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Abstract: The efficiencies and performance of gas turbine cycles are highly dependent on 

parameters such as the turbine inlet temperature (TIT), compressor inlet temperature (T1), and 

pressure ratio (Rc). This study analyzed the effects of these parameters on the energy 

efficiency, exergy efficiency, and specific fuel consumption (SFC) of a simple gas turbine 

cycle. The analysis found that increasing the TIT leads to higher efficiencies and lower SFC, 

while increasing the To or Rc results in lower efficiencies and higher SFC. For a TIT of 

1400 ℃, T1 of 20 ℃, and Rc of 8, the energy and exergy efficiencies were 32.75% and 30.9%, 

respectively, with an SFC of 187.9 g/kWh. However, for a TIT of 900 ℃, T1 of 30 ℃, and Rc 

of 30, the energy and exergy efficiencies dropped to 13.18% and 12.44%, respectively, while 

the SFC increased to 570.3 g/kWh. The results show that there are optimal combinations of 

TIT, To, and Rc that maximize performance for a given application. Designers must consider 

trade-offs between efficiency, emissions, cost, and other factors to optimize gas turbine cycles. 

Overall, this study provides data and insights to improve the design and operation of simple 

gas turbine cycles. 
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1. Introduction 

Energy consumption is a key indicator of development, with population growth, 
urbanization, industrialization, and technological progress driving increased energy 
use. However, this rapid rise has contributed to pollution and the greenhouse effect. 
Currently, 80% of electricity is generated from fossil fuels, while renewable sources 
provide 20% [1–4]. Global electricity demand is growing by approximately 6% 
annually [5], and fossil fuels remain a major source of CO2 emissions [6–12]. Natural 
gas (NG) accounts for 22% of global energy production, and demand for NG is 
expected to rise by 2.7% annually. By 2040, NG is projected to produce 28% of global 
electricity, up from 22% in 2012 [13–17]. The term “thermal power plant analysis” 
encompasses the efficient use of energy resources. Before 1940, efficiency was 
assessed using the first law of thermodynamics [18–23], while the second law, or 
exergy analysis, identifies where and why energy losses occur. This method is crucial 
for detecting inefficiencies and optimizing power plant performance [16,24–33]. 

Gas turbines are widely used in power generation due to their flexibility, 
efficiency, and ability to provide both baseload and peak-load power. Advances in 
materials and cooling technologies have significantly improved their thermal 
efficiency, making them a preferred choice for modern power plants. One of the 
primary challenges in gas turbine operation is managing the high temperatures within 
the combustion chamber, which directly affects the turbine’s performance and 
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longevity. Research has focused on optimizing turbine blade materials, cooling 
techniques, and combustion processes to enhance both the energy and exergy 
efficiencies of gas turbines. Combined cycle power plants (CCPPs), which integrate 
gas and steam turbines, have become increasingly popular for their ability to achieve 
higher overall efficiencies by utilizing waste heat from the gas turbine to power the 
steam cycle [34–37]. The thermodynamic simple gas turbine cycle employs a gas 
turbine to transform gas energy into mechanical work. The compressor, combustion 
chamber, and turbine comprise the gas turbine. Before being burned in the combustion 
chamber, the compressor compresses air. The turbine blades move when hot 
combustion gases expand across them. The turbine releases exhaust gas. Gas turbines 
have combustor, compressor, and power turbine units. To power an open-cycle gas 
turbine, centrifugal or axial flow compressors compress ambient air. Air is compressed 
by the compressor. Fuel and pressurized air enter the combustion chamber. Gases 
power the turbine. The combination ignites to generate velocity gas. When turbine 
blades spin, the generator’s rotor shaft revolves. Energy from turning the turbine shaft 
may power industrial machines and create electricity [6,38,49]. Ibrahim et al. [40] 
conducted an analysis of a simple gas turbine model using energy and exergy 
assessments. Their findings indicated that the combustion chamber was responsible 
for the highest exergy destruction. The air compressor demonstrated energy and 
exergy efficiencies of 92% and 94.9%, respectively, while the combustion chamber 
showed efficiencies of 61.8% and 67.5%. In comparison, the gas turbine achieved 
energy and exergy efficiencies of 82% and 92%. Overall, the system’s energy and 
exergy efficiencies were reported as 34.3% and 32.4%, respectively. 

