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Abstract:

Industrial plant safety is of paramount importance, and the effective operation of Fire and Gas Detection
Systems (FGDS) plays a critical role in preventing and mitigating incidents. This study presents a
comprehensive parametric computational fluid dynamics (CFD) analysis of nozzle flow, aimed at
enhancing our understanding of the complex fluid dynamics within nozzle geometries. Nozzles find wide
applications in industries ranging from aerospace propulsion systems to industrial processes. The analysis
employs CFD simulations with varying geometric parameters, such as nozzle shape, throat diameter, and
expansion ratio, to investigate their influence on flow characteristics, including velocity profiles, pressure
distributions, and shock formations. The parametric study involves systematic variations of these
geometric parameters, allowing for the identification of optimal configurations for specific applications.
The results shed light on the intricate interplay between nozzle geometry and flow behavior, providing
valuable insights for nozzle design and optimization.

For 3D modeling and simulation, the study utilizes SketchUp Pro 2021 and Ansys Fluent 2023. The Mach
number of 1.14838 indicates that the flow inside the nozzle is supersonic. The back pressure of 76.96 kPa
represents a subsonic pressure condition at the outlet of the nozzle. This suggests that the flow is being
expanded from a supersonic condition to a subsonic condition as it exits the nozzle. The expansion process
is associated with changes in velocity, pressure, and temperature. To test the validity of these findings,
additional study and simulation on this design using alternative software are needed.
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I. Introduction

Industrial plants are intricate environments where safety and operational efficiency are of paramount
importance. Among the many critical safety considerations, the prevention and rapid response to fire and
gas hazards stand as vital imperatives. Ensuring the security of personnel, assets, and the surrounding
environment necessitates the deployment of advanced fire and gas detection systems. These systems are
designed to swiftly identify, assess, and mitigate potential threats arising from leaks, releases, or
combustion events.

Traditionally, the design and evaluation of fire and gas detection systems have been carried out through
physical testing and empirical assessments. However, in today's technologically driven landscape, the
power of simulation and dynamic modelling offers a transformative approach to understanding,
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optimizing, and enhancing the performance of such safety-critical systems. This paper delves into the
realm of dynamic modelling and simulation as applied to industrial plant fire and gas detection systems.
The fundamental premise of this work is the recognition that real-world incidents are complex and often
influenced by intricate interactions between various factors. These factors span from the physical
properties of the hazardous materials, their dispersion patterns, the response characteristics of sensors, to
the human element involved in decision-making and response execution. Capturing this complexity
requires a holistic and integrated approach that dynamic modelling and simulation techniques can provide.
By creating a virtual representation of the fire and gas detection system, encompassing its components,
algorithms, and interactions, we can unravel the intricate dynamics that govern its behavior. Through
meticulous mathematical formulation and computational simulation, we can emulate diverse scenarios,
ranging from minor gas leaks to extensive fire outbreaks. Such simulations not only illuminate the spatial
and temporal evolution of hazards but also enable the assessment of system responses and operator actions.
The objectives of this paper are multifaceted. We aim to elucidate the methodology behind the
development of a dynamic model for industrial plant fire and gas detection systems. Subsequently, we
explore the various scenarios simulated, ranging from single to multiple hazard scenarios, allowing us to
dissect the system's behavior under varying conditions. Through this exploration, we uncover optimization
opportunities that can enhance the overall robustness and efficacy of the system.

In the pages that follow, we embark on a journey through the conceptualization, mathematical
representation, and computational realization of a dynamic model for industrial plant fire and gas detection
systems. By bridging the gap between theoretical principles and practical safety enhancement, we strive
to contribute to a safer industrial landscape through the power of dynamic modelling and simulation.

2.1 Related readings

The OSHS in the Philippines is primarily governed by the Department of Labor and Employment (DOLE).
These standards are designed to ensure the safety and health of workers across various industries, including
those in industrial plants. OSHS includes specific provisions related to fire safety and emergency
preparedness in the workplace, which may involve the installation and maintenance of fire and gas
detection systems. Employers are generally required to implement safety measures, including fire
prevention and control, and provide training to workers on responding to fire and gas-related emergencies.
OSHS also mandates regular workplace inspections and assessments to ensure compliance with safety
standards.

The Philippine Environmental Impact Statement System (PEISS), established under Presidential Decree
No. 1586 and its implementing rules and regulations, focuses on assessing the potential environmental
impacts of various industrial activities. Projects with potential environmental impacts, such as industrial
plants, are required to undergo an Environmental Impact Assessment (EIA) process. While primarily
focused on environmental concerns, EIAs may also consider safety aspects, including fire and gas hazards,
especially when these hazards could result in environmental harm. The EIA process may require industrial
plant operators to detail their safety measures, including fire and gas detection systems, in their project
documentation.

Local government units (LGUS) in the Philippines have the authority to create their own ordinances and
regulations related to safety and environmental protection. Depending on the location of an industrial
plant, operators may need to comply with specific safety and environmental requirements set by the LGU
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where the plant is situated. These local regulations may include fire safety standards and guidelines for
the installation and maintenance of fire and gas detection systems.

For industrial plants engaged in energy-related activities, the Department of Energy (DOE) may issue
specific guidelines and regulations concerning safety and environmental protection. The DOE regulations
may cover areas such as safety measures for handling hazardous materials and ensuring the integrity of
energy infrastructure. Fire and gas detection systems are critical in preventing and mitigating incidents in
energy facilities, and their installation and maintenance may be subject to DOE oversight.

2.2 Related literature

Human factors influencing the reliability of fire and gas detection system (Idris et al., 2019) delves deeply
into the intricate relationship between human factors and the reliability of fire and gas detection systems
in industrial settings. This study emphasizes the pivotal role of human behavior, decision-making, and
interactions with technology in shaping the effectiveness of these safety systems. Understanding the
nuances of how operators and personnel interact with these systems is vital for improving their overall
reliability and performance. The research highlights the significance of human-centric design and training
in ensuring that fire and gas detection systems function optimally, ultimately contributing to safer
industrial environments. The paper underscores the importance of this human-centered approach in the
broader context of industrial safety, making it a cornerstone reference for those interested in the dynamic
modeling and simulation of fire and gas detection systems.

A Voting Algorithm for Fire and Gas Detection and Monitoring System (Nadzir & Nazruldin, 2015)
introduces an innovative voting algorithm designed to enhance the reliability and accuracy of fire and gas
detection systems within industrial plants. By leveraging multiple sensors and implementing an intelligent
decision-making process, this algorithm offers an advanced approach to detecting and monitoring
hazardous events. It addresses the challenge of false alarms and missed detections that traditional systems
may encounter. The research underscores the practical significance of this algorithm, as it has the potential
to significantly improve safety outcomes in industrial environments. Moreover, it aligns with the broader
industry trend of integrating artificial intelligence and machine learning into safety systems, making it a
noteworthy contribution to the evolving landscape of fire and gas detection technology.

