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Abstract. This paper focuses on using gas turbines in various industries, particularly aviation, 

due to their unique power-to-weight ratio. It provides a detailed description of how gas turbines 

operate based on the thermodynamic Brayton cycle, which includes compressors, combustors, 

and power turbines. Additionally, the paper analyses both ideal and realistic cycles of gas 

turbines. Despite numerous advantages, gas turbines have limitations, such as high fuel 

consumption. However, technological advancements have led to the development of more 

efficient and quieter gas turbines. The paper explains the classification of jet engines, including 

turbojets, turboprops, and turbofans, each with specific applications. Moreover, the paper 

discusses the efforts to reduce the use of fossil fuels in aviation due to the increasing awareness 

of the impact of climate change. Scientists and engineers are exploring substitute fuels and 

materials and developing gas turbine systems that maximize work generated with minimal 

combustion; thus, this paper also highlights the importance of developing more efficient and 

environmentally friendly gas turbines to reduce the industry's carbon footprint while maintaining 

their productivity. 
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1.  Introduction 

A gas turbine is an internal combustion engine that operates with rotation motion rather than 

reciprocating motion, which, alternatively, can be illustrated as a thermodynamic device that uses air 

and gas as the working medium. It is essentially composed of three major components, including 

compressors, combustors, and power turbines. After decades of development, gas turbines have been 

widely used in different fields, especially in the aviation industry. In this case, jet engines are the most 

often used engines, a type of gas turbine optimized to produce thrust and mechanical output from the 

exhaust gases. Due to gas turbines’ unique power-to-weight ratio, an engine with relatively low mass 

can produce significant useful work, making it perfectly fitted for aircraft propulsion and applied to 

different aircraft devices such as military planes, airplanes, rockets, and helicopters. Recent years have 

witnessed the severe impact of climate change, leading to an increased awareness of limiting the number 

of fossil fuels used in industry as combustion will directly contribute to global warming. 

Nevertheless, it is inevitable to stop relying on the usage of gas turbines in terms of their availability. 

Therefore, engineers and scientists shift their focus onto finding better substitute fuels and materials and 

developing the system to maximize the amount of work generated with the least amount of combustion. 

In other words, means increasing thermal efficiency is the primary interest of development in the future.  
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2.  The thermodynamic principle of gas turbine 

2.1.  Inner structure and working mechanism of gas turbine  

This section covers the working process and the main components separately as modules, including the 

compressor, combustor, and power turbine as shown in Figure 1. This gives a general idea about the 

physical working mechanism of each of the main components within the gas turbine. 

 

 Figure 1. Exploded view of an animated gas turbine [1]. 

2.1.1.  Compressor. Compressor is a device used to increase the pressure of a gas by reducing its volume. 

It is classified into two types, positive displacement compressor and dynamic compressor. The dynamic 

compressor includes axial flow and centrifugal compressor, most commonly used in gas turbine 

construction. The gas turbine pulls air into the engine, pressurizes it, and delivers it to the combustion 

chamber at high speeds. This process allows for the efficient operation of the engine. The speed at which 

the air is delivered can exceed several hundred miles per hour, ensuring that the combustion process is 

successful and powerful. 

2.1.2.  Combustor. The combustor, also known as a combustion chamber or burner, is made up of a ring 

of fuel injectors that supply a continuous fuel flow into the combustion chambers. The fuel mixes with 

the air and is burned at temperatures about 1800~2000 ℃ [2]. This high-temperature, high-pressure 

process generates a gas stream that enters the turbine section. The turbine is a complex system of rotating 

and stationary blades that combine to convert the gas stream's energy into mechanical output. 

2.1.3.  Turbine. The turbine consists of a complex arrangement of aerofoil-section blades that alternate 

between stationary and rotating. As the hot combustion gas expands through the turbine, it causes the 

rotating blades to spin. These rotating blades perform two functions where they drive the compressor to 

draw in more pressurized air into the combustion section and turn a generator that produces mechanical 

work.   

