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ABSTRACT

Bxhaust of simple, reheat and inter-cooling cycle of gas turbine cycle posses a lot of energy.
Sometime this energy is so much that it can run another cycle or it can be used to heat the
compressed air from the compressor to the combustion charmer that results to increase the
overall efficiency of the plant. Air Bottoming Cycle (ABC) was proposed as an alternative
for the conventional steam bottoming cycle. In spite of the cost of reducing hardware

installations it could achieve a thermal efficiency of 80%. This paper is the parametric
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is 14% to 33%.

analysis of regenerative ABC Combine Cycle. The variables are compression ratio of
topping cycle, peak temperature of the combustion chamber and mass flow rate of bottoming
cycle. The result shows the gain in net work output as well as efficiency of combined cycle

Power Output,
Iso-efficiency curves.

Introduction

In 1937 gas turbine was first introduced by Brown Boveri of
Switzerland [1]. The early gas turbines had a thermal efficiency
of only17%[1]. It has been shown that the thermal efficiency of
a gas turbine can be increased by raising the pressure ratio and
the turbine inlet temperature (TIT), and by using the turbine
exhaust energy in a thermal recuperation process in a bottoming
cycle [2,3]. Datta et al. [4] provided both energy and exergy
analyses of an externally fired gas turbine (EFGT) cycle with an
integrated biomass gasifier. They also study the effects of
operating parameters like the compression ratio and turbine inlet
temperature. They showed that the specific air flow, associated
with the size of the plant equipment, decreased with the increase
of the pressure ratio and found that an increase in the turbine
inlet temperature reduced the specific air flow.

Wicks [5] derived the concept of Air Bottoming Cycle
(ABC) from the theory of ideal fuel burning engines by
comparing the engines with the Carnot cycle. The air bottoming
cycle may be employed to utilize the heat rejected from the gas
turbine. Korobitsyn [6] considered and used the cycle as a
compact and simple bottoming cycle in various applications
such as upgrading option for simple gas turbines in the off shore
industries. The technical and economical feasibility of ABC has
also been evaluated; where hot air from the air turbine is
supplied to food processing industries. Combining the gas
turbine cycle with an air bottoming cycle (ABC) is another
method that has been introduced to increase the performance of
a gas turbine [7]. In a review paper, Poullikkas [8] reported that
the output power was increased by 18-30% in the ABC cycle
compared to that of the simple gas turbine. The efficiency was
also increased up to 10 percent. Korobitsyn in [6] highlights that
the combination of a gas turbine with an ABC results of a high
efficiency Combined Heat and Power (CHP) plant that provides
clean, hot air for process needs.

Najjar et al. [9] in their parametric study on the efficiency of
an ABC cycle found that for a compression ratio of 10 in the
topping cycle and 2 in the bottoming cycle, and a TIT of 1400

Tele:
E-mail addresses: khanrkgit@rediffmail.com

© 2013 Hixir All rights reserved

© 2013 Elixir All rights resened.

K, the thermal efficiency can be increased to about 49%.
A.KTiwari etal. [10] in their study simultaneously vary the
compression ratio of topping and bottoming cycle and beside
this the other variables are TIT and mass flow rate & number of
intercooler in bottoming cycle. They found that optimum point
for this system is found to be, rpl= 6, rp2=12, mab=72 of air
bottoming cycle with two intercoolers at turbine inlet
temperature of 1400k.

Going through the literature, it is revealed that the use of
Air Bottoming cycle in conjunction with the gas turbine topping
cycle increases the overall efficiency of the cycle. However, the
use of regenerative in the topping cycle with ABC has not been
studied. So, in the present work, power optimization analysis of
combine cycle plant has been attempted.
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Analysis of Topping Cycle

In topping cycle the air is compressed in compressor from 1
to 2 (refer figure 1) where its temperature raises from T1t to
T2t.The compressed air then enter the combustion chamber
where the combustion of fuel takes place. This result in rise of
temperature of combustion product from T3t to T4t. The high
temperature gases enter the turbine where it expands to the final
temperature T5t.
Therefore expression for turbine work in topping cycle (Wt) is
given by

