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Abstract 
 This paper describes a versatile, user-friendly, and easy to understand software suite that 
has been developed for analysis and design of a simple turbojet engine. The software has been 
class room tested for several semesters and it was very well received by the students.  
 
Introduction 
 The school of Mechanical and Aerospace Engineering at Oklahoma State University 
offers MAE 4243, “Gas Power Systems”, as a required course for the Aerospace Engineering 
degree and an elective course for the Mechanical Engineering degree.  Student use of software to 
analyze and design gas turbine systems has been an important part of this course since 1988.  
Use of software has been particularly important in the “design project” phase of the course.  The 
software in use for many years was developed in the DOS environment and lacked many of the 
ease-of-use features now commonly available in MS Windows style programs.  In addition, the 
source code for the program was not available to allow faculty and students to correct perceived 
weaknesses in the program.  The primary goal of this project was to develop MS Windows based 
software: Simple Aircraft Gas Turbine Design, that is easy to use, maintain and update, and can 
be distributed freely. 
 
 This software development project contributed in a synergistic way to three different 
educational missions.  It provided a high quality MS level creative component project for the MS 
student who developed the software.  The software is now being used by undergraduates in MAE 
4243.  The software was written in a modular and expandable way so that it can and has been 
used for additional research work by MS students. 
 
 This paper will describe the components of a Simple Aircraft Gas Turbine, define the 
thermodynamic cycle implemented in the model, define the key engine performance measures 
calculated by the model, and describe the calculation of the thermodynamic properties of air for 
varying altitudes.  The capabilities and current limitations of the software will be described.  
Instructor and student assessments of the contribution of this software to the learning process 
will be given. 
 
Components of a Simple Aircraft Gas Turbine 
 A simple aircraft gas turbine is nothing but an engine used to convert fuel energy to a 
more useful form of high speed thrust for a jet aircraft.  A typical gas turbine consists of a 
diffuser, compressor, combustion chamber, turbine and nozzle, as shown schematically in Figure 
11.   
 Diffuser: For a turbojet aircraft engine, the airflow entering the compressor must have a 
low Mach number, in the range of 0.4 to 0.7, to prevent air separation on the compressor blades. 
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The purpose of the diffuser is therefore to reduce the high-speed airflow to lower speeds and also 
act as a pressure recovery device.  
 
 Compressor: The basic purpose of a compressor is to increase the pressure of the gas 
entering it. The high-pressure air coming out of the compressor is one of the important factors in 
the generation of thrust by the engine. Compressor pressure ratio (CPR) along with adiabatic 
efficiency and work are the important performance factors of the compressor. 
 
 Combustor: The high-pressure air from the compressor is fed into the combustor where 
it is mixed with fuel and ignited. The main purpose of the combustor is to raise the temperature 
and the enthalpy of the working fluid. 
 
 Turbine: A turbine is a device, which converts the enthalpy and kinetic energy of a 
moving fluid into some form of mechanical work. The gas turbine is used to convert the enthalpy 
of working fluid to shaft work, which can then be used to run the compressor and other 
auxiliaries. 
 
 Nozzle: The nozzle is the component, which produces thrust in a turbojet engine. The 
high pressure air exiting the turbine is accelerated to high velocity before exiting the nozzle.  The 
nozzle exit static pressure (p5) is the same as the inlet static pressure (p0). 
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Figure 1.  Schematic diagram for non-afterburning turbojet engine.1 

 
 A turbojet is one of the several types of gas turbines used to propel an aircraft. The others 
used are turbofan and turboprop. The turbofan engine contains all the elements of the turbojet 
mentioned, but in addition there is a large fan at the front, which increases airflow rate requiring 
more power from turbine, reducing exit velocity and increasing propulsion efficiency. The third 
type is a turboprop engine, in which propulsion is accomplished through combined action of a 
propeller at the front of the engine and thrust produced by exhaust gases from gas turbine. This 
project deals with the design of ‘air standard’ ‘non-afterburning’ turbojet engine. 
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 The term ‘air standard’ assumes that air is the only working fluid throughout the cycle 
and a heat addition process replaces the actual combustion chamber. However, the effects of fuel 
addition in the combustion chamber on the turbine and nozzle property calculations were 
considered, and also on the performance characteristics of the gas turbine. 
 
 An afterburner is an extension of the engine, used to reheat gases leaving the turbine so 
that the momentum of the gases leaving the engine exit can be increased. The gas turbine design 
under consideration does not include the afterburner hence it is specified as a ‘non-afterburning’ 
turbojet engine. 
 
 Several assumptions we made so as to simplify the analysis of the gas turbine:  
 
1) The properties, at the inlet and outlet states of the compressor, combustion chamber and 

turbine, used to define various component efficiencies and pressure drop are ‘stagnation’ 
(total) properties.  

