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ABSTRACT: Due to increasing demand for energy and unstable and continuous increase in cost of fossil fuel, attention has been shifted
from the traditional power plants to energy generation using gas turbines because of the availability and low cost of its fuel. This led to the
need for proper understanding of the gas turbine performance and how the energy from gas turbine can be optimally utilized. Many authors
have worked on the modeling of gas turbine performance and optimal utilization of its energy output but they rarely consider different gas
turbine configurations and how the configurations can be integrated into utility system. This work will therefore focus on modeling gas
turbine and gas turbine exhaust using Aspen HYSYS, taking into account different possible configurations. The objective is to model
different configurations of gas turbine maximizing the energy output usage (both power and heat) in a utility system using combined cycle.
The results obtained shows that different configuration of gas turbine gives better result compared to simple gas turbine. The improvement
is so prevalent most especially if it is integrated with utility system by generating high pressure steam in heat recovery steam generator to
be used in steam turbine in form of combined cycle. Better performance of the gas turbine in combined cycle is obtained if multiple steam

pressure level is generated in the heat recovery steam generator.
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INTRODUCTION

Gas turbine is a heat engine that converts the heat obtained
from fuel by the use of compressed hot gas as a working fluid,
into mechanical output power either as torque through a rotat-
ing shaft or as jet power in the form of velocity through an ex-
haust nozzle [8]. Gas turbine can be operated in one of these
various ways according to their purpose which include the op-
eration for power generation only and for co-generation where
it is operated to generate heat and power [5]. For its operation
for power generation only, much heat is wasted since the tur-
bine exhaust outlet of the gas turbine is always at high tem-
perature of about 450 — 600°C [13]. In this case, it will be dis-
covered that the efficiency of the turbine is low compared to
other operations [9]. Utilising the gas turbine exhaust will re-
duce the heat wasted to the environment which is currently
supplying 10% heat and electricity in Europe [16]. For this
purpose, there is therefore the need to model the gas turbine
exhaust to determine the amount of heat to be obtained from
the exhaust and how the exhaust heat can be adequately uti-
lised.

The operation of a gas turbine is described by Brayton cycle
which is a cycle where both compression and expansion pro-
cesses take place in the same rotating machinery [11]. The
cycle is usually presented in form of open cycle as shown in
Figure 1. Brayton cycle is evaluated classically using thermo-
dynamic parameters such as temperature, pressure, specific
heat, adiabatic compression exponents and efficiency factors
where standard conditions are conveniently used for some

factors such as 15 °C for ambient temperature, 1.01325 bar for
atmospheric pressure and 60% for relative humidity estab-
lished by International Standard Organisation (ISO) [3].

In Brayton cycle, air enters the compression chamber and is
compressed at constant entropy, fuel is added to it in the com-
bustion chamber and burnt at constant pressure, the hot gases
then expand in the turbine at constant entropy and the expan-
sion drives the blade while the remaining heat is rejected to
the environment at constant pressure. It can be presented on
either a temperature-entropy (T-S) diagram or pressure-
volume (P-V) diagram as shown in Figures 2 and 3 respective-

ly.
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Figure 1. Schematic of a Simple Gas Turbine
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Brayton Cycle on T-S Diagram Brayton Cycle on P-V Diagram

Gas turbine is made up of three major components described
as primary modules [7]. The major components are compres-
sors, combustion chamber and the turbine. Compressors are
parts of gas turbine that takes in air from the environment and
compress it so as to supply it at high pressure to the combus-
tion chamber [7]. The compressor is connected to the turbine
by one or two shafts so that the turbine can drive it. About 50
to 60% of the power from the turbine is used for operating the
compressor [3]. The combustion chamber is where the air from
the compressor is mixed with the fuel supplied to the chamber
which is in form of a direct fired heater. 25 to 40% of the air
entering the combustion chamber at a velocity of about 122 to
182.88 m/s is used for the combustion process; the remaining
is used for cooling and for dilution purpose [7]. For normal op-
eration, the air to fuel ratio is between 45:1 and 130:1 and the
compressed air is between a temperature of 200 °C and 550
°C due to the compression work done on it which is increased
to about 1800 — 2000 °C by the combustion process. It is then
reduced to between 850 °C and 1700 °C as the highest allow-
able temperature by either the excess air (about 60% to 75%
inflow air) not used for combustion process, and/or steam in-
jection. Although the amounts can be calculated from material
and energy balances, the amount of excess air is a degree of
freedom that cannot be established by thermodynamic rela-
tion. Consequently, the starting point for the model is to use
the published data for full load performance of commercial gas
turbines which mostly depend on the turbine inlet temperature
as given by [12].

