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Abstract 
Gas turbines are considered as one of the leading internal combustion en-
gines in modern air transportation due to its favourable power to weight ratio 
and its continuous combustion process. Recent research focus has been con-
cerned with performance improvements aimed at reduced fuel consumption 
and hence reduced impact on the environment. This study is aimed at using 
theoretical and computational methods to model the operation and perfor-
mance a turbojet gas turbine engine. The commercial software GasTurb13 
was used for the theoretical simulation while Microsoft Excel was used for the 
analytical study. GasTurb13 solved the model using pseudo-perfect gas mod-
els i.e. component maps since the specific gas ratio could not be inputted into 
the solver. The effect of changes in the Mach number and altitude on the en-
gine performance was studied. Also the effect of changes in the compressor 
pressure ratio, the turbine inlet temperature and the afterburner exit temper-
ature were also studied. Results obtained showed the optimum pressure ratio 
at maximum thrust constraint to be 16.78 for the turbojet engine operating at 
Mach number (Ma) = 0.8 and altitude = 10,000 m, Turbine inlet temperature 
(TIT) = 1200 K and Afterburner exit temperature = 1800 K. 
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1. Introduction 

Gas turbines are among the leading internal combustion engines in the trans-
portation industry. They are used mainly for aviation and stationary electricity 
generation purposes. They play an important role in the aviation industry due to 
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their high power to weight ratio, are lighter and smaller than comparable en-
gines and are cost-efficient in operation [1]. More and more attention is been 
paid on optimizing fuel consumption of these engines while reducing their noise 
level.  

Gobran [2] studied the off-design performance of solar centaur-40 gas turbine 
engine. A Simulink model was used in simulating the off-design running for 
the single shaft Centaur 40 gas turbine engine used for power generation. The 
off-design modelling was done in two phases, initially, the engine was operated 
at speeds ranging between 65% to 100% at no load conditions, subsequently, the 
engine was loaded at a constant speed of 100%. The results obtained from this 
test were compared with the actual operation results of the turbine to check the 
validity of the Simulink model. He then went to investigate the effect of ambient 
temperature on engine performance at engine design conditions. 

Lazzarettoand Toffolo [3] used neural network models for their studies on gas 
turbine. Both design and off-design simulations were carried out. The results 
obtained from their analytical studies were used in training the neural network 
model, they further studied the capability of using the developed neural network 
model to predict the performance of the turbine. 

The predicting of off design performance of gas turbine engines using graphi-
cal analysis was carried in studies conducted by Shapiro and Caddy [4] and Wit-
tenberg [5]. In the absence of manufactures component maps, gas dynamic rela-
tions were used in the analysis. The results obtained were far from accuracy due 
to the many assumptions used in the analysis. 

Sellers and Daniels [6] used the software DYNGEN for the dynamic simula-
tions of both jet and turbofan engine dynamic, they obtained poor results due to 
the software’s numerical stability issues and its poor user interface.  

The so called “hot end method” used in predicting the steady state perfor-
mance of LM-600 gas turbine engine has been used by a number of authors [7] 
[8]. The method is based on using simplified matching equations on the condi-
tion that the low pressure turbine is chocked (fixed high pressure turbine oper-
ating point). The solution method starts from hot end down to the compressor 
entry point. 

Najjar and Balawneh [9] carried out optimization studies on turbojet engines. 
Initial results showed that the specific thrust from the engine depends heavily on 
the turbine inlet temperature and consequently on the specific fuel consumption 
(SFC) of the engine. They work rigorously in achieving minimal specific fuel 
consumption for a maximum thrust and after optimizing the turbojet cycle, they 
found the optimal pressure ratio for minimal specific fuel consumption. 

Bakalis & Stamatis [10] developed a small model of turbojet engine which was 
well calibrated and tried to calculate for the efficiency which proved to be in-
adequate for producing reasonable values. They suggested the possible reasons 
for the inadequacy were due to ignoring the heat transfer occurring in the tur-
bine casing and errors when taking measurements. The analytical calculations 
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carried out for the turbine inlet temperature (TIT) and the turbine exit total 
pressures deviated significantly from the predictions. In trying to resolve the 
differences, the model was recalibrated to use static pressure instead of total 
pressure measurements in the turbine exit, the recalibration produced much 
more reasonable results both for predicting measured parameters and for the 
turbine efficiency, their research concludes that for small engines, static pressure 
measurements at hot regions produces more reliable results than total pressure 
measurements. Wood & Pilidis [11] also investigated a jet engine based on a va-
riable cycle for a supersonic short take-off vertical landing (ASTOVL) aircraft. 
They analysed the on-design and off-design parameters for the engine  