The impacts of several operational parameters of gas turbine power plants were 
studied by Kurt et al. [41]. Results demonstrated that the overall power output reaches 
its maximum according to the TIT at PR = 22, TIT = 1600 K, and CIT = 288.15 K. In 
contrast, it reaches its maximum according to the CIT at PR = 18 and CIT = 273.15 K, 
and TIT = 1423.15 K. De Sa and Al Zubaidy [42] suggested an empirical relation 
between the capacity of the gas turbine to produce electricity when subjected to 
ambient air conditions that differ from ISO conditions. With data readings exceeding 
8000 for gas turbine operation around 280 days, results showed that the gas turbine 
lost 1.47 MW of power output and 0.1% of thermal efficiency for every degree 
increase in ambient temperature over ISO conditions. Abou Al-Sood et al. [43] 
analyzed the performance of a gas turbine cycle featuring an irreversible intercooler, 
regenerative system, and reheat cycle. The results indicated that the minimum 
temperature ranged from 302 K to 315 K, while the maximum temperature was 
between 1320 K and 1360 K. The optimal pressure for the cycle was found to lie 
between 1449 kPa and 2830 kPa to optimize all performance parameters. Salah et al. 
[44] examined the influence of ambient temperature, compression ratio, and relative 
humidity on the thermal and exergy performance of a gas power plant over a full year 
under real weather conditions. Using ChemCad simulations, they identified system 
inefficiencies and losses, with the combustion chamber causing the most significant 
exergy destruction, followed by the compressor and gas turbine. Their findings 
showed that energy efficiency peaked at 37% in November, when the ambient 
temperature was 19.39 ℃. Additionally, specific fuel consumption (SFC) increased 
with higher ambient temperatures, reaching its peak at 33.27 ℃. 
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In this study, we will evaluate the performance of a gas turbine cycle using energy 
and exergy analysis. The objective is to examine the effects of design parameters on 
gas turbine performance, with simulations assessing how environmental conditions 
and other key factors impact the cycle. The research aims to identify optimal design 
parameters for gas turbine power plants, utilizing EES software to model cycle 
performance based on operational data from previous studies. 

2. Modelling and analysis 

In this study, a thermodynamic analysis of simple gas turbine (SGT) cycles is 
performed using conventional energy and exergy analysis to assess cycle performance. 
As shown in Figure 1, the SGT process involves compressing air in the compressor, 
mixing it with fuel, and igniting it in the combustion chamber. The resulting high-
temperature exhaust gases expand through the turbine, producing mechanical work, 
after which they are released. This energy can be harnessed for electricity generation 
and powering industrial equipment. 

 
Figure 1. Simple gas turbine (SGT). 

Table 1. Thermodynamic assumptions  used for the (SGT) model based on [28,29]. 

Data Value 

Dead state conditions 𝑃୭ = 1.01 bar, 𝑇୭ = 293.15 K 

Turbine isentropic efficiency 87% 

Compressor isentropic efficiency 85% 

combustion efficiency 0.98 % 

Ambient temperature 298 k 

Compressor inlet pressure 94 kPa 

Specific heat of air 1.005 kJ/kg K 

Specific heat of gasses 1.14 kJ/kg K 

Ratio of specific heat for gasses 1.33 

Ratio of specific heat for air 1.4 

Fuel type NG 

Energy analysis, based on the first law of thermodynamics, and exergy analysis, 
grounded in the second law, are employed to evaluate the cycle’s efficiency. The 
analysis includes several assumptions, summarized in Table 1. 
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2.1. Energy analysis 

The energy assessment of a gas turbine cycle is based on the Brayton cycle, 
involving calculations of the system’s energy input and output. The key components 
include the air compressor, combustion chamber, and gas turbine. The following 
equations are used to analyze each part of the cycle [45]. Compressor: 

𝑇ଶ = 𝑇ଵ ቌ1 +
1

𝜂஺஼
ቆ𝑟஺஼

௞ିଵ
௞ − 1ቇቍ (1) 

�̇�୅େ = �̇�௔𝑐୮ୟ(𝑇ଶ − 𝑇ଵ) (2) 

𝑐୮ୟ(𝑇) = 1.048 − ൬
1.83𝑇

10ସ
൰ + ቆ

9.45𝑇ଶ

10଻ ቇ − ቆ
5.49𝑇ଷ

10ଵ଴ ቇ + ቆ
7.92𝑇ସ

10ଵସ ቇ (3) 

In Equation (1), T1 and T2 denote the air temperatures at the compressor inlet and 
outlet, respectively, while k is the specific heat ratio and r is the compression ratio. 
The compressor’s power consumption is determined using Equation (2), and Equation 
(3) defines the specific heat of air as a function of temperature. 

