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Abstract. In recent years, Dry-Low Emission (DLE) mode has been popular in gas turbine
applications which can reduce emission production while maintaining high performance by
operating the combustion at a low firing temperature. However, this type of combustor is prone to
experience trips due to lean blowout occurrences and combustion instability. Dynamic simulation
is needed to investigate the system's behavior in mitigating the tripping problem. Therefore, this
paper proposed a simulator of the DLE gas turbine using Raspberry Pi, which can be accessed
through the local server. Rowen's model is modified to represent the DLE gas turbine system, and
its physical model is developed using open-source software, namely Scilab/XCos. The model is
then attached to a web-based interface developed using Python and HTML programming language.
The deployment of the web-based interface enables the gas turbine model to be accessed remotely
without caring about the device's location by connecting the mobile to the same Wi-Fi router. This
simulator will help improve the technical know-how of DLE gas turbine operation and can be
embedded in the plant control system as a predictive maintenance tool.

Introduction

A compressor, combustor, and turbine are the three main sections of a conventional gas turbine
[1]. Gas turbine operates on the thermodynamic cycle referred to as Brayton cycle. Brayton cycle
is a thermodynamic cycle in which compressed air is mixed with fuel and burned under constant
pressure conditions, followed by mechanical power being generated by the hot gas that expands
via a turbine to accomplish work [2]. However, the downside of a conventional gas turbine is that
because it operates at a high temperature at the primary zone, it produces high emission of COx
and NOx. As a result of the high emission of COx and NOx gases, environmental factors become a
worry such as the increase of greenhouse gases in the environment which contributes to respiratory
diseases, and a challenge is provided to reduce emissions without endangering the turbine’s power
efficiency. Because of that, Dry-Low Emission (DLE) gas turbines are introduced to solve this
problem.

Even though the benefits of DLE gas turbine are apparent, DLE gas turbines also has its flaws.
Typically, in DLE combustion, fuel is burned at double the amount of air with a low flame
temperature [3,4]. While operating at a low flame temperature reduces NOy emissions, it also raises
the risk of incomplete combustion. Incomplete combustion results in higher contents of CO. As a
result, the flame temperature in the combustor must be kept within the temperature range depicted
in Fig. 1 to keep NOx and COx gas emissions to a minimum.
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Operating at low flame temperature also makes the DLE gas turbine prone to tripping. This is
because at low flame temperature, the flame is very weak and unstable which then becomes very
easy to flameouts hence causing trips to occur. Therefore, a dynamic simulation for DLE gas
turbine model is required to analyse the system’s behaviour to ensure stable operation of the DLE
gas turbine.
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Fig.1 Behaviour of NOx and CO versus flame temperature.

In this paper, Rowen’s model is selected to represent the behavior of the DLE gas turbine as
shown in Fig.2. Preceding model was developed in MATLAB/Simulink which required high
amount of license cost. This becomes a limitation for those who does not have license subscription.
Therefore, in this paper, an alternative open source-based software namely Scilab/XCos is utilized
to develop the Rowen’s model. Scilab/XCos is selected due to the ability of performing simulation
of physical model which is as powerful as MATLAB/Simulink with a free access and easy
installation.
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Fig.2 Rowen’s model for dynamic studies [5].

Deployment of Dry-Low Emission Gas Turbine Model in Raspberry pi

Rowen’s Model

Models that are derived directly from dynamic physical thermodynamic properties and principles
are known as physical models. It involves utilizing laws governing thermodynamic behaviour,

210



Sustainable Processes and Clean Energy Transition - ICSUPCET2022 Materials Research Forum LLC

Materials Research Proceedings 29 (2023) 209-217 https://doi.org/10.21741/9781644902516-24

such as conservation of mass/power/energy, in the Brayton cycle with several assumptions to
obtain the differential equations to represent the dynamic gas turbine behaviour. As stated in [6],
the ideal process of Brayton cycte is implemented into differential equations of total mass balance
conservation as shown in Equation 1 and Equation 2:

dam

’r = Myp — Moyt (1)
dE . ok . L%
T =Ml in — Moyel oue + Q@+ W (2)

Where, m is mass flow rate, E is total energy, Q is heat input, and W is work Produced.