The combustion process is achieved by stoichiometric burning
of carbon or hydrogen in oxygen with the release of heat [7].
The turbine is a component that drives the compressor and
also provides power for use. The hot air enters the turbine at
the temperature of between 850 °C and 1700 °C with the
speed increasing to around 762 m/s in parts of the turbine [7].
The efficiency of the turbine depends highly on the inlet tem-
perature. It has polytrophic efficiency of between 85% and
95% [6]. The temperature of the exhaust coming out from the
gas turbine is between 360 °C and 610 °C [7].

There are various configurations of gas turbine all with the
intention of improving the performance of the gas turbine.
Some common configurations are inlet air cooling, steam in-
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jection, reheating, regeneration and intercooling [15, 20,17].

Utility system is an important part of most processes. It pro-
vides heating, cooling and also power needed by the process.
A typical utility system and its interaction with process is pre-
sented schematically in Figure 5. In large processes, the cost
of fuel and power is very significant which then calls for the
need for proper management of the utility system in order to
save energy [19]. There is therefore the need to model the
basic elements of the system among which is a gas turbine.
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Figure 4: Utility System and its Interaction with a Pro-
cess [19].

The challenge of constantly enhancing gas turbine perfor-
mance had drawn a lot of attentions thereby leading to a lot of
research. Many works have been done on the modelling of
gas turbine with the intention of determining the performance
of the gas turbine, integrating the heat of the exhaust into a
process and/or using it for some heating purposes. The works
are though still useful in predicting the behaviour of gas tur-
bine and gas turbine exhaust, they neglect some important
factors that have to do with the configuration of the gas tur-
bine. The work of [17] estimated the performance of gas tur-
bine varying the operating conditions such as the fuel/air ratio,
inlet and outlet temperatures and the compressor and turbine
efficiencies using MATLAB. Verbanov, Doyle and Smith (2004)
gave good model equations for predicting the exhaust temper-
ature of gas turbine which can be used taking into account
different configurations so as to give the general behaviour of
the gas turbine exhaust. [18] and [2] discovered that by inject-
ing steam into the compressed air, the flow rate of the fluid is
increased; therefore the power output from the turbine is in-
creased. They observed that injection of low pressure steam
into the combustion chamber of the gas turbine results in low
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power consumption by the compressor thereby increasing the
overall efficiency. Horlock et al (2003) observed that the high-
est performance of a gas turbine is achieved when the turbine
inlet temperature is less than the stoichiometric combustion
temperature which gives a limit on the highest temperature
required for optimum performance of gas turbine. Intercooling
in a multistage compressor gas turbine was found to be more
effective when used in a cycle with heat recovery [21]. Calde-
ran et al (1991) discovered that if a process needs process
heat to produce high pressure steam, gas turbine is preferred
compared to heat engines because open cycle gas turbine
rejects high grade heat to the environment compared to the
heat rejected by steam turbine to the condenser. The waste
heat rejected to the environment can then be used to raise the
efficiency to more than 55% [14].