2.1.4.  Overall working mechanism. The air enters the axial compressor and is compressed to a specific 

pressure before being sent to the combustion chamber. At the same time, the fuel pump injects fuel into 

the combustion chamber, where it mixes with the compressed air, producing gas with temperatures 

reaching up to 1800~2300 K. Before entering the gas turbine, secondary cooling air, which makes up 

about 60%~80% of the total air volume, mixes with the high-temperature gas to lower the mixture's 

temperature to an appropriate level. In the gas turbine, the gas mixture expands in the nozzle, partially 

transforming heat energy into kinetic energy, forming a high-speed airflow. The airflow then enters the 

channel comprising dynamic blades fixed on the rotor, forming a thrust to push the blades and make the 

rotor rotate, outputting mechanical work. 

2.2.  Cycle analysis  

In this section, some analysis of the cycle taking place in the gas turbine will be included to reinforce 

the thermodynamic fundamentals from both ideal and realistic aspects.  
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2.2.1.  Ideal cycles. The functioning of a gas turbine is based on a process called the Brayton cycle, 

which can serve as a model for all similar units. In the case of a jet engine, the cycle operates in an open 

manner, meaning that the compressor takes in new gas while the combustion products are released from 

the turbine into the environment and not recirculated. 

  

 Figure 2. P-v diagram of air standard ideal 

Brayton cycle [3]. 

      Figure 3. T-s diagram of air standard ideal 

Brayton cycle [3]. 

According to P-v and T-s graphs shown in Figures 2 and 3, the air is firstly compressed from 1 to 2 

in a compressor, and heat is then added during the process 2 to 3, which takes in the combustion chamber. 

Process 3 to 4 represents the expansion of gas in the turbine. Line 34 is longer than line 21 on the T-s 

diagram. The turbine extracts more power than that needed to drive the compressor. Compression (1-2) 

and expansion (3-4) are isentropic processes in this ideal Brayton cycle. This means they simultaneously 

require both adiabatic and reversible processes, where the heat exchange is zero. Besides, heat addition 

(2-3) and heat rejection (4-1) are isobaric processes where the pressure is constant. 

2.2.2.  Realistic cycles. However, there is a difference between the ideal and actual performance of the 

gas turbine shown in the diagram due to the deviations from the ideal Brayton cycle. For instance, the 

ideal cycle ignores the effect of shock, friction, and aerodynamic losses. Since the performance of the 

cycle is affected by many variables, the actual cycle has a different P-v diagram with lower efficiency 

compared with the ideal one. 

 

 Figure 4. T-s diagram of actual air-standard gas turbine [3]. 

Due to the aforementioned factors, the entropy experienced by the working fluid will significantly 

increase across these components, leading to the right shift from 2 to 2s and 4 to 4s in the T-s graph 

illustrated in Figure 4. This causes the work generated by the turbine decreases and work input into the 

compressor increases, which causes lower net work done and lower efficiency, which can be calculated 

by the formula below. 

 𝜂𝑡 =
(�̇�𝑡/�̇�)

(�̇�𝑡/�̇�)𝑠
=

ℎ3−ℎ4

ℎ3−ℎ4𝑠
 (1) 

 𝜂𝑐 =
(�̇�𝑐/�̇�)𝑠
(�̇�𝑐/�̇�)

=
ℎ2𝑠−ℎ1

ℎ2−ℎ1
 (2) 
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3.  Classification and current applications of gas turbines in the aviation industry 

3.1.  The turbojet 

Turbojet engines are the oldest and simplest type of gas turbine engines. They work by compressing air 

and mixing it with fuel, igniting it to produce high-velocity exhaust gases that generate thrust. They are 

relatively simple in design, consisting of a compressor, combustion chamber, and turbine, but have high 

fuel consumption and noise levels. They are suitable for high-speed military aircraft but are less suitable 

for commercial aviation due to their limitations in fuel efficiency and noise pollution. 

The General Electric J85-GE-5 is a simple and reliable engine designed for military aircraft. It has a 

high thrust-to-weight ratio [4], making it suitable for high-speed aircraft like the Northrop T-38 Talon. 

However, this engine has several disadvantages, including high fuel consumption and noise levels, 

which makes it less suitable for commercial aviation. The limited range of the engine is also a drawback 

due to its high fuel consumption. While it is a powerful engine, its efficiency is limited compared to 

more modern engines. 

