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ABSTRACT 

Turbofan engine is a kind of jet engine in which a large part of the intake air without going 
into the combustion chamber that is exited from the terminal aperture. Turbofan engines have 
good efficiency in speed range of passenger aircraft and in terms of noise generation have also 
better functionality, for this reason in most of passenger aircraft this type of engine is used. 
Because of the importance of fuel consumption amount and its impact on the turbofan engine 
thrust, particularly in the commercial aircraft engine in this article the thrust force and specific 
fuel consumption for a hypothetical turbofan engine in ideal state according to flight speed and 
total pressure ratio has been analyzed. In order to analysis, EES software which was used as 
a robust programming application in the field of heat and fluids sciences and in recent years 
have been attention of the credible scientific communities. Finally, the obtained result has 
discussed and analyzed. 
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INTRODUCTION 
The extent of the land, the distance range, 
the population centers scatter and natural 
irregularities and problems accessing land 
and sea transportation are among the factors 
that have caused the air transportation of 
passengers and goods in the world are 
known as one of the fastest, safest and most 
appropriate forms of transportation and 
taken into consideration. 
 
In gradual trend towards of air travel 
compared to other modes of transportation, 
different factors affecting such as 
population growth, per capita income 
growth and preferential advantages the cost 
of air travel should not be ignored. 
 
Since the air transportation has a major 
contribution in the countries' economy 
development, so the administration 
strategies to reduce fuel consumption of 
aviation sector which according to the latest 

data of large airlines, about 20 to 25 percent 
of their obtained income are allocated for 
the sale of airline tickets and this figure in a 
year reaches to more than 39 billion dollars, 
has the considerable importance. Therefore, 
the aircraft systems designers in various 
fields such as as thrust generation system, 
engine design subject is as the most 
sensitive of the design process and this 
topic has caused that the aircraft engine 
designers are constantly to improve the 
aircraft thrust system. Turbine engines in 
various industries are very important, so 
that during the past decade in some 
countries have been conducted great efforts 
to design and construct of air and land 
turbine engines and this issue reflects the 
high will and tendency in the countries' 
military industries to achieve native turbine 
engine. Simulation and modeling of gas 
turbine engines as one of the most complex 
dynamical systems available, always as an 
attractive industry issues in order to 
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improve the performance and development 
of new control techniques, has been 
considered [1–3]. In order to analyze the 
performance of turbine engines in the 
design phase based on the aero 
thermodynamic behavior of engine and its 
components, the engine mathematical 
model is provided and using of it, the 
engine performance is simulated and 
evaluated [4]. structural design, 
aerodynamic design of aircraft and etc. 
have done many effort in the last decades 
for reduce fuel consumption. With regard to 
the importance of the aircraft engine. 
 
In the performance study of per engine with 
having the performance characteristics in 
reference mode which is one of the essential 
requirements that must be extracted about 
each engine. In studying the performance of 
an engine by changing main parameters 
such as flight speed and total pressure ratio, 
engine functional parameters are calculated 
and functional characteristics such as thrust 
and specific fuel consumption and other 
parameters are obtained in the new 
conditions. 
 
Among turbine engines, the performance 
study and examine of turbofan engines 
which have due to many industrial and 
aviation applications, has particular 
importance. Today, most of modern 
passenger aircrafts are used the turbofan 
engines. In fact, the turbofan engines are a 
thing between turbojet and turboprop 
engines. In the turbofan engines, at first the 
air is compressed and then it enters into the 
combustion chamber and after the blast 
through nozzle or outlet nozzle is removed 
and during this process, it provides the 
necessary thrust force towards the aircraft 
to the forward, so that in the turbofan 
engines, the other amounts of air are passed 
also through bypass which finally it is 
attached to the hot exhaust gas and 
increases thrust force. With regard to the 
importance of turbofan engines, its analysis 
and modeling is necessary in order to 
achieve higher efficiency, therefore at first 
in this paper we dealt with the turbofan 
engine thermodynamic analysis and then by 

using of EES software, we have paid to 
study the impact of various parameters on 
the thrust force and specific fuel 
consumption. The analyzed turbofan 
engine in this paper is large compared to 
bypass ratio which its fan by the low-
pressure turbine is rotated and is having two 
separate nozzles for fan flow and main 
flow. 
 