In integrating gas turbine exhaust into utility system, one of the
problems is the choice of gas turbine to be used. The choice is
therefore dependent on which integration scheme is to be
used and also a trade-off between energy and capital [13]. The
model of gas turbine where power and heat are considered
must determine both the equipment conditions and the condi-
tion of the turbine exhaust gases such as temperature and
flow rate which will allow us determine the amount of steam to
be generated by a heat recovery steam generator (HRSG)
[1,19]. The flow rate and the temperature of the gas turbine
exhaust are dependent on the amount of fuel and air provided.
This work will focus basically on modelling of gas turbine and
gas turbine exhaust using Aspen HYSYS and how it can be
integrated into utility system in form of combined cycle taking
into account the maximum power output from it.

RESEARCH PROGRAMME AND METHODOLOGY

There are different ways of modelling gas turbine and gas tur-
bine exhaust. The accuracy of the results obtained and the
accurate prediction of the gas turbine exhaust behaviour de-
pends largely on the method adopted, the information availa-
ble for using the model and the input data.

In this work, Aspen HYSYS process simulator will be used for
modelling the behaviour of gas turbine and gas turbine ex-
haust under different operating conditions as it is a commercial
software found suitable for a variety of steady state modelling
application. In this simulation, the following input are provided

e The flow rates, compositions and operating conditions
of some streams.

e Inlet air with composition of 21% oxygen and 79% ni-
trogen and its flow to the compressor.

e The operating conditions such as inlet temperature of
about 15 °C, pressure of 1.01325 bar, polytrophic effi-
ciencies and thermal efficiencies of the various units
used in the model building.
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e Compressor pressure ratio, fuel to air ratio and per-
centage of excess air.
e The heat and/or work input where applicable.

When all these are provided, the software can then calculate
the flow rate, temperature and composition as well as the heat
and work of the outlet streams. There are different fluid pack-
ages for different models depending on the correlation in-
volved. For the use with Aspen HYSYS, the equations of state
are recommended which Peng-Robinson is found to be more
suitable.

Some of the above inputs can be varied obtaining the exhaust
conditions for each variation (sensitivity analysis). The follow-
ing sensitivity analysis will be considered;

e The compressor can be modelled either as a single
compressor or in stages to allow for intercooling be-
tween the compressors.

e The turbine can be modelled either as a single stage
or in stages so as to allow for reheating of the fluid
between the stages.

e The compressor inlet air temperature will also be var-
ied to model for inlet air cooling.

e Configuration and integration such as inlet air cooling,
reheating, steam injection and regeneration will also
be considered and various methods/devices will be in-
tegrated with the gas turbine exhaust in order to eval-
uate the potential use of gas turbine exhaust.

Initial Model Formulation for Validation Purpose

Performance of gas turbine and gas turbine exhausts depend
on a number of factors. The modelling of gas turbine and gas
turbine exhaust will therefore have many dependent variables.
Some of these dependent variables will be fixed for simplicity.
The initial model is simulated using a known gas turbine
(V94.2 gas turbine) with power rating of 165 MW. The various
models for each of the components can be made separately
and the overall model for the complete gas turbine simulated
combining the various components. The specifications provid-
ed for the gas turbine in consideration are pressure ratio of
11.7:1, natural gas is the fuel used, exhaust gas flow of 131.5
kg/s, fuel pressure is considered same as air pressure to avoid
back pressure and fuel temperature of 15 °C. The flow dia-
gram for the simulation of the model is shown on Figure 5
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Figure 5: Model Diagram for a Gas Turbine from HYSYS

In this model, the combustion temperature is fixed and regu-
lated by passing certain excess air to the combustion chamber
so as to achieve complete combustion of the fuel and conse-
guently minimise NO, formation. The combustion temperature
is therefore intended to be maintained at about 1500 °C. The
model for the gas turbine is validated with the data obtained
from manufacturer of the gas turbine which can then be used
for modelling the different configurations. The validation is
shown in Table 1.

Table 1: Model Result and Manufacturer’s Data for Validation
Purpose
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efficiency of the gas turbine as described in the literature
above. In this configuration, the air leaving the compressor is
cooled down before entering the next compressor. In this
model, different inter-cooling temperature of between 20 °C
and 226 °C are used to bring the temperature to the minimum
which is the ambient temperature and the effect of the cooling
on the gas turbine exhaust and the cycle efficiency are ob-
served for each cooling temperature. The above temperatures
are selected so that the last intercooling temperature should
give the low pressure compressor outlet temperature equal to
the ambient temperature.