Combustion chamber: 

�̇�௔ℎଶ + �̇�௙LHV = �̇�௚ℎଷ + (1 − 𝜂ୡେ)�̇�௙LHV (4) 

�̇�௚ = �̇�௙ + �̇�௔ (5) 

𝑓 =
�̇�௙

�̇�௔
=

𝐶௣௚ × Tଷ − 𝐶௣௔𝑇ଶ

𝐿𝐻𝑉 − 𝐶௣௚ × 𝑇ଷ
 (6) 

The lower heating value (LHV) varies depending on the fuel’s properties. In this 
analysis, natural gas is utilized in the combustion chamber. 

Gas turbine: 

𝑇ସ = 𝑇ଷ ൮1 − 𝜂ୋ୘ ቌ1 − ൬
𝑃ଷ

𝑃ସ
൰

௞ିଵ
௞

ቍ൲ (7)

�̇�ீ் = �̇�௚𝑐௣,௚൫𝑇஺య
− 𝑇஺ర

൯ (8) 

𝐶௣௚(𝑇) = 0.991 + ൬
6.997𝑇

10ହ
൰ + ቆ

2.712𝑇ଶ

10଻ ቇ − ቆ
1.2244𝑇ଷ

10ଵ଴ ቇ (9) 

In Equation (7), T3 and T4 denote the turbine’s inlet and outlet combustion gas 
temperatures, respectively. The turbine’s power output is determined using Equation 
(8), while Equation (3) calculates the air’s specific heat as a function of temperature. 

2.2. Exergy analysis 

Exergy represents the maximum useful work a system can perform as it moves 
toward equilibrium with its environment. Based on the second law of thermodynamics 
and applying mass and energy balances, exergy analysis provides a powerful method 
for assessing energy system performance. Exergy consists of four parts: chemical, 
physical, kinetic, and potential. However, in typical analyses, only chemical and 
physical exergies are considered, while kinetic and potential components are often 
neglected. Physical exergy refers to a system’s ability to perform work, while chemical 
exergy is tied to differences in chemical composition from equilibrium conditions 
[46]. The general equations for exergy analysis are presented below. 
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�̇�௫,heat + ෍  

୧

�̇�௜𝑒௫,௜ = ෍  

ୣ

�̇�௘𝑒௫,௘ + �̇�௫,௪ + 𝐼ḋest (10)

�̇�௫,ௐ = �̇� (11)

�̇�௫,heat = ൬1 −
𝑇௢

𝑇௜
൰ �̇�௜ (12)

�̇�௫ = �̇�௫,୮୦୷ + �̇�௫,che (13)

By applying Equation (10), the exergy flow rate for each system component can 
be calculated. Equation (11) represents the system’s work derived from the exergy 
flow. The exergy generation rate due to heat is expressed in Equation (12). Finally, 
Equation (13) outlines the physical and chemical exergies of the component [47]. 

Physical exergy: 
The physical exergy arises from the system’s deviation in pressure and 

temperature relative to its dead state [40]. The following equations can be used to 
compute the physical exergy of the system. 

𝑒௫ = 𝑒௫,phy + 𝑒௫,che (14)

𝑒௫,௣௛௬ = 𝑒௫
் + 𝑒௫

௉ (15)

𝑒௫
் = 𝑐௣ ൭(𝑇 − 𝑇௢) − 𝑇௢ln 

𝑇

𝑇௢
൱ (16)

𝑒௫
௣

= 𝑅𝑇௢ln 
𝑃

𝑃௢
 (17)

The physical exergy can be calculated using Equation (15), with Equations (16) 
and (17) defining it in terms of temperature and pressure. In these equations, Po and 
To represent the ambient pressure and temperature, while Cp and R denote the specific 
heat at constant pressure and the gas constant, respectively [47]. 

Chemical exergy: 
Chemical exergy arises when the chemical composition of a system differs from 

the surrounding dead-state conditions [40]. The exergy flow of the fuel can be 
calculated using the following equation. 

𝜉 =
𝑒௫,fuel

LHVfuel
 (19)

In Equation (19), 𝜉 represents the ratio of exergy flow to the LHV of the fuel. 

(𝐿𝐻𝑉fuel = 48, 806 KJ/kg) Usually, the value for 𝜉  is 1.06 for NG. The following 
equation can be used to determine the exergy of the combustion products [40]. 

𝑒௫,௖௚ =
ൣ∑  ௡

௜ୀଵ 𝑥௜𝑒௫,che,௜ + 𝑅𝑇୭ ∑  ௡
௫ୀ௜ 𝑥௜ln (𝑥௜)൧

∑(𝑥௜)
 (20)

In Equation (20), the subscript iii refers to the type of air fraction, x is the molar 

fraction, and 𝑒௫,௖௛ represents the standard chemical exergy of each component. Table 

2 provides the standard chemical exergy and molar fraction of each gas. More accurate 
results can be obtained using the following equations [48]. 