Research Background 
According to the importance of fuel 
consumption in aircraft which was 
mentioned in the previous section to it, so 
many researches have been performed 
about it and optimum use of fuel. In the year 
1973, Mr. Merrill and his colleagues could 
implement a general model about the 
turbofan engines thrust [5]. In the year 
1997, Lu et al., have examined the aircraft 
control, through changes for aircraft thrust 
forces [6]. Goodman et al., have conducted 
an analysis on the turbine jet engine 
performance through changes in the input 
parameters of a turbine engine [7]. In the 
year 2000, Eikaza et al. have provided a 
design for the performance development 
and sustainability of aircraft engines [8]. 
 
In the year 2000, Esboda has provided the 
large database of known turbofan engines 
until the time for ratio of two number 
above. The fundamental parameters such as 
weight, length and diameter of the fan, 
engine length, thrust force in horizontal 
state and mass flow of entrance air, bypass 
ratio, the fuel consumption for aircraft 
lifting are investigated all based on the 
aircraft engine thrust [9]. In the year 2008, 
Mr. Bethel has presented a simple design 
for fuel consumption performance and two-
shaft turbofan engine thrust [10]. In the year 
2008, Yonosof et al. have offered a design 
to control aircraft engine thrust by using of 
flight information aircraft engines of 
diagnostic devices [11-12]. 
 
Moreover, among those who have many 
recorded in the field of turbine engine 
performance simulation, can be implied to 
Karzak which his researches work results 
have been published from 1978 to 2010 at 
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conferences to simulate the steady state 
performance and various journals. Karzak 
also has been developed a software with 
name of “GASTURB” as turbine engines. 
 

Francisco et al. [13] had provided a 
turboshaft engine of 1000 kW for nonlinear 
dynamic modeling and were utilized this 
model to control of the turboshaft engine 
system. They also have developed this 
engine in start condition, cruise control 
until snuff state. In inside of Iran, as well as 
the valuable papers in the field of turbojet 
engines have been offered. Homaei far and 
his colleagues have presented a method for 
improving the turbofan engines 
performance using a general algorithm 
method [14]. 
 

In the year 2008, Montazerin et al. have 
proposed a method for improving the jet 
engines fuel system [15]. Soltani has 
studied an analysis of the performance of a 
modern gas turbine in the functioning 
conditions at design point and off-design 
point using stage staking method [16]. 
Nazari [17] in Sharif University of 
technology, by using core gas generator on 
the existing turbojet engine in the gas 
turbine laboratory and designed turboshaft 
engines in it, was performed this static and 
dynamic engine modeling and has been 

extracted the required functions for 
turboshaft engine control. Figure 1 
 
ANALYSIS 
In this section using the thermodynamic 
relations [18], we have paid to analysis of 
the different parts of turbofan engine and 
then by applying of these relationship, we 
have analyzed the thrust force and specific 
fuel consumption for a hypothetical turbofan 
engine in ideal state in terms of flight speed 
and have calculated the total pressure ratio 
by using of EES software [19]. 
 
A-1-Increasing the pressure and speed 
decrease in air inlet in isentropic 
conditions. 
1-2- Isentropic density in the fan; 
2-3- Isentropic density in high-pressure 
compressors; 
3-4- Heating during constant pressure; 
4-5- Isentropic expansion in the high-
pressure turbine; 
5-6- Isentropic expansion in the low-
pressure turbine; 
6-7-Accelerating of warm fluid during re-
expansion in the warm nozzle and creating 
thrust force in isentropic conditions. 
8-1- Accelerating of cold fluid during re-
expansion in the cold nozzle and creating 
thrust force in isentropic conditions.

 

 

 
Fig. 1. The general view of a turbofan engine [18]. 
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Analysis of Air Inlet 

In the air inlet, the total temperature was 

fixed and by having of flight speed and air 

static temperature, the total temperature is 

calculated according to Equation (1), 
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In the real air inlet, we are faced always 

with total pressure reduction, i.e.: 
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By using the efficiency of the air inlet (2) 

and also isentropic efficiency of the air inlet 

(3) and flight Mach (4), we will have: 
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Fan Analysis 
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By having fan pressure ratio (6) and fan fɳ 

efficiency, we will have: 

 
1

02

01

1
[1 *( 1)]

a

a

k

k

pr

f

T
f

T 

−

= + −

 

 

(7) 

 

Cold Nozzle Analysis 

Now, by using the cold nozzle efficiency 

and also P02 value of P * which is the 

bottleneck pressure, according to Equation 

(8) is calculated. 
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By assuming the lack of choking nozzle         