Reheating: This type of configuration is used for gas turbines
with multi stage turbines. In this configuration, the gas leaving
the high pressure turbine is reheated before entering the low
pressure turbine. This is done by injecting fuel in between the
two turbines for a combustion process generating heat. In this
model, two combustors are used with one for the main com-
bustion process and the other placed between the high and
low pressure turbines for reheating purpose. The fuel used in
reheating is estimated using a certain percentage of the fuel
used in the combustion chamber. In this case, different fuel
flow rates are used between 3% and 21% which is the maxi-
mum fuel flow rate to give the maximum exhaust temperature.
This values selected is as a result of that the exhaust tempera-
ture is not intended to get too high considering material of
construction as reheating increases the exhaust temperature.

Regeneration: This type of configuration is applied where the

exhaust temperature is higher than the temperature entering
the combustion chamber. The air leaving the compressor and
entering the combustion chamber can be preheated using the

ISO Exhaust Exhaust
Power Pres- Mass Temper-  Net Effi-
Rating sure Flow ature ciency
(MW) Ratio (kgls) (°C) (%)
Man.
Data 165.00 11.70 526.00 539.00 34.50
Mod-
el 165.60 11.70 526.00 539.50 35.17
Error
(%) 0.364 0.00 0.00 0.093 1.942

exhaust gas so as to reduce the fuel consumption. In this
model, the air is preheated with temperature increase of be-
tween 20 °C and 120 °C. The maximum temperature of 120 °C
used here is the maximum heat the turbine exhaust can pro-
vide to maintain its temperature above the compressor exit

Modelling of Different Gas Turbine Configurations

V92 gas turbine can then be used for the different configura-
tions which are given below.

Inlet Air Cooling: This is where the inlet air entering the com-
pressor is cooled either by evaporative cooling or by absorp-
tion chiller. This increases the density of air entering the com-
pressor and consequently increasing the mass flow rate of the
air or reducing compressor work. For this study, the ambient
air is cooled to different temperatures keeping the mass flow
constant. The configuration is modelled between the ambient
temperature of 15°C and  -15 °C with intervals of 5 °C each.

Inter-cooling: This is a type of configuration that can be used
in gas turbines with multi stage compression. This will improve

temperature.

Steam Injection: In this configuration, a certain amount of
steam is injected into the combustion chamber so as to in-
crease the flow rate of gas into the turbine and also increase
efficiency. In this model, steam to air percentage of between
10% and 90% is used as the ratio is to be less than one.

MODEL RESULTS AND DISCUSSIONS

All the configurations described above are modelled between
certain ranges of either temperatures or percentages of some
defined variables. The results are presented in form of graphs
which shows clearly the relationship between the variables
considered for changing conditions. Though there are so many
variables that can be obtained from the simulation of the gas
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turbine models, the objective of this work is to determine the
heat content of the exhaust while maximising power output
and the methods of integrating it with utility system. Therefore,
the only variables considered and presented here are the ex-
haust temperatures, the net-work output and the efficiency;
which take into account the net work done by the gas turbine.
The essence of including the efficiency in the result is to avoid
the turbine work being compensated by consideration of the
turbine exhaust heat content. The heat flow of the exhaust is
kept constant for most of the configurations which can easily
be used with the exhaust temperatures for easy calculations of
the exhaust heat content.

Inlet Air Cooling: The effects of inlet air cooling on the ex-
haust temperatures and cycle efficiency of the gas turbine are
shown in Figures 6 and 7.
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Figure 6: Effect of Inlet Air Cooling on Exhaust Temperature
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Figure 7: Effect of Inlet Air Cooling on Cycle Efficiency

From the result, it is observed that there is a decrease in the
exhaust temperature with lower air intake temperatures
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meanwhile the efficiency and consequently the power output
are found to be lower at ISO condition without inlet air cooling
than with inlet air cooling. The power consumption by absorp-
tion chiller is about 40 kW for every MW of gas turbine [10].
For this configuration, there is a trade-off between the exhaust
temperatures which is intended to be integrated into the utility
system and the power output of the gas turbine.