𝜆 =
0.058�̇�air

�̇�fuel
 (21)

𝑥୒మ
=

(7.524)𝜆

1 + (9.6254)𝜆
 (22)
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𝑥୓మ
=

2(λ − 1)

1 + (9.6254)𝜆
 (23)

𝑥େ୓మ
=

1 + (0.0028)𝜆

1 + (9.6254)𝜆
 (24)

𝑥ୌమ୓ =
2 + (0.0972)

1 + (9.6254)𝜆
 (25)

Equations (21)–(25) can be used to calculate the molar fraction of each 
component in the combustion products, applicable specifically when natural gas (NG) 
is used as the fuel. In these equations, the subscript “k” denotes the fuel-air ratio [48]. 

Table 2. Standard exergy and molar fraction [32]. 

Element 𝒆𝒙,𝐜𝐡𝐞 (KJ/mol) Molar fraction (%) 

Nଶ 0.72 75.67 

Oଶ 3.97 20.34 

COଶ 19.87 0.03 

HଶO 9.49 3.03 

Exergy efficiency is a crucial metric for evaluating how well a system utilizes 
energy. It is defined as the ratio of useful work output to the total energy input. A 
higher exergy efficiency indicates reduced energy wastage and enhanced productivity. 
This measure is essential for assessing both the long-term sustainability and economic 
feasibility of energy systems. To understand exergy destruction, the exergy flow rate 
for each component is calculated, revealing a decrease in exergy after each process. 

Exergy destruction: 
Exergy destruction is assessed by calculating the exergy flow rate for each 

component, which shows a decrease in exergy after each process. Typically, this 
destruction is quantified using Equation (27) [48]. 

�̇�௫,in − �̇�௫,out = �̇�𝑥஽ (26) 

Air compressor: 

�̇�𝑥஽,஺஼ = �̇�𝑥ଵ − �̇�𝑥ଶ + �̇�஺஼  (27)

Combustion chamber: 

�̇�𝑥஽,஼஼ = �̇�𝑥ଶ + �̇�𝑥ହ − �̇�𝑥ଷ�̇�𝑥஽,஺஼ = �̇�𝑥ଵ − �̇�𝑥ଶ + �̇�஺஼  (28) 

Gas turbine: 

�̇�𝑥஽,ீ் = �̇�𝑥ଷ − �̇�𝑥ସ − �̇�ீ் (29) 

Systems efficiency: 
Each component is evaluated for both energy and exergy to determine which has 

the highest and lowest efficiency. Exergy efficiency is calculated using the following 
equation [48]. 

Air compressor: 

𝜂௫,஺஼ =
�̇�𝑥ଶ − �̇�𝑥ଵ

�̇�஺஼

 (30)

Combustion chamber: 

𝜂௫,஼஼ =
�̇�𝑥ଷ

�̇�𝑥ଷ − �̇�𝑥ଵ

 (31)
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Gas turbine: 

𝜂௫,ீ் =
�̇�ீ்

�̇�𝑥ଷ − �̇�𝑥ସ

 (32)

Equation (30) is used to calculate the efficiency of the air compressor, 
considering work output and exergy destruction. Similarly, Equation (32) assesses the 
efficiency of the gas turbine by considering its exergy destruction and work output. 
For the combustion chamber, Equation (31) evaluates efficiency based on the exergy 
rate and exergy destruction of the fuel [48]. The overall exergy and energy efficiencies 
of the simple gas turbine cycle can be determined using the equations provided below 
[47]. 

�̇�Net = �̇�ீ் − �̇�஺஼  (33)

SFC = 3600
�̇�୤୳ୣ୪

�̇�net
 (34)

𝜂I =
�̇�net

�̇�୤୳ୣ୪LHV
 (35)

𝜂II =
�̇�୬ୣ୲

�̇�௫,௙

 (36)

Equation (34) calculates the specific fuel consumption of the gas turbine. 

Equation (36) provides the overall exergy efficiency, with �̇�௫,௙ representing the fuel 

exergy flow rate. Equation (35) is used to determine the overall energy efficiency of 
the cycle [47]. 

2.3. Model validation 

Based on the analysis, a simulation program was created using EES software for 
the SGT. The results were validated against those from [40]. Table 3 presents the 
operating parameters used for validation, while Figure 2 illustrates the comparison 
between the reference and current models, which shows strong agreement. 

 
Figure 2. Comparison between the exergy efficiency for all components of simple 
gas cycle in the present model with [40]. 
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Table 3. Operating parameters for validation  model based on [40]. 