In Hydrogen hazards and gas detection—Electrolyzer case study (Marszal & Smith, 2023), the authors
present a compelling case study that focuses specifically on hydrogen hazards and gas detection within
the context of an electrolyzer system. This work delves deeply into the intricacies of hydrogen-related
industrial processes and the safety considerations associated with them. Given the increasing importance
of hydrogen as a clean energy carrier, understanding the unique challenges and safety protocols
surrounding its production and utilization is paramount. The case study provides valuable insights into gas
detection strategies tailored to the risks posed by hydrogen systems, making it an essential reference for
professionals working in hydrogen-related industries. It also reflects the broader commitment to safety in
emerging energy technologies and underscores the importance of dynamic modeling and simulation in
optimizing gas detection systems for evolving industrial processes.

A risk-based methodology for the optimal placement of hazardous gas detectors (Cen et al., 2018)
introduces a comprehensive risk-based approach for strategically placing gas detectors in industrial
settings. The methodology proposed in this research accounts for various critical factors, including risk
assessment and potential hazard scenarios. By optimizing the placement of detectors based on rigorous
risk analysis, it aims to enhance the overall effectiveness of gas detection systems in safeguarding
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industrial facilities. This research aligns with the broader industry trend of shifting from prescriptive to
risk-based safety approaches. It underscores the importance of proactive risk management and dynamic
modeling in designing safety systems that not only comply with regulations but also provide robust
protection against potential hazards.

Expand the Use of Open Wireless Gas Detection Systems for Life Safety and Asset Integrity (Yeo & Chin,
2018) explores the application of open wireless gas detection systems, shedding light on their potential to
revolutionize safety and asset protection in industrial settings. The paper discusses the advantages and
challenges of implementing such systems, which offer increased flexibility and scalability compared to
traditional wired systems. This research reflects the industry's ongoing efforts to adopt cutting-edge
technologies for enhancing safety outcomes. Furthermore, it underscores the significance of wireless
communication and sensor networks in modernizing safety infrastructure. This study's findings resonate
with the broader push for digital transformation and automation in industrial safety, making it a
noteworthy contribution to the field of fire and gas detection technology.

In A fuzzy multi-objective optimization model of risk-based gas detector placement methodology for
explosion protection in oil and gas facilities (Idris et al., 2022), the authors present a sophisticated fuzzy
multi-objective optimization model tailored to the placement of gas detectors in oil and gas facilities. This
research takes a holistic approach to risk assessment and detection system design, aiming to enhance
explosion protection through precise placement strategies. By incorporating fuzzy logic, the model can
handle uncertainty and multiple objectives simultaneously, making it a valuable tool for optimizing gas
detection systems in complex and high-risk environments. This work aligns with the broader industry
trend of leveraging advanced computational techniques to enhance safety measures and underscores the
importance of dynamic modeling and simulation in achieving these goals.

A CFD-based approach for gas detectors allocation (Véazquez-Roman et al., 2016) introduces a
computational fluid dynamics (CFD)-based approach for optimizing the allocation of gas detectors. By
simulating gas dispersion scenarios, this research provides a means to evaluate the performance of
different detector placement configurations. This approach offers a valuable tool for engineers and safety
professionals seeking to enhance gas detection system designs by aligning them with real-world
conditions. The integration of CFD into the optimization process underscores the growing importance of
digital tools and simulation techniques in industrial safety. It reflects the industry's commitment to data-
driven decision-making and dynamic modeling as essential components of effective safety strategies.

A guantitative assessment on the placement practices of gas detectors in the process industries (Benavides-
Serrano et al., 2015) conducts a quantitative assessment of gas detector placement practices in process
industries. The research offers insights into the current practices and challenges associated with detector
placement, highlighting areas for improvement and optimization. By quantifying the performance of
existing placement strategies, this assessment provides valuable guidance for refining the design and
implementation of gas detection systems. The study underscores the importance of evidence-based
decision-making in safety engineering and emphasizes the role of quantitative analysis in achieving more
effective safety outcomes.

A risk-based approach to flammable gas detector spacing (DeFriend et al., 2018) presents a risk-based
methodology for determining the spacing of flammable gas detectors in industrial settings. By considering
factors such as gas dispersion and potential consequences, this research offers a practical framework for
safer industrial environments. The study aligns with the broader industry trend of transitioning from rule-
based approaches to risk-based safety measures. It underscores the importance of incorporating risk
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assessments into the design of gas detection systems, particularly in industries where flammable gases
pose a significant hazard. This research contributes to the ongoing dialogue on risk-informed safety
strategies and dynamic modeling techniques for achieving them.

Recent Advances in Sensors for Fire Detection (Khan et al., 2022) provides a comprehensive overview of
recent advancements in sensor technology for fire detection. The paper explores emerging sensor
technologies and their applications in fire detection systems, highlighting their potential to improve
accuracy and reliability. These innovations play a critical role in enhancing the early detection of fires, a
cornerstone of fire safety in various settings. The paper underscores the significance of ongoing research
and development efforts aimed at advancing sensor capabilities and their integration into dynamic fire
detection systems. It reflects the industry's commitment to staying at the forefront of technological
advancements for improved safety outcomes, making it a valuable reference for professionals and
researchers in the field.

2.3 Related Studies

A survey of fire detection technology was conducted by the FAA for evaluation and certification of their
suitability in cargo compartments on airplanes (Cleary, 1999). The study determined that there were
multiple, suitable goals for fire detection inside of cargo compartments: faster detection of real fire threats,
improved nuisance source discrimination, enhanced reliability, and greater indication of hazard level.
Enhanced fire detection is desired by all airlines, however, the constraints found from the research
identified cost as a key player that inhibits innovational technology from entering aircraft cargo
compartments. Cost effective solutions are essential for new technology to be considered in the
commercial business. In-flight testing can also present a time delay to new smoke detection technologies
(Advisory Circular, 1994). Operational constraints also impact the implementation of successful fire
detection such as temperature, pressure, humidity, and vibration conditions. The analysis suggested
improving photelectric or ionization type detector behavior by applying advanced signal processing
algorithms to inhibit nuisance alarms by reducing spurious signals that are not found in fire signatures in
the sensing chamber. Using a multi-sensor detector was also prescribed as a potential solution after the
survey was complete as this would better discriminate between nuisance and fire sources.
Comprehensive testing of smoke detector technologies for application in aircraft requires that fire sources
be selected to provide a range of smoke conditions. In 2006, a report by David Blake was created to
develop standardized fire sources for aircraft cargo compartments fire detection systems (Blake, 2006). A
satisfactory fuel must release a plume of smoke and gases to eliminate any ambiguity of the fire’s time of
origin, generate all products of combustion expected from actual cargo fires, and have the ability to
remotely activate from an unoccupied compartment. Chosen fire sources were based on their ability to
generate quantifiable heat release rates, mass loss rates, and smoke and gas species production rates. The
results from testing demonstrated the smoldering fire sources failed to generate a fire signature that would
be useful in the development of multicriteria fire detectors with the potential of avoiding nuisance alarms.
[88]