Najjar & Al-Sharif [12] carried out a study to develop and find the effect of 
using and combining four cycle design variables to reduce the specific fuel con-
sumption (SFC) of a turbofan engine. In the study, the bypass ratio (B), the fan 
pressure ratio, the overall pressure ratio and turbine inlet temperature (TIT) 
were selected as the variables. The SFC was reduced without any constraint in 
the minimum thrust. Afterwards, a minimum specific thrust constraint was 
used. The study discovered that the first condition of no constraint in thrust re-
sulted in a two-dimensional optimisation problem whereas when the thrust con-
straint was introduced, it became a three-dimensional problem. Sensitivity anal-
ysis was also carried out on the optimised cycle, results showed that there was 
little or no deviations in SFC from design values and that the SFC were more 
sensitivity to TIT and FRP. The study revealed that the By-pass ratio no longer 
the limiting factor, as it is now a three-dimensional (B, FPR, TIT) problem, 
however the overall pressure ratio remained the limiting factor in all the cases 
studied.  

In order to study and overcome the shortcomings of energy loss caused by 
compression heating in compressed air energy storage technology, Xin He et al. 
[13] proposed a novel constant pressure pumped hydro system. Their study 
adopted an off-design model so as to make the study close to reality. The model 
was used to calculate and analyse the effect of key parameters on system ther-
modynamics performance 

In the analysis carried out by Hiromasa Suzuki et al. [14] they opted for expe-
rimental analysis to study the effect of an under expanded jet radially discharg-
ing from a circular slit nozzle which consists of two cylinders, the aim was to 
study the frequency of the noise emitted from the jet when different nozzle 
pressure ratios and different cylinder diameters were used. 

At higher altitudes, a wrong configuration of the operating parameters of a jet 
engine could result to a reduced optimal propulsive efficiency. This could cause 
the engine to consume more fuel than normal and produce a much lesser thrust 
than capable. Najjar and Al-Sharif [12] conducted a research study on the reduc-
tion of the specific fuel consumption on a turbofan engine while Najjar and Ba-
lawneh [9] focused on finding the optimal pressure ratio for various design va-
riables. However, not much work has been done on determining these factors 
when using an afterburner. Thus, the aim of this study is to evaluate the perfor-
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mance of a turbojet engine with and without afterburner for different combina-
tions of design choices and operating conditions and to determine an optimal 
configuration of the cycle for optimal operation.  

2. Methodology 

The major objectives of this study are: 1) to model a turbojet engine with an af-
terburner and validate the model using realistic data 2) determine the influence 
of ambient temperature on performance of design point 3) optimize the cycle for 
minimum specific thrust with and without minimum thrust constraint, these are 
achieved by modelling the process using commercial softwares and analysing the 
results. 

2.1. Modelling 

Modelling of the engine was conducted in two parts: Analytical modelling using 
Microsoft Excel and Computer modelling using GasTurb 13.  

2.1.1. Developing the Model in Microsoft Excel 
Governing Equations 
The different processes and Equations (1) and (7) in the engine are outlined 

below:  
1) Intake/Diffuser 
The total temperature at the diffuser outlet depends on the diffuser efficiency, 

dη .The outlet pressure and temperature will be given by 
1

2
02

1
1

2

c c
c

a dP P Ma
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−

 
 
 

−
= +                  (1) 
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2) Compressor 
From the diagram in Figure 1(a), the state 2-3 represents the adiabatic com-

pression process, the compressor isentropic efficiency, cη  is a determinant fac-
tor. The outlet conditions are given by: 

03 02 cP P π=                          (3) 

 

 
Figure 1. (a) T-S diagram of Turbojet Engine with an inoperative afterburner; (b) T-S 
diagram of Turbojet Engine with an operative afterburner. 
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3) Combustion Chamber 
A reduction in stagnation pressure across the combustion chamber is ex-

pected due to the effect of fluid friction. The outlet pressure from the combus-
tion chamber is defined as  

( )04 03 1 %ccP P P= − ∆                         (5) 

The combustor outlet temperature is limited by the turbine metallurgical con-
siderations. The fuel-to air ratio is defined as  

04 03

04

g a

b R g

Cp T Cp T
f

Q Cp Tη
−

=
−

                        (6) 