Inter-cooling: The effects of inter-cooling on the exhaust tem-
perature and cycle efficiency are presented in Figures 8 and 9.
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Figure 9: Effect of Inter-cooling on Cycle Efficiency

From the graphs, it can be seen that both the exhaust temper-
ature and the cycle efficiency decrease with air intercooled
between the compressors compared to ISO rated gas turbine
without intercooling. The advantage of intercooling is that it
lowers the work input into the high pressure compressor.
Since the temperature outlet of the high pressure compressor
will be lower for an intercooled gas turbine compared to ISO
rated gas turbine without intercooling, it then opens up an op-
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portunity for regeneration by enhancing high driving force for
heat transfer. Therefore intercooling without regeneration
and/or reheating will instead lower the efficiency and power
output of the gas turbine rather than increasing [1]. There is
therefore no benefit in gas turbine configuration that considers
only intercooling as explained in the literature. There is need to
consider the configuration of intercooling in conjunction with
other configurations.

Reheating: The effect of reheating on gas turbine exhaust
temperature and the cycle efficiency are presented in Figures
10 and 11
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From the result, the exhaust temperature of the gas turbine is
observed to be higher in gas turbine with reheat compared to
ISO rated gas turbine without reheat while the cycle efficiency
is lower for gas turbine with reheat compared to that without
reheat. The cycle efficiency of the gas turbine is reduced be-
cause of the additional fuel consumption used in the regenera-
tor. Despite the decrease in the efficiency of the gas turbine,
regeneration leads to additional power generation. This can
therefore be used where the main concern is the power out-
put. Another benefit of this type of configuration is the high
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temperature of the exhaust which in this case can be integrat-
ed into utility system to increase power generation which may
compensate for the additional power consumption.

Regeneration: The effect of regeneration on gas turbine ex-
haust temperature and the cycle efficiency are presented in
Figures 12 and 13.
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Figure 13: Effect of Regeneration on Cycle Efficiency

The results above show that the exhaust temperature is lower
for a gas turbine with regenerator compared to ISO rated gas
turbine without regenerator while the cycle efficiency is higher
for a gas turbine with regenerator than that without regenera-
tor. The reduction in the temperature of the exhaust is due to
some heat from the exhaust being used for the reheating pur-
pose which leads to increase in the cycle efficiency. Regenera-
tion though relevant, is limited by compressor outlet tempera-
ture. Regeneration is only possible if the turbine outlet tem-
perature is higher than the compressor outlet temperature so
as to provide the driving force for heat transfer. This therefore
calls for the need for intercooling within the compressor so as
to provide the minimum possible temperature at the exit of the
compressor. Regeneration will therefore be better utilised with
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intercooling.

Steam Injection: The model result is plotted on Figures 14
and 15 to demonstrate the effect of steam injection on gas
turbine exhaust temperature and its cycle efficiency.
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Figure 14: Effect of Steam Injection on Exhaust Temperature

36.00

-~

35.90

w
b
00
S

35.70

T
/c/
i

35.60

Cycle Efficiency (%)

w
hal
n
=]

35.40

35.30

0 10 20 30 40 50 60 70 80 20 100

Figure 15: Effect of Steam Injection on Cycle Efficiency

With steam injection, the result shows that the exhaust tem-
perature is lower for a gas turbine with steam injection com-
pared to ISO rated gas turbine without steam injection while
the cycle efficiency is higher for a gas turbine with steam injec-
tion compared to the one without steam injection. The de-
crease in the exhaust temperature of the gas turbine is be-
cause the steam injected into the combustion chamber reduc-
es the combustion temperature. On the other hand, the cycle
efficiency increases due to increase in the mass flow of gas to
the turbine as a result of the steam injected into the system
compensating for the reduction in turbine inlet temperature
thereby increasing the net power output. The steam to be used
here can be obtained from the heat recovery team generator
(HRSG) using the exhaust gas from the gas turbine.

