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Abstract: This paper presents an analysis and comparison of a real open and closed cycle gas turbine 

process. Analysis is performed by using operating parameters of six different working mediums (air, 

helium, CO2, neon, argon, nitrogen). The most notable difference is that a real open cycle process uses 

air and contains a combustion chamber and its dissipated heat is released into the environment, while a 

real closed cycle process uses helium, CO2, neon, argon and nitrogen while consisting of a heater and a 

cooler where its heat is dissipated. The air had the lowest required driving turbocompressor power 

(45816,6 kW), while the highest was achieved by neon (198855,27 kW). The air had again the lowest 

total power developed by the turbine (113768,1 kW), while the highest turbine total power was also 

achieved by neon (266807,32 kW). Neon had the lowest share of effective power in the total turbine 

power (25,5%), while the highest share of effective power in the total turbine power was achieved by 

air (59,7%). Helium had the lowest mass flow (74,84 kg/s), while argon had the highest value of mass 

flow (731,84 kg/s).  
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1. Introduction 

 

Generating electricity with gas turbines was first seen in the year 1939. The gas turbine is a type of 

engine in which burning of an air-fuel mixture produces hot gas that spins a turbine to produce power. 

Combustion occurs continuously in gas turbines. Gas turbines can usually be found in a power 

production as an individual device, in cogeneration systems or as a part of a complex combined-cycle 

power plants [1, 2].   

There are also two types of gas turbines: open-cycle and closed-cycle gas turbine. Closed-cycle gas 

turbines offer various benefits in comparison to open-cycle gas turbines. They can use various non-

corrosive operating mediums, which offers better thermodynamic characteristics (when compared with 

air) while not having any connection with the environment. Produced useful power in this process can 

easily be regulated by a rate change of operating medium mass flow. Disadvantages of closed-cycle gas 

turbines lie in usually high-cost operating mediums and their inaccessibility in the market, this kind of 

cycle requires additional space for operating medium storage because of the huge dimensions that 

heaters and coolers possess [3, 4]. This paper provides an analysis with six different operating mediums. 

In the open-cycle operating medium is air, while in the closed-cycle gas turbine there are: helium, CO2, 

neon, argon and nitrogen. 

 

2. Methodology 

 

During the operation of the gas turbine in the open process, the compressor takes clean air from the 

atmosphere with temperature T1 and pressure p1 and compresses it to pressure p2. During compression, 

there occurs an increase in friction between the air molecules, which is manifested by an increase in the 

temperature, so the air at the outlet of the compressor has a temperature of T2, Figure 1. 

The air is further brought to the combustion chamber where the fuel is sprayed and mixed with air, the 

mixture burns and the flue gas temperature increases to the temperature T3, which is also the highest 
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temperature of the process. Flue gases were delivered to turbine and after expansion in the turbine, a 

state of flue gases is denoted through the temperature T4 and pressure p1, Figure 1. 

 
Figure 1. Open-cycle gas turbine scheme [5] 

 

After the calculation of the open process, the same plant needs to be upgraded and the work in the closed 

process. The closed system works on a similar principle as the open one, the difference is that the closed 

system has a heater instead of a combustion chamber in which the working medium is heated by heat 

supplied from the outside, Figure 2. Also, instead of being released into the environment, working 

medium is cooled through a cooler so that, through a closed process of structure, the same working 

medium is present all the time. Closed process achieves significantly higher reliability of the turbine 

and extend its lifespan because the working medium does not contain substances that could cause 

corrosion or erosion on the parts of the turbine.  

 

 
Figure 2. Closed-cycle gas turbine scheme 

 

3. Equations required for the analysis 

 

All the equations required for the main operating parameters calculation, regardless if the process is 

open or closed one, are based on the operating points presented in Figure 3 (temperature-specific 

entropy diagram). The real process is presented with red lines, Figure 3. 

 
Figure 3. T-s diagram of the real gas turbine process 
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3.1. Real open cycle gas turbine process 

- The power required to drive the turbocompressor: 

𝑃T-C = �̇�flow ∙ (𝑇2’ ∙ 𝑐𝑝2’,air − 𝑇1 ∙ 𝑐𝑝1,air) (1)      

- Total power developed by the turbine: 

𝑃T = �̇�flow ∙ (𝑇3 ∙ 𝑐𝑝3,air − 𝑇4’ ∙ 𝑐p4’,air).                                                 (2) 

- Difference of the two powers gives useful power: 

𝑃useful = 𝑃T – 𝑃T-C.                                                                (3) 

- The share of useful power in the total turbine power: 

𝑃useful,t =  
𝑃useful

𝑃 T
. (4) 

- Turbocompressor power share in the total power: 

𝑃turbocom,t =  
𝑃T−C

𝑃 T
. (5) 

- Heat supplied to the combustion chamber: 