IJFMR240111071 Volume 6, Issue 1, January-February 2024 5



https://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Figure 1. Occupancy

Extra hazard occupancies (Group 1) include occupancies

having uses and conditions similar to the following:

Aarcraft hangars (except as governed by NFPA 409, Standard
on Aircraft Hangars)

Combustible hydraulic fluid use areas

Die casting

Metal extruding

Plywood and particle board manufacturing

Printing [usmg inks having flash pomnts below 100°F (38°C)]

Fubber reclaiming, compounding, drying, milling, vulcanizing

Saw malls

Textile picking, opening. blending. gametting, or carding,

combining of cotton, synthetics, wool shoddy, or burlap

Upholstering with plastic foams
Identifying the type of occupancy is paramount in the design and implementation of fire protection systems
because it directly influences the safety measures required to protect occupants and property. Different
occupancies, such as residential, commercial, industrial, or healthcare facilities, have distinct fire risk
profiles and unique safety needs. For instance, a residential building will have different fire hazards and
evacuation considerations compared to an industrial plant. Tailoring fire systems, including alarms,
sprinklers, and evacuation plans, to the specific occupancy type ensures that the response is both effective
and efficient. This targeted approach helps minimize false alarms, optimize the allocation of resources,

and ultimately enhances the overall safety and protection of people and assets in various environments.

Table 1. Specification of the flame sensor

Item Symbol Value Unit
DC Forward Current Ip 100 mA
Pulse Forward Current* IFP 1000 mA
Reverse Voltage Vi 5 v
Power Dissipation P 180 mW
Operating Temperature Topr -30 ~ +85 C
Storage Temperature Tstg -40~ +100 “C
I.ead Soldering Temperature Tsol 260°C/5sec -

Fire precaution action is required in most of the buildings and any of the institution for the prevention of
fire disaster. This research discusses on detection of fire hazards using sensors as the parameter that
indicates for fire. The fire hazard detection system is an intelligent sensor assembled with the Arduino
Microcontroller to detect flame, smoke, and gas. Most alarm system that is being used nowadays has high
sensitivity to the surroundings which tends to give a false alarm. This research describes a prototype alarm
system that will activate the alarm accurately based on the fuzzy logic approach that has been implemented
in the system. The system uses fuzzy logic to connect with Arduino and implemented with 125 rules of
fuzzy logic with three levels of output namely dangerous, potentially dangerous and not dangerous. As a
result, the output of the system shows 88% accuracy.
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Table 2. Recent developments and comparison of different heat sensors and their characteristics.
[10]

Construction and

Sensor Detection Element . R Response Time Detection Area Features and Advantages Ref.
Working Principle
Two parallel By measuring the
§ “;_P]d‘:;}l, e temperature of hot 40s Wide ranges Simple and efficient [56]
Distributed opfical nbers air flows
Optical Fiber Granh ated 18-fold faster than Lane-distance and fast
Heat Detectors AP Enescate Fiber Bragg grating conventional fiber 1km Ang-eistance anc 1as [57]
optical fiber heat detectors optical transmission
Multi-core fiber Raman scattering Real-time 10 km Self-calibration [58]
Ammonium Freeze-drying ~26s Small Compressible [59]

polyphosphate and GO
FGO/CNTs Layer-by-layer 58 Small Twisted and bended [B0]
AgNW/TTVB and Hydrophobic and

Spra i 1835 ge (= 47
GO/EC Spray coating 0.83 Large (=30 em}) sel-cleaning [47]
. e . Twisted, folded and
— PMS S/ ~ 3 N . [
Rn;;:‘ml MPMS and LLA EISA 1s Small Siructure stability [61)
csistance - . Evaporation-induced - - Twisted, can fuse function -
Sensors RGOP-NaCl self-assembly 238 Small and can cut off in fire [62]
GO-BA t"“fﬂ;’]‘f‘_‘;‘s‘;ﬂ;‘;‘f}‘,‘m ~08s Small Twisted and bended [63]
. Flexible and
/ ater . 2s (2
APP/GO/TFTS Water-based coating 2s Small Super-hydrophobic [64)
MPTS-GO TEISA 1s Small Twisted and bended [65]
CCS/MMT/A-CNT Freeze-drying 0255 Small Light weight and [66]
Compressible
Thermistor Steinhart-Hart equation 260 s Small Suitable for sprinklers [67]
Bi-spectrum camera YOLOv3 and TNNI 0.6s Limited lo L“w. c.osl., and ‘mh.)m?“c [68]
camera vision disposal of devices

Miscellaneous Thermocouple . - - . Useful where o
Heat Detectors anddigital multimeter Operational algorithm 2.3 times faster Small temperaturevaries 169]
N . - Predict fire danger -
Artificial intelligence 1.STM and TCNN Is 5m bofor 60 5 [70)
Rate of temperature rise Operational algorithm 120-180 s Small Useful where [71]

temperature varies

Note: FGO: functionalized graphene oxide; AgNW: silver nanowire; FPVB: fluoride polyvinyl butyral; FC: func-
tional cellulose; MPMS: 3-methacryloxypropyltrimethoxysilane; LAA: L-ascorbic acid; EISA: evaporation-induced
self-assembly process; CCS: carboxymethyl chitosan; MMT: montmorillonite; A-CNT: amino-functionalized
carbon nanotube; RGOP: reduced graphene oxide paper; TFTS: tetra hydroperfluorodecyltrimethoxy silane;
TEISA: low-temperature evaporation-induced self-assembling; LSTM: long short-term memory; TCNN: transpose
convolution neural network; TNNL turing neural network inference.

Figure 2 Block Diagram of Fire and Gas Detection System [74]

Power = MAX232 - GSM |
Supply Unit S Unit Module Unit
(PSU)
$ Alarm
. > buzzer
- Cantrol Unit
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W sprinkler
A)
Sensors Unit Display Unit

I11. RESEARCH METHODOLOGY

This paper uses SketchUp Pro for the 3D model of the Fire System and Ansys fluent 2023 for simulation
of the nozzle flow of a fire and smoke detection system in an industrial plant. Sprinkler System calculation
is used to calculate the flow rate and required pressure. An online website is used to calculate the pressure
loss in the sprinkler system. The Mach number of 1.14838 indicates that the flow inside the nozzle is
supersonic. The back pressure of 76.96 kPa represents a subsonic pressure condition at the outlet of the
nozzle. This suggests that the flow is being expanded from a supersonic condition to a subsonic condition
as it exits the nozzle. The expansion process is associated with changes in velocity, pressure, and
temperature. A detailed calculation of the sprinkler system is given below.

