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Abstract— In this paper, effect of intercooler on the network
and efficiency of Brayton cycle (BCE) is investigated. In this
research, different states such as ideal Brayton cycle (BC) with
intercooler and with or without regenerator and also real BCs
are considered. In all of the cases the effect of parameters like
Intercooler output temperature, intercooler internal pressure,
on the compressor consumed work (CCW) and on cycle
efficiency is investigated and the optimal pressure (OP) and
temperature in each state is determined. Results show that in
some cases, efficiency of Brayton cycle with intercooler is less
than efficiency of the Brayton cycle without intercooler. But in
all of the cases, the consumed work in Brayton cycle with the
intercooler is less than the consumed work in Brayton cycle
without the intercooler. Results also show that in most of cases,

OP inside the intercooler is less than p_ . o\~ o100 Prign

Index Terms— Brayton Cycle, Efficiency, Intercooler, Optimal
state, Regenerator

1) INTRODUCTION

According to the wide use of BC in the power plants all
around the world, increasing BCE is very important. In some
references, it is explained that existence of the intercooler
increases BCE. In this paper, the effect of intercooler on
BCE and CCW in different states is investigated. Chen et al
[1] operated on a novel configuration of combined
intercooled regenerative Brayton and inverse Brayton cycles
(IBC) with regeneration before the inverse cycle. They found
that the intercooling and regenerative processes are beneficial
for increasing the exergy efficiency when the total pressure
ratio (PR) varies in a certain range. Oliveira et al [2] worked
on a mathematical model that was developed for an
irreversible BC with regeneration, intercooling and reheating.
The cycle was optimized by maximizing the ecological
function which was achieved by the search for optimal values
for the temperatures of the cycle and for the PRs of the first
stage compression and the first stage expansion. Chen et al
[3] worked on the performance of an irreversible closed
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IRBC coupled to constant-temperature heat reservoirs by
using the theory of finite time thermodynamics(FTT). Haseli
[4] studied three configurations of open BC: a regenerative
cycle, a reheat regenerative cycle, and an IRBC. The
operational regimes at maximum TE, maximum work output
and minimum entropy production of these power cycles are
compared. Tyagi et al [5] worked on an irreversible cycle
model of a regenerative-intercooled-reheat Bryton heat
engine along with a detailed parametric study. In this study
the optimum operating parameters, such as turbine outlet
temperature, intercooling, reheat and cycle PR etc.
corresponding to the maximum power output and
corresponding to the maximum efficiency are obtained and
discussed in detail. Wang et al [6] worked on FTT and
entropy-generation minimization. They have worked on the
power optimization by searching for the optimum
heat-conductance  distributions  among the  four
heat-exchangers for a fixed total heat-exchanger inventory,
and by searching for the optimum intercooling PR. Sanjya
and Prasad [7] worked on energy and exergy analysis of
intercooled combustion-turbine based combined cycle
(CTBCC) power plant. An intercooled CTBCC has been
shown to deliver enhanced performance as compared to a
simple CTBCC. Yang et al [8] worked on an exergetic
performance  optimization of an  endoreversible
variable-temperature heat reservoirs IRBC cogeneration
plant. They worked on this model while it is coupled to
variable-temperature heat reservoirs. Chandranouli et al [9]
worked on parametric and optimization studies of reheat and
regenerative Braysson cycle. They have studied the effect of
compressor and turbine inlet temperatures, temperature rise
in a stage of multistage compression, individual component
efficiencies and exit pressure of reheat turbine on the
performance. Abd EI-Maksoud and Rafea Mohamed [10]
worked on a cycle based on the blending of the isothermal
concept and binary BC as two promising methods used to
enhance the performance of the gas turbine. This cycle is
composed of gas turbine topping cycle with isothermal
combustion and air turbine bottoming cycle with isothermal
heating. Simulations demonstrate that the present cycle
achieves drastic enhancement in performance.

2) GOVERNING EQUATIONS AND MODELING

BC with regenerator, intercooler and reheating is shown
in Fig.1. In this paper, the different states of the BC are noted.
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Figl. The IRBC with reheating

CCWs are calculated from:
Wep=hy—hy

Wep=hy—hg @
We =Wep +Weo

To calculate needed heat in combustion chamber (CC) the
following formula is used:

q=hg—hs 2

To calculate turbine generated work, the following formula
is used:

wy =hg —h7 3

In the ideal state, the flow in turbines and compressors is
isentropic and in real state, CCW and turbine generated work
are calculated from:

o= =t 4
‘ Wca WtS ()

The flow inside the intercooler, inside the CC and inside
the regenerator is isobar. The regenerator efficiency (RE) is
defined as bellow:

_Tr-T3
M 1,7, (5)

For eliminating heat in the intercooler a cooling cycle can
be used which will have high costs and in addition, if the used
cooling cycle is a compression one, its consumed work is
supposed to be taken into account and if the used cooling
cycle is an absorption one, its work and heat are supposed to
be taken into account and all of these should be taken into
account for obtaining the optimal state. But the intercooler
can be considered as a simple heat exchanger that exchanges
heat with environment. In this case an intercooler efficiency
(IE) can be defined as follows:

