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Abstract
Theoretical exergy analysis is carried out for different components of a
combined power plant which consists of a gas turbine unit, waste heat recovery
boiler without extra fuel consumption and steam turbine unit. The results
pinpoint that more exergy losses occurred in the gas turbine combustion
chamber. Its reached 33% of the consumed fuel exergy while the exergy losses
in other plant components are between 1% - 5% of the consumed fuel exergy
.This paper also considered the effect of the pressure ratio, maximum
temperature, boiler pressure and ambient temperature on the exergy losses in the
plant, there are a clear effects in the exergy losses when changing pressure ratio,
maximum temperature and boiler pressure.
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ﺣﺴﺎﺑﺎت ﺧﺴﺎﺋﺮ اﻻﻛﺴﯿﺮﺟﻲ ﻟﻤﺤﻄﺔ ﻣﺸﺘﺮﻛﺔ
اﻟﺨﻼﺻﺔ
ﯾﺘﻀﻤﻦ اﻟﺒﺤﺚ ﺣﺴﺎب ﺧﺴﺎﺋﺮ اﻻﻛﺴﯿﺮﺟﻲ ﻓﻲ ﻣﺨﺘﻠﻒ ﻣﻜﻮﻧﺎت ﻣﺤﻄﺔ اﻟﺘﻮﻟﯿﺪ اﻟﻤﺸﺘﺮﻛﺔ اﻟﺘﻲ ﺗﺘﻜ ﻮن
ﻣﻦ وﺣﺪة اﻟﺘﻮرﺑﯿﻦ اﻟﻐﺎزي وﻣﺮﺟﻞ اﺳﺘﻌﺎدة اﻟﺤ ﺮارة ﺑ ﺪون ﺣ ﺮق وﻗ ﻮد أﺿ ﺎﻓﻲ ووﺣ ﺪة اﻟﺘ ﻮرﺑﯿﻦ اﻟﺒﺨ ﺎري
ﻣ ﻦ%33 ﻧﺘﺎﺋﺞ اﻟﺒﺤﺚ أﻇﮭﺮت أن ﻣﻌﻈﻢ ﺧﺴﺎﺋﺮ اﻻﻛﺴﯿﺮﺟﻲ ﺗﺘﺮﻛﺰ ﻓﻲ ﻏﺮﻓﺔ اﻻﺣﺘﺮاق ﺣﯿﺚ وﺻﻠﺖ إﻟﻰ.
%5-%1 اﻛﺴﯿﺮﺟﻲ اﻟﻮﻗﻮد اﻟﻤﺴﺘﮭﻠﻚ أﻣﺎ ﺑﻘﯿﺔ ﻣﻜﻮﻧﺎت اﻟﻤﺤﻄﺔ ﻓ ﺎن ﺧ ﺴﺎﺋﺮ اﻻﻛ ﺴﯿﺮﺟﻲ ﻓﯿﮭ ﺎ ﺗﺘ ﺮاوح ﺑ ﯿﻦ
 ﺗﻀﻤﻦ اﻟﺒﺤﺚ أﯾ ﻀﺎ ﺑﯿ ﺎن ﺗ ﺄﺛﯿﺮ ﻧ ﺴﺒﺔ اﻟ ﻀﻐﻂ ودرﺟ ﺔ اﻟﺤ ﺮارة اﻟﻘ ﺼﻮى.ﻣﻦ اﻛﺴﯿﺮﺟﻲ اﻟﻮﻗﻮد اﻟﻤﺴﺘﮭﻠﻚ
ﻟﻘ ﺪ ﻛ ﺎن. وﺿﻐﻂ اﻟﻤﺮﺟﻞ ودرﺟﺔ ﺣﺮارة اﻟﻤﺤﯿﻂ ﻋﻠ ﻰ ﺧ ﺴﺎﺋﺮ اﻻﻛ ﺴﯿﺮﺟﻲ ﻓ ﻲ ﻣﺨﺘﻠ ﻒ ﻣﻜﻮﻧ ﺎت اﻟﻤﺤﻄ ﺔ
.ھﻨﺎك ﺗﺄﺛﯿﺮا"واﺿﺤﺎ" ﻋﻠﻰ ﺧﺴﺎﺋﺮ اﻻﻛﺴﯿﺮﺟﻲ ﻋﻨﺪﻣﺎ ﺗﺘﻐﯿﺮ ھﺬه اﻟﺒﺮاﻣﺘﺮات
1-Introduction
Energy conservation concept (or first law
of thermodynamics) do not give the
detailed analysis of the losses in the power
plant components like feed water heater,
condenser,….ect., it's necessary to
pinpointed the energy losses and it's value,
the availability of energy can be measured
by the amount of work that can be got
from the energy which known as the
available energy or exergy, second law

