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Abstract - The role of gas turbine in the nuclear and conventional power industries has received 
considerable attention over the past several decades. However, in order to improve the performances 
of gas turbine, different methods such as regeneration, intercooler intermediate, pre-heating and 
injection of the steam water have been used. This later method is the more beneficial to increase 
efficiency. The steam water injection at the upstream of the combustion chamber has been proposed. 
The main purpose of the present work is to analysis the effect of the environmental conditions on the 
thermodynamic cycle processes of gas turbine, by using analytical relations. The quantity of water 
vapor carry through will be injected only when the ambient conditions become higher than 
standards. The influence of inlet temperature and pressure, ambient temperature and the combustion 
comber temperature over a wide operating range are evaluated. Design data of an industrial gas 
turbine are employed to show the variation of injected steam water. The results obtained of injection 
are in good agreement with the qualitative variation of these conditions in the case of normal 
operation without injection of the steam. For better illustration of the physical phenomena, the 
results are represented in the form of curves into both two and three dimensions. 
Key words: Gas turbine - Simple cycles - Steam water injection - Energy balance - Specific power - 

Total thermal efficiency. 

 
1. INTRODUCTION 

Gas turbines are used by themselves in a very wide range of services, most notably for 
powering aircraft of all types but also in industrial plants for driving mechanicals equipment such 
as pumps, compressors and small electric generators in electrical utilities and for producing 
electric power for peak loads as well as for intermediate and some base-load duties There is also 
growing interest in using gas turbine in combined cycle plants [1, 2]. They have many advantages 
such as flexibility in supplying process.  

They are also subject to fewer environmental restrictions. In spite of these advantages, their 
high sensitivity to the influence of air ambient temperature which varies considerably between 
day and night, summer and winter, makes that the thermal efficiency of exploitation is affected. 
The use of gas turbines in combined cycle is one scheme to overcome their present low cycle 
efficiency. In other hand, an economic compromise between high capital and operating costs 
would have be found. 

The cycle of gas turbine is very flexible cycle so that its parameters of performance, i.e. 
output and specific net work, can be improved by adding the additional components to a simple 
cycle [3-14]. At the present, the combustion process in the combustion chamber is carried out in 
the presence of an additional quantity of the steam. This quantity is injected at the upstream of the 
combustion chamber. 

This idea has grown out of the need to improve the simple Brayton cycle efficiency by 
utilizing the waste heat in the turbine exhaust gases to generate steam. The increase of the output 
and the exiting power of the turbine is a consequence of the additional mass crossing the channels 
inter-blades of turbine [1]. 
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In this work, an attempt is made to modelling a simple cycle by recuperation of the turbine 
exhaust (to put an evaporator) in order to obtain the vapour overheated, by considering all factors 
which affect really the performances of a true cycle. To this end, the physical properties of the 
driving fluid were taken real (according to the temperature and pressure) [1-4], [15-19]. 

2. BASIC GAS TURBINE CYCLE 

2.1 General description 
The ideal and basic cycle is called the Joule cycle is also known as the constant cycle because 

the heating and cooling processes are conducted at constant pressure. A simple layout is shown in 
figure 1. 

 
Fig. 1: Illustrative diagram 

2.2 Cycle proposed 
Figure 2 presents the arrangement of a cycle injected by the steam water. Air is driven back 

downstream from the compressor with a pressure p2, combustion is carried out in the combustion 
chamber where fuel is injected in the presence of an additional quantity of the steam water whose 
physical properties are calculated for conditions of injection to the upstream of the combustion 
chamber [15, 16]. The flow is constituted by the mixture of combustion gases and the additional 
of steam water quantity, having a more raised temperature, crossing the channels interblending of 
the turbine led to an increase progressively with the power delivered by this machine. 

 
Fig. 2: Schematic of an steam water injected circuit 

3. EVALUATION OF THE CYCLE PERFORMANCE PARAMETERS 
In order to make the gas turbine insensitive with the variation in the ambient temperature, the 

steam water injection method before the combustion chamber has been proposed. This operation 
will be carried only when the inlet parameters of compressor exceed the standards conditions 
values of gas turbine. The calculation of new processes is obtained from an energy balance 
applied to an elementary volume of the combustion chamber presented in figure 3. 
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Fig. 3: Control volume of combustion chamber (Application of energy balance) 
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Since the vapour is injected just at the upstream of the combustor thus, the calculating 
parameters in the part of compression are unchanged. The flow of the fuel, in the case without 
injection, is given by: 
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However, to maintain the manufactory combustor at constant temperature, with the presence 
of steam (which the parameters of injection are injT  and injP ), the fuel must be added even more. 
This quantity of the fuel is given by: 
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As the vapour rate is very small comparing with the rate of air, pressure increase in the 
combustion chamber has been neglected while the steam is injected. The compressor of the 
engine determines the pressure in the combustion chamber. 