4) Turbine 
From the diagram in Figure 1(b), the state (4)-(5) defines the turbine expan-

sion which accounts for the power required by the compressor and mechanical 
losses, thus the outlet temperature from the turbine is defined  

m

WcWt
η

=                             (7) 

( ) ( )04 05 03 02g a mCp T T Cp T T η− = −                  (8) 

( )05 04 03 02a m gT T Cp T T Cpη= − −                   (9) 

While its outlet pressure is expressed as  
1

05 05
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                  (10) 

5) Afterburner 
a) Inoperative afterburner 
A pressure drop within the afterburner is defined, the drop is due to presence 

of drag and skin friction in the flame holders. The expression is defined as 

06 05 abP P P= − ∆                         (11) 

Since no afterburning is carried out, thus the temperature is constant in the 
afterburner duct.  

06 05T T=                            (12) 

b) Operative afterburner 
Additional fuel is burnt in the afterburner, this leads to a rise in the output 

temperature. The maximum temperature in the cycle is now given as 

06 maxAT T=                           (13) 

The afterburner fuel-to-air ratio is defined as  

( )( )06 05

06

1 g A g
ab

ab R g A

f Cp T Cp T
f

Q Cp Tη

+ −
=

−
                 (14) 

6) Nozzle 

https://doi.org/10.4236/ojee.2022.113007


O. O. Ighodaro et al. 
 

 

DOI: 10.4236/ojee.2022.113007 93 Open Journal of Energy Efficiency 
 

The critical pressure is used in determining if the nozzle is choked.  
Inoperative afterburner  
The critical pressure is defined as 

06
1

1

111
1

g g
c g

n g

P
P γ γ

γ
η γ

−=
  −
−   +   

                   (15) 

where nη  is the efficiency of the nozzle. For unchoked nozzles, the outlet pres-
sure from the jet is equal to the ambient pressure, therefore the jet speed is de-
fined as: 

( )7 06 72 gV Cp T T= −                       (16) 

However, if the nozzle is choked, the outlet temperature is defined as 

06

7

1
2

hT
T

γ +
=                           (17) 

The jet speed is then defined as 

( )7 7gV R Tγ=                         (18) 

a) Operative afterburner 
In the presence of an afterburner, the critical pressure is defined as 
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1
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γ
η γ

−=
  −
−   +   

                  (19) 

For unchoked nozzles, the jet speed is defined as  

( )7 06 72ab g AV Cp T T= −                     (20) 

When it is choked, it is expressed as  

( )7 7ab gV R Tγ=                        (21) 

The specific thrust of the engine is therefore defined as 

( ) ( )7
7 71 ab a

a a

AT f f V V P P
m m

 = + + − + − 
 

            (22) 

While the thrust-specific fuel consumption (TSFC) is expressed as 

TSFC f fabm m
T
+

=
 

                      (23) 

For an inoperative afterburner, the same equation was used but fabm  and 

abf  is equal to zero. 

2.1.2. Developing the Model in GasTurb13 
Gasurb13 is incorporated with pre-designed jet engine models. The choice mod-
el for the research work to be done was selected and loaded. There was no need 
to input Equations because it has its own solver. GasTurb does not require us-
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er-defined specific heat ratios, which are necessary for the calculations rather it 
uses component maps for its design point calculation. GasTurb uses a pseu-
do-perfect gas model in which the specific heat ratios are a function of tempera-
ture and gas composition [15]. 

2.2. Validation of Model 

The model developed in Excel and GasTurb13 was validated by live data of func-
tioning engines gotten from Nate Meier’s jet engine (Meier, 2005b, 2005a) as 
shown in Table 1. These values were evaluated at sea-level static conditions. 

2.3. Assumptions and Design Parameters 

The design parameters and assumed valves used in developing the model are 
presented in Table 2. 

2.4. On-Design Engine Performance 

On-design performance analysis is defined at the flight conditions for which the 
engine is originally sized. The data used for the calculations are obtained at static 
sea level which means that the Mach number and altitude are zero. The perfor-
mance analysis of the engine at the on-design point will be referred to as the ref-
erence point performance as it will constantly by referred to when carrying out 
more calculations at different atmospheric and flight conditions. These analyses 
will be carried out for both operative and inoperative afterburner. Sensitivity 
analysis is carried out on the on-design parameters to determine the effect of 
small changes in compressor pressure ratio and Turbine inlet temperature on 
thrust and specific fuel consumption. Further calculations was carried out using 
other component parameters with varying levels of technology between level 1 
and level 3 as discussed in the book titled Elements of Gas propulsion textbook 
[14]. These values are presented below in Table 3 and Table 4. 