analysis or exergy analysis enables one to
determine the maximum work that can be
expected from energy device or process,
this is possible
because the second law
express the quality of energy(1,2,3,7).
The purpose of this work is to analyze
performance of a combined power plant
according to the second law of
thermodynamics depending on the exergy
method.
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I q =0 and I cr can be calculated from

2-Exergy analysis
Consider a control volume under steady
state between x&y and the surrounding
temperature To as shown in fig.1.
The exergy flow equation can be written
as follows (4,8):

equation (3) as:
I cr = maTo (s2 − s1 )
…..(5)
Assuming the air as a perfect gas with
specific heat at constant pressure of C Pa

Ex =


 P 
T 
Iccr = maTo CPa ln 2  − Ra ln 2  …(6)
 P1 
 T1 


[Wcv ]xy + E q + I cr + E y

…..(1)

Where:
The inlet exergy (the ability of
doing work)
Wcv The actual output work

Ex

Eq

The potential work or thermal
exergy which given by:

E q = ∫ {(T − To ) / T}dQ
y

x

…… (2)

cr

I
the lost work due to the internal
irreversibility which is given by:
I cr = To ∆Scr
…… (3)
∆Scr

The created entropy inside the
control volume
E y The exit exergy
if the heat transfer from the control
volume is not used to produce work but it's
gone to the surrounding (to
generate more entropy) then the E q
become equal to I q which represent the
exergy loss due to the external
irreversibility in this case the equation (1)
become :
x
E x = [Wcv ]y + I q + I cr + E y

….. (4)

3-The Combined Power Plant
Fig.(2) represents a flow diagram of a
125MW Brown-Bovary plant (5) ,the plant
consist of a gas turbine unit, waste heat
recovery boiler without extra fuel
consumption and steam turbine unit, the
description data of this plant is given in
table (1) .
The exergy losses due to irreversibility in
the plant component can be explained as
follows:

A-Compressor
The process in the compressor can be
considered as an adiabatic process so

then(8);

B- Gas turbine
The expansion process in the turbine can
be considered as an adiabatic process so
I q =0 and I cr can be calculated as in the
compressor from equation (3) as:


 T 
P 
Itcr = mgTo Rg ln 4  − Cpg ln 4  …(7)
 T3 
 P3 

C-Combustion chamber
Depending on references (1,8) the exergy
loss in the combustion chamber can be
calculated by the following equation(8):

T 
I cccr = m f L.C.V  
 Tlm 

….. (8)

Where:
Tlm is the log mean temperature difference
which is calculated from:

 T3 
 T 
2
Tlm = 
T
ln  3 T 

2

…… (9)

D-Heat recovery steam boiler:
The exergy losses are given by (1):
I sbcr = To ∆S st − ∆S g
…… (10)

[

]

Where:
∆Sst is given by:

∆Sst = mstHP (s7 − s6 ) + mstLP (s8 − s6 ) …(11)
and ∆S g is calculated from:

T
P 
∆Sg = mg Cpg ln 5 T  − Rg ln 5 P  …(12)
 4
 4 

E-The flue gases
the exergy loss due to heat transfer to the
surrounding is given by(1):
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0 T − T 
o
…….. (13)
I qfg = ∫ 
dQ
5
 T 
T


I qfg = mg Cpg (T5 − To ) − ln 5 T  …(14))
 o 


temperature
gradient
,vortex
and
combustion, the last one is the main source
of the internal irreversibility(6).
Figure (4) shows the energy analysis
according
to
the first
law of
thermodynamics; we can note that the
most energy losses occur in the condenser
about 39% of the input energy and about
14% in the flue gases.
The effects of various parameters are
considered as follows:A- Pressure ratio
As the maximum temperature is kept
constant, the effect of the pressure ratio on
the exergy losses in different plant
components is shown in figure (5) from
this figure we can note that the exergy
losses in the combustion chamber decrease
as pressure ratio increase, this is because
of the inlet temperature to the combustion
chamber (T2) becomes closer to the
maximum temperature ,the exergy losses
in the steam boiler and in the flue gases
also decrease due to the decreasing of the
inlet and exit boiler temperature. Figure
(5) also shows that exergy loss in the
compressor and turbine are increasing as
pressure ratio increased.

