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Abstract

For any nation to develop power generation plays a crucial role. The performance of a power plant is
analyzed by using the Energy balance and it is done by using the first law of thermodynamics. But to
know how much energy is being utilized in reality exergy analysis has to be performed which is also
called as second law of thermodyanamic analysis because the vital parameter quality is being
considered in the exergy analysis. This paper deals with the exergy destruction calculation by
performing exergy analysis for various components for a 210 mw plant of vijaywada thermal power
station (Stage-1 Unit-1) and from the analysis it is clear that exergy destruction is more in condenser.
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1. Introduction

With the increase in the global warming along with food clothing and shelter one particular
parameter playing an important role along with these basic needs that is Power and it so
essential which the life style is not at all an issue. Our country depends on both renewable
and non renewable sources but the major part is occupied by conventional source that is coal.
It is used in a thermal power plant which drives the prime mover. From the facts and figures
around 58.75% to 60% the power generation is from coal. Around 8.91% is from natural gas
where as oil and nuclear contribute to 0.52% and 2.11%. 66.8% is from coal and petroleum.
The percentage of crude oil expected around 7% and 22% by 2021-22 [,

To measure the life style of the people we have so many indicators to measure among them
the power consumption is one which shows the living standards of the people.

This particular papers deals with the evaluation of exergy destruction and calculation of
second law efficiency. Why because in general the power plant efficiency is valuated with
the help of energy analysis which is on 1%t law of T.D which in general will not consider the
quality of the energy there by will not be getting the correct analysis of the performance
which is simply a energy balance.

Here we will be calculating the exergy destruction on 2 nd | a w of thermodynamics, which
considers the energy quality. The 1% and 2" anal ysis will provide a complete picture to
improve the plant efficiency.

2. Individual components

2.1 Boiler: used to convert water into steam

2.2 Super-heater: to ensure that only dry steam is entering into the turbine.

2.3 Re-heater: to make sure that dry steam is entering into intermediate pressure turbine
after the expansion in the high pressure turbine

2.4 Economiser: the purpose is to heat the water coming from condenser in advance before
reaching the boiler by which fuel supply rate can be decreased [,

2.5 Turbines: In thermal power plants, the turbine takes the steam as input and gives power
as output.

2.6 Deaerator: Is to remove any air and dissolved gases.

2.7 Condenser: This converts water into steam

2.8 Feed water heater: Like economizer feed water heaters are used to heat the water
coming from the condenser by tapping the turbines.
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UNIT OVERVIEW

Fig 1: General layout

3. Modelling of exergy
3.1 Exergy modelling for thermal components

[ — 1

Specific exergy for any component is given by
Y=h—h,—T,(5—55)

Where ho, so, to indicates reference states Overall Exergy:

o L]

0
X =m¥= m[h =l =i (R .5'0)]

e irnplies flow rate.

Inlet exergy =

Ex in =tR[lh — ) — Tyl — s ) >3

Outlet exergy =

Ex o i {hg — Bpd — Tplsg — 5pd)- - >4

Destruction of exergy (1) =

[=Ex;,— Ex,u- W

% Destruction of Exergy = (Destruction in Exergy/Overall
Destruction in energy of the cycle) *100--- 16 2nd law
efficiency is.

1. Original W.D to Ideal work B!

Artual Workdone
Maximam theoritcal svork

n = -

In other terms
2. Original thermal efficiency to the maximum possible
thermal efficiency I

__ Exsvgy Qurmput
n =

Excrgylapm

4. Turbine layout

The turbine house and remaining components of Dr.
N.T.T.P.S are shown in the below figure 2. Along with the
figure the operating parameters are also shown by using the
above mentioned equations. Thus the obtained results are
tabulated in Table 1, 2 and 3.
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Fig 2: Turbine Layout
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Table 2: Showing exergy values for LP heaters
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TABLE 3 SHOWING EXERGY VALUES FOR HP EEATERS
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5. Discussions

In this study the exergetic analysis of 210 MW plant of Dr.
N.T.T.P.S is performed. With the obtained values which are
shown in the tables 1, 2 and 3. The exergy destruction
percentage, 2" law efficiency and the destruction of exergy
is calculated and are shown in the table 4. All the
calculations are done at 95% condition and the graphs are
plotted and are shown below.

The second law efficiency is more for High Pressure Heater

and can be observed from graph 4.In the power generating
components it is found to be high for intermediate pressure
turbine and Low Pressure Turbine is having low efficiency.
This shows both these components are having higher
entropy generation rate and there is room for improvement.
The destruction in exergy is more in condenser the reason is
it runs at low temperature and so as the work capacity. Even
the amount of losses in the exergy is more we will not
consider because of its quality of energy which is low.
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6. Conclusion

The Exergy destruction for a 210 MW plant of V.T.P.S has
been performed and it can be seen that the condenser is
having the highest exergy destruction rate and there is scope
for improvement but practically its feasibility is low because
of its Physical and environmental factors.

Nomenclature
h=Specific enthalpy (kikg)
s=Specific entropy (ki’kg K)
h, =Specific enthalpy at ambient condition (kikg)
s, =Specific entropy at ambient condition (kJkg-K)
I =Exergy destruction rate (MW)
T =Temperature (°C)
m’ = Mass flow rate (kg/'s)

W= Work done rate or power done by the system (MW)

P= Pressure (bar)
=Specific exergy (kJkg)
X =Total energy rate (MW)
My = Second Law Efficiency
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