

maximum boiler efficiency and minimum boiler 

pollution is so important. 

 Figure 5 shows the mole of fraction of CO2 with 

excess air. This figure shows that there is an 

optimum excess air for reduction mole fraction of 

CO2. It is indicated from figure that with increasing 

in excess air the mole fraction of CO2 decreased.
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Fig. 5: Mole fraction of CO2 vs. excess air. 

 

 
Fig. 6: Mole fraction of CO vs excess air. 

 

Conculation: 

 

 Efficiency increase and pollutant emission 

control are the most significant projects of the world. 

The present investigation of the changes in steam-

generator irreversibility rate and plant efficiency, 

from decreasing the fraction of excess combustion 

leads to many useful findings. The results show that 

decreasing either the fraction of excess combustion 

air due to increase in boiler efficiency but increase in 

boiler pollution (NO, CO2 and CO). Calculations 

show that to have acceptable boiler efficiency with 

minor pollution in a gas fired boiler the access air 

must be a boat about 10 present. 
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