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Abstract: Most of gas fields, after the operation and according to the production plan and time of reservoir 

abandonment, need gas compressor stations to maintain and stabilize their production, due to pressure drop in the 

reservoir. Gas turbines are used as drivers of the process gas compressors in gas compressor stations. Improving 

the performance of gas turbines has a considerable part in reducing energy consumption for gas transmission 

industry. The performance of the turbo compressor is variable according to ambient conditions. This performance 

affects the gas pressure enhancing and ultimately the field production. Therefore, modeling and simulation of gas 

turbines performance, in order to estimate the actual turbines efficiency at operating conditions and efforts to 

improve efficiency, are essential. The purpose of this study is modeling and simulation of twin-shaft gas turbine of 

the compressor station in the Middle East and estimating their actual performance in the current situation in order 

to provide a general framework for prioritizing the repair time for 4 rows of SGT-400 turbo compressor of gas 
compressor station. In this research, the information of twin-shaft gas turbine, SGT-400, (Siemens Company, 

Germany) and measurable process data from the gas compressor station were collected. Aspen HYSYS software 

(Version 2006) was used for modeling and simulation of the gas compressor station process. In the simulation 

environment, the gas turbine was parted based on the constituent elements and each was modeled separately. The 

process gas compressor that its driving force is provided by the gas turbine also was modeled. By using collected 

data of turbo compressors and process gas compressors from the compressor station, required output parameters 

such as power consumption or power production of each elements and their efficiency were obtained at operation 

conditions. According to modeling, the overall framework for prioritizing repair and maintenance time for gas 

turbines at this gas compressor station was provided on the basis of performance efficiency, which facilitates gas 

turbines repair process and reduces costs. In addition, the gas turbine process was simulated and effect of process 

parameters on the performance of gas turbine at operating conditions was investigated. The results showed 

noticeable effects of environmental conditions and temperature of inlet air to the combustion chamber on the gas 
turbine's performance efficiency. 
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1. Introduction  

Nowadays Gas Turbines are one of the significant parts of modern industry. They have widely utilized in 

various industries, such as power generation, aeronautical industry and main mechanical drivers for huge pumps 

and compressors[1]. Numerous gas turbines are being generally used as the main driving components of the gas 

compressor station in several countries all over the world especially in the Middle East [2]. This high improving 

demand in the past 50 years is because of their low weight, compactness and multiple fuel applications.  
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Gas turbine is considered as an internal combustion engine which uses the gaseous energy of air to convert 

chemical energy of fuel to mechanical energy[3]. This means that gas turbine derive their power from burning 

fuel in a combustion chamber and utilizing the high speed of flowing combustion gases to drive a turbine[4]. 

A typical gas turbine mainly comprises of three main components namely compressor, combustion chamber 

and turbine. The three main components of a gas turbine are illustrated in figure 1. Fresh atmospheric air flows 

through a compressor that brings it to higher pressure. Energy is then added by spraying fuel into the air and 

igniting it so the combustion generates a high temperature flow. This high-temperature  high-pressure gas enters 

a turbine, where it expands down to the exhaust pressure, producing a shaft work output in the process.As a 

result, the turbine produces shaft work to the surrounding [4]. Some fraction of that produced work is consumed 

by the air compressor while the balance shaft work can be considered as the net work[1]. 

The thermodynamic process used by the gas turbine is known as the Brayton cycle. The Brayton cycle is the 

thermodynamic cycle which is used to explain the principle and operation of a gas turbine engine[5]. The 

Brayton cycle efficiency is maximised by increasing the pressure difference across the machine. Energy is 

provided by means of internal combustion by burning some type of fuel. The gas turbine is an open system. 

Figure 1 shows the T-s and P-v diagram for an ideal Brayton cycle [5]. The following four internally reversible 

processes can be seen: 1-2 isentropic compression in the compressor, 2-3 Constant pressure heat addition, and 3-

4 isentropic expansion. 

