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Abstract—The scope of this study is analyzed and discussed 

in detail for better understanding of energetic performance 

of a low bypass turbofan engine. In this regard, this study 

presents first law of thermodynamics of the turbofan engine 

for maximum thrust level. The engine has low-pressure 

compressor (LPC) stages, high pressure compressor (HPC) 

stages, a single HP turbine (HPT), and finally three LPT 

stages. The results show that energy flow approaches a 

maximum value to be 73.76 MW in the combustor outlet, 

while minimum energy flow is observed at fan bypass outlet 

with the value of 5.60 MW. Accordingly, temperature, 

pressure and mass flow of the engine components are also 

calculated from Brayton cycle equations. As a consequently,   

engine energetic parameters, namely specific fuel 

consumption and engine overall efficiency, are also 

calculated for the low bypass turbofan engine from this 

study.  

 

Index Terms—low bypass turbofan, energy, propulsion, 

commercial aircraft, specific fuel consumption 

 

I. INTRODUCTION 

Air travel is continuing to experience the fastest 

growth among all modes of transport, averaging 5 to 6% 

per year. If strong growth in air travel continues, world 

air traffic volume may increase five-fold to as much as 

twenty-fold by 2050 compared to the 1990 level and 

account for roughly two thirds of global passenger-miles 

traveled [1]-[3]. Current estimates show that global air 

traffic volume is growing so fast that total aviation fuel 

consumption and subsequent aviation emissions’ impacts 

on climate change will continue to grow despite future 

improvements in engine and airframe technologies and 

aircraft operations [2]-[4]. 

With a constant increase of air passengers, and the 

demands for technological innovation to reduce harmful 

emissions and noise, the impact of commercial 

propulsion systems becomes even more pronounced. In 

aviation, engine fuel consumption and aircraft impacts on 

the environment are two important areas of research. 

From an environmental perspective, using energy with 
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high efficiency reduces pollutant emissions and harm to 

ecological systems. For a given output, less fuel is needed 

when efficiency increases and less waste is released. 

These benefits lead to increased life times for energy 

resources and greater sustainability. Turbofan engines, in 

particular, have led to significant improvements in noise, 

fuel consumption, thrust and engine size [1], [2]. The 

aviation industry has come to measure its technical 

improvement in the increasing efficiency of its engines. 

Historic trends in improving efficiency levels show that 

aircraft entering today's fleet are around 80% more fuel 

efficient than the increasingly high bypass ratios [5]-[7]. 

Energy efficiency in commercial aircrafts is improved 

by averaging 1.5% percent annually with the introduction 

of bypass turbofan engines. Other way to propulsion 

system improvement is to increase turbine inlet 

temperature [8].  

The importance of energy efficiency is also linked to 

environmental problems, such as global warming and 

atmospheric pollution [9], [10]. 

The environmental impact of emissions can be reduced 

by increasing the efficiency of resource utilization [10]. 

Using energy with better efficiency reduces pollutant 

emissions. Thermodynamically concepts have been 

utilized in environmental sustainability, economics and 

engineering. Through a literature review, it is noticed that 

there is no work to be studied about energetic assessment 

for a JT8D turbofan engine in the open literatures.  

In this paper, the detailed energetic analysis of JT8D 

low bypass turbofan engine has been performed. In this 

analysis, engine energetic parameters, namely specific 

fuel consumption, engine overall efficiency and 

component energy flows have been calculated at 

maximum thrust level. The first law of thermodynamics 

of JT8D has first been studied in this paper.  

II. SYSTEM DESCRIPTION JT8D TURBOFAN ENGINE 

JT8D series engines are one of the most popular 

modern commercial engines ever made. More than 

14,750 of them have been built, amassing more than 673 

million hours of reliable service since 1964. The eight 
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models that make up the JT8D family cover a thrust 

range from 62 to 76 kN. The newer JT8D-200 engine 

offers 18,500 to 21,700 pounds of thrust, and is the 

exclusive power for the popular MD-80 aircraft [11]. 

 

Figure 1.  Main components of a low bypass turbofan engine. 

An illustrated diagram, station numbering and main 

component of the high bypass turbofan engine is shown 

in Fig. 1. It consist of fan (F), axial low pressure 

compressor (LPC), axial high pressure compressor (HPC), 

an annular combustion chamber, high-pressure turbine 

(HPT)  and low pressure turbine (LPT). 

This engine operates according to the Brayton cycle, 

which includes four processes under the ideal conditions 

given below: 

a. isentropic compression (fan and HPC) 

b. combustion at constant pressure (CC) 

c. isentropic expansion (HPT and LPT)  

d. heat transfer at constant pressure (EN and FN). 