_Tp-Ts (6)
T
T,-T,
BCE is obtained from following equation:
Wt We ©)
q

3)  REsULTS AND DISCUSSION

First, an ideal BC (without regenerator) with an intercooler
is considered. Air at T=25 °C ,P= 100 kPa enters the first
compressor and after passing through the intercooler enters
the second compressor. The pressure in the intercooler is 300
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kPa and the pressure in the CC is 900 kPa and the output
temperature of the CC is 1000 "C. The T-S diagram of the
cited cycle is shown in Fig.2.
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Fig.2 T-S diagram of the ideal BC with intercooler

In the first level, effect of the intercooler output
temperature (10T) on the efficiency and the total work of the
two compressors (TCW) are investigated. Variation of the
total consumed TCW versus 10T is shown in Fig.3.
According to the resulting diagram, the total consumed TCW
decreases when the input temperature decreases. The reason
of this decrement is the decrement of special volume of air
when it passes through the intercooler (relation (8)). That is

w =Iudp (8)

But in the BC the variations of the BCE is more important
than variations of the CCW. For this purpose, the variations
of the BCE versus IOT is shown in Fig.4. According to this
figure, by adding the intercooler, BCE has decreased and by
decreasing the temperature of output air in the intercooler,
BCE decreases. Although the consumed work of the cycle
decreases by decreasing the heat in the intercooler, increment
in the amount of needed heat in the CC causes the total
efficiency of the power plant to decrease consequently. So it
can be concluded that in this case using the intercooler not
only increases the primary and current costs, but also
decreases the efficiency of the power plant.
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Fig.3 Variation of the total TCW against 10T in ideal state
without regenerator
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Fig.4 Variation of BCE versus the variation of 10T in ideal

state without regenerator

In the second level 10T is considered to be same as the
input temperature of the first compressor and the effect of the
mean pressure on CCW and on BCE is investigated.
Variation of CCW versus pressure in the intercooler is shown
in Fig.5. The minimum CCW happens in 300 kPa which
agrees with the result of the relation bellow [3]:

Poptimized = f Plow -Phign (10)

In Fig.6 variation of BCE wversus pressure in the
intercooler is shown. Unlike Fig.5, Fig.6 does not have a
maximum value. This figure shows that in BC without a
regenerator, relation (9) is correct for the minimum CCW
work but is not correct for the maximum CCW.
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Fig.5. Variation of CCW against the variation of intercooler
pressure in ideal state without regenerator
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Fig.6. Variation of BCE versus the variation of pressure in
the intercooler in ideal state without regenerator
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In this part, with adding the ideal regenerator to the cycle,
the results are reevaluated. IRBC in the ideal state is shown in
Fig.7. In Fig.8 variation of the efficiency against 10T is
shown. Unlike the former state (Fig.4), the efficiency
increases with decrement of 10T. The reason for this
dominant difference between these two figures is that in the
cycle without the regenerator, decrement of 10T causes
decrement in the output temperature in the second
compressor (input of CC) and more heat is needed to be given
to the fluid inside CC, and this reduces BCE. But in the new
state the output of the second compressor enters the
regenerator and in the regenerator the needed extra heat is
given to the cycle and existence of the intercooler does not
increase the needed heat inside CC and this heat remains
constant. So according to decrement in CCW, BCE increases.
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Fig.7. IRBC in the ideal state
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Fig.8. Variation of the efficiency versus 10T in the ideal state
with regenerator

In the next state, the non-ideal BC is investigated. In this
state, first the efficiency of the turbine, regenerator,
intercooler, and the compressors are considered to be 80%
(Fig.9). In Fig.10 variation of the efficiency versus the 10T is
shown.
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Fig.9 IRBC in non- ideal state

In this level, the OP in the intercooler (pressure in which
BCE is maximum) in different states are to be found. For this
purpose, by changing IE while keeping other parameters
constant in different pressures, BCE was obtained and the
results are shown in Fig.10. As it is obvious from the figure,
in this state, OP cannot be obtained from the relation

Poptimized = /Prow Prign - I all efficiencies, OP is less than

the pressure obtained from the relation and this pressure
decreases as the IE decreases.
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Fig.10. Variation of OP versus IE in non-ideal state with
regenerator

In the next level, the simulations are repeated by changing
RE while keeping other parameters constant and in each state
the pressure in which BCE is maximum is determined. The
results are shown in Fig.11. Like Fig.10, Fig.11 shows that
OP will be less than the calculated pressure from by the
formula. The next similarity of these two figures is that OP
decreases as IE and RE decreases. The dominant difference
of the two figures is that OP is less sensitive towards
variation of IE than variation of RE.

Volume 6, Issue 4, April 2017, ISSN: 2278 -7798

300

280

mum Pressure
P
o
I

Optim
8
I

220

200 ] 1 1 | 1 ]
03 04 05 06 07 08 09 1

Efficiency of Regenerator

Fig.11 Variation of OP against the efficiency of regenerator
in non-ideal state with regenerator

4)  CONCLUSION

In this paper, the intercooled BC in different states was
investigated. In all of these cases, OP in the intercooler for
the maximum work and the maximum efficiency is obtained.
Also, 10T for the optimal state in different conditions is
obtained. According to the results, OP which is reported in

the references ( Poptimized = 4/ Plow -Pnigh ) is acceptable in

only some special conditions and in most of the simulated
states, OP is less than the pressure that the formula gives us.
The results showed that existence of the intercooler always
decreases CCW. Also, in some cases, existence of the
intercooler has caused decrement in BCE and in most of the
cases it causes increment in BCE.
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