3.1 Power provided by the turbine 
The power developed by the turbine is given by: 

( ) ( ) ( )
4CC t,st,ssg,4g,3faT hhmhhmmP −×+−×+= &&&               (6) 

3.2 Available useful power 
The useful output power is: 

( ) ( )( )C_mecCTT_mecDisp_Ut /PPP η−η=                (7) 

4. ASSUMPTIONS 
The characteristics of gas turbine are given in the following table 1. The calculations are 

taken in wide range of pressure ratio and ambient temperature. 



R. Kadi et al. 

 

330 

Table 1: Characteristics of the GE MS5002 gas turbine 

ConctP  18000 kW Ambt  0  /  50 °C 

Const_Thη  23 % CCη  95 % 

CCt  900 °C Gη  96 % 
)GN(PCI  45119 kJ/kg Tη  88 % 

fC  1.02 mecη  95 % 

Cη  90 % Gp∆  1,25 % 

Ambp  1.0132 bar CCp∆  4 % 
ε  7.3761 Admp∆  1% 

5. RESULTS & INTERPRETATIONS 
Assuming a gas turbine functioned in ranges of extreme temperatures (winter: 0 °C, summer: 

50 °C) and of pressure ratio: ( 101 >ε< ).  
The performances of gas turbine are significantly influenced by the change in ambient 

conditions. So to keep those performances when the ambient temperature becomes higher than the 
reference conditions, the method of the steam water in the upstream of combustor is proposed. 

5.1 Influence of inlet parameters on the injected vapour quantity 
Wide rage of parameters values of the injected vapour (pressure and the temperature) have 

been taken in order to study their influence on the turbine performances. The figures (4, 5, 6 and 
7) show the evolutions respectively, according to the ambient temperature, turbine power, net 
power, useful power and the necessary quantity of vapour injected in order to bring back the 
operation of this turbine to a standard temperature. 

 
Fig. 4: Turbine power 

 
Fig. 5: Useful output available 
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Figures 4 and 5 show that all curves of the performances (powers and net power) changes 
starting from isoT . This latter is the beginning of improvement of the gas turbine performances. 

 
Fig. 6: Quantity of steam injected 

The first parts of curves are identical (in the case without injection). In the case of injection, 
the amount of injected vapour is reduced when the inlet parameters increased. 

 
Fig. 7: Efficiency 

At beginning of injection after the standard temperature, the efficiency will be kept constant 
as the ambient temperature changes. The figure 7 shows this variation. Also, we note that the 
injected parameters, such as temperature and pressure have not influence on the injection. 

Analysis of the figures 4, 5 6 and 7 show that when we increase the injection steam 
temperature we have a reduction in the quantity injected of this one. Due to the temperature of 
mixture, the quantity of vapour injected decrease considerably. 

5.2 Influence of operating ambient temperature 
It is interesting to visualize the displacement of the point where the injection of the steam 

water starts, by varying the standard operating temperature ( isoT ) of a given step. The profiles of 
turbine power, the necessary injected quantity of the vapour, available useful power and the total 
thermal efficiency are presented successively on the figures (8, 9, 10 and 11). 

 
Fig. 8: Turbine power 
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Fig. 9: Quantity of steam injected 

Figure 9 shows the displacement of the beginning point of an injected steam water which 
corresponds to isoT . 

 
Fig. 10: Available useful power 

 
Fig. 11: Efficiency 

Figure 11 shows, when the ambient temperature is inferior to the standard temperature 
( isoamb TT < ) the efficiency decrease by increasing the ambient temperature. This is the 
consequence of volumic mass of air in the compressor. 

5.3 Influence of the combustion chamber temperature 
In order to represent the influence of the combustion temperature on the quantity of injected 

vapour; wide range of values is changed. The results are mentioned in figures 12 and 13. 
We show that the injected quantity reduces when the combustion temperature increases. The 

efficiency depends also of this variation. The work of the compressor would also decreases. 

