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TENDER SPECIFICATIONS
As mentioned in the introduction, because of the unpredictable nature of renewable energy sources, the stability of the current electricity system is strictly linked to the optimal management of thermal power plants, such as gas plants, to alleviate the variability of demand throughout the day, maintaining continuity of supply at all times. Thus, a thermal power system contributes greatly to stabilizing the grid, ensuring the electricity supply even in the event that renewable sources cannot supply the entire load.

Application description

The PSV-GSPP-SOF software has been designed by EDIBON with the aim of showing the user the basic principles of operation of Brayton cycle gas turbine power plants, exposing in a didactic way the elements and parameters present in the generation process, as well as the interrelations between these parameters through the mathematical models integrated in the simulator. 

The basic principle of gas turbine power plants is to transform the intrinsic energy of a fuel into electrical energy to be delivered to the grid. Likewise, the application offers different levels of training that will provide the user with the essential knowledge and skills on the fundamental principles of control, operation and functioning of thermal power plants, where this energy transformation takes place. In this way it will be possible to carry out a previous configuration of the operating conditions of the plant, to later carry out the control and management based on these parameters.
Operation and model

With regard to the configurable conditions, the system has been designed so that the user can select different types of fossil fuel (natural gas, kerosene, propane, butane or hydrogen), associated with a certain calorific value, according to the values handled in real plants. Consequently, he may himself define the heating capacity provided in the combustion chamber.

The software is designed to supply energy based on the real electrical demand, so that the student establishes the electrical power and, with it, the working regime of the plant. Consequently, variations will be observed in the flow of fuel introduced into the combustion chamber, defined from the mathematical model of a gas turbine based on the Brayton cycle, characteristic of these thermal power plants. In this model, the thermal energy transferred to the fluid through the fuel will be established according to the operating temperatures, shown at all times on the main screen, within the reach of the user.  
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In this way, when the user establishes a specific setpoint of power demand, it will cause an opening of the intake valve proportional to this energy requirement which, in turn, will facilitate an increase in the flow of fuel at the entrance to the combustion chamber, in order to increase the heat power transmitted (Q_global) and equalize the resistive torque, exceeding the work required by the compressor. 
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In addition, the real operation of a combustion in the chamber has been simulated, whereby combustion cannot take place with an excess of fuel, requiring an air intake to reach the nominal fuel/air ratio.

All these parameters can be analyzed thanks to the indicators arranged in the different points of the process, in the main screen of the software, located in a clear way in their corresponding work units. In addition, the user will be able to observe at all times the conditions of the fluid (air, fuel or mixture) at each point of the process, i.e. the Brayton cycle.

The injection of power into the grid will be done in a real way if desired, operating with the hardware. Thus, the software provides the necessary tools to carry out the synchronization of the generator with the power grid, allowing the understanding, step by step, of this procedure, within the framework of the SCADA software.

In this way, the experience allows the student to understand the conditions necessary for successful synchronization between the generator and the grid, thanks to the monitoring of this power injection process through the different tools provided by the software. In addition, the student will be able to analyze the response of the plant to variations in the volume of work, maintaining the synchronization to the network, observing the fluctuations in the flow of fuel and air intake.

Likewise, a series of practices are provided in island mode so that the user understands and internalizes the automatic voltage and frequency control that the controller exerts on the generator; all implemented in the application SCADA software, involving the student so that he or she understands the effect that variations in demand produce on the electrical and mechanical parameters of the generator and how the controller compensates for their fluctuations automatically. 

Before starting up, the student will be able to determine the conditions of the aspirated air, as well as adjust the pressure ratio of the compressor, causing observable alterations in the thermodynamic process, so that he can analyse the effect that the different configurations trigger on the fuel injection and, in short, on the heat power transferred in the combustion chamber. 

In addition, the user will be able to modify the efficiency of the different machines and units that make up the process, observing the variations in the flow of fuel and in the general thermal efficiency of the process.
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In this aspect, the software provides the appropriate tools for the student to analyze the impact on thermal performance by changing the compression ratio. For example, you may observe how as the ratio decreases, the need for heat production (combustion chamber) increases, leading to a decrease in the thermal efficiency of the plant, since as there is a fixed electrical energy set point determined by the user, the combustion power required to meet this demand will increase.   

On the other hand, the software also allows the user to understand the dynamic operation of this type of plant, allowing him to observe the evolution of the flow of fuel and air until the system reaches the permanent regime. Thus, for example, when the turbine is stopped, it is shown how the thermal inertia of the system causes a progressive cooling of the different points of the process, until the temperatures return to the initial ones and the power given in the combustion chamber is zero.

1