3.2.  The turbofan 

Turbofan engines work by compressing air with a fan, mixed with fuel and burned in a combustion 

chamber to produce exhaust gases that generate thrust. Compared to turbojet engines, turbofan engines 

have a larger fan that provides additional thrust by bypassing some of the air around the combustion 

chamber. This feature improves fuel efficiency and reduces noise levels, making turbofan engines the 

most widely used type of engine in commercial aviation. Turbofan engines are more complex in design 

compared to turbojet engines, consisting of a fan, compressor, combustion chamber, turbine, and bypass 

duct. They are highly efficient and reliable and can achieve high speeds while maintaining fuel 

efficiency. 

The CFM56-5B is a highly efficient and reliable engine widely used in commercial aviation. Its large 

fan provides additional thrust by bypassing some of the air around the combustion chamber, improving 

fuel efficiency and reducing noise levels. The engine is more complex in design compared to turbojet 

engines, consisting of a fan, compressor, combustion chamber, turbine, and bypass duct [5]. It can 

achieve high speeds while maintaining fuel efficiency, making it an ideal choice for commercial aircraft 

like the Airbus A320. However, one of the disadvantages of the CFM56-5B is that it is relatively heavy 

compared to other engines, which can reduce the aircraft's payload capacity. 

3.3.  The turboshaft 

Turboshaft engines use a turbine to drive a shaft, which is then used to power a helicopter rotor or other 

equipment. They are similar in design to turbofan engines but have a lower pressure ratio and a different 

turbine configuration. They are less efficient than other engine types but are highly reliable and have a 

high power-to-weight ratio. They are suitable for helicopter operations and other specialized 

applications. 

The General Electric T700-GE-701C is a turboshaft engine commonly used in helicopters like the 

Sikorsky UH-60 Black Hawk. It has a simple, reliable design, long service life, and low maintenance 

requirements. It is also known for its high-power output, making it ideal for use in heavy helicopters [6]. 

However, one of the disadvantages of the engine is that it is relatively heavy, which can reduce the 

overall payload capacity of the aircraft. It also has limited speed and range compared to other types of 

aircraft engines. 

3.4.  The turboprop 

Turboprop engines use a turbine to drive a propeller, which generates thrust by accelerating air backward. 

They are highly efficient and reliable but have a limited speed range compared to other engine types. 

They are suitable for regional and commuter aircraft operations and are capable of operating from short 

runways. They are quieter and produce less vibration than piston engines, which makes them ideal for 

accessing remote areas. 
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The Pratt & Whitney Canada PT6A-42 is a highly efficient and reliable turboprop engine commonly 

used in regional aircraft like the Pilatus PC-12. It is known for its low fuel consumption, making it ideal 

for short- to medium-range flights [7]. The engine is also relatively light in weight and has a high power-

to-weight ratio, making it suitable for use in smaller aircraft. However, one of the disadvantages of the 

engine is that it has limited speed and altitude capabilities compared to other types of engines, which 

can limit its use in certain types of aircraft. 

4.  Future development and expectations 

4.1.  Methods to improve thermal efficiency 

4.1.1.  Regeneration. When it comes to open-loop gas turbine systems, the exhaust gases leaving the 

turbine always have a higher temperature than the inlet gases and the surrounding environment. This 

means that heat is constantly being rejected from the system to the environment. The more significant 

the temperature difference, the less heat is utilized in useful work, resulting in lower efficiency. To this 

end, a regeneration system is often added to recover rejected heat by heating gases before the combustion 

stage as shown in Figure 5. By placing the exhaust gas close enough to the inlet gas in a regenerator, 

heat will naturally transfer to the latter. As a result, Tx will be greater than T2, meaning less fuel is 

required during the combustion stage for gas expansion. Consequently, lower fuel demand leads to lower 

heat input and increased thermal efficiency. Calculations have demonstrated that implementing a 

regeneration system can result in an overall efficiency increase of more than 10% [8]. 

 

 Figure 5. Regenerative gas turbine [3]. 