Gas Turbine Exhaust Integration with Utility System
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Gas turbine exhaust contains a lot of energy after generating
power from the turbine of the gas turbine. This energy is re-
ferred here, to as waste heat since the energy will be wasted
to the environment if not utilised. It this research, the heat will
be used to generate high pressure steam in heat recovery
steam generator (HRSG) which can be used in steam turbine
to generate more power. In this case, the steam will be gener-
ated at different pressure levels which can then be compared
so as to determine which pressure level gives the best perfor-
mance. For purpose of comparison, a condensing turbine will
be modelled here with heat recovery steam generator. The
combined cycle efficiency to be calculated here will justify
which configuration gives better performance of the gas tur-
bine if the exhaust of the gas turbine is to be utilised. The As-
pen HYSYS flow diagram for the combined cycle turbine for
one steam pressure and two steam pressure levels is as
shown in Figure 16 and 17 respectively.
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The various pressure levels considered here and their super-
heat temperatures are as follows

i. 50 bar superheated to 300°C

ii. 40 bar superheated to 280°C

ii. 30 bar superheated to 260°C

iv. Two Pressure levels (50 bar at 300 °C and 20 bar at
240 °C)

Since we are only interested in the net power output and the
combined cycle efficiencies, the results to be presented here
are those of the net power output and the combined cycle effi-
ciencies. In all the cases considered here, the exhaust tem-
peratures at the exit of the heat recovery steam generator is
below 260 °C which shows that the sensible heat in the ex-
haust of the gas turbine has been utilised. The results ob-
tained from the models are as presented in Table 2.

Table 2: Combined Cycle Model Results for Various Configu-
rations of a Gas Turbine

Steam Pres.(Bar) 50 Ll 30 Two Pressure Levels (50
Configuration | Property and 20)

Inlet Air Temp. (°C) -15 0 15 -15 0 15 -15 0 15 -15 0 15
INETAR Gas Turb. Work (MW) 17150 169.00 16810 17150 169.00 16810 17150 169.00 16810 17150 169.00 168.10
COOLING Steam T.Work (MW) 3448 3692 3937 3446 3668 3899 338 3592 3810 3926 4157 4391
Net Work (MW) 20598 20592 20747 20586 205.68 207.09 20530 20492 2062 210.76 21057 21201

Comb. Cycle Eff. (%) B374 873 4406 4372 4368 4364 4360 4351 4379 4476 4472  45.02

Inter Cool. Temp () 20 100 220 2 100 220 20 100 220 20 100 220
INTER Gas Turb. Work (MW) 16940 18553 201.81 16940 18553 201.81 16940 18553 201.81 16940 18553 201.80
COOLING SteamT.Work (MW) 3947 4012 4074 3912 3973 4019 3820 3879 3938 4400 4469 4534
Net Work (MW) 208.87 22565 242.55 20852 22526 242.00 207.60 22432 24119 21342 23022 247.15

Comb. Cycle Eff. (%) 4002 4136 3833 4294 4129 3824 4276 4112 3811 4396 4220 3934

Perc. Fuel for Reh 3% 12%  21% 3% 2% 2% 3% 2% 2% 3% 12% 21%
Gas Turb. Work (MW) 17050 18250 19470 17050 18250 19470 17050 18250 19470 17050 18250 194.70

REHEATING | SteamT.Work(MW) 4173 4869 5572 4123 4783 5453 4045 4603 5250 4616 5260 5952
Net Work (MW) 21223 23119 25042 21173 23033 249.23 21065 22853 24722 21666 235.12 25422