Rowen's Model is the first physical model of a gas turbine system, which depicts a heavy-duty
gas turbine mathematically. The load-frequency and temperature controls are two of the most
important controls illustrated in the diagram [7,8]. The assumptions that were made for this model
are as followed: 1) Ambient Pressure is 1 atm; 2) Ambient Temperature is 15 °© C; 3) Relative
Humidity is 60%; 4) Model developed is for a simple cycle and a single-shaft gas turbine.

With this developed model, calculation of output values, such as turbine temperature, can be
calculated from the process inputs such as load. However, this method is very difficult to
implement especially in a larger system due to numerous derivations that must be done to achieve
the outputs [9,10].

Raspberry Pi
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Fig.3 Layout of Raspberry Pi

Raspberry Pi and other single-board computers are low-cost development devices for testing and
education [11]. Raspberry Pi operates on the Raspbian Operating System (OS) that is based on
Debian (Linux) [12]. Operating on the Raspbian OS enables Raspberry Pi to have access to
multiple packages and programs such as the Python programming language that is widely used in
machine learning and deployment development. Layout of Raspberry Pi is displayed on Fig. 3.
Assuming that the referred model hardware is the Raspberry Pi 4, this hardware includes a system-
on-chip (SoC) Broadcom BCM2711, a Quad core Cortex-A72 CPU running at 1.5GHz, a graphical
processor unit (GPU) VideoCore IV, and 4GB of RAM memory. The device also does not include
a hard disk or solid-state disk by default, instead opting for the use of an SD card for the operating
system and for nonvolatile storage. Power supply required by the device is a 5V 3A and the power
port on the PCB of Raspberry Pi is a USB type-C connection. General Purpose Input Output
(GPIO) ports on the Raspberry Pi function is to facilitate connecting a variety of peripheral devices
to Raspberry Pi. USB/Lan ports are also available to connect devices onto the device and with both
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the USB/Lan ports and GPIO pins, it is made possible to connect devices to the Raspberry Piin a
variety of ways that can be used for data collection or data dumping. Finally, the HDMI out port
located at the device enable the use of a monitor on the Raspberry Pi and through connecting a
keyboard and mouse on the USB ports in the device, Raspberry Pi can essentially function as a
standalone device. Raspberry Pi can also be access without needing a screen, a mouse or a
keyboard connected to it. This can be done through secure shell (SSH) from other devices such as
laptops, personal computers, or mobile phones.

Methodology

The development method of the interface is depicted in Fig.4 including the Rowen’s Model
Integration and Configuration, Development of Web Hosting Service through Python, and
Deployment on Raspberry Pi.

Flowchart of the Rowen’s Flowchart of Development Flow Chart of Deployment
Model Integration in Scilab of Web Hosting Service on Raspberry Pi

. . . . 4 " Run Python file on computer to deploy the website
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| Load the desired dataset into Scilab | P P ‘ hosted with the IP address of the computer
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Fig. 4 Flowchart of web-based interface for DLE gas turbine.

The Rowen’s model developed using Xcos in the previous section is integrated with Scilab to
generate the graphs for the outputs of exhaust flow, temperature after turbine, turbine power, speed,
valve position, and IGV.

The flow of development of web hosting service is starting by configuring boilerplate template.
Boilerplate template is a template with the necessities needed to first start creating a HTML
website. “Base. HTML” is the name of the file that the boilerplate template will be placed it and,
in the template, “<%block content%>" are included to extend the “Base. HTML” into another
HTML file where the necessary code for the other functions of the website is placed. The extended
block content for the “Base. HTML” is written in a new file called “Home. HTML”. In the new
HTML file, it houses the code for the descriptions and static images placed on the website. Buttons
functions for the exhaust flow, temperature after turbine, IGV, speed, turbine power, and valve
position of the website is also located in “Home.HTML”.To program the functions of the buttons
located on the website, the programming language used will be Python and the modules used will
be PyTesseract and PyAutoGUI. Finally, to deploy the created website, Flask module on Python
is used.