6. CONCLUSION 
This study was analysis the influence of the environmental conditions on gas turbine 

performances with the presence of steam vapour at the upstream of the combustor. 
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Fig. 12: Quantity of steam injected 

 
Fig. 13: Efficiency 

A detailed research has been made to modify the real cycle of gas turbine, to improve the 
output and to keep the efficiency constant with injection of the steam water. The quantity of water 
vapour carry through will be injected only when the ambient conditions become higher than 
standards. The heat energy coming from exhaust overheated the vapour injected. A device with 
feed water circuit, economizer and evaporator is proposed to obtain the necessary desired 
performances. 

The results obtained prove that the available useful power and the total thermal efficiency of 
gas turbine have been kept constant, as in operating conditions (ISO conditions), when quantity of 
steam water is injected proportionally with change of ambient temperature. In south Algerian, the 
gas turbines are used in the industry of hydrocarbons work in hard climatic conditions. The 
ambient temperature varies considerably during the year can often reach 50 °C in summer 
reducing the efficiency of 28 %. By this study we want to make the gas turbines insensitive with 
the variation of the ambient temperature of an injection device of the steam water driven by the 
free energy of exhaust fumes. 

Furthermore, the model developed in this work for the modified simple cycle can envisage the 
performances of a relatively large number of gas turbines similar to the type G E MS5002. At the 
end, we concluded that the results obtained by this model are questionable and must be re-
evaluated using experimental data. 

NOMENCLATURE 

    

fC  Flow coefficient, (-) R  Specific constant of gas, (J/kg.K) 

pC , vC  Specific heats at constant pressure 
and volume, (J/kg.K) 

t  Temperature in, (°C) 

pC  Average specific heats at constant 
pressure, (J/kg.K) 

T  Temperature in, (K) 
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f  

 
Fuel to air ration (without 
injection of steam water), 

acarb mmf &&= , (%)  

 
'
2T  

 
Isentropic temperature on the outlet 
side of the compressor, (K) 

"f  Fuel to air ratio 
(with steam water injection ), 

acarb
"" mmf &&= , (%) 

'
4T  Isentropic temperature on the outlet 

side of the turbine, (K) 

GN  Natural gas, (-) CCT  Temperature on the outlet side of 
the combustion chamber (indicated 

3T ), (K) 
h  Specific enthalpie, (J/kg) s  Flow steam to flow air ratio,  

as m/ms &&= , (%) 
0
fh  Standard specific enthalpie, (J/kg) w  Specific work, (J/kg) 

k  Polytropic coefficient of the fluid, 
(-) 

γ  Isentropic coefficient, vp c/c=γ ,(-) 

m&  Mass rate of flow, (kg/s) λ  Excess coefficient of air, (-) 

in  Fraction of an element 
in a gas mixture, (-) 

p∆  Drop of pressure, (bar)  

p  
P  

Pressure, (bar) 
Power, (W) 

Cη  Isentropic efficiency of the 
compressor, (%) 

CP  Absorber power by the 
compressor, (W) 

CCη  Combustion efficiency, (%) 

PCI  Lower calorific value of the fuel, 
(kJ/kg) 

Gη  Electric generator efficiency, (%) 

Disp_UtP
 

Useful output available of the 
thermodynamic cycle, (W) 

mecη  Mechanical efficiency, (%) 

TP  Power produced by the turbine, (W) Tη  Isentropic out put of turbine, (%) 
ε  Compressor pressure ratio,  

12 p/p=ε , (-) 
gb_Thη  Thermal efficiency of the cycle, (%) 

    
 Subscripts and superscripts   
1, 2, 3, 4 Positions of the cycle presented by 

the various elements of the gas 
turbine 

const  Quantity related to the manufacturer 

a  Quantity related to the air Gen  Quantity related to combustion 
gases steam generator 

Adm  Quantity related to the admission g  Quantity related to the combustion 
gases 

Amb  Quantity related to the ambient inj  Quantity related to the parameters 
of injection 

C  Quantity related to the compressor iso  Quantity related to the standard 
conditions 

CC  Quantity related to the combustion 
chamber 

s  Quantity related to the steam water 

f  Quantity related to the fuel T  Quantity related to the turbine 
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