There are two drive shafts in this engine. The first, N2, 

connects the HPT and HPC and constitutes the HP system, 

while the second, N1, connects the LPT to the fan and 

constitutes the LP system. While the high pressure 

turbine runs the high pressure compressor, fuel pump, 

starter generator and reduction gearbox, LPT runs the fan. 

III. PARAMETRIC STUDY FOR THERMODYNAMIC 

ANALYSIS 

Thermodynamic first-law analysis is energy-based 

approach in thermal systems. It is based on the principle 

of conservation of energy applied to the system. For a 

general steady state, steady-flow process, the four balance 

equations (mass, energy, entropy and exergy) are applied 

to find the work and heat interactions, the rate of exergy 

decrease, the rate of irreversibility, the energy and exergy 

efficiencies [12]-[14]. 

In the schematic diagram of the high bypass turbofan 

engine given in Fig. 1, the bypass ratio is defined as  

  
Bypass airflow

Primary airflow

fan cold

core hot

m m

m m
                     (1) 

Thus if the air mass through the core (HPC) is
corem , 

then the bypass air mass flow rate is (  )corem . Now 

successive elements will be examined. 

Intake (I): 

The inlet conditions of the air entering the inlet are the 

ambient pressure and temperature ( 0 0  P and T ). The 

intake has an isentropic efficiency. For a flight Mach 

number of M0, then the temperature ratio ( )  and 

pressure ratio ( )  at the intake are given by the relations 

[15]: 
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where 
c  is the specific heat ratio for core stream and 

I is the inlet isentropic efficiency. 

Fan: 

For a known fan pressure ratio ( )fan and isentropic 

efficiency ( )fan , then the temperature and pressure at the 

outlet of the fan given by the following relations [15]: 

 17 2t t fanP P                                                 (4) 
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High pressure compressor (HPC): 

Similarly, both the high pressure compressor pressure 

ratio ( )HPC and isentropic efficiency ( )HPC are known. 

Thus, the temperature and pressure at the outlet of HPC 

are given by the following relations [15]: 

  3 2.5t t HPCP P                                   (6) 
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Combustion chamber (CC):  

The temperature at the end of the combustion process 

is generally known. The maximum temperature in the 

cycle, which is frequently identified as the turbine inlet 

temperature occurs here. The pressure at the end of 

combustion depends on the pressure drop in the 

combustion process itself. It may be expressed as [15]:  

  
4 3t t CCP P P                                     (8) 

High and low pressure turbine (HPT and LPT):  

HPT and LPT drive HPC and fan, respectively. The 

energy balance for these spools per unit air mass flow 

rate is given by following relations [15]: 

  
HPT HPCW W and LPT fanW W                           (9) 

Exhaust nozzle (EN):  

A nozzle isentropic efficiency of ( )EN , the critical 

pressure ( )crP is calculated from the relation [15]: 
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     (10) 

Now if the exhaust nozzle is an ideal, then 1EN  , the 

above equation is reduced to 
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 Fan nozzle (FN): 

The fan nozzle is also checked to determine whether 

choked or unchoked. Thus, the critical pressure is 

calculated from the relation [15]: 
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If the fan nozzle is an ideal, then 1FN  , the above 

equation will be reduced to [15]: 
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The thrust of the turbofan engine is obtained by 

momentum of the burned gases. Thrust can be expressed 

as follows:  

    
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            (14) 

where f is the fuel-air ratio, V is the velocity, A is the area. 

IV. ANALYSIS 

The total airflow mass is 142.7 kg/s that includes 74.74 

kg/s fan air and 67.95 kg/s core air. Air is taken into LPC 

at ambient temperature of 288.15 K and ambient pressure 

of 101.35 kPa. In gas turbine engines, a part of 

compressed air is extracted to use for ancillary purposes, 

such as cooling, sealing and thrust balancing. In this 

study the cooling airflow is neglected since it doesn’t 

have meaningful effect on exergy and sustainability 

analyses. 

In this study, the assumptions made are listed below  

(a) The air and combustion gas flows in the engine are 

assumed to behave ideally. 

(b) The combustion reaction is complete  

(c) Compressors and turbines are assumed to be 

adiabatic 

(d) Ambient temperature and pressure values are 

288.15 K and 101.35 kPa, respectively 

(e) The eNergy analyses are performed for the lower 

heating value (LHV) of kerosene (JET A1) which is 

accepted as 42,800kJ/kg 

(h) Engine accessories, pumps (fuel, oil and hydraulic) 

are not included in the analysis. 

As fuel the kerosene (JET A) is burned. Its chemical 

formula is as C12H23.  The value of LHV is 42,800 kJ/kg. 