By ensuring that the Python file on the computer is running and the website is hosted with the
IP address of the computer to act as a local server, the Raspberry Pi can now be switched on to
connect to the deployed website. For the Raspberry Pi to have access to the website hosted locally
by the computer, the Raspberry Pi must be connected to the same Wi-Fi router as the hosting
computer. After ensuring the connections to the same router is completed, the IP address of the
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hosting computer can be identified, and the Raspberry Pi can connect to the hosted website by
typing in the IP address of the computer on its own dedicated search engine which is “Chromium”.
If connection is successful, the Raspberry Pi will now access to the functions available on the
website to generate the simulation of the gas turbine model and also retrieve the graphically data
of the outputs of the gas turbine model which are exhaust flow, valve position, speed, IGV,
temperature after turbine, and turbine power.

Result and discussion

From the generated Xcos model simulation, output parameters such as the exhaust flow, valve
position, temperature after turbine, speed, IGV, and turbine power of the simulated gas turbine can
be retrieved. To retrieve the output parameters of the simulated model, the gas turbine load dataset
was inputted, and the variables used in the Xcos model simulation of the output values were
identified as it is case-sensitive. Scilab was used to generate the Xcos simulation for a period of
10 seconds, hence, data simulated will be for the stated time period. With the variables identified,
the average values and graphical representation of the output parameters was able to be retrieve
using Scilab as described in Table 1 and the simulation result is shown in Fig.5.

Table 1. Parameters of simulation.

Parameters Average Value

Exhaust Flow 0.845 kg/hr

Valve Position 0.858 %
Speed 1.0 %
IGV 0.382 %

Temperature After Turbine 857.71 °C
Turbine Power 0.869kW
Exhaust Flow Valve Position Speed
IGV Temperature After Turbine Turbine Power

o

degC
48 #2883 2% §888232¢E

time(s)

Fig. 5 Simulation result.
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For the deployment of web-based interface, “Base.html” file was created using a boilerplate
template that contains multiple scripts from “jQuery” and “bootstrap” which was used to indicate
the appearance of the website generated. In the “base.html”, extending blocks are also available to
further improve the website on a separate html file saved as “home.html”.

In “home.html” file, the general description of the developed gas turbine model and all push
able buttons for the output parameters of the gas turbine model are included. Static images such as
the UTP logo and gas turbine image is also included in “home.html” to further aid in the visual
representation of the gas turbine model interface.

Two (2) main Python modules were used to give functions to the buttons available on the
website which are PyTesseract and PyAutoGUI. As stated previously, PyTesseract is an optical
character recognition (OCR) tool for Python that is used to recognize and read the text embedded
in images while PyAutoGUI is a module that lets Python scripts control the mouse and keyboard
to automate interactions with other applications. Extraction of the graphs and value generated from
the previous subsection is done using the two (2) stated Python modules. As an example, to extract
the graph and mean value of exhaust flow from the Xcos simulation, PyAutoGUI is used to
automate the mouse and keyboard of the local server (computer used to host the website) to input
the dataset submitted by the client or user through the “Choose File” s on Scilab to start the Xcos
simulation of the gas turbine model and screenshot the graph and mean values of the exhaust flow
simulated. From the screenshotted mean value of the exhaust flow, PyTesseract is then used to
convert the image into text to display the value on the website. Other clickable buttons such as the
buttons for “Valve Position”, “IGV”, “Temperature After Turbine”, “Turbine Power”, “Speed”,
and “Run” also perform the similar functions as explained for the exhaust flow button function.
However, for the “Choose File” button, the function of this button is to open the file explorer
browser of the client’s or user’s computer to input their desired dataset and after the file has been
submitted, the file will then be saved locally on a folder on the computer hosting the website.

As all the clickable buttons functions are completely programmed, the website was then tested.
Firstly, to submit the desired dataset of the load of the gas turbine, the “Choose File” button is
clicked, and the file explorer browser will be prompted open to select the file that is to be
submitted.