Parameters Value 

Ambient air temperature 18.34 ℃ 

Inlet pressure 94 kPa 

Air mass flow rate 439.802 kg/s 

Fuel mass flow rate 10.473 kg/s 

Compression ratio 15.64 

Fuel type NG 

3. Results and discussion 

This section details the simulation results regarding how operating conditions 
influence the performance of gas turbine cycles. Using a computer model developed 
in EES software, we analyzed the effects of various operating parameters on specific 
fuel consumption (SFC), energy, and exergy efficiencies. The cycle’s performance 
was evaluated across different operational scenarios. The findings are based on 
previously discussed theoretical relationships. The simulation results for the SGT 
cycle are presented and examined in this section. 

3.1. Effect of compression ratio and turbine inlet temperature on energy 
and exergy efficiencies 

Figure 3  provides performance data for a gas turbine under three different turbine 
inlet temperature (TIT) conditions (900 [c], 1200 [c], and 1400 [c]) at a constant 
ambient temperature of 25 [c]. The data in this table shows that increasing the TIT 
leads to higher gas turbine efficiencies, both in terms of energy and exergy efficiency. 
This suggests that higher pressure ratios can lead to more efficient energy conversion, 
even when the TIT is held constant. The data also shows that, for a given TIT, the 
exergy efficiency is lower than the energy efficiency. However, the difference between 
energy and exergy efficiencies decreases as the pressure ratio increases. However, it 
is worth noting that the rate of increase in efficiency with respect to pressure ratio is 
not constant across different TIT conditions, this indicates that the optimal pressure 
ratio for a given TIT may depend on the specific design and operating conditions of 
the gas turbine. Overall, this table provides additional insights into the performance of 
a gas turbine under different TIT and pressure ratio conditions, taking into account 
both idealized maximum efficiency and real-world losses and inefficiencies. However, 
additional factors such as the specific design and operating conditions of the gas 
turbine, as well as environmental and economic considerations, would need to be taken 
into account for a more thorough analysis. 
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Figure 3. Illustrates how energy and exergy efficiencies vary with compression ratio 
and turbine inlet temperature. 

3.2. Impact of ambient temperature and compression ratio on energy and 
exergy efficiency 

Figure 4 shows the energy and exergy efficiencies of a gas turbine at different 
operating conditions. The data is presented in three sets, each with a constant value for 
the turbine inlet temperature (TIT) of 1400 ℃ and different values for the ambient air 
temperature (To) of 5 ℃, 20 ℃, and 35 ℃. For example, at a TIT of 1400 ℃ and a 
To of 5 ℃, the energy efficiency of the gas turbine is 13.65% at a compression ratio 
of 2, and the exergy efficiency is 12.88%. As the compression ratio increases, both the 
energy and exergy efficiencies of the gas turbine also increase. In general, a higher 
compression ratio can increase the energy and exergy efficiencies of a gas turbine. 
However, increasing the compression ratio can also increase the risk of engine knock 
and other undesirable effects, so there is often a trade-off between efficiency and other 
factors such as engine durability and emissions. By analyzing the data in the figure, it 
may be possible to identify the optimal operating conditions for the gas turbine to 
achieve the highest energy or exergy efficiency. For example, it may be possible to 
identify the compression ratio and ambiant temperature that would result in the highest 
efficiency. Additionally, analyzing the data may also reveal areas where the design of 
the gas turbine could be improved to increase efficiency, such as by optimizing the 
combustion process or improving the design of the compressor and turbine 
components. 
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Figure 4. Illustrates how energy and exergy efficiencies vary with compression ratio 
and turbine ambient temperature. 