Comb. Cycle Eff. (%) 4376 4375 4377 4366 4255 3979 4343 4227 3947 4467 4330 4059

Reg. Temp. (°C) 20 60 120 20 60 120 20 60 120 20 60 120
. Gas Turb. Work (MW) ~ 169.00 182.80 19200 169.00 182.80 19200 169.00 182.80 19200 169.00 182.00 192.00
GENERATION SteamT.Work (MW) 3878 3553 3334 3840 3535 3329 3757 3472 3279 4335 4024 3817
Net Work (MW) 207.78 21833 22534 20740 21815 22529 20657 21752 22479 21235 22304 23017

Comb. Cycle Eff. (%) 4412 4636 4785 4404 4633 4784 4387 4619 4774 4509 4736  48.88

Perc. Steam to Fuel 0% 50% 90% 10% 50% 9% 10% S0%  90%  10%  50%  90%
- Gas Turb. Work (MW)  166.80 16810 16930 166.80 168.10 16930 16680 168.10 169.30 166.80 168.10 169.30
INECTION Steam T.Work (MW) 3926 3882 3838 3889 3851 3813 3808 3769 3735 4383 4351 4318
Net Work (MW) 206.06 20692 207.68 205.69 206.61 207.43 204.88 205.79 206.65 21063 21161 21248

Comb. Cycle Eff. (%) 1376 4394 4410 4368 4387 4405 4349 4370 4388 4473 4494 4512

From the results, it can be observed that there is an improve-
ment in the efficiency of the combined cycle gas turbines for
all the configurations when the exhaust heat of the gas turbine
is utilised. The improvement depends on the configuration of
the gas turbine. As explained in the literature, the efficiency of
a gas turbine can get to as high as 70% depending on how the
energy from the gas turbine is considered for the calculation of
the efficiency.
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For all the configurations considered above, it can be ob-
served that simple configuration with regeneration gives better
efficiency compared to all other configurations. For power out-
put, it can be observed that reheating gives the highest power
output compared to all other configuration but the efficiency is
found to reduce because of the additional power consumption
for the reheating purpose. In all the configurations, it can be
observed that the combined cycle with two pressure levels of
steam gives better efficiency and better power output com-
pared to one steam pressure level. This shows that there is
much benefit in utilising the exhaust of a gas turbine which
gives optimum utilisation.

CONCLUSION

This study was aimed at modelling different gas turbine con-
figurations so as to analyse their effect on the energy content
of the gas turbine exhaust while maximising the power output
of the turbine. Aspen HYSYS was used for the model where
different gas turbine configurations as explained in the meth-
odology were examined. From the model results obtained, the
following conclusions were drawn;

Inlet air cooling has positive impact on the power output of a
gas turbine but negative impact on the exhaust of the gas tur-
bine. Integrating both the gas turbine and its exhaust with utili-
ty system shows that the combined cycle efficiency is im-
proved with inlet air cooling.

Gas turbine with intercooling between two compressors has
negative impact on both the power output and the exhaust
energy if no additional fuel is used to compensate for the cool-
ing. With additional fuel to compensate for the cooling shows
an improvement on the power output but the efficiency drops
for every increase in intercooling temperature.

Reheating has positive impact on both the power output and
the exhaust heat but the efficiency drops due to increase in
fuel used for reheating. There is also no benefit in term of the
efficiency of the gas turbine when utilising the exhaust heat of
the turbine.

Regeneration has positive impact on both the power output
and the efficiency of the gas turbine but negative impact on
the turbine exhaust heat. Regeneration is limited by compres-
sor outlet temperature, so it is best used with intercooling
which gives improved power output. It also has positive impact
on both the power output and the efficiency when used in
combined cycle.

Steam injection increases the mass flow of the gas at the tur-
bine section of the gas turbine thereby increasing the power
output of the gas turbine even with low combustion tempera-
ture. Though it has negative impact on the exhaust heat, the
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gas turbine efficiency when used in a combined cycle gives
better results.

Heat recovery steam generator with multiple steam levels
gives better utilisation of the exhaust heat compared to the
one with only one steam level.
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