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Gas turbine aircraft engines are the most commonly used engine type in today's aircrafts. 

Turbojet engine, which is one of the gas turbine engine type, is used especially in warplanes and 

some passenger planes with its high power generation and speed. In this study, the 

thermodynamic analysis of a small-scale jet engine that generates thrust with reaction from gas 

turbine engine is carried out with the data obtained under real operating conditions. With the 

analysis, exergy destructions, exergy efficiency, exergy improvement potential and relative 

exergy destroying rate of small-scale jet engine parts were calculated. According to the results 

obtained, it was seen that the greatest exergy destruction was in the combustion chamber, so at 

first, the exergy improvement should be done in the combustion chamber. 
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1. Introduction 

Aircrafts are the most important civil transportation vehicles 

of today, and they are also the military power element of 

countries. Aircraft with a wide variety of structures are 

equipped with power sources that create their own propulsion 

in line with their intended use. Some of these engines are 

ramjet, scramjet, turboramjet, turbojet, turboprop, turbofan 

and turboshaft. There are engine types specific to the flight 

conditions of the aircraft in which they are used. Turbojet 

engines, which will be especially emphasized in the study, 

are the type of aircraft engine that allows sudden altitude 

changes that can provide thrust for high speed flight 

conditions (such as Mach 4.0). These engines have been and 

continue to be used in intercontinental passenger aircraft such 

as the Concorde in civil aviation and fighter aircraft such as 

the F-16 in military aviation. 

The first law of thermodynamics is on the conservation of 

energy. That is, it deals with the transformations of energy. 

The energy efficiency of the system can be determined in an 

analysis to be made by applying the first law of 

thermodynamics. The second law of thermodynamics 

enables the analysis of the quality of energy. This reveals the 

irreversibilities and the potential for improvement in the 

system [1]. 

Exergy is defined as the useful part of energy, that is, the 

highest theoretical work that can be taken from the system 

[2]. Performing a thermodynamic analysis based on exergy 

analysis can reveal which parts of the system have the 

greatest energy losses. This shows the potential for 

improvement in those parts. 

Although thermodynamic analyzes have been made 

according to design information for various engine types in 

the literature [3-8], a thermodynamic analysis has been made 

that based on real experimental measurements of the Jetcat 

P-160 Rxi-B model aircraft jet engine, which has a simpler 

structure in order to be more realistic. Thus, the 

thermodynamic efficiency of this simpler and more 

inefficient model aircraft engines is emphasized. 

2. Thermodynamically Analyzed System 

One of the forces affecting an airplane is the propulsion force, 

and this thrust can be provided by a wide variety of engine 

structures. Gas turbine engine structures are generally used 

in aircraft used in today's conditions. The type of engine to 

be thermodynamically analyzed is a small-scale turbojet 

aircraft engine operating according to the gas turbine theory. 

Turbojet engines operate according to the Brayton cycle, 

which forms the basis of the gas turbine engine.  
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In a turbojet engine operating according to the Brayton cycle, 

there are air intake housing, compressor, combustion 

chamber, turbine and nozzle that form the thrust with the 

exhaust gases are been constitute the engine parts. According 

to this cycle, the air is first taken to the compressor with the 

help of the air intake, where the temperature rises together 

with the pressure. Then, the compressed air is sent to the 

combustion chamber, fuel is sprayed and combustion is 

realized and the energy of the fluid is increased. The high 

temperature work gases coming out of the combustion 

chamber turn the turbine and the shaft work required for the 

compressor is obtained. The high-energy work gases from 

the turbine are thrown from the exhaust nozzle at high speed 

and jet propulsion is provided. Technical characteristics of 

the mini jet engine used in the calculations are given in Table 

1. During the experiments with this engine, the temperature 

and pressure values of the parts allocated to the stations were 

measured. 

Table 1. Technical characteristics of the jet engine that used 

in calculations 

Jet Engine Specifications 

Design Max Thrust: 160 N @123,000 rpm 

Compression ratio: 3.1 / 1  

Specific fuel consumption: 520 ml/ min @max rpm 

Compressor type: Single stage radial 

Turbine type: Single stage axial 

Engine Weight: 1530g 

Diameter: 112mm 

Length: 285mm 

RPM Range: 33,000 (idle) - 123,000 (max) 

3. Mathematical Formulation 

The energy analysis of a system to be thermodynamically 

analyzed is based on the principle of conservation of energy. 

The turbojet engine, which is a gas turbine engine, is also an 

example of a continuous flow open system and its analysis is 

done according to this principle. For this reason, the mass and 

energy balance in and out should be written first [9]. 

outin
mm         (1) 

outin
EE         (2) 

As can be seen from these equations, the mass and energies 

entering and leaving the system are equal to each other and 

there is no mass and energy absorbed in the system. 

Components that make up exergy are kinetic, potential, 

physical and chemical exergy [10]. If the kinetic and 

potential energy changes of the work fluid are neglected in 

the turbojet engine structure, the exergy components appear 

physically and chemically. Physical exergy expression can be 

written as below [11]. 
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In a system operating according to the Brayton cycle, the 

work fluid is air and gases that are the end products of 

combustion. According to the ideal gas acceptance, physical 

exergy can be written as follows [11]. 
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In the equation given above, specific heat values for the work 

fluid air and exhaust gases can be calculated as follows [12]. 
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They are kerosene-based fuels containing C, H, O, S 

components in jet fuels. For a fuel with the general formula 

CxHyOzSw and its chemical exergies for the end-of-

combustion gases, if the calorific value of the fuel is 

expressed as Hund, it can be calculated as follows respectively 

[13]. 
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In Equation 8, xi denotes the molar ratio of the combustion 

gas component, and Mexh the molar weight. According to the 

Fuel-Product rule defined in the literature; the quantities 

desired to be obtained from a thermodynamic system are 

defined as the product, and the quantities given to the system 

for this purpose are defined as fuel. In this direction, exergy 

destruction in the system can be expressed as follows [13]. 