3.3. Impact of turbine inlet temperature and ambient temperature on 
energy and exergy efficiencies  

In gas turbine cycles, the turbine inlet temperature (TIT) and compressor inlet 
temperature (T1) are two of the most important parameters that influence the 
performance of the system. Figure 5 shows the energy and exergy efficiencies for gas 
turbine cycles operating at different compressor inlet temperatures (T1) and a fixed 
pressure ratio (R = 20) for three different turbine inlet temperatures (TIT): 900 ℃, 
1200 ℃, and 1400 ℃. Based on the data in the figure, it can be observed that 
increasing the TIT generally results in higher energy and exergy efficiencies for a fixed 
compressor inlet temperature and pressure ratio. For example, comparing the values 
for T1 = 5 ℃ and R = 20, the energy efficiency increases from 27.71% to 36.83% to 
39.62%, as the TIT increases from 900 ℃ to 1200 ℃ to 1400 ℃, respectively. It can 
also be seen that, at a fixed TIT, there is an optimum value for T1 that maximizes the 
energy and exergy efficiencies. This optimal value of T1 decreases as the TIT 
increases. For example, for TIT = 900 ℃ and R = 20, the maximum energy efficiency 
is achieved at T1 = 15 ℃, while for TIT = 1400 ℃ and R = 20, the maximum energy 
efficiency is achieved at T1 = 11.7 ℃. Higher TITs generally lead to higher 
efficiencies, but there are practical limitations to how high the TIT can be due to 
material and technology constraints. Similarly, lower To values can improve 
efficiency, but only up to a certain point, as lower temperatures can reduce the power 
output of the gas turbine. Overall, higher TITs generally lead to higher efficiencies, 
but there are practical limitations to how high the TIT can be due to material and 
technology constraints. Similarly, lower To values can improve efficiency, but only 
up to a certain point, as lower temperatures can reduce the power output of the gas 
turbine. The data in the figure can be used to optimize the design and operation of gas 
turbine cycles by selecting the values of TIT and T [1] that maximize the energy and 
exergy efficiencies. The optimal values depend on the specific application and 
operating conditions. 
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Figure 5. Illustrates how energy and exergy efficiencies vary with turbine ambient 
temperature and ambient temperature. 

3.4. Impact of turbine inlet temperature and compression ratio on 
specific fuel consumption 

The specific fuel consumption (SFC) is a key parameter for assessing the fuel 
efficiency of gas turbine cycles. It represents the amount of fuel consumed per unit of 
power output. The lower the SFC, the more efficient the gas turbine cycle is at 
converting fuel into usable power. The SFC is influenced by several factors, including 
the compressor and turbine efficiencies, the combustion process, the pressure ratio, 
and the turbine inlet temperature (TIT). Generally, higher pressure ratios and TITs 
result in lower SFC values, while lower SFC values can be achieved by improving the 
efficiency of the compressor and turbine or by optimizing the combustion process. In 
Figure 6, the SFC values are shown for gas turbine cycles operating at different 
pressure ratios and TITs with a fixed compressor inlet temperature of 25 ℃. The data 
shows that increasing the TIT generally results in lower SFC values, as more of the 
energy in the fuel is converted into useful work. Similarly, increasing the pressure 
ratio can also improve fuel efficiency, as the higher pressure ratio leads to a higher 
turbine work output for the same amount of fuel input. For example, comparing the 
values for PR = 2, the SFC decreases from 520 g/kWh to 247.7 g/kWh to 214 g/kWh, 
as the TIT increases from 900 ℃ to 1200 ℃ to 1400 ℃, respectively. It can also be 
seen that, at a fixed TIT, there is an optimal value for the pressure ratio that minimizes 
the SFC. This optimal value of PR generally increases as the TIT increases. For 
example, for TIT = 900 ℃, the minimum SFC is achieved at PR = 16.67, while for 
TIT = 1400 ℃, the minimum SFC is achieved at PR = 35. However, it’s important to 
note that increasing the TIT and pressure ratio can also lead to higher operating 
temperatures and pressures, which can increase the risk of component failure and 
reduce the overall reliability of the system. Therefore, a trade-off must be made 
between fuel efficiency and reliability when designing and operating gas turbine 
cycles. In addition to the SFC, other factors such as emissions, cost, and performance 
requirements must also be taken into account when designing and operating gas 
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turbine cycles. For example, reducing emissions may require additional components 
or processes that can increase the cost and complexity of the system. Therefore, the 
design and operation of gas turbine cycles must consider a variety of factors to achieve 
the best overall performance and efficiency. 

 
Figure 6. Specific fuel consumption variation with compression ratio and turbine 
inlet temperature. 