2) A pressure drop is assumed in the combustion chamber. 
3) The actual work of the turbine is not the same as that of the compressor since mass of the 

working fluid changes after addition of fuel in the combustion chamber. 
4) The final exit pressure of the nozzle is the same as the inlet pressure of the diffuser. Both of 

these are static pressures since they are theoretically ‘outside’ of the engine. 
5) Air properties are calculated using both variable and constant specific heat assumptions 
 
 Variable specific heat assumption is one where the specific heat of the air is calculated at 
each state depending on its temperature at that state. Constant specific heat assumption simplifies 
the calculations however the calculated results could be considerably different than results based 
on variable specific heat. 
 
 Figure 2 illustrates the individual processes in a turbojet cycle on a T-s diagram.  The 
states 0-5 on the diagram correspond to the states shown in Figure 1.  The states on the diagram 
labeled with the letter ‘a’ are actual states, and the states labeled with the letter ‘i’ are ideal 
states. The subscript ‘t’ refers to the stagnation or total state. 
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Figure 2. Temperature entropy (T-s) diagram for a non-afterburning turbojet engine with nozzle 

expansion back to ambient pressure.1
 
 
Computation of Thermodynamic Properties of Air 
 A ‘Simple Aircraft Gas Turbine’ was modeled as a sequence of thermodynamic processes 
describing the stages of the gas turbine.  The analysis of individual components for a ‘Simple 
Aircraft Gas Turbine’ required calculation of thermodynamic properties of air at each of the 
stages of the gas turbine. It was thus essential for the design of the gas turbine that the gas 
properties computed at each stage be accurate.  The thermodynamic properties of air cannot be 
computed directly from a given set of equations, as air comprises of a mixture of nitrogen, 
oxygen and argon. It was thus necessary to calculate the properties of each of these individual 
gases before calculating the properties of air.  The properties needed for thermodynamic analysis 
of the gas turbine were: 
 

a) Specific Heat 
b) Enthalpy 
c) Internal Energy 
d) Absolute Entropy 
e) Relative Pressure 
f) Relative Volume 

 
 The properties were calculated using procedures detailed in References 2-5, using up to 
7th order polynomial approximation with empirical coefficients.  The maximum percentage error 
for all values was found to be less than 0.48%. 
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Computation of Atmospheric Temperature and Pressure Varying with Altitude 
 Because a gas turbine must operate through a wide range of altitudes, and the properties 
of air vary substantially with altitude, it was necessary to quantify the variation of air 
temperature and pressure with altitude.  The earth’s atmosphere has been divided into seven 
distinct levels for sake of convenience. The values of temperature and pressure at these different 
geopotential altitudes ranging from 0 km to 84.852 km can be calculated from the equations for 
temperature and pressure from Reference 6.  
 
Performance Characteristics of a Gas Turbine Engine 
  After a complete thermodynamic analysis to determine all of the “state” values for the 
engine has been performed, several key measures of the performance of the engine may be 
computed. 
 
  Thrust (τ): Thrust is a mechanical force, which is generated by the reaction of 
accelerating a mass of gas. The aircraft gas turbine does work on the gas (air) as result of which 
the gas (air) is accelerated to the rear, the aircraft then is accelerated in the opposite direction. 
This acceleration produces a force on the aircraft, which helps it in overcoming the drag forces 
(air resistance) on the aircraft and move forward. 
 
 Specific Thrust (I): The specific thrust is defined as the thrust produced when a unit 
mass of air per unit time enters the gas turbine.  
 
 Thrust Specific Fuel Consumption (TSFC): The thrust specific fuel consumption is 
defined as the mass of the fuel added per unit of time divided by the thrust produced by the gas 
turbine engine. 
 
 Propulsion Efficiency (ηp): Propulsion efficiency of a gas turbine engine is defined as 
ratio of the thrust power to the jet power. Thrust power is defined as the product of the thrust and 
the inlet velocity of air or flight velocity. Jet power is the change in kinetic energy of gases while 
passing through the gas turbine engine.  
 
 Thermal Efficiency (ηth): The thermal efficiency of a gas turbine engine is defined as 
the ratio of the change in kinetic energy of the gases passing through the gas turbine engine to 
the rate at which energy is added to the gas turbine engine.  
 
 Overall Efficiency (ηo): The overall efficiency of the gas turbine engine is defined as the 
product of the thermal efficiency and the propulsion efficiency. 
 
 Aircraft Range (S): The total distance the aircraft can travel with a given mass of fuel. 
 
Simple Aircraft Gas Turbine Design – Software Suite 
 Based on the modeling and analysis techniques described earlier, three different software 
tools have been produced and are described below.  The programs are: Altitude, Gas 
Thermodynamic Properties and Simple Aircraft Gas Turbine Design. 
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Altitude Program: The ‘Altitude’ software is a tool to calculate the atmospheric 
temperature and pressure for any given altitude. This program is a very simple one. It has only 
one screen as shown in Figure 3.  The Altitude is entered, and the air temperature and pressure 
are computed and displayed, in the selected unit system. 