IJFMR240111071 Volume 6, Issue 1, January-February 2024 7



https://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Table 3 Sprinkler System Calpulation

System Calculation

pipe Q = Area x Density
Flow Rate Pipe Size (in) Fittings Equivalent Pipe Length Pressure Loss Presure Required Pressure Q=155x03=16.5 GPM
Summary K=53
Summary
=120
Summary | GPM LPM Summary ft m (Psifft) (bar/m) PsI Bar
" " - -
q ::.i E:.g Nominal dia =1 a Str?ght Pipe 11.40 3.47 Pt 76.96 5.30 [ (04::() Z,\
a . 0 sl 1D 1,049 ittings 0.00 0.00) Pe 0.00] 0.00 Pt=(46.5/5.3)%2
Total equiv length 11.40 3.47 0.435 0.098 Pf 4.96 0.34 Pt =76.96 psi =5.30 bar

The table provides a comprehensive overview of a sprinkler system's critical parameters, aiding in its
design and performance evaluation. It includes details for multiple sprinkler types within the system. The
"Flow Rate" column specifies the gallons of water released per minute and liter per minute by each
sprinkler when activated, and "Pipe Size" indicates the pipe nominal diameter supplying water to the
sprinkler at the same time the actual inside diameter. "Pipe Length" represents the length of pipe from the
water source to the sprinkler, influencing friction losses. "Pressure Loss" denotes the pressure drop per
100 feet of pipe, influenced by pipe size, flow rate, and material which is the galvanized steel. The
"Required Pressure™ column lists the minimum source pressure necessary for effective sprinkler operation,
factoring in pressure losses. Designers refer to this table to select appropriate pipe sizes, layouts, and
pressure sources to ensure the system meets safety standards and performance criteria.

Design figure
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In the context of a sprinkler system, the ANSYS CFX simulation results indicating a nozzle flow with a
back pressure of 76.96 kPa and a Mach number of 1.14838 hold significant implications. The Mach
number exceeding 1.0 reveals that the flow within the nozzle is operating at supersonic speeds, which is
rather unusual for typical sprinkler systems. Supersonic flows are characterized by the generation of shock
waves and complex compressible flow patterns, which could have a notable impact on the system's
performance.

In a sprinkler system, the primary objective is to deliver a controlled and uniform discharge of water or
fire-suppressing agent to extinguish or control fires effectively. The presence of supersonic flow
conditions might result in an erratic and turbulent discharge pattern, potentially affecting the system's
ability to distribute the extinguishing agent uniformly across the protected area. Moreover, the shock
waves generated within the nozzle could lead to pressure fluctuations that may impact the reliability and
stability of the sprinkler system.

To ensure the optimal functionality of a sprinkler system, it is crucial to tailor the nozzle design and
operating conditions to subsonic flow regimes, which are more typical for these applications. Further
analysis and modifications may be necessary to adapt the nozzle configuration and flow parameters to
ensure efficient fire suppression while avoiding the complexities associated with supersonic flows.

A B \E D

1 1D Parameter Name Value Unit
2 E InputParameters
3 = & Fluid Flow (CFX) (A1)
4 b P1 Throat_Radius 12 mm LI
5 E)p P2 Nozzle_Angle 7 degree ;I
6 b P3 BackPressure 76.96 kPa ;I
2 f’p New input parameter New name Mew expression
8 E Qutput Parameters
3 = & Flid Flow (CFX) (A1)
10 pd P4 mass in 0.10992 kg s~-1
1 pd P5 Max Mach Number | 1.1484

pd New output parameter New expression
13 Charts

In the ANSYS CFX simulation of nozzle flow, several key input parameters were considered. These
included a throat radius of 12 mm, defining the narrowest point of the nozzle, and a nozzle angle of 7
degrees, which determined the geometric shape of the nozzle. Additionally, a back pressure of 76.96 kPa
was applied at the exit of the nozzle, influencing the flow behavior downstream. The simulation yielded
insightful results, with a calculated mass flow rate of 0.10992 kg per second. This parameter is crucial in
understanding the rate at which mass is transported through the nozzle. Moreover, the simulation revealed
a maximum Mach number of 1.1484, signifying that the flow within the nozzle reached supersonic speeds.
Such supersonic flow conditions are associated with complex phenomena, including shock waves and
high-speed fluid dynamics, making this simulation valuable for applications in aerospace and other fields
where precise control of supersonic flows is essential.

Table of Design Points *

A B c D E F G
1 MName v | P1-Throat Radius ¥ | P2-MNozzle_Angle ¥ | P3-BackPressure ¥ | P4-massin ¥ | P5-MaxMachNumber ~ || Ret..
2 Units mm | degree | kra =l kg s”-1
3 DP O (Current) | 12 7 76.96 0.10992 1,1484
4 DP 1 10 7 75.96 0.075389 1.103 1]
5 DP 2 14 7 75.96 0.14987 1.1903 1
6 DP 3 12 7 70 0.11008 1.3319 D
7 DP 4 12 7 75 0.10999 1.2083 D
8 DP 5 12 5 75.96 0.10961 1.3188 I:‘
2 O
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In the Design Points table, we have the flexibility to input alternative values for the parameters. When we
adjust the throat radius to 10 mm and 14 mm, the software can automatically compute corresponding
values for both the mass flow rate and the maximum Mach number. Similarly, by modifying the back
pressure to 70 kPa and 75 kPa, as well as altering the nozzle angle to 5 degrees, we can utilize the software
to generate data for these parameters. This versatile feature allows us to explore a range of design scenarios
and assess how changes in these input parameters impact critical flow characteristics and performance
metrics. By doing so, we can automate the process of carrying out several analyses without having to
create additional cases.

V. CONCLUSION

The findings of this study offer valuable insights into the design, optimization, and operational strategies
of FGDS, enabling industrial facilities to enhance their safety measures. Through dynamic simulations,
the effectiveness of different sensor placements, response times, and alarm triggers can be assessed,
contributing to more robust safety protocols and improved incident management. Ultimately, this research
contributes to the advancement of industrial plant safety practices by facilitating a better understanding of
FGDS performance in real-world scenarios. Moreover, this parametric CFD analysis contributes to the
broader field of fluid dynamics by offering a detailed examination of nozzle flows and their potential
applications across various industries.