0
Wy =My Cpg(T4t _TSt)

....................................... ()
Where
— -$
Tﬁ_T“ﬁ_m@_%t» .................................... (1a)
And expression for compressor work in topping cycle (Wc) is
given by
0
Wo =My Cou(Tu=Tu) 2)
Where
Ty =Tyl )
ot = Iyt ———
(L (2a)
Network of topping cycle
Woe =W =Wer 3)
Heat supplied from the combustion chamber
0 0
A=My Cpqla =MaCpala . )
Effectiveness of first heat exchanger
_ T3t _th
=2
Lo = Toe 5)
Therefore efficiency of the topping cycle
7, = Woett
t
O 6)

Analysis of Bottoming Cycle

Air at a temperature of Ty, enter the Compressor from where
it at higher pressure and temperature T,;,.This high temperature
air enter the heat exchanger number 2 where it absorb heat from
the exhaust gas of topping cycle and in this way the temperature
of air raises to Tgp. The high pressure and high temperature air
after leaving the heat exchanger number 2 enters the turbine
where it expands to the final temperature of T 4.

Therefore expression for turbine work in bottom cycle (Wt)
is given by

0
Wy, = Mab Cpa(T3b _T4b)
Where Ty =Ta {1_77t (1_ rp_ba )}

And expression for compressor work in bottoming cycle (Wc) is
given by
0

Wep = My Cpa (T2b _le)
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6&_9

T, =T, 1+ ——
Where Ie
Effectiveness of second heat exchanger
_ T3b _TZb
i T5t _sz

Network of bottom cycle
Woer =Woo =W (10)
Analysis of Combined Cycle

The net work of combine cycle is the net work of topping cycle
plus net work of bottoming cycle is

Wnet =W, +W eth

nett n
..................................................................... (11)
The expression for net efficiency of the combine plant is

Wnet
n=—-—
O (12)
My C... A1
X = g pgoﬂ 77'[ 77c T3b

mabC pa'a'le
Let N (13)

(a+p)

Fob = (X)l i (14)
From equation (1a), (9), (13), & (14) we can write
alla+
Top = A+B(T) " (15)
Where
1 _
A= (1_82{1_77_% v, Tl o)
..................................................................... (16)
l— & alla+p)
gL Z)le c
e (17)
co Mg .Cy.B17,.1,
M,,C e Ty
................................... (18)
From equation (5)
Ty =Ty +gl'(T6t _TZt)
..................................................................... (19)
For second heat exchanger
(0]
Mg Cpg (T5t _T6t): &;-Mab -Cpa-(st sz) 20)
Therefore
0
mab C
T =Ts—& o—pa (st _sz)
Mg 'Cpg
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Results and Discussion

The above equations of topping cycle clear that the network
as well as efficiency is the function of turbine inlet temperature
(TIT) and compression ratio and the network of combine cycle
is the complex function of turbine inlet temperature (TIT) ,
compression ratio of topping cycle and mass flow rate of
bottoming cycle. This study covers the conditions under which
the output of topping cycle as well as combine cycle will be
optimized.

Topping cycle

The network of topping cycle is the function of compression
ratio and TIT. The figure 3 shows that at a particular TIT the
network of topping cycle increases with increase of compression
ratio and it is almost constant at higher values of compression
ratio. Also at a particular compression ratio the network of
topping cycle is directly proportional to TIT. Moreover the
figure 4 shows that, as the compression increases the efficiency
of topping cycle first increases and then constant at higher
values of TIT or decreases at lower values of TIT. One of the
major reason behind that is upto to the compression ratio 6 the
temperature at point 2t is less than 6t i.e. heat is supplied from
the exhaust gasses to air after compressor in the topping cycle
and beyond this compression ratio the temperature of
compressed air at point 2t is more than the 6t this mean that
exhaust gasses is used cool the compressed air in that case heat
supplied from the combustion chamber is increased that results
in decrease in efficiency of topping cycle.

From figure 5 it is clear to say that the network as well as
efficiency of topping cycle increases with increases of TIT. At
the peak value of TIT the work output is maximum at the
compression ratio of 12 & efficiency will maximum at the
compression ratio of 10.
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Figure 5 also shows that at the peak value of TIT, the
increase in compression ratio results in increase in network as
well as efficiency of the cycle. At TIT 1400K, the efficiency at
the compression ratio of 8 &12 is same but the network is
maximum at compression ratio of 12 where as the efficiency is
maximum at the compression ratio of 10.
Combine cycle

The network & efficiency of combine cycle is the complex
function of compression ratio, TIT and mass flow rate of
bottoming cycle. The network of combine cycle is the sum of
topping cycle and bottoming cycle this mean that the factor
affecting the network of topping and bottoming cycle also affect
the network of combine cycle. Figure 6 shows the variation of
network and efficiency of combine cycle at a particular mass
flow rate of bottoming cycle. The figure shows that both
efficiency as well as network of combine cycle increases with
increase of TIT.