F-The steam turbine
The exergy loss in the steam turbine with
one stage regenerative can be formulated
as:

m7 (s8 − s7 ) + (m7 + m8 )(s9 − s8 )
Istcr = To 
 ..(15)
+ (m7 + m8 + m9 )(s10 − s9 )


G-The feed water heater
Assume adiabatic mixing process then
I q = 0 and the exergy loss is given by:
I crfh = To [m13 s13 − m12 s12 − m9 s 9 ] .. (16)
H-The condenser
Assume that the heat transfer from steam
at a temperature of Tcon to the cooling
water at To then the exergy loss due to
heat transfer to the surrounding is given
by:

(
)  ….. (17)
q
I con
= Qcon  Tcon − To

Tcon 

Where:

Qcon = m10 (h10 − h11 )

……(18)

B-Maximum temperature
The effect of the maximum temperature is
shown in the figure (6) , at the design
pressure ratio of 10:1 the exergy losses is
increased in the combustion chamber
because of increasing in the fuel consumed
and then irreversibility increasing due to
chemical action . The exergy losses
increase in the steam boiler and flue gases
due to increasing of the inlet and exit
boiler temperature. The gas turbine exergy
losses remain constant because when the
maximum temperature increases the flue
gas temperature also increases at the
turbine exit.
C-Boiler pressure
The changing in the exergy losses in the
heat recovery steam boiler is shown in the
figure (7), we can note that the exergy
losses decrease with increasing in the
boiler pressure this is because of entropy
decreasing of the steam generated, while

4-Results and discussion
The exergy losses in the plant component
consist of firstly the lost work due to the
internal irreversibility in compressor ,gas
turbine ,combustion chamber, steam boiler
and steam turbine, secondly the lost work
due to the external irreversibility as a
result of
external heat transfer in
condenser and flue gases ,by using
equations 5-18 the exergy losses for each
plant components can be calculate; this is
shown in the figure (3) .The most exergy
losses occurs in the combustion chamber
which represent 33% of the inlet fuel
exergy while the remainder exergy losses
due to the internal irreversibility is 17%
.The external exergy losses due to the
external irreversibility is about 2% of the
inlet fuel exergy.
The internal irreversibility occurred due to
viscosity,
heat
transfer
through
388
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the losses dose not changing in each steam
turbine, feed water heater and condenser.
D-ambient temperature
Because exergy analysis involves the
calculation of irreversibility, the ambient

temperature (To) is fully taken in account
by this analysis (see equations 5-18),
figure (8) shows this effect on the total
exergy losses for different plant
component.

Conclusions
A-The exergy analysis gives a real picture
about the losses which occurred in
different plant components.
B- More exergy losses occur in the
combustion chamber due to combustion
irreversibility and this must be reduced
with the aid of advanced in new

technology as combustion process is
necessary.
C- There are clear effects in the exergy
losses when changing pressure ratio,
maximum temperature and boiler pressure.
D- Leads to best understanding of losses
by knowing the ambient temperature only.
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Table (1) the description data of the 125 MW combined power plant
Pt.

Mass
(kg/s)

Pressure
(bar)

Temperature
(oC)

Enthalpy
(kJ/kg)

Entropy
(kJ/kg K)

1

350

1.01

15

-

-

2

350

10.1

330

-

-

3

363

9.5

900

-

-

4

363

1.5

491

-

-

5

363

1.1

105

-

-

6

43.2

4.4

145

620

1.81

7

43.2

33.2

433

3300

7.02

8

7.9

4.4

210

2880

7.18

9

2.5

0.163

55

2490

7.24

10

48.6

0.07

40

2300

7.38

11

48.6

0.07

26

120

0.381

12

48.6

0.163

28

127.6

0.409

13

51.1

0.163

56

233

0.78
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