VI. RECOMMENDATION

It is important to note that the behavior and performance of supersonic flows are highly dependent on the
specific geometry, boundary conditions, and other factors in the simulation. Detailed analysis of the
results, including the pressure, temperature, and velocity distribution within the nozzle, is typically
necessary to fully understand the flow characteristics and their implications for the design or application.

REFERENCES

1. Ahmad M. Idris, Risza Rusli, Nor A. Burok, Nur H. Mohd Nabil, Nurul S. Ab Hadi, Abdul H.
M. Abdul Karim, Ahmad F. Ramli, Idris Mydin (2019). Human factors influencing the reliability
of fire and gas detection system. Process Safety Progress. DOI: 10.1002/prs.12116.

2. Mohd Nadzir, Mohd Nazruldin (2015). A Voting Algorithm for Fire and Gas Detection and
Monitoring System in an Industrial Plant. Link to thesis.

3. Edward M. Marszal, Beth Smith (2023). Hydrogen hazards and gas detection—Electrolyzer case
study. Process Safety Progress. DOI: 10.1002/prs.12461.

4. Kang Cen, Ting Yao, Qingsheng Wang, Shengyong Xiong (2018). A risk-based methodology for
the optimal placement of hazardous gas detectors. Chinese Journal of Chemical Engineering. DOI:
10.1016/j.cjche.2017.10.031.

5. Julian Yeo; Wil Chin (2018). Expand the Use of Open Wireless Gas Detection Systems for Life
Safety and Asset Integrity. DOI: 10.4043/28708-MS.

6. Ahmad Muzammil Idris, Risza Rusli, Mohammad Shakir Nasif, Ahmad Fakrul Ramli, Jeng
Shiun Lim (2022). A fuzzy multi-objective optimization model of risk-based gas detector placement
methodology for explosion protection in oil and gas facilities. Process Safety and Environmental
Protection. DOI: 10.1016/j.psep.2022.03.001.

IJFMR240111071 Volume 6, Issue 1, January-February 2024 11



https://www.ijfmr.com/
https://doi.org/10.1002/prs.12116
http://utpedia.utp.edu.my/id/eprint/15578
https://doi.org/10.1002/prs.12461
https://doi.org/10.1016/j.cjche.2017.10.031
https://doi.org/10.4043/28708-MS
https://doi.org/10.1016/j.psep.2022.03.001

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

7. Richart Vazquez-Roman, Christian Diaz-Ovalle, Efrain Quiroz-Pérez, M. Sam Mannan (2016).
A CFD-based approach for gas detectors allocation. Journal of Loss Prevention in the Process
Industries. DOI: 10.1016/j.jIp.2016.03.004.

8. A.J. Benavides-Serrano, M.S. Mannan, C.D. Laird (2015). A quantitative assessment of the
placement practices of gas detectors in the process industries. Journal of Loss Prevention in the
Process Industries. DOI: 10.1016/j.jIp.2014.09.010.

9. Stephen DeFriend, Mark Dejmek, Leisa Porter, Bob Deshotels, Bernt Natvig (2018). A risk-
based approach to flammable gas detector spacing. Journal of Hazardous Materials. DOI:
10.1016/j.jhazmat.2007.07.123.

10. Fawad Khan, Zhiguang Xu, Junling Sun, Fazal Maula Khan, Adnan Ahmed, Yan Zhao (2022).
Recent Advances in Sensors for Fire Detection. Sensors. DOI: 10.3390/s22093310.

11. G.V.Kuznetsov, A.O. Zhdanova, R.S. Volkov, P.A. Strizhak (2022). Optimizing firefighting agent
consumption and fire suppression time in buildings by forming a fire feedback loop. Process Safety
and Environmental Protection. DOI: 10.1016/j.psep.2022.07.061.

12. Til Baalisampang, Elie Saliba, Fatemeh Salehi, Vikram Garaniya, Longfei Chen (2021).
Optimization of smoke extraction system in fire scenarios using CFD modeling. Process Safety and
Environmental Protection. DOI: 10.1016/].psep.2020.11.036.

13. Til Baalisampang, Rouzbeh Abbassi, Vikram Garaniya, Faisal Khan, Mohammad
Dadashzadeh (2019). Modelling an integrated impact of fire, explosion and combustion products
during transitional events caused by an accidental release of LNG. Process Safety and Environmental
Protection. DOI: 10.1016/j.psep.2019.06.005.

14. Sebastian Festag (2021). Analysis of the effectiveness of the smoke alarm obligation — Experiences
from practice. Fire Safety Journal. DOI: 10.1016/j.firesaf.2020.103263.

15. D. Gutmacher, U. Hoefer, J. Wdllenstein (2013). Gas sensor technologies for fire detection.
Sensors and Actuators B: Chemical. DOI: 10.1016/j.snb.2011.11.053.

16. R.O. Okeke, M. Ehikhamenle (2017). Design and simulation of gas and fire detector and alarm
system with water sprinkle. Link to PDF.

17. Oxsy Giandi, Riyanarto Sarno (2018). Prototype of fire symptom detection system. DOI:
10.1109/ICOIACT.2018.8350730.

18. Yufeng Huang, Xiang Chen, Cheng Zhang (2020). Numerical simulation of the variation of
obscuration ratio at the fire early phase with various soot yield rate. Case Studies in Thermal
Engineering. DOI: 10.1016/j.csite.2019.100572.

19. Yong-lin Yu, Zhi-xiang Hua, Hong Lv, Lan-lan Ping (2015). The Design of the Fire Detection of
Microwave Antenna. DOI: 10.1109/AIMS.2015.78.

20. Kien Kek Chua, Fang Yee Tan, Chien Han NG (2020). Enhanced Safety and Optimized Cost for
Fire & Gas Detection System Design using Risk based Approach Methodology and Computerized 3—
Dimenional Fire & Gas Mapping Software. DOI: 10.4043/30362-MS.

21. Yang Lu, Yafei Li, Fang Song, Yu Zhang, Xiuying Li, Chuantao Zheng, Yiding Wang (2023).
Development of a mid-infrared early fire detection system based on dual optical path nonresonant
photoacoustic cell. DOI: 10.1002/mop.33758.

22. Tao Wang, Haiyan Wang, Xiyang Fang, Gongda Wang, Yuqi Chen, Ziyuan Xu & Qingjie Qi
(2023). Research progress and visualization of underground coal fire detection methods. DOI:
10.1007/s11356-023-27678-8.