 

 
 

Figure 3. ‘Altitude’ program. 
 

 Gas Thermodynamic Properties Program: The ‘Gas Thermodynamic Properties’ 
software is a standalone tool to calculate thermodynamic properties of various ideal gases. The 
major features are as follows: 
 

1)  Calculate thermodynamic properties of several ideal gases, including Air, Carbon 
Dioxide, Hydrogen, Oxygen, and many others. 

2)  Generate thermodynamic table for an ideal gas for a given temperature range. 
3)  Compute the absolute temperature of an ideal gas given the value of any of its 

thermodynamic properties, i.e. of enthalpy, absolute entropy, internal energy, relative 
pressure, relative volume and specific heat. This feature helps the user since he/she 
does not have to carry out linear interpolation so as to compute the absolute 
temperature of ideal gas. 

4)  Compute thermodynamic properties of any ‘User Defined’ gas. The user must provide 
the gas constants for a ‘User Defined’ gas before computing its properties. 

   
 The main screen of the ‘Gas Thermodynamic Properties’ software is shown below in 
Figure 4, and a sample table of properties produced by the program is shown in Figure 5. 
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Figure 4.  Gas Thermodynamic Properties Program opening screen, showing Air as the selected 
gas, and the gas properties corresponding to a user specified temperature of 273 K. 

 

 
 

Figure 5. Sample thermodynamic properties table generated by the Gas Thermodynamic 
Properties Program. 
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 Simple Aircraft Gas Turbine Design (SAGTD): The ‘Simple Aircraft Gas Turbine 
Design’ software is essentially a tool to design and analyze a simple aircraft gas turbine. The 
major features are as follows: 
 

1)  Design a simple aircraft gas turbine engine with inputs provided by the user. 
2)  Use either Constant or Variable Specific Heat assumption for air properties. 
2)  Compute and display all the key performance characteristics for the engine. 
3)  Print a detailed report for the current design, including input data, calculated state 

data, and performance characteristics. 
3) Plot graphs of performance characteristics vs. input parameters.  
4)  Save input data for current design as a file, which can be used later. 

  
 
 Figure 6 shows the opening screen of SAGTD with the Specific Heat menu selected. The 
user may choose to perform all analyses with either Variable or Constant Specific Heat 
assumptions.  This figure also shows the other available menu items, and the Tabs for selecting 
screens for entering data and viewing results. 
 

 
 

Figure 6.   Snapshot of opening screen with ‘Specific Heat’ menu item clicked. 
 
 Figure 7 shows the main screen of SAGTD with the Compressor Tab selected. The left 
side of the screen is used for user input of Compressor data.  Notice the radio buttons allowing 
the user to choose the kind of information to be entered.  The figure also shows a Compute 
button.  When the Compute button is pressed, the compressor work is computed and displayed, 
the remainder of the engine is analyzed and seven different engine performance measures are 
computed and displayed under the diagram of the engine. 
 
 The user may use the tabs to navigate from one section of the engine to another, or the 
user may click on the numbered button above the engine schematic.   For example, clicking on 
button 4 will have the same effect as clicking on the Turbine Tab.  The turbine input screen will 
be displayed. 
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 For a full analysis of an engine, the user should define the input data for each of the six 
sections of the engine.  With the engine fully defined, the final results become meaningful. 
 

 
 

Figure 7.  Program snapshot with ‘Compressor’ tab clicked. 

  
Figure 8 shows the main screen of SAGTD with the Range Calculations Tab selected. On this 
screen the user enters the initial and final weights of the aircraft, the wing area, and the aircraft 
lift and drag coefficients.  With this input, the Cruise Velocity and the Range of the aircraft may 
be computed and displayed. 
 

 
 

Figure 8.  Program snapshot with ‘Range Calculations’ tab clicked. 
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 Figure 9 shows the main screen of SAGTD with the Final Results Tab selected.  The left 
side of the screen repeats the key user inputs.  The right side of the screen shows the computed 
measures of performance.  
  
 

 

Figure 9.   Program snapshot with ‘Final Results’ tab clicked. 
 
 
 
 Figure 10 shows the Design Report produced when the ‘Results – Print Report’ menu 
item is selected. The report shows all key inputs to the program, the key properties at each state 
in the cycle, and all of the engine performance measures including the Range calculation.  The 
report can be saved as a text file for easy inclusion into a design report. 
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Figure 10.  Program snapshot of the ‘Results – Print Report’ menu item clicked. 

