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SUMMARY 

Thesis contains 74 pages, 5 tables, 31 figures, and the source list of 21 names. 

Thermodynamic cycle of a nuclear power plant with 250 MW thermal power with 

helium gas turbine. 

Objects of research are processes in the complex thermodynamic cycle of modular 

nuclear power plant with 250 MW thermal power with a gas turbine, which uses gaseous 

helium as working fluid. 

The subject of the study is to analyze the impact of the efficiency of gas turbine 

elements on efficiency and electric power of entire plant. 

The aim of this work is to analyze the thermodynamic cycle of a nuclear power 

plant with 250 MW thermal power with helium gas turbine and to study the impact of the 

efficiency of gas turbine elements on efficiency and electric power of the cycle in certain 

ranges of values, from technically reachable to the maximum possible. To create the 

mathematical model we used specialized program named Helium v1.2. 

The objectives of the work are: 

1. To select the object of the study (specifications of power unit). 

2. To analyze and to create a mathematical model. 

3. To test the model. 

4. To build PV and T-S diagrams of complex Brayton cycle with intercooling in the 

compressor and heat regeneration. 

5. To perform research of influence of the efficiency of gas turbine, degree of 

regeneration, coefficient of intermediate cooling in the compressor and the 

quantities of heat loss in pipelines on electrical power and efficiency of the entire 

power plant. 

As a result we made following conclusions: 

1. Analysis of the literature showed that one of the most promising directions of 

evolution of nuclear power plants is high-temperature gas cooled reactor. This concept 

uses gas helium as a carrier. 

2. We found input parameters and created the mathematical model of 

thermodynamic cycle that provides rather high accuracy results. It was tested on the 
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reactor MGR-100GT, and the results of the test showed that the errors in the electrical and 

the thermal power installations are less than 0.5%, and 1.3% for the helium flow, and error 

of the electric efficiency of the cycle is in the range 0.87. .. 1.2%. 

3. Within the changing efficiency of low and high pressure compressors, turbine,  

efficiency ratio of preliminary and intermediate heat exchangers, the degree of 

regeneration and temperature coefficient of intermediate cooling, and the relative loss of 

pressure we have explored the impact of the efficiency of gas turbine elements on electric 

power and efficiency of the entire power plant and received the following results:  

1) The biggest impact on the efficiency of the power plant has an intermediate 

cooling in the compressor. With his increasing from 1.0 to 1.1, which means the reduction 

of the cooling by 10%, electrical power of the plant decreases by almost 35%. 

2) For high pressure compressor efficiency reduction from the baseline value of 0.85 

to 0.8 reduces the electrical efficiency of the cycle only by 2%, and electrical power of 

plant reduces by 2.5%. For low pressure compressor reducing efficiency and power is 

respectively 1.3% and 4%. 

3) Increasing the degree of regeneration from 0.85 to 0.95 leads to a significant 

increase in the required surface area and mass of heat in the regenerator, so the value 0.83 

of the degree of regeneration is enough for achieving high values of the efficiency of the 

cycle. 

4) Reducing the efficiency of the turbine from the base value of 0.93 to 0.85 reduces 

electrical efficiency and coefficient of useful work in cycle by 9% and 8.5% respectively, 

while the degree of pressure reduction in the turbine increases by 8.5%. 

4. While constructing helium gas turbine we should minimize the relative pressure 

loss in pipelines of heat exchangers. Calculations showed that every increase of 1.0% from 

the basic value of 3.0% reduces efficiency and electric power by 1.5-2%. 

Keywords: thermodynamics, complex Brayton cycle, intermediate cooling, heat 

regeneration, modular helium reactor, gas turbine.  
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