2.5. Off-Design Performance Analysis 

A turbojet engine is said to be operating at off-design conditions when it operates  
 
Table 1. Validation models gotten from Nate Meier’s engine. 

Model name 
Thrust (KN) TSFC 

Airflow 
Pressure 

Ratio Dry Wet Dry Wet 

SNECMA, Atar09C,  
Mirage 111E 

41.95 60.802 0.1029 0.2068 68.03 5.7 

Rolls-Royce, Avon  
RA.7R MK 114 

33.406 42.258 0.0879 0.1938 58.51 7.0 

Rolls-Royce, Avon  
RB.146 MK 301 

53.378 69.903 0.0949 0.1888 77.11 8.4 

GE, J47-GE-1, F-86A 21.573 25.888 0.112068 0.11716 40.82 4.3 

https://doi.org/10.4236/ojee.2022.113007


O. O. Ighodaro et al. 
 

 

DOI: 10.4236/ojee.2022.113007 95 Open Journal of Energy Efficiency 
 

Table 2. Custom engine parameter. 

Parameter 
Type 

Turbojet References 

Parameter Values  

Ambient  
Parameters 

Altitude 10,000 m 

Klein, [16] Ambient Temperature 223.3 K 

Ambient Pressure 0.2650 bar 

Parameters  
of the Gas  
Turbine 

Mach number 0.8 

Assumed for  
Design Point  
calculation 

Compressor Pressure Ratio 9 

Turbine Inlet Temperature 1200 

Intake Efficiency 0.9 

Compressor Efficiency 0.9 

Combustion Efficiency 0.9 

Propelling Nozzle Efficiency 0.9 

Mechanical Efficiency 0.9 

Combustion Pressure loss 6% 

Nozzle inlet Temperature (Afterburner 
exit) 

2000 K 

Other  
parameters 

Specific Heat at constant Pressure (Air) 1.4 

Mattingly [17] 

Specific Heat at constant Pressure 
(Combustion Gas) 

1.157 

Specific Heat Ratio of Combustion Gases 1.333 

Gas constant 287 J/(KgK) 

Fuel Calorific value 42,100 KJ/Kg Klein [16] 

 
Table 3. On-Design parameters. 

Mass flow (Kg/s) 30 

Pressure ratio 9 

TIT (K) 1200 

Afterburner Temperature (K) 1800 

Altitude (m) 0 

Mach Number 0 

 
Table 4. On-design parameters based on level of technology. 

 LEVEL 1 LEVEL 2 LEVEL 3 

πc 0.8 0.84 0.88 

TIT 1110 1390 1780 

πt 0.9 0.92 0.94 

ηb 0.8 0.85 0.89 
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at atmospheric and flight conditions different from the prescribed on-design 
conditions. The performance projections at off design is expected to different 
from those at on-design conditions since the turbojet engine’s geometry is de-
signed for on-design performance. In carrying out off-design analysis, the fol-
lowing assumptions are made: 

1) The gas is ideal and perfect; 
2) The Flow at the turbine inlet and nozzle throat is choked;  
3) The pressure ratio is constant; 
4) Efficiencies of the various components are constant; 
5) All the Power developed in the turbine is used in powering the compressor;  
6) The Fuel-air ratio is constant. 
The formulations for the Off-design analysis are similar to that for the on-design 

calculations, except for the compressor ratio, temperature values and mass flow 
rates. Off-design calculations were carried out for both varying Mach numbers 
and altitude to determine the effect of ambient temperature, pressure and flight 
speed on engine performance.  

2.6. Optimization of Cycle 

In the design of a turbojet engine, the thermodynamic variables of Turbine Inlet 
Temperature (TIT) and Pressure ratio, rp, are used in determining the optimum 
performance of the engine. Performance optimization is intended to determine 
under what conditions the maximum Thrust (F) and minimum SFC of the en-
gine can be obtained. This is carried out by determining the optimum pressure 
ratio (rp) and the corresponding turbine inlet temperature (TIT) for which the 
turbojet engine performance gives maximum thrust and minimum SFC.  

The optimisation studies are carried out in two modules: 1) The SFC is to be 
minimized without any specific thrust constraints. The study is carried out for 
different operating conditions and maximum TIT as indicated in Table. 2) The 
SFC is minimized with specific thrust constraints, in which for each TIT there is 
pressure ratio that gives maximum thrust. Afterwards, the analytical model de-
veloped with Microsoft Excel was used in determining the optimum running 
line (ORL) over a range of operating conditions.  