 

                                                                  

 

  

                                                       

Fig. 1: (a) the schematic of typical gas turbine, (b) Ideal Brayton cycle T-s diagram, (c) P-v diagram[3] 

By comparing the ideal Brayton cycle to an actual gas turbine cycle, one would notice some imperative 

contrasts. During heat transfer in ideal cycle, constant pressure is assumed. The actual work is consumed by the 

compressor and the work is produced by the turbine would be higher and lower, respectively. This is caused by 

irreversibilities like friction in the components, which decrease the total adiabatic efficiency[6]. 

In the two-shaft or Twin-shaft design shown in Figure 2, one of the turbines (Gas Generator) is dedicated to 

driving the air compressor, while the other (Power Turbine) drives the load. Multiple shaft turbines offer a 

greater potential compressor surge margin and require less energy for starting. They also allow the compressor 

to operate at its most efficient speed while the power turbine speed varies with the driven load, eliminating the 

need for gearboxes and associated losses. As a result, multi-shaft turbines offer lower part load heat rates (higher 

efficiency) than single-shaft units[7]. 

During recent years, considerable researches have been conducted especially in the field of modelling and 

simulating of gas turbines. There are different approaches to model a dynamic system such as gas turbine [8]. 

Models may be used online on sites by operators and site engineers for performance and condition monitoring 

[3]. Performance and condition monitoring is considered as a major part of predictive maintenance. Under the 

subject of gas turbines, there is a vast amount of literature available regarding the topic of gas turbines 

performance analysis. Despite all significant research carried out in this field during the last decades, there is still 

a need for gas turbine models with higher degree of accuracy and reliability for system identification purposes. 

This is because of the nonlinear and complex nature of gas turbine dynamics.  

In this study, modelling and simulation of Twin-Shaft Industrial Gas Turbine of the Gas Compressor Station 

in the Middle East was carried out using Aspen HYSYS software (V. 2006) and new approach for maintenance 

planning according to the actual performance of turbo compressors was presented. By collecting process data of 

turbo compressors and process gas compressors from the gas compressor station, required output parameters 
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were obtained. In addition, the gas turbine process was simulated and effect of process parameters on the 

performance of gas turbine at operating conditions was investigated. 

 

 

                              

                                    

 

                                                    

Fig. 2: the schematic of twin-shaft industrial gas turbine of the gas compressor station 

2. Method of Modelling and Simulation   

The properties of case study gas turbine in the gas compressor station in the Middle East were described. 

Then, the simulator and the method of modelling were clarified. The process information that gathered from gas 

compressor station was explained.     

2.1. SGT-400 Gas Turbine Technical Characteristics 

The gas compressor station under study is installed in the south of Iran, situated 1208 km south of the capital, 

Tehran. The compressor station consists of 4 identical Siemens twin-shaft industrial gas turbines SGT-400 

installed at an elevation of about 1030 m above the sea level. Each turbo compressor provides mechanical power 

of process compressor that coupled to it with shaft. SGT-400 features a compact gas generator and a two-stage 

power turbine, incorporating the latest aerodynamic and combustion technologies. The 11-stage, axial 

compressors are also horizontal and operate at 14100 rpm identical to gas generator turbine with 2-stage. Each 

gas turbine has 6 can combustion chambers, each chamber equipped with 1 main nozzle and 1 pilot nozzle. The 

other part of gas turbine is 2-stage power turbine that is coupled directly to process compressor shaft and 

operates at 9500 rpm speed. The nominal mechanical drive of SGT-400 gas turbine is 13.4 MW under ISO 

conditions with nominal efficiency of 36.2% [9].  

2.2. Process Modeling with Aspen HYSYS Software  

Aspen HYSYS V2006 simulator offers a comprehensive thermodynamics foundation for accurate 

calculation of physical properties, transport properties, and phase behaviour for the oil & gas and refining 

industries. In this research, the fuel and working fluids are hydrocarbon mixtures; hence the Peng-Robinson (PR) 

fluid package is used[10]. The compositions of gas turbine fuel and the chemical reactions that occur in 

combustion chamber are presented in Table 1. 