3.5. Impact of compression ratio and ambient temperature on specific 
fuel consumption 

In Figure 7, the SFC values are shown for gas turbine cycles operating at 
different pressure ratios and turbine inlet temperatures (TIT), with varying compressor 
inlet temperatures (To). The data shows that decreasing the compressor inlet 
temperature generally results in lower SFC values, as cooler air is denser and contains 
more oxygen, which can improve combustion efficiency.  For example, comparing the 
values for TIT = 1400 ℃ and PR = 2, the SFC decreases from 474.2 g/kWh to 472.9 
g/kWh to 471.8 g/kWh, as the To decrease from 35 ℃ to 20 ℃ to 5 ℃, respectively.  
Similarly, increasing the pressure ratio can also improve fuel efficiency, as it leads to 
a higher turbine work output for the same amount of fuel input. For example, 
comparing the values for TIT = 1400 ℃ and To = 5 ℃, the SFC decreases from 471.8 
g/kWh to 135.4 g/kWh as the pressure ratio increases from 2 to 35.  The data in the 
table also shows that there is an optimal pressure ratio that minimizes the SFC for a 
given TIT and To. This optimal value of pressure ratio generally increases as the TIT 
and To decrease. For example, for TIT = 1400 ℃ and To = 5 ℃, the minimum SFC is 
achieved at PR = 35, while for TIT = 1400 ℃ and To = 35 ℃, the minimum SFC is 
achieved at PR = 2.  Overall, the data in the table can be used to optimize the design 
and operation of gas turbine cycles by selecting the appropriate TIT, To, and pressure 
ratio to achieve the desired fuel efficiency. 
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Figure 7. Specific fuel consumption variation with compression ratio and ambient 
temperature. 

3.6. Impact of turbine inlet temperature and ambient temperature on 
specific fuel consumption 

In  Figure 8, the SFC values are shown for gas turbine cycles operating at 
different turbine inlet temperatures (TIT), with a fixed pressure ratio (R) of 20 and 
varying compressor inlet temperatures (T1). The data shows that decreasing the 
compressor inlet temperature generally results in lower SFC values, as cooler air is 
denser and contains more oxygen, which can improve combustion efficiency.  
Similarly, increasing the turbine inlet temperature generally results in higher SFC 
values, as more fuel is required to maintain the higher combustion temperatures. For 
example, comparing the values for T1 = 5 ℃, the SFC increases from 190.7 g/kWh to 
233.2 g/kWh, as the TIT increases from 900 ℃ to 1400 ℃, respectively.  Overall, the 
design and operation of gas turbine cycles must consider a variety of factors to achieve 
the best overall performance and efficiency. This can involve trade-offs between 
different factors, such as fuel efficiency, emissions, reliability, and cost, to find the 
optimal balance for a given application. 

Table 4 provides data on the overall efficiency, exergy efficiency, and specific 
fuel consumption (SFC) for different combinations of turbine inlet temperature (TIT), 
compressor inlet temperature (To), and pressure ratio (Rc) for a simple gas turbine 
cycle. The TIT values considered are 900 ℃, 1200 ℃, and 1400 ℃, while the To 
values are 5 ℃, 25 ℃, and 35 ℃, and the Rc values are 8, 20, and 30. For each 
combination, the table reports the energy efficiency, exergy efficiency, and SFC  of the 
simple gas turbine cycle. Based on the data in the table, it can be observed that 
increasing the TIT generally leads to higher efficiency and lower SFC. Also, 
increasing the To or Rc generally results in lower efficiency and higher SFC. For 
example, for TIT = 1400 ℃, To = 20 ℃, and Rc = 8, the energy efficiency is 32.75%, 
the exergy efficiency is 30.9%, and the SFC is 187.9 g/kWh. However, for TIT = 
900 ℃, To = 30 ℃, and Rc = 30, the energy efficiency is only 13.18%, the exergy 
efficiency is 12.44%, and the SFC is 570.3 g/kWh. By analyzing the data in Table 4, 
it is possible to determine the optimal values of TIT, To, and Rc for a given gas turbine 
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application. For example, a designer might choose a higher TIT to increase efficiency, 
but there may be practical limitations on the materials and technology available to 
achieve a high enough TIT. Similarly, a designer might choose a lower To to improve 
efficiency, but this could also reduce the power output of the gas turbine. In summary, 
Table 4 provides important data for understanding the performance of simple gas 
turbine cycles and can be used to optimize the design of gas turbine systems for various 
applications. 

Table 4. Overall efficiency and SFC for different values of TIT, To, and Rc 
associated with the simple gas turbine cycles. 

𝐓𝐈𝐓 (℃) 𝑻° (℃) 𝑹𝒄 Energy efficiency (%) Exergy efficiency (%) SFC (g/kwh) 

900 

5 

8 27.77 26.2 215.5 

20 27.71 26.14 190.7 

30 21.82 20.58 215.6 

25 

8 26.44 24.94 221.7 

20 23.38 22.06 213.8 

30 13.18 12.44 324.7 

35 

8 25.69 24.24 225.6 

20 20.75 19.57 233.2 

30 7.426 7.006 570.3 

1200 

5 

8 31.47 29.69 194.4 

20 36.83 34.74 155.3 

30 36.82 34.74 148 

25 

8 30.75 29.01 196.4 

20 35.04 33.06 159.2 

30 34 32.08 154.5 

35 

8 30.37 28.65 197.6 

20 34.04 32.11 161.7 

30 32.36 30.52 159 

1400 

5 

8 32.75 30.9 187.9 

20 39.62 37.38 147.4 

30 40.9 38.59 138 

25 

8 32.22 30.39 189.1 

20 38.4 36.23 149.5 

30 39.1 36.88 141 

35 

8 31.93 30.12 189.8 

20 37.73 35.59 150.7 

30 38.08 35.92 142.8 
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Figure 8. Illustrates how specific fuel consumption vary with ambient temperature 
and turbine inlet temperature. 