Fuel flow is 1.05 kg/s that results in air/fuel ratio as 64. 

Combustion balance equation is calculated by following 

equation,  
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The relations given in this section are applied to the 

engine along with its components given in Fig. 1 and 

following, which includes energy definitions, is obtained 

for the turbofan components given below: 

For Inlet (I): 

 
energy balance:  

1 2 0e e                                (20a)  

For fan:  

 
energy balance:  

2 1.3 0fane w e                                 (20b) 

For high pressure compressor (HPC):  

 
energy balance:  

3

3 1
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         (20c) 

For combustion chamber (CC):  

 
energy balance:  
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3 3 4 0fe e e      (20d)  

For high pressure turbine (HPT):  

 

energy balance: 
4.5

4 3 1 0C

HPT

e
e e

w

 
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 
  (20e) 

For exhaust nozzle (EN):  

 

energy balance: 5 9 0e e                              (20f) 

For fan nozzle (FN): 

 

energy balance: 17 19 0e e           (20g) 

Analyzing energetic performance of turbofan engine, 

computer program was developed in MATLAB 

programming language.  

V. RESULTS AND CONCLUSIONS 

In this paper, energetic performance of JT8D turbofan 

engine at takeoff thrust power have been carried out.  

 

Figure 2.  Mass flow rates of JT8D engine components. 

Fig. 2 demonstrates the mass flow rates of inlet and 

outlet for the fan, HPC, combustor, HPT, LPT and JT8D 

turbofan engine at takeoff condition. 

Fig. 3 also illustrates the pressure distribution of the 

fan, HPC, combustor, HPT, LPT at takeoff condition. 

 

Figure 3.  Pressure distribution of JT8D engine components. 

Temperature values at inlet and outlet for the fan, HPC, 

combustor, HPT, LPT are given in Fig. 4 at takeoff 

condition. 

 

Figure 4.  Temperature values of JT8D engine components. 

 

Figure 5.  Product exergy factor of JT8D engine components. 

Finally, Fig. 5 also shows the energy flows at the inlet 

and outlet for the fan, HPC, combustor, HPT, LPT at 

takeoff condition. 

The energetic values studied in this paper, important 

indicators for the environment of the engine, is mainly 

based on the energy input and the required output. It is 

noticed that the specific fuel consumption and engine 
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overall efficiency of the turbofan engine highly affected 

by the input-output energetic values of the each engine 

component at a phase of a flight. The results in Fig. 2 

show that the engine total mass flow, including fan and 

core air flow, is 142.7 kg/s. As can be seen in Fig. 2, 1.05 

kg fuel/s is added to combustor.  

Air mass flow is increasing in compressor from the 

value of 101.35 kPa to 1606.5 kPa due to compression 

process as shown in Fig. 3. As an expected, combustion 

gases pressure is decreasing from the value of 1617 kPa 

to 185 kPa at the LPT outlet due to expansion process.  

Greatest fuel exergy factor is calculated in the CC (to 

be 49.5%) as shown in Fig. 4. It is clear from Fig. 4 that 

fan fuel exergy factor with value of 11.6%. 

Among the turbofan engine components, CC exit has 

maximum temperature value (to be 1211 K) due to 

combustion reaction with air and fuel as shown in Fig. 4.  

Finally, in the last figure, maximum energy flow is 

calculated in HPT inlet due to fuel energy with the value 

of 73.76 MW. On the other hand, energy flow is observed 

at LPT exit (to be 33.84 MW) due to expansion process. 

At the end of the calculations, specific fuel 

consumption and overall efficiency are found to be 16.9 

g/ kN.s and 8.3%, respectively.    

The results should provide a realistic and meaningful 

in the thermodynamics first law evaluation of JT8D low 

bypass turbofan engine, which may be useful in the 

analysis of similar propulsion systems. A first law of 

thermodynamics can help improve the environmental 

performance of the low bypass engine, and consequently 

should be considered in future assessments. 

ACKNOWLEDGMENT 

The authors would like to express their appreciation to 

TUSAS Engine Industries (TEI) in Eskisehir city of 

Turkey for full support throughout the preparation of this 

study. They are also grateful for the support provided for 

the present work by Anadolu University, Eskisehir and 

Recep Tayyip Erdoğan University, Rize, Turkey. 

REFERENCES 

[1] A. Gohardani, S. Georgios, and R. S. Doulgeris, “Challenges of 

future aircraft propulsion: A review of distributed propulsion 
technology and its potential application for the all electric 

commercial aircraft,” Progress in Aerospace Sciences, vol. 47, no. 
5, pp. 369-391. 2010. 