300000

Iso-efficiency curve of combine cycle for Mab=52

-—=
280000

1

'
[
260000
combine [1000K]

220000

220000

combine (1100K)
combine (1200K)
combine (1300K}

combine (1400K]

KDon
\

= 200000

Net Wo

180000

160000 -

130000

120000

100000
2500 3000 B0 Effiency 2080 2500 5000

Figure 6

Isoentropic Curves of Combine cycle for TIT 1000K
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Figure 7 shows the variation of network and efficiency of
combine cycle at a particular TIT for different mass flow rate of
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bottoming cycle. The figure shows that the network of combine
cycle increases with increase of mass flow rate of bottoming
cycle where as the efficiency of combine cycle decreases with
increase of mass flow rate of bottoming cycle. Also with
increase of compression ratio of topping cycle decreases in the
lower portion of TIT. So the optimum conditions of network of
combine cycle is that mass flow rate of bottoming cycle should
be 72 kg/sec, TIT should be 1400K and compression ratio of
topping cycle should be 10.

Conclusion

On the basis of above analysis on topping, bottoming as
well as combined cycle outputs the following conclusion are
made by varying the pressure ratio of topping cycle (rpl),
turbine inlet temperature of topping cycle (TIT), mass flow rate
in bottoming cycle (My):

a) The network of topping cycle increases with increase of
pressure ratio at higher values of TIT. At the pressure ratio of 12
and TIT 1400K one can get the optimum network of topping
cycle.

b) The efficiency of topping cycle increases with increase of
pressure ratio at higher values of TIT. The conditions under
which efficiency of topping cycle will be maximum are pressure
ratio of 10 and TIT 1400K for the cycle under study.

¢) The network of combine cycle the sum of network of topping
cycle and network of bottoming cycle. At the pressure ratio of
topping cycle (rp) of 10 & mass flow rate of bottoming cycle
(map) is 72kg/s the network of combine cycle increases will be
maximum with the condition the TIT should be 1400K.

d)The efficiency of combine cycle will be maximum under the
condition of pressure ratio of topping cycle 6 and mass flow rate
of bottoming cycle 52kg/s when the TIT is 1400K.

So the overall conclusion is that in order to achieve the
optimum network of combine cycle the pressure ratio of topping
cycle should be in the range of 8 to 12, TIT should be 1400K
and my, should be 72 kg/s while for achieving the maximum
efficiency of cycle the condition are pressure ratio of topping
cycle should be in the range of 8 to 12, TIT should be 1400K
and my, should be 52 kg/s.

NOMENCLATURE

Tyt : Compressor inlet temperature of topping cycle
T, : Compressor exit temperature of topping cycle
Ta¢ : Turbine inlet temperature in topping cycle

T4 : Turbine exit temperature from topping cycle
Tip : Compressor inlet temperature of bottoming cycle
To, : Compressor exit temperature of bottoming cycle
Tap : Turbine inlet temperature in bottoming cycle
Tan : Bxhaust Temperature from air turbine

W :Workoutput

: Net work of topping cycle

W et - Net work of bottoming cycle

Wit :Network of Combine Cycle

€, : Effectiveness of First Heat Exchanger

€, : Effectiveness of Second Heat Exchanger

1 : Pressure ratio of topping cycle

2 : Pressure ratio of bottoming cycle
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ne : Compressor efficiency

Mt : Turbine efficiency

Nwpping Efficiency of Topping Cycle
Neomvine Efficiency of Combined cycle
g Heat Supplied in combustion chamber
Cp Specific Heat

Variables

rpt :4to12

T3t : 1000 to 1400K

Mab : 52 to 72 Kg/s

Constants

ncomb = 0.96, nt = 0.90, nc = 0.90; T1t = T1b =298K

ma = 69Kg/s mf (Mass flow rate of fuel) = 1.32Kg/s

mg (Mass flow rate of gas in topping cycle) = ma+mf
=70.32Kg/s

€,=6€,=0.90 Cpg (Specific Heat Of Gas) = 1.14KJ/KgK

Cpa (Specific Heat of air) = 1.005KJ/KgK

v (For air) = 1.4 o= (y-1)/y =0.285

v’(For Gas) =1.33 B=(y’-1)/y’= 0.248
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