Qsupplied,CC = �̇�flow ∙ (𝑇3 ∙ 𝑐𝑝3,air – 𝑇2’ ∙ 𝑐𝑝2’,air).                                       (6) 

- Heat dissipated into the environment: 

Qdissipated,C = �̇�flow ∙ (𝑇4’ ∙ 𝑐𝑝4’,air− 𝑇1 ∙ 𝑐𝑝1,air).                                       (7) 

- Efficiency of the whole turbine cycle: 

𝜂t,cycle =  
𝑃useful

𝑄supplied,CC
. (8) 

3.2. Real closed cycle gas turbine process 

Open and closed cycle gas turbine have the same useful power. For every individual working medium 

firstly is calculated mass flow: 

�̇�flow =
𝑃useful 

(ℎ3 – ℎ4′ −  ℎ2′ + ℎ1)
. (9) 

- The power required to drive the turbocompressor: 

𝑃T-C = �̇�flow ∙ (h2’ – h1).                                                     (10) 

- Total power developed by the turbine: 

𝑃T = �̇�flow ∙ (h3 − h4’).                                                      (11) 

- Difference of the two powers gives useful power: 

𝑃useful = 𝑃T – 𝑃T-C.                                                                                            (12) 

- The share of useful power in the total power: 

         𝑃useful,t =  
𝑃useful

𝑃 T
. (13) 

- Turbocompressor power share in the total power: 

𝑃turbocom,t =  
𝑃T−C

𝑃 T
. (14) 

- Heat supplied to the heater: 

Qsupplied,H = �̇�flow ∙ (h3 – h2´).                                                    (15) 
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- Heat dissipated into the cooler: 

Qdissipated,C = �̇�flow∙(h4´ −h1).                                                      (16) 

- Efficiency of the whole turbine cycle: 

𝜂t,cycle =  
𝑃useful

𝑄supplied,H
.  (17) 

In the above equations P is mechanical power, cp is specific heat at constant pressure, T is temperature, 

�̇� is operating medium mass flow and h is specific enthalpy. 

 

4. Operating parameters of each observed process 

 

Air temperature, pressure and middle specific heat in each operating point for the real open cycle gas 

turbine process are shown in Table 1. Operating points are related to Figure 3.  

 

Table 1. Data for the real open cycle process 

 

In each observed gas turbine process (open and closed ones) isentropic efficiencies of turbocompressor 

and turbine are equal to 88% and 93%, while in the combustion chamber (heater) pressure drop is equal 

to 4%. Therefore, all the losses which occur in the reality were taken into account, for each observed 

process. 

 

All the thermodynamic data related to each analyzed closed cycle gas turbine processes, for all working 

mediums are presented in Table 2. Again, presented operating points are related to operating points 

from Figure 3. It should be highlighted that specific enthalpies, specific entropies and all other required 

data in each operating point are calculated from known pressures and temperatures by using NIST-

REFPROP software [6]. 

 

Table 2. Data for the real closed cycle processes 
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5. Results and discussion 

 

Comparisons between various calculated variables of six different gas turbines (one open cycle and five 

closed cycle) are presented in this section.  

Power that is required to drive the turbocompressor was first compared with the total power developed 

by the turbine. Working medium that had the lowest required driving turbocompressor power was air 

(45816,6 kW), while the highest turbocompressor power was achieved by neon (198855,27 kW), Figure 

4. Respectively, working medium that had the lowest total power developed by the turbine was also air 

(113768,1 kW), while the highest turbine total power was achieved by neon (266807,32 kW), Figure 4. 

 

 
Figure 4. Turbocompressor and turbine power comparison 

 

Next comparison is between the share of useful power in the total turbine power (effective power is 

used for the power consumer drive) and the turbocompressor power share in the total power 

(turbocompressor power is used for the turbocompressor drive), Figure 5. Working medium that had 

the lowest share of useful power in the total turbine power was neon (25,5%), while the highest share 

of useful power in the total turbine power was achieved by air (59,7%), Figure 5. Respectively, working 

medium that had the lowest turbocompressor power share in the total power was also air (40,3%), while 

the highest turbocompressor power share in the total power has neon (74,5%), Figure 5. This 

comparison shows that the total share (the sum of both mentioned shares, for each observed turbine) 

should always be equal to 100%. 

 

 
Figure 5. The share of (useful / turbocompressor) power in the total turbine power 

 

Third comparison is between the heat supplied to the heater (combustion chamber) and heat that is 

dissipated to cooler (released to the environment). Of all six working mediums, five of them (helium, 

CO2, neon, argon and nitrogen) are used in a real closed cycle process which contains heater and cooler, 

while only air is used in a real open cycle process which contains combustion chamber and dissipated 

heat is released into the environment. It is implied for the sake of simplicity that on the chart these two 

values are the heater and cooler, Figure 6. 