IJFMR240111071 Volume 6, Issue 1, January-February 2024 12



https://www.ijfmr.com/
https://doi.org/10.1016/j.jlp.2016.03.004
https://doi.org/10.1016/j.jlp.2014.09.010
https://doi.org/10.1016/j.jhazmat.2007.07.123
https://doi.org/10.3390/s22093310
https://doi.org/10.1016/j.psep.2022.07.061
https://doi.org/10.1016/j.psep.2020.11.036
https://doi.org/10.1016/j.psep.2019.06.005
https://doi.org/10.1016/j.firesaf.2020.103263
https://doi.org/10.1016/j.snb.2011.11.053
http://www.pnrsolution.org/Datacenter/Vol5/Issue1/28.pdf
https://doi.org/10.1109/ICOIACT.2018.8350730
https://doi.org/10.1016/j.csite.2019.100572
https://doi.org/10.1109/AIMS.2015.78
https://doi.org/10.4043/30362-MS
https://doi.org/10.1002/mop.33758
https://link.springer.com/article/10.1007/s11356-023-27678-8

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

23. Mostafa El-Hosseini, Hanaa ZainEldin, Hesham Arafat & Mahmoud Badawy (2020). A fire
detection model based on power-aware scheduling for loT-sensors in smart cities with partial
coverage. DOI: 10.1007/s12652-020-02425-w.

24. Qiulin Tan, Licheng Tang, Mingliang Yang, Chenyang Xue, Wendong Zhang, Jun Liu, Jijun
Xiong (2015). Three-gas detection system with IR optical sensor based on NDIR technology. Optics
& Laser Technology. DOI: 10.1016/j.optlaseng.2015.05.007.

25. A Feng, H Wang, L Wei (2013). Gas Detection Instrument Based on Wireless Sensor Networks.
Link to source.

26. Geum-Young Son, Marshall, Jangsik Park, Dong-Hee Lee (2019). An Analysis of Parameters of
Convolutional Neural Network for Fire Detection. DOI: 10.1145/3305160.3305197.

27. Pritam Ghosh; Palash Kanti Dhar (2019). GSM Based Low-cost Gas Leakage, Explosion and Fire
Alert System with Advanced Security. DOI: 10.1109/ECACE.2019.8679411.

28. Y L Jiang, G Li, T Yang and J J Wang (2017). Development of gas fire detection system using
tunable diode laser absorption spectroscopy. DOI: 10.1088/1742-6596/52/1/012092.

29. Muhammad Ahmad Baballe, Mukhtar Ibrahim Bello (2022). Gas leakage detection system with
alarming system. DOI: 10.18488/76.v9i1.2984.

30. Yafei Li et. al. (2022). Development and field deployment of a mid-infrared CO and CO2 dual-gas
sensor system for early fire detection and location. DOI: 10.1016/].saa.2021.120834.

31. Suwarjono S. et. al. (2021). Design of a Home Fire Detection System Using Arduino and SMS
Gateway. DOI: 10.3390/knowledge1010007.

32. Xuanbing Qiu (2019). Development of an early warning fire detection system based on a laser
spectroscopic ~ carbon  monoxide sensor using a 32-bit system-on-chip. DOI:
10.1016/j.infrared.2018.11.013.

33. Chua Kien Kek; Tan Ping Yang (2014). 3-D Mapping for Fire and Gas Detection. DOI:
10.4043/25016-MS.

34. Yalong Jiang, Gai Li & Jinjun Wang (2016). Photoacoustic Compound Fire Alarm System for
Detecting Particles and Carbon Monoxide in Smoke. DOI: 10.1007/s10694-015-0542-6.

35. Mohamed Moustafa et. al. (2020). Investigation into surface acoustic wave sensor for DCM gas
detection using COMSOL multiphysics. DOI: 10.1080/00150193.2020.1868875.

36. Jordi Fonollosa et. al. (2017). Chemical Sensor Systems and Associated Algorithms for Fire
Detection: A Review. DOI: 10.3390/s18020553.

37. May Zaw Tun, Htay Myint (2020). Arduino based Fire Detection and Alarm System Using Smoke
Sensor. DOI: 10.31695/1JASRE.2020.33792.

38. Anshul Gaur, Abhishek Singh, Anurag Verma & Anuj Kumar (2022). Artificial Intelligence and
Multi-Sensor Fusion Based Universal Fire Detection System for Smart Buildings Using loT
Techniques. DOI: 10.1080/03772063.2022.2088626.

39. Yongzheng Xu et. al. (2022). Carbon dioxide detection using polymer-coated fiber Bragg grating
based on volume dilation mechanism and molecular dynamics simulation. DOI:
10.1016/j.apsusc.2022.152616.

40. A. Prashanth Kumar Reddy et. al. (2020). Design of Fire and Gas Detection System for a Process
Plant: A Review. Link to source.

41. Udbhav Srivastava et. al. (2020). Design of Fire and Gas Detection System in Process Industry.
Link to source.

IJFMR240111071 Volume 6, Issue 1, January-February 2024 13



https://www.ijfmr.com/
https://link.springer.com/article/10.1007/s12652-020-02425-w
https://doi.org/10.1016/j.optlaseng.2015.05.007
https://www.proquest.com/openview/a18d0c0fc6a07c4cf5d1203789e13ea5
https://doi.org/10.1145/3305160.3305197
https://doi.org/10.1109/ECACE.2019.8679411
https://doi.org/10.1088/1742-6596/52/1/012092
https://www.ijert.org/research/gas-leakage-detection-system-with-alarming-system-IJERTV9IS010365.pdf
https://doi.org/10.1016/j.saa.2021.120834
https://doi.org/10.3390/knowledge1010007
https://doi.org/10.1016/j.infrared.2018.11.013
https://doi.org/10.4043/25016-MS
https://link.springer.com/article/10.1007/s10694-015-0542-6
https://doi.org/10.1080/00150193.2020.1868875
https://doi.org/10.3390/s18020553
https://www.researchgate.net/publication/346781346_Arduino_Based_Fire_Detection_and_Alarm_System_Using_Smoke_Sensor
https://doi.org/10.1080/03772063.2022.2088626
https://doi.org/10.1016/j.apsusc.2022.152616
https://link.springer.com/chapter/10.1007/978-981-15-6852-7_24
https://link.springer.com/chapter/10.1007/978-981-15-6852-7_13

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

42. LI Lin, MA Yun-Li (2021). Fire and gas mapping application in safety monitoring system of LNG
power plant. Link to source.

43. K Sotoodeh (2023). Review of the role of safety engineers in the prevention and mitigation of fires
during oil and gas plant design. Link to source.

44. HU Zhi-hui (2017). Based on the Intelligent Control of the Fire Sprinkler System in the Ammonia
Area of the Power Plant. Link to source.

45. M. Sambasiva Reddy, M. Gopi, M. Syam Kumar & M. Nikita (2023). Fire and Gas Detection
System for Home and Industry Safety Using ARM7 Through ESP8266 Wi-Fi Module. Link to source.

46. D Rismayasari et. al. (2019). Evaluation of Hydrocarbon Gas Dispersion and Explosion in a Gas
Processing Plant. DOI: 10.1088/1757-899X/778/1/012150.