 
 Figure 11 shows one of the graphs produced when the ‘Results – Plot Graphs’ menu item 
is selected. This is one of twenty different graphs that can be produced, by selecting one of five 
different output variables, and one of four different input variables.  The available output 
variables are:  specific thrust, TSFC, thermal efficiency, propulsion efficiency and overall 
efficiency.  The available input variables are: compressor pressure ratio (CPR), altitude, Mach 
number and maximum temperature.  
 
 The “Other Inputs” section of the screen allows setting specific values for any one of the 
input variables not currently being used for plotting.  In this example, CPR in the graph input 
variable, spanning a range from 15 to 30.  This particular plot corresponds to an altitude of 
25000 feet, and a Mach no. of 0.85. If the user wishes, he/she can change the values of any of the 
“other inputs” to produce a different graph.  
 
 This graphing facility allows the user to perform significant studies on the effects of the 
many input parameters on the performance characteristics of the engine. 
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Figure 11.   Program snapshot after ‘Results – Plot Graphs’ menu item was selected. 
 

 

Description and Evaluation of Classroom Use 
 The Simple Aircraft Gas Turbine Design (SAGTD) software has been used in the Gas 
Power Systems course (MAE 4243) at Oklahoma State University for two semesters.  The MAE 
4243 course is taken by both mechanical and aerospace engineering majors in their senior year. 
The course is required for our aerospace engineering majors. For our mechanical engineering 
majors, the course is one of the four courses that the students must take under the “Thermal 
Systems Realization” category. The enrollment in the course is limited to 45 students with 
roughly equal distribution of mechanical and aerospace engineering majors. 
 
 In the first half of the course the software was mainly used as a homework solution tool. 
After first solving several problems by hand, the students then used the software to solve the 
same problems and additional homework problems that were calculation intensive. This gave the 
students a good understanding of the engineering fundamentals and equations that were used to 
develop the software. Many different kinds of homework problems were completed by the 
students with this software – from total engine analysis to specific component analysis.  
 
 In the second half of the course the software was used as part of a design project where 
the students observed the effect of changing several design variables on various turbojet engine 
performance parameters.  Some of the design variables that were changed included: altitude, 
Mach number, engine maximum temperature, compressor pressure ratio, efficiency of the 
different components of the turbojet engine (inlet diffuser, compressor, combustor, turbine, and 
exit nozzle). Some of the observed engine performance parameters included: thrust, thrust 
specific fuel consumption, propulsion efficiency, thermal efficiency, overall efficiency, and 
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aircraft range. Using the results produced from the SAGTD software, plots were produced for 
trend analysis. Based on these results the students then explained and discussed their 
recommended engine design parameters for the set of realistic constraints they were given for the 
design project.       
 
 Based on the end of the semester student surveys, direct input from the students during 
the semester, and input from the teaching assistants assigned to the course, the software program 
was very useful and easy to use. One student commented that “the SAGTD program interface 
was very easy to understand - making the program simple to work with.  In my personal 
experience, there were no problems with the program in this respect.  The learning curve for the 
program was basically nonexistent.  Better said, with some very basic computer knowledge no 
time nor practice was required for successful utilization of the program”. In working on the 
design projects, one student commented that “the SAGTD was very supportive in performing 
large amounts of calculations – making the creation of graphs a much less time consuming task”. 
Another student’s comment was “without this software a student is greatly limited in the 
performance effects he or she can see from varying engine component characteristics.  This 
software greatly improves the student’s ability to understand these effects therein improving his 
or her understanding of the turbojet engine as a whole.  I learned most about the specific 
component characteristic’s effects on the total engine output performance from working on 
projects for this class.  SAGTD saved a large amount of time in the calculation performing phase 
of the projects and allowed me to understand how each component played into the whole picture 
faster”.   
 
 In summary, the software was very well received by the students and their interest in the 
topic increased while using the software. The students found the software very easy to use and 
very helpful in greatly helping them with the understanding of the material. They were able to 
easily explore the effects of different design variables on the turbojet engine performance. 
 
 
Conclusions 
 The ‘Simple Aircraft Gas Turbine Design’ software has met all the main objectives that 
were set initially. The objectives met are as follows: 

1) Availability of source code now, makes it possible to add new modules such as one for 
optimization of various performance characteristics of the gas turbine engine. Also it is 
very easy to make minor changes to the program. 

2) Easier for users to make changes to the input parameters at any stage of the design. 
3) Users can view changes of the performance characteristics instantly whenever he/she 

makes any changes to the input parameters.  
4) Plot graphs of the key performance characteristics vs. input parameters for a given gas 

turbine. 
5) A design tool for quick and easy design of a ‘Simple Aircraft Gas Turbine’. 
 
 Software offer:  The authors believe that this software might be of use to other 
universities offering similar courses.  We would be glad to make the software and 
documentation available to other faculty, at no charge.  Please contact the first author at 
Oklahoma State University, School of Mechanical and Aerospace Engineering. 
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