( 8 aP P=
), we will have: 
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The outlet gas speed from cold nozzle, 

according to Equation (11) will be 

obtained. 
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High Pressure Compressor Analysis 

Using the fan pressure ratio can be 

calculated compressor pressure ratio
03
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P
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 according to Equation (12). 
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By having compressor efficiency (13) 

according to Equation (14), the total 

temperature at compressor outlet of high 

pressure will be obtained. 
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Combustion Chamber Analysis 
By considering the pressure decline in the 

combustion chamber, the outlet gases 

pressure from the combustion chamber 

according to Equation (15) is calculated. 
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From mass balance in the combustion 

chamber, we will have: 

 

High Pressure Turbine Analysis 

High pressure turbine was connected to the 

high-pressure compressor and according to 

mechanical efficiency, we will have: 
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Low Pressure Turbine 

Low pressure turbine was connected to the 

fan and according to mechanical efficiency, 

we will have: 
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Hot Nozzle Analysis 

In hot nozzle analysis, we have: 
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By assuming the lack of choking nozzle        

( 7 aP P= ), the outlet gases speed from hot 

nozzle according to Equation (21) is 

calculated. 
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(21) 

 

On the other hand, according to Equation 

(22), we will have: 
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Using the ratio of by-pass (23) and the air-

fuel ratio according to Equation (24), 

specific thrust according to Equation (25) 

will be calculated. 
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However, according to Equation (26), 

specific fuel consumption is achieved. 

 

In the following, the above cycle with 

coding through EES software for an 

assumed turbofan engine which its design 

specifications have shown in Table 1 to be 

analyzed.

 

Table 1. The desired turbofan engine design characteristics. 
V_a flight speed 270 m/s 

T_a total temperature of free air 225.8 K 

Cp_g Heat capacity at constant 

pressure for combustion products 

kJ/kg.k 

1.147  

Cp_a Heat capacity at constant 

pressure for air 

kJ/kg.k 

1.005 

K_a Air specific heat ratio 1.4 

K_g Specific heat ratio of 

combustion products 

1.333 

f_rp Fan pressure ratio 8 

rp_tot total pressure ratio 12 

T_4 The outlet gases temperature 

from the combustion chamber 

1200 K 

By-pass ratio 0.04 
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P_cc Pressure decline of 

combustion chamber 

0.08 

LHV fuel heating value 4300 kJ/kg 

ɳ_r air inlet efficiency 0.93 

ɳ_i air inlet Isentropic efficiency 0.84 

ɳ_f fan efficiency 0.85 

ɳ_c compressor efficiency 0.93 

ɳ_hpt High pressure turbine 

efficiency 

0.93 

ɳ_lpt Low pressure turbine 

efficiency 

0.94 

ɳ_cc Combustion chamber 

efficiency 

0.98 

ɳ_m mechanical efficiency 0.98 

ɳ_ic cold nozzle efficiency 0.95 

ɳ_ jh Hot nozzle efficiency 0.94 

 

The study of impacts of the flight speed changes on the thrust (NS/kg) and specific fuel 

consumption (kg/NS) in a definite Mach:  

 

 
Fig. 2. Thrust changes in terms of flight speed at a constant total pressure ratio. 

 

As it is determined from the Figure 2, by 

increasing the flight speed, the thrust force 

will be downward that Fs relation is also 

indicating of this issue. However, the outlet 

temperature increase of the combustion 

chamber causes to increase of enthalpy that 

this issue makes that the outlet gas speed 

from the hot nozzle is increased, thus it is 

increasing the thrust, but that is why at 

speeds less than 360 m / s, the outlet 

temperature increase of the combustion 

chamber causes to reduce of the thrust, can 

be analyzed that in this form the optimal use 

of fuel is not conducted, because as we 

know, the outlet temperature increase of the 

combustion chamber which leads to the 

thrust and flight speed increase, is required 

to the greater fuel consumption, now if we 

increase the fuel consumption, but the 

speed is low, in fact, we have not efficient 

use of fuel, therefore considering that the 

fuel consumption factor in the thrust is an 

important factor that in Fs relation is 

determined, the thrust will be reduced. 
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Fig. 3. Specific fuel consumption changes in terms of flight speed at a constant total pressure 

ratio. 