After locating the load dataset from the file explorer browser, the file is then submitted through
clicking the “Submit” button. Moving on, the “Run” button is then clicked which will then run a
Python script to retrieve the data generated from the simulated Xcos model of the gas turbine
model. After the website has been updated with the data retrieved from the Xcos model, the exhaust
flow, speed, valve position, temperature after turbine, and turbine power buttons can be clicked to
display the graphs of each of the parameters.

As the website html is generated and all button functions are programmed, the website can then
be deployed using the Flask module in Python. The computer hosting the deployed website is
acting as the local server for the website and any devices connected to the same Wi-Fi router with
the local server will have access to the website hosted.

214



Sustainable Processes and Clean Energy Transition - ICSUPCET2022 Materials Research Forum LLC
Materials Research Proceedings 29 (2023) 209-217 https://doi.org/10.21741/9781644902516-24

Gas Turbine Model
Interface Website

Local Server

N

Wi-Fi Router | ¢—» E

| —

Computer

Raspberry Pi

Fig.6 Connections for Deployment into Raspberry Pi

Fig.6 displays the connections that were made to make the Raspberry Pi have access to the gas
turbine model interface website that was created in the previous subsection. The computer hosting
the server and the Raspberry Pi must be connected to the same Wi-Fi router which is done
wirelessly without the need of cables to have access to the website as the website is run locally on
the computer instead on a cloud computing web server. Besides connecting to the same Wi-Fi
router, the Raspberry Pi access the website for the gas turbine model interface by typing the URL
of the hosted website in the web browser available in Raspberry Pi which is Chromium Browser.
The URL of the hosted website is the IP address of the local server at port 5000.

After successfully connecting, the Raspberry Pi has the ability to conduct the simulation of the
gas turbine model remotely regardless of the distance it is from the local server as long as it is still
connected to the same Wi-Fi router. Loading the new datasets and generating the average values
and graphs of the outputs of the gas turbine simulation is also possible to be done from the
Raspberry Pi itself and this shows that the deployment of the website is successful as the gas
turbine model interface website is able to be access remotely. Fig.7 presents the gas turbine model
interface on Raspberry Pi accessed through Chromium browser.
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Fig.7 Web Interface Display of Temperature After Turbine Graph
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Conclusion

In conclusion, the development and deployment of the gas turbine model interface was
successfully conducted. The development of the gas turbine model, that was based on a previously
done gas turbine model using MATLAB/Simulink, was converted into Scilab/Xcos model to as
Scilab/Xcos is an open-source language compared to MATLAB/Simulink. From the generated
Scilab/Xcos model, the acquiring of data was conducted using Scilab to select the needed dataset
for the model and the graphs and mean values were acquired. With the Scilab/Xcos model built,
the creation of the gas turbine model interface and deployment was done using Python and HTML.
HTML was used to create the buttons and overall frontend of the website to host the gas turbine
model interface, however, for the backend of the website that focusses on the function of the
buttons, Python programming language was used instead. The functions of the button used mainly
two (2) python modules which are PyTesseract and PyAutoGUI. PyTesseract is an optical
character recigbutuib (OCR) tool for python while PyAutoGUI enables Python scripts to control
the mouse and keyboard to automate interactions with other applications. Through using both
modules, the functioning of the buttons is done to simulate the gas turbine model developed in
Scilab/Xcos according to the dataset file submitted by the user. Upon simulating of the gas turbine
model, the mean values and graphs generated for each output parameters of the gas turbine model,
such as exhaust flow and speed, can be acquired. As for the deployment of the website, the Python
module known as Flask was used. Flask is a micro web framework written in Python and using
Flask, the website created was able to be deployed on a local server (which is the hosting computer)
and any devices connected to the same Wi-Fi router as the local server will have access to the
hosted website. Hence, the Raspberry Pi is able to establish a connection to the deployed website
and through that, the remote access of the gas turbine model interface is able to be conducted as
well as data collection and storage.
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