[2] IPCC “IPCC special report on aviation and the global 

atmosphere,” Intergovernmental Panel on Climate Change, 1999. 
[3] A. Schafer and D. G. Victor, “The past and future of global 

mobility,” Scientific American, pp. 36-39, 1997.  
[4] J. H. Aylesworth, Global Atmospheric Effects of Aviation: A 

Policy Perspective, Aerospace Industries Association of America, 

1996. 
[5] D. L. Greene, “Commercial air transport energy use and emissions: 

is technology enough,” in Proc. Conference on Sustainable 
Transportation – Energy Strategies, 1995. 

[6] Enviro. (2011). [Online]. Available: 

http://www.enviro.aero/Content/Upload/File/BeginnersGuide_Bio
fuels_Web 

[7] P. M. Peeters, J. Middel, and A. Hoolhorst, “Fuel efficiency of 
commercial aircraft: An overview of historical and future trends,” 

2005. 

[8] MIT. (2011). [Online]. Available: 
http://web.mit.edu/airlines/analysis/analysis_airline_industry.html 

[9] P. Ahmadi, I. Dincer, and M. A. Rosen, “Exergy, exergoeconomic 
and environmental analyses and evolutionary algorithm based 

multi-objective optimization of combined cycle power plants,” 

Energy, vol. 36, pp. 5886-5898, 2011. 
[10] K. J. Ptasinski, M. N. Koymans, and H. H. G. Verspagen, 

“Performance of the Dutch energy sector based on energy, exergy 
and extended exergy accounting,” Energy, vol. 31, pp. 3135–3144,  

2006. 

[11] M. A. Rosen, “Assessing energy technologies and environmental 
impacts with the principles of thermodynamics,” Applied Energy, 

vol. 72, pp. 427–441, 2002. 
[12] Pratt & Whitney. [Online]. Available: 

http://www.pw.utc.com/Home 

[13] F. Balkan, N. Colak, and A. Hepbasli, “Performance evaluation of 
a triple effect evaporator with forward feed using exergy 

analysis,” International Journal of Energy Research, vol. 29, pp. 
455–470, 2005. 

[14] I. Dincer, M. Hussain, and I. Al-Zaharnah, “Energy and exergy 

use in public and private sector of Saudi Arabia,” Energy Policy, 
vol. 32, no. 141, pp. 1615–1624, 2004. 

[15] G. Wall, “Exergy tools,” in Proceedings Institution of  Mechanical 
Engineering, pp. 125–136, 2003. 

[16] A. F. El-Sayed Aircraft Propulsion And Gas Turbine Engines, UK: 

CRC Press, 2008. 
 

 
Onder Turan is an Assist. Prof. in the School of Civil Aviation. He 

received his BSc and MSc in the School of Civil Aviation and Graduate 

School of Sciences at Anadolu University in 1998 and 2000, 
respectively. He received his PhD in 2007 under the supervision of Dr. 

Hikmet Karakoc. He has published many papers at various national and 
international conferences. He is also a member of many journals and 

associations. His research areas include aviation, energy and energy 

economy, gas turbine engines, aircraft propulsion systems and fuels. 

 

 

Hakan Aydin works at TUSAS Engine Industries (TEI) as an 

aeronautical engineer in Eskisehir, Turkey, while he makes his PhD 

thesis under the supervision of Dr. Onder Turan in Anadolu University, 
Eskisehir, Turkey. He has published several articles in various 

prestigious international journals and conferences. 

 

 

T. Hikmet Karakoc is a Full Professor of School of Civil Aviation at 
Anadolu University, Eskisehir, Turkey. He received his MSc and PhD 

in 1983 and 1987, respectively. He has published many papers at 
various national and international conferences, while he has authored 

several books. He is also a member of many journals and associations. 

His research areas include aviation, energy and energy economy, gas 
turbine engines, fuels, isolation and installation. 

 

 

Adnan Midilli is a professor of Marine Engineering Department in 

Turgut Kiran Maritime College of Recep Tayyip Erdogan University, 
Rize,Turkey between 1993–2010, he worked in Mechanical 

Engineering Department at the Faculty of Engineering of the Nigde 
University, Nigde, Turkey. He has authored/co-authored books and 

book chapters, many journal and conference papers and numerous 

technical reports. He has chaired many conferences, symposia, 
workshops and technical meetings. He is an active member of various 

international scientific organizations and societies and serves as the 
Associate Editor and Editorial Board member of various prestigious 

international journals. He is a recipient of several research, teaching and 

service awards. He has been an active Researcher and Supervisor. His 
research areas include energy and sustainability. 

 

Journal of Automation and Control Engineering Vol. 2, No. 1, March 2014

66©2014 Engineering and Technology Publishing