47. Mariam Abdalla Ali et. al. (2016). NPCC Experience in Fire & Gas Detectors Selection and Layout
for Oil & Gas Facilities. DOI: 10.2118/183088-MS.

48. Dan-Dan Sun & Xu-Tao Bai (2023). Weakness Analysis and Improvement on the Technical
Galleries and Gutters Fire in CPR1000 Nuclear Power Plant. Link to source.

49. Edward M. Marszal, Beth Smith (2023). Hydrogen hazards and gas detection—Electrolyzer case
study. DOI: 10.1002/prs.12461.

50. Muhammad Ahmad Baballe, Mukhtar Ibrahim Bello (2022). A Comparative Study on Gas Alarm
Detection System. Link to source.

51. Md. Saiam, Md. Sarower Jahan, Md. Shoab Akther, Md. Nahidul Alam (2021). Design of a
Home Fire Detection System Using Arduino and SMS Gateway. DOI Link

52. Agung Arya Adi Nugraha, Desti Fitriati (2021). Gas leak source detection robot using finite state
Machine model (fsm). DOI Link

53. Rickard Hansen (2021). Pre-ignition detection and early fire detection in mining vehicles. DOI Link

54. Jacek Pas, Tomasz Klimczak, Adam Rosinski, Marek Stawowy (2021). The analysis of the
operational process of a complex fire alarm system used in transport facilities. Fire Technology. DOI
Link

55. Haiwen Yuan, et al. (2018). Target Detection, Positioning and Tracking Using New UAV Gas
Sensor Systems: Simulation and Analysis. Journal of Intelligent & Robotic Systems. DOI Link

56. Mohamed Moustafa, et al. (2020). Investigation into surface acoustic wave sensor for DCM gas
detection using COMSOL multiphysics. Environmental Technology. DOI Link

57. JGFG Teixeira (2017). Wireless Sensor Network for Forest Fire Detection 2. Link

58. Kuo-Chi Chang, et al. (2021). Study of Thermal Power Plant’s Intelligent Fire Detection and
Suppression System Via Wireless Sensor Network and Carbon Capture and Storage Technology. DOI
Link

59. Van-Trinh Hoang, Nathalie Julien, Pascal Berruet (2013). Increasing the autonomy of wireless
sensor node by effective use of both DPM and DVFS methods. DOI Link

60. Hoon-Gi Lee, et al. (2022). Overview of Fire Prevention Technologies by Cause of Fire: Selection
of Causes Based on Fire Statistics in the Republic of Korea. Processes. DOI Link

61. Shu Wang, et al. (2019). A Sauter mean diameter sensor for fire smoke detection. Fire Technology.
DOI Link

62. Tian Deng, et al. (2017). Eliminating the effects of refractive indices for both white smokes and
black smokes in optical fire detector. Sensors and Actuators B: Chemical. DOI Link

IJFMR240111071 Volume 6, Issue 1, January-February 2024 14



https://www.ijfmr.com/
https://www.researchgate.net/publication/354315574_Fire_and_gas_mapping_application_in_safety_monitoring_system_of_LNG_power_plant
https://link.springer.com/chapter/10.1007/978-981-99-3455-3_16
https://www.cnki.com.cn/Article/CJFDTOTAL-DJZC201701006.htm
https://link.springer.com/chapter/10.1007/978-981-19-8497-6_35
https://iopscience.iop.org/article/10.1088/1757-899X/778/1/012150
https://doi.org/10.2118/183088-MS
https://link.springer.com/chapter/10.1007/978-981-99-3455-3_16
https://doi.org/10.1002/prs.12461
https://www.researchgate.net/publication/367252983_A_Comparative_Study_on_Gas_Alarm_Detection_System
https://doi.org/10.3390/knowledge1010007
https://doi.org/10.34288/jri.v3i2.186
https://doi.org/10.1080/25726668.2021.1871820
https://link.springer.com/article/10.1007/s12273-021-0790-y
https://link.springer.com/article/10.1007/s12273-021-0790-y
https://link.springer.com/article/10.1007/s10846-018-0909-2
https://doi.org/10.1080/00150193.2020.1868875
https://repositorio-aberto.up.pt/handle/10216/105593
https://link.springer.com/chapter/10.1007/978-981-33-6420-2_16
https://link.springer.com/chapter/10.1007/978-981-33-6420-2_16
https://doi.org/10.1109/FTFC.2013.6577766
https://doi.org/10.3390/pr11010244
https://doi.org/10.1007/s10694-015-0542-6
https://doi.org/10.1016/j.snb.2017.06.122

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

63. JM Wood (2020). Strategies for Improved Fire Detection Response Times in Aircraft Cargo
Compartments. Link

64. Ming Zhang, et al. (2020). Miniaturized multi-pass cell based photoacoustic gas sensor for parts-
per-billion level acetylene detection. Sensors and Actuators A: Physical. DOI Link

65. Chunmei Yang (2023). Smoldering charcoal detection in forest soil by multiple CO sensors.
Environmental Science and Pollution Research. DOI Link

66. BF Saeed (2014). Development of fire detection system for chemical laboratories. Link

67. Libing Zhou, et al. (2021). Carbon Dioxide Sensor Module Based on NDIR Technology.
Micromachines. DOI Link

68. Ehsan Azimirad, Seyyed Reza Movahhed Ghodsinya (2022). Design of an electronic system for
laser methane gas detectors using the tunable diode laser absorption spectroscopy method. DOI Link

69. Katrin Schmitt (2016). Colorimetric Gas Sensing with Enhanced Sensitivity. Procedia Engineering.
DOI Link

70. Chelsea Kincaid, et al. (2022). Embedded systems development for spacecraft fire detection MIR
optical sensor. DOI Link

71. Vojtech Spurny, et al. (2021). Autonomous Firefighting Inside Buildings by an Unmanned Aerial
Vehicle. IEEE Access. DOI Link

72. Jianwei Zhao, et al. (2022). Design and Research of an Articulated Tracked Firefighting Robot.
Sensors. DOI Link

73. Jianbing Meng, et al. (2023). Simulation Test on Cooling and Fire Suppression with Liquid Nitrogen
in Computer Room of Data Center. Fire. DOI Link

74. Milos Kréek, et al. (2021). Fire Safety on Ships: Use of Wireless Sensor Networks for Fire Detection
and Suppression. Sensors. DOI Link

75. Uvais Qidwal, et al. (2022). Smoke Detection and Fire Extinguishing System Using Machine
Learning and 10T. IOP Conference Series: Materials Science and Engineering. DOI Link

76. Longyu Liu, et al. (2021). A Wireless Sensor Network for Early Detection and Monitoring of Forest
Fires. Journal of Sensors. DOI Link