The air had the lowest supplied heat (128949 kW), while the CO2 had the highest value of supplied heat 

(312311,56 kW). Lowest dissipated heat again belong to air (60997,5 kW), while the highest belong to 
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CO2 (244359,42 kW), Figure 6. 

 
Figure 6. Comparison of supplied and dissipated heat 

 

The fourth comparison shows the relationship between specific turbocompressor power and specific 

turbine power. The lowest specific turbocompressor power can be seen for argon (304,63 kJ/kg), while 

the highest can be seen for helium (3029,1 kJ/kg). CO2 has the lowest specific turbine power (119,22 

kJ/kg), while helium has the highest specific turbine power (1680,3 kJ/kg), Figure 7. From the data 

shown in Figure 7 can be expected that the lowest working medium mass flow will have closed cycle 

gas turbine which operates with helium (due to the highest specific power of turbocompressor and 

turbine). Similarly, high mass flow of operating medium can be expected in closed cycle gas turbines 

which operates by using CO2, neon, argon and nitrogen. 

 

 
Figure 7. Specific power of turbocompressor and turbine (in kJ/kg) 

 

Fifth comparison shows the thermodynamic efficiency of the whole process, which shows the 

relationship between the obtained useful power and the thermal energy invested in the system. Working 

medium CO2 had the lowest process efficiency (21,8%), while the air had the highest process efficiency 

of all observed working mediums (52,7%), Figure 8. 

 

 
Figure 8. Thermodynamic efficiency of the whole process for all six observed working mediums 

(x100%) 
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Final comparison represents the mass flow of working medium in each observed process. Helium had 

the lowest mass flow of all six working mediums (74,84 kg/s), while argon had the highest value of 

mass flow (731,84 kg/s), Figure 9. 

 
Figure 9. Mass flow of working mediums  

 

6. Conclusions 

 

While heat input for the real open cycle process has a combustion chamber and heat is dissipated at the 

later stage of the process into the environment, real closed cycle process differs in two parts: heat is 

supplied to the heater, while heat is dissipated to cooler, ensuring the same working medium is present 

all the time by a closed process structure. Reliability of the turbine is significantly higher and its lifespan 

is greatly prolonged if the working medium does not contain substances that could cause corrosion or 

erosion on the parts of the turbine unlike the air. Useful power is equal for both real open and closed 

cycles which enables comparison between them.  

This paper presented an analysis of a real open and closed cycle gas turbine process. The analysis was 

performed by using six different working mediums which consist of: air, helium, CO2, neon, argon and 

nitrogen. The presented analysis provided insight into the operation of each cycle by comparing its: the 

turbocompressor and turbine power, the total share of effective and useful turbocompressor power in 

total produced power, supplied and dissipated heat, specific turbocompressor and turbine power, the 

thermodynamic efficiency of the whole cycle and lastly the mass flow of working mediums. The most 

important conclusions of this analysis are: 

- Working medium that had the lowest required driving turbocompressor power was air (45816,6 kW), 

while the highest turbocompressor power was observed during operation by neon (198855,27 kW). 

Working medium that had the lowest total power developed by the turbine was also air (113768,1 kW), 

while the highest turbine total power was again achieved by neon (266807,32 kW). 

- Working medium that had the lowest share of useful power in the total turbine power was neon 

(25,5%), while the highest useful power share in the total power was achieved by air (59,7%). Working 

medium that had the lowest share of turbocompressor power in the total turbine power was air (40,3%), 

while the highest turbocompressor power share in the total power has neon (74,5%). 

- Air had the lowest supplied heat (128949 kW) and the lowest dissipated heat (60997,5 kW). The 

highest value of the supplied heat (312311,56 kW) and the highest dissipated heat (244359,42 kW) 

belong to CO2. 

- Lowest specific turbocompressor power can be seen for argon (304,63 kJ/kg), while the highest can 

be seen for helium (3029,1 kJ/kg). CO2 has the lowest specific turbine power (119,22 kJ/kg), while 

helium has the highest value of specific turbine power (1680,3 kJ/kg). 

- Working medium CO2 had the lowest value of overall thermodynamic efficiency (21,8%), while the 

air had the highest overall thermodynamic efficiency (52,7%) in comparison to all the other operating 

mediums. 

- Helium had the lowest mass flow of all six working mediums (74,84 kg/s), while argon had the highest 
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mass flow (731,84 kg/s). 

 

Further research of all processes presented in this paper will be based firstly on the exergy analysis 

which will show the influence of the ambient parameters (pressure and temperature) on the overall 

efficiency [7, 8]. The next step will be optimization of the components and the whole processes which 

will be performed by using various artificial intelligence methods which proved to be a good solution 

for optimization purposes in energy sector [9-11]. 
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