TABLE I: Fuel Composition of Gas Turbine and Chemical Reaction of Combustion Process  
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The process of gas compressor station consists of a number of unit operations which include: material 

streams, an expander, compressors, mixers, coolers and a conversion reactor. Gas turbine model and process 

compressor model in Aspen HYSYS environment are shown in Figure 3. 

                                                           

Fig. 3: The gas compressor station model in Aspen HYSYS 

2.3. Industrial Data of Gas Compressor Station (Measured & Calculated) 

The gas turbine process variables that monitored and measured in the gas compressor station were collected 

for three rows turbo compressors B, C, and D, which are shown in Table 2. The measured industrial data were 

used as input parameters for the gas compressor station model in Aspen HYSYS. 

TABLE II: Measured and calculating parameters of gas compressor station case study in the Middle East 

AIR COMPRESSOR UNIT GT-B GT-C GT-D 

Inlet Air Compressor Pres. (Meas.) bara 0.88 0.88 0.88 

Outlet Air Compressor Pres. 

(Meas.) 
barg 8.25 8.8 8.6 

Inlet Air Compressor 

Temp.(Meas.) 
°C 32 25 24 

Outlet Air Compressor 

Temp.(Meas.) 
°C 360 348 347 

Actual Vapor Density (Calc.) g/m3 15.597 10.465 9.946 

Mass Flow of Inlet Comp. Air 

(Calc.) 
kg/h 56550 56850 63710 

Act. Volume Flow of Inlet Comp. 

Air  
m3/h 57010 54660 62340 

Pressure Ratio (Calc.) - 10.526 11.151 10.924 

Polytropic Efficiency (Calc.) 

 
- 88.752 90.737 89.766 

Power Consumed (Calc.) kW 5468 5378 6024 

FUEL SYSTEM UNIT GT-B GT-C GT-D 

Fuel Pressure Header (Meas.) 

 
barg 21 22 22 

Fuel Pressure Pilot (Meas.) 

 
barg 20 21 21 

Fuel Pressure Burner (Meas.) 

 
barg 7.1 8 8.1 

Inlet Fuel Temp. (Meas.) 

 
°C 59 62 65 

Inlet Fuel Temp. before 

Heater(Meas.) 
°C 32 42 43.5 

COMBUSTOR UNIT GT-B GT-C GT-D 

LHV Burner (Meas.) kW 12780 11460 12344 

LHV Pilot (Meas.) kW 5215 4395 4650 

Fuel Flow (Meas.) kg/h 1131 1090 1194 

T Limit (Meas.) °C 1048 1034 1041 

Air Inlet Mass Flow (Calc.) kg/h 56550 56850 63710 

Comb. Chamber Outlet Flow 

(Calc.) 
kg/h 57680 57940 64900 

Air Inlet Temperature (Meas.) °C 360 348 347 

Comb. Chamber Outlet Temp. 

(Calc.) 
°C 1050 1017 1003 

Air Inlet Pressure (Calc.) bara 9.26 9.81 9.61 

Fuel Inlet Pressure (Calc.) bara 8.11 9.01 9.11 

Comb. Chamber Outlet Pres. 

(Calc.) 
bara 8.11 9.01 9.11 
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GAS GENERATOR UNIT GT-B GT-C GT-D 