lostproductfueldestroy xExExExE  
  (9) 

According to this equation, exergy destruction occurring in a 

system is obtained by subtracting the exergy products of the 

products entering the system and the lost exergy in the 

system. In this equation, all data entering the system are 

expressed as fuel. In addition, all of the heat, work and fluids 

that pass through the system boundaries are also called 

products. Exergy losses also indicate exergy destructions that 

cannot be prevented, no matter what adjustments are made in 

the system. The energy and exergy efficiency of an engine 

operating according to the thermodynamic cycle is the ratio 

of the energy and exergy value of the products defined for the 

system to the energy and exergy value of the fuel used [13]. 
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If we know how much irreversibilities are reduced in a 

system, we can get the higher efficiency of the system. This 

is also valid for the turbojet engine we analyzed. 

Accordingly, the exergy improvement potential of the 

turbojet engine can be expressed in the following equation 

given by Van Gool [14]. 

  destroyexex xEPI   1              (12) 

In the system to be analyzed, the relative exergy destruction 

rate is obtained by proportioning the exergy destruction 

occurring in any motor part of the entire motor system [15]. 

This shows us in which part of the system of the exergy 

destruction is high.     

destroyidestroyi xExEx  /,              (13) 

4. Thermodynamic Analysis 

Before the thermodynamic analysis of the Mini Jet engine, 

the engine was divided into stations and the entry and exit 

points of each station were numbered. Accordingly, the inlet 

of the air from the air intake is numbered as 0 and the 

compressor inlet and outlet is 1 and 2, the combustion 

chamber inlet and outlet is 2 and 3, and the turbine inlet and 

outlet are numbered as 3 and 4. In addition, 2.1 number has 

been given for fuel intake. Thus, the compressor air from 

station 2 and fuel from station 2.1 entered the combustion 

chamber. The schematic representation based on this regional 

separation is given in Figure 1 and the view of the 

experimental set is given in Figure 2. 

 
Fig. 1. Schematic diagram of the numbered zones 

The temperature and pressure values of each numbered 

stations of the engine, which thermodynamic analysis was 

made, were obtained in the experimental study with Jet-A 

fuel and are presented in Table 2. 

 
Fig. 2. The view of the small-scale turbojet engine experimental setup 

Table 2. Thermodynamic cycle values of the gas turbine jet 

engine 

Numbered 

station 
Fluid Type P (kPa) T (K) 

Mass flow 

(kg/s) 

0 Air 99.411 293.150 0.32500 

1 Air 99.411 298.150 0.32500 

2 Air 300.178 328.441 0.32500 
2.1 Fuel 99.411 298.150 0.00625 

3 Comb. gas 291.478 973.42 0.33125 

4 Comb. gas 157.145 845.450 0.33125 

With these given data, various assumptions must be made in 

order to perform thermodynamic analysis. These 

assumptions are as follows. 

 The system is a continuous flow and open system. 

 Air and burnt gases, which are work fluids, are 

considered as ideal gases. 

 It is assumed that the fuel burns completely in the 

combustion chamber. 

 Compressor and turbine adiabatic efficiencies can be 

accepted as 100%. 

 Kinetic and potential energy and exergy changes can be 

neglected.  

In addition, the environment in which the engine is operated 

has been evaluated as a dead environment in the exergy 

analysis. As a result of this assumptions and experimental 

measurement data, the results obtained by performing the 

exergy analysis of the Jetcat P160 Rx-i jet engine are 

presented in Table 3. 

Table 3. Thermodynamic analysis results of the Jetcat P160 

Rx-i turbojet engine 

Part of the 

Jet Engine idestroyxE ,
  

(kW) 

Ex  

(%) 

exPI   

(kW) 

ix  

Compressor 2.821 88.145 0.334 0.019 

Comb. chamber 141.082 74.568 35.879 0.961 

Turbine 2.754 92.011 0.220 0.018 

When the table is examined, it is seen that the highest exergy 

destruction is in the combustion chamber. This is followed 

by the compressor and the turbine, respectively. Another data 

explaining this situation is the combustion chamber with the 
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lowest exergy efficiency and the exergy efficiency here is 

74.568%. In the combustion chamber where irreversibility is 

highest, the exergy efficiency is also the lowest. In this case, 

the combustion chamber with 35.879 kW is the highest 

potential of curability. In this case, improvements must start 

from the combustion chamber. This is followed by the 

compressor with 0.334 kW and the turbine with 0.220 kW, 

respectively. Figure 3 shows the ratio of the exergy 

destruction of each part of the jet engine to the total exergy 

destruction. As can be seen from here, the greatest exergy 

destruction belongs to the combustion chamber with 

96.185%. 

 
Fig. 3. Relative exergy destroy rate of the engine parts 

5. Conclusion 

In this study, thermodynamic analysis of a mini jet engine 

under real operating conditions has been made. As a result of 

this study, the following data were obtained; 

 In the past, thermodynamic analysis made under 

various assumptions for engines in the literature. But 

this study thermodynamic analysis was applied on a real 

jet engine and thus the results were obtained more 

realistic. 

 According to the results, it was seen that the exergy 

improvement should be done in the combustion 

chamber first, since the greatest exergy destruction is in 

the combustion chamber. 

 The data obtained showed that the combustion chamber 

design should be emphasized first in the different 

versions of the engine considered. 

 The magnitude of exergy destruction was followed by 

the compressor and the turbine, respectively. 

Improvements should also be made in the compressor 

and turbine after the combustion chamber. 
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