 

As it is determined from the Figure 3, by 

increasing the flight speed, the specific fuel 

consumption is reduced, but this reduction 

compared to the thrust reduction, has less 

slope which its reason is that by increasing 

the flight speed, the thrust is reduced, 

therefore according to SFC relation, the 

specific fuel consumption should be 

increased, but due to the increase of the 

flight speed is required s greater use of fuel, 

so the specific fuel consumption is reduced, 

but this reduction compared to the thrust 

reduction, has also less slope. 

 

The study of impacts of the total pressure 

ratio on the thrust (NS/kg) and specific fuel 

consumption (kg/NS) in a definite Mach: 

 

 
Fig. 4. Thrust changes in terms of the total pressure ratio at a constant Mach. 
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As it is determined from the Figure 4, the 

thrust amount maximum for the assumed 

turbofan engine is about 5 which indicates 

that for this engine in flight Mach of 2 is 

obtained the thrust amount maximum 

compared to the total pressure ratio equal to 

5. 

 

It should be noted that the total pressure 

ratio is the outcome of fan pressure ratio 

and compressor. In addition, due to the 

thrust increase with outlet temperature of 

turbine as like the previous modes, is as a 

result of the outlet gas enthalpy increase of 

the hot and cold nozzle. 

 

But the reason of thrust reduction by 

increasing the outlet gases temperature 

from the combustion chamber at total 

temperature ratio less than 3, can be stated 

due to the lack of efficient use of fuel, it 

means that although we can create the total 

temperature ratio less than 3 with less fuel, 

but for doing this, it should be consumed 

more fuel and in fact we have consumed the 

fuel in the vain way.

 

 
Fig. 5. Specific fuel consumption changes in terms of the total pressure ratio at a constant 

Mach. 

 

As it is determined from the Figure 5, by 

increasing the total pressure ratio, specific 

fuel consumption is reduced which its 

reason is that, as it is stated in the analysis 

of Figure 4, normally the total pressure ratio 

increase leads to the thrust decrease, but the 

total pressure ratio increase is required 

more fuel consumption that the outcome of 

these two factors will be specific fuel 

consumption decrease. 

In relation to specific fuel consumption 
increase with the exhaust gases temperature 
increase from the combustion chamber is 
very clear that to increase the temperature 
of the exhaust gases from the turbine should 
be consumed more fuel, so specific fuel 
consumption will increase. 
 
The relationship between the ratio of the 
total pressure, thrust (NS/kg) and specific 
fuel consumption (kg/NS) in general state:
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Fig. 6. The relationship between the ratio of the total pressure, thrust and specific fuel 

consumption in general state. 

 

As it is determined from the Figure 6, it is 

observed that by increasing the thrust, 

specific fuel consumption is reduced. 

According to the Figure 6, simultaneously 

show the relationship between the total 

pressure ratio, the thrust and specific fuel 

consumption, therefore using this diagram 

can be found optimal state for the analyzed 

turbofan engine. 

 

CONCLUSION 

In this paper, at first we have paid to 

thermodynamic analysis of turbofan engine 

and then thrust force and specific fuel 

consumption for an assumed turbofan 

engine has been modeled. In the analysis 

first section, at first it was paid to 

investigate the impacts of flight speed 

change on the thrust and specific fuel 

consumption at a definite pressure ratio that 

an examination of the relevance diagrams 

was indicated that with the increase Va in a 

definite rp, the values of Fs and SFC always 

are reduced. However, the increase of TIT 

value in this state causes the increase of 

SFC, but for flight speed less than 360 m/s 

with the increase of TIT causes the increase 

of Fs, but in flight speed higher than 360 

m/s with the increase of TIT, Fs value 

always are increased. In the 2nd section, an 

analysis based on the impacts of the total 

pressure ratio change was conducted on the 

thrust and specific fuel consumption at a 

definite Mach that the obtained results was 

indicated that at a definite Mach with the 

increase of rp value up to 5, Fs value is 

increased and for rp value higher than 5, Fs 

value is decreased, but with the increase of 

rp, SFC value is always reduced. 

 

Moreover, TIT value increase in this case, 

also as like previous state always causes 

SFC increase, but TIT value increase for rp 

less than 3 causes Fs decrease and for rp 

value higher than 3 with TIT increase 

always Fs increases. According to the 

extracted charts in different flight speed and 

pressures ratio and outlet temperature of the 

different combustion chamber, by putting 

together them, can be found the optimal 

state. When the desired thrust is provided 

and at the same time, the other parameters 

such as fuel consumption is placed within 

the allowable range. 
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