Speed (Meas.) rpm 13495 13430 13403 

T Avg Interduct(CC,GG) (Meas.) °C 660 654 656 

Gas Gen. Exhaust Pressure (Meas.) barg 1.94 2.06 2.07 

Gas Inlet Mass Flow (Calc.) kg/h 57680 57940 64900 

Gas Gen. Inlet Temp. (Calc.) °C 934.7 1010 954.2 

Gas Gen. Inlet Pressure (Calc.) bara 8.11 9.01 9.11 

Gas Gen. Exhaust Temp. (Calc.) °C 703.3 751.5 703.3 

Power Produced (Calc.) kW 4574 5149 5544 

POWER TURBINE UNIT GT-B GT-C GT-D 

 Speed (Meas.) rpm 7615 8194 8201 

Power Turbine Exhaust Temp 

(Meas.) 
°C 488 485 487 

Power Turbine Inlet Temp. (Calc.) °C 703.3 751.5 703.3 

Power Turbine Exhaust 

Pres.(Calc.) 
bara 0.94 0.77 0.98 

Power Produced (Calc.) kW 4105 5090 4605 

PROCESS COMPRESSOR UNIT PC-B PC-C PC-D 

Standaed Suction Flow (Meas.) MMScMD 8.8 7.9 7.95 

Weight Flow (Meas.) kg/h 308392.86 276852.68 278604.91 

Suction Pressure (Meas.) barg 60.6 60 60 

Suction Temperature (Meas.) °C 43.8 42 43.5 

Discharge Pressure (Meas.) barg 78.9 82.3 82.6 

Discharge Temperature (Meas.) °C 69.4 76 75 

Speed (Meas.) rpm 7615 8194 8201 

Pressure Ratio (Calc.) - 1.297 1.365 1.37 

Polytropic Efficiency (Calc.) - 70.381 61.548 69.356 

Power Consumed (Calc.) kW 4105 5090 4605 

2.4. Ideal and Real Overall Efficiencies 

The ideal overall efficiency of gas turbine can be expressed through theoretical thermodynamic analysis of 

the Brayton cycle by using its specification[11]. 

(1)    
1

( 1)

1 21 1


    k k

rT T P  

There is another expression for efficiency that is used in the actual state of gas turbine operation. This 

statement is given in Equation 2. In this regard, although the effect of different gas turbine elements has not been 

appeared, separately but the performance of each one is effective on efficiency. 

(2)   .  out FuelW m LHV  

Where, Fuelm  is fuel mass flow rate, LHV is low heating value and outW  is net work output of the gas turbine.  

3. Results and Discussion 

3.1. Estimation of Real Efficiency for Gas Turbines 

Individual components of the gas turbine play a major role in power output and in the gas turbine’s overall 

efficiency. The achieved results of modelling the main components of process were presented in Table. 2. By 

reducing the inefficiencies in individual components, gas turbines efficiency can be increased considerably [4]. 

In Figure 4, the sheet related to the operational efficiency calculation of the row B gas turbine is indicated. In 

this sheet, the useful work per time and the SGT-400 overall efficiency were calculated. The results of the 

estimation of real efficiency in operational conditions for gas turbines of row B, C and D have been reported in 

Figure 4. 
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Fig. 4: The operational efficiency calculation sheet of the row B gas turbine (Up), the real efficiency of row B, C and D (Down) 

 

According to Figure 4, the real efficiencies estimated in the operating conditions for gas turbines of rows B, 

C and D are 22.71, 35.68 and 27.64%, respectively. These estimates are based on the use of gas turbines at 

approximately one-third of the nominal capacity given by the Siemens Company, so the estimated efficiencies 

are reasonable for gas turbines analysis based on this modeling provides results that are consistent with reality. 

3.2.  Simulation of Gas Turbine Process 

Different process and mechanical parameters affect the actual efficiencies of gas turbines. In the following, 

simulation of the gas turbine process and the evaluation of effective process parameters on the performance of 

gas turbine were investigated.  

3.2.1 Effect of Temperature, Pressure and Relative Humidity of Inlet Air to Air Compressor 

Figure 5 shows the effect of ambient air condition on the efficiency of the gas turbine and net produced work. 

The effect of ambient temperature change is significant on gas turbines and the efficiency decreases as the inlet 

air temperature increases. When the ambient temperature increases, the density of the air tends to decrease. 