3. Results and Discussion 

The values were used in the analytical calculations of the turbojet engine para-
meters.  

3.1. Results Validation 

The validation simulations are obtained at sea level static conditions that are ze-
ro altitude and Mach number. At this level, the design point thrust is maximum. 
The difference in values of analytical calculations and the GasTurb simulation as 
shown in Table 5 is due to the configuration of the software as described in 
Section 2.1.2. “Dry” result represents the performance of the engine without  
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Table 5. Validation results. 

 
Dry Wet 

 Analytical GasTurb13 Analytical GasTurb13 

Model 1 
Thrust 41.94073 41.880 60.802 60.849 

SFC 0.1029 0.0899 0.2068 0.18532 

Model 2 
Thrust 33.406 33.427 42.258 42.373 

SFC 0.0879 0.07963 0.1938 0.1350 

Model 3 
Thrust 53.378 53.803 69.904 70.08 

SFC 0.0949 0.08629 0.1888 0.1888 

Model 4 
Thrust 21.576 21.72 25.888 26.02 

SFC 0.112068 0.0924 0.11716 0.14317 

 
afterburner while the “wet” result represents the performance of the engine with 
afterburner effects. 

3.2. On-Design Simulation Comparison 

Components maps are not used for the simulations, the difference in values be-
tween the analytical solution and that from the model as shown in Table 6 are 
caused by the specific heat variations. 

The T-S diagrams for the design point analysis without afterburning and with 
after burning are shown in Figure 2 and Figure 3 respectively. 

Sensitivity Analysis  
The effect of changes in burner exit temperature, reheat exit temperature and 
pressure ratio on the net thrust and specific fuel consumption are presented in 
Table 7. 

3.3. Off-Design Simulation/Parametric Study 

Off design parameters are calculated in GasTurb13 using component maps. The 
custom engine parameter was used as a base of reference for the off-design si-
mulation. 

3.3.1. Effect of Varying Altitude at a Mach Number of 0.8 
As seen in Figure 4, increasing altitude results in reduction in the specific fuel 
consumption, the same trend occurs in the fuel flow and the thrust at a constant 
Mach number. It is noticed that the engine’s maximum attainable thrust occurs 
at sea level. The results are similar with and without an afterburner. 

The thrust also decreased as seen in Figure 4 as the altitude increases from 0 
to 10,000 m. This is due to the increased drag on the jet as it moves through the 
air. Definitely, there is an increase in fuel consumption as seen in Figure 5. The 
relationship between the altitude and fuel flow is presented in Figure 6, the 
higher the altitude, the less fuel is consumed. 
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Table 6. Results from on-design analysis. 

Dry Wet 

 Analytical GasTurb13 Analytical GasTurb13 

Thrust 22.287 19.78 33.057 28.40 

SFC 0.1177 0.09016 0.1847 0.18123 

 
Table 7. Sensitivity analysis table. 

 
   FN SFC WF Total 

Unit Basis Delta % % % 

Burner Exit 
Temperature 

K 1200 10 +0.43 −0.51 −0.08 

Reheat Exit 
Temperature 

K 1800 10 +0.30 +0.56 +0.87 

Pressure Ratio  9 0.2 +0.26 −0.23 +0.02 

 

 
Figure 2. T-S diagram of the design point analysis without afterburner. 

3.3.2. Effect of Varying Mach Number at an Altitude of 10,000 m 
As seen in Figure 7, increasing the Mach number leads to an increase in total 
fuel flow in the turbojet engine this implies increased specific fuel consumption 
at altitude of 10,000 m as the Mach number increases. This is also the trend in 
the net thrust as it increases with an increase in Mach number. 

The thrust also increases as seen in Figure 8 as the Mach number increases 
from 0 to 2. This is due to the increased drag on the jet as it moves through the 
air. Definitely, there is an increase in fuel consumption as seen in Figure 9. 
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Figure 3. T-S diagram of the design point with afterburner. 
 

 
Figure 4. Specific fuel consumption against altitude at 10,000 m for Off-design perform-
ance. 