4. Conclusion 

In conclusion, the research demonstrates that turbine inlet temperature and 
compression ratio are important factors influencing the energy efficiency, exergy 
efficiency, and fuel consumption of gas turbine cycles. Higher turbine inlet 
temperatures and compression ratios lead to higher energy and exergy efficiencies but 
also higher fuel consumption. The ambient temperature also affects the performance, 
with cooler ambient temperatures improving efficiency up to a certain point. However, 
real-world gas turbine designs and operations must consider a range of factors and 
trade-offs. Higher turbine inlet temperatures and compression ratios enable gas 
turbines to operate closer to ideal Carnot cycle efficiencies. However, material 
constraints limit how high the inlet temperatures and pressures can go with current 
technology. Ambient temperatures affect the gas turbine cycle performance due to 
their impact on the density and mass flow rate of the inlet air. Cooler air is denser and 
contains more oxygen, enabling improved combustion and higher power output. 
However, ambient temperatures also limit how low the inlet temperatures can feasibly 
go. 

Exergy efficiency represents the practical conversion efficiency that accounts for 
irreversibilities and losses in real systems. The exergy efficiencies were consistently 
lower than the energy efficiencies, indicating significant losses in the gas turbine 
cycles. In practice, gas turbine designers must consider trade-offs between efficiency 
gains, material constraints, durability, environmental factors, and lifecycle costs. 
Achieving the highest theoretical efficiencies may not translate to the optimal real-
world design for a given application.  There are opportunities to improve gas turbine 
efficiencies through innovations, including new materials, combustion enhancements, 
and advanced engine architectures. Higher efficiency usually comes at the cost of 
greater complexity, higher capital costs, material constraints, and reduced durability. 
Gas turbine cycles must therefore optimize a variety of parameters to achieve the best 
balance of efficiency, emissions, cost, and performance for the specific application. 



Thermal Science and Engineering 2024, 7(4), 8016.  

16 

While improving one factor may seem promising from an analysis of theoretical 
performance data, other practical limitations and considerations often come into play 
in real-world gas turbine systems. 

Recommendations for future work 

 A sensitivity analysis evaluates how the results may change under different 
conditions or assumptions. For example, determine how sensitive the efficiencies 
are to small changes in TIT around the optimal value. See how the results vary 
for different types of fuels or for part-load operation. A robust analysis considers 
a range of possible scenarios. 

 Discuss techno-economic implications, including how the capital and operating 
costs of gas turbines are influenced by parameters like TIT, To, and Rc. 
Improving performance through higher temperatures and pressure ratios, for 
example, also tends to increase costs. The costs associated with emissions control 
systems can also be significant. Discuss the costs and benefits of different 
optimization strategies. 

 Consider alternative optimization objectives, such as minimizing emissions (e.g., 
NOx) rather than maximizing efficiency. Determine how parameters like TIT, 
To, and Rc would differ to optimize for minimal NOx emissions and evaluate the 
trade-offs with efficiency. Multi-objective optimization is important for 
sustainability. 

 Discuss opportunities for future research on next-generation gas turbines, 
including technologies like intercooling, recuperators, and direct firing. 
Speculate on new approaches that could significantly improve gas turbine 
performance beyond incremental changes to TIT, To, and Rc alone. This helps to 
paint a picture of the future for continued progress. 
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Nomenclature 

Symbols Subscripts Abbreviation 

Cp Specific heat (KJ/kg) a Air AF Air to fuel ratio 

h Specific enthalpy (J/kg) c Compressor CIT Compressor inlet temperature 

m Mass flow rate (kg/s) cc Combustion chamber LHV Fuel heating value (kJ/kg) 

P Pressure (kPa) GT Gas turbine NG Natural gas 

q Heat supplied (W) net Net SGT Simple gas turbine 

Rc Pressure ratio  o Outlet SFC Specific fuel consumption (g/kwh) 

s Specific entropy (J/kg K) p Pump TIT Turbine inlet temperature (k) 
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T Temperature (K)   Greek symbols 

W Work (W)   η Thermal efficiency 

    γ Ratio of specific heat 
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