Therefore the inlet air mass flow rate of the compressor decreases. As a result, the power production of the 

turbine is reduced. Ambient pressure is a site dependent parameter for the gas turbines. With the increase of 

altitude, ambient pressure gets reduced. As a result of reduced pressure, simultaneously density of the air is also 

reduced. Due to the lower air density, mass flow rate through the gas turbine cycle is reduced. Hence the output 

power is reduced correspondingly. The water content in air has a significant effect on the performance of a gas 

turbine because it changes the density of the air. Hence higher relative humidity or higher water content in air 

reduces the density of air. As a result, mass flow rate through the system is reduced. Hence power production of 

the turbine also going to be reduced[5]. 

                                                               
Fig. 5: (a) Effect of inlet air compressor temperature change on the row D gas turbine efficiency and net produced work, (b) 

Effect of inlet air compressor pressure change on the row D gas turbine efficiency and net produced work 
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3.2.2 Effect of Temperature and Pressure of Inlet Fuel & Inlet Air to Combustion Chamber 

According to studies and manufacturer information, increasing the inlet fuel temperature into the combustion 

chamber increases the useful produced work and thermal efficiency of the gas turbine. It should be noted that the 

effect of inlet fuel temperature has a small effect on the improvement of gas turbine performance. The results 

show that the effect of increasing the inlet fuel pressure on the net produced work and thermal efficiency of the 

gas turbine is negligible.  

In Figure 6 (a), the effect of thermal recovery on the thermal efficiency and useful produced work of gas 

turbines SGT-400, because of combustion chamber designing, has been shown. The effect of this thermal 

recovery on increasing the power of the gas generator and power turbine can be seen in Figure 6 (b). As the 

temperature of the inlet air to the combustion chamber increases, the produced power of gas generator and power 

turbine rises, ultimately improves useful produced work.   

                 
Fig. 6: (a) Effect of inlet combustion chamber temperature change on the row D gas turbine efficiency and net produced 

work, (b) Effect of inlet combustion chamber temperature change on the produced power of power turbine and gas 

generator 

3.3. New Maintenance Planning Approach for Gas Turbines 

By using prepared model for each row of gas turbines, the desired parameters and the thermal efficiency of 

gas turbine were obtained in real conditions of operation. By attention to the importance of evaluating operation 

of gas turbines at gas compressor stations, performing the necessary repair and maintenance measures in case of 

reduction of turbine efficiency and preventing the reduction of gas fields’ production, it is essential to use 

suitable model for on-line recording of gas turbines operation. 

Considering the operation time of different rows of gas turbine according to the required conditions, and in 

the service line of various quadruple rows of gas turbines during the intervals of the year, it is suggested that the 

operational efficiencies of different rows of gas turbines are obtained using the proposed model. Then, by 

investigating the changes of gas turbines’ efficiency in gas compressor station, separately and comparing the 

reduction of operational efficiency of rows A, B, C and D, by attention to the time interval in the service of the 

gas turbine rows, it is decided to repair and maintain the gas turbine row with the highest efficiency reduction. 

4. Conclusion  

In this research, modeling and simulation of the SGT-400 gas turbine process at the gas compressor station 

of one of the Middle East operational regions was done by Aspen HYSYS Software. By using the process 

parameters collected from the gas compressor station, the actual performance of the rows of gas turbines was 

estimated. Various effective parameters on gas turbine performance were investigated and based on modeling 

and estimation of thermal efficiency, a new approach for prioritizing the time of repair and maintenance of gas 

turbine rows was presented. Performance and condition monitoring is a very helpful tool in maintenance 

planning, preventing unwarranted maintenance, reducing the maintenance cost and can be used to avoid 

unexpected failures. Regarding the simulation of gas turbines, the effect of environmental conditions and 
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controllable parameters on the performance of the gas turbine rows was investigated. The results show the 

significant effect of environmental conditions on the gas turbine efficiency and the appropriate method for 

improving the performance of gas turbines. 
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