3.3.3. Performance Carpet at Variable Pressure Ratio, Turbine Inlet  
Temperature and Afterburner Exit Temperature 

This was calculated at design point and at custom engine parameters. The values 
obtained show the effect of pressure ratio and thrust on specific fuel consump-
tion and Net Thrust. The carpet performance of the engine at static sea levels for 
the burner exit temperature conditions and reheat exit temperature conditions 
are presented in Figure 10 and Figure 11 respectively, while the carpet per-
formance when at altitude 10,000 m and Mach number 0.8 for both burner exit 
and reheat exit conditions are presented in Figure 12 and Figure 13 respec-
tively. 
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Figure 5. Thrust against altitude at 10,000 m for Off-design performance. 
 

 
Figure 6. Fuel flow against altitude at Ma = 0.8 for off design performance. 

3.4. Optimum Running Line 

An optimum point line was superimposed on the compressor map as shown in 
Figure 14. The point at which the specific fuel consumption is lowest pressure 
ratio is minimum is called the cruise mode. Since there is no compressor surge, 
there was no need to introduce a control bleed to counter the surge. The rela-
tionship between the fuel consumption and net thrust is presented in Figure 15. 

3.5. Optimization Results 
3.5.1. Minimizing Specific Fuel Consumption without Net Thrust  

Constraint 
The results of the optimization simulations when there was no net thrust con-
straint are summarized in Table 8. The values were evaluated between pressure  
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Figure 7. Fuel flow against at 10,000 m for Off-design performance. 

 

 
Figure 8. Net thrust against Ma at 10,000 m for Off-design performance. 
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Figure 9. Specific fuel consumption against Ma at 10,000 m for Off-design performance. 

 

 
Figure 10. Performance carpet at static sea level. 
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Figure 11. Performance carpet at static sea level. 

 

 
Figure 12. Performance carpet at Altitude = 10,000 m and Ma = 0.8. 
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Figure 13. Performance carpet at Altitude = 10,000 m and Ma = 0.8. 

 

 
Figure 14. Operating line superimposed upon the compressor map. 
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Figure 15. Engine operating line. 

 
Table 8. Optimisation results at different operating conditions. 

Operating Conditions Optimum conditions 

Altitude 
(m) 

Mach 
Number 

TIT 
(K) 

Reheat 
Temperature 

(K) 
 

Thrust 
(KN) 

SFC 
Kg/N hr 

0 m 0 1450 1800 16.8504 7.10 0.1751 

10,000 m 0.8 1450 1800 19.6336 11.58 0.0991 

 
Table 9. Optimisation results at different operating conditions. 

Operating Conditions Optimum conditions 

Altitude 
(m) 

Mach 
Number 

TIT 
(K) 

Reheat  
Temperature 

(K) 
 

Pressure 
Ratio 

SFC 
Kg/N hr 

0 m 0 1450 1800 16.8504 7.8 0.1538 

10,000 m 0.8 1450 1800 19.6336 16.78 0.0887 

 
ratio of 5 and 20 and with a maximum turbine inlet temperature constraint of 
1450 K. 

3.5.2. Minimizing Specific Fuel Consumption with a Constraint on  
Net Thrust 

The effect of constraining the thrust is shown in Table 9. A constraint of thrust 
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at 15 KN was introduced and the optimal pressure ratio at which there is mi-
nimal fuel consumption was calculated. The pressure ratio at a maximum Thrust 
of 15 KN was determined to be 16.78. 

4. Conclusion 

This study has shown that the altitude and Mach numbers are limiting factors 
when the specific fuel consumption is minimised without constraining the 
minimum thrust thereby resulting in a two-dimensional optimisation problem. 
Results from this work show that TSFC reduces as the Altitude and Mach num-
ber increases at optimised turbine inlet temperature and compressor pressure 
ratio. Practical considerations, however, limit the potential improvements. The 
significant trends observed in this study are: 1) At increased Altitude and Mach 
number the TIT increases; 2) Pressure ratio decreases at increasing Altitude; 3) 
Significant reduction in Thrust at increasing; 4) Presence of an afterburner im-
proved the thrust but also increases the Specific fuel consumption. The sensitiv-
ity study of the on-design cycle showed that there is little or no effect on the 
TSFC due to small deviations from optimum design values. It further showed 
that the TSFC of the optimised cycle is quite sensitive to variations in TIT and 
pressure ratio. However, the overall pressure ratio remains the limiting factor in 
all the cases studied 
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Nomenclature 

P: Pressure 
T: Temperature 
Ma: Mach Number 
η: Isentropic Efficiency 
F: Fuel to air ratio 
Cp: Specific heat capacity 
W: Power 
TIT: Turbine inlet temperature 
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