4.1.2.  Inter-cooling. The inter-cooling process involves using a second compressor in a multi-stage 

compression process where the gas is cooled before entering the second compressor as demonstrated in 

Figure 6. Cooling the gas makes it denser, resulting in lower demand for compressor work and increased 

work output from the turbine [9]. The inter-cooling compression process requires less work than the 

normal compression process, as shown by the relatively smaller area under the inter-cooling path on the 

P-v diagram in Figure 7. However, similar to the reheating process, the intercooling process may reduce 

efficiency due to the extra heat rejected by the environment at the intercooler. Hence, the inter-cooling 

process is often combined with a regenerator to improve efficiency. 
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 Figure 6. Two-stage compression with 

intercooling [3]. 

 Figure 7. P-v diagram of two-stage 

compression with intercooling [3]. 

4.1.3.  Reheating. Another approach to increase work output is using a reheat process, where an 

additional turbine is added to the system as shown in Figure 9. In this method, exhaust gas from the first 

turbine is reheated to power the second turbine, producing more work. However, while the reheating 

process does increase work output, it does not necessarily improve efficiency [10]. This is because 

additional heat input occurs at the reheat combustor, as seen in Figure 8, where T4 is higher than T4'. As 

a result, the temperature difference between state 4 and state 1 increases, reducing thermal efficiency. 

  

Figure 8. T-S diagram of the gas turbine 

with reheat [3]. 

Figure 9. Gas turbine with reheat [3]. 

Despite the potential decrease in efficiency, the high exhaust temperature in a reheat process offers 

an opportunity to implement a regenerator, as the large temperature difference enables efficient heat 

transfer from the exhaust gas to the inlet gas. Therefore, a regenerator is often combined with reheating 

to increase efficiency further. In Figure 8, it can be observed that the expansion stage is divided into two 

parts, where instead of expanding directly from state 3 to 4', it first expands halfway to state a, then heats 

up to state b, and finally expands to state 4. With a regenerator in place, the higher temperature of the 

exhaust gas can be used to preheat the inlet gas, resulting in less fuel consumption during combustion 

and, ultimately, higher efficiency.  

4.2.  Future development of gas turbine 

Currently, ongoing research and development are focused on improving their efficiency and reducing 

their environmental impact. New technologies like additive manufacturing and digitalization have 

enabled manufacturers to produce more advanced and efficient gas turbines. Additionally, the aviation 

industry is exploring new technologies, such as hybrid electric propulsion, that could further reduce 

emissions and fuel consumption. 

5.  Conclusions 

Gas turbines have revolutionized the aviation industry by providing reliable and efficient power to 

aircraft. The high power-to-weight ratio and ability to operate at high altitudes and extreme weather 

conditions make gas turbines ideal for aircraft engines. They offer a significant advantage over 
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traditional piston engines as they can convert more of the energy in their fuel into useful work. This 

increased efficiency reduces fuel consumption and emissions, making them more environmentally 

friendly. Additionally, gas turbines can operate at higher speeds and altitudes, making air travel faster, 

safer, and more efficient.  

However, gas turbines have several limitations. The most significant concern is their contribution to 

air pollution and global warming. Although modern gas turbine engines emit fewer pollutants than their 

predecessors, they still release significant amounts of greenhouse gases contributing to climate change. 

As a result, the aviation industry has been actively seeking ways to reduce its carbon footprints, such as 

exploring alternative fuels like biofuels and electric propulsion. Another limitation is their cost, both in 

terms of manufacturing and maintenance. Gas turbines are expensive to manufacture, and their complex 

design requires specialized skills and knowledge to operate and repair. This complexity makes 

maintenance more challenging, increasing the risk of failures and downtime.  

In conclusion, gas turbines are a vital technology for the aviation industry, providing reliable and 

efficient power to aircraft. Despite their limitations, they have revolutionized air travel, enabling faster, 

safer, and more efficient flights. While the industry continues to face challenges regarding its cost and 

environmental impact, ongoing research and development are focused on addressing these issues. Gas 

turbines will remain a critical component in aviation, and as the industry moves towards more 

sustainable practices, they will continue to evolve to meet the needs of the modern world.  
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