77. Hussein Abdallah, et al. (2019). A Novel Approach for Early Forest Fire Detection Using Wireless
Sensor Networks. Sensors. DOI Link

78. Luca Valentini, et al. (2021). A New loT-Based System for Early Detection and Monitoring of
Forest Fires. Electronics. DOI Link

79. Nof Abillah, et al. (2016). An Intelligent Forest Fire Detection System Using Visual Sensor
Networks. Sensors. DOI Link

80. Quanwang Wu, et al. (2018). Early Detection of Forest Fire Smoke Using Laser Scattering and
Electrostatic Sensing Technologies. Sensors. DOI Link

81. Haleh Moradipour, et al. (2017). Design of an Early Warning System for Forest Fires Detection
Using Cellular Learning Automata: A Case Study of Golestan Province in Iran. Sensors. DOI Link

82. Alicia Morales-Reyes, et al. (2021). Fire Detection Using Wireless Sensor Networks Based on
Firefly Algorithm and k-Means Clustering. Sensors. DOI Link

83. Hany ElSayed-Ali, et al. (2020). Wireless Sensor Network for Early Detection of Forest Fires in the
North of Algeria. Sensors. DOI Link

84. Mahmoud A. A. Mahmoud, et al. (2021). An Efficient Deep Learning-Based Forest Fire Detection
System with Deployment Constraints. Sensors. DOI Link

IJFMR240111071 Volume 6, Issue 1, January-February 2024 15



https://www.ijfmr.com/
https://www.proquest.com/openview/9e1ffaedcc95c06e9719cc93f5bfc5f4
https://doi.org/10.1016/j.sna.2020.112013
https://link.springer.com/article/10.1007/s11676-023-01613-6
http://studentsrepo.um.edu.my/id/eprint/7996
https://doi.org/10.3390/mi12070845
https://doi.org/10.2351/7.0000656
https://doi.org/10.1016/j.proeng.2016.11.430
https://doi.org/10.1117/12.2618900
https://doi.org/10.1109/ACCESS.2021.3052967
https://doi.org/10.3390/s22145086
https://doi.org/10.3390/fire6030116
https://doi.org/10.3390/s21072516
https://iopscience.iop.org/article/10.1088/1757-899X/1479/1/012005
https://doi.org/10.1155/2021/8886406
https://doi.org/10.3390/s19061369
https://doi.org/10.3390/electronics10111321
https://doi.org/10.3390/s16071051
https://doi.org/10.3390/s18113697
https://doi.org/10.3390/s17071647
https://doi.org/10.3390/s21113808
https://doi.org/10.3390/s20102897
https://doi.org/10.3390/s21072342

m International Journal for Multidisciplinary Research (IJFMR)
IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com
85. Tian Hao, et al. (2022). Wireless Sensor Networks and Deep Learning-Based Early Fire Detection

86.

87.

88.

89.

90.

91.

92.
93.

94.

95.

96.

97.

98.

99.

100.

in Wildland-Urban Interface. Sensors. DOI Link

Yi Du, et al. (2020). Deep Learning for Wildfire Detection Using Drone-captured Images. Sensors.
DOI Link

Claudio Rossi, et al. (2020). A Novel Robust Low-Cost Instrument for In-Situ Water Vapor
Detection: A Useful Tool for Wildfire Detection. Sensors. DOI Link

M. Zubair Baig, et al. (2017). A Systematic Review of Big Data Architecture and Ecosystem in
Perspective of 10T and Cloud Computing. Journal of King Saud University - Computer and
Information Sciences. DOI Link

Sara Barman, et al. (2016). Fire Detection and Alert System Using Sensors and loT. International
Journal of Advanced Research in Computer and Communication Engineering. Link

Varsha Pande, et al. (2017). Internet of Things (1oT) Based Fire Detection and Protection System.
International Research Journal of Engineering and Technology. Link

P. U. Chinwuba, et al. (2017). IoT Based Fire Detection System. International Journal of Applied
Information Systems. DOI Link

Luis E. Villasefior (2021). loT-Based Fire Detection System. Journal of Sensors. DOI Link

Juan Carlos Gémez Diaz (2018). Design of a Remote Monitoring System for Fire Detection Based
on loT. Link

Benjamin Rupel, et al. (2018). A survey on loT architectures, protocols, applications, security,
privacy, real-world implementations and future trends. Journal of King Saud University - Computer
and Information Sciences. DOI Link

Gurjot Singh Gaba, R.S. Bhatia (2020). 10T Based Fire Alarm and Monitoring System Using
Wireless Sensors. In 2020 IEEE 17th India Council International Conference (INDICON). DOI Link
P.N. Priyadarshani, et al. (2019). A Fire Detection and Alarm System Using IoT. In 2019 IEEE/RSJ
International Conference on Intelligent Robots and Systems (IROS). DOI Link

M. Goel, et al. (2020). Development of an loT-Based Fire Detection System Using Raspberry Pi. In
2020 3rd International Conference on Computing, Communication and Signal Processing
(COCOSIP). DOI Link

Dhanasekaran Sivaraman, et al. (2021). An loT-Based Real-Time Fire Detection and Alarm
System Using Raspberry Pi and MQTT. In 2021 IEEE International Conference on Circuits and
Systems (ICCS). DOI Link

R. Abdul Hasan Kamil, et al. (2019). An loT-Based Fire Detection and Alarm System. In 2019
IEEE Conference on Systems, Process and Control (ICSPC). DOI Link

Babak Moeinimaleki, Hassan Kaatuzian & Abdolber Mallah Livani (2022). Design and
Simulation of a Resonance-Based Plasmonic Sensor for Mass Density Sensing of Methane and
Carbon Dioxide Gases. Plasmonics. DOI Link

IJFM

R240111071 Volume 6, Issue 1, January-February 2024 16



https://www.ijfmr.com/
https://doi.org/10.3390/s22020446
https://doi.org/10.3390/s20113604
https://doi.org/10.3390/s20133353
https://doi.org/10.1016/j.jksuci.2017.06.023
https://ijarcce.com/wp-content/uploads/2018/02/IJARCCE5D_A5E19.pdf
https://irjet.net/archives/V4/i11/IRJET-V4I11210.pdf
https://doi.org/10.5120/ijais2017451701
https://doi.org/10.1155/2021/8855961
http://dspace.udla.edu.ec/handle/33000/9357
https://doi.org/10.1016/j.jksuci.2018.01.012
https://ieeexplore.ieee.org/document/9376997
https://ieeexplore.ieee.org/document/8968313
https://ieeexplore.ieee.org/document/9233647
https://ieeexplore.ieee.org/document/9436536
https://ieeexplore.ieee.org/document
https://link.springer.com/article/10.1007/s11468-022-01753-1

